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My invention relates to improvements in det-
onators, such as are used for initiating charges
of explosives. It is applicable to both electric
and safety fuse types of both simple and com-

5 pound detonators.
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Its object is the production and use of new
and improved types of detonators, characterized
by excellent and reliable detonating efficiency,
by-low cost; and by being safer for manufacture
and use than any detonators having sensitive ex-
plosives, such as fulminate, azide, diazodinitro-
phenol and the like, as ingredients of the main
charge or charges, thereof.

A further object is the reliable, efficient and
practical initiation of these safer types of det-
onators, whose main charge or charges are free
of any explosive as sensitive to friction and im-
pact as mercury fulminate, azide, etc.

Further objects and advantages will be evident
from the following description of my invention.

Where referred to in this specification and ap-
pended claims, the term “primary detonator com-
position” means the material used as the entire
explosive charge in so called “simple” or single-
charge detonators; or that used as the primary
or top explosive charge in so called “compound”
detonators, in which are employed explosive base
charges, usually of the non-primary detonating
type.

Various kinds of what I term “safety” types of
primary detonator compositions have been pro-
posed for use in various types of detonators.
These “safety” types of primary detonator com-
positions are characterized or defined as those
that are free of any explosive ingredient which
is as sensitive to friction and impact as are any
of the group of explosives exemplified by mercury
fulminate, lead azide, diazodinitrophenol, etc.
Examples of these “safety” types of primary
detonator compositions are: (1) solid nitration
products of polyhydric alcohols of the general
formula CnHn+2(OH)n (as nitrodulcite, nitroman-
nite, etc.), alone or admixed with various propor-
tions of other solid explosives, materially less sen-
sitive than fulminate of mercury, lead azide and
the like (examples of such other solid explosives
being tetryl, nitrolactose, nitropentaerythrite,
etc.); primary detonator compositions of this
type having been disclosed in my copending ap-
plications Nos. 502,559, 502,560, and 575,929; (2)
solid disaccharide nitric esters (as nitrolactose),
alone or admixed with various proportions of
other solid explosives, materially less sensitive
than fulminate of mercury, lead azide and the

{0 a confined “safety” type of primary detonator
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like, as disclosed in my copending application
No. 575,930, etc.

In adapting these so-called “safety” types of
primary detonator compositons for practical use
in detonators, two chief requisites are involved, 60
namely; (1) they must be adequately confined
and (2) they must be adequately initiated by ef-
fective ignition. The first requisite or that of
adequate confinement may easily be fulfilled by
the use, for example, of a perforated inner capsule, 65
pressed upon the said “safety” type of primary
detonator compositon in a shell, in a way well
known in the manufacture of detonators and as
shown in my copending applicaton Serial No.
502,560, the shell being preferably. of relatively 70
high strength for best and most reliable results,
as for-example a gildng metal shell having a wall
thickness of about ten thousandths of an inch.
By the term “confining means”, as used in the ac-
companying claims, I mean to include all the con- 78
fining media of the primary charge, i. e., either
the confining shell or both the shell and auxiliary
confining element, as a capsule, if and when the
latter is used in the detonator. One means of
fulfilling the second requisite or that of effective 80
ignition is by the employment of a preformed
fuse-head, in accordance with the method dis-
closed in my copending application Serial No.
502,560, several electric types of which are avail-
able and well known. This method accordingly 83
provides an adequate, readily available, electrical-
means for initiating detonators embodying
“safety” types of primary detonator composi-
tions; whereas, in contradistinction thereto, ordi-
nary available types of safety fuse are not ade- 90
quate for the initiation of detonators of this type,
due to the insufficient heat or insufficient combi-
nation of heat and force provided therewith. It
is accordingly very essential to the art of fabricat-
ing practical detonators, wherein the “safety” 9
types of primary detonator compositions are em-
ployed, to provide an adequate means of initia-
tion, whereby the ordinary safety fuse method of
firing may be used where desirable. My present
invention fulfills this need and, when embodied
in detonators of the said type, renders them suit-

‘able with ordinary and readily available types of

safety fuse as well as with electrically heated
bridge wire.

