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| NVENTI ON [ 00011The present invention relates to nethods for

transal | cyl ati ng hydrocarbon feed streans, and particularly those
containing two or nore pol yal kyl ated aromati ¢ conpounds 5obtained fromthe
production of nonoal kyl ated aromati ¢ conmpounds such as cunene and

et hyl benzene, in aromatic al kyl ati on processes. DESCRI PTI ON OF RELATED ART
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industrially on a large scale. One commercial 10application is the
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the required sensible heat. The genéeral design and operation of aronmatic

al kyl at iethylppmeenss segromatic kiglation pagosts.n t hese aromatic al kyl ati on
processes, as the nolar ratio of aromatic substrate (e.g., benzene) per

ol efinic al kyl ati on agent Y i s, currently avail able
20cat al ysts typically exhi m&%3@@§?§&%ﬁr&%mo t he desired
nonoal kyl ated aromati c conpound (e.g., cunene). However, even at a high
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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.
[0003] In these aromatic alkylation processes, as the molar ratio of aromatic substrate
(e.g., benzene) per olefinic alkylation agent (e.g., propylene) increases, currently available
20 catalysts typically exhibit improved selectivity to the desired monoalkylated aromatic
compound (¢.g., cumene). However, even at a high molar ratio of aromatic substrate per
olefin, dialkylated aromatic compounds (e.g., diisopropylbenzene, DIPB) and trialkylated
aromatic compounds (e.g., triisopropylbenzene, TIPB) accompany the production of the
desired monoalkylated aromatic compound. While these polyalkylated aromatic compounds
25 represent 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. Transalkylation thereby effectively produces an additional
amount of the desired monoalkylated aromatic compound, using as transalkylation agents the

30 polyalkylated aromatic products of aromatic alkylation, as discussed above. The so-called



30pol yal kyl ated aromati c products of' aromatic allcylation, as discussed
above. The so-called conbination processes, involving both al kylation and
transal kyl ati on, can therefore significantly inprove nonoal kyl ated aromati c
cornpound production. 00041l n such al kyl ati on zone/transal kyl ati on zone
conbi nati on processes, the aromatic substrate (e.g., benzene) is normally
used in stoichiornetric excess in both reaction zones. A 5common way for
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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.
[0005]  In arepresentative aromatic alkylation process for producing the monoalkylated
aromatic compound cumene, for example, liquid benzene and liquid propylene are charged
25  into 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
30  components 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



The depropani zer columm bottons is then conbined wwth the effluent fromthe
transal kyl ation reaction zone conprising a transal kyl ati on catal yst. As

di scussed above, non-sel ective polyal kylatcd aromatic products of the

al kyl ation reaction, nanely DIPB and TIPB, are reacted with benzene in the
transal kyl ati on reaction zone to produce additional nonoal kyl atcd aromatic

product, in this case cunene. 100061l n this representative nmem production
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20 higher boiling fraction of the upstream cumene 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 diphenylalkanes, are normally removed in the bottoms stream or

25 higher boiling fraction of the polyisopropylbenzene column, The collective heavy ends may
be cooled and sent to storage.

[0007] In 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

30 product. 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 alkylaromatic production processes and catalysts used in these



30product. These objectives, relating to inproving the product yield and
product purity, are addressed by limting the overall _ production of
byproducts in the conbinati on processes descri bed above. Vari ous

al kyl aromati e producti on processes and catal ysts used in these processes,
along with their associ ated advantages are descri bed, for exanple, in US
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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 are reduced.
[0009] In the case of an aromatic alkylation process for producing cumene
20 (isopropylbenzene) from propylenc and benzene, for example, both the alkylation and
transalkylation reactions produce byproduct ethylbenzene (EB). 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
25 associated with the construction and operation of conventional alkylation/transalkylation
cumene production plants.
[0010] According 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 diisopropylbenzene and triisopropylbenzene (DIPB and TIPB), into
30 separate streams enriched in DIPB and TIPB, respectively. These streams are then sent to

separate transalkylation reaction zones where reaction of these polyalkylated aromatic



cunene production plants. 100101According to enbodi ments of the present

i nvention, the production of byproduct EB is reduced by fractionating di-
and tri-al kyl ated aromati c products of benzene al kylation with propyl ene,
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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
20 bottoms stream from the product separation section of a representative ethylbenzene
production process.
[0012] These and other aspects and features relating to the present invention are apparent

from the following Detailed Description.
BRIEF DESCRIPTION OF THE DRAWINGS

25 [0013]  FIG. 1 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, are separated using distillation and fed to
different transalkylation reaction zones within a common reactor.

