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[0001] This application is a National Stage Application of International
Application No. PCT/US2011/032653, filed April 15, 2011, which clains
priority to and the benefits of United States Provisional Patent
Application Serial No. 61/346,763, filed 20 May 2010 (2010EML30), the
contents of which are fully IMrEFROVEDAER YDA TIENEPROTESREr ei n. FlI ELD

[ 0002] The present invention relates to an inproved process for producing an
al kyl ated aromati c conpound froman at |east partially untreated
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3,751,504 (Keown), 4,547,605 (Kresge) and 4,016, 218 (Haag). U.S. Patent No.
5,003, 119 foswpaflﬁhwhla*ésr&pP*BésCW%ht?sréatafaSzeol ites X, Y, L, Beta, ZSM 5,
Orega, and nordenite and chabazite in synthesis of ethylbenzene u. S
Patent No. 5 959.168 (van der Aalst) describes the use of zeolites Y, Beta,
MCM 22, N(ﬁ&gﬁllkiﬂNRQ and MCM 56 in synthesis of ethyl benzene in a plant
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publications show use of catalysts conprising crystalline zeolites for
conversion of feedstock conprising an al kyl atabl e aromati ¢ conpound and an
al kyl ating agent to al kylaromatic conversi on product under at |east parti al
| i qui d phase conversion conditions. These include U S. 2005/0197517A1
(Cheng); U.S. 2002/0137977A1 (Hendrickson); and U. S. 2004/ 0138051A1 ( Shan)
showi ng use of a catalyst conprising a m croporous zeolite enbedded in a
mesopor ous support; WD 2006/ 002805 (Spano); and U.S. Patent No. 6, 376, 730
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prepari ng ethyl benzene by |liquid phase al kyl ati on over acidic solid oxide
such as MCM 22, MCM 49 and MCM 56, Beta, X, Y or nordenite; U S. Patent No.
7,411,101 (Chen) describing preparing ethyl benzene or cunene by liquid
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[0010] A single alkylation reaction zone containing catalyst having surface
area to volune ratios within prescribed ranges is shown in U S Patent No.
6, 888, 037 B2 (%ara where cunene i s manufactured in ;q% EI' i.d_.phase
over catal yst havﬂﬁg"a‘%rface areal/ volunme of 80 to 200 |nl;1 é‘hlwfﬂozg?Q cml),
preferably from100 to 150 in'" (39 to 59 cm). A single reaction zone 10

is shown in a kyl at i rqQcess..in Pat e 6, 574
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process usi ngcaéld(?%QE H]gNﬁ%ﬁg W?@Plz%e tI'a(‘é% oé%aci 12’15:5 pgT Uit volume o I%Itah thé
distillation teaptaf thewtdohd cat@dnyshe havinngsian p(nfdﬁlo‘mmhmt‘[ﬂmgffoﬂutﬁﬁbctrﬁc& b0
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m cron) form TEA- ' i I I 64
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it is also d@ﬁlca/@lbm@av@iOdmnmﬁstoftlﬁﬁéartdraarasqhgcwomamdebsttfép SQnﬁ@ptrqnnaOﬁuddasphase
condi tions. HoWeveR. ,,B%7sps! i 09, @Eterﬁ%@ﬁdaﬁ&l ¥o! 5%0‘?4‘3%?{ %U&Réan ;‘ﬂ%‘
phase processes inpose increased requirenents on the cata icularly
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converted,s o %‘&QA EIthI'EéI aHEPIb%!;&MJB AL esh, I%Qcﬂ%@ﬁ 1&@9&{& leMbQQIrIRwﬂQ U@‘I@I@E@d
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by- products such as et hyFbenZene and’ n-propyl benzene. [0014] Although it is
suggest ed i n moes ratiotoftgmater dun dl get 4Af vy ie Shvdagniofubleatipe desTWORZEWHPALsi ng

an al kyl at abl &, @f) OR®iiife CHRPWAE AR %1&111513/ Ligdd %@gﬁgtzc&& al kylAramgtic
conversion pr oduct under at least partial |iquid phase conversion

condi ti on¥ arentgbirphsagorst melequl g coppating 4ep éYmat erial, e.g.

al um nosi | i cggggofro! %W@rg/osmv(génsonﬁwpme@%f Jng%mma&d SLEMEL LR dDE,
t he present inproved process has not Dbeen taug Finding a cormmercially
accept abl e mef Wsdardbernsench pPipeseeacties ﬁ@ﬁ@e%feﬁﬁ‘f@élﬁ wifh g beh% feighapeh g4 an
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pl ants and | ower capital expense for grassroots plants.



[ 0015] According to the present invention, an inproved process was
unexpectedly discovered for producing an al kyl ated aromati c conpound from
an at least p | ntreated al kyl atable aromatic co

wherein said g%i*f‘¥yéfe aromati ¢ conpound stream contains ca Z@%gﬁ poi sons
whi ch are at Ieast partially removed by contacting with a treatnent
conposition, an tionall al kyl.at i ent i int ttent ppl i ed
to determ ne P%efﬁge?ﬁam%#&?ﬁoatW%%#a A @ %%%‘ fdﬁem’gﬂﬂ&opf?uﬁéfﬁg %
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sec-butylbenzCat rom gn%gg% %%, nZenconta{ t&j%%g _oisonsTﬁhich
are at |least partrarly ved Wi TR T &af Rt Colsosi t i dh

whi ch are por musuaonqnsb@b lis mead Imﬁreﬂfrba‘l &c liSiﬂMMﬁcRYth@ Q03 Glidccosdiyhgioh Gatlye:.
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and form g t r8ateHREL HEY RRLGAMNY t&oomaq 862 tﬁJneﬁﬁneﬁlc@kd@é' ahanh g
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than 30 in-1 (18Cmnl ki 5@l hae GO o b0l s 1 TRl e of
from about 30C %O en# &HQQ%%%%%Q%g ganﬂgg Ergg%ﬁggcgggﬁgghgut f%%ﬂﬁ
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liquid phase gatalyt 501 quﬁff@aeod%a%mmetra@aﬂgm&ta thif 8! ! é&@q c@JaQFtuent
stream whi ch conprises alkyl ated aromati c conpound, ereln sal d catal yst
conposi tion é@ﬁmm$%%§“@mp@ﬂﬁ&@déﬁ?@@@WMﬂW@ehﬁWémﬂgﬁththg a framework
structure typgise!l e¢kRand JiMibRBrod QN RorGRABLIRE bi Ifaﬁlfﬁu Bifas, Ry Wand
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partially untheakedidl ow&, %I%mt&l PEQEBILE asGRNRAYIBEhZE RS mﬁpo@r@gﬁpﬁ@m%ne§ ai d

treatment conposition under said treatnment conditions

tenperature F“ieé’éteii HuY Sdtatsst N - RéVEE {GhensActq riuge Pt é%tMglMs@ug%%é SSZ-

her ei nbel ow) 20f ,8ak dX ! $@AlMENLGRMBAS] 4cid BeallbNRiz&N ARERNitN afdeT BAInNYRIARL T Vi Ly
versus tine indicates the relative ageing rate of the treatnment WO
2011/146187PCT/ US2011/ 032653 conposi tion. The treatnent conposition ageing
rate and/or Relative Activity is used to determ ne when to repl ace the
treat ment conposition. DETAI LED DESCRI PH4ON OF THE | NVENTI ON Defi nitions

[ 0019] As used herein, the term"al kyl atabl e aromati ¢ conpound” neans a
conpound that may receive an al kyl group and an "al kyl ating agent” is a
conpound whi ch may donate an al kyl group. [0020] The term "aromatic" in
reference to the al kyl atabl e aromati ¢ conpounds whi ch

u%% f]rea Volumet



may be useful as feedstock herein is to be understood in accordance with
its art-recogni zed scope. This includes al kyl substituted and unsubstituted
nono- and pol ynucl ear conpounds. Conpounds of an aromatic character that
possess a heteroatom are al so useful provided they do not act as catal yst
poi sons under the reaction conditions selected. [0021] The term "cat al yst
poi sons" means an inpurity present in the at least partially 15untreated

| Kyl bl i i.cul he, b t
i ¢ conpr T CE bl RoF S CRBIRALS ARTER SOt a5 I<BEEE e bR Rhe

fol | ow ng et BrfeRdtait 6/984,7@g@oth)hal ogens, oxygen, sulfur, arsenic, selenium

hor ei .t ndBURT MR R RN o rrdfo i b Bud et 1 G B D onal 1 y

20suppl yi ngoatactathk ttaataikytitiagetep vaddrdayuidt phasatehditioeatHisvlerz bpepomans at hat

t he al kyl ati]n[g, aognt, rins gtﬁ%?li' ed to the treat ment. zone, at I nt enrtval'[% from1
second up tB DEYNSNr EMRFAHSH AU BYST RIS S BIRYst FERS? AURET LR € about
24 hours, amdytthenridufhatleir thptreadakgatigetdpedsreafic Hulky polstatkytaed kpecitayimusoise nmor e,
preferably for a period of 10 to days, I rtantly, the nunber of cycles
b “use 15 RORer it Blfond magpel il TG AR R BT SRS or ¢ he
agei ng r at &hisabs proG3p bAa sigaitidarh erobiem intthecabeofimuiengprioducoon paert iesibting qui d
phase" in reference tqg the sent . i mpr.oved process ans, that, t he reaction
P ture corfrPAEBeg, et M RL RO B RIS DG FRRMET AN Sl SRl BF o7 o
exanpl e gr eigbiécant haantidas of byrptodtass JCh asalthytrenpee aeint-plopyjetndeneup t o 100 vol une

percent ligu.d 100241As.used herein, the. ter ur.f ace ar.eal/ surface vol une
oo meal¥ifhe  CATIOIE S0 clrtSaT 4f i 9 b 5T Brr e RedliGr ol s Ak
f or nul at edcqeprtsingl & bicylatable gromaicr ¢ampsund ack av allkyhmging fagéni go fabkytandradted
particle. As herein, t erm;"geonetric surface vol une" mean he

Dol une o FTtFER plfthftalloos sl Brd Pt PR R e Sn D B corlRRREet 0
sol i d part &cloeousi dryrtaliner egerid, tee.,t dleminoilicee ofolcamyr pioves haghanneMsvwr
chanber s op, e SuLAGe Ofe HO,A0AAARTETPCTLUSAONY 033635 | neide, of the
formul ated particle. For %xarrpf)e, or'a ge8rre ric sphere, thie surtade

ar ea/ sur f acenmatislieacceaptatde (Bpd ifs Bl proatressecondictedtinderradeasispantial tligeid
parti cl e,‘, ()agc,z%c')l'l&%rs %egongl%r % Ov’hichh ela:[ £l la%gn% rcgt]%‘f ?td%%lc 1 J[lght %FA Q& R tic
conpound Ans. & Stream which contarns an a Ky atabl e aromati ¢ conpound
and any catabtyety pibics ovsodslfbiivi, i.¢., lcsvec dit@giobalkpd produdienakecwbwe rtlow
conpositio . this. inventi. t ] h untreated
al kyl at abl gdpg%tgr?g%a?%‘mggﬁ%%h%plﬁl%)&}%%ﬂ%é‘g{ﬁg%%gﬁgg{réga%#g&% 1 ﬁe{(rg\ t r eat ment
steps i n updt¥leamAscordmgnist the gmespriomesties, am improedd priocdseasts wep@ctedlgn of

catal yet parEgnes MRpRut RERQLETRNEL QBN R LEIE AR IO A
used her ei #kylathide arwmati¢ wpppvindretenas), phertin-spdralkyildtdbleoarobytiomimpltnd stream
contains catalyst poisons which are at least partially removed by contacting with a treatment
composition, and optionally, an alkylating agent is intermittently supplied to determine the
ageing of the treatment composition. In particular, this invention relates to processes 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.

