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The present invention relates to an improved blasting
agent compdsition.” It has particular application to low
-cost explosives which are water plasticized or liquefied, i.c.,
‘those containing substantial proportions of ammonium
nitrate combined with suitable fuels and with enough lig-
uid (usually water) to form a fluid slurry or a plastic and
at least somewhat flowable mass that can be poured into
‘boreholes, etc. The invention also contemplates use of
other appropriate additive materials, including sensitizers,

fuels, etc. which preferably are normally nonexplosive by

themselves.

. In recent years increasing quantities of explosives that
are plastic, or liquid in nature, have gone into use for
mining and. blasting operations. They offer considerable
cost savings, as compared with many other blasting agents.
. Most of these have involved use of substantial quantities
of inorganic nitrates, preferably ammonium nitrate or am-
‘monium nitrate with sodinm -nitrate, modified, e.g. by
adding a suitable fuel or other material. The inorganic
nitrate, which is usually the largest component, generally
is not sufficiently sensitive per se for miining and blasting
operations. Moreover, it is primarily an oxidizer and re-
‘quires addition of fuel or a reducer for good chemical
‘balance. Various compositions have been made up to im-
prove the performance of the basic inorganic nitrate in-
‘gredient. ~ In some cases, it has previously been suggested,
sodium nitrate may be used to replace part of the am-
monium nitrate. Various other- additives, including ni-
trated organic materials such as cellulose nitrate (smoke-
less powder) trinitrotoluene (TNT), nitromethane and
the like, reducing metals such as powdered aluminum, and
fuels such as sulfur, carbonaceous materials, hydrocar-
‘bons, etc., have been added. In some respects the most
effective and satisfactory sensitizers have been the ex-
plosive or nitrated organic additives such as TNT, picric
acid, nitro-starch, smokeless powder and the like. These
materials contribute energy as well as improving the sensi-
tivity of ammonium nitrate. However, these explosive ma-
terials .always involve certain hazards in handling and
.processing. :

Some of the materials named above as sensitizers are
‘commonly employed in finely divided form and they often
.tend to accumulate in pockets, hidden recesses and the
like, for example in processing equipment, thus creating
‘potentially dangerous sites and situations. An important
object ‘of the present invention is to create a blasting agent,
particularly a slurry blasting agent, of suitable sensitivity
and adequate energy which does not require the use of
the explosive sensitizers named above. The primary ob-
ject of this aspect of the invention is, of course, to achieve
greater safety. This is accomplished while still using the
major components mentioned above, including specifical-
ly ammonium nitrate and sodium nitrate.

For large scale blasting operations, e.g. for blasting iron
ore in quantity, the blasting agent must be sensitive
enough for thorough detonation at the borehole tempera-

"ture, in columns of conventional diameter (usually around
_6 to-9 inches, although smaller and larger diameter bores
are -used) and in lengths several times their diameter.
Borehole temperatures may vary from about 0° C. to 30°
C.. depending upon geographical location, primarily. At
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the same time, the blasting agent should not be so sensitive
as to involve any substantial risk of explosion during nor-
mal shipping, handling, or while putting it in the borehole
for use. These various operations are now being carried
out more and more by mechanical means, e.g., by slurry
mixing and pumping machinery or by mixing and packag-
ing equipment. Obviously, the slurry composition must
not be sensitive enough to explode in small masses when
subjected to moderate friction or shock of the character
inherent in operation of such machinery. As a general
working rule, the slurry, when finished and ready for
detonation, should have a sensitivity suitable for its self-
propagation of explosion in a continuous column, e.g. six
diameters in length or more and not more than 9 or 10
inches in diameter, unconfined, at the borehole tempera-
ture. For far northern areas, or shallow operations in
winter time, the explosive must be detonable at tempera-
‘tures as low as 5° C. In other cases, the explosive need be
detonable at temperatures as high as 35° C. Sensitivity
must not be too great, however, and a critical diameter of
about 1% to 2 inches is usually the lower working limit,
at working temperatures. A 6-inch diameter column gives
good general test results. }

A specific object of the present invention is to prepare
a slurry type blasting agent, based primarily on ammoni-
um nitrate, but also containing sodium nitrate, which will
meet the above sensitivity tests both minimum and maxi-
mum and still not necessarily contain any of the more
hazardous sensitizers such as the nitrated organic ma-
terials which are normally explosive per se.

