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@ Propeliant material.

@ In combination for use as a propellant,. a binder also
acting as a reducing agent, & first oxidifng material contain-
ing lead and oxygen, and '

a second oxidizing material containing oxygen and a
metal,

the first and second oxidizirig materials and the binder

Fre L

being provided in relative percentages by weight to obtain a
reduction of the first oxidizing material to lead oxide, rather
than lead, during the combustion of the propellant.

A fuel additive, preferably a metal such as aluminum,
and/or carbon may also be included.
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This invention relates to materials for Brbdit 348 3an
efficient propulsion of vehicles such as rockets. The invention
further relates to materials having a high density and stable
properties at ambient temperatures and providing considerable
energy at elevated temperatures for producing an efficient
propulsion of vehicles such as rockets. = The invention is
particularly concerned with propellants which combust to provide

end‘?roducts which are not deleterious to the propulsion

chamber.

For many rocket applications, the amount of propulsion
energy capable of being stored in a limited volume of propulsion
material is of prime importance. By ihcreasing the amount of
energy in each cubic inch of volume of such pfopulsion material,
the volume>of propulsion material required to store a particular
amount of energy can be accordingly reduced. This in turn
allows the rocket to be reduced in size énd in weight, thereby
causing the drag imposed on the rocket during the flight of the
rocket through a fluid such as air.of water to be
correséondingly reduced. Since the drag imposed on the rocket
is reduced, the amount of energy required to propel the rocket
through a particular distance is reduced so that the amount of
propﬁlsioh materiél required becomes correspondingly reduced.
This in turn allows a further reduction in the size of the
vehiclé, with a corresponding reduction in drag. For the above
reasons, a rocket required to push a heavy payload or move
through a dense or viscous medium may h&ve an’ increased
efficiency if its propulsion material can be stored in a

relatively small volume and can be provided with a high energy

level.
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The propulsion energy :af ’a x;lzate:;'lal is c&rﬂxd"liy63 -
measured in pound-seconds of force per pound of propellant
(lb.sec./lb.). For example, if a propellant has a "specific
impulse" of two hundred (200) lb.sec./lb., it can produce in a
rocket motor two hundreé (200) pounds of thrust (6r force), per
pound of weight of the propellant, for a duraﬁion of one (1)
sécoﬁd. It can also produce any combination of thrust and time
which, when multiplied, equals two hundred (200) 1b.éec.per

pound of propellant.

Various attempts have been made to increase the
efficiency Of propellants. For example, attempts have been made
to inérease the temperature of combustion of the different
maferials in the propellant. One broad line of effort has been
to use, in the propellant, materials which have a low heat of
formation or a low bond energy so that an increased amount of
energy is available to be converted into heat. However, in
order to have a low heat of formation, the maéerials’generally
must have a low margin of stability sé that they are more
d%ngerous_to process, to stbre.and to use than conventioﬁal

materials.

Another approach toward increasing the specific
impulse of the propulsion material has been to decrease-the
average molecular weight of the exhaust products. For ekample,
attémpts have been made to combust highly energetic materials
such as beryllium. However, theée metals are qdite toxic when
vaporizéd and greatly increasé»the health hazards of anyone
using such metals. Furthermore .any use of such metals in a

combustible material would tend to add to contaminants in the
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atmosphere, if the metals should beboﬁé 5éoptéa on a Uideﬁpread

basis.

When materials such as magnesium, beryllium and
titaniuh are used in the propulsion material, the density of the
propulsion material éends to be reduced since magnésium,
titanium and beryllium are relatively light. This has tended to
be disadvantageous since the amount of energy obtained in
combustion per cubic inch of volume becomeé réduced.'rln other
words, even though such metals as beryllium, titanium and
magnesium have a high energy, the available energy per cubic
inch of the propulsion material has not tended to be increased

in view of the decreased density of the material.

When metals such as beryllium have been used in the
propulsion material, gases suéh as hydrogen have been added to
the material, generally as a hydride of the metals. These
hydrides tend to be somewhat unstable, requiring considerable

care and special equipment for safe handling of them.

An extensive list of metallized solid propellants was

‘published in 1966 by Reinhold Publishing Corp. in a book

entitled, "Propellant Chemistryk. .This book was written by
Stanley F. Sarﬁer, Senior ReSearch Chemist and'Theoretical
Analyst of Thiokol Chemical Corporation of.Elkton, Maryland.
This book lists values of sPecifié impulse and density fof
approximately twenty (20) foimdlations of solid propellants
whiéh allegedl& provide a high energy. The values of specific
impulse for these formulations range upwardly to approximately

313.8 lb.sec.per pound of propellant formulation. The value
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density are +as high as approximaéef& 6:0f§7 1b./1inch3.

L

However, the maximum value of density impulse capable of being
provided by any of these formulations is less thén approtimately
17.9 lb.sec./in3, Furthermore, these formulations involve the
use of toxic materials. Actuvally, practical and operable
formulations heretofore available provide maximum valueé of
deﬁsiéy impulse of approximafely fifteen (15)»;b.sec./in3. As
will be appfeciated, values of density-impulse are important
since théy indicate the amounthpf energy available for

propulsion per cubic inch of propulsion material.

| United States Patent No. 3;945,292 issued to me and
Hugh J. McSpadden discloses a propellant which overcomes the
disadvantages described above. The propulsion materials'
discloséd and claimed in patent‘3,9§5,202 have a high densigy
and provide a high value of specific impulse. They can be
safely and easily formulated and are stable‘at ambient and
elevated temperatures. They are.nqt toxic in their formulation,
storage or use. Furthermore, denSity-impulses as hiéh as
apprpximatgly;twenty-four (24) lb.sec. pe;rpouhd of formulation
have been obtained from the propulsion materials éisclqséd and

claimed in this patent.

The propulsion materials disclosed and claimed in
paﬁent 3,945,202 include a binder, an oxidizer .and a fuel
additive. The binder preferably constitutes é hydrocarbon; the
oxidizer preferably éonstitutes an inorganic lead oxidizgr; and
the fuel additive preferably constitutes particles of a metal

such as aluminum. The propellants combust in the combustion
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chamber to produce end products,:oﬁé'bf'hhﬁcﬁ-may-be'vépafized

lead.

The production of vaporiéed lead in the combustion
chamber is not advantageous. This results from the fact that
lead vapor is an effective solvent for steel and for other
metals. Lead vapor condenses at a temperature of approximafely
1751°C, whereas iron melts at a temperaﬁure of approximately
1530°C. Since the combustion chamber will tend to be made from
a material such as iron, the walls of the combustion chamber

tend to become melted as the lead is vaporized during

--combustion. Furthermore, :the heat of fusion of iron is

approximately 3.67 kilocalories per mole and the heat of
vaporization of lead is approximately 46.34 kilocalories per
mole. As a result, for each mole of lead vapor condensate

produced, 12.6 moles of iron can be melted.

