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[57] ABSTRACT

An explosive device including means permitting iden-
tification of the explosive source or manufacturer
even following detonation, and a method of identify-
ing the source or manufacturer of an explosive device
even after detonation thereof. A luminescent material
is added to the explosive device having a non-thermal
emission of electromagnetic radiation upon excitation
which uniquely identifies the source or manufacturer
of the explosive. The luminescent material may be
pulverized and mixed with the explosive material
within the device. Alternatively, the luminescent ma-
terial may be added to the exterior of the explosive
device. Following detonation of the explosive device,
the area around the detonation is activated or excited,
and the luminescent material is identified from the re-
sulting luminescent radiation.

23 Claims, No Drawin_gs
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1
PRODUCT AND METHOD

The present invention pertains to explosive devices.
More particularly, the present invention pertains to a
method of identifying the source of explosive devices
even after detonation of the explosive and to explosive
devices including means enabling identification of the
source of the explosive even after detonation thereof.

Explosive devices are often used in illegal manners to
harm, and even kill, persons, to damage property, for
instance, to make openings in buildings, permitting un-
lawful access to property, and the like. Following such
explosions, the police and -other authorities. must at-
tempt to identify the responsible persons. If the source
of the explosive device can be determined, this fre-
quently aids in identifying and apprehending the re-
sponsible persons. Generally, such explosions are of a
strength which essentially completely destroys the ex-
plosive device, including both the explosive material
and its container. Consequently, little or no identifiable
evidence is available from which the source of the ex-
plosive device can be determined.

In one aspect, the present invention is'a method of
identifying the source of an explosive device utilized in
an explosion after detonation of that explosive. In an-
other aspect, the present invention is an explosive de-
vice incorporating a luminescent material which, fol-
lowing explosion of explosive device, enables its detec-
tion through luminescent radiation. Different manufac-
turers or sources of explosive devices can thus incorpo-
rate luminescent materials which: emit different elec-
tromagnetic wavelengths so that, by. identifying the
wavelength of the luminescent radiation, the manufac-
turer or source of the explosive can be identified.

Upon excitation, luminescent materials emit visible
or invisible electromagnetic radiation unaccompanied
by high temperatures. The excitation of the materials
may be by other electromagnetic radiation, by charged
particles, or by chemical change. Most commonly, lu-
minescent materials which are excited by electromag-
netic radiation, particularly ultraviolet radiation (long
wave and short wave) are employed. Generally, lumi-
nescent materials are fluorescent, that is, materials
from which emission of luminescent radiation stops
upon cessation of supplying the excitation energy, or
phosphorescent, that is, materials from which emission
of luminescent radiation continues for at least about
107® second after the source of excitation is removed.
Luminescent radiation is generally a narrow bandwidth
radiation such that upon excitation not only the pres-
ence of a luminescent material, but also usually the
identity of the material can be ascertained. Often the
luminescent radiation is in the infrared, visible, or ul-
traviolet portion of the electromagnetic radiation spec-
trum. Often, with luminescent materials which provide
a visible emission, the unaided eye can detect and iden-
tify the material. With invisible radiations from such
luminescent materials, instruments are required for de-
tection and identification.

Luminescent materials may be crystalline or liquid;

however, crystalline materials are preferred for appli- .

cation in the present invention. Normally liquid phase
luminescent materials may be employed by, for in-
stance, coating a particulate substrate material with the
liquid. The luminescent materials may be inorganic or
organic and may occur naturally or may be syntheti-
cally produced. Admixtures of luminescent materials
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may be employed. Such admixtures may, for instance,
have luminescent materials which respond to different
forms of excitation energy, for example, one material
may be excited by ultraviolet radiation anid another ma-
terial may be excited by infrared radiation. Also, an ad-
mixture may contain two or more luminescent materi-
als which respond to essentially the same form of exci-
tation energy. Thus, if one component is masked by the
surroundings, another component may still be identifia-
ble and the manufacturer of the explosive device can
be ascertained. The use of two or more luminescent
materials may also provide more flexibility and combi-
nations to assist in the marking and identification of ex-
plosives.

Exemplary of luminescent material operable in this
invention are naturally occurring luminescent materials
including scheelite (CaWO0,), willemite (Zn,SiO,), cal-
cite ' (CaCOy), scapolite ((NayCa),Al, (AlS1),.

