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This invention relates to electric blasting ini-
tiators and more particularly to delay electric
blasting initiators provided with matchhead-type
ignition assemblies.

In delay electric blasting initiators, it has been
customary to employ cavity-type ignition assem-
blies using flash mixtures such as mercury ful-
minate or diazodinitrophenol, potassium chlorate,
charcoal, and nitrostarch. Matchhead-type as-
semblies have also been used, in which case igni-
tion compositions such as copper acetylide set in
sulfur or a mixture of lead dinitroorthocresol,
smokeless powder, and potassium chlorate have
been used. However, delay initiators known to
the art have given numerous failures, when fired
at high voltages. ’

.Now in accordance with this invention, delay
electric - blasting initiators have been prepared
which have shown satisfactory performance not
only under normal operational voltages, but also
at high voltages. This has been accomplished by
employing an ignition assembly of the matchhead
type having the bridge wire embedded in g beed
formed of a primary explosive, an oxidizing ma-
terial, a flash-producing metal, and a binder.

The delay electric initiator in accordance with
this invention comprises a metal shell of the type
employed in the art having in general a base
charge, a priming explosive superimposed upon
the base charge, and a delay fuse element. The
matchhead-type ignition assembly comprises a
plug with two lead wires inserted therethrough,
the terminal ends of which are electrically con-
nected by a bridge wire. The bridge wire is em-
bedded in the flash mixture of this invention.
The ignition assembly is inserted in the shell such
that the flash bead is about % inch or less above
the fuse. A waterproofing composition and a
sulfur seal may complete the initiator, as re-

© gquired.

The invention has been generally described, and
now reference is made to the drawing, which is
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a specific embodiment thereof. The drawing rep- -

resents & ventless delay electric blasting initiator
comprising a bronze shell {, pressed in the bot-
tom of which is a base charge 2 of pentaerythritol
tetranitrate. ‘Above the base charge is the prim-
ing explosive 3, in this instance a mixture con-
taining 75% diazodinitrophenol and 25% potas-
sium chlorate. This mixture is slightly pressed
by a length of delay fuse, which comprises a mix~
ture of 84% barium peroxide and 16% powdered
selenium as the fuse powder # compressed to the
proper density in a tube 5. Almost in contact
with the fuse is the ignition composition, sur-
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rounding the bridge wire 6 which is formed of an
electrically-resistant metal, in this case platinum
alloy, as a bead T comprising 40% diazodinitro-
phenol, 35% potassium chlorate, 20% powdered .
magnesium, and 5% nitrocellulose, held together
by a 4% solution of nitrocellulose in butyl acetate.
The bridge wire is affixed to the terminal ends of
a pair of lead wires 8 which are embedded in the
plug 9. Above the plug is placed a layer of water-
proofing material {0 and a sulfur seal {1. It will
be noted that the bead 7 is disposed in a rela-
tively small air space. In fact, the air space in
the initiator of this invention is only between
one-fourth and one-third as great as that in
ventless delay electric blasting initiators of the
prior art.

The practical application of this invention is
illustrated in the following examples:

Ezxzample 1

In shells of the type illustrated in the drawing
were placed 0.40 gram of pentaerythritol tetra-~
nitrate as a base charge, and 0.30 gram of a mix-~
ture of 75% diazodinitrophenol and 25% potas-
sium chlorate as the primary explosive. A mix-
ture of 84% barium peroxide and 16% powdered
selenium was placed in a tube which was then
swaged such that the mixture had a density-of
4.4 g./cc. Strips of this tube 1%/es inch long were
cut and placed in each shell above the priming
explosive mixture, to act as the fuse element.

Forty grams of diazodinitrophenol having a
particle size between 50 and 150 mierons, 35 grams
of potassium chlorate (through a 60-mesh
screen), 20 grams of magnesium powder, and 5
grams of nitrocellulose were thoroughly mixed.
The mixture was then moistened with a 4%
solution of nitrocellulose in butyl acetate to form
a thick sirup. Standard electric blasting-type
plugs having a platinum alloy bridge wire affixed
to the projecting terminal ends of the iead wires
were dipped in this sirup. In each case, upon
removal, a portion of the sirup adhered to the
bridge wire and the ends of the lead wires in the
form of a bead. After the bead had hardened the
assemblies were inserted in the shells such that
the bead rested direcily on or less than vy inch
above the fuse. An air space about 5/33 inch in
height was thus formed between the upper face
of the fuse and the lower face of the plug. A
waterproofing wax material was then poured on
top of the plug and allowed to harden. Molten
sulfur was poured on top of the waterproofing
seal and also allowed to harden, thereby com-

85 pleting the initiators.
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One hundred of the initiators prepared as de-
scribed above were fired at a current of 440 volts
(A. C.)- in single shots. None failed to fire. Five
groups-of 20 each arranged in parallel were fired
at 440 volts. There were no failures. The maxi-
mum resistance which could be placed in series
with 75 caps hooked in parallel at 220 volts A. C.
was 6.4 ohms. : The critical firing current of 30
caps in series was 0.9 amp. The initiators pre-
pared as described above were stored for 5 months
at 120° F. without affecting their ability to func-
tion.