Although lead vapor acts as a solvent on steel and

other metals, lead oxide does not have such'an.effect. This

. results from the fact that lead oxide condenses at a temaperature

of approximately 1472°C, which is belowvthe,meltiﬁg temperature
_of'iron. Since lead oxide does not have any adverse effects on
the walls of the combustion chamber, it is desirable that the

end products of the combustion of inoréénic,lead oxidizer salts

should be lead oxide rather than lead.

This.invention provides a propellant which preferably
includes a binder having hYdrocarbon linkages, an inorganic lead
oxidizer salt and a fuel made.ffom a fuel additive such as
aluminum. The propellant of this invention combusts to produce

as an end product lead oxide rather than lead. The propellant
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of this invention has a density-impulse which ‘appioxifmates, if
not exceeds, the density—impulses of the propellants of patent
3,945,202 while providing significantly reduced temperatures

during the combustion of the propellant.

The propellant of this invention preferably includes a'

binder having hydrocarbon linkages and a lead compound oxidizer
formed from an inorganic lead oxidizer salt. This oxidizer hes
deﬁse characteristics and staﬁle properties .at ambieﬁt
temperatures and through a particular range of temperatures
above ambient. Tﬂe probellanp also includes in one embo@iment,
a fuei additive, préferably a meﬁal such as aluminum, having
properties of being oxidized by the oxidizer and of reducing the
lead. The fuel additive has a percentage by weightﬂrelgtive to
the lead compound oxidizer to reduce the lead to the lead oxide.
The £fuel additi?e is preferably included in such embodiment of
the propellant in the range to.approximately twenty precent
(203) by weight and is preferably in a fragmentary form. The
binder preferably is included in the range of approximately
eight\percent {8%) to ten percent }10%) by weight. A second
oxidizer such as potassium perchlorate may also be included in
the propellant. . The oxidizers are preferabiy included in the 
propellant in the range of approximately seventy-two percent
(72%) to ninety-two percent (92%) 5y weight. BAn additional

binder such as carbon can alsd be included in the propellant.

A second embodiment of therpropellant preferably
includes a binder. also acting as a reducing agent and a lead

compound oxidizer formed from an inorganic lead oxidizer salt.
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This oxidizer has dense charactetris Ezbsléhd’étdblf b*d?#rfles at
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ambient temperatures and through a range of temperatures above
ambient. A s2cond oxidizer made from a metallic salt such as

potassium percnlorate may also b= included in the propellant.
Carbon, prefarably in particulate form, may also be included in
the mixture. The second embodiment dies not include a fuel

additive such as aluminum.

The different materials are included in the second
embodiment in relative amounts by weight to reduce the lead salt
in the oxidizer to lead oxide. The oxidizing materials
including the lead compound oxidizer may-be included in the'
propallant in the range of approximately eighty—four percent
(84%) to ninety-one percent (91%) by weight, the hydrocarbon in
the range of approximately eight percent (8%) to ten percent
(10%) by weight and the carbon in the range of approximately

zero percent (0%) to eight percent (8%) by weight.

The propellant of this invention has certain distinct
advantages over the propellants of the prior art. It provides
high.density—impulses and, when combusted, produces end products
which do not have any deleterious effects. This results at
least partly from the fact that the propellant produces lead
oxide rather than lead when it combusts. The fropellant is also
advantageous in-that it geﬁerates relatively low temperatures
during combustion. For example, temperatures less than 1000°F.
can be generated by at least some of the propellants of this
invention. The invention accomplishes this by,eliminating the

fuel such as aluminum from the propellant. This is further

advantageous in that it tends to simplify the formulation of the
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By forming lead oxide and the other exhaust gases at

relatively low temperatures during the combustion of the
propellant, the formation of the propulsion chamber can be
simplified. For example, the walls of the chamber can be made
from a relatively standard material such as steel or copper and
thg heat insulation in the walls of the chamber'can be

minimized.
In the drawings:

Figure 1 illustrates the configuration of a combustion
chamber suitable for combusting the propellants of this

invention;

Figure 2 constitutes curves showing the relationship
between the pressure of the exhaust gases from the propellant
burning in the chamber of Figure 1 and the rate at which the

propellant burns;

Figure 3 is a curve illustrating the relationship
between time and pressure of the exhaust gases from the burning

propellant;

Figure 4 is a curve in triangular coordination of the
relative percentages of different chemical components in one
embodiment of the propellant of this invention for differeiit

formulations of 'such propellant.

Figure 5 is a curve in triangular coordination of the

relative percentages of different chemical components in another
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embodiment bf the propellant of this invention for different
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formulations of such propellant.

Figure 1 schematically illustrates a chamber,
generally shown at 10,-for combusting the propellants of this
iqyeqtion. The walls of the chamber 10 may be made from a
suitable haterial such as iron .or steel. The components of the
propellant combust in a burning area 12 and escape through‘é
throat area 14. As will be seen, the propellant is isolated
from the atmosphere so that the combustion occurs entirely from

the components in the propellant.:

Figure 2 illustrates the relationship between the
pressure of the gases escaping from the burning area 12 into the
throat area 14 and the rate at which the propellant is combusted
in the burning area 12. As will be seen, the relationship
between rate and pressure is essentially linear with changes in
pressure. Figure 2 also indicates the relationship between
pressure of the gases escaping from the bdrning area 12 into the
throat area 14 and the area ratio. As will be seen, this
relationship is also essen£ia11y linear with changés in

pressure.

Figure 3 illustrates the pressure of the gases at
érogressive instants of .time in thg chamber iilustrated in
Figure 1. As will be appréciated, £he term t represents the
time beﬁween anjinitial pressure of’ten per;ent (10%) of maximum
pressure during the period of pressure build up and ten percent

{10%) of maximum pressure during the period of pressure

reduction.
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The propellants of thls 1nventlon 1nc1ude a blnder
preferably having hydrogen and carbon linkages. Preferably the
binder includes a material having a formula such as CH;. The
binder preferably has properties of being cured.at a particular
temperature. The binder may also be selected from a group
including polysulfides, carboxy-terminated polybutadiene
poiymers, tetrafluorethylene,_polyfluoreﬁhylehe propylene and
acetal homopolymers (which do not cure but remain
thermoplastic). These binders are advantageous since they
retain good physical properties even in environments at high
temperatures. For example, acetal homopolymers designated by

the trademark or tradename "Delrin"™ melt at approximately 354°F

and tetrafluorethylenes designated by the trademark or tradename

"Teflon" melt at temperatures above 600°F. Certain of these
binders such as the polysulfides and the carboxy-terminated
polybutadiene polymers are castable and can be cured at ambient
temperatures and also at oven temperaturés with other materials

to form the propellant formulations constituting the invention.

