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ABSTRACT OF THE DISCLOSURE

Aqueous exposive compositions having a density of 1.8
grams/cc. or greater and having reversible fluent-non-
fluent properties are provided. These aqueous explosive
compositions employ metal perchlorates, capable of form-
ing a hydrate with water, as the oxidizer. Fluent-nonfluent
reversibility is achieved by processing the aqueous com-
positions at temperatures above a temperature at which
a hydrate of the perchlorate will dissociate releasing water
enabling preparation of a fluent explosive slurry composi-
tion. The fluent exposive slurry composition is then cooled
to a temperature at which a hydrate forms and the previ-
ously released water is combined with the metal per-
chlorate as a hydrate forming a nonfluent explosive slurry
composition.

This invention relates to a new class of high energy,
high density explosive compositions comprising water, a
metallic perchlorate capable of forming a hydrate with
water, and a moderate amount of a fuel and/or sensitizing
agent. In another aspect this invention relates to the
process for preparing high energy, high density explosive
compositions which have reversible fluent-nenfluent prop-
erties as a result of hydrate formation and dissociation.

Explosive compositions of the slurry type employing an
inorganic oxidizer salt as the oxidizing agent have had
wide use in the explosives industry in recent years. These
compositions are generally comprised of an inorganic
oxidizer salt, water, a sensitizing agent, and a thickening
agent. The thickening agent is employed in an amount suf-
ficient to impart consistency to the slurry and to prevent
settling of any of the various solid ingredients in the
slurry. In many inorganic oxidizer salt compositions, the
principal oxidizer salt employed is ammonium nitrate.
The exposives art has long recognized that other inorganic
oxidizing salts and in particular, metal perchlorates, are
effective oxidizing agents. Metal perchlorates have been
employed in limited quantities in explosive compositions
principally because in dry form and mixed or in contact
with fuels, the perchlorates are hazardous, being particu-
larly sensitive to shock, friction and heat. The explosives
art has also recognized the advantages of explosive com-
positions that can be processed as a fluent slurry and then
converted into a stable nonfluent composition after uni-
form mixing of the composition has taken place and the
slurry has been transferred to a suitable receiving means.
In order to achieve this result, gelling agents, thickening
agents and polymers are commonly added to slurry com-
positions to convert the slurry from the fluent to the non-
fluent state. Other means of converting exposive composi-
tions both commercial and military from the fluent to the
nonfluent state depend upon crystalline melting or freez-
ing, upon changed solubility of products with tempera-
ture or upon the viscosity changes with temperature.

It is an object of this invention to provide an explosive
composition employing metal perchlorates as the oxidiz-
ing agent which can be safely processed as a fluent aque-
ous slurry and which can be converted to the nonfluent
state without the necessity of using gelling agents, thicken-
ing agents, or crosslinkable polymers and crosslinking
agents.

It is another object of this invention to provide ex-
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2

plosive slurry compositions having high energy densities
which can be converted from the fluent to the nonfluent
state as a result of hydrate formation and dissociation.

Other objects of this invention will, in part, be obvious
and will, in part, appear hereinafter. For a complete
understanding of the nature and objects of this invention,
reference is made to the following detailed description.

In accordance with this invention an aqueous explosive
composition is provided having a density of at least 1.8
grams per cc., said explosive composition comprising a
metal perchlorate oxidizer selected from the group con-
sisting of sodium perchlorate, lithium perchlorate, mag-
nesium perchlorate, strontium, perchlorate, calcium per-
chlorate, aluminum perchlorate, and mixtures thereof;
water, and a metal fuel and/or a sensitizing agent, said
explosive composition comprising by weight from about
25% to about 90% of a metal perchlorate oxidizer, from
about 3% to about 15% water, from about 0% to about
40% metallic fuel, and from 0% to about 60% sensitizing
agent. The cumulative total of metallic fuel and sensitiz-
ing agent in the explosive composition of this invention
comprises at least about 20% by weight of the composi-
tion. The ratio of metal perchlorate oxidizer to water in
the explosive composition is maintained within the com-
positional range in which substantially all the water in ex-
plosive composition can be chemically bound to the metal
perchlorate when the metal perchlorate is converted from
its state of hydration in the fluent slurry to a higher state
of hydration by a reduction in the temperature of the
slurry.

