Patented Mar. 2, 1943

2,312,752

UN!TE‘.D STATES PATENT OFF!CE

2, 312 752
EXPLOSIVE COMPOSITION

- Melvin A..Cook, Woodbury, N. J., assignor to E. L
du Pont de Nemours & Company, Wllmington
Del., a corporation of Delaware

No Drawmg Application June 13, 1940,
Serial No. 340,323

(CL 52—14) .
* in copending U. S. application Serial No. 289,187,

5 Claims.

This invention pertains to an improved ex-
plosive charge of high density.

The varied uses of explosive compositions fre-
quently include applications in places where the
temperature and pressure are excessive. For ex-

ample, in oil well shooting, particularly in the .

deeper wells, it is common to find temperatures
and pressures far exceeding those occurring un-
der atmospheric conditions. In such cases, the
- use of known explosives, although perhaps gen-
erally satisfactory, presents certain difficulties.

Thus, nitroglycerin, though very attractive from.

the standpoint of strength and high water re-
sistance, involves more hazard than is desirable.
Not only is it rather hazardous to transport and
handle in general, but in addition there exists

the possibility of premature detonation due to
friction of the containers with the bore of the -

well when the material is loaded. Although in-
stances where there is failure of initiation of the
nitroglycerin are few, such failure, when it does
occur, may result in damage to the drilling equip-
ment if explosmn results on the resumption of
drilling.

Attempts have been made to overcome the dis-
advantages of liquid nitroglycerin by resorting
to various modifications of blasting gelatin,
These permit obviation of some of the difficulties
prevailing when ungelatinized nitroglycerin is
used, but are not entirely satisfactory because
there is the possibility that, due to the high pres-
sures and temperatures occurring in wells, the
gelatins will attain a density beyond that at
which they will propagate the detonation wave.
In such cases, there remains in the bore of the
well a potential source of hazard, so that once
again resumption of drilling of the well involves
possible damage to the equipment.

The object of the present invention is an im-
proved explosive charge of high density. An-
other object is an explosive charge which will not

became insensitive at.elevated.temperatures and.

pressures. A further object is a blasting charge
_adapted for the blasting of oil wells and thé like
because not only does it remain capable of initia-
tion and propagation at high pressures and tem-
peratures, but in addition, in the event that it
remains uninitiated, it does not prevent the nor-
mal operations characterizing the drilling of oil
wells.
‘charge which has the ability to detonate and
propagate throughout a column of great length,
"even though the column of explosive be in the
-presence of oil, water, mud, or sand. Other ob-
jects will become apparent ‘as the invention is
described more fully hereinafter.

1 have found that the foregoing objects are ac-
complished by employing as the explosive charge,
under suitable conditions of confinement, explo-
sive compositions of the nature of those disclosed

A still further object is. an explosive.
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which was filed August 9, 1939, now Patent Num-
ber 2,220,891, In this application an ammoniam
nitrate explosive composition was disclosed con-
taining at least 50% by weight of ammonium
nitrate, a sensitizer preferably of the nitro-aro-
matic hydrocarbon class, such as trinitrotoluene,
and the reaction .product of ammonia with an in-
organic nitrate other than those of the alkali
metals. I have discovered that these composi-
tions can be subjected to very elevated pressures
and temperatures without exceeding their criti-
cal density, that is -to say, they are capable of
initiation even though they be compressed to &
density which approximates their true specific
gravity. This is particularly surprising when it
is borne in mind that solid explosives, which are
rather insensitive, are apt to become incapable
of initiation if they are subjected to pressure.
Because of this fact, it is possible to compress
the present compositions to any desired form or
shape, while using pressures comparable to those
prevailing in oil wells, without destroying the
composition’s capacity to be initiated ang to

propagate the detonation wave once it has been

initiated. Moreover, since they are insensitive
to shock and friction, it follows that any failure
of detonation of the explosive does not necessi-
tate the -extreme measures required heretofore
for recovery of explosive charges. Thus, if they

‘be employed in oil wells and for any reason fail

to detonate, drilling of the well may be resumed .

. without danger of causing their detonation.
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 Since explosive compositions of this type are
affected by waier, it is essential that they be en-
closed in containers which are substantially wa-
tertight if they are loaded in places where water
is present. This may be accomplished very read-
ily, because it is a relatively simple matter to .
compress the explosives to such size and shape
that they may be so charged into containers that
there is'a minimum of free space therein. Since
these compositions have already been subjected
to a pressure at least as high as that to which
they will be subjected at their place of use, it
follows that, provided the explosive has been
suitably charged into the container, the pressures
prevailing can cause no substantial distortion of
said container, even though said container is in-
capable in itself of withstanding said prevailing
pressures. The impracticability of employing a
container of such construction that its walls are
capable of withstanding elevated pressure is be-
lieved apparent. Likewise, materials which will .

