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To investigate the electrostatlc sasitivity of some secodxlry explosives.

To dzelop a ccoxnuctive m-1-te possessing superior simntal-nitY be~havior.
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Introduction

The work described herein is the result of btudcis 3rme,! at (a) deterir•'•lig
the electrostatic sensitivity of secondary expLsives and (b) dc .,eloping cer.Auct.'. e
mixtures which would give reproducible functioning times in the range of 9. 1'
m.crosecoud or a standard deviation of 0.030 microsecond.

The stKuy of the electrostatic sensitivity of explosives was first condu,-tcd
at the Bureau of Mines in 1942 (Ref. 1) to determine the hazard that would axize
due to a spark discharge from an electrostatically charged human body. It ". a5
calculated that 0.015 joules was the approximate energy to be so obtained. A
report •0 Kirk clearly presents the problems in the field of electrostak ' scnsi -
tivity and electrical initiation (Ref. 2).

The use of explosives containing electrically conductve material in the
bridgeless electric primer was reviewed by R. F. Wilkerson in 1949 (Ref. 3).
A high speed electric primer was reportedly used by the Germans in a 20 mm
electric primer. The functioning time of lead azid-.-gaphite mixeire was in
the microsecond range. The Britisi used lead styplbate/tetrazene and later
graphited lead azide which gave functioning times between I ana 5 microseconds.
Remington Arms and FranUkford Arsenai developed the first wireless initiators
in this country. In 1950, the University of Arkansas prepared a literature survey
on exploslve ivitlato-s in which coeductive mixtures are described aie some
"interpretation of the results is presented (Ref. 4). According to this survey,
condwctive mixtures possessing good simultaneity must have the following
characteristicE. (a) one joule or less for Initiation, (b) output energy sufficient
to initiate high eiplosives, and (c) two or more item'.; containing the mixture
should fire with a spread of 0.10 microsecond or a .,tandard deviation of 0.030
microsecond.

For every short functioning times, lead styphuate and lead azide conductive
mixmireb have been studies (Refs. 5 and 6). Chemically bound grap :'.. mixtures
are reported to be superior to mechanical mixmr-es for the same material and
percentage of graphite. It has vemm shown that the energ, necessary for the
ignition of conductive mixtures co.ining graphite can be controL.d by the
graphite content.

Results

The electrostatic soark-g-p sensitivity test results fvr fourteen (14) explo-
sives and explosive composition. are given in Table I. A comparison of these
results with those of other investigators is shown in Tabl- II for six secondary
explosives.

Leaw azide/graphite conductive mixtures examined for rep-oddc:%]e fwicuor-
ing times are reported in Tables III, IV, V and VI.



Discussion of Results

The results in Table I, besides giving the elecirestatic sas t', ri

terms of ene,=gy, also show the voltage that is necessary when a 500 MN.'
capacitor is used. It should be noted that tetivl has a zero initi luon cnerg,'
value lower than 0.015 joule. This amount of energy (0.015 joules) is '*t, '.'Uc:,t

commonly accepted energy value that an individual may have with a charge of
10, 000 volts (the assumed body capacity 300 MMF) (Ref. 1).

It is the opinion of some investigators that the spark ignition energy varies
with the voltage (Ref. 91., These results show that as the voltage is increased
the zero-ignition energy decreases. This means that the higher a human being
is charged, the greater is the potential hazard increased.

An examination of the results in Table II reveals that the order of sensi-
tivity of these explosives is nearly the same based on data obtained with the new
high voltage tester or the Bureau of Mines data (Refs. 5, 6, 7). The results
r.portwJ here do not agree with those obtained by Wyatt (Ref. 8).

The funtioning times of three series of eight detonator test fixtures of
30 milUgxams conductive lead azide/graphite (98.7/1.3) and 220 milligrams
conductive PETN/graphite (95/5) loaded at 16, 000 psi are shown in Table Ill.
The average functioning time of the three are in good agreement. However,
their standard deviation is greater than the 0.030 microsecond desired. The
electrical input energy was 1.12 joules (IMFD/1500 volts). All subsequent tests

used the same fixtures and firing energy.

