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Electromaegretic Radiation Produced in the Detomation
- of Industrial Explosives

V. N, Zenin and V. N. Mits
Makeyevka Scientific Research Institute for Mine Safety

Sources Veryvnoye Delo (Blasting) Fo. 52, 9, 1963, pp 115—129

The electromagnetic radiation which results from the detona=-

tion of explosive charges, first discovered by Ivamov (1), is one

of the least investigated of the phendmena which accompany the
detonation. In the few works devoted to this question, essent-
1ally only the fact of the radiation is stated and one or another
hypothesis is brought forward to explain the phenomenon. Thus,
in the work of Kolsky (2) the appearance of radiation during the
‘explosion is explained by the formation of dipoles, due to the
gseparation of negative and positive ions in the expanding explo-
siop products. The origin of such & saparation is the different
mobility of iona of unlike polarity. In the works of Koch (3)
and Takakurs (&) this phenoﬁenon is explained Yy other causes,
of & rendom nature. They assume that the radisticn arises be-
.causé of the nmuvusl retardation of a group of iike chsrges in
turbulent motion., The statistical superpositicn of radiatien
from such “single™ sources yields the observed electromsgnstio

.
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pulse.,

The hypotheses in question are in contradiciion with certain
experimental data and reliably establichzd facts, namelys

as will be shown below, with each explosive is associafed a

characteristic and reproducible pulse of electronaénotie radige

" tion, which is difficult to axplaia by the rardom sources suggos;'

ted by Koch and Takekura;

Koisky's hypothesis is based ox the assumption that the
ionized detonation products consist of positive and negative
ions, At the same time, it can.be assumed to have been demon-
strated (5) that in reality they consist chiefly of positive ions

and free elsctrons,

Considering the shortcomings of the hypotheses in questicn,
several other explanations of this phenomenon suggest therselveas

to us,

The ionired detonation products consist principally of free
electrona and positive ions. These producta expaad from thes cen-
ter of tke explosion to the periphery under the influsnce of the

exco8S pressure,

Haking use of the methods of the kimetic wolecular theory
of gases, it can be shown that the relative =mobllity of ions and
free electrons in the pressure field is determinsd ty ths Ixpres

sion

¥ M "-;’ .

BB

I D o - Sy




- — e e

[P

s

.fﬂ . ' My .
" A e l
where k, is the mobility of the ion;
k, is the mobility of the electron:
my is the mass of the ion;

m, 1s the mass of the electron.

From Eq. (1) it follows that the mobility of the ioms in the
pressure field will be considerably greater than ths mobility of
the electrons. Consequently, during the expansion of the explc-
gsion products a separation of carriers of unlike charges will de-
velop, resulting in the formation of a spatial dipole whose mo-
ment changes with time. As is well known, the fo¢rmation of such
a dipole alwgys is accompanied by the emissicn of elactronaéﬁétic

radiation. Tho maegnitude of the signal received Ly en sntsnna is
then determined by the expression

&3
A=c. SN . [p1)

whero ¥ is the dipolo moment

¢ is a constant factor.

It may be assuged tﬁat the cloud of expandieg explosicn
products is approxjmately eymmetric with yreaspect to the axie of
the certridge case, that is, it bas the form of e cylinder.. Ve
consider an olementary volume 4V in such & ¢yliader. The Guale
tity of cherge in this volume, dQ, obwiously will be equal %o
nxqdV, wheve n is the concentravisn c¢f pertisles, x is fhe s A
gree of ionisation, and ¢ is the charge of & singie particls,
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The separation between the negative and positive charges at
the moment of time ¢ will be equal to '

R=(ky—~k)Py
where P is tke average pressure in the cloud of gas at tims ¢.

The dipole moment of the given elementary volume is then

defined as
dM = (%, — &,) PinxqdV,

and the dipole moment of the entire gas cloud is

M = (k,— &,) PlxgfndV;
fndV =N,

where N is the total number of molecules in the gas cloud.

Consequently,
M = (b, — k) Prsg\. (3)
It is obvious that
ARV =a
M= cPJ.:; (%)

(¢ ia & constant factor).

* It nust b8 borne in mind that, at easch instant of tine, P
and x sye determined by the corrdsponding parametere of ths ex~
panding cloud of gas, |

Thus the dipole monent, end consequently the aignal recelived
by ths anteuna at each instant of time, depepnds on the degree of

b < . T . kN



ionization x and the nature of the expansion of the gas, deter-
mined by the change of the pressure .,

The change of these qnéntities with time determines the
shape, polarity, and amplitude of the pulse, Other conditiomns
being equai. the greater the value of M, the greater will be the
amplitude of the received signal, For this reason, all the face
tors leading to an increase of M (all other conditions being
equal) cause an increase of the signal, A, received bty the ane

tenna,

We have conducted an investigation of the pulses of electro-
magnetic radiation arising from the detcnation of the most char~
acteristic industrial explosivef, A schemstic drawing of the
experimentsl arrangement is shown in Fig. 1.
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Pig. 1. Schematic drawing of the experimental arrangement
for the iunvestigation of electromagnetic radistion pro-
duced by the detonation of explosives.

1 - explosive cartridge. 2 -~ detoneting cord. 3 «~ ionltae
tion gauge. & - detonatirg cap. 5 -~ fuse. 6 =~ oBcillo~
grapl triggariag cable., 7 - antenns. 8 - cathode follower,
9 - oscillograph OE-17M. 410 « tize mark gsuerator.

5~




As a result of conducting these experiments the following
facts were esteblished: 1) the enission of electromagnetic en-
ergy is comnected essentvially with the expansion of gaseous proe
ducts of the detonation; 2) each explosive has & characteristic
electromagnetic pulse, reproducible in paraliel experimentsy
3) for diftrerant explosives these pﬁlses differ markedly oae

from another,

The above statements are iliustrated by Fig. 2, which shows
the pulses of electromagnetic radiation arising from the detanae

tion of several exploeives.

The question arises as to which concrete factors ere detere
‘mined Yty the peculiarities of the radiation froa various types

of explosives.

48 a result of the invostigations conducted, it has been
established that the following factors aharply increase the ra-
distion intensitys

1) inclusion in the composition of the explosive of various
easily-ionized additives, such as salis of alkali metels, which
serve as flash inhibitora in safety explesives. For exauple,
Pig. 3 shows oscillogrems of the pulses from the detonaiion of
anmonites No. 6 ZhV (127/13) and No. PZuv-20 (127/8), which dif-
fer from one another anly in that the composition of the latter
includes 20% HaCl. It ie well known that the iocnugation potan-
tisls of such substances sre &5 ev, whexess thay amount to 12=
43 ev for the other chare;tgristic products of ths detonation,
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Fig. 2. FKElectromagnetic puliées from the detonstian of
varicus explosives.
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For this reason, such additives greatly increase the iom content '
of the detonation products; +this is confirmed by the results of :
experiments involving the direct determination of the electrical
conductivity of the explosion products; '

| —
'0
- A
i |
SIS TA T
| —)
] = et
Lte !

* Fig. 3. Influence.of sodium chloride on the electromag-

netic radiation from an explesiom,

2) introduciion of various combustible additives into the
explosive (for example, eluminum or sawdust). This is illus-
trated Ly the oscillogrems shown in Fig. 4. Oscillograms 127/9
4 and 156/11 show the electromagnetic pulses of ammonite Ko, 6 and
a compound which difters from it only by the precence of 5% alume
inum powder, é.nd oscillogrems 135/14 and 135/18 show pulses of
compounds, the second of which diffexrs from the first auly in
that it'contains 3% sawdust. From the oscillograms it is evident
that aluaipum, 88 well as sawdust, substantially increases the
intensity of the radistion,.

