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feed. BACKGROUND OF THE | NVENTI ON [0002] Et hyl benzene, C8H10, is a key raw
material in the production of styrene and is produced by the ethylation
reacti on of ethylene, C2H4, and benzene, C6H6, in a catalytic environnent.
When sold as a commodity product, the prdduct will usually contain at |east
99. 95 wei ght percent of ethyl benzene based on the wei ght of the product.

[ 0003] A source of benzE&RODUECTIMOOFIHIGI PURIEY ETSIAHEMEENEDY cont acting a
m xture of petrol eum napht hARGM NONMESJEBAGHEMFEEPef™P i ng cat al yst

cont ai ning a support, NOY-EXTRACHER-RERQRMATE UEREL dHERIINaci dic zeolite
L, and a hydrogenation/ dehydrogenation netal, e.g., Goup 8, 9, or 10 netal
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source of benzene }s t he cracking of hydrocarbons suc st eam cr acki ng
ethylation of benzene present in nofi-extracted hydrocarbon composition feed.

BACKGROUND OF THE INVENTION

[0002] Ethylbenzene, CsHyg, is a key raw material in the production of styrene and is

produced by the ethylation reaction of ethylene, C,H4, and benzene, CgHg, in a catalytic
environment. When sold as a commodity product, the product will usually contain at least 99.95
weight percent of cthylbenzene based on the weight of the product.

[0003] A source of benzene is reformate, which is prepared by contacting a mixture of
petroleum naphtha and hydrogen with a reforming catalyst containing a support, ¢.g., halogen-
treated alumina or non-acidic zeolite L, and a hydrogenation/dehydrogenation metal, ¢.g., Group
8, 9, or 10 metal such as platinum. That process typically produces a reformate that includes Cs-
hydrocarbons, Cs-Cg aromatic hydrocarbons, ¢.g., benzene, Cot hydrocarbons, Cs+ paraffins, and
cycloparaffins (naphthenes).

[0004] Another source of benzene is the cracking of hydrocarbons such as by steam cracking
or catalytic cracking. That process typically produces an effluent that includes Cq¢-Cy aromatic
hydrocarbons, e.g., benzene, Cet paraffing, and naphthenes.

[0005] Still another source for producing aromatics is the dehydrocyclo-oligomerization of
C,-Cs aliphatic hydrocarbons. That process typically produces a product effluent that includes
Cs-Cs aromatic hydrocarbons, e.g., benzene, Cs+ paraffins, naphthenes and Cs aliphatic
hydrocarbons.

[0006] Benzene can be separated from other reformate hydrocarbons, ¢.g., C;+ aromatics, by
distillation. However, the benzene obtained by distillation will usually contain C¢ and C; non-
aromatic hydrocarbon impuritics that arc difficult to scparatc from benzene by distillation
because they have boiling points close to the boiling point of benzene, i.c., their boiling point is
within 10°C of benzene (boiling point of 80.1°C) at a pressure of about 101.3 kPa-a (absolute).

This feed may also contain Cs paraffins and naphthenes, such as n-pentane and cyclopentane.
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[0009] By the present disclosure, a process is provided for ethylation of benzene to produce

high purity ethylbenzene that uses feed containing benzene that has not undergone extraction.

SUMMARY OF THE INVENTION

[0010] The present disclosure is directed to a process for producing an ethylbenzene product
having a purity of at least 99.50 percent based on the weight of ethylbenzene present in the
product using a hydrocarbon composition feed that has not undergone extraction. The non-
extracted hydrocarbon composition feed is substantially free of Ci- hydrocarbons and Cs+
aromatic hydrocarbons, and contains benzene and from about 1 to about 75 percent, from about 2

to about 75 percent, from about 3 to about 75 percent, from about 5 to about 75 percent, or from



[ 0009] By the present disclosure, a process is provided for ethylation of
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benzene in the liquid phase, usually at least 689.5 kPa-a, e.g., from about 689.5 kPa-a to about
6.89 MPa-a, a mole ratio of ethylene to benzene in the range of from about 0.001:1 to about
0.75:1, and a WHSYV based on total ethylene over total catalyst for overall reactor in the range
of from about 0.1 to about 10 hr'; (¢c) distilling the product of step (b) to produce an

ethylbenzene product



having a purity of at |east 99.50 percent based on the weight of

et hyl benzene present in the product BRI EF DESCRI PTI ON OF THE DRAW NGS
0012]FIG 1 | i mplified process flow diagram illu | ng._an

[errbod? ment ot VPRRSENER osure. [0013]FIG 2 is a si rrplifi%%iﬁéirogbg(}é@ﬂ*flow
diagram illustrating another enbodi nent of the disclosure. [0014]FIG 3 is
a sinplified process flow diagram illustrating a further enbodi nent of the
di sclosure. [0015]FIG 4 is a graph plotting inpurities present in the
products of Test A and Test B of the Exanple. [0016]FIG 5 is a graph

il lustrating aging of the catalyst used-#n Test A of the Exanple.
[0017]FIG 6 is a gas chromatogram of inpurities ethyl benzene coboilers
formed by iXEH&rapfithrbhielkish 9&%&@&&%&%6&@&@ dtgight of cthylbenzene present in the

product

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a simplified process flow diagram, illustrating an embodiment of the

disclosure.

[0013] FIG. 2 is a simplified process flow diagram, illustrating another embodiment of the

disclosure.

[0014] FIG. 3 is a simplified process flow diagram, illustrating a further embodiment of the

disclosure.

[0015] FIG. 4 is a graph plotting impurities present in the products of Test A and Test B of
the Example.

[0016] FIG. 5 is a graph illustrating aging of the catalyst used in Test A of the Example.
[0017] FIG. 6 1s a gas chromatogram of impurities ethylbenzene coboilers formed by

isoparaffin/olefin alkylation reactions.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0018] 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 the present disclosure and for all jurisdictions
in which such incorporation is permitted.

[0019] When numerical lower limits and numerical upper limits are listed herein, ranges
from any lower limit to any upper limit are contemplated.

[0020] As uscd in this specification, the term “framework type” is used in the sense described
in the “Atlas of Zeolite Framework Types,” 2001.

[0021] As used herein, the numbering scheme for the Periodic Table Groups is used as in
Chemical and Engineering News, 63(5), 27 (1985).

[0022] The term “aromatization”, as used herein, shall mean the production of aromatics
comprising benzene, toluene, or mixtures thereof by the conversion of non-aromatic
hydrocarbons to aromatic hydrocarbons comprising benzene, toluene, or mixtures thercof. The
term “aromatization”, as used hercin, shall also include the production of aromatics comprising

benzene, toluene, or mixtures thereof by the cracking of heavy aromatic hydrocarbons to produce
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contenpl ated. [0020] As used in this specification, the term"framework
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[0024] The term “C,” hydrocarbon whercin n is an positive integer, ¢.g., 1, 2,3, 4,5, 6,7, 8,
9, 10, 11, 12, as used herein means a hydrocarbon having n number of carbon atom(s) per
molecular. For example, C, aromatics means an aromatic hydrocarbon having n number of
carbon atom(s) per molecular; C, paraffin means a paraffin hydrocarbon having n number of
carbon atom(s) per molecular; C, olefin means an olefin hydrocarbon having n number of carbon
atom(s) per molecular. The term “C,+” hydrocarbon wherein n is an positive integer, e.g., 1, 2, 3,
4,5,6,7,8,9, 10, 11, 12, as used herein means a hydrocarbon having at least n number of carbon
atom(s) per molecular. The term “C,-" hydrocarbon wherein n is an positive integer, e.g., 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, as used herein means a hydrocarbon having no more than n number of
carbon atom(s) per molecular.

[0025] As used herein, an “alkylatable aromatic compound” is a compound that may receive
an alkyl group and an “alkylating agent” is a compound which may donate an alkyl group to an
alkylatable aromatic compound. One example of the alkylatable aromatic compounds is benzene.
Examples of the alkylating agent are ethylene, propylene, polyalkylated aromatic compound(s),
e.g., di-ethylbenzene, tri-ethylbenzene, di-isopropylbenzene, and tri-isopropylbenzene

[0026] The term “wppm” as used herein is defined as parts per million by weight.

[0027] The term “at least partially in liquid phase” as used herein is understood as a mixture
having at least | wt.% liquid phase, optionally at least 5 wt.% liquid phase at a given
temperature, pressure, and composition.

[0028] The term “substantially in liquid phase” as used herein is understood as a mixture
having at least 95 wt.% liquid phase, optionally at least 99 wt.% liquid phase at a given
temperature, pressure, and composition,

[0029] The term “aromatic” as used hercin is to be understood in accordance with its art-

recognized scope which includes alkyl substituted and unsubstituted mono- and polynuclear



- 5 - the aromatic hydrocarbons conprising benzene, toluene, or m xtures.
Exanpl es of aronmati zation processes include catalytic reform ng of naphtha,
dehydrocycl o Jzatlon of C2-05 aliphatic hydrocar
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hydr ocarbons to produce aronatic hydrocarbons conpri sing benzene, tol uene,
or m xtures thereof. [0023] The term"reformate”, as used herein, shall nean
t he product produced by "aromatization”. [0024] The term"C"," hydrocarbon
wherein n is an positive integer, e.g.,-%- 2, 3, 4, 5 6, 7, 8 9, 10, li,
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per nnlecul%mm0F6¥‘%%@WEW&(f@ndﬁéﬁﬁ?W@ﬁ“ﬁﬁaﬁ@chﬁmﬁ%bHﬁ@@@mﬁyuﬂ@c&@b@ﬁhl

having n n%@ﬂed@uﬂﬁ@é’npg&vﬁ& QR 89 ARl ‘[E&ULI@‘ as cStalyR3oRbhd Lﬂldgleﬁ9§e£t10n
paraffin hydrocarbon having n nunber of carbon aton{s) per nolecular; C,
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group and an "al kyl ating agent" is a con&pund whi ch may donate an al kyl
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et hyl ene, propylene, polyal kyl ated aronmati c conpoun .
di - et hyl benzen&hich tﬂ%c{ ﬁ;}htﬁ%ﬁ%ﬁ@ondarpdf%@pdﬁmﬁw Bsripetbas ‘é%%rgbed in the “Atlas
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parts per mlljon by mel [0 27]The term"at |east partially in liquid

phase" as us edHEPEFR F§Cﬁﬁﬁﬁ%stood as a mxture having at least 1 w.%

i quid phask) @pkiwaalidvys aqtadd gamta &M@ﬁ/%écblﬂilHé’kr&h@ﬁlﬁmgtbl(ﬂ:kgh Vefimensional
tenperature, press osi tion. §8 ]The term "substantially in
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t enperatur %11) prl;ng gcs lljdr bxevgbngla e fr rgscio;[nlm%g'second degree building blocks, “layers of one¢ or
more than one unit cell thickness”, wherein the layer of more than one unit cell thickness is
made from stacking, packing, or binding at least two monolayers of one unit cell thick of
unit cells having the MWW framework topology. The stacking of such second degree
building blocks can be in a regular fashion, an irregular fashion, a random fashion, and any
combination thereof; or

(iv) molecular sieves made by any regular or random 2-dimensional or 3-dimensional
combination of unit cells having the MWW framework topology.
[0032] The MCM-22 family materials are characterized by having an X-ray diffraction
pattern including d-spacing maxima at 12.44+:0.25, 3.57+0.07 and 3.42+0.07 Angstroms (either
calcined or as-synthesized). The MCM-22 family materials may also be characterized by having
an X-ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07 and
3.42+0.07 Angstroms (either calcined or as-synthesized). The X-ray diffraction data used to
charactcrize the molecular sieve arc obtained by standard techniques using the K-alpha doublet

of copper as the incident radiation and a diffractometer equipped with a scintillation counter and



[0029] The term "aromatic" as used herein is to be understood in accordance
with its art- recognized scope which includes al kyl substituted and

unsubstitute pol ynucl ear WD 2008/ 100658PCT/
conpounds. Cod\r)vrpog'dr%{j‘0 %1(‘1 an aromatic character, which polsggggg%ip‘%g{er oatom

are al so useful provided sufficient activity can be achieved if they act as
cat al yst poi sons under the reaction conditions selected. [0030] The term "at
| east partially in liquid phase" as used herein is understood as a m xture
having at least 1 w.%liquid phase, optionally at least 5 w.%|liquid
phase at a given tenperature, pressure, -dnd conposition. [0031] The term
"MCM 22 famly material" (or "material of the MCM 22 fam |ly" or "nol ecul ar
si eve of t h&sMEAdPmPYT fsythy coliegtiopsyaicneMeierials bplengiwetse MGN-2Rdhmibuinglude

si eves mademioneD? @icGPBEOR .19 Bht. ﬂ@g:rsesa 3@5)y§$@13|(aéawew lal Q'SngathLJQQlkfl” upht

cell havi ng the MAW f ramewor k t ]% g%/p A unit cell is a spatial
ar r angenent %Zf’%al(‘%?ﬁ%l%%rﬂj%l)% ed4E0- 6. BR Bl nidsTibidain Eyaewn tRetcaeder i be

the crystal oz@goﬁﬁsmz Peghséred e U ﬁt#a@SN&% Faolkbd) ey @r@w&dwnﬁ&mm.&{af th
edition, 2001 e entire content of which is incorporated as reference;

(ii) nol eculdint Bubligaion o) &V QY540 cFenish(desstibaddn dsgpaions) Fateat Pyliptige Rlo- a

2- di mensi onwo200311 8 cRMEMR (&AMMﬁeH%{T’@\@OP& Ny@ezsmvt) YAV (ée%rﬂ%dilgx @s.
"nmonol ayer of one unit cell ness!' one c-unit

bl
t hi ckness; K49 St %F%?%@é@“]ﬁfd‘é 4 goPrﬁ é\ES’?r?ré%Z Hesd %@ﬁ@smﬁcﬂm ng

bl ocks, | ay 8! Bat Mo.QTH,030). MRE &tﬁd’@ﬂtc@t@@f t‘HE‘bzItcrﬁsee{l mk&b&léﬂa@ﬁécm pyhat el t he
| ayer of m)r&than one unit cell thickness is made from stackjn packl ng,

or bi ndi ng 493} eadt i %bw&cﬁiﬁértge MR family madgopla ppyar dsseried pbeve|ars
havi ng the JABRETisIREBWEIdontcaRaOBibe phRecSi@akiiRenhtaBe NuSLEINAIARLNL Bat

]l? ;IS lh:jlozg bhgccg@fggltm?el : n1t%wrs? I]%g%: g%r)fxflga g?%agenpocl%egs Iwgllz:l? %(I)J lnc?irco&?hsugllcgtg w1t% tllieandom
10-ring internal pore system of the molecular sieve.
[0034] The zeolitic materials designated by the IZA-SC as being of the MWW topology are
multi-layered materials which have two pore systems arising from the presence of both 10 and 12
membered rings. The Atlas of Zeolite Framework Types classes five differently named materials
as having this same topology: MCM-22, ERB-1, ITQ-1, PSH-3, and SSZ-25.
[0035] The MCM-22 family molecular sieves have been found to be useful in a variety of
hydrocarbon conversion processes. Examples of MCM-22 family molecular sieve are MCM-22,
MCM-49, MCM-56, ITQ-1, PSH-3, SSZ-25, and ERB-1. Such molecular sieves are useful for
alkylation of aromatic compounds. For example, U.S. Patent No. 6,936,744 discloses a process
for producing a monoalkylated aromatic compound, particularly ethylbenzene, comprising the
step of contacting a polyalkylated aromatic compound with an alkylatable aromatic compound
under at least partial liquid phase conditions and in the presence of a transalkylation catalyst to
produce the monoalkylated aromatic compound, wherein the transalkylation catalyst comprises a
mixture of at least two different crystalline molecular sieves, wherein each of the molecular
sieves is selected from zeolite beta, zeolite Y, mordenite and a material having an X-ray
diffraction pattern including d-spacing maxima at 12.4:+0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07
Angstroms.
[0036] An embodiment of the present disclosure is depicted in FIG. 1. Referring to FIG. 1,
naphtha is introduced via line 1 into rcactor zone 3 where the naphtha is reformed or steam

cracked into aromatic products including benzene. Although only one reactor zone is shown,



(1v) nol ecul ar sieves nmade by any regul ar or random 2-di nensi onal or

3-di mensi onal conbination of unit cells having the MWV framework topol ogy.
[ 0032] The MCNG, ly materials are characterized by ' n X-ray
diffraction pagtern |nclud|ng d- spaci ng maxi na at 12. 4+g%¥@@§@§’?6407 and
3.42+0. 07 Angstrons (either calcined or as-synthesized). The MCM 22 famly
materials may al so be characterized by having an X-ray diffraction pattern
i ncl udi ng d-spaci ng nmaxi ma at 12.4+0. 25, 6.9+0.15, 3.57+0.07 and 3.42+0. 07
Angstrons (either calcined or as-synthesized). The X-ray diffraction data
used to characterize the nol ecul ar sieve8arc obtained by standard

techni ques using the K-al pha doubl et of copper as the incident radiation
and a dif f r4gesreteroredun ppetadptana Bapastor Fongtd Om hydioptrbens aredemidd from
2008/ 100658£§T4f&§a{ew 19@%11& e rzmalnﬁ§§cq &qgwﬁgﬂm ﬁsmaédciobgo q' Jlae&rgl don.
system WMaterials belong t l'y 1 nclude escrl ed in
U. S. Pat. ¥¢.ntpdassd imo 591um|D§whsw(tb|@§cé¢ istf@aﬂqnﬁtcwtcsfmrpathghweformatm@@cm@,ga)

SSZ- 25 ( desighibRfbrhke %&onpﬁlﬁ Mzcnél/bé}%g]eQ@gall’er ﬁﬁ%o& ﬁ"ﬂvﬁﬁ%{t 'rct?&ﬁjna{er\“ragy(%_no pean
Patent No. 0293032), ITQ 1 (describ u.S.

