PROCESS FOR PRODUCI NG ALKYLARQOVATI C COMPOUNDS CROSS- REFERENCE TO RELATED
APPLI CATIONS [0001] This application clains priority fromU. S. Provisional
Application Serial No. 61/104,447, filed Cctober 10, 20 pean
Pat ent Appl i cHPiPVY'M3?" 09150689.9, filed January 16, 20%§T“§Q@W£%% ents of
whi ch are incorporated by reference inits entirety. FIELD [0002] The
present invention relates to a process for producing al kyl aromatic
conpounds, partlcularl et h Ibenzene and cunene. BACKGROUND

[ 0003] Et hyl benzene PROGERSYORGROBUS, Y LABROMA LI CONLPQ
i s produced by the reactlon of ethylene and benzene in the presence of an

acid catalyst. Simlarl cumenc |s an i nportant precursor in the
producti on of CROSSIREFERENGE JORELATEDARHICATIONSt i on of benzene with
propylene in blitﬂ] pr el%@sn%ll@inoﬁrblaat% (fln@ra&aiﬁtus [ B8G4ibdd a@phbﬁﬂﬁ’-'gebidl No

et hyl benzene has been pro in vapor-p hase reactor systens ch the
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t enperature OJfam%QQHSt 23804 Meen it waich RS 8ok RrAdd tLS0rR2RE: RSk gltird?ly mul tiple
fi xed beds of zeolite catalyst. Ethylene exothermally reacts with benzene

to form et hyllB&kPene, al t hough undesirable chain and side reactions also

occur. ~About [dgifs of ﬁh@epezéﬂyllh%ﬁa&naefaes MRd of YrdchRr forepekisciid tdlg@lrbidiene to
form di - et hyl benzene i soners (DEB), tri-ethylbenzene isonmers (TEB) and

heavi er ar onﬁPW@OLﬁ‘f‘bd?ﬁl‘@P‘élaﬂyAﬁﬂl‘Y“E%é%‘éa'i‘:dn%ﬁmr‘?“? eaction products are conmonly

referred as podgrERONBd benzenes (PEBs). In addition to the ethylation

reactions, the formatl on of xyl ene |somer§ aé trac E gducts occurs, by side
irids iR

reactions. THPW3ky| &iebearmads %’ﬁey RYVEBTE ¥R g S RFQugs

et hyl benzene b@r@QU&Etldﬂh&ﬂ]etﬁ%&&& arfd. ©¥azdde 20 (W p&@dﬁéc Xﬁ/lneﬂga .cathlygt. Xyﬂnﬁmﬂﬁ show

up as an inpurity in the subsequent r oduc nd are gener

consi der ed urfd®&is Sotte MPOBHOBTCUIRT &7 cﬁ%cr g ‘18?% %p;énoﬁﬁéd ‘brpﬁog‘f’fcgn yo1ﬂ}éPEBs

3 st o:j chi onmetalidyttieX 6&26zeat whE peene 1&%%ﬁ5|§t@902ﬁ%%qﬁaﬁmpa8ﬁ, is applied,
ependi ng on process optini za T ue rom t et ation react or
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et hyl benzene vnﬁ@dﬂuetcth@radoxabmﬁon%félbcmnefmm dH@lec iT oareivdd bt A ayﬂcmbaarmsaf t he

PEBs are convert ck to ethyl be trans Y. 0 i.tional

benzene, nor ‘I"}t?(gf)'ﬁg%ésaégﬁrpé‘f*’éurf Pgﬁg(gfwy‘%é& ingput %lﬁéjlf(f)% bR o' b alyst.

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-cthylbenzene isomers (TEB) and heavier
aromatic products. All these chain reaction products are commonly referred as polyethylated
benzenes (PEBs). In addition to the ethylation reactions, the formation of xylene isomers as
trace products occurs by side reactions. This xylene formation in vapor phase processes may
yicld an cthylbenzene product with about 0.05-0.20 wt % of xylenes. The xylencs show up
as an impurity in the subsequent styrene product, and arc generally considered undesirable.

[0005] In order to minimize the formation of PEBs, a stoichiometric excess of benzene,
about 400-2000% per pass, is applied, depending on process optimization. The effluent from
the ethylation reactor contains about 70-85 wt % of unreacted benzene, about 12-20 wt % of
cthylbenzene product and about 3-4 wt % of PEBs. To avoid a yicld loss, the PEBs are
converted back to ethylbenzene by transalkylation with additional benzene, normally in a

separate transalkylation reactor.



WO 2010/ 042327PCT/ US2009/ 058248 [ 00061By way of exanple, vapor phase
et hyl ati on of benzene over the crystalline alumnosilicate zeolite ZSM5 is

di sclosed in t Nos. 3,751,504 (Keown et al.),
(Burress), \303 L?E%E%EB (Bun-ess). [0007]1n recent yearpg tzﬁgewf;?gﬁé in the

i ndustry has been to shift away from et hyl benzene vapor phase reactors to
| i qui d phase reactors. Liquid phase reactors operate at a tenperature of

about 180-270 is under the critjcal ture of benzene 0
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econom cal |y [0007]t han negatjcme heasso ti thd Eldustviythhs lbdaetdldhg%havaycmrﬁlemﬁlbenza{wrre.
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over vapor pha 0B B555 63, Orp%cause | i qui d phase processes operate at | ower

t enper at ures Yhan thel f'va p%ase counterparts. However, such liquid
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poi sons to th?szs%attn% 43895 @3 PEKY EC%'ﬁpcnﬁegblfcgtg&%%kbhggumﬁm%sxétS
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5,149,894 (SSZ-25); U.S. Patent No. 6,077,498 (ITQ-1); and U.S. Patent No. 6,231,751
(ITQ-2).

[0009] Liquid phasc aromatics alkylation plants offer significant advantages over vapor
phase processes, because liquid phase processes operate at lower temperaturcs than their
vapor phase counterparts. However, such liquid phase plants tend to be more sensitive to
feed impuritics which act as poisons to the zeolites uscd as alkylation and transalkylation
catalysts. As a result most liquid phase processes require the use of high purity feedstocks
and/or the provision of feed pretreatments to remove such feed impuritics, particularly basic
nitrogen compounds.

[0010] One known arrangement employed with liquid phase alkylation processes to
remove feed impurities is the intallation of a reactive guard bed located upstream of main

alkylation reactor. The reactive guard bed incorporates one or more catalyst beds with the
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sanme or different catalysts, and it nay be taken out of service at any tine
to replace catalyst, while the main al kytation unit continues to operate.
In the reacti bed, the alkylatable aromatic co

al kylating a ‘&ﬁtzglgfrﬂezggont acted in the presence of an almlg’?/l }ei:}tgrz gﬂ&(%}a?aly t
prior to entry into the main alkylation reactor. The reactive guard bed not
only serves to effect the desired al kyl ati on reacti on but aI SO renoves any
reactive inpurities in the feeds, such i trogen oun ich could
ot her wi se deasetr\?é?@eteﬂte%fa&ﬁﬁr gt mapf et “é’f‘f(‘ﬁfl g‘tv f°8 51 8trep 8al%?‘le°g’cti ve
guard bed catlibshSmanh elklReseimrentsiuby tﬁ@berﬁt@ mhexcfacft@qlgﬁmﬂ bcfcegemﬁdy&hibtsbn
and/ or replacenent than the remai nder of | on cat al t'lkAfItSO’ t he
reactive guard®Bél PLPHBEL "aglfthnaéa%atehwa a'f)% %pttcis?[l(?frl THYAR" the
al kyl ati on f egaskopks tS&ﬂtrjb@nt&fy ek @lhtheﬂliyﬂaytorﬁ Geatloe ahkyéaameogwcemrm onlyen

t he reactive guard f serv _exanpl e of an aromati.c
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a transal kyl ati gn cat t. whi ch. conv. aIk | aro np ds in
the presence "§FBeFs% e ofl o dPBB{]E’eplgdlgf‘% Wd'ﬁ af‘ficuﬂgst p(ranodéjcqamfhe
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benzene recovered :’gt t he ene col. u%tldﬁ emmc Ialfrderscactngklearg%ed is
benzene, whi cA™% af"§5* etO T AR TRE I AR Y YRR BT f R

recover ed i n diedshiein2esePagat NoTp 9% 096 che lattmugdmd:ntseafnré@tawelcgumadd betdmt o]
the al kyl ati ?P& fat al yst. [00121According to the present invention, an

i nproved ar onBt'T' €S "4t kyl ati on process has been devel oped in which the
transal kyl at i[ooi 1§ eaoﬁttmbughorntpad nphag: auctyrdamsaplrdcyise@t ipaniucea trakcly slbwere betly el
substantially

sl i p stream f Pglﬁ!kyﬁ gd %eﬁlfé {han g%ﬂor Pma:, 58%2333&%% %o%qmgt{u?rg tﬁc ms&%ﬁtﬁdty ota

benzene to the t&mﬂEﬁMKmlatumn nemmmug all@w&akhbumran%ay%yhdmﬂnnameabtor
to be used as ctive quard bed f removi nge i t m nzene
feed. Al so, |t%%%§ﬁrmm/ IR RS gher nD %f“f%t?% %ﬁgﬁé b de%B“ iR
ponaIkyIatedmamdhﬁﬁe&pmbmmomhdemt@wbeimahmMadedmwnr@h@tﬁﬁﬂﬂ&@h@ﬂh&ﬁmon
reactor. This.results in re mgﬁ

hi gher per paggngh§g?§98ﬁmo F{%%h%lg%g?gﬁgﬁﬁﬁh%b Q% %Q%g% |gher
thernndynanlasymekdunmethemdesﬂnbdwmmnmahhvken@dﬁp@ddu@tbmvmmhmammngﬁer per
pass conver si f al k r unds, the recycle flow rates
di m ni sh andtgﬁggnhgm“¥we ¥H§$a1?3§lg$dd8agggg?rc byproducts requiring
distillation[etgh disstmilishesthe Presmaldventenemgypeost soanies pheldsopiecesetisced.

