
AROMATIC ALKYLATION PROCESS WITH REDUCED BYPRODUCT FORMATION FIELD OF THE
INVENTION [00011The present invention relates to methods for
transallcylating hydrocarbon feed   streams, and particularly those
containing two or more polyalkylated aromatic compounds 5obtained from the
production of monoalkylated aromatic compounds such as cumene and
ethylbenzene, in aromatic alkylation processes. DESCRIPTION OF RELATED ART
[00021The alkylation of aromatic substrates with olefins to produce
monoalkyl aromatics      is a well developed art that is practiced
industrially on a large scale. One commercial 10application is the
alkylation of benzene with propylene to produce cumene (isopropylbenzene),
which is subsequently used in the manufacture of phenol and acetone via the
air oxidation of cumenc and subsequent acid-catalyzed decomposition of the
intermediate hydroperoxide. Another commercial application is the
alkylation of benzene with ethylene to produce ethylbenzenc, which is often
subsequently dehydrogenated in the manufacture of  15 styrene monomer. In
the endothermic dehydrogenation reaction, steam is normally used to provide
the required sensible heat. The general design and operation of aromatic
alkylation processes are known. [00031In these aromatic alkylation
processes, as the molar ratio of aromatic substrate (e.g., benzene) per
olefinic alkylation agent (e.g., propylene) increases, currently available
20catalysts typically exhibit improved selectivity to the desired
monoalkylated aromatic compound (e.g., cumene). However, even at a high
molar ratio of aromatic substrate per olefin, dialkylated aromatic
compounds (e.g., cliisopropylbenzene, DIPS) and trialkylated aromatic
compounds (e.g., triisopropylbenzene, TIPB) accompany the production of the
desired monoalkylated aromatic compound. While these polyalkylated aromatic
compounds 25represent a reduction in the efficient use of the aromatic
substrate and olefin in the alkylation reaction zone, they are normally
readily transalkylated in a separate transalkylation reaction zone, with
the same aromatic substrate as used in the alkylation zone, in the presence
of a suitable transalkylation catalyst. Transallcylation thereby
effectively produces an additional amount of the desired monoalkylated
aromatic compound, using as transalkylation agents the 



30polyalkylated aromatic products of' aromatic allcylation, as discussed
above. The so-called  combination processes, involving both alkylation and
transalkylation, can therefore significantly improve monoalkylated aromatic
cornpound production. 00041In such alkylation zone/transalkylation zone
combination processes, the aromatic substrate (e.g., benzene) is normally
used in stoichiornetric excess in both reaction zones. A 5common way for
reducing the substantial expense of removing and recycling the unreacted
benzene or other aromatic substrate in the respective reaction zone
effluents involves passing them (optionally after removing light components
such as propane from one or both effluents by fractionation) to a common
product separation section. The same distillation columns and other
equipment can therefore be used to recover unreacted aromatic substrate
from the 10combined alkylation and transalkylation effluent streams and
recycle portions of the recovered aromatic substrate back to both of these
reaction zones. In addition to recovery of the aromatic substrate, another
important function of the distillation columns in the product separation
section is the recovery of polyalkylated aromatic compounds, and
particularly di-and trialkylated aromatic compounds, as discussed above,
for use as transalkylation agents in 15the transalkylation reaction zone.
Heavier polyalkylated aromatic products as well as other higher boiling
byproducts of either reaction zone, such as diphenylalkanes, are normally
collectively removed in the bottoms stream of a distillation column (e.g.,
a polyisopropylbenzenc column or a polyethylbenzene column, which recovers
lighter, di- and trialkylated aromatic compounds in an overhead or a lower
boiling fraction). The feed to this  20 distillation column is normally a
hydrocarbon feed stream obtained from distillation to recover the desired
monoalkylated aromatic product as an overhead or a lower boiling fraction.
100051In a representative aromatic alkylation process for producing the
monoalkylated aromatic compound cumene, for example, liquid benzene and
liquid propylene are charged 25into an alkylation reaction zone comprising
one or more reactors containing alkylation catalyst. In order to minimize
the production of polyalkylated benzene compounds, a molar excess of
benzene to propylene, for example in the range from 4:1 to 16:1, is
normally maintained throughout the alkylation reaction zone. The effluent
from this reaction zone is generally sent to a depropanizer column for the
removal, by distillation, of lower boiling 30components such as propane and
water that may be present initially in the propylene feed. 



