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ders of the double base type, such as mitro-

cellulose-nitroglycerin powders.” The illus-

trative embodiment hereafter - described is

& particularly adapted for use as 2 rifle
powder. . . -
A progressive burning powder should have
such characteristics as to cause a slow gen-
eration of gas during its initial stages of

0 burning, in order to start the projectile
+ | ..charge into motion gradually; for a fast
¢ {genegation of gas before the projectile
: charge has moved any appreciable distance
' 3 will result in high pressures due to the con-
{15 .fined space in which the gas must be ac-
commodated. As the projectile charge
moves zlong the barrel and increases in ve-
ocity, the effective volume in the powder
chamber is increased so rapidly that gas is
not evolved at a rate sufficiently high to
" maintain a uniform pressure beyonﬁ the

i point at which the maximum pressure occurs.
Tt js desirable that the initial pressure be
limited, while the pressure along the barrel
chould be maintained. In order to maintain
the pressure along the barrel, the core of the
grain should be as fast burning as possible,
while the outside surface of the grain should
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have its burning rate reduced. While the

30 rate of ignition and, therefore, the initial
rate of evolution of the gas can be controlled
to a certain extent by coating or impregnat-

ing the powder grains, such as nitro-cellu-

Tose_powder grains, with a deterrent such

35 a5 dinitro-toluene, the bulk of the grain is
of 3 uniform burning rate, so that the rate
of the evolution of the gas does not increase

- sufficiently; accordingly, there is & too rapid
fall of the pressure as the projectile charge
moves along the barrel. - C e

“One of the objects of this invention, there-
fore, is to provide a double base powder
grain which will meet the requirements noted

above and overcome the limiting features of

5 powder grains as heretofore produced. :

Another cbject of this invention is to pro-
vide a double base powder grain, in which
the rate at which the gas is evolved will pro-
gressively increase as the grain is consumed.

50 -* Further objects will appear from the de-
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This invention relates to propellant-'pow-;

generally the characteristic described, there

. of the grain and in order to secure the de-

1230. Serial No. 442,472,

tail description, in which there will be spe- o
cifically described an illustrative embodi-
ment of this invention. It is to be under-
stood, however, that this invention is suscep--
tible of various embodiments within the pur-. 85
view of those skilled-in the art. - :
- Generally stated, in accordance with this
invention, -a double base powder, such as
nitro - cellulose - M@ﬂu&\f%ir, is
Treated o pardially extract one of the bases,
such as nitro-glycerin, from the grain so
that the percentage content of the partially
extracted base and therefore the potential
energy. per unit weight of the powder will
increase as the powder grains burn from the
outside towards the center. This is accom-
plished in accordance with one embodiment
of this invention, by treating the grain with
an agent or solution which is a solvent 10r,
sav, the mtro-glycerin but which 1s a non-
soivent Tor ihe larger part of .the Titro-cel-
Talose. While this results In a grain having
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will be left in the outer zone of the grain,
even after extended treatment and uponyIs
evaporation of the solvent, part of the nitro-|
glycerin. In accordance with an embodi-

ment of this invention the grain is treated
with a deterrent or plasticizer.” IT order to
aecomiplish sull. further the partial extrac-

tion of the mitro-glycerin from the surface

[=]

sired increase or taper effect from-the suc-
face to the interior of the grain, the double -
base grain is, after an initial treatment with p5
a solvent for nitro-glycerin, which is a non- J*
solvent for the bulk of the ,nitro-cellulos;e,! _
treated in order to extract the dissolved
nitro-glycerin in the solution remaining in "
and on the grain after the bulk of the
solution has been remdved. Thus after
treatment to extract a portion of the mitro-
glycerin in accordance with this invention
the solution may have a nitro-glycerin con-
tent of from 6 to 12% and in the grain itself
there will be a much more concentrated so-
lution of nitro-glycerin. In order therefore |
to prevent -this nitro-glycerin from being .
redeposited on and near the surface of the
grains when the volatile solvent for nitro-
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.~ *glycerin left on the grain is evaporated, the
o powder is given an additional short wash of
. . a“fresh solution of nitro-glycerin solvent.
%" The grain can then be dried to extract the

