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-Hillis O. Folkins, Crystal Lake, Ill., assignor to The Pure
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Filed Oct, 11, 1956, Ser. No. 615,307

3 Claims. (CL 208—59)

This invention relates to a process and particular
catalyst compositions for the production of hydrocar-

‘bons boiling in the range of about 250° to 550° F. and

having desirable properties for use as jet fuels.

The development of jet engines has called for higher
grade fuels, which trend is illustrated by the various
grades of jet fuel already evolved. Jet fuel specifica-
tions for JP-1, JP-3, JP—4, JP-5 and referee fuels have
been established by the N.A.C.A. Subcommittee on Air-
craft Fuels. These specifications, as described in the
Oil & Gas Journal of October 6, 1952, volume 51, No.
22, page 96, include as the more important qualifications,
flammability, Jow-temperature fluidity, proper volatility,
stability and good odor, and non-corrosiveness to poly-
sulfide-type synthetic rubber parts used in the present fuel
systems. Regarding volatility, the military has established
that at an atmospheric temperature of 100° F., the mini-
mum 10% A.S.T.M. distillation temperature should be ap-
proxunately 350° F. Military operations require start-
ing of engines and operations at atmospheric tempera-
tures of —65° F. or lower. - At the samie time, the en-
gines must operate at high temperatures under condi-
tions where vapor locking, $lugging and changes in fuel
temperature may occur during flight. Similarly, en-
gine deposits should be at a minimum to prevent de-
creased performance, poor acceleration characteristics
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and starter spark-plug fouling. . Fuels which meet these

various specifications are necessarily a compromise of
certain qualifications inh view of maximumi availability
from present resources.

It has been found in accordance with this invention
that heavy petroleum fractions such as reduced crudes,
gas oils, or catalytic cycle stocks or mixtures thereof may
be converted into substantial yields of hydrocarbons
meeting the jet fuel qualifications and boiling in the
range of 250-550° F. The process is carried-out with a
minimum of disproportionation to gases or liydrocarbons
in the low gasoline boiling range, and with a minimum
of coke formation, by selective hydrocracking at. tem-
peratures between about 675 and 875° F., presstires of
500-1500 p.s.i.g., liquid hourly space velocities of 0.5 to
10, and hydrogen-to-hydrocarbon mol ratios of 2 to 10.
The type of catalyst found to be necessary to obtain the
selective conversion to a predominance of material boil-
ing in the range of 250-550° F. contains a métal -or
metal compound, such as an oxide, having a high ac-
tivity for hydrogenation reactions deposited on or com-
bined with an acidictype catalytic support which has
cracking activity. The metals and/or ietal oxides use-
ful for this purpose are those of tungsten, molybdemim,
chromium, cobalt and nickel, alone or in combination on
the cracking support. Since some of these active metal
‘¢components, such as nickel, will be present (under proc-
ess conditions) as the metal and others, such as. molyb-

“denum and tungsten will be present as the oxides, the

concentrations of the active components will be expressed
in terms of the metal content. It is to be understood,
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however, that in the case -of some components such as
those containing molybdenum and tungsten, the oxides
will be the form in which the components are present
under process conditions.

Examples of supports are silica-alumina, silica-mag-

nesia, silica-alumina-zirconia and -alumina-boria.  -How-
ever, as. will be demonstrated, catalysts comprising.-a
particular ratio of nickel and -cobalt on s1l1ca-alum1na,
and nickel and tungsten on silica-alumina, are superior in
their. selectivity for ‘this purpose; especially- on s111ca-
alumina supports containing 5-50% alumina. .
. Another aspect of the invention comprises the applica-
tion of a two-stage treatment to such feed hydrocarbons
with the catalysts aforementioned wherein the conditions
in the first stage are controlled to-within 800-875° F.
and ‘space velocities of -3- or -above, preferably about-3
to 10, to promote selective crackmg as opposed to
hydrogenation, and the conditions in the -second :stage
to ‘which the first products are immediately transferred
are controlled to 675° to 725° F. to 1 promote hydrogena-
tion. as opposed to crackmg

Accordingly, a primary-object of this invention is to
provide a process for the production of hydrocarbon
fractions boiling in the range of about 250°-550° F.
from heavier hydrocarbons, which products are char-
acterized by their high flash points,- low-pour- pomts and
low contents of olefins and aromatics."

