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[57] ABSTRACT

A process for alkylating an isoparaffin with a lghter
olefin and a heavier olefin by contacting the isoparat-
fin with the lighter olefin and a first alkylation catalyst
in a first alkylation zone, contacting the hydrocarbon
effluent from the first alkylation zone with the heavier
olefin and a second alkylation catalyst in a second al-
kylation zone, and recovering the product of the pro-
cess from the hydrocarbon effluent from the second
alkylation zone.
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ISOPARAFFIN ALKYLATION WITH A LIGHTER
OLEFIN AND SUBSEQUENTLY WITH A HEAVIER
OLEFIN

Matter enclosed in heavy brackets [ 3 appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This invention relates to a process for alkylating an
alkylatable i1soparaffinic hydrocarbon with olefinic hy-
drocarbons. More specifically, this invention relates to
a process for producing an alkylation reaction product
from an 1soparaffinic reactant, a lighter olefinic reac-
tant and a heavier olefinic reactant, utilizing acid-
acting alkylation catalysts. This invention further re-
lates to the process for producing an alkylation reac-
tion product having superior qualities as a component
of motor fuels, in comparison to the product produced
by previously employed alkylation processes.

Alkylation of 1soparaffinic hydrocarbons, such as
1sobutane, isopentane and the like, with olefinic hydro-
carbons such as propylene, butylenes, amylenes, and
the like, is well known as a commercially important
method for producing gasoline botling range hydrocar-
bons. The C;—C,, hydrocarbons generally produced
by the alkylation reaction are termed “alkylate.” Alkyl-
ate ts particularly useful as a motor fuel blending stock
because of its high motor octane and research octane
ratings, such that it can be used to improve the overall
octane ratings of gasolines to comply with the require-
ments of modern automobile motors. Such high octane
products are particularly important in producing un-
leaded motor fuels of sufficient quality when it is de-
sired not to employ alkyl lead compounds in the fuel to
meet octane requirements. A continuing goal of the art
Is to provide an isoparaffin-olefin alkylation process
which produces an alkylate product having higher
motor and research octane ratings than is possible
using conventional processes.

Recent trends in motor fuel requirements and projec-
tions of future requirements in this area indicate that
the production of motor fuels distilling at end points
below about 300° F. may be desirable and/or necessary
to meet projected standards. Conventional isoparaffin-
olefin alkylation processes do not have the capacity to
produce an alkylate product having a distillation end
point low enough to be useful in providing such low end
point motor fuels. The process of the present invention
provides a method whereby an alkylate product having
a significantly lower distillation end point than possible
using conventional processes may be produced, in ad-
dition to the increased value of the product of the pres-
ent process resulting from octane rating improvements.

In general, commercial tsoparaffin-olefin alkylation
processes employ isobutane as the isoparaffin and
propylene and/or butylenes as the olefins. Catalysts
utilized include hydrogen fluoride, sulfuric acid and
other like acidic or acid-acting materials. The isoparaf-
fin, olefins and catalyst are typically contacted in an
alkylation reactor, forming a reaction mixture. After
the alkylation reaction i1s substantially complete, the
reaction mixture is withdrawn from the reactor and is
separated into hydrocarbon and catalyst phases 1n a
separation zone, generally by settling in a settling ves-
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sel, and the catalyst thus separated is recycled to the
reactor for further use. The hydrocarbon phase pro-
duced 1s further processed, for example, by fraction-
ation, to recover the alkylate product and to separate
unconsumed reactants, ¢.g., isoparaffin, for further use.

It has been found preferable to conduct 1soparatfin-
olefin alkylation processes at particular conditions of
temperature and pressure, and at spectfic concentra-
tions of reactants and catalysts 1n order to produce an
optimum yield of high quality alkylate product. A large
molar excess of isoparaffin, relative to olefin, in the
reaction mixture, generally about 10:1 to about 30:1, 1s
one of the conditions required to provide even an ade-
quate product. It has been found desirable to employ as
large an excess of 1soparaffin as possible, since the
qualhty of the alkylate product 1s improved thereby.
Thus, a considerable amount of 1soparaffin i1s generally
recovered and recycled to the reactor after separation
from the hydrocarbon phase of the reactor effluent.
The large amount of isoparaffin which must accord-
ingly be passed, unreacted, through the alkylation reac-
tor and settler and separated from the alkylate product
necessitates the use of fractionation equipment of large
capacity 1n order to provide an adequate separation of
the product alkylate from the isoparaffin to be recy-
cled. Limitations on the amount of excess 1soparaffin
employed are primarily of an economic nature. The
expense and difficulty of providing a large isoparaffin
throughput and recycle may be obviated, in part,
through the use of the process of this invention.

It 1s known that higher quality alkylate may be pro-
duced, in the alkylation of different molecular weight
olefins such as propylene and butylenes, etc., with an
iIsoparaffin, when one olefin, for example, propylene is
separately alkylated with the i1soparaffin at one set of
reaction conditions while, for example, butylenes are
alkylated with the isoparaffin at a different set of reac-
tion conditions. However, it has been found necessary
to mamtain the same high molar excess of isoparaffin to
olefin 1n both the propylene alkylation reaction and the
butylenes alkylation reaction in order to provide an
adequate product. The separate alkylation of, for ex-
ample, C; and C, olefins has, therefore, been found
uneconomical, because of the expense of providing
separate reactors for the C, and C, olefins when com-
bined with the above-noted expense and difficulties in
handling the large molar excess of isoparaffin, to pro-
vide a high quality product.

SUMMARY OF THE INVENTION

It 15 an object of the present invention to provide a
process for alkylating an isoparaffin with a lighter ole-
fin and a heavier olefin. A further object of the present
invention is to provide a process for producing a supe-
rior alkylation reaction product from a lighter olefin, a
heavier olefin and an isoparaffin. Another object of the
present invention is to provide an isoparaffin-olefin
alkylation process having a reduced isoparaffin han-
dling requirement, while maintaining a high isoparaffin
concentration during the alkylation reaction.

