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This invention relates to the catalytic cracking of
petroleum hydrocarbons. More particularly, it relates to
the treatment of petroleum hydrocarbons heavier than
gasoline that contain sulfur and/or organo-metallic com-
pounds prior to catalytic cracking so as to obtain increased
vields of gasoline during cracking.

In the petroleum industry, the most important product
is.gasoline, and the primary aim is to produce the maxi-
mum quantity of gasoline of highest possible quality from
a barrel of petroleum at the lowest possible cost.. With
the advent of the catalytic cracking process, improved
vields of excellent quality gasoline were realized over that
obtained prior to the development of this process. - The
best petroleum feed to a catalytic cracking unit has, over
the years, been found to bea straight-run distillate oil of
the nature of gas oil obtained from crude petroleum by
simple distillation, However, the amount of feed stock
of this nature is limited and the amount of residue frac-
tion is large. Consequently, various methods have been
devised for cutting more deeply into the residue fraction
in order to obtain greater quantities of catalytic cracking
charging stock.

There are' two major problems encountered in the
preparation of catalytic cracking feed stocks from residue
fractions. The first is that such a feed stock must. be
relatively free of contaminants, particularly sulfur-con-
taining and organo-metallic compounds. If sulfur com-
pounds are present to any extent in the feed, the gasoline
and other preducts from the catalytic cracking unit will
also contain sulfur, which is undesirable. Organo-metallic
impurities tend to poison the cracking catalysts, and there-
by increase the cost of the operation by decreasing the
wseful catalyst life.

The second problem deals with the quality of the resi-
due after removing the gas oil distillate intended as
catalytic cracking feed stock. In order to realize full
economic benefit from the crude petroleum, the residue is
usually thermally cracked and then blended with other oil
(called cutter stock) and sold as fuel oil. However, in
order to sell this fuel oil, it must meet various specifica-
tions, particularly one of viscosity. It is generally most
attractive to dispose of the résidue as liquid fuel oil in this
way; however, in some instances it may be coked for
production of other products. From an economic stand-
point, it is normally desired to produce the minimum
amount of fuel oil and the maximum amount of gasoline,
since fuel oil has a relatively low value as compared to
gasoline. As the amount of catalytic cracking feed stock
is increased by cutting deeper into the residue and reduc-
ing its production, the amount of cutter stock that must
be blended into such residue to meet the viscosity specifica-
tions of fuel oil must also be increased. Therefore, the
petroleum refiner must strike a balance of all these. fac-
tors. Namely, he seeks to produce the mazimum amount
of catalytic cracking feed stock; bearing in mind the
amount of contaminants in the feed and their effect upon
subsequent operations, and the minimum ~amount of
specification fuel oil which entails’ blending a minimum
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amount of cutter stock with the residue to meet the
viscosity requiremernits of a salable fuel oil.

The cutter stock mentioned above is normally cracked
gas oil, called cycle oil, from the catalytic cracking unit
and is obtained by removing the cracked gasoline and
lighter components from the product of the catalytic
cracking unit. Therefore, it can be seen that if a deep
straight-run gas oil cut is made in the crude distillation
unit, and if this catalytic cracking unit feed is cracked to
produce large quantities of gasoline, that the amount of
cycle oil bottoms from the cracker may not be sufficient to
reduce residual fuel viscosity to market specifications.

Insofar as the first problem noted above is concerned,
ie. contamination of the feed stock, it is known to desul-
furize petroleum fractions by passing them in admixture
with hydrogen over a sulfur-resistant hydrogenation cata-
lyst at elevated temperatures and pressures whereby the
sulfur present in the organic sulfur-containing compounds
is converted to hydrogen sulfide which is then removed
from the system. The hydrogen required to effect this
conversion can be supplied either from an extraneous
source or is derived from the feed stock itself as in the
“autofining” process. However, the objective of such
operations has been only to remove the sulfur; and-the
practice has been to employ the minimum temperature
and pressure conditions which would effect this result.

The primary object of this invention is to provide an
improved process whereby-increased yields of gasoline
and a smaller quantity of fuel oil of satisfactory quality
may be obtained from a given quantity of petroleum. A
further object is to provide an improved process for the
removal of sulfur and organo-metallic compounds from
petroleum distillates of the type employed as charging
stocks to a catalytic cracking unit.

Numerous other objects will be apparent from a con-
sideration of the following disclosure taken in conjunction
with the accompanying drawings which diagrammatically
illustrate alternative processes, each embodying the fea-
tures of the present invention.

