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_/This invention relates to the production of smokeless
powders and more particularly to the production of smoke-
less powders having peculiarly desirable ballistics' for ap-
plications in' jet-actuated devices. ' v
', 1t is well known that there is a definite and direct rela-
tionship between the pressure at which a smokeless pow-
der propeliant burns and its bufning rate.” This relation-
ship may be mathematically expressed as r=cP® or as
log r=nlog P{log ¢, ‘where r is the burning rate, P is
the pressure at which the burning rate is measured, and
¢ and n are constants characteristic of a given propelant.
Thus, when 2 plot of log r against log P.is made for the
conventional propellant, a, straight line of slope n is ob-
tained showing dn- increase in burming rate for each in-
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where AP is the experimental difference in pressure under
‘conditions of equilibritm: burning due to the tempera-
ture change Af; and P is the mean of the low temperatire
and high temperature pressures. o
The advantage of having a low temperature coefficient
of equilibrium pressure is obvious. If the coefficient is
low, the jet-actuated device may be designed for an un-
usually low range of service pressure over the wide tem-
perature range ordinarily specified for-such devices in
field use. Since existing propellants generally have tem-
perature coefficients of equilibrium pressure of about

- 0.8%/° C. or more, service pressure may change by
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crease in pressure. Such a relationship is not disadvan- -

tageous in the conventional gun propellant and in fact. is
used to advantage in progressive powders where it i
highly desirable to generate increased presstres after the
projectile or shot charge has begun'to move ‘along the
barrel. - However, this relationship presents a serious
problem in formulation of propellants for jet-actuated de-

" vices since once the desired operating pressure is reached,

totally different considerations  obtain.

It is highly desirable, once the operating pressure of
a jet-actuated device is reached, that the pressure gen-
erated by the burning propellant be maintained. as nearly
contant :as" possible.: - Accordingly, if this result is to be

“attained, the:slope n of the line representing the pressure-
burning rate relationship of the particular propellant must -

desirably: approach Zero in the zone of useful rocket pres-
sure.. In the prior art rocket powders, in all of which the
slope n has a value of 0.7 or over, any fracturing or
slivering of the propellant charge leads to.a pressure
build-up because of an increase in linear burning rate
resulting from the increase in pressure due to the in-
crease in burning surface. - The higher the 7 value of the
particular powder, the higher will be the pressure rise en-
countered. Therefore, the results of such a fracturing or
slivering vary. from. .a highly undesirable thrust’ fluctua-
tion, with consequent aberration in ballistics, to actual
failure of the jet device if, with a propellant of high »

‘value, ‘the pressure build-up: is excessive. Even unusual

roughness of the charge causes serious changes in burn-
ing pressure and burning rate in the presently available
rocket propellants and have been found to build up to an
aberration. of 5% or. more in ballistics. - Consequently,
with -the propellants now -available, there is very little

- allowable tolerance in manufacture of charges and nozzles

for, jet devices. - A propellant having a-very low n valne

' within “the:range of useful ‘rocket pressures, however,

would -allow for considerable tolerances without appreci-
able deviation from the specified ballistics.

A second serious- problem - confronting producers of
propellants for jet-actuated devices is .the diminution of
the temperature coefficient of equilibrium’ pressure at'the
desired; operating pressure or pressure range. The tem-
perature coefficient. of equilibrium pressure is a measure
of the pressure variation to be expected on account of
/temperature variation alone; using-a given propellant. It

- is obtained by firing identical samples of propellant under

identical’ conditions except for changes in temperature
and pressure. - The coefficient may be.expressed as
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100% or more in going from the lowest expected tem-
perature to the highest expected temperature. - It is there-

. fore highly desirable to lower the temperature coefficient

of equilibrium pressure ‘below that of existing rockét -
propellants and thereby hold variation in service pressurés
due to temperature change to a minimum. If the coeffi-
cient could be lowered from 0.8%/° C. to 0.4%/°C. or
less, service pressure variation would be diminished by at
least one-half. :

-As a result of the advantages set forth above for a
propellant having a low n value and a low temperature
coefficient  of equilibrium pressure, the combination of
those two ballistic characteristics would allow additionally
for important economies in the imert weight of jet-actu-
ated devices. This is clearly seen if the equation is exam-
ined which relates the ratic between the mass of propel-
lant (m) and the mass of the jet device without propel-
lant (M), the gas velocity of the burning propellant- (V),
and the highest theoretically obtainable velocity of the
jet device (Vpuy.) as follows: ’ !

A m
V mer.=2.303V oz, (1 +EZ>

With propellants now. available, the highest ratio of
m/M has been about 1, where mass of propellant and
mass of jet device are about equal. If it is possible, by
use of a new propellant which will not build up excessive

‘pressures, to decrease M by 10% and increase the amount

of propellant to give the same total initial weight, Vinax.
would be increased by a factor

1.1
logip (1 +6-§)
1
log (1 +T)

of about 1.15. This would be a 15% improvement.
In my copending application Serial No. 492,802, filed

‘March 7, 1955, of which the present application is a con-

tinuation-in-part, gas-producing compositions are dis-
closed and-claimed which are characterized by the desir-
ably low n value and/or the desirably low temperature
coefficient of equilibrium pressure. - Such gas-producing
compositions can be produced by uniformly incorporat-
ing in a single- or double-base smokeless powder com-
position an amount, not exceeding 10%, of at least one
material selected from the group consisting of lead, lead
‘oxides, inorganic lead compounds and aliphatic com-
pounds of lead. However, it is essential to obtaining
these effects that the finished composition be character-
ized by a heat of explosion of not more: than 900 calories
per.gram. If the smokeless powder to which one of these
bailistic' modifiers is added is a single-base powder, it
should preferably comprise from 85-95% of nitrocellu- .
lose and from 5-15% of nonvolatile, nonexplosive plas-

ticizer. If the propellant used is a multiple-base formula,
it should preferably comprise from 40-85% of nitrocel-
lulose, from 10-35% of explosive liquid nitric ester and
from 5-30% of a substantially nonvolatile, nonexplosive
plasticizer. Up to and including 10% of one or more of
the ballistic modifiers selected from the group consisting
of lead and the inorganic and aliphatic compounds of
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lead may be employed without adversely affecting the
ballistics of the gas-producing compositions of the inven-
tion. However, it is preferred to employ only sufficient
of the additive to effect the desired modification in ballis-
tics. Tn most cases, it has been found that 2% of the
various additives based on the weight of the smokeless
powder employed is ample. While lead powder, lead
oxide, and lead stearate are the preferred modifiers, a
substantial effect has been obtained from the incorpora-
tion of lead or amy inorganic or aliphatic compound of
lead. .
Gas-producing compositions characterized by a low n
value and a low temperature coefficient of equilibrium
pressure have proved greatly advantageous in jet and
rocket applications. Actually, the only difficulty which
has been encountered lies in the fact that each specific
formulation of smokeless powder and ballistic modifier
has been characterized by a specific burning rate at spe-
cific pressures and that the platean area of low n value
wherein a substantially constant burning rate and pressure
are obtained is a peculiar characteristic of a given com-
position. Consequently, in order to obtain either a higher
rate of burning in a particular pressure region of low n
value or to move the region of low n value to a higher
pressure range, it has been necessary to design a specific
charge formula. Such a precedure obviously requires
a considerable amount of experimentation in order to
obtain the desired ballistics even though the desired in-
crease in burning rate or shift in the region of low n
value may be small. )

The object of the present invention, therefore, is a
gas-producing composition which is characterized by a
low n value.

