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WD 2004/ 026797 PCT/ US2003/ 027581 1 ALKYLAROVATI CS
PRODUCTI ON Field of the Invention 5 The present

WO poogbd7on rel ates to a process for produci ng PCT/US2003/027581

al kyl aromati ¢ conpounds, particularly ethyl benzene.
Background of the Invention 10 Ethyl benzene is a key
raw material in the production of styrene and is
produced by the reaction of ethylene and benzene in

t he presence of c . | benzene
production pIaﬁ$§£3§#$gggi§;ﬁg§§E@uék@giéﬂg980, used
AlCl 3 or BF3 as the acidic catalyst. Newer plants have
in general been switching to zeolite-based acidic
cﬁrgigﬁhshniﬂmmbnnerC|al et hyl benzene manuf act uring
processes typlcally require the use of pol ymer grade

et hyl e has. a rity exceedi
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PebMP&IndS pAfRulafly 3tHbthbanePr ocess  and hence there is

consi derable interest in devel oping processes that can

operate 20 with | ower grade ethylene streans. One such

e&ﬁgﬁg&g ﬁﬂﬂﬁcﬁvgﬁ gpe dilute ethylene obtained as an

0 d catal ytic cracking or steam

cracking unit of a petroleumrefinery which, after

r enpvaE3ibeneet is Ve keyTRAW inhdt€fal if URH pasluc@bPPY lsBiéhe and is
pically contains about 20-80 wt% ethylene, with the

r emuemiegy 1Be FrRctien (94 réhylenge ik Pergens, ititheo PrespRsgnefsam gcid

h en

RSP QLR AR br SR prorks oFA BHBIRR 1980, used

emhglg;h;erBzRarae thert&:mib yataMap ONepdrgdants Bavet iargeayat Bea, switching

Iqu|ﬂ§Phas actoi systens, and m xed phase reactor

s{xeohts-based peidig saiahvsishase reactor systens, the

et hyl ati on reaction of benzene and ethylene IS

carried out at a tenperature of about 380-420C and a
pr essuCerrmﬁer@'allﬁthylbghmE -manufactaring ploecskesx bpidaigisreqiire the

Z%soel Io ?%grl Sde: e%lﬁgrlleenvghlcﬁ(q}alge:{ r{)%lnhy eyr(c?e%gltnsg’ 99.9 mol %.

However, the purification of ethylene streams to polymer grade is a costly process

and hence there is considerable interest in developing processes that can operate
with lower grade ethylene streams. One such ethylene source is the dilute
ethylene obtained as an off gas from the fluid catalytic cracking or steam cracking
unit of a petroleum refinery which, after removal of reactive impurities, such as
propylene, typically contains about 20-80 wt% ethylene, with the remainder being

ethane together with minor amounts of hydrogen, methane and benzene.

Three types of ethylation reactor systems are used for producing
ethylbenzene, namely, vapor phase reactor systems, liquid phase reactor systems,

and mixed phase reactor systems.

In vapor-phase reactor systems, the ethylation reaction of benzene and
ethylene is carried out at a temperature of about 380-420°C and a pressure of 9-15

kg/cm?-g in multiple fixed beds of zeolite catalyst. Ethylene exothermally reacts
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form et hyl benzene, al though undesirable chain and side
WO emeh2aoas al so occur. About 15% of the et hyl benpsiwes/ 027581
formed further reacts with ethylene to form
di - et hyl benzene isoners (DEB?, tri-ethyl benzene
i soners (TEB) and heavier aromatic products. All
these chain reaction products are commonly referred as
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10 et hyl benzene by transal kylation with additional
benzene, normally in a separate transal kyl ation
react ofn oRler \naymofrnles(ahmmemamof PEBase sénﬁwra@tinorﬁxmss of
CBERERE S5 ghn Do Y81 kL P U S8 Soumizaion
3TK5 &£thiddt fri@ome etl@,fﬂat@h ractal, cBﬁﬂm&Oﬁ)oﬁBGO-BS&&)% éMfhreacted
755, 483 (Burr ess)y n nost cases, vapor
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e 0 h

15 GREPRUTE o SrtIPNAC BRITRES B YORAC]IORR, B METRfRane by
atdnsatkglationr eith | a;ddnmnmlpbembma; morthhity iim\aesdpamd transitkylation
associ ated with these processes is high and the
pFBEQEt s contain high concentrations of xylene
inmpurities. In recent years the trend in industry has
been to shift away from vapor 30 phase reactors to
| i qui dByhesyeofrexampls; sapor phasedtpheima of banteoe overbe atystalline

20 aglugqinosilicate zeolite ZSM-5 is disclosed in U.S. Patent Nos. 3,751,504 (Keown
et al.), 3,751,506 (Burress), and 3,755,483 (Burress).

In most cases, vapor phase ethylation systems use polymer grade ethylene

feeds. Moreover, although commercial vapor phase processes employing dilute

25 ethylene feeds have been built and are currently in operation, the investment costs
associated with these processes is high and the products contain high

concentrations of xylene impurities.

In recent years the trend in industry has been to shift away from vapor
30 phase reactors to liquid phase reactors. Liquid phase reactors operate at a
temperature of about 220-270°C, which is under the critical temperature of

benzene (290°C). One advantage of the liquid phase reactor is the very low
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tenperature of about 220-270C, which is under the
critical tenperature of benzene (290C). One advant age

w®booths7di qui d phase reactor is the very | ow VEET/US2003/027581
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thése plants are significant. 25 Technol ogy has al'so

been developed for the production of ethylbenzene in

a mxe ase. act di stil | t|on

o1 ocossofUidal Pl AR bbb afpd poRaaif &gy porymer
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streams containing up to 30 mol% ethane by increasing the operating pressure, the

costs associated with the design and operation of these plants are significant.

Technology has also been developed for the production of ethylbenzene in
a mixed phase using reactive distillation. Such a process is described in U.S.
Patent No. 5,476,978. Mixed phase processes can be used with dilute ethylene
streams since the reaction temperature of the ethylation reactor is below the dew
point of the dilute ethylene/benzene mixture but well above the bubble point. The
diluents of the ethylene feed, ethane, methane and hydrogen, remain essentially in
the vapor phase. The benzene in the reactor is split between vapor phase and

liquid phase, and the ethylbenzene and PEB reaction products remain essentially
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streans since the reaction tenperature of the
ethylation reactor is below the dew point of the

walzdowhs7et hyl ene/ benzene ni xture but wel | aboveCt/hig2003/027581

bubbl e point. The 30 diluents of the ethylene feed,

et hane, nethane and hydrogen4 remain essentially in
t he vapor phase. The benzene in the reactor is split
bet ween vapor phase and |iquid phase, and the

et hyl benzene, and RPEB reaction products remain

SIS TRER) P00 R b et (SRl H3HE e soqmpler, and
| egpensive ARG the JaRRY & proh@RCddavt@vatibs tab b lrélul T thé)ploduétion of
conpl ex and expensive and the catalyst is prone to
dethzleng abigyreras a result of the production of

et hyl ene oligoners. 5 U. S. Patent No. 6,252,126

di scl oses a m xed phase process for producing

et hyl beik eragenbWor 6252106 didcldeda mikel phidsy pesvesssfor @adducing
containing 3 to 50 gp%%% ethylene with a benzene
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reactor vessel which also 1ncludes a benzene

sisr ¢qudirctgd s @ iisatherniaé ethyldtion isectéac bfd rbastarevassélswhich also
t he by 10 stri.pped fromthe ethylati roduct s