(descri bed i Avitharwh feon gwnn Bahwngh mﬂoP i @aﬂlﬁw rmrm%@?qt@vzgwthdmwtm
(descri bed doﬂmlnn'ﬁ @&dﬁ@ﬁ llﬁ’é"ﬂl aE@-Eh@ @EnZEﬂ%eh&ﬁE b&@ll&kﬁacmz@%%&é‘lz @r)om &{g}ﬁ

(descri bed | n U Pat 9 (described in U S
5, 236, 575) , mvgls%m(léﬁé f”i“Bé‘tfcﬁ' Hltq,zosc lfioalel ZO‘NOIS SHAEP PEHEFY, ©- sar@alﬁwzmgcn
(described difiny): dencfat condfiodPBerSF e atT@t@t éﬁﬁiﬁll& SonfRBd BB ShObentBE/HRAERNT S

are |ncorporated her ei n by reference. is to be appreciated the
MOM 22 f ani Pieilshfradignarthe evides fadiep ﬂ%@@dmv%oraﬂ@ledﬁsw Heut & tsldinfredypsd

convent i onghtoleafG8ome 1220 étﬁﬁat@h kiheats aRyleRtitysliRed SHGhe 35 ADEHERL L, 1N
that the MOM 22 fanmi|ly materials have 12-ring surface pockets which do not

communi cat 84 HViththe 1Q§tl-ylkinﬁ gjo ifPfe Fthebergence k9% tetscir pisighhBlokeUpasud) sve.

[0034] The z@Qlcnt labd BBLR! bl Sitdesindfieh @ehyRYiod Béhel BAviSEna20beiHaG iR ibehAge MWW
topol ogy are nulti-|ay ered materials which have two gore systens ari sing

fromthe pré¥@Awe P&’Id”‘fid% Hithdgavahdont sthyrafiesesoas 1§ vigdige 2rard 1Atr1>dalgedo1ﬂtozeblmnt e

Framewor k Bgpescdinass® shefch@eptiché-dn@itihy proded Bl @hicaksSons a taVi-Ndod tHds
same topol PSH 3, and SSZ-25. [00351The MCM 22

(0] )
famly ol é‘%l*5‘?‘"‘Ct§"ine9\‘?’é18r‘1’?§\9ée%‘éé??z?”6GH@P?%eﬂWébeﬁ}éfé‘Pu| The{rafrgeaipp spithgrawn

hydr ocar bofro&OfoueirSi30n McOGRSS Eifher EXR0RI Rsn O uMCEM 23c i@mrb cle®lReHt &f 0S| eve
are MCM 22 PSH 3, SSz-25, and Such nol ecul ar

, I\/gf\/l49, EG, I E'Q;L "
si eves ar e BN 299618 a TR Cat f1870BAS Wrhisayn @0%6%B‘Bnas“a sy 2 27304 ripraduced
Pat ent No. irfio 9a6mil 49 vidilse LDSBSCEupA Q@eﬁescmdcm@dtﬁ@uma@d maﬁﬁhlmgh%bﬁ&}
aromatic conB und, parti I arly et hyI genzene npri Si ng st
cont acti ng°® @8925?% Eﬂ? Ct&’ﬂl 4 &9 fFf)‘Bhﬁ%mWSF% of Rolyt vp%‘ﬁ%{ﬁf eTQ? 5%“ c
c?npound Ulpldlﬁ:ly cltylHepa¢ pfbaﬁdtifﬂibtldnl @w&dldQMSfam@@admlhlzelnaa ﬁiciiﬁjﬂ Bnd REoRE@SENCE
of a transa |on t st t ro e nonoal kyl at ed aronmatic
conmpound, \ngg‘g rfg’ﬁ}geélpwqo PH n!ﬂ]&%‘ftéﬁiﬁé‘?e“@ Pwd! Usugiyiadis & PYFLY at
| east two ehaf éxeédﬁlﬁw‘) G(Fp’ﬁéeaiﬁyxﬂ@g}ﬂ’Bhs%@Uth fhE tBdlNRSHt ofthesedudt. each of the
nol ecul ar z(i?s es hg sel ecte(? from zeollée b tﬁ\ zeolite Y, geglte and a
material hAVPAg an SEPAYE Ff TRERIH YAt e Hr P Horerai g d*bseaszesﬂ Fdiakl%a at
12. 4+0. 25, 16C99+®ac115m 13w bt Oy 0 Fo@ nd ludindBDHAa Qife ARGSd idiFBucefl @3 edidmns3badi ment

scl.o |sde|cted| FIG 1. Referri

ﬁ;pm ﬁapir gs Fﬁ“? gé’u%ogff bﬁn%ei“?‘f SREEdrfom Cort G alg‘)%h ﬂ% ('EIFTL E}ﬁ%ﬂ]‘m i's

reformed ofragioedwithdrawn from column 35 via line 36 and the polyethylbenzenes are withdrawn from
column 35 via line 38 and introduced into transalkylation zone 39. In transalkylation zone 39,
the polyethylbenzenes are transalkylated with benzene to form ethylbenzene. Benzene can be
introduced into transalkylation zone 39 via line 41 or the benzene can be a fresh supply. The
transalkylation product from transalkylation zone 39 is transferred to column 23 via lines 43 and

21 for processing.



cracked into aromatic products including benzene. Although only one reactor
zone is shown, WO 2008/ 100658PCT/ US2008/ 050714 - 8 - there can be nore

t han one reaq&B R&ﬁ In reactor zone 3, C4- hydrocarbgns are renmoved from
the reformate"Via & 4 and the remaining reformate i s "WUREPERYH r om
reactor zone 3 via line 5 and introduced into colum 7 where the feed is
fractionated to forma light reformate fraction, a heavy refornate
fraction, and a benzene/ benzene coboiler fraction. The light reformate
fraction is withdrawn fromcolum 7 through line 9, the heavy refornate
fraction is withdrawn fromcolum 7 throeflgh line 11, and the

benzene/ benzene coboiler fraction is withdrawn fromcolum 7 through Iine
13 and i ntri@83fded Auvthsr zohediment of gthezpypsentl Gsclesateal yepictpbinsblfs 2. eRgerringtd f ur
nitrogen. ohelhfpnkl RARDIAN GRS Ak ROSEIBRL EOLNAL BehphiBAS tef&@]?t ) |y
removed from t he genzene benzene co fraction. e resultin raction
i s w thdr avwiomgtsmredie indudineabdngene. Nthattﬁh Gyt Plt\}dllgm Popt & Sée\hlylthcvp om bone
18. In ethyhatiqmp m%aét?n 260k NYn€fEerd S zotqg'tsrs%ucaqhafctl%otg e A \ac'adfr&ﬁrtﬁeene
is reacted wwth the ethylene to form ethyl benzere. Low nol ecular wei

mol ecul es, @ﬁ@ﬁdagwémh§ éﬁéhaﬁﬁmévmaﬁ@ﬂn@@e‘mﬂ@hﬁméﬁm1®WEMVQnm§iE@hmn5kone
18 via li nean@@ntroﬁb&d%tgﬂ)lgﬁﬁzsgQ&%%férttt@te@& gfra%&gttégtto 'fc§mvg ﬂigh@' F@Xtﬂta e ion

et hyl ati on zone via l'1ne i ntroduced 1 nto col um . I'n colum 23,
t he et hyl bearﬁlée*n’éla&bﬁ%fwtcn@aoﬂ%dl}réﬁ light fefoampte d”wati@dlsmthdm gorTroluima® i on
and a C8+ ftfn%ﬁ%ﬂ o @pmarthé ﬁgav?fzcﬂnﬁl’d b&ﬂé@ & AR BALYRL M RERAE OERilcr gtte Cr-
fraction is withdrawn from co via line 25 and either renoved from
the unit vidthdrape foen eelupe Y dreehing 63j #nd introdugedginteydong Poninzenne 61 golefitie C8+
fraction i st RdtaBindtioaMueRbR r&ﬁ"bv&l Aol tREn& Ty @étgnﬂaﬂ:t frQUANE edhd ALQ GOl UM
29 via line 27. In Colum 29, the C8+ fraction is fractionated to forma

hi gh puri t yastenyis péhdene mmane p5 ¥ir st Fbandaindodicagntorse Erivhsemipe fesdds of
pol yet hyl bepzesiegd td Remhi @hzRbizdhe@bhilPEREBAGNPS IUEbmbEAEIdiN T C+

wi t hdrawn from caolum 29 via |line 31 and recovered w thout the need for
further purf¥iatisdipeien isTkEosdHianbehyehe sicsere ling 11 Thsbanraeye/beageae solsien t y
that exceedmcf$h ROwpRESBNHoRYIRAOB) vRAERA79And Merdifdcd! intyed Mo zohbes.
product. [0037] The .remai ning C9+ fraction can undergo further processing.

As exenpl i RS ptegdueed @Qaﬁtwiﬁ@fnzaﬁe VS Vg tltf‘d%\m? PeisRcc Bl GHAE29itithe i ne

33 and i nt rraguaed foﬂh@tt@%ﬁﬂéﬁ‘e 32w théle@Rl WLhBMolPAbyY iRk REDRBNER affe,
separated from Cl3+ hydrocarbons. The Cl3+ ydrocar bon fraction is

wi t hdr awn ?F%Wt“&%t%hﬁo%e%i aiopjzqee 3% vigntinet e po Y hszpsreraBaneapraduct is

wi t hdr awn fidma6aliemet3atdh dodel B&iadthe NEnd A6 QAUCARD doRh d3 aNSMKYEAkiON
zone 39. In transal kyl ation zone 39, the polyethyl benzenes are
transal kyl ﬁthé[ﬁ’e%"t‘%c‘tﬁ‘é‘ﬁﬁ%ém%df‘brffﬁc%‘tltarﬁffibt@n%%é“ Cefisdine wdrt be" iftti¥Bduced
into transabrkydlsat bpﬁhg@@@ex@%n&baytthﬁ@enﬂellepr ThdE - blaamn@wtt&nadtt@ﬁ@mfct)@tﬁm
supply. Th q‘ kylatlon pr ﬂgct fromtransal kyl atj on zone
1 anst er r o6’ t6 LS D41eT 1o hSem A g Yrorgraeied giarige 73 mthylaﬂon
(21008{ 1006588GT7§US$@?8¥ Qé@ﬁ%ﬁguﬁzﬂra\»g[f?%?v&] Aﬁ@fhela hﬁ@@@ﬁidﬁﬂﬂﬂﬁwut@éﬁl ihid@oRk@Sent

i sclosure is i C in ef erri 0 a
nt r oduced Ui I 41 §ﬁ thentg Frastiont latrd?wﬁﬁeﬁ%dm@w tlﬂbp%ﬁ?ﬂ%@n@emdawned
i Rt o ar Ohﬁatfﬂaﬁtlolﬁr&dLth‘&t Iﬁﬂﬁlﬁ)hidloﬁ@nkbﬂlkﬂeﬁlﬁyeﬂ&lﬁeﬂ&u@h ORd Mtgﬁ%rlfyeaﬁ%lgé’nzgr@ne i's
shown, there ca nor et han one reactor. zone one
hydrocarboﬁgﬂﬁ?Bh?%ﬁb§éﬂmﬁwgﬁﬁﬁﬁb“#@?% hﬁ?é“Vﬁgfpgﬁﬁmggegﬁﬁéﬁﬁgmﬂgﬁﬁﬁﬁlng
reformate igthad pliticaiun. f TRt EROEOE praer ®3 Wualy hdve aSpurignehat Bicc@YUoesd i nto
colum 59 where the feed is fractio at ﬂr o forma light reformate fraction
and a heav{*Tf BY WeEk bpsed opthsotabppaastyt Pg ?p?§W6rnate fraction i s w thdrawn

from col un039 t hTeughalningeC,6 kraatigh dahemdtte@vmrth@fpwcmtr@ fAsagtihPIfied GNFRG.NI NQ

benzene an enzene cobogjlers.is thd awn fr C 59 .t hr ough Ilne 63,
and introdgtgﬁ'gﬁ?%nfbﬁgxg Ilﬁﬁm' L vig ligf | gé?gﬂﬁ@ wed igp cRlymBi%atons
t her eof ar eolﬁrﬁllirﬁvejd)lfcﬂqmcﬁzhﬁcshz&a\l%dfa&fd(ﬁdmm+fh’yﬂﬁichr@dihb The ¢ esuldrbdaghon
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fraction and a Cr+ aronatlc fractlon The C7+ aromatic fraction is renoved

fromcolum 69 fraction via line 71. The benzene/ benzene coboiler fraction

is withdrawn fromcolum 69 via line 73 and introduced into ethylation zone
75. Ethylene is introduced into ethylation zone 75 via line 77 and benzene

is reacted with the ethylene to form ethyl benzene. Low nol ecul ar wei ght

nol ecul es, such as ethyl ene and et hane, are withdrawn from ethyl ati on zone

75 via line 79. The ethyl benzene-contai ni ng product is wthdrawn from

ethyl ation zone 75 via line 81 and introduced into colum 83. In colum 83,

the ethylbenzene contalnlng product |s fractlonated to fornta C7- fractlon

. o - B o - o —— P—



2, C9+ fraction is withdrawn fromcolum 91 via line 95 and introduced into
colum 97. In colum 97, polyethyl benzenes are separated from C13+

hydr ocar bons hydrocarbon fraction is withdrawn from colum 97 via
line 99 and tWEQ&BEaE¥h | benzenes are withdrawn from SEFTAQHMWMWH4
2008/100658PCT/U82008/050714 - 10 - colum 97 via line 101 and transferred
to transal kyl ation zone 103. In transal kyl ati on zone 103, the

pol yet hyl benzenes are reacted with benzene to form ethyl benzene. Benzene
can be introduced into transal kyl ati on zone 103 via |line 105 or the benzene
can be a fresh supply. The transalkylatibh-product from transal kyl ati on
zone 103 is transferred to colum 83 via lines 107 and 81 for processing.

