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Backgr oyglefdgidhe | nvention The present invention rel atespEd)fHiReEss
for producing al kylaromatics, 5 particularly ethylbenzene and cunene.

Et hyl benzene and cunene are val uable comodity chem cals which are used
industrially for the production of styrene nononer and coproduction of
phenol and acet one respeAliKELARGMNTICSPRODUEYION produced by a
nunber of different chemcal processes but one process which has .
achieved a significant degree of 10 commercial success is the vapor phase

al kyl ation ﬁfclbenz%;ggﬂtg S’tthél ene in the presence of a solid, acidic
ZSM 5 zeol i ySt=— 1 of such ethyl benzene production
processes are degge pRRentiifvedtion rdfatedtSprdess fob pfeducaidbalk{8@Watics,
4,547,605 (Kresge), and 4,016, 218 (Haag). More recenﬁy focus has been

di rected at partiquiady pthxenpineeed semerder 15 produci ng et hyl benzene from
benzene and et hyl ene, since I|.iquid phas ocesses, oper at . lower

t enperature than%t’ewz?‘?m@%%}d %ﬁ&%%&&ﬁ?@%ﬁ%@ﬁﬁﬁ%@gﬁ%ﬁﬁa{% resul t
i | over yi aloiSn@lsin o st Siuches ofATRL fronbinS: adRloph F2dor58
descri bes tﬁéeeqﬁflqusl d gﬁgse g)yntuﬁesig or et ﬁ’;?flhlgnz:g@e &nﬁdﬁ%@%noﬁte %felt a,
wher eas U. Sand Rat@mrtredgectiteld 3BthyBentbas enaylbeprodueed be aabmbeEM 2R ferent he

| i qui d phase synthesis of 20 ethyl benzene. Cunene has for, many_years
been pr oducERETRISAREPESSERSI Bt BYe RIRESSS tdghchas gehieved Signiliean degee Benzene

wi th propyl gne ' : ; ' r l. i

phos plﬁori C gm gcﬁgléﬁﬁ%s%%%%ﬁ}%% ?’ 1&%%%3’?%‘5}‘85g%{}?%ﬁgﬁe@éﬁ?‘?—‘h ﬁle

zeol i t e- bas pekseieadN101i8 yRIdNBSNBY gedlitecatdlostn Exhdples offich etpibengerdnd

sel ective for 25 propylation of benzene to cunene. For exanple, U S.

Pat ent No. Rragotignprocefsetd#t Bessubebin/ds. Batemeion B, 7H . $Me(eoy@d.d phase

al kyl ati on qf R ' i sting al kylation processes for
produci ng e?ﬁf?g@éggqesg@hgndcﬁprgﬁ%i§Q§%§Ee<nt | y produce pol yal kyl at ed

speci es as wel | adoteltecedlyiftcad hadbeealdigetee dt 1idd phiaze pedcesset fars t herefore
normal to transal kyl ate the pol %gl kyl at ed srpeci_es W th benzene to produce
addi tiSsonal eredpcheesladeengenc nzene ped ethylepe gipes liqigd phase pracgsssep 2005

operate at a lower temperature than their vapor phase counterparts and hence tend to

result in lower yields of by-products. For example, U.S. Patent No. 4,891,458

describes the liquid phase synthesis of ethylbenzene with zeolite beta, whereas U.S.

Patent No. 5,334,795 describes the use of MCM-22 in the liquid phase synthesis of
20 ethylbenzene. ‘

Cumene has for many years been produced commercially by the liquid
phase alkylation of benzene with propylene over a Friedel-Craft catalyst,
particularly solid phosphoric acid or alununum chloride. More recently, however,
zeolite-based catalyst systems have been found to be more active and selective for

25 propylation of benzene to cumene. For example, U.S. Patent No. 4,992,606.
describes the use of MCM-22 in the liquid phase alkylation of benzene with
propylene.

Existing alkylation processes for producing ethylbenzene and cumene
inherently produce polyalkylated species as well as the desired monoalkyated

30 . product. It is therefore normal to transalkylate the polyalkylated species with

benzene to produce additional ethylbenzene or cumene either by recycling the



WO 02/ 08159 PCl'/US01/ 20643 pol yal kyl ated species to the al kyI‘ag %anﬁ

react or , re frequently, by feeding the polyalkylate j 0 a
separ at é"?(]t;t"%(}q;s)léfkyl ation reactor. Exanples of catalysts g&f’@ﬁgﬁg’%} been

proposed for use in the transal kyl ati on of pol yal kyl at ed speci es, such
as pol yet hyl benzenes. and pol yi sopropyl benzenes, are listed in U S Patent

ool te v, ARG I e ioorethory AOIC RS PR SRR UG c e

Tr ansal kyl apolpaikyleteé spariesna b Iseparats trahsallsylatihnneactam Exaomiesodf citalystsor deni t e
is also di sclog«%d in US. Patent Applicatjon No. 09‘305 019 filed My 4,
1999. Wher e™is8 baysQeeaprenesed @wg ¢ Fensakylatiqn of golvalkylatedrnesess, it i s

al so 10 degj : o) . KLl oni.d phase
S o SR8 SOREL i TSI BB IR0 RS, s

phasesprocesser024 smligclui® MEHS4S] MEM2T, RS SSM25 heolitt ] 28lite Y,
particularly in the transal kylation step where the bul ky pol yal kyl ated
speci es nusgzedbite ath weidtdsalurpnizerbinordentie andrbRanwidenite dTisnsallodeation t hout

produci ng unwant ed..by- pr. ts. This h ove(gef 15 signi ficant..probl em
in the caseoﬁ?ac?mﬁgr%ysgﬁlggﬁgtn?lgr?nﬁo eoa}\zl;ﬁoéﬁo_ﬁ “gtﬁtl%l?lﬁ%g?c a MS her
l'acked the ggght SshiRGHNVNGYOPI0IREle&MHyi£dosg the production of
significant quantities of by-products siuch as ethyl benzene and

n- pr opyl benzene. Wisrothdiaticylatwntstep 15 perdorniednn thetliguédsplrasey itiseslect edl y been
found that .Specific, mxed catalyst st em has . a, uni que. conbi nati on of
acti vty ange%ré&g&? Femdugt éﬁé""ﬁﬁbﬁ'lé&b&%‘és“@q F‘aﬂfl Hh?ﬁ"?éé‘g‘_[nroﬁﬁsal kyl ati on
catal yst, pafdestt! 8 byerhttg dth8atil i iy &Hﬂ%?atu:%, aanl fHsaptRBssel

pol yi sopropyl benzénes” t o cunene. Sunmary The I'nvention According to
one aspect dafhpésedndrenseditequiremeite or thescaplyst,i metitutarhyriodks gafsatky2Biopr oduci ng

a nonoal kyl at ed _aro ic co und conprising the step of, contacting a
pol yal kyl at éffpél‘fh(?ﬁeatg?%’u '—M!Pﬁgg‘ﬁfﬁwcf??%gﬁs 8}“&&?‘%&0&8? e‘_ﬁtPc%igftio(?a ompound
under at | ¢ashaR9hldirodictlitloRIASR SRRy AR ahdls.! MBiHLEpRRES, OF 2

transal kyl ation ¢ st 0 produce a nonoal kyl"ated aromati ¢ conpound,
wher eisn t he signidreaat fryblatiinthe caat af gistene prphics ers where existing cefalyats Hazast t wo

different crystalline | ecul ar . sieyes, 3 nerein each of sajd nol ecul ar
Sieves i's sobudeef ffcss ?%l%@fﬁ?vezfswqiﬂﬁgn {pe prodiicgomer p e
02/0S159 PCl/;kiah; = h h€etfferkeHBAS A-Blof)enRhedn X T ay
diffracti oncqgat t%%é%l ??%dé?%%%gb sp%c na © pro
. According to the invention, it has now unexpectedly been found that a
specific mixed catalyst system has a unique combination of activity and selectivity
20 when used as a liquid phase transalkylation catalyst, particularly for the liquid phase

- transalkylation of polyisopropylbenzenes to cumene.