| HELGPs e 7ari R G PR Vgt e e S hgrmally
| Strippéd1remnBsl eth9laviB e Pradiers & Ikt¥gratet OsbunhREdurRMt Mapbr bhE liquid
benzene stripping section. Sunmary of the Invention
18affigeispmaigtamed; befwaen the eldglatien spetioa Pdotheskernizore stripping
pﬁqﬂ#ﬁing an al kyl aromatic conpound by reacting an

a ?y atabl e aromati ¢ conpound with a feed conpri sing

an al kene and an al kane in a nultistage reaction

S sten1conErisin a plurality of series-connected
aé@&@%ﬁﬁ&%ﬂ&@] zones each containing an
al kyl ation catalyst, 20 the process conprising the

steps ?flé Rﬂe@ént Q{I\?egxﬁbﬁ D ih gg)r%cegp ?oa%{rocﬁl%h% an alkylaromatic

al kyl ati on reac zones un condi't i ons ™o
t esmppsuaidbyereadtthgpineskylaabefdraaitio/eommuad wach alfded @hipiging
of said aro ic conpound with said alkene in the

pP alkspeang ar aleamkaymaﬁ}sme EACHPY System sompriging a plurality of

t @émgfc@h%c?edaigg}ggﬁclﬁil%%tfonbﬂneg eacc‘ﬁ%n{ali}ﬁﬁg Qﬁ‘raikﬂe{tioﬁaéagllyst,

aromati c conp
the process comprising the steps of:

(a) operating at least one of said alkylation reaction zones under
conditions of temperature and pressure effective to cause alkylation of said
aromatic compound with said alkene in the presence of said alkylation catalyst,
said temperature and pressure being such that part of said aromatic compound is

in the vapor phase and part is in the liquid phase;

(b) withdrawing from said one alkylation reaction zone an effluent
comprising said alkylaromatic compound, unreacted alkylatable aromatic

compound, any unreacted alkene and said alkane;
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in the vapor phase and part is in the |iquid phase;
(b) withdrawi ng fromsaid one al kyl ation reaction zone

wa@eoehtd7oent conprising said al kyl aromati ¢ compDuszd)3/027581

unreacted al kyl atabl e aromati c 30 conmpound, any
unreact ed al kene and sai d al Rane; WO 2004/ 026797
PCT/ US2003/ 027581 5 (c) renoving at |east part of
said al kane from said one al kylation reaction zone

ef fluent. to_produce an al kane-depl eted effluent; and. .
(d) suﬁfél yi ﬁ%"%véﬁ‘?d a&?‘f@éﬁ@ﬁe‘& A dThap | T ot Afiylgtion
Ofeabfibifizore cHlkent ﬂiﬂ@auae%@ma@adége&a efffoept;@adll y, the
feed conprises at |least 20 wm % of said al kene, such as
from 20 to 80 wt% of said al kene. Typically, said

al kane Rhas b 0 j .
2l keno W10 FRIARECHBS R Phenl GBI OMBRCTE, BoRE bf i
anlyhition reotipomeids. ncl udes benzene, said al kene

i ncl udes ethyl ene and said al kane includes ethane. In

sai d one enbodi nent, said conditions in step (a)

i ncl ud ichYTRIS 0 :

pr essu? 8%1 675 tégyggrggﬁi%gt leé%tgzv%ﬁéé? I%l},&uag(g?% such as from
aRaytb &0i witooxt sidy stkens Jopwelpdsaid elrandChhthe fa8id- Bymber of
SSZ-25,, ERB-1,. Igﬁ%l, | TQ 2, MCM 36, MCM 49, MCM 56,

f PSR piems 2s s aliPte and zeolite beta. 20 Description
of the Drawi ngs The acconpanying drawing is a flow

di agram of a process for producing _ethylbenzene in
accor dinere sbdlinent, widalsylatable arpraatiqganpaupd inchwles benzene,
D@éi& Ia[k%rqe %f’u%%é gﬁlglgﬂe %d ga%?algg%qgélﬁ&t&hagh.e present

i Aventi oh provi des a’ m xed phase process tor produci ng
al kyl aromati c conpounds froma dilute al kene

f eedstock, in which the feedstock . )
said one embodiment, said conditions in step (a) include a temperature

of 150 to 270°C and a pressure of 675 to 8300 kPa.
Conveniently, said alkylation catalyst is selected from MCM-22, PSH-3,
SSz-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, faujasite,

mordenite and zeolite beta.

Description of the Drawings

The accompanying drawing is a flow diagram of a process for producing

ethylbenzene in accordance with one example of the invention.

Detailed Description of the Embodiments

The present invention provides a mixed phase process for producing
alkylaromatic compounds from a dilute alkene feedstock, in which the feedstock
also includes an alkane and typically other impurities. Although the process is
particularly directed to the production of ethylbenzene from dilute ethylene, it is

equally applicable to the production of other C;-Cs alkylaromatic compounds,
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30 al so includes an al kane and typically other
inmpurities. Although the process is particularly

wal2ooeotaor t o t he production of ethyl benzene freen/usions/e27581

ethylene, it is equally applicable to the production
of other C2-C6 al kyl aromati c®conpounds, WO 2004/ 026797
PCT/ US2003/ 027581 6 such as cunene, as well as C6+

al kyl aromati cs, such as C8-C16 |linear alkyl benzenes.

Where the feedstock .is did ut h ne, t i ritie
o 76 SR i ] 32t e AT PRSP e heonear
hygtypgsrened WiRrdthe Fesistotlo waliles ethgRaE, i thgindpurities present will
al kyl at abl e aromati c conpound with the dilute al kene

f serallydrelnde etheng, methapganddpndpideagesn reacti on system
conprising at least first and second, and nornmally at

| east three, series-connected al kylation reaction

zones, Thbipedtessainholventeattingaan akiytahlel @omatdd edrypdundrwdith the
ng ch ar e ttyglcica l'ﬁ | ocated in a single reaction . .
vedutgalkene feedstackife ‘FlPlrt’ﬁag%\IahS)’Ilaé‘toPc?ﬁ GUORSYPIGH SPgpising at
andstl Arsh ATt EAGH iRt Whst BREL | RRedOected alkylation
operated under conditions of tenperature and pressure
efdaetion wanes owhigh sechatdnpdintan atkyddtiontvatalysd med whiahoarp dymchlly

fth the al kene in the pr nce,,of . th | kyl ati on
CAgcaleg JF 2 SEe Teariiut viSte AL TGSt e S AT I g paypone, and
t RedmdIRe a1 ”:ﬁk*lﬁti&p nRAidE iz6nd)alst |apetabed hRd¥ARBAditions of
phase and partly in the liquid phase. 15 The effl uent
f resrperdiarefandspresgineyafiactivhtor eauee al@mlaﬂen of tengspmaglee cerppound
deshr A .C.C u . d e
508 R TR TRRLIE ] RSS! o
C pregairs beingi sacle e teedoinatid eorfoudd. 19 pAtlyaindhé hgpoalpkaseeand
impurity. Before being fed to the second al kyl ati on
réé‘élb’il%ﬁ‘ezl&\’éﬁlpli%% first 20 alkyl ation reaction zone
effluent is passed to a separation system i ncl udi ng,
for exanple, a flash drumwhere at |east part of the
al kane Thapfflieny fiom the fivsteedkyldtive readticanzond ephptiedts the desired
effluent is then fed to the secqnd, al kyl ation reacti on
S olklaiibrts” SRIRnGn etk AETRENE. ruRgtcocRorRpand, any
adARAEP RIKERALARR Hhidisib & KPEQBE IEBe 9899BY]) Gnd the alkane
conpound. Renoving the al kane inpurity between the
f impuritsind Befre gings fed| toy thet sasand edictation reeeléan zone, the first

