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Some Experiments on the Sensitivity of

Initial Explosives

Tsugio Sawada*

1. Introduction

T. Yanagisawa & the late Professor S.
Yamamoto? arried out experiments of dese-
nsitisation of some explosive conpounds by
adding water and gave the standards of maint.
aining safety in handling explosives concerning
their manufacture, storage and transport.
Formerly it had only been shown qualitative-
ly. (Fig.1)

According to their data it was made clear
that picric acid (PA) was not dangerous when
it contained above 15% of water and that
penthrit (PETN) was not desensitised merely
by adding water to it.

The present investigation was extended to
some initial explosives and was carried out,
from the same point of view of maintaining
safety, to find the relations between water
content and impact, friction and Hess initia-
ion sensitivities.

The impact sensitivity of initial explosives
as well as that of secondary explosives has
been measured by Fall Hammer Test which
was decided at 8th International Applied
Chemistry Congress at Washington, 1912, but
such a test is not enough to find differences
of sensitivity among initial explosives. And
so a useful impact sensitivity apparatus was
made for the purpose of this wrok.

The results of this wrok showed that diazo-
dinitro-phenol (DDNP) was very insensitive
compared with mercury fulminate which had
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Fig 1. The effect of water content on the

detonation velocity of secondary
explosive's compounds. Enclosure;
vinyl, 17mm in inner diameter,
1mm in thickness. Initation; No.6
electric detonator. Measurement;
by electronic counter, 3cm apart
from the base of detonator
(T. Yanagisawa, S. Yamamoto)

been formerly used as commercial initial
explosives and that percussion’s priming ma-
terials and its main constituent lead styphnate
were capable of abrupt desensitisation by
having a small percentage of water added
to them,
2. Impact Sensitivity

(1) Apparatus of Experiment

A sketch of the apparatus used for measu-
ring the impact sensitivity is shown in Fig.
2. This is a slight modification of the app-
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Fig. 2 Sketch of the impact sensitivity
apparatus

aratus used by M. P. Murgai & A. K. Ray?
for studying the impact sensitivity of mercury
fulminate.  The assembly of striking pin,
sleeve & anvil is a little modified to be con-
venient to use, ‘

The height of the steel ball, which is 37.7
mm in diameter and 130.2g in weight,
can be adjusted by sliding the electromagnet
along the vertical rod.

The pole-piece of the electromagnet is
made concave so that the striking balls will
fit exactly in the same position every time.
The central position of the striking pin head
and the pole of the concave electromagnet
are always kept in the same vertical line.

The striking pin is made of steel; 10 mm
in dia., 46.4mm in length, 29.9g in weight,
0. 246 cm?® in contact surface area with sample
(5.6mm in dia.). About 5mg of samples
are weighed by chemical balance. The anvil
is made of steel; 40mm in dia, 6 mm in
thickness, 55 in Brinell Hardness.

(2) Experimental Procedure
The experiments were carried out by

12

applying the up & down method by W. J.
Dixon & A. M. Mood¥
Sample size N=40 is randomised at every
time and 509% explosion efficient heights (H)
are obtained. At semilar water content they
are repeated 3 times,
Mean value & standard deviation are found
as follows:
Moment
A=Xini, B=Xni
ni= Frequencies at each level ¢

Mean value
m=y +d(—]%-i%—), N=Xni

y : The normalised height corres-
ponding to lowest level on
which the less frequent event
occurs.

: Level intervals

: The plus sign is used when the
analysis based on th failures

H

and the minus sigh when it is
based on the successes which
include the partial explosions
into account.

The estimation of sample’s standard

deviation
_ NB—A*
o=1.620 d(————N2 +0. 029)

(3) Experimental Results

Table 1. The cffect of water content
on the impact sensitivity of
various initial explosives.

