-1 FEED PRETREATING Field O The Invention 10001] The present invention
relates to a process for renoving substances froma chem cal feedstock
prior-to catalytic conversion in whi ch-1-he cat al yst ~woul d.be inpaired by
such substances. “In particular this invention provides a process for
extending the life of catalysts useful for alkylation of -aromatics both
bet ween regeneration cycles and until ‘replacenent is required. Background O

‘The I nvention [0002] Hydrocarbon conversion processes using catalysts are.

often subject to - catalyst regeneration and: rep}l acenent requirenents -
resultlngfrom"p0|son|ng" of : e or nore inmpurities

contai ned in the hydrocarbon feedstock, In- many cases, catalyst .

devel opnents, e.g. to reduce coke- f or i ng and ot her by- product reactions,
have progr esprili OF TiRdnshagm Where "poi soning” by feedstock inpurities is -
the primary reason that catalyst perfornmance deteriorates which forces the
catal yst to K80LEpl acBee plreseregemmanedlatwatm@pm0p$soﬁessmvh3g\m1bstem¢s

devel oped fo rem) al url t| es ior to contac h t at al yst .
[0003] Al kyI o Areft! Euféir%tf@t?&k Eatél&%r?@mé'ﬁdm@t‘l’i’y h‘ev#eh‘é Stof t en

produced by sesﬁtb@ garear%e@la%ssa et Baveilat s%eee*&ﬁgpreﬁd@sc dic

nmol ecul ar sieve catalysts. "Liqui e ope atl on of aromati kylation _
processes hagrooédser betending chentfet of capdydts ubatulr ﬁﬂmﬂe;daﬂmeoﬁﬁengnm‘ectth as wel |
as ‘fewer undesirabl e byproducts than earlier . vapor, phase technol ogies.
[0004] Cat al Y&Vsen Fgeneaipnyyclss epd Fatil wplegwaEtahregrirgnzene wit h propyl ene
and al so for transalkylatlon of -benzene and polyi sopropyl benzenes in l.i qui d

- phase- |ncI ude zeolite beta, zeolite Y, zeolite onega, ZSM5, ZSM 12, ITQ 1,
1 TQ 2, * ERB- BaclGFéug8 QMMM BRentbM 36, MAW 49, MCM 56, MCOM.58, MCM 68,

faujasite, nordenite, porous crystalline magnesium silicates, and tungstate

Codified zir K96Rh,  al Hy@poathen pomcEiRnRACSSTS USRS ealalystp oncienaabisstist . t hat
} Can ‘be used &R&y&l riégdn%}ah%ﬂ a%Ii rgﬁ"ln e%&t%c}u@reﬁ‘}eg%{s I%Bﬁnﬁg(}rom pmsomng" of o

the cataiyst by one or more: 1n1pur1t1es contamed in the hydrocarbon- feedstock Tn _
many cases catalyst deveiopments e.g. 0 reduce coke—formrng and other by- -
- product reactlons have progressed to the stage where porsonmg" by feedstock o
nnpuntles 15 - the pnma;ry TEason that catalyst perforrnance deteriorates: which
.-forces the. catalyst to be replaced or regenerated Various processes have beeni -
deve]oped for rernoval of stich impurities prior.to-contact with the. ca:taiyst
{0(}03} Ah{yl arcmatic eompow..nds such as cumene and ethylbenzene are S '
oﬁen produced by reaction of- aromatlcs and olefins in the presence .of acrdzc;- S
molecular 51e\_re catalysts. Liquid phase operation of aromatics aik_ylatron '
processes has often been. found to result in reduced operating costs as well as
. fewer undesrrable byproducts than earlier vapor phase techno]ogres
[0004] ‘ Catalysts that can be used. for alkylation of benzene w1th propy!ene o
and also for transalkylatlon of benzene and polynsopropylbenzenes n hquld phase :
include zeohte beta, zeolite Y zeohte omega, ZSM- 5, ZSM~12 ITQ—l 1TQ-2,
ERRB-3, $§Z-25, MCM-22, MCM~36, MCM-49, MCM—SG, MCM—SS, MCM-68,
faujasite, mordenite, porous crystalline magnesium silicates, and tungstate
modified zi'rconia, all of which are known in the art. - _ |
[0005] ' Catalysts that can be used for al}éylation' of benzene with et_hylene and

transalkylation of benzene and polyethylbenzenes in liquid phase processes



transal kyl ati on of benzene and pol yet hyl benzenes in |iquid phase processes

- -2- include zeolite beta, zeolite Y, zeolite onmega, ZSM5, ZSM 12, ITQ 1,
1TQ 2, ERB-3, SSzZ-25,- MCM 22, MCM 36, MCM 49, MCM 56, MCM 58, MCM 68,

fauj asite, nordenite, porous crystalllne magnesi um si |l i-cates, and tungstate

;modi fi ed zirconi-a.. [00061 Operation of aromatics al kyl ati'on reactions In the

li quid phase, . especially at relatively IOM/tenperatures has resulted-in-

‘greater catalyst sensitivity to trace inpurities in the feedstock. Various | -

efforts have been nade to reduce . inpurities to extend the catalyst life.
~lrpurities ofitednde esuitd beta, bectltte rTD,r&ohteeqmega, Z@ﬁtﬁl@ﬂt&[ redeaet, a}TIiQaB _
requi rements _and reduced ultimate life of -the catal yst before Iacement

i's necessary ER&BaPyZt25% %C%@MMt%MCM@ VIEM56r HEeldso8, @14 lost

Govel oped | oro i daptl e sfred cPetiColadeath] efcsﬂf’%a?%tﬂut&%%s. ties.

"These pr'ocessﬁshﬁ&pbmlg stillation, adsorption, and extraction. [00071 "
U.S. Pat No. 6,313,362 (Geen), teaches an arcomatic alkyl ation process in
whi cht he al I{W(ﬁh on fipetict b acomatast elitylatioh Iaad:tmngempdreehqolldeph&sa; si eve’

catal yst such a n.a. liguid phas e renmpve inpurities. prior. to- -
I'i quid phase eé?%ﬁ’iﬁa/& 6%3'“‘(%19"11%”&?{) &ﬁlasé‘?%g@‘?ﬁbg@@%%%tﬁﬂ%%ﬁ ol efins,
diol efins, styrene:OXYGaNA! 6 REARRMC Wmuélg&‘ts fllef WenCAMAl e
_conpounds, nitrogen: cont ai'ni ng compounds, -.- I gonmenc conpounds. [0008]
U.S: Patent  Napudiidh8,ex6ad(thecathlyst ltfeadzhpmt&snﬁtehoebultfml‘oo&nimam:frcrglent

cat al ytic activity of a zeolite catal yst by contacting a.feed. stL mwhich - -
contains a catahs tsseasrssorasqqstrsmsatssnii werierd Yltmpats s ebiherceialssh This .

nvention n a t { rrber ed |
Ir| \rllgs Iandu:ﬁ%}&ep‘? Cole % EIFX%I%X bet% v\életélr“fstr q%\d] e%e%@p(r?% eﬁgﬁ?&g&@ fc}%sgn[s0004l :
U.'S. Pat ent hbutdBwﬂﬁl@sﬂxﬁﬁdﬁ@oansﬂimsgalﬁcmaeaes Mvﬁe@ieﬁla’o&@ses tvedlbet i on of

et hyl benzene ji'n which the cataly ifetime is increased by reducing the
concentrat i orlersl 09\7‘61 é‘?l’ PFEUEeRENS éé‘émtfél thedsiesk ttgr remove harmifal. Ipures.

- _These processes mclude dlstlllatlon adsorptlon and extractlon ' . -
- [0007] U S. Pat No 6 313 362 (Green) teaches an aromatlc alkyla’aon .
' process in Wthh the alkylatlon product 18 contacted W1th a large pore molecula:r B
_' 'Sleve catalyst such as MCM—ZZ na 11qu1d phase step to remove xmpurttles pnor to -
11qu1d phase alkyla’eon Impunﬁes taught ‘as bemg removed mclude o]eﬁns SR
dlo}eﬁns styrene oxygenated orgamc compounds, sulfur—contammg compounds SR
mttoge*i—contammg compounds, and ohgomenc compounds o | _
[0068] - S UL S Patent No 4,358,362 .(Smith), teaches a method for enha:ocmg T
' catalytlc actlvzty of a zeohte catalyst by contactmg a feed stream which contains a
catalyttcaﬂy de]etenous 1mpunty with a. zeohtlc sorbent Thls invention uses a
~ sorbent thh a S1/Al ratlo greater than 12, 10—12-membcred 1ings, and a Constramtr |
Index bctween T and 12, preferably ZSM-11. | |
[0009] U S Patent No. 5,030,786 (Shamshoum), teaches a process for‘:'.
productmn of ethylbenzene in which the catalyst hfetlme is increased by reducmg
the concentratlon of water in the feed to the reactor. _
[601 0] U S: Patent No 5 744, 686 (Gajda) teaches a process for the removal :
of mtrogen compounds from an aromatic hydrocarbon stream by contactmg the
stream with a selective adsorbent havmg an average pore size ]ess than about 3. 5

Angstroms. The se]_ectwe adsorbent is a non-acidic molecular sieve selected from



100101 U. S: Patent No 5,744,686 (Gajda), teaches a process for the renoval
.of - ni trogen conmpounds from an aromatic hydrocarbon stream by contacting the.
'streamwith a sel ective adsorbent havi g an average pore size less than .
‘about 5.5 Angstroms. The sel ective adsorbent is a non-acidic. nolecular
“sieve selected from3- the group.consisting of pore cl-osed zeollte 4A,
zeolite 4A, zeolite 5A, silicalite, F- silicalite, ZSM5, and mi xtures. R
thereof. [00111 A process for preparing al kyl ated benzenes is taught “n- U. S -
Patent - No. 6,297,417 (Sanmson). The process includes .contacting a benzene .
feedstock wibg srcalps@mﬁlaues:%sors Gomed aeplaeﬁa; eeadiegA ookt W osihedte.fe, in a
pretreatnent

~inmprove -the ﬁltz‘?aii?? %I@T‘S e’étﬁ%?;ﬁaef??h and transalkyl ation catal yst - [0012‘1}"-"

et mﬁglﬁ 355, ﬁ%%o&e\é!lxorﬁ aIRy12RA! Heh ot @l A LatE RO U MBters Y Nt hesi's-
process in ch benzene feedsto is -contacted wth a "hot" clay bed, - - =
fol |l owed by Hosﬁ,iZDV,éﬂV QSamtort)heTP{mpmeeEs iheledet omkadtingse panzahe: feetdetob]enzene
fromthe hi gher )l.ecul ar wei g terials formed fromolefinic poisons:

during the hstt AP Qaﬂdeatfrbestam BEIRREACIYE 601G IT® REFESFIDFRIAMER 2uher ei n
the benzene g stil; ré‘tb%twéeﬁ aﬁgﬁttﬁ%t’e%ﬁ‘aﬁngu@b(ﬁ@qb gr&v%'m@h?é&fﬁ Softhgy. The

Dbt
propyl ene feedstoc eated by contact wi.th an alumna to renove

trace sodi ummﬂaﬁ@yﬂd‘ﬁtrmdlkylmoﬁb&ta@st a.nmol ecul ar sieve to renpve water, a-nd,j-'
-two nodified alumnas to_renpve other catalyst, poisons. The pret. reat ed

~ propyl ene ani§0 b@nzen&ﬁeé’ﬁ@ﬂb&@éﬁﬁr%ﬂtMn),r@a@hﬁ‘éd fieﬁlltfil@tqél@ﬁew@@n@f a
~zeolite catal Ioformcu wi t hout usi n eq t|o f the.
oral yer o bRt RO A S eSO B RB S A0 0N effékat)
teaches.r ermmbwe@fbym@sitaraus@af £ AN ﬂe@ds@dt:k&b@aeérae theseskne tgobythe ]
contacting it -wth fol ecul ar - si‘eves-wi th pore size greater .than 5.6