In a broad embodiment, the present invention relates
to a process for producing an alkylation reaction prod-
uct from an 1soparaffinic reactant, a lighter olefinic
reactant and a heavier olefinic reactant which com-
prises the steps of: (a) contacting said isoparaffinic
reactant and said highter olefinic reactant with a first
alkylation catalyst in a first alkylation zone at first alky-
lation conditions; (b) recovering from said first alkyla-
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tion zone a first hydrocarbons stream which comprises
a portion of said 1soparaffinic reactant and a portion of
said alkylation recaction product; (¢) contacting said
heavicr olefinic reactant and at least a portion of said
first hydrocarbons stream with a second alkylation
catalyst in a second alklyation zone at second alkyla-
tion conditions; (d) recovering from said second alky-
lation zone a second hydrocarbons stream which com-
prises at least a portion of said alkylation reaction prod-
uct; and (e) recovering said alkylation reaction product
from said hydrocarbons stream.

| have discovered a method whereby a highter olefinic
rcactant and a heavier olefinic reactant can be alkyl-
ated separately with an isoparaffin at different alkyla-
tion conditions preferred for separate alkylation of the
two olefins, providing a superior reaction product from
both olefins. Simultaneously, the amount of excess
tisoparaffin required for optimum alkylation conditions
can be reduced. By passing the total charge of 1soparat-
finic reactant into a first alkylation reactor with the
lighter olefinic reactant, charging the hydrocarbon
effluent from the first reactor and the heavier olefinic
reactant to a second alkylation reactor, and recovering
the alkylate product from the hydrocarbon ettluent
from the second alkylation reactor, the separate alkyla-
tion of the ligher and heavier olefins can be accom-
plished with an optimum concentration of excess 150-
paraffin for both the reactions in both reactors without
the necessity of providing separate 1soparaffin supplies
to the two reactors employed.

DESCRIPTION OF THE DRAWING

The attached drawing illustrates a particular embodi-
ment of the present invention. In the embodiment
shown, tsobutane is employed as the 1soparaffin, butyl-
enes and propylene arc employed as the heavier and
lighter olefinic reactants, respectively, and hydrogen
fluoride catalysts are employed in both alkylation reac-
tors, the catalysts having different concentrations of
hydrogen fluoride thercin. The scope of the present
invention is not limited to the embodiments illustrated
thereby. Further objects, embodiments, and illustra-
tions indicative of the broad scope of the present inven-
tion will be apparent to those skilled in the art from the
description of the drawing and preferred embodiments
of the invention hereinafter provided.

Referring to the drawing, isobutane is charged in
conduit 1. The lighter olefinic reactant, compnsing
propylene, is charged through conduit 2 and passed in
conduit 1 in admixture with isobutane. The mixture of
propylene and isobutane is passed through condurt 1
and a portion thereof is diverted through conduits 3
and 4 and the reactants in conduits 1, 3 and 4 are
passed separately into alkylation reactor 3 to Insure
thorough mixing in reactor 5. In alkylation reactor 3
the isoparaffin and olefin are contacted and thoroughly
admixed, with high strength hydrogen fluornide catalyst
comprising about 95% acid to form a reaction mixture.
Reactor 5§ is provided with indirect heat exchange
means not shown. Coolant is introduced through con-
duit 6 into reactor S and passed in indirect heat ex-
change with the reactants and catalyst therein. The
heat exchange coolant 1s withdrawn from reactor 3
through conduit 7. The reaction mixture Is maintained
at a temperature of about 90° F. and a pressure sufti-
cient to provide liquid phase operations in reactor 3.
Reaction mixture, comprising catalyst, alkylated hy-
drocarbons, unreacted hydrocarbons such as isobu-
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tane, and possibly some propylene, 1s withdrawn and
passed via conduit 8 to a settler 9. In settier 9 high
strength hydrogen fluoride catalyst i1s separated from a
hvdrocarbon phase containing alkylated hydrocarbons,
unrcacted hydrocarbons and possibly some alkyl fluo-
ride compounds. The high strength hydrogen fluonide
catalyst forms a separate heavier phase in a scttler 9
and is withdrawn through conduit 10, passed through
pump 13 and through conduit 14, and thus recycled to
reactor 8. A small portion of the high strength catalyst
in conduit 10 is withdrawn through conduit 11 and
passed to a catalyst regencration operation not shown.
Fresh and/or regenerated catalyst containing a high
concentration of hydrogen fluoride, e.g., 97 wt. percent
is charged through conduit 12 to conduit 10 1n order to
maintain the catalyst employed in reactor S at an opti-
mum strength. Referring again to settler 9, the hydro-
carbon phase comprising alkylation reaction products,
isobutane and possibly some alkyl fluoride, etc., 1s with-
drawn and passed through conduit 15. The heavier
olefinic reactant, comprising butylenes, 1s charged
through conduit 16 into conduit 15 and admixed with
the hydrocarbon materials in conduit 15. The admixed
butylenes and hydrocarbon effluent from settler 9 are
passed further through conduit § into reactor 19. Por-
tions of the combined butylenes and hydrocarbon efflu-
ent in conduit 15 are diverted fronm conduit 15 to con-
duit 17 and conduit 18 and passed therethrough into
reactor 19 in order to provide thorough mixing with
alkylation catalyst in reactor 19. Reactor 19 1s provided
with indirect heat exchange means not shown. Coolant
is charged to reactor 19 by way of conduit 20, The
coolant is passed in indirect heat exchange with the
reaction mixture in reactor 19 and subsequently with-
drawn through conduit 21. The reactants charged to
reactor 19 through conduits 15, 17 and 18 are admixed
with low strength hydrogen fluoride catalyst, contain-
ing about 90 wt. percent acid, to form a reaction mix-
ture in reactor 19. The reaction mixture in reactor 19 1s
maintained at a temperature of about 90° F. in hiquid
phase operations. After the alkylation reaction is sub-
stantially complete, reaction mixture is withdrawn from
reactor 19 and passed through conduit 22 into reaction
soaker 23, wherein the reaction mixture is maintained
for an additional time at alkylation temperature and
pressure. The mixture is withdrawn from the reaction
soaker and passed through conduit 24 into settler 23. In
settler 25, a heavier, low strength hydrogen fluoride
catalyst phase separates and 1s withdrawn through con-
duit 26, passed through pump 29 and charged via con-
duit 30 to reactor 19. A small portion of the low
strength catalyst in conduit 26 is withdrawn through
conduit 27 and passed to regeneration not shown.
Fresh and/or regenerated catalyst 1s charged through
conduit 28 to conduit 26. Referring again to settler 25,
a lighter, hydrocarbon phase, comprising alkylate prod-
uct and unreacted isobutane, is withdrawn through
conduit 31 and passed to conventional fractionation
means, such as an isobutane stripper, for further con-
ventional separation of the alkylate product, and pref-
erably, recycle of the isobutane to reactor 3.

PREFERRED EMBODIMENTS OF THE
INVENTION

The isoparaffinic and olefinic reactants which are
preferably employed in the process of the present in-
vention are well known in the art. Isobutane 1s the
preferred isoparaffin although 1sopentane, 1sohexane,
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and the like, may be employed. A suitable isoparaffinic
reactant may contain some non-reactive contaminants
such as normal paraffins. For example, a typical com-
mercial 1sobutane reactant may contatn some propane
and normal butane. The preferred heavier olefinic re-
actant comprises butylenes. A preefrred olefinic reac-
tant may comprise, for example, pure butene-1, pure
butene-2, pure tsobutylene, or any mixture of two or all
of the butylene 1somers. Also preferred for use as the
heavier olefinic reactant is a mixture of butylenes with
some amylenes or other heavier olefinic reactants.
Other suitable heavier olefinic reactants include C; and
heavier olefins, but these may not provide results
equtvalent to those obtained with C, olefins. A pre-
ferred heavier olefinic feed stock may contain small
amounts of such hydrocarbons as normal paraffins,
isoparaffins, ethylene, propylene, etc.