An important aspect of this invention is the discovery
that by using well chosen proportions of sulfur, along
with sodium nitrate, the sensitivity of high ammonium
nitrate explosives, particularly those containing water, may
be controiled very satisfactorily. By high ammonium ni-
trate it is intended to mean those compositions which
contain 40% by weight or more, preferably at least 50%,
of ammonium nitrate. The sulfur is preferably related to
the sodium nitrate, in proportion, preferably being be-

“tween 10 and 30% of the weight of sodium nitrate, propor-

tions of about 1 to 5 being especially preferred.

In order to give flexibility for use under various condi-
tions, it is often desirable to be able to control or to vary
the sensitivity of the composition over reasonably wide
ranges by adding varying but generally relatively small
amounts of one or more potent sensitizer which is not
explosive per se. It is also desirable that such a sensi-

-tizer have also the further property of adding energy to

the composition, preferably as a fuel or reducing agent
since oxidizer is commonly in excess in high ammonium
nitrate explosive. It is of course desirable that all the
ingredients contribute energy to the explosion, as far as it
is possible to find economical ingredients having the re-
quired properties. However, other properties such as
fluidity, sensitivity, compatibility with each other, etc, are
also important. Aluminum powder of -appropriate par-
ticle size and surface characteristics is very suitable in

-compositions of this type as an aid in controlling sensi-

tivity. By adding a small amount of such material, the
temperature at which the explosive will meet the required
sensitivity tests named above, e.g., the 6-inch unconfined
column self-propagating test, etc., may be substantially re-
duced. Finely divided aluminum also adds appreciably
to the explosive energy. Thus the invention contemplates
use of aluminum as a supplemental sensitizer and ener-
gizer. )

Since both ammonium nitrate and sodium nitrate are
oxidizers, these compositions often need a fuel or reducing
agent for bringing the composition into better chemical
balance. - Tt is often desirable, therefore, to add fuels in
addition to or in lieu of such aluminum, as starch, gilso-
nite. These are additional to the sulfur. It is often de-
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sirable in liguid or slurry compositions, to use liquids
which assist in the slurrying or liquefying of the compo-
sition and also contribute fuel ensrgy. To increase the
energy of blasting compositions containing both scdinm
nitrate and sulfur, by adding energy from various fuel
sources, including those just named, and without detract-
ing from other essential properties is still another object
of this invention.

It is desirable also that the explosive composition have
as high a density as possible, consistent with other neces-
sary qualities or properties. Obviously, increased density
permits the use of a greater weight of blasting agent in
a borehole of given dimensions. However, increasing the
density of a given composition normally also tends to
decrease sensitivity, particularly in slurry-type or water
plasticized blasting agents. Hence a further object of this
invention is to make a blasting composition of optimum
or near optimum density which has also the properties
of optimum or near optimum sensitivity, together with
adequate power, appropriate brisance, etc.

The nature of the present invention, and of the fore-
going objects, and of others which are inherent or which
will appear below, will be more fully understood and
appreciated after a detailed description of the principles
of the invention and specific examples of its preferred
forms are explained.

A preferred general composition, according to the pres-
ent invention, comprises a thick aqueous slurry contain-
ing a larger proportion of ammonium nitrate in solution
and including at least a small amount of sodium nitrate.
From about 40 to 70% by weight of ammonium nitrate
is used. The preferred range of ammonium nitrate is
about 50 to 60%. Water content, or rather liquid con-
tent, since some of the water may be replaced. with a
compatible liquid fuel such as ethylene glycol, glycerine,
or other lower aliphatic alcohols, should be between about
10 and 20% by weight of the toial composition. Prefer-
ably the lquid is usually between 12 and 16%.

Proportions totaling from about 5 to 25% by weight
of sodium nitrate are preferably included in addition to
the ammonium nitrate. It is desirable that at-least a part
of the sodium nitrate ingredient be dissolved in the lquid.
The addition of sodium nitrate makes it possible to in-
crease the total inorganic nitrate salt content of a sat-
urated solution at a given temperature. It also makes
it possible, when sulfur is included too, to sensitize the
inorganic nitrates directly. Apparently, the presence of
sulfur makes it possible to convert the sodium nitrate to
sodium sulfate. This releases more energy than does
the reaction which results when sulfur is not present.
In providing an easier route for the chemical breakdown
of the sodium nitrate, the whole composition is sensitized.

