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This invention relates to novel propellant composi-
More particularly, this invention relates to propel-
lant compositions having reduced ignition delay charac-
teristics.

Initial fuel ignition in rocket motors and jet engines,

‘when hypergolic propellants are employed, is brought

about upon contact of an oxidizer and a fuel. When
non-hypergolic propellants are employed, smooth igni-
tion is accomplished in many combustion devices by the
initial use ‘of hypergolic or pyrophoric mixtures. One
method of initiating combustion is by injecting the hyper-
gol into the combustion chamber where it is to react with
either of the main propellants. - Of necessity, this hyper-
golic reaction must be very rapid so that reliable and
safe ignition may be accomplished before an explosive
mixture of the main propellants has filled the combustion
chamber. )

It is, therefore, an object of this invention to provide
novel fuel compositions. © Another object of this inven-
tion is to provide fuel compositions which have a lower
ignition delay characteristic upon contact with an
oxidizer. It is also an object of this invention to provide
propellants which are spontaneously combustible. An-
other object is to provide fuels and propellants- which
ignite smoothly in the combustion chamber, minimizing
danger of explosion. It is also an object to provide fuels
for rocket, jet, and ramjet engines having improved igni-
tion characteristics. Still other objects of the invention
will be apparent from the discussion which follows.

The above and other objects of this invention are ac-
complished by providing a composition of matter com-
prising compounds having the general formula R.M,
wherein R is selected from the group consisting of hydro-
gen, halogen atoms, and hydrocarbon groups having from
1 to about 12 carbon atoms and wherein at least one R
is a hydrocarbon group; m is a metal selected from the
class consisting of groups I-A, II-A, II-B, III-A, IV-B,
IV-A, and V=A of the periodic table of elements; and x
is the valence of M, and wherein said composition con-
tains at least two different metals in the form of said
compounds, and wherein the amount of each of said com-
pounds varies from about 0.1 weight percent to .about
99.9 weight percent, based on- the total weight of said
composition. An example of the above composition is
triethylboron - containing. 5 - weight percent triethyl-
aluminum. Such a fuel composition, when contacted
with liquid oxygen in a combustion chamber, ignites with-
in about 1 millisecond after contact and burns smoothly
thereafter.

The hydrocarbon groups which make upa part of the

metal-containing compounds' of this invention can-be

alkyl, aryl, arylkyl, and alkaryl groups and can be either
straight chain, branch chain, or cyclic. ’

The halogen atoms included in the compounds em-
ployed in the compositions of this invention are chlorine,
bromine, fluorine, and iodine. -
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Non-limitilg examples of organic-alkali metal com-
pounds that are used in the compositions of this inven-
tion include methyllithium, ethyllithium, propyllithium,
butyllithium, isobutyllithium, n-amyllithium, cyclohexyl-
lithium, dodecyllithium, phenyllithium, alpha-napthyl-
lithium, methylsodium, ethylsodium, propylsodium, butyl-
sodium, cyclohexylsodium, octylsodium, dodecylsodium,
phenylsodium, naphthylsodium, triphenylmethylsodium,
methylpotassium, ethylpotassium, amylpotassium, dode-
cylpotassium, phenylpotassium, naphthylpotassium, ethyl
rubidium, butylrubidium, phenylrubidium, dodecylrubi-
dium, diphenylmethylrubidium, ethylcesium, butylcesium,
octylcesium, dodecylcesium, phenylcesium, naphthyl-
cesium, etc.

Non-limiting - examples of group II-A metal-organic
compounds include dimethylberyllium, dibutylberyllinm,
didodecylberyllium, dinaphthylberyllinm, methylberyl-
liumhydride, phenylberylliumhydride, methylberyllium-
chloride, ethylberylliumbromide, etc. ’

Non-limiting examples of group II-B metal-organic
compounds include dimethylzinc, diisobutylzinc, ethyl-n-
propylzine, didodecylzine, methylphenylzinc, ethylnaph-
thylzine, methylzinchydride, ethylzincchloride, propyl-
zincbromide, dimethylcadmium, diethylcadmium, octyl-
butylcadmium, didodecylcadmium, diphenylcadmium,
naphthylmethylcadmium, ethylcadmiumhydride, phenyl-
cadmiumhydride, methylcadmiumfluoride, naphthyl-
cadmiumicdide, etc.

