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The present invention relates to a method of
making a superlor Jet fuel for supersonle alrcraft from a
paraffinie, virgin hydrocarbon stream. .

Specificatliong for supersonic alrerafs fuel may
be set by aircraft and jet engine manufacturers or by .
governmental branches. These specifications are critical
since the designs of alreraft engines and air frames are
based upon the specific Performance characterlstiecs which
have been set with respect to the fuel speciflcatlion. For
a particular example of superlor Jet fuel for use at Mach-3

gpeeds, the followlng specifications have been set.

TABLE I

Specifications for Mach-3 Jet Fuel
Luminometer Number 100 Minlmum
Freeze Point -H0°F, Maximum
Viscosity at -30°F, 15 es. Maximum
Heat of Combustion 18,900 Btu/Ib., net,

Min.

20% Distilled 408°F. Minimum

Thermal Stability at
300/500/600 (Research Coker) Must Pass

Many difficultiea present themselves when a virgin
petroleun hydrocarbon stream such as crude oil or heavy
condensate 18 proposed ag the bagie gource of a fuel meetlng
these specifications. Specifidations as to luminometer
number, freeze point, and heat of combustion in particular
are extremely hard to satisfy when the source of the fuel 18
such a virgin hydrocarbon stream. Verious attempts to
manufacture fuelis meetlng the above specifications by
extraction of virgin distillates or by blending various
extracted kerosenes have been unsuccessful. waever, by the

Practlce of the present lnvention whereiln cach of the
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Processing gteps 1s used and wherein the Engler distillation
20% polnt of the jet fuel product is malntained within a
¢ritical range. a Mach-3 Jet fuel can be produced which
meets the desired rigorous specifications when starting
from a virgin crude oll or from a heavy, natural condensate.

The present invention involves the Processing
sequence of a first dlstillation to obtaln a charge stock
bolling within the range of 355°F. to 510°F., followed by
desulfurization, reforming, extraction, hydrofining, and
adsorption, with the assoclated dlstillation steps whilch are
required in order to obtaln a filnal product bolling within
the range of 375°F. to 495°F. and having an Engler

" distillation 20% point of 408°F. minimum and preferably

within the range of about 410°F. to 414°F.

Referring now %o the drawlng, a preferred mode of
the present invention 1s disclosed as compriging a first step
of fractionating a paraffinic feedstock such as orude oll or
heavy condensates (obtalined from distillate wells and the
like) introduced into fractlonating tower 101 by way of
line 102. A low-bolling overhead stream 1s withdrawn by way
of llne 103, and a high-boiling stream 1s removed by way of
line 104, with a heart cut fractlon boiling within the range
of 355°F. to 510°F. belng obtalned by way of line 105, The
heart cut 1s the charge stream to the‘proceSﬂing sequence of
the present 1nvention.

The charge sbream 15 admixed with hydrogen supplied
by way of line 106 and 18 contacted with a hydrodesuliwdzation
catalyst in the hydrodesulfurization zone 108, A
hydrodesulfurized product 1s withdrawn by way of llne 110
(and may be distilled in a fractionator to obtain a dry point
of the overhead product of 490°F. to 500°F.), admixed with
hydrogen supplied by way of line 112, and subJected to ‘

-3 -



W 0 N U oW o o~

S S T T~ SO = T S S S
W NP oW e N T WP oo

2h
25
26
aT
28
29
30
31
32

754130

catalytle reforming in the catalytle reforming zone 114,

A reformed product stream 1s removed by way of
line 116, preferably through a stabllizer tower {not shown),
where the light ends are removed to give an IBP {initial
bolling polnt) minimum of 300°F., and 18 then contacted
Preferably with sulfur dioxide as a solvent fop arcmatic
hydrocarbon in the zone 118, In this step the 50, 1s
Introduced by way of line 120 and an aromatic extract is
removed by way of lilne 122, the paraffinic raffinaté being
withdrawn by way of line 124. The raffinate is then
fractionated 1n order to obtaln ﬁn overhead fraction bolling
below about 500°F,, for example having an Engler FBP {final
bolling polnt) of UB0°F. to 4S0°F, In this distillation step
the heavy polymers which are produced 1n the reformer 114
énd/br the hydrodesulfurizer 108 are removed in the'hiéh—
boiling materlal. For this purpose the raffinate 1s
introduced lnto distillation column 130, and a high-bolling
bottoms stream, withdrawn by wa& of 1line 132 while the
overhead stream, having an FBP of about 480°F. to 490°F,, 1is
wlthdrawn by way of line 134,

