WD 2006/ 107462 PCTI US2006/ 006866 PROCESS AND CATALYST FOR THE
TRANSALKYLATI ON OF AROVATI CS BACKGROUND OF THE | NVENTI ON [ 0001] The present

invention relates to_a process and catalyst for the trap éﬂlj%‘l@g on of
aromatics, part ¥4 tnhe transal kylation of polyisopr 38Ne wi t h

“benzene to produce cunene and the transal kyl ati on of pol yet hyl benzene with
benzene to produce ethyl benzene. Ethyl benizene is a valuable comodity
chem cal and is used in the production of styrene nononer. Cunene

(i sopropyl benzene) is also a valuable commpdity chem cal and is used in the
producti on of phenol and acet wmmémp_mt hyl benzene is often
produced by a liquid phaswfmg;miwg ?ﬁ!g%égne and ethylene in

t he presence of an al kyl a process operates
at a lower tenperature than its vapor phase counterpart and, therefore,

produces a | ower y- products and ot her inmpurities.
The al kyl ati on O?Xgﬁbﬂ t| C ﬁkﬁﬁlgcar bon 0gorrpounds enpl oying zeolite

catal ysts is knol@o0@dnd unties ptemd inventidnerelsres .to d fFocesPahé roatalyst3 R, tH S
descri bes the |igui hase alLkyl ation of benzene th et hyl neln t he
presence of IVCM‘%? Maﬁ‘r‘jﬂduc‘?t e?rﬂwtﬂ)céhze‘?‘?éucuéﬁﬁ Iﬁf’%#yaﬁ' 089158

di scl oses i qui %mmpmbwbﬁmmb@me&wmmhkmhaielaﬁmﬂﬁrtﬁﬁmglaﬁswg zeolite
beta. [00031 Zeoll e- based catal yst syst used i ropyl ation of
benzene to cumerklyelyyenzsag é‘ﬂ& ’%@‘ ‘g‘\cgéﬁ’éfg’é%z"ﬁe'pr@kﬂg?z 15t epari ng
short chain al k@éluaﬁlé@ﬁiﬁhb&tﬁ&ﬁwnﬂﬂ i86deR Gh WeModdetion B ktyfbnd ehohdifer] 1 qui d
phase al kylation of benzene with propylene in the presence of MCM 22 to

produce cunene. ‘F@Rﬂ@ﬂi"Pﬂfﬂlfi}ﬁe%}‘@rﬁs Yk wduable copmegibhehepicy] anddgusedn ¢ e

production of  ehdybirasesneR atd¥eRfe. Pr oduce cert ai n pol yal kyl at ed
by-products in addition to ethylbenzene and cunene. is well known in the

art to transal kyl0%2% the Prﬁ@lﬂ%ll wyylbgugenepis- B‘F%‘dﬂ@@‘é“% W} adigyid nthagsr ot her

al kyl at abl e ar ongidyiftioh YriReQ0HGL bedfl lORR RN FREABE oPln GlIRAG: Thi s
transal kyl ati on reéacti on may be acconplished by feeding the polyal kyl at ed

by- product s t hr catglysa Thedigyi| nbgseprocgss operates at a lower temperature than its vapor
phase counterpart and, therefore, produces a lower yield of polyalkylated by-

“products and other impurities. The alkylation of aromatic hydrocarbon
compounds employing zeolite catalysts is known and understood in the art. U.S.
Patent 5,334,795 describes the liquid phase alkylation of benzene with ethylene in
the presence of MCM-22 to produce ethylbenzene; and U.S. Patent 4,891,458
discloses liquid phase alkylation and transalkylation process using zeolite beta.
[0003] Zeolite-based catalyst systems are used in the propylation of
benzene to cumene. U.S. Patent 4,992,606 discloses a process for preparing short
chain alkyl aromatic compounds using MCM-22, inciuding the liquid phase
alkylation of benzene with propylene in the presence of MCM-22 to produce
cumene.

[06004} Alkylation processes in commercial nuse for the production of
ethylbenzene and cumene produce certain polyalkylated by-products in addition to
ethylbenzene and cumene. It is well known in the art to tramsalkylate the
polyalkylated by-products with benzene or other alkylatable aromatic to produce
additional ethylbenzene or cumene. This transalkylation reaction may be
accomplished by feeding the polyalkylated by-products through a transalkylation

reactor operated under suitable conditions and in the presence of a transalkylation



reactor operated under. suitable conditions and in the presence of a
transal kyl ati on WO 2006/ 107462 PCTI US2006/ 006866 2 catal yst. Also, the

pol yal kyl at ed by-products may be recycled to an al kyl ati reactor in the
presence of anwélz%ﬁl%?ﬁzon catal yst that is capable of pe?emlﬁﬁ"??ﬁ’o?ﬂﬁ‘;e

transal kyl ation reaction. U S. Patent No. 5,557,024 discloses a process for
preparing short chain alkyl aromatic conpbunds using MCM 56 and the use of
zeolite catal ysts such as MCM 22, zeolite X, zeolite Y and zeolite beta for
the transal kylation of the pol yal kyl ated by-products. [00051 Conducting the
transal kyl ati on eatayst.i Also, thel gelydlkdated] bypredects may @k treaypled itorpow ek3latiercr eased
demands on the t al kvl at | al 3 l.kyation
catal ysts of thelre%'%lﬁ‘our:l %r%%%@gla%%%&%e%ﬁ%ﬁ%g% ?’%ﬂaPl% QSP&JE%\E}%%ndg%/

achi eved adequat ansalkylgioni wactioat e¥.Sf datehi dloi d,59h6%e disclases ad kyoleess | fon

reactions. [0006 . S.. Pat.ent 47 10 discl.oses he, addi i en of
phosphorus to r g@?@%@ﬂﬁjﬁgaﬁog?%?icg?go‘%gﬁ/}lw M@I{;E P%%/%gturségfure of
MCM 22 i nproves Zebkte chatalyste tsindr a5eICMM-20) izkolitey XO kedlibecY aantl abolisd béto forathent ai n
activity after rgpe . cycles of .steam n s experienced in FCC processes.
[00071 U.S. Pat eﬁ&@?ﬁ%’f?égﬁwa?lgﬂ%}?&i@%m& e addition of at least 0.5

Wt . % phosphor us [6005) crysCadduttiiy ahdlngan@Sitidiont fatdal whdr Bylid pese/SM5 to
increase its selectivity for, the sired al kyl at hydr ocarhon 1 n the vapor
phase al kyl ati o‘f?n&‘fm%\gr‘%'ﬂﬁﬁef E‘cﬁﬁ?ﬂgg‘c’fﬁ )5 e?’@ﬁ@gﬁa .“§."1ta'B§tt B%ECt‘F‘nﬁr& i cation
2003- 0028060- Al mé&ﬁisam'oﬁbaalymh h'tﬁépﬁﬁih@]&av@flacﬁéd@ébiﬁédiaeﬂwh ik BAVETIbt sugh as
MCM 22, MCME 49 and. MCM 56 w th phosphorus . to increase the activity an

sel ectivity of t# eE":QtaQP%FcP‘PIVSfSH’é”ataquEA“B{’E W?ﬂ”"éﬁ@’ P E2RBounds under
l'iquid phase congloggions. DH)PREntHUYe\RES dislone taf the ReSEod & phbHREAS to
contenplate a transal kylation catalyst that conprises zeolite beta catalyst

that has been i rB¥¥§rEERngmaterialshaens tiegeray sEucarn phMM-Ghamprersdla v hi gher
rel ative catal ytiyarotihistpil@For HOBRALEh MBnGRANNERL MRAlep<R dvbRs Het a for
use in alkylation and transal kyl ati on" processes. UI\/I\/AI% OF THE | NVENTI ON

steaming as experienced in FCC processes.

[0007] U.S. Patent 3,962,364 discloses that the addition of at least 0.5

wt.% phosphorus to a crystalline aluminosilicate zeolite, such as ZSM-5 to

increase its selectivify for the desired alkylated hydrocarbon in the vapor phase

alkylation of aromatic hydrocarbons.

{0008 U.S. Patent Publication 2003-0028060-A]1 discloses the

modification of alkylation catalyst, such as MCM-22, MCM-49 and MCM-56

with phosphorus to increase the activity and selectivity of the catalyst in the

alkylation of aromatic compounds under liquid phase conditions.

