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[57] ABSTRACT

A process for manufacturing high octane gasoline from
a low octane paraffinic naphtha, which comprises hy-
drocracking a first portion of the naphtha to yield a C,
fraction comprising isobutane and a hydrocracked light
naphtha fraction having a relatively high octane num-
ber, catalytically cracking a second portion of the
naphtha to yield a C~C, fraction comprising propyl-
ene, butylenes and isobutane and a catalytically
cracked light naphtha fraction having a relatively high

[58] Field of Search.........cccooevveemiennnnies ggg%g,?’ 64(;, octane number, and reacting, in an alkylation zone the
) hydrocracked C, fraction and the catalytically cracked
[56] References Cited Cs-Cy fractiqn to yield a high octane gasoline alkylate.
: The proportion of naphtha charged to the hydrocrack-
UNITED STATES PATENTS ing zone and the catalytic cracking zone are adjusted
3,409,539 11/1968  Paterson .........cooeceercaenecne 208/60 such that isobutane, butylene and propylene charge to
3,530,060  9/1970  Offenhauer-..... ... 208/60  the alkylation zone are in stoichiometric balance.
3,650,943 3/1972  Schuller.........ccovvevienenannene 208/60
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COMBINATION CRACKING PROCESS FOR
CONVERTING PARAFFINIC NAPHTHA INTO
HIGH OCTANE GASOLINE

BACKGROUND OF THE INVENTION

The present invention relates to a method for con-
verting low octane, gasoline range hydrocarbons into
high octane gasoline. More particuiarly, the present in-
vention relates to a method for converting a raffinate
hydrocarbon comprising paraffinic hydrocarbons and
having a very low octane number into high octane gaso-
line. The raffinate hydrocarbon is separated into two
portions. The first portion is hydrocracked to yield a
light naphtha fraction having a higher octane than the
raffinate and a fraction comprising isobutane. The sec-
ond raffinate portion is fluid catalytically cracked to
yield a light naphtha fraction having an octane higher
than the raffinate and a fraction comprising propylene,
butylene, and isobutane. The hydrocracked isobutane
fraction and the fluid catalytically cracked propylene-
butylene-isobutane fraction are charged to a alkylation
reaction from which a high octane alkylate is recov-
ered. The hydrocracked. light naphtha fraction, the
fluid catalytically cracked light naphtha fraction, and
the alkylate are recovered as gasoline products.

In the refining of petroleum, it is common that petro-
leum fractions comprising aromatic and paraffinic hy-
drocarbons and boiling in the gasoline boiling range are
solvent extracted to recover the aromatic hydrocar-
bons. The aromatic hydrocarbons recovered from such
a solvent extraction, such as for example benzene, tolu-
ene and xylene, are desirable for use as chemicals or as
high octane gasoline blending components. The raffi-
nate hydrocarbons recovered from such solvent extrac-
tion processes substantially comprise paraffinic hydro-

carbons. Although such raffinate hydrocarbons may be -

utilized, such as in commercial hydrocarbon solvents or
as charge stocks to processes for :the. recovery of
straight chain hydrocarbons, it is 2 .common occur-
rence that an excess of such paraffinic raffinates are
available. Such excess paraffimc raffinates must be dis-
posed of. One method is to blend these raffinates into
the refinery gasoline pool. However, such raffinates
have extremely low octane values and their addition to
the gasoline pool lowers the octane rating of the pool.
Consequently, the requirement for octane improvers,
such as tetraethyl lead, forincreasing the octane of the
gasoline pool to a marketable value is substantially in-
creased. Recently, with the advent of zeolitic fluid cata-
Iytic cracking catalyst, it is now possible to dispose of
paraffinic ‘raffinate by cracking in a fluid catalytic
cracker to yield a high octane light naphtha fraction
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ratio of olefin to isoparaffin hydrocarbon reactants
charged to the alkylation reaction may become unbal-
anced, and without the acquisition of additional isopar-
affin hydrocarbon from an external source the avail-
able olefin hydrocarbons cannot be converted into high
octane alkylate.

SUMMARY OF THE INVENTION

Now, in accordance with the method of the present
invention, a paraffinic raffinate recovered from a sol- ‘
vent extraction process and boiling in the gasoline
range may be converted into a light naphtha having a
high octane and into a C,~C, hydrocarbon fraction
comprising olefins and isoparaffins in a stoichiometric
ratio suitable for charge to an alkylation reaction. A
portion of the raffinate is hydrocracked to yield a light
naphtha fraction boiling in the range of Cs to 250°F.
having a research clear octane rating of about 73, and
into a C, hydrocarbon fraction rich in isobutane. The
remainder of the raffinate is fluid catalytically cracked
to yield a light naphtha fraction boiling in the range of
C; to 250°F. having a research clear octane rating of
about 60, and a C;~C, fraction rich in olefin hydrocar--
bons. The ratio of isoparaffin to olefin hydrocarbons is
controlled by adjusting the proportions of raffinate
charged to the hydrocracking reaction and to the ﬂund
catalytic cracking reaction.

