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It is an object of this invention to produce an
explosive which may be manufactured by un-
skilled labor with ordinary factory edquipment;
which has complete chemical stability; and which
may be manufactured, shipped, stored and han-
dled as safely as any ordinary commodity such
as wood, paper, steel, or cement.

Heretofore explosives have almost without ex-.

ception been based on the use of some form of
nitrate, with the result that the end product
is chemically unstable and therefore dangerous.
The major efforts along this line have involved
nitration of cellulose (guncotton), phenol (picric
acid) , glycerol (nitroglycerine) and toluol (TNT).
The addition of the NOs radical has two effects:
it first produces a chemical unstability which
favors instantaneous decomposition or detona-
tion, and secondly it provides an excellent source
of oxygen which, upon detonation, is free to com-
bine with excess carbon and/or hydrogen in the
-material nitrated.

" Both of the aforementioned effects of nitration

are present in ordinary gun powder. The pri-
mary difference between gun powder as an ex-
plosive and the above mentioned “high explo-
sives” lies in the character of the products of
decomposition. When gun powder decomposes,
.the products are all gaseous, and the gases con-
sist mostly of SOg, CO2, and N2. With the high
explosives, on the other hand, there is, in addi-
tion to the same gaseous Products, a large meas-
ure of water which, due to the heat of the re-
action, is in the form .of steam, and it is this
steam which gives the explosion its power.

I have found that at high temperatures (in
the region of 2000° F.) either wood or cellulose
undergoes  an exceedingly rapid decomposition
with the formation of a volume of gas which is
enormous relative to the original volume of the
cellylose or wood. This reaction is not combus-
tion in the ordinary sense since it takes place
substantially in the absence of oxygen.

Cellulose has the empirical formula:

(CgH10035)z  Or (CsH1005) y

from which it may be seen that a decomposition
in the absence of air would produce a quantity
of free carbon plus at least five molecules of water
per molecule of cellulose. If the decomposition
occurs at high temperature, the five molecules
of water will produce a great volume of steam,
_and this will be sufficient to produce an explosive
“effect Whether or not the carbon of the cellulose
.be oxidized t0 COz.

" When the reaction takes place on wood 2s.?
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distinguished from pure cellulose, many addi-
tional factors occur due to the presence of lig-
non, sugar, pitch, etc., which upon ordinary de-
structive distillation tend fo form acetone, meth-
y1 alechol and other compounds. Ihave not iden-
tified the products of decomposition under high
temperature of either wood or cellulose. TIf ‘the
gases are released slowly, apparently considera-
ble gas cf a combustible nature is evolved. If
the gases are confined and released with explo-
sive force, I do not attempt to say what' the
composition of the gases may be. ]

I propose to carry out my explosive process by
exposing either wood or cellilose or a mixture
of wood and cellutose to the effects of a ‘“Thermit
reaction.” For the purpose of this discussion,
1 define a Thermit reaction to be any exothermic
reaction between an oxide and a reducing agent
such as, for example—

Fe203-+2A1
KCl03+4-2Al
KCl10s+2Al
Fe203+-2Mg
KCl03+2Mg
KCl10s+2Mg

Obviously, the oxidizer can be any of a variety
of compounds in addition to those set forth such,
for example, as barium peroxide, potassium per-~
manganate, or manganese dioxide. The selection
of any particular oxidizer in conjunction with any
particular reducing agent will be governed by the
type of reaction desired and by the exigencies
of the class-of work to which the explosive is to
be directed. For example, a reaction between
magnesium and potassium chlorate or perchlorate
would be very much faster than the reaction be-
tween aluminum and iron oxide. On the other
hand, 2 mixture of comminuted magnesitlm with
potassium chlorate or perchlorate would be dan-
gerously unstable, whereas a mixture of aluminum
and iron oxide is almost perfectly stable, requir-
ing an ignition temperature in excess of 2000° F.
Again, the selection of cellulose or ground wood,
or a mixture of cellulose and ground wood, will
depend upon the exigencies of the job. Generally
speaking, cellulose would decompose more rap-
idly than wood. On the other hand, ground wood
is a cheaper material than cellulose, and under
some circumstances the cost factor might be con-
trolling. Wood is, however, unpredictable in its
precise chemical characteristics, whereas cellulose
can be refined to a point where it will enjoy a
high degree of chemical uniformity, and this
particular characteristic probably favors the use
of refined cellulose rather than ground wood.
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The reaction of any appreciable quantity of a
Thermit mixture requires a measurable period of
time. If the Thermit mixture is surrounded by
cellulose there will be a progressive decomposition
of the cellulose and this too will require a sub-
stantial period of time. Accordingly, if any real
efficiency is to be attained, the reaction must