[0014] FIG. 2 depicts an alternative embodiment in which the separated transalkylation

30  feed streams enriched in DIPB and TIPB are fed to different transalkylation reaction zones

within separate reactors.



BRI EF DESCRI PTI ON OF THE DRAW NGS 25100131FI G | depicts a transal kyl ati on
section of a representative cunene production process, in which
transal kyl ati on feed streans enriched in different polyal kylated aromatic
transal kyl ati on agents, nanely DI PB and TIPB, arc separated using
distillation and fed to different transal kyl ati on reaction zones within a
common reactor. 100141FIG 2 depicts an alternative enbodi nent in which the
separ at et spns aﬂh%mte Ir&erc%QJ RBALES hRANEB RNILGREE e Ratib BBsIf: FdRRcar e fed
to different transal kylation reaction zones wthin separate reactors.
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al ky0 at i pnthzionpdcifiansal | cyl ati on zone processes descri bed above and used in
t he production of cunene or ethyl benzene, benzene is the aromatic

al kyl ati on substrate of princi | | kyl - 15substituted
benzenes may be used. Al so, n@%ﬁ%ﬁbﬁ@gﬁ(?ﬁc allcylation substrate
may be used. Mbnool efins are principally used as the ol efinic al kylation

agent, 1ob16}i ol @f hfdsnatipalkypitRhipiscesRE 8lioH HNRe ByAbiASRLIROASon and substi t ut ed
hydrocarbons can be used. The olefinic al kylation agent preferably contains

2 or 3 canp@anspliohetionsione prasesses desgtibedyalioveng usag ipghe production of cumene or
ethylbenzene, benzene is the aromatic alkylation substrate of principal interest, but alkyl-

15 substituted benzenes may be used. Also, more than one aromatic alkylation 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

20 agents, and these are used, respectively, the in aromatic alkylation processes for the
production of cumenc and ethylbenzene, respectively. More than one olefinic alkylation
agent may be used.

[0017] The polyalkylated aromatic transalkylation agents, which accompany the
production of the desired monoalkylated aromatic compound, transalkylate with the

25  alkylation 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., DIPB and diethylbenzene) and trialkyl benzenes (e.g., TIPB

30  and tricthylbenzene) are the principal polyalkylated aromatic transalkylation agents in

processes for producing monoalkylated benzenes (e.g., cumene and ethylbenzene) as the



carbon atons may be used. Propyl ene and ethylene are the preferred olefinic
al kyl ati ng 20agents, and these are used, respectively, the in aromatic

al kyl ati on processes for the production of cunene and et hyl benzene,
respectively. Mre than one olefinic al kylation agent may be used.

[ 00171The pol yal kyl ated aromati c transal kyl ati on agents, which acconpany
the production of the desired nonoal kyl atcd aronmati ¢ conpound,
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o oduct s PpY|en0 @B andalen i SBhont Wi L RIS, 20 IIPR,
sub$d r ataadaiiBBathat eastmpangbéresse alkidutiogrand §2) thaprddaeti@odfahiptmiasbar omat i ¢
transal kyl ati on ent . F 00%8' As dj scusse bove, w dely practiced

hydr ocarbon?t 073 Vet 3§’J‘§’é%a‘t DX nsal OB PERYHENS Wifint i on i s

applica r;éqing | 2 | ne with
pr opyl e?g}gﬁﬁc}g %é/n%%?%gggﬁ lgyl at ?%r%@%éf)ént@#ggl ﬁg)e%é’etxﬁﬂ E%F ?/(itcg g%? g%g%%gﬁ(genes
(e.g.. DRiBkatidardhnidmePyroduttion acaoersampiarp provessusal ky fuathiepitlustaatd te2) t he

