-1- A PROCESS OF USING A H GH ACTI VITY CATALYST FOR THE TRANSALKYLATI ON OF
AROVATI CS BACKGROUND OF THE | NVENTI ON [ 0001] The present invention rel ates
to a process for the transal kylation of aromatics, particularly the
transal kyl ati on of polyi sopropyl benzeneqRl PB) with benzene to produce
cunene and the transal kyl ati on of pol yethyl benzene(PEB) w th benzene to
produce et hyl benzene. Ethyl benzene is a valuable cormodity chemcal and is
used in the production of styrene nononer. Cunene (isopropylbenzene) is

al so a val uabl e comodity chenical and is used in the production of phenol
and acetone. [ QQBRIOCESS OF USINGtMHMMtHVH\bCMAbYSWmEMEa l'i quid
phase al kyl ation proces ) , the presence of an

al kylation catalyst. Th = oSS £8S at a | ower
tenperature than its vapor phase counterpart Che advantage of the liquid
phase al kylation is a |ower yield of undesired by-products, polyal kyl ated
aromati ¢ conpound(s). The al kyl ation of aromatic hydrocarbon conpounds

enpl oyi ng zeglite ca) sts is known and understood in the art. U S. Patent

5,334, 795 deBAGKER OH- ‘HEJ'WI ation of benzene with ethylene in
t he presence g 2 2TI'1€ Equ&gqﬁ@enﬁhg ¥é1£’t%£' goezfl51 Erqce&ﬂgr hlreﬁrangaﬁk@%on 01‘.8 9 1 458

di scl oses i phase a ation and transa ation processes usin

zeolite bet aarOhQiﬁ@ﬁ]paZ’&@il&rﬂ}e-tllD&ﬁﬁdsaﬁé}ﬂtﬁiomeﬁ p@l;@opﬁ@gﬂﬁeﬁzetnbﬁ’IBB}(Wl&tl on of
benzene with pr opyI ene_to produce cunene. Pat ent 4, 992,606 discl oses a

process for DHEMIQ PEORIGHEHECHS | AHg th@wazﬁalkﬂat%af dwbﬁét%benpm&@
Co i al | | d
cumene typi oSt AR, B S085aCan BuldlE, HfHGIRE 0% afli BSHAGHE, 200

et hyl benzeneclnsicsluandeis Thal pal ytﬂal Ipydmatcﬁdn asoFRfrene aaciowd( sfumsey be
transal kyl ated wi th benzene or other al kyl atable aromatic conmpound(s) to
produce et hy(iprropsikengeng isento aTtiluable aoramopiyy shewiral aad tis awedriy te

acconpl i Shedp%uét‘fo%dd%eﬁ&eanﬁ%&%éfyl ated aromati ¢ conpound(s) through a
[0002] Presently, ethylbenzene is often produced by a liquid phase

alkylation process from benzene and ethylene in the presence of an alkylation
catalyst. The liquid phase process operates at a lower temperature than its vapor
phase counterpart. One advantage of the liquid phase alkylation is a lower yield of
undesired by-products, polyalkylated aromatic compound(s). The alkylation of
aromatic hydrocarbon compounds employing zeolite catalysts is known and
understood in the art. U.S. Patent 5,334,795 describes the liquid phase alkylation
of benzene with ethylene in the presence of MCM-22 to produce ethylbenzene;
and U.S. Patent 4,891,458 discloses liquid phase alkylation and transalkylation
processes using zeolite beta.

[0003] Zeolite-based catalysts are used in the alkylation of benzene with
propylene to produce cumene. U.S. Patent 4,992,606 discloses a process for
preparing cumene using MCM-22 in liquid phase.

[0004] Commercial alkylation processes for the production of
ethylbenzene and cumene typically produce certain polyalkylated by-products in
addition to ethylbenzene and cumene. The polyalkylated aromatic compound(s)
may be transalkylated with benzene or other alkylatable aromatic compound(s) to
produce ethylbenzene or cumene. This transalkylation reaction may be
accomplished by feeding the polyalkylated aromatic compound(s) through a

transalkylation reactor operated under suitable conditions and in the presence of a



transal kyl ati on reactor operated under suitable conditions and in the
presence of a -2- transal kylation catalyst. Al so, the polyal kylated aromatic
conpound(s) nmay be recycled to an al kylation reactor in the presence of an
al kyl ation catalyst that is capable of.ypperformng the transal kyl ation
reaction. The pol yal kyl ated aromatic conpound(s) typically include

bi - al kyl at ed benzenes (e.g., bi-ethyl benzene(s) or bi-isopropyl benzenes)
and tri-al kyl ated benzene(s) (e.g., tri-ethyl benzenes or tri-

i sopropyl benzenes). Commercial transal kyl ation catal ysts typically have bi -
al kyl at ed behzesulsyldwmveatslysin Adfo, ahe wblyalkylted/atom D@ edmPeunb(s) rhawbe

tri-al kylated benzenes cqnversion

.g., less than under .the sane
condi tions. FFecled paagAKKgHonsTaggipr spir preirece a%ﬁB?Y?fé@&ﬁ%yst pRaddar i ng
short chain %gﬁ Mo olite
catal ysts suc#{% W H%Q%IWIB d;%glr}lgatle Y gﬁhdeag&g%m?l betrgIfn %(? t he
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none of these, referepces contenpj e a _transal kyl atign rocess with a
transal kyl at SBWOE’E&’IPX{] BEenGH; 34 ﬁkﬂﬁﬁ%eﬁwe@sd% 6’67?6“35 PRENCS WiftFit ci ent t o
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tri-al kyl at ed conver fonin a-Tan fromabout 0.5

to about 2. alkgtatal E@ﬂﬂﬁsaﬂ‘ow&&bﬁfbﬁabMGO%%toSUWRYbLQHOWHE-aﬂWMﬂ ON
[ 0006] In one enmbodinent, this invention relates to a process, for._ _producing
an al kyl at ed DEPZSHEY FRIVEEHMD (M& 1958 HhB0EY aTt%) &B‘éf‘d the éﬁ’ﬁ?lf@nd’é@ﬁ%c;& fd( s)

havi ng bi -al I 0,

conmpound(s), I@égﬁ{prﬁ?s?rqgﬁr’p%& dig fc,f?ﬂ@s 418%(5‘?1 ]{]ﬁregé qi&%%{)ﬁpalk 8?51
conpound(s) WbinBotntie mig/M(KML@S afd alioaed bl zecﬂff@@um@(s&) sith & M(a\nsm kyl ation
condition in the presence of a transal kylation catalyst, wherein t he

transal kyl at izeslite é@t?@py@tYla@drmpmeahq%ﬁ)mh@iérranwdiﬁd@ttqrwfsthmdyaék}éﬁ@d to yield

a ratio of bi a mati ¢ conmpound(s) conversion over tri-alkyl ated
aromatic corrpa{)oggrll%](%c)()hl%ggrﬁ%fa on in a range of fromabout 0.5 to about 2.5,

preferably, agmmst 0.5 HRwdBRUlond. &, theMeRfHIBIRs RoRAHRDE W, traRfUylaBod tO
about 1, still nore preferably about
process with a transalkylation catalyst which is maintained under conditions
sufficient to yield a ratio of bi-alkylated aromatic compound(s) conversion over
tri-alkylated aromatic compound(s) conversion in a range of from about 0.5 to

about 2.5 at a temperature less than 300°C.

SUMMARY OF THE INVENTION

[0006] In one embodiment, this invention relates to a process for
producing an alkylated aromatic compound from polyalkylated aromatic
compound(s) having bi-alkylated aromatic compound(s) and tri-alkylated
aromatic compound(s), comprising the step of contacting alkylatable aromatic
compound(s) with the polyalkylated aromatic compound(s) at a transalkylation
condition in the presence of a transalkylation catalyst, wherein the transalkylation
catalyst is maintained under conditions sufficient to yield a ratio of bi-alkylated
aromatic compound(s) conversion over tri-alkylated aromatic compound(s)
conversion in a range of from about 0.5 to about 2.5, preferably, about 0.5 to
about 1.5, even more preferably, about 0.5 to about 1, still more preferably about
0.75 to about 1.25, and most preferably, about 0.9 to about 1.2. In another
embodiment, the alkylated aromatic compound is cumene, wherein the ratio of bi-

alkylated aromatic compound(s) conversion over tri-alkylated aromatic



0.75 to about 1.25, and nost preferably, about 0.9 to about 1.2. In another
enbodi nent, the al kyl ated aromatic conpound is cunene, wherein the ratio of
bi - al kyl ated aromati c conpound(s) conversion over tri-alkylated aromatic
-3- conpound(s) conversion in a range of3fromabout 0.5 to about 1,
preferably, about 0.5 to 0.9, and nost preferably, about 0.6 to about 0.09.