Non-limiting examples of group III-A metal-organic
compounds include dimethylethylborine, triethylborine,
tri-n-propylborine, tri-i-butylborine, tri-n-butylborine, tri-
t-butylborine, tri-i-amylborine, trioctylborine, tridodecyl-
borine, diphenylmethylborine, naphthyldiethylborine, tri-
alpha-naphthylborine, phenylborinedichloride, dimethyl-
borinebromide, dimethylborineiodide, methylborinedi-
fluoride, dimethylborinefluoride, naphthylborinedioidide,
dimethyldiborane, tetramethyldiborane, triethyldiborane,
didodecyldiborane, irimethylaluminum, triethylaluminum,
tri-n-propylaluminum, tributylaluminum, methyldiethyl-
aluminum, ethyldibutylaluminum, trioctylaluminum, tri-
dodecylaluminum,  triphenylaluminum, trinaphthylalumi-
num, - dimethylaluminumhydride, . ethylmethylaluminum-

hydride, dioctylaluminumhydride, octaylaluminumdibhy-

dride,. naphthylaluminumdihydride, dimethylaluminium-
fluoride, methylaluminumdichloride, diethylaluminumio-
dide, cyclohexylaluminumdiiodide, diphenylaluminumbro-
mide, trimethylgallium, methyldiethylgallium, diethylbu-
tylgallium, trioctylgallium, triododecylgallium, trinaphthyl-
gallium, dimethylgalliumhydride, ethylgalliumdihydride,
dodecylgalliumdihydride, dimethylgalliumchloride, = di-
ethylgalliumchloride, dibutylgalliumbromide, dodecylgal-
liumdiiodide, trimethylindium, tributylindium, diethyldo-
decylindium, dimethylindiumhydride, dodecylindiumdihy-
dride, - dimethylindiumchloride, octylindiumdifluoride,
naphthylindiumdibromide, trimethylthallium, triethylthal-
lium, - methyldidodecylthallium, naphthyldibutylthallium,
dimethylthalliumhydride, naphthlythalliumdihydride, di-
methylthalliumchloride, -octylthalliumdibromide, etc.
Non-limiting examples of: group IV-A metal-organic
compounds include tetramethylgermanium, dimethyldi-
ethylgermanium, diphenyldiethylgermanium, tetradode-
cylgermanium, naphthyliriethylgermanium, ethylger-
maniumtrihydride, dipropylgermaniumdihydride, trido-
decylgermaniumdihydride, dioctylgermaninmdifluoride,
triododecylgumaniumiodide, diphenylgenanium = difluo-
ride, etc. .
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A non-limiting example of a group IV-B metal-organic
compound is diphenyl-bis-cycylphenyldieniyltitanium.

Non-limiting examples of group V--A metal-organic
compounds include trimethylarsine, methyldiethylarsine,
tributylarsine, cyclohexyldiethylarsine, trioctylarsine, tri-
dodecylarsine, naphthyldiethylarsine, tetraethyldiarsine,
tetraethyldiarsyl, dimethylarsenichydride, ethylarsenicdi-
hydride, diphenylarsenichydride, dimethylarsenicchloride,
diethylarsenicfluoride, phenylarsenicdibromide, trimethyl-
stibine, methyldiethylstibine, tributylstibine, cyclohexyi-
stibine, trioctylstibine, tridodecylstibine, naphthyldiethyl-
stibine, dimethylantimonyhydride, ethylantimonydihy-
dride, diphenylantimonyhydride, dimethylantimonychlo-
ride, diethylantimonyfluoride, phenylantimonydibromide,
trimethylbismuth, triethylbismuth, tridodecylbismuth, tri-
phenylbismuth, trinaphthylbismuth, dimethylbismuthhy-
dride, ethylbismuthdihydride, didodecylbismuthhydride,
dimethylbismuthhydride, ethylbismuthdihydride, diphen-
yibismuthhydride, dimethylbismuthchloride, diethylbis-
muthfluoride, phenylbismuthdibromide, etc.

It is found that when the compositions contain at least
two different metals in the form of compounds having
the general formula R M the ignition delay, defined as
the time elapsing from the moment iof contact of the
fuel with an oxidizer to the moment of ignition, is lower
than the calculated ignition delay, based on the concen-
tration of the various components of the mixture and
the known ignition delay period for the pure individual
compounds. A great reduction in the ignition delay char-
acteristic is found upon mixing boron-organic compounds
with other metal-organic compounds of the class dis-
closed hereinabove. Fuel compositions containing boron-
organic compounds, therefiore, constitute a preferred em-
bodiment of this invention. An additional advantage
resulting from the use of fuels containing boron is that
the boron oxide residue is less adherent to the surfaces
of combustion and thrust chambers and can be readily
removed because of its water solubility.

