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Ohyrets

To investigate tae electrostatic sansitvity of some secondary explosives.

To cevelop a conductive maxtaxe possessing superior simuligneity behavior.
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Introduction

The work described herein is the result of stucics aimed ot {a) determmng
the electrostatic sensitivity of secondary explusives and (b} deeloping conductne
mixtures which would give reproducible functioning times in the range of 0,10
microsecond or a standard deviation of 6,030 microsecond.

The study of the electyostatic sensitivity of explosives was first conducted
at the Bureau of Mines in 1942 (Ref. 1) to determine the hazard that would arise
due to a spark discharge from an electrostatically charged human body. It was
calculated that 0.015 joules was the approximate energy to be so obtained. A
report by Kirk clearly oresents the problems in the field of clectrostai - scnsi-
rivity and electrical initiation (Ref. 2).

The use of explosives containing electrically conduct.ve material in the
bridgeless electric primer was reviewed by R. F. Wilkerson in 194 (Ref. 3).
A high speed electric primer was reportedly used by the Germans in a 20 mm
electric primer. The functioning time of lead azide-g. aphite mixture was in
the microsecond range. The Britis. used lead styplmate/tetrazene and later
graphited lead azide which gave funciioning times between 1 and 5 microseconds.
Remington Arme and Frankford Arzenai developed the first wireless initiators
in this country. In 1950, the University of Arkansas prepared a literature survey
on explosive initiato-s in which coeductive mixtures are described an’ some
intexpretation of the results is presented (Ref, 4). According to this survey,
conductive mixtures possesaing good simultaneity must have the following
charactexistice. (a) une joule or less for initistion, (b) output energy sufficient
to initiate high explosives, and (c) two or more items containing the mixture
should fire with a spread uf 0.10 microsecond or a standard deviation of (0.030
microsecond.

For every short functioning times, lead styphnate and lead azide conductive
mixtures have been studies (Refs. 5 and 6). Chemically bound graph - mixtures
are reposted o be superior to mechanical mixtures for the same material and
pexcentage of graphite. It has veen shown that the energy necessary for the
ignition of conductive mixtures coutaining graphite can be control.2d by the
graphite couteat.

Resvlts

The electrostatic svark-gap sensitivity test results fur fourceen (14} explo-
sives and explosive compesition. are given in Table I, A comparison of these
results with those of other investigators is shown ia Tablz 1l for six secondary
explosives,

Leau azide/graphite conductive mixtures examined for repsodacitie funcuon-
ing tizies are repoerted o Tables 111, 1V, V ans VI
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Discussion of Results

The results in Table I, besides giving the elecirestatic scasitivity i
terms of enevgy, also show the voltage that is necessary wnen a 330 MM
capacitor is used, It chould be noted that tetivl has a z&éro initiation energy
value lower than 0.015 joule, This amount of enexgy (0.015 joules) 15 the must
comnonly 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. 9. These results show that as the voltage is increased
the zero-ignition enetgy 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 Il 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 Bureiu of Mines data (Refs, 5, 6, 7). The results
reported here do not agree with those obtained by Wyatt (Ref, §).

'vhe functioning times of three series of eight detonator test fixtures of
30 milligrams conductive lead azide/graphite (98.7/1.3) and 220 milligrams
conductive PETN/qraphite (95/5) loaded at 16, 000 psi are shown in Table IiI.
The average functioning time of the three are in good agreememt. However,
their standard deviation is greater than the 0.030 microsecond desired. The
electrical input enexrgy was 1,12 joules (IMFD/1500 volts). All subsequent tests
used the same fixtures and firing energv.

The effect of variation in sample sizes of conductive lead azide/graphite
(96.7/3.3) and conductive PETN/graphite (95.5) leaded at 16, 000 psi is shown
in Table IV. The first three columns show the avecage functionirg times of 30
milligrams conductive lead azide/graphite znd 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 conwluctive lead azide/graphite (96.7/3.3) and 200 milli-
grams concuctive PETN/graphute (95/5) added tc each loaded at 16, 000 psi.
There i3 an improvement in the standard deviations. The evaluation of 60 milli-
grams conducti "¢ lead azide/graphitc and 200 milligrams conductive PETN/
graphite loaded at 16,000 psi are given in Table V. The standard deviat:ons G0
show a decrease 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 of 60 milligrams conductive lead azide/graphite (92.5/7.5) and 200 milli-
grams of conductive PETN/graphite (95.5) were 1,692 and 1.706 microseconds,
and standard deviaticns 0,031 and 9.030 microseconds i2spectively. The con-
ductive lead azide/graphite (92.5/7.5) and conductive PETN/graphite (95/5) can
be so loaded at 16, 000 ps: and electnicailly initiated by a 1,12 joules to give
reproducible simultaneties with a steidard devintion of 0,030 microsecond and
gufficient output energy tc Luiuawe wiryi pellets,
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Summaary