[ 0040] A f ur $ohemn Tt HiarE tand fransfrerep reisanliodition osulle. Istraepkdited zowe FBG. 3.
Referring t@c dolyGhyBefaRitha erﬁ:Ye'dngltl§ Lbfefxieﬁ%ﬁ@tfortn? %lerb%\u&lnce | Senl Qe Qduged

via line 111 into reactor zone where the na ergoes steam
cracki ng re@ﬁ?@#@ﬂyﬁwﬁ%ﬁﬁﬁﬁﬁﬂe%Fm@dﬁﬁamnmnéﬁhwdhﬁbﬁeewﬂﬁ@b%@ﬁﬁ@“ﬁéﬁ!eﬁet

Al t hough on¥ e oR FRFIRL: fzoqneaasﬁxéyﬁm\moné & i€ LGRrRE A @@@laqne igact or
zone. In reactor zone 113 ocarbons are renoved via line 115 a
heavy fractdg$! % prspsined vi a I|ne 117. The fraction containing benzene and

benzene cob@pdogrs A SurMet HEERAMEN HOM: | ﬁ%&ﬁ%ﬁd%&ﬁ?m%ﬁﬁc%h%nbkﬂ %%gaﬁﬂg
i ntroduced into zone 121 where the fractlon is hyd roprocesse to at Teast

partial |y ridRoverashihs havingnanfligient sgwaratupy sfiatradypegd vig Hee §Hagto istrierfaoes 113

treat ment %&@-'t%s nelpﬁﬁlﬁ ﬁnla@t@oé Wc%fc <1§é;'|1gslli[tm§nlq i%?&iu&th%talnlxgiamn%tlcs
ni trogen. CA- hydrocarbons are rennved from zone via Il ne

remai ni ng fiRAedipeohsnregc, AHRYEH only 8n§ e zpelis whoyng theregar be marq diaaope tagter
col um 127 her g &&l@orfz’éﬁ‘éjl i3sch r@@ﬁo’cﬂﬂ&k%@e Ec&o@&!fm AnCPrs A RGAF RRMBon is

fraction and C6+ hydrocarbon fraction, C5- hydrocarbon fraction is
Wi t hdrawn frFBMeE Bldd‘r’i‘ﬁ 1% 7T1\nf&0qlqrw@mmglg bWénmld DRYESROERP B his Fritetaps rﬁrorns

W t hdr awn freQesr 6eleUn® vikdife i Radd iRGodhdd iRBdohd 12 QEaH: FkiBn ZAR8robRes)
the fraction is treated to at |east partially renove dienes and oleflns

After treat'fréhifast paidallyyrgmeyeon! yraaf ateogety %reﬁ%fdaiméw |Tggliontafighrasuat GRaRsof

ol ef i ns andesditiRA&SwppM beulfuhend lregachmnh?pﬂ%‘mmog&d ahaV8rocdrhishs ef RMERE
will preferably be substantially free o rocarbons and C7+ aromatic

hydr ocar bod©ILEIC IGh VA bz ehis: rempigine dstian ¢ ‘”F‘BO"éBdc{Ptm 799eplel o 2pgnd

wei ght  basegngrddhe cveh@ht7 fhert bR 69 FriRbRate b fétin & @?-Qx?/dl%&@bcﬁﬁffdcnon and
non-aronatgf:k rocarbon haV|n% a b0|I|ng point within 10C at a pressure of
g

about 101 pidracaghon figeliqgo;Ting frer Hydioptrodr risaer tsrnathdyawa dropmeptpom {39 54 kit
sul fur; |egsotanced wam@asn fthdtib® BeWithdedeh @S Sollid@M2 2R UnWPPMAfin@dd@éddns
and dlenes 004ﬁ¥g ﬁhélon S tggn w .t hdrawn from zone 133 via |line 135

and i nt r oddfR4en° achon {iHeepled oy l?défer&“tdé‘m%f idisAest ad ofeding. offisra

fracti on cowitmcni Mg ﬁbem;a eRerailg chRnZang tealsdd @psm dndieAnsGht dah B 6 the
fraction. The C7+ ﬁi %Bfra tion is repoved fromcolum 137 via fine

139. The b@ﬁ?ﬁﬁ@fb Boi Perrefrgue i Wh iPelitin dicadiPsergdycdrumi €37 via
line 141 amgﬂdrbmuo@dwcced7+l abeaed Mydkabiboms @anenththIenEhbyt@nabes 1i Blabedused

into ethyl at Icgnrt] b%/o\geelght%%se\él c?'n lrhlenv%lgl}{\%fzt E()) ?e/fg'r(r)n%tGeS%F%r/legbstzgn%866951907111frfomat10
hydrocarbon having a boiling point within [0°C at a pressure of about 101.3 kPa-a of the boiling
point of benzene; less than 5 wppm of sulfur; less than 1 wppm of nitrogen; and less than 2500
wppm of olefins and dienes.
[0041] The fraction is then withdrawn from zone 133 via line 135 and introduced into
column 137 where the feed is fractionated to form a fraction containing benzene and benzene
coboilers and a C;+ aromatic fraction. The Cs+ aromatic fraction is removed from column 137

via linc 139. The benzene/benzene coboiler fraction is withdrawn from column 137 via line 141

and introduced into ethylation zone 143. Ethylene is introduced into ethylation zone 143 via line



145 and is reacted with the benzene to form ethyl benzene. Low nol ecul ar

wei ght nol ecul es, such as ethyl ene and ethane, are w t hdrawn from
ethylation z i,a line 147. Ethyl benzene-cont ai ni rod IS

wi t hdr awn frgﬁge%ﬁEW%slon zone 143 via |ine 149 and |nt?gdﬁ (iW?b col um
151. In colum 151, the ethyl benzene-containing product is fractionated to
forma C7- fraction and a C8+ fraction conprised of ethyl benzene and

pol yet hyl benzenes. The C7- fraction is withdrawn from colum 151 via |line
153 and is either renoved via line 155 or recycled via line 141 to

ethyl ati on zone 143. The C8+ fraction islwithdrawn fromcolum 151 via line
157 and introduced into colum 159. In Colum 159, the C8+ fraction is
fracti onat ebdSiael 6 Badiedyith thei teyzeae lylope e henisrodbew naleselei wrighindolacule+
fraction capy isetnaboPahy Shitv] DERZENEGd Nl AIBUR | fofs e kheRzEne,
product fraction is wthdrawn fromcolum 159 via line and recovered
wi t hout neée@h¥lbnzengroppiaining uprpduick it vethdrash drast Iy loberz aens Mbd@cltmﬁwl‘}q and
usual I'y havlﬁtr&iupédrlhtto%oﬁlhﬁtlS?Xﬁlec%%ngl%l5th Qtﬁﬂgg{%ne%nt\é@ﬁn%@ Q(}*ﬂ@ﬁ?ﬁaé&@n%

total weight of the product. [0042] The renainin t1on can undergo
further prdeéysiafg: fmewexwpﬁiwfr@aon ¢prpprigzd of cthy frenzageangl paly ethyhenizenep ”ﬂrﬁdr awn
from col ummc,189c06has LiRGavO&o@Nd unft quqli'é:ﬁﬁje | ARG Lﬂfgple%%d 4/19 1199 541 165,
pol yet hyl benzenes are separated from C13+ hydrocarbons

hydr ocar borfe®eke tiadie 14! qicthpgriengons #‘&n% Fuhﬁa%wsvfrlﬁldraméromlml 5t pyén

pol yet hyl bapgesegnd@heoditddibWmh18m ﬁP&d{{mn 16D i1\ @+ ljaBon T O Ba@Bfhted into a
transferred to transal kyl ation zone 171, In transal kyl ati on zone 171, the

pol yet hyl beh&epsdy gheberenssupdogt Brcsign wid b osdizraiva i af @phyhpéenzerrs.

Benzene Canl“h'@@ughrﬁu'h%déﬂiﬁﬁienké%%rdd(x@tﬂ%h&ﬂs@%ih@ﬂw%% é&f&mlvn@ %h Mg 1dBafy the
benzene can be a fresh tg %(%T e transal kyl ati on product

transal kyl d850%c% 8%0111?3@1 pisugifiedgnt dhe thyipanzeer prgilugt I"Vlﬂhé‘éidliY?BdVﬁr?d 149
for procesgung-thdebistdlob a0 p&eadndby wtighMAEabh Mo el bed. slohadi ment, the

cat al yst used in ethylating benzene w Il be acid-active catalyst conprising
a crystal | ilf&2hovT 2%%% TrelfHpmFan urﬁegef%eenfmcawmgs.%weemah@ddw i bed

in detail |3nthe@9Jrﬁ§cth1 iZRhdriveh frEATBVRAE K sTYRESE 16BER inftdiucddarhlohgres W H.
Meier, and D. H dson, Elsevier, Fifth Revised Edition, 2001, which is

her eby i ncob pOYEE &3> By #hlspasiesire pspaise é@mo(f”*l\m%?‘bf’%ﬁmﬂh? CrrgIhggeagaghon
si eves i nclftaeeonNEME B draw MEVIS& uCM AQa llWandl t-ﬁ@p&lyetﬁﬁgengéms @{@Ctvﬂ@ld'w%

Preferably, the nolecular sieve |s npst preferably, th

mol ecul ar ~ JioBV0lyran Zo3 ki higsil Py ang EaW@W‘i? trar\ﬂékﬁétﬁ’@/ ZPG@@%‘BP@TM‘B?‘MB‘I%SO?M

- 12 - [0044]cTie, tﬁ@p&y@%ﬂﬁeﬁﬁ:ngﬁ&@-{ré&ﬁﬂl@}d@t@&iwltﬂbéd’z}br& t6l 3l @S Wezonk. | Bendsidal 1y
have an al phab val ue in P%%e of from aFout 1 to_ about 1000f preferably
from about “40P% W%&iﬁmtweeak fien et Erdbliye 1P oRihaBeriE <10 bt b fafioteri000:

[0045] I n S(THEtraﬁﬂEﬁlﬂtﬁm pidRCctRE trihsaleylatidh #oad & 1YiStrard®add iotolutins sdivaainesuse May
conprise a rrcrﬁi ore. nol ecul ar sieve having a Constraint Index of 2-12
(as define@®q H? Poesingnt No. 4,016, 218), including ZSM5, ZSM 11, ZSM 12,
ZSM 22, ZSM 23, ZSM 35, and ZSM48 ZSM5 is described in detail in U S
Pat ent NOSEtI&aﬁ&Qcﬁaﬁstand Re. 29, 948. ZSM 11 is descri bed in detail in US.

Pat ent No. 9. ZSM 1 ) descrl b in Pat 832, 449.
ZSVR2 i s dé@éﬁ be %W{f%ﬁ fész* ygfslécchlﬁ YRERE eZFre V&@eﬁ%éal
U. S. Pat entatigst c&nﬁﬁ&g&%stﬂﬁmlﬁ fﬁlﬁB}Cﬁlhibﬁzd Thesbmdlecilat egvts O described
4,016, 245. . ZSM. 48 . no articul ar des e
4 939, 253 iR e R R s heTe Baibet WoBe Mk bt ar o
i ncor por at etoneEBtvicrpFifthe Revigdc Bdition, 2001, thch is hereby incorporated by reference.
Examples of MCM-22 family molecular sieves include MCM-22, MCM-36, MCM-49, MCM-
56, ITQ-1, SSZ-25, and PSH-3. Preferably, the molecular sieve is MCM-22, and, most

preferably, the molecular sicve is aluminosilicate MCM-22.



[ 0046] I n sone ot her aspects, the acid-active catalyst used in this

di scl osure may conprise a | arge pore nol ecul ar sieve having a Constraint

| ndex of Ies Swtable | arge pore nol ecul ar sie i ude zeolite
beta, zeolite b%%l Pdstable Y (USY), Dealumnized Y (Dégim%b?{l/?‘?g?ﬁeni te,
ZSM 3, ZSM 4, ZSM 18, a MCM 22 famly material, and ZSM 20. Zeolite ZSM 14
is described in U S Patent No. 3,923, 636. ZeoI ite ZSM 20 is described in
U S. Patent No. 3,972,983. Zeolite beta is described in U S. Patent Nos.
3,308,069, and Re. No. 28,341. Low sodium U trastable Y nol ecul ar sieve
(USY) is described in U 'S. Patent Nos. 31293, 192 and 3, 449, 070.

Deal um ni zed Y zeolite (Deal may be prepared by the nethod found in U S.
Pat ent No. @042 785 aciestiyercata Gfd inghigl disdpsursedilliugually Savepatatnhe viae in the
4,401, 556. Ilgﬁlgee()ﬁ% gbo@‘?({: Qﬁﬂﬂ@tdlo\éo (ﬁ&@abl'ysfroqu?%{d hﬁ&t éb@utl‘f()&) n?cﬁ% gtgt}"erm

3,524,820. Mdrdenite is a naturally occurring nmateri al but I's a

avai | abl e i fons ybouh Ei0ite alfayt H90. such” as TEA-nordenite (i.e., synthetic
mordeni te ppgRar ed,fHmm Bydc8aatl QiM% %gy&qmr mhmgd@c]&g%w 91% Qxﬂnm@e{" um
directing agent). TEA-nordenite is disclosed in U Nos. 3, 766, 093

and 3, 894, 1DUTRere aRpleclar ppye hanmg dd?onatrqmttlwbxazﬁéxﬂé (gra@eémd igé8i Ratewatoons

are incorpof @%@dsmﬁ&ddmgbmej eIRNEE. Zﬂl\QQQJH;M ﬁoﬁmﬁ%mﬁtﬁm 20848,
aci d-active cat al corrprl se a m xture of east one madl um pore

nol ecul ar 48 lﬁégff%daﬂ EHHst Uat- Ratentiipsx3. 642,886 md Bad o868 12846 1 érdébcrlhq»dge

pore nol ecuhaknsieys. iwmg ﬁ7@aﬁstmnn§z id &g&?bc@fnUgslsatctnlf‘% 25320948\ he
nol ecul ar sj eve present he talilst w || usual lé have an al pha value in

the range of if fSrsBAUY- SlBW“ﬁ@’%‘ﬂ)é@ﬁ ToOVM-2Friedest B in/diSulateng Ny ﬁ%%@s&i‘?e of
nol ecul ar  siPW8s5 & idlbthed WOL2E GBIAPNE SBHETAESZORERAS bl partidarty described in

functional i tg and i s described toget her wit h details of its neasurenment in
U S. Pat. RateriaNo 182 3f 1 d'hg cntst eonipaissof ybithe ghove ggtent yipeidigatiopy 966)
and referenﬁ@rpo&tMQlﬁ@&ﬁ%eefor such det ai I s H| gher al pha val ues
correspond with a nore active cracking cataly 049%}The transal kyl ati on

cat al yst ma§040bnp 't Ot dsnsas o & iditive Eﬂtféw é‘i’ﬁ‘é\}% radfioiry U eyitempRcrt
| ndex of 2-13ge fs ndrbhINGLVE RakheS Cd%@treamnd\dsa of F&ssQﬂzﬁb 22381}a,b el 12143 F&b R@lcésiM S,

ZSM 11, ZSM 12, cﬁ%gl ];SM- 3? SM 35, and ZSM 4 arge pore
ol eoul arSiB0u g e el i PR B e DS Y B N AT ge
por e nol ecusa-3siewasz$MalLudecreot tdhﬂlylhﬁtftéi’-ml Mﬁ\dzsﬁ\z 20 ardolin zmt e4 lb@lescrlgéi‘io' ite
Y, Utrast abg@ﬁx/gﬁéﬂu%)ﬁ Deal um | zed nordenite,
ZSM 18, and" 1 3%%!63(,60%9 ’ﬁﬁ’aﬁ%ﬁ‘oﬂh “‘éf&ﬂd 1 6@55?%@006%2&?% ?ﬁ‘)hFendex
is a convemk@n! dBasyieUst Pie MoKt BIUS,069, MMIRENNEIDS,341. Low sodium Ultrastable Y
molecular sieve (USY) is described in U.S. Patent Nos. 3,293,192 and 3,449,070. Dealuminized
Y zeolite (Deal Y) may be prepared by the method found in U.S. Patent No. 3,442,795, Zeolite
UHP-Y is described in U.S. Patent No. 4,401,556. Rare carth exchanged Y (REY) is described in
U.S. Patent No. 3,524,820. Mordenite is a naturally occurring material but is also available in
synthetic forms, such as TEA-mordenite (i.e., synthetic mordenite prepared from a reaction
mixture comprising a tetracthylammonium directing agent). TEA-mordenite is disclosed in U.S.
Patent Nos. 3,766,093 and 3,894,104. The entire contents of all the above patent specifications
are incorporated herein by reference.
[0047] In some embodiments, the acid-active catalyst may comprise a mixture of at least one
medium pore molecular sieve having a Constraint Index of 2-12 and at least one large pore
molecular sieve having a Constraint Index of less than 2.
[0048] The molccular sicve present in the catalyst will usually have an alpha value in the

range of from about 100 to about 1000. The alpha value is a measure of molecular sieve acidic



alum nosilicate or nol ecul ar sieve provides controlled access to nol ecul es
of varying sizes to i ts internal structure. For exanple, alumnosilicates
whi ch provid restricted access to and egress fr i nt er nal
structure ha\e/\gaa h %val ue for the constraint index, %89@%@?1%0 04t i cates
of this kind usually have pores of small size, e.g. | ess than 5 Angst r ons.
On the other hand, alum nosilicates which provide relatively free access to
the internal alumnosilicate structure have a | ow value for the constraint
i ndex, and usually pores of large size. The nethod by which Constraint
Index may be determned is described fulldin U S Patent No. 4,016,218,
whi ch is incorporated herein by reference. £0051] Usual ly the crystal l'ine
nol ecul ar  sfuaspenajty sndhedeserisil traatho wikh dstarleler itsrraqasyreragnt ir @8 Rata¥nt. 41086.2 He
tenper at ur e,,and;. Q‘Ealf‘a@fsmcqgld My '&“@W'(%Qaﬂd%k&‘ﬁce% %@é% th@é‘%@u@fdéﬁﬂs

sui tabl e binder material include clays, alumna, silica, I'i ca-al um na,

si | i ca- magnidighe alpst valeca cotraseasdivath agndre echive broeking catgiyisi. ca- beryl | i a, and

silica-ti ta{lﬁb@g asr h\éﬁxlahsaﬁélaﬁ&{ &?M 1Yst %Wgﬁbﬁéc%%eduﬁ*f't'@&e%olecular sieve having a
silicaalumna-thoria, silica-alunina-zirconia, silica-alumna-nmgnesica and

si i ca- magriedpEntipdss oi &-12 Trredofiptdeia ] &rPaiine e, Hhp-24R)s incliding Hpbsi £9d- 1 t h

zeol i tic metqyiialzsanoh A bhe ARl idhi gshRiersRls a\M}g&m@fn@leaﬂ% & ﬁwﬁ]
S. Patent 5,993,642, which i's hereby incorporated by reference.

relative prlopestiishlider ofsedan 2r Seitdleelagaspds makseulpratioes Arclugde |zcolia byta,

wi dely wi t hitheomhae ma@nalskc%m ¥ UHL0bIAARNIDE QM PET wﬁ&la{l?%rdém&o
about 99 percent by We‘gﬁtg m)re referabl in the range of about 10 t

about 70 perEAtZHN Q:GF%?YC@ pationghggeadt i 1 nore preferabl y
from about [désof 0 e UtonkBaiRENERRT is aV\QnZQch{t 11@1@&@51%P§ﬁ-/tf%§?&@§{ Qé%ﬁh@h anl4 -

Aromati zation  [0053]Aromatization will usually be carried out by the
dehydr ocycl*3UENGsHEHE PT Palerd# stive prvidescoairplisd gt Gegsdo mofacrley el verirg ercrion§ of

napht ha, orintth@ sel@eki G cQfmhy, ArAEADRMASs which provide a highly restricted access to and
[ 0054] Dehydr ocycl o-ol i goneri zatjon invol ves converting C2-05 aliphatic

hydr ocar bo r’fgrefsofméﬁ‘ Eptareel prgischavpaheh vilve yrtlroegstrging H@ﬁ% rig GIU&RO“BW%

cont acti ng o€2ridkindlubRiNAthate POE STALMONS, bR, BE BEOFBn&RIsO0n ZRNEh&Nhaln t he
presence of a .catalyst suitable for dehydrocyclodinerization and under

condi t i ons 2BPFRASICYE VBICh PEYIfCereBHVAY FRBLFEE o Beidrie M GPRIP Qi g ch s e
and/ or t ol uewes loWhaludesalr esyediQdhd¥Rr dnd aki.apn p&repsﬂs ¢ kiRE I'MB3 $Roa Ay R@chc hai n

| ength by ol Lgomerigat on. Promles cYehl Rl on e Aoyl ggenat e eye! i oo

incorporated herein by reference.