Another object of the invention is a gas-producing com-
position which is characterized by both a low n value
and by a low temperature coefficient of equilibrium pres-
sure.

A further object of the invention is such a gas-pro-
ducing composition in which the burning rate is substan-~
tially increased in a region of low n value within the
range of useful rocket pressures.

An additional object of the invention is a means by
which the burning rate of a gas-producing composition
having a low r value and a low temperature coefficient
of equilibrium pressure in the range of useful rocket
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consisting of lead, the oxides of lead, the inorganic
compounds of lead and the aliphatic compounds of lead,
and an amount of finely-divided carbon not substantially
exceeding the amount of lead or compound of lead; said
gas-producing composition having 2 heat of explosion
of not more than 900 calories per gram.

The burning rates in the plateau or low n value Te-
gion in useful rocket pressure ranges of powders modified
by incorporation of lead or lead compounds have gen-

10 erally ranged from about 0.20 to 0.35 inch/sec. By

the addition to compositions thus modified of finely-di-
“vided carbon in amounts not substantially exceeding the
amount of lead and/or lead compound employed, it is
possible to increase plateau burning rates in the range of

15 useful rocket pressure far above the plateau burning rates

of the same compositions to which no carbon has been
added. It has been found that a preferred range of
carbon addition exists for each ballistic modifier chosen
from the group consisting of lead and compounds of lead.

20 Within this range, the plateau burning rate is strongly

dependent on the carbon concentration and at optimum
concentration, n values of between 0.0 and 0.2 are readily
obtained. In fact, negative n values are often obtained.
Furthermore, there is also an optimum carbon content

95 which will give the maximum burning rate attainable

while still retaining an acceptably low slope in the de-
sired pressure ranges. Carbon concentrations which
achieve these preferred and optimum conditions are natu-
fally functions of each particular basic formula of gas-

30 producing composition. Generally, carbon concentrations

of 1% or less and lead or lead compound concentrations
of 5% or less are preferred. In all cases, however, the
amount of carbon must not exceed the amount of lead
and/or lead compound employed. The upper limit of
lead and/or lead compound ballistic modifier is 10%.
Lead stearate is the preferred ballistic modifier.

While the finely-divided carbon may vary in particle
size, the smaller particle sizes are most effective. The

40 &reatest increase in plateau burning rate which has been

obtained has been with a carbon black having an average
particle size of .01 or less micron.

Having generally described the invention, the follow-
ing examples are presented for purposes of illustration.

45 In Table 1, ballistics are shown for gas-producing com-

positions having the general formula:

pressure can be substantially increased without inordinate- Nitrocellulose (12.6% N) oo 58.5
ly increasing the n value. Nitroglycerin 275
.Generally described, the present invention is a gas- 50 Triacetin e e 7.5-10.0
producing composition comprising a smokeless powder Ethyl centralite — —— 1.0- 4.0
having uniformly incorporated therein an amount not Lead stearate - 1.0~ 6.0
exceeding 10% of at least one material of the group Carbon (“Excello,” 0.03 micron) - ee—e——- 0.2- 1.0
Table I
VARIATIONS IN BALLISTICS WITH CONCENTRATIONS OF LEAD STEARATE AND CARBON BLACK
Composition Interpolated burning rate QGraphical » Temp.
Bx coef{l.. gf Heat of
. equilib- exp.
C.B. | PbStr. | Pressure | At 25° C.] Af50°C. Pressure T L./g.
12.6% | NG | TA | EC |(added)| (nomi-| (p.s.i) (in./see.) | (in.fsec.) interval n pregslllllre (calfg)
N ) nal) (p.s.i) (percent/°®
’ C.)
loceee 58.5 | 21.0| 85| 40| None 2.0 500 0.15 0.16 300- 670 | 0.58 0.5 793
1,000 0.19 0.22 570- 840 | 0.18 .
1, 500 0.25 0.28 840-2,250 | 0.66
2,000 0.31 0.34 | 2,250-4,000 | 1.09
2 s5|27.0| 85] 40| 03] 20 250 0% 0.2
_____ . . , . . . . 0.25 300-1,400 |  0.67 0.4 778
1,000 0,37 0.40 | 1,400-3,000 | 0.17
1,500 0.47 0.50 | 3,000-4,000 | 0.50
2,000 0.49 0.53
2, 500 0.51 0. 55
I 58.5 | 27.0| 85| 40| 0.5 2.0 500 0.22 0.23 300-1,500 | 0.7 |- 0.4 772
- 1,000 0.36 0.38 | 1,500-4,000 { 0.21
1, 500 0.48 0.51 | 4,000~4,600 | 0.52
2,000 0. 51 0.54
2, 500 0.53 0.57 .
A 58.5|27.0 85| 40| 075 2.0 500 0.21 0.24 320-1,000 | 0.61 0.7 762
1,000 0.32 0.36 | 1,000-4,000 | 0.39 )
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- VARIATIONS IN. BALLISTIOS, WITH, CONCENTRATIONS OF LEAD STEARATE AND CARBON BLACK
Composition Interpolated burning rate Graphical n Temp.
: 4 coefl. of | Heatof
Ex. equilib- exp.
i - : --C.B. [PbStr. At 50°C. | - Pressure rivm | (eal./g.)
12.6% | NG | TA | EC |(added)| (nomi- (in./sec.) interval n pressure
N nal) (p.s.i) ‘| (percent/®
: C.)
0.38 0.42
0.42 0.47
0.48 0.52
beenn- 68.527.9 |86 40| .15 2.0 0.20] . 0.22| 300-1,150 | 0.64 0.6 734
e SR 032 0.36 | 1,150-2,100] 0.52 i
0.40 0.45 2,100-4,000 | 0.34
: 0,47 0.52
. . 0. 51 0.56
6sis 58,5 | 27.0 | 851 40 20 2.0
0.33 0.35 | 700-1,400 | 0.8 0.4 715
0.38 0.43 | 1,400-4,000 | 0,52
. 0.44 0.49
: 1 5 0.50 0.55
L 585|270 | 85| 307 Nome| 3.0 019 0:20| 150~-315| 102 0.3 797
" ‘ ‘ 0.19 0.21 | 315~ 520| 0.32
0.25 1 0.20| -5%0--840 | 03¢
0.31 0.35 | . 840-2,450 | 0.73
S ‘ 0.37 0.42 | 2,450-4,000 | 1.02
T 58.5)27.0| 85 3.0 0.8] 30 0.25 0.26 |  300-1,300 | . 0.71 0.2 782
‘ - 0.42 0.44 | 1,300-2,800 | - 0.00
0.51 G54 | -2,800-4,200 | 0.83
0.51 0.54| -
0. 51 0.54
I 58.5.| 27.0-] 85| 3.0 0.5 3.0 0.26 0.20 | 300~ 500 | 0:83 0.4 776
‘ 0.40 0.42'|  500-1,650 | 0.60
0.50 0.54 |~ 1,650-3,900 | 0.08
0.55 0.58 | 3,000-5,000 | 0,94
. ‘ 0.56 0.59
0....| -88.6]2n0f 85 80| 07 30 0.26° 0.28 |~ 300-.900 | 0.63 0.2 766
: 0.41 0.43 |  900-1,700 | 0.52
0.51 0.54 | 1,700-4,000 | - 0.19
0. 56 0.59
L 0.59 0.62
m....| 5852001 85| 3.0 10 30 0.2 0.28 | 340- 530 | 0.73 0.4 756
038 0.42 | 530-1,900 | 0.56
0.48 | --0.53 | 1,000-4,000 | - 0.24
0. 56. 0.61
0.59 0.64
12....| s8.5[2n.0] 85| 20| None| 40 0.16 0.18| 100~ 300| 1.0 0.7 801
» 018 0.21 | 300~ 80| 0.0
0,25 0.28 | - 860°2,500 | 0.78
0.31 0.35 | 2,500-4,000 |~ 0.90
_ 0.37 0.43
1B 85]2.0{ 85| 20{ 01 4.0 0.22 0.24 [ 200- 470 | 0.47 0.3 707
S 018 . 0.20| 470~ 980 | —0.36
0:24 0.28'| -980-4,000 | 0.78
0.31| . 035 :
‘ ‘ 0.36 0.42
H4....| 585(2.0] 85| 2.0 0.2 4.0 0.24 0.25 |  300- 500| 0.5 0.3 792
: 0.24 0.26-|  500-1,100 | 0.0
028 0.30 | 1,100-1,500 | 0.54
0.35 0.38 1 .1,500-4,000 | 0.78
0. 41 0.45
16....| ®.5|200] 85| 20| ‘0.25| 4.0 0.96 0.20 | 310- 50| 0.42 0.4 701
' 0.25| - 0.28{ - 520-1,275 | ~0.08
0.28 0.82 | 1,275-4,000 | 0.74
0.35 0.40
. 0.51 0.46 : :
16....] :56.5 2704 85] 20| 03 4.0 0.26 0.23 | 330~ 540 | 0.58 0.4 789
‘ 030 0.33 |  540-1,500 |- 0.0
0.30 0.33 | 1,500-4,000 | 0.66
0.36 0.40
, ' 8’% 333 300- 900 | 0.70 0.4 786
7..oo| 58512700 85|20 035 40 .04 . - . .
! 5 ; : 0.38 0.41 | 900-2,000 | 0.09
0.40 0.43 | 2,000-4,000 | 0.60
0.41 0.44
0.45 0.49
18....| 58.5|21.0] 85| 20| 0.4 4.0 0.27 0.20 | 300~ 860 | 0.58 0.2 786
. 0.38 0.42 | 860-2,400 | 0.16
0.41 0.45 | .2,400-4,000 | 0.58
0.43 0.47 |
0.45 0.48
9.0 s852n0| 86| 20| 05 4.0 0.26 0.28 | 300-1,075 | 0.60 0.3, 780
0.39 0.42 | 1,075-2,900 | - 0.17 '
0.43 0.48 | 2,900-4,000 | 0.55
0.46 050 |
0:58 o5 300-1,500 | 0.58 0.3 o
..l 885210 | 85| .20 075] 4.0 . 26 . ; . .
2 0.39 | . 0.42] 1,500-4,000 | 0.25
0.50 0.53 | 4,000-5,000 | 0:68
0. 54 0.57
' i ggg 8;23 260-1,300 | 0.58 0.4 760
5 270 85| 20| 1.0 4.0 ; , . 5 .
Hoson BBE A 0.42 0.45 | 1,300-2,600 | 0.38
0. 51 0.55 | 2,000-4,000 | 0.21
0,58 0.64 | 4,000-5,000 | 0.48
- 8'3% 838 300- 720 | 0.58 0.4 777
5120.0] 7.5 Lo} 0.5 6.0 ; ; = .58 .
% 5.5 ‘ : 0.36 0,39 | 720-2,260 | - 0.14
10,38 0.41 | " 2,250-4,500 | 0.78
0.40 0.43 |
1 o o 33 0%l 2 300 | 0.58 0.3 767
51270 72.6| 10| 0.7 | . 6.0 .27 . , ; .
2 t.8 g - 0.41 0.44 | 1,300-3,000 | 0.15
0.49 0.52 | 3,000-4,000 | 050
0.51 0.54
0.53 0.56
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In Table II, ballistics are shown for gas-producing com-
positions formed by adding 0.5% of carbon having vary-
ing particle size to the following basic composition:

Nitrocellulose (12.6% N) - —— 585
Nitroglycerin —————_. e ——————— 27.0
TrACEtiN o e 8.5
Ethyl centralite - e 20
Lead stearate - e e e e 4.0

8

centage of various ballistic modifiers selected from the
group consisting of lead, the inorganic compounds of lead
and the aliphatic compounds of lead. The following basic
formula was employed: ' " p

Percent
5 Nitrocellulose (12.6% N) ccoccoem e 58.5. .
Nitroglycerin - 27.0.
Triacetin o e 8.5.
Ethyl centralite - oo m e 2.0. -
Ballistic modifier - ———_~ e (As indicated).

10 Carbon black (“Excello,” 0.03 micron).. 0.0-0.5.

Table 11
BALLISTIC EFFECTS OF FINELY DIVIDED CARBONS OF VARIOUS PARTICLE SIZE
Interpolated burning rate Graphical # Temp.
coeff. of | Heat of
Ex. Type of carbon Particle size of carbon black equilibrium|  exp.
: Pressure | Rate at | Rate at Pressure pressure | (cal./g.)
(p.s.i) 5° C. 50° C. interval (Percent/
(in.fsec.) | (in.fsec.) (p.s.i) °C.)
7 S— None.... - 500 0.16 0.18 100~ 300 L0 0.7 801
1,600 0.18 0.21 300~ 860 0.0
1, 500 0. 25 0.28 860-2, 500 0.78
2,000 0.31 0.35 | 2,500-4,000 0.90
2, 500 0.37 0.43
25 - Carbon black “Excello”_ . --| 0.03 micron—{average).._..---.- §00 0.28 0.30 300~ 700 0.78 0.2 780
1, 000 0.44 0. 46 700-1, 300 0. 52
1, 500 0. 52 0.54 | 1,300-3,000 0.00
2,000 0. 52 0.54 | 3,000-4,000 0. 69
2, 500 0. 52 0. 54
26.-.. Carbon black Neo Spectra | 0.01 micron—(average)--...---- 500 0.33 0.35 300~ 740 0. 60 0.3 780
ark I. 1, 000 0.45 0.48 740-2, 000 0.34
1, 500 0. 52 0.55 | 2,000-4,000 0.14
2,000 0. 58 0. 60
2, 500 0.59 0. 62
27 .. Lamp black o cacaoeemoeouns Data not available. Believed 500 0.29 0.33 250- 780 0.78 0.2 780
similar to “Excello” Carbon 1,000 0.45 0.48 780~1, 500 0.32
Black. 1, 500 0. 52 0.55 1 1,500-2,650 | —0.44
2,090 0.46 0.49 | 2,650-4,000 0.73
2, 500 0.42 0.44 .
28 .. - Animal black .o coooaemcenan Less than 44 microns e 500 0.22 0.25 300~ 700 0,42 0.2 780
1,000 0.24 0.26 700-1,225 | ~0.19
1, 500 0.27 0.31 1 1,225-2,900 0.78
2,000 0. 34 0.38 | 2,900-4,000 10
2, 500 0.40 0.45
29.__..] Acetylene black.-muoacnaoen 0.05 micron—(aVersge) - - -—------ 500 0.26 0.28 360~ 520 0.95 0.2 780
1,000 0.40 0.42 520-1, 225 0.57
1, 500 0.46 0.48 11,2252, 500 0.0
2, 000 0.46 0.48 | 2, 5004, 000 0.68
2, 500 0.46 0. 50
30! Colloidal graphite (“Aqua- | 1.0 micron—(average) - —--------- 500 0.25 0.26 300~ 800 0.80 0.2 780
dag’”) 1,000 0.40 0.42 800-1, 750 0.40
1, 500 0. 46 0.49 | 1,750-3,000 | —0.11
2,000 0.48 0.51  3,000-4,000 0. 80
2, 500 0.47 0. 50
3l ‘Wood charcoal. . meouumnoacun Liess than 44 microns oo oo 500 0.20 0.21 110- 370 0.94 0.3 780
’ 1,000 0.20 0.22 370- 840 | —0.18
1,500 0.27 0. 30 840-3, 000 0.73
2,000 0.33 0.37 | 3,000-4, 000 0.90
2, 500 0.39 0.43
32| Coconut chareoal. . ccera|-ne-- {51318 T — 500 0.22 0.23 300- 550 0.48 0.2 780
1,000 0.20 0.21 550-1,000 | —0.24
1, 500 0.26 0.29 | 1,000-2,700 0.71
2,000 0.32 0.361 2,700-4,000 1.02
2, 500 0.37 0.42
33..__.] Graphite __ o emaa| e 0.2 e 500 0.18 0.20 200~ 400 0.72 0.2 780
1,000 0.19 0.21 400- 900§ —0.15
1, 500 0.25 0.28 900-2, 500 0.70
2,000 0.30 0.341 2,500-3,000 L1
2, 500 0.35 0.39
1 Ball milled and screened thru a 325 mesh screen.
2 Passes thru a 326 mesh screen as supplied.
In Table III, the ballistic data are set forth to illusirate
the effect of carbon black addition to gas-producing com-
positions of the invention containing the indicated per-
Table 111
CARBON BLACK EFFECT ON BALLISTICS OF SOME PLATEAU PROPELLANTS
Interpolated burning rate QGraphical 2 Temp.
Carbon coeff. of | Heat of
Ex. Lead compound (percent) black equilibrium| exp.
: (added)| Pressure | At 25° C.jAt 50° C.| Pressure pressure | (cal.fg.)
(p.si.) | (in./sec.) | (in.fsec.) interval n (pereent/
(p.s.i.) °C.)
34 ... 4.0% lead stearate__....o. oo None 500 0.18 0.18 100- 300 1.0 0.7 801
1,000 0.18 0.21 300- 860 0.0
1, 500 0.25 0.28 860-2, 500 0.78
2,000 0,31 0.35 | 2,500-4,000 0. 90
: 2, 500 0.37 0.43 . )
1T P [ SR 0.5 500 0.26 0.28 300-1,075 0.60 0.4 780
1,000 0.39 0.42 | 1,075-2,900 0.17
1, 500 0,43 0.48 | 2,600-4,000 0.55
2,000 0.46 0. 60
2, 500 0.48 | _ 0.52]
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Table 111—Continued
Interpolated burning rate Graphical # Temp.
Carbo! : _ . coeff,'of | Heat of
Ex, Lead compound (percent) black . {77 e I A equilibrium{ exp.
(added)| Pressure’| At 25° Q.J/At50° C.| Pressure pressure | (eal./g.)
(p.sd) | (n.fsec) | (in./sec.) interval n (percent/
. (psd) °C). .
86.....| 4.0%lead molybdate__..___._.____ None 500 0.21 0.24 300- 730 0.63 0.7 897
: : 1,000 0,31 0.34 730-2, 050 0.47 .
1, 500 0.38 0.43 | = 2,050-4, 000 0. 62
2,000 0. 45 0.49 .
2,500 0. 50 0.55
- (R JU L& S S 0.5 500 0,28 0.30 300- 640 1.1 0.4 8768
1,600 :0.34 0.48 640-2, 000, 0.45
1, 500 0. 54 0.58 | 2,000-3,000 0.15
2,000 0. 60 0.64 | 3,000-4,000 | - 0.63
2,500 ;0. 64 0.68 \