A number of propulsion materials have been formulated -

successfullﬁ with a mixture of a binder such as pdlybhtadiene
Qith carboxy—-terminated linkages and a curing agent suéh-as 1,
2, 4 Tris [2-(1-Aziridinyl)Ethyl] Trimellitate. The
polybutadiene.has been designated as "Butarez CTL Type II".
Such a binder constitutes a liquid rubber polybutadiene with
carboxy-terminated linkages. It has carbbxy end-groups on both

ends of the polymer chain, as illustrated as follows:
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The binder has a relatively narrow hofécdfar Géidﬁt diétribution
and is not easily crystallized. This allows the cured

compositicn of the polymer to remain rubbery to very low

temperatures.

A lead compound oxidizer, such as an oxidizer formed
ffbm’an inorganic lead oxidizer salts, is also included in the
propellané. The oxidizer preferably constitutes lead nitrate.
However, other lead oxidizers such as lead dioxide or lead

iodate or any combination of the lead compounds specified above

may also be used.

Lead nitfate has app;oximately 0.041 moles of oxygen
per cubic centimeter. It has a specific’éravity of
approximately 4.53 grams per cubic centimeter. It has a
decomposition temperature of approximately 470°C and has a heat
of formation of only appréximately 107.35 Kilocalories per mole

of oxygen. It can be reacted chemically to produce reasonably

good enthalpy.

Lead yaporizes at a temperature of épproximately
1751°C. Since this temperature is conéiderablyvhigher than the
melting temperature of iron or steel, the lead melts the iron 6r
steei when it vaporizes andrcontacts the iron or steel. Since
the chamber 10 is generally maée from iron or steei, the vapors
from the propellant attack. the iron or éteel when the lead
compound oxidizer becomesrreduced.to lead vapor. It is
accordingly desirable to have the lead compound oxidizer become

reduced to an end product other than lead. For example, lead
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oxide condenses at a temperature of approximately.1472°C,‘which
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is below the melting temperature of iron. As a result, lead

oxide vapor does not act as a solvent on iron or steel.

A fuel additive is also included in one embodiment of
the propellant of this invention. The fuel additive is

preferably a metal such as aluminum, which becomes oxidized to

aluminum oxide by the oxidizer. Preferably the aluminum is in a

fragmented form such as in a particulate form. Although such
metal is commonly added as a powder, it caﬁ be added as
filaments of fine wire or as sheets or strips of thin foil.
When used in a fragmentary fofm such as in- filaments or sheets
or strips, the aluminum proviéesrsubstantial physical
reinforcement to the propellént;"ln these forms, the aluminum
can pro&ide composites or laminétéé»of high strength. This is
desirable since considerable férééérmust be withstood by a
propellant in various applications such as anti-missile rocket

applications.

Other metals than aluminum are also theoretically
useful as the fuel additive in some propulsion formulations.
These include beryllium, magnesium, . lithium and titanium. All
of Ehese metals are advantageous since they have high meiting
temperatures. For example, aluminum has a melting temperature.'
of approximately 1220°F and strontium has a melting temperature
of approximateiy 1202°F._ In-this way, the gropuISion.maLerials
can be formulated with reasonable safety wheﬁ these additives
are included. Furthermore, although the melting temperatures of
these metals are relatively'high, they are still below the

melting temperature of steel or iron.

AT
o
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Other materials may be used as secondéry'oxiaizérs in
association with the inorganic lead compounds. These include
strontium nitrate, barium nitrate, cesium nitrate, rubidium
nitrate, ammonium perchlorate, potassium permanganate, potassium
chlorate, potassium periodate, potassium nitrate, vrea nitrate
and guanidine nitrate. . In addition to serving as oxidizers,
thése’materials have the properties of altering the bzllistic

and physical properties of the rocket as desired. This

secondary oxidizer preferably constitutes potassium

perchlorate.

Various additives have beeﬁ'useq to control the rate
of propellant burning or to change the sensitivity of the
burning rate to pressure. These additives have'included copper
manganite, cupric oxide, iron_oxiderand a ligquid iron contaiﬁing.
a burning rate catalyst designated by the trademark or tradename
"HYCAT 6". The amount of additive used has varied between zero
percent (0%) and five percent (5%) by weight of the propulsion
formulation, but in certain formulations the amount of additive
has been as high as approximatel& fifteen percent {(15%). Other
additives tested have included chromium oxide, manganese
dioxide, cuprous oxide, n-butyl ferrocene, cuﬁric
acetylacetonate, moiybdenal—bis—acétylacetoﬁate, titaniuﬁ

acetylacetonate, calcium oxalate and lead oxalate.

The different materials have been included as follows

in the propellant of the prior art:
4CH, + Pb(NO3)5 '+ KC104 + 4 AT —3

2A1507 + 4C0 + RC1 + 4H, + No + Pb (1)
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The inclusion of the different materials in the
relative amounts of equation (1) offers a number of important

advantages. For example, the formation of carbon monoxide is

ar
o

desirable because it constitutes approximately -105.6
Kilocalories (-25.4 Kilocalories per mole) of combustion
enthalpy. This tends to provide a’ cooling effect on the
combistion gases. Since the carbon is oxidized to carbon
monoxide, the carbon canﬁot absorb heat. This is particularly

important since carbon has a high heat capacity.

The propulsion formulation specified above a1so has
other important advantages. Eor example, .although the values of
specific impulse for the propellants using the oxidizers
specified above range from approximately 190 1b. sec/lb. to
approximately 260 lb; sec/lb: and are accordingly within the
range of previous propellants, the high density of the
propellants using these oxidizers produces theoretical values of
density-impulse from approximateiy 22 1b. sec./in3 to
approximately 27.6 1b. sec./in3, Comparing such values with
previously available values of approximately 15 1b. sec./in3,
this represents an increase of approximately éixty percent (60%)

over the density-impulses of previously available propellants.

In spite éf the advantages described above, there is
one serious disadvantage from the reaction specified in equatior
{1). This results from the formation of vaporized lead. As
previously described, the vaporiéed lead tends to melt the- steel

or iron walls of the combustion chamber, thereby limiting the
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effectiveness of the combustion chambeb.' 'The "le'ad, Vapor 1Y
produced by the thermal decomposition of the lead nitrate in the

material specified in equation (1).

The materials specified above can be varied in
relative amounts to overcome the disadvantage specified in the
pfevibus paragraph without losing any of the advantages
specified above. For example, the different.materials can be
included in the relative percentages specified below for one
embodiment of the invention to provide a combustion which’
produces lead oxide, rather than lead, in the combustion gases:

4CH, + Pb(NO3), + KC104 + 3 1/2 A1 —2
1 2/3 A1,05 + 4CO + KC1 + PbO + 4Hp + Ny  (2)

The inclusion of the different materials in the
percentages specified abové in equation (2) offe;s certain
distinct advantages. For example, the formation of lead oxide
in ;he combustion gases inhibi;s any tendency for the walls of
the combustion chamber to melt. This results from the fact that
lead coxide vaporizes.at a temperature below the melting

temperature of steel or iron.

