WD 2011/ 146187PCT/ US2011/ 032653 | MPROVED ALKYLATI ON PROCESS CROSS- REFERENCE

TO RELATED APPLI CATI ONS 5[ 0001] This application clains priority to and the

benefits Wb 20nied7St at es Provi si onal Patent Applicati oRCSars2all/obiss3

61/ 346, 763, filed 20 May 2010 (2010EML30), the contents of which are fully

i ncorporated by reference herein. FIELD 10[ 0002] The present invention

relates to an inproved prqagpROVED RIFEVEATJONPROCESY ed aromatic conmpound

froman at |least partially untreated arKytratapre aronmati ¢ conmpound stream

wherein said at |least partially untreated al kyl atabl e aromati ¢ conpound

st ream cADRAISSSREBERBNCE () REISATADCAPRLECATIONSSt partially renoved by

contacting with a treatnent conposition, and optionally, an al kyl ating

agent si s 0008 M ThRMppYcatoRRAiad frorletehal M bhRfitsléf BaRENSta®ds #rBeisional

treatnment conposition. In particular, this invention relates to processes

t o produdiatent Wypbestankeriat toe AL 34ndo s dded 30 Wine 201n@01 Ol B teneontantscelins

whi ch contﬁaiiCﬁ] caftﬁll }/sch]énooa{ts&) S 1ri I(1:Chehae{remat | east partially renoved by

cont acti nvé w el e ERERt %oﬁ’bos?ﬁ on I'ch are porous crystalline

materials. 20 BACKGROUND [0003]OF the al kyl aromati c conpounds

advant aggqyglly produced by the present inproved process, ethyl benzene and

cunene, for exanple, are valuable conmmpdity chenicals which are used

i ndustor i d00821f or Thé@resewsdoedntion relfites ttg ae rimprae mepcesh tbrqupdusthgcan ebrytted

phenol and acetone respectively., Iln fagct, a co n.rout.e for the production
il ReTeo GRbEon) 8 cdlent ey, Spledeh i hyiitle sigr oo sSRaty |

of phenol ™ conpr FgEROR!
propy! enaticampraduie saldmandsast phitongdudicadi dayiatblcohrontieic Ceormrint Osticagm

correspondi ng hydroperoxi de, and then cl eavage of the hydroperoxide to
produce egufasl @FlyBoeRs whichens Lo pariely Seraoved: My sapEissing avithey trgpgment

pr oduced . -dififere 1 . . C I has
achi eved ‘“g%? ?’gsglﬁlg ’|%gin@tlc?gélrl}éea[no?k@gﬁ?g%g&gIlygnggt?g@%ﬁllyssqégggdr %pﬁéa[gréMé b

al kyliat i cigeny dfethizemeatmetithcehpositme im padi@ulahethpr msenoa @fata ®opiodessaciodi €
ZSM5 zeolite cat st. Exanpl es, of such ethyl benzene producti on processes
are desorTBbe| AP s CHRLE: RAY N by FB%FEG(‘V%@'B%‘,ZG_“&, %w?@edﬁl}lelﬁrcegagy
and 4, 016ugHfl: heRawhih S LREGYarly Brid0H BLkBRn LA ARRGE LBRSodie use
of zeolites X, Y, L, Beta, ZSM 5, Qreéga, and ‘nordenite and chabazite in
synt hesi swloth acipptdue npsndincthdridiat ent No. 5, 959, 168 (van der Aal st)

descri bes the use of zeolites Y, Beta, WD 2011/146187PCT/US2011/ 032653
MCM 22, MCME 36, MCM 49 and MCM 56 in synthesis of ethyl benzene in a plant
desi gied gRCKESROOMNM! um num chl ori de- based catal yst. [0004] Anot her process
whi ch has achreved sirgnificant comercial success is |iquid phase

al kyl at i dA09Yr pPdihscilldatentalis pempands pdaniageusbrizrodurgd by 1 pratensimprevad

operates pargcegs, ethylbenzene and cumene, for example, are valuable commodity chemicals which are

used industrially for the production of styrene monomer and coproduction of phenol and
acetone respectively. In fact, a common route for the production of phenol comprises a
25  process which involves alkylation of benzene with propylene to produce cumene, followed
by oxidation of the cumene to the corresponding hydroperoxide, and then cleavage of the
hydroperoxide to produce equimolar amounts of phenol and acetone. Ethylbenzene may be
produced by a number of different chemical processes. One process which has achieved a
significant degree of commercial success is vapor phase alkylation of benzene with ethylene in
30 the presence of a solid, acidic ZSM-5 zeolite catalyst. Examples of such ethylbenzene
production processes are described in U.S. Patents Nos. 3,751,504 (Keown), 4,547,605
(Kresge) and 4,016,218 (Haag). U.S. Patent No. 5,003,119 (Sardina) describes the use of
zeolites X, Y, L, Beta, ZSM-5, Omega, and mordenite and chabazite in synthesis of
ethylbenzene. U.S. Patent No. 5,959,168 (van der Aalst) describes the use of zeolites Y, Beta,



5 lower tenperature than the vapor phase counterpart and hence tends to
result in |lower yields of by-products. For exanple, U S. Patent No.

4,891, 458w0Il2nnes18descri bes the |iquid phase synthesis @eCTatshgiloaszezne wth
zeolite beta, whereas U. S. Patent No. 5,334,795 (Chu) describes the use of
MCM 22 in the |iquid phase synthesis of ethyl benzene; and U S. Patent No.
7,649, 12 abk EUARY et ) i J-OAH Sis
of 10 et Tl banr e e N B e R 2R SR
Pat ent Ndor dsesf9]uhziGuiinl chivoald)badebatilpgs t he | i qui d phase synt hesis of

al kyl ben ith steam stabilize eal.ite Y. US. Patent.Publication )
5005 0534 TBEA * Redirer o En e ey Adhiby, ianith o Bl SR in g
over at |gfasd al%ﬁti&ﬁf@'p)‘cﬁc{ucbﬁ%tﬂﬂﬂétﬁieﬁg BEmbchidndtand *BHRtsiR i dic@fedtt a

inclusion of a rare earth netal 1on. 15[ 0005] Cunene has been produced
comrelci dbwyr teynperaeurt it e yhzoseohaskeduataromt ofd nnge éands W tdsulpimppesnieldver

a Friedel -Craft catalyst rti. qularl ol,i hori ¢ agid . or,al.umnum
chi or | de o 2o PAERh ALY el U RN L ABR TRNRD P SR Y TR
and sel eglyhthesit Gf @h@Pyhahé ORitlDfzchbeRzBAE WicRUTENS. PERht SNAMB®Y, 795 $Chu)
Patent No. 4,992,606 (Kushnerick) describes the use of MCM22 in the liquid
phase al Kdgp&thes thaopsedMENE2Riln Hiegiawd plase synthesis oDefbylbenasae: sddy Se Beteeins
show use L yst i Si | 4 280l | £ er.skhon: .o
Foedst ok eonitYE (IGRIREIFHE0 CHSE B MEMZRT] i gl BRRKERBHRRisner
agentiot o acah®ydnacmomat itte peiset sifon nigdiuned whtetetonadnt| eldsSt Pasont iNd. 4,54942b
phase conyer si condi tions,, These include U S. 2005/0197517Al1. (Cheng).
u.s. 2ooﬂm@ﬁ39?§&11bﬁsrti‘ﬁ3w@@@ﬁﬁ) syndhgs ?@!k%‘@a?@mlwm S@éﬁ&ﬁ&é@%‘fng
use of a g8l Phikt PEALE NI 200802 T 1G0ORPIPUS QLSS BETRACANIE dfomaric
mesopor ous support; WO 2006/ 002805 (Spano); and U.S. Paten . 6,376,730
(Jan) sholiyigianse/coft least®ne datehishbgdstontdin@ 8418i02Bly st amulifi; dDhy Patusion die.

5, 600,0506&Hu%gg% slhovvi ng use of catalyst conprising 30 to 70 wt. % H-Beta
zeol i te, 'BLoafty MG W% hal ogen, and the remainder al unina binder.

[ 0007]sCx k[900%“(3hCh;Hci}*éhé Rt ieeR prddned dudnrkbrSial PP8Y ¥ 1idiRd pius® ARy A46n 6EheReNe
descri bing 30 preparing ethyl benzene by |iquid phase aIkyLa?yon over acidic
sol i d oxiviéh prepbileas onane PricdalaCiveia gatabydt, IvanicsBrly Betid phosphyrie pcigor cdwnmgm

U S. Patep . 10 n [ibin repardn t hyl ben or
cumene. by o Bt AT OB B b BLEER e R BB 06ty

| TQ 2, MPvbRAatioMCdf BénzeM d8nedCMRSG ex anifle, BE1SA Patent NV @B @06 qBlidhrckior)s

i ncluding a tenperature as high as 482C and pressure as high as WO

h
2011/ 14618ypibrs hs2ea of WEM23 in etggidabgse akyatipnpf bopzeas pvithpropylgws 913

(dark) i bi r I a i %Eglgg- i Ot
al kyljzg)ti ggﬁ(ﬁl a %e{?l taé%tﬂ?lga%%%oﬁfsggg 8%?"3’\%5? a i“%yscb?sl yﬁ%x?%gﬁgsatf%ﬁ yst
i n the ficoatersieacdfi fendearkecdmamiisiigg anratkydatable sirdmstipeompourtd wead umelloflating

catal yst than th atalyst in the second reaction zone at .conversion .

condi ti orf§°Fhi Al REPFUTe R TR PENGC B B R e i @ﬁasgs_cozlm@%d
pressure @adiibd asTibs30hdR 188d Idy5/AUTSTEA B {(BIFREY; 2§ & B2 o1 9B 1250C
and pressure as high as 5,000 kPa. U S. Patent Publication No. 2008/ 0287720
Al (d ar KHeddsdwsome sndlUk$l 2004013805 bahZAEhen) whewingatsd g6t cofalWChb@Prifiagia y

materjal in a reaction zon avi ng wat er conten i i t from o]
300 Vi pm ™Mo BR N ST o rordunGiton L b G (Shamel AL
M xed phasgpNeC8ST6f780 (J) BRAMHE iul8 ofldpitled caiaBist; EECOsar8uPg s, dndamsapgichut e
al kene feedstock which also includes al kane inpurities. In the latter

publ i cat itm,5.@0)0d Huaee)rshewianeatse pf etilasticompaiswe J0ro f7Aevtf edddiatekealiss, HrSom
0.1 to 1Q, 50008} ABLOBL M OMIRA! §.BEAGTRRES Using zeol ites, for example,
al kyl ati on ‘processe TSt produci ng ar an aronmati ¢ conpounds, such as

et hyl benzemy]and O¢hwiresneh publi¢atidus etthide O rRitdmomad. 3,600048 (Cliwgy atadripts
because of deactivation caused g% varjous catal yst poaisons present in the

f eedstocKrerRsringstivbrogencely ligmid ghasg dkylgiien avessqidiorolegddansychms Madk22,

cont ai ni )iy § O, bent u s .cl -2SINg, a ! t he
ke my SRS MAGROURRD Bod B0, Foob keS| 1. PIRGEOR0 2} TP RN LY
i ncl udes,deberibing prepurihg rRiltyHetntene ancuahdogl gt Ahlid @raseratkytativeedst acikdic salah as

a benzene feedstock. np of j catio S i ng thi i ngl ude U. S.
Pat ent NEXIE goof 2“6113%?3(’ ﬁ?dtweﬁgbggﬁ¢%§6n&0@%uﬁarMég c?lngrggtianat
adsor bent@nyddsion RalRBHs Nbluding 4%tcRBErat (7] dalighi ik B 26C NAR- A6dsdiC ad Rl BCsY ar
sieve having a silica/alumna ratio in excess of 100 and an average pore
size less than 5.5 Angstrons such as zeqJite 4A and ZSM5; and U S. Patent
Publication No. 2005/0143612 Al (Hwang) “using distillation, extraction or
adsorption over acidic clay, zeolite, activated alum na, activated 25
carbon, silica gel, and ion exchange resin. Feedstock pretreatnent is also

~ 2 a2 -_— oA NN N NS S~ " a1 o



acidic clay or acid zeolite, in a pretreatnment zone at a tenperature
greater than about 130C but |ess than about 300C to forma pretreated
benzene fwoedstiomkis7and t hereafter contacting the WO  PCT/US2011/032653

2011/ 146187PCT/ US2011/ 032653 pretreated benzene feedstock with (a) an

al kyl ating agent in an al kylation zone or (b) a transal kylating agent in a
t ransal kyjaidgo 0 i f Kk 4-0p/ 1on:

cat al yst 1532?86185131;% %?degég'ei)'?%lenpa ks? gfsé%)mbglzag?eé{éos?ﬁ%ﬂgt%%gﬁg%} EIIY( %I}%rﬁégac
benzenes.coftpeupdschy katidphisestlgpation 18 ai mMultistagepraotven sysenl o¥artacniec aflidtdxede

al kyl ati on/transal |ation catalyst. 5 Preferred products are efhyl benzene
one coner Bt B BT AT s T e 4 e DUnET i ae A CaEh Ay iy D
havi ng suhfaae iRiRasdcOnd PédeilBn z8hd QS coMveRidh BRISonk NBEudiARIBS cth§ILSRAWE a N

U S. Patent No. 6,888,037 B2 (Dandekar) where cunene is manufactured in the
| i qui ¢ pHempcrates asahigh yast 2HEY aad quessaiseasnhegly wol 8490 dPagand dopgomene & (31

to 79 cm,1 ef erab 100.to 150 .i.0' ( 9 , i.ngl e

reacti on GBReRHE FLRGEASTE Db Ry il 1 SR8 OF BueR PlEufen No
7,816, 574088/00Y KA 1 WORKIE) destiises Gaityah it oft R@lzeidloves cataPRf bf MOMLE fAmdisr i al
of from125 tg 790 mcrons in size with a surface area/volune of greater
than 79 imateriglan aciepation z9ng hapigatigtengpntant mangoed atiiony d| e ) Wrikowd)-an
aromatic | @hh:on: prQce i iin I o) t e £.,
o catal yt iy B RREPR0UDI IR, A REAS BbirR sRR il TRl foFf

0. 25 Mo Groduciigy glkahdomatice sompaindg faorh adidilategaleatce fectiftack 1thidb@lsdnigsludesTs

and a catal yst. particle dianeter aof. not re than 1/32 .inch (0.08 cm. U S.
Pat ent N&@aﬁl,e 1gUELes (VBrly latignaublication Fi‘@thavwﬁ%q io% rll%licbé‘éé’élp?ifs e

si ngl e al&ylstckoab&art iPy zone with zeolite Y catalyst having a ratio of
external surface area/volunme of 85 to 160 in-1 (34 to 63 cm1). [0011]U. S

