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My invention relates to an improvement

 in propellent explosive compositions and

more particularly to propellent explosives of

the flashless-smokeless type. The invention

§ comprises both a new composition and- the
process of making same.

Specifically my invention relates to a new
powder comprising ammonium nitrate, col-
loided starch and .colloided nitrocellulose.
These are so minutely and intimately blend-
ed that desirable combustible properties are
obtained when dry. Also, in the process of
manufacture, while containing the solvents,
it yields plastic masses capable of being
molded in sizes and shapes commonly used
with propellent powders. :

The desirable properties obtainable with
such blended materials are five-fold. First
with proper high concentration of am-
monium nitrate, and also starch, in mixtures
with nitrocellulose, comparatively low fem-
peratures of combustion are obtained and
nozzle flash is eliminated. The effect of
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lowering the temperature, by the use of am-

85 monium nitrate, is well known with many
explosive compositions and was disclosed in
colloided starch-ammonium nitrate compo-
sitions in an application filed January 10,
1924, Serial No, 685455, but is new with the
‘present application for the triple combina-
tion above referred to.

Second, both . ammonium nitrate and
starch contribute to explosion gases an in-
creased concentration of -water molecules,
because the former contains 45 per cent and

" the latter, 55 per cent of water. The ad-
vantages of such increase of water mole-
cules not only raises the temperature of pos-
sible initial luminesity but also yields in-
creased power, because water possesses the
highest temperature of initial luminosity and

- the lowest molecular weight of all explosion
gases. More than 10 per cent of increased
power was obtained.

Third, ammonium nitrate and starch con-
~tribute to the safety qualities of explosive
mixtures for the reason that all mixtures of
these two components, having the high com-
bined water concentration just veferred to,
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Appligation filed October 28, 1929, Serial No. 408,132,

are not only difficultly combustible but also
difficultly detonating. :

Fourth, the starch in the gelatinous form
not only contributes to the plastic condi-
tion of its mixtures in the process of manu-
facture but also affords a medium for dis-
solving, comminuting and holding the am.
monium nitrate, so as to yield an intimate
and compact mass of the three components,

Fifth, ammonium nitrate itself can con- gg
tribute oxygen to all combustible explosive
materials, hence In mixtures with nitro.
celluloss and starch, the proportions can be
chosen so thaet the hydrogen will burn fo
water molecules and the carbon will burn g
to form CO, CO,, or any intermediate mix-
ture of the latter two molecules. This ad.
vantage in various mixtures, therefore, af-
fords comtrol of oxidation, sensitiveness,
power and rate of detonation. 2

t is well known that miztures of am-
monium nitrate and nitrocellulose them-
selves afford proper regulation of the oxzi-
dant and combustible requirements, and it
is also well known that all properly blended 75
mixtures of these two must contain more
than 86 per cent of nitrocellulose, (compare
equations ¢ and d below), otherwise in the
hot explosion gases an excess of free oxygen
is formed and this contributes to gun ero- gp
sion. However, with starch as a compo-
nent, not only is the water content advan-
tageously increased, but the nitrocellulose
content can be decreased, thereby regulating
the oxygen requirements, lowering the cost g5
of materials, and greatly lowering the ex-
plosion temperature below that producing
luminosity and consequently yielding a
power that is flashless. That is, in these
mixtures, by making starch replace a sub- 9o -
stantial portion of the nitrocellulose, the
flash point is favorably changed without loss
of desirable explosive properties. Thus,
these mixtures can be made to be sufficiently _
sensitive to inflammability, and while yield- 28
ing smokeless, flashless and non-ercsive
gases, the power can be regulated and, in-
deed, can be increased through control of
oxident-combustible requirements as indi-
cated by the CO and CO, limits 'of the fol- 160
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lowing equations, in which nitrocellulose of
12.75 per cent N is taken as the basis:

() CoEuOWHIZNILNOr0C O 210 HIZNy14 49 starxch)
5) CoHneOs+6NHN05—6C 0+17HsO+6N2(25.29, starch)
(6 2CuH1s010(NO02)s+24NHN Og—
24C 034-63H204-20N2(36.33% N C)
(@ 2CuHBO(NO)—23C0-+COx+15H,0+5N2(100% N €)
With various concentrations of nitrocellu-
lose ; sufficient to sensitize the mixtures, taken
as the basis of calculation, as, for example,
15, 20, 25 or 30% of nitrocellulose, it is pos-
sible to select the other components so as to

- yield explosion gases CO or CO. or equi-

molecular mixtures of these two gases, as
indicated in the following table:

Nitrocellulose %.15. 00{15. 00[15. 00: 20. 00/20. 00]20. 00: 25. 00|25. 00/25. 00
Starch % ... 12. 24/10. 35| 8.46:11. 52| 9.72| 7.92:10.80| 8. 15| 5. 50
Ammonium ni- .

trate %o .. 72. 76|74, 65|76. 54:68. 48|70, 28)72. 08:64. 20/66. 85/69. 50
Explosion gases

/R CO|CO|{ CO;CO [CO} CO;:CO |CO|COs
COy CO; COz
Nitrocellulose.---130. 00|30. 00 30.00
Starch ... . 10. 08} 6.30 2. 52|
Ammonium ni-
trate.__.___.___ 59. 92163, 70| 67. 48
Explosion gases..| CO [ CO| CO;

COy

A good example of my new product is
that comprising twenty-five per cent of ni-
trocellulose, 8.15% of starch and 66.85% of
ammonium nitrate, the 25% of nitrocellu-
lose being suffictent to sensitize the composi-
tions with the stated contents of starch and
ammonium nitrate so that an ordinary rifle
cap causes uniform and complete burning
of the charge, and the components being
proportioned to secure equivalents of CO
and CO; as oxidation products. '

These three materials, being solids, could
be ground to minute powders and then in-
timately mixed, but it is evident that if
they could be minutely blended in compact
masses the advantages of increased density
and molded forms could be obtained.