[0009] However, none of these references contemplate a transalkylation

catalyst that comprises zeolite beta catalyst that has been impregnated with

phosphorus and exhibits unexpectedly higher relative catalytic activity as

compared to conventional zeolite beta for use in alkylation and transalkylation

processes.
SUMMARY OF THE INVENTION
[0010] According to the invention, there is provided a process for

producing a monoalkylated aromatic compound from a polyaikylated aromatic

comround, comprising the step of contacting an atkylatable aromatic compound



[ 00101 According to the invention, there is provided a process for
producing a nonoal kyl ated aromatic conpound from a polyal kyl ated aromatic

conpound, conprising the step of contacting an al kyl at abl conpound
WO 2006/ 107462% Bét%@@éﬁoes/ 006866 3 with a pol yal kyl at ed"?@%?g‘ﬁ%hgonpound

under at least partial liquid phase conditions in the presence of a zeolite
beta catal yst having a phosphorus content3in the range of 0.001 w.%to
10.0 wt. % of said catalyst, to provide a product which conprises a

nonoal kyl ated aromati c conpound. Preferably, the catalytic activity of said
zeolite beta cat #ithst polyaligylad erommmeméaw&lﬁyet leaattpmquh@xd Hha;?%ol ite

beta  catalyst ¢ afudol hRmBadRPE ARNIAUS B 13AND: bidealor i

zeolite beta ca sts ar are arval e 0011]
Preferably, the ﬁletr@gzef)‘l) DQ]eWt%etué&!)Wfmeseld Cétab@l ‘50311’0\0(16 apreduc{ which s t he

Hydr ogen-form of | te Eeota%y é,’t]% 2 ig? ati o of
80/ 20. More prefe Sés s E%qzeo |terﬁ!és a e?epa%i P]?fc |éﬂr?1&5%ttern
including d- spaafsaglzmkiertMaatataMt A(g@;ermaAOhezcatﬁyw@ctﬁqtyAfﬁ&eolﬁgbaa 970. 1,
3.00.1, 2.210.1, m The rus n he bet Lite
transal kyl ati on mQ\?sal yg ls|ﬁs‘”’ep°r @Bous ir hsélﬁrérﬁge 0 Bmg %h\/\e?t Q?t o 10.0

. % of said cat edtaywtaare mmerlm«ﬂ@b@htrayentmmhmsphor us content is from0.005

.%to 3.0 wt. sai d t t ferab or us
content isin th i]elnge opr%e %’i}/jﬁ bf? %hr{t)g_ s&kﬁy%@ @‘ﬁ'f;tc?qétﬁfﬁﬁyﬁp [ 00121
FL ef elritb: yi L Ihe Hyckyg?tfbmg ofigertite BEta&igﬁW{Cﬁ)(Aﬂlﬁ%Jgi aosa:axﬁnfwagl;)teﬂaﬁg’{oﬁne and

e al kyl at abl e s be e refera e
pol yal kyl at ed coﬁ%@mm&fw @ tﬁ‘j {’%%6 gé%? B%'IW ;‘@H‘e‘néﬁﬂnﬁ he
al kyl ?La:ol e gonp@wmg&nhﬁgzanettgﬁo p,rndﬁc:efﬁ ‘Bi;ﬁtzylm%en&sa"lamtltmeowl |
monoal kyl at e arﬁ)[(zgé{gﬁ ro uctrh ‘9 1@11 Prefera Q‘\é t he po éa w ate
conpound of step“(bh) RO s L% PSP BFRD a2 tF B} apl e
conpound i s benzedgyst & e a@em tBUFREEoS001het %08 qalokyd. B tog daid o c

d b t £ d1het. JokA 9 tof daid lcaaiét]
product. DETAILED DES THE 1 NVENTI ON 10015] A, The present .invention

| PTI ON OF
relates to a nov‘é‘PrezPé"gFRrP]P 1% thophespharug) cgatent 1s from 0.005 wt.% to 3.0'wt.% of said
catalyst; and most preferably the phosphorus content is in the range of 0.01 wt.%

t0 0.5 wt.% of said catalyst.

[0012] Preferably, the alkylating agent of step (a) is propylene or ethylene
and the alkylatable aromatic compound is benzene.

[0013] Preferably, the polyalkylated compound of step (b) above is
polyethylbenzene and the alkylatable compound is benzene to produce
ethylbenzene as the monoalkylated aromatic product.

{0014} Preferably, the polyalkylated compound of step (b) above is
polyisopropylbenzene and the alkylatable compound is benzene to produce

cumene as the monoalkylated aromatic product.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention relates to a novel zeolite beta catalyst
mmpregnated with phosphorus (P-Beta) that exhibits unexpectedly higher relative
catalytic activity as compared to conventional zeolite beta. Preferably, the beta
zeolite transalkylation catalyst of step (b) is the Hydrogen-form of zeolite Beta
and Al;O: (Alumina 203) in a weight ratio of 80/20. More preferably, the P-Beta

cat~® * koo - - “oray diffraction pattern including d-spacing maxima at 11.4+0.2,



i npregnated with phosphorus (P-Beta) that exhibits unexpectedly higher
relative catalytic activity as conpared to conventional zeolite beta.

Preferably, thgah eolite transallcylation catalyst @frgtfiRdbiksi s the
Hydr ogen-form o? %@ﬁ“%‘e Beta and A1203 (Alum na 203) in a V\Bl&éoﬁt rati o of

80/ 20. More preferably, the P-Beta cat ','- - -ray diffraction pattern
i ncl udi ng d-spaci ng maxi ma at 11.40. 2, wd* 2006/ 107462 PCTI US2006/ 006866 4
7.410.2, 6.70.2, 4.2510.1, 3.970.1, 3.00.1, 2.20.1 Angstrom and contai ns

phosphorus. Preferably, the phosphorys content .qof .P-Beta is iin the range of
0.001 w.%to 13-.46&% 6.3504- %-?cg?zdr%ﬁ-&ﬁér ggﬁp‘gf‘g}gé‘ﬁ?r?,mgﬁeﬂmﬂ%osphor us
content is in tpeshinae Pedferfblf) @R phospofud cohtdt b P-Bia @fin #irthgeaf abyst ; and
nost preferably suc hothotr us content is i;}q&'he r ngg of 0.01 wt. %to
0.5 wt.%of sai dwééttallg-gﬂtﬁﬁéﬂﬂﬁitaWﬁemP’ﬁPéﬁﬁﬁr OPEPTHE BRI A pr ocess

for producing a ERspelokylods a4leRioFMivt. 0% 60 P Eislys6han iddt Sefedlblyydudti | On step,
carried out under  at |east partial |iqui dgghase condi tions, an al kyl atabl e

conpound i s reacPkagehgrisifontant isip tpirenee 0. BhEh {4 oy Bri6ahed etalthoal kyl at ed

aromati c end progiggs) as Wehl @enfion PALY Ak 2foed GRIFBRURSH pYhauGhe | 5 _
separated and fed to a transal kyl ation process step. In the transal kyl ation

step, which is amgepafipistedranpnafic componnd atherginay aligtlation stp, cagipdtauppnder qui d
phase conditions . - i § Qs

transal kyl ati on fé%a?fpg?d%ﬁﬁﬂ&%ﬂaﬁ%%ﬁ?ﬁ?%b%ﬂ%ﬂ%ﬁ%% %g&g%;ﬁdgghe% e(?o?let?g ably in
the presence of alkylating agentatosedurs ¢ monealiylgeflieromatinendauedugt 2st well onpound.

More preferably N t - L I ern

R s A A AL
.00.1, . 20. mIv. S bly| fa

phosphor us cont epj.. B- - %ﬂﬂ f 9 10.0 wt. % of

sai d catalyst; rr@afrﬂtlaalqif ‘rngf@r%aeg?o?fﬁhé%t%ﬂgﬁ?qsp %tregsengggc%éﬁ% |cg/&‘|lmgedt e range of

0.005 wt. % to 3. Gansalkfistivh reztor dvithas alkylstable sanainatio sompewkieprefiodablysin ghe

phosphorus content .is i he n f 0 .01 O 5w %0 id

catal yst. 10017] Igt%‘Fhe"}éget "léf%% E):I%%a?rﬁzfqiﬁ@? tﬂgéoﬁuﬁesﬁ%oﬁ%%gaft%r %r??é’"?ao M?gea

al kyl at abl e conpreferstlly, Wi BiBeter entalgetfhat aheX-eayn difSaction Ipaettanm devistingpd- i n

accordance with Lis, Atlzulecpqnizps 5qops whLeh }asldenabkylygyhst i tut ed

and unsubstitute
2.20.1 Angstrom and contains phosphorous. Preferably, the phosphorus content

of P-Beta is in the range of 0.001 wt.% to 10.0 wt.% of said catalyst; more
preferably, such phosphorus content is in the range of 0.005 wt.% to 3.0 wt.% of
said catalyst; and most preferably such phosphorus content is in the range of 0.01
wt. % to 0.5 wt.% of said catalyst.