Another object of the invention is to provide a -certain
range of reaction conditions and a catalyst-to-bring about
the selective hydrocrackmg of heavier hydrocarbons in.a
manner such that a major. part of the product boils in
the range of about 250-550° F., and, quite unexpectedly,
the amount of C; to Cy hydrocarbons b0111ng below 250°
F. is at a minimum.

Still another ob]ect of the invention is to convert heavy
petroleum - fractions of the class of gas oils, reduced
crudes and catalytic cycle stocks:into increased. yields
of clean burning, high-flash, low-pour fractions.of low
aromatic and olefin content, boiling in the range of 250-
550° F., which qualify as high-temperature fuels for use

.in jet engines and the like, by hydrocracking under con-

trolled -conditions .of 675-875° F. with pressures of hy-
drogen not exceeding 1500 p.s.i.g., liquid hourly . space
velocities. of 0.5 to 10, preferably 0.5 to 5.0, and hy-
drogen mol ratios of 2 to 10, in the presence. of a nickel-
cobalt «silica --alumina. -or - mckel-tungsten-sﬂlca-alummav
catalyst havmg both cracking. and hydrogenatlon activity.
A further object of the .invention.is to provide a two-
stage catalytic process in accordance with the foregoing
in which the first stage is controlled at 825-875° F. to

promote cracking, and the second stage is controlled at

675-725° F. to promote hydrogenation and yield prod-
ucts - boiling ‘in the range of about 250 550° F. which
qualify as superior jet fuels.

These and other objects of the invention W1ll appear
in whole or. in part as.the description of the invention
proceeds. -

The -invention is illustrated in part by the drawmgs
wherein,

Figure 1 is a flow diagram of one form of apparatus
to be used in carrying out the invention, : :

Figure 2 is-a graph showing the relationship of. the-
distillation characteristics of the products produced by
the experunents represented in the specification.

In carrymg out the process, the catalyst is usually.em-
ployed in a fixed bed reactor. Catalysts are generally

_pre-formed and may be in the shape of 16’ or 344" pellets.

The reactants, hydrogen and. hydrocarbon feed, are pre-

heated and charged to the reactor in the usual manner.
The operation is started by introducinig a stream of

hydrogen, or other suitable gaseous heat transfer med' m
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and the catalyst is pretreated from one to several hours
at reaction temperatures in the stream of hydrogen or
hydrogen-rich gas before the hydrocarbon material is
charged to the reactor. Alternately, if the catalyst has
been previously - reduced, the reaction  system may’ be
brought to operating reaction temperatures by circulating
hydrocarbon . charge with the- hydrogen under process
conditions of hydrogen-to-hydrocarbon ratios. The efflu-
ent from the reactor, consisting of the liquid product
and hydrogen-rich gas, is cooled and passed to a flash
separator from which the recycle hydrogen, or hydrogen-
rich gas passes overhead and is recompressed for re-
cycling to the reactor. The liquid product, depending
upon the charge stock and the operating conditions, may
be utilized as recovered or may be passed to a fractionat-
“ing tower where the minor fraction boiling under 250°
F. is distilled overhead to be used as a component in
gasoline blending. The fraction boiling above about 550°
F. may be drawn from the bottom of this tower and used
-as heavy fuel, or it may be recycled to the reactor for
ultimate conversion to the desired product.

Although by judicious choice of reaction conditions

over the range specified high yields (55-65%) of the
product boiling in the range of 250-550° F. can be real-
ized in the presence of these catalysts, it is sometimes
preferable to conduct the process in two stages.
" In the first stage the material is passed over a catalyst
bed at temperatures in the range of 825-875° F. and at
liquid hourly space velocities of 3 or greater to promote
controlled cracking and mild hydrogenation, as well as
to achieve more effective desulfurization. The effluent
from the first stage then passes to -a larger catalyst bed
in the second stage where temperatures are maintained
‘at a lower level in the range of 675-725° F. Preferred
liquid volume hourly space velocities in the second stages
are in the range of 0.5 to 3. Hydrogen-to-hydrocarbon
mole ratios in both stages are maintained in the range of
2-10. Thus the two-stage operation differs from the first
in that two reactors and two temperatures are employed.
Other process conditions and sequency of operations are
the same. . .

