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explosion and thus to strengthen its effect on the object of destruc-
) tion.

v

Fig. 0.1. Splitting Fig. 0.2. Blast hole with charge

of a chunk of rock by of explosive. 1 — ammunition of
imbedding a charge with explosive; 2 — capsule detonator;
stemming. 1 — explo- 3 — stemming; 4 — ignition cord.

sive; 2 — ignition cord;
3 — stemming; 4 — cap-
sule detonator.

Widely spread detonating method is the one where the object of
destruction has a hole, usually of cylindrical form. After the in-
clusion of ES charge, the hole is filled with stemming, which blocks
the exit of explosion gases (Fig. 0.2). In this case the explosion
occurs in closed space and the destructive force is greatly increased.
Holes drilled in rocks to be destroyed for placing of ES charge, de-
pending on the dimensions are called blast holes (diameter to 50 mm, and
depth to 5 m) or slit (diameter to 300 mm, depth from 5 to 50 m or more).

Blast hole method of blastings is widely used in underground
preparatory works and for separating of minable ores, especially in
those cases, when capacity (thickness) of its layers is insignificant.
Deficiency of this method consists in large expenditure of labor and
means on drilling of blast holes. In order to decrease this deficiency,
the boiler charge method is used (Fig. 0.3). The bottom part of a
usual blast hole is expanded in the form of & boiler by means of- one or
several consecutive explosions of small charges of ES. Then the formed
boiler and psrt of the blast hole is filled by explosives; then the
method of boiler charging becomes ana&logous to blast hole.

For destruction of mountain rocks detonation is usually carried
out simultaneously or with small intervals of several blast holes
resulting in better destruction of rocks. An important factor is the
mutual distribution of blast holes, the distance from charges to the
bared surface of rocks and the subsequent detonation.
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Fig. 0.3. Method of boiler Fig. 0.4, Diagram of
charges. 1 — small charges open-cut blasting by
for formation of boiler; 2 — the slit method. 1 -
explosive of basic charge; explosive; 2 — stem-
3 — stemming, a, b, ¢, d, ming.

and e -- consecutive stages
of formation and loading of
boiler.

The most wide-spread method for mining of ores and other minerals
on the surface, as well as underground is the method of mass cave-in
caused by explosions of ES charges distributed in slits. Fig. 0.4
shows a diagram of open-cut blastings by this method. Parallel to
the edge of worked rock bench a number of vertical slits were drilled
with depths somewhat larger than the height of the bench. Slits are
charged with solid or discontinuous charges of ES whose magnitude
attains hundreds of kilograms. The charge is detonated simultaneously
or in predetermined intervals. This method 1is distinguished by its
large productivity, and the accurate calculation of the charged magni-
tude and its distribution corresponding to the rock. Strength is
ensured by the necessary degree of splitting which is convenient for s

loading by excavators and further processing.
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ground does not sustain heavy excavating machines.

Work is started by loosening the upper vegetable cover of swamps
by explosions. Then on loosened lay out of the road dense ground is
packed forming the embankment.
Under its own weight the em-
bankment is lowered slowly into
the swamp, but does not reach
the bottom., At a definite
depth of embankment submersion,
small charges of explosive are
detonated under it. Explosion
displaces the semiliquid mass
of earth from under the em-
bankment, and lowers it onto
the dense bottom of the swamp.
Then the embankment is expanded and additional charges are detonated
on each side of the embankment (Fig. 0.5). By these explosions semi-
liquid mass of earth is displaced a second time on both sides of the
road bed, whose base takes wider and stabler form.

Fig. 0.5. Laying of roads through
swamp by the explosive method.

In peat industry application of explosives presents a significant
possibility to increase the output of this fuel,

Peat massif may be washed by hydraulic excavators only after
thawing, which takes place slowly (2 to 2.5 months), therefore the
spring-period which is the best period for p.oduction is not used in
full measure,

With the help of explosives, frozen peat splits into pieces,
which thaw after 2-3 days.

In petroleum industry ES are used for cleaning of planting pipes,

torpedoing of slits, for elimination of accidents in slits, etc.

After drilling of oil wells steel pipes are lowered into it and
are then cemented. In order for oil to proceed from the layer into
the slit, it is necessary to pierce a number of holes in the pipe and
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industry where it is necessary to make large quantity of rivets in the

manufacture of aviation constructions.

In this method a small charge of special ES is placed in the small
channel, drilled in the rivet rod, After the rivet is inserted in
place, in the riveted sheets, a heated
metallic rod is applied to its head. The
rod heats the rivet and detonation of charge
is stimulated. In the explosion the rivet
end is expanded and binds the detail strongly
(Fig. 0.6).

Blasting applied in agriculture.
Fig. 0.6. Riveting by
explosive method., 1 — It is well known how heavy and time
explasive; 2 — heater, consuming work is presented by stubbing of
stumps. In explosive stubbing of stump a hole is drilled in such a
er so that its end is under stump (Fig. 0.7). Then a charge of
explosive is placed in the hole which
on explosion excavates the stump from
the earth and splits it.

With the help of explosives
soill for gardens and vineyards is
loosened., Trees, planted in pits
obtained by explosive method, grow
faster, since the explosion loosens
the soil well and, furthermore, cer-
Fig. 0.7. Stubbing of stumﬁs tain products of explosion play the
by explosive method. 1 — ig- role of a fertilizer,
g¥£1:§pig:gée? = stemning; By explosive method it is pos-

sible to dig faster ditches for irri-

gation of fields and for draining of swamps. It is possible to dry
swamps also by means of explosion piercing of watertight layer, which
delays the drainage of ground waters.