One advantage to the method of the present inven-
tion. is that the raffinate hydrocarbon, having an ex-
tremely low octane rating, is removed from the refinery
gasoline pool. Removal of the raffinate increases the
octane rating of the refinery pool and decreases the
amount of octane improvers, such as tetraethyl lead,
required to bring the refinery gasoline pool octane to
a marketable level. Another advantage is that a sub-
stantial portion of the raffinate is converted to a high

- octane light naphtha suitable for addition to the refin-
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and a Cs~C, hydrocarbon fraction rich in olefins. The -

light naphtha fraction may be combined into the refin-
ery gasoline pool-and the C3~C, hydrocarbon fraction
may be utilized as charge stock ‘to an alkylation reac-
tion wherein the olefins are reacted with isoparaffins to
yield a high octane alkylate product. However, when
such raffinates are subjected to fluid catalytic cracking,
the C3;—-C, hydrocarbon. fraction recovered therefrom
contains insufficient isoparaffin hydrocarbon compo-
nents to provide an alkylation charge stream containing
a stoichiometric balance of isoparaffin and olefin hy-
drocarbons. Therefore, an excess amount of C3-C,
olefins suitable for alkylation feed may be produced
without a concomitant production . of ‘isoparaffins.
When such an éxcess production of olefins occurs, the
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ery gasoline pool. A third advantage is that a substan-
tial portion of the raffinate is converted into C3-C,
olefins and into isobutane which.may be employed as
reactants in an alkylation process to produce a high oc-
tane alkylate suitable for blending into the refinery gas-
oline pool. By adjusting the proportions of the raffinate
charge to the hydrocracking process and to the fluid
catalytic cracking process, the ratio of C4~C, olefins to
isobutane may be controlled to provnde the proper ratio
of olefin and isoparaffin reactants in an alky_]atqon pro-
cess. These and other advantages of the pre’sent inven-
tion will be more completely described in the detalled
disclosure which follows.

" BRIEF DESCRIPTION OF THE DRAWING

The attached drawmg shows in schematic diagram
one method for carrying out the process of the present
invention.

DETAILED DESCRIPTiON OF THE INVENTION

- The raffinate hydrocarbons contemplated for use in
the present invention-include the non-aromatic raffi-
nates from solvent extraction processes. Preferably the
raffinate hydrocarbons are in the gasohne boiling range
of from about 100°F. to 400°F. .

Examples of solvent - extraction processes yyielding
raffinate hydrocarbons suitable for use in the present
invention include those processes in which a solvent se-
lective for the absorption of aromatic hydrocarbon is
employed. A hydrocarbon mixture, such as a catalytic
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reformer effluent, containing both paraffinic and aro-
matic hydrocarbons is contacted with a solvent selec-
tive for the absorption of aromatic hydrocarbons in a
contacting zone. The aromatic hydrocarbons dissolve
into the solvent phase and the non-aromatic hydrocar-
bons separate into a raffinate phase. The raffinate
phase is separated from the solvent phase by liquid-
liquid separation techniques and the aromatic hydro-
carbons are recovered from the solvent by such means
as vaporization. Many solvents selective for the absorp-
tion of aromatic hydrocarbons from hydrocarbon mix-
tures are known. Examples of such selective solvents
include sulfolane, diethylene glycol, and triethylene
glycol. Such solvent extraction processes are well
known in the prior art and need not be further de-
scribed herein.

The raffinate phase recovered from the solvent ex-
traction process comprises a high proportion of paraf-
finic hydrocarbons. Such raffinate phase has an ex-
tremely low octane rating. As an example, a catalytic
reformer effluent boiling in the range of from about
264°F. to 338°F. was extracted with triethylene glycol
to remove the aromatic hydrocarbons therefrom. The
raffinate phase from the solvent extraction process
comprising primarily paraffinic hydrocarbons boiling in
the range of 264°F. to 338°F. had a clear research oc-
tane rating of 17.0. Such a raffinate phase is unsuitable
for blending with the refinery gasoline pool as it re-
duces the octane rating of the entire pool. However, in
the past it has often been necessary to blend such raffi-
nate streams into the refinery gasoline pool in order to
dispose of them. ’

According to the present invention, such a raffinate
stream is divided into two portions. The first portion is
hydrocracked and the second portion is fluid catalyti-
cally cracked.

In the hydrocracking reaction the raffinate is con-
verted into a light hydrocarbon fraction, a C,
hydrocarbon fraction, a light naphtha fraction boiling
in the range of from about C; to about 25C°F. and a
heavy naphtha fraction boiling in the range of from
about 250°F. to about 400°F. The boiling range of the
heavy naphtha fraction will be affected by the boiling
range of the raffinate stream subjected to hydrocrack-
ing. The C, hydrocarbon fraction recovered from the
hydrocracking reaction is rich in isobutane and is sub-
stantially free of olefin hydrocarbons. Such a C,
fraction  is. particuarly suitable as isoparaffin charge
stock to an alkylation reaction wherein C;-C, olefins
are alkylated with isobutane. The light naphtha fraction
has a clear research octane rating of about 73 and is
suitable for blending into the refinery gasoline pool.
The hydrocracked heavy naphtha fraction has a clear
research octane rating of only about 19. Although such
hydrocracked heavy naphtha fraction may be blended
into the refinery gasoline pool, it is preferable to sub-
jectsuch hydrocracked heavy naphtha fraction to addi-
tional treatment to improve its octane rating. The hy-
drocracked heavy naphtha fraction may be catalyti-
cally reformed and the reformates subjected to solvent
extraction to recover aromatics therefrom and the sol-
vent extraction raffinate may be returned to the hydro-
cracking and fluid catalytic cracking processes for fur-
ther conversion. The hydrocracked heavy naphtha
fraction may also be recycled to extinction in the hy-
drocracking process, thereby being converted into light
naphtha, C, hydrocarbons, and light hydrocarbons.
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The conversion of raffinate in the hydrocracking re-
action depends upon the severity employed in the hy-
drocracking reaction. At increasing severities, the pro-
portion of raffinate converted into lighter products in-
creases. The raffinate may be charged to the hydro-
cracking process along with other hydrocracking
charge stocks and the hydrocracking severities may be
adjusted through a range in order to yield, overall, the
highest proportion of desirable products. However, for
simplicity, a hydrocracking reaction will be described
herein as though only raffinate was being charged
thereto. The presence of other charge stocks in the hy-
drocracking reaction will not substantially affect the
conversion of raffinate provided the reaction condi-
tions are maintained within the desired range.