The depropanizer column bottoms is then combined with the effluent from the
transalkylation reaction zone comprising a transalkylation catalyst. As
discussed above, non-selective  polyalkylatcd aromatic products of the
alkylation reaction, namely DIPB and TIPB, are reacted with benzene in the
transalkylation reaction zone to produce additional monoalkylatcd aromatic
product, in this case cumene. 100061In this representative mem production
process, the combined alkylation and 5transalkylation reaction zone
effluents (optionally after removal of low boiling components, for example
the removal of propane from the alkylation reaction zone effluent) are
therefore sent to the same product separation section to recover benzene,
cumene product, polyisopropylbenzene byproducts of the alkylation reaction
zone (e,g., DIPB and TIPB), and heavier byproducts by distillation.
Traditionally, three distillation columns are used for 10product
separation. The first is normally termed a benzene column, used to recover
excess benzene from the reactor effluents in an overhead or lower boiling
fraction. The recovered benzene is then recycled to the alkylation and
transalkylation zones to satisfy some or all of the benzene needed to
obtain the desired benzene : olefin ratio in each zone. The second
distillation column is normally termed a cumene column, the feed to which
is generally the 15bottoms or a higher boiling fraction of the upstream
benzene column. The cumene product is often taken as a net overhead or low
boiling faction from the cumene column. The cumene product may then be used
in downstream applications such as phenol or acetone production processes,
or otherwise may be sent to storage. The third distillation column is
normally termed a polyisopropylbenzcne column, the feed to which is
generally the bottoms or a 20higher boiling fraction of the upstream
curnene column. As discussed above, the polyisopropylbenzene column is used
to recover lighter, mono- and di-alkylated aromatic compounds in an
overhead or lower boiling fraction and recycle these to the transalkylation
reaction zone. Heavier polyalkylated aromatic products as well as other
byproducts of either reaction zone, such as diphenyialkanes, are normally
removed in the bottoms stream or 25higher boiling fraction of the
polyisopropylbenzene column. The collective heavy ends may be cooled and
sent to storage. [00071In any aromatic alkylation process, the overriding
objectives, which govern process economics, are achieving a high conversion
of the olefinic alkylation agent (which is normally the limiting reagent)
and a high selectivity to the desired monoalkylated aromatic 



30product. These objectives, relating to improving the product yield and
product purity, are addressed by limiting the overall_ production of
byproducts in the combination processes described above. Various
alkylaromatie production processes and catalysts used in these  processes,
along with their associated advantages are described, for example, in US
7,498,471; US 6,440,886; US 6,339,179; and US 2008/0171901 Improvements
that relate to reducing byproduct formation in the production of alkylatcd
aromatic hydrocarbons such as cumene and ethylbenzene are continually being
sought. Those skilled in the art recognize 5the significant commercial
impact of even modest improvements in product yields and/or product
quality. SUMMARY OF THE INVENTION 100081The present invention is associated
with the finding that overall byproduct formation in aromatic alkylation
processes can be reduced when different polyalkylated 10aromatic compounds
are first fractionated into separate streams enriched in these respective
polyalkylated aromatic compounds and then sent to different transalkylation
reaction zones, which may or may not be in the same reactor. This allows
the catalysts and/or reaction conditions in these transalkylation reaction
zones to be better tailored to a specific feedstock (i.e., enriched in a
specific polyalkylated aromatic compound), such that conversion can be
15increased and/or byproduct production reduced. The overall yield
(conversion times selectivity) of the desired monoalkylated aromatic is
thereby increased. Product purity may also be increased if byproducts that
are difficult to separate from (e.g., are similar in volatility to) the
main product arc reduced. 100091In the case of an aromatic alkylation
process for producing cumene 20(isopropylbenzene) from propylene and
benzene, for example, both the alkylation and transalkylation reactions
produce byproduct cthylbenzene (FBI. Due to its boiling point being close
to that of cumene, EB is not easily separated from this desired
monoalkylated product by distillation. The commercial demand for cumene
having a low ethylbenzene content is therefore not easily satisfied without
incurring higher capital and/or utility costs 25associated with the
construction and operation of conventional alkylation/trartsalkylation 



