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ABSTRACT OF THE DISCLOSURE

An emulsion blasting agent is provided having an
.aqueous solution component forming a discontinuous
emulsion phase; a carbonaceous fuel component forming
a continuous emulsion phase and preferably characterized
with a gas occlusion temperature between about 70° F.
and about 190° F.; and an occluded gas component dis-
persed within the emulsion and forming a discontinuous
emulsion phase. The emulsion is generally prepared with
a‘prescribed carbonaceous fuel component, ammonium
nitrate, water, occluded gas and an emulsifying agent.
The formed emulsion, which may include added optional
ingredients, is usually characterized with a pH in the range
of about 2 to about 8 and is found to have unexpected
stability and explosive performance characteristics.

———— T ———

This invention relates to an emulsion type blasting agent
havnng an aqueous solution component forming a discon-
tmuops emulsion phase; a carbonaceous fuel component
form}ng a continuous emulsion phase and preferably char-
acterized with a gas occlusion temperature between about
70° F. and about 190° F.; and an occluded gas com-
ponent dispersed within the emulsion and forming a dis-
coniinuous emulsion phase. More particularly, the present
invention relates to an emulsion type blasting agent having
four basic components and prepared by a method wherein
a particularly characterized carbonaceous fuel component,
aqueous solution component and an emulsifying agent are
combined in prescribed amounts with occluded gas to
form an emulsion system having a pH between about 2
and about 8, and having unexpected stability and ex-
blosive performance characteristics.

Slurry type blasting agents have been formulated here-
tofore with normally insensitive ingredients such as inor-
ganic nitrates, water and carbonaceous fuels. Such slurry
type blasting agents are generally difficultly detonable, if
at all and require, for detonability, addition of a sensi-
tizing ingredient such as TNT, nitrostarch, smokeless
powder, or aluminum. :Aqueous slurries of this general
nature also suffer a severe tendency for component sepa-
ration and poor water resistance with a consequent de-
terioration in detonability. Gelling agents which are fre-
quently added to inhibit component separation and im-
prove water resistance generally increase the cost of such
slurries without materially contributing to the explosive
characteristics.

It has now been found that, although the present emul-
sion type blasting agent contains normally insensitive in-
gredients as principal components, by the practice of the
present invention there results a composition having un-
expectedly high sensitivity and explosive velocity with
high water resistance and good storage stability. The pre-
pared emulsion is also found to have little or no tendency
for component separation even in the absence of conven-
tional gelling agents.
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Generally stated, the present invention provides a new
emulsion type blasting agent having an aqueous solution
component forming a discontinuous emulsion phase, a
carbonaceous fuel component forming a continuous emul-
sion phase, and preferably characterized with a gas occlu-
sion temperature between about 70° F. and about 190° F.,
and an occluded gas component dispersed within the
emulsion and forming a discontinuous emulsion phase.
These components are combined by a method which
forms, with a water-in-oil type emulsifying agent, an
emulsion system having at least about 4% by volume of
occluded gas at 70° F. and atmospheric pressure, and a
density below about 1.45 grams per cc. at about 70° F.
and an emulsion pH within the range of about 2 to
about 8.

The preferred emulsion type blasting agent of the pres-
ent invention includes four principal components forming
three emulsion phases. These principal components are
(1) an aqueous solution component forming a discon-
tinuance emulsion phase, (2) a carbonaceous fuel com-
ponent forming a continuous emulsion phase, (3) an oc-
cluded gas component forming a discontinnous emulsion
phase, and (4) a water-in-oil type emulsifying agent com-
ponent,

A first component of the present emulsion system is an
aqueous solution component forming a discontinuous
emulsion phase. The aqueous solution component is
basically formed of ammonium nitrate dissolved in water
but may also include other water soluble, emulsion com-
patible materials.

‘The aqueous solution component generally includes as
a basis for the prepared emulsion, 100 parts by weight of
ammonium nitrate. While commercially available “fer-
tilizer grade” ammonium nitrate is suited for use in the
composition of the present invention, other grades of
ammonium nitrate may also be used. Preferably, the
ammonium nitrate, prior to being dissolved, is in par-
ticulate form, that is, in the form of prills, pellets or
granules having a size that will pass a No. 8 USS screen
since it is found that such a size rapidly dissolves in water
during formation of the aqueous solution component.

The aqueous solution component may include from
about 10 to about 60 parts by weight of water as based
on 100 parts by weight of ammonium nitrate. In the pre-
ferred embodiment, however, the aqueous solution com-
ponent includes from about 18 to about 44 parts by weight
of water to form an internal or discontinuous phase of the
emulsion system.

Although the aqueous solution component forming the
discontinuous emulsion phase is generally present as a
solution of water and ammonium nitrate, one of the pre-
ferred embodiments of the invention may include an
aqueous solution component formed of ammonium
nitrate and a water soluble emulsion compatible inor-
ganic oxidizer salt such as sodium nitrate. It is generally
found that the presence of a material such as sodium
nitrate permits a greater quantity of oxidizer salt to be
dissolved in solution at a given temperature while in-
fluencing the final density of the emulsion.

Other water soluble emulsion compatible materials
which may be substituted or additionally included with
the sodium nitrate in forming the aqueous solution com-
ponent include inorganic oxidizing materials such as
sodium salts illustrated by sodium chlorate, and sodium
perchlorate; calcium salts illustrated by calcium nitrate,
calcium chlorate, and calcium perchlorate; potassium
salts illustrated by potassium nitrate, potassium chlorate,
and potassium perchlorate; ammonium salts illustrated by
ammonium chlorate, and ammoninm perchlorate; lithi-
um salts illustrated by lithium nitrate, lithium chlorate,
and lithium perchlorate; magnesium salts illustrated by
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magnesium nitrate, magnesium chlorate and magnesium
perchlorate; aluminum salts illustrated by aluminum
nitrate, and aluminum chlorate; barium salts illustrated
by barium nitrate, barium chlorate, and barium perchlo-
rate; zinc salts illustrated by zinc nitrate, zinc chlorate,
and zinc perchlorate; and organic materials illustrated
by ethylene-diamine-dichlorate, and ethylene-diamine-di-
perchlorate; and mixtures of these various additives as
well as other emulsion compatible water soluble materials.
These water soluble, emulsion compatible materials may
be generally added in an amount from 0 to about 55 parts
by weight and preferably to about 36 parts by weight as
based on 100 parts by weight of ammonium nitrate. Asin
the case of ammonium nitrate, these materials desirably
have a particle size that will pass a No. 8 USS screen to
effect rapid formation of the aqueous solution phase.