Pat ent PUB00iat i dnpiiblen 0@9MOBAGADEeAESs (Dhgrdo)itesh davsexamplep eligstipmprogsses

pr oduci ng. nonoal kyl d aramatics in a single reaction zone having two

i 11 or entiop Ay ks retif conpaudy seisiad nydERGenPard Sradrvel LRIrR i o
greatgr thanitidfalCite lof @BtatilEe GeAsE dF e GivaGORhissd NG Padub ChRByshPyisoes a
surface area/vol ume between 78 and 79 cm 1. [0012] Exi sting al kyl'ation

pr ocessedressnt iprthel trsilvigckatiokhe arosesses. cFitsd fisb ghard, beflppr sopamppe zowes lsphisingene
and cunene. inherentl r ce I l.kyl at ed eci es. | | t ired
e romoaiBiseh A F YR L0 PHE PR MBI AL RSO RECHE TE Tl cnfiloyffl g

pol yal kylsatieg@ois@ecinase feddktoad dShiétofalistédkoiimluides, bae , ndt timidasphe alkgRZBRE,
to produce additional nonoal kyl at ed product, for exanple ethyl benzene or
cunene, PRI Bpdytedy susthgs wahbenzens, fersipet e Exapeks egp Pudlicafions | skowaE; i
reactQr reqfh y i pol:yal i 0.4a;
separ%t eq{lcrlgéj?;éf Ey?gﬁﬂg nrﬁdr e?i’g'%%éle@aggf%ﬁﬁgf 84(%? a#%}é ?Irg Sf\%,ﬁl?%ﬁ% e§§/ e&rbgeglr%l
used i n tddeorbbiky,| &f$.oPataft N0 TddEbi (Gagjag abiag ,a sancdridis nadldoplaatsicon hating a
benzene wi.t h ethyl ene or propylene, and in the transal kyl ation of

pol yal ky|5&f°_é@ﬁgﬁ§& i, i ab | (bRt oE ASFroY7 & e yiosSBREBYS Bl Ehes,
are |istedoi@ 4A SnfHMLs; NRd P8O PdteiAull G0 Noaados/OM3g@§|M%, @Qnga'\{EMgZZ,

PSH 3, SS/Z25, ‘zeol ite X zeol | te Y, zeol‘l‘te Beta, acid deal um ni zed
nor deni t eligitidtidiE extmctden ot edsor®n? 0t/ dddid STRCEEUB8R20 AdtiveB82688mina, activated

;-lr 2‘25 : zélqlaﬁ}soégall%v%ﬁ@%d%gqagﬁlgr 63%5%17 %%’st%clgn pl%l‘grgamnegp s gllsco)fshérvlvzﬁa\ in TSL.i%QtIe}lte 'S

No. 7,199,275 B2 (Smith) involving contact with a first molecular sieve having a Si/Al molar
ratio less than 5, e.g., 13X, followed by contact with a second molecular sieve having a Si/Al
molar ratio of greater than 5, e.g., 4A; and in U.S. Patent Publication No. 2009/0259084 A1l
(Smith) involving contact with a first molecular sieve comprising zeolite X, followed by
30 contact with a second molecular sieve comprising zeolite Y.
[0009] In WO98/07673 (Samson), a process of preparing an alkylated benzene or mixture
of alkylated benzenes involving contacting a benzene feedstock with a solid acid, such as an
acidic clay or acid zeolite, in a pretreatment zone at a temperature greater than about 130°C but

less than about 300°C to form a pretreated benzene feedstock, and thereafter contacting the

-3-



[ 0013] Where the al kylation step is performed in the liquid phase, it is

al so desirable to conduct the transal kyl ati on step under |iquid phase

condi ti ors0 2blovides7, by operating at 5 relatively | ow Perpse@tosms3 | i quid
phase processes inpose increased requirenents on the catalyst, particularly
in the transal kyl ati on step where the bul ky pol yal kyl ated speci es nust be
converte diy b4 I | u ol e

by- produ trét?ea'?g%i géﬂﬁgtg@geregg\}gﬂia%ﬁhb@ :&sig%( I ?ﬁ%é‘%ﬁ%@oiﬁ EE??%% %ngase ?)?dd
cunene prioasdkylemgdpeneinexiratsiliglatan abnes irsthhgvesemictdfen dllgdited/ttdnealkidstioned
activity or have resulted ip t p uction of .10si gnifican uantitiges of
by bt oducPEShoR BebpigrieRseHBY IR MGGt BERTENET TO0RE ATRRBuGH T i s
suggest edhrbtfeatiént didp tshaHid Gatidlphovk SthE Qlfe®RO 8 Ithé AlkyRitiohRRHSlIOEionOofRI§I NY
an al kyl atabl e aromati ¢ conpound and an al kyl ati ng agent to al kyl aronatic
convensi dhclgrred poduetnaigrctiatibdneenstanggpmerd. | i qui d phase conversi on

conditio e c osed, of .a porous crystalline ri.al . g.

i nooi DPRLE o APEIE kB bRCRR A Ao TS R B adich e o plims
type, theafsesihih jroRfibyEeinpEOR8EsWHas NS PAGRING. B8N 037D dbadicRar) where
commercially acceptabl e nethod for such processes conducted under at | east

partial |GUgene isymasEacteisd ar diedusbpise PBescathyse haes syrsacs Ak valungholt 8 yst

deacti vatd ) h ; ¢ ‘ ity i ‘
b S BIADH o035 pRARS XA T5H JUTORELSHLY Ll b MY
pl anti® arigshowein amapktiaiongxpessm UG Peeasiss. ook 16, U B ClarkP WhEROLAE catalyst

According, to. the present invention, an inproved process was unexpectedly
i scover dBTPBrS BPaisEiatgmataria) ofyTom & {EonSghBa M4 Hiiagm aleg oo

partiall yoftg%a&&aﬁﬁpvgainmrfggmpb.euag.%k Kof SMPONOK! (L EfRun PIRKSIR Sthélic

al kyl at abl € aromati ¢ conpound” stream contai ns catal ySt poisons which are at
| east pardyddtiop precrsyesinpy cuglt alkylanign wéachom zomee at nenatatysiepdistiltakiom reaatod,
optionally,, an alkylating agent is .intermttently supplied tqg.determ ne the
25 agei ng" Bt CHHE TSR dRES KNS ST 0123110 0110 sk 11oKRATY i &gy g g fhen

rel atgs tg0PARSESHSSnl A Rt partRIcYhRBRE 8N Bot HUFEMEN 2/ BEE (ROY ¥ihenzsne
from benzene streans which contain catal yst poisons which are at | east

parti al | yatestdleed. I5y.040 niNeed)i shgwinianrpremata atihilation ninssistusorg awingle akdatisr ous
crystal | ing.artetd 9lis e SRR LOOALLAGSPLALAG {0 NEDIARENL, KEYSN ON.
there i s provided an ifnprove roces or prodaucing ah alkylated aromatl c
conpound igt (Rameircam)an at | east partially untreated al kyl atable aromatic
conmpound stream havi ng catal yst. poi sons and an al kyl ati ng agent stream

Pref er abl 01t he HiSyPaerd Pablmatnf NS oAPRVRPOH40 Ahdldakkyheved arensss ifer

co nd : =T/ LS - - - d
se (r:rp ?l?t yl Iﬁﬁ‘ﬁ?&@%ﬂ% éa(%ﬁg/&lgttz{%gﬁ a gﬁé?%%g%ﬁé @gﬁ% %ﬁ%@gﬁ%ﬁ%@@?@% rtllgeg ne;
and pr ef dirabtagalydt haviak ky biafacagragehimd satiet grydtenthan fOopy|,emed sccbnd emelystThe

untreat ed al kyl at ab) raomati c .conpound streamis treated,with a treatnent
conposi tiC@Hlpﬁlé\?gwamafeﬁ%ﬂn%aﬁvré@sggqazvgW‘aﬁ%eqnaf% $F% n the absence of

the al kyl@ping ageRlind AkOLESH p&?es?és%yﬁu%dﬁﬁhghl&é?farcﬂﬂitﬁ%ﬁrpoﬁ&ﬁ}?dr Rénple,
enbodi ment of the process conprising the steps of: (a) contacting an at
| east pardathydbdngenenamde atraehealikherentlabpredeacopayalicylatodppemes st melmshtavidegirssiai d

catal yst poisgns with a treatnme conpositjon in rea nt .zpne separate
{r om Sand aaRarhinE: HERHFTr "oniq el okt BRSO MRE e

t r eat mentadapiadilt dromstid el SFP ¢Rardble IRAS e AoRR6d U Rdftiofa Honohkyfdddprsdict,
poi sons and forma treated effluent stream which conprises treéeate

al ky| at abe cagroplatatieylecsaprsunid cumenca citberube decyrbiuh theopolalkulpted t sppoies én ghe
wher ei n sai re t.c 0t has rf,ace .a L sur ol.u tio
of gr eat s G5 oo IR BRIy o8 (UL IRCRo OUERaRH $RG (€U Ee4R
t enper at ursakyliticmcabott BlGp{andl endlystt eviadiollive306n asd ia the edisilitdnf sOmM
about 101 kPa, (anmbient) to about 4601 kPa; and (b) contacting said treated
15 al Ryl AUV apsst Seche ampdiritionnofs engers ryithe gy nPiRBICEs Hdkin &S ng

agent str ne: it i i i 1 ne
R R b e T e i s e
| east pardre Aited imqUiSIPpéra . 658|024 i(Chagnued gichrle AMOM-49,dVIEM-22 fREHB ABSZ-

al kyl ated, ef fl ue stream whi ch conpri se | kyl at ed ar omat i npound,

ther e n o qeals 2*3/5?01’(’5% oiolieo Fiog e desduny n&aﬁo@gr%é?%@a | MR P
having 20 a framework structure type selected fromthe group consisting of
FAU, BEA, MOR, MMV and m xtures thereof, wherein said at |east partial

| i qui d phase catal ytic conversion condi_td'_ons i nclude a tenperature of from
about 100C to about 300C, a pressure from about 689 kPa to about 4601 kPa,

a nolar ratio of treated al kyl atabl e aromati c conpound to al kyl ati ng agent
of fromabout 0.01:1 to about 25:1, and a feed weight hourly space velocity

AN 1~y AN o



25al kyl ating agent of from about 0.5 to about 500 hr-1. [0018] According to
anot her aspect of the invention, the process further conprises

i nterm ttwotby/espl yi ng an al kyl ati ng agent stream to ®arasteieasreent zone
along with said at |east partially untreated al kyl atabl e aromati ¢ conpound
(e.g., benzene) to produce a tenperature increase caused by an exothermc

reaction i t

| east par?rg%%ﬁ?{?&&ﬁ?ro gg?a{e%ﬁ%ﬁﬂyf}glt%gﬁgh g&%ﬂg?rl’r% OggEn%org%g%%) T %[eggrﬁ%lsogﬁcg{en of
sai d tredlSePdterGiRSdsioH on under sai d treat ment conditions, wher eby sai d

t enper at i se ndr t Rel at i v . Vi I sc ssed

hor o1 nbel B0 R fiEclRUEHT SompoRarBRe s ishh gBNrn o b CouraklS i ¢y
versus t Id@ﬁdtdtcth@ Aasslinaidnedas hﬁ@erargﬁn@@hmt &ndftichfle HEeAIRERL oM¥pating at
2011/ 146187PCT/ US2011/ 032653 conposition. The treatnment conposition agei ng
rate and/reletiRdy dowviemperatwis, \liquid pBasg procagedseinriose inresscd deqlelr@mee ethéhe

t reat nent CRI PT OF,, THE, | N\/ i tions
[0019] As &ga?glg rpartlciu?arlyt lrE'I)EtLF trarr%]saJPEIS[lqn §tg%|oeﬂeraer télﬁat{ull%’y g X‘pﬂq?\l éta SREClﬁS rnélst

conpound Hehghvemad tb@@iaiti&alamoﬁd)d{wa@d PratudNditBout bdacin ifgard@EBy-prodacts.
conpound whi ch may donate an al kyl gir oup. [0020 The term "aromatic" in
r ef er encel hiphasoxgrkip) be aasipeifigan mael emdd Misotiiel 8T armens prodyrsipn dhorsexisingas

f eedst ock.,pgr @l Fl J’Z Ib HAAH SR 4 Qctﬂrg&o&d%gxgt | %Mu g 1£5thé‘rﬁr85r1]1§p‘£%9“bized

scope. Thisnc substituted and”unsu
pol ynwcl @agmﬁmtpqumﬁaes @aswpmhists@ﬁctaam alydbatzene atiad- pﬁipelbehme. possess a

het t ful ded they d t t tal yst i
under T ha D Elc T oRPeslait IomesurCat i SO PIRE b ePmooRuTaby A oS
means an domisinY aPla ﬁ%ﬁf'aﬁﬁblb Nrbhigi @omPERid BAA tahaélkylaﬁg’g lég&ﬂtef%t @ﬂigllaromatic

al kyl at abl e aro tic conpound stream particularly the nzene stream
whi ch comenigesionmpeoduct wmtee atbmmartdﬂ; llvrmdcpham)mnazmloaat condéns areecopfposéreof

followi ng elenents: nitro halo sul fur., arsenic, i um
Lol l ot umh DaRosprselht Ao, ok 2 SRR GtnSasimuiuts Tiriost AT bog
hereim, thgndvedrR stiubtu®s Wet emd b bésthﬁﬁ)rékfe@dpﬂoﬂeﬁq{h@%‘oftl&Bn Waidht Otih@Rg!d Y
20 suppl ying an al kyl ating g{ient streamto said treatnent zone neans fthat

t he al kyIC@mmﬁjCIQQE r@@cqpéabémp}@t oddfor @ucthheroprSé@& pansiucted nadert atj lgasspagtiad ligpisim 1
second up hage e%' o QhditiBhs r abI ﬁgffl It #%rrplgatal ﬁaéeactl Va%g% cp dgé)s %loj put

24 hourspandc%en |nterru BVhE ute t OoF mnore,

pr ef er ablneghtdrelyd afredti mdn@ae&ﬂwt}q ik5 lda&ﬁ di-l @fp?dsltyamtyll ynodhttem@kemedsulafalleyvcl es
of use is not |limted and may be applied as. often as needed to nonitor the

agei ng r FRRACItY ZXPHTEPRN CARE etﬁnﬁerlé|1%Wertqaelttler<ﬁ¢nsr ifQuarepsEotRlptsal i qui d
phase,, i Nopfd)er eRGEhf ttbetﬁ% ﬁﬁ&%ht ulﬁjgéefnat{&d%rg f ?&%a %@ésstm% dnBShde %@@i' on

m xture conpri ses greater t or eq er cent |qur
exanpl e glieatvard fdrgmoducingguadik tlated @ronadtisroenpencd frionm dngatilehst pgrtiblby if@eaval une

percent | i qui d, [0024 As used herein, the te ur ace ar.ea/ surface vol une
ratio" atpplg arogpat %HR%‘P%SH%%I%‘? eV Bt ‘LSPKYIIS% FPEEC SPRROYK stppam

formul at ednpaft da@a!l)ﬁst BMlSBﬁkewﬁl%Hrﬂ% il 16as? PaftRA ré&ﬁ&%eoﬁéonrta{&ﬁné it t&fent

particle. As used herein, the term"geonetric surface volune" neans the
vol urme ofcontpesition, nmdamred)npléy tdnchleyletih g agent esl imentiticulyhsuphkedtir déteineng shea

z ﬁ;hgzgfgr Eghl%,lgﬁ ?t?%a&tgetbtggorn(iipots 1otnh 1 %l g{gﬁlag f this MvBiton telate 4 at%ngro%essers to

produce ethylbenzene, cumene and sec-butylbenzene from benzene streams which contain
catalyst poisons which are at least partially removed by contacting with treatment composition

which are porous crystalline materials.

30 SUMMARY
[0016] According to the present invention, there is provided an improved process for
producing an alkylated aromatic compound stream from an at least partially untreated
alkylatable aromatic compound stream having catalyst poisons and an alkylating agent stream.