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
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Treatment Conposition [0027]1n one or nore enbodi nents, the treatnent
conposition for use in the present inproved process conprises preferably a
porous crystalline material and has a surface - areal/surface volune ratio
of greater than or equal to 30 in-I (12 cm); or a surface 15areal/surface
volune ratio of greater than or equal to 50 in-' (20 cm1); or a surface -
ar ea/ sur f aethylbehAineg cmﬁédemndfsecghiteﬁb@lzerfehaﬁfeﬁllblyethﬂailkytamb]k‘Sari)maIm cb)n,pomfd a

e o PSR AR B Bl LREN B B of RS, bl 0o
250 i n-1 ( 9Btreard)4dlkyddatatde atorfaac @omp@ad Strednade trvaodduwith raatréatmait ogmﬁésﬁtéj‘n t han
I 500 7 cnl f ti

o e - Seane Wl B BB IR ARLTIE BRSBTS YRR [0S
in-1 (12 cmdhgzedafalﬂsqsﬁsohhan or equal to 70 inl (28 cml); or in the range

f t 7 to 125
P 3 (a0 cHI SrofaioatRal b st rb PR 55 RS f feavag
cml) to |l @aﬁall)hm&eﬂéd ﬂlq;ﬂahblé eroafic ¢dmp©9181 smmuh )‘xawmg' salld’lcaitdhﬂt p«aﬁge with agr eat er
th |, tg 250 i I (197
cm 1)+ or TRATRE PRRgugIT 7 rpeny s s B0t Ry BER. Rl i he
range of 18myliatr'bnl refdtibn Caoné Jundled t&aﬁlennednd(tﬁﬂs mrrdn)o\/e or least i tpertuoam@eaﬂf 600

| (236 t hod

treat vont oMbt Rodn b irmg? DRSNS l8” PR P LA " at i o
i s not par arlomaiuarcbrypdunm atnéda rédneedosmaennt @f@ﬁtatyb@pélsnmg, k/hemn fa@L hmatgues, such
as spray dr(y epé)%{twtri) lil surgace Qrea/lsur%e;cez Iv me recljuo ())<ft %‘ea Qtneln ﬂ?m f(l?fen ! nd are

bei ng 30 FoliCe M OStT Ut uMes ™t ormo Pl e,
spheri cal pemmem Icasi,ltloax includad m;peq:aeird eft feonaagbut HSCrsbier) @wbmir390°@f anddhese

Koch.  Nar &P RebdEh SRgw! 0ot AnbBho BRUPT e et dllns BB B4 e ng
t he desi redkﬁatatﬁlaaenmneammmﬁcame;aMfﬂumt szt @ndrary albgatirecheentfsoeanewithpl e, by
control i ngateil}gs%c rr?gotsftlgrll f s%fd aﬁ(ygatxon feact{on %grpeesgpzp al %rom an%)preferably dowstream
from, said treatment zone under at least partial liquid phase catalytic conversion conditions to
form an alkylated effluent stream which comprises alkylated aromatic compound, wherein
said catalyst composition comprises a porous crystalline material having a framework
structure type selected from the group consisting of FAU, BEA, MOR, MWW and mixtures
thereof, wherein said at least partial liquid phase catalytic conversion conditions 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’'.
[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.,
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



WO 2011/ 146187PCT/ US2011/ 032653 [ 00311The treat nent conposition having the
desired surface area/surface volune ratio may al so be nade, for exanple, by
usi ng a shape at t conposition. Non-limting exa aped
treatnment co 5)5%0 'l“d?qlgp i ncl ude hollow or solid polyl ogpk%&@sg&u@;}fﬁos made
by extrusion as described in U S Patent No 4,441, 990 (Huang) hol | ow
shaped 5 extrudates as.described in U S ent 845 (Van

Hassel t): | on&iERPaHAAI I$r3l7‘ ¢ AR ‘"é’&lpei}fl?lhﬁﬁfe"@a‘iate 70{,&%{&&&:@ ésft%l‘@'s@r‘i‘sb‘ééo in

U. S. Patent Nasterthik3heh4dreplkdeany treaghicdOdRehoipib. ndri cal extrudates as
described in U S. Patent No. 4,328,130. [00321For exanple, a
cylindrically-shaped treatnent conposition having a dianmeter of 1/32 inch
(0.08 cm andpaThengb PESTCRIPBON 0FITHOIRVENTIONas a surface areal/surface
vol ume 10 ratig.of 141 in-1 (56 cm1l). A treatnment conposition as a

guadr al obal st trudate having the external shape disclosed in Figure 4
of U.S. PatentooNg. 4A§4Qed99&1ram€b féﬁﬂi"ﬂ@yl&alﬁt&)&fcﬁﬂiﬁb eﬁxﬁ;s(ﬁmsemte&r@ma&onﬂ:ionﬁcnsi on
of 1/16 inch Y rfac

o eal surf ace Ui TRET R Up E587 pi ol b A E FaP P E b RSP on as
a hol | ow t ubuiredikye@xtonpidat e havi ng an external di arret er of 1/10 |nch (0.25
cm, an inter di ter 151/ 30 i.nch . t

“oh (0. 75 crjopls 2T Fr o mta b rrae S e o B SRR
cml). 10@8316ih15ebesm<reﬁm@£feadimkmalemmetdBeturmlcmyd lﬁandaﬁﬁrcmmtﬁdtsbyt m@@ﬁmd ng a

physi cal di nensi on.and .t ture of the treatnent t| on |cI e,
and then cal CTTP%GYPW ﬂg(?egﬁﬁ‘f’{ Stg‘f’tééd ndgs ‘g’?ﬁt asea(r:]g %9 o%coén ﬁgt ons
of geonetry. Q@ﬁ}ﬁﬁ)ﬂd&]&“h& atofr@lt nm‘etctecdﬂpp)mdw mmtaeatmmMsoawmt @bvitlaiethey
nol ecul ar sie es LTcEX Ca;gl Oqssonnone“lhgn tal n lriro[%s cotd he structure of BEA,
i ncl udi ng zeof\ 3t SEORbREerh Yt lﬁg S K'Y, 308, 069) : t he
structure of [IGM],] i nﬂieudunngoafa@u} pmsdne" mzmlamtimpbrmyuretserashalhﬁ & l&’ab( pSYally
described. in U S. Pa 293, 192 nd 3,449,070 Deal um ni ze

TR AT T TR b S R e R R S o
rare earth exwh@ﬁg:edneYor m&e(da&wmdesrquhb@mtanmatue@t oﬁ’abéme fNdowidg 4lk5edi38) |
U trahydrophobj - Y, descr a 1,2

structure of ‘ﬁ}fﬁ t(all%igur(lf ngy Tor de L arge 18 Sr?a ﬁlglé}t @P%[Ié\llg hﬁg“ ha‘%cpbmupq
TEA- nor deni tetht(oaglsﬁmvhelt metalyor denl te prepared froma reactl on m xture
conprising a aet yI rectln e f.ent
Nos. 3,766, 0 W %‘T%Qs* l“;f‘l‘r‘h%‘t‘(rf\igéa B Then Osfﬁ%ﬁ&%ﬁ&{‘w% ?‘2}6’“

m xtures of tSIueplaib@meall@mtouageI@@ne@rnytgtsad Itremm»mbmmam thgf tbwébylat@ghgent is

i tabl | : ted
Pul 2l o POr O YRR IOl YL RHOKCR LB Yo o ROk kB
t her eof [ 0035ldmaiderst bhourop @ @whiodi wert sd thdfmemtetremdﬁenpe@dﬁpfolsmmuc@ntorrkﬁy
al so be sel ec(fagdorfrﬁ&gnr{)tég@rﬁﬂgg&% p%ﬂ&?bﬁd 1895 AysC1BYorth B ik nifet 6 RPESHNOT I C

acid, activated alum
use is not limited and may be apphed as often as needed to monitor the ageing rate.

nd

25 [0023] 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.

10024] As used herein, the term "surface area/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



WD 2011/ 146187PCT/ US2011/ 032653 X, such as 13X, a Linde type A, such as 4A
or 5A, and m xtures thereof, as non-limting exanples. 100361A summary of

t he nol ecul ar “% Y6861 d/or zeolites, in terns of producl;d%m% |I| cation
and characterization of molecul ar si eves, is described in ecu Si eves-

5 Principles of Synthesis and Identi f| cation by R Szostak Bl ackl e
Academ c & Pr of %SSI otﬂal Secon

mol ecul ar si eVés, Andr p m%‘ﬁgtpéérrnfﬁl R P I%g Il%eornCtr u?ﬁ%ﬁlﬁ’mﬂ? lirgﬁ?e
and al um num axm/defacdwmhendaeem(m)amammdsﬁf therﬁdmsaﬁdepatxakyst supports.
Catal ytic Co tion [0037 ca,ta |t|o sui tabl.e for use
inthe presemﬂl ﬂven‘f“i’ 8?16% eﬁgp?ltg%?mg por %dtteéi a“?%q?b § F°Ae ?rﬁ?%?cfugfi AEny a
framewor k st rsxmhmrvéncth)cpetamehreﬁkﬁdalﬂc mmnaﬂnecompomﬂ a0 0 A c&tailyrsgpdﬁonﬂé\lﬂ)rc BEA,

MOR, M/\Wa d mxttéres t,her epof

y st
[ 0038] Por ous QRIS Fth e tredimeht é)lm§° Oﬁ[lon Ofth%mf—zi{UOfl rrrg?rl“\s\t\i:}\e/oar“i?I({af1 ?euogtdﬁ?bt bf’lype

i ncl ude 15f aupra&afe@alkzletalblb emytic chhxtpbazs]‘tIaetyl lavé/bc(ewsmb);ccteﬂ)ecabMthmdt SYepb Deal
Y), Rare Earth \{a It ahyd th 1 J[-ia Y[)[lbm eschl ped abov ve, 0

m xt ures ther &5f. [Caf)nr%ucscssgrys Ifkfa SrafErtalt Aavhg® ' BERY ave
framewor k st rlmn mm)qu/ pech hatzbot ateaehahiag cdelsﬁrplobem faboweyval [(OROprBcpoODdOUS
crystalline Rt gﬁve%hs having a MOR framework structure type is 20nordenite,
TEA- nor deni te, described above, or a mixture thereof. [ 0041] Por ous

crystal | i me nf@024li al &s wsad/hangn,Mefr smewd micast raus-perrreilitoppe vgasher al |y have an

X-ray diffractign pattern.including d-spacing maxima at 12.40.25, 6.90.15,

3.570. 07 and %@?‘iﬂg&? ons. The X-ray diffraction data used to

characteri ze 0p¥] In one or more embodiments, the treatment composition for use in the present
improved process comprises preferably a porous crystalline material and has a surface
area/surface volume ratio of greater than or equal to 30 in' (12 cm™); or a surface

