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FI ELD OF THE | NVENTI ON [ 0001] The present invention
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conmpounds, particularly ethyl benzene. BACKGROUND OF

THE | NVENTI ON [ 0002] Et hyl benzene is a key raw

material in the production of styrene and is produced

by the reaction of ethylene and benzene in the

presence of an acid catalyst. O der ethyl benzene

production plants, typically built before 1980, used

Al Cl3 or BF3 as the acidic catalyst. Newer plants have
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catal ysts. [0003] Commerci al ethyl benzene

manuf acturing processes typically require the use of

pol yner grade ethylene, which has a purity exceeding
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obtained as an off gas fromthe fluid catalytic
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ene to
un1t o} 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.
Another such dilute ethylene source is the feed stream to an ethylene/ethane
distillation splitter.

[0004] 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. '

[0005] 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
with benzene to form ethylbenzene, although undesirable chain and side reactions
also occur. About 15% of the ethylbenzene formed further reacts with ethylene to

form di-ethylbenzene isomers (DEB), tri-ethylbenzene isomers (TEB) and heavier



form di - et hyl benzene i soners (DEB), tri-ethyl benzene

i soners (TEB) and heavi eraromatic products. Al these
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pol yet hyl at ed benzenes (PEBs). In addition to the

et hyl ati on reactions, the formation of xylene isoners

as trace products occurs by side reactions. This

xyl ene formation in vapor phase processes may yield an

et hyl benzene product with about 0.05-0.20 wt. % of

xyl enes. The xyl enes show up as an inpurity in the

subsequent styrene product, and are generally
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[0009] In recent years the trend in industry has been to shift away from vapor

phase reactors to liquid phase reactors. Liquid phase reactors operate at a
temperature of about 180-270°C, which is under the critical temperature of
benzene (about 290°C). One advantage of the liquid phase reactor is the very low
formation of xylenes and other undesirable byproducts. The rate of the ethylation
reaction is normally lower compared with the vapor phase, but the lower design
temperature of the liquid phase reaction usually economically compensates for the
negatives associated with the higher catalyst volume. Thus, due to the kinetics of
the lower ethylation temperatures, resulting from the liquid phase catalyst, the rate
of the chain reactions forming PEBs is considerably lower; namely, about 5-8% of

the ethylbenzene is converted to PEBs in liquid phase reactions versus the 15-20%



the | ower ethylation tenperatures, resulting fromthe
liquid phase catalyst, the rate of the chain reactions
WO e00i18835PEBs i s considerably | ower; nanely, aPpoUUSHo8063708
of the ethyl benzene is converted to PEBs in liquid
phase reactions versus the 15-20%onverted in vapor
phase reactions. Hence the stoichionetric excess of
benzene in liquid phase systens is typically 150-400%
conpared with 400-900%in vgpor phase. [0010] Liquid
phase ethyl ation of benzene using zeolite Beta as the
catalyst is disclosed in U S. Patent No. 4,891, 458 and
Eur opean Patent Publication Nos. 0432814 and OGZg&ﬁ?.
comyesied dp APPR/Phase Feactigen HENse s H#RichIPReNpFroess L penzene
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and/ or transal kyl at'i on reacti ons, see, for exanple,
phhas8. Patent No. 4,992,606 (MCM 22), U.S. Patent No.
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of ethyl benzene_ in a mxed p ﬁS% usi ng reactive
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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 in the liquid phase. However, reactive distillation units are
complex and expensive and the catalyst is prone to deactivation as a result of the
production of ethylene oligomers.
[0013] U.S. Patent No. 6,252,126 discloses a mixed phase process for
producing ethylbenzene by reaction of a dilute ethylene stream containing 3 to
50 mol.% ethylene with a benzene stream containing 75 to 100 wt.% benzene at a

temperature at least 10°C. below the boiling point of benzene at the pressure at

which the reaction is maintained. The reaction is conducted in an isothermal



[0013] U. S. Patent No. 6,252,126 discloses a m xed

phase process for produci ng ethyl benzene by reaction
wW@bBooa/181353t e et hyl ene stream containing 3 to S5BCTDE2006/008708

et hyl ene with a benzene stream containing 75 to 100

wt . % benzene at a tenperature at |east 100C. bel ow t he

boi i ng point of benzene at the pressure at which the

reaction is maintained. The reaction is conducted.in

an isothernal ethyl ati on secti on of a reactor vessel

that al so includes a benzene stripping section, where
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[0016] According to one embodiment of the present invention it has now been -
found that, in an aromatics alkylation process using a dilute alkene feed, by
controlling the process operating conditions within each reaction zone for
alkylation or transalkylation such that the ratio of the volume of liquid to the
volume of vapor of feed is in the range of about 0.1 to about 10, the alkene
conversion in said zones may be maximized and byproduct production minimized
without the need for interstage separation of alkane from the unreacted feed. It
has also been found that, whereas most alkylation catalysts or transalkylation

catalyst are less active at the lower temperatures required for liquid phase



controlling the process operating conditions within

each reaction zone for al kylation or transal kyl ati on
wGeom/1s33s3 the ratio of the volune of |iquid tPCT/082007/008708

vol ume of vapor of feed is in the range of about 0.1

to about 10, the al kene conversion in said zones nay

be maxi m zed and byproduct production m nim zed

wi thout the need for interstage separation of al kane

fromthe unreacted feed. Itghas also been found that,

wher eas nost al kyl ation catal ysts or transal kyl ati on

catal yst are |less active at the | ower tenperatures

required for liquid phaseal kylation, MCM 22 and_its .. .
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w&a in a nultistage reaction
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[607] S - Bpoe adpect, teapiesan invmtionaadtecing aracessgfoaproducing
al kyl ation, catal yst,,. the process ¢ rising: (a).
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al kyl at abl e aromati c conpound by said al kene, said |,
acensand fspd dommising an alkene prg ©ONGf oL Hloge AlkaRes (1BYR said first
I.G..conpound is in the vapor phase and part is in
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(beactiremtingn eaidnfiest fieacsivm gomegindeh gorditigns effective to cause
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unreacted alkene and said alkane; and

(d) without removing said alkane from said effluent, supplying said effluent
and said alkene to the second reaction zone; and

(e) operating said second reaction zone under conditions effective to cause
alkylation of said alkylatable aromatic compound by said alkene, said conditions
being such that part of said alkylatable aromatic compound is in the vapor phase
and part is in the liquid phase;

wherein the operating conditions in (bj and (e) are such that the ratio of the
volume of liquid to the volume of vapor in each of said first and second reaction
zones is from about 0.1 to about 10.

[0018] Preferably, the operating conditions in (b) and (e) are such that the

ratio of the volume of liquid to the volume of vapor in each of said first and



bei ng such that part of said al kyl atable aromatic
conpound is in the vapor phase and part is in the
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and (e) are such that the ratio of the vol une of
liquid to the volune of vapor in each of said first
and second reaction zones is fromabout 0.1 to about
10. [0018] Preferably, the operating conditions in (b).
and (e) are such that the rgtio of the volume of
liquid to the volune of vapor in each of said first
andsecond reaction zones is fron1about 0.2 to about 5,
such as fron1about 0.4 to about for
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Ultrastable Y (USY), Dealuminized Y (Deal Y) ZSM-3, ZSM-4, ZSM- 5, ZSM-18,
ZSM-20, and mixtures thereof.

[0024] In a further aspect, the invention resides in a process for producing
ethylbenzene from a feed comprising benzene, ethylene and ethane in a multistage
reaction system, said reaction system comprising at least first and second series-
connected alkylation reaction zones each containing an alkylation catalyst and at
least one transalkylation reaction zone comprising a transalkylation catalyst, the
process comprising:

(a) operating said first alkylation reaction zone under conditions
effective to cause alkylation of said benzene by said ethylene, said conditions
being such that part of said benzene is in the vapor phase and part is in the liquid
phase;



reacti on system said reaction system conprising at
| east first and second seriesconnected al kyl ation
WO e@ct1333m zones each contai ning an al kyl ati on PEr/EE2081/008708
and at | east one transal kyl ation reaction zone
conprising a transal kyl ati on catal yst, the process
conprising: (a) operating said first alkylation
reacti on zone under conditions effective to cause
al kyl ation of said benzene by said ethylene, said
condi tions being such that part of said benzene is in
t he vapor phase and part is in the |iquid phase;(b)

wi t hdrawi ng fromsaid firgt_.al kyl ation reacti on zone
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said ethane; (c) w thout renoving said ethane from
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al kylgyio tfeﬁﬂw?d?_?éid hriedfroRPeHid tdfNGert 2k sbplying said
second al kyl'ation reaction zone under conditions
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phaseset hyl benzene with additional benzene in the

resence of a transal kyl ation cat st _under . ,
DT ancal oy SRR oA ey PR e dra Al Ren of spid second
Aligtior Rattsraxddhhd onal et hyl benzene; wherein the

operating conditions jn (a) and (d). ar.e sugch that the .
rati dbf ~t HRRSINgNBT o“’a?ti GuPaH® tHeS¥6I & egTyli\’F e with

ddaitkAal Binsaédid | ikl FE@ns€CoNdar @antdlRfIafONEtathlyst under
fromabout 0.1 to about 10; and wherein the alkylatjon
terssalkyleting ncerdifiony 18aseidf fragsallsylatione cEmg: alok fPat | aflitional

gtﬁflggﬁzggezones and said transal kyl ati on catalyst in
sa transal kyl ati on reaction zone includes

a
nol ecwheteinsthe\opersingsoaditipnoin (ahand (D ase sertsibat the gatig of the
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zones is from about 0.1 to about 10; and
wherein the alkylation catalyst in each of said first and second alkylation reaction
zones and said transalkylation catalyst in said transalkylation reaction zone
includes a molecular sieve selected from the group consisting of MCM-22, PSH-
3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, zeolite Beta,
zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite, TEA-
mordenite, ZSM-3, ZSM-4, ZSM-5, ZSM-18, and ZSM-20, and mixtures thereof.
[0025] In a yet further aspect, the invention resides in a process for producing
cumene from a feed comprising benzene, propylene and propane in a multistage
reaction system, said reaction system comprising at least first and second series-
connected alkylation reaction zones each containing an alkylation catalyst and at
least one transalkylation reaction zone containing a transalkylation catalyst, the
process comprising:

(a) operating said first alkylation reaction zone under conditions

effective to cause alkylation of said benzene by said propylene, said conditions



zeolite Y, Utrastable Y (USY), Deal um nized Y (Deal

Y), nordenite, TEAnordenite, ZSM 3, ZSM 4, ZSM 5,
wW@3MrA83sand ZSM 20, and mi xtures thereof. [OO0RSI/US200E008708

yet further aspect, the invention resides in a process

for producing cunene froma feed conprising benzene,

propyl ene and propane in a nultistage reaction system

said reaction system conprising at |least first and

second seriesconnected al kykati on reaction zones each

contai ning an al kyl ati on catal yst and at | east one

transal kyl ati on reaction zone containing a

transal kyl ati on catal yst, the process co ising: (a). .
bejpe sueh Hiat part eispidshenzene s 4 itfnVIRaY %ﬁq%?é‘ t?rf&é’nge ilq‘ﬂd
pgggditions effective to cause al kylation of said

enzene by said propyl ene, said conditionsbeing such
t hat (plar t “withdsaweneh &ome sid Hrst aligyktiapafractipn Z98e AReiiluent
Biblishd |id "Euhbil! hoPDRRA' ddhbed ! NelAVhlbhckdd® BBl ene,
iTs | Kyl'at 'on réaction zone an efflUdent conprising
pehiisbpeepyienzenm red saidpropameene, any unreact ed

propyl.ene, | vi sopropyl ben i P il 6 )ens
o CRgEE " Bt RRR AR IRERAGARe RN <AB SRE AP SibiyibE)saia
esflyznk 1o suid sedotld afifyllatiomt reacdiomadodesasbnd al kyl ati on
reacti.on zone;.and.(d) opgerati saji d,..second .

by GF  oroRgtiny S SERaRE AR Ae FeE 3R 38 rundes ganditions
cERUSR: & kylsatdlRyla@bn saisald isnzeneby wakibpdppleapysabd eonditions

said conditions_bej such that part of said benzene. .
e o BB BABOT itk EV ARG pariDe VBDorPIAE 357 fEriee pr e divid

I{hgge;separ ating said polyisopropyl benzene fromsaid

ef fluent of said second al kylatjon reaction_zone, an .
(f) d8ht acteaPARRLAE qa@%@lyds%?g)flgqugpe jTebee) salcf e%?uent o? said

seolnd zﬁgﬁgﬁ@}&%ﬂgﬁg&%ﬁ@ addi ti onal benzene in the

presence of a transal kyl ation_ catal yst under S
t r ans@ ky| equitaringosfdlenston s pprionaplisaid pedwisgyronylbepzene with
adgi.t i UgENE; asdhe
FURIH] bt Tl e BB O RIS AR Ppatlyyt, qunder
trausaliylating heonditionse infsald duansalkylatibe spstegnetooffoxm pastditional
in each of said first and second reaction zones is
M*about 0.1 to about 10; and

wherein the operating conditions in (a) and (d) are such that the ratio of the
volume of liquid to the volume of vapor in each of said first and second reaction
zones is from about 0.1 to about 10; and
wherein the alkylation catalyst in each of said first and second alkylation reaction
zones and said transalkylation catalyst in said tramsalkylation reaction zone
includes a molecular sieve independently selected from the group consisting of
MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56,
zeolite Beta, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite,
TEA-mordenite, ZSM-3, ZSM-4, ZSM-5, ZSM-18, and ZSM-20, and mixtures
thereof.
[0026] In still a further aspect, the invention resides in a process for producing
sec-butylbenzene from a feed comprising benzene, 1-butene and/or 2-butene and
butane in a multistage reaction system, said reaction system comprising at least

first and second series-connected alkylation reaction zones each containing an



wherein the al kylation catalyst in each of said first
and second al kyl ati on reacti on zones and said

W0 e@ngd3d3ky | ati on catal yst in said transal kyl at P@OUS2007/008708
reacti on zone includes a nol ecul ar sieve independently
selected fromthe group consisting of MCM 22, PSH 3,
SSzZ-25, ERB-1, ITQ I, 1TQ2, MM 36, MCM 49, MCM 56,
zeolite Beta, zeolite Y, Utrastable Y (USY),
Deal umi nzed Y (Deal Y), nord@enite, TEA-nordenite,
ZSM 3, ZSM 4, ZSM5, ZSM 18, and ZSM 20, and m xtures

thereof. [0026] In still a further aspect, the
i nvention resides i nrr? process for @F oduci ng
alievdation: \eeidYss e gBd s abmleast e BRI, &9 &n&omprising  a

trha D ARGoRORAI9EL, ale%b@é}.@caﬁgnmgane ina mltist age

reactlon system said reaction system conprising
| east(a¥ i r swetates seidn firg e pikykationn FrAction Zgngy I“&ti‘?ro ﬁondmons

gt%é &rcg\ﬁgeﬁ rﬁ@ﬁg'n Q)?rétcl | BidEné B3 da¥d ALHRELC M b 3lbutene,
east one

transal ation zone conprisin
satdmditioyxls btingrsuchthdtypart OftShaﬂ bangeRssis 18 éh?ﬂ"il@rrlgmse( and part

‘%&q“ﬁaﬁﬂq@%ﬁ%? first alkylation reaction zone under

’ective to cause al kylation of said
benzgby bywithdrdwing dtomm eah ﬂtstralzylbmle meactioni zbne an effluent

condi ti ons  bei ch that

PRPTHINS, PR HES g%ﬁﬂ SR ela‘ﬁ | qU|%§né§I‘s%§ah(? 1)9utene
M&i@ﬂﬁn&&gpfyry@m}&b&rﬁeﬁé rantl sa:ldldyitaaie;on reacti on zone

an eff| uent ri sing said sec- nzene . .
unr ed® ed %ﬁ?@nﬁ?m‘ﬁ’ﬁ dté %’f‘% g é%gﬁ’at/’ Sppplying said
&ﬂbéﬁt@@eald@@&dlhtmwlb@mﬁraemo@mes ahdl but ane; (c)

wi t hout renoving sajid but from sai d effl uent

Suppl ng SeRTeI PRigefREORd YIS FoHHOR qeayadsh conditions
fﬁ}ﬁ% Q% cﬁ@sréealk?f&@ioﬁcgf QREbahicng 152b4id SEB@BMe and/or 2-butene,

[ ati on reacti on zone under conditi ons ef fective to

saaus@damm beingsuchfthatapat eleveid hengspe dninghe vapeicphase and part

Hlﬁ%rlgﬁqb@ﬁfla%@e said conditions being such that part
zene is in the vapor phase and ghle IS in
the | (Yui dsquasating Sai) pelyputythenagnestipar s9isl gHivent plspid reond

glkﬁl"hai#gﬁ%'zgfe gf said second al kyl ati on reaction

contacting at |least a portion of said
pol yb) y| besetectingi ath leastdiat ipomadn befh zeide polybuigdbenzene with

gc'ic{s fons ebenze:zfrllet & n%l%l kf! legér{c(em o%at alt}[a%tsalﬂpﬂﬁgn catalyst under
transalkylating conditions in said transalkylation system, to form additional sec-
butylbenzene;

wherein the operating conditions in (a) and (d) are such that the ratio of the
volume of liquid to the volume of vapor in each of said first and second reaction
zones is from about 0.1 to about 10; and
wherein the alkylation catalyst in each of said first and second alkylation reaction
zones and said transalkylation catalyst in said transalkylation zone includes a
molecular sieve independently selected from the group consisting of MCM-22,
PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, zeolite
Beta, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite, TEA-
mordenite, ZSM-3, ZSM-4, ZSM-5, ZSM-18, and ZSM-20, and mixtures thereof.



