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and other technologies that might be of interest to propellant development
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made on the utility of any of the materials or methods described herein,
and this volume is intended for reference purposes only.
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EXEMPLARY CLAIM
A cormnposition consisting of gelled monomethylhvdra- i
zine containing dispersed therein up to 70 weight per ;
cent fingly divided metallic fue! panticles and a ccl-
lulose or hydroxyalkyl-substituted cellulose gelling
agent..
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THIXOTROPIC METAL-CONTAINING
MONOMETHYLHYDRAZINE FUEL AND METHOD
OF PREPARING THE SAME

The invention described herein may be manufac-
tured and used by or for the Government for govern-
mental purposes without the payment of any royalty
thereon.

This invention relates to rocket fuels and more par-
ticularly to gelled monomethylhydrazine containing
metallic particles.

Monomethylhydrazine, commonly referred to as
MMH. is useful as a liquid fuel for rocket matars. This
material exhibits favorable combustion properties
when reacted with an oxidizer such as nitric acid, a spe-
cific impulse, Is, of 278 seconds (1,000—=14 psia)
being obtained. For applications where fuel-tank vol-
upe i imited, it s desirzd 1o increase the gensity of
MMH while maintaining a high specific impulse. The
eficctiveness of the fuei in this regard is expressed in
terms of specific impulse-density, p Is, the product of
density and specific impulsc values. The specific im-
pulse-density value for MMH — nitric acid is 355.8.

One means of incrizasing the specific impulse-density
of MMH fuel is to provide finely divided particles of a
metal such as aluminum in the MMH, this measure hav-
ing been empioyed previously for solid propellants.
Such an approach has not been practical for liquids
such as MMH, however, owing to the difficulty of
maintaining the particles in suspension. The fuel is not-
maily stored in a tank on board the rocket for an ex-
tended period prior to firing, and the metal particles
settle to the bottom of the liquid. The resulting inhomo-
geneity couid not be tolerated in operation of the
racket motor. Stability of the metal-containing fuel is
alsa adversely effected by vibration and acceleration
forces encountered in flight of the rocket.

In order to maintain the metal particles in suspension
and yet allow pumping of the fuel as a liquid the metal-
containing MMH should be provided in the form of a
thixotropic gel, which behaves as a stable solid until
disturbed, but flows as a liquid when force is applied.

Provision of metal-containing MMH in the form of a
thixotropic gel would also reduce the hazards associ-
ated with MMH. This material is highly toxic, and when
handled in iiquid form, extreme precautions must be
tzken to avoid leakage or escape of fumes. Further-
more, MMH reacts hypergolically with many common
materials so that a leak could cause a disastrous fire.
The reduced mobility of a gel as compared to liquid
MMH would avoid these dangers.

It is therefore an object of this invention to provide
a stable suspension of matallic fuel particles in MMH.

Another object is to provide a method of converting
metal-containing MMH to a thixotropic gel.

Still another object is to provide a MMH rocket fuel
having increased specific impulse-density.

Other objects and advantages will be apparent from
the following detailed description.

In accordance with the present invention a thixotro-
pic MMH gel containing metallic fuel particles is pre-
pared by dispersing the fuel particles and a cellulose or
hydroxyalkyl-substituted cellulose gelling agent in the
MMH. The gelled, metal-containing MMH exhibits
substaniially increased specific impulse-density values,
and the metal particles remain in suspension indefi-
nitely. The gel can be pumped and fed into a rocket
motor combustion chamber as a liquid by application
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of moderate stress. The semi-solid character of this fuel
minimizes the toxicity and fire hazards associated with
handling and storage of liquid MMH.

Any cellulose or hydroxyalkyl-substituted gelling
agent may be employed, and the following commer-
cially available gelling agents, listed by their chemical
composition and trade mark designation, are preferred:
hydroxyl methyl cellulos2 containing 27.5 10 3.15
weight percent methoxyi groups, Methocel; hydroxy-
propyl methyl cellulose containing 28 to 30 weight per-
cent methoxyl groups and 7 to 12 weight percent pro-
poxy!l groups. Methoce! HG-60); hydroxypropy! methyl
cellulose containing 19 to 24 weight percent methoxyl
groups and 4 to 12 weight percent propoxyl groups,
Methocel HG-90; dihydroxyethyl cellulose, Cellosize:
and hydroxypropyl cellulose containing about 4.6 pro-
poxyt groups per glucose unit. Klucel.

The gelling agent is provided in an amount sufficient
to inpart thixotropic character to the metal-containing
MMH. a room-temperature viscosity of at least about
i5.600 centipoise being required, and 30.000 to
60006 ceatipoise being preferrcd. For the preferred
gelling agents given above. | to 3 weight percent geliing
agent in the mixture is suitable for this purpose. The
viscosity can be controlled by varying the amount of
gelling agent. higher viscosities being obtained by
larger amounts. The amount of gelling agent required
to ubtain a given viscosity varies somewhat with the
physical properties of the metallic particles. smaller
amounts being required for particles having a larger
surface area.

The term “metallic fuel particles™ as used herein is
intended to refer to any of the finely divided metals and
metal hydrides previously used as fuel in solid propel-
ants. Aluminum, magnesium, boron, beryllium, lead
and zirconium and hydrides thereof can be used. The
metallic particles must be finely divided in order to re-
main in suspension and allow pumping of the gel as a
liquid, and very fine, generally spherical particles on
the order of 6 to 10 microns in diameter are preferred.
Platelet-type particles, for example, rectangular shapes
40 by 25 by 0.7 to 0.8 microns in size may also be used.
The composition of the metal-containing MMH gel can
be varied within wide limits to obtain the performance
characteristics desired for a given application. The
amount of added metallic particles is selected, depend-
ing on the desired trajectory and mission for the partic-
ular missile. Up to sbout 70 weight percent metalic par-
ticles can be incorporated in the gel and still allow ade-
quate mixing and pumping as a liquid over a practical
range of operating temperatures. For 1ypical applica-
tions 20 to 50 weight percent provides maximum over-
all advantage. The particular metal or hydride is like-
wise selected, depending on the properties desired.
Aluminum and boron are desirable because of their fa-
vorable combustion properties and their ready avail-
ability in powder form. Beryllium and beryllium hy-
dride provide maximum performance characteristics,
but the toxicity of berylliura combustion products limit
their usefulness. Lcad is preferred for applications re-
quiring maximum density.

The metal-cuntaining MMH gel can be prepared by
mixing the metallic particles and the geiling agent with
the MMH in a conventional mixer. The gelling agents
mentioned above are normally available as finely di-
vided powder which disperses readily in the MMH. The
mixing time required for complete dispersion varies
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with the particular apparatus and the amouni of metal-
lic particles, with longer times being required for larger
amounts. Under typical conditions a mixing period of
one-half to 2 hours is suitable.

The invention is ilasirated by the accompanying
drawings wherein:

FIG. 1 is a graph showing calculated specific impulse
values for MMH containing varying amounts of alumi-
num at ‘arying oxidizer-to-fuel ratios, the oxidizer
being inhibited red fuming nitric acid.

FI1G. 2 is 2 graph showing calculated specific impulse-
density values for the same compositions; any

FIG. 3 is a graph showing the effect of added gelling
agent or the viscosity of aluminum-containing MMH.

Referring to FIG. 1, it is seen that specific impulse
values are decreased with increasing amounts of alumi-
num, except at the lowest oxidizer-to-fuel ratios.

FIG. 2 shows that specific impulse-density values are
substantially increased with increasing amounts of alu-

minum. For example, at an oxidizer-to-fuel ratio of 2, 2

the specific impulse-density value increases from less
than 370 at 20 weight percent aluminum content to
over 303 at 50 weight percent.

FI1G. 3 depicts the results obtained by adding varying
amounts of hydroxypropyl-substituted cellulose con-
taining 4.6 propoxyl groups per glucose unit (Klucel)
to MMH containing 35 weight percent aluminum in the
form of spherical particles averaging 6 microns in di-
ameter. Curves A and B show the viscosities in centi-
poises at varving spindle speeds in standard Brookfield
viscosity 125t for a 125 milliter portion of the metal-
containing MMH with 1.6 and 2.2 weight percent re-
spectively, of gelling agent. In each case the MMH, alu-
minum and gelling agent were placed in a mixing cham-
ber. and the resulting mixture was agitated for a period
of about 1 Lour. It is apparent from the curves that a
viscosity over 15,000 centipoise, as is required to main-
tain the particles in suspension, can be obtained by ad-
dition of a small amount of gelling agent. The resulting
gels were left standing for a period of over 8 months
and no setiling of particles of other deterioration was
observed.

The compositions given in the drawings are merely
illustrative and are not to be understood as limiting the
scope of the inveation, which is limited only as indi-
cated by the appended claims. It is alsoto be under-
stood that various changes and modifications in appa-
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ratus and procedure may he employed by one skilled in
the art without departing from the scope of the inven-
tion.

What is claimed is:

1. A composition consisting of gelled monomethylhy-
drazine containing dispersed therein up to 70 weight
percent finely divided metallic fuel particles und a cel-
lulose or hydroxyalkyl-substituted cellulose gelling
agent.

2. The composition of claim 1 wherein said gelling
agent is methyl cellulose containing 27.5 to 31.5 weight
percent methoxyl groups. hydroxypropyl methyl celly-
lose containing 28 to 30 weight percent methoxyl
groups and 7 to 12 weight percent propoxyl groups. hy-
droxypropyl methyl cellulose containing 19 to 24
weight peraent matiuodyi gioups and 4 10 12 weght
percent propoxyl groups, dihvdroxvethyi cellulose or
hydroxyvpropy! celiulose containing about 4.6 propoxyl
groups per gluccse unit,

3.°The composition of claim 2 whercin the amount of
said pelling agent is 1 to 3 weight percent.

4, The comporition of claim 3 wherein said metaitic
fuel particles consist of aluminum, magnesium. horon,
beryllium, fead. zirconivm, aluminum hyvdride, magne-
sium hvdride, boron hyvdride, beryliium hydride, lead
hydride, or zirconium hydride.

§. The composition of claim 4 wherein the amount of
said particles is 20 to 50 weight percent.

6. The method of preparing a thixotropic monome-
thylhydrazine gel containing finely divided metallic fuel
particles selected from the group consisting of alumi-
num, magnesium, boron, beryllium, lead, zirconium,
aluminum hydride, magnesium hvdride, boron hydade,
beryllium hydrde. lead hydride and zirconium hydride
which comprises mixing said particles and said
monomethylhvdrazine with 1 to 3 weight percent of
methyl cellulose containing 27.5 to 31.5 weight percent
methoxyl groups. hydroxypropyl methy! cellulose con-
taining 28 to 30 weight percent methoxyl groups and 7
to 12 weight percent propoxyl groups, hydroxypropyl
methyl celiulose containing 19 to 24 weight percent
methoxyl groups and 4 to 12 weight percent propoxyl
groups, dihydroxyethyl cellulose or hydroxypropyi cel-
lulose containing about 4.6 propoxyl groups per glu-
cose unit.

* * * L L ]
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(57) ABSTRACT

A thixotropic rocket fuel composed of monomethylhy-
drazine, metallic fuel particles, dimethylurea, and a
gellant. The particular thixotropic fuel is particularly
characterized by the fact that a low gellant concentra-
tion can be used and by the fact that the metallic fuel
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GELLED MONOMETHYLHYDRAZINE
THIXOTROPIC FUEL

CROSS-REFERENCE TO RELATED
APPLICATION

This invention is a continuation-in-part and an im-
provement over the invention disclosed in the copend-
ing application of Barry D. Allan, Ser. No. 518,489,
filed Jan. 3, 1966, and now U.S. Pat. No. 3,857,743

BACKGROUND OF THE INVENTION

For applications where fuel tank volume is limited, it
is desirale to increase the density of the fuel while main-
taining a high specific impulse. One means of increasing
the density of the fuel is to suspend finely divided parti-
cles of a metal in the fuel. An approach to suspend the
metal fuel particies in the fuel has been difficult because
of the necessity of maintaining the particles in suspen-
sion at high g-loadings. While applicant’s previous in-
vention has suspension capabilities, the suspensions
have required high concentrations of gellant. Also, the
high concentrations of gellant takes up space and there-
fore, a composition is needed in which a lower percent-
age of gellant can be used and still maintain the metal
particles suspended in the fuel even at very high g-load-
ings.

Therefore, it is an object of this invention to provide
a thixotropic fuel which has a relatively low gellant
concentration.

Another object of this invention is to provide a thixo-
tropic fuel which has the ability even with low gellant
concentration to maintain metallic fuel particles dis-
persed therein even under several hundred g's loading.

A further object of this invention is to provide a thix-
otropic fuel in which the density is relatively high and
the specific impulse is also high.

SUMMARY OF THE INVENTION

In accordance with this invention, a novel thixotropic
fuel is disclosed that includes the fuel monomethylhy-
drazine in an amount of about 36 to about 40 weight
percent, a gellant such as any cellulose of hydroxyalkyl-
substituted gelling agent in an amount of about 1 to
about 3 weight percent, an additive of dimethylurea in
an amount of about 0.05 to about 0.3 weight percent,
and metallic fuel particles in an amount up to about 60
weight percent. This particular composition produces a
thixotropic fuel that is capable of maintaining the metal-
lic fuel particles in suspension even under very high
g-loadings which is required for rocket fuel, Also, the
metallic fuel particles are maintained in suspension even
though the percentage of gellant and the additive are
very small in quantity. The percentage of metallic fuel
particles may be even greater than 60 weight percent if
the g-loading requirement is lowered.

DETAILED DESCRIPTION OF THE
INVENTION

This invention is a thixotropic rocket fuel and more
particularly a gelled monomethylhydrazine (MMH)
containing metallic fuel particles. For applications
where fuel-tank volume is limited, it is desirable to in-
crease the density of the fuel while maintaining a high
specific impulse. One means of increasing the density of
the fuel is to suspend finely divided particles of a metal
in the MMH.,
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Such an approach has been difficult because of the
necessity of maintaining the particles in suspension at
high g-loadings. As disclosed in applicant’s copending
application Ser. No. 518,489, filed Jan. 3, 1966, stablized
suspensions have used higher concentrations of geilant.
Also, the particular composition under discussion here
uses an additional component to that of applicant’s prior
invention. The additional component allows lower gel-
lant concentration while maintaining the ability of the
gel to show no separation or settling of the fuel after 30
minutes exposure to 500 g's of force. The lower gellant
concentration and additional component imparts a
lower yield value to this fuel composition as measured
by the rising sphere rheometer.

The preferred geilant is hydroxypropyl cellulose con-
taining about 4.6 propoxyl groups per glucose unit
(Klucel). However, other cellulose or hydroxyalkyl-
substituted gelling agents may be employed such as:
hydroxy methyl cellulose containing 27.5 to 31.5 weight
per cent methoxyl groups (Methocel); hydroxypropyl
methyl cellulose containing 28 to 30 weight per cent
methoxyl groups and 7 to 12 weight per cent propoxy!
groups (Methocel HG-60); hydroxypropyl methyl cel-
lulose conuaining 19 to 24 weight per cent methoxyl
groups and 4 to 12 weight per cent propoxyl groups
(Methocel HG-90); and dihydroxyethyl cellulose (Cel-
losize).

The term “metallic fuel particles” as used herein is
intended to refer to any of the finely divided metals and
metal hydrides previously used as fuel in solid propel-
lants. Aluminum, boron, beryllium, lead and zirconium
and hydrides of each of these metals can be used. The
metallic particles must be finely divided in order to
remain in suspension and allow pumping of the gel as a
liquid, and very fine, generally spherical particles on the
order of 6 to 10 microns in diameter are preferred.
Platelet-type particles, for example, rectangular shapes
40 by 25 by .7 to .8 microns in size may also be used.

It has been discovered that MMH of about 36 to about
40 weight percent and about 60 weight percent metallic
fuel particles such as preferrably aluminum, can be
successfully gelled to such an extent as to hold the me-
tallic fuel particles in suspension under high g-loading
by using about 1 to about 3 weight percent gellant of
Klucel and about 0.05 to 0.3 weight percent dime-
thylurea. This particular composition is especially
adapted for rocket fuel since it contains such a high
concentration oy’ the menopropellant fuel and the metal
suspended therein, and since the metallic particles can
be maintained suspended even under very high g-load-
ings such as the 500°g's as stated supra. A particularly
perferred thixotropic fuel composition is set forth in the
example below:

EXAMPLE
getlant - Klucel 14 % by weight
additive - Dimethylurea .1 % by weight
metal - Aluminum 600 % by weight
Monomethylhydrazine 185 % by weight

Metal-containing MMH gel can be prepared by mix-
ing the metallic particles, the gelling agent, and the
additive dimethylurea with the MMH in a conventional
mixer. The gelling agent Klucel and the dimethylurea
are finely divided powders which disperse readily in the
MMH.

I claim:
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1. A composition consisting of monomethylhydrazine
present in an amount of about 36 to about 40 weight
percent, hydroxyalky! cellulose present in an amount of
about 1 to about 3 weight percent, metallic fuel parti-
cles, and dimethylurea present in an amount of about
0.05 to about 0.03 weight percent to form a gelled fuel.

2. The composition of claim 1, wherein said hydroxy-
alkyl cellulose is hydroxypropy! cellulose, and wherein
the remainder is composed of said metallic fuel parti-
cles, said metallic fuel particles being selected from the
group consisting of aluminum, magnesium, boron, ber-
yllium, lead zirconium, aluminum hydride, magnesium
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4
hydride, boron hydride, beryllium hydride, lead hy-
dride and zirconium hydride.

3. The composition of claim 1, wherein said monome-
thylhydrazine is present in an amount of about 38.5
weight percent, wherein said metallic fuel particles are
aluminum and are present in an amount of about 60
weight percent, wherein said hydroxyalkyl cellulose is
hydroxypropyl! cellulose and is present in an amount of
about 1.4 weight percent, and wherein said dime-
thylurea is present in an amount of about 0.1 weight
percent.
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1

EXPLOSIVES CONTAINING AMMONIUM
NITRATE AND NITRATED AMINES

GOVERNMENTAL INTEREST

The invention described herein was made in the
course of a contract with the Government and may be
manufactured, used and licensed by or for the Govern-
ment for governmental purposes without the payment
to us of any royalty thereon.

BACKGROUND OF THE INVENTION

It is known to produce explosive mixtures of good
homogeneity suitable for the production of cast explo-
sive charges by melting together ammonium nitrate
(AN) and an aliphatic mono-or polyamine nitrate, e.g.
methylammonium nitrate (MAN) and ethylenediamine
dinitrate (EDD) (U.S. Pat. No. 1,968,158). Such low-
melting mixtures including eutectic mixtures, with and
without other explosive and inert additives e.g. PETN,
RDX or TNT were utilized as cast explosive charges by
Germany in World War 1I and more recently have been
the object of further studies. (T. Urbanski, “Chemistry
and Technology of Explosives”, Pergamon Press, Vol
II1, pp 253-4 and 27]; B. T. Federoff and O. E. Shef-
field, “Encyclopedia of Explosives and Related Items,”
Technical Report 2700, Volume 6 (1974), pp E234-7;
M. H. Ficheroulle, “Ethylenedinitramine, Ammonium
Ethylenedinitramate, Binaries with Ammonium Ni-
trate,” Memorial des Poudres, 30, 89-100 (1948) (In
French); A. LeRoux, “Explosive Properties of Ethyl-
enediamine Dinitrate,” Memorial des Poudres, 32,
121-131 (1950); A. LeRoux, “Explosive Properties of
Nitrate of Monomethylamine,” Memorial des Poudres,
34, 129-145 (see pp. 141-2 for EDD) (1952); B. T. Fed-
eroff et al, “Dictionary of Explosives, Ammunition and
Weapons (German Section),” Technical Report 2510,
Picatinny Arsenal Dover, N.J. pp. Ger 35-36, 47, 48
(1959) (AD 16036); “Allied and Enemy Explosives,”
Aberdeen Proving Ground Report APG ST-9-2900-1
(1946), pp 145-147; and A. N. Campbell and A. J. R.
Campbell, “Binary and Ternary Eutectics Involving
Ammonium Nitrate,” Canadian Journal Research, Vol.
25B pp. 90-100 (1947)).

It has also been recognized that established explosive
compositions such as Amatols (AN/TNT 60/40), and
Amatex 20 and 40 (RDX/TNT/AN, 20/40/40 and
40/40/20) perform as though only 19%, 50% and 50%,
respectively, of the AN in the compositions participates
and contributes to the explosive output (C. F. Mader,
“An Equation of State for Nonideal Explosives,” Los
Alamos Scientific Laboratory, LA5864, April 1975).

SUMMARY OF THE INVENTION

A principal object of the present invention is to in-
crease the participation of AN in composite explosives
so as to provide a superior explosive output. Another
object is to provide composite explosive compositions
containing AN, which provide unexpectedly high ex-
plosive performance with a relatively small content of
RDX, can be readily made from industrially available
materials by existing technology with reduced hazard,
possess good storage stability and can be cast, molded
or pressed into suitable shapes, such as pellets.

It has been found that the foregoing and other objects
can be achieved according to the present invention by
means of an explosive composition consisting essen-
tially of
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15 to 45% by weight of a particulate high explosive
selected from the group consisting of 1,3,5-trinitro-
1,3,5-triazacyclohexane (RDX) and 1,3,5,7-tetrani~
tro-1,3,5,7-tetraazacyclooctane (HMX), and mix-
tures thereof,

15-50% by weight of ammonium nitrate (AN), and

20-60% by weight of ethylenediamine dinitrate
(EDD),

wherein the AN and EDD components are present in
the weight ratio of from 1:2.5 to 1.5:1, respectively,
particularly about 1:1, and at least in part as an intimate
mixture obtained by cosolidification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of apparatus for mea-
suring the denting power of an explosive composition.

FIG. 2 sets forth a series of graphs showing the depth
of dent produced versus the AN content of various
explosive compositions, including compositions of the
present invention. de

DETAILED DESCRIPTION OF THE
INVENTION

The novel explosive compositions of the present in-
vention contain all or part of the EDD and AN compo-
nents as an intimate mixture obtained by cosolidification
as more fully described hereinafter. Due to their con-
tent of such intimate mixtures and critical proportions
of EDD and AN in combination with at least 15% of
RDX and/or HMX, the novel explosive compositions
generally provide a greater output, as measured by
depth of dent, for the same detonation velocity than (1)
similar explosive compositions, wherein the EDD/AN
mixture is present in other proportions and/or obtained
by other methods, e.g. mechanical mixing of the finely
powdered dry ingredients and (2) mixture of RDX with
AN or TNT containing much higher contents of RDX.
The role of the RDX and/or HMX is to provide a
highly energetic component, which will provide a high
pressure and high temperature, wherein the intimate
mixture of AN and EDD will be caused to act synergis-
tically.

The intimate mixture of the EDD and AN can be
obtained by cosolidification as follows. A mixture, of
AN and EDD in the weight ratio of from 1:2.5 to 1.5:1
respectively, is heated to a temperature somewhat
above the melting point of the EDD/AN mixture until
melting occurs and a smooth blend is produced. The
molten mixture, which may then be admixed with finely
divided RDX and/or HMX, is cooled to solidify the
melt. This can be accomplished by pouring the melt into
a cold mold, or onto a cold stainless steel sheet or by
mixing the melt with a cold inert liquid, e.g. Freon, to
form finely divided particles. According to a preferred
process, a eutectic mixture of EDD and AN, preferably
together with finely divided particles of RDX and/or
HMYX, is suspended in a carrier liquid in which the
EDD and AN ingredients are insoluble, e.g. perchioro-
ethylene. The agitated suspension is then heated to a
temperature above the eutectic temperature (e.g. about
10°-15° C above the melting point of the eutectic,
which is approximately 103° C) and held thereat for
several minutes until the EDD and AN ingredients are
completely melted and coalesced. Cold carrier liquid,
which may be the same or different from that employed
as the suspension liquid, is then rapidly added sufficient
to drop the temperature, say about 10° C, below the
cutectic temperature as suddenly as possible, thereby
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causing the eutectic to solidify largely as a coating on
the finely divided particles of RDX and/or HMX. The
product thus obtained generally consists of small parti-
cles requiring no further grinding.

The term consolidification, as used in the present
invention, is understood to include (1) a process,
wherein the EDD/AN mixture in the presence or ab-
sence of a non-solvent type carrier liquid is heated
above the melting point of the mixture and cooled to
solidify i.e. cocrystallize the mixture, as well as (2) a
process wherein the EDD/AN mixture is cocrystal-
lized from solution in a solvent. For example, the EDD
and AN, preferably in about the proportions of the
eutectic mixture, are dissolved in a suitable solvent, e.g.
water, after which RDX and/or HMX and other ingre-
dients insoluble in the solvent can be added. Thereafter
the solution is evaporated to dryness under heat and
vacuum to remove the solvent and cocrystallize the
EDD/AN mixture, and the product is pulverized for
further use.

Also, the EDD/AN eutectic mixture can be first
prepared by cosolidification as previously described
and additional AN or EDD then added to obtain the
desired proportions. The resulting mixtures can be
crushed or pulverized to the desired fineness, dry-mixed
with RDX and/or HMX and finally pressed into pellets.

The compositions thus obtained can be mixed with
small amounts of waxes, surfactaats, anti-hydroscopic
agents, casting or bonding agents, etc. as needed or
desired, to provide desensitization, dimensional stabil-
ity, reduced caking, amd improved casting and bonding
properties, as known in the art.

The preferred EDD/AN/RDX (HMX) composi-
tions of the prcsent invention are those wherein substan-
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tially all of the AN and EDD components are present as
a eutectic obtained by cosolidification, wherein the
EDD/AN eutectic mixture is heated above its melting
point and the melted mixture is cooled to below its
solidification point. Such explosive compositions,
wherein substantially all of the AN and EDD are pres-
ent as a cosolidified eutectic obtained by cooling the
melted eutectic mixture below its solidification point,
contain the most intimate mixture, namely a mutual
solution of these components, and exhibit the maximum
explosive output, as measured by the depth of dent, for
a given RDX (HMX) content. AN/EDD mixtures pro-
duced by solidification of the melted mixture, wherein
these components are present in other than the eutectic
ratio (1:1 weight ratio), contain these components in
part as the eutectic (wherein the AN and EDD are
contained as a mutual solution) and in part as “excess”
or undissolved AN or EDD.

The following examples specifically illustrate explo-
sive compositions of this invention as well as compara-
tive explosive compositions of the prior art. In the ex-
amples, parts and percentages reported are by weight.

EXAMPLE 1-33

Table 1 sets forth explosive compositions of the pres-
ent invention as well as prior art explosive compositions
together with the test results which are also plotted in
FIG. 2. FIG. 2 also contains test data for explosive
compositions not shown in Table 1 but obtained in the
same manner.

Section C following the table describes the methods
employed for preparing and testing the explosive com-
positions.

TABLE 1

Results of Confined Smail Scale Dent and Detonation Velocity Tests
(Explosive Diameter = 9.65 mm)

Example TNT RDX AN MAN EDD Dens Depth of Dent (mm) Avg. Det. Vel. (mn1/ sec) Avg.

1 100

833853
-2-2-1-1

100

.
FETY

8 583 338

& ¢ 38 323

13

85858 3 58 833 &Y

—
w

45

252888

-3-2-3-1-%-%-%-%-11
82852838

172 358 361 347 347 353 866 859 846

8.55 8.57
166 343 328 3.36
167 333 320 310 323 322 173 13
1.64 295 290 293
163 279 284 2.82
1.59 253 257 241 246 692 692 669 684
249 244 246 248
140 005 o010 f
167 325 1318 322
164 29 282 286 796 .66 781
1.59 269 272 271 7156 152 1.54
158 272 246 259 264 260 6.77 6.77
170 330 3.20 325
173 269 2M 2.7
171 1.89 193 221 226 717 17 112 118
2.26 2.1 .
166 119 122 1.21
148 267 2.69 268 6.18 6.58 6.38
151 264 249 249 272 585 560 590 .78
2.74 2.61
147 2352 257 254 590 5.69 5.30
155 152 170 218 152 519 518 520 s.19
076 086 196 1.50
158 091 213 272 040 581 523 5.52
198 252 015 f 120
1.55 170 132 152 18} L59
16 201 203 102 648 625 6.37
1.66 297 297 296 297 134 131 107 124
162 305 307 299 34 749 751 116 139
1.57 297 297 157 1.57
167 322 325 328 323 1328
166 328 315 330 320 323 138 7.38
167 229 236 23
162 295 292 294 6.16 6.16
161 308 302 330 323 315 639 6.39
151 290 284 287 693 6.93
165 254 246 271 267 260 1.10 1.10




5

— Tﬁﬁv-’

4,110,136

TABLE l-continued

Results of Confined Small Scale Dent and Detonation Velocity Tests
(Explosive Diameter = 9.65 mm)

Example TNT RDX AN MAN EDD Dens. Depth of Dent (mm)

Avg. Det. Vel. (mm/ sec) Avg.

3 40 M4
Compositions given in weight percents.
AN = ammonium nitrate;

MAN = methylammonium nitrate;
EDD = cthylenediamine dinitrate;
Dens. = average density in g/cm’;

f = fails 10 propegate;

AN = 100 and

AN/EDD = 75/25 did not propagate.

26 1.61

g L

Referring to Table 1 and the graphs shown in FIG. 2,

279 282

2.81

foam on 19 mm thick plywood resting on a steel

! it is noted that the depth of dent decreases steadily as s base.
t the AN content of the RDX/AN composition is in- The test results are set forth in Table 2.
TABLE 2
Explosive Di 19.2 mm
Detonation Velocity (mm/pusec) Density

Example TNT RDX AN EDD Individual Values Avg. Individual Values Depth of Dent (nm) Avg.
k) 40 60 7.688 7.885 7.673 1749 1645 1.636 7.462 7.430 7.446
H 35 40 30 30 7.390 7412 7372 7.566 1.769 1.502 1.634 1.637 7.551 7.945 7.748
36 25 37.5 3715 7.131 1.075 6430 6.520 6.789  1.645 1.642 1.767 7.874 1.821
b -— 37 20 40 40 6.529 6.336 6.836 6.759 6.615 1.627 1.629 8.230 7.912 8.071
38 15 425 425 7042 6.899 6.786 6.766 6.665 6832 1.63) 1.629 7.836 7.811 7.824
39 100 6.795 6.524 6.669 6.663  1.553 1.561 6.299 6.375 6.337

creased. By contrast, with RDX 20/EDD/AN and
RDX 40/EDD/AN compositions, wherein the RDX
content is held constant at 20% and 40% respectively, it
is surprising that the depth of dent curve in each case
rises to a peak as the AN content is increased with
corresponding decrease of the EDD content. The inter-
sections of these curves with the RDX/AN curve indi-
cate an equivalent depth of dent for the RDX 75/AN2S
and RDX40/EDD35/AN25 compositions as well as for
the RDX65/AN35 and RDX20/EDD45/AN35 com-
positions. The curves demonstrate that RDX/EDD-
/AN compositions of the present invention containing

3 cosolidified EDD/AN mixtures provide an increased
] participation of the AN in the explosive output and
q produce equivalent output with 2 much lower content

of RDX than mixtures of RDX with AN or TNT. Fur-
ther, a comparison of the curves for RDX40/EDD/AN

and RDX40/MAN/AN shows that EDD gives supe-
i rior results in combination with AN/RDX than does
3 MAN.
- Similar results are obtained when part og all of the

RDX is replaced by HMX.

B. EXAMPLES 34-39

Dent and detonation velocity tests with Composition

B (RDX/TNT/60/40) and EDD/AN/RDX composi-

tions, prepared in similar manner to that described in

section C, were carried out at a larger explosive diame-
ter in apparatus which possessed a similar configuration
to that described above and shown in FIG. 1 except as

k- follows:

The explosive pellets had a diameter of 19.2 mm;

The tube (10) had an ID of 19.2 mm, an OD of 50.8
mm and a length of 152 mm;

The distance between the pins (24-29) was twice that
in the apparatus of Section C;

The witness plates (18 and 20) were SAE1117 cold
drawn steel cylinders (see Metals Handbook 8th
Ed. Vol. 1, American Society for Metals, pages 62
and 188) of 101.6 mm diameter and 50.8 mm thick-
ness supported on a pad of 76 mm thick urethane
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The results show that the EDD/AN/RDX composi-
tions of the present invention, using much less RDX, are
equal or superior to Composition B (example 34) in
explosive output, as measured by the aforesaid dent test,
notwithstanding their lower detonation velocities.

When the tests were repeated except that the afore-
. said witness plates were replaced by two witness plates
of CRS 1018 steel, 76.2 mm diameter and 38.1 mm
thickness supported on a steel base plate, the EDD-
/AN/RDX compositions produced more damage and
had a greater shearing effect at the periphery of the
explosive column (as shown by the greater depth of
dent and extent of cracking of the top witness plaie)
than the reference explosive RDX/TNT 60/40.

Also, the explosive composition EDD/AN/RDX
37.5/37.5/25, prepared as described in Section C, was
tested with a 4 inch 42° copper shaped charge at stand-
off distances of two and twenty cone diameters, and
produced jet parameters and penetration indicating
performance equal or superior to that similarly pro-
duced with Composition B containing 60% RDX al-
though with a content of only 25% RDX.

From the foregoing it is evident that the compositions
of the present invention, containing the aforesaid criti-
cal proportions of the low cost, cosolidified comple-
mentary explosives EDD and AN in combination with
the powerfuil ideal explosives RDX and/or HMX, pro-
vide a synergistic result whereby they produce an unex-
pectedly high explosive output with a relatively low
RDX content and an equal or superior explosive perfor-
mance with a much lower RDX content as compared
with conventional relatively costly explosives contain-
ing RDX, such as Composition B.

C. Preparation and Testing of the Explosive
Compositions
Preparation of Cosolidified EDD/AN Compositions
The AN (mp 169° C) and EDD (mp 185° C) were
weighed and dry-mixed and charged to a flask partially
submerged in silicone oil in a larger beaker on a thermo-

statically controlled hot-plate. A mercury glass ther-
mometer was kept in the silicone oil. For 50/50 (eutec-

LAJ‘A‘-_‘L
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7

tic) mixtures the temperature was kept at 120° C; for the
other mixtures the temperature was held at about 140° C
for just long enough to melt the materials as visually
observed. The melt was then poured into a relatively
large quantity of room temperature trichlorotrifluore-
thane (Freon TF or Genetron 113) with rapid stirring.
The spherical beads thus formed, ranging in diameter
from less than 1 mm to about 2 mm, were separated
from the trichlorotrifluoroethane by filtration and
crushed in an electric mortar and pestle to a moderately
fine granular size suitable for pressing, namely about
350 microns median particle diameter.

Preparation of EDD/AN/RDX Compositions

The RDX was military grade, Type II, Class A, me-
dian particle diameter 250 microns.

The components, RDX and the cosolidified EDD-
/AN mixtures obtained as described above, were
weighed and then thoroughly mixed in beakers.

Preparation of MAN*/AN/RDX Compositions

These mixtures were made in similar manner to the

EDD/AN/RDX mixtures.
* MAN is methyl ammonium nitrate, mp 109°-110° C.

Other Compositions

The RDX/AN and RDX/EDD mixtures were pre-
pared by dry-mixing the RDX with AN or EDD
ground to the usual size in the mortar and pestle.

The TNT/AN formulations were made by mixing
the finely ground AN with a solution of the TNT in
toluene, and evaporating the solvent with a dry nitro-
gen sweep over the surface. The product was lightly
crushed to break up small, soft lumps.

Fabrication and Assembly for Confined Small Scale
Detonation Velocity and Depth of Dent Tests

All compositions were pressed in a die of 9.525 mm
inner diameter, unheated, unevacuated, at about 3800
kg/cm? with a dwell of about two minutes. Length of
pellet varied from 6 to 12 mm. Density was measured
soon after pressing, by weighing to 0.1 milligram and
measuring diameter and length by micrometer to the
nearest 0.0025 mm. Density was also mcasured again
prior to assembly into shot tubes because it had been
found that some pellets would not {it into the 9.652 mm
ID of the tubes due to spring-back. This was quite sig-
nificant, especially in the EDD/AN formulations and in
pure EDD. Because of this factor and occasional slight
irregularity of pellets (corner chipped, etc.) density
results were rounded from the nearest milligram/cc to
the nearest 0.01 gm/cc.

The tube (10) for the confined small-scale detonation
velocity and dent tests (FIG. 1) was a steel cylinder 76.2
mm long with 25.4 mm OD and 9.65 mm ID. Pellets
were assembled into this tube with a pellet near the
average density of the stack placed next to the witness
plate. Those pellets whose density differed most from
the average were placed nearest the detonator. Addi-
tive height was checked against height in tube to avoid
gaps. Pellets that could not be inserted as they were
because of spring-back were first lightly abraded dry.
All pellets fitted quite tightly. In no case would there
have been radial gaps greater than 0.025 mm.

A booster pellet (12), normally Composition B
(RDX/TNT 60/40) was placed in the tube and an ex-
ploding bridgewire (EBW)detonator (14) in a plastic
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holder (16) was glued in with a drop of cyanoacrylate
adhesive or fast-setting epoxy.

Two witness plates (18) and (20), each of SAE1018
cold drawn (see Metals Handbook 8th Ed. Vol. 1,
American Society for Metals pp 62 and 188), 50.8 X
50.8 X 17 mm were adhered together with a drop of
cyanoacrylate and the loaded tube was similarly ad-
hered to it, taking care not tc touch the explosive with
the adhesive. All surfaces were flat to better than 0.025
mm and the nature of the adhesive assured flatness and
contact, as it will not set except in thin layers. Two
witness plates were used because with powerful explo-
sives small tensile cracks were found in the first few
shots when only one witness plate was employed.

The assembly was then placed in a special chamber
able to confine the shock, blast, and debris. The assem-
bly rested vertically with the witness plates on thick
foamed polyethylene or foamed polyurethane (22). The
six pin wires (24-29) for measuring detonation velocity
D, when used, were connected, as was the coaxial deto-
nator firing cable. The chamber was closed and the shot
fired behind blast doors in an explosives safety hood.

Detonation Velocity (D)

The D records were obtained from the output signals
from the pins (see FIG. 1) by the following combination
of instruments. The pin mixer circuit output was put
into a channel of a transient digitizer (Biomation Model
8100 marketed by Biomation Co., Cupertino, Califor-
nia) that provides 2,000 samplings at a variable pre-
selected sampling rate. The smallest sampling interval,
10 nanoseconds, was used. The input voltage is mea-
sured, digitized and “memorized” at each of these inter-
vals. Output is a voltage proportional to the digitized
value (the digitalization is for storage purposes) and the
time of output is 20 seconds for the 2,000 points. The
output was connected to a galvansmeter of a Honeywell
Visicorder (paper) oscillograph, Model 906C (marketed
by Honeywell, Inc., Test Instrument Div., Denver,
Colorado) — set to run at 127 mm per second. Simulta-
neously, outputs of a time-mark generator, Tektronix
Model 184 (marketed by Tektronix, Inc., Beavertown,
Oreg.), at 1 second, 0.1 second, and 0.01 second were
parallelled at successively lower voltages and con-
nected to another of the oscillograph’s galvanometers.
These gave crystal-controlled time marks along the
paper at what are effectively 1 microsecond, 0.1 micro-
second and 0.01 microsecond (10 nanoseconds) because
the digitizer playback time of 20 seconds is 10° times as
long as the input sampling time (2,000 X 10 ns). The
digitizer oscillator is also crystal controlled at high
accuracy, similar to the time-mark generator.

The oscillograph paper, UV-light activated, develops
in fluorescent room lighting in a minute or so. Reading
the time interval between pin signals then is simply a
matter of counting the time marks between signals.
Precision and accuracy is 10 ns, with no linearity or
reading error greater than that. The space interval be-
tween pins was a constant 9.525 mm =+ 0.013 mm (as a
tolerance; dispersion was actually lower). D thus had an
intrinsic resolution in one space interval not statistically
poorer than about 25 m/s. Other potential sources of
error (e.g. pin not fully inserted and touching the explo-
sive) can make individual interval error greater than
that. But averaging over several intervals or consider-
ing several intervals as a larger one increases the pro-
portional sccuracy, so that the overall statistical preci-
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sion and accuracy was on the order of 10-15 m/s. All
the values obtained were rounded to the nearest 10 m/s.

Depth of Dent

After the shot, it was always found that the two
thicknesses of the witness plate had come apart. The
upper piece was measured for dent depth by dial indica-
tor with a small-radius tip, reading to the nearest 0.025
mm. The witness plate was put on a flat surface plate
and the dial indicator zeroed to the upper surface of the
witness plate by trials at the midpoints of the four edges.
There was usually some overall curvature (concavity of
the top, convexity of the bottom) especially in those
dented the deepest; and sometimes there was edge dam-
age from collision with the chamber or other plate after
separation, etc. The effects of these distortions were
avoided by care in the zeroing process. Depth of dent
was then measured to the deepest point, without regard
to its width. The deepest point was in the center of the
dent and was usually of small width. Sometimes the
deepening toward the center was gradual over much of
the total width. Lip height was read a number of times,
but, like the few volume measurements tried, seemed to
be an irregular or insensitive measurement, possibly due
to inadequate precision in the measurement.

We wish it to be understood that we do not desire to
be limited to the exact details of construction shown and
described, because obvious modifications will occur to
a person skilled in the art.

- We claim:

1. An explosive composition consisting essentially of
a mixture of

15 to 45% by weight of a particulate high explosive

selected from the group consisting of 1,3,5-trinitro-
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10
1,3,5-triazacyclohexane and 1,3,5,7-tetranitro-
1,3,5,7-tetraazacyclooctane, and mixtures thereof;

15 to 50% by weight of ammonium nitrate; and

20 to 60% by weight of ethylenediamine dinitrate;

wherein the ammonium nitrate and the ethylenedi-
amine dinitrate are present in the weight ratio of
from 1:2.5 to 1.5:1, respectively, as an intimate
mixture of which the major portion is obtained by
cosolidification.

2. The explosive composition of claim 1, wherein
substantially all of said ammonium nitrate and ethylene-
diamine dinitrate are present as an intimate mixture
obtained by cosolidification.

3. The explosive composition of claim 2, wherein the
ammonium nitrate and ethylenediamine dinitrate are
present in essentially the eutectic weight ratio of about
1:1 as an intimate mixture obtained by cosolidification
of a molten mixture thereof.

4. The explosive composition of claim 3, obtained by
heating the mixture in an inert carrier liquid to a temper-
ature above the melting point of the eutectic mixture of
ethylenediamine dinitrate and ammonium nitrate, and
cooling the mixture to solidify said eutectic mixture
largely as a coating on the particles of the high explo-
sive.

8. The explosive composition of claim 3, wherein the
high explosive amounts to about 40% by weight of the
mixture.

6, The explosive composition of claim 1, wherein the
high explosive is 1,3,5-trinitro-1,3,5-triazacyclohexane.

7. A cast explosive of the composition of claim 1.

8. A pressed explosive of the composition of claim 1.
5 & s s
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(571 ABSTRACT

An improvement to a liquid propellant gun system
wherein a hydrocarbon used in conjunction with nitric
acid is predominantly the exo form of tetrahydrodicy-
clopentadiene and/or its methyl or dimethyl or ethyl
derivatives or a mixture thereof. Other suitable hydro-
carbons are as follows: a mixture of trans-syn-2-
methyldecalin and trans-anti-1-methyldecalin, trans-
perhydroacenaphthene and perhydrofluorene.

3 Claims, 2 Drawing Figures
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1

LIQUID PROPELLANT FOR A GUN

BACKGROUND OF THE INVENTION

This invention is directed towards an improvement in
a liquid propellant gun system. More particularly it is
directed towards the liquid propellant used with such a
system. 1t is directed toward the hydrocarbon used with
other components of the liquid propellant.

In a liquid propellant gun, hercinafter referred to as
LPG, system a liquid supplics eneigy to drive the pro-
jectile forward. This is in cortrast to the solid, e.g.,
gunpowder, or nitrocellulose-based and other smoke-
less propellants used in a conventionat gun. The liquid
used in LPG is a combination of several components.
Generally a liquid hydrocarbon and nitric acid are the
components. Thus the combination can be referred to
as bipropellant. Just prior to ignition, the bipropellant
is an emulsion.

A LPG system generally operates as follows. The
projectile is inserted in the barrel of a gun and its fit is
such that it forms a liquid tight scal. A bolt and injec-
tion nozzle are located behind the projectile when it is
in position. Nitric acid and hydrocarbon are simulta-
neously mixed and injected into the chamber, i.e., the
space between projectile and the bolt. After the cham-
ber is filled with the bipropeliant, the bolt moves for-
ward and seals the injection nozzle. A spark ignition
device is used to gencrate a spark which ignites the
bipropellant. The spark device can be located in the
bolt or elsewhere.

Hydrocarbons such as n-octane have been tried and
found not totally satisfactory. More recently a mixture
of endo and exo tetrahydrodimethyldicyclopentadicnes
has been used. A mixture of the foregoing is often
referred to as a TH-dimer. However, the TH-dimer has
deficiencics. For example, TH-dimer upon mixing with
aqueous nitric acid undergoes nitration at ambient
temperature with evolution of considerable heat.

Surprisingly applicants have discovered that if, for
example, the hydiocarbon used contains a majority of
the exo form of scveral hydrocarbons the foregoing
premature nitration problem does not exist. Also, other
types of hydrocarbons were also found to be usable.

A method for preparing tetrahydrodicyclopentadi-
encs is disclosed in U.S. Pat. No. 3,381,046, Apr. 30,
1968 and JOURNAL OF THE AMERICAN CHEMI-
CAL SOCIETY, Vol. 82, 1960, pages $645-465].
Methods of preparation for the other hydrocarbons
found suitable arc known to those skilled in the art.

SUMMARY OF THE INVENTION

In a L.LPG system certain hydrocarbons and mixtures
thereof have utility as the hydrocarbon portion of the
bipropellant. These hydrocarbons are:

a. exo-tetrahydrodicyclopentadience,

b. a muxture of 4 major amount of (a) and a minor

amount of its endo form,

c. exo-tetrahydrodimethyldicyclopentadiene,

d. & anxture of a mugor amount of () and a4 mmor

amount of s endo form,

¢, exo-tetrahydromethyldicvelopentadiene,

f. a mixture of a4 major amount of (¢) and a minor

amount of its endo form,

g. exotetrahvdrocthyldicy clopentadiene.

h. o mixture of & major amount of (¢ and a mimor

amount of s endo form:

2
i. a mixture of trans-syn-2-methyldecalin and trans-
anti- 1 -methyldecalin;
J. trans-perhydroacenaphthene;
k. perhydrofluorene; and
5 1 a mixture of any of the foregoing.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing which shows the posi-
tion of the various parts of a LPG system during the
10 injection of the bipropellant.
FIG. 2 shows the LPG system after the injection of
the bipropellant and just prior to the ignition of the
bipropellant.

15 DESCRIPTION OF THE INVENTION

The way the LPG system generally operates is as
follows. FIGS. 1 and 2 help describe the sequence of
steps. The projectile 1 is placed in the barrel 2 and
forced into its proper position. FIG. 1 shows the rela-

20 tive position of the projectile to the injection nozzles 3
and 4 and the bolt 5. Other relative positions are opera-
tive. Through nozzles 3 and 4 acid and hydrocarbon are
separately injected into chamber 6. In this illustration
only two nozzles arc shown and the components are

25 injected separately. Other alternatives are feasible; thus

premixing of the acid and hydrocarbon would be oper-
ative. Also, more than two nozzles can be used, and
other relative locations arc permissible. In the chamber

6 the acid and hydrocarbon form an emulsion 7.

Once the chamber 6 is filled with emulsion 7 the bolt

5 moves forward and seals the nozzles 3 and 4. After

the forward movement the LPG would be as shown in

FIG. 2. An aiternative would be that the bolt does not

move forward but rather nozzles 3 and 4 are scaled by

35 other mechanical means. The emulsion 7 15 ignited by a
spark ignition device 8 in the bolt. l.o~~tion of the
spark device elscwhere 1s feasiblc.

The bipropellant mixture used in the PG system
would contain ritric acid and hvdrocarbon in a range of

40 yolume ratios - ~out 1.5 §o aout 5.0. The acid can
contain at #.ast 2loeut 70 weight percent nitric acid.
The producs. of combustion would principally consist
of nitrogen, hydrogen, oxygen. water, carbon dioxide
and carbon monoxide.

45 At the present time a range of tentative specifications
-n the hydrocarbon used in a LPG system are as fol-
lows:

3(

<

freczing point -60°F to —-40°F (Max)
50 viscosity at —40°%F 60 to 100 centipoise (Max)
flash point 130°F to 140°F (Min)

and stability towards agucous nitric acid particularly in
the aforementioned range.

55 The applicants have found that the following hydra-
carbons or certain hydrocarbon mixtures meet the
foregoing specifications. The structures of these hydro-
carbons are given hereinafter. The Arst structures
shown are the teuahydrodicyclopentadicnes, the one

60 o the left is the exo form. The characteristic of this
form is that both the methylene bridge in the bicy-
cloheptane system and the trimethylene ring attact.od
thereto are oriented more or less in the same direction.,
T'hus, as shown, both are pointed toward the top of the

"8 page. The form to the night is the endo form, here the
methvlene bridge and the 6 methvlene ring are oni-
ented in the opposite direction. Thas, as shown the
trnimethylene ring s pointed towi! the bottom of the

PSPPI |
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page, the methylene bridge is pointed toward the top of
the page.

ENPRENN

Exo Endo

The methyl group of either exo or endo tetrahy-
dromethyldicyclopentadicne can be located generally
anywhcre on the ring; the same holds for the two
methyls of the tetrahydrodimethyldicyclopentadiencs
and the ethyl group of tetrahydroethyldicyclopentadi-
encs. .

The structural formulas for the other suitable hydro-
carbons are as follows:

S
10
15

20

exo structure, a still more preferable material would
contain at least 90% of the exo structure. The larger the
content of exo structurc the smaller is the tendency of
the whole mixture to react with nitric acid prior to
passage of the igniting spark.

The invention claimed is:

1. In a liquid propellant gun system wherein an emul-
sion of a liquid hydrocarbon and nitric acid is employed
in the breech of a gun behind the projectile, the im-
provement comprises that the hydrocarbon is selected
from the group consisting of

a. exo-tetrahydrodicyciopentadiene;

b. a mixture of a major amount of (a) and a minor

amount of its endo form;

c. exo-tetrahydrodimethyldicyclopentadiene;

d. a mixture of a major amount of (¢) and a minor

amount of its endo form;

e. exo-tetrahydromethyldicyclopentadiene;

f. a mixture of a major amount of (e) and a minor

amount of its endo form;

g. exo-tetrahydroethyldicyclopentadiene;

H H HoocHy
f /—CH3 , ’
H H H

trans~syn-2-methyldecalin

trans-perhydroacenaphthene

For the perhydroacenaphthene the solid circles repre-
sent hydrogens which are facing the reader whereas the

35

other circle represents a hydrogen facing on the other 45

side. The perhydrofluorene formula includes several
isomers.