I n addition, .the utirala Wi.ng Lihe
entire unit 06 pe GREREILYNER PLPLERRLLAN ki RRLCY (hRay O, L

t ransal kyl at |tmqncsas:uafst9astdlly all Dﬁ@c tfmdrrsdfcmkamcen ap eerapanyd o snaydne sk ftypar
zeolite with el t qu'k BREEcRl HGnd BARakN&

al kyl ati on ca{yn(ﬁ'Iﬂ %u%%#ﬁgnlreatp%ggn‘%%@%s Hﬁ ugct?%eness ba y on
transalkyIatw@hwcaﬂahyetme%%edheln@ﬂbewﬂ@ne@feedrhhbnwgwmhbﬁi@OG@SPUES
Patent No. 5, g?mggfma'tﬁf]t AOER & &P AGE F%nkiREs cprtgﬂl ibing nfataryttaro%retzlca fo
conmpounds, esp cla I'benzene ‘and cunene erein a feedstock is first
fed to a tranvsbrhlkyltarad |ammd219r¢ema¢tdldt fiee be maiintainesf | (e ritengaPiglefioh eeactor.  This
transal ky’ al |- Qfs @f}@ddcai(é({!mﬁﬁé&adﬁdw%grﬁstdcymtm Q h@gtc@tchétatc'o%sma
along with an o in at at1'ng agent speci al 'y ethyl ene or proeélene
However , thepﬁh@kﬂdhdkemn%wbenm@nemlyﬂféd dﬁfd@@ﬁ?demthé“afKﬁlﬁtl fircflone
and there i's pa SuGEESLEQN.Of yHsi ot e pbf ARgalokyl-abd On BRARyRRAArbRAR i Ve
guard bed. fgb%4%gln L a roved lérocgss9 thg desrredlﬁgﬁoalkylate
product is reeopengy tlreremcteh veFtpsuEmingshf ang e praoyn ahaelydliled gRmaidby-

al kylation " RERALS §eqanq hnﬁrrrret%@stdﬁdnet&ylakahl ErcRE, O lufe macroedrea&eahe

al kyl ati on reactor this way, | oss of nonoal kyl ated product to, for
exanpl e, additi onal ponaIkyIated species in the alkylation reactor is

avoi ded. [0015] U.S. Patent No. 6,096, 935 Hi scl oses a process for producing
al kyl aromati ¢ conpounds using a transal kyl ati on reacti on zone and an

al kyl ati on reaction zone, wherein the transal kyl ati on reaction zone
effluent is passed to the al kylation reaction zone where aromati c conpounds
in the transal kyl ati on reaction zone effluent are alkylated to the desired
al kyl aromati ¢ conpounds, particularly ethyl benzene and cunene. Again, there
i's no suggestion of using the transal kyl ation zone as a reactive guard bed
and aIthough at | east part of the fresh make- up benzene |s fed to the
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al kyl ati on process in which the al kyl atabl e aromati c conpounds, and
optionally at least part of the alkylating agent, are passed through a

reactive guar Olqg]tqm?zgg in the presence of a certain anmf,gtwg{ooy)@.gﬁg
yla

cont ai ni ng al ion“or transal kyl ation catalyst, prior to entry Into the
al kyl ati on zone. [0017]U.S. Patent No. 6,894,201 discloses a process and
apparatus for renoving nitrogen conpounds from an al kyI ation substrate such
as benzene. é{ﬂc%gventl onal ﬁﬁ or bent bed containin resin.is used

to adsorb basPc*gifighnie HIMAFIGEN EGHURAESMRHE Vtéaégmgw‘r’i‘ ttg%lﬁgtbrF geHtoeEd of
aci di ¢ ol ecupefatcdiaY&atively US® der 2 radte0r Dhd ﬂmme;akioy CbtﬁSthle’thd trag&lRylation
conpounds, such as nitrjtes, geneg%g |1n t he presen o wat er.. ‘Lpe hot
adsor bent bed ¥4 HE By ¢iZaune i § YRS agﬁ 4 %r§8rt‘?)c’tle tes PR of

t he transal kydligtdtion caayal Weks gidatiguiiand} thel difcttivenddd kiyhatruoealkyledet @talyypst r eam

of the al kylation catal Figure 7) or both (Figure 8). SUWMMARY [0018]In
one aspect, (B‘Cb‘lgg’grgﬁ?yf??ﬂ/‘é\q{l G relates to a process for alkylation of an

al kyl at abl e a[na)mitl aJ.sompetindot 6,901, @ri’ua&lasemn@aﬂc&ylfat q;docmbmgr%kﬂaxaﬁmound
e B oreee QRS i bR B e LB P AP 1
transal kyl at it@nsatigtagiby séric and the cnn(ré)}fﬂpassftongtha t&examydmfneedqcsrs teaascaded
comt {91, POl el A RTBLLS CMRBUICE,d OuRRI, MARL LERRLNEORS, o,
cat al yst propylene. However, the fresh make-up benzene is fed directly to the alkylation zone and
there is no suggestion of using the transalkylation zone as a reactive guard bed.
[0014] In the improved process, the desired monoalkylated product is recovered from the
cffluents from the transalkylation and alkylation reactors and the unrcacted alkylatable
aromatic is fed to the alkylation reactor. In this way, loss of monoalkylated product to, for
example, additional polyalkylated species in the alkylation reactor is avoided.
[0015] U.S. Patent No. 6,096,935 discloses a process for producing alkylaromatic
compounds using a transalkylation rcaction zone and an alkylation rcaction zone, wherein the -
transalkylation reaction zone effluent is passed to the alkylation reaction zone where aromatic
compounds in the transalkylation reaction zone effluent are alkylated to the desired
alkylaromatic compounds, particularly ethylbenzene and cumene. Again, there is no
suggestion of using the transalkylation zone as a reactive guard bed and, although at least part
of the fresh make-up benzene is fed to the transalkylation reaction zone, the entire effluent
from the transalkylation zone is cascaded directly into the alkylation zone.
[0016] U.S. Patent Application Publication No. 2007/0179329 discloses an aromatics
alkylation process in which the alkylatable aromatic compounds, and optionally at least part
of the alkylating agent, are passed through a reactive guard bed and in the presence of a
certain amount of water, containing alkylation or transalkylation catalyst, prior to entry into
the alkylation zone.
[0017] U.S. Patent No. 6,894,201 discloscs a process and apparatus for removing
nitrogen compounds from an alkylation substrate such as benzene. A conventional adsorbent
bed containing clay or resin is used to adsorb basic organic nitrogen compounds, whereas a
hot adsorbent bed of acidic molecular sieve is used to adsorb the weakly basic nitrogen

compounds, such as nitrites, generally in the presence of water. The hot adsorbent bed can be
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in said first reaction zone under conditions to transal kyl ate said
pol yal kyl ated aromatic conpounds with said al kyl atabl e aronmati c conpound to

produce said kyl. ated aronmati c compound; (d ey o\VAl gfromsaid
first reactidﬁ82®§ébé%first ef fl uent stream conpri sing kﬁ?eac#@%gug

al kyl atabl e aromatic conpound and sai d nonoal kyl ated aromatic conpound
(e) passing said first effluent streamto a fractionation systemto

S HBERE NI TSI SRR CRTIME Ry A
conpri sing sahgarpaealdloatytcat o dlkyladrpaund (Figdc eraver @guramoal kyl at ed
aromati ¢ conpound fromsaid first heavy fraction; (g) passing said
first light fraction conprising said al kyl atable aromati c conmpound and a
third feed stgipamagoyprising an al kylating agent to a second reaction zone
corm: 1919 B L8P SN s (ST ARAE D A 4
reacti on zonelnidic femaictdoRpsunddo plolydeatomsalkgatad kynati@ineoand tetpracess
conpound wi th sai.d al kyl ating agent and produce a second effluent stream
conpri si ng sd°PHBNoal kyl at ed aromati ¢ conpound; and (i) recovering
monoal kyl at ed ar ot i cpasampofindicéd onrus abdpsdeditth etkflhaentrostarie sampop®O®9] | n
some enbodi neanfll;rgt’ree;[ctqgn zfoin‘rs ggmgrl%%g ast}aﬁs%&%ﬁ& aEailySsit;ng one or nore feed

) passing a second feed stream comprising polyalkylated aromatic compounds
to said first reaction zone;

(© contacting said first and second feed streams with said transalkylation catalyst
in said first reaction zonc under conditions to transalkylate said polyalkylated aromatic
compounds with said alkylatable aromatic compound to produce said monoalkylated
aromatic compound;

(d)  removing from said first reaction zone a first efflucnt stream comprising
unrcacted alkylatable aromatic compound and said monoalkylated aromatic compound;

(e) passing said first effluent stream to a fractionation system to separate said first
effluent stream into a first light fraction comprising said unreacted alkylatable aromatic
compound and a first heavy fraction comprising said monoalkylated aromatic compound;

® recovering monoalkylated aromatic compound from said first heavy fraction;

(g)  passing said first light fraction comprising said alkylatable aromatic
compound and a third feed stream comprising an alkylating agent to a second reaction zone
comprising an alkylation catalyst;

(h) contacting said first light fraction and third feed strcam with said alkylation
catalyst in said second reaction zone under conditions to alkylate said alkylatable aromatic
compound with said alkylating agent and producc a sccond effluent stream comprising said
monoalkylated aromatic compound; and

(i) rccovering monoalkylated aromatic compound from said second cffluent
stream.