74)

Experi- | Water 5?‘2?8;:“?;”;’)"
Explosive 1‘:;3] content,
W (o Mean Deviation
no- (%) value H a
1 0.53 290 36.1
DDNP 2 0.71 254 33.1
(granullar 3 0.72 268 74.1
j;y{,‘f‘;s), 1 2.81 403 114.2
2 2.92 407 72.9
3 2.69 403 80.3
IRKELLE
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[ | e Sl (e | War | % gl
plosive | ") 1ar | content. ‘m Explosive order | comtent. v Devint
no- | W) | fen, Pk no. | W(%) | Mesn Devintion
1 1 851 | 605 44.6 ‘ 11.78 | 581 82.4
2 1 847, 782 | 545 {2 | 112 | 40 | 112.0
3 | 805 | 758 | 585 L3 9.94 | 638 7.9
1 10.3¢ | 7/20%  — DDNP | 1 | 1420 | 627 56.2
2 10.41 ¢ 709 48.7 (needle ., | 404 | a3 80.3
DDNP : crystal) | ‘
(granular 3 10.23 | 4/20“ —_ A=0.316 i 3 L 14,47 895 7.1
crystal)
4=0.557 1 14,87 17204 — 1 18. 58 37204  —
2 14.92 0/20%  — 2 18.65 6/200 —
3 14.76 07204  — 30| 1843 4204  —
1 17.50 0/200 — 1 23,21 o/20%
2 23.70 o/20% -
3 24,54 o200, —
b 0.18 | 271 49.4 1 0.02 4.4 1.9
2 0.43 | 350 11.8 2 | 012 3.8 1.67
3 0.64 | 227 22 3¢ o0 47! 2.84
1 .45 | 292 35.3 1 2,55 0.1 3.16
2 0.64 | 255 | 158.4 2.77 80| 3.10
3 0.85 | 314 78.2 3 2,44 9.4| 3.63
1 4.74 85 | 223.4 1 5,83 1ol 3.8
2 3.39 | 358 46.9 5,41 12,7 s.01
3 3.28 | 546 | 736 Mereury | 5.7 | 13.2| 0.4
DDNP  [-eeeesssessestsessssmsessreessolosenssssersssssesenvesseccessns fulminate |
(granular 1 9.33 120  — A=1.49 1 9.68 14.1] 3.9
crystal) 2 7.77 | 632 48.3 2 9.25 14.7| 5.38
soo427 | 3 813 | 73 | 6.9 3 8.98 13.9| 6.11
1 13.02 1200 — 1 14. 44 15.4| 4.37
2 15, 44 8/204 — 2 14. 16 10.7{ L7
3 11.65 6/200 — 3 14.30 14.2] 5.84
1 17.06 0/20Y  — 1 19,57 18.0| 4.02
2 15.61 2/20%  — 2 19,10 15.4 | 10.09
3 15.97 0/20Y — 3 19,55 13.1] 2.9
1 20.21 020 = 1 0.49 1.7| 2.04
2 19.59 0/20, — 2 2.13 2.6| 0.92
1 0.18 | 143 54.3 i 0.50 2.5| 2.83
2 0.31 | 234 77.4 2 5.63 8.7] 10.35
DDNP 3 | o8 | a5 | 60.2 Lead 3 0.48 2.4| 174
(needle 1 0.82 | 148 | 105.2 styphnate || 2.67 3.5| 4.29
crystal) 2 0.97 | 234 | 110.1 2 7.83 10.4| 2.69
Ao0.316 |3 0.87 | 27 47.3 3 0.49 15| 0.84
1 .42 | 118 | 2394 1 6.39 10.1] 3.48
2 5.00 | 304 52.2 2 9.94 12.5| 6.19
3 3.87 | 417 6.6 3 1.63 2.7 2.23
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. 509 explosion
Experic | Water | “helght (mm)
Explosive | ‘o 4., | content,
Mean |Deviation
No. W (%) value H ¢
1 10. 20 11.4 4,73
11.22 19.2 3.64
5.61 11.0 7.05
Lead i 13.48 14.6 2.82
2 18.82 2.7 9.47
styphnate
3 8.98 11.3 8.70
1 15. 14 28.1 14,15
2 20.22 18.5| 60.50
3 12,65 26.8 5.18
! 0.71 10.4 15.40
1 0.87 7.4 6.38
1 6.10 0/20* —
2 1.52 6.9 3.89
3 0.69 6.8 2.48
4 0.87 7.3 2.76
2 1.76 1.7 4.72
3 0.80 7.2 4.20
4 1.43 7.2 3.23
2 2.53 6.8 2.72
. 3 0.83 7.2 1.51
Percussion’s| 4 2.91 6.7 3. 13
priming
materials | 2 4.59 00| 7.75
3 4.25 15.6 | 10.08
4 4.45 27.81 13.00
2 5.98 6.1 3.03
3 6.02 7/20% —_
4 6.46 27.2| 12.00
2 8.03 12/20* _
3 7.48 4/20% —
4 8.54 18/20* —_
2 9.77 0/20% -
3 9.99 0/20% —_
4 10,31 14/20% —