15  arca/surfacc volume ratio of greater than or ecqual to 50 in? (20 cm™); or a surface
area/surface volume ratio of greater than or equal to 75 in” (30 cm™); or a surface
area/surface volume ratio of greater than or equal to 125 in! (50 cm’l); or a surface
area/surface volume ratio of greater than or equal to 250 in" (99 cm™); or a surface
arca/surface volume ratio of greater than or cqual 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 em™); 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 cm™) 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
area/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 arc 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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material are obtained by standard techni ques using the K-al pha doubl et of
copper as the 25incident radiation and a diffractometer equipped with a

scintillation_co nd associ ated conputer as the col stem
S S RS

[ 0042] Exanpl es’©0 ramewor k structure type nmateri al

(described in U S Patent No. 4,954,325), PSH 3 (described in U S Patent
No. 4,439, 409 5 Scri bed in S. Pa 4,82 67), ERB-1
(described in fowg ope : i C‘P\‘iBP"“tlﬁt)gé‘é%gﬁé‘f“‘eFfti&f e(aEFégB 168l s,

Pat ent Ng 6, &gﬁ 31498)} ,madd,QFo? eX b by LB fhg i anshebed. trdﬁ&ﬁeﬁﬂbtgﬁiﬁmtﬁn 2NonAbdi)ing

| TQ- 30 (described in 05-118476 i bed . in at ent No.
5. 0,277y NS CHOGHRS Rt o B i Fo o Sesos ol R es
(descri bed i ntheSby Rateiin Mdcs&ﬂﬁﬁﬁn&@g) patd NZM, 8 1(39eSsElubkgdhd! n)WUstﬁpcd

Pat ent 6, 030 46187P 2653, [ O r ef er

t he catal yt; ic® [8%%85 Stdi%(’fﬁ Pr%)]é ibdtr?ﬁﬁi S’TP gg@@%?’fﬁf P H’&‘ %ﬁk? éili’anﬁ

MAV f r amewor Keygindrivat ekt@ditysps desriB@Hn 31.S. $9#n28¢. 4E2RB613 (KyhQ); krookdQy2inddchQ- 30,
MCM 22, MCM 36 4 EMM 12, EMW 13 or mi xtures
t her eof . [004ﬁtmwﬁsgmg§¥%ﬁt g%“ttﬁ\@ ES\%&& on, the catalyst will have a

Rel ative Acti [\ﬂﬂw rretasumﬁblaa @DncRAHQ;Ostﬂf)cdaﬁeatneﬁstor&oﬁiﬁoﬁ atviexadphetef bHOHM
8.6 to 12.0, f at st 3¢ Lor ex from

0045] Wt hods 1o ebOuber T e P73 (8 AT FRL B L s ol uent

i nvent i on iconptié SEMU hos 66tcau‘g hiA trdatntdnecqmﬁokiﬁmam aoqwdﬂaiostledhdtertﬁmﬁe amdng

| ncor por at ed tﬂ% )iq%:mal Xw&%l glrﬁseeg n Flggrteéll rU§)f9at%t 1\?(5 4%4?990‘3 \tnggNOEta?h}%ES‘nll 325

descri bes crys st conpri sihg

5, 236, 575 des«mqsbesnomtydsn@b]bn & INChMcA 90. &6 dmp atdad ly:sgth ot‘)BVrbﬁ umhrt@;ét&amahdsaand
U S. Patent 97 descri be ne 56.and ¢

conpri sing sasrtr%facelﬁ’rea* ey ace v @T@&f H%g %:/at ?(} ys?) éA‘o rea(%)Slnttcom 05” nta%/aeg(tnr(r)evnt
conposi tion fmbulu%trudatctﬂaeinglaes;eexmhdmmtﬁr|oﬁih/lﬁrm,@h |(012ﬂ uni)earamtarmbdgmmecobm de

mat ri x ma‘lise ri ﬁ%o RFh m&d cné) an§uclt:]n rtrl?‘g{)i’»/?(O Aen (55' c%l{lr%taesru}@éesarci:a?s%lrfleﬂcdcevo%umc

synt hetic or natura ance nor gani ¢ material s
such as cl ay, ra1$1¢fléét1rar(d4cm )met al oxi des. The | atter may be either

Pﬁtcijtr;g: 'né %ij{ijir?, L ethFAé(:eggrg% d&h%?frfu%glraﬁgie%%éerﬁﬁr%ﬁit%j LRLERne s 9f)sRal
d1mens1on dnd the curvature of the treatment composition particle, and then calculating the
surface arca and volume bascd on known cquations of gcometry.

20 [0034] The treatment composition as porous crystalline molecular sieves may have, as
non-limiting 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 (Decal Y,
preparation of which is described in U.S. Patent No. 3,442,795), rare carth 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 thc 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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20 Naturally occurring clays which can be conposited with the inorganic

oxi de material include those of the nontnorillonite and kaolin famlies,
which famlies incl t he subbentonites and the kaolins n (¢nown  as
Di xi e, I\/bl\lanegv,mgl(#‘glgé and Florida clays or others in v%ﬁ%@r@@ﬁ)&% JSi n

m neral constituent is halloysite, kaolinite, diekite, nacrite or anauxite.

Such clays cag be, used.in the raw state originally mnped or initially
subj ect on to- SanEhiadrsr gk arase udt feft oBrA e elr BT Eaidhgiing
[0047] Speci fi exaupbul matrix or binder materials enployed herein include

silica, alum .zirconia, titania, silica-alumna, silica-magnesia,.
silica-zircon Q?ﬂsi |4 CRIPREY Pgilesfnf’]leﬁlﬁgrb%?‘iﬂ’ |2figor %%q[‘?eé’ai fet“%i% PRdugtiony a5
ternary conposbdifiedisn ¢ thasct&ihiichaefabltula- idvey, iig dessiibddca- BblemulnaSicves-

zirconia, siljca-alum_na:nagnesia.and silica- i,a-zirconia. The mgtrix
can be in t he{)r e Slc.len Ak lﬁ?{ «Il} Sfo@%ﬁﬁéc%éwﬁ@m%%%sg@ so
be used. [ 004Bjddos, |0PE Sedvad G@ibRNIn adfitibhe nvl@sRnicich\agidighots miteliad cMefly
roportions of. .the crystalline | ecul ar . si eve .and bi,nder, of matrix are not
especi al |y cr M ARmTgh 6 H @ Qo By SR e gt 1 Hvaibistn.
or its crystauppsrae. nol ecul ar si eve conponent, may or may not contain added
functionaliza']‘;it%n;. ;uch gst for exanple, a netal of WD

2011/ 146187P 3 Goup VI (e.g., C and M), Goup VII (e.qg.,
Vh and Re)o or[0@Qup el data(y@ic gompésitionNuitabRdfoaree Bt the pesserp hiogpiar ¢ignprises a

Al kyl at abl e Aromatics,..Al kyl at.ing. Agents and Products [0050].Al kyl at abl e
ar omat i ¢ conpUNas Ul bl P OB R PaRsRe s WOERHT b chenhgons he Lt

in
substitut ed aosiging®f Cat)pBEAdMAM AW andmialrkythatedpriestd]ypuSewW anatvolkeast

one hydrogen atomdirectly bonded to the aromatic nucleus. The aromatic
. structure, .
rings can be SubsStituted with one or nore al kyl, aryl, alkaryl, alkoxy,

aryl oxy, cycl0838kyl ,Ponalsi aigstallardharriadt heringndiids franatvodo stnaturd miperihend wit h

the al kyl ation .reactipn.. [[Q05 it | kyl. at r lc.c
ot ude” bonz eRub TR . AARRRL RN ARLE RSB, Folf 3THE ARG,
coronene, andJlphigrdaphblriedéVHR )hddseiize al@vbeair nyxtures thercof.

[0039] A porous crystalline material having a BEA framework structure type is zeolite
beta, described above.
[0040] A porous crystallinc materials having a MOR framework structure type is
20 mordenite, TEA-mordenite, described above, or a mixture thereof.
[0041] Porous crystalline materials having MWW framework structure type generally
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-2
{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 Europcan 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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preferred. [0052] Generally the al kyl groups that can be present as
substituents on the aromati c conpound contain from 1 to about 22 carbon
atonms and usually fromabout 1 to 8 carbon atons, and nost usual |y from
about 1 to 4 Bvé}’éblﬁ“%'%rrs. 15100531Sui t abl e al kyl at abl e Hrhatite ?f’orrpounds
i ncl ude al kyl substituted aromatic conpounds include tol uene, xylene,

i sopropyl benz n- propyl benzene, . al phanet hyl napht hal ene, et hyl benzene,
mesi tyl ene, dﬁ%gﬂe, @ﬁﬁﬁ% sfmbﬁ?@ﬁﬁéﬁ?@ﬁ@?mb§@ﬂﬂﬁﬂﬁﬁéQBWU%PH?@ﬁWQF%@ﬁ? ne,

m di et h%' Pgnzmg MW%&B%LVE&:H@&QEG tly 0@ IPEHIG SR B 1NE, ER BQEEI?QLh,bHQZB,WPQ—BO,
pent aet hyl benze pent amet nzene, 1,2 3,4- tetr nzene, . 20 1
Do e Lt anbiAg e M. MR AFNE e Bt sding: 0 ESSE Y SRBIERGF buriSene,
m but yl t ol uengirept but yl t ol uene; 3, 5-di et hyl t ol uene; o-ethyltol uene;

p- et hyl t ol uene; propyl tol uene; 4-ethyl m xy| ene;, di net hyl napht hal enes;

b byl mapnt hat G 585 HtaliTah i Goatiunon, hECRYY At T dheA i e ATivy

2- et hyl ant hr aegaed a®amRALY bARtkEL.E T8 exAmpR-fEbindT®b iy | Phen &, HroE BLlcasdBA,
3-nethy|-phen?nthrep§ F%Sheg nol ecul ar wei ght al kyl aromati ¢ conpounds can
al so be used °??w5?“§%ﬁ?"Hb'ﬂaterials and include aromatic organics such

as are producpd4d]y tmethadskipl @tddasing theasa@iitsi @qfegadi as W thl padsedtiifvention

ol igomers. Such products are frequently.referred to in the art as alkylate
and i ncl ude HERYTBORIEHR € hBT BANSHIa? I EETR BhiDeer S BEAT B R BaiTene,
hexyl t ol uene, Fsroehiptal UeRe Padaxd By |49GH 32N elesopibat adeayinhol MENB22 ahd . caMBiky
often al kylate is obtained.ag a high bgiling fractiaon.in which the alk

or oup.at t ached B PR ot PeeH N et GarbRchund MEYER, bl ¢ o
about Cl2. Wh@mpeiking Benc) endeUlSy Phen2ene,365647Thkesddsd ¢redal pacod Gd1-56 irdecaplygs ent
process produces .acceptably little by-products such as xylenes. The xyl enes
nmade in such {ASTAAEES may be | ess than about 500 ppm [0054] Ref or mat c
cont ai ni ng a Binddreir e of benzene, toluene and/or xylene constitutes a useful
feed for Eye @5? esses o@ltpis inxgntiontjtmot2011/%&61§1PCT/U85911/03 653
[0055] Sui tabl @B kyl aFi FHRGSRPOFE! #ie VBIRSE R TIPRYENT *En " n® 1GeP81°8F i ns
such as et hylienatianchapimeyt eméjorgahic kol snafrixnohtersdl we boflernmincaimaoiralr Hinder

di al cohol s, trial?o han et h and t he nol s;

ohol et.c..) such as met. I ang r.opal
o Gehonos suchi@lfoRAE: u8Ead o KRR RS TEHAZ Whuen &l HENGL L HAAAE RISRATO >

hal i des such sash seidyydili@hhdbf wetal a_aﬁdey.l lehht_(:elr hde bapithet eeurpltyoqgliribg bi iprtliedes ,
and 20 1o PSSl MRSl LT, SR T B S,
of et hyl eme avdurpltyomylireing chaps wihctacag bamproposited 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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constituents of a variety of refinery streans, e.g., fuel gas, gas plant
of f-gas cont ai ni ng et hyl ene, propylene, etc., naphtha cracker off-gas
containing i s, refinery FCC 10propane/ propyl etc.,
are useful alk ?llll%lsggents herein. For exanmple, a typi cal/éwggght
ol efin stream possesses the foll ow ng conposition: 15 Ethane Ethyl ene