The importance of ES is not lessened when applied in the struggle
with forest fires. Explosions tumble trees, in order to establish a
clearing for blocking the fire path.

e

o TNy

























IS S W WO B e

S g——

o

clarifying the ability of pourable-potassium nitrate to be subjected
to explosions the preliminary experiments conducted gave negative
results. After this the loosening by explosion was conducted at con-
siderable length of time — in total about 20,000 blasts were conducted
without any mishaps — until finally, on the morning of 21 September
1921, the storage house of pourable-potassium nitrate together with
factory were lifted into the air. In place of the factory a crater of
165 m length, 96 m width, and 18.5 m depth was formed (Fig. 0.8). 1In
the explosion over 500 people were killed and 2000 people were seriously
injured.

The basic cause for the explosion, the largest in history of
chemical industry, was attributed to incorrer . evaluation of the ex-
plosion sensitivity of pourable-potassium nitrate.
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Fig. 0.8. After explosion in Oppau.
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in air state, then this suspension explodes; the force of the explo-
gion of such a mixture is small due to its small density and cor-
respondingly small pressure, which is obtainable on combustion.

If one were to increase the density of this mixture, and con=-
sequently its volume capacity, applying air or oxygen not in gaseous
form but into liquid form an oxyliquite will be obta.ned — one of the
strongest ES.

Change of rate at other equal conditions strongly indicates the

Thus, nitroglycerine depending upon certain
about 8000 and about

force of explosion.
conditions can explode with different speeds:

2000 m/sec. Correspondingly mechanical effect of explosion, for

instance, pressing on the lead cylinders, strongly changes it

[ — E::’Fig. 1:30%
Egj! Ability of chemical transformation to self-propagation. In

onditions of application of ES chemcial transformations excite in
any small part of the charge, after which

i o
| it distributes all over the charge. For

instance, if explosion is evoked by

ignition of ES then direct influence of

B

Fig. 1.1. Deformation flame subjects only small part of the
ggtﬁﬁiiigiligdﬁitgg- substance, Initiated local chemical
gigc:;igi Y%?hsg::g? (a) reaction in this part of the substance
should be able to spread independently

and rapidly all over the remaining substance. In the absence of

ability of chemical transformation to such self-propagation or during

its loss, the ES cannot be applied in practice,
Thus, for instance, if the diameter of cylindrical charge of

ES is greatly decreased and if one were to introduce into the

-47=

-



















































































































































































































































































































O

Pierie acid

Hexogens
Hexogere in solutiem

|

Liguid tetryl
Liguid tetryl
Liquid tetryl
Solid tetryl
Selid tetryl
‘Galetum agide

Table 2.5. Kinetic Characteristics of Pr Iy
Reaction of Disintegration of Different Explosives
=r=:u Active- 2 nn&aﬁu;;: " T 2
h;. r& 2t ;z’: per i ! .
in °¢ 4 hour
m (,1 e -
Methylnitrate NS0 | 4.4 ne
Ethylnitrats 161! 4120 l,lh =l
Mitroglyool (in vapors) 1401 B0 | 14,3 % Asoording
Mtroglyeel b 360 | 15,9 19 m
Mtroglycerine (in vapors) 150— 3B000 | 15,5 8.4 _
Ritroglyoerine "s- 4S000 | 19,2 29
Mtroglycerine 90— SN0 | 18,64 £ Aososting
Bercglyoerine 75— ®%ue | 17,1 40 " %o various
Propylens gyleok dirdtrate 80— 37400 § 15,2 - n ‘.m‘.
T 2imethyl ensglycol 85110 38100 | 15,2 188
nitrate
Ritromethans trimethyl- 7595 ] 3400 | 153 ”
trinitrate
PETN 145— 15,6 20
PEYN ; 19,8 42 4o varicus
PETY 1in solution M- 16,1 2 operations
Ftiylemed tamind 1nit ramine B1] 279 Re
Ammonium nitrete 243361 13.8 w .
Pyrexylin Mo, 1 (13,258 %) | 135~ 17,5 86
2.8
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(Fig. 3.11). During decomposition of the nitro-
glycerine in these conditions nitrogen peroxide
will be formed, which reacts with potassium io-
dine, separating free lodine, which gives with
the starch on the boundary of the moistened and
unmoistened parts of paper, a reddish-brown line.

The nitroglycerine, intended for the prepara-

tion of dynamite, is considered to sustain the

‘a) )
Fig. 3.11. Test test, if a line on the indicator paper appears

?:ge!g:)t::g g;th not earlier than in 15 minutes. To the nitro-

explosive for sta-
bility by iodized
starch sample.

glycerine, use for the manufacture of powders,
are presented more rigid requirements: it should

sustain a test by an iodized starch sample at 72°C for 30 minutes.

The testing of gelatin-dynamite differs by preliminary prepara-
tion, in that the bath of explosive i1s carefully pulverized with talc.
If one were to use dynamite in the form of a solid piece, then nitrogen
oxides separating inside the gelatins will be very slowly diffused
through the layer of dynamite to the air and the test will show
exaggerated stability. During pulverizing with talc the dynamite
obtains a powdery structure, which the separated nitrogen oxides get
into directly in the air and can influence on the paper. Dynamite is
considered sustaining the test, if a line on the paper appears not
earlier than 10 minutes.