The hydrocracking reaction may take place in one or
a plurality of reaction zones and it may be preceded or
followed by hydrotreating reactions for removal of con-
taminants such as sulfur, nitrogen and metals from the
charge stock. Such hydrotreating reactions to remove
contaminants are generally carried out under milder
conditions than those employed in the hydrocracking
reaction and the conversion of hydrocarbons into lower
boiling fractions is generally very small. Therefore such
hydrotreating processes, although they may be present
in the process configuration, do not substantially affect
the conversion of raffinate to desirable products. and
further discussion of such processes is not necessary
herein. ‘

In the hydrocracking reaction, the temperature is
generally maintained between 600°F. and 850°F. and'a
pressure in the range of about 200 to 10,000 psig is em-
ployed. The liquid hourly space velocity is between
about 0.2 and 10 volumes of oil per volume of catalyst
per hour, and the hydrogen rate is between about 1,000
and 50,000 standard cubic feet of hydrogen per barrel
of hydrocarbon charge: Preferably the .pressure is be-
tween about 500 psig and 3,000 psig, the space velocity
is between about 0.5 to 2 and the hydrogen rate is from
about 3,000 to about 15,000 standard cubic feet per
barrel. The preferred temperature range . will vary
somewhat with the type of catalyst.employed; however
temperatures in the range of from about 625°F. to
about 750°F. may be used advantageously.

The hydrocracking zone catalyst may be any conven-
tional hydrocracking catalyst which under the condi-
tions in the hydrocracking zone will hydrocrack the raf-
finate to yield a light naphtha fraction boiling in the
range from C; to 250°F. and a butane fraction compris-
ing a substantial portion of isobutane. Such hydro-

cracking catalysts comprise a hydrogenation compo-

nent and a cracking component.

‘Suitable hydrogenation components may be selected
from Group VII metals, their compounds, and mix-
tures thereof. Additionally, suitable hydrogenation
components may be selected from Group XIII metals,
their compounds, and mixtures thereof in combination
with Group VI metals, their compounds and mixtures
thereof. Metals of Group VIII of the periodic table and
compounds thereof which are useful as hydrogenation
components include nickel, cobalt, platinum, palla-
dium, and compounds thereof. Metals: of- Group VI of
the periodic table and compounds thereof which are
suitable hydrogenation components include molybde-
num, tungsten, chromium, and compounds thereof.

The cracking component of the hydrocracking cata-
lyst is preferably a solid, acidic component having high
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cracking activity. Suitable cracking components in-
clude silica-alumina, silica-alumina-zirconia, silica-
alumina-titania, acid treated clays and zéeolitic molecu-
lar sieves. An effective cracking component comprises
a mixture of a modified crystalline silica-alumina zeo-
lite and at least one amorphous inorganic oxide, with
the modified zeolite being present in an amount be-
tween about 15 and 60 percent by weight of the crack-
ing component. Suitable amorphous inorganic’ oxides
are those having cracking activity such as silica, alu-
mina, magnesia, zirconia, titania and beryllia which
may have been treated with an acidic agent such as hy-
drochloric acid to impart cracking activity thereto. The
modified zeolite portions of the cracking catalyst may
be of the X or Y type having uniform pore openings of
from about 4 to 14 angstroms and having a silica-

alumina ratio of from about 2.5 to 10. Preferably the -

modified zeolite is in the hydrogen form or a divalent
metal form with the major portion of monovalent metal
cations removed therefrom by ion exchange. Monova-

20

lent metal cations such as sodium, may be present in :

the modified zeolite in amounts up to about 4 percent,
however, the monovalent metal cation concentration is
preferably below about 1 percent.

Hydrocracking catalysts comprise a hydrogenatmg
component supported on a cracking component. The
hydrogenation component may be combined with the
cracking component by methods well known in the art
such as by impregnation, cogellationi, or combination
of these procedures. When the hydrogenation compo-
nent of .the hydrocracking catalyst is a noble metal,
such as platinum and palladium, it should be present in
an amount between about 0.2 and. 5.0 percent.by
weight based on the total catalyst.composite. Prefera-
bly the noble metal is present in an amount between 0.5
and 2 percent. When the hydrogenation component
comprises other members of Group VIII such-as nickel,
and cobalt in conjunction with Group VI metals, the
Group VIII metals should be present in an amount be-
tween about 2 and 10 percent and the Group VI metals
present in an amount between about 5 and 30 percent
by weight of the total catalyst composite.

- A specific hydrocrackmg catalyst suitable for use in
this process is one containing about 0.75 weight per-
cent palladium upon a support made up of about 22
percent modified zeolite Y, 58 percent silica and 20
percent alumina. Another suitable:-hydrocracking cata-
lyst is one containirig about .6 percent nickel and 20
percent tungsten on a support made up of about22 per-
cent modified zeolite Y, 58 -percent silica and 20 per-
cent alumina. When used in a sulfide form, the catalyst
may be converted thereto by methods well known in
the art such as by subjecting the catalyst at a tempera-
ture between about 400°F. and 600°F. to contact with
a sulfiding agent, for example, hydrogen containing
10-20 percent hydrogen sulflde or a-carbon disulfide-
oil mixture.

The ratio of hydrogen to raffinate in the hydrocrack-
ing zone may be between 1,000 and 50,000 standard
cubic feet of hydrogen per barrel of raffinate. Prefera-
bly, the hydrogen to hydrocarbon ratio is in the range
of about 3,000 to 15,000 cubic feet per barrel. The hy-
drogen used in the hydrocracking. process. need not
necessarily be pure. The hydrogen content of the hy-
drogenation gas should be at least about 60 percent and
preferably 75 percent by volume. Hydrogen available
from normal refinery sources, such as catalytic re-
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former by-product hydrogen, is suitable for use in this
hydrocracking process.

