1 ALKYLAROGVATI-CS—PRODUCTI-ON-USI NG DI LUTE ALKENE FI ELD [0001] The
present invention relates to a process for producing al kyl at ed
aromati c products, particularly ethyl benzene and cunene. BACKGROUND
[ 0002] Et hyl benzene is a key raw material in the production of styrene
and is produced by die reaction of ethylgne and benzene in the
presence of an acid al kylation catalyst. O der ethyl benzene
production plants, those typically built before 1980, used Al Cl13 or
BF3 as the acidic alkylation catalyst. Plants built after 1980 have
in general used zeolite-based acidic catalysts as the al kyl ation
catal yst. [0003] AlKWEAROMAFIGS MRODECEFTIANTIBINE DILWHE MJICENEes
typically require the use of concentrate ethylene that has a purity
exceeding 80 nol.% For exanple, a polyner grade ethylene has a
purity exceedi ng 99 nol. % et hyl ene. However, the purification of
ethyl ene streapiEll® attain chem cal or polymer grade is a costly
process and hepce t ce there is considerable interest in developln

processes t hat [08%H operérthER’i\‘EsFﬂ InYRREPY FralRRetoGh P’EEPP‘FSﬁt%”érPﬂWrtgngkY]ate‘i
streams. One sgungif Rbditsdbdritbfur§lelyiRRRnsicaMehs the of f gas from
the fluid catalytic cracking or steamcracking unit of .a petrol eum
refinery. The dilute ethylene stream after renoval of reactlve
impurities, sugk Pyl ene, typically contains about 10-80 nol.

et hyl ene, wt i sfeftrder bei ng et hane, hydrogen, nethane, and/ or
benzene. | ooompozth ee tBﬂﬁ;elsen@éneei Dy adalvaniateea @ BE pfodsétiiofatyend 264l
for produci ng ethy] bepzene, nane vapor phase reactor syste

li qui d phase riéPde %ﬁgﬂ&@ae@ﬁ@f‘rﬁﬂ%@e&ﬁaéénﬁeéﬁ&Ehe}gy%@mfanwd

[ 0005] I n vapor;@paﬁ sﬁﬁg;;tObmy%hs{%nzén%r@ddaﬁm a8, iR E%ﬂ?&llgfbuﬂto

benzene and et ene Is carried out at a tenFera ure’ o
450C and a pr eudaed 984, US@bAEfﬂﬁdr BFPa-the ¢ddias kk@homr@atg{yst: Blantalbuilqﬂf@r

fi xed beds of h
bensene to for KEOPRY BeRb Rt har R el A AFTEN g
occur. About 1Hoegl . % OfCohhﬁerﬁhlhyétlibﬂb&ﬁél% frﬁirmmitdﬂagt rpedcegsegct}@mw& h

ethylene to formdi-ethyl benzene i sorrer%@g et hyl benzene
i somers (TEE) BAHBavreet coperpiiate cthyjeg that bas fmﬂvnty ﬁé%“fédlﬂﬁégéqql &b Far
reaction produghs fr AR r Vi t z

(PEBs). [0006] By goq‘b exa%?[de &f‘/)g%%r hag%%gteﬁg%gitn?o%d%@ p@eﬁg}gﬁg
over the cr ystHbW&We the prrificatsor af@dtyéenzebﬁamsdozsam@mmcailq;(pbb'wdgnade
U S Patent Nos. 3../51, 5 ress

3 755, 485 (Burb eSE Y aBE e it ubinoyd PR S S b R

systems use po&laa:nam SHfetdtie wathplven grafie of Ailudvbstip oy streahs, fromgkburce of 2
conmmer ci al g?wph Se processes eg_pl oying dilute ethylene feeds have

been built andiibieclEiepefsan isriheg ifeow thepfinid gatalytiperackiag o gteam-

associated wit é]:ﬂ%%ﬁl I{yrja L

trend in i ndus%}ry @g(e)dﬁﬁt&gﬁglﬁl ?ﬁ hﬂhe??%?n%hgggr% Hggﬁgrgrg%togéggfto
| i qui d phase rigaativerimputifieplistclp hapeopylEaect typmaldbpeomales abowt teRpendiur e
of about 150-2 i s belowthe.cri eratu of benzene
(2000 - The. » bt phf ttsFpRBee B giabe G Psen. BiRRren s Saedie: o
the vapor phaspoofjut t herhk@WopesdeSdtiilaticRiegdtat sw@n@faré hééd| foflgiodugh@se
reaction usual |1¥x econom cal |y conpensates for the negatives

associ ated wi t# h@zmegﬁ@}le YateRpyRhass BRelARsYSieog oy gise gsRies aystems,
et hyl ation of Qgng éfbgctgpﬁggeﬁlg beta as the catalyst is disclosed
in US. Patent No. 91 458 d European Patent Publication Nos.
0432814 and 06[29@49 I\/brIe Vﬂm@hasleyeac&orrsastemeehe cihyleti@srdctionat! bRIGVRE 2
and its structural ues h ve

al kyl ati on/ t r ARSI cfn ?degl%t Sggmpe]r reé)ggfﬁﬂ%égm EOCeIAPrRYLe

4,992, 606 (NU\d;fZG’-%,—?:SUz%S(PPQ 635 Wytom %}Zﬁ&nn’iﬁgle(ﬁ@*b%ﬁé of Wedlite B@ﬁa@@t’i
NO 5,371,310 (MCM 49), U. S Pat ent 5,453, 554 (MCM 56) ,
thylene exothermicly reacts with benzene fo form ethylbenzene, although

undesirable reactions also oc¢cur. About 15 mol.% of the ethylbenzene formed

further reacts with ethylene to form di-ethylbenzene isomers (DEB), tri-



et hyl benzene in a m xed phase using reactive distillation. Such a
process is 3 described in U S. Patent No. 5,476,978. M xed phase
processes can be used with dilute ethylene streans since the reaction
tenperature of the ethylation reactor is below the dew point of the
di l ute et hyl ene/ benzene m xture, but abo¥e the bubble point. The

di luents of the ethylene feed, ethane, nethane and hydrogen, remain
essentially in the vapor phase. The benzene in the reactor is split
bet ween vapor phase and |iquid phase, and the ethylbenzene and PEB

reacti on prod nth h
baront Mo 6. SEbTEHRl ixfiae Ot nt fedyPor i AL Shesd ™
et hyl benzene hyactieagtodosts afe camétionlytrefeartdyd witvetisliaebbonears @HEBHg 3 to

50 nol .%ethyl[gg W th benzepe stream cont ai nﬁ’ﬂ% 75 o 100 wt. %
benzene. The r li on | $YcUHHOL Penls, VaRen ABesh e TIOIePlen&PIFeOﬂ"er the

section of ar 1Bfe aMRlifdLiRhRO Zdled YA8S.52i0AREBRA B 'y BPIPARnt Nos.
section, where the unreacted benzene is thermally stripped fromthe

et hyl ati on pr odlidi®¥4 Keeweyetzl-od 75@;5061(%‘«!!1‘?&%@%1&3,7&55’(% (Bwreesk). qui d
traffic is rral[%@f]ned bgri %l%%n tevgéopﬁéatl zft%%t nglﬂgﬁ\éo )emleoregrlr%

stripping section. [001 ation %

10/ 252, 767 di shydsedeasvioness, :ilﬂbuglh@mﬂadiumrapaﬂplﬁfse pilobst ARy

reacting benze e wth a dllﬁte ethg ﬁne stream caontai ning 20 to 80
1|11

wt . % et hyl ene @tF Sptensdeedinavehese briliand alecyrrgtiydn OpeFTe TGS TR o
of series- CO”%%Q&oér%&Mtﬁ@hé g:%éesbébé presence of an al kyl ation
catal yst including a nol ecular Sieve such as MCM 22. The tenperature
and pressure df0d8he rea&lt mmtmne theirend Huintushtydias tiaen bﬁeﬂﬁ%mwaarﬁmm
dilute ethylen { eedst 0 u p ondi ti
i nt er medi at e pr Bt g qurg%c?haﬁ%% ‘gﬁ%’sﬂlﬂlg @88? &eactaﬁd’l-"’sr% ?’tﬁ on
of al kane, e. gemp@athanef abcﬁhtti‘&e} 3808@r Whidh ab ebelyvO GRiC CHtidab tE8p@MER b0
mai ntain |iquid phase avoi di ng accunul ati on of ethane from zone to
zone. 100141THeazeng el 5)0 fhe értatogéheaeﬂ@ﬁe@@s@a%r iplonigt epmppreh with the
all cylated ar 3234 jon
reactor with gﬁﬁ%‘lﬁﬁgﬁg feeggrv&gg&&gongﬁrﬂ?ﬂgégdé% 1a ié}ﬂ@?é% @5@%@'@”
mol . % al kane wicervoutaliyncommpensates fat Kenuegetisres \asdociated SUNMARYhi gFer Thallyst
| NVENTI ON [001§J‘%n one enbodi nment, this invention relates to a
process for pr8 ng an allcyl at ed aromatic conmpound in a reactor

having a plurgbgo9y of reapid @haseonBatidiClobdengtnd ddings bedlR@ BetaOhs ZIRNE
and a second reaction. zone, the process conprises the steps of: (a

i ntroduci ng a Siabstis disslessdinil Rrfatert Necbst 4 @6@@6‘@@3%@#%1) FIPIK%WOH)
reaction ZO”e1Nd/¥“@!iﬂ8'i‘4 BRE ok E fvﬁ?éj%gﬁfffy gﬂPBé ecﬁsc%le@'tﬂ%)"l\féﬁbize

aromati ¢ conpound(s), wherein the secon conprises an
al kene and at andait struetptal %DaIOIgem:e hayeb utitiyn im chesa g atikdiletidri/ratsalkylation

feedstock and th ndfe wi.th a fi.r I i the first
reaction zone f’ac?gf) c%xaﬁl igg éq‘t?qtt}\z%td’ 5%@%@?@?‘4@5&3 gﬁth%&

bei ng mai nt ai rsel’éswsde(Mmraﬂ)tUcm%ssaemot 71 3he (MaM49y,east PaRnZRBE

i s predom natel aw d phase, wherein the first effluent conpri ses
o o kyl ot 00 h IR GH TRy G St S10H G52y R Prensto

effluent wit hq;{;wsgg)a Iqrgr_}gn lﬂfen{aﬁ t@&goﬁtqu&ga%oﬁeﬁokr @f/iﬁé@n%nda

(d) supplying at ieas ortion o rst ef uent an
third feedst ocKOOH2i32 EEQEHd reaction zone, wherein the thi rd

por 1 on of tnaVEy eq 1 EPEFHREGYAE ek PSR bRECheEY snfior,

second cataly qiolym:r tehiesahyiomk. Me@ebvenNalhongh pRufr@duredaiged endecept
ond reaction zone bej mai nt ai ned under conditions

effluent, the n
such that t he UBUIRAUFEAT FORHEE B tP S0 p"g‘élc%rﬁt}r?&'ﬁ éwmrrfseﬁmgdf %ﬁﬁ%féﬂng
[0016] I n anot heteeabRdichRhssodiRed RﬁtQQEé des nﬁ?lrd' &n@fﬂ% ?El)%?tgt ave

separating the first and second effluents to over t
proven to be significant.
[0011] Technology has also been developed for the production of