[0017] The term “aromatic” when used in reference to the alkylatable
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 that possess a
heteroatom are also useful provided they do not act as catalyst poisons under the
reaction conditions selected.

[0018] Substituted aromatic compounds that may be alkylated in
accordance with the present invention, such as alkylatable aromatic compounds,
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, alkylaryl,



pol ynucl ear conpounds. Conpounds of an aronatic character that possess a
het eroatom are al so useful provided they do not act as catal yst poisons
under the reaction conditions sel ected. 10018] Substituted aromatic
conmpounds t hatWoR8P6/H3463| kyl ated in accordance with the PFEUSR0 RNt on,
such as al kyl at abl e aromati c conpounds, nust possess at |east one hydrogen
atomdirectly bonded to the aromatic nucl®us. The aromatic rings can be
substituted with one or nore al kyl, aryl, alkylaryl, WO 2006/ 107462

PCT/ US2006/ 006866 5 al koxy, aryl oxy, cycloal kyl, halide, and/or other
groups that do radkoxyndrgiokyrcpcloalkyl, hatidre amd/deyoitteet poops thaodo ot intqris@ewith Sui t abl e
aromatic hydrocaﬁlrp%%il tLlncl u e benzene, naphthal ene, anthracene, -

napht hacene, peryle Edronetie, and phenant hrene, with benzene being
preferred. 10020m0mner al Smtﬂ:heamh:hﬂwlhygbms vihclode oeanxete mpkthdeate, as
substituents on earo cco nd contain fr mlto ab ?22 car bon
atoms and usual | % Tce?e H;grygcn a BQS‘ﬁneataB?erp RS QE THPS from
about | to 4 carlhﬁgpaéfamﬁ [ 00211 Suitable al kyl substituted aromatic
conpounds, such | kyl atji n agent i ncl ude taql uene, xyl.e

i sopr opyl benzene[%?ﬁogr mal {5' ?ngﬂyﬁg%a]@a&m@ﬁs WISF%W IRSEH S Substituénts on

al pha- et hyl naphhé alofiags coipdiid@aERTRm MRSdhbit!22 Rebol ih@E end usGalliydieaa but yl
pseudocunzene o- %Qet hyl benzene, mdi et hyl henzene, p-diethyl benzene;

i soanyl benzene, PSBHRPICARAD diRws, BLmosi IRy Bem2bow 1'to A RPNy | benzene:
1,2,3,4-tetraet fmbmnzenesmaab% aBoy? sitefithRIBloRlid eRERAEGds, such as alkylating

1,2,4-triethyl benzne; 3-trinethyl benzene, m butyl t ol uene;

p-butyl t ol uene; 288nts. @F@éﬁﬂlﬂﬁmémﬂe dSOProRyIPengPife OTMa) - RIPPKIbenEsne A

m propyl t 0] uene; sy, al? iﬁ&ﬁylnéiﬁhﬁﬂ%&){hé.ﬁﬁ@éﬂﬂé}leer}ﬁéslty@ﬁéw(ﬁtﬂ&iéht hal ene;
2, 3-di net hyl antbracene hyl ant hr acene; 2-ne | ant hr acene;

o- met hyl ant hr ac ety&wengs; @hJWWﬁ@ﬁmﬁwﬁ@mymeae,mﬁ%ﬂMt hr ene.
Hi gher nol ecul arp, WeinghtnzeA, kyhsasﬁﬂm&ehngdaeﬁrmﬁeca%ﬁ&aeﬂb&z 43ed as

starting materials and i nclude aromatic hydrocarbons such as are produced
by the al kyl at i cyenipimetyibanaens  hydridleacioivenagheh di2edi-retremethyibaagene, Such

products are fr eﬂﬂ@-@ﬁéﬁ&lﬁeﬂﬁ r ?,Q,BEQ%EtHbeenzene, m-butyltoiuene; p-butylioluene;
3,5-diethyltoluene; o-ethyltoluene; p-ethyltoluene; m-propyltoluene; 4-ehtyi-m-
xylene; dimethylnaphthalenes; ethylnaphthalene;  2,3-dimethylanthracene;

9-ethylanthracene; 2-methylanthracene; o-methylanthracene; 9,10-
dimethylphenanthrcne; and 3-methyl-phenathrene. 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
hydrocarbons with olefin oligomers. Such products are frequently referred to in
the art as alkylate and include hexylbenzene, nonylbenzene, dodecylbenzene,
pentadecylbenzene, hexyitoluene, nonyltoluene, dodecyitoluene,
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
Ce to about Cj;. 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.

[0022] Reformate containing substantial guantities of benzene, toluene
and/or xylene constitutes™a particularly useful feed for the alkylation process of

this invention.



the art as al kyl ate and i ncl ude hexyl benzene, nonyl benzene, dodecyl benzene,
pent adehyl benzene, hexyltol uene, nonyltol uene, dodecyltol uene,

pent adecyt ol uagg 2o08hid4s2Very often al kyl ate i s obtai ned agc@ukiosbodyes | | ng
fraction in which the alkyl group attached to the aromatic nucl eus varies
in size fromabout C6 to about Cry. Wen_cunene or ethyl benzene is the
desired product, the present process pro%uces acceptably little by-products
such as xyl enes. The xyl enes nake in such instances naybe | ess than about

500 ppm [0022] Refqrmate.gconiaj pin tanti es, of nzene,

tol uene a.wior Eﬁﬁne co % ggeﬁt t{E?tctﬂzlwa 9‘%3@ LHt] g%nf he-

zﬂ)(l;;z/lszit I‘I‘ﬁn plr(izc?amsmbn géﬂuﬂlymmlmtangrahpm &%&h&t&f I - (dkgahi d:’ﬁﬁiﬁd&ﬂiam%ﬂ@h%% 6
e al kylatin ent e, usefu QCess is

i nvention gener a?l}ey QR%I%%@“BrQWBﬁﬁRHE@ (gfr %r’?ﬁ%unds

having one ﬁr Eﬂ&ﬁmﬁﬁafbﬁbhﬁuﬁi péidat i ng allphaélc groupspcafablglof ]

reaction with t yl a ar c. conpoun referably, the

al kyl ating agent ﬁ’@?@l oyediaﬁ’g?'%% Lﬁﬁ%f‘n‘ﬂge@éﬂt e&?@“‘gg anﬂaﬁ Aleait Pphat i ¢

group possessi ngalfcilﬁtﬂighxﬁl&hEgﬁﬁ? péugessing F6m 1@5%@@@& SEMplea bkkiat i ng

agents are olefins such as et hyl ene, propylene, the butenes, and the

pent enes; al cohot&YIRtO8ABEas wes OFfmeoticih pt shyiers, PEPYieRG B Butses a9ditAS cohol s)

such as net hanoﬂ)anteﬁéshﬂ%ﬂoals Gﬂaﬁmi%epﬁema&oha1é1alama@1§1mdsmamﬂ1s§ fRp Rent anol s;
al dehydes such as_forma propi onal de

, acet ade
but yral dehyde, aRethagel \Pﬁxa@?la%aawywls aﬁdruélqéiuanmeupa@én%é%e@éewehqy|

chi oride, ety &l Ghdfeiale oBA@BCCbRpiiERgle Bilaskiibor wies and the
pentyl chlorides. [0025] M xt ur es of ol efins are especially useful as

al kyl ati ng agent&Vv Ffﬁldﬁhi@e,a#q@yﬂbﬂl}@hd%ﬁé@e@sm#ﬂt ¢hleside.neflyitchlonide, Ak or di ngl y,
m xtures of ethyﬁgﬂﬁcmmg&gpﬁégﬂﬁwhgﬂ&gqg§megggﬁqhbgggtenes whi ch are mgj or

constituents of a Variety of -refinery streans, e.g., fuel gas, gas plant

of f-gas cont ai ni 9§28t hy| eNBxtugss eplight plsfins ase @Spmlﬁ'é}pmeﬁléa%?l&ﬂk@@ ag¢ms gas
containing |ight; %93 & E£§ of‘ﬂ-ﬁ%;m'\:rgﬁon pﬁ&%?@r@ﬁélgr&%@g f&RNs, are

useful are usefu al kylatin ents herein. For typ| ca1 FCC
light olefin st rmamlms@é@@wn Jepefn@ﬂnbmmplgar@ommmom@nms of a variety of

refinery streams, e.g., fuel gas, gas plant off-gas containing ethylene, propylene,

etc., naphtha cracker off-gas containing light olefins and refinery FCC
propane/propylene streams, are useful are useful alkylating agents herein. For

example, a typical FCC light olefin stream possesses the following composition:

