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~ofi hydrocarbons, particularly thosé hydrocarbons. which
+aresessentially non-hypergolic at. ordinary. témiperatiires.
Yet-another objéct:is a novel class:of orgatic compounids.
Other objects, will- become apparent:in_the. couise of the
~detailed descriptiori of the invention. R
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This invention relates to the genéfation of gas: - More
particularly it relates to a method of reaction propulsion
by the hypergolic reaction of a nitric acid’ oxidizer and
a liquid foel. . »

Reaction propulsion or rocket propulsion operates with
a fuel system that is not dependent on. atmospheric oxy-
gen. The -fuel systern. may consist- of a single self-
contained propellant, i.e., mono-propeliant system or it
may consist of a separate fuel and a separate oxidizer,
i.e., bi-propellant system. )

A bi-propellant_rocket carries the fuel and the oxidizer
in sgparate tanks. = The fuel and the oxidizer are intro-
diiced separately and substantially simultaneously into
the combustion chamber-of the rocket motor. The gas-
€01i§ "prodiicts “of the ‘reaction of the fitel and’ the oxi-
diZetare discharged through an exit nozzle} the forward
thrust is developéd by the passagé of tliese gaseous
prodiicts through the nozzle. A self-igniting fuel system
Is' préféerred because of the possibilitiés -of failure when
using: auxiliary meétheds- of ignition, such as a- spark
plug-or a glow plug: A fuel which i self-igniting or
sponifaneously combustionable when contacted Wwith an
oxidizer is known as 4 hypergolic fuel.

Temperature has an imiportant bearing on'thé hyper-
golic activity of fuels. ‘The earth’s surface’ may vary
in temperaturé. from a high of about +125° F. to a
low of about’ —65° F. Temperatures = below _about
—30° F. are exceptional, _Surface‘to-air  missiles or
rockét driven air craft must be capable of opération at
témperatuies on the ordér of =230° F.; this means that
4 hypefgolic reaction. must take place when the tem-
peratare of the fuel and the oxidizer at’ the moment
initial contact ih the. combustion chamber-are at a

‘teffperatute of about —30° F. High altitude tempera-

fures.are normally on the order of —65° F. and are
Kfiowh 16 reach —-100° F.. An girsfo=air mmissile must
be able 10 operate at thess very 1ow: atrifosphefic' te-

‘peratures;. that is, the fuél and the oxidizer mist react

hypergolically even though at ihe. moinent of initial
contacting in the combtstion chamber. of thg rocket
motor tHey. are at a temperatire of aboit —65° F. or
¢ven lower.

. AR object of the inveéntion is a miethod of gererating

gas, by the. hypergolic teaction. of a fil and 4 nitric
acid oxidizer.  Anothér object i§ a méthod of reaction
propulsion. or rocket . propulsion by the usé of the. hy-
pergolic reaction. of a fiel and a. mitfic_acid” oxidizer.

-Still. another. object. is. a meéthod of tocket propulsion

-the use of: the .hygérgdlic Teaétion of ‘a hitri¢ acid

dizer. and. a.fuel. which contains appreciablé’ amicunts

... The - novel.. composition ; 2nch10ré,-'1;3;276iétiiiéphbs-

- phelane. tindergoes.a hypergolic reaction with fitric. acid

oxidizers at atmospheric temperatures {6 prodiice gaseous

-products. of deconiposition,. Tlnsfuel can be used in.

o Pat‘ented Aug. 11, 1959

2

rocket propulsion by -injecting the fuel and a mitric acid

* oxidizer separately- and substantially simultaneously ints’

the combustion chamber of a rocket motor and-discharg-
ing the gaseous decomposition products from said-com-
bustion chamber through an exit nozzle. R

The composition of this- invention is hypergolic with'

- nitric acid oxidizers- at ordinary- temperatires;: suich™ 4§

10

about 75° F. At temperatures on the order’ of 0° Fy;.
a_ hypergolic reaction takes placé” with nitri¢ acid oXia
dizers containifig as’ much as 5 weight perceiit: of noti=

