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X-ray study of nitronaphthalenes

III Preferred orientation of 1.8-DNN

Keiho Namba and Masaru Sasaki

The X-ray diffraction intensity profile of
pure crystalline powders of 1.8-DNN, recorded
with the Geigerflex, differs from that of the
industrial product. This comes from the
preferred orientation of the pure crystalline
sample of 1.8-DNN. We tried to prepare an
appropriate sample of the pure compound,
in order to search the relation between a

standard concentration and a diffraction peak
height for the sake of quantitative analysis
of the industrial DNN. It is concluded from
several trials that a method of recrystallizat-
ion to pour the saturated acetone solution
of the pure 1.8-DNN into a proper amount
of water under stirring gives a favorable
result. (Univ. of Tokyo)

AN APPLICATION OF “THE THEORY OF THE
VARIABLE REACTION ZONES IN THE DETONATION
OF SOLID EXPLOSIVES” TO THE DESIGN OF
THE ELECTRIC DETONATOR.

by Shiro Kinoshita®

(1) Introduction

The critical condition of the transition
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1) K. {Hino: Theory of relations between the
detonation velocity of solid explosives and the
thickness of cases or the diameter of the char-
ges. J. Industrial Explosives Soc, Japan 19 3
(1958).
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from combustion to detonation of solid ex-
plosives has been examined by the aid of
“The theory of the variable reaction zones in
the detonation of solid explosives.,”

This theory shows that the following app-
roximation formula holds for the relation
between the maximum detonation velocity
Dy, any stable detonation velocity D, the
radius of cartridges R, the thickness of the
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wall Y, the velocity of the shock wave within
wall material Vi, the velocity of sound in
detonation preducts V., the maximum reac-
tion time ¢, the maximum reaction zone
length X, the critical reaction time ¢, the
critical reaction zone length X,, the critical

radius R., and the critical detonation velocity
Dc.

D\ _1 R, YN (1
(Dm) ‘:,,,(’“ V.,-+Vw)+(the)R (1)

X=Dt, Xn=Duptn, Xe=D:t.

(2) Experimental data on the rela-
tion between the detonation velo-
city and the radius of DDNP.

(diazodinitrophenol)

_The detonation velocity of several DDNP
cartridges of different radii has been obser-
ved by the streak camera (Fig. 1), whose
sweeping speed is about 100 meters per se-
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Fig. 1.

cond.
2.1) DDNP is enclosed within a glass
tube Imm thick with the loading density of
0.5 gram per cubic centimeter and it is ig-
nited by a bridge wire.
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2.2) DDPN is enclosed within a glass
tube Imm thick with the loading density of
0.9 gram per cubic centimeter and it is igni-

ted by a bridge wire.
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2.3) Tetryl is enclosed within a copper
tube 0.15mm thick with the loading density
of 1.55 gram per cubic centimeter and it is
initiated by a dctonator which contains DD

NP of 0.2gram.
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Fig, ¢.
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The values of the detonation velocity obs-
erved for cartridges of different radii are
about 6,300m/s. The result shows that the
critical radius is to be smaller than 0.25¢m.
But, as it is difficult to prepare a copper tube
of a radius smaller than 0.25¢m, the accurate
value of the critical radius cannot be deter-
mined by this experiment.

2.4) Tetryl is enclosed within a glass tube
1mm thick with the loading density of 0.8
gram per cubic centimeter and it is initiated
by a detonater which contains DDNP of

o .
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Fig. 8.
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B=tan a=1,34
Ve==0.,402 % 1C%m/sec
tm=1.85us
De=0.294 x 10%cm,'sec
‘m=0.8%m
te=0.68us
Xe=0,20cm

( 3) Discussion

By the aid of the theory of the variable
reaction zones in the detonation of solid
explosives, the critical mass and critical de-
tonation velocity necessary to the transition
from combustion to detonation can be obta-
ined.

The critical mass that must be initiated
in order to maintain steady dectonation in
the initial explosives is smaller than that in
the high explosives. For example the critical
mass of the DDNP of the loading density
of 05g/cm® is 7R:AXcd=nx(0.05)*x0.04x
0.5=0.16mg, the critical mass of the RDX®»
of the loading density of 1.2g/cm® is *R.*X.d
=nx (0.159)*%0.455 x 1.2=44mg, and the
critical mass of the Tetryl of the loadihg
density of 0.8 g/lem?® is =R X.d=7x(0.11)*
x 0.20 x 0.8=6mg.