~ Angstrons at mg@mpﬁpmhaesvemtmﬁtiwefom[l@bﬁ‘ﬂm Ylfinie P%@Iﬁr@mﬁe h!?éscrl bed |

‘above are often. st Vi I|f cul ar ' R
catalysts; c%}?‘éfr% GPF?%IT?%BLQW?FE% F%%It gf' V@{?ﬁ‘?}%g%ﬁ nzgﬁ?)ﬂshg #Pons. The
lim tat' ons i@ngoﬂﬁtécﬁhﬁﬂﬁ'aﬁsatﬁ&eﬁth@ﬁ@e%r@r cl@j’rt The propylene feedstock is N

....‘pretreated by contact w:th an- alurmna to remove trace SOdlIIIII compeunds and '_

-.'molsture a molecular 81eve to remove water, and two modrﬁed alummas 1o -
Temove: other catalyst p01sons The pretreated propylene and benzene feedstocks i

- are then reacted in the presence of a zeohte catalyst to" form cu.mene wrthout -
causmg rapld degradatron of the catalyst s actwlty k_ ' ' . | _
[00 ] PCT pubhshed apphcatron W00214240 (Venkat) teaches removal S
of polar contarmnants m an aromatlc feedstock by contactmg it w1th molecular-.' o
sieves with pore size greater than 5. 6 Angstroms at temperatures below 130°C.
[0014} ' Whlle the processes described  above ‘are often- successﬁil in

_. 1mprovmg the life of molecular sieve, catalysts, catalyst hfe is still a: problem in

'"commerclal apphcatlons The hmltatlons ‘and deﬁcmncres of these pnor art
techmques are overcome in whoie or at ]east n part by the process of thls-:'-

mventlon

Semmarv of the Invention

' [OOI_S.] - .T‘his'invention ‘provides for a process forvhydrocarbon_C_Onversion in
which a hydrocarbon feedstock is contacted with at least'two different molecular

sieves to produce a treated hydroearbon feedstock. Preferably, the first molecular - -

ween about 130C and about 300C to



techni ques are overcone.in whole or at least in part by the process of this
~ invention. Summary of the Invention [0015] This invention provides for a -

'~'process f or -hydr ocar bon conversion in ohich a hydrocar bon feedstock is
“contacted with at least two different nolecular ‘sieves to produce a treated
, hydrocar bon feedstock. Preferably, the first nolecular -4- sieve has a Si/A "~
. nol-ar ratio of. |ess than about 5 and a second nol ecul ar sieve has a Si/A
mol ar ratio of greater t han about 5. In anot her enbodi ment, such

~hydr ocar.bon conversion.process. includes contacting a hydrocar bon feedstock :
“with. at | eaiiveda$ i iSHAlmndlecratiarof $éseviemaduns sud osebond hededuiar sgivehes V\/ner ein.
the first and _second noliecul ar ‘si eve have di-fferent pore djaneters,

produce a t Regt/éd mﬁ%ﬂé@‘ér‘lfo@%‘&%d@%cﬂb“@ﬁef eﬁa%t%hertﬁl‘%b@ilm% r‘FBP}ecuI ar .
si eve has a [ ond

- nol ecul ar si &O%ﬁl%"ﬁ;&%%g‘%%m r@éeé %ﬁ}ngPeséCt%%r?%g%ou Oga%ngss t%o‘}?rls(a% [00161

- I'n yet. anot hefeambasht ﬁﬁnémléﬂt@euerﬁﬁamtge@énd fotichiRe kiede WheleiARBE AES afi®r

al kyl ati on of an.aromati c hydrocarbon using an aromati c . feedstock which has

been. pretr sstad umtmlarheem deessdiffesot itved dipoviers, [toonrmluctm astredted yet -

- .anot her enbc d| me t i irected t process al k Iatlon

" of ;aromatic ﬁ’é}j rfh Sﬁ‘iftkaﬁlg ﬁgﬂ%‘ﬂ&n‘g iﬁﬁf Iﬁﬂleﬁﬁéﬂﬁﬁ’%ﬁ?ﬁ/ﬂ%@a B whi ch
both have b%%t RIst fRat S%ﬂg%trﬂﬂxl stR8 R %@ﬁ&n&%@&%ﬁd&f‘&e%ﬂ?or&&ﬁhﬂeﬁd
..Description of the Inventionh Mlecular Sieve Used for Feedstock Pretreat ment
[00181 Mol emfllast]w&\beatauﬁmgpnmmms sol i ds-having pores of different sizes
i ncl udi ng crgstal | ne mol ecu] ar sieyes such as zeaqli tes as wel lﬁef% car bons

and oxi des. [V os» gshmlsTAmEpdimenty therpy ationds dEpeedlo # BFOSEHe%pet r ol eum
and petr Ocha h&5dn dNAUSELL ﬁéﬂi{fr‘éc&%é@ﬁﬁﬁéwﬁmﬁﬁ?ﬁtﬁ%%]dr%feogﬁ'vgﬂfq'?has@e&t all ' ne

‘mol'ecul ar Sl eves ‘I n genera one-’ ~t wo- ‘ nmensi onal
~crystalli ne maf@taimwigthee;rodeaydemgnw& zﬂ:@nrad y- Si zed pores of m)l ecul ar scal e
W th| n: each d| mensi on.” These

7] ‘In st1]1 yet a:nother embodlment the mventlon is dlrected to 2 process:
,for alkylatlon of aromatlcs usmg an alky]a’ﬁng agent and an aromatic hydrocarbon -

o WhJCh both have been pretreated usmg the process descnbed abeve

... Detailed Description of the Invention: =

i 'Molecular Sleve Used for Feedstock Pretreatment

- {0018] Molecular sieves are percus sehds havmg pores of dtfferent 51zes"'
. 'in,ciudiﬁg—crystallme moiecular s:e've_s- -such as- zeohtes,-‘- as well as_ ca_rbons_ _and,:%_" :
oxi&es. " The. most .'colnirrterciai}y yseful moleculdr sieves f’or'the .petro.lcumi. and
: ‘petrechemical industries .'are cfystalline-mellecular sieves. Crystalline molecular
 sieves in general .have a one~; two-, or three- dimensional crystallil_i.e pore structure
havtiig uniformly sized p_oifee ef tno_lecular scale within each dimensien. These .-
pofée selec’tively adsorb .mciecules that can enter-_ the ‘pores. and exclude those
- molecules that are too large. o | | | 7 o
[0019] ' Alumi'nosi.licate molecular sieves, also known as zeolites, contain a
three—dimensional_ MICTOpPOTOUS 'cryétal]ine ‘-framework lstructufe' of [Si04] and .
[A1O4] corner shar’ihg tetrahedral unite.-' Zeolites are generally s_ynthes'ized;by the "ol . oie-
hydtothermal crystalliza’tion of a reaction mixture of silicon and aluminum .

sources. Other metallosilicate molecular sieves with various metals (such as, for



- are known for use wi.th nmo

pores sel ectively adsorb nolecules that can enter the pores and exclude

“ those nolecules that are too |arge. [00191 Al um nosilicate nol ecul ar
*sieves, also known as zeolites, contail.a three-dinensional mcroporous:

: 'crystal I ne framework structure of [Si04] and [Al1l041 cornér sharing
~,,tetrahedra| units. Zeolites -are general |y synthesized by the hydrother rral

crystall'i zati on of a reaction mxture of silicon and al uni num - sources.

"Other netallosilicate nolecular sieves with various netals - (such as, for -5

exanpl e, gallium iron, ~.and/ or boron) substituted for alumi numin sone-
portion of = axhmpbs gstham iinoe, dndgerewaoety) sabgtitaled dorkalmminunn int Srenapertiof 0620]
Mol ecul ar si eves al ten ff{) ﬂ to npl cuI ar. sieve catalyst- .
conposi ti onst §F t b ‘?‘Y‘%/mat B3t facilitate handlihg.in
cormer ¢i al [%gﬂger S| %gﬁ%&&? % JQ%%%}J”EJP‘B%&H%EO %ﬁc%&ll&a&%lzé’ -Sctatatlyst

conposi tions I nin cular Sieve wt

mat er i al andioﬁipo@ﬂi@h@@ﬂm rAlvé mmmty wisetoofachitie @eadlandin@nihaciibt er i als
ﬁ)ecul ar sieves to form nolecul ar sieve catal yst.

conposi ti ONSSOnY Ereion mcmt@%'s Thesk walochlar pigveeatalyst cmwm preoferpedy ve to

B e e B SRR 5 RSP SR e RIRSRAAST, O

sieve. | 002L13e%fqt1§dtéa@ L;Md dhex heRdsiosk kv fdreeetwmtﬁdwdttat éﬂelay% ated

o prior to pretreatnent..Wile the nolecul ar sieves enployed in the. :
pretreat rrentfosnerpslecmtan ksxd:vd:)ea‘felazp'abdnapoﬁitmtehyhhsathlm;rs cap Acittiy m:ctcnaolsor pt i on_ .

of inpurities woul reduced i.f fi,cant. quantiti.es of wate
adsorbed by SREAREBLEYPS dp vEvids ColEh MESHEal SRERTEITIEE BBk GRS 0 t he

art that dryaoagaoet{oagaﬁfmma eeeﬂabogﬂfect Ref 85 RS raeatger&uwt# fbf%@ol ecul ar _’

sieve having a hig rati'o results in better -adsorption of polar

" conpounds. .. Gpblenglat sigvet he feedstock woutd be substantially. dehydrat edlprl or
“to’ pretreatnent wi th water nt on the order of .1 tg 100 - ppnw or -~ ..
less. This dOfgHrati dierabls t%acfgsée Gks kedt Sbwlyv%hyaﬁewe%a% known

inihe ot LR i8R AlolRuRERRSAL SolfibRRUR inehRUSaHIRAY ept | o

would be capable of dehydratton capaelty for adsorptlon of 1mpu1'1t1es Would be e
 reduced if 51gmﬁcant quanht:es of water are adsorbed by the molecular s1eve- = -
| _ V'pretreatment matenal It is lmown in the art that drymg a hydrocarbon feedstock -
before pretreating W1th a molecular sieve h_avm ¢ 4 high Si/Al ratio results in _better =
: _adsorption of ]oO'Iar compoun&s 'Op't'imally,' the‘.feedetock'womd. be substantially -
. dehydrated pmnr 0 pretreatment with water eo*ltent on the order of 100 to. "00 L
.. pPpmw or less. This dehydration csm be accomplished by any of vanous methods
known in the art, 1ncludmg the use of a separate’ mo.lecular sieve dehydration step.
[.0_022] In one embodizﬁent of .t‘r‘_lis.inve_ntion; the first pret_reatroent step uses ‘
a molecular. sieve having a SI/Al (silie'o_rl-to-alu-m_ihum) molar ratio of less than :
about 5, preferab-ly-les.s than about-j; more preferably bet’Wee‘n about 1 and at_)out e
2. Examples_ of suitable 1ﬁ01e'etilar sieves are Lin'de type A (LTA) mo'leculla'r_
sieves, such as 34, 4A and SA, and Linde type X FAL) molecular sieves rsurch‘ as
13X molecular sieves, and combinations thereof. A déscription of these molecular
sieves, their stmctures propertles and- methods of synt.hesxs can be found m
Y aeohte Molecu]ar S1eves " Donald W. Breck John Wiley.& Sons,. 1974
[0023] The second pretr-eatm'ent step uses. a molecular sieve having a Si/AL

- molar ratio of greater than about 5, preferably greater than about '10._.' Suitable