The basic advantage of an iodized starch sample is the simplicity
and speed of fulfillment. At the same time, the results of this
sample are subjective enough and to a significant degree depend on the
volatility and moisture content of the substance, from impurities,*

#For instance, a saup}c of hexogene, the curve of test of which is
by the manometric method (p.177 ) testifies to the high stability, given
du a test by iodized starch sample in a small time to the appearance
of a 1line, This was conditioned by the presence og impurities, since
after heating of hexogene in a certain time at 100°C the indications of
iodized starch sample were sharply iﬁgreased.
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‘Pig. 4.6, System of btographic dctermina-
tion of the speed of propagation of a flame

l; and samples of photographs of burning
b). 41 — drum; 2 — lens; 3 — tube with gas.

gas also goes into motion due to the growth of pressure. In this case
the speed of propagation of the flame is equal to the sum of the burn-
ing rate (propagation of flame is a relatively unburned gas) and the
speed of the gas, Furthermore, the surface of the front of the
flame usually is not flat and can change its form in the course of
burning. Therefore, during a calculation of the normal burning rate
according to the values of the speed of propagation of flame obtained
by photographic methods, it is necessary also to consider the form
of the front of the flame, which determines the surface of burning,
and the speed of the unburned part of gas, if it is not equal to
zero, The form of the front of the flame one can be determined by
instantaneous photographs of the flame on motionless film.
Knowing the diameter of the tube d and the lpcodw,oftbc
propagation of the flame, it 1s possible to calculate the volume of

gas v, burning per unit of time,
o 0"'

(p = » = propagation]
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burping occurs in a tube open at one end with ignition at this end.

when burning occurs in a closed space or the exit of gasses is '

hampered, products of the reaction are not only heated adjacent to

the front of flame layer of the unburned gas by means of thermal

conduction, but also, being expanded at the expense of high temperature,

the unburned gas is led into motion, Braking of a layer of gas,

adjacent to walls, leads to irregularity of speed by section of tube;

the flame is extruded in the direction of propagation, s & result

of which the surface of the front of burning is increased and the
wuntity of gas burning per unit of time., Along with this the surface
3 : of the front (in the case of

€
f’ a horizontal tube during

g burning from bottom to top)
increases also due to convec-

tion, and with corresponding

Fig. 4.11, Instantaneous photogra.pt'x aerodynamic conditions and
of the front of the flame during

burning of a gas mixture in a hori- consequently the turbulence
zontal tube,

of the unburned gas. A
typical form of the front of a flame is shown in Fig. 5,11,
‘Acceleration of the propa.ga.tibn of the flame due to the enumerated
causes strengthens the compression of the unburned gas before the

front of the flame. This compression spreads the unburned gas in the
form of consecutive weak shock waves, Every subsequent wave increases
in speed, greater than the preceding and correspondingly overtakes it.
In & certain distance before the front of the flame the totality of
shock waves is joined in one powerful shock wave. The appearance of
such a wave leads to strong compression and heating up of the gas.
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One of the characteristics of the inclina-
tion of burn:.ng of a gas mixture to transition
to detonation 1s the magritude of the predetona-
tional section — the distance from the place
of ignition to the place of the appearance of
detonation. This distance depends on a number
of factors. Thus, with an increase of initial
pressure the predetonational section is reduced.

Fig. %.13, For a mixture of 2H+0, with an increase of
Appearance of

detonation during pressure from 1 to 6.5 atm (tech,) the length
burning of a gas of a predetonational section is decreased from
mixture (flame

spreads to the 70 to 27 cm, With an increase of the length
right from above). of tube the predetonational section increases.

There is, however, a certain minimum length of tube with the decrease
of which detonation does not appear,

With an increase of the diameter of the tube the appearance of
detonation is hampered. This influences the increase of initial
temperature. During an explanation of this phenomenon it should be
considered that an increase of temperature at constant pressure
signifies a decrease of the density of gas, i.e., a decrease of the
concentrations of reagents.

Roughness of walls of the tube strongly reduces the predetonational
section and expands the concentration limits of the transition of
burning to detonation., There are mixtures (for instance, benzene +
+ air), which burn without transition to detonation in tubes with smooth
walls and detonate in tubes with rough walls.

Dilution of the mixture by inert gasses or a great surplus of
one of the components increases the:predetonational section. For
mixtures of acetylene with oxygen, nitrogen oxide and nitrous oxide
the dependence of the magnitude of the predetonational section on the
composition (according to Le Chatelier) is given in Table 4,3,

There are known critical values of the composition and pressures,
which limit the region, outside of which spontaneous transition of
burning to detonation is impossible. The interval between these is a
concentration limits rather than an interval ov combustibility. For

-208-










































m the last two decades the study of burning explosives was
also studied, whith gave an actual picture of this phenomenon, as
wa2ll ._.’u- theoretical interpretation.

These investigations were conducted by a new method — in bombs
of constant pressure with burning of a cylindrical charge from face
and photographic registration through transparent windows of the
character and burning rete, also determination of the average burning
rate by the time interval between burnout of two thin wires, inter-
secting the cylindrical charge at a definite distance from each other
was used,

1. Surface Propagation of Burning

Speaking of the burning rate, it is necessary to distinguish
two phefhomena: itself burning, i.e., propagation of burning inside
a solid mass of an explosive by a norm to its surface, and surface

propagation of burning, i.e., faster propagation of burning tangent
to the surface of the charge, on the boundary of the explosive —

the s . During burning in air the speed of surface
m propegation of burning is deter-
mined to a significant degree by

the reaction of products of burning
(1f they include combustible gasses)
with oxygen of the air, This
reaction occurs on the boundary,
which touches the explosive,
products of burning and air (line
AB in Fig. 4.19). Burning of
combustible products of incomplete
combustion at the expense of atmos-

pheric oxygen leads to an increase
photography of cartridge of

powder before igniting (b) of temperature and, as & result,
d in air (¢). evokes accelerated propagation of

an

1 — predusts of burning burning on the surface of the charge.
As a result of this, the face of

the ignited from above the cylindrical column of the explosive takes

the form of a cone,

Fig. 4,19, System (a) and
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Burning rats in cm/see *
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Pressure in kg/om? |

Fig. 4.31. The influence of
pressure on the burning rate
of nitroglycol.