[0051] Usually the crystalline molecular sieve will be combined with binder material
resistant to the temperature and other conditions employed in the process. Examples of suitable
binder material include clays, alumina, silica, silica-alumina, silica-magnesia, silica-zirconia,
silica-thoria, silica-beryllia, and silica-titania, as well as ternary compositions, such as silica-
alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia and silica-magnesia-zirconia.
The molecular sieve may also be composited with zeolitic material such as the zeolitic materials
which are disclosed in U. S. Patent 5,993,642, which is hereby incorporated by reference.

[0052] The relative proportions of molecular sieve and binder material will vary widely with
the molecular sieve content ranging from between about 1 to about 99 percent by weight, more

preferably in the range of about 10 to about 70 percent by weight of molecular sieve, and still

more preferably from about 40 to about 70 percent.



[ 0055] The feedstream used in the dehydrocycl o-oligonerization process wll
contain at |east one aliphatic hydrocarbon containing 2 to about 5 carbon
atons. The alj i ydr ocar bons may be open chain, straight chain, or
cyclic. Exanp le}gotgél&ggt}ch hydr ocar bons i ncl ude et hane, efﬁ{/l%é%%’fm’?frlbpane,
propyl ene, n-butane, n-butenes, isobutane, isobutene, butadiene, straight
and branched pentane, pentene, and pentadi ene. Dehydrocycl o-oligonerization
conditions will vary depending on such factors as feedstock conposition and
desired conversion. A desired range of conditions for the

dehydr o-cycl odi neri zation of the aliphatl4 hydrocarbons to aromatics
include a tenperature from about 3500 to about 750 C, a pressure from about
101. 3 kPa-aAltga’lﬂa!mg% 10. 13 MPa-a, and wei ght hour space velocity from about
0.2 t_O abou[t{)()ﬁ’f] I tA&ﬁa%Q&{ @ﬁﬂggaliyh)%tcarrigé oﬁthﬁ él’?ev(fe'ﬁ?tggc gﬁrogg&né}&g@o%rofgg— the
feed increases, a tenperature in the [ower end o en’gerature range i s
required f drsagphdtipn AtpgEls elopaing ef embthe onthe exelipe ofdydioprsbanver age car bon
nunber of 1654 eethilGahERRES eohl%RbORCE VNG &G LB, LeAGHL @ gL afure.
[ 0056] The c[gt aI]yst ugedg?n t e deﬁf/dr oc g%so- ol ?g%gne%i'zgt. on rgdar%%%ng\?éll
pref er abl y #onpicigeogibdnat Ehansericat i cqydeceous by eontastietit-Gr aliphwivdydierreanmindi at e
pore size nplGbidhon6Mesd HAUEpRs R & a%ht%ﬁ/séfsﬁ%e%od& (ﬁo%?_lo@i%l’l&at%n Ah@and
include, for exanple, AEL, AFlI,” MWWV M, MEL, M-S, I\/E%' W EUQ, MIT,

HEU, FER dﬁd“‘@%@?%@é@ﬂ”@_t‘t Dipduatn aeamaies RIPILE SomITitiws depagheridalr doluene.
described ifhe" Alh@dcRiodéeOihdca PlobdCtiHEEsdYREBon BER- lc%h Hy NBidkerizdtionH

A son, and Ch. Baer|ocher, Elsevier, Fourth Edition, 1996, "which I s hereby
i ncor por at eUCBYCT BN & ERutipicagcop cliaiia BRF Esiorterarigitiat e pore size

nol ecul ar gp@3ses ime kddd@rePMR in doML dro%%;%@ onferdht e probelVhiiB corfatVhrdéhst
ZSM 35, ZSM38. ZSM 48, ZSM 50, ZSM 57, 5% MM 49, MOM 56, and  SAPO- 5.
Preferred riFalivhells hujreqpdon gopigmped tp1aboysS abqn atgqes. The aliphatic hydrocarbons
2008/ 100658 T \5peR QRN IRLIfk chahdor cydfic.t ELAMST dfi st BdrdRibbRSindl L&A Bane,
alum nosilicate, and galliumcontaining alum nosilicate nol ecul ar sieves
having a MEHYEREUERIPe Propolyss ToRiar ybEiaes msbaeRs, Avbuptsy Bulydiye. Beisbiisi ned
wi th bi ndersrdmeh@rpeatind, Bt adid peRadibiR. IRAPRLA LIS Ligandliat BedonGianedi Wil QRS

enpl oyed in the process. Suitable binder material and relative proportions
of nol ecul &FPLfBy 8N At ittt fepratosk parrositien tkdogiterontcrtitos’e s e Feef
above for theligat #Mrisd ddS@Y-clQbditBeREPYhakiAikiOfydRRIBERAe afHRRE&]IMIER t he
hydr ocar bon conposition feed used in the present (ill sclosure is ma

de from

reformate pPrioBRIEEYe BYmERey Py ite 2baut ¥onf-ngbresshis froat BPraOe kP r et 1% 3pe
fornmed by oomtachd Hgight KeBrsfaad Alddithitend 886 0.2 tBabouN@PNtNEdeMiobi tat, a8 hiRr m ng
catal yst under reform ng conditions to produce a reaction product
conpri si ng abeé?ﬁféﬁ‘@o%‘d“qiﬁf Hﬁtpe ey sEate drempetaiEe pehglomst @diog CPBPHIE HRer
typi cal refiorgiirg f@mmmmop@sfod@slbegmcbomr@gp BPhe adehpedn0ae nahbpBr Bk feed
napht henes, isoneri ﬁahi on of ,Ipar af fi ni c hydrocarbons and dehydrocycli zati on
of non- ar ofETTAEShPaPERA TRt (I ‘SUSEY YRt i al 1y any hydrocar bon feed
cont ai ni ng [6086] pamaé fchiaFst @sed. in HRPARED R LIRBmUtidatibZ @hcAsn ferdstakyf or
naphtha reform ng. .-The naphtha will generally conprise C6-C9 e}I i phatic
hydr ocar boﬁ%n.“p“lbﬁé‘na{?tF'ﬁf‘?gidR’cp%?alF%Eﬁ?}agblﬁ%“Wy IBE’“E?‘L%? BHE SEF B MRS Shai n
acyclic hydiecagdosiss frandb@arstd avduar|y apibinabdd, RS csahle, asEI eHL.AM W, MFI,
E 2]9 g?%ﬁ;a%wg\%ﬁ? ll\/?]"\{f,o EU&S %HlTl? Pﬁi% %IE)f{t, Ial(l:d tf% Ogtlnl?ct?lge tlygg lm%fjegulgrcéigvleg

These materials are described in “Atlas of Zeolite Structure Types”, eds. W. H. Meier, D. H.

Olson, and Ch. Baerlocher, Elsevier, Fourth Edition, 1996, which is hereby incorporated by
reference. Examples of suitable intermediate pore size molecular sieves include ZSM-5, ZSM-
11, ZSM-12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM-50, ZSM-57,
MCM-22, MCM-49, MCM-56, and SAPO-5. Prcferred molecular sicves are SAPO-11, as well



(bi functional catalysts) and non-acidic reform ng catal ysts (nonofunctional
catalysts). [0061] Acidic reformng catalysts usually conprise a netallic
oxi de support i di sposed therein a Goup 8, 9, or 10 netal. Suitable
metal lic oxidgﬁgé%g%¥%% i nclude al umina and silica. Pre?gF@E?@?m?ﬂé aci di ¢
reform ng catal yst conprises a netallic oxide support having di sposed
therein in intimte admxture a Goup 8, 9, or 10 netal (preferably

plati nun) and a netal pronoter, such as rhenium tin, germanium cobalt,

ni ckel, iridium rhodium rutheniumand conbinations thereof Mre
preferably, the acidic reform ng catal yst>conprises an al um na support,
platinum and rheniumor platinumand tin on an alum na support.

[ 0062] Non- ai tHinesibigatargpitppilinee. abmanosilishior anid pgllivatcahtyising ahintihosdisatp micdeular

non-aci di c ﬁwegwg%ra N &V o€ 9-, zeolite, and one or nore
hydr ogenat i on/ dehydr ogenati on conponents. Exanples of suitable nolecular

si eves i ncl 8% MFIUsselhyythe upadecplppsicveawdl be eqnibiined| withebindon dnatasieb tesistant teitke/es

having a | ag@ferRRfBndb#hes cofdidons epr%ﬁogreé i %JoQJQ.aQRﬁBIe bt rgatﬁﬂgﬁx:i_:dfp\gmﬁve
Exanpl es of large pore nolecular sieves include LTL, FAU, and *B
structure thprostionEebmpleadarofeve psidiifder mptgrid @ thy sagicay dws¢ drsribge abavelfgritee |,

zeolite X, z@@li e Bl ro%?falié}&&fb hze)d ETS-10. WO ,
2008/ 100658PCT/ US2008/ ogo 4 - 16 - [0063] The reform ng catalysts w ||
contai n one 1! nor¥hanyibe Breeratbon aerarskiign &ye neadiip hemsesatslisclesuye is naydg figny

nmetal s, sucfofsat pr%ﬂlixdéﬁrby @ﬁﬂy@' 19?6[&1{11%& e r®rmiQ BLALE b@ﬁ')?rgccﬁ’% wnﬁlgﬁlg’a
rut heni um rhodium_ palladium iridiumor platinum e preferred G oup 8,

9, or 10 metal Paradfiye feqdn G, napkibn. witlea iefaeringlicatalysit widys refermingc envdiions &

netal  pr onyi&ducs YUChac@isn thkdluctl QRGALRRDABURLd fher hydrocarbons. The reformate is
hydr ogenati on/ deh%%lr ogenation netal present on the non-acidic catalyst wll

usual Iy be PrRsUaRE I rdprmigneaeaditions doggnse hpameeisadressraien plrageaesi on

met al  basedsdtritf®n Wehtiniohydrb@rtoal ﬁidxﬁ%ﬁydr&P@izﬁT{%nan n&RRoREd HAR-RBEAL ed
into the zeglite durin synt%ems of the zeolite i mpregnation, or b

[ by y
i on exchand®% arvubsarBalisanyobydracanon s spmpingetve rappiept-Eatehdal 2 By way
of exanpl e,utiliftdaR fdc@lo R¥GNAPERa RFPGASS ThOhaphind Wil %@i@r_ah@cd1ﬂ$rfs@@$1_@§giplﬁ¥dcus' ng
cationic platinum conpl exes such as tetraanm ne-platinum (11) nitrate,
[ 0065] The H3HOLsc dif aliphationyqrogrehent ey he| Wahh opi Wershed Than pioielisr can

be a nat ur alydi@tarBons, and particularly paraffins such as heptane.

[0060] Catalysts suitable for use in catalytic reforming include acidic reforming catalysts
(bifunctional catalysts) and non-acidic reforming catalysts (monofunctional catalysts).

[0061] Acidic reforming catalysts usually comprise a metallic oxide support having disposed
therein a Group 8, 9, or 10 metal. Suitable metallic oxide supports include alumina and silica.
Preferably, the acidic reforming catalyst comprises a metallic oxide support having disposed
therein in intimate admixture a Group 8, 9, or 10 metal (preferably platinum) and a metal
promoter, such as rhenium, tin, germanium, cobalt, nickel, iridium, rhodium, ruthenium and
combinations thereof. More preferably, the acidic reforming catalyst comprises an alumina
support, platinum, and rhenium or platinum and tin on an alumina support.

[0062] Non-acidic or monofunctional reforming catalysts will comprise a non-acidic
molecular sieve, e.g., zeolite, and one or more hydrogenation/dehydrogenation components.
Examples of suitable molecular sieves include MFI structure type, e.g., silicalite, and molecular
sieves having a large pore size, e.g., pore size from about 7 to 9 Angstroms. Examples of large
pore molecular sieves include LTL, FAU, and *BEA structurc types. Examples of specific

molecular sieves include zeolite L, zeolite X, zeolite Beta, zeolite Y, and ETS-10.



synthetical ly produced inorganic oxide or conbination of inorganic oxides.
Typi cal inorgani c oxide supports which can be used include clays, alum na,

and silica, i idic sites are preferably exchan ns that
do not |npartwg?@%§§m§§|dlty [ 0066] The reform ng proceggqggﬁm%@%hg
continuous, cyclic or sem -regenerative. The process can be in a fixed bed,
novi ng bed, tubular, radial flow or fluid bed. [0067] Conditions for
reform ng conditions include tenperatures of at |east about 400C to about
600C and pressures from about 344.7 kPa-a to about 3.447 MPa-a, a nole
rati o of hydrogen to hydrocarbons from1!9-to 10:1 and a liquid hour space
velocity of between 0.3 and 10. g0068]VMen t he hydrocarbon conposition feed
used in thel B?%sen“fhed‘ieg’(‘ffln%lﬁdé‘lﬁb Witldeonfaio e plePerenBtdEogsrabig ety dipgenstiemm

cracking, theakef@Qr GPJuE 7V\fnktlals Usidld YheBRm @EdTBELUBY, 008 BF feAB, &ickBY nickel,
paraffinic feed, e. ha, . and steam under sfeam cracki ng conditions

to produce %ﬁW@H@tﬂﬁﬁ“ﬁr@ﬁ@é@”kSH%F?§Hﬁﬁmwéhzgﬁé”§ﬁ@“b@ﬁ@P8h%d¥d@3ﬁ%@ns

The ref or megiginuf. fA0dMBE nbdRIc hRkGah c&ﬁa@@%@fap{ﬁgﬂn&gr &Ongliti ons designed to
pr onot e therﬂ?ﬁ caonversion qf paraffins to light olefins and aromati cs.
la

[ 0069] Subst!4 | 1 \readyou of defé’fosﬁﬁﬂ%@ay@wam AgtaCpteseyh roaf fhengon-gsidic |

et hane, pr Qﬁ&[y@t walUIs@eﬂ@Sbe 2PV 0. 199 kS 4vold 869 of ﬁ}df@g%ﬂ:ﬂ%ﬁ)d@h}ﬂ%?ge&hbn m¥@fuum
gas oil, /or any cggf(gatlon can be utilized as feedstock st eam
h d

cracki ng. THENYp Refrétiat| yihe gpRii g begomariit ingr Bifercplie during
hydr ocar bongnthddieoMENzeBl QB inprddyeHoRCEIIARS c1PBMB B 8t hRbaRtsoRlioPERARERED
chain WO 2 eo %/p%ogggtgggtcr /yuv§z%rooose£<£n§p(%e7 :}Ifl an ion exchange process, platinum can be introduced
by using cationic platinum complexes such as tetraammine-platinum (IT) nitrate.
[0065] The non-acidic catalyst will usually include a binder. The binder can be a natural or a
synthetically produced inorganic oxide or combination of inorganic oxides. Typical ihorganic
oxide supports which can be used include clays, alumina, and silica, in which acidic sites are
preferably exchanged by cations that do not impart strong acidity.
[0066] The reforming process can be continuous, cyclic or semi-regenerative. The process
can be in a fixed bed, moving bed, tubular, radial flow or fluid bed.
[0067] Conditions for reforming conditions include temperatures of at least about 400°C to
about 600°C and pressures from about 344.7 kPa-a to about 3.447 MPa-a, a mole ratio of
hydrogen to hydrocarbons from 1:1 to 10:1 and a liquid hour space velocity of between 0.3 and
10.
[0068] When the hydrocarbon composition feed used in the present disclosure is made from
reformate produced by steam cracking, the reformate will usually be formed by contacting a Cs+
paraffinic feed, e.g., naphtha, and steam under steam cracking conditions to produce a reaction
product comprising benzene and other hydrocarbons. The reformate is formed under typical
steam cracking conditions designed to promote thermal conversion of paraffins to light olefins
and aromatics.
[0069] Substantially any hydrocarbon feed containing C,+ paraffins, e.g., ethane, propane,
butanes, naphtha, distillate, atmospheric gas oil, vacuum gas oil, and/or any combination can be
utilized as feedstock for steam cracking. The naphtha will generally comprise Cs-Cy non-

aromatic hydrocarbons. The non-aromatic hydrocarbons may be straight or branched chain