_acidic materials. The non-acidic materials generally:

15

are used to depress: the freezing poiat of high piirity
fitri¢-acid,” The most common' materials: are water - its
self or aqueous solutions of potassium nitrate of ' nitrité:
These non-acidic miaterials have an adverse inflience ‘on
the hypergolic activity of the nitric acid’ and therefore

- ditrie aeid containing large amounts’ of these materials
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. contains 7 percent or mocre of N;Oa.

cannot be used at very low atmospheric températures;
Commercial grade white fuming nitric acid—WEFNA=«
which contains’ about' 2 percent of water can be used
down to its freezing point of about —40° F. WENA'
is the preferred oxidizer at temperatures above its freez
ing’ point. Red fuming nitric acid, which consists ‘of
nitric acid and dissolved N,O, is usable over the entife
range of atmospheric' temperature: In _general, RFNA
For operation at

~ very low atmospheric temperatures, i.e., below about

30

—65° F., the preferred oxidizer is RENA containing. at
ledast about 16 pércent of N30,.. S
Nitric ‘acid oxidizers siitable for usé at very low

. tetperatures can be obtained by mixing WENA - with
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various strong oxidizing acids. A suitable nitrie acid
oxidizer consists of WENA and oleum. Oleum consists
of sulfuric acid and’ dissolved S0;. A blend contain-
ifig abotit. 80 percent of WENA and about 20 percent
of oleum containing about 10 percent of SO, is suitablé
for use at temperatures.ofi the order of —65° F. .Bleads
of WFNA iand alkarésuifonie acids containing fiot. mote
than 4 carbon atoms in the alkane. group are particii-
larly suitable for use 4t very low. atmosphérie temperas
tures. TFor example, a blend consistifig of 85 percent
WFNA and 15 percefit methanesulfonic acid.is usable
at temperatures of —73° F.; a blend consisting of 84
percent WENA and 16 peércent ethanesilforic acid i
usable at tefperatires 6f —64° F, . .

It is to be. iinderstood that while &l nitric -acid. oxi=
dizers are not suitable for use over the entire range
of aimospheric températures, the term “nitric acid oxi-
dizer” is intended to include those oxidizers which are
Suitablé at the desired temperatires of initial contacting
of the fuel ard the oxidizer. '

The novel fuel of this invention is a heterocyelic com-
pound having the empiri¢al: formula' G;H,OSPCl, The
structural formula is:

H;G—=——CH;

. 1

This. compound is named: 2-chloro-1,3,2-0xathiaphos-
pholane. L , .
. ‘The oxathiaphospholane- can be - blended  with: liguid
hydrocarbons to producs hypergolic fiigls that are iise-

Q4.

‘ful for gas generation-or rocket: propulsion. An: eco-

homical fuel is obtaited with ‘ah  esséntially non-
hiypergolic liquid hydrocarbon, i.e., one that does not
react with: a nitiic acid oxidizer to produce 2 -visible
flame, although gaseous products may be produced,. at
ordinaty température, i.¢., at aboiit 80° F. Examples
of such essentially non-hypergolic liguid hydrocarbons
are heptang, octané, heavy naphthia, Kerosene;, jet plane
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fuel, diesel oil, cracked naphtha, diisobutylene, propylene
tetramer, and butylene trimer.

The olefin polymers made by polymerizing butylenes
or. propylenes and co-polymerizing ‘butylenes and propyl-
enes are particularly suitable essentially non-hypergolic
Yiquid hydrocarbons.

_In-general, the mixed fuel of this invention consists es-
sentially of between about 25 and 75 volume percent of
the oxathiaphospholane and the remainder a liquid hy-
drocarbon. For operation at very low atmospheric tem-
peratures, it is preferred to use a fuel consisting essen-
tially of cbout equal volumes of an olefin polymer con-
taining about 8 carbon atoms and the oxathiaphos-
pholane.

“The novel composition of this invention and the re-
sults obtainable therewith are set out in the following il-
lustrative example.