Preferably, the alkylated aromatic compound is a monoalkylated aromatic compound such as

-5-



WO 2011/ 146187PCT/ US2011/ 032653 inside of the formul ated particle. For
exanpl e, for a geonetric sphere, the surface areal/surface volune ratio (SN)
is 3/r, wierelwi4ss7t he radi us of the particle. [0025] AsPasam2tiansion; t he
term"untreated al kyl atabl e aromati c conpound” means a stream which
contains an al kyl atabl e aromati ¢ conpound and any catal yst poi sons before
it is 5 ' r [11=Tei gﬁr@% i G- & [ r
t he avoi deg]ﬁgﬁe&ggfaﬁ%g\ﬁ%%ﬁe é%tg%écutﬁﬁleat e%&’ I yfdgz}}églﬁhea%ﬁg%ﬁ %ﬁﬁlgﬁ%gﬁlﬁgoﬁy
have beens $wbraet edd tppefotdblyr, the editylentg sgempss icthylgpst pegmlar doblnshe.edbhe

rocesses in which . at, |east a portion, of catal yst  poi.sons have been
enmpved. WeRe e tRRE amats BREPRNTHY TSR SETSA G O BETAROSHP™ he
process Qfavini ShibR @M deQea/ Vo0 2hlo Amdus ekt NRERICLE thO S REAY a¥R M offRARS
parts-per-mllion by weight. Treatnent Conposition [0027]1n one or nore

embodisSnerneduccich@lyst peisenent conposition for use in the present inproved

process i se ref er,abl orous crystallijne materjial and. has
P foce JOBILS Pafsgh Y BRI SRy Fantits iR oB R porltBind 3R o foapt
cm1); orpagtidlyningeeted hikyhiteaé stonfatic @om@buntesticati iavirg Gliceadtelysttfoadnotvitgual

to 50 in-1 (20 cm1); or a surface areal/surface volune ratio of greater
than or dHEHNCH SOMBOFiHon i Ereahpeny Zopg Separie fiare and Pryfe@Pyamstrioyn fram.ra i o

of great n-1( ) ¢ r e
vol et HCARER ShofBbeg Endd tresincy dBafEHie hofy SILAFE AIAH MRACS
ar ea/ sur fcatadysv gloisoas raatli forraf a gree@t esfflibransteameqhidh tamm@@s itreafed( AIRYlatabicl) .
20[ 0028] The surface area/$urface olunme ratio of the treatnent conposition
is in théPEme cBMPEhPRY & Fetcen amqual of Faldyst Rojsopd “WERC) Spid frea@chhan

or equal &ehn6Qitibf hab 2&ufftd hreaRlrfhdd $S16mE 3RS oPlr B ANGT 36 RN (B Ry ahid ©
75 in-1 (30 cm1l) to less than or equal to 125 in-1 (49 cm1); or in the

range of tgpagagrdcondionsoncledeialtenperdtgts dfrfram @u@ltdﬁ?@XamkﬁehtésfsaﬁdmaﬁOQﬂC sygual

to 250 in-1 (98 1); in the r. f th | to 250 in-1
(95 om 1)* PEevEs E0prAtRub o LRea e HEh San? uffh Fparhlnl igr ek f%dnge
of 70151 N-glky1#Bb16 Mrckhaticc uh®1d sdid i dtical! addard ﬂﬁylﬁ%ﬁ@@gjﬂt sth@h Withl (71
cml) to 220 in-1 (87 cm1); or in the range of 600 in-1 (236 cm1) to 770

in-1 (30Fatahyst) com@ORIn Thesaitbtdlladatein meddting ons tsepeadtee fiome oanslo prefeshly
havi ng the desir ur f rea/surface I rat.i 0.i s No rticul arl
i te, Gnerer el R R LR PRl g R Bl BBSC Labfioy

prilling,copéitiogs i3 Rgmand eXilausi effluche\werchiaewhashd campribi Alkylad&ll Ws@datico
produce macrostructures in the formof, for exanple, spherical particles,
ext r udat €9MPeBRY.eYhereip gaidgatabiss compesitigfasqmpsscs APeEUs sEriliireRatcsaldiyig bed

Vor 10 203 e BBUIAGMES. BbeAclcFied Hdt B A88 fonsdiinfaf o KIS EE] MO SRy whew

etr nment conposit avi ng-'t red surface
ar eal/ sur faadenixairesnthercaf, imdheroy sdié antaake paftial liguid phhse, catyytwanhvakioh rgnditisns

particle size (i.e., cru L}ed articles). WO 2011/146187PCT/ US201 éﬁ? 2653
[0031] Thén‘_fll’lgea't‘ IR Sdrom B0t aé?ot R f]:e_EI e SEmass) G4 Ko
vol Unme 1 afj,r 4B kPaSPmder TRAFof fQfcdXRMAB aRdnR] dthrBusDRPARY b RALIERNGF
conposition. Non-limting exanples of "'shaped treatnent conpositions,
i ncl ude Hoirh ehowr0.6bl itelalpwit Edbahd exeadudeighishourly space velocity (WHSV) based on
25 alkylating agent of from about 0.5 to about 500 hr™".
[0018] According to another aspect of the invention, the process further comprises
intermittently supplying an alkylating agent stream to said treatment zone along with said at
least partially untreated alkylatable aromatic compound (e.g., benzene) to produce a
temperature increase caused by an exothermic reaction between said alkylating agent (e.g.,
30 ethylene) and said at least partially untreated alkylatable aromatic compound in the presence
of said treatment composition under said treatment conditions, whereby said temperature rise

indicates the Relative Activity (as set discussed hereinbelow) of said treatment composition.

The change in Relative Activity versus time indicates the relative ageing rate of the treatment



made by extrusion as described in U S. Patent No. 4,441,990 (Huang); holl ow
shaped 5 extrudates as described in U S. Patent No. 7,198, 845 (Van
Hassel t) ;wbhengiems7nal | y channel ed cylindrical extrudat @sTas2dessrssbed in
U. S. Patent No. 4,432,643 (Kyan); grooved cylindrical extrudates as
described in U S. Patent No. 4,328,130. [0032] For exanple, a
cylindri %Hﬁgsﬁﬁﬁpeﬁhet Er@ﬁh{éﬁ%orﬁﬁm&i LRy el AR BUBIRS Reiibfy } H%d BCN
(0.08 cm l ength of 3/32 inch (O % has a surface area/surface
vol une Jgtetarmuneowknefntﬂmdplacm—the(rﬁzﬁnrcmdo)mpoelttoneat ment conposition as a
guadr al obal solid extrudate having the external shape disclosed in Figure 4
of U S. Patent No. 4,441,990 and havi ng a maxi mum cross-sectional dinension
of 1/16 imE'hAmEjl)Q)EgQ;Rﬂirﬁl@Nl(ﬁquEmVﬁNﬂlﬁdNﬂch (0.48 cn) has a surface
area/ surface volunme ratro of 128 1n-1I (50 cm1). A treatnent conposition as
a hoI IS5ow Pefinitiens ext r udat e havi ng an external di amet er of 1/10 inch (0.25
an | nal dla er..of 151/ 30 a. ength of 3/10
“oeh (0. ABVE A8 BRE nbfeifand Ry SEu PR oaRPEu B S58 Y, HomPad
cml). [ Qﬁaaah%hecewe faﬁ%ﬂ(yﬁlgﬁcﬁfpvﬁﬂdwﬁe allglldtdgiyntbes debmpammdhiw m@addiatg a
physi cal dinension and the curvature of the treatnment conposition particle,
and t hen @a?!l@dlg&lqpng the surface area and vol une based on known equati ons

of  9eome 20200 RS FNE bSAL TR ASOMRAS! bl AloAR AT AR WEhALAO Sy

nmol ecul ar SI ves nma as non-lIrmting exanples, structure

i ncl udi ngnzyebé uﬁeEﬁJlBst iﬁedsﬁt&ﬂidrdrd‘mds tonb&uderfRad e it ad‘dOrdche'S@'&hGﬁQa)tt-rebh@nzed
structure of FAUY, .inc fau aste zeolite Y, Utrastable Y (USY,
descr i bedoPRe- LTS inshidsnalkpubogt nﬁg@%ﬁ&“@@%@n@md PYhEC ﬁ?%%rmés
(Deal Y, @ERANAL bPM Qrforﬂéf‘ﬁ'c %Haﬂa@teﬂﬁﬁ?ﬁéﬁ@s@ al Hbtéijo§ompaﬁ'5 &R Wil ﬁ‘po@fh%d %l?eér) ,
rare earth exchanged Y REY, described in U S. Patent No. 4,415, 438),

Ul t rahydrd@prhxbbctcas\efai(aUlsiPpolsOIﬁemdtmtbecbacmloru;c&dltMB etitctddb. 4, 401, 556) ; the
structur |ncIU|n rdenite (a natural occurring terial
TEn vor adnfhu Ty R M TR Fih B B S P SRPL A RO Tty
conprisSi nﬁt@a&@tm%ﬂﬁtamhm%@ Rofipb@ed sPeinRIpHiculshlp GhOBekchd sHes?m Rai@nt
Nos. 3,766,093 and 3,894,104). The treatnent conposition maé i ncl ude

e

m xt ur es comprise oabcnremp@r euepousds c\rh}csh amtalﬁeatrﬂﬁﬁsécqmlea(rf i fpdewing ¢lements:
sui tabl e S.Cr a n ecu ar. si ves |n re n t.ed
S ' S RO pEUR o) O, NSO YRhicSh ARl AL il D8 Gbh

t her eof [t0f3ph Gro@nE @etat®r e enbodi ment s, the treatnent conposition nay
al so be selected fromthe group consisti ng of clay, resin, solid phosphorl c
aci d, actlP0%led élswlﬁ?dqeerelr@» hgdenny patopgytten /Whmespﬁerﬁwe@@mqu v3bemgosellysuch

as 1 )

e it RIS B e A RS L DR
zeoI ites supplhetdetbrthe aéatmenmmblat)mtemmldlfn‘dncalt scoondamd tccvhhawas er nad, ippefeiably
nol ecul ar, si ev is descri Mol ec(ill ar Sieves- . 5 Pri nc% gl es of

Synt hesi ST¥R4t cattrl o GRrip 8 OW' 4pbouss, §ad Hen IEHERFEE FERT BF kminute 1o 15
Prof essi qgl or heRd %P@fet%@l%ﬁfor §%€HMOE% ¥d P daysn Iﬁ{ﬂghﬁﬂtgin O £ ©¥ Ic?é’les of

si eves, anorphous materials, chiefly silica,” alumnum’silicate and” al um num
oxi de, hawe mmrhmu@ddnémaadscappbﬂta ofted asaltedeylso npugpotht sgeiGatrat.yt i c

Corrpoz%i ti [8823] As used herein, the term “liquid or partial liquid phase” in reference to the present
improved process means that the reaction mixture comprises greater than or equal to 10
volume percent liquid, for example greater than or equal to 30 volume percent liquid, up to
100 volume percent liquid.

[0024] As used herein, the term "surface arca/surface volume ratio" means the ratio
30  obtained by dividing the surface area of the formulated particle by the geometric surface
volume of the formulated particle. As used herein, the term "geometric surface volume"
means the volume of the formulated particle calculated as though the particle is a solid

particle without regard to the volume of any pores, channels or chambers on the surface or



10[ 0037] The catal ytic conposition suitable for use in the present invention
conprises a porous crystalline material having a franework structure type
sel ect ed woam1t/tae18gr oup consi sting of FAU, BEA, MOR, MMACRA$2011082658S

t hereof, preferably MAWframework structure. [0038] Porous crystalline
materials having a FAU framework structure type include 15faujasite,

zeolite 1t rrast.a . L0 : E
FRey) Uil (dfasis ARl pihic e AAHTLIRE, Yorl PoBlomdtric Bphérerafd Burface

[ 0039] A pocadusiace yslualelratne(STH) erd/qiwhiesvi i ghearafiid\of thampevieik structure type
is zeolit ta, ,described apove. [,0040 por crystalline material s
avi ng. & BRI afevBrk Rerbotiar 61e y Rt BTG e rHan ecseT el s &
descri bedtaba\ehiclPorfailil %t Mk flatlBRY £6fali OSSR AHE afy ¥EhBL! foiRnEBEREd RS
havi ng MW framewor k structure type generally have an X-fay diffraction

pat t epn iocestageid gthths prgainmgt aemporaticn ofithis4gversion 6 FonthesivoglasemGipubia duch

3.420. 07 Angstro he X-r diffraction data used tp characterize the
mater; o WPSTGH AR b oS sSPROPRCRI P B FRES bR o Tl Sieh{"®
copper asypstiean? o d6wagrant pdt@késoin whidh at Haktf 4 petioNRI @ataBEtpPRGH My havie
scintillation counter and associ ated conputer as the collection system

[ 0042] Ex et sameyednimshs thalnibgrsrae semyjpingraatalysy @ohansefor apgoyH dythe pracesof
(descri beg; i:n i Pat ent No. 4, 954,325), PSH 3 (described in U S. Patent
No. 4, 439,26@‘5, 7-25 (described in U S. Patent No. 4,826,667), ERB-1
(descini bgd026] Eunepeahhd?aihgtht tdim "wipbn"0REB0 pAts-pericdiliod deseighped in U. S
Patent No. 6,077,498), .1TQ 2 (described in U S. Patent No. 6,231, 751),

| TQ 30 ( dHEPICBLEOMAOSHO005- 118476), MOM 36 (described in U S. Patent No.

5, 250, 277hga OM 49 644658 HidrP @ehtoBinkbn®s, (RN compasiBorp fod) useMMho Sresent

(described in U S Patent No. 5,362,697) and UZM 8 (described in U'S.

Pat ent Nomp6yve86prosy . conwdis29 bidewbly8 7 REOTHWSR2O/EmII0B26BRrial and has a surface
arca/surface volume ratio of greater than or equal to 30 in' (12 cm™); or a surface

15 area/surface volume ratio of greater than or equal to 50 in' (20 cm™); or a surface
arca/surface volume ratio of greater than or equal to 75 in' (30 cm™); or a surface
arca/surface volume ratio of greater than or equal to 125 in (50 cm™); or a surface
arca/surface volume ratio of greater than or equal to 250 in (99 cm™); or a surface
area/surface volume ratio of greater than or equal to 500 in™ (197 cm™).