* 5:x:olvent therefrom. While this treatment
will result in a grain having the desired
tapering effe:t, after an extended time under

migration of the nitro-glycerin. which may

10 tend to again- distribute 1t throughout the.

grain. In accordance with an embodiment
of this invention, therefore, the grain is
treated with another gelatinizer.to replace
part of the nitro-glycerin which has been re-

15 moved and which gelatinizer is
a deterrent and/or a plasticizer; . :
As an illustrative embodiment of this in-
vention, we will take a double base powder
= containing _60% nitro-cellulos %
20 pitro-elveerin. produced in any manner well:
known to those skilled in the art. - In a pow-
der adapted: more particularly for use im:
rifles of small calibre, the grains may be flat

B - dises .050-.075 mm. thick. and .90 mm. in

\ 25 dianicter. ~ITiese grams are allowed to soak
&/ in benzol, which is a solvent for nitro-glyc-.
'''''' erin but a non-solvent for nitro-cellulese.

The soaking period is extended to the de-

sired limit. five (5) hours being found prac-

- 30 tical. At this point the grain can be treated.

with a suitable gelatinizer which is prefer-

ably a deterrent and plasticizer, such as

dibuty]l phthalate 11 a suitable solvent such

. asbenzol. The grain can then be dried. The

35 time. of soaking is. dependent on the nature

of the solvent and the desired effect, for ex-

ample, when methano! is used, the time of
~~+. . extraction may be as Iow as five minutes.

' In order to attain more fully the. objects

of this invention, the grains are soaked for

a shiort period in a fresh solution of benzol

== in-order to more completely extract the nitro-

R glycerin; thisis ﬁ?ﬁ&'ﬁn’phshgdi be-

; fore the grains are dried: and:immediately.

5 after thev have received their first treatment

with benzol. The time of treatment will; of

course, vary- with- the character of solvent

used; thus in the case of benzol the treat-

5o ment can be carried out for about five (5)

minutes. The grains can then be dried in

any suitable manner so as to evaporate the

solvent, but preferably in a closed system

with a solvent recovery. The grains can then

55 be treated with a snitable gelatinizer; prefer-

ably & deterrent and plasticizer such as dibu-

tyl phthalate. For this purpose to 100 parts

by “weight of powder treated for the re-

moval of nitro-glycerin are added 70 parts

60 by-weight of a 6.75% solution of diamyl

phthalate in benzol preferably in a rotating

barrel with solvent recovery system. The

benzol is driven off leaving the diamzl
. phthalate in the grain in combination with
65 the nitro-cellulose and the remaining nitro-
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- storage conditions, there may be a gradual

preferably.
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glycerin. Aftéf_il_lq %ra'i"n is dty. it can be
graphited in the:usual:manner. .. ‘= "i%

It has been feéund that a: double b
powder treated as above described will at-
tain the objects of this invention. The pro-
gressive burning quality. imparted to the
powder allows the powder charge of the

‘carfridges to be increased without increasing

the maximum pressure, resulting in much
higher velocities without any increase in
pressure. This is shown by the following
tests ‘performed: with the poéwder as here-
tofore described in comparison with the un-
treated powder, the test being conducted
with a .22 long rifle cartridge; the results
being the averages.of forty shots. ’

: ' Charge ' Awverage .A;verage

Powder (grams) | pressure | velocity
Untreated. . o ocoomcoaennoo .. .80 13, 704 892
Treated__._. .. 2.35 13,708 1,231

A further- test showed that the high ve-
locity bullet with treated powder pene-
trated twice as far into wood as the lower

velocity bullet fired with the untreated pow- ;-

der. A microscopic examination of the un
treated double base grain reveals the fact
that the interior of the grain does not
consist. of a uniformly gelatinized mix-
ture of nitro-glycerin and nitro-cellulose bt
suggests that there are. centers scattered
through the body of the grain which are
very- high- in nitro-glycerin content with
inter spaces correspondingly low.