The remaining portion of the raffinate stream is
charged to a fluid catalytic cracking reaction under
conditions to yield a fluid cracked light naphtha frac-
tion boiling in the range of Cs to 250°F. and a C;-C,
stream rich in propylene and butylenes. The raffinate
may be charged to the fluid catalytic cracking reaction
zone alone or in combination with other fluid catalytic
cracking charge stocks. It is necessary only that the
cracking conditions be of a severity sufficient to crack
the raffinate charge stock of this invention into the de-
sired product. Fluid catalytic cracking processes are
well known in the prior art and a detailed description
of the process configurations is not necessary herein.

Catalyst suitable for use in the fluid catalytic crack-
ing process are solid, acidic, cracking catalysts having
a high activity for cracking higher molecular weight hy-
drocarbons into lower molecular weight hydrocarbons.

A cracking catalyst particularly useful for converting
naphtha hydrocarbons comprises an active metal ox-
ide, as exemplified by a silica-alumina gel and clay, and
a large pore crystalline alumino-silicate customarily re-
ferred to as zeolite. The zeolite employed as cracking
catalyst herein possesses ordered rigid three-
dimensional structure having uniform pore diameter
within the range of from about 5 to about 15 ang-
stroms. Such ‘cracking catalyst may comprise from
about 1 to 25 weight percent zeolite, about 10 to 50
weight percent alumina and the remainder silica. In
general, the zeolite catalyst which forms the high activ-
ity component of the catalyst is an alkali metal crystal-
line alumino-silicate which has been treated to replace
all or at least a substantial portion of the original alkali
metal ions with other cations such as hydrogen and/or
a metal or combination of metals, such as barium, cal-
cium, -magnesium, - manganese, or rare earth ‘metals
such as cerium, lanthanum, neodymium, praseodym-

. ium, samarium and yttrium. The zeolites contemplated
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above may be represented by the formula:
Mz[,;OIAlgO;:XSiOzIszo .

where M represents hydrogen or a metal, » its valence,
x has a value ranging from 2 to 10 and y ranges from
0 to 10. The preferred fresh zeolite is represented by
zeolite X and zeolite Y where M is selected from the
group consisting of hydrogen, calcium, manganese and
rare earth metals, and where the zeolite content of the
fresh catalyst varies from about 5 to 20 weight percent.
Preferably, the equilibrium catalyst, consisting of fresh
and regenerated.catalyst, in the fluid cracking zone
contains less than about 5 weight percent zeolite. The
carbon deposited upon ‘such equilibrium catalyst is
preferably less than about 0.3 weight percent of the
catalyst.

Conditions within the fluid catalytic cracking reac-
tion zone must be maintained such that the raffinate
will crack into the desired products. Temperatures in
the range of from about 920°F. to 1,050°F. may be em-
ployed. Catalyst to oil weight ratios in the range of from
about 5 to 1 to about 15 to 1 may be employed and-are
commonly adjusted, along with charge stock preheat
temperature, to control the reaction zone temperature.
Weight hourly space velocity, defined as pounds of oil
per hour per pound of catalyst, in the range of from
about 10 to about 100 are suitable for use in the pres-
ent invention.
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In the fluid catalytic cracking reaction it has been
found that the yield of desirable products including
light naphtha and C;-C, range hydrocarbons may be
improved by employing a relatively short period of
good contact between the raffinate and the cracking
catalyst. One reaction zone configuration which pro-
motes the desirable contact between the hydrocarbon
and the catalyst comprises a reaction vessel located ad-
jacent to and above a regeneration zone and a riser
conduit. The hydrocarbon charge enters near the bot-
tom of the riser conduit and hot regenerated catalyst is
admitted near the bottom of the riser wherein the hy-
drocarbon and catalyst mix. The vaporized hydrocar-
bon and catalyst flow upward through the riser conduit
and discharge into the reaction vessel wherein the hy-
drocarbon disengages the catalyst. Catalyst is with-
drawn from the bottom of the reaction vessel and
passes into a regeneration zone wherein coke is burned
from the catalyst with air. From the regeneration zone,
the regenerated catalyst is returned to the riser conduit
for contact with additional hydrocarbon charge stock.
In the reaction vessel, the hydrocarbon vapor separated
from the catalyst is recovered overhead and passed into
a separation zone wherein the hydrocarbon vapor is
separated into the desirable comporents. In such a re-
action zone configuration, one or a plurality of riser
conduits may be employed. For example, in co-pending
application Ser. No. 183,905 filed Sept. 27, 1971, a

- fluid catalytic cracking process is described employing
two riser conduits, one for fresh gas-oil feed and one
for heavy recycle gas-oil. By means of employing a plu-
rality of riser conduits, reaction conditions may be ad-
justed for each charge to the reaction zone to provide
the most efficient cracking conditions. In this type of
reaction zone configuration, the raffinate may be
charged into a riser conduit along with other charge
stocks to the fluid catalytic cracking process or it may
be charged into a separate riser conduit. It is only nec-
essary that the reaction conditions with the riser be
maintained such that the raffinate will be cracked into
the desired products. .

When the reaction zone configuration employing a
riser conduit or a plurality of riser conduits is em-
ployed, operating conditions suitable for cracking the
raffinate include a temperature in the riser of from
about 900°F. to about 1,050°F. and a catalyst to oil
weight ratio in the range of from about 5/1 to about
15/1. The residence time of the raffinate in the riser
may be from about 2 seconds to about 6 seconds and
the average velocity, which must be sufficient to lift the
catalyst through the riser, may be from about ‘15 feet
per second to about 60 feet per second. The raffinate
vapor and catalyst discharge from the riser into the re-
action vessel wherein the vapor disengages the catalyst.
Additional contact between the catalyst and vapor may
be maintained in the reaction vessel. Suitable operating
conditions within the reaction vessel include tempera-
tures in the range of from about 920°F. to about
1,080°F., vapor velocities in the range of from about |
foot per second to about 3 feet per second, and weight
hourly space velocities of from about 2 to about 100
pounds of oil per hour per pound of catalyst. The
cracked hydrocarbon vapor recovered from the reac-
tion-zone is separated into product fractions including
a light naphtha fraction boiling in the range of C; to
250°F. and a C3-C, fraction which is rich in propylene
and butylene. '
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According to the method of the present invention the
raffinate stream is split, with a.portion being hydro-
cracked and a portion being fluid catalytically cracked.
Light naphtha fractions boiling in the range of from
about C; to 250°F. and having high octanes suitable for

