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This invention relates generally to explosives

and particularly to the manufacture of spherical -

grains of smokeless powder and a method of con-
trolling the gravimetric density of such grains.
In the manufacture of propellent powder
grains in accordance with the processes described
in the copending application of Fredrich Olsen,
Gordon C. Tibbitts, and Edward B. W, Kerone,
now Patent No. 2,027,114, and Serial No. 57,662,
filed January 6, 1936; in which a lacquer is made
from a smokeless powder base and solvent, the
lacquer being distributed in a non-solvent me-
dium in the form of globules, and the globules

. hardened to form spherically shaped grains,

there is often a tendency for the non-solvent me-
dium in which the globules are suspended to dif-
fuse into the globules of lacquer or even become
‘emulsified therein. Consequently assuming the
non-solvent medium to be water, it will be under-
stood that as the solvent is evaporated from the
globules of lacquer some water may remain there-
in, This results in the final grains having in-
teriors of porous structure while the exterior is
& continuous substantially impervious surface.

The degree of porosity existing in such pro-
pellent powder grains is to some extent deter-
mined by the solvent employed in making the
lacquer. For instance, with a given series of
solvents, such for instance as the acetates (e. g.,
ethyl, isopropyl, butyl), the degree of the porosity
of the powder grains will generally parallel the
boiling temperature of the solvent, that is to say,
the emulsification of water within the lacquer is
easier with the solvents of lower boiling point
in a given series, and hence when grains of high
density are desired, solvents of the higher boiling
points may be employed. :

The object of the present invention, generally
stated, is to provide a propellent powder grain
of the type referred to wherein the porosity or
gravimetric density of the grain may be con-
trolled. .

Another object of the invention is to provide
& process of controlling the porosity of powder
grains made according to the processes re-
ferred to.

A more specific object of the invention is to
provide a process of making powder grains
wherein globules of smokeless powder base lac-
quer are suspended in a nonsolvent medium and
hardened, and wherein the action of nonsolvent
medium within the globules is controlled. K

Other objects will become apparent to those
skilled in the art when the following description
is read: :

(CL 52—13)

In accordance with the present invention, gen-
erally stated, while the globules of smokeless pow-
der base lacquer are dispersed in a non-solvent
medium and the globules thus hardened to form
grains in the manner described in said copend-
ing application of Olsen, Tibbitts and Kerone,
and while some non-solvent may be contained
within the globules of such lacquer, the physical
properties of the non-solvent medium within and
without the globules are differentiated so as to
cause relative migration of the non-solvent with-
in the globules and the non-solvent without the
globules. For instance, in case the lacquer has
been first formed in the presence of the non-
solvent vehicle, such as water, in the manner
described under the heading “Distributed solvent
process” in said application of Olsen, Tibbitts
and Kerone, Serial No. 598,332, some water is
emulsified within each globule so that the glob-
ules, instead of being composed entirely of smoke-
less powder base lacquer, are indeed an emulsion
of water in smokeless powder base lacquer. Now
when the globules of smokeless powder base lac-
quer containing the non-solvent such as water are
hardened by heating while suspended in a non-
solvent vehicle having the same,physical proper-
ties as that emulsified within the globules (i. e,
‘water), it will be understood .that the globule
may be completely hardened to form a grain be-
fore the water in the interior thereof is removed.
Now in accordance with the present invention
the non-solvent vehicle employed as the continu-
ous phase of the system in which the globules are
hardened has differcnt physical properties than
the non-solvent medium within the globules. In
the case of water the change of physical proper-
ties may be brought about by the addition of a

"solute. The result may even be obtained by
emulsifying distilled water within the globules
while the continuous or external phase is com-
posed of undistilled or untreated water.

A great variety of substances may be employed
as the solute to be added to the water. For in-
stance, sodium sulphate, barium nitrate, and
botassium nitrate, are particularly suitable, but
any substance which actually dissolves in the
non-solvent medium, such as water, and changes
its physical properties, for instance, sugar, may
be suitable, )

Likewise, it will be understood that entirely
different non-solvent media may be employed,
that is to say, the non-solvent within the globules
may be a different one from that which consti-
tutes the continuous or external phase of the
system. .
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While in the foregoing genersl description and
in the specific embodiment to be described here-
inafter, reference is particularly msade to the
addition of solutes to the continuous or external
phase of the system in which the globules are
hardened, it is to be understood that this is the
procedure which is followed when dense grains,
that is grains of low porosity are desired. It is
to be understdod, however, that the solute may be
added to the non-golvent vehicle which becomes
emulsified within the globules and omitted from
the continuous external phase in order to cause

