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ThlS mventlon relates to a composmon for the gen-
eration -of gas, ~said -composition containing  dmmonium
nitrate as the principal:: gas-producing -agent. More
specifically,  the invention relates fo. a- novel -composi-
tion ‘consisting  essentially’ of - ammonium nitrate, a de-
fined binder material, a Prussian blue catalyst for the
promotion of combustlon in the composmon finely di-

vided: carbon, desrrably an aliphatic oxtme, and a de~

fined aromatic amine gassmg inhibitor,

Ammonium nitrate is widely used as: 3 component- of
high explosives, particularly the so-called safe exploswes
Even though classified as a -high' explosive, -ammonium
nitrate is extremely non-sensitive to ordinary: heating and
to shock and ‘cannot be. detonated ‘teadily by local ap-
plication of heat or by a blasting cap. Furthermore,
when ignited, ammonium nitrate’ does not. burn’ uniform-
ly and has a tendency to. go out when used in-the ab-
sence. of .combustible” orgaric: material.
prove the burning. quality, toincrease the ' sensitivity,
and to utilize the éxcess free-oxygen made. available by
the decomposition of the'ammonium nitrate, organic ma-
terials ‘which' also may function “as binder ‘matérial for
the shaping of the ammonium nitrate into grains are ad-
mixed with’ ammonium nitrate. . The choice “of .compo-
nents of binder material must .be stch that satisfactory
combustion of the propellant grain with Tespect to burn-
ing rafe under conditions of use can be realized.

Thus; to im-"

_ 2

the use of ammonium nitrate 'as the base material in
solid propellant for rockets and ATO units quite attrac-
tive, - Moreover, the relative low flame temperature of
the  decomposition of ammonium nitrate (1730°—2150°
C.) ‘makes desirable the use of ammoniium nitrate. The

- availability- of free oxygen from -the def'omposmon of
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the ammonium. nitrate permits the use of oxidizable ma-
terial in the binder material, the combustion of which
enhances the energy avaﬂable from the decomposmon of
the . nitrate. Certain . characteristics of ammonium ni- -

. trate requue development of - suitable . associated’ ma-
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--amount of voids and cracks in the’ grain,

terial. -in- the composition to make. .ammonitm nitrate
suitable -as. a gas—generatlon means for rocket service or
for take-off service. :

Solid ‘ammonium - nitrate exists in. several drﬁerent
forms dependmg upon the temperature of the nitrate and
in passing from one solid form to a different solid form,
pa.rtrcularly at temperatures: of about 32° C. and. also
—18> C. i, temperatures common: to storage condi-
tions, a con51derable volume change takes :place in the
ammonium nitrate. - Thus. the: binder .material used with
the -aminonium. nitrate ‘to form' physically stable grams
must be. flexible to compensate for changes in volume in
order that such volime changes will produce a minimum
Moreover;

ui the solid propéllant grain suitable for -military’ use must
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be ‘ballistically stable after proloriged storage at tempera-
tures ashigh ‘as. 77° -C. and .as-low as about —60° C.
Production .of fissires in the ‘grain either internally -or
externally over the surface:of the grain-creates-additional

. burhing ‘surface which results in unpredictability-of : the
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ballistic’ performance of the rocket or ATO unit. - Thus
it ‘becomes’ necessary to prov1de a-binder material -which
will provide ‘a shaped grain of satisfactory physical ‘sta-

‘ b1hty Furthermore, such grain must be capablé of be-

40

Modern warfare utilizes large quantities of :rockets '

for ground-to-ground missiles, shlp-to-shore missiles,’ air-
to-ground missiles, and air-to-air missiles. ' These rock-
ets are comprised essentially of thin wall casings, which
contain a combustion chamber in which is- incorporated

45

a quantity of solid propellant, a nozzle through which -

the decomposition gases pass thereby to create the for-
ward thrust of the missile, ignition means for igniting
the propellant. grain, stablhzmg vanes and. a- war head

60

which contains. high ‘explosive.. Military rockets hereto- .-

fore have utilized double-base powders such as ballastite
as 4 solid propellant for use in such rockets. Rocket
units” have also.-been developed to assist in the: take-off
of heavy loaded: airplanes. and to make possible the use
of short runways. 1
JATO' (jet assisted. take-off) or ATO (assisted.take-off)
units. . A constant unxformly distributed ' assist- impulse
with respect to time-is" desirable for such take-off serv-
ice and burning rates-of the propellant: material for use

from' about- 0:10 tc ‘0.16 ‘inch of propellant ‘grain per
second at about 1000 pounds per square inch pressure:
The present invention - is concerned primarily with pro-
pellant - material for rockets, said propellant material

having ‘burning ' rates ‘above about 0.16 inch per second

at 1000 pounds pressure. Thus the buriing rates desu-
able for rocket service are hlgher thai for-take-off serv-
ice although the rate of burmng Is below that of detona-
tion. g

Such -units are commonly known ‘as -
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in such take-off service “are usually: within the. range of o

ing 1gmted at -extremely low or relatively high: temperas:
tures after bemg subjected to variable storage: tempera-
ture condmons and to burn. evenly and at'such a rate
as’to dlstnbute the ‘impulse energy in’ accordance w1th
the ‘service requiréd;

Finely powdered ammonium nitrate contalns about
20% .or more: by volume of void space and this void
space must be’ completely filled 'in -order to obtain a
shaped explosive grain of the "desired physmal character-
istics. - Moreover additional void space is produced when
using an. inorganic. compound. as the catalyst and the
binder must not only fill the voids of the ammoniim ni-
trate, but also the voids present in the finely powderéd
inorganic catalyst material. " Another factor which con-
tributes to the maintenance: of uniform and smooth com-
bustion of . the propellant grain is;that of stoichiometric
oxygen balance for - the productlon of water, - carbon
monoxide and carbon dioxide in the combustion of the
propellant. grain. . Hence, . binder material. ‘components
capable of furmshmg a part. of the oxygen for. combus-
tion of the grain are used to supply any oxygen deﬁcrency

-in_the composition.

For such military uses as rocket propnlsmn and ATO
service, an explosive is desired ‘which has non-detonating
characteristics ‘rather than the :detonating” characteristics
of ‘ordinary ammonium nitraté explosives.  ‘The burning

" characteristics of non—detonatmg exploswes are -depend-
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Economic ¢onsiderations’ of cost and’ avallablhty make

ent upon the temperature and pressure in the combustion
chamber, " The relatronshrp of burning rate and pressure
at constant temperature is'expressed: by RSN, Wimpress

" in"*Internal Ballistics of ‘Solid Fuel Rockets” (1950), as

B=‘3(io_06) :

wherein B is the linear burning rate at pressure “p. B 1s
the linear bummg rate for. the composition of 1000 p.sid;
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“p7 is the pressure in p.s.i. in the burning chamber and
“p™is the pressure exponent showing dependence of burn-
ing rate on pressure and is the numerical value equal to
the slope of the curve of burning rate in inches per second
. obtained by plotting the burning rate. at various pressures

on log-log paper. Ammonium nitrate: compositions usu-
ally have ‘a pressure exponent of about 0.7 or higher.
Smokeless powders, such as ballistite and cordite have
" pressure exponents between about 0.6 and 0.7. The
~ lower the value of “n” the less is the detonating charac-
tér. of the deconiposition:of a.gas-producing composition
and the more even and smeoth is the burning rate of the
propellant grain. Thus, a sustained thrust rather than 2
detonation is obtained by smooth burning of ‘the grain.

Propellant “‘compositions having an exponent” less than

- about 0.65 are preferred and these propellant composi-
tions for use in rocket service should haye burning rates
of at least 0.16 inch per second at 1000 pounds pressure.

“One-of the more serious problems. in the use of am-
monium nitrate base ‘explosivés -as propellants lies in
the tendency of thé composition to-produce gaseous -de-
¢omposition products ‘in -storage at extremely high at-
-mospheric temperatufes such as are prévalent in the tfopic
regions. This characteristic of ammonium nitrate base
propellants is comimonly known as gassing. Military
specifications require that this gassing tendency be held
to a minimum, Many materials added to-the ammonium
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nitrate composition which increase the burning rate in-- .
crease the gassing tendency of the composition. . This is

particulatly -true with compositions containing finely di-
vided carbon. Gassing is a very serious problem because

grain compositions which have “gassed” to-an appreciable

éXte’nt'usually fail to give satisfactory firings. This is be-
lieved to -be the result of increased porosity of the. grain,
which porosity causes uneven burning of the grain. - Still
more serious is the fact that grains which have “gassed”
to a considerable extent tend to. give erratic burping prop-
erties and even exhibit detonation properties. ’
An object of this invention is the preparation of a gas-
generating composition for use in rockets, the principal
gas-generating material of said composition being ammo-
nium nitrate. - Another object of ‘the invention is the
preparation of an explosive grain having a high burning
rate which grain is dimensionally stable and non-fissuring
over a wide range of storage temperatures. - Still another
object of the invention is the production of an explosive
grain having a high burning rate and a moderately low
pressure exponent, which explosive grain is suitable for
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. 4 FE ‘
sieve, preferably through a #200 U.S. Standard sieve and
more preferably through a #325 U.S. Standard -sieve;

(3) From about 10% to about 25% by weight of a
plastic binder consisting essentially of: :
(a) Between about 18% and 40% by weight of cellulose

acetate which analyzes from about 51% to 57% by

weight acetic acid; and : )
(b) From about 60% to about 82% Dby -weight of plas-
ticizer components consisting essentially of:

" (i) The liquid polyesterification condensation prod-

. uet -obtained by reacting one mol of an aliphatic
oxydicarboxylic dcid  containing 4. 'to 6 carbon.
atoms per molecule with from about 1.08- mols
to ‘about '1.3-mols of at least one dihydric alcohol
_selected from the class comsisting of ethylene gly--
col, propylene glycol, polyethylene glycol ether,
polypropyléne glycol ether and mixtures thereof
which ethers and mixtures thereof have an average
molecular weight not-more. than about: 200-and

~ which ‘polyesterification condensation product s
essentially anhydrous:and has an -average molec-

= ular weight of about 250 to about 1000; and’ - .