cumene production plants. 100101According to embodiments of the present
invention, the production of byproduct EB is reduced by fractionating di-
and tri-alkylated aromatic products of benzene alkylation with propylene,
namely diisopropylbenzenc and triisopropylbenzene (DIPS and TIPB), into
30separate streams enriched in D1PB and TIPB, respectively. These streams
are then sent to separate transalkylation reaction zones where reaction of
these polyalkylated aromatic  transalkylation agents with benzene produces
an additional amount of the desired cumene product. The separate
transalkylation reaction zones can comprise different transalkylation
catalysts, different amounts or proportions of the same catalysts, and/or
different operating conditions in order to better match a particular
polyalkylated aromatic to a particular  5 transalkylation reaction zone
catalyst and/or set of operating conditions, thereby reducing the formation
of byproduct EB and/or other byproducts and improving reaction selectivity
to the desired monoalkylated aromatic compound cumene. 100111In an
analogous manner, diethylbenzene and triethylbenzene products of benzene
alkylation with ethylene can be fractionated into separate streams enriched
in these products 10and sent to different transalkylation zones to reduce
overall byproduct formation in ethylbenzene production from the aLkylation
of benzene with ethylene. In processes for either cumcne or cthylbenzene
production, the hydrocarbon feed streams that are fractionated into
separate transalkylation feed streams, enriched in respective polyalkylated
aromatic compounds, are generally obtained in the product separation
sections of these processes. In 15particular, the hydrocarbon feed streams
can be obtained as a bottoms or higher boiling fraction from distillation
to recover the cumene product stream or the ethylbenzene product stream in
an overhead or lower boiling fraction. For example, the hydrocarbon feed
stream can be the cumene column bottoms stream in the representative cumene
production process as discussed above. Likewise, the hydrocarbon feed
stream can be an ethylbenzene column 20bottoms stream from the product
separation ,section of a representative ethylbenzene production process.
[00121These and other aspects and features relating to the present
invention are apparent from the following Detailed Description. 



BRIEF DESCRIPTION OF THE DRAWINGS 25100131FIG. l depicts a transalkylation
section of a representative cumene production process, in which
transalkylation feed streams enriched in different polyalkylated aromatic
transalkylation agents, namely DIPB and TIPB, arc separated using
distillation and fed to different transalkylation reaction zones within a
common reactor. 100141FIG. 2 depicts an alternative embodiment in which the
separated transalkylation 30feed streams enriched in DIPB and TIPB are fed
to different transalkylation reaction zones within separate reactors.
100151The same reference numbers are used to illustrate the same or similar
features throughout the drawings. The drawings are to be understood to
present an illustration of the invention and/or principles involved.
Details including pumps, compressors, instrumentation, and other items not
essential to the understanding of the invention are not shown. As is
5readily apparent to one of skill in the art having knowledge of the
present disclosure, methods for transalkylating polyalkylated aromatics as
described herein, and particularly those that are integrated into
combination alkylation zone/transalkylation zone processes (e.g., as
described above for the production of cumene or ethylbcnzenc), according to
various other embodiments of the invention, will have configurations and
components determined, in part, JOby their specific use. DETAILED
DESCRIPTION 100161In aromatic alkylation processes such as the combined
alkylation zone/transallcylation zone processes described above and used in
the production of cumene or ethylbenzene, benzene is the aromatic
alkylation substrate of principal interest, but alkyl- 15substituted
benzenes may be used. Also, more than one aromatic allcylation substrate
may be used. Monoolefins are principally used as the olefinic alkylation
agent, but diolefins, polyolefins, acetylene hydrocarbons, and substituted
hydrocarbons can be used. The olefinic alkylation agent preferably contains
2 or 3 carbon atoms, but olefins having from 2 to 20 



carbon atoms may be used. Propylene and ethylene are the preferred olefinic
alkylating 20agents, and these are used, respectively, the in aromatic
alkylation processes for the production of cumene and ethylbenzene,
respectively. More than one olefinic alkylation agent may be used.
[00171The polyalkylated aromatic transalkylation agents, which accompany
the production of the desired monoalkylatcd aromatic compound,
transalkylate with the 25alkylation substrate to produce an additional
amount of this desired product. The transalkylation agents may be
introduced from a source that is not part of the overall, combined
alkylation zone/transalkylation zone process, but more commonly the
transalkylation agents are recovered in the product separation section of
the combined process. Dialkyl benzenes (e.g., D1PB and diethylbenzene) and
trialkyl benzenes (e.g., T1PB 30and tricthylbenzenc) are the principal
polyalkylated aromatic transalkylation agents in processes for producing
monoalkylated benzenes (e.g., cumene and ethylbenzene) as the  desired
products. However, the desired alkylated aromatic compound may in some
cases itself be polyalkylated. As the number of alkyl groups on the desired
alkylated aromatic product increases, it will be appreciated that the
number of alkyl groups on the polyalkylated aromatic transalkylation agents
correspondingly increase. In any event, the desired alkylated 5aromatic
product has at least one more alkyl group than the aromatic alkylation
substrate and at least one less alkyl group that the polyalkylated aromatic
transalkylation agent.  [0018jAs discussed above, widely practiced
hydrocarbon conversion processes to which the present invention is
applicable are (1) the production of cumene by alkylation of benzene with
propylene and by transalkylation of benzene with polyisopropylbenzenes
(e.g.. D1PB 10and TIPB) that accompany benzene alkylation, and (2) the
production of ethylbenzene by alkylation of benzene with ethylene and by
transalkylation of benzene with polyethylbenzenes (e.g., diethylbenzene and
triethylbenzene) that accompany benzene alkylation. Cumene production is an
exemplary process used to further illustrate the invention, particularly
with respect to the preferred embodiments of the invention shown in 