The use of the two-stage operation is preferred for
processing stocks which contain a high content of aro-
matics, and for sulfur removal, because it permits some-
what greater desulfurization in the first stage and greater
overall hydrogenation of ring compounds. o

Referring to Figure 1, briefly the process is carried out
as follows: Hydrogen is. introduced at line 10 and is
heated to reaction temperature in furnace 12. The pre-
heated hydrogen flows through line 14 into the top of re-
actor 16, which may be any of the various known types
of catalytic reactors. Hydrocarbon charge is introduced
by line 18 into furnace 20 and proceeds via line 22 into
reactor 16. In furnace 20 the charge is brought to re-
action temperature. Instead of using two furmaces, a
common furnace for both the hydrogen and the charge
may be used with separate coils therein for the two reac-
tants. Reaction products leave reactor 16 via line 24 and
pass into cooler 26. From cooler 26 they pass via line 28
through pressure-control valve 30. into separator 32.. In
separator 32, the excess hydrogen is taken off through
line 34, passed through compressor 36 for recycle via line
38 into line 10. - The remaining reaction products pass
through line 40 into fractionator 42 wherein liquid prod-
ucts boiling below 250° F. are taken off at line 44; the
bottoms are drawn off at.line 46, or recycled via line
48; and the 250-550° F. product, qualifying as a jet
fuel, is taken off at line 50. .

It has already been suggested in the art that the gen-
eral combination of a hydrogenation catalyst and a crack-
ing component be used in hydrocracking processes. Gas

oils, crude oils, topped crudes and many other hydro- -

carbon fractions and mixtures have been subjected to
these various catalysts under a wide range of conditions,
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-range of the products is concerned, is shown.

4

up to over 1200° F. and pressures up to 1300 p.s.i.g. for
the production of motor fuels boiling up to 400° F., or
slightly above. These end-products qualify as motor fuel
components and do not have the properties of high flash
point, low pour point, low freezing point, prescribed
volatility and low content of aromatics required for the
various jet engines in prominence today. The prior art
processes of hydrocracking are in general directed to the
production of high-octane gasolines through the use of
wide variations in conditions with various catalysts. The
present -invention is based on the discovery of reaction
conditions under which -the -hydrogenating-and cracking
activities of the composite catalyst unexpectedly comple-
ment each other to substantially exclude the production
of Cs to Cq hydrocarbons, and produce a predominance
of hydrocarbons boiling above 250° F. to about 550° F.

Furthermore, it has been found that as the tempera-

- ture of hydrocracking approaches 875° F., the space ve-

locity should be increased from about 0.5 to the range .of
510 to maintain the high selectivity and obtain at the
same time an optimum conversion per pass. For exam-
ple, it has been found that the production of gaseous
material and light gasoline fractions boiling below 250°
F. is practically eliminated if reaction conditions are
maintained .at_about 750° F. 4-10° F., 700 ps.ig., and
1.5 LVHSV, while still converting as much as 55 to 60
percent of the feed to the desirable hydrocarbons boiling
between about 250° F and 550° F. which have the best

. qualities for jet engines.

In order to demonstrate the invention, a comparison is
made of the product distribution obtained by ordinary
fluid catalytic cracking processes and refinery test runs
with a series of experiments using different catalysts and
different conditions wherein the effect of selective cracking
in accordance with this invention, as far as the boiling
The
product distribution obtained during ordinary fluid cata-
Iytic cracking is shown in Table I and is taken from “Ad-
vances in Catalysis,” volume 6, page 410, by R. V. Shank-
land, published by Academic Press (1954). The original
data shown therein are from Murphree, “Advances in
Chem. Series,” 5,-30 (1951).

TABLE 1

Product distribution in fluid catalytic cracking with silica-
alumina catalyst

" [Advances in Catalysis, vol. VI, page 410]

Temperature, °F. - .| 850} 900 | 950 | 1,000
Conversion, Vol. percent. ...concovamrmwioai 55.0 | 65.0 | 55.0 5.0
Product Distribution:
Cs and Lighter, wt. percent.__. 44| 55| 6.9 8.5
Butanes, Vol, percento_..-.-.. 6.61 6.0 54 4.5
Butylenes, Vol. percent. .- oocceaweacon 3.9} 53| 7.2 9.5
Gasoline, Cs-400° F., Vol. percent... _| 43.3142.1140.6| 39.0
Gas Oil, Wi, percent-__-- | 45.0 | 45.0 | 45.0 | 45.0
Carbon, Wt. percent.... ..-| 58} 47| 3.8 3.2
Gasoline, O.N.:
Research, clear . .. .-l climimmaaeae 03.8] 9521965 97.5
Research, +2 cc. TEL/gal o moamcovracceeen 98.1 ] 98 9. 99.9 | 100.5
MOOE, CIRAT. « e emeomm e mcmmemmmmmmm 82.0 | 82.1| 821 | 82.5

From the original article referred to above it appears

- that the feed used in"the experiments shown in Table I

had the following characteristics: API gravity, 26.8%;
TBP, 20% ‘at’529° F., 50% at 735° F., and 80% at
908° F. ’ o

Present day refinery test runs are showa in Table II
following, which compare very favorably with the results
shown by Shankland and Murphree.’

