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PREPARATION OF A JET FUEL
Edwin Robert Kerr, Fishkill, Fdward R. Christensen,
Wappingers Falls, William ¥. Franz, Hopewell June-
tion, and Herbert E. Vermiilion, Wappingers Falls,
N.Y., assignors to Texzaco Inc., New York, N.Y., a cor-
poration of Delaware
Filed Dec. 29, 1939, Ser, No. 852,592
5 Claims. (CL 208—79)

This inveniion relates to the production of gas turbine
engine fuels, More particularly, it relates to the produc-
tion of fuels suitable for use in jet aircraft engines. In
one specific embodiment, the present inveution is con-
cerned with the simultaneous production of high octane
fuel for piston engines and high luminometer number
fuels for jet engines.

Fuels currently in use for the propulsion of “jet air-
craft,” as gas turbine powered aircraft are commonly
called, are kerosene, JP-4 and JP-5, the last two being
military  specifications (MIL-F-5624C amend. = 1).
While these fuels are satisfactory to the extent that they
perform the desired functions, there are several disadvan-
tages attached to their use in gas turbine powered air-
craft.

One of the disadvantages of the fuels currently in use
is that they produce excessive smoke during take-off.
When jet fuels prepared by the process of the present in-
vention are used under the same conditions, the problem
of excessive smoke during take-off is substantially elimi-
nated.

Another disadvantage attached to the use of current
jet engine fuels is the necessity for frequent engine over-
hauls. In the operation of a gas turbine engins, atmos-
pheric air is compressed and is then introduced into the
combustion section where it is heated by burning fuel
therein. The hot gases are then expanded through a
turbine and exhausted to the atmosphere through a jet
or tailpipe. The combustion takes place in a combustion
chamber into which a portion of the compressed air,
sometimes called the primary air, is mixed with a fuel
spray in approximately the stoichiomeiric ratio to sup-
port combustion and the balance of the air, sometimes
called secondary air, is introduced into the hot combus-
tion gases to cool them to a temperature which can be
tolerated by the downstream parts including the turbine
inlet nozzles and blading. The combustion zone is sur-
rounded by a metallic liner or flame tube. The liner is
subjected to considerable thermal stress and generally
when the fuels currently in use are employed in the gas
turbine engine the liner which surrounds a fiame of 3000°
F. or higher is subjected to extreme stress principally due
to radiation from the flame which results in creeping,
warping and buckling of the part. In some instances the
high radiation from the flame also causes buckling of the
turbine rotor to such an extent that malfunctioning and
sometimes complete failure of the engine results. For
this reason, it is customary to inspect jet aircraft engines
frequently and experience has shown that a fairly thor-
ough overhaul is necessary after about 500-600 hours of
operation.

It is an object of the present invention to provide a
jet engine fuel of improved burning characteristics. An-
other object of the present invention is to provide a jet
fuel of low aromatic hydrocarbon content. Another ob-
ject of the present invention is to produce a jet fuel
which burns with a flame of low luminesity. Another
object of the present invention is to produce a gas turbine
engine fuel which subjects the engine parts to reduced
thermal siress. Another object of the present invention
is to provide a process for the separate production of a
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motor fuel of high octane number and a jet fuel of high
luminometer number.

The luminometer number is a measure of the burning
characteristics of a fuel, the higher the luminometer num-

er the less smoke produced by the fuel during take-off
and the lower the amount of radiation produced by the
flame. The luminometer number may be determined
using a Smoke Point Lamp described in the “Tentative
Method of Test for Smoke Point of Jet Fuels,” ASTM
Designation D1322-54T* modified by the addition of
two thermocouples, one for measuring the temperature
of the incoming air, the other shielded from the flame
and inserted in the chimney to measure the temperature
of the combustion gases, and a radiometer adjustably
positioned to measure the amount of radiation emanating
from the flame.