In my process through the use of two sol-
vents, the three materials are blended and
consolidated by means of two miscible sol-
vents, preferably water and acetone. Water
is used to dissolve a substantial portion of
the ammonium nitrate and to gelatinize the
starch. Acetone is used to colloidize the
nitrocellulose. Since acetone is soluble in
water, mixtures of such two solutions, or
concentrated gelatinous forms of the same,
can be mingled and blended without floccu-
lation or clotting, when conditions are
properly controlled. And I have found
that the resulting mass possesses plastic
properties suitable for die pressing, or for
molding into sizes and shapes commonly
used for propellent explosives.

As an example of my method of manu-
facture, I first make a very concentrated
solution of 25 parts of nitrocellulose in ace-
tone. I make an intimate mixture of 66.85
parts of finely ground ammonium nitrate
and 8.15 parts of sifted starch. To this mix-
ture, I add substantially 10 parts of water
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and heat at 55-100° C. until the mass is uni-
formly gelatinized. To this I add the nitro-
cellulose solution, with as complete avoid-
ance of inclusion of air bubbles as practi-
cable, and then mix mechanically, while
maintaining the temperature of 55-100° C.
The warm smooth resulting plastic is pressed
and cut in the customary manner for various
propellent explosive purposes and dried.
The drying can be effected at ordinary or
elevated temperatures or by a combination
of the two, or partial drying can be made
before the pressed forms are cut.

Owing to hydrolysis and solution of the
starch if the mixture is heated too long or at
too high temperature, the composition may
become too thin for die-pressing. This ad-
verse condition is avoided by employing a
suitably lower temperature or cooling to
such lower temperature. The pressed forms
can either be cut immediately or after such
time, cooling and drying as will be neces-
sary with the particular proportion of com-
ponents used, to yield a mass that can be cut
smoothly and show no tendency to distort or
stick together.

The example of percentages given here-
with is for illustration and affording an un-
derstanding of the invention, and can be
varied to give powders of varied explosive
properties, and yet fall within the scope of
my claims. v

Having now described my process and
new composition of matter, what I claim is:

1. As an improvement in the manufacture
of propellent powders, the process compris-
ing the plasticizing of mixtures of starch, an
alkali nitrate and nitrocellulose through the
use of two miscible solvents, substantially as
described.

2. As an improvement in the manufacture
of propellent powders, the process compris-
ing plasticizing mixtures of starch, am-
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moniuin nitrate and nitrocellulose, whose

percentages are within the. calculated oxi-
dant-combustible explosive limits, through
the use of two miscible solvents, substantially
as described.

3. As an improvement in the manufacture
of propellent powders, the process compris-
ing blending by mechanical means an ace-
tone solution of nitrocellulose with a heated
mixture of water, starch and ammonium
nitrate.

4, As an improvement in the manufacture
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of propellent explosives, the process compris- -

ing mixing by mechanical means a concen-
trated acetone solution of nitrocellulose with
a thick, gelatinized mixture of water, am-
monium nitrate and starch.

5.-As an improvement in the manufacture
of propelient explosives, the process compris-
ing gelatinizing a mixzture of acetone, nitro-
cellulose, water, ammonium nitrate and
starch, pressing and cutting the same into
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shapes and sizes commonly used with pro-
pellent powders, and subsequently drying the
same.

6. As an improvement in the manufacture
of propellent explosives, the process of heat-
ing to 55-100° C. a mixture of starch, am-
monium nitrate and water and then mechani-
cally mingling with this a concentrated solu-
tion of mitrocellulose dissolved in acetone,
subsequently shaping this mass into propel-
lent grains and drying the same.

7. A propellent explosive comprising a
greatly preponderating proportion of am-
monium nitrate in an intimate state and
molded form with starch and colloidized
nitrocellulose, the quantity of nitrocellulose
exceeding that of the starch, substantially as
described.

8. A propellent exploswe comprising ap-
proximately 15-80 parts of nitrocellulose,
12-3 parts of starch, and 60—70 parts of am-

" monium nitrate.
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9. A propellent explosive comprising ap-
proximately 25 parts of nitrocellulose, 8
parts of starch and 67 parts of ammonium
nitrate.

10. A propellent explosive which will burn
without material production of free oxygen,
comprising a preponderance of ammonium
nitrate, nitrocellulose over 10% and under
36% and approximately 14 as much starch as
nitrocellulose.

In testimony whereof, I have signed my

name hereto.
' WILLIAM M. DEHN.
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(Seal) - Acting Commissioner of Patents.