- 17 - cyclic and acyclic hydrocarbons, and particularly cyclic
hydrocarbons such as nethyl cycl opentadi ene. 100701The hydrocarbon

conposition I gin fromabout 1 to about 75 perce of at
wibboGoRtai n fro B DIt

| east one ben?eRe ¢o oi ler, i.e., C6+ non-aromatic hydr ocarbons "havi ng a
boiling point within 10C at a pressure of about 101.3 kPa-a of the boiling
poi nt of benzene. Sonme hydrocarbon conpositions wll contain different

anounts of benzene coboilers, e.g., about 5 to about 60 percent by wei ght
of the at | east one benzene cob0|ler or fromabout 10 to about 50 percent
by wei ght of the at |east one benzene coboiler. Al so in sone hydrocarbon
conposi tions, the C6+ non-aromatic hydrocarbons present in the hydrocarbon
conposi ti orfY@iq | aaveeyalinohydresgropes ntandi phitiaulEty atycc predegronsf satfouss
101. 3 kPa- angﬁﬂ&mapgg&ﬁ&@g poi nt of benzene. [0071] Exanpl es of benzene
coboi l ers that be present in the hydrocarbon conposition feed to the

propyl ati on? t’ﬂr?lt Trlilemyd@%r?@t epenvsidae Wik \rental ekamaeboutel Ky pkope 7o perrerinky, 2-

met hy | hexapggh3 ot Ryd: BEXBHGeR: Bboifdk, TRt tmsmtaﬂau@hfﬁrgaa%tmvnw fdignaNnd
di met hyl cycl opent ane. Feed Pretreat ment [0072] The hydrocarbon conposition

feed used iNQi Rathpr HEe s agreshe opplgie APl HikBei 05 thedorig roBh AP ZIpuUPI™Md es

such as, faidRxabR @)mp@ilﬁ(fds R cBhtGiA YSrrerd hibimCOMNeRldl REbAORPOUNAS ut 5 to
ni t rogen- cont ai ni ng conpounds, and combi nations thereof. Preferably,

| east a poraPPlﬁr‘?od’FrCS’ﬁé’yo‘tCl%r"é tfardttlcwetsféwubﬁwm eqbaderj e fogh#hray !¢ Poo?t)PPt‘th%)

hydr ocar bonceefmySicdhosr theadcesnohenREORYbiRl ] Ao of sRRNZeRebs &xipeithdhe
cycle length of the catalyst and to reduce the formation of ethyl benzene

co- boi | er s PNCEHOBFRbE Y GPeats prrey Inits BrfrpeeEop Sppeseion 1t daver bpiee f or

renovi ng th@ﬁt@wltﬁﬁﬁlﬁlp@ﬁﬂaﬁkﬁebﬁfr@otkdbaﬁmolQkP@ESQﬂH@b&Kﬁé pod oF Fenthi. art.
Ni t rogen- cogpalnlng and sul fur-containing inpurities can be renoved

hydr opr oced b ﬁﬁﬂ?@ﬁt@3&@§Wﬁ§°@%@%ﬁ?ﬁﬁé§b%P@“WéPtmﬁﬁﬁﬂﬁ&?mmﬁﬁéma$tmand

are Ff ten Lf&dutd’ ek tpa)p@malkﬂ emgt fﬁ?lmt@ rcgelk; taﬁaplsstctba?taae Denctily RS IaR, 02-
gasoline that meets U. S | ow sul fur gaso speci fications

Hydr opr oces% ke ar Praghgigeansy rgafitnt?&“y A ocaf ‘ﬂ)SWGF%VéR?nW(t h hidr ogen
in the presensei8tlopensdapported catal yst at hydrotreating conditions. The
catalyst is usually conprised of a Goup 6 netal with one or nore G oup 8,

9, or ta:; as Eronnters on a refractory support. In a preferred
enbodlnent ker naphtha is hydrotreated to reduce sulfur |evels
to less t hatm75] Wppae hyuntdaﬂ)@s laorhp'ﬁéﬁiloﬁ fde@ ubiSH telfaboeds SMRMpre@Rddii@ e inand
S evelcgntr:[tir? 1r|n§usrlsttc;[ bhuac'g as, or exdmple olefins, dienes, sulfur-containing compounds, nitrogen-

containing compounds, and combinations thereof. Preferably, at least a portion of one or more of
these impurities is removed from the hydrocarbon composition feed before propylation of
benzene to extend the cycle length of the catalyst and to reduce the formation of ethylbenzene co-
boilers in the product of the propylation reactor.

[0073] Techniques for removing these impurities are known to persons skilled in the art.
Nitrogen-containing and sulfur-containing impuritics can be removed by hydroprocessing.
Hydroprocessing techniques are well known in the art and are often required to enable steam
cracker naphtha to be blended into gasoline that meets U.S. low sulfur gasoline specifications.
Hydroprocessing is carried out by treating a hydrocarbon feed with hydrogen in the presence of a
supported catalyst at hydrotreating conditions. The catalyst is usually comprised of a Group 6
metal with one or more Group 8, 9, or 10 metals as promoters on a refractory support. In a
preferred embodiment, stcam cracker naphtha is hydrotreated to reduce sulfur levels to less than

5 wppm, nitrogen levels to less than 1 wppm, and olefin and diene levels to less than 2500



WO 2008/ 100658PCT/ US2008/ 050714 - 18 - wppm Hydroprocessi ng produces a
napht ha from steam cracking with very simlar levels of inpurities to the
napht ha prod napht ha reform ng. Techni ques for ently
renovi ng theu%ﬁqgﬁhgﬁgnd dienes (fromeither refornmate 5?*@@3@8%986essed
steam cracker naphtha) are disclosed in U S. Patent Nos. 6,781,023 and

6, 500, 996, which are incorporated by reference. A preferred technique for
renovi ng ol efins and di enes involves contacting the hydrocarbon conposition
feed containing olefins/dienes with a crﬁftalline nol ecul ar sieve catal yst
conprising MCM 22. [00741Nitrogen-contai mmng and sul fur-containing
inpurities can al so be renoved by contacting the nitrogen-containing and
sul f ur - cont WP nglYRipaioesERD BFe decsing aubhthi fom etedmyiradsing rividbesy bignler lsrdepf
absor ption gendidsi BN %ﬁrﬁ&t pBude® R ShAl rck&ﬁagx aT&q{Fntqh&nfopfbuﬁbgfuently

ni t rogencont ai ni ng/ sul fur-contai ning iInpurities suit
absor bent s CREYEC elcAYs aredisnesdfrgmerber atformatreer @Wewg@d sippre fiaglics gaphtha)

absorption gepdiitd-@fsui Eﬂ@hﬂél@@]d’%‘ &, SImes ahdg Sodoe! \K/ﬂ@ﬂ ﬁg*i)dcg Brdteg b?QQQ‘enJgDr e
preferably from anbi ent 200C, 'or nost preferably ron1 nbient to 100 a

pressure subfirefisit tef@l%ﬁu fi B Ving g s pinéwn@bmplwmwtdcanwgwtowmn y
space vel ocdopofitieied) cdnfalnink di@indBRMs WERQ clefalllme W&ul@f §é\ﬁcrc§tl§ yyt c&fnﬂfﬂu@j out
r

0.5 hr-1 to about 10 hr-1, nost preferably Trom
dependi ng U¥6M-the hydrocarbon conposition feed belng treated Process

100751Sui t ghhay al I‘N’x r8Ech REn@ERBT 4R stifRlcodBYinPCintpaReks! Bant RisS ©H SGLAHT S
conpri se al kene onpound(s),. al cohol conp oundé(% and/ or al kyl benzené(s),
vage

and ni xt ur é@n&aﬁ@&éleﬁ nitregeopitaining Apd &nl Br-RYitRpn Fhoa compasitipayfeqdevighsesf ul

in the proa@ssbdf uhddt shidisich Qemli®ondpBaAL Ity rérﬁtﬁietadeeaanypahbrpeame%%gen_
aromatic o;%anlc nmpoun haV|ng one or nore avail abl e al @% at1l ng al Ip hati c

groups cap P%mggﬁF@ﬁéPP%ﬁ“ﬁﬂpﬂmﬁﬁé Eruyinla ehpiiably ehiosltent ledidsslydmatEidhngl es

of suitabl th@-hlkt%hﬁtcbﬂgo@9§ rl%&feﬁ&f%dn@ﬁ‘on%n@lh&fs' ifbludéiaZemp@dtlb¥ bEREM afaBicnt
al kanol ; -05 ethers_ including nethylethyl ether and

di et hyl et hd? %Oagd‘é‘ﬂ”fid’é%e%% fromeambicat 19 @Qrﬁﬁd’émoatmfFraWélflioa’e%m%@éw K9 Gtany |

chl ori de; qmblp@wﬂél&y ke tagy QRt plﬁs&@ﬁﬁﬂi@iaﬁbd b SeighBhdlirly sPice a’lellé}z’llt}aitr&ﬁl 0.5
benzenes ( etgﬁ enzeng% %? and tri-al kyl ated_ benzene(s) ?
tri-ethylb @rf‘é?g‘}t I St BF EHOD-FiTs oHe) %tnkytp 4b3uh 0 5lgeﬁ19<trpacgferﬁfflé 1@Fabl y
be sel ect ed.d1rOm 4.018 'GeAARInG QFSH t5E hydighc@ifboomfositioDRc@bdiaRated.

bi et hyl benzene(s), and tri-ethyl benzene(s). The al kyl ati ng agent includes a

concentrated al kene feedstock (e.g., polyner grade olefins) and a dilute
al kene fee%?%gék (e.g., catalytic cracking off-gas). WD
2008/ 100653RaF/ USSQW&@Q}H&{hg- aghfi(s) tfleﬁ’Qﬂe@] ff@@b@@' 1|ﬁYt|h@t dibshi@achdpAt: ARYncal SO

take place cgmm%)oﬁngl(h ), ala l(:()atltlpa(‘)lljll’l(?(b)agl%%afta kylbenz L(S and mixtures thereof. Other suitable
alkylating agents that may be useful in the process of this disclosure generally include any
aliphatic or aromatic organic compound having one or more available alkylating aliphatic groups
capable of reaction with the alkylatable aromatic compound. Examples of suitable alkylating
agents comprisc C; olefin, viz., cthylene; C, alkanol; C, cthers, e.g., C-Cs cthers including
methylethylether and diethylether; aldehydes such as acetaldehyde; alkyl halides such as ethyl
chloride; and polyalkylated aromatic compound(s), e.g., bi-alkylated benzenes (c.g., bi-
cthylbenzene(s)) and tri-alkylated benzene(s) (e.g., tri-ethylbenzenes), and so forth. Thus the
alkylating agent may preferably be selected from the group consisting of C,, C;-Cs alkanols, bi-
cthylbenzene(s), and tri-ethylbenzene(s). The alkylating agent includes a concentrated alkene

feedstock (e.g., polymer grade olefins) and a dilute alkence feedstock (e.g., catalytic cracking off-
gas).



and the al kylating agent in the reaction zone under conditions of at |east
partially in liquid phase. The al kylation or transal kyl ati on conditions
include a te r of 100 to 285C, preferably froma t o about
232.2C, and gw§r§§§ﬁ§% of 689 to 6.89 MPa-a, preferablyg%ghﬁﬁﬁémﬁﬁg of 1500
to 3000 kPa-a, a WHSV based on al kyl ating agent (e.g., alkene) for overal
reactor of 0.1 to 10 114, preferably, 0.2 to 2 h-1, nore preferably, 0.5 to
1 11-1, or a WHSV based on both al kyl ati ng agent and al kyl at abl e aronmatics
for overall reactor of 10 to 100 111, preferably, 20 to 50 111, a nole
ratio of ethylene to benzene of frontaboUt 0.01:1 to about 0.5:1, and a
VWHSV based on total ethylene over total catalyst for overall reactor of
from about @9%land hsrdiiation Faction qyyrabsopplef mecabvii, the Hisylpible ajogttio capfipound

et hyl ene t 0.eRNZ&0Rating abdht ﬁlhﬁ'e Ire%gﬁ z&fe uh QT RRARME oFat Qc%st]pa;tﬁll@rﬁ tﬁttud‘?phésc

Most preferabl nole ratio of hyl ene to benzene is i

al kyl at abl e %fr%%ttroe 0&8’ﬁ%‘t§ﬁ@“‘?"s¢°&ﬁ‘k‘9lllba‘tlelﬂdw tcmp@tqerca@%ﬂoatp |2ﬁ§ Cagefirable. g.
al kene) in the PEASBDREC Of B4t BbKYd@LIQN f%ssﬁtreafﬁs@@k%l@@ Wacdagp?éféf ly ipa
reacti on zone or a ?Iura ity of reaction zones. The reaction z ‘are

pref er abl y TEE4E Q4 1P 19 %qoﬂéf’edr 1O byred splalkylsting pgept (ol ﬂl!lléfée)afl‘?bPYFéfﬂ

reaction zqeﬁ:tctmvongo ap hal Ikart@t)uyomz Qrz bt eﬁtﬁ@b&y&@ty on tgqthall tﬁset weeds pdsaeat ed
in separate vessel whic passabl e and Wwhi c perate as a

reactive gu¥rtehudsy la“FﬁégCélétr’éil a}‘@tat@&%@%ﬂtw fon Ot%%bFCiiCr‘PrtolﬁéO FOelé)chl viselgighlvd bed

may be diffzrendo £V, Q%&lb@at%ﬂt%@&an@@E}Q§ﬁé Moﬂ"oda'%%i:t'orbltlht% dbB@CE 5:9NaranNe.
The catal yst_co osition used in the reactjve guard bed may have multiple

cat al yst cotpoYi FHW&“”ﬂﬁﬁWE§§PV%H§ﬂP@é@ﬂf@ﬁ“f@Hé“m@hﬁf%%?ﬂﬁwr95é&bﬁmm

reaction zang;'. i MorBirétt@bede lﬂrﬂﬂjcefatlﬁ%m@th i % Bhi@etii Wetht Qarfz@ s ¢roftl At i on
of the alky table aromatic co t he al kyl ati ng agent in the

presence of’ :lQI F%H46n]%R“PE§§§%XRV#%FWBW §3W§P9§tb“?@@???@%%@ﬁ%u?%ﬁ

condi ti ons diglat®ar hphag: QsthpduR@ ilalkyl et with afe DeNz@neagsht (. et Adene, e
| east partial | ui d p%ase may have a tenperature of frontabout 120 to

i [i
285C, pref dFSBIcy O an RHBMRT drasellp P feb it & T80 I0nGOBBEC Pl el stk rof
689 t 0 460kokdaTi repdtidh &b @) Yare greeraegsrémecm‘n A SR8l bl 3dssd Pan dna anm—tﬁv
based on totaL?eth%Iene nd. t ot a at al r overall react or o? to 10

h-1, preferd® N FYIeaping an fhyEtiph 8?8?”36‘%%1”“@ talyst pedy located in aewrﬁg/
based on b@/bhelt\ﬂtlai mé&} hyd E}ﬂﬁae@lbdz e RHRA EnayPeratcQl alrea@@st u)iﬁitbeflofhecb‘dt@fyaﬂ I
reactor of 10 to. 100 h--1 refer gt%BBZO to 50 E nol ar . ratio of
benzene toC@Pﬂyﬁgﬁé“pﬂBﬂFﬁﬁ {re guap 4yt berpiderey %@b@%ﬁﬁ?yﬁFﬁﬁ?ﬁﬂﬁﬂﬁ“ﬁo to
about 80. [0M¢Bdknorsone TEhealyTebihposition@isdIEn ZRNEadtise Qdakd/l)@ltrﬁe@/ Mlvt lahuetpttyl ene
to produce ethﬁlbenzene inthe liquid hase Suitable |i{ urd