The present invention is based on the discovery that a
major increase in the total gasoline production per barrel
of the petrolenm fraction conventionally employed as
feed to a catalytic cracking unit, whether or not subjected
to a prior hydrodesulfurization treatment of the type re-
ferred to above, can be realized by first catalytically hy-
drogenating the feed stock under conditions of tempera-
ture, pressure, and space velocity so as to effect substantial
hydrocracking of the stock, and thereafter subjecting the
higher boiling portion of the resulting hydrocracked prod-
uct to a catalytic cracking treatment. In this sequence
of operations it would normally be expected that the yield
of gasoline produced as a result of the hydrocracking step
would proportionately reduce the yield obtained in the
subsequent catalytic cracking operation, particularly since
it is known that a hydrocracked stock is much more
refractory than stock not subjected to cracking conditions.
However, it appears that the practice of the two steps in
sequence, with intermediate removal of the gasoline and
lighter fractions produced as a result of the hydrocracking
step, has a synergistic effect whereby the total gasoline
produced per barrel of feed stock is greatly increased over
that which would otherwise be obtained either by a prac-
tice of the catalytic cracking step alone, or by the said
step along with a prior mild hydrogenation (i.e. hydro-
desulfurization) treatment of the type heretofore practiced
in the art to remove sulfur from sulfur-containing feed
stocks, Furthermore, as a result of the increased gasoline
production, the heavy gas oil (cycle oil) from the cata-
lytic cracking step is quantitatively less than that obtained
from catalytic cracking of non-hydrocracked feed, but the
viscosity is lower, thereby making it as least as effective as
cutter stock as that obtained by only a catalytic cracking
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step. - It has also been found that the hydrocracking step
of the present invention not only effectively desulfurizes
the stock to the catalytic cracking unit, but it also has the
effect of removing any metal contaminants which may be
" present in the original feed stock before the catalytic
cracking unit is reached. This metals removal is a result
that is not accomplished to any appreciable extent in the
ordinary hydrodesulfurization processes heretofore noted.

‘As:a result of this contaminant removal, a wider boiling
range fraction of gas oil from a metals-containing crude
petroleum can be employed as catalytic cracker feed, since
in the past the boiling range of the feed stock was often
dictated by the metals content due to the metals poisoning
effect on catalytic cracking catalyst, the metals-containing
compounds generally boiling with the heavier gas oils.

According to the present invention, hydrocarbon feed is
reacted with hydrogen at a temperature in the range about
800 to 900° F., a pressure in the range about 300 to 1500
p.s.i.g., and a space velocity in the range about 0.8 to 5.0
v./v./hr.. (liquid volumes of feed per volume of catalyst
per hour), in the presence of a sulfur-resistant hydrogena-
tion catalyst. Any organically combined sulfur in the
feed is thus hydrogenated to hydrogen sulfide which is
removed from the system. Any organo- -metallic com-
pounds are .also hydrogenated resulting in the metals de-
posmng upon the hydrogenation catalyst. The treated
feed is then fractionally distilled and the gasoline and
lighter components are removed as an overhead and the
bottoms fraction is paSQed to a conventional catalytic
cracking unit where the fraction is catalytically cracked to
produce substantially. sulfur-free gasoline, cycle oils, and
other products.

Some of the unexpected advantages realized by the pres-
ent- invention over . the hydrodesulfurization processes
known in the art can be best pointed out by comparison.
The conventional desulfurization is accomplished by con-
tacting the feed with hydrogen in the presence of a hy-
drogenation catalyst such as cobalt-molybdate supported
on alumina, at certain cenditions of temperature, pressure,
and space velocity. ~These conditions usually fall in tbe
following ranges: .

Temperature - —eeeeee e ° F.__ 600 to 775
Pressure - e e -p.sig.-- 100 to 500
Space veloCity —occe ool v./v./br._ 0.5 to 10

Under these conditions, it has been found that sulfur con-
taminants. will be removed to such an extent that. the
catalytic cracking product is not sulfur-contaminated to
any great degree, and the gasoline product from the cata-
Iytic cracking onit is low.enough in sulfur to be market-
able.  However, as noted before, these conditions wiil
not hydrogenate any substantial amount of the organo-
metallic compounds in the feed.