ARG O N G N T
tripg hylfieszeagd 2t hatth&eGNERARYe RRMOEY SredbKihRbIKYRtioP S FRAGoBI B flclion 1S an
exenpl ary process used to further illustrate the invention, particularly
Wi th respesns eampisung fiest end sagordriviodiatie ttagsaditylativn dgeuenit isoumdetstoud that they
may be readily integrated into combination alkylation zone/transalkylation zone processes
described above for either cumene or ethylbenzene. Also, while the embodiments of FIGS. 1
and 2 illustrate the separation of a hydrocarbon feed stream into two transalkylation feed
20 streams, 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.
[0019] Embodiments of the invention are therefore broadly directed to methods for
transalkylating a hydrocarbon feed stream comprising first and second polyalkylated aromatic
25  transalkylation agents. The methods comprise () 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
30 ofeach 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

strcam. Typically, the separate transalkylation feed streams are enriched in components (i.c.,



15FIGS. 1 and 2. As these illustrative nmethods are for transal kyl ati on of
hydr ocarbon feed streans conprising first and second aromatic

transal kyl ati on agents, it is understood that they may be readily
integrated into conbination al kylation zone/transal kyl ati on zone processes
descri bed above for either cuncne or ethyl benzene. Al so, while the

enbodi nents of FIGS. 1 and 2 illustrate the separation of a hydrocarbon
feed st r&mrﬁrbtnir(scctom potyaligadtky traddalkyldtieadeaisivs dm&llaﬁ&h'cblu*ﬁﬁw @aRRNgCi at ed
t hat nor N two separate feed str gﬂfé{ ﬁaw ng different conpositions
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be
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transal kyl ati oh feed strea are taken as side draws a opriate stages
f r om t hesasdlRyletpe el seeamnsitidiffatnidocativny aloag ite ﬁehﬁomeoguh((é g epa rdeftdromt

sections ?E&ﬁ% géane or et hyl benzcne prodyction processes. For exanple, the
t ransal K@t3 E %?yeé"n‘?‘@hw?t&‘? riSﬁLiQ S B\ReAtabst p Hpper dnd W‘P’a{?‘&ﬂm
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draw at a stage above that fromwhich the transa at1on stream’
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catalyst).
25 [0021] In general, but not necessarily, the different transalkylation feed streams that are
separated (¢.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 (c.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
30 one of a class of aluminosilicate molecular sicves 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:



For exanple, these zones may be in a common reactor, which is fed by the
separated transal kyl ation feed streans at different |ocations along the
reactor length (e.g., into different catal yst beds, which may or may not
conprise the sane catal yst, in upper and | ower reactor 20sections), whereby
the upstream feed contacts the sane catal yst bed as the downstream f eed,
after passing over an upstream catal yst bed. Alternatively, the different
transal kyl ati on reaction zones M&y,00&L,03:xSEP2YRYCE reactors, such that the
first and second transal kyl ation feed streans do not contact the sane
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which th a Th S
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equi val ent s 0 S des ribed in US 4,891, 458 and 5, 081, 323.
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transal kyl ati on catalyst. In any olitic transal kylation cataly t he
zeol i t e alemigenardanixyurps teeof bemg@artmubmkytprdbrradl Ae*amtcsdiﬁ%vbycmﬂncg ht, and
often i [ | east of t h t ot cat st wei ght,
with th r%ﬁ?@%ﬁm? ﬁ£%§[0085§1(§§9% ﬂ’&%é\,\gﬁgéﬁup‘&ﬂ? 8’?%} PP %fnl@(’%%de bi nder .
A pr ef erdoffhrided 164 zéotit @AM BumMald} sURATHRIRY UTH fderaBltBe zeolites described

above are also suitable for use as alkylation catalysts in combination alkylation