The aqueous solution component of the present empl—
sion system may be formed by heating the water with
the ammonium nitrate and when included, the water
soluble emulsion compatible material until a solution is
formed. Heating to form the agueous solution compo-
nent may be at a temperature of about 110° F. to about
120° F. and may be effected prior to or during forma-
tion of the finally prepared emulsion. Regardless of how
the solution is formed, when the aqueous solution com-
ponent is dispersed to form the discontinuous emulsion
phase, it is generally desirable for optimum explosive
properties that the water soluble materials form a satu-
rated aqueous solution with excess solid water solu-
ble materials dispersed therein such that a crystalline
phase appears in the finally prepared emulsion when
detonated.

The crystalline phase of the present emulsion generally
results on cooling the finally prepared emulsion and ap-
pears in the aqueous solution component when at a tem-
perature of about 70° F. and desirably at that
temperature at which the emulsion may normally be
detonated. It is generally found that the presence of
crystals in the aqueous solution component increases the
effective blasting potential of the present emulsion
system.

Soluble carbohydrate materials exemplified by man-
nose, glucose, sucrose, fructose, maltose, and molasses
may be added to the aqueous component to serve as sup-
plemental fuels if desired. Other related water soluble
fuels may also be similarly added to the aqueous solution
component.

A second component of the present emulsion system
is a carbonaceous fuel component forming a continous
or external emulsion phase and in a preferred embodi-
ment, characterized with a gas occlusion temperature
between about 70° F. and about 190° F. and preferably
with a gas occlusion temperature between about 95° F.
and about 130° F. Such a carbonaceous fuel component is
broadly defined as one of the type which is non-water solu-
ble and forms a water-in-oil type emulsion with the aque-
ous solution component when a water-in-oil type emulsify-
ing agent is present.

The gas occlusion temperature may be defined as a
temperature at which the emulsion system, when sub-
stantilly free of occluded gas at a temperature above
70° F., will demonstrate the ability to occlude gas when
cooled and agitated. The gas occlusion temperature may
also be defined as that temperature below which gas or
atmospheric air will become entrapped within the emul-
sion system as evidenced by a sudden decrease in the
density of the emulsion-occluded gas system. Conversely,
the gas occlusion temperature is that temperature at
which an aerated emulsion of low density, upon heating
to a temperature above about 70° F., will lose occluded
gas to the atmosphere when the emulsion-occluded gas
system is agitated in some manner to expose new surfaces
of the emulsion to the atmosphere. Deaeration as de-
scribed is accompanied by a sudden increase in the den-
sity of the emulsion-occluded gas system.
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The consistency of the carbonaceous fuel component
for the external emulsion phase is usually important for
retention of the occluded gas component which is neces-
sary to provide the desired sensitivity in the product
emulsion. If the consistency at ambient use and storage
conditions is too thin, the occluded gas component will
tend to agglomerate or will be expelled from the emul-
sion. On the other hand, the carbonaceous fuel compo-
nent used must be sufficiently fluid at manufacturing
temperatures to permit formation of the emulsion. Thus,
although the finally prepared emulsion may have a solid
or near solid external phase, it appears usually necessary
that the external emulsion phase be liquid or sufficiently
fluid when the emulsion is prepared in the first instance.
The carbonaceous fuel component should therefore have
the ability to provide this desired consistency differential
with variations in temperature.

It is generally found that when the gas acculsion tem-
perature is lowered to below about 70° F., the prepared
emulsion will either experience a tendency to lose oc-
cluded gas in normal storage and use, or the occluded
gas will tend to agglomerate resulting in a product hav-
ing decreased blasting potential, It is recognized, how-
ever, that such emulsions may be prepared with occluded
gas provided the storage and use temperatures are main-
tained very low, i.e., substantially below about 70° F.

It is also generally found that gas occlusion temper-
atures below about 190° F. are most useful for preparing
the present emulsion as it is generally desirable from a
convenience stand-point to work with water emulsions at
temperatures below the boiling point thereof. The pre-
ferred gas occlusion temperature in the range of about
95° F. to about 130° F., therefore avoids both gas
agglomeration in normal storage and use and is most prac-
tical for commercially preparing the present emulsion
blasting composition.

The carbonaceous fuel material selected for use in the
present emulsion system will generally depend upon the
physical form desired in the final product. The firmness
of the emulsion system may be varied depending on which
carbonaceous fuel material is used and especially upon
the physical consistency of the fuel. The carbonaceous
fuel material selected is also found to influence the explo-
sive characteristics of the prepared product since the oc-
cluded gas component is primarily retained in the fuel
component as a discontinuous phase of the emulsion
system.

The carbonaceous fuel component preferably includes
an all wax component, a wax and an oil component, a
wax and a polymeric material component, or a wax and
a polymeric modified oil component. The fuel component
may thus include hydrocarbons whether paraffinic, ole-
finic, naphthenic, aromatic, saturated or unsaturated and
which are suitable for use as the fuel component.

Waxes which may be used in the carbonaceous fuel
component include waxes derived from petroleum such
as petrolatum wax, microcrystalline wax, and paraffin wax;
mineral waxes such as ozocerite, and montan wax; animal
waxes such as spermacetic; and insect waxes such as bees-
wax, and Chinese wax. The most desirable waxes are those
which have melting points of at least 80° F. and which
are readily compatible with the formed emulsion. Prefer-
ably, these waxes have a melting point in the range of
about 100° F. to about 160° F.

With the addition of any given amount of wax in the
carbonaceous fuel component, the thickening effect pro-
duced may be that of the wax plus a wax modifier such
as a viscous oil or polymeric material, It is found that a
quantity of at least about 2% and preferably at least about
5% by weight of the carbonaceous fuel component should
desirably constitute wax or insufficient occlusion of gas
results in the finally prepared emulsion.

A petroleum oil of any desired viscosity may be used
as a component of the carbonaceous fuel and may include
oils having viscosities varying from a thin liguid to those
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which are so thick that they do not flow at ordinary tem-
peratures. Brookfield viscosities at 85° F. for typical petro-
leum oils appear in the range of about 160 to about 5,000
centipoises and preferably to about 3,100 centipoises.

Non-volatile, water-insoluble polymeric or elastomeric
materials of the group consisting of natural rubber, syn-
thetic rubber and polyisobutylene may be included in the
carbonaceous fuel component of the present emulsion,
Copolymers of butadiene-styrene, copolymers of isoprene-
isobutylene, or copolymers of isobutylene-ethylene and co-
polymers of related materials as well as terpolymers
thereof may also be usefully employed to modify the
fuel component and improve same in retaining occluded
gas over a prolonged period of time. Other polymeric ma-
terials may also be employed for this purpose as desired.