20 [0028] The surface area/surface volume ratio of the treatment composition is in the range
of greater than or equal to 30 in™ (12 cm™) to less than or equal to 70 in™ (28 cm™); or in the
range of greater than or equal to 75 in™ (30 cm™) to less than or equal to 125 in™ (49 cm™); or
in the range of greater than or equal to 125 in™' (49 cm™) to less than or equal to 250 in™ (98
cm™); or in the range of greater than or equal to 250 in”' (98 cm™) to less than or equal to 500

25 in"' (197 cm™); or in the range of 70 in™ (28 cm™) to 100 in™ (39 cm™); or in the range of 180
in" (71 em™) to 220 in™ (87 cm™); or in the range of 600 in™ (236 cm™) to 770 in™' (303 cm™).
[0029] The method of making the treatment composition having the desired surface
arca/surface volume ratio is not particularly limited. One or more of the long-known
techniques, such as spray drying, prilling, pelletizing and extrusion, have been and are being

30 used to produce macrostructures in the form of, for example, spherical particles, extrudates,

pellets and tablets. A summary of these techniques is described in Catalyst Manufacture by
A. B. Stiles and T. A. Koch, Marcel Dekker, New York, 1995.
[0030] The treatment composition having the desired surface area/surface volume ratio

may be made, for example, by controlling its particle size (i.e., crushed particles).
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[ 0043] Preferably, the catalytic conposition conprising a porous crystalline
mat eri al having MWW framework structure type is PSH 3, SSZ-25, ERB-1,

| TQ 1, | ™MP20111HQS30, MCM 22, MCM 36, MCM 49, MCM 56, UPKRERIS2EHNVNBLE3

EMM 12, EMM 13 or m xtures thereof 5[0044]In an enbodi ment of the
invention, the catalyst will have a Relative Activity neasur ed as an RA220

of at qu§g3ﬁ 6, The &reWk@mPﬁ%@h@vﬁ% &He@ rsuﬁ@éesg)reé)/g ¢ Patey
for exanple from3.5 to 6.0 0045] Met hods or produci ng t e cata ysts

requi r ed rhor alss éei madiehefoplewapib by wemizi aosnhapedrpraasnettt losposiiaghtNemlimiteng
publlcatlons |ste he and |ncor orate n eren 0
DAl o | BUEP S DD THngRl BB S el lebupt shE eRISR! srfudarsy
catal yst fREPbY xbtsidAMR, dddcSbeddt @NE. Natenb N3 Ml@ﬂﬁ%ﬁﬁar@gs h@lﬂd’xﬁtsﬁhﬁédne
MCM 49 and catal yst conprising same, and U.S. Pat ent

descr |5be§x§'nsia§t:ms deﬁerlbﬂglvn%s aPrdens AN Tyko8, &8 r(fsﬁan ﬁaﬁxyltédn@glt@na@l&r@anneled
15[ 0046] Th

oresent | 1AURR S PRy RTR iR N6 oAl TGk E2TRTI AR ethlad S dchlic,

Such nat rdxﬁ-u@atemsru&@&nmtlﬂu S| Bautdni Blou 8 28 Y B0. heti c or naturally occurrl ng
substances as well as inorganic materials such as clay, sjlica and/or rret al

oxi des. TR Zat t Epr penme wrxlmdricalbt-shaarpd yreaient Fompossion havinga fémster of
gel ati no%?{.aﬂ%ﬁ' ol%a&@san%ra S99 f@/hk'\‘j'\#] 0”24X&H fiss Qkudldel affga/?d?ﬁlﬁéf‘%hﬁ‘lhle
C

oxi des tura currin can e conposite
i nor gani catxbied mat e(r5|6aalm hna udantehos&nprfsntdmeasrmquamtmioﬁaﬂ eolid extanidtckiainign
mlies include the subbentonites kaol i ns conmonl y

f | whi ch
kﬁ?m' 32 thy sz% %maf\ﬁnaﬁéléclogedom&%\ura PIR{- r%antéﬁws“ﬁ%@taﬁ Maving afpxdipuy o
mai n - m neqals s%@c'fb?ltal beRkiohdrhald Qﬁéﬁ'(F)Q6 clﬁgoe{n'drﬂ feBgthdirci| ﬁlchr(@%' I?drs

anauxite. Such clays can be used in 'the raw state as originally mned or
i ni tial | yusfaby @ct/edfico vohinm rdbiofn28 &ti GOH Heak treatmeor carhsitonl as a hollow

nor i 1 PR o et e P b0 o i FEmESE

si i cg- magRe fich (09! dn@)aan%il 4 CRBieef 10 iifdr (DY éd) hd it's@r@&dé@fré/a{/idrﬁtce volume
silica-titania as vell ternary conpositions such as

si | i ca- alrane pblitior (5 C@l )i ca-al uni na- 2| rconia, silica-alunina- rragnesi a

and o | SRpRINCILe- FLASON Aol AL 1HaP R BEkALISSRAGIOL Susage!

A m xtur t hese™ conp onen S Ccou e use ovenent

of the présemdion ByE tHel @ﬁlvatut%kiﬂthéy'&emm)%m?d&kﬁtl&f patrhelecmdsﬂlah lchla@latiBg €Ul ar
si eve and b| nder or matrix are not especi al critical. [0049] The catal yst
for use iSHrfagrearpt axdkyRlumg basediogrknoyn qqtl@,thzw £80M¢tHe nol ecul ar si eve

conp 0{66 nt [Oﬂﬁy 0 'Th?%%at'ﬁ%t %81'%6%1901@@9 ‘Bgrofuk' Q?}gs'taqpﬁé hocLRP sicSUe Hm?shavg Ofs

exanpl e
non- hrmtlng examples, the structure of BEA, including zeolite Beta (described in U.S. Patent

No. 3,308,069); the structure of FAU, including faujasite, zeolite Y, Ultrastable Y (USY,
described in U.S. Patent Nos. 3,293,192 and 3,449,070), Dealuminized Y (Deal Y,
preparation of which is described in U.S. Patent No. 3,442,795), rare earth exchanged Y
25 (REY, described in U.S. Patent No. 4,415,438), Ultrahydrophobic Y (UHP-Y, described in
U.S. Patent No. 4,401,556); the structure of MOR, including mordenite (a naturally occurring
material), and TEA-mordenite (a synthetic mordenite prepared from a reaction mixture
comprising a tetracthylammonium directing agent, disclosed in U.S. Patent Nos. 3,766,093
and 3,894,104). The treatment composition may include mixtures of the above porous
30  crystalline molecular sieves. Other suitable porous crystalline molecular sieves include, but
are not limited to, ZSM-3, ZSM-4, ZSM-5, ZSM-14, ZSM-18, and ZSM-20, including
mixtures thereof.
[0035] In one or more embodiments, the treatment composition may also be selected

from the group consisting of clay, resin, solid phosphoric acid, activated alumina, Linde type
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WO 2011/ 146187PCT/ US2011/ 032653 G oup VI (e.g., C and M), Goup VII

(e.g., Mr and Re) or Goup VIIl (e.g., Co, Ni, Pd and Pt), or phosphorus.

Al kyl at abwe 28riomats’cs, Al kyl ati ng Agents and Products [PO0AGRAILIyi6at abl e
aromati ¢ conmpounds suitable for the present invention include 5
substituted aromati c conpounds that can be al kyl ated nust possess at | east
one hydr ogel LM eLhkY ARNAC. &0l e RIAMBLCmRNGLE URreoNR AL
rings can be substituted w one or nore al kyl, aryl, alkaryl, alkoxy,

aryl oxy, exymbtzal kyl, halide, and/or other groups that do not interfere with

the al kyl atiqn reacti on. 051] Sui t abl e al kyl at abl e. aramatic c ounds
e s A" RSP bRane el i Sers ndnesienan o, PERonSn,
cor onene,madiflcAANAY BELAReri2Mibh JTeMERBEaPSIc0&, RS *ksdried . in[ VBRZLIER Re&HaL] Y
the al kyl groups that can be present as substituents on the aromatic

conpound Rrmeipi¢snoff Synthepist andaldemiification &y o riSzastekeBlankic ysademie &rispicaponal, 1

to 8 carhaon .at nd t.usual Ly . fromabout 1 to 4 carbon atons. ..

15 0063] ey 2P 5P af BRlioM S Bidiel AR e del S bR AR RS s e
aromat i ¢ sgleyapauindaur NGlidsete ab® laliefieumXodi@d) ehave Hep @y headwmieants and catalyst

n- propyl benzene, al phanet hyl napht hal ene, ethyl benzene, nesityl ene, durene,
cymenes, B0P§Ihenzene, pseudocunene, o-diethyl benzene, mdi et hyl benzene,
p-diethngﬁgéﬁgeonhggggglbenzene, i sohexyl benzene, pentaet hyl benzene,

pent anet . 1, 2, 3,4- tetraethyl benzene; 20 1,2,3 ,5 -tetranethylb
enzene ; [0037, 4- The ebfalyito @ngeneion shitzhld feit usariat thyl freene irdRetion comprises a

m but yl t ol uene; p-ButyItoLuene; 3, 5-di et hyl t ol uene; o-ethth | uene;

p- et hy| t Ao TYHABIGPRIETRLARENE 2 SamFMer PirupEre tensqleis gwm AR

et hyl naphihal@neor A, BEATRIOR AW 3Gd 88turesIhe@bi &Rt Br » framework

2- et hyl ant hr acene; o-net Ryl ant hr acene; 9, 10- di net Ryl phenant hr ene; and
3- net hyl -spletmant hr ene. Hi gher nol ecul ar wei ght al kyl aromati ¢ conpounds can

al so be 25_as starti materials and include aromatic, organi cs, such

2s are prlfitea By the Y RarTur s M Bhad 1o G LS G dip el e

ol i gomer sfayj@ueh zB81RE uCtSItaseblt neQUSTY,| Bedl@h/iizady t®chiny§, heardHarthsy aRkyhat e
and i nclude hexyl benzene, nonyl benzene, dodecyl benzene, pentadecyl benzene,

hexyl t ol Ueéltrehydiophabiol (Bl -Ydeigewribed ebereon er mpdwcadwesafol uene, etc. Very
often al e i bt ai ne S i botlin r ion i n wWhi he al kyl
oroup at t00RNG ¢ & bR PSRl Rl B0 TBrd BEEOBn, St ub i Al
about ClZetd\estribedeiigcor et hyl benzene is the desired product, the present
process produces acceptably little by-products such as xyl enes. The xyl enes

made i n J084Pli nsBamerss ngysStalbing eateriplgnhapedita BHORpHAMCPOUS 4{TRERET REce1s
cont aj,ni gl e : e constitutes a usefu
feed Tor q?%@e@%g{eﬁésrélgﬁ% ﬁ?’fﬁeg&}bﬁgghﬁﬁ? QH%B‘KZGO%J/@?QG 187PCT/ US2011/ 032653
[ 0055] Sui[pedbl]e aPlmpluatcrystplbuge ntaserfaby hivieg v @8 nfirameweit storture ¢yped gerakradfyl ns
such as

have an X-ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15,
3.57£0.07 and 3.42+0.07 Angstroms. The X-ray diffraction data used to characterize the
material are obtained by standard techniques using the K-alpha doublet of copper as the
25  incident radiation and a diffractometer equipped with a scintillation counter and associated
computer as the collection system.
[0042] Examples of MWW framework structure type materials include MCM-22
(described in U.S. Patent No. 4,954,325), PSH-3 (described in U.S. Patent No. 4,439,409),
SSZ-25 (described in U.S. Patent No. 4,826,667), ERB-1 (described in European Patent No.
30 0293032), ITQ-1 (described in U.S. Patent No. 6,077,498), ITQ-2 (described in U.S. Patent No.
6,231,751), ITQ-30 (described in WO 2005-118476), MCM-36 (described in U.S. Patent No.
5,250,277), MCM-49 (described in U.S. Patent No. 5,236,575), MCM-56 (described in U.S.
Patent No. 5,362,697) and UZM-8 (described in U.S. Patent No. 6,756,030).
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et hyl ene and propyl ene; al cohols (inclusive of nonoal cohol s, dial cohols,

trial cohols, etc.) such as nethanol, ethanol and the propanols; al dehydes
such as fwormalidebysde, acet al dehyde and propi onal dehyde; pamaiSadipB26hal i des
such as nethyl chloride, ethyl chloride and the propyl 5chlorides, and so
forth. [0056] M xtures of light olefins are useful as al kylating agents in

the al kyljgpazn pPEE%@r% O'fthet el gh@vc%ﬁ{ﬁogﬁon rgi@gh eqorSﬂsXEH;zEt%ﬁm%fm%BXﬂ ene

and propylene whi ch najor onstituents of ‘a finery
streans, vogg MWW8I frgmswo@a&;nphmmtymflﬁ RﬁbS,cSﬁZ—éB,nERB latIWQI endQ-pr BiyBene,

iggropanEQFS§6gﬂgﬁgiépﬁggwgaﬁ ﬁ@ﬂd%&?@%@g gpﬁﬂﬁb;#&ﬁ?ﬂ&[EB@&?@xﬁgﬁgﬁﬁﬁ;For

exanpl e, Rerkypi cal FCC light olefin stream possesses the foll ow ng

conposi tion: W. %Mle %Ethane 3.3 5.1 Ethylene 0.7 1.2 Propane
5 [0044] In an embodiment of the invention, the catalyst will have a Relative Activity

measured as an RAjy, of at least 8.6, for example from 8.6 to 12.0, or RA s of at least 3.5,
for example from 3.5 to 6.0.
[0045] Methods for producing the catalysts required for use in the present invention
comprise those taught in the publications listed herein and incorporated herein by reference.
10  For example, U.S. Patent No. 4,954,325 describes crystalline MCM-22 and catalyst
comprising same, U.S. Patent No. 5,236,575 describes crystalline MCM-49 and catalyst
comprising same, and U.S. Patent No. 5,362,697 describes crystalline MCM-56 and catalyst
comprising same.
Binders
15 [0046] The catalyst composition and treatment composition for use in the present
invention may include an inorganic oxide matrix material or binder. Such matrix or binder
materials include synthetic or naturally occurring substances as well as inorganic materials
such as clay, silica and/or metal oxides. The latter may be either naturally occurring or in the
form of gelatinous precipitates or gels including mixtures of silica and metal oxides.
20 Naturally occurring clays which can be composited with the inorganic oxide material include
those of the montmorillonite and kaolin families, which families include the subbentonites
and the kaolins commonly known as Dixie, McNamee, Georgia and Florida clays or others in
which the main mineral constituent is halloysite, kaolinite, dickite, nacrite or anauxite. Such
clays can be used in the raw state as originally mined or initially subjected to calcination, acid
25  treatment or chemical modification.
[0047] Specific useful matrix or binder materials employed herein include silica, alumina,
zirconia, titania, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia,
silica-titania as well as ternary compositions such as silica-alumina-thoria, silica-alumina-
zirconia, silica-alumina-magnesia and silica-magnesia-zirconia. The matrix can be in the
30  form of a cogel. A mixture of these components could also be used.
[0048] For the improvement of the present invention, relative proportions of the
crystalline molecular sieve and binder or matrix are not especially critical.
[0049] The catalyst for use in the present invention, or its crystalline molecular sieve

component, may or may not contain added functionalization, such as, for example, a metal of
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4.5 15.3 Propylene 42.5 46.8 |sobutane 12.9 10.3 n-Butane 3.3 2.6 Butenes
22.1 18.32 Pentanes 0.7 0.4 [0057]Non-limting exanples of reaction
product s wbabiwmyishe obt ai ned fromthe process 25 of thecCpriss@nt3isayenti on
i ncl ude et hyl benzene fromthe reacti on of benzene with ethyl ene, cunene
fromthe reaction of benzene with propyl ene, ethyltoluene fromthe reaction
of tolue ] h d r | I - i

propyl en;t?roggtr\?i(g I’?rrﬁggpr fg?r d gr%%%eggﬂ %@ﬁ(ﬁs@nlgggﬁyk%%i’ﬁgﬁl%%%d

rel at e t @t} lveppospliocsi on of cunene by the al kylation of benzene with

bropyl eney) and I RACHL 0 RO, LIXLBENZSIR B e @l kylation of 30 benzene

[0050] Alkylatable aromatic compounds suitable for the present invention include

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

[0051] Suitable alkylatable aromatic compounds include benzene, naphthalene,

10  anthracene, naphthacene, perylene, coronene, and phenanthrene, with benzene being
preferred.

[0052] Generally the alkyl groups that can be present as substituents on the aromatic
compound contain from 1 to about 22 carbon atoms and usually from about 1 to 8 carbon
atoms, and most usually from about 1 to 4 carbon atoms.

15 [0053] Suitable alkylatable aromatics compounds include alkyl substituted aromatic
compounds include toluene, xylene, isopropylbenzene, n-propylbenzene, alpha-
methylnaphthalene,  ethylbenzene, mesitylene, durene, cymenes, butylbenzene,
pscudocumene, o-dicthylbenzene, m-diethylbenzene, p-dicthylbenzene, isoamylbenzene,
isohexylbenzene, pentacthylbenzene, pentamethylbenzene; 1,2,3,4- tetracthylbenzene;

20 1,2,3,5-tetramethylbenzene; 1,2,4-tricthylbenzene; 1,2,3-trimethylbenzene, m-butyltoluene;
p-butyltoluene; 3,5-diethyltoluene; o-ethyltoluene; p-cthyltoluene; m-propyltoluene; 4-ethyl-
m-xylene;  dimethylnaphthalenes;  ethylnaphthalene;  2,3-dimethylanthracene;  9-
cthylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-dimethylphenanthrene; and
3-methyl-phenanthrene. Higher molecular weight alkylaromatic compounds can also be used

25  as starting materials and include aromatic organics such as are produced by the alkylation of
aromatic organics with olefin oligomers. Such products are frequently referred to in the art as
alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene, pentadecylbenzene,
hexyltoluene, nonyltoluene, dodecyltoluene, pentadecytoluene, etc. Very often alkylate is
obtained as a high boiling fraction in which the alkyl group attached to the aromatic nucleus

30 varies in size from about Cg to about C;;. When cumene or ethylbenzene is the desired
product, the present process produces acceptably little by-products such as xylenes. The
xylenes made in such instances may be less than about 500 ppm.

