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7 Claims,
1 . ,

This invention is concerned with propellant
compositions for use in guns, howitzers and the
like weapons employed for the propulsion of pro-
jectiles, and in particular with such compositions
as are designed to give reduced muzzle flash as
compared with cordite.

Previously it has been proposed to employ a
large proportion of nitroguanidine in propellant
compositions of a nitro-cellulose basis for the
purpose of lowering the heat evolved on combus-
tion. With such propellant compositions con-
taining, for example 40 per cent or more of ni-
troguanidine, a good measure of muzzle flash re-
duction can be obtained in guns of medium size.
In attempting to prepare propellant composition
for guns of large calibre or for high velocity pro-
jectiles, difficulties have been encountered in
eliminating flash, in obtaining good coherence
and homogeneity of large size cords and in ob-
taining satisfactory mechanical properties and
ballistic regularity, approaching that of cordite,
for example. ‘

" We have now observed that substantial im-
brovement may be obtained in coherence, homo-
geneity, mechanical properties and ballistic regy-
larity of propellant compositions containing
large quantities of nitroguanidine when the lat-
ter compound is employed in a very finely di-
vided form having a specific surface of at least

9,000 sq. cm. per ¢. cm. and is dispersed in nitro- n

cellulose which is gelatinized by means of sub-
stantially 0.8 to 1.5 times its weight of an ex-
plosive substance; and further that to reduce

muzzle flash substantially the calorimetric value

should be in the range 650 to 825 ‘calories per
gramme (W. G.) the greatest extent of flash re-
duction being obtained with such values in the
range 650 to 750 calories per gramme (W. G.)

Hence in accordance with the invention a pro-
pellant composition comprises substantially 50
to 65 per cent. of nitroguanidine having a spe-
cific surface of at least 9,000 sq. em. per cu. em.
dispersed in nitrocellulose which is gelatinized
by means of from about 0.8 to 1.5 times its weight
of an explosive substance, the composition hav-
ing a calorimetric value of substantially 650 to
825 calories per gramme (W. G.). »

Preferably the nitroguanidine has a specific
surface of from 18,000 to 50,000 sq. cm. per cu.
cm. The finer the nitroguanidine in fact, the
greater are the reduction of flash, the ballistic
regularity, the density of large size cords, and
the speed of dough formation.

To obtain the greatest muzzle flash reduction

the preferred calorimetric value is substantially .
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from 650 to 750 calories per gramme (W. G.)
and for use in guns where flash elimination is
still a difficulty, the inclusion on the propellant
composition of a small amount (for example
from 1 to 3 per cent) of a potassium compound,
preferably potassium sulphate or potassium
aluminium fiuoride has been found to effect a
further improvement. As the addition of such
compounds will usually increase the amount of
smoke produced on firing, it may be desirable to
employ the smallest amount needed to give the
desired effect.

The degree of nitration of the nitrocellulose
preferably should be such that the nitrogen
content is in the range 12.2 to 13.4 per cent. The
preferred content of nitrocellulose is 16 to 23 per
cent, Adjustment of the calorimetric value may
be effected by adjustment of the proportions of
the components within the limitations defined
above, by choice of nifrogen content of the nitro-
cellulose and with the assistance of a moderant,
which may also conveniently act as a stabilizer
for the composition, for example a derivative of
ursa or urethanes, preferably diethyldiphenyl
urea, Partial substitution of the latter by an
inert cooling agent, e. g. dibutyl phthalate,
diamyl phthalate, cellulose acetate or oxamide
is also possible.

The preferred explosive substances for gelati-
nizing the nitrocellulose are nitroglycerine and
diethylene glycol dinitrate, or other compatible
liquid explosive nitric ester. The above may be
replaced wholly or in part by other compatible
explosive substances, for example dinitrotoluene.
The preferred content of the explosive substance
is 16 to 23 per cent.

An addition of a small amount of carbon black
or graphite to the composition for example 0.5
to 3.0 per cent. has been found to assist in igni-
tion and regularity of burning.

The compositions of the invention may be pre-
pared by the methods employed for cordite man-
ufacture. Thus in operating in accordance with
the so-called solvent method, the weighed com-
ponents apart from the stabilizer after prelimi-
hary mixing in a convenient mixing apparatus,
may be introduced into an incorporator with g
quantity of solvent, preferably agqueous acetone,
(e. g. 89 to 92 parts of acetone to 8 to 11 parts
of water). After mixing for 15 to 30 minutes
the stabilizer (preferably diethyl diphenyl urea)
is added and incorporation continued until a
plastic dough is formed, about 5 hours being re-
quired for this change to take place. The dough
may. then be extruded from a press through dies
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to give the desired size cord, tube, slotted tube
or multiperforated grain, from which solvent is
removed by stoving for a few days at about 45° C.