[0019] In some embodiments, the first feed stream comprising one or more feed

impurities. At least part of said feed impurities are removed in said first reaction zone in

contacting step ().



inpurities. At least part of said feed inpurities are renoved in said first
reaction zone in contacting step (c). WD 2010/042327PCT/ US2009/ 058248
1002011 n soney,gnppdients, the feed inpurities in said fhikhEag.gtream
conprise at |east O. ppm preferably at |east 0.005 ppm by melg%t of said
first feed stream Such feed inpurities are selected fromthe group

consi sting of conpounds having one or nore of the follow ng el enents:

hal ogens, oxy, sul fur, arsenic, selenium..tellurjun osphorus and

& oun 1t hr oddit oup ot sEbETEL R ST kT YL B0 PR e Ble
reactive nitrioget0Zpppoucidablyat kest 010hAppmdY ecighasf saidtfirademn. strddne  Such feed
transal kyl ation catal sL a %s q@ a guangtgggoég)rgnQM%a%g |east 10 wt % of
said reacti vem}lﬂ%ﬁénsce&’f% GRIEC BRSPS St C @8y Gt Feam e OF more ot the

[ 0021] Convenifetdviyg cichentpriabgss, duygthanlficoapmics egenium, tellurium, phosppassamlg
said second effluent streamtp a fractiognati ystemt.o separate said
second of 11 uehP LT MRl ulendsvrgRt P Bel Fn i P R e 8P
al kyl at abl e awepainds, otenheumdicand nirogec Ofid theaikylafisactidwpnaconprgusidbgd ®ai d
nonoal kyl ated_ar o [ ompound, and. pol yal kyl at ed_ar omat | onmpounds, said
nDnoaIkyIate&@39§§a#ﬁg1@3%%85%ﬂj%%?%gn?é(%ﬁéwgﬂml%mfﬁ???¥%ﬁ§§%%§"second
heavy fracti dnozil] 0022hGomenenitieirboess fsahal coepond | i ght fraction conprising
unreacted al kyl atable aromatic co nd IS SS sai d _seco reaction
zone. [0023]In ong?enﬂ5ﬁT%%ﬁfﬁwg§ggg1FP%?mg$%fﬁgﬁg&§??%§ﬁ$gﬂéj%%?%%§%gond
ef fl uent streamndrflupassech h® 4 feorsldigbt facaot ¢oomabing nnisyostdertiylatable aromatic

00241 Comven s L0 BERF 5%, HLLTn DL 363 RRSFL IR R
and polyalkylated aromatic compounds, said monoalkylated aromatic compound being
recovered in (h) from said sccond heavy fraction.

[0022] Conveniently, said second light fraction comprising unreacted alkylatable
aromatic compound is passed to said second reaction zone.

[0023] In onc cmbodiment, said first effluent stream and said sccond cfflucnt strcam arc
passed to the same fractionation systcm.

[0024] Conveniently, the process further comprises:

(k) passing said first and second heavy fractions to at least one further
fractionation system to recover said monoalkylated aromatic compound from said combined
fractions and scparate a third fraction comprising said polyalkylated aromatic compounds;
and

) recycling at least part of said third fraction to said first reaction zone.

[0025] In one embodiment, the process further comprises cffecting the following steps on
an intermittent basis:

(m)  ceasing passage of said first and second feed streams to said first reaction
zone;

(n) passing said first and second feed streams to a third reaction zone comprising
a transalkylation catalyst;

(0) contacting said first and second feed streams with said transalkylation catalyst
in said third reaction zone under conditions to remove at least part of said feed impurities in
said first feed stream and to transalkylate said polyalkylated aromatic compounds with said

alkylatable aromatic compound to produce said monoalkylated aromatic compound; and

-6 -



fractionation systemto recover said nonoalkyl ated aromatic conpound from
sai d conbi ned fractions and separate a third fraction conprising said

pol yal kyl at ed conpounds; and (1)recycling at | < sai d
third fracti o‘?l]%t g{@%% first reaction zone. [0025]1In onﬁhnﬁﬂﬁ%é%% t he

process further conprises effecting the followi ng steps on an intermttent
basi s: (m ceasi ng passage of said first and second feed streams to

said first reacti zone irst and se d feed

streams to a thir reafff’gaﬁlﬂg 26nEs° ?f%fﬁ‘u% ti‘? ﬁﬁg%?ﬁiy g?\%é?tﬁjﬁftaﬁ B §%§F éff%/té‘f“

(o) contactingnsaid first and second feed streans with said transal kyI atlon
ve  at

catal yet 0 Sl A GA0 PR R MRS S0 RS B PR Bk oo
sai d pol yal kydl@hiaekilsa@nmaslbai € ahpaunittseinitichtraailkyalok ychatyabha siicon@tiumina
2010/ 042327 PCY CRBOUBTUSEIRROL ) PEI A0 A0 regenerating the
transal kyl at i jooe7¢ at alopsénidnfly Stk drahsatistativeaathliy@mnd the alkylation catalyst comprise
different aluminosilicate molecular sieves wherein the transalkylation catalyst has a pore size
greater than that of the alkylation catalyst.
[0028] Conveniently, said transalkylation catalyst comprises a molecular sieve having a
Constraint Index less than 2. Typically, the transalkylation catalyst comprises a molecular
sieve selected from the group consisting of zeolite beta, zeolite Y, Ultrastable Y (USY),
Dealuminized Y (Deal Y), Rare Earth Y (REY), mordenite, ZSM-3, ZSM-4, ZSM-18, ZSM-
20, and mixtures thereof.
[0029] Conveniently, said transalkylation catalyst and/or said alkylation catalyst
comprises a molecular sieve sclected from the group consisting of zeolite beta, a molecular
sieve having a Constraint Index of about 2 to about 12, and a molecular sieve of the MCM-22
family. Typically, the alkylation catalyst compriscs a molccular sieve of the MCM-22 family
selected from the group consisting of MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, ITQ-
30, MCM-36, MCM-49, MCM-56, UZM-8 and mixtures thercof,
[0030] In one embodiment, the conditions in said first reaction zone during said
contacting (¢) are such as to maintain said polyalkylated aromatic compound and said
alkylatable aromatic compound substantially in the liquid phase, and conveniently comprise a
temperature between about 50°C and about 300°C and a pressure between about 170 kPa and
about 10,000 kPa.
[0031] In one embodiment, the conditions in said second reaction zone during said
contacting (h) are such as to maintain said alkylatable aromatic compound substantially in the
liquid phase, and convenicntly comprise a temperature between about 50°C and about 270°C
and a pressure between about 1,000 kPa and about 10,000 kPa.
[0032] In onc embodiment, the alkylatable aromatic compound comprises benzenc or
naphthalene and the alkylating agent comprises at least one of ethylene, propylene, 1-butene,

2-butene, and isobutylene.



zone. [0026] Conveniently, the transal kyl ation catal yst and the al kyl ati on

catal yst conprise alum nosilicate nol ecul ar sieves wherein the

transal kyl at i GRh#syst has silica to alumna molar ratjQ, Lhan that
2 /US 00970582

of the al kylgtlal on ca%/al yst. [0027] Conveniently, the transal %%?e;t%lon

catal yst and the al kyl ation catal yst conprise different alumnosilicate

nol ecul ar sieves wherein the transal kyl ati on catal yst has a pore size

greater than he. al i [ 0028] Conveni ently, said
transal kyl at im% @9@4’?2"@8% ar sieve having a Constraint

| ndex | ess thao3x}. Tyigireal isya sihd’pﬁﬁctd’ amahdgydnatof @rpr@@ksaqu;trocﬁmmgrmmslk@l

nol ecul ar si eve sel ected fro 0 consi ng of zealit ta, zeolite
Y, U trast abl BOFEUEEPPOUNE AT ahl“@g@ V“DICCD@gior & Rl ené’ 3%‘%6“305%@\13““’“
nordcnitc, ZSMdtioZSM 4, ZSM 18 ZSM20, and m xtur es t her eof .

0029] Co , d,t | ati t t |
catalyst coniDeds dat REUE SRveoLer BEeare o eheogreh edreeci ng. of

zeolite beta a nol ecul ar sieve haV| ng a Constraint Index of about 2 to

about 12, an I e ly. Typically, the
aIkyIatlon CM&@'@@ 1t 3 Eﬁ the MCM 22 famly

sel ect ed fronoodse gr[mas@ibed)rmsﬂeslt iis ragproéesd\/fm/l-pZQLuci%ﬁ@pal@&iﬁe@&ic ERBolndsIbFQ- 1,
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one enbodi mert Y4 ﬁ%oﬁ%’nﬁg tl"ég’ eam”ﬁans?é:b@p?l ¢ s‘f?t%raléﬁlg] R & 5he” d feﬁenc‘["
contacti ng (ckydtien sulystafelldecdry mmmylsaordofpmyymlkaykmt@ﬁaramammtompomodspound
and said alkylat ble aro tlcc ubsa I

and conveni ent efaatc%)nprles% }é{aton 3 %c}u V\%Q%Ib%birx?a%o%% hcggooﬂ ) OC
and a pr essura@dxbeﬂxahe&noaamrmm&m@rdcﬁa éﬁhd txarb@hhylaticﬁl BPOs kPauctdDD el irescatve
enbodi nent, e conditio ald.seeqn e ol [ )
contacting (hCB R traﬁlsaqul%mn ¥ alﬁ%talg% sard aﬁ(?f&@g&%ﬂ fr%?é%cg'tg f’@ﬁé@ﬁﬁ%nd
subst anti al | wlhylfatetbﬂﬁearbmqm id iptidlyeson@acted gahvienirasdtlkyatoo reptalystesoghatehplttat ur e
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monoalkylaromatic product but also acts as a reactive guard bed to remove impurities, such

as rcactive nitrogen compounds, contained in the alkylatable aromatic feed. Since the
transalkylation catalyst may be chosen to have more Bronsted acid sites per unit weight and a
larger pore size than the alkylation catalyst, it is better suited than the alkylation catalyst to
act as a guard bed for removing poisons.

[0036] In addition, feeding all the fresh aromatic feed to the transalkylation catalyst
allows a much higher molar ratio of aromatic substrate to polyalkylated aromatic compounds
to be maintained in the transalkylation step. This allows for reduced by-product make, a
higher per pass conversion and a higher thermodynamic yield of the desired monoalkylated
product. In turn a higher per pass conversion of polyalkylated aromatic compounds reduces
both recycle rates and the amounts of by-products requiring distillation, thereby lowering
cnergy costs. In addition, the transalkylation rcaction is thermo-ncutral allowing the entire
unit to be operated at relatively low temperatures.

[0037] As uscd herein, the term "rcactive nitrogen compounds” mcans nitrogen
compounds other than molecular nitrogen, which is relatively inert under the conditions

employed in the present process.



