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"UNITED STATES

eNT OFFICE.

FRANCIS G. DU PONT AND

PIERRE 8. DU PONT, OF WILMINGTOY,
DELAWARE. -

PROCESS OF MAKING SMOKELESS EXPLOSIVES.

ECIFICATION forming part of Lotters Patent No. 503,585, dated August 22,1893,
Application filed March 17,1893, Berial No. 466,483, (No g¢pseimens.) |

To all whom it may COncerw: |

Be it known that we, FRANCIS G. DU IPONT
and PIERRE 8. DU PONT, citizens of the United
States, residing at Wilmington, in the county
of New Castle and State of Delaware, have
invented certain new and useful Improve-
ments. in Explosives; and we do hereby de-
clare the following to bea full, clear, and ex-
act description of the invention, such as will
enable othiers skilled in theart to which it ap-
pertains to make and use the same.

Our invention relates to improvements in
explosives which are particularly adapted for
imparting a high initial velocity to the pro-
iectiles of small bore rifies,such as the Mann-
licher, the Wrag-Jorgensen and the English

.303, and it consists in an improved process.

for producing an explosive from nitro-celiu-
lose, consisting of granulating the nitro-cel-
lulose by agitating therewith, whensuspended
in a fluid, a solvent of the same in suitable
proportions, which wiil be hereinafter fully
described, aud particularly pointed out in the
claims. . - . |
Phe main object of our invention is {o pro-
duee an explosive which will be smokeless, or
neariy so, which will be unaffected by being
kept for a considerable space of time, whicl,

“while imparting a high niuzzie velocity to the
nrojectile, will not cause undue pressure in .

the gun barrel at the moment of firing, and
which can e easily and safely bandled and

stored. Ourinvention hasforits speeial aim,

however, the attainment of a higher initial
velocity than has formerly been attainable by
the use of smokeless explosives, with the aim
of adapting the explosive to use with small
bore rifles, such as those mentioned above.
In our application | |
improvements-in explosives, filed December
91, 1892, Serial No. 455,901, we described a
process for producing smolsless powder,
the distinguishing feature of which was the
eranulation of pure nitro-cellulose by mixing
therewitl a solvent of the same in suitable
proportions, Basing our process on the tend-

“eney which we found was inhereut in the va-

rious solvents of the nitro-celluloses, and es-
peeially the nitro-derivatives of the aromatic

A

|

for Letters Patent for

divided nitro-cellulose is suspended, to-gelze -

the nitro-cellulose and leave the water clear,
forming in the water a more or less coherent

mass, we discovered that when the solvent 18

added in proper proportions, {(and we found
that the proportions of three parts of the
solvent to one of the nitro-cellulose by weight
wasa good working proportion,) and the mass

s

is slightly agitated a well defined granular

condition was the result, the solvent collget
ing the particles of nitro-cellulose into grains,

| and forming acoatingaround thesame. These

orains,'after they have undergone a process
of hardening by rotation in a barrel, and re-
moval of excess of solvent and water con-
tained in the grains by boiling, or by rotation
in a barrel in an atmospliere of steam, in
which case the removal of the excess of solv-
ent and water contained in the grains will
take place at the same timme as the rotation,
become sufficiently firm to be graded as to

size preparatory to being placed on the mar-

ket, and constitute a valuable smokeless pow-.
der, the violence of whose explosive action
can be diminished by varying the duration of
:he above processes, or it may bestill further
diminished-by the addition of a substaneé to

moderateits action. Webave found nitrated

rosin and nitrated turpentine especially suit-
od for this purpose, and we add them in the

cation. We have discovered, however, that
inereased hardness and eonsolidation of the
grains thus formed may be obtained by sub-
jecting th: grains, either directly after they
have been removed (rom the churn in which
they were formed, or .after they have beeun
subjected to partial treatment by rotatioy il
an aimosphere of steam in order to remove
the excess of solvent, to the action of a gen-
tle heat, not sufiicient to cause vaporization
of the solvent, but to remove some ef the wa-

| ter condensed in the grains, this discovery
being based upon the property, which we have .

found the grain possesses, of giving.up. its

70

5

8o
manner and proportion stated in said appli-

QO

05

contained water before it parts with the solv-

ent used in
hoaft. o .