Propane Propyl.ene obu an But an ute s Penta %
2o 2205 o SP%e8R5 a2 hame N 25 Tt B B G B irn g Topy Pl afla >

[ 0057] Non- |IrrP1t)Id’ﬂgh(ﬁ;}§laj’ﬂD§ es of reaction pr oducts that may be obtai ned from

the process 25 de et hyl benzene fromthe
reaction of be 5%t he reaction of benzene with

propyl ene, et thaon uemeldfabmnhrbheud e&ﬁpduﬁﬂb @iﬁltabm e Nlc vpltdantetd@ylltenelnalmi
cynmenes fromthe.reaction of toluene wth ene. Particularly preferred
Y boess e haPSHERForREe Srvhe oty S MR EREH BN otk POt Bishe by

t he al kyl ati omomfdnbc&lymmci\m thb dmmﬁylh&nﬁ;, B Chrdanamid tig g d c(anbeﬁubetﬁthty&i b/ehmene by
the al kylation of 3 eth ene. nt s

present i npro¥ed"” Brag(ég (ﬁ(y’p If’fyzalc?/ij}o‘g]?yéijhﬁpr%i ?fyo Gf&tﬂuab B‘ﬁgge and
can be neat otenerfefref\eﬁlﬁléemryuamrﬁta:tcnmnal adm xture or dilution with ot her
mat eri al , b into contact with the required c

conposi tion V\Migﬁt h?uéta@ &5%{]&6 AYg a% s SYPPU SRS (A RE nragﬁgd §an e,
hydr ogen o¢ nidthreg@ed). naphthacene, perylene, coronene and phenanthrene, with benzene being

u

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,  cthylbenzene, mesitylene, durene, cymenes, butylbenzene,
pscudocumene, o-dicthylbenzene, m-diethylbenzene, p-diethylbenzene, isoamylbenzene,
isohexylbenzene, pentacthylbenzene, pentamethylbenzene; 1,2,3,4-  tctracthylbenzence;

20 1,2,3,5-tetramethylbenzene; 1,2,4-tricthylbenzene; 1,2.3-trimethylbenzene, m-butyltoluene;
p-butyltoluene; 3,5-diethyltoluene; o-ethyltoluene; p-ethyltoluene; m-propyltoluene; 4-ethyl-
m-xylene;  dimethylnaphthalenes;  cthylnaphthalene;  2,3-dimethylanthracene; — 9-
ethylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-dimethylphenanthrene; and

3-methyl-phenanthrene. Higher molecular weight alkylaromatic compounds can also be used

K2
o

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 wvaries 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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WO 2011/ 146187PCT/ US2011/ 032653 Cat al yst Poi sons and Treatnment Process

[ 0059] The at l|east partially untreated al kyl atabl e aromati c conpound stream
may contain iqpuriti whi ch can act over time to poiso lytic
conposi tion. ezélg%é(’glgﬁl yst poisons may conprise up to }boﬁ 2@%53\%%%m or up
to 5 wopm or up to 1 wppm or up to 0.5 wppm or up to about 0.1 wppm of

said at | east tially untreated al kyl atabl e aromatic compound stream
Such cat al yst [aﬁgélsoné‘ﬁé ebagkyﬁﬂm?haége?téﬁ&rethfer%rﬁ?eﬁ{ mvERiop TC\rV\r/Bepr?PQ%Sb Su%pfﬁn or
1 wopmto 10 whpedc O @yBiend, adlst(clidivivep mobyalsvblghdialofhosairthi@holk,eas)

Dol sons. compr 146b “oAET U FOPEol O AL T CRICENEAT i G Edere she e
fol | ow ng el emmEntaionaidtiiyagend altal agér Suchk axygethlorkid] iyt chl@ddeend e propyl
selenium tellLurium (Fh\(}s horus, and Group 1 through Goup 12 netals.
[0060] I n the PPUKSHhE™T V8N ion, the at |east partially untreated

al kyl at abl e aposat i cMoarposfghssleRamdiaiungs defledngsigepoinsbasikylstidor @atesd by

contacting this streamwith a treatnment copposition in a treatpent zane
separate Trontall GhetPbant Poulitan AARYTat) SRVEE Aih PSS SHih Hhemaor
contacti ng i scopeitiaarsn@da waikey of dmtiyentcaraQredi.t fueingast @asr piamivet-gds dopasting

portion of said catal yst poisons,, thereby form ng a treat ef f Luent ream
i chconpr 1 SR8 Pbfind” By TR a ST et ot gD i aking il est

anount of 1cat@byst/ppoyisensrcarhy, efcenablsyful sughingragadtsreatini Foi ¢xainhle, ahpenace of
an al kyl ati ngF(?LgF% skream As not %d qlbo%e,cortnhoesittogeat ment conposition
conprises a po'od% 8re3}rs]t55€iarlipr?§be§55%tl ?{Oeoﬁ'a ingpa i gh surface areal/surface
vol une 20ratio. [0061]1n one or nore enbodi nents, the treatnent conditions
i nclude a tenperature of from about 30C (anbient) to about 300C, from about
100C to 200C, and from about 100C to 125C. The treatnent pressure is from
about 101 kPa (anbient) to about 460%tKPa, from abélt 101 kPa to about 3000
kPa, and f¥om about 10HthikRa to about 32500 kPa. The 25 treatnment wei ght
hourly space velocity EMHENY) is in thé range fromabdut 5 to 70 hr-1,
preferably 12 to 45 hrpdbpanbased on the wei ght of thesat |east partially
untreated al kyl at abl e grapafi ¢ conpayrd. [0062] The 4ggeat ment conposition
has the capacity to abggrb greater than about 100, ;gr greater than about
300, or greater than a“gut 00, or gjr' ater than aboié' 700, or greater than
30 about 900 nicronol €528 %ol | i di ne 'ger gram of treatment conposition. The
capacity to absorb colP¥teiche is in the range from dbout 50 up to about 150,
from about 150 to aboufcnB0®, from abblt 300 to about4 500, from about 500 to
about 700, from about 700 to about 900, from ablut 900 to about 1000

m cronol es ofjoas7l | | dNonginfiefy GaAPIcObf bdctiad prRtictCHAPES bk lobined 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.

10058 The reactants for the present improved process can be in partially or completely
liquid phase and can be neat, i.c., free from intentional admixture or dilution with other
matcrial, or thcy 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.



[ 0063] The treatment conposition has the capacity to absorb greater than
about 900, or greater than about 1500, or greater than about 2500, or
greater than or greater than about 5500 wopny

nor pholine (N %%%Ségpon t he wei ght of the treatnent coégﬁ%%pmgﬁﬁﬁTh
capacity to absorb NFMis in the range from about 900 up to about 1500,
from about 1500 tQPaboqt 5300, frgntabout 2500 to about 3500, from about
3500 to about s < %% about 7000 wppm NFM based on the

wei ght of the[opsgat neftat GaAPasialy @iteatfDNBA] ke apaitatdompoundRecaad mheasitain
partially untreated aLkglatable aromatic streanngavrn sard tah%ghﬁ

poi sons is fetPRUIgiEhEhiel ol Adnaver Gis o prisen (i rak ?5dc 9‘§ta tic
conpound nltiﬁﬁmﬁﬁwﬁﬁﬁﬁﬁ@&@@&M&bmlﬂh@pm[eamﬂﬁﬁbmgmﬂBOﬁjmuoﬂxmﬂoﬁmimeﬁiﬁEnt
zone separate froman al |on re one er treat ondrtrons
o Femmve t MRS OB fund Pyl o vad B GO FaBES bbb R s P

ef fl uent st reampdmxrcndﬁreﬁ@rrptrdhseﬁlyttrpeabteﬁiaﬁb&yItt&traxt;gleefmaranrmttr10N@mmc5wr@nand a
reduced anmount of cataI oi sons,_ wher r eat, mept iti.on has
L SurTace ar 6 CuPFacE ¥ Siraect SET S Brvh el BAPE Ak SeT Rty BB mei St o o
t r eat ment conﬂﬁ@ﬂaﬂs&&hmbhdenanManeﬁﬁmumemmf:imMnmaMqumaﬂﬁhqu@bomtoBOOC
and a pressure from abqut ﬁ gg 4@ n nlth%ntrea nfnt zone,
at | east one TXFAPYRYUIGHMLES CP%“&S f?ﬁéﬂeﬁy n&" HAGTS b AET SePREs

t r eat ment 1€conp@géd, isolfurC arusiid) gelediumhOteberiai, MBambmmamﬁuabhy1r@nm@edh&moﬁathe
at | east partr IIy untreated al kyl atabl e aromatic conpound stream

[ 0065] Pr oper s%?éctlon of the treatnent conposition in the treatnent zone
conbi ned w t hj08é0&¢ hilghhs qbrefsan anemeal, vtbé umheastapdmnllgf ursltwhd tatkghtabiengromatic
conposition provrdes i npr p0| Mor.eover .. such
catal yst poi SORT PLénrcrlD\S/tangr gavfnﬁ’r fﬁaq?\{op Ot“’%sné Freat%:/dg% iHed” tf\lrlgt 1S R ene 1y
supplying t hetretam&at rmmiosmomm witdelrmant @hkymaramgfragendi upstrepn gobuc en alkylation
tenperatu ri resuI n ntthe xothernlc veen t

al kyl at i ngfe agrétﬁ“’n Ad“t ﬁ'éw g?‘k” e eSS g |c“"°8{5m%%°n “‘O%n Ter aé?% ‘re

ri se provi desposivniofiddid adtilpsn poﬂsoﬁshteelﬂe}t atmwe aA@ttr:d/r:fﬂyerm’stretahevhwleatrrImMs a
conposition tur ) lect of
the treat ot aBtaSL e BRn Rt | PR ERER- B Fakl IRy BRI R e AR

l evel it is anch ingireat orin thhabsehdvarfian elaylﬁerrgagcmrspcmﬂ tzt\&)mntétiaeéaoveeachledntehte end
of its useful oul t 1t

enbodi nent , Cﬁlnp {)g‘rﬁéog{% %e Pb% aﬁm%ﬁagsr%gi “L g%cé s%%"tIe €dgcnér?azsél%{§?“n\ngﬁncf at

| east one2d r gaticvent zone nonitor; preferably, there are at |east three
{reatment ZOnNGuIPrl L8 o BEcL SRR AN RN LRl AT FeiRlAC Bl A
treatment comnpositio 8rmamre|tst erature. Pref v

t enper at ur e ifermmoliut 69°§d(ambteh1t)ao ab@.a§100‘tChrf@m alfout he0° L et élﬁ@"ﬁ?cenﬂ aom| abastt