transal kyl ating conditions in said transal kyl ati on
system to form additional secbutyl benzene; wherein
wWo b@7opssat i ng conditions in (a) and (d) are sPChUS1vat/008708
the ratio of the volume of liquid to the vol une of
vapor in each of said first and second reaction zones
is fromabout 0.1 to about 10; and wherein the
al kyl ati on catalyst in each of said first and second
al kyl ation reaction zones apd said transal kyl ati on
catalyst in said transal kyl ati on zone includes a
nmol ecul ar si eve independently selected fromthe group
consi st i ng of thAZZ PSH-3, SSZ-25, ERB-1, ITQI,
D PR T3 - ‘ zeolite Beta, zeolite

[0\3'27}]' t rﬁéﬁ@bi & a’ ﬂ()usdff)agra';??@f H?‘réﬁe&f—‘ﬁ)r\ﬁrém E"Bhglbenzene in
nordenite, TEAnordeniteé. ZSM ZSM 4, ZSM5, ZSM1 8

amddapswm ongrenhadimenteef the EVEBHOIESCRI PTI ON OF THE

241 +oFia0
(O38Y, a7 sl U o, ot e AEATLBhache (DER) to
ethytbeanded ER) mxrodn‘ct weegtit mytenagaimst theapiglof theyvelumeniiliguid to

dj,et h
o RSB A R IR 804 B Ropecivey i
theapil@r plantt grocass Ifwmkgfathgqnmdeneowdtha mirednieed fof \etipdene and

f.or the on hird and fourth catal yst beds

ethang desS Ff?% ﬁ%ﬁﬁxﬁ? 1 ot plant process for alkylating
benzene W|th a m xed feed of et hyl ene and et hane
descrl bed| n the Ex pl_e PTI ON OF THE
L/ BaE : : e rovi des a

d pgﬁe? ?r&%ﬁ@ﬁﬁr%nfi@xﬁ pP(B\QdéLCa ﬁhﬁxédl bhhs’ief prseédsCfor producing
ounas

roma_dilute al kene fe i.ch_t
aﬂ@é%@tné&lk cagmpgundscfromes d Hﬁt%lkaﬁeﬁsaﬁ ?ﬁwle‘gl?l% f?sasmk
a'l MEIdEE Sn ofildnB %ﬂ%t@l]?rﬁﬁﬁsﬁﬂtﬁtﬁy tARRduhl the process is

rected to the production of ethyl benzene fromdilute

parttwallaebedxrrrqted to Sgurpilyctinape| ethiibenzeae fipm hilytr ethylsne, it is
g&al%ls 'égf,]bc ﬁenzeﬁtﬁ WAL "1? g @S?lkgféf'&nﬁ& CHRBBENds,

| aromati cs,
suole s asm&ise ax{d &d—butgkhenmﬂcymbwnli@ﬁékﬁL alirdaromatiss, such as Cs-

dst di | ut th
G TRRE o BT TR Lo 63
rea0Will hernprilydesinde aﬂmhv,eﬁeﬂlemancbig Igniregdny| at abl e

O3 SRR 5 WA PTD Sl SR i
RO Ailnes oMene Fedstaok Mhld ymulistdgeagbadtiohesystem comprising at least
fslres{ !ar?ds secogg egr}delgor?rllalflg'l aattllee(l)s[c] tlgrgea Cstelnes—connected alkylatlon reaction
zones, which each contain an alkylation catalyst and which are typically located in
a single reaction vessel. Each alkylation reaction zone is operated under
conditions effective not only to cause alkylation of the aromatic compound with
the alkene in the presence of the alkylation catalyst, but also to result in the
aromatic compound being partly in the vapor phase and partly in the liquid phase.
More particularly, as will be discussed in more detail below, the operating
conditions in each reaction zone are controlled such that the ratio of the volume
of liquid to the volume of vapor in each reaction zone is from about 0.1 to about
10, for example from about 0.2 to about 5, such as from about 0.4 to about 2.0, for
example from about 0.5 to about 1. In determining the liquid to vapor volume

ratio in a given reaction zone, the total volume of all the reactants in the liquid



zones, which each contain an al kyl ati on catal yst and
which are typically located in a single reaction
woe®3abizsEach al kyl ation reaction zone i s operBCEUS2007/008708
under conditions effective not only to cause
al kyl ation of the aromatic conpound with the al kene in
the presence of the al kylation catalyst, but also to
result in the aromatic conpound being partly in the
vapor phase and partly in the liquid phase. Mre
particularly, as will be discussed in nore detai
bel ow, the operating conditions in each reaction zone
are controlled such t at the rat.i o of the volunme o
Phisguity the Tearkiop orenfe USF SXaguRle; ﬁf Fie‘?zéﬁﬁt 315}, 40% n‘iésﬁ"éved
ethly RN ARQAKT tha}le?] % amdgd B thd @talovonint %ffauqm: &ba:wdm@ i the
t0 about 5, suc fromabout 0.4 to about for
veparpiage in 819 r@b@ﬂﬁn ors (e exsuplecthylingqthane %dn\janoﬁ phase
bbs ng to vapor volunme ratio in a given reaction zone,
the total volume of all the reactants in the )
{003} dpWhe effluent fromy e@é]t alkylation seaction zene gpinprisqs; thgdgsired

n t t

S50 CoRBte Sl SRR DGR 0,
uhi‘eactedptli(enp Haserall ralkehe copeartioons zxpeetedf torbec8afPPRY6) and the

t hyl.ene .vapor -phase b e 0
¥ e RROSRO SRR AR S Hor il o
ﬁnlfal; altk?lﬂtlgﬁdezﬁﬂtlbnlzahe N8 tthen pa:mqnbtmﬁie suiﬂeqamtéulkylatmn reaction
a at a ar o[vatj ¢ conpou an ct.ed_al
Z0g% S aa%%pé " Sinire ALkeBR egd%%% AT Ry CreRo St Svith the

u?x?ea%ﬂadg&%ﬁnaﬁﬁ cbohkpbuahkanawbmu funlile ﬂEapfbcabMés@hbean in U.S.
eaction zone effluent, exce hat fromthe fi

P@FWM | @R93-4%tthe piee, from qaﬁé ﬁllgiétg@dretash% gone is Passed
chllélgﬁf ¥ QHE s%é&kﬁhéﬁt'@&tf&aﬁéﬂeoﬂltﬁgﬁepﬂﬁ}eﬂ'eﬁm@ﬁﬂ bf il alkane or

e al kene feedstock is added for reaction with t

he
atheredideants Sootad effusmb dhergby sbimivating tha pred {9resome costly

%ngﬁg described in U S. Patent No. 6,995,295, the
uent from each al kyl ation reaction zone is passed

[ﬂﬂnalct | yint additien stobsanglu awpstreasaces, othez seréesvomneied pilkplation
|Qf &b f
rnguf }o\{lazotng% heer grggct@%ﬁ‘lst%ﬁlt r?ltclg% nghsjﬁlHEQL?;g agggbiéqleeactwe guard

sone
ey infhidnits nobﬁ@tBQ]ochwdad@l tregradter, sepantafyomrtba mmalndclh‘# the

qﬁg‘élg}elgrbﬁeo g §t§ %c?}? n,gu# | g%tl o&ﬁ}ér%actt J)n %g? ?!peﬁ%FJASUVC guard bed

passa
is et lodded) u&lﬂlohlbfldnombaualyst swinioh migdy! lye tlm:cahfmlof different from
actor s

B o Sl O Ea! STHABARE Rl s, god i
SYEkAARd Uiker eadbieme of Ugs do bslttylation conditions. The alkylatable
aromatic compound and at least a portion of the dilute alkene feedstock are passed
through the reactive guard bed prior to entry into the first zone of the series-
connected alkylation reaction zones. The reactive guard bed not only serves to
effect the desired alkylation reaction but is also used to remove any reactive
impurities in the feeds, such as nitrogen compounds, which could otherwise
poison the remainder of the alkylation catalyst. The catalyst in the guard bed is
therefore subject to more frequent regeneration and/or replacement than the
remainder of the alkylation catalyst and hence the guard bed is normally provided
with a by-pass circuit so that the alkylation feedstocks may be fed directly to the

series-connected alkylation reaction zones when the guard bed is out of service.



is also |l oaded with al kylati on catal yst, which may be
the sane of different fromthe catal yst used in the

w@enras33sdnnect ed, nmulti-stage reacti on syst enpCHOS200%008708
mai nt ai ned under anbient or up to al kyl ation
conditions. The al kyl atabl e aromati ¢ conpound and at
| east a portion of the dilute al kene feedstock are
passed through the reactive guard bed prior to entry
into the first zone of the geriesconnected al kyl ati on
reacti on zones. The reactive guard bed not only serves
to effect the desired alkylation reaction but is also

used to renove any reactjve i un(ii gs in the%éeEds,.n o-
The craeive e DR Roh GOt SR 8% fupsd gase in c
clRBd i ApAbREor RABIMAEbphtidie al kyl ation catalyst. The

catal yst in the guard bed is therefore subjeé tg nore
[4088huenThe seriareiornPerd.dRHItOHABL G LRSS HAHC (] he process

of SR iRO&HiA id tﬁ‘énﬂélﬁy |o§51‘a9=!?1 cat A Y&tacﬁféde has&Rialipecomplete
guard‘ ed Vs hor nal I’y provided with qyépass circuit
cenversian afhtheatlkeneain dhe dilates elkere faedptask. f Eowaven clorysome

