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The present invention relates to novel liquid
hydrocarbon compositions and, particularly, to
such compositions adapted for use as fuels in
the operation of gas turbine and jet engines.

As those skilled in the art are aware, liquid
hydrocarbon compositions adaptable for use in
the operation of such engines should desirably
possess certain properties and characteristics to
a somewhat exacting degree in order to perform
satisfactorily over a wide range of operating con-
ditions. In illustration, such compositions should
desirably possess volatility characteristics that
enable easy starting of the engines and have a
minimized tendency to form explosive mixtures
in fuel tanks, storage tanks, etc., yet provide for
efficient operation thereof at high speeds and,
in the case of aircraft, a minimized tendency to
loss by vaporization at high altitudes and at high
rates of climb. For example, such fuel composi-
tions desirably should not possess Reid vapor
pressure characteristics high enough to cause un-
due losses in volume by said fuels during han-
dling thereof such as in storage and transporta-
tion or during use at high altitudes and at high
rates of climb such as are encountered in usual
operation of jet propelled aircraft. On the other
hand, the Reid vapor pressure characteristics of
such fuel compositions should not ke so low as
to cause difficulties due to formation of explosive
mixtures in storage and fuel tanks and/or to
render, under certain conditions, more difficult
starting of such engineg to the extent requiring
use of an auxiliary fuel for starting purposes.
In addition, such fuel compositions should de-
sirably possess suitable distillation character-
istics with low distillation loss values to avoid
vaporization losses in storage, should be substan-
jally devoid of excessively high boiling constitu-
ents but containing o sufficient concentration
of relstively high boiling constituents to provide
for lubrication of fuel pumps, etc., and should
possess adequate heat of combustion values.
Furthermore, and along with the aforesaid prop-
erties, such fuel compositions should in most in-
stances desirably possess gravity characteristics
stch that they may be accurately metered volu-
metrically, freezing point characteristics such
that difficuities due to freezing upon use thereof
at excessively low temperatures may be obviated
or substantially minimized, anti-corrosive char-
acteristics such as.not to induce undue corresicn
of copper and copper alloys used in fuel lines,
valves, ete., and possess stabilily against gum-
forming characteristics so as to obviate or sub-

stantially inhibit formation of gums or other :

denosits in fuel lines, filters, ete. that would nor-
mally result in clogging thereof with resultant
decrease in performance and operating efficiency
of the jet engine.
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The numerous and somewhat exacting require-
ments desired for fuels adapted for gas turbines
and jet engine operation have presented numer-
ous problems and difficuities to certain petroleum
refineries, particularly from the viewpoint of
producing, in desired high volume and in an
economic manner, liguid hydrocarbon fuels
adapted for such usage. In particular, such prob-
lems and difficulties arise due to the required
combination in such fuels of high vapor pres-
sure characteristics with exceptionally low dis-
tillation loss values. More particularly, such
problems and difficulties are presented to petro-
leum refineries that do not (for geographic, eco-~
nomic, or other reasons) have ready access to
natural gasclines rich in pentane or hexane hy-
drocarbons, or do not produce in normal refining
practice, or produce only in relatively small
volumes, substances such as pentanes or other
repressurizing agents suitable for blending with
stabilized petroleum distillates to provide liquid
hydrocarbon compositions possessing desired va-
porization characteristics and low distillation
loss values. In illustration thereof, compositions