The overhead stream 134 1is admlixed with hydrogen
supplied by line 136 and introduced into a hydrofining zone
138, wherein the distilled raffinate is hydrofined. The
hydrofined materlial may be fractiocnated to adjﬁst the 1niltial
boillng point to about 380°F. and 1s then introduced into
adsorption zone 142 am a final finishing step. In the
adsorptlon zone 142, the residual aromatle compounds are

removed and thermal stability of the fuel improved, The

- Mach-3 fuel 1s withdrawn by way of 1ilne 144 and may be caustic

washed before or after adsorption 1f desired. The various
dlstillation steps after the reformling operatlon must produce

a final product having an Engler 20% point within the. range of

-4 -
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410°F. to 414°F. Obviously, this may be accomplished by
distillation at any of many points in the processing sequence,
but preferably the 20% point 1s adjusted in the final
distillation zone 130 or in a distillation zone (not shown)
after hydrofining in zone 138. By railsing the Engler 20%
roint to 408°F. minimum, preferably 410°F. to 414°F., the
luminometer number and heat of combustlon are maximized.while
the freeze point is minimized, contrary to what would be
expected. It normally would be expected that these values
would degrade with an increasing 20% polnt. However, 1t has
been found that with the 20% point wilthin the prescribed 4°F.
range, the lumlnometer number, freeze point, and Btu ratings
of the fuel are at their most desirable values, less desirable
values for each being obtained at a 20% point eilther higher or
lower than the critlcal range.

This 1is seen from the followlng Table II, wherein
the changes of the luminometer number, the freeze point, and

the heat of combuation are shown.

TABLE II
402°F, 4310°F,
TLuminometer Number 123.0 126,9
Freeze Point ' -42°p, ~43°F,

Heat of Combustion, Btu/1b. 18,936 18,948

Thug, It 18 seen that in order to make the rigorous
specificatlons, the Engler 204 point of the product must be
maintained within the narrowly prescribed range.,

In general, the processlng scheme has been shown to

Include a prefractlonation step foilowed by hydrodesulfurization,

catalytlc reforming, extraction, fractionation, hydrofining,
and adsorption in order to yroduce a superilor quallty Mach-3
Jet fuel. The individual steps, Ineluding the varlables

involved therein, are discussed 1n sequence below.

-5 -
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Feedatock

The oll to be used as an ultlmate feedstock is
obtalned from a paraffiﬁic crude such as Panhandle crude or
from field condensates., The preferred erude o1l will contain
at least about 40% paraffins and less than about 60%

aromatics plus naphthenes.

Distililatlon

| The selected crude oll 1s then distilled in order to
obtain a dietillate having a bolling range from sbout 355°F.
to about 510°F. contalning from about 30 to about 504 normal
pareffing, from about 10 to about 40% lsoparaffina, from about
40 to about 60% aromatics plus naphthenes, and from about O
to about 5% olefins. The fractionation step removes high
bolling, unsultable materials from the fuel.

Desulfurization

The distilled fraction is submitted to
hydrodesulfurization, wherein the fraction is contacted with a
hydrodesulfurizing catalyst such as extruded or pllled cobalt
molybdate, The temperature in the hydrodesuifurizatlon zone
gultably may range from about 600°F. to about 690°F., the
Pressure from 150 psilg to 300 pslg, and a hydrogen feed rate
from 200 scf/bbl, to 600 sef/bbl. of feed, based on pure
hydrogen, The hydrogen recycle stream containing from abous
60% to about 95% hydrogen may be used, in whlch case the
amount of hydrogen recoycle stream per barrel of feed will be
larger than would be the case if pure hydrogen were béiﬁg used.

The charge to the hydrodesulfurizing zone shall
sultably involve a space veloclty of from gbout 2.0 to about
4.0 volumes of hydrocarbon feed per volume of catalyst rer hour.