Broadly, my invention consists of the employ- 10
ment of a charge of inflammable deflagrating ma-
terial of such character and in such amount that
it will convey effective ignition from either safety

fuse or electrically heated bridge-wire initiation 1
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composition, without premature injury to the con-
fining medium or media of the detonator.

My invention is largely based upon the import-
ant discovery that the proper functioning of a
“safety” type of primary detonator composition in
a detonator, is dependent upon a hitherto un-

- recognized but controllable factor. This novel

factor resides in the prevention of the destruction,
injury or disturbance of the confining media of a
detonator, (embodying a confined primary charge
of “safety” primary detonator composition) prior
to the detonation of the said primary charge
thereof, The extreme importance of this factor
will be evident from the illustrative examples of
unsuitable ignition media, shown below.

I have found, for example, that the flame dura-
tions and temperatures of certain types of igni-
tion media are unsuitable, because they tend to
soften, fuse and even burn through the confining
media 1. e., the shells and/or inner capsules of
the detonators, before the “safety” type of pri-
mary detonator composition is able to advance
from ignition to detonation, during which period
it is very essential to have the confining media
quite intact.

In such cases, the proper functioning of a det-
onator, embodying a “safety” type of primary
detonator composition, is rendered very uncer-
tain, due to the impaired confinement and to the
very objectionable phenomenon of having the
main explosives charge, (surrounding the deto-
nator and which the detonator is to sét off or
detonate) becoming ignited, from the excessive
heat of the said types of ignition media, before
its detonation can be effected. Premature igni-
tion of the surrounding explosive involves many
important disadvantages as for example (1) the
ejection of the detonator from the explosive by
the force of the flame of either the ignition medi-
um of the detonator or the flame of the ignited
surrounding explosive or both, (2) the likeli-
hood of dangerous “hang-fires”, (3) the genera-
tion of toxic gases, (4) the reduction of blasting
efficiency, (5) the likelihood of igniting inflam-
mable gases and dusts in mines, etc. Exemplary
types of ignition media, embodying the above
difficulties, are compositions such as thermite;
pyrotechnics whose fuels comprise excessive
amounts of powdered magnesium, powdered alu-
minum or similar, very high heat producing ma-
terial; and the like.

The following composition is an example of
the objectionably hot type, the many disadvan-
tages of which are described above: 58% barium
nitrate, 29% magnesium powder and 13% lead hy-
pophosphite. Ignition media, consisting of vari-
ously pressed charges of this mixture in amounts
ranging from .075 gram to .25 gram when
employed in detonators embodying, for example,
gilding metal shells and inner capsules, base
charges of tetryl, and primary charges of nitro-
mannite, almost invariably burn through the side
walls of the shells prior to the detonation of the
detonators; resulting in unreliable functioning,
as indicated by lead-plate tests, besides the pre-
ignition of many types of surrounding explosives,
in a majority of instances. For example, out of
a group of fifteen attempts to detonate 60% nitro-
glycerine dynamite with detonators of this ex-
emplary type, the dynamite was pre-ignited in
6624% of the trials and in 2623% of the trials
the detonators were blown clear of the dynamite
charges by the force of the flame of the ignition
medium, ignited dynamite or both; the dynamite
continuing to burn instead of detonating,

Further, in other exemplary cases, I have found
ignition media, which are prone to detonate upon
being ignited in the confines of a detonator, to
yield variable and unreliable results, in conjunc-
tion with primary charges of “safety” types of 80
primary detonator compositions. In such cases, '
the confinement is prematurely shattered, prior
to the advancement of the primary charge of
“safety” primary detonator composition from ig-
nition to detonation; thereby interfering with 856
its proper functioning. This effect may best be
observed in compound-type detonators, having
base charges of non-primary types of explosives;
the reduced efficiency of the primary charge re-
sulting in the failure of the base charge to deto- 90
nate, in spite of the fact that-the same kind of
detonators may be consistently completely deto-
nated by means of types of ignition media, which
avoid premature injury of the confining media, in
accordance with my invention. Such materials, 95
as for example, mercury fulminate, fulminate-
chlorate, etc., which advance from ignition to
detonation, at very rapid rates, even in small
quantities, are therefore, unsuitable, unless de-