5 adapted for operation of gas turbine and jet

engine operation may be prepared by subjecting
certain petroleum crudes to fractional distillation -
to provide a relatively wide boiling overhead dis-
tillate with stabilization thereof (as by fractiona-
tion) by removal of butanes and hydrocarbons
lower boiling than butanes, substantially all of
which must be removed from said distillate to
impart low distillation loss characteristics there-
to. However, and with respect to many available
and commonly used crudes, stabilized distillates
obtained therefrom possess lower than desired
Reid vapor pressure characteristics and, hence,
resort is made to repressurization of such dis-
tillates to increase the Reid vapor pressure
thereof while maintaining distillation loss char-
acteristics at desired low values. For such a pur-
pose, substances such as natural gasolines, rich
in volatile pentanes and hexanes and substan-
tially devoid of butanes, having low distillation
loss characteristics may be used as repressuriz-
ing agents. However, and as aforesaid, the ne-
cessity for use of such repressurizing agents im-
poses certain undesirable limitations on petro-
leum refiners that do not have ready and/or
economic access to adequate supplies of suitable
repressurizing agents and who, without under-
going extensive or undesirable alteration of nor-
mal refining practices, do not produce, or produce
only in small volumes, agenis suitable for re-
pressurizing purposes. Hence, there is a distinct
need in the art, and particularly with respect to
petroleum refineries limited as aforesaid with
raspect to suitable repressurizing agents, for a
liquid hydrocarbon fuel composifion, possessing
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properties desired for adaptability thereof for
gas turbine and jet engine operation, that is
comprised of components readily obtainable in
normal refining operations, thus obviating the
necessity for use of repressurizing agents and,
hence, obviating the necessity for resort to sub-
stantial alteration of normal refining operations
in order to produce suitable gas turbine and jet
engine fuel compositions in an economic manner
and in desired high volumes. As will be apparent
from the disclosure set forth hereinafter, the
present invention provides the art with com-
positions that fulfill the aforesaid need.

In broad aspect, the liquid hydrocarbon com-
positions embodied herein, and adaptable for use
as fuels for operation of engines such as afore-
said are comprised predominantly or wholly of
a light liquid hydrccarbon fraction and a heavy
hydrocarbon fraction in a volume ratio of one
part of the heavy fraction to about one to about
nine parts of the licht fraction, said fractions
having the properties and characteristics more
fully defined hereinafter. In specific aspect, the
compositions embodied herein may comprise
combinations of the light fraction and the heavy
fraction in amounts within the aforesaid ranges
sufficient to provide liquid hydrocarbon mixtures
possessing a Reid vapor pressure of at least 5.0
but not more than 7.0 pounds per square inch, a

distillation loss not in excess of 1.5 per cent by 3

volume, a final boiling point not in excess of
600° ., and further characterized in that the
temperature at the 80% evaporated point thereof
is not less than about 400° . In more specific
aspect, the compositions embodied herein possess
the aforesaid properties and, in addition, have
a desirably low ireezing point as well as having
suitable characteristics with respect to anti-
corrosiveness for copper and copper alloys, sta-
bility against excessive gum formation, and the
like, illustrations of which are set forth in the
specific examples shown hereinafter.

In order to illustrate the adaptability of the
present inventicn to preparation of suitable gas
turhine and jet engine fuel compositions without
need to resort to use of repressurizing agents and
without necessitating substantial, if any, altera-
tion in normal refining practices, the following
examples are set forth, such examples having

been chosen as illustrative, and not limitative, .

embodiments of the invention.

Ezample I

A Conroe crude was subjected to fractional dis-
tillation without effecting substantial, if any,
cracking to provide a light liquid hydrocarbon
distillate fraction, a heavy liquid hydrocarbon
distiilate fraction, and an intermediate liguid
hydrocarbon distillate fraction, said fractions
having the following properties:

Light
Fraction

Intermediate
Fraction

Heavy
Fraction

Gravity (° API) 54.3
Initial Boiling Point, ° F__.__
Final Boiling Point, ° F______
109, Evaporated Point, ° F.___
569, Evaporated Point, © F___
90% Evaporated Point, ° F.__.
Distillation Loss (percent by

volume) ..o
Treczing Point, ° F__ .
Reid Vapor Pressure (p. s.i.) -

L9
below —76
6

1 Substantially zero.

By use of the light fraction and the heavy
fraction having the aforesaid properties, a com-
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position was prepared comprising by volume 85%
of the light fraction and 15% of the heavy frac-
tion, said compositicn having the following prop-
erties and adaptable for use as a fuel in the opera-
tion of gas turbine and jet engines:

Gravity (CAPI) e 51.1.
Breezing point °F. . —88.
Aromatics (velume %) - oo 24.
BromineNo. . _____ less than 1.