Another apparatus for deterinining the clecirostauc sensiuvity ot exple-
sives has been built and tested. The results indicate that 1t can be used to
determine the order of sensitivity of explosives. i is simple ¢nd safe to opex-
ate, The ipitiation energy and voltages have both been nven in this study.
There was no apparent difference in order of sensitivity when a lower capac:tor
(302 MiAT) and higher voltages were used. The results still show that tetryl
is tne most hazardous secondary explosive,

The functioning time cof conductive lead azide is shown to be related to
the gcaphite contcst. ¥t has been long realized that taere is an optimum nex-
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 grzphite/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 purity 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 tetxyl and other high explosivas.

Experimental Procedures

Loading of Electyostatic 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 z precision gauge of 0.005 inch thickness. The
door of the test chamber wes connected to the power supply by a micro switch
which allcwed the high voltage to be on only when the door was closed. The
charging voltage was set by adjusting the built-in powerstat. For each sumple
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 igmitions per voltage level,

Preparacicn of Conductive Mixtures:

Blending - The calculated weights of dry materials were blended by tumbling
in a rubber beaker which was rotated at z5 - 35 rpm by an air driven motor,

Ball Milling - Ball milling was done using chloroform or abschute mathiy)




aleoho! as a mithng median and with ~tedd bedds 1747 - 5747 dnaneter., T
materials and .r werur were placed 1o a rubber contamer aad rolied on g
rollinyg mull {H»1” 2 - 3 hours.,

Mertiod of Loading Test Fixtures:

The samples were werghed on a JoHer-Sm.th balance and poured in test
fixture (Diagram 1) held 1n a loading ussembly. The sample was consolidated
with a Denison Midget press (Lton on 1 1/2 inch diameter ram). For pressure
near the bulk densities of the material, slight comnression was obtamned by
using a hand operated arboy prcsa.

Simultaneity Tests:

Simultaneity tests were conducted by mounting eight (8) oi the loaded parts
(with tetryl peilets attached), in a boaid and firing them electrically. The hight
emitted by the tetxyl was recorded by a stxcak camera. The energy used to fire
these loaded parts was approximately one joule, This enexrgy was obtained by
discharging s 1 microfarad condenser charged at 1500 volts.




TABLE |

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

Explosives

Copper Chlorotetrazole
Tetryl (on 100 sieve)
PETN/TNT (13/100)
Composition B

TNT (thru 100)

PETN (2.6 micron)

RDX

HEX M-24.1

PETN (Special Crystal)
RIX/Acetylene Black (90/10)
ADX/Acetylene Black (75/25)
MOCX-2B

Explosive D

B-HMX

HEX-48

Voltage*

6, 000

8,000

8,000
12,000
12, 000
12,000
20, 000
20, 000
24,000
24,000
32,000
36, 000
40, 000
40, 000

60, 600

¢ menme O es

Energy (Joules)®

O ee tee mwe e

0.009

0.025

025

0.036

* Maximum voltage and energy allowable above which ignitions will occur.




TABLE Il

ELECTROSTATIC SENSITIVITY DATA

(Secondary Explosive., and Explosives Compasitions)

@ crrahet  cw e = em— - ———

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)
Terxyl 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* --
U NN S

* Reference 7.




