5- FUROPYRI DI NONE SUBSTI TUTED | NDAZOLES Rel at ed
Applications This application clainms priority from
wWOR2@®@8/1m668/i si onal application no. 60/ 884, 351, PCT/E82008/050714

January 10, 2007, and from U.S. provisiona

application no 60/951, 202, filed July 21, 2007. The

contents of both of the applications are incorporated

herein by reference. Field of the Invention [0001] The

i nvention relates to human nel ani n-concentrating

hor none (MCH1) receptorsel ectlive ant agoni st

5-furopyridi none substituted indazoles that are useful

for treatPRODIBEFION, OF dlI¢HAPURIAN EJAYCEBEDNIENE ons

conpri si ng t he F REMNONEXTRACTED FEEDOANDf or t he

t r eat MenINON-EXERAGTEDREPORMATE €SEFUL, THEREIN

psychiatric disorders in a mamal . Background of the

| nvention [0002] Qoesity and the nultitude of
FIELDO R HE INVENTEANGcj at ed with obesity such as

di abet es, dyslipidem a, coronary heart disease, and
[0001]:er t'Hiin deghoeresrelates @ appapessc tgaoduding highbpurgy eghailpdnzene by the

eyt of PR Y Py PRI ompPThaE e

si de effects that limt their use. Thus, there is a
BACRGROUNDPOF THE IRV ENERINS Or better phar macot her apy

Oor obesity. [ani n-concentrating hornone
[0002{ I\/CI-Ethhlzl%SnmgnChHﬁmiS fai gy s anatoridxingthei prosle@itdndef styrene and is

pmd“Feg‘?f?P/aﬁeoﬁt e %83‘25 eB9fatncat AR HeReY F’V\gjé%f j et catalytic

enwrcﬁmwnesmnlsmdtdm o diRCblwct ARE photuer @il PRy Bedt@iias least 99.95
in response to both energy restriction and leptin

weighg gericented ¢thylhomeenied apgsomnthe oveight pfithgmeodusedi ng when
[0003%@%%%8,@&0#81{%%% Z%S{f&lt‘m Ysg & ﬁl ﬁﬁé%a{ %{a rargubgtagpﬁg a mixture of

petrolg@netaphtah layid dlyesgenivdth 4 eé’fbﬁhl)lg aadlysn coisingg € ouipoal e.g., halogen-
and ob/ob animals. |In addition, animals treated with
treateqeiimipdb O NOf-REds #solith Lglane adwdiaggaationylehydrogenstipp metal, e.g., Group

8,9, drel‘()erhétal g hﬂgu{wrmt @E&@%ﬁ@e@w&&%ﬂ&eﬁﬁ% thafincludes Cs-

Chronic 1 nfuston o uses Ityln mce
hydroPipeinsp ICs-(Rradoeaticrigidrockitoak. c. 2 SnzE&ES €+ BPd@Yarkbicse C6+ paraffins, and

| ackin ar hypophagi ¢ and | ean with increased
Cydo%?éﬂé?@% - whereas ani mal s over - expressi ng MCH
[000493' nAl%%ﬁ&Ss%ui’é%'og BenRAe RO cRiRMY T hydddalBbsucRlas by steam cracking
diets. MCH is thought to have e fec%ls on ot her nervous

or catghysip @nqckmgct'flm’q gpr(agss/\gilplca(lRmQ@IEes an effluepi diabgicbules Co-Cs aromatic
hydro rﬁ ns % Zen I@ E&ﬁCOnC nt 0 ﬁ%n 9 Hor mone 1
YATORAIPYY -’?'§S |I|11ge fr 6mIEaﬁe Ay50 H%Ii)ha $>Drug News Per spect

[000519( SBtill edctheridfe. foAprafupihgrarémpti@t ©ithe detiRlré&E clo-oligomerization of
C,-Cs aliphatic hydrocarbons. That process typically produces a product effluent that includes

Ce-Cs aromatic hydrocarbons, e.g., benzene, Cst+ 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 C7 non-
aromatic hydrocarbon impurities that are difficult to separate from benzene by distillation
because they have boiling points close to the boiling point of benzene, i.e., 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.



receptor (GPCR) was recently identified as a receptor
for MCH Disruption of the binding between MCH and t he
woMsnewspt or, i.e. MCH antagoni sm may thus bRCT/ES08/050714

tocounteract the effects of MCH (McBriar, M D. Recent
advances in the discovery of nelanin-concentrating
hor none receptor antagonists Curr. Opin. Drug Disc. &
Dev. 9(4), 496, 2006). Summary of the Invention [0004]
There is provided, in accordance with an enbodi nent of
the invention, a conpound of %formula | wherein nis
lor 2; Ris NRLR2, wherein Rl and R2 are each

Thesei mtpeipidingl emhicly asehacineficrf saomtishcandfeorstlitorsal ‘lbynzene coboilers”, may be

substi t.ut al kyl ,. or Rl and R2,_together w the N .
preseiig 1 %S\xﬁq‘%% Hm@;% NANETIYLEREY 7 PS‘%ﬁﬁ“gbyﬁ?lgthﬁS& gp the weight of
the pRIMuLONE daypRdDSE ibkhticel dBBiES GRBILEE dYBIoBERMYC cthyltytthpentane, 2-

whi ch optionally contains 1 or 2 hetéroatons in
methydlepgiené.on Bonethelhrkancom shéwhmetRslpgn@n®g aret-daedihylpentane,  and

. dndependently selected fromH and alkyl, or R R3 and
dlmetlb?%g}ircgglpe%gaﬁlﬁi ne to forman optionally substituted

[0007] M dBZOpichende YIf ,th&el ignpariyiks Qtriletier @hyhtion anemene @ result in an
R7 are each i ndependently selected fromH, -OH,
cthylbepzeqeiypduch hrying less than desmrablegngity. ERF cprnariedibg nrepspee of benzene
: i s f L.owena: I :
o RS IR Sk 035k 05, R ABAAOPEBL s cooi
(hydrocarisak datiad af balimg heingmwathpn c@aSoKthiervgilofg point of ethylbenzene [boiling

point %g{%‘(’?m%[p%%ﬁ;wrg% Qﬁol_uli?];/ﬁé;tt}{igﬁgﬁl B %gtl Be 1e_a>s/i|l3’l rgr_noved from the
ethyl‘t%h%%@rﬁ%&lﬁd?ygf Astidhelsnl - ¥ s &8I %U%n?@%@d&iﬁﬁq&;el%' inRUI 8. Patent Nos.

sel ect'ed from S-2-hydroxymet hyl pyrrolidin-I-yl,
5,258i599 2aridy d23X y/itét iyt psthylbérizdina-dobgilers SaB-be formed by isoparaffin/olefin

hydr oxypyrrolidin-1-yl and
alkylaitlél-lﬁe-aﬁi)/g%oxypyrrol idin-l-yl. In some enbodi ments, R

[0008R3 am&talkt GFMbicNBelb@Rrib® NBffcti GAZBizBn2-AbboMdis,CMehfene obtained by
optionally independently substituted at each of the

distillgtion ysualljuislergees iani astdetiamat htcpl kgd exirgrtigacoich atsclequasl teptraction or
. . ' f [ | gn

oxvs AU RRRHL PRL 8 A6 ONERLL Fln 7,805, 5808, RS e venene

is ethiyBited to [R06hylbBnzace @sivediyrerhienofustden ithy ettiylaidn & benzene to

I's phenyl. |In sone enbodi nents, B, taken together wth ]
produgg highgugify cthylbepaeng dps g PEET MfAbrEhd 1g3sh 8%-983 i ght ppggent by weight
basedg)f_n c:tﬁ? g’%{éphﬁ 8ﬁ E)ﬁtf:z%é_)@%%gl? E%Elg r?éfl;,éng Q4 QRN leowever, the extraction step is
expendive ranfl Itinae oorstihyd gy vengh results in increased costs in manufacture of high purity
cthylbenzene.

[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



2-cyano- 4-fl uorophenyl, 2,4-dichl orophenyl,
4-chl oro- 2-fl uorophenyl, 2-chl oro-4- fl uorophenyl,

wa2@khewss 2- met hoxyphenyl , 2-fl uor ophenyl, PCT/US2008/050714
2, 4-di fl uorophenyl, 2-fluoro-4- nethyl phenyl and
4- et hyl phenyl . I n sone enbodi nents of the invention,

Bis pyridine. In sone enbodi nents, B, taken together

with R5, R6 and R7, is selected fromthe group

consi sting of 5- chloropyrldln 2-yl, pyridin-3-yl,

5-fluoropyridin-2-yl, and pyrrdln 2. yl. In sone

enbodi nents of the inventlon Bis pyridazine. In sone
aboutdfitto @bmisperB;nttlakwnighbg‘éatﬂearst wi¢ B'sRBpn-R&meate Hdrodagon having a

boﬂmg@gglrtlt\xly tgﬁ‘y i(gaa Ia@%q%_ ecﬂfﬁlboutslﬁqgol%b ae%tge?gwi ofgo}ngof benzene. The

phrasé 8&i@Btah@ABRL &S oMY -hhyR¥pecaondReld RY+ drémBY¥d hydrdlédib@isy Imeans that the
[0007] In some enbodi nents of the invention, R5,

R6,
hydropgrben ecormebitiphdege w@@ﬁamSyle% Iﬂ@@t alpuf r,Pa Hierceas blyk\yblght and, more
prefer%l? kylless nt%an POI(I%F 6 ’Otl ercen ar[ g L sgﬁ:‘é yd&g(% onsrra?nrzit %1# aromatic

he™ i nventr on romone o

hydrot:zhboﬁsﬁﬂ)ds@&\foﬂ thPRERWCT T 1@& h%ddhl‘&ﬂn RoRb &3 ti& FEd BEMEENGTess is carried
NON- EXTRACTED FEED AND NON- EXTRACTED REFORVATE
out bwé@msqu’fmaéhﬁ Retzept pyitbrethplgne) ingERaft ORFtjab el phaseswith an acid-active

catalygﬂulfa.ﬁiltn%ség{ éﬁg}/llqagléaﬁgg fri]leé g&)}l@? E@ e?[f]o%]t f Q5 abduft q@gb ggcJHdgc[bns that include a

atron of benzen
tempopateseint thenrang -of xfirsra cibedt hﬁﬂ.ﬁffé ao babout GAPATL b qrtesfse&d sufficient to

I
it DN gy PR AIY ArloERE b Ga Fain 5 about 659.5 kPa-

ato a§61M I6BIEMPRY, b $ndlE LABCEL RN NS b%hib)ﬁk@ﬁ 'tlfé%ﬁ%”ea&ﬁ fr& aBbut 0.001:1 to
hyl ene, C H4, and benzene, C H6 in a cat

about é)n';(ﬁ FomdentHW daselodtss) cahydormodi ttgfcabmdmttfor phall reactor in the

range BE TR ol et ot Buh Y RE e o v FRZ i piterdf e to produce an

cthyltRh2HNC prod1E0BBlind 5 Pukige oFf atbRAZE0G. 50Spdreédr BRES on the weight of
ch 1s prepared by contacting a m xture of petrol eum

Wl
eﬂwﬂwaﬁmﬁm§$§deﬁWﬁW©é@ﬁ with a reformng catal yst
[001 lﬁ 0 ntl%' arﬁ Hr %rn%iﬂl} Bpenﬁ 'th& H%sent Qﬁlic?o%ﬁ&t ecﬁﬁtegt%d % lﬁ“BrQ@es? For producing

on-acil IC Z€eo

an etﬁwbl@mg@m@todmei deviydrogengt opat tekak9.50. gereenGiasgl 8n tﬁe weight of
nmetal . such as platinum That process. typical
ethylbﬁfl%f‘dladarﬁseat il pradack figm ¢ Mﬁwé@owomw&ﬁ@eéhﬁo%npr@es (i) Cs-

hydrog% égﬁ%f)én%eltf@’ ‘Hlﬁ ‘@[Fg‘?{)?%té’@hgdr cagﬁ elfd g]g;?'frorn about 1 to about 75

ons + par opar I ns
percefftnaphveizbnes it 1chOG0] Cg&rmﬂha‘omnu hyérooairbble hzeng ai ilile point within

e S R Ao A SR el s come
out byefd) BYVinkaL hi ELHEISS fadHICAr BBRIati€ hydrocarbons from the reformate by
distillation to form the hydrocarbon composition; and (b) alkylating the benzene present in the
hydrocarbon composition of step (a) (without extraction of said reformate) with ethylene in at
least partial liquid phase with a catalyst comprising at least one of a crystalline MCM-22 family
material and a zeolite beta molecular sieve at conditions that include a temperature in the range
of from about162.8°C to about 232.2°C, a pressure sufficient to maintain the benzene in the
liquid phase, usually at least 689.5 kPa-a, ¢.g., from about 689.5 kPa-a to about 6.89 MPa-a, a
mole ratio of cthylene 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 cthylbenzene product



hydr ocar bons, e.g., benzene, C + paraffins, and
napht henes. [0005] Still another source for producing
W@e@Raeiess i s the dehydrocycl o-ol i goneri zat i onPGF/USROLE0714
al i phati c hydrocarbons. That process typically
produces a product effluent that includes C6-Cg
aromati ¢ hydrocarbons, e.g., benzene, C6+ paraffins,
napht henes and C 5 al i phatic hydrocarbons. [0006]
Benzene can be separated from other reformate
hydr ocarbons, e.g., C + ar omdti cs, by distillation
However, the benzene obtained by distillation wll
havingl swplrity of ortledsh 96 0apriica@? basadaem thet iveighy df edpitlizonene present in the
d npurities that are difficult to separate from benzene
p“’“ﬁ& di stillation because they have boiling points close

to the boiling point of benzene, i.e., their boiling
BRIBFDBESCRIPHON OF M9 pita baagse (boi I'ing point of 80.1
—  0C) at a pressure of apout 101.3 kPa-a (absolute).

[0012Thi sFiGeeld isrmy siaipdificd groedss fOV6 dwegrahf iilhstragz an embodiment of the
dmch%hthenes such as n-pentane and cycl opent ane. These
urities, which are hereinafter sonetinmes referred
[0013] O ASIG. RERZELAMPHABP ptRESs' flowBNaRBmPIIRS@Mng dhok® embodiment of the
distillate product in an anmount up to 75 percent by
discloggiicght based on the wei ght of the product. Exanples of
enz cobo I C a
[0014£e t hlgll%g QC?%p‘Jgﬁg at?]eed Er%c&g q}%vy ﬁL g{(&% ef‘ugﬁratln% B f}nﬁlée){ aeﬁnbodlrnent of the
dmdo&nﬁ dlnethylpentane 2,4- dlnethylpentane and
| cycl opent ane. [0007] The presence of th
[0015 rrpLFrIﬁty 8 AP Blofting iBMifigt PIGHEIBAN B@rﬁf@ﬁ@t%%T?%ﬁjﬁﬁd Test B of
theEiﬁh thylbenzene product having | ess than desirable
ty. For exanple, the presence of benzene coboilers
[0016]1Iur | Fi§. Shea etapl likistatingigihgnf theeaahnt useduh TeitA dfthe Example.

or i on .of ethy benzene cohailers (h ocar bong .
[0017La_virﬁ§-ag Bdi4 €AYy BT P TBGD CURLBENE cipoilers formed by
isopaRfidibleRh aﬂ(?rmt’lbﬁ%h%ﬁaﬁ. [boiling point of 136C] at a

pressure of about 1 atnm) that can not be easily

renoved fromthe ethyl benzene product by distillation.
DETAILEB DESCRKMNDLON GF FHE DISCLOSERE n U S. Patent Nos.
i,Zﬁg 569 and 5, 221, 757 t hat ethy nzene . cob0|ler |
[0018 B peiried MBiFn stpEFdionsy ekt RFOSPRY Pt PURILY dociments, - articles,
pubhd’aﬁ@ﬁst i2hals] AROEhBEsAMR SO tddNRerd8! 5L %llyofh%oﬁ)ﬁfa@&f bfkeference to
benzene coboil ers, benzene obtained by di'stillation
the extent au¢lydls¢idmrg tewtancoadidicni withlthe prepgnt idisslosurexand ot albjurisdictions
g as |i UId extracglon or extractive distillation,

in whic SPQHW&@p EHOB PG d'ers fromthe benzene product
[0019pef oWaeh h@nkeibaeR el Sinditshilhedeticul fuppsn Binity | € MigRAEherein, ranges
General ly, benzene used in the ethylation of benzene
from qny lpwetliae tpghupner linyt ase Kontpanisésde has a purity of
[0020gb0u}ss &ged i ﬁﬁ§ o(?e%bﬁ% oﬁl\@flegf!ghnp ?&%&5{1{3‘ é{p%’ells %héd 1%%&? gense described
nzerie presen

1nthed‘lA$I‘as bthtcfhte Fanweveik Typs, 8doaction step is expenS| ve
i me consunm ng, which results in increased costs
[OOZIi n n%ﬁ yssslcheisia, gy I’;}}Ilélp?rlﬁ.grqc gme 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 thercof by the conversion of non-aromatic
hydrocarbons to aromatic hydrocarbons comprising benzene, toluene, or mixtures thercof. The
term “aromatization”, as used herein, shall also include the production of aromatics comprising

benzene, toluene, or mixtures thereof by the cracking of heavy aromatic hydrocarbons to produce



et hyl benzene. [0009] By the present disclosure, a
process is provided for ethylation of benzene to
wee@duewshi gh purity et hyl benzene that uses f eRCI/US2008/050714

cont ai ni ng benzene that has not undergone extracti on.
SUMVARY OF THE | NVENTI ON [ 0010] The present disclosure
is directed to a process for producing an ethyl benzene
product having a purity of at |east 99.50 percent
based on the wei ght of ethylbenzene present in the
product using a hydrocarbon-@onposition feed that has
not undergone extraction. The nonextracted hydrocarbon

the arcmaqimhj'drbazmbdtse‘,dnipsisisl thshzmt | talueye, for eextmfesC Examples of aromatization

dr.ocar,bon n + aromatic dr arbon nd . .
proceiih e FGC DY Lo SR PEOR Bl COoaBtRe-PEEfapagion of CrCs
aliphaltic ORy REQBons, RaADOMELIAS FEhE@BEarbdisOfd pRAMEe IrdMatic hydrocarbons