The explosive compositions of this invention are pre-
pared by a process which has as its first step the admix=
ing of water and a metal perchlorate oxidizer which will
form a hydrate with water at a temperature above the dis-
sociation temperature of a hydrate which will form upon
cooling and at which temperature there is provided suffi-
cient uncombined water permitting addition of solid in-
gredients to the admixture to form a uniform and fluent
slurry composition. The fluent slurry is stable to settling
of solid ingredients since it has a high density of about
1.8 grams per cc. or above which effectively prevents set-
tling out of solid ingredient additives employed. The re-
sulting homogeneous and fluent explosive compositions
is transferred to a suitable receiving means and cooled to
a temperature at which the metal perchlorate hydrate
forms a higher state of hydration than its state of hydra-
tion during mixing whereby a nonfluent explosive composi-
tion is formed. In the process of this invention some metal
perchlorate can be and usually is dissolved in the water
during the mixing process. Thus, in the case of sodium
perchlorate, mixing of solid ingredients is generally car-
ried out with most of sodium perchlorate in solution in
water. In this condition the sodium perchlorate is in a
non-hydrated state. Cooling of the admixture to below the
dissociation temperature of sodium perchlorate mono-
hydrate permits the water in the admixture to be chemi-
cally combined whereby the slurry is converted to the non-
fluent state. In the case of a metal perchlorate where more
than one state of hydration exists such as lithium per-
chlorate or aluminum perchlorate, it can be necessary to
cool the fluent slurry to a temperature which is below
the dissociation temperature of one or more of the possi-
ble hydrates of the perchlorate in order to combine sub-
stantially all the water present so that a nonfluent slurry
results. The hydrate dissociation temperature is the mini-
mum temperature at which the hydrate loses or starts to
lose its water of hydration. Hydrates often do not have
sharply defined dissociation temperatures and often dis-
sociate over a temperature range.

The foregoing process can also be described with refer-
ence to FIGS. 1 and 2 in which FIG. 1 is a phase diagram
of the system sodium perchlorate-water and FIG. 2 is =
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phase diagram of the system lithium perchlorate-water. In
the system sodium perchlorate-water the principal hydrate
of sodium perchlorate that forms is sodium perchlorate
monohydrate. Thus when preparing explosive composi-
tions of this invention employing the sodinm perchlorate-
water system it is necessary to maintain the temperature
of the aqueous slurry composition of sodium perchlorate
above the dissocation temperature of sodium perchlorate
monohydrate. In this system mixing of the slurry is carried
out with the sodium perchlorate present in an unhydrated
state. When employing the lithium perchlorate-water sys-
tem to prepare the explosive compositions of this inven-
tion it is generally preferable to mix water and the lithium
perchlorate at a temperature above the dissociation tem-
perature of lithium perchlorate trihydrate, Thus, the solid
ingredients can be admixed to form a fluent slurry in
which the lithium perchlorate is present as a monohydrate.
It is necessary to provide sufficient water in this com-
position so that the lithium perchlorate monohydrate and
uncombined water provide sufficient liquid to permit dis-
persing of the desired amount of solid ingredients through-
out the slurry during mixing. The amount of free water
in the slurry composition is within the limits of water
which can be combined with the lithium perchlorate when
the lithium perchlorate is converted from the monohydrate
to the trihydrate upon cooling to the dissociation tempera-
ture of the trihydrate or below.

Table I below contains a listing of metal perchlorates
which can be employed in this invention, the predominate
hydrates which will form with these metal perchlorates, a
mixing temperature zone in which the perchlorate-hydrates
lose their water of hydration and in which temperature
zone a fluent slurry composition can be formed, and a
dissociation temperature for the perchlorate hydrates at
which temperature or below the perchlorate will form the
hydrate designated and in which temperature range a
nonfluent slurry can be formed in accordance with this
invention. For almost all applications of the slurry com-
positions and process of this invention the slurry will be
cooled to a temperature below the dissociation tempera-
ture of the perchlorate hydrate in its highest state of hy-
dration to convert the slurry from a fluent to a nonfluent
condition.