Example 2

Twenty-five grams of diazodinitrophenol hav-
ing a particle size between 50 and 150 microns,
49.9 grams of potassium chlorate (through a 60-
mesh screen), 22.1 grams of aluminum powder,
and 3 grams of nitrocellulose were thoroughly
mixed. The mixture was then moistened with a
49, solution of nitrocellulose in butyl acetate in
an amount suficient to form & thick sirup. Elec-
tric blasting-type plugs whose lead wires pro-
jected from the lower face of the plug and were
bridged by a section of platinum alloy wire were
dipped in the sirup. In this manner, the bridge
wire was embedded in a bead of the sirupy igni-
tion composition. After the bead had hardened,
the plugs were inserted in shells of the type illus-
trated in the drawing, In which were placed 0.40
gram of pentaerythritol tetranitrate as a base
charge, 0.30 gram of & mixture of 75% diazodini-
trophenol and 25% potassium chlorate as the
primary explosive, and a 194 inch long section
of a swaged delay fuse, the powder of which was
a mixture of 849% bharium peroxide and 16%
powdered selenium. The plugs were inserted so
that the matchhead rested less than s inch
above the upper face of the delay fuse. An air
space about % Inch in height was thus formed
between the upper face of the fuse and the lower
face of the plug. The shells were completed by
addition of a waterproofing wax material and a
layer of molten sulfur.

Two lots of initiators were tested, one of which
had been stored for 5 months at 120° ¥. The
critical firing current of 30 caps in series was
0.9 amp. for both stored and unstored initiators.
This indicated that the ignition mixture was
stable.

Example 3

Delay electric initiators were prepared exactly
as described in Example 2. The ignition com-
position employed contained 25% diazodinitro-
phenol of a particle size between 50 and 150
microns, 26.6% potassium chlorate, 45.4% chro-
mium powder, and 3% nitrocellulose. The igni-
tion composition ingredients were thoroughly
mixed while dry and then moistened with a 4%
solution of nitrocellulose in butyl acetate, em-
ploying a sufficient amount to form a thick sirup.
Plastic plugs, the terminal ends of whose lead
wires projected from the face of the plug and
were bridged with platinum alloy wire, were
dipped in this sirup to obtain a bead of the igni-
tion composition surrounding the bridge wire
and the terminal ends of the lead wires. This
bead was allowed to harden and the ignition
plug then inserted in the shells such that the
matchhead was less than 1% inch above the delay
fuse.

A number of these initlators were stored at
120° F. for 5 months. Both initiators which had
been stored and initiators which had not been
stored gave equally good performance when fired
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in groups of 30 caps each In series at 0.9 amp.
There were no failures.

Example 4

Delay electric blasting initiators containing
ignition assemblies of the matchhead type were
prepared as described in Example 2. The igni-
tion composition employed contained 25% di-
azodinitrophenol having a particle size between
50 and 150 microns, 43% potassium chlorate,
29% manganese powder, and 3% nitrocellulose.
The ingredients were mixed dry in the cus-
tomary manner and moistened with a 4% - solu-
tion of nitrocellulose in butyl acetate to form a
thick sirup. Ignition plugs whose bridged ter-
minal ends of the lead wires projected from the
face of the plug were dipped in the mixture, ob-
taining a bead surrounding the bridge wire and
the ends of the lead wires. The bead was allowed
to dry and the ignition assemblies inserted in the
shells such that the matchhead was less than
vs inch above or rested upon the delay fuse. An
air space about % inch in height was thus formed
between the upper face of the fuse and the lower
face of the plug.

These initiators were tested as before. The
critical firing current of 30 caps in series was
0.9 amp. before and after storage at 120° 7. for
5 months.

The ignition flash mixture employed in ac-
cordance with this invention is prepared by
forming a dry mix of between about 18% and
about 50% by weight finely divided priming ex-
plosive, between about 16% and about 55% of
an oxidizing compound, hetween about 10% and
about 64% of a powdered metal, and between
about 2% and about 12% of a binding agent.
The mix is then moistened with a solution of a
binding agent so as to form the sirup from which
the ignition beads are prepared.