The improved fo:mulatién of equation (2) also offers
other important advantages. For example, the formulation of
egquation (2) provides an increased enthalpy over the formulation
of equation (1)'even though the aﬁount‘of fuel in the
formulation of equation (2) is significantly reduced relative to

the amount in the formulation of equation (1). Specifically,
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the formulation of equation (2) produces &h estimated ‘combustion

¢wee

enthalpy of approximately -988 gram-calories/gram versus
approximately -931 gram-calories/gram estimated for the

formulation of equation (1).

The increased enthalpy for the formulation of equation
.(2X resulte in part from the formation of lead oxide. The heat
of formation of lead oxide is approximately -52.1 Kilocalories
per mole. This is in contrast to an endothermic heat of
'absorption.of approximately 46.34 Kilocalories per mole for the
formation of lead. This produces a resultant increase in
~ combustion enthalpy of 52.1 + 46.34 = 98.44 Kilocalories per
mole for the formulation of equation (2) relative to the

formulation of equation (1).

As will be seen, there-is a reduction of one third
(1/3) of a mol of aluminum oxide in the propellant of equation
:(2) relative to the propellant of equaticn (1); This represents
a reduction in enthalpy, particularly since the reduction of one
third (1/3) of a mole in the amount of aluminum oxide formed
represents a loss in enthalpy such as approx1mate1y -133
Kilocalories.r However, the net enthalpy per gram is.inc:eaeed
by the relative increeserin che-amount of oxidizer and binder in
the propellant of equetion (2) relative to the propellant of
equation (1). This. relative increase results from the reduction
of the weight and volume of aluminum in the propellant of

eguation (2) relative to the propellant of equation (1).

The propellant of equation (2) produces an increase of

- approximately three percent (3%) in.density-impulse relative to
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maintains burning rates and other performance characteristics
comparable to the propellant of equation (1). As a result, the
propellant of equation (2) can provide a simple replacement for

the propellant of equation (1). However, the elimination of

- lead vapor from the exhaust products of the propellant of

equation (2) offers significant improvements in the design of
the combustion chamber. This can be accomplished by reductions
in the required insulatirig weighf and volume of the combustion
chamber, by réduction in the size of special seals and heat

sinks and reduction in the heat transfer of vapor condensates at

" “temperatures above the melting point of the material of the

chamber walls. As a result, the propellant of equation (2)
provides an aggregate improvement in product performance and

reliability relative to the propellant of equation (1).

An additional improvement has resulted from a further
reduction in the level of aluminum from that of equation (2).
This further reduction in aluminum produces a reduction in
combustioﬁ en£halpy and gas temperatures. This in turn enables
the design'of members such as rockets with increased burning
time withqut encountering any serious material problems in the
construction,bf rocket chambers and nozzles. The further
reduction in-ﬁhe level of aluminum has caused a chemical

reaction to be produced as follows:
4CH, + Pb(NO5), + KC10, + 2a1 ~ —

A1503 + 2C05 + 2C0 + 4Hy + KC1 + Ny + PbO  (3)
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As will be éeen, the propellant of equation‘fB)“has‘Ehe'
advantage of the propellant of equation-(Z) because lead oxide,
rather than lead, is obtained as one of the combustion products.
The decreased amount of the fuel such as aluminum causes the
estimated enthalpy to be reduced to an estimated value such as
approyimately f826 gram-éalbries/gfam from an estimated value of
apgroximately -931 gram-calories/gram for the propellant of
equation (1). This COnstitutes.a reduction of approximateiy
eleven and three tenths percent (11.3%5,in enthalpy. However,
the propellant of equation (3) has an increase of approximately
ten percent (10%) in density rélétive fo the propellant of
equation (1). Thié increaée is from a.valpe of approximately
0.10 1lb/cubic inch to a value of approximately 0.11 lb/cubic-
inch. This results in an estimated decrease of approximately
only one percent (1%) in the density—iﬁ?ulse of the propellant

of equation (3) relative to the propellant of equation (1).

The slight reduction in density-impulse in the
formulation of equation (3) relative to the formulation of
equation (1) is in contrast to the significant reduction in the
temperatures of the coﬁbustion gases from the propellaﬁt of
equaﬁion (3)'relétive to the propellant of equation (1).
Corresponding reductions occur in the average molecular weight
of.the exhaust gases. This can in. fact increase the spécific
impulse to produce an over-all improvemént in the
dgngity—impulse performance of the propellant formulation of

equation (3) relative to the propellant formulation of eguation

(1).

%
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As the level of aluminum i§ réducéd rftom the '
formulation 6f equation (1) toward the formulation of equation
(3), the volume displaced by the reduction in the amount of
aluminum can be replaced by an equal volume of high density
oxidizer or hydrocarbon binder or by a combination of the two
(2). Aluminum has a lower density than the'high densict
oxidizer such as lead nitrate (2.70 vs. 4.53). This causes an
increased volume of lead nitratg equal to that in the reduction
in- the amount of z2luminum to produce a sixty—eighé percent (68%)
increése in specific gravity of lead nitrate relative to |
alumihum. In other words, replacing aluminum with lead nitrate

causes the propellant density to be increased.

Aluminum reduces the burning rate of the propellant of
equations (1), (2) and (3). Therefore, as the amount of
aluminum in the propellant is reduced, the burning of the
propellant is accelerated. This allows some of the potassium
perchlorate to be removed from the propellant to maintain a
particular burning rate. The potassium perchlorate removed from
the propellant can be replaced in Vvolume with a corresponding

amount of lead nitrate. Potassium perchlorate has a specific

gravity of approximately 2.5298 grams/cubic centimeter whereaé
lead nitrate has a specific ggavity of approximately 4.53 -
grams/cubic centimeter. The replacement of the potassiuvm
perchlorate by lead nitrate accordingly produces an increase in
specific gravity of approximately seventy-nine percénc (79%) in

a given volume.

As the aluminum content 6f the propellant is reduced

below a critical ratio, the combustion enthalpy decreases more
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rapidly than the increase in density. This cadses Some'
reduction in density-impulse to occur. However, the redqctidn
in the temperature of the exhaust gases from the combustion may
facilitate design economy and simplicity within an acceptable

level of density-impulse performance to warrant the use of such

propellants with reduced amounts of aluminum.

‘Formulations having reduced levels of aluminum are

plotted :in .Figure 4 in triangular -coordinates. In the plots of .