ethylbenzene in a mixed phase using reactive distillation. Such a process is



1001711 n yet another enbodi ment, the process conprises a further step
of contacting the first feedstock and the fourth feedstock with an

al kyl ation catalyst in a by-passable pre-reactor upstream of the
reactor, wherein the fourth feedstock conprises an al kene. |n another
enbodi nent, the process conprises a further step of contacting the
second feedstock fromthe reactor under al kylation conditions with an
al kyl ation catalyst in a finishing-reactor downstream of the reactor.
[0018] I n one aspect of the above enbodi nment, the first and second

catalysts is . i e g C i j f
Ve \4¥22, MCM gé,ub%ﬁ:k% ?98%%\4#6 E@; %%@%’%%@Pﬂ@%%%gﬁsfgﬁﬁéégﬁ? e,
PSH 3, SSz- 25,diERBethyleteéTéedms ke the reretbn teap¥ratitk bf dsteslipll@io) r¢ddB? s
Deal um ni zed Y, ,rare earth exgh d Y. (RE?), ZSM3, ZSM 4, 7S ,
et 50, o7 & Peld i dap ot B8 GRS e en? ot e B b e DYl
first and secothtCRhRH iRt &ft@tKI@ eftllch 2l QRGICC Aol h&ﬁﬁﬂ?@%ﬁ fe@ifdin | N

an alternative enbodi nent, at |eaSt one reaction zone has a first
catal yst conpassentigly nlie yeparahese. Thobénaeneriadhe regefop snwlih bgwaenseapond

catal yst conpqQsi.tl Qn.: t he
above. embod: o SRt At o Ghe ARAbUEESRR LR RachH pfuLlentl

t enper at ur e ofesdefallyoin RSP Pasé.0 500F) and a pressure of 689 to
46011cPa-a (10 667 La). 20 ot.her enbodi t of this

i nvention, thelgg’tégond, ma%ﬂ?ri;t?ﬁo'a‘]h#bbﬁg ‘%‘6@?597’1 af BEGES t PSR IPS
a mxture of furbfilind! BMRNEQRIRNISIL -

The first Aeriﬁé colrlrlgonent ngo r:}g%swlggﬂ?r%l@a%gﬁ?%%@mﬂﬁo&ﬁg ?1?%1%24 30

al kenes. The sa@idhdtuldneavith & bergerresitcammepiainies’ato [Ehwt %l lgnnee. The
al kene. Preferahbl.y, : d nt_c i from tq 80
e et PeBGE D GRD GO PR SPE LT AR
enbodi nent s, tiheludee cobdhzeriehgripging dectiamdwiidie tHeoutrédetddetatisdna dk sheahally

made by 1) m Xxi ng e firs | kene conmponent and t he second al kene
conponent ; and‘%%&"ﬁb@?ﬁ Y?ﬁ*n‘@nﬁ‘f%ﬁs- BieEEHFEn EOURE PRENCYRET RddHRDf

steps (b) and/ipffd @ main’?aiﬁéaoﬁaﬁéerﬁﬁl@e&ﬁyéﬁfonié@%t)i&f‘?nd)fhe_t Mz&@%ﬁpi%g[

enbodi nents, the second feedstock Is nade b adj usting the r

al kene conponeseticand t he second al kene conponent separately to the

condi tions of s (b) : A L XI iL,ti.oned first
al kene comonéﬁ@ﬁind théﬁéfof(ﬁgﬁl)r’{ ﬁ%@%@%%ﬁ%%’&gﬁgi@gﬁ 15?1@% A Prgeess
[0022] I n an alfvetrajrosetientadcdiipiishzak YyhteactingVissnkénenyith AediRovilRylene
menti oned processes are, sujtabl e foyr r trof({tti ng,_an exi sting .

et hyl benzene OYS¥BBHETREAN OROCH: aet}%(@a? anq ¢fEned Thoreachopdep Rise in
al kyl ation reamkQF a sbibsYFserdRUoiiicted TRA ERes B the ?fe%edc@%?ﬁ'ﬁ hRPatide
above nentioned processes are suitable for retrofifting an existing
Al C13 or BF3 eutpisbérchuiing ormelgadaresigieasuch as BEM]22| The tpmpératureeand

enbodi ment, the_ al kyl-ated_ ar. i C. conpound C rises eth e ne
the first feec%?sé‘(k:rﬁ Conpr ?agégfgé ezgﬂgg@'%fxld%%g@s{’ee%eﬁl& ,anfih%fu %?ﬁge%énd
the fourth feeiaisnckarcomier ligeidphadexdonditions Tht hiytkbendiaterplodane betaBch
et hane. [0024] 1 n anot her pre&grr d enbodi rrﬁ(nt, t he all ¢yl at.ed )
aromati c conpdEHHOR EMSF AL TR E POHRE of pikate, £8e grB% K1 %r’r‘btfe‘if%eé‘sate
benzene, and tH&nIRGOAGoved o Flinksh a bhge b9uidiBink 8RN RaI6s FemRRd Se
a mxture of propyl ene, propane, nethane, and ethane. [0025]1n yet
anot her pr ef erfraizanstio gontent this invention relates to a process for
producing an ghhoy! at ed gfoqmky onCS’éIH’tQé“L?.p&&e?s rf?ﬁﬁ;&é?ﬁxci'ﬂg"hd‘gan%lated
plurality of reaction zones including a first réaction Zone and a
second react i anorzditecorbvang ria geredondnanly i likgsd phasesdlleyisticaf teata) with an
introducing a first feedstock.and,a second feedstock to the first
reaction zone,af“fﬁﬁﬁ eé’flﬂoﬁ%cé’"?aﬂ’%% g}‘@’éﬁﬁBgﬁa%gr%i}]/géé%w‘éhquﬁwe&z%q e
aromati ¢ conpounadé smovaerei n the second feedstock conprises an

al kene and at least 1 nol.% al kane; (b) contacting the first




t hi -d-f-eedst-ock-w-t-h—a-second-catal yst in the second reaction zone to
produce a second effluent, the second zone bei ng mai ntai ned under
condi tions such that the second reaction zone is predomnately liquid
phase, wherein the second effluent conprises the al kylated aronmatic
conpound and the pol yal kyl ated aromati c gonmpound(s); (Oseparating at

| east a portion the first and/or second effluents to recover the

pol yal Il cyl ated aromati c conpound(s) to forma transal kyl ati on feed
stream and (g)contacting at |east a portion of the transal kyl ati on
feed streamwith a fourth feedstock in the presence of a

transal kyl at i oBUYBMAIRA ORt BHIBANYINITON r ansal kyl ati on ef fl uent under

transal kyl atio ndi tigns, wherei,n the_ fourth.feedstock conprises an

al kyl atabl e ar @r?gﬁl c coﬁgoaﬂ%(?}bf’dwggt Fhésnélé‘feﬁwrhtrf?%%s e{éf Iaugﬁ’f;e%foéh

conprises the plokidiad afl MEPsed 'afbnfaﬁff%ﬂx?_dund( 0026Llhe RRawes onbady ment

may further conprise the step of separating the transal kyl ation

ef fluent to retadion zanes okuding adirsirsaaion zoae apd grgcondovadtipnzogpethe

aspect of the @BQ%F;CEHE%Q%%%% 0§.he transal kyl ation catalyst is a
sel ect B

nol ecul ar si ev romthe group consisting of MCM 22, MCM 36,
MCM 49 and MCM 56, (apt a ineeducing, a fiestjfeslstbek ambedecindefecddBidk3p tBSH2D,

ERB-1, ITQ 1, 1TQ2, zeolite Y, Utrastable USY), Deal um njzed Y,
rare earth exchanged Y (TRREYPD Zo0g, erC @St%gjﬁtig,%’;?ﬁé}n %lq?lgglg)e
conbi nation thereof. In aaeithedondseRs), fhetiehahoms RaRkTBRADSses bhe
transal |l cyl ation conditions of the transal kyl ati on zone i ncl ude
tenperature of 100 to 450@nezudatilepsBlumpd %oglldng pressure of 689 to
4601 kPa-a (100 to 7 ) le i e
al kyl ated aromatic @gnpgcéiﬁgl%%g%g%g&g& ﬁé‘i %@ﬁgg%&ﬂq géggﬁgéf%@ aﬁkj?
preferred enbodi ment, t hatahiskinltht Bt eanaivatzbie ogopuad fies sffiuesiete first
cunmene. S DESCRI PTION OF THE W NGS . [0029] Fiqures 1 and_ 2 ar

fl ow di agrams of a prOCéQ%CtLPBIZO?ﬁ ?f@laé’lﬂﬁyp‘geé%ﬂ’é‘ﬁ%m}sﬁugb%tr%ﬁ?f&%
with the exanpl es of theeidi¥NonMs (PEbAlMED DRESERBIRONHRT MR first
PREFERRED EMBODI MENTS Detail Description of the Process

[ 0030] Referring to one et easprises an Hodatedyremetiosprmapoupd pudalkeaneed in
Figure 1, a reactor, 20 : Lon: . i

Jone. 35, a second rhot  BansbE T SELP ek AR Separdioh of e HERE Hef g
first feedstock conpri sifivgt effiuent;kyl at abl e aromati c conpound, is fed
to a by-passable regctive quard bed 25 via Jine 7 d further via
line 9. Afirst al k@_ﬁe ¢y W&ﬁfﬁ'@gﬁpﬁ’qrg?‘h@‘l & ?\lﬁ‘gﬁfﬁté _e'étl %éﬁetﬁwla
line 1 is premxed with .gRERRAIIRIKERAR FERIRPIGRL GRS he g Hidstser
al kene via line 3 to forma second feedstock conprising an al kene and
at |l east 1 nol.% al kane.coTpasesanotignd;@adist ock is fed to the

by- passabl e reactiveg, gu via.line. 13, L bot h, t he
first feedstock ana(% } heacrggtélgtﬁ% tﬁggt S 531?0%){/1 Olg}%a(gogfetdh%&regg%ﬁn?% e
guard bed 25 via |ine 1%hird liedstedciliva secoad dataBet AShersscond pdaatioh zone
al kyl ati on catal yst, e. q 22. The reactive guard bed 25 .
typically operates at or®n@afuCeoddre™Ke “%n@"@rg‘?ﬁ‘@, _r?)"ﬁimrhﬁ?neobélpét e
at | ower conversion so thahtafnB@ &k dRBHioRd such et ARGl BARLH BRGs 25
| eaving via line 27 is conposed of al kﬁl ated aromati c conpound (e.g.,
et hyl benzene or cunene) ,Pr%lmﬁlﬁéleﬁléd’ afckene (e.g., ethylene),
unreacte,d al k abl e o) ' :

Fir oact od |1 g0 dour 1 Betpsiel SREBGNIE 48 sthoer SUASREL nllE: sip of
et hane) The r esptiatieg gharfistbent etdond eeffluénts Ité necaér itke talikiyldnel aromatic

combined with the streamin ljne 1 nd then passed tq a heat
o tbanoar o1 " falhond BaYe: Amolbr enBaliies Mo Rest B BPen s of o

to the reacti ogpg@ify #9caét @ pbitidd of Aquidddiheibaiah oF8GORH0A 8aEHRE K Me
fed to the reaction zone 35 via line 31. The conditions (tenperature

and pressure) bauig Haitingafer icoplingode 186 angtheruernbadiments the prosessl comprises
another step of feeding at least a portion of vapor and/or liquid effluent at the

bottom of a reaction zone prior to the liquid exiting for cooling to a downstream

reaction zone.