§ , Wo will exsning the factors which detarmiuns tha nature of
: the established influsnce of ths easily-icoired ani combustiblse
sdditives. ‘ |
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Fig. 4. Influence of combustible additives on the electro-
magnetic rediation frorx an explosion.

Introducticn of the former leads to a sharp increase of the
degree of ionigation of the detonation products. For this rea-
son, x increases in Eq, (4) and consequently M 8lso increases.,
Other conditions being equal, this leads to an increase of the
second derivative of M and thus %o an increase of the signal re-
ceived Yy the antenns. It is probably this effect which explains
the presence of a lsrge pulse of radiation from safety explosivea
of the types E-6 and D-3,

Gonbustible additives introduced into the explosive, reacte

'ing with the detonsation products of the explosive coxmponents,

incresse the tomperature of these products snd, worecver, sain-
tain it for e relatively long period of tize (6). As e result,
naturally, the ion recoabinetion processes are retardsd (x in
Bq. () increases, which 1s equivalent to &n increase of tus
space charge in ths cloud of expanding explosiocn products), The
latter is & factor which confributes to tho increase of the re-
distion pulse., Furthsrmore, with increessd temparature the ex-
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pansion of the explosicz products will be more vapid, which also

increases the radiatiom.

It is interesting to nots that the various detonative cone

posents of mixed explosives do not exert any substantial influw~
ence on the nature of the electromagnetic radietion from the o
rlosion. The latter is determinsd chiefly by certain non-det: ge
t tive additives included in the composition, .

1 . The factors exzuined above are, sc to speak, "intern:  ~ in
] * relation to the charge. The character of the radiatic: iz also |
greatly influenced by the extvernal conditions uader whisk the
detonation occurs, In all cases in which certain faotors (cae-
ings, walls of bore holes, etc.) operate to hinder the expansion
of the detonation products, the emplitude of the radiation pulss

ingresses shexyply.

Fig. 5 shows oscillograms of pulses from the detonation of

* open charges of smmonite No. 6 ZhV (129710, 129/11) and fros the

g detonavion of the ssme charges surrounced bty a cesing of sand

: 10 oo thick (129/5, 129/6). As is evideat from the tigure, the
. sand coating sharply increases the radiation, The esane picture
is observed in the deégnation of 62% dyuszite., In this case the !
E w asplitude of the pulse incresses rore than 70 times. It is very
interesting that in both cases the coating changes the polerity

1 ¢of the puise,

The nature of the influence of the coating on ths character
of the radiation, in ‘our opiniocu, consista of ths rollowing. is

=10
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Fig. 5. 1Influence of a sand casing on the electromagnetig -
radiation from the explesion of ammonite No, 6ZhV,

is well known, sny coating in which an explosive charge is placed
exerts a substantiéi influence on the course of the detonation
process and the subsequenti expansion of the explosion producta,
As shown by the investigations of Belysyev (7), the influance of
the casing is determined not so much by its strength as hy its |
mass., In view of this, it would seem, incoherent coatings such
ag sand or water actually might prove to be sutficiently "riph“.
that is to exert a large influence on the expansion of the gase

eous explosion products.

A

Fox this reason, in the right hand side of Eq. (&) P = P(%)
ané x = x(t) charge, which meens that the rate of increase of
thoe dipole woment also changes (the curve ¥ « £(t) bLecomes nore
convex or concave), As & result, the magnitude of the sigaal
received Ly the sntenna, A « £"(t) increases corvespondingly.
Therefore, the essance of the infiuence of the coating spparenily
censists chlefly of the fast that it shanges the natuce of the




~ expansicn of the explosion products.

Corroboration of such an ussvmpticn is provided by the re-
sulte of experiments involving the detcaation of explosive

charges in & mortar bore of diemeter 55 mm and length 1. m,

The receiving system in these experiments was the same as
in the case of the detonation ¢f open charges. The distance
from the antenna to the morter section was taken to be 2,85 m,
that is, the same as for the detonation of the open charges., As
is well known, detonation in a mortar involves a certain barrier
to the free escape of the explosion products. They behave as if
they were retarded within the bore befcre being discharged to

the atmosphere,

»ig, © shows an oscillogram ootainsd during the detoration
02 u csrvridge of ammonite No. 6ZhV in a mortar bore, Comparing
this osciliogram with the ome in Fig, 5 which was photographed
during the detonation of an open charge of the same explosive
with the same parameters of the receiving system, it ic not dif-
ficult to convince oneself of the followings first, the pulse
i8 sharply increased by detonation in a mortar (the delineation
is clearly visible in the osciilogram of Fig. 6); second, tls
radiation started approximately 300 masec arter the detonatiom,
Thie tine agrees well with the time required for the detonation
products to begin to escape from the mortar bore (3). Conse-
quently, the radiation process for detonstion f{u tho mortar is
associated with the expsnsion of tim detonation products afier

/3
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they have been discharged from the bore, The intemsity and polare

ity of this rediaticn is complevely detsrmined by the pareameters
of the expanding explosion vroducts, Since the mortar causes &
fundamental change in the chaiacter of the expencion of thess
products, the change of the pulse upon detonation in the mortar
nay be considered as evidence for the influence of the nature of
the expension c¢f the explosion products on the electromagnetis

radiation arising therefrom.

T-..- . .. ° Rt JC 2320 e ]
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¥ig. 6. Electromagnetic pulsa from the detonzation of a
cartridge of ammonite No. 6ZhV in a mortar bore,

In concluding the analysis of the results of the experiments
conducted, we pause tn consider one other essential factor which
requires explanation -- the polarity of the redietion pulses,
Kolaky (2) explains the different polarity of pulses froa differw
ent explosives by tho fact that in some cases the positive icus
are more mobile than the negative lons, and vice versa, However,

this fails to ponsider the fact that the carriers of negative

-13-
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charge are chiefly elegtrons; that is, a separation of chargese

~ in the expanding explosion products which is difterently polare

ized in diffrerent cases because of the differont mobilities of
the charge carriers is unlikely. Moreover, Xolsky was able to
explain the difrerent polarity of pulées from different explo-
sives by such an interpretation only because of the very restrice
ted volume of his experimental material., Actually, in a number
of cases the pulse may change its polarity, for example during
detonation in a mortar (see Fig. 6).

If this phenomenon is to be exrlairned according to Kolsky's
conception, then it is necéssary to assume that the positive
ions were more mcbile than the negative iona at {irst, then Ve~
ce'8 .o88 mobile, then more mobile sgain, etc, This, of courss,

is absurd,

We propos: a different explanation for the different polar

ities of pulmes of radiation from different explosives,

Tke raceived sigral is determined Ly the secoad derivative
ir the dipole mwo: sat equation, that is, in the final anslysis,
by the nature of the chauge of the dipole moment. If the rate
of change ot the dipols moment increases, the sigmal ieco§ved 103
the antenna has positive polarity; in the oppoaite case it ls
negative, BSuch an sxplenation, in our opinion, complotely
agrees with the oLserved experimental data.

Gz the basis of the mecinnlism of electromegnetic radiation
from explosicns establlisied ty the work deucribed atove, (¢ is

Y
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possible to contemplate several methods for its practical uss,
in particulaxr for the determination of the effectiveness of stemw

ning,.