Figure 4, the amount of the oxidizer is plotted in the vertical
direction, with the apex of the triangle indicating'an amount of
one hundred percent (100%) and the base of the triangle B
indicating an amount of zero percent (0%). Similarly, the
amount of the hydrocarbon Sinder is plotted from the left leg of
the triangle representing zero percent (0%) as a base and the
lower right corner representing one hundred percent (100%). The
amount of aluminum is also plotted from the right leg of the
triangle rep;esenting zero percent (0%) as a base and the lower

left corner representing one hundred percent (100%).

'As will be seen from Figure 4, the levels of aluminum
“can be varied between approximately zero percent (0%) and.twenty
| percent'(ZO%) by weight{ The minimal amount of aluminum is
preferably at least two percent (2%) by Qeight for beneficial
effects and less than approximately eighteen percent (18%) by
weight. This preferred rangé provides for ease of mixing,
processing and pasting. The percentage.of the hydrocarbon by
weight is preferably.between approximately_éight percent (8%)
and ten percent (10%) to provide éptimal density-impulse

performance for the propellants. This range of weights for the

LR



-'ZA“E': :.::'...:'E...E.:..00:1-:41163
hydrocarbon’carbon also facilitates mixing and processing since
the binder is a liquid polymer during the mixing and casting

processes.

Speéific percentages are specified in the table bhelow

- for the different components in the propellant:

b4

Hydrocarbon Lead Potassium Density Impulse
Binder Nitrate Perchlorate Aluminum in 16.in3

8.8 52.3 21.9 17.0 0.10

9.1 53.8 22.5 | 14.6 0.10

9.7 57.1 23.9 9.3  0.10

8.1 71.9 2-.0 0 0.11

These different formulations are plotted in the curve

illustrated at 20 in Figure 4.

Specific formulas can be developed at any point
selected along the curve illustrated in Figure 4. Specific
performance criteria such as burning rate, specific impul;e and
density-impulse can be fbrmulated by extrapolating from |
'established data points or by interpolating between established
data points. It will be appreciated, however, that the
invention is not to be limited to the formulations along the

curve of Figure 4 or the extrapolations or interpolations along

the points of such curve.

Carbon can be added to the formulations having reduced
levels of aluminum. The carbon acts as a heat transfer
mechanism to increase the burning rate of the propellant.

Carbon also acts as a physical reinforcing agent in the
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synthetic rubber matrix. Adding carbon alsd'alters''the’ interior
ballistics of the propellant by increasing the mols of gas.

This results from an increase in the production of carbon
monoxide in the combustion gases. The relatively low heat of
formation (approximately -26.4 kilocalories per mol) of carbon
monoxide prqvides an additional .cooling effect on the combustion

’

gases.

Combinations of aluminum and carbon as fuel additives
expand the spectrum of useful propellant formulations. Specific
pérformance parameters can be modified or tailored to fit. an
exacting application by ranging the levels.of the two (2)

additives and by changing their weight ratio.

The formulations constituting this invention provide
certain important advantages. One distinct advantage is the
production of lead oxide, rather than lead, in the combustion
gases. :his'has resulted from the reduction in the amount of
aluminum oxide produced in the combustion gases. This is an
unexpected result since aluminum oxide is the highest enthalpy

species produced in the combustion gases.

~ The reduction in the'amount Qf.aiuminum in the
propellanérand the production of lead oxide,'rather than lead}
in the combustion gases has caused some serious thermodynamic, -
thermochemical and metallurgicai problems to Be eliminated. It
has also enhanced the density-impulse performance of the
propellant over a-wide range of fprmulas. The range of formulas
is even extended through an additional range of some

significance where the density-impulse formulation is not
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degraded from that obtained from the formuldfich of ‘equation

(1.

Propellant formulations having high density-impulses
and containing less than the stoichiometric ratio of .aluminum
fuel have demonstrated improvements in ballistic performance in
rocket motors. The chemically improved exhaust gases of these
propellants have caused substantial improvements in their
containment to be obtained and have significantly reduced
problems of heat transfer and insulation. These problems have
been associated with previous propellants and have been based

upon stoichiometric levels of aluminum in -the formulations.

As will be seen, all of the above propellants include
a fuel such as aluminum. The propellants of the second
embodiment of this invention do not include the fuel such as

aluminum. For example, one formulation of this invention may be

as follows:
4CHy + 1 1/2 Pb(NO3)5 + KC104 — (4)
4C0, + 4H,0 + PbO + KC1 + N, .

This formulation represents a reduction in specific impulse of
approximately twenty~two percent (22%) from the propellants
which include alumighm. However, since aluminum has been
~eliminated, the relative amount of the lead nitrate in the
formulation is proportionately increased. This causes the
formulation of equation (4) to be increased in density by

approximately eleven percent (11%). This at least partially
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compensates for the decrease in the specific 1mpulse o !h!sa

formulation.

The formulation of equation (4) has a number of the
advantages discussed above. For example, it produces lead
oxide, rétﬁer than lead, as an end prdduct dufing combustion.
The formulation of equation (4)7a1§o-has other advantageé in ;
_addition to those discussed abqve."For example, it'produces,
during combustion, temperatures considerably lower than the
conventional propellants of the prior art and the proéellants of

equations (15, (2) and (3). This enables the throat of the

propulsion chamber to be made of a conventional material such as

steel or copper. It also enables significant reductions to be
provided in the volume and weight of the propulsion chamber. It
also provides for significant reductions in the volume and
weight of the insulation materials in the propulsion chamber,

and particularly at the nozzle exit from the chamber.
The temperatures of the propellant exhaust gases can
be further reduced by including carbon as a fuel to obtain a
propellant such as set forth below: |
3C0, + 3C0 + Pb0 + 4H, + Ny + KCI
This propellant-has a high density and burns at a relatively low

temperature. It can be considered as a high density "cool" gas

generator. It provides an estimated heat of combustion of

e i - g e o b et i+
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approximatély ~360 gram-calories/gram with an average density or

specific gravity of approximately 0.099 pounds (1b)/(in3),

Ail of the above equations have included an inorganic
salt oxidizer such as potassium perchlorate. The conmbustion
enthalpy can be further reduced by eliminating the potassium
p;rchlorate from the érdpellant. This.is also advantageous in
increasing the specific gravity of the propellant since the
relative amount of the lead nitrate in the propellant is

increased. This causes the propellant to have a formulation

such as specified below:

2.5CHy + 2.5C + Pb(NO3)y —— 5 (6)

5CO + Pb0 + Ny + 2.5H,

As will be seen, carbon monoxide is produced durihg the
combustion of the propellant of equation (6). Partly because of
the generation of carbon monoxide, the heat of combustion for
the formulation of equation (6) is reduced to approximately -106
gfam;calories/gram from the heat of combustion for the
formulation of eéuétion (5). As will be seen, £his constitutes
a significant reduction in the heat.of combustion. Even with
this considerable reduction in the heat ofvcombustion, the
density of the propellant of ‘equation (6) is increased to a
value of approximately 0.116 pound (ib)/iﬁch3 (in3).
Furthermore, the temperatures of the exhaust gases produced by
_the propellant of equation (6) tend to be below 1000°F. This is
particularly pertinent since the formulation of eguation (6) ﬁas

a density almost twice as great as that of conventional gas
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generator propellants. The propellant also has a low burning

26~

rate. This is desirable for many designs -of gas generators.