[ 0007] In another enbodinent, this invention relates to a process for
produci ng an al kyl ated aromati c conpound, conprising the steps of:
contacting an al kyl atabl e aromati c conpound with an al kyl ati ng agent under
al kyl ati on caedippind(s) convehgopiirseraoge of feom adbkyl 8151 onalbatt al, ystferably, pr oduce

| kyl ati ff havj | kyl d [ d d
ool yal kyt at e SHUARER ScTHIBEHATT obe it AG BroaEY T at e ar omat ¢
conmpound(s) 3@%'@“ - al gyl ﬁ{o%’era%%mg%@gﬁa?qwaﬁ% refigs §ON ?ﬁa‘cbﬁgﬁo&he

pol yal kyl at e mati c conpound eedstock having e al kyl atabl e
aromat i ¢ conpoodidtingarn dkylpied seomeaiccfongound, anspliking dbé siepsaHt al yst t o provi de
a transal kyl ation ef fl yent [ ch onprises additional alkylated aromatic
conpound, wher ei n PRERS éﬁ!@i‘&lﬁiaéfq g‘]_:%H@QP eﬂwuni Wi ﬁfla%lﬁﬁﬁaﬂ%ag?nt
conditions suffi clgitbe bikylith doflaitiofll 1 uff pRsllco Ui AkeHBh QEANSE 1o _
conpound(s) conversion over a tri- alkylat aromat 1 ¢ conpoun ) “conver si on

in a range of fromrahmetan@lislitmn efthoert havibg ah BQBYed aromatc asppaimdabhdany of

t he above enbodi ments, the transal kyl atio catal yst conprises at | east one
of MOM 22, MOM 36,Povraliviged vsomsge Compe )baicgf‘%{li‘%u}i’la?g%ﬂ%t,e BIOEEHC e,

PSH 3, SSZ-25, ERB- | TO:2, it e le Y (USY),
Deal uni ni zed Y, ﬁ?@pggg&}%dc%%%ye%@%dﬂ@c,CX%#P%‘,{@E 4, ZSM 18, ZSM 20,
and any conbi nati antabgtigahe pddO0R{lated @oprtt etongsbuadBpdivitend feddstdek s

invention, the transal kylation catalyst is zeolite Y. In another preferred
embodi ment of t hi S1@vingertbe oplkylatpble taramatig ksmoues i Hez PHSERE WAvAng a

zeolite type of FA. JiR0M), | OnPS SRGIIEN: bRkt RGP RYRT TS

cunene, the
comprises additional alkylated aromatic compound, wherein the

transalkylation catalyst is maintained under conditions sufficient to yield a
ratio of a bi-alkylated aromatic compound(s) conversion over a tri-
alkylated aromatic compound(s) conversion in a range of from about 0.5 to
about 2.5.
[0008] In one aspect of any of the above embodiments, the transalkylation
catalyst comprises at least one of MCM-22, MCM-36, MCM-49, MCM-56,
zeolite beta, faujasite, mordenite, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, zeolite
Y, Ultrastable Y (USY), Dealuminized Y, rare earth exchanged Y (REY), ZSM-3,
ZSM-4, ZSM-18,' ZSM-20, and any combination thereof.
[0009] In a preferred embodiment of this invention, the transalkylation
catalyst is zeolite Y. In another preferred embodiment of this invention, the
transalkylation is a zeolite having a zeolite type of FAU.
[0010] In one embodiment, the alkylated compound is cumene, the
alkylatable aromatic compound(s) includes benzene, and the polyalkylated
compound(s) include polyisopropylbenzene(s). In another embodiment, the
alkylated aromatic compound is ethylbenzene, the alkylatable aromatic
compound(s) includes benzene, and the polyalkylated aromatic compound(s)

inchudes polyethylbenzene(s).



al kyl atabl e aromati c conpound(s) i ncludes benzene, and the polyal kyl at ed
conpound(s) include polyisopropyl benzene(s). I n another enbodi nent, the

al kyl ated aromati c conpound is ethyl benzene, the al kyl atable aromatic
conmpound(s) includes benzene, and the polyal kyl ated aromati ¢ conpound(s)

i ncl udes pol yet hyl benzene(s). -4- [0011] In one aspect of any of above
enbodi nent, the transal kylation conditions include a tenperature of 150 to
260C and a pressure of 696 to 4137 kPa-a (101 to 600 psia), a WHSV based on
t he wei ght of the polyal kylated aromatic conpounds of about 0.5 to 100 hfl,
a nol e ratio [801tlhe al kipl encbspsct af enutdicaboyapmabmdiment: the pohspiiyiatioat ed

ti f 1:1 to 10:1. . h f f ab
anbod ment - TSgaBrSmeidh & e it D AsE 88 PR RRTIR o et o
range of aboutp.25 (Y41 %4 600Nt A OWHWY Hed BnBE @agﬁt?@ﬂ‘ 4RSPEGHIKPhtcany of

above enbodi nent, the bi-al'kyl'ated aromatic 1corrpound S) conversion is in
t he range of w@binatic 46mpourtdst of albontd.¥50 0. 16", p00oR] ratin efhtheadkdetablef any of
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al kyl at abl e aromati ¢ conmpound conpri ses benzene, the al kyl ating agent
conpri ses at dreastic EOmpoind{s)etonytmivg, is tim¢hgminge lok wbate2hb at.bérkt bloout 95

conpound(s) conprise pol yet hyl benzepes(s n anot her preferyed enpqdi nent,

t he alkylatedwg%bﬂgtyg %Uﬁﬁeﬁsogdwgnéfa#ﬁ@3§¥&V§§F5%IQ“hﬁbgﬁw?@aconpound
conpri ses be : : ] : l
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In one enbodiwe¥t of this invention, the al kylating agent conprises at

| east one of a _concentrated al kene feedstqck, a dilute al kene _feedstock, or
any conbi nat i wﬂfﬂhereoffill P fapect rﬁ’faﬁ%t?éﬁ‘eeﬁwai %]Pﬂcgmta% stg? r‘i"l)@ﬁﬁtioﬁn

relates to a oehi@dofPlises at least one of MCM-22, MCM-36, MCM-49, MCM-56, and
any combination thereof.
10014] In one preferred embodiment, the alkylated aromatic compound is
ethylbenzene, the alkylatable aromatic compound comprises benzene, the
alkylating agent comprises at least 10 mol.% ethylene, the polyalkylated aromatic
compound(s) comprise polyethylbenzenes(s). In another preferred embodiment,
the alkylated aromatic compound is cumene, the alkylatable aromatic compound
comprises benzene, the alkylating agent comprises propylene, and the
polyalkylated aromatic compound(s) comprise polyisopropylbenzenes(s).
[0015] In one embodiment of this invention, the alkylating agent
comprises at least one of a concentrated alkene feedstock, a dilute alkene
feedstock, or any combination thereof,
[0016] In another embodiment, this invention relates to a method for
retrofitting an existing an ethylbenzene or cumene plant(s) to produce
ethylbenzene or cumene.
[0017] In‘ another embodiment, this invention relates to a method for
retrofitting an existing an ethylbenzene or cumene plant(s) having a heat
integration between an alkylation reactor and a transalkylation reactor to produce
cthylbenzene or cumene. In another embodiment, this invention relates to a

method for retrofitting an existing an ethylbenzene or cumene plant(s) having a



retrofitting an existing an ethyl benzene or cunene plant(s) to produce

et hyl benzene or cunene. [0017] In another enbodinent, this invention rel ates
to a method for retrofitting an existing an ethyl benzene or cunene plant(s)
having a heat integration between an al kyl ation reactor and a
transal kyl ati on reactor to produce ethylbenzene or cunene. |In another

enbodi nent, this invention relates to a nethod for retrofitting an existing
an et hyl benzene or cunene plant(s) having a -5- de-coupl ed heat integration
bet ween an al kyl ation reactor and a transal kylation reactor to produce

et hyl benzene dwrcoughadnigeat iki0dion Hetaveen eimbaikiylagi reactvrr Santl nw avihdatkylativhat es to
a nethod for selecting, an _alkylation catalyst for a process have an
al kyl ati on sti&prtenfa psoducg gthylbeprencios sumetep, the net hod conprising the steps

of : (a) sele atr sI o of .zeolite
havi ng a gubb{% struc uor%e%b%éi &t#ﬁﬁth%éﬂﬂ?’%?tﬁwe%% gnegecclgﬁbl nation
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including tenperature and pressure to ensure to vyiel ratio o b|
al kyl at ed ardﬁﬁbi@@@hﬁ@%ﬁﬂ{’@m&%ﬂmpﬁn over a tri -aI kyl at ed ar omati c

conmpound(s) c ers, Qut and b
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cat al yst is sufficiently active to nmaintain at | east 90 nol’. % al kene

conversion at a techpigpht whereimnge tramsaikalsdion %@%@amﬁdth@dqreﬁmmrme of
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transal kyl ati on step, the nethod conpriSing the steps of: (a) selecting an
al kyl ation cat al ystontrmwid() eanviersét ingrrengsf o fNiTiv about cMozbout MEnndo,  MOM: 56,

and any comb Bt OB sl pEneLn AP i ALl on, E RIS MiayR o ned
MCM-49, MCM-56, and any combination thereof, wherein the alkylation
catalyst is sufficiently active to maintain at least 90 mol.% alkene
conversion at a temperature range from about 50°C below the temperature
of step (a) to about 100°C above the temperature of step (a).