The ignition delay determinations were measured by
noting the time between the contacting of the propellants,
namely, the fuel and oxidizer, and the time of ignition in
an unconfined combustion zone. One or the other of
the propellants was given a substantial lead (in most
cases, the first propellant was the oxidizer), and the sec-
ond propellant was then admitted. The fuel passed a
photocell very near the impingement point of the two
propellants. The start of ignition was noted as an evolu-
tion of visible light, also registered on a photocell. These
signals were recorded on an oscillograph which made
measurements to =1 millisecond. Ignition delays have
also been determined in small motors in which the propel-
lants are contacted. The ignition point is then also evi-
denced by a rise in chamber pressure. The measure-
ments were made at an ambient pressure equivalent to
substantially 715 mm. of mercury.

As stated hereinabove, the amount of each metal-or-
ganic compound in the composition can vary from. about
0.1 to about 99.9 weight percent since such: compositions
exhibit ignition delay periods lower than that expected
from a knowledge of the ignition delay periods of the in-
dividual components in the pure state and the weight
percent of the components in the composition., It is
found, for example, that the ignition delay period upon
contacting liquid oxygen with triethylboron is substan-
tially 111 milliseconds, and the ignition delay upon con-
tacting liquid oxygen with triethylalvminum is 9 milli-
seconds.

The following table illustrates the ignition delay char-
acteristics of a composition of boron-organic compounds
and aluminum-organic compounds. The ignition delay
of the system ds determined as described above, Liquid
oxygen is first admitted to the combustion zone, followed
by the admission of the fuel which contacts the liquid
oxygen.
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TABLE I
Triethyl- | Triethyl- Ignition Ignition
boron, |aluminum,| Delay, Delay,
Comp. No. Wt. Wt. Milli- Milli-

Percent Percent seconds, seconds,

Calculated | of Mixture

100 | 111

99.9 [ 0.1 111 160

99 1 110 5

97.2 2.8 108 ~1

95 5 106 1

50 50 59 2

10 90 9 8

1 99 ~9 ~8

0.1 99.9 ~9 <9

- 100 [cccacecaas 9

From the above table it is seen that a great reduction
in the ignition delay characteristics of a fuel is obtained
when two different metals in the form of metal-organic
compounds are present, as compared with the sum of
the ignition delay characteristics of the individual com-
ponents multiplied by the weight percent of that compo-
nent in the composition. The maximum reduction in
ignition delay of the triethylboron-triethylaluminum sys-
tem is observed with Composition No. 5 in Table I, name-
ly, 95 weight percent triethylboron (TEB) and 5 weight
percent triethylaluminum (TEA). The calculated igni-
tion delay period is 106 milliseconds, whereas the ob-
served ignition delay is only one millisecond. This is a
reduction of 99.9% in the ignition delay.

The wvalues given in Table I hold true for values of
the ratios of oxidizer-to-fuel given in terms of multiples
of the stoichiometric weight ratio value of from about
0.1 to about 30. The wvalues in Table I represent an
average obtained from about 50 determinations for the
individual fuel formulations. The fuels exhibit a reduc-
tion in ignition delay when employed with nitrogen
tetroxide and other oxidizers discussed below.

Other fuel compositions which exhibit an dignition de-
lay period which is lower than that calculated from a
knowledge of the weight percent composition and the
ignition delay peniod for the pure components, when em-
ployed with liquid oxygen, nitrogen tetroxide, and the
other oxidizers discussed in this writing, are given in
Table I below.

TABLE II

Composition No, Component Weight

Percent

{Methylllthium._.-
Methylsodium.
{Butyllithium_ .
Ethylpotassium..__...__.._
{Alpha-naphthyl]ithium. .
Ethyl rubidium... - 9!

[ SO {Octylcesiu_m~
"""""""" Amylpotassium.
5. . { Butylsodium....
"""""""""" Phenylrubidium._
[ {Eyhylsodium ________

""""" Dibutylberyllium.

T e {Butylrubidium _____________ -
"""" Methylberylliumehloride

wee
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o

& {Dodecylcesium......
""""" Dinaphthylberyllium
Ol {Cyclohexylsodlum_ -
"""""" Dimethylberylliium.
10 e {Propyllithium .........
""" Dimethylzine...

11 {Ethylsodium ________ -
Ethyl-n-propylzine

{Octylsodium ______
Methylzinchydride
{Phenylrubidium _____
Methylcadmiumfiuorid .
{Phenylpotass'mm ...........
Propylzinebromide. .. -
15 e {Ispbutyllithium ...... -
“I\Dimethylethylborine

16 e {Ethylsodium_
““|\Triethylborine

17.. Octylsodium._
“NTrioctylborine_..___ _

18 e {Amylpotassium _____________
Tri-alpha-naphthylborine.___ .