Lhr ee L eal M2 8T fhamelibehF; £33 Fhul 198, LORIAIRIMEORD] (po.

moni tors, for exanple ree treatnent zone nonitors be used to
moni tor t he fﬂenﬁewhﬂﬁrekdbc@h@i@ﬁ@é?ﬂendﬁ@emﬁmsﬁHﬂdﬁ?t¢ﬁmnhé5@h@%idﬂﬁﬁrve
moNi £Or'S, f 01 XANPY, GiphiAoul1Phoe WIS, AUHEDP if n/ e FRAL & Heoused to
noni t or of neagﬁge ggéréﬁef%?°6‘38§§j$k s east rtﬁ%fry unfreated

al kyl at abl e arderally d2de Hédm, hasidmy thewvdlgba@%ﬂhyst lepﬁrps@ﬁ%y rfrepisd atkylatahle
treatment zong, (D dheapsence of an al kylating agent stream. This at

| east partially untreated al kyl atabl e aromatic conpound streamis contacted
with the tredftf@ht dbspedineiioampesitzonthas fdteraapicity dheabsgdpzpasar dhanrabpytalo, or

al kylation r %a%tcr Hn 4007 M%gmttueatmtn song gacaasthtrpabroar%\éeo@gmét&m a
portion of said catalyst poisons and forma treated effluent stream which
conpr i ses¥t r ébuéPORINgoRPEDBIE callidiatiet sEanpb lisdMe ForRPeEiic elihcarivarity ©f

catal yst poi $9ig, co‘{‘{fh%eql, th tﬁé‘hﬂ d Fr&ﬁfaﬂﬁﬂtso SRIPARLL 1 BNEER ARk $RBoAbHRBOYS
crystalline zeolite having a sur ace area/surface volune ratio of greater

than 30 i n- 1 fiorpabens 300, toghpw S0P.efiarmrebrut SBh & thioghd00: Aemubauta’ Wenpbeddld.e of
from about 3QGn{HnabeH, a@&@%Mrc%n\%‘i&%ﬁwll@dnﬂé’&n?@plwrtrcétggntl&gﬁ pdsRioabout
4601 kPa. In the treatment zone, at |east one catalyst poison Is absorbed
by and strongly bound to the treatnment conposition causing it to be at

| east partially renoved fromthe at |east partially untreated al kyl atabl e
aromati ¢ conpound stream [0068] Optionallfy, an al kyl ati ng agent (e.g.,
ethylene) streamis intermttently supplied to the treatnent zone al ong
with said at |east partially untreated al kyl atabl e aromati c conmpound (e.g.,
benzene) to produce a tenperature increase caused by an exotherm c reaction
bet ween sai d al kylating agent and said at |east partially untreated

al kyl atabl e aromati c conpound in the presence of said treatnent conposition
under said treatnent conditions. Wth increasing on-oil tinme on stream the
treatnent conposrtron becones spent or exhausted as a result of absorbrng

o . o o o - - a4




greater than or equal to about 75:1; or greater than or equal to about
100:1. The nolar ratio of at least partially untreated al kyl atable aromatic
conmpound to alkylating agent is in the range of 10:1 to 25:1, or 25:1 to
50:1; or 50:1 to 75:1; or 75:1 to 100:1. In sone enbodinents, the ratio of
at least partially untreated al kylatablc aromatic to al kyl ating agent 5is
in the rang@edf 5S: Thettteabfknd cdndgositions hisghecdpadtyab absoagromeatthaodbpasion] @n in

| nvent | on b Aba bR Uher afeb Rt uf orde b e Bal LT RY! e

aromatic cwﬁp@lbad 5500 4PV T&nnyhﬁotphelatemmM)&ﬁﬁqaaﬁl thé ma;,ghabf tlhea:sitmkmwt . %

at least 5 wt. east .% , at
Mast 20 webpostiah The BNy e g g RS i i b B v oo RS s
cat al yst p@iosoabsut rsot) hkealﬁiut izmsfroﬂmbﬁtlzab(b o Abott Ea)b,eﬁlorﬁlakwtasmbioeabamorrat ic

Commor o ai S8 TEALEHarTI0a 9ol PRaTE S kY PRELET SRaP Bk T L S FHBHa

streans ar eom@isiionsat urated, and may contain up to about 50 wppm generally

up to abou 0 m_ wat er C vi des _.an advant ageous
ot hod of W1 n e ik € ErPPRRaR whPARC IR BAR i SR PRI at
| east part sadd lcytallsupdisodatie dedlik yheatradiment aronerathis Lmﬁeanmualdylsﬁablemnzttm
acceptabl e | evel s havin ntipned anounts

B oonse. [ BUTSTIE i i el i AT G RTR i Spsop HES Bryeheaie Shatl: us
used for themUmQNQMRMhr&@ﬂﬁxamduhmmtmhﬂmmhhmmahkybammnﬁa:&ﬁﬂ&nmmuanm@ may
be, for exa e arate and . in es 20 by the effl| ue m t he
reat ment . SoRat oRERT EofLR el SbEl Pt NE' B hmer e e ARV bR ne.
Al so, the aanmn@ppmpamWSmdayr@hmﬂsmdmmomfh@mbsﬁhe&ﬁmeahaemtmzbmemamﬂ t he
al kyl ati on react.ion zon 0 ta ar tii ¢, conpound
con act st RETRRUGE e MEERS akPRRERT g dn Y e A LR 57 R PR e
condi t i onstrigehart eoretﬁtfdnuémhd@mwpmemtur@oﬂﬂm itroeel()éd t@htoyt H0ab hiel apressartei C
conpound cgnt act k t a conver si on
COﬂdItIOﬂSPIn ﬁ%zlégﬁgﬁafé 36*??5% g?l¥%mmnwnt(w%ﬁg%ﬁﬁgneF%MY%gofnger
situation, ahstrbed)bgrmel strbtkm,y Bfuhd wethé tréatmmtlchepctsn@atmm'g itztoheatdéassmeeqmll@/a)
above conpr|5|n l,at abl C__compoun unr eact ed
SRyt at i o R4 Sl e BB Pr e IS TR SRR R PO Domeof
step (b) al90ed. 10’®§p3ﬁié1®tnmrqof dwetmhaaildnylcahpcemopnmd%seaoﬁem hos ¢ambémtli on may
be_conduct gd, such{ nak L e, 30 LeACt AnLey by LS REL] HEOL! Lom i he

treat nent zone co%pr|5|n ?4ea?ed é1%y ? f'E°ar omiet'e c8 are br ought
i nt 0 cont actmowiltdf chtalystcpdisiny t Vicreo@nposh lcataiystmmisan s*emctvabisefurtbactpnomallxone
such as, for in tor . containi b

catalyer comERMiei i sPLARRG Mafdr i fet Bt el o Ponisas
Preferablyqwammhmasﬁepaumnaﬁomnmumdmphasem@amahymmcmc@Wbe@y@mneomdmt|ons

whi ch incl ature r ut 10 b
2011/ 14 61 %%ﬁqlﬁﬁ%%i /“b“j’é‘é’@&“‘f ﬁhlSQempera ure rise r%v1dgs &M %chatlon of the Relative

Activity of the treatment composition. The temperature rise decreases over time to reflect
aging of the treatment composition. As the temperature rise reduces to a minimal level it is an
indicator that the treatment composition has reached the end of its useful life and should be
replaced.

[0066] In operation of this embodiment, the treatment zone has a treatment composition
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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300C, preferably from about 100C to about 285C, nost preferably from about
100C to about 200C, a pressure of from about 689 to about 4601 kPa,
preferably from about 689 to about 3102 kPa, a nolar ratio of treated

al kyl atabl e aromati c conpound to al kyl ati ng agent of fromabout 0.1:1 to
about 25:1, preferably fromabout 0.5:1 to about 10:1, and a feed wei ght
S5hourly spaa@emdre@i’ thy tl(eMHSM)cob@S:&lﬁbnO[h ﬂ196a53|0kﬁbah1bmg)r§@ﬁrﬁxatﬁfulefeft@fms’rabout
0.1 to 500 hr- o 61pfref leE gbout 0.5 to about 100 hr'. [0074] Wen the
treated al I%VF%? A éveé?od‘ﬁﬁrtsl ¢ (RHRONUBHYHQYL® § PAYPLY- benzene and t he

al kyl ating [mg;ept iSheeathgalsemldllg mererdwcﬂkﬁattwé bxemzwareaﬁlhevag Isylkla:htag@t
reaction is carried out .un h eas arti al eg hase

catal ytic &8 ?ﬂ?r‘% ifeglrfo dsnisafmgh&onedin 15‘& T %(?“t P& AE1E g doout
100C t o abasakt pa8QAMG udtreata @lbﬂhlthbl&@@ﬁaﬁ@ccﬁhﬁﬁuﬁd 230js dnéied abh y]eftrl‘eﬁtmeﬁtbout

125C to about 260C,. a ressure u bout 1 kPa, ref ers%éy f r om about
689 kPa t o HBe31H3 ¢ P*&‘e“’azox% g‘ﬂfa“h 1% aspdce” \rﬁé‘f’%& e Agsied on

t he et hyl enendadday kcﬁfehibge arglem anortfth)msathﬁily& pbisbfis ﬂiﬂOﬁ:}fm 2Qrcated leffluent
preferably from to a ;t 6. hr-1; and a r of treated benzene

to ethyl end5H YVE a?P‘i?E}f Séf iUgHeT Bk¥rRR LYRRIC SPmPP af dhtsgted. ot ¢ about
30: 1 nol ar catpyefpersall whérémrmﬁh&uﬁneht donti@sieib® dbmEBesla poloay cryftlliddreoren t he

treat ed alh Iatabl aro C d co rlses reat nzene and the
o ot g SR b SRR P S TRl H R e P ST R Mot ake
pl ace undeboraliuohe&atudaartémladrathmqjﬂlfﬂlmphla»aem?e:ttalagbbmtcsoomuﬁr mmm@ﬂdinti ons

i ncl udi ng t ture o ss_t han, apout OOC from abo 0 to about
booc 11 orfesEdPEIBEE Fath gl Res e BoShert 200 gt 4t SOl Spb o B oy

| ess, e.qg. absbfb@lebﬁhmlu;troﬂgl)ZﬂodnH’a) the tredyedt c&ﬁ&iﬁltiol?aausmgmogbht Iasupdriyallypace
vel ocity (V\HS 0 i.n ent of fro about 0.1 hr'

Ve ohout oternyed PO g LRl bOR S e B SRR e Rt SRR 21

][ml ar lr3 at ![ {0068] a r iﬁﬁtﬁgall?ﬁmmthg a@no@\., eﬂ@ldga) strben ahnktydnaﬁendy im;tﬁ;aed for ;)f
rom abou o abqu refera 0 abou
2001 ot ar e sEIBsap R At ks FOHS BERLS LRk AR b B on ¢ he
al kyl at i on(ergeaeh@ne)ab fptadedtt a waperamr mcmasexmsdsb;aaroemtheﬁnrbeexduommahkyI at ed
r oduct ol. at ed duct nd var ous I, npu i tIC f eed
PO over St Bl Wi B ST D =R D e RS b o BRI