[0054] Reformate containing a mixture of benzene, toluene and/or xylene constitutes a

useful feed for the processes of this invention.
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[ 0058] The reactants for the present inproved process can be in partially or
conpletely liquid phase and can be neat, i.e., free fromintentional

adm xt ur evorodii4atsron with other material, or they can peThrseughs2esht o
contact with the required catal yst conposition with the aid of carrier
gases or diluents such as, for exanple, hydrogen or nitrogen. WO

2011/ 146 / U Q@%@ ' -eat: R S

[ 0059] Thé[ﬁgﬁl-rea?tg@%%érti I%élg%%@é%?gj% E’gﬁfbg?ggﬁ]gﬂ-%@g&g??%e gg)&n%guﬁlghs%sr eam
may cont aithylénpand propglent glholwdn (iackisivv exf hommldobolspidsbavhblse trezd¢ciolst icte.)

conposition. These catal yst paojsons : rise up to about 10 r up
Lo B wppriticps s teash < arfinhs Bepane s ipme s s g aioae B REhm
of said ahdlpe@sisnddédhlyti@lany ahil hedes dud dthahAtdhforfico8mY 1 hiGRERAUNEL slohgam
Such catal yst ‘poi son"may be in the range fromat least 1 wopmto 5 wppm or
1 wpprh t chlgidgpsmd sofordven 5 wopm to 10 wppm by wei ght of said at |east
partially reat ed al kyl.at ab aromat i.c co nd stream,_ Such, catal yst

or sons ORI e MR ot BT Bl nS S i AR AR R U b BrokEive

f ol | ow npfeih@ymemfteationi t AegeBingial BEaRss oE0aKYEeN ans Urbpylend@RIBEH @Gre major
selenium tellurium phosphorus, and G oup 1 through Goup 12 netals. .

[ 0060] | n REIPeEE Ohta Vfidntaf gefingmpestigempegst fyak grsalgay ity efigey containing

al kyl at a 0 i (o] u del noi i by
cont act | PRl o Ao TRey Rghild SRR, SBhalntal 19AL SRD, RAMERTEEE
separiat e ffroguincpnehylgst steams,f stam@nisafuk wlkgtatiap agbnts dain. oRorzexaenplcl hetypical
contacti g%(gg @erf rmed under trﬁa% nt conditions to renove at |east a
portion Bl efimstyrem pRssesssidhe AR CHBRA NG a treated ef fluent stream
whi ch conprises a treated al kyl atabl e aromati ¢ conpound and a reduced
anount of catal yst poisons. Preferably, such treatnent is in the absence of
an al kyl ati ng agent stream As noted above, the treatnent conposition
conprises a porous crystalline zeolitee having a hjghogurface areal/surface
vol uglg 20rati o. [Oafté I n one or m)g enbodi nent s, %ge treatment conditions
i ncl ude a tenperat ¥ from about>30C (anbi ent) about 300C, from about
100C to 200C, and fktBreebout 100C 04 125C. The tredfnent pressure is from
about 101 kPa (ambiRropgnet o about 4681 kPa, from abidd 101 kPa to about 3000
kPa, and from aboutpiQl.kPa to abogt; 2500 kPa. Theb treatment weight

hourly space vel oci.t WHSV) is in,the range from ut 5to 70 hr-1,
preferably 12 to 4&“?1?“—311,6 based oﬁ2t9he wei ght of tﬁ;?at | east partially
untr €4t ed al kyl at abl-Bugpemati ¢ compdund. 2.6

Butenes 22.1 18.32

Pentanes 0.7 0.4

[0057] Non-limiting examples of reaction products that may be obtained from the process
25  of the present invention include ethylbenzene from the reaction of benzene with ethylene,
cumene from the reaction of benzene with propylene, ethyltoluene from the reaction of
toluene with ethylene and cymenes from the reaction of toluene with propylene. Particularly
preferred process mechanisms of the invention relate to the production of cumene by the
alkylation of benzene with propylene, and production of ethylbenzene by the alkylation of
30  benzene with ethylene.
[0058] The reactants for the present improved process can be in partially or completely
liquid phase and can be neat, i.e., free from intentional admixture or dilution with other
material, or they can be brought into contact with the required catalyst composition with the

aid of carrier gases or diluents such as, for example, hydrogen or nitrogen.
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[ 0062] The treatment conposition has the capacity to absorb greater than
about 100, or greater than about 300, or greater than about 500, or greater
t han abouwO0200/1460187gr eat er t han 30 about 900 m cronvol esPofi/useditiosions per
gram of treatnent conposition. The capacity to absorb collidine is in the
range from about 50 up to about 150, from about 150 to about 300, from
about 30Q-4:9yalion® ¥4 TiLQARRPRANEs200 to about 700, from about 700 to
about 900, fromablut 900 to about 1000 m cronol es of collidine per gram of
t r eat nent[0@¥HposiThe anlcast Wtialg inttebdBIRGTIabIS20dh4t03@EH® uhO BSINT may tcortatime nt
conpositi.on has the capacity to.absorb.greater an about .900, _or greater
Chan_abouPYERe YaichgrEadt SYhdima o RIB800e GHYros0aroN Rl F50th 4800 or
greater tiaRndRRYlcoRPRS WPRMUNuf 00 MpbmIrRPab ERepFNFMuphasadhpn drhug wveisght
of the treatment conposition. The capacity to absorb NEM is’in the range

f r om abourpPrB0oLPD tte akbeuf. 1 16PN & saidnt dseupartiBly ungecatbd atkybadde aferostic

about 2500n;to about 35%)0C Cg{a?rg}]aglou& 35%0.1'{1?1ﬁ%t1)0%tfr %?Q ,easftrlom %tl)?oug 55%0 to
about 7000 \BBB Nf—ﬁi@%a 11e(1]1 8RB 8%%’ bt Mg e s én corﬁl)‘%?m | oy PP

[ 0064] | n epehpbino, 10 hepal o @ast sSpasinh ab 119 wisini @3tweelgid &iylaad ableastafaetidtyi
stream havi ng said catalyst poisons is fed tg the treatnent zone., This

unt r eat ed'ARpY llatatadblg rdgemetic camPRBWPHIAIE. SRl catalyst poIseREc APt it Pe

L1 eat enty GRTRABLh N whithLohlSALIRAL £RNE AERARNR, BN ntdEthahdIOfns,

reaction zone under treatnent co ions to renove~at [east a portio

sai d wat alxygtn, poifagngsdnic, fsotemivan, t teBatiwd, phdsphent, std Sasapmiithfougb o el
treated al kyl at abl e aromati ¢ conpound and a reduced anpunt of catal yst

poi sons, M¢aPei n said treat ment conposition has a surface areal/ surface

vol une rappspjof of et ?'fes&t&aﬂlvgﬁ)tidd]'tﬂe (af &l phttial R LR d LRI aromatic
conditions 1 nclude a tenperature of from about 30C to about "300C and a
pressur e donpouadctrearhOhaviiEa catlysb quisod§04 tkdaged by ¢dnacting athrse streazoneith ait

| east one catal yst poi.son is a?sorbed bsy andaétron Il¥/ Foun& to th‘ﬁf .

t r eat nent"é SOMPENUER I8 i2nGeae P PE SEPATRE ‘Bmﬁ’éﬂgt PSP TR PR TR he
at | east Pafifohabhy WAL cERLEsheAlsklREAR Bnd #Bin Gt CONMAGkoSTLiMBAt least a

[ 0065] Proper sel ection of the treatnent conposition in the treatnent zone
conbi ned reotiey efhsaicheatdlygjipossons.dbercly buming ureatedeiflical stewamhvhick gompriscs a
conposi ti.on. pr.ovi i.mproved r |, of catal yst 1.SO0S. r eoyer uch
catalyst DaRRSERRs Ao QRGP R TRY Bl £ s i s BRE AR R b e BT
suppl yi ngutih@cithRat e thezboencdiolf n alkyhltiky agém@ragfNiAstnotdar U ah@treatment
tenperature rise resulting fromthe exotherm ¢ reaction between the

al kyl at i FOMERGSHEN SARDEISES AIRGUsABHHEN 7Nt havivbrpislidrfacmirea/susfase vatugice
rise provides an indication of the 25 Relative Activity of the treatnent
conposition. The tenperature rise decreases over tinme to reflect aging of
t he treat[f@6k] coirposd br arwre Ambbdbhiencheder mtammentr ¢omditiond wodsdd o t@amparauread

level it is an indicator that the tr nt conposition_has regched the end
of its uderuopys S EbTic & b Oqté&%gée oy W]lﬁﬂgéoﬁ%?g&icoﬁngf&% out
embodi menfoged fe1ieatinilcag e pfb%%r@ id fr&RALAVBIN 1 AAURGEMbIAD) 3 Qbbitefeel kpand

at | east one treatnment zone nonitor; preferably, there are at |east three

t r eat nentfroorboutoHl It bfasto dtvat 80eGkRentndzioom aboni 10 sPate apdw 2S00 ikias alle:

treatent, c si t.ion and neasure it erature. Pref.erab) e _

{ emociet drERTE iR, TR SE Rl IV L bt T b At ST 704w
three trqatfRbly 790 480HH't Bised onMtht REiSRSS AE at MaGCpdrfifR} IR atdOARylatable
monitors, for exanple, all three treatfent zone nonitors will be used to

noni t or taeMyE® @upund6187PCT/ US2011/ 032653 tenperature of the treatnent

conposi ti I n e of five. itors, far e of

The 11 ve MRl or e Fronet babtudE Rl B BeodcRl EXRTR ol F Bouk 1065
greater than about 300, or greater than about 500, or greater than about 700, or greater than

30 about 900 micromoles of collidine per gram of treatment composition. The capacity to
absorb collidine is in the range from about 50 up to about 150, from about 150 to about 300,
from about 300 to about 500, from about 500 to about 700, from about 700 to about 900,

from ablut 900 to about 1000 micromoles of collidine per gram of treatment composition.
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[0067] The at |east partially untreated al kyl atabl e aromati c stream havi ng
said catalyst poisons is fed to the treatnent zone (in the absence of an

al kyl ati lyoagantesvream). This at 5 | east partially untceatsed1abioys at abl e
aromati c conpound streamis contacted with the treatnent conposition in a
treatnment zone separate froman al kyl ation reacti on zone under treatnent
conditio re : | i i fgrma
roated aPdent ot roamuhranrSsRal kol Rina o SIS Kk b ar Souogo- o
conpound gerderathre dbaed S@fpongreater danadbpst 2 W), Sogssatasttrareabous 3500,taremtatent

conpositipn conpri.ses a s .10 cryst I eplite havin surface
ol sur e GR b0 Rt NG b parat g MaoD wEEE ph e it B¢ St R ren
condi t i ongnipaskivae The epRAL 23S HhRONFM §inahe wingdHeont BbAROYD 1B Goaitd 580,
pressure from about 101 kPa to about 4601 kPa. In the treatnent zone, at

1
| east SondraathpyistS09dp sbauti 3508 Serbapuby Sehed shaubr§l forurmdowto3X0Reto about

it ' ' b Lally. d f h
at - reast oot A JoORR e dBakd i B s EREbeE UL Bobia CBR ARG e

[ 0068] Optdoaipakitiyn. an al kyl ati ng agent (e.g., ethylene) streamis

intermttently supplied to the treatnent zone al on%éawith said at | east

parti al | J0OGRIr ealte@peiptign. dhast deast partille vaibeasstipbrylatable aromstis eeymt hpving
produce e 1 NEreas u exahk ] i

Dar d ol kP PRERS Hofal 6T RR5G BRVREHNBH 20 e S el L A AP SRR

ar omaii ¢ coatpoand ehixtnr?2@ dohecied esienthe tadfatrsait doinpesitionr it a ceapast ornscpader

sai d treafl ment&il?qditi ons, Wth increasing on-ojl tinme on stream the

tr eat mentTEBAPERIFER ALEREONS JEAET GreiRgHapeditpnade FRACAICHE 2 A9EHIHPIng
amount s ki O8Ra196 JHRRs G&IdHhY 8 trARIISANFent \WiR At DRich B RAHABAL rZRALalk Flathibld Xed
bed that receives the at |east partially untreated al kyl atable aromatic
conpound as¢tmaamcowmpammd phéta agtbicell solvange$ datalysd rmsoosit ereirt seidt resingeint

conposition is. .spent or exhausted alo the. 25 direction. of,flow firomthe
o1 Bt o PREOSHRT RS eRG A bl e i TR unOr SIS AN ah T s (Upgh gd
exhaust edrecaffiéht @ondTR6® IAEIHOE tGR RdtH &L o fFRINS ARsut BOERlo AduPsEIrCadid St &hrd he
downstream al kyl ati on reacti on zone, thereby causing deactivation of the

cat al yt i draverpegi 10l dPatteebeut 60 AdVanimgedisshypentizing ag fagsidineesatalyst pelsen is
present inventinn vi des, an .indi cation.of the.. in /or. .Rel atiyv
hctivi 0y BrSBHL 87 pRL R o (S Bl R Soub B e a1y il o
repl ace irkmo$&l Rmtthc &V edstprtieidK uiithda@ldaik0htaBlo @rdhiatitoethpoah@btysin. Poi sons
fromthe treatnment zone to the al kylati on zone, [0069] When the al kyl ati ng
agent is [PP@Yr i Prapst sglectingppi By, réqv@chpsppasitongingtheffcatnagnit zqng r qntiingd
unt reat ed. ; ] I 0 t] - Qr { han
o ecnel 1) S TER A ATRRGOIRG R R oA SRER pufjad RS o

t han or agmabaltaf aledyst polsohs. Mord®re20dibh lchGl BT PGEbWS2Md Ll A8 ZGHTr gypeahaly

t han or e%u%l. to about 75:1; or gr ea]%er than or equal to about 100: 1. The
mol ar r at§O8ogReday it WAL Ay iSHPRY g RG B RanoRy M AR BRAESE [T RAkind
to al kyl af 1R eABGR sk Sreéu'i‘tir%%ﬁoﬁlaﬂﬂg%xgﬂcheljrﬁb ]reéd%iogEtiegweeWthg%ik%{la{tf?ig%éﬁt; arfdfl
50:1 to 75:1; or 75:1 to 100:1. In some enbodinents, the ratio of "at | east
parti al | yheiptkydsstdd aadrhyticat@bpeindr oivhisi temperaslrk yrisat progidagentindicstidomof ke
range of 5:1.to0,50:.1 f singl e bed.of treatnent conposition in the

tr eationcedine Ao e BetrRdl FomariBhe (OGP REHIErSp SR 8 HUGHE on
by cont agtileg aohfy éft theedStmBAT dondokifioHNt A § tHeednpliayiratrAb! r8die 9 M® ki Minimal
conpound streamw th the treatnment conposition, at least 1 w.% at |east 5
W, % at lpecddttis ag ingicatgr that theteatmest eompysition has eachedzhe ond obits wpeful dfsandso
w.%, at,least .% or up to at least 99 w. % of said catal yst poisons
in the atShPlé@the r%lgaégl)gg'rti ally untreated al kyl atabl e aromati ¢ conpound stream
are renove066][ 00Tl dpdrataschddt thnemisslimenpthcatbatri®s tzof® MiEs Gcatincat cdrepssition
partially untreated al kyl at abl e