"Sig024(Cl, Coy, SO,)), sphalerite (ZnS), rhodochrosite

((Fe, Cs, Mg, Zn) MnCO;) and other naturally occur-
ring fluorescent oxides, halides, carbonates, and the
like. Synthetic samples of these naturally occurring ma-
terials and other combinations may be prepared and
may fluoresce when properly doped with selected im-
purities. Examples of synthetic luminescent materials
are strontium orthophosphate, calcium halophosphate,
zinc sulfide, zinc sulfide-cadmium sulfide, and the like
provided with proper activator metals. Activator met-
als which have been employed are, for example, tin, an-
timony, manganese, the rare earths such as europium,
yttrium, cerium, samarium, etc., and the like. Other in-
organic luminescent materials are derived from the
rare earths. For example, samarium nitrate, dysprosium
nitrate, and the like. Solid organic compounds such as
stibene, naphthalene, anthracene, and phenanthrene
exhibit luminescent properties as do some organic dyes
and the like. The luminescent material should be se-
lected such that it achieves or retains luminescent
properties after detonation of the explosive. High tem-
perature explosives generally require more stable lumi-
nescent materials than explosives providing less severe
conditions, when the luminescent material is admixed
with the explosive material. If the explosive material is
provided on the explosive device, for instance, in the
label, thermal stability is less of a concern.

In accordance with the present invention, lumines-
cent material is incorporated in the explosive device
by, for instance, admixing it with the explosive material
or incorporating it into or coating it on the material em-
ployed for the container of the explosive charge. For
instance, the luminescent material can be deposited on
the exterior of the explosive device container by, for
example, sprinkling the luminescent particles onto the
container which has previously been coated with an ad-
hesive such as clear polyurethane. The luminescent
material may be admixed with, for instance, molten
wax into which the explosive is dipped to form a con-
tainer. Plastic explosive device containers may be
formed with luminescent particles therein. Further, the
luminescent material may be incorporated into the ink
with which markings on the explosive device label are
printed.

The amount of luminescent material should be suffi-
cient to result in the presence of detectable lumines-
cent material subsequent to detonation of the explosive
device. Generally, when detecting traces of the lumi-
nescent material by the unaided eye, the luminescent
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material should be provided in an amount generally less
than about 2, for sake of convenience, preferably at
least about 0.025, more preferably 0.05 to 1, percent
by weight. The amount required depends upon several

4

of high energy such as ammonium nitrate, dynamites,
trinitrotoluene, nitrocarbon nitrates, and the like, or
relatively low energy explosives such as black powder.
A further discussion of explosives can be found in the

factors, for example, the intensity of the lurhinescent 5 Encyclopedia of Chemical Technology, Second Edition,
radiation, the particle size, the number of particles in ~ Volume 9, pages 581 to 719.
the explosive device, the strength of the explosive de- The following examples further illustrate the inven-
vice, where the luminescent particles are incorporated tion:
in the explosive device and how they will be distributed
upon detonation, and the like. Thus, less than 0.025 10 EXAMPLE
percent luminescent material may be sufficient for a A sample of franklinite zinc ore, obtained from
low powered explosive device whereas greater than 2 Franklin, New Jersey, is comminuted and screened
percent luminescent material may be required when through a 40 mesh screen (U.S. Sieve Series). The iron-
employing a high energy explosive. Generally, when containing franklinite particles are removed with a
the luminescent material is provided on the explosive 15 magnet and a ten gram sample of the remaining ore is
container in, for example, a printed label, or when the mixed with only one kilogram of a forty percent ammo-
material is incorporated in the explosive container, less nium dynamite, nitrostarch base, explosive powder,
luminescent material will be required than if it is in ad- hereinafter designated as 4OWR powder. A ten gram
mixture with the explosive powder. For instance, con- sample of this mixture detonated in a test cannon (Sei-
centrates as low as about 0.01 or less weight percent 20 ple Test Lab Ballistics Pendulum Cannon). When the
luminescent material may be operable. Other means of cannon is subsequently checked with ultraviolet light,
luminescent particle detection and identification may particles of the luminescent material can be visibly de-
require different relative amounts of luminescent parti-  tected as light pale green: R
cles. ' e