Certain - compositions are preferred. For
example, mixtures of 25% diazodinitrophenol,
between about 30% and about 50% potassium
chlorate, between about 17% and about 42%
magnesium or aluminum powder, and about 3%
nitrocellulose have been found to give excellent
service at normal and extremely high voltages.
Similarly, mixtures of 25% diazodinitrophenol,
between about 25% and about 50% potassium
chlorate, between about 20% and about 50%
chromium powder, and about 3% nitrocellulose
have been found quite satisfactory, even after
hot storage at 120° F'. for 5 months.

Although a number of oxidizing compounds
known to the art may be employed as the oxidiz-
ing material, such as dichromates (potassium and
sodium dichromates), nitrates (sodium, potas-
sium, and barium nitrates), oxides, such as copper
oxide, and perchlorates, such as sodium and
potassium perchlorate, it is preferred to employ
potassium chlorate, potassium nitrate, or potas-
sium permanganate. These have in general been
superior to the other compounds in consistent
performance at high voltages, especially after
storage at high temperatures.

As the primary explosive, finely divided diazo-
dinitrophenol of a particle size between 25 and
200 microns is preferred. However, explosives
such as mercury fulminate, lead styphnate, and
ﬁlver azide may be employed, under most condi-

ons.

It is important to use a flash-producing metal
for which the values for heat content and for
free energy of formation of the oxides are high.
Such metals greatly increase the ability of the
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composition to ignite fuses. Thus, aluminum,
chromium, zirconium, iron, titanium, cobalt, anti-
mony, and magnesium have been found to be

_quite satisfactory. Other metals which may be
employed include manganese, zinc, and cadmium.
Tin and copper have given fair results.

As the binding agent, nitrocellulose is preferred.
However, other binders well known to the art,
such as nitrostarch, have heen utilized effec-
tively. The binder is combined in the dry mix
in the proportions given above. A solution con-
taining between 2% and 12% binding agent dis-
solved in a volatile organic solvent is also em-
ployed, to moisten the dry mix to form a sirup
of the desired consistency.

It is desirable that the bead be of such a shape
that a small air cavity is formed between the
lower face of the plug and the upper face of
the fuse. Thus, beads which are between about
0.12 and about 0.18 inch long, between about 0.04
and about 0.08 inch wide, and about 0.08 inch
deep or larger have been satisfactory. Such beads
permit an air space between about 8; and about
1%, of an inch high. This represents an air
space one-fourth to one-third smaller than has
‘been previously possible in ventless delay initia-~
tors of the matchhead type. It has been effected
by the combination of ingredients employed in
applicant’s ignition compositions. The flash-
producing metal in the composition combines
with oxygen and nitrogen evolved during com-
bustion. Hence, the gas pressure exerted. within
the shell during combustion of the ignition com-
position is reduced to a minimum.

The shell materials employed in preparing the
initiators of this invention may be the standard
materials employed in the art, such as bronze,
copper, or aluminum. The plug materials may
be either softer or harder than the shell casing
and include sulfur, plastic compositions such as
rubber, and synthetic resins such as phenol-
formaldehyde resins, polystyrene resins, and
ethyl cellulose. The plugs may be sealed in the
shell using a waterproofing composition, with a
sulfur seal, if desired. However, this is not neces-
sary with rubber or resin plugs. The lead wires
employed are the customary wires used in the
art and may be copper or iron, plain, tinned, or
enameled, or coated with cotton servings or plastic
materials. The bridge wire used to connect the
ends of the lead wire may be electrically-resistant
wire such as platinum, or iridium, or alloys such
as nichrome, copper-nickel, platinum-iridium,
ete.

In the above description, ventless initiators of
the delay type have been described. However,
the ignition composition employed is also adapt-
ed for use in vented delay electric blasting initia-
tors, and it may, for example, be used in electric

- squibs, electric igniters, or electric blasting caps, °

of either the vented or ventless type.

‘The reduction in the height of the expansion
cavity in initiators of this invention has made
possible a reduction in the shell length of about
7¢ inch, Thus, a shorter initiator is produced.
Also, the ignition of the fuse by the matchhead
igniter is made more effective, since this element
rests in close proximity to the fuse. Since the

flash functions in a relatively small area, most
of the heat evolved is concentrated directly over
the fuse. This permits the use of delay fuse of
higher density, which ordinarily is more difficult
to ignite and is therefore usually not employed
in delay initiators of the matchhead type. Higher
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density delay fuse is desirable because of its
better uniformity in burning time.