" sensitized in such a way as to make them pro- 100

gressive burning or deflagrating instead of deto-
nating materials, in the quantities required for
ignition media. An illustration of this is a com-~ .
position consisting of 65% mercury fulminate,
259, litharge and 10% antimony sulphide, whose 58
brisance is insufficient, in small quantities, to
impart detonation to nitromannite cap charges
confined under an inner capsule, but, neverthe-
less, detonate with sufficient force to so injure the
confining media (shell and inner capsule) that 110
the said nitromannite charges will not advance

“from ignition to detonation with sufficient effi-

ciency to consistently initiate detonator base
charges of tetryl and the like,

In contradistinction to ignition media, which 1156
prematurely injure the confining media, exam-
ples of which are described above, I have found
non-detonating, progressive burning ignition
media, whose flame temperatures and durations
are such that they will effectively ignite “safety” 120
types of primary detonator compositions, when
confined in detonator assemblies, without melt-
ing shattering or otherwise prematurely injuring
the confining media, to be entirely satisfactory
and practical. Ignition media, of this satisfac- 126
tory type, are embodied in various types of pro-
gressive burning or deflagrating compositions;
various amounts of which are suitable, depending
upon the heat and gas produced by and the speed
of burning of the deflagrating material in the 130
confines of the detonator assembly, together with
the strength, heat resistance, and heat conduc-
tivity of the confining medium or media of the
detonator assembly.

For instance, a deflagrating material exempli- 136
fied by composition A, consisting of a mixture of
749% selenium dust and 26% barium peroxide, ig-
nition charges of which evolve very little or no
gaseous products of deflagration and insufficient
developed heat to injure the detonator shells 140
and/or inner capsules, is quite fliexible as to the
maximum amounts that may be satisfactorily
used as ignition media in detonators embodying
confined charges of ‘“safety” types of primary
detonator compositions; the limiting factor, in 145
this case, being the amounts required to develop
sufficient heat to effectively ignite the said pri-
mary charges. In the case of composition A,
about .4 gram or larger amounts, when pressed

~ from zero up to about 1300 lbs. per square inch, 150
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are suitable as ignition media for detonators em-

bodying nitromannite and the like, as the pri-
mary charges thereof, in accordance with my in-
vention, in conjunction with confining media of
materials about as or more heat resistant than
gilding metal.

As for the opposite extreme, involving defla-
grating compositions, exemplified by composition
B—consisting of a mixture of 40% ground nitro-
cellulose smokeless powder, 20% potassium chlo-
rate and 40% sulphocyanate, which are relatively
fast burning and evolve considerable gaseous
products of deflagration, the amounts used as
the ignition media must be sufficiently small to
prevent the bursting of the detonator shell prior
to the effective ignition of the “safety” type of
primary charge; the gases, in this case, being
generated in too great a volume and at too rapid
a rate for them to be vented past the crimped
safety fuse sufficiently fast to avoid building up a

pressure to the bursting point of the confining:

detonator shell, The amount of gas produced
must therefore be limited by limiting the amounts
of composition of the B type used as the ignition
media. In the particular case of composition B,
I have found amounts ranging from .04 gram to
.08 gram, pressed from zero up to about 2600 lbs.
per square inch, to be suitable as ignition medig
for detonators embodying nitromannite, nitro-
dulcite, nitrolactose, and the like as the primary
charges thereof, in accordance with my invention,
in conjunction with confining media of conven-
tional thicknesses of materials about as strong
or stronger than gilding metal.