.[0022] In one enbodi ment of this invention, the first pretreatment step uses
a nolecul ar sieve having a Si/A (silicon-to-alumnum) nolar ratio of |ess

“than" about 5, preferably l'ess than abgut -2, nore. preferably between about " 1
and about - 2. Exanpl es of suitable nolecular sieves-are Linde type A (LTA) = -

mol ecul ar ~sieves, such as 3A, 4A and 5A, : and Linde type X (FAU) - nDIecuIar'
si eves such as 13X mol ecul ar. si eves, and conbi nations thereof. A '
description of these nolecular sieves, their structures, properties, and

nmet-hods of. synthesis can be found in "Zeollte Mol ecul ar Sieves,"” Donald W

- Brock, John MbleeylaRsiS@tSinclude @M -100281- ieqxrmqedmmtrearqentrretzep uses a

nol ecul ar sieve having a SilAl° nolar ratio of greater.than-about 5,

" preferably gP8ai3erS3Aan, ab@lut: llﬁtla, swirdealibe zedlitenohega| WE-%) @5d4-5; rm:ltlude

MCM 22, MCM 36,. MCM 49, 1TQ 1, ITQ 2, PSH3, SSz-25, zeolite beta,

mordeni te, ZEBMGRRN 99%5‘3 US Y,, ZSM5, and ‘conbi nations ther eof . [6024]

. The entire c nts- h .
~ Pat ent' No. 5&}92 277, ea(?hl Eg‘&glg %g&4§@gﬁt5h%% %Q%%@%@% 2teachl ng. '

- MoM49; U S URat B:It*entNNo 553&22@&%&@@@1&4@&%%5& Bhi&at Faiemm@l@?s ’
6,077, 498 “teachin g TTQ 1; U.S. Patent No..6,231,751,: teaching 1 TQ 2; U S.-

Pat ent  No. 4teagn Mreatms@atwsu@s zezé%e@emg N Mg 3ES entt ching .

SoTa0 007 " sb7R 40 hSip it 75 RN R ILE, BB BB TV

forms, such B&ent$.Y,430ubd)tSchiRatIegH-3NoL.S Pated 1986, s1066h tétehééte@

,'Descrlptlons of zeolite ‘onega and nordenite are referencéd in the "Atlas’ of:"

Zeol'i'te Fran®wdiB. rytpeeNe 3508068 teaching GirlitBheial behahatend/Nes. BEi36008 D. H,

-a Ast 1).. Pref | f "
e Secon o Tha b bass Rl bauhe LSUES . Rh S BSe R R Rk
.- pattern: 'nCiUgl‘_‘F‘Qarldhgg q‘étéllt"‘l\h’tg Sﬂ)ﬁ%'télﬁhrru‘gEZSWS 1@&&1 ns%f%ellt@

3.570. 07, and 3. 420. 07." [0025] I'n anot her e

: first. mol ec ubaegasitelmoniewite arSidfaknaed| inrthe 4ailes of ngleatl“emnewﬁrk Bprmaf” 5
. pr ef er abI y ggtﬁaﬁgd?trlor} h(?l? ]g tchel'rOW?\H Meter & . H Olson Amsterdam Elsev1er

di ment .of |S|nvent|on 'the-"'

R (2001) Preferred molecular s1eves for use n the second pretreatment step mclude 7' . o
- _ "those havrng an X—ray drffrachon pattern mcludmg the followmg d-spacmg.'.,. L
maxrma 12. 4+0.25, 6. 9:b0 15, 3. 57i0 (7, and. 3 42:&0 07. :
7 [0025} In another embodlment of thiis mventron the first molecular steve hasl-' R
“a S1/Al molar ratro of greater than about 5; ‘preferably greater than about 10 and: . e
ftmost prererably is MCM-22 The second molecular sieve has a Sr/Al molar ratro'-- |
: of less than about 5 preferably between about 1-and about 2 and most preierably
is 13X molecular sieve. _'
[002&} ' - In still another ernbodlment “of this mventlon ‘a’ hydrocarbon - g
: feedstock 15 contacted with at least two molecular sreve matenals havmg drfferent_ .
' pore 51Zes Preferably, the first molecular sieve has 12-nng pores @. e. contammg :
12 T atoms) with a diameter. of at least about 6 Angstroms Surtable molecularf.'_
srev_es. ha‘ymg pore -sr_zes of at le_ast about 6 Angstroms are.MCM~22, MCM~3_6," .
MCM—49,' MCM‘-SG, ITQ-1, ITQ-2, PSH-3, _SS'_Z-25, zeolite’ beta,_ mordeni_te,
zeolite omega, US-Y, Linde type X (FAU) molecular sieves, such as 13X, and
combiuaﬁens thereof. 'Preferably, the second m'olermlar'sie\}e has p'0res”with“ar. o
diameter of less than about 6 Angstroms. Su;table molecular sieves havmg pores_

with drameters of less than about & Anostroms 1nclude 10-ring pore zeolites such "



-most. preferably is MCM 22. The second nol ecul ar sieve has a Si/A nol ar
ratio of |less than about 5, preferably between about- 1 and about 2, and
“nost preferably is 13X nol ecul ar siever- [00261 In still ~anot her enbodtnent
of this invention, a hydrocarbon feedstock is contacted with at |east two
-nol ecul ar si eve naterlals having different pore 'sizes. Preferably, the
first nolecular sieve has 12-ring pores (i.e., containing 12 T atons) wth
a diameter of at |east about 6 Angstroms. Suitable nolecular sieves having
pore sizes of at |east -about 6 Angstronms are MCOM 22, MCM 36, MCM 49,
"MCM 56, | TQ- 35, Z8Nieh 2nd pbiex suchsezd@el pare shdlecatlayeneves @pverdrastldnde BpelA t e

onega,. - US- Y - Si ves s 13X, and. -~ -

“conbi nat i onsWt rrggfp&ﬁ ‘i('e bias %‘% b’j‘ée &Itﬁ%é’fls EPe has pores with
a. diameter 171]255 tlﬂastli? tﬁé}géxtn'b%?nenﬁu'tﬂea@l SrdEQJb%ﬁUfe%&stéét@‘@s havi ng

: pores W th ters o ess an about 6 Angstrofs include O-ring -pore

zeolites. sucd:nma:teﬁswitﬁ aafirkt mdlemlmstdﬁre:Mmgnpqres’ @ittt dimdessr cif lessetkarmas wel |

-as Linde type A (LTA) nol ecul ar - si eves, sugh-as 3A, 4A _.5A and. .

conbi nat i onsakoNkrfedmesagus7and hes FISISC%)C@I n@ﬂﬁﬂl}t”érﬂ%%hw}%@rﬂm’est with a

hydrocarbon §iesdat 95k o S0 BOLAMILN SulhlcshoMBLEPULOL: BhvieohaY ng.

pores with a et tha out Proms Second -

" molecul ar si @R diaNitBg dF0s8IhM iHbuR 6 mg’sﬁet&]e findlﬁds'il 0 orahelitesGudfgst r ons'
Sui tabl e nol ecul ar sieves having pores  w th dianmeters of |éss than about 6

Angst roms i ned 43M-16nd pigr pethemedivin pas maledwlarEeVESIEE svellasdlisénapeshch

di |2 1] de.t |
St eves, "such oottt 85, RndBin. A Ul SR¢ hpBsthehr Ml SHERHEL o
si eves havi ”ﬂtofb@ﬁﬁr §ie¥’@s§h@»fi%§boree§§és &bﬁqtas6 aPRESE AIBSrahe MMM 22, MM 36,

MCM 49, MCM 56, |TQ 1 . PSH 3, SSZ-25,.: zeolite beta,:. nordenite, -
-zeolite. orregMCNE@/ MQMrdé INEBI-XO( B‘i]ﬂ(DJ)I el 2y PAEE3i @S@sZS,smhteéoetalsx ‘and

oot & phacorbhERfeeaki ot L LRa T iR BAPL s EHER P SR Cont ai n
‘1 0-ring por eggﬁranhq:()gﬁnmgg@g@geoﬁl pha.value is often used as an i nd| cat or of
the surface acid - SI _
Sy . [0028} ; In general; molecular sieves preferred for hqmd phase pretreatment
in etther of the pretreatment steps would eontam IO—nng pores or larger o
10029} - Alpha value is often used as: an mdlcator of the surface acxd s1te:__]_‘ -
act;wty of a particular molecula:r sieve. In general Alpha value tends to- lnerease e
with increased framework alumma content
(65307 - The Sl/Al 'nolar ratto referred to may- be determmed by conventtonal'- -
analyms This ratto is meant to represent, as olose]y as possrble the ratto in the.
rigid anionic framework of the molecular sieve crystal and to exclude aluminum in
the b'i_nderfo'r in cationic o-r‘other form within the chanunels. Although molecular-
sieves 'with Si/Al molar ratios of at least about 5 are useful for the secorid
E '..pretreatment step, it is preferred to use molecular sieves having Si/Al molar raties :
greater than about 100. '
[0037F] When synthesized in the alkah metal form the molecular sieve can
- be convement]y converted to the hydrogen form, general]y by intermediate
formation of the ammonium form as a result of ammonium ion exchange and
calcination of the ammonium form to yield the hydrogen form. In addition to the
hydrogen form, other forms of the moleeular sieve wherein the original alkali

- metal has been reduced, preferably to less than about 1.5 percent by weight, may



‘mont mor i | 1 onfYRPOSHES Vil s Imolieniar sievenReiuge these ¢

activity of a particular nolecular sieve. In general, Al pha value tends to
i ncrease wth increased framework al um na content. [0030J The Si/Al nolar

~ratio referred to may be determ ned by._gonventional analysis. This ratiois.
meant to represent,, as closely as possible, the ratio in the rigid anionic
- framework of the nol ecular sieve crystal and to exclude alumnumin the
“binder-or in cationic or other formwthin the channels. A though nol ecul ar
.sieves with Si/A nolar ratios of at |east about 5 are useful for the second

pretreatnent step, it is preferred to use nolecul ar sieves having Si/A
ol ar rat i oshe wgeéaflavs,tthaorigheiglkdDMcta] 60 GtInvkerasyetdvesy bedeplacetibe al kal |

metal form the nolecular sieve can be convenientl y converted to the

hydr ogen f oriRft FehwiEs! Wi siher fiitete apailecations pdi(ronpod thoush nfiBn?li%es orm as

B R A U e L S

~ the nol ecul afal&iugY 6 WREELINInEBR. ori gi nal al kali netal has been reduced,

preferably to |less than about 1.5 percent by weight, may -8 - be used. Thus,
the ori gi-nal [088al i rietmby dfe ukefuhdb eingbrporate cthe shoyetsteserdsdaceatabine i on

~exchange with

ther suitable netal cations of Goups.|.through.VI1L of the
bor 1 odre TapReleeiiE St g M foBEaEs Anih gl areceri) pisgiteans fcne® "6

~ palladium g e}aﬁgb% r@ﬁ'&_.@@{dﬁ-ﬁbﬂgﬁtﬁﬁqye&%3%k' odBRY, bersugefMhailo
e abo I"ne nole

i ncorporates the above-described crysta ecular sieve with a matri X
conpri si ng. ameatehels ialide itath spsheicartd netwily otenpes atbstancasndaoiveBras

- condi tions enpl oyed in the process. Useful matrix terjals include both
r?zaysﬁﬁf“ asth : (dpe : '

synt hetic anla‘o?ﬁf&%%ﬁieya&%iﬁh@ﬁ afidyr mgtal gydes S WEFQERY O° o
i al s as.: Lica and/ oxides. The | at. be .
mat eri al s Sugﬁe?ﬁaﬂﬁ Qcéﬁxlﬂn%%zr_ n?ﬂﬁ gSJ?Té Igfﬂ%%%mgdgs t&lpl?iﬁ& éxaéeﬁseﬁxcfﬁﬁiﬁg g‘rf Gela

ei ther naturally occurring of.int | nous precipitate

Ji_nel udifig - ninitturee sofofilisd lahd aneadoxideal MNathrhly. oddatritgklays odadi ceindec! ays. .