[0019] In yet another embodiment, this invention relates to a method for

selecting a transalkylation catalyst for a process have an alkylation step and a

transalkylation step, the method comprising the steps of:

(a) selecting an alkylation catalyst having at least one of MCM-22, MCM-36,
MCM-49, MCM-56, and any combination thereof, wherein the alkylation
catalyst is maintained under conditions including temperature and pressure
to ensure at least 90 mol.% alkene conversion; and

(b) selecting a transalkylation catalyst having at least one of zeolite having a
zeolite structure type of FAU, *BEA, MWW, MTW, and any combination
thereof, wherein the transalkylation is sufficiently active to yield a ratio of
a bi-alkylated aromatic compound(s) conversion over a tri-alkylated
aromatic compound(s) conversion in a range of from about 0.5 to about 2.5
in a temperature range from about 100°C below the temperature of step (a)
to about 50°C above the temperature of step (a).

[0020] In one aspect of any above embodiments, the transalkylation

catalyst is maintained under conditions sufficient to yield a ratio of bi-alkylated



to ensure at |east 90 nol.% al kene conversion; and (b) selecting a

transal kyl ati on catal yst having at | east one of zeolite having a zeolite
structure type of FAU, *BEA, MWN MIW and any conbi nation thereof, wherein
the transalkylation is sufficiently actiye to yield a ratio of a

bi -al kyl ated aronatic conpound(s) conversion over a tri-alkylated aromatic
conpound(s) conversion in a range of fromabout 0.5 to about 2.5 in a
tenperature range from about 100C bel ow the tenperature of step (a) to
about 50C above the tenperature of step (a). [0020] In one aspect of any
above enbodi n@Binatic thiepdund(s) 2htsybasthavecai-akylatediasorfi® o orh e d@nees-
conditions sufficient to yield a ratio of bi-alkylated -6- aromatic
conpound(s) r@mstapRgrange fiEem ghoutH iip aberidt-ar omati ¢ conpound(s) rate-
constant in a range of fromabout 0.5 to about 4. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [ 0021] The present invention relates to a process of using

t hat exhi bi t SDEIAGEKPICDESICRIPITION OFSTHE NVENT8ON | ¢ act i vi ty as conpar ed
to conventional transalkylation catal yst. The catal yst conprises at |east
one of Mow 22[00RKMm 36, Thxmeagnt lmt% refaigs| ot & pheaces of élﬁﬂjﬂasth%tee?ihﬂhﬂsdenl te,
PSH 3, SSz-25 2 | Y, Utra

Deal um ni zed @exp%ﬁied}%al?l Q}%th 8“8@8 ty %I\?P%lpgl%@l\/k %\9?@&1 ZSM 20,

and any conbi igadshiRlatibh @htaBkt. Tﬁ@cétﬁlggt%hl@ﬂsag hﬂ@aﬁ@h@'oYMCW2MGM“ ned
under conditions sufficient to eoill eld aratio of bi-alk Iated aromati c

conmpound(s) cHRWMEM-49 MEM-56r reoditabetatfavjasite; oreadentech @335 @&Brer si on
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anot her enbodi ment, the al kyl ated aromatic conpound i's cuméne, wherein the
rati o of bi- aﬂhm;,cbﬁt"ﬂw teansalkylation eatabish  mpintomdentsico wonditions mfﬁabmwoat ed

aromati ¢ conmpaund(s versioon,in a ra omabaut 0.5 t
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[0022] A nol eaﬁ'an@ﬁc ToRpBuAN(B) EMVersiGP T 3l RRgdlbf! Ria labb¥P 08l BRI B8] ected
preferably, about 0.5 to about 1.5, even more preferably, about 0.5 to about 1, still

more preferably about 0.75 to about 1.25, and most preferably, about 0.9 to about
1.2. In another embodiment, the alkylated aromatic compound is cumene, wherein
the ratio of bi-alkylated aromatic compound(s) conversion over tri-alkylated
aromatic compound(s) conversion in a range of from about 0.5 to about 1,
preferably, about 0.5 to 0.9, and most preferably, about 0.6 to about 0.9.

[0022] A molecular sieve typically contains at least two elements selected
from the group consisting of Si, Al, P, Ge, Ga and Ti, most particularly selected
from Si, Al and Ti. Exemplary molecular sieves useful for transalkylation have
the structure types FAU, *BEA, MTW, MWW, and any combination thereof. See
“Atlas of Zeolite Structure Types”, W.H. Meier, D.H. Olson, C.H. Baerlocher,
Elsevier, 4th Edition, 1996, the disclosure of which is incorporated herein by
reference. Particularly suitable molecular sieves include zeolite beta, zeolite Y,
MCM-22, and ZSM-12.

[0023] The invention also relates to a process for producing a
monoalkylated aromatic compound wherein an alkylation step, carried out under
at least partial liquid phase conditions, an alkylatable compound is reacted with an
alkylating agent, to produce a monoalkylated aromatic end product as well as a

polyalkylated compound, which is separated and fed to a transalkylation process



fromthe group consisting of Si, Al, P, Ge, Ga and Ti, nost particularly
selected fromSi, Al and Ti. Exenplary nol ecul ar sieves useful for

transal kyl ati on have the structure types FAU, *BEA, MTW MAN and any

conbi nation thereof. See "Atlas of Zeol4te Structure Types", WH Meier,
D.H dson, CH Baerlocher, Elsevier, 4th Edition, 1996, the disclosure of
which is incorporated herein by reference. Particularly suitable nolecul ar
sieves include zeolite beta, zeolite Y, MM22, and ZSM 12. [0023] The
invention also relates to a process for producing a nonoal kyl ated aromatic

conpound whergep anhatrkydalidyilionstep whivhris akd peeferablidenduatd ieds tat Rastt | al

| i qui d phase conditions, an al kyl atabl e_conpound is reacted with_an

al kyl ating ageiial iayidpherseeonditivpnolieianlvalidatsd shdmredushds spfacied img wel | as
a polyal kyl I: [ | eyl ation
process -7- ?%@galﬁﬁﬁqﬁ?ﬁ%q? tr0 gﬁ’slghlgy#kgﬁ ?[gﬁgg{@gétﬁ\r}%ﬁgﬁg?%%a S%Fegg%gé’lf ébl y

conduct ed undemmsalkylaiés tcatabert td atodute ui Hohtidated oainpo@iis, Thbalkytdtipal kyl at ed
end product is contacted in a transalkylation reactor with an al kyl atabl e
aromatic conpddnidei transpkylatien eatelystt camprise aatdlarsk yngt ofoM @deZd WeEM-20.pr oduce

a nonoal kyl at el | kyl atd on . a t I [ cat al ysts
conpri se at I@g%\g 'QQEW'%&%E%%?@@? Slteﬁ/%ﬁﬁrggﬂ,qtew%@g% é(%%gﬁi EgBE)gt a,

fauj asite, nomden [eQ-PSobte SSZURRstabRBYL (USK],QDkalulnlifdzed 2.6 edrk t@rtY,
Utrastable Y (USY), Dealumnized Y, rare eart exchanged Y (REY), ZSM 3,
7S\ 4, 79M 19EER0Y (R aASMonBENaf SRV- | SokBdr20, 00 2Ry bSO
"aromati c" en. erd in reference to the al kyl atable conpounds which are
useful hereints to be understood in accordance with its art- recogni zed

scope whi ch ipetydes alkid 1D Sirbindti€d wRe 1488 UR Stefdrétice thonaOalkAREble
pol ynucl ear conpounds. Conpounds of an aromatic character that possess a

het er oat om aremnglospduwbichlarpuspfildweein frelp teoindotstandtin ascardangk yath iolrsons