[0032] I n one enbodi ment, the al kyl atabl e aromati ¢ conpound conpri ses
benzene or napht hal ene and the al kyl ating agent conprises at |east one of

et hyl ene, but ene, 2-butene, and isobutyl en =

OEatr P on RO s e L0351 gure 1 is a sinpli Fery S agr am of
a process for produci ng nonoal kyl aromati c conpounds, such as ethyl benzene,
according to one enbodi nent of the present invention. [0034]Figure 2 is a
fl ow di agram f a prior art process for producing ethyl benzene. DETAI LED
DESCRI PTI ON L MBODI MENTS [ 0035] Descri bed herein is a process for

pr oduci ng anom&#ylammnﬁ&mambon@ﬂumdmcbyaﬁﬂkmbaﬁi@mﬂ@m anala)lkyblat abhsaic
aromati ¢ conpound Ik | ati ng agent in the presence of an al kyl ati on
cat al yst fo||%MEam§§“?Péﬂ§§ P&t on of any pol yal kyl ated aromatic
conmpounds geneo3 ed Tha tértwe’ aaaln{eyb'alﬁm@mres«teetp thid dlkyldtairl¢ benpoahdsytattalot escful
aromatic co ound.to roduce,addi tiona mat i u The
transalkylapﬁﬁﬁmkFé% $§“%%W8ﬁ8¥%8”@ﬁm?ﬁggq ggﬁ%%"“ﬁsgmgg)%pﬁg n morls
transalkyIathmﬂpmgm&kysnmam&lwdmcﬁh@mpCe&@mmdpmnmessmﬁmhan&me&mum¢e¢C$

cont ai ni ng th Iatab e ar natl a contacted wit
transal kyl at i%o# ‘%%%ﬁ??%t‘?d”?ﬁa@ovﬁdtﬁ?i(b%”ﬁgfécn W“&hﬁ”nsmukﬁg%gggkylate

t he polyalkykﬁh@dnamﬂamanc conpounds to produce additiona

nonoal kyl aro t but al so, act,s _as. ctive t ve
impurities, gﬁ%ﬁ E?e% |%%“ﬁ?t§8h%ﬁﬂ@8518%%5 %mggﬁ agae%lglep ﬁnﬁa&%gn
al kyl at abl e ammﬁmkme pegehe, 8nmeecmhbmmnamgabkykmbmmawbamabvﬁtmday be chosen

to have nore st i uni ar.ge  S|.ze
t han t he aIkJﬁst on%%g?aj9§ﬁ %£§11D & edMﬁ%?%%ﬁ%ﬁﬁ #%égg%k§F§=fd%ﬁ
catalyst to annwﬁSbalguﬁndsbéddfmﬁmﬁewmmmmgwwdﬂs@m$¥wp®@B$Pm&yaddiBMbw,
f eedi ng .al ! ttl%%ﬂd;k ?a%xgn ahg thl CExaﬁlégs & “(":E ftc£ nrﬁ rmé a[BJh? fc%&fy Ygitro lnl OWs
a nmuch hi gher no t|o b ¢ substra o pol y ated aronatic
conpounds to cbmpamdslthaliog@ﬂ anchott dmelpbmeilsusahmsllr@tqné r snD@pJf ofhdes, sillthowsefior

reduced by- Prodigl AR Rm. SndbAS! aRGhRE f%lq%ageng&ag AGAM 1 % BIAAGS of e

thernDdynanlc yi e Sifed nonoal product. In tu I gher
per pass conu&msﬂ®nmmﬁom@hyem*yﬂﬂveﬂyamgwaﬁwtHmmwpgumﬁsw@eﬁue@@mmﬁQ@ﬂy

recycl e at es, ANGICAR.ATRUL B0l BB ROUGLEL SRR NG M SRR, 1

t her eby | oweri ng ener tion r atlon reactlon IS
t her no- neut r ahchadabaswhngermdwel @rihd nam- dfrﬂCtablteo%elﬂenmpfetreatiSe@/l@Dquéiyat fegaieyy dfow

temper at ur es ¢, LRGITAY HERIalLELSH Brioh Rtoh A BeikRASt  ve i trogen compounds’
[0042] In some embodiments, the feed impurities are present in such feedstocks in

amounts of at least 0.02 ppm by weight (wppm), often from at least 1 wppm to 5 wppm, even
5 wppm or more. In addition, as supplied, most commercial aromatic feeds are water
saturated, that is they contain at least 50 wppm, generally at least 200 wppm, water. The
present process provides an advantagcous method of reducing the amounts of theses feed
impurities in commercial aromatic feedstocks to acceptable levels.

[0043] The alkylating agents which are useful in the present process generally include
any organic compound having at lcast onc available alkylating group capable of rcaction with
the alkylatable aromatic compound, the alkylating group typically possessing from 1 to 5
carbon atoms. Examplcs of suitable alkylating agents are olcfins such as cthylene, propylene,
the butenes and the pentenes; alcohols (inclusive of monoalcohols, dialcohols, trialcohols,
etc.) such as methanol, ethanol, the propanols, the butanols and the pentanols; aldehydes such

as formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde and n-valeraldehyde; and,



conpounds ot her than nol ecular nitrogen, which is relatively inert under
the conditions enployed in the present process. Feedstocks [0038]The

f eedst ocks us&@zqug g present process include an al kyl g{-3Rk8osJ¥8t i C
conpound and an a Kylating agent. [0039] The term "aromatic" in reference to

t he al kyl at abl e conpounds whi ch are useful herein is to be understood in
accordance with its art-recogni zed scope to i ncl ude bot h nono-and

pol ynucl ear aro l%%§%¥groc§%9 @%1—? ppﬂ%_ @%@?py%ﬂoné thﬂﬁi%ﬁ ﬁﬁawh'Ch

possess a het ovid
poi sons undermﬁhmnmeabﬂMmﬂcxmmhmﬁ@ﬂﬂs selected [0040]SU|tabIe aronatlc

hydr ocar bons [@EA&'&qu’r?‘ araé %é fe QOC}(bh %lt 5 [{rﬁbegntupcres Cd?(gl?e’nzé}l%gm ggﬁgrgegmd the

peryl ene, cor Kehant rene

[ 0041] Gener al deyiredtrtretidr gsducais ottmiberzeiceedst ock enpl oyed in the present
process will contain feed inpurities which, if not renoved, wll be

del eterious to the al kylation and/or transal kyl ati on catal yst. Exanpl es of
such feed i mualkikhiie@sResedbude reactive nitrogen conpounds hal ogens and/ or

co d , I
telrrlp(ljll:linu?n CSH@ &b L)ngh(e)gﬁlggr%fta}? ?n 816 d(ﬂ agl 1 red%tllj% i’t&oh@s %ﬁﬂlc:t?nglﬁg a %a'g)b&% 12

of the periodk@nmhaompmmdehenmnﬂ@ﬂmmgpgmahﬂW@pmhese0ﬁeeﬁbﬂnpummaWesm@mc
present in CO%H?EOCAS%' llythatlvt%fls la@bllafr‘ngf § %gfsltegcghj<§/it+ thed r@i‘ﬂ&b%e 51‘@915& 50%1 B0 to
a anaVy & "means. h Y

detecti bl e by convention cases, enoval of
t he non-deteeeabhveeedmhnpuMbﬂ@éSHMsMEMWdem@edomwnmdre@@vegthdeﬁwamyst

activity and orodisly SRIYA Alalalobloing Lhea B ol 9043 RO MRy

enbodi nent s, e pres uc stocks I M amounts
of at |east Osowtuppmpbty toxvelaglltmn (hapdyatabdf srematior empaend sagentipllygpietlous

5
uppm even S MRRMERL MIRLR, whdle %%Héyiaa?aglc a@?mﬁl{dggllnb(ﬁgd iRRks GADTRS G Qime

aromatic fee are wa Saturate s they contain at [east 50 wppm
general |y at1h@m§seQ@@nmppmﬁmMakﬁmﬂmmheupmeeehmwbﬂ@t@é@b@ﬂ@Wb@esﬂaﬁmwn

advant ageous gepihad géveélggkmgg{%%e e-%ea%eh QF&?%O defd bORYHI £ ol N

commercial aromatic accepta | eve
pressure between about 1,000 kPa and about 10, OOO kPa.

[0046] In onc embodiment, the alkylation catalyst compriscs at least one medium pore
molecular sieve having a Constraint Index of 2-12 (as defined in U.S. Patent No. 4,016,218).
Suitable medium pore molecular sieves include 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.S. Patent No.
4,016,245, ZSM-48 is more particularly described in U.S. Patent No. 4,234,231,

[0047] In another cmbodiment, the alkylation catalyst comprises at least onc molccular

sieve of the MCM-22 family. As used herein, the term “molecular sieve of the MCM-22

family” (or “material of the MCM-22 family” or “MCM-22 family material” or "MCM-22
family zeolite") includes one or more of:

. molecular sieves made from a common first degree crystalline building block unit
cell, which unit cell has the MWW framework topology. (A unit cell is a spatial
arrangement of atoms which if tiled in three-dimensional space describes the crystal
structure. Such crystal structures are discussed in the "Atlas of Zeolite Framework

Types", Fifth cdition, 2001, the entirc content of which is incorporated as reference);

