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This invention relates to the production of
. non-solvent propellent powders. For the prep-
aration of the socalled solventless propellent ex-
plosives, it has been customary fo make use of
5 the chemical substance  diethyl diphenyl urea,
as a gelatinizing agent.. In conjunction with
nitroglycerine and under the influence of heat
and pressure, it is possible to produce a gelatin-
ized nitroglycerine nifrocellulose propellent ex-
10 plosive in the form of flakes or cords as desired,
without the use of any volatile solvent such as
acetone, the diethyl-diphenyl-urea. acting as
combined gelatinizing agent, stabilizing agent
and moderant. Such a propellent explosive
15 possesses many well known advantages.
Diethyl-diphenyl-urea in practice suffers from
the disadvantage that on account of its low solu-
bility in nitroglycerine at ordinary or room tem-
perature, it is impossible to dissolve.a sufficient
20 amount of the diethyl-diphenyl-urea in nitro-
glycerine to form the usually required composi-
tion of the propellent explosive., Thus, taking
proportions commonly employed, it is impossi-
ble to dissolve at room temperature ‘9 -parts of
diethyl-diphenyl-urea in 41 parts of nitroglyc-
erine for mixing with 50 parts of nitrocellulose.
It is true that this proportion of diethyl-diphenyl-
urea can be dissolved in nitroglycerine by heat-
ing the latter to a temperature of 30° C.to0 35° C
but such a proceeding is objectionable as a manu-
facturing operation on account of the increased
risk of accident, and further, on lowering the
temperature of the nitroglycerine-diethyl-di-
phenyl-urea solution, the excess of diethyl-di-
phenyl-urea separates out as crystals.

A general method of introducing the diethyl-
diphenyl-urea is in the form of powdered crystals
added to the nitrocellulose either before, during,
or after mixing with the nitroglycerine. This
method is objectionable on account of the diffi-
culty of ensuring uniform distribution of the
three constituents of the mixture, namely, fibrous
nitrocellulose, liquid nitroglycerine and solid di-
45 ethyl-diphenyl-urea. Such imperfect mixing

causes irregularities in gelatinization which can-
not be completely removed, even by an increased
number of operations in the later stages of pro-
duction, such as prolonged treatment between
50 heated rolls.
Despite this serious objection, the use of. di-
ethyl-diphenyl-urea as a gelatinizing agent in

- the production of the so-called solventless pro-

) pellent powders has been well established, chiefly
55 pecause of the many advantages which this com-
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pound possesses for the production of: propellent_.

explosives. -
The object of the present inventxon is to pro-

vide a process which, while producing solventless -

propellent explosives that retain the desirable
properties conferred by diethyl-diphenyl-urea,
at the same time affords a means whereby the

60

gelatinizing agent can be entirely dissolved in’ :

the nitroglycerine, and this solution uniformly B

mixed with the nitrocellulose.

We have now discovered that phenyl m'ethane,l

when mixed in the correct proportions, with ‘di-
ethyl-diphenyl-urea, forms a mixture that re-
mains liquid at room temperature and is miscible

with nitroglycerine at room temperature with no-

separation of crystals even on long standing.
The phenyl urethane has a melting point of

52° C., and in our researches has been found to’

possess gelatinizing and stabilizing properties to
an outstanding and very high degree.

The following - summarizes the properties of
the mixtures:—

hyl-

% Phenyl | % Dithy Setting point or

urethane dlp&lr%t;yl- state At 155 O,-
62,5 3.5 24.0° C.
58.8 41.2 | Liquid at 15° C.
55.5 44.5 | Liquidat16° C.
52.6 47.4 | Liquid at 15° C.
50.0 60.0 t Liquidat15° C.
47.6 5224 1§ 26.5° C.

This formation with centralite of a mixture
that is liquid at room temperature is a particu-
lar property of the phenyl urethane that could
not be foreseen, as phenyl benzyl urethane,
which is a liquid itself at ordinary temperatures,
and has .other suitable properties, only forms a
liquid mixture with diethyl-diphenyl-urea when
the proportion of phenyl benzyl urethane ex-
ceeds 75%. Further, when the liquid mixture
of diethyl-diphenyl-urea and phenyl urethane
is added to nitroglycerine, no precipitation of
centralite takes place. ‘The result was not to be
expected, as it could not be foreseen that the

- bresence of 2 relatively small quantity of phenyl

urethane in the nitroglycerine would be suffi-
cient so to -alter the dissolving powers of the -
latter as to keep the d1ethy1-d1pheny1—uree, in
solution,

As an illustration of the propertles of a com-
position of diethyl-diphenyl-urea and phenyl
urethane the following is given:—

Equal quantities of phenyl urethane and
‘diethyl-diphenyl-urea are melted together, ang

0
70
75
80
85
90 .
95 .
100

105 -

110 -



10

15

20

30

35

40

45

2

the mixture is cooled to room temperature, at
which it remains in the liquid state. Eighteen
(18) parts by weight of the mixture, equiva-
lent to 9 parts by weight of diethyl-diphenyl-
urea plus 9 parts by weight ¢6f phenyl urethane,
are added to 41 parts by weight of nitroglycerine

at room temperature. This results in a homo-.