In the hydrodesulfurilzlng step, the sulfur 1s.ramoved
and the sulfur content of the materizl 1s reduced from about

0.10 to 0.25% in the feed to about ©.002 to about 0.009% sulfur

-6 -
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in the effluent from the hydrodesulfurlzation unit, The HES
and low-bolling materials produced by hydrodesulfurization
may be removed by steam stripplng in order to provide a more

sultable feedstock for the following reforming step,

Catalytic Reforming

The hydrodesulfurized stream 1s then charged into
the reforming zone and contacted wilth hydrogen 1n the presence
of a reforming catalyst such as Platinum on aluﬁina, which hasa
both aromatizing and isomerizing actlvity. The temperature
may range from about 825°F. to about 900°F.; the pressure from
150 psig to 450 psig; the amount of hydrogen to hydrocarbon
feed from 2000 scf per barrel to TOOO sef per barrel (based
on pure hydrogen); and the space veloclty may be from 0.2 to
2.0 VA/1r.

In the reforﬁing zone, the naphthenle hydrcearbons
are pre?erentially converted into aromatic hydrocarbons, which
makes them susceptible to extraction. It 1s essential to
operate the reformer-at a minimum temperature of 825°F. to
permit isomerization of normal to lgoparaffing. While the
ratlo of iso- to normal baraffins in the feed may be as low
as 0.2 to 0.5, thée ratio 1n the finlshed product must be in
the order of 2.0. The preceding hydrodesulfuriéing step
Prepares the material for reforming by removing sulfur, which
would interfere. with the activity of the catalyst in this

Preferential iaomeriaationTaromatization reaction.

Extraction

The reformed stream 18 then passed into preferabl&
an S0, extractlon zone whérein the extraction 1s carried out.
For 80,, the extraction must be carried out under eritical
condltions in order to minimize the amount of arcmatlcs
remaining in the raffinate stream. The maximum temperature

in the extrastion tower may range from about 50°F. to about

-7 -
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100°F., but is preferably maintained at about 65°F. A
temperature gradient in the extraction tower of from about
40°F, to about 100°F. may be used, while a solvent-to-
hydrocarbon ratlo within the range from about S:10 to about
2:1 volumes of solvent per volume of hydrogen may be used.

By practlcing the extraction step with sulfur dioxide under
these condiftions, a raffinate may be obtained which contains
less than 3% aromatic hydrocarbon. Ammonia and phenol may be
used instead of 80, extraction, but the same general

temperature limits will apply.

Digtillation

The raffinate 1s then submitted to after-
Iractlonatlon 1n order to remove bolymeric high-boiling
maﬁerials formed in the hydrodesulfurization and/or reforming
18teps, that 18, those hydrocarbons which boll above about
480°F. to 500°F. This high-boiling material ls deleterlous
because directlonally 1t has an adverse effect on freeze
point, heat content and luminometer number.-MIt ig also
likely to reduce thermal stabllity.

‘The material bolling below 480°F. to 500°PF. is then
removed as a product sultable for the finishing steps.

Hydrofining

The fractlonated hydrocarbon 1s then passed to a
hydrofining unit where 1t is contacted with hydrogen and a
hydrofining catalyst suech as extruded or pllled cobalt
melybdate. The hydrofining step reduces the olefinile content
and removes sulfur, nltrogen and polar compounds. 'This step
1s carrled out at a temperature wlthin the rangé'from about
575°F. to about 650°F., a pressure of 250 to 350 psig, a
iilguid hydrocarbon épace veloclty of 1.0 to 4.0 volumes of
hydrocarbon per volume of catalyst per hour, and a hydrogen-

to-hydrocarbon feed ratic of 500 to 1500 scf/bbl. (baged on

-8 -
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pure hydrogen). The hydrofined hydrocarbon is essentially
free of olefins and aromaticg, but may still contain trace

amounts of each component,

Adsorption

The hydrofined fuel 1s then passed over an adsorbent
bed having an affinity for polar compounds, such as actlivated
charcoal, at a treat ratio of 0.5 to 4.0 V/V/Hr., whereby a
thermally stable jJjet fuel bolling within the range of about
400°F. to 500°F, 1s obtained, having a heat of combustion of
at least 18,900 Btu/lb., and otherwlse meeting the .
apecificatlons above set forth, & preferred treat rate 1s 1.5
to 3.5 V/V/Hr. The adsorption step removes traces of polar
compounds from the fuel.

As an example of the present inventilon, a run
utilizing Panhandle crude was made, and the Processing
sequence above set forth was generally followed. A crude
fraction boiling within the range of 355°F. to 510°F. was
submitted to hydrodesulfurization. 'The sulfur content was
reduced from 1400 ppm to about 50 ppm by contacting the stream
with 260 scf per barrel of hydrogen over a cobalt molybdate
catalyst at 658°F. and 255 psig.

