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The procedures described in this manual and the
resulting end products are extremely dangerous.
Whenever dealing with high explosives, special
precautions must be followed in accordance with
industry standards for experimentation and production
of high explosives. Failure to strictly follow such
_industry standards may result in harm to life and limbh.

. Therefore, the author, publisher, and distributors of
claim any liability from any damages or
" type that a reader or user of infor-
d within this book may encounter from
1 information. Usge the materizal
manual and any end product or by-




Chapter One

.' J .~ ome of the most feared, misusged, and
" least understood substances on the
. face of the earth are energetic materi-
M @ als.Inthe broadest sense, energetic
® . materials can cover everything
from combustibles to high explo-
. gives. One way of defining this wide
o range of materials is to consider
—==me_  them as stuff (compounds or mix-
tures of compounds) that undergoes a change or, more
accurately, a decomposition which results in the genera-
tion of energy. The rate of change can be the slow burn-
ing of combustibles or the rapid chemical decomposition
of a high-order explosive.

Regardless of the type of energetic material, it cannot
undergo a decompogition until sufficient energy has firet
been added to get the process started (ignition or initia-
tion). The energy added to the material can be in the
form of heat, impact, friction, shock, or any combination
of these energy sources (See Fig. 1).

Once a material starts to undergo decomposition, i_t
algo begins to change into new material. The new materi-
al is said to be in a more stable state, oris less energetic,
than the original material. For instance, when a piece of
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t ehanges into smoke and ashes, which are
Therefore, the burning of wood producad

ETlal, or a more stable type of stuff.

Aappens during the decomposition of
8. The new stuff formed by the decom-
EHCmaterials is also a more stable suite
Dfinterest to the explosives engineer, the
HpPosition of an explosive material Produces large
olumes of gases (kind of like smoke) and minor amounts
of residue (kind of like ashes), all of which aye accompa-
nied by the release of vast amounts of heat.

This rapid production of gases from the decomposition
of an explosive results in the formation of 3 high-
sure zone in the area where decom position is t
place. This is an impor
because this generation

pres-
aking
tant concept to understand
of pressure is one of the things
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we want to put to use. Eﬁr-ﬁxamﬁlﬁﬁifftﬁ;; erg
material is inside of some closed or partizally ¢
tainer (a2 hole in the ground, a build

}.

[
)
Ch

pressure formed by decomposition could be large enough
to push the container apart. Out in the open, the prea-
sure, if built up fast enough, will push against objects
and move or destroy them, kind of like a strong wind,

On the other hand, if the decomposition of the ener-
getic material is extremely fast, the area of decomposi-
tion is preceded by shock or stress waves which move out
through the surrounding media (while pressure is aléo
being built up in the area of decompesition). Of impor-
tance to us is the fact that this shock wave contains so
much energy that it will break things around it. The
shock wave, unlike pressure, does not push against an
object; it actually enters the object and breaks it apart
from the inside. It is this combination of pressure and
shock-wave generation that makes energetic matenais
both useful and hazardous.

In the preceding paragraph, the general publics con-
cept of an explosion (decomposition fast enough to gener-
ate pressure or pressure and shock) was introduced. [n
more scientific terms, if the decomposition of energetic
material occurs at a rate greater than the speed of sound,
the decomposition process is called detonation. When an
energetic material is capable of undergoing detonation-
type decomposition, that energetic material is _caIIEFl-a
high explosive. The actual speed at which the {ietnngtzctn
moves (propagates) through the energetic material 15
referred to as the material’s detonation velocity, and it 18
often used as a tool for classification of high explosives.

If, on the other hand, the energetic material under-
goes decomposition at a rate less than the speed of
sound, the decomposition process s called deflagration
(superfast burning). Energetic materials that demm;:ﬂ_s_&
through deflagration are referred to as low explosives,
and they do not generate a shock wave. A general rule of
thumb for the dividing line between detonation and
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a mmslnw it is referred to

or bu z. Combustion is the norma]
d n seition for matarmla (for the most part

etic) that have been ignited. In most cases of
ion, there is very little, if any, pressure generat-
- __ as in almost all things, there are exceptions
to the rule, and under special conditions both energetic
. nonenergetic materials can be made to burn, defla-




Chapter Two gt
PHYSICS OF '
ENERGETIC
MATERIAL
DECOMPOSITION

) J ~ nderstanding the physical process of
¥R anexplosion requires a brief look at
g -- the physies associated with energefic
4F material decomposition. The key physi-

cal parameters associated with

this decomposition are heat, pres-
sure, and shock. In this chapter, the
= interaction and interdependency of
—===_  these parameters will be discussed.

DEFLAGRATION

Deflagration of energetic materials is an exothermic
redox reaction. In more common terms, it1s a reaction
that, once initiated, generates sufficient energy to sus-
tain the reaction. The actual physics of initiation of
energetic materials 1s very complex and beyond the
scope of this text. It 1s sufficient to know that ignition
occurs when an external energy source introduces ener-
gy to an energetic material, causing hot spots to form on
or in the material.

Figure 2 is a microseopic representation of a near-sur-
face cross section of energetic material. The stippled
rectangles represent the general nonhomogenous (made
up of more than one type of stuff) and nonisotropic (stuff

o —
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material that are most susceptible to the €xternal cney-
8y that is being introduced. If the energy was heat, por-

‘haps from an adjacent fire, the cr

osshatched blgpe
would be those portions of the materi o

ﬂ&#oheat energy. Whatey

o
P,
h s

-Aere are three bagic

_ methods for turning Sensitive
areas into hot spots: (1)

compression of the explogiye
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bles entrapped within the explosive mixt 1@)
tion or movement of the material can cause fric
heating when the surfaces of solid ingredients are rubbed
together; and (3) rapidly flowing mﬂt&ﬁa]_g.m::. sen l“ B
viscous heat as they are forced through the explosive x
most cases of deflagration, there will be more thanone
hot-spot generation mechanism at work. The resultant
hot spot initially is very small (10 * 10 10 * cm in diameter,
or .001 to .00001 cm) relative to the explosive mamre's .
overall volume. Although unlikely, if there were no sensi- L
tive areas or voids in the explosive mixture, hot spots
could not form and thus no explosion would occur. When
this does happen (often due to overcompaction), the
explosive is considered as being dead-pressed.

Once the energetic material has been exposed to exter-
nal energy and hot spots have been generated, the sur-
face of the material will soon reach temperatures high
enough to volatilize it. Generally, this process, called the
induction lag or ignition time delay, occursin a very short
period of time (measured in microseconds). There 13 no
standard lag time for explosive material since the induc-
tion lag is dependent on the composition of the explosive
mixture. As an example, the liquid, nitroglycerin, begins
Lo vaporize at only 140°F, whereas the solid, sulphur,
requires around 500°F to volatilize.

With the deflagration process underway, the ener-
cetic material environment takes on a definite layered
character (Fig. 3). Because the flame zone is the heat
source that perpetuates volatilization of the explosive,
it can be viewed as the key layer. The hotter the flame
zone, the more rapid the rate of volatilization and thus
the more rapid the rate of decomposition. The gases
produced by deflagration of the explosive create a pres-
sure zone that expands into the surrounding :medla.
The pressure experienced in this zone is proportional to
the rate of deflagration and to the degree of confine-

ment of the energetic material.

— —_
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A good example of deflagration is in the operz
black powder rifle. To represent unconfined decomg
tion, a normal load of black powder, approxima
grams, is placed on the ground. A lead bullef is plz
the pile of powder and the powder is ignited. Upo 0
tion a large cloud of gases will be created and a small
noise will oceur, but the lead bullet will barely be moved.
Decomposition took place, but the unconfined prea e
zone never reached a level high enough to fﬂrﬂ&theﬂ&mfﬁ -
zone toward the surface of the black powder. £

If, however, the same amount of powder were placed
into a rifle and a bullet firmly placed on top of the powder,
the energetic material would be confined. Ignition of the
powder will produce a considerable noise, and the bullet
will be thrown a long distance. What has happened is
that the deflagration process remained confined until it
had generated a pressure sufficient to move the bullet &
down the barrel of the gun. This small increase in pres- g
sure forced the flame zone closer to the explosive and :
- nereased the rate of deflagration. The increased rate of
deflagration produced a more powerful release of energy
than the decomposition of the unconfined pile of powder.