geneous liquid mixture from which no crystals

separate, whereas a mixture of 9 parts diethyl- .

diphenyl-urea and 41 parts nitroglycerine at
room temperature consists of a saturated solu-
tion containing a considerable amount of undis-
solved diethyl-diphenyl-urea, and is therefore not
homogeneous. ’

It is therefore merely necessary to add, after
cooling, the requisite amount of the phenyl ure-

‘thane and diethyl-diphenyl-urea (melted toegther

in the correct proportions) to the nitroglycerine
at room temperature, and to mix this solution
with nitrocellulose suspended in water by any
of the well known methods, such as spraying or
air agitation, There is thus obtained a uni-
form mixture of all the constituents, which is in

_the most favourable condition for the subse-

quent operation of gelatinization. By this
method the gelatinization is. then more -thor-
ough, and is carried more easily to completion
than when diethyl-diphenyl-urea alone is used,
thus leading to an increase of output and reduc-

tion in cost in conjunction with a considerably.
improved product. The risk of fire at the rolling -

stage is also greatly reduced.

- As far as the above material is concerned, it
may be said briefly therefore that we employ
in non-solvent propellent explosives mixtures of
diethyl-diphenyl-urea and phenyl urethane that
are liquid at normal temperatures. -

‘We have continued our research in this work
and have found that we can with safety also use
liquid mixtures of diethyl-diphenyl-urea, phenyl
urethane and nitroglycerine, whether the.mix-
tures of diethyl-diphenyl-urea and phenyl ure-
thane themselves are liquid or not, provided that
when admixed with the nitroglycerine, the mix-
ture is liquid. ' :

All mixtures of phenyl urethane and diethyl-

diphenyl-ures containing more than 63 per cent

~ phenyl urethane are solid at room temperature
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but 9 parts of any of those mixtures will dissolve
in 41 parts of nitroglycerine to give 'a liquid
from which no crystals separate at 0° C., even
if it is seeded with crystals-of phenyl urethane
or diethyl-diphenyl-urea or both and allowed to
stand with occasional stirring for four hours.

Again, a 48:52 mixture of phenyl urethane and
diethyl-diphenyl-urea is solid at room tempera-
ture and behaves with nitroglycerine exactly as
do the mixtures described above; at 35:65 mix-
ture behaves in the same way.

From mixtures such as the above, but. contain-
ing appreciably more thah 65% of diethyl-
diphenyl-urea, crystals separate when the liquid
formed by dissolving .9 parts of this gelatinizing
mixture in 41 parts nitroglycerine, is cooled to
‘0° C. or cooled and kept at 0° C. Thus a 30:70
mixture dissolves very readily in nitroglycerine
at room temperature, but if the liquid is cooled
to 0° C. and seeded as described above with small
crystals, within two hours it becomes cloudy; a
20:80 mixture still dissolves at room tempera-
ture, but on cooling to 0° C., crystals separate in
half an hour. T '

We can therefore avoid the absence of a solid’

gelatinizer and facilitate the manufacture of the
so-called solventless cordite by employing s liquid
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mixture of phenyl urethane diethyl-diphenyl-
urea and nitroglycerine, whether the mixture of
diethyl-diphenyl-urea and phenyl urethane be
liquid or solid, provided, as we have said above,
that the mixture of the three materials is liquid.
Mixtures of phenyl urethane and diethyl-
diphenyl-urea, containing a proportion of di-
ethyl-diphenyl-urea greater than that which
would form a liquid mixture with phenyl ureth-
ane, are preferable, from the point of view of
manufacture to mixtures of phenyl urethane and
diethyl-diphenyl-urea containing a proportion
of phenyl urethane greater than that which
would form with diethyl-diphenyl-urea a liquid
mixture, and to the liquid mixtures of phenyl
urethane and diethyl-diphenyl-urea themselves.
A suitable mixture consists of two parts of di-
ethyl-diphenyl-urea and one part of phenyl
urethane. This mixture, since it contains more
than 50% of diethyl-diphenyl-urea, is solid at
15° C., but, since it contains little more than 65%
of diethyl-diphenyl-urea,. crystals do not sepa-
rate from the mixture with nitroglycerine at
0°C. . LT
By mixing phenyl urethane and diethyl-di-
phenyl-urea in proportions substantially similar
to those given above, we can also utilize the ex-
tremely good stabilizing action of phenyl ureth-
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‘ane, the good gelatinizing action of diethyl-di-

phenyl-urea and the liquidity of the gelatinizer- 105
stabilizer nitroglycerine mixture. It might also
be added that if the phenyl urethane be dissolved
first, this appears to facilitate the solution of
the diethyl-diphenyl-urea in the mixture. ’

The mixture, in brief, consists in a process for 110
the production of non-solvent -propellent explo-
sives in which the so-called gelatinizing agent is
a’'mixture of phenyl urethane and diethyl-di-
phenyl-urea, the mixture being such that it re-
mains liquid at normal temperatures, and is mis«
cible with nitroglycerine at such. temperatures
with no separation of crystals, ‘even on long
standing. .