The critical detonation velocity (D.) of
the DDNP obtained by the above experim-
ents (1,400m/s at d=0.5gfem?, 1,970m/s at
d=09g/cm®) coincides with the value of 5.5
~6.3 Mach necessary to initiate DDNP by

2) K. Hino, Theory of the variable reaction
zones in the detonation of solid explosives:
Extrait du Compte-rendu du XXXI Congrés
International de Chimie Industriclle-Liége-Se-
ptember 1958,
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Table [

2R
=2x0, Jem

8 c
{ o o .
- - . | value of length of reac- | critical condition ne- | value of length of reaction
critical condition necssary tion zone X and detona- cessary to detonation | Z0R€ X and detonation
1 . { DDNP tion velocity DD at the end Ty velocity D at the end of
to detonation o | of DDNP cartridge of Tetryl Tetryl cartridge
d=0.5g/em? R,=0.3cm
Re=0.05cm
Xc=0.04cm Dl=2’840m/5‘.._ @ d=0.8g/em®
critical mass=0.1émg (from Fig. 3.) "2,
< ‘ Re=0.11cm R,=0.3cm
De= 1,440m/s :\')*=0.32Cm
(from Fig. 3.) Xe=0.20cm D,=3,860m/s
d=0.9g/cm? Ry=0.2cm critical mass=6émg (from Fig. 8.)
Re=0.05cm , D.=2,940m/s X;*=0.36cm
\=0.02cm D, =4,570m/s
- ’ from Fig. 8.
critical mass=0.l4mg (from Fig, 5.) ¢ ig. 8.)
De=1,%70m;s 3 ',*--:O.SCcm
(from Fig. 5.)
. R
*4\ ‘=D,f,=D1 [Atm+ f,l}
e
shock wave, which was found by Gey et al.® PV%”G Bridge

As an example, in Table [ is shown a
detonator model which consists of DDNP
and Tetryl. The DDNP is ignited with a
bridge wire and the base charge Tetryl is
initiated by the DDNP.

Table ] shows that DDNP of the loading
density of 0.5g/cm?® can transit more easily
to detonation than DDNP of the loading de-
nsity of 0.9g/cm?®, but DDNP of the loading
density of 0.5g/cm?® can not initiate Tetryl of
the loading density of 0.8g/cm®. Tetryl of
loading density of (.8g/cm® can be initiated
by DDNP of 0.9g/cm®.

From a consideration of these characters
of DDNP a new type of an electric detonator
can be designed.

3) Wm, A, Gey and Arthur L. Bennett, J. Che-
m. Phys. 23, 1979~80 (1955) CA 50, 2174,

8 (15¢)

wire
loading Sane

SranubrpfxP / (1sn" exp108ives)

(not pressed)
DDHP (pressed)

Fig. 9.

Fig. 9. shows the crosssectional sketch of
this detonator.

The Nippon Kayaku Co. Ltd. has been
manufacturing of this type of an electric de-
tonator since 1959,

The characters of this detonator are as
follows :

1) It can be manufactured at lower cost
because this type of a detonator has not
the fuse head and an inner cap and the
shell is shorter than that of a convent-
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ional detonator.

2) The blasting power of this detonator
cap is higher than that of the normal
No. 6 detonator cap in our country.
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BRISANCE AT CENTRAL POINT OF EXPLOSIVES

Hideji Sudo*, Sukenori Yamamoto**, and Kenkichi Kivota**?

The writers of this report charged a piece
of steel, copper, brass, lead, synthetic resin
or rubber in an explosive mass and measured
the deformation of the piece caused by the
dynamic pressure of detonation.

(1:1) A brass cube or ball, or a lead ball

is charged in the cylindrical mass of the
explosive (diameter 32mm. length 100mm.)
to be situated at the distance of two thirds
from the end of priming detonator

The results are shown in Table 1.

T. 1. Deformation of metal piece charged in cylindrical explosive. (1)

Material which Method of ! Shape of material
No. Explosives [ e ————
iwill be compressed. Charging Initial I Final
—
1 Gelignite Brass ball
2 ditto Laed ball
3 Percolorate Brass ball
explosive
4 PETN ditto
Ammonia
5 gelatine Brass cube
dynamite

Namely the ball is deformed into an elli-

ptic shape and the cube is a littie deformed
due to compression, Tt is not, however, des-
troyed in the explosive mass. Calibration of

Received May 2, 1960
* Chub University, Tokyo
** University of Tokyo, Tokyo
s** Kumamoto University, Kumamoto
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the strength required for this deformation is

measured by the Amsler’s testing machine,

the results of which are as below.
Ammonia gelatine dynamite 3.5 Tons
Ammonium nitrate explosive 4.9 Tons
The time duration of the work imposed

on the central piece by the dynamic detona-
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