Tn the above example, the lead bullet had been secured
in the rifle so that it could not be moved, the deflagration
process could have become a detonation-type decomposi-
tion. Although it is uncommon for a low explosive to expe-
~ience detonation, it can happen under the proper condi-
tions. In most cases the low explosive must be confined 1
such a way that the pressure zone’s pressure increases 10

a point where the flame zorie is driven into the energetic
material. This is referred to as a convective flame front
and is characterized by the propagation of hot combustive

gases through the pores of the explosive. |
For example, if a strong pipe 18 filled with a low e;pln‘-_
sive and the explosive is ignited at the open end of the
ipe, the explosive will start deflagrating. As1t 1s con=
sumed, the flame front moves deeper into the pipe and
pressure begins to build up behind it. The pressure

__-—-——_'.1-._1 _-'-'Ill |
b {‘.

PHYSICS OF ENERGETIC MATERIAL DECOMPOSITION 9

1T

SR

WS, Naed e
o hp— -r"'ﬁ' i
e =

S .1*“ -




T

EXPLOSIVES EN GCINEERING




sories of compressive waves of small ir
duced and travel forward into the mat
are characterized by a front and back slop
almost identical (Fig. 4A), The propagation ¢
sive waves through the explosive material res
even more accelerated pressure and temperat
buildup. Eventually the rate of buildup reaches a

where the wave's peak amplitude (its top) is accelerat
to a speed faster than the leading edge of the wave (
4B). As the peak of the wave overtakes its lea ling e

it no longer is a compressive wave but has become 2 Nt -
shock wave, which is characterized by an almﬂstmaﬁ:%m — |
taneous pressure rise at its front (Fig. 4C). AL thmydintr*
the explosive material’s decomposition is through dete-" - o
nation, which is caused by the shock wave. The phe- =
nomenon just described is most often referred toas a

Deflagration to Detonation Transfer (DDT).

DETONATION

The detonation of an energetic materialis a shock-
wave initiated, self-propagating process in which the
axial compressive effect of a juxtapositioned shock wave
produces a change of state in the energetic material.
What a mouthfull One way to look at this 1s to visualize
the shoek wave as something that glams into the e;g_ln-:
sive so hard and so fast that the explosive material can-
not move out of the way. As a result, the energy that
would have moved the material instead causes it to
undergo certain changes. This change of state results in
an exothermic chemical decomposition (heat is given off).
This decomposition then moves through the explu'ﬁi#ﬁ;_%
2 rate proportional to the speed of the shock wave, and it
keeps the shock wave moving on in front of it. e

Although it is the shock wave that moves tnr ughthﬂ hen
energetic material, another way of viewing dﬂtﬂnﬂmﬂ:iﬁ T _-f,‘f;'-
(o consider the shock wave as being gtationary and the
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energetic material as being in motion. In this way ﬂ;& -
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shock wave is like a hill and the explosive material li
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Figure 6. The detonation process.

PRESSURKE FROPLLE

<plain what is happening in the detonation pre cess. To
better understand what is happening during decomposi-

i -

tion, we will freeze the detonation process in time an

e

view the explosive material as being subdivided into si &

basic pressure zones. There are those who would argue
‘hat a more accurate description of the six zones would
be to base their classification on the material density
each zone. For our engineering needs, however, we can.
view the subdivision as six areas in which the material 1 e
undergoing different changes. Ny > T
The most important subdivision is the area whe
shock-induced steady decomposition is taking pt
roforred to as the initial reaction or detonation zone |
6). In the illustration the direction of detonation 15/
left to right; therefore, to the right also means
front. Thus the initial reaction zone has to its fr
shock-wave front and toits rear the C-J plar
shock-wave front is that very small portion off
sive where the detonation wave exi




!!!!!

v - v nquet lane) 18 that pl}iﬂt where *:.h'e::
mmagunﬁmna changes drastically, -
~ e pressure profile of the initial reaction zone hasits
" highest mgzaﬁrﬁﬂ'at"the shock ﬁ:ant and lowest at its '-
. pearedge. Itisinthis initial reaction zone that the bulk
ke l-wave energy is generated, which in turn sup-

. o 3 m thﬂ pmpagaﬁ[}ﬂ ﬂfthE'EhDﬂk front. The rear edge_ of
" 7 the initial reaction zone, the C-J plane, marks the t?.l‘}"lﬁ-
ing line between steady and nonsteady decomposition.

To make things mare accurate for the ﬂcademmgan,‘lt: t:he

L energetic material is homogenous there is the possibility

E;:,z}r_- > that decomposition will be completed in the initial reac-

i‘::;}' ﬁﬂn ZOone, hﬂt it— Eiﬂ,t- hkﬁl}’.

The zone behingd the initial reaction zone is one that s
rather interesting and is best explained using the concept
of material density. Assuming that there is na lose of mate-
rial or change in volume in the initial reaction zone
(remember, you cannof destroy material; you can only
change 1t from one form to another), then the density of the
material after detonation must equal the density before
and during detonation. From the pressure profile in Figure
6, it 1s evident that the density of the material in the initial
reaction zone 15 very high. To balance things out, the ror-
efaciion zone just behind the initial reaction zone must
have a very low density or a very low pressure. Toward the
rear of the rarefaction zone the pressure begins to build
again until the semndary reaction zone is reached. where

b undetonated material undergoes decompogition.

; For many hig-i':l explosives, the initial shock-indyced

3 decompogsition will not be uniform, and as 3 result some

3 of the explosive material will remain undecomposeg

after the initial reaction zone has passed its location, Th

material left in this secondary reaction zone may HI;derE

¢S 2 local detonation or it may experience a form .

deflagration. What happens in the secondary reaction

zone is largely a function of the strength of the initiatin

Ehﬂck wave and the quality and homogeneity of the En&f

getic material. These are key issues for those who wish

of rapig
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to design an explosive train correct y (ex
Regartiess of the decomposition metho ], the
uct of the secondary reaction zone i expan: 5
For EnginEEﬂng pUIPUEEB,tthE ,;
vhe shock-wave front are the most importa nt: h
ihere are also three zones in front of the ghot
Farthest in front is the unreacted explasive
~one. Bere the material is andisturbed and is ab

temperature and pressure.--JuEt behmdthmzw | ;" ,
initial pressure buildup zone, where the material firs

experiences any change due to the detonation proce s g

Between this zone and the shock-wave front is the| o
sure ramp £0Ne, where the material first begins to expe- G &

ence an accelerated buildup in pressure just priorto

+he shock-wave front slamming into it.

1+ is difficult to picinre the deton ation process. i e

._|.