- (i) ‘At least .one. nitrodiphenyl ether containing

: from one to three nitro groups per molecule -and
substantially: not ‘more than two . nitro groups.on
any benzene nucleus; the ratio by weight of said -
polyesterification ¢ondensation product (i) to:said
nitrodiphenyl ether (ii) in said binder being in the
Tange of 1:4.to 4:1.- . : R

(4) From about 0.5 to 4% of a gassing inhibitor se~
lected from the class consisting of (a): - st

RZ(NR'R")x

whete R is selected from the class consisting ‘of hydrogen

_and alky! containing from 1 to 12 carben ‘atoms,. 7, is. an

aromatic nucleus selected from the class consisting-of -
phenyl and naphthyl, R’ and R" are selected from: the

_ class consisting of hydrogen and alkyl containing from 1
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use jn military rockets, = A still further object of the in- .

vention is to produce an ammonium nitrate-combustible
binder ‘material grain which will ignite at relatively low
temperatures and pressures. An additional -object of the
invention is to produce a combustible ammonium nitrate

propellant grain, the pressure exponent of the burning °

rate of which grain is desirably less than about 0.65 and
the burning rate of which grain is desirable at least about
0.16 inch per second at 1000 pounds pressure. - A par-
ticular -object of the invention is an ammonium nitrate
base composition containing finely divided carbon which
composition has improved high temperature storage char-
acteristics, that ‘is, Tow gassing tehdencies.. A preferred
object is a composition which has substantially no gassing
tendency for-a period of at least about one hour in storag
-3t temperatures. of about 135° C.. R
. It has been discovered that an.ammonium nitrate based
propellant grain: of suitably high burning rate; suitably
low pressure exponent,-and improved. gassing tendency
~ consists. essentially of: - : : ‘
+:/(1) -An effective-amount of a combustion catalyst com-

prising Prussian blue, generally from about 1% to about:

8% by weight;

(2) From about 0.5% to about 7% by weight of finely
divided carbon containing not more than about 5% ash,
the particle -size of said carbon being such that the finely
divided .carbon. will pass through a #20 U.S. Standard
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to'4 carbon atoms and x is an integer from 1 to 3; and
(b) diphenylamine, dinaphthylamine, and pheényl naph-
thylamine, ) ‘ k o

(5) The remainder essentially all ammonium  nitrate,
said composition containing at least about 70% by weight
of ammonium nitrate. oo R

To the above gas-producing propellant composition we
prefer to add from about 1% to about 4% by weight of
total composition an aliphatic oxime corresponding to the
empirical formula

NOH

I
R—}[J—-(CH:) y—-O—R’

wherein R and R’ are selected from the class consisting of
inethyl, ethyl and hydrogen, wherein X is selected from

" the class consisting of oxygen and. NOH and wherein y

is an integer from 0 to 2. : »
-INHIBITOR COMPONENT
It ‘has been discovered that certain aromatic amines

when introduced into the ammonium nitrate based. grain

60

‘65

70

containing Prussian blue catalyst and finely divided cdz- "

bon have the very desirable -characteristi¢ of decieasing
the amount of gassing in high -temperature storage and

" frequently even eliminating or essentially eliminating gas:.

sing for prolonged: periods of time. “In view: of the ex-

“tremé severity of ‘the test conditions for hot storage sta-

bility, it-is considered -that the more effective aromatic
amine,: dinaphthylamine and phenyl naphthylamine..” Fn-
any reasonable storage time at atmospheric temperature
storage -conditions. T

 The aromatic amine gassing inhibitors of this invention
fall into.two main classes.  These classes are: diphenyl-
amine, dinaphthylamine and phenyl naphthylamine. In

. the case’of the naphthyl amines; the linkage between the

75

naphthyl radical’ and the nitrogen may be either alpha or

“beta, The second group:of aromatic: amines which:are
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eifectrve as gassing inhibitors are’ represented by the em-
pirical formula:
: o RZ(NRIR") x

. In this empirical formula' Z is an aromatic nucleus
selected from the class' consisting of pheny! and naphthyl;
R is selected from the class consisting of hydrogen and
alkyl containing from 1'to 12 carbon atoms; R’ and R”
are selected from the’ class consisting' of hydrogen, and
alkyl containing from 1 to 4 carbon atoms; and x is an
integer from 1 to 3.

Examples of monoamino- contarnlng compounds ‘are:
apiline’ ' (monophenylamine, monoamino benzene), '1-
naphthylamine, toluidine (methy! aniline) xylidine (di-
methylaniline), dodecyl aniline, N-methyl aniline, N,N-
dimethyl-- aniline, N-sec-butyl aniline.

Examples “of the. diamino compounds  are: drammo
- benzene (phenylene ‘diamine), diamino toluerie (toluene
diamine), diamino -naphthylene, methyl “diamino naph-
thylene, :dodecyl diamino - naphthylene, ' N-sec-butyl, di-
amino benzene, -N,N’-di-sec-butyl diamino benzene, and
N-methyl diamino naphthylene.

:Examples of triamino compounds are: trrammo ben-
zene, triamino . naphthylene,  triamino toluene, and trr-
amino methyl naphthylene.

A distinct nnprovement in-the gassing tendency of the
composition is obtained by the use of very small ‘amounts
on the order of 0.5% by weight of the total composition.
In general, little additional benefit is obtained by the
use of amounts of more than about 4% by ‘weight of the
gassing inhibitor. * In general, it is preferred to use from
about 1% to about 3%. by weight based on the total
weight of the propellant composrtron of the mventron

CARBON COMPONENT

The carbon component of the propellant ‘grain’ when
used’ in amounts of from rabont 0.5%.to about 7% by
weight of the grain increases the burning rate by about
0.01 to about 0.07 inich per second depending on the type
and amount of carbon: used. : We prefer to use from
about 1% to about-3% by .weight of carbon in:the com-
position, ; Carbon: in"excess of about 7% is: undesirable
becatise the slight increase in burning rate is-more than
counterbalanced by the “smokiness” imparted to the com-
bustion gas stream.

- 'The carbon component of the propellant composition
which we add to increase the burning rate includes finely
divided, hlghly adsorptive. activated carbons. - These are
well known in the art of decolorizing sugar and adsorp-
tion: of gases.. Examples of these are “Norit” and
“Nuchar,” the former being a highly-adsorptive activated
carbon used to adsorb odors, and to decolorize water,
gases, chemical solutions, oils.and greases.  Nuchar is an
activated carbon made from a residual organic material
obtained in the manufacture of cellulose and-is charac-
terized by.high porosity resulting in high adsorptive ca-
pacity. Like “Norit” it is used as-a decolorizing and de-
odorizing agent. ;

" A second general class of carbon useful for increasing
the burning. rate:of the. propellant composition ‘are the
carbon blacks.” These are roughly classified as channel
- blacks prepared by the impingement of small natural gas
flames, furndce combustion blacks produced by the partial
combustion of essentially gaseous hydrocarbons.in closed
retorts and furnace thermal blacks produced by thermal
decomposrtron of hydrocarbons ‘such as acetylene in pre-
heated - furnaces. The-carbon blacks are characterized
by low- ash ‘content by, having extremely -small particle
size, that s, 50.to 5000-A., and contain adsorbed hydro-
gen and oxygen. - Other carbon blacks which may be used
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- graphite.’

-

ized by exceedingly small particle size, that is, well below
#325 U.S. Standard sieve partlcle size. . However, -to
avoid dusting and convenience in handling, some carbon
blacks are formed to'the so-called “bead” type carbon
blacks which “beads” are generally of such dimensions as

- to pass through a #20 U.S. Standard sieve and are re-

tained on a #200 U.S. Standard sieve. . The “beads” are
very soft.and are physically unstable as beads and become
disintegrated to. smaller than #325 U.S. Standard sieve
during the mixing and milling of the composited propel-
lant components as described hereinbelow. . The carbon
blacks: are of low: ash content, ‘and usuallly contain. less
than'0.5% ash. Examples of “bead” type carbon blacks
are Micronex. Beads” (channe] blacks) and Statex Beads
(furnace blacks). ‘

A third type of carbon whlch 1s useful for 1mprov1ng
the burmng rate of our: gas-producmg propellant composi-
tion is graphite, flake and amorphous. . If derived from a
natural graphite, the ash content should be reduced below
about 5% which canbe accomplished by. treating the
natural  product by air flotation. or the ash content may
be reduced. by leaching with mineral acid or by othér
methods- well known:to the art.. We prefer graphlte of
colloidal or sémi-colloidal particle size.