[ TR {Ethy]rubidium _____________ -
Tetramethylidiborane .. .. ..._..____
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Composition No. Component Weight
Percent
Butylsodium 50
20 e Ethylpotassium 49.5
Methylborinedifluoride. o oooeveooo 0.5
Naphthylpotassinm 5
2l e Triethylborine .o 45
Tri-alpha-naphthylborine. ... 50
Ethylpotassium 90
22 e {Butyllithium _________________________ 5
Diphenylmethylborine . _.___..0 &
Dodecyllithium, 20
- Octylsodium 30
Triethylborine_ . Lo 50
Butylsodium - 99.9
Trimethylindivm __Zo. 0.1
Ethylpotassium . 99
Naphthylaluminumdibydride _....__. 1
Phenylpotassivm._______.... 99
Dimethylgalliumfiuoride. 1
Dodecylpotassium._.__ 50
Trioetylaluminum. oo 50
Phenyllithinm - 5
Triethylaluminum 95
Triphenylmethylsodium. ... _.__. 1
Tributylaluminum 29
Phenyicesium —— 0.1
Trioctylaluminum . oo 99.9
Ethylpotassium 99.9
Diphenylgermaniumdifiuoride_._.____ 0.1
Octylsodium 99
Ethylgermaniumtribydride. ....__.__. 1
Methyllithium 1
Tetramethylgermaninm . 99
Phenylrubidium 99.9
Tetradodecylgermapium __..o..______ 0.1
Dodecyllithium. 99.9
Trimethylarsine 0.1
Butylsodium 99
Ethylarsenicdihydride_ ... oocaa_____ 1
Phenylrubidium 0.1
Tributylstibine_ . o oo 99.9
Methylpotassium 0.1
Trimethylstibine. 99.9
Cyclohexylsodium._ - ___ . ... o . 95
Diphenylbismuthhydride. 5
Ethylpotassium. 50
) S T Diphenyl-biseyclophenyldieniyl-
titanium__ 50
4 {Dibutylberyﬂium . 99.9
ittt Phenylcadmiumhydride. . ooeoeoooo.o 0.1
2 { Didodecylberyllium.__. 99
""""""""""" Dimethylzine ol L 1
43 {Phenylberyﬂinm 0.1
-------------- Ethyl-n-propyleine ool 99.9
44 {Ethylzincchloride _____ . 99
---------------- Methylberyllinumehloride. - 1
45 {Dimethylberym'um ..... 99
"""""""""""" Triethyloorine. . oo 1
4 {Dibutylberylllnm 1
Fwmmmm e m oo s Tri-n-butylborine_ . _..__.._.____ 99
Dimethylberylium ... _._.______ 1
47 ----------------- TPriethylaluminmm. - [¢1s]
4 {Didodecylberyllium ................... 99
et Tridodecylaluminum_ 1
49 {Didodecylberyllium ___________________ 99
it ineid Tetradodecylgermanium 1
50 {Methylberylliumchloridg _____________ 1
-------------- Dimethyldiethylgermanium _ 99
51 {Dibutylberyllium _____________________ 99
--------------- Trimethylarsine 1
9 {Dinaphthylberyllium ________________ e 1
e Triethylbismuth__...--- .- 99
53 {Dimethylzinc ............... 99.9
"""""""""""" %ri}ftlllylborinelm-__- O.é
thyl-n-propylzine. 9
B4 e {Dimethylboriuebromide 1
55 {Didodecyl'lino 5
it Tri-n-bubylborine . o.ooo-ocoonooo__ 95
‘56 {Diisobutylz'mc_-__ ______________ 95
---------------- Tridodecylborine._ e 5
Dimethylzine. o 99
BT oo Naphthaldiethylborine . ...._.______ 1
58 {Diisobutylzinc ______ meem 99.9
------------- Phenylborinedichloride 0.1
9 {Diethylcad’minm - 50
59 Triethylborine. . .o 50
{Triethylborine ........................ 99.9
B e Trimethylaluminum 0.1
Tri-n-propylborine.... 10
1) Triethylborine__....._ R 89
3 Dimethylaluminumhydride.. —— 1
Dimethylborinebromide__...._.______ 1
62 Tri-i-hutylborine - ' 4
"""""""""""" Triethylaluminum ... __________. g0
Diethylaluminumiodide 5
Tridodecylborine.__ -5
Tri-n-butylborine . 90
L Tributylaluminum . 4
Octylaluminumdihydride -« 1
Dimethylethylborine.__ 0.5
Diphenylmethylborine. 0.5
6% Methyldiethylaluminum_ 90
Methyldiethylgallium.. 9
: A Triethylborine__. .. 0.1
[ S Tricctylaluminum., _ .ol 99
Trimethylindium 0.9
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Welght
Percent

Composition No. Component

{Triethylborine ........................