Perhaps one way would be 1o consider a large, long hegine S ¢

%
L
e
s
-

4

der of explosive material lying on 1£3 side and you are an

observer ingide it. For this exaxmple time will be slowed
way down 80 that as you stand there, you can 58€, hear,
and feel the detonation as it passes your position. At first
there is no sound; your only sensation that detonation 1s
raking place off to yout 1eft 38 that pressure bégiﬁﬂz- to

build up around you. All of a sudden the pressure jumps

cky high, there 18 @ great deal of heat, and everything

sround youls breaking apart and turning into a vApOr O
gas. Just as you st rf Lo get your bearings, the pressure.
drops almost as fast asib tad risen. Soon you begin to feel
the pressure slowly puilding back up and you can See
chunlks of explosive material tumbhing about like leaves
behind a fast-moVIng car o a country lane. These ah
of material are allin the process of undergoing thell

little detonation pro \t last the pres ¢
sure begins to drop to aormal and, as ihe dust setties, YO A

voalize you have echeﬁenced detonation. | =
Refore we leave this discussion on deflagrationand
detonation, 1618 necessary to pu:‘int.ﬂﬂt-;th;ﬁ_ﬁ-th&ﬁﬁ'_iﬁam e
clear division between these two explosive prot wen. oA

"
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B e ¥ by, there is a large number of procegses that fall
B %ﬁﬁn the two end conditions of deflagration and deto-

~ nation. Figure 7 illustrates this through a plot of pressure
| qﬁ;ﬁmftgme. Theae are the same pressure curveg Wé have
- been looking at, only this time they are backward. I€you
mf:‘m left to nght the detonation curve is like a chiff
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Chapter Three = ey
CHEMISTRY

J .~ tis important to WHCERCEE dwhatis

catic material decomposes. Tohavea gl
ure of the process,

- 4 wore complete pict

N however, y'ﬂﬁ.m'_ﬁ_s{_f,:q:}j_ﬂﬁrﬁﬁ

' what is happening chemica

ing decomposition. To unveil the se

e of explosives, we must goinside
= the explosive and look at the in

vidual compounds to 5e€ how they iﬂt&ﬁﬁﬁt,'ﬁlﬂﬁﬁﬁﬂl |

tion must be given 10 compounds that arc present when 3

how they broak apartinto :

the decomposition starts, part in' ¥
ts, and then how they remmbmaﬁa

their hasic elemen mbin
form new compounds. The key factor dunngﬂmsqhamin 72
cal process, trom an pective; {c thoener-

pxplosives pers
gy that 1S released.

FURL-OXIDIZER RELATIONSHIES

The principal ingredients of explosives are fuels, oxi- Py
Jizers, and special fuels that make 1t casier to initiate the
material (often called gensitizers). Prhapaman i
sives chemist this would be too simplistic a sta tement, bub:

for an explosives engineer 1418 aecqrate._m___ g 10 &2
the basic interaction of e-xplvsi-ve"ingréaf‘ EX T et oo

AT

e PLOSIVE MATERIAL €.



' Without going into more chemistry than is needeq,

 the interaction of basic explosive ingredients can be

~ powder. The oxidizing chemical in black powder is potas-

"~ gium nitrate (KNOg) and one of the fuels is carbon (C), In

~ the reaction process, the components of the oxidizer are

separated and recombined with the carbon. The chemi-
cal equation for this process 18 as follows:

= Because potassium nitrate supplies concentrated oxy-
' gen to the carbon, the temperature given off in forming
carbon dioxide (CO,) and carhon monoxide (CQO)is much
' greater than ordinary combustion, where the oxygen (Q)
15 supplied by the air. Also, the rate at which the decom-
position takes place is much faster becansge of the concen-
trated oxygen, and thus usable pressures are produced.
If we were to add the third chemical found in black
powder, sulphur (S), a different decomposition process
wauld take place. The cemponents of the oxids r
arated and recombined wi S e
i : with the carbon and the sulphur.
18 results in the formation of a small amount of solid
| residue called potassium sulphite (1,8) Lroe a0 ot
. the gas carbon dioxide (GO} amg Kﬁ;ﬁ’ e anounl gt
: i : 24 ald smaller amounts of the
828 mitrogen No. Written in the ] :
1 8 , > anguage of chemists, the
mpasition of gunpowder would be as follows:

m{)a + 85 3{:‘. - K S
= o + 3C0 .
gunpowder solid ° ;Iii

In this explosive rescti
i relationshi 2 oxid; Phur aets ag ;
bE{:a atio ; p to ﬂfiﬂ ﬂE‘.’idJ Zer, h'l.lt it alag 5 5 d f‘uel
use of its low 1gnition tem 4 Sensitizer

-'j.'ﬂ T R, ST



gunpnwde:, or makes it more sensitive. i
(e fins] thought in this fuel/oxdiser relationshipis
«o point out that oxidization is not moving oxygen atom 5
betwoen elements, 1618 true that for most explaam NS
:eal reactions with which the explwvﬁammmm =

work, oxygen is the key element in oxidization. matrue
chemical sense, however, an oxidizer is something that
gains electrons or Jowers its oxidization pumber in a veac-

Hon, which means thatit does not have to involve oxygen.

ENERGY AND BY-PRODUCTS

t All this chemistry 18 somewhat of a pain, but under-

standing the basics is vital if correct explogive mixtures

oro to be formed. For example, in making an explosive, it

ig important to combine the right amount of oxidizer
with the right amount of fuel. One way of locking ap this
is to take a piece of paper and place it inside of a glags jar

writh a lid. Now, if you could light the paper (by magic), it

would burn until all the air in the jar was gone ot until
all the paper was burned. If you picked just the right-

cized jar and just the right-sized piece of paper, you
would have both the air and the paper run out at exactly
the same time. 1f this happened you would have the
S saount of air and paper in perfect balance.

As in the air and paper example, there is also a rela-
tionship between the explogive ingredients ﬁJel and‘uxi:t-
dizey. The optimum catio is one that provides 31;*.-::.}
enough oxidizer t0 oI pletely oxidize all the fuel. At this
sero-oxygen-palance sixture, the energetic material

decompose With a maximum energy release and a mini-

mum amount of fumes. . o
If you do not have a bal anced explosive mixture,

two things that can happen. One1s a loss of
E?E:*;?That i< to say, you donot got ag much l_:f_ang as
youl could have gotten if you had a halanced mmtura
The second pogsibility is even worse: not only will yﬁ:f
| lose power bul you will produce & lot of fumes. Many ¢
" esulting from an out-of-balance pxplosive

. ¥
-
a = 1 1'.
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Figure 8. Relative energy released in detonation.
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mixture can be hazardous to your health.

£ 1t were possible to form an energetic material
from pure elements of fuel and oxidizer, a ZEro-0xygen-
balance mixture would be easy to obtain. Thig is not
tlim case, hawever. For example, the most common oxi-
-r;lfzerﬁ-*used in commercial explosives are ammonium
nitrate, sodium nitrate, and caleium nitrate, all of
w!:‘;iq:h have the oxidizer element oxygen (Q) unxﬁbined
mth other elements. When an energetic material con-
taining these oxidizers undergoes decomposition, some
Q{t{m‘z ORygen is used up in production of Engrg;r rob-
bing compounds such as NO, N,O, and NOs. As was
~ said earlier, this results in an overall reduction in ener-

i ?raleaﬂeand often in the production of toxic fumes
13 { v '1‘11& common commercial high-explosive oxidi z-er
- Awmwmonium nifrate (AN, in combination with the fye)
S ';}ﬁ_l"_{{?ﬁg);ur in combination with the sensi t.izing:-
-aluminum (Al), can be used to demonstrate encrgy.
case relationships. Kquations 1 through 3 below shay

ey g - >
]
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(the k stands for kilo and represents 1,000). Equ

i for a fuel-rich or excess-fuel condition and
0.5k joule per gram re duction in energy re ol ’
Fquabion 3 is for an oxidizer-rich condition (too much
oxidizer), which has a 0.1k jﬂule-.-pﬁiﬁ-gfﬁiﬁ.rﬁﬁﬁ:_._:, e
energy release. This indicates that if one wore to make e
an ammoniom nitrate fuel oil (ANFO) explosive, it would -
he better to err on the side of too ouch oxidizer (ammoni- o
am nitrate or fertilizer) than too much fuel (fuel oil). '