Between these two extreme types, represented
by compositions A and B, it will readily be seen
that there are many other compositions having
combinations of intermediate characteristics,
which are suitable in intermediate amounts, for
use in accordance with my invention. Compo-
sition C, for example, consisting of 25% tetryl,
10% magnesium powder, 40% barium nitrate
and 25% lead hypophosphite, deflagrates and
evolves gas at a sufficiently moderate rate with
sufficient evolution of heat to effectively initiate
primary detonator charges of nitromannite, to be
satisfactory for use, in accordance with my inven-
tion, in quantities varying from about .15 gram to
about .25 gram, pressed from zero up to about
2600 Ibs. per square inch, under which conditions
insufficient heat and/or pressure is evolved to in-
jure shells and inner capsules of conventional
thickness, of materials about as or more heat re-
sistant and/or stronger than gilding metal.

It is to be understood that my invention is not
limited to the above recited examples of suitable
ignition media but that it includes within its pur-
view all equivalents thereof, a large number of
which can be formulated and adapted in accord-
ance with my invention. Within this wide range
there are certain ignition media that are better
suited than others. For example, for detonators
to be fired by safety fuse initiation, I prefer to
employ ignition media that are relatively low in
hygroscopicity, readily pressed into a form that
will not easily be dislodged with ordinary hand-
ling, readily ignited by the spit of ordinary safety
fuse—even in the pressed state, sufficiently small
in magnitude to be economieal, relatively insensi-
tive to friction, etc.

Likewise, for example, for detonators to be
fired by electrically heated bridge-wire initiation,
I prefer to employ ignition media that are readily
ignited by ordinary types of elecirically heated
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bridge-wires in the loose state, relatively low in
sensitivity and hygroscopicity, etc.

Preferred types of inflammable compositions;
for use as ignition media, in accordance with my
invention, usually consist of an oxygen deliver-
ing substance and a fuel; with or without an in-
flammability sensitizer incorporated therewith,
depending on the inflammability desired. -

It is also desirable to incorporate such compo-
sitions in a wet state for sake of safety and for
more intimate mixing of the ingredients. In
selecting the oxygen delivering substance, I pre-
fer the use of the less hygroscopic materials, such
as the nitrates of barium or potassium: the
chlorate, chromate, dichromate or permanganate
of potassium; metallic oxides, as the peroxides of
manganese, lead or barium; etc. -Ir selecting the
fuel, I prefer the use of one or more materials,
whose combustion will take place, at a moder-
ately fast rate, but without advancing to detona-
tion, when incorporated with the selected oxygen
delivering substance and whose heat of oxida-
tion is sufficiently high for practical quantities,
to effectively initiate a “safety” primary det-
onator composition, without being high enough 100
to soften, melt or otherwise injure the confining
medium, under the conditions of use. Typical
fuel examples are tetryl; charcoal; naphthalene;
selenium; {rinitrotoluene; various picrates as
ammonium picrate, ete.; various solid nitro-
carbohydrates as nitrocotton, nitrostarch, nitro-
lactose, etc.; smokeless powder: and the like.

Various powdered metallic substances as sili-
con, magnesium, aluminum, ferro-silicon, and
the like, may also be employed in varying quan- 110
tities, but careful attention must be paid to the
heat of combustion of the particular one se-
lected, to make sure that the proportion used
in the composition will develop insufficient heat,
when employed as the ignition medium, to in- 115
jure the particular confining media used in the
detonator.

Powdered magnesium, for example, may be
used only in proportions up to about 10%, in
conjunction with another tempering fuel of the 120
type of tetryl (see composition C given above),
for use as ignition media in gilding metal shells
of conventional thickness. Finally, if necessary
to improve the inflammability of the ignition
media, I may add various proportions of such 125
materials as metallic sulphocyanates (as lead
sulphocyanate) , metallic hypophosphites (as lead
hypophosphite), antimony sulphide, and the like,
which serve as inflammability sensitizers.