38.....} 1.0% meta lead paste t__._.__...._. None 500 0.22 0.24 300~ 740, 0.32 (oo .. 693
1,000 0.25 0,27 740-1, 300 0.00 0.28
1, 500 0.28 0.30 | 1,300-4, 000 0.70,
. 2,000 -0.34 0.37 '
: 2,-500 =0.40 0:44 ’
1t I S doo o - 0.2 500 028 |- 024 200-1, 250 0.76 | .. - 685
1,000 0.39:1- °-0.43 | 1,250-2,900 0,08 0.26 :
1,500 0.47 0.49 | 2,000-4, 000 . 58
;000 0,48 0:51 : .
2,500 0.49 0.52
40 .. 2,0% 1ead perchlorate. . .cwoooooool None 500 0.25 -0.28 <300~ 490 0.56 |l S 873
1,000 0.30 ‘0.83 490-1, 125 0.24 0.47
1,500 0.37.1 0.43 1 1,125-2,500 0.67
2,000 0.45 0.51 i 2, 5004,000 | 1.06
2,500 0. 53 0. 59 ’
s WOV P L 1o A S 0.2 500 0.28 0.30 300~ 720 0,84 | oo - 865
1,000 0.40 0.42 720- 900 0,32
1, 500 0,41 0.45 900-1,375 | —0.17 0:.20
2, 600 0.47 0.63 | 1,375-2,350 0. 53
- : 2, 500 0.55°f 0.62°| 2,350-4,000 |~ 0.81
42 . 4.0% lead 2-ethyl hexoate ..o..... None 500. 0,18 0.19 100- 200 1.2 0.3 828
. 1,000 0,21 0.24 200~ 300 0.33
1,500 0.27 0.31 300~ 500 | —0.38
, 000 0.34 0.39 500~ . 720 0.19
2,500 0.42 0.50 ‘720-1, 800 0.58
1, 8004, 000 11
43.... P Ty S RN 0.5 500 0,30 0.32 300-1, 100 0,57 0.3 807
1,000 0,45 0.48 [ 1,100-3,100 0.26 |
1,500 0.52 0.54.f 3,100-4, 000 | .0.50
2,000 0.56.].  0.59 X '
2, 500 0.60 0.63 L
44.....| 2,0%1ead methoxy propionate__... None 500 0,16 0.18 150- 350 0.80 Joemcmaooeo 899
1,000 0.22 0.25 350~ 680 0.18 0.70
1,500 0.28 0.31 680-1, 750 0.65
2,000 0.37 0:45 |- 1,750-4,000 | 1.2
2, 500 0.49 0. 59
45 el L [ O SN 0.2 500 0,26 0.24 200- ‘330 U2 i (8 T 877
1,000 0,28 0.29 330- 800 0.42
1,500 -0.31 0.34 800-1, 325 0.03 021
2,000 0.37 0.43 | . 1,325-2,025.] - 0.63
2,500 0.45 0.52 | 2,025-4,000 | 0.89 |
_____ 2,09 lead ethoxy proplonate..-.--.| None §0 0.23 0.26 300~ 530 0.91 |ooae 837
) ’ 1,000 0,24 0.28 530-1, 000 0.00 0. 50
. 1, 500 0.30 0.34 | 1,000-2,100 0.50
2,000 0.35 0.41 | 2,100-4,000 1.20
2, 500 0,44 0. 50 -
47 e do. 0.4 500 0,22 0,25 310-1, 145 0.75 |aomcimommans 823
1,000 0.36 ©0.40 ] 1,145-1,700 [ 0.40°
1, 500 0.45 ~0.47 | 1,700-2,300 | —0.21 0.09
2, 000 0.46 0.45 | 2, 300~-4,000 0.65
2, 500 0.45 0.51
48 ... 2.0% tribasic lead maleate ... None 500 0.20 0.22 150~ 260 0.24 839
: 1,000 0. 25 0.27 260-.. 770 0,08 Q.45
1, 500 0.32 0,37 770-1, 950 0.67
2,000 0. 40. 0.47 | 1,950-4, 000 0.93
2, 500 0.49 0.57 ’ o
49 e do 0.2 500 0.29 0.28 100~ 750 0.29 825
1,000 0.32 0.34 750~1, 350 0.00 0.36
1, 500 0.35 0.42 | 1,3850-4,000 0.78
2,000 0.44 0. 50 .
2, 500. 0.52 0.60 : A
DGR i 17/ 17 T+ VL I None 500 0.22 0.24 300- 710 0.37 0.3 696.
' N 1,000 0.25 0.27 710-1,350 0.00
1, 500, 0.27 . 0.30 | 1,350-4, 000 0.78
2,000 0.34 0.37
2,500 0.40 0.44 .
F3 T I do 0.2 500 0.22 1 0.24 500-1, 250 0.84 0.3 682
. 1,000 0.38 0.43 { . 1,250-2,900 0.10. -
1, 500 0.47 0.49 | 2,900-4,000 0.55 |
2, 000 0,48 0.51 e ’
2,500 0.49 0.62 1
52 .. 4.0% lead sulfide. oo cmcevmeeeerin None 500 0.24 0.25 300~ 530 0.32 0.3 890
1,000 0.28 0.30 530-1, 200 0.20
1, 500 0.35 0.38 | 1,200-4, 000 0,82
2,000 0.44 - 0.49
2, 600 0.53 0.59
it T RN do. 0.5 500 0.38 0.43 300~ 650 0.66 0.4 869
’ 2 1,000 0.54 0.59 550-1, 775 0. 44
1, 500 0. 85 0.71 1 1,775-4,000 0.19
2,000 0.72 0.77
2, 500 0.74 0:80
. b4.__..| 4% lead monoxide None 500 0.17 0.19 185- 550 0.02 0.4 884
B S o 1,000 0.25 0.29 550-1, 450 0.61 !
, 500 0.32 0.88 | 1,450-4, 000 0.97
2, 000 0.42 0. 50 -
2,600 0.53 0.62
55 . do 0.5 500 0.23 0.26 100- 190 | 0.60 0.5 863
1,000 0.31 0.34 190- 700 0.18
1, 500 0.40 0.45 700-1, 350 0.57
2,000 0.50-[.  0.56 | -1,350=4, 000 0.75
2, 500 0,60 0. 66
56, 1% tetraethyl Jead. . coocociooroiic None " 500 0.23 0.24 300-- 5001 0.24 0:3 - 682
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’ Table 11I—Continued i
Interpolated burning rate Graphical » Temp.
Carbon coefl, of | Heat of
Ex. Lead compound (percent) black equilibrium| exp.
- (added)| Pressure | At 25° C.| At 50° C. Pressure pressurej (cal.))
(p.si) | (n./sec.) | (In.fsec.) interval n (percent/
(p.s.k.) °Q0.)
1,000 0.23 0.24 500-1, 100 0.00
1, 500 0.28 0.31| 1,100-3,000 0.68
2,000 0.35 0.38
2, 500 0.42 0.45
7 R p— do 0.2 500 0.23 0.25 920-2, 175 0.29 0.5 674
1,000 0.30 0.34 | 2,175-3,000 0. 50
1, 800 0.34 0.38
2,000 0.37 0.41
2, 500 0.41 0.45
58.._-. 1.6% lead acetate. cvueoauamcnucnan None 100 0. 064 0.073 100- 260 0.15 0.7 699
200 0.070 0.082 260~-4, 000 0.76
300 0. 081 0.096
400 0. 100 0.117
500 0.118 0.137
53¢ TN RO do. 0.2 100 0. 066 0.074 100~ 270 0.19 0.5 690
200 0.076 0.085 270-4, 000 0.74
300 0.087 0.100
400 0.107 0.122
500 0.127 0. 141
[0 2 1%, lead ethoxy-acetate. —-c..oc.-- None 500 0.16 0.19 300~ 380 0.24 0.7 820
1,000 0.20 0.23 880-2, 150 0. 80
1, 500 0.28 0.32 2, 150-4, 000 1.38
2,000 0.36 0.40
2, 500 0.47 0.53
[+ DRI SO do. 0.3 500 Q.22 0.25 300-1, 250 0.70 0.2 807
1,000 0.35 0.38 1, 250-2, 250 0.09
1,500 0.42 0.44 2, 250-4, 000 0.68
2,000 0.41 0.43
2, 500 0.44 0. 49