In the present invention, we have found that if the
temperature and pressure are increased over the conven-
tional hydrosulfurization process, that not only will the
same result be obtained regarding sulfur hydrogenaticn
and removal, but that due to the temperature and pres-
sure increasé, substantial hydrogenation of any or nano-
mietallic compounds ‘will be accomplished, and that h
drocracking: will cccur with the result that a gasolmv
is produced that is substantially free of sulfur. When the
gasoline and lighter constituents produced in the treat-
ment are removed by fractional distillation, the remain-
ing hydrocarbon fraction will be substantially free of
metals and sulfur and will also be more refractory to-
ward catalytic cracking than the original feed, as rmght
be expected. De=p1te the tefractory nature of the frac-
© tion, when it is catalytically cracked; the gascline pro-
“duced in the catalytic cracking process is of higher qual-
ity than thaf produced directly from the original feed,
-and. the cracking efficiency (gasoline/gas ratio and gaso-
line/coke ratio) is considerably improved over the case
where the heavy gas oil is run through the catalytic crack-
.ing -step- without the hwdrocracking treatment.. Further-
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more, the heavy bottoms fraction from the catalytic
cracking unit will be less in amount than if the feed was
only catalytically cracked, which also might be expected,
but contrary to what might be anticipated, the viscosity
of these bottoms, if the present process is employed, is
lower than that where there is no hydrocracking of the
catalytic ‘cracking unit feed, so that even though the
amount is less, the viscosity is lower and can thus be used
as cutter stock to blend with the crude residuum to pro-
duce a specification fuel oil. Thus, total gasoline (with
an end point in the range about 375 to 425° F.) produc-
tion per barrel of catalytic cracking unit feed stock has
been found to be increased as much as 100 percent over
that obtained in the past at the same fuel oil viscosity.
Tt is important to emphasize that this increase in gasoline
yield is possible without encountering viscosity limitations
which, through their effect on fuel oil quality, usually
limit the amount of gasoline which can be produced
from a crude oil. '

A further aspect of the present invention is the effect
that the hydrosulfurization-hydrocracking treatment prior
to catalytic cracking has upon metals-containing crude
petroleum. Many crude oils contain organo-metallic im-
purities, with vanadium, nickel, copper and iron predomi-

nating. These metallic compounds if present in catalytic
cracking feed stock, will poison the cracking catalyst
(sﬂlca alumina or the like) with a resulting rapxd decline
in catalyst activity. It has been found that in order to
prevent this rapid catalyst poisoning, the metals content
of the cracking feed is desirably kept below 4 parts per
million. Since the metallic compounds generally boil in
the same range as the heavier gas oils, it is often required
when treating metals-containing crudes, to reduce the up-
per limit of the boiling range of the gas oil catalytic
cracker feed to exclude them. As a result, portions of the
heavier gas oils, which are excellent catalytic cracker feed
stock, cannot be employed as such due to the high metals
content and must instead be removed with the residuum
from the crude distillation column at an economicloss.

The present invention largely eliminates the above-
noted problem in respect to metals-containing crude oils.
According to the subject process, a heavy gas oil boiling
range fraction including as much as 50 parts per million
of metal in organo-metallic compounds may be employed
as feed to the hydrocracking step. This is due to the
fact that these metals do not poison the hydrogenation -
catalyst and that when the organo-metallic. compounds
are hydrogenated in this treatment, substantially all of
the free metals are ‘deposited upon the hydrogenation
catalyst, and therefore do not pass. over into the treated
products. After the gascline that is produced by hydro-
cracking is separated from the product, the latter is an
excellent catalytic cracking unit feed stock containing
well below 4 parts-pér million. of metallic compounds.
Thus, the economic loss occasioned by a narrow gas oil
cut due to metallic compounds present in the heavy gas
oil fraction is eliminated, because the metals are reduced
in the hydrodesulfurization-hydrocracking treatment to
a point where they can be tolerated upon subsequent

; catalytxc cracking. It should also be noted that, employ-

ing the process of the present invention, there is-a certain
amount of hydrogenation of organonitrogen compounds
to. ammonia with a resulting decrease in the content of
undesirable nitrogen in the effluent from the hydrocrack-
ing step. - About 40 percent of the nitrogen present in
feed stocks is readily removed in this manner, the precise
amount removed varying with the particular feed and
catalyst combinations.

In the hydrocracking treating step of the present in-
vention, -the hydrocarbon feed stocks are reacted with
hydrogen in-the presence of hydrogenation catalysts (de-*
scribed below) by any.; sultable means. Any method of
reacting a liquid, vapor,” or mixed phase feed with
hydrogen in the presence of a catalyst, either in a fixed
bed, moving bed, or a fluid system of catalyst is operable.
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The reaction between the hydrocarbon feed and hydro-
gen is-one in which hydrogen is consumed. - According
to-the present invention, hydrogen must be supplied to
the reaction zone. - In some of the ordinary low tempera-
ture hydrodesulfurization processes, hydrogen was also
supplied due to hydrogen consumption during the reac-
tion. However, we have found that despite the fact that
the present invention involves both hydrodesulfurization
and hydrocracking, the amount of hydrogen required to
be added is approximately the same as that required in
those processes wherein the hydrogen is employed for
hydrodesulfurization alone. This is unexpected since
the subject invention involves hydrocracking as well as
hydrodesulfurization, and the answer appears to be that
the feed stock itself furnishes the. additional hydrogen
requirements. We have found that hydrogen consump-
tion is usually in the range 200 to 600 s.c.f/b. of feed
(2 to. 6 times the quantity of hydrogen stoichiometrically
required to convert all of the sulfur contained in the feed
to hydrogen sulfide), depending upon sulfur level and
feed character. A hydrogen recycle in the range from
1000 to 10,000 s.c.f/b. of feed may be employed in the
present process.