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

compfisingrbeasne, 110luete, A1y Uik tUFes hercebrind thy cmlwgmcm@kmgtof hydrocarbons to
produBee Adhaf0f &O{Jarg %%(%%)p%%@%ep%/gnreo%{f‘uegg II?I]XJ[ %o %re(ﬁ) 1.3

"'ng pressuTe 0

[0023]( Pa- Hleofteﬁnhe ‘rofoithatey POiwed OherbidNzehakt. mEhe MBI Seluct produced by
"substantially free of C - hydrocarbons and C +
“aromgtigton’c hydr ocar bons" neans that the hydrocarbon

[0024@3”5@?&%%“6’%%8&%&{ ﬁerls?l]st?lstaﬁgﬁsﬁ]lg lﬂﬁtegegg%% S, %%nﬁ 5,6,7,8,

t and, Tore prefera SsS
9, 10pét,cehtasbyscdeiogdin oéan€ a hi?\d/tdca:vbm lhamﬁg andui@Ber af oarhbdn atom(s) per

hydr carbons based on.t he wei ht of droca ban
moleceﬁ%apggﬁ £X8APlP el ar@l*ﬁ@“ﬁr%‘&%s @roe%?ﬁw. @a% a‘(nag n number of

carbol@lalfdﬂl(@f b@lgmfotb%ufa?n@eﬁﬁaﬂﬁﬂ heghy! éﬁﬂﬁﬁh h altoclu%aﬁthavmg n number of
partial [iquid phase with an acid-activé catal yst

cmbomammﬁ@Iamnaﬂ@hmnyﬁﬁqbﬁnmuan$amgbﬁﬁmadmabbunhawn@namcwmrofcmbon

tions . that tenperature..i
atom § 73 oot T R8T ¢ L LB s ESee SRS B ot it e 2 1. 2.3
4,5, @qu iciient1, 1o, 4¥Rised ﬁéremtrﬁ@n@@mérafwaﬂbanhmng €l n number of carbon
ase usuallx at | east 689.5 kPa-a ) from about
&

atorn(@ﬂ@r malemdart Shatsent Co: gy drgarbgn vehorgin @ i 1? am ippsigye integer, e.g., 1,2, 3,

4,5, ,ghg,lo% lr}t% ﬁ)P 71? Eszgsgﬁéle&u%\%%eﬁ%g éar{) V%Pgellt!‘imlgre t%gtn 91 number of

cmbo@%@h(ﬁﬂkﬁhuﬂ@m&kyst for overall reactor in the range
fromabout 0.1 to about 10 hr 1; and (b) distilling
[00251 he At BYGACrER. ay @iylaiyble gromasigurempapndt 1y EPEAG that may receive

an alk%; g@glﬁtanﬁaa e‘a Wé/?atlﬁ# g?ﬁ‘[”? a l@%mh&ﬁﬁitw%%h (ﬁfnﬁ% ealkyl group to an

on t zene pres e
alkylaprbdelarotnatif @@ﬂlﬂ:ﬂ)uﬂdn Oan @Kﬁtﬁple&lfﬂi&dalhjﬂambletdnmﬂmemmpounds is benzene.

T RO T AT —
e.g., d@%ﬂﬁ/%hzé?ésﬁgetﬁﬁ%ﬁ‘z%n@’edlgwpr(ﬁf [P D ENZENRO ?ﬂ%@ﬂzeh@

product from a hydrocarbon conposition t '
[0026t 0 rrpThesteEm “WpmTss uspddeommrsdshiocd 4 partsipenmelhion by ividight.

romat i.Cc hydroca bo hLv) fr abaut t.o :
[0027 b ouﬁeﬁ%nﬁ ePt 18%% P12 ﬁ{m@w%g% a)g élg?(? g%{gmds }_m&erstood as a mixture
havin@ 0l - REQMRtWCohYighiac é@@noﬁﬁ’(yda[l & Raitl 5ngt.poilighidWphddeNat a given
00C at a pressgee g% about 10% 3 kPa-a of thg bg?llng &

tempas@ s PLgFSUBR IRe ARMPJHéopr ocess i s carri ed

[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 herein is to be understood in accordance with its art-

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



out by: (a) renoving C4- hydrocarbons and the Cr7+
aromati ¢ hydrocarbons fromthe reformate by
waele@silbdest i on to formthe hydrocarbon conposi t PGRIUS2081050714

(b) alkylating the benzene present in the hydrocarbon

conposition of step (a) (w thout extraction of said

reformate) with ethylene in at |east partial |iquid

phase with a catal yst conprising at | east one of a

crystalline MCM 22 fam |y material and a zeolite beta

nol ecul ar sieve at condition®that include a

tenperature in the range of from aboutl 62. 8C to about
comp@BRls 2Cpmpoprds 3 ameargmfifi¢ charadter, ovimehi pesacss & haterbetore e also useful

o S R PR SRISLIYE oy SRSY 22847 ER nger e recion
condifitls&elcateyo of ethylene to benzene in the range of from

about 0.001:1 to about 0.75:1, and a WHSV based on '
[0030] ot alhodtemy (‘edeasppartialpindiquediplesy’ses ysed hergar ialunderstged e a mixture

. in the.range of, from about. O abgut 10 hr 1- (¢
havingy B A8 1 AT e ePHE g b B8 pdpfie By itn

tempegithinel pesaesanpeodpeditiéyi ng a purity of at |east 99.50
ercent based on the weight of ethyl benzene Eresent in

100317 he "o érie, - MQEDEmoR PtaR oo {mafRata8e W6 22 family” or
) Phe ety " am

moldEhi v A MCRAZ LA SR A B A RURAT, [ o01a)

(1) MmbBculdr seves madplfio adcoprmare $isstfdegmcdiragaléing building block “unit cell

j1lustratj not her enbodi nent of the disclosure.
f%&a}h%f@%aﬁ@w@f mq??syeqrf\aﬂlaﬁ sl if1 oiPAliRh gFrapgement of atoms
{vhlcHSE GiRdd iRGhR I dhEAGEna SRREIEBRLCHBE tﬁeh;&?r%lsgs' BILiBed in the “Atlas
[0015] FIG 4 is a graph plotting inpurifies present

o Zehbtep FomuorakolyfTest Fifttanadities t 2 1ofthe hantiEx agoptest of which is
%gOlG Fl G is a graph illustrating aging of the
PRPIAT? BIEW T %Test A of the Exanple. [0017] FIG 6

(i) MdlRUBASIHEY ARt FBIAM 8§mmdRWebdrde8e@bd YlIMERE W6k, a 2-dimensional
coboil ers formed by isoparaffin/olefmalkylation ,
ke of oveh MIEVWAflappwoEsCRePmiorelty famEnglaSGnagmer of one unit cell

Rpdly e RO RERATARR 0T e

(iii) PoldculaatslcoBs madaftoah Somaigh edcbed ddgeu rriitihgchlbeld, “layers of one or
herein are full g incorporated by reference to the . ] ]
eerethan ene Mg palbihirdkess i whetein thé kypseispesithay e ynecell thickness is

BAES Sl S AT SHEEO ol s, ol e i o
botveelld havihg tha M Wikeirinalorkpppelogy.nThs sackingictedh second degree
gﬁ&ﬁg}h@éﬁ% agﬁ@gurl %megqur }agl\lqgrg, alnI irr?eéulgrofaglﬂXn,uaplgrelcriorL Ifarl‘rs]hilzon, 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 12.4+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

characterize the molecular sieve are obtained by standard techniques using the K-alpha doublet

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



[0020] As used in this specification, the term
"framework type" is used in the sense described in the
WO 2a0B/ag06s§ Zeol i te Framework Types," 2001. [ OORQT/USZ)08/050714

used herein, the nunbering schene for the Periodic

Table G oups is used as in Chem cal and Engi neering

News, 63(5), 27 (1985). [0022] The term

"aromati zation", as used herein, shall nean the

production of aromatics conprising benzene, tol uene,

or mxtures thereof by the cdnversion of non-aromatic

hydr ocarbons to aromati c hydrocarbons conpri sing
assocb@dz@n@utd_rcﬂs u:hcn eollqo;tlomsxstcmeMai_tdreiﬂsebélongl' tretheaVifM-22 family include

Mo LR Oh s, P RSN g s a2 Sh Bt ese R Su S HANo. 4.430.400),

SSZ- Zﬂokdé@a%edofn 0. s<t P'&teNcI megmémt;y ERIR1 C(Ei@&kﬂb@& 1@fE1H6ﬁe\éY1 Patent No.
aromati ¢ hydrocarbons to roducethe aronmati c

0293%%@&& WA e |@Sn§abe1ﬁ(z eh877.t $1%0 e FEQ-2ofdengribiedr iasInternational
PatentEf‘ qoq}%at? le W(%‘ﬁz '}266 &?@ygj g egcrso I Trﬁlerlfllgﬁonazf‘%gtex{ Plgbhcatlon No.
orn1ng i nap cyc |goner|za i on

W02M1w4m),l pllaa 36 (hyséhbecaﬁbor&s Paﬁﬁ\&ﬂmmomk) rMCM 49 (described in U.S.
drocarbons to &ro uce aromatic y I OC

Pat. N?oéﬁﬁﬁéﬂﬁlg MeNzénéesergheddnd]-SoPatniNet @ﬁé%@??eﬁ%ﬂz%r%ddesmbed in
U.S. BANG ?5% ¥86)C ThHE ?%ﬁ% QGnt@h¢s Y ﬁ{eﬁ)%?eﬁgoﬂé 11fc8rﬂ%?eﬁgdjﬁ§em bly reference.

ar oma r ocar bons conpri si enzene uene
[00331n xtlurieso tbheer@oématéd)ﬂié?:MOMeﬂt ﬁmnliy nefl auimatsidves alesaribed above are
il e e BEOCUEL BSGUCE BN, o morentc i

M‘@Mfz@fﬂmﬂ 'n%t%l@ﬁasdet lz\lﬁng Bﬁr@e&%r ocletPwhich dofnot onmfnuntoate with the
5 1, 12, as used hereln nmeans a

10rmgyd&amép@@myﬁavﬂﬁgknnﬂhﬂwerm@m carbon aton(s) per

| equl ar .. .For ex s an_.arg I C
1003450 BRI Ay Bl TR Ehh6Sn S P0Re &) 15w Gpology are
multiMeRGUh@Erial OV hRA 1VE o ﬁs@@gvst@m@ aﬁgﬁg ﬁ@nhﬁh@ @@@@ﬁ&m both 10 and 12

havi ng n_nunber of carbon ato per nol ecul ar;

Cn
membgrasfiigsnEhh A tlanobledlith Fragpmeela rm% Hessegvandiffgrapdy nemed materials
as haxﬁ%gﬁ{sﬂsa eoc%ci%%\f%cmlbf C]éﬂlﬁlrl I (Eel b&HM aﬁﬁ] §SZ 25

ern n1’'s an pos

focarbon tive integer, €.9., 1,

[0035P, 3ThAMCM-2, faﬁnly&no&culiﬂslexléh hal2 beaﬁ: f(klﬁﬁd‘.oﬁ%rl&seﬂil in a variety of
means a hydrocarbon having at | east n nunber of carbo
hydrogarbey §9n‘1@§a0w0é%iﬁﬁsdﬁxamﬁ s 0d MMz fampihimelearlgppicve are MCM-22,

MCM\g@%\ﬁbg/’-@%’ i _’r11, ??ﬁ'— b -Qﬁta‘:ﬁg?RBq Such Tol&ulassides Are useful for

, [, O, ., as 'used herein neans a
alkylatipd rod ceorhaic ctmmjamgdsn domeranpleabl. 1 Batoib &o. 6{936aHaliscloses a process

aton(s) per | e Iar 0025 used _herein
for prﬂé}l%% Srpnoe ylalfd erama MWAS garaC%rﬁabamé(HDepﬁ% fegpprising the
step Jf %ﬁia‘é OQQ p%lMerEé@ Wi e c%ﬁlpoﬁhdl(Wﬁ'ﬁt érpglk‘}‘ﬁ%me arbfhaflc compound
npoun may donate an al kyl group to an

underailt qulshpea’baleh(aud) phqge(pou@mpmsumdi 1n@he pecsangsl & ofransabkylation catalyst to
produ?%]gly éﬁ%&aﬂggiy aﬁécp %nrgtg]lﬁlﬁc 8?1@ %1% P’Vé]ﬁ]éem &9é%?}?%@t?oqpéa%glysqfcomprises a

mixtuRObY @t kaketvas daFQemt dristS1aAP mbIeusar, sidel, wherein each of the molecular
di - et hyl benzene, tri-ethyl benzene,

sievesdis is@@cﬁ@cbrfgqnbeqqg]étﬁebetgn@eodlﬁq Y,S@md@pm |98 e meaterial 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 reactor zone 3 where the naphtha is reformed or steam

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



[0026] The term "wppni as used herein is defined as
parts per mllion by weight. [0027] The term "at | east
w@aoosiadess i n |iquid phase” as used herein i s PCI/US2008/050714

understood as a m xture having at least 1 w.% |l iquid
phase, optionally at least 5 w.%liquid phase at a
gi ven tenperature, pressure, and conposition. [0028]
The term "substantially in Iiquid phase" as used
herein is understood as a m xture having at |east 95
w.%liquid phase, optionalkﬁ‘at | east 99 wt. % liquid
phase at a given tenperature, pressure, and

there comiposibtd than of@G26br Tore. tlerrmctar mmat €i- lasiresedmnkereicmoved from

be..un tood i n.accqrdance
the relifinB 0 S dqnd doias: FRRDS SV iidto T et agpe 3 via line 5
and irdfddubtisiRSEd1ih G0y RERE G RBE iPRANBHELE M ERIPOUPRS eformate fraction, a
Conpounds of an aromati c character, which possess a

heavyhgfasmetst foaptionr andad b@zgg@bqnzelpﬁ mhodgldfrgquom C’Jfl@rhght reformate fraction
is w1tﬁ811a v %rgrncan ? heﬁll%lg&\{]te Fne 5 { etagg:]gta gnel% £d aecé%t [166%;61]drawn from

pol SOI’]S un re 1 on ’COI’]

colum’ﬁhEtHr@tgn l'i@t 11I Qa8 thepegnkzérdd benzént dobailérdridias és' watidtas$adrom column
ein s understoo as a mxture having at |east 1
7 thro\%h ba¢ I yandingrduesd inigrzopnab jn zne 1éa§%talsst\m01%1$,ueegﬂ gylfur, nitrogen,

oS8l ok MBIV ERNS P s v enscn

coboileofrattiet. eThakesokting HeachtiMi2 @ ithdmivinyftoro I’Zoi‘uﬂﬂ)B etuliag 17 and introduced

ve of th fam | y" used herein,
into eﬁw&ﬂ&a@gne ég) mgét}%@%%y %f%, SUNTRIaS MUgsedCipdig 19 and benzene is
reacteti' With tﬂ@%ﬁﬁf?en%r%sfo%lnl étﬁglb%ehg' %W IRkl é:fnbvglgﬁfs llolecules, such as

havi ng t he "MAW franmework topol ogy". A unit cell is a
ethyleglp amdaﬁthemer awgw;thdnawof fr@mcﬁﬁgylwﬁmm hories1§ iviaetng {le The ethylbenzene-

I mens to descri t he
conta PR | R Pare AR SRS &Y pdsih A0 rpjsaduced into column
23. IktStmnedi tHeQithy1Bdnc-EdiRaiin |p‘if&idét3ﬁtfpddzhoﬁ>ited/% ©hmiasSC,- fraction and
|ncorporated as reference; nol ecul ar si eves nade

a Cstifraghinn compiigsd of @&yﬁ@n@@@ra@é p@b{eﬂmlbﬁ@zme@c Khe &7~ fraction is withdrawn
from golﬁ#ﬁ%@%aoln@ 25t érld,,&@lero{emc’o%%ﬁ] WE ruﬁﬁ% A%I %6\/ &%ew}'led via line 17 to
cel s~ rormng a “fronol ayer ne uni

ethylaltlbh oknes$s.” Thpr@f-efrahiby i9nethdravmi fro@&olunhhR8 kiteBse 27 and introduced
(iri1)_nmolecul ar S|eves made from common_second degree . ]
g)mnt a high purity

into cghymnihyiagingci's In'Godyrar ¢9ohe bnvé fhctiom elfaqignateh &
ethylb%ﬁ%étnetcﬂjriam §8tion WHE eCn+ y&&ftétﬁ¥§r§1 quedn@tr ﬁolg ﬁglb&l&%n The high

hickness is ma rom sfack i ng, I'ng, or
puritybéth}dhbntgzeae ptc&hlst fmmnrrmnwithrjmws fodfm @obimmR® veellihe Bhi akl recovered

of unit havi ng t.he wor k t gpol ogy. The .
withogt the pier G MNP B LA o g i ‘e noaiecRd wunllg bave a purity
that ekd&eé’s SL V&t B Pht bRk dnf &Y %Htﬁrwéﬁg{ﬁ%'f A prdic@ndom

fashi on, and any conbination thereof; or
[0037] The remaining Co+ fraction can undergo further processing. As exemplified in FIG.
1, Cot fraction is withdrawn from column 29 via line 33 and introduced into column 35. In
column 35, polyethylbenzenes are separated from C;s3+ hydrocarbons. The C;s+ hydrocarbon
fraction is withdrawn 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.