In the conduct of blasting work, stemming is usually placed
between the charge and the mouth of tho bore hole, Its purposs
is to prevent the free escape of the expliosion products from the
bore hole in order that the energy stored in them may be used for
the accomplishment of useful work in the destructicn of a solid
masa. Moreover, in mines zontaining damngerous amounts of gas or
dust the use of stemming is a most important factor in guarantee-
ing the safety of blasting work, ‘

It is quite obvious that, all other conditions being equal,
the longer the stemming holda the detonation products inside the
bore, the greater the fraction of the energy stored in them which
will be expended in useful work for the destruction of a solid
mass. For this reason, the length of time for which, under a
given set of conditions, a given stemming reteins the explosion
products in the bore bvefore they burst out may serve as a rela-
tive index for characterisging the efraectiveness of the stemning.
In comparing various types of stemming, thoss for which thia
time is greatest will be most effective,

As the investigations of Selesnev end Galadrshiy (8) showed,

this time oay serve sigultsnaounly as a measure of the efrective~

noss of the stemming as a mesns for preventing the dstonation ¢f
gas and dust,

[[A




Oonsequently, by determining the indicated time it is pos.
; sitle to make objective comparisons among various types of steme
{ ning end to select from the available sasortment (for example,
clay, sand of various coarseness and moisture content, various
mixtures of clsy and sand, various kinds of water stemming,
ground slag, mixtures of ground slag with water, etc.) the one
which is most suitable for a given set of conditions.

i . For the time bteing, the only means for determining the time
of expulsion of the stemming out of the bore hole by the detona-
| 1 tion products is high-speed cinematography. This method was

V used, for example, by Selegnev and Galadghiy in the work refer-
roed to above. It must be mentioned that high-speed cinemato=-
graphy requires the expenditure of a great deal of effort and
for extensive investigations may be used chiefly only at the surw
: face in daylight. '

This time may be determined considerably more simply and {
more objectively by making use of the electromagnetic yadiatian '
which is emitted during the detonstion of an explosive charge,

In the course of investigating the electromsgnetic proceases
accompanying the detonation of an explosive charge ian a mortar,

. it was eatablished that the primary part of the electromagnotio
energy ia Llberated after the detonaticn prsducts have been dla-
charged from the bors, Thus there is a time interval after the
beginning of the detvonation during which the elsctrvmagnetic
radiation is precticelly sbseat.
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On the oseillograms (Fig. 7), this time is determined Yy
the length of the initiel reglon from the moment of triggering
of the sweep (moment of detonation) to the beginning of the
radiation process, which arises from the expansion of the explo-
sion products into the atmosphere. '
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Fig. 7. Electromagnetic pulses from the detonation of
explosive charges in a mortar with stemming of various
lengths,.

We will attempt to determine at which stage of this expan-
sion the radiation begins. In reference (8) are reported data
from high-speed cinemstography of the process of expansion of
explosion products issuing from a mortar bore without internal
stemning. Having processed these data, it is possible to draw
the conclusion that the "delivery rate" of the discherge of ex-
plosion products from the bore of the mortar in the initial atage
of the process amounts to approximately 0.45 l/msec, Compsring
these data with ths dats on the duration of the lesdiing front of
the pulse in the corresponding oscillograms (for example, 182/9;
see Pige 7), 1t can be concluded that the obssrved radiatiocs may

-G




ocour during the discharge to the atmosphere cf a total of about
10 1 of gaseous explosion products; that is, at the very begine-

VPR
.

ning of the expaneion process.

The delay‘of the flow ,0f explosion products out of the nore
tar bore intc the atmosphere may b increased artifiocially Yy
intrcducing stemming into the bore, When this is done, the re-
gion ou the osciliogram between the moment of triggering of the
1 sweep and the moment of appesicice of the electromagnetic radiae
tion is lengthened correspondingly. This may boe illustrated YWy
the oscillograms 142/9, 142/12, 142/13, end 142/{85 repgoducod
§ in Pig. 7, which were obtained from the detonation of 200 g cazpw-

tridges of ammonite in & mortar having a bore of length 1.6 m
and dismeter 55 mm. A schematic drawing of the experiasental
arrangement 18 shown in Fig. 8,
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Pig. 8, Schematic drawing of the arrangement of experimenta
for the investization of electromagnetic radiation from the
detonation of explosive chaerges in a portar with stemuing.

1 - mortary 2 - mortar bore; % - explosive cartridgey & « detoe
nating capy & - ionisation geugds 6 - fuse; 7 - stenming; 8 «
entenna; 9 - ocathode followar; 10 - pacillogreph OX-17Aly 1

11 - tizs aark gensrator.
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The explosive cartridge % was placed in the bore 2 of the
mortar 1, The receiving antenns 8 was & vertical piece of 1i8cw
lated conductor of length 2 m, placed at a distance of 2.85 m
from the mortar section. The path of amplification of the sige |
na; received by the antenna consisted of the cathode follower 9
and the amplifier of the first channel of the OK~17M o0s¢illo-
graph. The time mark was supplied by the audio generator 11,
The triggering of the sweep of the oseillograph was ecoomplished
by meaus of the ionization gaugse 5 inserted into the explosive
cartridge. Flame detonation was used in the experiments, and
the stemming was placed in the mouth of the mortar. -

The oscillograms referred to above (see Pig. é) vere photo-
graphed during runs with clsy stemming of lengtha 5, 1%, 30, and
4% cm, respectively., As 18 evident from the oscillograms, ine
creasing the length of the stemnming results in a corresponding
increase of the duration of the initial region, Consequsntly,
the length 'of time from the instent of éetonation to the bagin~
ning of the cutflow of explosion gases to‘xhe atzosphsre in-

croases,

In thie way, the use ot the electromagnetic radiation from
the explosion makes it possible to determine the emount of tiwe
for which the stemming retains the explosion products inside the
bore (blast hole), |

In order to compare the data on the time of expulsica of
the stemming, obteined uy meens of high-speed cinesstography &nd
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by the reception of electromagnetic radiation from the explosiocn,
special expe;iments vwere conducted in which this time was deter-
mined in parallel by the two methods indicated. The arrangement
for receiving the radiation was the seme &s in Fig. 8. The no-

-tion picture pbotograpby was performed with a typ» SESB-1M camera - - -
“with a speed of 4000 frames per second.

.The experiments were carried out with ¢lay s¢emning of
lengths 30 and 40 em. The time of expulsiocn of the stemming, as
determined by means of the recorded oecillograms, emcunted to 3.3
and 4 msec, respectively, In the motion pictures this time is
associated with a certain decrease of the density of the cloud
flying out of the mortar., However, it does not seem possible to
deternine accurately the begimning of the dischargs of gasoous
explosion products to the atmosphere from the motion pictuies.
since it is difficult to distinguish the pulverired stemming from
the opaque explosion products on the exposed fgames.

Therefore, by using the alectromagnetic radiation to deter-
wine the time of expulsion of the stemming, charscteriging its
affectiveness, this time can be detarmined not only more sinply
but aleo more sccurately than by using high-speed cinematogrephye

Times of expulsion of various types of stemming from ths
wortar bore were detsrmiped Ly the scheus described sbove, The
data obtained ere rveprosentsd by the curves in Fig. 9.