Still - another type . of - carbon which :we ‘have found
effective for increasmg the burning rate of the gas-form-
ing composition is finely ground petroleum coke, par- .
ticularly - petroleum -coke obtained as.a. residué in the
pipe-stilling. of : Mid-Continent - heavy residuums. . Such
coke usually- contains -less than about 1% ash and is
preferably pulverized to pass through a #325 U.S. Stand-
ard sieve prior to incorporation in the gas-producing pro-
pellant- composition. . The coke may be . activated by
methods. well known ‘to the art.to 1mprove the- efficiency
thereof as a burnmg rate promoter in our propeliant-com-
position..

The “carbon™ component of. our composrtron contarns
not more-than about 5% of ash'and is in a finely. divided
state. . Particularly . snitable classes of . carbons. commer-
c1a11y available .are- activated carbon (active carbon: or
activated. charcoal), carbon: black, petroleum coke and
In general, the finely divided carbon will pass
through a #20 U.S. Standard sieve. Desirably more
finely divided materialis used, for example less than #200
U.S. Standard sieve size. It is preferred to use carbon

- having a particle.size to pass through a #325 U.S. Stand-
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in; the propellant grams arelamp. blacks produced by .

burning liquid - fuels such -as netroleurn 'oils, ‘tars ‘and
aromatic residues in specially designed pans, combustron
taking place under restricted ajr supply conditions: The
carbon® blacks as indicated above are generally character-

75

ard sieve or which is readily reduced to such a size dur-
ing the milling- operation utilized in the preparation of
the composrtron of the invention. Because of their uni.
forrmty in physical -charactetistics and-their effectiveness.
in. raising the burning rate,-the commerc1a11y -available
carbon blacks are a preferred source of the carbon uti-
lized herein. Activated carbens containing not more than
about 3% ash are another preferred source of carbon
for use herein,.

- AMMONIUM NITRATE

The term “ammonium’ nitrate”-as used in this speclﬁ-
cation .and in the . claims is intended to mean either
ordrnary commercial- grade ammonium mtrate, such. as
conventionally grainéd ammonium ' nitrate ‘containing a
small amount of impurities and ‘which’ is 'then- generally
coated with a small amount of moisture-resisting material
such:as: petrolatum or paraffin) or mrhtary grade ammoni=
um ' nitrate, -or a- mixture -of -minor amounts. of ‘othaf.
inorganic nitrates: such: as sodium' nitrate and/or: potas-

~sium nitrate wrth the ammonium nitrate. - Finely ground

ammonium mtrate is “preferred - in order to reduce ‘the..
voids to a-minimum and hence avoid ‘the use of’ excess
bmder materlal
least about 70% by weight ‘of ammonium - nitrate; AI-
though more ammonium mtrate may be used it is’ pre-
ferred to limit the ammomum mtrate to not more. than
about 85%: ‘

T

“The shapéd grain usua]lly contains at: .-
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CATALYST

It has been discovered that certain iron compounds
are effective catalysts for the combustion of ammonium
nitrate’ and ammonium nitrate-oxidizable material mix-
tures.” These catalysts are the subject matter of US.
patent applications filed by Wayne A. Proell and William
G. Stanley, Serial No. 273,564, filed February 26, 1952,
and Serial No. 288,065; ﬁled May 15, 1952. - All of
the combustion catalysts disclosed in these applications
contain the iron cyanide radical, either ferrocyanide or
ferricyanide. “In addition to. the iron cyanide radical,
these catalysts contain a second iron ion which may be
either ferric or ferro(us). In addition to the iron-iron
- cyanide "complex; the catalyst may contain-alkali metal
and/or ammonium jons. It has been found that the gen-
eric classes’ of iron-iron’ cyamde ‘compounds known as

8

" the range of from about 1:1 to 1:3. More usually, the

10

l.5j

soluble Prussian blues and insoluble Prussian blues are -

effective catalysts for the purposés of this invention. It
is known that the better soluble Prussian blues contain
-alkali metal(s) such “as potassium and sodium and/or
the ammonium radical. Some of the “compounds” which
have been found to be effective area: ferro ferrocyanide,
ferric ferrocyanide, ferro ferricyanide, ferric ferricyanide,
potassrum ferric ferrocyanide, sodium ferric ferrocyanide,
ammonium ferric ferrocyanide, potassium soluble Prussian
blue, 'sodium soluble Prussian blue and ammonium-sodi-
um soluble Prussian blue.

These applications show that the so-called insoluble

Prussian blues, either the chemical compound ferric ferro-
- cyanide, or the commonly known insoluble Prussian blue,
‘are more effective catalysts.at high pressure operation
. than are the soluble Prussian blues. Thus when oper-
ating the combustion chamber containing the solid pro-
pellant at. pressures ‘between about 500 and 2000 p.s.i.

20
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a higher burmng rate‘in inches per second is obtainable -

- 'when using. a given composition contammg insoluble
Prussian blue: ‘as . the catalyst than is obtainable when
using the same composition using.soluble Prussian blue
as the catalyst.© The insoluble Prussian blue containing
explosive compositions are difficult to ignite at atmospheric
pressures when the amount of catalyst present isless than
about 6 weight percent. However, these compositions
ignite readily when an elévated pressure is imposed on
the combustion chamber prior to the application of the
igniting means.

" The Prussian blue.catalyst is an essentlal component of
the grain composition of this invention. It is understood
that sufficient Prussian blue is present in the grain to
cause an undesirable amount of gassing in the high tem-
perature test hereinafter described when the grain com-
position: contains finely divided carbon in addition to the
cellulose acetate, ‘nitrodiphenyl ether and polyester con-
densation product binder. In general, the presence of
about 0.5 weight percent, on the total composition, of
Prussian blue causes increased gassing.

 In-addition to the Prussian blue, the grain composition
of this invention may contain other inorganic combustion
catalyst, for examplé, the composition may contain one
or more of the conventional chromium salt catalysts used
for - promoting ‘the combustion of ammonium . nitrate.
These chromium salts ‘which are utilizable-as combustion
catalysts include: ammonium chromate, ammonium poly-
chromate, alkali- metal chromate, alkali-metal polychro-
‘mate, chromic-oxide, chromic nitrate and copper chromite.
'The dischromates are-the more effective catalysts and. it
is preferred to use ammonjum dichromate.

Copper oxide is another well-known catalyst for pro-
motlng the combustion’ of ammonium_ nitrate as is also
ferric oxide. - .

LIt is preferred in the composrtlon of the invention to
use one of the Prussian blues dlone. However, for special
situations it may be desirable to use-a mixture of Prussian
blue and one of the chromium catalysts or cupric oxide
or ferric oxide. In general, the mixed catalyst will have
a weight ratio of Prussian blue to the other catalyst - in
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ratio is about 1:2. The prefered mixture consists of in-
soluble Prussian blue and ammonium dichromate.

In general, the compositions of the invention will con-
tain between about 1% and 8% by weight, on the total
composition, and preferably from about 2% to-about 4%.

_ BINDER '

The binder material of the gas-producing propellant

composition consists essentially of cellulose acetate plas-
ticized with: ’
---(a) The liquid polyesterification condensation product
obtained by reacting an =aliphatic oxydicarboxylic' acid
containing 4 to 6 carbon atoms per molecule Wlth a d1~
hydric “alcohol; “and

(b) At least one nitrodiphenyl ether contalnmg from
one to three nitro groups per molecule and substantially
not more than two nitro groups in any benzene nucleus. .

The cellulose acetate used:in this invention is known
as a partially ‘&sterified ‘cellulose acetaté and is described
as having an aceétic acid content between- about 51:-and
57% by weight of acetic acid. . The term “percent by
weight of ‘acetic acid” denotes the amount of acetic. acid
obtained on saponification of the cellulose acetate and
is expressed as percent of the initial material. - A par-
ticularly suitable cellulose acetate is lacquer grade, that
is, a lacquer grade which analyzes between about 54
and 56% by weight of acetic acid. Lacquer grade cellu-
lose acetate is described in addition to its acetic:acid con-
tent by its viscosity, when dissolved in acetone, as be-
tween about 2 and 80 centipoises-at 25° C. . Hereinafter,.
the term “viscosity” as -applied to cellulose acetate de-
notes the viscosity of an acetone solution containing 20%
by ‘weight of a cellulose acetate. - The preferred cellu-
lose - acetate of this invention analyzes between about
54 and 56% by weight of acetic acid and has a viscosity
within the range of about 2 to 10 centipoises. ~A binder
having the proper:characteristics for use in preparing thé
shaped explosive composition -of this invention contains
about 18 to 40% by weight of the defined cellulose ace- -
tate. Preferably, the binder.contains between about 18
and about 25% of the defiled cellulose acetate.