(iv) nol ecul ar sieves nmade by any regul ar or random
2-di mensi onal or 3-di nensional conbination of unit
W@ 2008800888/i ng t he MAW franmewor k topol ogy. [ 0032¢T/Uk2908/050714

MCM 22 family materials are characterized by having an
X-ray diffraction pattern including d-spaci ng maxi ma
at 12.40.25, 3.570.07 and 3.420.07 Angstronms (either
cal cined or as-synthesized). The MCM 22 fam |y
materials may al so be characterized by having an X-ray
diffraction pattern includi né‘d-spaci ng maxi ma at
12.40. 25, 6.90.15, 3.570.07 and 3.420.07 Angstrons

[0038( ei tfhmthcraetmlbcrdémentrofa&lesymeheéiszlesl)rﬁ iThlepixteday FIG. 2. Referring to

16 GingphE ATt o Blp L0uiBRA%t B 0BG TR R reformed imo

aromafic3irBiet{ e Rl datg Bénz@@@p%ﬂthatigﬂ Byl diel [edbr F@dl i@tsh@Rn, there can be
and a diffractometer equipped ty a scintillation

more ¢iampee reastusHue| ailede@mpmnérﬁasczt-hl@’dé@laﬂém@l ayp removed from the

refo %gﬂn(eﬁ%lrd’l tgege aln%n qg Qraatte s R drzzil%vélf oné iécltor}%lgﬁg 33 via line 57

and irfteb@lacdd dedcdlBmbl. § what thé\lfbed 4s ﬂr@c&ld}ﬁ&h to $&efn 3Jight reformate fraction
(described in U S Pat. 26, 667).,, ERB-I
and a(%?@%rf?@@aaﬁenfrﬁﬁmpe%e ﬂnahfefﬁfowte bioer3 3y Withdawn from column 59

throuélfjﬁﬁé: 6![ Qﬁg tfllé] h%‘!w? reF&h‘ate’\ﬁflcngn C%Ktanégg)oméeﬁg}aad 'Rgl.lzene coboilers is

descri be ernati ona at ent ['I'cati on
withd @87 fram 290 mn ISYGhdagh dias €3l bmdjiﬂtmdhmdemtmtmm@d Ratr@mrt 65, olefins,
1enestFjuogl cloc tl{a%n th‘:} @\g%?egge]ﬁ}o]%% n&@he( ]&f‘égfgr [(, grggtirel a?gdlgrll The resulting

fractlcﬁﬁfs w1’ﬂ'ﬁifrav5n £33 )65 WiMhe 67 :desstdRed info !sbl@mnF@t where the feed is
62,697), and UZM 8 (described in U S. Pat

fractlmte@ taacerrmada)enz%@eemme re@beibartieastien efid al@+m@mmcs fra¢teon. The C;+

aromaéﬁgfa‘ggi)rg?sérgglpg%{ %cggx ﬁ??egt?ﬂeﬂ \8% 03?1 ég bgnzene/geenzene coboiler

fractiGe &C WithGFhwaD B%e BbRnfhi 69 ivig %@hﬁﬂ ahd QR ERIBYE NhitoO&BY lation zone 75.
| arge pore zeolite al kylation catal ysts, such as

Ethylensr teinfroduceinintch gthytaien Mone 2 viankine 7feandr besizenchisyesacted with the

ethyle%l% 0 {%gn %ﬂ% b%ﬁ enl ofwtrﬁolwl&}%vgl%hggo q%efzguoﬁrﬁlgg %% g%h\%énlg and ethane,

ernal pore syste

are withéna@n fr&(ﬁ%ﬂlylﬂ’l@l z6dd 775 ivia MAt €91 allBe @e@ill@maé@obdmmﬁlhg product is
| ZA- SC as bei ng of _the MAWVtopol og%%gre mul ti-| a

withdpageneliprg | cghyiHIoRFORG Y & Vté\/\lele&iraéldslp's*? d gytp §ﬁ>1ﬁ§mf8r rhltcralélmn 83, the
ethyl&??%%%ﬁtaﬁfn&%’ g;trgdu]cp 1§"}9aci!18n &5 ré 9S4 Fa}@ﬁgn ﬁ!}nld;@ Cst fraction

eolit mewor K Types classes five differe
compnsguaedt athetl eanzehesaralspdigathylferdenss. SEmeCi- dpanitlogys witltlita®2, from column

. ERB- I TQ |, PSH 3,  and, SSZ-25.
83 VI%EEW# %fefmr%}?w%qde@%@ the, pait ef§73 A reezsc 5%&%73 to ethylation

zone 791 Pho@ld ﬁrﬁé’tldﬂfls W@lﬁ%@f ROR CARVERS VAN RLERSBRoduced into column
Exanpl es of MCM 22 fam |y nol ecul ar sieve are 22,

91. Iwcmlmgl MM 66t frladTin is fipsipRedSHE-26Ns ahghERBLY cthgllvchzene product

fractlocno raf]bcg §%+ %gg‘%{oeti)ggﬁgpges fefgofy&%tygal l at I Oﬂ%glgg ADPTT e‘%hylbenzene

produbli £&dtRNES vﬁtlﬁiwﬁ@%nf @61uﬁﬁ10911ueﬂanqlea9mﬁweéc5yérad &dthout the need for
aromatic co ound, particularly ethyl benzene,

furtheg pwpficafiong The eﬁw&pﬁnwnec@ﬁﬂ%twuhlguwagmlym klyplﬁttfé dhat exceeds 99.50
percergg)m%g% b%ggg)&ugﬂg th'alt\Delgﬂt oqltﬁé/ f)t%ld{i‘al e aromatic

[0039] The remaining Co+ fraction can undergo further processing. As exemplified in FIG.
2, Cot fraction is withdrawn from column 91 via line 95 and introduced into column 97. In
column 97, polyethylbenzenes are separated from C;3+ hydrocarbons. The Cis+ hydrocarbon

fraction is withdrawn from column 97 via line 99 and the polyethylbenzenes are withdrawn from



under at |east partial liquid phase conditions and in
the presence of a transal kyl ation catal yst to produce
w0 b@strarestl kyl at ed aromati ¢ conmpound, wher ei n PEEUS2008/050714

transal kyl ati on catal yst conprises a m xture of at

| east two different crystalline nol ecul ar sieves,

wherein each of the nolecular sieves is selected from

zeolite beta, zeolite Y, nordenite and a materi al

having an X-ray diffraction ?attern i ncl udi ng

d- spaci ng nexi ma at 12.40.25106.90. 15, 3.570.07 and

3.420. 07 Angstrons. [0036] An enbodi nent of the
colunmrﬁlise'atlindilﬁd:laoé maesfelsecﬂ@mmd&yliaﬁonfk@e 103. Reftensdlkdatian zone 103,

F ,_haphtha is i ced VI I|ne int o reactor
the phlyibyepfidBe #haeRaphi il el obrdb et Bife s ackgipene can be
introduBddCin®y @EREIKG1P6R GRS $03 Gﬁ' 141 108 ReRZ B endN4nQUS Resh supply. The
only one reactor zone is shown,there can be nore than

transaﬂwéatw@amd}rct Fione transaliydationcrone dAé igracierrer @r edunb SAsvia lines 107
ande"fo roc %d fromthe reformate via line 4 and the

I Ni ng eformate is wthdrawn fromreactor zone 3
[0040]/! a Aifogh& aitshdirméitadube grdseitadisoddsurdis/dopiaseint PES. faseﬁefemng to

is fractionated to forma light reformate fraction,
FIG. heraphthadiayingatudti 1$1F1§ctt3¥nﬁﬁfawéﬁéls inttodHeReneR BigdAenio Teactor zone 113

where 9%35@&}1}5 rl?lg%rli gos sEIelaﬁl7 lcfa%pltné ﬁef ﬁ]&lﬂgtg Er@%%ea%drﬁammg aromatics

includnq benrate Altlantghmnly me/wiehdtdlrmm i§ shomng dieuman?bet rhomu.gdm one reactor
V\jne 11, and th enei)benzene coboi | r ction is
zone.

Y R RbAOTr b & PRSOAG RSPV ‘i T dl 19 e Gullady fFraction is
rernox}eﬁtv(?a BQN€ 7L 5Thd ﬁ‘acﬁ%ﬁ RorRini FA AR arR YRR 1coBoilkrs is withdrawn from
ul fur, nitrogen, ol efins, dienes, or conbinations
reactOtr enebi3 windinatl 1p ead intpalurédinky zerenoM exhdre ¢ fidution is hydroprocessed
nze benzene b0|Ier frac . The resulti .
o at RELEEGHV RIS MAPAAY FREIREDoRETFbbr T Figog A goatment contains
less thaﬁht 5 %ﬁﬁﬁaf LER 288 NYdsahaPM v ol Bitrdgln £t hadioeirbéMN&re removed
| ene is introduced via line I9 and benzene is
from Z@&fcl:é]de ine 1B éfﬁlh)fp@ﬁléllltg)frﬂ@m Btiayopeth flepe zoncll via 125 and
trans Fouéo"ﬂnﬂ{\ﬁbg h {TD hg% edeﬁ ’fra% 8 t toeftom{la §Hl%carbon fraction and
e are Wt i on zoneslélwallne

Cet h?@rocib@n &tabtydrd eﬂﬁ@@&@ﬁfoﬁaﬂbﬁ Qralaﬁ@du;(:\illth(ﬁram ot eMamn 127 via line
om et hylation zone 18 via line 2 1 and jntroduced
129. IT he & st dydrpgarhbgn fragtion, Fsuwh(ggwntfwén column 127 via line 131 and introduced

[ r

into ZGhCVIDRALE: SR N R QI Rht Rt dIR I B0BURAGS i olefins. Afier

treatment;y]hdoﬁrmcztmn@raﬁechbbobgmztihylebsaﬁme 2680 whipen @7olcfimsaatd denes. After the
is w.thdr from col 23 vi i ther

treatnyeg o dEOFOMANE S t O rYélﬂz@f ?raﬁef % sepsipngielly fiee of Ce-

hydroegrb&@s @ﬂ&ﬁl‘%ﬁtaf&ﬁhn%q{}%r&%rboﬁg AnFEnfalP6EdRRe; fom about 1 to about 75
w t hdrawn from colurm 23 via line 27 and i ntroduced

percemtnbx) veoghintrased oni the | weigh2df thenrafoimatny @dat tehet @s+ Cot non-aromatic

hydrogfgh hobREopREaRET o0 S ed PPULIdIH kpe of the boling
point 60 BRIz deRfth0F Ygiphy bbanaeness thihe \blpd[ﬁh oPHitidg¥n; and less than 2500
et hyl benzene product fraction is withdrawn from col um

wppnpf of¢fipsiandglic®es. and recovered without the need for
[0041L2Lta ey frﬁyﬁdnf ﬁscﬁlt ho\QIth(%-l;E\%{l gﬁél Po nggg.e %r Rﬁie'lcitﬁvg | I1nt1roduced into

ave a purl t excee perce ent
columael Jhivhbraste fewd ﬂ:sffmctloﬁa&bd vee fghi a difactidre c@{tadurgt benzene and benzene
coboilers and a C,+ aromatic fraction. The C;+ aromatic fraction is removed from column 137
via line 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



[0037] The remai ning CO+ fraction can undergo further
processing. As exenplified in FIG 1, C3+ fraction is
waowrakde@dsn from colutm 29 via |line 33 and i nt reduusmos/050714
into colum 35. In colum 35, polyethyl benzenes are
separated from Cl3+ hydrocarbons. The C13+ hydrocarbon
fraction is wthdrawn fromcolum 35 via |ine 36 and
t he pol yet hyl benzenes are wi thdrawn from colum 35 via
line 38 and introduced into transal kyl ati on zone 39.
In transal kyl ati on zone 39, -the pol yet hyl benzenes are
transal kyl ated with benzene to form et hyl benzene.
145 apeny eneted avitth éhei anzodumeidrin ity lberansal kyivambplenulaomweigh molecules,
via line 4 1 or, the benz Cc be a fresh suppl The ..
such s SROUTRS 't SRR odtE FRGR R SRS N S0 oDon kg e line 147,
Ethylﬂ)eilzéﬂeaébilftaﬁﬁlh Aprb@u @ Os URTih&rdwHi froml Bi@§1afidn aidfle 2148 KR line 149 and
processi ng. 038 Anot her enbodi nent " of the present
1ntr0d@pgt1m@)5ml@mn d5 @eb eeleonj 1f 1 Fihg ctiylbaRa¢ner¢antrjning prRidaet 13 fractionated
to for%]n a,oda \Aﬁre}f}lé:h?%e na JFJ ﬁggtllo\sﬁl Craoelpcglrsrgr%gf elth}llg)%tgzreg%%?& §5lyet891%enzenes The

Cr- fr@étﬁﬁul@t\slthdmw (ﬂﬂoﬁg chlemaerd. v1é\lltnhc1lsg handnk )éltﬁcﬁerefrﬁaéd ®fa line 155 or
is sh there can be nbre than one_ reacto

recyclsg g 111}en14r1é9@ﬂ]dffa“98ﬁén%§43 J'he Gydiraséian ows hdgam feowp glpmn 151 via

line 15% gﬁﬁ {IRI%d{lgngBﬁ;ail gur}ﬂl QS‘% ' ﬂ?Cgﬁmﬁppﬂt & €S n%ﬁd’ﬂolﬂq? fractionated into a
reformate I's wt rom reactor’zone via line

high [mifitarthyilbunz adupedudtrtationlandra 68+ Waetien tdreprseddfimlycthylbenzenes.

fractionated to for reformate frac i on d. a.
The hyghppyyit V&%ﬁ%&zener Praailqtajrﬁcgms Pitg v efF‘HPIﬁQ w1 S pidgpine 161 and
recovéred WitHAAr A%y fof TGS HeMica%ort NTRYUGHYIHeRSenl &OM@I wWill&isually have a

~heavy reformate fraction containing benzene and
purityisbatzaneeds 8880 Ipercsni by weighidraaehor theretebivenght &3h¢ hrodueth

and i ntraduced i nto, zon 5. I n zone
10042 oFTRSreniting B4L SRCGGH et L F R RE; wioPePls Atparplified in FIG.
3, thef@,@Mrdcien R AN da®h FFIREBIubinArIgd @R 1ind 83 a8 Whtfddieed into column 165.
fraction is withdrawn from zone 65 via |line 67 and

In colpmnl§duradrcthylbenzendsiaig saarafgreiremi(h et hpdigegrgons. The Ci3+ hydrocarbon
fractlcgt{ %2\%/ t@(ﬁrg\éfﬁ grrotn? é‘:g@l it g6n5g ?ﬁglﬂ%ﬁac (s {1}%({3 Hl%_ﬁqo(fap wlggnzenes are withdrawn

from Edilaﬁltnl s vis lirenmeshd fr@t[@fﬁﬁﬁdumrﬁﬁalﬂ(phﬁbn eBnyilall iln &ransalkylatlon
The benzene/ benzene coboiler fraction i s wthdra
zone ¥7rl@ Heaslyatyboizons ary Kensalkviaid Witk Perpseelp foRmgthylbenzene. Benzene
Q
can b e Ay Ll Bl A0 Gl Cean o fresh supply.
The trangalkytldimngtrbduce oftramsalkglanoe Izd)’t}d bAnNz enesfetradroroolumaul &l via lines 175
.ght nol.ecul es, such as ethyl ene and ethane, are
andl@?h%@ﬁ&ﬁﬁ“m%on1ethylatlon zone 75 via line 79. The
et hyl benzene- cont ai ni ng product is withdrawn from
EﬂnﬂﬁRBXhaaggn zone 75 via line 8 1 and introduced into
. I'n colum 83, the ethyl benzene-contai ni ng
[0043pr oduct preferded anﬂobdimaﬁne,dhds oatﬁlgstmsad Grethflaaog barzeandrildbe acid-active

+ fraction conpr Ibenze and ) )
Catalyabq%v&rﬁmgbaeﬁyeﬁ@’é @f SREEBh. | Dehs PRl MRS e described
in detG@lid) mn&%weoﬁte 'F?arﬁéw@ﬁdl"ﬁieﬁ heds. remyRAEKQ ™ e MBicE, and D. H.

via line 87 or recycled viia line 73 to ethylation zone

Olson?@Sémfaf Eatth fRaatedoRditionni208Hr awehf rso hersby umporg@@rateda by reference.

Exarnp es of %?Cﬁ/f]92 ! a%ﬁ? %%Jo‘ieec%la{rnstie%eg (lnlllclllllig]e 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 sieve is aluminosilicate MCM-22.



91. In Colum 91, the Cs+ fraction is fractionated and
forms a high purity ethyl benzene product fraction and
w@2@gAodessact i on conpri sed of pol yet hyl benzenesPCIEg2008/050714

hi gh purity ethyl benzene product fraction is w thdrawn
fromcolum 9 1 via line 93 and recovered w thout the
need for further purification. The ethyl benzene
product will usually have a purity that exceeds 99.50
percent by wei ght based on the total weight of the
product. [0039] The remaini n§ €g+ fracti on can under go
further processing. As exenplified in FIG 2, Cg+

[0044f r acTliecoarid- 3cti/vietda,tm1y§v\/nsefdrio ihis disu}msu@ wiillvisaallyi e @8 adphd value in the

range [92 f{pOdu@PLg eln{}te%@gp i#@j @ 8@&8@ o 2 gnﬂ]tld%li-o about 1000, more preferably

from 4B6AE PORIROBE: 1000e CL3+ hydrocarbon fraction is
wi t hdrawn from columm 97 via line 99 and the

[0045p0] ylat m%@mﬁeéheaﬂ@idmtivm calphyst peafc b1 trh distlosiee mapecomprise a
mediut]frggo% thefnﬂ Lishd ﬁavnllgle)? %aalhtkl\ﬁ]dg 'toﬁ léo(ggdépg’e'd 1|nnU S. Patent No.