The carbonaceous fuel component is generally added
in an amount from about 4 to about 45 parts by weight
per 100 parts by weight of ammonium nitrate. In the pre-
ferred embodiment, the carbonaceous fuel component is
added in an amount of about 5 to about 17 parts by weight
per 100 parts by weight of ammonium nitrate,

Supplementary fuels such as saturated fatty acids, higher
alcohols having a chain length of at least about 6 to more
than about 18 carbon atoms, and the like may be found
suitable for use in the carbonaceous fuel component of
the emulsion system.

Supplementary fuels of the saturated fatty acid type
which are suitable for use in the carbonaceous fuel com-
ponent include octanoic acid, decanoic acid, lauric acid,
palmitic acid, behenic acid and stearic acid.

Supplementary fuels of the higher alcohol type which
are suitable for use in the carbonaceous fuel component
include hexyl alcohol, nonyl alcohol, lauryl alcohol, cetyl
alcohol and stearyl alcohol.

Other immiscible, carbonaceous materials useful as
supplementary fuels in the carbonaceous fuel component
include the vegetable oils such as corn oil, cottonseed oil
and soybean oil.

The present emulsion system may also include as an
optional fuel ingredient a finely divided non-water soluble
solid particulate fuel such as carbon, coal, graphite, sul-
fur, or the like, or it may contain a metallic powder which
serves as a fuel such as aluminum, magnesium or related
alloys thereof.

Other additives may be included in the carbonaceous
fuel component, as desired, provided that this component
retains the ability to form a water-in-oil type emulsion
and, in the preferred modification, is characterized with a
gas occlusion temperature of at least about 70° F. to
about 190° F.

A third component of the present emulsion system is
an occluded gas component forming a discontinuous emul-
sion phase. Sufficient gas, generally air, is introduced into
the present emulsion system by any suitable means such
as by using a gas inducing mixer, or by direct introduction
of gas into the emulsion which is then subsequently
blended. An example of a gas inducing mixer is a ribbon-
type mixer, whereas the Votator scraped surface heat ex-
changer type unit by Girdler Company, Louisville, Ken-
tucky, exemplifies suitable means for combining directly
introduced gas with the emulsion.

The gas component is desirably added during cooling
of the emulsion to a temperature below the gas occlusion
temperature such that the prepared emulsion containing
the four principal components retains from about 4% to
about 47% by volume of gas at 70° F. and atmospheric
pressure. Preferably, this emulsion retains from about
13% to about 33% by volume of gas at 70° F, and at-
mospheric pressure,

If desired, the various non-gas components being proc-
essed may be heated to drive off entrapped gas. By hav-
ing an entrapped gas-free system during the pre-blending
or blending stages in preparation of the present emulsion,
a standardized composition results into which an exact
amount of gas may be added to achieve a pre-determined
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density, and thereby avoid wide variance in densities of
the prepared composition.

The present emulsion system contains as a fourth com-
ponent, a water-in-oil type surfactant or emulsifying
agent in an amount of about 0.75 part to about § parts by
weight per 100 parts by weight of ammonium nitrate and
in the preferred embodiment, from about 1.3 parts to
about 3 parts by weight per 100 parts by weight of am-
monium nitrate, Additional amounts of emulsifying agent
may be added, if desired, since the surplus emulsifying
agent may serve as a supplemental fuel for the blasting
composition.

Suitable emulsifying agents found useful herein are the
water-in-oil type and include those derivable from sorbi-
tol by esterification with removal of one molecule of wa-
ter. Such sorbitan emulsifying agents may include sorbi-
tan fatty acid esters such as sorbitan monolaurate, sorbi-
tan monooleate, sorbitan monopalmitate, sorbitan mono-
stearate and sorbitan tristearate. The mono- and glycer-
ides of fat-forming fatty acids are also useful as water-in-
oil type emulsifying agents.

Other water-in-oil type emulsifying agents which may
be used include polyoxyethylene sorbitol esters such as
the polyoxyethylene sorbitol beeswax derivative materials.
Water-in-oil type emulsifying agents such as the isopropy!
ester of lanolin fatty acids may also prove useful as may
mixtures of higher molecular fatty alcohols and wax es-
ters. Various other specific examples of water-in-oil type
emulsifying agents include polyoxyethylene (4) lauryl
ether, polyoxyethylene (2) oleyl ether, polyoxyethylene
(2) stearyl ether, polyoxyalkylene oleyl/laurate, oleyl
acid phosphate, substituted oxazolines and phosphate es-
ters, to mention but a few. Mixtures of these various emul-
sifying agents as well as other water-in-oil type emulsify-
ing agents may also prove useful.

The pH of the present emulsion system is generally
either equivalent to or incident to the pH of the aqueous
solution component taken either as aqueous ammonium
nitrate solution, as the water soluble emulsion compatible
oxidizer material in solution, or a combination thereof.
Generally, the pH of the prepared emulsion is between
about 2 and about 8, and preferably about 3.5 and about
7. When emulsions are prepared above pH 8, it is found
that ammonium nitrate decomposes in the emulsion and
when emulsions are prepared more acidic than pH 2,
acid corrosive problems are encountered.

The present emulsion system may be prepared by com-
bining the water with the ammonium nitrate and when
included, the water soluble emulsion compatible oxidizer
material to form an aqueous solution thereof. Conven-
iently, the aqueous solution may be rapidly effected by
heating the water. Alternately, the aqueous solution com-
ponent may result by simply combining all the materials
in a container and heating same during formation of the
emulsion. Other variations in preparing the aqueous solu-
tion component are also possible and may be employed.

The carbonaceous fuel component of the present emul-
sion may be prepared by combining the various fuel com-
ponents and the emulsifying agent or these materials may
be separately added and combined during formation of
the emulsion.

When the aqueous solution component and the car-
bonaceous fuel component are separately prepared, they
are combined to form an emulsion by any suitable mixing
system which occludes sufficient quantities of the gas
component into the emulsion. Alternately, the emulsion
may be prepared by simple addition of the various com-
ponents to a mixer with either little or no occlusion of
gas. The gas is then occluded by a separate step after the
emulsion is prepared.

The present emulsion is preferably formed from an ex-
ternal emulsion phase material having a consistency suffi-
ciently thin for emulsion formation above the gas occlu-
sion temperature. Thereafter, the consistency is thickened
by cooling so that the occluded gas may be retained, Thus,
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a carbonaceous fuel component forming the external
emulsion phase appears in liquid form at emulsion prepa-
ration temperatures and as a paste or solid form at either
storage or use temperatures.