RN R S S T AT TS T

such as al kyl giahlcRadcBiRpblEdC ORGHIHRds of an aromatic character that possess a
heteroatom are also useful provided they do not act as catalyst poisons under the
reaction conditions selected.
[0025] Substituted aromatic compounds that may be alkylated in
accordance with the present invention, such as alkylatable aromatic compounds,
must possess at least one hydrogen atom directly bonded to the aromatic nucleus.
The aromatic rings can be substituted with one or more alkyl, aryl, alkylaryl,
alkoxy, aryloxy, cycloalkyl, halide, and/or other groups that do not interfere with
the alkylation reaction.
[0026] Suitable aromatic hydrocarbons include benzene, naphthalene,
anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene
being preferred.
[0027] Generally the alkyl groups which can be present as substituents on
the aromatic compound contain from 1 to about 22 carbon atoms and usually from
about 1 to 8 carbon atoms, and most usually from about 1 to 4 carbon atoms.
[0028] Suitable alkyl substituted aromatic compounds, such as alkylating
agents, include toluene, xylene, isopropylbenzene, normal propylbenzene (n-
propylbenzene), alpha-methylnaphthalene, ethylbenzene, mesitylene, durene,
cymenes, butylbenzene, pseudocumene, o-diethylbenzene, m-diethylbenzene, p-

diethylbenzene,  isoamylbenzene,  isohexylbenzene,  pentacthylbenzene,



must possess at | east one hydrogen atomdirectly bonded to the aromatic
nucl eus. The aromatic rings can be substituted with one or nore al kyl,
aryl, alkylaryl, alkoxy, aryloxy, cycloal kyl, halide, and/or other groups
that do not interfere with the alkylatign reaction. [0026] Suitable
aromati ¢ hydrocarbons include benzene, naphthal ene, anthracene,

napht hacene, peryl ene, coronene, and phenanthrene, with benzene being
preferred. [0027] Generally the al kyl groups which can be present as
substituents on the aromatic conpound contain froml to about 22 carbon
atons and usystaynethiydvenzalgut 1]2,3 d-t8ratiiieenzaicnns 1,55 0-te@shethgbealdeye, f r om
about 1 to 4 carbaon afons. 0028] Sujtable alk substitfuted aromatic

|
conmpounds, subh4dacthyibgnzne ha.3-Hiasthybenzgas, G’H@U{Y@PU@H%’,P&WB%?HGQ 3,5-

i sopropyl ben | .p | Zeng = pylk .4 -
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but ylI benzene, xybary ddewsiieylgaphthalires;h tipenadtalensy d2 etdiykthonatnseng- 9-

di et hyl benzene, isoanyl benzene, isohexyl benzene, pentaethyl benzene, -8-
pent anet hy| betipdphragene; 3 4- Lanethdepfirasertiene; ommethglagtwadenginet hyl Yenzene,

1,2,4-triethyl : =t b tol ; -
p- but yl '[ Icfue%dégl%%%eﬁ%let% ﬁg‘f’t éﬁ’%gﬂ@?gﬁ%ﬁ{rgﬁeﬁg&h S?elﬂﬁ{%?‘i‘l% l%eﬁ%}}t
m propyl t ol uedeyladbngkit Wydracaryonenan alioneé hyddrapkiabalenrssriabt md nrpfikhal ene;

2, 3-di net hyl ant hracene; 9- ethyl ant hracene; 2-nethyl ant hracene; _
o- net hyl ant hrée@paie hydnaparbgnsresugly| 3shargantadbeste byate alkirksting| ofppeomatisr ene.
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starting mate S and 1 nclhu ocar bons such’ as " ar e produced
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products are frequently referred to in the art as al kylate and include
hexyl benzene,pentgtiesnzens, dodesyliobesnzene, ngpwhokidesyl besedenyltoluene,
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Cs to about Cis.
[0029] Reformate containing substantial quantities of benzene, toluene

- and/or xylene constitutes a particularly useful feed for the alkylation process of
this invention.
[0030] The alkylating agents that may be useful in the process of this
invention generally include any aliphatic or aromatic organic compounds having
one or more available alkylating aliphatic groups capable of reaction with the
alkylatable aromatic compound.
10031] Preferably, the alkylating agent employed herein has at least one
alkylating aliphatic group possessing from 1 to S carbon atoms. Examples of such
alkylating agents are olefins such as ethylene, propylene, the butenes, and the
pentenes; alcohols (inclusive of monoalcohols, dialcohols and trialcohols) such as
methanol, ethanoi, the propanols, the butanols, and the pentanols; aldehydes such
as formaldehyde, acetadehyde, propionaldehyde, butyraldehyde, and n-
valeraldehyde; and alkyl halides such as methyl chloride, ethyl chloride, the
propyl chlorides, the butyl chlorides and the pentyl chlorides.
[0032] Mixtures of light olefins are especially useful as alkylating agents
in the alkylation process of this invention. A mixture of concentrate alkene stream

having at least 80 mol.% alkene and a dilute alkene stream having about 10 mol.%



[ 00291 Reformate containing substantial quantities of benzene, toluene
and/ or xylene constitutes a particularly useful feed for the al kyl ati on
process of this invention. [00301 The al kyl ati ng agents that nay be useful
in the process of this invention generably include any aliphatic or
aromati c organi c conpounds having one or nore avail abl e al kyl ati ng

al i phatic groups capable of reaction with the alkylatable aromatic
conmpound. [00311 Preferably, the al kylating agent enpl oyed herein has at

| east one alkylating aliphatic group possessing froml to 5 carbon atons.
Exanpl es of swc80 nal.ky bikehd inagbntusedf@ ieinvestiqlchicsasdiaglhy hinarespsfopyl ene,
the butenes, apd the entenes alcohols (|ncIu5|ve of _nonoal cohol s,

di al cohol s an@ erelileamf@méme) byisass, aad/orpentsRes Whish Ham 1jor spastieyandies, t he
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chl orides an e pentyl chlorides. [00321 M xtures of light olefins are
especial | y us@pmneémow Rlyq sireamy, agensalul arg usalil allpgating egenisr bweiss B t hi s
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al kene may be used for th| S invention. Accordl ngly, mxtures of et hyI ene,
propyl ene, butenes, and/or pentenes whi ch are major constituents of a

variety of refinery streams, e.g., fuelWg¥s, gas plant ofMolgke contai ning
et hyl ene, pr | ene, etc., napht ha crag,}<ﬁTS of f-gas cont ai gllﬂg | i ght ol efins
and refinery © propane/ propyl ene str are useful sef ul

al kyl ati ng ageffenberein. For exanple, @7typi cal FCC |i ghtl_pl efin stream
possesses the follow ng conposition: W.% Mle % Ethane 3.3 5.1 Ethylene
0.7 1.2 PropBmpame 5 15.3 Propyl ene 42.46546.8 15.3

Propylene 42.5 46.8

Isobutane : 12.9 103

n-Butane 3.3 2.6

Butenes 221 18.32

Pentanes 0.7 0.4

[0033] Reaction products which may be obtained from the process of the

invention include ethylbenzene from the reaction of benzene with ethylene,
cumene from the reaction of benzene with propylene, ethyltoluene from the
reaction of toluene with ethylene, cymenes from the reaction of toluene with
propylene, and sec-butylbenzene from the reaction of benzene and n-butenes.
Preferably, the process of the invention relates to the production of ethylbenzene
by the alkylation of benzene with ethylene followed by the transalkylation of the
diethylbenezene by—producté with additional benzene; the production of cumene
by the alkylation of benzene with propylene followed by the transalkylation of the
diispropylbenzene by-products with additional benzene.

[0034] In one embodiment of the invention, the alkylation process of this
invention is conducted such that the organic reactants, i.e., the alkylatable
aromatic compound and the alkylating agent, are brought into contact with an
alkylation or trahsalkylation catalyst in a suitable alkylation or transalkylation

reaction zone such as, for example, in a flow reactor containing a fixed bed of the



| sobutane 12.9 10.3 n-Butane 3.3 2.6 Butenes 22.1 18.32 Pentanes 0.7 0.4
[ 0033] Reaction products which may be obtained fromthe process of the

i nvention include ethyl benzene fromthe reaction of benzene wi th ethyl ene,
cunmene fromthe reaction of benzene w thipropyl ene, ethyltoluene fromthe
reaction of toluene with ethylene, cynenes fromthe reaction of toluene with
propyl ene, and sec-butyl benzene fromthe reaction of benzene and n-butenes.
Preferably, the process of the invention relates to the production of

et hyl benzene by the al kyl ati on of benzene with ethylene followed by the
transal kyl at i oztakypt m@posiilm,hwdserﬁéﬁeghee taficyiativducersiitivnsh  Setdh tdopdidibnbenzene;

th duct t f b I
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al kyl ation process of this invention is conducted such that the organic

react ants, i . greferably, mtwelaﬂabﬂt @00 &r dremt 28:5°6(:(9rb2)m15145§ﬁ);| atpmesserielof 089 fang

agent, are br co al k atl Kk i on

agent. 2" O kel RPN ACk N ety S atlonsat igpgliobation
for exanple, ispg %SH)OW VARGV Obase@ P hikchd f8r fov¥Rd Rasopfort B8 10190 wat al yst
conposi tion, under éffective al kylation conditi ons. Such conditions "include

a tenperatureprﬂferhblgnDétioﬂthﬁjOrmoe pileGutbl GODEt( BDE" tay OWHYY baﬂwd ond:roﬁ'i erably
bet ween about and about . 300C (122F t out 572 erably,
ot ween about 260" f5! BBGRHE 88esTad 1cios 0848 R Dy Bledvoro B o, # 401
kPa-a (100 tonﬁ)@f?r Iﬁﬁbf@f al 5816 %PdrMatmaco%ﬁ‘(ﬁl%H rt@ aﬁfyla?tﬁ%oaogtreﬁto %mkﬁfbuta (218

to 508 psia), d on al kene for overall "rea 0.1 to 10 hf',
preferably, 002: Ib)@ohf iQ 1 ndeprefiesbér el be, frdn Bbew 015: hteﬂhoubﬁO:é VHSV based on

both al kene enzene_ for overall reacto of. 10 to 100 hr-1, eferably,
20 to 50 hfl, Wsshor ar L1 T5aGF0L8) 981 B AbIcinsty Uiat 1ROF BRSO AR PATAIY RV 1 at i ng

agent  of fronbaﬁag}&dy Onlind tiQuidPRkise Sl carP B REES BEADE GRM BRchfi@m about
0.5:1 to about 1."

admixture or dilution with other material, or they can be brought into contact with

the zeolite catalyst composition with the aid of carrier gases or diluents such as,
for example, hydrogen and nitrogen.