Rsal i ORV<ohe zenes are
4 Ol6j2¢&);t1ﬁdumnth$M£anJSMt-Dl fZBMll@f, MSM@QZ@W 2B§IZSMLGSCalmd ZSM-48.
i ntroduced into transal kyl ati on zone

ZSM §8§d%§|crlp%m5@§gzle1ﬁéj SaRatpat I\C{IOSf 9B 8§g'§¥3qi ge %%48 ZSM 11 is described
in dethif AEA. %élefﬁ{ 9699*{’<§tzsf1\§‘31@‘ ik Ei@%lﬁ%!f}ﬂlgﬁ. POLALRE. %,géfz,449. ZSM-

I's transferre OCO Vi a I nes
22 is @rsodesisinrigs. P@emojlo.m,siﬁct?ﬂezsmm dmsaribeafin fthe. Pates &N, 4,076,842,

sclosure,is pjcte rring to Fl 3, . .
ZSM 33%@%‘3@5@ Hhéjj S #%tﬁr& it EL@?%%%? a&ﬁ\ﬁ | il Gty tescribed in
U.S. Bh@nd N3e 413k 3Nt orfeastQr c&0aRs LIRS apdie phRNkh@ifications are
under goes ‘st éam cracking resulting in a product

incorppoatedhercmgpyarctmetcecs i ncl udi ng benzene. Al though only

ne reactor, zone is sho there,can be re.t
100460 0 ISP W Reck 1 B M atha CrpuR? sty TR Sik ey comprise a
large péreé nﬁ(ﬂéﬂi’l\l’zﬁcﬂné«(fb @a{qhgﬁ Cohdtr@ntindehepnys thamet SLﬁﬁbleslarge pore molecular
renoved via line 117. The fraction containing benzene

sievesgnelupe peoditebaalyspliters Ulgasthbla dr GinY k Pepumanieehbl (P@hleY) mordenite,
1
s HASHEE AR5/ 00 I AESAL D1 2008, IRAUIRNE 4 s i

in U. S EP@QMENS)UB P03, 636 dZgalita D20 Brdet;ceibab lity 1J.$.Peatdnt &t B®ﬂ2 983. Zeolite
fter treatnent contains | ess m of sul fu

beta 1%ﬁ%ﬁcrlé§ismt Hen Patcip Pas- o3 HH9G @)@’é‘h ReCNO %ﬁr]o(’lgf\)&b&%urgllgtrastable Y
molecﬁlm}/e%g éﬁsmsz&’é’%‘érlﬂ&i]lnw 3 bh{fy %853 3 25'3159"2%% 3%4@%70 Dealuminized

racti o Is'renoved from zone Vi a
Y Zeoﬂlteaﬁﬁa‘ab YD) exbyt e pepamth by 2iHe wivdrod fotwed fIE@dS iPatent No. 3,442,795. Zeolite

e 1552050 L0 O £, Berpeertan 1ESCLL 0N Ccited i

U.S. M NAWEIrom §RI4EHH 12 G Vitdrally veckaly nldi&idF bhit is also available in
hydrocarbon’fraction is w thdrawn fromcol um 127 via

synth¢t1cn€9rm:s,1 swahdad dfretheoddite fi.o., zmmbetlcsalqnﬂmnt@ prhpared from a reaction

mixuft EbrNih® s EFME i PR BRY P pPERRIG b discosed in Us.
PatenPN6§.€3, 24,003c i ABOS 1 O£ SEhet dhdife Z&Q&ty\@p il @he MRkl fagen@Bpkcifications
dienes. After the treatnments described above, the

are inp@speyiefedthsTapp by ryfeienes abl y be substantially free of C4-
[0047Eydr1?1 %{n% Uhbod en?{ Tllea{c?métll& %s‘?%ﬁr %Hﬁor@gg Hﬁg&geabpat least one

enzene, from a
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 molecular sieve 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



percent by wei ght based on the weight of the
reformate, of at |east one C + non-aromatic
whywsoemsdHon having a boiling point wthin 100BCEHUS208/050714

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 |ess than 2500 wppm of ol efins and

di enes. [0041] The fraction is then withdrawn from

zone 133 via line 135 and introduced into colum 137

where the feed is fractionaté¥d-to forma fraction

cont ai ni ng benzene and benzene coboilers and a C7+
functianditpendisfdeaaiticd ogcTtive wiihidegaib roditifis endapareticominil$S. Pat. No. 4,016,218

T ved .fr l u Vi in 9. The .
and i, £ PATSin oo S0 W par87 (| Foto anE A g Prinpdil thesgefpr such detals.
Highe? QlphEWallidy cott BpbidRith 4 @b detivatdrfutupedtdlydt 0 et hyl ati on

zone 143. Eth F‘ene is introduced into ethylation zone '
(00491 43 T/h%trmsnléqﬁiﬂoarwtab@t mescrewrisg eimediemqmng arpdequipr sicve having a

f.or h ne.. Low egul ar;wej l.equl.es,
consfhetofier ! RTPERESbOto MEner R S Aol Ff zsm-s, zswn,
ZSM-e2 g$Mt20 X Sxen8, 2913-345, andl Z8®81-48.7ZSM-5, a large pore molecular sieve having

Et hyl benzene- cont ai ni ng. product is wthdrawn from .
a Constraipt dpdegnoz st thang2y Paitahle darge 9ok molset lap diryves igheds zeolite beta,

14N | ne- ini .

MCNESL Ul 1 SOOIt 0 BERRNG GO LBhAL PR morenc
ZSM-BsASMraASNHA 8campr $6lez)). of at turhibeativartheraot

ol yet hyl benzenes. The C7- fraction is wthdrawn from .
oosofo Ve ety ﬁlﬁ@x 153227818} t REPUFefivEf i i e Which an
aluminoxi Qe SERYREAG: MR ﬂrb@ﬁe@-é&ﬁfoﬂe@%ﬁék@fo‘ rﬁ@leéﬁ@?o%ing sizes to its
The Cg+ fraction is wthdrawn from colum 151 via |1ne
internd5frughde i Irr reagimpled alumimosdwiatesmwhi@oprov ic@ohighty re8@cted laecess to and

egressgﬁﬁvlfibglﬁ IEI??.E sﬁc&% Cth!—r‘ I%&?:él}egﬂlileg gtge %%E@Bﬁﬁd}e%nand aluminosilicates
of thi§ R 1AMy Mavd PbegtdTnREINZLNaSs. 1ERethhh GhAREKtIohY. On the other hand,
et hyl benzene product fraction is withdrawn from col um
alumineslicaies Whisk previderelatiedtpeacesronist othe intesepl fagyminosilicate structure
WL i.on. The et hyl i | -
e {5 P RGBSR ARERB5. 0 B048L th o by i
Constyntgitc:b aggtheodetédanddisadcsvvhadhullpfin thS. PateckuND. 4,016,218, which is
. [0042] The remaining C9+ fraction can undergo further
incorpeyyed BArMPY akereénplified in FIG 3, the C9+ fraction
i S Wi | ' i 1 . . .
[0051? nt m%@g%& 9%%‘?‘8 rrl#ﬂl%g%lgrglszévgo ulprﬁ()elgé?]&%gd with binder material
resistgno lty dtchtghipenneaesd ather sephti@tsenngloymh i@1tBe process. Examples of suitable
., hydroc r.bcln . The Cl13+ hyqr ocarbon fracti.an is D :
blndewnfqt'ea}aivmc p&eoﬁ,}aéz& Hingg $1ligag 5115%-@1%1}&1,61% C3-pagnesia, silica-zirconia,
silica%rbé?%ﬂﬁéh@%ﬁil%ed%dasriﬁ’cawittaﬂlqr ayyef1r e%nie?r%w %m%@ﬁtiéﬁilsa such as silica-
I'ine’ 169 and transferred to transal kyl ation zone 171.
alumipgpthorian sdickyhaningrirgenes ifita-aluenpolagedsiey labe rizlérrevagncsia-zirconia.

transal kylated . with benzene to for.m ethyl benzene, .. .
The gl RIRR s MG b coTREE0T i e BB DFRE AR Togapotitic materils
whichlafd dist@sdd iR 17 Parkht §,0€3 BEN2@1IEH 1€ RBrB§ itolpRsBd Sy REFk¥nce.

The transal kyl ati on pr oduct of transa kyl ati on zone

[0052) 71 The relading Peapoeiépns of erstleawpr 8o wnd bindaesateyisl wibivarg gvidely with
the rnfof%EulQIr 65883t rﬁg@fé ﬁ‘%hlo@et%énall%ﬂ 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.



[0043] In a preferred enbodi nent, the catalyst used in

et hyl ati ng benzene will|l be acid-active catal yst
W@ vpni®shg a crystalline MCM 22 fam |y mat eri BCT/USI06$€50714
nol ecul ar sieves are described in detail in "Atlas of

Zeolite Framework Types", eds. Ch. Baerlocher, W H.

Meier, and D. H O son, Elsevier, Fifth Revised

Edi ti on, 2001, which is hereby incorporated by

reference. Exanples of MCM 22 fam |y nol ecul ar sieves

i ncl ude MCM 22, MCM 36, MCM:&d: MOM 56, 1 TQ I,

SSz- 25, and PSH 3. Preferably, the nol ecul ar si eve is
Aromhmizﬁ, and, nost preferably, the nol ecul ar sieve is

| t 2.[0044 t St ..
10053] o b se 7 b et el T GaFEomTopBidndShaton of C-
Cs aliptkid§ chidlykidecfoANHP ThapitRiNoR BRUrackil Lo AL catfdas,

referabl’y fromabout 10 to about 1000, nore '
[0054Br efléqblafldrqrsyﬁhomhg@mutzatmomtvolvab SQRVEIOED C2{@oasthatin hydrocarbons to

id- I
arorna?#s IaOCQI‘%%BSS TIII rozc"ess G &1 1%16&’ utGoatcaonYac{nﬁ%‘%éc alaﬂ at%lc drocarbons n

osure may ISsé a ne ore Sle

an aroh@itizgorezone raﬁﬁ Ihﬁlhﬁtprdseﬁl@)bf(hf catlyls? s&ﬁt’éldﬂbf dﬂ@dlrdd?clUdﬁlenzatlon and
Patent No, 4,016,218), including ZSM5, ZSM I
under zgpglifions ghpgtiy fo 2%1129 an AQNPALS pawczwnlssmgéws‘n@ gnd/or toluenc.

o RSSO b0 BBk OREG Womeriion,

promdRed @retizdtion, 3nd/ddy8ro@enadSMytRcd to tikesespdeade hrondtiSs.

[0055Eat eﬂ% r%’ds rgalggée(ﬂ;%he %é&dééczyl ksﬁggi)gr}cqrr%gtggq ]:)]‘rro]g:sgwﬂl contain at least

one agﬁﬁﬁl@th%cafbogﬁ&n%%ngm Adut 3 desar hibed, 'Theualﬁhatlc hydrocarbons
tent "No. 4,016, 245. "ZSM 48 is nore particul arl

may hpegmami thaih, |stra1lgh8chemat @mntychio. Maﬁ@h@szﬁlsuch'ﬂnequanbp@s include ethane,

contents of a bove atent eci f.i i ons .a
cthy IR BT b o B PR b oD 6 dothlnen Ry straght and
brancR&PRGlkahe, pdiferRC bkt p&ithdiencC abalyisdcydReslidomekiBhtfon conditions will vary
di scl osure may conprise a |arge pore nol ecul ar sieve

depengd ingi angsugh Gertiers paiferdstppld exmpesitiaisand: drgiicd corsgisieb| 4 desired range of

condlizle Oslg[%{ e%ﬁeh@ﬁ{o ;%l I‘flgtjlz%yl?rﬁjg %e @%ﬁ&ce H#(Iirégaég%s?tggg?matics include
a tempPOratur@freianibber, 3 505 dhouZ BN 4, a@%ﬂsﬂa& frain bbdvdt 281 BadPalayto about 10.13

mat erl al, and ZSM 20. Zeolite ZSM 14 is described in
MPa-gy agd waightritourispacs, vshositg Jm 2heatith & tzahaup §. 16 igwadsrsippdthat, as the

avera e%ay?&bmgj"ﬂ#eﬁ %Bﬂ%k? %g g%tgsegbg’ten‘%%\%%lgg g%gl%tlgwé d of t I\%mperature range

is reqﬁ&;dBibI ophnwrrspsdfmmahlbet srabtabvbsely, avthecveage saréxm n{1iBY) of the feed
escr & (ﬁ Pat ent Nos. 3,293,192 and
decre%sem@e Biber (P ETH R 2 e VBB i (Deal Y) may be

0056 fepﬁ{ee@t*a f NReAELAR {iomReh dyRIokbIRona8iin N Il preferabl
[ g % yyfeol |ete UHP-Y i's deygcorl b%eod in .n. CztalognWl PrEterably

compigs, am uzte)tlne@%c: pm QZquletpué@(mg ebhteymeRiEY) pors size molecular sieves

descri.bed in Mor, de
have §ESG A Boltbdis i iy, Aandindidy P et la ity abR dww, mrL
MEL SMIFSh&EIC MPWIEEUS UMT RSHEEAFER!, A8 TIEN (strubture type molecular sieves.
synt eti c nordeni te prepared froma reaction m xture

Thesccyaisrinksi ang dascrided aet Mipsafrgapliim diuceee iTygesigent )W. H. Meier, D. H.
Olson, TEa & q%[é ltoghér, E?s'e%%lr,oﬁo%‘iith' ﬁdllr{of?, 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. Preferred molecular siecves are SAPO-11, as well



Patent Nos. 3,766,093 and 3, 894,104. The entire
contents of all the above patent specifications are
w0 psnpwsat ed herein by reference. [0047] | n SPEBUS2008/050714
enbodi nents, the acid-active catal yst nay conprise a
m xture of at |east one nedi um pore nol ecul ar sieve
having a Constraint |Index of 2-12 and at |east one
| arge pore nol ecul ar sieve having a Constraint |ndex
of less than 2. [0048] The nopl ecul ar sieve present in
the catalyst will usually hat®- an al pha value in the
range of from about 100 to about 1000. The al pha val ue
as titangsibcateailiosliofte, rmbliremobidicats avdegadicirdicoftameng alnedindsylicate molecular
. nd.is ﬁ@icrl ed together with details of its
swveﬂ@g&%ae PV s Pat. No. 4,016,218 and in J .
[0057fat atljmu? thé/%olec\ﬂar Rivc RTBH28ImbHIBA)iABRMAEEHRAISAE fosistant to the
I's made to these for such details. Hi gher al pha val ues
tempe@@uﬁeeaglgmﬁ]@prmﬁﬁltlgnwploa@i in/tle pregshs. nglltgbteablyéqr material and relative
propoltgogf’ummoéercg a%%neglghké lrb néilere r\rllgf:eﬁtg@?rﬁ gﬁeas enasstotggs]reln egcirﬁ)gd above for the
cataly@lfusgdio'irtﬁ@pro@?fatlﬁledfbdhzéhes Patent No. 4,016, 218),

ncluding ZSM5, ZSMI | , ZSM 12, ZSM 22, ZSM 23,
[0058tsm‘é@,en Hschydepanipn papposition feed yed dpthe preseat disglosure is made from

o QS 8- GROALAL 00 B\ 0SB e b conacing

Cot pedflinicMebt 22 gf, amphshamatithr b adeformé@g icately¥t, ublidrr@édraihge cdnditions to

produ%%_ :actg%?/:pg_o | gtl g%gp%% D;gnzegl)re m)rg]gm tﬁ@ﬁ%r g/rl-lss’ The reformate is
formeli NBECHyp 1chp@i_’(9‘.]m1ﬂ_ Sorfe@tsits’ REiBhed fbdl?t%rﬂo% @hSARERRALof naphthenes,

nmeasur é of the extent to which an alum nosilicate or
isomenghtenudfgaradiing ély@1(0@wnbdesanﬂatcﬁly@jolcgqjlzan@‘eg@qnearomanc hydrocarbons.

| ecul es var toits int rnaI tructure,
100595 “GipsiRily 4 ABeFbFE desCodmiunt ety {F b prGhha, can be
utilizddestied d3toRR fGCKPHthatrOfoafhge AMRSRphth® Will Lendrillyeédhdprise Cs-Co aliphatic

structure have a high value for the constraint index,

hydroggrhionst. unfThos#linhete deydsecarlising miapidbestiEighy prershedschain acyclic
| Z gstrons. On the
hy&o%%ﬁ@%?%%%@%ﬁépﬁﬁyﬁ%gl %uﬁpﬁ;ﬁﬁzfm provide relatively

[0060] r eec:a;szlgzets Ssulteblé er usd ﬁf b@hlysit ubfoniigl inchide ssidiciedfuiing catalysts
ve a |l ow value for the constraint index, and usually

(blfunﬁaz%aé ceplypta) g ranoqcidiqpforming @atab@tsmoeﬁfueﬁta%@} gatafysts).
[0061)3n eA(mHRYreR) g%&%ﬂ%ﬁfg\%faﬁ% g@ﬁﬁfl&@@ﬂle{aﬂu ébahﬂ llr‘ﬁé)? hél;/’lng disposed

I's 1 ncorporate
therein Eaf@roaapCSe 9 bf)(DG hjetdls URalitalylet hetaldic yosd dd $uppertsmichnileladulmina and silica.
eve W |.l. be conbi ned w th binder erial, resist
Preferﬁhlyt f peifliserciprpying sHalyst AURPIASH me@i‘éc exgr oyeeeTt BVing disposed

thereih N8 iRGRGRS SdmENAET €30S 85Yi LabloemBan @ef&%l? ril&inum) and a metal
i nclude clays, alumna, silica, silica-alum na,

promag¢t, jsgeh ﬁagh@sula, tigj gﬁmwnmm,cmhaa ngkEl, gadiutrrhedium, ruthenium and

i ca-beryl | an i ani as mel ) . .
combghi PehpoPis Bty A% AR R Rab{Fppres an atumine
supp0i5t| Flaﬁﬁu@ A R nidinl & P tBumSdnldi thforAdidTimariagpasi a and

i ca- nagne5|a zirconi a. The nol ecul ar sieve may al so

[0062be ciepaaifice @ wnphofpagiangl defeameny sptabistsh vell eoraprise a non-acidic
molecﬁﬁa?l §1$\Je, e@,t %olﬁ%,sand one or more hydrogenation/dehydrogenation components.