g?%&ﬁi 138 Srea%crt]i%n lzlogel:J Iegﬂutegt 153528 ed t%tzli gepaa?a iorﬁesr}]lgt%mt Ql%luding, for

example, a flash drum where at least part of the alkane impurity is removed. The
alkane-depleted effluent is then fed to the second alkylation reaction zone where
additional dilute alkene feedstock is added for reaction with the unreacted
aromatic compound. Removing the alkane impurity between the first and second
alkylation reaction zones increases the liquid to vapor ratio and hence the alkene
conversion in the second alkylation reaction zone. Where the process employs
more than two alkylation reaction zones, the effluent from each zone is fed to the
separation system prior to passage to the next zone or to the transalkylation unit.
Alternatively, the effluent from every second bed or every third bed, etc., can be
fed to the separation system depending on the economics and optimization of a

specific plant.
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conversion in the second al kyl ati on reaction zone.
Where the process enploys nore than two al kyl ation

WO eag2on zones, the effluent from each zone iBCT/ES2008027581

the separation systemprior to passage to the next
zone or to the transalkylatidn unit. Alternatively,
the effluent fromevery second bed or every third bed,
etc., can be 30 fed to the separation system dependi ng
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mal nt ai under anbi ent or ati
c endiiltei blwge alkbree febdopockt ab b@sad tlmeughdhc mmtmen guardibeld pher to

di | ute al f eed k
-l R 6 A 7908 SpioRetle SSBNER fIRYIGhEeep s zonggm e
Ofredctife ?@(f vl ®8d GONBRG B cakd YifdH RN ddsBBE ik MtibANESctiod BEt is
10 reactive guard béd not only serves to effect the

debspresgdatok yaneavieoAny gerstive impuritiess in 4he deaiseguelp as nitrogen
:”%?1?%(3 gy v&}ﬁé}{: t Vled I % 1|,s]5I esﬁogn tl%eﬂ?er!melsger of lfﬁe a?lwlatlon

erw se pol son

r enaiystle rrhefcatdmst ah ktWa glubfNbed & eHeyFdre sibfect ad &h()i‘ét frdgitent
the guard bed is therefore subject to nore freq

r é@@ﬁ@@%\?q o/ amigp e epeny| thanethe ﬁ%m%lﬁéﬁi affie aléfwlmlﬁ@ éata’e/ﬁt and
t'illsnc%' %Ea!r&fbg& 3‘5 q{&é@%nﬁ@%&éedﬁme a WS AYY m*PesEl ﬂhat the

nor nmal rovi y-pass circurt so t
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o Gt Smen S s the ik Bed Brout oF Eiviear e domikr gutsdped may
NRYeraRPRI Al equ'uﬂi hdse ! drot'rlix@d PHASE irP Co it Eist ok Rownflow
co-current upflow or downflow operation. 20 The

meberatien.age al kyl ation reaction systemused in the
process of the

The multi-stage alkylation reaction system used in the process of the
invention is normally operated so as to achieve essentially complete conversion of
the alkene in the dilute alkene feedstock. However, for some applications, it may
be desirable to operate at below 100% alkene conversion and employ a separate
finishing reactor downstream of the multi-stage alkylation reaction system (not
shown). The finishing reactor would also contain alkylation catalyst, which could
be the same of different from the catalyst used in the multi-stage alkylation
reaction system and could be operated under, vapor phase, liquid phase or mixed

phase alkylation conditions.

The multi-stage alkylation reaction system used in the process of the

invention is highly selective to the desired monoalkylated product, such as
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invention is normally operated so as to achi eve
essentially conplete conversion of the alkene in the
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applications, it may be desirable to operate at bel ow
100% al kene conversion and edpl oy a separate 25
finishing reactor downstream of the nulti-stage
al kyl ation reaction system (not shown). The finishing

B i B PR R B R ol cppos

i the BAlueh frons tiRgEnal kikyRtib®Rtage.cakér padsspesitetighnthe alkane
coul d be operated under, vapor phase, |iquid phase or
niSSRAAtIon axsteny | 3d secowery cohdhe nealkylptet, proguct j issfedgto a
al j r ] : [ e -
k@it b SOEHL SPIRS bl Gobl E5ARYhort Bctor,
nwvieed ddditamedmpnaedkydated procloctas pidBudiOsly/ A& gihe polyalkylated
PCT/USZqu/ 27581 8 ethyl benzene, but normally
proRefifseihadditional argpafic %T‘%H | at ed species. Thus

the effluent fromthe final alkylation stage, after
passage through the al kane separation system and

r &eactanty of the nonoal kyl ated product, is fed to a
transal kyl ati on reactor, which is normally separate

ronoal AP ATHFTBY BHICE (TS PREBHRIGHS i< bR eetvable
PatonsdtisXbaipBend SRPLHiRfe Wikbhb ARALdONRKe ar omati c

conmpound. Reactants 10 The reactants used in the
process of the invention include an al kyl at abl e

' d.and il | k |.kyl at i .
oot e SERPAMRa O Seflicnth & B SFOTuI Kot which are

alkefiinhérbineisCRNPO wnderstobidl Gh Rerdanteewith ileh®iréophizé® scope
be understood in accordance with its art-recogni zed

sodweh inddudgsi alkyl fubsiteed aandy unsibstiufedy meanoangnd polynuclear
u u -

LS8R oA oA GRS ERF ARIIRLIGES perpaom e
hatser mafub npravided ahsp dosadtubctpasovatalest pbicynsd andeat thacteaction
as ¢ talys%‘pgisons under the reaction conditions

s EPRAETIY se8Beqypst i t ut ed aromatic conpounds which can

be al kyl ated herei n nust

Substituted aromatic compounds which can be alkylated herein must
possess at least one hydrogen atom directly bonded to the aromatic nucleus. The
aromatic rings can be substituted with one or more alkyl, aryl, alkaryl, alkoxy,
aryloxy, cycloalkyl, halide, and/or other groups which do not interfere with the

alkylation reaction.

Suitable aromatic hydrocarbons include benzene, naphthalene, anthracene,
naphthacene, perylene, coronene, and phenanthrene, with benzene being

preferred.

Generally the alkyl groups which can be present as substituents on the
aromatic compound contain from about 1 to 22 carbon atoms and usually from

about 1 to 8 carbon atoms, and most usually from about 1 to 4 carbon atoms.
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possess at | east one hydrogen atomdirectly bonded to
the aromatic nucleus. The aromatic rings can be

waeamshdrar ed with one or nore al kyl, aryl, al keewy$2003/027581

al koxy, aryloxy, cycloal kyl, halide, and/or other
groups which do not interfer8 with the alkylation
reaction. 25 Suitable aromatic hydrocarbons incl ude
benzene, napht hal ene, ant hracene, naphthacene,

peryl epge, .cor gnen d, phenant hr ene, ~wi.t enzene

bei g Seiie pfkaf SNl BRI SarePcandy iy BESAg: aene,
CRApRPyPERSAR! asnctitabt i t pRPYMeRftnthe  ApRAREiNInaphthalene,
conmpound contain from about to 22 carbon atons and

usthalbeyzeheomesiiyons, durens, scyerang®nbetyibeszengn @sensloeumene, o-

ST 58P0 0 Ao

afsoh@dylengengpoun@sntacthybezehe)l uenpentacydtRylBenzene; 1,2,3,4-
benzene, normal propyl benzene

i sopropyl oL
are;srﬁsthb%@mﬂnﬁapM%ﬁ-éqﬁt@,meﬂze}tlmﬁ@ﬁzeln%ﬁ-tﬁfetélykbym@ﬁ@:, 1,2,3-
d es,, ene u TR . -
e e e R hntoluenes o
i sthhylubenzenep-cthyiltebienxy | bemzpropyltpleaieget hy Hietind-emeylene;
pent thyl benzene; 1 2,6 3,4- tetraethyl.benzene; )
DRy | s deibibalens: 4 * PO RGPSk ene: O
1 ethyBnthrddeABt hy| bepg@hRnthiiadiné;y| t ol Ju@B@ilanthracene; 9,10-
p- butyl t ol uene; 3, 5-diethyltoluene; o- éthyltol uene;

p diandiyylphrngetheenemapd chiethyl-phenanthaenst hyHigherxipbtagalar weight

di hyl napht hal enes; et iyl napht hal epe. . .