its “preparation, and at a_lower

In the drawings accompanying and form-

group, when mixed in a fiuid in which {inely | ing a part of this application, we have repre-

100
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sented the apparatus which we use in CArry-
1ng out our process, Figure 1, which is taken
o3 the line'z:x Fig. 17, lookingin the direction
~ of the arrow, illustrating the echurn in whieh
5 the mixture of the nitro-celiulose with the
solvent takes place; Fig, 13 being a sectional
- view of the same; and Fig..2 being a repre-
sentation of the rotating barrel in whieh the

~grains formed in the ehurn shown in IFje. 1
are hardened and rounded, and thus fitted |

IO
| It is taken on the line y y Fig. on,
Fig. 2% is a view taken on the line = z Fig. 2,
looking in the direction of the arrow, It
shows the double series of apertures .iv, the
inner bulkhead of the Darrel, and also the

for use.

serles of cycloidal chutes which conduet the
water of condensation, reccived through the

outer series of apertures in tle bulkhead, to

the apertures in the central pipe forining the

~20 axlis of the bﬂrm], by which the said water IS
conveyed away. |

Before proceeding with a deseri ption of our

process, we will descril-e the apparatus nsed
In earrying it out.

Referring to Figs. 1 and 1%, A represents a
churn, in which, by a shaft I3, are rotated the
blades b, each of which is formed with a
notched outer surface to promote currents
from side to side in the contents of the churn
during rotation. Steam inlet pipes Care pro-
vided which are relatively small in diameter,
50 that the steam will be well distributed
through the contents of the churn,and a sin-
gle steam outlet pipe D, whieh leads to the
refrigerating coils E, where the vapors which
it conduets may be condensed. Anp opening
F i8 provided for the admission of material,
and an opening C’ to aid in flushing the inte-
-rior ¢f the chiurn when desired. Tesl cocks
11 are also provided, in order that the con-
dition of the contents of tho chern may at
any time be inspeected. N o
~1n Figs. 2 and 2, the rotating barre] is rep-
resented in which the grains of explosive pro-
duced in the churn just described are hard-
“ened and prepared for use. This barrel, IJ,
18 provided with a tubular axis I, journaled
in the supports £ ¢, to which axis steam is con-
ducted: by the pipe 2, and from which steam
Is conveyed away by the pipe 3. ‘This barrel
is designed to facilitate the escape of "both
water and steam, the latter carrying off the
solvent used, and to thisend is formed with an
innerbulkhead X,whiechis placedin ¢lose prox-
imity to the bulkhead H?of the barrel. In this
inner bulkhead are formed two series of ap-
ertures, one around its periphery 8, for the
geparation of water fromn the contents of the
barrel, and qne near. its center d, for the es-
I3 cape of steam from the same, Belween the

iwo bulkheads X and X2 are arraneed a sc.

ries of cycloidal chntes or guides by, all of
which converge toward the centra] axis. In

| the operation of the barrel, steam isadmi Lted
65 to its interior through the aperture 5 in the
central axis, passing out th rough theapertures
9 iu the bulkhead K, from whieh it passes

30
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‘solvent of gun cofton not miscible to

through the axis I and ti:e pipe 3. Waterof
condensation, as fast as fermed, and also the
water separated from the grains of explosive,
passes throngh the outer gerics of apertures

In the Dulkhead KX at the lower part of the.

revolution of the barrel into the space De-
tween ihe said bulkhead I and bulkheal
K% and is conducted by the cycloidal chutes
towaid the axis of the barrel, then passing
the apertures ¢ formed at this

. Proceeding now with our process; we place
in-the ehurn A about ninety liters of water,
or other liquid, which may either be pure, or
mixed with any salt. When water is uced,
we sometimes dissolve ‘
ciuin, conimon salt, saltpeter or other salt, as
we can thus modify in man y ways the char-
acteristies of the grains formed. Wa add to
the water about six kilograms of gun cotton,
beating it up with the wator in the churn
until a thorough mixture has taken place.
When this has been accom plished, we add to
the mixture nitro benzole, or other. suitable
any
great extent in the liquid
the gun eotton, such as nitro-toluol and nitro-
xylol, to the extent of about three times the
weight of the gun cotton. When the agita-