Also (on gelatin liquids) the
influence of viscosity on the stabil-
ity of burning was studied; it was
determined that the stabilizing
influence of viscosity quantitatively
corresponds to the theory.

It is necessary to add that the
transition to an unstable region
usually leads to burning a pulsating

condition, which proceed with a speed

exceeding the speed of undisturbed burning by a few times. Figure 4,31

shows the change of the burning rate of nitroglycol at pressures, lying

below and above the limit of the transition to a region of unstable

conditions. In both cases speed grows with pressure linearly, but in

the last case — much faster.

GRAPHC NOT

Fig. 4.32., Photograph on moving
film of burning at 16 atm (tech.)
of gelatin nitroglycol (a) and

non-gelatin (b).

Figure 4.32a, gives a photograph on moving film of the burning

of gelatin nitroglycol at 16 atm (tech.). The burning goes evenly,

and in the photograph two flames are distinctly conspicuous: the

primary — in the form of a narrow line and at certain distance from

it — a wide bright secondary flame.

Burning of liquid non-gelatin nitroglycol (Fig. 4.32b) with those

same conditions goes with intense pulsation. A secondary flame in
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If one were to designate by n the number of turns of the mirror
per second and by R the distance from the mirror to the film, then

the linear speed of unfolding vy will be equal to

O o2 2wl == 4=Rn.
An additional coefficient 2 enters in the expression for vy
because the angular speed of rotation of the beam is two times higher
than angular velocity of the mirror. Thus, the speed of unfolding is
determined by the number of turns of the mirror and the distance from
the mirror to the film,
At first sight it seems that the

- simplest method of increasing v, is a maximum

L
increased R, however this is not so. Instru-
ments with a large optical arm are incon-
venient in operation and, mainly, worsen
the clearness of the image, therefore the
Fig. 4.48., Sample of a
photograph on a photo- magnitude of R is usually taken as moderate.
register of the mirror
type. The slanted light Thus, in a photoregister of the mirror type
band is the effervescence
of detonation; the band SFR, developed in the Institute of Chemical
of light on the left is
the effervescence of Physics of the Academy of Sciences of the
expanded products.

USSR, the magnitude of R is near 24 cm.
The number of turns of the small dimension light mirror may be very
large. For instance, in the SFR instrument n = 1000 revolutions per
second which with R = 24 cm gives v =~ 3000 m/sec. This speed of
unfolding considerably exceeds the maximum obtainable speed for a
photoregister of the drum type. The speed of detonation is calculated

by the formula, analogous to (4.41)

Do K L-mdxRAK L. (4.41a)
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in any position, The necessity of synchronization of the moment of
explosion with a definite position of the mirror introduces certain
complication, but it does not have an essential value as compared to
those advantages, which the instrument gives. With use, for instance,
fo the SFR instrument, it is possible to measure the speed of detona-
tion of the base of 10-12 cm with a precision of separate measurement
near one percent, Certain modification of the instrument allows
obtaining instead of continuous unfolding in time of a series of
separate photographs (frames), the following one after the other with
a frequency up to 2.10 frames/sec. Samples of such photographs
(magnified) are shown in Fig. 4.49.

GRAPIG NOT
REPRODUCIBLE

Fig. 4.49., Sample of photographs of detonation,
obtained with the help of SFR-2 in a variant of
time beams. The charge is in the form of a
parallelepiped 30 x 76 X 120 mm, The lens is
turned to the side 30 x 76. Photographs were
produced in two microseconds. Imprints are given
for the moments 8, 16, 24, 32, 43, 64, 80,

96 microseconds from the beginning of the explo-
sion. Initiation is from above (in the middle).
Below is a scale rule, The big division (light
section of the biggest length) is 150 mm.

Photoregister of the mirror type is at present the basic instru-

ment for exact measurement of the speed of detunation.
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during supply to them of voltage deflects the electron beam in a
vertical plane; the second pair of plates 5 deflects the beam in a
horizontal plane. Let us assume that on one pair cf plates voltage
moves, variable in time according to the rule, close to linear, then
the beam will shift along screen with a constant speed. By such a
simple method we ensure temporary unfolding. If on the other pair of
plates jumps of voltage fall, for instance, obtained in the system of
Fig. 4.50, then these jumps will unfold in time. During photographing
of the screen of the oscillograph on still film we obtain a recording
of the® type depicted in Fig. 4.52. Frequent for such recordings
double-beam oscillographs are used; a second beam (lower beam on

Fig. 4.52) is used for drawing time marks. For that on the unfolding
of the second beam, moving with the same speed as first, signals of
strictly constant frequency pass, for instance, from a crystal oscil-
lator,

The electrical circuit has a device for starting unfolding of the
scillograph which can be carried out with the help of an auxiliary

b kransducer, located ahead of the basic working transducers.