A microscopic-examination after the in-
itial treatment - with benzol to remove nitro-
glycerin: indicates that .the benzol attacks

these high centers with great difficulty which : -

accounts for the observed fact that extended
treatment does not have much effect in re-
moving mote than about 60% of the original
content. of nitro-glycerin. and also explains
why _grains many- times thicker can be suc-
ces'si-‘tﬁgf treated and. enough nitro-glycerin
removed. for: the. successful -application of
this invention in the same period of time. as
for the thinner grains. The extraction of
nitro-glycerin decreases- with the penetra-
tion and ig less, adjacent to the centers of
high nitro-glycerin. content, in accordance
with the well known scientific fact that the
rate of diffusion of two liquids depends
upon the difference of concentration; sac-
cordingly the more nitro-glycerin the sol-
vent contains at any point within the grain,
the less active it becomes in removing nitro-
glycerin. Accordingly the undissolved ni-
tro-glycerin left in the grain will taper from
the outside towards the center with centers
of' high' nitro-glycerin- content distributed
throughout the- mass, and separated from
each other by nitro-cellulose from which the

nitro-glycerin. has been largely removed.:

The depth of penetration and the extent to

aséﬁ;




which the nitro-glycerin is removed from
he body of the grain will depend upon the
haracter of the solvent and the period of
reatment.

A microscopic examination of the grain
er the final treatment with benzol indi-

hroughout the entire mass of the grain,

being more concentrated in the areas of low

nitro-glycerin content and less concentrated
where more nitro-glycerin has remained in
the grain. It is seen, therefore, that the
resulting powder grain has an exterior of a
slow burning combination of nitro-cellulose
with a deterrent which is also a gelatinizer
and plasticizer, and that from the outside
towards the center of the grain and also to-

. ward the centers-of high nitro-glycerin con-

tent there is a gradual decrease of deterrent

20 ‘and increase of nitro-glycerin which re-
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sults in a progressive burning powder char-
acterized by the fact that the rate of gas
evolution increases as the grains burn from
the outside towards the center. .
While this invention is particularly ap-
plicable to nitro - cellulose - nitro - glycerin
powders, gelatinizers for nitro-cellulose,
other than nitro-glycerin, may be employed,
such as nitrates of polvglvcerin, or any of
the glycols or polyglycols. or nitrates of any
of the aromatic series or in fact any sub-
stafice which when mixed with or gelatinized
with nitro-cellulose increases the rate at
which gas is evolved over powder gelatin-
ized by the customary solvents, such as ace-
tone or ether-alcohol. It will be understood,
of course, that the nitro-cellulose may be of
varying degrees of nitration best suited for
the particular substance with which it is
combined and the purpose for which it is
employed. The solvent employed may be

benzol, ethyl alcohol, m_lﬁ:h,yl_zlmh_nl, ether
_or any other suitable solvent or mixture of

solvents adapted for that purpose. The sol-
vent may ba one which may slightly dissolve
the nitro-cellulose but not sufficiently to
cause the grains to stick together. The gela-
tinizer may be dibutyl phthalate, 1dia-myl
shthalate, tricresyl phosphate, butyl stear-
ate, axmtro-toluene,—% 1methvl ,diph'envlurea
or any other suitable deferrent or plasticizer.

The deterrent or plasticizer may be ap-
plied with any suitable solvent which may
be a solvent only for the plasticizer without
being a solvent for nitro.glycerin or nitro-
cellulose such as carbon tetrachloride in the
case of diamyl phthalate or it may be a sol-
vent for the plasticizer and the nitro-glycerin
as in the case of benzol, or it :»ay be a sol-
vent for the plasticizer, nitro-g.ycerin and a
solvent for lower grades of nitro-cellulose,
such as methyl alcohol, or a mixture of a
solvent and non-solvent for nitro-cellulose,

such as ethvl gcefate and benzol in such pro-
portions that it will not actively attack the
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tes that the plasticizer distributes itself

nitro-cellilose, causing the powder grains to
adhere one to the-other. SR
Tt will furthermoré be understood that

. certain - features and sub-combinations -are

of utility and-may be employed without ref-
erence to other féatures and sub-combina-
tions; that is contemplated by and is within
the scope of the appended claims. It s,
furthermore, to be understood that various
changes may be made in details and oper-
dtions within 'the scope of the appended
claims, without departing from the spirit
of this invention. It is, therefore, to be
understood- that this invention is not to be
limited to the specific details and operations
described. - - 0 0T :
" Having thus described the invention, what
is'claimed is:- - - : - e
" 1. A process of treating double base pow-
ders,’ comprising, partially extracting the
more active base frem a gelatinized part of
a double base grain. - - - - - :