' @ diffusion of the water from the external phase

0

into the globules during hardening, thus to pro-
duce = grain of high porosity. Of course, the
solute need not be entirely omitted from the water
of the continuous phase, it being understood that
control of the degree of porogity is made possible
by the addition of verying amounts of solute to
the non-solvent vehicle within or without the
globule. )

When ethyl acetate is used as the solvent, as
described under the heading “Distributed solvent
process” in seld Olsen, Tibbitts and Kerone pat-
ent and the non-golvent medium within and with-
out the globules has the same physical properties,
powder having & gravimetric density between
0.250 and 0.350 may be expected. By the addi-
tion of & solute, for exsmple 1% of sodium sul-
phate (weight of nitrocelluloge), to the water
constituting the continuous phase of the system
the gravimetric density of the powder grzins is

.increased to about 0.8060, other conditions remain-

ing constant.

_When isopropyl ecetate is used a8 the solvent
in said “Distributed solvent process” ond the
non-golvent vekicle within ond withous the
grains hes the szme physicel properties, nitro-
cellulose grains having o grevimetric density of
about 0.500 meay be expected. By the use of
solutes in accordance with the present invention
the gravimetric density may bz controlled within
wide Imddts. For example, other conditions re-
meaining constant, the addition of 0.1% of sodium

suiphete (by weight of nitrogelluloze) is eFective .

to incrense the grevimetric density of the powder
t0 D.575; 0.9% of sodlum sulphate incrences the
strle density o0 0.720; 0.4% of sodium sul-
nhaies increases the gravimetric density to 0.830;
0.69% Increnses the grovimetric denslty to 0.850.

 These gravimetric densities may be furiher in-
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creasad by suriace tresting with nitrogiveerine,
for mstance, the powder bhaving 2 grivimetric
denzity of 0.850 will readily toke up enough nl-
trozlycerine to reach @ gravimetric density of
0.056. Likewise by the use ¢f lorger amounts
of solute, gravimetric densities os bhigh as 1.0
mey ke obtained. Comparabie resulis are ob-
tadned by the use of other solules in emounts de-
pending upon thelr efect upon the physical prop-
erties of the water. For instonce, 26% lezs bar-
ium nitrate then sodium sulphate is required %o
give compearable results.

TWhether the results achieved by the use of
solutes are attributable to an ozmotic aciion, 2
diferential of vapor pressure, or other phenome-
non oF & combingtion of them is not determined
and hence no theory of action is proffered hereln.
While the scientific reasons for the action of the
solutes as above described are largely uncertain,
it is definitely esteblished that when the physical
properties of the non-solvent medium constitut-

'ing the external phase of the system in which

the globules of lacquer are hardened, ere differ-
ent from the physical properties of the non-sol-
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vent contained within the globules, definite con- '

trol of the action of the non-solvent medium
within the globules, and hence control of the
porosity of the resulting grains is made possible.
The amount of a particular solute to use in order
to produce powder gralns of a given porosity or

" gravimetric density is dependent upon many fac-

tors which may be encountered in commercial
operation and hence simple experimentation will
be necessary in each instance in order to deter-
mine the amount of solute necessary to accom-
plish the desired result. When once obtained,
however, for specific operating conditions pow-
der grains of uniform porosity may be expected,
other things remaining the same.

While in the foregoing description and the
specific illustrative embodiments which have been
given, nitrocellulose has been talken as the smoke-
less powder base, It is to be understood that the
present invention is not limited to the treatment
of nitrocellulose powder but is applicable to the
trestment of other smokeless powder bases, such
as- nitrocellulose-nitroglycerine, nitrocellulose
and deterrents, nitrocellulose-nitroglycerine with
deterrents, ete. ‘

From the foregoing description it will be ap-
parent that the present invention accomplishes
i#ts objects and provides its propellent powder
grain of comntrolled porosity whereby, although
the exterior surface of the grain may be imper-
vious, the internal voids or porosity Is so con-
trolled as to achieve the desired gravimetric den-
slty. Moreover, in accordance with the present
invention powder grains having higher gravi-
metric densities. than have heretofore been at-
teined may be produced.

Since it 1s apperent that there are various fea-
tures of the present invention which may be
utilized and applied independently of other fea-
tures and without reference to the specific ex-
gmples hereinbefore given, it is to be distinctly
understood that the inveantion is not limited to
the specific embodiments heresinbefore set forth.
Various modifications of the procedure wiil pre-
sent themoelves to those skilisd in the art and,
while the vresent Inventiorn is porticulssly ap-
pliceble fo the menufscture of spherically shaped
greins in sceordance with the processes of sald
Olgen, Tibbitts and iZerone epplicaiions, it is not
intended to liralé this invention thereto. It is to
ne digtincily undersiead, thereofore, that such
modifications snd the use of such individual fea-
tures and sub-combinations of feaiures as IMAY
present themselves ¢o those skilled in the art
without departing from the spirit of this inven-
1iom are, oithough nob spacifically described here-
in, contemplated by and within the scope of the
appended clafmns.