whi ch can be conposited wiith the mplecul ar, :sjeve flegjcel ude. t hose . of the -
| _ | | WeppRignge and
S,Ub' b_en},tron'i tfa?;liﬁn:@aiﬁﬁ%s,kwiélfp far_nili_e_s_ inclu_dc-'the -sub—b_gntonifes ~and - the k.ao'lin's-
e commdﬂ_ly'.kpown as Di)gic, _MéNamée—Ge'orgi-a, and Floridai -clayé -__(')r ot_hers_. in-
' whjbh the r_riain mir'}eral:r =cc')i_ﬁs.‘ci’suen‘c''is .l-la'lloysi’_té, kaolinite, di‘ckife, nééﬁté, or .
anauxite: . _Such clays can ‘.b'e used in the raw state as o_ri:ginally .I'.I_lljned' or initiai]y
.sg?jec'ted:to é’a}cinatibn,' acid tfeafmen’f,’ or chemical modificatior. e .
[0033] - In addition to thé.'foregoing niatgarialé, the molec.uljar-s'ieve's eﬁlployed
h_ércin‘ -niay be Coﬁposited with a porous matrik material; such as "alumina; sitica~ |
alumina,’ siIica—fnagneé.ia; ;.'silica-zirconia-, siiicauthoﬁa,:.sﬂic’a—beryilia, and silica-
tifanié, as well - as .teméfy -: comp_ositidns; ‘such as silica—-al'umin&thoria-,_ silica- -
a]umiiiaQ_zirconja,- -Si]icaf_alumina—ma@esia,- and siiica—-magnesié_—zifcoma. = The"
_maﬁix'may be in the forrh of a'co'gel. The relative prbpox’cion_s of molecular sieve
'cornpohcnt-and' inorganic OXide gel matrix, -on an anhydroﬂé basis, may.vaxy
| widely with ‘the'-molecﬁlar sieve content rahging‘ from between-about 1 16 about 99
perq.e'ﬁ_t by weight and tﬁoreﬁsuail}y int the raﬁge. of about IISIZt'o, about 80 '.p'érc'ent Ey .
weig_ht: of the dry composite. .
[0034] ‘In 'gen'eral,_althou_gh it is preferred to conduct the pretreaﬁﬁg’“ stepsm -
- a flow system, wherein the sorbent particles are in the form of a fixed bé_d of 1/16
~ inch to 1/4 inch exin_ldéte or pellets, other sorbent shapes and sizes or modes of

~ contact may be employed. The precise conditions selected for the first



ES]

commonly known as Di xie, MNanee-Georgia, and Florida clays or others in
‘whi ch the main mineral constituent is halloysite, kaolinite, dickite, ‘
~naerite, or anauxite. Such clays can bg used in the raw state as originally
m ned or initially 'subjected to calcination, acid treatnent, or chemical -
.nmodi fication. [00331 In addition to the foregoing materials, the nolecular
si eves enpl.oyed herein nmay  be conposited with a porous matrix. material,
- such as alumna, silica- alumna, silica-magnesia,.silica-zirconia;
-silica-thoria, silica-beryllia, and silica- titania, as well as ternary .
conposi ti.onsprefdgtneas stdpl vila-tal BetemMeEnéd O Pariosik | doasideations, Hacladihgothiea; '
silica-al um na-magnesi a, . and silica-nmagnesi a-zirconia_ The matrix may be . in
“the form of natgesgel theTived mad dhe desitsd ajsgreaei Wrrsfivemens) Bediater beleg gudgednponent
and i'norgani ¢._oxj de, gel r.i X, on an anhydrous, basis, may vary wdely with
the ol cout airod b6 Soderedinai i et iR N lEne et 1Yo about 0o 0
percent by wRygh] andiRRNGUBYRIL Yo bk JNGAiBAGCaR thalPRtlic 3r IANAMIB0 -
percent by weight of the gry conposite. [0034] In general, although it is

- preferred topmtrestirg uitikernpy denaad it gvat epg need ta shitaloveyiht gnpceshevtglen t he
- sorbent particles are in the formof. a fixed bed of 1%1?_. i.nch.to. 1/4 inch -

" extrudat e or T§EENHTRERE OIFERBFINESWE OR POthd e ralert BB dROISFUIAE®ESof  cont act -+

may be enpl o The gr.echsecondidi ons: o for PG s
pr et reat nent Y@?’gb Wi lB@gfe%g%ﬁ%%ﬁ%ﬁd&géf\?g%_._?g}ggﬁg%gfgﬁ?ggg}%t%ng?]:éﬁali ;[’lg " udi ng
~the . nature efthdrie bbeest thogretbemtasiepiidatiedaepdins Tlié ReMEBpentt Aeudedt t er
bei ng judged. fromthe observed catalytic consequences of the pretreatnent.
[0035] It wi hercisewgbbe gndersiood e refii 1o 2enolesulan sigye twhipahasshaea|used 29@ series
sets of . -pretr ing .units may. be used to avoid,any.need _t.o. wdown the
brocess. wn PRERHAE NPL SulREoRE MAER: BTK (o Y 1Bt PPl BT LN
~nol ecul-ar  si gvedecill0:36)e Whieh 8hebéRdisedand irds@Rnbragdl Wil § siitiegiidrit fssaitpl 0ys.
spent catalyst for "either or both of the pretreatment steps:described
herei n. The s@edivitypagior ag8vifs edpertfieriehistsuniy alse iheds wed satalysts whish t o a
nmol ecul ar si gve V\/ni.ch]ha_ér{been_ gﬁed. as a catalyst and is no | onger being
used :for. cat ?‘95‘?.51} R %Cﬁ PTG %?a?&ﬁ | usually be ‘ : '

- {00371 ‘Highly siliceous- molecular sieves tend to have an _'oVe_zjaIl; Jower o

capacity for adsorption of ‘polar chxipoun‘d_s than the same structure containing -

: m'or'e.._-ﬁameW6rk alumina, Inaddltlon, a ‘mo_re —ﬁlllighlir__siiiiécous. mol_ecﬁlai’ sieve .
will géne'rallly sh_oW- a greater l'ovsé. of Védsorpti.on‘t:ajjécity in the presence of 4 "wet"

as. oppqs‘ed' to-'."dr-y'-" hydroca:'rbén “feed. On"the.'oﬁ-‘fer_- hand,--:--mo-lécu];ar;s’ié?eé-._

' _contain.ing“hi-gher léfze]'s_ of '.alumin_é in their framework sw@cmfes'tsnd'. to h‘avé

| higher-:adSOrptiOH capacitieé and _'be.m'_ore hydrog-sh‘il_'ic. ‘than. the high-_ly silicebus
materials.  Therefore, such a molecular sieve will tend to exhibit a hi ghercapacity =
for adsorptioﬁ of polar comp@undéﬁ When a high élu__miha con’_ten-t"m_olecul-ar sieve
ié nsed aé an adsorbent with wet hydrocarbon feeds, it Will tend to retain more of-

ifs dfgr_-gds'orption capacity. -_Thesé arguments hold for similar structures in which

" we can vary the frarhework alumina content substantially - a principle exam?le’ is -
the féujasi_te étmcture (FAU) for which IS-X molecular sieve repreé'enfs a high _
alumina_ content. éxamp]é and fﬁr which US-Y repreéénts a highly silice.oué ;7
ex_am'p'le. - . | _
[6038] . The effect of water on the capacity of all hydrophobic molecnlar._.. .
sieves would teach the use of moﬁtmdﬁl]onite clays as a good choice for

adsorbing highly polar compounds from water saturated hydrocarbon feeds. These



a nol ecul ar si eve which has been used and regenerated-with a subsequent | oss
-of selectivity and/or activity. Spent catalysts may al so include used
~catal'ysts. which have been replaced for any other reason. [0037] Highly

si liceous nol ecul ar-sieves tend to- havel%n overall |ower  capacity -for
zadsorptlon of pol ar . conpounds than the sane structure containing nore
“framework alumna. In addition, ‘a nmore highly siliceous nmol ecular sieve

will generally show a greater | oss of adsorption capacity in the presence of

. a "wet” as opposed to "dry" hydrocarbon feed. On the other hand, nol ecul ar

- pleves | cont ol A el | @Sl Rl L AIEALK P Ur oo

tend to have dsor pt1on capaC| e nore an 't he

“highly siliceeus mrrardefltal Be chpere&d ane,thlsuechdacmsol el‘rlﬂféét Siaue sifatated end to
exhibit a hlgher capaci ty . for adsorption of polar conpounds VWhen a high
al um na cont rrtrowbeewltramnmmeoum@lmsedteésom ety 60 lremovw stionglyt basic
- hydrocar bon o.retain nore o rt adsorptl on ST
ooy PO B sttt bRt B Rbari PR be oan vary
the framewor Kooy M NagGe ?ﬂonss 5 Ladlk! Al hivher R 'éfa@&rb%%@&%?@% ?hésé the
faurasrte structure (FAT) for ch 13X nolecul ar - si-eve represSents a-.hi.gh
- al um na cont endn kighiyp pelaandtrdgen medsurids -Willr exitibs ent sdsarptiaght” yesirptiaeous -
- exanpl e. [0038]. The-ef fect .of water -on_the capacjty of all %/drophobl c
_molecul ar - s PREBriwgImAer Baetion Rendigensot ImibstaBPT Phaskialeylgionyef Beze@good

o r o MBOKA e ML YoRY! 375ROROMANS T ATLBLEGA ARG be |

. hydrocar bon feed | ays, “however, are

‘potential corfleaiedait thelBed. b@vleng.hbtygh 00k avel bf Qeele miamie affeqs eaerayson this
acid clay. In fact, water saturated hydrocarbon streans are routinely:
treated over agay, ﬁéOW%Tlﬁﬁ?éY§‘t3Fedﬁ§j¢1;Dfl§l§§V1®’ ISrrPftqteééﬁd ebmihsuaas (BB) 631 o

 thelr use | el GG Galy ERERSIES ALORR) LR EARSANS Bl ocour

- at hi gher te ure ase rogen - S
‘. conpounds - wi hitrc%&ﬁlebmﬁaoﬁtﬁd attmrg;mtlr Qsﬂaléo HRs0r pilgia. semwrhmtypetmmeﬂem I

reactl on conditions. In the vapor phase al kyl ati on. of benzene
' processes mun at hrgher temperatures it has become common practrce to measure -
the level of basic mtrogen compounds by titration and to. control these materials to‘
help manage catalyst actrvnty If such a strong basw mtrogen compound were
B ”"'present du:rmg the th]d-phaSS aiky}atron of benzene ‘with- ethylene to make.
S 'ethylbenzene which occurs at- rnuch lower ternperatures (about 200°C) 1t would
'theoretrcally be adsorbed ‘on the actrve srtes of the catalyst untrl the reactron of
i benzene and ethylene was essentially cut- off In fsct *here .are a “variety of"
'_mtrogen compounds with, wrdely varying polarities and bas1crtres The stronger _.
| bases’ are detected by the titration method discussed above but the weaker bases
are not.- With the new lower. temperature liquid phase processes even very low -
levels of strongly basrc nitro gen compounds can have a material 1mpact on eatalyst '
actrwty over. time. In addition, less polar and less basrc mtrogen compounds can. -
also impact catalyst act1v1ty at. lower reaction. temperarures exh1brt1r1g adsorptron /oo
desorptlon behavior very much 11ke the stronger mtrogen bases at much hrgher' '
'temperatures |
[0040} The use of two. mo]ecular sieves in series as descnbed above Js' -. 8
R N _surpnsmgly effectwe for adsorptron of a range of po]ar eompounds and used