" In adapting suitable types of inflammable ma- 130
terials as ignition media, in accordance with my
invention, it is not only very desirable to use
minimum amounts for the sake of economy and

to minimize the reduction in ¢learance above 135
the detonator charges in the shells, but also
quite advisable to avoid excessive amounts for
the most reliable functioning of the detonators.

In general, the heights of column of pressed
ignition media are preferably no greater than . 4
about 13’’. It is therefore preferable to select **-
a relatively fast burning ignition medium, small-
er amounts of which may be used, than to select
a relatively slow burning ignition medium, ‘much
larger amounts of which are necessary to pro-
duce the heat required to effectively initiate the
safety type of primary detonator charges.

An additional reason for this preference is
that the longer duration of deflagration, prior
to the initiation of the primary charges, involved 5,
with larger amounts of slower burning ignifion
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media, are more apt to heat conventional types
of detonator shells to sufficiently high-tempera~-
tures to pre-ignite the surrounding explosive
charges—even though the shells are not actu-
aily penetrated or injured thereby.

In accordance with the above, I prefer inflam-
mable compositions, of the general type, repre-
sented by composition B, described above. Com-
position B, I have found, consisting of an in-
corporated mixture of 20% potassium chlorate,
409% ground smokeless powder, and 40% lead
sulphocyanate, is quite suitable for ignition me-
dia, in accordance with my invention, for both
safety-fuse and electrically heated bridge-wire
initiation; embodying many desirable proper-
ties. For example, it is not objectionably hygro-
scopic, it may be consistently ignited by the end-
spits of ordinary types of safety-fuse—even in a
pressed state that will resist being dislodged with
reasonable amounts of handling, it may be con-
sistently ignited by means of conventional types
of electrically heated bridge-wires in contact
therewith, and only small quantities (from about
.04 gram to about .08 gram) are. required.

Tt will be understood that I recognize the pos-
sibility of using especially heavy confining media
and/or of special materials, having high heat
resistances and/or low heat conductivities, to
withstand the effects of the hotter types of ig-
nition media; the employment of which is en-
tirely within the scope of my invention. It will
be also understood that I contemplate the igni-
tion media, used in accordance with my inven-
tion, being in various suitable forms, as for ex-
ample: as loose powders in contact with elec-
trically heated bridge-wires; as superimposed
pressed charges to take the spits of safety-fuse;
as superimposed charges produced by introducing
the inflammable composition into the detonators
in a paste or liguid form and subsequently
solidified, efc.

Further, it will be understood that my inven-
tion is applicable to detonators of any type,
wherein “safety” types of primary detonator
compositions, as defined above, are employed.
Within this scope are included both simple and
compound detonators, whose primary detonator
compositions consist of one or more essential in-
gredients, such as solid nitration products of
polyhydric alcohols of the general formula
CoHn-2(0OH)n, as nitromannite, nitrodulecite, ni-
troerythrite, and the like, solid nitration prod-
ucts of disaccharides, as nitrolactose and the like,

-with or without various proportions of other solid

explosives that are materially less sensitive than
mercury fulminate, lead azide and the like, as
tetryl, TNT, pentaerythritetetranitrate, nitro-
starch, picric acid and the like. Compound det-
onators embodying my invention may also in-
clude base charges consisting of one or more
solid explosives that are compatible with the
primary charges used therewith, such as tetryl,
TNT, nitropentaerythrite, nitrolactose, nitrodul-
cite, nitromannite, nitrostarch, picric acid and
like substances that are less sensitive to friction
and impact than mercury fulminate, lead azide,
diazodinitrophenol, and the like.

Various means of firing detonators, embody-
ing my invention, are also contemplated as, for
example, conventional and unusual types of
safety-fuses, conventional and unusual types of
electrical media as bridge-wires, spark gaps, con-
ventional electrically ignited pre-formed fuse-
heads or matches, ete.

