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cover and prevent premature movement of the plunger
8.

Once the unit 1 is assembled as shown in the FIG-
URE with the separate explosive ingredients present in
both the inner and outer containers, the unit can be
operated to mix the ingredients together and produce an
explosive as follows. The lid 16 first is removed and
then the handle 9 of the plunger 8 manually is pulled or
forced upward or away from the cap § and outer con-
tainer 1. This causes the base 12 of the plunger to put a
compressive force on the closed end 13 of the frangible
inner container 3, and as the plunger 8 is continued to be
pulled toward the top or opening of the outer container
1, the frangible inner container ruptures or breaks and
the ingredients thereof are allowed to mix with those
ingredients in the outer container. The closed end 13 of
the inner container can have grooves or convolutions
17 as shown to ease or enhance the rupturing of the

inner container. As the plunger then is forced to recip-.

rocate within the confines of the outer container 1, the
baffle plate 11 moves up and down (or back and forth)
along the axis of the outer container 1, much like a
piston within a cylinder, to mix uniformly the ingredi-
ents in the ruptured inner container with those in the
outer container. The orifices 18 in the baffle plate 11
enhance this mixing action as the ingredients are forced
to flow through the orifices. The ruptured or broken
inner container 3 may break apart into several or more
separate pieces which also enhance the mixing action,
and it has been found that the presence of separate
pieces of inner container 3 does not adversely affect the
detonation results of the final mixed explosive.

The embodiment or mixing unit 18, comprises a single
container 19 for holding the ingredients of the explo-
sive. The internal volume of the container is defined by
a top lid 20 and a bottom lid 21. Top lid 20 is secured to
container 18 by retaining rings 23 and contains an o-ring
seal 22.

A plunger 24 having a handle 28 and a shaft 29 is
slidably engaged to top lid 20 and threadably engagable
to bottom lid 21. Affixed to the end of the plunger 24
opposite handle 28 is a baffle plate 25 having openings
26 and spikes 27. A rupturable membrane 30 is circum-
ferentially sealed to flange 31 and hub 38. Flange 31 is
slidably sealed to container 19 by lip seals 39. Disposed
between the boundaries of the membrane 30 and the top
lid 20 are one or more ingredients of the explosive (not
shown). Also disposed between the membrane 30 and
the bottom lid 21 are one or more additional ingredients
of the explosive. In this manner, the respective ingredi-
ents are kept separate within container 18.

Slidably attached to shaft 29 and held flush to baffle
plate 34 by hub 38 is a spring clip 32 that will engage
into groove 33 during the upward stroke of the plunger.
Once spring clip 32 is engaged into groove 33, baffle
plate 25 and baffle plate 34 will move in unison and in
proximity during reciprocation of plunger 24.

The embodiment in FIG. 2 is operated as follows. As
the handle 28 is pulled upwardly, the baffle plate 25 also
moves upwardly in unison with the handle and eventu-
ally the spikes 27 rupture the membrane 30. The handle
28 can be rotated to cause the spikes 27 to rip or tear the
membrane 30 further. When the groove 33 reaches the
spring clip 32, the spring clip 32 will affix the baffle
plate 25 adjacent to the flange 31. As the plunger 24 is
pushed downwardly to its initial position, flange 31 is
forced toward the bottom lid 21 where it remains dur-
ing the mixing action. Upon reciprocation of the
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plunger 24, the baffle plates 34 and 25 will reciprocate
in unison and cause the ingredients within the container

18 to mix uniformly to form an explosive. When mixing

of the ingredients is completed, the explosive product
can be poured through ports 35 or 36, if desired.

A cap well 40 can receive a blasting cap for initiating
the mixed explosive within the container, if desired. A
through hole 41 can receive detonating cord as another
initiating means.

A further embodiment of the present invention would
comprise an outer container similar to that shown in
FIG. 2, but instead of a membrane to separate the ingre-
dients, a sealed pouch containing one or more ingredi-
ents would be disposed within the liquid ingredients
phase in the container. The pouch would be rupturable
by the action or movement of the plunger.