It is desirable for the preferred embodiment of the
present invention that the fuel component and the aque-
ous solution component be processed at a temperature
either at or above the gas occlusion temperature. It is also
found desirable that the materials in the aqueous solution
component be in solution during formation of the emul-
sion. This will insure that the crystalline phase appear dis-
persed within the aqueous solution phase when the emul-
sion is cooled to a temperature below the solution satura-
tion point. Thus, the crystalline phase should appear in
the aqueous solution phase of the prepared emulsion when
the emulsion temperature is about 70° F. and desirably at
that temperature at which the emulsion may normally
be detonated.

The temperature of emulsion formation as well as the
gas occlusion temperature varies depending upon the ma-
terials being processed. It is generally found in the pre-
ferred embodiment that the temperature of emulsion for-
mation is within the range of about 100° F. to about
135° F. and the gas occlusion temperature is within the
range of about 95° F. to about 130° F.

In combining the components in one process of the
present invention, it has been found that greater uni-
formity of the emulsion on storage may be obtained if
the temperature during the mixing or emulsification step
is kept above the melting point of the fuel blend, that is,
from about 100° F. to about 160° F. However, the proc-
ess of this invention may be performed outside these
temperature limits, if desired.

The preferred process of the present invention gen-
erally involves forming an emulsion system by separately
mixing the aqueous solution component with the carbon-
aceous fuel component containing a water-in-oil type
emulsifying agent and other materials as may be desired.
This preferred process is generally performed with heat-
ing and mixing, of the components at a temperature above
the gas occlusion temperature. After the components have
been combined to a substantially uniform consistency,
the temperature is gradually lowered to the gas occlu-
sion temperature with continued mixing. A sudden de-
crease in density is experienced about the gas occlusion
temperature and after the requisite amount of gas has
been occluded into the emulsion, the temperature may
be lowered at any desired rate without further mixing.
Should it be found that insufficient gas has been occluded
into the emulsion, then the emulsion may be heated to
the gas occlusion temperature for introduction of addi-
tional quantities of gas as desired.

Many variations exist for introducing the occluded gas
component into the emulsion system. The most common
method consists of simply mixing the emulsion in an
open vessel. However, gas may be introduced by bubbling
gas through an orifice, by the use of injectors, or by vari-
ous other mechanical means. Chemical generation of gas
in the emulsion is also possible. It is also noted that
although the occluded gas is generally air, other gases
may be used such as gaseous hydrocarbons, nitrous oxide,
nitrogen, carbon dioxide, substantially pure oxygen, or
the like.

In order to further illustrate the present invention, the
following examples are given wherein all parts are by
weight unless otherwise indicated:

EXAMPLE 1

An emulsion type blasting agent is prepared by com-
bining as a wax component, 2.3 parts by weight of a
friable oil-soluble crystalline wax having a melting point
of about 121-124° F. and identified by the trademark
Atlantic 342 by the Atlantic Refining Co.; as an oil com-
ponent, 5.4 parts by weight of a highly refined mineral
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oil identified by the trademark Atreol 34 also by the
Atlantic Refining Co.; 5 parts by weight of a water-in-oil
type emulsifying agent formed of mono- and diglycerides
of fat forming fatty acids and identified by the trademark
Atmos 300 by Atlas Chemical Industries, Inc.; 100 parts
by weight of ammonjum nitrate; 15 parts by weight of
sodium nitrate and 28 parts by weight of water. These
various materials are combined in a water jacketed mixer.
Heat is applied to the mixer until the temperature of
emulsion formation of about 114° F. is passed. There-
after, the ingredients are actively mixed to form an emul-
sion of substantially uniform consistency. The prepared
emulsion is slowly cooled to a gas occlusion temperature
found to be 114° F. at which a sudden drop in density is
noted during which time air is occluded into the emulsion
by continued mixing in the open vessel. The temperature
is continuously lowered to about 110° F. at which tem-
perature mixing is stopped. The finally prepared emul-
sion, upon further cooling is found to have about 13.9%
by volume, at 70° F. and atmospheric pressure, of oc-
cluded air a density of about 1.18 gms./cc. at 70° F. and
a pH 4. At 70° F., the prepared emulsion is found to
have a very soft character and when detonated by a 3"
x 3" cartridge of high velocity gelatin dynamite initiated
by a No. 6 standard electric blasting cap after emulsion
storage for 28 days at a temperature of about 70° F. is
found to have a 3" x 12’ cartridge detonation velocity
of about 14,700 ft./sec.

EXAMPLE 2

An emulsion blasting agent is prepared by combining
2.4 parts by weight of the wax component of Example 1,
5.6 parts by weight of the oil component of Example 1,
3 parts by weight of a water-in-oil type emulsifying agent
formed of oleyl acid phosphate, 100 parts by weight of
ammonium nitrate, 16 parts by weight of sodium nitrate,
and 29 parts by weight of water. In addition, 2 parts by
weight of hollow, finely divided, low-density particles of
glass identified by the trademark Micro-balloon by the
Standard Oil Co. of Ohio is included as gas retaining
particles. These various materials are combined accord-
ing to the procedure of Example 1. The emulsion is found
to have an emulsion formation temperature of about
114° F. and a gas occlusion temperature of 114° F. The
prepared emulsion is also found to have about 14.2% by
volume of occluded air at 70° F. and atmospheric pres-
sure, a density of about 1.15 gms./cc. at 70° F. and a
pH 4. At 70° F., the prepared emulsion is found to have
a soft character and when detonated by a 3" x 3"’ cart-
ridge of high velocity gelatin dynamite initiated by a No.
6 standard electric blasting cap after emulsion storage
for 28 days at a temperature of about 70° F., is found
to have a 3” x 12" cartridge detonation velocity of about
16,400 ft./sec.