As the amount of carbon is reduced below that shown in
equation (6), increased amounts of carbon dioxide, and reduced
amount of carbon monoxide, afe produced in the exhaust gases.
The amount of combustion enthalpy ﬁends'to become increased at a
relatively rapid rate as the amount of carbon is reduced. When
the amount of carbon has been reduced to zero, the propellant

may be as specified below: ' :

2.5CH, + Pb(NO3)y ——3 (7)
2C0, + Pb0 + N, + 2.5H,

The combination enthalpy for ghe propellant of
equation (7) may be expressed as Hg = -94.05
kilocalories/mol. As will be seen from.equatioﬁ (7), all of the
oxyéen in the prbpellant is used to generate carbon dioxide. in ;
the combustion, except for the one half (1/2) mole.Of'oxygen.
" used to generate lead oxide (Pb0). This éféduces the maximum

heat of combustion from the available oxygen.

A comparisoﬁ of equations (6) and (7) indicates that
two (2) moles of carbon monoxide are producedjin the,propellgnt
of equation (6) in comparison to each mole of carbon dioxide
produced by thé propellant of equation (7). Thus, the addition
of carbon to the propeilant tends to be advantageous since it
facilitates the use of oxygen in the formation of carbon

monoxide. This produces an increase in the moles of exhaust
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gases produced in the combustion, a decrease in the average
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molecular weight of such exhaust gases and a reduction in the

combustion enthalpy. It also tends to cool the exhaust gases.

The production of carbon monoxide in the exhaust gases
algo has other important advantages in tpe production of gas
generators in addition- to those discussed above. For example,
carbon moﬁoxide is chemically stable and is not chemically
reactive. It also has a low oxidizing potential and a low heat
of formation of approximately -26.4 kilocalories/mol. Because
of this low heat formation, it would appear that oxygen can be
easily removed from the carbon monoxide. However, the heat of
formation of carbon vapor is approximately 17.17 kilocalories/
mol. Because of the considerable difference between the heat of
formation of carbon monoxide and the heat of formation of carbon
vapor, carbon monoxide is guite resistant to thermal

disassociation.

The range of practical formulations of propellants
including a hydrocarbon binder; oxidizers and carbon is sﬁown in
Figure 5. As will be seen, the hydrocarbon binder has a range
- of approximately eight percent (8%) to ‘ten percent (10%) by
weight; the oxidizers have a fange of approximately eighty-four
percent (84%) to ninety-one percent (S$1%) by weight; and the
carbon has a range of approximately zero percent (0%) to eight

percent (8%) by weight.

Typical formulations of the propellant in the

embodiment of the invention are specified below:
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Example 1: - 28~

Material - Weight by Percentage
Carbon hydride(CH,) 9.6
Lead nitrate (Pb(NO3), . 90.4

CH, + Pb(NO3)5—> Pb0 + 2.50C0, + 2.5H, + Ny

Example 2:

Material Weight
Carbon hydride 10.7

Lead nitrate ' 83.12
Carbon ( 6.1f'

3CHy + Pb(N03), + 2C —> Pb0 + 5C0 + 3H, + N,

Example 3:

Material | Weight by Percentage
Carbon hydride (CHjy) 9.3
Lead nitrate (Pb(NO3) 5 ' 87.5
Carbon (C) 3.2

2.5CH,+Pb(N03) ,+C9Pb0+1.5C0,+2C0+2. 5Hy+ Ny

ExXample 4:

0141163

Material : _ Weight by_PercentaQe_

Carbon hydride (CHj) _ 7.1
Lead nitrate (Pb(NO3), . 83.8
Carbon (C) 9.1

2CHy + 3C + Pb(NO3)3 —> Pb0 + 5C0 + 2Hy + Ny

Example 5:

Material ' Weight by Percentage

Carbon hydride 8.8
Lead nitrate £3.6

Carbon 7.6

T
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2.5CHy + 2.5C + Pb(N0O3), —3Pb0 + 5C0 + 2.5H; + Ny

The different formulations specified above in Examples
1 through 5 are plotted in the curve illustrated at 20 in Figure
5. BSpecific formulas can be.developed at any point selected
alpnq the curve illustrated iﬁ Figure 5. Specific performance'
criteria such as burning rate, specific impulse and
density~impulse can be formulated by extrapolating from
established data points or by interpolating between established
data points. It will be appreciated, however} that the
invention is not to be limited to the formulations along the
curve of Figure 5 or the extrapolations or.interpolations along

the points of such curve.

The propellants disclosed above as being included in
this inventon have certain important.advantages. They produce
lead oxide, rather than lead, in the exhaust gases. This allows
the walls of the combustion chamber to be made from conventional
materials such as iron or steel without démaging such walls
during the combustion. The propellants produce the exhaust
gases at rélafively low temperatures during the combgstfc:. For
example, some of the propellants of this invention even produce
exhaust gases with temperatures below 1000° F dufing the
combustion. Thié allows the walls of the chamber to be made
from such materials as copper and it further allows the amount
of insulation in the chamber to be minimiéed. The propellants
of this invention also produce, during the combustion, a

relatively high energy per cubic inch of the propellant.




0141163

I I e

aAlthough this application hHas Béeﬁ'Aisébloéed and
illustrated with reference to particular applications, the
principles involved are susceptible'of numerous other
applications which will be apparent to persons skilled in the
art. The inventién is, therefore, to be limited only' as

indicated by the scope of the appended claims.

>z



CLAIMNS -34-

L e 0141168

1. In combination fcor use as a propellant,

& kinder also acting as a reducing agent,
a first oxidizing material containing lead and

oxygen, andg

a second oxidizing material containing oxygen and a
metal,
the first and second oxidizing materials and the
binder being provided in relative percentages by weight to
. obtain a reduction of the first oxidizing material to lead

oxide, rather than lead, during the combustion of the

propellant. ' i

2. The combination set forth in claim 1 wherein

carbon is also included in the combination.

3. The combination set forth in claim 1 wherein
the first and second oxidizing materials are included
in the combination in a relative percentage of approximately

eighty—-four percent (84%) to ninety-one percent (91%) by
weight.

4, The combination set forth in claim 1 wherein
the binder has a relative percentage by weight of
approximately eight percent (B%) to ten percent (10%) and has

hydrogen and carbon linkages.