An alternative method of preparation, which
is applicable when using nitrocellulose of a low
nitrogen content within the range specified here-
in, involves incorporation of the components as
described above to obtain a dough, which may
then be rolled into the form of sheets. After
removal of solvent from the sheets by stoving
as for the cords, tubes, or the like, the sheets may
be again rolled between heated rells. (50° to 60°
C.) and while the sheets are still at about that
temperature, they are cut into discs, and filled
into the cylinder of a warm press from which
they are extruded through dies to give the de~-
sired size of cord, tube or other section. This
method permits of a higher degree of regularity
of size and an increase in the smoothness of the
surface of the extruded product.

The addition of the diethyl diphenyl urea is
preferably withheld until the remaining constit-
uents have been mixed for 15 to 30 minutes.
This is due to the property which has been oh-
served of the formation of a double compound
between the diphenyl diethyl urea and the nitro-
guanidine and unless the latter is first intimately
mixed with the nitrocellulose and nitroglycerine
the double compound forms aggregates which
are not well-dispersed in the colloidal matrix
and higher rates of burning result.

The accompanying drawing is a flow chart
diagrammatically representing the steps of the
process.

The following examples of propellant compo-
sitions will serve to illustrate the invention, the
parts being by weight.

Example 1
Parts
Nitroguanidine of specific surface 9,000 to
22,000 SQ. CM. PEr C. Cooee oo 55.
Nitrocellulose (13.1 to 13.2 per cent. N.)___. 19
Nitroglycering o e 18.7
Diethyl diphenyl urea_ 7.3

The composition has a calorimetric value of
about 700 calories per gramme (water gaseous)
a force constant of 1773 and the calculated
quantity of carbon monoxide and hydrogen in

the muzzle gas is approximately 53.8 per cent.
Example 2
Parts
Nitroguanidine of specific surface 9,000 to
22,000 SQ. CM. PEY C. Comi e 55
Nitroeellulose (12.2 per cent N .~ 16.5
Nitroglycerine .o 21
Diethyl diphenyl urea. 7.5

The calorimetric value is about 690 ealories per
gramme (water gaseous), the force constant 1750
and the calculated percentage of carbon mon-
oxide and hydrogen in the muzzle gases about
54.6.

Example 3
Parts
Nitroguanidine of specific surface 9,000. to:
22,000 sq. cm. Per C. € 55
Nitrocellulose (13.1 to 13.2 per cent N.) .._._ 20.8
Nitroglyecerine _ . e 20.5
Diethyl diphenyl urea. e 3.7

. The calorimetric value is about 806 calories per
gramme (water gaseous), the force constant 1398
and the calculated amount of carbon monoxide
and hydrogen in the muzzle gases 44.4 per cent.
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4
Ezample 4
Parts

Nitroguanidine of specific surface 9,000 to

22,000 Sq. CM. PEL C. Coc oo 55
Nitrocellulose (12.2 per eent N.) - 21
Nitroglycerine _ .o 21
Diethyl diphenyl urea. e 3

The calorimetric value is about 800 cals./per
egrm. (water gaseous), the force constant 1886
and the carbon monoxide and hydrogen content
of the muzzle gases 44.3 per cent.

Example &
Parts
- Nitroguanidine of specific surface 30,000
SQ. CIM. PET €. Com oo 65
Nitrocellulose (13.1 to 13.2 per cent N _.___ 16.7
Nitroglyeerine — oo 16.5
Diethyl diphenyl uUref...—o-—eoo—eeeoe - 1.8

The calorimetrie value is about 803 calories per
gramme (water gaseous), the force constant 1901
and the ecalculated amount of carbon monoxide
and hydrogen in the muzzle gases 40.6 per cent:

Example 6
Parts
Nitroguanidine of specific surface 30,000
SQ. CML. PEL €. Comeeme e 60
Nitrocellulose (13.1 to 13.2 per cent N.) . ___- 16.6
Nitroglyeerine e 16.4
Diethyl diphenyl urea e i

The calorimetric value is 668 calories per
gramme (water gaseous), the force constant 1747
and the calculated ameunt of hydrogen and car-

bon monogide in the muzzle gas 53-7 per cent.
Example 7
Parts.
Nitroguanidine of specific suriace 30,000
SQ. CML. PEY €. Commom e — 60
Nitrocellulose (13.1 to 13.2 per cent N.) . ___ 18.1
Diethylene glycol dinitrate. v 18.1
Diethyl diphenyl urea. e 3.8

The calorimetric value is 6€1 ecalories per
gramme (water gaseous), the force constant 1734
and the calculated amount of carbon monoxide
and hydrogen in the muzzle gases 53.3 per cent.