15FIGS. 1 and 2. As these illustrative methods are for transalkylation of
hydrocarbon feed streams comprising first and second aromatic
transalkylation agents, it is understood that they may be readily
integrated into combination alkylation zone/transalkylation zone processes
described above for either cumcne or ethylbenzene. Also, while the
embodiments of FIGS. 1 and 2 illustrate the separation of a hydrocarbon
feed stream into two transalkylation feed 20streams, it will be appreciated
that more than two separate feed streams having different compositions
(e.g., enriched in different polyalkylated aromatic compounds) may be also
be provided without departing from the scope of the present invention.
100191Embodiments of the invention are therefore broadly directed to
methods for transalkylating a hydrocarbon feed stream comprising first and
second polyalkylated aromatic 25transalkylation agents. The methods
comprise (a) separating the hydrocarbon feed stream to provide a first
transalkylation feed stream enriched in the first polyalkylated aromatic
transalkylation agent and a second transalkylation feed stream enriched in
the second polyalkylated aromatic transalkylation agent and (b) passing the
first and second transalkylation feed streams into different
transalkylation reaction zones. The characteristic 30of each of the
transalkylation feed stream being enriched in a given polyalkylated
aromatic  transalkylation agent is in reference to the amount of that agent
in the hydrocarbon feed stream. Typically, the separate transalkylation
feed streams are enriched in components (i.e.,   the first or second
polyalkylated transalkylation agents) using a distillation column such as
the polyisopropylbenzene column described above with respect to a
representative cumenc production process. The feed to this
polyisopropylbenzene column is normally the bottoms or a high boiling
fraction of the upstream cumene column. Likewise, a polyethylbenzene
5column, the feed to which is normally the bottoms or a high boiling
fraction of an upstream ethylbenzene column in an ethylbenzene production
process, may be used to provide fractions enriched in diethylbenzene and
triethylbenzene as first and second polyalkylated aromatic transalkylation
agents. In a preferred embodiment, the separated, first and second
transalkylation feed streams are taken as side draws at appropriate stages
from these 10respective distillation columns in the product separation
sections of cumene or ethylbenzcne production processes. For example, the
transalkylation feed stream enriched in a lower boiling, dialkylated
aromatic compound (e.g., DIPB or diethylbenzene) may be removed as a side
draw at a stage above that from which the transalkylation feed stream
enriched in a higher boiling, trialkylated aromatic compound (e.g., TIPB or
triethylbenzenc) is removed. 15[0020]The different transalkylation reaction
zones require that the first and second transalkylation feed streams are
exposed to different reaction conditions and/or catalyst beds. 