"The reaction temperatures generally fall within the
range 800 to 950° F., but the preferred range is 800 to
900° F., and a still more preferable range is from 825°
F. to 875° F. At temperatures below about 775° ‘F.,
very little hydrocracking occurs, and only the hydro-
desulfurization of the stock results. At temperatures
above. about 900° F., the severity is so high that coke
laydown on the hydrogenation catalyst occurs with the
result that onstream periods are markedly reduced. Very
high pressures are therefore required, and undesirable
excessive hydrogenation, for example saturation of aro-
matic rings, can sometimes result. The temperature
range of 800 to 900° F. provides excellent hydrocracking
and sulfur-and-metallic compound hydrogenation along
with only a small amount of coke laydown on the catalyst,
affording reasonable onstream time, in the preferred
range of moderate pressures, without a serious decline
in catalyst activity. The more preferable range of 825
to 875° F. provides optimum results for carrying out the
present’ invention,

The reaction is conducted in a pressure range of from
300 to 1500 ‘p.s'.i.g., with excellent results in the range
500 to 1000 p.s.i.g. and a preferred range of 800 to 900
p.sig At pressures below 300 ps.ig., little hydro-
crackmg occurs, and the onstream period for the catalyst
is prohibitively short due to coke laydown. At higher
pressures, a tendency toward aromatics hydrogenation
results in undesirably large hydrogen consumptions. The
preferred ranges of pressure produce optimum results
insofar as hydrocracking, coke laydown, and minimum
‘hydrogen consumptions are concerned.

The space velocity within the hydrocracking step may
"be varied according to the degree of desulfurization and
metals removal or the severity of the hydrocracking re-
quired, but in general should lie between 0.8 and 5.0
v./v./hr.

It has been found that if in the hydrocrackmg step
the conversions to gasoline and lighter components are
maintained in the range of from about 10 to about 40
volume percent, optimum conditions exist, That is, gaso-
line production will be thereby increased with excellent
“viscosity balance and  cracking efficiency maintained
throughout the process.

“Suitable catalysts for use in the hydrocracking step
are those known in the ‘art as sulfur-resistant hydrogena-

_tion-catalysts. Among these are metal sulfides and oxides,
especially those of the 6th group, either alone (for ex-
-ample, chromium oxide and tungsten sulfide) or in ad-
mixture with other sulfides or oxide (for example, as
pellets consisting of two parts tungsten sulfide with one
-part nickel sulfide) or in combination with other ele-
~ments. .(for. example, cobalt, nickel or iron) or mixed
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with or deposited on a porous carrier such as natural
or processed bauxite, activated alumina and kieselguhr.
Cobalt, or cobalt-molybdate supported on alumina are
good examples of hydrogenation catalysts. A cobalt-
molybdate on a synthetic silica alumina cracking catalyst
is particularly effective and produces a gasoline about
6 F-1 octane numbers higher than produced over the
corresponding catalyst on an alumina support.

As hereinbefore noted, the product from the hydro-
cracking reaction zone is fractionally distilled to remove
the gasoline and lighter components formed by hydro-
cracking, and the remainder of said product is catalyti-
cally cracked. The catalytic cracking operation may be
performed in any process that is directed to that end.
For example, it may be done in any of the conventional
processes such as the fixed catalyst bed operation of the
Houdry commercial units, or the Thermofor or fluid-type
moving catalyst processes. As has besn pointed out
before, the treated feed to the catalytic cracking unit
is on the refractory side compared to straight-run gas oil
that is commonly used as feed to such a unit. However,
cracking efficiency is improved and, of perhaps more
importance, cycle oil viscosity is considerably reduced.

The process of the present invention is explained in the
following description made with reference to the accom-
panying diagrammatic drawings.

Figures 1 and 2 show two different modifications of
the invention.