Examples of suitable molecular sieves include MFI structure type, ¢.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 structure types. Examples of specific

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



which are disclosed in U S. Patent 5,993,642, which
i s hereby incorporated by reference. [0052] The

WO 20081100688 pr oporti ons of nol ecul ar si eve and bPEIER2008/050714
material will vary widely with the nol ecul ar sieve
content ranging from between about 1 to about 99
percent by weight, nore preferably in the range of
about 10 to about 70 percent by wei ght of nol ecul ar

sieve, and still nore preferably fromabout 40 to
about 70 percent. Aromat i zat i bh- [ 0053] Aromati zati on
W Il usually be carried out by the

[0063];|ehyT:heo cqfcﬂrmngl datpbysty w2kt dopruiofon€ or 1@6reahygrhgenagsn/dehydrogenation

metal%yedg Ogg gﬁ&%gﬁ%of na %12 ;aggfi o(ﬁl@%l{)1 0 r acgig[]%%tﬁ s, such as nickel,

mtheﬂlfﬂmomb@ﬁm@ Qrviediuhd) gn&}am@f AhiiRbat iMhehreleRe@RONS 8L 9 or 10 metal is
aromati c hydrocarbons The process is carried out by

platingon tAals,q, |thtfgncmzfn¢£9 catltalxﬂﬁ &21 eontyit eceit lroemoich suph as tin.
[0064EUI t o ugt %oh&e roo% a?o(%l(/j(itiehe AR 81? ﬁlgﬁeg% C?l u%rg%ern?l o> tthe non-acidic

cataly@to‘mll lﬁSu@l‘hﬁ befﬁfoﬁﬁ iboue 01196 By gsbue 8.0 o Bhalragdnatond€etddedgenation metal
npri sing benzene and/ or tol uene. The
basedd‘éh%ﬁ Beieht olitheratakyst o hprpetak gan Re rieepsparaiedripignthe zeolite during
t
synthégs%b%]tgh érlgcg el%étngdrhg&gﬁ &31%3) f&ﬂheé?fé S So?zagfa}iﬁédlﬁ ab1uBBn containing
the aparapniatad saist H:yOx@@Bﬂ)f éﬁampﬂeeadsﬂ fomanchmed prm:e!;sh glatinum can be introduced
dehydr oc cIo oI| r|za rocess mnll cgptain at

by using cationig, platipum gg Xﬁ%/%i%@é? AmERg-alatrwg (B) pigratdyout

[006513 CafROh R SATE catmgt R RAaiy mehd raq;f@debomﬁe Hﬁﬁdelb@an%edrhatural ora
chain, straight chain, or cycllc Exanpl es of such

synthé¢ticdly peodvoed Mongdniclexide lairvembetatiph exienorgriopamaies. Typical inorganic

n- byt ane but enes, . i sobut ane obuyt.ene,. .. .
oxide B BERIscBch 2R e gREd diivr SAEH GGy Ao lissh if QHESH Spiic sits are
prefetﬂ@l?teﬁgha‘h@@d bPedtiK @Y 8b AoOiniaaBbhg aditip condi ti ons
vary dependi ng on such factors as feedstock
[0066¢ onpbl reif@rming dragessi qaadbecemmiiareiso ayclix desshyeeponatsguc.oflhe process
can bERALANS, L3 g ARRY Py GRA L EE | on of the
i C hydr ocarbons aromati cs 1 nclude a

[0067 enpesmatitisrs Hr esfobiagicoddifiofiLindldy tterdpétatbresao it esstinbout 400°C to

fromabout 101.3 kPa-a to about 10.13 MPa-a, and
about\R00fhtandoRfiessyifrac Bomeptowt BF4f/r ka-adeabopt 3-448 Mbaw agmole ratio of

' hat

i O SO 19, ) U B ST b flcn 03 nd
10. tenperature range is required for optinmm perfornmance

o0 RS R R oP U RSty bl i mace o

refonﬁeﬁ@BFJdﬁEéH l?y stb4R %@cklﬁﬁeth%%ﬁhﬁé% v&Hﬁ%@uélﬁl Behi%rmed by contacting a Ce+
dehydrocycl’o-ol i gorrerizati on reaction w'll preferably

parafﬁmmﬁfrqu e.ga maphutﬁl@,r anslditenne upderestesiny eraplong @un@nom wvproduce a reaction

produgti %Oénlf)rﬂsgllgﬁaggrg% ¢ Sm oo%lieg&&d?o%%%&%éﬁél eliséaoh Ak Po%lgd under typical

steamEF AR E corfitions AfckigndNY pidrlote WEskmalMRSve VR, oﬂ\{ﬂ— Wfﬁﬁm light olefins
MIT, U FER, and TON structure type nDIecuIar

andm@ﬂ@@é% These materials are described in "Atl as of

[0069]7‘e0| g&b@ta%hglﬁpgrw ﬁy&%&ﬁ%on feee‘aSCOnyylmh'g d\ﬁl p%afﬁﬁ)s, éfg., 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-Co non-

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



d son, and Ch. Baerl ocher, Elsevier, Fourth Edition,
1996, which is hereby incorporated by reference.
WE@AapI®Ss of suitable internmedi ate pore size nMeCEUH1088/050714
sieves include ZSM5, 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. Preferred
nol ecul ar sieves are SAPO 1 | , as wellas
titanosilicate, gallosilicate, alumnosilicate, and
gal | i um cont ai ni ng al umi nosi | [7cate nol ecul ar si eves
having a MFI structure. [0057] Usually the nol ecul ar
cyclicsi ende wbj/dlicbehyxbntﬂrbmd wiahéh [pantedartyat eyélal  hepdosarborts such  as
thil tgnEer ature and other conditions enployed in
MY RE Og?relé@ $8% suitable binder material and relative

[0070P" OPPid hPMScborRbAGHSiASN SHiAVENAIA fRirm dBouimat @ hisdut a5€percent by
the sane” as those descri bed above for the catal yst

weighf o€ @t 1agpt @rkﬁebw@pg/ rehoilen ist, (“bsém@h@ron{aogmprom@nns having a boiling
point d\y &ilr O(‘I‘B‘[& Wa ad gggolse éfl 1Y u[? FSLﬁ% -a OP th hl?mprrl%%&ntt of benzene. Some
I SCI oSure | romre orrrate produce

hydro€@bah )tbmpoﬁt@cﬁrﬁrmlln@)ntdlﬂ diffatarandudtsnbf ﬂmn@&b%db)bﬂb@ e.g., about 5 to
formed by contacting a C + paraffinic feed, e.
about rﬁQpIPﬁf?F‘élt Wfﬁg%r fethe ahilgRgt e bangene ephodler %fremh?gt 10 to about 50
K P
perce ‘%ﬁd&é eé’s‘? Bﬁg?%}:{gﬁggénﬂsoﬂgrrhéﬁggﬁ'('s)orrﬁrgyg&ﬂoéérggn compositions,
the Cgmnwmmkoumde myﬂgopard:ahs petort i g oehdiatbanondesitgnedilltiave a boiling

deh 0 f, napht henes,. i sonerjzation
point gfftgﬁhé if ressw%da? 8% QQEQ kﬁ’ﬁda %@ﬁ@g%egemnia DaRensE
[0071]10N- ]@[a%ﬂ?és' & BUBEQRC BsRPRS: thhO0mbe &é@éﬁ aptthahl&od¥on composition
ydrocarbon feed containing C + paraffins, e.gQ.

feed tapthe harOpylahoﬂDeurut ith¢lndel cafslqpemdsft,ocjlclcﬁwampmewalcyclopentane 2-

r.ef or m ng. ht ha w ene aII co
meths IR | o SHARSEATTone. T B PR RAPIEhy droE AT EORdT e and
dimetR@cpdl6Ftn gﬁte or branched chain acyclic hydrocarbons,

and particularly paraffins such as heptane. [0060]

Catal ysts suitable for use in catalytic reformng
Mﬁﬂb’mjﬁ;‘aci dic reforning catalysts (bifunctional

[00721: at# Cdzt?c ntg nnogquﬂ%bdpgfec{s t‘%’igé’i]nﬁ%&m&?séy? ékfeoprﬁ{;% disclosure may
contain@hpuyiitSsuet ] foy ckIplei slefids, 'H?én%h |§u@ﬁ4f1¥d)rﬁ@1nﬁig%ﬂ{ﬁounds nitrogen-
havi ng di sposed therein a Grou or 10 netal .
contaigijig @HINOURET and F@n@%a@@séhqur tPgefﬁwblm dielcast amoripneafene or more of
I t b
these lhlll%'plo fes Sessr %rﬁ(éx%gl %‘Ibl’él the. @zdrgéa?b(% L Sﬁg\bﬁ]ﬁ%& gé%pég}e s propylation of
benzehélﬁf @dtefhdl the bilé ape ddhg xdtaly g add @& @dpedSthe $orn@itiod Of ethylbenzene co-
(preferably platinu and a netal pronoter, such
boﬂeragl ‘ihﬁé’Fﬂq}llﬁﬁ ofithg propalafiamicisiorcobal t, nickel, iridium

[0073Lh°d1"ééwgllq§/19§ Weﬂfavg&dth%m ftic@Nse 'kP@\KA? QI) eM&B? skilled in the art.

refera e acidic refor ng catalyst ¢ rrprlses an
Nitro @numnlmnlﬁgl pealr sylfypta@ntaming iampdritibe mhunborempbatd bynhydraprocessing.

tin on an al um na su rt 0062 acidic or
Hydrqpserspiing {SCBREHSY oy aowgt%ﬁ%%@ aﬂaﬂre OHfb reired to cnable steam

crack&MpAtha db beMMERRH iRl SHsEVE thet Freets 4S8! 1dve suldFda@8IehcOdpecifications.
mor e hydrogenati on/ dehydrogenati on conponents.

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, steam 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



Exanpl es of suitable nol ecul ar sieves include M
structure type, e.g., silicalite, and nol ecul ar sieves
wWh2008MQP6es8 | ar ge pore size, e.g., pore size froPCHODS/T50714

to 9 Angstrons. Exanples of |arge pore nol ecul ar

sieves include LTL, FAU, and *BEA structure types.

Exanpl es of specific nolecul ar sieves include zeolite

L, zeolite X, zeolite Beta, zeolite Y, and

ETS-10. [ 0063] The reform ng catalysts will contain one

or nore hydrogenation/dehydrb@enation netals, e.g.,

Goup 7 netals, such as rhenium and Goup 8, 9, or 10
wppmreHamprengstimapraducdsed paphihd énirusteam hodhikung whlMeadsumar levels of

mpurslo” eyl b gL oo D b SERo b B a5 subseauenty

remosﬁf@ﬂ@'dﬂefﬁls Rl AlenB§ @R Bfthey lﬂ@fhrtﬁz&e bl BydrbP@6ddsedT§t8am cracker naphtha)
anount of hydrogenati on/ dehy %enatlon net al present

are dignloschén hof- Beterti Nosc 417411 P28 awﬂ |615 0988l Whicherd inegrpeatséngtby reference.
A pre?e eaT %eg g & tf01r5 enon(i/gv\o}\rég ho%e?r ga%[ﬁﬁ!gexg 2{ gehp(]fq(r o%ﬁtagtfl,rﬁtg?ﬂ}e hydrocarbon
comp@s’iltﬁbtb&edi Bﬁlﬁﬁmﬁfgaﬂéﬁhsl/ diét(kstvh&l Z &Qktallde dlhb‘lbdi@r&‘syd% lkelyst comprising
of the zeolite, by inpregnation, or by ion exchange of
MCl\%\?fgaqueous sol ution containing the appropriate salt.
Y Wy
B L e
contactogpthe xésogenehnamitebndsuifirenfimtgd hydro¢drbgn oorhpasitéon feed with an

0065 e non-aci IC catal yst will usually include_a
absorlging, yger %QIP&OHQC@P QRS Ggfa%\“‘i’?aioulfe&}ws rati %%ﬁtli’ﬂé"fl?% A Itk}e nitrogen-
contalﬂﬁ%%ﬁ%ﬂcbxﬁ%hﬁ%nﬂrﬁpu%'ege EREmPREY fakbRMbREHERS rugcé}lﬁﬁecclay materials
oxid Typi cal” i norgani ¢ oxi de supports which can
and alugema ¢mn1quiés cPafaredaibsorphen canbtiansiindade & renwierattire of frorn ambient

jdic sites ar re er abl y. exchan ons t.hat
to s0§E fispe Piegrn T SFrlhGoRar i 10T BORRT Prierbly BT ampieht to 100°C: o
pressi2é @GR Fent &ﬂmﬁﬁlteﬁﬁ’ Q]T{&lulﬂié@e c&)tidis; @fweight hourly space VGIOClty from 0.5
sem -regenerative. rocess can be in a fixed bed,

hr' tonghpiuh §0(bbic ntqy%meﬁrablwégqr@abcmt&vé b tplabpet Kol p@@m]eferably from
Lo A L0 OB B8 B s

and pressures from about 344.7 kPa-a to about 3. 447
PﬂmeyPa a, a nole ratio of hydrogen to hydrocarbons from
:1 to 10:1 and a liquid hour space velocity of

[0075bet weEib., %lkahﬁng@gel[lt(ﬂ)ag]ﬁ WeEnba Héedhybllﬂﬁ& igsdyure comprise alkene
compﬁlgngiggsél%l%rll c{) ? I#izs%daﬂ(ﬂort eﬁ%ylﬁén%%?&g@ gﬁ(? ﬁn)aﬁr%r ?hetrﬁof Other suitable

fromre produce m Crac
alkylatiaf QigeRts ethi hkhy UstUadelfyl inethe qt’rﬁmés Ry thidndiscddung ganéialiy include any
paraffm c, feed, e.qg., na ht ha, and steam under ste

aliphaif 4 RIGRAICOREAS e01aPQE éﬁamg@@e AT MOAE EYBigD lﬁraaa%ttng aliphatic groups
capabfe()??é Eéaﬁﬁ&g WRENHE NGk oﬁ dlgt NEhatly g{iﬁg@ﬁ&f) 'ﬁam?%% of suitable alkylating

mate is forne er typlca teamcra
agentc onmipnseo(is adefsi, gried ethylquep ﬂbtzékanbb r(ﬁgabthensnegr,s@ga@s @fhers including

et e R fliptisdhory afibhiorch e Aot Ay chalides such as cihyl
chloriB&r @hd | PSlyalRyldted SLAIR. HMPHRNG), c.g., bi-alkylated benzenes (e.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 alkene feedstock (e.g., catalytic cracking off-
gas).



but anes, naphtha, distillate, atnospheric gas oil
vacuum gas oil, and/or any conbination can be utilized
w@200Baest ock for steam cracki ng. The napht ha RET/0S2008/050714
general ly conprise C6-C9 nonaromati c hydrocarbons. The
non- aromati ¢ hydrocarbons may be strai ght or branched
chai ncyclic and acyclic hydrocarbons, and particularly
cyclic hydrocarbons such as mnethyl cycl opent adi ene.
[0070] The hydrocarbon conposition will contain from
about 1 to about 75 percent'B%'meight of at |east one
benzene coboiler, i.e., C + non-aromatic hydrocarbons
[0076havi Ty dkylefién rgcipai may wisottiake pleGCwath the plkebsaleammatic compound
ab 101. 3 kP of .the boilin i nt of benzene
and (g iR B ORI eR et FioBh o BrtORT PiEpibpin liquid phase.

The aﬂgwm)hsorqffa&gﬁ;ﬁﬂ@n CORDLiOBS Biclube A- temPBAHIre 1100 39 QWE°C, preferably
ercent by weight of the at | east one benzene

from @b@m 162:8°6r tof ﬂbtmta'«iﬁ&&"cl@mﬂ(ﬁ atrssire 3¢ @y tent89plyIPa-a, preferably, a
pressur o%thOB t3|66 Fi‘(ﬁ)a as\R’F@? sterque nglkzzzﬁp Sé]logent ('g‘l ﬁé?alllqerﬁe) for overall

Ry drocar on cOnpos I ONS

reactdmom)qc:@r HoIS, Refer®AL, 0iNtot lhmdfeqsrrafebecmy Qs $iht'| Na WHSV based
wi ||l have a b0|||n%, point within 5C at a pressure

on bothdkylati aggni gyl alkydataplarepatigs ,f%r %F?H}( reéeftob%lzqaqqel Oth , preferably,
20 to [S80{ L, ﬁi& %%%S%P%thgl%ﬁé ¢RI Jrf Gin ta‘B?ﬁte%@?. 4 bt?haébout 0.5:1, and a

resént car bon conposition
WHSVrhapf;d at tott’a”l ethylletneldvef totke cetabisofoe olvamal reaxywr| cdexanieyut 0.5 and about

2 hr'! 2 ]\élhgq p%% glﬁggﬁ%grﬁ%lezrgtlg%g e%lg{?%?;?n:l?ﬁlgﬁge {shﬁ&nee )ésn%% of from about
0.02: 1%&%&%'0%@' MENRERrabiE 8o IPEES %@%{Hﬁ«mn [t9Q¢2kenthis about 0.03. The

hydr ocarbon conposition feed used in“the process of
alkylatdbde praseit canpaelnds isr elkyiyedc snthathe alkplating iagsnts (e, abkene) in the
preseicgrl%%?ﬁgﬂlgllg%qtf $re%%ﬁ§lgﬁfa§gﬁ ?’?}télyéto%ag&ﬁlgtgg& gohlg orh plurality of reaction

zonesC PADIrQRtibR REnd(BLie AfrefcIbef &icakllYin AbinkRashctér P&KEN BRt may include
of one or nore of these inpurities is renoved fromthe

nothey Wiy 506 ltadmgo%n eliaHtipaa t@@s@mamrb eyhbst by, docated in separate
Vesse]t Wﬂl%ﬁ gr?aél %ns%alt)lh Gnd )(Vq]fl&l {n%g/ %é ela e astd r%acctgvteaq@éf?'(f be%n q"he catalyst

ormati on O zene co ers in

compdisht@orpﬁ&ddﬁ Ttheﬁlfea&th% RiaePyEBiniaP e IR LA frorh QR Sdtalyst cornp051t10n used
Techni ques for renoving these inpurities are known t
in theggpcligR OBk Theedtalyst copasiton Nedrip &&qﬁe@@ﬁ@agw%edamay Rave multiple

catalyﬁf'%)fng{) osftont. %trlbz{hg ohé%%ﬁc;ﬂ fohe Céﬂﬁl gmﬁﬁfgé/c%demn 2011?, 1S maintained

rocessi ng. Hydroprocessing t ues are we
underkdsoaditions cffhetivar o eruse atkgladioh erf theqﬂtyrlaiable ar@anail eompound with the

st eam cr.a ker ht be bl ended i nto ollne t hat
oIy I PR TR R eR %}syé%ﬂan% t@B%aglﬂfli‘t&%‘t
[0077wdrp£flaﬁﬁsc§inﬂﬂloh§ Gy Rl &Htthé)é/lk%rlﬁﬁ‘éﬁ bf‘getﬁene with ethylene at least
ydrocarbon feed with hydrogen in the presence of a

partiay pp drquedi pbaieamsthaa@ ahtedrstateat dfnfomoridiut i1dhdo 2BRYC, preferably, a
BN N TR AR T ST -
1500 toed 13aatPaLy aSWPIS Basedl On dotal ethylene and total catalyst for 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
cthylene and benzene, and total catalyst for overall reactor of 10 to 100 h™', preferably, 20 to 50
h, and a molar ratio of benzene to ethylene from about 1 to about 100, preferably from about 20 to
about 80.