Summary Of The Invention

According to one aspect of the invention, there is provided a process for
25 producing a monoalkylated aromatic compound comprising the step of contacting a
polyalkylated aromatic compound with an alkylatable aromatic compound under at
least partial liquid phase conditions and in the presence of a transalkylation catalyst
to produce a monoalkylated aromatic compound, wherein the trahsalkylation
catalyst comprises a mixture of at least two different crystalline molecular sieves,

30 wherein each of said molecular sieves is selected from zeolite beta, zeolite Y,



mexi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstrom Pt akel@y,
sai d transaddeydation catalyst conprises a mxture of at l®astseikhidsse
first crystalline nolecular sieve having a X-ray diffraction pattern

i ncludi ng d-spacing maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07
Angstrom and (ii) a second crystalline nolecular sieve different from
the first moldegtd aid sanetesaldadingeh oGtadiffraotior pattdrh ncheling dzpading e Y and
nordenite. 10 Preferablii the first crystal | i ne nol ecul ar sieve Is

sel ected f riomveRt 2401660936 1080740 07 andi3 HEfR-86 AngpEPmr abl y, the second

crystalline nol ieve | H‘Iﬁé ' ' crystal
size of |less th??\rlétf?%ﬂiﬁsgl\régﬁlhgﬁ e%dﬂa}%ﬁ?ﬁ# E(ngllqiéf %qafﬁggg\sé?éﬁg%ﬁe

pol yal kyl ated ar@)mat i £fifsobiyetdNihe idl€ular sikbe havibe @ H-RGNdi St MiBA phifern
further aspect, the invention resides in a process for producin

. : 3 i g a
nmonoafkyl at ed ar onat | Bcligmgchsnacios mpxisi plgl 2448. 2%, 6P5-00k5, 36728 030nd a)
contacting an al kyl at 3 matic coppound with an al kylating agent in
the presence of an alg #%E‘%%ﬂg%ﬁog?’fg{{pto provide a product conprising
sai d nmonoal Iyl atg ar 95Rbh& cSRANRERsbI&UhrdievPBIfFEEM oM Bk MOt C
conpound, and then (b) contacting the pol yal kyl ated aromati c conpound

fromstep (a) with saiotecallaksitve andlseleated fmni zeotithpaty izdolitedeandat | east
partial liquid phase _conditions and in the presence of a transal kyl ati on
catal yst to produce ¥° %l 1 cyl ated aromatic conpound, wherein the
transgl ylation parahm§!ine QPREHSRRING nTB1dkul8iedt ifdeldcBRSo WRCHI-53 er ent
crystalline nol ecul ar Sieves, wherein each of said nolecular sieves is
sel ect ed frbloMed, MEVBEL, and EMiS6e Y, nordenite and a material having

X-ray diffracti t i ncl udjng_d-spaci ime at, 12 40. 25,
690 15, 3 570 OFATADE, USHNGT ARGEIEROISS BB ISG0RE AR DL MBI

SI'11120643 oy average crystal size of less than 0.5 micron

Preferably, the alkyl groups of the polyalkylated aromatic compound have 1
15 to 5 carbon atoms.
In a further aspect, the invention resides in a process for producing a
monoalkylated aromatic compound comprising the steps of:
(a) . contacting an alkylatable aromatic compound with an alkylating
agent in the presence of an alkylation catalyst to provide a product
20 comprising said monoalkylated aromatic compound and a
polyalkylated aromatic compound, and then
(b)  contacting the polyalkylated aromatic compound from step (a) with
said alkylatable aromatic compound under at least partial liquid
phase conditions and in the presence of a transalkylation catalyst to
25 produce a monoalkylated aromatic compound, wherein the
transalkylation catalyst comprises a mixture of at least two different
crystalline molecular sieves, wherein each of said molecular sieves is
selected from zeolite beta, zeolite Y, mordenite and a material
having an X-ray diffraction pattern including d-spacing maxima at

30 12.4+0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07 Angstrom.



Preferably, the alkylation step (a) is conducted under at Ieast1§a§EPi2gq5
liquid VﬁGase conditions. Preferably, the alkylating ageg;t i ngl ?Jdes an

al kyl ati't “%{'I'”i]bhati c group having | to 5 carbon atons. B/Erd 23fb4l3y, t he
al kyl ating agent is ethylene or propylene and the al kyl atable aromatic
conmpound i s benzene. Preferably, the al kylation catalyst of step (a) is
selected from I\/?,\Zb MM ! ald.ed
Description O hef%%r?\%%]%%%ﬂe prQ%@%%ﬁgﬁgﬁ%&%%?ﬁﬁqgmgr ocess
for the proshasd ¢omditiohs.a nonoal kyl ated aromati ¢ conmpound, particularly
et hyl benzene and_cunene, by the 1liquid phase transal kyl ation of the

pol yal kyl at ed déereiegblysdbqiliknlating agea mefudss an alkylshng AUPhags Erowhaymey
benzene, ov t ar m xed transal kyl ation catalyst. 15 More

parti cul arlg{of%ag&{nné\}gﬁ%i on is concerned with a process in which the
liquig phase tremferdbiy, thé blplatihg pgémlid @pleadiordripyiand id thé gRylatblech may
also be carried out in the [iquid phase and in which the al kyl atabl e
conpound i sarpmakit edmpgunl inbenzgngy| ati ng agent, particularly ethyl ene and

I : d i.red | k ' d
el | as the pol it tvale AETHRE el B S e BP0 "o ™
t he transal jgpcMi400RICNETE anitRoliR&a. ar omatic” in reference to the

al kyl at abl e conpounds which are wuseful herein is to be understood in
accordance with its art-recogni zed scope which includes al kyl

subst jtuted_an subst.i t ug no-. and pol ynucl ear conpounds. Conpounds
of aﬂoarona{)?@ﬂ?f. ?S?M&v%ﬁ%@s a heteroatomare 25 al so usef ul
provi ded they doTRObregst ideniat RIS toRAIréQRS oSS roliliioh@Rat | on
conditions selected. Substituted aromatic conmpounds which can be

al kyl at ed heweoatkkyleted arqmusweompatnd,gagicubmky diyydbengere atdemminedytthy bonded
to the aronpti. ucl eus... The matj c. rjngs. can. be subst.it ut w th one
or more- al KyFEid gy vasrabgion SR BR SIS R Rl Po bl | de.

and/ or ot heg g B Sy bR HeD ke, 09EES Z%A?fié’ul?ﬁ‘ fhiked Bﬁnsa@%ﬂidﬁtda%&.eacn on.
4 19 SEP 2005 02/ 08159 "PCT/ U S01 /20643 Suitabl e ardmati c hydrocarbons

i ncl ude benkenepariaphrahemeentant ik cenened with a process in which the liquid

phase transalkylation step follows an alkylation step, which may also be carried out

in the liquid phase and in which the alkylatable compound is reacted with an

alkylating agent, particularly ethylene and propylene, to produce the required

monoalkylated aromatic end product as well as the polyalkylated derivative, which .
20 - is separated and fed to the transalkylation step.

The term "aromatic"” in reference to the alkylatabie compounds which are
useful herein is to be understood in accordance with its art-recognized scope
which includes alkyl substituted and unsubstituted mono- and polynuclear
compounds. Compounds of an aromatic character which possess a heteroatom are

25 also useful provided they do not act as catalyst poisons under the reaction
conditions selected.

Substituted aromatic compounds which can be alkylated herein must
possess at least one hydrogen atom directly bonded to the aromatic nucleus. The
aromatic rings can be substituted with one or more alkyl, aryl, alkary], alkoxy,

30 aryloxy, eycloalkyl, halide, and/or other groups which do not interfere with the

alkylation reaction.



napht hacene, peryl ene, coronene, and phenanthrene, wth benzend %&Ef’nlﬂ%

preferregd. grally the al kyl groups which can be presen
substi tu\gﬁt'gﬁ’glﬁ)t he 5 aromatic conmpound contain froml t'})C-Qﬁ%‘U{N%
carbon atons and usually from about 1 to 8 carbon atons, and npst

usually fromabout 1 to 4 carbon atons. Suitable al kyl substituted

aromatic conmpoundg;hpe!rsiRat OhEHGbNEiEE18de benS QRS HP&HtQﬁBﬂé‘;‘ BfthrAtehdTal
propyl benzene, al pha-net hyl napht hal ene, et hyl benzene, nesityl ene,

dur ene, cyneaplsthadentypednglens teronpseidpheenthrere, Hothdicartnd txemz ene,
m di et hyl benz;fne, p- di et hyl benzene, isoanyl benzene, i sohexyl benzene,
pent aet hyl b&FZEREd- pent anet hyl benzene: 1,2, 3, 4- tetraet hyl benzene;

L 2. 3, 5 Lot 1 amet RYLRERARE I frofpt Ginkhiikh BEBARBR o5 byBrfinente on the

trimet hyl benzene, utyl t ol dene; I ethyl'toluene; o-
et hyl t®»| uenearorpatét doyhpaundeonataimrpmolptpl abohtB2n@rbeh stbiny landuxydllgrfeom 15

di nmet hyl napht hal enes; et hyl napht hal ene;ﬂ&fg- di pet hyl ant hr acene; 9-

et hyl ant hr a@Bpet 1 . Gearhop aiQmey andomest usu N aRew Liochearbon atgms.

di met hyl phenant hrepe; = P RE% -Hi e wei ght
al kyl aromati c hy récglrebo S}%g%@ﬁﬁ%%ég e @s@gg{pggﬁdsstlgéltg ?%E]Olgnﬁeéwgﬁ% and

i nclude ar asapromylbeteene aohaiiprepyberaend pharmetgiagphilalehe al kyl ation of
aromatic 20 hydrocarbons with olefin oligomers. Such products are
frequent |y redfHdbenzene gngsiyleppaduseneasyraeney) lhdberene. msPudreureRS: Genzene,

oy enzenc o R oREE 0B eSS AR ST B M ene,

nonyl t 0l uene, uene; ~pent uene, ery often al kyl ate

i s obtai ned jgsheRylbeafnBOpdnidethyibaethd pemtdmettyivehzdnee1 a2l ¥yl group attached
to the aromatic nucleus varies in size fromabout 25 C6 to about Cl12.
When cunene teraesifhenzens;dnd3iSstetrpaetiyBiepzapept.dddeiethyibrazpresd@m- process