The foregoing discussion mentions the exo and endo
structure of a particular compound. The most prefera-
ble material would be the 100% exo form. However,
because of economic considerations it might be advan-
tageous to use less than 100%. Thus a mixture of exo
and endo hydrocarbons wherein the exo form made up
at least a majority (i.e., an exgess of 50%) of the vol-
ume of the hydrocarbon would be operable. A more
preferable material would contain at least 75% of the

50

S5

60

6S

trans-anti-l-methyldecalin

perhydrofluorene

h. a mixture of a major amount of (g) and a minor

amount of its endo form;

i. a mixture of trans-syn-2-methyldecalin and trans-

anti-1-methyldecalin;

j. trans-perhydroacenaphthene;

k. perhydrofluorene; and

1. a mixture of any of the foregoing.

2. Improvement according to claim 1 wherein the
mixtures of exo and endo hydrocarbons contain at least
75% of the exo form.

3. Improvement according to claim 1 wherein the
mixtures of exo and endo hydrocarbons contain at lcast

90% of the exo form.
* » * * *
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PROPELLANT FOR LIQUID PROPELLANT GUN

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to propellants for liquid pro-
pellant guns.

2. Description of the Prior Art

The military is, at the present time, experimenting
with what are commonly called liquid propellant guns
or, still more commonly, LPG’s. A liquid propellant
gun (LPG) is one which utilizes, instead of the usual
solid powder and primer propulsion means, a liquid
propulsion means. The potential advantages of such a
gun over presently used guns are many. One advantage
is that brass cartridges are not used. This eliminates
storage and policing up problems. Another advantage
resides in the probability that greater muzzle velocities
can be achieved with LPG's than are presently possible
with conventional guns. Still other potential advantages
exist. However, this invention resides in a propellant
for a liquid propeliant gun and not in a liquid propellant
gun per se so these \ _rther potential advantages will not
be gone into here.

One method for firing a liquid propellant gun is to
inject two liquid chemical components into a chamber
behind the projcctile and apply a spark to cause the two
liquid components to combust and produce gases
which, in turn, propel the projectile. (This, with the
exception that both components are liquids, is very
similar to the way in which an automobile is propelled
by injecting gasoline and air and subjecting them to a
spark behind a piston.)

When two liquids are injected to fire a LPG, they are
injected from separate containers into the gun cham-
ber. When they come together, in the gun chamber,
they must not react spontaneously. That is, they must
mix and wait until a spark is applied before reacting.

SUMMARY OF THE INVENTION

It has been found that red fuming nitric acid and
various solutions of nitric acid and water in combina-
tion with n-octane can be utilized as propellants for
liquid propellant guns. A nitric acid component and a
n-octanc component may be simultaneously injected
into a gun chamber and ignited by means of a spark but
do not react spontaneously (without sparkjng).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The term nitric acid component may be taken, inso-
far as this invention is concerned, to mean red fuming
nitric acid or nitric acid-water solution containing ni-
tric acid in the range of from 98 to 82 wecight percent
and, correspondingly, water in the range of from 2 to

0
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I8 Weight percent. Red fuming nitric acid is nitric acid
which contains dissolved nitrogen dioxidc and a small
amount of water (about | to 2 weight percent). Ac-
cording to this invention, the nitric acid components,
whether it be red fuming nitric acid or a nitric acid-
water solution encompassed by the above weight per-
centage ranges, may contain on the order of | weight
percent of hydrofluoric acid. Hydrofluoric acid is a
corrosion inhibitor. Experiments have shown that the
nitric acid component works equally well with or with-
out it.

The fuel, according to this invention is n-octanc. In
many test shots, both with experimental single shot
liquid propellant guns and with experimental multi-shot
liquid propellant guns, it has been demonstrated that a
nitric acid component and n-octane may be safely si-
multaneously injected, from separate containers, into a
gun chamber and ignited by means of a spark. By the
term safely, it is meant that a nitric acid component and
n-octane will not react spontaneously, i.e., without
means of a spark, when they are simultancously in-
jected into a gun chamber.

Test shots have been conducted with as many as five
parts by volume of the nitric acid component 10 one
part by volume of n-octane to as few as two parts by
volume of the nitric acid component to one part by
volume of n-octane; all with good results. The pre-
ferred volume to volume ratio appears to be on the
order of four parts of the nitric acid component to one
part n-octane.

Going once again to the nitric acid component, the
preferred component is one which has from about 90
weight percent nitric acid and about 10 weight percent
water to about 82 weight percent nitric acid and about
18 weight percent water. The reason for this preference
is that nitric acid-water solutions in this weight percent.
age range have a longer shelf life than do those with
higher weight percentages of nitric acid.

What is claimed is:

1. In a method for propelling a projectile from a gun
wherein two liquid chemical components are injected
into a chamber behind the projectile and spark ignited
to produce gases which propel the projectile, the im-
provement residing in utilizing, as one of the compo-
nents, n-octane and, as the other component, a nitric
acid component selected from the group consisting of
red fuming nitric acid and nitric acid-water solutions
containing from 98 to 82 weight percent nitric acid and
2 to 18 weight percent watcr,

2. A method according to claim 1 wherein about 2 to
about 5 parts by volume of the nitric acid component
are injected for every 1 part by volume of n-octane.

3. A method according to claim 2 wherein the nitric
acid component contains, additionally, about 1 weight

percent hydrofluoric acid.
* * * * -
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SENSITIZING LIQUID EXPLOSIVES WITH HIGH
GAMMA GAS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the sensitization of explosive
compositions.

2, Description of the Prior Art

When a liquid explosive is to be transported on a
truck or train or the like, it usually must be desensitized.
That is, it usually must be treated in some manner
whereby it is made safe for transportation. When a
slurried explosive is to be transported on a truck or train
or the like it must be in a desensitized condition wherein
the sensitizers have not yet been added. Inadvertent
explosions are highly undesirable to say the least.

On the other hand, when such an explosive, whether
it be liquid or slurried, is to be detonated it is undesirable
to have it desensitized. At this time, easy detonation is
desirable—not undesirable.

It is common practice to obtain a desensitizing agent,
mix it with or dissolve it in a liquid explosive when the
explosive is to be transported and then separate it from
the explosive just before the explosive is to be deto-
nated. For example, alcohol is commonly mixed with
nitroglycerine for desensitization purposes and then
removed just prior to use of the nitroglycerine in pro-
pellant processing. Slurried explosives are mixed at the
point of usage in order to add the sensitizers. For exam-
ple a large tank truck of slurried explosive ingredients
will be pumped into a blasting hole via a pump track
wherein the sensitizer ingredients are metered into the
flow line. These practices are cumbersome and time-
consuming. It would be desirable to avoid the necessity
for the practices altogether but, unfortunately, no one
has yet devised a way whereby the use of desensitizing
agents in conjection with highly sensitive liquids can be
avoided if the liquids are to be transported and, addi-
tionally, the on sight sensitization of slurried explosives
goes on. Accordingly, the next best thing would be to
avoid the necessity for removing desensitizing agents
from liquid explosives and, additionally, it would be
advantageous to provide a simple means for sensitizing
liquids which are explosive but are naturally hard to
detonate, i.e., liquids which need no desensitizing agents
and to provide a similar means for sensitizing slurried
explosives. (Note that, according to this inven.tion, lig-
uids which require no desensitizing agents are equated
with slurried explosives which also need no desensitiz-
ing agents. .

SUMMARY OF THE INVENTION

According to this invention, the necessity for remov-
ing a desensitizing agent from a liquid explosive prior to
detonation of the explosive is removed by dispersing
bubbles of a high gamma gas in the explosive just prior
to detonation. The high gamma gas sensitizes the explo-
sive and overcomes the effect of any desensitizing agent
present. Such a gas may also be used to sensitize liquid
explosives which contain no desensitizing agent, i.c.,
liquids which lack sensitivity and further, may be used
to sensitize slurried explosives.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The mechanical aspect of this invention may be prac-
ticed by utilizing any known technique for dispersing a
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gaseous material into a liquid at a desirable time. That is,
those skilled in the mechanical arts will be quite capable
of providing a gas containing a high gamma gas, provid-
ing the container with proper tubing leading from it into
a manifolded container containing a liquid or slurried
explosive to be sensitized and providing for the meter-
ing of gas into the explosive in a desirable amount at a
desirable time. Therefore, no great detail is needed to
enable one skilled in the art to practice the mechanical
aspect of the invention.

As indicated above, a high gamma gas is used as the
sensitizing material. The term gamma as used herein
means the ratio of specific heat at constant pressure
(Cp) to specific heat at constant volume (Cv). The term
high means 1.6 or greater. Among gases which have
gammas of 1.6 or greater are such well known gases as
argon, krypton and helium.

To practice this invention, bubbles of high gamma
gas are dispersed in the explosive, piaferably just prior
to use. This is true whether the explosive is a desensi-
tized liquid, a non-desenitized liquid or a slurry.

High gamma gas bubbles will further sensitize an
already highly sensitive liquid such as n-propyl nitrate.
Additionally, high gamma gas will sensitize a mixture or
solution of n-propyl nitrate and a desensitizing agent by
overconiing the effect of the desensitizing agent.

High gamma gas will overcome the desensitizing
effect of alcohol in nitroglycerine. It will also sensitize
nitroglycerine. It will also sensitize nitrogiycerine
which contains no desensitizing agent.

High gamma gas will sensitize a slurry such as 2
slurry of ammonium nitrate, water and aluminum pow-
der and other similar slurried explosives.

High gamma will sensitize a relatively insensitive
composition such as a hydrazine-hydrazine nitrate com-
position. And, of course, it will sensitize hydrazine
which is highly sensitive.

To be most effective, it is preferred that at least |
volume percent of the composition be high gamma gas
bubbles when the composition is ready for detonation.
Up to § volume percent or more may be high gamma
gas bubbles.

It is theorized that, when the gas in the bubbles is
acted on by pressure produced by an initiator, the gas
temperature is greatly increased and the hot gas decom-
poses surrounding liquid assisting the explosion to oc-
cur. The gas in any given gas bubble will not, of course,
be entirely high gamma gas. It is practically impossible
to keep gases such as oxygen and nitrogen from being
present in liquids and such gases will naturally make up
a portion of any bubble formed in the liquid. However,
it is not necessary that the bubbles contain only high
gamma gas. Bubbles need only contain a substantially
large amount of suitable gas.

What is claimed is:

1. A method for sensitizing a liquid explosive that has
a desensitizing agent added, said method comprising the
steps of:

A. providing a high gamma gas, bubbles of which are
capable of overcoming the effect of said desensitiz-
ing agent and

B. bubbling said high gamma gas into said explosive.

2. A method according to claim 1 wherein said liquid
explosive that has a desentizing agent added is a solution
of n-propyl nitrate and a desensitizing agent.

3. A method according to claim 1 wherein said liquid
explosive is nitroglycerine and wherein said desensitiz-
ing agent is alcohol.
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4. A method according to claim 1 wherein said liquid
explosive that has a desensitizing agent added is a hy-
drazine-hydrazine nitrate composition.

8. A method according to claim 2 wherein said high
gamma gas is selected from the group consisting of
argon, krypton and helium.

6. A method according to claim 3 wherein said high
gamma gas is selected from the group consisting of
argon, krypton and helium.

7. A method according to claim 4 wherein said high
gamma gas is selected from the group consisting of
argon, krypton and helium.

8. A method according to claim § wherein enough of
said high gamma gas is bubbled into said explosive to
make up from about 1 to about 5 volume percent of the
total composition.

9. A method according to claim 6 wherein enough of
said high gamma gas is bubbled into said explosive to
make up from about 1 to about 5 volume percent of the
total composition.

10. A method according to claim 7 wherein enough
of said high gamma gas is bubbled into said explosive to
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make up from about 1 to about § volume percent of the
total composition.

11. A sensitized explosive composition consisting
essentially of n-propyl nitrate, a desensitizing agent and
bubblcs of a high gamma gas.

12. A sensitized explosive composition consisting
essentially of nitroglycerine, alcohiol and bubbles of a
high gamma gas.

13. A sensitized explosive composition consisting
essentially of hydrazine, hydrazine nitraie and bubbles
of high gamma gas.

14. A composition according to claim 11 wherein said
high gamma gas is selected from the group consisting of
argon, krypton and helium.

15. A composition according to claim 12 wherein said
high gamma gas is selected from the group consisting of
argon, krypton and helium.

16. A composition according to claim 13 wherein said
high gamma gas is selected from the group ccnsisting of

argon, krypton and helium.
» . [ ] L *
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This invention refates 1o a propelfant and more partic-
ularly to a Equid propellant.

_The recent tread in propeliants for use in the ammu-
nition field has teen dirccted toward thos» of the liquid
type. Liguid propellants are favored becanse they are
casy fo store, do pot require grain formation, are easily
joaded and dispensed and cin be used in such manner to
otilize substantially all of their potential. There are many
known liquid propellants. However all of these are sot
useful for use in ammaonition because they are either un-
stable, sensitive, brisact, too slow or too fast burning or
of an unds=sirabie low or high potential.

An object of this invention is to provide a novel class
of liouid piorellants. Another object of this invention
#s to provide a method for making this novel class of
liquid propellants. A further ubjsct of this jnvention is
to provide compositions utilizing this novel class of liquid
propellants useful for ammunition. Auad a further object
of this inventon is to provide liquid propeliant compo-
sitions that are stable, insensitive and slow burning. Other
objects will become apparent to those skilled in the art
upon reading the following detailed disclosure and de-
scription, with accompanying drawings in which

Figure 1 is a graph illustrating the desirable range of
mixtures of carbohydrazide-nitric acid-water particularly
tseful as propeliants,

Figure 2 is 2 graph showing the desirable range of mix-
tures of semicarbazide-nitric acid-water particularly -
ful as propeilants.

Figure 3 is a graph showing the effect of charge volume
of the carbohydrazide nitrate of Figure 1 on chamber
pressure, and

Figure 4 is a graph showing the effect of charge volume
of the carbohydrazide nit-ate of Figure 1 on velocity.

Broadly, the objects of this invention are accomplished
by the use of carbohydrazide avd/or semicarbazide-nitric
acid-water mixtures with or without additives, such as
urea, urea mono-nitrate, guanidine nitrate, methasol and
benzene,

_In ope of its aspects the invention may be accom-
p.hs_bed by providiag a liqeid propellant composition con-
sisting esszntially of a2 100 part composition of about 34
to 64 parts by weight of a substance selected from the
group conmsisting of semicarbazide and carbohydrazide,
about 25 to S5 parts by weight nitric acid and about 7.5
to 16 parts by weight water.

A more thorough discussion of the method of making
and using the propellants of this invention can be shown
by reference to specific examples, illustrating preferred
techniques.

EXAMPLE I.—-SYNTHESIS OF CARBOHYDRAZIDE

. Carbohydrazide is synthesized by the action of hydra-
2ine on organic carbonates (see C. C. Clark, “Hydrazine,”
first edition, 1953, page 75, published by Mathieson Chem-
ical Corporation, Baltimore, Maryland) according to the
following equation:

(C;H,0),CO42N.H, H,0~»
NH;NHCOLHNH,+2CH,0H 23,0
For every mole of diethyl carbopate used, two moles
plus som= cxcess of hydrazine in the form of an 85%
Lydrazine hydrate solution is uscd. The mixture is heated
and distilled until the temperature reaches about 120° C.

10
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dricd. A yisld of about €5-85% is obtained.
EXAMPLE IL.—CARBOHYDRAZIDE-NITRIC ACTD-
WATER SYSTTM

The required quantities of carbchydmzide and conces-
trated mitric acid (70% ) were mixed to form the desired
ratio by slowly adding the nitric acid to the carbobydra-
zide. Heat and some slight vaporization of the water of
the nitric acid occcurred. The nitrate salts formed wese
clear, faintiy vellow. viscous liquids.

A liauid reaction product madc by use of equimolar
Guantities of the carbohydrazide and pitric acid was de~
hydrated by an extraction with ethyl alcobol asd thea
dried over arhydrous magnesivm perchlorate in & vac-
uvum dessicator at 10 mm. pressure,

Aa asaiysis of tbe resultant “dried” soluiios «f o
mounonitrate was performed using the Karl Fisher method
and the xylene distillation method for water determina-
tion. The ethy! alcohol content was determined by dis-
tillation of the liquid salt product with water, oxidizing
with dichromate and back titrating the dichromate with
ferric sulfate. Te purity of the salt was checked with 3
nitrate determination. The percentages of cach ingredi-
ent were determined to be (by weight):

Percent
Carbohydrazide mononitrate 874
Water : 108
Ethyl zlcohol 0.9
The properties of the mono and disitrate of carboby-
drazide in the liquid salt form are tabulated as follows:
Carbohydrezide Cartntydratide
Monounitrals Dinitrats
Impect Sensitivity.... In's“ensi':llve to ham- ansusiﬂu o hunmmar
cr hiow. -
Detooability........... | Nut detonated b Pertially detonated
:r:al'l fead s2ide by smaii iead Rzide
charge.
Flame Sensitivity. ...} Ignited by hith tem- | Ignited by hith fem-
perature flae, fiame,
Solyhility tn:
Water...cccneeen Miscible_ . .ooa.....—] Miscibla,
Ethyl aicohol ....{ 1muiscibl Imomscibla
iﬂet.hyl lcohol Immiscibk Imwiscidle.
Benzene..... .10l Tramiscibie...._.....—- Tmmiscible.
967 Hydrazine....] Heat evolution_... ...} Heat evolution,
bubbling.

EXAMPLE H[L-—SYNTHESIS OF SEMICARBAZIDE

Semicarbazide may be synthesized by varioos tech-
niques as disclosed in C. C. Clark, “Hydrazine,” first edi-
tion. 1953, pages 59~61, published by the Mathieson
Chemical Corporation, Baltimore, Maryland. The meth-
od here used involves the refluxing of urea and hydrazine
hydrate in amyl alcohol according to the foliowing equa-
tion:

NH;CONH,+N,H~ NH,NHCONH,+NH,
Equal molar quantities of ureca and bydrazine in the
fona of an 85% lLydrazine hydrate solution are n:fluxed
at 118° C. for several hours. Water is rezaoved umder
wacvum until the mixture attains a tempetature of 100° C.
The nolten semicarbazide is then dissolved io methanol,
filtered hot and the filtrate cooled with stirring to precipi-
tate the semicarbazide. The semicasbazide is filtered,
washed with methanol and dried under vacuum. A yield
of 70% semicarbazidc melting at 92-95° C. is obtaiged.

EXAMPLE IV.—SEMICARBAZIDE-NITRIC

ACID-WATER SYSTEM

Tbe required quantities of semicarbwzide and com-
centrated nitric acid (70%%) were mixed to form the do-
sired ratio by slowly adding the nitric acid 15 the semi-
carbazide. Heat and slight vaporization of the water of
the nitric acid occurred. The nitrate salts formed were

Ths reaction is then allowed to cool to enable the carbo- clear, faintly green, viscous liquids,

.
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quantities of the semicarbazide and oi

cmakd_byaammﬁdﬁﬂw

carbazide nitrate mixture and geve the following re-
sul: (by weight):
Percent

" Semicarbazide mononitrate 920
Water
Ethy] alcohol 0.7

These systems were subjected to ball'stic tests in their
aqueous solution form with or without additives.

4
Table I1.—Ballistic tests
CEEMICARBAZIDE-NITRIC ACID-WATER SYSTEM
- bad c('nrw Velectty, | Prosmme,
Semicarbeside | Mitric | Water o
Acid

IMRt (contr . , 600 «.0%
{ooneh AmEri e e 26,800
a2 90| 2 153 5,200
wsl we| 2 2.0 o, 905

[P 8! 120§ 2 1,88 €2, 800

1 Nitrocellnlose 85.3%, dicitrotoluene 8.8%, K;SO, 0.6%, diphenyl
amine 0.6%.

Table 111.—Bailistic tests

CARBORYDRAZIDE iAND SEMICARBAZIDE-NITRIC ACID-

WATER SYSTEM

Syctcm (r wgH) ‘ I
Charge| Veiocty, | Presuss,
Cur Nirrie | Water (- 8] t.tsee. The fsq in.
bohydraside Sernicar. | Nievie | Wy
bazide | Acid

TMR ? (comtrol) 0o 2,800 49,000
8 1.2 35.5 16.6 2 1,751 48, 908
U P . 46 327 0.8 el 1. 770 8,270
80.2. 2.7 3.0 j ] 2 1,802 58,260
9”4 3.4 3.7 10.6 2 1,843 54, 500
494 6?7 30 10.1 1,092 22,908
@2 [ 8] 21 9.8 1,74 52,400
420, 4.6 a9 .3 2 1.519 9,90
| T TR 4.7 41.7 7.5 2 1,290 55, 100
24 £7.8 41.5 7.7 2 1,873 5.
38 4.5 4.3 77 2 1,836 53, 100
&5, “uol] 41 701 2 1,852 £1,000

3 Nits yeelluiess 88.3% dinitrotoluene 8.8%, K1SO,0.6%, dipbeny!anine 0.6%.

Ballistic tests

Test firirgs using a carbohydrazidc or semicarbazide-
pitric 2cid-water system made by the techinque of Ex-
amples II and IV were made using a commercially avail-

able brass cartridge case (Super X 30-05 caliber) with a 40

centerfire primer (Type 257W) (bota manufactured by
the Western Cartridge or Winchester Repeating Ancs
Plants of the Olin Mathieson Chemical Carporatioa of
New Haven, Connecticut). Before loading, the flash
ho'e leading from the primer into the main cavity of the
cartridge was covered with a polyethylene disc pnct
to seating the primer.

Tabulztions of the ballistic tests pcrfomed for eacb
system are given ip Tables L, I and 1L

Table 1.—Bailistic tests

CARBOHYDRAZIDE-NITRIC ACID-WATZR SYSTEM

System (by weight)
Charge| Velority, Pm‘:.-
Carbobydrazide | Nitric [ Water )
Acdid

IMR ( g 2,600 £9, 000
S, 368 10.3 2 LT 48, 200
M0 9] 1wp) 2 3,752 BS, 2r0
4.8 . 585 ol 2 1591 41,58
%50 2.6 9.5 2 5934 46,40
%o .8 [ X | 2 1668 45,000
€.2.. 20.6 7.9 2 3. A0 44, 600
2. 3951 1081 2 L8 16,200
438 3.8 JLé 2 p% 2 N, 800
359 47.6) 126{ 2 1,568 @, 600
35. 503 11.4 2 L9 68, 200
34.7 49.0 15.¢ 2 1,1 66, 200
MAD..eevenaennnns] 4B1] 3T.2] 2 LA 43,000
1 Nitroeceflulese §8.37%, dinftrotoluens 8.5 0, Q! a1, L

by % KOy 0.0% dipbeny!

76
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The systems carbohydrazide-nitric acid-water and

38 semicarbazide-nitric acid-water were further studied to

determine the range of conceatrations which gave no
misfires under the conditions used. The liquids to be
fired were prepared by adjusting ethyl alcouol-washed
CMN or SMN with the desired amcunt of water. The
amount of alcohol retained by the washed nitrate was
less than 19%. Pressures and velocities were not meas-
ured during these firings. Results for ! cc. charpes are
plotted on Figures 1 and 2. The area bounded by the
black lines on each fizure indicates the operable com-

48 positions.

~ Im another series of tests under the same conditioms
the charge volume was varied from 0.5 cc. to 4 cc. of
CMN amd the pressure and velocity measured. Results
are shown on Figures 3 and 4.

In attempting to dehydrate the carochydrazide momo-
mitrate by heating (165° C.), it was found that sater
was driven off. At the cessation of this water evolution,
beating was discontinusd. The distillate was opaque
milky white and very viscous. Upon standing, it sep-
arated into two phases into a clear, celorless, viscons
liquid and the white solid. It was found that the solid
constituted about 185 of the total weight of the disiil-
late. Repeated attempts at analyzing and classifying
this substance were unsucce:sful. It was assumed that
the solid material was either a Jdecomposition product
or a procduct of molecular rearrangemerit or both,

The white solid behaved as a propeilant. This was
demonstrated by firing caliber .30 rounds with 2 charge
containing the solid. Table IV shows the results.

Table 1V.—Test of CMN dehydration producet
Propellant Composition ©
T C(l;r}:e &My. 'm.
Pronellant Weter, ) e -
percnnt
A demonontir® | 100 1
CarhohvOraide ToRNILFHE vl am
—~CMN Dehydration -
Product 1-L 1 L2 €7.00
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sysems.  The addition was catried ost by adding the
addtive o the propeHant systesm, mixing it and then
Icading cartridge cases with the proper amount of the
mixture. A tabuiation of the firing tests is seen in Table
VY.

Tuble V. —Ballistic tests

3. A liquid propellant composition consisling essem-
tially of a semicarbazide-nitric-acid-water mixture 85 in-
dicated by II of Figure 2 of the drawing.

4. The method of developing a projectile propeling

[ ] wessmwnhmmcnc!oaedchambcrwhxhcmsn-

serting within said chamber a quantity of a compositon
made vp of 180 parts, said compcsition coasisting e~
senitally of about 34 to 64 parts by 'weight of carbnly-
drazide about 25 to 55 parts by weight of nitric acid and

10 7.5 to 16 paris by weight of water, amd locally izniting

said mixture.
5. A method of developing a projectile propelling pres-

ADDITIVES TO CARBOHYDRAZIDE %%gMSEMICARBAZIDE-NITBIC ACID-WATER

fystem (by weight)
Chiargel Veincity, { Pressure,
Additives {cc.) fi.rsec, | 1bs./sq. in,
Carbohydraride } Semicar. Weter
Baride A.o! - i
TATB ¥ (~atrel) . -..._._.' g, 2,600 49, 000
ns 3.8 10.5] Cres. oo ...l 26 2 1,729 , 800
s #.3 10.5 | Urea motonitrate-..} 2.5 2 L8 56,700
.4 3.8 10.3 {eaee 0 e .| 4.8 2 1,08, 82,7
462, 28 10.0 do. 7.2 2 1,792 47,400
25.0. 32.0 | X1 PR . |, R —— 9.3 2 1,850 §8. 100
ns 3t 9.3 | GQuonidine Nitrate 27 2 1. 805 56, 300
[~ &4 4.8 2.2 1.....! 1, SN 27 2 1,649 83,
fx &1 a7 10.5 | Benscne b 2 1,767 51.600
50.5 425 7.5 }. do. 2 1,756 49, 400

2 Nixoealoloss 88.3%, dinittotoinens 8.8%, E,S0 0.65%, dipbenylaurioe 0.6%.

As seen in the data above the propeliant compositions
of ihis invention are aqueous solutions of carbohydrazide
or semicarbazide moao or dinitrate or debydration prod-
ucts or their mixtures with or without add:iives in trace
to substamtial quantities of the mixture. The additives
meay be semicarbazids, carbohydrazide, urea, urea mono-
rizate, guanidioe nitrate, mcthanol and oepzene. By
“race to subsiantial” quantities is meant anything with-
in the range of 0.1% to 10% by weight. A “trace”
quantty generally results from washing of the aqueous
mixture with an additive,

While a detailed description of this invention has besn
provided, it is realized that those skilled in the art may
make modificatioas in and adaptations of the propellant
composition and its meshod of manufacture described
h2-zin without departing from the spirit and scope of this
irveation. It is, therefore, to be specifically understood
tkat such obricus modifications are to be considered
within the scope of the herein described propeliant and
mzinod of manufacture,

The invention baving thus been described what is
be secured by Letters Patent is as follows:

I. A liquid propellant composition consisting essen-
3"y of a 100 part compositica of about 34" te 64 parts

oy weight of a substance selected from the group con- L]

sistinz of semicarbazide ard carbohydrazide, about 25
10 55 parts by weight nitric acid and about 7.5 to 16
parts by weight water,

2 A licuid pmpellant composition consisting essentially
of a carbohydrazide-nitric-acid-water mixture as indi-
ct=d by 1 of Figure 1 of the drawing.

sure within an enclosed chamber which comprises in-
serting within said chamber a composition made up of
100 parts, said composition containing as its essential
irgrediects about 34 to 64 parts br weighi of 2 com-
pound selected from the group consisting of semicarba-
zide and carbohvdrazide, about 25 to 55 parts by wezight
of nitric acid and about 7.5 to 16 parts by weight of water
and locally igniting said mixture.

6. A method of developing a projectile prop:ding pres-
sure within an enclosed chamber which comprises insert-
ing within said chamber a composiiion made up of 100
parts, said composition consisiing essertially of 34 to 64
parts by weight of semicarbazide, acout 25 to 55 parts
by weight of aitric acid and about 7.5 to 16 pans by
weicht of water and locally igniting said mixture %@
cause a burning of the liquid composition therein,
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ABSTRACT OF THE DISCLOSURE
Microcarsules of liquid monopropeliants provide pro-
peliant charges for gun amn.unition. A capsule wall
material may be chosen that will coniribute to the
enercy of the charge; and hich loadisg density of pro-
peliant may be ochieved by the use of capsules having
carefuily selected bimodal sizes.

BACKGROUND OF THE INVENTION

This invention relaies to gun prope:lants, and partic-
vlariy 1o those having encapsulated, liquid fuels. The
invention herein described was made in the course of or
under a coatract with the U.S. Air Force.

Liguid propeilants have characteristics that yield sev-
eral advantases over conventional solid propellants in
gurs, such as low flame temperature, reduced smoke znd
flash. reduced fouling of gun parts, and longer tube life
for tha sun basrel. Rapid firs weapons, especially, have
notoriously shori parrei iives. These anticipated advan-
taces promipted extensive experimentation wherein liquid
monepropeilants were loacded directly into cartridee
cases. and varinbles such as igrition parameters, propel-
lant compositions and georactric factors were sysiemati-
investicated. These experiments proved that the
above advantages are indeed availatle in liquid propel-
lan:s. Fouling of gun parts, production of smoke, and
mussle flash were reduced sisnificantly. Also, bore ero-
sicn was grent!y reduced because of the lower dame
temperature and absence of erosive particles ia liquid
propzilants.

However, ins:antanecus buerning surface areas in buik

loadad liquid propellarts are unpredictat! refsuch
as Tavlor instabilitics, wherein surface may
crow esponertizlly n the liquid, the HoltP™ “ta'sii-

ities. that result from the passage cf gas bubbles through
the iiquid, have been predicted taeoretically and verified
exparimentally. Such turbulences may cause hizh, eratic
pressures accompanied by high frequency, high amplitude
ure excursions. This action ¢(amages ruus, causes
behavior of gas operated avtomatic wearons, and
produces variations in muzzle velocities. Although the
fluid dynamics of the system wherein a Lguid rionosro-
peilant is accelerated and consumed by iis owr combus-
tion cuses have bezn treated theoretically, the instabilities
that characterize the process and the many variables that
are not analyticaily tractable indicate that bulk liquid
proncilunts cannot be easily controlled. Extensiv: experi-
menzation has failed to colve this protlem in use of tulk
Jozded, liquid propellants.

SUMMARY OF THE INVENTICN

The present invention, which solves this difficulty ia the
use of liquid propellants in gun ammunition, is essentizlly
the microercapsulation of liquid moaopropellarts, wkich
may comprise propelian’ charges for gun ammunition.

Encapsulated liguid propellants containine two hyper-
po'iz components, such as a fuel and and cxidizer encap-
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sulated in separate capsules, 2re tought in US. Pat
2,960,935 to D. A. Colpitts. In this patent they are
interded for use in rocket ieniters. Large, elongated cap-
sules are arranged gcometrically in a tubular housing
so that each capsule of fuel is adjacent a capsule of
oxidizer. When an appropriately severe shock is applied,
the capsules are ruptured and the Liypergolic liguids are
mixed. Although this invention is suitable for its iniended
use in rocket icniters, it won!d have a number of dis-
advantages as propeilant for gun ammunrition. Large cap-
sules would individually produce the same crratic liquid
burning surfaces that create unpredictable pressures in
bulk Ioaded liquid propeilants as described 2bove. Al-
though varying pressures are tolerable within limits in
rocket igniters, they are very objectionable in gua am-
munition, wherein the ranze ard velocity of a projectile
must be predictable with considerable precision. Also, the
configuration and crrancement of the capsvies of the
Co'pitis patent do nut afford a suTiciently high loading
density of propeilant in the tubular housicg to be useful
in gun ammunition.

For these reasons, the present invention uses microcap-
sules, which may be used in sufficienily large numbers
that their burning surfaces average out to produce pre-
dictable pressures and impart replicable velocities to the
projectiles. Monopropellanis are used in the present in-
vention 1o insure uniform burning; since it would be
virtuzlly impossible 1o be certain that microcapsules
containing two different propellant components are uni-
formly mixed in a cartridge case.

Greater propeliant lcading density is achieved in the
present invention by the usz of capsules of two different
sizes, so that the smailer capsules ternd to fill the inter-
stices between the lareer capsules. Other interst’tial fills
mav be used for spacial applications.

U.S. Pat. 3.441.455 teaches encapsulation of solid pro-
pellant components and cites materials useful in the
present invention. Howewer. it is primarily concerned

with preventing particizs of T‘whf active inare-
dients from reacting with tb nt matrix in
which they are embedded. Menc npe suotest the
primary features of tne mu(’ sach 25 liquids,
monopropcilants, encapsulgiioN Sfrfunition, or
bimodal size distribution of :n2 ca

Objects of the present invention are to provide a con-
trolled means for using liquid propcllants in gua ammu-
nition, therehy realizing the benefits of low flame tem-
peratures, smooih pressures. and ubsence of erosive
particles; and to achieve marimum leading density of
encapsulated liquid moropropeliants in cartridee or sheil
cases. Impertant features of the invention are *he general
simplicity of the manufacturing process, and the use of
monopropellants to elimirate the problem of uniform
mixing that would be dithicu!t if 1wo or more components
of propeliant were encapsulated. Another important fea-
ture of the invention is that it can produce standard pro-
jectile velocities using converiio 2l shell and gun equip-
ment designs.

These and other objects ar:d advantages of the inven-
tion. will become more apperent as the following detailed
description cf the invention is real with reference to the
accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figure is an enlarged side clevation
of a typical rile shell, with parts broken away io show
the propellunt of ths invention instalied tierein. The pro-
petlaat capsules are eniarged relative 1o the shell size 10
clarify the bimodal capsule size distrituton.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The typical rifle shell shown in the ficure comprises a
tubular shell case 2, an explosive primer cap 3 in one
end thereof, a projectiiz 4 icld in the opposite ¢nd of
the tubular case 2, and a propeilant 5 in the shell casc 2
between the primer czp 3 and the pirojectile 4. The pro-
peilant 5 comprises microcapsules 6, each having a cap-
sule wall 7 filled with a monopropeilant 8. Interstices 9
betweer the capsules 6 are filled wiih interstitiai fill ma-
terial, which in a prefarred embodiment of the invention
comrrises smaller czpsules 10 of the same type as the
capsules 6.

In the present invention, a preferred monopropeilant
is in general selectad from the aikyl nitrates. Specifically
useful is a mixture by weight of 607% ethyl nitrate and
40% normal propyl nitrate. For specific purposes, how-
ever, virtualiy any liguid mcnopropeilant could be used.
Other monopropellacis tha: are especially useful are
hydrazines and nitromsthanes.

It has beea found ihat some advantages in handiing
and storage life of the resulting propellants may be rea!-
ized by geiling the monogpropeiianis. Inclusion of approx-
imately 3 10 10% of kizh molecular weight polyethylene
glycol, together with a small amount of curing and cross-
Iinking agents (e.g.. toluene dilsosyanaie and a small
amount of bcnzyl dimethylamine), produces verv satis-
factory gels when mixed with tha alkyl nitrates. Low
molecular weight poly
rot oaly to produce gzis, bat also, within limits, they can
be usad to adjust the burzing rates of the monoprope:lants.

The capsuie walls aie mude of a mixture of a polyvinyl
alcohol! dissolved in warer, carrcgeenin, and optionaily
2 curing agent such &5 tris (bydroxymeihyl ) nitromethaune.

The enconsnlation process is well known and is rot
considered .o be a purt of the present invention. low-
ever, 1wo types of equipment were used to prepare the
capsules of the present invention.

A centrifugzl extresion device used in the present in-
vention consisted of a rotating head with concentric
orifice rozzles directed radivily outward from the axis
of rutation, Menopropzilant pumped into the inner cham-
ber flowed through tubes in the orifices in the periphery
of the head. the tubes being smaller than the ori‘ices sO
that a small annulus of <pace surrounded each tire. The
shell materia, in fluid form, was gear pumped iw'e the
head cud fiowed throv:ch the znnuii. Tn effect, iMis 2x-

A 4

tried rods of fluid monopropeilzat encased in sreuins

of fluid <hell material. These rods broke into individual
capsuies when being projecied 10 a coiicctita arca sur-
rounding the base of the encapsulation apparatus, The
extrusion heud was about seven feer abeve the col'ecton
area, and 132 capsules were sufiiciently firm that they did
not rupiure on reaching the co'lection sheet.

The encapsul:tion fecd, shell material lines, and pump
were zil heated to ahout 50° 10 60° C. to nsure fiuidity
of the carregeenin, which, though cu’te fluid when warm.
forms a firm gel when cocl. Without tha carrageenin,
hicher temperatures and increased cmounts of polyvinvl
alcokol would be necessory and poer ratios of monopro-
pellant to shell materiel would result.

This apparata: was vsed to prepare the larger capsules
of the bimodal capsu's-size system. The lareer capsules
ranzed in dismeter «iz2 from about 840 to about 1500
microns, although erparles as larce as 2000 microns in
diameier were successiul 2. The larger capsules
wers deliberatcly kepr ia the microcapsule ranges to
promote predictable z2nd controllabls burning surfaces of
the monopropezilants.

The smaller capsuies of the Fmodal system eenerally
rzoeed in site from cbout SO to ahout 400 microns in
ciam:ter, zlthorgh some capsules as small as 10 microns
iv diwneter were prodused. These smaller capsules vere

thylene glycols have been found <
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made by a second apparatus, 2lso well known as an en-
capsulation cevice. These capsules were prepared by
gravity feeding an emulsion of alkyl nitrzte in an aqueous
polymer solution onto the cenier of a three inch diam-
eter, high speed, air driven, rotating dick. Very small
emuision droplets were projected fromn the periphery of
the disk and fell two feet to a collection atea. The re-
sulting small capsules were gzlled and almost dry vwhen
collected. As in the case cf the centrifugal extrusion
apparatus, the capsules were collected on a polyvethylene
film. After collection the capsules were transferred to a
fividized bed for final drying ard removal of the starch
(which was used to coat the coliecticn film).

The resuiting prepellant was found to comprise ap-
proximately 86.8% monopropellant and about 13.2%
capsule wall material. Volumetric loading of the mono-
propeflant was enhanced further by removing the smpty
and partizlly filled cepsules. This was dore by pouring
the capsuies into a baih of ethyl-propyl nitrate {in which
they are insoluble) and skimming off the empty and par-
tially filled capsules that floated to the surface. The re-
muining capsules were then removed from the bath and
dried. An average increase in projectile veiccily of 146
feet per second was realized by this procedure.,

Other interstitizl fill materials may be uced instead of
the smaller capsules to il the interstices between the
larger copsvles. By this means, the ictal enercy of the
propeilant may ulso be adjusted os desired. Examples of
such interstitial fill material that were used successiully
for this purpose are bailed smokeless powder of ths tvpe
used in conveniicnzl ammuniiion, granular pitroce lulose,
and granular ammoaium aitrate.

The energy of the capsule wail material was optionzlly
enhanced by'inciusion thercin of up to 145 by weicht
of nitrocelluicse. Alternaiively, cood results were ob-
tained by spravinz the comnpleted capsules with a nitro-
cellulose solution. This sclution was prepared by mixing,
in percentages by weishi: butvl acetate 5075, isopropyl
alcohel 409%, ethyl ecllulose 8%, and diocty] phihalate
2%.

Optimum relative proportions of large to small cap-
sules to achizve maximal loadingz of propeliant per vol-
ume is, of course, C2pendent or t'1e sizes of the capsules.
Hewever, this desirable conditid1 is approximzted with
the capsule size rance cited zbov: if the mixture of cap-
sules contains from zbout 6075 to about 70/ of the
laroer capsules. Usine specifie capeule diumeter sizes of
1000 microns and 50 microns, optimal loading can be
achieved by a 67.5% and 32.5% loading, respectively.

The followinz specific examples iMustratz preparation
of monopropellants and capsule wall compositions.

Example I

A cellsd monopropeilant was preparad by mixing, in
paris by weicht, 40 parts of ethy! nitrate, 40 ports of
normal propyl nitrate, 18.6 parts of polvethvlenz clycol
(Carbowax 6000), 3 paris of ethyl cellulese (N-200)
dissolved in normal prenyi aitrate, 0.7 part of toluene
diisocyanate (Hylere TM), and one drop of henznyl di-
methylamine per 25 mi. of the mixture, This mixture
was thoroughly stirred and was allowed to stand at room
temperature for 24 hours. A firm cel was formed in that
length of time, and almest no free liguid was obcerved
after two weeks.

Example II

Capsule shell moterial was prepared by mixing a
solution in parts by weicht, 1.6 parts of water, 7.5 parts
of polyvinyl alcokol (Elvanol 46-22), and 0.9 part of
carregeenin (Carriecenin HWG). After thoroveh miv-
ing, this solution was used for the capsule wail material
and capsules of moncprepeliant were formed as described
above with very pood resuits.
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Example III

Another shell material was prepared by mixing a solu-
tioa, in parls by weight, of 90.6 parts of water, 7.5 parts
of polyvinyl alcohol (Elvanol 46-22), 0.9 part of car-
rageenin (Carrageenin HWG), and one part cf tris (by-
droxymeihyl) niirome:hane. After thorough mixing, this
solution was used for capsule wall material as described
above. Although saiisfactory, somewhat more breakage
of the resuiting capsules was observed than in the pre-
ceding example.

Otiher materials, such as gelatin, were vsed with mod-
erate success for the basic encapsulation material.

An invention has been described that constitutes an
advance in the art of gun ammunition; and, aithough the
pre orred embodimients have been described with con-
siderable specificity with regard to detail, it should be
noted that such details may be altered somewhat without
departing from the scope of the invention as defined in
the following claims.

The invertion claimed is:

1. Propellant for cun ammunition comprising capsules
of liquid monopropellant smaller than 2,000 micions in
diameter, wherein the moncpropeilant is selected from
the group consisting of alkyl nitrates, hydrazines, and
nitromethanes and wherein the capsule wall is a curzd
mixture of water, polvvinyl alechol and carrageenin,

2. The propeliant of claim £ wherein the capsules are
of two diameter sizes uniformly mixed, the larger rang-
ing from about 840 to about 1500 microns ard the
smalier ranging from about 50 to about 406 microns,
and the larger capsules comprising from about 63% io
about 707 by weicht of the mixture, whereby the smaller
capsules may fiil interstices between the larger capsules
to achieve maximal density of propellant per volume.

3. The prop:llant of claim 1 wherein the liquid mono-
propellant is selected from the alkyl mitrates.

4. The propel'ant of claiin 1 wherein the liquid mono-
propeilant comprises a mixture of about 605 by weicht

10

20

of ethyl nitrate and about 60% by weight of ethyl nitrate 40

and about 4092 of normal propyl nitrate.

6
S. The propellant of claim 3 wherzin the liquid mono-
propellant is gelled.
6. Tk propellant of claim 5 wherein the gelled liguid
monopropellaat comnprises, in approximate percentages by
weight:

Ethyl nitrate 40.0
n-Propyl nitrate 400
Polyethylene glvcol 12.6
Curing and crosslinking agents _______ ... S

7. The propellant of claim 1 wherein the capsule walls
comprise a mixture of a polyvinyl alcohol, carrageerin,
and a polymerizing agent.

8. The propellant of claim 1 wherein the capsule wall
comprises, in percentages by weight:

Water —.___ 916
Polyvinyl alcohc! 75
Carrageenin 09

9. The propellant of claim 6 wherein the capsule walls
inciude up to 14% by weight of tice composition of nitro-
ceiluiose, whereby the total energy of the propellant 1aay
be enlhiarnced on combustion.

10. The propellant of claim 1 wherein the capsules are
spray coated with mitrocellzlose, whereby the energy
therzof may be enkanced on combustion.

11. The prop-liant of claim 1 further including ana in-
terstitial fill material to fiil the interstices between the
capsules thereof, said material being selected such that
its enerzy output on combustion may be used to adjust
the total enercy output of the propellant as desired.
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EXEMPLARY CLAIM

1. Novel thixotropic. monopropellant compositions
comprising a mixture of a fuel selected from the group
consisting of inorganic carbides, inorganic borides and
inorganic boride-carbide mixtures, a liquid oxidixer
selected from the group consisting of nitric acid, nitric
acid enriched with NO,, nitric acid enriched with NO,
and HF, nitrogen tetroxide, hydrogen peroxide, and
perchloric acid dihydrate and a thixotroping agent se-
lected from tae group consisting of carbon, silica,
clay, and mixtures thereof.

23. A method of developing thrust in a reaction
motor, having a combustion chamber and a discharge
opening, comprising the steps of igniting in said
combustion chamber, a hterogeneous propellant
composition of from about 15-40 parts by weight of a
solid fuel selected from the group consisting of
inorganic carbides. inorganic borides and inorganic
boride-carbide mixtures, from about 60-95 parts by
weight of a liquid oxidizer selected from the group
consisting of perchloric acid dihydrate, concentrated
H;0, and N,O,. and up 1o about {0 parts by weight of
optional propellant adji*vants and a thixotroping agent
selected from the groun consisting of carbon, silica,
clay, and mixture. thereof; and venting the
combustion gases derived therefrom through said
discharge opening.

36 Claims, No Drawings
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HETEROGENEOUS MONOPROPELLANT
COMPOSITIONS AND THRUST PRODUCING
METHOD

This invention refates to novel heterogeneous mono-
propeliant compositions. :

More particularly, this invention concerns the prepa-
ration of highly encrgetic, thixotropic propellant com-
positions which are superior in certain respects to pres-
ently utilized solid or liquid propellant compositions.

The novel, thixotropic propellant compositions of
this invention are coniposed essentially of:

A. Carbide and/or Boride fuels

B. Liquid Oxidizer

C. Thixotroping or Gelling Agents and optional pro-

pellant adjuvants

The use of liquid propellant compositions offers sev-
eral significant advantages over comparable solid pro-
pellant compositions. For example, liquid propellant
formulations are much more energetic than currently
uscd solid ccmpositions and have greater specific im-
pulse. Increased specific impulse gives the missile a
longer range and a higher velocity for the same weight
of propeilant charge.

A further superiority of liquid propellants over solid
prepellants is that the combustion of liquid propellants
can be mechanically controlled during flight. Combus-
tion can be stopped and started at will, by controliing
the flow of the propellant into the combustion cham-
ber. Reducing the flow of the propellant into the com-
bustion chamber decreases the thrust of the propellant,
while increasing the flow rate has the opposite effect.
Since the heterogeneous propellants of this invention
are in the liquid state when utilized, their flow rate can
be controlted mechanically. This control is accom-
plished by adjusting the pumps and valves in the mis-
siles fuel transport system.

The significance of mechanical control is that alt lig-
uid propellant systems have a “built-in" thiottleability
feature that is absent in solid propellants. Throtileabil-
ity ailows ihe missiles velocity tehe varied, controls the
attitude of the missile, makes evasive action possible,
permits the rendezvous of two or more srace ships dur-
ing flight and reduces the hazards of fanding.

In contrast, since solid propellants canno} flow, no
comparablc fuel transport takes place and no compara-
ble contro! of combustion through varying the flow rate
is possible. In fact, after ignition, using the present
technology, no method is presently available to control
the combustion of the solid propellant charge after ig-
nition. Thus, the difference of physical state alone
mukes all solid propellants inherently disadvantagecus
to liquid propellants for many applications.

Further significant disadvantages of solid propellants
compared to liquid propellants arise in a number of
ways because of the extreme sensitivity of solid propel-
lants toward tempcrature and pressure fluctuations.
This occurs both during storage and use. For example,
the temperature of a solid propellunt grain substantially
influcnces periormance. A given grain of solid propel-
lant will produce more thrust on a hot day than on a
cold day. Further, the physical state of the solid propel-
lant is effectcd by temperature extremes. For instance,
at very low temperatures many solid propellants be-
come brittlc and subject to cracking. Cracks in the pro-
pellant grain incrcase the propellunts burning rate sig-
nificantly and can cause a fracture or explosion. On the
other hand a solid propellant cxposcd to high tempera-
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tures prior to firing can lose its shape and have its per-
formance advesely affected. This sensitivity of solid
propellants toward temperature fluctuation necessi-
tates cxpensive storage under constant temperature
prior to use.

For all of the foregoing reasons solid propellants are
presently inferior to comparable liquid propellant com-
positions for many applications.

Even more advantageous than liquid propellants per
se are liquid monopropellant compositions, These
monopropellant formulations unlike bipropeliant for-
mulations contain oxidizer, fuel and any otl.er required
adjuvant materials, combined and stored as a sisngle
formuiation. Since these formulations already have suf-
ficient oxygen no additional source of oxidizer is re-
quired and they can be handled after formulation as a
single complete composition. Thus, only one storage
tank and but one pumping system is needed both on the
grouond and in the missile. In contrast, bipropellant
formulations consist of at least two separate composi-
tions since the fucl atid oxidizer components are kept
physically separate untii they are injected into the mis-
siles combustion chamber. Both at the storage facility
and in the missile, dupticate storage and pumping sys-
tems are essential. Furthermore, in many instances
where the oxidizer is a gas such as oxygen, the oxidizer
must be refrigerated under high pressure. Halving the
pumping and storage requirements, particwlarly the
pumpimg system, reduces the mechanical complexity
of the fuel transport system and decreases the likeli-
hood of mechanical malfunction of the missile. In addi-
tion, the need for only one set of storage and pumping
facilities greatly simplifies design and construction of
the missile, decreases the weight of the hardware and
increases the fuel load of the missile. An ancillary but
not unimportant resuft of simplifying the transport and
storage systems is the reduction of maintenance time
and maintenance and storage costs.

Unfortunately, while monopropellant formulations

40 offer all of the above enumerated adantages over bipro-

45

50

pellant formulations, these advantages heretofore have
been largely unrealized. The reasons for this have becn
several. Among other things, monopropellant composi-
tions have been too easily ignited, become unstable
upon grolonged storage, too rcadily detonate upon
being disturbed and give erratic and relatively poor
performance.

For example, the prior ari mcaopropellant composi-
tions are typified by the following: heptane-nitrogen
tetraoxide, n-propyl nitrate, nitromethane, propargyl
nitrate-nitramine and the like. Al of these materiars
suffer from the failing of poor thermal stability, high
sensitivity toward detonation and/or the tendency to
deteriorate under prolonged storage. Poor thermal sta-
bility requires refrigerated storage. while a high sensi-
tivity toward detonation by shock makes the propel-
lants hazardous to store, transport and use. The deteri-
oration of propcllants after prolonged storage causes
erratic performance and makes it continually necessary
to substitute fresh propellant for aged propellant in
order to maintain the initial high specific impulse.
These stability factors among others greatly negate the
value of the liquid monopropeilants particularly in mili-

s tary rctalitary weapons.