Floving thus deseribed the Jnvention, what is
cleimed io:

1. In the art of making explosives the process
comprising, dispersing globules of smokeless pow-
der base solution containing duld non-solvent in
o fiuld non-solvent bath, the non-solvent within
the globules having physics! properties differen-
tinting from those of the non-solvent of the
bath so o8 to cause relative migration of the non-
solvent within the globules and the non-solvent of
the bath, snd hardening the globules: while the
dispersion is maintained.

2. I the art of meaking explosives the process
comprising, forming s lacquer from nitrocellulose
and a solvent, agitating the lacquer with a fiuid

‘yehicle ‘which is substantially insoluble with the

golvent but which is emulsifiable within the
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lacquer until some of the vehicle has emulsified
within the lacquer, dispersing globules of the lac-
quer emulsion in the fluid vehicle, changing the
physical properties of the fluid vehicle of the
continuous phase so as to cause relative migration
of the vehicle within the globules and the con-
tinuous phase, and hardening the globules while
the dispersion is maintained.

3. In the art of making explosives the process
comprising, forming a lacquer from nitrocellulose
and a solvent, agitating the lacquer with a ve-
hicle which is substantially insoluble with the.
solvent but which is emilsifiable within the lac-
quer until some of the vehicle has emulsified
within the lacquer, dispersing globules of the lac-

Quer emulsion in the vehicle, adding a solute of

such a nature to the vehicle of the continuous
phase so as to cause migration of the vehicle
from the globules to the continuous phase, and
hardening the globules while the dispersion is
maintained.

4. In the art of making explosives the process
comprising, forming a lacquer from a smokeless
bowder base and a solvent, agitating the lacquer
with a fluid vehicle which is emulsifiable within
the lacquer, dispersing the lacquer in the form of
globules in a fluid vehicle having physical proper-
ties differentiating from those of the first vehicle
S0.as to cause relative migration of the non-
solvent within the globules and the non-solvent
of the bath, and heating the mixture to harden
the globules.

5. In the art of making explosives the‘process
comprising, emulsifying a fluid non-solvent in a
solution of a smokeless powder bhase, and remov-
ing the solvent from the solution in the presence
of a fluid non-solvent having physical properties
differentiating from .those of the non-solvent
which is emulsified within the solution so as to
cause relative migration of the non-solvent
within the globules and the non-solvent of the
bath. ;

6. In the art of making explosives, the process
comprising, emulsifying water containing a solute
in a solution of & smokeless powder base, suspend-
ing globules of the emulsion in water the nature*
of the solute being such as to cause migration of

3

water into the globules, and hardening the glob-
ules while the suspension is maintained.

7. In the art of making explosive the process
comprising, forming a lacquer from a smokeless
powder base and a solvent, agitating the lacquer
with a fluid vehicle which is emulsifiable within
the lacquer, dispersing the lacquer in the form of
globules in a fluid vehicle having physical prop-
erties differentiating from those of the first
vehicle so as to cause relative migration of the
non-solvent within the globules and the non-
solvent of the bath, heating the mixture to
harden the globules, and surface treating the
hardened globules with nitroglycerine.

8. A propellent powder grain composed of a
solidified droplet of gelatinized smokeless pow-
der base having a gravimetric density in excess

-of 0.500.

9. A propellent powder grain composed of a
solidified droplet of gelatinized smokeless powder
base having a porous interior and a substantially
impervious surface, treated with nitroglycerine
and having a gravimetric density of at least
0.950. i

10. A propellent powder grain composed of a
solidified droplet of gelatinized smokeless powder
base having a porous interior and a substantially
impervious surface, and having a gravimetric
density of 0.675 to 0.950, the degree of porosity
varying inversely as.the gravimetric density.

11, In the art of making explosives, the process
comprising, dispersing globules of smokeless pow-
der base solution, containing occluded fluid, in a
fluid external phase which differentiates from
the occluded fluid to cause relative migration of
the entrapped fluid and the fluid of the external
phase through the
globules,

12, In the art of making explosives, the proc-
ess comprising, dispersing globules of smokeless
powder base solution, containing occluded fluid,
in a fluid external phase, one of the fluids con-
taining sufficient of a solute of such a nature as
to cause relative migration of the entrapped
fluid and the fluid of the externsal phase through
the globules, and hardening the globules.

HAROLD F. SCHAEFER,
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