For example, these zones may be in a common reactor, which is fed by the
separated transalkylation feed streams at different locations along the
reactor length (e.g., into different catalyst beds, which may or may not
comprise the same catalyst, in upper and lower reactor 20sections), whereby
the upstream feed contacts the same catalyst bed as the downstream feed,
after passing over an upstream catalyst bed. Alternatively, the different
transalkylation reaction zones may be in separate reactors, such that the
first and second transalkylation feed streams do not contact the same
catalyst bed (which may or may not comprise the same catalyst). 25[00211In
general, but not necessarily, the different transalkylation feed streams
that are separated (e.g., by distillation) are passed to the inlets of
catalyst beds comprising different types of catalysts, or alternatively,
different combinations of the same types of catalysts (e.g., in different
relative (upstream or downstream) locations of a catalyst bed, or as
mixtures of catalyst in different mixing ratios). The catalysts used for
transalkylation generally comprise 30one of .a class of aluminosilicate
molecular sieves known as zeolites. The zeolitic molecular sieves suitable
for use in zeolitic transalkylation catalysts are crystalline
aluminosilicates which in the calcined form may be represented by the
general formula:  Me2,"0:Al203xSi02;y1120 where Me is a cation, n is the
valence of the cation, x has a value of from 5 to 100, and y has a value of
from 2 to 10. Zcolitcs are described in detail by D. W. Breck, Zeolite
Molecular Sieves, John Wiley and Sons, New York (1974), and elsewhere.
Suitable zcolitcs include Y.  5 zeolite, beta zeolite, X zeolite,
mordenite, faujasite, zeolite omega, UZM-8, ZSM-5, PS11-3, MCM-22, MCM-36,
MCM-49, and MCM-56. One or more types of zeolitic transalkylation catalyst
may be used in catalyst beds of different transalkylation reaction zones to
which the different transalkylation feed streams are passed. The use of
different zeolitic transalkylation catalysts is associated with one
representative embodiment of the invention for tailoring first 10and second
transalkylation feed streams (e.g., enriched in different polyalkylated
aromatic compounds such as D1PB and TIPB) to particular reaction zones (or
reaction environments) to reduce byproduct formation. 100221A type of Y
zeolite for use as a transalkylation catalyst has a non-H' cation content
of the zeolite Y of less than 200 ppm by weight, calculated as NH3
equivalents. Beta 15zeolite is described in US 4,891,458 and 5,081,323.
UZM-8 zeolite is described in US 6,756,030. Surface-modified beta zeolite,
as described in US 5,723,710, is an exemplary beta zeolite suitable as a
transalkylation catalyst. In any zeolitic transalkylation catalyst, the
zeolite is generally present in an amount of at least 50% by weight, and
often in an amount of at least 90% by weight, of the total catalyst weight,
with the balance in most cases being a 20refractory inorganic oxide binder.
A preferred binder is alumina, with gamma-alumina, eta- 



alumina, and mixtures thereof being particularly preferred. A
representative zeolitic transalkylation catalyst comprises Y zeolite and an
alumina or silica binder. Another comprises beta zeolite and an alumina or
silica binder. In general, the zeolites described above are also suitable
for use as alkylation catalysts in combination alkylation
25zonc/transalkylation zone processes as described above. 100231In a
preferred embodiment of the invention associated with a combination
alkylation zone/transalkylation zone process for the production of cumene,
a tran,salkylation feed stream enriched in TIPB is fed to a transalkylation
reaction zone comprising a zcolitic transalkylation catalyst comprising Y
zeolite, UZM-8 zeolite, beta zeolite, and combinations 30thereof. A
preferred Y zeolite is a modified Y zeolite known as Y-85 and described in
US 2008/0171902, hereby incorporated by reference. An exemplary combination
of zeolitcs for this transalkylation zone is a combination of UZM-8 zeolite
and beta zeolite. Also, it is  preferred that a transalkylation feed stream
enriched in LIIPB is fed to a transalkylation reaction zone comprising a
zeolitic transalkylation catalyst comprising beta zeolite. Advantageously,
the formation of byproduct ethylbenzene is very small over beta zeolite,
and is essentially in proportion to the overall conversion of DIPB to the
desired product cumene. 5[002411In a particular embodiment in which the
feed stream enriched in TWO is fed to a zeolitic catalyst bed upstream of a
second zeolitic catalyst bed comprising beta zeolite, to which the feed
stream enriched in DEPB is fed (e.g., in the case of the DIPB-enriched feed
stream being fed at an interbed addition point between separate beds of
catalyst comprising Y zeolite and beta zeolite in a stacked bed reactor),
the byproduct ethylbenzene fotmation will 10be essentially in proportion to
the total conversion of DIPB and TIPB by transalkylation. Embodiments of
the invention therefore reduce byproduct formation, and particularly
ethylbenzene, by separating the relatively minor portion of TIPB (typically
representing only from 3% to 10% by weight of the hydrocarbon feed stream
comprising both DIPB and TIPB) and feeding this minor portion over a bed of
catalyst comprising Y zeolite, which provides a 15high conversion of TIPB
but an overall low contribution of byproduct ethylbenzene due to the
relatively low mass flow rate of the TIPB-enriched feed stream. In this
manner, the use of different transalkylation reaction zones (e.g., having
different transalkylation reaction conditions and/or comprising different
catalyst beds), allows increased conversion of polyalkylated aromatic
transalkylation agents with reduced byproduct formation. 20[00251The
effluent(s) from the transalkylation reaction zones are, relative to each
of the respective transalkylation feed streams, enriched in the desired
alkylaromatic product (e g , a monoalkylated aromatic such as cumene or
ethylbenzene) as a result of reactions between the polyalkylated
transalkylation agents and the aromatic substrate (e.g., benzene). The
transalkylation reaction zone effluents may then be combined with an
alkylation reaction 25zone effluent, optionally after removal of light
components such as propane and/or water 