Referring to Figure 1, the crude petroleum to be refined
is passed into the first separation zone “A.” In zone
“A,” which is normally a crude oil fractional distillation
unit, separatlon into' various fractions by- their boiling
point ranges is performed The drawing indicates a
separation into four major fractions: a light fraction that,
in this description, includes kerosene and lighter com-
ponents, among the latter being straight-run gasoline; a
light gas oil fraction; a heavy gas oil fraction; and the
residuum. The heavy gas oil fraction is conventionally
employed as feed to a catalytic cracking unit, and it is
here so employed. The heavy gas oil is passed from
separation zone “A” to hydrocracking zone “B” where it
is reacted with hydrogen over a hydrogenation catalyst as
hereinbefore described. The products from zone “B”
are passed into a second separation zone “C,” where the
gasoline and lighter components produced in the hydro-
cracking step ‘are removed. The heavy fraction from
separation zone “C” is then passed into the catalytic
cracking zone “D” where it undergoes cracking.  From
zone “D” the product is removed and fractionated to
yield: conventional fractions, usually a light gas, C3-C,
hydrocarbons, -gasoline, hght gas oil, and coke. Por-
tions of the cycle oil may be 1ecycled to the catalytic
cracking zone “D,” and the rémainder admixed with the
residuum from separation zone “A” and passed through
a thermal cracking zone “E” where it undergoes a ther-
mal treatment. Among the products from zone “E” is
fuel oil and gasoline.

Varjous modifications of the simple flow described
above are as follows:

The straight-run gasoline produced in the first separa-

‘tion zone “A” may be sent to reforming facilities, such

as thermal or catalytic reforming, or dehydrogenation,
and the like, Since catalytic reforming or dehydrogena-
tion processes produce hydrogen they may be the source
of hydrogen required in the hydrocrackmg zone “B.”
Likewise, the gasoline produced in the hydrocracking
zone “B” and separation zone “C” may also be sent to
a conventional catalytic reforming unit, i.e., hydroform-
ing as descrlbed by Layng et al, in US 2270 715, or

“Platforming” as disclosed by Haensel in TJ.S. 2,479,109,

and the hydrogen produced there introduced -into zone
“B.” Dependmg upon the relative amounts of gasoline
to be reformed and gas oil to be hydrocracked, the whole
operation may be self-sufficient as far as hydrogen is

_concerned.
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Still another modification of the présent invention is
shown ‘in Figure 2 and is particularly applicable when
the crude petroleurn employed is one in which there is a
high organo-metallic compound content. - As has been
explamed previously, the subject invention not only real-
izes increased gasoline production and sulfur removal,
but ‘also provides a means for the removal of metals so
that these metals will not poison the catalytic cracking
catalyst. It has been pointed out that the ability to re-
move these metallic compounds in hydrocracking zone
“B” of Figure 1 allows a much- broader boiling range
of heavy gas oil to be used as cataiytic cracker feed,
since a metals content as high as 20 parts per million may
be reduced to below 4 parts per million (a level which
can be tolerated in catalytic cracker feed) in the hydro-
cracking zone. Utilizing the effect of metals removal; a
modification of the process shown in Figure 2 takes ad-
vantage of thé metals elimination and provides an ex-
cellent treatment for crude petroleum of high metals
content. A metals-and-sulfur-containing crude oil feed
is passed into separation zone “F” where, as in zone “A”
of Figure 1, four fractions are separated from each other
A light fraction containing kerosene and lighter com-
ponents and a light gas oil fraction are removed from the
system and sent to conventional treating operations. A
gas oil cut is also obtained, but the boiling range is nar-
rower than the cut made in Figure 1, in that a metals
content below 4 parts per million is maintained.  Since
this metals content is below the point at which catalytic
cracking catalyst is poisoned, this fraction is passed direct-
1y to'the first catalytic cracking zone “G.” The residuum,
containing the heavier gas oils and the organo-metallic
constituents present in the crude petroleum, is passed into
a vacuum flashing zone “H” where the residuum under-
goes flash distillation under sub-atmospheric pressure.
In zone “H,” a heavy residie in. the nature of pitch is
removed from the system and generally passed to thermal
cracking facilities, and the remaining petroleum composed
of a fraction boiling in the gas oil range and containing,
for example, 20 parts per million of metal (contained in
organo-metalhc compounds) is passed into a hydrocrack-
ing Zone “I” where it is reacted with hydrogen in the
presence of a hydrogenatlon catalyst. The product from
zone “I,” containing less than 4 parts per million of
metals in organo-metallic compounds, i3 passed into the
second separation zone “J,” where the gasoline and lighter
components produced in the hydrocrackmg step are re-
moved.. The heavy fraction from separation zone “J” is
then passed into the catalytic cracking zone “K” where
cracking occurs. From zone “K” the product is removed
and fractionally distilled to yield conventional products.