condi ti ons “HAET GABPR OB 148" P TH Yt ag ‘he apbrmy! Oeaé“c i zone? Rifhtained
2008/ 108658%’1“ [chiSRO8 /cbB@ild 4o <caud® g&ylaﬁdﬁdoﬁﬂqﬁg knya@feezfr&?JttLb (%{ﬁipﬂ%ﬁlnwfﬂb@iét
205C and 26 press to a 20875 kPa- a, erably between 2860
and 5600 kﬁgqﬁtmga %ﬁé‘&@e\?@ gf piypn B‘ty%@%’hmatﬁ‘&t?t‘kyé)m?n Biidvso 11 VHSV,

pr ef er abl y [T e e Rarlicanrdodifidns fMHSNyinpasete ﬂﬁylﬁthﬁ ﬁmmzleemenﬁ ee;aleneadﬂmkaa

t f th t t hyl th bout
075: 2 to aBSUtTABoRE Shde e e Ay by ot i g 18 8 plefBle dr bl
from about tchipiratuce dlfiotitab3@:130 RCANC, a pRdSsurcIf 680 B0 Yk Har0 PreBIMOUY, a biclsutorabout
10: 1 | t t
speC|P?egr#5 quézit@%rhe%y¢%%§%§dS?EW%Smﬁrgs%ﬁtmgt§@B@%@¥§WW§Q§§§$PB 9Lgs

mol e rati oteof0 fal, Ip;elfmhmg) mgem » nergprefeedblyybene,i i 'DobenaENebatd bhBoth @At or

inlet. For pd N cas ctor pavin re bed,
e.g., four Ctﬁégn%pdng R qeté)%e C% %‘3?% avRgli ftgg?tn@ P rtbggg%%erﬁ@ fot‘ﬁgbm)l e
ratio of et hythcemmol:aorab@mf‘zbemm tojeenyteedfromhbbueacorubbmdprlelferhﬁy fobeh Bbont 20he
specified [ g@ e., ethylene to benzene nole ratio will be within a
range deflnea y a | ower nunber and a hi gh nunber. For any specific range
defi ned byH@7ﬂomemsnmnmeMxhnduadhmgmumumbmymmuhehhmmkncmmﬁhmmsmhﬂMmhecequa
or |ower t i r.end. nu e, u |s di,scl Qsur.e may
be define dmﬁ'e ﬁ(ﬂ?d &1 %b%mtqﬂe hqut a\slﬁ’) coHclijlt erq%cluSdZela et% {1peaa%fr? %enchﬁteab&;tolgg {“
consi sting of 0. 001 1, 0.01:1, 0.015:1, 0.2:1, 0.025:1, 0.3:1; 0.31:1,
0.35:1, 0.4:1, 0.45:1, 0.5:1, 0.55:1, 0.6:1, 0.65:1, 0.7:1, 0.75:1, 0.8:1,
0.85:1, 0.9:1, 0.95:1, and 1:1. Exanples of typical range are 0.001:1 to
0.75:1, 0.01:1to O0.6:1; 0.02:1to O0.5:1; 0.02:1to 0.4:1; 0.02:1to O.3:1;
and 0.02:1 to 0.1:1. [0080] The process of the present disclosure produces
an et hyl benzene product that contains at |east 99.50 wei ght percent of

et hyl benzene based on the weight of the product. Preferably, the process of
t he present disclosure produces an ethyl benzene product that contains at
Ieast 99 65 melght percent of ethylbenzene based on the melght of the

o - o, .



[0081] Distillation tenperatures for separation, e.g., separation of

pol yet hyl benzene from et hyl benzene, are known to persons skilled in the art
and wi || dep t.he conposition of the polyethyl be t enzene
pr oduct . gé@ﬁﬁ@] §¥s8PCT/ US20081050714 -21 - [0082]T%é%@§%@%§§%'f t he

pr esent disclosure i ncl udes recovery of polyethyl benzenes as a separate
fraction foll owed by transal kyl ating the pol yet hyt benzenes with benzene to
form et hyl benzene. [0083] The effluent fromthe reaction zone conprises the
desired et hyl benzene, unreacted benzene, any unreacted ethyl ene (ethyl ene
conversion is expected to be at | east QOJhDI % preferably, about
98-99.9999 nol . 9% and the al kane conponent and the other inpurities. In one
enbodi nent , adt3 P Carefeyalip betwgen efout K efapfl JONTC. i Prdsede up tapbsuh 8987 d&eti on

zone where ﬁgﬂfaﬁfy%@ﬁleerﬁﬁm|a§@9600%P§nqd§§}JaEWelJc§9Gét{)vgé?l d%&tm e 2nrepated
benzene with an al kyl ation cat %‘é@ Furthernore, at least a portion the
I A
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reaction zones, a by-passable reactive or unreactiv-e guar
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guard bed n@yuﬁ&§@19@mtoaded with an al kyl ation or transal kyl ation

catal yst, the sane or different fromthe catalyst used in the

ma
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desired alk%lat on reactian ut.is also used to renove any reactive
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conmpounds, bakiigh e(lﬂﬂéecﬁeﬁh&ﬁfyw memrr&)@narfquu@ﬁmm% afy shhgralkod AthQn or
transalkylg}lon cataly ? cat al in the reactive or unreactive guard

bed may t he¥éfloyve “é‘H’Bfrea@fl athb% TRy @dﬁwtnuméaewérbateﬂ%Oamﬁroﬁha& @mﬂsé%em
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unreactive ar e e operated in co-current upflow or downf
operation.0%%38§f€%gI%Eéﬁ%?ﬁﬁyQﬁﬁé?gﬁmﬁgéwl1ﬁ°9ﬁ§1p9 oo ¢4l 9% Ent

i nvention M$2nypbgatbyzopauaﬂemd@@zasobq1ach|eve essentially conplete
conversion of the _eth Iene However, for so applications, it my

desi rabl e ﬂ@m gﬁ f“%%ﬁ%&?fﬁﬁ@@%ﬁﬂ?ﬁ@%% @ﬁWéwﬁﬁﬁﬁﬂm?ﬂgdﬁﬁﬁ@b?ﬁﬁﬁ% of a
separate f iafﬂie&hi)ﬁng) weglatpercerd oNaa} b@aAchsck b tiicaaght 0fthZ pRE(S) Pmyabhe the

desi rabl e under rtain con |t|on The finishing reactor would a

contain aIQVFg?l ed?“??éﬁ?&ﬁﬂ@? aﬁﬁ@%ﬂ§@?ne&ﬂﬁ@ﬁ%@bﬂpgnﬁé“#ﬁgS%éﬁe or
di fferent fiueigm mecmaifadtmsmcnmeobam ot hier weAchf o AOBES, mbBret fiefeadblky ki@t i on
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cthylbenzene product has a purity of at least 99.85 weight percent, and most preferably the
ethylbenzene product has a purity of at least 99.95 weight percent. To further enhance the purity
of the ethylbenzene product, the product can be blended with higher purity ethylbenzene product.
For example, an ethylbenzene product having 99.85 weight percent purity can be increased to
99.985 weight percent purity by blending appropriate amounts of higher purity ethylbenzene
product (100 percent ethylbenzene product) with the 99.85 purity product.

[0081] Distillation temperatures for separation, ¢.g., separation of polyethylbenzene from
cthylbenzene, arc known to persons skilled in the art and will depend upon the composition of

the polyethylbenzene/ethylbenzene product.



WO 2008/ 100658PCT/ US2008/ 050714 - 22 - transal kylation reactor(s) and may
be mai ntai ned under at |least partially liquid phase or alternately vapor
phase al kyl at ransalkylatlon conditions. The pol fe romatic
conpounds |n<$§QMQé$$uents may be separated for transalégkégﬁg%)&ﬁ

al kyl atabl e aromati c conpound(s). The al kyl ated aromati ¢ conpound |s made
by transal kyl ati on between pol yal kyl ated aromati c conpounds and the

al kyl atabl e aromati c conpound. [0086] The al kyl ati on or transal kyl ati on
reactor(s) used in the process of the present invention may be highly

sel ective to the desired nonoal kyl at ed p¥loduct, such as ethyl benzene, but
typically produces at | east sone pol yal kyl ated species. In one enbodi nent,

at |east a BB onhefrrecs &fthy pesnt tiselayurh chiferaicoqyeryyofarabisthybbearsnison wone
i's subj ect edpdc arSERARMLEN b§t @zﬁmélﬂzl&t@l O¥EpoRRIYRLIYAL Sk %Em b€ form
conpound(s). | n another enbodi nent, east a portion of the polyal kyl at ed
aromatic chﬁ@ﬁﬁﬁmFs supplied to a transalkylatlon react or which may be
separate frgasjhe BkkylRhi Roh RALLIn zlktec&nﬁﬁn&athgmk@ea merb@@:@ﬁ@ unRLQdUCes
an effluent which contains additional nonoal kyl ated product by feacting the
pol yal kyl at®SBspety d et Hilcat ksinatmamosveasioit Pecdohisobndt leat Verst’a
portion of gheasyehbliugiiboomyobe) SRIRAE AkSH cbRpEREOME ihd Jzﬁer%mt@; @pone
aromati ¢ conmpound (nonoal kyl ated aronmati ¢ conmpound and/ or pol &bate

aromatic coRpBUAEN: o @@B?M@?@f thseycryisfed iorrnglhst wastion cPridw 1%.3 areeh ve

guard bed, di 1dn§ iFBddatirhe oatie byidt thh e@SlacRar fdn@dne | With 14ULIAYIRNAS Gatalyst.
condltlons guard bed will preferably operate at a tenperature o? from

about 120 t&ﬁéﬁa@@e prieses pytign thaeff@ﬁlﬁéwa% et de FIHan A6 MB e fd Degly, a

pressure o&wﬁaﬂaﬁgt&ﬁ@&mmgﬁmamﬁm@referably, a pressure of 1500 to 4137
kPa-a, a \/ based on total ethylene and the total anmount of catalyst for

the overal II0988hct & agfitipn 1o.¢ grdyppsirgem ofy Bieglheagiioy zopesp & By-pasgapley reaghyieeor

pr ef er abl y,unQaé:th Quakd bdd hay R6rmBIYESNchas Rt @Ebtm%ﬁhrit@fraﬂn RS Nd1ana st ot al
benzene, d the otal anount of catalyst for the gverall reactor of 10 to

100 hi, pr gh @irq bedappyrabionys leadpd wifygn Uiaogror il BHob e Sha e BB ene

from about the s BD@EEreAGRM PE eeftaysalabem i ﬂq@rﬂaaammona@ S&h%b%‘bec&@ maRARQ] The
transalkyldtlon react.i on t ake artlally in liquid

phase condiPToHE PHTT &(and&?fmt Shal wt%ﬁ% al?@?“"élﬂﬁ?i‘ﬁgybﬁ n gapditigys- Pblast a

partially ipartioh @@ Ibénzléﬁb&&ﬁd bpasnsity kiyleak la0pbrain grohy athkihat.ed p@géanfafdugh the
may | Nclude a

conpound(s), i sop Ibenzene(s) wi th benzepe
tenperaturénﬁ?jg?Bﬁfﬁﬁ%ﬁguﬁ%gﬁyIﬁrgﬁﬁle§®§@r“§“ﬁ}€§§ “Uﬂmﬁgﬁdiﬁﬁﬁﬁg7
kPa-a, a WiSw haskd tanddshel asilghh r@ktidon eutpohlyaldey Itcaﬁeﬁdv@mrredchce eprpessnd(s)

feed to the | ati n reaction zone of from about O. bou 0 hr
and a nol at" ?lékgdhodf BLRYBRBI1RR fe fz% BB &P THRELE P UEYS g4°t og/1se

poison the remainder of the alkylation or transalkylation catalyst. The catalybt in the reactive or
unreactive guard bed may therefore subject to more frequent regeneration and/or replacement
than the remainder of the alkylation or transalkylation catalyst, and hence the guard bed is
typically provided with a by-pass circuit so that the alkylation feed(s) may be fed directly to the
series connected reaction zones in the reactor while the guard bed is out of service. The reactive
or unreactive guard bed may be operated in co-current upflow or downflow operation.

[0085] The reaction zone(s) used in the process of the present invention is typically operated
$0 as to achieve essentially complete conversion of the ethylene. However, for some applications,
it may be desirable to operate at below 100% ethylene conversion. The employment of a separate
finishing reactor downstream of the reaction zone(s) may be desirable under certain conditions.
The finishing rcactor would also contain alkylation or transalkylation catalyst, which could be the

same or different from the catalyst used in other reaction zones in the alkylation or



pol yal kyl ated aromatic conpound(s) of from11:1 to 30:1, preferably, 1:1 to
10:1, nore preferably, 1:1 to 5:1. [00891l n anot her enbodi nent, the

transal kyl ati @ Q A&AGkison may take place under vapor pha§g R@%ﬁt;
Particul ar conditions for carrying out the vapor phase {ransa af i on of

pol yal kyl ated aromati c conpound(s), polyisopropyl benzene(s), mnth benzene
may include a tenperature of from about 350 to about 450C, a pressure of
696 to 1601 kPa-a, a WHSV based on the weight of the polyal kyl ated aromatic
conmpound(s) feed to the reaction zone of fromabout 0.5 to about 20 hr-1I,
preferably, fromabout 1 to about 10 hr=%22- and a molar ratio of benzene to
pol yal kyl at ed aronatlc conmpound(s) of from11l:1 to 5: 1, preferably, 2:1 to
3:1. [0090] Fasadlpme loén‘ﬁéf&?rg’grrf‘% mivhpg TeRinEnesls ypdsr rdérletswdrrleﬂy fiad prheese s f or

produci ng afeglhiyl PHOZ AR m&r&u% oPaMhAky BB Chidrionl. Bl ﬁ&?@ﬁyrﬁ& 2ABmRKS cent
based on the wei ght of cunene present in the product using ¥Frocarbon

conposrtrOHXWQQH“¥H%ﬁmh&§mﬁ8%nﬁﬁdérﬁﬁﬁ%mé%?rgéngﬂm“WsW§ﬁb%@%%ﬁWhP®9m$?ee

of C4- hydr&%em@s amngd  GikHad OfBhhie wmﬁeﬁer RONSade 2B¢ £HRLIRINBNPSBGHEAE and
fr om about to about 75 percent b t of at | east one + non-aromatic

hydrocarbodxﬁﬁWWH&dé“BHPFF%@“ﬁH#NPXQFEHWH“Eb@ﬂéﬁuﬁ“ﬁﬂé@%ﬁre of about 101.3

kPa-a of theosilimg QLI monoér RERZIRNonS Aallod) OGBS Sn GRIMMIBIsNER the( frbsent
al kyl ating the benzene et hylene jn an alkglatlon reaction zone, said

reacti on zdREN BAY At Bm'éd’dﬁﬁ%r‘o fe degizedimangplkylaipd progugtauph asehdbiasei ons,

with an aciult %fchl‘il}eplﬁdﬂc@d 3 $dasi@bm6 ga@arkyrg&ssﬁcaag 1 & HedithchCRNESsAd pirod N
the range of fr C to apbout 285C, a pressure sufficient to

mai ntain t & frﬁ %rﬂtﬁéf’ 3y 180198 TR 2oRR 1SisHbIgRted ta dSEPaAiPR PSP 19 eERYF
phase, a rrq,roeyan@ratee &Bm@ﬂi(h)éblﬁﬁkﬁmﬂ(@) benz@sier i dmtobgnenangeleadt { rRmabetthe
0.001:1 to a 0@ 0..75:1, and a X%B 15 ied on total et hyl ene over tota

catal yst fdr"8 é%d%?ﬁrdf%&&f%rp% PrEPHiSH et Gensglkgstogsgtor ohieh gy 26 seeraic

hr-1; and ftdn tdi gkyldtlohNgactdreTRY aehsalkyl@fonSteeRor( @pdics B @HlER aliich contains
ety benzens, pLofct DRULID & RUrLL o 2! Shal 8250 Ber el Rasedgn Lhe
recited in aRanaigraphodnd. Wietei B Baiod dTydeecanbon Lonpostiaan ferdoved the
D e R S0 oL Sy Toe B SR S s LSRN B S0l
aromat i ¢ hydmpaatdpons; and (iv) fromabout 1 to about 75 percent by wei ght
of at |eas t[O(%QF C@Jhepeot?le alk (}?lgtalcgnl Eystel‘\a me u(%g g?rgactrll\?évgiug% t?édbr? Ilb malgtalp c!l QrgdeWatt hi n
least partial in liquid phase conditions. The guard bed will preferably operate at a temperature of
from about 120 to 285°C, preferably, a temperature of from about 150 to 260°C, a pressure of 689
to 4601 kPa-a), preferably, a pressure of 1500 to 4137 kPa-a, a WHSV based on total ethylene
and the total amount of catalyst for the overall reactor of 0.1 to 10 h™', preferably, 0.2 to 2 h™,
more preferably, 0.5 to 1 h™', or a WHSV based on both total ethylene and total benzene, and the
total amount of catalyst for the overall reactor of 10 to 100 h’l, preferably, 20 to 50 h’l, and a
molar ratio of benzene to ethylene from about 1 to about 100, preferably from about 20 to about
80.
[0088] The transalkylation recaction may take place under at least partially in liquid phase
conditions. Particular conditions for carrying out the at least partially in liquid phase
transalkylation of polyalkylated aromatic compound(s), e.g., polyisopropylbenzene(s), with
benzene may include a temperature of from about 100° to about 300°C, a pressure of 696 to 4137
kPa-a, a WHSV bascd on the weight of the polyalkylated aromatic compound(s) feed to the

alkylation reaction zone of from about 0.5 to about 100 hr' and a molar ratio of benzene to
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kPa-a of the boiling point of benzene and sai d hydrocarbon conposition feed

i s prepared f&gg&&ﬁ&]ﬂ{efornate by renmovi ng by distilla%%gﬁg%@ %ﬁﬁé .
r te. .