Various materials may also be used for the

1,928,208

confining media, in accordence with my inven-
tion, such as aluminum, gilding metal, copper,
nickel, iron, steel and the like; it being requisite
to employ a material of sufficient strength and
heat resistance to resist the heat -and pressure

80

of the ignition media. Whereas gilding metal is ~

preferred, on account of its being non-sparking
and conventional for detonators, as well as en-
tirely suitable in conventional thicknesses for
various types of ignition media as illustrated
above, other materials of various thicknesses
may be employed, if desired.

Having described my invention, what I claim
is:

1. A detonator including a confined charge of
a “safety” type of primary detonator composition,
and an ignition medium for the said primary
charge; the heat and pressure developed by said
ignition medium being incapable of prematurely
injuring the confinement of the said primary
charge prior to the detonation thereof.

2. A detonator comprising, in combination, a
metal shell having a suitable inside diameter
for conventional types of safety-fuse or about
222 inch, a primary charge of a “safety” type of
primary detonator composition confined there-
in, an inner capsule for auxiliary confinement of
the said primary charge, and placed upon the
confined primary charge, an ignition medium
consisting of an inflammable, deflagrating ma-
terial of such character and in such amount that
the said ignitioh medium develops sufficient heat
to effectively initiate the said primary explosive
charge but insufficient heat to soften or melt the
said confining shell or inner capsule and in-
sufficient gas pressure to prematurely burst or
injure the said confining shell or capsule prior
to the detonation of the said primary explosive
charge. .

3. A detonator as in claim 2, characterized
by the ignition medium thereof consisting of
the following—from about .04 gram to about .08
gram, pressed up to about 2600 1bs. per square
inch, of a mixture consisting of about 40%
ground smokeless powder, about 20% potassium
chlorate and about 40% lead sulphocyanate.

4. A detonator as in claim 2, characterized
by the ignition medium thereof consisting of
the following—about .4 gram, pressed up to about
1300 lbs. per square inch, of a mixture consist-
ing of about 74% selenium dust and about 26%
peroxide of barium.

5. A detonator as in claim 2, characterized by
the ignition medium thereof consisting of the fol-
lowing—from about .15 gram to about .25 gram,
pressed up to about 2600 Ibs. per square inch, of a
mixture consisting of about 40% barium nitrate,
about 10% magnesium powder, about 25% tetryl
and about 25% lead hypophosphite.

6. A compound detonator as in claim 21, whose
base charge consists of tetryl and whose primary
charge consists of nitromannite alone or admixed
with other solid explosives less sensitive to fric-
tion and impact than mercury fulminate, lead
azide and the like.

7. A detonator as in claim 2, whose primary
charge consists of nitromannite alone or admixed
with other solid explosives less sensitive to fric-
tion and impact than mercury fulminate, lead
azide and the like.

8. A detonator as in claim 2, whose primary
charge consists of nitrodulcite alone or admixed
with other solid -explosives less sensitive to fric-
tion and impact than mercury fulminate, lead
azide and the like,
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9. A compound detonator as in claim 21, whose
base charge consists of nitromannite and whose

- primary charge consists of nitrolactose.
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10. A compound detonator as in claim 21,
whose base charge consists of tetryl and whose
primary charge consists of a 50—50 mixture of
nitromannite and nitrolactose.

11. A detonator as in claim 2, whose primary
charge consists of an 85—159% mixture of nitro-
mannite and tetryl. ’

12. The method of initiating a detonator, in-
cluding a primary charge of a “safety” type of
primary detonator composition comprising a
solid nitration product of polyhydric alecohol of
the general formula CrHni2(OH)n, and a con-
fining medium for the said primary charge, which
comprises superimposing an ignition medium on
the said confined primary charge, bringing about
the ignition of the ignition medium so as to
effectively initiate the said primary charge; the
composition and amount of the said ignition
medium being so controlled in its development of
heat and pressure as to prevent premature injury
of the said confining medium prior to the det-
onation of the said primary charge.

13. A detonator comprising a shell, a primary
“safety” charge in said shell, a confining element
for said charge in said shell, and an igniting me-
dium for said charge; the character and amount
of the igniting medium being such with respect
to the strength of the shell and confining means
that said shell and confining means are com-
pletely resistant as to impairment of the confine-
ment of the primary charge under the heat and
pressure developed within the shell up to the time
of detonation of the primary charge.