The present invention can be further illustrated by
reference to the examples given below.

In a unit similar in construction to that shown in the
FIGURE, explosive compositions were formed under
various conditions and were test detonated as follows:

Formulation (parts by weight of the final composi-
tion):

Oxidizer Solution

(outer container) Fuel (inner container)

Sodium perchlorate 40.5  Atmoized aluminum 18.0
Water 31.0  Paint grade aluminum 2.0
Ethylene glycol 8.0 20.0
Xanthan gum .5
80.0
Testing Results:
Mix 1 2 3 4 3
Mixing Temp (°C.) 25 25 25 23 -10
Mixing Strokes 20 150 50 50 50
Density (g/cc) 1.365 1.356 1.360 — —
Detonation Temp (°C.) 25 25 —10 25 —10
D-150 mm (km/sec)! 4.54
-125 4.54
-100 4.38
-75 423 410 438 423 .23
-63 — — - 397 —
-50 — — — 374 —
-38 — — — 334 —
-32 — — — 343 —_
25 - — — 326 —
.19 — — — 220 —
.12 — — —  Fail —
MB-det/fail (cap#)? 2711 13/12 13712 11/- 14/13
1 Cloth Wrap*
2 50 grain Cord Wraps — —  Det® — —
1 Cloth Wrap*
1 50 gr. Cord Wrap — — Det — —
3 Cloth Wraps*
1 50 gr. Cord Wrap — —  Det — —
Bullet Impact @ 25° C. —  — Failt — —

(22/.250) with Steel
backing plate

*A plastic bottle (4.3 inches in diameter) was filled with the mixed explosive. A
hieavy canvas cloth was wrapped around bottle. and detonating cord wus wrapped
around the cloth.

1Del0nuti0n velocity in the given charge diameter at the given temperature.
“Minimum booster in a 75 mm charge at the given temperature. The left number
indicates that a detonation occurred with the designated cap and the right number
indicates a failure. Il is a blasting cap having 1 grain of loose PETN: [2. [3 und [4
have 2. 3 and 4 grains. respectively.

“Charge detonated.

3Charge fuiled to detonate.

In the above example, the inner container was a rigid
polystyrene plastic which was ruptured and broken into
several pieces upon engagement of the mixing element
(plunger comprising a handle, shaft and baffle plate).
The outer container was polyethylene, the plunger
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assembly or mixing element was comprised of a poly-
carbonate shaft and base, and the baffle plate was a high
density polyethylene. The cap element, similar in con-
figuration to cap (5) shown in the FIGURE, was com-
prised of high density polyethylene, and the lid (16) was
medium density polyethylene. The inner container con-
tained 1000 grams of the atomized and paint grade alu-
minum mixture and the outer container contained 3545
grams of the sodium perchlorate solution, which occu-
pied about 2.36 liters of the 3.79 liter capacity of the
outer container. The mixing strokes were done manu-
ally and each stroke occurred in less than 1 second.
Thus all mixes except Mix 2 were formed in less than 1
minute. As indicated in the detonation results, all of the
mixes were relatively sensitive to detonation even at a
temperature of —10° C.

The mixing was accomplished by an individual who
held the outer container on the ground with one hand
while he reciprocated the plunger assembly with the
other hand. Following completion of the indicated
number of strokes, the resulting mixed explosive was
poured into the various charge diameters and plastic
bottles for detonation testing.

As shown in the preceding example, explosive com-
positions for use with the system and in the unit prefera-
bly are formed from a binary system of oxidizer and
fuel, with the oxidizer in one container and the fuel in
the other. The oxidizer component preferably is a solu-
tion of inorganic oxidizer salt selected from the group
consisting of ammonium, alkali and alkaline earth metal
nitrates, chlorates and perchlorates or mixtures thereof.
Perchlorates are particularly preferred because they
increase density and enhance sensitivity in explosive
compositions of this type.