from this alkylation reaction zone effluent using distillation. The
alkylation reaction zone effluent and transalkylation reaction zone
effluent(s) may be combined prior to or during distillation to enrich a
lower boiling fraction in the aromatic alkylation substrate used in both
the alkylation and transalkylation reaction zones, For example, these
alkylation and 30transalkylation reaction zone effluents may be combined
upstream of a benzene column used to remove unreacted benzene as an
overhead or lower boiling fraction as discussed above.  [0026]The first and
second transalkylation feed streams, in an overall process for cumene
production, may be enriched in DIPB and TIPB as transalkylation agents,
respectively. In an overall process for ethylbenzene production, the first
and second transalkylation feed streams may be enriched in diethylbenzene
and triethylbenzene,  5 respectively. In a representative embodiment,
therefore, the number of alkyl groups of the second polyalkylated aromatic
transalkylation agent exceeds the number of alkyl groups of the first
polyalkylated aromatic transalkylation agent by one. The hydrocarbon feed
stream that is separated to provide the first and second transalkylation
feed streams will nolinally comprise less than 15% by weight (e.g., from 3%
to 10% by weight), and often less than 5% 10by weight, of the higher
boiling, second polyalkylated aromatic transalkylation agent (e.g.,
triisopropylberizene). 100271In the case of either a cumene production
process or an ethylbenzene production process (e.g., an alkylation
zone/transalkylation zone combination process as described above), the
hydrocarbon feed stream containing both the first and second polyalkylated
15aromatic transalkylation agents normally comprises a process stream of
the product separation sections (downstream of the alkylation and
transalkylation reaction zones) of these respective aromatic alkylation
processes. In a cumene production process or an ethylbenzene production
process, for example, the hydrocarbon feed stream may be the bottoms from a
cumcne column or an ethylbenzene column, respectively. These distillation
columns are 20typically used to recover, respectively, a cum= product
stream or an ethylbenzene product stream as a net overhead liquid (i.e.,
after returning a reflux portion) or lower boiling fraction. [00281In the
illustrative embodiment shown in FIG. 1, a hydrocarbon feed stream 2
comprising both of the polyalkylated aromatic transalkylation agents,
namely DIPB and TIPB, is transalkylated according to methods of the present
invention. Hydrocarbon feed 



25stream 2 may be obtained as the bottoms product of an upstream cumene
column (not shown) used in the product separation section of a curriene
production process. The cumene column is generally used in such processes
to recover the cumcne product stream as a net overhead product. As
discussed above, hydrocarbon feed stream 2 will typically contain from 3%
to 10% by weight of the TIPB, with the balance being substantially DIPB.
Smaller amounts of 30higher boiling components (collectively referred to as
heavy hydrocarbons or heavy ends) and lower boiling components and may be
removed as bottoms stream 16 and overhead stream 14 and from
diisopropylbenzene column 100, respectively.  100291The diisopropylbenzene
column 100 is used to fractionate the hydrocarbon feed stream 2 to provide
two separate transalkylation feed streams 4, 6, which are enriched in DIPB
and TIPB, respectively. These first and second, separate transalkylation
feed streams 4, 6, as shovvn, may be taken as side draws from
diisopropylbenzene column 100, with the second feed stream 6 enriched in
the higher boiling polyalkylated aromatic, T1PB, being removed at a lower
stage 10 of diisopropylbenzenc column 100, relative to the stage 8 at which
the first feed stream 4 enriched in the lower boiling polyalkylated
aromatic, D1PB, is withdrawn. [00301As illustrated in the embodiment shown
in FIG. 1, a benzene stream 12a and the 10second transalkylation feed
stream 6 enriched in TIPB are fed to the top of transalkylation reactor
200, which contains two beds 50, 60 of separate, first and second zeolitic
catalysts. After transalkylation feed stream 6 and benzene stream 12a are
combined, the resulting combined feed stream 14 flows downwardly through
transalkylation reactor 200, contacting both beds 50, 60 of zeolitic
catalyst. As depicted in FIG. 1, therefore, transalkylation reactor 15 200
is a two-bed downflow type reactor with an interbed addition point for
tnuisalkylation feed stream 4, enriched in D1PB. In the combined feed
stream 14, the benzene : TIPB molar ratio is generally in the range from
2:1 to 100:1, and often from 5:1 to 100:1, at the inlet of transalkylation
reactor 200, which is located at the top of this reactor in the embodiment
of FIG. 1. The temperature of the combined feed stream 14 at the inlet of
this reactor is 20preferably from 100C (212F) to 200C (392F). The combined
feed stream 14, as well as feed stream 4 (optionally after the addition of
a separate benzene feed stream 12b) may be heated to a desired temperature
in this range using a heat exchanger (not shown). [00311In the embodiment
illustrated in FIG. I, therefore, a first transalkylation reaction zone
through which the combined feed stream 14 (comprising the second
transalkylation feed 25stream 6, enriched in TIPS) is passed, comprises
both of the catalyst beds 50, 60. The first transalkylation feed stream 4,
enriched in D1PB is fed to a second transalkylation reaction zone
comprising only the second zcolitic catalyst bed 60 of the stacked, 2-bed
transalkylation reactor 200 employing both beds 50, 60 of zeolitic
catalyst. Optionally, an additional benzene stream 12b may be combined with
the first transalkylation feed stream 6 enriched in 



