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PREFACE

Thir handbook conatitutes Part Two of a planned series on Military Pyrotech-
nice and forme part of the Engineering Design [“andbook Szries of the Army Mate-
riel Command. Part Twg deals with the problems of safety in the pyrotechmics
laboratory and plant, processing procedures and equipmant, particle sige proce-
dures, and contains a gl-ssary of terms.

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

Part One, under preparation at the time of publication of Parts Two and Thkree,
will deal with the phyeical and chernical theuretizal 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 exrensive bibliograpky.

A future volurne, currently in the planning stage, will be devoted to discusa:on
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 R-aearch Office--Durham. The entire project was under the technical guid-
ance o1 an interservice committee, with representation from the Army Chemical
Center, Ballistics Research Laboratories, Frankford Arsenal, Harry Diamoid
Laboratories, Picatinny Arsenal, U. S. Naval Ammunition Depot (Cranszj, U. S.
Naval Ordoaance Laboratory, and U. S. Naval Ordnance Test Station. Chairmaa of
this committee was Mr., Garry Weingarten of Picatinny Arsenal.

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

Comments and suggestions on this haudbock are welcome and should be ad-
dressed to Army Research Office--Durham, Box CM, Duke Station, Durham, North
Caroclina 27706.
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CHAPTER 1

SAFETY

1. INTRODUCTION

This chapter presents the basic principles and
considerations involved inachieving safety. It is
intended as a guide to help reduce accidents dur-
ing the research, development, and processing of
new and improved military pyrotechnics.  The
materiai presented here doesnot replace exist-
ing safety regulations, procedures, Standard
Operating Procedures {SOP’s) or bulletins, but
i8 intended to supplement them and to aid in the
preparaticn of new regulaticns

Safe practices in handling pyrctechrics are
the result of the experiences and knowledge of
interested personnel and safety experts All
safetv-conscious personnel know the necessity
for abiding by establishea sarery . _I.. © ‘hIic
own protection and for the protection of others
The processing, testing, storage, and disposal
of pvrotechnic 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
15 an absolute necessity for handling pyrotech-
nics in the rest and safest manrner. A bibliog-
raphy of pertinent literature is included at the
end uf this chapter  Sasciy vannot be delegated,
it 1s the responsibility of each worker. Super-
vizors must personaily assume responsibility for
educating subordinates and promoting safety
within their groups

Pyrotechnie composittons are physical mix-
tures of finely powdered compounds and ele-
ments  The main constituents are (1) oxadizing
agents suchas chlorates, perchlorates, mitrates,
peroxides. oxides, and chromates (2) fuels such
as powdered metals, sibcon, boron, sulfur,
hydrides, and sugar, and (3) banders and color
itensifrers, which are usually organmc When
ited, these maxtures  readily undergo an
exothermat reactionthat generates considerable
The
one gram of pyrotechnic

energy in arelatively short periad o time

heat of reaction for

N THE PYROTECHNICS LABCRATORY AND PLANT

composition ranges from approximately 200 to
2500 calortes per gram. This amountof energy,
although dangerous, is generally not as destruc-
tive ae the energy nf explosivea because it ia
released as light and heat, with temperatures
ranging from approximately 1000°to 3500 °C,
rather than as mechanical energy. Loosg- flash
compositions, even when unconfined, are the
exception because (1) they release t:. ir energy
in a much shortertime thanpressed pyrotechnic
compogitions, 2lthough less rapicly than explo-
sives: (2) the vowme of air entrapped in the
composition inc reases its brisance; and (3! when
confined, there is an additional danger f n the
hizh velocity fragments of the ruptured « .e.

rotechnic ingredients and compositions
po

their toxicity and sensitivity. Without prior
knowledge, or if physico-chemical principles
are inadequate, one must consider new ingre-~
dients or compositions pcleatially hazardous.
Each new material and composition must be
evaluated to determine loxicity, sensitivity,
processing hazards, and optimum methods of
storage and disposal. Taking chances and fail-
ing 1o 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
rujes:

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

(2) Recognize the dan. erous situations that may
arise vecause of potenty loractual hazards

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

(4) Qbserve (e practces of gund huouseked pag
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These rules are interdependent, and inatten-
t10n te one defeats the objectives of the cthers
To minimize a hazardous situationthe conditions
that areor canbe dangerous must e recognized;
this requires a thorough understanding of the
characteristics and propertie# of pyrotechnic
ingredients and the practices and procedures
the constitute safe housek~eping

2. Knowledge of Pyrotechnic Materials

No experiment or mixture preparation should
be undertaken without thorough knowledge of the
properties of the ingredients to be used and the
reaction products that resuli {rom testing. The
literature should be consuited for toxicity, sen-
sitivity, compatibility, storage, and diapoasal
precautions. Before any experiment or prep-
arationis started, each supervisor should make
certai~ hia subordinates -, ~rnd fully, ana
are using, the best and safest practices.

A knowledg? of pyrotechnic materials will
depend on understanding the following six im-
portant choracteristics:

(1) Toxicity

(2) Sensitivity

(3} Reactioni; withother materials
{4) Safe working limits

{8) Storage characteristics

(6) Disposal precautions

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

(1) Toxicity Utoxicity ia defined as the inherent
ability of a cheniical substancetoproduce injury
ounce {t gains access to the body and hazard, as
the likelithood of toxic injuryoccurring while
handling or using a chemical, one can see that
a chemical of high toxicity 18 not necessarily a
hazard. Under the usualcircumstances of hand-
ling or use the hikelthood of toxic exposure may
ot 2rise; whereas, 2 chemical of low toxicity
1..ay be extremely hazardous if handling provides
opportunity {or toxic exposure.

A chemical must be considered toxic if it
injures tismues or organs 8o as to prevent them
from functioning normally. All possible expo-
sures and effects must be considered. In gen-
eral. chemical injury resuits from skin contact,
ingestion, and inhalation. The eyes may be
injured and vision impaired; skin may be irri-
tated, blistered, or burned ir such a manner
that 2 permanent scar may beformed. Swallow-
ing may result in {rritaticn or in,'ry to the
digestivetract. Inhalationof toxic dusts, vepors,
or smokes may result in irritationor permanent
injury to the nasal passages and lunis. The
degree of injury from contact varies greatly, it
may be slight or serious, and may occur rapidly
or may be delayed for days, weeks, or vears.
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 eauipment, ventilationof buildings,
proper design cof equipment, and proper storage
of toxic chemicals. Thus, all those concerned
(supervisors, s«lely officers, engineers, and
operators moust make a concerted effort to reduce
hazards. All personnel handling chemicals
shouid know possible hazards, controi, and first
aid treatment. The extent of prevention proce-
dures must be determined by the possibility of
exposure under the condilions of use, by the
toxicity ol the chemicai, by the nature of its
effects in or on the budy, and by the way in which
it gains access to the body.

The health hazard normally associated widh
handling pyrotechnic jtems, aside from skin
contact, ingestion, and inhalation of the compo-
nents during manufacture, isthe tzzhalationof the
end products after diseemination. All ingredients
used in pyrotechnics should be considered poten-
tially toxic; this alsc applies to compositions and
the procducts of reaction. All possible precau-
tions should be taken to minimize exposure to
dusts and vapora generated during handiing and
testing.

Each compound must be treatedas » potential
1. alth hazarduntil all exposure limits have been
estabilshed for man, on an acute and chronic
basis. Personnel who come in contact with
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pyrotechnic materials should use protective
clothing, masks, goggles, and skin creams, and
practice personal cleanlinesgtoavold toxic com-
plications. Safety experts and medical author-
ities should be notified 1mmediately on any
question about exposure totoxir materiais or any
unusual symptoms after exposure. Labels on
stored materials should indicate the toxicity of
the material and the antidote or treatment if
Aown,

{2) Sensitivity. Thesensitivityofa pyrotechnic
composition Is considered as its response to
exte rnal stimuli such as heat, impact, friction,
moisture, electrostatic discharge, and initia-~
tion. In this section these tests are briefly de-
scrived. A fuil descriptionoffheiesting proce-
dure appears in the section on Evaluation Tests.
No full scale preparationcf a new or experimen-
ta! mixture should be undertaken without conduct-
ing sensitivity tests on small specially prepared
samples. Full scale preparation may be at-
temptedonly if the results of the sensitivity tests
indicate that nc definite or potential hazard
exists. Ll an uncertainty exists, the preparation
should be scaled up in minimum increments to
gain experience before attempting a full scale
preparation. [t should be noted that sensitivity
tests do not always give a definite correlation
withactualpractice, becausethe physical condi-
tions involved i laboratory or plant preparations
seldom duplicate the controlled conditions in
laboratory sensitivity testing. Experience has
shown, however, that sensitivity tests are reli-
able guides {or categorizing compositi~-z »vith
respect to genaitivity.

(a) Sensitivity to heat. Becauseallpyrotechnic
compoesitions are initiated by heat or heat plus
shock, one should use some of the common tests
to establish or measure the response of an in-
gredientora composition when exposed to heat.

by placing a small quantity of the matertal in a
thin walled metzrllic container such as a copper
blasting cap, and inserting the cap and its con-
tents rapidly into a moiten metal bath of known
and controlied temperature. This process is
repeated at var.ous seiected temperatures, and
the time {rum insertionto reactionis noted  The
average time for each temperature is plotted

?g»nmon temperature. This {8 most often done

agrinwt the reciprocal of the absclute tem; cr-
ature. The slope of the line 18 ca'~': «d In the
Arrheniug fashion to yleld the activation energy
of the sampie.  This value ¢« be taken a8 a
measgure of the sengitivityto heat of the sample.
16/

Autolgnition temperature. Anothertest forsen-
sltivity to heat Is malnlalning the sampie at a
constant temperature, somewhat below its ex-
pected ignitiontemperature, and noting ifa reac-
tion occurs witt extended time of exposure. If
no reactionoccurs ‘n a reasonable time, the test
is repeated witha fresh sample at a little higher
temperature. Thetestis continued until a reac-
tion is chtained in a short period of time such as
several minutes. The autoignition temperature
test can be used ag a rapid means to determine
whether the composition wiil react at elevated
storage temperatures. /3/

Flagh point. When easiiy decomposed or volatile
organic chemicals are used, it i= desirabie to
determine whether the vapors are readily flam-
mabhle, andthe temperature at which they ignite.
The temperatare at which ignition takes place can
be determined by means of the flaah point test.
Ifthe vaporsare found to be ignitible below ele-
vated temperatures, the ingredient shouid not be
used unless means are provided to prevent escape
of the flammable vapors. /7/

Vacuum e'.abﬂ}ltl, The vacuum stability iest
subjects the sample. while under vacuum, 10 a
selected elevailed temperature {or a predeter-
mined periodottime. if an excessive amount of
gas i8 avolved the materlal i8 considered un-
stable. /4/

Flammability. The {larnmability test deter-
mines the likelihood that a pyrotechnic charge
will catch fire when exposed tc an open flame
In this test the sample 18 exposed . an oxyhy-
drogen flame at « specified distance for a {ixed
period of time. The time to reaction ls noted

/3/
(b} Sensitivity to impact. Seasitivity to impact

is another Important safety parameter to per-
sonnel who prepare, handle, and transport pyro-
technic compositions. The test procedure moat
oitenused {sthe placing - “a amall sampte of the

matertalona hardened s 1 plateand droppinga
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known weight {rom selected heights. Fresh
samples areauvbjectedto weight drops of varying
Leights until no reaction 1s obtained. This value
fs taken as a neasure of the sensitivity to
fmpact. /4/

(c) Sensitivitylo friction. Quzlitativetests may
be conunct y rubbing a2 small quantity of the
mixture between unglazed porceiain plates or
with an unglazed munar and pestle. Another
test is to place a small portion of the sample on
ahardsurface anc strike it a glancing bluw with
a hammer. /2/ Frictiontests ar~ imporwant
when determining safety for proc.ssing and
transpoerting the mixture.

A more quantitative test employs a pendulum
fricticn device developed by the Bureau of
Mines. The apparatus consists of a supported
pendtulum to the lower end of which i¢ attached
a nhoe designed for interchangeability of dif-
ferceat typee of surfaces. The pendulum is ad-
justed, before testing the sample, to give a
specified number of swings acrisstheanvil. The
shoe is permitted to 2l from a specified height
and to sweep back anc forth across the sample
held ina steel anvil having deep grooves cut into
it at right anglestothe lineufswing. Thesample
is fizst & .bjected to the stesi shoe and ifa reac-
tion occurs beforeten samples have been tested,
the test is discontinued and a fitre shoe is suksti-
tuted for the steel shoe and the testing is con-
tinued. /3/

{d) Sensitivity to mwisture (hygroscopicity). The
aygroscopic nature of e pyrotechnic material
or its ability toabsorb. oisture fromtheatmos-
phere must be known {f it 18 to be considered for
military agpiication The rateat which moisture
2 sbworbad ana the weight absorbed will depend
on such igctors as the xeiticle slze oi the mate-
rial and 'ts purfly, and tive ambient relative
humidity. Animportant parameter with respect
to tne hygroscopic property o{ a pyrotechnic
ingredient is its critizal relative humidity.
Tais la the relative sumidity value below wh.ch
the Wbgredient will not azbforb mcisture and
aDove walch it will abscrb noisiuve The ab-
sorotion of moisture Ly an ingredient can affect
the sensitivily to ignition, propagation and
stubility of & py rotechnic composition. 3,6/

{e) Sensitivity to electrostatic discharge. To
evaluate the ease with which a pyrote?&ﬁlc 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-
paratus is adjusted togive the desired number of
joules and the needle point 18 pocitioned to per-
mit the discharge of the spark when the critirzl
distance between the needle and sample is
reached. Reactions such as burning and sparks
are recorded. /6, 12, 15/

(f) Sensitivity to initiation (ignitibility). Al-
though pyrotechnlc compositions may be Initiated
by such stim:il as heat, impact, friction and
electrostatic discharges, sensitivity to initiation
is usually considered as the minimum energy
reguired to cause complete propagation of thr
coinpesition. Heat is the usual source for this
energy and may be accompanied with hot gases
nr hot solid particles

There i8 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 black powder to
obtainan indication of the sensitivity tc initiation.

(3} Reactions With Other Materials (Compati-
bility].  Compatibility, which 1s the ablility of an
ingredient or composition to remain unaffected
when in 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
chiorate and red phosphorus are very dangerous,
and some ingredients will react with the contain-
er material. Tablel-1 lists a number of chem-
ical combinations of common matenrials that are
kiown to be incompatible. k& is especialiy im-
portant that all tools and equipment that come
in contaci with either ingredient. or compositions
be meticulously clean because unclean tools may
affect the performance and stability of a pyro-
technic composition.

‘4) Safe Working Limits. During development
of 2 new Item, tests slruld be conducted to de-
termine the consaquences of ac~idental initfation.
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TABLE 1-1. HAZARDS OF PYROTLECHNIC INGREDIENTS

All items are as.umed to be comparatively
fincly divided, and some of the metals and non-
metals are in the torm of dust. Oxidation prod-
ucts that are substantially inert are notincluded.
Degree of hazard may be increased by decreased
particle size and increase” temperature, and
may be affected by presen.e 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 jgnited in air by flame
or spark. Manyare pyrophoric when very finely
divided. Contact with water should be avoided.

React violently with water;
possible explosiorn., Ox-
idize on exposure to air.
React violently when
heated with CO2, halogens,
and chlorinated hydro-
carbons. Keep under
kerosene.

Alkali metals:

Lithium Reacts explosively with
sulfur. Handle under a
blanket of argin or kelium

gas (not nitrogen).

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.

Potassium

Reacts exyplosively with
sulfur; when molten
reacts violently with
sulfur dioxide. Presents
same hazards 25 potas-
S{am.

Sodivm

Fuel

Alkaline earth
metais:

Calcium

Magnesium

Aluminura

Boron

Carbon Biack,
Lampbiack

Hazard

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

kerosene not necessary.

Reacts explosively with
hexachlorobenzene or
sulfur, Reacts vigorously
without explosion when
heated with titanjum diox-
ide or tungsten trioxide.
When finely divided will
burn in oxygen at 300°C,
Reacts vioiently 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
hal>gens. Reacts when
he: ted with alkali oxides,
hydroxides and carbonates.

Reacts with water and may
ignite because of liberated
hydrogen. Dus! may ex-
plode inair. Reacts vio-
lently when heated with
carbon tetiachioride and
other chlorinated hydro-
carbons and carhon dioxide.
Reacts with halogens. May
expiode when heated with
hexachlorobenzene or
tellurium.

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

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




Fuel

Copper

Graphite

Magnesium-
Aluminum
Alley 50/50 and
65/35

Manginese

Molybdenum

Nickel

Phosphorus

White or
yellow:
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Reacts with hydrogen
peraoxides and organic
chlorides.

Substantially inert. Dif-
ficult to ignite. When
ignited burns with intense
heat.

Presents much the same
hazard as magnesium and
gluminum.

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
in air.

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

Ignites spontaneously
in air. Reacts with
organic materials.
Store under water
and keep below 44°C.

May ignite sponta-
necusly in air if it
contains sufficient
yellow phosphorus.
Reacts with orgaanic
materials. Mixture
with chlorates are
extrem 'y 8 isilive.

TABLE 1-1. HAZARDS OF PYROTECHNIC INGREDIENTS

Fuel

Silicon

Sulfur

Titanium

Tungsten

Zinc

{Conttnued)
_Haurgi_

Reacts with steam at red
heat. Reicts with the
haiogens.

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

Explodes spontaneously
in air; reaction more
vigorous if small amount
of water is present.
Burns when heated in
COg or nitrogen. Reacts
when heated with carbon
tetrachloride. Pyro-
phoric when very finely
divided. Keep wet with
at least 259 water of
water plus alcohol.
Handle only in inert
atmoesphere of argon or
helium.

May explode when heated
in air.

May explode when heated
in air. Reacts violently
when heated with strong
alkalies. Reacts whern
heated with COp or CCly.
Reacts explosively with
sulfur.
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TABLE 1-1. HAZARDS OF PYROTECHNIC INGREDIENTS (Continued)

Fuel Hazard

Zirconium Reacts when heated with
water vapor, oxygen,
nitrogen, carbon monox-
ide and dioxide, halogens,
sulfur, carbon, silicon,
phosphorus, boron, ard
aluminum. Fires difficult
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 Alioy nickel or zirconium.
030, 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 spontaneousiy liberates

flammable ph 'sphine.
May explode when

heated by a flam2. Liable
to spontaneais combus-

tion.
Calcium Reacts with water and
Silicide liberates flammable

silicon hydrides. When,
heated it decomposes
and may burn or explode.

Ferrous Suliide Reacts with water.

Zirconium Reacts violently on heating

Hydride with easily reducible ox-
ides. Reacts at red heat
with all except the ncble
gases forming nitride,
carbide, oxide, etc. Dry
powder can be ignited by
& static spark or shock.

Fuel Hazard

Organic Compounds: Com™ustible; most rep-

resent no other particuiar 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
a5 a fuel is secondary.

Anthracene Heated vapors may explode
when ignited inair. Reacta
when heated with oxidiz-
lng agents, particularly
strongly with CrOg3.

Dextrin No particular hazard,

Lactose Reacts vigorously when
heated with oxidizing
agents, expecially chlo-
rates, Dust cas: be ignited
inair by an electric spark.

Sugar Reacts when heated with
axidizing agents, partic-
ularly chlorates.

OXIDANTS

Inorganic Compounds: Form sensitive mixtures
with powdered metals and organic materialg. The
sensitivity and reactivity are increased as the
temperature is raised, aid mey result im ex-
plosion. Avoid exposure towuter vapor ag many
oxidants are hygroscopic. The sensitivity of
mixtures contzining the following oxidizers
decreases inthe following urder (approx.): chle-
rates, perchlorates, peroxides and some ovides,
nitrates, chromates. These classes and thefr
individual compounds are listed below in aipha-
betical order.

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

monium salts, sulfur, sul-
fides, phocphorus, finely
dividtd organic materials,
oils, greases, charcocal
and solvents,
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TABLE 1-1.

Oxidant Hazard

Putassium Sensitive to shock or heat

Chlorate 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, suliur, sulfides,and
phosphorus.

Chromates

Barium React vigorously when

Chromate heated with finely divided

Lead metals and easily ox-

Chromate idizable materials.

Nitrates_

Ammonium Reacts vigorously when

Nitrate 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
heatec with sulfur.

Barium Reacts vigcrously when

Nitrate heated with reducing ma-
terials, pacticularly
phosphorus, sulfur, and
sulfides

Calcium May be exploded by shock,

Nitrate heat, flame or chemical

action. Reacts vigorously
when heated with boron,
phosphorus, sulfur, sul-
fides, sodium acetate, and
flammable organic ma-
terials such as oils, tallow,
and fibrous materials.