An additional disadvantage of bipropeffant fiquids
compared to monopropetlants is in the criticality of the
oxidizer to fuel ratio and the narrow margin of mal
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function allowed in the performance of the fucl meter-
ing and injection system.

While the oxidier to fucl ratio is extremcly critical to
performance in all liquid propellants, in moncpropel-
lants the demands are much less stringent. This is be-
cause the oxidizer is added to the fucl during formula-
tion and prior to use. Thercfore the critical oxidizer to
fuel ratio in monopropellants can ve accurately deter-
mined and corrected if necessary to assure optimum
performance prior to firing. In bipropellants this adjust-
ment of oxidizer to fucl ratio cannot be made prior to
firing. The reason for this is that the oxidicr and fucl are
separately stored until they are injected into the missile
combustion chamber for use. Thus the ratio of oxidirer
to fuel in the final propellant mixture is determined
only at the instant of firing and cannot be corrected.
Since the metering device like any complex mechanism
is subject to tuilure, a deviation or even abortion of the
missilc flight can result

Since this malfunction cannot be foreseen until it oc-
curs no preventive measurers arc possible. In a similar
vein, because of the Jusses of fuel and oxidizer which
are known to occur because of the injection and com-
bining of the separate streams of fuel and oxidizer in
the missile combustion chamber. it is necessary to store
an additional supply of both propcilant components in
the rocket.

These losses of fuel and oxidizer are an inherent part
of bipropellant systems and are referred io as outage
losses. The extra weight of the outage reservoir reduces
the payload the missile could carry and hence is disad-
vaniageous. All of these shortcomings of bipropellant
licuids are absent in monopropellants since the propel-
lant is premixed and requires no metering.

For the above reasons among many others, the prep-
aration of liquid monopropellant formulations which
retain their initial high specific impulse and/or density
impulse after prolonged storage s to be desired. Espe-
cially valuable would be liquid propellant formulations
which retained their high specific impulse and/or den.
sity impulse yet do not become hypersensitive to deto-
nation by shock. This combination of a highly encrgetic
liquid propcllant charge relatively inscnsitive to acci-
dental detonation would be a2 major advance in the pro-
pelfant an. Ideally these formulations would combine
2 fow freezing point with the aforementioned proper-
tics and could be prepared from commercially avail-
able innocous components and wou!d Lave thixotropic
properties. The low freezing point would prevent
“freeze-up” during flight or storage while the thixotro-
pic state would allow the formulations to be stored as
a solid and pumped as a liquid.

Thus it is an object of this invention among others to
prepare highly energetic, monopropeliant formuta-
tions.

It is an additional object of this invention to prepare
monopropellant compositions which retain their origi-
nal high specific impulse and/or density impulse after
long periods of storage at ambicnt or even higher tem-
peratures.

It is yct another object of this invention to prepare
liquid monopropellant compositions which are not
recadily subject to accidental ignition.

Yet another object of this invention is to prepare lig-
uid monopropcllant compositions which arc insensitive
to detonation by vibrational or thermal shock.

25

30

35

40

45

50

55

65

4

A further object of this invention is to prepare liquid
propellant compositions having a low freezing point
and thixotrnpic properties.

ttis sull another object of thic invention to prepare
highly energetic liquid propellant compositions from
readily available and individually safe components.

Other objects of this invention will become apparent
to those skilled ia the propellant art by a further read-
ing of this patent application.

These objects among others are achieved by the het-
erogencous monopropellant compositions and pro-
cesses described herein.

In practice, novel and superior thixotropic propetiant
compositions arc derived by preparing uniform mix-
tures of (a) a tinely divided solid inorganic fuel selected
from the group of inorganic carbides, borides and car-
bide-boride mixtures (b) liquid oxidizer and (c) thixo-
troping agents with or without propeilant adjuvants.

The propellant compositions of this inveation consist
essentially of:

A. from about 15 10 40 pars by weight of a finely di-
vided solid fuel selected from ihe group consisting of
inorganic borides, carbides and boride-carbide mix-
tures.

B. from about 60 to 95 parts by weight of liquid oxi-
dizer.

C. up to about 10 paris by weight of thixotroping
agents with or without optional propellant adjuvants.
These latter propellant adjuvants incluede surface active
agents, conditioning agents, modifiers and the like
which while not necessary for operable propellant com-
positions, arc desirable for optimum performance. The
propellant adjuvants change, modify or impan to the
propellant certain desirable physical and combustion
characteristics so that they can be most cffectivly used.
Typical aagjuvants include surface active agents, viscos-
ity modifiers, combustion catalysts, stabilizing agents
and the like. Where such adjuvants arc uscd they will
more customarily comprisc between about % to 6 parts
vy weight of the final propcliant compositions.

The above components of the propellant composi-
tion are thoroughly mixed or blended to form a uniform
thixc*ropic mixture then pumped into the rocket motor
as a viscous liquid which soon sets 10 a gel. When the
propellant is to be ignited it is exposed to a shearing
force converting it to a pumpable liquid. The liquid is
then pumped into the combustion chamber for use.
The pumping procedures are well known in the propel-
lant ant. Since the propellant compositions contain at
lcast three classes of ingredients, it is essential for satis-
factory peformance that the composition be uniform
in content. Thus throughout this disclosure and claims
the propellant compositions referred to are understood
to be tose uniform in content.

A. Fucl

The fucls referred to throughout this applicaticn are
selected from the group of inorganic carbides and bo-
rides and mixtures of these inorganic carbides and bo-
rides. These inorganic carbides and borides cen be fur-
ther brokcn down into metallic and non-metallic car-
bides and borides. [llustrative non-metatlic carbides in- .
clude among cthers, boron, silicon, zirconium, tung-
sten, and the like. Typical metallic carbides among oth-
ers include beryllium. calcium, aluminum, and the tike.
Illustrative non-inctailic borides include silicon, zirco-
nium and tungsten. Suitabic metallic borides include
aluminum, benvliium calcium, ete. While all of the
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above carbides and borides are better thun average
fuels in the inventive propellant compusitions, as in any
large group, certain members of the group are advanta-
geous to the group as a whole and are preferred. Thus
by far the most preferred fucls in the inventive propel-
lant compositions arc boron carbide, silicon carbide
and silicon boride as well as mixture of these fucls. Less
preferred fucls are the calcium, aluminum and beryl-
tium carbides and borides. Fucls of more marginal in-
terest arc the other borides and caskides enumerated
above.

B. Liquid Oxidizers

The liquid oxidizers of this invention are of diverse
structure and origin. Among the various oxidizers
which can be used arc the following: nitric acid. nitric
acid enriched with NOJ(RFNA), and nitric acid en-
riched with NG, and HF (IRFNA and HIRFNA ) nitro-
gen tetiosde (NO,). concentrated hydrogen peroxide
(B.0,), perchloric acid (concentrated) and the like.
The preferred oxidizers of this invention arc HIRFNA
whose composition is disclosed infra, concentrated
H,0.. N,O,. and perchloric acid dihivdrate. These oxi-
dizers are preferred because of their low cost; commer-
cial availubility and most important, because of the
highly encrgetic propcllant compositions that are pro-
duced when they arc used in conjunction with the
aforenamed fuel components.

C. Thixetropic Agents or Gelling Agents

These agents which are altematively referred to as
thickening agents are used to thicken the propellant
compositions so that they can be storcd as thixotropic
solids, yet under a shearing force will revert to the lig-
uid state. These gelling cr thickening agents can be
present in amounts ranging from O to 6 parts by weight
or higher. More gencrally the thickener will be used in
amounts ranging from | 1o 4 parts by weight. The cxact
amounts uscd will depend upon the type and amount of
the particular fucl and oxidizer uscd as well as the
thickner employed. An abbreviated but illustrative list
of thickeners includes among others: the preferred
thickencr powdered carbon, the various anhydrous and
particulate colloidal silicas, and colloidal cluys such as
bentonite.

D. Optional *propellant adjuvant™

This is the generic designation used to describe the
various conditioning, modifying agents, solvents and
the like uscd to produce optiimum performance from
the propellant compositions of this invention. These
adjuvants ordinarily make up a minor proportion of the
final propetlant composition. seldom exceeding 10
parts by weight of thz propellunt composition and more
typically comprising 0 — 6 parts by weight of the com-
pounded propellant exclusive of thixotiupic agents.
The adjuvunts lisicd previously are the most important
utilized although many other adjuvants can be em-
ployed if desired.

E. Compounding the Propellant Formulations

In preparing the novel liquid propellant formulations
of this invention, several compounding procedures
among many can be followed. The following represents
the preferred formulative procedure:

The weighted, dry solid fuel ingrecient(s, of the for-
mulation are mixed until 3 homogencous and uniform
solid mixiure is obtaincd. The mixing or blending oper-
ation can be accomphished using any number of com-
mercial tumblers, blenders, agitators or mixcrs. Since
the components are not detonable both individually
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and as a mixture, no special precautions in mixing need
be taken. When the solid ingredients have been satis-
factorily blended, they are blended into the required
amount of oxidizer until a highly viscous liquid thixo-
tropic mixturc is obtained. This gelled propellant mix-
ture is pumped into a rocket engine as a viscous liquid
and rapidly scts to a heavy gel. When the gel is exposed
to a shear force, it liquifies and its viscosity and flow
propertics will then depend on the rate of shear. At this
stage its flow rate into the .nissile combustion chamber
can be controlled mechanically as is the case in a typi-
cal liquid propcllant composition.

Because of their exceptional stability, the novel het-
erogeneous propellants of this invention are preferably
ignited using anyone of several possible techniques.
One method is referred to as the hypergolic technigue.
In this meti:od a small amount of chemical agent reac-
tive with onc or more of the propellant components is
injected into the missile 's combustion chainber with the
flow of propellant mixture. The ignition is initizted by
the reaction of chernical agent with the propellant com-
ponents and thc propellant once ignited burns
smuothly. A satisfuctory chemical agent for this pur-
pose among others is unsymmetrical dimethyl hydra-
zine.

In a second method, the combustion is initiated using
a squib of solid propellant. The ignition of the solid pro-
pellant can be electrically actuated.

F. Preferred Heterogeneous Monopropellant Com-
positions

As indicated supra many different factors are in-
volved in determining whether a given propellant com-
position is to be favored over another. Among these
fuctors arc high specific impulse, high density inpulse,
insensitivity toward detonation, cost, availability of the
components as well as the type of use contemplated.
For use as rocket propellants the most preferred heter-
ogeucous monopropellants consist essentially of the
foilowing:

15 to 40 parts by weight of a fuel selected from the
group consisting of silicon carbide, boron carbide and
silicon boride.

60 to 95 parts by weight of an oxidizer sclected from
the group consisting of perchloric acid dihydrate.
HIRFNA, nitrogen tetroxide and concentrated hydro-
gen peroxide (above 907 ) and from about 1 to 6 pans
by weight of thixotroping or gelling agent.

HIRFNA's composition is given below:

72.0 parts by wcight fuming HNQ,

26.8 pa:ts by weight N.O,

0.7 parts by weight HF

0.8 parts by weight H,O

The workings of this invention can be shown more
clearly by the typical cmbodiments which follow below:

EXAMPLE |

A 21.4 parts by weight portion of SiB,, 2.5 parts by
wcight of carbon black (having a particle size below |
micron) and a surface arca of 64-70 sq. mcter/gram
and a bulk density of 6.25 ibs/cuft.) and 1 part by
weight of pyrogenic silica {(Cab-O-sil-HS-5 having a
particle size of 7-10 millimicrons and a surface area of
300-350 sq. meters/gram and a bulk density of 2.3
Tbs/cu.ft.) are blended in 2 PREMIER Dispersator fit-
ted with a 1 inch Miplex Head. The mixing time is 15
minutci. The blended SiB, carbon-silica mixture is
added to a 75.1 parts by weight of a perchloric acid di-
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hydrate (72% perchlonic acid) in the same type of dis-
persator. Again the blending is continued for 15 min-
utes. A highly viscous gel is obtained which has a Spe-
cific Impulse above 239. After 3 months storage at
room temperature the mixture is found to be virtually
unchanged.

EXAMPLE 2

In another embodiment using the same equipment
and blendirg time and techniques as before, silicon bo-
ride (SiB,) based propclant is prepared by blending a
previousty blended mixture of 3.5 parts by weight of
the above described finely divided carbon thickener,
and 25.1 parts by weight of silicon boride with 71.4
parts by weight HIRFNA (nitric acid as defined above).
Again a viscous gel is obtained. The propellant has a
Specific Impulse of 246 after blending. These proper-
tics are retained even after 3 months storage at room
temperature.

- EXAMPLE 3

In still another cmbodiment of this invention a pro-
pellant formulation is prepared having a boron carbide-
silicon boride fizcl. The preparation is as follows. Using
the same equipment and techniques desczibed earlier,
a 12.5 parts by weight portion of boron carbide, 12.5
parts by weight of silicon boride, 3.5 parts by weight of
the previously described carbon black are blended to-
gether for 20 minutes. At the end of this time 71.5 parts
by weight portion of HIRFNA oxidizer is added and the
blending is continued for an additional 30 minutes. Tae
viscous propellant formulation had an initial Specific
Impulse of about 252 which remained unchanged after
6 months storage at room iemperature.

EXAMPLE 4

A 24.8 parts by weigit portion of calcium carbide 3.5
parts by weight of the afore-described fine particle size
silica arc blended for 30 minutes. After the blending is
completed 71.7 parrs by weight of N,O, is added to the
blend and the blending is resumed for an additional 15
minutes. A gel-like propellant having a Specific Im-
pulse substantially above average is produced.

EXAMPLE § .

A 19.3 parts by weight portion of Boron Carbide, 3.5
parts by weight of fincly divided silica are blended for
20 minutes. At the end of this time u 77.2 parts by
weight portion of 98% hydrogen peroxide (H;O,) is
blended in for an additional 20 minutes. The resultai
propellant is a thick gel having a Specific Impulse of
277. This impulse remains substantially unchunged
even after 90 days storage.

EXAMPLES 6,7 and 8

Comparable propellant compositions can be ob-
tained by combining swichiometric proportions of con-
centsated (98 parts by weight) H;QO, with various other
fucls. In cuch instance 3.5 parts by weight of fincly di-
vided carbon black is uscd as the thixotroping agents.
Typical formulations include lithium boride — H,0, —
carbon black, tungsten carbide — H,O, — carbon
black, boron carbide — H,Qy — carbon black among
others.

EXAMPLE 9
Preparation of B,C/HIRFNA/Carbon Gel
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Materials:
Boron Carbide - 1000 mesh
Carbon (Shawenigan Black) — Particle size in the
submicron arca
HIRFNA — Normal Composition:
72.0% HNO;
26.5% NQO,
0.7% HF
0.8% H,0
Experimental:
The following matcrials are weighed out in the fol-
lowing proportions:
75.6% HIRFNA
20.9% B,C
3.5% Carbon
The HIRFNA mixture is then added to the mixing
container. followed by the previously blended mixture
of Boron Carbide and Carbon. The mixing is carried
out by a Premier Dispersator fitted with a 1 inch Du-
plex Head. Mixing time varics from 3 minutes to %
hour for batch sizes ranging from 100 grams to 20 lbs.
Transformer setting for the Dispersator is at 120. A
gelled dispersion is obtained which has a Specific Im-
pulse above 255. The mixture was tested and found to
be stable after more than 6 months at room tempera-
ture.

EXAMPLE 10

Preparation of B,C/N,O,/CAB-O-SIL GEL

Materials:

Boron Carbide — 1000 mesh

Nitrogen tetroxide (N,O,)

Cab-O-Sil-(Pyrogenic colloidal silica). Particle size

0.007 to 0.010 microns

Experimental:

The following materials are weighed out in the fol-
lowing proportions:

73.9% N.O,

24.6% B.C

1.5% Cab-O-Sil

Then all the propellant ingredients and mixing con-
tainer are cooled down to 0°C. Then N,Q, is added to
the chilled container for mixing, followed by the previ-
ously prepared mixture of B,C and Cab-O-Sil. The mix-
ing is carried out by a Premier Dispersator fitted with
a 1 inch Duplex Head. Mixing time for a 100 gm to 2
lb. batch is 3 :ninutes with the transformer sctting on
the Dispersator at 120. The mixing container is closed
to the atmosphere during mixing and kept at 0°C. dur-
ing the entire mixing process. The resultant thixotropic
gel has a Specitic Impulse above 255 and is stable for
more han 6 months.

EXAMPLE 11
Preparation of 6,C/HCI0,.2H,0/CAB-O-SIL GEL
Materials:
Boron Carbide -- 1000 mesh
Perchloric Acid Dihydrate (HClO,.2H,0)

Cab-O-Sil-(Pyrogenic colloidal silica). Particle size

0.007 to 0.010 microns
Experimental:
The following matcrials arc weighed out in the fol-
lowing proportions:
79.6% HCl0.,.2H,0
16.9% 8,C
3.5% Cab-O-Sil
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Then HCO,.2H,0 is added to a previously prepared
glass or polycthylcne mixing container, followed by the
previously weighed out and mixed B,C and Cab-O-Sil.
The mixing is carried out by a Premier Dispersator fit-
ted with a 1 inch Duplex Head. Mixing time for a 100
gram to 2 Ib. batch is 3 minutes with the transformer
sctting on the dispersator at 120. The resultant thixo-
tropic gel has a Specific Impulse above 240 and was
found to be stable after more than 6 months.

The above B,C based propellant formulation is espe-
cially advantagcous as a propellant for torpedos and
small submarines. For cxample, the Isp is in the order
of 240 seconds, the Ispd about 440 seconds and the Tc
abont J400°K. In additicn the major combustion prod-
ucts (HBO,, HCl and H,0) are non-toxic substances.
Additional advantages of this propellant formulation,
particularly where use in submarines are contemplated,
are the water solubility of the major combustion gases,
fow shock sensitivity and wakeless exhaust. Compara-
ble advantages arc obtained in the above formulation
when steichiometric quantities A!B,, and SiBq fuels are
substituted for the B,C fucl.

As indicated by the previously disclosed illustrative
embodiments, numerous modifications and variations
can be made in the invention without departing from
the inventive concept. Thus the metes and bounds of
this invention can best be determined by an examina-
tion of the claims which follow.

We claim:

1. Novel thixotropic, monopropellant compositions
comprising a mixture of a fuel selected from the group
consisting of inorganic carbides, inorganic borides and
inorganic boride-carbide mixtures, a liquid oxidizer se-
lected from the group consisting of nitric acid, nitric
acid enriched vith NO,, nitric acid enriched with NO,
and HF, nitrogen tetroxide, hydrogen peroxide, and
perchloric acid dihydrate and thixotroping agent se-
Iected from the group consisting of carbon, silica, clay,
and mixtures thercof.

2. The thixotropic monopropellant compositions of
claim 1 wherein the components are present in about
the following proportions:

15-40 parts by weight of fuel

60-95 parts by weight of liquid oxidizer

up to 10 parts by weight of thixotroping agents.

3. The thixotropic monopropeltant compositions of
claim 2 wherein up to 6 parts by weight or propeliant
adjuvants are present.

4. The thixotropic monopropellant compositions of
claim 2 whercin the fuel is an inorganic carbide.

§. The thixotropic monopropellant compositions of
claim 2 wherein the fuel is an inorganic boride.

6. The thixotropic monopropeilant compositions of
claim 2 wherein the fuel is an inorganic boride-carbide
mixture.

7. A thixotropic monopropellant composition com-
prising a mixture of from about 1540 parts by weight
of a non-metallic boride, from about 60-93 parts by
weight of a liquid oxidizer sclected from the group con-
sisting of nitric acid, nitric acid enriched with NO,, ni-
tric acid enriched with NO, and HF N,O,, and concen-
trated H,0,, and up to about 10 parts by weight of 2
thixutroping agent sclccted from the group consisting
of carbon, silica, clay and mixtures thereof.

8. The thixotropic munopropellant composition of
::::im 7 wherein the non-metallic boride fucl is silicon

ride.
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9. The thixntropic monopropeilant composition of
claim 7 wherein the non-metallic boride fuel is zirco-
nium boride.

10. A thixotropic monopropellant composition com-
prising from about 15-40 parts by weight of metallic
boride fuel, from about 60-95 parts by weight of liquid
oxidizer selected from group consisting of nitric acid,
nitric acid enriched with NO,, nitric acid enriched with
No: and HF, HC“)‘. Nzo;. and HzOz' C'O;,F, N:F‘c
C(NO,), and O,N.O.CH,.CH,.0.NO, and up to about
10 parts by weight of a thixotroping agent selected
from the group consisting of carbon, silica, clay, and
mixtures thereof.

I1. A thixotropic monopropeliant composition com-
prising 15-40 parts by weight of aluminum boride
(AIB,;) fuel, from about 60-9% parts by weight of nitric
acid enriched with NO,, and up to about 10 parts by
weight of a thixotroping agent selected from the group
consisting of carbon, sifica, clay, and mixtures thereof.

12. A thixotropic monopropeilant composition com-
prising 15-40 parts by weight of beryllium boride fuel,
from about 60-95 parts by weight of nitric acid cn-
riched with NO,, and up to about 10 parts by weight of
a thixotroping agent selected from the group consisting
of carbon, silica, clay, and mixtures thereof.

13. A thixotropic monopropellant composition com-
prising 1540 parts by weight of calcium boride fuel,
from about 60-95 parts by weight of N,O, oxidizer and
up to about 10 parts by weight of a thixotroping agent
selected from the group consisting of carbon, silica,
clay, and mixtures thereof.

14. A thixotropic monopropetlant composition com-
prising a mixture of from about 1540 parts by weight
of a non-metallic carbide fuel, from about 60-95 parts
by weight of a liquid oxidizer selected from the group
consisting of nitric acid enriched with NO,, N,O,, and
H,0,, and up to about 10 parts by weight of a thixo-
troping agent selected from the group consisting of car-
bon, silica, clay, and mixtures thereof.

15. The thixotropic monopropellant composition of
claim 14 wherein the non-metallic carbide fuel is boron
carbide.

16. The thixotropic monopropellant composition of
claim 14 wherein the non-metallic carbide fuel is sili-
con carbide.

12. The thixotropic monopropellant composition of
claim 14 wherein the non-metallic carbide fuel is zirco-
nium carbide.

18. The thixotropic monopropellant composition of
claim 14 wherein the non-metallic carbide fuel is a mix-
ture of boron carbide and silicon carbide.

19. A thixotropic monopropellant composition com-
prising a mixture of from about 15-40 parts by weight
of metallic carbide fuel, from about 60-95 parts by
weight of liquid oxidizer sclected from the group con-
sisting of N;O, and concentrated H,0,, and up to about
10 parts by weight of a thixotropic agent selected from
the group consisting of carbon, silica, clay, and mix-
tures thereof.

20, The thixotropic monopropellant composition of
claim 19 whercin the metallic carbide fuel is aluminum
carbide.

21. The thixotropic monopropellant composition of
claim 19 wherein the metallic carbide fuel is beryllium
carbide.
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22, The thixotropic monopropellant composition of
claim 19 whercin the metallic carbide fuel is calcium
carbide.

23. A methad of developing thrust in a reaction mo-
tor, having a combustion chamber and a discharge
opening, comprising the steps of igniting in said com-
bustion chamber, a heterogeneous propellant composi-
tion of from about 15-40 parts by weight of a solid fuel
selected Lvom the group consisting of inorglnic car-
bides, inorganic borides and inorganic boride-carbide
mixtures, from about 60-95 parts by weight of a liquid
oxidizer selected from the group consisting of perchlo-
ric acid dihydrate, concentrated H,0, and N,O,. and
up to about 10 parts by weight of aptiona! propellant
adjuvants and a thixotroping agent selected from the
group cornsisting of carbon, silica, clay, and mixtures
thercof; and venting the combustion gases derived
therefrom through said discharge opening.

24. The mcthod of claim 23 whercin the liquid oxi-
dizgg is H;0. and the solid fucl is boron carbide.

25, The method of claim 23 whercin the liquid oxi-
dizer is perchloric acid dihydrate and the solid fuel is
boron carbide.

26. The method of claim 23 whercin the solid fuel is
silicon carbide and the: liquid oxidizer is perchloric acid
dihydrate.

27. The method oi claim 23 whercin the solid fuel is
silicon carbide and the liquid oxidizer is concentrated
H,0,. .

28. The method of claim 23 whercin the solid fuel is
silicon boride and the liquid oxidizer is perchloric acid
dihyvdrate.

29. The method of claim 23 wherein the solid fuel is
silicon boride and the liquid oxidizer is concentrated

H,0,.
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30. A method of developing thrust in an aquatic ves-
scl having a reaction motor, combustion chamber and
discharge opcning, comprising the steps of igniting in
said combustion chamber a heterogeneous propellant
composition of from about 15-40 parts by weight of a
solid fucl selected from the group consisting of inor-
ganic carbides, inorgaaic borides and inorganic car-
bide-boride mixtures, from sbout 60-95 parts by
weight of a liquid oxidizer sclected from the group con-
sisting of concentrated H.O, and perchloric acid dihy-
drate, and up to 10 parts by weight of cptional propel-
lant adjuvants and a thixotroping agent sclected from
the group consisting of carbon, silica, clay and mixtures
thereof, and venting the combusiion gases derived
therefrom through said discharge opening.

31. The method of claim 30 wherein the liquid oxi-
dizer is concentrated H,0, and the elemental solid fuel
is boi un carbide.

32, The method of claim 30 wherein the liquid oxi-
dizer is concentrated H,O; and the clemental solid fuel
is silicon carbide.

33. The meihod of claim 30 whcrein the liquid oxi-
dizer is concentrated H.O, and the eleiiental solid fuel
ts silicon boride.

34, The method of claim 30 wherein the liquid oxi-
dizer is perchioric acid dihydrate and the elemental
solid fuel is boron carbide.

35. The method of claim 30 wherein the liquid oxi-
dizer is perchloric acid dihydrate and the clemental
solid fuel is silicon carbide.

36. The method of claim 30 wherein the liquid oxi-
dizer is perchloric acid dihydrate and the elemenzal
solid fucl is silicon boride.

* * * % *
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1
HIGH ENERGY FUEL SLURRY

This invention relates to rocket propellants. More
particularly, this invention relates to high energy fuels
for packaged liquid propellant systems and to a method
of utilizing these fuels.

Air launched missiles have proved to be effective
weapon systems for destroying both air and ground
targets. The requirements of such missiles can best be
realized by the use of packaged liquid propellants, i.e.,
propellants which can be hermetically sealed within the
storage tanks of a missile and which, after being held in
such tanks for extended periods of time under extreme
environmental conditions, can be successfully and reli-
ably ignited and burned to propel the missile to its tar-
get. However, fuels and oxidizers for packaged liquid
propellant systems must satisfy many stringent require-
ments, some of which have not been completely met by
the fuels and oxidizers employed heretofore. For exam-
ple, the fuel and oxidizer for a packaged liquid propel-
lant system of an air-to-air or air-to-ground missile
should provide, in order to fulfill the need for higher
missile velocities under conditions of modern aerial
warfare, a delivered specific impulse and density im-
pulse of at least 240 seconds and 415 gm-sec/cc respec-
tively under conditions of 1000 psi chamber pressure
exhausted to 14.7 psi, which values are difficult to attain
by means of liquid fuels containing no high energy
additives. Also both the fuel and oxidizer of a packaged
liquid propellant system should be storable for periods
of up to 10 years, under temperatures as low as —65° F.
and as high as 160° F., without undergoing extensive
deterioration or corroding the containers in which they
are held. However, it has been found that when high
energy additives such as powdered boron are added to
certain liquid fuels (e.g., mixtures of hydrazine,
monomethylhydrazine and hydrazine nitrate), the fuels
evolve gas at a rate that is unacceptable from the stand-
point of their long term storage in propellant tanks of
missiles. Among the many additional properties which
are desirable for packaged liquid fuels and oxidizers are
low shock sensitivity, low viscosity, low freezing point,
high boiling point, high autoignition point, and nontox-
icity. Where a powdered material such as boron is
added to a liquid fuel to increase its energy, it is also
necessary that the additive does not settle from suspen-
sion to any great extent when the mixture is subjected to
long storage, either under conditions of quiescence or
vibration, or is subjected to high gravitational forces
such as those encountered in the operation of high-
speed aircraft. In addition, any gelling agent added to
such as fuel-additive mixture to maintain the solid com-
ponent in suspension must not produce undesirable side
effects, such as for example, formation of a fuel-additive
mixture that has poor flow characteristics because of
the inclusion of cohesive clumps of material therein.
Furthermore, to eliminate the need for a complicated
ignition system in an air launched missile, it is advanta-
geous to utilize hypergolic fuels and oxidizers in pack-
aged liquid propellant systems. Thus the problem of
providing a suitable fuel-oxidizer combination for a
liquid propellant missile of the type described is not easy
to solve, particularly where the fuel contains a pow-
dered metal or metalliod to increase its energy.

It is accordingly a broad object of this invention to
provide an improved packaged liquid propellant sys-
tem.
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Another object of this invention is to provide a high
energy fuel for use with a hypergolic oxidizer in a pack-
aged liquid propellant system.

An additional object of this invention is to provide a
stable fuel slurry comprising a finely divided solid inter-
spersed in a liquid fuel.

Still another object of this invention is to provide a
method of propelling a rocket by means of a high en-
ergy fuel slurry and an oxidizer that reacts spontane-
ously therewith.

In accordance with this invention the above and
other objects are accomplished by a propellant system
which utilizes as a fuel a mixture of a finely divided
metal or metalliod and an aicohol selected from the
group consisting of methanol, ethanol, 1-propanol and
2-propanol, and which utilizes as an oxidizer a halogen
or an interhalogen that reacts hypergolically with said
fuel mixture. Thé named alcohols are advantageous as
liquid carriers for high energy solid additives primarily
because of their low freezing points and because the
oxygen they contain helps to oxidize some or all of their
carbon to carbon monoxide during burning with a halo-
gen containing oxidizer. Furthermore, they are readily
available and have low cost, low toxicity and high sta-
bility to thermal degradation. Particularly preferred as a
fuel for a packaged liquid propellant is a mixture of
methanol and powdered boron which is hypergolically
reactive with a halogen such as fluorine, and with inter-
halogens such as chlorine trifluoride and chlorine penta-
fluoride, to thereby provide a high density impulse
propellant system. Moreover, this fuel mixture has been
found to possess good storage characteristics and to be
insensitive to shock.

The addition of a high energy solid additive to the
fuel component of a packaged liquid propellant system
raises the density impulse of the system significantly
while the specific impulse is only slightly lowered. This
trend continues until the fuel component comprises
nothing but solid additive. At this point the highest
theoretical energy can be achieved from the propeliant
system. Obviously, however, a fuel consisting only of
solid additive cannot be flowed or considered for use in
a liquid propellant rocket engine. However, it is desir-
able to use as much solid additive as possible and the
maximum is limited by the flow properties of the result-
ing fuel slurry.

Also, because of practical considerations in the de-
sign of valves, inje_tors, etc. of the fluid flow system of
a liquid propellant rocket motor and because of the
problem of maintaining a high energy solid additive in
suspension in a liquid fuel, the ratio of solid to liquid fuel
that produces a useful fuel slurry for a packaged liquid
propellant system is critical. The particle size of the
solid is also of importar.ce. The viscosity of a slurry is
higher when it contains higher amounts of solid addi-
tive or solid additives of a smaller particle size. Higher
viscosity is reflected in higher pressure drops in fuel
lines and injectors for which maximums have been set.
Therefore when solid additives with particle sizes of
5-10 microns are used, concentrations of up to about 80
weight percent may possibly be used before the slurry
becomes too thick whereas when particle sizes are in
the submicron range, solids may be added only to about
40 weight percent before the slurry becomes too thick.

Since higher solid additive concentrations are desir-
able from an energy viewpoint, a large (5-10 micron)
particle size additive should be used to achieve higher
solids. This cannot always be done because it is more
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difficult to efficiently burn larger particles in the rocket
engine. Thus a balance must be found in each instance
between the particle size which will produce lower
viscosities and the particle size which will burn effi-
ciently.

It has been found that boron, aluminum, titanium,
zirconium, aluminum boride, titanium boride and zirco-
nium boride form free-flowing fuel slurries when di-
vided to a particle size in the range of from about 0.1
micron to about 10 microns and intimately mixed (as
will be described hereinafter) with one of the above-
named alcohols to form liquid fuel-solid additive mix-
tures containing from 40 to 80 percent by weight of
solid and O to 2 percent by weight of gellant. These
slurries also exhibit a low tendency to settle from sus-
pension even after long storage. A preferred fuel slurry
that has been found to have excellent flow and suspen-
sion properties is a mixture comprising 50 parts by
weight of particulate boron having a particle size of
from 1 to 2 microns, 49 parts by weight of methanol,
and 1 part by weight of hydroxypropyl cellulose as a
gellant.

This invention is illustrated by the following exam-

. ples.

EXAMPLE 1

A mixture of 49 parts by weight of methanol of a
purity of 99.85 percent, 50 parts by weight of amor-
phous boron with a 1-2 micron particle size and 1 part
by weight of high viscosity grade hydroxypropyl cellu-
lose gellant is prepared in the following manner. The
gellant is intimately mixed with the boron and this mix-
turc is added to methanol using a low shear mixer such
as a dough mixer to blend in the solids. Low shear
mixing is continued unti| the slurry is homogeneous
(~ 30 minutes) and only slightly granular. The slurry is
then subjected to a short period (1-2 minutes) of high
shear mixing such as can be accomplished with a saw-
toothed disc with a tip speed of approximately
3,000-6,000 ft/sec. This breaks up the small aggregates
of boron and produces a smooth slurry in which no
particles can be seen. All mixing is conducted at ambi-
ent temperature and pressure and in closed vessels due
to the high evaporation rate of methanol.

The fuel slurry thus formed has a viscosity of 15 poise
at a shear rate of 100 sec—!, 4 poise at a shear rate of
1000 sec ~!and 1 poise at a shear rate of 10,000 sec—!, as
determined at 25° C using a Ferranti Shirley cone and
plate viscometer. Thus it is readily injected by canven-
tional n:=ans into the combustion chamber of a rocket
motor. Chlorine trifluoride simultaneously injected into
the combustion chamber of a rocket motor with the
described fuel slurry reacts with it upon contact, pro-
ducing a specific impulse of 252 sec and a density im-
pulse of 420 g sec/cc when the oxidizer and fuel in the
slurry are in _he ratio of 6 to 1. All impulse figures given
herein are for 1000 psi chamber pressure exhausted to
14.7 psi. Other halogens and interhalogens, such as F,,
CIF, CIF;,, BrF;and BrF;also react hypergolically with
the fuel slurry.

The safety of the aforementioned fuel slurry was
tested using the JANAF card gap test. At a gap of zero
cards, no evidence of detonation was observed in dupli-
cate tests.

The fuel slurry produces a pressure rise of less than
0.006 psi/day when stored at 160° F in tanks with 5§
percent vapor space. This is equivalent to a decomposi-
tion rate of less than 10-* moles of gas per gram of
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slurry per day and is well within the limit specified for
a packaged propellant. The fuel slurry when subjected
to vibration of 10 to 36 cycles per second for 32 hours
under a 9 g maximum acceleration undergoes a very
minimum amount of settling of the solid additive (less
than 5 percent) which is within the acceptable limits for
a packaged slurry propellant.

EXAMPLE 2

A fuel slurry containing 49 parts by weight of ethanol
with a minimum purity of 99 percent, 50 parts by weight
of amorphous boron with a particle size of 1-2 microns
and 1 part by weight of high viscosity grade hydroxy-
propy! cellulose gellant is formed by the same steps
described in Example 1.

The fuel sturry thus formed has a viscosity of 20 poise
at a shear rate of 100 sec~!, 4 poise at a shear rate of
1000 sec—!and 1 poise at a shear rate of 10,000 sec~!, as
determined at 25° C using a Ferranti Shirley cone and
plate viscometer. Thus it is readily injected by coaven-
tional means into the combustion chamber of a rocket
motor. Chlorine pentafluoride simultaneously injected
into the combustion chamber of a rocket motor with the
described fuel slurry reacts with it upon contact, pro-
ducing a specific impulse of 260 sec and a density im-
pulse of 430 g sec/cc when the oxidizer and fuel in the
slurry are in the ratio of 5.5 to 1.

The safety, thermal stability and resistance to settling
of this slurry are the same as that of Example 1.

EXAMPLE 3

A fuel slurry containing 49 parts by weight of 1-
propanol with a minimum purity of 99 percent, 50 parts
by weight of amorphous boron with a particle size of
1-2 microns and 1 part by weight of high viscosity
grade hydroxypropyl cellulose gellant is formed by the
same steps described in Example 1.

The properties of this fuel slurry are essentially the
same as that of Example 2 with the exception that its
performance in a rocket engine is slightly lower than in
Example 2 due to the lower percentage of oxygen in the
propanol molecule. Chlorine pentafluoride simulta-
neously injected into the combustion chamber of a
rocket motor with the described fuel sturry reacts with
it upon contact, producing a specific impulse of 258 sec
and a density impulse of 426 g sec/cc when the oxidizer
and fuel slurry are in the ratio of 5.5 to 1.

EXAMPLE 4

A fuel slurry formed of 2-propanol and boron is pre-
pared by the same process steps described in the pro-
ceeding example, the parts by weight and purity of the
constituents being as stated therein.

The fuel slurry thus formed has substantially the same
properties as the 1-propanol and boron fuel slurry de-
scribed in Example 3 and, when contacted with chlo-
rine trifluoride in the combustion chamber of a rocket
motor, reacts hypergolically with this oxidizer to pro-
duce a specific impulse of 249 sec and a density impulse
of 415 g sec/cc when the oxidizer and fuel in the slurry
are in the ratio of 6.2 to 1.

EXAMPLE $

A fuel slurry containing 24 parts by weight of metha-
nol with a purity of 99.85 percent 75 parts by weight of
spherical aluminum powder with a particle size of §
microns and 1 part by weight of high viscosity grade
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hydroxypropyl cellulose is formed by the same steps
described in Example 1.

The fuel slurry thus formed has a viscosity of 100
poise at a shear rate of 100 sec~!, 16 poise at a shear rate
of 1000 sec—!and 1 poise at a shear rate of 10,000 sec~!
as determined at 25° C using a Ferranti Shirley cone and
plate viscometer. Thus it is readily injected by conven-
tional means into the combustion chamber of a rocket
motor. Chiorine trifluoride simultaneously injected into
the combustion chamber of a rocket motor with the
described fuel slurry reacts with it upon contact, pro-
ducing a specific impulse of 240 sec and a deusity im-
pulse of 426 g sec/cc when the oxidizer and fuel in the
slurry are in the ratio of 3.0 to 1.

The safety, thermal stability and resistance to settling
of this slurry are the same as that of Example 1.

EXAMPLE 6

A fuel slurry consisting of 39 parts by weight of etha-
nol with a minimum purity of 99 percent, 60 parts by
weight of zirconium with a particle size of 2-10 microns
and 1 part by weight of high viscosity grade hydroxy-
propyl cellulose gellant is formed by the same steps
described in Example 1.

The fuel slurry thus formed has a viscosity of 70 poise
at a shear rate of 100 sec—!, 12 poise at a shear rate of
1000 sec~!and 1 poise at a shear rate of 10,000 sec—!as
determined at 25° C using a Ferranti Shirley cone and
plate viscometer. Thus it is readily injected by conven-
tional means into the combustion chamber of a rocket
motor. Chlorine pentafluoride simultaneously injected
into the combustion chamber with the described fuel
slurry reacts with it hypergolically, producing a specific
impulse of 245 sec and a density impulse of 428 g sec/cc,
when the oxidizer and fuel in the slurry are in the ratio
of 1.8 10 1. The safety, thermal stability and resistance to
settling of this slurry are the same as that of Example 1.

EXAMPLE 7

A fuel slurrly consisting of 39 parts by weight of
I-propanol with a minimum purity of 99 percent, 60
parts by weight of ZrB, with a particle size of 3-5 mi-
crons and 1 part by weight of high viscosity grade hy-
droxypropyl cellulose if formed by the same steps de-
scribed in Example 1.

The fuel slurry thus formed has a viscogty of 100
poise at a shear rate of 100 sec" !, 15 poise at a shear rate
of 1000 sec ~'and 1.5 poise at a shear rate 10,000 sec-!
as determined at 25° C using a Ferranti Shirley cone and
plate viscometer. Thus it is readily injected by conven-
tional means into the combustion chamber of a rocket
motor. Chlorine pentafluoride simultancously injected
into the combustion chamber with the described fuel
slurry reacts with it upon contact, producing a specific
impulse of 243 sec and a density impulse of 423 g sec/cc
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6
when the oxidizer and fuel in the slurry are in the ratio
of 24 to 1.

The safety, thermal stability and resistance to settling
are the same as that of Example 1.

In any of the fuel slurries disclosed in Examples |
through 7, the solid additive employed therein can be
replaced with one of the metals or metalloids of the
following group: boron, aluminum, titanium, zirconium,
aluminum boride, titanium boride and zirconium boride.
Two or more of these metals and metatloids can also be
mixed with methanol, ethanol, l-propanol and 2-
propanol to form fuel slurries with superior properties
for packaged liquid propellant systems. Preferably the
ratio of solid to alcohol in each of these fuel slurries is
stoichiometric.

The oxidizers that are hypergolically reactive with
the above-described fuel slurries are not limited to those
specified in Example 1 through 7. Each of the fuel slur-
ries formed of a solid selected from the named metals
and metalloids of a methyl, ethyl or propyl alcohol
reacts hypergolically with, among other oxidizers, F,,
CIF, CIFs, CIFs, BrFs and BrFs. Preferably the fuel
slurry and oxidizer selected for a particular packaged
liquid propellant system are injected into the combus-
tion chamber of a rocket motor in stoichiometric ratio.

What is claimed is:

1. A fuel for rocket motors consisting essentially of a
slurry of a high energy solid additive in non-settling
suspension in a liquid fuel, said slurry comprising finely
divided solids having a particle size of less than about 10
microns selected from the group consisting of boron,
aluminum, aluminum boride, titanium boride, zirconium
boride and mixtures thereof, and a liquid fuel selected
from the group consisting of methanol, 1-ethanol, 1-
propano! and 2-propanol, and mixtures thereof, said
solids being suspended in said liquid in an amount less
than about 80 percent by weight of the slurry in the
presence of less than a thixotropic amount of a high
viscosity grade of hydroxypropyl cellulose, and said
fuel having a gas evolution rate within standard test
limits for a packaged propellant when the fuel slurry is
stored in a tank at 160° F. with 5% vapor space.

2. A fuel as defined in claim 1 wherein said solid is
boron.

3. A fuel as defined in Claim 1 wherein said solid is
boron and said liquid fuel is methanol.

4. A fuel as defined in claim 1 wherein said solid is
boron and said liquid fuel is ethanol.

§. A fuel as defined in claim 1 wherein said solid is
boron and said liquid fuel is 1-propanol.

6. A fuel as defined in claim 1 wherein said solid is
boron and said liquid fuel is 2-propanol.

7. A fuel as defined in claim 1 containing from 40 to
80 percent by weight of solid.

8. A fue! as defined in claim 1 wherein said solid has
a particle size in the range of from about 0.1 micron to

about 10 microns.
[ ] [ ] L ] [ ] [ ]
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ABSTRACT OF THE DISCLOSURE

Nitric acid compositions gelled by reacting in situ an
acrylic polymer, and preferably polyacryiamide, with a
metal jon having a postive valence of frcm 2 to 6 and
selected from chromium, vanadium, manganese, titanium,
antimony, zirconium and scandium. Explosive composi-
tions are provided hy the presence of fuels und/or sensi-
tizers in the gzlled miiric acid to form compositions hav-
ing an oxygen baljance of about from —25 to +10%.

BACFK.GROUND OF THE INVENTION

Liquid nitric acid finds use in the metallurgical, ferti-
lizer, explasive. and g=neral chemical process industrie:,
where it serves principally in the preperation of inorganic
nitrate saits or s a nitrating or oxidizing ager t. However,
use of the liquii acid as a chemical reactant or as an
2cidulating agen: has always reguirad special protectior.
of both porsonnel and material, inasmuch as the inherent
corrosiveness normally charactesistic of a strong acid is
accompanied by pariicularly strong oaidizing capacity.
These proteciive considerations also appiy in the case of
chemical propellants and explosives in which the oxidizing
power of nitric acid is harnessed by reacting it under con-
trolled conditions with one or more fucis.

Tte potential of liquid nitric acid as scle or principal
oxidizing compouent in such hick-energy ccrapositions ap-
parently was first clearly recogmized by Dr. Hermann
Spreneel in the early 1870's. Since the time of Sprengel's
icitial work on this type of chaige, safcr fuels and im-
provemerts in packaging and dispensing of the charges
have been introduced, especially under the impetus of
World Wars I and I, during which charges of the Spren-
gel .yne were of increased interesi tor pilitary use.

Hc wever. in spite of these modificutions, explosive con-
taining liquid nitric acid have never received widespread
acceptance, either for military purposes or in the civil
explosives market. Pri-'cipal reasons for inis lack of ac-
ceptunc? zre the corrotive nature of liquid nitric acid as
well as the “fumes™ (nitrogen oxides) that can evole
from the .iquid acid vnder some conditions.

Anocther disadvantage of some of the explasives con-
taining 'iquii nitric acic is their sensi ‘vily ‘o detonation
by .iapzet, o high “shock sensitivitv.' Even when care-
fully preparvd to avoid highly incompatible components
and excessive heats of mixing, certain explosives of this
type also have been known t¢ “fume off” during formu-
lation. Following Spreagel’s r rocedure of mixing the liq-
uid acid and fuel at th= time and site of use, including
mixing in the blast hole in the case of use of the changes
as bl. ting explosives, can minimize the more serious con-
sequences of these problems but simultaneously may gen-
erate new ones. For example, in loading of the charzes
into biast holes containing appreciable amounts of water,
sealing or packaging material that is watertight after
scveral days’ or weeks’ exposure is gencrally necessary.
Otherwi.e, ingress of water can lead not only to desen-
sitizati>n so that the charees cannot be detonated, but
alsn to decomposition resctions associated with the high
heat cf Jilution of nitric =oi' ‘3 water. Even !n so-called
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“dry holes,” losses of liquid comroaents through subter-
rznean fissures or similar faults «~d reaction of the nitric
acid with some min::als, e.g., cavbor.2’e-containing forma-
tions, decreases their afectivencs< as explosives.

To permit storaze of nitric acid explosives in the mixed
state, several methods for immobil.zing by thickening
have been tried. For example, minerzl substances of high
absorptive capacity, such 2s kieselpuhr and other dia-
tonaceous earths, clays of various tynes, colloidal silicas,
and, more recantly, a2 number of hizh-molecular-weight
organic compounds, particularly ceriain linear polymers
of the vinyl type, bave bteen added to the nitric acid
com:positions. However, none of these types of additives
is inherently capable of giving products of high viscosity,
cohssiveness or fexibility. Water resistance, a desirable
characteristic especially in explosives to be used in wet,
or potentially wet. locations, also is not markedly im-
proved by thei~ use. Furthermore, what thickening and
stakilizing acticn is initially imparted by the linear poly-
mer zdditives often is lost, in whole or in part, inasmuch
as certsin of these additives tend to underge degradation
in the presence of niiric acid.

SUMMARY OF THE INVENTION

This invention provides a simple and effective means for
obtaining modified agueous nitric acid which is easier and
safer to handle than that known heretoiore and which
has controlled free acidity and excellent stability.

Improved gelled nitric actd compositions are provided
of the type comprising nitric acid having a srtength of
about from 70 to 99%, water, and a gelling system, the
improvemeni comprising providing a gelling system com-
prising the in situ reaction products of:

(1) About from 0.5 to 10% by weight based on the
weight of aqueous nitric acid of a polymar baving recur-
ring units of the geaeral formuia

A
e
wherein R is seiccied from hydrogen, lower alkyl, and
hydroxyalkyl havisg up to 4 carbon atoms and X is se-
lected frcm
]
-~CN, -~CNH;, ~CO:H

and CO;M, wherein M is selected from ammonium and
alkali metal, and

«2) About 1 to 20% by weight based on (1) of at least
one metal jon bhaving a positive valence of from 2 to 6
and selected from chromium vanadium, manganese, titani-
um, antimony, zirsonium and scandium.

The invention also provides a process for the produc-
tion of these compositions which comprises bringing into
contact:

(1) A nitric acid composition having a strength of about
from 70 to 99%,

(2) A polymer having recurring units of the general
formula

WA
N,

wherein R is defined as above, and

(3) A salt of at least one of the metal ioas specified
above.

The invention further provides explosive compositions
comprising the nitric acid cumpositions indicated above
in addition to about from $ to 30% of a fuel, up to 40%
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of a self-explosive scasitizer and vp to 50% of an inor-
ganic oxidizing salt.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The expression “soluble in nitric acid” and similar
tarms as used herein refer to components having appre-
cizble sclubility at ambient temperatnres of (typically) 20
to 25* C. in the particular strength of aqueous nitric acid
being employed. This solubility of the polymer should be
a: ieast about 102 by weicht and preferably appreciably
greater, e.g., at least about 50%. Furthermore the poly-
r=er shotld not precipitate £rom the agueous nitric acid
or agglomerate into flocculates or “lumps.” Crosslinking
cof the polymer by the polyvalent metal ions forms a
soucture which is a gel rather than a solid precipitate.
Trtis geiled structure swells in the aqueous nitric acid,
hoiding the aqueous nitric acid, and is of substantially
cozstant composition throughout. The gelled, crossiinked
szscigre contains a fairly low ratio of polymer solids to
lizuid phase, c.g., less than about 1:19, this ratio being
rouchly equal to the weight ratio of the polymer to liquid
F-zce, In contrast to precipitates or agzlomerates in which
there is a high ratio of polymer solids to liquid phase.

Reference to stability in nitric acid unless indicated .

oherwise indicates the absence of significant degradation
ci or attack on the polymer, or of the metallic ions, in
the particular strength of aqueous nitric acid involved.
Siz ~e prolonged stability ofteu is of special significance in
c=led compositions, stabiiity refers particularly to ab-
szzce of significant degradation of the gelled structure for
a period of 4 to 12 hours.

Strength, as used with regard to nitric acid, expresses in
peocent the relationship between 100% (dry) nitric acid
a=d the weight of nitric acid plus water in a particular
az.d. The aqueous nitric acid used in forming composi-
tions of this invention generally wifl have a strength of
atout from 70 to 99%. Most cfifeciive use of the gel
rroducts, especially for explosive and propellart compo-
sizions is usualiy made when the strength of the acid is
757% or greater, particuiarly 75 to 97%, and this Iatter
zoze of strengths is, accordingly, particularly preferred.
Iz ceneral, for 2 given amount of polymer employed,
S-mer gels are obtained in nitric acid of higher strengths.