The plasticizer utilized in “the binder of this invention
consists essentially of a combustion of two. plasticizers,
one of which is a liquid polyesterification condensation
product obtained by reacting an aliphatic oxydicarboxylic
acid containing 4 to 6 carbon-atoms per molecule with
an excess of at least one dihydric alcohol selected from
the class consisting of ethylene glycol, propylene glycol,
polyethylene glycol ether, polypropylene glycol ether and
mixtures of ethylene glycol ether with propylene glycol
ether, which ethers and mixtures thereof have an average
molecular weight of not more than about 200. Poly-
ethylene glycol-200, which is a mixture of tetracthylene
glycol and pentaethylene glycol which may contain a
minor amount of tricthylene glycol, but which mixture
is predominantly tetracthylene glycol, may also be used
as the dihydric alcohol. A suitable aliphatic oxydicar:
boxylic acid for condensation with the polyhydric alco-
hol is diglycolic acid. - Other oxydicarboxylic acids which

-may be used are cxyacetic-propancic acid ‘and oxydi-

propanoic acid. - ‘We prefer to .esterify diglycolic - acid -
with ethylene glycol and the polyesterification condensa-
tion product is esseniially anhydrous and has an average
molecular weight of about 250 to about 1000: - The pre-

- ferred polyesterification product obtained by reactmg eth-

ylene glycol with diglycolic acid will usually have a
viscosity (S.U.S.). .of from about 400-to about 600 sec-
onds at 210° F.. ‘'We prefer a polyssterification condensa-
tion product having an average molecular welght within
the range of about. 350 to about 600 as taught in ‘the
copending application of Norman J. Bowman and Wayne -

“A. Proell, -entitled “Polyester Plasticizers,” filed Novem-

ber 30, 1954 Serial No. 471,992, now abandoned.: Mol
ratios of dihydric -alcohol to ‘the- oxydlcarboxyhc acid



in the polyesterification reactioni mixfure are preferably
within the range “of from about 1.15-1.25 to 1.0...In
preparing the polyesterification product the oxydicarbox-
ylic'.acid is dissolved ‘in the dihydric alcohol and .the
solution is heated, preferably in a 2-stage thermal treat-
ment, the first stage being’ carried. out at temperatures
below about 150° .C. and in the final heating stage tem-
peratures within the range of from about 150° C, to about
200° C. are used. The extent of polyestérification is
controlled by adjusting the factors of time, temperature
and pressure at which the polyestérification is carried out
and at least 70% of the water theoretically ' producible
for complete esterification for the alcohol-acid charge is
withdrawn, The amount of water ‘withdrawn from. the
polyesterification mixture during the heating - thereof is
used as a measure of the progress of the polyesterification
to completion. The heating of ‘thé reaction mixture is
usually for a total time of -at least six hours up to thirty
hours or'more. ' At léast a part of the final heating stage
may. be carried out under reduced pressure conditions.
Essentially anhydrous polyesterification products are pro-
duced, the average molecular weights of which products
depend: ‘ :

" (1) On the mol ratio .of dihydric alcohol to oxydi-

carboxylic acid in the solution introduced to the poly-
esterification reaction zone; ) I

(2) On the extent of completion of the polyesterifi-
cation reaction as indicated from the amount of water
withdrawn from the reaction zone; and e

(3) On the molecular weights of the dihydric. alco-
hol and the oxydicarboxylic acid introduced to the poly-
esterification feaction zome. Preferably, the reaction is
carried out to not less than 80% completion as based on
the water theoretically producible.  The term “water
theoretically producible” as used herein is defined as two
mols of water per mol of aliphatic oxydicarboxylic acid
charged to the polyesterification reaction zone. In gen-
eral, the greater the excess of dihydric” alcohol used in
the reaction mixture, the higher is the percent comple-
tion of the reaction. Thus, for a 20-mol percent excess
dihydric alcohol 'in the reaction mixture, the reaction is
carried out to 85-95% completion and when 30 mol per-
cent excess dihydric. alcohol is ued, -the esterification
should be carried ‘out to 90-100% completion.

The other plasticizer component of the ‘binder is a ni-
trodiphenyl - “ether; preferably nitrodiphenyl ether con-
taining as an average about two mitro groups DET mole-
cule although nitrodiphenyl ethers containing from one
to'three nitro groups per molecule may be used.” Sub-
stantially not more than two nitro groups are present on
any benzene nucleus, and as an average less than about
2.5 nitro groups per molecule of nitrodiphenyl ether are
present- when :a mixture of nitrodiphenyl ethers is: used.

We prefer to use as the second plasticizer component
2,4-dinitrodiphenyl ether which may be prepared in high
yields by reacting phenol with 2,4-dinitrochlorbenzene as
described 'in copendirig application of Wayne .A. Proell
and Norman J. Bowman ‘entitled “Thermoplastic. Compo-
sitions,” filed October 27, 1954, Serial No. 465,132, Mix-

. tures of: nitrodiphenyl ethers may be”prepared from di-
pheny! ether by methods well-known. in-the art, using
either fuming  nitric acid ‘or mixtures of ‘comncentrated
nitric -acid and concentrated sulfuric acid as nitrating

agent. Commercial products consisting of a'major pro- .

portion of diphenyl ether and a minor proportion. of di-
phenyl may be used ‘as the intermediate for nitration in
the preparation of the nitrodiphenyl ether plasticizer com-
ponent of " this invention. . “Dowtherm"A” which is.a
eutectic' mixture containing about 73.5% diphenyl, ether
and 26.5% diphenyl -is such a commercial product and
may be used for the production of mixtures comprising
mononitrodiphenyl ethers, with dinitrodiphenyl ethers and
mixtures of -trinitrodiphenyl ethers. with -these nitrodi-
phenyl -ethers ‘containing less . nitro ‘substituent. groups
than:ttinitrodiphenyl ethers. ‘The term “mixtiires of nio-
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nonitrodiphenyl éther and dinitrodipheny! ether and mix-
tures of the foregoing with trinitrodiphenyl ether” and
in general, the term “nitrodiphenyl ether” is used in this
specification .and in the claims to include nitrodiphenyl
ether and mixtures of nitrodiphenyl ethers produced from

"Dowtherm A. Such njtrodiphenyl ethers will contain

minor.amounts of nitrodiphenyls:

As indicated hereinabove, the proportion of binder ma-
terial in the gas-producing propellant composition is
within  the range of from about.10-to about 25% by
weight ‘of the composition.  The binder material consists

- .of from-.about 18 to about 40% by weight of the cellu-
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lose acetate and from about 60% to about 82% by weight
of ‘the ‘plasticizer components. ‘The ratio (by weight) of
the polyesterification condensation product plasticizer to
nitrodiphenyl ether plasticizer in the binder is within the
range of from about 1:4 to 4:1. We prefer about equal
percents. by, weight of these two plasticizers in the binder
material, ‘ )

OXIME COMPONENT

As indicated hereinabove, we prefer a gas-forming pro-
pellant composition containing an aliphatic acyclic oxime
which is added to the binder composition for the pur-
pose of improving the combustion characteristics of the
grain material with respect to the pressure exponent. The
amiount of oxime incorporated in the gas-producing com-
position is from about 1% to about 4% by weight of the
composition and preferably between about 2% and 3%.
Oximes corresponding to the formnla -~

I
R—C—(CHy)y—C—R’

as defined above are preferred. ~Examples of such ox-
imes are acetorylacetone dioxime, acetylacetone diox-
ime, acetonylacetone. monoxime, and succinaldehyde - di-
oxime. These oximes are particularly effective for de-
pressing the pressure exponent ‘of the defined explosive
composition with which they are associated and are also
effective in promoting ignitability of the compositions at
extremely- low temperatures: . The oxime component is
added to the molten binder material prior to the addition
of the nitrate, catalyst and carbon or may be added dur-
ing the milling operation to which the ammonium nitrate
and binder are subjected in completing the fabrication
of the grain composition,

Acetonylacetone monoxime and acetonylacetone diox-
ime may be prepared by, reacting in stoichiometric pro- .
portions acetonylacetone with’ hydroxylammonium salts
such as hydroxylammonium sulfate in the presence of
an alkali metal “hydroxide and . water, Temperatures
within the range of from 65° to 70° C. are used. After
the reaction is complete, the mixture is cooled and stirred
until the reaction mixture comes to room temperature.
The. oxime precipitate is filtered from the aqueous mix-

ture and dried-after washing with a small amount of

water. -Acetylacetone oximes may be prepared in simi-
Iar manner using acetylacetone intermediate.

“In preparing the compositions. of this invention, the
binder material is first ‘prepared, the oxime being - then
thoroughly mixed with' the binder. affer which the am-
morium nitrate, carbon and catalyst: are milled with the:

_binder. - The binder is prepared by heating- the plastic-

izer material at- a temperature not in excess: of abont
150°:C., ‘usually. within the range of from about - 120°
C. -to about '140°.C. The “heated- plasticizer material,
that- is, .the mixture of polyesterification condensation
product, for example ‘ethylene glycol diglycolate, and. ni-
trodiphenyl ether,. is stirred and ‘the cellulose acetate - is.
added, heating. and - stirring being continued until a ho-
mogeneous mixture:is.obtained. . The oxime is then added
to the mixture and is thoroughly mixed therewith before
the addition of the thoroughly mixed ammoniuin nitrate,
carbon-and the catalyst components of the fiiished ‘grain.
The catalyst may be.added, mixed with a part of ‘the am-
monium nitrate or it may be added immediately preced-
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ing the addition of the ammonium. nitrate. - The am-
monium nitrate, carbon-and catalyst are then milled into
the plasticized mass at a temperature below about 120°
C. and. .preferably at a temperature of about 110° C. If
desired, the carbon may be added and milled with the
plasticized binder containing the oxime (where oxime is
a component of the grain) before milling the ammonium
nitrate and catalyst into the composition. Milling is con-
tinued untjl a product of uniform texture is obtained.
Burning rate test strips. are extruded or molded under
pressure and the material is shaped into propellant grains
as described hereinbelow.