Wt.% Mole %

Ethane 33 5.1

Ethylene 0.7 1.2

Propane 4.5 153

Propylene 42.5 46.8

Isobutane 12.9 10.3

n-Butane 33 2.6

Butenes 22.1 18.32

Pentanes 0.7 0.4

[06026] Reaction products which may be obtained from the process of the

invention include ethylbenzene from the reaction of benzenc with ethylene,



W.% Mle %Ethane 3.3 5.1 Ethylene 0.7 1.2 Propane 4.5 15.3 Propyl ene
42.°5 46.8 |sobutane 12.9 10.3 n-Butane 3.3 2.6 Butenes 22.1 18. 32
Pentanes 0.7 0.4 6] Reaction products which nay be ' omt he
process of thévquﬁ[@???ﬂ%bn i ncl ude et hyl benzene fromthe rlgg%@lzgﬁ’gogg(’benzene
with ethyl ene, WD 2006/107462 PCTI US2006/ 006866 7 cunene fromthe reaction
of benzene with propyl ene, ethyltoluene fromthe reaction of toluene wth
et hyl ene, cynenes fromthe reaction of toluene with propylene, and

sec-butyl benzene fromthe reaction of benzene and n-butenes. Preferably,
the process of toH@meRefremt the reqctipe 0f Pepzgng mathprepdlene; ethyliiueae b &ezene by

the al ‘cyl at | On yBlif D Eifenioilh BhiIMeeBE L0l LOHERe NacklP of EREIA 211 O of

the diethyl benezene by-products wth additional benzene; the production of
cunene by the a¥dpylent.iand sse-bbiylberzses fipmhthe reastivre pf béngtrdeosndon-bytenshe

transal kyl ati on ppéfegaﬂg, %%B%DS%Q ngg%ﬂegﬁéﬁtﬁdﬁemﬁ%é B &g E&Eﬁﬁ‘ﬁ'ﬁ?? ﬁ@ﬁg'&zk&”a'

benzene. [0027] In on the inventio t1on process
of this i nvent ibyrthe gkdgivdief bertemarwith ethylenetfhlfovaddwthe tramgalkylationpf the e. , t he

al kyl at abl e arqﬂ%{l- | ] : | Ng. t ht into
contact with an a y&%é@%&@%ﬁﬁ%ﬁ‘s@&%ﬁ %%kéchgt %??g%du?%%g’f%@ F%bl e

al kyl ati on or t rognisedlikyjdtiah iobbenzene adth poopyleon foilswehbiathe trimpalkdationydfehe in a fl ow
reactor containigg a f.ixed bed af .th tal,yst conposition, under effective
al kyl ation condi#lg%?%yflbe%egﬁg%'gﬁ }l‘ft%‘(‘)“ sa&?ﬁgﬁﬁgneze%&t enperature of from about
32F to about 9376020DC t 0 Ib@DEpmbadutent pf ddmeabtion, hetaliymtiompmoudss &Pis and about

452F (50C to 25QQ),..a pressure.of . f.r about. 0.2 to abo 250 spheres
(20- 25, 000 kPa) ,m%?ﬂ%l"“pfsef’%l%ﬁ?}ﬂf Sush, ol Bie° deic redesnfl 287 dhe &ﬁ%‘g‘%ﬁgr es
(500- 10, 000 kPa)aronmatinbmpoundtand thd alkllkyrgadgakt| a@re brought into contact with an

alkylation or transalkylation catalyst in a suitable alkylation or transalkylation

reaction zone such as, for example, in a flow reactor containing a fixed bed of the
catalyst composition, under effective alkylation conditions. Such conditions
include a temperature of from about 32°F to about 932°F (0°C to 500°C), and
preferably between about 122°F and about 452°F (50°C to 250°C), a pressure of
from about 0.2 to about 250 atmospheres (20-25,000 kPa), and preferably from
about 5 to about 100 atmospheres (500-10,000 kPa), a molar ratio of alkylatable
aromatic compound to alkylating agent of from about 0.1:1 to about 50:1, and
preferably can be from about 0.5:1 to about 10:1, and a feed weight hourly space
velocity (WHSV) of between about 0.1 and 500 hr!, preferably between 0.5 and
100 b,

[0028] The reactants can be in either in the vapor phase or partially or
completely in the liquid phase and can be neat, ie., free from intentional
admixture or dilution with other material, or they can be brought into contact with
the zeolite catalyst composition with the aid of carrier gases or diluents such as,
for example, hydrogen and nitrogen.

[0029] In another embodiment of the invention, when benzene is alkylated
with ethylene to produce an alkylation reactor effluent that contains ethylbenzene.
The alkylation reaction may be carried out in the liquid phase or in at least parhal
liquid phase under conditions including a temperature between 300°F and 600°F
~hout 150°7 to 316°C), r ~referably between 400°F and 500°F (about 205°C



aromati ¢ conmpound to al kyl ating agent of fromabout 0.1:1 to about 50:1, and
preferably can be fromabout 0.5:1 to about 10:1, and a feed wei ght hourly
space vel oci R‘bbfom’x@sz of between about 0.1 and 500 hf1l, pe¥ed6lAltks bet ween
0.5 and " 100hf'. [00281 The reactants can be in either in the vapor phase or
partially or corrpl etely in the liquid ptgase and can be neat, i.e., free
fromintentional adm xture or dilution wwth other material, or they can be
brought into contact with the zeolite catal yst conposition with the aid of

carrier gases or_di.l ts such as, en _and nitrogen.
[0029] In anot h@flg&qﬁogﬁﬁ AGRESEe UpHe aig eﬁ?ﬁgﬁg %qg%d%gﬂ’zgﬁree PE eﬁ‘#’ yl at ed
V\,H]hI gt hyl ene t%(;ggfguwg;mt 00 geigl ( afdmarsem:lém) Efzvfeighﬁiﬁurd I%risﬁdceg;gat@i ns |

et hyl benzene. iop reactio e carri out i n.the i qui
phase or in at %‘t’ O, Ao g%g'?e“i?ﬁ?i@?e ??'P"t“fv?)er'i‘s PHEI #ing a

t enper at ure bet vagn, b%@&%n&ﬂ&etﬁ)@&ﬁ feedP@idta rdth0of@hd Bengch®€d the Ethylesd iaigbl y

bet ween 400F and 500F (about 205C WD 2006/ 107462 PCTI US2 06/ 006866 8 and

260C), a pressurdky °¥B=a%b%?médde3%w *FZ‘EB‘GS’IQ@‘%‘)IY By aRow ek Br 8 y

bet ween 400 and p8j&. psi g (2869 and 5600 kPa), a weight hourly space velocity
(V\HSV) bet ween about 0.1 and 20 hf', nore preferably between 0.5 hf' and 6
hf', based on tH8939 hy| enle ilcapothst gmbodiment PEhe invsntingn FdEe DEFSENE et hyl ene

in the alkylat laﬁ@la&ﬁ&cﬁxpﬁmggg%@ 14 plodule @mhlwéﬁemafoéfﬁuaaf efaEalig from

about 1:1 to 10:1° nol ar I'n still ahother enbodi nent of the

i nvention, when SB®gcenEhe; %kyl"é’PRWaaﬁ@an becapredprt éhthe diguid phaRg 8 ima
al kyl ati on T eactgk i gl phBndPBbAiSs i HERRS: erkifark oy ipld @Rur eact | on

may be carried out in the I|q id phase or in at™ least partial l[iquid phase

under condi ti onBEHRIFChF 2 ‘%Peﬁ?rféplétwg dp0°Gp «%. pmubout AFNto(abswlC) | e. g.
up to about 302hsfdRYet 10 $28€); 2 E&éﬂr@@ﬁ%&ut%&aﬁ:&bsﬁﬁé%t(zs &'éi«!ﬁa)(d’:%sto 125C) ;

a pressure of about 250 atnosphéres (25,000 kPa) or from about

1 to about 30 atGgadivmesheyt K@Oboq{ﬁ&amldsﬂ@tbs kFQQ)kPaaﬁ@DOdﬁa)ila@im ar@mamydr ocar bon
wei ght hourly s H@%céfﬁclnov%léﬁl ol spaee VRI0ARPHr 120 Dot 250 I GEEEAY ¥of! OM

5hf't o 50hf
5hr to 50 hr'l.