TABLE Il

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

Functioning Time, usec

om——

Test No. 8 9 10 _.
1958 | 210 2.154 -

2.196 2.123 2.121

g 2.085 1.920 2.139

i 2,148 2.143 2,230

. 2.132 2.127 2.018

, 2,041 2.150 2.081

| 2.08s 2.132 2.092

‘ 2.168 2.088 2.078

Average, usec 2,102 2.105 2.114

y(Standard deviation) | 0.077 0.075 0.069
NOTE: @ 30 mg conductive lead azide 1) and 220 mg conductive PETN(?

loaded at 1€, 000 psi, firing energy is 1.12 joules IMFD/1500V base charge

conductive PETN -graphite (95/5)
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TALLY V
Evaluation of the Simultaniery of (95/5) icad azide-graphite conductive mix (95/5)(3)

Functioning Time, 4 sec

Test No 21 22 23 26 _] 27 28

——— — -

g

1.768 1.749 . 3.696 ! 1.770 1.681 - 1.801

i
! .
| ;
1.672 1.812 3.720 | 1.770 1.692 i -
| H i
] R
1772 1.721 . 3.739 | 1.930  1.745 | 1.702
. ' X l
N ]
- " 1.715 3.675 i 1.701 1.835 ;1.801
L] . t H
. [ ] M
1.705 - 1.780 ©3.611 [ 1.774 |1.908 |1.712
: i - i
1.793 ' 1.746 1 3.719 | 1.817 in.m Lo
{
1.791 . 1.740 : 3.684 g 1.716 11.810 |1.765
. '
] ' !
P LI 1,743 13.714 j1.817 [1.725 |1.774
[ ]
M {
v ! -
M ]
Average Time, psec 1.753 1.751 ,3.695 1.787 11.774 i 1.761
]
. . l
Standard deviation (¥) | 0.039  0.032 ©0.042 0.074 t0.074 +0.032
. 3 |

Note: (@ 60 mg Conductive lead azide/graphite (95/5), 200 mé Conductive

PETN/graphite (95/5), loaded at 16, 000 psi, and firing energy 1.12 joules
(1500V/IMFD)

Y



COPPER
WIRE

ALUMINUM
SLEEVE —_

L~

J<—WIRE WITH

0,063%

AR M RAAALRANRNY

0.016%] ||«

APPROX. =

NN

-

N
\\ N \ \\1
AN AR
RV RSDNNRRE

r——o.zs'r"———-—:

[

LOADING PRESSURE

INSULATION

e / NON-—-CONDUCTIVE MATERIAL

(200-220mg) PETN (CONTAINING -5 -6 %)

GRAPHITE

t—— 0.020"

Y4 TON OR 18,000 PSI

TEST FIXTURE USED IN CONDUCTIVE MIXTURE TESTING

DIAGRAM 1

10



3.

o.

References

“Ignitability of Explosivies by Static Electricity” by D. J. Kusler and
F. W, Brown, Bureau of Mines, Tech Note #23, Nov. 26, 1943,

“A Survey of Methods and Equipment fox Electrostatic Sensutivity Testing
of Solids” by D. G. Kirk, 1960-Report on File 1n Picatinny Arsenal,
Technical Ir.formation Section.

"Research ard Development in the I ield of Electric Primers”, Report
26215, 17 Nov, 1949 - Report on File in Picatinny Arsenal, Technical
Information Section (R. F. Wilkerson).

"Explosive Initiators, Electric - A Literature Suxvey" by Z. V. Harvalik,
NAVORD Report 1487, 1950,

"Sensitivity of Explosives to Initiation by Electrostatic Discharges”, by
F. W. Brown, D. J. Kusler and F. C. Gibson, Bureau of Mines, R.l.
3852, January 1946.

“Sensitivity of Explesives to Initiation by Electrostatic Discharges”, by
F. W. Brown, D, J. Kusler and F. C. Gibson, sureau of Mines, Report
5003, Sept. 1954,

"Electrostati. Spa.x Test of 9 Samples of Explosives”, Bureau of Mines.
Report No. 3426, December 8, 1954,

"The Electrostatic Spark Sensitivity of Bulk Explosives and Metal/Oxidant
Mixtures” (U) by R.M.H. Wyatt, NAVORD 6632, 1 June 1959, (CONF.)

"Static Electricity” - F.B. Silsbee, U.S. National Bureau of Standards,
Circular 438 (1942).