“The rate .of burning of -the grain material is deter-
mingd. at different pressures in an inert atmosphere. The
test ‘strands-of materials for the determination of burn-
ing rates of compositions herein described were prepared
by ram extrusion .at about 110° C. The procedure out-
lined below describés the preparation of the gas-produc-
ing ‘propellant compositions the results of burning tests
of which are given.in Tables 1 and 2 below.

~ PREPARATION OF PROPELLANT COMPOSITIONS

A-mixture of 34:64 parts by weight of 2,4-dinitrodi-
phenyl ether and 3464 parts by weight of ethylene gly-
col diglycolate, prepared according to the procedure de-
scribed hereinabove, was added and stitred at a.tempera-
ture within the- range of 120°-140° C. to obtain a ho-
mogeneous mixture ‘of the plasticizer material. To this
mixture ‘was added a total of.20.72 parts by weight. of
cellulose acetate (LL~1 lacquer grade) which analyzed
between 54 and 56% by weight of acetic acid. The cellu-
lose acetate was added in small portions during the stir-
ring of the plasticizer and when all of the cellulose acetate
had become plasticized as-indicated by-a-homogeneous
molten-product, ‘the molten product was colled to the
range of "115-120° 'C.-and 10 parts by weight of acet-
onylacetone dioxime ‘was added. The oxime was incor-
porated in the plasticized mass by rapld stirring to form
a-homogensous ‘binder including the oxime. These 100
. parts by weight constituted 23% by weight of the total
grain-composition -and the binder components of these

100 parts, that is, 90 parts, constituted 20.7% of the total
grain. composmon

The ammonium -nitrate used in fabricating the gas-
formmg propel ant material,: the -performance, of which
is described in the tables, was a commercial grade. Sam-
ples of this ammonium-nitrate -(as-received) were divided
_into 70% and 30%: por'tlons and the 70% portwn was
ground .at 14,000 r.p.m., in a pulverizer to such a size that
it would pass completely through-a- #325 U.S. Standard
sieve. The ammenium nitrate (as received) was of such
particle size as to -pass-substantially completely through
2-#325 1.8,  Standard sieve. ‘The ground material was
recombined - with the unground material and thoroughly
mixed -therewith- to give- ammonium nitrate of smail
particle size, -at least 75% -of- which would pass through
a-#325 U.S: Standard sieve.

The ammonium ‘nitrate was then divided into portions
of one:third ‘and two-thirds  of -the total of ammonium
nitrate-to-be used in-the-grain. The finely divided car-
bori black-in -an--amount of from 1 to 5% of the total
grain composition ‘and the insoluble Prussian blue cata-
dyst-were - then thoroughly ‘admixed with the omng-third
portion of the ammonium nitrate to be used. The binder
material contam'nw ‘the oxnne ‘was_stirred at 1110° to
120°°C: in-a sigma, blade mixer., The one- th1rd portion.
of -ammonium nitrate containing the carbon and Prussian
blue catalyst were: then added rapidly and the mixture was
vmllled for from | 15 to 20 mminutes, the temperature of
the . mmx_me bevnc mamtamed between. about 110° and
C120° Co At ‘the, end "of ‘this *15-20 ‘minute period " ihe
remaining two-thirds portion.of the ammonium nitrate was
added and milling.was continued for an. additional 36 to
45 miinutes.” “The Tast 15 minutes of this mixing. period

was completed: under, 2 vacuum oOf atlgast 15 inches of
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mercury. Homogenization was complete at the end of -

this mrlhng period.
The amine inhibitor may be added to the liquid bmder
prior to the addition of the ammonium nitrate; this is

desirable when the inhibitor is a liquid. "Or, the inhibitor -
may be mixed into the ammonium nitrate prior to intro- -

duction into the binder; this method is more commonly
used when the inhibitor is a friable solid.
Burning rate test strips of the above material were

formed by subjecting the material contained in a 1" di--
ameter cylinder to 2,000 pounds pressure and e‘(trudmgf 3

therefrom through an aperture a strand of about %"
diameter.
readily at temperatures above about 100° C. and. be-
comes dimensionally -stable at temperatures below about
$0° C. This characteristic s1mp11ﬁes the problem of form-
ing the test strips and-also the grains since it, eliminates
the necessity for accelerated. cooling of the “mold. or the
e)truded gram The composmon of the. -expl osxve of
tional solid prop 1lant composmous "It was found that
defective grains can be reworked alone or. in adrmxture
with fresh materials to produce satisfactory. grams

- reworkability -of - reJecLs results in a substantjal saving over
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conventional grains where .rejects cannot:be reworked
The material was maintainied at a temperature of about

110° C..during the ram extrusion of the strand. After . -

cooling, the strand was cut. into test strips, approx_mately
5" long and these were then coated with lacquer grade
cellulose _acetate "to . inhibit | surface burmng along’ the
strand. The test strip was drzlled at two. points 3" apart
along its length and fusible wires. were inserted in the
drilled holes. - The test piece was then’ placed in a pres-
sure bomb, electrical connection of the fuse wires being
made to a tlmmg device.

along -its lentgh the. tlmmg device was stopped; by the

“fusing of the second wire.” Thus the time for the burging

of the three inches of the .test piece was.cbtained. The
test piece was ignited by means of a’ Nxvhrome resxstance
wire placed in contact with one end of the test piece.
Burning rates for the test pieces . were. determined at
pressures of 600, 800, 1000, 1200, 1400, 1609, and 1800
pounds per. square inch. of nitrogen pressure.  Burping
rate_in inches per second for the different pressures.was
plotted on log~log paper.
relationship.” ‘The_slope of this line is defined as the
pressure exponent of the burmng rate. Burmng rates. of
the .materials in thxs snecrﬁcauon are deﬁnvd as. burnmc
rates at 1000 pounds nitrogen pressure.

In the preparation of shaped propellant grains of the
gas-forming material. the hot mass was jcaded fatoa

234" drarneter mold mamtamed ata temperature of about
110° C. Temperat.lres above about 120° C. are avoided
in'the m1llmg and molding of the ammonium nitrate-con-

- taining grain.in order to,minimize the possrbrllty of heat

60

70.

igniticn of the. composrtxon .under conditions. .of mul'ng
and molding. - The mold in whrch the materrul is loaded
is .provided . w1t‘1 an inset WhICh may | be of ofe, O more
different, shapes.
longitudinal apertu
angle or other s
internal burnlng SU
form as 1llustrated i

preferably 'perforated,for use in, rOﬁkets and mrssues
Discs of the.maferial are suitably spaced’ in-the roclret_

case 10 prov1de umform combustron of  the. drsc-suapcd .
“grains. )
subjecLed to 18,000 p.sd. Tam  pressure ; 2fer: 'about nve_ :
_minutes after whlch the ram pressure Was reducedAto

“In molding the material into gr qms

The composition of this invention flows fairly

The~

The timing device was started:
by the fusing of one wire and as the test piece buraed :

The plot gave the strc.rgh‘—hne;

T‘ms the inset provxdes the gram Wlt1 :
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press and allowed to cool to room temperature: The
grain ‘was removed from the mold and cut to 4”-lengths.

The exterior surface of the grains was inhibited to pre-. .

vent surface burning by coating -with Vistanex-asphalt
mixtures.  Other non-birning material such as-cellulose
acetate, ethyl cellulose acrylic p]ast1cs and so forth may
be used.:”

*Grains. of the ‘abovecomposition contammg actrvated
carbon, that is, “Norite' A as the- finely: divided-carbon
component in the above composition were cycled through

10

severe temperature changes-in-order to: determine the re- -

.+ sistance of the ‘grain‘to fissuring. - In“this test;;the grain

was placed in a-cabinet for ‘a period of two hours; which
cabinet was. maintained -at. 4" température-of 80° C.. At
the end of the two-hour period; the grain’ was removed
and placed -in.'a cold cabinet maintained -at a tempera-
ture of —60° C. for a. period of two. hours.:- This com-
plete cycle of -extreme temperature change ‘was followed
lmmedlately by a second cycle wherein: the grain -was
againsubjected tothe temperature of -80° C: for.:two
hours followed by. a two-hour period in the —60°.C.
cabinet. . Following this two-cycle temperature treatment,
the grain ‘was permittéd fo come to room temperature
after which if ‘was examined: for external fissures 4nd
the condition of the ‘internal structure.of ‘the: grain,  with
réspect -to fissures, was’ determined by testing the grain
in a miniature rocket motor.- The grains so.cycled showed
no variation, with respect'to burning properties, from simi-
lar -grains- which had not been subjected  to'the tempera-
ture cyclmg tests.