- The hydrodesulfurized product was catalytlcally
reformed over a platinum-on-alumina catalyet at 825°F. and
270 psig in the presence of 3200 actf per barrel of hydrogen
and at a space veloeity of 0.4 V/v/Hp.

The feed rate was O.4 V/V/Hr. with the reactor
inlet temperature 825°F, with an 85°F. temperature drop across
the reactor. The hydrogen rate was 3500 sef per barrel of
feed, with a pressure of 280 pelg., Conversion of naphthenes
to aromatics was approximately 60% to 75% complete, with
liquid yileld belng over 95%. 'The ratlo of i1so- to normal
paraffins 1n the product exceeded 2,0.

-9 -
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The reformate was then charged to an SO2 extraction
unlt at a feed rate of 3200 barrela per day, to provide an SO2
treat of 180%. The temperature at the bottom of the mixer
tower was 15°F. %o 25°F., whlle that at the tower top was 65°F,
The aromatics content of the raffinate obtalned under these
conditions was indlcated to be essentlally C%. The accuracy
of the testing method indicated that less than 0.54 arvomatics
remained,

The 802 raffilnate was then caustlc washed with 0,02
pound of NaOH per barrel of raffinate, to 0.10 pound per
barrel. The caustlic washed material was hydrofined over
cobalt molybdate catalyst at 615°F. to 625°F. and 300 paig
rregsure in order to saturate the 0.5 to 1% of olefins which
remained in the fuel. The front end was adjusted by
fracgtlonation at the hydrofining unit.

The hydrofined fuel was then caustic washed with
30° Baumé NaOH, and passed over an activated charcoal bed ak
about 3-v/v/Hr. in order to maximize thermal stability. 'The
product obtained 1s a fuel which bolls wlthin the range of
375°F. to 495°F, and has an Engler 20% polnt of aboub 410°F,
The fuel meets all specifications of the Mach—3‘Jet fuel,

An analysls of the product 1s set forth‘below in

- Table III.

- 10 -
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TABLE I11

Gravity, °API
Distlillation, ASTM

IBP, °F.
g
5
10%
20%

D O~ W
RREIRRR

Luminometer Number
Freeze Polnt, °F.

Heat conftent, Btu/lb. net
Aromatlca, Vol.
Isoparaffins

Normal paraffing
Naphthenes

It was thus seen that Applicants have provided a
novel combinatlicon of processing steps which leads to the
The
various steps must be accomplished in the order glven, with
the exception of the distillatlon step after extraction,
which may be accomplished either before hydrofining or alfter

hydrofining, but before adsorption over a polar adsorbent.

- 11 -
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3%
48qg
Lol
Log
411
416
ﬁ21
a7
433
it
450
465
480
117
46
18,919
0.8

59,8
28,0
11.4

pProduction of a highly useful supersonic Jet fuel.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLIOWS:

1. A process of making a jet fuel which comprises:

fractlonatling a virgin paraffiniec hydrocarbon stream
to obtaln a charge stream boiling within the range of 385°F. to
510°F.;

contacting sald charge stream with hydrogen and a
hydrodesulfurization catalyst under hydrodesulfurization
conditlons to obtaln a desulfurized stream contalning less than
0.01% sulfur by welght; "

contacting sald desulfurized stream with hydrdgen.aﬁd ‘
a reforming catalyst at a temperature from 825°F. to 900°F,, a
pressure from 150 pslg to 450 psig, and a space velocity from
0.2 to 2.0 V/V/Hr., whereby naphthene aromatization and normal
paraffin lsomerization are maximized in obtalning a reformed
straam;

extracting substantlially all of the aromatic hydrocarbons
from sald reformed stream by gontact with a solvent for aromatic
hydrocarbone to obtain a raffinate containing less than 3%
aromatio hydrocarbons;

hydrofining sald raffinate by contact with hydrogen
and a hydpofining catalyat under hydrofining conditions to obtailn

- a hydrofined product; and

cohtacting sald hydrefined product wlth an adeorbent
for polar compounds to obtaln a thermally stable Jet fuelj .

gald Jet fuel belng subjected to at least one
fractionation step during the course of sald Process whereby the
Engler distillation 20% point thereof is 408°F, minimum, and the
fuel boils within the range of 375°F. to 495°F,

2. A process in accordance with claim 1 wherein the
hydrodesnlfurization catalyst is cobalt molybdate, and saild
hydrodesulfurization conditlons comprlse a temperature within
the range of 600°F; to 690°F,, a pressure within the range from.lza
150 psig to 300 psig, and a space veloclty of 2 to 4 V/V/He,
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3. A process in accordance wlth c¢laim 1 wherein said

reforming catalyst 1s platinum on alumina.