1t




DISTRIBUTION LIST

Commanding Officcr
Picatinny Arsenal
ATTN: Technical Information Section

Dover, New Jersey - - ~ = - = = = = = - =« ~ - o 0 o o0 oo

Commanding General
U. S. Army Matesiel Command
ATTN: AMCRD-RS

Washington 25, D. C. - - -~ - = - e - v o m o m o a e

Commanding General
U. 5. Army Munitions Command
ATTN: AMSMU-A

AMSMU-W

AMSMU-S

Dover, New Jersey « = = =« = =~ = = o sc v v 00w a v ow -

Commanding Officer

USA Ballistic Research Laboratory
ATTN: Dr. R. Eichelberger
Aberdeen Proving Ground

Maryland - - - <« = -« -~ - - - - s cm it e

Commanding Officer

Watertown Arsenal

ATTN: Watertown Arsenal Laboratories
Dr. E. Ross, Jr. - AMRA

Watertown 72, Massachusetts =« ~ = = - « ~ = = = « = = = - =

Commanding Officer

Harry Diamoad Fuze Laboratories

ATTN: Tech Reference Section
Connecticut Ave. at Van Ness Street, N.W.,

Washuagtorn 25, D, C. = -~ -~ s e o e v vt e i a e

Commanding Officer
Signal Corps Enginsering Laboratory
ATTN: Director of Research

Fort Monmouth, New jersey -~ - =~ =~ = - = -~ ==~~~ - -

Commanding Officer
Engineening Research % Developmeat Laboratories
ATTN: Dr. Z. V. Harvalik

Fort Belvoir, Virgimaa . . . .. . ... .. .. e e e e o

7-10

11

12

13

14




Com.nanding Officer
Army Research Office (Durham)
ATTN: Dr. John Dawson
Dr . Herman Robl
Dr.D. A, Wiley
Box CM, Duke Stauion
Durham, North Carolina- - - - -~ ~ - - - - - - - -

Defense Ducumentavon Center for Scieatific ond T v e .. . |
Arlington Hall Station
Arlington 12, Virginia ~ = ~ =~ - - - = - = - - - - oo oL - -

Commander

U. S. Naval Crdnance Laboratory

ATTN: Technical Lib -ary

Wiu-  Oak, Siiver Spring 19

Maryland -~ = -« - - - - - - - - c o m oo e L

Commander
Office of Naval Research
Washington 25, D. C.

Commander

Naval Research Laboratory

ATTN: Technical Library

Washington, 25, D.C.- - = - - - = - = = -« oo s o0t

Commander U. S. Nava! Ordnance Test Station

U. §. Navai Ordnance Test Stui-on

Inyokem, Chine Lake

California - - - - - = - =+ - =« -

U. §. Navai fiupcliant Plaat
ATTN: Library
Indisn Head, Marylopa- = - = =~ « - -~ - - R

Commanding General

Air Materiel Comimand

ATTN: Mr. F. N. Bubh, Chief scientist
Wnight-Patterson Atr Force Base

Dayton 2. Ohio - = =« ~ - - = - === - - - v - R

A5 Force Special Weapors Center

ATTN  Techuicsl Information Division

Kirtian® aur Fo:ce Base

New Mexicos = 5 - - - = - - - - - RO TEEEEE R - -




-

Commarding Officer
Redstone Arsenal

Alabama - = = = = = « = = = = = =« ¢« « “ <. N

Comanding Officer
Frankford Arsenal
Bridge & Tacony Streels

Phuladelphia 37. Pennsylvania = = = ~ ~ = = = = = - - - - -

Defense Atomic Support Agency
Radiation Division
Department of Defense

Washington 25. D. C. - = = -~ == -« -2 -t o

Elgin Alr Force Rase
ATTN: Mr. K. Gyselka

Florida =~ ~ =~ = - === =« ~ = 6 ¢ = ¢« a = oo~

Scientific and Technical Ieformation Faculty
ATTN: NATA Represeatative
P. 0. Box 5700

Bethesda, Maryland - - ~ = = - = - = = === - - o oo

E. O. Lawrence Radiation Laboratory
ATTN: Dr. John S. Foster

Dr. John W. Kury
P. O. Box 808

Live,more, Californja - - - - -~ -+~~~ --------

D1. Paul W, Levy

Poysics Department

Brookhaven National Laboratory
Upton, Long Island

New YOTK ~ « = = = = = = = = = = = = c e == n oo o=~

Scientific Information Section
Ressarch Branch - Res & Dev Divisicn
Office, Assistant Chief of Staff
Department of the Army

Washington 25, D. C.- - - - - - - - = - - - oo oo m - -

U. S. Atomic Enargy Commission
ATTN: Division of Technical Information

Qak Ridge, Tennessee - - - =~ - - - - -~ - -~ .. .

36

38

39

40

41

42

43

44