[ 0632} The—efftuent—ef-++he-69 fromthe reaction zone 67 conbini ng
with the by- pass streamvia l[ine 71 | eaves by-passabl e
finishing-reactor 67 via line 73. The streamin line 73 containing
the desired al kyl ated aromatic effluent as well as any unreacted

al kene, unreacted al kyl atabl e aromatic cenpound, polyalkyl ated
aromati ¢ conmpounds, nethane, and ethane further via line 75 is fed to
a separation block 77. The unreacted benzene is separated and

wi thdrawn via line 97 recycling to the 10 reaction zones. An

over head effluent of the separation block 77 containing benzene and
lights (e.g., [80¥Wdne, afdlyetemnbBeeymbadimenttheipraosss tepaisse pAvsher oiep of
bl ock 77 via |} 1 epe .hs. _stri.ped a

wi t hdrawn vi a #ﬁ%&tr%&g‘ﬁseﬁ%%ﬁ% mgdrltél\é&gt{ﬁ%v%g vFg%fl%hnaen @@IQ naci#gyss ¢
conpri si ng }) Pdngw%mbéﬁﬁleqﬁeﬁ%aafwnw%ﬂemmﬁwmum, @B@ama%ieﬂm:li(mc?f;ced&tbac
separation ock 77 are withdrawn fromthe separation bloc vi a
line 89 to a fOMPHET BAbngt InEROBprFIRbogINSHA dRePTPERSS HETRISES & firtherser

aromatic conmpqyng i i i
St riper 8L, o Saar i EnB AR Mol Bttt o fIRYRS Qlitins
aromat i ¢ conpowitioan alkdatidnmataBgat inThinighingsieacsor doinytadaicyf the wdctar. omat i ¢
conmpounds stri he benzene conpo t Ln the,striper,8 A botto
stream of the @ﬁﬁl per 8 n iogem?SP%rogev\ﬁe\ﬁlbgv? ieﬂ’go‘%‘}leﬁbrt %gﬂmc%‘}‘?gﬁ%@
Wi th addi ti onadatalystsSis 4 aRUgbRE kievé selbdtéiei8R. tha'@mifodilihisi@ﬁh 81 MGNVR2S
fed to a transaIICXI ation reactor 103 via line 101. The

transal | cyl at i ¥MaM-86MEeMs49,04CM: 56 petezedife, fatiasitecpprdriiteo RSHS SRZt A at

20-100 wt. 9% f _ynﬁ)_t f . iC
conpounds in the sl’?{jg'g?ﬁ 0 %’izggﬂ%l a%%&%%xgwdb?%h%ﬁﬁdggé%&%
aromat i ¢ conpounichng®h YefREVip ifSN3, 129041 ESM-i i IM &0 warmeg | doybatation

reactors is c i wth the eff.l uen f line 73. fromthe

by passabl o 1 iHRER it ettt FmBodimbSh e b Seefid srb s gt et Bk
77. The al | cylcatbt eimatRitios. MOMNARE SenftRBRMcNE, & 16ast che @éclivteRdne has
streamw thdrawn via_line 93, [00339 Referring to another enbodi nent

of this inventd st @alyst compasiioadnd af legsgenothep reagtionegae bas De¢ondpatalist ee
reaction zones, E_%Ogi{z\@l?ti on zone 235 , a reaction zone 247, and a

reacti on zone 3 ) irst feedstock conprising allcylatable aromatic
conmpound is fd019 a bylpgstsabtler ngrct ofaygersr of the db@25embalithems tRO7

and further via Li,ne 209. ec feedstock conpri si a e d at
Toast 1 ol . 9% PR Ao TRt (O OaE o PR L 5o e o e
213. The secorsbofmansh sdr@opasmtemstnqcqua@odtorm[pailajsene conmponent
conprising a concentrate al kene and/ or a second al kene conponent

conpri sing di I[09%]al ken& ammtipesembpdimspt ofdhiy inveatian, thetsegandgde duitd, ant
t he second fe - : . j i ine
919, T enciio A Ao BRI AELERL: S AL LoRBSAE AL fcbhd
e.g., MCM 22. dliteae ceapdriene The fird athent @2pohyp caaplises 8pearnates 140 nal.%
near 100% al ke conver sion, byt . may operate at .| ower cqQnversj SO
that an ef £ 1 LRGN A b8 5boond FUKERS cPHonF Sarprsss gLisesd 02! Joakore
conposed of alp:Eft-8lyethedE QMR alICnE QFRRVHBH chRpSses T8N0 R0 %4RI1E, Akene.
cunene), any unreacted al kene (e géﬁy et hyl ene), unreacted 11

al kyl at abl e arl8%di ¢ composrasPecs ofany ase ay baahovesmbodimeatse the gedongibe

inmpurities (e..g i t : .

reactive guar cfg%%c?g %ﬁ%gﬂ% f#?\%%%ﬁ&l@? Sﬁ( g(rgheg% |%éen§ c\;\nﬁ?%mtnhe
stream of | i nen21®: smand bkenepasgederttparal Hedfustng thangized 2@tporieat toithe
223 before passi to e reacti.on zone 235 via li 233. i tional
second 1 eedss ceRAaRY ot Neef FcABE B 3R Save’ e Mo s S5the' e

addi ti on seconghthogitats) ke isécoad Neddstock 19Tmalel By 3§ adjuk@ite tHeOAROABRAe

conprising a concentrate ethylene and/ or a second al kene conponent

conpri sing di |eemorgnk anbthegpgoan allgye enanngnemst sersrvtely o tewpoaditiensed stepom
(b) or (e); and 2) mixing the conditioned first alkene component and the

conditioned second alkene component.



ant hracene, napht hacene, peryl ene, coronene, and phenanthrene, with
benzene being preferred. [0039] Suitable al kyl substituted aromatic
conpounds i nclude toluene, xylene, isopropyl benzene, nor mal

propyl benzene, al pha-net hyl napht hal ene, et hyl benzene, nesityl ene,
durene, cynenes, butyl benzene, pseudocurtene, o-

di et hyl benzene, m di et hyl benzene, p- di et hyl benzene, i soanyl benzene,

i sohexyl benzene, pentaethyl benzene, pentanet hyl benzene; 1, 2, 3, 4-
tetraet hyl benzene; 1,2, 3,5-tetranet hyl benzene; 1,2,4-triethyl benzene;

1,2,3- trinet nzene, mbutyltoluene; ..p-butyl ol uene;.
3, 5-di et hyl tomﬁ@i; oet H‘yﬁnolah grve, © %R*';‘}B’F’B‘I LPXI’I 35 PSS (R Gl
4- et hyl - m xy| engitiofidrpiodydseraphit fisdablaeor bk thap b &iEiAg; ethylbenzene or

2, 3-di met hyl ant | uncene; 9- et hyl ant hracene; 2-nethyl ant hracene;

o- met hyl ant | n&¥®&ee PEns Bithgs Yeeasy fighidn an rirehahase qikylation reactor. In yet
3-met hyl - phenapiicengoath e thf@h@&x‘ﬁb&ﬁhé"@dogmneﬁﬁ(%ﬁéh g&%ﬁ?sﬁaé e Juitable
hydr ocarbons can al so be used as starting nmaterials and I nclude
aromat i ¢ hydr doaetrefitéing sicéxisitga] €l pr BHuetbdbinzendw calnkeyd pleaton of

aromati c hydr ons with olefin oligoners, S roducts are
frequently r eﬁg@id to rhé H@?WB %{Eb@m’g‘}l gleeg%%{%fjn%rf’% ¢ compound
hexyl benzene, 8Pl BB zendOthRCOkDRBERIR comphises benzene, and the second,
pent adecyl benzene, hexyl t ol uene, nonyl t ol uene, dodecyl t ol uene,

pent adecyt ol udhrethirdtand thyefoyrte facdsiocks gmariss 4 Bixwe Sl styleas, methanghand
boiling fract ieﬁﬂn- n which the al kyl group attached to the aromatic
nucl eus varies 1 n size fromabout C6 to about Cl2. [0040] Reformate
cont ai ni ng suli8azdht i al fumothet preferel elnbodimes, the allybnd aanditercoxpbanie

constitutes a part.icularl seful . feed for the alkylati process of

Thi's | nvent of SRR UGPEHES el Baptre iy e Detteeoo time
production of mgihuhdeans et rfesdsReksy IRhpieas enaide dif Cg%ﬁyleﬁé?yﬂr@ﬁﬁe, It
is equally applicable to the production of other C7-C20 al kylaronatic
compounds, sudketagendwiane.as wel | as C5+ al kyl aromatics, such as

Cg- C16 | i near near |j e 1 411 T. o]

f eedst ock co g@s&és an g‘# E%ﬁigo@ﬂgﬁé%eﬁ%%ﬁ %dglé%q’y@st ﬁgergt@gor@h%tes toa

f eedst ock i nclpustess forqroadehigr at elityhtddesrembtée dshpmmd (ie. @ reaciyr ddeing a

al kene) and a dil.ute_al kene feedstogk .Q., catalytic crackjng .

o £ gan) [ 00A M CE SR PR At g Tt kyacHoh et SGPnd frlcton

f eedst ock usefzphe k@ﬁ,&;@@g&gﬁg@s@@s&ﬁy@ invention includes an al kene
feed conprised of at |east 80 nol.% of the al kene and preferably at

| east 99 nol . % to {90 nistrodycitia4B3tTicedstiick nd aabdepndaféedgodytenthe dfistt he
feedst ock useful in the e f I .. i i ncl udes a. dj e
al kene feed which cont afeﬁét%gltfbﬁ%gg]%etr%é\gwa d tgfrr%;édsg’?i]c(i c%%l?liglsggglll Fvyfzgta%fe

| east one al kane. For exemaliecorpumnd(s), Mhemikep8edosd Eelytbek@mpirife an
al kane may be et hane and/ or t hane. ﬂ'l%@i cally, die dilute al kene
feed conprises at |eastakencagf ablewt 1 “aplkase, preferably from 20 to

|.%of the al . R@ el 6 ' b
80 ol . % of the al kgne. ofMeRate fivl Bédsockafd it oA fhishbewith !

ethyl ene stream obtained as an off gas fromt catal ytic
cracking unit of a pet reit@yshin teifings rgactifrOmag [ produre adiriicedilurph thedirstt he

i nvention, the second f } - trate en
feedstock only. In anot %E&%éﬁ‘%gﬁpﬁggg‘%ﬁm@eﬁﬁ%%ﬁ? ﬁéﬂgs%%hgh a%eléa'ofhr
feedstock includes a diteattnabdenz heddsinaiely Gghiy . phase, ywherein ofhb efirst
enbodi mrent of the inventjon, the ,secong feedstock.is a mxtyre of a
plurality of feedstocksSHEFtFEMAFRESER aliyatsf jaroaatic epmpoypd, alkae, Fide

concentrated al kene feeggiq a@@gﬂoﬁﬁtjggorﬁﬁﬁﬁggﬁo mol . % al kene and at
| east one dilute al kene feedstock having "10-80 nol . % al kene 0045] I'n

one enbodi nent, a fMur afdalips dfe fiseefduent kathauhsepayatinkafrihe pllignebicom the
pre-m xed before being Rrought to the suitable conditions for
al kyl ati on reaction. ’