tion of the contents of. the churn is c¢ontin-

ued, the gun cotton assumes a well defined

granular state, the grains formed, being soft-

and containing considerable water. During

: 1t passes
out through the refrigerating coils carries

with it a portion of the solvent, which is re-.
- This action of the

covered in the said eoils;
stedm is not, however, essential to the pro-
duction of the grains, though it aASsists in
their formation, and may
detriment
grains may be varied oy ehanging the prot
portions of -the ingredients and theduration.
of treatment. The.above is an example of
proportions which give good results.
of placing the grains thus formed ‘directly
into the rotdting barrels shown in Figs. 2 and
2% and rotating said barrel with ingress of
Steam until the excess of volatile solvent has
been entirely evaporated from the graifis, as
we do.in the process deseribed in the applica-
tion for Letlers Patent for improvements in
explosivesalready reforred to, we have found
that better resalts as to the hard ness and de-
gree of consolidation of the resulting grains
inay be obtained by subjecting the erains to a
gentle heat, ranging say from 120° to 180°
Fahrenheit, either |

placed in the rotating barrel, or after they
have been partially treated in the same. This
result is due to a property which the grains
possess of pariing with the water condensed
i their fiber before they part with the soly-
ent used in tlicir preparation. By heating
the said grainsn 4 point not sufficient to
carry away the solvent, hut onl y toevaporato

used to suspend.

be omitted without
to the product. ‘The 8ize of the

before the grains are
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the water contained in the fibers of thegrains,

most of the said contained water ig separated

from the grains before the
hard. 'This they do when treated by boiling

¢ fortheremoval of the excess of solvent.. Since,
therefore, by this IMeans & greater-pmport.ion

of the water condensed 1n the fibers 18 re-
moved than is the case when the- grainsare
hoiled for removal of all excess of solvent
without this primary or intermediate heating,
the resulting grains are harder and more
“dense, and thus becomne fitted to produce the
high initial velocity to the projectile which
is the object of this process. It is not mate-
rial whether the arains be subjected to this
gentle heat before they have been treated by
Yboiling for removal
after they have been partially
only being necessary that they be so treated
before the outer envelope of the graing be-
comes s0 hard as not to permit the passiage
of water through the same. |

We do not confine ourselves 1o the tem-
peratures mentioned, although we find them

" 25 good for the purposo intended, nor do we cor-
fine ourselvesto any particular method of ex-
posing
Jrier.such asis used in sugat refineries, Or
spreading the graing upon sieves, or adopting
any other method for the desired purpose. .
After thisroasting process has been carried
to a greater or less extent, dependent upot
_ the condition of the vrains and the degree of
* consolidation required, the grain is treated in
35 -the usual manner, the solvent being boiled off
iq the steam barrel, or in a still, or in the
open air. '

\We have found that better results are ob-
tained in the use of the barrel by creating a
yvacuuin at the steam outlet pipe, as the va-
pors are thereby more rapidly conveyed away,
and the amountof time required for the treat-
ment in the barrel 1s reduced. .

The explosive force of the explosive thus
produced may be tempered in the sanie man-
Ler as was the explosive produced by oul pro-

 eess for which application for Letters Patent
has already been made, namely,
{rom two and one-half per cent. to ten per
cent. of a moderating agent, such as nitrated
rosin or nitrated {arpentine, ¢ €., rosin or
Venice turpenting ¢ ponted with nitrieacid, sl

71O

so treated, 1t

20

30

40

O

though we o not confine ourselves to the use |

of these substances, not to the proportions
menticned. We addr this
by dissolving . the samo in the solvent used
in the granulation process, or by adding it to
‘he finished grain, or in any other suitable
manner, but it must be added in the propor-

55

0o
duet as it 1 non-volatile at the temperatires

used. 3

We have deseribed the.gun cotton as be-
ing diffused: in water, but it is evident that
any other

eotton in the churnmay he used instead; and

grains become

and changed without affecting the merits of

of excess of solvent, or

the grains 1o heat, using & rotating

by adding !

moderating acent i

tion whieh it 158 1o hear to the finished pro- |1

r {luid, which will cause a better, or
as good & distribution of the particles of gun-.

while gun cotton has been described as the’

form of nitid-cellulose amployed in the pro-

cess, it is evident that other forms of :nitro-
cellulose may be used instead if desired. -

. We do not «cnfine ourselves to-the exact

proportions mentioned, nor to the particular

apparatus described, as these can be varied

Our process.