EQUATION __ COMPOUND ENG-REL/GRAM

~ero-oxygen-bolance
(1} 94 5% oxidizer to 5. 5% fuel LIS ax

{uel rich
(2) 92.0% oxidizer to §.0% fuel £ T
2NH,1NGE + CH;‘* EHEU + CO + 2Ny gﬁggjﬂlﬂﬁ

oxidizer rich |
(3) 96.6% oxidizer Lo g 4% fuel

ﬁNH&NO-; + GHE — 1 lHEO + C'D'-z + 41"12 + aNQ E,EIUJEE}EE

with sensitizing fuel

(4) 81.6% AN to 18.4% Al
NH,NOj + 2A1— 6Hy

The last equation in of
the explosive ANFO incorporates the addi
itizer, aluminam (AD). With

cial fuel or ensl 1 | the additicn.
alfaluminum there is a bk joule inCreass inenergy

released. Although aluminum would not bﬁ'ﬂﬁﬂd-.ﬂﬁ_'-‘-ﬁgﬁ::__ B

- SR

<ole fael, it and/or maenesium are added to an ﬂnﬂrgamﬁﬁg i

T e, o et A A Gmﬂw



e :h basic explosive materials where zero-

- ]
el b
l

ala '-:aaﬁfﬂjr.'cnntmﬂed, the most common

« aesociated with energetic materials are oxygen
- iomen (N), hydrogen (H), carbon (C), aluminum
1 and magnesium (Mg). Of course these elements will

_2.‘ f i pt&ﬁ&lﬂﬁ ﬂfaﬂnm Pﬂuﬂd made np of other ele-

!
]

. ents. In the decomposition of an energetic material
N mmmmh E E‘Lha eie;;enta 0, N, H, and U, the gaseous
i uets of detonation would be H 201 CUE, and hﬂ- _F_IIH‘
energetic materials that contain Al and Mg a8 E_ensmz-
ing fuels. decomposition will form gtable solid com-
pounds of their oxides. WEs *

A graphieal representation of this difference in ener-
oy release, by commeon products of decomposition of ener-

'-I,”'Hm*ff - R E S [}
] A . il R .
o M 3y
I =1 e
s ey S il |
¥ i Vo ar b +
f | g
(|

3 gotic materials, is shown in Figure 8, The energy-robbing
nitrogen-oxygen compound bars are drawn below the
horizontal axis to represent the fact that they absorb
heat (energy) rather than release it. The two large bars

on the right side of the chartillustrate the energy-
:I releage increase resulting from the use of special sensi-
| tizing fuels (Al and Mg), It is not important to fully
pnderstand the chemistry of what is happening, What 1s
important is to understand the relationship between
fuels, oxidizers, and sensitizers.
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+ xplosives are compounds anc
tures of compounds, eaﬂh
.+ hasitsown unique pmp&rﬁ :
& explosives epgineer must understa
. the physical ] attributes of va ‘:
~ explosives if he is to mmah

explosive with the igsion. The e

give that most &fﬁﬂleﬂﬂ?ﬂﬂﬂﬁ%ﬂ

e — ﬂtumlmutﬂfthegrounﬁ-l il not B
ciently cut the steel rail of @ I‘Eﬂrﬁﬂdlm& Thaﬁin e 3 g

sections cover the basiC physical properties O

as listed below: 1 el S

Y-
| =
IT.
Py o
il §

o B
R
=R e

DETUN&TIDW vELDCITY et e

DETUVETIQN PRESSURE . L
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g}gg pérfﬁt“t explosive mixture has
and has an ideal geometric configura-
a thﬂﬂmtlcal detonation velocity and
+ on pressure, The theoretical detonation velocity
111 he - ;%j- : {!11 ﬂheml%l ﬂ&mpﬂﬂltlﬂﬂ, b'ﬂ]k IiEI]El-
fo o * 78 iu_re, yressure, catalytic influences, and the
. velocity 'ﬁf‘ the mitmht}n process. The following equa-
R mi s establieh a working relationship between detona-
& fi n pre: sura, dntﬂnatlan velocity, and the density of the

R where: P4 = detonation pressure in kilobars
s V4 = detonation velocity in feet per second
oy d. = densityin grams per cubic centimeter

-I.__c-

'_':1 : | Pd—[z5ilﬂ‘ﬁ)ﬂﬁe‘£v&

where: P4 = detonation pressure in kilobars
Va = detonation velocity in meters per second
¢ o = density in grams per cubic centimeter

. Equation3
8 "‘?ﬂ =3810(0.392 +e,)

W,hare Vg = detonation velocity in meters per second
= o= density in grams per cubic centimeter

: 1,2 : To convert from bars o pounds PETr square
*._.:» 1), mzzinply bars b}’ 14 S8

} e l'

-_.-_.._-"'_.- Zr Ea__
i = %
-

i
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BENBETY
The density of 2 substanee is its mass per unit
(m/V). In other words, a substance’s m‘i}yi& '.
oer cubic foot, kilograms per cubic o Bter T
ubic centimeter. In almost all reforences denling 70
explosives material, the density of explosives is gi i

grams per cubic centimeter, which is labeleﬁg/etﬁis :-';:" 3
mpﬂﬁ:&ﬂﬁ for the serious explusivesengiﬁgai tnfgaﬁm e
that in almost all situations, density rofers toinitialden- =

sity, 2. As so0D a8 detonation occurs, the denmtygfthﬁ

explosive begins to ¢change throughout. To make thig

problem workable, however, density (€.) will always be
the initial density of the explosive charge. ‘I
_ From equ atim:_ts 1 and 2 it would appear that as you
inerease the density of an explosive you will increase the
dotonation veloeity (Vd) and the detonation pressure (Pd).
In reality, as you increase the density of a single-compo-
nent explosive, you willinerease the detonation velocity
wp undil the components erystal density is reached.

An easier way of looking at this is to take a large erys-
tal, such as quartz, and Lroak it into many small pieces. If
you conlc magically scatter these pieces throughout a g -
1'x 1' box, the density for the quartz would be very low.
Now if you bring the crystal pleces closer together so they
axe all touching 0De another, the density of the quarta
mcreases, If you were to DOW put the crushed guartz into a
press and sqUELZE it, you would increase the density as
gou inereased the pressure. However, you could not reach
5 density greater than the original density of the quartz
crystal (its crystal density) hefore you broke it.

Ficure 9 Jlustrates the change :n detonation velocity
(km/sec) with change i1 density (gfee) for some secondary
explos1ves: Pigure 10 illustrates the change 1n detona-
. with change in density for some primary

tion velocity . . nar
explosives. (Secondary and primary Eﬁplaslvaﬂ--mll be

covered 1ater in the texb.)
In some engineering applications, the enginger will

not be using a single-component explosive bul explosives

pHYSICS OF ERPLOSIVES
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e ..:ﬂn-ﬁ_mn uatnﬂ.i;-iﬂs for secondary explosives.
 \Aeapiea from Johansson and Persson, 197(.)

ety
4
=

nade u gftwggrmafe components. In most cages gne
: -;?g_];l-;@:g.nﬁyggmrieh and the other OXygen-
ot (or @ fuel). When using multicomponent explo.
Ou increase the density of the explosive you
sﬂw detonation velocity—up to a point
rease In density will result in a reduction i
on velocity (see Figure 11). 1
ria were simple, equations 1, 2, and 3 would
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Lead Azlde

petonation Yelacity (kn/sec)
~a
1

. 1 o ] 1 . } — I;

pensity (grec)

Figure 10. Petonation velocities fﬂ?‘ﬂj‘m"' ry explo
(Adapted from Johansson and Persson, 1970

provide all the physical data mﬂ&ﬂ. to d

| explosive charge. Unfortunately, j 1e Wor

|' and the explosives engineer must take mto:
parame_tarss, Par mstallﬂ&,tth& M .' ] :' ture
density may be changed he exp!
pressed intoa eqntamerﬂr &11@1@*
1wuuhinﬂbﬂﬂpﬂﬁra. D
the density you showl
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Iensity (gvccy

 BFiguwrell Bmmﬁvslomy Us. density for two-camponent explo-
 sivecompounds, (Adapted from Johanssan and Persson, 1970.)

elocity and pressure. This is troe up to a point, because

explosive mixture hecomes too dense it will not

- support the formation of hot Spots, and the mixture is

S ‘aid to be dead-pressed. In blasting this can happen

 dynamiecally when the earlier detonation of holes adja-

- et toablast hole generates pressures i that hole that
 comp 'ess its explosive to the dead-press level

& One of the field applications of a knowledge of explo-

- give densit 718 to ealeulate the amount of explosives that

used in blagting. The explosives engineer often

the explosive density (in g/ee) and diametor

. I thfhﬂhm hﬁiﬁﬁ}tbﬁ amount (in pounds) of

3ive per loaded foot of hole. Another field applica.
- density is in the traditional density/stick count.