(d)  supplying at least a portion of the cooled first effluent and a third

feedstock to the second reaction zone, wherein the third feedstock

comprises an alkene;



15 I n anot her enbodi nent of the invention, a plurality of feedstocks
havi ng al kene may be separately conditioned to the suitable
conditions before feeding to the reaction zone(s). The relative
anount of each separately conditioned al kene feedstock to be m xed
and fed to the reaction zone(s) is varied based on the reaction
conditions, catalyst (activity and anount), and space hour velocity.
In one enbodi nent, the first few reaction zones of the reactor are
fed with a second feedstock having higher al kene content than that of
t he second feedstock for the se;ond few reaction zones, aV|at|on d

Transal kyl ati on Real® i orforiagiings ‘Fﬁtele%‘{tlﬁﬁogiqnd)rf thesoteddirstasiheent and
operated in a predom nankiy thiifbiich il 83Econi RafAg: HITROWRN toachdhs
inlet conditions of the inlet portion of the reaction zone inclu
tenperature of 100 to 260Qr¢dute at@cmbﬁ}luandtha sotmedsyne b@fﬂgﬁﬁ@ﬂtamed
4601 kPa-a (100 to 667 p5| a DE] ef erab% pr.essur e .of ﬁ?00 to 3500
kPa-a (218 to 508 psi a) co 85 PPond fﬂialtl &i?ovﬁ%%?nidea{ﬁ? 8Ac P 1S
zone include a tenperat lﬁr&ioﬁiﬁnal@? ligeid4hbde, wBE2intthe Stbin) eiﬁﬁéht%ompnses
pressure of 689 to 4601 kPa-a 4100 to 667 psia), pref erably,
pressure of 1500 to 3000hkpikyiatedoargmatis %@%@M& @W@kﬂ%ﬁ%amewm
al kene for overall reactc%;n %mﬂsl to 10111, preferably, 0.2 to 2111,
nore preferably, 0.5 to _JL) , 3? a WHSV based on both al kene and
benzene for overal | (ff eaceparatafg di0lepsd alP@idn thepfinsf endibyt yecoD efftved® to

I f1. Typlcallyterrperature|sptE|gh edo stream ppr.tion,of the
reaction zone than the ifif®F" ?t?‘ﬁ?‘?lf@?atf’cﬂ a‘?“é‘ CBH’p%’ﬁigs)dﬁ% g1t he
exotherm c nature of therakddyl@idndBed sBashi 4. The al kyl at abl e
aromatic conpound is alkylated with the al kene in the second

feedstock in the pr@ encengstingatisarya parfioholthe fpusstkylation faed sisgast with
having at |east two reagaii‘%zf%b@‘i%ck I}Pfﬁ ré@s‘éﬁdeo azf?%ﬁlkgfaﬁ Hﬂmg&'tl}y

| ocated in a single reactor vesse Include ar ¥ 6h*Yone
i ncluding an al kyl ati on pr@dtmbysltan&hﬁddationeﬁtmdt wrdestepriliyletioresaditions,
whi ch may be a by-passabl e and operate, as a re Lve guard
bed. The catal yst conmpostisdh tﬁ"s\,\g?}‘qhnga%% eI @?Jz%{ké’?agf’é? ﬁﬁ}?ﬂ
different fromthe catalgghoaiBOoshd afsakSRdon Nertikeyt alEw %ingﬁses the

reactor. The catal yst conposition used inthe reactive guard bed may
have multiple catal yst cdfped erpmalic compopedhst the first al kyI ation

reaction zone, nor c o
oper at ed under cgﬁd |gﬁﬂé}{ee &%veﬁéﬂ?}dagguer[hgﬁﬁﬁﬁ#?@%% ?pafaﬁlel:’
al kyl at abl e ar ﬂmmmgufMemtblnemmtbdd&bﬁﬁe@ammﬁecﬁm@funﬁ he second
feedstock in t esen e of a al ky ion cataly 0047] The )
effluent from Wt e T G6h of dhe (ogtE feb?@gl(nrep tthep]rtraaﬁ ation
conprises the Q&ﬂ%ﬁtqg aahllélébﬁﬁxegleﬁé QuTBddL ﬁ%oﬂlb'f%@uﬁl@érf‘sﬁﬁﬁ§@f MCM-22,

al kyl atabl e aromatic conpound, any unreacted alkene (al kene

conversion is M@étﬁﬁeMQhé-4Bén‘éMGMé§t bayozagbite, ﬁﬂﬁ]@ﬁ@ﬂ@t@nﬁy,f’%&&sz-

98- 99. 9999 m)l aﬁli% )
The terrperature pres’stﬂrzlz an Q%&%@(@Eﬁﬁﬁ%&s@?g h@%@r?gﬂé‘h ﬁf&g&sucﬁe
that the effl uenih ieschmpsd af NEREYY) ﬁSBﬁ&),mZISMﬂJ yZSMQISL dzgiade wheny
the effluent exits the react. nzo The te re of tge ef fl ent

is typically hF‘EjWEPa PRafLeed: ¢ Errﬁ’é? §upegh e‘f é" Ve SOOI e

al kyl ation reaghdsaitylafio® 61 Rk Yf ﬁié%éﬂ@d]@l&on%n@ﬁicﬁid@'t&nﬁé@&uﬂ%@f’fl00
reaction zone in liquid-phase, the effluent is tlyg%q(ial I\Q/ renmoved from

the first reacti4’GEi2 AL Brskacdressie of639 tadhp a di0g ¢ 64 wsd! ed

dbes mot removi 2l =Y oafl hHRERy <REkn, SRN Ry CH AR Rnghil
| oss due to eqoimppresnd cthplderopre. &t horther Ateftremisdmbadinoent, Itb&‘lalhﬂaﬂeh(ﬁromatlc

effluent is fed to the second al kyl ati on reacti on zone where
addi ti onal secBHFPHEEHLTHLKS P fded for reaction with the unreacted



tenperature of from-about 150.-to 260C, a pressure of 689 to 4601
IcPa-a (100 to 18 667 psia), preferably, a pressure of 1500 to 3000
lc.Pa-a (218 to 435 psia), a WHSV based on ethylene for overall
reactor of 0.1 to 10 If', preferably, 0.2 to 2 W, nore preferably,
0.5to 1 1Il, or a WHSV based on both etShyI ene and benzene for
overall reactor of 10 to 100 111, preferably, 20 to 50 If', and a

nol e rati o of benzene to ethylene fromabout 1 to about 10.

[ 0053] Particular conditions for carrying out the predomnantly liquid
phase al kyl ati on of benzene wi th propyl ene may include a tenperature
of from about HOSCRIFRQN OF PHEIRAWINGSabout 680 to about 4800

kPa- a; f f ut 100_to 140C and f about _2000
Lo 3000 1cPa. 20021 WSy BHESER 0PI U476 SISO AR50 17 BBGATEL0
hi', and a mleﬁlﬂb%hkel%e‘?ﬁ a&sfaéﬁ&%@ths}emgﬁé}%fme%%ﬁa&&!t Ito about 10.

[ 0054] Where the al kyl ati on systemincludes a reactive guard bed, it
is operated under at |east partial liquid phase conditions. The guard

bed will pref 3 r to
285C, prefer ammﬂbﬁéaﬁi& FOTH G?P%m essure

of 689 to 460 DdtsiFResariptiddboflie B0despsSi @), preferably, a pressure of
1500 to 3000 kPa-a (218 _to 435 psia),. a_ WHSV based on ethyl ene for

overal | react df039f 0.1 Refeming to1ong)prabedimentyof Wisyinygntion as’ fypteated 1n
f bly, O. 1 |
Denzene for ovdfal it arn o ifs hRIcARE RS ML £8P 38 on

benzene for o reactor o
| f', and a nolreactiat eaneod7, rad zethird treactorh porent®. fA dinst femdstockl coroprasbguin

10. [0055] The po kyl at ed aromati.c .conpaunds in the effl yen may
b senarot od. ISRl dniels afndin i SRR pbl o e B8 35 T
conpound(s) . Tig 7adndyfupth@dvi@ligérst ACirEOMRAY MmhnefB8&nIing a concentrate
transal kyl ati on bet ween pol yal | c%l ated aromatic conpounds and the

al kyl at abl e arabieae Vg linsnbupemixpd 0818 arseeond: dkrng| RyPaRenb AomR S Bhte
takes place ungeh p,q6Qn %%hh% éeb(ﬂlg'fgedgéaa??mﬁ;?ﬁﬂ{%[ééloﬂgene%ﬂﬁta{ felear
tt y Tiqui d phase

conditions for carrying ou e predom nant
transal kyl at i amol &4 alpaiey Ehdyebtwnfeaisetis s fod tohhdierpmseblamasctive ghandiked2 5

temperature of . from.,ahout . 150..t baut .260C, a.pressure. of 696 t

4137 kpaca. (101 115 Bod ks of bofh Gt fatutrand isc o et igre D ov
pol yet hyl benzeng(ifd rdag8 dulrdlBRg 25 aLk0n. T8O Rabivel guai RE QY tm - dnfaf
about 100 hi' "and a nole ratio of benzene to pol yet hyl benzene(s) of

from1:1 to 3@ikylatiph entalysibf.g, MCN-PoThoreactivagperd hed 26 tyti¢ally operates of
5:1. 19 [00571 L0 300! feleSBRod; t’BIImO nr}B Sﬁg@ﬂ?%ueﬂé&%{#g sE%ﬁHOef”

t akes pl ace under vapor phase condi rtircular con ions

carryi ng out tefftueniagfothe phaide gunanisdl 25\ikatgovia tihe D hsyyatippbddestaditytsed
wi th benzene may i.ncl ude ienpeggéure of from about 350&%0 about
450C, 7 pr ossEFEH GEWORE! o IRBLEIe 671 CHRFSl AB pigcted, SRS A s o
on the wei ght cﬂfyl&@ﬁuﬂ@h&%ﬁ ihlyli{t%l%%ﬁ{a& ocin;?llf‘diin& @e.é.b@en&&é%tah@ﬂn&% of

from about 0.5 tfo about 2 , preferably, from about to about 10
hfl, and a nollightzpustiest(cige hydngen; vitrpeany methpnd apryethane} The teattiverguard]

to 5 1. pref gealben?inidrP il nh@ORRN M APl SRBAK i G TR TRA!
of this invention, e above nent1roned processes are suitable Tor
retrofitting gassekist hewy epdhiaydeb @hxenimed3. Anrsihenpdiahe hedt ekchangeapdis,

l'iquid, or m xed phase al kyl atj.on reactor, . ln particular, the process
of "thi's | nventrol Begsondul 5o s o Addimel bt e Blary roBaDe B or
cumene plant yedchéh POley % iadh@d$1.OTheCORAMIGA (tEhpHER! id SBRuRY of the
propyl ene with m ni num anount of new %‘};édgnents, such as, extra

conpressors f apactipiezong 38 igsuch Bukthe aixe tacksdp wrriedogrinandy digwid phase.

i ght gas and QERLil A . [ : t 1294 T-

al kyl ation anﬁ%r g%%%‘?%?f? a??ésﬁb%g%daﬁ’%taﬂﬁ%ti°ﬁa°{a%§xgr oCess o%’tﬂge

i nvention is nnteacted dlicglaableatonmedic radpyund dmiieisgesn af liheedsits atkyrtedfwith
the alkene in the additional second feedstock in line 31. An effluent from the
reaction zone 35 is withdrawn from the reaction zone 35 via line 37. The conditions

of the reaction zone 35 are such that the reaction zone 335 is maintained in



20. catalyze the synthesiis .of. al kyl aromatics, including ethyl benzene,
is described in U S. Patent Nos. 5,508,065 and 5,371,310. MCM56 is
described in U S. Patent No. 5, 362,697. The use of MCM56 to catal yze
the synthesis of al kylaromatics including ethylbenzene is described
in US. Patent Nos. 5,557,024 and 5,453,554. The entire contents of
all the above patent specifications are rncorporated herein by
reference. [0061] Alternatively, the afitylation and transal kyl ati on
catal yst can conprise a nmedi um pore nol ecul ar sieve having a
Constraint Index of 2-12 (as defined in U S. Patent No. 4,016, 218),
| nol uding ZSM freddiSily, ligbhphidse, ZEM1a31aidS st EMSRacBALOSNS 48,
ZSM5 is descri bed etall U S. Patent Nos. 3,702,886 and Re.
29, 948. ZSM 11 typicalssagertssti of fesa i G0V dlrylcieiceveisianent No. 3, 709, 979.