* Explosion’s probability sample size=20 at ma-
ximum height=924mm

DDNP is linearly desensitised as its water
content incresses. The between water content
(W) & 50% explosion height (H) are given
as follows:

H=252,03+51.50W for granular crystal,
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509 explosion height H (in mm)
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Fig. 3 The effect of water content on the
impact sensitivity of various initial
explosives

A=0,557
H=266.00+61.09W for granular crystal,
A=0.427
H=168.90+36.59W for needle crystal,
A=0.316

Among the three kinds of DDNP the
needle crystal (bulk density A=0.316) is the
most sensitive compared with other granular
crystals and the granular crystal seems to be
slightly more sensitive at a higher density
(A=0.557) than at a lower density (A=
0.427).

Mercury fulminate is very sensitive in a
dry state and it is remarkable that its sen-
sitivity is almost maintained even when it
contains 20% of water.

Percussion’s priming materials are composed
of lead styphnate (44.3%), tetracene (2.5%)
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barium nitrate (46.2%), and metallic fine
powder (7%). They are abruptly desensitised
by adding a small percentage of water and
are become remarkably insensitive when 5%
of water is added.

Lead styphnate which is the main consti-
tuent of them is considerably insensitive in a

dry state and desensitised by having a small
percentage of water added.

The specific surface area and mean particle
diameter of samples was measured by air
permeability method. ¥ The results are given
in Table 2.

Table 2
DDNP Mercury Perc_usgion’s
Granulars Granulars Needles fulminate primin
Sample A=0.557 A=0.427 A=0.316 materiais

Obs. | Mean. | Obs. | Mean. | Obs. | Mean. | Obs. | Mean. | Obs. | Mean.
Specific 864.3 1,279 3,074. 4 646.7 484.0
surface 845.7 | 855.8| 1,224 1,252.7} 3,050.4 3,078.1] 652.7 | 646.9 | 455.2 ] 470.0
area (cm?/g) 857.5 1,255 3,109. 6 641.3 470.8
Specific 4 29 T 21 48
mean particle 44 43 30 29 1 1 21 21 45 44
diameter () 43 29 11 21 44

Such a experiment of the initial explosives
seems not to have been carried out yet owing
to their dangerous explosion tendency.

3. Friction Sensitivity

Experiments are carried out by Dr. M.

Yamada’s Friction Test Apparatus®. This is
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Fig. 4 The effect of water content on the
friction sensitivity of various initial
explosives
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commonly used for sensitivity test of initial
explosives in Japan.

A sample is put between the colundum
test pieces, each load given by compressing
spring and slidden by pendulum swing.

Samples are used in the same way as in
the impact test. Experimental procedure here
is, again, the up & down method.

(1) Experimental Results

The experimental results are given in Table
3 & Fig. 4.

Table 3 The effect of water content

on the friction sensitivity
of various initial explosives,
. 509 explosion
‘;::eTt:I. ‘Water i‘(’m d (kg)
Explosive content.
order M
no. W (%) vnl::nP Deviation
1 0.53 11.3 1.36
DDNP 2 0.71 8.5 4.74
(granular 3 0.72 13.4| 2.52
crystal) ! 2.81 12.0| 8.07
4=0.557 | o 2.91 12.0 | 4.29
3 2.69 15.1 7.04
15