- together can substantially enhanee the cycle Iength for the pretreating system while

providing maximum protection for the catalysts used in low-temperature, liquid-



wi th et hyl ene above about 375C, as nuch as 10 ppnw of anmonia can be
“tolerated in the feed. Even though this Ievel of:feed ammnia affects

- catalyst activity, a |ower steady statg.level of acti vi ty is reached and
~ et hyl bei zene (EB) can -be pr oduced at commercial conditions: Ampnia is a.
~ highly palar, and basi c ni trogen conpound, although it i's also highly

vol atile. Since nany:pet rochem cal _processes run at higher tenperatures, it

has beconme conmon practice to measure the |evel of basic nitrogen conpounds

: bytltratlon and to control these materials to help, manage catal yst .«

- activity: |fplsge brc&eﬁntg)@bolbemat feed_ttbomrt?et@mnptedbyﬂt@smgrte@emeaﬂhe| ng the

1'i qui d- phase _al kyI ation:of benzene with ethyl ene-to nake ethyl-benzene which

occurs at nuSRdYRRerver enprarabidreshifighlouter ed:}noltrtra%nméeculaﬁeewem B8y be

adsor bed on tive s af_ th at benzene ’
flrs? éﬂg%%%n%“‘l l{hf%y Cmorgﬁ?{gﬁoiqﬁobég g?l $1§&Pmolﬁ%§t§o (tllblé)cular s

and et hyl ene”Wa are - a“varrety

ni trogen Conﬂ@%&h%éd&nbhﬂ@ixﬁe%@ﬁ%va%f&%ﬁ&bﬁ e®T nﬁfbkeﬁ%éfn@bﬁﬁcﬁ%anbbe :
stronger... .bases are detected by the-ti-tration. net hod di scuSsed above, but
t he weaker bawemplishad, mod th hight ¢fEcivecy bﬁ\ﬂmplteemimgaayam fd cenncweperveee

pr ocesses,  even .ver | evel s .of st c nit onpounds can- . -
“have a mat erlr?aelFYFplgﬁl&Sl‘F Confappagts C%H: g“t‘%“ﬁ%gl"r?l‘tﬁ@ée Wné%&l tion, less . -
pol ar and | ess basic nitrogen conpounds can. also inpact catalyst activity
at | ower reaction tenmperatures exhibiting adsorption /- - desor pti on behavior
very nuch Hkﬂqﬂb@ombfAnqmenoHvﬂogmbbﬂses at ‘much hi gher  tenper atures.
10040)- The use' of two, nol ecul ar sieves in_series as_described above is L
~surprisingl y!®#kct i vB 2 dirtiasorindigentod! BeramgRredt kBﬂth%ﬂ P‘fﬂ?ﬁiﬁ‘o%@% and
used togethgr.can bfézgt“ I n e ’

pretreatl ng gnitlystem\/\ll %b%v%%gﬁ%a%%aﬁgpr% lio%g or l)%e cat’a]lsysts '
~used .in | ow mnmecatwjﬁea ﬂinsqpreﬂreaﬁﬂentmbcaeennf gees shdi@ sdcond eméteatment

f eedst ocks. For. exanpl e, t%ﬁchoom ng to pretreat the. feedstock over a "nore
" hydr ophi | i c"molsgelar sjevajasiisparibe dieranmbhe dgrtad aliyiaible arompriic ¢qmrAminst ance,

~and then a "mprg \bydrgph htm%pgattg}? fdr{tﬂtedlﬁ’xl ¢ @Eieﬂtf@%lﬁ&%&f dirics€Ve 1N |

the second I NSt ance, T enoy fan rogen conpounds can be
- g : (preferably l1qn1d phase) and i} the presence ofa catalyst to prowde an. alkylated =

- a:romatlc product compns:lng at’ 1east one alkyl group denved from sa1d alkylatmgi’-'
R agent Preferably, a benzene feedstock is: contacted w1th a first molecular s;eve '
;""l'T"--:'-'such as13X: molecnlar 31eve and a second molecular sieve, such as MCM~22 to
SO 5 produce a treated benzene feedstock stream The treated benzene feedstoek stream_ :
i is contacted wzth ethylene inthe pre%nce of an alkylatlon catalyst, such as MCM-'—
22, MCM—36 MCM—49 or MCM-56 under su1table alkylcr‘flon condlttons 0. form
- 'ethylbenzene. Opt1onally, an alkylanng agent, such as-ethylene, may be contacted
w1th one or more molecular sieves,. sucl:[ Ias_ the first and/or second pretreatment -
._ Inolecular sieves, as described herein to form a treated alkylating agent. Often at
. least one polyalkylated aromattc oompound IS also produced Then at least a.
_portzon of the polyalkylated arornanc compound(s) atid" at least orie alkylatablef -
Varomatxc compound can be contacted under suff etent reaction. condztlons.
| _ (preferably hquzd phase)in a transalkylat:on section it the presence ofa catalyst o |
: convert at least a portlon of. the polyalkylated aromanc compouncl(s) to a
monoalkylated aromanc compound. R
[0042]_ Most an omatlc alkylatlon processes having a liquid "pha_se

transalkylation step are suitable for the improvement in accordance with the



acconplished, and the high efficiency of the pretreating systemto renove

~"even trace levels of these contam nants can be nmai ntai ned for extended -
“periods. -~ Al kyl ation of Aromatic Hydr ogarbons [0041] In a further embodi ment

' of the inproved. al kyl ation process of the invention, at |east one

. al kyl atabl e aromatic conpound, such as benzene, is contacted with a first

~pretreatnent -nol ecul ar sieve and a second pretreatnent nolecular sieve as
described herein. The treated al kyl atabl e aromati c conmpound and at | east
one al kyl ating agent are contacted under sufficient reaction conditions

(preferably priogedsdfpiagedenafitentiorn bptmraaaﬂio@ofofprar@ahoﬁyssép dsaicperibeide an
al kylated aromatic product cp}grl sing.at | east one al k

sai d. al kyl at #fye. afgntexampplsf ebabl Pateat b@ﬁieﬁ&&?@%ﬁst 6(99&6@ cohPeb6@H with a
first nol ecu r nd a_second mpl ecul ar
si eve, such g@b@fzﬁhd %8'%;?@@ é%scﬁgoragg}%i@@mb a?ée&%‘iﬂg?:lkudgtw m -The
“treated benzegenke CO ﬂ@qﬂgﬁ presence
- of an alkyl ati orlllfscglgtgragg §gse:i}§ar8ve% N ﬁ%ﬁx/%\ﬂ NB(%C% Sttahglg under

~ suitabl e al klyiam'nahgsmhnah tPISd:h% o0 MOM2 el hyl Betene . Q%Eﬁﬁél diqspniaas . o

al kylating a ch-as et hyI ene, nmay be cont a t ed th one or nore
‘mol ecul ar  sil gnngs tjEFlg a%l'lal“l*lea kylazogmaticq camPe rag‘fy\im%‘é{grr@ﬁt AQALEC Ul ar

pleves, as desgribadies ik ol Al 1AL eoisai»mm ofig6R desChian at

| east .one po ylated aromatic conp s ‘al'so produé en at |east a

-~ portion of t jaﬂ:pa&xhg/&idrybmxedl]@rmsm@ wosiRglatitg ah sendatdd cdrepsindongh a
al kyl at abl-e aromatl c conpound can_be_contacted under sufficjient reaction

~ conditions F—’Eﬁ"lab?l?ﬂﬁ‘i‘%ﬁuaamﬁh%ﬁ) Ppignh Nor £h224-864 seaches alkylatign afn t he
. presence”of n@oun a%ﬁﬁtUg‘:oPat%B{‘N%rE t12L3’ qgﬁch@s Eﬁ)éﬁdn%ﬂ &f 21913{1’%16 ?‘é‘yl at eol

aromatic.co toa nonoal ar onat Most

aromati c. al kyktaﬁﬂmo RO4EEEIS @S chbes p}gp@atﬁdrqolﬂzlam@s@lylriapmms&h&yrl&sebm step
are suitable for the inprovenment in accordance with the 12- process of the

present i nventieonerynlere dliaveh sartenlvanglr ar cxhtyrbine listisg. 85 tedwmesdd
i _ above. For eéﬁg}ﬂh& plLocg'Ssef %%ﬂtm%e mﬁjrggx% \%ﬁﬁ the4pr3s96%t %Q%ntxéh 954 663;

T [0043] ‘The term "aroma‘oc in rcfcrcnce to the alkylatable compounds Wthh. N
are-useful hercm is to be understood n accordance with 1ts art- recogmzed scope -. " B
~which includes alkyl substltuted and unsubsututed mono- and polynuclear :
compounds Compounds of an’ aromatic character wh:ch possess a heferoatom
(eg, N or S) are-also useful provided they do not-act as cataly_st poisons under the
~ - reaction conditions selccted » | -

[0044] Substltuted aromatac compounds which can be alkylated herein must -
possess at least one hydrogon atom d1recﬂy bonded to the aromatic nucleus. The
a:romatm Imgs can be substituted with one or more alkyl, aryl, alkary], alkoxy,
aryloxy, cycloalkyl halide, and/or other groups Wh](:h do mot mtcrfere with the

~ alkylation reaction. _

[0045] Suitable aromatic hydrocarboﬁs inclnde bcnzcne,' nophthal-éne,_ e

_anthracene naphthacene, perylene, ooronene and phenanthrene

[0046] Generally the alkyl groups which can be prcsent as substltuents on -

the aromatic compound contain _'f_rom 1 to about 22 carbon atoms and prefcrably -
R rfro.m about 1 to 8 carbon Fatoms,'and most preferably. from about 1 to 4 carbon‘

atoms.

roup derived from



5,001, 295; and, 5,043,501, describe alkylation of aromatic conmpounds w th
~various al kylating agents over catal ysts conprising a particular crystalline
“material, such as PSH3 or MCM22_ U SjzPatent No. 4,962,256 describes
preparing |ong chain al kylaromati c conpounds by al kyl ating an aromatic
.conmpound with a long chain alkylating agent. U S. Patent. No. 4,992, 606
descri bes preparing short chain al kylaromatics by al kyl'ating an aromatic
conpound with a short chain alkylating agent. U S. Patent No.. 4,954, 663

t eaches al kyl ati on of phenols, and U S. Patent No. 5,001, 295 teaches .-

al kyl ati on off0#EHpht halénble WIKS! suBstimrdd Momdiic048mbOdndie seludre solperepar at i on
of 2, 6-di net hxfl napht hal ene. These are a few exanples, although certainly
not an exhausi§ife RSOFFIMYEPenEIC; hEOENH e PreyIbeaLRYS; atainbﬁ-%%tbﬂéélg&al% ch may