To determine the luminometer number, several deter-
minations are made burning tetralin in the lamp, each run
being made at a different wick height, the radiometer
being positioned at the zone of maximum radiation, and
the amount of radiation for each run and the tempera-
ture differential between the incoming air and the com-
bustion gases being recorded. After several runs have
been made on tetralin, a curve is drawn plotting AT
against the amount of radiation. Similar curves are then
made for isooctane and the test fuel. The AT for each
material at a selected amount of radiation, e.g. 0.3 mv.,
is read from the curves and is inserted in the formula:

AT (test fuel)—AT (tetralin)

Lumi =
uminometer number AT (isooctane) —AT (tetralin)

100

In this way the luminometer number of the test fuel can
be determined.

It has been found that fuels having low luminometer
numbers burn with a highly radiant flame and also pro-
duce excessive smoke during take-off. It has also been
found that fuels having relatively high aromatic contents
have relatively low luminometer numbers. Even fuels
which meet current military jet fuel specifications have
the undesirable characteristics of producing excessive
smoke during take-off and of burning with flames of hizh
radiation which are detrimental to the life of the jet
engine. For example, the specifications for JP—4 and
JP-5 permit a maximum aromatic content of 25%. How-
ever, jet fuels which meet this requirement are unsatis-
factory in the two respects just mentioned probably for
the reason that they generally contain more than 10%
‘aromatics,

In accordance with one embodiment of the present in-
vention, a crude oil is separated into a naphtha fraction
and a heavy fraction having a boiling range of from
about 390 to 760° F. The naphtha is subjected to cata-
Iytic reforming to convert the naphthenes present to aro-
matics which are removed from the reformate by solvent
extraction. The heavy fraction is subjected to catalytic
cracking and the product is separated into a C, and light-
er gaseous fraction, a Cs~C, olefin containing fraction,
a C5-400° F. fraction and a 400° F.4 fraction which is
recycled to the catalytic cracking operation. The C, and
lighter fraction is removed from the system. The Cs—
400° F. fraction may be processed further as, for ex-
ample, by catalytic reforming or it may be separated into
a C¢Cy fraction which is isomerized and the balance
reformed or it may be combined in its entirety with the
aromatic extract recovered from the reformate. The
C3~C, olefin containing fraction is subjected to a polymer-
ization reaction and the resuliing liquid polymer together
with the non-aromatic portion of the reformate is hydro-

*ASTM Standards on Petroleum Products and Lubricants,
published 1956 by the American Society for Testing Materials,
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genated to produce a jet fuel of improved burning char-
acteristics.

The reforming is ordinarily conducted in the presence
of a reforming catalyst, such as a platinum on alumina
catalyst which may or may not contain combined halo-
gen. Molybdena-alumina catalysts are also satisfactory
for this purpose. The reforming is conducted at a tem-
perature of from about 850-950° F. and a pressure of
about 500 p.s.i.g. Hydrogen is recycled at the rate of
about 8000 cubic feet per barrel of liquid feed. The
reformate, ie., the normally liguid product recovered
from the reforming reaction is then subjected to a treat-
ment which separates the aromatic constituents from the
paraffinic constituents. This may be effected by treat-
ment with a solid adsorbent such as silica gel or the
separation may be effected by the use of a selective sol-
vent such as SO,, furfural, ethylene glycol, diethylene
glycol, tricthylene glycol or mixtures of glycols. Pref-
erably, the separation is effected by the use of a glycol
solvent.

The 390-760° F. fraction is preferably contacted with
a fluidized bed of silica-alumina or silica-magnesia cata-
lyst at a temperature between about 880 and 980° F.
and a pressure between about 10 and 18 p.s.i.g. Space
velocities will range from 1.0-3.0 weight of feed per
hour per weight of catalyst with a catalyst to oil ratio
of 8-12/1.