Dimethyldiethylgermanium.

67 {Dlphenylmethylborine ................
"""""""""""" Tetramethylgermanium

{'I‘riethylborine

Methyldiethylarsine. .ooe o ________
Trioetylstibine
{'I‘ridodecylborine _____________________ 1

Triethylbismuth
Phenylantimonydibromide_ _ ___.__.__
Triethylaluminum. .. _.._.__._
Ethylmethylaluminumhydride
Diethylbutylgalliom.__________
Dimethyldiethylgermaniuom. ._
Dipropylgermaniumdihydride_____.___
Tri-n-propylaluminum

Methyldiethylgalliom. .. __.._.__
Dimethylindiumhydride._ ... __
{Triethylaluminnm

(3=}
Pt
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o

Methyldiethylarsine______.._.________
Ethylentimonydihydride_ .
Tridodecylaluminum ..o ..
Trimethylgallium

Triethylthallium
Diphenyldiethylgermanivm . ________
Trimethylarsine.
Tributylstibine. .. __________
Tetramethylgermanium
Trimethylarsine. o ..o oo
Trioetylstibine -
Trimethylbismuth

Naphthyleesium

Tributylstibine . oo
Triethylbismuth
Dimethylbismuthehloride. ... .

Soooepos oo

©w

=X =]

The oxidizers with which the fuels of this invention
exhibit reduced ignition delay periods include liquid oxy-
gen, nitrogen tetroxide, hydrogen peroxide, chlorine -tri-
fluoride, bromine pentafluoride, white fuming nitric acid,
red fuming nitric acid, liquid fluorine, liquid fluorine and
liquid oxygen mixtures of from about 5 to about 95 mole
percent finorine in oxygen, perchlorofluoride having the
general formula FCIO;, and nitrogen trifluoride, mixed

‘oxides of nitrogen, as well as other oxidizers known to

those skilled in the art.

The amount of oxidizer employed with the fuel is given
in terms of the stoichiometric ratio of oxidizer-to-fuel.
The stoichiometric value of the ratio is defined as that
value of the weight ratio when the oxidizer and fuel are

‘used in stoichiometrical portions for complete oxidization

of the fuel. The oxidizer-to-fuel weight ratio can vary
from about 0.1 of the stoichiometric ratio value to about
30 times the stoichiometric ratio value for ignition pur-
poses. When, however, the metal-organic compounds
are employed as components of improved hydrocarbon
fuel mixtures, the oxidizer-to-fuel ratio varies from about
0.5 to about two times the stoichiometric ratio value.
For better engine performance with respect to thrust and
range, however, oxidizer-to-fuel weight ratios equivalent
to from about 0.6 to about 1 of the stoichiometric value
are preferred.

Liquid oxygen is found to perform well when employed
as the oxidizer with the fuels of this invention. There-
fore, the use of liquid oxygen constitutes a preferred em-
bodiment of this invention. )

The performance of the compositions of this invention
as rocket fuels was investigated by operating stationary
rocket motors using the fuels together with a suitable
oxidizer. The rocket engine employed in the tests had

‘a throat area of 0.132 square inch. The ratio of the

cross sectional area of the nozzle exit-to-throat cross sec-
tional area was 1:1. The ratio of the cross sectional
area of the combustion chamber-to-the cross sectional
area of the throat was 2.0:1. The motor was operated at a
combustion chamber pressure of 500 p.si.a. and an exit
nozzle pressure of substantially 13.6 p.s.ia. The fuel
‘composition and oxidizer were fed through separate con-
duits from individual storage containers to the combus-
tion chamber where the stream of fuel composition and
the stream of oxidizer contacted each other upon emerging
from orifices in an injector plate. The fuel and oxidizer
ignited upon contact, producing gaseous products as a
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result of the spontaneous combustion of the components
of the two streams. The gaseous products were ejected
from the combustion chamber through the throat area and
then out into the atmosphere through the exit nozzle. The
ejection of the reaction product gases from the combus-
tion chamber produces a thrust which is measured by
means of a load cell mounted forward of the motor.
The fuel composition and the oxidizer were metered into
the motor so that the amount reacting within any par-
ticular period of time was known.

In instances where the fuel compositions do not make
completely fluid solutions, a solvent is used which also
serves as a fuel. Non-limiting examples of solvents used
include benzene, chloroform, and hydrocarbon fuels of
the type discussed below.

Non-limiting illustrative examples of the operation of
rocket motors described above employing the fuel com-
positions of this invention are given below.