Experi- | Water W‘{gugxal%s)ion Experi. | Water 50*;3&3:: ll{(;ssion
Explosive rg:‘l;éz;l content, Explosive '(':f('l'et‘:l content,
No. W (%) vl;:lllsznl’ Deviation o. W (%) vz]"\e':np Deviation
1 8.51 16.6 | 5.32 1 0.175| 1.2 | 3.62
2 8. 47 18.6 | 17.14 2 0.31 7.7 | 2.18
3 8.06 | 225 | 815 3 0.18 9.6 | 3.38
1 10.34 | 208 | 837 ! 0.82 1.5 | 455
2 10. 41 2.7 | 3.46 2 0.96 7.9 | 5.98
3 10.23 | 25.1 7.62 3 0.87 126 | 3.8
1 14.87 | 249 | 6.45 1 4.42 1227 | 6.00
DDNP 2 14.92 | 22.4 5,95 2 4.99 9.9 | 5.33
(granujar 3 14.76 | 267 | 2.52 3 3.87 13.4 | 3.28
crystal) 1 1757 | 295 | 3.52 DDTP 1 11.78 13.2 5.37
4=0.557 2 17.70 26.9 | 6.01 (“e"d; 2 11.12 14.8 3.44
3 18.26 28.4 5,25 crystal) 3 9.94 15.7 6.29
. A4=0.316
1 20.79 | 31.2 | 7.05 1 14.19 16.6 | 4.61
2 22.50 | 26,4 | 2.35 2 14.94 17.6 | 6.53
3 26.54 28.9 | 3.07 3 14.43 18.8 | 17.84
1 2.54 | 23.5 7.62 1 18.58 174 | 2.66
2 2.80 | 29.5 3.93 2 18.65 19.9 | 4.82
18.48 | 21.4 | 4.6l
| 0.18 12.6 3.99 23.21 22.6 3.55
2 0.43 1.8 | 5.9 23.69 | 23.5 | 15.50
3 0.64 10.8 | 5.80 i 2454 | 24.4 | 5.9
1 1.45 1.8 | 3.21 1 0.01 | 120 35.3
2 0. 64 9.6 | 3.56 2 0.12 | 244 67.7
3 0.85 8.0 | 3.67 3 0.02 | 83 63.0
t 4.74 8.7 | 2.51 2.44 | 219 193.3
2 3.39 10.7 | 4.32 2.55 | 280 113.5
3 3.28 1.0 | 6.76 2.77 | 198 97. 1
DDNP 1 9.33 22,9 | 5.42 | 527 | 318 49.2
(yranular 2 7.77 1.5 | 7.78 Mercury 2 5.41 | 332 40.3
crystal) 3 8.13 | 236 | 11.26 fulminate 3 5.83 | 286 52.3
8=0.427 | 1 | 1302 | 2.5 | s.e8 A=t.4947 8.98 | 268 83.9
2 11. 54 16.0 | 5.40 2 9.25 | 252 39.5
3 11.65 | 2.8 | 8.58 3 9.68 | 229 2.4
1 17.06 | 25.7 | 4.9 | 1 14.30 | 224 93.9
2 15. 61 18.9 | 6.56 2 14.16 | 248 31.4
3 15,97 28.8 | 8.16 3 14.44 | 213 47.2
1 20. 21 28.1 | 10.95 1 19.55 | 240 52.8
2 1559 | 21.4 | 2.89 2 19.10 | 223 63.2
3 22.04 30.8 | 4.17 3 19.57 | 230 44.5
1 23.26 | 20.1 | 9.48 Lead I 0.49 | 667 118. 4
2 22.20 21.8 8.53 styphnate ' 9 213 1725+ —
16 (78) IRAFEB&E



Experi- | Water 50% explosion
. mental load (kg)