It is-to be observed that in these ordinary cracking
processes. as. shown in Tables I and II, considerable

amounts. of coke and gaseous hydrocarbons -are formed

as well as gasoline and gas oil fractions. These products
do not qualify as jet fuels. . To show that the process of
this invention produces megligible amounts.of coke and
gaseous hydrocarbons, and selectively converts the higher

ST Y




TABLE 11
‘Material balance data for fluid catalytic cracking

2,056,002

Wwt. Vol
per- per-
Pounds/ | cent B.p.s.d. cent
Day on on
Fresh Fresh
Feed Feed
2,142, 636
56,479
252, 319
Stabilized Gasoline.. 775, 865

Light Distillate....__ 857,317
Heavy Distillate...... 333,180
Decanted Oil 82,268
Coke_.._..._.._ 85,152
Recovery-o.ccucicne- 2, 142 580

Properties of Feed Stock
and Gtasoline prod.

Feed Stock Gasoline

Note.~—Conversion=54.0 vol. percent.

boiling comstituents in the feed to increased yields of
material boiling in the approximate range of 250-550°
F., reference is made to Tables III and IV following.
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35

- TABLE IV
_ Products from processing cycle stock
Run Now ool Charge| 1 2 3| &
Product (wt percent of chg.)..| (100)] 99.4| 100.2| 9.7 99.9
Distillation (TBP) Vol. Per-
cent;

80° oo e 2.2 | e P
S, S 251 0.5 0.8
3.2 1.4 165
491 29/; 3.0
55| 35 4.6
7.5] 50 65
981 721770.4] 8e
125 100) 1.0[ 10.8
1501 120 22| 130
________ 2,01 150 50| 164
32.0| 250 16.0 255
_______ 46.0] 420 340| 45
__________ 61.0| &80 550 60.5
85.0 | 620 57.5] 65.0
: I T T 75.0
83.0 4.0
190.0 -
______ 9
4 T AR IR U T87.5 |-

1 Distillation terminated.

aluminum-bronze block furnace.  ‘The hydrocarbon

charge was fed to the reactor by means of a small piston-
type pump. Hydrogen, purified by a De-Oxo unit and
a dryer, was metered by a rotameter to the reactor. Re-
action conditions were as follows: Temperature, 750° F.;
pressure, 700 p.s.ig.; liquid volume hourly space velocity,
1.5; and hydrogen/hydrocarbon mole ratios of around
3 to 5. The products from the reactor were cooled and
the pressure was reduced to atmospheric whereupon sepa-
ration of liquid product from recycle hydrogen was car-
ried out in a separating tower. In these runs hydrogen
was not recycled, but the process of my invention includes
operation with recycle hydrogen. In starting the experi-

TABLE IIT
Liq.
Run Catalyst Temp., Press. LVHSV | Hy/HC Rec. °API | S, Wt.| RI,
No. °.F. (p.sig) o (mol.) | (wt. per- percent ND2°
. cent) X :
) I— 2.5% Ni 4+ 3.75% Co on Silica-alu- 750 700 1.49 3.36 99.4 36.4 0.01 | 1.4743
mina (18%). . -
Y - orl o me| o Tee| RO B9 0l i
s . ) 5 2.2 A .
e 2.4% Co + 6.2% Mo on H~41 alumina. { 746 700 197 506| 1006 322| 0.03] 1487
[ - 5% Ni -+ 10% Mo on H-41 alumina_. . 752 700 1.49 5.03 100.1 33.8 0.01 | 1.4800
[T 109% NiW Oy on silica-alumina (25%)--- 754 700 1.52 4.92 99.9 36.2 0.06 1 1.4746

In run No. 5 the catalyst composition may be ex-

pressed as 1.9% nickel and 6.0% tungsten present as:

the metal on a support comprising 75% silica and 25%
alumina. The H-41 alumina used in run Nos. 3 and 4
is not an acidic-type cracking catalyst as defined herein.