The lighter olefinic reactant is preferably propylene,
and may suitably be pure propylene or may contain
small amounts of paraffins, isoparaffins, ethylene, bu-
tylenes, etc. A typical commercial propylene alkylation
reactant contains propylene and propane. It is pre-
ferred that the heavier olefinic reactants be substan-
tially free from the lighter olefin employed and, like-
wise, that the highter olefinic reactant be substantially
free from heavier olefin employed. By way of example,
a typical preferred isoparaffinic feed stock may con-
tain, for example 95 wt. percent isobutane, 1 wt. per-
cent propane, and 4 wt. percent normal butane, while a
typical preferred heavier olefinic reactant feed stock
may contain about 40 wt. percent butylenes, 45 wt.
percent 1sobutane and 15 wt. percent normal butane,
and a typical preferred lighter olefinic reactant feed
stock may contain 60 wt. percent propylene and 40 wt.
percent propane.

Alkylation catalysts which can be utilized in the pres-
ent invention, include alkylation catalysts known in the
art. For example, strong acids such as hydrogen fluo-
ride, sulfuric acid and phosphoric acid have all been
employed. Other suitable catalysts include metal ha-
lides such as aluminum chloride, antimony halides,
etc., boron halides, and certain crystalline aluminosili-
cates catalytically active for alkylation of 1soparaffins,
such as faujasite, mordenite, etc., either with or without
the addition of catalytic amounts of metals or metal
10NS.

In general, hydrogen fluoride alkylation catalyst is
preferred for use as an alkylation catalyst in the present
process. Conventional hydrogen fluoride alkylation
catalyst comprises about 75 wt. percent or more of
titratable acid and about 5§ wt. percent or less water,
with the remainder made up of hydrocarbons and com-
bined fluoride in solution in the acid. Such a conven-
tional alkylation catalyst 1s suitable for use both as the
alkylation catalyst in the first alkylation zone, for alkyl-
ating the isoparaffin with the lighter olefinic reactant,
and in the second alkylation zone for use with the
heavier olefinic reactant. In a particularly preferred
embodiment of the process of this invention, two differ-
ent strength hydrogen fluoride catalysts are employed.
A higher strength alkylation catalyst 15 preferably uti-
lized in the first alkylation zone to alkylate the 1soparaf-
fin with the lighter olefinic reactant, comprising prefer-

ably propylene. This higher strength catalyst is charac-
terized by a concentration of titratable acid of about 80
wt. percent to about 99 wt. percent a water concentra-
tion of about 0.1 wt. percent to about | wt. percent and
a hydrocarbon concentration of about | wt. percent to
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about 20 wt. percent. A different, lower strength hy-
drogen fluoride alkylation catalysts 1s preferably uti-
lized in the second alkylation reaction zone m the reac-
tion involving the heavier olefinic reactant, preterably
comprising butylenes. The lower strength alkylation
catalyst 1s characterized by a titratable acid concentra-
tton of about 65 wt. percent to about 95 wt. percent, a
water concentration of about 0.1 wt. percent to about
[ wt. percent and a hydrocarbon concentration of
about 5 wt. percent to about 35 wt. percent. A particu-
larly preferred higher strength catalyst contains about
90 wt. percent to about 9 wt. percent acid while a
particularly preferred lower strength catalyst contains
about 80 wt. percent to about 95 wt. percent acid.
Numerous alkylation reaction zones suitable for use
In the process of this invention are known in the art.
For example, but not by way of limitation, the alkyla-
tion reactors described 1in US. Pats. 3,456,033,
3,469,949 and 3,501,536 may be suitably employed for
both alkylation reactions when a fluid catalyst such as
the preferred hydrogen fluoride catalyst i1s utilized.
Isoparaffin-olefin alkylation conditions associated with
the particular alkylation reactors described in the
above-histed patents or in connection with other suit-
able conventional alkylation reactors, arc also well
known and may be used In particular embodiments of
the present mvention. The scope of the present inven-
tion 1s intended to include, for example, embodiments
of the present process in which reactants and fluid
catalysts are contacted -in the alkylation zones and
catalyst 1s subsequently separated from the reaction
products by settling for further use. The scope of the
present invention also includes embodiments wherein
beds of a solid catalyst, such as a zeolitic catalyst, are
employed 1n one or both of the reactors and the hydro-
carbon eftluent from the first reactor may thus be
passed to the second reactor without further separation
from the catalyst by settling. Particular alkylation zones
and optimum alkylation conditions in specific embodi-
ments of the present process depend upon the composi-
tion of the particular heavier olefinic reactant feed
streamn, the particular lighter olefinic reactant feed
stream, the 1soparaffin feed stream, and the type of
catalyst employed. For example, in the preferred em-
bodiment, i1sobutane and a lighter olefinic reactant
comprising about 50 volume percent to about 70 vol-
ume percent propylene and about 30 volume percent
to about 50 volume percent propane are contacted, at
an isobutane/propylene mole ratio of about 5:1 to
about 50:1, with a hydrogen fluoride catalyst in a first
alkylation reaction zone at alkylation conditions in-
cluding a temperature in the range from about 0° F. to
about 200° F., a pressure sufficient to maintain the
hydrocarbons and catalyst as liquids, a catalyst/hydro-
carbon volume ratio in the first alkylation reactor in the
range from about 0.1:1 to about 10:!1 and a contact
time (defined as the volume of the alkylation reactor
divided by the volumetric flow rate, per minute of reac-
tants and catalyst charged) in the first alkylation reac-
tor 1n the range from about 0.1 minute to about 30
minutes. In this preferred embodiment, a heavier ole-
finic reactant comprising about 30 volume percent to
about 60 volume percent butylenes with the remainder
made up of propane and butanes, 1s contacted in a
second alkylation reactor with the hydrocarbon efflu-
ent from the first alkylation zone, and with a hydrogen
fluoride catalyst, at alkylation conditions including a
temperature in the range from about 0° F. to about
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200° F., a pressure sufficient to mamtain hquid phase
operutions, a catalyst/hydrocarbon volume ratio, i the
second alkylation reactor, of about 0.1:1 to about 10:]
and a contact time in the second alkylation reactor in
the range from about 0.1 minute to about 30 minutes.