" U.S. patent BT 4, 556 597 s Gl ey dond il e M (b B pp ¢

4,076, 842. ZSMe@ b siadesdi| freskditima hbasexcﬁa@nw i tolinftordt. th&AShdtion

isS nore partlcula .described in S. . Pat ent 4.23 . The
entire content &56f l7éfalci e g@BU‘@“Bg?’Bﬁﬁdag?}g‘?ﬁ tﬁoataﬁ%%szﬂa? éslmaygy “pass

i ncor por at ed hgk@ef cRdhahQdr 80 SiCme 450RGRIANG] RcdidribdiBiocielstied Bakd réotiok he
al kyl ation and transal kylati on catal yst can conprise a |arge pore

mol ecul ar  si eveonkaviviiding 48Rt qondifiensiof dhexeacienszann 47 ae such fhatdhy eadtign ge

POy " beat uny At S malifeidGn SRANIERAI i AR ThE gk LARLARE B ¥
ZSM 20. Zeol i t madiskdzdde 43 mtgpmﬂhb@ﬁrated dtofSnedPad &00% Mthylede 860, An
Zeolit ZSM 20 bed uU. Pat No, 3,972, 983. [ j.t
S o 2Dl oy 8 Syssti o2 s Wit e el bmEshey ] M ey

Low sodi um U tgﬁ%dﬁtbhﬁ HEE’c'e%l&hhgér ﬁgﬁ& o (d&tibn | !rﬁﬂaé’?e’ﬁ@t[dn%ﬁe 59%19111% 53
Pat ent Nos. 93, 192 and Deal'um ni zed V zeolite (De Y)

may be prepar edgEy, 2 hertinpohde efBuend flom te Scackon @me Nomagp bm)gssﬁg@heat

Zee o LS D0 31 Ak ol 900 5 S

Mordenite is aviadinei§RlThy comkitions ofie rmt:te:rmmhe im:tre ISL&h&Hlﬁﬂle&VﬁthﬁiHHESQn

synthetic fornmg, such as T -rnord E‘PE?Sﬁ ﬁg: nt hetic nmordenite
g

prepared from 5 PAHEPEGOR nrpdomipant] & at“"e"t sioncAVIValRTd, fgpgtion
directing agen&&ne 555@8?&% BhdrSied Bt Si‘r%ﬁll RSRdy &h)!‘ije@ coﬁ@érﬁ@ﬁ AP nent

3, 766, 093 and e entire contents of all the above patent
speci ficati onsframéhq mwppaetmf@ds wathérawn tﬁymrrei(ﬁpem 59 V@Eﬂ_hr[eO-‘OES&]SE'ddéo

sane catalyst th the.tr.ansal kyl atio one

al kyl ation zone f‘ﬁ’gggr esepn'(ta po \r/‘eﬁ?cfndﬁp agtye%éﬁagkl i8 %ﬁ?vre H]“a
catal ysts are ﬁﬁw@ﬁﬂgﬁﬁ[abd&lﬁoﬁlbfﬁlereﬁnlént&tdilyl}ﬁtrb&ﬂodm&$9&ﬁ@ tiyqﬁss the
transal l cylation zone, so_as to be tailgred fo tt]e particul a

reactions cat oAy e¥changer &2 via fipe 8 and pdarmk Fﬁ"%‘i oLy Jésfé‘ntto the by—
i nventi on, B A0 Enf uﬁtb‘fb&chrC@f 34 Sihe T8 18 aﬁiﬂ#ﬂﬁomé Qpoige q’)lry J)El&a Qs

50%b|nder |s sed in the“higher tenperature al kylation cata
and a hi gher aﬁmshmg—yeactar ar mmumhatél)fdrymmabliﬁ'%sbmhba@orﬁds 1@BiYained

bi nder is used. int r te tur taI

ohi e sui t bl e Peisgarely TarkrrHBg & o' te Ber b ey pabShie iSSime.
transal kyl at i ofeazton@7 miy $y@bssathe65m$amenﬁmslﬁﬁgtleﬁwt@t shivig ﬁheam QThe
zone coul d i ncl %c,ie, ﬁ yst bed for predoni nantly th d
phase operat i off xShoftf e bpa&@&ﬁ%thltaa@a?tﬂt/@nwwﬂtﬁ@era ed at or
al kyl ation reaﬁgam)nlm% byltRashvddén. first, and normally in each, of
the al kylation reaction Zones takes place under predom nantly liquid

phase condi ti off§32lsuchhe pfinent héling §9carathalstastion zoma 67 combinipe wili thesdyt n

t he predom nan ifvent i
particularly d s?gérsl ed wlﬁ%ﬁaﬁe egr enS%] gﬁﬁ[ fpm%%nrf g\gﬁtér‘lm %‘%E}/%ﬁbr}”gfé.‘ The
Exanpl es Exangiteamlin link RicontEhagahdidsicbditkpnted Q6T ek dsovdling any

unreacted atkene, unreacted alkylatable aromatic compound, polyalkylated aromatic

compounds, methane, and ethane further via line 75 is fed to a separation block 77.

The unreacted benzene is separated and withdrawn via line 97 recycling to the



conversion (% EB cumulative yield (nol. %9 B/E ratio EJE ratio
Fraction Liquid T (C) P (1cPa-a) Bed 1 Feed - 21.0 261 1 222.2 4270

10

reaction zones. An overhead effluent of the separation block 77 containing benzene
and lights (e.g., ethane, and methane), is withdrawn from separation block 77 via
line 79 to a striper 81 where benzene is striped and withdrawn via line 87. The
lights are removed via line 83, Heavies comprising the polyalkylated aromatic
compounds separated from the separation block 77 are withdrawn from the
separation block 77 via line 89 to a fiuther separation block 91 where the
polyalkylated aromatic compounds are separated and withdrawn via line 85 to the
striper 81, optionally combined with additional polyalkylated aromatic compounds
via line 82, The combined polyalkylated aromatic compounds strips the benzene
component in the striper 81. A bottomn stream of the striper 81 is withdrawn via line
87 further combines with additional first feedstock via line 99. The combined
stream is fed to a transalkylation reactor 103 via line 101. The transalkylation
reactors 103 is operated under conditions such that 20-100 wt.%, preferably 40 to
80 wt.%, of the polyalkylated aromatic compounds in the stream of line 101 are
converted to alkylated aromatic compound. An effluent in line 105 from the
transalkylation reactors is combined with the effluent of line 73 from the by~
passable finishing reactor 67 as it passes to the separation block 77. The alkylated
aromatic compound is separated as a effluent stream withdrawn via line 93.

[0033] Referring to another embodiment of this invention as illustrated in
Figure 2, a reactor 221 has three reaction zones, a reaction zone 235 , a reaction
zone 247, and a reaction zone 259. A first feedstock comprising alkylatable
aromatic compound is fed to a by-passable reactive guard bed 225 via line 207 and
further via line 209. A second feedstock comprising alkene and at least 1 mol.% of
alkane is fed to a reactive guard bed 225 via line 213. The second feedstock is a
mixture of a first alkene component comprising a concenirate alkene and/or a
second alkene component comprising dilute alkene. A portion of both the first
feedstock and the second feedstock may by-pass the reactive guard bed 225 via line
219. The reactive guard bed 225 may contain alkylation catalyst, e.g., MCM-22.
The reactive guard bed 225 typically operates at or near 100% alkene conversion,
but may operate at lower conversion so that an effluent of line 227 leaving the
reactive guard bed 225 is composed of alkylated aromatic compound (e.g,,

ethylbenzene or cumene), any uareacted alkene (e.g., ethylene), unreacted
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alkylatable aromatic compound (e.g., benzene), and unreacted light impurities (e.g,,
hydrogen, nitrogen, methane, and ethane). The reactive guard bed effluent in line
227 is further combined with the stream of line 219 and then passed to a heat
exchanger 221 via line 223 before passing to the reaction zone 235 via line 233.
Additional second feedstock is fed to the reaction zone 235 via line 231. The
addition second feedstock is a mixture of a first alkene component comprising a
concentrate ethylene and/or a second alkene component comprising dilute alkene,
which may be different in composition from the second feedstock feeding through
line 213. The conditions (temperature and pressure) of the reaction zone 235 is such
that the mixed feedstocks is in predominantly liquid phase. The reaction zone 235 is
packed with an alkylation catalyst, e.g, MCM-22. The unreacted alkylatable
aromatic compound in feed of line 233 is alkylated with the alkene in the additional
second feedstock via line 231. An effluent from {he reaction zone 235 is withdrawn
from the reaction zone 235 via line 237. The alkylation catalyst of the reaction zone
235 is typically operated at or near to 100% ethylene conversion.

[0034] The effluent from the reaction zone 235 is withdrawn from the
reaction zone 235 via line 237, passed to a heat exchanger 239 prior to injection in
the reaction zone 247 via line 241. A portion of the effluent from the reaction zone
235 may by-pass the heat exchanger 239 via line 245. Another additional second
feedstock is fed to the reaction zone 247 via line 243. The conditions of the reaction
zone 247 are such that the reaction zone 247 is maintained in predominantly liquid
phase. The alkylation catalyst of the reaction zone 247 is typically operated at or
near to 100% ecthylene conversion. An effluent from the reaction zone 247 is
withdrawn from reaction zone 247 via line 249, passed to a heat exchanger 251
prior to injection in the reaction zone 259 via line 253. Again, a portion of the
effluent from the reaction zone 247 may by-pass the heat exchanger 251 via line
257 and additional second feedstock is fed to reaction zone 259 via line 255, The
conditions of the reaction zone 259 are such that the reaction zone 259 is maintained
in predominantly liquid phase. The alkylation catalyst of the reaction zone 259 is
typically operated at or near to 100% ethylene conversion. An effluent from the
reaction zone 259 is withdrawn from reaction zone 259 via line 261, passed to the

heat exchanger 262 prior to injection in a by-passable finishing-reactor 267 via line
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264. Again, a portion of the effluent from the reaction zone 259 may by-pass the
heat exchanger 262 via line 266 and additional second feedstock is fed to the by-
passable finishing-reactor 267 via line 263. The conditions of the by-passable
finishing-reactor 267 are such thet the by-passable finishing-reactor 267 is
maintained in predominantly liquid phase. A portion of the feed to the by-passable
finishing-reactor 267 may by-pass the by-passable finishing-reactor 267 via line
271. The alkylation catalyst of the by-passable finishing-reactor 267 is typically
operated at or near to 100% ethylene conversion.

