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This invention relates to inorganic nitrate explosive slur 
ries, and more particularly to explosive slurries based on 
sensitive particles of inorganic nitrate and a fuel and 
which accordingly do not require an explosive sensitizer. 

Explosive mixtures containing relatively large amounts 
of water or oil or mixtures thereof have recently become 
of considerable interest in the explosive art. They have 
greater versatility than dry mixtures, because they can 
be used under conditions where water cannot be excluded, 
and the flowable slurries also may be brought more easily 
to certain types of sites such as bore holes and rock 
crevices. The water content or oil content is more than 
that which is absorbed by the components of the mixture, 
and is sufficient to act as a suspending agent for the mix 
ture. Such a water or oil content in most cases ranges 
from about 10% to more than 50%, depending upon the 
materials present in the mixture and upon the consistency 
desired. 
A slurry having a reasonably stiff consistency may be 

preferred for use in bulk in wet bore holes, where the 
composition may be diluted with water already present. 
Thickening or gelatinizing agents are employed when 
thick slurries are required containing high proportions 
of water. A slurry which can be poured may be desired 
for use in bulk in dry bore holes, and such a slurry is 
easily obtained by using a rather large proportion of fluid, 
for example 20 to 40%, without a thickening or gelatiniz 
ing agent. 
Aqueous and oil based slurries as usually formulated 

contain an explosive sensitizer because of the relative 
insensitivity of ammonium nitrate, particularly in com 
bination with large amounts of water or oil. Sensitized 
aqueous explosive slurries are described in U.S. Patent 
No. 2,930,685 to Cook and Farnam, patented Mar. 29, 
1960. These compositions are based upon ammonium 
nitrate and sensitized with TNT, and may in addition con 
tain powdered aluminum. Cook et al. point out that the 
explosives art has always taken extensive precautions 
both in formulating and in storing explosives to exclude 
moisture, and that they formulate their slurries very care 
fully using coarse grained TNT particles in order to ob 
tain an acceptable sensitivity. 

U.S. Patent No. 3,083,127 to Griffith and Wells, 
patented Mar. 26, 1963, describes aqueous explosive slur 
ries based upon an inorganic nitrate and sensitized with 
nitrostarch. These slurries are superior in nearly all re 
spects to similar slurries made with coarse grained TNT 
as described in the Cook and Farnam patent. 

In accordance with the instant invention, explosive slur 
ries are provided based on sensitive particles composed 
of an intimate mixture of an inorganic nitrate and a car 
bonaceous fuel as the principal ingredients. These particles 
keep these ingredients intimately mixed in the slurries, 
as a result of which sensitization with an explosive sensi 
tizer is made unnecesary. However, an explosive sensi 
tizer can be included if desired, for an enhanced explosive 
power. 
The slurries of the invention consist essentially of a 

suspending fluid and particles of inorganic nitrate and a 
carbonaceous fuel in an amount at least 75% of the 
amount required to oxygen balance the inorganic nitrate. 
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2 
Such particles are thus substantially oxygen-balanced 
crystals or agglomerates of inorganic nitrate and fuel, 
and because of the intimate admixture of these com 
ponents have a high sensitivity, in contrast to slurries com 
posed of separate particles of inorganic nitrate and fuel. 
Each particle suspended in the instant invention in effect 
is a full and balanced explosive in itself, and in this re 
Spect is distinguished from aggregates or mixtures of 
discrete particles suspended in slurry form. 
Any inorganic nitrate can be employed as the nitrate 

component of the explosive particles of the invention. 
Ammonium nitrate is the nitrate normally used. However, 
any inorganic nitrate can be employed, in admixture with 
or in place of ammonium nitrate. Nitrates of the alkali 
and alkaline earth metals such as sodium nitrate, potas 
sium nitrate, calcium nitrate, strontium nitrate and barium 
nitrate are exemplary additional inorganic nitrates. Mix 
tures of ammonium nitrate with alkali and/or alkaline 
earth metal nitrates, in proportions within the range from 
25 to 75% of ammonium nitrate, and from 75% to 25% 
of the other nitrates, are preferred in many instances be 
cause of their high power. Compositions based on am 
monium nitrate as the sole inorganic nitrate are also pre 
ferred. 