Lithium
Nitrate

Potassium
Nitrate

Sodium
Nitrate

Strontium
Nitrate

Barium
Peroxide

Chromic Acid

Cuprous Oxide

Ferric Oxide

HAZARDS OF PYROTECHNIC INGREDIENTS (Continued)

Hazard

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

Can be detonated by shock.
Reacts vigorous!y when
heated with boron, phos-
phorus, sulfur, sulfides,
sodium acetate, and
flammmable 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

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

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

Explodes when heated
with powcdered magnesium.

When heated can act as an
oxidizer, e.g.,thermite;
reaction with aluminum.
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T+BLE 1-1.

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 materiais. May
explode when heated with
magnesium.

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

When heated reacts with
sodium, potassium, mag-
nesjum, aluminum and
silicon and is itself re-
duced to the metal. When
heated with zinc there is
only a partial reduction.
Reacts with halogens and

nolten potaseium chlorate,

g;tda.m

Silicon
Dioxide

Strontium
Peroxide

Zinc Oxide

Perchlorates

Ammonium
Perchlorate
Barium
Perchlorate
Calcium
Perchlorate
Lithium
Perchlorate
Potassium
Perchlorate
Strontium
Perchlorate

Polychlorotri-
fluoroethylene

HAZARDS OF PYROTECHNIC INGREDIENTS (Continued)

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, alumiinum and
zinc. Mixtures with rec
phosphorus, sulfur and
sulfides are sensitive to
impact, friction and heat.
Reacts with water,

Hydrolyzes siowly in
water. May explude when
heated with pcwdered
magnesium,

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

Comparatively inert.
Under conditions of high
shear, where fine par-
ticles of fresh metal are
exposed, soft metuls
such as aluminum and
magnesium react
vigorausly.
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TABLE 1-1. HAZARDS OF PYROTECHNIC INGREDIENTS (Continued)

ADDITIVES

This includes a variety of materials, most of
which are added in comparatively small py opor-
tions to compositions for special purposes such
as intensifiying color, retarding, binding. The
oxidants listed below result from the burning of
the compositions. The miscellanecus materials
have been grouped below for coavenience.

Additive Hazard

Carbonates and Bicarbonates

Barium, React with mineral ac:ds,
Calcium, and giving off COy. Represent
Magnesium nohazard. Usedas coolants
Carbonate; or antigcids.
Potassium and
Sodium
Bicarbonate

Catalyst (for polymerizaticn)
Cobalt Marketed as a 6% solution
Naphthenate in mineral spirits. Spirits

are volatile and flammable
and may explode when
heated in air. Explodes
on mixing with methyl-
ethyl ketone percxide
{see Lupersol DDM under
Fuels--Organic).

Color Intensifiers

Inorganic
Barium and Present no particular
Strontium hazard.

Chlorides

Organic.

Dechiorane Comparatively inert.

Dangerous when heated
with alkalies or metals.
Explosive chloracetylene
is produced.

Hexachloro-
benzene

When heated to decompo-
sitjon produces toxic fumes

of chlortdes. Relatively
aert,

Hexachlorn»
ethane

10

Additive Hazard
Polytetra- When heated reacts with
fluornethylene molten alkali metals and
(Teflon) finorene.

Polyvinylchlo- When heated reacts with
ride alkalies.

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

Explosives

Black Powder Detonated 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- May explode on heating.

carbazole.

Oxalates

Barium, Give off dangerous CQ.

Calciura, and

S{rontium

Oxalate

Oxides

These result from the burning of compositioas
containing the corresponding metal or metal
compound,
Alkali Oxides
Potasstum and
Sodium Oxides

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

Alkaline-earth
Oxides, Calcium,
Bariuin, and
Magnesium
Oxide
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TABLE 1-1.

Additive Hazard
Aluminum Reacts vehemently when
Oxide heated with calcium

carbide.

Chrormic When heated decomposes

Ox.de suddenly at 330°C.

Potassium Reacts vivlently when

Oxide heated with sulfu.,

Titanium Reacts vigorously when

Dioxide heated with metallic
calcium.

Sclveanls

Acetone Vapors form an explosive
mixture with air. Reacts
vigorously with oxidizing
agents, particularly chio-
rates, peroxides, and
chromic acid.

Alcohol Vapors form an explo: ve
mixture with air. Reacts
vigorously with oxidizing
agents, particularly chlo-
rates, chromic acid and
sodium peroxide. Reacts
with phosphorus at 215°C
forming ethylene and
spontaneously flammable
phosphine.

Carbon Reacts slowly witt water

Tetrachloride

Dibutylphthalate

forming hydrochlorine
acid. Reacts when heated
with aikali and alkaline
earth metals, peroxides,
and metal powders su:h
as aluminum, iron, and
sodium peroxides.

Flammable. When heated
reacts with oxidizing
agents.
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HAZARDS OF PYROTECHNIC INGREDIENTS

Additive

Kerosene

Binders

Asphaltum

Calcium
Hesinate

Calcium
Stearate

Castor Gil

Ethycellulose

Gum Arabic
Gum Tragacanth

Laminac 4116

Linseed Oil

Parlon

iContinued)
Bazard

Vapors may explode when
heated in ai.. Reacts
when heated with halogeas
and oxidizing agents such
as CrQOj, NasOs.

Dust cloud may explode in
air.

When heated reacts with
oxidizing agerds.

No rarticular 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) thaz
the mixture may be
consicered merely ag
combustible.

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

W1l ignite in the flame
of a Bunsen burner, but
the flam< 18 gelf ex-
tinguishing. Gives off
HC! on heating to
decompoeition.
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TABLE 1-1. HAZARDS OF PYROTECHNIC INGREDIENTS (Continued)

Additive

Shellac

Stearic Acid

Hazard

Dust can be ignited by

an electric spark. Reacts
when heated with oxidizing
agents, particularly
chlorates.

No particular hazard.
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Additive

Thickol
Liquid
Polymer
LP-2

Zinc Stearate

Hazard

The monomer 18 poly-
merized by varicus organic
peroxides. Conventional
paint driers and Pb0O2 are
also excellent.

No particular hazard.
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These tests shou!d be conducted on full scale
items, when possible, and should test exposure
to heat, vibration, jolt, transportation, drop,
andsoon. Theresultsofthese tests can be used
to establish safe limits for processing, testing,
storage, and disposal.

b. Recognizing and Minimizing Hazardous

Areas in which actual or potential hazards
exist should be noted whenever a new item is
being developed oranold itemis being improved.
Every effort should be made to comply with ex-
isting regulations on processing, testing,
storage, and disporal. 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-
viscry personnel should always be al..i{ 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.

(v

Transportation

(2) Storagc

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

(8) Drving

{9) Assembly
(10) Vesting
(1) Inisprosai

13

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

{a) Adopt asystematic pian for each experiment
or operation.

(b) Work with minimum quantities.

{c) Groundall containersand equipment to avoid
electrostatic buildup.

(d) Clean thoroughly ali containers, tools, and
equipment prior tc use.

{e) Conduct work in rooms conditionedto 45-55%
relative humidity or when ambient humidity is
within these limits

{f)} Checkailtoolsfor irregularities, and repair
or replace as necessary.

(g) Maintain gooa housekeepiny.

(h) Perform as many operations as possible by
remnote control.

(i) Eliminate uanecessary dusting.

(})) Wearappioved safety clothing, and use only
approved equipment.

and

{k} Store completed blends 1n airtight

moistureproof containers
(11 Transportation. When moving ingredients
and compositions from one location to another,
the material should be 1inairtight, moi+ reproof,
and unbreakable containers. Sensitive mposi-
tions shouldbetransportedonacarnt, not carried.

(2) Storage Pyrotechnic compositions should
be stérevlinaccordance with prescribed regula-
tions. Storage magazines should not be over-
loaded and irgredients that may react spontane-
ouwrly if accidently brought in contact with each
other shouid not e stored in the same magazine
or chamber. VFach magazine should be clearly
marked for {irefighi'ng purposes.

Contatners should have labe's, protected by
a clear tape, w indicate contents. It is good
practicety indicate on the label the type of haz-
ard associated with the materials. Screw cap
bottles should not be used for {~iction sensitive
materials
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{3) Grindl Pyrotechnic materizls must often
be reduced in particle size to meet granulation
requirements. Depending on the type of mate-
rial, the granulation desired, and the amount to
be ground, one may use ball mtlis, hammer
mills, or other types of pulverizers. Before
beginning grinding, the machine shouid be
checked for electrical grounding, cleznliness,
and working order, and the materiai should be
screenedto remove ail foreign matter. The ma-
terial should be ground in small vatches, with
precautions taken toc reduce the dust hazard. All
grinding or pulverizing should be performed in
remotely controlied rooms that are « juipped to
eiiminate dust. The rvoms should be entered
only when ihe operations have been completed,
and then a dust respirator should be worn. When
grinding heat sensitive materials such as waxes
&nd resins, dry ice or liquid nitrogen can be used
to keep the materi. | solid enough to be pulverized.
Aftergrinding, one should rescree materials to
remove any foreign materials that may have been
introduced during the grinding process.

(4) Welghing. To avoid accidents that may be
uulage;eﬂmmtlc discharges, all weighing
must be carefully done on a clean, eolectrically
groundad balance placed on a table wnose top is
also electrically grounded. The ingredients
should be scooped, not poured, from the container
and carefully placed inthe balance pan. Separate
facilities or balances must be used in weighing
oxidants and fuels. Explosives should be weighea
only behind safety shields. Whenweighing 18
completed, the balances should be thoroughiy
cleaned and all dust tracee removed.

(5) Blending. Blending is one of the most haz-
ardous operations, therefore mandatory proce-
dures must be strictly followed, because pyro-
technic compoeitiors vary widely in sensitivity
and stability. When preparing an experimental
mixture for the first time, one should prepare
quantities no la rger thar 50 grams, then test for
sensitivity to impact, friction, heat, and elec-
trostatic discharge. I the composition proves
sensitive to one or more of the above charac-
teristics, consideration should begivento select -
ing another composition or working with the
largest quantity consistent with safety and the
advice of sufety experts. Consideration should
also be given to preparing the mixture with a
nonflammable volatile liguid, which can later
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be removed by drying. Wet blending is generally
considered safer than dry blending and is used
when a mixture {s known to be sensitive. When
using a liquid for mixing, adequate ventilation
must be pruovided tc remave the fumes.

(8) Granulating. After blending, some pyro-
technic compositions are granulated to make
them free flowing and easier to handle during
pressing. As with other machines, the granu-
iator must be electrically grounded, clean, aid
iniproper working order beforethe start of oper-
ations. If the composition being granulated
contains a volatile ingredient there must be
adequate ventilation and provisions made to ry~
move f{t.

(7 Loading. The icading of a pyrotechnic item
is most commanly done by consolidating the
charge by a press or by vibrating the loose pow-
der into the item. Before beginning a  ioading
operation, the sensitivity characteristics of the
composition must be known. Only approved
machinery in proper working order should be
used. Strict acdherence to standard operating
procedures and the use of prescribed safety
equipment i8 mandatory. The loading operation
should be conducted with barricaded and well-
grounded equipment that can be operated re-
motely.

Except for some ioose s moke and flash compo-
sitions, pyrotechnic materials are generally
pressed into bullets or into cylindrical paper,
plastic, or metal cases, in the form of candles.
The candles burn progressively from one end to
the nther -- "cigarette-type" burning.

Because of the pressure used in a pressing
operation, friciionisthegreatest hazard. Every
precaution must be takento avoidfriction between
moving parts of the press and l!oading tools.
Constant inspection is requiredto keep the press
and tools deburred, aligned, and meticulously
clean.

Opeiating procedures should not only describe
the methced of operating the press and general
salety precautions, but also prescribe what to do
in case of any irregularity in the functioning of
the machine. Forexample, if anexcessive tem-
perature rise is noted in any part «f the press,
the press should be shut down immediately; if a
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shaft or any part should freeze on & hearing
surface, noattempt gheuld be made to loosen the
part by force until all ignitiblie material is
removed from the area; if any oil leak develops
the press should be repaired before continuing;
i1 the mixture is contaminated or suspected of
being contaminated it should be disposed of.

Keeping the press meticulously clean cannct
be overemphasized. Should any of the composi-
tion get betweenthe ramand the side of the mold,
binding may occur, a hazardous condition.
Should kinding occur no attempt should be made
te remove the ram manually. This operation
should be done remotely behind barricades by
means of apress. The ram should be extracted
slowly to avoid heating the compesition. Pre-
cautions should be taken to prevent injury to
personnel and damage to property in the event
of an accidental initiation. Thus, 1t i8 extremely
important that all parts in contact with the mix-
ture be cleaned before each pressing.

Ifthe composition is considercd unsafe to load
by pressing, or if extreme consnlidation pres-
sures are not required, the compnsition may be
compacted by vibration. This procedure should
be carried out by remote control with all pre-
cautions taken to reduce the amount of dusting.
The optimum vibration frequency and amplitude
depend on the size, weight, and shape of the
container, and the flow properties of the po vder.
All equipment and the operating area should be
carefully cleaned after completion of the loading
operation.

(8) Dl:xin . When a composition has heen pre-
pared with the use of a carrier liquid, 1t should
be thoroughly dried before loading. The major
part of the iiquid should be remaoved by air drying
in a ventilated room, with the remaining liquid
removed by drying in an explesion-proof, tem-
perature-contruolled oven. Provisions must be
madeto removethe vaporas released. The safe
drying temperature of the composition must be
known before placing it in the heated oven.

(9) Assembly. When pyrotechnic devices are
assembled, contrglled operations are desirable
Thetemperature and humidity should be carefully
controlled and dusting of the composition should
be kept at @ minimum  The least practical num-
ber of ccmpletely assembled items should be
kept 1n a work area
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(10) Testing. The completed item must be
tested In accordance with local or stanianrd re-
gulations.  Equipment should be checked for
working order and electrical grounding. Bar-
ricades should be used if a detonation mayv occur.
ifanitem fails to function, no attempt should be
madeto determine the nature of the malfunction
until sufficient time has elapsed to assure that
the item is not reacting. The "'dud"” shculd be
handled cautfously, preferably by remote control,
and disposed of as soon as possible. Care should
be taken to avoid inhaling the reaction products of
burning compesitions because many of these are
toxic.

(11) Disposal. Safe dispusal of pyrotechnic
ingredients and materials is a provlem because
of the flammable, explosive, or toxic rature of
many of these. OQccasionally, small quantities
of acids, alkalies, and acetcnes can be simply
disposed of down the drain, provided abundant
cold water isused But e¢ven completely water-
soluble solvents such as acetone and ethanol
must be diluted with large volumes of waterto
avoid flammable vapors that mayv beceme a fire
hazard in the drain. Also, there {3 always the
possibility of chemical action between different
materialgs occurring inthedrain Another draw-
backtothis disposal practice is the damage that
corrosive chemicals such as zcids may have on
the drain pipes, and the hazard to peregonnel who
service or otherwise maintain the drainage
system.

To minimize the above problems, it is neces-
sary to segregate wastes, with the ultimate
disposa) carried out in strict accordance with
the local operating procedures fcr each labora-
toryorplant. Particularcare mustbe exercised
to prevent placing materials that might react
with each other in the same container. Special
waste containers should be used to segregate the
waste materials, and the containers must be
cleariy labeled as to their contents.

Most laboratories and plants specify the maxi-
mumamount of waste that may be safely stored.
This himit must never be exceeded. Keeping be-
low this limit requires regular, planned trips to
the waste disposal area.
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The wasie disposs atex shosld be located far
encugh from rhe labo ratory or pont so that any
frre, s okhe, or funes oroduced wi, wor be
owjectionable or hazardous to persomne! The
arez should be tenc 1 ang posted so (hat il is
clearly recognizacle as an area specyfically and
exclusively reserved for digposing of chemicals

When disposal o extrewmely hi cardous com-
positions 1s being conducied, the handling shouid
pe followed step-byv-siep from the tie they
are piaced ‘n ddsposal cortain rs uniil their
uitimate digposal. Only then 2an supervisory or
saety e racnnel be assured that o1 workers
ave adequately protected from hazard,

4. FLECT . .CAL HAZARDS

Theincreasing useof electrical equtpment and
flam.nabie mateials in the laboratory and plint
adds tothe pous: ibility of accidents. The eleciri-
cal instaliation inust preclude accidental igni-
tion of flammable liquids, vapors, and dust re-
easedto the atmosphere. This necessitates the
use of explosion-proof lighting fixtures, non-
arcingand nonsparking switches, circuit break-
ere motor starters, receptacles, ana €0 on.
All eicctrical machinery rmust be equipped with
explosion~-prool motors, and must be fi.mly
connected to an approved electricar ground.
Portable lamps and flashlights must be of the
approvedtype because fatal explosions have been
caused v dust-filiad room - by the arc {from the
switch of an ordinary flashight.

Besides the hazards presented by ~lectrical
equipment, the hazards assoc:ated with static
electricily are alweys presemt. Proper safety
nrecaudions guch as wearing conductive shoes,
e minimum use of outer woolen and silk clothe
ing, and the electrical Zrounding of laboratory
iocle and atensils, and conductive {loors ard
working suriaces both properly groundec must
be observed faithtully In inany vases person-
nel perfurring the operation inust alsc be
slectiicr -y grounded 1o 1osure sajety

3. FALLURF OF SERVICFS

An electrical power fatlure, loss of cooling
watei, or loag of almost any «ther service such
as telephone pes. s a pkentially hzzardous

situatier This o varticularly frue when working
with reactive chemicals. [n anticipation of the
loss of services, procedures shouvld be developed
to reduce the hazarde : situation v as short a
time as possible

6 SAFETY EQUIPMENT

S0 far, this chapter has discussed safety
mainly with rervect to ingredients, composi-
ttons, and procass.ag.  Aunother point of utmost
importance is persoaal safety equipment. The
fvilowing tems are typical of ru h »quipment:

{1} Flamepraof coveralls, gloves, coats.
blankets

(2} Protective eye device:
(37 Face shreids
(4} Sweat bands
(5} Foot guards
{8} Safety conducting shoes
(7) Idustrial gae mask:
(8) Chemical cartridge respirators
{9} Dust respirators
(10) Pyrotechm cream
{11) Soap
(12) Towe's
(13) Nonsparkig tools
{.4) Sufety showers

Ordnance Safety Manual, AW'P 706-274 epec -
ifies that inese devices must be used wherever
necessary The Standard Operating Procedures
at each laboratory or piant specify when and how
the safety equipment should be used All labo-
ratory persocrinel should be thoroughiy trained in
the vae of | v ective equipment. The currect
safely equiprent for a particular operation

ehauld be seiectad by the supervisor in charge
of the operation before ary work is begun




Downloaded from http://www.everyspec.com

Soap is an important safety device that is
frequently overlooked. The imvortance of per-
scnal cleaniiness must be stressed. Foequently
washing the hands and face gieatly veduces the
dangers of inflammation or poisoning when work-
ing with toxic malerials. Tne importance of
thoroughly washing the hands hefore eating ia
obvious.

7. FIRFIIGHTING

Proper protection against fires in the labo-
ratory or piant stem# maini “rom good house-
ke=~ping, and observing prop . precautions in
carrying out work. Personnel gaould be
1. structed in the special hazards of materials
hbeing handled. TheCOrdnance Safety Manuzl and
local regulaticns give procedures that must be
foliowed in the event of fire. Personnei shonld
not approach or attempt to f{ight a fire whiie
wearing clothing contaminaied with pyrotecnnic
materials or explosives. In the event of a {ire,
all operations in the building stop immediately
and all personnel prepare to assist the [ire
department. Laboratcry and plant personnel
must know the location of the nearest fire clarm
and firefighting equipiaent, and musi be thor-
sughly familiar with the use o the equipment.
Improper firefighting techniques, such as the
use of water on burning compositions, can in-
creasc the hazard of a laboratory or plant fire.
It must be remembered, however, that the best
firefighting equipment available canpot prevent
fires; that is the job of laboratory and plani
personnel.