16035] An effluent in line 269 from the reaction zone 269 combining with
the by-pass stream via line 271 which contains the desired alkylated aromatic
product as well as any unreacted alkene, unreacted alkylatable arom';xtic
compound, polyalkylated aromatic compounds, methane, ethane, The combined
stream is withdrawn via line 273 and further via line 290 feeding to a separation
block 277. An overhead effluent of the separation block 277 containing benzene
and lights (e.g., ethane, and methane), is withdrawn from separation block 277 via
line 279 to a striper 281 where benzene is striped and withdrawn via line 287. The
lights are removed via line 283. Heavies comprising the unreacted benzene and
the polyalkylated aromatic compounds separated from the separation block 277
are withdrawn from the separation block 277 via line 289 to a separation block
296 where the unreacted benzene is separated as an overhead effluent and
recycled via line 297. A bottom stream comprising polyalkylated aromatic
compounds is withdrawn via line 298 to a further separation block 291. The
polyalkylated aromatic compounds are separated and withdrawn via line 285 to a
striper 281, optionally combined with additional polyalkylated aromatic
compounds via line 282. The combined polyalkylated aromatic compounds strip
the benzene component in the striper 281 and withdrawn via line 287 further
combines with additiona] first feedstock via line 299. The combined stream is fed
to a transalkylation reactor 303 via line 301. The transalkylation reactors 303 is
operated under conditions such that 20-100 wt.%, preferably 40 to 80 wt.%, of the
polyatkylated aromatic compounds are converted to alkylated aromatic
compound. The effluent of line 305 from the transalkylation reactors is combined

with the effluent of line 273 from the reactor 267 as it passes to the separation
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block 277. The alkylated aromatic compound is separated as a effluent stream

withdrawn via line 293.
Feedstocks
[0036] The first feedstock comprises an alkylatable aromatic compound,

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 compounds.
Compounds of an aromatic character, which possess a heteroatom are also useful
provided they do not act as catalyst poisons under the reaction conditions selected.
[0037] Substituted aromatic compounds which can be alkylated herein
must possess at least one hydrogen atom directly bonded to the aromatic nucleus.
The aromatic riﬁgs 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.

[0038] Suitable aromatic hydrocarbons include benzene, naphthalene,
anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene
being preferred.

[0039] Suitable alkyl substituted aromatic compounds include toluene,
xylene, isopropylbenzene, normal propylbenzene, alpha-methylnaphthalene,
ethylbenzene, mesitylene, durene, cymenes, butylbenzene, pseudocumene, o-
diethylbenzene, m-diethylbenzene, p-diethylbenzene, isoamylbenzene,
isohexylbenzene, pentaethylbenzene, pentamethylbenzene; 1,2,3,4-
tetraethylbenzene; 1,23,5-tetramethylbenzene; 1,2 4-triethylbenzene; 1,2,3-
trimethylbenzene, m-butyltoluene; p-butylioluene; 3,5-diethyltoluene; o-
ethyltoluene; p-ethyltoluene; m-propylioluene; 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 can 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,
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pentadecylbenzene, hexyltoluene, nonyltoluene, dodecyltoluene,
pentadecytoluene, etc. Very often alkylate is obtained as a high boiling fraction in
which the alky! group attached to the aromatic nucleus varies in size from about
C6 to about C12.

[0040] Reformate containing substantial quantities of benzene, toluene
and/or xylene constitutes a particularly useful feed for the alkylation process of
this invention. Although the process is particularly directed to the production of
ethylbenzene from polymer grade and dilute ethylene, it is equally applicable to
the production of other C;-Cyp alkylaromatic compounds, such as cumene, as well
as Cg+ alkylaromatics, such as Cg-Cyg linear and near linear alkylbenzenes.

[0041}) The second feedstock comprises an alkene compound. Typically,
the second feedstock includes a concentrated alkene feedstock (e.g., grade alkene)
and a dilute alkene feedstock (e.g., catalytic cracking off-gas).

[0042] The concentrated alkene alkylating agent of the feedstock useful in
the process of this invention includes an alkene feed comprised of at least 80
mol.% of the alkene and preferably af least 99 mol.% to 100 mol.%.

[0043] The dilute alkylating agent of the feedstock useful in the process of
this invention includes a dilute alkene feed which contains at least one alkene and
optionally at least one alkane. For example, where the alkene is ethylene, the
alkane may be ethane and/or methane. Typically, the dilute alkene feed comprises
at least 10 mol.% of the alkene, preferably from 20 to 80 mol.% 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.

[0044] In one embodiment of the invention, the second feedstock includes
a concentrated alkene feedstock only. fn another embodiment of the invention, the
second feedstock includes a dilute alkene feedstock only. In yet another
embodiment of the invention, the second feedstock is a mixture of a plurality of
feedstocks having alkene and alkane c.g., at least one concentrated alkene
feedstock having at least 80 mol.% alkene and at least one dilute alkene feedstock
having 10-80 mol.% alkene.

[0045] In one embodiment, a plurality of feedstocks having alkene may be

pre-mixed before being brought to the suitable conditions for alkylation reaction.
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m xed- phase/li qui d- phase benzene ethylation with m xed et hyl ene
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{100 to 667 psia), preferably, a pressure of 1500 to 3000 kPa-a (218 to 435 psia), a
WHSV based on alkene for overall reactor of 0.1 to 10 h™, preferably, 0.2 to 2 b,

more preferably, 0.5 10 1 Ii™", or a WHSV based on both alkene and benzene for

overall reactor of 10 to 100 h”, preferably, 20 to 50 k™, Typically temperature is
higher in the downstream portion of the reaction zone than the inlet portion of the
reaction zone due to the exothermic nature of the alkylation reaction. The
alkylatable aromatic compound is alkylated with the alkene in the second
feedstock in the presence of an alkylation catalyst in a reactor having at least two
reaction zones. The reaction zones are typically located in a single reactor vesse,
but may include a reaction zone including an alkylation catalyst bed, located in
separate vessel which may be a by-passable and which may operate as a reactive
guard bed. The catalyst composition used in the reactive puard bed may be
different from the catalyst composition used in the alkylation reactor, The catalyst
composition used in the reactive guard bed may have multiple catalyst
compositions. At least the first alkylation reaction zone, and normally each

alkylation reaction zone, is operated under conditions effective to cause alkylation
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of the alkylatable aromatic compound with the alkene component of the second
feedstock in the presence of a alkylation catalyst.

[0047] The effluent from the first alkylation reaction zone (first product)
comprises the desired alkylated aromatic product, unreacted alkylatable aromatic
compound, any unreacted alkene (alkene conversion is expecied to be at least 90
mol.%, preferably, about 98-99.9999 mol.%) and the alkane component and the
other impurities. The temperature, pressure, and composition of the effluent is
such that the effluent is maintained in predominantly liquid phase when the
effluent exits the reaction zone. The temperature of the effluent is typically higher
than the temperature of the feed because the alkylation reaction is generally
exothermic. To maintain the next reaction zone in liquid-phase, the effluent is
typicaily removed from the first reaction zone and cooled. The effluent can also be
cooled by internal cooling system between reaction zones. The cooling step does
not remove any unreacted alkane except to the extent of leak or loss due to
equipment and operation. At least a portion of the effluent is fed to the second
alkylation reaction zone where additional second feedstock is added for reaction
with the unreacted alkylatable aromatic compound with a second catalyst. Where
the process employs more than two alkylation reaction zones, the effluent from
each zone is fed to the next zone with additional second feedstock. The effluent
from the second reaction zone contains more unreacted alkane and more alkylated
aromatic compound. Furthermore, at least a portion the effluent from the second
alkylation reaction zone and/or other zones can be fed directly or indirectly to a
transalkylation unit,

{0048] The term “predominately liquid phase” used herein is understood
as having at least 95 wt.% liquid phase, preferably, 98 wt.%, more preferably, 99
wt.%, and most preferably, 99.5 wt.%.

[0049] In addition to, and upstream of, the alkylation zones, the alkylation
reaction system may also include a by-passable reactive guard bed normally
located in a pre-reactor separate from the remainder of the alkylation reactor, The
reactive guard bed may also loaded with alkylation catalyst, which may be the
same or different from the catalyst used in the multi-stage alkylation reaction

system. The reactive guard bed is maintained from under ambient or up to
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alkylation conditions. At least a portion of alkylatable aromatic compound and
typically at least a portion of the second feedstock are passed through the reactive
guard bed prior to entry into the first reaction zone of the alkylation reaction zones
in the reactor. The reactive guard bed not only serves to affect 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 reactive 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 feedstock can be fed directly to the series connected
aikylation reaction zones in the reactor when the guard bed is out of service. The
reactive guard bed operates in predominantly liguid phase and in co-cwrent
upflow or downflow operation.

10050} The alkylation reactor used in the process of the present invention
is normally operated so as to achieve essentially complete conversion of the
alkene in the second feedstock, However, for some applications, it may be
desirable to operate at below 100% alkene conversion. The employment a separate
finishing reactor downstream of the multi-zones alkylation reactor may be
desirable under certain condifions. The finishing reactor would also contain
alkylation catalyst, which could be the same or different from the catalyst used in
the alkylation reactor and could be operated under predominantly liquid phase
alkylation conditions.

[0051] The alkylation reactor used in the process of the present invention
is highly selective to the desired alkylated product, such as ethylbenzene, but
normally produces at least some polyalkylated species. Thus the effluent from the
final alkylation reaction zone is supplied to a transalkylation reactor which is
normally separate from the alkylation reactor. The transalkylation reactor
produces additional alkylated product by reacting the polyalkylated species with
aromatic compound.

[0052] Particular conditions for carrying out the liquid phase alkylation of
benzene with ethylene may a temperature of from about 120 to 285°C, preferably, a
temperature of from about 150 to 260°C, a pressure of 689 to 4601 kPa-a (100 to
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667 psia), preferably, a pressure of 1500 to 3000 kPa-a (218 to 435 psia), a
WHSV based on ethylene for overall reactor of 0.1 to 10 b, preferably, 0.2 to 2
b, more proferably, 0.5 to 1 b, or 2 WHSV based on both ethylene and benzene
for overall reactor of 10 to 100 h*, preferably, 20 to 50 h?, and a mole ratio of
benzene to ethylene from about 1 to about 10,

[0053] Particular conditions for carrying out the predominantly liquid
phase alkylation of benzene with propylene may include a temperature of from
about 80 to 160°C, a pressure of about 680 to about 4800 kPa-a; preferably from
about 100 to 140°C and pressure of about 2000 to 3000 kPa-a, a WHSV based on
propylene of from about 0.1 about 10 hr”, and a mole ratio of benzene to ethylene
from about 1 to about 10.

[0054) Where the alkylation system includes a reactive guard bed, it is
operated under at least partial liquid phase conditions. The guard bed will
preferably operate at a temperature of from about 120 to 285°C, preferably, a
temperature of ffom about 150 to 260°C, a pressure of 689 to 4601 kPa-a (100 to
667 psia), preferably, a pressure of 1500 to 3000 kPa-a (218 to- 435 psia), a
WHSV based on ethylene for overall reactor of 0.1 to 10 h', preferably, 0.2 to 2
h?, more preferably, 0.5 to 1 !, or a WHSV based on both ethylene and benzene
for overall reactor of 10 to 100 h™', preferably, 20 to 50 h'!, and a mole ratio of
benzene to ethylene from about 1 to about 10.