The luminescent material should be provided in a 25 EXAMPLE Ii
Fartl.c le size ts’ufﬁm(el:ntl‘);/llfrge tha: de.tectl'o n aind 1dent|; Two weight percent of the above ore is admixed with

ication can be made. When emp oying visual means o 40WR powder and formed into one-and-one-fourth
detection, generally, the average particle size of the ln- by eight inch stick of explosive. The stick is then
mbmesc:(;]t material aft: r dl;alto?atlon shhou]dbbe ast()leagt 30 suspended within a clean, empty 55 gallon drum and
about 40 microns, preterably larger than about 50 mi- detonated. Under ultraviolet light, particles of the ore
crons, in dl‘am,eter.'Wlth large.r particle Sizes, the num- are visibly detected by their light pale green color on
ber of particles which can be incorporated into the ex- .
. R . pieces of the drum.

plosive device is limited. Generally, the luminescent
material should have an average particle size of less 35 EXAMPLE Ill
_than a!aouF 2000, preferably 1e§s than 1.000 or 80(.)’ mi- About 0.25 weight percent PI phosphor is mixed with
crons in dlar.neter.. Easy detection and IQentlﬁcatxon of sixty percent ammonium, nitrostarch base, explosive
smaller part!cle s1zes, e.g., abgut one micron or more, powder, herein after referred to as 60WR powder, and
may b'e possible when employing a (.ietectlon and iden- detonated as a one-and-one-fourth inch by eight inch
tification means other than the unaided eye. b .

It may be desirable to provide a mixture of large and 40 stick in a barrel as in Example 11,

. . . . : PI phosphor is a sulfide-based phosphor obtainable
small pgrtlcl? size :um;nescenlt r'na;erl‘a(;s t(_)f.asm'st th(;. from the United States Radium Corporation. The phos-
r}e‘covermtg ot sampfei or al;a ySIS l?r identi lizatxon N phor can be detected under ultraviolet light. The phos-
the manutac urer of the explosive. For example, a por- phor is exceptionally fine and more difficult to identify
tion of the luminescent material may be of a particle by the visible eye after explosion than is the lumines.
size of about +100 —200 mesh (U.S. Sieve Series). This 45 %Y 0o &y explosion than is umines

. . . . o cent material in Examples | and II.
luminescent material may be visually identifiable by ex- . S
citation with ultraviolet radiation. Thus after an explo-
sion, the investigating authorities may comb the area EXAMPLE IV .
with ultraviolet lamps to visually detect the location of 50 About 0.5 weight percent PI phosphor is mixed with
the large particle size luminescent materials. The re- 60WR powder and detonated as in Example IV. The
maining portion of the luminescent material may not be results are substantially the same as in Example III.
easily visibly detectable or may require other means of
excitation. Upon locating the large particle size lumi- EXAMPLES V - XI
nescent material, samples may be collected from sur- 55 One weight percent of the following phosphors, ob-
rounding surfaces, and the collected material may be tainable from the United States Radium Corporation,
analyzed in a laboratory having the appropriate detec- are added to samples of a standard 4OWR powder, and
tion equipment for identifying the manufacturer of the the resulting mix is checked by the naked eye for detec-
explosive from the luminescent material. ~ tion of visible emissions upon excitation of the lumines-
This invention is operable with essentially all explo- 6o cent material by short and long wave ultraviolet radia-
sive devices. Various types of explosives include gase- tion, both before and after detonation as in Example H,
ous, liquid, and solid explosives. The explosives may be with results indicated below: '
SHORT WAVE LONG WAVE
(ABOUT 1500 to 2600A) (ABOUT 3600 to 3700A)
Ex. Type Before After Before After
Detonation__Detonation Detonation _ Detonation
Radelin Phosphor - =
Vo ZnSiiae
Mn; GS-115 Yes No Yes No
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SHORT WAVE LONG WAVE
(ABOUT 1500 to 2600A) (ABOUT 3600 to 3700A)
Ex. Type Before After Before After
Detonation _Detonation Detonation Detonation
Helecon Phosphorescent Pigment
Vi 5564 Yes No Yes No
(zinc sulfide- )
cadmium
sulfide
base)
VIl 2315 Yes No Yes No
(zinc sulfide-
cadmium
sulfide
ase) .
VI 2330 Yes No Yes No
(zinc sulfide
base)
1X 2330* No No No No
(zinc sulfide
base)
Helecon Fluorescent Pigment
X 2210 Yes No Yes No
X1 2330%* Yes No Yes No
* Unfired B o T
** Overs From 200 Mesh (USSS) Screening R -
’ "‘ CONTAMINANT
. . X . Human
The inability to detect the luminescent material after Example Tx;ie il Grease __Gasoline Waste
detonation is due to the inability of the unaided eye to 55 YIY‘_‘L"a £iin T hosplior
detect the emission. XX!  Zn Silicate;
o Mn; GS-115 No No No
EXAMPLES XII - XVIII Helees i
About 0.5 weight percent of the following phosphors 3o XXV =~ 2304 Yes Yes Yes  Yes
is added to samples of a standard 4OWR powder, and XXVII 2315 Yes Yes Yes
the resulting mix is checked under a 100 power micro- XXIX-
N g mix xec un oo P XXXI 2330 Yes Yes Yes
scope for detection of visible light emissions under ex- XXXII-
citation as in Examples V - XI with results as indicated 2330* No No No
below. Of those which could be detected with both 55 XXV
short wave and long wave ultraviolet radiation after Helecon Fluorescent Pigment
. v . mv—————l————
detpnatlon, the short wave radiation produces more XXV 2210 Yes Yes Yes
easily detectable results. XXXVIil-
XL 2330%* Yes Yes Yes
40 ;4Unﬁred T e