1 Lead flakes, 80% through 325 mesh,/mineral spirits containing 109, stearic acid—90/10.

The examples in Table IV illustrate that it is undesirable
to employ more than the necessary amount of finely-
divided carbon and that plateau ballistics are not obtained
where the amount of carbon substantially exceeds the
amount of lead or lead compound.

aliphatic. compounds are generally operable in lowering
the » value and the temperature coefficient of equilibrium
pressure in smokeless powder compositions having a heat
of explosion of not more than 900 calories per gram,

35 some of the specific compounds, and particularly lead

Table IV
Burning rate Graphical # Temp.
25° O. (in./sec.) coeff, of
NC Carbon Lead equilib- | Heat of
Ex. 126% N | NG TA EC black | stearate rium exp.
(added) |(nominal){ 1,000 | 1,500 Pressure pressure { (cal./g.)
psl. | psi interval n (percent/
(p.si.) °C)
58.5 26 5 None 10 0.19 0.26 200~ 500 0 3 750
58.5 26 [ S PR——— 1 10 .39 .44 | 1,000-3,000 0.3 R 710
53.5 P 3 [ R 10 10 .39 .49 | 1,000-2, 500 .6 .7 435
58.5 28 5.5 None 1 .22 .26 660-1, 250 .2 .3 760
58.5 27 8.0 10.5 5 1 .30 .88 | No plateat [-ceeeamofmmemcecnenn- 740

1 Nitrodiphenylamine substituted for ethyl centralite.

NoTE.~NC =nitrocellulose, N G=nitroglyeerin, TA='trIacetin, EC=ethyl centralite.