[0055] The polyalkylated aromatic compounds in the effluents may be
separated for tramsalkylation with atkylatable aromatic compound(s). The
alkylated aromatic compound is made by transalkylation between polyalkylated
aromatic compounds and the alkylatable aromatic compound.

[0056] The transalkylation reaction takes place under predominantly liquid
phase conditions. Particular conditions for carrying out the predominantly liquid
phase transalkylation of polyethylbenzene(s) with benzene may include a
temperature of from about 150° to about 260°C, a pressure of 696 to 4137 kPa-a
(101 to 600 psia) , a WHSV based on the weight of the polyethylbenzene(s) feed to
the reaction zone of from about 0.5 to about 100 Ir and a mole ratio of benzene to
polyethylbenzene(s) of from 1:1 to 30:1, preferably, 1:1 to 10:1, more preferably,
1:1to 5:1.

0
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[0057] In another embodiment, the fransalkylation reaction takes place under vapor
phase conditions. Particular conditions for carying out the vapor phase
transalkylation of polyethylbenzenes with benzene may include a temperature of
from about 350 to about 450°C, a pressure of 696 to 1601 kPa-a (101 to 232 psia), a
WHSYV based on the weight of the polyethylbenzene(s) feed to the reaction zone of
from about 0.5 to about 20 hr', preferably, from about 1 to about 10 hr!, and a
mole ratio of benzene to polyethylbenzene(s) of from 1:1 to 5: 1, preferably, 2:1 to
ENW

[0058] In an altemmative embodiment of this invention, the above
mentioned processes are suitable for retrofifting an existing ethylbenzene or
cumene plant with a vapor, liquid, or mixed phase alkylation reactor. In particular,
the process of this invention may be used to retrofit an existing ethylbenzene or
cumene plant using polymer grade or chemical grade ethylene or propylene with
minimum amount of new equipments, such as, exira compressors for the second
feedstock, extra-separation column for light gas and aromatics, and other
equipment.

Catalysts

[0059] The alkylation and transalkylation catalyst used in the process of
the invention is not critical but normally comprises at least one of MCM-22,
MCM-49, MCM-36, MCM-56, beta zeolite, fanjasite, mordenite, PSH-3, SSZ-25,
ERB-1, ITQ-1, ITQ-2 and optionally SAPO molecular sieves (e.g., SAPO-34 and
SAPO-41).

[0060] MCM-22 and its use to catalyze the synthesis of alkylaromatics,
including ethylbenzene, is 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. 4,439,400, SSZ-25 and its
use in aromnatics alkylation are described in U.S. Patent No. 5,149,894, ERB-1 is
described in Buropean Patent No.0293032. TTQ-1 is described in U.S. Patent No
6,077,498. ITQ-2 is described in International Patent Publication No.
WQ097/17290 and WO01/21562. 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 descnbed in U.S Patent No. 5,236,575. The use of MCM-49 to



100 Bed 6 Feed 31.2 0.42 1 206.9 3580 Effluent 100 22.5 1 218.5
3510 Exanple 3: Liquid Phase Al kylation with m xed ethyl ene

feedst ocks [0071] Option 2 for nodification of the plant after
addition of dilute ethylene has the characteristics shown in Table 3.
The feed to each catalyst bed is charackgrized by a WE ratio (Benzene
to Ethylene nolar ratio) and an E/E ratio (Ethylene to Ethane nol ar
ratio). The EfE ratio is significantly |ower than in the base-case
(exanmple 1) indicating a greater concentration of ethane and

representative of dilute ethylene streans and/or m xed i
cheni cal / pol yreetalyge daresynthesis of alkylaromatics, including ethylbenzene, is described in

U.S. Patent Nos. 5,508,065 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.

{0061] Alternatively, the alkylation and transalkylation catalyst can
comprise a mediuvm 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 No. 4,556,477, ZSM-23 is described in U.S. Patent No.
4,076,842, ZSM-35 is described in U.8. Patent No. 4,016,245. ZSM-48 is more
particularly described in U.S. Patent No. 4,234,231. The entire contents of ali the
above patent specifications are incorporated herein by reference.

[0062] As a further alternative, the alkylation and transalkylation catalyst
can comprise a large pore molecular sieve having a Constraint Index less than 2.
Suitable large pore molecular sieves include zeolite beta, zeolite Y, Ultrastable Y
(USY), Dealuminized Y (Deal Y), mordenite, 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.
Rare earth exchanged Y (REY) is described in U.S. Patent No. 3,524,820
Mordenite is a naturally occurring material but is also available in synthetic forms,
such as TEA-mordenite (i.e., synthetic mordenite prepared from a reaction
mixture comprising a tetraethylammonium directing agent). TEA-mordenite is
disclosed in U.S. Patent Nos. 3,766,093 and 3,894,104. The entire contents of all

the above patent specifications are incorporated herein by reference.
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the first, and normally in each, of the alkylation reaction zones takes place under

predominantly liquid phase conditions, such that the alkylatable aromatic
compound is in the predominantly liquid phase.

[0065] The invention will be more particularly described with reference to
the following Examples.

Bxamples

Example 1: Liquid Phase Alkylation

[0066) The following example is a computer simulation of benzene
ethylation with ethylene in liquid phase. Simulation results were obtained using a
proprietary numerical software package. Vapor-liquid equilibrium was calculated,
the Soave-Redlich-Kwong Equation-of-State (with optimized interaction
coefficients).

[0067] The feed to each catalyst bed is characterized by a B/E ratio
(Benzene to Ethylenc molar ratio) and an E/E ratic (Ethylene to Ethane molar
ratio). The very high E/E ratio is an indication of an ethylene feedstock with a
polymer grade ethylene purity. This case is configured to operate in the liquid
phase with high E/E ratio. The temperatures and pressures of the feed and effluent
streams to each bed are sufficient to allow all liquid phase operation in the catalyst

bed. The results of the sitnulation are shown in Table 1.
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Table 1
Ethylene EB B/E [ E/E | Fraction { T(°C) P
conversion | cumulative | ratio| ratio | Liquid
%)  lyield (mol. %) (kPa-a)

Bed 1 Feed - 21.0] 261 1] 2222 4270

Efflnent 100 4.8 - - 1 2463 4220
Bed 2 Feed - 20.0] 229 1} 2426 4210

Effluent 100 9.0 - - 1 265 4165
Bed 3 Feed - 9.1 218 1| 2229 4035

Effluent 100 13.0 - - 1 2464 3980
Bed 4 Feed - 18.1 183 1] 2429 3980

Effluent 100 16.9 - - 1 2649 3915
Bed 5 Feed - 17.2 166 1| 2235 3715

Effluent 100 20.6 - - 1y 2464 3660
Bed 6 Feed - 16.3] 152 1 2431 3660

Eifluent 100 24.1 - - 1l 2647 3590
Example 2: Liquid Phase Alkylation with mixed ethylene feedstocks
[0068] The following example is a computer simulation of mixed-

phase/liquid-phase benzene ethylation with mixed ethylene feedstocks by the
process of the present invention. The case is configured to operate in liquid-phase.
The temperatures and pressures of the feed and effluent streams to each bed are
sufficient to allow liquid-phase operation in the catalyst bed. . The results of the
simulation are shown in Tabie 2.

[0069] Option 1 for modification of the plant after addition of dilute
ethylene has the characteristics shown in Table 2. The feed to each catalyst bed is
characterized by a B/E ratio (Benzene fo Ethylene molar ratio} and an E/E ratio
(Ethylene to Ethane molar ratio). The E/E ratio is significantly lower than in the
base-case (example 1) indicating a greater concentration of ethane and
representative of dilute ethylene streams and/or mixed chemical/polymer grade
and dilute ethylene sireams. The entire contents of this dilute ethylene
configuration operates in the liquid phase (after sufficient residence time is
allowed downstream of the ethylene/ethane injectors to allow the ethylene/ethane

to cornpletely dissolve in the liquid. The Temperatures and Pressures of the feed
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and effluent streams to each bed are sufficient to allow all liquid phase operation
in the catalyst bed.

[0070] The E/E ratio decreases from bed to bed in the reactor because
while the ethylene is consumed, the ethane builds up in the reactor. In addition,
the average temperature of each pair of catalyst beds decreases down the length of
the reactor to compensate for the ethane build-up and reduced pressure, due to
pressure drop across the catalyst beds. In this way, a total liquid phase is
maintained even in the presence of significant amounts of ethane, which, if
maintained at base-case conditions, would cause the reaction mixture to be in a

mixed-phase (liquid/vapor) state.

Table 2
Ethylene EB B/E | E/E | Praction | T{°C) P
conversion | cumulative | ratio | ratio Liquid
) | yield (%) (kPa-a)

Bed 1 Feed 15.9 4.5 Iy 2257 4270

Effluent 100 6 1l 2563 4220
Bed 2 Feed 36.5 3.2( 1 2532 4210

Effluent 100 8.2 1 2648 4165
Bed 3 Feed 13.6 2.1 1] 17989 3925

Effluent 100 13.5 Ij 214.9 3870
Bed 4 Feed 17.0 1.2 1] 2118 3870

Effluent 100 17.2 I 2358 3805
Bed 5 Feed 14.5 1.0 1 1304 3635

Effluent 100 21 1 208.1 100
Bed § Feed 3127 042 11 2069 33580

Effluent 100 225 1} 2185 3510
Example 3: Liquid Phase Alkylation with mixed ethylene feedstecks
[0071] Option 2 for modification of the plant after addition of dilute

ethylene has the characteristics shown in Table 3. The feed to each catalyst bed is
characterized by a B/E ratio (Benzene to Ethylene molar ratio) and an E/E ratio
(Ethylene to Ethane molar ratio). The E/E ratio is significantly lower than in the
base-case (example 1) indicating a greater concentration of ethane and

representative of dilute ethylene streams and/or mixed chemical/polymer grade
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and dilute ethylene streams. The entire contents of this dilute ethylene
configuration operates in the liquid phase (after sufficient residence time is
allowed downstream of the ethylene/ethane injectors to allow the ethylene/ethane
to completely dissolve in the liquid. The Temperatures and Pressures of the feed
and effluent streams to each bed are sufficient to allow all liquid phase operation
in the catalyst bed.

[0072) Similarly to example 2, the E/E ratio decreases from bed to bed in
the reactor because while the ethylene is consumed, the ethane builds up in the
reactor. In addition, the average temperatwre of each pair of catalyst beds
decreases down the length of the reactor to compensate for the ethane build-up
and reduced pressure, due to pressure drop across the catalyst beds. In this way, a
total liguid phase is maintained even in the presence of significant amounts of
ethane, which, if maintained at base-case conditions, would cause the reaction
mixture to be in a mixed-phase (liquid/vapor) state.