In addition to the inorganic nitrates, the explosive 
particles include a solid carbonaceous fuel such as pow 
dered coal, coal dust, charcoal, bagasse, dextrin, starch, 
Wood meal, flour, bran, pecan meal or similar nut shell 
meals. Liquid fuels such as petroleum oil and paraffin 
oil can be used, with enough nitrate or solid fuel to act 
as a carrier therefor. The carbonaceous fuel is employed 
in an amount of at least 75% of that required to oxygen 
balance the inorganic nitrate, and will usually comprise 
from about 5 to about 25% of the mixture. In addition 
to the carbonaceous fuel, a particulate metal can also 
be used, such as aluminum powder, flake aluminum and 
ferrosilicon. A metal fuel, when present, will usually 
comprise from about 1 to about 15% by weight of the 
mixture. 
An antacid or stabilizer such as zinc oxide, calcium 

carbonate, aluminum oxide and sodium carbonate, may 
also be added, if desired, and sulfur can also be added. 
Amounts up to 5% of each of these are satisfactory for 
most purposes. 
The inorganic nitrates employed may be fine, coarse 

or a blend of fine and coarse material. Mill and pril1 in 
organic nitrates are quite satisfactory. The particle size 
is not critical, because this is invariably changed in the 
processing with the fuel to produce the explosive parti 
cles in accordance with the invention. 
The inorganic nitrates and fuel are intimately blended 

and formed into particles, each of which contains both 
nitrate and fuel, and represents a balanced explosive in 
and of itself. This can be done in any of several ways. 

In one procedure, the inorganic nitrate is liquefied or 
melted by heating, and there is then incorporated there 
with the particles of fuel, to form particles composed of 
both the nitrate and the fuel. The nitrate can be hard 
ened either before or after subdivision, as a result of 
which it recrystallizes and holds the particles of fuel as 
inclusions. If desired, the mass can be subdivided during 
transition from the plastic to the solid state by passing 
it through a screen, perforated membrane or plate while 
it is still hot. By first melting the liquefiable components 
of the composition, and then adding the fuel and other 
ingredients, the danger of spontaneous ignition is avoided, 
and the process can be carried out safely. If the fuel and 
other ingredients were to be associated with the crystal 
line nitrate, and the whole mass then heated to liquefy 
the latter, spontaneous ignition would occur almost in 
stantaneously. For the same reason, it is neither neces 
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sary nor desirable to heat the fuel and other solid in 
gredients before incorporation with the fluid nitrate. 
The plastic mass before subdivision dissipates its heat 

quite slowly. However, due to the greater Surface area 
of the subdivided particles, the particles set rather quickly, 
and in some instances a film or hard casing is formed 
upon them. The particles when hardened are then ready 
for use in the formation of a slurry in accordance with 
the instant invention. 

In preparing the melt or viscous inorganic nitrate, it 
is not necessary to employ dried material, since any mois 
ture that is present tends to be driven off during the heat 
ing and mixing in molten form in combination with the 
molten fuel. However, in some instances a small amount 
of moisture, for example up to about 1 or 2% by weight 
of the inorganic nitrate, can be employed for the pur 
pose of decreasing the time required to make the melt. 
The added water aids in conducting water to the inte 
rior of the mass, and is driven off as the melting pro 
ceeds. Explosive particles made in accordance with the 
invention may contain up to about 6 to 8% of absorbed 
water. This water may be added at the time the melt is 
being formed, but is of course lost after the pellets have 
been formed. It is not in any case available for use as 
a suspending medium in formulating the slurry from the 
particles. 
Ammonium nitrate alone melts at a temperature of 

about 305 F. Certain nitrates such as sodium nitrate 
and barium nitrate decrease the melting temperature by 
forming a lower melting eutectic mixture with the am 
monium nitrate. Some fuels, for example, sugar and dex 
trin, can be used in place of the sodium or barium nitrate 
or in conjunction with it for the same purpose. 
A steam-jacketed kettle can be used for melting the 

nitrate, in order to avoid open flames and provide for 
better control of the temperature. The kettle is prefer 
ably equipped with a mechanical mixer or agitator to 
ensure thorough blending with the solid material later. 