** Qvers From 200 Mesh (USSS) Screening

SHORT WAVE LONG WAVE
(ABOUT 1500 to 2600A) (ABOUT 3600 to 3700A)
Example Type Before After Before After
Detonation _Detonation Detonation Detonation
. Radelin Phos)ghor :
n Silicate;
Mn; GS-115 Yes Yes Yes No
Helecon Phosphorescent Pigment
X 238'3 Ves Yes Yes Yes
X1v 2315 . Yes Yes Yes No
XV 2330 Yes Yes Yes Yes
XVl 2330* No No No No
Helecon Fluorescent Pigment
XVIT 2210 . Yes Yes Yes No_
Xvil 2330%* Yes Yes Yes Yes
* Unfired o o
** Qvers From 200 Mesh (USSS) Screening
‘ 60

EXAMPLES XIX - XL

Samples of the following phosphors are added to
samples of powder and formed into one-and-one-fourth
inch by eight inch stick, and the resulting mixes are det-
onated in the vicinity of a steel plate dirtied with the
following contaminants, with results, using a X100 mi-
croscope as indicated below under short wave ultravio-
let light:

EXAMPLES XLI - XLV

Examples XII to XVIII, the luminescent materials are
sprinkled onto the shell of an explosive which is then
coated with a polyurethane clear finish. The results are

65 more easily detected under aide of microscope than
when the phosphors are mixed with the explosive pow-
der, as in Examples XII - XVIIIL.
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SHORT WAVE : LONG WAVE
(ABOUT 1500 to 2600A) (ABOUT 3600 to 3700A)
Example Type Before After Before After
Detonation Detonation Detonation  Detonation
Radelin Phosphor
XLI Zn glhcate; ;
Mn; GS-115 Yes Yes No
Helecon Phosphorescent Pigment
XL 2304 Yes Yes Yes
XL 2315 ’ Yes Yes Yes
XLIvV 2330* No No No
Helecon Fluorescent Pigment
es Yes Yes
XLVI 2330** Yes Yes Yes
* Unfired

** Overs From 200 Mesh ( (USSS) Screenmg

EXAMPLES XLVII - L

Limestone is ground to +20 — 40 mesh (U:S. Sieve
Series) mixed to a two weight percent level with a
4OWR powder into a one-and-one-fourth inch by eight
inch stick, and exploded in a barrel and onto brick,
steel plate and wood in the barrel. The luminescent ma-
terial can not be detected under short or long wave ul-
traviolet radiation by eye following detonation. It ap-
pears that the limestone deflected off the harder mate-
rials such as steel and embedded within the shorter ma-
terials such as wood.

EXAMPLES L - LINI

Brown willemite is ground to +20 — 40 mesh (U.S.
Sieve Series), mixed to a two weight percent level with
40WR powder into a one-and-one-fourth inch by eight
inch stick, and exploded in a barrel and onto brick,
steel p]ate and wood in the barrel. The luminescent ma-
terial is detectable in every instance by eye upon short
or long wave ultraviolet excitation, with the lumines-
cent material being more easily detected on barrel
pieces and steel plate.

EXAMPLE LIV

Each of two rare earths, samarium nitrate and dys-
prosium nitrate, are mixed with 4OWR' powder at the
200 part per million by weight level and tested as in Ex-
ample II. Following explosion of the mixture, the de-
tected particles are too sparse for positive identifi-
cation by the unaided eye.