The invention also consists in a modification
of the process according to the preceding para- 120
graph, in which the mixture of phenyl urethane
and diethyl-diphenyl-urea is not of itself liquid
at normal temperatures, but when admixed with
the nitroglycerine the mixture is such that no
separation of crystals occurs, even on long stand- 125
ing, and the mixture is liquid at normal tempera-
tures. ) :

The invention also consists in methods for the
production of non-solvent propellent explosives
substantially as herein described, and in non- 130
solvent propellent explosives such as may be
made by methods substantially as herein de-
scribed. )

The following example illustrates how the in-
vention may be carried into effect, references {o
parts being to parts by weight.

Ezample

Equal parts of phenyl urethane and diethyl-
diphenyl-urea are melted together and cooled to 140
room temperature. Nine (9) parts of this liquid
are added to 41 parts of nitroglycerine at room
temperature, and thoroughly mixed and the
homogeneous mixture thus obtained is mixed by
air agitation with 50 parts of nitrocellulose sus-
pended in water. The mixture containing all
the constituents of the epropellent. explosive is
separated from the bulk of the water by settling
and is then squeezed to effect a further separa- 150
tion of water. The wet lumps are broken down
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by hand, and the material is passed through a
coarse sieve (4 meshes to the inch). The mate-
rial is then passed through steam-heated rolls,
which express a further quantity of water and
yield a product containing about 10% of water.
After drying, the material is gelatinized by pas-
sage through heated rolls. If desired in flake

_form, the material is then rolled down to the re-

10

quired thickness, and cut to the required size. If
the non-solvent propellant explosive is desired
in cords, the sheets are cut into discs, extruded
from a hydraulic press heated by a hot water

" jacket to 75° C., at a pressure of 5000 lbs. per

15

square inch through a _die having holes of the
appropriate size. The extruded cords are then
cut to the desired length.

The resultant propellant explosive is then

: ready for use. o
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N

plosives prepared as described above are sub-
stantially of the same level as those of a pro-
pellent explosive containing the same proportions
of nitroglycerine and nitrocellulose with 9 parts
-of diethyl-diphenyl-urea.

The replacements of a poi‘tmn of the diethyl-
diphenyl-urea by an equivalent amount of phenyl .

urethane does not reduce the life on prolonged
storage of the improved propellent explosive,
while its greater homogeneity increases its in-
herent stability and the regularity and uniform-
ity of its ballistic properties.

The invention is nof limited to the method of
working outlined in the above examples. Any
suitable method of mixing the constituents, sepa-

rating the water, gelatinizing, rolling or pressing
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the material may be employed, and the liquid
mixture of diethyl-diphenyl-urea, phenyl ureth-
ane and nitroglycerine, may be prepared in any
desired way, and in any appropriate proportions.
- As many apparently widely different embodi-

ments of this invention may be made without de-

parting from the spirit and scope thereof, it is
to be understood that we do not limit ourselves to
the foregoing examples or descriptions except as
indicated in the following patent claims. -

glycerine,

The ballistic properties of the propellent ex- -

3

We claim:

1. A composition of matter comprises nitro-
cellulose, nitroglycerin, d1ethyld1phenylurea and
phenyl urethane.

2. A composition of matter comprismg nitro-
cellulose, nitroglycerin, and approximately two
parts of diethyldiphenylurea and one part of
phenyl urethane,

3. A composition of matter comprising nitro- -

cellulose, nitroglycerin, diethyldiphenylurea and
phenyl urethane in liquid form.

4. A composition of matter comprising nitro-
glycerine, d1ethy1d1phenylurea and phenyl ureth-
ane.

5. A composmon of metter comprising nitro-
glycerine, diethyldiphenylurea and phenyl ureth-~
ane in liquid form,

6. A propellent explosive comprising nitro-
nitrocellulose, diethyldiphenylurea,
and phenyl urethane.

7. A propellent explosive comprising approxi-
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mately nine parts of a homogeneous mixture of .

phenyl urethane and diethyldiphenylurea, ap-
proximately 41 parts of nitroglycerine, and ap-
proximately 50 parts of introcellulose.

8. The process of manufacturing propellent
explosives which comprises incorporating in ni-
troglycerine a composition comprising diethyldi-
phenylurea and phenyl urethane.

9. The process of manufacturing solventless
propellent explosives which comprises melting
together phenyl urethane and diethyldiphenyl-
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urea, adding the liquid components to nitroglyc-

erine at approximsately room temperature, and
incorporating the resulting product with nitro-
cellulose.

10. The process of manufacturing propellent
explosives which comprises forming a liquid mix-
ture of phenyl urethane and diethyldiphenylurea,
cooling the liquid to room temperature, adding.
the resulting constituents to nitroglycerine, uni-
formly mixing the nitroglycerine composition to
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a suspension of nitrocellulose in water, separating -

the explosive components from the water, and
gelatmlzing the product. -
OLIVER WARD STICKLAND.
-EDWARD WHITWORTH
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