‘be inproved w t he present invention, [0 431 The term"arongtic- in
refer ence_.tp%ﬁge eﬁ‘f/’l atcgk _ege’cpﬁ%%sﬁtxj(%gev\hi uﬁénear e’ u&%’?ﬂ% hé)(r&g?l%\enlgg?efo be
under st ood ifredesRbARCe WdibhibenAnk; I eeRARiAgsnSaRRe  Maithbdaetmudes al kyl
substituted and unsubstituted nono- and. pol ynucl ear  conpounds. Conpounds of
an aromati c isbrmylbeneneghi shhpodswgene henwmetpitonzence. gentamethyl®nzenee al so
useful provi ded they.do not act catal yst poi sons undey. the. reaction
condi ti ons sgggcti‘@g‘%e%@ﬁ]@ﬁﬁzfn%bsﬁégcﬁ gegaép 'Wer@onpg%n{]gw\%ﬂl FZE88n be

al kyl at ed hef ekn SES S Bl tEaASt - ORE N qad_Qrondi Yy ooonded to
the aronmati cf’%ﬁ:ﬁn g%%ﬁbl’éﬁlgééf’lr %ﬁ?@@?ﬁ%ﬁ?g %g&gg’bsa?? tg ﬁé{t}ﬂé‘éﬁo&&% lrafyt())n‘e or :
nore al kyl , @hyltoluedekar yl p-edhitoioene; ar ylmxpyopydipbienal kyl |, 4-béilyi-dexylarwg/ or

ot her groups.which do not interfere with the alky]atjan reaction. [00451

Sui tabl e ar oYY BRPAHBIRF ONS ?thﬂpﬁiﬂgh%@?ﬁene,zﬁ%éﬁﬁf‘%ﬂﬁ@wm%nt hPacene,

napht hacene, . : .corong o _phenant hr gne g&ﬁﬁ‘g _ neralglyy_t he

al kyl gr,oupse / i@é cg%e’be p%@gﬁlﬁa&gﬂgﬁgh tueﬁ?lggt%}% 't emgl?onntigc’:ﬁ_ocorrpoun'dv
contai n fronditnetlo/lpteaaithre??; canbsmeahgpeaacdhpmef dlightry mdlearraleightl to 8

carbon at ons, alnd most. preferably. from about ‘| to 4 carhon -atons. -13-
_ -+ alkylaromatic hydrocarbons Can also be used as starting matenals and mclude

ar_omatic hydrocarbons  such -as ai'e produced by the a‘ll.cy.llatioxi rof: _ ‘gr_or’naﬁb :
y hydrécarbons with. olefin ollgomers _Such_ products are frequé_nﬂy: ;cferrsd ‘t-o), i
lfhé art as alkylate and” include he}iylb'enz_ene, nonylbéhz'erle.,'Vdodecs;lb'e_;n_zc_ne:,.
‘pentadec:j'r’lbenzeﬂ_c, o hexyltohiéﬂe, S nonyltb]liens,' B dod_ecylt;)lqenﬁ,qu »
'pentadec_ytdl_uene.' Véry often ai_kyiaté“i‘s bbf'éine& as a h1gh boiling ff:action‘.‘.jﬁf -
which- the alkyl group attached to the: aromatic nicleus varies in size from about
Ce to aboht C1. Reformate, es’ineci'ally réf(}rm_at_e contéining s_ubstantiél'-qﬁantifies
_ of benzene, toluene, and/or xylene, weould also vc._onstituté' a useful feed for the
'élky]atﬁon process of this invention. | | |
- {0048} -- The alkylating .a’gents__. which are uséful in" the Iproccss _of -this
~ invention _'ge;_lera_lly include any. aliphatic or aromatic orgaﬁic compeound having
one or ﬁioré-- available alkyféiﬁng éliphatié groups capable of "reagfiaﬁ with the . -
alkylatab]e aromatic compound, -_prefe‘_rébiy with the alkylating group po_ssessiﬁg e
- from 1to§ Carbdn ét_voms; '_Ekamplé's of sﬁitablé alkyﬁating‘ agents are olefins such
as ethylene, propyléne, the butenes, and the pentenes; alcohols (inclusive ‘_.of
menoalcohols, d‘ialéohols, trialcohols) such as methanol; ethénol, the jﬁfopanpls, :
- the butanols, and the pentanols;.aldehydes such as fénnaldehyde,"acstaldehyde,_

IR

'pr'opional_dehyde, butyraldehyde, and n-valeraldehyde; and élkyl halides such as



“starting mat B0l s a 1¥?ﬂﬁs

[00471 Suitable alkyl substituted aromatic conpounds include toluene
-xyl ene; isopropyl benzene normal propyl benzene; al pha- nethylnaphthalene
“et hyl benzene; cunene; nesityl ene; dureq? p-.cynene; butyl benzene
- pseudocunene; o-di et hyl benzene m di et hy benzene p- dlethylbenzene
-i'soanyl benzene; |sohexylbenzene pent aet:hyl.benzene; pentanethylbenzene
1,2, 3, 4-tetraet hyl benzene; 1,2, 3,5-tetrainethyl benzene; - :
- 1,2,4-triethyl benzene, 1,2, 3- trlnethylbenzene m but yl t ol uene;
- p- butyItquene 3, 5- dlethyltoluene 0- ethyItquene p- et hyl t ol uene;
- m propyl t ol ugReiyl 4nRkaY) etH&P‘dh'l&ﬂﬁ; thedpraBLIBHINGRR! Bl BAgScHi&adsNarhihal ene;
- 2, 3-di net hyl ant hr acene;” 9-7 et hyl anthracene 2- nethylanthracene B
0- nethylanthpqﬁﬁnéhnﬁbeamddp&mﬂhylphenanthrene and 3 et hyl - phenanthrene
‘H gher nol ecyl.ar. wei ght E%Iarona ¢ hydrocarb n_al so be used a

| | SEniplgiRg 548 A5k iieHedeonis & PFoduced
by th Kyl f h.
o ottuct o &Y 6BV RLRhRESBLE s REILCRE RPN, %‘ﬂ’é@}% SRORRb R 00

- hexyl benzenebutbnsty l2béoz pRralenelodish henaaioe, conﬂﬁﬁé:ﬁ@lexfyd bef@end, refinery: -
~hexyl tol uene, - nonyl tol uene, dodec¥ltoluene pent adecyt ol uene, Very often
al kyl ate is Btaiish ecB-adiek gasglb oAt it g@Saetmtemmg\ ethxxﬁneh prdRyleaek gic.group

- héd | b '.
aLtached Lo LU OIS AUEL SRR GH LDt SOt M iR ©12

 benzene, tolgﬁﬁgm &Qd@@hlMky@ﬂﬁgagﬂﬁhﬁxéhso constltute a useful feed for the:zf.

“al kyl ati-on process of this i'nvention..,, [00481- The-alkyl ating agents which
are useful | WOSHE pr otyssalofromatis. a]hyfrﬂ;l@mt Ieomcgen‘eh@hllgnay el meowﬁlythal i phatic

e B R L B e SISt Sy it BB LR

- conpound, . pr @48l aidheNeiBehdBorl ¥ aldib o@%@ﬂ&&%ﬁ?ﬁﬁdp@&nefétﬁﬂ}o]}uér@ 5
“carbon atons: 'Exanpl es of suitable al kylating agents areé ol efins-such: as:

et hyl ene, pr ﬁpgd treeteaction bfitdnes, withcethyleng emdeeassneal fawhghs r(:athhue‘ ive of
‘- nonoal cohol s, ,dial¢ hols1 trial cohol s) such as methanol ; ethanol, the
" propanols,  tWRFISIENIPEYEG Y t he pentanol s, al dehydes such as for mal dehyde,

 acet al dehydeiopgspp On%@ehyﬁemnbwoxéeldmﬁmmﬁ{& R-osahesal detvdsi nand al ky! e

: -.halldes such as "

:orgamc reactants 1. €. the a]ky]atable aromatic compound and the alkylatmg agent
. ares brought 1nto contact w1th an alkylatlon catalyst ma sultable reactzon zonie sich -
- 'as for eXample in'a ﬂow reactor ecmtammg a ﬁxed bed. of the catalyst,- o
' _ composmon under effective. alkylatlon condltlons Such condmons include: a
5 temperamre of from: about 0°C to 500°C, and prelerably between about 50°C and
about 250°C a pressure: of from 0 2 to 250 atmospheres and preferably from
about 5 to about 1_0_0 atmospheres, a_mol_ar_rano of alkylatable a;omahc compound
to, alkylating agent of from about 0. 11 to 50:1, and preferably can be from ebout. :
0.5:1 to 10: 1; and a feed wexght hourly space: veloc1ty (WHSV) of between 0 1 end :
500 hr ], preferably between 0 5 and 100 hr'. o _ _ S
[OOS_Z] ' The reactants can be in elther the ‘vapor phase or the liquid phase
end'.'--can be ne_at, ie., free from intentjonal admlxture or dlhlthIl with other
material, or they can be brought into contact with the zeolite cata]_yst composition
~ with the aid of cani_er. gases' or diluents *__suoh:.as, fo'; ‘example, hydrogen. or
e nﬁro_‘gen; . o _ : |
- 10053} When benzene Ss alkylated with ethylene to p;oduee ethYlhenzene,.

the alkyiation ieaetjo.n may be carried. out in the liquid phaée. Suitable liquid



-14- nmethyl chloride, ethyl chloride, the propyl chlorides, the butyl

‘chl orides, and the pentyl chlorides, and so forth: [01044] M xt ures of
‘li'ght olefins can also be useful as al kgl ating agents in the al kyl ation .
process of this invention. Accordingly, mxtures of ethylene, propylene,

-but enes, and/or péntenes which are mmjor constituents of a variety of
refinery streams, e.g. fuel gas, gas plant off-gas containing.ethylene,
propyl ene, etc., naphtha cracker off-gas containing |light olefins, refinery
FCC propane/ propyl ene streans, are useful alkylating agents herein. [0050]
Typical arongidse ankjticaki. mnluﬁeam:ttempsramm detwesn 5607 mpdodEHFt (S0° pdsent

- invention include obtaini ng ethylbenzene fromthe reacti-on of benzene w'th.

et hyl ene, cu%g)fPTSfﬁTQMEbﬁwéﬂHQ%OF@WEN%OWW%Q APECSSEte A 00 uene ¢ |
from the 1 eassipnsg! aheluene, MRS MNLAN, ALEY SRS (ABYA Sapetion of

tol uene with pro t1on proocess I'S Tnvention:is

conducted sughajt b ac%h@locﬁy%weénrasaqﬂt(ﬁ%ﬁdzo VEHS VL b&f@be'h@tv%éhq aiomat i c
conpound and the al kylating agent, . are brought info contact with an

al kyl ation caiviHpd basredamsttleteéb’il@erfeetbtan@ﬁ raigmef e dlenzens tothﬁetbﬂamne' a. .
fl t f t I t d :
L Foct roct o el Teoddot bl PR abdle: PR e TG Yo feo“efi[‘u?re of

~ from about 0@0‘5@ } 900C, m%&@%@%yﬂ%&%%ﬁ Pldhe ﬁpﬁmﬁﬁée mﬁﬁ&i&t 100G a

pressure of om 0. 22 to 250 atnosphéres; and eferab from abéout 5 to
- about 100 at masitemes alsa taitel;ﬂacen&tdenhapild@mkgd camdhioasmuhumngetmmqnﬂuwd to
“al kyl atlng agfnt of from %Q ut 0. 1: Q

_ 1, apd pre rab from
““about - £ B&d %F‘bﬂtsoﬁ Figy ?}acko (D L¥ ?:{/]ﬁel -

o _ : JP11§: 3bouh iU
 between 0.1 09256 nimoBhELELARLY, DLt eeN B Aodido L 10054 The
" react ants ca bseur?n elgkg S?Ee vaporS e or - the I'i qui 39 %ﬂw andancan be
~ neat, arbneaexcfh}dmdafHoanWelgh‘ahomanpﬁce relaity AWEHE VT \ﬂdfﬂn odthérto . .
'materl aI t hey, can. be bro uggF jnto contact with the zeolite catalyst .
" conposi ti on 2 Bh ﬁ’ﬁ%teréph’%‘?m rl‘éﬁo&éses or diluents such as, for exanple,
| 'hy_d_r_ Og_e,” or {0_055_] -~ The arornatm feedstock stream may contam impurities such as, for

o exa’mpl’e olefins, dlolefins styrene oxygenated orgamc compounds -sulfor
eontammg compounds rntrogen contalnmg compounds ohgomenc compounds
and comblnat:ons thereof. These 1mpuntles or ¢contaminants can deactivate or