14, In a detonator comprising a “safety” type
of primary detonator charge and a confining
means for the said primary charge, an inflam-
mable, deflagrating ignition medium that evolves
less heat and gas pressure than that required to
injure the said confining element within the time
required for the said ignition medium to effect
detonation of the said primary charge.

15. A detonator comprising in combination a
shell, & primary charge of a ‘“safety” type of
primary detonator composition consisting of
a solid explosive of the general formula
CnHn+2(NO3)n confined in said shell, and an
ignition medium for the primary charge consist-
ing of the following—from about .04 gram to
about .08 gram, pressed from zero up to about
2600 pounds per square inch, of a mixture con-
sisting of approximately 40% ground smokeless
powder, approximately 20% potassium chlorate
and approximately 40% lead sulphocyanate.

16. A detonator comprising in combination 8
metal shell having a suitable inside diameter for
conventional types of safety fuse of about .222
inch, a primary charge of a “safety” type of
primary detonator composition confined in said
shell, and an ignition composition disposed out-
wardly of said primary charge consisting of a
mixture of ground smokeless powder, potassium
chlorate and lead sulphocyanate.

17. A detonator comprising a primary charge
of a “safety” primary detonator composition con-
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sisting of g solid explosive of the general formula
Crlln+2(NO3)n, 2 confining means for the said
primary charge, and an ignition medium consist-
ing of an inflammable deflagrating material of
such character and in such amount that the said
ignition medium develops sufficient heat to effec-
tively initiate the primary charge without de-
veloping sufficient heat and pressure to injure the
said confining means prior to the detonation of
the said primary detonator charge.

18. A detonator comprising a shell, a primary
charge of the “safety” type confined therein, a
confining ‘capsule for the said primary charge
within the shell and a hot flash composition of
such material and such amount that the fiash
delivered thereby is sufficiently hot to effect det-
onation of the primary charge but not hot
enough, and the pressure generated thereby in-
sufficient to injure or dislodge the confining shell
and capsule within the time required to effect
detonation of the primary charge.

19. A detonator comprising in combination, a
confined primary explosive charge that is free
of any ingredient that is as sensitive to friction
and impact as mercury fulminate, lead azide or
diazodinitrophenol, and an inflammable def-
lagrating medium for the effective initiation of
the said primary charge; the heat and pressure
generated by said ignition medium being in-
capable of prematurely injuring the confinement 105
of the said primary charge prior to the detonation
of said primary charge.

20. A detonator comprising, in combination,

a primary explosive charge that is free of any
ingredient that is as sensitive to friction and 110
impact as mercury fulminate diazodinitrophenol

or lead azide, a conflning means for the said
primary charge, and an ignition medium for the
effective initiation of the said primary charge
consisting of a charge of inflammable deflagrat- 118
ing material super-imposed upon the said pri-
mary detonator charge, the said ignition medium
being of such character and in such amount that
the heat and pressure produced by its deflagra-~
tion are incapable of premsturely melting or
otherwise injuring the said confining means prior
to the detonation of the said primary charge.

21. A compound detonator comprising a shell,
& base charge therein of an explosive that is free 125
of any ingredient that is as sensitive to friction
and impact as mercury fulminate diazodinitro-
phenol or lead azide, a primary charge of a
“safety” type of primary detonator composition
confined in said shell outwardly of the base
charge, a confining capsule within the shell and
bearing upon said primary charge, and an igni-
tion medium consisting of an infiammable def-
lagrating material of such character and in such
amount that the said ignition medium develops 1
sufficient heat to effectively initiate the said
primary explosive charge but insufficient heat
and pressure to prematurely soften, melt, burst
or injure either the confining shell or eapsule
prior to the detonation of the said primary 149
charge.

95

100

| ol

20

SYLVESTER B. LARGE.

1485

150