Tae poiymers which can be used in this invention com-
tise units detived from acrylic monomers of the formula

1
CH~=C~X

wZzere R is bydrogen, lower alkyl or hydroxy alkyl having
€o io 4 carbon alomrs; X is

o H
—CN, -—g—N/

COOH, or COOM: and M is ammonium or an alkali
rz2ial. Examples of such monomers are amides such as
asrytamide, methacrylamide, a-2-hydrotymethyl acryl-
anide, or a-ethyl acrylamide: nitriles such ac acrylonitrile,

~sthacrylonitrile, and «-butylacrylonitrile; acids such as
asnyne acid per se, metha-rylic acid, a-ethylacrylic acid
224 e-propyl acrylic acid: and salts such as sodium or am-
monium acrylate and alkyl ammonium acrylates. Particu-
la-ly preferred polymers from the viewpoint of solul ‘lity
and commercial availability are homopolymers formed of
acriamide, acrylonitrile, or acrylic acid and copolymers
of these monomers, parti~ularly copolymers containing at
Jeast 5% of acrylonitrile or acrylamide. The polymers arc
preferably preformed, i.c., formed before their addition to
the aitric acid, and have a molecular weight within the
racge of about from 1 to 6 millica. Acrylamide polymers
having a molerular weight of abcut from § to 6 million,
such as commercially available from American Cyznamid
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as “Cyanomer™ P-250, are particularly preferred. The
higher molecuiar weizht polymers, providing that they
are soluble in the nitric acid of a paniicular strength. tend
to provide firmer gels in shorter periods of time for a
given weight of polymer added to the sysiem than do

_ polymers of lower moiccnlar weight. When acrylonitrile

polymeis are used, they preferably have a molecular
weight of about from 500,000 to S million. The polymers
of acrylic acids and salts thereof employed usually will
have a molecular weight of at least 2bout 500,000.

The polyvalent metal ions are most conveniently added
to aqueous nitric acid in the fonn of salts of which the
particular anion is not critical. These metal ions can be
provided, for example, by the nitrates, e.g.,

Cr(NO,),-9H,0

sulfates, chlorides, carbonates, acetates, chlorates, or per-
chlorates of the individual metals. Of these, the nitrates
are usually preferred sir.>e they are readily soluble and
since they contribute no foreien iens: however, vanadyl
jons are most conveniently supplied by vanadyl sulfate,
VOSO,-2H,0.

Preparation of the gefled nitric acid compositions of this
invention can be accomplished by simply mixing of the
nitric acid, optionaily contairing fuel or sensitizer com-
ponents and Jissolved salts such as ammceninm nitrate,
with the polymer foliowed by the addition of the source
of crosslinking metal ions. Fueils or sensitizer components
can alternatively be mixed with the polymer and this
mixtere then dispersed in aqueous nitric acid. When such
udditives are soluble in the system or easilv dispersable
and are of sufficient stability and inertness taey normally
are dissolved or dispersed in the aqueous nitric acid prior
to the addition of polymer and source of the aforesaid
polyvslent metal ions. When the additives arc of margin-
al ¢:ubility or have an inhibiting effect on ionization of
the source of pclvvalent metal ions or the crosslinking
reaction, they usuvally are incorporated in the composi-
tions afier the composition has been gelled.

Solution of the polymer in nitric acid can be facilitated
by first dissoiving it in a small amoum of water; such
water is of course taken into consideration in determining
the desired final acid strength. The mixing usually is con-
ducted at ambient temperatures (20 to 25° C.), but tem-
peratures down to the freezing point of the mixture can
also oc used without deleterious effecis. Temperatures
above about 40° C. should ordinarily be avoided in that
at such te.nperatures hazardous, prematurs degradative
oxidation cf some fuels and sensitizers, including the
«crylic polymers, cai be intiated.

The viscosity of the gelled compositions can be varied
according to tile meeds of a particnlar application. In
general, the viscosity of the gel can be increased by in-
crsacing the strength of the acid, by increasing the per-
centage of polymer in the system, aad by increasing the
relative proportion of polyvalent .nstal ion used for a
given quantity of polymer.

The compositions of this invention bave greater boraoge-
neity, resistance to disintegration or lcaching by water, and
stability, ie., resistance to Jeeradation and settling cut of
components, than compositions which are merely thick-
encd. This greater homogeneity, stability and water-te-
sistance is particularly advantageous when the gelled nitric
acid compositions, which can contain added fvels and
seqasitizers, are to be used as explosives particularly in wet
locations, since disintegration and leaching of a compo-
sition of water, if such occurs, can lead to failures to
detonate or to propagate a detonation throughout the
length of an explosive colemn. If the expiosive structure
degrades, i.c., by virtue of disintecrutivn of Ure gel strue-
ture, subsequent segregation, of components, part’:ularly
undissolved (solid) fuels and sensitizers, as discussed
hereinafter, can occur under the force of gravity, and the
components in a borehrde, whether in a contairer or
cartridge, shucked thereirom, or simply pumped into a
borehole will bocome so heterogeneous that complete




'a

.

VT v Y

eyl

3,444,014

b g
failure of detonation or sropagation of detonation through
the entire length of the colnmn of explosive charge will
occur.

The gelled nitric acid compositions of this invention
can be employed for a variety of applications in which
liquic aqueous nitric acid is ordinarily employed, e.g., a3
an oxidizing or nitrating sgent in chemical syathesi., as
an acidifying agent in min:ralogical and other processes,
in preparing nitrate salts, and in like operztions. The g=tied
nitric acid compositions find particular merit in such ap-
plicaticns when detayed action is desirable or required, in-
asmucn as the gels tend tc release the acid slowly. How-
ever, the gelled nitric ccid conipositione of this invzation
have been found to have particular utility as explosives,
and they are readily formulated w meet the specific re-
quirer.ents of such use.

Several of the gelled nitric acid compositions described
above are inberently satisfaciory as detonating explosives
with further additives, i.e.. they can be detonated with
moderate-strength priuters in diameters of 6 incliss or less
under moderate condition: of coninement, such as pro-
vided by a borehole or a container of moderate wall
thickness. Preferably for expicsive applications, the com-
positions of this invention also contain one or more
fuels and/or none:plosive sensitizers which are stable in
the nitric acic of the strength used in preparing the ge's.
Examples of nonexplosive fuels are the ziono- and di-
nitroaromatic hydrocarbons, such as nitrobenzene, o-
mononitrotoluene and dinitrotoluene; liquid and solid
hydrocarbons ard hydrocarbon fractions, particularly re-
fined petroleum and mineral oils and the aromatic hydro-
carbors, such as benzene, toluene, and the xyleaes, car-
bohydrates, includiig various celluluse and starch prod-
ucts, e.g., cornsiarch, potato starch, wocd a-d paper pulps
and sugar; siliccous fuels, including silicon itseif and wix-
tures and alloys of silicon with heavy medals, e.g., ferro-
silicon; and sulfur. Lighi metal fuels sech as aluminum
also are potentially usefi:l in some of the gelled composi-
tions, provided that they are, or can be made, sufficiently
resistant to attack by the nitriz acid. The gel copolymer
per se acts as a fuel and except as otherwise indicated is
included in calculating the amount of noncxplosive fuel
and oxygen bajance. Ordinarily, the gels for use as ex-
plosive compositions will be formulated to bave an oxy-
zen balance of zbout from —25 to 4+ 10%%. Surfactants can
be employed to insure complete dispersion of sume fuels,
e.g., the petroleum and mineral oils, in the explosive com-
position.

In addition to the nonexplosive fuels and/or sensi-
tizers named above the explosive compositions of this in-
veation can, if desired, contain 2n additive of the art-rec-
ognized self-explosive type, provided that such additive is
stable in the strengths »f nitric acid used in preparing
the gels. TNT, for example, exhibits a high degree of
stability in all strengths of aqueous nitric acid and hence
is a particulzrly useful additive of the “self-explosive”
type. Example : of other “seif-explosive” components which
can be used 'n the gelled nitric acid based compositions
of this invention are RDX, nitrocellulose, smokeless pow-
der, and other organic nitramines, nitrates and nitrocom-
pounds. For reasons of economy and compatibility, TNT
is preferred for use in the composition of this invention.
The TNT or its mixtures (e.g., with ammonium or sodium
nitrate) can be intreduced into the compositions in the
form of crystals, grains, pellets, flakes, or other particu-
late form which allows ready dispestion thereof. In gen-
eral, up to 85%: and preferably up to 40%, by weight of
seif-explosive additive based on weight of the composi-
tion is used.

As an additional compoaent, the explosive composi-
tions of this invention can contain vp to about 85%, and
preferably 5 to 50%, based on the total weight of com-
position, of an inorganic oxidizing salt, particularly an
inorganic aitrate sa’t such as arunonium or sodium ni-
trate, The osresence of the salt is beneficial in that it con-
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tributes to the total energy of the composition. At least
part of the salt, when used, will be dissolved in the sys-
ixm; however, some of the salt can te undissel.ed provid-
ing that it is uniformly distributed throughout the gelled
nitric acid matrix.

Stable, gelled nitric acid compositions found especially
econor:ical and efficlent as Jdetonating expiosives com-
prise a uniform blend of:

(a) Atout from 25 to 95% by weight of aqueous nitric
acid having a strength of from about 70 to 99%, and
preferably 75 to 37%;

(b} About from § to 30% of a nonexplssive fuel, pref-
erably selected from siliceous fuels, light meizis, liquid
and solid hydrocarbons, carbohydrates, sulfur, mono-
and dinitroaromaus kydrocarboons, and mixtures of such
fucls and/or sensiuzers:

{c) Up to about 40% of a selfexplosive senmsitizer,
particularly TNT;

(d) Up to about S0% of an inorganic oxidizing salt,
typically, an inorganic nitrate; and

bge) A crosslinked gelling sysiem of the type indicatzd
above,

Agitation of the composition during formulation is
usually continued un.il afer the composition is gelied,
particularly when added fuels and sensitizers are solids
which must be uniformly distributed throughout the gei
matrix. Where fuels or other additives of marginal sta-
bility are to ce incorporated in the compositions, all in-
gredients except such additives can be mixed and gelled,
then such additives added 10 the finished gel,

In generzl, the unit or bulk strength of a3 explos've
composition based on gelled nitric acid increases with
increasing strength of the nitric acid gelled. Accordingly
gels of nitric acid of 85% strength or highcr are usually
employed where bigh bulk strength is a requisite, e.g., in
the bottom of a be-ekole. The bulk or unit strength of an
explosive composition, its relative ease of intiztion, and
its minimum critical diameter can also be reguiated to a
large degree by the type and quantity of fuel and/or
sensitizer employed. In general, a solid fuel such as feizo~
silicon, sulfur or siliceous fuels is used to increase the
bulk strength of a composition. Organic nitro compounds,
typically mononitroioluene, or dinitrotoiuene or, in par-
ticular a self-explosive compe ition, especiaily TNT, are
incorporated to provide compositions which are easily
initiated, ¢.g, by a relatively small primer or by a blast-
ing cap, in some cases, in small Jiameters. In many cases
a combiration ¢f fuels will be employed witihn the rasge
of proportions indicated to give a composition having the
desired physical and explosive properties.

Especially preferred geliing systems comprins polymers
of acrylamide, acrylonitrile, acrylic acid and copolymers
of these monomers. The polyvalent metal ioa preferred is
chromic (Cr+?). In addition to being readily available at
reasonable cost, these compositions are particularly effrc.
tive in providing firm cobesive pels having viscosities
within the desired range of 100.000 to S million centi-
poises, high surface tension as evidenced by lack of tacki-
ness, flexibility, water resistance and other desirable physi-
cal characteristics.

The compositions of this invetnion can be packaged in
containers compatible with the gelled nitric acid, e.g., of
polyethylene, polypropylene, or aluminum, and stored for
several days without deterioration, “gassing” or separation
of components.

Alternatively, the compositions can be prepared at the
site of use and romped or dumped directly into the bore-
hole, which can be lined with a material such as poly.
ethviene, which is both water-impervious and compatible
with the gelled nitric acid. “Vhen such is the case, it is
usually desirable that all components of the composition
be liquid for ease of mixing and pumpirg the composi-
tion, Usually, the compositions to be prmped will be
Jess vircous than those to be provided in coatainers and
accordingly will comprise somewhat less of the polymer.,
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The explosive initiation system used witk the gelled
nitric acid-based explos‘ve compositions of this inven-
tioa natuially wiil be ore which is compatible with nitric
acia. To this end, the dcivnatnrs, ie., blasting caps, or
boosters used! in the explosive irain, will preferably have
shells ¢{ a metal such as aluminum or stiinless steel or of,
or coawed by, a plastic sura as polyethylene, polytetra-
fluoroetkylene, polycxymsethylene, or polypropylene. Det-
onatinz fuse or eleciric lead wire. extending to the cap
and exposed to the gelle ! nitric acid compositions will
usualiy be proviced with a protective coating suct &
polyethylene, polytetrafluoroethylene, polyoxymethylene,
or poiypinpylene, which is resistaat to attack by nitric
acid. Tie primer charge used with the cLarge can be a
pressed pellet, e.g., of TNT or RDX, or a gelled nitric
acid based expiosive composition rrade suitably sensitive
to actuation, €.g., bv “Primacord,” by the incorporation
of such ingredients 1s grained TNT or by the use of acid of

8

with mixing continued at a temperature cf ahout 25° C,
except where otherwise indicated. Then the scurce of
polyvalent metal jor., is added. Gelation is substantially
irstantaneous on addition of the source of polyvalent
rctal jons. None of the gel products shows visible indi-
cation of deterioration at ambient tercperatures over
periods of 8 hours or more.

Cap-sensitive explosive compositions are made with any
of these gels by the zdmixture of a fuel, and optiopally
a seif-explosive sensitizer and oxidizing salt. As indicated
above, these componznts should preferably be admixed
before the addition of ihe source of metal ion.

Simiicr results are obtained when the peiymer used is
a low molecular weight copolymer of acrylamide znd
acrylic acid commercially available from American Cy-
anamid as “Cyanomer™ P-26. When scandium (Sc+4) is
used as the crosslinking agent, similar products to those of
Example 16 are obtained.

TABLE 1

Polyvalent
metal in ion,

Acld Percent by pervent by wt.
strengtn, wt.ofaq of acrylic
percent Acrylic Polymer © HNOy polymer Gel product deseriptica
70 Polyscrylamide ...... 144 Cr3,113%. ... Weakgel.
£ J do... S5 Crd 11.4%. . Medium gef.
Pt 147 Cr3, 1149 . Medinm gel.

143 Cr™, 11.4%..... Firmgel.

205 Cra,22% ... Weak eel.

2,95 Cr 115 ... Gei waich was elastie
aad uihered to glass
for.neq.

97 e B0 18 Crt 6.5%...... Weak pel.

97 . C e 24 Crs, 756 . ___ Medium gel.

L7 QR ¢, T .- 2.35 Cr*3, 10.8%...... Firm gel.

b TR . S, 214 V94, 17%. e eeae-e Hediumlgezl.h:waned by

gnsin 1-2hr,

97 Polyserylonicrilet.... i 2 2% . Weak gel.

95 Polyacrylamde!.. . ... 3 Cr38%.. . Medium firr:i gel.
I, | I, 2.2 Mn*, 150, ____ Medium weak gel.

5 b, - 1.5 Zr$ 3ivo—._... F.rmpel

7S dOa... 1.5 DN 499 ... Mediti: gel.

£ [ R, 15 TN, 0% _..... Medtum gel.

5 Mo, wt, 1-2million.  * Mol. wt., £3. S0D,N0R

higher strength. Such primer charzes of gelled nitric acid
compuasitions tvpically will be 1 a cartridge of a high-
strength prastic svzh as pelyehylene or pelviropylene,
which is also compatitle with nittic acid.

In the following cxamg!zs which iilustrate this invention,
parts, percentages and ratios are by weight unless other-
wise indicated. In the foliowing 2xamples, the terms noied
below mean the following:

“Cheese-like."—Viscosity of about from 10 million to 20
million cps. (centipoises) as rucasured with TF 1 spindle at
0.5 r.p.m. on the Brookficld Synchro-lectric viscometer.

Very firm.—Viscosity of about from 3 million to 10 mil-
lion cps. with same conditions of measurement as for
“chaese-like™ gels.

Firm.—Viscosity of about from 1 million to 3 million
eps. measured with a TE spindle at 1.0 r.p.m.! on a Brook-
field Synchro-lectric viscometer, model RVT, with heli-
path attachmeat.

Medium firm.—Viscosity of about from 400,000 to 1
million cps. using the same conditions of measurement
on the viscometer.

Weak.—Viscosities gencrally less than about 400,000
cps., generally 200,000 to 400,060 czs.

The following examples illustrate compositions of this
invention containing varicus strenaths of nitric acid and
the use of various comkinatior.s of polymers and poly-
valent metal jons.

Examples 1-16

Gelled aqueous niiric acid compesiicns are prepared
from the raaterial noted in Table !. Tha polyacrylamide
used in these examples is “Cyancmer™ P-250, commer-
cially available from Amecricon Cyanimid, having a
molecular weight of 5-6 million. The nitric acid is charzed
1o a mixing vessel then the polmer is added and dissetved

40

¥ claim:

1. In gelled nitric acia compositions having a nitric
acid strerngth of abowm from 70 to 99% and comprising
nitric acid. and water, the improvemeni which comprises
gelling said composition in situ with the reaction prod-
uct of:

(1) about from 0.5 to 10% by weight based on the

weight of aqueous nitric acid of a polymer having
recusring units of the genera; fcrmula

AN
o

wherein R is seiected from hydrogen, lower alkyl,
and bydroxyalkyl having up to 4 carbon atoms and
X is selected from

"

—CN, —('E'Nﬂ:. —~CO:H

and CO,M, wherein M is selected {rom ammonium
and alkzli metal, 2nd
(2) about from 1 to 20% by weight tased on (1) of
at least ons metal ion having a positive valence of
from 2 to 6 and s:lected from chromium, vanadium,
manganese, tlitamum, antimony, zirconium and
scandium. .
2. A composition of claim 1 wherein said composition
com;rises about from 1.0 to 5% by weight. based on the
nitric acid, of the polymer and about from 2 to 12% by
weight, based on the polymer, of the retal jon. .
3. An explosive composition of claim 2 wherein said
nitric acid cmposiiion further comprises aboul from

1Chnpges In wpindie amd £ o necosry oo lialu el ge 5y 2ges of nonexplosive fuel.

reading,

® .
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4. A composition of claim 3 wherein the nitric acid
comgosition further comprises up to 40% of a self-
explosive sensiiizer and up to 50% of anm inorginic
oxidizing <alt.

5. A comgposition of claim 4 whe:sin the self-explosive
sensitizer is trinitrotoiuene and the inorganic oxidizing
salt is an inorganic nit:ate.

6. A composition of claim 3 wherein said polymer com-
Pprises poiyacrylamice.

7. A composition of claim 3 wherein s2id polymer
comprises polyacrylonitrile,

8. A composition of claim 3 wherein said polymer
comprises a copolymer of acrylamide and acrylonitrile,
wherein each component comprises at least 5% of said
polymer.

9. A composition of claim 3 wherein said polyvalent
metal jon is chromium.

10. A composition of claim 3 wherein said polyvalent
metal jon is vanadium,

11. A composition of claim 3 whrrein said polyvalent
metal ion is manganese,

12. A process for the production of gelled aqueous
nitric acid compositions which comprises bringing into
cortact:

(1) a niwic acid composition bavirg a strergth of :

about from 70 to 93%.
(2) a polymer baving recurring uniis cf the peneral
formula

wherein R is selected from hydrogen, lower alkyl,

-]

10

-
it

20

10

and hydrovylalkyl having up tn 4 carbon atoms
and X is selected from

(]
—CN, —(!NH:. —CO:H

and CO,M, wherein M is selected from ammonium
and alkali metal, and

(3) the salt of at least one metal ion baving a posi-

tive valence of from 2 to 6 znd selected from
chromium, vanadium, mangarcse, titanium, anti-
mony, zirconium and scandium,

13. A process of claim 12 wherein the nitiic acid
cuvmposition and the polymer are admixed and the metal
ion brougit inta contact with the resulting mixture.

14. A process of claim 12 wherein about from § to
30% of a ncnexplosive fuel, up to 40% of a self-explo- |
sive -ensitizer and up to 59% of an inorganic oxidizing
salt are admixed with the compositon before the addition
of the metal ion.

Referznees Cited
UNITED STATES PATENTS

3,282,754 11/1966 Gehnig _____________ 1.9-—-74
3,296.044  1/1967 Gehrig «__________ 149—74 X
3,366.789  2/1967 Loganetal. ——_____ 149—56 X
3,336981 8/1967 Barronetal _._____ 149—74 X
3,562,943 2/1968 Lor~welietal. _.___ 149—-74 X
3,376,176  4/1958 Gehrig oo __o._ 149—74 X
3,361,601  1/1568 Chrisp aeeee oo 149—74

CARL D. QUARFORTH, Primary Examiner.
S. 1. LECHERT, Assistcst Examiner.

US. Cl. XR.

149—39, 40, 41, 42, 43, 44, 47, 55, 56, 60, 61, 62,
69, 70, 74




—
|

MM A e e a e e ooa g
.

o~ o
=~

non
I,

SN
|

A Shat SRl Sagn S dehe Sl g P v = d I A i et i)

4

N May 21, 1974 :
C. B. HENDERSON 3,611,970
GELLED HYDRAZINE PROPELLANT CCOMPOSITIONS CONTAINIKG
HYDRAZINE NITRATE AND A PINELY DIVIDED KETAL
Filed Nov. 9, 1964

320 T T
”»

~ ' /8
2
3 -
3 s 35’66:??5_1;0\61
N zzs\\q
9 25 \{
N
S 34 \
3 N\
v N
D 2R
v ¥z =T
qQ
w p—
3
:\: 310
%
O NUMBERS BESIDE POINTS DENIOTE
¥ 308 HYDRAZINE CONTENT (PERCENT BY WEISHT)
& OXIDATION RATIO = 1

306

/3 14 5 16 17 18 19 20

BERYLLIUM CONTENT (Parcent)

INVENTOR

CHARLES 8. HENOERSON

BY Wit o Poae.

AGENT




Y YO r——

ot et s e 2

d

- e

R R L N L T n o YRt TR T PR

e Ture Ew P

et e

R

o e e

\ - g —— v+ et el RS

- ————
o e e emeA® e ek W ¢ R . ap MAASE YN vy

- > Sy ooy em——— % o
Pt trpatp e SNSRI

Tlaited States Patent Of5ce

3,811,970
Putented Mey 21, 1974

1

3,811,970
GELLED RYDRAZINE PROPELLANT COMPOSE-

TIONS CONTAINING HYDRAZINE NITRATE

AND A FINELY DIVIDED METAL

Cherles B. lHenderson, Alexandria, Va,, &ssicnor to

Atlautic Research Corporation, YMairfax County, Va.

£ited Nev. 9, 1964, Sar. o, 410,022
ict, CL €668 5/06, 5/10
US, CL 149-36 9 Claims

Tais invention relates to heierogeneous, gelled propel-
lant compositions.

t is an objact of this invention to provide novel gelled
proreliant compositian:. Another object is to provide
gelled propellant compositions which burn to yield reac-
ticn products of low miolecular weignt, thereby produc-
ing increased propulsive performance. Still another ob-
ject is to provide gelled propellants varying in con-
sisiency from low viscosity geis to solid rubbery peis.
Char objects and advaniages will be apparent from b2
drewing and the foliowing detailed description,

Referring to the drawing, the finure is a graph wherein
the ibecretical spacifc impalse of compositions of this
invention is plotted as a funciion of beryllium content.

The rovel propellant compositions of this invention
consist essenitzliy of hydrazine, hydrazine nitrate, a
gelling 2gent, 2nd a fincly divided solid metallic fuel. In
addiiion Jhe compositions may contain minor amounts of
buraing rate modifiers such as chromic oxide, or methoxy
polyethylene glycols.

Hydrazine, geiled by the addition of the gelling agent,
provides the birder for the propellant composition.

The galting agent is selected for ability to maintain a
stable gel ia the presence of hydrazine nitrate, Galacto-
mannan polysaccharides and methyl vinyl ether-maleic an-
hydride copolymers are examples of gelling agents which
do not “sz2lt out” to break dowa t:e hydrazine gel struc-
ture in the presence of hydrazine nitrate.

The amount of gelling agent used is an important factor
governing the consistency of the propellant composition.
For exainple, compositions containing about 1.2¢5 by
weight Jaguar A-20-B (a galactomannan polysac-
charide) ure strong, elastic, cohesive gels which flow
easily and yet keep metallic fuel particles in suspension.
By increasing the concentration of this gelling agent to
about 6% or greater, a solid, rubbery get can be ob-
taised. Thus, by varying the amount of geMling ~gent,
the ccmpositicns of this invention can be adapted to
various uses, For example a sclid, rubbery gel can be
utitized as a conventional solid propellant, while less
viscots compositions can be -~imped, injected, or ex-
truded into reaction chambers to provide propulsive
power.

The ccnsistency of the propelfant composition is also
influenced by solids content. High solids content tends to
produce viscous compositions and often reduces gel
strength. Hydrazine nitrate is, therefore, chosen as the
oxidizer, since its solubility ia hydrazine reduces the dis-
persed soluls content of the composition.

Fiaely divided metallic fucls such as beryllium, alumi-
num, magnesivm, zirconium, hafnium, alloys and hy-
drides of such fuels, and mixtures thereof, are included
in ths propeciiznt compositions of this invention. The
metaliic fucl is added in an amount such that the oxida-
tion retio of the composition is about 0.94 to 1.50 and
preferably about 098 to 1.15. The oxidation ratio of the
composition is defined by the formula:

0
c+(3) ™

Ozidation ratiom

(4]
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wherein O equal the total amount of oxygen in the pro-
pellant composition; C equals the total amount of car-
bon; M equals the total amount of metallic fuel calculated
as free metal; and v equals the valence of the metal,
preferably the characteristic valznce of the metal in its
most stable oxide. The zmounts of O, C, and M are ex-
pressed in terms of the rember of gram atoms,

For an oaidation ratio of 1, there is sufficient oxygen
in the composition to oxidize the carbon, which may be
present ia the gelling agent or burpicg rate modifier, to
carbon monoxide and 10 oxidize the metailic fuel to its
metal cxide. Since the oxygen reacts preforentially with
the metaliic fuel, it is apparent that the compositions of
tats inveniion do 1ot contain sutiicient oxygen to substane
tiaiiv oxidize the hvdrazine. Theretere, the hydrazine,
rathzt than being oxidized to nitrogen #nd wazer, wiil de-
compose exothermically to yield nitrogen acd hydrogen
when the composition is burned. The term “bumed” is
used, in the specificaticn and ciaims, (o descrihe Jecom-
position as weil as oxidaron reactions of the propeliant
compositios,

The square of the specific impulse of a propeliant is,
approximaely, directly proportiousl to the flame tem-
perature ond inversely proportional to the molecular
weieht of gaseous reaction products, Therefore, the liziter
reaction products provided by the oxidation ratios speci-
fied above resuit in a hicher specific impulse than would
be ohtained if sufficient oxygen were present to oxidize
the hydrazine. The presence of metallic fuel also increases
the tlame temperature to provide a higher specific im-
pulse.

Sufficient metallic fuel is preferably present in the com-
position to provide a flame temperature high enough to
effect substantially complete oxidation of the metal.
Otherwise, oxycen not utilized by the metal will oxidize
the hydrogen of the hydrazine to form water and a lower
specific impulse will be obtained. Preferably the ilame
temperature cf the composition will be at least as high
as the melting point of the metal oxide formed when
the compositicn burns. The amount of a particular
metallic fuel required to achieve a desircd tempcrature
can be readily calculated by those skilled in the art.

To obtain maximum specific impulse, there mast be a
balarce botween the metsllic fuel contert and hydrazice
content of the composition. Increased percentages of
metailic fuel produce higher fiame temperatures and thus
tend to increase specific impulse, However, increased
percentages of metallic fuel necessarily result ia lower
percentages of hydrazine. Since aydrazine provides the
major amount of prorulsive gases, lowering the per-
centage of hydrazine tends to reduce specific impulse.
The optimum compromise between these competieg fac-
tors can be determined by calculations familiar to those
skilled in the art.

The especially preferred compositions of this inven-
tion ulilize finely-divided Be as the metallic fuel com-
ponent since Be bas the advantage of forming a highly

“stuble oxide which dozs rot decompose or vaporize to

any substantial extent after its formation. This is advan-
tageous because decomposition or vaporization of metal
oxides absorb heat cnergy, thereby reducing the tem-
perature and pressure of the thrust-producing gases.

The figure illustrates calculated specific impulses of
compositions containing varying amounts of beryllivm
and having an oxidation ratio of 1. The high specific
impulses produced by compositions of this invemion are
apparent from this graph, particularly within the range of
15% to 17% by weight B4,

The following cre examplas of compositions prepared
scsording to this invention,
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EXAMPLE 1
A gel of the following compositions was prepared:
Ingredient: Percent by weight
Hydrazine __. 24.60
Hydrazine nitrate 57.50
Beryilium 16.4
Japuar A-20-B . 1.2
Chromic oxide ... 0.3

The fluid gel was loaded into a cylindrical container
and burned under pressure.

The burniae rate was cbout .85 in./se¢. at 1000 p.s.i.a.
A theeretical specific impulse of about 314 1b.-sec./1b. t:nd
a theorctical finme temperature of about 3264° K. were

calculated for the composition.
EXAMPLE 2
A gel of the foilowing compositions was prepared:

Ingrediznt: Percent by weizht |
Hydrazine 24.20
Hydrazine niirate 56.5
Berylium o i8.12
Jeonar A-I-D o ——- 1.13
Chremic cxide 20

Burniag tests as described above wers conducted, The
compostiion hurned at a rate of 105 in./sec. at 1060
p.sia. A theoretical specific impulse of 312 lb.-sec./ib.
and a theoretical Hame temperature of 3230° K. were
calcuiated for the composition.

EXAMPLE 3
A g2l of the foliowing composiiion was prepared:

Ingredient: Percent by weight
Hydrazice 2324
Hydrazine nitrate ——- 56.24
Reryliium 16.09
Jaguar A~20-B 0.93
Ctronmic oxide —emm 049
Carbowax 350 (a methoxy polycthyleae

£lycol) wcamae 1.96

The composition burned at a rate of 0.67 in./sec. at
1007 p.s.d.a. A theoretical specific impulse of 312 1b.-sec./
Ib. wred a ibeorctical Same temperature of 3220° K, were
cnlenlated.

hiany other compositions within the scope of this ia-
vention as defined in the appended claims, will be ap-
patent fo those skiiled ia the art.

I claim: R

1. A beterorenreous propellant composition consisting
essentially of bydrazine; hydrazine nitrate; finely-divided
metailic fuel selected from the group coasisting of beryl-
livmn, alumivum, magnesium, zirconium, hafrium, alloys
of the aforeszid metals, bydrides of the aforesaid metals,
and mixtures thereof; and a gelling agent capable of
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mazint2ining a stable bydrazine gel structure in the pres-
ence of hydrazine nitrate, said compocition having an
oxidation ratio of about .94 to about 1.50 as deSned by
the formula:

Oxidation ratio==—3%
C+M (3)
2

wherein O cquals the total amount of oxygen in said
composition; C equals the totzl amount of carbon; M
equals the total amount of metal; and v ecuals the
valence of the metnl, «aid O, C, and M being expressed
in terms of the number of atomic equivalents, and where-
in said mctallic fuel is preseai in said coraposition in a2n
amount at least sutficient to nprosile a lame t2mperature
at least equal to the melting t:mperature of the metal
oxide produced vpon burpine of <aid composition.

2. 'Ihz compuosition of ciaim 1 wherein said composi-
tion has an oxidation ratio of about 0.938 to about 18,

3. The cemposition of cleitn 1 wherein szid composi-
tion further contains a minor amount of a burning rate
moditier.

4. The comnosition of claim I wherein said gelling
ageat IS 4 mataclomannua polysaccharwie,

5. The composition of ¢lnim 1 whercin said gelling
agent 5 a copolymer of methyl vinyl ether and maisic
anhvdride.

6. The compositicn of claim 1 wherein said petallic
fuel is beryliium.

7. The composition of claim 6 whercie said composi-
tion contains from about 15% to about 17% beryllium by
weight,

8. A propeltant composition according ‘o claim 7
wherein the gelling agent is a galactomannan polysac-
chariae and the compusition ccatains a minor amount of
a burning rate modifier,

9. The propeilant composition of claim 8 wherein said
burning rate modifier consists essentially of chromic oxide
znd a mcthoxy polyethylene glycol.
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{571 ABSTRACT

The present invention relates to stable, high ener2y
compositions for utilization us monopropeilants in re-
action engines or as explosives, depending upon pro-
portionaticn of ingredients. More particulurly, the
present invention relates to preferably thixotrupic
compositons comprising a particulate metal fucl and
hydrazinium nitrate as an oxidizer, coupled with one
or more working fluid and desensitizer ingredients,
providing hizh perfonvance und high belk density
with very guod physical and chemica! stability. Specit-
icaliy, high energy rcaction systains according o the
invention utilize bervilium. sluminum, and mixtures
tnereol as the metai tuci contributing constituent. uti-
lize hydrazinium nitrate as the oxidizer contributing
constituent, and utilize as the working fluid and desen-
sttizer a hydrazine contuinmg material with one or
more ingrediznts sclected from the group consisting of
hydrazine, monomethyvihydrazine, unsymmetricai di-
methylhydrazine, and mixtures thereof with water.

34 Claims, 2 Drawing Figures
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1
METHOD OF PROPULSION USING STABLE, HIGH
" ENERGY COMPOSITIONS WITH HYDRAZINE
CONTAINING WORKING FLUID

Reaction systems involving monopropellant compo-
sitions are known to have inherent advantages as com-
pared with bipropellant reaction systems in terms of
ease of storage and handling, and in terms of greater
simplicity of propellant delivering pumps, feed systems
and injector components and the like. However, prior
monopropellant compositions have proven to be either
low ia propulsion performance or so sensitive to shock
detonation as to be dangerous to handle and use. In
contrast, propellznt compositions of the present inven-
ticn combine higk serformance {up te shout 319 uce-
onds sea level specific impulse) with very good chemi-
cal stability and insensiiivity to shock, many of the for-
malations characteristic of the invention being incapa-
ble of detonation. By realizing an ink: cent stability in
terms of ralative insensitivity 10 shack detonation, com-
positions of the present invention used as monopropel-
leats can minimize and in many cases eliminate the
claborate Jdetonation safeguards normaily required
whern using prior high performance monopropellants.

12 :» a further advantage and feature of certain com-
positions according to the present invention that such
are n-phase, thixoiropic mixtures, the compositions in
this respect having present therein the metallic fuel in
finely divided, solid state and having the oxidizer con-
tribuning constituent and working fluid present in liquid
phase. the mixture further comprising a gelling agemt
givir2 to the composition the properties of a semi-solid
insofar as storing and handling characteristics, the
compositions nonetheless being pumpable and there-
fore compatible with known handling techniques for
gelated propellants. However, in contrast to most gel-
ated mounopropellants, wherein the fuel and oxidizer
are present and thoroughly intermixed in the same
phase (i.c., kquid) only the surfaces of the solid phase
fuel particies are exposed to the liquid phase oxidizer
in the thixotropic compositions of the present inven-
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ticn. There is thus better segregation of the fuel and ox- |

idizer than is the case in a monophasc fuel-oxidizer
mirtzre, and the insensitivity to shock is conSequently
supstantially improved.

Yet another advantage of comnpositions of the pres-
ent invention when used as reaction engine propellants
is that such cempositions are compatible with most
common materials employed in fabricztion of reaction
engine components.

Ycr a further feature and advantage of compositions
of the present invention is that formulations thereof
compounded for use as explosives are not hypersensi-
tive to shock yet provide very high power performance,
prodacing more gas per unit mass than the conven-
tiona! aleminum-ammonium nitrate explosive reaction.
Certain typical explosive formulations thereof attain
the nighest performance of any known explosives.
based on the Trauzl Block Test.

These and other objects, features, advantages and
characteristics of compositions according to the pres-
ent invention will be apparent from the following illus-
trative examples and discussion thereof.

In the accompanying illustrations:

FIG. 1 graphicaily presents sea level specific impulse
data at and near optimum for the reaction system com-
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2
posed of beryllium, hydrazinium nitrate, and hydrazine;
and
FIG. 2 graphically presents sea level specific impulse
data at and near optimu:n for the reaction system com-
posed of aluminum, hydrazinium nitrate, and hydra-
zine.

EXAMPLE 1

As a first example of a propellant composition ac-
cording to the present invention, the optimum formula-
tion presented at FIG. 1 was sclected, wherein the com-
position consists of the following ingredients, by
weight:

Be 15 2%
N:HNU; $391%
N,H, M7i%

Evaluation of this composition indicates that under op-
erating conditions involving a chamber pressure of
1.000 psia and 2n exit pressure of 14.7 pia, the theo-
retical sea leve! specific impulse (with shifting equilib-
rium) is about 318 Ibf-sec/ibm, and the composition
has a buik density of 0.0651 hin/in®. Further evalustion
of this system indicates that the vacuum specific 1m-
pulse with un exhaust nozzle arca ratio of 30 is approxi-
mately 375 Ibf-sec/lbm.

EXAMPLE 2

To ilustrate formulation of the reaction and working
fluid ingredients of the composition with a gelting
agent, the composition of Example 1 was mined with 3
percent colloidal silica, with the resuiting composition
being readily pumpable with an injector pressure drop
of about 100 psi. Shock sensitivity tests of this composi-
tion indicate that the shock sensitivity 1s 15-20 Kg-cm,
based on standard JANAF drop-weight test procedure.
Storage tests indicate the composition to be compiti-
ble: no pressure buildup was observed in a closed sam-
ple during four week’s storage under standard coadi-
tions. Theoreticai sea level specific impulse of this
thixotropic composition is evaluated at about 315 Ibf-
sec/ibm.

EXAMPLE 3

To show the effect of addition of water to the system
presented in Example 1, the system investigated ia Ex-
ample 2 was composed of the following ingredicats by
weight:

Be 1%
N;H,NO, 1%
N, s
H,O 255

Evaluation indicated very little loss in theoretical per-
formance providing a sca level specific impube of
about 310 Ibf-sec/Ibm.

EXAMPLE 4

To illustrate formulation of the reactants and work-
ing fluid and desensitizer ingredient of the composition
presented in Example 3 with a gelling agent, this com-
position was evaluated in admixture with 6 percent by
weight of colloidal silica. The shock sensitivity of this
thixotropic composition was in excess of 120 kg-cm ac-
cording to standard JANAF drop-weight test proce-
dure, the shock insensitivity of this composition being
markedly greater than that of the composition of Ex-
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ample 2, due to the water content of the compasition.
This composition also proved to be fully compatible
under the storage test conditions set forth in Example
2.

EXAMPLE §
To illustrate another composition according to the
invention, involving a hydrazine-rich mix (i.e., excess
working fluid and desensitizer), the following composi-

tion was formulated, with proportions by weighi:
Be 0%
N.H,NO, 33%
N:H, So%

Estimated sea level thecorstical spacific imprlece wos
evaluated at 300 Ibf-sec/lbm. This composition, com-
pounded with 3 percent colloidal silica by weight ex-
hibited a shock sensitivity of greater than i20 kg-cm,
and the thixotrapic composition proved to be fully
compatible upon four week's storage of a closed sam-
pie. The superior shock insensitivity of this composi-
tion, as compared with that of Example 2, is attrnibuted
to the excess hvdrazine.

EXAMPLE 6

To illustrate utilization of another hydrazine contain-
ing working fluid in a system according to the inven-
tion. the foilowing tormulation was prepared. with pro-
portions by weight

Be 15 32%
N.HM\NO, $291%
CH,N 12, 30 77%

Estimated theoretical specific impulse under sea level
conditions as set forth in Example 1 was evaluated at
308 Ibf-sec/ibm. A thixotropic composition (with 3
percent collcidal silica by weight added) showed a
shock sensitivity of 15-20 kg-cm, and the composition
was fully compauble under the sterage conditions de-
tailed in Example 2.

EXAMPLE 7

A further form lation according to the invention was
evatuated, wherein a like proportion of unsymmetrical
dimethyl hydrazine was substituted for the monome-
thylhydrazine working fluid of the composition set
forth in Example 6, with like performance characteris-
tics.

Substitution of monomethylhydraziv s or unsymmet-
rical dimethy ihvdrazine for the hydrazine as the work-
ing fluid in general involves a decrease in theoretical
sea level specific performance of about 9-15 seconds.

EXAMPLE 8

To illustrate a ty pical and optimized composition uti-
haing aluminum as the metallic fuel constituent, the fol-
lowing compositian was formulated on the basis of the
data presented at F'G. 2, with proportions by weight:

Al 25 4%
NHNO, 44.8%
N, 29 8%

Evaluation indicated that a maximum sea ievel specific
impulse at a chamber pressure of 1,000 psia and an exit
pressure of 14.7 psia for this composition is about 290
Ibf-sec/ibm (again note FIG. 2) and that the bulk den-

10

26

30

s

40

50

55

6S

4

sity of the composition is 0.G55 Ibm/in®. A somewhat
different mix characterizing this three component sys-
tem was tested as to sensitivity and compatibility, with
the following proporiions by weight:

Al 15.32%
N;Hy;NO, 53.91%
NiH, 30.77%

This composition, compounded with 3 percemt by
weight of colloidal silica, demonstrated a shock sensi-
tivity of 15-20 kg-cm, and full compatibility under the
test storage conditions specified in Example 2.

EXAMPLE 9

To illustraa the utilization of an aluminem-hydrazine
nitrate-nvdrazine system with additional water to re-
duce sensitivity 1o shock, the following formulation
with proportions by weight was evaluated:

Al 17%
N HNO, 1N
NoH, aur
H,0 235
(NH,),CrO, ",

Upon compounding with 3% colloidal silica, the shock
sensitivity on test proved to be in excess of 120 kg-cm
and the compatibiiity of the mix was sufficient 1o per-
mit usage thercof under conditions involving short-to-
intermediate storage times (ammonium dichromate
being added in the above formulation to inhib:t alumi-
num-water reactivity and improve compatibility ).

EXAMPLE 10

A formulation was evaluated involving the sanie pro
portionation as in Example 6 except that an cqual
weight of aluminum was substituted for the beryllium
as the fuel constituent. Upon compounding with 3 per-
cent colloidal silica, the shock sensitivity characteris-
tics of the mix unider the drop weight test procedure
specified above was 110-120 kg-cm, and the composi-
tion proved to be fully compatible under the above
specified storage conditions.

EXAMPLE 11

A further formulation was evaluated, involving the
ingredients in the proportions specified in Example §,
with aluminum bemg substituted for the beryllium as
the fuel constituent. The thixotropic composition
proved to have a shock sensitivity 1 excess of 120
kg-cm and 1o be fully compatible under the test storage
conditions specified.

EXAMPLE 12

A typical example of a composition formulation for
use as an explosive is as follows:

A 2%
N,H,NO, 1%
NoM, w75

Theoretical calculations indicate the following per-
formance data for the above composition, in compar:-
son with known comparable explosive systems:

Val <
Volgas Hewm Tum

ccigram  caligm thigure

of Ment)

Al N HNOy—NH, of Ex 12 1100 1800 190
Al—NH,NO, 550 23%0 12%0
Blasung gelatine 841 1422 1210
Nivroghycenn Ll i5x0 1124

ba.
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S
—Coatinued
NHNO. + sawdunt 1028 882 [ ]
INT 730 92 61s
Gunpowder 386 S 228

As will be noted, the Figure of Merit (a measure of
the power produced) is markedly higher for the
Al-N;H;NO;-N:H, explosive system than for the other
explosive systems.

Comparative Trauzl Block Tests produced the fol-
lowing results:

Volume

Difference

(cc)

Al=N;H;NO,—NH, of Ex. 12 690
Natroglycerin §50
INT 295
49% dynamire P

Ctier explosi\e. cumpusition formulations character-
istic of the invention are as follows, the mix in each
case being compounded with about 3 percent by weight

of a gelling agent:

Example 13
Al 217%
NHNO, 383%
Nai, 0%

EXAMPLE 14 Al N6%
N.HNO, $7.3%
N.H, 165

EXAMPLE 1S Be 17%
N,H,NO, 6%

:H, 23%

EXAMPLE 16 Be 17%
N.H,NO, 645
N:H, 16%
H,0 %

Our analyses and experimentations have indicated
that ihe reducer and oxidizer constituents should be in
essentially stoichiometric propartion for optimum per-
formance, but that the proporticnation may be varied
substantizily from stoichiometric optimum, if desired
to improve other characteristics, such as semsitivity.
Thus, the progortionation of the hydrazinium nitrate 1o
the metal reducer constituent should be at least about
3.5:1 in the case where berylliusi: is the reducer constit-
uent and should be at least zbout 1.76:1 in the case
where aluminum is the reducer constituent and, in gen-
¢ral, higher proportions of hydrazinium nitrate are to
be employed in explosive formulations, as comn~red
with propellant formulations, unless a relatively large
proportion of desensitizer is used in the propcllant for-
mulation. With respect to the relative proportion of
gelling agent, sufficient gelling agent is to be used to

render the composition thixotropic and pumpable, with -

only sufficient gelling agent being employed to effect
this condition, since excess gelling agent detracts from
the performance characteristics of the composition in
that it is a diluent insofar as the energy producing rcac-
tion is concerned. In general, it has been found that the
proportion of gelling agent fur tiicse purposes shouid
be from about 3 percent to about 6 percent of the total
weight of the thixotropic composition.

Gelling agents other than colloidal silica can be em-
ployed, such as acetylene black, carboxymethyl-
cellulose, cellulose acetate, and mixtures theieof, for
exampie.

Ignition of propellant compcsitions according to the
present invention can be accomplished by known tech-
niques such as use of a pyrotechnic squib, or by injec-
tion of a small amount of hypergolic material such as
red fuming niiric acid or chlorine trifluoride. Ignition
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charactersitics, in the case where the metallic fuel con-
stituent is beryilium, can also oe improved by admix-
ture with the composition of relatively small amounts
(e.g. less than about 5 percent by weight relative to the
weight of the beryllium) of aluminum particles and/or
magnesium particles, the relatively more ignitable fuel
particles serving in the mix as dispersed ignition points
which upon reaction in turn igniie the interspersed be-
ryilium particles. Explosive compositions according to
the invention are detonatable by known techniques,
such as by use of standard commesrcial biasting caps.

The particulate fuel constituent should have a parti-
cle size of less than about 40 microns and preferably
about 10-20 microns.

Compusiuons o the present invention, whic m-
tended primarily for usage as monopropellants and as
explosives without addition of other reactants, can by
appropriate stoichometric compensation be used 2s €i-
ther a fuel-rich or an oxidizer-rich ingredient in a bi-
propeliani propulsion reaction, or in admixtere with
other expiosive mgredients, in the case of an expiosive
appiication.

From the foregomng. further equivalent variations of
the invention as o tvpical formulations, as to modes of
application, and s 10 reacuon environments will bz ap-
parent to those skilied in the art to which the invention
is addressed, within the scope of the following claims.

What is claimed is:

1. A stable, high energy composition for use as a pro-
pellant or as an cxplosive, said composition principally
comprising:

a. as a reducing reactant, finely divided metal se-
lected from the group consisting of aluminum, be-
ryllium, and mixiures thereof;

b. as an oxidizing rcactant, hydrazinium nitrate; and

¢. a hydrazine comaining working fluid.

2. The compesition of claim 1, wherein the yropor-
tionation by weight oi the hydrazinium nitrate to the
reducing reactant is at least about 3.5:1 in the case
where beryllium is the reducing reactant and is at least
about 1.76:1 in the case where aluminum is the reduc-
ing refctant, and the percent by weight of the hydra-
zine containing working fluid is from about 20 percent
to about 65 percent.

3. The composition of claim 1, wherein the reducing
reactant and the oxidizing reactant are present in sub-
stantially stoichiometric relative proportions.

4. The composition of claim 1, wherein the reducing
reactant essentially comprises beryllium.

S. The composition of claim 1, wherein the reducing
reactant essentially comprises aluminum.

6. The composition of claim 1, wherein the finely di-
vided reducing reactant has an average particle size of
less than about 40 microns.

7. The « omposition of claim 1, wherein the hydrazine
comtaining working fluid principally comprises one or
more ingredients selected from the group consisting of
hvdrazine, monomethylhydrazine, unsymetrical di-
methylhydrazine, and mixtures thereof with water.

8. The composition of claim 7, wherein said working
fluid principally comprises hydrazine.

9. The composition of claim 7, wherein said working
fluid principally comprises hydrazine and water.

10. The composition of claim 9, comprising from
about 20 percent to about 40 percent by weight of hy-
drazine and up to about 25 percent by weight of water.
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11. A stable, high energy composition suitable for use
as a rocket monopropeilant or as an explosive depend-
ing upon proportionation, said composition principally
comprising;

a. as a fuel contributing constituent, finely divided
metal selected from the group consisting of alumi-
num, beryllium, and mixtures thereof;

b. hydrazinium nitrate as an oxidizer contributing
constituent;

¢. a hydrazine containing working fluid and densen-
sitizer, the said working fluid and desensitizer being
present in an amount to efficiently convert a sub-
stantial portion of the thermal energy of the fuel-
oxidizer reaction into kinetic energy in the case of
a propsliant or into work in the case of ain zapho-
sive; and

d. a geiling agent present in sufficient guantity to
form a pumpable thixotropic gel in which the oxi-
dizer contributing constituent and the working
fluid cortributing constituent are uniormiy dis-
perscd in liquid phase and the fuel contributing
constituent is present in the form of substantiaily
uniformiy distributed sohd particles.

12. The composition of claim 11, wherein the pro-
portionation by weight of the hydrazinium nitrate 10
the fuel coniributing constituent is at least about 3.5: 1
in the case where beryllium is the fuel and is at least
about 1.76:1 in the case where alummum is the fuel,
and the percent by weight of the hydrazine containing
working fluid and desensitizer is from about 20 percent
to about 65 percent.

13. The composition of claim 11, wherein the fuel
contributing constituent and the oxidizer contributing
constituent are present in substantizlly stoichiometric
relative proporuions.

14. The composition of claim 11, wherein the fuel
contributing constituent essentially comprises beryl-
tiem

15. Tre composition of claim 11, wherein the fuel
centributing constituent essentially comprises alumi-
num.

16. The composition of claim 11, wherein the finely
divided fuel contributing constituent has an average
particle size of less than about 40 microns.

17. The composition of claim 11, wherein the hydra-
2ine containing working fluid and desensitizer princi-
pally comprises one or more ingredients selected from
the eroup consisting of hyvdrazine, monomethylhydra-
aine, unsymmetrical dimethylhydrazine, and mixtures
thercof with water.