The C3;~C, olefin containing fraction recovered from
the cracking zone effluent is then contacted with an acidic
polymerization catalyst such as copper pyrophosphate,
boron fluoride, aluminum chloride or phosphoric acid sup-
ported on an inert material such as quartz or kieselguhr,
The polymerization, when a phosphorus-containing cata-
Iyst is used, is generally conducted at a temperature be-
tween about 300 and 500° F., a pressure between 150
and 1500 p.si.g. The liquid polymer is then combined
with the non-aromatic portion of the reformate and the
combined stream is subjected to hydrogenation for the
saturation of the polymer and also to convert residual
aromatics present in the non-aromatic portion of the re-
formate to naphthenes.

Ordinarily, the hydrogenation is conducted in the pres-
ence of a hydrogenation catalyst. Suitable hydrogena-
tion catalysts are platinum, palladium and nickel and
the oxides or sulfides of metals such as molybdenum,
chromium, cobalt and tungsten. These catalytic mate-
rials may be supported on materials such as alumina,
silica-alumina, kieselguhr and the like. Since platinum,
palladium and nickel are sensitive to sulfur compounds
which may be present in the feed, it is advisable when it
contains a substantial amount of sulfur to pretreat the
feed prior to subjecting it to contact with the platinum,
palladium or nickel catalyst. A suitable treatment com-
prises contacting the feed with a cobalt molybdate on
alumina or a nickel tungsten sulfide catlayst in the pres-
ence of hydrogen at a temperature ranging from about
400° F. to 900° F., preferably 500° F. to 800° F. and
a pressure of about 100 p.s.i.g. to 1000 p.s.i.g., preferably
200-750 p.s.i.g.

Hydrogenation of the aromatics to naphthenes should
be carried out at a temperature of not more than 700°
F. Preferred temperatures range from 500 to about
675° F. When the reaction temperature exceeds 700°
F., the reaction reverses and instead of the desired hydro-
genation of aromatics to naphthenes taking place, the
naphthenes present are dehydrogenated to aromatics.
Pressures should be maintained above 250 p.s.ig., pre-
ferred operating pressures being 250-750 p.s.i.g. Space
velocities may range from about 0.2 to 10 volumes of
feed per volume of catalyst per hour, a preferred range
being from 0.5 to 4 v./v./hr. Hydrogen rates of 1000
to 20,000 s.c.f./bbl. may be used although rates of 5000
to 15,000 s.c.f./bbl. are preferred.

The invention may be better understood by reference
to the attached drawing which shows diagrammatically a
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4
flow scheme for the practice of one embodiment of the
present invention and in connection with which a specific
example is described.

A crude oil is introduced through line 11 into frac-
tionator 12 where it is separated into a normally gaseous
portion withdrawn through line 13, a C5-390° F. fraction
withdrawn through line 14, a 390-760° F. fraction with-
drawn through line 15 and a residual fraction withdrawn
through line 16. Although this separation is indicated
as taking place in one vessel, it will be obvious to those
skilled in the art that the separation is actually made
serially in two vessels, the first operated at atmospheric
pressure and the second at subatmospheric pressure.

The C;~390° F. fraction is contacted in reactor 20
with a platinum alumina combined halogen catalyst at a
temperature of 900° F., a pressure of 500 p.s.i.g., a space
velocity of 3.0 volumes of feed per volume of catalyst
per hour and a hydrogen recycle rate of 10,000 cubic feet
per barrel. The reaction products are then transferred
to separation zone 22 through line 21. In separation zone
22 hydrogen is removed from the product stream and is
recycled to reforming zone 29 through lines 23 and 14.
The normally liquid portion of the reformate is then
sent to extraction zone 24 through line 25 in which zone
it is countercurrently contacted with a glycol solvent in-
troduced through line 306. The aromatic containing ex-
tract is removed from extraction zone 24 through line 31
and is introduced into fractionation zone 32 where the
aromatic rich extract is separated from the solvent and
removed as overhead through line 33. The essentially
aromatic free solvent is removed from fractionation zone
32 and recycled to extraction zone 24 through line 30.
The low aromatic raffinate which contains about 95%
paraffins and small amounts of olefins, naphthenes and
aromatics is removed from extraction zone 24 through
line 35. Before being subjected to further treatment, the
raffinate is advantageously contacted in a vessel (not
shown) with, for example, water, to remove residual
amounts of solvent which may be present.