Viscosityat —49°P___ . ___ 2.0 centistolzes.
Acceleratedgum___ . ____. 2 mg./100 ml.
Airjetresidue._.________________ 2mg./100 ml.
Sulfur (weight %) 0.022,

Initial boiling point *F_______.__. 127.

Final boiling point °¥______.___. 483.

50% evaporated °F_____________. 252,

909% evaporated °F_____________ 430,

Residue o _ 1%.

Distillation loss (% by volume) __. 1%.

Reid vapor pressure (p. 5. 1.)____. 5.2,

Heat of combustion_____________ 18,631 B. t. u.’s
per b,

Whereas the aforesaid examzrle illustrates the
adaptability of this invention to preparation of
compositions as embodied herein by use of com-
ponents obtainable from a single crude, the fol-
lowing examples illustrate the adaptability of
the invention with respect to refining operations
wherein g variety of crudes are employed.

Example IT

A Refugio crude was subjected to fractionation
to provide a light, an intermediate, and a heavy
liguid hydrocarbon distillate fraction, the latter
fraction having the following properties:

Gravity (CAPI) o _.__. 30.5.
Initial boiling point °F.._.______._._. 434,
Final boiling point *FP___________. 530.
109 evaporated °F._____________. 458.
509% evaporated °¥F__.____________ 476.

969% evaporated °F___ . ________. 495,

Distillation loss (% by volume) __. 0.6.

Reid vapor pressure (p. s. 1.) __.__. substantially
Zero.

By use of the Conroe light fraction (having the
properties described in Example I) and the heavy
fraction obtained from the Refugio crude and
having the properties described in this example,
a comgposition was prepared comprising, by vol-
ume, 85% of the Cenroe light fraction and 15%
of the Refugio heavy fraction. Such a composi-
tion possessed the following properties and was
adapted for use as a fuel in operation of gas tur-
bine and jet engines:

Gravity (CAPI) .. ______. 45.4,
Freezing point °F..______ below —100.
Aromatics (volume %) __. 23.3.

Bromine No. o ___. less than 1.
Accelerated gum..________ 2 mg./100 ml.
Air jet residue e ___. 1 mg./100 ml,
Sulfur (weight %) __._._. 0.028.

Initial boiling point °F.._. 127,

Final boiling point °F____ 493.

50% evaporated °F______. 251,

90% evaporated °F_______ 462.

Residue . _______. 1.1,

Distillation loss (% by 0.9.
volume).

Reid vapor pressure 5.1,
(p. s.i).

Heat of combustion_____. 18,728 B. t. u.’s per lb.
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Example IIT

A composite liguid hydrocarbon mixture was
prepared by mixing together, by volume, 34% of
a light liquid distillate obtained from a Pennsyl-
vania crude, 26% of a light liquid distillate ob-
tained from a Venice crude, and 40% of a light
liquid distillate obtained from an East Texas
crude. The composite, possessing a Reid vapor
pressure of about 12 pounds per square inch, was
stabilized by fractionation under pressure to a
stabilized liquid hydrocarbon composite having
the following properties:

Gravity (CAPI) e 63.4
Initial boiling point °F. e 106
Final boiling point “F_ 380
10% evaporated °F_ e 151
509% evaporated °F. .. ... 226
90% evaporated °Fo o 315
Distillation loss (% by volume) ____________ 1.9
Reid vapor pressure (p.s. i) .. 6.0

A liquid hydrocarbon composition was pre-
pared comprising by volume, 88% of the afore-
said stabilized composite and 12% of the Refugio
heavy fraction described in Example II. Such a
composition was found to possess the following
properties and was adapted for use as a gas tur-
bine and jet engine fuel.