Explosive order | comtent,}——— ——
No. | W (%) vl;'{:gnl, Deviation

1 0.50 | 772 90.6

2 5,63 0/20 -

3 0.43 8/20 -

1 2.67 | 8% 90.2

2 7.83 0/20% -

3 0.49 10/20* -

1 6.39 1/20* -

2 9,94 0/20* —

Lead 3 1.63 6/20% -
styphnate | 10.20 0/204 —
2 11.22 0/204 -

3 5.61 0/20* -

1 13,48 0/20* -

2 18,22 0/20* -

3 8.98 0/20, -

1 15.14 0/20* -

2 20.22 0/20* -

3 12.65 0/20* -

1 0.74 | 212 62.4

2 0.68 | 144 95,0

3 0.56 | 194 49,9

1 0.78 | 234 59, {

2 0.75 | 185 92.5

3 0.56 | 204 91.6

P 1.56 | 248 46. 4

P 2 0.71 | 189 109.5
ercussion’s 5 0.56 | 194 76.1

priming

materials 1 .51 | 210 53.4
2 0.89 | 164 74.2

3 0.69 | 215 32.9

1 2,52 | 232 104.3

2 413 | 839 82,7

3 2.79 | 168 53,2

1 4.19 | 839 184.4

2 6.39 0/25% —

3 4.28 | 216 83.9

* Explosion’s probability, sample size=20 or 25
at maximum load=35. 6kg

DDNP is linearly desensitised as its water
content increases. And so the relations be-

Vol. 27, No. 2. 1985

tween water content (W) & 50% explosion
load (P) are given as follows:
P=13.06+0.70W for granular crystal,

A=0,557

P=10.05+40.87W for granular crystal,
=0.427

P= 9.51+0.56W for granular crystal,
A=0.316

Among the three kinds, the needle crystal
is the most sensitive compared with other
granulars and the grnular crystals seem to
be slightly more sensitive at a lower bulk
density (A=0.427) than at a higher density

(4=0.577).

Mercury fulminate is very sensitive in a
generaitive than DDNP and it is
scarecely desensitised even when it contains
from 6% to 209% of water.

Percussion’s priming materials are abruptly

dry state,

desensitised by havig a small percentage of
water added and become remarkably insensi-
tive when above 8% of water is added.

The main constituent, lead styphnate is
most sensitive in a dry state but is linearly
desensitised by water. And so the relation
between water content (W) and 50% explosi-
on load (P) is given as follows:

P=1.284+1.27TW

In view of the above impact and friction
sensitivity test the reasonable conclusion to
be drawn from available data is as follows.

DDNP is more sensitive in needle crystal
than in granular crystal, and it is linearly
desensitised by water. DDNP is more insen-
sitive than mercury fulminate.

Mercury fulminate is very sensitive in a
dry state and is not linearly desensitised by
water; it is not made so insensitive even
when 209 of water is added, though it used
to be stored in water.

Percussion’s priming materials and their
main constituent lead styphnate are abruptly

desensitised by water. In friction sensitivity,

(79) 17



so-called practical handling sensitivity, lead
styphnate is most sensitive in a dry state but
fortunately it is linearly desensitised by water.

4. Hess Initiation and Propagation

Sensitivity

In the above impact and friction sensitivity
tests only a small quantity of each sample is
used. The growth of explosion accidents
depends on the initiation and propagation of
explosin'. For this reason the author has
measured the practically sufficient initiation
and propagation sensitivity by modifying Hess
Test® in which each sample (50g) is initiated
by No. 6 detonator (equivalent to foreign.
No. 8), which may give enough energy.

(1) Experimental Procedure

A sample is put into brown paper cylindér,
40mm in dia., at its loading density and
No. 6 electric detonator is inserted to the
upper level height of initial explosives.
& 30
mm in height, are heaped up, measured with

Two lead cylinders, 40 mm in dia.
caliper and marked with a line at cylinder
side through.

The steel plate, 40 mm in dia. & 4 mm in
thickness, is put on the upper surface of the
two heaped lead cylinders and the sample with

Lead cylinder depression {(mm)

a detonator inserted is put on the steel plate.
After initiation, depresson of the lead cyli-
nders is measured with caliper,
a line mark at cylinder side.
Experimentsare carried out at sample size
3 and water is added up to 90%.
(2) Experimental Results
The relations between water content and
loading height, loading density, lead cylinder

connecting

depression are shown in Table 4, Fig. 5

© 1 E2EM(gramiar crystal). 8. 997
® 1 CIENgresaler srralat), A.0. 007
® 1 XN (ressle cryital), A.C. 506

® i Wereary felvitate

O+ NTcuselerd prisirg sateelaty

AN
|/ P

P Y . L I

o
-l
o
“
4

90 L] 50 [1] ”n ” » 100
Water content (%)
Fig. 5 The effect of water content on the

Jead cylinder depression of various
initial explosives.