The above examples illustrate the invention and show
its breadth. Although the present invention has been
described with reference to preferred embodiments
and specific examples, numerous modification could be
made, and still the result would be within the scope of
the invention,

What is claimed is:

1. An explosive device comprising an explosive mate-
rial and a luminescent material making-up less than
about 2 percent by weight of the explosive device such
that prior to detonation of the explosive device the lu-
minescent material i not readily detectable under am-
bient light while following detonation of the explosive
device the luminescent material is detectable upon ex-
citation by a nonvisible excitation radiation.

2. An explosive device of claim 1 in which the lumi-
nescent material is present in an amount of from about
0.025 to about 2 percent.
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3. An explosive device of claim 2 in which the lumi-
nescent material is present in an amount of from about
0.05 to about 1.0 percent by weight.

4. An explosive device of claim 1 in which the lumi-
nescent material is added to explosive material in the
explosive device.

5. An explosive device of claim 1 in which the lumi-
nescent material is coated on the exterior of the explo-
sive device.

6. An explosive device of clalm § in which the lumi-
nescent material is sprinkled onto the exterior of the
explosive device and covered with a polyurethane clear
finish. .

7. An explosive device of claim 1 in which the lumi-
nescent material is incorporated into the container of
the explosive.

8. An explosive device of claim 1 in which the lumi-
nescent material is a fluorescent material. '

9. An explosive device of claim 1 in which the lumi-
nescent material is a phosphorescent material.

10. A method of xdentlfymg the source of an explo-
sive device following detonation thereof comprising:

prior to detonation adding to the explosive device a

luminescent material which upon excitation by a
non-visible radiation has a known electromagnetic
emission uniquely associated with the explosive de-
vice source;

subsequent to detonation of the explosive device ra-.

diating the area surrounding the detonation with
the non-visible excitation radiation;

detecting the electromagnetic emission of the lumi-

nescent material in the radiated area; and
associating the electromagnetic emission with the ex-
plosive device source.

11. The method as claimed in claim 10 in which the
luminescent material is added by mixing luminescent
material with explosive material and formmg the mix-
ture into the explosive device.

12. The method of claim 10 in Wthh the lummescent
material is incorporated in the explosive device by de-
positing luminescent material on the exterior of the ex-
plosive device.

13. The method of claim 12 in'which the luminescent
material is sprinkled onto the exterior of the explosive
device and covered with a polyurethane clear finish.

14. The method of claim 10 in which the luminescent
material is less than about 2 percent by weight of the
explosive device. -
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15. The method of claim 14 in which the lummescent
material is in an amount of from about 0.025 to 2.0 per-
cent by weight of the explosive device.

© 16. The method of claim 15 in which the luminescent
material is in an amount of from about 0.05 to 1.0 per-
cent by weight of the explosive device.

17. The method of claim 10 in which subsequent to
detonation of the explosive device the area surrounding
the detonation is radiated with ultra-violet radiation.

18. The method of claim 10 in.which the luminescent
material is phosphorescent.

19. The method of claim 10 in which the luminescent’
material is fluorescent.

20. An explosive device of claim 1 in which at least
two luminescent materials are employed.

21. An explosive device as claimed in claim 1 in
which the average particle size of the luminescent ma-

terial is about 40 to 2000 microns.
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10

22. An exploswe devxce of claim 16 in Wthh the av-
erage particle size of the luminescent material is about
50 to 1000 microns.

23. A method of identifying the source of an explo-
sive device having incorporated therein a luminescent

material which upon excitation by a non-visible excita-
tion radiation has a known electromagnetic emission

uniquely associated with the explosive device source,
said method comprising:
subsequent to detonation of the explosive device ra-
diating the area surrounding the detonation with
the non-visible excitation radiation;
detecting the electromagnetic emission of the lumi-
nescent material in the radiated area; and
associating the electromagnetic emission with the ex-

plosive device source.
¥ % * * *




Notice of Adverse Decision in Interference

In Interference No. 99,183, involving Patent No. 3,835,782, G¢. L. Griffith
and D. W. Edwards, PRODUCT AND METHOD, final judgment adverse to
the patentees was rendered Oct. 28, 1976, as to claims 1, 2, 8, 4, 8, 9, 20, 21 and 22.

[Official Gazetie February 1, 1977.]
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