The feed material used in the experiments. of Table
III was a cycle stock from a fluid catalytic cracking oper-
ation, and had the. following characteristics: Gravity
API°, 30.5; IBP, 436° F.; EP, 629° F.; mol wt., 200;
aniline point, 129.6; CR (wt. percent), 0.00; bromine No.,
11.3; color, NPA, -=1%%; ref. index, np20 1.4947; specific
dispersion, 200.9; mol. ref., 0.3347; and sulfur (wt. per-
cent), 0.22. The feed material was obtained from a re-
finery fluid catalytic cracking unit.

Table IV following shows the product distribution ob-
tained from certain of the runs made in Table I

The experiments, the results of which are presented in
Tables IIT and IV, were carried out in a laboratory pres-
sure utilizing a fixed bed reactor containing 200 milli-
liters of pelleted catalyst. - The reactor was constructed
from a. heavy-wall, one-inch internal diameter, stainless
:-steel tube, and was inserted in an electrically heated
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ments, the catalyst was raised to temperature in the

‘presence of hydrogen, and a flow of hydrogen was main-

tained over the catalyst for one hour at reaction tempera-
tures pnor to the introduction of the hydrocarbon charge.
1t is apparent from théese experiménts that runs 1 and
2, using a mnickel-cobalt-silica-alumina catalyst, produce
a large percentage of product boiling under 500° F. and
only a small amount of product boiling below 250°° F

The high liquid recoveries show that the amount of dry

gas produced was negligible. However, run No. 3 using
a catalyst consisting of 2.4% cobalt and 6.2% molyb-
denum: on H-41 alumina, shows in contrast very little
activity for selectively creoking the charge. These ex-
penments also show that a major amount of the sulfur
present in the charge is removed by treatment in accord-
ance with this invention. This is important to meet the
non-corrosive properties required of JP-4 and JP-5 fuel
specifications. TFurthermore, the resulting products are,
for all practical purposes, olefin-free and the aromatic
content is substantially reduced. - These characteristics
contribute toward the product stability essential for jet
-fuels,
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Similarly, in Table III it is seen from Tun 4 that a cat-
alyst composed of 5% nickel plus 10% molybdenum on
.H-41 alumina (contains 5% silica) is far inferior in se-

lective activity to our preferred catalysts (runs 1, 2
-and 5).
- -The results of these experiments are shown graphical-
ly in Figure 2 wherein the abscissa represents the volume
‘percent distilled and. the ordinate represents the tempera-
ture in ° F. The increase in the fraction boiling between
950° to 550° F. is apparent from this comparative re-
lationship of the distillation characteristics of the prod-
ucts obtained in run numbers 2, 3 and 5.

The preferred catalyst compositions comprise the com-
bination of nickel and cobalt or the combination of nickel
and tungsten as the hydrogenation components- on an
acidic-type cracking support or carrier. The combined
amounts of metal (and/or metal oxides) preferred are
in the range of 4-15 weight percent. Where active com-
ponents such as nickel are employed in combination with
other metals, or metal oxides, they should be present in
lower concentrations than the other component,-in this
instance the cobalt or tungsten, and a rangé of 0.5 to 5
percent by weight of nickel is preferred. Concentrations
of nickel higher than 5 percent will result in excessive
hydrocracking and coke deposition. Although the role
of the cobalt is not definitely established, it is believed
to act as a stabilizer for the nickel and thus decreases the
rate of catalyst degeneration which leads to increased
catalyst life and longer on-stream periods between re-
generations. The combined amounts of metal, or metal
and metal oxide, hydrogenation component present in the
reduced state of the catalyst is in the range of 2 to 20
weight percent and preferably in the range of 4 to 15
weight percent. Within this concentration range it has
been found that adequate activity is attained without
degenerative cracking which higher concentrations of
metals will promote.