5 be compressed further after their introduction to

the place of application cannot be employed sat-
isfactorily because the compression of the mate-
rials removes them as supports for the container.
Such compression not only tends to desénsitize
the explosive charge by causing it to exceed its
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critical density, but in addition may cause col-
lapse of the container in which it was enclosed,
thus exposing said charge to the action of oil,
water, and the like, with the result that the pos-
sibility of detonation is rendered almost negli-
gible.

In order to illustrate the characteristics of
my explosive charges, reference is made to the
following example:
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Example 1
. Parts
Ammeonium nitrate . __________________ 69.0
Trinitrotoluene . o 200
Dicyandiamide________ — - 15
Ca(NQ3) 2—2NH3 (calcium nitrate-ammonia
compound) — o e 7.5
Sawdust — e 2.0

The foregoing ingredients were formed into pel-
lets 243"’ in length and 2’ in diameter by com-
pressing with a hydraulic press under a pressure
of 5,000 1bs. per square inch. The resulting pel-
lets had an average density of 1.62 and exhibited
no tendency to “spring” or expand after pressure
had been released. The true specific gravity of
the foregoing composition is approximately 1.69
so that substantislly no free space remained
within the pellets. These pellets, when loaded
snugly into tin cans and initiated in unconfined
_condition by means of a 50-gram 1%; x 112’ TNT
primer, gave an average velocity of 5,000 meters
per second. : .

It will be understood that in many cases it
will be desirable to employ with my basic com-
position comprising ammonium nitrate, a sensi-
tizer, and a reaction product of ammonia with
an inorganic nitrate other than those of the
alkall metals, solid compounds which are well
known explosives in themselves, such as penta-
erythritol tetranitrate, .tetryl, nitromannitol,
erythritol tetranitrate, trimethylene trinitra-
mine, and other -compounds having comparable
behavior with respect to pressure, friction, im-
pact, and the like. Thus, solid explosive com-
pounds which ‘are very susceptible to initiation
by means of static, friction, etc., are not within
the purview of the invention, Materials such as
pentaerythritol tetranitrate and tetryl have a

. sensitiveness somewhat greater than that of the
basic explosive charge herein contemplated and
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consequently may be regarded as factors ensur-

ing performance on the part of the explosive
when it is used under the most extremely ad-
verse conditions. A composition involving the

use of such materials is illustrated in the fol-: ;

lowing example:’

Example 2

Parts
Ammonium nitrate - 62.1
Trinitrotoluene - 18.0
Dicyandiamide 14
Sawdust ' - 18

Ca(NO3)2—zNHj3 (calclum nitrate-ammonia
compound) N e - 69
Pentaerythritol tetranitrate_..___________ 10.0

This composition was compressed into ‘pellets of
the same size as those recited in Example 1,
compression being effected at the same pressure,
1. e., 5,000 1bs. per square inch. These pellets
had a density of 1.57, as compared to a true
specific gravity.of about 1.68, so that: here too,
the free space within the pellets was almost
negligible, These pellets were packed in. tin
cans 6 inches in length and having an internal
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diameter slightly exceeding 2 inches, each of
the cans being sealed after enclosure of the ex-
plosive pellets. When initiated by means of a
30-gram 1Y% x 1%’ TNT primer, the average
unconfined velocity through a column of 10
cans was 5,900 meters per second. Moreover,
one can filled with the explosive charge upon
initiation was capable of detonating a second
can of the explosive, even though it was removed
a distance of 20’’. .

It will be understood that, in addition to the
other essential properties of explosives, those
for use under the most severe temperature and
pressure conditions should possess not only
stability but also the ability to detonate and
propagate under these conditions. Thus, in oil
well shooting they must be capable of initiation
and propagation of the detonation wave through
long columns over oil, water, mud, or sand-filled
gaps of a maximum of about 6’*, This is neces-
sary because, in loading a column of explosive
charges in containers, very often the containers
are separated from each other by several inches,
this space being filled with mud, water, sand, and
the like. In order to achieve blasting which is
efficient, the explosive must be capable of
propagating its detonation wave from one con-
tainer to another through these gaps. The
ability of the present compositions to accom-
plish this result is illustrated in the following
example:

Ezample 3

The identical composition ‘disclosed in Ex-
ample 2 was formed into pellets of the same.
size as those described in said example, the
formation of said pellets being effected under
exactly the same conditions as set forth therein.
After they were loaded in the .cans, said cans
were charged into a long pipe having an internal
diameter of 2%’’ and the free space in the pipe
was filled with oil, water, or heavy mud. Tests
were then carried out whereby two of the cans
were initiated by means of one stick of 60%

-straight dynamite 1%'’ in diameter by 8'’ in

length, and a third can of the material was
placed some distance from the first two in order
to determine the gap over which the explosive
composition would propagate the detonation.