hydr ocar bons and said C7+ aromati c hydrocarbons from sai

The process as recited in any precedi ng paragraph, further conprising
recovering pol yethyl benzenes fromthe product of step (a). 5. The process
as recited in Paragraph 4, further conprising transferring said

pol yet hyl benzenes to a transal kyl ati on zone and reacting the

pol yet hyl benzenes with benzene under trahbsal kyl ation conditions to form

et hyl benzene. 6. The process as recited in Paragraph 5, wherein said
ethylbenzen@ﬂX#QﬁﬁﬁﬁﬂpqﬁﬁcPW@WF@@@X@Hﬁmbhlﬁh@ﬂpémgﬁﬁ I Bén FEheworaprelrabbnzene
is transferf.ed 4$p said al kylation reaction zone. 7. The process as recited
I n Paragraph 5, wherein said benzene is reacted with polyethyl benzenes in
sai d transal(§%t i on 2pghes cpbodigpisl thetanpiorstionirclinpdpaycalichiise ebdepyaior plsye

feed. 8. ThRJRENCESHoulaf CdddBRnd Rr BMY iR REGE VD PREAGLRRRY R F §b1alk{1fed

al kyl ation conditions include a ] ,
aromatic compound(s), polyisopropylbenzene(s), with benzene may include a temperature of from

about 350 to about 450°C, a pressure of 696 to 1601 kPa-a, a WHSV based on the weight of the
polyalkylated aromatic compound(s) feed to the rcaction zonc of from about 0.5 to about 20 hr™,
preferably, from about 1 to about 10 hr', and a molar ratio of benzenc to polyalkylated aromatic
compound(s) of from 1:1 to 5: 1, preferably, 2:1 to 3:1.
[0090] In some embodiments, this disclosure relates to:
1. A process for producing an ethylbenzene product having a purity of at least 99.50 percent
based on the weight of cumene present in the product using a hydrocarbon composition feed that
has not undergone extraction, is substantially free of Cs- hydrocarbons and C;+ aromatic
hydrocarbons, and contains benzene and from about 1 to about 75 percent by weight of at least
one Cg+ non-aromatic hydrocarbon having a boiling point within 10°C at a pressure of about
101.3 kPa-a of the boiling point of benzene, said process comprising:
(a) alkylating the benzene with ethylene in an alkylation reaction zone, said reaction zone
is maintained under at least partial liquid phase conditions, with an acid-active catalyst at
conditions that include a temperature in the range of from about 125°C to about 285°C, a
pressure sufficient to maintain the mixture of benzene and ethylene in at least partial liquid
phase, a mole ratio of ethylene to benzene in the range of from about 0.001:1 to about
0.75:1, and a WHSV based on total ethylene over total catalyst for overall reactor in the
range of from about 0.1 to about 10 hr™'; and
(b) distilling the product of step (a) to produce an ethylbenzene product having a purity of
at least 99.50 percent based on the weight of ethylbenzene present in said ethylbenzene
product.
2. The process recited in Paragraph 1, wherein said hydrocarbon composition feed is produced
from a reformate.
3. The process recited in Paragraph 2, wherein said reformate comprises: (i) Cs-
hydrocarbons; (ii) benzene; (iii) C;+ aromatic hydrocarbons; and (iv) from about 1 to about 75

percent by weight of at least one Cgt+ non-aromatic hydrocarbon having a boiling point within



tenperature of from about 182C to about 216C, a pressure of from about
1479. 6 kPa-a to about 2858.6 kPa-a, a nole ratio of ethylene to benzene of
from about 0.01: bout 0.5:1, and a WHSV based on total ethylene over
t ot al catalys&afé$h§v%rall reactor of from about 0.5 anﬁC&@§@8/“Wﬁ-i. 9.
The process recited in Paragraph 8, wherein said nole ratio of ethylene to
benzene is fromabout 0.02:1 to about 0.4:1. 10. The process recited in
Par agraph 9, wherein said nole ratio of ethylene to benzene is about 0.03.
11. The process as recited in any precedi ng paragraph, wherein said acid
active catalyst conprises at |east one o#4a MCM 22 fanmily material and a
zeolite beta nolecular sieve. 12. The process as recited in any preceding
par agr aph, Mﬁ@ﬂéﬁmﬁﬁﬁmﬁoﬁépaﬂ¥§ﬁJﬂhﬂtﬁEESb@hm&WB@SW@mutmdéwﬁwwﬂB@Kthml
process as bi; ie.4Par wher.ej We I\ &\ am aterial is
sel ect ed fr%ﬁﬁ?ﬁ%gbP%ﬁpgcg%é?g?ﬁﬁglSﬁﬁh%ﬁkgﬁ?qﬁgﬁ436fﬁifk4ﬁg?Mgﬁgt%%ﬁ%SG.
14. The pr ovdgsathenspad baicert aronagiy hptrecasupinn fop arid pferplatc. wherei n sai d at

| east one Cp+ - Ll Govgriacarbgn. d d &5k ] ;
consi sting of cuciBhekon = naf %}P%g%%%ﬁ%?&%f“ R LRl Rcovering
2008/ 1006583PhFybenoeysdmo7the prod@sol stp-(wet hyl hexane, 3- net hyl hexane, 2, 3

- di met hyl pent amg, 2pdedi MRt hbiRENERANBara S FBLNY HGHE! ORSH-RNE. 13NGht YEes

ther eof . polycthylbenzencs to a transalkylation zone and reacting the polycthylbenzenes with benzene
under transalkylation conditions to form ethylbenzene.
6.  The process as recited in Paragraph 5, wherein said ethylbenzene produced by the reaction
of the polyethylbenzenes with benzene is transferred to said alkylation reaction zone.
7. The process as recited in Paragraph 5, wherein said benzene is reacted with
polyethylbenzenes in said transalylation zone is supplied from said hydrocarbon composition
feed.
8. The process recited in any preceding paragraph, wherein the alkylation conditions include a
temperature of from about 182°C to about 216°C, a pressure of from about 1479.6 kPa-a to about
2858.6 kPa-a, a mole ratio of cthylene to benzene of from about 0.01:1 to about 0.5:1, and a
WHSYV based on total ethylene over total catalyst for overall reactor of from about 0.5 and about
2 hr'.
9. The process recited in Paragraph 8, wherein said mole ratio of ethylene to benzene is from
about 0.02:1 to about 0.4:1.
10. The process recited in Paragraph 9, wherein said mole ratio of ethylene to benzene is about
0.03.
11. The process as recited in any preceding paragraph, wherein said acid active catalyst
comprises at least one of a MCM-22 family material and a zeolite beta molecular sieve.
12.  The process as recited in any preceding paragraph, wherein said catalyst further comprises
a binder.
13. The process as recited in Paragraph 12, wherein said MCM-22 family material is selected
from the group consisting of MCM-22, MCM-36, MCM-49, and MCM-56.
14, The process as recited in any preceding paragraph, wherein said at least one Cg+ non-

aromatic hydrocarbon is selected from the group consisting of cyclohexane, methylcyclopentanc,



15. The process recited in any precedi ng paragraph, wherein said purity of
sai d et hyl benzene product is at |east 99.85 percent based on the wei ght of
et hyl benzene in the product. 16. The process recj i n_Paragraph
15, wherein g@?é&%ﬁ@fsy of said ethyl benzene product is$§%ﬁ$§g?FW@§.985
percent based on the weight of ethyl benzene present in the product. 17.
The process recited in any one of Paragraphs 2-16, wherein said reformate
is formed by the catalytic reform ng of naphtha. 18. The process recited
in any one of Paragraphs 2-16, wherein said reformate is forned by the
cracki ng of hydrocarbons. 19. The proc¥ss recited in Paragraph 18,
wherein said cracking is acconplished by steam cracking. 20. The process as
reci ted i n anythplhewadi ng gandbylkgshne. wher ddriimaivdpeatan.east 2dndim@bpentane,
non- ar onat i §mbRACRERHERLN. bt RXEREMerdof Sai d hydrocarbon conposition feed in
an anount 5 to about 60 percent by weight of at |east one C6+ non-aromatic
hydr ocar bontShavhhprogesp sicit¢hiy appiprrecdipe Prraerapb.Ovrein spfl @y of sod chpbarzen01. 3
kPa-a of the,hel b LghsPs PlpcREnRERAGA B @I@@etk@m%ﬁé @Aenf Sl B
Par agraph 20, wherein sajdiat | east one Cb+ noniaronaPlc hydr ocarbon is
present in Yai dhhprascstgeibrdrin Bgngear 15 oherieeddiprriame! 1o oy bagereredveiis 450
percent byl&ﬁlQﬁksgémé&bhéﬁéﬁﬂ@Q%@ﬁﬁﬁbﬂ@?%ﬁ%&@?%%g?H%Q gracbon having a
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;
boiling point within 10C at a pressure abou i ﬁPa-a of the boiling

poi nt of belfzehle progess reqifd ihpyws §f Bgagrads 246, Whsrahsripickeser Hgopeaddytiph,
wher ei n sai @i r@SHibUT ngaosi tion feed contains inpurities selected from
the group consisting of olefins, dienes, sulfur-containing conpounds,
ni t r ogen- coit ail M MeceeorRptsd gy oanaf Parsarahe 3 1o eicedt sythigoanatp sdetmed bydhe i on
of at | eastcrRRmg6fndicavbigpurities are removed fromthe feed prior to
contact with said catalyst,.  23. A process for producing an ethyl benzene
product havPng B PaFsst yecged it Prragiaph &% whyrgip seid sracking dbl 2esqmphdicdudy gramof
et hyl benzengicpingsent in the product using a hydrocarbon conposition that
has not undergone extraction, said process conprising%@%aé providing a
reformat e tHat | ROMRFSS A% recitid) InaeRy HyrafiBe RrBerrl. vhieron tihzkliest ops Gy ner+
aromatic hmdfn@ﬁamﬁ&a&'rboanﬂpz(egem inf saRIMyaReMbonlcdnPodh@ieed i REIERAL S RYavyed ght
ight of the reformate of at |east one C6+ non-aromatic

based on t wei ) ) .C.

hydr ocar 13025(8 W%F*ﬁay 21885 Michigah 81t s ViR RIhatip by depcatpop hadag ¢ Roildte RopY tithipo1. 3
kPa-a of the daialprddgirPed Bbutah1.DePZesehe bd¥AZR086ARAEREPCT/ US2008/ 050714 -
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21. The process as recited in Paragraph 20, wherein said at least one Cgt non-aromatic
hydrocarbon is present in said hydrocarbon composition feed in an amount 10 to about 50
percent by weight of at least one Cs+ non-aromatic hydrocarbon having a boiling point within
10°C at a pressure of about 101.3 kPa-a of the boiling point of benzene.
22. The process as recited in any preceding paragraph, wherein said hydrocarbon compaosition
feed contains impurities selected from the group consisting of olefins, dienes, sulfur-containing
compounds, nitrogen-containing compounds, and mixtures thereof and at least a portion of at
least one of said impurities are removed from the feed prior to contact with said catalyst.
23. A process for producing an cthylbenzene product having a purity of at least 99.50 percent
based on the weight of ethylbenzene present in the product using a hydrocarbon composition that
has not undergone extraction, said process comprising:
(a) providing a reformate that comprises: (i) Cs- hydrocarbons; (ii) benzene; (iii) Cs+
aromatic hydrocarbons; and (iv) from about 1 to about 75 percent by weight based on the
weight of the reformate of at least onc Cet+ non-aromatic hydrocarbon having a boiling

point within 10°C at a pressure of about 101.3 kPa-a of the boiling point of benzene;



(b) renoving C4- hydrocarbons and the C7+ aromatic hydrocarbons fromthe
reformate by distillation to forma hydrocarbon conposition; (c)

al kylating t present in the hydrocarbon conpo ut
G oRFRAGRS kSR AP:

extraction of the hydrocarbon conposition with ethylene’I'n rqui d phase
with a catal yst conprising at |east one of a MCM 22 fam |y nol ecul ar sieve
and a zeolite beta nolecular sieve at conditions that include a tenperature
in the range of from about 163C to about 232C, a pressure sufficient to

mai ntain the benzene in the liquid phase, usually at |east 0.79 Mra-a,

e.g., fromabout 0.79 to about 6.995 MPat%ax, a nole ratio of ethylene to
benzene in the range of from about 0.001:1 to about 0.75:1, and a WHSV
based on total (Bt HyMmevies by drdrpertens wukthy (e tardptic Jydpertons Bam thnrreformathby

range of from ah@uioR wlioka & wdrbwcmpo;m@nd (d) distilling the product
of step (c) to produce an et benzene Rro duct having a purity of at |east

99. 50 percent &asé&ywngﬁgwcgﬁprcww g hyskersene copesiing Wikotttstistiodatt .

24. The processe§8botR6bn BmPiABHAR IR Rne WMIBE Bl Magemky&@&ys@sbm@ﬁhw ons
include a tenperature of from about 1 ZC t o about ressure of from

about 1479.6 kbastapneplahMiMggamdy kpkeenlar slevropis # ge9lie eta é@%%ﬂ@héi% at
benzene of frogARRYS the: Bdiude 4 Rrphioute @ -1@San@ndt RNV hased %ut @2@& &

et hyl ene over t ot al catalgst for overall reactor of fromabout 0.5
about 2 hr-1. Pisurcsylicfppiedudntip dierbsppepminghs/ligifbrigse. palgpdpisd- &%Mfa-,

wher ei n sai d rregeﬁblatab&uofm%&bﬁllmstmpab@amat@offc& n8 ROMhz e H2hd rah &
about 0.4:1. g rocess recited wherein said nple

ratio of ethyl 8 g"‘i“c?bﬁ‘ér{)z@ﬁé foabadyf>: E) a@é a ngﬁv haﬁ%i ot b sthyleae pugitela i n
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28. The proces aégwgﬁgﬁﬁﬂ“? C%ﬁygﬁa%“bwo¢ﬁ?ﬁb@%ﬁﬁ?z?ﬁpﬁVm“JﬁﬁP%?HWEéPG
nol ecul ar  si eve i¢ast 2R ent bdRd o IR vRIDESTTylREIchEptelct idME ;%@aof
Paragraph56%3 i8 wher ei n. sald reformate i s forped by the c taly

ref orm ng IhPrRgess HsgitedTip PARgRRR 23 eIty e alley ;mﬁ%émBIU@%réﬁV%ﬁﬁk
23- 28, whenahprsat of fi@h absi ©°C %o ib@mmad ¥ prRaure s Rguof47hydree ar hons.

WO 2008/ 10%@??? g) %-P!-Ell %J Saz glgfge/rgtl()?fl ethylene to benzene of from about 0.01:1 to about 0. 65, and a
WHSYV based on total ethylene over total catalyst for overall reactor of from about 0.5 and about
2 hr',

25. The process recited in any one of Paragraphs 23-24, wherein said mole ratio of ethylene to
benzene is from about 0.02:1 to about 0.4:1.

26. The process recited in Paragraph 25, wherein said mole ratio of ethylene to benzene is
about 0.03.

27. The process as recited in any one of Paragraphs 23-26, wherein said MCM-22 family
molecular sieve is selected from the group consisting of MCM-22, MCM-36, MCM-49, and
MCM-56.

28. The process as recited in any one of Paragraphs 23-27, wherein said molecular sieve is
MCM-22.

29. The process recited in any one of Paragraphs 23-28, wherein said reformate is formed by
the catalytic reforming of naphtha.

30. The process recited in any one of Paragraphs 23-28, wherein said reformate is formed by

the cracking of hydrocarbons.