EXAMPLE 3

An emulsion blasting agent is prepared by combining
as a wax component, 3.4 parts by weight of a modified,
highly cohesive microcrystalline wax having a melting
point of about 114-119° F. and identified by the trade-
mark Indra 2119 by Industrial Raw Materials Corp.; as
an oil component, 3.4 parts by weight of a polymer modi-
fied, high viscosity lubricating oil identified by the trade-
mark Molol-B by Witco Chemical Company, Inc.; 1.4
parts by weight of a water-in-oil type emulsifying agent
formed of polyoxyethylene(2)oleyl ether and identified
by the trademark Brij 92 by Atlas Chemical Industries,
Inc.; 100 parts by weight of ammonium nitrate; and 27
parts by weight of water. The wax component and oil
component are separately combined after which the water-
in-oil emulsifying agent is added. The ammonium nitrate
and water are separately combined. These two component
mixtures are then formed into an emulsion at a tempera-
ture above the saturation temeprature for the ammonium
nitrate solution and according to the mixing procedure
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of Example 1. The emulsion is found to have an emulsion
formation temeprature of about 115° F. and a gas occlu-
sion temeprature of about 111° F. The prepared emulsion
is also found to have about 7.7% by volume of occluded
ajr at 70° F. and atmospheric pressure, a density of about
1.35 gms./cc. at 70° F. and a pH 5. At 70° F., the pre-
pared emulsion is found to have a firm character and
when detonated by a 3" x 3" cartridge of high velocity
gelatin dynamite initiated by a No. 6 standard electric
blasting cap after emulsion storage for 28 days at a
temperature of about 70° F., is found to have a 3" x 12"
cartridge detonation velocity of about 14,900 ft./sec.

EXAMPLE 4

An emulsion blasting agent is prepared by combining
9.7 parts by weight of the wax component of Example 3,
1.8 parts by weight of a water-in-oil type emulsifying
agent formed of sorbitan monooleate, 100 parts by weight
of ammonium nitrate, 31 parts by weight of potassium
nitrate, 35 parts by weight of water, and 20 parts by
weight of finely divided carbon. These various ingredients
are combined to form an emulsion according to the mix-
ing procedure of Example 1. The emulsion is found to
have an emulsion formation temperature of about 121°
F. and a gas occlusion temperature of about 110° F. The
prepared emulsion is also found to have about 19% by
volume of occluded air at 70° F. and atmospheric pres-
sure, a density of about 1.17 gms./cc. at 70° F. and a pH
5. At 70° F., the prepared emulsion is found to have a
soft character and when detonated by 3" x 3" cartridge
of high velocity gelatin dynamite initiated by a No. 6
standard electric blasting cap after emulsion storage for
28 days at a temperature of about 70° F., is found to have
3" x 12" cartridge detonation velocity of about 17,400
ft./sec.

EXAMPLE 5

A series of emulsion blasting agents are prepared by the
procedure of Example 1, each having one of the follow-
ing water-in-0il type emulsifying agents substituted for
Atmos 300; sorbitan monolaurate, sorbitan monooleate,
sorbitan monopalmitate, sorbitan monostearate and sor-
bitan tristearate. The emulsions are found to have emul-
sion formation temperatures of about 114° F.—116° F.
and gas occlusion temperature of about 114° F. The pre-
pared emulsions are also found to have about 15.3% to
about 19.7% by volume of occluded air at 70° F. and
atmospheric pressure, densities of about 1.10-1.16 gms./
cc. at 60° F. and pH’s about pH 4 to about pH 5. At 70°
F., the prepared emulsions are found to have very soft
to soft character and when each is detonated by a 3" x 3"
cartridge of high velocity gelatin dynamite initiated by a
No. 6 standard electric blasting cap after emulsion stor-
age for 28 days at 70° F., are found to have 3" x 12"
cartridge detonation velocities of about 13,900 ft./sec. to
about 14,500 ft./sec.

EXAMPLE 6

An emulsion blasting agent is prepared using the in-
gredients of Example 1. Initially, a solution is formed by
dissolving sodium nitrate and ammonium nitrate in water.
Thereafter, a carbonaceous fuel component is prepared
with the wax and oil components to which is added the
water-in-oil emulsifying agent. The carbonaceous fuel
component, at a temperature above the aqueous solution
temperature, is stirred until a substantially uniform con-
sistency is obtained. Thereafter, the prepared aqueous
solution component and the carbonaceous fuel com-
ponent, while both at a temperature above the saturation
temperature for the aqueous solution, are blended with
stirring and heating to a temperature above the emulsion
formation temperature of about 114° F. The prepared
emulsion is slowly cooled to a gas occulsion temperature
found to be 114° F. at which a suddent drop in density
is noted during which time air is occluded into the emul-
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sion by continued mixing in the open vessel. The tem-
perature is continuously lowered to about 110° F. at
which temperature mixing is stopped. The finally pre-
pared emulsion upon further cooling is found to have
about 12.4% by volume of occluded air at 70° F. and
atmospheric pressure, a density of about 1.20 gms./cc. at
70° F. and a pH 4. At 70° F., the prepared emulsion is
found to have a very soft character and when detonated
by a 3" x 3 cartridge of high velocity gelatin dynamite
initiated by a No. 6 standard electric blasting cap after
emulsion storage for 28 days at a temperature of about
70° F., is found to have 3" x 12” cartridge ‘detonation
velocity of about 15,500 ft./sec.

EXAMPLE 7

An emulsion blasting agent is prepared by the proce-
dure of Example 1, having an emulsifying agent formed
of high molecular weight cationic polymeric fatty amine
and identified by the trademark G--357¢ by Atlas Chemi-
cal Industries, Inc. substituted for Atmos 300. The emul-
sion is found to have an emulsion formation temperature
of about 114° F. and a gas occlusion temperature of
about 114° F. The prepared emulsion is also found to
have about 14% by volume of occluded gas at 70° F. and
atmospheric pressure, a density of about 1.18 gms./cc. at
70° F. and pH about 6.5. At 70° F., the prepared emul-
sion is found to have a soft character and when detonated
by a 3" x 3" cartridge of high velocity gelatin dynamite
initiated by a No. 6 standard electric blasting cap after
emulsion storage for 28 days at 70° F., is found to have
a 3" x 12" cartridge detonation velocity of about 14,000
ft./sec.

EXAMPLE 8

An emulsion blasting agent is prepared by combining
9.1 parts by weight of a viscous motor oil identified as
RM~-8670 by Industrial Raw Materials Corp., 1.8 parts
by weight of the water-in-oil type emulsifying agent of
Example 1, 100 parts by weight of ammonium nitrate,
29.1 parts by weight of sodium nitrate, and 36.4 parts by
weight of water. In addition, 5.5 parts by weight of hol-
low, finely divided, low-density particles of glass identi-
fied by the trademark Microballoons by the Standard Oil
Co. of Ohio is included as gas retaining particles. These
various materials are combined according to the proce-
dure of Example 1. The emulsion is found to have an
emulsion formation temperature of about 106° F.and a
consistency at 70° F. such that the gas entraining particles
are held substantially uniformily throughout the prepared
emulsion. The prepared emulsion is also found to have a
density of about 1.15 gms./cc. at 70° F. and a pH 4. At
70° F., the prepared emulsion is found to have a very
soft character and when detonated by a 3" x 3" cartridge
of high velocity gelatin dynamite initiated by a No. 6
standard electric blasting cap after emulsion storage for
28 days at a temperature of about 70° F., is found to have

a 3" x 12’ cartridge detonation velocity of about 16,400
ft./sec.