{)}ﬂléalﬁgnsc‘ g{ gﬁg'b%o&g‘?%ﬁlg ?0 QE&X eagt'tﬁ W §86%4 Qﬁexﬁo&ﬁﬁ'ef%}ﬁpand

rvice. T reactive guard bed
empjmo pesepamta finishing| qucmd dpmus@eaun Qﬁtiaedsepbﬁae@nented multi-

slglg?: :Jrrgégtg%h Y QE‘F Ty mﬁd ?'\mshtué%/ rggc?&atv&oqu 480 %%illtaﬂ] %lkylatlon

I on syste
chabysprwiiek soold tiehibe isame ok ld(ﬁﬁere)st ﬁnmnnht bgztab'peusrdeu thpseries-

as to achi eve esse t al Sony f

Ghaited o A Y AP S OPES BRaH yaphF phase,
1R@REpIRRE ok efkédplsase bikyMionendeidns.abl e to operate at
bel ow 100% al k conversi on apd e a se

PPiflent 5 one SETRRaT A (he SeBROBIBE ST o ER AR G B ali-stage
rBdtioh S%Is%? usER G R pPocebL BT tHd enventiba Hb NGglilgarliedtive to the
woul d al so contain alpkyl ation catal yst, which ﬁoul d. be

depigeds manoalkydnted eraduet. fsuehnas eibylaenzepe byt simafly qreduces at
196t 56R€ gﬁ»ﬁ?ﬁ tAsted Bbdits, SHA0% 8RBAIDRAReR STRES A8 @fﬂ&éﬂt drom

e oper under vapor phase, |iquid phase or

thtrfinel allyjation gace epmbrisentie Q@USQ]mWPaHWéatm‘a#% ﬁpd the
v | bhhreadiB@Qikylated

PRl AR Mol GiAERBORERL T o)) bheAe0 Bllare

arsmhtlg kbmpsehdend the ztlbarteh eThie sifflwant dppassed o sapagation scheme

HE epe 2GR SpEhlh BARAE Gncehlila NAGTRL K BRASESSpound,

: SOITE Speci es
' adidedeb;tbdbmmalkgrlatél'dwp&dubtareﬁéria]b'rﬂepﬁmmt he fi nal

Boddlc: Bers RECRGRTRF of e LiReliG; BE uRROR Yp@idit systom
fuptheftiichilealak last dreftramgylkylation eant baviag Iayimrsdkiylatlon catalyst.
The remaining polyalkylated species is fed to the transalkylation zone, which may
or may not be separate from the alkylation zone, where additional monoalkylated
product is produced by reacting the polyalkylated species with additional aromatic
compound in the presence of the transalkylation catalyst.

Reactants

[0036] The reactants used in the process of the invention include an
alkylatable aromatic compound and a dilute alkene alkylating agent.

[0037] The term "aromatic" in reference to the alkylatable compounds which
are useful herein is to be understood in accordance with its art-recognized scope

which includes alkyl substituted and unsubstituted mono- and polynuclear



aromati ¢ conmpound and the al kane. This effluent is
passed to separation schene in which the al kane,
wanroeasyssesl al kene, unreacted al kyl at ed ar onat i BCT/US2007/008708
conmpound, and desired nonal kyl at ed product are
serially separated. [0035] In one enbodi nent of the
invention, the nulti-sage reaction systemfurther
i ncludes at | east one transal kyl ati on zone having a
transal kyl ation catal yst. The remaining pol yal kyl ated
species is fed to the transal kyl ati on zone, which may
or may not be separate fron1the al kyl ation zone, where
addi ti onal nonoal k Iate uct is,produce

conepifg Compqysdy g °§ Hafies ‘Ehwp%?aﬁﬁstﬁb%‘ﬁeif’amm are

al86 QfERAd Cpr%@f&éﬁuﬂfé ' @otrﬁb@ 4Rk esebaglysf pbl¥@ns under the reaction
transal Kyl ati on catalyst React ant s FOOSG] The

congliftengrselectesled i n the process of the invention include
10RaP VbRl B apRld oRmRay Whiathay b Aiyicl Kaem must

| ating agent he term"aromatic" in
pwssfssraérlc@t oe thiydrogek ytqm diseetlicbonstedriaghoparcapatigrmicleus. The
usef.ul r L, r rgan ! Bix
arotmancrlim e@o rﬁezseug)gtsl’tggedu\%ﬂ o%%%} ﬁa d%gg;glaggl Gfaly oxy,
aisldst, icyoloatkyhnhlides ainsb’br pthiee tgrcmmowhmhoﬂo not interfere with the

@Hk¥nuclearconpounds Conpounds of an aronatic
QRFEICURR ch possess a heteroatom are al so usef ul

[01139}’! deguitdtdy deomatic ahydraSarbmsal jiretudeoi smzene)ndephthhlene,

tion conditions s Iected ubsti t ut ed.
a’é PFoc Reps PER 1 CRF ﬁ%r}pn ?“%Pﬁ kﬁgli; th Se:tnzene

beRgR&Rrel. | east one hydrogen atomdirectly bonded to
t he aromati c_nucl eus. The aronatlc ri

004N ¢ i t Geaerally the @ﬁgl FouppHyhick, TRYY be Qﬁ%:nt as| Sle?tWCntS on the

aff Y coRp ¥R YontaiCHOA! 466t 1M8l 20 8arbaR téths @hB&isually from
groups which do not interfere with the alkylatlon

abe@tclt 100$waf[39’@ symssand mestusapldydon abgid A e 4ragehen atoms.
u de SRRNEIE Ayl @m&%@& El%n at o RABAS in NRRALRBEE RS lene,

per | ene, coron anthrene, wth benzene

lwwglwr@fem,r ed. ngroG0] @cmlbﬁnzynq,he aallzlw mgthyipaphthalene,

n S QIEGUC{J& -
%A% Confﬂlgggrglrlnl%g og?&%ﬁ r\%‘%}, n% orrB an ne. o
duahﬁllbblyzehbpm abaliethglbenzeBecar nnmeammzem;d nisopmylbenzene,

ual f r om abaut 4_carbon

‘%ﬁ\ef‘?éﬁgzeé\ iyl gatef}iyg?e%e &t onatp%tn%{ﬁer%p%@g Chel udé>
tétpdetieylBenzeyibend,2,3,5-tetramethylbenzene; 1,2 4—tnethylbenzene 1,2,3-
trimethylbenzene, m-butyltoluene; p-butyltoluene;  3,5-diethyltoluene; o-

ethyltoluene; p-cthyltoluene; m-propyltoluene; 4-ethyl-m-xylene;
dimethylnaphthalenes; ethylnaphthalene; 2,3-dimethylanthracene; 9-
ethylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-
dimethylphenanthrene; and 3-methyl-phenanthrene. Higher molecular weight
alkylaromatic hydrocarbons may also be used as starting materials and include
aromatic hydrocarbons such as are produced by the alkylation of aromatic
hydrocarbons with olefin oligomers. Such products are frequently referred to in
the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,
pentadecylbenzene, hexyltoluene, nonyltoluene, dodecyltoluene,

pentadecytoluene, etc. Very often alkylate is obtained as a high boiling fraction in



I sopropyl benzene, normal propyl benzene,

al pha- net hyl napht hal ene, ethyl benzene, nesityl ene,
walenenss3srynenes, butyl benzene, pseudocunene, PCT/US2007/008708

odi et hyl benzene, mdi et hyl benzene, p-diethyl benzene,

I soanyl benzene, isohexyl benzene, pentaethyl benzene,

pent anmet hyl benzene; 1, 2, 3, 4- tetraethyl benzene;

1,2,3,5-tetranet hyl benzene; 1, 2,4-triethyl benzene;

1,2,3- trinethyl benzene, myutyl tol uene;

p- butyl tol uene; 3,5-diethyltol uene; oethyltol uene;

p- et hyl t ol uene; m propyltol uene; 4-ethyl-mxyl ene;

di net hyl napht hal enes; et hyl napht hal ene; . . .
WQ}“@@P ﬁ&)ﬂygrgm mt%rg@ﬁ o ﬂé/arg MCEng JaHgs in size from about
anpg&ﬁﬁ 1t hr acene; o-net hyl ant hracene; 9, 10-

di net hyl phenant hrene; and 3-net hyl - phenant hr ene.
[0g43her Refosmater Gusithereohrqayiamenmnbsanslavottigs AE bepgsne,
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ttached to the aromatj.c cl eys ries i,n size f
oJhstn o pOMBHI RSt 2000k 4 OEHR A RERS Sub o8 i ap8l20 10
266t S0 Bit0g ouksimpld Rbmabant 60 keabaft dfewresof theodlkeee It is
and/ or xyl ene constitutes a&ggrticularl%quse u

| feed
recqEniasd b3ty e GRUIESCBEY  SRAFTRPs PRAVEAIGTY 0 Jaaple by

dlffasbky babt ROb&EETEd ¥ BlcUdikiRtibRRaflRe e Coedpartibilarly useful
invention includes a dilute al kene feed whi cf#éecgn,t ain

feed iscthetdibite etiviensestzeam eRfpined jap pntt |gas dfom, P‘I@a‘f"f’éﬁyﬁc
cgﬁ’c\fcii%uﬁibﬁﬁﬁﬁol@m%ﬁn _carbon atons as the al kene.
or anpl e,

ere the alkene is ethylene, the al kane
[foddlbe Préfaradly, theircadings in e grdcgsseof fheoHyeptiey are benzene

TR SRy Rhe i Ble el seltfin PR SIBIAREREE £0°"
Albylabionun8 Trans, ti 1 ne. It is recogni zed that
58, 04555 TS AL LG ARG an
teaisalkyRition @aealpsas tisedllihahd provssfaflthé éventien vy whinprise one or
Ig‘é{]%;ﬁq%&lfgr Foves Os%ie%%e‘&egorialsthg ngr81f11f> ngsslstfll{go OF tl\ﬁ‘@l\/f-ﬁﬂi PSH-3 ,
SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49 and MCM-56.