Cn the basis of these data the following etatements can B
mades 1) the time of expulsion of the stemming increases in a

~20-
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Fig. 9. Dependence of the time¢ of expulsion of the ateuming
on it8 length Zor detonation in a mortar,

1 - sand A; 2 -~ sand By 3 - water stemming in polyethylene
hose; &4 - clay A; 5 - clay B,

regulay fashion as ite length increases; &) the tims of expul=-
sion of stemming of the same length aad of the same material is
sufticiently reprcducible in parallel experimenss; 3) all other
conditions being equal, the material of the stemming greatly ine

fluences the time required for ite expulsion, end thus its effects,

iveness,

The experiments involving the detenation of explosive cihbr-
£88 in a mortar approximate sufficiently well the conditions in
a blaast hole bored in solid rock; however, on the basis of the
results obtained esbove it is atill imposseibles to judge as to
what electromagnetio phencmena will ascompany an exploaion in

soiter rocke.

Tc snswer this question, specisl experimsntsa ware consucted
in the fsce of & heeder of an experimental aine of the Kakeyeva

gl




Scientific Research Tnstituts for Mire Safety (MSkNII), Tho
rock of this cut was described as very soft, broken by clay
shale, and consideraoly weaker than coal. The experiments were
conducted in blast holes of length Bb ca and with stemuing
lengths of 20-40 cm. A achematic drswinz of the prarinants is
shown in ¥ig. 10,

WANAG LA a0

] |7

LR =

'ﬂg* r(__]
' :% L B 5
. ' g;}, 20, [6_5., E’

Pig, 10. Schematic drawing of experiments for the investigs-
tion of electromagnetic radistion from the detonaticn of .
explosive charges in blast holes with stemming.

1 - explceive cartridge; 2 - detonating cap; 3 - ionization
gauge; 4 ~ oscillograph triggeriog csble; S - fuse; 6 -
stemming; 7 - antennay 8 - oscillograph O¥~17d; 9 - cath-
ode follower,

The oscillogrens obtained from the experimentsl mine are
enalogouvs, iu general, to those shown in Plg, 7. The results of
the snalysis of these oscillograns are presented in ths table,

idaving snaiyzed the data thus obtained, it 15 possibis to
make the following atatementas 1) detomsticn in eoft rock, &m
woll &8 in & wmortar, produces sufficlently clear sud reproducitle

-2l

A3




Number ' length of | Time of Averags
of Stenming material | stemning, | expulsion time of
experiment cn ‘of steme expulsion
ning, msec | of stem-
ming, meec
15473 Without stemming - 1.0 -
152/4 Same — 1.0 1.0
155/5 Clay 20 3,0 —
155/4 Same 20 6.0 4.5
152/ Same 30 6,0 -
154/1 Same 30 7.0 -
15571 Same 30 5:0 6.0 -
155/2 _ Sand 20 20,0 -
155.0 | Same 20 20,0 | 20,0

(in the senss of the length of ﬁhe initial region) electromag-

netic pulses,
mination of the effectiveness of the stemming;

Thess pulses are suitable for use in the deter-
2) the interfer-

ence level in these experiments was consliderably lower than for

those carrisd ut at the surface.

Por this veason, the initisl

regiong of the pulses yecorded ip the experimental mine waers
3) the time of expulsion of the

practically corpletely flat;

stenming from the blast holes bored inte soft roci was greater

than the corresponding time tor detonstion in the wortar,

Thus the experiments counducted in very soft rock and in the

mortar ¢can encounpass & broad range of rock haxdness,

Since in

all thase cases electromagnetic pulses were received which were
quite adeguava for the éetsrmiﬁ&tien of the tize of expulsicn of
the stemming, it is poesibla %o draw a ccaclusion atout the poa-
6ibility of the creation &f & spscial apparatus, basec on this

3
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principle, for the determination of the efrectiveness of stemning
under industrial conditions.

The model of this apparatus built by us consists of a milli-
timer which measures the time inteival between the receipt of two
electrical pulses, The first pulae, which corresponds to the bve-
ginning of the detonation of the explosive cartridge, starts the
millitimer, end the apparatus begins to record the time, This
pulse is obtained by mesns of an ionization gauge. The second
pulse is generated by the antenne upon receipt of the electromag-
netic radiation which appears when the explosion products expand
into free space, When this pulse is recolved, the apparatus re-
cords the time interval from the moment of detonation of the car-
tridge to the beginning of the expansion of the explosicn pro-
ducte into the atmosphere, that is, the length of time for which
the stemming has prevented the free discharge of the gases formed
in the explosion,

The efficiency of the avparatus was tested ou the artillery
range Ly the detonation of charges of safety emmonite PZhV-20 in
a mortar with sand stemxing oy length 30 cm. Several detonations
were caryied ocut, In these teste the apparatus gave tices of de-
lay of expuleion of the stepning which egreed well with the dsta

obtained eariier.

Iv i8 quite clear that if varicus types of stemning are to
be compered in this way, it is necessary that the conditicns te
coaparable -~ that ie, detonation of the saua charges of the sane

gl
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explosive in blast holes of the saﬁp length, Furthermore, the
length of the stemmiug should also be the same in all blast
holes, and the boles bored inte the same rock, The latter ro-
quirement is nscessary because of the fact that ona type of stem-
ning may be more effective in some kinds of rock and another type

may be more effective in other kinds of rock,

Conclusions
1. The detonation of explosive charges gives rise to elecw
tromagnetic radiation whose parsmeters are determined by the
properties of the explosive snd the conditions of the detonation,

2o The elsctromagnetic radiation from the detonation of
open charges of explosives is de’ eruwined basically by the expan=
sion 6f the ionigzed gasedus detonation products amnd can be ex-
plained on the basis of the kinetic molecular theory of gases by
the nature of the motion of the ionized particles im the pree- .

sure field,

3. The nature of the electromaganetic radiation fivm the
detonation of mixed indusirial explesives is determined mainly

by the following:

&) ‘the presence in the explosive composition of sacily ionw
ized addicives such as salts of alkali metalsy

b) the presence im the axﬁlosive soaposition of ccabuatible

additives (sawdust, eluminum, etc.);
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c) various factors preventing the free escape and expansion
of the explosion prcduéts (the prosencc of casings, e%e.).

4, The detonative components of mixed explesives do not
exert any substantial influence on the character of the electro-
magnetic radiation of the charges,

5. The polarity of vhe pulses of radiation from various
explosives 1s determined by the nature of the change of the die
pole moment with time,, B |

6. The characteristics of the electromagnetiec radiation
accompanying the detonation of explosive charges make it posaible
in a number of cases to use it as an effective means for conduct-
ing investigations which help to study more deeply the various
processes involived in blasting, in particular the detonation.

7. When explosive charges are detonated in bore holes, ths
principal part of the elsctiromagnetic radlation is emitted after
the explesion products have been discharged to the aimosphere

and is determined by the free expansion of thsse products.