Usual ly a &mkdserbb eeschid eeattraémmoxflpm;mohhledefremylcﬂeem&htr@amlbm Wuhrmasraaselg

unreactive | ritie omsf istillation may
be furt herorégg%J |OPIS§r(e:fmf gﬁnsterea me”? CQ%Oﬁblél’ %e 4 pr 8rd%c er oa%aprg uzﬁ kyI at ed
products aarhéommgamohmamf en. or[nﬁl@& ¢Gtdlpe ppsbrysaMyﬂx dteenbaaneodzmb $s asﬁmirlieﬂed from
the alkyl g htc}gceliv%a € a% legsftfpa unQr%Xteg) elk & teercé)m add (EI Pegr% to %II; ?nqqt I C
feed in a tyansalk I"on rea sepa Ot PIEFIR 2P 85Tt or,

over a sui ztn@lbdx@harg%ns ab hyloatletpmeawaMeylstomﬁbhelon naspmt kig/b)alausumi daigthgst nmay

Corrp“ Se M\Pctzono wq‘lo {) leltJ%)ZQlll/t?e%?V@ e€na th[e tre%mt%txctorlillrgeﬁlt?fn 1sCr I’Sltt alline
nol ecul ar sieves hav ructure€ o zeo e SRR s nor deni t e

or an M/\Y/Vefmhammipmhe ett mur;:t off me tegplystpdisns &leak diesegh belderadyotie downstream
alkylation reaction zone, thereby causing deactivation of the catalytic composition therein.
Advantageously, this embodiment of the present invention provides an indication of the
ageing and/or Relative Activity of the treatment composition to assist in determining when to
replace it, so as to avoid break through of one or more catalyst poisons from the treatment
zone to the alkylation zone.
[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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Rel ative Activity [0078]The catalytic conposition for use in the present
invention may have a Relative 5 Activity nmeasured as an RA220 of at | east
8.6, for exanple Lr, .6 to 12.0, or RA180 of at | east anpl e
from3.5 to g'%),zo 1(1?5071]\5;“‘?”9 operation at |ower reaction préénggg(&s@szg%%g_, a
reactor outlet pressure of about 3102 kPa or |ess, and | ower al kyl ating

agent, e.g., ethylene or propylene, feed s | y pressure of 02 kPa or
loss, e, g, 29 ol iU gp el RN or gl g RS U e ety o
measur ed as Ré2&0enr pRAIBOundidsted ek ginmabla ecbrbyic @ompdunddo aikpiatiar ageat is1i@ thdhrat

described by S. Folger in E|l enents of Chem_cal ict or o Engi ring, 2"

Edi ti on, page%an%ﬁ)ék gg’}.wl : ’h?rsgnétt%éf}@ué’f ﬁgﬁaWRzﬁgf’a%razfgq? g@@tlor?n ane
ener gy bal ancenbalinusmedtht atloadfat Radt hatitignpetcatdileylithigeabmatide atighvies sgoan of
ethyl ene. Wth.thernoco { eSBaij ti ons inket termperature, pressure and
conver si ond kRAWHS "4'ReCRal RV dORETTEN 19 COF PR SYPROPSY MRy THIN e £ ned
usi ng a diffepenii al A¢ eaetutir ofathaltigsthent §qF of Hiis ingtraloy SiyScontdagngReteadt | lv:at
Activity is 15.cal cul ated by the percent tenperat rise divided.by the
or cont age of PHHED BEH TRt gt AP itk FreRg o of
wherei n AT i slepel eend, at leaspe mnatd)neeast Sewa¥idat Leakts! Spare egtlage 508t.% het 1bad50

l ength. Waen inlet tenparatpyre to the adjabatic.reactor is 180C, t val ue
of BA i s RALEYL At {Ran S R1-d ot Whieitaedl & £8% e h it plsdiatis et 00
t he val ue 1of [RAiallg uRARRA alkRRf0R A8JrENE sorfAudeitenmiaratmovedi s exenpl i fied by
the foll ow ng eriyrent.s in which an adi abat.i.c.% pipe,reactor wth

mi ti poi nt ¢ NP P couBrad ek b Sibait SRy PCoufRRak oS! SRR bt
speci fi ed catabysgic. cofifpeurciatt@hiys tirei wattt ghtdtyd, pac ke dorhinvegntol sbent Salvpapina

beds to provide good flow di,stribution. feed caonpr.ising,ethyl ene and
bonseng (101 SRaROMs ' M0 LB LAk b S HIREL kA ELIY ARG, 200

passes t hr oughethdieotbeducdfz thatabyst obthadsl datdyst Posme ac toromeraialatelxast partibley

reactor ags .ef fnltrgeﬁgcf alkﬁa&ﬂﬁr gror%];tit ghoef\n %Ilr]; slfreccrl]r%s {osacgcg)fa%%l lgv%lsbn%% taForrElgnﬁi Lce din
order to maintarn an -adi abatl e tenperature rise approxi maté y & The
recycle to feeduimwefghity ratio is maintained at 6 to 1 to maintain liquid

phase condi ti&gﬁat.o‘gtﬁog&l ti point thernocouple in the bed consists of six

t her nocoupl e ed to nmeasure the tenperature at 6 points inside
t he bed. ResuDP8Z| ar dntegorceped thininydweorf, dhe phydierd aprabiiv veddithr 80 r@amedtysie A

20d, 2, 52100. 15 005, WOURUUNS SRt 0l e Y0 o, sttt i
Tenper at utte whereby the effluent from the treatment zone is then recovered and fed to the downstream
reaction zone. Also, the same apparatus may be used for both the treatment zone and the
alkylation reaction zone so long as all alkylatable aromatic compound contacts the treatment
composition in the treatment zone at the treatment conditions before effluent comprising the
treated alkylatable aromatic compound contacts the alkylation catalyst at alkylation
25 conversion conditions in the separate portion of the reaction zone. In the latter situation, of
course, the effluent from the treatment zone of step (a) above comprising treated alkylatable
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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Posi ti on Tenperature (© (Percentage of Rise Bed) B (Lower Activity)
180 4.9%9.0% 1.8 B (Lower Activity)

WO 2011/146187 PCT/US2011/032653

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
5 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 compriscs 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
10 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
ethylene 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
15 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
20  pressure of about 3102 kPa or less, e.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.

10076] In the reaction mechanism of the present invention, the alkylation reactor effluent

[ee]
n

may contain excess aromatic feed, monoalkylated product, polyalkylated products, and
various impuritics. 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
unrcactive impuritics from the loop. The bottoms from the distillation may be further
30 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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220 4.9% 32% 6.5 A (H gher Activity) 180 4.4%23%5.2 A (H gher Activity)
220 4.4% 47% 10.7 5 EXAMPLES Exanples 1 - 6 [O00801A thernogravinetric

anal yzer (T i n instrument that can nmeasure the ch | i ght of a
SR R Fae VG

subst ance. TG is in the adsorption of conpou

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 usc in the present invention may have a Relative
5 Activity measured as an RA,; 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 outlct pressure of about 3102 kPa or less, and lower alkylating agent, ¢.g., cthylenc 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;;9 or RA g and determined by a method similar to

10 that described by S. Folger in Elements of Chemical Reactor Engineering, 2™ Edition, pages
406-407. 1In 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 g and when inlet temperature to the adiabatic reactor is 220°C, the value
of RA is RA2.

20 [0079] This RA determination is exemplified by the following experiments in which an
adiabatic 34 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 arc described in the following table with

30 Catalyst A and B being the same MWW structure material.
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the gas phase to determne their affinity for such 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 3, 5-
trinethylpyri&ﬁ%%}”@ﬂgf is also a good probe nol ecul e fo?hgﬁgg?ﬂf?ﬁn. Tabl e
2 shows poison capacities neasured by a TGA of various potential treatnent
conpositions using collidine. WD 2011/146187PCT/ US2011/ 032653 Table 2

Exanpl e Treatnent Conposition Zeolite Content (weight 9% Approximate Poison
Capacity (mcronoles of collidine/gram af,pggolite) 1 (Conparative) MW

(MCM 49) 80 Catalyst Inlet Thermocouple Percent RA
Temperature Position Temperature
O (Percentage of Rise
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 varicty 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-MAWY 80 701 3 USY (Non-MAWN 80 925 4 ZSM 12 (Non- MWN 65
531 5 Mordenite (Non- MY

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 treatmment 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 capacitiecs of MWW and zeolite beta treatment

compositions to absorb an N-formyl morpholine (NFM) impurity was determined. Two
alkylation reactors were placed in scrics 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 | and Rx 2 each had separate ethylene 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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65 385 6 Solid Phosphoric Acid (Non- MW None 501 [0081] As can been seen,
Tabl e 2 shows that the poison capacity using collidine for a treatnent
conposition having MWW topology is nmuch I ess than that for a treatment 5
conposi ti on h¥A %Qg”lﬁﬂﬁl MAW t opol ogy. In addition, a trediene®itpysition
having | ess than 75 w. % of a binder and greater than 25 w.% of zeolite is
I nportant to high collidine capacities, Exanples 7 and 8 10[ 00821l n .
Exanpl es 7 aneikgéﬁanféa%pa%a‘ftwé%onoqf AP an 55 B et cohes Ry g%f% eved its
conpositions tn@xisRsoRo@BaphbifyormmthtalgRpRRes vige 4dNBVRer icBRplEdctyYrei@Sd by Rx 1.
determ ned. Two al kyl ation reactors were placed in serjes with an N{M

i mpur i ty- cont MFM Wy Teski 2 epneentedan lfbb wepm besed 91 tpgiveig t@lﬁﬁtble’ﬂﬁ‘?“? ekt or
having first mokyl atTieN©OALBoYSbn CdPacidds in FRen@ésl 1-g1abic cokulbRAGbinaR: thmd X |
was the feed to a sg ond al kP{'l aéiiéo_n rreactor having a second al kyl ati on 15
catal yst (Rx #yeampRd e 4 aRyhioh degelfyafiofys Sgar t“eR’%['hyl ene injection points
and this configuration is like the first two stages of a nulti-stage
series-connected al kyl ati on reactor. ForTa§IQ§se experinments Rx | was a
reactive guard bed and was the first reaction zone in an -21- WD

2011/ 146187PCT/ USZXhtpR32653 colite for Rx 1 Zeolite for Rx 2 NFM Absorption

(80 wt.% zeolite (80 wt.% zeolite Capacity

content based on content based on (wppm bascd on the

weight of zcolite) weight of zeolite) | weight of the zcolite)

7 MWW MWW 900-1000
(Comparative)
8 Beta MWW 5950

[0084] As can been seen, Table 3 shows that the NFM absorption capacity for zcolite
10 Beta as the treatment composition is superior to a treatment composition comprising an
MWW material.
[0085] Examples 1-8 show that many matcrials arc suitable for usc 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 (trcatment zonc) 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 ted
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
25  deactivation is first observed to occur in the alkylation reaction zone. Deactivation of

catalyst in the alkylation reaction zone thus correlates to the run length of the treatment
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al kyl ation reactor. Deactivation of Rx 2 was used to indicate when Rx 1 has
achi eved its nmaxi mum poi son capacity and catal yst poi sons were no Ionger
conpl etely retained bg Rx 1. NFMwas fed at a concentration of 0.3 wt wppm
based on the W&HH{HYY t he benzene feed. [0083] The NFNI&E?&@&PV%ﬁ&ﬁ
capacities in Exanples 7-8 were calculated fromthe tlne on 5stream and the
time at which deactivation is observed in Rx 2. Tabl Ex Zeolite for
Rx 1 (80 wt.oforuspifien andpit appareghswacipn(ehesigiet fev £ %ﬂe iqng) %ggq %Féfef‘f&}e“w 2
(80 wt. % zeol idnfrosiast & bn &@ﬁlns%lbml (APpa®, izRedsith ellheNEeMeé@ﬁQJtddtolr @placed.