- 10 -



[ 0043] The al kyl ati ng agents which are useful in the present process
general ly include any organi c conpound having at | east one avail able

al kyl ating groug ﬁ@ bl'e of reaction with the alkyl at ablpg &k as
conmpound, the alﬁ ating group typically possessing from1l to 5 carbon

atons. Exanpl es of sui tabl e al kyl ati ng agents are ol efins such as ethyl ene,
propyl ene, the butenes and the pentenes; alcohols (inclusive of

nonoal cohol s, dial cohols,. trialcaohols, etc. ﬁ& EE%R 1.y thano% t he
ropanor s, tHb burEiBRE SRt (A Utk AramEon SPainyaas SO Agot Pl defiyde.
acet al dehyde, pr omm&b@ﬂehmd@ obuﬁcw MWﬁhmeefﬂﬁ Ifbp%&gji‘h&iltdeﬂhéd%maﬁgj,a

al kyl halides such as rretF%/ ﬁ{jtlh et h%[( $ hI or l!ﬂ Eﬁ

chlorides, the but3Pro@¥rs IH§§”5 &SHErt Y %ﬂf&ﬁpﬁég K g§o forth
[00441Pref erably, nfdRubegsst aalstiomn c&rh@o@lé@&@ﬂ&cg&ﬁ@ﬁﬁﬁﬁg ab&sbngaam@ad

et hyl ene and the desired reactlon(%rod ct is eth enze

Reacti on [ 00451TRE® Hrinefafipn Spepnt ol tHemssK e ?ygaag%fﬁ%ﬁm el
contacting the al kytatahd @aadcatrr&ﬂattad;mng%mmgn& Bm(ﬁrtg Ancad eyl nddnbRgeragestc i n

t he presence of an al ion atal r co ns su hat the
al kyl ating agent P%%E%gk%#?%b 9$8€§B &°ar ?"@SW%%EW £ag be i a

sel ectively pr odU@@utahmmeﬁ;laﬁeﬁeg'mcmhﬂéyl A0 F8hicQ NP Aty domiAhdtio ugheot:he
al kyl ati on reaction, can occur in the vapor phase, it is generally desirable
to control the aIRV1at|on conditions so as to maintain the al kyl atabl c

aromati ¢ conmpound nRuRshaftiedchide ib atnp&egulaqwrddrmlaalswml%agm@mnm@memme t he
al kyl at abl e aromati ¢ .conpound |@ udes hepzene ene incl udes

et hyl ene and the STRYIPBAREIIEC %%ﬁ@ﬁH&Pﬂﬁ@Yﬁaég %.HVP 8hizene, the
al kyl ation cqogtisy i or}@ol@@rwawcglafihy MICW[QI"If&ﬁlbamtlediﬂlﬁdisatrltm&ulbe&meﬂava@mdt 50C

and about 270 n essure between about .1, 00 P@ 0 00 kPa.
00461l n one d@ﬁﬁﬁfé paiigyp ngludine depacing mpxiing a¢ ch ggéoag& 3153,%(8‘?70

medi um pore rmizeo of atngstk@v.e TlﬁVKfigy diffoeunish rdaiandsed ndQXaerter&e 1tRe (n&SerﬂEfaﬂened
in U S Paten 4,016, ). Suita medi ore nol ecul.ar sieves

el ude Zaw Sbupgpy Pt aE 3t k Jarpi Bl ale Sy RS S 5 1 o
described i n «deif@ictonierer UqbippRBtvht a NoigtillaBion QZuB86aminassieate Yoi8d8er &SMell i s
descri bed in dﬁtal| in US Patent No. 3,709,979. ZSM 12 is described in

U.S. Patent N8'CHOBY5®NM1g 7SM 22 is described in U S. Patent No.
4,556, 477. Z30048B | MAeRordfhietMCM-22 BmilRatdnric NNOM-22, ([0d461i842n 1ZSMa3bt N6

doscri bed i n 05832 BarSHE NSt b s USSPt 1 4o hdr - isoa bl U Fhe
al kyl ati on ca@aehysd. 4c806rﬁ6‘j)smat(ddsﬁasﬁ iroveorieBi Baetit do. G198852), dmuneesmddzz
a1y, e g Boggl0o B S, DL SRS i o PRI ¢
famly ZeO|IﬂEO?WFﬂDDMdﬂQﬂGBQd@&HNﬁnﬁIIS”PMmuTﬁx52502TD MCM-49 (described in
U.S. Patent No. 5,236,575), MCM-56 {described in U.S. Patent No. 5,362,697), UZM-8
(described in U.S. Patent No. 6,756,030), and mixtures thereof.
[0050] In a further embodiment, the alkylation catalyst comprises one or more large pore
molecular sieves having a Constraint Index less than 2. Suitable large pore molecular sieves
include zeolite beta, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Decal 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. Mordenite is a
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nmol ecul ar sieves made froma common first degree crystalline building bl ock
unit cell, which unit cell has the MAW framework topology. (A unit cell is
a spatial arrgnge of atonms which if tiled in three- QicRRASHHN}MsSPACE
descri bes theagrygﬁg% structure. Such crystal structures are discussed in
the "Atlas of Zeolite Framework Types", Fifth edition, 2001, the entire
content of which is incorporated as reference) nnlecular sieves nade
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(described i o 0ROl n a
further enbo Ohrr{ecﬁstlo &E%pgﬁl%ﬁlx %?ﬁ?fcy)tﬁgg%%%yg?@%o n%par%%% Lsg%g%de}egc?&fnaﬁrdelg a} Jé)e
pore ol ecul aqontsolélweaemamfmgmam@ms that piaductsdexbd abépsned keapomically pdegsiaslyl ar ge
pore nol ecul c I o] usy) ,
Deal uni ni Zed%th?k)e\ﬁﬁﬁ%r& cltllljeq cﬁrl?s?fjgf éo%trpﬁ'ﬂlgthezrgtg of Pegctﬁnlglhésgzﬁgdttégsﬁ%a lfe

Zeol i t e ZSM ldcoppradessiofoi @@dallyrpcwrsng Fiaxseﬁe N@ltoretegtze kedis, toZeprdve dhezTih20 | s
described in 9 i S.
Patont Nos. 47558 658° il eng iy SRS SRl W FRRR TR o

mol ecul ar sievem@UQXﬁh¢S&deécﬁhb@dﬂWﬁDUM@ﬂmPaPQWPkng'ﬂ%@zgéﬂﬁg?nﬁﬂﬁuk

3, 449, 070. Dealum, %/Zv@gely oA He b@ev@ Q@ekm%gr%{'&@e DOEPREL Y 96 ff,ercsmtblyod
found in U S. Paten . Zeolit is described in U

Pat ent No. 4,whizht WOW@QW ﬁaglqugnla, when the composite is prepared in the form of bcads

in the range of about 2 to about 80 weight percent of the composite.

are

[0053] The alkylation catalyst can be provided as a single catalyst bed, normally a fixed
bed, in an alkylation reactor. However, to enhance the monosclectivity of the reaction, the
alkylation catalyst is normally divided into a plurality of series-connected catalysts beds, with
substantially all the alkylatable aromatic compound being fed to the first catalyst bed and the

alkylating agent feed being split between the beds.



natural |l y occurring naterial but is also available in synthetic fornms, such
as TEA-nordenite (i.e., synthetic nordcnite prepared froma reaction

m Xt ure conpr S t raet hyl ammoni um di recti ng agentF - nite is
i scl osed i (el RE 3,766, 093 and 3, 894, 104 55@%?5%?%% ed

nol ecul ar sieves for the al kylation reaction conprise zeolite beta, ZSM 5,
and nol ecul ar sieves of the MCM 22 fam ly. [0052] The above nol ecul ar si eves
may be used thq gl Kyl ation catal yst without any binder or matrix, i.e.,
in so-called i%¥¥i¥£h##é§iﬁg#F-Alternatlvely, the nol ecul ar sieve may be
conposited mﬁMh&ﬂnofﬁercﬁhmﬁrmam\Mmcﬁkﬂamnesnsbanwutanhhmupempmnatum&s and
ot her condltlons eﬂP edM{n the gﬁfggtg #éﬁ% nf%%%@ terrO tand
i ncl ude acti vi® ﬁ#a’“ﬁa5WP §‘WﬁP8W1§Is icor tra p currlng
zeolites as mgk&mﬁﬁaﬁmﬁﬂ@&nMﬁmmniemnmmmisamhsahe@maySmanﬂmaﬂ mxmdeétsumh as
al um na, sili Fodu ? eparation sl%e o{ma%fyr COM o’fdl.bttl E]a%grll &1 nrlrr?'sgnﬁs Aol rgcr)'(vtey{oes of
t hese and ot h&f 5x%8a The 1t nay B EPTRer ha occurt rrng or in
the form of gematd ummasmqbaléyintpdl tuamem: @rnpgmidsandrd@biwdlmugoaﬁzyww @sdwet, bsi dldoca
and net al OX|des S uded pe binders to
modify the es %&%\tf)s(?gf \éollyzma p)é g(! epeme lnhtﬁe rry 1p ooftllhettéalsalléy?atltox feaciion, %1

manuf act ur e. [dselkgfated spﬂ@l’arathen edcoryg umsalkyimqm rb*rtqrhwhlnbhtemphrme fmnevf@
i.e., conbine heremn r nt, durl c self is
catalytlcally(ijk tmn‘em”” W gﬁz@&f e 5%%@%?%%%ip§ﬁ'§or selw&?b%m?wlg%ﬂp

cat al yst. Inawbm&emwﬂbﬁmwahghsmhmablyomamuenmwndumdemKSﬂEQOEQHMBdkwmma
anount of conyersio u |

orderly wit hOU?Iyst ?@ﬁcall % nglrlb%g( Ei. 1§n F%%{torggngpl&ta%fim%ge 8&95’[}5 R lJTl¥hrag§%t i on.
These naterlabsuhuymbewmna@rpmmmUmﬁ mﬂt@cn@@mm@kiWOGQGUﬁmnmgméhaygtk@ﬁg
bentonite ang) Ikﬂﬂ e lg@ho%gmthe crush strength of the catal yst under
commer ci al er %on fs and function as binders or matrices for the
catal yst. Thdﬂ(ﬁél at |Fvee>pnmb>oslmablnsoruﬁthmsE@@aﬂrﬂng sitaheliqundpliaporgarkdateri de
matrix vary "&f%ﬁJZXne lb%h & rﬁ%ﬂ 8{?& érQrQrefJf JES}nhRQﬁ'rtlsé d B Apgut 90
percent by wel ght sua rtlc e conposite Is
prepared in t208°G apressyfc Qféé@&kf’dlom lqsehé Wféﬁﬁé%@‘ﬂ Olaﬁmmclght Qféhﬁatb@lﬁtht@ibfcv?eﬁ()g ht
per .Cent of t h{? chﬁg)(ﬁdiotng of[f%gfgllo-m% # ok %)%F hed hpatax?d lucqgh S’f angvdcdt%d as
a single catalyst bed, normally a fixed In an a y ation reactor.
However, to emhaﬁ&@mvw@Cﬁ@nas@D@dthWwbwﬂé$lthe reaction, the alkylation
catalyst is Tovsep! | »rhg'n\émﬁglah But swcyf{ Blrhdrke Bhe SERbRSSICAINEGICHoRaNR! YST S
beds, with substantiall |'at abl'e aromatic conmpound being fed to
the first catsmm;bsthscbwdaabdvq herfeultwyl tat thagpligdpsine RebAL beshes MFVE2ZhEmikgen
the beds. Transal kyd E’aln'b%ﬂbé%!a@&ﬁ bP&}thuPQ%% Thenad 'N'&Hlfaﬁ rh@%&e?edlthough