TABLE I

Dissociation Mixing
temperature, temperature
Metal perchlorate hydrate °C range, ° C.
NaCl0:.H:0*. 50 >50
JACIO4H0 e riccceimcccimcrrevnmme e e r e ——em———— e eme
107 {6 75:1 = 1 & o 93 95-100
Mg(C104)2.2H20 -

Mg(C104)2.4H:0
Mg(ClOy)2.6H20_ .- 80 >80-100
Ca(Cl04)2.4H,O_ ... <86 85-100
Sr(Cl104)2.2H:20 Cecmmmecmecdccm e
Sr(Cl04)2.4H30. 95 >95-100
Al{C104)3.6H20. <120 121-170
A)(C104)2.9H;0 <85 86-126
Al(C1093.16H20 e eeeececcnaan <75 77-80

*A trihydrate of sodium perchlorate Is known but is generally con-
sldered unstable.
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The following examples more fully illustrate this in-
vention. All parts and percentages are by weight unless
otherwise specified.

EXAMPLE 1

About 35 parts of sodium perchlorate, and 10 parts of
water are added to a paddle type mixer and mixed slowly
at 60° C. The water dissolves about 85% of the sodium
perchlorate. To the resulting admixture comprising a fluent
slurry of sodium perchlorate particles in aqueous sodium
perchlorate solution is added 17.5 parts of cyclotrimethyl-
enetrinitramine (RDX), and 37.0 parts of particulate
aluminum in which at least 97% of the particles are
smaller than 44 microns in their largest dimension. The
slurry temperature is maintained at 60° C. or above
during the entire mixing process. The aqueous sodium per-
chlorate solution provides sufficient liquid to maintain the
admixture in the form of a fluent explosive composition.
After sufficient mixing the fluent explosive composition
is poured into a polyethylene bag and is cooled to a tem-
perature below the sodium perchlorate-hydrate dissocia-~
tion temperature. Under these temperature conditions, the
sodium perchlorate chemically binds the water in the com-
position in the form of a crystalline monohydrate. This
hydrate formation removes the “free” water from the fluent
slurry with the result that a solid nonfluent explosive
composition is formed.

A small charge of the nonfluent explosive composition
prepared as described in Example 1 is tested for stability
and initiation sensitivity. The test values are within limits
normally considered safe for processing. Results of the
testing are given below.

Impact test—No reaction on impact of a 2 kilogram drop
weight from a height of 64 centimeters.

Sliding friction test—No reaction to sliding friction at 8
feet per second and at a pressure of 22,000 p.s.i.

Thermal stability—No exotherm below 210° C.

Critical diameter—<Z1.0 inch; detonation rate 5100
meters/sec. Detonation is accomplished with a blasting
cap containing 0.95 gram of pentaerythritol tetranitrate.
Detonation propagation rate is measured and the rate
is 5100 meters/second.

EXAMPLES 2-7

The following examples illustrate additional explosive
compositions of this invention. These compositions are
prepared following the procedure set forth in Example 1
with the exception that the processing temperature at
which these compositions are mixed varies as specified in
Table IT.

TABLE II
Example Number. z 2 3 4 b 6 7
Composition, wt. percent:
NaClOy ORI i) o 30 ...z 60 40 30 30
LiClO4 20 LTlmeweat -
Mg (ClO4)s <
Sr (ClOs)2 56 -
Si (bp). 30
Ferro silicon (12u) 20 e
. Al (12u) 3B e 30 30
Al (38p) 3 -
RDX1L . JE R 30 30 coeeee
H. 2, eannnn .. 30
H:0 (pH 5.0).. 10 6 10 10 10 10
ormamide. .. co. i aicce e cccanaan 2 et tetm e emce e
Mizxing temperature, ° C. (fluent slurry)...... 95-100 95-100 >70 >70 >70 >0
Cooling temperature, ° C. (non-fluent slurry). >93 >95 >80 >50 =50 >50
Critical diameter (inches) ———— 2.0 1.0 1.0
Detonation rate (meters/sec.). ... 5,500 6,200 5,850