[0031] The term "at least partial liquid phase" when used in connection
with a reaction mixture in contact with a solid catalyst means that such reaction
mixture includes all liquid phase components or mixed-phase components.

[0032] The term "mixed-phase” when used in connection with a reaction
mixture means that such mixture includes liquid phase components and vapor
phase components.

[0033] The alkylation catalyst that may be useful in this invention is a
crystalline molecular sieve preferably selected from MCM-22 (described in detail
in U.S. Patent No. 4,954,325), MCM-36 (described in detail in U.S. Patent
5,250,277), MCM-49 (described in detail in U.S. Patent 5,236,575), MCM-56
(described in U.S. Patent 5,362,697), and zeolite beta (described in detail in U.S.
Patent 3,308,069). The molecular sieve can be combined in conventional manner
with an oxide binder, such as Al,O; (Alumina 203), or can be self bound such that
the final alkylation catalyst contains between 2 and 100 wt.% sieve.

[0034] The alkylation reactor effluent contains the excess aromatic feed,
monoalkylated aromatic compounds (such as ethylbenzene or cumene),

polvalkvlated  aromatic compounds (such as polyethylbenzene or



[00311 The term "at |east partial liquid phase” when used in connection
with a reaction mxture in contact with a solid catalyst nmeans that such
reaction mxture includes all Iiquid phase conponents or m xed-phase
conponents. [ WOFH/MHE t er m " i xed- phase” when used in c‘?ﬁTﬂé"&?"FB‘ﬁ"%th a
‘reaction mxture neans that such m xture includes |iquid phase conponents
and vapor phase conponents. 100331 The &l kyl ation catal yst that may be
useful in this inventionis a crystalline nolecular sieve preferably
selected from MCM 22 (described in detail in U S Patent No. 4,954, 325),
MCM 36 (descr i bediyisoprdgylbénizenie) ahd BrioBaitnpntities5 TRE @o@#tit) feedViTrca@reddyscri bed in

5 362, 607) - and iRt Ryl e ibigitn SR CRE | et oigg A

3,308, 069). TheﬁrmiEleub@bless'neamt@alinxihaemmthéﬁvedrnpmtmmlﬁwmnbEMI Tmnner W th

an oxi de binder, such as Al2 203) an b el.f bo such t hat
the final alkyl ZeRes JSom, e iy sate, %rRT R b SR [ 00341
The al kyl ati on memoilylated ﬁﬂoﬂhﬁiﬂfroﬁ@ﬂly&kﬂﬁtedh@dmﬂﬁttﬂfhﬁméé c feed,

nonoal kyl at ed a icc ounds s et hyl zene o

al kyl at ed ar omat! onpou ﬁf ﬁ'tﬁﬂgf’?@i%yl dfie ” ‘Eﬁ‘ méﬁo 107462

PCTI US2006/ 0068 @6lyalfyiaet }ﬂoﬁﬁﬂd& e@uﬂob@dwaﬁ@;) are @gtchl Viarkindyl o Bergudérktbbem. The

aromatic feed is recovered.by distillation .and cycled t he al kyl ati on
reactor. Usual | y<&* it jits @p-rpeoenizad.sqopes Y’B‘%‘ E‘%F%g’%’f % @t‘ﬁ‘@gﬁﬁ@o

el i m nate unr eaehd ¥& linfifatiéd, Hie@§ibkrzens (DEB) h&DtﬂethSﬁB@mcxMH‘EB}TB fromthe benzene
distillation are_further |st|IIe separate | | kyl at roduct from

pol yal kyl at ed pﬁ?ﬂi‘gits anﬁJ Cot!FaY ?P@&W’E"QPY R RS rr%ﬂgg} %mm%fﬂ’g‘et Byl benzene"
(PEB) in refer e@@@amgakae:omaa& YahieuhBtvaehodr Rk GereRTPQBdmdMbtbédinar e usef ul
herein is to be understood.in accqordance with its art-recqgni zed scope

whi ch i ncl udes, BPr4R8Se Bith jts | ecogmizedsoone phinR includss, PR a3 P ipstratiep benzene
(DEB) and triethyd ﬁtﬂﬂhf—rﬁﬁaﬁorﬁ Ifﬁﬁmrﬁl%%ﬂe o) bed ﬂihsoﬂ@b&ibéﬁa{emhbenz ene”

(PIPB) in reference to ated aromati c conppounds which are usef ul

herein is to be [Mddkr st oéﬁl’elﬁ?lY letse Pagduets FRarpted @"Iarﬂ[“'i pledaismi BaPTs cope
whi ch includes, efjheN@dre QEacteli! Wit bRRHRA aromatic feed in a transalkylation reactor,

which may or may not be separated from the alkylation reactor, over a suitable
transalkylation catalyst. Preferably, the transalkylation catalyst is P-Beta. More
preferably, the P-Beta catalyst has an X-ray diffraction pattern including
d-spacing maxima at 11.4%0.2, 7.4+0.2, 6.7+0.2, 4.25+0.1, 3.97£0.1, 3.0+0.1,
2.2+0.1 Angstrom and contains phosphorus. Preferably, the phosphorus content
of P-Beta is in the range of 0.001 wt.% to 10.0 wt.% of said catalyst; more
preferably, such phosphorus content is in the range of 0.005 wt.% to 3.0 wt. % of
said catalyst; and most preferably such phosphorus content is in the range of 0.01
wt. % to 0.5 wt.% of said catalyst.

[0038] To prepare one embodiment of the P-Beta transalkylation catalyst
of this invention, 50 grams of a zeolite beta catalyst comprising 80 wt.% of
hydrogen form (H-form) of beta zeolite crystal and 20 wt.% alumina (Al;O3)
1/20” (1.27mm) quadrulobe extrudates were impregnated to incipient wetness
with an aqueous solution of ammonium hydrogen phosphate, 0.43 grams of
ammonium hydrate phosphate dissolved in 30 cc of distilled water. The P-Beta
catzlvst was then calcined at 1000°F (528°C) with a 10 hour hold at full air. The



and not .limtation, diisopropylbenzene (DIPS) and triisopropyl benzene
(TI'PS): [0037] The pol yal kyl ated products separated fromthe al kyl ation
reactor ef fl ygplodofict €acted Wi th additional aromatic fgegdbhsBossss
‘transal kyl ation reactor, which may or may not be separated fromthe

al kyl ati on reactor, over a suitable tranpsal kylation catalyst. Preferably,
the transal kyl ati on catalyst is P-Beta. re preferably, the P-Beta

catal yst has an X-ray diffraction pattern including d-spacing maxina at
11.40.2, 7.40.2, 8§.70. 4.250.1,. 3.970. 1, 00. 2..20. 1 Angstraom and
cont ai ns phosph&’r’ggtf’#@?&aﬁ%ﬂ?“hﬁﬁéﬂ%ﬁtﬁﬂ%&% aé‘%ﬁﬁ?ti?ﬁ? P""Bﬁ“ﬁﬂg@b{ isin the
rﬁngehof 0. 001 wd/ndin tidwhil Nz\Mr.fyq;airs.?m grama loy she, PiPatac(1/20r ¢.69 ?bxh]y, ZUCh
phosphorus contept is in,t range of, 0. 005 Lt 3.0 w, %o sai
catal yst; and nd&‘“’ﬁ?eﬂ“mgg?“’gﬂgﬁ“pm?mo?ﬂﬁcomégrﬁm??%@ PRRUEdnge of
0.01 wt. %to Orhe phbsphbraé con@intlofQBé PABAitranda§BEbn dRalpst 0RA0.2 vAPE Ei¥bOdi nent
of the P-Beta transal kyl ation catalyst of this invention, 50 grans of a

zeol ite beta cat®i%st o Bh‘i‘ﬁﬂ‘%"t‘%@‘_‘ébe Wipalogatlyst [5g0y bg geeRed OV ingtResgr o) of beta

zeol i te crystal qpdasifl i cdieatrdfiin ¥ phspRAR) in thd Bal hchoRBBhtiHIAE il obe

extrudates were inpregnated to incipient wetness wth an aqueous sol ution

of anmmoni um hy driBgEER4ERB.F R depositing Shagphams Ryrion grehiee and rapdRr&ithe Hiosphat e

di ssol ved in 30 458 tefperbhit bf therotial, oF by JiR& et fnoviPloahoks kkilaiSin taen

cal cined at 1000F (578C) with a 10 hour hold at full air. The WO 2006/ 107462

PCT/ US2006/ 006868 10 p -Beta catalyst was then dried off-line at 200C at

at mospheri ¢ pr esppdop W t N1QlineiGAbH reabiRfof thel¥vehfifn £ cBiRMERd pdeParCr ams of

the P-Beta (1/20" [1.59 | di anet er quadr ul obe extraéat es chopped to 1/16"