Comparing the distance between the two jumps
of voltage with time marks, it is possible with

grei..t accuracy to determine the interval of time

t between jumps, which in accordance with the

Fig. 4.52. Image above stated is equal to the interval of time
on film during

oscillographic between income of the detonational wave to the

determination of

the speed of intervals 1 and 2 accordingly (see Fig. %.50).

detonation : ;

(diagram). If the distance L is measured beforshand, then
: e

¢
The use of a cathode oscillograph allows with high accuracy to

determine the time t, therefore, also with high accuracy it is neces-
sary to measure the distance L (up to the use of measuring microscope).
In the simple diagram, shown in Fig. 4.50, there are only two
spark gaps. Somewhat complicating the diagram, it is possible to
345~
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introduce many such intervals and to measure the speed of detonation
on several sections of the charge, which is very important for tran-
sient detonation, proceeding with variable speed. (For obtaining n
bases of measurement, obviously, it is necessary to have n + 1 inter-
vals.)

Figure 4.50 shows only the fundamental diagram of ionization
transducers in the form of spark gaps. In practice various construc-
tions were used as ionized transducers (faces, needles, foils, etc.)
depending on the state of the charge of the explos.ve (liquid, poured,
pressed, powder).

Accuracy of the measurement of speed of detonation depends on
the time of unfolding the cathode oscillograph., If, for instance, on
0K-17, oscillograph is used for measurement of the speed of detonation,
developed by the Institute of Chemical Physics of the Academy of
Sciences of USSR, for which the minimum time of unfolding is 3 micro-
second (i.e., in 3 microseconds the electron beam will pass the entire
screen), then with a base of measurement of 2 cm (in the case of
powerful explosives with a great density such a distance will be

passed by a detonational wave approximately in 2.5 microseconds) the

ror will be in the order of one percent.

Even greater accuracy can be obtained,
using an oscillograph with spiral unfolding,
an example of which is the O0K-15, oscillo-
graph, also developed in the Institute of

4.,53. Recording £
En Pilm during deter- Chemical Physics of the Academy of Sciences

mination of the speed of USSR.

hown
R At et e on An An example of recording is sho

oscillograph with . 4.53. Unfolding goes by a spiral:
spiral unfclding (dia- e 2 "TRRCAGENG EORE- NS P
gram). 1 — first jumps of voltage due to consecutive short

waste material; 2 —
second waste material. .jircuiting of ionization intervals by the
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Fig. 4.61. Appearance and
development of detonation during
transmission of it through an
inert barrier.

colored photography. Between
frames 15 and 17 detonation starts
spreading as one may see to

frames 17 and 19 in both
directions.

It is necessary to indicate
that these observations comprising
the experimental basis of the
hypothesis of Cook, can also
obtain another interpretation.

Along with a homogeneous
mechanism of heating up another
is also possible, when the reaction
starts in separate points of the
explosive, where local heating
up appeared, similarly as this
occurs during excitation of an
explosion by a mechanical blow
(see Chapter V).

Local heating up can be formed

by various ways.

If an explosive is mechanically nonuniform then during passage

of a shock wave particles or layers of it go into movement with

various speeds and friction appears between them., Furthermore, with

mechanical heterogeneity the explosive is nonuniform and heating

up is evoked by the shock wave,

The irregularity of heating up

favors the appearance of hearths of reaction in sect!ons, where the

temperature turned out to be high.

Mechanical heterogeneity of an explosive can appear f:rom dif-

ferent causes for instance, due to the presence in the explosive of
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Fig. 4.62. Detonation of a charge of
granulated tetranitrate, composed of three
parts. In part a)intervals between particles
are filled with butane, in part b) with

air in part c) with argon. The photograph
was done through a narrow slot, 1 -
detonator, 2 — tetranitrate, 3 — water
Jjacket, 4 — membrane,

air occupies the intermediate position.

It was also shown that intense radiation is obtained from
granulated table salt if one were to place it in larger form in a
very dense plastic explosive and explode this laminated charge in
water (Fig. 4.63). An explosive, containing almost no air, emits

Fig. 4.63. Photograph of a laminated
charge showing an intense glow in the
zones of location of a salt.

very little light and only leaves a weak
trace on the photographic film (the glow of
air, adjoining the explosive from without
was removed by encirclement of the charge
by water). This proves that gas pockets even if they are not in

the explosive, but in an inert powder, are strongly heated during
passage of a shock wave,

Development of the reactions

Whichever of the considered mechanisms was called a chemical
reaction in the front of the detonation its further development
apparently always occurs nonuniformly, which is very essential for 1
understanding the influence of different factors on the flow of the i

process,
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3 During excitation of slow detonation

the pressure in the front of the shock wave

¥ ried

is small and the reaction frequently does
not reach the end; it starts in compressed

bubbles and spreads by means of the surface

= burning of particles with subsequent secondary
;:”— reactions of products of disintegration in

the gas phase, With an increase of pressure

J and speed of detonation the particles of an
Fig. 4.64. Photo~

graph on photoreg- explosive are subjected to compression with
ister of transition

of detonation with & corresponding increase of their temperature.
small speed to det-

onation with great This increase of temperature leads to an

speed (6000 m/sec) i
for a nitroglycerine additional increase of the burning rate. With
explosive,
a definite pressure compression of partizles
starts

becomes so great that reaction in volume /to play a role., It is
possible that in certain conditions the reaction appears in parallels
on the surface of the particles and inside them, With a further
increase of pressure the inner-particle appearance of the reaction
obtains the predominant role. In this case the presence of gas
bubbles cannot essentially affect stationary propagation of the
process although it is able in spite of this to render a significant
influence on its appearance (sensitivity of the explosive).