8. The stemming, retarding the expansion of the exzplosieca
producta, increasses the time from the moment of daotonation %0 the
noment of escape of thess products to the atmosphsre. This time

mey be determined roedily f£rom the corresponding oscillograns,

Y. For the scme stemming, ithe time deversined YWy detonaticn
in bore holes iz the mine wad eppresiadly greatsr than Ly detone~
tico in & mor%ar. due $0 the different degrse «f adhsaica bstween

26w
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the stemming and the walls of the bore,

10, The time from the moment of detonation to the beginning
of the discharge of the explosion products to the atmosphere,
; that is, to the moment of expulsion of the stemming, may serve
as an indicator of the effectiveuness of the latter., '

11. A model apparatus for the evaluation of the effective-
ness of stemming, based on this principle, was developea hnd ’
tested.
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On the Initiation and Spread of Detonation in Hexogen

A. V. Sokolov and Yu, N, Aksenov
Interdepartmental Commission oun Blasting

Sources Veryvnoye Delo (Blasting), No. 52, 9, 1963, pp 201=210

Up to the present time, the ideas about the mechanism of the
initiation and propagation of detonation processes initiated Gy
relatively weak impulses, for example by the transition frcu
combustion of the explosive to detonation in & ¢losed volume or
by the action of an initiating shock wave attenusted by inert
layers, have uot been sufficilently clear. .

This paper describes an investigation of the initiation emd
propagation of devouation in cryatelline.pexagen ty burning in &
closed volume and under the influence of an initiating sheck
wave produced extermally. The general end special character-
istics of the spreading of the detonation under these counditicns

&ro considored,

Experimental inveatigations. The odblset of the investigs=
tion was taken to bo crystalline hexogen of five £racticnas
ho. 1 - oryetal dimensions of less then 0.2 mag Ko. 2 - froa

A
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O.4 to 0.5 mmy No. 3 « from 1.25 to 2 mm; No. &4 « £from 2,5 to

4 mmy No. 5 - from 5 to 7 um,

The experiments were conductsd in a laboratory assembly
(Fig. 1) with granular charges, the density of which was approx-
imately 1 g/cm’ for fractions No, 1 - No, & and 0,85 g/cm’ for
fraction No. 5. In the iuvestigation of the transition from
burning to detonation, the charge wes placed in a transparent
plexiglass besker, which was tightly sealed in a steel pipe t
closed at both ends and provided with apertures for photography.
The tensile strength of the assembly under conditions of weekly
dynamic loading emounted to approxiuately 1000 kg/ca’.
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Fig. 1. Schomatic drawing of laboratory essembly.
1 - bomb with windowa; 2 - experimental sssembly; 3 - ZhPR-1.

The charge was igaited by 0.5 g of black powder (Tabdble 1).

The arrangement shown in Fig. 2 was used for the invesiiga-
tion of shock wave initiation of detonatica.

’ - The charge diemeter in Loth ceses was 20 mm end the langth

of the test saction of the charge was SO ma,
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Table 1

A R HITET TR X0 ‘\t SVATLT 1 CYe. ]
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”e f 2
1 | 1380 6 570 Iicpexon ek ar
1 |23401“ 6 139 Muonih W
2 119 (] 3130 To wic ¢
2 1197 6 300 » H
2 {1 — — 6070 Havaw peromaifin e noaaso wa sy f
3 | 1310 10 7590 B cepeamie nifcccs D=6 .ulm. J
3 | 290 14 5619 Tlepaxon crarfloe W
3 ] 149 2 2639 To e .
4 | i760 28 2900 Mol
4 | 2515 26 7359 To e
2 W EY(] 15 2350 ’
S 11 25 -— —

\

Legend. A -~ Fraction No.; B - Minimum detonation velocity,

Dpins © - m/sec; D - lLength of zone, mmj B - Maxinum dete.

onation velocity, nax’ F « Nature of transition froa Dﬁn
t0 Doy - Intermittent transiticn; H - Smoothj

I - Baginning of detonation did not fall in the lsyaaz;

J « At the midpoint of the process D = 3700 n/escy

K - Transition by Jumpe.

-
“ ‘ . //ﬁ’?{::f-_j

Pig. 2. DBxperiuental arrangement for transaission of detona-
tion. '

1 - plexiglass bsakeyr; & - passive charge; 3 -~ plastilin
bearing disk; &4 - charge of INI/bexogen 5G/50; 5 - deto~
aating osp.

In the shock wave detonation experimsuta, the activating

ey 6
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cherge was cast TH (TNT-hexogen) 50/50, with a dieameter of 20 mm
and & height of 40 mm. The inert interlayer was & plastilin
aisk 3 to 30 mm thick and 50 mm in diameter,

The investigation was conducted by & photographic method, .
using & ZhFR-1., The speed of the film was varied in the rapge :
1 from 360 to 1780 m/sec., 5

In the flame ignition experiments the burning, in a certain
region which we call the predetonation zone (hpred)' changes t¢
detonation, which propagates with different velocities depending

upon the dimensions of the hexogen crystals. The detonation wave
originates at some distance from the tlame fronti that is, be=-
tween the burning end detonation geones there is & non-luminous
region which is apparently associated with unroacted material, i
1 In the majority of cases there are observed several velocities
{ 1 of detonation which change from one to another, ¢ither smoothly
or in jumps. Fig. 3 shows the dependence of the lsngth of the
predetonation gone on the dimensions of the crystals, ead the
observed detonation velocities ficm the ignition of different

hexogen fractions are presented in Table 1. ST

¢ %

In the shock wave initiated detonation of a charge of hex-
ogen, the detonstion arises at a certain distance (hsw) from the

end (predetonation rons) and propsgotes with diffexent velocities,

which sonetimes changs smoothly or internittently £rom oue Lo

Ly s mrmn,

‘ another.

; ! Pypical photographs of the initisticn axd propagstion of

‘ ‘ wlien » . !
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Fig. 3. Dependence of the length of the predetonation zons h
on the dimsmsionz of the grains of hexogen d under the con-
ditions of tramsition from burning & dstonation.

1 - curve corresponding to low detonation velocityy 2 ~ aver-
age detonation velocity; - 5 -~ maximum detonation velocity,

detonation under the experimental conditions deseridbed above are
reproduced in Figs. 4 and 5, Table 2 lists the pumerical véluea
of the measured velocities of detonation initiated Ly an attenu=
ated shock wave. Fig. © shows the dependence of the predetona-
tion rzone on the thickness of the inert interlayer for variocus
slzes of the grsins of hexogen, and Fig. 7 showa the dependence
of L, oo the grain dimensicus for a fixed (10 zn) thickness of
the disk. Because of the fact that the burning zone did not fall
within the visusl field of the ZhFR in the expexinents with hexoe
goen, supplementary photographs of the proceas of tranaition £ron
burning to detonation were obteined for snother explosive, In
Fig. 8 the accelerating bturning, the layer of unreacted zeterisl
between the flsue front and the detonation wave opigimating in
front of it, and elso the detonation wave are clearly visible,
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Fig. #. Transition Irca burning to detonstion.,

a - fraction No. &, height et charge 100 mm; b - fraction
No. 1, height of chargs 420 mm; ¢ - fraction No. 3, height
of chargs 110 mm (photogrephy wes carried out through two
isolated apertures); 4 - fracticn Ko. 5, height ¢Z charge
180 na. ’
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Pige 5. Initiation of detonation by an externally producsd
shock wave, '

a ~ fraction No. 3, thickness of plastilin disk 20 mm;
b - fraction Ko, 1, thickness of plastilin disk 10 umm,

hsw
‘! la;:..w
. ' R A B
] / 9
i &
7
i / .
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Fig. ©. Dopendence of hsw on the thickness of the inert
interlsyexr “or various grain sices,

1 - fraction Ro. 95 2 - fracticn No. 2; 3 - fraction Jo. %
A - A » thickness of iaext laterlsyer, mm.
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: . Table 2