The acidic-type supports used in the preparation of the
catalysts of this invention include those compositions
which have found use in catalytic cracking hydrocarbons
in the general temperature range of 800 to 1000° F., at
atmospheric pressure, and at space velocities between
about 0.5 to 5.0 v./hr./v. and catalyst/oil ratios of 1.5
to 30, which are the general catalytic cracking condi-
tions. Such supports include silica-alumina, silica-mag-
nesia, silica-alumina-zirconia and alumina-boria having
micro-porous structures with surface areas of about 100
square meters/gm. or above. In many cases the surface
areas of these acidic-type supports are in excess of 300
square meters per gm. The preferred acidic-type support
is one which contains about 50 to 95% of silica or in
combination with 5 to 50% alumina. Specific examples
of these silica-alumina supports comprise compositions
containing 97 weight percent of silica and 13 weight per-
cent of alumina, 83 weight percent silica and 17 weight
percent alumina, and 75 weight percent silica with 25
weight percent alumina. Other carriers may include
silica-alumina-zirconia supports containing around 5 to
10% alumipa and 5 to 10% zirconia, and silica-mag-
nesia supports with around 15 to 35% magnesia. Simi-

'larly, activated clays such as those derived. from
montmorillonite or halloysite may be employed. Acti-
vated aluminas containing only small amounts of silica
to impart acidic properties may be employed, although
their activity for the present purposes may be reduced.
Included in this category are H—41-type aluminas pro-
duced by the Alumina Company of America and also
activated and purified bauxites.

In preparing the catalysts of this invention, the acidic-
type support is impregnated with an aqueous solution of
a. water-soluble salt of the metal hydrogenation com-
ponent. Such metal salts as acetates, chlorates, chlo-

. rides, nitrates, iodides, and sulfates may be used. The
two-metal hydrogenation catalysts may be prepared by
simultaneous impregnation with the metal salts thereof,
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or impregnation may take place in sequential steps. Be-
fore impregnation with the - hydrogenation component,
the acidic-type support may be given a pretreatment with
mineral acids such as hydrochloric acid or hydroftuoric
acid. In accordance -with this invention, sufficient
amounts of the hydrogenation component, that is the
metal or metal oxides of tungsten, molybdenum, chromi-
um, cobalt and nickel, are incorporated in the catalyst

“to give, after calcination and reduction, a catalyst com-

position containing from about 2 to 20 weight percent of
the combined amounts of metal or metal and metal
oxide. The weight percents given are on the basis of the
weight -of -the entire catalyst mass. Preferably about 4

‘to 15 weight percent of the combined amounts of metal
“as above defined are used because within this concentra-

tion range it has been found that adequate activity is at-
tained without the presence of degenerative cracking
where active components, such as the nickel, are em-
ployed in combination with the other metals listed or the
metal oxides. The nickel should be present in lower con-
centrations than the other component and a range of
about 0.5 to 5% is preferred for this purpose.

After impregnation of the acidic support with one or
both of the metal salts, the solid material is separated
from the excess aqueous solution and dried in an oven
at 100° C. for about 8 to 24 hours. Following this, the
mass is decomposed and activated, preferably in a stream
of hydrogen, by gradual heating to 950 to 1000° F. over
a period of about 4 to 8 hours, and preferably condition-
ing the hydrogen at 950 to 1000° F. for several hours
just prior to use. If the catalyst is to be used in a fixed
bed operation, it is generally desirable to pellet, extrude,
or otherwise form the catalyst before activation.

As an alternate method of preparation, the support
may be impregnated with a suitable salt solution of nickel
and cobalt, or nickel and tungsten, and the metals fixed
thereon as insoluble compounds by precipitation within
the pores of the catalyst support through the addition of
a suitable precipitant. For example, the support may be

impregnated with the nitrates of the metals and the

metals co-precipitated as carbonates by the addition of
ammonium carbonate as the precipitant. The resulting
material is then freed of excess solution, dried and acti-
vated as mentioned above. Similarly, the metals may be
precipitated as insoluble compounds in the presence of,
or the compounds may be added to, a slurry of an un-
dried support, after which the composite catalyst mass
is filtered, dried and activated by the foregoing proce-
dure.

These catalysts may be used to promote the hydro-
genation of heavy petroleum fractions to produce jet
fuels boiling in the range of about 250 to 500° F., in
accordance with this invention, by carrying out the re-
actions in fixed beds or fluidized beds suspended in a
vapor stream of the reactants. The varjous techniques
applicable to fixed bed operation, moving bed operation,
or fluid cracking manipulations, which are known in the
art, may be used to carry out the invention whether ap-
plied by using a single reaction zome or 2 two-stage
operation.