EXAMPLE 67
The following single base gas-producing compositions
were prepared:

A. Nitrocellulose (12.6% N) 95.0
Ethyl centralite 1.0
Lead stearate -~ 40

B. Same except for addition of 0.5% carbon black.

These compositions had the following comparative
properties:

A B

Heat of explosion (eal./g.) - ccemmarccmacmmnas 799
Pressure interval at lowest 2 (p.s..) .| 1,300-2,150
T OWESE 7o oo cimm oo 0.0

778
3,000-4, 500
0.3

Burning rate at lowest 7 (in,/sec.) . .---cccoo 0.39 0.63-0.71
Temperature coefficient equilibrium pressure
(pereent/® C.) oo 0.2 0.4

From the foregoing examples and from the disclosure
of the copending application, Serial No. 492,802, it is
evident that while lead, its inorganic compounds and its
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stearate, are more effective than others. In like manner,
while the addition of finely-divided carbon will raise the
burning rate in the platean region of all these composi-
tions, some combinations of ballistic modifier and carbon
are more desirable than others. From the combined view-
points of effectiveness and economy, combinations of lead
stearate and carbon are preferred.

From the examples it is further seen that relatively
small amounts of finely-divided carbon will usually pro-
duce the desired burning rate increase in the plateau re-
gion. In fact, optimum results are generally encountered
when the finely-divided carbon constitutes between 10
and 33% by weight of the lead and/or lead compound
employed. Greater amounts of carbon may be employed
up to 10% by weight of the gas-producing composition
as long as the amount of carbon never substantially ex-
ceeds the amount of ballistics modifier. If the amount of
carbon employed does exceed the amount of platacau-
producing agent, plataecau ballistics are detrimentally
affected. Furthermore, increasing the carbon content of
a particular powder composition brings about a corre-
sponding increase in brittleness in the powder. In addi-
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tion it will be appreciated that addition of unnecessary
amounts of either the plateau-producing modifier or the
carbon effects 2 cooling -of the powder which lowers
potential and ignitability. Consequently, it is undesirable
to employ more of either modifier than is necessary to
obtain the desired modification in ballistics.

While the ranges 01ven for the conventional compo-
cal as long as the heat Qf explo_s;_on of the powder with
the' added modifier does not .exceed 900 calories per
gram, it has been found that powders prepared according
to these ranges are more apt to come within this critical
calorific requirement.

The compositions. of the invention may be prepared by
solveniless extrusion. In.the conventional solventless
process, water-wet nitrocellulose and the other ingredients
are admixed in a Schrader bowl with water. - The result-
ing slurry or paste is dried to 10% water and is colloided
and dried- between hot colloiding. rolls which may. be
even-speed or differential-speed rolis as desired. The
resulting colloided, dry shieets are then cut into disks or
convelutely rolled into “carpet rolls.” The disks or car-
pet rolis are then extruded to desired grain size.. Flake
powder may be formed by suitably shredding. the sheet.
The resulting grains are normally glazed, usually with
graphite, to lower static generation and to improve fow-
ing characteristics.

The compositions. of the invention may also be made
by the solvent process. In the usudl solvent process, the

" water in hydrated nitrocellulose is first replaced, for ex-

ample, by treatment with ethyl alcohol. A colloiding sol-
vent such as ether or acetone is then added to the de-
hydrated nitroceliulose along with additional ingredients
and a doughy mass is formed in a suitable mixer such as
This dough is then formed into
green grains, usually by extrusion into cords and cutting
tbe cords to the desired length. The green grains are
then subjected to solvent removal steps. The greater por-
tion of the solvent is norially. removed by passing a
warm inert gaseous medium. such as air or flue gas over
the grains. The remainder of the solvent which can be
practically removed is then usually leached out by a
water treatment. - Water is. then removed by an air dry
step and the dry grains are normally given a glaze, usu-
ally of graphite, to lower static generation and to improve
flowing characteristics.

In the usual casting process, tiny single- or double-base

‘powder grains, prepared by either the solvent or solvent-

less techniques, are introduced into a mold together with
snitable plasticizers, When the castings are cured, pref-
erably by warm air storage at temperature of from about
1060° F. to about 160° F., the plasticizers cause:the grains
to coalesce into a umtary mass of plastic composmon
The preferred casting process is that disclosed in the co-

- pending .application of Gordon W. McCurdy, Serial No.

28,218, filed May 20, 1948.
As-is well known to the art, colloiding solvent can be

-removed ‘from powder grains of large diameter and web

only ‘with extreme difficulty. This difficulty increases as
the web . thickness is increased. It is therefore desirable
to ‘prepare grains. of -the' multiple-base formulations of
this invention by solventless extrusion or by a suitable
casting. process, * It is preferred to extrude grains up to
about 5 or-6. inches-in diameter and to cast all larger
grains. Castmg of the larger grains is preferred because
the cost and- massive nature of extrusion presses large
enough-to. produce grains of over S or 6 inches in diam-
eter become prohibitive,

The single-base formulations given in the examples are
preferably made by a conventional solvent process, ex-
truded; and: cut to the desired granulation. Such a proc-
ess limits the possible size of the single-base grains 1o a
diameter or web thickness which will allow sufficient
removal of the colloiding solveni. Grains of solvent-
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colloided powder having large diameter and web are, of
course, operable and as long as the heat of explosion
does-not exceed about 900 calories per gram, addition
of the disclosed modifiers according to this invention will
effect -the desired modification in ballistics. It is, of
course; well known that the change in ballistics during
storage caused by gradual migraticn and evaporatlon of
the colloiding solvent is the reason why large grams of
solvent-colloided powder are not manufactured.  As im-
proved processes and means for solvent removal are
developed, it will perhaps be possible to produce corre-
spondingly - larger grains of solvent-colloided powder
which are ballistically stable.

t is not prefer;ed to produce single-base grains by

-solventless extrusion or by casting because, in order to

keep the powder in the single-base category, the plasti-
cizer employed to bring about colloiding and/or consol-
idation must be of lower potentlal than the nitrocellulose.
The necessary amount of plasticizer, therefore, so lowers

-the potential that such powders have only a limited appli-

caiion. Nevertheless, incorporation of .the disclosed
modifiers in single-base . grains prepared by solventless
extrusion or by casting still results in a low n value and
a low temperature coeflicient of equilibrium pressure.

If the gas-producing charges of this invention are made
by solventless extrusion, the ballistic modifier or modifiers
are preferably added at some time prior to dehydration
of the ‘water slurry and the additive system is mixed to a
state of homogeneity The slurrry is then dehydrate, the
moist mass is rolied into colloided sheets, the sheets are
male into rolls and the rolls are extruded in the conven-
tional manner. However, it is often found advantageous
to add the ballistic modlﬁers during the rolling operation,
rather than to the water slurry. If the well known
Schrader process is employed, the modifiers may be added
to the hydrated nitrocellulose in the mixing bowl in any
preferred order. A portion of the water 'is evaporated

prior to rolling. The Schrader process is preferred when

water-soluble plasticizers are employed.

If the charges of this invention are prepared by solvent
extrusion, the ballistic modifier or modifiers are preferably
added to the dehydrated nitrocellulose after it has been
broken up'in a mixer.: The modifiers may be introduced
with the plasticizer or plasticizers or may be added before
or after introduction of the plasticizer as may be desired
in the partlcular formulation.

If the grains are made by casting, the ballistic molifier
is homogeneously incorporated durmg -the preparation of
the casting powder.