al kylation reaction will inevit contain sone polyalkylated aromatic
conpounds, |ﬁoﬁdﬁktP@hﬂkﬂd%ﬁecﬁésﬁréd ﬁﬁneﬁYWVmaFédYﬁrﬁﬂﬂﬁbeaﬁﬂm&wﬂ@ﬁﬁted
al kyl at abl e afQIRhL Gekf rtrﬂ%od'é'ﬂgdlkyﬂﬁg§ cathi A€ h d¥th & 41@Rin® ol M BRD 1d:$ RR&EES 1O @
product separation system normally a Series of distillation columms, which
not only ser vhssilkyipe psgestyhraddispedhoaraaslialaian spebanpenady Appiare malsenlar

desi red mnogﬂcma%tngq prcQ;%%Pcatupﬂllﬁn ahss t&eam@m%@@dtm@ pol yal kyl at ed

speci es. grlnar step of the transal Kyl ation reaction, the

pol yal kyl at e(ﬂ00§5 ci &gl tﬂli?eﬁdlfbé]éfyiﬁiymac%t?l&ﬁscﬁwweatq orlcceacsiore hreh i s

separate fr Omoml%m@ldm REd R ﬁﬁﬁ&ﬁirly m&éé%llc@(ii@{zéib%@h RNRAEW ’h§ding
product is produced reacti ated species with addltlona

n
D o S opRaics e ey Yo emagr . (s etcs, Doty v Becs gt Tar! .
the transal kyk@gd) QRorfi@ac! 26MLE 2PRELAtARN-INESK- CONM-IONBSHILBh ahabixt.Re

pol yal kyl ated aromatic conpounds and the alkylatablc aromati ¢ conpound are
at | east preﬁ@ﬁ?ﬁantly in the liquid phase. 100551For exanple, suitable
conditions for carrying out the liquid phase transal kyl ati on of benzene
wi t h pol yet hyl benzenes may i nclude a tenperature of from about 150C to
about 260C, a pressure of 7000 kPa or |ess, a WHSV based on the wei ght of

the total liquid feed to the reaction zone of fromabout 0.5 to about 100
hr -1 and a nole ratio of benzene to pol yet hyl benzene of from about to
about 30: 1.
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[ 0056] The transal kyl ati on catal yst can conprise one or nore of any of the
nol ecul ar si eves di scussed above in relation to the alkylation catalyst,
such as I\/CM terial, and can be used with or , i nder or
mat ri x. zﬁpzm%%vzeﬂgr al t hough both the transal kyl atl ong)g‘gt_g% jp/st and

t he al kyI at| on catal yst conprise alumnosilicate nolecul ar sieves, the
transal kyl ation catal yst has silica to alumna nolar ratio | ess than t hat

of the al kylatiqgn al st In addition, the transal kyl ati on cat al yst

normal |y enpl s r sieve having a pore size greater than that of
t he al kyl ati ojoosst a|A(§thc[u@Q57d])55&El€Heafr¢sy alityle@ablor aﬂ&aﬂld(ﬁbb@tdcﬁl’bnqﬁﬁyaﬂ yis tthe
conprises a nol ecul ar si eve g}/ ng a Congtra nttt g tt than 2. ol
particul arly ARG} S7osDE DS Bt VM F BRI PO B LS r?gibgltbr Rytigfarly

zeol i te bet a,rcagiot infitergdy cbinpsimgs abd eod-rdaBX¥) pitrbeal ummumd a¥ v(d])ea:t wer. Rar e
Earth Y (REY) deni t e SM3, .Z ZSM 5, M 11 SM 1 20 and
m xtures t her'@/d?fca{l %f%ffo%‘% arppiatig %ﬁ?ﬁtde[b@‘%;f Bé Qi Bl @?tégg\}o TS ¢ esh

al kyl at abl e apmmtdnfént eed st Qﬁ{ﬁveratplt@yte@menoﬂ the CpﬂaE'Step‘ctlsO}ﬂS o&sls pwtdehtment
normal Iy contain significant quan Qi S rticul arly
reactive ni tr%&@ﬂﬁycgﬁ%ﬁiﬁ’&?l% @ﬁX g% : r{}aelcnfft\(%%&lenr%u dehgga“on W as
wat er. Typi caduthyys atl @erseérmmt urlithiecf@r omater ¢ bédets ladKOKJQNSslsbI b edbed rtsih @& a
pretreatment Stlee atrot ree € Ceall tat Wag G bten ondt%onts 3 ltlgf)romearsm\{em eratulreeg‘ 2;[bostom3
of the cat al YRV BB §5Hs SSHK ¥ SEF SRR RGP Hal ey P RVO P VEYBALE the
al kyl at abl e axseerat dbOuthéQ‘t(STpﬁuﬁd(dtﬂ)l’tfromgbmm"ﬁfé‘hqehoat la@ri’szda,pra»mhoﬁ@oat 30i ght s
r enoval un|t t béaf f’f(?oo% after a bed of an adsorbent, such as a clay, a
resin or &CUf ar’ 'si‘eve, generally at or near ambient conditions, such
fromas a terﬁ)wat urte:xofthcadﬂgumab%@om@tmﬂo@istoo@EsQ@sbcqbﬂmh@hatb“agtiomtmncablcmt 25C
to about 150 and a pressure o kPa Next ,
t he al kyl at ab? bszilFaocrreét"{) {:Cr edé%lg ggabcgi?rt ﬁlgoﬁglﬁégl S?g% [ cfhg |%§1)I§%E(IJCI umm
to separate deadatberis tpa&&damdlelwmrmcmebmrwhpthas@dmmmt mercabar H@admstfmem A

p P
dry aromatic ,f eedst.o r t Qs no
nore than 10C}I bsefgund Rl it %§P‘t% C%dgfg 1501385{‘%99%%?@%8 Jyﬁ%mcxg@aﬁggg{% g{g%t%ons
are renoved fphesm system vm th with the water phase. [0060] However, whereas
adsorptive pr at nent.an C f y of
adsorptive PrGiOPat TR 305 L AELAANALL SPARaR! LACHAARplfy FErTE Y
f ound t hat, evreweaﬁetnerof sheadelepriety @antlm'e%tm thtehrdlyiloghly drogaticefpedstock, patbtfpmdl arly
of reactive r u f. Y. BLaPaYPEF beakfl oS QNE
i nstances ungfé%e%tggb ﬁgptg%%r@gé atr#‘{nﬁ @? 1%‘?&%2&?&68 galuctiﬁ]l()}ﬁ fneacateaﬁ St fe,
particul arly cofipgungs, atek»yffmmtbynhlghtaléwystsompﬁnstah@esan@mtdbkﬁ: t¢ eeédstnowzuﬁcsnt
al l oned to Cqm‘u@t?otnhﬁlqgta @ttl?ﬂe d[*tlcmatl?%yfhe a'ﬂ%/?alﬁgﬁ citng@ttmtaror;{ﬁfésfeed'sﬂacﬁ ﬂe
present process, |re fresh a atable aronatic feedstock, erther
with or wt h@quedafdsrontpcmtheecq@:rhe»‘t Meta@ute“wther freatiend. tldus, h@tmrmmrﬁlm@qem then
catal yst so nt% fx%ttﬁattﬁ{)ttﬁé b fa&ttogt"e}thér%fh%t utthtt@ta%s&@m%téte%eaf ist he

pol yal kyl ated aronat | y-pro ucts Into additional nonoal kyl ated product
but al so act scdds thr traasadityilajien guialyd spdt the laftefrackapt Q@d@(f@ﬂtthfé cpigsjongf the

impurities i %p{yglﬁ%gtggq ﬁgby E%Qh&[@!n oyadla)ﬁoﬁgtl IIL(%%I(Y[;‘ZQ(?/ rogté lﬂutaﬁsob%tb%to | east

20% for exa y at [ east use of the transal kyl ati on
catal yst as aeaﬁ@@cgqatﬁebcguafwh@wdwgé&ba@lNymw@m tasthe feedstock, typically by at

least 10%, such as by at least 20%, for examplc by at least 30%.

[0061] The use of the transalkylation catalyst as a reactive guard bed necessarily results
in some poisoning of the transalkylation catalyst but, since the transalkylation catalyst may be
chosen to have a lower silica to alumina molar ratio and a larger pore size than the alkylation
catalyst, it is generally more effective as a guard bed than, for example, known arrangements
that employ a bed of alkylation catalyst as the guard bed. Moreover, feeding all the fresh

make-up benzene to the transalkylation catalyst allows a much higher molar ratio of benzene
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in some poisoning of the transal kyl ation catal yst but, since the

transal kyl ation catal yst may be chosen to have a lower silica to alum na
molar ratio a@@z?‘#oo?zrsﬁer pore size than the al kylation GatRlkYmdmesstd 1S
generally nore effective as a guard bed than, for exanple, known
arrangenments that enploy a bed of al kylation catalyst as the guard bed.
Moreover, feeding all the fresh make-up benzene to the transal kyl ati on
catal yst all ows r nol ar ti,o of bene aIk | ated
aronatic corrp&ﬁﬁ’g’?[w%teﬂ ‘%ﬁ%ﬁt%ﬁ’ﬂ‘i’%‘&m 0 PR PRSI “e‘f dflbgﬁqlfﬁl @“’
al ows for redisaediobyrcprood ust- prtmice ma;cmaglh@hcxpecr ma:ss cCQUuAMBNS areh aarmthar
hi gher therm) na i el ired 0 te rod Wth a
hi gher per pagg gﬁ\?g%{sﬁ? 8% ttE)o Ve ‘i qlonf)dlm%r(g |C€t cgmalounﬁjghel e palecycl e
rates di mni sdmneemdort deQ)O@I?itkl}mtedmfonlmyle pcnroldmcdiss theeepyrle iraigp cdmsﬂshlalnatthe@moahtso

di m ni shes. O/ ener are er ef ore t he
present proce¥s’ g Qrﬂ@cﬁnrle Lg'){r}ga?liﬂgag?n 8%%25?1'315?0 p(?)Yeg fkgTrg a?rgn%%mflore
conmpounds f edroti@ed, h&ypicahsat kil pi‘é*leﬁtl’]pﬂb%ﬁ;ttbﬂf mogar attid efaSttnzanelt;o stk ydeged