8. CLASSIFICATION OF PYROTECHNICS

The only general classificatior of pyrotechnic
ingredients and compositions is found tn Army
Ordnance Safety Manual AMP 706-224, where
materials are categorized for quantity storage
safety distances but not for laboratory and plant
use Individual facilities may establish safety
categories b.t there exists no general systematic
scheme for laboratory or plant. Table 1-2 gives
the safety classification that appears in the
Ordnance Safety Manual. /2/

9. CONCLUSION

Sa.ety 18 the responsibillty of all laboratory
and pirni personrel Each supervigor must be

n

responsibie for the aducation of personnel under
nim and must promote safety by exninple. The
supervisor must assure himself limt everything
iz being dune to avoid injury te perscnnel and
damage to property. The introduction of new
ingredients requires constant evaluvation of safaty
practiceato avoid potential haxards to pargonnel.
New requirements and work on new items call for
& prograw of education to supply new safety
information and to develop new skills. Sheeta
should Le prepared for each composition giving
detailed information on the sensitivity and
roxicl'y, and special instructions concerning the
preparation of ihe composition. Any sccidents
ahould bethoroughly tnvestigated for causes, and
then steps taken to remove these causes to avold
similar future accidents.
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TABLE 1-2. SAFETY CLASSIFICATION OF PYROTECHNIC INGREDIENTS, FORMULATIONS,
AND END ITEMS

CLASS 1

Aluminum powder (packed and stored in
original shipping containers or equivalent)

Charge, spotting, AP, practice M8

Chlorates (packed and stored in original
shipping containers or equivalent)

Firing devices

Fuse lightera

Fuse, eafety

Magnesjum powder (packed and stored in
original snipping containers or equivalent)

Mines, AP, practice, T34

Nitrates, incrganic (packed and stored in
original shipping containers or equivalent)

Perchlorstes (packed and stored inoriginal
shipping containers cr equivalent)

Percxides (except high strength hyd.ogen
peroxide, pucked and stored .n criginsl ship-
ping containers or equivaler’

Squibs, commercial

Thermite

Zirconjum (types land Y1, spec FED-1655,
packed and stored in original shipping con-
tainers or equivalent)

CLASS 2

Bomb, phctofiash, M122, w/o burster
Chemica! ammunition, groups C and D
when not asg~moled with explosive corapo-
nenis
Grenades, illurninating
Military py.otechnics {(exclusive of class
4 and 9 items)
Flares
Bluminants
incendiary ammunition including
projectiles, buwvhe, and grenades ex-
clusive of HE-I rounds
Igniiers and tracer units (for am-
munition}
Signals, including signal lights,
smoke signals, and obscuring amoke
Projectiies, illuminating, when not as-
sembled w!/th explosive components
Pyrotechnic materials {esclusive of class
9 and 10 {teras) when not rackad or stored in
original shipping contailners or equivalent,
such as:
Chlsrates
Dlursinating. flure, or signal com-
positions which have been consolidated
in the final press operations
Perchlorates
Peroxides
Powdered metals (including zirco-
rium, types | and I spec FED-1855)
Thermite and other similar incen-
diary compositions
Sperting charges (cartridges for miniature
practice bombs)

is

CLASS 3

Grenades, practics, with spotting charge
Mines, practice, with spotting chairge or

fuze {except Mine, AP, practice, T34)
Sfmulater, Mi118

CILL.ASS 4

Bombs, chemical loaded; wih explosive
burster

Cartridge, HE, colored marker

Cartridges, tlluminating

Mines, antipersonnel (bounding tvpe)

CLA

Biasting caps

Detonators {except concusrion type, M1}

Percussion elements

Primers, electric {for smeil arms and
20-mm ammunition)

Primers, percussion (#mall arms am-
munition}

CLASS 9

EC blank powder

Tetrazine, TNR, lead styphnate, and lea-
azide prisner compositions

Black powder

Double base propellant with web thickness
less than 0.0075 tn., regardless of NG con-
tent

Double base propeilant contalring more
than 20% NG

Tracer, igniter, incendiary illuminating,
flare, and {irst fire compositions uptcand in-
cluding ftnai consolidation

PETN, TNT, and small-arms primers not
packed in accordance with approved Ord-
nance Corpe drawings or specifications,
and not packed for commercial transporta-
tion

Tetryl, RDX

MOX-2B

Quickmatch

TLASS 10

Class 4 items, when not pecked wnd stored
in wccordance with Ordnince drawings

Bomb, photoflash

Cartridge, photoflash

Simulator, MU

Mines, antipersonne!
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CHAPTER 2 PROCESSING PROCEDURES AND EQUIPMENT

1. PROCESSING

This chapter presents the basic principles
tivolved in processing pyrotechnic composi-
tions. Because of the wide variety of ingre-
dients and compositions handled by research
and development and operating personnel, gen-
eral procedures, rather than specific direc-
tives, are given. A composgition is processed
only after its safe working limits are determined.
To assure the optimum perform.ance, every
phase of processing should be carefully con-
trolled. Supervisors should prepare Stand:rd
Operating Procedures (SOP's) for each com-
position, point out any unusual hazards, and
indicate necessary precautions. All personnel
should be thoroughly ifamiliar with the safety
measures discussed in Chapter 1, Safety in the
Pyrotechnics Laboratory and Plant.”

&. Transportation

Pyrotechnic ingredients and compositions
shculd be transported in their original con-
tainers whenever possible. Materials from
which samples are to be removed should be
preblended for uniformity, then placed in clean,
dry comtainers that will not contaminate the
contents. Containers should be hermetically
sealed and labeled to conform to loczl regula-
tions for internal transportation and ICC regu-
lations for off-facility shipment.

b. Storage

(1) Facilities. Storage facilities will differ
depending on type, quantity, and size of material
under development or manufacture, but they
should always be consistent with best safety
practice. They should be conveniently located,
adequate in size, well lighted, and fireproof.
Type and quantity of stored material should be
clearly marked on all containers. Fuels and
oxidizers should be stcored separxztely. Also,
explosives, fuzes, primacord, pyrowire, and
assoclated f{tems should be separated. The

smalleat quantity of ingredients or compositions,
and the smaliest number of loaded components
necessa.y tooperations should be on hand. Each
item should be stored in the recommended type
of container under the recommended conditions.

(2) Safety Regulations. Ordnance Safety Manual
'AMCP 706-224 covers class of fire and explosive
hazard, quantity and distance tablee, acceptable
construction, and barriers for large scale plant
operatione for the foilowing storage conditions:

General storage of bulk chemicals

2. Limited bulk storage of chemicals ad-
jacent to or near composition mixing
and blending operations

3. Bulk storage of processed compositions

4. Limited bulk storage of processed com-
positions adjacent to or near f{illing and
loading operations

5. Bulk storage of loaded components of end
items

Bulk storage of end items

Storage of selected samples prior to
evaluation testing

8. Stcrage under accelerated or long term
environmental test conditions

9. Storage of scrap prior to disposal

10. Storage of materials under lguid

AMCP 706-224 should be consulted as a first step
toward making a decision about storage of an
unfamiliar ingredient or composition. If safety
manuals and local regulations donot give explicit
storage instructions for a new item, the super-
visor, local cafety representatives, or other
experts should be consilted. Also, every labo-
ratery and plant should have a contiruing safety
program that includes periodic inventory of
samples, ingredients, and compogitions 10 keep
the overall quantity of materialstothe minimum
required to operate efficiently.
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(3) Storage Under Liquid. Ingredients such as
whiie phosphorus are comimonly stored under
water or a watier-alcochol mixture to prevent
combustion. The water- aicohol mixture prevents
freezing under uncont: clied temperature storage
conditions. Removing frozen materizls from
containers i3 especially hazardous because of
posaible friction and impact. Finely divided
metals such as zirconium and certain explo-
sives are also stored under waterio avoid igni-
tion by friction or static spark discharge from
containers.

Special care shouid be taken when handling
finely divided metals that have been stored under
liquid. ¥ they are ignited while damp, an ox-
idation-reduction reaction occursthat can prod-
uce a hydrogen 2xplosion. Also, after long
standing under water they may settle to the
bottom of the contz” er in a tight compact mass,
Spatulas or tools should not be used to break up
this mass; instead, a strean: of water should be
directed against it or, if sufficient water covers
the mass, the container cover or lid may be
replaced tightiy and the whole container shaken
by remote control or placed on a ball i’ until
the contents are converted to a slurry. Con-
tainers should be inspected periodically for
leaks or corrusion.

¢. Grinding.

Size reduction techniques for pyrotechnic
ingradients are similar to those used in pro-
pellant and explosive operations. The same
safety precautions apply because many ox-
idants undergc explosive decomposition, and
fuels form explosive mixtures with atr. It is
preferable 0 procure ingredients in the par-
ticle size required, but if this is not possible,
facilities for size reduction should be estab-
lished.

Grinding equipment for pyrotechnic items
must be properly designed, maintained, and
periodically inspected for electrical grounding,
clearance of moving parts, lubrication, and
scals. Seals, especially, may require frequent
opening, cieaning, and repacking because of ac-
cumulation of ground material. Corrosion-
resistant coostruction should be considered
when grinding oxidants inagmuch as water is
used tO remove the oxidants. Remate control

should be designed into all grinding equipment
and, if possible, grinders should be charged and
material removed without the operator presemt
in the same room.

Friability, i ircuess, hygroscoricity, and
moisture of the material, as well as the size re-
quired, will all affect grinding operations. Types
of size reduction equipment commonly used in
pyrotechnics are described below.

(1) Ball Milis. Ball mills, which are used for
wet grinding and fine particle size reduction,
vary depending on the size and design of the
mill and balls, type of ball material and wear,
propertiea of material being ground, and the
weight of the wet or dry charge. One type of
ball mill has a 4.5 in. inside diameter and a
hemispherical end, against which 2 stainless
steel or aluminum ball rests. The buil, from
2 to 4 in. in diameter, i8 selected so that the
unit force at point of tangency is not sxcessive
Ior the sample of material. The ball rolls over
the particle, without exceeding a m~ximum
force, until it is crushed. The mill is » uptied
remotely by tipping below the horizontai, the
ball is caught on a screen, and the milled prod-
uct is washed through the screen.

Pebtle mills with nonmetallic lners, or
ceramic or granite jars are used where metallic
contamination must be avoided. Grinding of heat
sensitive ingredients is often done with liquid
nitrogen as the wetting agent and coolant. The
mortar and pestle may be used for size reduc-
tion but extreme caution should be exercised
when grinding energetic malerials.

(2) Pulverizers. Although pulverizers may vary
in acreen s{ze, mill size and diameter, and rate
of feed, the following general considerations

usually apply.

Prior to grinding, the material should be
screened for lumps and foreign material and,
\f moist, oven dried. Recelving containers and
the chute bag should also be dried. The pui-
verizer should be checkedfor proper operation,
and electrical equipment and containers should
be inspected. The grinding operation should be
monitored remotely; checking speed of feed,
screen rate, current load ~a mill, {eed motors,
and temperature of mill. The mill should be up




Downloaded from http://www.everyspec.com

(0 speed before starting the feed and should be
stopped only after the feed has been stopped and
the mill emptied. The receivers should be re-
moved only when the mill has stopped. For
greater control of particle size fractions, cy-
clonic separation may be used for particle size
classification (see helow).

d. Classitication

Classification is the process of obtaining
specific size fractions of finely divided powders
by means of sieves or screens, elutriation by air
or liquid, sedimentation, centrifuging, or by
cyclone classifiers. Sieving is used for par-
ticies coarser than 44 microns, and may be done
wet or dry. The other methods are for particles
irthe subsieve range using dry powder. Chapter
3, Particle Size Procedures, covers in detail
the classification of pymtecﬁlc ingredients,

e. Weighing

The performance of a composition depends
primarily on the ace» ~acy with whichthe ingre-
dients have been weighed. Although other unit
operations affect the performance of a formula-
tion,they cannot overcome a weighing error.

The size and type of balance used depends on
the quantity and volume of material, and the ac-
curacy desired. Laboratory trip balances are
used for small quantities; and platform scales,
for larger amounts. Balances and scazl=8 should
be cleaned and checked before each use and
readjusted if necessary.

Prior to weighing, ingredients should be
dried and screened tc remove extraneous ma-
terials and lnmps. Oxidants and metals should
be weighed separately on electrically grounded
balances. To insure safety, dusting and spillage
must be avoided. Any materiai unavoidably
spilled shouldbe imm-' diately disposed of. After
welghing, the matertal should be transferred
immediately to the blender, or placed in clean,
hermetically sealed containers until used.

f. Blending

Blending has a marked effect on the ultimate
performance of a composition because in this

procedure the ingredients are brought into im-
timate contact with cne anctherteform a homo-
genous mixture. Whether blending is wet or dry,
it should be checkedand controlled by analytical
prucedures to assure homogeneity. For ex-
ample, insufficient blending time will result in
a nonhomogenous mixture, whereas excessive
blending time may also result in nonhomogeneity
because of unblending.

Besides blending time, factors such ae
density, volume, particle size, or specific sur-
face of the ingredients affect the final homg-
geneity. If density and particle size differ
markedly for each ingredient, a volatile solvent
or binder may be added during blending to mini-
mize segregation. Suitability of the blender is
also important as some blenders are suited for
either dry or wet blends, whereas others can
be used for both. The final volume of the mix-
ture should be optimum for the capacity of the
blender. This amount is best determined by
using test batches, and checking the homogeneity
of the batches at various blending time intervals.

The blender should he placed in a separite
airconditioned room or bay provided with ade-
quate illumination and a fume removal system.
An electrical interlock system should be used
80 that the blender will not operate while the
doors are open, or while the operutor is in the
room. Remote controls should be used for all
blending operations, with the operztor behind
a reinforced wall provided with a shatterproof
porthole. A mirror in the room is sometimen
needed to permit the operator to watch tahe
blending. The raom should have a weak wall
and an explosion-proof roof. All electrical
components, fixtures, and equipment must
explosion proof and eiectrically grounded. All
these i{tems should be periodically inepected.
Prior to each blend, the equipinent should be
ingpected for defects, and the blades and
scrapers carefully adjusted for clsarznces.
Regulations regarding explosive and personnel
limits and safety accessories must he strictly
adhered to.

The moat ¢ommonly used procadures and
eguipment for dlending, which {8 usuallv a batch
process, are described beiow.
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(1) Dry Mixes. The blending ci powders without
& solvent or binder may be performedin a coni-
cal biender, twin shell blender, or a ball miil.
The conical blender is a large sateel globe fit-
ted longitudinully with steel baffles. Al the
ingredients zre addedto the tumbler ai one time.
The mixing action is obtained by the revolution
of the blender. As the ingredients are carried
arcund by the baffles they are dropped toward
the bottom and intermixed.

The twin shell biender (V-blender) is formed
{rom two cylinders cut at an angle and joined
together in a "'V."' Rotation of the blender pro-
vides an intermeshing action of the powdered
ingrediente when the two cylinders combine
their flow. Other devices may be incorporated
intc the twin shell hlender to assure rapid

mixing.

A ball mill (see under Grinding) can also
be used for dry blending by rep the metal
or ceramic balls, for safety reasons, with rub-
ber stoppers. The optimurn weight of charge,
stoppers, and biending time for each new com-
position should be determined by preblending.

(3) Wet Mixes. Compositions that are considered
insensitlve to Impact and friction may be prep-
ared by forcing the mixture of ingredients
through 2 coarse screen by means of a rubber
stopper. The process is repeated until visual
observation indicates uniformity has been ob-
tzined. The blending operaticn should be aone
behind a barricade, and the hands and face
protected by asbestos ygloves and a face shield.
Although there are many types of blendere
available for use with a solvent or binder, the
muller type is most commonly used fur pyro-
technic compositions. In this type of mixer, the
ingredients are combined by . intensive action
simulating the mortar and p.stle. Within a
circulur blending pan i{s » wic: heavy muller
wheel(s) which is moumed to b vertically ad-
justable. Plows or scrapers clean the sides and
bottom of the pan and force the composition into
the path of the mullers Juring rotation of the
pea or mullers. The mix must not be loo fluld or
there will not be enough friction to rotate the
muller(s), and it must pot be too tucky or it will
aridd up in front of the plows. Optimum operating
conditions should be deterrired by pretesting.

u

The usuzl blending procedure Is to first
spread a thir layer of the fuel(s) tn the pan. The
solvent or binder is added and the blender is
operated for about five minutes. The remaining
ingredients are then added and operation con-
tinued until blending is complete. It may be
necessary to stop blending periodicallyto scrape
down the sides and bottom of the pan with spark-
proof tools to assure homogeneity. Dry areas
should be moistened with solvent before scraping.

When a blend is completed it should be re-
moved by remote control and used immediately
to avcid segregation, or placedina hermeticaily
sealed container and preblended priorto use. U
the blend has been made with a volatile solvent
it should be dried before use (see below).

g Gramulating

Pyrotechnic compositions prepared without
a binder may be difficult to pellet because they
lack freeflowing properties To improve the
flow characteristics, and also to reduce the
tendency to dusting and segregation, and to con-
trol burrning rate, a nongranular powder is con-
vertedto a granular material «f a selected size.
A dry powder can be granulated by first adding
a binder or solvent for the desired consistency,
and then forcing the material through a suitable
screen. If a large quantity of material is to be
used, the material {s then dried, and if neces-
sary, rescreened prior to use, The granulat-
ing operation should be corducted remotely, f
possible, and when solvents are used provision
should be made to remove them rapidly.

h. Loading

After blending, the composition is loadea into
a testvehicleorenditem. All loading operations
should be performed by remote control, with
operating perasonnel behind reinforced protective
barricades. For purposes of louding, compo-
sitions may be classified as follows:

(1) Nluminants and Smokes. These compositions
usually contaln a binder, and are loaded by con-
solidating inw a1 rase by a hydraulic press. The
case, whi'h will later be placed into an end
item, may be paper, plastic, or metal tubing.
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With small arms and tracers the composition
may be loaded directly into an end item. Con-
silidation is done by placing the case in a split
mold to prevent rupture during the pressing
operation. Weighed increments are placed in
the case and then consolidated at the pressure
and for the time previcusly determined. The
loaded container is removed by opening the spiit
mold. The igniter {s often pressed with either
the first or lzst increment, and an inert charge
may be used to sea! the nonigniting end of the
item.

(2) Delay Compositions. These are usually
handled in the sanm ' manner as {lluminants and
smokes, except tha higher pressures are used
except when binders are preseni. Dies are used
10 support the delay body.

Tactors such as the size of the increment,
number of increments, consolidation pressure,
rate of application,and dwell time all influence
the burning rcharacteristics of the consdidated
composition. Other factors are the case ma-
terial and the use of a coating on the interior
of the case to make the composition adhere.
Voide between the case and the composition
may result in a detonation during burning, and
scattering of the composition.

(3) Flash and Spotting Compositions. Flash and
spotting compositions, because they usually
do not contain »~ binder, are likely to be
more sensitive than compositions containing
a binder. To minimize loading hazards Lhe
composition is loaded by vibration rather
than consolidation. This is accomplished by
placing the ilem to be loaded on a vibrating
table and charging the case with the composi-
tion through 1 funnel. Vibration of the funnel
may be necessary v make the composition flow,
The maximum loaded weight of the composition
depends on the grometry of the container, the
frequency and ampltude of vibration, and the
total time of vibration. The composition must
be dry because traces of adsorbed moisture will
keep it from flowing freely and wiil reavlt in a
lower weight.

f. Drying

Dry'ng may be conaidered as the removal
of a iquidirom a gag, liquid, or solid by natural

or forced comvection. Ysually, drying is ac-
complished by heating the composition at a
temperature slightly lower than the boiling point
of the liquid pregent. The temperature may be
raised at the end of the drying period to assure
remova: of final traces of the liguid. Amount
of liquid present, vapor pressure of tiquid, par-
ticle size of solids, porosity of solid, thickness
cof layer, temperature of oven, and rate of air
flow all affect drying rate.

Chemicals as received at the laboratory or
plant often contain moisture that must be re-
moved prior to use in pyrotechnic mixtures.
The malerials are first screened through a
coarse screen to break up lumps and remove
any foreign material.

Drying is conducted on individual ingredents
as well as compositions prepared with volaille
solvents, and often on compositions that have
been atored. Equipment used varies but usually
consists of steam controlleddrying room, steam
ovens, forced draft and vacuum ovens, and ex-
plosion-pron{ electric ovens. Materials .0 be
dried are placed in trays with a minimum layer
thickness. The molature conient should be
checked to control drying time.

Although drying procedures mayvaryto meet
Jecal regulations, or because of the pature of a
material, the following precautions usually apply.

1. Install equipment in strict compliance
with all electrical codes.

2. Equip ovens with covered heating coils
and explosion-proot latches. Use double
thermostat controls to prevent over-
heating due to faulty control.

3. Determine whether remote contro! nper-
ation is necessary.

4. Be sure that drying will not increase
sensitivity.

5. Be sure that drying will not create a
reactive material with possible decompo-
sition.

8. Tuake steps to eliminate sofvent vapors
from area
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7. Never charge ovena with incompatible
materials.

8. Avcid leaving sensitive materials in
ovens over night.

$. Dry extremely sensitive material in high
vacuum ovens at maximum (emperature
of 80°C.

17, Remove solvents in a steam heated,forced
draft oven at 80°C.

i Assembly

This is the final step in readying a composi-
tion for performance evaluation and use. Prior
to assembly the item shouid be checked for
weight and dimensional requirements, and com-
position. The assembiy roora should be air con-
ditionedto avoid moisture pickup by hygroscopic
muterials, well lightec and safety approved.
Ornly the minimum amount of assembled and
unassembled {tems should be kept on hand.