EXPLOSIVES ENGINEERING
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density of the explosive aﬂd_-fthgnmﬁéfgﬁ 1
g inch cartridges contained in a 50-pound case. Tt §
e noted, however, that there are ﬁBWifangf L
g8-inch cartridges heing manufactured in the U

States today. e

DETONATION VELOCITY i
As was covered earlier under deflagration and detonas g
tiom. the detonation velocity of an explosive is thespeed
at which the detonation wave moves through the explo- S

sive. For most of today’s commercizal explﬂsiw&,iﬁeiﬁﬁéé |

43on veloeity ranges from ahout 5,000 fps furANF(?lm ot

more than 22,000 fps for high explosives such as cast

£0/50 Pentolite. It should also be noted that every explo-

sive compound will have a maximum or ideal detonation .-

velocity, which is referred to asits hydrodynamie velocity. fin
One of the factors that produces a change in defona-

Yion velociby (as we have covered) 18 the density of the

explosive material. A.second parameter that influences

detonation veloeity is the diameter of the explosive

charge. in gener al, as the diameter of an explosive

charge 18 increased, the detonation veloeity is 2lso

increased. This continues antil the explosive’s hydrody-

namic veloeity 18 reached, In the reverse case, as the
locity will

charge diameter 18 reduced, the detonation ve
be reduced to a point at «~hich the charge can no longer
support detonation. The point at which dﬂtﬂnati_m:} no
Jonger occurs 15 referred to as the explosive's eritical
diameter (D). Figure 19 {llustrates the change in deto-
TALIOn selocity with change in charge giameLer for com-=

mon explosives.

DETONATION PRESSURE
AND EXPLOSIVE PRESSURE
Detonabion pressure g that pressur{a'cxpﬂriﬂnﬂEd at
the front edge of the initial reaction Z0Ne. Equations 1 &
and 2 establish a relationship between detonation press o

PIIYSICS OF EXPLOSIVES
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tion velocity versits charge diameter.

ity a,uﬂ demahan velocity. There is another
‘LE&ine ﬂetﬁnmmnpr €10 terms of dat-
mui explosive pﬂrl:n:le velnmt:,; as shown
Dbelow. Because it is almast impossible to
afem;ﬁaﬁuﬂarﬁuﬂmdhﬁrnlﬁhﬂdﬁiﬁit
oh due to dust and expanding gases)
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V18 determined from u.ﬁﬂmaﬁfﬁ
Equesion < e

where: Py = detonation pressure in kilobas g g
V, = dotonation velocity in fest persecond
EE ~ density in grams per siibio o .,“ .:;:-3'..:‘4.1 ; .,
V. = explosive particle velocity ininches

r -
=

As was stated earlier, the detonation pressure wﬁl '-_'{ri

A

shatter objects rather than push them aside. A measure
of this shattering potential 18 referred to as the explo- i
sive's brisance. e

¢ is important not to confuse detonation pressure with |
explosion pressure. Explosion pressure is asgociated with
the walls of the containing medium after the shock wave 3
has passed. This is the pressure that enters cracks in the
confining medium and pushes the material apart. 1t is
also the pressure that expands hot gases outward, foreing
material to be moved or thrown from the area where the
gaplosion took place. The explosion pressure is apbout one-
half of the mazximum detonation pressure.

EXPLOSIVE STRENGTH
The strength of an explosive is defined as a mea-
sure of its energy content and the amount of work 1t 18
capable of performing. Historically gtrength- has had
its greatest application in defining fi::fferant grades of
dynamite. In this role, styength rating was used as an

cking on containers of explosives. In

identification ma i .
reality, however, there ig no accurate meane of mea-

suring an expl osive’s strength, nor do s'trengt_h classL N
Goations reveal how well an explosive will work nnder j:‘
a1l conditions. ek |

For all practical purposes, modern explosive nomen=
clature totally disregards the concept of strength classili-

ey e T E OF REXFLOSIVES
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sns: however, because it still has applications for
<olosives, such as dynamites, we will review the

‘wsic traditional definitions. One definition is

e by weight of nitroglyc-
; ength, or the percentage y weigh roglyc

. the dynamite. For more modern dynamites it is
aged on a comparison of the new explosive with the old,

-r"-ﬁi=ght dynamite. The second definition is bulk
strength, which was an attempt to take into considera-

tion the influence of density.

" The device used to develop strength classifications is
the ballistic morter. The ballistic mortar 15 a4 small can-
non suspended on a pendulum. It is loaded with 10
grams of explosive, and the resultant swing of the pendu-
ham, npon initiation of the explosive, is compared to the
swing of the pendulum when 10 grams of straight dyna-
mite is used. The limited flexibility of the test makes it
difficalt o compare an explosive whose density varies
significantly from straight dynamite.

EXPLOSIVE ENERGY

Explosive energy is a measure of the energy relcased
from the decomposition of an explosive mixture. One way
to define explosive energy is to express it as calories per
gram (cal/z). Different manufacturers may use different
units, but they all are some form of energy per unit. This
method of defining explosive energy is caleulated direct-
Iy from the mixture’s formula,

A second method of expressin g explosive energy is
to equate the reaction of the earth’s material (rock) to
thf.l detonation of the explosive. In sumnplistic terms
this roethed requires measuring how much mataria’t
Wwas thrown and how fast it was moving. This ic not an
easy task, and it is influenced by the nature of the rock
h&lﬁg blasted, Also. this is not a widely accepted stan-
dard for measuring explosive energy, and thus most
gplusxvea engineers need concern themselves onl
with heat of-formation values expressed in cal n::nrz;e:']?-:.r
Per gram.

—



special sand. The explosive is detonated and ¢
of sand that has been shattered is used as an in¢
of the brisance of the explosive. Other methods
of the dent produced by the explosive is used as an indi-
cation of brisance; the copper cylinder contrac i e A
where the reduction in length after the explosive has
been detonated on top of the eylinder mﬁmatesbnm@; e
and the explosive projectile test, where the number, size
distribution, and fragment velocity of an expladed pro-
jectile are used to indicate brisance. :

SENSITIVITY

In the introduction to this book, I stated that there
are four basic methods of initiating or starting expl‘@slvﬁ
decomposition. Because we are interested primarily in
detonation, the preferred method for inatiation is
through a shock wave that is of suificient velocity to
cause our explosive charge to undergo detonation. Thus
our interpretation of sensitivity is “the relative amonnt
of shock energy required to cause an explosive to deto-
nate” For basic applications, the source of the detona-
tion shock wave is a standard blasting-cap-type initia-
tion device.