1 Cyclotrimethylenetrinitramine (T'ype E).
2 Cyclotetramethylenetetranitramine (Class B).
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The explosive composition of Example 2 is a fluent
mixture between 95 and 100° C, This composition solidi-
fies with the formation of the trihydrate of lithium per-
chlorate at a temperature of 93° C. or below, see FIG. 2.
In this example it is not believed that the monohydrate
of sodium perchlorate takes part in the hydrate hardening
of the mixture since the water in the mixture is utilized
principally in forming the trihydrates of lithium perchlo-
rate and possibly some monohydrates of lithium perchlo-
rate at temperatures above the dissociation temperature
of the sodium perchlorate hydrate, see FIG. 1.

The explosive composition of Example 3 is a fluent
shurry between 95 and 100° C. but hardens on cooling
below 95° C. to a nonfluent slurry where the di, tetra and
other hydrates of strontium perchlorate are formed.

The explosive composition of Examples 4-7 are all
fluent above 70° C. and harden upon cooling to 50° C.
or below to a nonfluent slurry as a result of the sodium
perchlorate-hydrate formation. No attempt is made to
detonate the explosive composition of Example 4 but the
explosive compositions of Example 5 detonates at a
diameter of less than about 20 inches, and the explosive
composition of Examples 6 and 7 detonate at a diameter
of less than 1.0 inch.

The metal perchlorates which can be employed in the
explosive composition of this invention are all capable
of forming one or more hydrates with water. When pre-
paring the fluent-nonfluent compositions of this invention
it is necessary to maintain the perchlorate-water ratio
within a compositional range within which a hydrate will
form in order to take advantage of hydrate formation to
achieve heat reversible fluent-nonfluent compositions.
This compositional range varies with different metal per-
chlorates depending on the predominate hydrates which
can be formed which hydrates are set forth in Table L
Metal perchlorates can be added to water in forming a
fluent slurry as either anhydrous or hydrated salts. In
generals, particle size of the metal perchlorates can range
from about 10 to about 200 mesh (U.S. Standard Sieve
Series). .

High energy metallic fuels which can be employed in
the explosive composition of this invention include metals
and alloys of metals. Ilfustrative materials of this class
include aluminom, boron, magnesium, silicon, titanium,
zirconium, and alloys such as ferrosilicon, aluminum/
magnesium, silicon carbide, and the like. These me:callic
fuels are generally employed as small particles having a
particle size range from about 7u to about 50u. A
preferred high energy metallic fuel for use in the ex-
plosive composition of this invention is aluminum. When
employing aluminum in these compositions it is
preferable to maintain the water admixed in the slurry
composition at a pH of about 6.0 or below and preferably
at a pH of about 5.0 or below. By making the water
slightly acidic the metallic aluminium remains passive to
attack water present within the composition with the re-
sult that the compositions are stable for long periods of
time.

When employing a metallic fuel such as magnesium,
it is preferable to employ an alkaline buffer in the water,
which passivates the magnesium from attack by water
present within the composition. Other means to passivate
metals such as coating of the metals employed to prevent
attack of the metals by water are known and generally
can be employed as long as the passivating material is
compatible with the ingredients of the explosive com-
position.

Sensitizing agents which can be employed in the ex-
plosive composition of this invention include penta-
erythritol tetranitrate (PETN), trinitrotoluene (TNT),
cyclotrimethylenenitramine (RDX) cycloetramethylene-
tetranitramine (HMX), nitrophenols, and the like.