30TIPB, upstream of transalkylation reactor 200. lEn the arrangement of
first and second transalkylation zones in the embodiment illustrated in
FIG. 1, the first zcolitic catalyst bed 50 preferably comprises Y zeolite
(e.g., the modified Y zeolite known as Y-85), UZM-8 zeolite,  or a
combination of UZM-8 and beta zeolites, In other preferred embodiments, the
second zeolitic catalyst bed 60 comprises beta zeolite, The use of such
zeolitic transalkylation catalyst beds advantageously reduces the formation
of byproducts and particularly ethylbenzene, as discussed above. 5100321By
using separate transalkylation reaction zones (i.e., a first zone
comprising two zeolitic catalyst beds 50, 60 and a second zone comprising
only one of the two beds) the reaction zones can be better tailored to the
different transalkylation feed streams 4, 6, compared to the case where
only a single transalkylation feed stream is generated in the upstream
diisopropylbenzene column 100. This allows for improved conversion to,
and/or 10selectivity for, the desired transalkylation reaction that
produces additional cumene in the transalkylation reaction zone effluent
18. This effluent 18 is then advantageously combined with an effluent from
an alkylation reaction zone used to allcylate benzene with propylene to
produce cumene. These effluents are optionally combined after the removal
of light components such as propane and/or water from this alkylation
reaction zone effluent using 15distillation. The combined effluents are
then generally passed to the product separation section of the combination
alkylation zone/transalkylation zone cumene production process as described
previously. [00331FIG. 2 illustrates an alternate, representative method
for transalkylating the hydrocarbon feed stream 2, as described with
respect to the embodiment illustrated in FIG. 1. 20Again, the hydrocarbon
feed stream 2 is fractionated in diisopropylbenzene column 100 into two
separate transalkylation feed streams 4, 6 enriched in DIPB and TIPB,
respectively. However, these feed streams 4, 6 are sent to separate
transallcylation reactors 200a, 200b, Benzene stream 12a is combined with
the second transalkylation feed stream 6, enriched in TIPB to provide
combined feed stream 14a that is passed to the inlet of first
u:ansalkylation  25 reactor 200a, such that the first transalkylation
reaction zone comprises only the first bed 50 of zcolitic catalyst,
preferably comprising Y zeolite. A second transalkylation reaction zone
comprising only the second bed 60 of zeolitic catalyst, preferably
comprising beta zeolite, is used to react benzene stream I 2b and first
transaLkylation feed stream 4, enriched in DIPB. 100341 In the embodiment
illustrated in FIG. 2, benzene stream 12a is preferably 30combined with the
transalkylation feed stream 6 enriched in T1PB to provide a benzene : T1PB
molar ratio from 2:1 to 25:1, and often from 5:1 to 25:1, at the inlet of
the first transalkylation reactor 200a. These preferred ranges of molar
benzene : T1PB ratios, as well 