In mixing the ingredients to which the melt is to be 
added, a trough or dough type mixer can also be used. 
The non-meltable components are placed in the trough, 
and mixed until the mass is of uniform consistency. The 
trough may be jacketed to prevent too rapid cooling, or 
to apply heat if desired, or to apply cooling water to lower 
the temperature. When the proportion of melted material 
in the mass is relatively high, the mass can be very plas 
tic, in some instances too plastic to be formed easily into 
particles, and in these cases, cool water is applied to re 
duce the temperature and increase the viscosity. On the 
other hand, when the proportion of melted material is 
relatively low, the mass may tend to set or congeal very 
quickly, in which case the mixing trough may be warmed 
to prevent the mass from congealing into hard lumps 
before it is formed into particles. Improperly sized par 
ticles made during a previous run can be admixed with 
the fuel and other non-meltable materials and re-used. 
The admixture of meltable and non-meltable material 

constitutes a finished explosive in a plastic state which 
is ready to be formed into particle. This dough-like sub 
stance next is conveyed to the particle-forming opera 
tion, such as a perforated plate or forming membrane, 
and is then formed, preferably as promptly as possible, 
into particles of the desired size. 
By controlling the temperature of the atmosphere be 

yond the forming membrane, the rapidity with which the 
particles congeal and set into hard particles can be con 
trolled. If the particles be expelled into a chilled or frigid 
atmosphere, then a hard casing is formed upon them 
rather quickly, and the particles, although frangible, re 
tain their individuality rather well. In some instances, 
the particles present jagged, somewhat crystallitic sur 
faces. These surfaces are not disadvantageous in the slur 
ries of the invention. 
The plastic mass may be formed into particles using 

a screen or extrusion machine or a pelleting machine. 
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4. 
Other equipment that can be used will be apparent to 
one skilled in the art. 
The explosive particles thus formed can then be blended 

with the slurrying liquid, such as water, oil or a mixture 
of water and oil. When water is present, preferably a 
saturated solution of the inorganic nitrates present in 
the explosive particles is employed. The inorganic nitrates 
are extremely soluble in water, and unless dissolution 
is inhibited or prevented by use of a substantially satu 
rated solution, the nitrate content of the particles may 
be dissolved sufficiently so that they will disintegrate, 
and thus defeat the purpose of the invention. 
The slurry is readily prepared by simple mixing of 

the slurrying liquid and the explosive particles, adding 
Sufficient thickener or gelatinizing agent, if required, to 
bring the mixture to the desired consistency, which can 
range from a gel or thick barely pourable mixture to 
a thin free-flowing liquid. 
The explosive slurries of the invention contain enough 

fluid to act as a suspending medium for the solid in 
gredients. Some explosive mixtures are capable of ab 
sorbing surprisingly large amounts of fluid. The fluid 
added in the slurries of the invention is always enough 
more than this amount to suspend the mixture. Usual 
ly, 7% is enough to barely slurry the mixture, but 
more may be required to make the slurry flowable. The 
practical upper limit is set by excessive dilution and dis 
sipation of the explosive power, taking into account any 
loss of fluid by volatilization and absorption into the 
ground. In most cases, the preferred range of fluid con 
tent will be from about 10% to about 40%, although 
in some cases as much as 50% might be used. 
The amount of fluid employed will vary with the con 

sistency desired. In the case of oil, the viscosity of the 
oil is a factor to be taken into consideration in deter 
mining the amount of fluid added. When mixtures of oil 
and water are used, there will generally be employed 
from 2 to 10% water and from 10 to 30% oil to give 
a slurry having a satisfactory fluidity. 
The consistency of the slurry, particularly of a free 

flowing slurry, can be increased to meet any need by in 
corporating a thickening or gelatinizing agent. In this 
way, it is possible to prepare a thick slurry containing 
a large proportion of fluid for use in bulk in dry bore 
holes. The thickening agent should be soluble or dis 
persible in the dispersing fluid, and inert to the other in 
gredients present. The thickened slurry can be used to 
form explosive cartridges in the same manner as the 
slurries normally having a semi-solid consistency. 
An oil slurry can be thickened by any of the non 