[n degigning an explosive mixture, the aim is to make
't sensitive to shock initiation from a blasting cap but
relatively insensitive fo other forms of initiation such as
heat, friction, and impact. One of the most prevalent
methods of identifying design sensitivity is to measure it e
hy the size of blasting cap required to initiate the explo-
sive. The standard in the United StatesistheNo.8
blasting cap. & more accurate laboratory means of deter-
mining sensitivity is to use a fixed amount of standard
primary explosive such as PETN. |

erora1 S OF EXPLOSIVES ﬂi o :". , 4



ose relative to explosive sensitivity is explosive
eness. Explosive sensitiveness is a measure of an

sive’s ability to propagate detonation across an air
». One way of measuring this is to divide a 1 1/4-inch

ol R.inch stick of dynamite in half and separate (end to
" end) the two halves by a fixed distance. One of the halves
.~ igthen initiated and a determination is made if the sec-

ond half was initiated over the air gap. This 15 continued
at varying distances until the maximum distance (in
inches) over which the initiated half stick will cause the
second halfto detonate is determined. This maximum
distance is a measure of the explogive’s sensitiveness,

FLAMMABILITY

Flammability is much like sensitivity; it is a determi-
nation of an explosive's sensitivity to being ignited hy
heat. This is a relative measure of the amount of heat it
takes to cause the explosive to burn but not detonate.
Thereis a level of heat that, if reached, will cause the
explosive ta detonate; it is referred to as the critical tem-
perature of the explosive.

PERMISSIBILITY

Permisgibility is 2 go/no-go measure of an explosive’s
ability to be nsed safely in vnderground gaseous mines.
That is to say, an explosive is either a permissible or it is
not 2 permissible. Permissible explosives are designed to
minmize the temperature, volume, and duration of their
flames, By reducing the explosive’s flame parameters, it
reduces the likelihood of the flame igniting gas or du;ts
111 the mine. Permissibles find their gpreatest application
in coal mines, where methane gas and coal dust are »

real hazard.

WATER RESISTANCE
~ Yhe water resistance of an explosive is a measure of
bow many hours it can remain submerged in still water
and still be detonated. Basical ly, this is a measure of how

—— —
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el an explosive keeps water from penetr: ;
oo decaying thei sonsiiviy.

the explosive package or wrapper and the compt

the explosive itself are employed in kasp 3

from penetrating the explosive. This meas e

relative terms of good, fair, poor, ate. e
T4 is important to realize that the test to de o FN T

o B N
A
> i
S =
3 e R 1

explosive’s water resistance 18 conducted in still,

-

.
-

o Iy pure swater and at low pressures. In the field, tie o
wrator that, fills blast holes may be acidic and, at the bots =

Y

tom of the hole, the hydrostatic pressure may bevery
high (depending on the depth of the waler).

FUME CLASSIFICATION

In the industrial application of explogives, the
zageous by-products of an ex plosion are referred to as
emoke and fumes. Smoke is made up primarily of steam
and solid products of combustion. Fumes, on the other
hand, are the gases of combustion such as carbon mMonox=
:de. Those of interest in generating fume classification
are toxic (see Fig. 8).

There are two cla ssification schemes for industrial
explosives——one for permis sibles and the other tor nonper-
missibles. Permissibles are classified as Class A if they
Profuce 0-53 liters of npxipns ases per 1 1/2 pnﬂn&%-ﬂf
explosive. Permissibles are classified as Class B if they
produce 54-106 liters of noxious gases Per 1 1/2 pq_u_ru_;ls_.-pf
sxplosive. Nonp ermissibles are classified as Class 1--1_f:thgy_

produce 0.00-0.16 cubic feet of noxious g4ases per cartridge

of explosive. Nonpermissibles are classified as Class 2 if

they produce 0.17-0.23 cubic feet of naxigus gases per ¢ar-
tridge of explosive. Nonpermissibles are ﬂlasﬂiﬁﬂﬁ.;ﬁﬁ'
Class 3 if they produce 0).34-0.67 cubic feet of noxious

gases per cartridge of explosive.
CHARGE SHAPE

§o far in our treabment of explosives, all expiﬂsi‘:«‘t&'
mixtures were taken to be eylindrical. In thig geometrié

T
LI *I*En
& o
S
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st
s a definite relationship bety et
or and length. This relationship is con-
: reaction products’ lateral expansion and
their need for room to expand appropriately. It
n shown experimentally that most commercial
losives require a charge length that .is four to five
65 the charge diameter to support optimum detona-
" tion. This is another of the key parameters in designing
52 e T - ive train,

i %iﬁlﬁiﬂ C.E. Munroe discovered a second area where
" the charee shape influences explosive performance. By
s indenting one end of a column of explosives and igni ting
the opposite end, Munroe was able to obtain a high-veloci-
' ty plasma. This plasma proceeded from the indented end
i of the charge at speeds greater than the detonation veloci-
t 1y of the explosive. This phenomenon is referred to as the
X Munroe Effect, ar a shaped charge. If a metallic material is
used to line the surface of the indentation, the plasma
generated will be of higher density and thus posses far
greater energies. Good explosive parameters for the explo-

| sive engineer to know and understand.

CHARGE CONFINEMENT

Another factor that can influence explosive perfor-
mance is the degree of confinement of the explosive
charge. In the equations for detonation pressure and
velocity, it is assumed that the charge is totally confined.
This means that in the equation ng allowance iz made for
loss of heat or the release of explosive products, In just
the reverse of the confinement assumption, the equation
assumes that there are no lateral confinements to the
passage of the detonation wave. In essence, these con-
fnement factors tend 1o cause the real world values of
detonation pregsure and velocity to be less than those
produced by the equations.

PARTICLE SIZE
Alast parameter that influences explosive perfor-

EXPLOSIVES ENGINEERING
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also mteraﬁta.ng ta nc;ha thg lnence of red
size on the sensitivity of ANFO, whi h is a key
ter for the .explumves.gmnaeﬁ i
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Chapter Five

it J .~ pumber of explosive characteristics
~ ¥®  have beenintroduced fo aid in distin-
- guishing between differing explosiva
M @ materials. In this chapter, explosive
aa materizgls will be addressed under
four groupings, based primarily on
their utilization. The first contains the
. highexplosives, which are common-
- Ty referred to as primary explosives.
The sceond group is made up of those high explosives that
are called secondary explosives. The third group are those
high explosives used in industry. The fourth covers a few

of the more common military explosives.

PRIMARY EXPLOSIVES

Primary explosives are energetic materials that are
sensitive to initiation by heat, spark, impact, or ﬂ:’l?tmﬁ.
Their primary application is as the first elewentinan
explosive train, which is a sequence of explosive ma.t&ri-
als varying in sensitivity. The first elemem,calladﬁha B
primer, is the mast sensitive and is used toinitiate the
second element, often called the boester. The booster =
atds energy to the detonation wave ganeratedhﬁ*thﬁ e -
primer and is used to initiate the ﬂlﬂ’iﬂ"'ﬁhﬁrgﬁiﬁw;

EXPLOSIVE MATERIALS



e sive brain. The main charge and the booster are sec-

. ondary explosives and are not as easily ignited as the

.~ primer, which is a primary explosive.
- There are times when one or two other elements are
~ added to the explosive train. One such element is a
N delay, which is designed ta prevent detonation of the
‘booster for a specific period of time after the primer has
been fired. The other is a relay, which may be needed to
strengthen the shock wave of the delay so that the boost-
2T Or secondary explosive can be initiated,
Although primary explosives are by far the most dan-
gerous energetic materials because they are so easy to initi-
m;@ﬁhav&'app]imﬁﬁm in other areas. For example,

B e
i ety LA

- mostmatches make use of friction-sensitive compounds in
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ander the sensitivity classification of
When the complexity and extent of prim
multiplied by all the different ways manufz
initiation devices, the &theﬂthemmea :
nous. Rather than cover all these mater
applications, we will concentrate on only thoge
monly used in the construction of such initiation
as blasting caps and primers. Figure 13 contain:
the physical aitributes of common pnmar_-,-r a:q} eg g

_For most explosives engineers, the informationin
Figure 13 is of little use outside of academicinterests.
The average explosives engineer will use commercially
manufactured ignition systems specifically designed o
ignite the booster or secondary explosive being used,
However, for those who may find the need for designing
the entire explosive train themselves, the information in
Figure 13 is of great value.