After the composition is placed inio its con-
tainer, an ignition device such as primer cord,
primer, detonator, or squib is added. It is
secured with a moisture-proof seal, and the
itam i¢ marked for identification. The final step
may consist cf placing the assembled item into
a hermetically seaied can.

2. HANDLING AND STORAGE OF PYRO-
TECHNIC DEVICES

Because completely assembled items are
often not tested immediately after assembly but
stored for future use, there are several precau-
tions that must be observed. The items should
be hermetically sealed or jungle wrapped to
avold moisture pickup. I the items are to be
transported, they shouldbe firmly packed in a
sturdy box sc that they will not be affected by
vibration. The storage containers should be
clearly marked as to contents, and dated. I it
i8 necessary to withdraw a sample from the box,
spacers should be inserted to protect the re-
maining items.

3. DISPOSAL OF WASTE COMPOSITIONS

The reactive and hazardous nature of pyro-
technic compositions makes their disposal a
major problem (see Chapter 1, Saiety in the
Pyrotechnics Laboratory and Plant), ”i‘%e’ﬂﬁz
posal of unique compositions should be under-
taken only after consultation with safety ex-
pe t6. The approved method niost commonly
used is the saturation of waste compositions
with motur or lubricating oil. The oil saturated
waste is then burned in an approved location.
If an ingredient is present that may react with
the oii, sume other approved flammable liquid
should be used.
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CHAPTER 3 PARTICLE SIZE PROCEDURES

1. PARTICLE SIZE

This chapter deacribes methods and tech-
niques of measuring particle size, Sampling
techniques, and the treatment of collected data
tc make analytical results useful to military
pyrotechnics, are also discussed. The referen-
ces at the end of this chapter provide detailed
information on fine particle technology.

a. Importance in Pyrotechnics

The output of a pyrotechnic ccmposition de-
pends on its rate of reaction. The rate, in turn,
is related to the specific surface and the quan-
tities of the ingredientsin the composition, Be-
cause factors such as size, shape, distribution,
and surfaceof the particiesaffect the properties
o* the particulate material, they must te accur-
ately determined and controlled. These same
factors affect the packing properties of the in-
gredients with the coarser particles packing less
densely than the fine particles. This packing, in
turn, affects the weight-volume relationship of
the particles,

b. Measurement

There is no one accepted method for precisely
defining a particle, 1tis ¢2mmmon practiceto de-
scribe a particle as saving a "'diameter’’. With
the exception of truly spherical particies, the
term diameter is understoud to be statistical,
Various methods of measuring particlediameter
may yie.d different values.

The nethods used in fine particle techne gy
may be ci ssified into two general groups: direct
8.7tng anc counting; ard indirect sizing.

Table 3-i lists the most common methods and
techniques and gives their approximaie ranges,
The accuracy and precision of any analytical
procedure depends on working with a represen-
tative and adequate sample, tn which the particles
are completely deaggiomerated.

2. DIRECT METHODS
2. Microscopy

The microscopic method is used o measure
the spatial extensions of single particles and
aggregates. This method i3 useful as the most
direct way of determining the shane, size, count,
and extent of aggregates. Itis indispensable for
preliminary examination of powders and iz used
as the reference for checking other methods.

Both the optical and the electron . iicroscope
are used for making particle size determina-
tions; the optical for particies of 0.2 to 100 mi-
crons in diameter, and the electron for particler
of 0.001 to 5 microns. The optical micwoscope
can be used for particlesas small as C.1 micron
if ultraviole! illumination and focusing mirrors
are used. With the ultramicroscope, this limit
can be extended to 0,01 micron.

(1) Technical Considerations, The most impor-
tant technical conslderations are (1) obtaining
a representative and uniform sample {rom the
original material, and (2)dispersing it uniformly
on a slide without the formation of aggiomerates.
Often, dispersing or deagglomerating agents are
used when a wet preparation is made, The prep-
aration of a sample for examination depends on
the size of the material, and its optical proper-
ties. Particle counting, with optical micro-
scopes, can be done by special graticlies{orocu-
lar micrometers), by making photomic rographs
of the fields (0 be couated, or by using micro-
projection equipment and counting from an image
on the screer. The references at the end of th's
chapter give details for slide preparation, siz-
ing, and counting.

(2) New Adaptations. Ar:ong promising newer
adaptions of the microscope is electronie Scan-
ning, in which a2 narrow-beam device scans a
mic roscope-magnified image of the sarnple field
and electronically counts and classtfies the
p2rifcles.
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TABLE 3-1. PARTICLE S{ZING TECHNIQUES AND RANGES

RANGE
DIRECT {microns)
1. Microscopy
a. Visible light 0.2-100
b. Electron beam 06.001-5
2. Coulter Counter 10-1000
INDIRECT
L. Sieving 44 and up
2. Sedimentation
a. Liquid
(i) Pipette 2-50
{2) Hvgrometer 2-50
(3 Manonetet 2-50
(4) Balance 2.50
(5) Turbidimeter 2-50
(8) Centrifuge 0.05-5C
b. Gas ur Air 2-1%
Elutriation
2. Air 5-50
b. Air and centrifuge 2-50
Permebility 1-1000
Adsorptien
a. Jaguid phase 6.ul-5
b. Gas phase 3.01-5
Light s~attering 0.05-1




Downloaded from http://www.everyspec.com

Other techniques to improve the accuracy of
particle counting use polarized light, phane con-
trast, and dark field iliumination, These tech-
niques require considerable experience, but are
usefi] in the hands of a skillexd techniclan,

Pirticles that are too small to be measured
by the opticil microscope can often be measgured
by the ejectron micorvscope. Because ali matter
is extremely opajue to electrons, the sample for
an electron microscope musi be mounted on
thin film or wembrane. This membrane must
be thin enough to be transparent io the electron
heam yet tough enough to withstand the beam and
suppnrt the particles, Various me .:0ds has been
devised for making such membranes and mount -
ing them for viewing,

{%) Disadvantages. The microscepi: methcd
has certaio antages. Particle size data
obtained ofter bear little relationship to the
physical or chemical behavior of fine particles.
Statistical description of the size of a finely di-
vided material becomes increasingly complex
as the uniformity of size and shape decreases.
Because it iz difficult to measure extremely fine
particles, the results are biased to a larger
average valuc. Moreover, because the particles
are seen predominantly in one dimension, size
is determined by assuming a spherical shape.
Size determinations are therefore inaccuraie for
markedly nonspherical shapes such as plates
and needles.

When making counts on a sample with a wide
distributios, it is often necessary to chunge the
magnification to cover the distribution. This can
lead to 2 recount uf previouslytallied particles.
When working with high power objectives, oa-
stant {ocusing i8 required to determine edge to
edge dunensions.

T'he foliowing three practical drawbacks
should also be noted: 1t requires more 8kill than
many of the other methods; a relatively long time
is needed to prepare samples and make counts,
and the equipment i8 somctimes e2xpensive.

b. Coulter Counter
The Coulter Coviter analyres particle sive

distributions by marticle volume measure ment.
This instruunemt determines the number and

sizen of particlies suspended in an electrically
conduccive liquid. its prircipel advantage over
other particle size distribvilon methods lies ie
the large number of individual particlee that
carn ve scaled and counted during An analysis.
Selection of asoluble and conductive electrolyte,
however, may pose a problem.

The instrument works in the following man-
ner. A small opening, through which the sug-
pension {lows, has an immersed platinum elec-
trode on either side. With concentration adjusted
so that the particles pass through this opening
substantialiy one at a time, each particle dis-
places the electrolyte within the opening for a
moment and thereby changes the resistance be-
tween the electrodes. This change produces a
voltage pulse proportional in nagnitude to the
volume of the particle and the resultant pulses
are displayed on an oscilloscope screen ax a
series of vertical spikes. Ther spikes serve
as a guide for measurement and also as 2 mon-
itor of instrument performance. The pulses are
also fed to a threshold circuit constructed in such
a way that only pulses that reach or exceed an
adju.iiable screen-cut voltage level are counted.
The electrolyte in the aperture forms the prin-
cipal resistance between the electrodes,

Dev'ations from a linear volumetric response
becore appreciable for nearly spherical par-
ticles when particle di ‘meter is more than 30%
of aperture diameter. This effect i8 markedly
reduced for elongated particlez ==cL 2z fibers,
rods, and platelets, as the prevailing stream-
line ilow causes such particles to be aligaed
chiefly with the aperture axis,

3. .NDIRECT METHODY
a. Siev

When carried out under standardized coudt-
tions, sieving is a rapid, accurate, and repro-
ducible method of evaluating the mass distribu-
tion of particuiate materials, The resul's ob-
tained depend on the sixe and shupeof a parti:le
and the asnape of the sieve opening. Deasity,
porosity, and surface characteristics are rela-
tively unimportant,
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(1) BieveSizes. Thelower limitof claesification
by sleves or screens 13 Sixed by the finest mesh
sieve commercially available, 44 microns,
Sioves produced by an electroforming process
c&r be supplied in mesh sizes of 10-40microns,
But the extremely {ine size of the mesh open-
ings increases the tendency of the mrterial to
plug the openings, thus resulting ir either non-
passage of material or inaccurute results, Also,
these very fine steves must be carefully cleaned.

Standard sieves are pan shaped, with a wire
mesh bottom of definite and uniforms openings.
Usually, these openings are syuare, although
round, slit, and other shaped openings are avail-
able, Siainless stee: is the preferred metal be-
cause it is chemically ipert and easy to clean,
Table 3-2 gives the range of sieves and their
characteristics,

(2) Procedure., By using a serieg oi stacked
sleeves, with the coarsest screen on top and the
finest on the bottom, the puwdered sample can
be classified intoc a number cf fractions. The
scmple, usually less than 100 grams3, is placed
on the upper screen and the stack is given an
oscillatory and tapping motio: by hand or by
machine, The sample will distribute itself on
the sieves, depending on the size and shape of
the particles and the size of the owenings in the
sieve. A bottom pan collects the material pas-
sing through the finest sieve.

The number of sieves uscd in 2 determina-
tion depends on the information desired, If the
amount of material retained and passing through
a sieve of a specific 8ize i8 required, then only
one sieve 18 needed. If 2 particle size dictribu-
tion is wanted, however, a8 many as five sieves
may be used, Sieving time !a considered suf-
ficient when the ainount of material passing
through a screen is negligible. The material
remaining on the sieves or pan is removed and
weighed The data are usually reported as per-
centage passing thirough or retained on a sieve,
or as percentage finer than a certain micron
sire. These data can be plotted on Jog proba-
bility paper to yleld the average particie size
and distribution

(3) Scurcee of Error. One source of errur in
sieving may be Irom the fracture of particles,
which will bias the distributon toward the

finer size, To make sure there is no change in
mesh size of sieves in use for a long time,
they should be calibrated periodically with mat-
eriale of kiwwadistribution or measuredmicro-
scopically.

Interparticie forces, electrostatic charges,
and relstive humidity may affect the separation
of particles. U agglomeration becomes a probo-
lemn, separation may be made by using a rela-
tively volatile liguid that does not dissolve or
affect the material being screenesd, The liquid
helpe to break up the aggregates and keeps the
particles {rom forming new aggregates, This
liquid is removed Ltefore weighling.

(4) Comparison Wits Other Methods, It should
be uoted thal The pa-ticle size of material pas-
sing through cre sic. ' and retained on another
is not the same as the arithmetic or geometric
mean of the two sieves, Microscopic measure~
ments of sieved fracticns show that the average
particle size determined micrescopically is
usually greater than the sieve values. When
values obtained by the air permeability method
are compared with the mean value of screened
fractions, the zir permeability values are con-
siderably lower. The relationship between mean
particle size data obtained on screens and data
obt1ined by other means depends onthe material
being analyzed and the methods being compared,

b. Sedimentation

In place of microscopic measursments, s=di-
mentation or elutriation pru-edures may be used
to determine the average particie size distribu-
tion of powdered materiais finer than 44 microns.
Sedimentation procedures are usually preferred
because a larger sample can be used. When
analysis is conducted under standard -onditions
the results are reproducibie.

(D Assum%gion.b‘edimenuuon procedures are
bag on the principle that particles settie be-
cause of gravitationalforces. Because the down-
ward acceleration is counterbalanced by fric-
tionsl forces, each particle reaches {ts own
terminal velocite. The resuitant rate of full s
« function of the dixmeter and density of the par-
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TABRLE 3-2. RANGE OF¥ STANDARD SIEVES

TYLER STANDARD SCREEN SCALE SIEVES
The W. 8. Tyler Ce., Cleveland, Ohio

Meshes per Lineal Sieve Opening Wire Diameter
inch cm, inch mm. inch mm,
2.5 0.68 0.314 7.92 0.068 2.24
3 1.18 0.263 6.68 0.070 1.78
3.5 1.38 n.z21 5.61 0.085 1.65
4 1.57 0.185 4.70 0.085 1.85
5 1.97 0.156 3.9¢ 0.044 1.12
8 2.36 0.131 3.33 0.036 0.914
7 2.76 0.110 2.7¢ 0.0328 2.832
8 3.15 0.093 2.36 0.032 0.813
9 3.54 0.078 1.99 0.08% 0.838
10 3.94 0.065 1.65 .035 0.889
12 4.72 0.055 1.4 0.028 0.711
14 5.51 0.046 1.17 92.025 0.635
ié 6.30 0.039%0 0.991 6.0285 0.587
20 1.87 0.0328 0.833 0,0172 0.437
24 9.45 0.027¢ .o 0.0141 0.35¢
28 11.02 0.0232 0.589 0.0123 0.318
$2 12.60 0.0195 0.495 0.0118 7.300
35 13.78 0.0164 .42 0.0122 2.310
42 16.54 9.0138 0.351 0.0100 0.254
48 18.80 0.0116 0285 .0092 0.234
60 23.82 0.0097 0.246 0.0070 0.17%
85 25.59 0.0082 0.208 0.0072 6.183
80 31.50 0.06068 0.175 0.60%8 f.142
100 38.37 0.0053 0.147 0.004Z 0.107
115 45.28 0.0049 0.124 0.0038 0.097
4 50.08 0.0041 0.104 0.0028 0.068
170 66.93 0.0035 0.088 0.0024 0.0¢1
200 78.74 0.0029 0.074 0.0021 0.0%
250 $8.43 ¢.0024 §.061 0.0018 0.041
am 108.3 0.0021 0.053 0.0016 0.041
335 ‘8.0 QARET 0.048% 0.0014 0.0%¢
8
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U. 8. SIEVE SERIES
U. 8. Bu. Standards, Standard icreen Series, 1919

Meshes
per_Lineal Sieve Opening  Wire Dianeter % Tolerance in
Steve Average Maximum Wire
No. ~imch  em. inch  mm. inch mm. Opening Opening Diameter
2.3 2.58 1 06.315 @00 0073 185 1 10 5
3 1.03 1.0 0.265 673 0.085 1.65 1 10 5
3.5 3.57 14 0.223 5.66 0.057 0.45 1 10 5
4 4.22 1.7 0.187 476 0.05¢ 1.27 1 10 5
5 4.98 2 0.157 4.00 0.044 1.32 1 10 5
] 5.81 23 0.132 338 0.040 1.02 1 10 5
7 6.80 2.7 0111 283 0036 0.92 1 10 5
8 7.89 3 0.0987 238 0.0331 0.84 2 10 5
10 9.21 3.5 0.0787 2.00 0.0299 0.76 2 10 5
12 10.72 4 0.0861 1.68 0.0272 0.69 2 10 5
14 12.58 5 0.0555 1.41 0.(240 0.61 2 1e 5
16 14.66 6 0.046% 1.19 0.0213 0.54 2 10 5
18 17.15 7 0.03%4 100 0.0189 0.48 2 10 5
20 20.16 8 7.0331 0.84 0.0165 0.42 3 25 5
25 23.47 8 C.0280 J.71 (0.0146 0.37 3 25 5
30 27.62 11 0.0282 0.59 0.0130 0.33 3 25 5
35 32.15 13 0.0187 0.50 00114 0.29 3 25 5
40 3g.02 15 (.0165 0.42 0.0098 0.25 3 2% 5
45 4444 18 0.0138 0.35 0.0087 0.22 3 25 5
50 52.36 20  0.0117 0.297 0.00%74 0.188 4 40 10
80 §1.93 24 0.0098 0.250 0.0064 3.162 4 40 10
0 72.46 29  0.0083 0.210 0.00°5 0.140 4 40 10
80 85.47 34  0.0070 0.177 0.00sa7 0.119 4 40 10
106 101.01 40 ©0.0059 0.149 0.0040 0.102 4 40 10
120 120.48 47 0.0049 0.125 0.0034 0.086 4 40 10
140 14286 56  0.0041 0.165 0.0029 0.074 5 60 15
170 166.67 66  0.0035 0.088 0.0025 0.063 5 60 15
200 200 79  0.0028 ©.074 0.0021 0.053 5 60 15
230 238.10 93 0.0024 0.052 0.0018 0.048 5 60 15
270  270.26 106  0.0021 0.053 0.0016 9.041 5 60 15
323 323 125  0.0017 0.044 0.0014 G.038 5 60 15
2
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BRITISH STANDARD SCREEN SCALE SIEVES
British Engineering Standards Association

Wire
Meshes per Tolerance
Lineal Sieve Opening Diameter Averase Approx.
Standard Aperture dcreening
inch cm. inch mm. inch min. Gauge +% Area
5 1.97 0.1320 3.35 0.088 1.73 15.5 3 44
6 2.36 0.1107 2.81 0.056 1.42 17 3 44
7 2.76 0.0949 2.41 0.048 1.22 18 3 44
8 3.18 0.0810 2.06 0.044 1.12 18.5 3 42
10 3.4 0.0660 .88 0.034 0.864 20.5 3 44
12 4.72 0.0553 1.40 0.028 0.711 22 3 44
14 5.51% 0.047¢4 1.20 0.024 0.6190 23 3 44
18 6.3¢ 0.039% 1.00 0.023 0.584 23.5 3 40
18 7.08 0.0336 0.853 0.022 0.559 24 5 36
22 8.66 0.0275 0.699 0.018 0.457 26 5 33
25 9.84 0.0238 0.599 0.0164 0.417 27 5 35
30 11.81 0.0197 0.500 0.0138 0.345 29 5 35
38 14.17 0.0166 0.422 0.0112 0.284 31.5 5 36

BRITISH STANDARD SCREEN SCALE SIEVES

Wire
Meshes per o Tolerance
Lineal Sieve Opening Diameter Average Approx.
Standard Aperture Screening

fnch  cm.  inch mm.  inch  mm.  Gauge t% Area

44 17.32 0.0139 0.353 0.0038 0.224 34.5 5 38

52 20.47 0.0116 0.295 0.0076 6.183 36 6 37

60 23.62 0.0099 0.251 1.0068 0.173 37 6 35

T2 28.35 0.0083 0.211 0.0056 0.142 38.5 [ 38

85 33.47 0.007 0.178 0.0048 0.122 40 8 3%
100 39.37 0.006 0.152 0.004 0.102 42 ] 36
120 47.24 0.0049 0.124 0.0034 0.086 43.5 6 35
150 59.06 C.0041 0.104 0.0026 0.066 45.5 8 b Y}
170 66.93 0.0035 0.089 0.0024 0.061 43 8 1)
200 78.74 0.003 0.076  0.002 0.051 47 ] 36
240 94.49 0.0028 0.066 0.0016 0.041 48 8 38
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ticle, end the density and viscosity of the sus-
pending mediun. For a sphericalparticle settl-
ing in a viscous medium, the diameter is given
by Stokes’ Law

d = 18, V

(D,-Dylg
where
d = particle diameter, cm
u = viscosity of medium, poises
V = velocity of settiing, cm/sec
D, = density of particle, gm/cc
D, = density of medium, gm/cc
g = arceleration of gravity, cm/ secz

Beécause particles settlein a specific medium
at a velocity proportional totheir diameters, the
concentration and size distribution in the medium
will vary with time. If the concentration and
weight of the particles canbe obtainedas afunc-
tion of time, a size distribution can be cailculated.

Stokes’ Law assumes a spheiical pariicle, but
because the particles in moet powdered materials
are not usually spherical in shape, it 18 custom-
ary todefine aparticle as having an''equivalent”
or "Stokes” diameter. This is the diameter as-
sigrned to an irregular particle, which is equiva-
lent to a spherical particle of the same density
and falling at the same rate in the same medium.

Depending on the density of the granular
materizi, the range of particle sizes considerad
optimum for sedimentation procedures is usually
2-50 microns. With coarse particles of a high
denaity material the initial reading may occur
too rapidly to obtain accurate times, whereas
fine materiale of low density may settle cut so
slowly that the evaluation becomes too time- con-
suming.