p ]

take place in a closed chamber having sufficient

strength to withstand a considerable building up
of pressure so as to allow time for completion or
approximate completion of the several reactions.

I propose to utilize my explosive in the form
of a charge or bomb comprising a sealed steel
vessel of substantial strength and wall thickness,
lined with a sufficient thickness of cellulose to
provide a substantial thermal insulating effect,
and thus to prevent, for a measurable period of
time, any attack on the walls of the vessel by the
Thermit reaction. This interval of time will be
sufficient to permit substantial completion of the
Thermit reaction with consequent substantial
completion of the decomposition of the cellulose.

The cellulose can of course be in the form of
cotton, but both from the standpoint of cost
and the standpoint of ease of manufacture, it
will probably be best to supply the cellulose in
the form of paper. This may be laminated to
a substantial thickness and will thereby con-
tribute not only a considerable insulating value
but also a considerable element of strength. It
may be well in some cases t0 provide, between the
steel shell -and the charge of cellulose, a refrac-
tory lining to restrain the action of the Thermit
should any portion of the molten mass penetrate
through the cellulose before an explosive pressure
has been developed. It is intended that ultimate-
ly the internal pressure developed by the Thermit
and the decomposition of the cellulose will be
sufficient to rupture the steel shell with shatter-
ing force.

The use of a charge of the above-described
sort makes possible a large degree of flexibility of
“design” of the type of explosion to be produced.
For example, the initial explosive force will be a

- direct function of the bursting strength of the
steel shell, and this may be proportioned to the
quantity of Thermit and cellulose involved, so as
to produce any particular desired effect under
any - particular. circumstances. Moreover, the
steel shell may be locally weakened and locally
strengthened so as to direct the force of the ex-
plosion upon ultimate rupture. This may be car-
ried to a point at which only a single opening in
the shell will take place under the force of the
gases and/or the effect of the heat and tempera-
ture involved in the reaction; so that the remain-
ing portion of the shell will operate as a nozzle for
directing a stream of the molten contents at great
velocity. The incendiary possibilities of such an
organization will be at once apparent.

I have directed most of my statements herein
toward the decomposition of cellulose since that
material has many properties which are particu-
larly fitted for this type of work.. It is apparent,

- however, that other organic compounds may be
utilized, especially (but not necessarily exclusive-
1y). those in which the hydrogen and oxygen
atoms of each molecule are so balanced as to
form water. This embraces most carbohydrates
having the general formula CmH2nOn including
sucrose (Ci2H22011); glucose (CeHi20s), starch
(CsH1005)z. - Probably glycerol (C3HsOz) -and
phenol (CgHsO) could also be used, though in
such case, there should be present sufficient oxi-
dizer to combine at least with the total hydrogen.
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If an oxidizer be added, then toluol (C7Hs) be-
comes a possibility, Any of these compounds,
however, lack the mechanical properties which
make cellulose so effective for this service, and
while I consider such compounds, with or with-
out the presence of an oxidizer, to be within the
scope of my invention, I prefer to use cellulose.

Whatever compound be chosen.to be decom-
vosed, the question of adding an oxidizer is one
to be determined by a consideration of all the fac-
tors involved. These are: )

1. How many atoms of free carbon will remain
on decomposition of each molecule of the com-
pound?

2. How many atoms of free hydrogen will re-
main after decomposition of the compound?

3. What type of oxidizer can hest be incorpo-
rated in the compound? (. e.: Can the oxidizer
be placed in solution together with the com-
pound? Is the oxidizer soluble in the compound?
Is it capable of mechanical mixture with the com-
pound? Can the compound be impregnated w1th
a solution of the oxidizer? ete.) .