In the treatment of stocks containing considerable
amounts of sulfur over the catalysts of this invention,
some loss in activity occurs with time on stream with the
result that the rate of conversion gradually decreases.
The extent of loss in activity will be dependent upon the
amount of sulfur in the charge and the degree of severity
employed in the hydrogenation treatment. The use of
hydrogen/feed mole ratios of 4 or above are usually

employed to maintain high catalyst activity for longer

periods of time when such high-sulfur stocks are used.

In order to restore the catalyst to its maximum ac-
the various known regenerative techniques may
be employed wherein the catalyst is subjected to oxida-

* tion or burning to remove the accumulated deposits, fol-

lowed by reduction with hydrogen, after which charging
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the hydrocarbon feed stock can be continued. In another
method of regeneration the activity may be fully re-
stored in numerous cycles by employing intermittent
charging of the heavy petrolenm fraction oil, maintain-
ing @ continuous flow of hydrogen. In this manner the
catalyst activity is restored by intermittent treatment with
hydrogen alone.

What is claimed is:

1. The method of producing jet fuel hydrocarbons
boiling in the range of about 250° to 550° F. which
comprises, subjecting a catalytic cycle stock boiling from
about 439° to 629° F. to a first-stage catalytic reaction
in the presence of hydrogen at temperatures between
about 800° and 875° F., controlling the space velocity
in said first-stage reaction to within values of between
about 3.0 and 10.0 to promote selective cracking, imme-
diately transferring the products from said first-stage to
a second-stage catalytic reaction in the presence of hy-
drogen at temperatures between about 675° and 725° F.
and liquid volume hourly space velocities of from about
0.5 to 3.0 to promote hydrogenation, controlling the
hydrogen/hydrocarbon mol ratios in both reaction stages
to within about 2.0 to 10.0, the catalyst present in both
stages being a composite catalyst consisting of about 2.5
weight percent of nickel and about 3.5 weight percent
of cobalt deposited on a silica-alumina support contain-
ing about 87 weight percent silica and about 13 weight
percent alumina, and separating from the products of
said second stage a fraction boiling from about 250° to
550° F. which qualifies as a jet fuel.

2. The method of producing jet fuel hydrocarbons
boiling' in the range of about 250° to 550° F. which
comprises, subjecting a catalytic cycle stock boiling from
about 439 to 629° F. to a first-stage catalytic reaction
in the presence of hydrogem at temperatures between
about 800° and 875° F., controlling the space velocity
in said first-stage reaction to within values of between
about 3.0 and 10.0 to promote selective cracking, imme-
diately transferring the products from said first-stage to
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a second-stage catalytic reaction in. the presence of hy- 40

drogen at temperatures between about 675° and 725° F.
and liquid volume hourly space velocities of from about

10

0.5 to 3.0 to promote hydrogenation, controlling the
hydrogen/hydrocarbon mol ratio in both reaction stages
to within about 2.0 to 10.0, the catalyst present in both
stages being a composite catalyst consisting of about 1.9
weight percent of nickel and about 6.0 weight percent
of tungsten deposited on a silica-alumina support con-
tajning about 87 weight percent silica and about 13 weight
percent alumina, and separating from the products of
said second stage a fraction boiling from about 250° to
550° F. which qualifies as a jet fuel.

3. The method of producing jet fuel hydrocarbons
boiling in the range of about 250° to 550° F. which com-
prises, subjecting a catalytic cycle stock boiling from
about 439 to 629° F. to a first-stage catalytic reaction
in the presence of hydrogen at temperatures between
about 800° and 875° F., controlling the space velocity
in said first-stage reaction to within values of between
about 3.0 and 10.0 to promote selective cracking, imme-
diately transferring the products from said first-stage to
a second-stage catalytic reaction in the presence of hy-
drogen at temperatures between about 675° and 725° F.
and liquid volume hourly space velocities of from about
0.5 to 3.0 to. promote hydrogenation, controlling the
hydrogen/hydrocarbon mol ratios in both reaction stages
to within about 2.0 to 10.0, the catalyst present in both
stages being a composite catalyst consisting of an acidic-
type silica-alumina cracking catalyst promoted with
nickel and a metal selected from the group consisting of
cobalt and tungsten, the total amount of metal promoter
being 4 to 15% by weight of the catalyst and the amount
of nickel present in the catalyst being from 0.5 to 5%
by weight, and separating from the products of said
second stage a fraction boiling from about 250° to 550°
F. which qualifies as a jet fuel.
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