carbonaceous inorganic oil thickeners useful in making 
thickened oils and greases, such as finely divided silica, 
available under the trade names Cabosil and Ludox, and 
silica aerogels, for example Santocel Ard and Santocel 
C, and like inorganic gelling agents such as alumina, 
attapulgite and bentonite. Other oil gelling agents are 
disclosed in U.S. Patents Nos. 2,655,476 and 2,711,393. 
These are well-known materials, and any of those known 
to the art can be used, 
The amount of such thickening agent will depend on 

the consistency desired, and usually will be within the 
range of 0 up to about 5%. Water-proofing agents such 
as are disclosed in U.S. Patents Nos. 2,554,222 and 
2,655,476 and 2,711,393 also can be incorporated as 
well, to impart water-resistance to the oil slurry. 
An aqueous slurry can be thickened by any water 

soluble or water-dispersible thickener, such as for exam 
ple sodium carboxymethyl cellulose, methyl cellulose, 
guar gum, psyllium seed mucilage, and pregelatinized 
Starches such as Hydroseal 3B. The amount of such 
thickening agent will depend on the consistency desired, 
and usually will be within the range from 0 to about 5%. 

It is frequently desired in formulating the slurries of 
the invention to employ an aqueous saturated solution 
of the nitrate present in the explosive particles. If, for 
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example, the particles are composed of ammonium nitrate 
as the only inorganic nitrate, then a saturated aqueous 
solution of ammonium nitrate would be used. If mixtures 
of sodium and ammonium nitrate are employed, then 
saturated solutions of each of these nitrates would be 
employed. Such solutions minimize dissolution of the 
water soluble components of the explosive particles. 
The slurries of the invention in addition to the ex 

plosive particles or inorganic nitrate and fuel can con 
tain supplemental quantities of noncommingled inorganic 
nitrate and/or fuel, which can be any of the inorganic 
nitrates and carbonaceous or metal fuels referred to above, 
as well as a sensitizing explosive, if desired. Such slurries 
will be considerably more sensitive than comparable 
slurries containing merely mixtures of inorganic nitrate 
and fuel. 
Among the sensitizing explosives that can be employed 

are trinitrotoluene, dinitrotoluene, pentaerythritol tetra 
nitrate, nitrostarch, trimethyloethane trinitrate, pentolite 
(a mixture of equal parts of weight of pentaerythritol 
tetranitrate and trinitrotoluene) cyclonite (RDX, cyclo 
trimethylenetrinitramine) nitrocellulose, Composition B 
(a mixture of up to 60% RDX and 40% TNT and 1 to 
4% wax) cyclotol (Composition B without the wax), 
tetryl, and smokeless powders such as carbine ball powder. 
A sensitizing explosive when used will comprise from 
0 to about 40% by weigth of the explosive composition 
and in such compositions the nitrate is used in an amount 
within the range from about 10 to 95%. From about 25 
to about 30% sensitizing explosive, from about 50 to 
about 70% inorganic nitrate, and from about 5 to about 
25% fuel, give the best results. 
The sensitizing explosvie can be of any particle size. 

It can be for example fine, coarse, or a blend of fine and 
coarse material. Some materials such as nitrostarch are 
commercially available as very finely-divided powders, 
and so also is trinitrotoluene. 
When the amount of sensitizing explosive is in the lower 

part of the range or zero, a large booster is needed. At 
amounts beyond 40%, the sensitizing effect falls off, and 
is no longer proportional to the amount of sensitizing 
explosive added. Therefore, amounts beyond 40% would 
not usually be used. 
The explosive slurries of the invention are fired with 

the aid of a booster charge. Any conventional cap-sensi 
tive booster charge available in the art can be employed. 
Pentaerythritol tetranitrate, Composition B and pentolite 
are exemplary. The booster charge preferably is non 
shock or impact sensitive. The amount of booster charge 
required depends of course upon the amount and sensi 
tivity of the explosive mixture. 
The explosive slurries of the invention can be pack 