[n a particularly preterred embodiment, alkylaton
conditions n the first alkylation zone include employ-
ment of the presferred high strength hydrogen fluoride
alkylation catalyst described above and also nclude a
temperature of about 60° F. to about 1507 F., with a
temperature of about 75° F. to about 120° F. particu-
larly preferred, a pressure sufficient to maintain the
reactants and catalyst as hiquids, and a reaction time ot
about 0.1 minute to about 20 munutes. Preferably, in
this particular embodiment, sobutane and propylene
recactants are charged to the first alkylation reactor at a
maole ratio of about 20:1 to about 30:1, and a catalyst-
to-hvdrocarbon volume ratio of about U.5:1 to about
2:1 18 maintamed i the first alkylation zone. Likewise,
in this particular preferred embodiment, alkylation
conditions in the sccond atkvlation reactor include the
use of the preferred low strength hydrogen tluornide
alkvlation catalyst, as described above, and also m-
clude a temperature of about 40° F. to about 1107 .,
with a temperature of about 50° F. to about 1007 |,
particularly preferred, a pressure sufficient to maintam
the reactants and catalyst as hguids, and a reaction
time of about 0.1 minute to about 20 minutes. Pretera-
bly, the hydrocarbon effluent from the first alkylation
zone and the heavier olefinic reactant, comprising bu-
tylenes. are charged to the second alkylation reactor at
a butylenes-to-hydrocarbon  effluent mole ratio of
about 1:20 to about 1:30, and a catalyst-to-hydrocar-
bon volume ratio of about 0.5:1 to about 2:1 18 main-
tained in the second alkylation reactor. By mamntaining
the above-described preferred conditions in the first
alkviation zone and second alkylation zone respec-
tively, when using propylenc as the lighter olefinic
reactant and butylenes as the heavier oletinic reactant,
it is possible to provide an optimum yicld of mgh quai-
ity alkylate product from both the propylene atkyiation
reaction and the butylenes alkylation reaction. the
desirable high molar ratio of sobutane is aiso main-
tained in both the first and sccond alkylation reaction
sones without the necessity of maintaining enough
surplus isobutanc to provide separate charges ot excess
isobutane to the separute reactors as taught i prior art,
By employing the hydrecarbons, particularly 1sobu-
tane, required in the second alkylation zonce, the same
charge of hydrocarbons acts, in part, as the excess
required in both the lighter olefin alkylation reaction
and the heavier olefin alkyiation reaction. By utlizing
propylene as the lighter olefinic reactant, and maintain-
ing the above-described preferred alkylation conditions
in the first alkvlation zone, self-alkylation of sobutane,
the preterred soparaffin reactant, s enhanced. Under
the preferred conditions employed in the first alkyla-
tion zone, propviene reacts with isobutane to provide
propane and isobutylene, in what 1s known in the art as
the hydrogen transfer reaction. The isobutylenc thus
formed reacts in an alkylation reaction with turther
isobutane to provide primarily high octane Cy hydro-
carbons. Thus. while more sobutane may be consumed
in the preferred embodiment of the present process
than in some conventional alkyviation processes, the
increased consumption would be more than offset by
the products of additional amounts of superior alkylate
product.
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In the preferred embodiment, the rcaction mixture
formed in the sccond alkylation reactor 1s passed
through a reaction soaker. In the description of the
preferred embodiments hercin provided., 1t is intended
that both the sccond alkylation rcactor and the reac-
tion soaker, as well as a scttler, are included within the
scope of the term “second alkyvlation zone.” Suitable
reaction soakers are well known m the art. For exam-
ple. the reaction soakers described in US. Pats,
3,560,587 and 3,607,970 may suitably be employed
the present process. Such reaction soakers are com-
monly vessels equipped with perforated trays, baftle
sections, or the like, to maintain the mixture of catalyst
and hydrocarbons charged from the second alkylation
recactor as a fairly homogenous mixture at alkylation
temperature and pressure for a predetermined length
of time. The mixture of catalyst and hydrocarbons 1s
maintained in the reaction soaker for a time which
depends on the composition of the reaction mixture. A
reaction soaker residence time of about | mnute to
about 30 minutes is preferred. The temperature and
pressure maintained in the reaction soaker are the
same as the temperature and pressure mamntained
the second alkylation reactor.

Means for separating a hydrocarbon phase from, for
example, a fluid catalyst phase, such as a hydrogen
fluoride catalyst, in the effluent from an alkylation
reactor or reaction soaker are well known m the alkyla-
tion art. Generally, when a fluid catalyst such as hydro-
oen fluoride is employed in the present process, the
effluent from an alkylation reactor or soaker comprises
a mixture of isoparaffin, reaction products, catalyst and
catalyst-soluble organic materials with small amounts
of olefin-acting compounds, light hydrocarbon gases,
etc. When this mixture is allowed to stand unstirred,
i.¢., scttled, the reaction products, isoparaftin, light
hydrocarbon gases, and possibly some organic fluo-
rides, from a hydrocarbon phase, possibly containing a
small amount of catalyst in solution. The catalyst and
catalyst-soluble hydrocarbons form a separate phase.
The hvdrocarbon phase 1s thus easily mechanically
separated from the catalyst phase. The temperature
and pressure maintained during such a settling opera-
tion in an alkylation process, required when a fluid
catalyst 1s utilized, are substantially the same as those
described in connection with alkylation reaction condi-
tions emploved in the reactor. The hydrocarbons and
the catalyst are preferably maintained in the hqud
phase during the separation operation. The term "alky-
Jation zone™ 1s intended to include a settler as well as a
reactor, where a settler i1s required 1n order to separate
the hydrocarbons from the catalyst, e.g., when hydro-
gen fluoride catalyst 1s employed.

Some means for withdrawing heat from the alkyla-
tion zoncs is usually necessary for satistactory opera-
tion of the process. A variety of means for accomplish-
ing the heat withdrawal are well known. For example,
in a preferred embodiment the heat generated by the
alkylation reaction may be withdrawn directly from the
alkylation reactor by indirect heat exchange between
cooling water and the reaction mixture in the reactor.

The hydrocarbon stream, or phase, recovered, in the
preferred embodiment, from the first alkylation reactor
by scttling the reaction mixture effluent therefrom, s
combined with the heavier olefinic reactant, preferably
butylenes, and charged to the second alkylation rcac-
tor, wherein this combined hydrocarbons stream 18
contacted with an alkylation catalyst. It 18 contem-
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plated that sufficient 1soparaffin 1s charged to the first
reactor so that no further isoparaffin need be added to
the hydrocarbons charged to the second reactor. Gen-
erally, the total 1sobutane charged to the alkylation
process 1S passed through, in turn, the first alkylation
zone and the second alkylation zone. Under some con-
ditions, it may be advantageous to charge some further
1Isobutane to the second alkylation reactor, and such a
modification is within the scope of this invention. The
second hydrocarbons stream, recovered from the sec-
ond alkylation zone, 1s passed to further conventional
separation operations and equipment, such as a frac-
tionator, whereby the alkylation product is separated
from unconsumed isoparaffin and any entrained or
dissolved catalyst such as hydrogen fluoride, if any,
which 1s present in the hydrocarbons effluent from the
second alkylation zone. Any suitable method utilized in
the prior art to separate the alkylate product from the
isoparaffin and, for example, hydrogen fluoride, may
be employed in the present process.