The 390-760° F. fraction is introduced into catalytic
cracking zone 40 wherein it is contacted with a fluidized
bed of silica-alumina catalyst at a temperature of 925°
F. and a pressure of 15 p.s.i.g. The space velocity is
2.2 weight of feed per hour per weight of catalyst and
the catalyst to oil ratio is 9.5. The reaction products are
sent from catalytic cracking zone 49 through line 41 to
fractionation zone 42 from which gaseous material up
through C, hydrocarbons is removed through line 43,
a C5-400° F. fraction is removed through line 44 and
the 400° F.4- fraction is recycled to catalytic cracking
zone 48 through lines 45 and 15. Excess recycle is with-
drawn from the system through line 46. The Cs5~400°
F. fraction is combined with the aromatic rich extract in
line 33.

The C4 and lighter fraction is then sent through line
43 to separation zone 50 from which C, and lighter ma-
terial is removed through line 51. The C4;~C, fraction
is transferred via line 52 to polymerization zone 53 where
it is contacted with a phosphoric acid on kieselguhr cat-
alyst at a temperature of 420° F., a pressure of 700
p.s.ig. and a space velocity of 0.25 liquid gallon of feed
per hour per pound of catalyst. Effluent from polymer-
ization reactor 53 is passed through line 54 to fractionator
55 from which gaseous material is removed through line
69. If desired, gaseous material may be recycled through
lines 61 and 52 to polymerization reactor 53 but in this
example it is withdrawn from the system in its entirety.
The normally liquid polymer is withdrawn from frac-
tionator 55 through line 62 where it is combined with
the low aromatic portion of the reformate withdrawn
from extractor 24 through line 35. The combined stream
is introduced into hydrogenation zone 63 where it is con-
tacted with a nickel oxide on kieselguhr catalyst at a
temperature of 500° F., a pressure of 750 p.s.i.g., a space
velocity of 1.0 volume of feed per hour per volume of
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catalyst and a hydrogen feed rate of 12,600 cubic feet
per barrel of feed. The efffucnt from hydrogenation zone
63 passes through line 64 to separator 65 in which hy-
drogen-containing gas is removed from the effluent and
recycled to hydrogenation zone 63 through lines 67 and
62. Normally liguid hydrcgenation product is then seat
through line 79 to fractionator 71 where it is separated
into a fraction boiling below 200° F. and a fraction boil-
ing above 200° F., the lighter fraction being combinsd
by means of line 72 with the extract and cracked gasoline
in line 33 to yield a motor fuel having an ASTM Re-
search Octane Number of 91 clear, 97 leaded. The heavier
fraction withdrawn through line 73 has a luminometer
number of 120 and is admirably suited for use alone
or in combination with other materials as a jet fuel.

QObviously many modifications and variations of the
invention as hereinbefore set forth may be made without
departing from the spirit and scope thereof and therefore
only such limitations should be imposed as are indicated
in the appended claims.

We claim:

1. A process for the production of an improved jet
fuel which comprises fractionating a crude petroleum into
a first liquid fraction having a distiliation end point of
about 390° F. and a second liquid fraction boiling within
the range of about 390-760° F., reforming said first liquid
fraction to produce a reformate of increased aromatic
content, separating said reformate into a portion rich in
aromatics and a non-aromatic portion, contacting said
second liquid fraction with a cracking catalyst under
cracking conditions to produce a cracked product, separat-
ing the cracked product into a C;-C, olefin-containing
fraction and a cracked naphtha fraction, subjecting said
C,;-C, olefin-containing fraction to polymerization con-
ditions in the presence of a polymerization catalyst to
produce a mormally liquid polymer, combining said nor-
mally liquid polymer and said non-aromatic portion, con-
tacting the combined stream with a hydrogenation catalyst
in the presence of 5,0600-15,000 s.c.f. hydrogen per barrel
under saturation conditions and recovering a hydrocarbon
fraction boiling in the jet fuel range from the hydrogena-
tion product.