18. The composition of claim 17, wherein said work-
ing fluid and desensitizer principally comprises hdra-
zine.

19. The composition of claim 17, wherein said work-
g fluid and des=nsitizer principally comprises hydra-
zine and water.

20. The composition of claim 19, comprising from
about 20 percent to about 40 percent by weight of hy-
drazine and up to about 25 percent by weight of water.

21. The composition of claim 11, whercin the gelling
agent is present in an amount within a range of about
3-6 percent by weight of the composition.

22. The composition of claim 11, wherein the gelling
agent is selected from the group consisting of colloidal
silica, acetylene biack, carboxymethylcellulose, cellu-
lose acetate, and mixtures thereof.
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23. The composition of claim 11, wherein the gelling
agent is colloidal silica.

24. A high energy composition wherein the energy
producing constituents consist essentially of the follow-
ing, in the indicated relative proportions:

a. finzly divided beryllium as a reducer constituent,
present in the amoumt of about 15 percent by
weizht;

b. hydrazinium nitrate as an oxidizer constituent,
present in the arount of about S4 percent by
weight: and

c. hydrazine as a working fluid, present in the amouni
of ubout 31 percent by weight.

25. A high energy composition wherein the energy
Producing cunsiituciis consisa essentialiy of ihe foiiow-
ing, n the indiceted reiative proportions:

a. finciy dwvided beryllium as a reducer constituent,
piesent in the amount of about 17 percent by
weight:

hydraziioim pitrate as sn oxidizer conutiitent, pios-
valin the amount of about 18 percent oy weght;
and
- a working fluid and desensitizer, consisting essen-
tially of hydrazine present in the amount of about
40 percent by weight and water present in the
amount of ibout 25 percent by weight.

26. A high energy composition wherein the energy
producing constituenis consist essenttally of the follow-
mg, in the indicated relative proportions:

a. fincly divided aluminum as 2 reducer constituent,
present in the amount of about 25 percent by
weight,

b. hydrazinium nitrate as an oxidizer comstituent,
present m the amount of sbout 45 percent by
weight; and

c. hydrazine as a working fluid. present in the amount
of about 30 percent by weirht.

27. A high cnergy composition wheren the encigy
producing constituents consist essentially of the fullow-
ing, 1a the indicated relative proportions:

a. finely divided aluminum as a redacer constiiuent,
present in the amount of sbout 17 percent by
weght,

b. hydrazinium niirate as an oxulizer constituent,
present i the amount of about 18 percent by
weight: and

c. a working fluid and desensitizer, consisting ¢ssen-
tially of hyvdraziae present in the amount of about
40 percent by weight and water present in the
amount of about 24 percent by weight

28. The composition of claim 27, further comprising
up to about 1 percent of a compound inhibiting alumi-
num-water reactivity during storage of the composi-
tion.

29. T'he composition of claim 28, wherein the com-
pound inhibiting aluminum-water reactivity is ammao-
nium dichromate.

30. The method of producing reaction thrust, com-
prising: chemically reacting in a reaction motor a fuel
constituent selected from the group consisting of beryl-
lium, aluminum and mixtures thercof and an oxidizer
constituent consisting essentially of hydrazinium ni-
trate, the reaction occurring in the presence of an
amount of hydrazine containing working flurd effective
to convert a considerable portion of the thermal heat
of reaction to Kinetic energy; and discharging the work-
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ing fluid and reaction products from the exhaust nozzle
of the reaction motor to produce thrust.

31. The method of claim 30, wherein said fuel con-
stituent consists essentiaily of beryllium.

32, The meathod of claim 30, wherein said fuel con-
sticuent consists essentiaily of aluminum.

33. The method of claim 30, wherein said hydrazine
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containing working fluid consists essentially of Lydra-
zine.
33. The method of claim 30, wherein suid hvdrazine
containing working fluid comprises hydrazine and wa-
ter.
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[57] ABSTRACT

A cap-sensitive slurry explosive capable of propagat-
ing a high order detonation in thin layers and which
has a2 high degree of safety ior a cap-sensitive eapio-
sive. The slurry consists of an ultra-fine solid explosive
suspended in an energetic, but non-self-explosive lig-
uid matrix and contains no liquid explosive ingredient.
The slurry resists dispersion in a variety of liquids in-
cluding water and crude oil. In 2 preferred embodi-
ment, the slurry includes penetaerythritol tefranitrate
(PETN).

* 1 Claim, No Drawings
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THIN LAYER PROPAGATING SLURRY
EXPLOSIVE

BACKGROUND OF THE INVENTION

As is knowu, certain explosives such as penetaery-
thritol tetranitrate (PETN) for example, are hazardous
when subjected to modest physical abuse from impact
or friction forces. Such compounds additiunally do not
have desired inertness toward crude oil and brine and
dilute forms of many other well environmental mate-
rial. Such materials additionally are hazardous in being
highly inflammebiz and in mony formulations are tovic.

BRIEF DESCRIPTION OF THE INVENTION

The slurry of the present invention is a new type of
cap-sensitive sturry explosive capable of propagating a
high orde detonution in thin tayers. The invention pro-
vides a safe explosive in slurry form which may be used
in oil wel? and gus well formation fracturing, rock frac-
turing for ta situ ore leaching. non-nuclear fracturing of
oil shale formations, and explosive formation of fire
lanes in terrain inaccessable to motorized equipment.

The slurry of the present invention is formulated to
resist accidental initiation by adiabatic compression of
gas bubbles which may be introduced during loading
and handling. and due to the good chemical stability of
the cxplo~ive fermula, the slurry gives a high degree of
inertness toward crude oil and brine and dilute forms
of most uther well environmental materials. The mate-
rici! of the present invention in fires is difficult 10 ignite,
and once iznited, burns quietly with no explosion. The
ingredients comprising the slurry are non-toxic priv: to
detonation.

Additional advantapes, objects and features of the
invention will be more readily apparert from the fol-
lowing dewailed description of an embodiment thereof.

Example (% by weight) :

e,
Scrume Fine Partcle PETN 20 - S0
&rs Ammonem Natrate Solution 0 - 8O
Drettdere Glyenl 0-25
Guar oum o Polvicrylumade 0.1-30
Water Balance
(14074

Cnw—imhmg Agent As required

The se-=sitive fine particle PETN is disclosed in
greater dctml in my co-pending application, Ser. No.
434,753, Sled Jan. 31, 1974 entitled SENSITIVE FINE
PARTICLE PETN.

The ammonium nitrate solution may, in certain in-
stances. be replaced largly by potassium, barium or so-
dium nitrzic solution. The dicthylene glycol may be re-
placed largly by other soluble orgunic fuels such as
formamidz, dicthy] formamide or other glycols and cer-
tain alovbolks. Alo, some portion of solid fuel may be
inchuded. i.e., fine caal, sulfur, gilsonite, or aluminum,
ferro-phosphorous, ferro-silicon, ete.

A smtnfaciory cross-linking agent consists of Tyzor
LA, which is a trademark preparation of E. . DuPont
de Nemouss & Company., Inc. and which is known gen-
erally as Titanium-antimonium lactate, as illustrated in
U.S. Pat. No. 3,622 408.
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In the above example, the concentration of ammo-
niwmn mitrate solutinn is not criticul. A 60% solution is
convenient to use because the ammonium nitrate stays
completely in solution above 54°F, which means that
handling is simplified over, for example. an §0% solu-
tion which has u solidification temperature of about
136°F, which would require expensive heated storage.
After blending with anti-freeze agent, such as diethyl-
ere glycol, the solidification temperature is decreased.

This cap-sensitive explosive is capable of propagating
a high crder detonation in thin layers, i.e., one-thinty
second inch when confined between masonite, able to
detonate completely in thin lavers simultaneously ex-
posed to a hydrostatic pressure of 10,000 psi or above
and a temperature of approximately 200°F, docs not
cause headache during handling, and contains no liquid
explosive ingredient. Further, slurry explosive is unaf-
fected when penetrated by British 303 ammunition
from a distance of 75 to 100 feet, even when bucked by
stecl or aluminum. Slurry explosive will slowly decom-
pose in a bonfire when unconfined, but by itself will not
support combustion.

The purpose of this invention is to provide a safe ex-
plosive in slurry form which may be used in (1) the ex-
plosive fracturing of oil and gas reservoirs in order to
increase formation permeability and thus increase rate
of flow 1o wellbore; (2) the explosive fracturing of oil
shale formations to permit thermal recovery of petro-
leum products therefrom in an economical manner: (3)
various military applicutions; and (4) non-incendiary
line charges for the rapid construction of fire lanes to
fight forest fires, particularly in terrain inaccessable 10
mechanized equipment.

Ordinarily, PETN (penethaerythritol tetranitrate) is
considered a hazardout explosive which is known to ex-
plode when subjected to modest physical abuse from
impact or friction forces. For example. in a drop test
apparatus in which a small (i.e., approximately one-
twenticth gram) sample of sensitized small particle
PETN is placed on a hard tool steel anvil and impacted
by u free full hummer, also made of iard tool steel and
weighing 2.143 kg, detonations of the PETN occur
when the drop height is only 2 ¢m. In other words, the
impact sensitivity of the pure, dry PETN is 4.3 kg-cm.
When this same PETN is compounded into this slurry
explosive in the proportions of 40% PLTN/S0% of a
60'c AN solution/9.5% DE£G/0.5% guar and cross-
linked (S drops/100g slurry) with a 50% solution of
Tyzor LLA in dcionized water, the resulting explosive
mixture is unaffected by repeated hammer drops from
a drop height of 63/Scm. Thus, in slurry form, the
PETN is not explded by an impact of 136.3 kg<m,
which is more than 30 times the energy at which the
PETN alone explodes. The slurry formula given in the
above examp'e detonates completety at high velocity
under a hydrostatic pressure of 10,000 psi in a layer
one-sixteenth inch thick by 2-'%4 inches wide confimed
between iwo sheets of 14 inch thick masonite.

The consistency of the slurry can be vasied to suit the
needs of a particular requirement. The slurry can be
provided in viscosity ranges from a thin milkshake to
bread dough consistency. Rather thick shurry has tbe
amazing property of passing readily through a small
(1/32 inch diameter) orifice under low pressure and
then reconsolidating with itself. This high degree of
thixatrophy ailows it to readily adapt to a variety of ap-
plications. It has been found that the detonation rate of
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the slurry is 21,400 feet per second in a layer thickness
of 0.032 inches (one-thirty second) with mild confine-
ment. At pressures up to 10,000 psi, the slurry explo-
sive with a thickness of 0.063 inch (one-sixteenth) det-
: onates compietely.

. Manifestly, nunor changes can be effected in the
above-described examples without departing from the
spirit and the scope of the i:'vention as defined in and
limited solely by the appended claims.

I claim:
1. A thin layer propagating slurry explosive compris-

————— T
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ing a mixture consisting of, by weight:
A. 40% sensitive fine particle penctaerythritol tetra-
nitrate (PCTN);
B. 50% of 2 60% ammonium nitrate solution;
5 C9s% diethylene glycol,
D. 0.5% guar; and
E. 5 drops/100 g slurry of a 50% solution of titanium
antimonium lactate in deionized water as a cross-
10 linking agent.
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(57 ABSTRACT

An improved process for producing explosive gel com-
positions is provided wherein a polymeric thickening
agent is dispersed in an aqueous medium and a nitropar-
affin is added thereafter to form dispersed globules of
nitroparaffin gel within the aqueous medium. Gelling
agents for the aqueous medium, fuels and non-explosive
sensitizing material can then be added to form an explo-
sive gel with excellent storage and detonation capabili-
ties.

49 Claims, No Drawings
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METHOD FOR GELLING NITROPARAFFINS IN
EXPILOSIVE COMPOSITIONS

BACKGROUND OF THE INVENTION

This invention relates to gelled explosive composi-
tions. In another aspect, this invention relates to a
method for producing explosive gel compositions
which result in substantial savings in production time
and energy requirements. In still another aspect, this
invention relates to a method of producing an improved
explosive composition containing a nitroparaffin gelled
with a polymeric thickening agent selected from the
organic esters of cellulose, methacrylate polymers, and
copolymers of vinylidene chloride and acrylonitrile.

Explosive gel compositions are well known for their
reliabil-ty, economy, and ease of handling. Accord-
ingly. the demand for explosive gel compositions is
great and improved methods of manufacture are desir-
able. Explosive gel compositions contatning gelled ni-
troparaffin, an inorganic nitrate, and water are used 1n a
varicty of apphlications. Explosive gel compositions
containing inorganic nitrates and nitroparaffins are dis-
closed in U.S. Pat. No. 3,419,444 and in U.S. Pat. No.
3,765,966. Both of these references disclose a method
for producing explosive compositions which contain a
gelled nitroparaffin. According to US. Pat No.
3,419,444, the nitroparaffin gel 1s formed first by blend-
ing nitroceliulose with the nitroparaffin. The nitroparaf-
fin gel s then added to a mixture of an inorganic nitrate,
water, a gelling agent for the water, and non-explosive
sensitizer materials, such as resin balloons. The major
disadvantage of this process is that in order to obtain a
sensitive composition, prolonged mixing times are nec-
essary in order to disperse the preformed nitroparaffin
gel within the aqueous gel which contains the inorganic
nitrates and other materials. The long mixing time re-
quired renders this process commercially undesirable.

T'he process disclosed in U.S. Pat. No. 3,765,966 is an
attempt 10 overcome the disadvantages described above
by setting forth a one step process whereby an explosive
gel composttion can be formed without the necessity of
prolonged mixing to disperse a preformed nitroparaffin
gel. This reference discloses that the fluid medium
(water or methanol) and the liquid nitromethane should
be mixed together and the solid matenals, such as the
norganic nitrates, non-explosive sensitizing materials,
and water gelling agents should then be added and
mixed with the fluid mixture. Additionally, this refer-
ence discloses that a specific type of gelling agent must
be added with the solid materials in order to gel the
liguid nitromethane. The nitromethane gelling agent is a
cyanoethylether of galactomannan gum. This gelling
agent is presently of uncertain availability and is rela-
tively expensive. Furthermore, it is unclear from this
reference whether this specific gelling agent will suffi-
ciently gel nitroparaffins other than nitromethane. A
process for producing gelled explosives containing
gelled nitroparaffin which utilizes less expensive and
more readily available mitroparaffin gelhng agents s
therefore needed. More specifically. a method for pro-
ducing an explosive gel composition containing a nitro-
paraffin gelled with commercially available polymeric
thickeners which are casily dispersible in an aqueous
phase and which thicken the nitroparaffin without the
necessity of prolonged muxing is desirable.
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SUMMARY OF THE INVENTION

According to the invention, explosive gel composi-
tions containing gelled nitroparaffins are produced uti-
lizing polymeric thickening agents selected from the
organic esters of cellulose, methacrylate polymers, and
copolymers of vinylidene chloride and acrylonitrile,
without the necessity of prolonged periods of mixing.
According to the process of the present invention, the
polymeric thickening agent to be employed is dispersed
in an aqueous medium by agitation. The aqueous me-
dium can contain various oxidizers and/or inorganic
nitrates in solution A nitroparaffin is then added to the
dispersion where the polymeric thickening agent pref-
erentially migrates to it to form a nitroparaffin gel
which is finely dispersed in the aqueous medium. Water
gelling agents, fuels and non-explosive sensitizing mate-
rials, such as glass microballoons, for example, can then
be added to form the explosive gel composition which
comprises finely dispersed globules of the nitroparaffin
gel. Thus, an explosive gel composition which com-
prises a nitroparaffin gel within an aqueous gel is
formed. The rcsulting explosive gel has good storage
capabilities and can be detonated in a conventional
manner.

DETAILED DESCRIPTION OF THE
INVENTION

In accordance with one embodiment of the present
invention, a polymeric thickening agent is added to an
agueous medium and stirred to produce a dispersion. A
nitroparaffin is then added to this dispersion while the
dispersion is subjected to agitation and the nitroparaffin
quickly migrates to the polymeric thickening agent to
form finely divided globules of nitroparaffin gel. Op-
tionally, the nitroparaffin can be added to the aqueous
medium first and then the polymeric thickening agent is
added. with agitation. to form the dispersed globules of
nitroparaffin gel. After formation of the nitroparaffin
gel, additional oxidizing agents, fuels and additional
sensitizing material can be added to the dispersion. The
aqueous phase of the dispersion 1s then gelled by addi-
tion of an effective amount of conventional water gel-
ling agents. It is noted that the term “nitroparaffin gel™
as used in the scope of the subject invention is used to
describe the thickened material which forms as the
result of admixing the polymeric thickening agent and
nitroparaffin, such material having a viscosity greater
than the nitroparaffin.

At this point, the agueous medium can contain only
water or it can comprise an aqueous solution of one or
more oxidizing agents described in detail below. Water
will comprise from about 5 to about 25 percent by
weight of the explosive gel compositions of the subject
invention. In one embodiment of the present invention,
the oxidizing agents employed are dissolved in the
water prior to formation of the nitroparaffin gel which
occurs upon addition of the nitroparaffin to the aqueous
medium contamning the dispersed polymeric thickenng
agent. Alternatively, the oxidizing agents can be dis-
solved in the aqueous medium after the dispersed nitro-
paratfin gel has been formed. 1t is also possible to dis-
solve a portion of the oxidizing agents which are to be
cmployed pnios to the formation of the mtroparalfin gel
with the balance of the oxidizing agents bemng added
after the nitroparaffin gel has been formed. Regardless
of the order of addition. the oxidizing agents employed
herein can be dissolved in water to form an aqueous
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medium at relatively low temperatures, such as room
temperature to about 200° F, for example about
125°-135° F.

The explosive gel compositions of the subject inven-
tion will contain oxidizing agents in an amount ranging
from about 10 to about 90 weight percent, based on the
weight of the explosive gel. The oxidizing agents can
include a single inorganic nitrate, mixtures of several
inorganic nitrates or mixtures of inorganic nitrates with
other types of oxidizing agents. Inorganic nitrates
which can be employed in the subject invention include
nitrates of ammonium. the alkali or alkaline earth ni-
trates, nitrates of Group IIl elements and mixtures
thereof. Preferred inorganic nitrates include ammonium
nitrate and sodium nitrate. Additionally, other oxidizing
agents, preferably water soluble salts such as ammo-
nium, the alkali metal or the alkaline earth metal per-
chiorates, perchlorates of Group III elements and mix-
tures thereof can be employed. Ammonium perchlorate
and sodium perchlorate are preferred among this latter
class of oxidizing agents. The explosive gel of the sub-
ject invention can include from about 10 to about 80
percent by weight of an inorganic nitrate or mixtures of

, inorganic nitrates. Other oxidizing agents, such as the
aforementioned perchlorates can be present in an
amount of from about 0 to about 30 percent by weight
of the explosive gel provided that the total oxidizing
agent content does not exceed about 90 percent by
weight thereof.

The polymeric thickening agent for nitroparaffins
which is added to the above described aqueous medium
to form a dispersion can be selected from the organic
esters of celiulose, methacrylate polymers, and copoly-
mers of vinylidene chloride and acrylonitrile. All of the
polymeric thickening agents employed in the subject
invention are characterized by a high molecular weight,
the ability to thicken nitroparaffins and easy dispersion
in an aqueous phase. Generally tne polymers employed
as nitroparaffin thickening agents in the present inven-
tion have a molecular weight of about 100,000 or
greater. These polymeric thickeners are commercial
grade products and are utilized in powdered form so as
to be easily dispersed in the aqueous phase and quickly
soluble in the nitroparaffin when it is added. They can
be used separately, or mixtures can be employed. The
polymeric thickening agents of the subject invention
can be used either alone or in conjunction with other
known nitroparaffin thickening agents such as nitgocel-
lulose or cyanoethylether derivatives of galactomannun
gum. Additionally, these polymeric thickeners can be
used in conjuction with emulsifying or dispersing aids
such as those discussed in detail below.

The organic esters of cellulose useful in the present
invention as polymeric thickening agents for nitroparaf-
fins include cellulose acetate, cellulose acetate butyrate
and cellulose acetate propionate. Mixtures of these
three cellulose derivatives may be employed, or these
cellulose derivatives may be employed in conjunction
with the other polymeric thickening agents of the sub-
ject invention or with previously known nitroparaffin
thickening agents. Examples of these polymers are
those which may be purciiased, in powdered form, from
Eastman Kodak Company of Rochester, N.Y., under
trade designations 394-60, 171-40, and 482-20.

Also useful in the present invention are methacrylate
polymers and copolymers, including, methylmethacry-
late polymers, ethylmethacrylate polymers and butyl
methacrylate polymers. These nitroparaffin polymeric
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thickening agents, as well as copolymers thereof, can
likewise be employed either alone, or in conjunction
with the other polymeric thickening agents disclosed
herein, or with conventional nitroparaffin thickening
agents. Methacrylate polymers useful in the present
invention are available in powdered form from Rohm
and Haas Company, Philidelphia, Pa., sold under the
trade designation **Acryloid”.

A third type of polymeric thickening agent which
can be employed according to the present invention to
thicken nitroparaffins in a one step process, thus allevi-
ating the need for prethickening nitroparaffins or em-
ploying extended mixing times, are copolymers of vi-
nylidene chloride and acrylonitrile. The copolymers
employed in the present invention generally comprise
powdered materials known/as “'saran’ and are available
in microsphere or powdered form from Dow Chemical
Company, Midland, Mich. For convenience in mixing,
the powdered forms are preferable. This thickening
agent can also be used either alone or in conjunction
with other thickening agents for the nitroparaffin.

The above described polymeric thickening agents for
nitroparaffin can be added to the aqueous medium and
stirring or other means of agitation can then be em-
ployed to effect relative homogenity of the aqueous
medium-nitroparaffin thickening agent dispersion. Gen-
erally, the nitroparaffin thickening agents and other
dispersion aids for nitroparaffins, are added to the aque-
ous medium in an amount equal to from about 0.05 to
about 2.0 percent by weight, based on the weight of the
explosive gel composition.

Once the dispersion of the continuous aqueous me-
dium and the discontinuous polymeric thickening agent
phase, comprised of dispersed polymer particles, has
been formed, the nitroparaffin is added and the mixture
is stirred or otherwise agitated to produce a nitroparaf-
fin gel dispersed within the aqueous medium. This oc-
curs because the agitation disperses the nitroparaffin
which contacts the dispersed particles of polymeric
thickener to produce the dispersion of the nitroparaffin
gel in the aqueous medium. Examples of nitroparaffins
which can be used within the scope of this invention
include mono nitrated alkanes having from about 1 to
about 3 carbon atoms. Examples of these are nitrometh-
ane, nitroethane, l-nitropropane, 2-nitropropane, and
mixtures thereof. Nitromethane is the preferred nitro-
paraffin. The nitroparaffins can be present in the result-
ing explosive gel in an amount equal to from aboat 5 to
about 30 percent by weight, based on the weight of the
explosive gel. The nitroparaffins are preferably present
in an amount equal to about 15 percent by weight of the
explosive composition.

As discussed above, the nitroparaffin, when added to
the polymeric thickening agent dispersion will migrate
to the polymeric thickener particles of the dispersion to
form nitroparaffin gel globules dispersed throughout
the aqueous phase. Once this nitroparaffin gel has
formed, gelling agents for the aqueous medium, as well
as other additives, including additional oxidizers, fuels,
and non-cxplosive sensitizing materials, for example,
can be added vcither separately or in combination. For
example, if only a portion of the oxidizing agents which
are to be employed were previously dissolved in the
aqueous medium, the remaining portion can be added
after the nitroparaffin gel forms in the manner disclosed
above.

In addition to oxidizing agents, various fuels non-
explosive sensitizing materials and other auxiliary sensi-
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tizing agents can also be added. Any conventional oxi-
dizable fuel materials can be employed. Examples of
suitable fuels include oxygenated organic compounds
such as lower alcohols, esters, ethers, ketones, and alde-
hydes; and the like. Additionally, powdered or atom-
ized aluminum can be used as a fuel. Ethylene glycol is
a preferred fuel. Non-explosive sensitizing materials
such as glass or resin microballoons, wood flour, cork
or balsa, for example, can be employed by adding these
materials along with the aqueous medium thickening
agents, fuels, oxidizing agents and other additives. Pre-
ferred non-explosive sensitizing materials are glass mi-
croballoons. In addition, auxiliary sensitizing agents
conventionally employed in water based explosives
such as methylamine nitrate, ethylenediamine dinitrate,
DNT, and TNT, and mixtures thereof, for example, can
be employed. Generally, fuels, such as those described
above, need not be present in the explosive gel composi-
tion but can be present in the explosive gel composition
in any amount up to about 15 weight percent, based on
the weight of the explosive gel. The non-explosive sen-
sitizing materials can be present in amounts ranging
from 0 to about 5 percent by weight of the explosive gel
composition. The auxiliary sensitizing materials may be
optionally employed in an amount of up to about 20
percent by weight. The aqueous gelling agents em-
ployed can be any conventionally known water gelling
agents such as the natural gums such as guar gum or
gum arabic, pregelatinized starch, carboxymethyl cellu-
lose, ethyl and propyl ether derivatives of guar gum,
polyoxy ethylene. carboxyethyl cellulose, and bi-
opolymeric materials such as xanthan gum, and the like.
A preferred gelling agent for the aqueous medium is
guar gum which is added along with an effective

amount of a crosslinker such as potassium pyroantimo-

nate, sodium dichromate, sodium borate, ferric chlo-
ride, or hcavy metal ions, and the like. A polyacryl-
amide can be added as a secondary thickener to provide
better flow characteristics depending upon whether the
explosive gel composition is to be poured, pumped or
applied in some other manner. Optionally a polyacryl-
amide can be used alone as the aqueous gelling agent
and a suitable crosslinker for the polyacrylamide such
as aluminum sulfate or aluminum nitrate can be used to
obtain the desired consistency. The gelling agents for
the aqueous phase are generally present in an amount of
from about 0.2 to about 2.0 percent by weight, based on
the weight of the explosive gel composition.

In another embodiment of the present ifvention,

cmulsifiers for the nitroparaffins to be employed can be §

added to achieve very fine dispersion of the nitroparaf-
fin within the explosive gel composition. According to
this embodiment of the invention, an emulsifying agent,
such as a hydrogenated tallow amine is added to the
agueous medium along with the polymeric thickening
agents. Upon addition of the nitroparaffin, very small
dispersed droplets of nitroparaffin gel are formed and
the emulsifier acts to keep the nitroparaffin emulsified,
even in a gelled state. This fine dispersion of the glob-
ules of nitroparaffin gel within the aqueous medium
results in an explosive gel composition which is more
sensitive than most comparable types of aqueous explo-
sive gels. A preferred nitroparaffin emulsifier which can
be used is sold under the trade name Armeen HT, and is
a hydrogenated tallow amine sold by Armak Company,
Industrial Chemicals Division, Chicago, 1ll. Such emul-
sifiers can be present in the explosive composition in an
amount ranging from about 0.01 to about 0.5 weight
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percent based on the weight of the explosive gel compo-
sition.

Thus, according to the present invention, an aqueous
gel explosive composition can be prepared without the
necessity of prolonged mixing and which utilizes
readily available types of nitroparaffin gelling agents.
The explosive gel compositions can be prepared by
forming an aqueous medium consisting essentially of
water or an aqueous solution of oxidizing agents, adding
a polymeric thickening agent selected from organic
esters of cellulose, methacrylate polymers, and copoly-
mers of vinylidene chloride and acrylonitrile to the
aqueous medium to form a dispersion, thereafter admix-
ing a nitroparaffin with the dispersion to form an aque-
ous dispersion of nitroparaffin gel, and adding fuels,
oxidizing agents, nonexplosive sensitizing materials and
a water gelling agent to thereby form an explosive com-
position which basically comprises gelled nitroparaffin
globules dispersed within an agueous gel. The explosive
gel compositions produced by this process generally
will have a water content of between about 5 to about
25 weight percent based upon the weight of the explo-
sive gel composition. The explosive gel compositions
can be detonated in a known manner by conventional
booster systems such as for example, Pentalite, Compo-
sition B, RDX, and other similar primers in combination
with conventional blasting caps. In addition, in some
cases, the explosive gel compositions of the present
invention are cap sensitive and may be detonated using
a No. 6 blasting cap. These cap sensitive explosive gel
compositions can be prepared by employing a nitropar-
affin emulsifier in the manner discussed above to
thereby form more finely dispersed (and therefore more
sensitive) globules of nitroparaffin gel within the explo-
sive gel composition, and if desired, aluminum powder.
Cap sensitivity can also be achieved without the use of
an emulsifier by employing relatively high amounts of
nitromethane and obtaining fine dispersion thereof by
controlling mixing speed and temperature.

EXAMPLES

The following examples are presented to enable one
skilled in the art to more fully undersiand the present
invention. However, it is to be understood that the
examples are exemplary only and do not limit the inven-
tion in any manner.

EXAMPLE 1

A mixture of 147 grams of ammonium nitrate and 56
grams of sodium nitrate were dissolved in 100 grams of
water at 118° F. This aqueous medium was then added
to 475 grams of ground ammonium nitrate and stirred.
To this slurry-like aqueous medium was added 1 gram
of Armeen HT, 3 grams of cellulose acetate sold under
the trade designation of 394-60 by Eastman Kodak
Company of Rochester. N.Y., along with 20 grams of
ethylene glycol with continued stirring. Nitromethane
in the amount of 140 grams was then added to the aque-
ous solution containing the polymeric thickening agent.
cellulose acetate. Finely dispersed globules of nitro-
methane gel formed almost immediately within the
agueous medium. The following materials were than
added to the aqueous medium-nitromethane gel disper-
sion:

T BIR/000 Glasy Microballaons T o
(Manutactured by 3M Corp.

Minncapolis, Minn.) 20 grams
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-continued
Jagaar NG (Manufactured by )
Stein Hall & Co, Inc New
York, N.Y.) dispersed
in 10 grams of nitromethane 7 grams

Potassium pyroantimonate 01 gram
Alcoa 1620A Atomused

Aluminum (Manufactured by

Alcoa Aluminum, Pittsburgh.

Pay 30 grams

The resulting explosive gel composition was stored at
70° F for about two weeks without detrimental effect.
At the end of the two week period, the explosive ge!
composition was found to be detonable with a 10 gram
Detaprime a PETN containing mini-primer manufac-
tured by E. I. duPont de Nemours & Co., Wilmington,
Del.. and a No. 6 blasting cap. Further, at the end of
three months storage, at approximately 70° F, this com-
position was found to be detonable in 2% inches diame-
ter with a No. 6 blasting cap alone.

EXAMPLE 2

A mixture of 147 grams of ammonium nitrate and 56
grams of sodium nitrate were dissolved in 100 grams of

water at 135° F. Ammonium nitrate in an amount of 475 )

grams was then added with stirring. Cellulose acetate
butyrate sold under the trade designation 171-40 by
Eastman Kodak Company, Rochester, N.Y., and 1
gram of Armeen HT sold by Armak Company. Chi-
cago. 111, was added to the aqueous medium with stir-
ring and was found to disperse easily. Ethylene glycol
iu the amount of 20 grams was also added with stirring.
Under agitation, 140 grams of nitromethane was added
to the aqueous medium and finally dispersed globules of
nitromethane gel were observed to form almost imme-
diately within the aqueous medium. The following oxi-
dizing agents, non-explosive sensitizing materials and
water gelling agents were then added to the dispersion:

HINZ000 Glass Microballooas

Manafactured by 3M Corp.
(Mnneapolis, Minn )

Jaguar NG (Manufactured by
Stemn Hall & Co., Inc., New
York, N.Y.) dispersed

w10 zrams of mtromethane 7 grams
Polasstum py roantimonate 0.1 gram
Alcoa 1620A Atomized

Aluminum (Manufactured by

Aeoa Alumimum, Pittsbury, .
') 30 grams

20 grams

The cxplosive composition so manufactured was
stored for about two weeks at about 70° F and was
found to be detonable with a 10 gram Detaprime, as
described in Example L. tn conjunction with a No. 6
blasting cap.

EXAMPLE 3

The procedures and matenals of Examples 1 and 2
were repeated except that 3 grams of cellulose acetate
propionate, sold under trade designation 482-20 by
Eastman Kodak Company. Rochester, N.Y ., was substi-
tuted in place of the ccllulose acetate employed in Ex-
ample | and the cellulose acetate butyrate employed in
Example 2. Also, a temperature of about 160° F was
employed while forming the aqucous solution of oxidiz-
ing salts. The resulting explosive composition, contain-
ing the oxidizing agents, non-explosive sensitizing mate-
rials, and fuels in the amounts listed in Examples 1 and
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2 were also incorporated into the explosive composition
of this Example. The resulting explosive composition
was found to be detonatable with a 10 gram Dataprime
and a No. 6 blasting cap after approximately a two week
storage period, during which temperatures averaged
approximately 70° F.

EXAMPLE 4

A mixture of 147 grams of ammonium nitrate and 56
grams of sodium nitrate were dissolved in 100 grams of
water at 160° F. To this solution was added 475 grams
of ground ammonium nitrate with stirring. Armeen HT.
a hydrogenated tallow amine emulsifying agent sold by
Armak Company, Chicago, Ill., and 3 grams of dried.
unexpanded saran microspheres sold under the designa-
tion XD8168 by Dow Chemical Company, Midland,
Mich.. were then added with continued stirring. Upon
addition of 140 grams of nitromethane a nitromethane
gel in the form of finely dispersed globules were ob-
served to form almost immediately. The following ma-
terials were then added in the amount and order stated:

B18/4000 Glass Microballoons
(Manufactured by -M Coip.
Minneapolis, Minn )

Jaguar NG (Manufactured by
Stein Hall & Co. Inc New
York, N.Y.) dispersed

in 10 grams of nitromethane 7 grams

20 grams

Potassium pyroantimonate 01 gram
Alcoa 1620A Atomised

Aluminum (Manufactured by

Alcoa Aluminum, Pittsburgh.

Pa) 30 grams

The resulting explosive gel composition exhibited
good storage capabilities and after a two week period at
approximately 70° F was found to be detonable with a 2
X 8 inch stick of Power Primer, a high strength gelatin
dynamite manufactured by Atlas Powder Co.. Tama-
qua, Pa, and a No. 6 blasting cap.

EXAMPLE 5

Sodium nitrate in the amount of 56 grams and ammo-
nium nitrate in the amount of 625 grams were dissolved
in 100 grams of water and cooled to about 147" F. To
this aqueous solution was added | gram Arm..» HT,
and 1 gram of Acryloid K120N, a methyl-methacrylate
polymer in powder form, sold by Rohm & Hass Com-
pany. Philadelphia, Pa., with stirring. The methyl-
methacrylate polymer dispersed easily in the aqucous
solution. With continued stirring 140 grams of nitro-
methane was added and finely dispersed globules of
gelled nitromethane were observed to form almost im-
mediately. The following fuels, oxidizing agents, non-
explosive sensitizing materials and water gelling agents
were than added in the proportions stated:

B38/74000 Gilass Microballons

(Manufactured by 3IM Corp

Minneapolts, Minn.) 20 grams
Ethylene Glycol 2 prams
Jaguar NG (Manufactured by

Stemn Hall & Co, Inc., New

York, NY) T grams
Alcoa 1620A Atomized

Aluminum (Manufactured by

Alcoa Aluminum, Pittsburgh,

Pa) 0 grams
Potassiim Pyroantimonate 01 gram
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The resulting gel explosive composition was stored
for a period of six weeks at approximately 70° F. A 2
inch diameter sample of this explosive gel composition
was found to be detonable with one 10 gram Detaprime,
as described in Example 1, above.

EXAMPLE 6

A mixture of 74 grams sodium nitrate, 26 grams so-
dium perchlorate, and 463 grams of ammonium nitrate
was dissolved in 180 grams of water and heated to ap-
proximately 140° F. To this aqueous solution 5 grams of
Acryloid K120N, a methyl-methacrylate polymer sold
in powder form by Rohm & Hass Company, Phili-
delphia, Pa., was added with continued agitation. Nitro-
methane was-then added in an amount of 140 grams and
dispersed globules of gelled nitromethane were ob-
served to form quickly within the aqueous medium. The
following materials are then added in the amounts speci-
fied.

Ethylene Glycol 40 grams
B28/750 Glass Microspheres

(Manufactured by 3IM Corp

Minnezpohs, Minn.) 15 grams
Jaguar NG (Manufactured by

Stein Hall & Co,, Inc.. New

York, N.Y ) 7 grams
Potassium Pyroantimonate 0.8 grams

The resulting explosive gel composition was found to
have excellent storage characteristics and a 2 inch diam-
eter sample of this explosive gel composition was deto-
nable with a 2 X 8 inch Power Primer and No. 6 blast-
ing cap after one month of storage.

EXAMPLE 7

A No. 6 cap sensitive aqueous gel explosive composi-
tion was prepared according to the subject invention in
the tollowing manner. It should be noted that because a
fairly large batch was prepared (approximately 150 1bs.)
the major constituents were measured in terms of
pounds, while the minor constituents were weighed out
m grams. First, a mixture of 22 pounds 1 ounce of flaked
ammonium nitrate and 8 pounds 6 ounces of sodium
nitrate were dissolved in 15 pounds of water at approxi-
mately 120° F. This aqueous medium was then added to
72 pounds of ground ammonium nitrate and stirred. To
this slurry-like aqueous medium was added 68.1 grams
of Armeen HT, 204.3 grams of cellulose acerate sold
under the trade designation of 394-60 by Eastman
Koduk Company of Rochester, N.Y., along with 3
pounds of ethylene glycol. Nitromethane in the amount
of 21 pounds was then added to the aqueous solution
containing the polymeric thickening agent, cellulose
acetate. Finely dispersed globules of nitromethane gel
formed almost immediately within the aqueous medium.
The following materials were then added to the aque-
ous medium-nitromethane gel dispersion:

BI%/3000 Celass Micraballoons
(Manufactured by 3M Corp |
Minncapohs, Minn ) 3 pounds
Jaguar NGi(AManutactured by

Stem Hall & Co, Inc., New

York. NY) 341 prams
Potassium pyroantimonate 5.05 grams
Alcoa 1620 Atomized Alununum

(Manufactured by Alcoa
Aluminum, Pitisburgh, Pa)

3.5 pounds
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After storage of the above composition for approxi-
mately one month, the explosive gel composition was
found to be detonable with a No. 6 blasting cap in a 2
inch diameter container.

While this invention has been described in relation to
its preferred embodiments, it is to be understood that
various modifications thereof will now be apparent to
one skilled in the art from reading this specification and
it is intended to cover such modifications as fall within
the scope of the appended claims.

What is claimed is:

1. A process for preparing an explosive gel composi-
tion which comprises an inorganic nitrate and a nitro-
paraffin comprising:

(a) forming an aqueous solution comprising an inor-

ganic nitrate;

(b) adding a nitroparaffin to said aqueous solution;

(c) adding a polymeric thickening agent for nitropar-
affins sclected from the group consisting of cellu-
lose acetate. cellulose acetate butyrate, cellulose
acetate propionate, polymers of methyl, ethyl and
butyl methacrylate, copolymers of vinylidene chlo-
ride and acrylonitrile, and mixtures thereof to said
aqueous solution while agitating to form a ni-
groparaffin gel dispersed within said aqueous solu-
tion;

(d) gelling said aqueous solution by adding an effec-
tive amount of an aqueous gelling agent.

2. The product produced by the process of claim 1.

3. A method for producing an aqueous gel explosive
composition comprising:

(a) dispersing a polymeric thickening agent for nitro-
paraffins selected from the group consisting of
cellulose acetate, cellulose acetate butyrate, cellu-
lose acetate propionate, polymers of methyl, ethyl
and butyl methacrylate, copolymers of vinylidene
chloride and acrylonitrile and mixtures thereof in
an aqueous medium by agitation;

(b) thereafter adding a nitroparaffin to said aqueous
medium while agitating to form a nitroparaffin gel;

(c) gelling said aqueous medium.

4. The process of claim 3 further comprising admix-
ing a fuel with said aqueous medium containing the
dispersed nitroparaffin gel.

$. The process of claim 4 wherein said fuel 1s present
in an amount up to about 15 percent by weight, tased on
the weight of the explosive gel composition.

6. The process of claim § wherein said fuel is selected
from the group consisting of aromatic hydrocarbons,
petroleum naphthas, oxygenated orzanic compounds.
aluminum and mixtures thercof.

7. The process of claim 6 wherein said fuel s ethylene
glycol.

8. The process of claim 3 further comprising admix-
ing a non-explosive sensitizing material with said aque-
ous medium containing the dispersed nitroparaffin gel.

9. The process of claim 8 wherein said non-cxplosive
sensitizing material is present in an amount up to about
5 percent by weight based on the weight of the explo-
sive gel composition.

10. The process of claim 9 wherein said non-eaplosive
sensitizing material is selected from the group consist-
ing of glass microbalioons, resin microballoons, wood
flour, cork, balsa and mixtures thereof.

11. The process of claim 10 wherein said non-explo-
sive sensitizing material is glass microballoons.

12. The process of claim 3 wherein said polymeric
thickening agent further comprises nitrocellulose.
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13. The process of claim 3 wherein said polymeric
thickening agent is in powdered form.

14. The process of claim 3 wherein said nitroparaffin
is present n an amount equal to from about 5 to about
30 percent by weight, based on the weight of said explo-
stve gel composition.

15. The process of claim 14 wherein said nitroparaffin
is sclected from the group consisting of nitromethane,
nitroethane, l-nitropropane, 2-nitropropane.

16. The process of claim 15 wherein said nitroparaffin
15 mitromethane,

17. The process of claim 3 wherein said inorganic
nitzate is present in an amount of from about 10 to about
80 perceat by weight, based on the weight of said explo-
sive gel composition.

18. The process of claim 17 wherein said inorganic
nitrates are selected from the group consisting of ni-
trates of ammonium, alkali metals, alkaline earth metals,
Group 111 elements and mixtures thereof.

19. The process of claim 18 wherein said inorganic
nitrate is a mixture of ammonium nitrate and sodium
nitrate.

20. The process of claim 17, further comprising dis-
solving an oxidizing agent other than said inorganic
nitrate in said aqueous medium in an amount up to about
30 percent by weight, based on the weight of the explo-
sive gel composition, so that the combined total of said
oxidizing agent and said inorganic nitrate is in the range
of from about 10 to about 90 percent by weight of said
explosive gel composition.

21. The process of claim 20 wherein said oxidizing
agent is selected from the group consisting of the per-
chlorates of ammonium, alkali metals, alkaline earth
metals, Group III elements and mixtures thereof.

22. The process of claim 21 wherein said oxidizing
agent is sodium perchlorate.

23. The process of claim 21 wherein said oxidizing
agent is ammonium perchlorate.

24. The process of claim 3 wherein said gelling of the
aqueous medium is effected by the addition of an aque-
ous gelling agent in an amount of from about 0.2 to
about 2.0 percent by weight, based on the weight of the
explosive gel composition.

25. The process of claim 24 wherein said aqueous
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gelling agent is selected from the group consisting of 45

gum arabic, guar gum, polyacrylamides, pregelatinized
starch, carboxyethyl cellulose and mixtures thereof.

26. The process of claim 25 wherein said aqueous
gelling agent comprises guar gum and a suitable cross
linker therefor.

27. The process of claim 2§ wherein said aqueous
gelling agent comprises a polyacrylamide and a suitable
crosslinker therefor.

28. The process of claim 3 further comprising admix-
ing 2a effective amount of an emulsifier with said aque-
ous inedium.

29. The process of claim 28 wherein said emulsifier is
a hydrogcenated tallowr amine.

30. The process of claim 3 further comprising admix-
ing an auxtliary sensitizing agent with said aqueous
medium containing the dispersed nitroparafin gel.

31. The process of claim 30 wherein said auxiliary
sensitizing agent comprises up to about 20 percent by
weight of the explosive gel composition and is selected
from the group consisting of methylamine nitrate, ethyl-
enediamine dinitrate, Dinitrotoluene, Trir' -otoluene
and mixtures thereof.

32. The product produced by the process of claim 3.

60

65

12

33. In a method of making an aqueous gel explosive
composition comprising a nitroparaffin gelled with a
polymeric thickening agent selected from the group
consisting of cellulose acetate, cellulose acetate buty-
rate, cellulose acetate propionate, polymers of methyl,
ethyl and butyl methacrylate, copolymers of vinylidene
chloride and acrylonitrile, and mixtures thereof, the
improvement comprising:

dispersing said polymeric thickening agent in an
aqueous medium and thereafter adding nitroparaf-
fin to the resulting dispersion with agitation to
form a nitroparaffin gel dispersed within saic ~aue-

- ous medium.

34. The method of claim 33 wherein said aqueous

medium comprises a solution of oxidizing agents.

35. The method of claim 33 further comprising gel-

ling said aqueous medium.

36. The product produced by the method of claim 33.

37. In a process for producing an aqueous explosive

gel composition which comprises a nitroparaffin gel,
the improved method of preparing said nitroparaffin gel
comprising:

(a) dispersing a polymeric thickening agent for nitro-
paraffins selected from the group consisting of
cellulose acetate, cellulose acetate butyrate, cellu-
lose acetate propionate, polymers of methyl, ethyl
and butyl methacrylate, copolymers of vinylidene
chioride and acrylonitrile, and mixtures thereof in
an aqueous solution by agitating;

(b) adding a nitroparaffin to said aqueous solution
while agitating to thereby form dispersed globules
of nitroparaffin gel.

38. The product produced by the process of claim 37.

39. A method of manufacturing a gelled explosive

material consisting essentially of the following composi-
tion:

Ingredient e by weight
Inorganic mitrate 10 - 80
Oxidizing Agents (other than

inorganic nitrates) 0-30
Water $-25
Water Gelling Agent 02-20
Non-explosive Seasiizing Agent 0-5¢C
Fuels 0-18
Nitroparaffin £-30
Polymenc thickner of mtroparaffin

selected from the group consisting

of cellulose acetate, cellulose

acetate butyrate, cellulose acetate

propionate, polymers of methyl,

ethyl and butyl methacrylate,

copolymers of vinylidene chlonde

and acrylonitrile and mixtures

thereof 00S-20

said gelled explosive material being formed by adding
said polymeric thickner to an aqueous medium selected
from the group consisting of water and an aqueous
solution containing at least a portion of said inorganic
nitrates and thereafter adding the remaining ingredients.

40. The method of claim 39 further comprising ad-
mixing an effective amount of an emulsifier with said
aqueous medium,

41. The method of claim 40 wherein said emulsifier is
a hydrogenated tallow amine.

42. The method of claim 41 wherein said polymeric
thickening agent is in powdered form.

43. The method of claim 39 wherein said nitroparaffin
is nitromethane.
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44. The method of claim 39 wherein said inorganic
nitrate is selected from the group consisting of nitrates
of ammonium, alkali metals, alkaline earth metals,
Group III elements, and mixtures thereof.

45. The method of claim 39 wherein said oxidizing
agents are sclected from the group consisting of sodium
perchlorates, ammonium perchlorates and mixtures
thereof.
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46. The method of claim 39 wherein said water gel-
ling agent is selected from the group consisting of guar
gum, polyacrylamide and mixtures thereof.

47. The method of claim 39 wherein said fuel is se-
lected from the group consisting of ethylene glycol,
aluminum and mixtures thereof.

48. The method of claim 39 wherein said non-explo-
sive sensitizing agent is glass microballons.

49. The product produced by the method of claim 39.
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[57) ABSTRACT

An explosive slurry composition having excellent sus-
pension stability, good thixotropic characteristics, high
detonation power and good temperature characteris-
tics comprises as ingredients a water-swollen gel of a
complex composed of sodium montmorillonite and a
water-soluble organic compound having a polar group,
and an oxygen supplier such as ammonium nitrate
and/or a scnsitizer such as aluminum powder and/or a
fuel such as saccharide, fuel oil and the like. This ex-
plosive slurry composition is used for blasting hard
rocks and the like in situ connected with a booster or
cap.

19 Ciaims, No Drawings
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EXPLOSIVE SLURRY COMPOSITION
CONTAINING SODIUM MONTMORILLONITE

This invention relates to an explosive slurry composi-
tion comprising as an indispensable ingredient a water-
swollen gel of a complex composed of montmorillonite
and a water-soluble organic compound, especially an
organic compound having a polar group such as -NH,,

5

-OH and -SO;H (hereinafter referred to as “polar com- 10

pound™).

By the term “slurry explosive™ is generally meant an
explosive which contains water and has fluidity and
which is fed into a blasting situ by means of a pump and
is exploded in siitu connected with a booster or cap for
blasting hard rocks and the like.

Conventional slurry explosives are generally formed
by incorporating and suspending an oxygen supplicr, a
sensitizer, a thickening agent and the like into water.
As the oxygen supplier there arc employed ammonium
nitrate, sodium nitrate and the like, and as the sensi-
tizer there are employed an organic sensitizer such as
self-explosive T.N.T. and a metallic sensitizer such as
aluminum powder and the like. Guhr gum or the like is
incorporated as a thickening agent in conventional
slurry explosives.

However, these conventional slurry explosives in-
volve various defects that should be overcome. For
example, the following defects and shortcomings are
inevitably involved in conventional slurry explosives.

1. In conventional slurry explosives, sedimentation of
the oxygen supplier, sensitizer, fuel or the like is caused
to occur in the slurry with the lapse of time after prepa-
ration, and hence, reduction of the detonation power
cannot be avoided.

In general, a slurry explosive may conprise 15 to 40%
by weight of water and 40 to 70% by weight of ammo-
nium nitrate, sodium nitrate or other oxygen supplier.
When the oxygen supplier is contained at such a high
concentration, with the lapse of storage time or if the
ambient temperature is lowered below the saturated
temperature of the oxygen supplier, the finely divided
powers or particles of the oxygen supplicr gradually
cohere to form coarse crystals, which come to precipi-
tate in the slurry.

Once such sedimentation occurs, pumping of the
slurry explosive becomes difficult and the dispersion
state of explosive ingredients becomes hefcrogeneous,
resulting in reduction of the detonation power or in
misfiring of slurry explosive.

Also the sensitizer such as aluminum powder is grad-
ually sedimented with the lapse of time and this sedi-
mentation has had influences on the exploding prop-
erty. 2. Conventional slurry explosives are insufficient
with respect to the thixotropic characteristics.

In general, it is desired that slurry explosives have so
called “thixotropic™ characteristics, namely thcy have
such propertics that on filling in a blasting hole the
explosive is so lowly viscous and so fluid that pumping
can be accomplished smoothly and after filling in a
blasting hole the viscosity is recovered to an appropri-
ate level.

In conventional slurry explosives, however, in order
to improve the thixotropic characteristics it is neces-
sary to add especially a thickening agent such as guhr
gum. Moreover, in order to heighten viscosity of slurry
after charging, it has been propuoscd to incorporate a
cross-linking agent such as borax or potassium dicro-
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mate G the explosive before charging or to mix such
a cross-linking agent together with the explosive by
means of a separate feed pump.