[0078] In some embodiments, the benzene is alkylated with ethylene to produce ethylbenzene

in the liquid phase. Suitable liquid phase conditions include a temperature between about 150° C



preferred enbodi nent, steam cracker naphtha is
hydrotreated to reduce sulfur levels to less than 5
WeRPAil0wss rogen | evels to I ess than 1 wppm aneCDU8§0081050714

and diene levels to I ess than 2500wppm
Hydr opr ocessi ng produces a naphtha from st eam cracki ng
wWth very simlar levels of inpurities to the naphtha
produced from naphtha reform ng. Techni ques for
subsequently renoving the ol efins and di enes (from
either reformate or hydropro%%ssed st eam cr acker
napht ha) are disclosed in U S. Patent Nos. 6,781, 023

and 346, rombyo Betwiehin @howtr 205°Qcod pi0a€ed pogssurefgr enatmut A0875 kPa-a,

BRSO B N et D0eSh RS E N g0 v whsv.

prefer@BitiRtddndl slded AS/WHEVE Badthilon the ethyfhalféddnendPkfUbAhe benzene to
si eve catal yst conprising MCM 22. [0074]

the ethyleneoigethe ebolagioniraestemigon @Ibbutr(l &drio atbmltnlgpou Inpgiars preferably 0.5:1 to

50:1 r% nr %llosi’g p?e%eraﬁf'ofr“oerg aBg C}CIQPF u?go 1 rﬁolar rn%st Hreferabl% from about 1:1
rogeneontarni ng “an G Wrcont al nirng rocar

toaUﬁwm@Q$mnmon feed with an absorbent under absorption

conditions effective to renove at |east a portion of
[007 91 he Hiadlbyatrbrgeat. i hgrthylens. ¢ berrsnaration goeampest for jusg in the process

o TR Sy PUL Ry SEARELUAE L UL voncns

the rehcrtoﬂ ntte. &ot exgmeplatiurcescodf & fe@ﬁﬂoﬁhh)hﬂgltndf@tlﬁﬁ@ﬁ@camrmsebed e.g., four

beds, PG FNBIE AR BEITB0DE o PGSttt (e PRRaHpo 1 SUbTent to benzene
inject@PIn®S BlcR tell Gl heRIBTE tlfe‘%%ﬂﬁb@ Bihgc 8 V&L Eﬁ&l&né‘t@lﬂ'ehi(ene mole ratio will
space velocity fromO hr 1 to about 1 , hore

be withired eer@aldﬁﬁﬁubhy atoutr I@lnﬂoeh pnd a theghatoolper Jortany speerbes range defined

refer mJl.0 to 4.0 h endi on .
by a Bl R RRshartsoed BB oot B i TR BlinLer R than the higher
end nBhDEESS r[a@&?e‘ﬂefﬁuwr ahlsedigd 163t @& tnhayIb@defhdds by taR@t cofBination of two
be used in this disclosure conprise al kene

numbets mpgtegied (5om the gehwl cansiypagind 0001: ladd ok, 0.015:1, 0.2:1, 0.025:1, 0.3:1;
| t hereq h |
03112 (té% E’,fﬁﬁtgf‘g(égé tlsﬁt%ﬂlai‘b Xk Lf,r % u,sgﬁci 0, ﬂhgﬁgﬁggoésgi’ §85:1, 0911,

0.95: It, Ian@ 1dli. ;‘E&hmpms efg@ﬁ@n addgy atg.borte t@0y7581| iopghat t0c0.611; 0.02:1 to 0.5:1;
c or onpound havi ng one or nore avai | abl e

002]&@%&4&i@9%12 péhb@ﬁéoépdh$§)bépable of reaction with

[OOSOLUI N, e|k13/ gt% E%:f he rg&gg g%%lgglgg o Seﬁ?@fﬁg@énﬁﬁe lproduct that contains

at leaset9|9;5|06)mfﬂght®e&ieh‘amﬁa&thylﬁﬁlzendnbz{ssd oe tlp wel(g‘,Bt- aifsthephxelust Preferably, the
i nc ﬂdin | et hyl et her an %leth al dehydes
proce Ht sé)r%selé‘rt ip BHVY rodgpwn ¢4y iogazene B uﬁ%ﬂ]@t ﬁ?}}tal S at least 99.65
Welgh@ tBe‘i’&'/'nge‘of &Hﬂb@@ﬂeﬁ@lwé@toﬁdth%rm{ G f CARPRYAE S hnore preferably the
e.g., bi-alkylated benzenes (e.g., biethyl benzZene( s))
ethyl‘t@nz;bnterproélllqt)haataeguﬂgterrzfeatekegs)t P8y welght percent, and most preferably the

ethyl‘t)tgé%eﬁ]te E% bgﬁaésfe agpe%ﬁy )9? gtdle%s 9& %r tvgelglﬁg)uﬁ{sctehp e]é? }&E%er enhagce the purity
of the bfﬁl&éﬁb&)r@ﬂu@he rodtet cahbamidnded RiitHIyH P PRAEEIYIBInzene product.

tri-ethyl benzene(s). The al kyl ati ng agent i ncl udes
For e&amniﬁ,c@h@tha Bzcap of bavig 918 S(weight Peseny muFityyandbe increased to

99.982 [avfé;iélgtsjger@erﬁg ?1%’ 'b%ilt ?n%l J%eglﬁﬁés%ﬁé L Colﬁn ofgh tgher purity ethylbenzene

C Cr I'ng” O
produbte(aoo baraemt&yhﬁ]bmdeqhedlwtﬁ@ﬁh Wetd9. Etsqﬁlrﬁy !p;ddattabl e
I.C CO
[0081] Dlstlllatlo rTPernpelratulres for separation, e.g., separation of polyethylbenzene from
ethylbenzene, are known to persons skilled in the art and will depend upon the composition of

the polyethylbenzene/ethylbenzene product.



and the al kylating agent in the reaction zone under
conditions of at least partially in liquid phase. The
wa@bkdgheteson or transal kyl ati on conditi ons i ncl BCBEUS2008/050714

tenperature of 100 to 2850C, preferably from about

162. 8C to about 232.2C, and a pressure of 689 to 6.89

MPa-a, preferably, a pressure of 1500 to 3000 kPa-a, a

WHSV based on al kyl ati ng agent (e.g., al kene) for

overall reactor of 0.1 to 10 h 1, preferably, 0.2 to 2

h 1, more preferably, 0.5 to?h-h 1, or a WHSV based on

bot h al kyl ati ng agent and al kyl atabl e aromatics for
[0082pverHid proeesst aft thofprds@nt distlosurh idglugsefeerainy wf pRlycthyltxdzenes as a

rati f hyl en n f fro
separle iacHof ofofah '8, SaaRlert eSuoBabEiRefnen i BeRshe o form
cthyll®h#¥peene over total catalyst for overall reactor of
fromabout 0.5 and about 2 hr 1 . Mre preferably, the
[0083hp| elraefiflycwsf fremhipe aprctipn Zoaecempripes tha depiecd ethyerfene, unreacted
vensc I HRSe 4 it P B it LB, Yt 90 motoe
preferablyy htatua bR ©9@00Mmid] ¢ Cariptie Alkahs cathpotcat el thetdthdri@puritics. In one
al kyl ati ng agent (e.%f, al kene) in the presence of an .
embogdimepf. 4t ilenst &moftioanafafigafRusng s £sk ta) apether geagtipp geig yhere additional
ethyle%lg & 9§de%l %Iu rr@'JrcltiE)X f@fthrﬁﬁc{ﬂuggcté@ n(?e%zen-léh Svifreagt 51(1%91ati0n catalyst.
zone(s) are preferably located in a single reactor
Furtharemse lat 1dast a paxyion nid effiec@nfodrh eny o€ dlat icactionarvacsaviagde fed directly

. an al kylation or. transal kyl ati on catal yst bed, |ocated
or indjrgetlyptor tigngalyglation Uilhi ch may be a by- passabl e and

[0084Y\'hi Cly HBtiOPahaAkLRd Afpsiedrt AGH ItNE rgMRod REs, Ihﬁy-passable reactive or
catal yst conposition used in the reactive guard bed

unrcagtyg hrerdbéd magmorhalnbe heatedtimlayrsacterosepasict from the eldtylation reactor.

the reaction zone. . The.catalyst. conposi tign.used .i .
Such b PR oG PAC G ) HRATORIT TGRS Gy, which may be
the safRIAR ABfdrb@TFom Me da@APt USREINMBALhERh ZRBR). SHRH IMdBRUlY maintained
each reaction zone, 1s maintained under conditions

from eides @mbiqut penditense onptiapitabli @hkydftionts teAnkglkyletags eonditions. At least a
' ! e | . ;
pori QTR S SRR, L0, PHALNA BRI Dl g teous e

unrcaftBQ of [re &kt ighadacd goloditd ttRsink®theaaidtiph rgn@ Uthetdguard beds not only
al kyl ati on of benzene with ethylene at |east partially . o
serve fhaffp iicidgshad alkenjion astian t iryeslan Uy tfrempyhimabisagtive impurities

n thell égdrrtoga%@%énpgﬁﬁ&? rf@&is,y su(% %sg gﬂfcf (%%i EUS%I)% n(flsr'él %lﬁp QBhId otherwise

a pressure o a-
poisomp tef remabidygy ofathprafigdation @ftrahS4Ryhtom d¢8alykiPaha cataly¥fHB\the reactive or
as tal ethyl ene, and t ot al catal¥st f or. over

unrea&évgigl&%l (lg]te:(? dnay thgrejeye r‘?umectp‘[oem@}:eagrpg,l’lené egepgragon, a&(’i/%l‘ I1rep1acement

than RRMEmMRMHRAEELARKY alkaPioh brlirdhsdikyRfioR WHRN( bARCHRE thOtdlard bed is
total ethylene and benzene, and total catal yst for

typicablygrraviticd wath tadyy-prss ticuibsa et thellkydatefmeiced(s ymapde tfed digectly to the

series 2’8%%?0%‘29 rte%ctg)gllo%r esfl_lg%t;hg 6?03.%?03 S’Vgﬁll%gﬁ? t?‘g%gt;kgg lllﬁelo’] d)ff[sgrryice. The reactive
or unr@five g8fkd Hed@B] bel dpefeddin@BRQG AR Fow bih@vRETRAEHRritfon.

al kyl ated with ethylene to produce ethyl benzene in the
[0085] | qull jsheia. zogefis) Bisiddn thayprioeespleh 8 rrevest tverton; ia dyniepdly operated

t r g Pp &%{% . H]% ..
o a5 LR APE LM I AR B Lttt B MSledo oy gy spptiations.
it mayulpe desirablewd o208 ¢éat kBlawal,00% cthylene conversion. The employment of a separate
finishing reactor downstream of the reaction zone(s) may be desirable under certain conditions.
The finishing reactor 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



preferably between 2860 and 5600 kPa-a, a space
vel ocity between about 0.1 and 20 h 1 WHSV, preferably
wheisaenssd and 6 h 1 WHSV, based on the et hyl ePer/igmds/050714

and a ratio of the benzene to the ethylene in the

al kyl ation reactor fromabout 0.5:1 to about 100:1

nmol ar, preferably 0.5:1 to 50:1 nolar, nore preferably

fromabout 1:1 to about 30:1 nolar, nost preferably

fromabout 1:1 to about 10:1 nolar. [0079] The

al kyl ating agent, e.g., ethy?&ne, to benzene ratios

specified for use in the process of the present
transadiy$atlons traetor(@®¥ emé ey t re nrphteinedit unslenfat alkksy | perfialty liquid phase or

nt, e.g., | ene 0 benzene at the reactor
aternffag anck s NN oy LBRgTRFan S §Pon 0 i yagideted aromati
compbliRR @ANGeCATIAbMS tmBeBe Rpratedf RMItriQMKylavibh Rvied RWy@ASble aromatic
feed being injected into each bed, the nole ratio of
compeyrifyd)entha oalkeatednerdmytisctcomponnd saghrdgedywitransgieylation  between
Lfi enzene
polyaffy oG RRI IS Soabye B SR P OO

[0086DUNDEic aﬂ@la’hohl gh tﬂﬂéﬂl’le}ﬂatld?p freadtiyt(s$ Peed finC thcap@Ress of the present
defi ned a | ower nunber and a hi nunber, the | owe

h
invenfieihey hﬁn hlghlﬁée@ﬁﬁ‘éﬁ topthe| dsiesd RARH kﬂéteﬁup@mct Ml as ethylbenzene
Ch
o TRl SRS 8o Sy Gy g o o i
of thefaffiuerit Iﬁle)ngﬂxalfplat mlrkylaﬁ'bil m@cm‘)n 601&01 Sl].bj c@edfo &selﬁraﬂiﬂ)ﬁ sﬂe,p to recover

1, 0.025:1, 0.4:1,
polya%yénefi afprgq-)tlcl coglpguti S)O ]@Sa&oth@r -)e o:clignepé, ft l@asg ai portlon of the
polyaRy B dlarofrafle é@mﬂmﬁﬁ il su@ﬂf@dl@ 3 tra%l@!itﬁﬁl Rhctby %Fcﬁlrnay be separate
range are 0.001:1 to O 01:1%to 0.6:1; O.
from tlw alkStation ge@2orl Tth@ Dandalkylagon 2eactaroprodaes anacﬂluentowhmh contains

0.1:1 0080 rocess of e pr nt discl gsure
addiigfi gassnigteied e RSB SE T Rdis: PORABS BT syt ap I rCalkyarable
aromatRa&ImRAnd0 AMeleita PEFLANSS ﬂfes@tehﬂﬁelﬂ%nﬁﬁzeb@ﬁélﬁéatéw to recover the

t he wei ght of the product. Preferabl rocess of
alkylat¢earpmatie pempip uel (amp@kplﬂwdmatmmmné @nci/@hpolyalkylated aromatic
Com@84QQUCt that contains at |east 99.65 weight percent of

Y1 benzene based on the wei ght of the product, nore
[0087pr ef whatl tiie ahkg 1atioh Wykiemziaslad gy zDCBdt@tlveh @sard bpdirit isymaintatied under at
| east. 99.85 wei ght percent, and nost preferably the

least partig)iipy dApidrihaps epndéionsaEhegysd b@@/we# p@f@fﬁ@awe@@ g temperature of
t

from éﬁ&hﬂ Oe%?egﬁ? efe ﬁb{)“ﬁtt(%gﬁeé%o oL can u@lfg(? E&/n%j@gcv\n&?ﬁssme of 689

to 46(h]1 glhzea) pmfeﬂablyea iyd¢sbenadnS0prtodls? kPiay a SIS escdon total cthylene

et hyl benzene duct aV|n 99. 85 . ght percent ]
and 5 Tl gROHR Seatelertdas B 5rlorebssr aePdre 1at odheterably. 0.2 to 2 b

more PHEhMy DY 5B €M DY HANE O Wab&E & BORWREBctRYlet S¥tbtal benzene, and the
purity” ethyl benzene product (100 per cent et hyl benzene

total qm@dm of )caWytSthtrrtbe 996185 rpastartof K odlUk h,[[90R1bly, 20 to 50 h, and a

moler S Lo Ny s Ky BB cris “EPB{ ik R8RS ke ehpus 20 to about
80. knomn to persons skllled inthe art and wll depend

he conposition of the
[0088bol y“éhqqsrmelkzbaﬁl@n dednjiopene ke prleguende] @b&apt mrdally in liquid phase

condlﬂg%ﬁ; :]?%t;%ag an&) {181‘?56‘ %r ddaf’r?zl %S Wie th@ Ceitu'fje%& pgﬁ%ﬂ?r ¥ Iquld phase

enes
transalkylation of polyalkylated arornatlc 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 based 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



separate fraction foll owed by transal kylating the
pol yet hyl benzenes with benzene to form et hyl benzene.