The fuel component can be a liquid, a solid or combi-
nations thereof. The fuel used in the above example was
a mixture of aluminum particles, with the paint grade
aluminum acting as both a fuel and a sensitizer. Other
solid fuels include finely divided carbonaceous materi-
als such as gilsonite, finely divided vegetable grains
such as wheat and potato starch, and sulfur. Liquid fuels
include water-immiscible organic liquids such as min-
eral oil, waxes, paraffin oils, benzene, toluene, xylenes
and petroleum distillates. Water-miscible organic lig-
uids that can be used as fuels include alcohols such as
methyl alcohol, glycols such as ethylene glycol, amides
such as formamide, and analogous nitrogen-containing
liquids. As shown in the example, a portion of the fuel
(ethylene glycol) was contained in the oxidizer solution
component, because ethylene glycol is a solvent for the
oxidizer and as a liquid was easier to handle in the solu-
tion rather than in the dry (aluminum) component.

Water preferably is present in sufficient quantity to
keep the oxidizer salt in solution at intended tempera-
tures of use to allow for a fluid mixing medium. The
xanthan gum thickening agent in the oxidizer solution
renders the solution more viscous which aids in sus-
pending the aluminum particles uniformly throughout
the composition following mixing. Various thickening
agents are well-known in the art. A density reducing
agent, such as hollow glass or plastic spheres, may be
included in either the oxidizer or fuel component to
increase sensitivity.

The theoretically available energy of the formulation
of the example is 1384 kcal/kg, which compares favor-
ably with that for TNT of 1235 kcal/kg.

Although in the above example the oxidizer solution
‘was in the outer container, and the aluminum fuel was in
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the inner container, this arrangement could have been
reversed; however, it was easier to mix the solids into
the liquid.

A preferred size of the unit of the present invention is
as follows: An outer container capable of holding 4545
grams of mixed explosive and comprising a cylindrical
container approximately 15 centimeters in diameter and
20 centimeters in height. The inner container would be
about one-fourth of this size (if holding the fuel compo-
nent). The size of the unit and its various components,
however, can be varied as desired.

The explosive should be fluid at the mixing tempera-
ture for ease of mixing and to allow ease of removal
from the outer container into a separate receptacle, if
desired. Further, a fluid explosive can be used advanta-
geously in a variety of applications.

The positioning of the inner container within the
outer container is not critical; however, if the inner
container is axially positioned within the outer con-
tainer, then uniformity of the final mixture is somehwat
easier to obtain. By using a rigid but frangible inner
container, the two ingredient components (oxidizer and
fuel) can be spatially positioned relative to each other
and to the mixing element to enhance uniformity of
mixing and ease of rupturing of the inner container. The
concept of housing an inner container within an outer
container is advantageous in that it dispenses with the
need to handle separate containers. This prevents the
possibility of separation or misplacement of one of the
containers, does not require the handling of separate
containers (which is time consuming and difficult if not
impossible to accomplish under water) and prevents
potential errors in attempting to combine ingredients
from separate containers.

What is claimed is:

1. A portable self-contained unit for transporting and
mixing ingredients to form a fluid explosive comprising:

(a) an outer container for holding an ingredient com-
prising an inorganic oxidizer salt solution,

(b) an inner container disposed within the outer con-
tainer for holding an ingredient comprising a fuel
component, which when mixed with the in-
gredient(s) in the outer container forms an explo-
sive, and

(c) a mixing element for mixing together by mechani-
cal agitation the ingredients in the outer and inner
containers to form an explosive.

2. A unit according to claim 1 wherein the inner
container is rupturable by the mixing element upon its
engagement.

3. A unit according to claim 1 wherein the mixing
element comprises a manually operable reciprocating
plunger.

4. A unit according to claim 3 wherein the plunger is
adapted to rupture the inner container when caused to
reciprocate and to mix uniformly the ingredient(s) in the
ruptured inner container with the ingredient(s) in the
outer container to form an explosive.

5. A unit according to claim 1 wherein the fuel is
selected from the group consisting of aluminum parti-
cles, carbonaceous materials, finely divided vegetable
grains, sulfur and mixtures thereof.