(2) Sources of Exror. In all sedimentationpro-
cedurses, cne assumes that each particle will fall
without interference. These procedures are sub-
ject to error because of poor or incomplete dis-
persion of the particles, reagglomeration of the
particles, thermnal gradients and turbulence in
the suspending medium, too great a particle
concentration, or the wall effect.

Y the suspending medium is a liquid it must
not react with the samples, and it should be suf-
ficiently viscous to avoid turbulence, it not so
viscous that the time of fall will be unduly pro-
1 nged. Often a small amount of a dispersing
sgent added to the liquid will aid in dispersion,
which can be checked microscopically.

(3) Spacific Technigues. Many sedimentation
techniques {or obtaining particle size data have
been developed. Some of these devices are
briefly described below.

(a) Divers

A series of small bulbs calied divers ix
used to determine the apecific gravity of the
suspended sample. The distance the bulb falis
in a selected time interval! & used to calculate
the settling time of a particle folling this dis-
tance. Because this method requires a large
concentration of particles, aggiomeration and
particie interference may occur.

(b) Pipette

This widely used technique involves withdraw-
ing a series of samples of a suspension at pre-
determined time intervals at a single fixed level.
Each sample is evaporated to dryness and
weighed to determine its concentration. From
the results the percentage by weight of a particu-
lar range of particle size in the original samnple
is obtained.

Recavse a high concentration of sample is
needed, problems of agglomeration and inter-
ference may arise. Moreover, accurate samp-
ling I8 made difficult by the effects of variables
such as the size of the tube used to withdraw
s.onples and the speed with which the samples
are withdrawn.
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(c) Hydrometer

As with divers, the specific gravity of the
suspension is determined. Samples of fixed vol-
ume are withdrawn at selected time intervals.
From the specific gravity results are corrected
to true readings to give the particie size.
Agglomerationandparticle interference may be-
come problems,

(d) Manometer

As particies sc tie out of asusperiing med-
ium, the density of he suspens:.. changes.
These changes are the nasis of t .8 method, in
which the settling tube is fitted with acapillary
side arm, containing a clear liquid, which serves
as an inclined manometer. As the particles
settle out, the density of the suspending mediutn
decreases and the meniscus in the manometer
recedes. Rate of this recession is used to de-
termine particle size distribution in terms of
Stokes’ Law.

As with other sedimentation methods, prob-
lems of agglomeration and interference arise.
Moreover, there is scme {low of the clear liquid
from the mancometer into the scdimentation tuke,
creating convection currents that interfere with
settling.

(e) Sedimentation balance

Another device for making particie size de-
terminations is the sedimentition balance, which
continually weighs the accumaulation of particies
as it settles out of the suspension. An aunto-
mati: recording device or a lever armn with
pointer and scale may be used. From weight
versus time graphs, together with known data
on rate cf fall of particular particle sizes,
particle size distribution data can be derived.

Serious disadvantages of this method are:
(a) Inc-~curaci « of measurement arising from

Sometimes a gas rather than a liquid is used
28 the suspending madium. This inodification is
guucrally2n improvement, because the particles
fall more rapidly and a longer sedimentation
column can bx used. One of the best known in-
struments of this type is the Sharples Micro-
merograph, which is described beiow.

The powder sample is projectad into the
instrument {rom the top through a powder feed
system anc deagglomerator. The particles fail
through a settiing coiumn made of alumiaum
tubing. The particles fall at their terminal vel-
ocities until stupped by the pan of the servo-elec-
tronic balance at the bottom of the column. As
the particies accumulate on the balance pan, a
slight rotation of the balance beam on its torsion
suspension occurs. A sensing device incorpor-
ated in the balance applies a signal to the elec-
tronic system of the instrument, which in turn
applies a current to a restoring force ceil on
the calance beam. Thecurrent required to keep
the beam balanced is a continuous measure of the
accumulated weight of powder onthe balance pan.
A chart recorder makes a record of the accumu-
iated weight varsus time.

(f} Turbidimeter

The relationship between the turbidity of a
fluid and its light-transmitting properties can be
used for making particle size determinations. A
beam of raonochromatic light of known intensity
in passed through a {iuid in which a powdered
sample i3 suspenced, and the amount of scattered
light is measured. The measurement is made at
a fixed distance below the surface of the fimd
and I8 repeated at predetermined time intervals,
to secure data on the turbidily of the fluid at
several stages of the settling process.

Although subject to some of the shortcoinings
of all sedimentation procedures--getting satis-
factory dispersion, avoiding aggiomeration, and
g0 on--the turbidimeater is a conventent and rel-

the g, :al dow ‘ward movement of the pan as
pa it crumu e lnit | his movement causes atively rapid method that gives reasonably
Cony et 2i:t in the suspengion medium), accurate results. Oniy a small sample of mod-
i e v nothly ooeentrated suspen- evate concentration i8 needed. This in itseil
i ding . 2bevieratic a1 ainterfervence, minimizes problems of dispersion, interference,
P shownese of otk Larticles, and agglomeration.
R A i S
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{g) Cenirifuge

To speed up the rate of settling of smail
particles, centrifugal force iz sometimes used.
Differences between data oltained by centrifu-
grtion and data obtained when the particles are
vllowed to settle gravitationsily lave been
studied, ardthe hypothesis has been advancad that
when centrifugal force is used, the larger par-
ticlee give impetus to the smaller cnes, thereby
distort!ng the sedimentation date. This effect is
particularly important where a wide range of
particle sizes i8s present.

c. Flutriation

Elutriation methods, unlike sedimentation
methods whers the particle moves in z siill
medium, use a moving medium.

By means of 2 vertically moving column of
fluid, 2 powderedsample canbe fractionated into
several particlesize categories. The fluid (usu-
ally 2 gas) is passed through the sample at var-
fous velocities and each velocity carries away
and auparates all particles whose terminal vei-
ocityof fali is less than the veiocity of the mov-
ing air. The sample is constantly agitated to
allow air to come in coatact with all parts of it.

This method gives only general size disiri-
butiondata, because 8jz 2 distribution witkin each
{raction is not known. Morecver, at lower air
velocities, the ajr flow 18 twice as rapid at the
center of the tuve 28 near the tube walls ana this
makes sharp separation impossible. A further
limitationon its usefulness is thai. for the smal-
ler particles (under 5 microns), it takes too long
{8 hours when $0% of the particlas .re under §
microns) for separation to be efiected. In ger-
eral, elutriation methods suffer from the same
sources of error as sedimeniztion procedures.
d. Alr Permeability

The rate of air flow through a bed of com-
preased particulate material can be used tc de-
termine the specific surface (area per um
weight) of that material. From the specific sur-
face the mean surface particle size can be cai-
culated. When either the desired specific surface
or particlesize distributionof 2 powdered mater-
ial has been determined, the average particle
sire of this material, as determined by air
permoability, can be used for control purposes

This technique is rapid and reproducible and
can be uged for a variety of materialz, Like
other methods the purticles ar¢ assumed to be
spherical or essentially spherical in shape.
Purticle shapes such as flakes or needles give
resuite that can be misleading.

(1) Procedure. Air is driven, at a fixed pres-
sure, through a closed chamber (or cell) con-
taining the compressed sample. The pressure
drop across the ceil is measured with a manom-
eter and the rate ~f fiow with a flowmeter.

Using a known "veight and height of sample,
the average particle size of the sample can be
calculated {re - applicable equations. Fordeter-
mining the diameter of spherical or almost
spherical particles, this methodagrees well with
rmicroscopic measurement. (See Table 3-3.)
Also, it is excelient for measuring specific sur-
faces up to about 10,000 sq cm per gram.

(2) Fisher Sub-sieve Sizer. The most widely
used air permeability instrument is the Fisher
Sub-gieve Sizer, described below. The prac-
tical limits for this apparatus is 2-50 microns.

The instrument uses the principle that a cur-
rent of air flows more readily through a bed of
coarse povder than through an otherwise equal
bed of fine sowder; i.e., equal in shape of bed and
apparent vilume. Investigators have standard-
ized the conditions, thereby allowing the particle
sizetobe obtained through the use of the instru-
ment chart withot ' mathematica! computation.

The Sub-sieve S‘zer is composed of an air
pump, an air pressure regulating device, 2 pre-
ci8ion bore sample tube, a standardized double
range flowineter, and & calculator chart. The
air pump builds up air nressare to a conetant
head in the pressure regulator. The air, under
this pressure head, is vonducted to the packed
powder sample contained i tae sample tebe. The
flow of air through this paciied bed ot powder 18
measuredby a calibratedflovmeter, the level of
the fluid 1ndicates directly o rhe chart the aver-
age diameter of the powder particie,

In practical use tue Filuher Sub-sieve Sizer
offers a sunpie, rapid, and fairly reproducible
means of determianing the average particle siee
of powde:red materials. & source of variation
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TABLE 3-3. AGREEMENT OF FISHER SUB-SIEVE SIZER AND MICROSCOPE

Atomeized Aluminum

Potassium Perchlorate

Fine Medicm

Fisher Sub-siove Sizer, 5.0 14.9
aversge partic.e size,

microns

Microscopic count, 4.9 19.0

géometric mean
diameter, microns

that may be encountered liee in obtaining repro-
ducible manual packing of a sample to its mini-
mum porosity in the sample tube. The principal
limitation of the Fisher Sub-sicve Sizer is that
no information is given on size distribution.

Good agreement between microscopic meas-
urements and Fisher Sub-sieve Sizer determin-
ations has been obtained for powders made up of
spherical or almost spherical particles. Table
3-3 gives comparative results obtained for
spherical atomired aluminum and irregularly
shaped potassiur perchlorate puwders.

The average particle size vaiue obtained by
air permeability is biased toa smaller value be-
cause the finer particles present have the larger
surface areas per unit weight of material.

The determination of average particle sizen
between 100 and 500 microns can be made using
a permeability apparatus largerthanthe Fisher
Sub-sieve Sizer. Thisapparatus, which has been
developed at Picatinny Arsemai, uses 2 sample
size of approximstely ten times the sample
density.

e. Adsorption

The methods described tothis point are based
on the apparent dimensions and configuration of
the particie. The presence of minute pores r
crevices in the particle are not usuaily detecte’
by thi:se methoda. Whe the presence of these
irregularities }» imporiant they can be detected
and measured by adsorption techniques from
=ither the liquid or gas phase. The values ob-
tained by these methods give the tofal surface
available to the adsorbent.

Coarge Fine Medium Coarse
8.0 3.0 11.0 4.0
40.0 1.8 8.6 128

(1) Liquid Phase. Some substinces such as
dyes and fally acids in solution are :sadily ad-
sorbed on the surfaces of powderesd materials.
An excess of a standardized solution of the ad.
sorbent is added to the dry powder, aud the un-
affected adsorbent is cetermined by siandurd
anzlytical procedures. Dwiorminarions are
made at several different conceccrations wundthe
specific surface calculates from the amount ad-
sorbed and the size of the molecule. This
method is somewhat raccurate because the aol-
veni may also be aasorbed .- the particles and
interfere with the adsorbent. Another facter
which leads to inaccuracies is the lack of pre-
cise data on the size  { the molecule.

(2) Gas Phase. Gases are alro adsorbed onthe
surface of powuers and like the adsorption frota
the liquid phase can be used to calculate the
specific surface ani mean surface diameter of
A powder. This methodis more flexible inasmuch
as various gre.s can be used and & wider range
of surface areas can be mesasured. In principle
the method consists of determining the amount
of g8 in & mono- molecular layer adsorbed or
the surface of the powde *. Plitting (he molea m
gas adsorhed per gramof solidugainst the equil-
ibrium presasure at constant temperature anad-
sorption isotherm is obtained. ¥Frown the graph
the poin: on the graph corresponding to a mono-
layer of gas is determinedand used to calculate
the surface area of the powder.

t. Light Scattering

The average particle size of a samplecan be
obtained under certain conditions by measuring
the intensity of the light scattered by the parti-
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cles when suspended in 2 liquid. TT procedure
is often referred tv as nephzlomeiry. It is a
useful technique for particies too small to
messure by an optical microacope.

4. SAMPLING

The results obtained on a sample examined
for average particle size, particle size disiribu-
tion, or specific surface can only be as repre-
sentative of the original mzterial as the sample
repregents the original material. Because con-
clusions are drawn {rom a study of thege sam-
ples, and inferences concerning the properties
and their eftects on the behavior of the powders
are nade, it isimportant that the samp! . studied
ciosely represent the original sample or sample
lot To be adequaie, a sample must meet the
folloving requirements:

1. It must b truly representgtive of the
whole bulk of particulate materiu., being
eximined; i.e., all particle sizes and
shapes wust be present in the same
proportion inthe sample a8 in the mater-
{a] being sampled.

2 It must be of a size suitable for examin-
ation and inalysis by appropriate tech-
niques for determining particle size and
shapes. Subsampl!ing is often necessary
to reduce the sample to a usable size.

The sampiing technique use. depends on the
type and amount of materia (o be analyzed.
Samples of material can be obtained by:

1. Tumbling the sample container repeat-
edly until the enclosed sample is thor-
oughly mixed.

2. Fractionating the original sample with
a riffle sampler.

3. Extracting the amount required for anal-
ysis, from the smallest working incre
ment obtained, with 4 standard labora-
tory spatula or scoop.

The contalner ir. tur-dled or rolied for 10 to
15 minutes prior t: the actual sampling and al-
lowed to set for at leas! five minutes to permit
any fine dust particl:a present to settle. A& closed
sample thief is then inserted scraight down into
the powder until th2 tip of the thief reaches the
bottom of the cor.:.ner. The thief is openedand
twisted to make *a» powder pour intc the samp-
ler. Thethief is then closed, sc that the powder
sample remains in the sampler, and the thief is
extracted irom the drum. Fiveorsixsuch sam-
ples a ‘e taken; »ne from the center, and fouror
five from ap: oximately equidistant points
around the periphrery.

The severz] namples are poured into a com-
mon container where theyare reblended by thor-
ough tumbiing and, prior tosubsequent analysis,
resampled by means of the riffle sampler. This
sampling techn'que is the most convenient met*.od
of obtaining ~mall (less than 100 grams) rep.e~
sentative samples of powdered materials from
large, heterogereous quantities

Errors in the analysis, other thar those in-
troduced by sampling, can result frc-a thefrac-
turing of the particulate material ¢ -ing tumb-
ling and sampling, from reaggiomeration, and
from the adsorption of moisture.

A master sample should be reservedfor fut-
ure reference and analysis. It should be kept dry
and should not be handled too frequently.

5. TREATMENT OF DATA

The data collected from a particle size anal-
ysif by count, size, or mass become more mean-
ingful w#hen reduced to disclose the type of dis-
tribution, average vaiue, and dispersion. .'he
normal or Gaussian distribution 1s seldom found
in particle size analysis. Distributionsareusu-
ally skewed with a sharp rise at the fine ena of
the distribution, 1ollowe | by atapering off at the
coarse end.

The most common distribution f{oun is the
so-called log-probability type. This 18 reated
most convenieatly by placing the data on log-
probability paper, on which the logarithm of the
particie sizes is plotied against the cumulative
frequency or weight of particies. U a straight
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line results, the distribution is log-normal. The
average particle size (geometric mean) isfound
atthe 50 point and the geomet ric standard devi-
ation or disperaicn i8 calculated from the ratio
of the 84.13%/50% or 50%/15.87% values. The
geometric standard deviation is useful in meas-
uring the range of distributicn, for 88% of ail
particles will have & sire wiihin the range
geometric mean
geometrlc standerd deviation
to (geometric mean) (germetric standard
deviation).

Sometimes a log-normal plot does not result
in a straight line. The distribution may then be
bimouzl, or have two peak values. This would
be shown on the graph ag a sudden change In the
slope of the line.

Another useful representationof the size data
ig the histogram. The percent of the total num-
ber 18 shown as a function of the size by a ser-
fes of sequentiil paralleiograms. The base of
each parailelogram is determined by the szlect-
ed size limits and the xititude by the percentage
of paiticles falling within the size range. The
histogram can be smootked by drawing a curve
through the midpoints of the rectangie tops.

The data may alsoc be plotted as the cumula-
tive frequency versus the microngize. This re-
sults in an "'S' shaped curve, the slope of which
depends on the distribution.

One of the advantages in using the probability
graph method is the ease of conversion of
particle size by count to particle size b weight
or vice versa. If an approximately straight line
on log-probability paper is obtained for ore of
these distributions, then the particle size in the
matertis! 18 disiributed log nurimally. The other

distribution will alss be distributed log normal-
ly, with the same atandard deviation, but absut
a different mean Thus:

log geometric mean _

by count
log geometric mean - 6.8 log2 geometric
by weight standard deviation

Specific procedures for handling particie
slze data and discussions of average particle
size and types of distributions and their eval-
uation will be found in the references.
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GILOSSARY

This histing 1s intended to supplement MIL.-
STD- 444. Miliary Standard Momenclaiure and
Detinitions it the Ammuniiion Area. Listing
of Ordnance Terms and Abbreviations, prepared
by the U.S. Naval Ammunition De;., Crane,
Indiana, and Special Text ST 9-.32, :
Vechnici . Terminology, printe! hy

rmy Ordnance School, 'erdeprr Proving
Ground, Maryland, have als¢c beer consulted.
Termsgiven here are not intended for mandatory
use, but are ucluded to help readers of this
handboolk.
ABSCORPTION. The talking vp of = was, ligwt,
heat, or liguid by a suhstauce.

ACCELERATION Change of velociy with re-
spect to lime. LDimensions (ler i 1cwwd),

ACCELERATOR. A substance added Lo speed
up . chemical reaction.
ACTIVATION ENERGY. The energy difference
{EY between an active ard a normal .nolecule.
acquired as a resu't of interchanges occurring
in collisions, whi h allow the molecule to take
part in chemical or physical reactions; obtained
.rom Arrhenius type relationships such as that
between the log of the specific reaction rate (K)
and the reciprocal of the absolute temperature

-E RT .
(T, (K A ), where A is a frequency
factor or entropy term, and R is the universal
gas vonstant.

ADDITIVE. Any material added to a muxture to
mudify some physical or chemical properiy of
that mixture (rate of reaction, consistency,
stability, structural strength).

ADIABATIC TEMPERATURE. The temperature
attained by a svstem undergoing 2 volume or
pressure change in which no heat enters or leaves
the system

ADSORPTION. The adhesion a an extremeiy
thin Taver of the molerules of gases, of dissolved
sabstances, or of bquids to the surfaces of solid
bodies with which they are 1a contact
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AEROSOL.. Fine particles of solid or ligud
suspended in air. Recently used to denote almost
any dispersion in air. Technological interest,
however, has been largely confinedto particle
sizes within the range of 0.1 to 100 microns
diameter

AGGLOMERATION. The property of particles

size.

AMBIENT. Surrounding meteorological condi-
tions such as ambient temperature, humidity,
and pressure.
AMMIUNITION. 1.  All bullets, projectiles,
rockets, grenades, torpedoes, bombs, and guided
missiles wilitheir necessary propellants, piim-
ers, fuzes, detonators, ana charges of conven-
tional explosive, nuclear explosive, chemical, or
oith»r materials. 2 In the broadest sense the
term is not lirnited to materials used against an
enemy, bu. includes all explosives, explosive
devices, pyrotechnics. and pyrotechnic aevices.
Ammunitic:i may be used for illumination, sig-
naliny, saluting, mining, digging, cutting, ac-
celerating, decelerating, catapulting personnel
or materiel, operating or stopping mechanisms,
demolition,decnying,practice,training, guarding,
game hunting, and pure sport 3. In the most
restricted sense the term includes a complete
round and all its components; that is, the mate-
rial requiredfor firing a weapon such as a pistol,
rifle, or cannon, from which a projectile 13
thrown. Generally the term is used or taken in
its broadest sense {sense 2) unless a more re-
stricted sense is indicated or .5 implied.

ANTIAGGLOMERANT . An additive usedto pre-
vent clustering or cohesion of particles.

APPARENT DENSITY. The ratio of mass to
volume of a firely powdered material, under
stated conditions, which 1s alwaysg less than true
density. Sometimes caiiedioading density. Be-
cause apparent density depends on the method
used to obtaiy ait, the method should always be
specifted. see BULK DENSITY.
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\RM. To make ammunition ready for function-
ment of the elements in the explosive train of
the fuze.

ARMING DEVICE. A safetydevice that prevents
a Tuze from Tunctioning or being in readiness to
function until a selected interval has elapsed.
Often calied a safety and arming (S & A) device.

ARRHENIUS EQUATION. Represents the

in-
Tluence of temperature uponthe rate of chemical

reaction. K=e -E/RT | constant. Where e =
2.718, E is activation energy, K is the specific
reaction rate, R is the gas constant, and T is
sbsolute temperature.

ASH. Combustion products, usually in the form
of glzg sr crust, accumulating at the surface,
along the cavity wall, and immediately beyond
the flame area, whichtendto interfere with com-
bustion and visibility of the flame or colored
smoke or pyrotechnic ammunition

ATOMIZED. Reduced to fine particles, essen-
tially spherical.