Example 1

The rocket motor described above is operated on fuel
composition No. 2 of Table I, using liquid oxygen as the
oxidizer. The oxidizer-to-fuel weight ratio is equivalent
to the stoichiometric value. The ignition of the fuel in
the engine is smooth and the engine operates satisfac-
torily.

Example 11

The above rocket motor is operated with fuel No. 9 of
Table I, together with a liquid oxygen-fluorine mixture
in the weight ratio of 95:5, oxygen-to-fluorine. The
ratio of oxidizer-to-fuel is substantially 0.6 of the stoichio-
metric ratio value. A smooth ignition and satisfactory
operation is observed.

Example 111

The above rocket motor is operated on fuel No. 3 of
Table I, with liquid oxygen as the oxidizer. The oxidizer-
to-fuel weight ratio is 0.1 of the stoichiometric ratio value.
Improved ignition and satisfactory operation is observed.

Example IV

The above rocket motor is operated on fuel No. 8 of
Table I, together with liquid oxygen. The oxidizer-to-
fuel weight ratio is 30 times the stoichiometric ratio
value. Improved ignition and satisfactory operation is
observed.

Example V

The procedure of Example IV is repeated employing
composition No. 4 of Table I as the fuel and nitrogen
tetroxide as the oxidizer. The oxidizer-to-fuel weight
ratio is substantially 0.8 of the stoichiometric ratio value.
Smooth ignition and efficient operation is observed.

Example VI

The procedure of Example IV is repeated employing
fuel No. 5 of Table I, together with liquid oxygen as
the oxidizer. The oxidizer-to-fuel weight ratio is ten times
the stoichiometric value. Smooth ignition and satisfactory
operation are observed.

Example VII

The above rocket engine is operated on fuel No. 16 of
Table II, together with liquid oxygen in proportions equiv-
alent to the stoichiometric values of the oxidizer and fuel.
Smooth ignition and satisfactory operation are observed.

Example VIII

The rocket motor described above is operated on fuel
No. 55 of Table IL, with a liquid oxygen-fluorine weight
percent mixture of 76-to-24, oxygen-to-fluorine, as the
oxidizer. The oxidizer-to-fuel weight ratio is 0.6 of the
stoichiometric ratio value. Smooth ignition and satisfac-
tory operation are observed.

<t
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Example 1X
The above rocket motor is operated on fuel No. 71 of
Table II, together with hydrogen peroxide as the oxidizer.
The oxidizer-to-fuel weight ratio is equivalent to 0.7 of
the stoichiometric ratio value. Improved ignition and
satisfactory operation are observed.

Example X

Improved ignition and satisfactory operation are ob-
served when the above rocket motor is operated on fuel
No. 73 of Table II, together with nitrogen tetroxide as
the oxidizer. The oxidizer-to-fuel ratio is 30 times the
stoichiometric ratio value.

Example XI

The procedure of Example X is repeated with the
modification that fuel No. 69 of Table II is employed, to-
gether with white fuming nitric acid as the oxidizer. The
oxidizer and fuel are employed in proportions equivalent
to the stoichiometric values for complete combustion of
the fuel. Improved ignition and satisfactory operation
are observed.

Example XII

The procedure of Example X is repeated employing fuel
No. 10 of Table II, together with liquid oxygen as the
oxidizer. The oxidizer-to-fuel weight ratio is equivalent
to the stoichiometric value. Smooth ignition and satis-
factory operation are observed.

In like manner, improved ignition and satisfactory op-
eration of the rocket motor are observed when the other
fuels of Tables I and II are employed with the oxidizers
specified hereinabove.

When a flight rocket is operated on the composition No.
5 of Table I, together with liquid oxygen as the fuel in
proportions such that the oxidizer-to-fuel ratio is equiv-
alent to the stoichiometric ratio value, satisfactory flight
performance is observed.

In like manner, satisfactory performance is observed
when flight rockets are operated on fuel compositions of
Tables I and II, together with liquid oxygen and the other
oxidizers specified hereinabove.

The compositions of this invention are employed not
only as primary fuels but also as additives to other hydro-
carbon fuels having boiling points within the range of
from about 87° F. to about 600° F. For example, the
combustion characteristics of solene is improved by the
addition of from about 1 toabout 99 weight percent of the
compositions described hereinabove, including those given
in Table I. Solene is a hydrocarbon fuel having an initial
boiling point (IBP) of about 90° F. and a final boiling
point (FBP) of about 406° F. It is composed of 20.8
weight percent thermal distilate, 21.5 weight percent cata-
Iytic distillate, 26.4 weight percent virgin naphtha, and
1.3 weight percent butane. A specific example of a hydro-
carbon fuel is solene containing 1 weight percent of com-
position No. 3 of Table I. Another fuel that is improved
by the additions of the compositions described hereinabove
is indolene. Indolene has an initial boiling point of sub-
stantially 94° F. and a final boiling point of substantially
390° F. Indolene is a brand of straight-run catalytically
cracked and polymeric blending stocks containing 10
weight percent of polymeric components, 40 weight per-
cent catalytically cracked heavy naphtha, 35 weight per-
cent virgin light naphtha, 5 weight percent butane, and 10
weight percent pentane. A specific example employing
indolene fuel is a composition containing 99 weight per-
cent of composition No. 5 of Table I and 1 weight percent
indolene.