7 such 1 et RERS Hergbise PR BRI RERL T B AR BRF oS Yo ming

substanti al egamlidnees-eafylioRrRaena -propylivbimepnehgl-m-xylegse constitutes a
particularly useful feed for the al k){l ation process of this 30

i nvent!$ on. éilllgthS!EFaphﬁ@!Pﬂm etipiuahtglener? B-domethy lepghrageneh@- al kyl ati ng
e O B SRAREEHL 2 Beh B RheaseR Sl uerafn generlly
dimethylphenanthrene; and 3-methyl-phenanthrene. Higher molecular weight
alkylaromatic hydrocarbons can also be used as starting materials and include
aromatic hydrocarbons such as are produced by the alkylation of aromatic
20 hydrocarbons with olefin oligomers. Such products are frequently referred to in
the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,
Ipentadecy]benzene, 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 varies in size from about
25 C¢ to about C;2. When cumene or ethylbenzene is the desired product, the present
process produces acceptably little By-products such as xylenes. The xylenes make
in such instances may be less than about 500 ppm.
Reformate containing substantial quantities of benzene, toluene and/or

xylene constitutes a particularly useful feed for the alkylation process of this

30 invention.



avai l abl e al kyl ating aliphatic groups capabl e of feaction mﬁth‘h%%Eszﬁ
al kyl at a mati ¢ conpound, preferably with the al kyl gfi ,
possessiﬁgﬁP#§#9I to 5 5 carbon atons. Exanples of suitab E*Q&ﬂgﬁggfng
agents are ol efins such as ethylene, propylene, the butenes, and the
pent enes; al cohols (inclusive of nonoal cohols, dialcohols, trialcohols,

etc.) such as net l}gtﬁ@é’%@ﬁbwﬁi?ﬁagﬁr PR e f'é(}%ﬁilgf;ﬁ?@ﬁﬁlvémicﬂpd the

pent anol s; al dehydes or ma yde, acet ,

pr opi onal delpederallpiricjudd g layighaticanrchromatad engahid ehygpenndhaviag lopk ohaloreles
such as 10 nmethyl chloride, ethyl chloride, .the. propyl, chlorides, the
butyl chl oriad’ég,bl%lﬁ]éfy](alﬁlégab%‘?ﬁtﬂﬂgrﬁ‘l‘ﬂscﬂa}’ﬂg%,(’fﬁﬁﬁﬂ Wftéﬁ]t’?];}kwlak%hﬁ es of

l'i ght ol efi j.al : I at i J

al Ryl ati on proate E3RSFIRR it iAo Sk sRARRR SN Y 1031 e,
propyl gne, hiatiemesomanBianplesof anablewlitytiting @R enBjadt olRORS budHdibylate, 2

variety of 15 refinery streans, e.g., fuel gas,. glas pl ant of f-gas
cont ai ni ng ARy lens thehuenes cand the pergenesnalpphicis(inglusine of Bromoglsehalant ai ni ng

gt o ef i Ny Ll Nk o RAAELRAAR] %y 3! EAMBpalE g o7 © user U

a typicar efin stream

possesses t hgntdrfold, and e eAtRORt Aldeyded Suchds W¥m AWk RleYadet e35.1
Et hyl ene0. 71. 2 Propane4.515. 3 bropyl ene42.546. 8 | sobutanel2. 910. 3

n- But ane3. 32nrepiBnaldelnsizobutyR] &hyde rind nesderaigelydre and plbw! halutes such ashi ch

may be, obt ai ne r.om.t he es t he Lnvention.include

et %yl g%nzenem?tg%iﬁ}ﬁ%é‘?’ 8}5&[ ?‘ﬁﬂ“@?’?fa%w%#e‘%&?rﬂ%se‘?‘ﬁ;PP@Aéﬁf"a&‘%@ﬁé‘dfﬂ%m t he
reaction of hepAeARMEeS An@sORYHENe, ethyltoluene fromthe reaction of
toluene with et’hyl ene, ‘cynmenes fromthe reaction of toluene with

propyl ene, and sekfixtuteslof Eghteriefifis aymesieeiallzasefubas akylating egentsimithe
nbutenes. | Bl oheLabl X 08 LR%8RS ol SR SEhRhER, 1O the
propylene, butenes, and/or pentenes which are major constituents of a variety of
15 refinery streams, e.g., fuel gas, gas plant off-gas containing ethylene, propylene,
etc., naphtha cracker off-gas containing light olefins, refinery FCC
propane/propylene streams, etc., are useful alkylating agents herein. For example,

a typical FCC light olefin stream possesses the following composition:

: Wt.% Mole %

20 Ethane 33 5.1
Ethylene 0.7 1.2
Propane 4.5 153
Propylene 42.5 46.8
Isobutane . 129 . 103

25 n-Butane 33 2.6
Butenes 22.1 18.32
Pentanes 0.7 . 04

Reaction products which may be obtained from the process of the
30 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, cymenes from the reaction of toluene with
propylene, and sec-butylbenzene from the reaction of benzene and n-butenes.

Preferably, the process of the invention relates to the production of cumene by the



1 9 SEP 2005 WO 021081 i9 PCT/USI 11/ 20643 al kyl ati on of benzene \rlngé&@
propyl ene foll owed by the transal kylation of the polyi sopropyl hd 05

by- pr odugts)wkid additional benzene. The al kyl ati on procesgsrpinihits
invention is conducted such that the organic reactants, i.e., the

al kyl atabl e aromati c conpound and the al kyl ati ng agent, are 5 brought
into contact with an alkylation catalyst in a suitable reaction zone such

as, for exalkylagioniofibandehowithgreiyddnedondaedbythearansaikglabien ofthet he
catal yst composition under effective alkylation conditions. Such
condi ti ons PAYIGE®PHbeRaene byPiRducts Bfith additienalRsnzensc t o about 500C, and

preferably betwe . ol r out
0.2 to about 250@?%@‘3’%’8@?@%@%&3 veerng’gﬁ% fafbEdstiPaal gk flao ot |
at nospher es rea2taif®, 8., hatallg/lahblakionlatic @bmpoaidarad the alkgdathgikpdnt, are

al kyl ati ng agent of fromabout 0.1:1 to about 50:1 and preferably can-

be frdm abodlroughtinto eentagsaiith anglkylatignecatalyss anla whitabie rassiien gonssaekas,

velocity (HSV) of between about 0.1 and_5 rea preterably between 0.5
and 100" bt JorgtamBle, 3t S e hion bind Eap Prl o s BB RL Bt BT o 1
or conpl et elyndéreffedfivd ARylati6 tshdMase SacllcsRINtidiR iRQade a terfperatifeesr from
intentional adm xture or dilution with other material, or they can be

br ought i nt drasmahent 0°@Gite Bbauih §00°6o rid prefeaatdy petween ahpusit’Comndabont t he ai d
of carrier or dilu S _suc or anpl e hydr oge r..ni trogen.
When be_nzengz%ﬁgé’aﬂfﬁsﬁfee I’E'ﬁg%‘{qr(?%s fgﬁ_&o?toﬁ@ragﬁﬁﬁp@e&ghw‘ggﬁ??eéﬁgy the 20
al kyl gt i on reaghbAR 5it8 aB6R1160 akhospheres, iaHolakfatiobtal&/1athbleiafbrtgse under
conditions including a tenperature between 300 and "600F (about. 150 and

316C), nor e compefird widllyylptingmgent aitform abelt HO0Ft¢ albuit60208@1 preder2blyC) , a