4, How many mols. of oxidizer will be requlred
per mol of the compound; (@) to oxidize excess
hydrogen and (b) to oxidize excess carbon?

5. What will be the cost?

6. To what extent will the safety of manufac-
ture, shipment, etc., be decreased?

The above are the primary factors which must -
be taken into account. Consideration of these
factors in the light of the job to be done will de~
termine the advisability of using an oxidizer.

One or two ways of practicing my invention are
illustrated in the annexed drawing in which:

Fig. 1 is a cross-sectitonal view of a bomb em-
bodying the principles of my invention, and -~

Fig. 2 is a cross-sectional view of a different
form of bomb designed for an incendiary-effect.

Referring now to Fig. 1, I provide a strong steel
shell 10 in which-is a refractory liner 12. Inside
the refractory liner {2 is a liner {4 of organic ma-
terial. This may be any of the carbohydrates or
hydro- carbons, either in solid form or impreg-
nated into a suitable vehicle. ‘It is-desirable,
though not indispensable, (in the presence “of
the refractory liner i2) that the organic liner-14
be so formed as to have substantlal thermal in-
sulating properties.-

I have illustrated the organic inner lmer 14 as
being composed ‘of- lammated sheets of  paper.
This paper can be formed of pure cellulose (e: g.
refined sulphite pulp) or it may be formed of ‘a
mixture of such pulp.and ordinary ground wood
pulp. In any cylindrical shell the body portion of
the liner would be formed by winding a continu-
ous web of paper into a thick tube. It will be ap-

‘parent that the paper can be impregnated with

a solution of an oxidizer such as potassium chlo-
rate or perchlorate before winding, and. that ad-
ditional oxidizing material can be incorporated
between the several laminations. '

I have shown the bottom portion of the inner
liner (4 as a laminated disc 14a underlying the
entire cross-section of the cylindrical portion of
the liner 14.. Bear in mind.that the cyhndncal

- form illustrated, while simple to manufacture, is

70

-the edge 22 of the shell I0.

3

5

not the only form. By resort to pulp mouldlng
operations, the orgamc 11ner can be gwen ‘any
form desired.

At the upper end of the shell Io I prov1de a
threaded portion (6 for engagement with a steel
cap 18. The cap 18 is grooved as at 20 to rec}eive
"The portion 24 of

the cap {8 surrounded by the groove 20 bears



2,391,242

“agalnist a “disc :26 of ‘refractory material. The
“disc 26 is'of asize to fit snugly within the refrac-
tory liner {2, and bears in furn on a disc 28 of
lamninated paper. The paper disc28'is also sized
to fit the refractory liner 12 and to-bear upon the
whole cross-section of the paper liner 4.
The paper disc 28 has a central aperture ‘30
through which passes a paper tube 32. The up-

per ‘end of the tube 32 is flush with the upper

surface of the paper ‘disc 28, ‘'and its lower end

is embedded in an ignition cartridge 38 of any

‘desired type. A mixture of powdered magnesium

and barium peroxide is recommended. Through

‘the tube 32 runs ‘a strip 36 of magnesium, the

strip likewise terminating in the ignition car-

tridge 34.

.. Threaded into the cap-I8 is a member-38-de-
signed like an ordinary spark plug with ‘a metal
section 40 in engagement with the cap 18 and a
‘porcelain ‘core 42 which contains wires 44 and
46. The wires terminate, at the outer end of the
‘core 42 in binding posts 48 -and 50, The lower
end of ‘the core 42 is cylindrical. It snugly fits
the opening in the refractory disc and bears upon
the ‘paper disc so as to surround the tube 32.
The wires 44 and 46 emerge from the lower end
of the core 42 to form a spark gap in which is
‘secured the magnesium strip 34.

The space 52 inside the lined shell 1§ is filled
“with a Thermit mixture of any desired type, the
“guantity -of Thermit being of course calculated
-with reference to the quantity of organic material
“in the liner (4.