2. The process of claim 1, in which the cracked naphtha
is combined with the first liquid fraction and the com-
bined stream is reformed.

3. A process for the production of an improved jet
fuel and the simultanecus production of a high octane
motor fuel which comprises fractionating a crude pe-
troleum into a first liquid fraction having a distillation
end point of about 390° F. and a second liquid fraction
boiling within the range of about 390-760° F., reforming
said first liquid fraction to produce a reformate of in-
creased aromatic content, separating said reformate into
a portion rich in aromatics and a non-aromatic portion,
contacting said second liquid fraction with a cracking
catalyst under cracking conditions to produce a cracked
product, separating the cracked product into a C3-C,
olefin-containing fraction and a cracked naphtha fraction,
subjecting said C3-C, olefin-containing fraction to polym-
erization conditions in the presence of a polymerization
catalyst to produce a normally liquid polymer, combining
said normally liquid polymer and said non-aromatic por-
tion, contacting the combined stream with a hydrogena-
tion catalyst in the presence of 5,000-15,000 s.c.f. hy-
drogen per barrel under saturation conditions and re-
covering a hydrocarbon fraction boiling in the jet fuel
range from the hydrogenation product, and combining
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the cracked naphtha with the portion of increased aromatic
content to produce a high octane motor fuel.

4. A process for the production of an improved jet fuel
and the simultaneous production of a high octane motor
fuel which comprises fractionating a crude petrolenm into
a first liquid fraction having a distillation end point of
about 390° F. and a second liquid fraction boiling within
the range of about 390-760° F., reforming said first liquid
fraction to produce a reformate of increased aromatic
content, separating said reformate into a portion rich in
aromatics and a non-aromatic portion, contacting said
second liquid fraction with a cracking catalyst under
cracking conditions to produce a cracked product, sep-
arating the cracked product into a C;—~C, olefin-contain-
ing fraction and a cracked naphtha fraction, subjecting
said Cg-C4 olefin-containing fraction to polymerization
conditions in the presence of a polymerization catalyst
to produce a normally liquid polymer, combining said
normally liquid polymer and said non-aromatic portion,
contacting the combined siream with a hydrogenation
catalyst in the presence of 5,000-15,000 s.c.f. hydrogen
per batrel under saturation conditions, fractionating the
hydrogenation product into a liquid fraction boiling be-
low about 200° F. and a fraction boiling in the jet fuel
range and combining said fraction boiling below about
200° F., said cracked naphtha and said fraction rich in
aromatics to produce a motor fuel of high octane number.

5. A process for the production of an improved jet
fuel and the simultaneous production of a high octane
motor fuel which comprises fractionating a crude petro-
leum into a first liquid fraction having a distillation end
point of about 390° F. and a second liguid fraction boil-
ing within the range of about 390-760° ¥., reforming said
first liguid fraction to produce a reformate of increased
aromatic content, separating said reformate into a por-
tion rich in aromatics and a non-aromatic portion, con-
tacting said second liquid fraction with a cracking cat-
alyst under cracking conditions to produce a cracked
product, separating the cracked product into a C3-Cy
olefin-containing fraction and a cracked naphtha fraction,
subjecting said C3—-C, olefin-containing fraction to po-
lymerization conditions in the presence of a polymeriza-
tion catalyst to produce a normally liquid polymer, com-
bining said normally liquid polymer and non-aromatic
said portion, contacting the combined stream with a hy-
drogenation catalyst in the presence of 5,000-15,000 s.c.f.
hydrogen per barrel under saturation conditions, frac-
tionating the hydrogenation product into a liguid fraction
boiling below about 200° F. and a jet fuel fraction boil-
ing above about 200° F. and combining said fraction boil-
ing below about 200° F. with said portion rich in aro-
matics to produce a motor fuel of high octane number.
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