25  zone/transalkylation zone processes as described above.
[0023]  Ina preferred embodiment of the invention associated with a combination
alkylation zone/transalkylation zone process for the production of cumene, a transalkylation
feed stream enriched in TIPB is fed to a transalkylation reaction zone comprising a zeolitic
transalkylation catalyst comprising Y zeolite, UZM-8 zeolite, beta zeolite, and combinations
30 thereof. 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 zeolites for

this transalkylation zone is a combination of UZM-8 zeolite and beta zeolite. Also, it is



alum na, and m xtures thereof being particularly preferred. A
representative zeolitic transal kyl ati on catal yst conprises Y zeolite and an
alum na or silica binder. Another conprises beta zeolite and an al um na or
silica binder. In general, the zeolites described above are also suitable
for use as al kylation catalysts in conbination al kyl ation

25zonc/ transal kyl ati on zone processes as descri bed above. 100231In a
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trapgal ion i &, %ﬁ!lﬁ RVOLQ i T
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co n?? ne nzto%e Seﬂfu%ne %pﬁ&?a?@”a?t&i pe%o%%l g\ﬁt@{t 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

30  transalkylation 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.
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fromthis alkylation reaction zone effluent using distillation. The

al kyl ati on reaction zone effluent and transal kyl ation reaction zone

ef fluent(s) nay be conbined prior to or during distillation to enrich a
| ower boiling fraction in the aromatic al kyl ati on substrate used in both
the al kylation and transal kyl ati on reacti on zones, For exanple, these

al kyl ati on and 30transal kyl ati on reaction zone effluents may be conbi ned

upstreami26p beTieeet 4l sepFhdusRPakPlatiGRYE sHBIRAGH AHoRIAT BRBeAFoAN.
overhead or |ower boiling fraction as discussed above. [0026]The first and

second t FERe WK9duatiopnmpy bejcrriched s DIRE anh TIRE: patranspikyladion agonts,cunene
producti on... nricr (N, : ) . alkyl ation agents,
respecti 8%?%/&&%[#) g%gﬁggcﬁgﬁﬂrd&@%b?gggt h? @r%n‘;e_nﬁ%%@ﬁé‘élﬁgﬁ cpﬁ%éﬁ%({ ?CSPlr,ldat he first
and secotransatkyhsioh Kyddadticams heghesinriehdtbiniiothyiberehd embdicthylsbngéley| benzene
and triet h%/l benzene, 5 respectively. In a representative enbodi nent,

t her &f or EsPeqtizelyy, ip arerseseataiye crbedigent therefore degnumbss of alkyl gravesofthe mat i ¢
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to 10% b d%ibmﬁth SSidedhe Hetand W&w@%%@ylawev g strgpmy Wél(l RPghE
boi I'i ng, caiRGRdeRhared 395 b Rx‘%@%}ﬁ” BB 3% o4 kil : %
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prod@ss by waighbofi fheddghrebeilingosheond polyplkplhesisir¢matiy trammalkglakiph agémite.g.,

zonel/ transal k%)l g;ti on gone conbi nati on process as descri bed above), the

hydr ocar O PFERPLEFEAm cont ai ni ng both the first and second pol yal kyl at ed

15ar omat j0027F and@kieydagd bOAREE BliPeNOpIBhIONGRORES S84 é%h:flbél&%ﬁé pRIdL&RM of
t he product separation sections (downstreamof the al kylation and

t ransal kgioagss 6hg emelkytion sprstyarshlkyitior zorsgenhipatmngrormss acdakiihddat i on
processes, Jcunen roduction proces r,an et hyl benzene production
process, g?l:fg%ahﬁgfoe‘faﬁioﬁletgﬂ#%?eggla(fog%aﬁmp%@88%@? ﬁ&ﬁ@ﬂ%@e‘:ﬂgé PRy a%éf?a?% froma
cuntfie cabtwatic ainsalkytitioylapens asen Bl doMprisé £ PrR‘Eds\Eatam of BRSRodicEt i 1 ation
colums are 20typically used to_recover, respectively, a cunF product