-'The grains prepared as described above were tested for
burning ‘properties in a- miniature rocket motor. This
motor consisted” essentially of a ‘cylinder ‘closed at:one
end’ and threaded at the open'end. The straight side
of ‘the cylinder was about '8 inchés long and the cylin:
der had an-intérnal ‘diameter “of -about’3: inches. A
funnel—shaped portion provided - with.an - opening - for
the-'attachment ‘of a nozzle ‘and’ provided with thréads
at' ‘the ‘larger end was threaded onto: the” cylindrical
casing to' complete the combustion’ chamber of the motor.
Various sized orifices were provided in order: to “perinit
the operation of the motor at-different combustion cham-
ber pressures.
inch in diameter. By varying the orifice size, the com-
bustion .chamber pressure could- be varied from about
700.to-about 2000 p.s.i. .

In the combustion of a grain ‘containing no internal

fissures the pressure at. the initial stage of the combustion
'r1ses rapld.ly to a level within the range of from about
700 p.s.i., t0-1000. p.s.i., and remains at such level with-

out apprec1able variation during the combustion -of the
entire grain. - Any. irregularities such .as fissures. in the
grain; internal or external, cause irregular fluctuation in

‘the pressure developed by the combustion .of the grain.

In order to reduce the amount of explosive material
needed per motor test, a perforated cylindrical aluminum
slug was used to take up about half 'the 'longitudinal
volume of the motor.--Thus-in operation the motor con-
tained the slug and 3 2.5 mch diameter perforated gram

‘4 inches long

.The grain-was 1gmted by a black powder m1xture,

~wh1ch mixture was in turn ignited by means of an elec-
It was found that . satisfactory 1gn1tlon :
jcould be obtamed by using 25 g. of the ‘following mix-

trical - squib. .

tire: “sparkler powder, 10 g.; FFG gin powder, 7.5°g;

- and- FFFG powder, 7.5 -g." *This mixture was placed at

the . nozzle end of the funnel-shaped ‘member and was

'held in place by means of a paper disc pressed firmly

agamst the ‘sloping- sides. ‘of the member: . The motor

‘was, assembled by msertmg into the’ casmg first “the

alummum slug and then the grain to be'tested. “The test

‘grain was “inhibited. on 'the exterior surface and the
;annular ends by" coatmg with Vlstanex-asphalt mixture.
"This" inhibiting “the /total ‘exterior: of -the grain results in
‘the burning of the’ internal surfaces only:' The nozzle
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end complete with powder igniter:was then screwed. to
the casing. "The eléctrical squib was then inserted through
the nozzle opening until-it .contacted the powder mix-
ture.: . This method of arming the motor is particularly
desirable because the motor is essentially inert until - a
few seconds before the test. run is fired. It has been
found that this' method of ignition ‘gives . ignition delays
between about 100 and 500 milliséconds. - .
It is to be noted that the presence of ash 'in ‘the
carbon. has little .or ‘no effect on the efficiency of ‘the
carbon for increasing the burning rate until the percent-
age -reaches a figure above 5.0% .ash. . Thus . graphite
with an ;ash-content of 3.52% .increased the burning rate
at 1% amount only .about 14%.. Nughar which had
an. ash. content .of. about 5% likewise - was reduced in
efficiency . with respect to increasing.the burmng rate. of
the. composition. The ‘data.with respect - to channel
blacks and.furnace blacks indicate that samples of the

latter which contained about 5.0% ash were of -efficiericy

equal” to . the:channel. blacks, none of which ‘contained
more than about 0.15%. ash. - The compositions which
contamed 2.30% oxime exhibited low pressure exponents.
Tests - on: various grain .compositions.-consisting’ of the
defined  binder components, . various. types of finely -di-
vided carbon as defined herein, insoluble Prussian -blue
catalyst and mixtures of insoluble Prussian blue and am-
monium ‘dichromate were compared with the same com-
positions; containing -various- of the. defined -amine inhibi-
tors.. " It -‘was found: that the presénce of the amine in-
hibitor had:no deleterious effect-on:either-the. burning
rate or the pressure exponent of the grain::.In general,
the “burning rates ranged from' 0.17 ‘to: 0.22 inch per
sécorid and the -pressure exponents ranged from' about

..'0.58't0 0.64. - These burning rates and pressure exponents
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make these compositions’ surtable for'use in rocket pro-
pelled “missiles as well as”in "ATO umts wherem high
burnmg tates are ‘desired.

- HIGH TEMPERATURE STABILITY : TESTS

The tesults obtainable by the addition of the defined
amines’ to the composition consisting™ of the "defined
binder;  insoliuble Prussian blue catalyst or mixtures of
catalyst and finely divided carbon are set out below. The
gassing tendency was measured by an arbitrary test which
has' purposely ‘been made “more: sévere than -anything
that would be imposed ‘on.the composition at atmospheric

temperatures. This test is commonly designated as “135°
C. Gas. Stability Test.” * This test is carried out as fol-
lows: - ¢

Three grams “of ‘a finely divided ammonium mtrate
base composition -are. placed in a:véssel. - ‘The vessel is
connected by tubing to a mercury: manometer system
which is so “arranged -that differential  readings of the
manometer. are. translatable. into volume’ changes in the
system. - Since ‘the-volume -change of the sample:itself
can be disregarded, the volunie change'in the system cor-
responds -to the amount of gaseous decomposition prod— g

ucts ‘of the sample. - The vessel is inserted to an opening
in 2 metal block; this metal block is provided with' elec-

trical’ heating elements “and controls which - permit " the
block™ to be maintained ‘at-.a temperature of 135°. centi-
grade: " A period of 15 mirutes is allowed for the sample

‘to come to-the temperature of-135% C.” At'this time the
'manometer is Zéroed.. | Readings are taken at 15 minute .

initervals tintil sufficient readmgs have been taken to indi- .
cate that the ‘gas-product rate is-substantially consistent" -
i.e., has reached ‘an equilibrium value or the gas product
rate is so low that the sample obviously has more than
satlsfactory low gassing tendency.  The manometer read-
ings are.converted “directly to cc./g./hr.” for each “15
minute interval. - The gas rate in cc,/g./hr. for-each 15
minute interval is then plotted against'the time of heat-
ing of the sample. ThlS rate is heremafter written as
cc./g./hr.

In the results reported: hereinbelow; the rate of gassing
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is set out at one hour, two hours and three hours, where
the heatmg was continued “for that length of time; and
also the maximum rate of gassing and the time at which
the maximum rate was reached. It has been found that
some composmons have a hump in the curve and the
maxnnum gas rate is hrgher than the long-term equrhbrr-
um rate.

In general, 1t is congidered that a composition which

has: a zero gassing rate ‘during “the first hour of heatmg
. (essentially zero means within the limit of error of the
test .which is on the ‘order’ of 0.3 ‘cc. /g /hr.) will be
substantrally free of gassmg tendency in’ storage at at-
mospheric temperatures.”- It is considered- that a com-
position which has a gassing’ tendency not in excess of
about 2 cc. /g./hr. af the ﬁrst hour. of heatrng “at a tem-
perature ‘of 135°:C. has a satlsfactory gassing tendency
with Tespect to hot storage, i.e., ‘at femperatures as high
as 77° C. for a’ perlod ‘of 30 days (Tests show that
composrtrons consisting . 'of the defined’ binder, Prussran
blite catalyst and ammomum mtrate, whlle exhrbrtmg ap-
precrable gassing are of satrsfactory gassrng tendency
The presence of finely divided carbon in this ‘compasition
markedly accelerates the gas product -and renders ‘such
a. cornposrtlon unsatlsfactory w1th respect to- storage sta-
bility at atmosphenc temperatures Yy -

-Test Series A

10

rate. of gassmg at the end of the first hour’ of heatrng
and this maximum. is particularly hrgh at21- cc.of gas -
per gram per hour.” In general, it is desirable ‘that ‘the
rate at anytime during the first hour does not:ex¢eed 10
cc. of gas per gram-per hour. ¥ on ‘the ‘other: hand,

the maximum rate is not more than about 10 or ¥l:cc.

of gas per gram per hour, said maximum rate occurring
in about three hours of heating, the damage to the burn-

-ing* qualrtres of ‘the material, when fabricated in ‘grain

form, is' not siibstantial, * We have found:that the high
gassing rate maximum occurrmg in-the early stages of

" the heatlng period,: that is, the surge of gas from .the

20

25

‘A’ number - of amines - were tested for gas inhibition '

effectivéness in a control composrtron which had-a rather .

high maximium gas yate. The control’ sample, that s,
the samplé contarmng no. amme addrtrve had the follow-
mg composrtron N

Ingredrent ’ Percent

-Ammonium nitrate . ) 73 .00
" Insoluble Prussian blue . 3.00- *
- Norite:A actrvated carbon - ~0.80
" Carbon black ___________ - . 0.20
Binder: ; )
" Cellulose acetate - 476
- Ethylene glyceol . diglycolate . ‘(polyester) P Y
1 2,4-dinitrodiphenyl ether . 1.97
Acetonylacetone d 2 30

The ammonium nrtrate of the composmon was a: com-
mercialgrade. ammonium"nitrate, .of which 70% of ithe
sample was ground in a micro-pulverizer’ at 14000 t.p.m.,
the remaining 30%. being: urigronnd ammonium nitrate.
At least :75% 'of the .ammonium nitrate was of such
particle size.as to pass.throtigh “a #325 U:S. Standard
sieve. The carbon was of particle size to pass through
a.#325 U.S. Standard :sieve and contained 3.27%  ash.
The carbon black contained no. ash, was of particle:size
to pass through a #325 U.S. Standard sieve. = The cellu-
Jose acetate of the binder was a lacquer grade analyzing
between: 54 and 56% by weight .of acetic acid: The

- -ethylene -glycol diglycolate component of the binder was
the. polyesterification product obtained by reacting digly-
colic acid with ethylene .glycol prepared as described

" hereinabove. The product was liquid and had a molecu-

lar weight in the range of from about 350 to about 600.