g5 oot PLHeaP S caf' G, BOBRHY 25 SPRing, mptsriats and include
2 aroidhiy | Bydrbdadtsons esuch- AEtaky lpadtudeasneie Akyition of aromatic
di met hyl phenant hr ene; and 3-net hyl - phenant hr ene. )
Hhydresarbensetith alefigeligamersa| Ryghaproduats areHeaueathy Fiersed to in
c ) e r ri n
et S
abbnthddcybenzehe,ar omdtexgltolhgrey oc ar handtoliehdy ol efdodecyltoluene,

ol i gopers, Such oducts are frequently referred to in.
1 ser%hfgeecmwag g kY P tOdCE A ﬁaﬁ%}s ka 12gu gty é‘h‘g,ng tfracuon n
n Wéhbtﬁlg %ﬁﬁ&; groglg Ayl B ZRE SromaRE MRS VARG NE &DR: from about

hexyl t ol ue nyl t ol uene, dodecyl tol uene,
C¢ to about C,.

Reformate containing substantial quantities of benzene, toluene and/or
xylene constitutes a particularly useful feed for the alkylation process of this

invention.

The alkylating agent useful in the process of this invention includes a
dilute alkene feed which contains at least one alkane and typically at least one
alkane having the same number of carbon atoms as the alkene. For example,
where the alkene is ethylene, the alkane may be ethane. Typically, the dilute
alkene feed comprises at least 20 wt% of the alkene, such as from 20 to 80 wt% of
the alkene. One particularly useful feed is the dilute ethylene stream obtained as

an off gas from the fluid catalytic cracking unit of a petroleum refinery.
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pent adecyt ol uene, etc. Very often alkylate is obtained
as a high boiling fraction in which the al kyl group

wartdoaohoody to the aromati ¢ nucl eus varies in sipeT/DsmN3/027581

about C6 to about Cl12. 20 Reformate contai ning
substantial quantities of belzene, toluene and/ or

xyl ene constitutes a particularly useful feed for the
al kyl ation process of this invention. 25 The

al kyl at,i ept usefuyl .ip the process.of this

nvent PECHRS: (aagadentyyin fhecBeRe A8 Seing euiire benzene and
CaNtiRichyldhe ah@aRldeSin&l RhUDNDréddt {s)thyirdnzineat | east

one al kane havi ng the sane nunber of carbon atons as

the al kene. For exanple, where the alkene is

el S5 ol 15 AL KENGTRG gt hane. Typical Iy, the

ene conprises at |east 20 wt % of the
al kene, such as from20 to 80 wit% of 30 the al kene.

One parmhé Gilikyddtlon bisE tdhsaliegations cdtigstdidedt @ giehploees® of the
streamobtained as an off gas fromthe fluid
citvghijen & rat gEKrH putmermyly eorpritsed lacnpteswan vieyeyselegtsd from

29%1&102’? . A5 %qgé arives] ) Pl(&f T b”@ g@e“ ;
reac én’?gikﬁﬁﬁé pfocesg’@?féhg%?%VenP?gﬁ’argﬂbenzg%gCNl
agd. dilute ethylene and the desired reaction product

i s ethyl benzene. Al kylation and Transal kyl ati on
Catalysts 5 The al kyl ati on and transal kyl ati on

cat al ypicMsEhaddnitd 1R 18730838 18 synfifesis 0T8I dr&ati}, Reluding
critical but normally conprises a nol ecul ar sieve
s ethgtberzkne rio desciinid in 2]. S A8 NoSH9PH06ERB7 1,441, A §,334,795.

B sty 4V S PR HacF 30,10 9 47 ikt BEE i drSmatis

| AkylaebA Gre AbRVbEE M NS, PhtentdREC /10694 N BRI 1 RagRtribed in
Nos. 4,992,606; 5,077,445 and 5,334, 795. PSH3 is

dEstmeteBatent Np.92930%ht INQ:1 is, desgibedan UsSZPatent dnel 61073498,
QL SIS MBS, Vo0 wa
WO001/21562. MCM-36 is described in U.S. Patent Nos. 5,250,277 and 5,292,698.
U.S. Patent No. 5,258,565 describes the synthesis of alkylaromatics, including
ethylbenzene, using a catalyst comprising MCM-36. MCM-49 is described in U.S
Patent No. 5,236,575. The use of MCM-49 to catalyze the synthesis of
a]kylaromatics, including ethylbenzene, is described in U.S. Patent Nos. 5,493,065
and 5,371,310. MCM-56 is described in U.S. Patent No. 5,362,697. The use of
MCM-56 to catalyze the synthesis of alkylaromatics including ethylbenzene is
described in U.S. Patent Nos. 5,557,024 and 5,453,554. The entire contents of all

the above patent specifications are incorporated herein by reference.

Alternatively, the alkylation and transalkylation catalyst can comprise a
medium pore molecular sieve having a Constraint Index of 2-12 (as defined in U.S.
Patent No. 4,016,218), including ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23,
ZSM-35, and ZSM-48. ZSM-5 is described in detail in U.S. Patent Nos. 3,702,886
and Re. 29,948. ZSM-11 is described in detail in U.S. Patent No. 3,709,979. ZSM-
12 is described in U.S. Patent No. 3,832,449. ZSM-22 is described in U.S. Patent
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15 European Patent No. 0293032. ITQ 1 is described in
U S Patent No 6,077,498. 1TQ 2 is described in

wo ndoeioabi onal Pat ent Publicati on No. W97/ 172BO1/88203/027581

W001/21562. MCM 36 is described in U S. Patent Nos.
5,250, 277 and 5,292,698. U. XK. Patent No. 5,258, 565
descri bes the synthesis of al kylaromatics, including
et hyl benzene, using a catal yst corrpri sing MCM 36.

| i hed U S 20 Pate . 57 :
TR b7 NS s Baatiary SE U ol e SR M5 is
aliatHBdOBW ISC PatehtG. Lmlra;@ztst rzssmﬂm@ Rfdre patiEAEGY d&edbed in
in US Patent Nos. 5,493,065 and 5,371,310. MM 56

i §.%idstent Nedd. 234,13 1SThPaf!téﬁ gontents of bthe@bgve prtent spasifisations
I'\/hg}'(}:érég)ré]oqa@?hg}le%lzbﬁ, Lhe synthesis of alkylaromatics

u zéne 1S described in U S. Patent
Nos. 5, 557 024 and 5, 453,554. The entire contents of
all 25 the above patent specifications

i ncor pSfat éﬂ“‘l‘?ér*é?eﬁlaﬁyear‘é‘F etlkylation ang &aﬁ%nfx}‘é}c‘? caiglyst can
al:éé'th’i’ste' 2MarP ecalﬁkgx?éuﬁ” s‘?é\)eoﬁ’a\&rggt gl ¥SdsurG@l Iﬁ&ripfekss that 2.