An obvicus modification of the process as shown in
Figure 2 is to pass the heavy product from:separation
zone “I” directly to the first catalytic cracking zone “G,”
thereby eliminating. cracking zone “K.”. Many other
modifications. which will be apparént to those skilled in
the art are to be included in the scope of the invention.
The following examples are presented to show the results
obtained by the catalytic cracking of a given feed stock,
both with and without the practice of a prehmmary hy-
drodesulfurization step. as heretofore employed in the
art (Examplés I and 1I) and then in Examples III and
IV with the use of a preliminary hydrocracking step, as
disclosed in the present invention. In each case the
starting material employed as the feed had the following
characteristics:

Southern California heavy gas oil

Gravity, ®° APT e - 20.6
Pour point, °F. oo 65

Viscosity (SSU): .
130° B, e 129
210° B\ e m e ——— 47.3
Initial boﬂmg point, ° F. e 385
End point, °F. e e 1050
1.42

Sulfur content, weight percent cmwmemeamaam== e
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Metals content (parts per mllhon)

Copper eaiim ——— :

Iron - e - _45
Nickel _... 40
Vanadium « oo e e 0.7

EXAMPLE I

In this operation, feed was passed directly to a catalytic
cracking unit and cracked at a temperature of 900° F.
over a silica-alumina cracking catalyst, there being em-
ployed a catalyst-to-0il volume ratio of 1.5 and a space
velocity of 1.5 v./v./hr. A gasoline yield was obtained
as follows: '

Gasoline, st.,
Gasoline

410° F., vol. percent .. __ 22.8
sulfur content, weight percent .- ',0.7.4

The heavy gas oil, or cycle oil, boﬂmg above 410° F.,
from the cracking unit, has a viscesity of 44,5 SSU at
130° F.

EXAMPLE 1I

In this example, the feed stock was treated by a con-
ventional hydrodesulfurization process under the fol-
lowing conditions: ‘

The feed was passed to a hydrodesulfurization zone
and reacted with hydrogen over a cobalt-molybdate hy-
drogenaticn catalyst at a temperature of 740° F., a prés-
sure of 25¢ p.s.i.g., a space velocity of 2 v./v. /hr and
a hydrogen recycle of 3800 s.c.f/b. of feed.. The. prod-
uct was fractionally- distilled and a gasolme yxeld was
obtained as follows:

Gasoline, st., 410° ‘., vol, percent —_____ . ___._ 3.7
Gasoline sulfur content, weight percent . ____.._ 02

The product from the hydrodesulfurization contained
the following metals, and the amount of each in parts
per miilion.

COPPET e e 0.3
503 £ U 34
Nickel L 3.9
Vanadium ool 0.3

This effluent, after gasoline, was sent to a catalytic

cracking zone where it underwent cracking conditions

identical to those in Example 1. The gasoline yield ‘in
volume percent, based upon the feed to the hydrodesul-
furization zone and not on the feed to the catalyt1c
cracking unit, was as follows:

Gasoline, st.,, 410° F., vol. percent. _______;-_;-_ 21..6
Gasoline sulfl_r content, weight percent ;___;___ - .28

The cycle oil from the catalytic cracking umt had a vis-
cosity of 47.7 SSU at 130° ¥.. The total gasoline pro-
duced, based upon the heavy gas oil feed to the hydro-
desulfurization .zone, was as follows:

Gasoline, st., 410° F., vol. percent —-emeeweoa. —-= 253
Gasoline sulfur content, weight percent _—_._ ... 24
EXAMPLE III

In this example, the feed stock was treated in general
accordance with the method described above in- connec-
tion with Figure 1. More specifically, the feed was
passed to the hydrocracking zone “B” and reacted with
hydrogen over a cobalt-molybdate hydrogenation cat-
alyst at a temperature of 825° F., a pressure of 800
p.s.ig., a space velocity of 2 v./v. /hr and a hydrogen
recycle of 4340 s.c.v/b. of feed. The product was frac-
tionally distilled and a gasoline yield was obtained as
follows:

Gasoline, st., 410° F., vol. percent waecm———< ——
Gasoline sulfur content weight percent ——..-- 0014

N
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The product from the hydrocracking zone contained
the following metals, given in parts per million:

02

Copper

Iron _. 95
Nickel e ——- 09
Vanaditm e .09

The product from the hydrocracking zone “B,” after
gasoline, was then sent to the catalytic cracking zone
“D,” where it underwent cracking operations identical
to those in Examples I and II. The gasoline yield in
volume percent based upon the feed to the hydrocrack-
ing zone “B” and not on the feed to the catalytic crack-
ing unit, was as follows:

10

15

Table 1
Example | Example | Example | Example
I 1T jasy v
Gasoline, Start, 410° F.,
Vol pereent_ oo oo ocnn. 22.8 25.3 35.4 46.7
QGasoline Sulfur Content,
Welght percent ... 0.74 .24 0.02 0.01
Percentage Sulfur Removal :
Based on Gasoline Sulfur
and Feed Containing 1.42
‘Weight percent 8. _...__. 47.2 83.0 99,8 99, 8-+