Gravity (CAPI) ________. 58.2.
Freezing point °F______. below 100,
Aromatics (volume %)_-. 10.5.
Bromine No._ . 1

Accelerated gum_._____. 2'mg./ 100 ml.
Air jet residue_______. 2 mg./100 mil.
Sulfur (weight %) ...__. 0.029.

Final boiling point °F._. 483,

50% evaporated °F_____. 242,

90% evaporated °F___._. 427,

Residue oo 1.2,

Distillation loss (vol- 1.3.
ume %).

Reid vapor pressure 5.9.
(p.s. i).

Heat of combustion____. 18,817 B. t. u.’s per lb.

With reference to the foregoing specific ex-
amples angd using the composition described in
Example I for purpose of illustration, it should
be observed that a liquid hydrocarbon composi-
tion adapted for use as a gas turbine and jet
engine fuel was prepared without use of the in-
termediate distillate fraction as a component of
the composition. That suitable fuel compositions
having a Reid vapor pressure of at least 5.0 but

not more than 7.0 pounds per square inch, a :

distillation loss of less than 1.5% by volume, a
final boiling point not in excess of 600° ¥., and a
90 % evaporated point at a temperature over 406°
. may be prepared without use of such an in-
termediate fraction in substantial amount is an
important aspect of this invention and clearly
differentiates the compositions embodied herein
over prior art liquid hydrocarbon compositions
employed for gas turbine and jet engine opera-
tions and which, as far as we are aware, are com-
prised predominantly of, or contain in substan-
tial amounts, a liguid hydreoearbon mixture
having properties similar to the aforedescribed
intermediate fraction. Thus, an important as-
pect of this invention is that liquid hydrocarbon
compositions suitable for the purpose disclosed
herein may be provided that are substantially de-
void of, or need not contain substantial amounts
of intermediate liquid hydrocarbon fractions such

as described in Example I, or in more generic -
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aspect, such fractions that have a Reid vapor
pressure of substantially zero, a 90% evaporated
point below 400° F., and are further characterized
by containing in predominant proportion con-
stituents boiling within the range of about 325
to 390° F.

Although the invention has heen described
hereinbefore with particular emphasis to specific
aspects of suitable components of compositions
embodied herein, it should be apparent to those
skilled in the art that the invention is not limited
thereto. In broader aspect, the invention em-
bodies use for the light liquid hydrocarbon mix-
ture of a fraction having a Reid vapor pressure
of substantially more than 5.0 but not more than
12.0 pounds per square inch, a 90% evaporated
point at a temperature not in excess of about
350° F.,, and in most instances, not in excess of
about 325° P, a final boiling point not in excess of
600° 7., and a distillation loss value not in excess
of about 2.0% by volume and, as the heavy frac-
tion, a liquid hydrocarbon mixture having a Reid
vapor pressure of substantially zero, a final boil-
ing point not in excess of 600° F., a distillation
loss of substantially less than 1.5% by volume,
and containing at least about 50% by volume of
constituents boiling above 400° F. Hence, in
broad aspect, the compositions embodied herein
may comprise, by volume, from about 50 to 90%
of such a light fraction and from about 10 to 59%
of such a heavy fraction. In a specific embodi-
ment, the compositions as embodied herein com-
prise about 75 to 88% of the light liquid hydro-
carbon fraction and ghout 12 to 25% of the heavy
fraction, the light fraction being characterized
by having a Reid vapor pressure of from about
5.5 to 9.0 pounds per square inch and a freezing
point below —76° F. and the heavy fraction
having a freezing point below —35° F., and pref-
erably substantially lower, e. g., below —50° F.

or lower.