[0036] In another embodiment of the invention, when benzene is alkylated
with ethylene to produce an alkylation reactor effluent that contains ethylbenzene.
The alkylation reaction is preferably carried out in the liquid phase under
conditions including a temperature between 300°F and 600°F (about 150°C to
316°C), more preferably between 400°F and 500°F (about 205°C and 260°C), a
pressure up to about 3000 psig (20865 kPa), more preferably between 400 and 800
psig (2869 and 5600 kPa), a weight hourly space velocity (WHSV) between about
0.1 and 20 hr”', more preferably between 0.5 hr! and 6 hr!, based on the ethylene
feed, and a ratio of the benzene to the ethylene in the alkylation reactor from 1:1
to 30:1 molar, more preferably from about 1:1 to 10:1 molar.

[0037] In still another embodiment of the invention, when benzene is
alkylated with propylene to produce an alkylation reactor effluent that contains
cumene. The alkylation reaction may also take place under liguid phase
conditions including a temperature of up to about 482°F (250°C), e.g., up to about
302°F (150°C), e.g., from about 50°F to about 257°F (10°C to 125°C); a pressure
of about 250 atmospheres (25,000 kPa) or less, e.g., from about 1 to about 30



[ 0035] The reactants can be in either the vapor phase or partially or
conpletely in the liquid phase and can be neat, i.e., free fromintentional
adm xture or dilution with other material, or they can be brought into
contact with the zeolite catalyst conpqgijtion with the aid of carrier gases
or diluents such as, for exanple, hydrogen and nitrogen. [0036] In another
enbodi nent of the invention, when benzene is alkylated wth ethylene to
produce an al kyl ation reactor effluent that contains ethyl benzene. The

al kylation reaction is preferably carried out in the liquid phase under

condi ti ons i ncitmdsphgrea (1 @driBa atidoe kbe};vemd mn3g0fatin dyé@0&bonvaught 0Tyt o

316C f 40QF 50 t_.2Q d; 2600) ,
pres)surgolrjg P&eﬁ%r‘{?? %@%&‘rpéggb?"ggég%f klﬁéi‘ifor hé'aigo%rsé?re?%gﬁ bet We)en 200 and
800 psig (283903’5]0' 5600r#eRalylaod\6y tgemsaﬂl?l‘dﬁbﬂ ca‘&ﬂl?EﬁhMﬁthb& YsdeiHRhisbet ween

about 0.1 and 20 hfl, nore pref erably ween O and 6 hr-1, based on
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ef fluent that contalns = cune The al' k tion reaction may al 0 také pl ace
under liquid @H@%%o(dmﬂ:nbeabnﬁ U}Sclﬂathnhg 32160 pearalt peodit® betap(descriodin 482F

(2500, e.g. out 02F 0C), e.g., fromabout 50F to about 257F
(10C to 125C) d%gm F‘éggu#@e tg"ﬁ@ﬂfﬁé 250 at mospheres (25,000 kPa) or |ess,
e.g., from abggjsgh to a@:ﬁé t RSP ARehford 309G d 399 kha) » and an
aromat i ¢ hydrgcar on wei ﬁ{% = ?aoe veeoccl)ty EF ’ @e 50 hr-1,

pref erably fr dmanSalkylation oatmsﬂ’ﬂﬁas&d oh&ﬁBSéleéﬁm c&ﬂ thylaﬁ@ila:mnoaateﬂyarms azletsyl ation
catal yst that nay_be eful int i nventi pn crystal nmol egul ar
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Patent 3, 308, Ot g selection of the catalyst for another reaction can be determined based on the

results to be achieved.

[0040] In one embodiment, this invention relates to a method for selecting

an alkylation catalyst for a process have an alkylation step and a transalkylation

step, the method comprising the steps of:

(a) selecting a transalkylation catalyst having at least one of zeolite having a
zeolite structure type of FAU, *BEA, MWW, MTW, and any combination
thereof, wherein the transalkylation is maintained under conditions
including temperature and pressure to ensure to yield a ratio of a bi-
alkylated aromatic compound(s) conversion over a tri-alkylated aromatic
compound(s) conversion in a range of from about 0.5 to about 2.5; and

(b)  selecting an alkylation catalyst having at least one of MCM-22, MCM-36,
MCM-49, MCM-56, and any combination thereof, wherein the alkylation
catalyst is sufficiently active to maintain at least 90 mol.%, preferably 95
mol.%, even more preferably, 99 mol.%, alkene conversion at a

temperature range from about 50°C below the temperature of step (a) to

about 100°C above the temperature of step (a).



[ 0039] One enbodiment of this invention is a nmethod of selecting a

transal kyl ati on catal yst based on the selection of the al kyl ati on cat al yst
or verse Vvisa. By selecting one catalyst of these two interrel ated
reactions (alkylation and transalkylatigp), the preferred reaction
conditions and correspondi ng product conposition are determ ned. Based on
the selection of one of these two reactions, the selection of the catalyst
for another reaction can be determ ned based on the results to be achieved.
[ 0040] In one enbodinent, this invention relates to a method for selecting
an al kyl ati on[@sthl yst fmwyetaanuties eathodanent athisainkyitain et e arthod for
transal kyl atio step, the nethod conprising the steps of:. (a) selecting a
transal kyl at i 8#°¢HEat ?@P‘Sﬁé}dﬁ@ ﬁactallygaélf doprecess haye|an dkHatiom §ter anded) it e

structure typ * I\A{\g@é 7 i nation thereof, wherein
t he transal kyﬁg?slfagjf |¥sonr?a| g hgi ne O%%é?%@?ﬁegggp i ncludi ng tenperature
and pressure (@) enselecingmnydlleylatien casliya bating ableastaddeydfavied -ap OMIIMG6,
conmpound(s) conversion over a tri-alkylated aronatic_ conpound(s) conversion

in a range of fromMYut9,MEM-§6.38aTyxobingign thgreals vdetsin dhoapkdpksa at i on
tal yst havi t . 1
conbi ati ont ner coft TEtsdn@incl i Geop it Bl tBoralldhibordlite 20

to maintain at | easd e@rered le¥bst 9 @bRYARtefe@bly IDMo¥Es, @vemn e ergdebigr abl y,
99 nol . % al kene conver%i on at a tenperature range from about 50C bel ow t he
tenperature of stef?@ol. % lkeagGORVEIOE @Bove the tenperature of step (a).

-12- [0041] In.yet e ! t LS. d: .Qn. re t t hod
for selectin )a tf %ﬁ@fﬂ@@?ﬁ@@&l@ a‘ia‘ﬁ?w ?l %\Pﬂggﬁég%e%%’ #%gﬁgnﬁgﬁg{ﬁati on
step and a treasiBaldkakd aps b€ FAUNe B, heOVRQNRITW| ngdt iy sbapmatdi (a)

selecting an al kyl ati on catal yst_having at_| east one of MCM 22, MCM 36,
MCM 49, MCOM 58ereddwherpine Getangalkyation sy woficienthendiv to neeld |aaptiatof ¢rbi-

(o anture at PG GIRERAE, oGPRTshlaT So bRt Ok FeRFRBMIG PRy ©

compound(s) conversion in a range of from about 0.5 to about 2.5 in a temperature

range from about 100°C below the temperature of step (a) to about 50°C above the
temperature of step (a).

[0042] The alkylation reactor effluent contains the excess aromatic feed,
monoalkylated aromatic compounds (such as ethylbenzene or cumene),
polyalkylated aromatic = compounds (such as polyethylbenzene or
polyisopropylbenzene), and various impurities. The aromatic feed is recovered by
distillation and recycled to the alkylation reactor. Usually a small bleed is taken
from the recycle stream to eliminate unreactive impurities from the loop. The
bottoms from the benzene distillation are further distilled to separate
monoalkylated product from polyalkylated products and other heavies.

[0043] The term “polyethylbenzene” (PEB) in reference to the
polyalkylated aromatic compounds which are useful herein is to be understood in
accordance with its art-recognized scope which includes, by way of illustration
and not limitation, diethylbenzene (DEB) and triethylbenzene (TEB).