The explosive composition of this invention can option-
ally contain from 0% to about 5.0% of an organic fuel
which functions as both a solvent for the metal per-
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chlorate and as a sensitizing agent. The organic fuels
which can be employed are solvents for the metal per-
chlorate salts and will form a solid solvate with the metal
perchlorate salts. Illustrative solvents for the metal per-
chlorate oxidizer salts of this invention include low
molecular weight amines such as ethylamine, propyl-
amine, butylamine, pentylamine, cyclohexylamine, mix-
tures thereof, and the like; amides such as formamide, di-
methylformamide, acetamide, urea, N-methyl propion-
amide, N-ethyl propionamide, N-propylpropionamide,
acetanilide, mixtures thereof, and the like; polyhydric
alcohols, ethylene glycol, propylene glycol, polyethylene
glycol, polypropylene glycol, polyethylene glycol mono-
ethylether, polyethylene glycol dimethylether and the
like.

The explosive compositions of this invention can be
employed as blasting agents, as conventional explosives
and as military explosives. When employed as a blasting
agent these compositions can be stored in polyethylene
bags and used for blasting in dry or wet bore holes. The
explosive compositions of this invention are particularly
useful in military explosives. These compositions can be
mixed, charged to a munition and cooled to a homoge-
neous solid explosive mass. If desired, these compositions
can be removed from a munition by heating the munition
to a temperature above the hydrate dissociation tem-
perature of the explosive at which temperature water will
be released from the hydrate permitting the explosive
composition to be removed from the munition.

In the explosive compositions of this invention the
water solvent replaces relatively non-energetic carbon-
aceous fuels and allows for a larger incorporation of high
energy metal fuels, thus increasing the overall energy of
the explosive. The increased energy density and in-
herently lower costs of these solvated perchlorate ex-
plosive make these explosive compositions highly ad-
vantageous particularly where it is desirable to convert
the slurry from the fluent to nonfluent state and vice
versa.

What I claim and desire to protect by Letters Patent is:

1. An explosive composition having a density of at
least 1.8 grams per cc., said explosive composition con-
sisting essentially of by weight from about 25% to about
90% of a metal perchlorate oxidizer selected from the
group consisting of sodium perchlorate, lithium per-
chlorate, lithium perchlorate, magnesium perchlorate,
chlorate, magnesium perchloride, strontium perchlorate,
and mixtures thereof; from about 3% to about
15% water, from about 0% to about 40% metallic
fuel, and from 0% to about 60% organic sensitizing
agent, the cumulative total of metallic fuel and organic
sensitizing agent in the composition comprising at least
20% by weight of the composition, and the ratio of metal
perchlorate oxidizer(s) to water in the explosive com-
position being within the compositional range in which
substantially all of the water in the explosive composition
is chemically bound to the metal perchlorate(s) in the
form of a perchlorate-hydrate(s) at a temperature below
a dissociation temperature of the perchlorate hydrate(s)
at which temperature said explosive composition is non-
fluent.

2. The explosive composition of claim 1 containing
from 0% to about 5.0% of organic fuel solvent.

3. An explosive composition having the density of at
least 1.8 grams per cc. said explosive composition con-
sisting essentially of sodium perchlorate, water, a metallic
fuel, and a sensitizing agent, said composition com-
prising by weight from about 25% to about 75% sodium
perchlorate, from about 6% to about 15% water, from
about 5% to about 40% metallic fuel, and from about
2% to about 60% sensitizing agent, the cumulative total
of metallic fuel and sensitizing agent in the composition
comprising at least 20% by weight of the composition,
and the ratio of metal perchlorate oxidizer to water
falling within the compositional range in which sub-
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7
stantially all of the water in the slurry can be chemically
bound to the sodium perchlorate in the form of a hydrate.

4. The explosive composition of claim 3 in which the
metallic fuel is aluminium and in which the sensitizing
agent is cyclotrimethylenetrinitramine.