The alkylation reaction product produced in the
improved process of this invention includes primarily
C; and C; saturated hydrocarbons resulting from the
alkylation reactions of the isoparaffin with both the
lighter and the heavier olefinic reactants. The primary
products include, for example, dimethylpentanes and
trimethylpentane. It 1s well known that more highly
branched hydrocarbons possess superior properties as
motor fuel, and the present invention is directed, in
part, to providing alkylate from the process containing
a higher ratio of more highly branched hydrocarbons,
such as trimethylpentanes, to less branched hydrocar-
bons, such as dimethyihexanes. Thus, it is apparent that
the present invention provides a novel process for pro-
ducing a superior alkylate product by a method more
economical and convenient than has been available in
the prior art.

EXAMPLE I

A supply of mixed butylenes charge stock was ob-
tained and analyzed. It was found to contain 50 wt.
percent butene-2, 28 wt. percent isobutylene and 22
wt. percent butene-1. A supply of propylene charge
stock was obtained and analyzed and found to contain
99.6 wt. percent propylene. A supply of isobutane
charge stock was obtained, and analysis showed that 1t
contained 96 wt. percent iscbutane, 3 wt. percent nor-
mally butane and 1 wt. percent propane.

Organic catalyst diluent was prepared, as needed for
use i alkylation catalysts by charging 4 hiters of isobu-
tylene and 1.6 liters of 99 wt. percent hydrogen fluo-
ride to an 8.81 liter stirred autoclave under a 200 p.s.1.
nitrogen atmosphere, allowing the olefin and catalyst to
react for one hour at 60° C., and then separating the
diluent from the acid. Analysis of the diluent showed
that 1t comprised polyisobutylenes having a molecular
weight in the range from about 200 to about 500.

In order to demonstrate the utility of the process of
the present immvention, a portion of the propylene
charge stock was mixed with a portion of the 1sobutane
charge stock at an 1sobutane/propylene mole ratio of
24:1. This mixture was continuously charged to an
alkylation reactor at the rate of 0.5 mole propylene per
hour and 12 moles tsobutane per hour. Simultancously,
hydrogen fluoride alkylation catalyst containing 95 wt.
percent hydrogen fluoride, 4 wt. percent organic dilu-
cnt and 1 wt. percent water was also continuously
charged to the reactor. The alkylation reactor was
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equippced with stirring means and means tor removing
excess heat of reaction. An acid/hydrocarbon volume
ratio of 3/2 was maintamed in the reactor. The reaction
mixture formed i the alkylation rcactor was main-
tained at a temperature of 105° F. and a pressure of 15
atmospheres. A residence time (detined as the volume
of the rcactor divided by the total volume of reactants
and catalyst charged per minutc) of 10 minutes was
maintained. The reaction mixture was continuously
withdrawn from the alkylation reactor, passed mto a
settling vessel, and held at a residence time of 5 min-
utes, whereby the mixture was separated into a catalyst
phase and a hydrocarbon phase. The catalyst phase was
recovered and recycled to the alkylation recactor for
further usc. The hydrocarbon phase was withdrawn
from the settier and recovered. The hydrocarbons thus
rccovered from the settler were continuousiy charged
to an alkylation reactor identical to the one used, as
described above, to react the propylenc. A portion of
the above-described butylenes feed stock was admixed
with the hydrocarbon phase and continuously charged
to the alkylation reactor at the rate of 0.5 mole of C,
olefins per hour. Simultancously, hvdrogen fluoride
alkylation catalyst containing 75 wt. percent hydrogen
fluoride, 24 wt. percent organic diluent and { wt. per-
cent water was also charged to the alkylation reactor.
An acid/hydrocarbon voiume ratio of 3/2 was main-
tamed m the reactor. The reaction mixture tormed
from the catalyst and hydrocarbons was held at a tem-
perature of Y0% F. and a pressurc of 15 atmospheres for
a residence time of 10 munutes. The reaction mixture
was continuously withdrawn from the alkvlation reac-
tor, charged to a settling vessel and settled to provide a
catalyst phase and a hvdrocarbon phase. The catalyst
phase was continuously removed and recycled to the
alkylation reactor for further use. The hydrocarbon
phase was continuously withdrawn trom the scttling
vessel. The € and heavier hydrocarbons in this hydro-
carbon phase were separated and recovered as the
product of the alkylation process. When this product
was analyzed, 1t was found to have a clear resecarch
octane number of 93.2 and a clear motor octane num-
ber of H2.3.

EXAMPLE I

In order to demonstrate the superitority of the process
of the present invention over other methods for atkylat-
ing 1sobutane with propylenc and butylenes, a portion
of the same butylenes charge stock used in Example
was mixed with a portion of the samc isobutane charge
stock used 1n Example I at an 1sobutane/C, olefins mole
ratio of 24:1: This mixture was continuously charged to
an alkylation reactor identical to those used in Example
I at the rate of 0.5 mole of C, olefins per hour and 12
moles 1sobutane per hour. Simultancously, hydrogen
tluoride alkylation catalyst containing 5 wt. percent
hydrogen fluoride, 24 wt. percent organic diluent and |
wt. percent water was also continuously charged to the
reactor. An acid/hyvdrocarbon volume ratio of 3/2 was
mamtained in the rcactor. The reaction mixture formed
in the alkylation reactor was maintained at a tempera-
ture of 90° F. and a pressure of 15 atmospheres for a
residence time of 10 minutes. The reaction mixture was
continuously withdrawn from the alkylation reactor,
passcd into a setthng vesscl and held theremn for a resi-
dence time of 5 minutes, whereby a catalyst phase and
a hydrocarbon phase were separated. The catalyst
phase was withdrawn from the settler and recyeled to
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the alkylation reactor for further use. The hydrocarbon
phase was withdrawn from the scttler and recovered.
The hydrocarbons thus recovered from the settler were
continuously charged to an alkylation reactor 1dentical
to the one used as described above. A portion of the
same propylene charge stock used in Example 1 was
admixed with the hydrocarbons from the settler and
continuously charged with them to the reactor at a rate
of (0.5 molc propylene per hour. Simultaneously, hydro-
pen fluoride alkylation catalyst contatning 95 wt. per-
cent hydrogen fluoride, 4 wt. percent organic diluent
and 1 wt. percent water, was also continuously charged
to the reactor. An acid/hydrocarbon volume ration of
3/2 was maintained in the reactor. The reaction mix-
ture formed in the alkylation reactor was held at a
temperature of 105% F. and a pressure of 15 atmo-
spheres for a residence time of 10 minutes. The reac-
tion mixture was continuously withdrawn from the
alkylation reaction mixture was continuously with-
drawn from the alkylation reactor, passed into a set-
tling vessel and held for a residence time of 5 minutes,
whereby the reaction mixture settled into a catalyst
phase and a hydrocarbon phase. The catalyst phase was
continuously withdrawn from the settling vessel and
recycled to the reactor for further use. The hydrocar-
bon phase was continuously withdrawn from the set-
tling vessel. The C; and heavier hydrocarbons in this
hydrocarbon phase were separated and recovered as
the product of the process. When this product was
analyzed, it was found to have a clear research octane
number of 94.5 and a clear motor octane number of
92.0.