Table 4 The effect of water content on the lead cylinder

depression of various initial explosives

Water | Loading height (mm) |Loading density (g/cm?) | Lead eylinder depression
Explosive content —
% Ex cl:?:lwc 1 Water level 0‘:,‘;‘;:?‘1 Mean value Ol:’itlz;:ed Mean value
52.0 0.77 11.85
0. 42 52.4 0.76 0.75 10. 60 11.23
54,5 0.73 11.30
DDNP
(granular 53.5 0.74 11.55
crystal) 4.72 52,2 0,76 0.75 8.90 9,93
A=0.557 53.0 0.75 9.35
48.2 0.83 10. 10
10. 26 48.0 0.83 0.81 9.00 59.6
51.0 0.78 10. 85
18 (80) IMARBEEE



—

Water | Loading height (mm) |Loading density (g/cm?)| Lead eylinder depression
Explosive content
(%) Ex Je:llve Water level Ol‘)rsz:leurvced Mean value Ol‘)::l;?d Mean value
47.2 0.84 9.30
19.06 471.5 0.84 0.84 8.95 8.87
47.8 0.83 8.35
39.5 1.01 5.05
30. 74 40.5 0.98 1.00 9.20 6.92
39.5 1.01 6.50
33.5 .19 1.30
40.88 34,5 .15 1.15 1.00 1.08
35.5 .12 0.95
315 1.26 1.10
DDNP 49.20 31.5 1.26 1.23 2,55 1.82
(granular 34.1 1.17 1.80
A crystal) 35.2 113 2.1
=0.557 60 33.7 1.18 1.16 0.7 1.50
33.9 .17 1.7
37.4 1.06 2.5
70 37.5 1.06 1.05 L7 1.67
38.4 1.04 0.8
38.2 1.04 2.2
80 38.6 1.03 1.04 0.5 1.03
38.4 1.04 0.4
41.8 0.95 0.9
90 42.7 0.93 0.95 0.7 0.90
40.9 0.97 L1
65.0 0.61 7.75
0.36 65.0 0.61 0.61 8.30 8.27
66.2 0.60 8.95
64.5 0. 62 9. 50
4.80 58.0 0.69 0.65 9.10 9.30
61.5 0.65 9.30
57.5 0. 69 9.40
DDNP 9,86 57.7 0.69 0.69 9,50 10.00
(granular 57.9 0. 69 11.10
crystal) 53,5 0.74 11.00
4=0.427 18.92 52,8 0.75 0.75 9.65 10.40
53.8 0.74 10.55
47.0 0.85 12.30
29,38 47.0 0.85 0.85 9.45 10.55
46.7 0.85 9.90
""" 35.5 112 1.45
39,58 34.5 .15 1.13 2,65 2.13
35.5 .12 2.30
Vol. 77, No. 2. 1986 (81) 19