[0044] The term “polyisopropylbenzene” (PIPB)} in reference to
polyalkylated aromatic compounds which are useful herein is to be understood in
accordance with its art-recognized scope which includes, by way of illustration

and not limitation, diisopropylbenzene (DIPB) and triisopropylbenzene (TIPB).



|
99 nol . % al kene conversion; and (b) selecting a transal kyl ati on catal yst
havi ng at | east one of zeolite having a zeolite structure type of FAU,

*BEA, MW MIW and any conbination thereof, wherein the transal kylation is
sufficiently active to yield a ratio of a bi- al kylated aromati c conpound(s)
conversion over a tri-alkylated aromatic__conmpound(s) conversion in a range
of fromabout 0.5 to about 2.5 in a tenpetature range from about 100C bel ow
the tenperature of step (a) to about 50C above the tenperature of step (a).
[0042] The al kylation reactor effluent contains the excess aromatic feed,
nonoal kyl ated aromati ¢ conpounds (such as et hyl benzene or cunene),

pol yal kyl at edgﬁh@g‘i“ ¢ gﬁg&;@ h létéé‘ﬁgod%ﬁ%sf’%g%(ﬁifﬁyﬁ%%«?%(ﬁ tion _reactor

pol yi sopropyl benzene), us | fpuri e aronatl eed 1's
recovered by effiuehi hileateherad avith nkelacdbbd atomatioefead ky laatramalkyéch geactddsual |y a
small bleed is taken fromthe recycle streamto_elimnate unreactive

i npurities fr3MenBaY 95payTRY betpapiad Femrhe plolteRdsecten SVRT # suitable ar e

further disti P e u yal ed
products and (t)r%1 ﬁ%;ﬁ)ﬁ%%@i %@Eﬁg’&?odﬂ%F 9%%&{ ﬁeﬁqy%ﬁgé%yﬁég%gﬁégﬂ(c E%EGEI n
reference to thaprifelay dddsybed et MM, NCEOIGHMANS49hMIMa6e zbsiat bktaher ei n
is to be understood in _ accordance with its art-recogni zed scope which

i ncl udes, by WByaste, merdgsite, SR SHRASAFIB1L MQds THR-2, aedditp . haiassmle ( DEB)
dtriethyib . The..t " j " Pl PB) |
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be under st ood 18,ZSMCID afd comhbiRatidnsthéest r ecogni zed scope whi ch i ncl udes,
by way of illustration and not limtation, diisopropyl benzene (Dl PB) and

triisopropyl bé#éhe (TI BBy trapgilkylgsreactiva Pohg iveptien Boropedetvrdes épar at ed
Lo he o Bl BRLERGH sl KRR GRS IURLNRIN fedl o ¢
the al kyl at i oRvifheagdd@fonaPV elkyRtdbid t ahtatict reaRgaLk afo Oprodddeal MflitiorAC cor di ng
to the invention, the transal kylation catal yst conprises at |east one of
MCM 22,  MCM 3stonnaioylated musinase Suitehde fraesalledagion conditions include a temperature

of 100°C to 260°C (212°F to 500°F), a pressure of 696 to 5100 kPa-a (101-740

psia), a WHSYV based on the weight of the polyalkylated aromatic compounds of

about 0.5 to 200 hr'l, and alkylatable aromatic compounds /polyalkylated benzene

weight ratio 0.5:1 to 20:1. Preferably, a temperature of 150 to 260°C and a

pressure of 696 to 4137 kPa-a (101 to 600 psia), a WHSV based on the weight of

the polyalkylated aromatic compounds of about 0.5 to 100 hr'', a mole ratio of the

alkylatable aromatic compound to the polyalkylated aromatic compounds of 1:1 to

10:1

[0047] In one embodiment of this invention, there is a heat integration

between the alkylation reactor and the transalkylation reactor. For example, the

effluent from the alkylation reactor may be used to heat the feed stream of the

transalkylation reactor, The effluent from the alkylation reactor may be used to

generate steam. In another embodiment of this invention, the heat integration

between the alkylation reactor and the transalkylation reactor can be de-coupled.

The advantage of de-coupling the heat integration between the alkylation reactor

and the transalkylation reactor is that the conditions of the alkylation reactor can

be independent determined to the conditions of the transalkylation reactor.

Therefore, it is possible to achieve optimum results of these two reactions

independently.
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faujasite, nordenite, PSH 3, SSZ-25, ERB-1, ITQ1, 1TQ 2, zeolite Y,
Utrastable Y (USY), Dealumnized Y, rare earth exchanged Y (REY), ZSM 3,
ZSM 4, ZSM 18, ZSM 20, and any conbination thereof. [0046] The

transal kyl ati on reaction of the invention is conducted under at | east
partial liquid phase conditions such t hat?t he pol yal kyl ated aromati cs react
wi th additional alkylatable aromatic conpounds to produce additional

nonoal kyl at ed product. Suitable transal kyl ation conditions include a
tenperature of 100C to 260C (212F to 500F), a pressure of 696 to 5100 kPa-a

(10F 740" e iy, V03 R LBV B0 o TRl e

conpounds of 0.5to ata I'C conpounds

/ pol yal kyl at efhobesidBetin heiaghiSee &PtigciPled add PeaclOs df Heted@hadmlsyCatalyst”,
tenperature of 150 to 260C and a \Pr esséﬁr e of 696 to 4137 kPa-a (101 to 600
psia), a WHSW.-Mhskwmss, Whé Tangas VS, YhBdisieny B39y s digclasusaef ivdiebipounds

of about 0.5 . rati f tkc.compound
to the polyal “3?%%3 gaé%ﬁ%%ﬁ%@%g%g‘uﬁg%&%fl trgt% f Oﬁ%ﬂgg}e%b%%%ﬁar}? rrllbgtr}lle
enbodi ment  of DER £d TIE tihti&readthRr @niiBiods (te@perafil€ Prasiu@Nand WS arddhe

al kyl ation reactor, and the transal kyl ation reactor. For exanple, the
ef f1 uent fronthehatial Mythgse senctiemapier conglipnisewes deent eplpidated tthecxppbee dter eam of

the t | kyh at i . £1] yent the al kyl at | {
e used To oihasraet FRRER s i Bt B R B Y LSO RO e
heat i ntegrat bRr whlre@ed: hBEB! ITHE QR F@aeERE WiOeshRt Id BaBaldyhat | on

reactor can be de-coupled. The advantage of de-coupling the heat
i ntegration b#tswaencesse al kyl ation reactor and the transal kyl ati on reactor

is that the ¢ Kiions of the al kyl ation reactar can i ndependent
dot erm ned-t oA condi £ HEPEF et oo B Aoy EPPedes GPOTHE: Bliore, |
i s possibl e tgagiie¥s BRLLED F@REL Te§is9f1g Teﬁﬁr%nké‘ﬂ% 6reé’tﬁﬁérflén§1|zmt. In yet

i ndependent|y. -14- [0048] Reaction rate-constants were cal cul ated using
met hods knownanahertehtodingéit loff s inventia, dret pro@se of tris myepicscaard WPeditt i ce of

rﬁteeg?ggrggﬂfge?%ﬁ?%fsghg i‘%l‘&lgMor -II;%? r}ﬁasdt Wné] 'ret%r}ﬁgggs ’car\ll %‘é" do%lgtbyE(rjép eilc?nng’ 1997,
existing processes and catalysts with the processes and catalysts of this invention.
The advantage of retrofitting existing plants is low cost.

[0050] In one embodiment of this invention, the transalkylation catalyst is
maintained under conditions sufficient to yield a ratio of bi-alkylated aromatic
compound(s) rate-constant over tri-alkylated aromatic compound(s) rate-constant
in a range of from about 0.5 to about 4, preferably, about 0.5 to 1.5, even more
preferably, about 0.5 to about 1, still more preferably about 0.75 to about 1.25,
and most preferably, about 0.9 to about 1.2, In another embodiment, the alkylated
aromatic compound is cumene, wherein the ratio of bi-alkylated aromatic
compound(s) conversion over tri-alkylated aromatic compound(s) conversion in a
range of from about 0.5 to about 1, preferably, about 0.5 to 0.9, and most
preferably, about 0.6 to about 0.9.