The heat of explosion -of-an-explosive composition may
be experimentally determined in the known manner by
actually exploding a sample of the substance in a bomb
calorimeter under conditions which insure complete com-
bustion of the constituents of the composition, and meas-
uring the heat liberated. However, in the case of smoke-
less powder compositions, which contain at most only
small portions of inorganic material, it is usuvally desir-
able ‘to determme the heat of explosmn by calculation.
The. calculauon of heats of explosion is especially. desir-
able in order to accurately predetermme the calorific
value of a proposed composmon prior to its formulatlon
In this calculation, use is made of a simple relatlon,
namely, the heat of explosion per gram of powder is
equivalent to the sum of the products of the weight frac-
tion of a“given conmstituent by ‘the contribution to the
heat of explosion “of the constituent, ' This contribution
of the constituent is for convenience termed. the “partial
calorific potential™ or the “partial heat of explosion,” and
is usually designated as “K;.” ‘Thus, the heat of explosion
of the composition is derived by the equation:

Heat of explosion:EXiKi

where X; is the weight fraction of the powder component i.
For compositions consisting principally of carbon, hy-
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drogen, oxygen, and nitrogen, X; is quickly and accurately
determined according to the following equations:

K(=67,392 0;—40,702 C;—AEf;
ABfi==H.C.—~94,030 C;—33,715 H;

where O; is the number of gram-atoms of oxygen per
gram of the powder component i, C; is the number of
gram-atoms of carbon per gram of the powder com-
ponent i, H; is the number of gram-atoms of hydrogen per
gram of the powder component §; H.C. is the heat of
combustion at 25° C. and constant volume, and AEf; is
the heat of formation per gram of the powder component
i from its elements.

“Partial heats of explosion” for inorganic substances
such as the ballistic modifiers of the invention are not
quite as readily calculated but may, nevertheless, be de-
termined according to methods disclosed by De Pauw in
7. f. ges. Schiess- und Sprengstoffwesen, 32, 11, 36, 60
(1937); or by Hirschfelder and Sherman in “Simple Cal-
culation of Thermochemical Properties for Use in Bal-
listics,” 0.S.R.D. Report No. 1300, declassified and issued
as PB274218.

Actually, it is unnecessary o experimentally determine
the K; values for the various constituents of the smoke-
less powders in accordance with the invention since tables
of the “partial heats of explosion” for these materials are
available as published data. The following is 2 listing
of the K; values of the normally usel smokeless powder
components and many of the operable ballistic modifiers
in accordance with the invention.

Substance (i): Partial heat of explosion (cal./g.)

Acetone —-—- — ———— —1938
Carbon black c e —3330
Diamylphthalate ---- —2190
Dibutylphthalate ..~ —2055
Diethano] nitramine dinitrate e 1294
Diethylene glycol dinitrate —-—ememeeeeaee 1030
Diethylphthalate - —— —1746
Dinitrotoluene -.—- —140
Diphenylamine —2684
Diphenylurea — —— —2227
Diphenylurethane —— —2739
Ethyl alcohol e —1749
Ethyl centralite S - —2398
Ethyl urethane —1639
Graphite - —3377
Lead — - 0
Lead acetate (trihydrate) — e —282
Lead azide oo 385
Lead bromide oo —137
Lead carbonate (basic) —wemmcoemmem —471
Lead chloride —-— oo oo —151
Lead perchlorate ———oo—mmmeee e 1250
Lead chromate e oo o 977
Lead diacetylacetonate ———-ee—cem—mmmmmem —868
Lead ethoxyacetate — oo moommm e —639
Leal 2-ethyl hexoate — oo —1336
Lead fluoride mcmoe oo —127
Lead hydroxide ———-emmocommmemmm e —189
Lead iodide wammm oo —91
Lead linoleate — e oo co e —1982
Lead maleate (tribasic) «———emmmmae —320
Lead molybdate — - e 403
Lead naphthenate —— oo —2048
Tead oleate —cmoe oo —2010
Lead oxalate _—o.- - - 58
Lead oxide (PbO) e 67
Lead oxide (PbsO,) 139
Lead oxide (PbO0g) o 302
Lead methoxy propionate - ccmmo—cwe —634
Lead ethoxy propionate ———caamooon —1400

— e —2000

Lead stearate
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Substance (i): Partial heat of explosion (cal./g.)

Lead sulfate oo —150
Tead sulfide — oo 222
Lead tartrate oo 172
Lead tetraethyl — e —1231
Nitrocellulose—
13.25% N e 1041
13.15% N e 1027
13.00% N oo 1007
12.60% N e 951
1220% N e 895
12.00% N o 867
11.50% N .- —_ 797
Witroglycerin e cm o 1785
Nitroguanidine —— oo 720
THACCHN e e e —1284
Water -~ [ — -5

In order to produce the “plateau” type ballistics of the
invention, the modifiers must be uniformly incorporated
with the other ingredients of the composition; that is, the
modifier must be intimately admixed with the other in-
gredients within each particle of the composition whether
the charge is a loose charge of individual grains or con-
sists of a single grain of any desired size. The glazing
or coating of a single grain or a plurality of grains in a
loose charge will not produce the desired modification
in the pressure-burning rate relationships. Thus, powder
grains coated or glazed with a lead compound to render
them free-flowing are not operable in the invention.

The advantages of the gas-producing compositions of
this invention over presently available formulations are
readily apparent. The compositions of this invention are
characterized by distinguishing properties which have
heretofore been found highly desirable but unobtainable;
namely, a lower temperature coefficient of equilibrium
pressure and a constant or more nearly constant burning
rate over a wide pressure range within the zone of useful
rocket pressures. Furthermore, by varying the carbon
concentration in the gas-producing compositions of the
invention within the prescribed limits, the burning rate
of the platean region, or region of low n value, may be
greatly increased without shifting the plateau out of the
zone of useful rocket pressures,

What I claim and desire to protect by Letters Patent is:

1. A gas-producing composition consisting essentially
of a smokeless powder having uniformly incorporated
therein and intimately admixed therewith within each
particle thereof an amount not exceeding 10% of at least
one material selected from the group consisting of lead,
the inorganic compounds of lead and the aliphatic com-
pounds of lead, and an amount of finely-divided carbon
not substantially exceeding the amount of the said ma-
terial, said gas-producing composition having a heat of
explosion not exceeding 900 calories per gram and hav-
ing a value of less than 0.7 for the slope n of the line
representing the pressure-burning rate relationship.

2. A gas-producing composition consisting essentially
of a smokeless powder having uniformly incorporated
therein and intimately admixed therewith within each
particle thereof an amount not exceeding 10% of lead
and an amount of finely-divided carbon not substantially
exceeding the amount of lead, said gas-producing com-
position having a heat or explosion not exceeding 900
calories per gram and having a value of less than 0.7
for the slope n of the line representing the pressure-
burning rate relationship.

3. A gas-producing composition consisting essentially
of a smokeless powder having uniformly incorporated
therein and intimately admixed therewith within each
particle thersof an amount not exceeding 10% of lead
oxide and an amount of finely-divided carbon not sub-
stantially exceeding the amount of lead oxide, said gas-
producing composition having a heat of explosion not
exceeding 900 calories per gram and having a value of
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less than 0.7 for the slope n of the line representing the
pressure-burning rate relationship, '

4. A gas-producing compaosition consisting essentially
of a smolekless powder having uniformly incorporated
therein: and intimately ‘admixed therewith -within - each
particle thereof an amount not exceeding 10% of lead
. 2-ethylthexoate and an amount ‘of finely-divided' carbon

not substantially -exceeding the amount of lead 2-ethyl-
hexoate, said gas-producing composition having-a heat
of explosion not exceeding 900 calories per gram-and
having a value of less than 0.7 for the slope n of the line
representing the pressure-burning rate relationship,

5. ‘A gas-producing composition consisting essentially
of .a smokeless powder having uniformly incorporated
therein and intimately admixed therewith within each
particle thereof an amount not exceeding 10% of a fatty
acid salt of lead and an amount of finely-divided carbon
not substantially exceeding the amount of fatty acid salt
of lead, said gas-producing composition having a -heat
of explosion not exceeding 900 calories' per gram and
having a value of less than 0.7 for the slope 7 of the line
representing’ the 'pressure-burning rate relationship.