m pore st eve having a Constralnt |ndex
oBSuiRabl?]af gespate fmalemhldr rsicyesSincluda tzeolite Keta, dgaditY?2 l}Bl)'astable Y

7045 Dot YED s Pz ot A M ARV 18, A ZSM-

Up®. ZEaitte 7sM¥DS is dsdied §89).S. amtbnRio. 2@2%% ZMd 78M-20 is
described in detail in U'S. Patent No. 709, 979. ZSM

1QCSCEb@£bEJCULSQé’@tQHhND 897RABBnEende Es:t?wzdmrgoedzsw 32Patent

P@?ff’%%%@%ﬁ@ é{f §f15)%ﬂ1 t L\é\jlg)(ss% OM 9%%%?%? P(Smolecular sieve

dagsy) kefdsdribeliSU. PPaeent NbE.3,203008, aﬁé% 44890 3 Deaiminized Y
described in U S. Patent No. 4,016, 245, ZS|\/|-48IS nor e
pagalite (Pg#l] ¥) déi% beprgpared by, the masthedt fonpd 1, Yds Patent No.

T@ Q4§?§5 r 8 ARODRLY 19&esexlﬂgedtlﬂ® §‘%Y§1t Rt g ﬁbl 556. Mordenite is

specifications are incorporated herein by reference
5 aAstuml]B/urcblIIrang alateriahbutiiy elso avetlableky bytthetic fernds, such as TEA-

tran Ikylatl cata st. can rise a.lar ore
m1osdemtg 1-g; enyt e@;ﬁgqr?cggﬁpn 3 Fraetion E’g’gmtgrféeﬁlpz‘smg
SH' t*e&?étﬁylhﬁhﬂ»ﬁlm r&em{%eggé@f 31*@)( %rﬁ&ﬁ!euﬂedéas?ée'dt ﬁ"l U.s.
beta, zeolite Y, Utra , Dealum nized Y

( Be@ht NPs 63 and, 3,394 B, Zw:mlre zmms,of alh thezZ®hvd patent

ite ZSM14 is .desc d in U S Patent No.
SEff Cé %ns %@F??gra@ww {))ére erence.

The above molecular sieves may be used as the alkylation or transalkylation
catalyst in the process of the invention without any binder or matrix, i.e., in so-
called self-bound form. Alternatively, the molecular sieve may be composited with
another material which is resistant to the temperatures and other conditions
employed in the alkylation reaction. Such materials include active and inactive
materials and synthetic or naturally occurring zeolites as well as inorganic materials
such as clays and/or oxides such as alumina, silica, silica-alumina, zirconia, titania,
magnesia or mixtures of these and other oxides. The latter may be either naturally
occurring or in the form of gelatinous precipitates or gels including mixtures of
silica and metal oxides. Clays may also be included with the oxide type binders to

modify the mechanical properties of the catalyst or to assist in its manufacture. Use
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described in U S. Patent No. 3,972,983. Zeolite Beta
is described in U S. Patent Nos. 3,308,069, and Re.

won0488,7841. Low sodi um U trastabl e Y nol ecul apCEUS0@3/027581

(USY) is described in U S Patent Nos. 3,293,192 and
3,449,070. Dealuninized Y ZzEolite (Deal Y) may be
prepared by the nethod found in U S. Patent No. 15
3,442,795. Zeolite UHP-Y is described in U S. Pat ent

No. 4,401,556, .Mordeni turall ur

it & Pl 3 oS il Ing &R R el R Brewith or
S pfeberd dufi-its"®meeBis! &hich. iself ﬁmtdﬁﬁtchﬂy lﬁ@lﬁﬂﬁﬁia&&hange the
prepared froma reaction m xture_conprising

t é@rwa@tqmyarzﬂ/ﬁfowiemww 9%@@.%@ﬁlﬁ@emwvermt%}swﬁa@lé seeye as
d e

SRR B cdepot ot amiSBhCEE oM Ercich, S oAl can b obtaned
26campmidally aad briedy zmmomtrmcpiqsmngbthdr eamsifor doptrolling the rate of
referean The ab | ecul ar sj eves nay¥be used as

FRRCHT T BRSE GYPIGTAIS TR By MEQTPRTA' G inic Bl OCouiriny gavs, e
pBé}ﬁ@xﬁé b k%lﬁl 'td‘ngﬂéxPeCtHe Wik Qkdn g BIOF the SR Yst %déﬁébfrﬁﬁérmal

e., In so- sel f-bound form Alternatively,
t hleeramigectmdatrowa@deﬁmmonb@ bmdgresnrt melmwes for 2tBe anatai}rsér The
qiaz 1* | glant to erat ures and el
of ‘r"%%ﬂ%‘? PHn8 mé’ﬁﬁ%\‘ By &§vs And H‘éorﬁ?% |°5{‘¥e6ﬂa FEadty sAcey:

Sueth thepdieFd cdhtent MAGLiHE GroACiboMe] RNMbolFCHdrott byWiekht ﬂidsmore
and synthetic or naturally occurring zeolites as well

aysuaHpr prativwarhitidien dhascomppsie aspreparpd im e/ florm ofibgeds, in the
N Hs‘tf‘lge 3Bt Sd Rontsa \lv&g]m xlfekéehf’@f{p‘é {!(gyleébgn zi reoni a,

a, magnhesia or ures o and ot her
OXIdeS The latter may be either naturally 30

occurring or in the form of gel atinous precjpitates or
gel s i RBf eemﬁgaﬁim Mg degpsed dp hog, theny aP 199 s and

%ﬁ¥%%§1?¥o&k P tR%r s@&t' gfegs VpleReriIf HOWedE Hﬁﬂ%{?enPF;{iQ §t§ are

y the anlc properti€s of the catalys
ochctsen &gshetwo monessorm nebaddilorel fodsle MDIAMG4LRA6TDFatalyzed

/ US2003/ 027581 12 o nctl on

FPE n€ORSTRtRIPAR o5F eobodinieat MEBlat.rkifier it &h ughound
Pr&RRE N usdd in 1He rbdchive Yidr B8 nd WRI s@HeSLéo%ﬁédcted dlkylation reaction
catalytically active may change the conversion and/or

sepnes tang |atsy1t@iﬂe trh@aﬂcataaply sttalyptnawsediia thetrensalklylation zone In

sui t abl rve uents t o control
< HishaPskSl S il S R e MBI P ol phse

e@p@@tmszMzsrtdr@dpdepﬁayempdrhtmmt enpl oyi ng ot her neans
for controlling the rate of reaction. These materials

may be incorporated into naturally occurring clays,
e Rgaction Conditions

In the process of the invention, the alkylation reaction in at least the first,
and normally in each, of the series-connected alkylation reaction zones takes place
under mixed liquid/vapor phase conditions, such that the alkylatable aromatic

compound is partly in the vapor phase and partly in the liquid phase.