st r eam ofP&iFtieR pRetipRhidenasiseasy otihe sllydaionand srapsalkdgteantisaetionizgues) of these |
R A A s S
conpr i siprgdintioh pedcebd) Comuxlaynplos Heettydeo artnetdCsticamnaay by thRtboabmagem &
nanely DIPB and TIPB, is transal kyl ated according to nethods of the present
i nvent i gMoRg gelyemy ¢iom stiydbenzene column, respectively. T%_ese distillation columns are
20 typically used to recover, respectively, a cumene product stream or an ethylbenzene product
stream as a net overhead liquid (i.e., after returning a reflux portion) or lower boiling fraction.
[0028] In 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
25 stream 2 may be obtained as the bottoms product of an upstream cumene column (not shown)
used in the product separation section of a cumene production process. The cumene column
is generally used in such processes to recover the cumene 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
30 higher 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.
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25stream 2 may be obtained as the bottons product of an upstream cunene
colum (not shown) used in the product separation section of a curriene
production process. The cumene colum is generally used in such processes
to recover the cuntne product stream as a net overhead product. As

di scussed above, hydrocarbon feed stream?2 will typically contain from 3%
to 10% by weight of the TIPB, with the bal ance being substantially DI PB.
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t he higher boiling polyal kyl ated aromatic, T1PB, being renoved at a | ower
stage 10which dhd fér@pfcoéyﬂr@@né endiclsdlin the looor bmbn&polwkvgtqdw@or@@fag ®18Bats whi ch
the firsg. t%fred stream 4 enriched in the |lower boiling polyalkyl ated
aromaticy PE™ i s withdrawn. [ 00301As illustrated in the enbodi ment shown

in FIG [bo3® be M&aNgstaiddeiathd &abaiithehtibohaSL OOl latRiSdlckyreahi 108 ahé
stream 6 enriched in TIPB are fed to the top of transalk | ati on reactor
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feed stream 14 stream 4 (optionally after the addition of
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transal Kyl ation feed 25stream 6, enriched in TIP assed, conprises

bot h of fe¢rbstrcated mlobelbsafm thfﬁ@idlmneoffa ses@rdtermz@cm tretam 2 naxtheeam 4,
enriche transal Iat| on _react i one
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catal yst. Optionall an additjonal benzene stream 12b may be conbined with
the fir<one thapugh wmchtthwm@@@ ed staeans 14 fronanising the second transalkylation feed

25  stream 6, enriched in TIPB) is passed, comprises both of the catalyst beds 50, 60. The first

transalkylation feed stream 4, enriched in DIPB is fed to a second transalkylation reaction
zone comprising only the second zeolitic 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
30  TIPB, upstream of transalkylation reactor 200. In the arrangement of first and second
transalkylation zones in the embodiment illustrated in FIG. 1, the first zeolitic catalyst bed 50

preferably comprises Y zeolite (e.g., the modified Y zeolite known as Y-85), UZM-8 zeolite,
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30TI PB, upstream of transal kyl ation reactor 200. | En the arrangenent of
first and second transal kyl ati on zones in the enbodinent illustrated in
FIG 1, the first zcolitic catalyst bed 50 preferably conprises Y zeolite
(e.g., the nodified Y zeolite known as Y-85), UZM 8 zeolite, or a

conbi nati on of UZM 8 and beta zeolites, In other preferred enbodi nents, the
second zeolitic catal yst bed 60 conprises beta zeolite, The use of such

zeol i ti Cot 4 aaabinkdraéf OAVCRLA béth zRRHSs, A\ PETFOHS] ImBARRMERS, thhSedoggmat i on
of byproducts and particularly ethylbenzene, as discussed above. 5100321By
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u: ansal kyl at AR tor 200a, such that the first transal kyl ation
reacti onk%zdg%]dgﬁ)gg %%iuéggp'onl y the first bed 50 of zcolitic catal yst,

pr ef er al0933jonpFIGi Dfludtraieohn flecrnde,yepremshtdtivamsahdd/foatiaplkyeatiy thd zone