bet ween about_1:1. and abqu 1 ]In
one enbodi mento" ]ﬁﬁ e *Prodiet ssedz0 1}16 transa \X% Ry reg?t(?ati legggd% gé‘hg%ti”ﬁ“ﬁ[ %g?%n
cat al yst eacht: SWdtarbhlaB[)e 1: mamrﬁttaed]t I yncbkﬂc lneen an operatl ve node, in which
t he catal yst |s functl n ans §.,0 r bed,
and an i I’lOper[E&I ve rm e, I'n o C:l/\ﬁg rE)crce%lbt é}&%’ {)Egﬂg breggggﬁlgﬁr(ngalgg%q

repl aced. |n dhiyst awly;wmhealdael@brwtﬂehtl}abwwe dbepqrnl\fts hr@deper@tqh\ﬂee midiest baghi | e
the other bed_i.s in.the i ay, e at ed
in series or | funmom}gl 8 atﬁ?‘%@%’%}é&gd %ngtgfél nera'?) e%fanc?%r?mlagégguent Od?olggﬁlggh in
whi ch the al ktyé adtabslt és beimagboraanpoupleccls lhelrs ene %mothi h’ellalll\%@'bézt?um@lbagent
Is adilute Et h1¥1 \?cnlg ét I;N%ﬂmthc o%hc%rﬂ)g mnthclzlngﬁgrgtw% 11Lc91@64ﬁ1156ft1%';5 bOg. rﬁg t!:c gur e
1, fresh benzt eed aving inpurities, such as nitrogen inpuritie

suppl i ed thrOlwgl’ratetiiimniiolalnnhrépa&ed to an adsorption unit 12 which cont ai ns
mol ecul ar si 3& AP REGRANH A 0L DELh " FAIENE TRLLUALRyLAE! Hehag: Tor
exanple, cla /or resins, to reno east a portion o¥

impurities. ‘Kﬂh@p@lmelai ulzdne eshthbeliyleties aseids p dilyya sfplanc sregm tip W&Ilkﬁtgatcl on
reactor 13, which also receives polyethyl benzenes (PEBs) as an overhead
steam 14 froma PEB distillation colum 15. The transal kyl ati on reactor 13
cont ai ns one [B964tror Refradiee of Fignanis diekly berzewsnfeed hayiys impusien sadh sebipgea
beta, zeolit it ashakl Brofieh Y 1 oReRki L7 et XpddRedic 1) whiBRbSukar th Y
(REY), nordeﬁfn?umg% 17\/?%tp %Sl\/f%g ZSM 1% I%'IéM ) 0, anbO\ﬁr’n xt urles ‘?/ 1ereof and

i s operated urlesnlasgicet Bhsorbsnts godor prher wen@émﬂ@nehaweluﬂleesfoaﬁéamplu clay
predom nant |y, gg LBt i Aol m@e@a?&%ﬁ 6RGL féee%gn fos.t PhdhQAMGRsh benzene

et hyl benzene ? S ne transal I on reactor al so acts as a guard bed
to renmove at feaddspasprrip délfdn“tdﬂ@dﬁle'aﬁfﬁwtvl‘el%iwﬂlwbg‘bnWcﬁlﬁﬁf’rﬁoﬂﬁf%lb&ﬁ%ﬂmm(ﬁgls”)
inpurities insthe &f88 Qteg}ﬁ' nZeng { 8eM disliPABRLINEL akT HuEBhnshikQMion reactor 13
transal kyl ati on reactor 13 is conposed mainly of unreacted benzene havi ng a
reduced anourenteifs iorpur i mereshed ER prpwiietariopEls!ysn dudlet yoolBnpiursc ki t i ng

the reactor lﬁtr&s%eugguévﬂ%clﬁmmg xef(ibwent RhB Halth& H6EYS nfoBnitQ Z8MgNZeEne
distillation colum whére the unreacted benzene is separated fromthe

ef fluent as &SMod-cfNEA8 SINGPn angd gnixtyrss thsesal @Rd SAPF@EF U EeTicenditipny spedigthat

together wit hh@&n%nbxéh@ @EBI, 880 &oEAMIL & tht Gq@D pBlK h@tdaBoE 8RGO f)roallcc
series-connected beds of al kylation cat al

containing a plural M
such as an MeMwbengeambB). Faoiripsdkylatios I%CWF%FI*‘E)%FW%&C&WF bed togis@p R & aﬂnder
condi tions suyehofhateatiie nﬁ%@@tﬁﬂ%uh@edﬁﬁ@&i@éﬂ1ﬁ§ﬁﬁtlcy inl tRe £rb@ bbb dephase and
reacts with the ethylene feed to produce EB, 9et her with sone_ PEBs.
[0065] he effluent from transalkylation reactor 13 1s composed mainly of unreacted
benzene having a reduced amount of impurities, EB product, PEBs and heavy compounds,
exiting the reactor 13 through line 16. The effluent in line 16 is fed to a benzene distillation

column 17 where the unreacted benzene is separated from the effluent as an overhead steam
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100661The effluent from al kyl ati on reactor 21 is conposed mainly of

unreact ed benzene, EB product and sone PEBs. The al kylation effluent exits
the reactor 21t line 22 and is fed to the benzengGhgtdobhatdkon

col um 17. Thé' uﬂ{c%?ed benzene is renoved formthe al kyl at?on g%? luent in
the columm 17 and passes as part of the overhead stream 18 back to the
reactor 21, |eaving a bottons stream 23 conposed mainly of EB product and

PEBs. The bot reamis EB distill wher e
the EB pr oduck P’Ehcr g‘?%?)’érbérad eﬂgﬁ%‘qﬁﬁe f’an eﬁg eBbtf? r?gl r?r%g’a i's
fed to the PE&yIa)iourmacfwzl IcantmhfngI%E&r@mbrwmﬂl@-comhacpﬁﬁis cdlraékyfagnm veelyas
overhead steam 14 fr avi es, i re di scarde vvast stream 27.
[0067] I n cont V&5 ana{\?{f% c%fn W?Og?e'afr% agﬁy CEESYF O Pt g”lﬁ@fnﬁ[g Ifl%nbs‘,s glvvn in
Figure 2, whehsithe ba:nlzeqenum&rdarhmamryanemlimyeﬁhetw anm@@awhammmmfwbwent S
wi th the enbodi i‘: ) gur, I:It:%]s in Figure 2, the fresh benzene stream
11, after pas¥ay&’ ﬁr8%eél?1e f”ﬁ b%ln(];les Btion unit 12 and untreated effluent 16
fromthe t ran[sadél{yl althie @ffTugdx ffonﬁdilkylftteﬂ réa@to’r Peiskkempend meolyuwtnunkdctedPmngenof t he
benzene over i ta| n it .
reactive nitr gﬁﬁ?%ﬂ(ﬂ}ope Id SE\ﬁgngﬂ %L Ianon Con ueniicxstb ;h%?gacfowp {htrougg ?1{_1&6 %}3 rlldve
guard bed 31 igdnt @ithd h@za{ekq;:ttalaumnco@mmallystr he Tireactedrminzzders wiovddefolrettrene
overhead fromt h

transal kyl atiBn 4 Ef\‘@ag{%‘zg?rﬂ ﬁlef%%‘ﬁ%vﬁn %ab§cﬁ &> %‘lrrgos@lﬁl (pvleﬁ]ven%%%ﬁtb&klfmhe
descri bed andeickdrgt featieg a byttensf ﬂreemc?é doopped tiadnly af EBnipodiicirent BEBs hBse of

ordinary skill,ln &Pe%m%;tdby%d'té AP PR ban%%}o }B]ln%}] m%wmggh %aumgge%ove%e%e'f

to variations not necessari erei or reason
reference s hwlqﬂ'cmeadrrhidevwolt}m bottoms tshreanappen iddo chaP i chlomnplir plystés PEB

deter m M NG IAR.LT 1S £E gb fi HSyBY 68 B0LLAVEQN] O fronChfd! Mo TufiiPRCESS

for al kylation o atabl e aronati c conmpound to produce
nonoal kyl at ecthsamdﬂmsivwstwwmum t he process conpri sing: (a) passi ng

a first feed 666{7 aml%%gﬂ&bts gplzdl ?ﬁgl Q{ F oc?saefglj ﬁodﬁfcfh B Qs &%WQH%E;?"&I

first reactidn Zone conpriain ransa tion cat
passing a secordif élednmmésam@ombwctiongdlm yahRe axr@@n@mwﬁh fhe covapogds to

said first 1eacllan 1ZofGy jo Figure 2 Gk ERRUARILOGAG f1MiekcP bol SRGONGS eed

streanms with sal Kyl a tion’ cata yst in sal I'rst ion zone
under condi t iadsesption unitalds adkyitipied sEludntplsi {ramkips amakahammvmz: ag oA b thg's

e fr;afflcdcg' %z%h@% (AT I9TBRAE of ATPRHAL. (0cREANMEE SR dnRNGA! d¥aAl §tkd
1mpunt1es (i.e., reactive nitrogen impurities and other impurities), is fed to a reactive guard

bed 31 containing alkylation catalyst. The remainder of the benzene overhead from the
benzene column 17 is fed as a slip stream 32 to the transalkylation reactor 13.

[0068] While the present invention has been described and illustrated by reference to
particular cmbodiments, thosc of ordinary skill in the art will appreciate that the invention
lends itself to variations not nccessarily illustrated herein.  For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of

the present invention.