Fraction| Thickness ; Characteristics of the development
number of inezt of the process
intarleyer
P; 1 10 In a 20 nm zone D = 6250 m/sec; in
the next 2C um D « 5650 m/sec,
1 - Initiated by KD
‘L 3 10 In a 12 mm zone D = 2600 m/sés;
sudden transition to D « 5250 m/sec
b i .
3 10 i D = 5500 m/sec
3 — | TInitiated by KD, D = 6070n/sec
: 3 40 D = 1740 m/sec
4 10 In a 15 mm zone D = 2650 m/sec, then ‘
velocity decreases
4 10 In a 15 om gone D » 2650 m/sec, then
velocity decreases
J 4 20 D = 2470 n/sec
4 . 50 D = 1880 m/BBG
| 10 In a2 16 mn zone D = 4250 m/sec; at
’ the end of the szone changes to D =
5 3200 n/sec, persisting for 15 mm
5 20 In a2 10 mm zrone D « 1540 n/Bec,
ci;ansing to D = 2540 w/gec for
19 mmo

Translatorts note — Tho seventh snd eighth lines of the table
wore duplicatsd in the oxriginal,
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Fig. 7. Dependence of h, on the grain eize 4 of hexogen
with an inert interlayer 10 nam thick,
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Fig. 8. Photorecord of the process of trunsition from
burning to detonation,

A - end of chargas B - position of burning front at the
inetant detonation begins; C - position of origin of
dotonstion; €D - detonstion; CA -~ detonastion wave,

H On the transiticn from buining to detonation in a closed §
volume. The investigations carried cut make it possible to de é
gcribe, in genersl outline, the mechanism of the trsnsitiocn from
burning to dotonation as follows, After the iguiticn of tha

t charge the hot combustion products which are formed exert & pres-
t sure on the charge, and the incresse ¢f pressure with tize is
accelerated bscause of the accelersticn of the turning. is a
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result, a compression wave'whose profile changes with time as
gshown in Fig. 9 propsgates through the cherge. This is eccone
panied by a contracticn of the material, depending on the steep
ness of the front, the demsity of the charge, and the dimensions

of the particles.

Pig. 9. Schematic drawing of the formation of & shock wave
from a coumprIssion wave,

1-5 -~ successive positions and shapes of the wave at equsl
time intervals; AA - upper end of charge; P = t(t) -
increase 3f pressure on the charge,

The steepness of the leading front of the oompression wave
increases bocause the forward regions of the wave propagata
through the initial material with the wvelocity of sound, while
the following reglions propagate with a greater velocity through
tightly coppressed amsterial, With a cufriciently rsepid increase
of the pressure on the chayge, the steepness ot the leeding
front may become 80 large that the compression wave bacones &
ghock wave, which causes detonation eithar-ﬁn:aéiatwly or after

a certain inductian period.

kacok (1) errived &t an emelogous constlusion arter investi-
gaving the trensitiasn froa burning to detonation for cuat pento-

~

;19-




lite and dynamite in strong steel tubes,

If the substance is ges-permeablé, the: the penetration of |
the hot products intc ths depth of the material plays a double
role. On the one hamnd, 1% leads to an increasa of the burning
surface and correspondingly increases the rate of pressure in-
creasse in the burning layer, which is the source of the comprede-
sion wave sent shead to the frosh material. On the other hand,
excessively high gas-permeability (dus to a low density of the
charge or to large particle dimensions) leads to rapid expuision
of the combustion products out of the combustion rone as they
are formed. This decresses the rate of pressure increase, as “,
result of which the conditions for the formation of & steep
pressure gradient along the charge are disrupted., As a result,
either detonation dces not arise or the length of the predetonae

tion zone is substantially increased.

From Pig. 3 it is evidsnt that there exista, in fact, an
optimum particle dimension, or optimum gas-permeability, for
which the length of the predetonation zone has ‘ts smallest vaiua.
Wwith finer particles the rate of pressure increase is low becauss
of the small surface, while it is low for coarser particles bew
cause ¢f the increased flow of combustion products out of the
combustion gore both inte the depth of the charge emd imto the
space above the charge. MNoreover, the courser the particlesy
apparently, the higher the velocity of sound in the grenulax

cherge; this also hampers whe formation of & bleap preasuxe

gradient along the churge.
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An analogous dependence of the length of the predetonstion
gone on the permeability of the charge was found by Criffits and
Gruckok (2), working with grenular and compressed chﬁrges,of |
hexogen, tonite, tetryl, and octogen, -

| , On the initiation of detonation by externally produced

4 “ shock waves, From what was stated above it is still not clear

whether detonation arises immediately wupon forﬁation of the shock
{ | wave or at a certain time after the passage of the wave through

the materisl, Some light is cast on this question by exporiments
on the shock wave initiation of detonation, which show that for

b i 0 Bl

a given thiclmess of the inert interlsyer (for which detonation
is still initiated) detonation arises at a certain distance from
the end ot the charge, This distance depends on the thickness

1 of the insrt interlayer or on the intemsity of the shook wave,
sad also on the dimensions of the grains of expleeive, In none
of the experiments was & burning zone or detonation wave recorded

beyond the point of origin of the detonation.

The mechanisms which have boen worked out make it posaible
to remresent the process of initviation of detonation im gramular
charges by the aétion of &ttenuatad shock waves ir the following
manner. If the shock wave is suftiociently weak or the dimensions
of the particles are relatively large, then the initiation ol
detonation is retarded. In this case the ghoek wave has_tim. to
penotrate to o evnsiderable depth (in our expsrimesnts, up to 18
um, see Pigs. 6-7). In @0 doing it creates an sxtsnded eurfece
(puiveriges the wsitorial), establishes ths seat of fﬁantion.‘and

§ -’} S
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.absorbs the material behind it., As a result, hp to the moment

directly preceding the origination of detonation the boundary
between the inert interlayer and the passive charge migrates,
according to approximate calculations, through a distance equal -
to about ons~helf h. . The layer of material enclosed between
the upper end of the charge and the positioa of the shock.wavo..
appears to be greatly comprossed. ZIxtremely favorable conditions
for the development of a detcnative reaction are established, |
since the reaction is already initiated at all pores and defects
and the substance appears to be drawn into these points,

After the contraction of the upper boundary of the charge
and, possaibly, the lateral surface, & relaxation wave follows,
Therefore, it can be aséumad that the rmost favorable conditions
for the development of & fast reaction are realiged at some dise .
tance from the new position of the upper boundaery of the charge
(approximately half the distance to the shock wave which arises

ahead of it, or #hg,.).

It is possible that the reaction develops by a thermal
detonation mechanism, since the particles are prseheated Ly the
shock wave, A subsidiary shock wave or series of waves is sent
out through the substance from the fast reaction gone. It overe
takes %he primary wave after a short distance because of the
fact that the intervening rzone is eomﬁr&esed. At & distance hsw
from the initial upper boundary of the chergs thest waves com~-

btise and initiate detonation.