Capaci t m based_on h
908 100% ( WB&OQS]]w VW??Q%C? below r&ongtzatets Ql% e fe c%lqlf })fetZedtmeglt co p%glg(t)f{bve prlysk{g/g MA

the surfacc arca/surface volume ratio required of the materials to be used herein. The poison
5 capacities of the treatment compositions in the treatment zones are calculated from the time
on stream and the time at which catalyst deactivation is observed in the alkylation reaction
zone. The surface area/surface volume ratio was detcrmined by using an optical process to
measure particle dimensions and particle curvature using the Advanced Laboratory Imaging
and Analysis System (ALIAS) obtained from Cascade Data Systems of Wilsonville, Oregon.

10

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 (esscntially cthylenc free), a WHSV of 21 hr' and 180°C (liquid phasc). 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
ecthylene. 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 trcatment 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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[ 0084] As can been seen, Table 3 shows that the NFM absorption capacity for
zeolite 10Beta as the treatnent conposition is superior to a treatnent
conposition col r|S|n an MWW mat eri al. [0085] Exanpl es 1-8 show t hat many
material s ar e YSUA'P4ABP'8" for use as adsorbents. It is RS Y B PA
Exanpl es 1-8 ShOMlthat wi th high surface area/volunme ratio materials (e.g.
powders) very acity for poisan rgnnva may be achlfved However ,

hi
such material &9 2‘grms DR YRGS 18?’%rd”1?‘ﬁt‘18 §WP?IE,Cf‘lLHp€Ef IBais e el Begelny TS t o

be | oaded int gom ahERGLOKmit [AAGEppeNaRitlaidBohicglagdanpl es of the invention
roved al kyl ati on nmechani sm descr.i bed th reference to

invol ving an i a

t he follomnng"ggﬁerl‘ﬁ@f{?élle WH“FHE%@“@%%@?V g&%‘nYW%Wkgﬁﬁw%Fb deseed with
treat ment zongRathidf) 1ta¢vhwcatdd&@t05@&ﬁt {ARuZ 6Me Iads&ﬁ@h&eaduum pirtiR o aldre
first bed gtreatnent zone) contain E? % arthcular trg ngnt CO 03|t|gn IS
used for treaf'#eh mﬁbwaemséﬁﬁeﬁe*88 e P LAY ASRFEINS T BT FRIEt 408 ATORF ¢

pf“k SfmS) to pmetBehtiod. qkemaﬁlg@almbalbkm{ea&ddam E@?S%pe@ﬂdﬁ%&&nﬁ@@&bﬂe@h&ﬁtoﬁ@l ng
al kyl ati on reaction enlstr enzene s ed.to the treatpent. zope
along with et ﬁfw hte, (priogplet a%gcsa'rlptt% St lof gHRn DBETIeS AR AEEd D% ¢ h
et hy: ene aQﬂ &e@kﬁtg@ ak e?oglb&ylhgtanm fegaed ?mtczxeme nGOdtyai idhngsiad iﬁy[hepriewﬂt _
catal yst. e. nunber ay sta a ation operation (run is
det ermi ned frﬁﬁ%@n‘“@%ﬁ%éﬁlf%‘fr%w X “f’(i“l?((gt’ ° gpdet ﬁgaq“t“(f]e&?cé]?m?f {’X Hg’

al kyl at i ono r eagitddonthz ane wileagt invadtoaper@finscat al yst in the al kyl ati on
reaction zone thus correlates to the run length of the treatnent WO

2011/ 146187PCT/ US20111032653 conposition and its apparent capacity (at
constant flow conditions). Once the treatnent conposition no |onger retains
poi sons (slippage), it needs to either be regenerated or replaced. 100871
Exanpl e 9 bel ow denonstrates the efficacy of treatnment conpositions
conprising the surface areal/surface volune ratio required of the materials
to be used herein. The poison 5 capacities of the treatnent conpositions
in the treatment zones are calculated fromthe tinme on streamand the tine
at which catal yst deactivation is observed in the al kylation reaction zone.
The surface areal/surface volune ratio was determ ned by using an optica
process to neasure particle dinmensions and particle curvature using the
Advanced Laboratory I nmaging and Anal ysis System (ALI AS) obtai ned from
Cascade Data Systens of WIlsonville, Oegon. 10 Exanple 9 [0088] A 16 gram
quantity of treatnent conposition conprising zeolite Beta fornul ated as
1/16 inch (0.16 cm cylindrical particles with a surface areal/surface
volune ratio of 70- 100 in-1 (28-39 cm 1) was placed in the treatnment zone,
and a 28 gramquantity of materi al
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15 formul ated as 1/20 inch (0.13 cm quadrul obe particles conprising MCM 49
was placed in the alkylation reaction zone (as a catalytic conposition).
Benzene conprising 0.3 wopmof N in the formof N-fornylnorphaline and a
very small ethylene bleed was fed to the treatnment zone at anbient
pressure, wherein the benzene/ethylene nolar ratio was greater than or
equal to 1@ Arvsssentially ethylene free), a WHSV of 21 hr-1 and 180C
(liquid phase?. ‘The 20 effluent fromthe treatnment zone, mixed with

ethyl ene, WASC{8HBn fed to the reaction zone maintained at a tenperature of
180C, with the m xture in the liquid phase, benzene/ethylene nolar ratio of
approximately 18:1, and with a WHSV of approximately 0.77 hr-1 based on

et hyl ene. The cédt proyash éorquegeiigtanatkyilated sremplecetmpenng siremdframriotat beagfi n t o

show deact i yadf i A _=Th i | of the

t r eat ment %‘?f%%’gprtltl}%{nedia#lﬁy?%%@%ég‘tatrlrge-ﬁ&g@%g gﬁ%%%‘?%a%%ﬁ%? %\E/;vlléstsé/nga "cul at ed
t o be appr ekiyhmitgehgen? 20@myphoncof sad alfyletable .aBmybio rompoddi strettngs freated ©f
acetonitril e was f?f? t.o thtg treatment .zon aée anpi ent pressure, a WHSV of
21 hr1 bas8dUShCaHRS BYE KN em@scPwanlagﬁﬁg B The catalyst in the
reaction zgne diéhtidihg dad tallyadtabld Qkoradidt behp®Bm8. Sreday Savidhearil oitglystt he
poi son capacity of the treatnent conposition in the treﬁl ment 0%0 e, was

cal cul at edPPI8°Be™dhBriEsRimeEt SPPPIAER (HpdHeYMeBOZI LPBREI TN 3ot kydatioft al  of
3600 wppm @factbn 1HREHIE lreRRERNRditBAL €N ten@RR ! dt ki @portidnestt salf ORSIGHUT €S,
priority docunents, articles, publications, manuals, and other docunents
cited her epoiseseng §pmya frgated pﬁﬁamtes@rew whighepasprisey Beateseallsylptable asqrpdiic

di scl oSUr ecdripdiah ahd's PBES! SRunVbE edifl BokAHCRALER s3I rchRer@bdmposition
jurisdictions In I ch such i ncorpora){l nis permtted. WO

2011/ 14618743CTAUrfsR0 2eaA662EE 3 o DGO} iWe greatamehanc] inl' e rent ) ndaids treatident
nunerical u rolimts.are listed.hergi es fromany lower limt to
any upper fcﬁﬁﬁfong}nreauggﬁ?eemn%elr% '§d. fr%‘og)lﬁ%?(?dgat ned illustrative enbodi nments
of the invénti ocontatiag ke redes alkylbatlcwrdiatigabipouddainishid efldennstidambead
understood th tl vari ous ot her . nodi filcati ons.w || bed glg lgr.ent to and 5 may
be readi | y"hAGEBYS P45 8T MIEF FARYHEOTPPSIITT Hotht 8 o1 ¥ Yot he

spirit andsepg@Refréth shil@rehime@nidrRMindACH QM Riial liguld pHasd@italitid edediohhat the
scope of the cl|ainms appended heretobe Iimted to the exanples and
descri pt i offgdeieps e fom peadiyiptgl effugathgreamnyhich remprisgsnaddiionabplkylpisdd as

enconpassi fgmafid cbifodnB2WHERR Qfid PALGRL &R HON &blprivi £ BoloGS LHRtalIhet hE
present invention, including all feafures which would be treatéd as
equi val ent materigrhaginglsyfrathosek souiitel tgpe palectdderem tthe growpicetsisting of ddht i on

pertains. Al NS e r i -
aromatic c%%’olll}&@% ’sm}aﬁaﬁ J# o%n%xéuﬁé%a e%éﬁ:‘?h%gbtﬂggf%&hﬁﬁag%{lgk gci%fsgt abl e
aromat i ¢ compicnensdrsien nolibdians gnohateal tymperporsdifsnah@d °Srio A0S, atpresguragent
stream wherei j | kyl at abl e, aronmat .¢c co u tream.is treated to
tian, oot gy o dade X8 KRh D BB LENE bl Grfer RES R GRS Borhp S
contacti ngalﬁﬂhtmgaigkmloatf@hi @0 &N advBs il Carcionfoedivelight Hoe:almsbz&‘éiva@cﬁya'(WHS?t) al yst
poi sons W t treat nent conposition in treatnent zone separate .from an
al kyl at i onPasehes iaﬁwsailaﬁeagﬂﬁdér@qmé)a% 00 B AV HTORSPOR) S R PYSet o

portion ofingahfkehidf AlppRlind 9 SRNMLIAS dgd@lsiban 6 eal efta®idnt Uet 8tkeamsWI ch
conprises treated al kyl'atabl e aromatic conpound and a reduced anount of

catal yst p#insahisast iseqoail wp saztheureat meistand diep dalpriried feagerinds of f avaute
ar ea/ surf 46§ sy Zy BEmbAL ‘Jgﬁor%ucg raec@rtn?ér?ﬁ;psairﬁcégse' Buded( ncél:%lherrﬁﬁ' Wadiibfpat ment

conditions incllUde a tenperature of trom 30C to 300C, a
between said alkylating agent and said alkylatable aromatic compound in the presence of

said treatment composition under said treatment conditions, whereby said temperature

rise indicates the ageing of said treatment composition.