ATTENUATION. The lessening of any signai or
elect, such as sound or light, with respect to
time or distance.

AUXILIARY PARACHUTE. A parachute that
augments or initiates the peration of the main
parachute.

AVERAGE BURNING RATE. The arithmetic
mean (statistical average) burning rate of pyro-
technic or explosive mixtures at specific pres-
sures and temperatures. Dimensi 1 {'ength, time

Or mass. time)

BALLING. ..methodofpreparing relatively uni-
form powder size in the form of talis.

BALLISTICS. The science of the propuision,
Tlight, and Tragmentation of projectiles and mis-
siles. Exterior bailistics deauls with the forces
on projectiles while in {light; inter.or ballistics
deals with the rorces of projectiles im a gun or
the reaction that 1akes piace within the motor ot
a rocket, terminal balisgtics dealn withthe effect
of projectiles or missiles on a target at the time
of bursting or at the end of their trajectory

2

BARATOL. An explosive composed of barium
nitrate and TNT. Baratol, which is less brisant
than TNT, is used as burster charge for colored
marker projectiles.

BARRICADE. A structure, shield, or mouni to
protect persoiinel, equipment, or facilities. 1Jsed
to deflect or confine the blast or {ragmentation
effects of explosives or deflagrations. A bar-
ricade i8 used during loading and testing of ex-

plosives and pyrotechnics.

BARRIER. A material designed to withstand

or water, cils, moisture, or heat.

BASE EJECTTON. A projectile that ~jects its
contents from its base. Usually the eiecting
force is an expelling charge, actuated by a fuze.
Various special purpose projectiles such as ii-
lumminating, leaflet, and some smoke projectiles,
are otthe base ejectiontype. See CHARGE, EX-
PELLING; EJECTION. 777

BASE IGNITION. A signalor oither munition that
ignites Trom the base with subsequent emission
of smoke or chemical.

BASE PLATE. A metal riate covering the base
of a projectile.

BASING, TRACER BULLET. Bullet basing 1s
turning the periphery ofthe cylindrical base end
of thin section bullet ckets toward the center
of the cavity to produce a predetermaned racius
and restricthon at the open rear ena of the bullet.

BEE HIVE. A tempcrary storage vuiding for
explosives. The name arises from its shape.
“e~ also DOG HOUSE, IGLOO.
BICKFORD FUSE. A safety fuse having & core
of black powder enclosed within a tube of woven
threads, surrounded by various layers " vater-
proof textile for sheathing. The fise b.rns at
specific rates.

BINDER. Composttions that hold together a
charge of fineiy d:vided part: les, and 1ncrease
the mecnanical strength of plugs or pellets of
these particies when consolidated under pres
sure  Binders usually are resins, plastics,
asphaltics, o hard waxes used dry or in solution
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BLACKBODY. Any object that completelv ab-
sorba all radlaiion incident upon it, or converaely,
a body that at any given temperature radiates
waximum posatble energy.

BLACK POWDER. A lowexplosive consisting of
an intimate mixture of potassium or zodium ni-
trate, charcoal, »ud sulfur. It is easily ignited
and i3 {riction sensitive. Formarly used a8 &
propeilant, but now uvsed almost exclusively in
propellant igniters and primers, infuzesto give
short delays, in blank ammunition, snd a8 spot-
ting charges inpracticeammunition. See MEAL
POWDER. -

BLAST. Specifically, the brief and rapid move-
‘ment OF air or other fluid away from acenter of
outward pressure, as ln an explosion; the pres-
sure accompanying this movement. This term
ie also commonly used as the equivalent of "ex-
plosion,” but the twoterms may be distinguished.

BLASTING CAP. Asmall thin-walled cylindrical
‘Cage containing a sensitive explosive, such as
lead azide. Usedasadeton.inrio set off another
explosive charge. The explosive in the blasting
cap is fired either by a burningfuse or by elzc-
tricity. Also called a DETONATOR, which see.

BLIND. A fired tracer roundihai does not ignite
inthe gun, and which shows novisibletrace over
any part of the trajectory.

BLOWBACK. (Primer) The release of initiation

vroducts away fr.n the intended direction.

BLOWBY. The bypassing of one element in an

BOME. In 2 broad sense, an expiosive or other
Tethalacent towether with its container or holder,
which is designed to be dropped from an air-
craft. Inapyrotechnic sense bomnbs can be clas-
sified as follows: Atomic simulator bomb. A
pyrotechnic bomb used to simulate an atomic
bomb for training purposes. Closed bomb. A
test device used to evaluate the ther mochemical
characteristics of combustible materials. Also
called a "closed chamber "' The closed bomb is
a thick walled, alloy stee!l ¢ylinder with a re-
movable threaded plug in each end. One plug
cortaing the gnitien gystem, the other plug s
uped to record pressurc-time data. The bomb
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is cooled by a water jacket. The closed bomb is
used to datermine the linear burning rate, rel-
attve quickness, and relative force, under varying
conditions of ywessure and temperature of pro-
pellants. Fire or incendlary domb. An item
designed to be dropped from an alrcraft to dee-
troy or reduce tiw utility of atarget by the effects
of combustion. It contains an incendiary miTture
that spreads on impact to burn or esvelope in
flames any material targets, When empty or
inert loaded an incendizry bomb may be used
for trining purposes. Example: BOMS, FIRE:
Tou-lb. M118AL;, POMB, FIRE: 750-1b, MK 77
Mod O. BOMB, INCENIKARY: 4-Ib, TH2, AN-
MS50AS. Napalm bomb. A {ire bomb filled with
nypalin, 3 thickeoed petroleum oil. Primarily
an antipersonnel weapon and ofteu distinguished
irom an incendiary bomb, which is used pri-
marily against installations or materiel. Phos-
phorus bumb. A smoke bomb filled with phos-

orus, especlally widte phosphorus. Photo-
flusn bomb., A bom> coataining photofiash mix-
fure. U (e designed tofunction at a predeterminsd
disiance above the ground, to produce & brilliant
light of short duration for photographic purposes.
Example: BOMB, PHOTOGFLASH: Mi2Z (wh
burster); SOMB, PHOTOFI.ASH: 100 1b, AN-Mi6,;
BOMB, PHOTOFLASH: 150-1b, M120A1; BOMB3,
PHOTOFLASH: 150-lb, empty, M120. Target
tdentification bomb. An aeria} bomb thal, upon
Impact, produces a re ‘'vely prolonged and
conspl wus effect, such we abright colored light,
which prouvides » mesns of locating and identify-
ing thetarget by other aircraft. Example: BOME,
TARGET IDEKTIFICATIONS. SMOKE, MK72
Mod O. Unexpitded bornb. A bomb that fails to
explode on impact or imraediately thereafter. It
ig considered to te a delayed action bomb until
the contrary is proved.

BOOM POWUER A pyrotechnic ignition mixture
designed to produce many incandescent particles.
A tvpical boom composition ta:

Ingredient Parts by Weight
Iron Oxide S0
Titantum (powdered) 32.5
Zirconfum (powdered) 11.5

plus about 1 part of cellulose nitrate as a binder.
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BCOSTER. 1. An assembly of metal parts and
mxplosive charge provided to asgment the ex-
plogive component of a fuze, to cause detona-
tion of the main explosive charge of the munition.
May be an integral part of the fuze. The ex-
plosive in the booster must be sensitive enough
toc be actuated by the small explosive elements
in & fuze, and powerful enough to cause detona-
tion of the main explosive filling. 2. An aux-
tliary propulsion system, employed in the early
launchirg phase of s missile, used in additiunto
the principal propelling means. It may be re-
leaged from the missile when its impulse hzs
been delivered.

BRIGHTNESS. The luminoug intensity () of any
surface (a) In a given direction per unit of pro-
jected area of the surface as viewed from that
directior; expressed &8 B = (aﬂ; (cos @), where

0 is the angle between the direction of observa-
tion and the norinal to the surface.

BRIGHTNESS PYROMETER. A photoelectric
device for myrsuring brightness.

BRISANCE. The shattering ability of explosives,
usually measured in amount of sard crushed in
a closed, heavy walled container.

BULK DENSITY. The mass per unit volume of
a bulk malerial such as grain, cement, coal.
Used in connection with packaging, storage, or
trunsportation. A commercial rather than a
laboratory term. See APPARENT DENSITY.

BURNING. A rapid evolution of energy through
chemical reaction betweena fuel and an oxi-lizing
agent, See COMBUSTION. Burning rate is the
rate of propagation of a pyrotechnic mixture.
The E“_m_g%ﬂi‘.‘i {8 the time elapsed between
initiation completion of reaction of a py o-
technic mixture. Burningtime depends on many
factors such as length of column, degree of con-
solidation, temperature, pressure, percentage of
ingredients and their particle size.

AURST. Explosion of & munition.

BURST ALTITUDE. Height at which a munition
lunctions or 1s deslgned to tunction.

BURST DURATION. The time of persistence of
a clovd of burnlng Incandescent particies.

BURST, TRACER. A pyrotechnic composition
that explodes Inelde a projectile cavity with a
loud report or 2 large {lash at some point along
the trajectory after leaving the gun barrel.

BURSTER. An explosive charge used to break
open and spread the contents of projectiles,
bombs, or mines. Syn. Burster charge.

BURSTER TUBE. The tube that holds the burster
in a chemical projectile.

BUTTER. To apply a paste-like mixture with
a spatula or knife.

CALCINED. Reduced to a powder by the action
of heat. To expel volatile matter.

CANDLE. 1. An item or that portion of anitem
which, By its progressive combustion, produces
smeke or light over a comparatively long period
of time. &. The unit of luminous intensity. The
unit uged in the United States is a specified frac-
tion of the average horizontal candlepower of a
group of 45 carbon-filament lamps preserved at
the National Bureau of Standards, when the lamps
are operated at specified voltages. This unit 1s
identical within the limits of uncertainty of meas-
uremert, with the International Candle estab-
lished in 1809 by agreement am ng France, Great
Britain, and the United States and adopted in
1821 by the International Commission onillumi-
nation.

The international agreement of 1909 fixed only
the unit at low color temperatures as represented
by carbon-filament lamps. In rating lamps at
higher temperatures, differences developed be-
tween the units used in different countries. In
1937 the International Committee on Weights and
Measures adopted a new system of units based
upon (1) assigning 60 candles per square cen-
timeter as the brightness of a blackbody at the
tempercature of solidifying pLitinum, and (2)
deriving values for standards having other spec-
t: al distributions by using accepted luminosity
factors.
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CANDLEPQWER. (cp) The luminous intensity
{I} expressed In candles, when F is lumincus
flux, and W is the solld angle in steradians
dF
: W
QAND@&_(:‘QND A measure of total 1um1nous

intensity of one Vandle acts for one second.

CANISTER. An inner container or c¢ylinder in
a projectile containing materials for special
terminai effects, such as smoke, propaganda
leaflets, chaff, or metal fragments. The con-
tainer ie designed to open up at some prede-
termined point after launching. Example: CAN-
ISTER, SMCKE: 5-INCH PROJ: CTILE; WP M5;
CANISTER, SMOKE: 105-MM PROJECTILE, HC,
M1; CANISTER, SMOKE: 155- MM PROJECTILE,
GREEN, M3

CARTRIDGE An explosive item desigred to
produce gaseous products of combustion umier
pressure, for performing a mechkanical opera-

tion cther than the common one of expelling 2
projectile. A photoflagh cartridge is & cartridge
used for making aerial photographs from low
altitudes during reconnaissance missiong. {on-
sists of a photoflash charge and delay fuze, and
is assembledinaprimned cartridge case together
with a small propelling charge. Example: CAR-
TRIDGE: PHOTOFLASH: M112 or M113A%, 1-
sec delay; CAPTRIDGE, PHOTOFLASH: Mii2or
MA12Al, 4-sec delay. Aprgc_tice photoflagh car-
tridge is & cart ridge used for training purposes,
to simulate release and tiring of photoflash car-

tridges. Example: CARTRIDGE; PHOTOF LASH,
PRACTICE: M124. Asignal practice bombd car-
tridge is an explosive ingserted in the nose of a
practice bomb. It is detonated uvpon impact and
produces a puff of white smoke. Example: CAR-
TRIDGE, SIGNAL, PRACTICE BOMB: MK§ Mod
O, w/fuze, MK247 Mod O; CARTRIDGE, SIGNAL,
PRACTICE BOMB:AN-MK4Mod 1; CARTRIDGE,
SIGNAIL., PRACTITE BOMB: inlature, MKS
Mod O.

CASE. A box, sheath, or covering usedto house
ordnance materials

CASTING. The procedure for loading molten
charges into a container, and allowing to harden.
See MELT LOADING.

CATALYST. 1. A subatance that alters the rate
of a reaction, but may be recovered unalteredat
the end of the reaction. 2. A promoter uged in
plastics.

CAVITY. (Cavitation) An air space within mix-
tures thal usually results in nenuniform burning
or premature . y3ting.

CAVITYGEQOMETRY. Specificaily,those dimen-
sions that affect the performance characteristics
of a pyrotechnie nr emoke composition, such as
tength, diameter, effective area, and configura-
tion.

L LN

Smuill charge of black
logive in a base ejection
projectiie to eject contemts, such as smoke can-

isters fromthe projectile. See BASE BJECTICN.

CHARGE, EXPE

wenty of elec-
asvally lgnites
engitivity and
wie charge used
wmo«wm nar-
Ses RO

: e ased in g

toie primers ami deton

a subsequent charge of

greater brisance. B Pyrot

in flagl producing i

\\'ldgtu, ?ﬂ)mbn or 8
HS

ehang s e
PN, 8

CHARGE, SHAPED
a whaped cavity
focused to move m 5 (TR
called "cavity ch. g 1
in Great Britadn. LAy

werally implies the oy mw nee c-k A Limed cavity

A gupldogiv g

ARGE, SUINAL, EJ
ce mmﬂgm& Lo e ket
waler rabne when used

O, A explosive
‘wignal {rom an uder-
Tov training, Exanple:
TON: MIKY Mod O,

see HEPOTTING CHARGE,

CIMARGE  SEQTTING. &

CHEMICAL AGENT. A substance used for riost
conrtrol,Incapa ng or casuaily efleet, Saokes
adso clagsiined ag che 3 eal

and incendiaries e
agents,

h Any sl tion
\, rhoY condrol agecds,
foe endmumz md tm.m CotpEne signaling  or
screening cmake mixtures 8¢ the primery Hller.
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CHIMNEY EFFECT. The characteristic of hot
gases to rise rapidly prior to any horizontal mo-
tion. In smoke producing munitions, when hot
ashes accumulate atthe signal orifice and cause
flaming of the smake producing products this
conidition is sometinyes referred to as chimney
effect. “or flares, when a fler. case is uncon-
sutned during burning obscuring part of the light
produced and reducing its luminosity, this un-
desirable condition is also referredto as chim-

ney ctfect.

CHY BCALE. Formerly known as the ICI scale.
Ascede ol color values developed by the "'Com-
misslon Internationale de 1'Eclairage,” (CIE},
Interngiional Commisgion on Rlumination (ICI).

CIGARETTE BURNING. In rocket propellants,
Blick powder, gasless ¢lements, and pyrotechnic
candles, the type of burning Induced in a solid
grain by permitting burning on one end only, so
thut the burning progresses in the direction of
the longitudinal axis.

CLOUD. Ses SMOXE.

CLUSYER. 1. A collection of small bombe held
{ogether by an adapter for dropping. A cluster
of fragmentation bombs so arranged that more
than one homb can be suspended and dropped
{row & single station of an adrplane bomb rack.
3K pyrotechnle signal conaisting of a group of
miare.

COLOR RURST UNIT. A 'yt containing a dye
material placed in the nose of targe: wrojecitles,
wided produces a distingulshing color vpon func-
Lrondng of Use fune,

COLOR CHARTS. Charts nsed as standurds (o

diete rmine colors both as to hue and tone. Charis
comnonly used are Munsell, Chroma, and CIE.

COLORED SMOKE . Froducts of & destinelive
color formed by sTther voladilization and condes -
aaiion or combustion. The basts for a colored
omae ts & volatlie dye, which upon contensing
forms & colored clowd  The dye may be vola-
tiltzed Yy expiowion of & burster chatge as o
® colorod marker projectile or by combustion
of 8 fuel mixed with the dye, ag in & colored
waole candle Colored sewse sounitions aree
e in wevera! formes, Inclading projectiles,

bombs, grenades, and candles. They may be used
a8 signals, target markers, and zone tdentifica-
tion markers. The most satisfactory smoke col-
ors are red, green, yellow, and violet.

COLOR INTENSIFIER. Ahalogenated ¢« mpound
added to Mare compcsitions that make flame
colors more saturated.

COLORPERCEPTION. Tte ability todistinguish
among cclor hues.

COLGR RATIO. 1. A ruanqber that des:ghates
Both hue and tone. 2. The »roportion of visible
radiation of a specific wavelength to the total
vistble radiation; also caijed color value.

COLUMN LENGTH. The i2ngth of an explosive
or pyrotechnic compositic:

COMBUSTIBILITY. <apabi! ty of surning. F.am-
mable. The relative cormbu.stibiiity of materials
in storage is defined as: Hazardous-- mater:ais
that by themselves or in combination with their
packaging, are vasily ignited and will contribute
to th. intensily ana rapid spread of afire. Mod-
erate-- materials and their packaging both of
which will contiibxiie {uel io a fire. Low--ma-
ter! “ls that will not normally gaite, but which,
in combination with their packaging, will con-
tribute {uel toc a fire Nencombustible--ma-
teriais and thelr packaging that will ne:the-
gnite nor suppoeti combushon,

BUSTION A continueas, vaotd chemicad
88 accompanicd by the evclutionof energy,
cormmonly the uni n of . fuel anc an oxidizing
agent. See BURNING

co

COMPATIRILITY  Abidlitv of wmerals oo be
st red TntimateYy without chem-al reacth o o
curring. mcomnmaiibiity moy it in logs of
efiectivencens, or may be very

& sardeut

COMPOSITION, P YROT
ture of finelv powde -
without gdditives, 1 produe

TOHD IO A phynica mia
ael O exiamnt, wth or
a desire:t er'act.

€ A8% 10 metal, o en
oor fastentng o0
cantridgy case 1

CRIME. To pot o benu
used as a method of woal
precen of metal toge they
crimpseed 10 A profectd
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- humidity at which
rium with s environ. -

CAT 1AL HUMIDIT v
the st -Aal 16 in aqui

meat 1 respect to moisture content.

TURF TIWE Time requiredforpolymerization
e ‘tic materials to achieve a certain
EAE ST “h or surface hardness.

‘acer that has period of dark-
‘nd visible flame (British).
‘hlow luminous intensity
wunner. See DIM IG-

Ay LG ITE:

s velwer
g oiter iortrac
e ent bl g

BE, 1 'VATE. The oL lering an explo-

sive 1 2 inert or ha. less
+» AD. Tutal preq. "e in pounds usedtv
‘ens -}, o Cpyrotechnic compositions

¢ IESSED . In an explosive, ahigh ty com

pressed »ofit.om which tends to prevent i
tra . ttu coflagration ¢~ deton tion that
woou e . o« a e place

L ¥720, 3RY Ve process of breaking doewn

a cafte  linte o+ . simple producty [hsinie-
goetl L 3ROF AT g,

DEFLA VORON Wiy capideombustion some-
timea a coo panced Dy flame spoows, 0 spatter-
g uf buraiy partieles Teflagation, alth agh
lassed o o0 oxploaeen, generaily implies the

~ning Of o ubstan. e with seii-contained oxygen
s¢ hat tho . a¢ n zone advances into the un-
reaciec ot ao lesasthanthe ve ety of sound
u  hew reac @ astesal. Thevern s offenused

o fer U m o a b explosive projec
i ah upne Swith L arget does not oo
b voUBUe e sof vhygh-. der devenation
Stro- cear w, he termlow o rder detonation
PO = dese fibe guch g phenaraenon if

rennote 4 detonastion at lower
ti n . Hoaben vedosity of the explo
aotat on srould beoused i

8 =, i i
1y e e iy e Lara sy reaction See
E} vIL N
MEGHESY F NG s bant grasuiation
vwhe htoe 2 o aree o L prain des ceases
Vi b i B dep eesive burneeg of oa
R AT toc i es tecred degressive
[T PRI F S S I T e TR
GrelSs Vi [RS AN A

DELAY. A pyrotechnic, mechanical electronic,
s cuplpsive train component that introduces a
controlled time delay in some element of the
arming o functioning of a fuze mechanism.