conprisi,ng only the second bed 60 of zeolitic catalyst, preferably_
conpri si ‘\%’3@?@{ nfged ftfcam 4,48 ég%al%ﬁgwrﬂéa@%pe@éﬁ Hgrrembydimans lustimtedia FIG: 3¢

tr appal kydad iR : ri ghed in Dl PR , A : i rent
| phg AL A -itﬁ@*&?%gg“é,ﬁ‘g‘[)%ﬁ?éﬁ%m@?#‘%ﬁ?n~‘f’é‘%@.“?&Eﬁ*’é’fpel‘ﬁ%bi?%‘z%c%ﬂﬁ?ﬁg@@ﬁét h the
t r ansal Kybatpanateitmashlkylattamiesd sincansive & dnnicH&PR DIPBoamVTI#8, ecspenizelye : T1PB
molar rgtio from 2: 0 25:1, and often fromb5:1 to,25:1, at_the_ inlet of
the fir OW?Vgﬁég%Sﬁj%%éﬁt@ﬁﬂlﬁ éaé@@rseabf@a%?pamf@é@n& Bylationirastargdd9aot0thel ar
benzene BenldfFtfedil 199.is 85mMBbd with the second transalkylation feed stream 6, enriched in

TIPB to provide combined feed stream 14a that is passed to the inlet of first transalkylation

25 reactor 200a, such that the first transalkylation reaction zone comprises only the first bed 50
of zeolitic 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 12b and first transalkylation feed stream 4, enriched in DIPB.
[0034] In the embodiment illustrated in FIG. 2, benzene stream 12a is preferably

30 combined with the transalkylation feed stream 6 enriched in TIPB to provide a benzene :
TIPB 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 : TIPB ratios, as well
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as the general ratios discussed above, are the sane as the general and
preferred ranges of nolar benzene : DIPB ratios at the inlet of the second
transal kyl ati on reactor 200b. The tenperatures of the conbi ned feed streans
Ma, 14b at the inlets of their respective transal kyl ati on reactors 200a,
200b arc preferably from 100C (212F) to 200C (392F) in 5each case. In the
enbodi nent illustrated in FIG 2, the separate transal kyl ation effl uent
streans JS@e gdfthalTod A&HsQALBoRE a%ﬁ@'sﬁﬁgaé’whfe%cﬁ%, Sidf ProRAbd FQm 80

al kyl ation réaction zone as di scussed above, 1f the transal kyl ati on
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ratio, (Raflalkylafloh BRAISASEMOEnridhBd ﬁ?&i%lte)é&ﬁ E??Q&y&?éd%ofn@ti@tr%mﬁ%hﬁroﬁaCt or,

as in the enbodinent illustrated In to"provide differ
t r ansal kageatsiapnnotebttinah(czones frattematione. Byansmcksetdadtionns fleecfosta eans ar e

fed to different ints,. the reactar. 100361l n t.he, c separate . .
Feact or seonshiGRie ftsmenifeshh e oo sehon aupes forenetrciy bapgy Eyfption
cat ab ystfebd BeSamst %P@ia‘%ﬁplé,es‘éparﬁfe%ﬁal}'%s%edsﬂ SRhd8ess 50, WOShoWRkthe at i 0s,

and/ or other 25paraneters can be used individually or in conbination to
provi de amhoddingtte tlbmtrated amEHESy andi 2 il ganeraliincoroprass differgntieatalysss thetiarce

transal kyl ati,on_ zone byproduct f domn. The use of conventional, pressure,
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heat er s KywdVeR tha® ¥CHATHR SakalyMbbas5R 166 cBfainSIe Winé Bathily&iSit id stANfosdiblcRp be
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react i orPtherresditiony, suclces toyperstiuetresdinse time, ard/ombprmzersiolyadeyleted by pr oduct

o th b Lo PRTRU ol e PO LOChCHETIRLS. Bl LG 3l © 1
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.
[0036] In 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