blending with a refinery gasoline pool are produced
from both the hydrocracking reaction and a fluid cata-
lytic cracking reaction. From the hydrocracking reac-
tion a C, stream rich in isobutane is obtained and from
the fluid catalytic cracking reaction a C,-C, stream
rich in propylene and butylene is obtained. These
streams are suitable charge stocks to an alkylation re-
action wherein the isobutane is alkylated with the pro-
pylene and butylene to yield a high octane alkylate suit-
able for use as a gasoline product. By adjusting the se-
verity of operations in the hydrocracking reaction and
in the fluid catalytic cracking reaction and by adjusting
the proportion of raffinate charged to each of the reac-
tions, the yield of isobutane from the hydrocracking re-
action and the yield of propylene, butylene, and isobu-
tane from the fluid catalytic cracking reaction may be
balanced such that the isobutane, propylene, and butyl-
ene charged to the alkylation reaction are in stoichio-
metric balance.

The alkylation reaction contemplated in the present
invention may be any alkylation reaction suitable for
the alkylation of isobutane with propylene and butyl-
enes, such as, for example, sulfuric acid alkylation and
hydrofluoric acid alkylation. Such alkylation processes
are well known .in the prior art and need not be de-
scribed in further detail herein.

In the hydrocracking reaction, the desired products
are a light naphtha fraction and a C, fraction and in a

' fluid catalytic cracking process reaction the desired
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products are a light naphtha fraction and.a C;-C,
fraction. However, in both cracking reactions in addi-
tion to the desired products, part of the raffinate is
cracked into hydrocarbons boiling lower than the de-
sired products and part of the raffinate is recovered as
heavy naphtha boiling higher than-the desired light
naphtha. The heavy naphtha streams recovered both
from the hydrocracking reaction and from the fluid cat-
alytic cracking reaction, although boiling in the gaso-
line range, have a low octane rating and are undesirable
for blending into the refinery gasoline pool. Therefore,
it is within the contemplation of the present invention
that such heavy naphtha streams be converted into the
desired light naphthas, isobutane, propylene, and butyl-
enes. R . .

The heavy naphtha from the hydrocracking process
boiling from ‘about 250°F. to about the endpoint of the
raffinate, may be recycled to the hydrocracking reac-
tion zone for conversion into light naphtha and isobu-
tane. Alternatively, the hydrocracked heavy naphtha
may be charged to a catalytic reforming unit wherein
cyclic paraffins are converted into aromatic hydrocar-
bons.

In the fluid catalytic cracking process the heavy
naphtha fraction boiling' from. about 250°F. to -about
the end-point of the raffinate may be recycled to ex-
tinction in the fluid catalytic cracking reaction zone or,
alternatively, may be charged to a catalytic reforming
zone. Where one or more of the heavy naphtha streams
from the hydrocracking process or from the fluid cata-
lytic cracking process is returned to a catalytic reform- °
ing process, it is desirable that the reformer effluent be
solvent extracted for the recovery of aromatics and that
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the paraffinic raffinate from the solvent extraction step
be employed as raffinate charge in the process of the
present invention.

The method of the present invention may be better

understood by reference to the appended drawing
which is a schematic illustration of a group of interre-
lated process zones and flow paths suitable for use in
practicing the present invention. For purposes of clar-
ity, various pieces of conventional equipment such as
heaters, pumps, instrumentation, valves, etc., have
been omitted from the drawing. Such conventional
equipment and its location and use will be readily ap-
parent to those skilled in the art. The appended draw-
ing and the detailed description which follows is in-
tended to illustrate the present invention only and is
not to be interpreted as a limitation on the scope of the
present invention which is set out in the appended
claims.

Referring now to the drawing, a hydrocarbon stream
comprising aromatic hydrocarbons and paraffinic. hy-

20

drocarbons boiling in the range of from about Cy to

about 450°F. and preferably in the range of from about
200°F. to-about 400°F. is charged via line 1 into a sol-
vent extraction zone 2 wherein the aromatic hydrocar-
bons are separated from the non-aromatic hydrocar-
bons. From solvent extraction zone 2 the aromatic hy-
drocarbons, suitable for use as chemicals or as blend
stocks in a refinery gasoline pool are removed. via line
3. A raffinate stream comprising paraffinic hydrocar-
bons and containing less than about 5 percent aromatic
hydrocarbons is removed from the solvent extraction
zone 2 via line 4. From line 4 a first portion of the raffi-
nate stream passes via line § into hydrocracking zone
6 and a second portion of the raffinate stream passes
via line 7 into fluid catalytic cracking zone 8.