The percentage metals reduction of the feed stock to
the catalytic cracking unit due to hydrogenation and
deposition upon the hydrocracking catalyst is shown in

Gasoline, st., 410° F., vol. percent —aceceoeno 174 Table II. The metals content (in parts per million) of
Gasoline sulfur content, weight percent .. 0.028 the untreated feed is the same as that of Example 1.
Table II
Example I Example IT Examnple ITY Example IV
Metals ' - .
Content | Percent | Content | Percent | Content | Percent | Content | Percent,
(p.p.m.)| Remoral | (p.p.m.) |Removal | (p.p.1.} | Removal | (p.p.m.) | Removal
1.5 ol - 0.3 80.0 .2 6.7 .01 99.4
4.5 0 3.4 2451 .95 78.9 .8 86,7
4.0 0 3.9 2.5 | .09 97.8 .05 98.8
0.7 0 0.3 67,1 .09 87.1 .05 92,9

The viscosity of the cycle oil boiling above 410° F. was
452 SSU at 130° F.

Therefore, by employing the process of the present
invention, the total gasoline produced based upon the
heavy gas oil was as follows:

Gasoline, st., 410° F., vol.. percent

Gasoline sulfur content, weight percent
EXAMPLE IV

The same conditions and procedure as Example III
were employed 'in this example, except the hydrocrack-
ing temperature was 855° F., space velocity was 1.6
v./v./hr., and hydrogen recycle was 2600 s.c.f/b. of
feed. The gasoline recovered from the hydrocracking
step was as follows:

Gasoline, st., 410° F., vol. percent .o -cewicoma-
Gasoline sulfur content, weight percent

The effluent from the hydrocracking step contained the
following metals given in parts per million:

COPPEE e e e e e e e e e o 0.1
£+ OSSO .6
NICKEE e e e e vt e e .06
VanadiUMm e e .05

The product from the hydiocracking zone “B,” after
gasoline, was passed to catalytic cracking zone “D” and
cracked under the same conditions as in Examples I,

1T, and III. The gasoline yield in volumes percent based
upon the feed to zone “B” was as follows:

Gasoline, st., 410° F,, vol. percent ool 114
Gasoline sulfur content, weight percent ..o ..____ 0.04

The viscosity of the cycle oil, again boiling above 410°
F. was 40 SSU at 130° F.

The combined gasoline production of Example IV was
as follows:

Gasoline, st., 410° F., vol. percent
Gasoline sulfur content, weight percent

A comparison of the four examples is given below in
Table I, and the increased gasoline production and the
sulfur removal is evident,
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As has been pointed out hereinbefore, the petroleum
refiner seeks to produce the maximum amount of gaso-
line and the minimum amount of specification fuel oil
which entails blending a minimum smount of cutter stock
with the heavy residue to meet viscosity requirements
of a salable fuel oil. The present invention allows the
refiner to better accomplish this end than any other -
known process and this can best be shown by following
the process of the subject invention according to Figure
2 when integrated with other refinery opsrations.  The
following examples show the treatment of the residuum
from separation zone “F” to recover gasoline and spec-
ification fuel oil according to conventional methods and
pursuant to the present invention.

EXAMPLE V

A Southern California residuum comstifuting 65.5 vol-
ume percent of the crude oil fed to separation zone “F”
was removed from said zone, passed to vacuum flash-
ing zone “H” where 61 volume percent of said residunm
was separated as a gas oil catalytic cracking unit feed
and the remaining 39 percent was a heavy residue or
pitch.- The gas oil fraction was then passed to a hydro-
desulfurization zone corresponding to zone “I” under con-

_ ditions identical to Example II above, ie., 740° F., 250
p.sig., space velocity of 2 v./v./hr., and a hydrogen
recycle of 3800 s.c.f/b. The effluent from zone “I” was
passed to catalytic cracking zone “K” where it under-
went catalytic cracking. The cracked product from zone
“K” was separated into two major fractions comprising
gasoline and cycle oil (cutter stock), portions of the
latter being recycled to zone “K.”

The pitch from vacuum flashing zone “H” (39% of
the residuum charged to zone “H”) was admixed with
the portion of the heavy cycle oil not recycled to catalytic
cracking zone “K” and the admixture was passed to
a thermal cracking zone where it underwent thermal de-
composition.  The effluent from the thermal cracking
zone was then separated into gascline and specification
(viscosity 1250 SSU at 130° F.) fuel oil.