30 “therein and at least one treatment zone monitor; preferably, there are at least three treatment
zone monitors. The treatment zone monitors are placed in said treatment composition and
measure its temperature. Preferably, the temperature is monitored with at least three of the

referenced at least three treatment zone monitors. In the case of three treatment zone

monitors, for example, all three treatment zone monitors will be used to monitor the
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aromati c conmpound streans are water saturated, and nmay contain up to about
50 wppm generally up to about 200 wppm water. The present process

provi des w0 2adviantsageous net hod of reduci ng t he anount s Pofi/ush@z@3mwat al yst
poi sons in comercial at |least partially 15 untreated al kyl atabl e aromati c
conpound streans to acceptable | evels having afornenti oned anounts of
water. Al i it h = I

physi cal tg%ggr?%‘? ﬂgfﬁggﬁﬁﬁ%ern[t 1(28 %g%érng%%' n@n@E ggﬁzﬁaﬁ? I%lﬂrgfor%’gtr‘ Pﬁdgﬂg ’kait/ F%ts t| on
react i on taeaef teyfiveenofitrs exlbbpled ts epartat @dneasdrei apasenétes 20 wher eby t he

ef fl uent the, treatnent .zone is the vered .and fed to the

dounst r edMFact o 25 et Pl Sy BERE Sofe Faient By ¥61 cHobR « ne
treat nentpoRNg iPRd th ke Bbiteat 1R (f Bfetdb3hced WTANnSLk AN e@%%nﬁktkeaﬁ{)kﬂlﬁi abl e
aromati c corrpound contacts the treatnent conposi titon In the treatnent zone

at thé trlesst mawtialbonairedteohlipdateble aofiatiencorapampdi straagn tiheconfastadeayvith the
al kyl at ab) g, arQmall csgmpound. contaghs (Lhe @ldoyl atl.an, satal¥st,3lne under
al kyl ati on D SOAVRY'SPRA™ Eohdir Ty oM™ AURNE separate yportni snoer e

reacti on tzffientlconditiend ®ticfiovsat Leakt Dportieh o€ Ml SetalyishBoidisl dtnforrh raomaakdue
treatment zone of stegg}&s) above conpri si }r%g treated al kyl atabl e aromatic
conpound AHeeT rcamr WAtheBOTBPHSED dtqatry akixletablip gramasics sorpeuset pyd raoradyeed

al kyl at i ctd t 0 7 | ) | ky. i.on
R R g L S

i . e., 10t hergdfllinendolifs lmingdesirfaea arasurfzanelenapatiosiMmgedterahiresd al'kybatab) e
aromati c conmpound are brought into contact with the lytjc co sition
in a sui tsaﬂ"@eit@a%& T ITPER N th2 AFTPTEHIER _m_e%bquhgﬁ‘gcfa % 915&@52(5 and a
cont ai ni N@eRufel 4G BEG B LG CBLA MRl 1GATARSHE HORAmeHNSIRT, &FIERELhY atalyst
catal ytic conversion conditions. Preferabiy, at least partial |iquid phase
cat al yt i qocwwnvierbsabed by dind istosglytbioohd ito teutientmen tecnpeyoaitionecapfing niom xbetut
100C to about WO 2011/ 146187PCT/ US2011/ 032653 300C,,. preferabl y .from about
T00C (o dBBhPISHEIHaG BB OF dbipr vty Brirc oot FathBL AP ip esmpo
pressur e @hafr om about 689 to about 4601 kPa, preferably from about 689 to

about 3102 kPa, a nolar ratio of treated al kyl atable aromatic conpound to
al kyl at i 18068 ent Optionallynpmblsyiatiog agant (o gabbuicngbstrcampis eftermaibeytlyf suppliedsut

0.5:1 to .ab 10: 1 d a feed i ght___5.hour | Cc | oci Ly

baced on Thg k] AineAhadu Sy ¥l nanBd Whied PAEE R Fokie bRy
f rom aboyt.gQ.tentcptoptodddda tehmpbratfr@QidEadb &audch eyt dneadotttbrial Kigh@toalhdween
aromati ¢ compound conprises treated benzene and the al kyl ating agent is

et hyl ene el gkyldties agankypnd spidehdoast patiallx yntggteshalkelatabiopromstip camppani
carrigd r | i J 1 Ui l.yti:.c €O 1 .
condi 11 otk PREEG oF bl SBaIm A chinBbe by RABNEAETR o ko N B dioe

fr om abouin-diD@@ictan stiraut, tIASOEtmpntedomimizitionf rcoomabspent &2 bhaustcdhoutreB06E a
pressure %p 0 about 4601 kPa, pref fzrabl.y fr abqut 689 kPa to agou 3102
kPa; a welEHPIBARIUISHRIE QFeNYEiRPENPRINSHaS 88 BIY TREN FPPS Het 1‘%{/‘?%1“ ng
agent of {fomahQuhe & 1dad @RV uindOuidl alkylaRbRS REARMY cShASIRRAEIM o Bn et
about 6 hr-1; and a ratio of treated benzene to ethylene 1 n the al kylation
react i on andndisabfarges otrtol Balwoitiet, Ohd treatmenhbompoBion isvepcat or prbdfustcdbdlgng them

about__1:1.to.abo 20:1 |.a 075 t eated al kyl at abl e. aromatic
conpaiing disis Shtof Jiskn B Bleh skt o Wik gl HEG i PSR Sirere ¢ o
produce #BRARustddI®né SAGRIrODf ARY cAhIS fooRs Pr@&kehtiigh andtent@aBd dBRAStAM

| i qui d phase catalytic conversion conditions including a tenperature of

| ess t hartligdgion agEn tansnihebdut caugog tdsagivation 200, cétilytic sbonesitoshoryn.
about 180(; 0 Rr u of- o] 31 Pa or.les : T b 1724
cpa t o abone5o BRI fuflnBRouS it Besdirdn By iy ol SR gh e
propy! eneagainis\ndior Rglatige Mctiofty bf hintehmudnt Qorhpditidn fousgiboutde@bmitinglwhen to
preferably fromabout 0.3 hr-1 to abouyt 5 hr-1; and a nolar_ratio of
treat¥d HEPIRENE: 10apioopipidREak fhongh af RYS aF Mere Fealylopoismms FmthdBeatmenty : 1
t o about z%gégothg‘afﬁla?{roﬁfz‘éﬁ@bl y fromabout 1:1 to about 20:1 nolar.

[0069] When the alkylating agent is intermittently supplied, the molar ratio of at least
partially untreated alkylatable aromatic compound to alkylating agent of greater than or equal

to about 10:1; or greater than or equal to about 25:1; or greater than or equal to about 50:1; or
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25[0076] I n the reaction nmechani smof the present invention, the alkylation
reactor effluent may contain excess aronmatic feed, nonoal kyl ated product,
pol yal kysiDedipiuedact s, and various inpurities. The ar omamius261@ms653
recovered by distillation and recycled to the al kylation reactor. Usually a
small bleed is taken fromthe recycle streamto elimnate unreactive

| mpur i £l eediOfhd BEcAAPR ablE 70t bOMRalE Bifh hqlISb bbb @tiodN . e h6IaF Witgher
30distill®ed to separate nonoal yfat pr oduct 9ron1po yal kyl at ed products
and ot herofhe dwase partjallQ Ain}rThed pdiyahidy |aadreatipradpming teegllylatimg] agamons tihéhe

2 17 ansalRASaET It Eadol O e & 071 G Lhb ‘A1 K Pt O T cRdeBr: doerwrs
sui t abl e dyRasAY RS FRi0 JTak i’éa)&’tsﬂartléﬁgg urftfaraalliktasie Qforatcab Yadity | A/ agent

conpri se WO 2011/ 146187PCT/ US2011/ 032653 one or a m xture of crystalline
mol ecdl aris &i o eangaay d rlgtOtSIQel for pgoely kedaff tieardnt eorBpesationziadh¢ treatyientagndeni t e

rk l.,.d b R
act i ty OFB75) The dardrof BE ERBel LS ool BEEMa Py E3HEGr M, Kt on

may have parteglyatntégted 511«%%;151@ hbbnﬁ@@sdéﬁ@duﬁ’@ st@éhn%&ﬁah@fre@mehﬁ&ﬁhpcﬁltﬁm fior
exanple from®8.6 to 12. or RA180 of at least 3.5 for exanple from3.5 to
6.0, alldeishy Vﬁp@r?’étl‘?aéhS 3t "hhdgast Kawt Vot kspddSurtds » ablegst 256 %act Bstodt | et

pressure of, abg LVeTs%]?gzwt 5 89 uapgsast 1eR0499 ngt\é%oqfa%%gﬁ&lggtg%& Lin tﬁe gt least

et hyl ene or pro pyl ene, ply press ess, e. 2758
kPa o | gmstiallhauntisedd bikybitable dbmalRe tahpyemdAticamiatyrenvoiasur ed as RA220 or

RA180 and det ' by t hod I t 10 that de bed S.  Fol
B emorDUTT A an ke duDRhedEAghEan il F derakveighy pageed WsBlb i n
this met Nogh BomBlRCLARAK! o LBAG! OhuraRl, ERERAY BRALANGS loSatédedotopsi! ate

the tenperature ri to the conversion of ethylene. Wth thernocouple
p05|t|onswnmnHEUqIEnp@nmﬂ@ﬂGmenes@uWe EmﬁpcnﬂvQﬂeumm$nhn¢mmmlaﬁenmgxaMsve

Activity o S dete u3|n a differen react

el ysi 5 mibed B FEhEIRE e o RS RES R HoR ity oMb e S BT ¢ he
percent tgmRekdtkydatitls @ro%a\ﬁ'cct@ﬂl ¥nd BRI t6 @0t 31 OfevbRG1abRY df@RthRondd
short, Relative Activity (RA) = AT/L, wherein AT is percent tenperature

rise andﬂ@QWM%ﬁﬁW%Wﬁage of the bed length. Wen inlet tenperature to the

ad'abat'%ukegﬁgﬁﬁnm3518oc the value of RA is RA180 and when inl et
t enper at abatic reactor is 220C, the value of RA is RA220.

20[ 0079] To0R|RA detherprodess bfoisiiBva@xienthe bhpdeddpsaieus GiddTer e tRx¥Pemt PBR S
in which an adi abatic 3/4" pipe reactor with nu? poi nt thernocouples is
| oaded w.atnﬁ té%ﬁﬁof@xthﬁa%ﬂsylyt% TRACHAR 29N dN&HHE; fqrewaéraﬂ%u seppratefinand i FPYSt i s

tight]yy ‘P@&&lt e Ttheaﬂréﬁ%ﬁrﬂl ﬂ)ﬁgsisrt nON A %ﬁ@p\%dgb QM\% \gvnst]hearn

dlstrlbutlon conprising et ene an benzene eat ed
to an i nlreactlbenzpee atAlse thé sdr8d apparatﬂﬁ)@;ayplaesam fohbothgthe ttieatrved zohe aad shey st
enabl i ng reaction and exits the eac%or as effluent. A part of the

2
ef f | uent %lgvsf% 00 CRPNIFRBR 59 g allerlky IRgb IS i eomptingicANEAT b EeEcRt
t enper at Ltroﬁlp@sl%n% HHRARRLARETBLEL %t AQ q;reafﬁi@lt LERHUEHS BorkeeBudnebap ﬁQm% d o

i s maintained at to 1 to maintain |iquid phase conditions. The nulTi point
thernncougmmdlnﬂnhédbedmommscsusnmﬁmélxmﬁhé$mmco@bybsomhaﬁdaﬁeaUS@quum

reasure, UIGLETREC AU, B BLIE SebD S RO o AT T B
struct ur eolRk ethk &kfluenVRoADhd /4Rt Pordd ST QBGSonTmig: dedead Akytable
aromatic compound and any unreacted alkylating agent would pass directly to the alkylation

reaction zone of step (b) above.
[0073] The improved alkylation process of this invention may be conducted such that the
30  reactants, i.c., the effluent from the treatment zone comprising treated alkylatable aromatic
compound are brought into contact with the catalytic composition in a suitable reaction zone
such as, for example, in a flow reactor containing a fixed bed of the catalyst composition,
under effective catalytic conversion conditions. Preferably, at least partial liquid phase

catalytic conversion conditions which include a temperature of from about 100°C to about
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300°C, preferably from about 100°C to about 285°C, most preferably from about 100°C to
about 200°C, a pressure of from about 689 to about 4601 kPa, preferably from about 689 to
about 3102 kPa, a molar ratio of treated alkylatable aromatic compound to alkylating agent of
from about 0.1:1 to about 25:1, preferably from about 0.5:1 to about 10:1, and a feed weight
hourly space velocity (WHSV) based on the alkylating agent of from about 0.1 to 500 hr’,
preferably from about 0.5 to about 100 hr™'.

[0074] When the treated alkylatable aromatic compound comprises treated benzene and
the alkylating agent is ethylene to produce ethylbenzene, the alkylation reaction is preferably
carried out under at least partial liquid phase catalytic conversion conditions including a
temperature of from about 100°C to about 280°C, from about 100°C to about 230°C,
preferably from about 125°C to about 260°C; a pressure up to about 4601 kPa, preferably
from about 689 kPa to about 3102 kPa; a weight hourly space velocity (WHSV) based on the
cthylene alkylating agent of from about 0.1 to about 20 hr', preferably from about 0.5 to
about 6 hr''; and a ratio of treated benzene to ethylene in the alkylation reaction zone of from
about 0.1:1 to about 30:1 molar, preferably from about 1:1 to about 20:1 molar.

[0075] When the treated alkylatable aromatic compound comprises treated benzene and
the alkylating agent is propylene to produce cumene, the reaction may also take place under
at least partial liquid phase catalytic conversion conditions including a temperature of less
than about 200°C, from about 100 to about 200°C, from about 125°C to about 180°C; a
pressure of about 3102 kPa or less, ¢.g., from about 1724 kPa to about 3102 kPa; a weight
hourly space velocity (WHSV) based on propylene alkylating agent of from about 0.1 hr™' to
about 25 hr', preferably from about 0.3 hr' to about 5 hr'; and a molar ratio of treated
benzene to propylene in the alkylation reactor of from about 0.1:1 to about 30:1, more
preferably from about 1:1 to about 20:1 molar.

[0076] In the reaction mechanism of the present invention, the alkylation reactor effluent
may contain excess aromatic feed, monoalkylated product, polyalkylated products, and
various impurities. The aromatic feed is recovered by distillation and recycled to the
alkylation reactor. Usually a small bleed is taken from the recycle stream to eliminate
unreactive impurities from the loop. The bottoms from the distillation may be further
distilled to separate monoalkylated product from polyalkylated products and other heavies.
[0077] The polyalkylated products separated from the alkylation reactor effluent may be
reacted with additional aromatic feed in a transalkylation reactor, separate from the alkylation

reactor, over a suitable transalkylation catalyst. The transalkylation catalyst may comprise
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4.9%9.0% 1.8 B (Lower Activity) 220 4.9% 32% 6.5 A (H gher Activity) 180
4.4% 23% 5.2 A (Hi gher Activity) 220 4.4% 47% 10.7 5 EXAWMPLES Exanples 1
- 6 WO 2011/146187 PCT/US2011/032653

one or a mixture of crystalline molecular sieves having the structure of zeolite Beta, zeolite Y,
mordenite or an MWW framework structure type material, described above.