EXAMPLE 9

An emulsion blasting agent is prepared by combining
as a wax component, 3.4 parts by weight of a modified,
highly cohesive microcrystalline wax having a melting
point of about 118-122° F. and identified by the trade-
mark Indra 2126 by Industrial Raw Materials Corp.; as
an oil component, 3.4 parts by weight of Atreol 34 of
Example 1; 1.4 parts by weight of sorbitan monooleate
water-in-oil type emulsifying agent; 100 parts by weight
of ammonium nitrate; and 27 parts by weight of water.
The wax component and oil component are separately
combined after which the water-in-oil emulsifying agent
is added. The ammonium nitrate and water are separately
combined. These two component mixtures are then formed
into an emulsion and mixed at a temperature above the
saturation temperature for the ammonium nitrate solu-
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tion and according to the mixing procedure of Example 1.
The emulsion is found to have an emulsion formation
temperature of about 113° F., a gas occlusion temperature
of about 112° F., and about 12.3% by volume of oc-
cluded air at 70° F. and atmospheric pressure. The pre-
pared emulsion is found to have a density of about 1.14
gms./cc. at 70° F. and a pH 4.5. The emulsion is also
found to have a firm character and when detonated by a
37 x 3" cartridge of high velocity gelatin dynamite
initiated by a No. 6 standard electric blasting cap after
emulsion storage for 28 days at a temperature of about
70° F., is found to have a 3" x 12" cartridge detonation
velocity of about 17,300 ft./sec.

EXAMPLE 10

An emulsion blasting agent is prepared by combining
as a wax component, 3.5 parts by weight of a modified,
highly cohesive microcrystalline wax having a melting
point of about 114-119° F. and identified by the trade-
mark Indra 2119 by Industrial Raw Materials Corp.; 5.3
parts by weight of DNT; 1.4 parts by weight of sorbitan
monooleate water-in-oil type emulsifying agent; 29.7 parts
by weight of sodium nitrate; 100 parts by weight of
ammonium nitrate; and 35 parts by weight of water. The
wax component and DNT component are separately com-
bined after which the water-in-oil emulsifying agent is
added. The ammonium nitrate, sodium nitrate and water
are separately combined and mixed. These two compo-
nent mixtures are then formed into an emulsion at a
temperature above the saturation temperature for the
ammonium nitrate-sodium nitrate solution and accord-
ing to the mixing procedure of Example 1. The emulsion
is found to have an emulsion formation temperature of
about 114° F. and a gas occlusion temperature of about
112° F. The prepared emulsion is also found to have
about 19.6% by volume of occluded air at 70° F. and
atmospheric pressure, a density of about 1.15 gms./cc.
at 70° F. and a pH 5. At 70° F., the prepared emulsion is
found to have a firm character and when detonated by a
3" x 3" cartridge of high velocity gelatin dynamite init-
jated by a No. 6 standard electric blasting cap after
emulsion storage for 28 days at a temperature of about
70° E., is found to have a 4’ x 12 cartridge detonation
velocity of about 16,600 ft./sec.

EXAMPLE 11

An emulsion blasting agent is prepared by combining
as a wax component, 4.4 parts by weight of a modified,
highly cohesive microcrystalline wax having a melting
point of about 118-122° F. and identified by the trade-
mark Indra 2126 by Industrial Raw Materials Corp.; as
an oil component, 4.4 parts by weight of Atreol 34 of
Example 1; 1.8 parts by weight of sorbitan monooleate
water-in-oil type emulsifying agent; 15.3 parts by weight
of particulate aluminum; 29.9 parts by weight of sodium
nitrate; 100 parts by weight of ammonium nitrate; and
35.1 parts by weight of water. The wax, aluminum and
oil are separately combined after which the water-in-oil
emulsifying agent is added. The ammonium nitrate, sodium
nitrate and water are separately combined and mixed.
These two component mixtures are then formed into an
emulsion at a temperature above the saturation tempera-
ture for the ammonium nitrate-sodium nitrate solution
and according to the mixing procedure of Example 1, The
emulsion is found to have an emulsion formation tem-
perature of about 112° F. and a gas occlusion tempera-
ture of about 110° F. The prepared emulsion is also
found to have about 22.3% by volume of occluded air
at 70° F. and atmospheric pressure, a density of about
1.15 gms./cc. at 70° F. and a pH 6. At 70° F,, the pre-
pared emulsion is found to have a firm character and
when detonated by a 3"’ x 3" cartridge of high velocity
gelatin dynamite initiated by a No. 6 standard electric
blasting cap after emulsion storage for 28 days at 2
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temperature of about 70° F., is found to have a 4" x 127
cartridge detonation velocity of about 17,700 ft./sec.

EXAMPLE 12

An emulsion blasting agent is prepared by combining
as a wax component, 3.6 parts by weight of a crystalline
wax identified by the trademark Aflantic 342; as an oil
component, 3.6 parts by weight of Atreol 34; 3.1 parts
by weight of sorbitan monooleate water-in-oil type emul-
sifying agent; 100 parts by weight of ammonium nitrate;
15.4 parts by weight of sodium nitrate and 27.7 parts by
weight of water. These various materials are combined
in a water jacketed mixer. Heat is applied to the mixer
until the temperature of emulsion formation of about
117° F. is passed. Thereafter, the ingredients are actively
mixed to substantially uniform consistency. The prepared
emulsion is slowly cooled to a gas occlusion temperature
found to be 110° F. at which a sudden drop in density is
noted during which time air is occluded into the emulsion
by continued mixing in the open vessel. The temperature
is continuously lowered to about 101° F. at which tem-
perature mixing is stopped. The finally prepared emul-
sion, upon further cooling is found to have about 37.1%
by volume occluded air at 70° F. and atmospheric pres-
sure, a density of about 0.88 gms./cc. at 70° F. and a
pH 4. At 70° F., the prepared emulsion is found to have
a very soft character and when detonated by a 3" x 3"
cartridge of high velocity gelatin dynamite initiated by the
No. 6 standard electric blasting cap after emulsion stor-
age for 28 days at a temperature of about 70° F., if found
to have a 3" x 8 cartridge detonation velocity of about
12,280 ft./sec.