The ingredients named so far, generally speaking,
should be so proportioned as to give reasonable chemical
balance between fuel and oxidizer material. In a simple
case, using sulfur as the only fuel, with sodium nitrate
as the oxidizer, the reaction between the sodium nitrate
and the sulfur proceeds as follows:

2 NaNO;-+S—>NaySO,+-Ny-}10,
(Mol. wt.) 170+432—>142-4-28432

This reaction proceeds more readily with sodium nitrate
than with ammonium nitrate; hence the use of sodium
nitrate is desirable.

Since solubility of ammonium nitrate as well as that
of sodium nitrate, and in fact of most salts, decreases
as temperature is lowered, the incorporation of the sec-
ond inorganic nitrate salt into the composition lowers the
crystallization point or so-called fudge point of the liquid
solition for a given total salt conceniration. However,
additional sodium nitrate beyond that which can be dis-
solved may be and preferably is used. Sodium nitrate in
this form not only adds to the oxidizer total content but
also contributes to sensitivity of the slurry in conjunction
with sulfur. '
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1t is also desirable, according to the present invention,
to add a small amount of sulfur as a sensitizer. Sulfur
also has fuel value and tends to improve the oxygen bal-
ance in high inorganic nitrate compositions. Proportions
preferred are between 1 and 6 percent by weight, prefer-
ably 2 to 5%.

In order to produce an explosive slurry which will
thicken on standing in the borehole and in order also to
reduce water loss and to resist dilution of the composi-
tion by ground water which may be present in the hole,
a thickener is generally required. For this purpose a
small amount of guar gum, from 0.1 to 2% by weight is
preferred. However, the guar gum may be replaced in
part by other thickeners if desired. Starch has less thick-
ening capacity but is usually satisfactory for this purpose
since it also has some fuel value, in addition to its thick-
ening properties, in water solutions or slurries.

As noted above, other dry fuel materials may be added
to the extent required for good oxygen balance and con-
sistent with the slurry properties desired. Materials such
as gilsonite, or other heavy and preferably solid carbon
or hydrocarbon residues that can be comminuted, such as
hard asphalt, bituminous coal, finely divided carbon, and
charcoal may be used. Dry starch, above the quantity
that can be taken up by the liquid in the slurry, also is a
desirable ingredient in some cases. The total of such dry
fuels may vary from about 5 to 15% of the weight of
the finished composition, preferably between about 7
and 12%.

An optional but usually highly desirable ingredient is
aluminum powder. It is an effective sensitizer, as noted
above. Moreover, it contributes considerable energy as
a fuel. Proportions of %4 % to 3% or more of alumi-
num by weight, based on the total composition, may be
used.

Other fuels, or additional quantities of those mentioned
above, may be added to the extent that they do not inter-
fere with the requisite fluidity of the slurry and provided
they do not increase the density of the composition too
much. The density of a slurry blasting composition, ac-
cording to the present invention, should not exceed about
1.4 grams per cc.

Example 1

A composition was prepared by dissolving 54 parts by

5 weight of ammonium nitrate in 13% parts of water at

60° C. temperature. To this were added about 9 parts
of sodium nitrate—about all that wouild go into solution.
A further quantity of 10 parts of dry granular sodium
nitrate, which did not dissolve, was added thereafter, 19
parts in all. :

To the resulting slurry which was still quite fluid, there
were added 4 parts by weight of flowers of sulfur, 4.5
parts of powdered gilsonite and 3 parts of starch. Then
one-half part by weight of a thickener, guar gum in this
case, was added, making a total of 98.5 parts by weight.

This material was found to have a critical diameter,
d., for self-propagation of an explosion in an unconfined
column six diameters long, of about 6 inches at 35° C.
This is satisfactory for many locations but not for all.
Upon addition of 2 parts of finely powdered aluminum
(paint grade) the sensitivity was further increased enough
that the material was self-propagating at 5° C. instead

Example 2

A composition similar to that of Example 1 was pre-
pared except that 10 parts of water and 5 parts of ethylene
glycol were used instead of 13%4 parts of water. Results
were essentially the same as in Example 1, so far as sen-
sitivity is concerned. The compositions of both Exam-
ples 1 and 2 were apparently very nearly equal in energy
to slurries of ammonium nitrate sensitized with TNT,
They are appreciably less expensive.

In general, for a true slurry, the composition will con-
tain enough liquid to make it flow freely as a quasi-liquid,
for most applications., This liquid may be all water, or
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it may contain water compatible liquids of various types,
such as alcohols, glycols and oxygen ‘derivatives of hy-
drocarbons in general.
terials, e.g. molasses, may be included.