[1.59 mni | engt HyasheastialSigeiid plipseecopfigopshuiel $1at et notta lkytated reorpatige react

transal kyl ati on il lafihnt® Sudiafbll -uafBe coftfRMRL £ PORSPNAIHRAN Lhe

final catalyst can be varie y I ncreasing or ecreasi ng the concentration

of phosphor us i nmanaikylated produckqbetsbls tendalkylatien enpdiionsinclide tegpexttisn, or by

deposi ting phosp by of nd_var yj t ti i nper at ure

of the process, o?)r9 %gt%g%defﬁ#éﬁ{éggg%%’%ﬁesf%eﬁ{c')tgteo Sgﬁ?rlgl(gg’oiig&?lf%& art.

[ 0039] The tr ansaWighal dno i@ acthagd caftothlveed, amtbrnzana/pbiyalkyinedibéneeheunder at
weight ratio 1:1 to 6:1.

(0040} When the polyalkylated aromatics are polyisopropylbenzenes and

are contacted with benzene to produce cumene in a transalkylation reactor, the
transalkylation conditions preferably include a temperature 50°F to about 100°F
(100°C to 200°C), a pressure of 20 to 30 barg (2100 - 3100 kPa), weight hourly
space velocity of 10 to 72 on total feed and benzene/PIPB weight ratio 1:1 to 6:1.
[6041] When the polyalkylated aromatics are polyethylbenzenes and are
contacted with benzene to produce ethylbenzene in a transalkylation reactor, the
transalkylation conditions preferably include a temperature of 428°F to about
S00°F (220 to 260°C), a pressure of 20 to 30 barg (2100 - 3100 kPa), weight
hourly space velocity of 2 to 6 on total feed and benzene/PEB weight ratio 2:1 to
6:1.

[0042] The effluent from the transalkylation reactor is blended with
alkylation reactor effluent and the combined stream distilled to separate the

desired monoalkylated product.



| east partial |iquid phase conditions such that the polyal kyl ated aromati cs
react ‘with additional alkylatable aromatic conpounds to produce additional
monoal kyl at ed wry gsifabssz Sui t abl e transal kyl ati on condi ti opSriu$6dsiaskRssa
tenmperature of 212F to 500F (100C to 260C), a pressure of 10 to 50 barg
(1100-5100 kPa), a WHSV 1 hfl to 10 hr-1, based on total feed, and

benzene/ pol yal kyl at ed benzene weight ratio 1:1 to 6:1. (0040] Wen the

pol yal kyl ated aromatics are poI yi sopropyl benzenes and are contacted with

DTS SIS e A B, Ml R,

2000, a pressurfellqﬁm@ﬁ:ampleso barg (2100 - 3100 kPa), weight hourly space
velocity of 10 tgQ. .72 on t n /I we tio 1:1 to 6:1.
[0041] When the [g%ﬁ‘@al kyI% gﬁmﬁﬁ%ﬁﬂ?l %5&) aﬁ@r }Fﬂ‘tg@gﬂ% WG ar e

contacted with lpesparde ai ofofiows] uC eCleininal bgmhenﬁnzene aaridr gamal kyd ahetan reactor,
the transal kyl at.ion ¢ nd| tions rab ncI ude a.te rature_of 428F to
about 500F (22?‘1?‘8"% Eyzens, Wt eg‘h'&f‘g b3rpelsglafign %%%&Fbat@ 2 o kPa) ,

wei ght  hourly ?ppﬁﬁei dirbmopyiyenenes’wir® nifxedn: 1tbyt\ﬁélgﬁtﬂaﬁﬂ&ﬁ) bibe peREYIPEB wei ght

ratio 2:1 to 1. 0 The ef |l uent fromthe. transal kylation reactor is
bl ended with a|bﬁ’;?fe “E?‘éd’]" VEQROBY! e@mewﬁ'{ergmi?thge (i storsdeTdi stif | ed

to separate the nitetgsi.r ed @By QRbkdloptagll (HCYditatysis WP #Q0fed OpiéBded the
PCT[ US2006/ 006866 11, 1%943 gﬁ d| rT’ER:ﬁS of the present invention will be

described in t h&°mpRYHog Do44] The transal kyl ation feed used
in Exanples 1 and 2 that follom/mere prepared as follows. Chem cal grade
benzene and para- and neta- diisopropylbenzene were purified by percol ation
over activated alum na. The purified @W?%%bropylbenzenes were m xed 2:1 by
wei ght (para metMdthanghe purified benzene and pol yi sopropyl benzgmgs were

m xed 2:1 weight ratio and stored under nitrogen. A gas chronato%raph (GO

anal ysis of the tagwsg? B8V ded the conposition by weight shown 4%4Tabl e 1.
Other Cg Paraffins 0.004
Benzene 66.449
Other C; Paraffins 0.022
Other Cy Paraffins 0.008
ortho-xylene 0.001
Cumene 0.028
Other C,q Paraffins 0.003
1,2-diethylbenzene 0.044
Other C,p Aromatics 0.002
Other C;; Aromatics 0.435
1,3-diisopropylbenzene 11.776 -
1,4-ditsopropylbenzene 21.183
1,2,4- tetraethylbenzene 0.001
1,2,3-tetraethylbenzene 0.002
Sum 99.997
[0045] EXAMPLE 1: Cumene synthesis via benzene/PIPB transaikylation

over zeolite beta catalyst.



TABLE | Met hane 0.005 trans-2-Pentene 0.034 Qher C, Paraffins 0.004
Berizene 66.449 (QOher C7 Paraffins 0.022 Oher C8 Paraffins 0.008

ort ho- xyl ene 001 Cupene 0.028 O her Cl10 Paraffins O.

1, 2-di et hyl Do ST a4 ot hor C O Aromatice 0 002 o MRS | o
0.435 1, 3-diisopropyl benzene 11.776 1, 4-diisopropyl benzene 21.183 1, 2, 4-
tetraet hyl benzene 0.001 1,2, 3-tetraet hylzoenzene 0.002 Sum 99.997 100451
EXAMPLE 1: Cunene synthesis via benzene/PIPB transal kyl ation over zeolite
beta catal yst. WD 20061107462 _PCT/ US2006/ 006866 12 Two _grans of a zeolite
beta catal yst cdnys BamaPfgozepliteohets coRiyRt sowprivng &Y Wik 58T BBRa zeolite
crystal and 20 \gy.iefed| Bfb@ 4ehie Od)stAYhddngd i witdo alfehioh UGBS cyEduapped to
1/16" [1.59nm Iength) was used for transal kyl ation of the eed descri bed

in Table 1. The extiates (chopned ikt (Y- SPmmblength) wer wsed for irgnsaliylatmgpfthe 2000) at
atmospher | C_Pr el dedibBPinFidle 11 1L Ao Gelataiifsl W A aNEefllar sgphour s. - The

zeolite beta catal yst was dilute approxi mately 2.6 granms of sand per

gram of cat al yst(2#He) ehatmgephenic pressures 610A efah [Withd dth cf/mawilowmg "N{ &r5" i
out si de di anet en { . xe r g 180C
ut si ' 2 oS dﬂ@%%g{tfgg%gﬁaelg%% i el Yt BSroffRleRf b %%%QE ( )

under flow ng nitrogen. In Tab 1 was i n uced into
t he sand per gram of catalyst and charged to an isothermal, down-flow, 3/8” [9.5"

mm] outside dizmeter fixed bed reactor. The reactor was heated to 356°F (180°C})
under flowing nitrogen. The feed described in Table 1 was introduced into the

reactor (based on total catalyst weight) and the reactor pressure was set to 300
psig (2170 kPa) by a grove loader. Weight hourly space velocity (WHSV) was set
to achieve approximately 50% tota]l DIPB conversion. The beta zeolite reached:
approximately 50% DIPB conversion at 16 WHSV. After lining out weight
hourly spac&velbcity. the total product-was=vaporized and sent to an on-line-HP
5890 GPC. Relative activity based on-a first order-reaction rate constant, cumene
selectivity and impurity-make for the catalyst were determined and are shown in
Table 2.