Particular conditions for carrying out the mixed phase alkylation of benzene
with ethylene may include a temperature of from about 150 to 270°C, a pressure of

about 675 to about 8300 kPa; such as a temperature from about 170 to 220°C and
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bentonite and kaolin, to inprove the crush strength of
the catal yst under conmmercial operating conditions

w@o4MH2a1gt i on as binders or matrices for the cRtEUY®D3/027581

The relative proportions of nolecular sieve and

i norganic oxide matrix vary Wdely, 10 with the sieve
content ranging fromabout 1 to about 90 percent by
wei ght and nore usually, particularly, when the

conposite i s ar in th of, bead [ he

- Bt f st £ BB S Bisee sB et Hoffbabout 0.1
CdTRydut 1Chr ' THRI SRAOR a8 6f Bepben@RY eﬂa?leﬂ@ﬁdml oot 3 2bb& 10.
transal kyl ati on zone and the 15 alkyl ation zones of

the present process. Preferably, however, different
cataly ar.e for t.h WO s ta.b

Cai of o AEVRRAT sl hiulelly RS oBPo 38 fic'Fay be
t lapérated. ufder 1RpaIMPhase conditichs eob adpsrephase MovdAbdns or mixed
either in bound or unbound.  form 1s used in the

r guid{vprorgphass eIditions OHe is Prefereblyo apraied quadek yliamd gihase

] : I .
SPETAR. THRERGA P bR A b 8 petgep 20 and
s 2¢0°P Gamdeangreddiueebetwecanboidtiond shabogt 8300ddPar coul d

i nclude MCM 22 for liquid phase operation or ZSM5

for vapor phase operation. Reaction Conditions 25 In

the pr ggesgarilkyiRolt NT¥slbh Ofay tA1& AhieY pBick %Je?QR{uid)rbhase
in at least the first, and normally in each, of the

s epndions cvirv@perephase kgnditionsrorrrared ilignidavanes phask egnditiense but

under m li.qui d/ yapeor . .phase conditio .such t hat

¢ RS s B, P PR BBRS SRk g e ons for
vV apeying ldas ehealighi® Phbdey tririRalkhiatibn g0ibdniehasath glyethylbenzenes
Particul ar conditions for carr iong(hout the m xed phase
amay|inglpdsp smpsahie AEfrom; atbﬁme]t5ley¢ 2bauh P64 °ke p pirssuge of 7000

t r 5 t .
IR A5 hs  LAREy S0 70 Bl RS fPhacion
f zom abdidm 1abdut ©.220Gband 100 RO0&IDA6#BE ratio of benzene to
PCT{U 2003/ 027?&1 13 pressure of about 1500 to 4000

k P YRy ng 9k Eemdnl @ti%-ene of fromabout 0.1 to
about 10 hr"1, and a nole ratio of benzene to ethylene
fromabout 1 to about 10. Were the al kylation system

i ncl ud@nezmbodonéni of theaprdedse df theningentwn, ewbicbphe alkgldtable

der liquid di t] h _
c ool R oot grd A Bl MR ceRE DT, il ctyiene
buiredn, iP51RWAT iAlthy akBRIpahAflg BAdeMg. | | qui d phase

Referring to the drawing, in the embodiment shown a benzene feed 11 is
passed to a drying column 12, where the water content of the benzene is
preferably reduced to below 20ppm. From the column 11, the benzene is passed
to a reservoir 14 by way of treaters 13 which serve to remove catalyst poisons,
particularly nitrogen and sulfur containing organic species from the benzene.
From the reservoir 14, the benzene is pumped to a heat exchanger 15, where the
benzene is indirectly heated by high pressure steam, before being fed to a reactive
guard bed 16.
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conditions. The guard bed wll preferably operate at a
tenperature between 20 and 270C and a pressure

whaiwem19about 675 to about 8300 kPa. 10 The PCT/US2003/027581

transal kyl ati on reaction may al so take pl ace under

liquid phase conditions or Vhpor phase conditions or
m xed | i qui d/vapor phase conditions, but preferably
t akes place under liquid phase conditions. Particul ar

conditigns _for carryi.n t th L. Okl se

transal ?/Irg%cfagﬁ g%ﬂ?rdbl}ejerﬂlzIge(L’naceigl‘?/\nretcﬁl%f’)iofiglilcg.l\l%l Eey'ﬁggl I%ee]ﬁegg 17n%?/m a
| R6mpftescr 18 (WERIER trhidye 00 Inaly I bzberesend)o8l{cht thatathieUWenzene and
260C, a pressure of 7000 15 kPa or less, a WHSV based

olpiseetidengnpass cogureentlydgin) thigueh arbsd plradicylation: easalyst am the
z fr 0 _ r- nd

¢ Ao | AIEARH, he ol 4 forcHier uphofTfg B bed 16
3@yplcalignepeeateodi pemearofo 10086 Etlodesscaivetsivm butveany ioperate at
in which the al kylatable 20 aromati.c cp

TS FRmSTHo ARl 0 S A8 o BE TP o 1 B Ryt gd) so

S kiR B efilSert 18WehvidE thE BuRE BOATRAHPaSeds Bl IBenzenes, unreacted
Referring to the drawi ng, in the enbodi nent shown a

bénuasne ahé edrepgtiveslighyaswedtes ¢gmaindy pihage)coorrthe dipte ethylene

er.e t.he wat.er nt .0f the bhenzene | 25 . .
o Pe iR o 0GE Ta Jf oo BRI R 3an ek omainalipfation
t ReachRNEENGhich PRERIEE a Pludality SE Vatitall# sPatedid ¥erdds-connected
treaters 13 which serve to renove catal yst poi sons

pantelysubeds|2) . riach gd R 1 ke rseivasrthe dHutsisteneoieedhh such that

SPEC] . Fro ' 4

oo fiBtenk At B2 HBRARERRuaipil WPLR 68 3he Qhbracbe, 10°6r the
beraéns bed 2i pdsy @ectirynthedvwacthbyoghitighbeal, eSgiin eachtbedl of the
before heing.fed to a _reactive BQT%gard bed 16. WO
20190 18 19 Piselty opgraisd cooregn to HRVorpiBYleag eqnveBIQuar d

bed 16 al so receives a dilute ethylene feed 17 froma
conpressor 18 (which may or may not be present) such

t hat t Adeléheanfomnmch Hed 2k, exedplh foréhebgttss bed ofi theanadtyr 19

SR sl A, Sk o v
URd &ffuenthE cabied shdRParhfed IntbVaRlidudd §teaBP2S MAES vaAior @fream 24.
near to 100% et hyl ene conversi on but nmay operate at

| dihediquishsieeami L% svhiell eantaws mpstly bevzencrandeatiaylbengetse is sent to
| %er Icl)edx Cc%%l}s? bgél f gn%arregct(k))refja. Re vapor stream 24 normally contains
mostly ethane but, in view of its volatility, can contain from about 10 to about
90% benzene which must be removed before the ethane can be used as, for
example, a fuel source. The stream 24 is therefore passed to a prefractionator 25,
where most of the benzene condenses, and then to a scrubber 26, where the
remainder of the benzene is adsorbed by streams heavier than ethylbenzene, for

example, the polyethylated benzenes or residue produced in the process.