The considered presentations are applied not only to chemically
uniform explosives, but also to mixtures, consisting of components
of various reactivity, for instance from detonating explosives,
oxidizers and nonexplosive fuels. In this case the surface burning

of particles of different components of the given layer of the

explosive occurs with various speed and therefore nonsimultaneously.
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also determines the relatively very large oscillations of the results

observed during experimental determination of sensitivity to a blow.

The appearance of local heating up during friction of hard
surfaces, among which is an explosive. Bouden experimentally showed

that during friction of metal rod against a glass disk a local brief,

but strong heating up occurs, which it is possible to photograph. The

increase of temperature can also be observed and measured by the
appearance of thermoelectromotion force, if friction is carried out
between two different metals. Curve of the change of thermoelectro-
motion force (Fig. 5.6) is a number of consecutive peaks, the
amplitude of which shows that during friction of refractory metals
view high temperatures can be attained. The experiment showed that

heating up of such a type are also observed when the rubbing surfaces

L
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are moistened with a liquid.

) |

E il ’5 In light of these obser-
5

g' ¢ vations it is natural to

.

é =':-. assume that if between

L4 =. I mh . bi.

. e Foapan Sl e ' rubbing surfaces there is

E3=Fig. 5.6. Recording by cathode oscil-
lograph of the thermoelectromoticn
force, appearing between a slider of
constantan and a polished steel surface.
Normal pressure of 500 g; speed of slip
300 cm/sec; rises of temperatures are
significant and very brief.

an explosive, then the

explosion of it, appearing
during friction, is caused
by the shown heating up.
The appearance of hearths of heating up during friction of alien

hard rticles, contained in an explosive. Heating up for this reason

can appear during slipping, and also during a normal blow, when it
evokes flow of an explosive, containing hard impurities. It is

e e P

known that even small quantities of certain hard impurities can

increase the sensitivity to a blow.
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If ES is placed directly on the anvil, then it is difficult to

ensure the constancy of the thickness of ES layer as well as the area,

over which the energy of impact is distributed.

It is also difficult

to insure the parallelism of surfaces of the impactor and the anvil.

i

@

-2 7

Fig. 5.10. Kast desigr

of impactor for deter-
mination of the impact
sensitivity of the
secondary ES. 1) anvil;
2) stamping device; 3)
load; 4) load clamp;

5) guide rail; 6) toothed
rod; 7) tooth for catching
the load on the rod during
rebound. s

Therefore, the ES samples (0.02-0.05 g)
are usually placed in a special stamping
device (see Fig. 5.4), which is centered
on the anvil by means of a metal brace.
For pistons rcller bearings are used,
charascterized by the high degree of
constancy of the mechanical properties
and accuracy of the dimensions.

In the stamping device the possi-
bility of misalignment of the piston
during impact is reduced to a minimum.
The area of impact and the thickness of
ES layer are constant, and the repro-
ducibility of experimenta’ results is
much better than in the case of test
without the stamping device.

The stamping devices exist basically
in two variations (see Fig. 5.4a and b).
If in device No. 1 the roller is accu-
rately fitted to the bore and has no

rough faces, then during impact viscous ES will only be compressed,

and will not leak out.

If, at the same time, the ES does not contain

any air bubbles, then heating and consequently explosion will not

occur, even if for the excitation of explosion of a given ES only

slight heating is required, which may be easily obtained during

=§62-



friction. In order to detect the high sensitivity of ES under
conditions of its flow, one should also conduct tests in the device
No. 2, which differs by the presence of a groove in the casing at the
level of the location of ES. Experiments show that viscous ES, which
do not explode in device No. 1 can, with all other things being equal,
produce a high frequency of explosions in device No. 2 and in the
corresponding conditions of practical use.

The device used by the All-Union Government Standard 2065-43
(see Fig. 5.4 ) 1is something Mtemod.uto between the device No. 1
and the device No. 2. Rollers of the standard device have faces,
which form a radial clearance, which to a certain
extent plays the role of the groove in the device
No. 2. |

During tests on the Kast's impactor one uses
loads from 2 to 20 kg depending on the sensitivity
of ES. In view of the poor reproducibility of the
results, the impact sensitivity tests are conducted,
as a rule, in parallel to the standard ES, which
are close in sensitivity to the tested substances
(trotyl, tetryl, pyroxylin etc). It is alao
recommended to conduct tests by the "variable
impact" method, alternating the expe:im nt: with

Fig. 5.11. the unknown and the standard ES. Such a method
Kozlovls de218"  tends to eliminate the influence of those uncon-

guides; 2) load
clamp; 3) load;
4) anvil.

trollable changes of experimental conditions,
which can take pinco in the course of every series

of tests.
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For the determination of the sensitivity of primary ES one
normally uses the Wdhler impactor, the construction of which may be
seen on Fig. 5.12, The tested primary ES (0.02 g) is pressed into a
brass primer cap and covered by a circle of copper foil. Five
experiments are conducted at every position of the pendulum. Normally
during tests one establishes the so-called upper and Jower sensitivity
limits. The first of the limits corresponds to the minimum height at
which all five experiments give explosions, and the second limit
corresponds to the maximum height at which all experiments give
rejections.

The characteristics of the impact sensitivity of a number of ES
are given in Tables 5.10 and 5.11 for the secondary ES and in Tables
5.12 and 5.13 — for the primary ES. Tables 5.10 and 5.12 are compiled
according to the data of Kistiakowsky
in an American book: Encyclopedia of
Chemical Technology. In one of the
recent works on the impact sensitivity
of E? and methods of testing the most
complete summary of data 1s given on
the scn~itivity of a large number of
ES. "r~2se data are contained in
Appenu.x 3. It 1is necessary to stress
Fig. 5.12. Wbhler imps~tor.