In the preparation of compositions as em-
bodied herein and which contain a light liguid
hydrocarbon as aforedescribed as the maior com-
ponent thereof, it is within the scope of this in-~
vention to employ as such fractions liquid hydro-
carbon mixtures that may he obtained by proc-
essing ofther than shown in the feregoing ex-
amples. In illustration, it is within the scope of
this invention to employ, as the light fraction,
liguid hydroearbon fractions obtained from con-

.ventionsl cracking operations (e. g., thermal or

catalytic) but which cracked fractions, duve to the
excessive amounts of unsaturated and gum form-
ing constituents normally present therein, are
stabilized by conventional means such as acid %~
traction (F2804), polymerization, catalytic or
other known methods. to improve stability and
reduce the gum forming constitrents of the
cracked fractions whereby use of the stabilized
material in accordance with this invention as a
light liguid hydrocarbon fraction will provide a
fuel eomposition of suitable stability character~
istics and of reduced tendency for gum forma-
tion. '

Moreover, it should be aprarent to those skilled
in the art that although the invention has been
described hereinbefore with particular emphasis
on comipositions comprising a light hydrocarbon
fraction and a heavy hydrocarbon fraction in
contrslled proportions, the invention is not
limited therefo as, in addition, the novel com-
positions may also contain small amounts of
other ingredients, such as inhibitors against gum
formation, viscosity modifiers, ete., that are
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effective to impart other desired properties to
the composition. Moreover, the novel composi-
tions emhodied herein may also contain, in addi-
tion to the aforedescribed light and heavy frac-
tions, a small amount of other liquid hydro-
carbon fractions such, for example, as the inter-
mediate fractions described hereinbefore. Al-
though as aforeshown, compositions as embodied
herein may be prepared without use of such
intermediate hydrocarbon fractions in substan-
tial, if any, amount, it may in some cases be de-
sired to use such intermediate or other hydro-
carbon fractions as diluents or for other purposes,
but such use thereof should desirably be limited

to amounts that are insufficient to alter the prop- i

erties of the compositions embodied herein to the
extent that the adaptability thereof ag fuels for
operation of gas turbine and jet engines is not
substantially affected in a delsterious manner.
Thus, for example, in instances wherein the light
fraction has a Reid vapor pressure in the upper
range of the aforedefined Reid vapor pressure
limits, the compositions embodied herein may
contain an intermediate fraction as aforedefined

in amounts which are insufficient to decrease the ¢

Reid vapor pressure of the compoesition to helow
5.0 pounds per square inch and the 90% evapo-
rated point to below about 400° F.

Although the present invention has been de-

seribed in conjunction with certain preferred em- :

bodiments thereof, those skilled in the art will
readily recognize that variations and modifica-
tions can be made. Such modifications and
variations are to be considered to be within the

purview of the specification and scope of the ap- 3

pended claims.

We claim:

1. A method for preparation of a liquid hydro-
carbon composition adaptable for use as a fuel
for gas turbines and jet engines, said composi-
tion being characterized by having distillation
loss, 90% evaporated point and Reid vapor pres-
sure characteristics as set forth hereinafter and
prepared by use of wide cut distillate fractions
from a petroleum crude without need for use of
repressurizing agents which comprises distilling
a petroleum crude to obtain a light liquid hydro-
carbon distillate fraction substantially devoid of
butanes and compounds lower boiling than bu-

tanes and having a Reid vapor pressure of more s

than about 5 but not more than about 12 pounds
per square inch, a 99% evaporated point at a tem-
perature not in excess of about 350° F., a final
beiling point not in excess of 600° F., and a dis-

tillation loss not in excess of about 2% by vol- 5:

uine, an intermediate liquid hydrocarbon distil-
late fraction having a Reid vapor pressure of sub-
stantially zero, a 90% evaporated point below
400° 7., and comprised predominantly of constit-
uents boiling within a range of about 325 to 390°
., and a heavy liquid hydrocarbon distillate frac-
tion having a Reid vapor pressure of substantially
zero, a final boiling point not in excess of 600° F.,
a distillation loss of less than about 1.5% by vol-
ume, and containing at least about 50% by vol-
ume of constituents boiling above 400° F., and
combining said light fraction with said heavy
fraction in a volume ratio of one part of said
heavy fraction to about one o about nine parts
of said light fraction to provide a liquid hydro-
carbon composition having a Reid vapor pres-
sure of at least about 5 but not more than about
7 lbs. per square inch, a distillation loss not in
excess of about 1.5% by volume and a 90% evap-
orated point at over 400° F.
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2. A method, as defined in claim 1, wherein the
light fraction has g Reid vapor pressure of at
least about 5.5 but not more than about 9.0
pounds per square inch and the heavy fraction
has a freezing j;0int below --35° F.