EXAMPLE 13

An emulsion blasting agent is prepared by combining
as a wax component, 4.4 parts by weight Indra 2126 wax;
4.4 parts by weight of high molecular weight isobutylene
polymer identified by the trademark Paratac by Arkansas
Co., Inc.; 1.7 parts by weight of Atmos 300 water-in-oil
type emulsifying agent; 100 parts by weight of ammoni-
um nitrate; 29.8 parts by weight of sodium nitrate; and
35 parts by weight of water. The wax component and
polymer component are separately combined after which
the water-in-oil emulsifying agent is added. The ammo-
nium nitrate, sodium nitrate and water are separately
combined and mixed. These two component mixtures are
then formed into an emulsion at a femperature above
the saturation temperature for the ammonium nitrate-
sodium nitrate solution and according to the mixing pro-
cedure of Example 1. The emulsion is found to have an
emulsion formation temperature of about 118° F. and a
gas occlusion temperature of about 112° F. The pre-
pared emulsion is also found to have about 17.1% by
volume of occluded air at 70° F. and atmospheric pres-
sure, a density of about 1.16 gms./cc. at 70° F. and a
pH 5. At 70° F., the prepared emulsion is found to have
a firm character and when detonated by a 3" x 3" car-
tridge of high velocity gelatin dynamite initiated by a
No. 6 standard electric blasting cap after emulsion stor-
age for 28 days at a temperature of about 70° F., is
found to have a 3" x 12" cartridge detonation velocity
of about 16,200 ft./sec.

EXAMPLE 14

An emulsion blasting agent is prepared by combining
as a wax component, 5.2 parts by weight of a modified,
highly cohesive microcrystalline wax having a melting
point of about 114-119° F. and identified by the trade-
mark Indra 2119 by Industrial Raw Materials Corp.; as
an oil component, 3.4 parts by weight of bunker fuel oil;
1.7 parts by weight of Atmos 300 water-in-oil type emul-
sifying agent; 100 parts by weight of ammonium nitrate;
31 parts by weight of sodium nitrate; and 31 parts by
weight of water. The wax component and oil component
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are separately combined after which the water-in-oil
emulsifying agent as added. The ammonium nitrate, sodi-
um nitrate and water are separately combined and mixed.
These two component mixtures are then formed into an
emulsion at a temperature above the saturation tempera-
ture for the ammonium nitrate-sodium nitrate solution
and according to the mixing procedure of Example 1. The
emulsion is found to have an emulsion formation tempera-
ture of about 107° F. and a gas occlusion temperature of
about 104° F. The prepared emulsion is also found to
have about 16.9% by volumbe of occluded air at 70° F.
and atmospheric pressure, a density of about 1.23 gms./
cc. at 70° F. and a pH 5. At 70° F., the prepared emul-
sion is found to have a firm character and when detonated
by a 3" x 3" cartridge of high velocity gelatin dynamite
initiated by a No. 6 standard electric blasting cap after
emulsion storage for 28 days at a temperature of about
70° F., is found to have 3" x 12" cartridge detonation
velocity of about 15,820 ft./sec.

The sensitivity and detonation velocity of the present
emulsion usually may be modified by addition of gas
entraining particles of a size that will at least pass through
a No. 8 USS screen such as, for example, microspheres
formed of resinous materials, or hollow glass balls. Gen-
erally, about 1 part by weight of the gas entraining par-
ticles based on 100 parts by weight of ammonium nitrate
is required to obtain an advantage and usually more than
about 70 parts by weight per 100 parts by weight of am-
monium intrate fail to yield further advantage or improve-
ment,

The gas entraining particles may be substituted in total
or in part for the occluded air component. When the gas
entraining particles are substituted in total for the oc-
cluded air component, it is necessary that the carbonace-
ous fuel component have a consistency such that the gas
entraining particles be held substantially uniformally
throughout the prepared emulsion when at normal use
temperatures, i.e., about 70° F. It is recognized that the
consistency of the carbonaceous fuel component in this
instance may be thinner for holding the gas entraining
particles than in the case when gas component is sim-
ply occluded in the emulsion. Generally because of the
greater cost of these gas entraining particles as com-
pared to air, it is desirable to include such particles in
the present emulsion only as a supplemental material.

Preferably, the amounts of the principal components
added to form the present emulsion are adjusted within
the range specified to yield a mobile emulsion which has
approximately an oxygen balance of about =10 percent.
When an amount of finely divided solid fuel such as coal
or aluminum is added, the oxygen balance of the emulsion
may be as low as —20 percent and the finally prepared
emulsion containing optional additives is preferably with-
in the oxygen balance range of =10 percent.

The present emulsion is ordinarily detonated with the
aid of a booster charge, and is thus non-cap sensitive to a
standard No. 8 blasting cap when the emulsion is pre-
pared with occluded air to a density of about 0.90 gms./
cc. to about 1.40 gms./cc. at about 70° F. A standard No.
8 blasting cap generally possesses the explosive equivalent
of about 2.00 grams of mercury fulminate.

The present emulsion are insensitive to usual mechan-
ical shock and are capable of performing as powerful
explosives but do not contain, unless optionally added, a
sensitive high explosive material such as TNT and nitro-
paraffins. Materials such as DNT may also be optionally
added if desired.

The present emulsion when prepared with occluded gas
in the density range above 0.90 gm./cc. at about 70° F.,
may be safely manufactured, stored and shipped, and may
be prepared in a processing plant and transported to the
blasting site. Alternately, the present emulsion may be
prepared at the site in a mobile unit.

The explosive velocity of the presently prepared blast-
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ing agents is generally in the range of about 13,000 ft./
sec. to about 20,000 ft./sec. Higher and lower explosive
velocities may be prepared as desired by altering either the
density or composition of the prepared emulsion.

It is understood that the foregoing detailed descrip-
tion is given merely by way of illustration and that many
variations may be made therein without departing from
the spirit of this invention.

What is claimed is:

1. An emulsion blasting agent consisting essentially of

an aqueous solution of ammonium nitrate forming a

discontinuous emulsion phase;

a carbonaceous fuel forming a continuous emulsion

phase;
an occluded gas dispersed within said emulsion and
comprising at least 4% by volume, thereof at 70°
F. and atmospheric pressure; and

a water-in-oil type emulsifying agent;

said carbonaceous fuel having a consistency such that
said occluded gas is held in said emulsion at a tem-
perature of 70° F.

2. The blasting agent of claim 1 wherein said occluded
gas is substantially uniformly dispersed within said emul-
sion in gas entraining particles.

3. The blasting agent of claim 1 wherein said pre-
pared blasting agent has a stability for at least 28 days
at 70° F. storage temperature.