aged in any type of container, formed of a material not 
dissolved or attacked by the slurry mixture or liquid. 
Heavy plastic is inexpensive and available in sufficient 
thickness of wall, and is therefore preferred. Typical 
plastic and cellulosic materials which can be used include 
polyethylene, ethyl cellulose, cellulose acetate, polypro 
pylene, polytetrafluoroethylene, nylon, polyvinyl chlo 
ride polystyrene, and polyvinylidene chloride and non 
ferrous metals such as tin, copper and aluminum. Fibrous 
materials such as wood, paper and cardboard can be used 
if waterproofed or otherwise made resistant to the slurry 
ing liquid. 
When explosive slurries are prepared containing par 

ticulate components in addition to the explosive particles 
of commingled inorganic nitrate and fuel, the explosive 
mixture is readily prepared by simple mixing of the solid 
ingredients with the liquid. The solid materials, includ 
ing the explosive commingled particles, additional inor 
ganic nitrates, sensitizing explosives, and fuel, if any, 
would usually be mixed first to form a homogeneous 
blend, and the slurrying liquid then added, with the 
thickener, if required, to bring the mixture to the desired 
consistency. The mixtures themselves are filled into open 
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6 
end containers, using conventional filling or extruding 
equipment, to produce the explosive package. 
The following examples in the opinion of the inventors 

represent the best embodiments of their invention. 
EXAMPLE 1. 

A blend was prepared containing 86.24 parts of ammo 
nium nitrate and 7.84 parts of sodium nitrate. This was 
melted in a steam-jacketed kettle and then poured into 
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a mixing trough in which there was blended therewith 
4.3 parts of nut meal and 1.62 parts of water. The blend 
was thoroughly mixed and cooled slightly to a plastic 
consistency, whereupon it was screened through a 30 mesh 
screen and the granules thus formed allowed to harden. 
The resultant mass was composed of particles 49.25% of 
which were retained on a No. 10 screen, 39.25% on a 
No. 18 screen, 10.25% on a No. 35 screen, 1.25% on a 
No. 60 screen and none through a No. 60 screen. 
The granular particles thus obtained were used to pre 

pare the following explosive formulation: 
Percent by weight 

Explosive particles -------------------------- 84.6 
Oil No. 5 -------------------- - - -n reas - - - m - mas 1.5 

Dinitrotoluene ----------------------------- 2.5 
Jaguar 100 guar gum ------------------------ 5.0 
Nitrostarch -------------------------------- 6.1 
Iron oxide --------------------------------- 0.3 

100.0 

Pouring density in H2O -------------- g/cm3. 0.74 
Ballistic pendulum, No. 16 cap ---------------- 10.60 
"D" sensitivity ----------------------- gm.-- 3 

Eleven kilograms of the resultant dry-mixed explosive 
composition was mixed with 5.6 kilograms of water and 
allowed to stand overnight. A 5 inch x 5 lb. pentolite 
booster was poured in a 5 inch x 2.5 lb, "I.C.C. 25G 50' 
catridge, and to this was added 9725 grams of the above 
composition contained in an 8 mil polyethylene liner. 
The cartridge was detonated under 15 to 20 feet of water, 
with good explosive effect. 

EXAMPLE 2. 
A mixture was prepared composed of 86.24 parts of 

ammonium nitrate and 7.84 parts of sodium nitrate. 
These were melted together in a steam-jacketed kettle 
and the melt then poured into a mixing trough where it 
was blended wtih a previously prepared mixture of 4.3 
parts of nut meal and 1.62 parts of water. The resulting 
mix had a plastic consistency, and was forced through 
a 30 mesh screen and the particles that formed allowed 
to harden. 
A mix was then prepared containing these particles 

and in addition other explosive ingredients and fuels to 
the following formulation: 

Percent by weight 
Explosive particles ------------------------- 76.90 
Calcium nitrate ---------------------------- 4.00 
Oil No. 5 -------------------------------- - 3.20 
Wheat flour ------------------------------- 2.10 
Sodium carboxymethyl cellulose -------------- 0.50 
Water ------------------------------------ 13.30 