[0046] EXAMPLE 2: Cumene synthesis via benzene/PIPB transalkylation
over P-Beta catalyst,

To prepare the P-Beta catalyst, 50 grams of sample comprising 80 wt.% of
hydrogen form (H-form) beta zeolite crystal and 20 wt.% alumina (ALO; 1/20”
(1.27 mm) quadrulobe extrudate was impregnated to incipient wetness with an
aqueous solution of ammonium hydrogen phosphate prepared by disselving 0.43
grams of ammonium hydrate phosphate in 30 cc of distilled water. The P-Beta
was then calcined at 1000°F (538°C) with a 10 hour hold at full air. The P-Beta
was then dried off-line at 392°F (200°C) at atmospheric pressure (100 kPa) with
100 cc/min flowing N; for 2 hours. The total phosphorus content of the catalyst
was 0.02 wt.% based on the total weight of the catalyst. Two (2.0) grams of the
P-Beta extrudates (chopped to 1/16” [1.59 mm] length) were used for
transalkylation of the feed described in Table 1. The P-Beta was diluted with
approximately 2.6 grams of sand per gram of catalyst and charged to an

isothermal, down-flow, 3/8” [9.5 mm)] outside diameter fixed bed reactor. The



reactor  (based on total catalyst weight) and the reactor pressure was set to
300 psig (217UkP-a) by a grove | oader. Wi ght hourly space velocity (VWHSV)
was set to aghie roximately 50%total. Dl Pl convers'We ta
zeolite reach -2°§§B’?‘§2i mately 50% DI PB conversion at 16i-’ .m%?%er l'ining
out weight hourly space-velocity. the total product=was=vaporized and sent
to an on-line HP 5890 GPC. Rel ative acti¥ity based on a first
order-reaction rate constant, cunene selectivity and inpurity-mke for the

catal yst were deternmned and are shown in Table 2. [0046] EXAMPLE 2: Cunene
synthesis via bepactona/aPheus:d w0675 (k30Qx inder flayvies nipoget Fbe 4¢eg|dpseribedTo pr epar e

the P-Beta catal,; 0 f : IS A % of: rogen form
(Fform beta 2dbf ‘85‘&”%?4@%%%?@%{%%&?%%%2’9 tﬁ%%%"’i/‘}‘g%’ﬂmﬁ%%. 27
quadr ul obe ext r ueaktos pwasird W e d0@ psig (2179 kP3) bz atgrove laaders Wiight hawrly aqueous

of ammoni um hyarBts Wit rAPAsT 93018, B BRERE Bt dy S0 Wi 1y, 0" UE

t hen cal ci ned atcoi@fida. (B-B8@)reashddnapprokBnaneiyl 50% GHHEB abnversidn #i72 WHSE. P- Bet a

was then dried off-l.in t C) at. at npspheri Lessure. 0 kPa)
with 100 cc/mn ?éﬁgﬁﬁNﬁﬁrd&%ﬁgﬁ%&cﬁ%v?%‘%ﬁ?daﬁﬁcs)%ﬁgoor u%s?gi’é%n ent of the
catal yst was 0.5820 GPCYRehsiedactinity bmded @t afirstwrtighreactdn tateconsdng|cymene TWo (2. 0)
grans of the P-Beta.extrudat.es (chopped to, 1/16" [1. 59 engt h) were
used for transaf V}Vétﬁ’f‘%%mﬁmg'ﬁ%&ﬁcg‘érﬁgﬂ%‘?iwBgagftﬁ‘[ml“é%la@g?eall‘ﬂg&l&%eta was
diluted with appfaeéetmately 2.6 grans of sand per gram of catalyst and
charged to an isothermal, down-fl ow, %g %9.5 nmm outside dianeter fixed
bed reactor. The WD 2006/ 107462 PCT/ US2dB6F606866 13 reactor was heated to
356F (180C) under flow ng nitrogen. The feed des@evite®eta N TabP-Beth, was

i ntroduced into&ﬁgvr eactor (based on total catalyst wg'éght) and 2react or
pressure was set 300 psig (2170 kPa) by a grove | oader. Wi ghf’ hour |y

space vel ocity (QNERWDIPBSoSREsidn0 achi eve appr oxi mat ely.0%0% t ot sd.99%) PB

A Ler Tining ouHFRIE CRETEBRAl product was vapor| zebitdnd senlS¥s an
on-line HP para-DIPB conversion 72.0% 74.8%
Cumene Selectivity 96.6% 98.9%
N-propylbenzene/Cumene (ppmw) 280 320
Ethylbenzene/Cumene (ppmw) 330 830
Relative Activity 16.1 83.2
[0047] The transalkylation feed used in Example 3 was prepared as

follows. Chemical grade benzene was percolated through activated alumina. A
polyethylbenzene (PEB) mixture containing 90% diethylbenzene (DEB) was
obtained from a PEB column overhedd of a commercial ethylbenzene unit, and
percolated through activated alumina. Percolated benzene and PEB were mixed in
a 3:1 weight ratio. A GC analysis of this feed provided the composition by weight

shown in Table 3.



5890 GPC. Rel ative activity based on a first order reaction rate constant,
cunene selectivity and inpurity-make for the catalyst were determ ned and
are also showmn in Table 2. TABLE 2 Zeolite-Beta P-Beta VWHSV 16 72 Overall
DI PB conver si B 206/10%53. 9% net a- Dl PB conversi on 8. 4% 1RET88200p8(6866 D) pB
conversion 72.0% 74. 8% Cunene Selectivity 96. 6% 98. 9%

N- propyl benzene/ Cunene (ppmy) 280 320 Ethyl benzene/ Cunene (pprmw) 330 830
Rel ative Activity 16.1 83.2 100471 The transal kyl ati on feed used in Exanpl e
3 was prepared as follows. Chem cal grade benzene was percol ated through
activated alum na. A polyethyl benzen&ABiEB) m xture contai ning 90%

di et hyl benzene (DEB) was obtained froma PEB col um over\}ag@qPof a

comerci al ethyl benzene unit, and percol ated through acty um na.
Percol at ed benz@aszea®td PEB were mixed in a 3:1 weight ratio. A7 anal ysis
of this feed prﬂ.v' ded the conposition by weight shown in Tabl 0% WO

2006/ 107462 PCT 6/ 006866 14 TABLE3 Wi ght Percent Benzene T4.719
Toluene 0.021 EB 0.122 n-propyl benzene 0.005 Ethyltoluene 0.00Q4
But yl benzene 0. 142 qeta-diethyl benzene 13. 235

n-propylbenzene 0.005
Ethyltoluene 0.004
Butylbenzene 0.142
meta-diethylbenzene 13.235
para-diethylbenzene 5.500
ortho-diethylbenzene 4518
Triethylbenzene (TEB) 1.601
Others _ 0.134
Sum | 100.00
- [0048]} EXAMPLE 3: Ethylbenzene synthesis via benzene/PEB-

transalkylation over zeolite beta catalyst.

[0049] The transalkylation process was conducted with a down flow fixed-
bed reactor which consisted of a three-zone furnace and a 3/8” (9.59mm) outside
diameter reactor with 1/8” (3.19 mm) outside diameter, central thermowall in the
catalyst bed.