Bnd 800" pe ¢ DB H6 ShAHe Bgo0IRay" ot apdavir et S EDCWRGH VB 0. 1 and
20 VHSV, nmorevR$vpsehenadl aboed Wasd 580 and phe N bépre&rlo snniineo ethy! ene
feed, and a ratio of the benzene to the éthylene in the alkylation

reactor from 1: 1 The rég:tantsrednebe ingisher thpvarfoz phddeyorfpagialybansonipletelyon10: 1
mol ar, _  \When benzene.is alkylated wt r lL.Lene.to oduce c e, the

reaction naye ﬂ?gppéﬁg@”ﬂlcéﬂﬁeaﬁ%elre' rﬁ%ﬁ@*&ﬁg@&’@b%‘ﬂ’ﬁ ﬁé’r:éﬂgﬁ%i ng a
tenperat ur e With slef Natedd], BPALY cdPBEoroRgt intoRdntdet ¥BYhe dadlfe cAtalgst from
about 10C to about 125C, a pressure of "about 250 at nospheres or "l ess,

e.g., from avowositionovithtber1d3g carrier gases or diluents such as, for example,
» hydrogen or nitrogen.
When benzene is alkylated with ethylene to produce ethylbenzene, the
20 alkylation reaction is preferably carried out in the liquid phase under conditions
including a temperature between 300° and GOO°F (about 150° and 316°C), more
preferably between 400°F and 500°F (about 205°C.and 260°C), a pressure up to
about 3000 psig (20875 kPa), more preferably between 400 and 800 psig (2860
and 5600 kPaj, a space velocity between about 0.1 and 20 WHSV, more
25 preferably between 1 and 6 WHSV, based on the ethylene feed, and a ratio of the
A benzene to the ethylene in the alkylation reactor from 1:1 to 30:1 molar, more
preferably from about 1:1 to 10:1 molar.
When benzene is alkylated with propylene to produce cumene, the reaction
may also take place under liquid phase conditions including a temperature of up to
30 about 250°C, e.g., up to about 150°C, e.g., from about 10°C to about 125°C;.a

pressure of about 250 atmospheres or less, e.g., from about 1 to about 30
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hydr ocanpgm,gisght hourly space vel ocity (WHSV) of from abguisopafaif’ to
about 250 hi', preferably fromb5 h{' to 50 hf-'. The al kyl ation cat al yst

is a crystalline nolecular sieve preferably selected from MCM 22
(described in detail in US. Patent No. 4,954,325), MCM49 5 (descri bed
in detail i atnhbsﬁher?@taadtanl‘d@omﬁtm?ﬁﬁdﬁaﬁbon h@&glﬁﬁoﬁﬂyspardebehbcm (WEISV) in
U.S. Patent No. 5, 697 and_zeol j édescrl ped in_ detail in US
Patent No. OBfr 9@’@17@995 heyt %éQthr: ‘?féxﬁé’bb A hE oGI0HEG - | n

convent onal Tangge il onae@tagggltqsea BLROSe BURRAES ALUBL G SUERRat the

final al kylation Cat con ween The

al kyl ation feacMaMels dd'é@d?tbed@ﬂﬁéﬂaﬂﬁnlhs Rate@S%o.2, 959315, Mend-49
monoal kyl ated product, polyal kyl ated products, and various inpurities.

TlhE Iaﬁr ormt (@eseubell ingletaibioddSe atbyt Hpsi 23@&%)9?}4%%5? Edeyerikad 1n @etaHdn
St raam to el PR Ne e doTs TorsaHRT RS (e delfih Ui N

from the benzmyged) strhé hﬁﬁecearhr@fe%fcuﬁ bBebmbmediig cbhve@fiohsl MARRE 348
nonoal kyl at ed product from polyal kyl ated products and other heavies. The

pol yal kyl at ed oprdsdundes, Swpas atveningrsouh thed the Rydl aflydationecatalpst confaingent are
reacted with dd| t| O%\g{?ﬁﬁtl c feed in a transal kyl ati on reactor,
separat e fr(? °SffVPeactor, over a suitable transal kyl ation

catal ypt. Accor d'm ARy 1h#6h I%Qcﬂoméﬁﬁfehpébntéxﬂ@tﬁer SRed #bAbfiOfRegat al yst is a
m xture of at least two different crystalline nolecular sieves, wherein

each of sai dnondagildted peidevie polyslkyddted prdutispmd mxﬁmﬂmpM@, Theol i t e Y,
nmordenite and a further material .hayving an, X-r iffr |on ttern
e ot e Qe e By a6 Ba il 3Ya % besghhSitrbdbn 50 07
Angstrom 25Usﬂ3ﬁy)§ sty edd ik @Q&h%rﬂ%@reg?ﬁg stréar '@@El%hﬁ{é Wiestqivd further

material of the “m xed transal kylation catal yst of the iInvention are
obt ai ned by istpanties fromt the hovipqid® hesionty frde the bérzhne distibiten o€ fotdpper as

the incident,. iation and a i ffractanmeter equipped with a

scint 111 at | ieahb sPrnd sl Ebaren Tl ARR e b eudiisd oLt em

Materi al s hagpgsthe required X-ray diffraction lines 30 include MCM 22

(described in U'S. Patent No. 4, 954,325), PSH 3 (described in U S. Patent

No. 4,439, 409), SBE 8ydlkidsted pbehicissepirSed Patretie aliylationges: @6 yent are
reacted with additional aromatic feed i a transalkylation reactor, separate from the
alkylation reactor, over a suitable transalkylation catalyst. According to the

20 invention, the transalkylation catalyst is a mixture of at least two different
crystalline molecular sieves, wherein each of said molecular sieves is selected from
zeolite beta, zeolite Y, mordenite and a further material having an X-ray diffraction
pattern including d-spacing maxima at 12.420.25, 6.9+0.15, 3.57£0.07 and
3.42+0.07 Angstrom. '

25 The X-ray diffraction data used to characterize said further material of the
mixed transalkylation catalyst of the invention are obtained by standard
techniques using the K-alpha doublet of copper as the incident radiation and a
diffractometer equipped with a scintillation counter and associated computer as
the collection system. Materials having the required X-ray diffraction lines

30 include MCM-22 (described in U.S. Patent No0.4,954,325), PSH-3 (described in
U.S. Patent No. 4,439,409), SSZ-25 (described in U.S. Patent No. 4,826,667),
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U.S. Pa <5, 250, 277), MCM-49 (described in U.S. P .
5. 236, 676 AN i 86 (deseribed in U S PatentNo. 5. 362 Go0)S 2P

MCM 22 being particularly preferred. Preferably, the transal kyl ati on
catal yst conprises a mxture of at least: 5 (iii) a first crystalline

mol ecul ar sMEM-Itadestgibad K Uy Pdicht Nacs o0 2paAL MECM-49 (dektrdbeddndi.Spaci ng
maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 Angstrom and (iv) a
second crysPaetiNe biteria) and MMeStidesathsan Lo R atert NQ. 5s162.69d)ecul ar

sieve and s - ' olite Y and 10 nordenite.

Seol 1 t o bet SEMEHLHS BE PRI el hBenfiO\ 3,308, 069. Zeolite Y and
nordenite occur Ppaferably] e BfisalBYatidheataBt tgstiseda aiiLued oft igdakt: synt heti ¢
forms, such as Utrastable Y (USY), which is disclosed in U S. Patent

No. 35449,070, fH)e edvstiknsiedinergelscotamevehavipgiachrhygdifiragiospetiernn U. S.

Pat ent No. 4,415,438, .1 nd, TEA: nor deni t i i denite
prepared froma react il%ﬁucﬁ?%(‘?ﬁ?aecmgc%%fniasa?ﬁ%“jé&?g’tq?’%ie@’ﬂsﬁamma d
directing agent), whi ghoig 0dissgk@e@daddn U. S. Patent Nos. 3,766,093 and

3,894, 104. However, in the case of TEA-nordenite, the particular
synt hesi s regi neéiviles@rsetsad crystallme paleerassienstdiferentitomahe fisst pr oducti on

of a nordenite product conposed of . pre 1 nant | rge tals with a 20
ol 76 greater than 1 msigEsEve g e BOE e bPE FeRA Thit. 1 hac
been foound that -cont gl hddyg. the synthesis so that the resultant

TEA- nordenite has an average crystal size of less than 0.5 mcron

results in a cat deybte beta is dirstosed &l UyS. Eateatibled3, 30,069 EyoliterY andjui d phase
aromell o LhaRaSH R ohe OGSV Lot Sl CLustal, Tkt e can
conposi tion s di MitabRvfeol (0 NayKieh dedsdisehth Br efenegdhdYaRiba70
=>0. 40. 45-0. 7 OH7Si Q2 =<0.220:'05-0.2 30Si /A2 >30 - 9035 - 50 H2Q OH
=50 - 7050 XRaife €arth exchanged Y (REY), which is disclosed in U.S. Patent No. 4,415,438,
15 and TEA-mordenite (i.e., synthetic mordenite prepared from a reaction mixture
comprising a tetraethylammonium directing agent), which is disclosed in U.S.
Patent Nos. 3,766,093 and 3,894,104. However, in the case of TEA-mordenite,
the particular synthesis regimes described in the patents noted lead to the
production of 2 mordenite product composed of predominantly large crystals with a
20 size greater than 1 micron and typically around 5 to 10 micron. It has been found
" that controlling the synthesis so that the resultant TEA-mordenite has an average
crystal size of less than 0.5 micron results in a catalyst with materially enhanced
activity for liquid phase aromatics transalkylation.
The required small crystal TEA-mordenite can be produced by
25 crystallization from a synthesis mixture having a molar composition within the

following ranges:

Useful Preferred

RRNa" = >0.4 0.45-0.7

OH/Si0, = <0.22 0.05-0.2
30 SVAL = >30-90 35-50
H,O/OH = 50-170 50-60



19 SEP 2005 WD 02/ 03159 PCT/ US01/ 20643 The crystallization is co,ﬂggﬁ? 2@5
at a tenperature of 90 to 200C, for atinme of 6 to 180 hours. T

t ransal iy abdsegy catal yst of the invention preferably conpgdggse cabout
10 to about 75% by wei ght, and nore preferably about 15 to about 50% by

wei ght, of first crystalline nolecular sieve and about 10 to about 75% by
wei ght, and nore preferably about 15 to about 50% by wei ght, of the
second crystalline nolecular sieve, based on the total weight of

mol ecul ar sieve naterial.in the catalyst. 10 The m xed transal kyl ation
catal yst of the w%t?ﬁ\?aﬂ%&lsﬁog u‘itT‘FL%@démﬁeraWﬁ‘t?' t8r20bi graliiifch is
conposited é{fét'& ln&b%ohltprgani c oxide material. Such matrix materials

i nclude synthetic or naturally occurring substances as well as inorganic

materi al s such aShemdied tedrshikalatiof cotalysidfahe DxedRe. prdfefbhyaddngiriseny be
either naturally occurri n(gJ or in the form of %el atinous precipitates or
gel s 15 i ncaheut i;@tomb;aptﬁ% tyrweight, aad meee prefesablpsbanb s toehoyt 30%oyby

occurring cl a LC .be ¢ sj.ted w t i _nar ¢ QX

ot er | ol i nt P U RBLen SRR SRERE e nllabPu I BRRPBuMIPEs, wni on
fam |'ies i ngldiderelfrefetbPPERRNE k@ abANG0% KewiigR bfthe SEITRARIStalIRIN as

D xi e, McNanee, CGeorgia and Florida clays or others in which the main

m neral conswleculensieyes based @y/tbE tetal weight ofimdecudirsicve enat@ial mtbei t e or
anauxi te. S%t‘ clays can be used in the raw state as originally mned or
initially stdf ed to calcination, acid treatnent or chem cal

rodi figoati on. | nTRAGHiEQ R AUIAIGPERANS P9k Rnmay Bo iidfiANI © 0xi de
W

material enployed herein nmay "be conposited a porous matrix

mat eri al , soehbaer Whdércwhichas corhpesitediwithothe anorgartianxide nsdteiaaSathini na,
silica-magnesia, sjli fa- zf rconia, .silica ﬁS thor.ia, silica- berl)fl | ia,
si lica-tit affaFamalgmiafs meludg synthetic grpaiuselly oeurting jubntances poyetl as

al uni na- t hotiRean$d frafedald éﬂ%%cﬁdg{ 61012k 8nd/8t mefRoRdLd! Tie ARGNGEY Be 2nd

silica- magnesta-zirconia. The rix can be in the formof a togel. A

m xture of ehegaatwallpormmtisg coid thedbswobgelatimhs pltvépitadésadrigels propor ti ons
nor gnt o o RS RGTETEES oM Erfrdnarg] o SHBUbeCTTaE ARBIEE 10 vio
02/ 08159 19 gFhe gﬁﬁﬁosited 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,

20 nacrite or anauxite. Such clays can be used in the raw state as originally mined or
initially subjected to calcination, acid treatment or chemical modification.

In addition to the foregoing materials, the inorganic oxide material
employed herein may be composited with a porous matrix material, such as silica,
alumina, zirconia, titania, silica-alumina, silica-magnesia, silica-zirconia, silica-

25 thoria, silica-beryllia, silica-titania as well as ternary compositions such as silica-
alumina-thona, silica-alumina-zirconia, silica-alumina-magnesia and silica-
magnesia-zirconia. The matrix can be in the form of a cogel. A mixture of these
components could also be used.

The relative proportions of inorganic oxide material and binder may vary

30 widely with the inorganic oxide material content ranging from about 1 to about 90

10



PCT/ US01120643 percent by weight and nore usually in the range ¢fg o103

30 to atw?;,z/&gspercent by weight of the total catalyst. g Um]ﬁﬁ k3
transal kyl ati on catal yst of the invention may be produced by physically

m xing the different nolecular sieve conmponents prior to catalyst 5
particle formation, by m xing separate catal yst particles containing the

different peten %F'aﬁeiﬁliltemd IGORRRAAN & tBe raffey obgbdut 3046 eBonB0GReevelr adi ng
the different no ecular sieve conponents, normally with a binder. The
t ransat yl at Pyowerdaef theriotet catplyst. nventi on i s conducted under at | east

partial liquid phase.conditiqns such th he_pol.yal | yl.at ed.ar tics
Fanct wi th the 10 BuerLT BaPS T bl TR e P e R

monoal kyl at gighsidadl Hﬁi&in;stﬂbTd@@ér@nﬂrﬁ@l@&ﬂln@i&@ddﬁ&bo@x@ﬂ@E‘rio@ﬂ‘ﬁcdtzﬂgéwde a
tenperature of 100 to Z260C, a pressure of 10 to 50 barg (1100-5100 kPa),

a wei §ht hopartiglesfornations by enixingsfeparatescatedy st parttiotesicontaang therdifferent
benzene/ pol yal kyl at ed benzene weight.rati.o 1:1 to 6:1. en.fhe

pol yal Kyl at BRISHisfiteve SSRPERGLY GL DY Ph BirsrelPu it o Eined e FlFents wi ¢h
‘benzene to RIduER sRIBXbRPBAGRE nokRsl} HixRdikgdrat i on condi tions
preferably 1nclude a tenperature of 220 to 260C, a pressure of 20 to 30
barg, wei ght houifThy trassaiicdaticel reaétion aftheAnvention dncdndbctked fredst ableelst

benzene/ PEB wei ght . io 2:1.to 6:1. en th ol yal l yl ated ar. tics are
pol yi sopr opP?‘B‘éﬂQ‘@H‘igﬁﬁﬁﬁo_ﬁﬁ%&mn@%‘&%f‘é”ﬂ%ﬂoﬁ*}’a@‘@ﬁa}% %“’E‘Tv?“ﬁ? %ﬂé’%‘&g@ﬁene,
the tyansal K&ii%ﬁzﬁBr&x%fi'f*};édzigspd?&f‘cfe%@i'%ﬁ{al n?&xoh{ikﬂ}aé%r@dﬁ&.”@ﬁ%ﬁfr e of

100 to 200C, a pressure o to 30 barg, welg y space velocity of

| to 10 on tehslkyiaka cenditioaszehele Rl tEEpatatughél 108ttb 360°C], atpoesburé .of 10 e
effluent fromthe transal kylation reactor is blended wi th al kyl ation
react or ~ef f PA&aIE @AO-HHRD # weighs bewhrspassyalogqigpftlgod 8partetelfeedhe

ot or once T A REEr PSS bersehe Wb MRL (gl O or et on Benzene

(chem cal grade) wheh fel Wﬁ?&hﬂb@ﬁi_@i@e@@E%ﬁiy[b%ﬁzéﬂe@ﬁm@are(imr ci al
cunmene unit) were purified by percolation over activated alumna. 30 The
purif1%d bentrienzens tpdroduss shupheners-be apsetie/lationagnditions prefgstdnt rati o
11 19 SEP 2(13r(1)c ua/é\‘% t%%{pgga%uSr% 0%9_20 to 260°C, a pressure of 20 to 30 barg, weight hourly
space velocity 6f 2 to 6 on total feed and benzene/PEB weight ratio 2:1 to 6:1.
~ When the polyalkylated aromatics are polyisopropylbenzenes and are
reagfed with benzene to produce cumene, the transalkylation conditions preferably
20 include a temperature of 100 to 200°C, a pressure of 20 to 30 barg, weight hourly
space velocity of 1 to 10 on total feed and benzene/PIPB weight ratio 1:1 to 6:1.
The effluent from the transalkylation reactor is blended with alkylation
reactor effluent and the combined stream distilled to separate the desiréd
monoalkylated product.

25 The invention will be described with reference to the following Examples.

Example 1 Feed preparation
Benzene (chemical grade) and polyisopropylbenzene (obtained from a
commercial cumene unit) were purified by percolation over activated alumina.