100.00 

The resultant slurry was filled in a 3 inch x 27 inch 
polyethylene bag. This bag weighed approximately ten 
pounds, and gave a 2 ft. rise in a 3% inch bore hole. A 
1 lb. pentolite primer was capped and placed a distance 
from 4 to 6 feet from the bottom of the bore hole. Pento 
lite primers on a Primacord downline were strung at 
4 ft. intervals, starting at 12 ft. from the bottom of the 
hole, and coming up to the tamping or 30 ft. from the 
bottom. This was done in order to have an alternate 
means of firing the shot, had the 1 lb. primer not caused 
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detonation. Propagation of the detonation wave along the 
column from the point of initiation at the 1 lb. primer to 
the string of smaller primers was considered tantamount 
to complete detonation of the column by the 1 lb. primer 
alone. No. 1/3 pentolite primers were used. 
The following data applied to the loading of the shot: 
Depth, 34°6'; Water, dry; lb. expl./hole, 140; tamp, 8’; 

loading, solid. 
Stone moved by shot: 

Tons of Stone ------------------------- 778.24. 
Tons/lb. explosive --------------------- 1.3 

The rock was moved out to a distance of 120 ft. This 
is an extraordinary distance, since a normal blast under 
the same conditions would heave to a distance of 60 ft, as 
a maximum. There were several rocks larger than those 
normally obtained. 

Example 3 
A mixture was prepared composed of 86.24 parts of 

ammonium nitrate and 7.84 parts sodium nitrate. This 
was melted in a steam-jacketed kettle and poured into a 
mixing trough. A previously prepared blend of 4.3 parts 
of nut meal and 1.62 parts of water were then mixed 
in the melt, and the resulting plastic mix screened through 
a 30 mesh screen, to remove all-20 mesh material, and 
the resulting granules allowed to harden. 
The granules were mixed with the solid ingredients 

noted in the table below to produce a dry mix after which 
water was added to produce a slurry. Guar gum was then 
stirred in and dissolved in the mix to bring it to the 
desired consistency: 

Percent by weight 
Explosive granules --------------------------- 71.50 
Wet nitrostarch ----------------------------- 15.00 
Zinc oxide --------------------------------- 1.00 
Rifle coal ---------------------------------- 2.00 
Oil No. 5 --------------------------------- 0.50 
Guar gum, Jaguar EX-FC=1 ---------------- 0.75 
Water ------------------------------------- 9.25 

100.00 

'D' sensitivity, 14 x 8 inch pipe ------- gm. Bt.-- 3 
"D' sensitivity, /2 inch pipe ----------gm. Dt.-- 3. 
Density, in 2 inch diam. pipe ---------gm./cm.-- 1.42 
Ballistic pendulum No. 16 cap------------------ 10.2 

This slurry became drier on standing, as though some 
of the water was absorbed by the dry materials. It was 
stored in a polyethylene bag for one week, without rever 
sion to a watery consistency. 
The primer used in shooting the explosive was ten grams 

of pentolite. Thus, this slurry was much more sensitive 
than a normal slurry containing the ingredients of the 
granular explosive particles, ammonium nitrate, sugar, 
wood pulp and aluminum, in admixture, which required 
40 to 60 grams of pentolite before detonating completely. 

EXAMPLE 4 

A blend was prepared containing 86.24 parts of ammo 
nium nitrate and 7.84 parts of sodium nitrate. This was 
melted in a steam-jacketed kettle, and then poured in a 
trough-type mixer, where it was mixed with a previously 
prepared blend of 4.3 parts nut meal and 1.62 parts wa 
ter. This mixture was brought to a plastic consistency, and 
then forced through a 30 mesh screen. The resulting gran 
ules were allowed to harden, and then were blended with 
petroleum oil No. 5, guar gum and water to the following 
formulation: 

Percent 
Explosive granules--------------------------- 82.00 
Oil No. 5 ---------------------------------- 4.30 
Guar gum (Jaguar EX=FC=1) -------------- 0.70 
Water ------------------------------------- 13.00 
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This is a sensitizer-free formulation which, when shot, 

had a ballistic pendulum value, No. 16 cap, of 9.8. The 
density of the slurry was 1.25 grams per cc. when freshly 
prepared and 1.375 grams per cc. after setting for four 
hours. 