6. A unit according to claim 1 wherein at least one of
the ingredients in the other container is a sensitizer.

7. A unit according to claim 6 wherein the sensitizer
is selected from the group consisting of compound ex-
plosives, particulate metals, density reducing agents and
mixtures thereof.
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8. A unit according to claim 3 wherein the plunger
comprises a rod and piston assembly and the piston is in
the form of a baffle plate.

9. A unit according claim 8 wherein the baffle plate
has one or more orifices through which at least part of
the ingredients atre forced to flow as the plunger recip-
rocates.

10. A portable, self-contained system for manufactur-
ing a fluid explosive comprising ingredients of the ex-
plosive and further comprising:

(a) a first container holding an ingredient comprising

an inorganic oxidizer salt solution,

(b) a second container disposed within the first con-
tainer and holding an ingredient comprising a fuel
component, and

(c) a means for rupturing the second container, and

(d) a mixing element adapted to rupture the second
container and to mix by mechanical agitation the
ingredient(s) of the second container with the in-
gredient(s) of the first container to form the explo-
sive.

11. A system according to claim 10 wherein the mix-
ing element comprises a rod and piston assembly and
the piston is in the form of a baffle plate.

12. A system according to claim 11 wherein the baffle
plate has one or more orifices through which at least
part of the ingredients are forced to flow as the mixing
element reciprocates.

13. A system according to claim 10 wherein the inor-
ganic oxidizer salt solution comprises water and salt
selected from the group consisting of ammonium, alkali
and alkaline earth metal nitrates, chlorates and perchlo-
rates or mixtures thereof and the fuel is selected from
the group consisting of solid fuels and liquid fuels.

14. A system according to claim 13 wherein the inor-
ganic oxidizer solution comprises a solution of sodium
perchlorate and the fuel comprises aluminum particles.

15. A portable, self-contained unit for transporting
and mixing ingredients to form a fluid explosive com-
prising:

(a) a container for holding the ingredients which
comprise an inorganic oxidizer salt solution and a
fuel component,

(b) a rupturable membrane having opposite sides and
disposed within the container so as to separate the
oxidizer salt solution on one side of the membrane
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from the fuel component on the other side of the
membrane,

(c) a means for rupturing the membrane, and

(d) a mixing element for mixing together by mechani-
cal agitation all of the ingredients of the container
to form an explosive.

16. A unit according to claim 15 wherein the mem-
brane is rupturable by the mixing element upon its en-
gagement.

17. A unit according to claim 15 wherein the mixing
element comprises a manually operable reciprocating
plunger.

18. A unit according to claim 17 wherein the plunger
is adapted to rupture the membrane when caused to
reciprocate and to mix uniformly the ingredients in the
container to form an explosive.

19. A portable, self-contained system for manufactur-
ing a fluid explosive comprising the ingredients of the
explosive and further comprising:

(a) a container holding the ingredients of the explo-
sive, which comprise an oxidizer salt solution and a
fuel component

(b) a rupturable membrane having opposite sides and
disposed within the container so as to separate the
oxidizer salt solution on one side of the membrane
from the fuel component on the other side of the
membrane,

(c) a means for rupturing the membrane, and

(d) a mixing element adapted to mix by mechanical
agitation the ingredients to form the explosive.

20. A system according to claim 19 wherein the inor-
ganic oxidizer salt solution comprises water and salt
selected from the group consisting of ammonium, alkali
and alkaline earth metal nitrates, chlorates and perchlo-
rates and mixtures thereof and the fuel is selected from
the group consisting of solid fuels and liquid fuels.

21. A system according to claim 20 wherein the inor-
ganic oxidizer solution comprises a solution of sodium
perchlorate and the fuel comprises aluminum particles.

22. A system according to claim 19 wherein the mix-
ing element comprises a rod and piston assembly and
the piston is in the form of a baffle plate.

23. A system according to claim 22 wherein the baffle
plate has one or more orifices through which at least
part of the ingredients are forced to flow as the mixing

element reciprocates.
* * * % *