In high voltage flring, arcing accompanies
many shots. When this occurs, heat escapes
through the shell wall through a hole made dur-
ing this action. By placing the assembly nearer
the fuse in the initiators of this invention, any
escape of heat as a result of arcing will have
the opportunity to pass over the fuse and ignite
it. It is thus seen that the initiators of the pres-
ent invention possess advantages not found in
those of the prior art. )

All parts and percentages in the specification
and claims are by weight.

What I claim and desire to protect by Letters
Patent is:

1. An ignition composition for delay electric
blasting initiators comprising, by weight, between
about 18% and about 50% primary explosive, be-
tween about 16% and about 55% oxidizing mate-
rial, between about 10% and about 64% flash-
producing metal, and between about 2% and
about 129, binding agent.

2. An ignition composition for delay electrlc
blasting initiators comprising, by weight, between
about 18% and about 50% diazodinitrophenol,
between about 16% and about 55% oxidizing ma-
terial, between about 10% and about 64% flash-

" producing metal, and between about 2% and
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about 12% binding agent.

3. An ignition composition for delay electric’
blasting initiators comprising, by weight, between
about 18% and about 509 primary explosive,
between about 16% and about 55% oxidizing ma-
terial, between about 10% and about 64% mag-
nesfum, and between about 2% and about 12%
bindlng agent.

4. An ignition composition for delay electric
blasting initiators comprising, by weight, between
about 18% and about 50% primary explosive,
between about 16% and about 55% oxidizing ma.-
terial, between about 10% and about 64% alumi-
num, and between about 2% and about 12%
binding agent.

5. An ignition -composition for delay electric
blasting initiators comprising, by weight, between
about 18% and about 50% primary explosive,
between about 16% and about 55% oxidizing ma-
terial, between about 109 and about 64% chro-
mium and between about 2% and about 12%
binding agent.

‘6. An ignition composition of the matchhead
type for delay electric blasting initiators com-
prising, by weight, about 25% diazodinitrophenol,

5 between about 30% and about 50% potassium

chlorate, between about 179 and about 42%
magnesium, and about 3% nitrocellulose.

7. An ignition composition of the matchhead
type for delay eleciric blasting initiators com-
prising, by weight, about 25% diazodinitrophenol,
between about 30% and about 50% potassium
chlorate, between about 17% and about 42%
aluminum, and about 3% nitrocellulose.

8. An ignition composition of the matchhead
type for delay electric blasting initiators com-
prising, by weight, about 25% diazodinitrophenol,
between about 25% and about 50% potassium
chlorate, between about 20% and about 50%
chromium, and about 3% nitrocellulose.

8. A delay electric blasting initiator compris-
ing a shell, a delay fuse element, a plug, lead wires
inserted therethrough, the terminal ends of said
lead wires projecting from the lower face of the
plug, and a bridge wire affixed to the terminal

78 ends of the lead wires and embedded in an igni-




2,473,405

€

. 7

tion composition bead comprising, by weight,
between about 18% and about 50% primary ex-
plostve, between about 16 % and about 55% oxidiz-
ing material, between about 10% and about 64%
figsh-producing metal, and between about 2%
and about 12% binding agent, said bead disposed
less than aboui s inch above the upper face of
the fuse element, said infiiator having a relatively
small alr space between the plug, and the bead
being in close proximity to said plug and said
Helay fuse element.

10. A delay electric blasting initiator compris-
ing & shell, & delay fuse element, s plug, lead
wires inserted therethrough, the terminal ends
of said iead wires projecting from the lower face
of the plug, and & bridge wire affixed to the termi-
nal ends of the lead wires and embedded in an
ignition composition bead comprising, by weight,
between about 18% and about 50% primary ex-
plosive, between ahout 16% and aboust 55%
oxidizing material, between akout 10% and about

649 flash-producing metal, and between about

29, and about 129% binding agent, said bead dis-
posed substantially adjacent the delay fuse ele-
ment, said initiator having a relatively small air
space between the plug, and the bead being in
close proximity to said plug and said delay fuse
element.

11. A delay electric blasting initiator compris-
ing & shell, a delay fuse element, a plug, lead wires
inserted therethrough, the terminal ends of said

lead wires projecting from the lower face of the.

plug, and s bridge wire affixed to the terminal
ends of the lead wires and embedded in an igni-
tion composition bead comprising, by weight, be-
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tween about 18% and about 50% primary ex-
plosive, between about 16% and about 55%
oxidizing material, between about 10% and about
649 flash-producing metal, and between about
2% and about 12% binding agent, said bead dis-
posed in contact with the delay fuse element, said
initiator having & relatively small air space he-
tween the plug, and the bead being in close
proximity to said plug and sald delay fuse ecle-
ment.
DAVID T. ZEBREE.
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