30 The purified benzene and polyisopropylbenzene were mixed in 2:1 weight ratio

11



PCT/ US01120643 and stored under nitrogen. A GC analysis of the féequEP 1005
showed t Wi ng conposition by weight. Lights0.011 28
Tol ueneowgf%ﬂg\?mneo 078 m Di i sopropybenzene8. 520 o- 58%%'1?/9?(,4?
Di i sopropybenzenel. 327 p- Diisopropybenzene3. 298 Gt her Cl2 aronati cs0. 789
Cl15 aromatics0.338 Sum w %d00. 000 Exanple 2 Cunene synthesis via
benzene/ pol yicapreapyibenizope. AGDaadlsé of the fecaVsowadahe fitidwdha 2.0 g of
zeolite beta (1/16" [1.6 di anet er extrudates with 35% A1203 20 bi nder
chopped to ¢9mposition wyweigbengt h) was used for transal kylation of the feed
of Exanple 1. The catalyst was diluted with sand to 5.5 cc and charged to
an isothermal, gfm flow, 3/8" [9.5 out si de di aneter fixed-bed
reactor. The, gﬂ%/st was dried at He and at nospheric pressure with
100 cé/min flow B§asERe for 2 hours. TROARL was turned of f and reactor
pressure was set TobieB80 psig (2170 29.€K¥h) by a grove | oader. The feed
described i n Exaquirenk was introduced.078 o the reactor at 60 cc/hr for 1
hour and then at ,2Disépfoplbefldené (baseglszn total catalyst weight). During
the initial highdfbgwgh iﬁ@ug&ed thesgpactor tenperature was ranped at
g

5Cmp to 180C. Af ]91%2 ¢b products were collected in a
col d-{ar ap and an b?ls ; .QHévm t hCIjJ,Q > 5890 GC. Dii sopropyl benzene
S av\ﬁ&v was

(DI PB) 30- conver The catal yst was further tested
at 2.2 and 2.4 WARS gehti cal conditions, and DI PB
conver si ons of S@HTaNG/O 50% respectlw(ip were obtained. Catalyst
performance at 50% DI PB conversion is shown in Table 1. 12 1 9 SEP
2005 15WD 412/118159 PCT/ U S01 /204-13 10

Example 2  Cumene synthesis via benzene/polyisopropylbenzene
transalkylation over zeolite beta

A
)
[

2.0 g of zeolite beta (1/16” [1.6mm] diameter extrudates with 35% Al,Os
20 binder chopped to 1/16” [1.6mm] length) was used for transalkylation of the feed
of Example 1. The catalyst was diluted with sand to 5.5 cc and charged to an
isothermal, down-flow, 3/8” [9.5mm] outside diameter fixed-bed reactor. The
catalyst was dried at 125°C and atmospheric pressure with 100 cc/min flowing N,
for 2 hours. The N, was turned off and reactor pressure was set to 300 psig (2170
25 kPa) by a grove loader. The feed described in Example 1 was intrcduced into the
reactor at 60 cc/hr for 1 hour and then at 2.0 total WHSYV (based on total catalyst
weight). During the initial high flow of the feed, the reactor temperature was
ramped at 5°C/min to 180°C. After hining out, liquid products were collected in a
cold-trap and analyzed off-line with a HP 5890 GC. Diisopropylbenzene (DIPB)
30 conversion at 2.0 WHSV was 55%. The catalyst was further tested at 2.2 and 2.4
WHSYV under otherwise identical conditions, and DIPB conversions of 53% and
50%, respectively, were obtained. Catalyst performance at 50% DIPB conversion

1s shown in Table 1.

12



Exanpl e 3 Cunene synthesis via benzene/ pol yi sopropyl benzene 19 SEP 2005
t ransal ky, hon.over MCM 22 2.5 g of MCM22 (1/16" [1.6 gl
extruda%é%ﬁ"?ﬁ)%% A1203 bi nder and chopped to 1/16" m%ﬂzr'f%nﬁ}eﬂﬁ{ft h)
was used for transal kylation of the feed of Exanple 1. The catal yst was
diluted with sand to 7 cc and charged to the reactor. The catal yst was

tested at 2. )@k 3. 1@%4@ﬁé@nmeﬁs$mnaawyi§§progggeﬂetﬂ@d in Exanple 2,

with the D conversimsgﬁg@goﬁsg{’/@rq\q@ 9% Tespectively. Catalyst
performance at 50% DI PB conversion is shown in Table 1. Exanple 4 Cunene

ThA mor dent t o TERAECGORVZEBLREd RERAf A meler EREH iR R YRR KE0s wii o
conprised Jlg,aabgd chgdr%!eawmbswmhm WA hsed F6k &Hnsamgrm%h%%t&nd

t et raet hyl ammoni um br de and whi ch had t'he foll ow ng nolar conposition
(based al unifeed of Byamle 1siThe cataly80was dilyt€ll with3asDtio #2c ond Efergd®to3hevat er
=370 The synthesis_m xtyre was crystallize 49C (300F) with stirring
2t 90 25 KBRASGh DAY S sl g ) AT TEAS Hon i faSherds) at ed by
filtration Rehed BHG.APIES Wttt B1PE doByARYE Wik 3% ahaShge DY scanning
el ectron m croscopy o? .B mcron. cat al yst S prepared by

conposi ti ng refyectiedy) CatlysT pérforaratenat %iD0TAB c85¥eréibAQS stpdwnl ar Tabdel1.
extruding the conposite into a 1/16" [1.6nmm dianmeter 30 cylindrical
extrud@te. The extrudate was chopped to 1/16" [1.6 length and 1.0 g
of the resulExampledt al Gemengsynihess vioberzengipelylepprpythenstnea he feed of
Exanpl e 1. The cat al ysansakylatiioh ovedI BiAtrhoslamte t o 3 cc and charged to the
reactor. The sanme procedure described in Exanple 2 was followed to start
the run. The cat@ExXShonRAitd W§§§1@8%d4’r-091a|53yrghes@@ﬂ1i)ﬁuﬁé WhichlcoMipfR¥ed and

Dl PB conversions of 13 WD 02/08159 5 19 SEP 2005 _
15 water, aluminum sulfate solution, sodium hydroxide and tetraethylammonium

bromide and which had the following molar composition (based alumina = 1):

silica = 39.7
Na,O = 7.3
20 SOs = 2.9
TEA = 123
water = 370

The synthesis mixture was crystallized at 149°C (300°F) with stirring at 90
25 RPM for 40-44 hrs. The resultant TEA-mordenite was isolated by filtration,
washed and dried and found to have a crystal size by scanning electron
microscopy of <0.5 micron.
A catalyst was prepared by compositing the resultant TEA-mordenite with
35% Al>O;binder and extruding the composite into a 1/16™ [1.6mm] diameter
30 cylindrical extrudate. The extrudate was chopped to 1/16” [1.6mm] length and
1.0 g of the resultant catalyst was used for transalkylation of the feed of Example
1. The catalyst was diluted with sand to 3 cc and charged to the reactor. The
same procedure described in Example 2 was followed to start the run. The

catalyst was tested at 4.0, 5.3, and 6.3 total WHSV, and DIPB conversions of

13



PCT/ U SOl /20643 66% 60% and 52% respectively, were obtai nedl 9 GaP a80§st
per f or MG 6239 2% DI PB conversion is shown in Table 1. ExpgRd®ogsunene

synt hesi s via benzene/ pol yi sopropyl benzene transal kylation over a 1:1
MCM 22 and TEA-nordenite catalyst mxture 1.0 g of MCM 22 and 1.0 g of
TEA-nordenite, as described in exanples 3 and 4, were m xed thoroughly
and used f d6%, 6006 akdl5atd, eespedtinely,avat phtaimeds t CatelydtGerfasmandelidt §4%ni t h
sand to 5.5 cc and charged to the reactor. The sane procedure described
in Exanpl e DIRReonversiisghewn & dabletlhe run. The catal yst was tested at
3.0 total WHSV (based on 2 g of catalysts) and DI PB conversion was 51%

Cat al yst perfor ce at_this conver.sion |eyel .is shogwn in Table 1. 15
Crarp! e o G gy et SrEfLENe %@dﬁa et

transal kyl ati on over Hanaky 2yenad: A Mord TPFESG YR at al yst
An al umi na- bound co- elt¥tu¢ed MCM 22 and TEA-Mordenite catal yst was 20
prepared as descri bed bel ow. As-synthesized MCM 22 with a

si li ca-to-al um nhOrgadfiMCM-22andnd gasf T¥A-hesdasd, dssdesdieddniekempliet B a
silica-to-alumna ratio of 37 were used for catal yst preparation. A

physi cal ni3aduh &vese maxedsheropgiimangdused for transallcylpianng bejeptalyst BREUTE0 part s

P oehmit e.. . | . .
Compafent s HeruRspEhAl ARy S S p Bt et ek, st sBeclt o
basis. Suffd&tabéd AmMiaRipled vwieifomdwedltomir thevas. adxdedtatz}@t Hvas reseed at

extrudabl e gaste. The m xture was auger extruded to 1/20" quadrul obe
shape ext r #8dete5 WAV dbased ong g ofi@tayesanghpIPBrpenvgrsiauwax$t%edat es wer e

cal cined in~_jne t nospher.e. d e i N 3, sol uti on,
o oned byCreSl barfRREr i A SRRANHIS, b RS DO Lo
catal yst had a hexane cracking 30 activity of 350 al pha. 2.0 g of the

coextisuded paiAbMY PCRRRHEdyRAOYE BRI ReAshIL ROsOIRLYcARd  Used for

t ransal kyl atT1on. e : ilqu i t -.cc and charged
to the rgact or. The s%n%%@g% Uy %e? els'%:rl Tgidﬁl ﬁﬁggéﬁﬁgﬁ%ﬁ\l}gs foll ovvedgto
ysS

start the run. The c& vas rested at 3.0 total WHSV and DI PB

conversion was 35 53% . Catal yst perfo ce at thi conversion | evel is
shown in Tabl e 1Anf ur%@a@pgéfgga&mdeé RP@M-,’Q an& T{Ei—Mordenite catalyst was

20 prepared as described below. As-synthesized MCM-22 with a silica-to-alumina
ratio of 25 and as-synthesized TEA-Mordenite with a silica-to-alumina ratio of 37
were used for catalyst preparation. A physical mixture of 40 parts MCM-22, 40
parts TEA-Mordenite and 20 parts pseudoboehmite alumina was mulled to form a
uniform mixture. All components were blended based on parts by weight on a

25 100% solids basis. Sufficient amount of deionized water was added to form an
extrudable paste. The mixture was auger extruded to 1/20" quadrulobe shape
extrudates and dried at 121°C overmight. The dried extrudates were calcined in
inert atmosphere and exchanged with NH4sNO; solution, followed by final air
calcination to make the H-form. The H-form final catalyst had a hexane cracking

30 activity of 350 alpha.