In the hydrocracking zone 6 the first raffinate portion

25
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is hydrocracked at a temperature of about 700°F., a '

pressure of about 1,500 psig, a liquid hourly space ve-
locity of about 1.0 in the presence of about 7,000 stan-
dard cubic feet of hydrogen per barrel of raffinate. The
hydrocracking reaction takes place in-the presence of
a hydrocracking catalyst comprising. about 6 weight
percent nickel and 20 weight percent tungsten, in their
sulfide form, supported upon a base made up of about
22 weight percent modified zeolite Y, 58 percent silica
and 20 percent alumina. Fresh hydrogen is supplied to
the hydrocracking zone 6 via line 9. From the hydro-
cracking zone 6, a light hydrocarbon stream compris-
ing hydrogen and methane through propane is vented
via line 30. A butane stream comprising about 67.2
percent isobutane and substantially free of butylene,

40

50

and equivalent to about 6.4 percent of the first raffinate -

portion charged to the hydrocracking zone 6 is recov-
ered via line 10 and passed as reactant charge to an al-
kylation zone 11. A hydrocracked light naphtha frac-
tion boiling in the range of Cy to 250°F., representing
about 17.6 percent of the first raffinate charge is recov-
ered from the hydrocracking zone 6 and passed via line
12 to the refinery gasoline pool, not shown. A hydro-
cracked heavy naphtha fraction boiling above 250°F.,
representing about 70 percent of the first raffinate por-
tion, is recovered from the hydrocracking zone 6 and
passed via line 13 to a catalytic reforming zone 14. Al-
ternatively, the hydrocracked heavy naphtha fraction
may be recycled to extinction within the hydrocracking
zone 6 via line 15. Also, fresh feed, such as gas-oil, in
addition to the raffinate of the present invention may

60
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be charged to the hydrocracking zone 6 via line 16. In
such case where the hydrocracked heavy naphtha frac-
tion is recycled or where the fresh feed in addition to
the raffinate is charged to the hydrocracking zone the
volume of light naphtha produced and butane pro-
duced will be increased. In the case where a gas-oil feed
is supplied to the hydrocracking zone 6, a distillate hy-
drocarbon stream boiling in the kerosine boiling range
may be recovered from the hydrocracking zone 6 via
line 17 and passed to storage, not shown.

In the fluid catalytic cracking zone 8 the second raffi-
nate portion from line 7 is cracked in the presence of
a synthetic cracking catalyst under cracking conditions
including a reaction zone temperature of about 920°F.,
at a catalyst to oil weight ratio of about 5.6 to 1, a vapor
velocity of about 40 feet per second in the fresh feed
riser conduit, and a weight hourly space velocity of
about 69.5 pounds of oil per hour per pound of catalyst
in the riser conduit. In the reaction vessel, the cracked
hydrocarbon vapors disengage from the catalyst and
are subsequently separated into component fractions.

From the fluid catalytic cracking zone 8, a dry gas
stream comprising hydrogen through C, hydrocarbons
is vented via line 18. Such dry gas stream is equivalent
to about 1.6 weight percent of the raffinate portion
charged to the fluid catalytic cracking zone. A C;-C,
range fraction is recovered from the fluid catalytic
cracking zone 8 via line 19 and is passed to the alkyl-
ation zone 11. The C3~C, range stream is equivalent to
about 21.5 weight percent of the second raffinate por-
tion and comprises propylene, butylene, and isobutane.
The mole ratio of isobutane to olefins in the C4-C,
stream is lower than the stoichiometric requirements of
a charge stock to the alkylation zone. However, the iso-
butane content of the C, stream recovered via line 10
from hydrocracking zone 6 is sufficient to provide the
additional isobutane necessary for a stoichiometric bal-
ance of isobutane to olefins in alkylation zone 11. In al-
kylation zone 11 the isobutane contained in the C,
stream from the hydrocracking zone and in the C3-C,
stream from the fluid catalytic cracking zone 8 is re-
acted in the presence of sulfuric acid alkylation cata-
lysts of about 93 percent concentration, at a tempera-
ture of about 46°F. From the alkylation zone 11, an al-
kylated : hydrocarbon product comprising  C~C,
hydrocarbons is recovered via line- 20 in an amount
equivalent to about 11.8 volume percent of the raffi-
nate stream recovered from the solvent extraction zone
2. Such alkylated hydrocarbons have a high octane rat-
ing and are passed via line 20 to the refinery gasoline
pool. S IR
_ A'light naphtha fraction boiling in the range of C; to
250°F. equivalent to about 20.3 weight percent of the
second raffinate portion is recovered from the fluid cat-
alytic cracking zone 8 via line 21. Such cracked light
naphtha fraction has a high octane rating and is a suit-
able gasoline component. The cracked light naphtha
fraction is passed via line 21 to the refinery gasoline
pool. . , -
A cracked heavy naphtha fraction equivalent to
about'§5 weight percent of the second raffinate portion
is recovered from the fluid cracking zone 8 via line 22.
Such cracked heavy naphtha has a relatively low oc-
tane rating and is unsuitable for blending with the refin-
ery gasoline pool. The cracked heavy naphtha fraction
is passed via line 22 into a catalytic reforming zone 14.
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In the catalytic reforming zone 14 the hydrocracked
heavy naphtha fraction from line 13 and the cracked
heavy naphtha fraction from line 22 is reacted in the
presence of a reforming catalyst comprising about 0.3
percent platinum and about 0.6 percent chlorine on an
alumina base, at a temperature of about 920°F. to con-
vert a major portion of the naphthene hydrocarbons
contained in the heavy naphtha streams into aromatic
hydrocarbons. From the catalytic reforming zone 14 a
hydrogen stream is recovered via line 23 for use in re-
finery processes requiring hydrogen, such as the hydro-
cracking zone 6. A light hydrocarbon stream compris-
ing C, through C, hydrocarbons is recovered from the
catalytic reforming zone 14 via line 24 and is passed to
further processing, not shown. A gasoline range frac-
tion comprising aromatic hydrocarbons and paraffinic
hydrocarbons is recovered from the catalytic reforming
zone 14 via line 1 and is passed to the solvent extrac-
tion unit 2 as hereinabove described. In order to pro-
vide sufficient raffinate to continue the process of the
present invention, a reformer charge stock comprising
naphthenic and paraffinic hydrocarbons is charged as
fresh feed to the catalytic reforming zone 14 via line
25. :

By circulating the hydrocracked heavy naphtha frac-
tion and fluid cracked heavy naphtha fraction to the
catalytic reforming zone 14, a substantial portion of the
naphthene hydrocarbon content of these cracked
heavy naphthas is converted to aromatic hydrocarbons.
Such aromatic hydrocarbons are 'subsequently recov-
ered in the solvent extraction zone 2 and the non-
aromatic hydrocarbons are recycled to extinction as
components of the solvent extraction zone: raffinate
stream which is charged to hydrocracking zone 6 and
fluid catalytic cracking zone 8. The recycled compo-
nents of the heavy naphtha streams are cracked in hy-
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drocracking zone 6 and fluid catalytic cracking zone 8

into the desired lower boiling C;-C, fractions and light
naphtha fractions.