The2,4-dinitrodiphenyl ether. component ‘was of high
purity, -and -was, prepared, by . reacting :2,4-dinitrochlor-
benzene with phenol as - described . heremabove The

terral was prepared by reactmg hydroxylammomum sul~
: fate with .acetonylacetone .in -the presence of sodium hy-
droxrde and ‘water as described: hereinabove. -
CoTn, preparu:w the samples for the ‘tests: the results of
whrch -are given in Table I, 100 parts by weight of the
‘above composrtron were - pulverrzed in the mortar and
enough . amine .added to have 2% by werght present in
the . total inhibited composmon The
thoroughly mrxed in _the .composition. by. grrndln0 and
stirring antil a umforrn mixture had ‘been, obtamed ]
The results of these tests are set out in Table. I,. the
control sample containing no.exime indicated a maximum
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amine . was

-with respect to gassing:of the composition which conl
the mixed catalyst, that is, reduced amount- of “insol
‘Prussian blue- catalyst; and (2) the favorable effect : of
~diphenyl’ ‘amine on stabrhzrng the composrtron even

%

stage of the heating and a rate of 3.7 cc.’of gas. per-

materral is indicative of possible impaired burnmg prop- ..

ertres of the composrtron With the exception:. of -tri-
phenyl amine, the amines effectively reduced the gassmg~
tendency of -the cornposrtrons

The ‘more effective amines such as NN-methylethyl
amhne, phenyl beta-naphthylamine and NN-dnnethyl-p-
toliidine gave substantially a zero gassing rate up:to two
hours' of “heating.” "The effectiveness® of -these ammes -is
partrcularly noteworthy since * the catalyst used was'. en-
tn'ely Prussmn blue . -

"~ Test Serzes B

-In still .another test, the propellant gram composrtron
containing no’ carbon and no oxime was tested iwith re-
spect to gassing properties,- that- is, a-control sample and
the same ‘composition containing -2% - of - the- diphenyl
amine - was -examined. The -control sample contamed
74%  of the ammonium nitrate,” 8.05%  cellulose-aeetate,
5.75% ethylene glycol diglycolate, 9.2% - 2,4-dinitrodi-
phenyl ether, and-3.0% insoluble Prussian ‘blue-catalyst.
This control sample containing no ox1me, ne-carbon :and
no- amine stabilizer ' established -a: gassing: rate--of-2-cc.
of gas per gram per hour within a few- minutes- after

" heating -of ‘the sample was inaugurated, which raterwas

maintained for the three hour period of the- test. Thrs
composition has a gassing:tendency low-enough: to. meet
mlhtary fequirements -of high temperature storage stabrl-
ity. : The addition of 2% by weight -of diphenyl.amine .
to this composrtron resulted in-a-material which . showed
a uniform maximum rate of 0.5 cc.:gas per ﬂgram .per
hour after one hour of ‘heating at 135°-C. - .

Test Series C-

In addition to the above tests, the effect of using . a
mixed catalyst was investigated. Thus, the 3% insoluble
Prussian blue - catalyst was substituted with a  catalyst
consisting of 19 insoluble Prussian blue ‘and 2% of ‘am-
monjum dichromate with. and without 'the pre: sncé” of
amine stabilizer. The control sample and the aniine sta-
brhzed sample had compositions’ tabulated below

Contr'dl o
Ammonium nitrate--...._.____.__._._; ....... 73.00 71.50
Gellulose acetate. .- mad . . 4,74 w4, 064
Ethylene glycol diglycolate.. oo mmemmaaocunann 7.98 7.83
2,4-dinitrodiphenyl ether ' : 7.98 783
‘Ammonium dichromate.: 2.00 .. 1,96
Insoluble Prussian blue. - -. 1.00 .98
'Acetonylacetone dioxime_.- - 2.30 2:26
Norite A . PR 0..80 .80
Carbon black .- - 3 e - 0.20 .20
tDip‘nenyl amine.....;._._, ................................ 2.00

Control sample showed no gassing . at the end of one
hour, a rate of 1 cc. per gram per ‘hour . at the two

per hour at the end of three hours The  sample. whrch
had - been stabrhzed with drphenyl amine showed no,
gassing for- a period of 6% hours, wrth a maxlmum
gassing rate of 1,90 cc..of gas per ;gram per thour at’ 7%
‘hours.” -This test illustrates: :(1). -thé reduced. .te




is quite low.
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though the tendency to gas in the absence of the amine
o Test Series D ‘

In still another series of tests, the effect of omitting
the oxime from the composition was examined. The

composition of the control sample and: of the sample
containing diphenyl amine are tabulated below.

Diphenyl
Components Control Amine
R - Composi-
: tion

Ammonium Nitfate. ... ... o . 0 740 72,50
Celluslose acetate_ RSt ©16,00
Ethylene glycol diglycolate. 8.7:4 ;. 8.63
2,4-dinitrodiphenyl] ether 8.7 " 'B.53
Ammonium dichromate.’ 2.0 196
Prussian blue. .. 101 .98
Carbon black. 0.5 0.50
Diphenyl amirie. .. 0. .o 2io L Tl Ll o 2.00

An identical composition containing. the N,N-diethyl
aniline stabilizer. instead of the diphenyl amine was also
tested. Omission of the oxime from these. composi-
tions: showed: very little effect on the: gassing properties.
Thus the control samiple containing no.oxime .and no
amine stabilizer showed a uniform gassing rate of only 3

..cc. of .gas. per. gram per: hour over the period of four

hours heating.., This rate-was reached almost immediate-

5,042 06%
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ly after the sample was brought to equilibrivm tempera-

ture, i.e., 135° C.  The composition containing the 2%
of diphenyl amine showed zero gassing for a period of
2% hours, with a rate of 4:cc. per gram per hour at the
three ‘hour: heating time and the maximum-rate of 5.6
cc. per gram-per. hour at-the :end of four hours.. The
sample containing. the 'N,N-diethyl aniline ‘did. not gas
until heated for a period of about 3 hours when the rate
was 0.8 cc, per gram per hour, ‘This sample reached a
maximum rate of 4.3 cc. per gram per hour.in about 5%
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hours. . The. gassing rates of compositions containing no- :i-

amine, even though low; are greatly reduced when the
amine was added. ; o ‘

The drawings, Figures 1 and 2, show a particular appli-
cation of this invention to an-assisted take-off unit. The
ATO unit illustrated is designed to be hung under the
wing of-an aircraft; normally at least two units, i.e., one
under each wing, .will be used. - In Figure 1, the body of

- the ‘unit ‘is made. up ‘of a tubular member 11 which is

closed at one end and which is provided with threads at
the: open end. -Member 11 is provided with. two loops,
12 and 13. - These loops are used to. hang the unit from
a carrier, -mot shown, which is attached to the ‘wing of
the aircraft.. This carrier makes it possible to jettison the
unit ‘after-take-off. A somewhat funnel shaped member
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one end of the -grain.will be: inhibited to prevent. com-
bustion. ‘ Lo e
Although a tubular: grain- is illustrated herein, the in-
vention is not.limited to such agrain,.. Any.particular
shape may. be utilized. Examples of other- shapes .are
cylinder, cruciform, triform, hexaform,:octaform: and slab
as described above. In the case of perforated: grains, the -
perforation may. be, circular .or star-shaped with various
numbers. of .points in the star, . Furthermore, a: singly
cylindrical grain having .one or more. longitudinal perfo-
rations may be utilized in some cases, instead of the multi-
grain unit shown. -

.. The grains are held in*longitudinal position and pre-
vented by sliding back ‘and forth in the combustion cham-
ber by means of a wire grid 26, .. Wire grid 26 consists of
a.ring ciit to fit the threads of member 14 and provided
with"a’grid work: of metal wires that will ‘resist the: high
temperature existing in the combustion chamber.