2.0 g of the coextruded catalyst prepared above was mixed thoroughly and
used for transalkylation. The catalyst was diluted with sand to 5.5 cc and charged
to the reactor. The same procedure described in Example 2 was followed to start
the run. The catalyst was tested at 3.0 total WHSYV and DIPB conversion was

35 53%. Catalyst performance at this conversion level is shown in Table 1.
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19 SEP 2005 PCT/US01/206-13 Exanple 7 Cunmene synthesis via IQSEP 2005
benzene/ Rl piapdr opyl benzene transal kyl ation over a 1:1 NOM bet a
cat al yst r?})ll‘xture 51.0 g of MCM22 and 1.0 g of beta, as desclzjrg%t/)fgpg
exanples 2 and 3, were mxed thoroughly and used for transal kyl ation.
The catalyst m xture was diluted with sand to 5.5 cc and charged to the
reactor. The sane procedure described in Exanple 2 was followed to start

Catal yois) FALRPRYS Oeresphathiglia thudeti) ;:a e RAs e 0 (he DI PB
conversi ons were 36%m§1.rr51l Em?rggpe%tll bg)F@M& ta yst L@r rmance at 52%
e S A B A P
Do i RSy Ml o SEEEPCi nid G5:0

diluted with sand to 5.5 cc and charged to the reactor. The same procedure

described in Example 2 was followed to start the run. The catalyst was tested at

1.5 and 1.3 WHSYV (based on 2 g of catalysts) in the same manner as described in
10 Example 2, and the DIPB conversions were 36% and 52%, respectively. Catalyst

performance at 52% DIPB conversion is shown in Table 1.
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The results in Table 1 show that, to achieve a constant DIPB conversion of
about 50%, beta can be operated at 2.4 WHSV, MCM-22 at 1.1, and TEA-
mordenite at 6.3 WHSV. Mixing TEA-mordenite and MCM-22 in 1:1 weight
ratio, either as a physical mixture or as a coextruded catalyst, provided an active
5 catalyst which could be operated at 3.0 WHSV to give the same DIPB conversion.
When used alone, MCM-22 was very active to convert 0-DIPB and TIPB,
but the EB and n-propylbenzene impurities were high. On the contrary, TEA-
mordenite was inactive to convert 0-DIPB and TIPB, but the EB and n-
propylbenzene impurities were low. When used as a mixture, either as a physical
10 mixture or as a coextruded catalyst, the MCM-22/TEA-mordenite system
effectively converted o-DIPB and TIPB with 99+% cumene selectivity, with the
coextruded catalyst exhibiting both increased activity and cumene selectivity as
compared with the physical mixture. The overall impurities, including EB and n-
'propylbenzene, were low with the MCM-22/TEA-mordenite mixture.
15 When used alone, beta was a quite effective catalyst, but its 2,2-
diphenylpropane impurity was high. When used as an MCM-22/beta mixture, the
combined catalyst system effectively converted o-DIPB and TIPB with a
conversion level matching that of MCM-22. The mixed catalyst also effectively
reduced EB and n-propylbenzene impurities when compared to MCM-22 used
20 alone. In addition, the mixed catalyst significantly reduced the 2,2-

diphenylpropane impurity when compared to beta used alone.
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19 SEP 2005 PCT/USO 1 /2116 4 3 The results in Table | showthat, to
achi eve a constant DI PB conversion of about 50% beta can be opkd StRaat
2.4 WHSV, MCM22 at 1.1, and TEA- nordenite at 6.3 WHSV. M xi ng
TEA-nordenite and MCM 22 in 1:1 weight ratio, either as a physical

m xture OF ARIS 2 coextruded catal yst, provided an active 5 catal yst which
could be-operated at 3.0 WHSV to give the sane DI PB conversion. Wen
used al one, MCM 22 was very active to convert o-DIPB and TIPB, but the

EB and n- propyl benzene inpurities r igh. On the cqontrary, TEA-
mor deni tle was PFRSESS fg{ap’i‘) E‘B&@é‘?‘%ﬂoﬁiﬂ%@g agwaatﬂ Py cPMBrippg hestep

ropyl benzene,gd it : ' j as a
propy Sf'cORidEtidgd @ﬁ%ﬁkﬁa!e@‘%on}(}éﬂ%&o@t%g?@%ﬁ alllafilytiSble Gl dniiRic

physi cal 10 m xture “or a’ coextr yst, the
MCM- 22/ TEA- mooodgnouhd usdes atleastfphetd liged phaservoaditiods andOinRRe preserite BBawi t h

99+9% cunene sel ectivi.t ith th coextr d catal yst exhi biti,ng .both
nor eased actpSTERH (Ao bRueT F FonpAlEgated Bt oo D o cal
m Xxture. The tHé’ﬁﬁ@éallgFldﬁBHrchttal}@_ﬁcomﬂ}i%b&'&'hﬁﬂtul%'—’bfaa?‘l’eagc propyl benzene, were
low with the MCM 22/ -nordenite m xture. 15 When used al one, beta was a

quite effecti@ije catfusyerystalline mdleculyr sievelhatingigh Kriap difractigrupatieyn was hi gh.

When used as an MCM 22/ beta m xture, t i system
ef fectively converlfl‘élﬂgﬂg%fﬁpém&ﬁglaﬂ aﬁ%#%??é{?ﬁ@éﬁ?%w@@éﬁ mat chi ng
that of MM 22. TheamoerAsgddnyahdal so effectively reduced EB and

n-propyl benzene inpurities when conpared to MCM 22 used 20 alone. In
addi tion, thein xeuseeondgrystalline moloulansieve different &on the fizstamolecular

di phenyl propane i npur.it n, conpar to beta used alone. 17 1 9 SEP
2005 CLAIMS, 1. A $v8@8§§¥$§Fd§P§g@8ﬁ%gbe§aq@%%rﬁw %ted aromatic conpound
conprising the step of contacting a polyal kyl ated aromati ¢ conpound w th

an al kyl atabl e aromatic conpound under at |east partial |iquid phase
condi t i ohs ankbheimogdseofelaioe hcwheseinghe firsherystrllipe malenulassieve ystelactedpr oduce

a nonoal kyl ated i er el transal kyl ati on cat al yst
conprises a rﬁ%m@?ﬁ%&m@tﬂﬁm ?&Mtél}d{c ystal line nol ecul ar sieve
having an X-ray diffraction pattern including d-spacing naxim at

12. 40. 25, 6.9+0.15, 3.570.07 and ) i )
The process of claim 1, wherein the second crystalline molecular sieve comprises

TEA-mordenite having an average crystal size of less than 0.5 micron.
4, The process of claim 2 1, wherein the transalkylation catalyst comprises about 15
to about 50% by weight of the first crystalline molecular sieve based on the total

weight of molecular sieve material in the catalyst.

5. The process of claim 1, wherein the transalkylation catalyst is produced by

coextrusion of said mixture of at least two different crystalline molecular sieves.

6. The process of claim 1, wherein the alkyl groups of the polyalkylated aromatic

compound have 1 to 5 carbon atoms.