Non-limiting iltustrative examples of fuel compositions
of this invention employing a hydrocarbon fuel as one of
the components are given in Table IIT below.
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TABLE IIf

Comp. No. Componénts Welght

Percent

{Composition No.3of Table X . ___._._._. 1
JP—4

{Combbsition No. 5of Table I ... 5
RP-1

{Oomposition No.8of Table Xo__.__.____.

Fuel A=__

4 Composition No.
-------------- Benzene

{Composition No

Kerosene.
Composition No. 48 of Table IT.________._
CHCB -
Benzene,

{Composition No:23 of Table IT..____.____
Fuel B

a Fuel A isahydrocarbon fuel having an IBP of 87° F,a FBP of 600° F.,
with an aromatic content of 25 vol, pércent max., and an olefin content of
10 vol. percent max, ;-

b Fuel B is a hydrocarbon fuel having an IBP of 400° ¥., a FBP of
600° F., a flash point of 190° F., with an aromatic content of 5 vol. percent
max., and an olefin content of 1 vol. percent max.

The JP—4 fuel is a hydrocarbon fuel having an IBP of
about 144° F., a FBP of about 487° F., an aromatic con-
tent of about 11.3 vol. percent and a bromine number of
about 1.59,

The fuél designated as RP—1 has an IBP of about 350°
F. and an FBP of about 525° F., a flash point of about
110° F., an aromatic content of 5 vol. percent max., and
an olefin content of 1 vol. percent max.

Non-limiting illustrative examples of the use of fuels
of the type shown in Table Il are given in the following
examples.

Example XIII

A jet engine is operated on JP-4 fuel containing 1
weight percent of composition No. 3 of Table I. Good
ignition and satisfactory cperation of the engine are ob-
served,

Example X1V

A ramjet engine is operated on composition No. 2 of
Table I, Satisfactory operation is observed.

Example XV

A space rocket vehicle is powered by composition No.
2 of Table HI, together with liquid oxygen as the oxidizer.
Satisfactory operation is observed.

In like manner, satisfactory operation is observed when
jet engines, ramjets, or space flight vehicles employ hy-
drocarbon fuels having an IBP in the range of from about
87° F. to about 400° F. and a FBP of from about 450°
F. to about 600° F., together with the compositions of
Tables I and II for propulsion purposes.

Example XVI1

A rocket motor having a regeneratively-cooled thrust
chamber and rated at 100,000 pounds thrust was operated
on a combination of RP-1 fuel and liquid oxygen in
stoichiometric proportions. The liquid oxygen was ad-
mitted first to the combustion chamber. A hypergol
consisting of a mixture of 96 weight percent triethylborine
and 4 weight percent triethylaluminum was next admitted
to the combustion chamber preceding the fuel, where it
contacted the liquid oxygen and ignition occurred. While
the hypergol and the liquid oxygen burned, RP-1-fuel
was admitted from a pressurized tank to the combustion
chamber where it ignited smoothly and satisfactory oper-
ation of the motor thereafter was observed.

Equally good results are obtained when the procedure
of Example XVI is repeated employing a hypergol con-
sisting of a mixture of 85 weight percent triethylborine
and 15 weight percent triethylaluminum. Likewise,
smooth ignition is obtained when combustion in a rocket
motor is initiated by the use of one of the fuel composi-
tions of Tables I and II with liquid oxygen, as well as
with other compositions of the types described herein-
above with a suitable oxidizer and a hydrocarbon fuel
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10
having an IBP of from about 87° F. to about 400° F.
and an FBP from about 450° F. to about 600° F. is fed
to the combustion chamber while the hypergol and the
oxidizer are undergoing combustion. Thus, the method
of Example XVI is used to initiate ignition of any of the
hydrocarbon fuels discussed above.

By the use of a hypergol consisting of a fuel composi-
tion containing compounds having the general formula
RyM, as described hereinabove, wherein the composition
contains at least two different metals in the form of these
compounds, smooth ignition is accomplished. This meth-
od provides a reliability factor in the start up of engines
which minimizes the danger of forming an explosive mix-
ture in the combustion chamber prior to ignition.