Water | Loading height (mm) |Loading density (g/cm?)| 2 ”"'E;’:;;’epm"‘”
Explosive content
(%) Exel‘?:lwe Water level Ot‘),s;?:\;ed Mean value Ol:,sael;veed Mean value
3.5 1.26 110
50.05 2.1 1.24 1.28 (.35 1.42
315 1.26 .80
37.2 107 1.80
60 3.3 1.10 [.09 2.80 2.10
DDNP 3.8 1.10 1.70
(granular 7.6 1.05 2,05
gran cryotaly 70 38.1 104 1.05 1.60 1.72
Ao 407 37.6 1.06 1.50
8.5 1.04 1,50
80 39.8 1.00 1.00 1.70 1.83
40.8 0.97 2.3
4.0 0.99 0.90
% 9.6 1.00 1.00 1.35 1.13
39,2 1.01 115
88.5 0.46 7.50
0.09 87.6 0.45 0.46 8.85 8.18
87.8 0.46 8.20
79.1 0.49 7.30
1,58 79.9 0.50 0.49 8.60 7.86
82.6 0.48 7.70
72.6 0.55 8.50
10. 41 74.8 0.53 0.53 8.60 8.86
7.2 0.52 9,50
66.5 0.60 9. 80
18.61 68.2 0.58 0.59 10. 45 10. 18
67.4 0.59 10.30
DDNP
(noedle 53,7 0.74 11.80
coyetsl) 25.08 53.4 0.74 0.72 10.00 10, 52
o316 58.8 0.68 9.75
30.5 1.31 14.20
40.51 21.0 147 1.42 12.35 13.36
27.0 147 13.35
31,2 1.28 13.70
50.72 31.5 1.26 .27 3,05 13.03
3.5 1.2 12.35
16.1 32.2 1.24 12.80
60 17.2 34.3 116 118 13.10 12.23
17.8 3.7 115 10. 80
16.4 34.4 1.16 10. 40
70 15.3 36.2 1.10 [.13 6.70 8.97
17.8 35.3 113 9.80
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Water | Loading height (mm) |Loading density (g/cm?)| L€3d °>'“‘(“I’:;§°P'°“i°"
Explosive content '
(%) Ex elez;ve Water level Ol:;«lalx;:ed Mean value Ol:’ﬁ:\‘;ed Mean value
7.9 34.5 1.15 7.10
DDNP 80 10.8 36.0 1.10 1.10 9.45 7.50
(needle 7.3 37.8 1.05 5.95
crystal) 4.3 38.0 1.05 2.00
4=0.316 % 4.7 38.9 1.02 1.04 3.00 2.27
4.9 38.4 1.04 1.80
24,5 1.62 16.25
0.02 25.5 1.56 1.59 14,30 15.15
25.0 1.59 14.90
27. 1 1.47 14. 10
5.07 26.2 1.52 1.50 12.60 13.23
2.4 1.51 13.00
23.5 1.69 13.60
7.09 24,2 1.64 .68 12.45 13.42
23.5 1.69 14.20
20.2 1.97 13.95
17.45 21.1 1.89 1.96 13.95 14.33
19.8 2.01 15.10
17.2 2.32 18. 45
26.28 17.4 2,29 2.34 16.80 17.52
16. 4 2.43 17.30
16.1 22.0 1.81 16.40
Mercury 40 15.7 21.5 1.85 1.81 14. 60 15.17
fulminate 16.2 22.4 1.78 14. 50
13.2 25.5 1.56 13.75
50 13.0 24.9 1.60 1.57 13.90 14.22
12.7 25.5 1.56 15.00
12.5 25.5 1.56 14.55
60 12.2 30.0 1.33 1.41 12.65 13.03
10.5 29.8 1.33 11.90
10.2 29.2 1.36 10.70
70 10.9 30.2 1.32 1.33 9.20 10.12
9.7 30.7 1.30 10,45
4.5 31.5 1.26 7.70
80 4.8 32.0 1.24 1.22 8.40 7.70
6.0 34.2 1. 16 7.00
2.4 39.0 1.02 4.20
90 2.4 38.5 1.03 1.04 5.00 4.83
3.2 37.5 1.06 5.30
Percussion’s 4.5 ‘|' 15 6.00
priming 0.79 34,2 1.16 117 6.40 6.48
materials 33,5 1.19 7.05
(83) 2
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Water Loading height (mm) |Loading density (g/cm?®) Lead cyluéc'l‘::;‘t)!ep ression
Explosive content ‘
(% Ex el\? :lwe Water level Ol;ie]::ed Mean value Ol;sa?gzcd Mean value
26.5 1.50 8.65
5.05 26.4 1.51 1. 50 8.35 8.40
27.0 1.47 8.20
15.5 2.57 1.00 )
10. 67 16.5 2.41 2.48 1.10 1.13
16.3 2.44 1.30
15.5 2.57 1.10
12.80 16.2 2,46 2.46 1.15 1.20
16.8 2,37 1.35
21.55 .85 ’ 1.40
20 21,80 1.82 1.83 1.20 1.27
Percussion’s 21.90 1.83 : 1.20
priming n
materials 25.10 1.59 1.00
20 24.70 1.61 1.61 0.50 1.03
24,20 1. 64 1.20
29.90 1.33 1.00
50 29, 60 1,35 1.35 1.00 0.97
28. 60 1.38 0.90
31.40 1,27 1.10
70 31.00 1.28 1.24 0.90 0.83
34.00 1.17 0.50
36. 20 1.10 1.00
90 36.40 1.09 1.10 1.00 0.97
36.10 1.10 0.90