7. The process of claim 1, wherein the polyalkylated aromatic compound is

polyisopropylbenzene and the alkylatable aromatic compound is benzene.
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3.420.07 Angstrom and a second crystalline molecul ar sieve diff¥d &bk 2005
fromthe first nolecular sieve and selected fromzeolite beta and
nordenite. 2. The process of claiml1l, wherein the first crystalline

| | i i | d, f : 22 36 9 MCME 56, 3.
e orodss, ol rieas oF b MiPheissirat e Sat st e aBRe o

conpri ses TEA100R6 260%C; alprasking ofifo BY & SUdsarg (MB0Ab 530 RPHf aldesweighen 0. 5
m cron. 4. The process of claim-2 1, wherein the transal iq(l ation

2
cat al yst conpiouslgspagsdiglocity of { g 4@ eutotaldogds pnda Weight gatio ofalleylatable
crystalline . ' t ot al j . ol ecul ar si eve
material in ﬁéﬁg{g‘% g‘f@@tﬁﬁgo B?ﬁgﬂgfr?i%geag@n%tﬁ%maﬁo\%ﬁqg?é\ﬂce{%grﬁ t he
transal kyl ati on catal yst is produced by coextrusion of said m xture of
at least two differepnt crystalline ecul ar sieves. 6. The process of
claim 1,9-\Aher1éir>ﬁ>°€%§ef%apx&¢rml§ga@a§10 yiard gsemgtit SqmRauRd carpRaEhe conpound
have 1 to 5 &an{}gq)@ atons. 7. The process of claim1l, wherein the
pol yal kyl at e romatic conmpound is polyisopropyl benzene and t he
al kyl at abl e aapnatdontacting aw alitylatablecaramatic caBpolmd SEEh &04kylating #genpimocess

of claim1, whereip said contacti step, i s condyucted at a tenpperagure
of 100 to 260C, a tgf- BESSEACE © ﬁnfl@(y[%%%lsatsbfstaamgove apgrodyctepmprisgysaidand a
wei ght  hourly spagensabysibd ¥roffatid chiipdthdhdlaYdalkifed aithiiz Wei ght
rati o of al kyl at agﬁe MWt %{rg (?olrrﬁouﬁd to p&%ﬁ’ﬁ(ﬁate aromatic
conmpound of 1:1 t cofpbund, andtiwmocess for produci ng a nonoal kyl at ed

aromati ¢ conpound conpr.i si.n h steps of.: (a) contacting an, al kyl atabl e
aromat i c ComiBind RERtEE ﬂ&?ﬂ@i&fﬂﬁiﬁ%ﬂe dgmtic F?f“g’?‘ﬁ@ i s@aﬁ@ Wi said
al kyl ati on cat al ys&lk}lé’taﬂl‘é%}’drﬂﬁ(@coﬂ{ﬂ&qﬂ&hn&&quehﬁg;%gioaﬁﬁgﬁiid J;rl‘]gggpal kyl at ed

aromati c conpound and a pol yal kyl ated aromatic c then (b)
contacting the polooabkiphsaediindthe pesénce ob apransatky atiom catadyst (ceprodidern sai d

al kyl atabl e aromatic c ound under at |eas artial ligyid phase
conditions and in ‘Pﬂ%oa('p)lg&tg‘ﬂﬁ@"@flcﬁo?P%‘H?:W&’ﬁ‘I%&l ﬁ’ﬁﬁr%%ﬁl%?&“p‘i%iw oduce a
nonoal kyl at ed ar ongynidrisEOARPKDEL of Wi Ragtt N the transal kyl ation catal yst
conprises a mxture of at least: (i)

@) a first crystalline molecular sieve having 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 Angstrom; and
(i)  asecond crystalline molecular sieve different from the first

molecular sieve and selected from zeolite beta and mordenite.

10.  The process of claim 9, wherein the alkylation step (a) is conducted under at least

partial liquid phase conditions.

11.  The process of claim 9, wherein the alkylating agent includes an alkylating

aliphatic group having 1 to 5 carbon atoms.

12.  The process of claim 9, wherein the alkylating agent is propylene and the

alkylatable aromatic compound is benzene.
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a first crystalline nolecular sieve having an X-ray diffraction 1{9e3EPel)ih
i ncl udi ng d-spaci ng maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420. 07
Angstrom and a second crystalline nolecular sieve different fromthe

first ecul,ar_sieve.and sel ected, fr eolite bet d rdenipte. 10.
The pr ocbbs. aftedraresy ot kvt Rdne RSty 35 sRatals SEen £bE:
under at | easyicmeant Ma@M.l4ogMEMPIEAER Ze6dibkia0ns. 11. The process of claim
9, wherein the al ky1 ating agent includes an alkylating aliphatic group

having 1 to 5 carbon atons. 12. The process of claim9, wherein the

al kyl ati agant | | ' nmpound is
bensenc. [0 10 ecEpesBBERHst OBt B nrsPles et Mot T o R

al kyl ati on catauksylRylatidn dtalpst(ofstep $b)sie keledted! frbmAVICMAAR} M MNBVMEOM-49CM 56
and zeolite beta. 14. The process of claim9, wherein the first
crystalline AdMGMiPOsi eve of the transal kyl ation catal yst of step (b)
is selected from MCM 22, MCM 36, MCM 49 and MCM 56. 15. The process of
claim9, wherein the second crystalline nol ecular sieve of the

t ransal k)4. at i The pra¢esh yHtlaind 9 swhqreihhihe soomd erystallihEMmolenultesidve ofithel ng an
average crystal ;i ze of |ess tha ) 16. The process of claim

0.5 :
9, wherein t HEansalkylaten atalystof S@aE%) %P&prp@g §€éan?@yn%hqyﬂm%@save%ut 15
t o about 50%&%3%%2@%1&%&}&3%5 higbncrystalline nol ecul ar sieve based on
0

the total weight nmol ecul ar sireve material in the catalyst. 17. A
process for producing cunmene conprising the steps of: (a) contacting

benzene w th propyl ene_unde | east partial liqujd ase_ . conditions
and in t or Bisgliberse ot é\ﬁ%f)k@%{?mgﬁe E%}Saﬁwgfw{l sﬁﬁffyav%éepe@) FRTBRIACE
conpri si ngclypgiel Sichuael 3095 BpRRH: BEIHE EREryshiltind Rkl siENBAEI LAY e
pol yi sopropyl benzenes fromstép (a) wth benzene under at |east parti al
| i qui d phase tbetdaltwaglg cdmiblequldrisievp meteiat i the catalyst ansal kyl at i on

catal yst to produce further cunene, wherein the transal kylation catal yst
conprises a mxture of at least: (i) a first crystalline nolecul ar sieve

ggvhggzgﬁ 33( gzglbicgz'eﬁ foR pEddBing RAMER EorpHsinithBGiefls §PACI Ng maxi ma at
@) contacting benzene with propylene under at least partial liquid phase
conditions and in the presence of an alkylation catalyst to provide a
product comprising cumene and polyisopropylbenzenes, and then
(b)  contacting the polyisopropylbenzenes from step (a) with benzene under at
least partial liquid phase conditions and in the presence of a
transalkylation catalyst to produce further cumene, wherein the
transalkylation catalyst comprises a mixture of at least:
@) a first crystalline molecular sieve having an X-ray diffraction
pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15,
3.5740.07 and 3.42+0.07 Angstrom; and

(ii)  asecond crystalline molecular sieve different from the first

molecular sieve and selected from zeolite beta and mordenite.

18.  The process of claim 1, wherein the first crystalline molecular sieve is MCM-22.
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3.570.07 and 3.420.07 Angstrom and (ii) a second crystalline no{8&EPd4005
sieve different fromthe first nolecular sieve and selected fromzeolite
beta and nordenite. 18. The process of claim1l, wherein the first

tallj I I 2. 20.19 P 2005 19. .Th f
ol 2 m 181 fner Brprbsres oEtUEa 14 MpStelt (e secondicBsine o Boda: spaRTEATSS ©
nordeni te. 20porfiBgitr ocess of claim9, wherein the first crystalline

nol ecul ar sieve is MOM22 and the second crystalline nolecular sieve is
TEA-nordenite. 21. The process of claim1, wherein the transal kyI ation

catal yst (f’orrpme pioe e%g) ShE1athy 9t\9her§1%cﬂi'é f %Pgl%lp%la% 'ngo%cuh%r eTQ/g 1?&@& 2 sieve

crystall ar “sieve bas

material in tdd theseabidtrystdBine hittequlRcRYE 1STI"EAlIﬁd)rﬂbﬁite wherein the
transal kyl ati on catal yst conprises about 15 to about 50% by wei ght of

t he second crystalline nol ecul ar sieve based on the total weight of

nmol ecul Si i t . i ,
wher ei na%IHe ?Tr/}gerggﬁ%hﬁ%lfifonpnlca a l?lltstﬁé %%;ﬁﬁlrk?%telgﬂ_g%o@%ﬂ%msgg @gﬁ?%% by
wei ght of t heabour 50% by wedighit lof the seedrdauyskilline mokechias sidveobastd on tieitatal
wei ght of nol ecul ar. sieve material in the catalyst. 24. The process of
claim9, wherweightqfangl P%&ﬁﬂqyﬁl%&t‘?%l‘bﬁ‘?&ﬁ‘}bﬁ -conpri ses about 30 to
about 50% by weight of the first crystalline nolecul ar sieve based on the
total weight of nolecular sieve material in the catalyst. 21

22.  The process of claim 9, wherein the transalkylation catalyst comprises about 15 to

about 50% by weight of the second crystalline molecular sieve based on the total

weight of molecular sieve material in the catalyst.

23.  The process of claim 1, wherein the transalkylation catalyst comprises about 30 to
about 50% by weight of the first crystalline molecular sieve based on the total

weight of molecular sieve material in the catalyst.
24,  The process of claim 9, wherein the transalkylation catalyst comprises about 30 to

about 50% by weight of the first crystalline molecular sieve based on the total

weight of molecular sieve material in the catalyst.

21