. On one'side of the conical portion of member 14 there
is-provided for the combusiion chiamber a safety venting
means 28.. Venting means 28 comprises a ‘tubular mem-
ber fastened to 'member 14; -which- tubular 'member: has

full access to the combustion chamber and. is provided
with a rupture disc, not shown. The rupture disc 'is -of
such construction that'excess :pressure’in the combustion
chamber will blow out the disc, whereby ‘the ‘pressure-in
the combustion chamber will be held below the -point of
serious-damage to the “unit." T e
- »An igniter means is positioned withini mémber .14 %0, as
to close off the nozzle 16. . The igniter means consists. of
a container 31 filled with black powder, or some other
easily ignited material, which can produce a large volume
of gases at elevated pressure. 'A“squib 32 for igniting -

the powder, is attached to the conitainer' 3L in’ comm o
tion with the powder contained ‘therein. “Electrical wires
33 connnect a wire in the squib to'the electrical system of
the aircraft and-a switch therein: (the conhections to the

aircraft “aré-nof showny. " - o _
The ATO unit is assembled as follows: The grains' are
inserted into'member-11. ‘Venting means 28 are fastened
to member 14. - Igniter 31 is inserted through the large
open end and fitted so as to close the nozzle, the wires 33
having ' first' been passed through the nozzle 16. The -
wire grid 26 is screwed into the large open end of member
14, The assembled nozzle portion is then securely
screwed onto member 11, - o T LTS
The assembled unit is then attached to, the wing of. the
aircraft by loops 12 and 13; wires 33 are.connected to the

- electrical operating assembly in the aircraft.” When the
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14/is attached to member 11 by engagement of the threads -

at the large open end of member 14 with the threads on
member 11, Member 14 is provided with a nozzle 16
through which the decomposition products pass; The size
of nozzle 16 determines in part the pressure maintained
inside of the chamber formed by members 12 and 14.
The solid propellant fills the cylindrical portion. of
member 11. The solid propellant in this illustration con-
sists of seven tubular grains, 17, 18, 19, 20, 21, 22 and
23; each having an O.D. of about 3 inches and having a
centrally located cylindrical opening 1 inch 'in diameter,
the full length of the grain; the grains are approximately
30.inches long. The grains used herein consist essentially
of . Prussin = blue - catalyst, “which may be .insoluble
Prussian blue - catalyst, diaminotoluene binder, oxime,

carbon and ammonijum nitrate as  described for grain -

compositions described above. :
"Each grain has the annular area at each end inhibited
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against burning by a coating of asphalt in order that the -

burning may take place on the cylindrical surfaces only.
For some uses it is desirable to have a grain which burns
cigarette fashion in which case the outer surface and

76

pilot desires to obtain'the assisted"take-off, he ‘throws thé
switch which causes the current to pass through wire 33
and to heat up the firing wire in’squib 32. whick in turn
ignites the powder in the container 31, = SR

The container is of sufficient strength to withstand' the
Initial pressure generated by the’ gases fromi the powder.
The hot gases raise the pressure in the combustion cham-
ber high enough to.permit the grain to ignite. - The com-
bustion of the grain causes the pressure in the chamber -
to rise to a point which cannot be resisted by container 31.
The container disintegrates and the pieces are discharged
through nozzle 16. The total time from throwing the
switch to full operation of the unit is on the order of less
than 0.5 second. )

As the gases pass-out of the nozzle the reaction acts
on:the aircraft and adds its thrust to assist the aircraft’s
propeller; a marked incresse in forward speed results and
permits the aircraft to take off in a shorter space of time
or it permits lifting a load heavier than could.be airborne
by the use of the propellers alone. )

When using about '4%. or more of the iron-type cata-
lyst, the grain will ignite at relatively low pressires and
no-special precautions are necessary to 'maintain elevated
pressure .in the chamber until ignition occurs, as shown
above. In this case, the igniter may be introduced into
the combustion chamber by a means attached to the coni-
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cal portlon of member 14 (this procedure is conventionally
used and' is Hlustrated  in US: 2,479,828) and no: closure
IS placed on nozzle 16.

‘The conventional: placement of the igniter- may be used
with': the lower catalyst centent grains. -~ However, it is
necessary to use a muich heavier- powder charge in the
igniter or; preferably, the nozzle-is ‘provided- with a rup-
ture: disc,’ which is set: to blow- out at about 500 p.s.i.
Othermethods: oflgmtmg the grain-can be:readily devised.

‘While the: invention- has been illustrated by an: assisted.

take-off operation it is probable that - the preferred use
-wnll~ be in -air-te-aif missiles:

S TABLE.
Gassing Rate, cc/g lhr i
, - Maximur:
o rhe "zln@s. "3 s |
. R I . L hrs,» . R&te '
gi eyl st W 2%3 2% 58 l ¢ lzé'
enyl amine (1).- 8 A2l 2
in YL : 0.6:] L&) 4.0 3l 8.
- 0.0 A.0.1 L7 4 4,
Lo o « H % 13
00l 0.0 L] . 44 7.
~:0.6.1 0.0 58| - 34 8.
.61 0.3 0:3f 434 12
0:0.]:- 001 LB | 5%4) 11,
i 0.0 00 0.6] % 8.
N, N dlmethyl-p-toluld‘lne.... 0.0} 00} 7.0 3% 22:
p-phenylens diamine 1.3, 0.4.1 - 254 3841 1L
o-phenylene diamin 1.3 0.4 3.5 3% 11,
pdodecylanﬂine,. E U B N 1% 13.
“We claim:

. ,composmon of matter suttable for use as a pro-
- pellan cons;stmg of an effective.amount of a combustion
catalyst. comprising: Prussian. blue;, from about 0.5% to
about, 7% by, weight.of finely. divided .carbon containing
not more. than, about 5% ash, the; _particle. size. of said
carbon being such that the finely dwxded carbon will pass
through, .a’ #20. U.S. Standard sieve,. from about 10%
to. 'about ‘25%.: by Welght of- a plastic: binder’ consisting
essen’u,ally of between about 18%. and 40%. by weight of
cellulose acetate which: analyzes from about 51% to 57%
by-weight agetic acid; and from about 60%. to-about 82%
by, weight of plasticizer. components. consisting essentially
of the liquid; po]yestenﬁcatlon ‘condensation product ob-
tained by reacting one mol of an ahphauc oxydicarbox-
ylic:acid containing 4 to.6. carbon atoms per molecule with
from, about 1.08 mols.to.about- 1.3. mols of at least one
dxhydr;c alcohol selected from the class. consisting of
ethylene glycol, propylene. glycol polyethylene glycol
ether, leypropylene ‘glycol. ether and mixtures thereof
which ethers and mixtures thereof have an average mo-
lecular weight not mere than about 200 and which poly-
esterification. condensation product is; essentially anhy-
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to about 1000 and at least one nitrodiphenyl ether con:
taining ‘from one to three nitro groups per-molecule and

substantially not more than, two nitro groups on any ben-

zene nucleus, the ratio By weight of said polyesterification
condensation product to. said nitrediphenyl etherin said
binder being in-the range: of 1:4 to -4:1; from about 0.5
t0. 4% of a gassing inhibitor selected from: the. class: con-
sisting.of (@) RZ(NR’R’’)x where-R is: selected: froim. the
class consisting of hydrogen and alkyl containing from 1.
to 12 casbon atoms, Z is an aromatic nucleus. selected

from the class consisting of phenyl and. naphthyl, R’ and = .
R’" are selected from the class consisting of hydrogen and -

alkyl ‘containing- from 1 to 4 carbon atoms and x is an
mteger from' 1 to 3; and (b) diphenylamine, dinaphthyl-
amine, and phenyl naphthylamme, the remainder essen-

tially all-‘ammonium nitrate; ‘said composmon containing - :

at least about 70% ‘by weight.of ammonium  nitrate..

2. The: composition of claim 1-wherein said combus- '

tion. catalyst is present in an amount. between: about 1%:
and about 8% by weight.

3. The composmon of clalm 1 Wherem sald combus- :

tion catalyst is insoluble Prisssian blue.

4., The composition of claimr T wherem said: 1nh1b1tor ‘

is ‘diaminotoluene.

5. ‘The composition: of- clalm 1‘ wherem sald mhxbltor :

is diphenylamine.
6. ‘The composition as described in claun T contammg

from, about 1% 'to about 4% by weight of said' compo- .

sition, an ahphatlc ox1me correspondmg to the empn'lcal
formula : ; . :

© . B—C~(CHp)y—C—R/
wherein R and' R’ are selected from the class- consisting
of methyl, ethyl and hydrogen, X is selécted from the
class: con51st1ng off oxygen and NOH and y is-an 1nteger
from 0to 2"

7. The- composition: of claam (i3 wherem the oxime:is
acetonylacetone- dioxiiie:

8. A shaped gas-producing’ propellant graifi ‘composi-
tion consisting: of- (4)- about: 4.75%:- by: weight- of cellulose
acetate: which analyzes 54% to 56% by-weight of acetic
acid; (b) about 8% by weight of 2,4-dinitrodiphenyl-
ether, (c) about 8% by: weight of the anhydrous, lquid
polyesterification condensation’product of ethylene glycol
with diglycolic acid, said condensation: product-having:an
average molecular weight within- the:range: of about- 350

to about 600, (d): about- 3% by- weight of: insoluble- Prus-
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‘drous and, has an average molecular. weight. of about 250

sian: blue catalyst;- ()" about: 2:3% by weight of acetonyl
acgtone- dioxime,  (f) about 1% to-about 5%- by- weight
of activated: carbon of particle’ size: to-pass-through-a
#325 U.S: Standard: sieve: and' containing: not’ more-than
about 5% ash, (g) about 2%: by weiglit: of diaminotolu-
ene, (/) the remainder essentially all ammonium: nitrate:
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