The ignition delays set out below were determined by
means of an apparatus which permitted the measurement
of the delay in milliseconds. (The ignition delay is de-
defined as the time between the mixing of the fuel and
the oxidizer and the appearance of a visible flame.) The
delays were determined by cooling the fuel and the ox-
idizer separately to the desired temperature and intro-
ducing these into the apparatus which had also been
cooled to the desired temperature. The WFNA used
in the examples contained about 2 weight percent of
water. The RFNA used in the examples contained about
22 weight percent of NOy.

Example 1

" "The apparatus consisted of a 500 ml., three-necked
round bottomed flask equipped with a stirrer, a vent and
an upward slanting watercooled condenser. At the up-
per end of the condenser was a Y tube with dropping
funnels connected to the two upper arms of the Y tube.

-Approximately 1.25 moles each of phosphorus  tri-
chloride and mercaptoethanol were separately added
dropwise from the dropping funnels through the arms of
the Y tube. As the liquids came in contact, reaction
took place and the I’quids entered the slanting condensed
and flowed by gravity into 250 ml. of dry methylene
chloride in the flask. The condenser removed some of
the heat liberated in the reaction and the hydrogen chlo-
ride formed was continuously vented. During the ad-
dition (30-45 minutes) and for about 15 minutes after-
wards, the methylene chloride was stirred continuously.

After addition and reaction were complete, the meth-
ylene chloride was stripped out of the reaction mixture.
During this operation, a yellow-orange solid appeared in
the reaction mixture. The supernatant liquid was de-
canted from the solid and distilled under vacuum. Ap-
proximately 16.4 grams of distillate was obtained. The
reaction can be expressed by the equation:

CH;0H CHz—O\
+PCly — PCl+2HCI1
CH.SH CH;—8

The product was subjected to ultimate analysis. The
composition was compared on the basis that the com-
pound was 2-chloro-1,3,2-oxathiaphospholane.

Actual Theoretical
Carbon 17.12 16.85
“Hydrogen 3.10 2.83
Chlorine.. 27.09 2. 87
Sulfar.. - 22.85 22.49
. Phosphorous —— 21,15 21.73
Oxygen__.. 11.22

The physical characteristics of the compound are:

Boiling point, ® C. cemmemm e 4245 at 1.5 mm.
Melting point — e Below —100° F.
Density, g./ml. at 21° C. e 1.473.
Refractive index, 20° C. cmmmceenn 1.5973.
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The ignition delays cf this compound were determined
at various temperatures as set out in the following tabula-
tion:

Ignition
Temperature Oxidizer delay,
milliseconds
—40° F WFNA__. 43.9
5% B twmmmmeececmmrwmm———— o RFNA__.. 15.8
Example 11

Tn this example, blends of the oxathiaphospholane were
made with diisobutylene. The diisobutylene showed no
hypergolic activity with WENA at +75 °F. The ignition
delays were determined visually at +75° F. when drop-
ping th fuel into WFNA.

Blend—Percent
Ignition Delay
Oxathiaphos- | Diisobutylene
pholane

100 0 Very slight.
50 50 slight.
30 70 slight.
10 90 no ignition.

By way of illustration, the composition of this inven-
tion is applied to the propulsion of an air-to-air missile.
The annexed figure which forms a part of this specifica-
tion shows schematically the bipropellant fuel system, the
motor and other parts of such a missile.

In the figure vessel 11 contains a quantity of gas at
high pressure; this gas must be inert with respect-to the
oxidizer and the fuel; suitable gases are nitrogen and
helium. Herein helium is used as the inert gas. Helium
from vessel 11 is passed through line 12 and through

-~ walve 13 which regulates the flow of gas to maintain a
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constant pressure beyond valve 13. From valve 13 he-
lium is passed through lines 14 and 16 into vessel 17 and
simultaneously through line 18 into vessel 19.