The effect of variation in sample 6izes of conductive lead azide/graphite
(96.7/3,3) and conductive PETN/graphlte (95.5) leaded at 16,000 psi is shown

in Table IV. The first three columns show the average func'ionirg times of 30

milligrams conductive lead azide/graphite and 220 milligrams conductive PETN/
graphite (95.5) loaded at 16, 000 psi which again have standard deviations larger

than 0.030 microseconds. The other series show the functioning times of 50
mg, 60 mg and 70 mg conductive lead azide/graphite (96.7/3.3) and 200 milli-

gramsn conductive PETN!graphite (95/5) added to each loaded at 16,000 psi.

There is an improvement in the standard deviations. The evaluation of 60 milli-
grams conducti ,e lead azide/graphite and 200 milligrams conductive PETN/

graphite loaded at 16, 000 psi are given in Table V. The standard deviat.ons do

show a decxease with an increase in graphite content of the conductive lead azide.

There was one series that gave erratic results (test number 25). No explanation
could be found for this. The graphite content of the conductive lead azide was

increased to 7-1/2 percent. The average functioning time results of the two

series o! 60 milligrams conductive lead azide/graphite (92.5/7.5) and 200 milih-
gran's of conductive PETN/graplute (95.5) were 1.692 and 1.706 mncroseconds,
and standard devi.tions 0.031 and 0.030 microseconds i :ispectively. The con-

ductive lead azide/graphite (92.5/7.5) and conductive PETN/graphite (95/;) can

be so loaded at 16, 000 psi and electrically initiated hy a 1.12 joules to give
reproducible simultaneties with a s.t,.ldard deviition of 0.030 imcrosccond and
sufficient output energy te i-,uatC Lt-tyi .CpIlets.
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Summary

Another apparatus for determining the electrostatic sensitivit' o0 c€\plu-
sive- has been built and tested. The results indicate that it can be used to
determine the order of sensitivity of explosives. IL is simple z'nd bafc to opcrý
ate. The iritiation energy and voltages have both been Jiven .n this study.
There was no apparent difference in order of sensitivity when a lower capac.tor
(5W3 MAF) and higher voltages were used. The results still show that tetryl
id the most hazaxdous secondary explosive.

The functiomag time of conductive lead azide is shown to be related to
the graphite contc.:., !t has been long realized that taere is an optimum oer-
centage of conducting material for each specific use of conductive explosives.
It was reported by the Germans that chemically bound graphite of a iower per-
centage would be suitable for reproducible short functioning times. It was
found that such graphite/lead azide composition was very difficult to prepare.
Our difficulty was the inability to control the amount that would be occluded,
and its distribution. The high purty colloidal lead azide mixtures of 6-7 1/2%
graphite possess functioning timee of 1-2 microseconds and standard deviations
of 0.030 microsecond. This two-component system has sufficient output to
initiate tetryl an other high explosives.

Experimental Procedures

Loading of Electrostatic Test Cup:

The material was carefully placed in the standard die cup and leveled off
with a wooden spatula. The weight of the material was usually 10-25 milligrams.

Electrostatic Test Procedure:

The loaded test cup was placed directly under the needle point and on the
base plate. A gap was set with a precision gauge of 0.005 inch thickness. The
door of the test chamber was connected to the power supply by a micro switch
which allowed the high voltage to be on only when the door was closed. The
charging voltage was set by adjusring the iWlilt-in powerstat. For each sample
of a given material an attempt was made to ignite the sample by discharging the
capacitors. Ten tests were made at each energy or voltage level. The results
were recorded as to the number of ignitions per voltage level.

Preparation of Conductive Mixtures-'

Blending - The calculated weights of dry materials were blended by tumbbhng
in a rubber beaker which was rotated at 25 35 rpm by an air driven motor,

Ball Milling - Ball milling was done using chloroform or absdlute m.rrh.I
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materis and .r v:nlr \ere olaced in a rubber container aad rolled on a
rolling -mill fr 2 - 3 hours.

Memiod of Loading Test Ftx-ares:

The samples wcrc weighed on a Roller-Sm.th balance and poured in test
fixture (Diagram 1) held In a loading issembly. The sample was consolidated
with a Denison Midget pre~s (L ton on I 112 inch diameter ram). For pressure
near the bulk densities of the material, slight com')res"son was obtained by
using a hand operated arbor press.