- 16 -



(d) renoving fromsaid first reaction zone a first effluent stream
conprising unreacted al kyl atabl e aromati ¢ conpound and sai d nonoal kyl at ed

aromatic CONPRUNEro/042327 (e) passing said first effluenf.rrisRasig 2
fractionation systemto separate said first effluent streaminto a first

light fraction conprising said unreacted al kyl atable aromati c conpound and
a first heavy fraction conprising said nonoal kyl ated aromati ¢ conpound,;
(f) recoverin al kyl ated aromatic conpound fromsaid first heavy
fraction; ——nga passing said first light fraction conprising said

al kyl at abl e aromatic conpound and a third feed stream conprising an

al kyl ati ng agent to a second action zone rising an al kylatio

catal yst; f Oh)PrEEHt Oét?lhaﬁéoﬁi @f?r@fﬂ%@g@tar rdggt?ogl Olélhdé 9 HPUE ded
stream wi t h saothaikly iyl atoimatic aatpaliyds theiproes@icomgéitngnd reacti on zone under
conditions to al kylate said gl F%I Cgttabl e ar o‘r.ratfi Cc Cl?WBt%'l”%r w th said dt

al kyl ating agent aHd proUtEelE" SelBamSPPPidth reh FEXRVRS MRS fymoNpg©
nonoal kyl at et fastab@EtibiCzane opopsthg aunnedgtagoh alidyst:at abl e aromati ¢ conpounds
and pol yal kyl at ed ,aromati.c conpoupds; and . i) recoveri

nonoal kyl at ed ar ongt i cpaé%%%ﬁ%gn#lfeg%%%afndmg} cond pél?' %qqﬁ%trcl S raggﬁ?mpf}l e
process of cltakail fFiyst whewekomesai d first feed stream conprising one or nore

feed inpurities, d at | east t, of said.feed impurities.. in
said first reacti Of zo??@la tf“gc%‘ﬁtafrgscttdpénEjecg‘fdgfﬁe(]?sclﬁe? S% tahd frihsitltacldi CR4R
2010/ 042327 PG/ sui820080t0&8248n8 .unddrecopdioaests wfnsdkdatens@d mhatelaedsapdaticeed

irrpuritiesinsaidtir,twf.e%ktramco rise at,le 02. .p ,ght
of said first™f g(étaldit\?lghaﬁ% id .yﬁaliﬁbee parr%nclzareggséoo Poc dait?n%%%dug ebrglgi ﬁlg}é%%lkgﬁéged
i mpurities i nreatd chmpsndf eed stream are sel ected fromthe group consisting

of conpounds havi ? on r%mgxl;in% o g)a]:id tfﬂ%% r]::aoc!tigtg) V%Iio&]%a rﬁngﬂﬁc?lt bgc?alggggrgﬁra?mtg
oxygen, sulfur, arsenic, sefenium tellurrum phosphorus an oup hr u
G oup 12 net alngeactedalkyliteblprometsscoofpowldaindsid mumeitkelatedsainthtif eemdpdungiuri ti es
in said first feed,stream ol lfaGY & Mlli00R0n SRR Wirate said first
effluent strcam into a first light fraction comprising said unrcacted alkylatable aromatic
compound and a first hcavy fraction comprising said monoalkylated aromatic compound,;

® recovering monoalkylated aromatic compound from said first heavy fraction;

(2) passing said first light fraction comprising said alkylatable aromatic
compound and a third feed stream comprising an alkylating agent to a second reaction zone
comprising an alkylation catalyst;

) contacting said first light fraction and third feed stream with said alkylation
catalyst in said second reaction zone under conditions to alkylate said alkylatable aromatic
compound with said alkylating agent and produce a second cffluent stream comprising said
monoalkylated aromatic compound, unrcacted alkylatable aromatic compounds and
polyalkylated aromatic compounds; and

(1) recovering monoalkylated aromatic compound from said sccond cffluent

stream.
2. The process of claim 1, wherein said first feed stream comprising one or more feed

impurities, and at least part of said feed impurities are removed in said first reaction zone of

contacting step (c).

-17-



6. The process of claim5, wherein at |east 10 wt.% of said reactive
ni trogen conpounds is renoved. 7. The process of claim1l and further

conprising: 00042327 PASSing said second effluent strRamshomssass
fractionation systemto separate said second effluent streaminto a second

light fraction conprising unreacted al kyl atabl e aromati ¢ conpound and a
second heavy fraction conprising said nnnoalkylated aromati ¢ conpound and

pol yal kyl at ed, aromati c co unds,  sai d | at ed ar ound
Dot no. r 2coverba | ¢ AReRS BhLR 1 veEReauTRERoyr Vil el TR St TPRuRS
claim7, mheramnasauqmeﬁgoﬂﬂﬁhbghwfﬁmé@ﬂbmnmconpr|S|ng unr eact ed

al kyl atabl e aromati ¢ conpound is passed to said second reaction zone. 9.

The process of claim7, further conprising: (k)passing said first and
second heavy 4racﬂmem&mb@<ﬁumﬁma5hmmﬂﬁl&MTRhenmﬁmﬂE$MDmaifamﬂsysﬁmmnwnz

recover said kyl ated aromati.c c rom sai d_conmhi ne actions
and separate ﬁeftﬁﬁ?rﬁa%} &Sc%rf“@nc%‘é%r}% %chp po}i?% MG 2Ry 1 e Ogrtgema ogne
conpounds; anﬂm$$ﬁredyghsngygm_kﬂﬁstmgamtxﬂ&msmndhnhnr@hmﬁhmﬁ1aniGamsdld
first reactlo ,;0 The process of claim1 and further conprising the
steps on an i ??3 htasi s (M ceasing passage of said first
and second feed streans to said first reaction zone;

5. The process of claim 2, wherein said feed impurities in said first feed stream comprise

reactive nitrogen compounds.

6. The process of claim 5, wherein at lcast 10 wt.% of said reactive nitrogen compounds
is removed.
7. The process of claim 1 and further comprising:

) passing said sccond cffluent strcam to a fractionation system to separatc said

sccond effluent strcam into a sccond light fraction comprising unrcacted alkylatable aromatic
compound and a second heavy fraction comprising said monoalkylated aromatic compound
and polyalkylated aromatic compounds, said monoalkylated aromatic compound being

recovered in (h) from said second heavy fraction.

8. The process of claim 7, wherein said second light fraction comprising unreacted

alkylatable aromatic compound is passed to said second reaction zone.

9. The process of claim 7, further comprising:

k) passing said first and second heavy fractions to at least one further
fractionation system to rccover said monoalkylated aromatic compound from said combined
fractions and separate a third fraction comprising said polyalkylated aromatic compounds;
and

)] recycling at least part of said third fraction to said first reaction zone.

10. The process of claim 1 and further comprising the steps on an intermittent basis:
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(n) passing said first and second feed streans to a third reaction zone
conprising a transal kyl ati on catal yst; (o) contacting said first
and second fegd,shhe3s W th said transal kyl ation catal %t yshesakdsgt hi rd
reacti on zone under condltlons to remove at |east part of said feed
inmpurities in said first feed streamand to transal kyl ate said
poléalkylated aromatic conmpounds with said alkylatable aromatic conpound to
produce said nono ated aromati.c acing or
Peqenerating the (Phnsarigt BEren Lard iyt peelidesd vy i BRPLERM 91
The process abngl aim1l, wherein said transal kyl ation catalyst conprises a
nol ecul ar sieve s Iected fro gr.ou o nsi Stin f. te zeolite
Y, Utrastable Y SY) a”%ﬁ“n& ttlr t'iaznedecﬁ(l %g IStre\?Bn,b i 81 gf]fl lén ?gig,?@“ngﬁ 4,
ZSM 18, and sthﬁquamﬁcmmhe process of cIa|n11 mhereln sald alkylatlon

cat a! yst compri Sﬁgq)ecucf glctmg sald%rs% and second edd sttrea Ftlf"% dgtrgllggk)ﬁ%{lﬁlcgtﬁf 9 of

zeolite beta, a disele "havi ng rain
about 12, andn aaldrﬁineloedcaon mne\uedeofsortdh@nwfﬁl\tlemﬁva‘ earhedbtypart of 3id Tdee 1 upwtmmesm of

claim12, whe SB.L% f{}st d str%a kyllfu? Fol t?a,[rllﬁa kytlaqe Xasf& Bgl 1 tch §r0@£ tlc’\}l@%ﬁ)g\%ﬁi Ig%h_e gﬁl of

t he N(m422 famly sellect e group SIS
SSZ- 25, ERBl,alHyTa@bllc ardrifd@ic 2pmp@d Mrom/beﬁcﬁmom@ww@d dM@Rvﬂt@@omsz &nd and

mxtures thereof (44 Ihe Qrosleg%ne% inf AL Tadsa Kgng& cfa9@! f GRNRIE QBRI N

said first reactl zon sai such as to maintain
sai d pol yal kybat.ed aromatic conpound and sald al kyl at abl e aromati c conpound
substantially in the liquid phase or said conditions in said second
reaction zone during said contacting (h) are such as to maintain said
al kyl at abl e aromaiThe prospoliddins Lbsitcaait sad Frynshliylptinn dajagusi epnpiaeses molrgularThe
process of ¢ ls%' Psglf:cté'g] 804" He %?olug cgkﬂlhgto§9!:o%t<:aﬁé?%blﬁc G@WRR%&@ICCQ MRSk Es
benzene or naph hal ene.

Dealuminized Y (Deal Y), mordenite, ZSM-3, ZSM-4, ZSM-18, and ZSM-20.

12, The process of claim 1, wherein said alkylation catalyst comprises a molecular sicve
selected from the group consisting of zcolite beta, a molecular sicve having a Constraint Index

of about 2 to about 12, and a molecular sieve of the MCM-22 family.

13.  The process of claim 12, wherein said alkylation catalyst comprises a molecular sieve
of the MCM-22 family selected from the group consisting of MCM-22, PSH-3, SSZ-25, ERB-
1, ITQ-1, ITQ-2, ITQ-30, MCM-36, MCM-49, MCM-56, UZM-8, and mixtures thereof.

14.  The process of claim 1, whercin said conditions in said first rcaction zone during said
contacting (c) are such as to maintain said polyalkylated aromatic compound and said
alkylatable aromatic compound substantially in the liquid phase or said conditions in said
second reaction zonc during said contacting (h) arc such as to maintain said alkylatable

aromatic compound substantially in the liquid phase.

15.  The process of claim 2, wherein said alkylatable aromatic compound comprises

benzene or naphthalene.
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WO 2010/ 042327PCT/ US2009/ 058248 16. The nmet hod of claim 1, wherein said
al kyl uti ng agent conprises at |east one of ethylene, propylene, 1-butene,

2-butene, and,,,SeRKiHlENC. PCT/US2009/058248

16.  The method of claim 1, wherein said alkylating agent comprises at least one of

cthylene, propylene, 1-butene, 2-butene, and isobutylenc.