By a comparison of the octane numbers of the alkyl-
ate product obtained as described in Example | with the
octane numbers of the product obtained as described in
Example II, it is evident that the method of the present
invention, as embodied in Example I, i1s substantially
and quite surprisingly superior to the method described
in Example Il. Although the reasons for the unexpected
superiority of the alkylate product in Example I over
that in Example H are not completely known, the supe-
riority may be due, in part, to the degradation in the
second reactor of the alkylate formed in the first reac-
tor in Example II when it is subjected to the relatively
scvere conditions, ideal for alkylation of propylene, 1n
the second reactor. Comparison of Example [ with
Example I further shows that merely by utilizing the
first reactor to alkylate propylene and the second reac-
tor to alkylate butylenes, rather than vice versa, even
when identical reactors and reaction conditions are
used. as in Example 11, a substantially superior prod-
uct may be recovered by the method of the present
invention, while there is no increase in consumption

of reactants, utilities, etc.
EXAMPLE i

In order to illustrate the flexibility of optimum alkyla-
tion conditions which may be employed for the alkyla-
tion of butylenes in the process of the present inven-
tion, a portion of the propylene charge stock described
in Example [ was combined with a portion of the 1sobu-
tane charge stock also described in Example I at an
isobutane/propylene mole ratio of 24:1. The combined
isobutane and propylene were charged to an alkylation
reactor identical to the reactor employed in Example |
for the propylene-isobutane reaction. The 1sobutane
and propylene were charged continuously to the reac-
tor at an isobutane flow rate of 12 moles per hour and
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a propylenc flow rate of 0.5 mole per hour. Hydrogen
fluoride alkylation catalyst, containing 95 wt. percent
hydrogen fluoride, 4 wt. percent organic diluent and 1
wt. percent water was also continuously charged to the
reactor. The catalyst and hydrocarbons were contacted
to form a reaction mixture and the reaction mixture
was maintained at an acid/hydrocarbon volume ratio of
3/2, a temperature of 90° F. and a pressure of 15 atmo-
spheres for a residence time of 10 minutes. Reaction
mixture was continuously withdrawn from the reactor
and passed to a settling vessel, wherein it was held for
a residence time of 5 minutes, forming a catalyst phase
and a hydrocarbon phase. The catalyst phase was con-
tinuously withdrawn from the settling vessel and recy-
cled to the reactor for further use. The hydrocarbon
phase was withdrawn from the settler and recovered.
The hydrocarbons thereby recovered from the settier
were continuously charged to an alkylation reactor
identical to the one used, as described above, to react
the propylene and isobutane. A portion of the butyl-
enes feed stock described in Example I was admixed
with the hydrocarbons and also continuously passed to
the reactor. The butylenes were charged to the reactor
at a flow rate of 0.5 mole per hour. Hydrogen fluoride
alkylation catalyst, containing 89 wt. percent hydrogen
fluoride, 9 wt. percent organic diluent and 1 wt. per-
cent water, was simultaneously charged to the alkyla-
tion reactor. The hydrocarbons and catalyst were ad-
mixed to form a reaction mixture having an acid/hydro-
carbon volume ratio of 3/2., and the reaction mixture
was held at a temperature of 90° F. and a pressure of 13
atmospheres for a residence time of 10 minutes. Reac-
tion mixture was continuously withdrawn from the
reactor, passed to a settling vessel, and held therein for
a residence time of 5 minutes, forming a catalyst phase
and a hydrocarbon phase. The catalyst phase was con-
tinuously withdrawn from the settler and recycled to
the reactor for further use. The hydrocarbon phase was
withdrawan from the reactor. The Cg and heavier hy-
drocarbons in the hydrocarbon phase were separated
and recovered as the alkylate product. This alkylate
product was analyzed and found to have a clear re-
search octane of 96.2.

By contrasting the conditions employed and the qual-
ity of the alkylate produced in Example I with the con-
ditions used and the quality of the alkylate of Example
[Il, it can be seen that by varying the temperatures in
the first reactor and second reactor, and by using a
higher strength acid in the second reactor in Example
I1I, a product of significantly higher quality was pro-
duced. This surprising result s particularly unexpected,
since the quality of the alkylate produced in Example |
is substantially higher than that of alkylate produced
from the same reactants by conventional methods, and
the quality of the alkylate of Example I was also sub-
stantially higher than alkylate produced by reversing
the order of reaction of the propylene and butylenes, as
described 1in Example 1.

Examples | and IIl clearly demonstrate the wide
range of conditions at which the present process, par-
ticularly the second, butylenes alkylation operation,
may be performed. By adjusting the conditions 1n the
second, butylenes stages of the process to provide opti-
mum butylenes alkylation conditions, while maintain-
ing the second stage conditions as mild as possible to
prevent degradtion of the alkylate produced m the first,
propylene alkylation stage, a particularly efficient and
satisfactory process 1s achieved. This 1s particularly
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true in contrast to performing an alkylation process by
the method of Example [, where propylene is reacted
In the second stage. Propylene alkylation conditions, in
general, are not as flexible as butylenes alkylation con-
ditions. Further, the propylene alkylation conditions
must, in general, be more severe than butylene alkyla-
tion conditions to provide a satisfactory product.