3. A method for preparation of a liquid hydro-
carbon composition adaptable for use as a fuel
for gas turbine and jet engines by use of wide cut
petroleum fractions without need for use of re-
pressurizing agents to obtain compositions posses-
sing a distillation loss of not over 1.5% by vol-
ume, a Reid vapor pressure of 5 to 7 1bs. per
square inch and a 90% evaporated point at over
400° F. which comprises combining a light liquid
petroleum hydrocarbon mixture and a heavy
liquid petroleum: hydrocarbon mixture in a vol-
ume ratio of about one to about nine parts of
the light fraction to one part of the heavy frae-
tion, said light fraction being a wide cut petro-
leum distillate having a Reid vapor pressure of
more than about 5 but not more than about 12
pounds per square inch and substantially devoid
of butanes and compounds lower hoiling than bu-
tanes, a distillation loss not in excess of about 2%
by volume, a 90% evaporated point at a temper-
ature not in excess of about 350° F. and a final
boiling point not in excess of 609° F. and said
heavy fraction being a wide cut petroleum distil-
late having a Reid vapor pressure of substantially
zero, a final boiling point not in excess of 600° F,,
a distillation loss of less than about 1.5% by vol-
ume and containing at least about 50% by vol-
ume of constituents boiling above 400° F., said
light fraction and said heavy fraction heing com-
bined within the aforesaid ratio of parts by vol-
ume to produce a composition having a Reid
vapor pressure of about 5 to about 7 parts per
square inch, a distillation loss not in excess of
about 1.5% by volume and a 90% evaporated
point at over 400° B,

4. A liquid hydrecarbon composition adapted
for use as a gas turbine and jet engine fuel com-
prising, by volume, about 50 to 90% of a light
liguid petroleum hydrocarbon fraction substan-
tially devoid of butanes and compounds lower
boiling than butanes having a Reid vapor pres-
sure of more than ahout 5 but not more than
about 12 pounds per square inch, a distillation
loss not in excess of about 2% by volume, a 809
evaporated point at a temperature not in excess
of about 350° F., and a final boiling point not in
excess of 600° F.,, and about 10 to 50% of a heavy
liquid petroleum hydrocarbon fraction having a
Reid vapor pressure of substantially zero, a final
boiling point not in excess of 600° F., a distilla-
tion loss of less than about 1.5% by volume, and
containing at least about 50% by volume of con-
stituents boiling above 400° P., said light fraction
and said heavy fraction being present in said
composition in volume proportions within the
aforesaid to provide a composition having a Reid
vapor pressure of at least about 5 but not more
than about 7 Ibs. per square inch, a 909 evapo-
rated point at over 400° F. and a distillation loss
not in excess of 1.5% by volume.

5. A composition, as defined in claim 4, where-
in the light fraction has a Reid vapor pressure of
at least about 5.5 to about 9 pounds per square
inch and the heavy fraction has a freezing point
of less than —35° P.

6. A method, as defined in claim 3, wherein
the light fraction and heavy {raction are
straight-run distillate fractions from a petroleum
crude.



2,628,189

9 10
7. A composition, as defined in claim 4, where- UNITED STATES PATENTS

in the light fraction and heavy fraction are Number Name Date
straight-run petroleum distillate fractions. 1,868,102 Henderson et al. ____ July 19, 1932
?gjﬁ’f{mMJ -Mliﬁ‘g’s- 1,988,061  Wagner —__...___ Jan. 15, 1935
reBERT STEIESI:IENS 5 2363171  Francis —o.————.___ Nov. 21, 1944
g . 2,563,305 Britton et al. ..._____ Aug. 7, 1951
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