L, A process 1n accordance with claim 1 whereln the
solvent for aromatilc hydrocarbons 1s chosen from the group

consisting of 802, NHS’ and phenol.

5. A process 1n accordance with claim 1 whereln the
solvent for avomatlic hydrocarbons is 802, and the extractlon is
accomplished at a solvent-to-hydrocarbon ratlo from 9:10 to 2:1
In an extractlon zone at a maximum temperature from 50°F, to
100°F. and a maximum temperature gradient across sald zone

from 40°F, to 100°F,

6. A method 1n accordance with claim 2 wherein the

reforming catalyst is platinum on alumina.

7. A method as in claim 6 wherein the solvent for
aromatic hydrocafbons 13‘302, and the extractlon 1s accomplished
at a solvent-to-hydrocarbon ratio of from 9:10 to 2:1 in an
extractlon zone at ‘a maximum temperature f{rom 50°F. to 100°F.
and a maximun temperature gradieﬁt across sald zone from LO°F,

to 100°F,

8. A method as in claim § wherein the hydrofining
catalyst 1s cobalt molybdate, and sald hydrofining conditions
comprise & temperabure from 575°F, to 650°F,, a pressure {rom
250 psilg to 350 pelg, a space veloocity from 1.0 to 4.0 ¥/¥/Hr.,
and & hydrogen-to-hydroéarbon ratio from 500 to 1500 scf/bbl.

9. A process¢l making a Jet fuel which comprlses:

fractionating a hydrocarbon stream to obtaln a charge
stream bolling within the range of 355°F. to 510°F. and comprising
from 30 to 50% normal paraffins, from 10 to 20% isoparaffins, from
40 to 60% aromatic and naphthenic hydrocarbons, and from O to 5%

clefinsg; 13
13 -
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contacting saild charge stream with from 200 ko 600 gef
of hydrogen per barrel of.charge stream in the presence of a
cobalt melybdate hydrodesulfurization catalyst, at a temperature
from 600°F. to 690°F., a pressure of 150 psig to 300 psig, aﬁd a
space veloelty of 2 to 4 V/V/Hr., whereby there is obtained a
desulfurlzed stream containing less than 0.01% sulfur;

contacting sald desulfurlzed stream with from 2000 to
7000 sef of hydrogen per barrel of desulfurized stream in the
Presence of platinum on alumlnz reforming catalyst, at a
temperature from 825°F, to 900F,, a pressure from 150 paig to
450 psig, and a space veloeity from 0.2 to 2.0 V/V/Hr., whereby
naphtﬁene aromatizatlon and normal paraffin isomepization are
maximized in obtaining a refofmed stréam;

extracting substantlally all of the aromatic
hydrocarbons frem sald reformed stream by contact with from 0.9
to 2.0 volumes df 802 per volume of reformed stream 1n an
exﬁraction zone at a maximum temperature from 50°F. to 100°F,
and a temperature grédient across sald zone of 4O°F. to 100°F.,
whereby there 1s obtalned a raffinate containlng less than 3%
aromatic hydrocarbons;

fractlonating sald raffinate to obtain a rafflnate
fraction bolling below 480°F,;

hydrofining sald raffinate fraction by contacp with a
cobalt molybdate hydrofining caﬁalyst and from 500 to 1500 scf
of hydrogen per barrel of raffinate fractlion at a temperature
from 575°F. to 650°PF., .a pressure from 250 psig to 350 psig,
and & 1iquld hydrocarbon mpace velocity of 1.0 to‘h,o v/V/Hre.,

"whereby an essentlally olefin- and aromatic hydrocarbon-free

hydroflined product 1o obtained;

fractionating sald hydrofined produect to obtain a
hydrofined fraction bolling below 4B0°F. and having an Engler
distillation 20% point of 410°F. to 414°F.; and

14
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contacting sald hydrofined fractlon with activated
charcoal at a space velocity of 0.5 to 4.0 V/v/Hr.,

vwhereby there is obtalned a jet fuel having a
luminometer mumber of at least 100, a heat of combustlon of at
least 18,900 Btu/lb., a maximum viscoslty at -30°F. of 15

centlstokes, and a maximum freezing point of -40°%,

15
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