EXAMPLE IV

The superior flexibility of the process of the present
invention in contrast to the method of Example II was
further demonstrated by varying the alkylation condi-
tions using the process of Example II. A portion of the
same butylenes charge stock employed in Example I
was mixed with a portion of the same isobutane charge
stock as used 1n Example I. The mixture was made at a
24:1 1sobutane/butylenes mole ratio. The isobutane-
butylenes mixture was continuously charged to an alky-
lation reactor 1dentical to those employed in Example |
at a flow rate of (.5 mole butylenes and 12 moles isobu-
tane per hour. Hydrogen fluoride alkylation catalyst
containing 75 wt. percent acid, 24 wt. percent organic
diluent, and 1 wt. percent water was also continuously
charged to the reactor. The catalyst and hydrocarbons
were admixed at a catalyst/hydrocarbon volume ratio
of 3/2. The reaction mixture was maintained at a tem-
perature of 90° F. and a pressure of 15 atmospheres for
a residence time of 10 minutes. Reaction mixture was
continuously withdrawn and passed to a settling vessel
and held therein for a 5-minute residence time. A cata-
lyst phase and a hydrocarbon phase was thereby settled
out. The catalyst phase was withdrawn from the settler
and recycled to the reactor for further use in the butyl-
encs alkylation reaction. The hydrocarbon phase was
recovered from the settler and continuously passed to
an alkylation reactor identical to the one used 1n the
first stage. A portion of the same propylene charge
stock used in Example 1 was admixed with the hydro-
carbons recovered from the settler and was thereby
also passed to the second stage reactor at a rate of 0.5
mole per hour. Hydrogen fluoride catalyst containing
95 wt. percent acid, 4 wt. percent organic diluent, and
] wt percent water was simultaneously, continuously
charged to the second stage reactor. A catalyst/hydro-
carbon volume ratio of 3/2 was maintained. The mix-
ture of hydrocarbons and catalyst was maintained at a
temperature of 90° F. and a pressure of 15 atmospheres
for a residence time of 10 minutes. Reaction mixture
was continuously withdrawn from the second stage
reactor, passed to a settler and held therein for a 5-
minute residence time. A catalyst phase and a hydro-
carbon phase were separated, and the catalyst phase
was continuously withdrawn from the settler and recy-
cled to the second stage reactor for further use. The
hydrocarbon phase was withdrawn from the settler and
fractionated. The C; and heavier hydrocarbons were
separated from the lighter hydrocarbons and recovered
as the alkylate product of the process. When the alkyl-
ate product was analyzed, 1t was found to have a clear
research octane number of 95.

Contrasting Examples I and III, wherein propylene is
alkylated in the first stage and butylenes are alkylated
in the second stage, according to the process of the
present invention, with Examples Il and IV, wherein
butylenes are alkylated in the first stage and propylene
in the second, 1t 1s apparent that the process of the
present invention has greater flexibilty and provides a
clearly superior alkylate product. In both Examples 111
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and IV, propylene was alkylated utilizing the same
temperature and acid strength, and the second stage n
both these examples was operated at a temperature of
90° F. Yct the method of Example IlI, employing the
present inventive process, produced a clearly superior
alkylate product. By adjusting reaction conditions,
Example IV produced only a one-half research octane
number increase in the alkylate product over Example
I1. In contrast, by adjustment of the alkylation reaction
conditions in Example III, an octane number increase
of one number was achieved over the alkylate of Exam-
ple 1. Further, even by adjusting reaction conditions in
Example IV, the method of the present invention used
in Example I to provide an alkylate product having an
octane number at the lower end of the range obtained
using the present process, provided an alkylate product
superior to that obtained by the method of Examples II
and IV.

EXAMPLE V

In order to illustrate some of the advantages of the
process of the present invention over conventional
methods for producing alkylate, a conventional opera-
tion is performed. Portions of the propylene charge
stock and 1sobutane charge stock described in Example
| are combined at an 1sobutane/propylene mole ratio of
12 to 1. The reactants are contuously charged to an
alkylation reactor identical to the one used to alkylate
propylene 1n Example I. The flow rate of reactants is
maintained at 6 moles per hour of isobutane and 0.5
mole per hour of propylene. Hydrogen fluoride alkyla-
tion catalyst, containing 95 wt. percent hydrogen fluo-
ride, 4 wt. percent organic diluent and 1 wt. percent
water, 1s also continuously charged to the reactor. The
hydrocarbons and catalyst are admixed at an acid/hy-
drocarbon volume ratio of 3/2 and the reaction mixture
1s maintained at a temperature of 90° F. and a pressure
of 15 atmospheres for a residence time of 10 minutes.
The reaction mixture is continuously withdrawn from
the reactor and passed to a settling vessel. The reaction
mixture 1S held in the settler for a residence time of 5
minutes, whereby a catalyst phase and a hydrocarbon
phase are formed. The catalyst phase is withdrawn
from the settler and recycied to the reactor for further
use. The hydrocarbon phase is withdrawn from the
settler and recovered. Portions of the butylenes charge
stock and 1sobutane charge stock described in Example
| are combined at an 1sobutane/butylenes mole ratio of
12 to 1. These reactants are continuously charged to an
alkylation reactor, 1dentical to the one used to alkylate
butylenes in Example I, at an isobutane flow rate of 6
moles per hour and a butylenes flow rate of 0.5 mole
per hour. Hydrogen fluoride alkylation catalyst, con-
taining 90 wt. percent hydrogen fluoride, 9 wt. percent
organic diluent and 1 wt. percent water is also charged
continuously to the reactor and combined with the
hydrocarbon charge at an acid/hydrocarbon volume
ratio of 3/2. The resulting reaction mixture is held at a
temperature of 90° F. and a pressure of 15 atmospheres
for a residence time of 10 minutes. Reaction mixture is
continuously withdrawn from the reactor, passed to a
settler, and separated therein into a catalyst phase and
a hydrocarbon phase. A residence time in the settler of
5 minutes is maintained. The catalyst phase is continu-
ously withdrawn from the settler and recycled to the
reactor for further use. The hydrocarbon phase is with-
drawn from the settler and combined with the hydro-
carbon phase recovered from the propylene alkylation
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settler described above. The C; and heavier hydrocar-
bons from this combined hydrocarbon phase arc separ-
taed from the lighter hydrocarbons and recovered as
the product of the process. This alkylate product s
analyzed and found to have a clear research octane
number of 94.5.

By comparing the quality of the alkylate produced 1n
Example V with the quality of the aikylates produced 1n
Example 1 and Example 1Il, it can be seen that the
process of the present invention 1s capable of produc-
ing a substantially supertor alkylate product. Compar-
ing the amount of reactants charged in Examples I and
[II with the amount of reactants charged m Example V
shows that the exact same amounts of reactants were
used in all three examples, with substantially the same
alkylation conditions used in the reactors. Thus, the
superiority of the process of this invention s clearly
demonstrated.