[0051] When the polyalkylated aromatics are polyisopropylbenzenes and
are contacted with benzene to produce cumene in a transalkylation reactor, the
transalkylation conditions preferably include a temperature 50°F to about 100°F
(100°C to 200°C), a pressure of 20 to 30 barg (2100 - 3100 kPa), weight hourly
space velocity of 10 to 72 hr" on total feed and benzene/PIPB weight ratio 1:1 to
6:1.



i ncorporated herein by reference. Reaction rate constants were cal cul at ed
for both DEB and TEB under reaction conditions (tenperature, pressure, and
VWHSV) and the ratio of these reaction rate constants was then calculated to
exam ne the relative rates of DEB and _TRB conversion. The reactions were
assumed to be first order with respect to DEB and TEB and zero order with
respect to benzene since it is in excess. [0049] In another enbodi nment of
this invention, the process of this invention can be used to retrofit

exi sting ethyl benzene or cunene plant. In yet another enbodinment of this

i nvention, thgoszjocess Whehhhs bmﬂ@wt@lnax@aﬁub@atd:s]@cdyétﬂylbéﬁeﬁeﬁ hiid ep¢i sting
A1C13 or BF3 plant. The retrofl tting can_be done bé ﬁ)cl acing existing
fnp

processes andcauackadywith bﬁmeﬁett%@rm@@ﬂré/&@ném gt ylagipn tregesori figent i on.
The advant age, saﬁ(%ltaflf}f' tohc(i)m n %%ragﬁrs Inc %Fa‘% I‘u?m %VYP % 42kq:0§ ]abomp one

enbodi nent of AV et ai ned

under condi t i S098F %EQO‘ tcpﬁ@mt:)t@pws@iraoazoablm edrg gt U ksu@ﬂ QFa-@} ofEptC
conmpound(s) rate-constant over tri-glkylated aromatic conpound

S)
r at e- const anthoﬁﬂf.Y spageavrieciiafolf torh lab ontto! Bed endbenmenaPEBrvedightanii2: 1about
0.5 to 1.5, fﬁjl nore preferably, about 0.5 to about 1, still nore
preferably ab ‘0.75 to about 1.25, and nost preferably about 0.9 to

about 1.2. Inpogs®t her emhodiffiadt . frédiethal tihsatikethtionr RaBbE Cis COIER@IAN G iths
cunene, wherein the ratio of bi-alkylated aromatic conpound(s) conversion

over tri-al kyalkyladommreneinri efflwontp andh dis combingdr greom distiled rtansgparefe fheom about
0.5 to about Q&efer F% abo t 0.5to 0.9, and nost preferably, about
0.6 to about $8% FESAKYINEAPTRHEL nol yal kyl at ed aromatics are

pol yi sopropyl F&@B«i}e”es @%%&E&tﬁ%h@&{ﬁﬂlmaééc&ﬁéﬂﬁﬁ@ﬁefoﬂoﬁﬁ fipfdgENE in a
transal kyl ati on reactor transal kyl ati on conditions preterably include

a tenperature 50F to about 100F (100C to 200C), a pressure of 20 to 30 barg

feed and benzEvenpieparaggrianen pbPEBISES 671 Y75 To0s2] hen the

pol yal kyl at edjggsgymat i CSTRE ﬁar&‘&i@?étﬁ)i'f@e%%%ﬁ'%ﬁﬁﬁﬁpl@rv@as prepared as follows.
Chemical grade benzene and para- and meta-diisopropylbenzene were purified by
percolation over activated alumina. The purified diisopropylbenzenes were mixed
2:1 by weight (para:meta). The purified benzene and polyisopropylbenzenes were
mixed 2:1 weight ratio and stored under nitrogen. A gas chromatograph (GC)
analysis of the feed provided the composition by weight shown in Table I.
[0056] Two catalysts were tested for transalkylation reaction, a
conventional commercial transalkylation catalyst (low activity catalyst) is made
using a zeolite with a structure type of MOR, a Si/Al, of about 35, a surface area
of about 390 m%/g, and extruded to form 1/16” diameter cylindrical extrudates
with 20 wt.% alumina. A high activity transalkylation catalyst is made with a
zeolite with a structure type of FAU, a Si/Al; ratio of about 30, a surface area of
about 780 m*/ ¢ and extruded to form 1/16” diameter cylindrical extrudates with
20 wt.% alumina.
[0057] Liquid feed, which has a composition as shown in table 1, was
introduced with calibrated diaphragm pump. A 12.7 mm (1/2") pipe was used for
the reaction vessels and contained 30-35g of catalyst operated in a downflow
configuration in isothermal mode. The operating pressure for all experiments was
3204 KPa-a (465 psia). Temperature, Weight Hourly Space Velocity (WHSV) and
Benzene:Polyethylbenzene (B:PEB) ratio are indicated in the table along with the



contacted with benzene to produce ethyl benzene in a transal kyl ati on reactor,
the transal kylation conditions preferably include a tenperature of 428F to
about 500F (220 to 260C), a pressure of 20 to 30 barg (2100 - 3100 kPa-a),
wei ght hourly space velocity of 2 to 6_fy"” on total feed and benzene/ PEB
weight ratio 2:1 to 6:1. [0053] The effluent fromthe transal kyl ati on
reactor is blended with alkylation reactor effluent and the conbi ned stream
distilled to separate the desired nonoal kyl ated product. [0054] The present
invention will be described in the foll ow ng exanples. Exanple:

Transal kyl at i gétr&porkfiBs Det Cﬁbbl%ﬁékDEB? ahdl angRyIkyiRhé CTEREEchVesesh hdli Exanpl e
was prepared as fol |l ows. em cal grade benzene and para- and

met a- d||soproﬁynb@ﬁ?@ﬁ@dméﬁﬁmﬁudﬂﬂﬁ@dmbvmﬁ@Qﬂc@h@ﬁﬁ@ﬂ“@ﬂ@tWa%dﬁﬂai@&

al um na. The purifi.e iis yl be emxe b

(pararmeta) . s YEF ab " BESE ke SHERRER e, S dh Dt a8 i e .1
wei ght ratio aaectst, q{&dltélél@%hoﬂhﬁﬁwﬂlﬂez A gas chromatograph (GC) analysis
of the feed provided the conposition by weight shown in Table 1. [0056] Two
catal ysts were tested for transal kyl ation reaction, a conventional

commerci al transal ﬁ%k@tf’éon catalyst (low activity catalyst) is nade wusing a
zeolite with a str type of MOR, a Si/Al 2 of about 35, a surface area
of about 390[n¥/g,” and hplRde To Torm 1776 i drical
extrudates wth 20 w. %‘gﬁaum’ ng. A high _agti v;@rto\%{@%gﬁgg?ﬂﬁati pn cat al yst
is made with|Benzmmolite with a structure type of FAU, a Si/A0D ratio of
about 30 a S faca _araa of ahug%t 780 r_rOI anpl QVI‘_FJUI_Q%Q_EI\ j_nr_ 1/ 16"

di aneter cyl i Rewikearensyt r udat es with 20 wil. % al uni na. [00579 i qui d feed,
whi ch has a T tabte I, was —imntroduc [ h calibrated
di aphr agm pufp. 1%\51'@:!(38?&11%5(@?%@ pi pe was Used for the reac §|V\fm vessel s and
cont ai ned 304 §5@eth1bg%ﬁéﬁ§DE@;erat ed in al|downflow configumat|{on in

i sot her mal pde operating pressure forl all experinents was| 3204 KPa-a

(405 poia) Terpabibarene @Dy Hour|y Spage Vel oclty (WISV) e o ong wi th
tﬁgzene. oly :3{5—5{:6t}fyféb%zgﬁ’e(l3"5]ﬁgﬁlv areHHharecatrea—1+1n—tne 1 e al ong W t

1,2,4-triethylebnzene (124-TEB) 1.8
1,2,3-triethylebnzene (123-TEB) 0.1
Table 2:
Low Activity|High Activity|High Activity| High
Catalyst Catalyst Catalyst | Activity
Catalyst
T (°C) 240 200 207 200
B:PEB (mol:mol) 1.8 14 1.4 1.5
WHSV (r') 1.4 1.5 1.5 1.3
DEB rate-constant (hr™) 0.9 1.2 1.4 1.5
TER rate-constant (hr™") 0.2 1.0 1.6 1.7
DEB Conversion (wt.%) 48% 59% 63% 65%
TEB Conversion (wt.%) 16% 50% 67% 70%
Heavies vield (wt.%) 1.8% 0.6% 0.7% 0.6%




-16- correspondi ng D et hyl benzene (DEB) and triethyl benzene (TEB) conversion
and their corresponding first order rate constants (k). The total product
was chilled and analyzed with an off-1ine gas chromatograph equi pped with a
flame ionization detector. Results are_ghqown in Table 2. Table 1: Conponent
Conposition (w.% Benzene 60.0 Ethylbenzene 0.1 mdiethyl benzene (m DEB)
19.1 p-diethyl benzene (p-DEB) 9.3 o-diethyl benzene (0o-DEB) 7.7
1,3,5-triethyl ebnzene (135-TEB) 1.8 1,2,4-triethyl ebnzene (124-TEB) 1.8
1,2,3-triethyl ebnzene (123-TEB) 0.1 Table 2: Low Activity H gh Activity

H gh Activity [6058) Cat éﬂkmshigwcﬁviysstraﬁhaﬂlq,ﬂqﬁhm émalysti d@fythisﬁmahtjmt has éC) 240

200 207 200 : PEB. ( 4 1.4 hl’"
DEB r at e- constsaﬂ’trlsmfo Qf %Eb ?LOIB’GTS*I‘EI?BOYG& %Yeéﬁ‘@n ("ﬂ?éh & I?ti‘ Q. 1 6