[0046] MCM-22 and its use to catalyze the synthesis of alkylaromatics,
including ethylbenzene and cumene, are described in U.S. Patent Nos. 4,992.606;
5,077,445; and 5,334,795. PSH-3 is described in U.S Patent No. 4.439,409. SSZ-
25 and its use in aromatics alkylation are described in U.S. Patent No. 5,149,894,
ERB-1 is described in European Patent No0.0293032. ITQ-1 is described in U.S.
Patent No 6,077,498. ITQ-2 is described in U.S. Patent 6,231,751. 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 and cumene,
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 alkylaromatics,



cracking unit of a petroleumrefinery. [0044]
Preferably, the reactants in the process of the

WO pooensi3eh are benzene and dil ute et hyl ene andP€1©S2007/008708
desired reaction product is ethyl benzene. Al kyl ation
and Transal kyl ati on Catal ysts [0045] I n one enbodi nent
of this invention, the al kylation catal ysts and
transal kyl ati on catal ysts used in the process of the
invention may conprise one j@r nore nol ecul ar sieves
selected fromthe group consisting of MCM 22, PSH 3,
SSz-25, ERB-1, ITQ I, 1TQ2, MM 36, MCM 49 and

MCM 56. [0046] MCM 22 and its use to c taI
inswirmea;hxlbafze]a? RYG SRIBARS, icdescribrd indy #g (ﬁg’s% r? 403,065 and

f .
STV RS St B e s o

5@ e catalyed thersyuthesipaf aHeylaomaticss ST uring cthytbenpene gad cupene,
1sllglgg l{edﬁ% ?_ngt I-l’aj t%&}y B%E‘é@?4 Gh& 5 Q%§ %’Sh b Q‘ﬂe Ristitd cOntents of all

I's desctii bed in European
tHeaibon patentGpedfidfions B incorporhtssihertia dyi rner:r@e Pat ent

074 [ T 2| dscrlbd .
[‘gﬁigl %@I\/?%‘g %cn’m Petar 41 g d'?%ag oy N preceding
paragRiph 27 pﬁ&ﬁ‘reﬂ S22, tﬁ% mafeifals Elame thd‘xkzed aucg&&oﬁ@auwty and

descr.i hes the t hesi s of ronat i i ncl udi ng

selegiiMitydn Hhemiauy ﬁiﬁﬂ%ﬁ?ﬁéﬁg?‘pﬁ@a M‘atgggf"%? S%onpri si ng

[0@6%36 HVEAGHE dfibétRMment Bﬁﬂus ﬁlanﬁ)rPaﬂmﬂhlkbhnon catalysts and
6,575, The use of MCM. 49 to catal yze the synthesis

tigpsalkygtion GARIYSES MATCPUBPHY 2P BB ehanstitic n‘8°l ecular

sie%ggﬁéﬁﬁ%Q%nh@ad& RdeRaF 8Nk B9 aefifed4ilds 86ParANo. 4,016,218),
I's described in U S. Patent No.
isclading ASM-STHESMsH, ASMOR 258123, dahi23z £S5, and ZSM-48.

Z%X\gtshﬁsde&rﬁfed%gl ¥1a21if "@g Pétent' 1@&! l3d702§88%t43ﬁﬂ| BENDEAS. ZSM-
and cunene escrib U.'S. Patent Nos. 5, 557 024
ldrid dSscibed BﬁdatalTheUeﬁntHate@t Nonﬁ,aﬂ?,é??%f ZSM-12 edessrbed in U.S

D8 IS5 R ZNRS BB sORR SRl b, zovias
i§ desceibed! irs ULS Patent N l4g§)75J862.e diSM-3pds degcaiphd & U.S. Patent No.
0T FLL P ERMAE s e pRLBra A Roiegt DR fithy iy a23a231.
PRAGEIré SorerYp of alll thid dbovk pateviagrrifihticns arf (i)lﬁk!b%ﬂ)orhuad herein by
anot her enbodi nent of this invention , the al kylation

greic6st s and transal kyl ation catal ysts nmay conprise

D$910" MRIillarBeltir i BudiBeRObEthid divehiticn,cthe mwm@mcatalysts
nstraint I ndex of 2-12 (as. defined |n U.S. Pate

30 rapsolkla5ioB Al T ARPIDRIA BIe 7 Gy ey BRyeBolecilar sieves
lZa%Mgzg CohstMirdiInd &S than 2D B ifabedi8rge pore molecular sieves include

zeolite Beta, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite,
TEA—mofdenite ZSM-3, ZSM-4, ZSM-18, and ZSM-20. Zeolite ZSM-14 is
described in U.S. Patent No. 3,923,636. Zeolite ZSM-20 is described in U.S. Patent
No. 3,972,983. Zeolite Beta is described in U.S. Patent Nos. 3,308,069, and Re.
No. 28,341. Low sodium Ultrastable Y molecular sieve (USY) is described in U.S.
Patent Nos. 3,293,192 and 3,449,070. Dealuminized Y zeolite (Deal Y) may be
prepared by the method found in U.S. Patent No. 3,442,795. Zeolite UHP-Y is
described in U.S. Patent No. 4,401,556. Mordenite is a naturally occurring material
but is also available in synthetic forms,. such as TEA-mordenite (i.e., synthetic

mordenite prepared from a reaction mixture comprising a tetraethylammonium



ZSM5 is described in detail in U S Patent Nos.
3,702,886 and Re. 29,948. ZSM 11 is described in
wa@ledoail3zsn U. S. Patent No. 3,709, 979. ZSM 12 iBCT/US2007/008708
described in U S. Patent No. 3,832,449. ZSM22 is
described in U S. Patent No. 4,556,477. ZSM23 is
described in U S. Patent No. 4,076,842. ZSM 35 is
described in U S. Patent No. 4,016,245. ZSM48 is nore
particularly described in YgS. Patent No. 4,234, 231.
The entire contents of all the above patent
specifications are i ncorporat ed herein by reference.

[0049] In _still t her, di nent thi 'nv '
eordnglaggras HA-SHTAPY LR § FROTAS Sk FEIREE Dl S g P03 end
338X 109PITIRE AAR RbniRIse of 2410 ethPOaOVED beei Rpecifieatidms are

having a Constraint Index |ess than 2. Suitable |arge
ingomerated beraindry refeesnss. i ncl ude zeolite Beta, zeolite Y,

[Msb ast-ahl &P@%ﬁ% lar8dlel Hah i tZaled ad Q‘é%hkyﬂtxon catalyst or the

enlte enite ZSM3, ZSM 4, ZSM 18, an
trmmuansmtailysenz@wmcessoﬂ@semrem@an withoutsinyrhindssior meatrix, -
.3,923, 63 20
G 736300 88y 20 ARHRED) 0 Ry sty
cBapasitedl\mth afotB&8mAeBEial whithRs redistant2®, the tempeyajusescandnother

U t.r.astable Y, npl ec [..Si eve,.

opndifiSR FRnpys B S dhad Riidn il ol RainAade ablive and

m\écﬁﬁ@ hdatezia{sDarl sy‘)ﬁheﬁﬁ}br bﬁ@&l@pm&ﬁf@z&%smtmﬁﬁ morginic

in U.S. Patent, No. 5. Zeo e UHP-

npteals such ias ¢lays a@pé n‘f’él‘iﬁ s {'1 %mawﬁgrélms%hca-alumma

zﬁ@&r’ﬂﬁ akthiia OBEaekialtd nihees of thbsﬂ andSotHérSﬁuwam}ﬂhht&rlmay be
nt heti g forms, such_as TEA- denite

s wrarly REFHRRE PEATLIE farE af B Bifpers RigPIf o sy fgtuding
xﬁi%gﬁéd of Cf‘i‘l%aaanﬁ%étﬁ%ﬂi‘d’ésa'ﬂmﬁl HEFhES 6t ifBudR@eiith the oxide type

nite is disclosed S. Patent Nos.
Hindoess 10 9odift 1B, SEshaen FRECIERE (Ofclhe R OTofo gpyst i its

q&lg}ﬁxfm\ée @@ tta m&?aﬁ' ﬁlaEé DctRhewithCRE RALREREr sieve, ie.,

erern by re erence 0050] he above nol ecul ar. si eves
auenbitel theeiviths of hreesahkylulang dts svathesizs whigh itell is catalytically

qcﬁsg Sr’}'{qf«!lyk %h% Oﬂiecggrﬁ)e sg C?Hd/top %ewcﬁg"?i Sf Otfhet @a%al%st Inactive

&%hout
ﬁﬂeﬁﬂblsﬁdalﬂ?ldénboamdllﬁmmo Abnizolnthe mwlt qfr@nversmn so that

nol.ecul ar be c %g @

RO Y b el ot aaliy S b MithoBhiiBline gthor means
fol ehtredingi the aag eﬁrpéaoyeml i Thesh ernatlehgdls ahayer maeippoted into
Such materi.,al s, includ ctive ctive

BTy RERBTIRE SYoriab PR G0 RPFI & SBPIBehE £h fprensth
@Sthe NRAt0R |Lﬁd€fﬁ¢(ﬁﬂiﬂn61}c$al&ipéfatm§ whdifionsadd donaiondessbinders or
such as al um na, 5fh f;\ silicas alurp na

matrices for the catalyst. "The relative proportions of molécular sieve and inorganic
oxide matrix vary widely, with the sieve content ranging from about 1 to about 90
percent by weight and more usually, particularly, when the composite is prepared in
the form of beads, in the range of about 2 to about 80 wt.% of the composite.