Example 8
Parts
Nitroguanidine of specific surface 30,000
5Q. CM. PEL C. Commm e 60
Nitrocellulose (12.2 per cent nitrogen) ... 185
Diethylene glycol dinitrate .. 18.5
Diethyl diphenyl urea__ e 3

The calorimetric value is 660 calories per

gramme (water gaseous), the force constant 1730
and the calculated amount of carbon monoxide
and hydrogen in the muzzle gases 52.7 per cent.

All of the above compositions may be made by
the “solvent method™ as described above, while
those of Examples 1 and 8 may also be prepared
by the alternative method described above.

The force constant specified in the examples
is defined by the expression nRTo, where “n” is
the number of gramme molecules of gas produced
by 1 gramme of propellant, “R” is the universat
gas constant and “To” the temperature of the
uncooled gases when formed at constant velume.
The value of To is calculated from the calorime-
tric value and the volume and specific heats of
the gases by the simplified method of Hirsch-
felder and Scherman.

Of the compositions. exemplified, those of Ex-

75 amples 1, 2, 6, 7 and & will give the most satis--
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factory reduction of flash at the muzzle, and of
these Examples 6, 7 and 8 have given very little
or no muzzle flash when employed in the guns,
which offer the most difficulty, particularly also
when 2 per cent of potassium sulphate has been
included in the composition of the propellant.

The compositions of Examples 3 and 4 and 5
are suitable for the charges of guns and howitzers
which are more easily rendered flashless the
higher calorimetric value allowing of a corre-
spondingly lower charge weight. These composi-
tions may also he employed in the more difficult
guns, where complete flashlessness may not be ob-
tained but such flashes as oceur will not cause
serious dazzling of personnel and may be accept-
able in view of the low bulking volume of the
charges.

It should be noted that while in general, reduc-
tion in the calorimetric value of 3 propellant
composition containing a large amount, of nitro-
guanidine may be expected to be accompanied
by reduction in muzzle flash, other undesirabie
features may be introduced. Thus the bulk of
the charge for a given performance will increase,
the extent of smoke and toxic fumes formation
may increase and ease of ignition may be impaired
with resulting loss of regularity in firing inter-
vals.. The compositions exemplified are thought
to give a satisfactory degree of flash suppression
for the weapons specified without any serious

tendency towards the undesirable features in- -

dicated.
The propellant compositions of the invention
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2. A propellant as in claim 1, there being
1.8-75% of diethyl diphenyl urea present.

3. A propellant as in claim 2, wherein said
liquid explosive nitric ester is nitroglycerine.

4. A propellant as in claim 3, wherein the nitro-
cellulose has a nitrogen content of 12.2-13.4%.

5. A method for the manufacture of propel-
lant explosive compositions having a calorific
value of substantially 650-850 calories per
gramme water gaseous and of suppressed flash
and erosive characteristics for use with large
guns, comprising first thoroughly dispersing
50-65% nitroguanidine, the particles of which
have a specific surface of at least 9,000 square
centimeters per c. ‘c. in 16-23% nitrocellulose
gelatinised with 0.8-1.5 times its weight of a
liquid explosive nitric ester, and thereafter
stabilizing the composition with diethyl diphenyl
urea added only after mixing the nitroguanidine
and nitrocellulose-liquil explosive nitric ester
thoroughly for substantially fifteen to thirty
minutes, the withholding of the addition of the
diethyl dipheny! urea resulting in homogeneous
distribution, throughout the composition, of a
finely divided double compound formed by inter-

. action of the nitroguanidine and the diethy!l di-

30

have the following advantages over propellants.

of the cordite type in addition to their low muzzle

flash.

(a) a reduced erosion of the gun.

(b) an increased chemical and ballistic stabil-
ity resulting in a longer life.

(e) a saving in the amount of solvent required
in manufacture and in the time of storing.

(d) a smaller change of ballistics with tem-
perature.

The calorimetric values referred to herein are
those obtained on combustion of the propellant
composition in a closed vessel in the absence of
the added oxygen.

I claim: -

1. A propellant explosive composition having
a calorific value of substantially from 650-850 cal-
ories per gramme, water gaseous, and of. sup-
pressed flash and erosive characteristics for use
with large guns, comprising substantially 50-65%
nitroguanidine, the particles of which have .a
specific surface of at least 9,000 sq. em. per c. c.
dispersed in 16-23% nitrocellulose gelatinised by
0.8 to 1.5 times its weight of a liquid explosive
nitric ester, and diethyl diphenyl urea in the
form of a finely divided, homogeneously distrib-
uted double compound with nitroguanidine.
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phenyl urea.

6. A method according to claim 5, wherein said
diethyl diphenyl urea is added in an amount com-
prising 1.8-8.1% by weight of the nitroguanidine-
nitrocellulose-liquid. explosive nitric ester weight.

7. A method according to claim 5, wherein the
liquid explosive nitric ester is nitroglycerine.

JOHN NORMAN PRING.
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