2. The process of claim 1, wherein said catalyst poisons comprise at least one of the
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(b) contacting said treated al kyl atabl e aromati c conpound in said effluent
stream and an al kyl ating agent streamw th a catal yst conposition in said
al kyl ati on reaction zone separate fromsaid treatnent zone under at |east
partial liquid phase catalytic conversion conditions to forman alkylated
ef fl uent stream which conprises additional alkylated aromatic compound,
nherein S?Hd%ﬁﬁh@t%&kn&@ﬁmﬁﬁkhjﬁﬂogﬁfpbkﬁﬁﬁfaﬂﬁmrﬂwﬂn@r¥$maMhlﬁﬁuﬂﬁher;a
aving a fr rk structure type, selecte romthe group consisting o
FAU, BEA, (ﬁ}l#ﬂ‘i‘&{g‘ff tCH%‘r‘FebzrmeR?t}ﬁer ein said at |east partial
i quid phase cat aI yt| c conversion conditions include a tenperature of from
100C to 300C, a pressure from 689 kPa to 4601 kPa, a nolar ratio of treated
al kyl at abl 8- ar ofRE iPEocesTRI A b ovharaiy paid ragmaRfesompesition m poleular sigveps: 1,
and a feed 0 d al k ent of
rom 0. 5 ¢ EUs e e JroR BRI, A A R e R AR BT
suppl yi ng &dS¥),Kydabiniinigechyereakl),dtame Eartls Xi REY)e ditradpdropostec At (UHR-¥Dval s
fromat | eqef i@ ePORG HRef@ ZENOUISVOL RS SRALINCANECTpbE T, LT
peri ods of "Rt e to Xk ays-ornore to produce a’tenperature’i’ncrease
caused by aombixeddmetherefr eacti on bet ween sai d al kyl ati ng agent and said
al kyl atabl e aromati ¢ conpound in the presence of said treatnent conposition
under said treatnent conditions, whereby said tenperature rise indicates

the agei ng4of sahé pidceatdTRMimCIQ MR threa?&mm&oaf@@lasls isodeleetedi Bl thewher ei n
sai d catal yst poisons conprise at_|east one of the - 25 - follow e??
l urium

el enent s: ﬁtOtUP&@@%stmaatfé&én§68%>wlgﬂehhoseltﬂrtctﬂmd a%\etﬁdcalurgepehmwyp@

phosphor us 1 ;RBY O UR dohBhAHRE HekRep 12 netals. 3. The process of claim 1,
wherein said treatment conposition is a nolecular sieve selected fromthe

group consisting of zeoli te beta faujasite, zeolite Y, Utrastable Y
(USY), Deakum n =ar ; A\G Y
(UHP-Y), m%)r den:rﬁ @9 mJYFﬁ% 1@@:nenl IR §$§@@§@§§@MA&&&§W&%&B
ZSM 20 an&amewtnﬂ(rmmpmmstyphesr ﬁmj‘asneﬁ} zedliie Yoprldoesablofy GJISaY)mDhalumhm'z@ ¥ said
t r eat ment ijion I.s t fro the on5|st|n | ay, resin,
solid phosgﬁ%? ?i '%‘;?5? ga&hax'?ﬁégfedjg%l?y& Sb‘c W?@Br a%m\iﬁe ‘&Eée f3(;pe A, and

conbi nati ons thereof 5. The process of claim1, wherein said porous
crystallin |aI haV|n id FAU framework sfructure e is faujasite,
Jeolite V.6t tr St Bore wgvf Wltsé%waﬂtiﬁpe@awste@aéatnawal Ieseadrtﬁxv

(REY), Ut prahydsRRBeAINE typeiVibepy. @ m xture thereof. 6. The process of
claim1l1, wherein said porous crystalline material having said BEA franework

structure type is zeolite beta. 7. The process of claim1, wherein said

porous crystall T d—gﬁésﬂ)f altmhﬁ\(vhre&n%?ajug ﬁmw&ﬁteﬁﬁlrﬂdgﬁ szﬁd?\)f@ﬁal m 1

nordeni te, TEA-nor e or a’'mxture thereo e proce

wher ei n safr@tnpmrbtae'qul‘ysnﬁalw inealeni, difiAamotvuitnigr assmixturpiiirdof.amewor k
structure type has an X-ray diffraction pattern including d-spaci ng maxi ma
at 12.410.25, 6.90.15, 3.570.07 and 3.420.07 Angstrons in as-synthesized or
cal cined f&rm T pbhesspifodaias 1ptwheledn maid ,povdereysmliB@d chapoinbbsvicg ysitlal | | ne

mat eri al i MAW franmewor k structurge t SH-3, S
R e AN PR A Sy A T N B
EMM 12, EMihdishaQE 1 7iX0. 25, 908! 867+0.0714hd 3410700088 010E inCdsalyAthdsizédher ei n

sai d aI kyl at abl e aromatic corrpound is selected
calcined form.

9. The process of claim 1, 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.
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fromthe group consisting of benzene, naphthal ene, anthracene, naphthacene,
peryl ene, coronene, phenanthrene and m xtures thereof. 11. The process of
claim1l1, wherein said al kyl atabl e aromati c conpound is benzene, said

al kyl ati ng agent is ethylene and said al kyl ated aromatic conpound is

et hyl benzene. 12. The process of claim1l, wherein said al kylatable aromatic

conpound i 0benz@Bgrocsai ¢f ddikyl,atlieRgn 84€atkylagably Apyheconapuding ad ckiekddy! at ed
aromatic conmpound is cunene. 13. The process of claiml, wherein said
al kyl at abl €8y Bed'PY eUIBMAL Pe7pn 2apidhalens; anthragsneandighaseien P EBut ene

and sai d alckyhaieephaahfiRhd fndGAKRRe kST, Sec- butyl benzene. 14. The process
of claim1, wherein said al kyl atable aromatic conpound is benzene, said

al kyl ati ng agent is ethylene, said al kylated aromati c conpound is

et hyl benzene, a i t i aks Li.gul . i itions
i nclude a ?ghpe?ggggggg?kf%%ﬁﬁi g&%%é%ﬁgkgggg%9%?%%%382*8@%%§Qﬁ%%“%r | ess,
a wei ght heaid bikykpag egenels ethiytepe AMHSY alkdated awmatih eorepdwpti énathydberfzerem 0. 1 t o
20 hr-1, and a ratio of benzene to ethylene in the al kylation reactor of
fromO0.5:1 to 30:1 nolar. 15. The process of claim 14, wherein said

treat ment ¢2npoghé baRedsSfdlaimlieotbin SidMRyls@bleai@thticrcompbingl igbenifene,
consisting of zeolite beta, faujasjte olite Y, Utrastable Y (USY),

Deal uni ni 2 ke laiing asppt is pigpaleph pidsa! 1Ry arewtlﬁﬂg}m%lﬁﬁmuwevﬁ( UHP- ) ,
nordenite, TEA-nordenite, ZSM 3, ZSM 4, ZSM5, ZSM 14, ZSM 18, ZSM 20, and
m xtures thereof. 16. The process of claim 14, wherein said treatnent
conposi tiohdis B¢ Brorey of clgim tlhwhgebupicdkdpighle agpreticcroapoundeisbanzesy i d
phosphori c.ag alqi?laa%agé%ﬁ%uéhymmid Atk I8Ed aafgﬁtixco&b&ﬂe id ¥RSufHbeARGhe.

m xtures thereo e process of claim 14, wherein said porous
crystalline material having said MW framework structure type has an X-ray

diffractio at i | i d- i i . o

S 570 07 oS S60PpbAS ek lelE 1 ABR! AR JRAMIR. Horkic npSudis Myahe, |
sai d porousnidalyglhthd ageet setieidnal saivhalkylgteMdibdhiatia nempolkndsis ethytbenznt,yqnd | S
PSH 3, SSZ- 25, -1, 1, ITQ 2, ITO 30,,. MOM.22,  MCOM 36, MCMA49. NMCM 56,
UZM 8. EM\/Eai‘g at E%Bmaﬁ}a‘ Eﬁ%@ha&? Cﬁ#&?{%&gm{dﬁ%@édﬁﬁ%é t@fﬂ%@fﬁmﬁc%fsfg%f cl ai m
1, wher ei ni®acdo abéey, atpadabige af 9102 IR ¢ 0ERLWEighioTREly SPscchenz Ry ew HSai)d

al kyl ating agent is propyl epe, said al kyl ated aromati c conpound conpri ses
cunene, anbrsehpy th ethygag ofhlemi G to 2¢bf g aﬁﬁés@tleag?i@?@%w EBHANg iroths

include a {IRNPESALMIS FTrohfSS:11hat 12094 a pressure of 3102 kPa or less, a
wei ght hourly space velocity (WHSV) based on propyl ene al kyl ati ng agent of

fromO.1 hr-1 to 250 hr-1, and a ratio of benzene to propylene in the

al kyl ati ony J. eactpy pr8(t,es£ bR ?4,%&/&1%9311? Qa'i&trgé‘?}n@ﬁt'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, TEA-mordenite, ZSM-3, ZSM-4, ZSM-5, ZSM-14, ZSM-18, ZSM-20, and

mixtures thereof.

16. The process of claim 14, 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 mixtures thereof

17. The process of claim 14, 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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20. The process of claim 19, wherein said treatnment conposition is a

nol ecul ar sieve selected fromthe group consisting of zeolite beta,
faujasite, zeolite Y, Utrastable Y (USY), Dealum nized Y (Deal Y), Rare
Earth Y (REY), U trahydrophobic Y (UHP-Y), nordenite, TEA-nordenite, ZSM 3,
ZSM4, ZSM5, ZSM 14, ZSM 18, ZSM 20, and m xtures thereof. 21. The

process of [gl ai Mhd ProcefesrRildimS@E, WhttfeRPdaiEpdroGOEPasiihd Matetisl eLtRCtedwf rom
the group consisting of clay, resin, solid ho%phoric acid, activated

al unmi na, LﬁﬁH@WPngﬂﬂPﬂiﬂﬁﬁésf§5élé$zéﬁﬁ _ ﬂu?é%liﬂg¥%ﬂw¥}3%in%ﬁ@2process
of clai m 1Q4cMigy, Gttnvead dVRVICES (GZMSE ablivigo, "BAVAI12] EVAML IO of ah e AWV

framework structure type has an X-ray diffraction pattern including

d- spaci ng thexdodm at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstrons.

23. The process of claim 21, wherein said porous crystalline materi al
having MAW framework structure type is PSH 3, SSZ-25, ERB-1, 1TQ 1, ITQ 2,
| TQ 30, MCiB22, TWENkKR6ss dci4ik9l, WiHekdin Said UEVIBablEMYINEO; caivivbuhd, cobisds3 or

m xtures thereof. .24  The process of cl ai erein said treatnent

Condi t 1 ons ST < o it by Ry Pep Faomacusmdh ks p e il SePot REIFRY space
velocity (VhiRMe, hasedl AneasBpadtiAligiidphadel ®nversién condaloasiiciude adspgddmdrel N t he
range from5 to 70 hr

'.. 25.The process of claim11, said treatnment
conpositioﬁf58§BWb§XBFéEW€$uFﬁ§%IbeP%@ﬂ?%ﬂ%WégLéﬁmH%FWWGWﬁ@”B@BVB§¥ﬁ1of
sai d treat BRRY of PRIRYRhE bR Plating agent of from 0.1 hr'' to 250 hr'!, and a ratio of benzene to

propylene in the alkylation reactor of from 0.5:1 to 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, TEA-mordenite, ZSM-3, ZSM-4, ZSM-5, ZSM-14, ZSM-18, ZSM-20, and

mixtures thereof.

21. The process of claim 19, 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 mixtures thereof.

22. The process of claim 19, 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.

23. The process of claim 21, 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.

24. 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
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aromatic compound in the range from 5 to 70 hr”.

25. 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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