[0051] In any of the embodiments of this invention, the alkylation catalyst or
transalkylation catalyst used in one stage of a series-connected, multi-stage
alkylation or transalkylation reaction zone may be the same or different from the
alkylation catalyst or transalkylation catalyst used in other stage of such alkylation
or transalkylation reaction zone. In addition, the alkylation catalysts or

transalkylation catalysts used in one or more reaction zones may comprise a single



zirconia, titania, magnesia or m xtures of these and
ot her oxides. The latter nay be either naturally
wo@ewansi3nyy or in the form of gel ati nous preci pPCHUS®0OT008708
gels including mxtures of silica and netal oxides.
G ays may al so be included with the oxide type binders
to nodify the nechanical properties of the catal yst or
to assist in its manufacture. Use of a material in
conjunction with the nol ecylbar sieve, i.e., conbined
therewith or present during its synthesis, which
itself is catalytical Iy active rmy change the
conversjon and/or sele tllée cat al
e

{. .
oAU SEViaR BRI G aRalS & Sqi7? ARy be used in
re'a&mr{ inel B AU atRh &omeefeﬁbm Séhet tbﬁhu@tamﬂnaﬁ‘shﬂmesent

be obtai ned econom cally and orderly og% ngl r}/ S%
processr Prefarablye bewevst different gatplystsazg %hoéFn Qrdlg pvghzones, so as
to BE S0P ﬁfr il ?aﬂﬁﬁla? GeddtioRt RALAZEE thébia. nF’érL@ﬁHp\le in one

occurrlng cl ay g., bentonité and kaol.in,
cmbpdlmcat zhelite RetrhorsMICI G2 eidhertin dowad a1 yahougd J‘émn is used in

rﬁ%ce I, C'ggla: ed’ 3LoRg Tlfe?z{]gte U2 ?'MCM’ @ﬁtM@fMﬂQ or MCM-56

trices yst e relative
ispaeddntthe seriafcomnbaed) multsstage akwtatlpnapgm@nczoms,cﬁ@d zeolite

t t h
Py DO 299 B0 Dl 09 s
Déaliatihized pa(Déat g ZSM-3nioe iz SN et mampdw $n ulm trmqakkergmnoeokone

nthe fo out t,0
A MR SR DM ARDI A SRS ofs's 288 e
waAhme) 188 Sorel Thhush lafl \e@iddament] By finlsliingt jeactor aduld yisdlude
or_transal kyl ati on cat al ys% ? in on St age of a
MEM-23 fordiavidt s ORRTFiTN SF 2SS orfaRes Rifsg pocration.
RLahspbbyyabhon reaction zone nmay be the sanme or
difterent fromthe al kylation catal yst.

(095 sal ky ke poRessRfaihy dpvention. the dkrgfion [r%agf@%fm &agh of the
%%Y%%E&Q? gﬂ(yf'cﬁﬁgﬂ F‘&chﬁ&ll @Bx‘lé%QalEe%q‘ﬁa{de d&Mfed |li'c’1]u1d and vapor
ation

1 'on ati1on catal ysts or transal k
prhaseabqrshtsonsswhﬁCh rmzmbe onainginedr thepsghot sueh é’@n%fu"h that the

aﬁ@ﬁ% S %F(%Eg%c\r}%s @Jﬁlgqg g%lﬁh?ﬁ? %or%gl%e{;m J%é'gfr in the liquid

phaset iMorezoerg theo opdratmg abiditions tm eanh allmlatxem G@&C@ﬁn ZZone are

t t P
L B8 B AL R0 B g n o
ré8dtRim, zone 1§1$rohDalbt&1tt0al' ’thalmhtﬂ@; f(irfm(apmid: froud about 0.2 to about
§ FBournBAE atsabiie “BBrLe by CenrBl BrpRertl B g8 abetd: BY

MBRedineef e ffhud) ofusedolume lf liquAd tto the yohumie ldapor at these
zeol ite Bet 3

lguels, it s foprd that WVS{TIOW% ﬂ%&%ﬁﬁm Interstage
§ BftibRHZBE Qﬁkan@rlﬁh J éspeBatlfa, when thendlkglation catalyst is an
-nordenite, ZSM eollteY Utrastable Y (USY),

MCM—22 family molecular sieve.

[0053] In this respect, it is to be appreciated that the ratio of the volume of
liquid to the volume of vapor in a mixed phase alkylation reactor employing a
dilute alkene feed is a function of many variables, including temperature, pressure,
dilute alkene feed composition, the weight ratio of aromatics to alkene, and the
number of interstage feed injection points (feed distribution among the reaction

zones). Each of these variables must be understood and monitored in order to



Deal um ni zed Y (Deal Y), ZSM3, or ZSM4 is used in
the transal kyl ati on zone. Alternatively, MM 22,

WO B8B3SMCM 49 or MCM 56 may al so be used i n P¢EUS2007/008708
transal kyl ati on zone. In such an enbodi nent, any
finishing reactor could include MCM 22 for liquid
phase operation or ZSM5 for vapor phase operation.
Reaction Conditions [0052] In the process of the
i nvention, the al kylation rgaction in each of the
series-connected al kyl ation reaction zones takes pl ace
under m xed |iquid and vapor phase conditions which
may be mai ntained throughout. . su es, such that the

mam&wdbst%o of SreyolmesH g P §E?) FW ?ﬁ V3RpX ‘\93%% desired

|eRBAse and partly in the |iquid phase. I\/breover the
operating conditions i n each _al kyl atl on r tion, z

[0054] conPatipylar corditipng fameatFdpg Pubithe fRix giytation of

%ﬁz%ﬂé q\gﬁloetﬁg@rié/ " %ﬁu@c etH%lB@ﬁzeh@ n%hclb@@ﬁ&érﬁﬁer&ﬁ?@ of from

rom about t o about for exanple fromabout O, 2
abautalsduto dbouti2R0%s afpmmua@eﬁpbwtm%wa%@ut 830 kPg;qquch as a

tem aenEtuF ffrr @031? 450 Qo ?ZP‘C QQ% Wresture BF aﬂ%h{‘i%d“td‘@odd‘@a a

une o to the volu vapor

VdHSthb&ed |Oﬁ\:ﬂhﬁ¢na of fromf ahmld Ot htet abdwé 19Ih¥en@1d a mole ratio of
conver si

Z t hout interstage

bEnzene 1o th‘ﬁleg?)ﬁtoﬁle gnm%a§oﬁflﬁ\3p| ty, especially when the
[803s]| at Panicabk a:JoyiSinons fan ch@h@Zomauhe I r;umdl post atkylation of
sieve. [0053] .In this respect, it |
R i R o RS Rieehs vt frelie o (ARGt LP from
ae&étvlw% ab%almgeddmb@ae faf kb'dlﬁt(i?drt]?rmm 400 iPh;ostichges a

ilute al kene IS ction o n &
teTHBE ARG ok AP 400 e, 16&‘8 rRECSSHFY o BPout Bade 2@@‘?“’3 a
WP;(?RP%&B% rbﬁﬁeﬁ\@bﬂﬁblﬂ #ouf 0af toadbell 0 BF', taad @l tkeRaatio of
an he nunber i nterstage feed injection points

qmmrqmnylmﬁmab%ﬁd)wwe%% on zones). Each of
[gp%@e V@Rl £Se Ion?efoi" 8tk BRImIRA pRIsechik dj'latlon of

r tomaintain t e rati o of the vol une of Tiqui
lieheenﬁoWiIhﬂ -lmﬂemdfora'tt—bmh’ee treptofduer sesvutylbenggreimay include a

l ou
R HeEiE Yr SORILELENS 1§ AbafH 0T Adsuld B HHSABINRS Foout

benzene Wi t to produce
Hﬂﬁ)yltme aZWHSVh’a@sed oo/ huttae anftfmp abat O ketogrbont ¥orheh gud a mole

@geg&‘gﬁi‘ggﬁg%’c 700 a’%En‘Z?tSIS tSalR c{ut‘i‘@@m 675 to about

era ure from about 170 to
RASPC anWhprecthe laﬂ@rlaﬁonaslystam ibblides @ rer@tge kRad bedyimay be

gﬁ?%a?tg omgtr %Pliclmelge}g?afse fcro(l)l 1t1aotrJ1(s) uct>r Q'a%ort %h%%o%nd]igoxﬂr ot mixed

liquid/vapor phase conditions, but is preferably operated under liquid phase

conditions. In the case of ethylbenzene production, the guard bed will preferably
operate at a temperature between about 20 and about 270°C and a pressure between
about 675 to about 8300 kPa. In the case of cumene production, the guard bed will
preferably operate at a temperature from about 25 to 180°C and pressure from about
675 to 4000 kPa. In the case of sec-butylbenzene production, the guard bed will
preferably operate at a temperature from about 50 to 250°C and pressure from about
445 to 3550 kPa.