as the general ratios discussed above, are the same as the general and
preferred ranges of molar benzene : DIPB ratios at the inlet of the second
transalkylation reactor 200b. The temperatures of the combined feed streams
Ma, 14b at the inlets of their respective transalkylation reactors 200a,
200b arc preferably from 100C (212F) to 200C (392F) in 5each case. In the
embodiment illustrated in FIG. 2, the separate transalkylation effluent
streams 18a, 18b may then both be combined with the effluent from an
alkylation reaction zone as discussed above, if the transalkylation
reaction zones 200a, 200b are to be integrated with an alkylatiort reaction
zone in an overall, combined process thr cumene production. 100351Thus,
according to the embodiments of FIGS. 1 and 2, the transalicylation
reaction 10zone effluent streams (stream 18 in FIG. 1 and streams 18a, 18b
in FIG. 2) can contain relatively fewer byproducts of the transalkylation
reaction, compared to cases where separate transalkylation feed streams
enriched in different polyalkylated aromatic transalkylation agents are not
obtained (e.g., via fractionation). Byproduct reduction is therefore a
consequence of using different transalkylation reaction zones for the
different transallcylation 15feed streams. For example, separate catalyst
beds, such as beds 50, 60 shown in the embodiments illustrated in FIGS. 1
and 2, will generally comprise different catalysts that are tailored to
each of the separate transalkylation feed streams 4, 6. It is also
recognized, however, that even if the catalyst beds 50, 60 contain the same
catalyst, it is still possible for other conditions, such as temperature,
residence time, and/or benzene : polyalkylated 20aromatic compound molar
ratio, (e.g., in the case of the catalyst beds being in a common reactor,
as in the embodiment illustrated in FIG. 1) to provide different
transalkylation reaction zones when the transalkylation feed streams are
fed to different points of the reactor. 100361In the case separate
reactors, as used in the embodiment illustrated in FIG. 2, different
catalyst types, temperatures, pressures, residence times, molar ratios,
and/or other 25parameters can be used individually or in combination to
provide the different transalkylation reaction zones in order to reduce
transalkylation zone byproduct formation. The use of conventional pressure,
flow, and temperature control systems (e.g., including combined feed
heaters or heat exchangers), which are not shown in FIGS. 1 and 2, can be
used to maintain desired conditions in the different transalkylation
reaction zones to reduce byproduct 30formation. The reduction of byproduct
ethylbenzene, for example, is of important commercial interest due to its
having a similar relative volatility to that of cumene, causing it  



to co-boil with cumene product in the cumene column, thereby reducing
cumene product purity. [0037]It will be appreciated that the embodiment
illustrated in FIG. 2, utilizing separate transalkylation reactors, allows
independent control of benzene flow to each transalkylation 5reaction zone.
The advantages and disadvantages associated with any particular flowscheme,
in terms of the degree to which reaction zone conditions may be controlled
as well as other parameters, for example, benzene usage and catalyst
requirements, will be apparent to those having skill in the art and
knowledge gained from the present disclosure. It will also be appreciated
that various changes can be made in the above processes without departing
from 10the scope of the present disclosure. Mechanisms used to explain
theoretical or observed phenomena or results, shall be interpreted as
illustrative only and not limiting in any way the scope of the appended
claims.  CLAIMS: 1. A method for transalkylating a hydrocarbon feed stream
comprising first and second polyalkylated aromatic transalkylation agents,
the method comprising:  (a) separating the hydrocarbon feed stream to
provide a first transalkylation feed stream enriched in the first
polyalkylated aromatic transalkylation agent and a second transalkylation
feed stream enriched in the second polyalkylated aromatic transalkylation
agent; and  (b) passing the first and second transalkylation feed streams
into different transalkylation reaction zones. 2. The method of claim I,
wherein the different transalkylation reaction zones are within a common
reactor. 3. The method of claim 1 or 2, wherein the different ansalkylation
reaction zones are within separate reactors. 4. A method for
transalkylating a hydrocarbon feed stream comprising diisopropylbenzene
(DIPB) and triisopropylbenzene (TIPB), the method comprising:  (a)
fractionating the hydrocarbon feed stream to provide a transalkylation feed
stream enriched in DIPB and a transalkylation feed stream enriched in TIPB;
and  (b) feeding benzene and the transalkylation feed stream enriched in
TIPB to a first transalkylation reaction zone comprising beds of first and
second zeolitic catalysts; and  (c) feeding the transalkylation feed stream
enriched in DIPB to a second transalkylation reaction zone comprising the
bed of the second zeolitic catalyst. 



5. The method of claim 4, wherein the first zeolitic catalyst comprises Y
zeolite, UZM-8 zeolite, or a combination of UZM-8 and beta zeolites and the
second zeolitic catalyst comprises beta zeolite. 6. A method for
transalkylating a hydrocarbon feed stream comprising diisopropylbenzene
(DIPB) and triisopropylbenzene (TIPB), the method comprising:  (a)
fractionating the hydrocarbon feed stream to provide a transalkylation feed
stream enriched in DIPB and a transalkylation feed stream enriched in TIPB;
and  (b) reacting benzene with the transalkylation feed stream enriched in
TIPB in a first transalkylation reactor; and  (c) reacting benzene with the
transalkylation feed stream enriched in D1PB in a second transalkylation
reactor. 