679 70% Foavi SLVEPY o 5 1&?‘@@%@%%?3}6%1@ STl s 0%

activity t ranéatringlaaml@nfDEBadoySErsmh ovit 'EEBmmHmmﬂnoflas a surprisi ngI y | ow

ratio of DEB 0[86] VQE]"r sion Toh\éelglgl'-lrEa%tl\(;I?; \ér%rrlssalllgyrllatmi cart]alyst of thxsh$nvent1on has a
surprisingly low ratio of DEB rate-constant over TEB rate-constant which is in the
range of 0.875 to 1.2, in comparison with conventional transalkylation catalyst
having a ratio of DEB rate-constant over TEB rate-constant of 4.5.
[0060] All patents, patent applications, test procedures, priority
documents, articles, publications, manuals, and other documents cited herein are
fully incorporated by reference to the extent such disclosure is not inconsistent
with this invention and for all jurisdictions in which such incorporation is
permitted.
[0061] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.
[0062] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.



range of 0.9 to 1.18, in conparison with conventional transal kyl ation
catalyst having a ratio of DEB conversion over TEB conversion of 3. [0059]
The high activity transal kyl ation catalyst of this invention has a
surprisingly lowratio of DEB rate-constgnt over TEB rate-constant which is
inthe range of 0.875 to 1.2, in conparison wth conventional
transal kyl ati on cat al yst having a ratio of DEB rate-constant over TEB

rat e-constant of 4.5. [0060] Al patents, patent applications, test
procedures, priority docunents, articles, publications, manuals, and ot her
docunents cited herein are fully incggg%mg%ed by reference to the extent
such disclosure is not inconsistent wth this invention and for al
jurisdictions in which such incorporation is permtted. [0061] When

nuneri cal Iom&;(hh ts and nunerical upper limts are listed herein, ranges
fromany | ower YT to any upper limt are contenplated. [0062] Wile the
i lTustrative gnbodArmotdss @br ploaudiny etiyikenzdrva deehc @ageiingete Wdplof
particularity, it will be understood that various other nodifications wll
be apparent t@Hmng&H(}{é@tabléwdpm?hm@élpwd(&io\%lcb lonipsided henzere, awith i t hout
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construed as enconpassing all the features of patentable novelty which
reside in thecqmmsisdés) Bfﬂﬁ‘#éﬁi i o ithe| grupg cedistingatodr é@ﬂWibwelW)Lﬂnd be
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et hyl benzene @fsEHARNSS COMIRIIBEMNGNnE hEndt ﬁﬂscﬂfropﬂﬁfﬂiz@ﬁé' '"ég alakyuhigt alkine
aromati ¢ conpound(s) which conprises benzene, Wwth a "polyal kyl ated aromatic

conpound(s) winditions apthiegeesehée eff kiydrmalbgilation nmﬂiyst setastaddtnm (ag)eolan diype
tri-al kyl ated tic npou aid hi-alk aIed ar. t conmpound( s)
Sel ect el 1 onth FAUa b5 oEERa Bt ol iy st L Sl benzdre &
cumene, wherein the selected zeolite has a ratio of diethylbenzene conversion over
triecthylbenzene conversion in a range of from 0.5 to 2.5 or a ratio of

diisopropylbenzene conversion over triisopropylbenzene conversion in a range of

from 0.5 to 1.0.
2. The process of claim 1, wherein said transalkylation catalyst is zeolite Y.
3. The process of any preceding claim, wherein said transalkylation

conditions include a temperature of 150 to 260°C and a pressure of 696 to 4137
kPa-a (101 to 600 psia), a WHSV based on the weight of said polyalkylated
aromatic compounds of 0.5 to 100 hr', a mole ratio of said alkylatable aromatic

compound to said polyalkylated aromatic compounds of 1:1 to 10:1.

4. The process of any preceding claim, wherein the conversion of

diethylbenzene or diisopropylbenzene is in the range of 25 wt.% to 95 wt.%.

5. The process of any preceding claim, wherein the conversion of

diethylbenzene or diisopropylbenzene is in the range of 45 wt.% to 75 wt.%.



diisopfopy1beniéﬁe,'salﬁ tri-alkyl ated conpound(s) selected fromthe group
consisting of triethylbenzene and triisopropyl benzene, at transal kyl ati on
conditions in the presence of a transal kylation catal yst selected froma
zeolite type of FAU, to produce a transal kylation effluent conprising said
et hyl benzene or cunene, wherein the selgrted zeolite has a ratio of

di et hyl benzene conversion over triethyl benzene conversion in a range of
fromO0.5 to 2.5 or aratio of diisopropyl benzene conversi on over
triisopropyl benzene conversion in a range of fromO0.5 to 1.0. 2. The
process of claim1, wherein said transal kylation catalyst is zeolite Y. 3.
The process of. anyThe areesngpichny preasfiagetlaingafuther saosamisingatheontepcohdi ti ons

i ncl ude a tenperature 50 .10 260C and ressure of, G896 to 4137 . kPa-a
(101"to oo’ peruftiti okl BRMHR"RafRp ST HL Sn stiing Reitd g
aromati c conpgiidson tofiforCantiGid the Pﬂesexﬁ:erﬂﬂaﬁ Al htorOat At drorprioiht abl e
aromati ¢ conpound to said pol yal kyl ated aromatic conpounds of 1:1 to 10: 1.

4. The processlkphatiengifheaioelbich gowpasansaidipolvalkylatedatooratie coempaursi(s).
di et hyl benzene or diisopropyl benzene is in the range of 25 wt.%to 95 w.%
5. The process of any preceding claim wherein the conversion of

di et hyl benzeng or ghé ?:We@@ﬁf Rendesefirthet Boh ﬁsiﬁ%ﬂﬁ@ sb dOsiaratink Gai® W . %
-19- 6. The process of any preceding claim Tturther conprising the step of
cont acti ng sapléylatitey eElushi te re¢oyensaid palyaipplated amiméticeonaiopd@).i ng agent under
al kyl ation conditions and in the presence of an al kylation catalyst, to
produce an al kyl ation effluent which conprises said pol yal kyl ated aromatic

conpound(s). §g. Th?h@?ﬁfc_%ﬁof)ﬁm%ﬁ’é BY Elairhd!f 1D, fﬁﬂﬁé}ré&ﬁﬂ}&iﬁéﬁﬁesﬁ of _
separating said alkylation effluent to recover said polyal Kylated aromatic

conpound(s). Sepaffiiegseidcdisdatodn efflyentroe seifd tednapliplation effBient, o tdvevercaipri si ng
the step of ?Jgg rating said al kél ation effluent or said transal kyl ati on
effluent, to rATUHPRE COMPARYt ed ar omati ¢ conpound. 9. The process of
any one of clainms 6-8, wherein said alkylation catalyst conprises at |east
one of MCM 22, MCM 36, MCM 49, MCM 56, and any

9. The process of any one of claims 6-8, wherein said alkylation catalyst

comprises at least one of MCM-22, MCM-36, MCM-49, MCM-56, and any

combination thereof,

10.  The process of any one of claims 6-9, wherein said alkylating agent

comprises ethylene or propylene feedstock.

11.  The process of claim 10, wherein said alkylating agent comprises at least
one of a concentrated cthylene or propylene feedstock, a dilute ethylene or
propylene feedstock of at least 10 mol.% ethylene or propylene, or any

combination thereof.

12, A method for retrofifting an existing ethylbenzene or cumene plant(s) to
produce ethylbenzene or cumene, said method comprising the step of replacing
the existing transalkylation process with the process of any preceding claim,
wherein said ethylbenzene or cumene plant(s) have heat integration between an

alkylation reactor and a transalkylation reactor.

13. A method for retrofitting an existing ethylbenzene or cumene plant(s) to

produce ethylbenzene or cumene, said method comprising the step of replacing



conbi nati on thereof. 10. The process of any one of clainms 6-9, wherein said
al kyl ati ng agent conprises ethylene or propyl ene feedstock. 11. The process
of claim 10, wherein said al kylating agent conprises at |east one of a
concentrated et hyl ene or propyl ene feedsjpck, a dilute ethylene or

propyl ene feedstock of at |east 10 nol. % et hyl ene or propylene, or any

conbi nation thereof. 12. A nethod for retrofitting an existing ethyl benzene
or cunene plant(s) to produce ethyl benzene or cunene, said nethod
conprising the step of replacing the existing transal kylation process with
the process ofheasxyistiicegatalkglativai procesyhgitieitie Eﬂic@ssebfl)ah?q}?é@dﬁlgoblaﬁnlﬂene

pl ant (s) have heat inte%ratlon between an al kyl ation reactor and a

t ransal kyl at i Bhere@awidbethylbgnzene s cHpang plany(Bthaye iatderenypled hert Btegrgion

et hyl benzene Qr nen | an 0 duge, et hyl benzene or cunene, said

met hod conpri Bs)fft‘r’%’éé{} %ﬁls{ﬁggo%ée%%@%il%dc?héjsg%lﬁ?ﬂiea golr'sti ng transal kyl ati on
process with the process of any preceding claim wherein said ethyl benzene
or cunene plant(s) have a de-coupl ed heat integration between an al kyl ation
reactor and a transal kyl ati on reactor.