When the binding posts 48 and 50 are wired to
" g 'source of electrical current and are energized,
“g-spark jumps the gap between wires 44 and 46,

jgniting the magnesium strip 36 which in turn

" sets off the igniting charge 34 which in turn starts
the Thermit reaction. This results in building
up in the highly insulated chamber a temperature
probably well'in excess of 5500° F. which is ample
to bring about an extremely rapid decomposition
of the organic material. When this decomposi~
tion proceeds sufficiently, the internal pressure
developed will burst the steel shell 10 with explo-
sive effect. It should be noted that by propor-
tioning the Thermit mixture so as to provide an
excess of oxidizer over that required to react
with the metallic reducing agent, a source of oxy-
gen may readily be provided to take part in the
decomposition of the organic material and to oxi-
dize all or a part at least of the free carbon of
the carbohydrate, thus increasing the volume of
gas developed, and this is probably the simplest
method of securing a supply of free oxygen. The
guestion of costs will, of course, largely deter-
mine whether and to what extent any oxidizer
will be supplied. )

In Fig. 1 I have indicated a deep score-line 54
running circumferentially around the shell 10.
This score-line is intended to predetermine the
line on which the shell will ultimately rupture
and thus in a measure to direct the force of the
explosion, Naturally the location and propor-
tions of any such weakening will depend on the
job to be done and the shape of the shell.

In Fig. 2 I have illustrated a bomb generally
similar to that shown in Fig. 1, but designed
particularly for an incendiary effect. This in-
cendiary bomb consists of a steel shell 100
threaded to a steel cap 102, the shell containing
a refractory liner (04 and an organic liner {06.
An igniting device 108 consists of the same ele-
ments as the igniting device illustrated in Fig. 1,
except that the igniting charge 110 is placed near
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the lower ehd of ‘the shell instead ‘of approxi-
mately centrally as is the ‘case 'in Fig. 1. The
refractory liner 104 is-cut away over an:area {2
which is approximately central.of the bottom of
the shell 100, and the organic liner.is similarly
reduced in thickness over an -area :li14 which reg-
isters with the cut-out portion {2 on ‘the -re-
fractory liner.

The purpose of ‘this construction -is to restrain
the Thermit mixture only long enough to permit
an initial building up of pressure which -is nev-
ertheless insufficient to rupture the shell'f00. By
the time this pressure is reached, the Thermit
will have passed through the reduced portion 114
of the organic liner and will have attacked :the
metal of the shell in the area exposed by ithe

opening [12-in the refractoryliner. “When the- -~ - -

Thermit penetrates the shell, an orifice will be
provided and by this time there will be a ‘con-
siderable gas pressure and a considerable body
of molten metal within the shell. The gas pres-
sure will force the molten metal through the ori-
fice at great velocity and should have an incen-
diary effect over a considerable adjacent area.

In designing a bomb as 'shown-in Fig. 2, em-
phasis will be placed on the provision of .a large
quantity of Thermit mixture rather than on the
development of the maximum amount of gas,
since the gas in this case is intended to act merely
as a propellor for the molten metal resulting from
the Thermit reaction.

Obviously, the Thermit need :not be relied on
to form an opening in the shell. Lines of weak-
ness may be used to outline the desired opening
and the pressure developed in the shell may be
used to force the opening. The opening may
also be preformed and filled with a meltable or
frangible- plug.

No attempt is here made to reduce ‘the show-
ings of either Fig. 1 or Fig. 2 to a military form.
The structures which will adapt bombs of the

‘type illustrated to military purposes are plentiful

in the art and form no part of this invention.

While I have shown electrical ignition, it is
obvious that other igniting devices can be used,
the only requisite being that the passage of the
igniting device through the shell must be accom-
plished in such a way as not to destroy the seal-
ing or heat-insulating effects, though obviously
in the case of an incendiary bomb as illustrated
in Fig. 2 these requirements are not so important
as in the case of an explosive bomb as illustrated
in PFig. 1.