25  parameters 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

30 formation. 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
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to co-boil with cunmene product in the cunene columm, thereby reducing
cunene product purity. [0037]1It will be appreciated that the enbodi nent
illustrated in FIG 2, utilizing separate transal kylation reactors, allows
i ndependent control of benzene flow to each transal kyl ati on 5reacti on zone.
The advant ages and di sadvant ages associ ated with any particul ar fl owschene,
internms of the degree to which reaction zone conditions nmay be controlled
as wel | ascobdiBwithimerd plouctfi® thetuaitat ColubRNARADYUEAGM PRI Rd Mt

requi renents, will be apparent to those having skill in the art and

know edgBUdi ned fromthe present disclosure. It will also be appreciated
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t heor et i trasalkyladios esaceds,phlows imizpcaient asitdol 6f bahald flde to edchrtpnedliegaticn
illustrative only and not limting in any way the scope of the appended

Cl ai 3. TeREtvEnt 1ha adhankagas ps digp ﬁgt&gmsaqqlﬁeﬁ yltﬁmf sericBan flowschesies eam
conpr i si paefhd $ttnhen ré@foowgi R XA K YR R d RSB B gk il Rrouggent s,
t he nethodcconprisiﬂ%: (a csé%é?%t%%%(? %ﬁﬁggﬁ% g?%@ﬁﬁﬁggd¥§§$%§2¥@%

provi de parhmetsts, forang@bley batzennusage dnd tatalash requironivath, mill bhepfaregtto those

pol yal ky] ated .aronatic transa | ation agent and a.second transal kyl ation
Peet st rRREHH EhBa oFr RG0Sl meH PAMF RESehFSIRbTc: 1 PANGSP kY1 at | on
agent; agbrediftdd BABeAlts Chshgel Eal bARHISRARY Qb&\fegﬂée:'l_gﬁ%wvﬁ%ﬂoﬁf‘d%ﬁ%gsﬁ&ﬁam

into different transal kyl ation reaction zones. Z. met hod of claiml,
whed@i n thscefiefdféhaepresant disslabley! Mdcbmismauscdda explaimshenretical phobseavedonmon
reactor. ,3. The neth f claiml or 2 erein the different ansal kyl ation
Feact + onP amTa PERAf, e Pie® o USRSk L Bor s BR in B3Ry the

t r ansal kydopé bNheAppotiiic@erihon feed stream conprising diisopropyl benzene
(DIPB) and triisopropyl benzene (TIPB), the nethod conprising: (a)
fractionating the hydrocarbon feed streamto provide a transal kyl ation feed
streamenriched in DI PB and a transal kyl ati on feed streamenriched in TIPB;
and (b) feeding benzene and the transal kyl ation feed streamenriched in
TIPB to a first transal kyl ati on reaction zone conprising beds of first and
second zeolitic catalysts; and (c) feeding the transal kyl ati on feed stream
enriched in DIPB to a second transal kyl ati on reaction zone conprising the
bed of the second zeolitic catal yst.



5. The method of claim4, wherein the first zeolitic catalyst conprises Y
zeolite, UZM 8 zeolite, or a conbination of UZM8 and beta zeolites and the
second zeolitic catalyst conprises beta zeolite. 6. A nethod for
transal kyl ating a hydrocarbon feed stream conprising diisopropyl benzene
(DI PB) anoCIEI‘?JiN?Séopropyl benzene (TIPB), the nethod conprising: (a)
fractionating the hydrocarbon feed streamto provide a transal kyl ati on feed
st r eam enrl- éneethedyfopirpmalinating & alrerarbry fegd seeant easprising disfrpechsecetsed in TI PB;
and (b) rrebetkykéedreematicdrapsaikylative agantsnthamefhiodicpoprifiegssd st ream enriched in
TIPB in a first transal kyl ation reactor; and (c) reacting benzene with the
transal kyl at i o@)fsehtive thedydeaarberhedd streaditPBraviviea feidionsilkytating &elly| at i on
r eact or. 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 1, wherein the different transalkylation reaction zones are within a
common reactor.

3. The method of claim 1 or 2, wherein the different transalkylation 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 DIPB in a
second transalkylation reactor.
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