DELaY, ARMING 1. The time or distance in-
terval between the insani a | ‘#ce of ammuvition
carrying the fuze is launched and the instand the
fuze becoomes armed. 2. The time :nterval re-
qui ed for the arming processestobe completed
in o« noniaunched piece of ammum:'on. See
DELAY

DELAYEID: Whent e term ts used in conne:-
tron with t-acer bu iet observation, it means that
the bright trace st rts late along thetrajectory
but traces at leasi the minimum distanc: re-

guired.

DELAY ELEMENT. An explosive train compo-
nent normally consisting of a primer, a delay
column, and a relay detonator ortransfer charge
assembled in that order in a single housing to
provide a contr iled time interval.

DELAY, FUNCTIONING. The time or distance

interval betw: en initiation of the fuze and detona-
1w of the bursting charge. See DELAY.

Delay eiements consisting of

DELAY, GA: ' ¥ES
#that burns without produc-

a pyrote cheic
tion of gases

DELAY IGNITH L & ment ssedan cons
junction it igoitible mats Losuc ws gniter
COMPHEIE v otracer traii Fraolay Roulers
zre desyned oo dervapurn
wr for A prede: e ui the nttial
¢ raen of the t - tory

EFY

LRI

L ST Y OF CHARGE  The weight of pyrotechs ¢
charge peranit volume of the chamber, use iy
expressed by grans per cubie centimeter

el CA T ALyt apent

1. PAT Dobee hangentty exothe cmec chem
ie -1 ove tHo asualls from g sobd or boow o a
Koo wil uch rapidiiy that the rate o ado wee
[T colrn sepe aby the anreactes moe ool
Xves b eorecody b souns W the e actead
nate b tal % che dvanciap reac o ocone sy
pree e b ook ave o DETE VAT DN
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DETONATING AGENT Explosive used to set
off dlher Jeas sensitive explosives. Includes in-
itia! detonating agents, and other less sensitive
explosives that may be used as intermediate ex-
piosive elements in a detonating train

DETONATING CORD. Aflexible fabri. tube con-
taining a MMller of high explosive initiated by a
blastirg cap or electric detonator.

DETONATION. {Detonation Rate, Detonation Ve-
Toclty) An ‘exothermic chemical reaction that
propagates with such rapidi y that the rate of
advance of the reaction zone into the unreacted
material exceeds the velocity of sound inthe un-
reacted material; that is, the advancing reaction
tone is preceded by a shock wave. A detonation
i@ an expiosion The rate of advance of the reac-
tion zone is termed detonation rate or detonation
veiucity. When this Tate of advance attains such
a value tha it will continue without diminution
through the u.ureacted material, it is termed the
stable detonation velocity. The exact value of
this term «eperds upon a number of factors,
principally tne ciemical and hysical properties
of the material When the det.nation rate is equai
to or greater than the stable detonaticn veiseity
of the explusive, the re.ction is a high-order
detonation. When the detonation rate is lower
than ile siable detonation velocity of the explo-
sive, the reaction ig a low-order detonation. See
DETONATE, DETOSATION WAVE, EXPLOSION

DETONATION WAVE. The shock wave that pre-

cedes the adv.ncing react:on zone wn ahigh-order
detonation. see DETONA" ION

DETONATOR 1 Inanexpiosivetrain that com-
ponent which, when detonats«d by the primer i
turn detonates aless gensitive explosive (usually
the booster), or when containin® its «wn primer,
inittates the detonation inthe tratn. A detonator
can be activated by ett -er an explosive rmpulse
(8 primer) or a noneiplosive Impuis. When
activated by a nonexplosive anpulse, the tetona-
tor confalns s Own primer Detonatc s are
generally classifisd ap perciss8ion, stab, elec
tric, or flash, according to the method of 1iatla
thon 2 An explosive charge daced i cestain
e ment ad set to dest roy the ~quipment undet

eotain condittons Preferred o cman this se€vse
ia DEFSTRUCTOR, EXFIASIVE

DICHROMATION. A chemical treatment em-
ploying salls of chromium to metals or alloys
to inhibit corrosion.

DILUENT. An additive, usually inert, used to

ible trace, visible to gunnerfora predetermined
distance of the initial portion of the trajectory
See DARK IGNITER.

DISC, BLOWOUT. A thin, metal uiaphragm,
sometimes installed in a rocket motor as a safe-

ty measure against excess gas pressure.

DISPERSING AGENT. A surface active agem
that tends to keep solid particles dispersed in a
liquid medium.

DOG HOUSE: A small temporary storage space
for explosives. See also BEE HIVE; IGLOO.
DRY BLEND. A mixture of dry powders

DL_J'DA An explosive munitron that failsto explode
althoughk such was intendec

DWELL TIME I» press loading powders 'nt-
caviiles, the Interval of time that (he powder L.
held at the full loading pressure

EFFICIENCY. Ratio of the actual perf. smarnce
of an vperation to the idea! performance, often
expressed as a pereentayge

EJECTION The throwing cut of ioose material
or a canister from 4 mumtion, vsually by an ex-
prlhng charge, may occir after umpactor at any
preset altitude  See BASE EJECTIOM

ELECTROSTATIC SENSITIVITY See SENSL
TIVITY

EL UTRIATION  The process of purtiyiry hy
waghing and straiming or decanting

EMISSION  Flow of elections out of heated ma-

teria.
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EMISSIVITY The rate at whicha sclidor a hiquid
emits electrons when additional energy is im-
parted to the free elec'rons 1n the material by
the action of heat, Light, or other radiant energy
or bythe impact of other electrons on the surface

EMITTERS. The component of & pyrotechnic
flash or Tlame respounsible for the development
of the color.

END ITEM. An iter. developed to mee! a stated
requitement  Usually 4 combination of com-
ponents, assemblies, or parts ready for their
intended use, and not a component of a larger
assembly.

ENDOTHERMAL. A reaction that occurs with
the absorption of heat. Opposed to exothermal.

ENSIGN-BICKFORD FUSE. A powder train
encased in a cottonor plastu sheath. See FUSE,
BICKFORD

ENTHALPY. A concept for any system defined
by H - E + PV where Hisenthaipy, E is internal
energy, P 1s pressure, and V is the volume
Often calied <he total heat. Change in enthalpy
is the amount of heat added 10, or subtracted
from, asvstemingoing fremone state to another

nnder constant pressure

ENTROPY o a

The deyiee in which the

as

Fne gy
d.or, where
S is entropy, Q is heat absorbed by a system
and T is absolute temperature.

systemhas ceasedio be availahle

ENTROP 'i'bUl'" ACTIVATION Relatedtothe prob
ability of the activated state (P), which1s the es-

sential mtermedrate inall reactions. P7Z _Ahl{
(K h) where S1s entropy, Risthe gas constant,
and Z and KT h are vysentially snns(.mt

EQUATION OF STAT'E
1’(’-1.mng tho vnTum(', temperature,
of 4 sys e

Any of several equat ons
and pressure

A provess characterized by the
Af endothermal

EXOTHE R 81

evol.tion of Lo St
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EXPLODE. Tobe changed ir chemical or physical
stale usually from a solid or liquid to 2 gas {as
by chemical decomposition or sudden vaporiza-
tioni so as to surdently transform considerable
energy into the kinetic form, See EXPLOSION.

EXPLOSION. A chemical reaction or change of
state that is effected in ar exceedingly short
space of time with the generation of a hightem-
perature and generally a large quantity of gas.
An expiosion produces a shock wave i the sur-
rounding medium. See DEFLAGRATICN.

DETONATION. A confined explosion s

an ex-
plosionoccurring,as 1 a closed chumber, wiere
the volume is constant. Anun: onfined exp usion

16 ar explosion occurring in the open 2ir whe re
the /atmospheric) pressure is constant

EXPLOSION PROOF. Equipment and compo-
nents constructed so that either they will not
spark or that dusts and vapors are barred {rom
places where sparking does occur

EXPLOSIVE A substance or mixture of sub-
stances that may be made to undergo a rapid
chen. -al change, without an outside supply of
oxygen, with the hiberation of large quaniities of
energy generally accompanied by the evolution of
hot gases. Explosives aredivided into two clas-
ses: hiwgh explosives and low explosives, accord-
g o thear rate of reaction in normal usage
Certain mixtures of fuels and oxidizers ca: be
made to explode and are considered to e ex-
plosives. However, a substance such as a fuel,
which requires an outside source of oxidize. v
an oxidizer, that requires an outside source of
fuel te explode, is not constdered an explosive

EXPLOSIVE, CONVENTIONAL. A nonatomic

explosive

EXPLOSIVE FILLER. Main explosive charge

contained i a vrojectile, missile, bomb, or the
ke See CHARGE, as modified
EXPLOSIVE LIMI'T  Maxim m weigi:t of ex-

plosive that may be allowed tn any particular
storage  doading, or haktling area
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EYPLOSIVE TRAIN A irain ~f combustible and
explorive elements arranged in order of decreas-
ing sensilivity nside a fuze, proujectile, bomb,
gun chamber, or the like The explosive train
accomplishes the controiled augmentation of a
small inpulse into one of suitable energy to ac-
tuate main charge of the munition. A fuze ex-
plosivetrain may consist of a primer,a detonator,
a delay, a relay, a lead and booster “harge, one
or more of which may be either omittedor com-
bined U the bursting charge 18 added tothe
foregoing train it becomes abursting charge ex-
plosive train. A propelling charge explosive
train might consist of a2 primer, igniter org-
niting charge, usually black powder, and finally,
any of the various types of propellants. See
LEAD, EXPLOSIVE.

FILLER. 1. Arammunitioncharge. 2. Aninert
additive.

FILTERING. Undesirabie loss of smoke density
and hue due to ash formation rausing degrada-
tion of the dye

FILTFR (OPTICAL) Atype ot optical equipment
that “will transmit or absorb light of a certain
range of wavelengths.

FIRECRACKER. A small paper cylinder contain-
ing anexplosive and afuse. It 1s used to simulate
the noise of an explosive charge.

FIRST FIRE. The igmiter compositionused with
pyrotechnic devices that is luaded in direct con
tact with the main pyrotechnic charge. A pyro-
technic first fire composition 15 compounded to
produce a high temperature and hot slag. The
compusition must be readily wmtibie, amd ca-
pable of gniting the underlying pyrotechnic
charge. See al. o STARTING MiIX, IGNITER

FISSURES Cracks in pressed or cast pyrotech-
nic mixtures, which are undesirable becauee they
Increase burning areas and rates, and can affect
physical characteristics.

FLAKES Extremely thin, small particles o
metal

FLAME 1 A chemical reaction or reaviion
prodo. T pertiy o eatirely gaseus, that vields

heat wrwd hie o State of Blazing combustion,

50

A {lame profile 15 a temperature profi's of any
particular flame. Flame temperaturs is the
calc:lated or determined temperature oi the
flame.

FLAMING. Production of a tlame that is un-
desirable in compositions designed for dissem-
ihation.

FLARE. A pyrotechnic munition designed to
produce a single source of intense light for rel-
atively long durations for target or airfieldl-
iumination, signaling, or other purposes. An
aircraftflare 1sapyrotechnic munition designed
for use from ai-craft. Producesasinglesource
of intense light for signaling, target, or airfield
illumination. Example: FLARE, AIRCRAFT-
guide, red, TTEl; FLARE, AIRCRAFT: guide,
white, T3. Ax airport flare is a pyrotechnic
munition designed to identify and iliuminate an
airport in the absence of other illumination A
chute flare is a popular name for parachute
attached to a flare Float flare is a signal
launched from aircraft, to mark a location at
sea. It {loats on the surface and emits smoke
and flame for up to an hour. Guide fiare 1s an
electrically ignited aircraft flare for attachment
to an aerial bomb, which produces very bright
light, either white or colored, 1o markthe posi-
tion of the bomb and permit 1ts guidance to the
target  An iiluminating flare is any pyrotechme
device that produces o brilliant, singie swrce
Ight of relativelv I+ wp duration. Asurfaceflare
18 @ pyrotechme itew designed for use insurface
positions, ground or water Produces a single
source of intenge ight for illumination of air
port runways, warning of nfiltratuny enemy
troops, and vther purposes. Example FILARE,
SURFACE arrport. M76,FILARE  SURFACE float,
MKI15 Md O FLARE, SURFACE. tnip. M49,
FLARE SURFACE trip parachute M38, FLARE,
SURFACE: 'rip wire, MK! Mod O A trip flare
1y a surface flare actuated by, and thus secviig,
as a warning of the appsoach of  anhiltrating
enemy troops It s bocov trapped and in one
type s attached 1o a parachute that s projected
into the wir

FLARE, GUIDEDOMISSILE  Apyrotechnic device
that produces an intease light for the purpose of
visually frack.ng a guided misstle during 1its
fhght to a target  Excludes TRACEK, GUIDED
MISSITLE




Downloaded from http://www.everyspec.com

FLARE MIXTURE. A pyrotechnic composition,
cempounded to produce 2 briiliant light of rela-
vvely long duration, either white or colored.

P

SRE, PARCHUTE. Any {lare attachea 0 2
cirachute and designed to provide int. 1!

lumination. Used tolight targets for nigb ...mb.
ing, for reconnaissanc:  or to 7 Lh tight for
aircraft emergency landings. A *.adfirsd para-
chute flare is a complete self-coniained device
fired Trom the hand, and which provides a rocket
pro)ected, parachute borne, pyrotechn:c¢ light.

T

FLASH. Indicates in the case of simulaiors
#nd ofher pyrotechnic iterns, that item is

intended tc produce a flash.

FOOT CANDLE. ‘The unit of illumination when
thsTcot 18 taken as the unit of length It is the
illumination on a surface one square foot In ar a
on which there is a uniformly distribu.ed flux
of one lumen, or the illumination produced a. a
surface all points of which are at a distarce of
one fod from a uniform point scurce of one
candle.

FORMULATION. A pyrotechnic compcsition.
See COMPOSITION, FYROTECHNIC.

FUEL. 1. Any substance usedto procuce neat
by burning. ° . combustib’. materral used in
pyrotectiue composi‘ion, for example, powde red
rucials and resins

FUSE (Not to be confused with FUZE.} An 12-
niting or expiosive device in the furm of acord,
consisting of a flexible fabric tube and a core of
low or high explosive. Used in blasting and
demolition work, and in certam mumtions. A
fuse with a black powder or other lew explosive
core 1§ calleda "safety fuse,” or "biasung (use
A fuse with a PETN or other high explosive care
is called "detonating cord’” or “primacord

FUSE, BICKFORD. A safety fuse, having acore
of black powder enclosed within a tube of woven
threads, surrounded by v.riouslayers of texttle,
waterproof material and sheathing  Burns at
specific rates

FUSEE (promounced "fu- zee not tabe conlused
with FUSEE (rocket, ¥rench)) 1 Ap wnater
squib for a rocket motar. 20 A pyrotechnie sig
nai, used a5 a salety signal on railreads, nor
mally consisting ol a tube ov cartnidge wiek g

5i

spike prrint base. When placed in an erect posi-
tion and ignited, the cartridge burnsg witha white
ur colored light for a definite period of time.
Exaiaple: FUSEE, WARNINC, RAILRCAD: red,
5-min.; FUSEE, WARNING, RAILROAD: red, 15-
min.

FUZE. 1. Adevice withexpiosive or pyrotechme
componenta designed to initiate z train of fii¢
or detonation in ammunition. Types of fuzes are
distinguished by modifying terins forming part
of the item name. 2 To equip an item of am-
munition with a fuze

GAS. An obsolete term for ch - micaiagent. The
cferred terms are casuaity agent, toxic chem-
ical agent, or riot con'rol agent.

GRANULATION Size and shape of grains of

pyrotechnic ingredients. See GRIST.

GRAYBODY. A temperature radiator whose
spectial emissivity is less than that of a black-
body. Tne spectral em:issivity of a graybody
remait 8 constant through the spectrum.

GRENADE A small explosive or ckemical mis-
sile, originally desigaed to be thrown by hand, but
now also desigiad to be projected irom special
grenade jaunchers, usuallv fitted to rifleg or
carbines. Grenades may be classified inabroad
sense as hand and rifle. Many varieties and
variations of these have been used, including a
number of improvised oneg. Sor.e of the piin-
cipaltypes and designations + ~ed in recent years
are ieniified by the foliorang. Chemicalgrepade
v 3 gencral term for any hand or rifle grenade
charged with a smoke of oiher chemical agent

Burning type chemical grenade 18 any hand or
rifle grenade that releases its chenncal by a
burming action. & bursting type chemicalgrenade
15 a genersl term for anv hand or rifle gronade
that release its chem:cal by 4 bursti g action

Hivminatwg grenade 15 1 hand or rifle grenade
designed 1o provide (Humination v burning 1t
may be used also es atrin flare (0 as anncen

dtary device  Inceadialy grenade 1% 4 handgre-
nade {.iled wnh incerdiary mater als such as
thermite and used primatily to start Lres
Practee grenade is a hano or rifle (renade used

for practhice purposes  Raot grenade 1s a hand
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grenade of plastic or other nonfragmenting ma
terial, contatning o charge of riot contenl agent
and a detonating fuze withshort delay  The agent
Is released by a bursting action Sn‘iokegronade
is a grenade containing a smoke producing mix-
ture. Used for screening or signaling  White
de is a hand or rifle grenade

P in charge Hf white phosphorus and
2 small explosive burster charge for scattering
the main charge. Used for smoke and some
incendiary effect.

GRIST. Particle size of pyrotechnic material
See GRANULATION

GRCUND SIGNAL. A py -otechnic signal fired

from ground level.

HAND HELD. A rocket propelled, stabilized

signal that has the launching mechanism integral
with the signal.

HANGFIRE. A briefundesired delay tnthe func-
tloning of an aimunition item. Usually refers
to delay in ignition of a propeiling charge See
MiSFIRE.

HERMETIC SEAL. A sezl made impervious to
air and Tluids. ~

HIGH EXPLOSIVE. An expiosive that when used
in Us nermal manper detonates, rather than
deflagrates or burns; that is, the rate of advance
ol the reaction zone tnto the unreacted muterial
exceeds the velecity of sound in the unreacted
material.  Righ explogives are divided into two
classes: primary highexplosives, and secondary
high explosives, according (o their sensitivity
io neat and shock. (KNOTE: This division 1s not
accepted by some authorities who mamntawn that
high explosives and primary explosives are
entirely separate entities.; Whether 2an exn'n.
give reacts as a hign explosive or &8 a low ex-
plosive depends or the manner in which it 1s1ni-
tiated and confined. For example a double base
propellant when initiated 1n the usual manner is
a low explosive. However, this material can be
made to detonate 1if the propellant is initiated by
an intense shock Conversely, a high explosive
such as TNT, under certain conditions, can be
igntted by flame and will burn without detonating .
See LOW EXPLOSIVE

HYGROSCOPICITY  The tendency of a substance
to absorh motsture from its surroundings; spec-
ically the absorption of water vapor from the
atmospheroe.

IGLOO. A strage house for explosives See
BEE HIVE, DOG HOUSE.

IGNITER. A readiiy mttiated pyrotechn:c com-
posttion that s used to function the maincharge.
See FIRST FIRE: STARTING MIX.

IGNITER TRAIN. Step-by. step arrangement of
charges in pyrotechnic munitions by which the
initial fire from the primer is transmitted ane!
intensified until it reaches and sets off the main
charge. Alsc valled "burning train.” Explesive
munitions use a similar series, called an ex-
pinsive train.”’ See EXPLOSIVE TRAIN

IGNITIRILITY. Statement of the easc wrhwhich

the burring of 2 vubsiance may be wuinated

ILLUMINANT COMPOSITION. Amixture of ma-

terials uged in the candie of a'pyrotechuic device
v produce a high intensiy hght as its principal
furiction. Materials usaedinciude afoel (1educing
agent), an oxidizing agert, and a bindei, plus
a cviur intensifier and waterproofing agent. The
mixture is loaded under pressure ina container
to form the illuminani charge.

ILLUMINATING  Incicates, inthe case of pyro-
techmc ammunition, that the mumtion 1s intended
primarily {or 1lieminating purposes Isually
contains 4 flare and may contain aparachute for
suspension Iv the ay

TLLUMINAON  Diluounation is the doosaitv of
the liminous flux on a surface, 1t 1s the quotient
of the {lux (F) divided by the area (A) of the sur-
face when the latter is uniformly illuminated.
E - d¥ dA  The term illumination s alshcom-
monly used 1n a quahitative or general sense to
designate the act of illuminating or the state of
being 1lluminated  Usually the context “dicales
which meaning is intended, but 1tis d ible to
use the expression anount of lummat.ontoe -
dicate that the quantitative 18 intended
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IN(‘LNDIARY 1. Torause or todecignto cause
Mres. 2 Yn nomenciature 1t designates a highly
exothermic composition ov matertal that is pri-
marily used to start {ires or render squiprment
unusable by heat action.