[0073] Dissiinilar to example 2, the E/E ratio of the beds nearest the inlet
is significantly larger than the E/E ratio of those same beds in example 2. This
indicates that more chemical/polymer grade ethylene is introduced in the inlet
beds and more dilute ethylene feed is introduced in the outlet beds. Consistent
with this, the temperature of beds 2 & 4 in particular are much higher than the
temperature of these same beds in example 2. Catalyst beds 1 & 2 tend to be close
in temperature in both example 2 and example 3 because the total amount of C2

(ethylenc and ethane).
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Table 3
Ethylene EB B/E | E/fE | Fraction | T (°C) P
conversion{ | cumulative | ratio | rafio | Liquid
%) | yield (%) (icPa-2)
Bed 1 Feed 15.1{ 150 11 2142 4320
Effluent 100 6.4 13 2477 4270
Bed 2 Feed 20.9 6.7 1f 243.8 4210
Effluent 100 10.2 1l 2647 4165
Bed 3 Feed 14.6 6.4 1 222 4035
Efftuent 100 15.2 1] 2316 3980
Bed 4 Feed 21.0 5 I} 2483 3980
Effluent 100 183 1| 2663 3915
Bed 5 Feed 14.4 1.2 H 179.6 3685
Effiuent 100 215 1} 2073 3630
Bed 6 Feed 419 031 1 206 3630
Effinent 100 22.5 ' 1{ 2145 3560
[0074] All patents, patent applications, test procedures, priotity

documents, articles, publications, manuals, and other decuments cited herein are
fully incorporated by reference to the extent such disclosure is not inconsistent
with this invention and for all jurisdictions in which such incorporation is
permitted.

[0075] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.

[0076] ‘While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by

those skilled in the art to which the invention pertains.
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CLAI M5 zone, wherein said first feedstock comprises an alkylatable aromatic
compound(s), wherein said second feedstock comprises an alkene and at
least 1 wt.% alkane;

)] contacting said first feedstock and said second feedstock with a first
catalyst in said first reaction zone to produce a first effluent, said first
reaction zone being maintained under conditions such that said first
reaction zone is predominately liquid phase, wherein at least 90 mole
percent the alkene present in said first feedstock is converted and said
first effluent comprises an alkylated aromatic compound and alkane;

(c) cooling said first effluent without separation of said alkane from said
first effluent;

(d) supplying at least a portion of said cooled first effluent and a third
feedstock to said second reaction zone, wherein said third feedstock
comprises an alkene only; and

(e) contacting said at least a portion of said cooled first effluent and said
third feedstock with a second catalyst in said second reaction zone to
produce a second effluent, said second reaction zone being maintained
under conditions such that said second reaction zone is in a
predominately liquid phase;
wherein said the reactor is operated to achieve essentially complete

conversion of the alkene.



1. A process for producing an allcylated aromatic conpound in a
reactor having a plurality of reaction zones including a first
reaction zone and a second reaction zone, said process conprising the
steps of: (a) introducing a first feedstock and a second feedstock to
said first reaction zone, wherein said first feedstock conprises an
al kyl atabl e aromati c conpound(s), wherein said second feedstock
conpri ses an al kene and at least 1 wt.Zbal kane; (b) contacting said
first feedstock and said second feedstock with a first catalyst in
said first reaction zone to produce a first effluent, said first

reaction zogpe bepgARLIYARIME], WALSH SR QRScodd ChalyRabreSAheduidrSt

reaction zone is predom nately I'iquid phase, wherein at [east 90 nole

percent the al keirvegelegehfromphesgipup eansisting efddEMpek MEMcTh MM AP aardd
said first effl : i a I .ar tal C d Qﬂé'

al kane; (c) cooﬁ?gédggﬁgﬁﬁéggF’2?%#%%Hﬁ&ﬁg?ﬁbggﬁgéggggng#%b% sa'h

al kane from sai dTf}2,geolied ¥ Uktmastabl¢ of)(USHp@Peplungniaed Y,eastre a port i @mthof
said cool ed first .ef t.hi e t.QC i.d_second...
reaction zone, vﬁﬁ%}%agéén&fartlkg??’ﬁ%%af ez§g¢5'%’oc "clgrrg?llhgze@%é%n%??(ngtﬁgaugﬁl y;
and (e) contactithgedfaid at | east a portion of said cooled first
effluent and said third feedstock with a second catalyst in said
second reaction zone to produce a second effluent, said second

reacti on zohe belhegpromindfailaind] whaemn moheintitonsinsyeh (Hhaid @pirdludeaond

reaction zone is in a pr i n y Liquid ph : Ln [ d t
reactor is operé?@ﬁ“?@gégﬂggbbgggééﬁ?FEFF?”E8ﬁ§§%Féﬂ@L%b$Pzﬁg%wéggthe
al kene. 27 2. ThR),AWHSYDa&H ofltiad wiidht oMIRERIOT 03ab do hT.r st and second
catal ysts are a nol ecul ar sieve selected fromthe group consisting of
MCM 22, MCM 36, MCMH49 and MCM 56, beta zeolite, faujasjte,

mor deni t e, ‘PSH- 3 hegegeesssof ofagp liwhareisaid speppgd Seedstacy) omprises a fuph 2lkingp)| e
Y (USY), Deal umghpetkntandepahiidnesaianged Y (REY), ZSM 3, ZSM 4,
ZSM 18, ZSM 20, or any conbination thereof. 3. The process of claim]l
wherein said conditions in steps (b). and (t_e) i nclude a tenperature of
120 to 285C-and Theprracssy pb clsfm goyhersingsad frgbzalkene rompensns eqmprises P9 a
VHSV based on t hg, wei oo o2 vfbkeReRkeO. 1 to 10W. 4. The process of
claiml1l wherein said second feedstock conprises a first al kene
conponent and a second al kene conponent. 5. The process of claim4
wherein sai@ firlSe rapdeenel doinpdvdireie stiprstewed al@nerpdmpenee coOPripes| at%
of said al kenes.;, 6 >0Thg RLREESS of claim4 wherein said second al kene
conponent conpri ses at [east 20 nol.% al kene. 7. The process of claim
4 wherein said second al kene conponent conprises from20 to 80 nol. %
al kene. 7. The process of claim 4 wherein said second alkene component comprises from

20 to 80 mol.% alkene.

8. The process of claim 1, further comprising the step of:
§3)] separating said second effluent to recover said alkylated aromatic
compound.
9. The process of claim I wherein said alkylated aromatic compound comprises

ethylbenzene, said first feedstock comprises benzene, and said second feedstock

comprises a mixture of ethylene and ethane.



8. The process of claim1l1, further conprising the step of:
(Oseparating said second effluent to recover said al kylated aromatic
conpound. 9. The process of claiml wherein said al kylated aromatic
conmpound conprises ethyl benzene, said first feedstock conprises
benzene, and said second feedstock conprises a m xture of ethylene
and ethane. 28 10.The process of claim1 wherein said al kyl ated
aromati c conpound conprises cunene, s&i d first feedstock conprises
benzene, and said second feedstock conprises a m xture of propyl ene
and propane. 11. The process of claim1 conprises the further step of
contacting s@i d fHelprbcebLOURAIRCK wABHiPsal DBkl @RASHO ChkmPhunl Bprises

al kylation catalyst in a by-passable pre-reactor upstream of said
reactor, wher ei rfugigng spidufiich feedeed: ermmprisenperizenss 2pfh saifl kesernd feodstogls
process of clai MypRQERMiSER drifoplihe BRrefaP Of contacting said
second effluent under alkylation Conditions with an al kyl ation
catalyst in a finishing-reactor downstreamof said reactor. 13. A
process forypro i I : j i i

Ol aim 1. whobor n e el of cliin?h RomBralehe BufBIRANT] FipbfR b ot
aromat i ¢ conpourfeedainek pasl g &dvicthl Eedstbch vdtiman elkylemqmocatedist amal byalashable
process further co j - (a parati at _l.east rtion said
first and/ or se geﬁ%%et?]fs‘]?pgfer%agn sgit%%rree%"%}\g’e‘? sar o lﬁﬁ)lui'/ﬂé elegé; cgl(tcglanpg?%ﬁnati C
conmpound(s) to fatkens.a transal kyl ation feed stream and (b) contacting
at least a portion of said transal kylation feed streamw th a fourth
feedstock ip th resence. qf. a.transal kyl ation catal yst .to produce a
transal kyl a |'one%]g A UER Oﬁﬁqﬂg‘r L {Compases EKYﬁ ﬁi’TiIhBrnSt%ﬂ]gF 135HR8 s%"né?cé’f’ﬁ
sai d fourth feedfheakuionpkylatm andaioky vith ahlaticybriomeithigstan FPRHEHHeS) |
said transal kyl ati on,effl uent .whjch conprises said al kylated aromatic

compound. 14. Th&%3515d@¥ustrsdm af S#i4ea%4T. £ yr t her conprising the steps
of : (c)separating said transal kylation effluent to recover said

al kyl at ed ar3pnmatd groeRspRyidliucing In 2fkylatcd Qrddhdie @5Sp&ndGh Adciidl3, cladaer ei n
said transal kylation catalyst Is a nolecular sieve selected fromthe
group consi sti nd"hﬁlfe“hﬁ% sppond gifliesg compiiies; nid Al IRtefamnpnatip gerporad|apd

faujasite, mor d%ﬂiyﬁl@yla@@ﬁo%atit?‘%n ndS#RBsdid phobbes Furtted Qnpriségol i te Y,
Utrastable Y (USY), Dealumnized Y, rare earth exchanged Y (REY),

ZSM 3, ZSM 4, ZEN 185ePziiped least a perior spib fira e seonad ¢Bfuents @ reppner
process of claiml, whepQldliARtdadhdil BifsbuRi@ Bt & MMM idrSteed
et hyl benzene.
stream; and
(b) contacting at least a portion of said transalkylation feed stream with a
fourth feedstock in the presence of a transalkylation catalyst to produce a
transalkylation effluent under transalkylation conditions, wherein said
fourth feedstock comprises an alkylatable aromatic compound(s), said
transalkylation effluent which comprises said alkylated aromatic

compound.

14.  The process of claim 13, further comprising the steps of:
(c) separating said transalkylation effluent to recover said alkylated

aromatic compound.



17. The process of claim 13, wherein said transal kyl ati on conditions
I nclude a tenperature of 150 to 260C and a pressure of 696 to 4137
kPa-a (101 to 600 psia), a WHSV based on the wei ght of said

pol yal | cyl at ed aronmati c conmpounds of about 0.5 to 100 II1l, a nole
ratio of said allcylatable aromatic conpound to said pol yal kyl at ed
aromatic conpounds of 1:1 to 10:1. 18. The process of claiml1,
wherein said al kyl ated aromati c conpouwsd i s cunene.

15.  The process of claim 13, wherein said transalkylation catalyst is a molecular
sieve selected from the group consisting of MCM-22, MCM-36, MCM-49 and
MCM-56, beta zeolite, faujasite, mordenite, PSH-3, SSZ-25, ERB-1, ITQ-1,
ITQ-2, zeolite Y, Ultrastable Y (USY), Dealuminized Y, rare earth exchanged
Y (REY), ZS5M-3, ZSM-4, ZSM-18, ZSM-20, or any combination thereof.

16.  The process of claim 1, wherein said alkylated aromatic compound is

ethylbenzene.

17.  The process of claim 13, wherein said transalkylation conditions include a
temperature of 150 to 260°C and a pressure of 696 to 4137 kPa-a (101 to 600
psia), a WHSV based on the weight of said polyalkylated aromatic compounds
of about 0.5 to 100 h™', a mole ratio of said alkylatable aromatic compound to

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

18.  The process of claim 1, wherein said alkylated aromatic compound is cumene.