EXAMPLES 5 and 6 

85 parts of ammonium nitrate and 10 parts of sodium 
nitrate were thoroughly mixed and melted in a steam 
jacketed kettle. This was poured into a trough type mix 
ture, where it was blended with 5 parts nut meal flour. 
The mixture was mixed until brought to a plastic con 
sistency, whereupon it was forced through a 30 mesh 
Screen, and the resulting particles allowed to harden. 
These particles were dry-blended with nitrostarch, zinc 

oxide, riffie coal and petroleum oil No. 5 in the propor 
tions given the following table, and this mix then com 
bined with water and guar gum: 

Example 5 Example 6 
Explosive granules-------- 67.40 67.40 
Nitrostarch (wet), percent- 20.00 20.00 
Zinc Oxide-------------- 0.80 0.80 
Rifle Coal---------------- .30 1.80 
Oil No. 5----------------------- 0.50 0.50 
Guar gum (Jaguar EXEC 1). -- - - 0.75 1.00 
Water-------------------------------------- 8.75 8,50 

100.00% 100.00% 
Density (gm.fcm.')------------------------- 1.37 1, 43 
Ballistic Pendulum value, No. 16 cap------- 10.4 10.0 
'D' Sensitivity (% inch Steel Pipe), gm. 

Pentolite--------------------------------- 5 5 

These mixes were packed in polyethylene bags. They 
pulled away from the bags very easily, and were quite 
rubbery. Example 6, containing 1% guar gum, retained 
the shape of the pleated end of the polyethylene bag two 
days after having been removed from it. Example 5 had 
an excellent body or cohesiveness. 

Each of these examples was far more sensitive than the 
same slurry without the explosive particles, using a mix 
ture of ammonium nitrate and sodium nitrate instead. 
Such a mixture required a 20 to 30 gram primer of pen 
tolite, as compared to the 5 grams required by these 
examples. 

EXAMPLE 7 

A blend was prepared containing 86.24 parts of ammo 
inium nitrate and 7.84 parts of sodium nitrate. This was 
melted in a steam-jacketed kettle and then poured into a 
trough type mixer in which there was blended therewith 
4.3 parts of nut meal and 1.62 parts of water. The blend 
was thoroughly mixed and cooled to a plastic consistency 
whereupon it was forced through a 30 mesh screen and 
the particles thus formed allowed to harden. The resultant 
mass was composed of granular particles which was blend 
ed with the ingredients listed in the table below to form 
an explosive slurry. 

Percent by weight 
Explosive granules -------------------------- 76.90 
Calcium nitrate ----------------------------- 4.00 
Oil No. 5 ---------------------------------- 3.20 
Wheat flour -------------------------------- 2.10 
Sodium carboxymethyl cellulose --------------- 0.50 
Water ------------------------------------- 13.30 

100.00 

This mixture shot very well, and had a smooth, readily 
pourable consistency. 

Example 8 
A mixture was prepared composed of 57.44 parts of 

ammonium nitrate, 5.22 parts sodium nitrate and 1.08 
parts water, and melted in a steam-jacketed kettle and 
poured into a mixing trough. 2.86 parts of nut meal was 
then mixed in the melt, and the resulting plastic mix 
Screened through a 30 mesh screen, to remove all -20 
mesh material, and the resulting granules allowed to 

100.00 (5 harden. 

  



3,378,415 
The granules were mixed with the solid ingredients 

noted in the table below to produce a dry mix, after which 
water was added to produce a slurry. Guar gum was then 
stirred in and dissolved in the mix to bring it to the 
desired consistency, together with Oil No. 5, riffle coal 
and Celite. 
A similar formulation was prepared in which the nitrates 

and nut meal were added separately. 

Percent by Weight 
Example 8 Control 

Explosive granules--------------------- 66.60 ---------------- 
Ammonoum nitrate, prils.-- 57. 44 
Sodium nitrate-------------- 5.22 
Nutmeal----------------------------------------------- 2.86 
Water------------- 2.06 
Trinitrotoluene (fla. 17.32 
Rifle coal------------ , 40 1. 40 
Oil No. 5------------------ m 210 20 
Guar gum, Jaguar EX-FC-1 0.20 C.20 
Celite---------------------------------- 1 40 40 

100.00K 100.00K 

The control explosive was considerably less sensitive 
and less powerful than the composition of Example 8. 
The primer used in shooting the explosive was pentolite. 