The effluent 20 from the bottom bed of the reactor 19, which contains the
desired ethylbenzene product as well as unreacted benzene and small quantities of
polyethylated benzenes and ethane, is fed initially to the prefractionator 25 where
the ethane is removed as overhead and passed to the scrubber 26. The bottoms

fraction from the prefractionator 25 is passed to a benzene column 27 where the
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that the effluent 18 | eaving the guard bed is conposed
of ethyl benzenes, unreacted benzene and unreactive

wo cawn2d7opurites (mainly ethane) fromthe dil ur@r/US2003/027581

ethylene feed. The guard bed effluent 18 is then

passed to the top bed in a nBin al kylation 10 reactor

19, which includes a plurality of vertically spaced,

seri es-connect ed catalyst beds 21. Each bed 21 al so
receives.the dilute e Ien f.ee ch

G ERFRUR bEHIng o hNob AR Taad A A5 sl 1 4be st The
JWBfi6m Bdctid E&mttﬁ‘@bexﬁéﬁé/ towEp 1@;2415&1]40%3&h)€19&ﬁ%@661{1ﬁ{m 28
down through the bed. Again each bed 21 of

r @él@teothe destied etlgbfbb@acnqns @m@wmeé @s averbibadn@alrthc boti@us/raction

ethyl e on | .u ni ch bed 21
excepp ¢ org efjgigtto%nfbnedibe ’Jihﬁ % eya ?a%§ CHzEies, tiostly

pdssedbdnaer, hfbaﬁenﬁwedﬂ angﬁrov&rhéacfsl faschiofl oM theﬂBﬂEB ablifinn 29.
col l ectively as where the effluent is cool ed and

séfbsrbatt@as ifqaftepnafrpmoﬁﬁ% celupwdy BIemAredaas igpighe. s Preferably, at
2 l&ﬂﬁ

bieleril %tene a{%ll(lj ggﬂthg pﬁbf ?ngélgeg Etr 9%?“%8{1% he ntcse%(e%é through the
cad:mbl;est%blmfonerbdlmfadetaca trans]aB:ylaTdneBlvaﬂhe tehsadlaytatds 31 also
normal |y colé nostly ethane but, in v%em;of i@f

v TR 12 yUPRA B?ﬂzﬁ% B RS HESRTV D ]’(4 and, gt Opegrsey under

b%&zcﬁn&lsmcﬁhthauab d@% roe Y efb1el A4ted tagz&khane csfswbrt%a to
used as, for exanple, a fuel source. The stream?24 is

théw&fem@lepaibedfﬂl@na 3@r 6bmathei barsatkylarg, is Mebleedm‘sth the

zene con and then to_.a scrub 6

R, AERBE e ARG Bt Piet 8D hB PGl argen e
sbbmﬁﬁgzngaygﬁmthan et hyl benzene, for exanple, the
pol yet hyl at ed benzenes or residue produced in the
process. The effluent 20 fromthe bottom bed of the
reacto j - i I
pr oduormEdnyelfibf Jif M7 bl e BardSERL Tt i FtEnce 1o
qtienfollowag ExampB) pol yet hyl at ed benzenes and et hane,
is fed initially to the prefractionator 25 where the
et hane is renoved as overhead and passed to the
sg&5ggﬁr 26. The bottons fraction fromthe
prefractionator 25 is passed to a benzene col unm 27
where the WD 2004/ 026797 PCT/ US2003/ 027581 15
unr eacﬂ‘hel fien mﬂe fousthr ady of @sfoonvbed edd/ltsenderiee ¢gactordwere

e reservo 14. . The bottons fraction fromthe
bé ped 1B gy & lébaé‘éis@é’d‘ g 0@(9{%@%5@#@%&9@@ foyy-gram

catalyst loading of an appropriate zeolite to facilitate the alkylation of benzene

with ethylene.

The first bed liquid feed was pure benzene, whereas the simulated fourth

bed liquid feed had the following composition:

Benzene 77.80%
Ethylbenzene 20.86%
Diethylbenzene 1.18%

Triethylbenzene 0.04%
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where the desired ethyl benzene is recovered as
overhead and the bottons fraction 1is passed to a PEB

wa@olowors729. The pol yet hyl at ed benzenes, nost| yP&I/US2003/027581

di et hyl benzene, are renoved as an overheads fraction

fromthe PEB colum 29. Thelbottons fraction from PEB
colum 29 is renoved as residue. Preferably, at | east
a portion of the polyethyl ated benzenes or residue nay

b dth t b 26 f bei t

o PandfF eyRARER Rt beq 8 TePRRER p EONRFLPf ShVEnEEnd Sadcar o
I @RAr88o 3585PPE¥ubited BPaidh bf B8 firbEbdden 8 YOk kerdgbratfé of
is operated under 10 conditions such that 20-80% of

t BBOop praskyre af 380 pua £AY4&kPa) @ WHAYetAeB ¢eghylene basis) and an
et hyl . ‘ fbyept. f :om | .

; eRRRERER R (S, BLS7F PhisBEohg8 1BE, PhERAESHANEh was
a98iots.passes to the prefractionator 25 and then the
colums 27, 28 and 29. 15 The invention wll now be

nore particularly described with reference to the

fol I ow iRl Sy, FXAOR!ifterstibe Eitnt ratdvaitdle LAHIIABA fourth
beds g?ygmféur- ea’etﬁgpﬁeﬁ§5 g regctor.\(/%éree1 ou
sibadil gas efded waana agixtipa tof cetlylsred atk dtaab ot ot onolarf rapiy 33:67.

reactor with a faur-gr at al yst ] oadi ng of. .an

o SHRBIBIe Perasian of t FyTh efl S ander the Saimefenditighs ¢y the firs
b@pd 8REthe Wity bn8BXY @86n waSodlpesioes st bed 1iquid feed

was pure benzene, whereas thé sinmulated fourth bed
liquid feed had the follow ng conposition: Benzene
77.80% Et hyl benzene 20..86% .Di ethyl benzene, 1. .18¢

0 o i BT ARG RGR A s g TERa b sibifbsd faprn
16ed heas Seddvak edl nhiknisé dfedh@dase hebdthans A drindlar eatiof 67:33.
et hyl ene and ethane at a nolar ratio 65:35. Sinulated
opépnkated pperatipn of therfourtly bed Was again yndes thepame sandgions as the
2 . kL : V of

OQ%§ b(’@?ﬁ{/ lfoéiv: g{e%t .lereigﬂgéglgn h&PihiresE@to 98.5941S

basi s
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aromatic: ethylene ratio of 57:1 weight basis). The
et hyl ene conversion was 5 98.0% In one sinulation,

wowdahoed79T nt er st age et hane renoval , the si nul aP@mius2003/027581

fourth bed gas feed was a m xture of ethylene and
ethane at a nmolar ratio 33:6W Sinul ated operation of
the fourth bed was under the sanme conditions as the
first 10 bed and the ethyl ene conversion was only

88. 0% In.another simulation, with interstage ethane

r ¥e claidS'si nul ated fourth bed gas feed was a

m xture of ethylene and ethane at a nolar ratio 67: 33.