1) iecmd; 2} ejector; ) stand again ihat the data ¢° all tables with

with a capsule, striker and a

protective clamp. respec. (o the absolute values of
given gquantities as “ell a3 wi*h

respect to their relative values are very conditional in nature.

This results from the fact that the sensitivity depends strongly on

many conditions of impact, which for various researchers, Jjust as in

practice, are not identical. This peculiarity of the sensitivity of
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Further experiments showed that the explosive tendency of dry
calcium nitrate occurs only if the oil content exceeds 5%.

The quantitative evaluation of the explosiveness of those
gsubstances, which are capable of exploding, under various conditions
encountered in their use is also of great practical significance.

Such evaluation is done by determination of the critical and limiting
diameters (see page 283 ), tests for completeness of detonation of the
elongated charge and transmission of detonation under different

conditions (see page 527 ).

4 *b)

Fig. 5.18. 1Iron tubes after exploding in
them calcium nitrate. &) with 13.2%
moisture content; b) with 13.2% moisture
and 4% oil content; c) dry calcium nitrate
with 9% oil content.

4, Effectiveness of Initiating Impulse

Determination of the initiating ability
0 r osives

This determinat.on is generally conducted by establishing a
limiting charge of tested substance with respect to some single
secondary ES. This method consists in the following.













The basic weakness of all indirect methods of testing primer
ps 1s the fact that the initiating action is judged from the

chanical effects: piercing of the plate, flexure of the nail,
pulverizing of the sand etc.

At the same time it is impossible
to consider that initiating
action is simply determined by

these effects. Moreover, in ;

Fig. 5.20. The form of a plate some cases this is known not
after the experiment. a) normal

action of primer cap; b) incomplete to be so. For instance, during
explosion.

tests of primer caps in a metal
case with an indented Lottom, the breakthrough action on the lead
plate is much greater than in the case of a flat bottom. The initiating
action, determined by direct method is not increased.

For this reason indirect methods can be considered applicable
only to the quality control of primers of the same construction, but
not for the comparison of different types
of primers charged with different types of
ES. For the latter purpose one should use
one of the many direct methods.

The direct method determines directly
the initiating action of the tested primers
with respect to phlegmatized standard ES.

L+ &%)
RS

Fig. 5.21. Nail tests The maximum content of deterrent, at which

of primer caps. a)

nail with primer c‘p) the primer still produces a complete ’
before explosion; b ! :
nails after explosion explosion, serves as the measure of the |
of different primers. initiating action. Variations of this

method differ with respect to the selection of phlegmatized ES,
deterrent and the method of establishment of the completeness of the

87~
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Fig. 10.7. Photograph of explosion in mortar-

groove of explosives containing: a) 15% nitro-

glycerine and a mixture of sodium nitrate and

wood meal; D) 15% nitroglycerine and inert

salts only.
of the last two components occurs only at sufficiently high pressure.
When a chaxrge without durable shell explcdes, the sodium nitrate and
wood meal behave like inert components, Graphic proof of this 1is
provided by a comparison of photographs (see Fig. 10.7) of an explo-
sion in a mortar-groove of identical charges with 15% nitroglycerine,
containing a mixture of sodium nitrate and meal (a) and inert salts
only (b). The full similarity of the character of glow convincingly
indicates that under the given conditions of explosion, sodium nitrate
and wocd meal act as "inert" additives. Still more graphically this
is confirmed in experiments, in which were gathered the solid residues
after explosion in the mortar-groove. These residues in significant
measure consisted of unreacted wood meal and sodium nitrate, surviving
the passage of detonational wave, The fact that in the presence of
a durasble shell they nevertheless react, shows the significant explo-

sive action of explosives in these conditions, Of course, this action
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prepared cardox is introduced into the blast hoie, u.illed in the
coal or rock, The heating composition is ignited by passage of cur-
rent; the heating of the liquid carbon dioxide increases its pressure,
the disk is cut away and the gases rushing through the discharge

head crack the surrounding medium, Tube can withstand a large num-

ber of detonations,
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Fig. 10.8. Explosions of freely suspended
charge of two cartridges of a safety explosive
without a shell; a) in an inert shell, b) and
in an active, c) safety shell,

b B

Fig. 10.9. Longitudinal cross-section of car-
dox cartridge. 1 — steel tube, 2 — discharge
head, 3 — steel disk, 4 — ignition head, 5 —
valve for f£illing with carbonic acid, 6 — car-
bon dioxide, 7 — electrical inputs, 8 — heating
composition,

The use of cardox assures high safety with respect to ignition
of the methane-air mixture and gives a large yield of large coal
lumps, but the destructive action 1s less, and in many cases insuf-

ficient and hence more expensive than the usual safety explosives,
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In certain cas:i, how: , conforr ity be’ the heat of
explosion and megni:.u ie of .~ -ne is not observe : Thus, black powder

with a relatively 1w heat o. explosion will f. a large flame,

This is explainec by he f. ' that blaci powde: ioes not detonate,

and only burns at g:c t sp «. : the chemica res tion proceeds compara-
tively slowly and tk: flar s large dimensiors and duration. £s

a result, black powc.: tur: out to be one of the most dangerous
explosives as regarc  She . tion of gas- and Just-alr mixtures,