[0058] The transalkylation reaction may also take place under liquid phase
conditions or vapor phase conditions or mixed liquid/vapor phase conditions, but

preferably takes place under liquid phase conditions. Particular conditions for



benzene to ethylene fromabout 1 to about 10. [0055]
Particular conditions for carrying out the m xed phase
wa@bkdyhassdn of benzene with propyl ene to produP€r/vsaveTi@ns708

may i nclude a tenperature of from about 80 to about
1800C a pressure of about 675 to about 4000 kPa; such
as a tenperature fromabout 100 to 1600C and pressure
of about 1375 to 3000 kPa, a WHSV based on propyl ene
of fromabout 0.1 to about D hr 1, and a nole ratio
of benzene to propylene fromabout 1.0 to about 10.0.
[ 0056] Particular conditions for carrying out the

m xed phase _al kyl ati on of enzen wth 1- tene
cm&wﬁ% they 1 lﬂr%ﬁahaéesbé*es%}’ 1R R e‘ﬁ&z‘ﬁ’ﬁy ﬁ éﬁyggenzenes
nia?q]?&ﬁéé Hk@ndratifO5R RhA uboit0l S08C ab abibut 250, apressses of 2000

about 355 to about 3550 kPa, t% V\HSV,ba%ﬁ% (gn glu.tenet.
kB# of dess aWHIS Vobased onathe weiglh ¢fr the totah ljaud fgpd to fhej yaction

?% O%??ﬁ-%g aB&thUtSe'&? abb@M 8O OMt! And 4 Gn@BOKiio18f Benzene to

re the alkylation systemincludes a reactive
polyathyltzadenet lof sfrmyahwt dertat dheutifel. | Patipelan qaditions for

ggglglggéuﬂ? MRe %qml\él ke RIASRAARA % 95}&31% \Amhxﬁcq%ﬁ)ropylbenzenes

vapor ConCI trons, refera
niyyainelidel auetdperahxrq of fopiehest HRE tpuabmst BQOﬁC: hereéage 0§$H300

G AP A WA PRI e WOEROUE T GRS iifid 188 % HeRhlion
zaﬁ@QE &0fh abpiesute dbetmee10 Abbumd6aSmble iyl d8D@ene to
s Beat ) Tl SEOE 1 25 SEHHL UG, TR ol o
cafyihd0os meqlcpﬁ@%ugeeuﬁﬁsamymkn of6nzene #AMOpdFautylbenzenes
the case of sec-butyl benzene production, 4 h@‘?{f gg &gga .
may inchrdsf & teBPSraYEe PEAB0 o 3007 EnP SFEisHeeCk | Q

\{r%glééflpﬁflf@?a&' @éﬁ%eftf Jfrp% %QPH}‘ 45tk Re®0akdPa benzene to

ransa ation reaction nay al so take
pﬂlﬂuﬂylbnnlzmelwqghtdamaﬁ%b%rl&ﬁolabﬁgtbQ vapor phase

(9B 395 Umilatiehl bAUE! uapar, BRARE FOBHIGL OB MR the

er ably” tAkes prace und I'Tqui'd phase conditions.
aﬁ’ﬁyltuablel afonmrmdcdmvamdf Brivarzeys agd ohn alkydatiniggagent ph asdilute

{@nsal Kk 012 nzenf wi th pol yet hyl benzenes may
TPy R QR IHEE8E Fr om about ~ 1500C to about

[06OC., GRﬁEﬁ&ngﬁ@wa) Hi@&fé k Pa benzene sfeed al\AHS‘pzlsMs@da almying
the wei g of .the total f ee Iot t|o
Saltien ey e teataerpagtent of sthengity irbr il BShbdlto below
I@bh@. OFroae ﬂfeﬁ(ﬂk@xﬁgi’ccﬂﬁin)deltﬂﬁﬂh&mﬁe 1sof)asfsd§d3m almiei*voh 04 by

to about 30.0. Particular conditi (I)
way of treaters 13 which serve to remove catalyst po1sons 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 and
transalkylator 31.

[0061] The reactive guard bed 16 also receives a dilute ethylene feed 17 from
a compressor 18 such that the benzene and dilute ethylene pass cocurrently down
through a bed of alkylation catalyst in the reactive guard bed. Alternately, the
flow may be co-current upflow. The reactive guard bed 16 typically operates at or
near to 100% ethylene conversion but may operate at lower conversions
(alternately, no ethylene may be introduced to the reactive guard bed) so that the

reactive guard bed effluent 19 leaving the reactive guard bed is composed of



carrying out the liquid phase transal kyl ati on of
benzene wi th pol ypropyl benzenes may i ncl ude a

wo eovpasasure of from about 1500C t o about 3000B;T/EHS2007/008708
pressure of 5500 kPa or |ess, a WHSV based on the
wei ght of the total liquid feed to the reaction zone
of fromabout 0.1 to about 20.0 hr 1 and a nole ratio
of benzene to pol ypropyl benzene of fromabout 1.0 to
about 10.0. Particular condigti ons for carrying out the
l'iquid phase transal kyl ati on of benzene wth
pol ybut yl benzenes may ‘i ncl ude a tenperature of 100 to

3000C, a pressure, of 1000.to 7000 kPa,. a i ght hour
etbﬂé’eaz%ﬁ,g&r?vt banzepe agfl Hpresctye ﬁ%‘%a*dmf-‘gﬁa,g ?‘Eﬁ‘a‘i)yae‘lhx“e)
BRNRE '&ﬁu%eoetﬁgﬂe)i@ el @Rz e veRuaHl badadfflaeti1%is abkin fassed to

to about 10.0. [0059] One enbodinent of the process of
thetiep bad dma inain ahwlweﬁaqme? 1a|“fév$1§tf%+dés &rpg ifycot vertically

s@?%,%ﬁgs—icé?ﬁé'w&a@&doeﬁb 02 algakh dhtalgkt 388NL d1So feceives the

te ethylene stream is shown in Figure 1. [0060]
diketeetinyleny feod if7csurh ghat dhejethylepe apd the banzgnergontgingigsicagfive
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The polyethylated benzenes, mostly diethylbenzene, are removed in the PEB
column 29 and at least a portion of PEB stream 33 is passed through the scrubber
26 before being fed as PEB feed 34 to a transalkylator 31. The transalkylator 31
also receives a supply of benzene from the reservoir 14 and is operated under
conditions such that 20-80% of the polyethylated benzenes are converted to
ethylbenzene. The effluent 32 from the transalkylator is combined with the
effluent 23 from the main alkylation reactor 21 as it passes to the prefractionator

25 and then the benzene column 27, ethylbenzene column 28 and PEB column 29.



spaced, series-connected catal yst beds 22. Each

catal yst bed 22 also receives the dilute ethyl ene feed
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reactive guard bed effluent 19 fromthe guard bed 16

or the previous bed 22 pass cocurrently down through

the catal yst bed 22. Again each catal yst bed 22 of the

mai n al kyl ation reactor 2 1 is typically operated at

or near to 100% et hyl ene ceqversion. Alternately or in

addition, the first inlet bed(s) of the main

al kyl ation reactor 2 1 may operate at |ess than 100%

et hyl ene conversion while the overal l. conversjon,i s, at
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0863 CUIRL L ass e bed W Ll LRl reN%et 190°C and 350 psig (2514
kPa) and the conditions in the reactor were varied to adjust the ratio of the volume
of liquid to the volume of vapor in each bed. For example, an increase in
temperature or a decrease in pressure causes a decrease in the ratio of the volume
of liquid to the volume of vapor. Conversely, an increase in the molar ration of
ethylene to ethane or an increase in the benzene to ethylene molar ratio causes an
increase in the ratio of the volume of liquid to the volume of vapor. Samples of
the product exiting each catalyst bed were analyzed by gas chromatography and
the weight ratio of diethylbenzene (DEB) to ethylbenzene (EB) in each product

stream was measured. The results are shown in Figures 2 to 4, from which it will



to the foll ow ng Exanple. Exanple [0064] The al kyl aton

of benzene with a feed conprising 65 nole % ethyl ene
w@ee73536Dl e % et hane was tested in an adi abat PCT/p51001/008708

pl ant reactor conprising 4 vertically spaced catal yst

beds, each containing 0.45 kg of an MCM 49 cat al yst

(80 wt.% MCM 49/ 20 wt. % al um na) and with each of the

three | ower catal ysts beds being | ocated bel ow a 6.