‘Numerous tests gave the following average re-.

-sults: .
' Dist O
Material in the gap . plgo%gcg;? f
tion
Oil.o Inches 6
Water. .. 7
Heavy mud 3
The foregoing results indicate that, although

the gap over which the explosive will propagate
Is reduced when said gap is filled with oil, water,
or mud, yet even with these materials present,
failures of propagation should be at. a minimum
under the -conditions normally prevailing in
wells. Moreover, since the sensitiveness of these
explosive compositions increases materially the
increase in diameter, it. follows that larger
diameters are accompanied by even better
propagation. . : .
Since the present compositions are desensi- -
tized by substantial exposure of water, considera-
tion has been given to.the effect produced by
water in those cases where the container might
not be completely waterproof. In this connec-
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tion, cartridges having small holes were im-
mersed in water under a pressure of 2000 1bs. per
square inch. Due to the fact that the free space
within the container is very small, it was found
that these cartridges actually. permitted the en-
trance of less than 2% water. When similar
tests were conducted in the presence of oil, only
about 1% % of oil entered the composition. In
neither case was the quantity of liquid sufficient
to cause desensitization of the explosive com-
position. '

Although the foregoing description refers
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specifically to pellets having a diameter of about N

2", this has been done merely to show the re-
sults obtained when the explosive is pelleted in
those sizes, which would be more apt to disclose
any deficiency of the material. The use of pel-
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lets substantially greater in diameter than 2’ is

therefore contemplated. Moreover, it is not es-
sential fhat the explosive within each container
be composed of two or more charges, but instead
it may be made of a single pellet designed to
fit the maximum space within any given con-
‘tainer.

It will be understood that, for many uses, it is
not essential that the explosive pellets be sub-
jected to a pressure capable of compressing them
to approximately the true specific gravity of the
ingredients of which they are composed. In-
stead, there need be employed only a Dpressure
equal to that which will be encountered where

the explosive is used.. However, I prefer to com- -

press the composition to a density of at least
150, because at this density the material is
capable of relatively slight compression and
hence is satisfactory for use in most applications,
even though such applications involve exceed-
‘ingly high pressures.
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3 X
limited to such use since other applications will
be apparent to those skilled in the explosives art.
I wish, therefore, to be bound only in accord-
ance with the following claims.

I claim: :

1. A blasting unit comprising a substantially
water-tight and pressure-resistant container and
a pelleted charge within said container having a
density of at least 1.50 and comprising at least
50% by weight of ammonium nitrate, the re-
action product of ammonia with an inorganic

. nitrate other than those of the alkali metals,.

and pentaerythritol tetranitrate.

2. A blasting unit comprising a substantially
water-tight and pressure-resistant container and
a pelleted charge within said container having
a density of at least 1.50 and comprising at least
50% by weight of smmonium nitrate, the re-
action product of ammonia with an inorganic
nitrate other than those of the alkali metals,
and tetryl. ST

3. A blasting unit comprising a substantially
water-tight and pressure-resistant container and-
a pelleted charge within said container having
a density of at least 1.50 and comprising at least
50% by weight of ammonium nitrate, the re-
action product of ammonia with an inorganic
nitrate other than those of the alkali metals,
and trimethylene trinitramine. )

4. A blasting unit comprising 2 substantially
water-tight and pressure-resistant container and

- a pelleted "explosive charge within said con-
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The discovery that explosive compositions of

this type can be compressed to substantially
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their true specific gravity without becoming de-

sensitized makes available to the art explosives
which have broad application, particularly in
those cases where it is disadvantageous to em-
ploy more sensitive compositions, such as those

contalning nitroglycerin, and where it is desir- -

tainer, said charge comprising between 60 and
70 parts of ammonium nitrate, the reaction prod-
uct of ammonia with an inorganic nitrate other
than those of the alkalt metals, and a high ex-
plosive, normally solid, organic. sensitizer and
being incapable of substantial compression by
the application of pressure. ) -
5. A blasting unit comprising g substantially -
water-tight and pressure-resistant container and
within said container a hard, coherent pellet
having a density of at least 1.50, said pellet com-

~ prising 60 to 70. parts of ammonium nitrate, tri-
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nitrotoluene, the reaction product of calcium

" nitrate and ammonia, and pentaerythritol tetra-

able to obtain a high bulk strength. Conse- °

quently, although I have described their use in
conjunction with oil wells, I do not Intend to be

nitrate, said ingredients being distributed. sub-

‘ _stantlally uniformly throughout the pellet.

' ‘MELVIN A. COOK.