"4, The blasting agent of claim 1 wherein:

said aqueous solution is formed of:

(2) 100 parts by weight of ammonium nitrate;

(b) about 10 to about 60 parts by weight of
water;

(c) up to about 55 parts by weight of at least
a second water soluble, emulsion compatible
oxidizing material in addition to said ammonium
nitrate;

said carbonaceous fuel is present in an amount from

about 4 to about 45 parts by weight;

said occluded gas is present in an amount from about

4% to about 47% by volume of said emulsion at
70° F. and atmospheric pressure; and

said water-in-oil type emulsifying agent is present in

an amount from about 0.75 to about 5 parts by
weight.

5. The blasting agent of claim 1 wherein:

said aqueous solution is formed of:

(a) 100 parts by weight of ammonium nitrate;

(b) about 18 to about 44 parts by weight of
water;

(c) up to about 36 parts by weight of at least
a second water soluble, emulsion compatible
oxidizing material in addition to said ammonium
nitrate;

said carbonaceous fuel is present in an amount from

about 5 to about 17 parts by weight;

said occluded gas is present in an amount from about

13% to about 33% by volume of said emulsion at
70° F. and atmospheric pressure; and

said water-in-oil type emulsifying agent is present in

an amount from about 1.3 to about 3 parts by
weight.

6. The blasting agent of claim 1 wherein ammonium
nitrate in crystalline phase is present within the aqueous
solution when said solution is at a temperature of 70° F.

7. The blasting agent of claim 4 wherein the water
soluble, emulsion compatible oxidizing material is selected
from the group consisting of sodium nitrate, sodium chlor-
ate, sodium perchlorate, calcium nitrate, calcium chlo-
rate, calcium perchlorate, potassium nitrate, potassium
chlorate, potassinm perchlorate, ammonium chlorate, am-
monium perchlorate, lithium nitrate, lithium chlorate,
lithium perchlorate, magnesium nitrate, magnesium
chlorate, magnesium perchlorate, aluminum nitrate, alum-
inum chlorate, barium nitrate, barium chlorate, barium
perchlorate, zinc nitrate, zinc chlorate, zinc perchlorate,
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ethylene-diamine-dichlorate and ethylene-diamine-diper-
chlorate.

8. The blasting agent of claim 1 wherein at least 2%
by weight of the carbonaceous fuel is a wax having a
melting point above about 80° F.

9, The blasting agent of claim 8 wherein a pefroleum
oil is included in combination with the wax in the fuel
phase.

10. The blasting agent of claim 8 wherein a tackifying
polymeric materjal is included in combination with the
wax in the fuel phase.

11. The blasting agent of claim 8 wherein the wax is
selected from the group consisting of microcrystalline
wax, and parafin wax having a melting point of about
100° F. to about 160° F.

12. The blasting agent of claim 1 wherein a supple-
mentary fuel is included.

13. The blasting agent of claim 1 wherein a non-water
soluble solid particulate fuel is included.

14. The blasting agent of claim 13 wherein the non-
water soluble particulate fuel is carbon, coal, aluminum,
or magnesium.

15. The blasting agent of claim 1 wherein the water-
in-oil type emulsifying agent is a sorbitan fatty acid ester
selected from the group consisting of sorbitan monolaur-
ate, sorbitan monooleate, sorbitan monopalmitate, sorbi-
tan monostearate, sorbitan tristearate, and a mono- or
diglyceride of a fat-forming fatty acid.

16. The blasting agent of claim 4 wherein about 1 to
about 70 parts by weight of gas entraining particles are
included.

17. The blasting agent of claim 16 wherein the gas
entraining particles are glass microspheres having a par-
ticle size that will at least pass through a No. 8 USS
screen.

18. A process for preparing an emulsion blasting agent
which comprises:

(A) preparing with a water-in-oil type emulsifying

agent an emulsion of: .
(1) an aqueous ammonium nitrate solution as
a discontinuous emulsion phase, and
(2) a liquid carbonaceous fuel as a continuous
emulsion phase;

(B) thickening by cooling said liquid carbonaceous
fuel to a consistency such that a gas may be
occluded therein; and

(C) occluding at least 4% by volume at 70° F. and
atmospheric pressure of a gas in the thickened
emulsion.

19. The process of claim 18 wherein said aqueous

solution has a pH in the range from about 2 to about 8.

20. The process of claim 18 wherein the occluded gas
constitutes from about 4% to about 47% by volume at
70° F. and atmospheric pressure of the thickened
emulsion.

21. The process of claim 18 wherein the occluded
gas constitutes from about 13% to about 33% by volume
at 70° F. and atmospheric pressure of the thickened
emulsion.

22. The process of claim 18 wherein the emulsion is
formed of:

(a) 100 parts by weight of ammonium nitrate;

(b) about 10 parts to about 60 parts by weight of

water;

(c) up to about 55 parts by weight of at least a second
water soluble, emulsion compatible oxidizing ma-
terial in addition to said ammonium nitrate;
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(d) about 4 parts to about 45 parts by weight of a
carbonaceous fuel; and

(e) about 0.75 part to about 5 parts by weight of a
water-in-oil type emulsifying agent.

23. The process of claim 18 wherein the temperature
of emulsion formation for the mixed components is
about 100° F. to about 120° F.

24. The process of claim 18 wherein the gas is occluded
in the emulsion at a temperature of about 70° F. to about
190° F.

25, The process of claim 18 wherein the emulsion is
formed of:

(2) an aqueous solution of 100 parts by weight of
ammoninm nitrate, and up to about 36 parts by
weight of at least a second water soluble, emulsion
compatible oxidizing material in addition to said
ammonium nitrate, dispersed in from about 18 parts
to about 44 parts by weight of water; and

(b) a carbonaceous fuel of about 5 parts to about 17
parts by weight of a carbonaceous fuel having a
gas occlusion temperature -from about 95° F. to
about 130° F.; and

(c) about 1.3 part to about 3 parts by weight of a
water-in-oil type emulsifying agent.

26. The process of claim 25 wherein said second water
soluble, emulsion compatible oxidizing material is sodium
nitrate.

27. The process of claim 22 wherein the fuel includes
at least 2% by weight of wax having a melting point
about 100° F. to about 160° F.

28. The process of claim 27 wherein a tackifying
polymeric material is included in combination with the
wax in the fuel phase.

29. The process of claim 22 wherein the water-in-oil
type emulsifying agent is a sorbitan fatty acid ester
selected from the group consisting of sorbitan monolau-
rate, sorbitan monooleate, sorbitan monopalmitate, sor-
bitan tristearate.

30. The process of claim 22 wherein gas entraining
particles having a particle size that will at least pass
through a No. 8 USS screen are included in an amount
from about 1 to about 70 parts by weight.
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