“phag alkylation and/or transﬂkyla’non catalysts These 1mpunt1es may ongmate o
"from external feed strearns or may be produced in either hquld OT vapor phase
-alk_y]atzon reactors, or they may come fromboth of these SOUFCES. -
[0056] .~ In the process of the present invention these 1mpunt1es are removed
throngh staged adsorption in a pretreatment step. The removal of these impurities
) extends the cyele'timebetween catalyst changeouts 'By preventing poisoning and
- potential pluggmg of the valuable catalysts. The operating conditions. of the
R pretreatment step are such that the feed 1 is in the hqmd phase.
{00577 . _ In some embodiments of the mventlon the feedstock stream to be
prehfeétect, r.e. the alkyletable aromatic compound and optlonally, the alkylatmg
- agent, one or more of which contain some or all of the above-referenced -
impurities, ‘are brought into contact with the ‘first ‘and second prefreatment
molecular sfeves, respectively, in a.suitable pretreatment zone such as, for
example, in a flow reactor containing a fixed bed coinprising the molecular sieve;

“under effective liguid phase conditions to effect the removal of the impurities by



ni trogen. 100531 When benzene is alkylated with ethylene to produce

-et hyl benzene, . the al kyl ation reaction may ‘be carried out in the liquid
- phase. “Sui tabl e liquid -15 phase condi.ti ons include a t enper at ur e bet ween -
300 and 600F (150 and 316C), prefer abl'y " between 400F and 500F (205C and

';'260C) a pressure -up to 3000.psig (20875. kPa) preferably between 400 and

"800 psig (2860 and 5600 - kPa), a space velocity between about 0.1 and 20
WHSV, preferabl'y between | and 6 WHSV, based on the ethylene feed; and a -
rati o-of the benzene to the ethylene in the alkylation reactor froml l1to.
30:1 nol ar, Qtsetgratblntefangmut bk hlyd%llaﬁfon 2l QRS Ay MNBP BEREENDe S

al kyl at ed vmth propyl ene ‘to produce curene, the reaction may also take

pl ace under Eomtadted ohnhetheoﬁdt tandfts sermohalrdrretyesmnemrmmlemﬂmesreoes @jgthdro about -
250C, e.g., up to, 150C, e.: from10C to about 125C; a pressure of 250
at nospheres’ &dueataly é”g COHWWHIY 't ol i irefered aporsipitns, caplayed dm ther omati ¢

“hydr ocar bon e, r 250 ~ - -
hr', preferagfelt’%l%“ %{eﬁgﬁ&?& %g&ll%?llﬁlye[ é%\g@@ l(lli: tér@rli;l%l %21f ee%l(luec’k st ream B
TRy .CONt &l N. bk PrdfEiaBEr. SRFBEAs50°F Qihd - SHOATPEEC- lee‘fo)nsft dgllt&ibhﬂ? ispadeyT ene,” ©
oxygenat ed or gani ¢ conpounds, ‘sul fur contai ni-ng conpoun ni‘trogen. - o
contai ni-ng c@dp@lm’tﬂé’ﬂrgf%(é@ﬁ’@rﬁee ab@ﬁﬁbhhﬁsabouéﬁgﬂ btom’ﬁil‘ﬁtatqf@n@}ttff@r 84f . These

t t d t at lu i d/ D
o ar B P R T BRRE ot S it SRR RO e
- feed streans ey LIRSt PrefbithRhr kic@¥lictn O élﬁp%ndi’tlﬂ&%ethaﬁhleyl ation

reactors, or they nmay cone from both of these sources. [00561 In the process
‘of the presenppiopugntd erhi¢veshepieipredi 1n]eegomnteonse“nnthedtlk}tla1mugh:t@naged

. adsorption in a pretreatment step. The renoval of these inmpurities, extends
"“"the cycle time between catalyst changeouts by preventing poi soni ng. and -
pot_entl al pl wagidk e@f t he- val uabl e catal ysts. The operating-conditi ons of
the pretreafment sStep are such that the feed is in the liquid phase.” [00571
In Sone: errbom(tfﬁhts otI’he t&dlmnﬂgmmespﬂomdfeeadﬁummsbf d&mffeotrtamess of

.+ the present mventmn for alkylat]on of an aromat:c hydrocarbon A benzene feed

ltwas contacted w1th a conventmnal 13X molecular sieve 1n an upflow pretreatment :
- un1t The treated benzene feed and. untreated ethylene were contacted W1th an -
'alkylatlen catalyst 1n a reactor under suttable hqutd phase alkylatton oondttrons to

'produce ethylbenzene The act1v1ty of’ the alkylatlon catalyst dechned by 38

:-;__ :percent-after being on stream for 22 days when the benzene feed was pretreated T
.w1th 13X rnolecu]ar s1eve. Sdbsequently, an apprommately equal volume of 4A°
- molecular sieve was added to the top of the pretreatment unit and downstream.
from the 13X molecular sieve. After the addition of the 4A molecula-_r sieve, rthe o
-reactor remained in senrice using - the s_azne ‘alkylation catalyst with no interim
regeneratiOn 'procedures ‘ The pretreatment of the benzene .feed ~with - 13X
molecular sieve and 4A molecular sieve. followed by the alkylanon of benzene_
' W1th ethylene contirued . to be operated at Substanttally the same operatmgr
o o condlttons for another 22 days. Dun_ng this time, the act1v1ty of the alkylatlon
| catalyst showed a further decline of only 2 percent over the second 22 day r)miod,
fora total reduetion of 40 percent frorn the initial catalytic alkylation activity. .
.7 '[(.}05-9.},..- - In an experiment comparable to that above, an approximately equal--
\_rolum'e of MCM-22 was placed in a pretreatrnent unit - downstream of 1'3Xl"

molecular sieve. The reactor remained in service and operated with no interim



pretreated, i.e. the alkylatable aromatic conpound and optionally, the

falkylating ~agent, one or nmore of which contain sone or all of the ‘ :
above-r'ef erenced inpurities' are broughy into contact with the first and

second pretreatnment.-.nol ecul ar sieves, respectively, in _ suitable

-pretreatment zone such as, -for exanple, in a flow reactor containing a

fi xed bed conprising ‘the mol ecul ar sieve, wunder effective liquid phase
conditions to effect the renoval of the inpurities by 16. adsorption. The
al kylatabl e aromati c hydrocarbon and the alkylating agent may be contacted
with the firstgamethtion pseedictspiRirdgsd RNLMDD ey ArdugitRie Sheehdthery of the

 sequentially or concurrently. The preferred conditions enmployed-in. the

pretreat ment aed@pn paklisesieved e edditioaalfledlinem "fh)@et@ipﬁﬂmeﬁts( 2YGl 8160),

and preferabl_ et ween, 150F and- 500F( 66 2600 h ur pace ”
velocity 2 tﬂ@&?&%éﬂ omically Stgnitigan f‘?ﬂgﬁf $ %ﬁ“% é@@rably fron1‘
0.5 hr' to 100_hr i; and a pressure between about anblent and about C

600, . psi.g... Operating conditions for the pretreatnent steps can be any
conditions that are approprlate to achi eve thepreferred inlet conditions

f_for t he al kyl ati on reaction.”. Exanples [00581 The follow ng exanpl es prOV|de_a
“‘an illustration of the effectlveness of the present invention.for

al kyl ati-on of an aromatic hydrocarbon. A benzene feed was cont act ed with a
conventional 13X nol ecul ar sieve in an upflow pretreatment .unit. The
treated benzene feed and untreated ethylené were contacted with an

~al kyl ation'.catalyst in a reactor under suitable |iquid phase al kyl ati on

conditions to produce etbyl benzene.. The activity of. the alkylation

~catal yst declined by 38 percent after bei ng on stream for 22 days when the

benzene feed was pretreated w th I3X nol ecul ar sieve. Subsequently, an.
appr oxi rat el.y equal - vol une of 4A nolecular sieve was added to the top of .

‘the pretreatment unit and downstream fromthe 13X nol ecul ar sieve. After

the addition of the 4A nolecular sieve, the reactor remained in service

using the sane aIkyIation'cataIyst.mﬁth no interim regeneration procedures.
_ The pretreatnment of the benzene feed with 13X : : o



nmol ecul ar sieve and 4A nol ecul ar sieve followed by the al kyl ati on of. benzene

~.with ethylene continued to be operated at substantially the same operating

-condi tions for another 22 days. During this time, the activity of the:

- alkylation ' catalyst showed a further décllne of only 2 percent over the.
~_second 22 day period, for a total reduction of 40 percent fromthe initial -
“catal ytic al kylation activity. [ 00591 I n-an experinent conparable to that -
above,- an approxi-mately equal volume of MCM 22 was placed in a pretreatment’
uni t. downstream of 13X nolecul ar sieve. The reactor remained in service and
operated wt N terim17 regeneratlon procedures. During a test of 22

days in duragrdgﬂﬁghe activity of the alkylation catalyst showed no
addi ti onal decline. These experinments reveal a substantial and econonlcally

significant reduction in the rate of catalyst aging. -18- CLAIMB | claim 1. |
A process foEC}@llrnyl ation .of an aromatic hydrocarbon stream corrprl si:ng

nit r ogenous. i npuri-ti es, said process ‘whi ch conprises: (a) renoving at | ea‘st'i' '

a portion of said nitrogenous inpurities by _—contacting said aronmatic
hydr ocar bon str earﬁ wrackSsafori dlisylating eban sroraatis, ByArearboRy SEEeas /ORI 1 at i o

of . 1 ess than ﬂp mé%uéseggg 0o Wﬁfaﬁ%fngh%é@ al.l ofthe remaining.

~7 portion of sal enous 1 mpur.i'ties actl ng said aromatic L
- hydr ocar bon strea ‘ste th a-secon | ar si eve havi a Si /AI _
" nolar ratio of grg]%lt er re‘?‘l’l ﬂéa% @@StSatR?rB?rb c%a‘ &8%?“883&%% %%’, o
hydrocarbon st r eaRbndnCOM ahhd T bt cliQaar o Stream
of step (b) wth an alKylatiog agerit in the presence of an alkylation -

catal yst under- alhkvrhgtalSo/mlcmflahJtahonsldsmthanetiomé an al kyl ated aromatic
hydrocar bon stream 2. The process of claim1, wherein the first nol ecul ar

si eve i-s sel ected by Omreril@@ngr QURtBOAS Sdl] ng @‘fe l;cemd;ﬂnﬁyﬁﬁarﬁoﬁ Ld'ﬁ“x)SaidDI ecul ar'."’",

- si eves and Li: nde type. X .
_ ‘mitrogenous’ 1mpunt1es by contactmg said arornatlc hydrocarbon stream of

. step. (a) w1th a second molecular s1eve havrng a Sr/Al molar ra,ho of greater‘ .

than about 5 to produce a treated aromatrc hydrocarbon stream P

. (¢} corrtactlng sald treated aromatlc hydrocarbon stream of stcp (b) o

VWIﬂ'l an alkylatmg agent in 'the presence of an a]kylatron catalyst under' L

N alkylatton condrtrons to produce an alkylated aromatlc hydrocarbon stream

: 2 " _-The process of clarm 1, wherem the first molecular sieve 1s selected from -
-the group consrstmg of Lmde type A (LTA) molecular sieves and. Lmde type X '

' (FAU) molecular swves and combmat]ons thereof

3. The process of claim 2, wherem the Lmde type A (LTA) molecular sieves
“are 3A, 4A or 5A, and the Linde type X (FAU) is 13X. '

: 4.' The process of cla1m 1, wherem the second molecular s1eve 1s selected N
from the. group consrstmg of MCM-22 MCM—36 MCM 49 MCM 56 ITQ 1,
' ITQ 2 PSH-3, SSZ-25, zeolite beta mordenlte zeollte omega US—Y ZSM S and

combmatrons thereof.