5. The combination set forth in claim 2 wherein
the first and second oxidizing materials are included
in the combinationAin a relative percentage of approximately

seventy-four percent (74%) to ninety-one percent (91%) by weight
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and the binder is included in the combination in a relative

Claim 5 continued - 32 -

percentage of approximately eight percent (8%) to ten percent
(10%) by weight.

6. The combination set forth in claim 2 wherein
the first qxidiziné material is included in the
combination in a relative percentage of approximately fifty-two

percent (52%) to seventy-two percent (72%) by weight.

7. The combination set forth in claim 6 wherein
the binder is included in the combination in a
relative percentage of approximately eight percen£ (B%) to ten

percent (10%) by weight and is provided with hydrogen carbon

linkages.

8. The combination set forth in claim 1 vherein
carbon is included in the propellant as an additional

reducing agent.

9. In combination for use as a propellant,

lead nitrate as an oxidizer,

potassium perchlorate as an oxidizer,

a binder also acting as a reducing agent, and

an amount of aluminum sufficient to obtain the
reduction of the lead nitrate to lead oxide, rathe£ than lead,

during the combustion of the propellant.

10. -The combination set forth in claim 9 wherein
the aluminum has a percentage by weight in the
combination to approximately twenty percent (20%) by weight. ﬁigb
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11. The combination’ set fdrth in ;1a1m'9 ‘wherein
the alumimum has a percentage by weight in the
combination of approximately two percent (2%) to eighteen

percent (18%).

12. The combination set forth in claim 9 wherein

the'potassiu@"pgrchlorate has a percentage by weight
in the mixture of approximately twenty percent (20%) to
twenty—-four percemit (24%) and the lead nitrate has a percentage
bf weight in the mixture of appioximately fifty-two percent

(52%) to seventy-two percent (72%).

13. The combination set forth in claim 12 wherein
the binder has a percentage by weight in the mixture

of zpproximately eight percent (8%) to ten percent (10%).

14, .The combination set forth in claim 13 wherein

carbon is included as an. additional reducing agent.

15. In «ombination for use as a propellant,

a binder also acting as a reduc¢ing agent;

a lead compound oxidizer formed from lead oxidizer
salts and.having d&ense characteristics and stable properties at
ambient Eemperatmies and through a particular range of
temperatures above ambient temperatures, and

a fuel additive disposed in a combustible form and
having propefties of being oxidized by the oxidizer and of
reducing the lea&, the fuel additive having a percentage by

weight relative &o the lead compound oxidizer to reduce the lead
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compound oxidizer to the lead oxide, rather than lead, dufing

the combustion of the propellant.

16. The combination set forth in claim 15 wherein
the fuel additive is included in the combinatiop in

the range to approximately twenty percent (20%) by weight.

17.. The'combination set forth inm «laim 16 wherein
the binder included in the combimation in the range of
approximately eight percent (8%) to ten percent (iO%) by

weight and is provided with hydrogen and caribon linkages.

18. The combination set forth Im <laim 16 wherein
the lead compound oxidizer is selected from the grec:o -

consisting of lead nitrate, lead peroxide amd lead iodate.

19. The combination set forth im clgim 16 wherein

carbon is included as an additonal reducing agent.

20. In combination for use as & propellant,

a binder also acting aé a reducimg agent,

a lead compound oxidizer formed from inorganic lead’
oxidizer salts and having dense charactériStics and stable
properties.at ambient:temperatures.and thnﬁuéh a'particula;
range-of tempetatures above ambient temperatures, and

a metal fuel additive dispesed im a ﬁragmenﬁed form
for combustion and having préperties of being oxidized 5& the
oxidizer and of reducing the lead,

the metal fuel addi£ive having & percentage by weight

in the combination relative to the lead eompound oxidizer to
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reduce the lead compound oxidizer to lead oxide, rather than

Claim 20 continued
lead, during the combustion of the propellant.

21. The combination set forth in claim 20,

including,

a second inorganic oxidizer containing a metal other

than lead.

22. The combination set forth in claim 20,
including,

carbon serving as an additional reducing agent.

23. The combination set forth in claim 20 wherein

the inorganic lead compound oxidizer is selected from

the group consisting of lead nitrate, lead peroxide and lead

iodate.

24. The combination set forth in claim 20 wherein
~the metal fuel additive is included in the combination

in the range to approximately twenty percent (20%) by weight.

'25. The combination set forth in claim 24 wherein
the binder is included in the combination in the range
of approximately eight percent (8%) to ten percent (10%) by

weight and is provided with hydrogen and carbon linkages.

26. The combination set forth in claim 18 wherein
the lead compound oxidizer is included in the
combination in the range of approximately fifty-two percent

(52%) to seventy-two percent (72%) by weight. %
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27. The combination set forth in claim 1 wherein

the fuel additive is aluminum.

28. The combination set forth in claim 9 wherein

the aluminum is fragmented.

29. The combination set forth in claim 11 wherein

the aluminum is in particulate form.

30. Thefcombination set forth in claim 16 wherein

the fuel additive is in particulate form.

31. The combination set forth in claim 15 wherein
the fuel additive is in particulate form and consists
of a metal selected from a group consisting of aluminum,

beryllium, magnesium, titanium and lithium.

32. The combination set forth in claim 25 wherein
the lead compound oxidizer is included in the
combination in the range of approximately fifty-two percent

(52%) to seventy-two percent (72%) by weight.

33. The combination set forth in claim 1 wherein

the binder, fhe first and second oxidizing agents ana
the additive are provided in relati@e percentages by weigﬁt-to
obtain the production of carbon mopoxide during the cohbustioﬁ

of the propellant.

34. The combination set forth in claim 9 wherein

S
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the lead nitrate, the potassium perchlorate, the
binder and the aluminum have relative percentages by weight to
obtain the formation of carbon monoxide during the combustion of

the propellant.

.35. The cpmbination.set forth in claim 15 wherein

the binder, the leéd compound oxidizer and the fuel
additive are providedvin relative percentaées-by weight to
obtain the production of carbon monoxide during the combustion

of the propellant.

36. In combination for use as a propellant,

a hydrocarbon constituting as a feducing agent and a

binder,

a first oxidizing material containing lead and
oxygen,

a second oxidizing material containing oxygen and a
metal,

aluminum as a reducing agent,

the first and second oxidizing materials and the .
" aluminum beiné provided in peiative‘percentages by weight to
obtain a reduction of the fifsp oxidizing-ﬁatérial to lead.

oxide during the combustion of the éropellant.

37. The combination set forth in claim 36 wherein
the aluminum is includgd in the combination in a

relative peréentage to apbroximately twenty percent (20%) by

weight.