By balancing the excess oxidizer content of the am-
monium nitrate with other fuel components, e.g. solid
fuels such as gilsonite, starch, carbon black, and the like,
proportions of sodium nitrate and sulfur may be varied
from 5 to 25% by weight of the former and about 1 to
8% of the latter. For better operation, excess oxygen
from the principal inorganic nitrate component may be
balanced as fully as desired by use of other fuel com-
ponents as described above.

Other modifications may be made within the spirit of
the invention and within the limits outlined above. Ad-
ditional fuel ingredients beyond those named above, such
as sugar, molasses and the like, may be added. Explo-
sive sensitizers such as TNT, nitro starch, cellulose nitrate
and nitro methane may be used, along with the sodium
nitrate and sulfur if desired. Aluminum may be added
in proportions of about ¥2 to 1% by weight. Preferably,
in these compositions smaller quantities of aluminum will
be used than conventionally, since aluminum is often a
powerful sensitizer as well as a fuel. Generally speaking,
aluminum content, particularly of particles below 10 mesh
(Tyler) in size will not exceed 3%.

It will be understood that, in the claims that follow,
it is intended to cover the various modifications men-
tioned above such other changes and variations in com-
position and in procedure as would suggest themselves
to those skilled in the art, as far as the prior art prop-
erly permits. While slurries which are relatively liquid
are usually preferred, it will be understood that other
moisture-containing compositions, which may not flow
freely in the sense of a true liquid, but which are plas-
ticized and capable of self conformation to a surrounding
or supporting structure or surface are also within the
purview of the invention, at least in its broader aspects.
The moisture need not be pure water but may comprise
water and water-compatible liquids such as alcohols, gly-
cols, glycerol and the like. This liquid may comprise
broadly from 5 to 25% of the total, more generally 12
to 20%, with narrower limits for specific compositions.

What is claimed is:

1. A moisture-containing explosive composition which
contains from about 5 to 25 percent by weight of a mois-
tening liquid, the major part of which liquid is water, 40
to 70 percent of ammonium nitrate, and a sensitizer com-
prised of 2 to 25 percent of sodium nitrate and 1 to 8
percent of elemental sulfur, based on the total com-
position.

Aqueous solutions of fuel ma- -
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2. A composition according to claim 1 to which is added
0.5 to 3 parts of aluminum powder below about 100 mesh
particle size as an additional fuel and sensitizer.

3. Composition according to claim 1 to which other
fuels are added which are non-explosive per se.

4. Composition according to claim 1 which contains
0.1 to 2 percent of a shurry thickener.

5. Composition according to claim 4 wherein the thick-
ener is guar gum.

6. Composition according to claim 1 which contains
12 to 20 percent of the liquid.

7. Composition according to claim 6 which also con-
tains a carbohydrate fuel.

8. Composition according to claim- 1 which also in-
cludes a carbohydrate fuel. ’

9. A slurry explosive composition which contains suf-
ficient liquid to make it flow freely as a quasi-liquid, at
least the major proportion of said liquid being water, at
least 50 percent by weight of ammonium nitrate, 2 to 25
percent of sodium nitrate, and about one-fifth as much
sulfur as sodium nitrate, by weight, whereby the sodium
nitrate and the sulfur tend to sensitize the ammonium
nitrate. )

10. Composition according to claim 9 wherein at least
a part of the sodium nitrate is not in solution.

11. Composition according to claim 10 wherein undis-
solved sodium nitrate and sulfur are intimately mixed to
form an effective sensitizer.

12. Composition according to claim 10 which also con-
tains not more than 3 percent by weight of finely divided
aluminum.

13. A slurry explosive blasting composition comprising
a saturated solution of an inorganic nitrate selected from
the group which consists of ammonium nitrate and am-
monium nitrate mixed with a minor proportion of so-
dium nitrate, said inorganic nitrate comprising at least
half the total weight of the composition, a quantity of
undissolved particulate sodium nitrate, about one-fifth as
much sulfur as total sodium nitrate, not more than 10%
of particulate metallic aluminum, and a thickening agent
in sufficient proportions to reduce penetration of said
slurry by ground water,

References Cited by the Examiner

UNITED STATES PATENTS

3,113,059 12/1963 Ursenbach et al. —.____

LEON D. ROSDOL, Primary Examiner.
B. R. PADGETT, Assistant Examiner.