5. The explosive composition of claim 4 containing
from about 0% to about 5.0% organic fuel solvent.

6. The process of preparing as explosive composition
consisting essentially of by weight from about 25% to
about 90% of a metal perchlorate oxidizer, selected from
the group consisting of sodium perchlorate, lithium per-
chlorate, magnesium perchlorate, strontium perchlorate,
calcium perchlorate, aluminum perchlorate, and mixtures
thereof, from about 3% to about 15% water, from about
0% to about 40% metallic fuel, and from 0% to about
60% organic sensitizing agent, said process comprising:

(a) admixing water and a metal perchlorate oxidizer
at a temperature above a dissociation temperature of
a hydrate which can be formed from the water-metal
perchlorate admixture to form a fluent shurry,

(b) while maintaining the temperature of the slurry
above the dissociation temperature of a perchlorate-
hydrate which can be formed, admixing metallic fuel
and organic sensitizing agent to the fluent slurry in
an amount such that the cumulative weight of these
components comprises at least 20% by weight of
the resulting slurry composition, said resulting slurry
being homogeneous and fluent,

(¢) transferring said fluent explosive composition into
a receiving means, and

(d) cooling the explosive composition to below the dis-
sociation temperature of the perchlorate hydrate at
which temperature the fluent slurry is converted to
the nonfluent state.

7. The process of claim 6 in which the metal per-
chlorate oxidizer is sodium perchlorate, the temperature
of admixing water and sodium perchlorate oxidizer is
above 50° C. the resulting explosive composition being
cooled to a temperature below about 50° C. to form a
nonfluent composition.

8. The process of claim 6 in which the metal perchlo-
rate oxidizer is the lithium perchlorate, the temperature
of admixing water and lithium perchlorate is between
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about 95° C. and 100° C., the resulting explosive com-
position being cooled to a temperature below about 93°
C. to form a nonfluent explosive composition.

9. The process of claim 6 in which the metal perchlo-
rate oxidizer is magnesium perchlorate, the temperature
of admixing water and magnesium perchlorate is between
about 80¢° C. and 100° C., the resulting explosive com-
position being cooled to a temperature below about 80°
C. to form a nonfluent explosive composition.

10. The process of claim 6 wherein the metal perchlo-
rate oxidizer is strontium perchlorate, the temperature
of admixing water and strontium perchlorate is between
about 95° C. and 100° C., the resulting explosive composi-
tion being cooled to a temperature below about 95° C. to
form a nonfluent explosive composition.

11. The process of claim 6 wherein the metal perchlo-
rate oxidizer is calcium perchlorate, the temperature of
admixing water and calcium perchlorate is between about
85° C. and 100° C., the resulting explosive composition
being cooled to a temperature below about 85° C. to form
a nonfluent exposive composition.

12. The process of claim 6 wherein the metal perchlo-
rate oxidizer is aluminum perchlorate, the temperature of
admixing water and aluminum perchlorate is between
above 77° C. and 175° C., t he resulting explosive com-
position being cooled to a temperature below about 75°
C. to form a nonfluent explosive composition.
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Inventor(s) Richard H, Evans (Case 1)

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below: :
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Column 1, line 1 of the Abstract of Disclosure
Page 1, line 1 of the Abstract of Disclosure
" exposive " should read -- explosive --.

Column 1, line 60 of the printed patent
Page 2, line 31 of the application, " exposive
should read -- explosive =--.

Column 3, Table 1 last column corresponding to
Page 6 of the application, " 121-170 ", '

" 86-125 " and " 77-80 " should read -- 121-175 --,
-—- 86-120 -- and -- 77-85 —--.

Column 4, Table II opposite "Cooling Temperature,

oc. (non-fluent slurry)" corresponding to Page 9

of the application, "2>93, >95, >50, >50, >50,>50 "
should read -- €93, €95, =50, =50, =50, =50 ~-.

Column 5, line 56 of the pfinted patent
Page 11, line 16 of the application, insert " by "
between —-— attack water --.

In the Claims, Column 6, Claim 1, line 46, delete
" lithium perchlorate ". Claim 1, line 47, delete

" chlorate, magnesium perchloride, ". Claim 1,. line

47 after "strontium perchlorate,” insert -— calcium
perchlorate, aluminum perchlorate, --.
Column 7, Claim 4, line 4, " aluminium " should read

~— aluminum —--.
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