From the discussion and examples given hereinabove,
it is seen that novel fuel compositions have been pro-
vided. A word of caution with respect to the preparation
and use of these compositions may be in order. Many
of the organo-metallic compounds, as well as ‘the fuel
formulations, are highly explosive, and explosions may
occur even when it is believed that all safety precautions
have been observed. It is, therefore, advisable to treat
all fuel compositions as highly explosive and dangerous
materials for handling purposes.

While the compositions and method of this invention
have been described in some detail, with the use of specific
illustrative examples, it is to be understood that the ex-
amples were used by way of illustration only and not by
way of limitation. It is not intended that the spirit or
scope of this invention be limited except as indicated in
the appended claims.

We claim:

1. A method of effecting combustion 'in a. reaction
chamber with a minimum of ignition delay between a fuel
composition and an oxidizer for combusting said fuel
composition, the method comprising contacting in said
reaction chamber said oxidizer with said fuel composi-
tion, said fuel composition comprising a boron compound
having the formula R;B and from one to about 99 weight
percent, based on the total weight of the composition,
and an aluminum compound having the formula R3Al,
and wherein each R is an alkyl hydrocarbon group hav-
ing from ome to about 12 carbon atoms.

2. A method of effecting combustion in a reaction
chamber with a minimum of ignition delay between a
fuel composition and an oxidizer for combusting said fuel
composition, the method comprising contacting in said
reaction chamber said oxidizer with said fuel composi-
tion, said fuel composition consisting essentially of a boron
compound having the formula R;B and from one to
about 99 weight percent, based on the total weight of
the composition, and an aluminum compound having
the formula R3Al, and wherein each R is an alkyl hydro-
carbon group having from one to about 12 carbon atoms.

3. A method of effecting combustion in a reaction
chamber with a minimum of ignition delay between a
fuel composition and an oxidizer for combusting said fuel
composition, the method comprising contacting in said
reaction chamber said oxidizer with said fuel composition,
said fuel composition consisting essentially of from one
to 99 weight percent triethylaluminum and from 99 to
one weight percent triethylboron based on the combined
weight of said triethylaluminum and said triethylboron.

4. A method of initiating combustion in a reaction
chamber with a minimum of ignition delay between a
hydrocarbon fuel boiling within the range of 90° F. to
about 600° F. and an oxidizer for combusting said fuel,
the method comprising first contacting in said reaction
chamber said oxidizer with a composition comprising a
boron compound having the formula R3B and from one
to about 99 weight percent, based on the total weight of
the composition, and an aluminum compound having the
formula RjAl, and wherein each R is an alkyl hydro-
carbon group having from one to about 12 carbon atoms,
whereby said oxidizer and said composition provide
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hypergolic ignition in said chamber, and thereafter con-
tacting said oxidizer with said hydrocarbon fuel.

5. A method of initiating combustion in a reaction
chamber with a minimum of ignition delay between a
hydrocarbon fuel boiling within the range of 90° F. to
about 600° F. and an oxidizer for combusting said fuel,
the method comprising first contacting in said reaction
chamber said oxidizer with a composition consisting es-
sentially of a boron compound having the formula R3;B
and from one to about 99 weight percent, based on the
total weight of the composition, and an aluminum com-
pound having the formula R3;Al, and wherein each R is
an alkyl hydrocarbon group having from one to about 12
carbon atoms, whereby said oxidizer and said combustion
provide hypergolic ignition in said chamber, and there-
after contacting said oxidizer with said hydrocarbon fuel.

6. The method of producing thrust comprising supply-
ing to a combustion chamber a hydrocarbon fuel boiling
in the range of from about 90° F. to about 600° F. and
an oxidizer for combusting said fuel, said hydrocarbon fuel
containing from about 1 to about 99 weight percent of a
composition comprising a boron compound having the
formula RgB and from one to about 99 weight percent,
based on the total weight of the composition, and an
aluminum compound having the formula R;Al, and
wherein each R is an alkyl hydrocarbon group having
one to about 12 carbon atoms, and combusting said fuel
in said chamber.

7. The method of producing thrust comprising supply-
ing to a combustion chamber a hydrocarbon fuel boiling
in the range of from about 90° F. to about 600° F. and
an oxidizer for combusting said fuel, said hydrocarbon
fuel containing from about 1 to about 99 weight percent
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of a composition consisting essentially of from one to 99
weight percent triethylalominum and from 99 to one
weight percent triethylboron based on the combined
weight of said triethylaluminum and said triethylboron,
and combusting said fuel in said chamber.

8. The method of claim 7 wherein said boron com-
pound is triethylboron and said aluminum compound is
triethylaluminum.
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