The qxanple of ..ack 1 ler shows that the du "ation of the flame
is determined not or. by %! theoretical T~emperature of explosion,
attainable with the ~: of 'l of the heat of rcaction in the heating
of its products, but . leo Ly character of flow of the chemical trans-

formation., In detor: lona! ‘ransformation gase: are formed under

~ high pressure; corr .ondir 'y, they expana rapidly and are cooled,

especially if work i accorplished in exransion. If however, we
are dealing with explosive which detonate slowly (large thickness
of reaction zone), and esp clally with explosives not detonating,

but rather burning, than the cooling of ;ases ccc!'rs more slowly.
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2. In the method propose runswig, the photographic film
is motionless; in front of it e revolves an aluminum disk, having
a number of slots, The width of the imsge of the slots on the film
serves as a measure of duration of the flame, Simultaneously there
is produced a photograph of the flame on motionless film, which
allows measurement of the magnitude of the flame (Fig. 10.11),

On the basis of results obtained under certain identical condi-
tions, with respect to duration of the flame, explosives could be
divided into three groups:

1. Substances, forming large and prolonged (to 0,25 sec)
flame, To this group belbng black powder, nitroglycerine; and ful=-

minating Jelly; i.e., explosives dangerous

with respect to gas and dust,

Fig. 10.11, Photo~-
graph of explosive
flame produced by
Brunswigt!s method,

Fig. 10.12, Photographs of
flames of various explosives,
a) fulminating jelly; b) safety
explosive,

2. Substances which generate a flame of small magnitude, the
duration of which is below 0.002 sec. To the second group belong
the safety explosives (Fig. 10.12),
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3. Substances which form a double flame (Fig. 10.13). After a
small and brief primary flame, appearing on the plate directly for
mouth of mortar, there appears a significantly larger, remote from
the mouth, secondary flame, separated from the primary flame by a
dark interval, The secondary flame appears as the result of the
ignition of combustible gasiform products of explosion after theilr
mixing with air., The secondary flame is produced only by explosives
with a strongly negative oxygen balance (for instance, picric acid
or trotyl), forming in an explosion much carbon monoxide, hydorgen,
and methane, The addition to such explosives of flame extinguishers,
e.8., 5% sodium chloride, removes the secondary flame (Fig. 10.13c).
The duration of the secondary flame is comparatively great, For
picric acid it constitutes nearly 0,01 sec; the interval of time
between primary and secondary flame is nearly 0,001 sec, Due to the
great duration of the secondary flame, the explosives which form it

are very dangerous with respect to both gas and dust,
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Fig. 10.13. Photograph of double flame in
an explosion of picric acid and trotyl,

ci picric acid; b) trotyl; c) picric acid
with 5% sodium chloride,
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the different intensities of shock waves, but was apparently, caused

by burning of the products of explosion upon braking at the wall.

GRAP. 3T
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iFig,'io.iu. Photograph of explosion in
mortar-groove of two safety explosives.
A large influence on the character of glow is exerted by the
distribution of reactive component (liquid explosive) in an inert
salt; that distribution, which leads to a strong and prolonged glow,
is simultaneously dangerous with respect to the ignition of the methane-

air mixture as well,
Ambient effect on glow in an explosion

The light phenomena observed in explosions until recently were
considered caused solely by the glow of products of explosion of
solid (if they are formed) and gaseous products, heated at the expense
of the heat of explosion to a high temperature, The work of the
French researchers Mirauer and Michel-Levy showed that radiation of
the products explosion is not the only, and often not the basic
source of glow in an explosion,

Mirauer established a strong dependenc: of the intensity of glow
on properties of the gas, in whose atmosphere the charge is detonated.

Experiments were performed in the following way: small lumps of

~T60-






(Fig. 10.17). A sharp strengthening of these deposits is observed
only approximately at the mid-points between the lumps, where the
particle of the products of explosion of neighboring lumps meet,
The maximum glow on photographs corresponds, however, not in this
zone, but to the zone, directly adjacent to a "passive" lump, and
besides this, has definite directedness (Fig. 10,18)., Furthermore,
in gases with a large heat capacity, glow disappears directly at

the surface of the transmitting lumpe of azide.

SRAPHD "7
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Fig. 10.,15. Glow during lead
azide explosion in various
gases, a) in argon; b) in
nitrogen; c¢) in carbon dioxide;
d) in butane,
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Fig. 10.16. Dependence of intensity of
glow in explosion of lead azide on pres-
sure of surrounding gas.
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deposits . .er wig., 10,18, Glow
explosior «. chein in explosion of a
of lumps | lead chain of lumps of
azide on ¢ 4SS, lead azide,

Finally, if .ne glow were emitted by gases of explosion, then
one should have expected a strong dependence of the intensity of
glow on the tempe :ture © exnlosion, Experiments with mixtures
tetranitromethane ~nd toiuene with different temperature of explosion
(6000°C znd 4500°C), but with approximately identical brisance did
not exhibit a notic:able distinetion in the intensity of glow,

All of this is very difficult to correlate with the assumption

,&Jpat the glow emanates from the gasiform products of explosion as

L
e
& sucii, or in mixture with the surrounding gas.
z.,:- i

e Therefore, as the cause of glow one should con=-

D=
smmc g‘ sider the shock wave that heats the gas, through
[ = fl which it passes, to very high temperature.
-
e L calculations show that if in air at atmos-
o

pheric pressure, there propagates a shock wave
on front of

Fig, 10.19. Glow with jump of pressure/Just 700 atm (tech.),

during reflection
of shock wave from .

freely suspended then in the zone of compres: ion there may he
sheet of paper. attained a temperature of 10,500°C; for argon
with those same conditions calculations give 27,000°C, ©Of course,

these figures are -~ rongly exaggerated, since they were calculated

~T63~.
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