Vessel . 17 contains the oxidizer. Helium pressure
forces the oxidizer out of vessel 17 through line 21 to
valve 22. Valve 22 is a solenoid actuated throttling
valve. Sui‘able electrical lines connect valve 22 to an
electrical source and operating switch (not shown) at the
control panel of the aircraft. The oxidizer is passed
through line 23 and injector 24 into combustion chamber
26. Combustion chamber 26 is provided with an outlet
nozzle 27. )

Vessel 19 contains the fuel. . Vessels 17 and 19 are
constructed to withstand the high pressure imposed by
the helium gas. - The gas pressure forces fuel from ves-
sel 19 through line 28 to solenoid actuated throttling
valve 29. Valve 23 is similar in construction and in
actuation to valve 22. The fuel is passed through line 31
and injector 32 into combustion chamber 26.

Valves 22 and 29 are of such a size and setting that
a prédetermined ratio of oxidizer-to-fuel is passed into
combustion chamber 26. Injectors 24 and 32 are so
arranged that the streams. of oxidizer and fuel converge
and contact each other forcibly, resulting in a very thor-
ough intermingling of the fuel and the oxidizer.

The missile is launched by activating the solenoids on
valves 22 and 29. In this illustration, 4.5 1bs. of 22%
RFNA are introduced into combustion chamber 26 per
pound of fuel. Herein the fuel consists of 70 volume
percent of 2 chloro-1,2,3-oxathiaphospholane  and 30
volume percent of diisobutylene. The oxidizer and the
fuel ‘react almost instantaneously upon contact in the
combustion chamber; a large volume or very hot gas is
produced in the combustion chamber, which gas escapes
through orifice 27.  The reaction from this expulsion of
gas drives the missile toward its target.

The extremely good ignition delay of oxathiaphos-
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pholanes makes them excellent igniter fuels. Where
economy is desirable or high thrust is necessary, the main
fuel may be one of relatively low hypergolic activity but
possessing high thrust, Examples of these fuels are tur-
pentines and cracked naphthas. These fuels are rela-
tively non-hypergolic at very low atmospheric tempera-
tures. However, once the combustion chamber of the
rocket motor has been heated by the reaction of an oxi-
dizer and a fuel, these relatively non-hypergolic fuels are
able to maintain the reaction in the combustion chamber.
The reaction is begun by passing into the combustion
chamber an igniter fuel which is readily hypergolic at
very low atmospheric temperatures. The igniter fuel and
the oxidizer react to generate a large volume of those
gaseous decomposition products which heat rapidly the
combustion chamber. The main fuel is then injected
into the hot combustion chamber and reacts under these
conditions with the oxidizer to continue the gas genera-
tion. The flight of the missile is then determined by
the thrust characteristics of the main fuel and the oxi-
dizer. For example, in a small size ground-to-air missile
only about a pint of igniter fuel is necessary.

It is to be understood that the fuel and the oxidizer
must be contacted in a ratio sufficient to initiate the
hypergolic reaction, and the ratio of fuel to oxidizer
must be regulated at such a point to- maintain the hyper-
golic reaction after it has begun. The ratio may vary
over a relatively wide range, dependent on the type of
fuel, the oxidizer and the initial temperature of con-
tacting.
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Thus, having described the invention, what is claimed
is:

1. A method of propelling a rocket, which method
comprises bringing together separately and substantially
simultaneously into the combustion chamber of a rocket
motor, a nitric acid oxidizer and 2-chloro-1,3,2-oxathia-
phospholane and discharging the gaseous decomposition
products from said combustion chamber through an exit
nozzle, under conditions of temperature and oxidizer/
fuel ratio such that a hypergolic reaction occurs.

2. A method of rocket propulsion, which method com-
prises bringing together separately and substantially simul-
taneously into the combustion chamber of said rocket
motor a mitric acid oxidizer and a mixed fuel consisting
essentially of 2-chloro-1,3,2-oxathiaphospholane, in an
amount between about 25 and about 75 volume percent
and the remainder a liquid hydrocarbon, and discharging
gaseous decomposition products through an exit nozzle,
wherein the ratio of oxidizer and fuel is sufficient to
initiate and to maintain decomposition of the fuel.

3. The method of claim 2 wherein said hydrocarbon
is diisobutylene.
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