In the fluid catalytic cracking zone 8, an alternate to
circulating the cracked heavy naphtha fraction to the
catalytic reforming zone 14 is to recycle such cracked
heavy naphtha to extinction within the fluid catalytic
cracking zone via line 26. When the cracked heavy
naphtha fraction is recycled in this manner, the yield of
cracked light naphtha and C4~C, hydrocarbons, based
upon the second raffinate portion increases over the
yields of such products as described above.

In fluid catalytic cracking zone 8 it may be desirable
to charge a fresh feed gas-oil as well as the second por-
tion of the raffinate. In such case, gas-oil is charged via
line 27 to fluid catalytic cracking zone 8 and a light
cycle gas-oil product suitable for furnace oil is recov-
ered via line 28. Additionally, a residual stream suitable
for fuel oil is recovered from the fluid catalytic crack-
ing zone 8 via line 29.

By following the process as described hercinabove, a
raffinate stream having an extremely low octane ratmg
is converted into light naphtha fractions boiling in the
C;s to 250°F. range and into alkylated hydrocarbons
having high octane ratings suitable for blending into a
refinery gasoline pool. Advantages of this process in-
clude removing raffinate having an extremely low oc-
tane rating from the refinery gasoline pool, and adding
high octane light naphthas and alkylated hydrocarbons
to the refinery octane gasoline pool. By so doing, the
octane rating of the gasoline pool is increased and the
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requirement for octane improvers such as tetraethyl
lead is decreased.

EXAMPLE I

A solvent extraction unit raffinate is separated into
two portions, the first portion being hydrocracked and
the second portion being fluid catalytically cracked.
The ratio of the hydrocracked portion to the fluid cata-
lytically cracked portion is selected such that under the
reaction conditions employed in this example, the yield
of isobutane, propylene, and butylenes from the hydro-
cracking reaction and the fluid catalytic cracking reac-
tion are in stoichiometric balance for charge to an al-
kylation reaction. In order to obtain the desired: ratio
of isobutane to propylene and butylene under the reac-
tion conditions employed in this example, 40 percent
of the raffinate is charged to the hydrocracking reac-
tion and 60 percent is charged to the fluid catalytic
cracking reaction.

In the hydrocracking reaction, the reaction condi-
tions include a temperature of 700°F., a pressure of
1,500 psig, a liquid hourly space velocity of 1.0 vol-
umes of raffinate per hour per volume of catalyst and
a hydrogen rate of 7,000 standard cubic feet of hydro-
gen per barrel of raffinate. The hydrocracking catalyst
employed comprises about 6 percent nickel and 20 per-
cent tungsten, both in the sulfide form supported upon
a cracking base comprising 22 weight percent hydro-
gen exchanged Y type silica-alumina zeolite, 58 weight
percent amorphous silica, and 20 weight percent amor-
phous alumina.

The fluid catalytic cracking reactor employed for the
catalytic cracking reaction comprises a riser conduit
and a reactor vessel. Raffinate is charged into the lower
end of the riser conduit and is contacted with hot re-
generated synthetic mordenite zeolite cracking cata-
lyst. Oil vapor and cracking catalyst pass upward
through the riser conduit and are discharged into the
reactor vessel wherein the oil vapor disengages the
cracking catalyst in a fluidized bed. The reaction condi-
tions in the riser conduit include a temperature of
920°F., a catalyst to hydrocarbon weight ratio of 5.6,
a vapor velocity in the riser conduit of 40 feet per sec-
ond and a residence time in the conduit of 4 seconds.
In the reactor vessel, wherein the catalyst is maintained
in a fluidized bed, the hydrocarbon vapors disengage
the catalyst bed and are recovered overhead. Reaction
conditions in the reactor vessel include a temperature
of 940°F., a weight hourly -space velocity of 12.8
pounds of oil per hour per pound of catalyst and a pres-
sure of 23 psig..

The raffinate employed. in the present example: has
the following properties:

ASTM Distillation

IBP — 264°F.

5 percent — 271

10 percent — 272

50 percent — 281

90 percent — 305 .

95 percent — 318 -

EP — 338

API gravity — 63.4°

Research Octane — Clear — 17.0

‘Research Octane plus 3 cc. tetraethyl lead — 55.0

Total paraffins — 86.5 weight percent

Cycle paraffins — 10.3 weight percent

Aromatics — 3.2 weight percent
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Effluent from the hydrocracking zone is fractionated
into a C; and lighter fraction, a light naphtha fraction
boiling in the range of C; to 250°F., and a fraction boil-
ing above 250°F.

The hydrocracked light naphtha fraction comprises
about 18.6 volume percent yield based on the raffinate
portion charged to the hydrocracking reaction. This
hydrocracked light naphtha is a high octane gasoline
blending stock, having an octane number of 90, re-
search method, plus 3 cc. tetraethyl lead.

The hydrocracked heavy naphtha boiling  above
250°F. is recovered in a yield of about 70 percent based
upon raffinate charged to the hydrocracking zone. The
hydrocracked heavy naphtha has a low octane rating of
about 19 research clear and about 54 research method
plus 3 cc. tetraethyl lead per gallon. The hydrocracked
heavy naphtha is suitable for a catalytic reformer
charge stock.