The over-all yields of gasoline, specification fuel oil,
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and coke realized from. the residuum charged to the
vacuum flashing zone “H” were as follows:

Gasoline, ac1d treated ' to 0.25% sulfur, vol. per--
- cent
Specification fuel oil (viscosity, 1250 SSU at 130°

F.), vol. percent .
Catalytic cracking unit’ coke, wt. percent

EXAMPLE Vi

In this example; the identical procedure-of Example V
was carried out, except that the 61 volume percent gas
oil from vacuum flashing zone “H” was treated to more
severe conditions in accordance with the present inven-
tion. The hydrocracking conditions were at 855° F.,
800.p.s.i.g., space velocity of 2 v./v./hr. and a hydrogen
recycle of 4000 s.c.f/b.  The gasolme produced in the hy-
drocracking step was removed prior to catalytic crack-
ing, but in all other respects the procedure followed Ex-
ample V.

The over-all yields of gasoline, spec1ﬁcatlon fuel oil

“H” were as follows:

Gasoline, .25% sulfur (no acid treating required),

VOl PEICENt i il i i e 49 95’
Specification fuel oil (vxscosny, 1250 SSU at 130° .
WB, Vel percent oo oL 55

Catalytic cracking unit coke; wt. percent

- A comparison of Examples V and VI shows that a 40%
increase in low sulfur ‘gasoline’ was realized employing

10
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coke from the residunm fed to vacuum flashing zone -

12

£a5:( 011 range and containing from -about 5 to 50 parts per
million of metal contamed in organo-metallic compounds,
passing said overhead fraction into a hydrocrackmg
zone -and reacting it with hydrogen in the presence of a
sulfur-resistant hydrogenation catalyst at a temperature
in the range about 800 to 900° F,, a pressure of from
300 to 1500 p.s.i.g., and a space veloc1ty in the range
about 0:8 to 5.0 v./v./hr., fractionally distilling the ef-
ﬂuent flom the hydrocrackmg zone containing less than
4 parts ‘per million of metals to separate a fraction com-
prising gasohne and a hlgher boiling- fraction, contact-
mg said higher boiling fraction with a cracking catalyst
in a cracking zone under cracking conditions, and recov-
ermg a gasoline fraction from the effluent of the crack—
ing zone.

2. A process for obtaining increased yields of gasoline -
from crude petroleum containing sulfur and organo-metal- -
lic compounds which comprises fractionally distilling said
crude petroleum to obtain a gas fraciion, a gasoline frac-
tion, a light gas oil fraction, a heavy gas oil fraction con-
taining less than 4 parts per million of organo-metallic
compounds, and a residuum containing more -than 5
parts per million of organo-metallic compounds, passing

_said residuum’ into a vacuum flashing zone, Where. said

residium undergoes flash distillation under sub-atmos-
pheric pressure, removing a heavy bottoms fraction from

- said flash distillation zone and an overhead fraction com-

30

the present invention with a corresponding 11% decrease -

in fuel oil of the same viscosity. '~ Also, coke production
was reduced appreciably.

We claim: -

1. A process for obtaining increased yields of gasoline
from crude petroleum containing sulfur and organo-metal-
lic compounds which comprises fracnonally distilling said
crude petroleum to obtain a gas fraction, a gasoline frac-
;- tion, a light gas oil fraction, a heavy gas oil fraction con-
taining less than 4 parts per million of metals contained
in organo-metallic compounds, and a residuumn contain-
ing more than 5 parts per million of metals contained
in organo-metallic compounds, passing said heavy gas oil
fraction to a catalytic cracking zone and’ contacting it
with a cracking catalyst under cracking conditions, pass-
- ing said residuum into a vacuum flashing zone and there
subjecting said residuum to flash distillation under sub-
atmospheric pressure, removing from said flash distilla-
tion zone a heavy bottoms fraction and an overhead frac-
tion comiposed essentially of hydrocarbons boiling in the

40
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posed “essentially of hydrocarbons boiling in the gas oil

-rangeé- and contammg about 5 to 50 parts per million
-of metals-contained in organo-metallic compounds, pass-

ing said overhead fraction into a hydrocracking zone and
reacting it with hydrogen in the presence of a sulfur-
resistant hydrogenation catalyst-at a temperature in.the
range about 800 to 900° F., a pressure from 300 to 1500
p.si.g., and a space veloc1ty in the range about 0.8 to 5.0
v./v./br., fractionally distilling the effluent from the hy-
drocrackmg zone containing less than 4 parts per miition
of metals to separate a fraction comprising gasoline and
a higher boiling fraction; admixing said higher boumg
fraction with the heavy gas oil fraction and passing the
admixture to a catalytic cracking zone and contactmg it
with a cracking catalyst under cracking condiiions.
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