These means, however, tnvolve problems as to selec-
tion of the thickening agent or cross-linking agent,
adjustment of the amount used of the thickening agent
or cross-linking agent, and other controls to be made
depending on the ambient temperature or the like.
Therefore, none of these proposals give satisfactory
results. 3. Bowden et al in “Initiation and Growth of
Explosion In Solids and Liquids,” Cambirdge Univer-
sity Press (1952) confirmed that microbubbles present
in situ dispersed in the explosive generally give good
results as regards the detonation power.

In conventional slurry explosives, however, this re-
quircment is not satisfied and therefore, a method com-
prising adding such a chemical as sodium lauryl sulfate
or sodium hydrogenborate or a inethod comprising
adding glass microballoons for inscting air microbub-
bles has been proposed as means for overcoming this
defect.

However, these methods are troublesome and high
cost is necessary in order to practise them. Therefore,
it cannot be said that these methods will always give
satisfactory results.

It is thercfore a primary object of this invention to
provide a novel slurry explosive in which the above-
mentioned fatal defects involved in conventional slurry
explosives can be overcome and to which excellent and
desirable properties arc imparted.

More detailedly, the primary object of this invention
is to provide a slurry explosive in which the above-men-
tioned undesired phcnomenon of coarsening of crystals
of ammonium nitrate or the like is not caused to occur
even with the lapse of time or even if the ambient tem-
peraturc changes in a broad range and which can retain
a completely thixotropic state even without use of any
particular thickening agent or cross-linking agent.

Another object of this invention is to provide an
explosive slurry composition which inherently pos-
sesses a great number of microbubbles in such a dis- -
persed state as will give good results to the detonation
power.

I have conducted research on sodium montmorilion-
ite (hereinafter referred to merely as “*montmoritlon-
ite”") for a long time with a view to devcloping effective
uses of montmorillonite, and found that a macromole-
cule of a complex of montmorilionite and a water-solu-
ble organic compound, especially a water-soluble or-
ganic compound having polar group such as -NH,, -OH
and -SO,H, is very suitable as a base of a slurry explo-
sive capable of attaining the foregoing objects. Based
on this finding. | have now completed this invention.

Montmorillonite is a substance containing inhcrently
oxides of Si, Al, Mg, Ca, Na, K and the likc, and its
crystals arc very fine (for example, a particle size of
about 0.1 u). Further, montmorillonite can form com-
plex with a varicty of water-soluble organic com-
pounds, which are inscrted between crystal lattice lay-
ers of montmorillonite in such complex. Further, the
complex can form swollen-gel when water is incorpo-
rated in an amount B to 15 times the amount of mont-
morillonite.

For preparing the complex of this invention, the fol-
lowing water-soluble organic compounds can be used.

A. Urca and urca dcrivatives such, for examplc, as
urca, guanidine nitrate, guanidine carbonate and
water-soluble urea-formaldehyde resins,
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B. Aliphatic and aromatic amines such, for example,
as ethylamine, diethylamine and p-phenylene diamine.

C. Acid amides such, tor example, as formamide.

D. Amino acids and proteins such, for example, as
glycine, alanine (its methyl ester), valine glutamic acid,
albumin, lactoalbumin casein and water-sofuble gela-
tn.

E. Pyridines such, for example, as pyridine, piperi-
dine, piperazine and pyridazine.

F. Cellulose derivatives such, for example, as car-
boxymethyl cellulose and carboxyethy! cellulose.

G. Aliphatic and aromatic polyhydric alcohols such,
for example, as ethylene glycol, glycerin and polyvinyt
alcohol.

H. Lignosulfonic acid salts such, for example, as
sodium lignosulfonate and ammonium lignosulfonate.

I. Methyl nitramine monohydrate, dimethy! nitram-
ine monchydrate, nitromethane and nitroethane.

As is disclosed in literature references, for instance,

Bradley; J. Am. Chem. Soc., 67, pages 975 (1945) and
Sterling; J. Phys. Chem., 45, pages 65-81 (1941),
montmorillonite can readily form complex with organic
compounds such as mentioned above.
- As result of my experiments, it has been confirmed
that many polar compounds can intrude in Van der
Waals spaces in clearances between crystal lattice lay-
ers of montmorillonite to form complex.

When attapulgite (palygorskite) is used instead of
montmorillonite, similar complex can be formed with
these polar compounds.

As the oxygen supplier to be incorporated into a
water-swollen gel of a complex of montmoritlonite and
such polar compound, there can be mentioned, for
example, ammonium nitrate, sodium nitrate. ammo-
nium perchlorate, etc. In view of the cost and exploding
property, use of ammonium nitrate is most preferred.
When the oxygen balance, solubility and other faciors
arc taken into consideration, it is preferred to substi-
tute a part (up to 50% by weight) of ammonium nitrate
by sodium nitrate.

Onc of most characteristic features of the explosive
slurry composition of the invention is that it retains a
very good stability even with the lapse of time.

As pointed above, in conventional slurry explosives
fine powders or particles of the oxygen supplicr such as
ammonium nitrate gradually cohere to form coarse
crystals with the lapse of time or if the ambicnt temper-
aturc changes, and these crystals sediment in the sturry
system to causc heterogencous distribution of explosive
ingredients.

In contrast, in the water-swollen gel of a complex of
montmorillonite and a polar compound according to
this invention, ammonium nitrate and other ingredients
do not cause such undesired phenomenon.

The reason has not completely been elucidated, but it
is believed that the water-swollen gel of a complex of
montmorilionite and a polar compound is present in
the system in the form of a macromolecule and this
macromolccule has an activity to prevent coarsening of
crystals and causcs such a strong linkage with ammo-
nium nitrate or the like as will prevent cohesion and
crystallization of ammonium nitrate or the like, with
the result that a stable suspension state can be main-
tained for a long time.

It is surprising that also with respect to a powder of a
mctal to be used as a sensitizer, such as aluminum
powder, the initial stable state can be retained for a
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long time in a water-swollen gel of the complex of this
invention.

It is believed that this feature may probably be at-
tained by the molecular absorption of the surtuce of
montmorillonite, though the detailed reason has not
completely been clucidated.

In respect to conventional slurry explosives, various
methods have been proposed as means for maintaining
a good suspension stability of ingredients. There can be
mentioned. tor example, a method comprising incorpo-
rating carboxymethyl cellulose, a protein or the hike
into the slurry and a method comprising adding an acid
salt of a higher alkyl amine or a salt of lauryl sulfate

As a result of my experiments, however, it has been
confirmed that none of these proposals give such excel-
lent results as attamable according to this invention, It
has also been tound that a water-swollen gel of the
complex of this invention gives much better results
than thosc attained by a water-swollen gel composed
merely of montmorillonite.

In the case of a water-swollen gel of the complex of
this invention, it also is possible to keep a petroleum
such as fuel o1l in the stably dispersed state in the slurry
explosive. In case detonation of a slurry explosive is
effected only with a petroleum such as fuel oil. the
handling safety is generally much higher than when a
sclf-explosive sensitizer is employed, and further, the
operation cost is much lower. Therefore, in the art it is
generally desired that detonation of a slurry explosive is
effected only with a petroleum.

However, as a result of my experiments it has been
confirmed that it is impossible to retain a sufficiently
stable dispersion of such tucl in conventional slurry
explosives for a long time, and cohesion and phase-
separation of the fuel gradually occur, resulting in re-
duction of the detonation power of the explosive.

In the explosive slurry composition of this invention
composed of a water-swollen gel of the above-men-
tioned complex, the foregoing problems involved in
conventional techniques are solved and it is possible to
improve greatly the suspension stability of a petrolcum
in the explosive slurry. In this invention, the dispersibil-
ity of a petroleum can be further heightened by incor-
porating a lower acid amide or water-soluble alkyl
aminc in an amount of 0.3 to 0.7% by weight based on
the total composition.

Excellent thixotropic characterstics of the explosive
slurry composition of this invention will now be de-
scribed. Most of colloidal systems, especially concen-
trated cmultions and suspensions, have a so-called
thixotropic property, namely a property that when they
arc madec {luid by application of stress, softening occurs
and the viscosity is lowered but if the fluid state is
caused to disappear, the viscosity is returned to the
original high tevel.

Although a water-swollen gel composed merely of
montmorillonite has such thixotropic property, a wa-
ter-swollen gel of a sodium montmorillonite complex of
this invention is especially excellent in thixotropic
charucteristics required of a slurry explosive, and it can
rcadily be pumped into a blasting hole and the required
visconity can promptly be recovered throughout the
entire composition after charging. Accordingly, there is
attained an advantage that when the explosive of this
invention is charged in, for instance, a downwardly
inchined hole, the charged explosive does not flow
down.
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In the explosive slurry composition of this invention,
microbubbles making a desired contribution to the
blasting effect are inherently contained.

By Bowden et al supra who proposed Hot Spot The-
ory. it has already been confirmed that microbubbles of
air or gas present in an explosive are compressed in an
adiabatic state at the initial stage of detonation,
whereby the blasting effect is further enhanced.

In the montmorillonite complex of this invention,
since the shape of montmorillonite crystals is flat and
irregular and the particle size differs greatly within a
range of 100 u to 30 pu, a spacc is inherently present
in each crystal. Furthermore, since fine particles of
montmorillonite make a contribution to enhancement
of the shock interaction caused by shock waves of
detonation. Thus, it is believed that by virtue of fea-
tures the state desired and suitable for detonation can
be attained in the explosive slurry composition of this
invention.

In the case of the explosive slurry composition of this
invention, any of particular means for formation of air
bubbles such as indispensable in conventional slurry
explosives, need not be adopted and the intended ob-
ject can naturally be attained.

Embodiments of the explosive slurry composition
will not be described.

The explosive slurry composition of this invention is
formed by adding 50 to 70 parts by weight of ammo-
nium nitratc or a mixture of ammonium nitrate and
sodium nitrate as an oxygen supplier to 23 to 32 parts
by weight of a water-swollen gel of a complex of mont-
morillonite and a polar compound, adding 3 to 12 parts
by weight of at lcast one member selected from pow-
dery metals such as aluminum powder, saccharides
such as sucrose, urea and petroleum such as fuel oil as
a sensitizer and/or a fuel and further adding small
amounts of a viscosity adjusting agent, a dispersing
agent and/or a buffer agent according to need.

According to this invention, a water-swollen gel of a
complex composed of montmorillonite and a polar
compound is prepared by pulverizing a bentonite ore,
suspending the resulting particles in water, passing the
resulting suspension-sol through a filter of about 300
mesh to remove the majority of the silt, allowing the
filtered suspension-sol to stand still to sediment a silt of
a finc sizc, decanting the resulting suspension-sol free
of this silt, heating and concentrating the suspension-
sol to form a watcr-swollen gel in which®the weight
ratio of montmorillonite: water is within a range of

S

20

25

30

35

40

45

from 10 : 90 to 15 : 85, adding 1 to 5 parts by weight of 50

a polar compound to 22 to 28 parts by weight of the so
formed gel, and agitating sufficiently the resulting mix-
turc to form a desired water-swollen gel of a complex of
the polar compound and montmorillonite. In practising
the above preparation process, it is possible to add an
aqueous solution containing a desired amount of the
polar compound to the suspension-sol before the heat-
ing step to effect concentration.

Then, 50 to 70 parts by weight of ammonium nitrate
or an oxygen supplicr composed of more than 50% by
weight of ammonium nitrate and less than 50% by
weight of sodium nitrate is incorporated into 23 to 33
parts by weight of the so formed water-swollen gel of
the complex of montmorilionite and the polar com-
pound.

Furthcrmore, a sensitizer or a fucl is incorporated,
into the resulting admixture. Aluminum powder is most
suitable as the sensitizer, and it is preferred that alumi-
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num powder has a flaky form of a size of 50 to 325
mesh, which has a broad size-distribution range includ-
ing very finc particles. In the explosive slurry composi-
tion of this invention, the amount incorporated of alu-
minum powder does not exceed 6% by weight based on
the total explosive. In case aluminum powder is incor-
porated just before use of the explosive, deterioration
or degradation of the explosive can be avoided. When
aluminum powder is incorporated and then the explo-
sive is stored for a certain period, the pH of the explo-
sive is adjusted to 3.5 to 5.5 by addition of a buffer
solution. When petrolcum is incorporated, use of fuel
otl having a calorific value of 10,000 to 11,000 Kcal/Kg
is preterred. In addition, liquid paraffins of a low vola-
tility composed of alkyl naphthenes can be used as the
fuel. Morcover, carbonaccous materials such as su-
crose and fructose can be used as the fuel. Urea is also
a preferred fucl.

In addition to the foregoing ingredients, ions of
humic acid, lignosulfonic acid and tannic acid are op-
tionally incorporated in amounts not excceding 2% by
weight based on the composition as a peptizer.

In case a fuel oil is employed, in order to maintain a
good dispersion state in the slurry, it is very effective to
incorporate lower acid amides such as acetamide and
acrylamide or water-soluble alky) amincs.

This invention will now be illustrated more detailedly
by reference to Examples.

EXAMPLE 1

A bentonite ore was pulverized and suspended in
water, and the majority of the silt was removed by
passing the resulting suspension-sol through a filter of
about 300 mesh. The filtered suspension-sol was then
allowed to stand still for 20 hours to sediment a silt of
a finer size. The so formed silt-frce suspension-sol was
subjected to decantation and concentrated under heat-
ing to obtain a water-swollen gel in which the montmo-
rillonite : water weight ratio was 12 : 88.

Then, 3 parts by weight of urea was incorporated into
28 parts by weight of the so formed gel and the mixture
was sufficicntly agitated to obtain 31 parts by weight of
a water-swollen gel of a complex of montmorillonite
and urca.

Then, 62 parts by weight of ammonium nitrate as an
oxygen supplicr, S parts by weight of aluminum powder
as a sensitizer and 2 parts by weight of urca as a fucl
were added to the water-swollen gel of the complex,
and a minute amount of a buffer agent was further
added in order to maintain the pH of 3.5 to 5.5, Thus
was obtained about 100 parts by weight of a typical
instance of the explosive slurry composition of this
irvention.

A part of the so obtained composition was charged in
a cartridge having a diameter of 50 mm and a length of
400 mm, and it was subjected to the expiosion test at an
ambicnt temperature of 20°C. or 5°C. with usc of a
booster (10 g of dynamite) and a cap (No. 6). In cach
case, the explosive completely shot and the detonation
velocity was 4,200 m/sec at an ambicnt temperature of
20°C. and 4,100 m/sec at an ambicnt temperature of
5°C.

The same composition was allowed to stand still at
about 20°C. for 480 hours and after this storage the
explosion test was conducted under the same condi-
tions as above. The dctonation velocity was 4,100
m/sec at an ambicnt temperature of 20°C. and 4,000
m/sec at an ambicnt temperature of 5°C. Thus, it was
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found that no substantial degradation of the detonation
power was brought about by storage.

In the case of a comparative sample of a conventional
slurry explosive composed of 18 parts by weight of
water, 70 parts by weight of ammonium nitrate, 10 ¥
parts by weight of aluminum, 2 parts by weight of a
thickening agent and a minute amount of a buffer
agent, the detonation velocity was 4,800 m/sec at 20°C.
just after preparation but it was lowered to 4,400 m/scc
at 5°C. After 480 hours’ storage, the sample did not
shoot at the explosion test conducted at 20°C. Thus, it
was confirmed that the detonation property of the sam-
ple was greatly degraded by storage.

In the case of another comparative sample composed
of 30 parts by weight of a water-swollen gel composed
mercly of montmoritlonite, 62 parts by weight of am-
monium nitrate, 8 parts by weight of an aluminum
powder and a minute amount of a buffer agent, the
detonation velocity was 3,300 m/sec at 20°C. and 3,200
m/sec at 0°C., and after 480 hours’ storage, the detona-
tion speed was lowered to 2,900 m/sec at 20°C. Thus, it
was confirmed that in the case of this comparative
sample the dctonation velocity was lower than in the
case of the explosive slurry composition of this inven-
tion and the degree of degradation of the detonation
power was rather greater than in the case of the explo-
sive slurry composition of this invention.

EXAMPLES 2to §
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Ammonium nitrate alone or its mixture with a minor >°
amount of sodium nitrate was incorporated as an oxy-
gen supplier into a water-swollen gel of a complex of
montmorillonitc and urea, a water-soluble urea-for-
maldehyde resin or a mixture thereof as a polar com- 35
pound. Aluminum powdecr as a sensitizer and urea or
sucrose as a fuel were further incorporated. The so
formed explosive slurry composition was subjected to
the explosion test at an ambient temperature of 20°C.
The composition of each explosive and the explosion 40
test results arc shown in Table 1.

Table 1
Example
2 3 4 5
- 45
A. Composition
{patte by weight)

(1) Water-swollen gel

of complex of

montmordlomite and .

polar compound:

(a) gel of 25 28 28 LI Y
montmonllonite

and water

(12.88)

{b) urea 12 18 15

(c) water-soluble 2s 3
urca-formaldehyde

fesim 55

(2) owygen suppher

ammonwin: aitrate 60 60 60 62

sodium nitrate 4 4 4 3

(3) sensitizer and fucl

aluminum powder 4 4 2 |

urea 13 48

sucrose 45 48 78 60

minute minutc  minute  minute
amount amount amount  amount

(4) buffer agent

B Dectonation Velocrty

(m/sec) (results of the

test conducted with use

of cartnidge of SO mm

diameter and 400 mm length, 65
hooster (10 g of dynamite)

and cap No &)

Just after prepa. 4000 4,200 3.800 4,100
ration

after 480 hours' IR00 4000 1.700 4,100
storage

8
From the results shown in the above Table, itis scen
that when a water-swollen gel of the montmorilionite
complex of this invention is employed, the properties of
the explosive are hardly degraded with the lapse of
time.

EXAMPLES 6 to 10

As the polar compound for formation of the complex
with montmorillonite, at least two members sclected
from ethylene glycol, glycerol, pyridine, protein (albu-
min) and sodium lignosulfonate were used in addition
to, or instead of, a urea type compound. Ammonium
nitrate as an oxygen supplier and urea and sucrose as a
fucl were employed but no sensitizer was incorporated.

The composition of each explosive sumple and the
results of the detonation test arc shown in Table 2.

Table 2

Example

A. Composition of
Explosive (parts
by weight)
(1) water-swollen
gel of complex
of montmortllonite
and polar compound-
(a) swollen gel 23 23 2S 25 28
of mont-
morilionite
and water
(12:88)
(b) ethylene s 05
glycol
(c) pyridine 2 15
(d) glycerol 0s
(e) protein 1
(albumin)
(f) urea Q.S Qs [V 0.s
(g) sodium (] 0Ss 1S
lignosulfonate
(2) ammonium 65 6S 65 65 65
nitrate
(3) luel:
urea s ss S ) S
sucrose 4 4 k) 2 2
B. Dctonation Test
Results (test was
conducted with use
of cartridge 20 mm
diameter and 300 mm
length and cap No. 6)
at 5°C shot faited  failed shot shot
at 25°C shot <hot shot shot shot
C. Detonation Veloaity 3,500 3400 3400 I ROO 4100
(m/sec as measured
at 25°C.) (results
of test conducted
with use of cartridge
of S0 mm diameter
and 400 mm length
and cap No 6}

(]

As is apparent from the test results shown in the
above Table, the explosive slurry composition of this
invention is characterized in that it can be completely
detonated even when a sensitizer such as aluminum
powder is not particularly incorporated.

It was found that an explosive having a composition
of Example 10 is especially excellent in the thixotropic
characteristics.

EXAMPLES 11 to 1§

As the polar compound for formation of a complex
with montmorillonite, carboxymethyl cellulose, polyvi-
nyl alcohol or formamide was employed in addition to




ol

.

MM he RN SEE an aay ooy

—

v

M T R AL AL A 4

e e w ww v =

T

AP A S AC i i - Eaas

3,956,040

9

the urea type compound. The composition of cach
explosive and the results of the explosion test are
shown in Table 3.

Example
it 12 13 14 s

A. Composition
{parts by weight)
(1) water-swollen
gel of vomplex
of montmornillonite
and pular compound
(a} swollen gel 25 25 25 23 23
of
montmoritlonie
and water
(12 8%)
{b) carboxy- 1.5 1.5 1.0
methyl
cellulose
(c}) polyvinyl i3 i.5
alcohol
(d) urea 1.5 1.7
(e} sodium
hgnosulfonate
(0 formamude
(2) oxygen supplier
ammonium nitrate 63 63 63
sodium mitrate
(3) sensttizer and
fuel
aluminum
powder
sucrose 3 25
Urea 7 6 3 6 b]
huffer agent minute minute
amount amount
B Results of Detonation
Test (vonducted
with use of
cartridge of
50 mm diameter
and 400 mm lcngth)
ay 0°C. shot shot shot failed shot
at 30°C. shot shot shot shot shot
detonaton velocrty 3.700 3500 3900 3,800 3,800
(m/see as measured
at 0°C)

[Py
wo

- o
&l

> o -

e

LN =

“eoow

(5]

2

w
»

From the results shown in the above Table, it is scen
that the detonation property of the explosive slurry
composition of this invention is not degraded at a fower
temperature, and it is possible to obtain a desired deto-
nation velocity optionally by changing the composition
of the montmorillonite complex. 4

EXAMPLES 16 to 20

Explosives free of a metallic sensitizer, compositions
of which arc shown in Table 4, werc prepared by em-
ploying fuel oil as a fuel. These explosives were sub-
jected to the detonation test. The composition of each
cxplosive and results of the detonation test are shown
in Tablc 4.

Tablc 4

Example

16 17 18 19 20

A. Composition
(parts by weight)
(1) water-swollen
gel of complex
of montmaritlonite
and polar compound
(a) swollen gel 235 21 238 1S 218
of

— e —r o A .
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Table 4-continued

Example
16 17 L] 19 20

maontmorillonite
and water
(13:87)
(b) urea 3
(¢) carboxy
methy!
cellulose
(2) oxygen supphier:
ammanium (.33 63 63 68 6N
nitvate
sodium nitrate s S
(3) fuet
fuct oit 5 N S S s
(4) dispersing agent
acctamide 0s 0Ss
ethylamine 0.5 [FN]
B. Results of Detonation
Test (conducted at
20°C with use of
cantndge of 50 mm
diameter and 400 mm
length and cap No. 6)

—ts
-

detonation velocity

(m/sec):

just after 4,000 3700 2700 4100 1900
preparation

after 480 houry’ 3600 3300 3400 4. 000 3,700
storage

As is scen from the results shown in the above Table,
in the explosive slurry composition of this invention
fuel oil can be used as the fuel, and the detonation
property of the explosive slurry composition of this
invention is hardly degraded even if it is stored for a
long time.

EXAMPLES 21 to 24

As the polar compound for formation of a complex
with montmorillonite, nitromethane or methyl nitram-
ine mono hydride was employed in addition to the
ethylenc glycol type compound. The composition of
each explosive and the results of the explosion test are
shown in Table §.

Table 5

Example
2 22 23 24

A. Composition of Explosive
(parts by wewght)
(11 Water-swollea gel of complex
of montmonilomte and polar
compound
(a) swollen gel of 20 20 Ix X
moatmoridlonite and
water
(158%)
(b) nitromethane 7 7
(¢} methyl aitrameane
monohydrate & R
(d) cthylene glycol K] 4 2 M
(2) Oxygen supplier .
ammonium nitrate 50 50 50 50
sodium ntrate 6
(1) Sensitizer and fucel
aluminum powder 2
urea 6
cthylene glyveol 2
B. Results of Detonation Lest
(conducted cartndge of
30 mm diameter and 400 mm
length)
at  10°C shot shot shot shot
at 0°C shot shot shot shot
detonation velocity 300 S.300 4 K00 S.a000
(m/sec as measured at
- 10°CY and Cap No 6

N AN

124}
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What is claimed is:
1. A explosive composition which comprises an aque-
ous slurry of:
a. at least one inorganic oxidizing salt; and
b. a complex of sodium montmorillonite and a water-
suluble organic compound containing at least one
-NH,. -OH or -SO,H group, said complex being in
the torm of a water-swollen gel in which the sodium
montmorillonite: water weight ratio is between
about 10:90 and 15:85.
2. An explosive slurry composition set forth in claim
1 wherein the water-soluble organic compound con-
taining a polar group is at lcast one member selected
from the group consisting of urca, guanidine nitrate,
guanidine carbonate, water-soluble urea-formaldehyde
resins, cthylamine, dicthylamine, p-phenylene diamine,
formamide, glycine, alanine methyl ester, valine, glu-
tamic acid, albumin, lactoalbumin, casein, water-solu-
ble gelatin, pyridine, piperidine, piperazine, pyridazine,
carboxymethyl cellulose, carboxyethyl cellulose, ethyl-
enc glycol, glycerin, polyvinyl alcohol, sodium lignosul-
fonate, ammonium lignosulfonate, nitromethane, nitro-
ethane, methyl nitramine and dimethyl nitramine,
3. An explosive slurry composition set forth in claim
I wherein ammonium nitrate or a mixture of more than
50% by weight of ammonium nitrate and less than 50%
by weight of sodium nitrate is incorporated as the oxy-
gen supplier in an amount of 50 to 70 parts by weight
per 23 to 33 parts by weight of the water-swollen gel of
the complex of montmorillonite and the water-soluble
organic compound containing a polar group and at
lcast one member selected from aluminum powder,
urea, sucrose and petroleum such as fuel oil is incorpo-
rated as the sensitizer and/or fuel in an amount S to 12
parts by weight per 23 to 33 parts by weight of the
water-swollen gel of the complex of montmorillonite
and the water-soluble organic compound containing a
polar group.
4. An explosive slurry composition set forth in claim
3 wherein 60 to 67 parts by weight of ammonium ni-
trate is incorporated into 23 to 33 parts by weight of a
water-swollen gel of a sodium montmorillonite-urca
complex prepared by adding 1 to S parts by weight of
urca to 22 to 28 parts by weight of a swollen gel of
sodium montmorillonite and water in which the sodium
montmorillonite : water weight ratio is within a range of
from 10 : 90 to 15 : 85, and 2 to 5 parts by weight of
aluminum powder, | to 5 parts by weight of urea and 0
to 9 parts by weight of sucrose arce further incorporated
into the resulting admixture.
§. An explosive slurry composition sct forth in claim
3 wherein 60 to 67 parts by weight of ammonium ni-
trate is incorporated into 23 to 33 parts by weight of a
water-swollen gel of a complex of sodium montmoril-
lonite, urca and sodium lignosulfonate prepared by
adding (.5 to 1.5 parts by weight of a protein, 0.5 to 2
parts by weight of urca and 0 to 1.5 rarts by weight of
sodium lignosulfonate to 22 to 28 parts by weight of a
swollen gel of sodium montmoriilonite and water in
which the sodium montmorillonite : water weight ratio
is within a range of from 10:90t0 15: 85, and 4 t0 7
parts by weight of urea and 1 to S parts by weight of
sucrose are further incorporated in the resulting admix-
ture.
6. An explosive slurry composition set forth in claim
3 wherein 60 to 67 parts of ammonium nitrate is incor-
porated into 23 to 33 parts by weight of a water-swollen
gel of © complex of sodium montmorillonite and, car-
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boxymethyl cellulose, urca, formamide and/or sodium
lignosulfonate prepared by adding 0.5 1o 2 parts by
weight of carboxymethyl cellulose. 0.3 to 1S parts by
weight of urca, 0.2 to 1.5 parts by weight ot formam-
aide and U to 1 ~art by weight of sodium lignosultonate
to 22 to 28 parts by weight of a swoilen gel of sodium
montmorillonite and water in which the sodium mont-
morillonite : water weight ratio is within a range of

from 10 : 90 to 15 : 85, and 1 to 3 parts by weight of

aluminum powder, 2 to 4 parts by weight of sucrose
and 2 to S parts by weight of urca are further incorpo-
rated into the resulting admixture.

7. The explosive composition of cluim 1 wherein said
inorganic oxidizing salt consists of at least 50% by
weight of ammonium nitrate.

8. The explosive composition of claim 7 wherein sawd
salt consists of a mixture of at least 507 by weight
ammonium nitrate with sodium nitrate.

9. The explosive composition of claim 1 wherein said
water soluble organic compound is selected from the
group consisting of urea, urca derivatives, aliphatic
amines, aromatic amines, acid amides, amino acids,
protcins, pyridines, cellulose derivatives, aliphatic
polyhydric alcohols, aromatic polyhydric alcohols, lig-
nosulfonic acid salts, methyi nitramine monohydrate,
nitromethane, nitroethane and mixtures thereof.

10. The explosive composition of claim 1 which con-
tains a sensitizer.

11. The explosive composition of claim 10 wherein
said sensitizer is aluminum metal.

12. The explosive composition of claim I which con-
tains a fucl.

13. The explosive composition of claim 12 wherein
said fuel is petrolcum oil, alkyl naphthenes, sucrose,
fructose, urea or mixturcs thercof.

14. The explosive composition of claim 1 which con-
tains aluminum metal as a sensitizer and petrofeum oil
as a fuel.

15. The explosive composition of claim 1 which con-
tains a peptizer.

16. The explosive composition of claim 15 wherein
said peptizer is humic acid, lignosulforic acid or tannic
acid.

17. The explosive compasition of claim I which con-
sists essentially of ammontum nitrate, a water-swollen
complex of sodium montmori  ute with urca and su-
crose.

18. A process for preparing a water-swollen gel of a
complex of sodium montmorillonite and a water-solu-
ble organic compound containing at least one -NH,,
-OH or -SO,H group which comprises pulverizing a
bentonite ore, suspending the resulting particles in
water, removing silt from the resulting suspension-sol,
concentrating the suspension -sol to form a gel in which
the sodium montmoritionite: water weight ratio is
within a range of from about 10:90 to 1585, incorpo-
rating about 1 to § parts by weight of said organic
compound into about 22 to 2R parts by weight of said
gel and then agitating the resulting mixture.

19. The process of claim 18 wherein said organic
compound is selected from the group consisting of
urca, guanidine nitrate, guanidine carbonate, water-
sotuble urca-formaldehyde resins, ethylamine, dicthyl-
amine, p-phenyiene diamine, formamide, glycine, ala-
nine methyl ester, valine, glutamic acid, albumin, lac-
toalbumin, cascin, water-soluble gelatin, pyridine, pi-
peridine, piperazine pyridazine, carboxymethy! cellu-
lose, carboxyethyl cellulose, ethylene glycol, glycerin,

.




\
-

H(‘r‘fr e

LANS 20 aan o

3,956.040

polyviny b alcohol, sodium hgnosulfonate, ammonium
lignosulfonate, nitromethane, nitroethane, miethyl ni-
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tramine and dimethy! nitramine.
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NITROPARAFFIN EXPLOSIVE COMPOSITION
CONTAINING HYDRAZINE AND
DIETHYLENETRIAMINE

This invention relates to sensitised liquid nitroparaf-
fin explosive compositions containing a delayed action
sterilising agent to render the compositions non-deton-
able at a convenient time after mixing.

Nitroparaffin explosives are widely used in opera-
tions requiring a so-called ‘two-component’ liquid ex-
plosive which can be prepared by the on-site mixing of
two non-explosive or insensitive ingredients. Generally
one component, in this case nitroparaffin, is the encr-
getic component and the second component is the
sensitiser. For nitroparaffins, the sensitising compo-
nents are generally amines. Such an explosive system
has the advantage that the separatc components can be
handled and transported safely to the blasting site by
normal transport, thus eliminating the requirement of
the costly shipping and handling methods needed for
explosives. Thus, the components can be quickly trans-
ported by air to widely distant blasting sites and mixed
to provide a high quality blasting explosive. In many
blasting operations only such a system could give cost-
effective operation.

The mixed ‘two-component’ explosive is, however, a
highi_ sensitive explosive mixture which will retain its
sensitivity indefinitely and any explosive remaining

after the blasting operation can be hazardous. Thus, in -

underwater channelling operations for oil-pipe laying,
containers of explosive have been lost due to rough
weather conditions and these containers constitute a
continuing danger. Further, the usage sites for such
explosives are generally ill-provided with magazines for
explosive storage so that any explosive surplus to the
blast requirements has to be detonated and it is often
impractical or inconvenient to detonate surplus explo-
sive at the mixing site. There has therefore been a de-
mand for methods of sterilising two-component sys-
tems, and especially for dclayed action sterilising
agents to desensitise the compositions after a conve-
nient period of storage. Many different compounds. for
example carbonyl compounds, have been proposed for
this purpose and, although cffective, they have been
found to impair the ease of initiation to detonation of
the originally mixed explosive. It is therefore an object
of this invention to provide a method of delayed sterili-
sation of a ‘two-component’ nitroparaffin explosive
which does not impair the case of initiation of the ex-
plosive when originally prepared.

I have now discovered that liquid nitroparaffin explo-
sives sensitiscd with hydrazine can be rendered self-
sterilising by the inclusion of diethylenetriamine in the
compuosition. This is surprisiag since nitroparaffins are
sensitiscd by amines. The use of an amine as the de-
layed desensitising agent ensures that initially the ex-
plosive remains as sen<iave and easily initiated to deto-
nation as the original mixture of nitroparatfin and hy-
drazine.

Thus, in accordance with this invention, a self-steri-
lising explosive composition comprises liquid nitropar-
affin, sufficient hydrazine to sensitise the nitroparaffin
and render it capable of detonation, and dicthylenetni-
amine as a delaved action sterilising agent.

The time required for the initially sensitive explosive
mixture to become incapable of initiation to detonation
can be varied by variation of the amount of sterilising
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agent in the composition. The composition conve-
niently contains 5 to 18% by weight of hydrazine and 2
to 10% by weight of dicthylenetriamine but the amount
of diethylenctriamine should preferably not be greater
than the amount of hydrazine. Such mixtures will be
come insensitive and incapable of detonation with a
conventional initiator after 3 to 6 hours.

Suitable fiquid nitroparaffins include. for example,
nitromethane, dinitromethane. nitrocthance. dinitroce-
thane, nitropropane and dinmitropropanc.

The explosive is conveniently prepared by mixing its
non-self-cxplosive ingredients as required at the site
where it is to be used. If desired. however, the nitropar-
affin uand hydrazine only may be mixed together to
prepare a sensitive two-component explosive mixture
and the dicthylenetriamine may be added at any conve-
nient time thereafter. Accordingly. the invention afso
includes a method of sterilising a sensitive liquid nitro-
paraffin hydrazine explosive composition wherein di-
ethylenetriamine is mixed with the composition.

The invention is further illustrated by the following
Examples, in which all parts are given by weight.

EXAMPLE 1

85 parts of nitromethane and 10 parts of hydrazine
were mixed to form a sensitive liquid explosive which
could be detonated reliably at a velocity of more than
6.3 km per second in a 25 mm diameter column by
means of a No. 8 blasting cap or a length of dctonating
cord having a core charge of 50 grains per foot of pen-
tacrythritol tetranitrate {PETN).

5 parts of diethylenctriamine were mixed with 95
parts of the thus prepared explosive composition and
when tested shortly after mixing, the explosive proper-
ties were the same as thosc of the original explosive
composition and these propertics were retained for
about 3 to 4 hours. After 4 hours the compositions
became insensitive and could not be detonated with a
No. 8 blasting cap or a length of detonating cord (50
grains per foot of PETN).

EXAMPLE 2

10 parts of hydrazine were mixed with 5 parts of
dicthylenctriamine and the resulting mixture mixed
with 85 parts of nitromethane. The resulting liquid
explosive could initially be reliably dctonated in a 25
mm diameter column at a velocity of more than 6.3 km
per sccond by a No. 8 blasting cap or a length of deto-
nating cord (SO grains per foot of PETN) but after 4
hours after the final mixing the compositon could not
be detonated by a No. 8 blasting cap or a length of
detenating cord (50 grains per foot of PETN).

What is claimed is:

1. A sclf-sterilising explosive composition consisting
essentially of a liquid nitroparaffin selected from the
group consisting of nitromethane, dinitromethane, ni-
troethane, dinitrocthane, nitropropane and dinitropro-
pane. sufficient hydrazine to sensitise the nitroparaffin
and render it capable of detonation, and dicthylenetri-
amine as a delayed action sterilising agent.

2. A composition as claimed in claim 1 comprising
from about 75 to about 93% by weight of nitroparaffin,
from about 5 to about 157% by weight of hydrazine and
from about 2 to about 107 by weight of diethylenetri-
amine.

3. A composition as claimed in claim 2 wherein the
amount of dicthylenctriamine is not more than the
amount of hydrazine.
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4. A compositon as claimed in cluim 2 comprising
about 85% by weight of nitromcethune, about 107 by
weight of hydrazine and about 5% by weight of dicthyl-
enetriamine.

5. A methud of sterilising an explosive composition
consisting « sentially of & mixture of hydrazine with a
nitroparatfin selected from the group consisting of
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nitromethane, dinitromethane, nitroethane, dinitroe-
thane, nitropropanc and dinitropropane in which
method dicthvlenctriamine is mixed into the composi-
tion as a delayed action sterilising agent.

6. A composition as in clatm 1 wherein the nitropar-
affin is nitromethane.

x * * * *
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SLURRY EXPLOSIVE COMPOSITION

This invention relates to improved slurry explosive
compositions of the kind containing a liquid alkyl ni-
trate as sensitiser in the liquid phase of the composition,
and to a method of preparing said explosive composi-
tion.

Slurry explosives comprise inorganic oxidising salt,
fuel and a liquid solvent, disperser or carrier for said
salt. Although the term ‘slurry’ is applied to such com-
positions the degree of consistency may range from
pourable to highly viscous extrudable gels. The oxidis-
ing salt generally comprises nitrate or perchlorate of
ammonia, sodium potassium, calcium or barium, the
most extensively used salt being ammonium nitrate.

The liquid content of slurry explosive is sufficient to
maintain a continuous liquid phase which facilitates
loading into boreholes or into paper or plastics contain-
ers to form blasting cartridges. The liquid phase may
vary widely in its chemical constitution consistency and
explosive sensitivity. Thus, in aqueous slurries, the lig-
uid phase may consist mainly of an aqueous solution of
inorganic oxidising salt but, non-agueous slurry compo-
sitions are known wherein the liquid phase comprises a
liquid chemical compound, which acts as fuel to con-
tribute energy to the composition. Thickening agents,
such as guar gum, dissolved in the liquid phase have
been extensively used to increase the viscosity of slurry
explosives, in order to prevent segregation of the ingre-
dients and to prevent deterioration in wet conditions.
Further improvements in the homogeneity and storage
properties have been obtained by crosslinking the thick-
ening agents with crosslinking agents, for example,
potassium and sodium dichromates or potassium pyro-
antimonate. It is also common practice to improve the
sensitivity of slurry explosive compositions by introduc-
ing voids to provide ‘hot-spots’ which are well known
to facilitate initiation and propagation of detonation.
Such voids may be introduced by mechanical mixing,
preferably using a foaming surfactant in the composi-
tion, or by including gas filled spheres, or gas generat-
ing substances in the composition.

Fuel is included in the slurry explosive composition
to combine with the oxygen from the oxidising salt and
enhance the power and sensitivity of the composition.
A wide variety of fuel materials have been used includ-
ing coal, sugar, starch and metal powder. Whilst all
fuels have a sensitising effect, some fuels have been
found to be especially effective in this respest and have
been widely used usually in combination with other
cheaper fuel. Such sensitisers include solid materials
such as finely divided metal powders and self-explosive
materials such as trinitrotoluene and pentaerythritol
tetranitrate. These metal powder sensitisers are difficult
to disperse uniformly in the composition and the com-
positions tend to become less sensitive on storage. The
self-explosive sensitisers are objectionable because they
increase the risk of premature ignition of the explosive
in handling.

Liquid non-self-explosive sensitising materials such as
nitrobenzene and liquid nitrotoluene have been used but
have been found to be difficult to hold in suspension in
the slurry. More successful liquid sensitisers are the
liquid aliphatic mononitrates containing from 3 to 8
carbon atoms, whose use is described in United King-
dom Patent Nos. 1,180,677 and 1,229,736. These liquid
sensitisers, when uniformly dispersed, give well sensi-
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tised slurries at high density, but tend to separate from
the slurry unless they are gelled with nitrocellulose and
methyl or ethyl centralite. The gelled sensitiser is less
effective and is, moreover, more difficult to disperse
uniformly in the composition.

It is an object of this invention to provide an im-
proved method of using liquid aliphatic mononitrate as
sensitiser in slurry explosive compositions.

In accordance with this invention a slurry explosive
composition comprises at least one inorganic oxidising
salt, a liquid solvent, disperser or carrier for said salt
and, as sensitising fuel, a liquid aliphatic mononitrate
containing from 3 to 8 carbon atoms per molecule, said
liquid mononitrate being emulsified with the liquid sol-
vent, disperser or carrier for the inorganic oxidising
salt. Compositions of the invention are easier to initiate
to detonation and retain the aliphatic nitrate better on
storage than corresponding compositions wherein the
aliphatic nitrate is not emulsified.

The liquid aliphatic mononitrates containing from 3
to 8 carbon atoms are preferably alkyl mononitrates,
which are insensitive compounds with only slight ex-
plosive character, although the propyl nitrates have
been reported to have been detonated with difficulty.

Preferred nitrates include n-propyl nitrate, isopropyl
nitrate, amy! nitrate, hexyl nitrate and octyl nitrate.

The liquid solvent, disperser or carrier for the inor-
ganic salt will, in the more generally used compositions,
be water but useful non-aqueous compositins can be
prepared wherein the liquid comprises non-aqueous
liquids, for example, diethylene glycol, formamide, di-
methyl formamide, dimethysulphoxide or-liquid mix-
tures containing one or more salts, for example, ammo-
nium acetate, ammonium formate or an amine salt con-
taining 1 to 6 carbon atoms, for example, methylamine
nitrate or ethylene diamine dinitrate.

The emulsion may contain the liquid mononitrate
either in its continuous or disperse phase depending on
the emulsifier used to prepare the emulsion. Suitable
oil-in-water type emulsifiers for preparing an emulsion
with the mononitrate in the disperse phase include

(a) condensates of polyalkylene oxide with a long
chain alcohol containing 10 to 20 carbon atoms per
molecule or with an alkyl phenol or alkyl phenol/for-
maldehyde resin in which phenol or resin the alkyl
group contains 5 to 22 carbon atoms or with an amine or
polyamine, for example, hexamethylene diamine, said
condensates containing from 4 to 100 and preferably
from 20 to 50 ethylene oxide groups per molecule; and

(b) long chain amine oaides having chain lengths of 8
to 24 carbon atoms.

The long chain amine oxides cause foaming of the
emulsion and are therefore advantageous for the pro-
duction of sensitive low density slurry explosive.

Preferred polyalkylene oxide condensates include
octylphenol or nonylphenol/polyethylene oxide con-
densates containing from 20 to 50 ethylene oxide groups
per molecule and laury! alcohol/polyethylene oxide
condensates containing from 15 to 30 ethylene oxide
groups per molecule.

Preferred amine oxides include N,N-dimethyl
dodecylamine oxide, N,N-di(hydroxyethyl) dodecyla-
mine oxide, bis(2-hydroxyethyl) cocoamine oxide and
dimethyl cocoamine oxide.

Suitable water-in-oil type emulsifiers for preparing
emulsions having the mononitrate in the continuous
phase include alkyd condensates of polyethylene glycol
with mono- or dicarboxylic acids wherein the Molecu-
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lar Weight of the polyethylene glycol is in the range
from 200 to 6,000. Optionally the condensates may also
contain dihydric- or polyhydric alcohol.

Additional modifying surfaciants may be included in
the slurry explosive, for example, to control the emul-
sion droplet size. These surfactants include long chain
amines, for example, dodecylamine, ethoxylated
amines, for example, N,N-di(hydroxyethyl) dodecyla-
mine, quaternary ammonium salts, for example, cetyl
trimethyl ammonium chloride, long chain alkyl sul-
phate salts, for example, sodium dodecyl sulphate, al-
kylaryl sulphonic acid salts, for example, sodium dode-
cylbenzene sulphonate, lorg chain esters of monohydric
or polyhydric alochols, for example, sorbitan trioleate,
ethyoxylated esters of monohydric or polyhydric alco-
hols, and lignosulphonates, for example, sodium ligno-
sulphonate.

The emulsion may also, if desired, contain an emul-
sion stabiliser to preserve the explosive in adverse con-
ditions of handling and storage. Suitable emulsion stabi-
lisers include long chain alcohols, for example, lauryl
alcohol, polyaikylene oxide polymers, for example, an
ethylene oxide/propylene oxide block copolymers and
water-soluble cellulose or starch ethers, for example,
methyl cellulose and hydroxypropy! cellulose.

Preferably the emulsion contains a thickening agent
either in its continuous phase or dispersed phase or in
both phases. Thus the aqueous emulsion phases may
advantageously be thickened with the thickening agents
normally used in aqueous slurry explosives including,
for example, guar gum, hydroxypropylated guar gum,
xanthan gum, starch, polyacrylamide and derivatives
thereof, hydroxyethyl cellulose, polyethylene oxide or
polyvinyl alcohol. These thickening agents may be
crosslinked with alkali metal chromates or borates,
titanium salts, potassium pyroantimonates or telluric
acid. The aliphatic nitrate phase of the emulsion may be
thickened by, for example, nitrocellulose, cellulose es-
ters, polyacrylic esters or copolymers of styrene or
alkyl styrene and maleic anhydride or other anhydride
of an aB-unsaturated dicarboxylic acid and these thick-
ening agents may be crosslinked with metal alkoxides,
for example, titanium tetra isopropoxide.

The aforedescribed emulsion is compatible with
other methods of sensitising explosive slurries. Thus
small voids may advantageously be included in the
composition and these may be produced, for example,
by including in the composition an aeration agent such
as a foaming surfactant which entraps air during mixing,
or a chemical gassing agent, for example, sodium ni-
trate, or hollow spheres. Advantageously sufficient
voids are included in the composition to give the com-
position a density in the range 0.8 to 1.5 g/cc.

The inorganic oxidising salt may be present either as
the liquid or dispersed solid phase or both phases of the
slurry composition. Suitable oxidising salts include ni-
trates and perchlorates of ammonia, sodium, potassium,
barium, magnesium or calcium and mixtures of any two
or more of these salts.

The composition preferably comprises from 4 to 20%
w/w of liquid alkyl mononitrate and from $ to 25%
w/w of liquid solvent, disperser or carrier, from 0.1 to
3.5% w/w of emulsifier, from 25 to 85% w/w of ammo-
nium nitrate, from 0 to 35% w/w of other inorganic
oxidising salt and optionally up to 20% of solid fuel.

The preferred solid fuel is metal powder, for example,
aluminium or magnesium, although any of the com-
monly used solid fuels can be used.
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The invention also includes a method of preparing a
slurry explosive composition, which method comprises
mixing inorganic oxidising salt with a liquid solvent
disperser or carrier for said salt and, either before or
after said mixing, emulsifying said liquid solvent, dis-
perser or carrier with a liquid aliphatic mononitrate
containing from 3 to 8 carbon atoms per molecule.

The invention is further illustrated by the following
Examples in which all parts and percentages are by
weight.

In the Examples the ammonium nitrate (AN) and
sodium nitrate (SN) grades used have the sieve analysis
given in the following Table.

TABLE
Dense Porous Fine
Prill Prill  Crystalline Crystalline
Type AN AN AN SN
8 Mesh BSS (2,055u) 9 8S 100 100
30 Mesh BSS (500u) 24 s 98 30
100 Mesh BSS (150k) 5 35 22 5
200 Mesh BSS (76p) 2 2.5 2 —

The coarse aluminium powder used was atomised
aluminium which all passed a 60 mesh BS sieve and
20% was retained on a 200 mesh BS sieve. The fine
aluminium was atomised aluminium powder which all
passed a 300 mesh BS sieve.

EXAMPLE 1

A solution was prepared from 9.6 parts of calcium
nitrate and 9.8 parts of water. To this solution was
added 15 parts of isopropyl nitrate and~1.5 parts of a
commercial surfactant containing 70% of octyl phe-
noxy polyethoxy ethanol containing approximately 40
ethylene oxide groups per molecule and commercially
available as Triton X405 (Registered Trade Mark). The
resultant mixture was agitated vigorously for five min-
utes and an emulsion of the oil-in-water type formed. To
this emulsion were added 61.8 parts of dense prill am-
monium nitrate and a suspension of 0.7 parts guar gum
and 0.2 parts zinc chromate in 1.4 parts of diethylene
glycol and the emulsion was mixed for 1 minute. The
resultant mixture was of pourable consistency which
gelled after about 3 hours. It had density 1.33 g/cc and,

when primed with 4 g pentolite (50/50 TNT/PETN), a

3}" diameter cartridge detonated at a velocity of deto-
nation of 3.3 km/second. The minimum diameter for
propagation unconfined was 3",

The same composition prepared as described in this
Example but without the emulsifier exuded isopropyl
nitrate.

EXAMPLE 2

The procedure of Example 1 was repeated except
that the surfactant used was a lauryl alcohol/ethylene
oxide condensate containing 20 ethylene oxide groups
per molecule. The resulting explosive had density 1.31
g/cc and, when primed with 4 g pentolite (50/50), a 3}
diameter cartridge detonated at a velocity of detonation
of 3.2 km/second.

EXAMPLE 3

A solution was prepared from 39.7 parts of ammo-
nium nitrate, 28.8 parts of calcium nitrate, 10.0 parts of
sodium nitrate, 4.0 parts ethylene glycol, 2.0 parts urea,
0.2 parts of guar gum, 0.3 parts thiourea and 15.0 parts
water.
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To 55.0 parts of the solution at 50° C. were added 8.0
parts isopropyl nitrate and 0.5 parts Triton X405 and the
mixture was agitated to form an emulsion. 7.5 parts of
coarse aluminium, 0.5 parts of starch, 28.3 parts of
crushed porous prill ammonium nitrate, 0.2 parts of a
2:1 water/sodium nitrate solution and 0.01 parts of a 1:1
water/sodium dichromate solution were addded to the
emulsion forming an initially pourable mix which gelled
after 30 minutes. The explosive had density 1.22 g/cc
ang, when initiated by a detonator having a base charge
of 0.4 g PETN, a 1§” diameter cartridge of the mixture
detonzied at a velocity of detonation of 3.2 km/second.

EXAMPLE 4

A solution was prepared from 33.6 parts of ammo-
nium nitrate, 10.4 parts calcium nitrate, 12.0 parts of
water, 0.1 parts of guar gum and 0.1 parts thiourea.

To 56.2 parts of this solution at 50° C. were added 5.0
parts of isopropyl nitrate and 0.3 parts of Triton X405
and the 1 -ixture was agitated to form an emulsion. To
this was added 33.59 parts of ammonium nitrate porous
prills on which 3.7 parts of diesel oil had been absorbed,
0.5 parts of starch, 0.5 parts of guar gum, 0.2 parts of 1:2
sodium nitrite/water solution, and 0.01 parts 1:1 sodium
dichromate/water solution.