- 2. A process of treating double base pow-
ders, comprising, partially extracting-the

miore -active base’ from the exterior of -a

double base grain. - :
- 8. The process of controlling the ignition or
burning characteristics of a double base pow-
der grain by partial extraction of the more
active base from the extericr of the grain.
4. A process of treating double base pow-~
ders, comprising, partially extracting the
more active base from the grain and replac-
ing the extracted bas¢ with a gelatinizer for
the other base. = ' '
5. A process -of treating deuble base
powders, comprising, partially extracting

the more active base from the grain and re- .

placing the extracted
ing 'component. - .

6. A process " of ‘treating double base
powders, comprising, : partially extracting
the ‘more active base from -a double base
grain so -that the content of the partially
extracted base will decrease from the in-
terior to the surface of the grain. - - =

7. A process of treating double base
powders, comvrising,- partially * extracting
the more active base from a double’ base
grain so that the content of the partially ex-
tracted base will decrease from the interior
to the surface of the grain, and treating the
grain with a deterrent. =~ -

8. A process ‘of improving the  bal-
listic properties of :double base powders,
comprising, removing part of the more active
base by treating a double base grain with
an agent which 1s a solvent for the more ac-
tive of the bases but a substantially non-
solvent for the other base.

9. A process of treating nitro-cellulose-
nitro-glycerin powder grains, comprising,
partially extracting the nitro-glycerin from
the grain.

base by a slower-burn-

1;[0. A process of treating nitro-cellulose-
i .
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nitro-glycerin powder: grains, comprising,
partially extracting the nitro-glycerin. from. P S
the grain and replacing the extracted. nitro- : : T
glycerin with a slower-burning com onent. ' o
5~ 11. A process of treating. pitro-cellulose-
nitro-glycerin powder gralns, - comprising,
partially extracting the nitro-glycerin from
the grain so that the nitro-glycerin content
will decrease from the interior to.the surface

1@ of the grain. o _ ,

12. A process, of improving the ballistic
properties of nitro-cellulose-nitro-glycerin
powder grains comprising, removing part R
of the nitro-glycerin by:treating. the grain - L Sl e

15 with a solvent for nitro-glycerm which is S o
substantially non-solvent for nitro-cellulose. - -

13, A process of treating nitro-cellulose-

__nitro-glycerin powder grains, comprising,

] removing part of the nitro-glycerin by treat-

/20 ing the grain with a solvent for. nitro-glyc-

erin which is substantially non-solvent for
—  “nitro-cellulose and treating the grain to ex-
tract the dissolved nitro-glycerin therefrom.
.= -~ A process of. treating nitro-cellulose-
' %, 28 pilro-glycerin powder grains, comprising,

“ treating the grain with a solvent for nitro-
glycerin substantially non-solvent for nitro-
cellulose and treating the grain with a deter-
Tent. - S

3¢ 15. A double base propellant powder
grain the content of the more active base of
which decreages from the interior fo the sur-
face of the grain. S i

16. A. double base. propellant powder

35 grain the content of the more active base of

___ which-decreases from the interior to the sur-

face. of the grain and which is impregnated

“or coatel. with a slower-burning component.

_ 1% A_-nitro-cellulose-nitro-glycerin pow-

-~ =a0" der grain whose nitro-glycerin content 1s re-

vd;{;éd near the surface of the grain.

- -

8. A nitro-cellulose-nitro-glycerin. pow-
- er grain whose nitro-glycerin content is. ©
reduced near the surface of the grain and
"45 which is. impregnated or coated with a de-
terrent. - - - i S
19. A process of making double base
powders, comprising, partially extracting
the more active base from the grain and
60 replacing the extracted portion with, an in- ‘ -
gredient having a different combustion rate - S
than the extracted base. S Ce T
In testimony whereof I affix my signature
this 1st day of April, 1930. v

- WILLIAM E. WAGNER. -~ 77
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