Simultaneity Tests:

Simultaneity tests were couducted by mourning eight (8) of the loaded parts
(with tetryl pellets atta(.hed), in a boaO:( and firing them electrically. The light
emitted by the terryl was recorded by a stieak camera. The energy used to fire
these loaded parts was approximately one joule. This energy was obtained by
discharging. I microfarad condenser charged at 1500 volts.



TABLE 1

The Electrostatic Discharge Energy and Voltages for Zero Ignition
(Capacitance was 500 MMF and a gap setting of 0.005".)

Explosives Voltage* Energy Joules)*

Copper Chlorotetxazole 6,000 0.009

Tetryl (on 100 sieve) 8,000 0.025

PETN/TNT (13/100) 8,000 .025

Composition B 12,000 0.036

TNT jthru 100) 12,000 .036

PETN (2.6 micron) 12,000 0.036

RDX 20,000 .100

HEX M-24.1 20,000 .100

PENT (Special Crystal) 24,000 .144

REX/Acetylene Black (90/10) 24,000 .144

i.DX/Acetylene Black (75/25) 32,00• .256

MOX-2B 36,000 .290

Explosive 0 40,000 .400

B-HMX 40,000 .400

HEX-48 60,000 .900

Maximum voltage and energy allowable above which ignitions will occur.
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TABLE II

ELECTROSTATIC SENSITIVITY DATA

(Secondary Explosive3 and Explosives Compositions)

HIGHEST ENERGY (JOULES) FOR ZERO
IGNITION PROBABILITY

Bureau Bureau Bureau
of Mines of Mines of Mines NOL

Present 1943 1946 1954 1959
Explosives Results (Ref. 1) (Ref. 2) (Ref. 6) (Ref. 8)

Tetryl 0.025 0.020 0.007 0.0005 1.25

PETN 0.036 0.31 0.062 -- 0.085

Composition B 0.036 -- -- 0.00062 --

TNT 0.036 0.077 0.062 -- --

RDX 0.100 0.62 -- -- 0.80

Explosive D 0.400 0.10 0.025 0.16 --

Ref-r-e 7--.

I Referexnce 7.
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TABLE II

Evaluation of the Simultaneity of Conductive lead azide/graphite (98.7/1.3)(1•)

Functioning Time, p sec

Test No. 8 9 10

1.958 2.110 2.154

2.196 2.123 2.121

2.085 1.920 2.139

2.148 2.143 2.230

2.132 2.127 2.018

2.041 2.150 2,081

2.085 2.132 2.092

2.168 2.088 2.078

Average, sec 2.102 2.105 2.114

y(Standard deviation) 0.077 0.075 0.069

NOTE: (a) 30 mg conductive lead azide (1) and 220 mg conductive PETN(2)

loaded at 16,000 psi, firing energy is 1.12 joules (IMFD/1500V base charge

conductive PETN -graphite (95/5)
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Evahu.itjon of the Simultaniery of (95/5) icI.d azide-graphite conductive mix (9 5 / 5 )(d)

Functioning Time. u sec

Test No I 21 22 25 26 27 28
I:

1.768 1.749 . 3.696 1.770 1.681 1.801

1.672 1.812 3.720 I 1.770 1.692
I I

1.772 1.721 . 3.739 1.930 1.745 1.702

1.715 3.675 1.701 1.835 1.801

1.705 1.780 3.611 1.774 1.908 1.712

1.793 1.746 X 3.719 i1.817 1.771 -

1.791 1.740 3.684 1.716 1.810 1.765

1 1.743 3.714 1.817 1.725 1.774

Average Tlmc. itsec 1.753 1.751 3.695 1.787 1.774 1.761

Standard deviation (Y) 0.039 0.032 0.042 0.074 0.074 0.032

Note: (a) 60 n.g Conductive lead azide/graphite (95/5), 200 mg Conductive
PETN/graphlte (95/5), loaded at 16, 000 psi, and firing energy 1.12 joules
(1500V/IMFD)
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