For example, in designing the primer explosive com-
pound, it is important to know which secondary or boost-
er explogives can be initiated by which primary explo-
sives. Figure 14 illustrates the relative efficiency of vari-
ous primary explosives in initiating some of the more fre-
quently used secondary explosives. From Figure 14 1615
evident that it the secondary explosive is PETN, then
mercury fulminate would be the optimum primary explo-
sive. The least desirable primary explosive, if PETN 1s
the sccondary, wauld be tetracene. _ :

Of course it is also important to know which trigger-
ing mechanism or initiation method is optimum for the
nrimaary explosive. That is to say, it 1s important to know
how you plan to initiate the primary explosive—by
fame, shock, spark, or friction. In the previous example,
mercury fulminate is used as the primary explosiveto-
initiate PETN. Based on Figure 15, mercury fulminateis
most sensitive to impact, which would be thmdeal&g% o
gering mechanism. i Gl

There are other explogive mixtures used at the head

L
g
L3
ar
1
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A gure 14. Primary explosives’ utility.

ﬁmm of explosives. These mixtures may or may not
,_ ks dﬂ}g’lmﬂryexpiﬂﬂwe ingredients. Because they are
~atthe head of an explosives train, however, they are

1nc ﬂﬁﬂinfhlﬂ text. The two most common initiation

s that fall into this category are friction primers

ctior _?rmﬁ:mam any device composed of an ener-
erial Whleh 15 capable of producing a flame from
‘energy. A frictional primer material common tg

10ld isthtz kitchen match. When used in field.
pplications, -@h&ql:i:tﬂh&n match does have
FEEEAlion as a primer. However, the friction-
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‘The most mmmun fnaﬁnn@
translate push or pull energy into frictions
is accomplished hy movement of a rod o ire
friction-sensitive compound. To Ecﬂéﬁt% 16 proe
friction, the rod/wire may be ronghened or srs
matenai may be added to the exﬁlﬁi&w& o
Listed below are the percentage of com position

composition for three typical friction pnmar §oL0

Two-Component Mixture: b
Potassium Chlorate = 66.6 percent (about 2 parts)
Antimony Sulfide = 33.4 percent (about 1 part)

o
LR LR

Four-Component Mixture:
Potassium Chlorate = 56.2 percent (about 6 parts)
Antimony Sulfide = 24.6 percent (about 3 parts)
Sulfur = 9.0 percent (about 1 part)
Ground Glass = 10.2 percent (about 1 part)
Five-Component Mixture:
Potassium Chlorate = 44.6 percent (about 12 parts)
Antimony Sulfide = 44.6 percent (about 12 paris)
Sulfur = 3.6 percent (about 1 part)
Ground Glass = 3.6 percent (about 1 part)
Metal Powder = 3.6 percent (about 1 part)

Percussion Primers Kty
Percussmn primers contain an energatm mmpnund that :&g

cup. Ifneeded an anvil foil is inserted into th& m:tp ] the : :. &
the primer cup is set aside to dry. Th:stypenfprhnw‘i&ﬁ T
often referred to as a Boxer primer. If the primer ﬁn-ﬁa & 4
tain an anvil it is called a Berdan primer. 5
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g N ; r 119 :Bﬂm_l.' primer, a stiff, convex, two- -
mﬂla-r ?lﬂtal ft}il 15 pressed into tﬁe cup {al?tg:'r:ife
| : matenﬂl This metal foil is bent so that the center
tﬂctmth the primer material and the outer
4:11&1&&?3 are secured to the rim of the cap. In
ay ﬁenter .u_i_' the foil acts as an anvil when i:he

ace of the cup is struck by a firing pin.
i ne thepemnamnn primer, the primer cup is
£WEH dﬁg;gned to hold it. When Boxer
igre used thepnmer well has a hole drilled in jts
-enter. Tais hole provides an avenue for the hot
s ~: , m&gthmugh to the booster cha.rgé. or to

¥ ] . o il

iyl .

UL ACE
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the e:plugl?epﬂw& ; .. bes
primer does not cﬁntﬁm I’ﬁs Wn ans

tion HE the ﬂl'l.'?'ll III ﬂlIE EHBE 'bh. 3 fJu"
primer well are located nff—eenter. igure 1i
the basic Boxer percussion primer desig, =

Four typical percussion pnmar“exﬁlﬁsm

are listed below: o ._L
RIME -hfil

P R TYPES PRIMER INGREDIE} _-.N-
; ~ a B ¢ ‘a8

Mercury Fulminate 48.8% 11.0%

o

Potassium Chlorate 25.0% 525% 53%

Antimony Sulfide 26.2% 365% 17% _-'

Liead Thiocyanate 25% '+-'~'=II-

Lead Peroxide il RBH

TNT o ;
SECONDARY EXPLOSIVES

If a delay and/or relay is not used in the exploﬂwq;;. v
train, the explosive most often following the primerisa -3
bnﬂster which is a secondary EX]'.IIUSH!'E The boosteris
less sensitive to initiation than the primer but is more
sensitive than the main or, as it is sometimes cal R
bursting charge. The booster’s role is to add detonation
energy to that of the primer, thus bringing it up tﬂaiwﬁi%
sufficient to initiate the main charge. L :

Booth the booster and the main charg‘e: are secon( -'-' SR

mary ex plnsw&s in three haslr:. wa,xs The first lﬁrfh&t
ﬂndary explosive’s msensmvlty relatwe totha ) wn ik
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ure 16. Percussion primer.

to ge -secondary explosives to detonate than it does pri-
'y explosives. A second difference is that secondary

7es do not normally undergo a DDT (remember: 2
detonation transfer). Secondary explo-
elative insensitivity to ignition by electrostatic
S the third difference between secondary and pri-

UAe category of secondary explosives, too many
e, In general, however, secondary explo-
vided into seven basic groups. Each group

e
oL THEDTRC

sentative explosives are listed below.

y -



4. Ammonium Nitrate
0. Binary:
amatol
C4
6. Ternary
7. Qualernary

There are numerous domestic and fnreig:r _ iE:
turers of explosives. Often their products are ide
performance, even though they may h&v& diffe i
names. To try and reduce the complexity ﬂf dﬂ ribi
commercial explosives, individual manufacturer’s names
will not be used in the following section. In ﬁ-fﬁfﬁ? ‘
explosives will be grouped into classes bﬂﬂﬁﬁ nii‘
overall general properties. -

Dynamite Tl
Dynamite originated when Alfred Nobel mixed 1
glycerin with clay, sawdust, and a mix;mrﬁ _'
Since that time the composition and nature of dyz T
have changed dramatically. Many mgmdmnﬁ have be
incorporated into the composition, producing *Lw Tite
that today are safer and better ﬂﬂﬂtgﬂﬂﬂ 1:& over a
tude of missions. . 5
If you do not include all of the various indiv
ufacturer modifications, dynamite eai :
into three basic classes. The ﬁrsﬁclaa
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- dynamite due to the granular texture of the
al. This class does not contain nitrocellulose. The
d class of dynamite is called gelatin dynamite. This
s of explosive does not have a granular texture but it
~ does contain nitrocellulose. The third class is a granular
~ dynamite (ammonia dynamite) that contains a small
~ amount of nitrocellulose, called semigelatin dynamite.

i

~ Figure 17 shows the relationship between the ingredi-
~ ents of dynamite and the resulting dynamite type, and
 Figure 18 lists typical commercial dynamite parameters.

Water Gels

Water gels are high explosives that do not contain
nitroglycerin. First manufactured by Du Pont in 1958
under the trade name Tovex, water gels offered = consid-
erable increase in safety over dynamites. As water gels
became more popular they took on the industrial name of
slurry explosives.