WO 0®83p06Fhe ef fluent fromthe reacti on zone coPgF/USHE8/050714
the desired ethyl benzene, unreacted benzene, any
unreacted et hyl ene (ethyl ene conversion is expected to
be at least 90 nol.% preferably, about 98-99.9999
nol . % and the al kane conponent and the ot her
inmpurities. In one enbodinent, at |east a portion of
the effluent is fed to anothé-reaction zone where
additional ethylene is added for reaction with the

polyallyta¢aicarenatie norepaindi ) lof fnomal |k yo a8:il oprefeatbdy, st to 10:1, more preferably,
11 to %tthernore at least a portion the effluent from any
°3flt he reaction zone(s) may be fed directly or

[0089] NdiThambih¥r @bedikba 8R! tkankakyoridhétion[ RBBHke bice under vapor phase
addition to, and upstreantof the reaction zones,

condlhglﬂpﬁ@@aﬂarecqnéa@m \ﬁéf carrytmgroaadteu wapogplzase tresallyiasion of polyalkylated
arornat n%tgp cﬁg)l, Ry é/ 3 p%lﬁgt?zene Sge%rea % 1];151?5{1% % Pe e Oature of from

aboutWISO hio abbtal4t§m(atal 28550t dﬂ@ﬁ&ah@l anna MHSV)lﬁhed Mlhth@h)velght of the
e same or different fromthe catalyst use

polyaﬂ%éte‘rdeaem@% coppynslfs) fegglctn thtiEgeetitespne O Aigrhibauh 84 o 'dbout 20 hr,
prefer%l?liﬁr&ﬂda%ﬁutam 8t ??Egl tah@ QSnol8f %Iﬂ{) of l’dbﬁz%ﬁ% %%lzattlkglated aromatic

ation or trans ation con i ons.
compqord(d) ofi frofn berfvzﬁriepreﬁmibly,pﬁlmm y at least a portion
f the eth ene ed th h t he unreactive or
l0090f iSgRCG Pétmt?é‘l’:? Eﬁ’ %tcitsareefﬁ atﬁ;? ®nto the reaction

1. A%@cespf'@ﬁﬁo@%éﬂmpgﬂﬂtﬁﬁim@ "Hré(du%ﬁﬁé/\ﬁné Q pﬁﬁt}ﬁ&t ttlge?st 99.50 percent

desired al'kyl ation reaction, is also used

basedoartbe eemhy of etamne\mesenpmrthc pm;iuptmsutga hyh‘p@q:mrbmmposmon feed that
C sition .such as. nitro 0 u

has n8g %gﬂét’%@er@ Y 1°Bo i éHb%tﬂ]zlaﬂ% nfré?eg 8@ rCC oﬁP t%ﬁoecagtf ﬁ+ aromatic

hydro@drbbis2 A8@ bénthiat benzcaabad Yivm aldie 1G3tadbiis1s ffaacédt %y Welght of at least
reactive or unreactive quard bed may therefore subject

one Gsp nmraéomat@qhﬁirpcafrb@b RaYiag |adwllamgjp@mt mathin d@ite At atptﬁ%sﬁure of about

: I | kyl ati on
1013385400 055 Rnl IR S ARSEN LhPRTLLY
@) ovdlichelaltinvd ﬂhb banRyie PathsetiSErelin tan itk ylddh redeioalzbiyd, dhideBaction zone
feed(s) may be fed directly to the series connected

wéa@ptaa}?dz@ﬁ@%at lﬁa&t thartiad Higtigrphaps penditipnsgiyith @npsyl-pgive catalyst at
Q&H(ilt ns %ﬁa{t\ﬂt&lﬁd Cﬁe‘?@tﬁtte h&ho ?an%@ ro?%tnll gﬁ%gtl"i?gﬁvjvc *t’(? gbout 285°C, a

e operate o-current upflow or
mesﬂum swfﬁme{ﬂ()lﬁ&ﬁg],mfﬁhethe eagturoof lzmet(ese)ndtmhaﬂemerﬁntdn ¢east partial liquid

rocess f t he i nventian per
Baer molactiiceob e@xEance BeFsEne digh R stiventiGRenp 61 o abou
@h? 1LAY h ONBISVHONRY & tofP et ARP Itdtérlaéa't fot bvdFRY reactor in the
be desirable to operate at bel ow 100% et hyl ene

U@l@efgomﬁ%omﬁblenﬁkmyh%ht,gﬁda separat e flnlshlng

(357 018 RGeS Pl O h s SRRBSn BiRG heving o purity of

5teiRedt 0)9. 5@#&1@6@'@1@6@@@&@ Werdhk WF @tHyPen@éne present in said ethylbenzene
transal kyl ati on catal yst, which could be the sanme or

pioflfer ent from t he catalyst used in other reaction
> Rl BB, SR SRR SFAGREG g s roduca
from Pphedisenatd.

3. The process recited in Paragraph 2, wherein said reformate comprises: (i) Cs-

hydrocarbons; (i1) benzene; (iii) C;+ aromatic hydrocarbons; and (iv) from about 1 to about 75

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



alternately vapor phase al kylation or transal kyl ati on
condi tions. The pol yal kyl ated aromati ¢ conpounds in
W@ b@sgédossient s may be separated for transal kyl BET/O82008/050714

wi th al kyl atabl e aromati c conpound(s). The al kyl at ed
aromati c conmpound is made by transal kyl ati on bet ween
pol yal kyl ated aromati ¢ conpounds and the al kyl at abl e
aromati ¢ conpound. [0086] The al kyl ati on or
transal kyl ati on reactor(s) used in the process of the
present invention may be hi g?-ﬁy selective to the
desi red nonoal kyl ated product, such as ethyl benzene,

10°C but ptrqspmrcadfl apoptr tﬂjluizkga-atoﬂthabbllmgrr@npcﬂfmhkqdeaandcbald hydrocarbon

.n nee dlmsn t ortion o
compgRE,dfd 1if FEHE ol Sl kgt e e Rpune s Bretipdifion the Co
hydroﬁéirbbl%&in@@afdmﬁr SR AhyY ROCaSBRR fiddn §8E RFSImate.

Eo yal kyl ated aromatic conpound(s). |n another
4. Ehbaribersntas aecilcdalit aay pprereding olfar@méolpoﬁy&llekyqompémmg recovering
[ I d to a transal kyl ati on
pdyef% g’ en%wﬁrgnqg%g%dﬁét nggspe%r af‘e fromthe al kyl ati on
5. TeachcessT @ trfeallﬂéiia| hy| Bdrhglﬁphf eact airther Odblmpﬁmﬁgl transferring  said
ef fl uent which contains additional nonoal kyl at e
polyehyBaneanchye pegwsilkylatiog zpet yad KsacHRSd %p%ﬁ@lhﬁmwewﬂh benzene
under B VI RHARYCABRITL LFEATRRModE | east a port] on of
these "effluents rray separated to recover the
6. @hkytoatwadcsacowdtin @am(grqphm dvl(ermmn sl kegtydticadererragitded by the reaction

co und and/ or. pol yal k Iat r ompound,
of the[p@g%%y Fgs Nﬂ%lpt%ﬂn%nea e %@7& SR Rl epny o
7. BHAT Bob&d, alt récﬁedminntf%'re{é ghiunglerdteid easd palthdl isi Ii‘eacted with
l'iquid phase conditions he guard bed w Il preferably
polycihgtheatameatin aaidemrealatator zohe f1$ owpraied Urom 20idt bydr8&8Ig)n composition
feed. preferably, a tenperature of from about 150 to 2600C,
€ a pressure of 689 to 4601 kPa-a), preferably, a

8. PhEPRESR r@d‘ﬂe&@@@n}t Predddids katag@ph, avhAESY thagrda@éh Etdaions include a
et hyl ene and the total anount of cat al ést for the

tempegatpicalflfrong alkqusd 83TC ©. aboto2 IGCha prespyre peframl apoutpl 4796gkPa-a to about
215 b P BRI g DL 051,

WHS¥Hrauat orofotdl attallgtgtoveototd] ketabpeforlohertall aedctur dfffroh®about 0.5 and about
4,100 h 1, preferably, 20 to 50 h 1, and a molar ratio
hrof penzene to et hyl ene from about 1 to about 100,

9. PhE 1%r ?ﬁl %4C1ferqu1P% pa%ph%éo Wi Qiﬂi n&?e r4tf0 &ge;éh gﬁae o benzene is from

tra ation re i on may take place under’ at eas
aboutyﬂant] E)Idby)ui 014111 qui d phase condi tions. Particular

ndi ti ons .f arr t the | east art al |
10. GofegcHHedls i ﬁ@g?’a?l} Wnb?a@a}%rw of ety egﬁéﬁﬁ?ﬁl@ne is about
0.03. conpound(s), e.g., polyi sopr opyl benzene(s), wth
benzene may include a tenperature of from about 100 to
11. Eho qﬁro@@@@@re@itqﬂr s Ny Q)re;fed'@gﬁpqr@gmp_lg?wk@aina said agiB\vctive catalyst

compRER D 15T cud Of M Dty B Rl P b Bl PR sy sicve.

12. ThOPRERUL r&ifdtif afP Pricedil plfaglapBNiheéreiladd cdtallyitFufther comprises
benzene topol yal kyl ated aromatic corrpound(s) of from

abinder.1 to 30:1, preferably, 1:1 to 10:1, nore preferably,
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 Cet non-

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



1:1 to 5:1. [0089] In another enbodi nment, the
transal kyl ati on reaction may take place under vapor
wW@basaowshdi ti ons. Particul ar conditions for cBCT/YEI08/050714

out the vapor phase transal kyl ati on of polyal kyl at ed

aromati ¢ conmpound(s), polyisopropyl benzene(s), with

benzene may include a tenperature of from about 350 to

about 450Q0C, a pressure of 696 to 1601 kPa-a, a WHSV

based on the wei ght of the pol yal kyl ated aronmatic

conmpound(s) feed to the react?on zone of from about

0.5 to about 20 hr 1 , preferably, fromabout 1 to
2-methplbetang0 hr 3;methglhexamo) ar r a3-dinethyhemeaene t o 2,4-dimethylpentane,
. | yal kyl ated aromati ¢ coppound(s) of from1l:1 to 5:
dlmetﬁﬁc%cﬁ%ﬁ%?;aél& gpd I%@iur?%t%gr.efgp[ 0090] In some enbodi ments,
15. Thé prodbsCleeisddr 8 4§l pt@idOpardgraph, Ml%&ﬁ%afd%urﬁfr #UgidNGhylbenzene

an et hyl benzene product having a purity of at 1east
produgigs 8plepss PO Satpetrgnelirsehon He wiighfof cttylbonrmneergncatiaribe praduct.

e product. usi a_hydrocarbon_c 0s] td f t hat .

16 JAEP RS Th B otee SRR SRR P G PR productis a
least 99.98 5yeetcDEC BARO0S tieeleiGhtofatigMBdnzend Wredeacmrthe ptoduand

cont ai ns benzene and from about 1 to about 75 percent
17. 'Bhe procesrediedap amearg ofgrsagranhsio ho.ayhkswein isgidHyermetsipmed by the
' ; 1) point within 100C at a pressure of
Catalygg\é%fpg&%%ggh a-a of the boiling point of benzene,
18. ¥h¢ propescededdmapy osd oifPar§@rplal kvb,athangn tshid rbfenaeweas formed by the

k'WitE et hyl ene in an al kyl ation reaction zone, said
cracking Qf hyGRCYBHS- i s mai nt ai ned under at |east parti al

19. ThAWksbcRN SRS R PatdRiph 19 bl 36l drakily/ & Ga&bAlpYShed by steam
at conditions that include a tenperature in the range

crackipg. f r om about 125C to about 285C, a pressure

fficient to.mai.ntain the. m xture of benzene, a

2. TG GIGHS T ahefy ParRring P HBSER “Fi g rast one Cot non-

aromdtidtHydrdthrRh Ny peRenttin shRINBRIRG akibnt ddBagositigl fO8d fuf Mimount 5 to about
about 0.001:1 to about 0.75:1, and a WHSV based on , o

60 percghtdly weigh efrié lapglepnet Grtatoncapmpije hydroearberehaying ¢ baiding point within

o~ | a r a - r 1; and
10°C by P ARIDRRL |1 PERERRE e BphinkeboMR Yol - 200
21. Ehdhyrbesy anacgitcddiic Pahgiph02® Wwhtreiny safl Atlch®agic @9 Mdn-aromatic

percent based, on the wei ght of ethyl benzene present in
hydrogagben dt RyIspiniFetdd fydengatbon xxommesitigp ofsed dn pacimpeti 1P to about 50

rei i r dti £ . cq -
oSS CALEAN o MGG S DGR SOTRGEH i v

10°C atma Rassagr affrbot, 10Atiek-a of thie dborl efgqromato€ beromepe.i ses: (i)
- hydrocarhons; (ii) benzene; (iili C7+a% tic ..
22. HPESPHSAscIted 4g @ y\p}reqa&lgﬁqu&gm hq Sregb%é %ocarbon composition
feed dORIERMMMRYitMe sd8tePTroRt thk $3Sp QMRiskng 0P BRTIAL ATBds Csul fur-containing
hydr ocarbon having a boi l'ing point wthinl00C at a '
compgunsls suitregof-cartiining1@mBukia-aadohixtires Berdafrgdpoilerst efportion of at
least o%eeno%%gl?i ir%Bgri & a(iie pe\ﬁgorvoeg ?rro?no&le feed prior to contact with said catalyst.
23. 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 that
has not undergone extraction, said process comprising:
(a) providing a reformate that comprises: (i) Cs- hydrocarbons; (ii) benzene; (iii) C;+
aromatic hydrocarbons; and (iv) from about 1 to about 75 percent by weight based on the
weight of the reformate 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;



conposition feed is prepared fromsaid reformate by

removing by distillation the C - hydrocarbons and said
w@2msaowaat i ¢ hydrocarbons from sai d ref or nat ePCHUSZDA&050714

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

Par agraph 4, further conprising transferring said

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

reacting the pol yethyl benzen®®-with benzene under

transal kyl ati on conditions to form ethyl benzene. 6.

the Ipnm&mgéimhydrecarbw and tRaCalgaraptatib hydwoearboms Sandhe reformate by

BorutRy bum hEEeGFbar SatBe™ S (r ans erred 1o said

kyalll@;ﬁlh th@&féhkéh@ pEENREBE in’the H?@ro@ﬁr%@ﬁ%@ ?§51ﬁ@r9 Wi@8ut &traction of
ara wherein said benzene is reac

h
welhg/ tqwrlbbe sempestiomwihicthylengns gheyliquid plhinsg ¥id 4 eatalyst comprising at

].Sleﬁﬁpéﬁeegf farlel'&\i% df I?ﬁ'ifjr 810 eClbl%,I' S?Oﬁ'pé)n% Eilzoeghte eqa n?olecular sieve at
€ process reci any precedi’'ng paragrap

vhirliteind thhen@hdyh aémmatamﬂl thé edigeiofdtont @bt 163°C to about 232°C, a
tenperature of from about 182C to about 216C, a
pricesisqpuTigient todpaingLhe banasng ik the liuichphaseiisualBsg, least 0.79 MPa-a,

fooet
5% 2 nbgoé)%mig? E[@Elt)cgla t% 98? %\h‘yei Q réﬁ)f% r%@%@e%ﬁ%@% {ga&tﬂk ne in the range
ef ﬁyhleatmm\@eﬂmtlotoahbcnmtoa”lizs,t an‘doai WSHSWabdsed e)acmﬂﬂ edfylene over total
f t 5 d t
casglydar 5‘@”35 %551@?{ %961% 8? ﬁrplﬁl @3%0 l&? abqud{§ B g and
gf) hY(h?cﬂﬁné ﬁlekiﬁ&ﬁﬁﬂ &f it@p c‘) %ﬁgﬁé’é arletBbdnAcRe gil?)gﬂét having a purity of

The process recited i n Paragraph wher ei n
stdﬁed;t %IS@ pmat:mt(basﬂd @t thy vesnght 06 etlbelbzezwe psesarttom theqproduct.

The roc recited.jn any.pr ce j . par
2. e PR LR TEE iR nbERobE b np PR e Pt g S PRAERNY inctude
tempc@dtBreQSf fﬁ)nm&@%i‘@ﬂol dbolBt B Cah pRRSIré o 86l db8ubrL78.6 kPa-a to about
nol ecul ar sieve. 12. The process as recited in any

2858.pBewd iangolsaietig rodshyleusetoebanzens of Eamarlest OfQst ﬁeﬂbout 0.65, and a
WHS%OSEB&{ gneﬁota? fﬁlf\?&qero\fetl%‘tal zg&wg%%graﬁ%ic?&' otf%nll F’bout 0.5 and about

rern sal mat eri a
2 hr' selected fromthe group consi sting of m{m422 N{m436
MCM 49, and MCM 56. The process as recited in any
bhepwgFsgeidd BpRNe %B@réglﬁp%sd%r%tWh@ﬁl@tsatsirmole ratio of ethylene to

benzeﬂ@ﬁaf!%&ﬁ%d)& ofoedf %0%0996‘4 ;S selected fromthe group

consi sting of cycl ohexane,

26. et mdoesscfeopefmraﬂenagﬁalpht?rﬁyIWTEX@mesald&nnbt tayib hefxahgene to benzene is
éwﬁédinethylpentane, 2, 4- di et hyl pent ane,

about §idat hy| cycl opent ane, and mi xtures t her eof .

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.



15. The process recited in any precedi ng paragraph,
wherein said purity of said ethyl benzene product is at
WO 2@st10888 85 percent based on the wei ght of PCT/US2008/050714

et hyl benzene present in the product. 16. The process
recited in Paragraph 15, wherein said purity of said
et hyl benzene product is at |east 99.985 percent based
on the weight of ethylbenzene present in the product.
17. The process recited in anﬁeone of Paragraphs 2-16,
wherein said reformate is foffred by the catalytic
reform ng of naphtha. 18. The process recited in any

31. bhe podceRaragedphPapagifhh dhewbemeins adid arefkargrest ecdosiplished by steam

forned by the cracking of hydrocarbons. 19. The

IB ocess recited in Paragraph 18, wherein said cracking

32. TBe 3H6QAP! fesifRd ibYanSt 8RN &1 BeMbAGhs 2828 NEhBACRER Bbrity of said
recited in any precedi ng paragraph, wherein said at

cthylbicazesne pserducCis+at &@ﬂfaﬁ?%%ﬁapﬁtreemjoammtb@ weight of ebglbeniane present in the
1,Odu§a|d hydr ocar bon conposition feed in an amount 5 to
p %out 60 percent by weight of at |east one C +
33. mbm Iﬁbmtﬂecltddydﬁ aagr bad cffal?hxragra@hbcﬁsl-:kmgwn@ﬂeﬁi swidt plity of said
C at a pressure of about 101.3 kPa-a of the boiling

ethylbﬁgzpeme edusé by einlgast 99. 98.‘r|~p@rc§pr§§§ oxdhe @@ilghéd) icfhylbenzene present in
mep&ﬁﬂ @graph 20, wherein said at |east one C +

non-aronmati c hydrocarbon is present in said
34. deqmc@Bban ﬁmnﬁbsntmgnoﬁeeﬁ'Pmagmphnﬁunis1®hMBmabddthychmbon

by wei ght of at | east one C + .non-
Compw@b%‘aﬁ oA UTRIG s BEJPFtFdh b, AP RIS ORE Cgqi, dienes, sulfur-
contalﬁiﬁfgs §6H1ﬁ0t91fds aﬁ%&eﬂ-@éntgﬁnﬁlp cémBunlifeale 'rﬂlkt'ﬂ%sp@l'efbfof Qhd at least a
benzene. The "process as recited in any precedi ng
portiopanfaagriegshs onfwhé s&{ nmpaiideshard romay dsbfromothp dsddt pwor oewadtact with said
contains inpurities selected fromthe group consisting
8% ol efi ns, di enes, sulfur-containing conmpounds,
35. Mhé HRALEs &9 Méde iAGangOSMO BN Waragfdpis M3XI4) rfﬁﬁhérh@(ﬁﬁlﬁflsmg recovering
and at least a portion of at |east one of said
pob@ﬂwﬁ@ﬁﬁmﬁ%§0€Wbep@ﬂﬁ@ééﬁﬁmdﬁithe feed prior to contact
t 3. c f r .ng a - -
6. Yty rRERSend TRl fn LRl oE ) " IPHPLIS, Jungyrine said
polyeﬂ)@mﬁiﬁneba@adtrﬁﬁalkfﬂﬁtlw izghd and redctiyg bien pelyethproengunts iwith benzene
t he product u3|ng a hydrocarbon conposition that has
underfgpsaiipdatioyospadisions ictordsthydbangens ocess conprising: (a)

37. Ef}i/@iffo%é@%s%&{%?ﬁ?;ﬁﬁ%%né B?ba&%{ﬁ??% §§é§6 &/h%rel(ﬁssald at least one Cgt+ non-

cracki

cataly,

ocar bons enzene; aromati c
aromatigdrydogatbonss pamsent(in \shidf ryolnocabiont comnosltlabcfaetd iSan amount 5 to about

60 oSkt 5t S PR b BBk ot wicin
10°C QPAMeMr@&F AboutM (1Y E‘PalQQQh%tboﬁm%fp%%ﬁléfﬁe&fen@boUt 101.3
Pa-a of the boiling point of benzene;(b) renoving C -

38. Ebz@mmsﬂo@ﬂsreatﬁd trh&a@graphr b?mWhereimydaléc‘ﬁrlbmSorfer ©nt non-aromatic

hydrofq‘%ﬁ%%gg l%?eg%lgtembg(alcﬁj Sytd{rolcaﬁ)tolnoc%ntlp%sftl%gln%eed Y dagloa(l:nall&?n?nlo 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.
[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.