The resulting explosive, after gelation, had density
1.25 g/cc and, when initiated with 28 g pentolite, a 33"
diameter cartridge detonated. The minimum diameter
for propagation unconfined was 3" at a velocity of
detonation of 3.2 km/second.

EXAMPLE 5

45.05 parts of fine crystalline ammonium nitrate, 10.0
parts of sodium nitrate, 0.15 parts zinc chromate, 0.5
parts of guar gum, 0.2 parts of polyacrylamide, 0.1 parts
mannitol, and 15.0 parts coarse aluminium powder were
mixed. To this mixture were added 15.0 parts water,
10.0 parts isopropyl nitrate and 1.0 parts of Triton X40S
and mixing was continued to emulsify the isopropyl
nitrate. 3.0 parts of silane coated hollow glass micro-
spheres ranging in particle size from 20 to 400 microns
were added and incorporated by gentle mixing. The pH
of the mixture was adjusted to 5.5 by zinc nitrate addi-
tion and the slurry was allowed to gel.

The gelled slurry had density 1.21 g/cc and, when
initiated with 4 g pentolite at 15* C., a 2" diameter
cartridge detonated at a velocity of detonation of 3.5
km/second. The minimum diameter for propagation
unconfired was 14",

A sample of the gelled slurry was confirred in a 2"
diameter 30” length steel tube and primed with 84 g
pentolite under a hydrostatic pressure of 500 psi. On
initiation of the primer the slurry detonated, as evi-
denced by complete rupture of the steel tube.

EXAMPLE 6

7.0 parts of isopropyl nitrate was added to a solution
of 0.3 parts Triton X405 and 0.15 parts of sodium dode-
cylbenzene sulphonate in { parts of water, and mixed
for § minutes. The resulting emulsion was mixed (for §
minutes) with a pre-mix of 19.34 part of fine crystalline
ammonium nitrate, 5.0 ,.rts of sodium nitrate, 11.0
parts of coarse aluminium powder, 0.4 parts of hydroxy-
propylated guar gum and 0.3 parts of polyacrylamide
and the mixture was allowed to stand for a further §
minutes. A solution of 0.01 parts of chromic nitrate in
0.5 parts water was then added and mixed for 1 minute
to give an extrudable composition. The white appear-
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6
ance of the mix and its low density 1.28 g/cc (whereas
dzusity 1.6 g/cc would be expected for the non-aerated
composition) indicated the presence of small air bubbles
in the mix.

When initiated by a detonator having a base charge of
0.4 g PETN, a 3}" diameter cartridge detonated at a
velocity of detonation 3.3 km/second. The minimum
diameter for propagation unconfined was 14",

EXAMPLE 7

To a liquid prepared from 45.0 parts of ammonium
nitrate, 20.0 parts sodium nitrate, 15.0 parts of ammo-
nium acetate and 20.0 parts formamide heated suffi-
ciently to prevent any crystal precipitation, were added
0.4 parts of hydroxypropylated guar gum which was
allowed to solvate.

7.0 parts of isopropyl nitrate and 1.0 part Triton X405
were added to 30 parts of the liquid and mixed to form
an oil-in-water type emulsion. A pre-mix of 52.5 parts of
fine crystalline ammonium nitrate, 5.0 parts of sodium
nitrate and 4.0 parts of coarse aluminium was then
mixed with the emulsion. A crosslinker consisting of 0.1
parts zinc chromate was added to the mixture. The
mixture had gelled after 24 hours. The density was 1.44
g/cc and, when initiated with 8 g pentolite (50/50) a 3}"
diameter cartridge detonated at a velocity of detonation
of 3.4 km/second.

EXAMPLE 8

A liquid (for the slurry liquid phase) was prepared
from 45.0 parts of ammonium nitrate, 20.0 parts of form-
amide, 10.0 parts of urea and 20.0 parts of ammonium
formate.

To 33.3 parts of this liquid maintained above its crys-
tallisation temperature were added 0.4 parts of hydrox-
ypropylated guar gum which was allowed to solvate.
To the resulting solution was then added 7.0 parts of
isopropy! nitrate and 1.0 part Triton X405 and the mix-
ture was agitated to form an emulsion. To this emulsion
was added 26.0 parts of fine crystalline ammonium ni-
trate, 30.0 parts of sodium nitrate, 2.0 parts of coarse
aluminium powder and 0.3 parts of zinc chromate. After
the resulting explosive had gelled it had a density of
1.30 g/cc and, when initiated with 15 g pentolite
(50/50), a 31" diameter cartridge detonated at a velocity
of detonation of 3.2 km/second.

EXAMPLE 9

A liquid was prepared from 50.0 parts of ammonivm
nitrate, 20.0 parts of aluminium nitrate, 10.0 parts of
calcium nitrate and 20.0 parts of formamide. An explo-
sive was prepared in a manner similar to that described
in Example 8 from 33.3 parts of the liquid, 54.0 parts of
fine crystalline ammonium nitrate, 6.0 parts of isopropyl
nitrate, 1.0 part of Triton X405, 0.5 parts of hydroxy-
propylated guar gum, 5.0 parts of coarse aluminium
powder and 0.2 parts of zinc chromate. After gelation
the explosive had density 1.40 g/cc and, when initiated
with 8 g pentolite (50/50), 31" diameter cartridge deto-
nated.

EXAMPLE 10

A liquid was prepared from 40.0 parts of ammonium
nitrate, 20.0 parts of calcium nitrate, 20.0 parts form-
amide and 20.0 parts ethylene glycol.

An explosive was prepared in a man er similar to that
described in Example 8 from 25.0 parts of the liquid,
53.1 parts of fine crystalline ammonium nitrate, 6.0 parts
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of isopropy! nitrate, 1.0 part of Triton X405, 3.0 parts of
coarse aluminium powder, 0.5 parts of hydroxy-
propylated guar gum, 0.2 parts of zinc chromate and
11.2 parts of sodium nitrate. The density of this slurry
explosive was 1.36 g/cc and, when initiated with 4 g
pentolite (50/50), a 3}” diameter cartridge detonated at
3.3 km/second.

EXAMPLE 11

A composition was prepared from 35.0 parts of the
solution prepared in Example 3, 35.10 parts of fine crys-
talline ammonium nitrate, 10.0 parts of sodium nitrate,
1.0 part of starch, 0.5 parts of hydroxypropylated guar
gum, 10.0 parts of isopropyl nitrate, 0.50 parts of bis(2-
hydroxyethyl) cocoamine oxide, 7.89 parts of fine alu-
minium powder and 0.01 parts of 1:1 sodium di-
chromate/water solution. The mixing procedure was
similar to that described in Example 3.

The composition after gelation had a density of 1.28
g/cc and, when initiated by a detonator having a base
charge of 0.6 g PETN, a }"” diameter cartridge deto-
nated at a velocity of detonation of 3.8 km/second.

The emulsifier used in this Example also acted as a
foaming agent and entrapped air bubbles into the com-
position during mixing thereby enhancing the sensitiv-
ity.

EXAMPLE 12

The procedure described in Example 11 was repeated
except that the emulsifier used was dimethyl cocoamine
oxide instead of bis(2-hydroxyethyl) cocoamine oxide,
and the resulting explosive composition had the same
properties as that prepared in Example 11.

EXAMPLE 13

A solution was prepared from 48.7 parts ammonium
nitrate, 17.0 parts sodium nitrate and 17.0 parts water,
and, while being maintained at a temperature above its
crystallisation temperature, was slowly added with
stirring to a mixture of 11.0 parts isopropyl nitrate and
3.0 parts of an alkyd condensate of 1 part pentaerythri-
tol, 1 part glycerol, 2 parts polyethylene glycol (MW
600), 5 parts Cg fatty acid and 2 parts trimellitic anhy-
dride alkyd condensate. To the resultant water-in-oil
type emulsion, in which isopropy! nitrate was the con-
tinuous phase, were added 3.0 parts of hollow glass
microspheres and 0.3 parts of a copolymer of 30 parts
t-butylstyrene, 4 parts methyl methacrylate and 3 parts
methacrylic acid. »

After gelation the resulting explosive had density 1:1
g/cc and, when initiated by a detonator having a base
charge of 0.8 g PETN, a 3}” diameter cartridge deto-
nated at 4.5 km/second.

EXAMPLE 14

8 parts of amyl nitrate were added to 10 parts of
water and 0.5 parts of N,N-dimethyl dodecylamine
oxide and mixed to form an emulsion. A pre-mix of 6
parts of coarse aluminium powder, 0.7 parts of guar
gum, 0.02 parts of potassium pyroantimonate, 5.0 parts
of sodium nitrate and 69.78 parts of fine crystalline
ammonium nitrate was mixed with the emulsion, and
the resulting slurry explosive, after gelation, had density
1.34 g/cc. When initiated with 12 g pentolite (50/50), a
3" diameter cartridge detonated. Separation of amyl
nitrate occurred when the same composition was pre-
pared without the emulsifier.
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EXAMPLE 15

A slurry was prepared by the mixing procedure de-
scribed in Example 14 from 8 parts n-propyl nitrate,
10.3 parts of water, 0.5 parts of N,N-di(hydroxyethyl)
dodecylamine oxide, 9 parts of coarse aluminium pow-
der, 0.7 parts of guar gum, 0.2 parts of zinc chromate,
5.0 parts of sodium nitrate and 66.3 parts of fine crystal-
line ammonium nitrate.

The resulting slurry explosive, after gelation, had
density 1.30 g/cc and, when initiated with a detonator
having a base charge of 0.8 g PETN, a 2}"” diameter
cartridge detonated.

The same composition but without the emulsifier
exuded n-propyl nitrate.

EXAMPLE 16

A slurry was prepared by the mixing procedure de-
scribed in Example 14 from 7 parts of isopropy! nitrate,
10 parts of water, 0.5 parts of an ethoxylated octyl phe-

- nol/formaldehyde resin (the base resin of which had a
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Molecular Weight of approximately 900 and was ethox-
ylated with 4 molecules of ethylene oxide), 10 parts of
coarse aluminium powder, 0.7 parts of guar gum, 0.2
parts of zinc chromate, 5 parts of sodium nitrate and
66.6 parts of fine ammonium nitrate. The resulting
slurry had density 1.40 g/cc and, when initiated with 4
g of pentolite (50/50), a 3}” diameter cartridge deto-
nated.

EXAMPLE 17

The procedure described in Example 16 was repeated
except that the ethoxylated octyl phenol/formaldehyde
resin was replaced by hexamethylene diamine propoxy-
late of Molecular Weight Approximately 3,500 which
had been condensed with 30% of its weight of ethylene
oxide. The explosive properties of the resulting compo-
sition were the same as those of the composition pre-
pared in Example 16.

EXAMPLE 18

The procedure described in Example 16 was repeated
except that the ethoxylated phenol/formaldehyde resin
was replaced by 0.1 parts of sodium dodecyl benzene
sulphonate and 0.4 parts of a block copolymer contain-
ing 20% ethylene oxide and 80% propylene oxide and
having a Molecular Weight of 2,500. The explosive
properties of the resulting composition were the same as
those of the composition prepared in Example 16.

EXAMPLE 19

The procedure described in Example 18 was repeated
except that the sodium dodecyl benzene sulphonate was
replaced by 0.1 parts of cetyl trimethyl ammonium
chloride. The explosive properties of the resulting com-
position were the same as those of the composition
prepared in Example 18.

EXAMPLE 20

The procedure described in Example 18 was repeated
except that the sodium dodecyl benzene sutphonate was
replaced by 0.1 parts of dodecylamine. The explosive
properties of the resulting composition were the same as
those of the composition prepared in Example 18.

EXAMPLE 21

The procedure described in Example 18 was repeated
except that the sodium dodecyl benzene sulphonate was
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replaced by 0.1 parts of N,N-di(hydroxyethyl)
dodecylamine. The explosive properties of the resulling
composition were the same as those of the composition
prepared in Example 18.

EXAMPLE 22

The procedure described in Example 6 was repeated
except that the sodium dodecyl benzene sulphonate was
replaced by 0.1 parts of sodium lignosulphonate. The
explosive properties of the resulting slerry composition
were the same as those of the composition prepared in
Example 6.

EXAMPLE 23

A slurry was prepared by the mixing procedure de-
scribed in Example 14 from 6 parts of isopropyl nitrate,
17 parts of methylamine nitrate solution (10 parts me-
thylamine nitrate to 7 parts of water), 0.5 parts of an
octyl phenoxy polyethoxy ethanol containing 40 ethyl-
ene oxide groups per molecule, 7 parts of coarse alumin-
ium, 0.7 parts of guar gum, 0.2 parts of zinc chromate, 5
parts of sodium nitrate and 63.6 parts of fine ammonium
nitrate. The resulting slurry explosive had density 1.35
g/cc and, when initiated with a detonation having a
base charge of 0.8 g PETN, a 34" diameter cartridge
detonated.

EXAMPLE 24

The procedure described in Example 3 was repeated
except that the 0.2 parts of guar gum was replaced by a
mixture of 0.2 parts guar gum and 0.5 parts of a xan-
than gum “Biopolymer” XB 23 (Registered Trade
Mark) commercially available from General Mills Inc.
The resulting solution was thixotropic and gave im-
proved emuision stability compared with Exampie 3.

The resultant explosive had density 1.2 g/cc and
when a 11" diameter cariridge was initiated by a deto-
nator having a base charge of 0.3 g PETN it detonated
at a velocity of detonation of 3.3 km/second.

What we claim is:

1. A slurry explosive composition comprising at least
one inorganic oxidising salt, a liquid selected from the
group consisting of soivents, dispersers and carriers for
said salt and, as sensitising fuel, a liquid aliphatic nono-
nitrate containing from 3 to 8 carbon atoms per mole-
cule, said liquid monoaitrate being emulsified with the
said liquid by means of an emulsifier.

2. A composition as claimed in claim 1 wherein the
liquid aliphatic mononitrate comprises an alkyl mononi-
trate. .

3. A composition as claimed in claim 1 wherein the
liquid aliphatic mononitrate is selected from the group
consisting of n-propyl nitrate, isopropy! nitrate, amyl
nitrate, hexyl nitrate and octyl nitrate.

4. A composition as claimed in claim 1 wherein the
said liquid solvent, disperser or carrier is selecied from
the group consisting of water, diethylene glycol, form-
amide, dimethyl formamide, dimethylsulphoxide and
liquid mixtures containing at least one sait.

5. A composition as claimed in claim 4 wherein the
said liquid mixtures each contain a salt selected from the
group consisting of ammonium aceiate, ammonium
formate, methylamine nitrate and cthylenediamine dini-
trate.

6. A composition as claimed in claim i wherein the
emulsifier is selected from the group consisting of (a)
condensates of polyalkylene oxide with a compound
selected from the group consisting of long chain alco-
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hols containing 10 to 20 carbon atoms per molecule,
alky! phenols and alkyl phenol/formaldehyde resins in
which phenols and resins the alkyl group contains 5 to
22 carbon atoms, amines and polyamines, said conden-
sates containing from 4 to 100 alkylene oxide groups per
molecule, (b) long chain amine oxides having a chain
length of 8 to 24 carbon atoms and (c) alkyd conden-
sates of polyethylene glycol with an acid selected from
the group consisting of monocarboxylic acids and dicar-
boxylic acids in which condensates the Molecular
Weight of the polyethylene glycol is in the range from
200 to 6,000.

7. A composition as claimed in claim 6 wherein the
emulsifier is selected from the group consisting of con-
densates of polyethylene oxide with a compound se-
lected from the group consisting of octylphenol and
nonyiphenol said condensates containing from 20 to 50
ethylenc oxide groups per molecule, condensates of
polyethylene oxide with laury! aicohol containing from
15 to 30 ethylene oxide groups per molecule, N,N-
dimethyl dodecylamine oxide, N,N-di(hydroxyethyl)
dodecylamine oxide, bis(2-hydroxyethyl) cocoamine
oxide, dimethyl cocoamine oxide and alkyd condensates
of polyethvlene glycoi, an acid and an alcohol selected
from the group consisting of dihydric- and polyhydric
alcohols.

8. A composition as claimed in claim 6 comprising
additionaily a modifying surfactant to control the emul-
sion dropiet size, said modifying surfactant being se-
lected from the group consisting of long chain amines,
ethoxylated amines, quaternary ammonium salts, long
chain alkyl sulpnate salts, alkylaryl sulphonic acid salts,
lignosulphonates and long chain esters of alcohols se-
lected from the group consisting of monohydric and
polyhydric alcohols, and ethoxylated esters of alcohols
selected from the group consisting of monohydric and
polyhydric alcohois.

9. A composition as claimed in claim 8 wherein the
modifying surfactant is selected from the group consist-
ing of dodecylamine, N,N-di(hydroxyethyl) dodecyla-
mine, cetyl trimethyl ammonium chioride, sodium do-
decyl suiphate, sodium dodecylbenzene sulphonate,
sorbitan trioleate and sodium lignosulphonate.

10. A composition as claimed in claim 6 comprising
additionally an emulsion stabiliser selected from the
group consisting of long chain alcohols, polyalkylene
oxide polymers, water-soluble cellulose ethers and
starch cthers.

11. A composition as claimed in claim 10 wherein the
emulsion stabiliser is selected from the group consisting
of lauryl alconol, ethylene oxide/propylene oxide biock
copolymers, methyl cellulose and hydroxypropyl cellu-
lose.

12. A composition as claimed in claim 1 comprising
additionally a thickening agent selected from the group
consisting of guar gum, hydroxypropylated guar gum,
xanthan gum, starch, polyacrylamide and derivatives
thereof, hydrexyethyl cellulose, polyethylene oxide,
polyvinyi alcohol, niirocellulose, cellulose esters, poly-
acrylic esiers, and copolymers of styrene and alkyl
styrene with af-unsatorated dicarboxylic acids.

11, A composifion as claimed in claim 12 wherein the
thickeming agent is crosslinked with a compound se-
lected from the group consisting of alkali metal chro-
mates, alkah raetal borates, titanium salts, potassium
pyroaatimonate, telluric acid and metal alkoxides.

14. A composition as claimed in claim 1 comprising
an aeration agent selecied from the group consisting of
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11
foaming surfactants, chemical gassing agents and hol-
low spheres.

15. A composition as claimed in claim 14 comprising
sufficient voids to give the composition a density in the
range 0.8 to 1.5 g/cc.

16. A composition as claimed in claim 1 wherein the
oxidising salt is selected from the group consisting of
nitrates and perchlorates of ammonia, sodium, potas-
sium, barium, magnesium and calcium and mixtures
containing at least two of the said salts.
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17. A composition as claimed in claim 1 compi’sing
from 4 to 20% by weight of liquid mononitrate, from 5
to 25% by weight of the said liquid, from 0.1 to 3.5% by
weight of emulsifier, from 25 to 85% by weight of am-
monium nitrate, from O to 35% by weight of oxidising
salt other than ammonium nitrate and from 0 to 20% of
solid fuel.

18. A composition as claimed in claim 17 wherein the

solid fuel comprises metal powder.
* L . ] *
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HYDROPHOBIC EXPLOSIVE COMPOSITION
AND METHOD OF MAKING

This invention relates to explosive compositions of
matter and more particularly it relates to slurry explo-
sive compositions of matter. .

Slurry explosives comprise inorganic oxidizing salt,
fuel, a liquid solvent, disperser or carrier for said salt
and, optionally, at least one thickening agent. Although
the term “slurry” is applied to such compositions the
degree of consistency may range from pourable or
pumpable fluids of varying viscosity, through viscous
extrudable gels up to friable materials such as are de-
scribed in Australian Pat. No. 483,568 and which may
be packaged in the form of cartridges. The oxidizing
salt component usually comprises nitrate, chlorate or
perchlorate of ammonia, sodium, potassium, calcium or
barium, the most extensively used salt being ammonium
nitrate. The liquid phase may vary widely in its chemi-
cal constitution, consistency, and explosive sensitivity
but commonly slurry explosives are aqueous. Thus, the
liquid phase may consist mainly of an aqueous solution
of inorganic oxidizing salt. So as to increase the viscos-
ity of slurry explosives of the kind described thickening
agents for example gums such as guar gum or xanthan
gums, or synthetic polymers such as polyacrylamide or
copolymers thereof have been used in an attempt to
prevent segregation of the ingredients or to prevent
deterioration in wet conditions. It has also been pro-
posed that improved homogeneity and storage proper-
ties could be obtained by crosslinking the thickening
agents with crosslinking agents, for example potassium
pyroantimonate, sodium dichromate, potassium dichro-
mate or rare earth salts, or a redox system for example
a mixture of an aersenious compound and sodium di-
chromate. It has also been proposed to use agents which
are capable of sensitizing the explosive compositions to
the action of detonating materials, and typically such
sensitizing agents have included metallic materials such
as finely divided aluminium often referred to as *paint-
fine” aluminium optionally in the presence of a gas
located within the composition. It has also been pro-
posed to use high explosive materials, such as trinitro-
toluene (TNT), in the form of large flakes or pellets as
sensitizing agents for slurry explosive compositions. It
has also been proposed in the specification of U.S. Pat.
No. 3,216,872 to use in an aqueous slurry explosive
containing as an essential oxygen-releasing salt compo-
nent a mixture of inorganic nitrates, from about 10 to
30% w/w of a high explosive material as a sensitizing
agent, the agent having a sufficiently small particle size
that is passes through a standard 30 mesh sieve, and
typical examples of such an agent are exemplified as
being trinitrotoluene of which only about 0.25% w/w
passes a 120 mesh sieve, or pentaerythritol tetranitrate
(PETN) (50 mesh), or cyclonite (30 or 40 mesh).

Surprisingly, and in contradistinction to the teachings
of the prior art that finely divided high explosive sensi-
tizing agents having a particle size finer than would be
retained on a 30 mesh sieve are prone to desensitization
by water unless they are used in the presence of at least
two inorganic nitrates, it has now been found that slurry
explosive compositions containing one or more oxygen-
releasing salts may be rendered very sensitive to detona-
tion if there is present in the composition a sensitizing
agent comprising finely divided hydrophobic high ex-
plosive material in combination with gaseous material.
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Accordingly the present invention provides a slurry
explosive composition which comprises at least one
inorganic oxidizing salt, a liquid phase, fuel material,
and optionally at least one thickening agent which op-
tionally may be crosslinked, characterised in that said
slurry explosive comprises, as a sensitizing agent, first,
hydrophobic, as hereinafter defined, particles of a high
explosive material which are capable of passing through
a screen of 120 BS mesh, and secondly, bubbles of gase-
ous material.

By sensitizing ager.t we mean a material which when
added to an explosive composition of fixed dimensions
reduces the minimum primer necessary to initiate that
explosive composition.

Although we wish in no way to be bound by this
theory, we believe that the mode of action of the sensi-
tisers of this invention is to surround the gas bubbles and
consequently to decompose rapidly at the temperature
of the hot spot formed when the shock wave interacts
with a gas bubble, thereby increasing the temperature of
the hotspot to a value where the bulk of the explosive
will decompose explosively.

We base this theory on the observations that the
particles of the high explosive must be hyd:ophobic,
hence they will tend to collect at the interface of the
gaseous bubbles and the slurry composition, and that
they must be smaller than those retained on a 120 RS
mesh screen implying that this small size is necessary to
allow them to collect at the interface.

By hydrophobic we mean that the particles of the
high explosive component are not wetted by the liquid
which provides the liquid phase in the slurry explosive
composition. The particles are deemed to be not wetted
by a liquid when, if they are scattered on the surface of
the said liquid as it is agitated, they float and remain in
that state for at least one hour in the absence of any
further agitation of the said liquid.

A high explosive is an explosive composition charac-
terized by very high rates of reaction (1.6 to 10 kilome-
ters/sec.) and high pressures (3 to 300 kbars) during
detonation—(Engineering and Mining Journal October
1976, p 81).

Trinitrotoluene is a very convenient high explosive
material for use in the invention. Other explosive mate-
rials which give good results include dinitrotoluene,
pentaerythritol tetranitrate, pentolite which is a mixture
of equal weights of pentaerythritol tetranitrate and
TNT, tetryl, cyclonite and various mixtures of TNT
and cyclonite such as composition B and cyclotol.

Conveniently the high explosive component consii-
tutes up to 10% w/w of the composition and for many
compositions adequate sensitivity to detonation is ac-
quired when the high explosive component constitutes
from 1 to 5% w/w of the composition.

In some cases the particles of the high explosive mate-
rial are hydrophobic with respect to the liquid phase in
their own right but in others they have to be treated to
render them hydrophobic. For example, if the high
explosive material used is pentaerythritol tetranitrate
and the liquid phase is aqueous, then the pentacrythritol
tetranitrate particles require to be treated with an agent,
such as di-iso-octylphthalate and other water resisting
agents as listed in copending Australian Pat. No.
35094/78, to prevent them being wetted by the aqueous
phase.

The gaseous component of the bubbles of the sensitiz-
ing agent may be for example air, oxygen, nitrogen or
an oxide of nitrogen. The gascous component such as
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air may be entruained into the composition by agitation
of the composition for example by stirring, or aiterna-
tively it may be fed into the composition in the form of
a compressed gas, or yet again it may be formed in situ
in the composition by the decomposition of a gas-form-
ing material present in the composition. Thus for exam-
ple small amounts of sodium nitrite may be used as a
decomposable component of the composition.

In general, except for the sensitizing agent, the com-
positions of our invention are of conventional types.
Thus the oxygen releasing salts used as ingredients in
our compositions may be, for example, inorganic ni-
trates, chlorates and perchlorates and mixtures thereof.
We prefer that the oxygen releasing salt material be
chosen from the perchlorates or nitrates of the alkali
and alkaline earth metals or ammonium and of these we
prefer sodium nitrate, calcium nitrate, ammonium per-
chlorate and particularly ammonium nitrate. The
amount of oxygen releasing salt in such compositions is
not narrowly critical; we have found that compositions
containing amounts of oxygen releasing salts from 50%
w/w t0 90% w/w of the total composition are satisfac-
tory and amounts from 60% w/w to 85% w/w are
preferred. The particle size and shape of the oxygen
releasing salt is not critical and is well known from the
art of ammonium nitrate manufacture; powders and
prilled particles are satisfactory.

The liquid phase comprises an aqueous solution. The
amount of water in this aqueous liquid phase should be
sufficient to dissolve at least part of the oxygen releas-
ing inorganic salt and at least part of any water soluble
fuei which may be present, and also be sufficient to
uydiate at least part, preferably all, of any gummy gel-
g agent present. Suitably the amount of water when
present may constitute from 3% w/w to 35% w/w of
the total composition, but the amount present should
not be in excess of the explosive limit of the composi-
tion. We prefer that the water be in the range from 3%
w/w to 25% w/w of the total composition. In the in-
stance where the explosive composition is of the pour-
able or pumpable type it is more preferred that water
constitutes from 12% w/w to 17% w/w of the compo-
sition; where the composition is of a friable type a very
suitable range for the water content is from 3% w/w to
14% w/w and a range from 4% w/w to 10% w/w is
especially preferred.

When referring to fuels or fuel materials in this speci-
ficauon we mean substances which are stable in such
explosive compositions, that is prior to detonatiof,, and
duriag preparation and storage the substance is chemi-
cally inert to the system. The said substances must be
combustible and their physical nature should be such
that they may be incorporated in our compositions in a
manner so as to be uniformly distributed throughout the
compositions. Such fuels are well known in the art and
they may be organic or inorganic and may also be de-
rived from animals and plants.

The fuels when employed in the compositions of this
invention can be, for example, non-explosive carbona-
ceous, non-metallic and metallic fuels or mixtures of the
aforementioned types of fuels. i hey can be varied
widely.

Suitable fuels include organic water soluble sub-
stances for example urea, carbohydrates such as sugars
or molasses, water soluble alcohols or glycols, glues or
mixtures of these. Suitably the proportion of water
soluble fuel in our compositions is in the range from
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0.5% w/w to 10% w/w, preterably from 4 to 7% w/w,
of the total composition.

Other suitable fuels include water insoluble or spar-
ingly water soluble materials which may be chosen
from inorganic materiais for exampie sulphur, aiumin-
ium, silicon, ferrosilicon, ferrophosphorus, magnesium,
titanium, boron, mixtures thereof for example mixtures
of aluminium with ferrosilicon, or organic materials for
example finely divided charcoal, anthracite, gitscnite,
asphalt, cellulosic materials such as sawdust, or cerea!
products for example flours, dextrins or starches. When
the inorganic fuel 1s a metal it is preferaoly in granuiated
or powdered form. Such granulated or powdered meta:
may be in the form ot aiscrete particles, but metal pow-
ders wherein the metal 1s in the form of flakes or in the
form of aggregates of particles or flakes are also satis-
factory. Preferred fueis are the metallic powders. The
most preferred metailic fuel i1s aluminium. The propor-
tion of water insoluble or sparingly water soluble non-
metallic fuels in such compositions may suitably be in
the range from 1% w/w to 10% w/w of the total com-
position and amounts from 4% w/w to 7% w/w of the
total composition are preferred. The proportion of me-
tallic water insoluble fueis when present in such compo-
sitions may be as high as 25% w/w and amounts in the
range from 0.5% w/w to 20% w/w of the total compo-
sitions are preferred.

Where desirable there may be included as a compo-
nent of our compositions one or more conventional
thickening agents, for exampie gums such as the galac-
tomannan or xanthan gums. Typical examples of galac-
tomannan gums are guar gum or derivatives thereof and
locust bean gum wki!st the xanthan gums mnay be typi-
fied by reference 1o tiopolymeric materials which are
produced by processes comprising the transformation
of carbohydrate material by means of micro-organisms
such as those of the species of Xanthomonas. A very
useful biopolymeric material is that available under the
trade name of “Biopolymer™” XB23 which is derived
from a polymer which has been reacted with Xanthomo-
nas campestris. Preferably such gums, when used in our
compositions are in a crosslinked form. When such
gums are used in our compositions it is convenient to
use amounts such that the gum component comprises
from 0.1 to 5% w/w, more usually from 0.3 to 3%
w/w, of the composition.

In general the explosive compositions of our inven-
tion may be prepared by the conventional formulating
techniques used for preparing slurry explosives. Thus
for example a part or all of the oxygen releasing salt
may be in the form of a solution of the salt or part may
be incorporated in powdered or prilled form. Fuel ma-
terials when used may also be incorporated in a dry
form or alternatively in the form of a dispersion or
solution in part of the liquid component. It has been
found convenient to incorporate the high explosive
component of the sensitizing agent to the composition
by adding it to a composition which comprises the gase-
ous component of the sensitizing agent. Suitably such
incorporation may be effected by adding the high explo-
sive component by itself or as a dispersion in a part of
the liquid component of the composition.

When guar gum is used as a component of the compo-
sitions of the invention it is preferred that there is pres-
ent in the composition a sufficiency of liquid to ensure
that the gum component is at least partially solvated.
When agents are used to crosslink such gum it is pre-
ferred that such an agent be added as one of the final
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ingredients. In instances where such a crosslinking
agent is a system comprising two or more components
it is desirable that whilst some of the components may
be incorporated at any stage of the preparation of the
mixture, the last ingredient added is a component of the
crosslinking system. Thus for example when such a
crosslinking system is a redox system it is desirable that
the oxidizer component of that system be added to the
composition as the final ingredient. Other thickening
agents such as synthetic polymers and copolymers may
also be used; for example polymers derived from acryl-
amide, and especially copolymers derived from acryl-
amide and containing mer units which bear bidentate
groups are satisfactory. Typical examples of such co-
polymers are those derived from a major proportion of
acrylamide and a minor proportion of 2-acetoxyethyl
methacrylate or methacryloylacetone optionally with
mer units derived from acrylonitrile.

The invention also includes a method of preparing a
slurry explosive composition, which method comprises
mixing inorganic oxidizing salt and fuel material with a
liquid solvent disperser or carrier for said salt, option-
ally mixing therewith at least one thickening agent
which optionally may be crosslinked, to form a mixture
and modifying the sensitivity characteristics of said
mixture by incorporating therein an amount of sensitiz-
ing agent as hereinbefore described.

The compositions of the invention are advantageous
over similar compositions of the prior art in that their
enhanced sensitivity characteristics may be achieved by
the use of a relatively small amount of the high explo-
sive component of the sensitizing agent. Thus their cost
is reduced and furthermore the use of the smaller
amounts of high explosive has the attendant advantage
of reducing hazards of manufacture.

The invention is now illustrated by, but is not limited
to, the following examples wherein all parts and per-
centages are expressed on a weight basis unless other-
wise specified. Examples 7 to 11 inclusive and 14 do not
lie within the invention and are included for the pur-
poses of comparison.

EXAMPLE 1

An explosive composition containing 3% TNT as a
high explosive component of a sensitizing agent was
made by preparing a first composition by mixing 4450
parts of ammonium nitrate powder, 1300 parts of so-
dium nitrate powder and 1000 parts of water. A second
composition was prepared by mixing 30 pgrts of thio-
urea, 15 parts of guar gum, 34 parts of ethylene glycol,
1350 parts of crushed ammonium nitrate, 250 parts of
pregelled starch, 50 parts of sodium carboxymethylcel-
lulose, 580 parts of urea and 700 parts of a coarse atom-
ized aluminium powder. This second composition was
added to and mixed with the first composition referred
to above to form a homogeneous mixture which was
slightly acidic. This homogeneous mixture was stirred
still further whilst there was added thereto 40 parts of
sodium nitrite, 300 parts of finely divided trinitrotolu-
ene and 1 part of zinc chromate. (The trinitrotoluene
referred to above was prepared by dissolving trinitro-
toluene in hot methanol to form a solution, pouring this
solution into water to effect a rapid precipitation of
trinitrotoluene, classifying the precipitate so formed and
recovering for use in the composition of the invention
that portion of the particulate trinitrotoluene which
passed through a 120 mesh sieve). The composition so
obtained which had a density of 1.04 grams/cubic centi-
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meters was packed into cylindrical cardboard tubes
which were 35 centimeters along and had a diameter of
2.5 centimeters. The composition was detonated in this
unconfined state at a temperature of 22° C. by means of
two No. 8 detonators each of which contained approxi-
mately 0.45 gram of PETN.

EXAMPLES 2 TO 6 INCLUSIVE

The general procedure of Example 1 was repeated
except that each of the amounts of TNT, the diameter
of the cardboard tube, and the temperature of detona-
tion was varied as shown in Table 1. The amount of
gaseous component in the composition was charged in
Examples 3 to 6 inclusive and these changes are illus-
trated by the values of the density shown in Table 1.
The greater the density value, the less was the amount
of gaseous component in the composition.

TABLE 1
Ex- " Temperature Minimum
am- Diameter of Primer
ple TNT  of wbe detonation Density for
No (parts) (cm) °C.) (gm/cc) detonation
2 1000 25 26 1.04 1 X Noé
022 gm
PETN)
3 1000 25 2 1.23 2 X Mo8
4 300 50 22 1.20 3 X No2
5 300 5.0 27 1.10 1 X roé
6 300 50 27 1.40 5gm
Pentolile
EXAMPLE 7

In this comparative Example the general procedure
of Example 3 was repeated except that the finely di-
vided trinitrotoluene of that Example was replaced by
1000 parts of granular trinitrotoluene which was re
tained on a 60 mesh sieve. The minimum primer *
detonation of this composition was 10 grams of penic-
lite.

EXAMPLES 8 TO 10 INCLUSIVE

For the purposes of comparison these exampics :¢-
cord the sensitivity of prior art compositions set out in
Examples 1 to 4 inclusive of the specification of U.S.
Pat. No. 3,216,872 and reproduced in Table 2. Table 2
also shows the density of the composition and the
amount of pentolite required to detonate the com:
tion under confined conditions in a stee! pipe having -
diameter of 1.25 inches (3.2 centimeters). The TN
used as the sensitizing agent in these examples had tl.:
following screen analysis.

US Standard Screen Analvss
Screen of TN
Mesh size % by Weight
—-30 + 40 mesh G.25
—40 + 50 mesh 2623
-50 + 70 mesh $9 00
—70 + 100 mesh 12.28
—100 + 120 mesh 2,00
—120 + 200 mesh 0.25
—200 + 230 mesh Trace
-230 Trace
100.00
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TABLE 2
Example No 8 9 10 1t
USA Patent
Example No 1 2 3 4
Component Parts by weight
Fine TNT 200 20.0 200 20.0
Mill ammonium
nitrate 56.5 47.2 39.5 20.7
Mill sodium
nitrate 5.0 15.0 24.2 40.0
Zinc oxide 0.3 03 03 0.3
Bagasse 1.0 1.0 1.0 1.0
Cornstarch 32 2.5 0.0 0.0
Hydroseal 3B 2.0 2.0 30 30
Water 16.0 16.0 16.0 18.0
Oil No § 0.0 0.0 0.0 1.0
Sea coal 0.0 00 0.0 1.0
Total 104 104 104 105
€% TNT 19.2 19.2 19.2 19.2
Pentolite used
(grams) 10 10 3 30
Density (gm/cc) 1.36 1.44 1.47 1.48
EXAMPLE 12

5240 Parts of powdered ammonium nitrate were
added to and mixed with 100 parts of water to form 2
first composition. A second composition was prepared
by mixing together 30 parts of thiourea, 15 parts of guar

“gum, 34 parts of ethylene glycol, 2000 parts of crushed
ammonium nitrate prills, 250 parts of pregelled starch,
50 parts of sodium carboxymethylcellulose and 340
parts of urea. The first composition and the second
composition were mixed with stirring to form a third
composition and to this third composition there was
added with stirring 40 parts of sodium nitrite, 1000 parts
of finely divided trinitrotoluene of the type described in
Example 1 and 1 part of zinc chromate. There was thus
obtained an explosive composition having a density of
1.12 grams per cubic centimeter. This explosive compo-
sition was packed into cylindrical cardboard tubes
which were 35 centimeters long and had a diameter of
5 centimeters. The explosive cartridges so obtained
were detonated at a temperature of 26° C. using three
No. 8 detonators.

EXAMPLE 13

An explosive composition containing 5% of hydro-
phobic PETN as a high explosive component of a sensi-
tizing agent was made by preparing a first composition
by mixing 7210 parts of ammonium nitrate powder, 598
parts of sodium nitrate powder and 1522 parts of water
at 70° C. A second composition was prepared by mixing
30 parts of thiourea, 15 parts of guar gum, 35 parts of
cthylene glycol, 1355 parts of crushed ammonium ni-
trate, 580 parts of urea, 250 parts of pregelled starch, 50
parts of sodium carboxymethylcellulose, 500 parts of a
coarse atomized aluminium powder, 32.4 parts of so-
dium acetate and 8.7 parts of glacial acetic acid. This
second composition was added to and mixed with 6650
parts of the first composition referred to above to form
a homogeneous mixture which was slightly acid. This
mixture was stirred further whilst there was added
thereto 25 parts of sodium nitrite, 500 parts of treated
PETN and 2 parts of potassium antimony tartrate, (The
PETN referred to above was prepared by dissolving
PETN in acetone and rapidly precipitating the PETN
by adding water. Diisooctylphthalate—1% based on
the weight of PETN—was added, the mixture stirred
for 15 minutes, filtered and dried. This gave hydropho-
bic PETN particles of size range 2 to 10 microns). The
composition so obtained which had a density of 1.13
grams/cubic centimeter was packed into cylindrical
cardboard tubes which were 22 centimeters long and
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had a diameter of 2.5 centimeters. The composition was
detonated in this unconfined state at a temperature of
21° C. by means of two No. 8 detonators.

EXAMPLE 14

This is a comparative example illustrating the neces-
sity for the kigh explosive particles to be hydrophobic.

The general procedure of Example 13 was repeated
except that untreated PETN powder was used. This
composition of density 1.18 grams/cubic centimeter
could rot be detonated in a cardboard tube of diameter
2.5 centimeters by three No. 8 detonators.

I claim:

1. A slurry explosive composition comprising at least
one inorganic oxidizing salt, a liquid phase, and fuel
material wherein said slurry explosive composition
comprises, as a sensitizing agent, (i) hydrophobic parti-
cles of a high explosive material which are capable of
passing through a screen of 120 B.S. mesh and (ii) bub-
bles of gaseous material.

2. A composition accerding to claim 1 wherein said
slurry explosive composition comprises a thickening
agent.

3. A composition according to claim 2 wherein said
thickening agent has been crosslinked.

4. A composition according to claim 1 wherein said
high explosive material comprises at least one com-
puund selected from the group consisting of trinitrotol-
uene, dinitrotoluene, pentaerythritol tetranitrate, pento-
lite, cyclonite, cyclotol and tetryl.

5. A composition according to claim 4 wherein said
high explosive material is trinitrotoluene.

6. A composition according to claim 1 wherein said
high explosive material has been treated with a com-
pound to render it hydrophobic.

7. A composition according to claim 6 wherein the
said compound used to render the high explosive mate-
rial hydrophobic is di-iso-octylphthalate.

8. A composition according to claim 1 wherein said
high explosive material comprises an amount in the
range of 0.1% to 10% w/w inclusive of the said slurry
explosive composition.

9. A composition according to claim 8 wherein said
high explosive material comprises an amount in the
range of 1% to 5% w/w inclusive of the said slurry
explosive composition.

10. A compcsition according to claim 1 wherein said
gaseous material comprises at least one gas selected
from the group consisting of air, oxygen, nitrogen and
oxides of nitrogen.

11. A process for the preparation of a slurry explosive
compositions as defined in claim 1 in which hydropho-
bic particles of a high explosive material which are
capable of passing a screen of 120 B.S. mesh are mixed
with the other solid and liquid components of the said
slurry explosive composition and wherein bubbles of
gaseous material are generated within said slurry explo-
sive composition.

12. A process according to claim 11 wherein the
bubbles of gaseous material are generated within said
slurry explosive composition by agitation.

13. A process according to claim 11 wherein the
bubbles of gaseous material are generated within said
slurry explosive composition by injectjon a compressed
gas into the said composition.

14. A process according to claim 11 wherein the
bubbles of gaseous material are generated within said
slurry explosive composition by the addition of a mate-
rial which will decompose to form gaseous products.
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. slurry consists of a super-fine grained explosive, sus-
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SUPERFINE PETN THIN LAYER SLURRY
EXPLOSIVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation-in-part of my application
THIN LAYER PROPAGATING SLURRY EXPLO-
SIVE, Ser. No. 622,319 filed Jan. 31, 1974, now U.S.
Pat. No. 3,912,560 issued Oct. 14, 1975.

BACKGROUND OF THE INVENTION

As is known, certain explosives such as penetaery-
thritol tetranitrate (PETN) for example, are hazardous
when subjected to modest physical abuse from impact
or friction forces. Such compounds additionally do not
have desired inertness toward crude oil and brine and
dilute forms of many other well environmental material.
Such materials additionally are hazardous in being
highly inflammable.

BRIEF DESCRIPTION OF THE INVENTION

The slurry of the present invention is a new type of
cap-sensitive slurry explosive capable of propagating a
higher order detonation in thin layers. The invention
provides a relatively safe explosive in a slurry form
which may be used in oil well and gas well formation
fracturing, rock fracturing for in situ ore leaching, non-
nuclear fracturing of oil shale formations, and explosive
formation of fire lanes in terrain inaccessible to motor-
ized equipment.

The slurry of the present invention is formulated to
resist accidental initiation by adiabatic compression of
gas bubbles which may be introduced during loading
and handling, and due to the good chemical stability of
the explosive formula, the slurry gives a high degree of
inertness toward crude oil and brine and dilute forms of
most other well environmental materials. The material
of the present invention in fires is difficult to ignite, and
once ignited, burns quietly with no explosion in the
absence of confinement. The ingredients comprising the
slurry are non-toxic prior to detonation.

According to the instant invention there is disclosed
a relationship between the composition of a slurry com-
prising superfine particles of PETN in the slurry as
compared and contrasted to a completely analogous
slurry comprised of fine particle PETN, as is conven-
tionally available. According to the particular improve-
ments taught herein, a study was conducted to clearly
differentiate the performance characteristics *between
superfine PETN and are regular PETN to obtain the
effect of using PETN explosive which has an average
particle size of approximately 6.5 microns. As is taught
herein, both sets of formulations are made with identical
ingredients and mixed in identical procedures except for
the type of PETN used. As used herein, regular PETN
can be described as that available in military grade,
Class 1V, having a particle size by test on screens as
follows:

SCREFEN TEST
On 50 US. Std., 1.6 peccent
On 100 U.S. Sid., 20.9 percent cumulative
On 200 U.S. Sud,, 61.9 pereent cumulative

In distinction, the superfine PETN used in the instant
slurry compositions for contrast with the regular PETN
has an average panicle size of about 6.5 microns in
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diameter. Such superfine PETN is available from such
manufacturers as DuPont, and will hereinafter be re-
ferred to as superfine PETN.

It has been found that by employing superfine PETN
in the slurry formulations, the propagating thickness is
from three to six times smaller than that obtainable with
a slurry using regular PETN as a constituent part. This
decrease in thin layer propagating thickness is particu-
larly advantageous in applications of oil and gas well
stimulation, solution mining, coal and oil shale fractur-
ing and any other application seeking successful explo-
sive stimulation with very thin layers of explosive slur-
ries.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is schematic representation of the propagation
layer thickness versus PETN content for formulations
using both the regular and superfine PETN explosive.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In order to correlate the reduction in slurry thickness
that coula be achieved with the superfine PETN substi-
tution for regular fine particle PETN, the following

mixtures were prepared:
MIX NO. A B CDETFGHI1J
?&p;rﬁne PETN % 45 35 25 20 15

t
Regular PETN % 45 33 25 20 15
Ammonium % 27 27 33 33 39 39 42 42 45 45
Nitrate
Water % 18 18 22 22 26 26 28 28 30 30
Dicthylenc % 9.5 9.5 9.4 94 94 94 93 93 93 93
Glycol
Jaguar HP-3 % 05 03 06 06 06 06 0.7 0.7 0.7 07
(GuarGum)

The formulations were detonated on text fixtures
which were the same for both the superfine and the
regular PETN slurries. Since the only purpose of this
test was to determine the propagation layer thickness
versus the PETN content, as between the regular and
superfine PETN, the results shown in FIG. 1 are illus-
trated for comparison purposes only and not as absolute
values for propagation layer thicknesses.

As illustrated in FIG. 1, the uniform detonation, for
example, of 25 percent superfine PETN slurry was
0.125 inches while an exactly analogous slurry with
larger size particle PETN exhibited a uniform detona-
tion layer thickness of 0.500inches. As can be seen
readily from inspection of FIG. 1, which is a logarith-
mic plot of propagation layer thickness versus PETN
content for the two categories of PETN, the fine parti-
cle regular PETN slurries represented a uniform deto-
nation layer thickness as shown by lines B, D and F in
the text fixture, while the superfine particle PETN slur-
ries exhibited a minimum uniform detonation layer
thickness as represented by lines A, C and E.

The formulations B, D, and F and also the fornula-
tions A, C, and E were tested on a fixture known as a
Benelex 41 in a uniform layer with the fixture having a
masonite confining layer. The slurries G and H were
tested with an aluminum confinement. The tapered
aluminum wedges for compositions G and H provided
for an explosive 2 § inches wide by 20 inches long. The
wedge was constructed of 6061-T6 aluminum with a
milled slot tapered uniformly over the 20-inch length,
the aluminum being approximately i inch thick on the
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bottom and the sides with a § inch aluminum top cover.
The slurry formulations were detonated with a number
6 aluminum blasting cap, readily available from Du-
Pont, together with a 7.2 gm sheet explosive primer.
The sheet explosive primer was used only for conve-
nience in sealing the end of the text fixture in the shots
which employed superfine PETN. The sheet explosive
primer also insured sufficient primer to detonats the
compositions which employed regular PETN, and pro-
vided identical initiation for all compositions.

With the wedge configuration the slurry comprising
20 percent of a superfine PETN exhibited a propagation
limit of 0.011 inches while the same composition with
regular fine PETN exhibited a propagation limit of .068
inches. Therefore, as can be seen from an inspection of
.the data points of FIG. 1, the employment of a superfine
PETN, having an average particle size of about 6.5
microns, resulted in a propagating thickness from three
to six times smaller than that obtainable with the regular
PETN.

In preparing the formulations, the approximate
weight percentages also included a minute amount of
cross-linking agent. A satisfactory cross-linking agent
was found to be TYZOR LA, a trademark product of

-the E. I. DuPont de Nemours and Company, Inc.,
which is generically known as titanium-antimonium
lactate. A ten percent solution of this cross-linking
agent was added in the concentration of about five
drops per 100 gram of slurry just prior to loading into
the test assembly. The amount of cross-linking agent
may be varied to accommodate greater or lesser
amounts of gelling agent, and also to effect a greater or

~s:er degree of cross-linking, if desired. Likewise, the
.oncentration of cross-linking solution may be varied
from about 5% to about 50%. Additionally, the mix-
tures G and H were partly settled and stirred just prior
to the cross-linking operation. In the above examples,
the concentration of the ammonium nitrate solution is
not critical. A 60 percent solution is convenient to use
because the ammonium nitrate stays completely in solu-
tion above 54° F, which means that handling is simpli-
fied over, for example, an 80 percent solution which has
a solidification temperature of about 136° F; thus requir-
ing expensive heated storage. After blending with an
anti-freeze agent, such as diethylene glycol, the solidifi-
cation temperature is decreased. In the above mixes A -
J, the sample weight percentages for each individual
constituent part are as shown prior to adding the cross-
linking agent. s

These formulations are then cap-sensitive explosives
capable of propagating a high order detonation in thin
layers, i.e., one thirty-second of an inch when confined
between masonite. More significantly, there is shown
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herein a relationship between the use of superfine parti-

cle PETN, where the 6.5 micron diameter particles
allow for reduction of three to six times in the thin layer
propagation layer thickness as a function of PETN
content. These formulations are able to detonate com-
pletely in thin layers at temperatures of approximately
200° F while simultaneously exposed to a nydrostatic
pressure of 10,000 psi or above and do not cause han-
dling problems since there is no liquid explosive ingredi-
ent. It has been found that the slurry explosives are not
detonated by British 303 ammunition from a distance of
75 to 100 feet even when backed by steel or aluminum.
Such slurry explosives will slowly decompose in a bon
fire when unconfined, but by themselves will not sup-
port combustion. Therefore, the purpose of this inven-
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tion is to teach a relationship between the use of super-
fine [extremely small] particle PETN for the reduction
of detonating layer thicknesses for particular applica-
tions. This control of detonation layer thickness as a
function of the composition constituents allows the
explosive to be tailored to explosive fracturing of oil
and gas reservoirs in order to increase formation perme-
ability and other such controlled applications. In such
applications it is critical that the explosive propagate in
thin layers to be effective to stimulating oil and gas
wells, solution mining and coal and oil shale fracturing
operations.