EXAMPLE VI

The process of the present invention is further com-
pared with conventional alkylation techniques by per-
forming a typical conventional alkylation process
wherein the propylene and butylene reactants are com-
bined. The same propylene, butylene, and sobutane
reactants as employed in Example | are utilized. The
reactants are admixed to provide a 24:1 1sobutane/pro-
pvlene mole ratio, a 24:1 isobutanc/butylenes mole
ratio and an overall isobutane/olefins mole ratio of
12:1. The reactants are continuously charged to an
alkylation reactor identical to those employed in Exam-
ple I. A flow rate of 12 moles per hour of 1sobutane, 0.5
mole per hour of butylenes and 0.5 mole per hour of
propylene is maintained. Simultaneously, hydrogen
fluoride catalyst containing 89 wt. percent acid, 10 wt.
percent organic diluent and 1 wt. percent water 1s also
charged to the reactor. A 3/2 volume ratio of catalyst
to hydrocarbons is maintained in the reaction mixture.
A temperature of 90° F. and a pressure of 15 atmo-
spheres are also maintained. After a residence time of
10 minutes, the reaction mixture is continuously with-
drawn from the rcactor, passed to a secttler, and held
therein for 5 minutes residence time. The resulting
catalyst phase is withdrawn from the scttler and recy-
cled to the reactor for further use. The hydrocarbon
phase resulting from the settling operation 1s withdrawn
from the settler and fractionated. The C, and heavier
hydrocarbons in the hydrocarbon phase are separated
and recovercd as the alkviate product ot the process.
This alkylate product is analyzed and found to have a
clear research octane number of 93.5.

Comparing the alkylate product produced, according
to the process of the present invention, by the methods
in Examples I and III, with the alkylate product pro-
duced by the conventional alkylation technique of Ex-
ample VI, it is apparent that the prescnt process pro-
vides a surprising and substantial improvement n the
quality of the alkylate recovered, while using the same
amounts of reactants. Using identical amounts of the
otefinic reactants and isobutane, the method of Exam-
ple Il produced an alkylate having a rescarch octane
number of 96.2, while the conventional, commercial
method of Example VI produced an alkylate having a
research octance number of only 93.5.

EXAMPLE VI

A process according to the present invention, identi-
cal to that used in Example IIf, was employed, the only
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difference being that a temperature of 68° F. was main-
tained in the second stage reactor wherein the butyl-
encs reactant was alkylated, in contrast to Example I,
in which a temperature of 90° F. was employed. The
hydrocarbons removed from the second stage settler
were separated into a Ci+raction and a C, and hghter
fraction. The C;+ fraction was recovered as the alkvlate
product of the operation and analyzed. It was tound to
have a rescarch octanc number of 96.2, identical to
that of the alkylate produced by the method of Exam-
ple I1I. Thus, the flexibility of the conditions which may
he emploved to alkylate butylencs according to the
process of the present invention was further demon-
strated.

EXAMPLE VI

[n a further demonstration of the utility ot the pro-
cess of the present invention, the alkylate products
produced in Examples II, IIl, and VII were further ana-
lyzed to determine the friction of Cy and heavier hydro-
carbons produced by the embodiments of these exam-
ples. It was found that the alkylate product produced 1n
Examples HI and VII, by the process of the present
invention, contained only 4 wt. percent Cy and heavier
hydrocarbons, while the product produced using the
method of Example II, by merely reversing the order of
reaction of the lighter and heavier olefins from the
order taught according to the process of this invention,
contained 6.2 wt. percent y, and heavier hydrocar-
bons. The alkylate product obtained by the conven-
tional processes of Examples V and VI 1s also analyzed
and found to comprise 5 wt. percent Cy and heavier
hydrocarbons. It is thus apparent that the process ot the
invention provides a method for producing an alkylate
product having an end boiling point substantially below
the end points of alkylates obtained using prior art and
other alkylation processes. |

I claim as my invention:

1. A process for producing an alkylation reaction
product from an isoparaffin reactant, a lighter olefinic
reactant and a heavier olefinic reactant which com-
prises the steps of:

(a) contacting said isoparaffinic reactant and said
lighter olefinic rcactant with a first Avdrogen fluo-
ride alkylation catalyst in a first alkylation zone at
first alkylation conditions;

(b) settling from said first alkylation zone a first hy-
drocarbon phase which comprises a portion of said
1isoparaffinic reactant and a portion of said alkyla-
tion reaction product;

(¢) contacting said heavier olefinic reactant and at
least a portion of said first hydrocarbon phase with
a second hvdrogen fluoride alkylation catalyst in a
second alkylation zone at second alkylation condi-
trons;

(d}) settling from said second alkylation zone a sec-
ond hydrocarbon phase which comprises at least a
portion of said alkylation reaction product; and,

(e) recovering said alkylation reaction product from
said second hydrocarbon phase.

2. The process of claim 1 wherein said lighter olefinic

reactant comprises propylenc.

3. The process of claim 1 wherein said heavier ole-
finic reactant comprises butylenes.

[ 4. The process of claim 1 wherein said first alkyla-

tion catalyst is hydrogen fluoride alkylation catalyst.]

[ 5. The process of claim 1 whercin said second

alkylation catalyst is hydrogen fluornide alkylation cata-
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lyst. §

6. The process of claim L£41 [ wherein said first
hydrogen fluoride alkylation catalyst [ is a hydrogen
fluoride alkylation catalyst comprising 1 comprises
about 80 wt. percent to about 99 wt. percent hydrogen
fluoride and said first alkylation conditions include a
temperature of about 60° F. to about 150° F.

7. The process of claim [S1 ! wherein said second
hvdrogen fluoride alkylation catalyst [is a hydrogen
fluoride alkylation catalyst comprising 3 comprises
about 63 wt. percent to about 95 wt. percent hydrogen
fluoride and said second alkylation conditions include a
temperature of about 0° F. to about 110° F.

8. The process of claim 1 wherein an isoparaffinc
recycle stream 1s recovered from said second hydrocar-
bon phase and at least a portion of said i1soparaffinic
recycle stream i1s introduced into said first alkylation
ZOne.

9. The process of claim 1 wherein said 1soparatfinic
reactant comprises isobutane.
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L 10. The process of claim 1 wherein said first alkyla-
tion catalyst is selected from sulfuric acid, phosphoric
acid and a crystalline aluminosilicate catalytically ac-
tive for isoparaffin-olefin alkylation. ]

[11. The process of claim 1 wherein said second
alkylation catalyst is selected from sulturic acid, phos-
phoric acid and a crystalline aluminosilicate catalyti-
cally active for isoparaffin-olefin alkylation.]

12. The process of claim 6 wherein said first alkyla-
tion conditions include a temperature of about 75° F. to
about 120° F. and said first iydrogen fluoride alkylation
catalyst comprises about 85 wt. percent to about 99 wt.

percent hydrogen fluoride.
13. The process of claim 7 wherein said second alky-

lation conditions include a temperature of about 50° F.
to about 100° F. and said second /iydrogen fluoride
alkylation catalyst comprises about 70 wt. percent to

about 95 wt. percent hydrogen tluoride.
* % * ¥ k
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