The reaction at the point of origin of the secondary wave
apparently dces not radlate sufficiently-intenaaly, go that the
region preceding the origin of detonation remains unvesacting,
Thus there is no sufficlently intensely radiating process in the

entire region hsw‘ -

It can be assumed that in the tremsition from burning to
detonation there is an analogous region th wvhich is a part of
the predetonation gone under the conditions of burning in a
closed volume; hred * Bgn * Bggs Whexe By ie the distance
from the ignition point to the site of formdtion of the shock
wave which produces the detonation. The special characteristiec
of hew in this process consists of the fact that it owes its
origin to a longer and weaker wave, However, it is apperent
that under conditions of burning in a closed volume the site of
shock whve formation also lies above the point of origin of
detonation, which can be seen on the film,

The following should be added to what has already been said, -

If detonation is initiated by a long and weak wave, then it is
apparently possible to expect relatively slow burning with &
subsequent transition to detonation by a mechanism smalogous to

that realived in the case of slow ignition of the substance in &

solid casing. Such processes evidently can take place Lor subw
stances which e highly rexnsitive to friction end which ignite
Quickly. The observed casss of igniticn of asmmonite Yy weak

shock waves in the work of Dubnov and Romanov () point to such

a possibility.
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The pfedetonaﬁion zone hsw is observed not only for pow=-
dered but also for slightly compressible solid substances, which,
in our opinion, may be explained in the foliowing way., On entere
ing a compressed or cast charge the shock wave must cause the |
formation of a network of minute eracks, which mey propagate with
a greater velocity than the shock wave ahead of it. This network
of cracks must substantially facilitate the development of & fast
reaction. It is entirely possible that the most favorable cone
ditions for the occurrence of a fast reaction are realited st a
certain depth in the charge, in cracks which have not yet had
time o diverge, as must have taken place at the very top of ths
charge., Tbe explosive reaction which results initiates detona-
tion at a short distance ahead of itself, jJust ss in tke case of

a granuler charge;

On velocities of detonation and transitions from detonatica
with one velocity to detonation with other welocities, Detons-
¢ion with the maximum possible velocity for & given systen, de-
termined by the expression

D=VEE=1,

is possible only if the potential energy of the explosive is
completely liberated and cornverted to shock wave energy. 7This,
in turn, is possible for sufficlently large chaxge dismeters and
a sufficiently powerful initiator. When these ceunditions aye

not fulfilled, regimes with decreased velocities ariee. indrwev
and Balyaysv (1) veport velocities of detonation of nitroglycerin
falling in the rasge from 900 to 2000 w/eec, with D, = 8500
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m/sec. Detonation was initiated by weakened detonating caps.
Cook (5) observed velécities from 1500 to 2500 m/sec in granular
tetryl of various grain siges, with small charge diameters (3-

5 mm) and initiation by detonating caps. PFor hexogen under the
same conditions he did not find velocities lower than 5500 m/sec,

Under the conditions of our experiments, the appearance of
small velocities is to be expected, to begin with, because of
the inadequacy of the initial pulse. Actualiy (see Tables 1 snd
2) under the conditicns of buining in & closed volume, as well
as with initiation by an attenuated shock wave, detonation ariges
systematically with extremely small velocities (1300-1500 n/sec),
In the first case, moreover, in none of the experimenta was the
maxizum velocity recorded (for hexogen with a density of 1 gfea?,
D oy = 6500 m/sec according to our data)s As a rule the detona-
tion which arises goes over to detonation with still higheor velo-
city, either by a smooth transition or by jumps after a certain

period of uniform expansion.

With initiation by externally produced shock waves such

transitions are rarer and, as a »ule, proceed ty Jumps,

In both cases, high detvonation velocities are more easily

established with finer particles.

-

The systematic transitions from smaller to greater velo-
cities can be explained, apparently, ?y the "support" of the
detonation wave from bebind bty the shock waves issuing out of
the burping region. '
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.The possibility of propagation of detonation with small
velocities alsn depends upon the coarseness ¢f the structure of
the charge (small free surface), which substantially hampers tiae
development of a fast reaction and the sustainiog of the high

detonation pressure necessary for propasation with a high velo-

city.

The absence of smooth transitious Zrom low to higher velo--
cities and the more rare intermittent trensitions under the cone
ditions of shock wave initiation can be »xplaired by the absence
of "support". Intermittent transitions occur because of the
accunulation of additional energy sources which are aﬁddenly
liberated; for exampie, by means of a thermal explosion leading

to the realigation of a more powerful detonation process,

In conclusion we note that the regimes with small constant
detonation velocities in ccrtain bLounded regions, observed under
the conditions described adove, evidently obey the basic rules
of hydrodyngmic theory. In paxticulayr, they predigct the ratio
of the bulk velooity of the substance u to the detonation veloe
city D, which is approximately X (the magnitude of u was calouw
lated from the luminescent track of the buraning cosrse hexogeh

particles in the detonmsiicn wave),

For hexogon with a particle size of 2 mnm and detomaticn
velocity of 6000 m/sec vhe width of the reaction rous was also
caloulated; it turned ocut to be equal to 35 wa,

The secticn “On the transition from burning to detcaztiog®

17w
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was written Jointly and the sections "On the initiation of de-
tonation by extermally produced shock wavee" and “On veslocities

of detonation" wexre written by A, V. Sokolov, |
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The Problem of the Effect of the Degree of Dispersion
of . Sodium Chloride on the Properties of Safety Aameanites

P¢ A¢ Paramonov

 MakNII Makeyevka Scientific Research Inatitute for
Mine Safety/

GSources Veryvnoye Delo (Blasting) No. 52, 9, 1963, Dpp. 234239

The effect of the degree of pulveriration of inert additives,
in particular sodium chloride, on the properties of safety am~
monites is well understood in generalhterma. Many safety smmon
ites are completely incapable of detoneting if the inert salt
they contain is finely ground, yet detonsate without fail if the
galt is introduced in the form of coarse crystals (1).

The dimensions of the inert salt particles have a twofold |
influence. The finex the particles, the more pronounced the
pafety properties of the explosive, However, excessive pulverw
ivation of the salt leads %o an abrupt fleguatiration of the
explosive and decrease of the detonation susceptibility (2).

In the mschanism of ignition of a wmethans-air amixture,
according to current ideas, an inert additive plays a triple
role, In the first plsce, it deciesses the detouation tempere-

"




ture; second, it inhibits the progress of the reaction of oxie
dation of methane which leads to its Z-nition; tilird, by proe
noting more complete decomposition of the explosive, it do

creases the concentration of active intermediate compounds which

- contribute to the ignition of the methane-air mixture (3).

In view of what has been said above, the influence of an
inert additive on one or another property of safety ammonite
must depend not only on the degree of pulverization, but also
on the relative amount of it in the explosive composition. In‘
other words, the allowable dispersion of the inert additive
must depend on its quantity in the explosive composition, and

vice versa,

Experiments were conducted in oxrder to evaluate the com-
plex influence of the dispersion and specific content of the
inert additive on the moat important properties of the explo-

sive.

Powdered ammonite No. © ZhV of standard composition wss
nixed with coarse or fine sodium chloride., The coarse salt used
was & fraction which passed through a 2.8 sieve (inside dimen~
sion of mesh in mm) and remsined on a 0.8 sieve, The fine sait
paesed through a 0.2 sieve and steyed on & 0,075 sieve,

Standard PTrautsel bombs cast from 8oLt lead were used in
the efficiency determinations. The bombte gave & ned expanaion
of 294 £ 2 cw’ with 10 g of recrystallized trotyl. The effect
of teazperature was accountsd for in caryrying ocut the smsasure~

.
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ments but the influence of the detonator (ED-8-56) was not cone

sidered,

Taree series of experineaia were conducted. Weighed por-
tions of eammouite No. 6 2hV of from 1 to 10 g were used in the
first series. The sxplosive 2amples used in the second and
third series were of tha same weight (10 g) but contained froa
10 to 90% coarse (sesccnd series of experiments) or tine (thinrd
series) sodium chloride, The averaged results of two experi-
ments are presented in the graph of Fige 1,
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Amoun? of ammanite §3hV

m Jamale
Pige 1« Plot of the expansion of the Trautsel bond fros the
explosica of smmonita.