Relative Activity

[0078] The catalytic composition for use in the present invention may have a Relative
5  Activity measured as an RA;y of at least 8.6, for example from 8.6 to 12.0, or RA ;g of at
least 3.5, for example from 3.5 to 6.0, allowing operation at lower reaction pressures, €.g., a
reactor outlet pressure of about 3102 kPa or less, and lower alkylating agent, e.g., ethylene or
propylene, feed supply pressure of 3102 kPa or less, e.g., 2758 kPa or less. As used herein,
the Relative Activity is measured as RA;yg or RA gy and determined by a method similar to

10 that described by S. Folger in Elements of Chemical Reactor Engineering, 2™ Edition, pages

406-407. In this method using an adiabatic reactor, an energy balance is used to relate the
temperature rise to the conversion of cthylene. With thermocouple positions, inlet
temperature, pressure and conversions known, the Relative Activity of the catalyst may be
determined using a differential reactor analysis. For this analysis, the Relative Activity is

15  calculated by the percent temperature rise divided by the percentage of the bed length. In
short, Relative Activity (RA) = AT/L, wherein AT is percent temperature rise and L is
percentage of the bed length. When inlet temperature to the adiabatic reactor is 180°C, the
value of RA is RA ;g0 and when inlet temperature to the adiabatic reactor is 220°C, the value
of RA is RA.

20 [0079] This RA determination is exemplified by the following experiments in which an
adiabatic ¥4 pipe reactor with multipoint thermocouples is loaded with approximately 28
grams of a specified catalyst. The catalyst is tightly packed between inert alumina beds to
provide good flow distribution. A feed comprising ethylene and benzene (1:1.5 molar),
heated to an inlet temperature of 180 or 220°C, passes through the bed of catalyst enabling

25  reaction and exits the reactor as effluent. A part of the effluent is recycled back to the feed in
order to maintain an adiabatic temperature rise of approximately 40°C. The recycle to feed
(weight) ratio is maintained at 6 to 1 to maintain liquid phase conditions. The multipoint
thermocouple in the bed consists of six thermocouples that are used to measure the
temperature at 6 points inside the bed. Results are described in the following table with

30 Catalyst A and B being the same MWW structure material.
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[ 0080] A thernogravimetric anal yzer (TGA) is an instrunent that can neasure
the change in weight of a substance. One use of a TGA is in the adsorption
of conpouwO=0fwv@msrhe gas phase to determ ne their affi RCITUSk@N/032665
conpounds. Exanples 1-8 bel ow show the 10 capacity of a variety of
materials as determned fromthe adsorption of collidine. Collidine is a
bulky amne (i.e., 1,3,5- trinmethylpyridine) that is also a good probe

nol ecul e for adsorption. Table 2 shows poi son capacities neasured by a TGA
of various potential treatnent conposiTtablns using collidine. WO

2011/ 146187PCT/ datiki/ 032633 Tahke 2 ErasmiRodpleat menpereryposifti orAZeolijte
Content (leight % Approxi mate, Rejsen Capggliby (M| Ccrepplearof
col lidinefgramof zeolite) [1 ( ar at @/G%HMQ\@VO@M:M 495,80
Bed)

B (Lower Activity) 180 4.9% 9.0% 1.8

B (Lower Activity) 220 4.9% 32% 6.5

A (Higher Activity) 180 4.4% 23% 5.2

A (Higher Activity) 220 4.4% 47% 10.7

5 EXAMPLES
Examples 1 - 6

[0080] A thermogravimetric analyzer (TGA) is an instrument that can measure the
change in weight of a substance. One use of a TGA is in the adsorption of compounds from
the gas phase to determine their affinity for such compounds. Examples 1-8 below show the
10  capacity of a variety of materials as determined from the adsorption of collidine. Collidine is
a bulky amine (i.e., 1,3,5- trimethylpyridine) that is also a good probe molecule for
adsorption. Table 2 shows poison capacities measured by a TGA of various potential

treatment compositions using collidine.
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80-130 2 Beta (Non-MAW 80 701 3 USY (Non-MAW 80 925 4 ZSM 12 (Non- MAWY 65
531 5 Mordenite (Non-MMWY 65 385

WO 2011/146187 PCT/US2011/032653
Table 2
Example Treatment Zeolite Content Approximate Poison
Composition (weight %) Capacity
(micromoles of
collidine/gram of zeolite)
1 MWW 80 80-130
(Comparative) (MCM-49)

2 Beta 80 701
(Non-MWW)

3 USY 80 925
(Non-MWW)

4 ZSM-12 65 531
(Non-MWW)

5 Mordenite 65 385
(Non-MWW)

6 Solid Phosphoric None 501

Acid

(Non-MWW)

[0081] As can been seen, Table 2 shows that the poison capacity using collidine for a
treatment composition having MWW topology is much less than that for a treatment
5  composition having non-MWW topology. In addition, a treatment composition having less
than 75 wt.% of a binder and greater than 25 wt.% of zeolite is important to high collidine

capacities.

Examples 7 and 8

10 [0082] In Examples 7 and 8, the capacities of MWW and zeolite beta treatment
compositions to absorb an N-formyl morpholine (NFM) impurity was determined. Two
alkylation reactors were placed in series with an NFM impurity-containing benzene feed
supplied to a first alkylation reactor having first alkylation catalyst (Rx 1). The effluent of
reaction 1 (Rx 1 was the feed to a second alkylation reactor having a second alkylation

15 catalyst (Rx 2). Rx 1 and Rx 2 ecach had separate cthylene injection points and this
configuration is like the first two stages of a multi-stage series-connected alkylation reactor.

For these experiments Rx 1 was a reactive guard bed and was the first reaction zone in an
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[0084] As can been seen, Table 3 shows that the NFM absorption capacity for zeolite

10  Beta as the treatment composition is superior to a treatment composition comprising an

MWW material.

[0085] Examples 1-8 show that many materials are suitable for use as adsorbents. It is
believed that Examples 1-8 show that with high surface area/volume ratio materials (e.g.,
powders) very high capacity for poison removal may be achieved. However, such materials

15  must be formulated into structured particles in order to be loaded into a reactor.

[0086] Non-limiting examples of the invention involving an improved alkylation
mechanism are described with reference to the following experiments. In these experiments,
two separate beds, a treatment zone and an alkylation reaction zone are placed in series. The
first bed (treatment zone) containing a particular treatment composition is used for treatment

20  of benzene containing nitrogen compounds (catalyst poisons) to protect a downstream

alkylation reaction zone capable of doing alkylation reaction chemistry. The benzene is fed

to the treatment zone along with ethylene. The effluent of the treatment zone is then mixed
with ethylene and fed to the alkylation reaction zone containing alkylation catalyst. The
number of days of stable alkylation operation (run length) is determined from when

Deactivation of

25  deactivation is first observed to occur in the alkylation reaction zone.

catalyst in the alkylation reaction zone thus correlates to the run length of the treatment
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Zeolite for Rx 2 (80 w.% zeolite content based on weight of zeolite) NFM
Absor ption Capacity (wppm based on the weight of the zeolite) 7
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chemi st r ynCappis Mseticle dengnsions @angd pagtigle eyraatieaing baedanery hiboratetyimagig,

The effl t e i ) ' . to
the al kyl el Sl EPATRED AR fork Ol KEE: el M SRR O, Oy
days wof stable al kylation operation (run length) is determ ned from when

Example 9
[0088] A 16 gram quantity of treatment composition comprising zeolite Beta formulated
as 1/16 inch (0.16 cm) cylindrical particles with a surface area/surface volume ratio of 70-
100 in™ (28-39 cm™) was placed in the treatment zone, and a 28 gram quantity of material
15  formulated as 1/20 inch (0.13 cm) quadrulobe particles comprising MCM-49 was placed in
the alkylation reaction zone (as a catalytic composition). Benzene comprising 0.3 wppm of N
in the form of N-formylmorphaline and a very small ethylene bleed was fed to the treatment
zone at ambient pressure, wherein the benzene/ethylene molar ratio was greater than or equal
to 100:1 (essentially ethylene free), a WHSV of 21 hr' and 180°C (liquid phase). The
20  effluent from the treatment zone, mixed with ethylene, was then fed to the reaction zone
maintained at a temperature of 180°C, with the mixture in the liquid phase, benzene/ethylene
molar ratio of approximately 18:1, and with a WHSV of approximately 0.77 hr™' based on
ethylene. The catalytic composition in the reaction zone did not begin to show deactivation
until 14.5 days. Therefore, the poison capacity of the treatment composition in the treatment
25  zone to that point was calculated to be approximately 2200 wppm of N. Then 0.3 wppm of N
in the form of acetonitrile was fed to the treatment zone at ambient pressure, a WHSV of 21
hr' based on benzene and 180°C (liquid phase). The catalyst in the reaction zone did not
deactivate for another 8-9.5 days. Therefore, the poison capacity of the treatment
composition in the treatment zone was calculated to be approximately 1400 wppm of
30  additional N, for a total of 3600 wppm of N.
[0089] All patents, patent applications, test procedures, priority documents, articles,
publications, manuals, and other documents 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.
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25deactivation is first observed to occur in the alkylation reaction zone.
Deactivation of catalyst in the al kylation reaction zone thus correlates to
the run Iwogoti/abisrhe treatment WO 2011/ 146187PCT/ US20PCr032@3832653
conposition and its apparent capacity (at constant flow conditions). Once
the treatnent conposition no |onger retains poisons (slippage), it needs to
either bqopsgenetalathuioricePlacs fimih 403 flmEabl-fodlihfl B EIONSnaLASCS he
ef fi cacy of treatnment conpositions conprising t surface arealsurtac

vol une r dtrom ang tpwer dichioto anfieppetlenit atesconnipdatesed herei n. The poi son 5

capaci ti f the treatnent conpositions i he treatnent zones are, .

cal cul at aB0FHom Pyiulet PiraTgr G GRmogimo o (Pimp it PEYE BaTafgsEiDed with
deact i vatgaeitulitP i M e irdctshRddahkyy#oud BiH@ 83 difEutbAN il DR&ppatchefeand
areal/ surface volunme ratio was determ ned by using an optical process to

measure pagt beteadidy mede by thoseapldllpdin the ke vothovadenatingsirery thehspinidargrrcert of
Laboratory | nagin nd _Anal ysi.s System (ALI AS) obt ai.ned from Ca de ta
Systems dre (e ARe- AR B nRyRef e 62 Bl e e R R o

t r eat mentlirgigipesitid eRarBPIBPahs | dGcrRdnk tset Batta hkaiimbuatre@ciashal /A8 ddigb 4. 16
cm) cylindrical particles with a surface area/surface volunme ratio of 70-
100 i n- 1 coagrupd asmpneympgssing|alctbel faguren af pateniahle povelphwhichigside pathgpaepent
quan?'tyiﬂ&mﬂﬁﬁ?ﬁkﬂhﬂkﬁ&ﬁ2%5Hk§1@ ich S, ngm'@&R(ﬁg?%ﬁuﬁg%nﬂqﬂgkU%%Qthw
particles conprising was placed 1n the alkylation reaction zone (as
a catmal ytskdledangesirt toorf)ich Berizeneor peqinsi ng 0. 3 wopm of N in the form of
N-fornyl norphal i ne and a very small ethylene bleed was fed to the treatnent
zone at anbi ent pressure, wherein the benzene/ethylene nolar ratio was
greater than or equal to 100:1 (essentially ethylene free), a WHSV of 21
hr-1 and 180C (liquid phase). The 20 effluent fromthe treatnent zone,

m xed with ethylene, was then fed to the reaction zone maintained at a
tenperature of 180C, with the mixture in the liquid phase, benzene/ethyl ene
nol ar ratio of approximately 18:1, and with a WHSV of approximately 0.77
hr-1 based on ethylene. The catal ytic conposition in the reaction zone did
not begin to show deactivation until 14.5 days. Therefore, the poison
capacity of the treatnent conposition in the treatnment 25 zone to that
poi nt was cal cul ated to be approxi mtely 2200 wopm of N. Then 0.3 wppm of N
in the formof acetonitrile was fed to the treatnent zone at anbi ent
pressure, a WHSV of 21 hr-1 based on benzene and 180C (liquid phase). The
catalyst in the reaction zone did not deactivate for another 8-9.5 days.
Therefore, the poison capacity of the treatnent conposition in the
treatnment zone was cal culated to be approxi mately 1400 wppm of 30
additional N, for a total of 3600 wopmof N. [0089] All patents, patent
applications, test procedures, priority docunments, articles, publications,
manual s, and ot her docunents 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
permtted. WD 2011/146187PCT/ US2011/ 032653 [ 0090] When nurneri cal | ower
limts and nunerical upper limts are listed herein, ranges fromany | ower
limt to any upper limt are contenpl ated.
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[0091]While the illustrative enbodi nents of the invention have been
described with particularity, it will be understood that various other

nodi f i catwoneimi4bis87be apparent to and 5 may be readily mratashyl1bsse
skilled in the art without departing fromthe spirit and scope of the
invention. Accordingly, it is not intended that the scope of the clains
appended @EAQ@DG limted to the exanpl es and descriptions set forth herein
but rath the clains be construed as enconpassing all the features of
pat ent ablWeidael:ty whi ch reside in the present invention, including all
features which would be treated as equi val ents t her eof by t hose 10skill ed
inthe art to ich t einéention

2011/ 146187PCTH UEIG1 /3RS g ARyEEY rl%/‘%d ArAnHHe iOIBPOplF]tSicSéEegmr BPmopbdtlsiy an

al kyl at ehapdi ARBEMtEaEANFIRVIBADRL A1@a1YE r@Mpdin@ktrbaaHavingP@idlyal poisond tahgadned
al kyl atabl e aromati c conpound stream havi ng catal yst poisons and an

5al kylSat iatlgylafpenesost seean. wheesi sid aﬂ@lmhl?lamraﬁ%cwmm dreeBn i dstor eam
is treat t s conprising the steps of:
(a) cont erg(thlic(r%gcasg}g?sm?%S tgi%?cgggacr%o Sm I}Ee %gstcfﬁ% stream havi ng said

catal yst poisons with a treatnent corrp05| t| on in a treatnent zone separate
froman gbkyl abntntingsddi eliylaobe andafic tompbumhitraanbating sad toatatysmpuBoat

| east a portion of said cataly oi sons and forma 10 treated effl uent
st r eam whY'&ha dSA{sRGnE SemppRligL Y aﬁ%@%gw %ﬁpa%ﬁﬁffemcwls&lﬁamaﬁwcam} éffced

amount  of, @t AEUSEnPURIRRRs WRERGatSiRAH tﬂo‘%ﬁ&r{@ﬁkal& %QﬂaBr%i %6196}1s%ﬁ f@rm a
surface areal/surface volune ratio of greater than 30 in-"1 cml), said
tr eatlr@enttraatﬁdd effluents sireerh dleich coampeeattigadoilkf latiticalboumat®0 Gmpowtdo and 300C;

and (b) cting,said treated al kyl at.abl e I‘Oﬂ'&tIC co i n sai

1 uent "SereRnranit il s RGPordl AheRE T R PAIEAE et Sohee
conposi ti a@éh/dlii\fa@é?lbéiluﬁie Krb{th@bf ?@at&%ﬁﬁ BOM ZOmens BPSHi @trBathicAMohditnt iRAld¥RNt
zone under at |east partial phase catal ytic conversion conditions to
form an dFrperatistiokiremabont @f@é@ﬁb%ﬁ@@l (conpri ses addi tional al kyl at ed
aromati c conmpound, wherein said catal yst conposition conprises a porous

or b cor st ragsi R BERE o RIRIGHEnaHE LM WAL FRERS AT LT

sai d &t |aaditimpeadehadtrdabowitt aplagdest campbymbrclmmm/elﬂ@ladﬁn ceistol zomsSscpaataude
a tenperature of from about OOC to abo 300 %}essure from about 689

kPa to abERIY saigdralomet Zangyidsr at ﬁﬁﬁt@a@fa 1ﬂ‘é§tp ascaalY i CopVersion SRR iens to
conpound ¢,g, 3l f&twgff%gﬁmtre% Jvﬁﬁamca gﬂgesoad%m%alt Ak ABRH ardRatly ciiibufidf eed
wei ght hourly space velocity (VWHSY) on al kylating agent of from about
0.5 to abwohircibOfaithr edtaly@s camifd)mtlcpr omerfmlsen‘ ac [parans 1 crysfallinei mamra}b fev)ng a