Si mul ated operation of the fourth bed was agai n under

t he sarte peanesi foropwdasinghean allg/ldrpmetic rethpound rywreaheng an

et conversion had increased t.o. 99. 5% W) .
SO 1EBEe G9MEER Fo BB b & B et iy S pn glkane in
1a pfulpstegesactiodr syfemtiompiBinga plulalityb Dsatics-comRoRa Wlld lation
by reacting an al kyl atabl e aromati c conpound with a

f ERagtien AYES Srely canirining ancallsylatiomeatdlygdntheingocess gomprising the
mﬂepg gtage reaction systemconprising a plurality of
sertes-connected al kyl ation reaction zones each

cont ai Ka)ng aperafigy laaitleasn onat afl y&d, alkyletigar oexetisn zones under

conpri.sing.the steps of: (a) operating at |east.one. .
of© ﬁl%nsagmlawraﬁmr é%&ﬂ%ﬁ%ul)foﬁ@%ctwﬁdgrcaué%ﬁilfﬁ?tms opsaid

t t i Joatdaof
RS NSRS LEOL A, U B o

psad derperatures andiprassiayd being suahathal gest of spad dronetip eosipaned is
and_.pressure being such,that. part of said aromatic

c _Jﬁﬁoripélasq Wdtp%’ét_l§/ﬂbt8FlﬁﬁH'g§2‘a%?nd part is in the

I'i qui dphaseiithdRwing tei 3wdNehd ARMatish Geffin alok¥ | At &fRient
reaction zone an effluent conprising said .
acRyipasiogasiid elijssematic uennepeandd wireackesh bkidatablg n@rqngatic

1§°‘%§5%%9ng}'Wﬁg%téﬂlﬁé‘%&sgssa!dgﬂ{a&ﬁ and said al kane; (c)

renovi ng’at’ I'east par Rane from said one

al kyl ag¢)on rémevdhg @an lgnnparfdfl suiditalkade picertlusagl @he alkylation
al kane-depl eted effluent; and (d). supplying said
aFgasHen gl cdtleent i produseranabkangeplisied sftlacat; and

(d) supplying said alkane-depleted effluent to another of said

alkylation reaction zones.

2. The process of claim 1 wherein said feed comprises at least 20 wt% of said

alkene

3. The process of claim 1 or 2 wherein said feed comprises about 20 to about

80 wt% of said alkene.

4, The process of claim 1, 2, or 3 wherein said alkane has the same number

of carbon atoms as said alkene.

5. The process of any preceding claim wherein said alkylatable aromatic

compound includes benzene.
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al kyl ati on reaction zones. 20 2. The process of claim
1 wherein said feed conprises at | east 20 wt % of said

w@bdoens787 The process of claim 1l or 2 wherei nPGEUSR003/027581

feed conprises about 20 to about 25 80 w % of said
al kene. 4. The process of cl Bmi1, 2, or 3 wherein
sai d al kane has the sanme nunber of carbon atons as
said al kene. 30 5. The process of any preceding claim

b end RS 5Bt 30 S Y s 3R b B R ytene

praad esid atkhn@inyludee&tBslieng cl ai m wherei n sai d al kene
i ncludes ethylene and said al kane includes ethane. 7.
The process of cl ai m5 or 6 wherein said al kene

i Acl udgg,e Z)kﬁ%% i Z Al ARG §ta(§ q'l_l-;ﬁémagam’hﬁé&q?&lhﬁ é?ﬂ'g%%d said

i ncl udes e process

Watkyddromgta cbnqmmddunodmks lethyﬂieamn(:a) i nclude a
tenperature of 150 to 270C and a pressure of 675 to
8300 kPa. 10 9. The process of claim7 or 8 wherein

sal d camndigrb@R§ JfncIShER (vﬁéreimgélact%namoh@m%&@t (’d}ein@ﬁlde a
170 to 220C and agdoressure of 1500 to 4000 kP 0.

Themparaforesyd 180 taAY0°prand @diresguig|odion? @308 kPat he
al kyl ati on catal yst includes a nol ecul ar sieve
sel ected from MCM 22, PSH 3, SSzZ-25, ERB-1, ITQ 15 1,

I DQ 2, TMEZMréiﬁss Mk 701 R WhiddelGsaidl dondTthas Fiﬁ RPS@) filclude a
of cla 1 through 9 wherein the alk atlon

any
cé?’ﬁl’%?%t%’fe Qa0 R €20°8 Meaeersaie o 1 a0biordloD

Constraint |Index of about 2 to about 12. 20 12 The
process of claim 11 wherein al kyl ation catal yst

i riOI udé&eapmod:secolﬂ any m'bmdhlgseladmt whereiro theZ Slkydation catalyst

Tiihs el Grearpef eraMRTEs BRE -G B, mo

alﬂfldr@Izl, MCME%?M@M-@ and MCM-56.

11.  The process of any of claims 1 through 9 wherein the alkylation catalyst

includes a molecular sieve having a Constraint Index of about 2 to about 12.

12.  The process of claim 11 wherein alkylation catalyst includes a molecular
sieve selected from ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, and
ZSM-48.

13.  The process of any of claims 1 through 9 wherein alkylation catalyst

includes a molecular sieve having a Constraint Index of less than 2.

14.  The process of claim 13 wherein alkylation catalyst includes a molecular
sieve selected from zeolite beta, zeolite Y, Ultrastable Y (USY), Dealuminized Y
(Deal Y), mordenite, ZSM-3, ZSM-4, ZSM-18, and ZSM-20.

15.  The process of any preceding claim wherein said removing step (c)

includes passing said one alkylation reaction zone effluent through a flash drum.
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25 includes a nol ecul ar sieve having a Constraint
I ndex of less than 2. 14. The process of claim 13

wobereeatoal kyl ation catal yst includes a nol ecuP@r/us2003/027581

sieve selected fromzeolite beta, zeolite Y,
Utrastable Y (USY), Dealunmill zed Y (Deal V),
nordenite, ZSM 3, ZSM 4, ZSM 18, and ZSM 20. 30 15.
The pr ocess of any pr ecedi ng claim V\,her ein said

t
R e Rt B PSRN P P B P EiPE s A8 iopalspeps of:
drum @O 2OQéﬂapa%ﬁé9a7pd?gfkﬂ§t%@%xﬁﬁ7c5ﬁﬂctw$9&&ﬁ an éfuent of a

process” of any precedi ng cl ai m conprising the
aﬁdaltalbﬂ@nonsqe@q@@n@pnq,uay separating a pol yaI kyI at ed

ar omat fr e

al kyl atll on ?cg&at%ciq{}ng at ?e%t?lﬂa%tfggﬁﬁglyagﬁ%?t O%tlc frqctlon with
patianaikydathile prinyalckyhpoeand ar theptdsenderafat tramﬁalwylhﬁon Catsalyst
transal kyl at abl e aromati ¢ conpound in the presence of
aunges ragfalkylainesondificat-yst  under transal kyl ati ng
conditions. 17. The process of claim 16 including the
further step of contacting said al kane renoved in

Sﬂ%p ( The wirddesatof | cdasit 1t§)ain¢ludif1gsthé dupldry stegk \of atoatheting  said

matic 10 fracti C hat s
AR renevlot 3 uBL RS o PRneRE LRt et st
C @Ak @eh at SAUH PoBlalk@NRed érémaﬁb %a@tﬁ&ﬁﬁﬁérb@fun?eﬁb’ted aromatic
precedi ng claimconprising the further step of
c oompaindregntniried baisridiaditaabl e ar omati ¢ conpound and said

feed wwth an alkylation 15 catalyst in a by-passable
prereactor separate from and upstream of said

Mgt i sTageproteRacss any Syrededing ERim ThengHsRGe Ske @ﬁrﬂfmystep of
precedi ng claimconprising the further step of

cé@ﬂ%m@rﬁgl%hlk@latab&daramm semprendapshenid ecdotiio an dliatation
g% &t i d@r F%l{ gl%mact%p e FUA én%tlﬁgﬁ‘ez{n? ?ﬁ%@ﬁu&tﬁstage

m un tion conditrons wt an a
ca&aahg'rstystema finishing reactor separate from and
downstream of said nultistage reaction system

19.  The process of any preceding claim comprising the further step of
contacting unreacted alkylatable aromatic compound and unreacted alkene from
said multistage reaction system under alkylation conditions with an alkylation

catalyst in a finishing reactor separate from and downstream of said multistage

reaction system.