The C, fraction recovered from the hydrocracking
reaction is equivalent to about 8.3 volume percent of
the raffinate portion charged thereto. Isobutane com-
prises about 67.2 percent of the hydrocracked C,
stream recovered. The hydrocracked C, stream is sub-
stantially free of butylenes and other olefins.

Effluent from the fluid catalytic cracking reaction is
fractionated into a dry gas fraction comprising hydro-
gen through ethane, a C,—C, fraction, a cracked light
naphtha fraction boiling in the range C; to 250°F. and
a heavy naphtha fraction boiling above 250°F. About
44 volume percent of the raffinate charged to the fluid
catalytic cracking reaction is converted to products
boiling below about 250°F. per pass to the reaction
zone. About 1.6 weight percent of the raffinate is con-
verted to coke in the reaction zone.

The C,-C, cracked fraction has a volume equal to
about 28.2 percent of the volume of the raffinate por-
tion charged to the fluid catalytic cracking reaction
zone. The cracked Cs-C, fraction comprises about 23.2
volume percent propylene, 17.0 volume percent butyl-
ene, and 35.5 volume percent isobutane. This C3-Cy
fraction is suitable as charge stock for an alkylation
process wherein isobutane is alkylated with propylene
and butylenes to yield C,~C, range alkylated hydrocar-
bons having a high octane number.

The cracked light naphtha fraction, equivalent -to
about 21.7 volume percent of the raffinate charged to
the catalytic cracking unit is an acceptable gasoline
blend stock, having an octane number of 60 research
method clear, and 80 research method plus 3 cc. tetra-
ethyl lead. )

The cracked heavy naphtha fraction boiling above
250°F. is equivalent to about 55.7 volume percent of
the raffinate charged to the catalytic cracking zone.
This cracked heavy naphtha has a low octane number;
19 research clear and 54 research method plus 3 cc.
tetraethyl lead. The cracked heavy naphtha is not suit-
able for gasoline blending but is suitable for a catalytic
reformer charge stock.

The C,~C, fraction from the ﬂund catalytic cracking
zone and the C, fraction from the hydrocracking zone
comprise propylenes, butylenes and isobutane. Under
the reaction conditions employed in this experiment,
the moles of propylene plus butylene contained in the
C,-C, fraction is equal to the moles of isobutane con-
tained in the C;—C, fraction and the hydrocracked C,
fraction when about 60 percent of the raffinate is
charged to the fluid catalytic cracking zone and about
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40 percent of the raffinate is charged to the hydro-
cracking zone. The cracked C,—C, fractions and the hy-
drocracked C, fraction may be combined to provide a
balanced charge stock for an alkylation zone. When
such C,~C, fraction and C, fraction are combined and
charged to an alkylation zone the yield of C,~C; range
alkylated hydrocarbons has a high octane number and
is suitable for use as gasoline. The yield of alkylated hy-
drocarbons from the propylene, butylene, and isobu-
tane content of the cracked C4~C, fraction and the hy-
drocracked C, fraction amounts to about 11.8 volume
percent of the total raffinate charged in this process.

Many variations may be made in the process of the
present invention as disclosed herein without departing
from the spirit and scope thereof. All such variations
are intended to be included which are within the spirit
and scope of the appended claims.

We claim:

1. A process for manufacturing high octane gasoline
from a low octane raffinate, which comprises:

A. Hydrocracking a first portion of the raffinate to
yield a hydrocracked C, fraction comprising isobu-
tane and a hydrocracked light naphtha fraction;

B. Fluid catalytically cracking a second portion of the
raffinate to yield a cracked C;~C, fraction compris-
ing ‘propylene, butylenes and isobutane and a
cracked light naphtha fraction;

C. Recovering the hydrocracked light naphtha frac-
tion and the cracked light naphtha fraction as gaso-
line blend stocks; and .

D. Charging the hydrocracked C, fraction and
cracked C4-C, fraction to an alkylation zone.

2. Thé process of claim 1 wherein the hydrocracked
C, fraction and the cracked C;~C, fraction charged to
an alkylation process yield high octane C,—C; alkylated
hydrocarbons suitable for use as gasoline blend stocks.

3. The process of claim 2 wherein the ratio of raffi-
nate charged to the hydrocracking process and raffi-
nate charged to the fluid catalytic cracking process is
maintained such that the combined hydrocracked C,
fraction and cracked C,C, fraction contains isobutane
in about an equal molar ratio to propylene and butyl-
enes.

4. The method of claim 1 wherein the raffinate boils
in the range of about C; to about 400°F., wherein a hy-
drocracked heavy naphtha fraction boiling above
250°F. is recovered from the hydrocracking reaction,
and wherein a cracked heavy naphtha fraction boxhng
above 250°F. is recovered from the flUId catalytxc
cracking reaction.

5. The method of claim 4 wherein the hydrocracked
heavy naphtha fraction and the cracked heavy naphtha
fraction are charged as feed stock to a catalytic reform-
ing reaction, wherein a reformed hydrocarbon fraction
boiling in the range of from about C; to about 400°F.
comprising-aromatic hydrocarbons and paraffinic hy-
drocarbons recovered from the catalytic reforming re-
action, is solvent extracted to yield a raffinate fraction
comprising paraffinic hydrocarbons and an aromatic
fraction, wherein the raffinate fraction is'employed ‘as
charge stock to the hydrocracking and fluid catalytic
cracking reactions, and wherein the aromatic hydro-
carbon fraction is recovered from the solvent extrac-
tion zone.. _

6. The method of claim 4 wherein the hydrocracked
heavy naphtha fraction is recycled to extinction within
the hydrocracking reaction zone, and wherein the
cracked heavy naphtha fraction is recycled to extinc-
tion within the fluid catalytic cracking reaction zone.

7. The method of claim § wherein fresh feed in addi-
tion to raffinate is charged to the hydrocracking zone
and wherein fresh feed in addition to the raffinate is

charged to the fluid catalytic cracking zone.
. * * * * * :