What is claimed is:

1. An incendiary device comprising a sealed
metal shell of substantial strength, a refractory
lining for said shell, an inner lining of cellulosic
material within said refractory lining, a charge
of Thermit mixture within said inner lining,
means for igniting said Thermit mixture, and
means forming a weakened portion in said shell
whereby said Thermit mixture, when ignited, will
rupture said shell so that gases developed by de-
composition of said cellulosic material under the
influence of the Thermit reaction may expel the
Thermit mixture forcibly through the localized
opening thus created.

2. An incendiary device comprising a sealed
metal shell of substantial strength, a refractory
lining for said shell, an inner lining, formed of
a carbohydrate, within said refractory lining, a
charge of Thermit mixture within said inner lin-
ing, means for igniting said Thermit mixture, and
means forming a weakened portion in said shell
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.whereby said Thermit mixture; when ignited, will
_.rupture said shell so that gases developed by de-
composition- of said carbohydrate under the in-
fluence of the Thermit reaction may- expel the
Thermit mixture forcibly through the 1ocal1zed
opening thus created. :
. .3. An incendiary device comprising a sealed
metal shell of substantial strength, a refractory
-lining for said shell, an inner lining of laminated
paper within said refractory lining, a charge of
~Thermit mixture within said inner lining, means
“for igniting said Thermit mixture, and means
forming a weakened portion in said shell where-
by said Thermit mixture, when ignited, will rup-
ture said shell so that gases developed by de-
composition of said paper under the influence of
the Thermit reaction may expel the Thermit
_mixture forcibly through the localized opening
- thus created.

4. An incendiary device comprising a sealed

- metal - shell of substantial strength and . wall
. thickness, a refractory lining for said shell, an

. inner lining of laminated paper composed chiefly
of ground-wood within said refractory lining,
a charge of Thermit mixture within said inner
lining, means for igniting said Thermit mixture,
and means forming a weakened portion in said
shell whereby said Thermit mixture, when

- ignited, will rupture said shell so that gases de-

- veloped by decomposition of said paper under the
influence of the Thermit reaction may expel the
Thermit mixture forcibly through the localized
opening thus created. »

5. An. incendiary device comprising a sealed
metal shell of substantial strength, a lining of
_cellulosic material within said shell, a charge of
Thermit mixture within said lining, means for
igniting said Thermit mixture, and means form-
. ing a weakened portion in said shell whereby said
~ Thermit mixture, when ignited, will rupture said
shell so that gases developed by decomposition of
~.said cellulosic material under the influence of
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. the Thermit reaction may expel the Thermit
. mixture forcibly through ‘the locahzed opening
~thus created.

6. An mcend1ary device. compnsmg a sealed

. metal shell of substantial strength and wall thick-

ness, a lining formed of a carbohydrate within
said shell, a charge of Thermit mixture within
said lining, means for igniting said Thermit mix-

.ture, and means forming a weakened portion in
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said shell whereby said Thermit mixture, when
ignited, will rupture said shell so that gases de-
veloped by decomposition of said carbohydrate
under the influence of the Thermit reaction may
expel the Thermit mixture forcibly through the
localized opening thus created.

7. An incendiary device comprising a sealed
metal shell of substantial strength and wall
thickness, a lining of laminated paper within
said shell, a charge of Thermit mixture within
said lining, means for igniting said. Thermit
mixture, and means forming a weakened portion
in said shell whereby said Thermit mixture, when
ignited, will rupture said shell so that gases'de-
veloped by decomposition of said paper under the

influence of the Thermit reaction may expel the

Thermit mixture forcibly through the. localized
opening thus created.

8. An incendiary device comprising a sealed
metal shell of substantial strength and wall
thickness, a lining of laminated paper composed
chiefly of ground-wood within said shell, a charge
of Thermit mixture within said lining, means for
igniting said Thermit mixture, and means form-
ing a weakened portion in said shell whereby

5 said Thermit mixture, when ignited, will rupture

said shell so that gases developed by-decompo-
sition of said paper under the influence of the
Thermit reaction may. expel the Thermit mix-
ture forcibly through the localized opening thus
created. '

ROSS C. HURREY,