Ordinarily PETN (pencthaerythritol tetranitrate) is
considered a hazardous explosive which is known to
explode when subjected to modest physical abuse from
impact or friction forces. For example, in a test appara-
tus a small (approximately 1/20 of a gram) sample of
sensitized small particle PETN when placed on a hard
tool steel anvil and impacted by a free fall hammer (or
hard tool steel and weighing 2.143 kg), a detonation of
the PETN will occur when the drop of the hammer is
only 2 cm. In other words, the impact sensitivity of the
pure dry PETN is 4.3 kg-cm. However, when this same
PETN is compounded into a slurry explosive form
where the PETN comprises upwards to 45 percent of
the total weight of the mixture, the resulting explosive
mixtures as shown herein are unaffected by repeated
hammer drops, even from a drop height of 63.5 centime-
ters. Thus, in slurry form PETN has been found to be
not exploded by an impact of 136.3 kg-cm. This is more
than thirty times the energy at which the PETN alone
explodes. As taught herein, by particularly using a
slurry wherein the PETN particles have an average
diameter of about 6.5 microns, the advantages of a
slurry can be further maximized for very thin layer
applications. It has been found that the superfine PETN
can be shown to have a significant effect on the propa-
gation thickness of the slurry. As particularly illustrated
in FIG. 1, for the same composition the use of superfine
PETN particles results in a three to six timcs reduction
in the propagating layer thickness. As has also been
shown, this reduction in thickness of layer capable of
supporting detonation occurs over 8 wide range of
formulations, anywhere from 15 to 50 percent by
weight of PETN in slurries.

The sensitized superfine PETN as employed herein
may be made according to the method taught in my
copending application Ser. No. 434,753, filed Jan. 31,
1974. While we do not in anyway wish to be limited by
theory, it is presently believes that it is a unique struc-
ture and not particle size alone which imparts signifi-
cantly improved detonation properties to the Superfine
PETN and thus to the slurry explosives prepared there-
from, and described in the instant invention.

When viewed under an optical microscope the parti-
cles of Superfine PETN can be seen to contain a high
density of optical barriers. Furthermore, when exam-
ined under very high magnification by electron micro-
scope techniques the Superfine PETN particles are seen
to contain a large number of apparent void spaces, esti-
mated at exceeding 1000 voids and even exceeding 2000
voids for the average diameter -particle of about 6.5
microns. These voids have an apparent diameter of
about 0.18 to 0.2 micron.

It is theorized that these microvoids or crystal imper-
fections are in large part responsible for the improved
detonation properties evidenced for Superfine PETN,
in that they serve as reflection sites for an incident
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shock wave, and that the resultant collisions of the
reflected shock waves pump heat energy into and thus
shorten the detonation reaction zone, and at the same
time reduce the cross-sectional area of explosive re-
quired to sustain a stable detonation.

The improved slurry of the invention herein may also
be used to produce a low detonation flame temperature
composition by deleting the oxidigen components - i.e.
the solid crystalline nitrates of Groups I and II of the
Periodic Chart of the Elements. Additional antifreeze
agents such as dictrylene glycol may be needed to com-
pensate for the additional water.

Additional compositions were prepared in which the
oxidizer component was omitted and therefore com-
prised PETN, gelling agent, diethylene glycol, and
water, along with Tyzor ® LA cross-linking agent.
The amount of PETN was varied from 25 per-cent to 40
per-cent and the diethyiene glycol from 9.5 to 25 per-
cent. The amounts of gelling agent and cross-linking
agent were similar to their compositions described
above.

These compositions were loaded into plastic tubing
having inside diameters of from three-eighth inch to
five-eighth inch with a wail thickness of one thirty-
second inch to one-sixteenth inch and the loaded assem-
blies were found to detonate when initiated by an elec-
tric blasting cap. When laid out among dry brush and
pine duff type fuels, these assemblies did not cause fires
when detonated, whereas the oxidizer containing com-
positions cited above did start fires in every instance.

It has now been demonstrated that the Superfine
PETN remains effective whether it has been dried or
whether it has not been dried prior to incorporation into
the slurry explosive formulation, and thus it must be
assumed that the void spaces are effective in their func-
tion whether they define a gas phase or a liquid phase.

Within these slurries it is contemplated that the am-
monium nitrate inay be replaced by any of potassium,
barium and sodium nitrate, and diethylene glycol may
be substituted by formamide, dimethyl formamide or
other glycols and alcohols provided their vapor pres-
sure with temperature is substantially no greater than
the aforementioned compounds of water, and further
provided that these glycols or alcohols are at least
partly miscible with water in combination with other
ingredients in the formulation. Further the guar gum or
Jaguar HP-8 may be replaced by polyacrylamide or
other gelling agent such as familiar to those skilled in
the art. .

Manifestly, minor changes can be effected in the
above-described compositions without departing from
the spirit and scope of the invention as defines and are
limited solely by the appended claims.

I claim:

1. An improved slurry explosive able to propagate in
very thin layers comprising of, by weight:

A. approximately 15% to 45% by weight of sensi-
tized superfine particle penetaerythritol tetrani-
trate (PETN) said sensitized particles having at
least 1000 interstitial voids of apparent diameter of
approximately 0.18 to 0.2 micron uniformly distrib-
uted in an average diameter particle of about 6.5
microns; and

B. approximately 45% to 27% by weight of a material
sclected from the group consisting of ammonium
nitrate, potassium, barium, and sodium nitrate; and

C. approximately 10% by weight of a material se-
lected from the group consisting of diethylene
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glycol, formamide, dimethy! formamide, glycols
and alcohols; and

D. approximately 0.5% to 0.7% of a material selected
from the group consisting of guar gum and poly-
acrylamide; and

E. a cross-linking agent; and

F. the balance water.

2. The improved slurry of claim 1, wherein said sensi-
tized particles have at least about 2000 interstitial voids
having an apparent diameter of approximately 0.18 to
0.2 microns uniformly distributed in an average diame-
ter particle of about 6.5 microns.

3. The improved slurry explosive of claim 1, wherein
said voids define a gaseous phase.

4. The improved slurry explosive of claim 1, wherein
said voids define a liquid phase.

§. An improved slurry explosive as in claim 1,
wherein said mixture comprises by weight:

A. 45% of said sensitized superfine penetaerythritol

tetranitrate (PETN); and

B. 27% of said material selected from the group con-
sisting of ammomium nitrate, potassium, barium,
and sodium nitrate.

6. An improved slurry explosive as in claim 1,

wherein said mixture comprises by weight;

A. 35% of said sensitized superfine penetaerythritol
tetranitrate (PETN); and

B. 33% of said material selected from the group con-
sisting of ammonium nitrate, potassium, barium and
sodium nitrate.

7. An improved slurry explosive as in claim 1,

wherein said mixture comprises by weight:

A. 20% of said sensitized superfine penetacrythritol
tetranitrate (PETN); and

B. 42% of said material selected from the group con-
sisting of ammonium nitrate, potassium, barium and
sodium nitrate.

8. An improved slurry explosive as in claim 1,

wherein said mixture comprises by weight;

A. 15% of said sensitized penetaerythritol tetranitrate
(PETN); and

B. 45% of said material selected from the group con-
sisting of ammonium nitrate, potassium, barium and
sodium nitrate.

9. An improved slurry explosive as in claim 1,
wherein said mixture comprises by weight, five drops
per 100 grams of slurry of a 50% solution of titanium
and antimonium lactate as said cross-linking agent.

10. An improved slurry explosive able to proponate
in very thin layers comprising, by weight:

A. Approximately 15% to 45% of sensitized super-
fine particle penetaerythritol tetranitrate (PETN),
said sensitized particles having at least 1000 intes-
titual voids of apparent diameter of approximately
0.18 to 0.2 micron uniformly distributed in an
averge diameter particle of about 6.5 microns; and

B. Approximately 10% by weight of a material se-
lected from the group consisting cf diethylene
glycol, formamide, glycols and alcohols; and

C. Approximately 0.5% to 0.7% of a material se-
lected from the group consisting of guar gum and
polyacrylamide; and

D. A cross linking agent; and

E. The balance water.

11. The improved slurry of claim 10 where in the
material in group (b) is diethylene glycol in a percent,
by weight, of the composition of approximately 25%.

*» * ¢ e O
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1
SLURRY EXPLOSIVES

The present invention relates to new and improved
cold-formulated slurry explosives containing colloidal
ammonium perchlorate, and/or other collodial (ultra-
fine) oxidizers.

The invention may be more readily understood by
considering the following definitions and abbreviations
to be used throughout the specification and claims.

DEFINITIONS AND ABBREVIATIONS

Slurry: A state of matter comprising a dispersion and
a disperse phase. The dispersion phase is a continuous
fiquid, and the disperse phase comprises suspended
solids and in some cases insoluble liquids. The disper-
sion phase of slurry explosives is in general a thickened
and gelled aqueous oxidizer solution saturated with
ammonium nitrate and usually sodium nitrate, often also
containing other solutes. The disperse phase is generally
rich in AN and usually contains other particulate solids
and in some cases insoluble liquids.

Slurry Explosive: Here called “Explosive Surry”
abbreviated “ES” to emphasize that this invention per-
tains largely to the slurry state. Specific types are abbre-
viated:

CFES: Cold-formulated explosive slurry (formulated
at ambient temperatures AT).

HFES: Hot-formulated explosive slurry of prior art
(formulated by adding all ingredients to a hot oxidizer
solution).

To designate a particular type, the sensitizer is affixed
as follows: FO-CFES means fuel oil-sensitized CFES;
gil-CFES means gilsonite-sensitized CFES, etc. FO-
HFES means fuel oil-sensitized HFES, etc.

AN: Ammonium nitrate; AN(aq): saturated aqueous
solution of AN; CAN: coarse AN; FAN: fine AN;
UFAN; ultra-fine AN; AP: ammonium perchlorate;
UFAP: ultra-fine AP; (AP is essentially “salted out” of
the cold dispersion phase by the common ion effect);
FO: fuel oil; MA: methyl alcohol; NaP: sodium perchlo-
rate; NaP(aq): aqueous NaP solution; 60 NaP(aq): 60%
NaP(aq); SN: sodium nitrate; SN(aq): aqueous solution
of SN; AN/SN(aq): aqueous solution saturated with
AN but not SN; AN,/SN(aq): aqueous solution satu-
rated with AN and SN; FSN: fine SN; UFSN: ultra-fine
SN.

CFOS and HFOS are unsensitized oxidizer slurries
made in the cold-formulation and hot-formulation
methods, respectively.

Slurry Point: (Designated V,!) the minimum disper-
sion phase required to maintain the slurry state, i.e., to
maintain continuity of the dispersion phase. (Slurry
point is discussed on pages 280-28S5, The Science of In-
dustrial Explosives, IRECO, Slat Lake City, 1974.)

V;: volume percent dispersion phase; Vj: volume
percent disperse phase (V14 V2=100).

Sensitiveness Test: This is a propagation (“go, no
80") test used herein to compare the cold-formulated
products of this invention with the hot-formulated ones
of prior art and thus the relative sensitiveness by the
criterion of critical density at constant charge diameter
and temperature. It consists of firing (usually) a 30-
pound charge packaged in 5” diameter (d) polyethylene
(thus having a length [L] of 35+35") with a “booster”
sfier measuring charge density (p-g/cc by weighing in
snd out of water) and temperature ("C.). The result is
recorded as “D—p(t, age in days)” if the charge propa-
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2
gates the detonation wave completely, or as F—p(t,
age) if part of the charge is left undetonated.

The booster used in this sensitiveness test was a com-
mercial 2”'(d) X 4”(L) cast pentolite booster for blasting
agents, i.e., explosives such as the CFES of this inven-
tion that will not detonate with a blasting cap alone and
which contain no explosive ingredients per se.

Critical Density (pc): The maximum p for consistent
detonations at or below which no F's are observed.
(Some D’s may be observed at p> p..) If pc has not been
determined, or to illustrate whether or not a particular
charge has a sensitiveness above or below a particular
level, a result of only one or two sensitiveness tests may
be shown by listing an observed “D—p(t, age)”, of
“F—p(t, age).” In examples where critical diameter has
been determined by a sufficient number of tests, the
sensitiveness-test results are summarized by a p(t), pc
being approximately a linear function of the tempera-
ture of the charge at the time of firing, i.e., p~p(0°
)+0.007t for pcin grams/cc and t in °C.

PRIOR ART

NaP and AP are often mentioned in patent literature
as oxidizers for slurry explosives along with AN, SN,
and “other inorganic oxidizers.” To be sure, NaP(aq)
has been used with AN solutions but in smaller amounts
and in different ways than dictated by the metathesis
method of this invention, as described below. The first
HFES patent to mention prchlorates was U.S. Pat. No.
3,096,223 (present inventor a patentee). NaP and AN
were not used together in this case. U.S. Pat. No.
3,249,476 shows NaP, NaP/SN, and AP/SN as exam-
ples of salts useful in lowering fudge points of hot solu-
tions but nothing to indicate the use of NaP(aq)/AN in
the composition and manner to accomplish the purposes
of this invention. U.S. Pat. No. 3,282,753 (present inven-
tor a patentee) not only does not contemplate the me-
tathesis reaction but has a water limitation inconsistent
with the present invention. Slurry explosive patents
often list many oxidizers including perchlorates and AN
but with no evidence of contemplation of the NaP/AN
metathesis for CFES. Examples include U.S. Pat. Nos.
3,318,740; 3,431,155; 3,485,686; 3,507,718; 3,522,117;
3,695,950; 3,727,350; and 3,985,593. U.S. Pat. No.
3,465,675 made allowance for AN-chlorate and per-
chlorate reactions by specifying that the nitrates on the
one hand and chlorates and perchlorates on the other be
used separately. The patent and other literature of pub-
lic domain do not address the important problem of
formulating the disperse phase to maximize sensitive-
ness in the ways described herein, i.c., using colloidal or
ultra-fine oxidizer salts.

“OXIDIZER SLURRY” OR “OS” COMPONENTS
OF CFES AND HFES

ANy/SN4(aq) and AN,/SN(aq) are preferred oxidizer
solutions for the disperse phase of both CFES and
HFES. They have been used extensively since the be-
ginning of the slurry cxplosives industry being claimed
in the first patent of thi« era (U.S. Pat. No. 2,930,685).
They are generally thickened by guar gum and gelled
with a suitable cross-linking agent. Hydroxypropyl guar
gum cross-linked with potassium (pyro)antimonate at
20/1 gum/cross-linker is a preferred thickening and
cross-linking system and the one used in examples given
herein.
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An object of the present invention is improved and
cold-formulated slurry explosives with ultra-fine oxi-
dizer solids.

Further objects will be appreciated from the follow-
ing description of the invention:

This invention relates to improved slurry explosives
with the solids (or disperse) phase consisting of ultra-
fine (colloidal) ammonium perchlorate, (usually) a smalt
amount of ultra-fine sodium nitrate, ammonium nitrate
which may be coarse, fine, or ultra-fine, or combina-
tions thereof. The ultra-fine ammonium perchlorate and
sodium nitrate are made by a metathesis reaction and
ultra-fine ammonium nitrate by (colloid) milling. The
fine ammonium nitrate is made by grinding or by re-
crystallization from a hot concentrated solution forti-
fied with crystal-growth inhibitors. What combination
of ultra-fine, fine and coarse ammonium nitrate is used
depends on the sensitiveness level desired. The metathe-
sis here used is between aqueous sodium perchlorate
and solid ammonium nitrate prills using enough excess
of the latter to saturate the water of the reactant solu-
tion and, in case only coarse ammonium nitrate is
needed, to provide all the undissolved ammonium ni-
trate. In the metathesis reaction the sensitizer fuel,
thickener, and other ingredients except the gelling and
density-control ageius may be added along with the
solid ammonium nitrate. The products of the methathe-
sis are a dispersion phase made from the water of the
reactant solution saturated with ammonium nitrate and
sodium nitrate, with some, though very little, ammo-
nium perchlorate and a disperse phase of ultra-fine am-
monium perchlorate, usually a small amount of ultra-
fine sodium nitrate, and a major portion of ammonium
nitrate. When the ammonium perchlorate is present in
an amount above about 18%, the ammonium nitrate of
the disperse phase may be all coarse; but at lower
amounts of ammonium perchlorate, from part to all of
the solid ammonium nitrate constituent should be fine
depending on the sensitiveness level desired which, of
course, depends also on the sensitizer used.

Slurry explosives cold-formulated by the above me-
tathesis reaction and containing coarse, fine, or ultra-
fine ammonium nitrate have significant advantages over
those of prior art including faster detonation reactions
with a corresponding appreciable increase in sensitive-
ness (which generally means appreciably better blasting
action), lower production and sensitizer costs, greater
ease of mixing and packaged slurry quality. Lower costs
of production are associated with simplicity of mixing
and no need for the conventional hot-formulation and
hot-storage facilities generally used in the slurry explo-
sives of prior art. Lower sensitizer costs are associated
with the ability of the cold-formulated slurry explosives
of this invention to use economical and technically
desirable sensitizers either not applicable at all or only
marginally effective as sensitizers for the slurry explo-
sives of prior art. By packaged slurry quality is meant
not only adequate, time-independent sensitiveness but
also high-quality physical properties (softness, stable
and tight gel structure, water resistance, high enough
d:nsity to sink in water-filled boreholes, and long “shelf
life™).

SN is a preferred constituent of the dispersion phase,
not because it is a better oxidizer than AN (it is actually
not as good and is more expensive), but because it con-
tributes important qualities: (a) For a given amount of
water, SNg{aq) adds (approximately) 0.27 times the
volume of the water component at 0° C. and 0.36 times
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that at 30° C. in addition to (approximately) 0.75 and
1.54 times the volume of the water component contrib-
uted by AN at 0° and 30° C., respectively. Thus
AN,/SNgaq) has a volume (approximately) 2.02 times
as great as that of its water constituent at 0° C. and 2.93
times as great at 30° C. The corresponding weight ratios
are (approximately) 0.73 and 0.88 for SN, and 2.91 and
4.38 for (AN + SN + water)/water at 0° C. and 30° C,,
respectively, with approximately a linear variation be-
tween. These values were computed using the (evi-
dently good) approximation that each salt has the same
saturation concentration in AN,/SNg(aq) as in AN«(aq)
and SNg(aq) separately. The effective (saturation) densi-
ties assumed in these approximations were 1.57 g/cc for
AN, 2.7 g/cc for SN, 2.5 for calcium nitrate (CN), and
0.8 for methanol in ANy/SN(aq) based on the saturated
AN(aq) and SN(aq) solutions. Densities in the disperse
phase were those listed for the pure substances, namely,
1.725 g/cc for AN (1.69 g/cc for t>32° C.), 1.95 for
AP, 2.26 for SN, and 1.08 for gilsonite. (b) SN(aq) and
SNg(aq) inhibit crystal growth of AN in the disperse
phase of CFES and HFES but appear to do so best with
some SN in the disperse phase. (c) SN increases the
density of the dispersion phase making it easier to dis-
perse the solids (mostly AN) than in AN«(aq) alone.

Slurry point is an important quantity in CFES design.
VO, usually falls in the range 40 < V9 <60 often at or
near the lower limit. It varies with temperature, so a
CFES having, for example, V1(20° )=60 may have
V1(0° ) as low as 50; or with V(20° )=50, the V(0* )
may be as low as 42. Minimizing V9 also minimizes the
water requirements. Enough leeway should be pro-
vided in the difference V{— V9 so it will always be
positive and CFES will retain the slurry state at all
AT’s. To minimize V9, experience in casting “amatols”
may be used wherein molten TNT is the dispersion
phase and AN comprises the disperse phase. (This
slurry state undergoes a transition to a “cast” when the
TNT solidifies.) With an optimumly blended AN, parti-
cle size distribution V9, is about 40 in the AN/molten
TNT slury making it possible to cast a 60/40
(AN/TNT) “amatol.” With less than ideal blending, a
50/50 amatol is obtained, but with very poor blending
the AN/TNT ratio may go as low as 40/60. The situa-
tion is essentially the same in CFES and HFES; when
the disperse phase has the proper particle size distribu-
tion and the densities of the two phases are close to-
gether, as 1in the AN/molten TNT slurry, Vo may be as
lowas 40. But in less favorable circumstances it may go as
high as 60. When AN,/SNg(aq) is used as the dispersion
phase and UFAP (with some UFSN) together with
CAN or a combination of CAN and FAN in the dis-
perse phase, V{2 may be as low as 40.

How low in V| the slurry explosive should be formu-
lated depends on the difference in AT between that at
which the CFES is formed and the lowest AT antici-
pated in storage and use. It would be proper to make
CFES only slightly greater than Vif the formulation
and use or storage ATs are the same or if the former AT
is below the use or storage temperature. If the differ-
ence Vi —V¢° is permitted to become negative, the
slurry state will be destroyed and with it the gel stability
which may not be restored when V;—Vy° again be-
comes positive.
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SLURRY FEATURES OF “OXIDIZER
SLURRIES”

The essential physical properties of CFES of this
invention as well as the HFES of prior art are deter-
mined largely by the oxidizer slurry or “OS” compo-
nent. Four types of OS are thus considered before ex-
amples of CFES are given:

CFOS: This designation pertains to the OS of this
invention most easily formulated with nearly all the
desired properties ready for sensitization, namely, the
product of the 60NaP(aq)/AN metathesis. At the 30/70
ratio CFOS is easily formed at say 20° C. (and is still in
the slurry state at zero *C.) simply by stirring AN prills
into the NaP(aq). The computed properties of this
CFOS at the 30/70 ratio [taking AP(aq) as negligible, as
seems to be the case] were: V(20°)=50.4 and
Vi(0")=40.2, AN,/SN¢(aq)=23.0/10.6/12 and
14.3/8.8/12/AN/SN/water at 20° and 0°, respectively,
and the disperse phase is about 17.3/1.9/35.2 UFAP-
/UFSN/CAN and 17.3/1.9/35.2/1.8/8.8 UFAP-
/UFSN/CAN/FSN/FAN at 20° and 0° C., respec-
tively for the procuct formed at 20° C. This is an ideal
OS system for several reasons: (8) The 60NaP(aq) is the
product available at the lowest (contained NaP) cost.
(The 60-64% product is the one that is shipped but for
standardization purposes solutions above 60% might be
diluted to say 60%, or possibly to as low as 58% in
order to produce AN,/SN{aq) with a minimum
UFSN.) (b) The density of both the reactant and the
product solutions are ideal for the use of AN prills
(immersion density about 1.45 g/cc due to locked-in
acration released when AN dissolves) so the prills will
float to make easy mixing of the 60NaP(aq)/AN reac-
tants. (c) The product (CFOS) is as easy to form (as is
the corresponding CFES) as an HFOS (or correspond-
ing HFES) but has the advantage of being at or very
near to AT when formulation is complete becsuse the
sensitizer, thickener, and other ingredients may easily
be added right along with the AN prills. In HFES, on
the other hand, an appreciable cooling period is re-
quired to drop from the formulation temperature to AT.
Gel stability, AN crystal growth, and intimacy of the
“redox™ (oxidation-reduction) admixture responsible
for detonability are all adversely affected by this slow
cooling. Even the 32° transition temperature of AN
(where the crystal habit changes from the 8 [below] to
the v structure [above]) has an influence on sensitive-
ness, i.e., it hampers stability, when the disperse phase
has in it an isoluble liquid sensitizer, in passing through
this phase transition.

(d) On the negative side is the fact that CAN is the
form of the undissolved AN in the disperse phase when
AN prills are used in the metathesis reaction. This could
be cured by using FAN or even UFAN in place of prills
in the final stages of CFOS, but it adds an extra step,
namely, that of forming the FAN or UFAN. A replace-
ment of CAN by FAN is unnecessary in CFES when
sensitized with insoluble fuels because the limitation is
then not the sensitiveness but rather Vo,

(¢) When insoluble solid or liquid sensitizers are used,
the Vy° limitation imposes a lower limit on UFAP (in
order to remain within the slurry state) amounting to
about 201+2% in the final CFES. The UFAP has con-
siderable sensitizing quality and is thus very desirable
but still the most costly ingredient in many preferred
CFES's. In some spplications a lower sensitiveness
would be desirable if greater economy could be real-

' 6
ized. It is not as simple as just diluting the NaP(aq) with

- water and making up the Sn deficiency to produce the
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preferred ANy/SN«(aq) because this incurs excessive
cooling in the metathesis with excess AN. That is, AN
and SN both dissolve endothermically in water at —77
and —60 cal/gram, respectively, and exothermicity of
the 60NaP(aq)/AN metathesis nearly balances the en-
dothermicity of AN,/SNi(aq) formulation when the
60NaP(aq) is used in this metathesis solution formation.
This is not so at lower NaP(aq) concentrations. The
CFES would be impractical were it not for the favor-
able heat balance of the 60NaP(aq)/AN metathesis with
excess AN. Therefore (except for an indicated small
water dilution to about 58% in some climates) the
60NaP(aq)/AN system is preferred, and other methods
to reduce UFAP and cost besides diluting the system
with water should be used.

CFOS-CN: A simple way to lower the NaP(aq)
within the limitation imposed by V¢ is to use a soluble
fuel or oxidizer to extend the dispersion phase. Exam-
ples of such fuels are given later in connection with
CFES products. Here calcium nitrate (CN) is consid-
ered for this purpose. The use of a commerical CN prills
(Norsk Hydro or NHCN) by adding it along with the
AN in the 60NaP(aq)/AN metathesis has a two-fold
advantage: It lowers the 60Nap(aq) requirement and
accomplishes a small water dilution without incurring
excessive endothermicity (by reason of the exothermic-
ity of the CN dissolution). But it also has a disadvantage
of introducing a bivalent ion which tends to lower gel
stability. NHCN has approximately the composition
77.5/1.5/15 (CN/AN/H20). The 60NaP(aq)/AN
prills/NHCN prills at the ratio 25.5/59.5/15 lowered
the 60NaP(aq) requirement from 31 to 20 percent corre-
sponding to 8 UFAP minimum of 11.5.

CFOS-M: This is an OS with the preferred AN,/SN-
s(aq) dispersion phase and FAN, UFAN, or both com-
prising the disperse phase. (With CAN alone as the AN
constituent of the disperse phase, this OS would be of
little value because, as a diluent for the CFOS, it cuts
sensitiveness excessively.) This may be corrected either
by adding FAN (made by simply grinding AN prills) or
by miling or colloidizing the AN. The simplest and
apparently the best way to do this is by homogenizing
the AN,/SNy(aq)-CAN system, e.g., using a “*Greerco”
grinder or homogenizer. This was done with this system
at 20° and V=50, namely, 46.4% AN,/SNy{aq) and
53.6% AN prills. This product remained in the slurry
state at 0° C. [with 12.2% water V(0°)=139.9]. This
CFOS-M had a (computed) dispersion phase of

. 23.42/10.7/12.2 AN/SN/H;0 and 14.4/8.9/12.2 and a

55

63

disperse phase of 53.6 UFAN and 53.6/9/1.8 UFAN/-
FAN/FSN at 20° and 0° C., respectively. With a system
such as this, no NaP(aq) at all is needed to achieve a
good level of sensitiveness, but its advantage must be
weight against the cost of the CFOS on a purely eco-
nomical basis, i.e., the extra cost of homogenizing
against that of 18% or more UFAP. The system
AN;/SNy{(aq)-FAN/SAN is likewise good (but not as
good) and less costly because grinding to FAN is less
costly than grinding to UFAN size.

CFOS-H: A surprising result in the application of this
invention was that hot, concentrated AN solutions with
fudge points from 50° to 85° C. and to which SN had
been added in the correct amount to give AN,/SN4{sq)
at 20° C. together with 0.110.1 (zero to 0.2)% *Petro
Ag Special” (surfactant sodium methylnaphthalene
sulfonate) could be cooled with stirring or air-“sparg-
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7
ing” all the way from the fudge point to 20° C. or below
to give an OS having 45 <V;< 55, i.e., having essentially
the same composition except for the Petro Ag Special
(PAS) as in the above CFOS-M. For example, to an

86% AN solution at 90° was added 12 parts of SN and 5

0.1 parts PAS. The mixture was then cooled with stir-
ring to near AT (below the 32° transition temperature
where fluidity increased sharply) to produce a thick
(but not too thick to pump) OS. This demonstrated the
feasibility of this method of producing a cold AN/SN
slurry from hot AN solution. The practical advantage
of this system is that hot AN solution is often the most
economical source of AN, and the fudge-cooling yields
storable CFOS-H without the need for hot-storage fa-
cilities. Moreover, the CFES products made therefrom
are more sensitive than the corresponding HFES prod-
ucts, i.e., with a given fuel sensitizer, as shown in exam-
ples given below. For practical purposes, CFOS-H
products with up to 15% rather than the low 12.29%
water of the above example may be preferred. For ex-
ample, to 100 parts of the 83% AN solution was added
16 parts SN and 0.1 parts PAS, and the product cooled
with sparging to 20° C. to give a CFOS-H having a
dispersion phase of V1=59.3 and a disperse phase of
43.5/0.9/0.86 FAN/FSN/PAS. This example utilized
the 83% AN solution most generally available and is
more readily cooled to ambient temperatures (AT).
CFOS-H with 16.3% water, 16.3% SN, and 0.1% PAS
have been fudge-cooled in this manner to below 10° C.
with nothing but simple, relatively slow stirring.

EXAMPLES OF CFES AND COMPARISONS
WITH HEFS

Fuel oil (FO) has been used as the sensitizer for the
popular dry blasting agent ANFO since 1955. FO-
HFES has also been in commercial use since the early
1960’s, but it was not until the early 1970’s that it began
to be used in large quantities. The initial bulk product
(FO-HFES does not have packaged slurry quality) was

-

too insensitive and unstable in sensitiveness to be able to 40

“sleep” in the borehole for more than a few hours.
Charges were thus loaded and fired within hours of each
other. In spite of many developments directed toward
stabilizing FO and other insoluble liquid fuels in HFES
(U.S. Pat.
3,507,718; 3,522,117; 3,695,950; 3,727,350; 3,985,593 and
4,059,449), even yet the “sleeping” quality is only a few
days.

5

20

25

35

Nos. 3,318,740; 3,431,155; 3,485,686; 45

EXAMPLE §-1

As a standard by which to compare the cold-for-
mulated explosive slurries of this invention with hot-
formulated (commercial) products of prior art, a system
with the lowest sensitiveness for a commerically viable
HFES was selected, namely, the FO-HFES. Several
5"(d), 30-1b charges were made as follows: To 22
pounds of 64/18/18 AN/SN/H20 solution at §5° C.
was added 50 grams hydroxypropyl guar gum mixed
with 6 pounds of AN prills. Then 15 grams PAS and
1000 milliliters FO were incorporated, the product
gassed with sodium nitrite/acetic acid and then pack-
aged for sensitiveness tests. The sensitiveness tests gave
Pc=1.08(20°,1) (meaning a critical density of 1.08 g/cc
at 20° C. after one day) and F-1.0(0°,1) (meaning a fail-
ure at a density of 1.0 g/cc, 0° C., and after one day
storage). Sensitiveness deterioration in this 'O-HFES
was observed after five days normal (AT) storage.

Example S-2:

To 22 pounds of the 78% AN solution having about
the same fudge point as the above 64/18/18 solution
(about 50° C.) was added six pounds AN prills into
which 50 grams guar gum had been mixed. After thick-
ening, 15 grams PAS and 935 milliliters FO were incor-
porated, and the product cross-linked and gassed with
sodium nitrite/acetic acid as before. The sensitiveness
test gave the result F-1.05(20°,1). (Other studies showed
it had a critical density of 1.06 g/cc in 6" diameter
charges of 36" in length). These results, together with
computed composition and V data, are summarized in
Table I along with similar types of data for nine exam-
ples of CFES products of this invention.

Example A

The FO-CFES of this invention was easily made with
31.5% (the minimum imposed by the V) limitation) to
35% and more 60NaP(aq), 61.5 to 58% or less AN
prills, 6.61+0.2 FO, 0.1 PAS, 0.41+0.1 hydroxypropyl
guar gum cross-linked with 0.02+0.005% potassium
(pyro)antiomonate, and density controlled. (The densi-
ty-controlling for the results shown in Table I was ef-
fected with sodium nitrite/acetic acid at from 0.8 to 1.2
mol ratio. CQ;, expanded perlite [“Ryolex”] and
foamed polystyrene were also studied in this system.
U.S. Pat. No. 3,382,117; 3,390,030, '031, and °032;
3,449,181, and 3,453,158 are examples of patents de-
scribing density control in HFES.)

TABLE 1
Computed Product Dispersion
Data for CFES
Examples A-H and
(Standard) FO-HFES
Products
t'C. Phase  Disperse Phase Sensitiveness -
Example ESType a b % V; Vi UF F C L Ip(g/cc))
S-1 FO-HF 45 20 507 49 (W0) -~ 233 200 60 1.08
0 5 4 — )55 200 60 (0.94 est))
S-2 FO-HF 45 20 477 s 267 200 S6 <108
A FO-CF AT 20 S04 32 40 211 — 219 66 1.34
0 386 @ 210 118 219 66 1.20
B Gil-CF AT 16 548 358 4 242 73 117 - 1.24
[of FO-CF-CN AT 12 581 352 (42) 144 L1 193 71 1.4
D MA-CF AT 26 545 6 S0 153 ~— 300 -~ 138
1 Q8 155 117 300 -— 1.20
E MACF-M 20 20 485 60 722 10 1Y — 2126
F MACF-M AT 20 436 %3 350 214 -~ — 21.14
a MACF-H AT 17 48 S 65 325 12 -— 1.3
H FOCF-H 20 11 554 6 - 36 — 60 ARt
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TABLE l-continued
Computed Product Dispersion
Data for CFES
Exsmples A-H and
(Standard) FO-HFES
Products
tC Phase  Disperse Phase Sensitiveness
Ezample ES Type s b % V, V" UF F C L [pc(g/ec)]
1 TO-CF AT 20 460 & 1854 — 230 70 &1.30
*Formulati p (AT - aombi - ot recorded). .
STemperstwre of sensitiveness teut.

Valum in ( ) are estimates from OS studies.

UF . uitre-fine AP and SN in all caees except P where it was UFAN.
F - Fine AN ead SN eacept in B where it was all fine giloonite.

C - Comre AN.

L - PO containing 0.1% PAS or “red™ tall ol (Example I).

Example A is represented by at least half of more than

a hundred sensitiveness tests, this example being based
on the 33.5/60 ratio for 60Nap(aq)/AN. (The V12 was
based on the 31.5% lower limit and on the correspond-
ing OS studies.) Certain oi these products had pack- 20
aged-slurry quality and nearly all of them had bulk-
slurry quality based on studies covering more than five
months AT (hot-summer to cold-winter) storage, p(t,
age) sensitiveness tests, density-stability studies, water
resistance and thermal-cycling tests. Packaged-slurry 25
quality was observed in the FO-CFES made with chro-
mate-free (NaP(aq) and density-controlled with sodium
nitrite acetic acid. Products made with COz density
control retained their sensitiveness but gradually in-
creased in density because CO; dissolved in FO (such 30
that density-lowering from the ungassed state was lost

at 5+2% per day). Products made with 60 NaP(aq)
containing ‘0.1 max” sodium dichromate had bulk
slurry quality but not packaged slurry quality. That is,
they were essentially normal in water resistance, den- 35
sity and sensitiveness, but the gel texture was less than
desirable for long-time storage involving thermal fluc-
tuations.

Sensitiveness of FO-CFES followed, as nearly as
could be determined, the linear plot p{0° ) being 1.20, 40
1.28, and 1.18 g/cc for nitrite gassing, baking soda gas-
sing, and Ryolex, respectively, and the temperature
coeflicient being about 0.007 g/cc per °C. This was
based on the best dividing line between all D’s (below)
and F’s with some D’s (above). No loss in sensitiveness 43
was seen in sensitiveness tests up to 150 days of midsum-
mer to winter storage.

While 0.1% Petro Ag Special disperses FO in the
FO-CFES, aliphatic alcohols in amounts above about
0.5% do likewise. Using the 5.5/2.0 FO/MA sensitizer 'S0
and Ryolex 18 density control, for example, duplicate
charges formulated at the 60 NaP(aq)/AN ratio of
33.5/60 gave 2D—1.19 (11°,104), even though the MA
had probably all evaporated before the end of the 104
days’ storage, as seen in studies mentioned below. These 5$
and Vy°data show that FO is held in dispersion by tghe
UFAP and thickened CFES, not necessarily by the
dispersing agent, although the latter is needed for rapid
dispersion of FO. .

EXAMPLE B

Gilsonite has been used extensively in HFES but
never as a sensitizer, rather only as an energizing fuel.
This economically attractive, fine-grained solid hydro-
carbon has too little sensitizing value to sensitize HFOS 65
to detonability in the sensitiveness test here used or
even in 6” diameter charages at any g(1)> 1.0(20°). Gil-
sonite has accordingly been used only in conjunction

with other sensitizers in the HFES of prior art (U.S.
Pat. Nos. 3,882,752; 3,267,805, and 3,713,914). On the
other hand, results of a dozen sensitiveness tests with
all-gilsonite-sensitized CFES (gil-CFES) gave
Pe=1.24(16°) at the 60 NaP/AN ratio=37/55, 7.3%
gilsonite, 0.4% guar gum, OO; density control, and a
CAN constituent of 13.7%. The product made with
chromate-free NaP(aq) had packaged slurry quality, but
that with the usual “0.1 max” sodium dichromate was
not far behind in quality. The minimum 60 NaP(aq) in
this example was 33% corresponding to V(0°)=42,
and two charges were unchanged in quality after 104
days of normal AT storage. Another advantage of the
NaP(aq)/AN metathesis for this gil-CFES was that the
gilsonite could be added right along with the AN prills
going readily into the slurry. In the HFES products of
prior art, gilsonite had to be used in a “premix.”

Example C

Five FO-CFES-CN charges were tested using the
25/52.5/15 ratio for 60 NaP(aq)/AN/NHCN, 7.0 FO,
0.1 PAS, 0.45% guar gum, and density controlled with
sodium/nitrite/acetic acid. Results were D—1.18(1°,6),
F—1.3(1%6), 2D—1.24(12°,115), and F—1.33(12°, 115).
This product did not have packaged-slurry quality (but
had good bulk-slurry quality) by reason of only fair gel
quality caused by Ca++. The lower limit imposed by
Vi° was about 20% 60 NaP(aq) to give 11.5 UFAP but
no UFSN by reason of the 2.25% water introduction in
the NHCN. (CN does not inhibit AN crystal growth.)

Example D

This is a MA-CFES for which over 30 sensitiveness
tests were made and MA evaporation studied. MA is an
economical fuel sensitizer considered in the prior art for
MA-HFES (U.S. Pat. Nos. 3,465,675 and 3,765,967)
which has not enjoyed commercial success because of
the high volatility and low flashpoint of MA. In fact, if
MA is to be used at all as a sensitizer for slurry explo-
sives, the safe way to do so would seem to be in cold
formulations such as MA-CFES. These products were
found to have excellent properties except for slow MA
evaporation (too fast for packaged slurry but not for
bulk slurry applications). The minimum 60 NaP(aq)
required with MA sensitizer was 23% (imposed again
by the V¢ limitation). In this example 60 NaP(aq)/AN
prills at the 25/60.5 ratio was used together with 13.5%
MA and 0.6:+0.3% guar gum. The sensitiveness test
gave p.=1.38(26°, 2) with only the slight acration with
(variable) guar gum content needed for density control
and p.=1.20(1°,2) using CO; density control. An anom-
alous result [F—1.25(15°,8)] was obtained leading to
MA and isoprophl alcohol-evaporation studies showing
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that MA evaporates at (summer) AT at a high enough
rate to account for this failure below the previously
established p(t) line. Approximately the same evapora-
tion loss and effectively the same sensitiveness were
observed using 10% isopropyl alcohol and 29.8/58.6 for
the 60 NaP(aq)/AN. When 8.1% n-butanol was used as
the sensitizer, the result (again with no density control
necessary) was D—1.38(20°, 10), but NaP(aq)/AN ratio
then had to be higher (33.3/57.6). At any rate, n-butanol
did not evaporate in these hot-summer tests.

MA was difficult to use in CFOS because (a) the guar
gum thickened the dispersion phase very slowly in the
cold, approximately half polar dispersion phase, and (§)
the density difference between the dispersion and dis-
perse phases was excessively great. FO-CFES has a
favorable density difference between the two phases
because the low-density sensitizer (FO) expands the
disperse rather than the dispersion phase. MA does just
the opposite; it lowers the density of the dispersion pase
to 1.1 to 1.2 g/cc (from 1.44 to 1.51 g/cc) for ANy/SN-
Kaq) at 0° to 30° C., respectively, without changing
appreciably the average density of the disperse phase
from that of CFOS. The former difficulty is considera-
bly improved by using less 60 NaP/AN and adding
CFOS-M or CFOS-H. V1—V/° remained high in the
MA-CFES-M and MA-CFES-H, but because
H20/MA was higher they thickened more readily in
the cold slurries. Ethylene glycol, sugars, formamide,
monomethylamine nitrate, and many others are better
sensitizers than MA in this system but all more costly.
Furthermore, NA is a marginal sensitizer for HFES and
thus well suited to bring out the advantages of the
CFES of this invention. It was therefore used in three
additional examples presented below as a constant fac-
tor to show certain features of CFOS-M and CFOS-H.

Example E

The 60 NaP(ag)/AN metathesis system at the
11.3/26.4 ratio was added along with 19.8% AN/AN;.
(aq) at 20°,32 (ground) FAN, 0.8 guar gum, and 11.5%
MA. The product was then gelled and density con-
trolled with CO; to give the MA-CFES-M of Table 1
based on one sensitiveness test: D—1.26(20°, 1). This
single charge was made with chromate-free NaP(aq)
and appeared to have excellent quality except for the
found slow evaporation of MA in storage.

Example F

Two MA-CFES-M charges were made with no
UFAP (as an example of UFAN) using the OS
51.9/8.3/8.3 AN/SN/H;0 (homogenized in a Greerco
grinder), 19.4 FAN, 11.5 MA, and 0.8 guar gum. The
products were then gassed with CO;. The results of the
sensitiveness test were 2D—1.14(20°, 7).

Example G

To the 60 NaP(aq)/AN metathesis product at the
10/23.3 ratio and 20° C. was added a CFOS-H having
the composition 42/4.4/6.4/0.1 AN/SN/H;0/PAS
which had been fudge-cooled with stirring to 28° C.
(sfter which it was permitted to stand unstirred) along
with 13% MA and 0.8% guar gum. The charge was
then gelled and density controlled with sodium ni-
trite/acetic acid. The total water content was thus only
10.4. The sensitiveness test gave D—1.31(17°,1).

10
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Example H

To check FO dispersion stability in CFOS-H, a 27}-
pound charge of this OS was made using the
67.3/16.3/16.3/0.1 AN/SN/H20/PAS composition by
starting with an 80.5% AN solution, adding the SN and
PAS at 65° C. and fudge-cooling to 10° C. At this point
it was still pumpable, indeed, no thicker than it was at
32° just before the AN underwent the y-8 transition
point. The CFOS-H was then permitted to stand over-
night in a room at 20° C. Then the settled FAN was
(easily) stirred back into suspension in the ANy/Sng(aq),
50 grams guar gum, and 820 grams FO dispersed (re-
quiring no longer than the time required for the guar
gum to thicken the solution) and the charges gelled with
K-(pyro)antimonate and density-controlled with so-
dium nitrite/acetic acid (two examples) and Ryolex
40-1 in a third. The results were: D—1.18(11°,6),
F—1.36(11°,6), and D—1.10(12°,6), respectively.

Example I

A low-melting tall o0il (TO) was used to make TO-
CFES. Tall oil is of interest in this invention because it
offers several valuable alternatives of application and
promotes gassing with sodium nitrite or baking soda. It
may either be used as such, as in this example, or to form
a solid fuel by making it into an alkali metal salt where
it is only partly soluble to distribute itself in both phases,
or a Ca-salt by precipitating it in ultrafine form by intro-
ducing the sodium-salt into a solution containing the
stoichiometric amount of CN (to avoid appreciable
Ca+ + in solution to reduce the quality of the gel. Other
saturated and unsaturated fatty acids, some of the ali-
phatic acids, and sodium phenoxide should also be use-
ful in the same ways. In this example the 60NaP(aq)-
/AN metathesis was carried out at the 30/62.6 ratio and
7% “red+= tall oil added along with 0.4% guar gum.
The product was then gelled and gassed with sodium
nitrite to give a TO-CFES with the sensitiveness-test
result: D—1.30(20°,8).

Examples A to I (summarized in Table I) are all based
on marginal (FO, TO, MA) and submarginal (gilsonite)
fuel sensitizers as far as the HFES of prior art is con-
cerned. These examples, however, show that none of
these sensitizers is marginal in the CFES of this inven-
tion. Obviously p. will be increased appreciably or the
critical diameter at p=1.1 g/cc lowered appreciably by
employing a CFOS having primarily UFAP and FAN
in the disperse phase in combination with a high-quality
sensitizer, ¢.g8., dinitrotoluene (DNT), nitrobenzene, or
an explosive sensitizer like monomethylaminenitrate,
TNT, or the like. As a final example, therefore, a DNT-
CFES-H was made using essentially the same composi-
tion as was used in preparing a DNT-CFES-H for
which a sensitiveness test result was D—1.51(20%,2) and
a propagation test had been made by the method of U.S.
Pat. No. 4,084,993 showing a complete detonation of a
1.5" diameter charge at 1.1 g/cc using a 30-gram cast
50/50 pentolite booster.

Example J

A fuel-rich emulsion of DNT was first prepared by
dispersing 18 parts molten DNT in 18.5 parts of a 78%
AN solution at 58° C. containing 0.1 parts guar gum and
0.1 parts acetic acid. (The melting point of the DNT
here used was 56° and the fudge point of the solution
sbout 50°,) This product was then quench-cooled with
a CFOS made from the product of the 64NaP(aq)/AN
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metathesis at the 30/33.1 ratio and at 15* C. along with
0.4% additional guar gum. The product was then gelled
but no density-control agent used. Essentially the same
result was obtained in the sensitiveness test as for the
DNT-HFES, i.e., D—1.52(20°,5) in this case. While this
did not provide a basis for showing any sensitiveness
advantage of the DNT-CFES over the corresponding
HFES, the former was easier to formulate and had a
better gel texture. It also had a theoretically better dis-
perse phse constitution. Both had a computed
V1(20%)=56, but, by reason of the use of 63.5% cold
material to quench-cool 36.5% hot emulsion in the
CFES compared with 20% AN prills to quench-cool
80% of the DNT emulsion in the HFES, the disperse
phase should have had an average particle size appre-
ciably less than in the HFES case. The disperse phase
comprised approximately the 15.8/10/18 UFAP/-
FAN/DNT composition in the CFES, but water con-
tent (14.8%) was sufficient in both cases that all the AN
prills added to the HFES should have gone into solu-
tion at the quench temperature (about 48° C.) in the
HFES. The DNT was noticeably finer in the CFES.

Having described my invention, what is claimed and

desired to be secured by Letters Patent is:

1. Aqueous explosive slurries formulated at ambient

temperatures comprising:

(a) A dispersion phase having a minimum volume in
the range 40 to 60% of the slurry consisting of an
aqueous solution saturated with ammonium nitrate
and containing sodium nitrate at or near saturation,
with or without other soluble fuel, soluble oxidizer,
or both,

(o) A disperse phase having a maximum volume of 60
10 40% of the total slurry consisting of from zero to
50% ultra-fine (colloidal size) ammonium perchlo-
rate, from zero to 5% ultra-fine or fine recrystal-
lized sodium nitrate, and from 50 to 100% ammeo-
nium nitrate in colloidal (milled), fine ground, fine
recrystallized or coarse form, or combinations
thereof, at least 30% of the disperse phase being
ultra-fine (colioidal) oxidizer solids,

(c) Soluble insoluble, partially soluble, or combina-
tions thereof of fuel sensitizer(s) sufficient to oxy-
gen-balance the explosive slurry at zero to negative
oxygen percentage (based on CO; and H20 as the
products of detonation) and to sensitize it at or
above a level of detonability whereby it propagates
completely in an unconfined 5” diameter polyethy-
lene-packaged charge at least six diameters in
length with a 2" diameter X4” long case 50/50
pentolite booster or its equivalent with the explo-
sive slurry having a density above 1.10 g/cc at 20"
C. or above 1.0 at zero " C.

(d) Thickened and gelled with guar gum, a cross-link-
ing agent therefor and density controlled to the
desired density by gas generated chemically or
introduced mechanically by aeration using varia-
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tions in the guar gum content, or by incorporation
of a low-density porous or aerated solid.

2. The explosive slurry of claim 1 in which the ultra-
fine component of the disperse phase is either predomi-
nately or entirely ultra-fine ammonium perchlorate
produced by a metathesis reaction of aqueous sodium
perchlorate with solid ammonium nitrate with the latter
in sufficient excess to saturate the resulting ammonium
nitrate/sodium nitrate solution, and contribute from
zero to all of the undissolved ammonium nitrate of the
disperse phase in the form of coarse, prill-size ammo-
nium nitrate, or from all to none fine ground or recrys-
tallized ammonium nitrate.

3. An explosive slurry of claim 1 in which from zero
to all of the solids of the disperse phase and from zero to
all of the aqueous solution of the dispersion phase com-
prise fine, recrystallized ammonium nitrate and the
corresponding mother liquor, respectively, prepared by
fudge-cooling with stirring at 30° C. or below starting
with a hot, concentrated ammonium nitrate solution
having a fudge point of 50° C. or higher to which so-
dium nitrate has been added in an amount up to the
water content of the solution.

4. An explosive slurry of claim 1 in which from zero
to all of the ammonium nitrate of the disperse phase is
fine, ground or ultra-fine, milled ammonium nitrate.

5. An explosive slurry of claim 1 in which a part to all
the ammonium nitrate of the disperse phase and part to
all of the dispersion phase comprises a cold-milled or
homogenized slurry of ammonium nitrate and sodium
nitrate.

6. An explosive slurry of claim 3 in which up to 0.2%
solution methylnaphthalene sulfonate has been added to
assist sodium nitrate as a crystal-growth inhibitor for
ammonium nitrate.

7. An explosive slurry of claim 2 in which calcium
nitrate prills in an amount up to 20% is added with the
ammonium nitrate prills.

8. An explosive slurry of claim 1 ir which the sensi-
tizer is an insoluble liquid fuel.

9. An explosive slurry of claim 1 in which the sensi-
tizer is fuel oil dispersed with up to 0.2% sodium meth-
ylnaphthalene sulfonate.

10. An explosive slurry of claim 1 in which the sensi-
tizer is a solid, granular fuel.

11. An explosive slurry of claim 1 in which the sensi-
tizer is gilsonite.

12. An explosive slurry of claim 1 in which the sensi-
tizer is a lower aliphatic acid alcohol.

13. An explosion slurry of claim 1 in which the sensi-
tizer is ethylene glycol.

14. An explosive slurry of claim 1 in which the sensi-
tizer is an explosive per se such as coarse TNT or mono-
methylamine nitrate.

15. An explosive slurry of claim 1 in which the sensi-
tizer is a saturated or unsaturated fatty acid, the sodium,

salt, or the calcium salt thereof.
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