38. The combination set forth in claim 36 wherein
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the first and second oxidizing materials are included in the
combination in a relative percentage of approximately
seventy-four percent (74%) to ninety-one percent (91%) by

weight.
39. fThe combination set forth in claim 36 wherein
the hydrocarbon has a. relative percentage by welght

approximately eight percent (8%) to ten percent (10%).

40. The combination set forth in claim 27 wherein

n

of

the first and second oxidizing materials are included

in the combination in a relative percentage of appcoximately

eighty-four percent (84%) to ninety-one percent (91%) by weight

and the binder is included in the combination in a relative

percentage of approximately eight percent (8%) to ten percent
(10%) by weight and the carbon is included in the combination
the range of approximately zero percent (0%) to eight percent

{8%) by weight.

41. The combination set forth in claim 36 wherein

in

the first oxidizing material is selected from a group

consisting of lead nitrate, lead peroxide and lead iodate,

42. The combination set forth in claim 41 whkerein

‘the second oxidizing agent” is selected from & group

consisting of strontium nitrate, barium nitrate, cerium nitrate,

rubidium nitrate, ammonium perchlorate, potassium periodate,
potassium nitrate, area nitrate and gquanidine nitrate,

the binder,has'hydrogen and carbon linkages, and
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Claim 42 continwed ,.:3q _

the oxidizing agent and the binder are provided in
relative percentages .to obtain the production of carbon monoxide

during the combBimation of the propellant.

43. The combination set forth in claim 36 wherein
the first oxidizing material is lead nitrate and the

second oxidizing material is potassium perchloraté.

44, In combination.fof use as a propellant,

lead mitrate as an oxidizer, . |

potassium perchlorate as an oxidizer, and

a bin&er—él;o acting as a reducing agent, and

the relative amounts of the lead hitrate; the
potassium perchlorate and the binder being selected to obtain
the reduction of tﬁe lead nitrate to lead oxide during the

combustion of thke propellant.

45. The combination set forth in claim 44 wherein
the ¥ead nitrate, the potassium perchlorate and the
binder are provided with relative proportions to produce

combustion temperatures less than approxiamtely 1000°F.

46. The combination set forth in claim 44 wherein
the lead nitrate and the potassium perchlorate have a

relative percentage by weight of approximately eighty-four

- percent (84%) t®'ninety—6ne percent (91%).

47. The combination set forth in claim 44 wherein
the bEinder has a range by weight in the combination of

approximately efght percent (8%) to ten percent (10%).
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48. The combination set forth in claim 47 wherein

carbon is included as an additional reducing agent.

49. The combination set forth in claim 48 wherein
the carbon has a range by weight in the combination to
approximately eight percent (8%) and the binder has hydrogen and

carbon linkages.

50. 1In combinaticn for use &s a propellant,'

a binder also acting as a reducing agent,

a lead compound oxidizer formed from lead oxidizer
salts and having dense characteristics acd_stable properties at
ambient temperatures and through a particular range of
temperatures above ambient temperatufes, and

a second oxidizer,

the binder, the lead compound oxidizer and the seccnd
oxidizer beicg provided with relative percentages by weight to
reduce the lead compound oxidizer to the lead oxide during the

combustion of the propellant.

51. The combination set forth in claim 50 wherein
the second oxidizer is an inorganic salt and the

binder has hydrogen and carbon linkages.

52. The combination set forth in claim 51 wherein
the binder is included in the ‘combination in the rang:
of approximately eight percent (8%) to ten percent (10S%) by

weight.

53. The combination set forth in clzim 51 wherein

ar



o
P

10

($1]

QA= ;. 0141163

Claim 53 continued ' '

the lead compound oxidizer is selected from the group

consisting of lead nitrate, lead peroxide and lead iodate.

54, The combination set forth in claim 51 wherein

carbon is included in the binder.

55. In combination for use as a propellant,

a binder also acting as a reducing agent,

a lead cohpound oxidizer formed from an'inérganic lea
oxidizef salt and having dense characteristics and stable
propertigs at ambient temperatures and through a particular
range of temperatures above ambient temperatures,

the binder and the lead compound oxidizer having
relative percentages by weight im the combination to reduce the

lead compound oxidizer to lead ©xide during the combustion of

the propéllant.

56. The compination set forth in claim 55,
including,

the leaé.compound oxidizer being included in the
combination in the range of approximately eighty;three percent

(83%) to ninety-one percent (%1%) by weight.

57. The combination set forth in claim 55,

including,

-

carbon serving as am @additional binder.

5S8. The combination set forth in claim 55 wherein
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the inorganic lead compound oxidizer is 99(!1%2:'?]2§%:on

the group consisting of lead nitrate, lead peroxide and lead

iodate.

59. The combination set forth in claim 57 wherein
the carbon has a range in the combination to

approximately ten peréent (10%) by weight.

. 60. The combination set forth in claim 59 wherein
the binder is included in the combination  in the ran

of approximately eight percent (8%) to ten percent (10%) by

weight.

61. .The combination set forth in claim 59 wherein

the lead compound oxidizer is lead nitrate.

62. In combination for use as a propellant,
a binder also acting as a reducing agent, and
lead nitrate,

the binder and the lead nitrate having relative

" proportions by weight to reéuce the lead nitrate to lead oxid

during the combustion of the propellant.

63. The combination set forth in claim 62,
including,

carbon .as a reducing agent.

64. The combination set forth in claim 63 wherein

the léad nitrate has a range of approximately

eighty-three percent (83%) to ninety-one percent (91%) by

weight, the binder has a range of approximately eight percen
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Claim 64 continued

(8%) to ten percent (10%) by weight and the carbon has a range

to approximately ten percent (10%) by weight.

65. The combination set forth in claim 62 wherein

the binder has carbon and hydrogen linkages and the
binder and the lead nitrate have relative proportions by weight
to produce carbon monéxide'during the combustioﬁ of the

propellant.

66. The combination set forth in claim 36 wherein

the binder has carbon and hydrogen linkages and the
oxidizing agent and the binder are provided in relative
percentages by wéight, to obtain the production of carbon

monoxide during the combustion of the propellant.

67. The combination set forth in cléim.44 wherein

the binder has carbon and hydrogen 1inkages and the
lead nitrate, the potassium perchlorate and the binder are
provided in reiative.percentages by weight to obtain the
production of carbon monoxide during the combustioﬁ of the
propellant. .

.

68. The combination set forth in claim 50 wyherein

the binder has'carbon ané hydrogen linkages aﬁd-thé
binder, the lead compound oxidizer and the second oxidizer are
provided in relative éeréentages by Weight to-obtain the
production of carbon monoxide during the combustion of the

propellant..

69. The combination set forth in claim 55 wherein
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Claim 69 continued

the binder and the lead compound oxidizer are provided
in relative percentages by weight to obtain the prbduction of

carbon monoxide during the combustion of the propellant.
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