(c) alkylating the benzene present in the hydrocarbon
conposition w thout extraction of the hydrocarbon
W@ 09psicss on with ethylene in the |iquid phaseP@i/ukzoas/050714
catal yst conprising at |east one of a MCM 22 famly
nol ecul ar sieve and a zeolite beta nol ecul ar sieve at
conditions that include a tenperature in the range of
from about 163C to about 232C, a pressure sufficient
to maintain the benzene in the liquid phase, usually
at least 0.79 MPa-a, e.g., f#dm about 0.79 to about
6.995 MPa-a, a nole ratio of ethylene to benzene in
Examphe range of from about 0.001:1 to about 0.75:1, and a
o0r2 Y R el g S B8 BN b S bnsene and
49.5 Bt byt Yelht bF 2 30@ncthly1sbingnk | (Fnih deP 8 FHeORUE Eordingd 6tBer reformate
(c) to produce an ethyl benzene product having a purity
produggd Iatdrocagans Doy possiparteefeed lgagreedle]@}}\/lﬂae:amysgh%h@ﬁonditions of the first
hyl benze resent. incthe Ct . ~2dio~The proces
test (PLIA DERARRE P LT3 FolR TR TRC R Besr Af PRRSEEE 172 WP,
cthyle®o 6l btn RS mohctatid & f@. 3: & naper AWMHSV 0hscdra@ntotild athlylch8 2Cctt @tal catalyst

about 216C, a pressure of from about 1479.6 kPa-a to
for ovgrdlteagign ctaverpy- 9, 1 hip | Thercondigions iotheygceond test (Test B) included a
tempel§ilie qf76.f75¢ &N QE@.WSC,Oa @%sslare% O AROWipL ,%%hyl?%dtoaoe%\é mole ratio
ased on total ethylene over total catalyst’ for
of 1:1owet aWHS$ édatodronabtaf ethpicad oudr tétabeagaigst ddwoamtera?l teactdr between 2 to 10

) 5. The process.recited in ne of Paragraphs
hr'. é@wﬁﬁPEWﬁ§§8Vﬁe§hﬁﬁiﬁﬂggm$5$$%'@f et hyl ene to benzene
[0093] S fFI@?T‘@QO&#b%@% uttitgesalgv%ﬁ&‘ﬁceg-iﬂ:tﬁe pl?fﬁluct]_(theopétﬁ?ﬁyf%ﬁzene vis & vis

recited in Paragraph 25, wherein said nole ratio o '
tempegtthiel andecth deyetozeanecricsratibaot s0003 thap the fihetiqerajdbs preasnt disclosure

resul PRy b Do of o B Gingp S By a R uliTRY G R ich is a plotof
the a%ﬂ)@ élﬁ‘eoéh‘iélﬂtiu@&i Bf TVEM, ZRow MM 36 cosadrkBrin@ Aimportant to maintain

, . 28. The process as recited in any one of
produptigragf higshupity othylbgheaneipiodigt. d rpireteas| bggams insyeasing after about 14-15
. . roc reci ' - -

doys UG, R TGRSR T SELL GO 08 Sttt o sonacing e
catalybhwite athalistichidoh 6fagk.NFNG. ®fs a@thfinatdgamldtahPmogesis present in the

recited in any one of Paragraphs 23-28, wherein said
cthylbeprege pradict aftd dhareadplpy was N SR fofg ofays.

hydr ocar bons. 31. The process recited in Paragraph 30,

wherein said cracking is acconplished by steam

cracking. 32. The process recited in any one of

Par agr aphs 23-28, wherein said purity of said



et hyl benzene product is at |east 99.85 percent based
on the wei ght of ethyl benzene present in the product.
W@ 008/Thwsspr ocess recited in any one of Paragr aptisUus2008/050714

23-28, wherein said purity of said ethyl benzene

product is at |east 99.985 percent based on the wei ght

of ethyl benzene present in the product. 34. The

process as recited in any one of Paragraphs 23-33,

wher ei n sai d hydrocarbon conposition feed contains

i mpurities selected fromthe?yroup consisting of

ol efins, dienes, sulfurcontaining conpounds,
CLAKMSr ogen- cont ai ni ng conpounds, and m xtures thereof

and at least a portion of at |east one of said

inmpurities are renmoved fromthe feed prior to contact

with said catalyst. 35. The process as recited in any

one of Paragraphs 23-34, further conprising recoverlng
1. mry@tswmu@ﬁdm af pthwiheh@np meetlist having e @pripyedf atdeast 99.50 percent
based one[h$ WE I%%’? 8{ rlgl’lrl]e; 25 Irr%sleﬁtg 1n2[gl g%o%g?tal%?l}%?;é}s %%(%§ ea#éosn %06npaosmon feed that

has nbt’ aﬂna@gklyé akir@dtioapne sabyllartAHQt firétd of N&- hydrocarbons and Cs+ aromatic
yet hyl benzenes wi th benzene under transal kyl ati

hydroe%fham% %@1 §ontging Senrcas Ryfl Hony abpat 139 abawe/ ppaeey @ya«‘selght of at least
one (8 ﬂo‘h%q?ﬂlgtlcaﬂ%ir%lﬁb&{ hgﬂﬁ 3 l?cﬁmo% ég’m’?’ @vuh\ﬁ{] ?6‘% B Eﬁalr&sure of about
at ic hy I'n

east one C + nonarona carbon 1 s present
101.3&Ra¢h diyldy o Anpprincafitpagdrncl eid peecssicompnisiappunt 5 to

§Som *’gﬁ’&f%e ¢ ﬁgﬁﬁegg ﬁl&%ﬁ%}g 1H§5& @iﬂtfqnﬁgfcagp Apnystiditgaction zone

sOR%naincd HI8S Skt %fartﬁlp Bhid %S@C&Eﬁtl&s%&ntﬁ hg RaI-LdtRY catalyst at
poi nt of benzene. process as recited in

clamagqnap}qatgﬁqlu@m&rt@nper@aredmahe rangs tof droan @amt 125°C to about 285°C, a

non-aro c, hydr.ocar . '

Ao SR SRR BR i et oG Biihlens ig 4 degg partial liquid

ﬁ&s@ez; &R rilo YELUhtenOfto dendc@ash R arfge ofMBdin AHLEHBYI001:1 to about
drocarbon having a boiling point wthin 100C at a

ésls aneé aoVHaBobescd on, tatak Pﬁlyépn@foweh ot oiatalysy fpopyrralbfeactor in the
Qﬁ, SP§Mm§@8%%]1{?gxﬁl ¢ wi.ngq exanpl e illustrates

a n'e e ‘present disclosure but is
(u)t disilgnged preddeeotansid) teprodtcd 4h hRylbesknd ploduét Making a purity of
the spirit and scope thereof.Exa [ 0092] Tests were
alalenst - Wupereent hysed prdle siht ©f ggwﬂbae@aen@saprssqné iy pid cthylbenzene
@gg ﬁnt benzene and 49.5 percent by wei ght of
I met hyl pentane (remai nder of the feed contai ned
ot her reformate produced hydrocarbons) by passing t he

ed over a ca aI t The, conditions of .th
&ﬁ QfOCF%“s"teCIGEIW\@A 5% g @FE%%‘M} EOTpOSHOP7fed s produced
ﬁbnléﬁﬁa@%ﬂéoc a pressure of 1.72 MPa-a, ethylene to
benzene npble ratio of 0.5:1, and a WHSV based on total
et hyl ene over total catalyst

3. The process recited in Claim 2, wherein said reformate comprises: (i) Cs- hydrocarbons; (ii)
benzene; (iii) C7+ aromatic hydrocarbons; and (iv) from about 1 to about 75 percent by weight of
at least one C¢t 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 and said hydrocarbon composition feed is
prepared from said reformate by removing the C4- hydrocarbons and said C;+ aromatic

hydrocarbons from said reformate.



for overall reactor between 2 to 10 hr 1. The
conditions in the second test (Test B) included a
W@ 209pae@ssire from 176. 7C to 204. 40C, a pressurBCOUSDOFRS0714

MPa-a, ethylene to benzene nole ratio of 1:1, and a

VWHSV based on total ethylene over total catalyst for

overall reactor between 2 to 10 hr 1 . Results of the

tests are in FIG 4 through FIG 6. [0093] FIG 4 is a

pl ot of inpurities produced in the production of

et hyl benzene vis a vis tenpet@ture and ethyl ene to

benzene rati o and shows that the practice of the
4.  'Phesprredi sl oxuficd mesanyt eprecadingheclpmpd dietthenn cofmprising  recovering

t hyl benzene product with |low inpurities. FIG 5,
pob@&ﬁﬁ%ﬂ“?§5§05V§?p8#mfﬂﬁ%§ﬁﬂﬁb for the catalyst used in

Test A, shows that process nonitoring is inportant to

mai ntai n production of high purity ethyl benzene
5. Phopugcess ap mysited i1 eRimdg anthicneorapraiing)traisfaring budpolysthyenzenes to
o BT IR AR, R T oS BERRREE By BRI g st
conditérsho foday ethpibaiieae. wash. FIG 6 is a gas chromat ogram

of the inpurities present in the ethyl benzene product

after the catal yst was on streamfor 25 days. CLAI M5 1.

S, f.aL:. nr: ' . r [ .

O DnPhREESS R R BRI E, BB UAEAE ARG AL Mk 0BY (fiProaction of
the padfeticylbaneng@rvegebinzene i rangeoaliotsaidsil kg atiorhyeact@natobeo.n

conposition feed that has not undergone extraction, is

substantially free of C - hydrocarbons and C +
7. RhOPRLES RYEiRAa: R 5, aMkrGARLAI RS- QRNZ 8RNt pOPthylbenzenes

about 1 to about 75 percent by weight of at |east ohe
in saidCtransalyfatmnaont issuhpldiddoem said hiydrocadyon compbdditien feod.nt

Wi thin 100C at a pressure of about 101.3 kPa-a of the

boi li ng point of benzene, said process conprising: (a)

8.  @hKyplRbisnBckOL i enZ pRR>cAE 1SN YWHRAS ithe altyRtikY |c8hdi@bns include a
reacti on zone, said reaction zone i s mai ntai ned under

tempeggtuteergronpabaut 482G uibauiphifse., & oredsure ohBomygbpht E79.6 kPa-a to about
ihd-.act i t P tio t I nglvde i
osst FERERS RS 600 R abiaE SR LoNSy b Db g 051, and o
WHSY8h6sd én e ssiylchesvtf iotdl @ptalyisoforivedabirsactdi@ o Wit 0f5 and about
,benzene and ethylene in at least partial |iquid phase,
b3 nole ratio of et hyl ene to benzene in the range of
fromabout 0.001:1 to about 0.75:1, and a VWHSV based
on total ethylene over total catalyst for overal
9. Thaptawess recitéteir &tega &f wheromm slb utol® rdtiot of ethplghe 1@ bbmzene is from

;and (b istilling the product of step (a) to
abm“éﬁgﬁﬂEﬁ&thgﬁﬁylbenzene product having a purity of at
| east 99.50 percent based on the weight of
et hyl benzene present in said ethyl benzene product. 2.
10. The pprcesserssitedeni Chamih vdheatimsaid mbr eiin ofaitllylene to benzene is about
0.03 hydr ocar bon conposition feed is produced froma
T reformate.

11. The process as recited in any preceding claim, 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 claim, wherein said catalyst further comprises a

binder.



3. The process recited in Caim2, wherein said
reformate conprises: (i) C5- hydrocarbons; (ii)
whewsaomwss (iii) Cr7+ aromatic hydrocarbons; andPi/U$2008/050714

fromabout 1 to about 75 percent by weight of at |east
one C + non-aromati c hydrocarbon having a boiling
point wthin 100C at a pressure of about 101.3 kPa-a
of the boiling point of benzene and said hydrocarbon
conposition feed is prepared fromsaid refornmate by
removing the C - hydrocarbondl and said C7+ aromatic
hydr ocarbons fromsaid reformate. 4. The process as

13.  Thecproechsian remtgd pr €z g wdicwimpaid MEMe?2 Gomfyringtengl is selected from

recoveri.n t th ct of step
the erp G SongistippaP ST MR R P b BIGHRS0E L, Pher

conprising transferring said pol yet hyl benzenes to a

transal kyl ati on zone and reacting the '
14. Bl pesrchsplasapcitedds any precoéing elemyupbiercin saath ghlcksfloae i(ph non-aromatic
G0} S0P A, N BTRS e B TRBURBRE Ry Blgpenine 2
methyliyexbhg r eac3iaahofhetdie, pol yel Bdidehzpoaansy t h bepzdiatthylpentane,
. Is transferred to said alkylation reaction zone. 7.
dimethylgydorsatass. angd misgyreeeicaf. 0 ai m 5, wherein said

benzene is reacted with pol yet hyl benzenes in said

transal yl ation zone is supplied from said hydrocarbon
15. Thenposickd ostitbéad. ang. prebelipg etairas wheeodit esdidi purdtigyof said ethylbenzene

precedin |_ai m erein the al kyl ation conditions

produPt s AL gast 9% mﬁgﬁaim@ﬁaf o thepesielfd gihyissecnepregspin the product.
216C, a pressure of from about 1479.6 kPa-a to about
2858.6 kPa-a, a nole ratio of ethylene to benzene of

16. Thoproatreueci@ddn Claimol SabdeteirDsad pyritared said \WHSbdpageedroduct is at least
otal ethyl ene over, total.catal yst for overall reactor

99,98 Peideng sttt e i et a7 uhESEsn propont T tRadugh o c cac
recited in Claim8, wherein said nole ratio of

et hyl ene to benzene is fromabout 0.02:1 to about
17. Bhe processorectitfeinpgycenss o efime -1t vdicagimsald sgfrmatenis formed by the

cmaw§§&8§ﬂ§Ego%ﬁéhﬁmPf et hyl ene to benzene is about 0.03.

rocess as recited in any preceding claim
wherein said acid active catal yst conprises at | east
one of a MCM22 famly material and a zeolite beta

18. kbt erasesr regited,/ @ anyroncrale Clige sk, eherep spidgrefqmaipyis formed by the

kiR SF ARGl M wherein said catal yst further _
crae Egnpr sesmélﬁﬁnder.ls. The process as recited in Caim

12, wherein said MCM 22 fam |y naterial is selected
19, Hhirmemsdictin CH ) bl b Haliiel trompgrled by steam cracking

preceding claim wherein said at | east one C +
non-aromati c hydrocarbon is selected fromthe group '
20. Thnpiostisrrg refitedyis laoh ereanding witimy Wbyisingped taleast ode Cet+ non-aromatic

hydrocarbon is present in said hydrocarbon composition feed in an amount 5 to about 60 percent
by weight of at least one Cst+ 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.

21. The process as recited in Claim 20, 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.



met hyl hexane, 3-net hyl hexane, 2, 3-di net hyl pent ane,
2, 4- di et hyl pent ane, di net hyl cycl opent ane, and
wWorRoos9mwss t her eof . 15. The process recited in BEHUS2008/050714
preceding claim wherein said purity of said
et hyl benzene product is at |east 99.85 percent based
on the wei ght of ethyl benzene present in the product.
16. The process recited in Caim1l5, wherein said
purity of said ethyl benzene product is at |east 99.985
percent based on the wei ght-o®f-ethyl benzene present in
the product. 17. The process recited in any one of
Clainms 2-16, wherein said reformate is fornmed by the

talytic reform ng of naphtha. 18. The.progces ..

2. Tt Piokiysin rSif Shanu proehing 9n hergihowid Y Epon composition focd
contaih@fiﬁf_}ﬂﬁﬁ@s IsSleéted N Divic t iBus rc@ﬁ!ﬁbtﬂ% of JMrEsO@amBO NSl fur-containing

19. The process recited in Caim18, wherein sai '
compeyrgle kNG gerscerdeiomsl ¢oswandy antdaamtwesndicred.angdt lggse a portion of at
cast BERGSER 1 PRuGRSihE Rl R RorERETER Ry Rl Ol baatyst.

present in said hydrocarbon conposition feed in an

anount 5 to about 60 percent by weight of at |east one

C + non-aromati c hydrocarbon having a boiling point

Wi thin 100C at a pressure of about 101.3 kPa-a of the

boi li ng point of benzene. 2 1. The process as recited

in Caim20, wherein said at |east one C +

non-aromati c hydrocarbon is present in said

hydr ocar bon conposition feed in an anount 10 to about

50 percent by weight of at |east one C + non-aromatic

hydr ocar bon having a boiling point within 100C at a

pressure of about 101.3 kPa-a of the boiling point of

benzene. 22. The process as recited in any preceding

claim wherein said hydrocarbon conposition feed

contains inpurities selected fromthe group consisting

of ol efins, dienes, sulfur-containing conpounds,

ni trogen-contai ni ng conpounds, and m xtures thereof

and at | east a portion of at |east one of said

inmpurities are renmoved fromthe feed prior to contact

with said catalyst.