Using a standardized electric blasting comparison ma 
chine test, measuring explosive power in terms of energy 
output, and 157.2 grams of pentolite primer, with a core 
of 85 grams of the test composition, Example 8 detonated 
with an output of 0.83 volt, and the control with an output 
of 0.77 volt. The pentolite alone had an output of 0.53 
volt. Using 135.6 grams of pentolite primer and a test 
core of 65 grams, Example 8 detonated with a 0.71 volt 
output, and the control with a 0.65 volt output. Thus, Ex 
ample 8 has 7 to 8% more explosive energy than the con 
trol, due entirely to the commingled nitrate-nut meal par 
ticles, the only difference in the formulation. 
The following is claimed: 
1. An explosive slurry characterized by a high sensitivity 

comprising an agglomerate of an inorganic nitrate oxidizer 
and a fuel in particulate form, the fuel selected from the 
group consisting of carbonaceous fuels, meal fuels, and 
mixtures of carbonaceous fuels and metal fuels being 
present in an amount of at least 75% of the amount re 
quired to oxygen-balance the inorganic nitrate, and a fluid 
selected from the group consisting of water, oil, and mix 
tures of water and oil in an amount in the range from 
about 7 to about 50% by weight of the slurry sufficient to 
suspend the said particles and form a slurry. 

2. An explosive slurry in accordance with claim 1 in 
which the inorganic nitrate is ammonium nitrate. 

3. An explosive slurry in accordance with claim 1 
in which the inorganic nitrate is a mixture of ammonium 
nitrate and an inorganic nitrate selected from the group 
consisting of alkali and alkaline earth metal nitrates. 

4. An explosive slurry in accordance with claim 1 
in which the fluid is water. 

5. An explosive slurry in accordance with claim 1 
in which the fluid is oil. 

6. An explosive slurry in accordance with claim 1 
in which the fluid is a mixture of water and oil. 

7. An explosive slurry in accordance with claim 
in which the fuel is a carbonaceous material. 
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in which the fuel is a mixture of a particulate metal and 
a carbonaceous material. 

9. An explosive slurry in accordance with claim 1, 
including a thickening agent in an amount to appreciably 
increase the viscosity of the slurry. 

10. An explosive slurry in accordance with claim 9 
in which the amount of thickening agent is up to about 5% 
by weight of the slurry. 

11. A blasting agent comprising an explosive slurry 
in accordance with claim 1, in combination with a booster 
charge selected from the group consisting of pentaery 
thritol tetranitrate, a mixture of pentaerythritol tetranitrate 
and trinitrotoluene, and a mixture of cyclotrimethylene 
trinitramine and trinitrotoluene. 

2. A blasting agent in accordance with claim 11 
in which the booster is pentaerythritol tetranitrate. 

13. A blasting agent in accordance with claim 11 
in which the booster is a mixture of pentaerythritol tetra 
nitrate and trinitrotoluene. 

14. An explosive slurry in accordance with claim 1 
including an expolsive sensitizer in an amount to increase 
the sensitivity of the composition. 

15. An explosive slurry in accordance with claim 14 
in which the explosive sensitizer is nitrostarch. 

16. An explosive slurry in accordance with claim 14 
in which the explosive sensitizer is trinitrotoluene. 

7. An explosive slurry in accordance with claim 
comprising, in addition to the said particles, non-com 
mingled particulate inorganic nitrate. 

18. An explosive slurry in accordance with claim 1 
comprising, in addition to the said particles, noncom 
mingled particulate fuel. 

19. A process for preparing an explosive slurry, com 
prising, in combination, forming a melt comprising an in 
organic nitrate, blending therewith a fuel selected from 
the group consisting of carbonaceous fuels, metal fuels, 
and mixtures of carbonaceous fuels and metal fuels in 
an amount of at least 75% of the amount required to 
oxygen-balance the inorganic nitrate, forming the result 
ing blend into particles, and mixing the particles with a 
fluid selected from the group consisting of water, oil and 
mixtures of water and oil in an amount sufficient to Sus 
pend the particles and form a slurry. 

20. A process in accordance with claim 9, which com 
prises forming the blend into particles while the inorganic 
nitrate is still in a molten state, and allowing the resulting 
particles to harden. 
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read - - within the range -- . 
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