Sai d 't 1 edPHRHTOTS SHECHO R e EEel AT pd ol dip s kAL SR AR i
produge ant eNREH&HHEROS, MHCRAS §aif AL e p@ﬂﬁaﬁﬁqﬁﬁ PhARIAlaly QG E9i0n REANRERY

said al kyl ating
include a temperature of from about 100°C to about 300°C, a pressure from about 689 kPa to

about 4601 kPa, a molar ratio of treated alkylatable aromatic compound to alkylating agent of
from about 0.01:1 to about 25:1, and a feed weight hourly space velocity (WHSV) based on
alkylating agent of from about 0.5 to about 500 hr™'.
25
2. The process of claim 1, wherein step (a) further comprises intermittently supplying an
alkylating agent stream to said treatment zone along with said alkylatable aromatic compound
to produce a temperature increase caused by an exothermic reaction between said alkylating
agent and said alkylatable aromatic compound in the presence of said treatment composition
30 under said treatment conditions, whereby said temperature rise indicates the ageing of said

treatment composition.
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agent and sai d al kyl atabl e aromati c conpound in the presence of said

treat nent conposition 30under said treatnent conditions, whereby said

t enper at We 2niig@6isndi cat es t he agei ng of sai d treat nment PCoMsesilosmas WO
2011/ 146187PCT/ US2011/ 032653 3. The process of claim 1, wherein said

catal yst poisons conprise at |east one of the follow ng el enents: nitrogen,

hal ogens,3 oxygg, I%E'ésgLHf’clzﬂﬁlsia,%ﬁereﬁle%]a@c{“c&m st géikdﬁ{si AprRBQSE RARY YRe ofBE
Group 1 through Cgoup 12 netal's. 54. The proges of clarm 3, erein at

| east 10 fatlowingf ckaledtscatitbyst, padbgorns axygsmi dulfirk ydrsinady| eclamomat teBurium,
conmpound streamis noved in 1d coptacting step (a). 5. The process of
clain11,lﬁﬁ Pﬁ’@%{ﬁ“PWéd@Hﬂﬁﬁ%%Bﬁ%ggpFi%ﬁ conprises a porous crystalline
material. 10 6. The process of claimb5, wherein said porous crystalline

material of said treatnent conposition is a nolecul ar sieve selected from
t he goupt consihst pregessfofzdaim 8ewbetcin af tnaptatl e’ péakidt eatatystUpaisaastintsiel Y

USY), Deal uminized Y. (Deal R Earth .Y (. U trah hobic Y
Oy Rl AfStafie'eBRound syl § agnl e phif e haphd S PIS™ S 16

ZSM 20, and conbi nations thereof 7. The process of claiml, wherein said
treatment conposition is selected fromthe group consisting of clay, resin,
sol i d phosphorihe Becess efcelimtledvigrei yoad ticRingRat CPPWONTION | REWTISGHA RO
conbi nat i . .20 8. The process of claim?7, wherein said Linde type
Xis 13X,C n%}hgeg{ng{%bﬁ%de type Ais 4A or 5A. 9. The process of claimb5,
wher eion sai d porous crystalline material or said treatnment 25conposition
further conprises a binder, said, binder selected fromthe q%‘ré)gup. consi sting

of al umirfa, siTHCCRIOCESS ARIAM i WREHIT, Said |PRYOUS Y HilipG raaderiah g gid treatmept

The procegs Blitich & MubiclESRID sQaith ROMAHS ofduporbibiCof R Rla, RAYINE
said FAU framework structure type i1s faujasite, zeolite Y, Utrastable Y

(USY), Demblitei Vi, zBtirastabbedl @ESY) , DRenmirfizadt ¥ WDEREYY), Rhter Zaythr SpHBEYY, Y

bor ous. crOAERTTHE i bel P Raliii e AERERORE e b F T ol S yp S

zeol ifse bef 2sMME 2N DA BB Din 4440 1Her&32653

7. The process of claim 1, wherein said treatment composition is selected from the group
consisting of clay, resin, solid phosphoric acid, activated alumina, Linde type X, Linde type
A, and combinations therecof.

20
8. The process of claim 7, wherein said Linde type X is 13X, and said Linde type A is
4A or 5A.

9. The process of claim 5, wherein said porous crystalline material or said treatment
25  composition further comprises a binder, said binder selected from the group consisting of

alumina, silica, titania, zirconia, clay and mixtures thereof.
10.  The process of claim 1, wherein said porous crystalline material having said FAU
framework structure type is faujasite, zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal

30 Y), Rare Earth Y (REY), Ultrahydrophobic Y (UHP-Y) or a mixture thereof.

11.  The process of claim 1, wherein said porous crystalline material having said BEA

framework structure type is zeolite beta.
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12. The process of claim1, wherein said porous crystalline material having
said MOR framework structure type is nordenite, TEA-nordenite or a mxture
t her eof WwWO032011Tiae18pr ocess of claim 1, wherein said poroRSTAISYGIitABiEhe
material having said MW5 framework structure type has an X-ray
diffraction pattern including d-spacing maxi ma at 12.40.25, 6.90.15,

3. 570. 07 @nd Spifh2fholck AGHAROMBuhdeif Sl LGS 'cfﬁfidu% fRlBLNERAOUN MORLE.
The process of claim1, wherei'n said por us cr l'ine materi havi ng MAW

f r amewor Kratewk uirecttineggpd s nRBHeGte, BBA-R6rdefiRBorly mixF@etherbdQ 2, | TQ 30,

MCM 22, 10 MCM 36, MCM 49, MCM 56, UZM 8, EMW 10, EMM 12, EMW 13 or

m xtures thereof 15. The process of claiml1l, wherein said al kyl atabl e
aromat i ¢ ;BONMPORHdhrbess Bk @RiRd, fvmﬂalﬁ fasid%%m Goaslliné nderRi hPeng erig MWW
napht hal ene, anthracene, napht hacene, eryl ene, coronene, phenanthrene and
m xt ubes fmi@ﬁrve@k slrgctule‘a typﬁhleasmﬂoXe@g CbF a@tlalil rpatlernwmlméin@ Gapaging Rpkimeahi e

21 kylat o ramt po-Rdpound P LR hgPL Anb OO U AR SRR S5

1, wherein sald alkylatable aromatic conpound i s benzene, said 20
aIkyIating agent is propylene and said al kyl ated aromatic coanund IS
cunene. g THe piosessel skim| bi whareinwwid siiowarysilliog megppk hayipgayieW

conpound id,al gn b S
aronat|c1%%ﬁ%§8§ ﬁ%uggé u%%#?enie%%ggg fg&iﬁ lllj.rgodess %T?Tﬁalﬁﬁ¥ ﬁ%\zereln
sai d @l kyManabbeMano#as MCM-oHpoEdve 8j BMdENDeBRRIM sla; BEMA K loahiirigraghatof. s

et hyl ene, said al kylated aromatic conpound is ethyl benzene, and said at

| east partial liquid phase conversion conditions include a tenperature of
from abous 100t Ro@ROYE clgﬁlQ@ wﬁe@{n%%lélﬁyﬁiabi%bﬁeﬁla{%clQ&nﬁ(ﬁﬁhdqg s¢1888d fiBm

wei ght hourly space velocity (WHSV) based on the ethylene of fromabout 0.1
t o about tRO ghouplconsintingof benzendmaplghzlens anthratehyl repbthiapendOpdreleat kedrartcnon
reactor of fr n1abo 0.5:1 .to about 30:1 nolar. 20.The process of claim
19, wher dnnadhigng ¢ WW%WFSgﬁﬁB%sition is a nolecul ar sieve selected from

t he grsoup consisting of zeolite beta, faujasite, zeolite Y, Utrastable Y
(USY), Dealumnized Y (Deal Y), Rare Earth Y (REY), U trahydrophobic Y
(UHP-Y), kor déRictpsocoppopolaim 14whgrpcpidskplateb e@@,tlcrmmnﬂem PRZCNZSMIA3,

ZSM 4, ZS ZSM 14, ZSM 1 [ 21. The
process oalflﬁﬁ?tmgmgf]ét 5§ Maﬁeﬁh‘% &t %4 ﬁ?’ Lot Ortme(‘E %'or%@o Ry on RS lbg% eél%t ed from
the group consisting of clay, reS|n SO|Id phosphorlc acid, activated
alumina, Linde type X, Linde 5ty A, and m xtures thereof 22. The

process of/-cl af bﬁ’n prgcesméﬁlém lsah@rewéhélkﬁhagﬁ@i%mmﬁ’éc ERIEYNA! s RewFchg saish d

MAWV f4,a eg@ i ncl udi ng

d- spé%lggl @%ﬁ %?ﬁﬁ%&%ﬁ?Hggggg%éFﬁ%MEg@@%éa%% qggg&ﬁ%ﬁAngstrons. 10
23. The process of claim 22, mherein said porous crystalline naterial

havi ng fr wor k st ucture 3, SSZ-25, ERB-1 | TQ 2,
| TQ 30, 2 heNtRRSBOF RENR Aot hRIEN) 6! l F‘E@/ﬁa@le ERVELH CORRNESS s b a3

m xtures fifas&Rfagent is butene and said alkylated aromatic compound is sec-butylbenzene.

25 19.  The process of claim 1, wherein said alkylatable aromatic compound is benzene, said
alkylating agent is ethylene, said alkylated aromatic compound is ethylbenzene, and said at
least partial liquid phase conversion conditions include a temperature of from about 100°C to
about 280°C, a pressure of about 3102 kPa or less, a weight hourly space velocity (WHSV)
based on the ethylene of from about 0.1 to about 20 hr™', and a ratio of benzene to ethylene in

30  the alkylation reactor of from about 0.5:1 to about 30:1 molar.

20.  The process of claim 19, wherein said treatment composition is a molecular sieve
selected from the group consisting of zeolite beta, faujasite, zeolite Y, Ultrastable Y (USY),
Dealuminized Y (Deal Y), Rare Earth Y (REY), Ultrahydrophobic Y (UHP-Y), mordenite,
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15 24. The process of claim1, wherein said al kylatable aromatic conpound
conpri ses benzene, said al kylating agent is propylene, said al kyl ated
aronat i ¢ worgpoumaisconpri ses cunene, and said at | east pa&critskoiiospsssl phase
conversion conditions include a tenperature of |ess than about 200C, a
pressure of about 3102 kPa or |ess, a weight hourly space velocity (WHSV)

based on m&%f&&ﬁt@kgw-@,tz'm-@@%m-sptsmpwzaé@@.qtg, Qs%i;q, and hix@RQYferéat0

hr-1, and a 20ratio of benzene to propylene in the a at1on reactor of
fromabout 0.5:1 to about 30:1 nolar. 25. The process of claim 24, wherein

said treaf,nent _conposition .is | ecul ar sieve selected fromth ro
consi stim-of PeobPeesrelainy 48 HBFF SId fiop{mcny COmPEr QR b Pacyeq (8 tieos
Deal uni mgﬁr@\% donsRaag oldlay,RasiR, fofititiRosphoRENid, MtivhRRludrRRRobhEe Ypt SHF:inde
nor deni t e -rmordenite, ZSM 3, ZSM4, ZSM5, ZSM 14, ZSM 18, 7S\ 20, and
m xt ules typrefedfd mixtges therpefpr ocess of cl ai m 24, wherein said treatnent
conposition is selected fromthe group consisting of clay, resin, solid
phosphoric acid, activated alum na, Linde type X, Linde 30 type A and

m xt ur es a2her ertfe prédess dhelafih A9 ewhEerein RildpdrodderyvhRingintat&dd] thapP@pGus MWW
crystalline material having said MW framework structure type has an X-ray
di f f r act ifangyeaark esticiupe UM g A Xpayi Afrastion pattere inoludmeabspaginggmaxima at

3. 570. 07 ]?nfﬁog%sﬁng%iaﬁsA@'g§£d'%nd 3.&@971;5%&%{'36” US2011/ 032653 28. The

process o 6, wherein said porous crystalline material having MW
framemork structure type is PSH 3, SSz-25, ERB-1, ITQ 1, ITQ2, ITQ 30,

MCM 22, 36, MCM 49, 56, U/M8, EMM 10, EW 12, EMM 13 or. m xt ures
thereof & -29.ThPh%r°ﬁ?St§c‘étJ;@4 62& éﬁ%ﬁfeil} SidePUPHS §5}iSEP}1ﬂI}eeH‘LaFFé1ﬁF hawRai Yiols of
cont act i gy gtk (@huchhCliysless psSHLSakgent WRimht 1Rur | prEPageQVR), MaChY.22,
(WHSV) based on said al kyl atable aromatic conpound i'n the range from about
5 to 70 HYICM-36030CMheIpVedés$, OF.VeBakE MiM-10sBMM 112 cBiVi118 or ompoasistthapof.
absorbs greater than 100 micronoles of collidine per gramof said treatnent
conposition.

15 24.  The process of claim 1, wherein said alkylatable aromatic compound comprises

benzene, said alkylating agent is propylene, said alkylated aromatic compound comprises
cumene, and said at least partial liquid phase conversion conditions include a temperature of
less than about 200°C, a pressure of about 3102 kPa or less, a weight hourly space velocity
(WHSV) based on propylene alkylating agent of from about 0.1 hr' to about 250 hr, and a
20  ratio of benzene to propylene in the alkylation reactor of from about 0.5:1 to about 30:1

molar.

25.  The process of claim 24, wherein said treatment composition is a molecular sieve

selected from the group consisting of zeolite beta, faujasite, zeolite Y, Ultrastable Y (USY),
25  Dealuminized Y (Deal Y), Rare Earth Y (REY), Ultrahydrophobic Y (UHP-Y), mordenite,

TEA-mordenite, ZSM-3, ZSM-4, ZSM-5, ZSM-14, ZSM-18, ZSM-20, and mixtures thercof.

26.  The process of claim 24, wherein said treatment composition is selected from the
group consisting of clay, resin, solid phosphoric acid, activated alumina, Linde type X, Linde

30 type A, and mixtures thereof.

27.  The process of claim 24, wherein said porous crystalline material having said MWW
framework structure type has an X-ray diffraction pattern including d-spacing maxima at

12.4+0.25, 6.9+0.15, 3.57+£0.07 and 3.42+0.07 Angstroms.
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28.  The process of claim 26, wherein said porous crystalline material having MWW
framework structure type is PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, ITQ-30, MCM-22,
MCM-36, MCM-49, MCM-56, UZM-8, EMM-10, EMM-12, EMM-13 or mixtures thereof.

29.  The process of claim 1, wherein said treatment conditions of contacting step (a)
includes a treatment weight hourly space velocity (WHSV) based on said alkylatable

aromatic compound in the range from about 5 to 70 hr™.

30.  The process of claim 1, said treatment composition absorbs greater than 100

micromoles of collidine per gram of said treatment composition.
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