INCREMENT The amount of pyrotechnic com-~
position added to the charge Juring the process
of icading

INERT  Descriptive of condition of a munition,
or component Ltheresot, Yhat contains no explosive,
pyvotechme, or chemical agent

INTTIATION. 1. Asappliedto anerplosive item,
the beginning of the deflagration or detonation of
the expivsive. 2. The hrst action in & fuze that
occurs as a direct resuit of the action of the
functioning mediurg. 3. Ip atime fuze, the start-
g of the action that s terminatied inthe tunction-
ing of the fuzed mumiiion

INITIATOR A device used asg the fivat element
of as explogi. 2 train, such as a detonator or aguib,
whichi, upon receipt of the proper wmechamcglor
elecinical impulse, produces a burning or deto-
nating action. It generally vontalns @ small
quantity of a sengitive explosive,

INTERNATIONAL CARDLE  An nternational
unit of Tuminous intensity that tsthe light ensitted
oy {ive square onllimetsra of platinum at nolid-
ification temperature.

IR WINDOWS.  Frecuencies of electromagnetic
radiation that have the !:ast attenuation br ihe
atmosphere. {mportant atieouvators of IR radia-
t1on are water vapoer ana carbon dioxide s up-
Ner AtmMOosplers T mino: gas constitvents pnrh

ws 13,0, G € e s “aet At thas
2

water. Important wind)ws exist for waveleagths
beiween 3.8 tc 4.7 saicron wavelength and 8
10 13 micron waveleng h

IRRITANT GaS. Anosoletetermforarinst con-
trol agent or a lachry mator

ISOBARIC ADIABAIC.- FLAME TEMPERA-
TURE Adiabatic fTame temperature attained in
4 constant pressure system

ISOCHORIC ADIABATIC- -YLAME TEMPERA.
TURE “Adabatlc Tlame {orperature afiained

{n a constant volume systen:

LACHRYMATOGR A chemica) that {rritates ti=
eyes and produces tearing. Commonly called

toat gas. Also spelled lacrimator.

L }- ADY, FXPAA')L‘-‘! VE

{Rhymes wnh fead). An

dmonahnu from one cxplusive component 10 2
gucreeding component, as {rom detonator to
booste cha ge. Aleo called “explosive lead.”
See EXPLOSIVE TRAIN

LEAKF®R. 1. Termtforpomb rojecti’eor pyro-
technic item filied witha vhemicni Agent Or com-

position that is leaking the contents, and coin-
taminating the surrounding area. 2. An iten
that permis vaporg or liguids lo enter or lewve
because of jmproper sealing

LINEAR BURNING RATE. Tne dantance noymal

burned u.mu;gh tn Jnlt ume

LOADING DIE. Abeavy walled metallic cylinder
rmploved (0 confine a chaxge or pyrotechnic com-
ponent during consclidatron.

LOW EXPLOSIVE. (LE} Anexplosive that when
used in 15 normal wanner deflagrates or hurna
rather than detonates; thal ig, the rate of ad-
vance of the reaction zene into the »mreacted ma-

terial ig leas than the velocity of sound tn the un-
reacted matvrial. Low explosives include pro-
pellants, certain primer mixtures, biack powder,
photoflash powders, and delay compoegitions.
Whether an explosive rescts 33 a high explosive
or a lowexpiosive depends on the manner in which
s inittated ang confined. Fo.o example, a double
bage propeiient when initiated in the usual manner
i8 a low explosive. However, this material can
be made to detonate 1{ the propelisnt is inilated

R T S eery, -L&nk.vnh\.

z.xvo uke TNT, under cortain Cusuttions, can be
nited by flame and will bura without cetonating
See HICH EXPLOGSIVE.

LOW ORDER BURST Functioning of a projectile
or bomb 1n which the explusive falls to attain a
high orde. detcnation. Usually evidenced by the
breaking of the container into a few iarge f{rag-
ments inrtead of a large number of smaller
fragments. See DETONATION.
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LUMINOUS EFFICIENCY. The luminous effl-
ciency of radlar. euergy is the ratio of the lums-
aous flux to the radtant flux.  Luminous effi-
ctency 18 usualiy expressed in limens per wati
of radiant flux. It should not be confuseo with
the termy efficiency as applied to a practical
source of Hight, because the latter is based upon
the power supplied ty the source instead of the
radiant {lux fromthe source. Forenerqgy radiated
at a single wavelength, luminous efficiency is
synopymous with lumirosity factor. The re-
ciprocal of the luminous efficienc, of radiant
energy I8 sometimes called the "mechanice!
equivalent of light.”" The value m: st commonly
cited is the minimum “mechanical equivalent,”
that 18, the watte per lumen at the wave length of
marlmmoent iminogity. The begt experimental
value iy 0.0C154 watl per lumen, corsresponding
to $5¢G lurmens pey walt as the maximum pos-
aible ellrleacy o @ source of lghi. When ex.
pregseed in terme of the new v me of the lumen
these numerical values beco ae, respectively
$.001511 wuti per {new) lumen and S80 (new)}
junsen per watt,

LUMINOUS INTENSITY  § - d¥/dw Luminous
ratensity, of a soucce of light, in a given direc-
tion, is the luminous [iux on a gmall surface
normal o that direction,divided by the solid angle
{ir:  steradians) the surface pubtends at the
source of light

MACH NUMBER (M} The 2t of ihe velocity
of a body to that nf sound in the medium being
considered. A’ sea level, at the standardat-
mosgphere, a bodv moving i air at a Machnun

perofone (M - Nhavavelocityof 1116 2 it gec
{the speed of sound 1o atr undey those conditions)
Frequentiy shortenec to - Mach’

MARKER A pvrotechmc item used to point dut
a location on land or water  Frequently contains
adye or aburming mixture for marking a location.

MFEAL POWDER  An unglazed black powder of
very fine yranulation See BLACK POWDER.

MILT LOADING  Process of melting soiids, ex -
plosives, dyes, and poweers into projectiles and
the hike, U solsdify  See C ASTING

MINE. An encasedexplosive or chemical charge
placed i position. bt detonates when its target
wuriies or moves near It or when touchea off by
remote control. Two gencral tynes are land
mines and underwater inines.

MISFIRE Faslure of a round of aramuaition to
fire after inftiating action is iaken. See HANG-
FIRE. '

MUZZLE BURST Explosion of a projectile at
the muzzle of a weapon, or at a very short dis-
tance {rom the muzzie.

MUZZLE FLASH. Flame 3t the muzzle of agun
alter the projectile leaves the barrel. Commonly
caused by ignition of propellant gases. Alsccan
He heyhtened by ignition of broken or insuffi-
2lently consolidated propellant composition.

MUZZLE VELOCITY. The linear rate of motion

of an object as it is expe'led from a gun barrel
vur similar device.

NAPALM. Aluminum sezp inpowderiorm, used
: gelalinize »°l or gasoline for use intombs or
flame throwers.

NONHYGROSCOPIC. Does not absorb mo -ture
from the arr. Tised frequently when referringto
pyrotechnic ingredients

NOSE.  The foremost point or sectionof abcmb,
missile, orthe like I[ndicates. 1nfuze nomencla-
tire, that the fuze is to be attached to the nose
of the munition for which it 18 intended; and, 1n
the case of the component of afuze, that the com-
ponent 18 to be used with a nuse fuzc.

OBTURATE To stop or close an opening 80 as
te prevent escape of gas or vepor. To seal as
in delay elements.

OGIVE . A curved or front section of aprojectile

or signal

OXIMZER  In an explosive or other chemical
mixture, a substance that furnishes the reactant
for burning the tuei, uasualiy oXysen
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OXYGEN BALANCE. Ratio of self-contained
sxygen to fuel in propellands, explostves, and
pyrotechnics. Glves the extent that an explosive
{8 deficient or overly rich in oxygen compared
to the amount required for complete vombustion.

PELLET. A consofidated cylindrical charge.
PELLETING. Process of consolidating cylin-
dricai charges

PHOTOFLASH COMPOSITION. A pyrctechuic
charge that when loaded in a suitable casing and
ignited, will produce a light of sufficient inten-
sity and duration for photoy raphic pury ses. See
CHARGE, FLASH.

PISTOL, PYROTY.CHNIC A sirgle shot device
&;é'iiﬁéé' specifically for projecting pyrotechnic
signals. This item may or may not be provided
with a2 method of mourting to an auapter.

PISTOL, VERY. Former terminology for Pyro-
technic Pistol.

PREMATURE: A type of functioning i w'ach a
munition functions before the expectea rime of
circumstance.

PRIMACORD. Atradename for atype of detonat-
conta‘ning a filler of high-expiosive PETN {pen-
taeryth-otetranitratej. Used to tranamit a deto-
nation from a detonator to a booster or bursting
charge. Sometimes used by itself tc fell trees,
dig ditches, and to demoelish structures.

PRIMING COMPOSIVION. A physical mixture
of malerials that is very sensitive to impact or
percusston and, when so exploded, undergoes
very rapidautocombustion The products of such
an e agueroce “rehd gases . nd 10 w.woBCeuinolid
parucies. Priming compesitions are used for
the ignition of primary high explosives, black
powder igniter charges, propelants (h small arms
ammunition, andd g0 on

PRIMER. A relatively small and sensitive device
used tolnitiate the functioning of anexplosive, ig-
nitesr train, or pyrotechnic charge, it may be
actugted by friction, pe-cussion, heat, pressure,
or ejectricity.

PEROGRESSIVE BURNING. Propellant granula-
tion in which the surface area of the grain in-
Creases during buening, Sometimes oo lled pro-
gressive yranulation.” See DEGRESS E BURN-
NG

PROJECTILE. 1. A body projected by exterior
force and continuing in motion :vits cwn iuertia.
2. A missile upea in any type of gun. Some-
times applied to rockets and guided miagiles
although there do not fall within the stated defi-
aition. "Projectile” is preterred over "shot"or
Ushell.”

PROJECTILE, COLORED MARKER. Projectile
loaded with a charge consisting piimarily of
organic dye, and provided with aburster or bare
ejeciion charge.

PROPELLANT An expilosive material whose
rate of combugtion is low enough, and its other
properties suitabie, to permit its use as a pro-
pelling charge. A propellant may be either solid
or liquid. A single bas pellant composition
consists prim}[%fﬂﬁx ix of nitroceliulose.
A double base propeliant composition contains
nitrocellulose and nitroglycerine. A composite
prepellant compositior contains an  oxidizing
agent in a2 matrix of binder.

TTC A preformed material in cylin-
drfic;f],"fni"rn"," which when ignited smoiders without
flame. Used for igniting safety fuse

PUNK STICK

PYROPHORIC. Materials that will ignite spon-

taneously.

PYROTECHNIC CODE. Significant arrangetnent
of the various colore and arrangements of sig-
nal lighis or signal smokes used{or communica-
tion between anits or cCetween ground amd air.

PYROTECHNIC COMPOSITION. A mixture of
materials consisting essentially of an oxidizing
agent (oxidam) and a reducing agert (fuel). It
ia capable of producing an explosive selfsustain-
ing reaction when heated to its ignitiontempersz-

ture.

PYRQTECHNIC ITEMS. Devices usedto produce
sound, colored lights or smckee for signaling,
a bright light for illumination, and time delays.
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QUICKMATUMN  Fast burning fuse made from a
cord impregnated with black powder.

RAM. A metailic cyitndrical plece usedto com-
presa or consolidate pyrotechiic charges in a
mocld or die

RELAY. Ancxplosive train component that pro-
vides the required explusive energy to reliably
initiate the next element inthe train. specifically
appliec to small charges that are initiated by a
delay element, and in turn, cauce the furctioning
of a detonator.

SEDIMENTATION. The process of depositing
Targe size particles in particie size analysis.

SELF-DESTROYING When used in connection
with a Tuze oratiracer, self-destroying indicatea
that the projecttle, rocju- . or missile with which
it is used will he destroved in flignt prior to
ground impact in case the target i8 missed. See
SELF-DESTRUCTION.

SELF-DESTRUCTION. Indjcates projectiles
designed (o destrov themaelves by fuze or tracer
action, without outside stimuius, arter rught to
a range greater than that of the taryet. Seif-
destruction (also called s« if - destroying) features
are used in anthaircraft ammunition where im-
pact of unexploded projeciiles or missiles wouid
oeesr cairiendly areasr See SHELL DESTROY-
ING TRACER.
SENSITIVITY GSusceptibility of an  explosive
pyrotechnic component toreactto xternally ap-
plied energy or changes in envirui ment.

SETBACY¥. 1. The relative rearward movement
of com}foﬁent parts in a projectile, missiie, or
fuze underguing forward acceleration during
launching. These movements, and the scibacl
force Ll causes them, are oftenusedtoarm or
cause eventual frnctiviug of the fuze 2 Short

for "sctback forzo.t

SHELL DESTROYING TRACER. Atracer, which
[ncludes an explosive element beyond thetracer
element, that is designed to permit activationof
the explosive by the tracer after the projectile
has passed the target point but 1s st} Kigh enougn
to be harmiess to ground troops. See SELF
DESTROYING.

SHORT THACE A trace that docsnotburn over
the desived length of the trajectory.

SIGNAL. A pyrotechric end ttem that produces
illuminatton, smoake, or combination of these
efiects for iwdentification, location, or warning.
An illuminalion signal is designed (¢ nroduce a
Light primarily, usually white, amber, red, or
green: asignal flare. A smoke signal is dealgned
to produce gmoke; the smokes may be black,
white, or various colors. Asmoke and)llumma--
tion sagnal produces a sign by production o Aight
and smoke. Signals may be designed to be diy-
chargedfrom aircraft, ground positions surface
craft, or submarines.

SIGNAL KIT, ABANDON SHIP. Agroupofitems
~onsisting of a hand projector and pyrotechnie
signals in 2 metal contairer desioned for use
with an abandon ship outfit.

CIGNAL XIT, PYROTECHNIC PISTOL. Agroup
ol items consisting of pyrotechnic pistel(s),
pyrotechnic signais, and associated items in a
container. See also: SIGNAL KIT, ABANDON
SHIP.

SIGHAL LIGHT. General term indicating asig-
nal, TTlumination or any pyrotechaic Lght uzed
as a sign.

SIGNAL PISTOL. A single shot pistol degigned
to project pyrotechnic signals See PISTOL,
PYROTECHNIC.

SIGNAL ROCKFT A rocket that gives off some
characterisiic color or display that has a meaning
according to an established code. I' {8 usually
fired from a sigpal pistol or a ground signal
protector,

SIMULATOR. A pyrotechnic device usedtosim-
ulate the effects of vartous military items for
training purposes or decoys. Simulators have
veen ueviBed [or the 1oiiowing. booby traps,
artillery flash, hand grenades, air and ground
burst projectiles.

SMOKE. A particulate of solid or lquid par-
ticTes of low vapor pressure that settles out
slowly under gravity. In general, smoke par-
ticles range downward from about 5 micron
dameter to less than 0.} micron diameter.
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Smoken are used milltanly for signaling and
screentng. A stgnaling smoke 1y uged for com-
munication purposes and is ba-ed upua the vola-
titization of a2 dve, winchupon condensing forms a
colored ¢loud. The dye may be volatilized by
detonation of a burster charge, as in 2 colored
marker projectile, or by combustion of a pyru-
tecknic composition mixed with the dye, as in
colored smoke grenades. A screening amoke is
used to preven: observation of aparticular area
It {s primarily oroduced by volatilization of oil,
by white phosphorus, or by metailic chlorides
guch as zinc chloride, which effectivel - scalter
light. The cicud produced i3 called  smoke
screen. There are three types of smoke screens;
T A sm(.l # blanke* ig used wver friendly areas
to hinder aerial observation and precision bomb-
ing. Srnoke blankets are formed by smoke gen-
erators, mechanical generators used o vola-

tilize 041 an¢ smoke pots, which produce smoke
bv ihe ('ombusuon ‘of a pyrotechnic composition.
2. Smoke haze is used mainly to conceal acti-
vities from ohservation and ground fire. Formed
in mucn the same manner as smoke blankets.
A haze is ugually lcss dense than a bianket.
3. Smoke curiainis a dense vertical development
ured to restrict ground observation. May be
produced w artillery weapong

SPECIMLEMXSSIVIT The op~otral emis
the 'auo of its radiant {lux density to tbat of a
blackbody av th: same temperature and under
similar circuinstances. Excem for lumineecent
materials, the emigsivity can never he greater
than one. See EMISSIVITY

SPECTRUM. The entire range of electromagnetic
radiation” from the longest radlo waves ts the
shortest coemic rays and including all visible

highi.

SPOTTER TRACER. A subcaliber projectile
uoed {or Tire control with a tiajectory that clos-
ely matchee the trajectory of a larger round.
The point of impact is indicated by the terminal
spetter explosion, which produces a display of
flash, smoke or flash and smuke. The path of

the '.-..,yu‘:..ry iz indtzxtcd Wy . racoc oand

thus aias In directing the fire nf a large caitber
weapon.

§7

SPOYVTING &HAR(}F A smail charge, usually
of Koot covwder in L praciice bomb, practice
mine, or tht- lke, to show the location of iis polnt

of trpact. Also, occasionally, uged in service
ammunition. Also, the pyrotechnic composition
used in gpotter projectileg for terminai dieplay.

Exanmiple: CHARGE, SPOTTING, BOMB: MI1A2
{for practice bombJ00 b, M38A2) {black powder j
CHARGE, SPOTTING, BOMB: MK4 Mod 3;
CHARGE, SPOTTING, BOMB: MK7 Mod 0O,
CHARGE, SPOTTING, MINE: practice. MB.

SQUIB. 1. Used in a general gense to mean any
of various small size pyrotechnic or explosive
devices. 2 Spectfically, a small explosive de-
vice, similar in appcarance to a Jdetonator, but
loaded with low explesive, so that its output is
primarily heat (flash). Usually electrically -
itiated, and provided to initiate action of pyro-
technic cevices and rocket propeliants. An elec-
tric squib is a tube containing a flammable ma-
teriai and a small charge ot powder compressed
around a fine resistance wire connectedtoelec-
trical ieads or terminal. A squib is designedto
electrically fire a burning type munition.

STABILITY. Ability of explosive or pyrotechnic
materials {0 withstand long storage under service
conditions.

STABILITY TEST. Acceleraied test to determine
the propable sultability of a pyrotechnic charge
for long term storage wsder avariety of environ-
mental conditions.

8TAR. An aerial pyrotechnic signal of short
duraiion that burns as a single colored light.
Colors are usus'ly white, amber, red, and ¢'cen.

STARTING MIX. An eastly ignited miatu. . that
transmiis flame from an ir tisling device to a
less readily ignitible composition. See FIRST
FIRE; IGNITER. o

SURVEILLANCE. Observation, inspection inves-
tigation, test, study, and clasaification of pyro-
technic andexplosive items in move ment storage,
and use with respect to degree of serviceability

and rute of deterioration.
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THERMITE. An incendiary compx sition >on-
alallig of 2.75 parts black lron owide (fer-
rosoferric oxide)and 1.0 pari granular #luminam.
Thermate (TH2 or TH3) 18 an incendiary mix.
ture: "TRY contains thermite, bartum nitrate, and
sulfur; TH2 dees X contaln sulfur.

TOTAL EMISSIVITY The total emissivity of a
radlafor Te the ratlo of its adivat flux density
{radiancy) to that of a blackbody at the same
temperatu.e. Sce also EMISCIVITY,; SPECTRAL

TRACER. 1. A tracer bullet ur-d primarily as
an ald Tor directing the {1 re o1 a weapon and locat-
ipg the target. 2. A tracer element fox any pro-
jectile. 3. As part of apsrunition nomenclature,
indieates {lem i8 squipped witha tracer. Aguided
missile tracer s a pyrotechaic tracer thalproc
vides a aign L0 permit iracking of & guided mis-
sile. A tracer mixture is a pyrotechnic com-
position uced for joading tracers, Alss callad
"treacer composition.”

VISEBILITY. Th: relative clearness with which
objects atand out {rom their surroundingsunder
good seeing conditicas Also called visual range.
in metecrology "the visibility"” meuns a dia-
tance- -that distance at which 1t 1o just possible
to distinguish a dark object against the horizon

WARHEAD. (Rockei and Guided Missile) The
portlon of a rocke! or guided missile containing
fhe load that the vehicle 1sto deliver. It may be
cmptr or contain high explosives, chemicals,
Inatrumants, or inert mater{als. I may mclude
a booster, fuzels), rdaption ki*, or burster, Fx-
cludes ltems that contain a'Hmic weazpon com-
ponents.

WHISTLE. A pyrotechnic device that produces a

WINDOW. 1. IR wirdow. 2. Atype of confuaion
reflector, consigting ©of metal foil ribbon, but
semetimes metalized only on one side. Alsc
known as “chaff " Similar to. Lut shorer in
length than "rope.” May be dropped fromplanes
or ghot L3lo the air in projectiles. Original use
of the word "window' cppears to have beengirici-
ly & maiter of code.