5. The process of clatm 1 wherem the first molecular sieve 1s 3A, 4A SA or
13X and the second molecular sieve is ‘MCM- 22 MCM 36 MCM-49 or MCM— :
56.



- (FAU) nol ecul ar sieves, and conbi nations thereof, 3 The process of claim 2,
“wherein the.Linde type A (LTA) nolecular.sieves .are 3A, 4A or ‘5A -and the

-~ Li.nde "type. X (FAY) is 13X. 4. The prooﬂ!Ss of claim1, wherein .the second

.ol ecular. sieve is selected fromthe group consisting of MOM 22; MCM 36,

. MCM-49; MCM56, 1 TQ 1, ITQ2 PSH-3, SSz-25, zeolite. beta, nordenite,
~zeolite onmega, US-Y, ZSM 5, and conbinations thereof. 5. The ‘process of

claim1, wherein the first nolecular sieve is 3A 4A 5A or 13X and the

second nol ecul ar sieve i s, MCM 22, MCM 36, MCM 49 or MCM 56, -19- 6. A

_process for 4l ky|ﬁatnrewsefforaﬁllelﬂeﬁetqfcalhw@élarlwdm@rb@arﬁeehﬁﬁmenﬁgg |

‘nltrogenous Lapurities ai d ocess whi.ch conp r| ses: (a).contacting said
Tp i il

aromatic hycﬂ1 BRI Woﬁesﬁ,&’ IQHACO 13X nol ecul ar- si eve, or
conbi nati ons thereof ‘to renove at |east-, a. portl on of S%ﬁd nl%rogenous

‘i npurities; «(b) tac‘tan‘f’@t@&lsélldaﬁf‘éiﬁétﬂ‘tByqu%ﬁﬂe‘ehF‘Eﬁﬁﬁl’é’tl% ofstept(a) with .
NI 22, OV 36, MR 09 ARG, LTtk TR e BRSO P £58LLS Dot

_nordenlte zeol i t € onega Conbinat 1 ons e
produce.a.-" treat(ﬁdaﬁ{rrgﬁagd@ub)&dpmagsbon streamthat is substantl ally free

~of said nitrogenous inpurities; (c) contacting said treated aromati ¢

hydr ocar bon st re;a('g}, of ﬁn%nﬁg)sﬁ](}zﬁr&nggc q{e}@y{; HoR9sRE8Moff Bte gh@a yPRggeEnce of

- an al kyl ati‘on catal yst under ati.on tions to produce an al kyl ated -
aromatic hydr ocarM@MQ&rMA 36, MCM-doeBHCNI6T6, I"EleyIIEQ-EnPSiﬂ-?:arSSZFZmatl (o3

hydr ocar bon stream conprisin i mpurjties, said pr whi ch- eo ri ses: (a)
contacting the aréRhts b,ef%yrﬁ?%@%llt%dﬁogﬁer%ﬁavptgﬁaoﬁ‘igMS“SrRT ?é}'*?ﬁhla FUONS | eye

~having a pore di afpf6F Q‘Iﬁé G‘é:'ealsdt tPeQ{%ﬁt aﬁm?ﬁﬁsﬁlér@f&afb%nr@ > @t jkeast a

.portlon of . sald inpurr'tie hen a-second nolecul-ar sieve having
‘ . ' substantrally free of said rutrogenous 1mpur1t1es s '

‘('c) contactmg said treated aromatic hydrocarbon stream of step (b)
-w1th an alkylating agent m the presence of an alkylatron catalyst under'-; .

_ 'alkylatron condltions to produce an alkylated aromatlc hydrocarbon stream ._

7. A process. for. a]kylatron of an aromatrc hydrocarbon stream compnsmg__

L 1mpurlt1es ‘said process which compnses

: .(e) contactrng the arornatlc hydrocarbon stream Wrth a first molecular -
: swve havmg a pore dlarneter of at least about & Angstroms to remove at -
least a pertion of said 1mpuntres and then a second moleculm sieve havmg'f
- a pore diameter of 1ess then about 6 Angstroms to remove substantraﬂy all -
~ of the remaining portron of said impurities to produce a treated aromatio

hydrocarbon stream; and

(b) contactmg the treated aromatic hydrocarbon strearn with an
alkylating agent or Optlenally the treated atkylating agent, in the presence . '
of an alkylatron catalyst and under alkylation conditions-to produce an

- alkylated aromatic hydrocarbon streant.

8. The process of claim 7, wherein the first molecular sieve is selected from_
the group consisting of MCM-22, MCM 36, MCM~49 MCM- 56, er 1, ITQ 2,
PSH-3, SSZ 25, zeolite beta, mordenite, zeolite omega, US- Y Lmde type X

(FAU) molecular sieves, and combjnations thereof



‘then a secon
'Angstronrs tOsécsﬁ@l&w&sbstsﬁ%hsair&ymblsﬁf the

-l ess than 6 gstg,gms to

a pore dianeter of Iess than about 6 Angstronms to remove substantially all

"of the remaining portion of said inpurities to produce a treated aromatic
~hydrocarbon stream and (b) contacting tOhe treated aromatic hydrocarbon

streamwi th-an al kyl ating agent, or. optlonally the treated al kylating-

.agent, in'the presence of an al kyl ation catal yst and under al kyl ation

conditions to produce an alkylated aronmatic hydr ocar bon.stream 8..The
process of claim?7, wherein the first nolecular sieve is selected from t he

. group consi sting of MCM 22, MCM 36, MCM-49, MCM 56, I TQ 1, ITQ 2, PSH- 3,
S57-25, - zeol bt e behaprdBREAENiER, 87 RRbichetREEde t,tgé (%‘_(Alglrﬂél@cﬁlyrpﬁc\?é is ( FAU)

nol ecul ar si eves, and conbi nati ons t her eof -20- he ‘process of claim8,

wherein the L3X%de type (FAU) nolecul ar sieve is 13X 10. The process of

claim 7, wherein the second nol ecular sieve is selected fromthe group
consi sti ng of0.ZSMrBe prbdde of y:taemA7(tuM)mnnmbeseudu&r il €xes, sicvedis seleolil natl ons
thereof. 11, The process of -claim 10, whierein the Linde type A (LTA) .
nol ecul ar si 5@@751118@’@11123}6@1151155111@r0f5¢$1\’1§2 Lindeetype é‘eé[sEAmed¢ gnsevestiafei n t he
first nolecular gve s 13X and the second nolecular sieve is 3A 4Aor
5A. 13. The ﬁ?%%%’% R heeal m 7 wherein the fi rst molecul ar sieve is MOM 22,

MCM: 36, I\/CM49 or MCM 56 and the second nol ecul.ar sieve is 3A, .4A or 5A

14. A'proc ess f or The RYACEES Grflam Hh “ﬁlefﬁ%thedelﬁ%"ryﬂﬁaﬁ Wk@?’@éﬁ%%ﬁﬁsl sing

‘i npurities, Q’[O&teiﬁ which conprisest (a) contacting the aromatic

hydr ocar bon streafm a first nolecular sieve havinga pore dianeter of

rtion,of .said.i ies and

t
BPrgcess 8y Barn /p N@ee%snbme SREPEIRLAR Sk 1P ’éld tl*sout 6

13. - -~ The process of clarm 7, Wherem the first molecular sieve is MCM 22;

MCM 36, MCMF49 or MCM 56 and the second molecular sreve is 3A, 4A or SA.

14 A process: for alky]atlon of an aromatm hydrocarbon stream comprrsrng. -

o 'nnpuntres sald process which compnses .

(a) contactmg the arornatlc hydrocarbon stream 'Wlth a ﬁrst molecular -
sieve having. a pore dlameter of less than 6 Angstroms to remove at ]east a .-
poruon of sard 1rnpuntlcs and then a second molecular sieve havrng a pore"
dtarneter of at least about 6 Angstroms to remove. substantlally all of the'

. remammg portron of satd rmpuntres to produce a treated aromatlc :

B hydrocarbon stream and

(b) contacting the treated aromatic hydrocarbon stream with an
alkvlating agent, or optlonally the treated alkylatmg agent, in the presence
of an . alkylatron catalyst and under alkylatlon condltrons to produce an

a]kylated aromatic hydrocarbon stream.
15:-  The proecess of claim 14, wherein: the first molecular sieve is selected from
‘the group conmsisting ZSM-5, Linde type A (LTA) molecular sieves, and
combinations thereof. | | '
16. The process of clalm 15, wherein the Linde type A (LTA) molecular swves'
are 3A, 4A or 5A.



-remai ning portion of said inpurities to produce a treated aromatic
“hydrocarbon stream and (b) contacting the treated aromatic hydrocarbon
~streamw th an al kylating agent, or qui onal |y the treatedal kyl ati ng: agent,

in-the presence of an alkylation catalyst and under alkyl ation. conditions

.to produce an. alkylated aromatic hydrocarbon stream 15. The process .of

claim 14, wherein the first nolecular sieve is selected from the group

~consisting ZSM5, Linde type A (LTA) nolecul ar sieves, and conbinations
t hereof. 16. The process. of claim 15, wherein the Linde type A (LTA)

nol ecul-ar sikves The gradbss dficlaim 3A, whafein 1ht sctbed preeds sidveck aclacted; -
wherein the second nol ecul ar  sieve i's selected fromthe %,rou5p6ztf:onsiwst_i ng of .

MCM 22, - MOMHEB®ED Nenpae crietse, of FEENL-22,| MEM-36pS{N-45ACM-56; dbQr e bet a,

Com nat 1 ond S S S5 A Rl RIS BBl O DR e YBE, o

conbi nat i onsX{RaNBGholedBar STORs PIRCREHiRtichk MeFeck ZSIMIRE LaIdR e ALILTHY - type _ _ .

(FAU) .nol ecul ar si'eve is 13X. 19. The process of claim 14, wherein the

first nol ecubalecsiaesieviss aBhcomiAngionsAbereefd the second nolecul ar sieve is
MCM 22, MCM: 36, -MCM: 49, MCM 56, HTQ 1, ITQ 2, PSH 3, SSZ-25, zeolite beta, .
- nmordeni te,. zERl i t ThOpRYEss ¢fSiadlin B X¥headin tioNideaipeaFaUhaskeoflar &6ve Bhe.

process of: claim 14, wherein the first nolecular sieve is ZSM5 and. the

second ol ecld®r sieve is MOM 22, MOM 36, MOM49 or, MOM56, 1TQ 1, 1TQ2 . -
- PSH-3, SSz-25, zeolite.beta, nordenite, zeolite omega; US-Y, 13X, or. .

conbi nat i ons1%.her &b¢ process of claitn 14, wherein the first molecular sieve is 3A, 4A or 5A -
© and the second molecular sieve is MCM-22, MCM-36, MCM-49, MCM:-56, TTQ-
1, ITQ-.’Z, PSHQ;SSZ-ZS_, seolite beta, mordenite, zeolife,ﬂomega_,_ US_—?; 13X, br )
_éombinatiéﬁs-théonf.‘ o o o ' R el
| 20 - The process of claim 14;-thf1'eir1 't'h_e" first mol_ecular_sié*;re.ii.svZSM*_S‘ and L _: -
. the second molecular sieve is MCM-22, MCM-36, MCM-49 or, MCM-56, TTQ-1, .~
i ITQgI_j:,_" PSH:3, 'SSZ’-Z:‘..S_.., _;eqlite béta, mordenite, zéol’ité omega, US-Y, 1:3'}{";'_ of

" combinations thereof. | -