Granular DDNP both fail when they contain

above 40% of water, but needle DDNP gives
the maximum lead cylinder depression when it
contains 40~509% of water and is not abruptly
desensitised even when it contains 90% of
water. All DDNP lixivates water on its surface
when it contains above 39.5% of water.

Mercury fulminate has the same tendency
as needle DDNP. Maximum depression is
observed when it contains about 309% of water
and even when it contains 90% of water it
has considerable depression. It lixivates water
on its surface when it contains above 26.8%
of water,

Percussion’s priming materials fail when

22 . (84)

they contain above 10% of water and lixivate
water on its surface when it contains above
12.8% of water. Therefore 10% is the stand-
ard of water content for maintaining safety
in handling processes.

Lead cylinder depression when 50g of water
with no initial explosive is initiated by No.
6 electric detonator is 0.7 mm.. And so when
the depression is over 0.7 mm explosives are
more or less initiated and propagated.

(3) Discussion

It is observed that needle DDNP mercury
and fulminate have distinctly maximum Ide-
pressions,

Since the total charge is constantly 50g,

LiRKkRB2EE



the depression is ought to decrease gradually,
as water content increases.

Experimental relations between dry explos.
ive charge and lead cylinder depression are
given in Fig. 6.

37 ® : 22B(esedls arymal), 240916
» ¢ Messery felatsate

Lead cylinder depression (mm)

0 = W W b wew e

1]

5 a0 ”» 30 9 ] [} 10 ] °

Charge (g)

Fig. 6 The effect of initial explosive’s charge
on the lead cylinder depression.

From the data of Table 4, the relations

water content and loading density are shown
in Fig. 7.

» o 1 DinR{grasslar crystal), £20.937
® 5 DINNgrassler erpatal), 2e0.437
o 1 EiTH(oeetle cryntall, 25.81€

 § Farexty Calsieste
i Nrenssies grisicg satarisis

Loading density (g/cm?)

) w n » “ 0 (1 10 -] ° e
Water content (%6)

Fig. 7 The effect of water content on the
loading density of various initial
explosives

This patterrn is similar to the maximum
tendency distinctly observed in needle DDNP
and mercury fulminate.
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It can be concluded that the maximum
tendency depends mainly upon the relations
between water content and the variation
of loading density.

5. Conclusions

The preceding observations suggest the
quantitative standards of maintaining safety
in handling initial explosives concerning their
manufacture, storage and transport,

(1) Impact, friction and Hess initiation
sensitivity tests were modified and conducted
by adding water to a dry state of DDNP
(granular high bulk density, granular low
density and needle crystal), mercury fulminate,
lead styphnate and percussion’s priming ma-
terials,

(2) The sensitivity difference between
granular crystal at high bulk density and
granular crystal at low bulk density is not so
clear, but granulars were less sensitive than
needle crystal.

When granulars contain above 40% of water
they are desensitised and practically cease to be
dangerous, but needle crystal is not so dese-
nsitised.

(3) DDNP is very insensitive compared
with mercury fulminate which was previously
used as commercial initial explosives.

(4) Mercury fulminate is very sensitive
in a dry state and is not gradually desensitised
even by existence of water

Neither mercury fulminate nor needle DD
NP is sufficiently desensitised oney by water.
To secure safety, other means should be
searched.

(5) Lead
priming materials are abruptly desensitised

styphnate and percussion’s
when a small percentage of water is added.
Lead styphnate has the most sensitive friction
sensitivity in a dry state.
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