1 - pure eazmonite No, 6 Zh¥; 2 - sams mixed with ccarsely
dispersed NaCis > - saxe mixsd with finely disporsed XaCl.

48 18 evident from Fig. 1 (curve 1), the expanaiocn of the
boab 18 not directly proportionszl to the weight of the exploaive
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sample, as is well known, However, on & certain portion of the
curve (from 5 to 10 ¢ samonite No. 6 ZhV) the observed relatiocne
ship is practicelly linear. From this it is possitle to drew
the importent preliminery conclusion thet, for porticns of ax-
plosive of equal weight, the efticiency (expansion of the boab)
is practically independent of the megnitude of the initial vol-
ume of the chargs (in the range under consideration).! This

1 -— The author's assertian that the expansion of the boab
is independénm of the volume of the charge V cannot be accepted
as coanclusive, since from the experimeat (linear portion of the
curve) it follows only that {53-,%\! + ¢(333)H » const in the
given regiom, but it does not follow that (v-g%-)ll » 0, -« Edi-

tor's note,

means that the curves can be compared at points corresponding
to equal quantities of ammonite No. 6 ZhV, independentiy of the
difrerences in the volumes of the charges. Such a comparison
shows that if the explosive contsins 10% or less of coarse
sodium chloride ite efficiency is practically equal to the ef-
ficiency of the asctive portion of the charge. From this it
follows that coarse sodium chloride in quantities up to 10%
sevidontly may not play the firat 2f the above-mantioned three
roles in the wmechanlsm of ignition of methsrs-air alxtures
(lowezing of detonation temperature). With coergs acdiusm chlor-
ide contents of up to 20% (the point correspanding to 8 g of
anuonite No. 6 ZhV) the efficiency of ths explosive doss uot
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differ very muck from the efficiensy of its active part. 1If

the coarse sodiur chlorids content of the explosive is increased
further, the efticiency of the charge difrers more greatly from
the efriciency of its active part (the decrease of the tempera-
ture of the explosion prod&cts due to absorption of heat Yy
particles of the imert additive begins to take effect),

Increasing the content of fine sodium chloride in the o3
plocive leads to a sharper decrease of efficiency (curve 3),
which'attests to the more rapid decreass of the detonatian tem-
perature because of the increased heat exchenge between the ex«
ﬁ plosion products and the inert additiye parﬁiclea.

1 The data cuoted sbove indicate that the theoretiocal calcue
lation of the detonation temperature of safety explosives, based
on the assumption of eguilibrium heat exchange between the ex

! plesion products and the particlas'of ﬁinert” additive, gives

‘ results that are clearly too low, and tue more so the soarser
these particles snd the smaller their content in the explosive i

conpositicn.

From the graph (see Fig, 1) it is possible to define equive
alent charges oa the basis of effisiency. For sxample, to ob-
i ] tain en expannion of the bomb of 200 cu’ it is nocessary to
teke 8 5.7 ¢ portion of ammonite Ko. © ZhV, Ia order te obtain
the saxe oxpsusion from & mixture of smmonits No. ¢ ZhV with
sodita chloride, it is necesssry to teke 5.9 g of aasonits sod
- 4.1 g of coarse sult {(#13) or 6.5 g of cmmonite aund 5.% g of

5=




fine salt (34%). To obtain the same efficiency, for example
304 cn®, it is necessary to use an ammonite No. 6 ZhV composie
! tion conteining 20% coarse salt or 16% fine salt,

Using mixtures of the same samples of ammonite No, 6 ZhV
with sodium chloride of the indicated fractions, experiments
i were conducted to determiné_the vrisance on lead columns, tis
veloeity of detenation, and the transmittal of detonation in
the open air. Cartridges of diemeter 32 um with explosive den-
8ity of 1 g/cm3 were used in the last two experiments,

The safety properties of the explosives were determined Yy
% detouating open charges of weight 50 g (with cartridge diameter p
of 32 mm) in the chamber of an experimentel drift mine filled
with a 9,5% mixture of methame in air. The frequency of ignie
ticn of the mixture served as a criterion for evaluatiag the

explosive,

The results of the experiments are shown in Figa, 2-5, froa
which it is evident thst the percentage of sodium chloyide in
the explosive compositiun and ite fineness exert a styeong ipw-
fluence on the basic propertiss of a safety explosive, &t the

same time, the influence of one factor may Lo compensated Ly

the influence of the other. Thus the same brisance, for sxample
14 nm, is cobtained from ammonitve No. 6 ZhV containing eithar
20% coarse or 10% £ins salt, The same detonation veloeity, foy
example 3500 m/sec, i8 ovtained £rovi ammonite No, € ZhV contalne
ing either 17% coarse or 7.5% fine salt, A detozatica trans-
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nittal of 5 cm is obtained from ammonite No, 6 ZhV containing
either 20% coarse or 5% fine malt., Similarly, in oxder to guare
antee the same frequency of ignition of the methane-air aixture,
say 50%, it is necessary to add ebout 30% ccarss or about 11
fine salt to the smmonite No, 6 ZhV,
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1 - coarsely dispersed NaCl; 2 - finely dispersed NaCl,

In the current production of safety ammonites, as a rule,
they use coarsely dispersed sodium chloride with crystal sises
of approximately 41 to 3 mm, amounting to &s much 8s 20% of the
explosive composition, With such & relatively large salt con-
tent, increasing ite degree of dlspersion results in a decrease
of the detcnative characteristics of the explosive, In oxdey

daadintal

to avoid thie it is necessary to increase the granulometirie
‘ ' requirensnts for the salt, and thus to complicets the techuology
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of the explosive production. As shown by the experiments de-
scribed above, it is possible‘to prepare explosives in which
the coarse salt is replaced by fine salt, By selecting the
equivalent quantity of fine salt, it is possible to preserve a
given level of safety properties and detonative capability of
the explosive and at the same time to obtain a gain in effic-
iency, since considerably less of the fine salt is required.
Fine grinding of the salt can be guaranteed by the simultanesous
charging of the primary components of the mixture into the |
apparatus at the stege of the process in which the explosive is
ground and mixed., |

Conclusions

1. With an increase of the sodium chloride content of
anmonite, the detonative and safety properties change more

sharply in the case of finely ground salt,

Finely dispersed salt in smounts greater than 10% decreases
the efticiency of the explosive in greater than direct propor-
tionality to its quantity in the ammonite. Coarsely dispersed
salt in amounts up to 20% deoreéeee the efficiency of the ammon-
ite accoxding to the yelative smount of the salt. This implies,
apparently, that the temperature of the explosion products is
not lowered substantially Ly the introduction of coarsely dise
parsed ealt in the indicated smounts. The safety proparties of
such explosives sre guarsntsed, in all probabdbility, chiefly

-9
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because of the negative catalytic action of sodium chloride on
the oxidation of methene and the positive catalytic effect on
the decomposition of the explosive,

2. The principal properties of safety asummonite are not
impaired if coarsely dispersed sodium chloride is replaced Ly
finely dispeirsed sodium chloride, provided that the amount of
salt in the explosive is decreased correspondingly.
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