19

75

What we claim as new, and desire to secure

by Letters Patent, 15— . -

1. The herein deseribed process for prodae- .
ing a smokeless gxplosive, which consists in
suspending nitro-cellulose in a liquid not a
<olvent of the same, granulating the nitro-

cellulose by agitating therewith in proper pro-
portions a suitable solvent of the

same not
areat extent 1n the liquid
ased to suspend the nitro-cellulose, and so-
lidifying the grains thus formed by subject-
ing thesame to & heat insufficient to vaporize
ihe solvent but sufficient to vaporize the lig-
uigl for removal of theliquid contained in the
orains, and then removing the excess of solv-

miscible to any

" ent, substantially as deseribed.

o The herein deseribed process for produc-
ing a smokeless explosive, which consists 1.
guspending nitro-cellulose in a liquid not a
solvent of the same, granulating the nitro-
cellulose by agitatiug:therewit,h in proper pro-
portions asuitable solvent not mniseible to any
areat extent in the liquid used to suspend the

nitro-celinlose, and solidifying the arains thus

formed Dy subjeciing the same to a heat in:
cufficient to vaporize the solvent bul suffi-
sient to vaporize the liquid for removal of the
liquid contained in the Jrains, and then to a
Leat sufficient o vaporize the solvent for re-
moval of the excess of solvent, substantialy
as described. | - -

3. The herein deseribed process for produg:.
ing a smokeless e xplosive, which consists in
suspending nitro-esliulose in a liquid not &
solvent of liie same, granulating the nitro-
cellulose by agitaticg therewith in preperpml
porticus a suitable solventnot miscible-{oany
areat extent inthe liquid used to suspend the

Bo

o¢

95 -

100

10§

11O

- tro-cellulose, aud solidifying the grainsthiis 113

e same and cxcess of solvent by & .bjecting
them toaheat rarging from 120° to
enheit for removal of the ligquid, and then
boiling them for removal of excess of solvent;
substantially as deseribedss o ﬂ
- 4 Theherein deseribed process for produec-
inyr a smokeless explosive, which consists 1n -
susvending nitro-cellulose in-a liguid not a
solvent of the sameé, granulating the nitro-
cellulose by agitating therewith in proper pro-
‘ortions asuitable solvent not miscible toany
oreat extent in the ligaid used tosuspend the
nitro-cellulose, and solidifying the grains thus
formod by subjeeting the saneto a heat in-
sulti¢ient 10 \'aipm"ize-t,h‘o'Sulmilt_*-bllt; sufli=

cient Lo vaporize the li phid fOT;'i‘{t'lﬁb&’_;il'of'tl;g
liquid contained in the-grains, and then to ad
heat suflicient 1o vaporize the solven! for re-

formed with removal of liquid contained 1n_

180U Fﬂ]lrﬂf -'

120

125
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moval of the excess of solvent, the latter op- | soivent but sufficient to vaporize the 'li.iiﬁ\igl }

- eration being accompanied by agitation, sub- | for removal of the liquid contained in the 15

- stantially as deseribed. . =~ = - ‘grains, and then rotating the grains in an at- |
-+ _.9. The berein described.process for produe- | mosphers of steam for removal of the excess

5 ing a'smokeless explosive, which copsists“in-] of solvent;substantially as deseribed. |

- suspending nitro-celluloser in a liguid not a'}" In testimony whereof weaffixoursignatures

| L]

- solvent of the samse, granulating the nitro- | in presenceof two witnesses.
- cellulose by agitating therewith in proper pro- R FRANCIS G. DU PONT.

o portions a suitable solvent of the same not | P AT o
ro-misgible to any great extentin theliquidused{ = PIE‘RRE S- _' bU PONT o

~ to suspend the nitro-celluiose, and solidify-| Witnesses: B

- Ing the grains thus formed by subjecting the |  IIENRY J. CRIPPEN,

same to a heat insufficient to vaporize thel - Francis I IIOFFECKER.
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