31. The process recited in Paragraph 30, wherein said cracking is
acconpl i shed by steam cracking. 32. The process recited in any one of

Par agr aphs 23; rein said purity of said ethyl benz (s at

| east 99. 85 ﬁgﬁggﬁﬁﬁﬁgged on the wei ght of ethylbenzene$g?%§%@ﬂ%ﬁﬁ4the
product. 33. The process recited in any one of Paragraphs 23-28, wherein
said purity of said ethyl benzene product is at |east 99.985 percent based
on the wei ght of ethylbenzene present in the product. 34. The process as
recited in any one of Paragraphs 23-33, wherein said hydrocarbon
conposition feed contains inpurities set#cted fromthe group consisting of
ol efins, dienes, sulfur-containing conpounds, nitrogen-containin

conpounds, nd THE PrAsPEgetiisdrinSrragiah 2P, Whaein saidpsrakingnis scomplitheddty e of
sai d inmpuri¢h@seare renoved fromthe feed prior to contact with said

catal yst. 35. %he process as recited in any one of Paragraphs 23-34,
further confrri SPhgPreEBolRErsh FBY ye hefl Bepeame s23r Fonvioran priddowity off sidp
(c). 36. ThRIRhAGEPRIAS if £%ali®D gk Pelod: BELABRN thd Heidhtb A AEbGRANP hleSinD@ the
transferring said polyethyl benzenes to a transal kyl ati on zone and reacting
t he ponetH?P%@hzenes wi th benzene under transal kylation conditions to form
et hyl benzens. TBY .proth& RERGESS afp dn€Cdft PHadriphdms-aNey REciPakagh @R 231456,
wherein said at | east one Co+ non-aronmatic hydrocarbon is present in said
hydr ocar bo rﬁ%@?fﬁ%ﬁ% Proguctisdideash I hfodetrgnit bascdr o thp Hgiehiet Yaibeasioe pirsepbinght

of at | easthop8dfedé+ non-aromatic hydrocarbon having a boiling point within
10C at a pressuLe of about 101.3 kPa-a of the boiling point of benzene.

38. The protesiMadmIoes Psetrcitsf Parycap Pt FAEREY &P s aihgredt stig dwdrosHkonco+
non- ar onat i @mpysticacaddRontains inffuBE&kIcbtid Béth thelydih QeI AN CAMOdidnk O Quifged in
an amount 10 to.about 50 percent by weight of at |east one Co+ non-aromatic
hydr ocar borf°RaW§g oI NEOHE AL RIEHOHPLREs atndampiwes erobnd o lvest #01. 3
kPa-a of therthaidfianBap@hsibf @id hejizeaere FORVI] Tba holdowhindoasaa®lath said
illustrates certain enbodi ments of the present disclosure but is not

i nt ended t&mﬁgﬁtonstrued as to be restrictive of the spirit and scope
thereof. \A0 2008H0RS 28 PCHEIIB AOBLROOFT Rbagraph8 23-34, further comprising recovering

polyethylbenzenes from the product of step (c).

36. The process as recited in Paragraph 35, further comprising transferring said
polyethylbenzenes to a transalkylation zone and reacting the polyethylbenzenes with benzene
under transalkylation conditions to form ethylbenzene.

37. The process as recited in any one of Paragraphs 23-36, wherein said at least one Cg+ non-
aromatic hydrocarbon is present in said hydrocarbon composition feed in an amount 5 to about
60 percent by weight of at least one Cet+ non-aromatic hydrocarbon having a boiling point within
10°C at a pressure of about 101.3 kPa-a of the boiling point of benzene.

38. The process as recited in Paragraph 37, wherein said at least one Cg+ non-aromatic
hydrocarbon is present in said hydrocarbon composition feed in an amount 10 to about 50
percent by weight of at least one Cg+ non-aromatic hydrocarbon having a boiling point within
10°C at a pressure of about 101.3 kPa-a of the boiling point of benzene.

[0091] The following example illustrates certain embodiments of the present disclosure but is

not intended to be construed as to be restrictive of the spirit and scope thereof.



Exanpl e [ 00921Tests were carried out using a feed that conprised 49.5

wei ght percent benzene and 49.5 percent by wei ght of 2, 3-dinethyl pentane
(renai nder of cont ai ned ot her reformate produc r ons) by
passi ng the fgggﬁgbggq% MCM 22 catal yst. The COﬂdItIOﬂS%gFR¥ﬁ%£¢?&gt t est
(Test A) included a tenperature from176.7C to 204.4C, a pressure of 1.72
MPa-a, ethylene to benzene nole ratio of 0.5:1, and a WHSV based on total
et hyl ene over total catalyst for overall reactor between 2 to 10 hr-1. The
conditions in the second test (Test B) included a tenperature from 176.7C
to 204.4C, a pressure of 1.72 MPa-a, ethylene to benzene nole ratio of 1:1,
and a WHSV based on total ethylene over total catalyst for overall reactor
between 2 tBXampler .1 . Results of the tests are in FIG 4 through FIG 6.
[00931FI G ooy a ﬂb@twe@é( carfBIWut LdigSa &'@:@%F@(gnﬂmecf @5 REQAYSREdRbeRicne and

et hyl benzene vis a vis nmper at ur e and hyl ene to benzene ratio and shows

that the practPEenbpy Wﬁéhtmf 853&#@0@1@%3@@ Gﬁ@alﬂ@% @f the deadsorthiacetbeiuefeinee of
et hyl benzengoficadmeitocibbiy) b d@}%sklﬁr%ﬂ% Iideh %§er a'ﬂ[@\/l 2@’ can}'stC hrhk SorRiitRnObs RE rishe

aging for the catal yst use A, shows Aﬁrocess nonitorin |s

i mpor t ant t%‘tr@F‘r‘it‘%ﬁ elydeddu cennsites fiomgh7euk 10y2% 91 bargssne oriodu

I npurities degan b %&@@Sﬁmraas beo.sabglata WslDasaYs 98l éﬁﬂ&x@%cr%tﬁlecratd%ét days
on stream catal yst ﬂfnerat on was conduct ed béﬁcontactl the cat al yst

with a hydr%&%\f%hf%%@” ctvres? tg 10 dir g Thy sorditisdt Bigrosspneicst Hes Binelpdadess

present ln thh@:rﬁ{lﬂa)ﬂohﬁm%em@ tPp@cact o @fcﬁsalrc drhen omtal ¥aliches Rizcat MeRMAPT 25
days. 1. A process for prod UC|n%Han eth | benzene product

havi ng a pLPrfIl 1 a@f a WHSV chgaed 09@@(?%5%%‘6{ tofh§ Y%FPrtoh‘éal\'N@?@WtbCB‘feenzto 10

ﬁt gyl benEenﬁ pma;emmmegtmemrmdumérd‘ugpmcaa ef OL rrgte ha\tl)l ng: (Izj 235-) f

ydr ocar bons, 11 enzene, /+ aronmtic ydrocar pons; an 1V rom
1to 75 peﬂ@@ﬁi b;}”ﬂ?e? ghit Plgt gétmnuaa%w%lécdc@ the, Birdustighel Py iGRIERCYS Bo
having a baihpergup@hdbthikedconedRfe Atio andPEIRSS WKL tt@fprél&cle &tk@’@re@en@ﬁlba&%re
boi | i ng poi nt ri sing a) renoving

of. benze e process c
hydr ocar bo ﬁ%sug?f{j‘nftf?é” S?t“ﬁ‘rogﬁﬁ‘%’ PEZRYR n{)‘b‘ghlé’wf“in&'ﬁ@él HG é*f‘tf)m?\balﬁ éP{S%IOf
SI stillatiam ig@lgff@fﬂl‘fe bmy%wwdqg arémn SHOITIRS biok &R nfoaidraly Mohﬁﬁz&aﬂ@mﬁﬂﬁ
roml to 75% t of said at ne C6+_ non-aronati rocar bon;
(b) al kyl at L ‘Mﬁﬁ@%’i‘z@ﬁg ﬁﬁ%‘é@émﬂe iPFP %Pﬁe%ﬂ\ywtefe QF%d““&ﬁ%‘ﬁ%é‘&?‘i Hhvior- Ly ep
(a), days on stream. After 25 days on stream, catalyst regencration was conducted by contacting the

catalyst with a hydrocarbon wash. FIG. 6 is a gas chromatogram of the impurities present in the

ethylbenzene product after the catalyst was on stream for 25 days.



W thout extraction of said reformate, with ethylene in at |east parti al

| i quid phase having at least 1 w.% | iquid phase at a given tenperature,
pressure, and conposition in an alkylation reaction zone with an acid
active catalyst conprising at |east one of a crystalline MCM22 famly
material selected fromthe group consisting of MCM 22, PSH 3, ERB-1, I1TQ 1,
I TQ 2, 1 TQ 30, MM 36, MCM 49, MCM 56.a0d UZM 8, or a zeolite beta

nol ecul ar sieve at conditions that include a tenperature in the range of
from 162.8C to 232.2C, a pressure from689.5 kPa-a to 6.89 MPa-a sufficient

to mai ntaipyt enzene and ethylene in the |iquid phase, a nole ratio of
et hyl ene taL Iﬂ%/[éjne in the range of from0.001:1 to 0.75:1, and a WHSV

based on total ethylene over total catalyst for overall reactor in the
range of fromO0.1 to 1Q hr-1; .and (c) distilling the product of step (b) in
a separatibn zohPTPESHIGARICAUGERE ar KiIYHenzeaPTpfed having A Pty o Rlreasy of  at

| east 99. t i p tel he
product . ?:b'l" elbglr%g%teﬂs)%égs) nc gl‘?f@%ﬂpﬁg@%@%ﬂ%hg%é‘?ﬁ%z Egﬁlfeﬁlg)aggo%%@t& further
conpri ses mptirmatehalvign gig Keshyainatat homs piiig besené Wi Her aomptié Bydrgeareasyer i ng
ol yet hyl benzenes fro he prqduct, of st (b).., - 30 - 3. The process of
C e m 2, FORHRARb 1S PR CR ST Ef o1ty s o yiePmyPBli B ge 6o
transal kylm@kim B8l ?(_ﬂﬁt WRBRmL10°@ & Q%r&%x%mm.b%ﬁ%&ﬁfmminnggaiafap under
transal kyl ati on conditions to form ethyl benzene. 4. The proce of claim 3,

wher ei n sdictzarchtpe peoreesreonristhgced by t he reaction of the pol yet hyl benzenes
with benzene is _transferred to said separation zone for recovery of

et hyl benzg(ﬁ)g. g?@ﬁlggpéﬁcl@’sd\%oc@fbo@rg aa[nﬁ] &‘e éﬂe?@m%ggﬁyﬁ%céﬁ@élﬁef%%as@?ded with
pol yet hyl benzeneforinitesty dlidtiiRfAsRth Yloahi 8 ERR6caktonS BpRbbEGo coMafid

hydr ocar bon conposition feed. 6. The process of claim1l, wherein the

al kyl ati on condiepzasand fmdetoa’ Ve byevaighirad seid #trleast 089 €st gop-pe@natic

pressure of frqg,gl]og%% f. kPa-a to 2858.6 kPa-a, a nmole ratio of ethylene to
benzene of from 0. 7 to 0.5:1, and a WHSV based on total ethylene over

total catdbyst allodatimgethal benz@rcprosendfin ftho hyfrobardod cdmipbsilion bf stdpe(4)y ocess
of ¢l ai_ m 6, Wn%\l;it iOrlll’[ Segtire(tjctigloef sra?ci ireofor?r];atéa t\!?/lyﬂll %ﬁle letn% i?lez?czlemta i211§tiafl I’lio mido' 02:1
to 0.4:1. . y cast b a
phase having at least 1 wt.% liquid phase at a given temperature, pressure, and
composition in an alkylation reaction zone with an acid active catalyst
comprising at least one of a crystalline MCM-22 family material selected
from the group consisting of MCM-22, PSH-3, ERB-1, ITQ-1, ITQ-2, ITQ-30,
MCM-36, MCM-49, MCM-56 and UZM-8, or a zeolite beta molecular sieve
at conditions that include a temperature in the range of from 162.8°C to
232.2°C, a pressure from 689.5 kPa-a to 6.89 MPa-a sufficient to maintain the
benzene and ethylene in the liquid phase, a mole ratio of ethylene to benzene
in the range of from 0.001:1 to 0.75:1, and a WHSV based on total ethylene
over total catalyst for overall reactor in the range of from 0.1 to 10 hr''; and
(©) distilling the product of step (b) in a separation zone to produce an

ethylbenzene product having a purity of at least 99.50 percent based on the

weight of ethylbenzene present in the product.

2. The process of claim 1, wherein the ethylbenzene product further comprises
polyethylbenzenes and the process further comprising recovering

polyethylbenzenes from the product of step (b).



8. The process of claim7, wherein said nole ratio of ethylene to benzene
is 0.03. 9. The process of claim1l, wherein said acid active catal yst
conprises at least one of a MCM22 famly material and a zeolite beta

nmol ecul ar sieve. 10. The process of claim1l, wherein said catalyst further
conprises a binder. 11. The process of claim1l1l, wherein said at |east one
C6+ non-aromati c hydrocarbon is sel ectggl-fromthe group consisting of

cycl ohexane, -31 - nethyl cycl opentane, 2-nethyl hexane, 3-nethyl hexane,

2, 3-di met hyl pent ane, 2, 4-di net hyl pent ane, di net hyl cycl opent ane, and

m xtures there e . n step
(c) incl udgs dlmg *ﬁ’ﬁf’ensg%? B{n?? ﬁ‘\%bg{]%oe %‘5 @?%{%ﬁ@m%ﬁ quh?/ nZ ne east

99. 85 percent btaSzedraﬁShlk)hﬁl(Mﬁk@’fH aaf r@bhyg blwlpellyethprteﬁmtes iwitH baﬁéh@dUCt

13. The process of claim 12, wherein the distjlling step (c) includes
distilling the Wiy irpsalkelagiop copditonste %FleFPV]tb?n@Peat | east 99. 985 percent
based on the wei ght of ethyl benzene present in the product. 14. The process
of claim1, wherein said reformate is forned by the catalytic reform ng of
napht ha. 4. The process of claim 3, wherein said ethylbenzene produced by the reaction of

the polyethylbenzenes with benzene is transferred to said separation zone for

recovery of ethylbenzene.

5. The process of claim 4, wherein said benzene reacted with polyethylbenzenes
in said transalkylation zone is supplied from said hydrocarbon composition

feed.

6. The process of claim 1, wherein the alkylation conditions include a
temperature of from 182°C to 216°C, a pressure of from 1479.6 kPa-a to
2858.6 kPa-a, a mole ratio of ethylene to benzene of from 0.01:1 to 0.5:1, and

a WHSYV based on total ethylene over total catalyst for overall reactor of from

0.5 and 2 hr.
7. The process of claim 6, wherein said mole ratio of ethylene to benzene is from
0.02:1 to 0.4:1.
8. The process of claim 7, wherein said mole ratio of ethylene to benzene is 0.03.
9. The process of claim 1, wherein said acid active catalyst comprises at least one

of a MCM-22 family material and a zeolite beta molecular sieve.

10.  The process of claim 1, wherein said catalyst further comprises a binder.

11. The process of claim 1, wherein said at least one Cgt+ non-aromatic

hydrocarbon is selected from the group consisting of cyclohexane,



15. The process of claim1, wherein said reformate is formed by the
cracki ng of hydrocarbons. 16. The process of claim15, wherein said
cracking is acconplished by steam cracking. 17. The process of claiml,

| east one C6+ non-aromatic hydrocarbon is present in said
hydr ocar bon conposition feed in an amount 5 to 60 percent by weight of at

| east one C6+ non-aronmatic hydrocarbon3having a boiling point wthin 10C at

wherein said at

a pressure of 101.3 kPa-a of the boiling point of benzene.

18. The process

of claim1, whepethilcyelppertigngs domethshessepdsnethyhheransd 2eofmadtidpenigng i ti es

selected fromt

a portion of at

€n-co 0 Xtur eés ereof and at

| east one of said inpurities are renoved fromthe feed

prior to c?ntact wi th said catal yst

13.

14.

15.

16.

17.

18.

The process of claim 1, wherein the distilling step (c) includes distilling the
ethylbenzene product to a purity of at least 99.85 percent based on the weight

of ethylbenzene present in the product.

The process of claim 12, wherein the distilling step (¢) includes distilling the
ethylbenzene product to a purity of at least 99.985 percent based on the weight

of ethylbenzene present in the product.

The process of claim 1, wherein said reformate is formed by the catalytic

reforming of naphtha.

The process of claim 1, wherein said reformate is formed by the cracking of

hydrocarbons.

The process of claim 15, wherein said cracking is accomplished by steam

cracking.

The process of claim 1, wherein said at least one Cet+ non-aromatic
hydrocarbon is present in said hydrocarbon composition feed in an amount 5
to 60 percent by weight of at least one Cg+ non-aromatic hydrocarbon having a
boiling point within 10°C at a pressure of 101.3 kPa-a of the boiling point of

benzene.

The process of claim 1, wherein said hydrocarbon composition feed contains
impurities selected from the group consisting of olefins, dienes, sulfur-
containing compounds, nitrogen-containing compounds, and mixtures thereof
and at least a portion of at least one of said impurities are removed from the

feed prior to contact with said catalyst.

?g{@£8ﬂﬂp§%ﬁﬁ%gh%%%%ﬁi%§é$&%%gmﬁﬂhﬁgﬁgsd%ﬁ%%ur-containing

conpounds, nitro

| east