6. A gas-producing composition. consisting essentially
of a smokeless powder having: uniformly incorporated
therein and- intimately admixed: therewith within: each
particle thereof an amount not exceeding 10% of lead
stearate and .an amount of finely-divided carbon not sub-
stantially exceeding the amount of lead stearate, said gas-
producing composition having a heat of explosion not
exceeding 900 calories per gram ‘and having a value of
less than 0.7 for the slope n of the line representing the
pressure-burning rate relationship,

7. A gas-producing composition consisting essentially
of a smokeleéss powder containing from 85 to 95% nitro-
cellulose -and having uniformly incorporated therein and
intimately. admixed therewith within each particle thereof
an amount not exceeding 10% of at least one material
selected from the group consisting of lead, the inorganic
compounds of lead and the aliphatic compounds of lead,
and an amount of finely-divided carbon not substantially
exceeding the amount of the said material, said gas-
producing composition having a heat of explosion not
exceeding 900 calories per gram and having a value of
less than 0.7 for the slope n of the line representing the
pressure-burning rate relationship. .

8. A gas-producing composition consisting essentially
“of asmokeless powder containing from 85 to 95% nitro-
cellulose and having uniformly incorporated therein and
intimately admixed therewith within each particle thereof
an amount not exceeding 10% of lead and an:amount
- of finely-divided carbon not substantially exceeding the
amount of lead, said gas-producing composition having
a heat: of explosion not exceeding 900 calories per gram
and having a value of less than 0.7 for the slope n of
the: line representing the pressure-burning rate of rela-
tionship. '

9. A gas-producing composition consisting essentially

_ of a smokeless powder containing from 85 t0 95% nitro-
cellulose and having uniformly incorporated therein and
intimately admixed therewith within each particle thereof
an amount not exceeding 10% :of lead oxide and an
amount -of finely-divided carbon’ not . substantially. ex-
ceeding the amount of lead oxide, said gas-producing
composition having- a. heat ‘of explosion not exceeding
900 calories per gram and having a value of less than

0.7 for the slope n of the line representing the pressure-

burning rate relationship.

+10. A gas-preducing composition consisting essentially
of a smokeless powder containing froim 85 to 95% nitro-
cellulose ‘and “having uniformly incorporated therein and
intimately admixed therewith each particle thereof an
amount not exceeding 10% of lead 2-ethylhexoate and
an amount of finely-divided carbon not substantially ex-
ceeding the amount of lead 2-ethylhexoate, said® gas-pro-
ducing composition having a heat of explosion not- ex-
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ceeding 900 calories per gram and having a value of
less than 0.7 for the slope n of the line representing the
pressure-burning rate relationship.

11. A gas-producing composition consisting essentially
of a smokeless powder containing from 85 to 95% nitro-
cellulose and having uniformly incorporated therein and
intimately admixed therewith within each particle thereof
an amount not exceeding 10% of a fatty acid salt of lead
and an amount of finely-divided carbon not substantially
exceeding the amount of fatty acid salt of lead, said gas-
producing composition having a heat of explosion not
exceeding 900 calories per gram and having a value of
less than 0.7 for the slope n of the line representing the
pressure-burning rate relationship. .

12. A gas-producing composition consisting essentially
of a smokeless powder containing from 85 to 95% nitro-
cellulose and having uniformly incorporated therein and
intimately admixed therewith within each particle there-
of an amount not exceeding 10% of lead stearate and an
amount of finely-divided carbon not substantially exceed-
ing the amount of lead stearate, said gas-producing com-
position ‘having a heat of explosion not exceeding 900
caldries per gram and having a value of less than 0.7 for
the slope n of the line representing the pressure-burning
rate relationship.

13. A gas-producing composition consisting essentially
of a smokeless powder containing nitrocellulose and at
least’ one explosive nitric ester' and having uniformly in-
corporated therein and intimately  admixed therewith
within each particle thereof an amount not exceeding 10%
of at least one material selected from the group comnsisting
of lead, the inorganic compounds of lead and the ali-
phatic compounds of lead, and an amount of finely-di-
vided carbon not substantially exceeding the amount of
the said material, said gas-producing composition having
a heat of explosion not exceeding 900 calories per gram
and having a value of less than 0.7 for the siope n of the
line representing the pressure-burning rate relationship.

14. A gas-producing composition consisting essentially
of a smokeless powder containing nitrocellulose and at
least. one explosive nitric ester and having uniformly
incorporated . therein and. intimately admixed therewith
within each particle -thereof ' an amount not exceeding
10% of lead and an amount of finely-divided carbon not
substantially exceeding the amount of lead, said gas-
producing composition having a heat of explosion not
exceeding 900 calories per gram and having a“value of
less than 0.7 for the slope n of the line representing the
pressure-burning rate relationship.

15. A’ gas-producing composition consisting essentially
of a smokeless powder containing nitrocellulose and at
least one explosive nitric’ ester and having uniformly in-
corporated therein and intimiadtely admixed therewith
within  each particle thereof an amount not exceeding
10% of lead oxide and an amount of finely-divided car-
bon not substantially exceeding the amount of lead oxide,
said gas-producing composition having a heat of explo-
sion not exceeding 900 calories per gram and having a
value of less than 0.7 for the slope # of the line represent-
ing the pressure-burning rate relationship,

16. A gas-producing composition consisting essentially
of a smokeless powder containing nitrocellulose and at
least one explosive nitric ester and having uniformly in-

. corporated therein and lintimiately admixed therewith
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within -each particle thereof an amount not exceeding
10% of lead 2-ethylhexoate and an amount of finely-
divided carbon not substantially exceeding the amount
of lead 2-ethylhexoate, said gas-producing composition
having a heat of explosion not exceeding 960 calories per
gram and having a value of-less than 0.7 for the slope n
of the line representing the pressure-burning rate rela-
tionship. - ) :

17. A gas-producing composition consisting essentially
of a smokeless powder containitig nitrocellulose and at
least one “explosive nitric ester and having uniformly
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incorporated therein and intimately admixed therewith
within each particle thereof an amount not exceeding
10% of a fatty acid salt of lead and an amount of finely-
divided carbon not substantially exceeding the amount
‘of fatty acid salt of lead, said gas-producing composition
having a heat of explosion not exceeding 900 calories
per gram and having a value of less than 0.7 for the slope
1 of the line representing the pressure-burning rate rela-
tionship.

18. A gas-producing composition consisting essentially
of a smokeless powder containing nitrocellulese and at
least one explosive nitric ester and having uniformly in-
corporated therein and intimately admixed therewith
within each particle thereof an amount not exceeding
10% of lead stearate and an amount of finely-divided
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carbon not substantially exceeding the amount of lead
stearate, said gas-producing composition having a heat of

"explosion not exceeding 900 calories per gram and hav-

ing a value of less than 0.7 for the slope n of the line
representing the pressure-burning rate relationship.
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