In general, slurry explosives are made up of four basic
ingredient types. The oxidizer for slurry explosives is
most often AN or AN + NO3, and the fuel 1s TNT, alu-
minum powder, nitric acid, or nitromethane. The gelatin
substance in water gels is guar gum, 3 sugar derivative.
These ingredients are then held together as a2 mixture by
the cross-linking agent potassium dichromate.

For the most part, water gels are of a lower den sity
than most dynamites and have a lower detonation veloci-
ty. They are much safer, however, and when compared to
most blasting agents they have higher density, higher

‘detonation velocity, much higher detonation pressure,
and better wator resistance.

Blasting Agents
T Blastmg agents are explosive compounds that cannot
e bﬁ initiated by blasting caps and are made up of two
- basic nonexplosive ingredients. That is to say, the two
. i M }H@E_dlents of a blasting agent are by themselves
1.-%@3&91951?&5; when you mix them together, however,

F

i F
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e
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xplosive mixture. The most common blast-
NFO, which was covered in Chapter3.
istry and physics of ANFO are detailed enough
’ ould take a separate text to cover all aspects. For
| plosives engineer it is important to realize that the
~ key factors affecting ANFO performance are:
e ) Zero Oxygen Balance. An out-of-balance mix of
U el and oxidizer will result in loss of energy and produc-
_ | gﬁj(}harga Density. An increase in density results in an
~ increase in detonation velocity and a decrease in sensitivity,
| (3) Particle Size. A decrease in particle size results in an
inerease in detonation velocity and an increase in sensitivity.

(4) Percent water. A very little amount of water will
decrease detonation velocity and sensitivity, and just a
Little water will stop detonation.

(6) Confinement. An increase in confinement will
result in an increase in detonation velocity and an
increase in sensitivity.

(6) Charge Diameter. An increase in charge dizameter
of up to 9 to 10 inches will result in an increase in deto-
nation velocity. An inecrease in charge diameter will
result in a decrease in sensitivity up to about 5 inches.

(7) Primer Strength, An increase in primer strength
increase detonation velocity up to a point,

One of the newer commercia] explosives now on the
market is the family of explosives called emulsions. An
emulsion is a liquid that is a mixture of two liquids. That
18 to say, the two liquids in the emulsion are mixed

EXPLOSIVES ENGINEERING




iJ:"ngrEdiant, it dictates the physical nature uf e
sion. Thus an emulsion may flow like a thick liguid

may be made like a stiff putty. Also, bé&mﬂﬁﬁg_; ho

nature of the ingredients in an arrinlaton: thelry ol
nature remains the same over a rather wide ranss of
temperatures. Y e

One of the advantages of emulsions is the fact that
they are quite insensitive, yet once initiated have pood =~
detonation velocities. One reason for the zood detonatien
velocities is the fact that the emulsion is made of very

fine particles that are in a very uniform distribution '3
This means that the detonation process is more uniform 3

than with granular or solid explosives, wherein the e
material 1s not uniform.
B
Military Explosives 3
The military use of explogives ranges from ANFO to Al
exotic experimental explosives with high molecular den-
sitles. Because we have already covered many explosive 5
types, only those explosives with a unique military use i
will be discussed. '

(1) Military Dynamite. Military dynamite is unique in
1ts high RDX content (75 percent), which resultsin a deto- 4
nation velocity of around 20,000 fps. Because of the diffi- ;
culty in obtaining this grade of dynamite, it probably will
soon be phased out of the inventory of military explogives.

(2) Trinitrotoluene (TNT). Trinitrotoluene is the most
widely used military explosive. Its primary use is as a
booster charge or as a demolitions charge. |

(3) Amatol. Amatol is an explosive mixture madé-.ﬂp:éf
ammonium nitrate (80 percent) and TNT (20 percent). It
is used as a more economic substitute for TNT Because
ofits poor water resistance, however, it does not ha?&m e
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» Explosives. Composition explosives
rm of military explosive consisting of two

ent RDX, 9 percent wax. Used as a boost-
ye in demolition devices and as 2 main charge in
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percent RDX, 89 percent TNT, 1 percent wax.
.~ Used most often as the main charge in shaped charges.

g B 60 percent RDX, 39.5 percent TNT, and 0.05 per-
~ cent calcium silicate. Used in shaped charges and other
S e =91 percent RDX, 9 percent nonexplosive plasti-
. cizers. Used 2s a burster charge and as a main demoli-
tions charge where high detonation velocities are

(8) Tetrytol. Tetrytol is made up of 75 percent tetryl and
25 percent TNT. It is most often used as a demolitions
charge that is more powerful and brisant than TNT

EXPLOSIVES ENGINEERING
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* ing. Throughout hlﬁtorytheg“'_

_.l engineer has sought met.hada for
- sisofhis explosive coneoctions. !
~ methods devised byangm" ers are
diverse as the engineers them SL
. Rather than g0 mtﬂ aﬁ

---------

Variables in this test are how mu{rh the Wﬂlﬁhﬁ W =w 3 %
and how high the weight is abtwe the Hﬂ‘vill
test are well cuntrulled espema]ly when tlm t
ducted on an Explosive Research Laborator, '.
Picatinny Arsenal machine. The minimum heig
causes the explosive to detonate or the product of
minimum height and the weight’s waighﬁﬁ: '
measure of impact sensitivity. $0

TESTING



. oact test is called the flying plate test. In
tal plate is explosively driven against an
o sample. The velocity of the plate is a measure

 of the explosive’s sensitivity to high-velocity impact.

~ SPARK (ELECTROSTATIC) TEST
U The spark test is used to determine the sensitivity of
" anexplosive to a spark. In this test the explosive is sepa-

" rated from an electrode by an air space or gap (there are
 many different devices to do this). The energy from a
capacitor or other device 18 digscharged t!?mugh the elec-
trode, resulting in an arch or spark jumping to the explo-
sive. The explosive’s sensitivity is a measure of the ener-

gy dumped into the electrode.

FRICTION TEST

The friction test is used to determine an explosive’s
sensitivity to friction, which is of considerable interest
during manufacturing. One method of conducting this
test is to use a pendulum and anvil. The explosive 18
spread out on the anvil, and a specially designed weight
(shoe) attached to 2 pendulum arm is allowed to swing
hack and forth across the anvil. Sensitivity to friction is
measured by the number of snaps, cracks, ignitions, or

explosions resulting from the interaction of the pendu-
lum shoe and the explosive.

GAP TEST

‘The gap test is used to determine an explosive’s sensi-
tivity to shock or, as was related earlier, its sensitive-
ness. kxplosive sensitiveness is a measure of an explo-
sive's ability to propagate detonation across a gap. One
method of testing is a measure of the maximum distance
(ininches) over which one half of a stick of dynamite will
cause the other half to detonate. Another test is to sepa-
: rate two explosives by an inert material and initiate one
b explosive. The maximum thickness of the inert spacer is

. ameasure of the explosive’s sensitiveness.
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o interest in working or experiment-
- ing with explosives. It is my observa-
‘ ' Zil

_ tion that there are many individu-

‘—==__ ,ls who claim to be explosives ex-

so-called experts can probably get the job done—justbe
careful around them. However, it you are someone who
truly wants to understand the properties of explosives e
then I hope you will use what you have learned in this
text as an introduction to the world of explosive
Continue to study what true ex_parﬁs'-ihaﬁﬁﬁ-%&ﬂ?ﬁ%"
make it a point to apply this knowledge in a safe man;
Killing yourself because you failed to take the timi
understand explosives and their proper handl
stupid, but killing or harming someone else with
sives is unforgivable. o

CONCLUSION




e

Don’t be misled by the tech-
nical title of this book — Explo-
stve Principles 15 a readable,
easy-to-understand primer on
the nature of detonations, as
well as a concise look at the
basic but often overlooked tech-
niques that profess:

v |
ggglonals use to

maximize the performance of

primary and secondary explo-
sives to pet any job done right.
A must for demolition person-
nel, amateur “powder monkeys,”
or anybody interested in things
that go bang.
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