inch (15.2 cm thick |ayer sf sand. Water cooling

coils were provided after the second and third

catal yst beds. [0065] The et hyl ene enpl oyed was
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the weight ratio of diethylbenzene (DEB) to

et hyl benzene (EB) in each product stream was neasured.
wab@ngssd ts are shown in Figures 2 to 4, fronPehiusinoi/008708

will be seen that the weight ratio of DEB to EB in the

product from each catal yst bed decreases rapidly as

the ratio of the volune of liquid to the vol une of

vapor (as neasured at the actual reactor conditions

and referred to as act. volpg ratio) in the bed

I ncreases above 0.1 but the rate of decrease becones

| ess pronounced as the ratio of the volune of liquid

to _the volune of vapor approaches 0.5. [0068] Al

‘s, patent applications, test procedures,

priority docunents, articles, publications, manuals,

and ot her docunents cited herein are fully

Werfcloingbr at ed by reference for all jurisdictions in

whi ch such incorporation is permtted. [0069] Wen

nunerical lower limts and nunerical upper limts are
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and said alkene to the second alkylation reaction zone; and

(e) operating said second alkylation reaction zone under conditions effective

to cause alkylation of said alkylatable aromatic compound by said alkene, said

conditions being such that part of said alkylatable aromatic compound is in the

vapor phase and part is in the liquid phase;

wherein the operating conditions in (b) and (e) are such that the ratio of the

volume of liquid to the volume of vapor in each of said first and second reaction

zones is from about 0.1 to about 10.

2. The process of claim 1, wherein the operating conditions in steps (b) and
(e) are such that the ratio of the volume of liquid to the volume of vapor in each of

said first and second reaction zones is from about 0.2 to about 5.



(b) operating said first alkylation reaction zone

under conditions effective to cause al kylation of said
w@bkdoghaasabl e aromati c conmpound by sai d al kene, PGEUS2007/008708

condi tions being such that part of said al kyl atabl e

aromatic conpound is in the vapor phase and part is in

the liquid phase; (c) withdrawing fromsaid first

al kyl ati on reaction zone an effluent conprising said

al kyl aromati c conpound, unrgacted al kyl atabl e aromatic

conmpound, any unreacted al kene and sai d al kane; and

(d) without renoving said al kane fromsaid effluent,

supplying said effluent a d sai d al kene to
3al kyiTae pEsesssRiany e“f‘gh%g clainy W%%‘C‘Bﬁ%&a%’*?%‘[ Eesf‘&"mpnses at
1e56cond al kyl ation reaction zone under conditions
effective to cause al kylation of said al kyl atabl e
20 mateof said 8lsBeind by sai d al kene, said conditions
bei ng such that part of said al kyl atable aronmatic
compound is in the vapor phase and part is in the
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vapor in each of said first
and second reaction zones is fromabout 0.1 to about

10. The procgess of cl. j h is

Stonc PRSP TRk P, IR b PR b decond
focl ha tled sdnkemunberyer Ieks,|carhoincitéros ahsnid alkenss of vapor

in each of said first and second reaction zones i s

fromabout 0.2 to about 5.3. The process of any

6" ecerliengrédedd Nof \WAGr picdedidl dcmmorwhemadsmd nplkise sinaludes
| east 20 wt.% of sald al kene. géces of an %d aid
eifdensdi Frid c plkviatatlp e?‘"éﬁ“f?t@alcﬂmﬁg% de S cOHFPE P ®

ABAMbABC LBmPBON iRfudts cteyPbensaidl al kene. 5. The
process of any preceding claim wherein said al kane in
sai d second feed has the sane nunber, or |ess, carbon

AL OMBrRS §c§:'e9s A ke %\ﬁr 60 -whi&in Plaff %éﬁdlﬁgnémx‘i sIEHpe(?@dhﬁBJde a
cIa|n1 wherein sai kene includes ethyl ene, sa

teinpgiatitra tif abanb 420 ite azognpam"@: ik P RIRSS WIS P éb@taﬁ%?é to about

gﬁ@ Ikylaronatlc conmpound i ncl udes ethyl benzene. 7.
8 process of claim®6, wherein said conditions in
step (b) include a

8. The process of any one of claims 1-5, wherein said alkene includes
propylene, said alkylatable aromatic compound includes benzene and said

alkylaromatic compound includes cumene.

9. The process of claim 8, wherein said conditions in step (b) include a
temperature of about 80 to about 180°C and a pressure of about 675 to about 4000
kPa.

10.  The process of any one of claims 1-5, wherein said alkene includes 1-
butene and/or 2-butene, said alkylatable aromatic compound includes benzene and

said alkylaromatic compound includes sec-butylbenzene.



tenperature of about 120 to about 2700C and a pressure

of about 675 to about 8300 kPa. 8. The process of any
wor®7083363 ai ns 1-5, wherein said al kene i ncl udeGI/US2007/008708

propyl ene, said al kyl atable aromati c conpound i ncl udes

benzene and said al kyl aromati ¢ conpound i ncl udes

cunene. 9. The process of claim8, wherein said

conditions in step (b) include a tenperature of about

80 to about 1800C and a pregsure of about 675 to about

4000 kPa. 10. The process of any one of clainms 1-5,

wherei n said al kene includes 1- butene and/or

2-but ene, said _al kyl ar omn tlc ound i U
1benzEhe PERESS &F ¢! %Wk@ba?"’ R §a o?ﬁ%l&ho % Wet' 82@ ) 15%e o
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d conditions in step (b) include a tenperature of
3%4YiHa. 50 t o about 2500C and a pressure of about 355 to
about 3550 kPa. 12. The process of any preceding

claim wherein said first and second al kyl ati
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S W B8 0y i

of MCMal2, PEH-3TRSZi50 ERBr10ITQrly IERe: @dﬂ‘y@%é; MGHM- 49 MCM-

erein said first and second al kyl ati on catal ysts
SprAnd PELUTES FiSFE%ul ar sieve having a Constraint | ndex

of about 2 to about- 12. 14. The process of claim 13,
wherein said first and second, al kyl n t S
el e BB 4y dregaor s e ol Bk I“?d second

Fom the gro
Q%Mio‘ﬁtdam A 1&5&&& a iBolvbllar siétvhddng ZSMrﬁﬁaanBMeX&f about
ZSM 35 ZS and m xtures thereof. 15. The process

Pahﬁ‘}tk%ecedl ng claim wherein said first and second
al kyl ation catal ysts include a nol ecul ar sieve haV|ng
a Constraint Index of less than 2. 16, The

161 of R EEpronese B cIuBl 4 THereD S Esh oA pS Y catalysts
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Foup consi sting zeolite Beta, fau1a0|te zeolite

zsmuzc ZaM-aB) ZSM-23ERM-30e 85 Mirfhiand anivturesdhpreos.
nor deni t e,

15. The process of any preceding claim, wherein said first and second
alkylation catalysts include a molecular sieve having a Constraint Index of less
than 2.

16. The process of claim 15, wherein said first and second alkylation catalyst
include a molecular sieve selected from the group consisting of zeolite Beta,
faujacite, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y), mordenite,
TEA-mordenite, ZSM-3, ZSM-4, ZSM-18, ZSM-20, and mixtures thereof.
17.  The process of any preceding claim and further comprising the steps of:

® separating said polyalkylated aromatic compounds from said
effluent of said second alkylation reaction zone, and

(2) contacting at least portion of said polyalkylated aromatic

compounds with additional said alkylatable aromatic compound in the presence of



TEA-nordenite, ZSM 3, ZSM4, ZSM 18, ZSM 20, and
m xtures thereof. 17. The process of any preceding
web@rnsasdl further conprising the steps of: (fPCT/US2007/008708
separating said polyal kyl ated aromati c conpounds from
said effluent of said second al kylation reaction zone,
and (g) contacting at |east portion of said
pol yal kyl ated aromati c conpounds with additional said
al kyl at abl e aromati c conpoygd in the presence ofa
transal kyl ati on catal yst under transal kyl at ng
conditions, to form additional nonoal kyl aromati c

conmpaund.. 18. The process ny precedi ng.claim -
a fcAnea it oiign ety ghadre. CskPas iSO’ 1§ i Bffiona
mBhbdlkABrcah 4l dmpsbundat al yst in a by-passabl e

pre-reactor separate from and upstream of said

series-connected, multistage reaction system 19. The

1§’f OCEHS b &E%fpingrcﬁ@b&ﬁng lefiiR ARt flrddr @S kiRl figp of
he ste cﬁ contacting unreacted al kyl atable aromatic

couapingnshidniged nwish care dlkallatione catabit 4221 bopasable gge-reactor
sdBaf! kr?;ﬂ‘l Sl R P AR s é*k@&br&{&c&@pgﬂuﬁﬁs@a{& réhdiidndPstem.

AAYT aton catalyst in a finishing reactor separate

from and downstream of said nultistage reaction

1§y St The process of any preceding claim and further comprising the 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.