[0050) A sample of 0.5 grams of zeolite beta catalyst, comprising 65 wt.%
hydrogen form of zeolite beta crystal and 35 wt.% alumina (Al;Os} binder, 1/16”
(1.59 mm) cylindrical extrudate (chopped to 1/16" [1.59 mm] length) was diluted
to 3 cc with sand and dried at 257°F (125°C) at atmospheric pressure (100 kPa)
with 100 cc/min. flowing of N; for 2 hours. The N; was tumed off and the grove
loader was set to 500 psig (3616 kPa). The transalkylation feed described in
Table 3 was introduced by an Isco pump at 257°F (125°C) and 60 cc/hr for 1 hour
and then at 5 total WHSV. The reactor was ramped at 41°F/min. (§°C/min.) to
464°F (240°C) and then at 37°F/min. (3°C/min.) to 500°F (260°C). The product
was collected in a cold trap and analyzed off-line on the HP 5890 GC equipped
with a DB-1 capiilary column. Catalysts were tested at S00°F (260°C. 500 nsig



par a- di et hyl benzene 5.500 ortho-diethyl benzene 4.518 Triethyl benzene (TEB)
1.601 'Gthers 0.134 Sum 100.00 [0048] EXAMPLE 3: Ethyl benzene synthesis

vi a benzene/ PEB- transal kyl ati on over zeolite beta catalyst. 100491 The
transal kyl at i ¥f 2¢p6067862s was conducted with a down fl ow fHCTA$2006606866 eact or
whi ch consisted of a three-zone furnace and a 3/8" (9.59mMm) outside

di ameter reactor with 1/8" (3.19 mm outg de dianeter, central thernowall in
the catalyst bed. 10050] A sanple of 0.5 grans of zeolite beta catalyst,
conprising 65 w.% hydrogen formof zeolite beta crystal and 35 wt. %

al uni na (A1203) (3g16%pk), 31 beizene/rED Vel ) | Wil fot Howe e Wl atvarisidopped to
1/16" [1.59 m] _length) was diluted_ to 3 cc with sand and drjied at 257F
(125C) at at mosBABtYec agivit ased e o fipspgyder ipachom g Geysiath. ethylosfze?§ of N2 for
2 hours. The N2su@sivity/dGmhpQfitl-RE 18116 QaANR werOaREhindA ind &b siAmiR0 PSi g
(3616 kPa). The transal kyl ati on feed described in Table 3 was introduced by
an | sco punp at Tehjg£ (125C) and 60 cc/hr for 1 hour and then at 5 total
VWHSV. The reactor was ranped at 41F/ mlr)ﬂaﬂrﬁgm n.) to 464F (240C) and then
at 37F/mn. (3C mn.) to 500F (260C). The product was collected in a cold
trap and anal yzed off-line on the HP 5890 GC equi pped wi t Bealitg®eta capillary
colum. Catal ys{mpre tested at 500F (2@QC, cnn nsig WO 20061104462

PCTI US2006/ 0068 15 (3616 kPa), 3:1 benzene/ PEB weight ratio wth total
flowrate as a QaerklhPEB.conRediont i ve activity based on a first 03 reaction
rate co. stant, Et hyl benzene selectivity and inpurity-nmake for t;g/e catal ysts
were det er mi ned PHRPoIA7Re GRSFHIOP n  Tabl e 4. TABLE 4 Zeolite Bet®#>AHSV 10

TEB conversion 18.3%
Selectivity, wt. %
Lights 0.207%
Toluene 0.047%
Ethylbenzene 98.073%
Cumene 0.054%
n-propylbenzene 0.038%
Ethyitoluene 0.032%
Diphenylethanes 0.856%
Others 0.693%
Relative Activity 7.7
10051} The transalkylation feed used in Example 1 was prepared as

follows. Chemical grade benzene was percolated through activated alumina
column. A PEB mixture containing 69.4 wt.% DEB and 28.6 wt.% TEB was
obtained from a PEB column overhead of a commercial ethylbenzene umit, and
percolated through an activated alumina column. Percolated benzene and PEB
were mixed in a 2:1 weight ratio. A GC analysis of this feed provided the

composition by weight as shown in Table 5.



Overal | .DEB conversion 50.3% Butyl benzene conversion 30.5% TEB conversion
18.3% -Selectivity, w. % Lights 0.207% Tol uene 0.047% Ethyl benzene

98. 073% Cune 00. 054% n-propyl benzene 0.038% Ethyltoluene 0.032%

Di phenyl et hane$® 6" 88842 Ot hers” 0. 693% Rel ative Activity FCHUSAE@E®E The
transal kyl ati on feed used in Exanple 1 was prepared as follows. Chem cal
grade benzene was percol ated through actilgated alum na colum. A PEB

m xture containing 69.4 wt.% DEB and 28.6 wt.% TEB was obtained froma PEB
col um overhead of a commercial ethyl benzene unit, and percolated through
an activated alum na col um. Percol at egaBepzene and PEB were mxed in a 2:1
wei ght ratio.. A GC analysis of this feed provided the copposition by weight
as shown in Table 5. WD 2006/ 107462 PCTI US2006/ 006866 16%7:@% i ght
Percent Lights QgRd5 Benzene 66.634 Toluene 0.013 EB 0.018 g6isrene 0.016
n- Propyl benzene 0.023 Ethyltol uene 0.058

Benzene 66.634
Toluene 0.013
EB 0.018
Cumene 0.016
n-Propylbenzene 0.023
Ethyltoluene 0.058
Butylbenzene 0.084
meta-diethylbenzene 14.550
para-diethylbenzene 6.722
ortho-diethylbenzene | 1.788
1,3,5-tetraethylbenzene 6.978
1,2,4-tetraethylbenzene 2.521
" 1,2,3-teiracthylbenzene 0.065
Others 0.516
Sum 100.001
[0052] EXAMPLE 4: Ethylbenzene synthesis via benzene/PEB

transalkylation over P-Beta catalyst.

[0053] The transalkylation process was conducted with a down flow fixed-
bed reactor which consisted of a three-zone furmace and a 3/8” (.59 mm) outside
diameter reactor with 1/8” (3.19 mm) outside diameter, central thermowall in the
catalyst bed.

[0054] One-half gram of P-beta, a 1/20” (1.27 mm) quadrulobe extrudate
(chopped to 1/16” [1.59 mm] length) containing 0.2 wt.% phosphates and 20% wt.
alumina (Al O;) binder was diluted to 3 cc with sand and dried at 257°F (125°C)
and atmospheric pressure (100 kPa) with 100 ce/min of flowing N for 2 hr. N,
was turmed off and the grove loader was set to 500 psig (3616 kPa). The feed, as
described in Table 5 was introduced by an Isco pump at 257°F (125°C) and 60

~c/hr for 1 hour and then t 5 total WHSV. The reactnr was ramped at 5°C/min to



But yl benzene 0.084 neta-diethyl benzene 14.550 para-diethyl benzene 6.722

ort ho-di et hyl benzene 1.788 1, 3,5-tetraethyl benzene 6.978

1,2,4-tetraethyl benzene 2.521 1,2, 3-tetraethyl benzene Q. qﬁ% Ot hers 0.516

Sum 100. 001 YYOGBBAOMSANMPLE 4: Et hyl benzene synthesis vig bensuM&iber
transal kyl ati on over P-Beta catalyst. [00531 The transallcyl ati on process

was conducted with a down now fixed- bed!”eactor which consisted of a

t hree-zone furnace and a 3/8" (9.59 mm outside dianeter reactor with 1/8"
(3.19 nm outside dianmeter, central thermowall in the catalyst bed. [00541
One- hal f gr am o240°Cbéeltha prasiugt/ w3 collectefi7in mrepldgitrpding | ao#eed ofi-irgamea HP chopped to

1/16" [1.59 mm : L NG . < 0 AN 203 al um na
(A12C83) bi nder vsvgﬁs]d@?%'f@%a&%{h%@%l%nﬁﬁﬁggn%&ghgﬁ%tggmat 2%%@%50) and
at nospheri c pr e$AM@), $0DQBigk el kB, A:1160zcow/PEB meight mtiowith g tatgd flowmate hr. N2
was turned off r | o . S t..+5, i . The
feed, as descriq'ggd‘;a?ﬁ)lgag%zmge \%Saj@li t?' \r,ﬁa?egd%{:gc}ﬂ gy&gﬁﬁ%écggé g%%rgo%.B%WF (1250
and 60 -c, 4u f ethylbelrens sekentivitytuad ithpusity mblee fodhd k@M ystsTwere detarntined ands r anped
at 5C/mn to V\Dalzoggllﬂ %EI% PCTI US2006/ 006866 17 240C. The product was
collected in a &B1% ‘ﬂlﬁé. § anal yzed off-line on a HP 5890 GC equi pped
with a DB-I capillary colum. Catal ystkABEE® tested at 464F (240C), 500
psig (3616 kPa), 2:1 benzene/ PEB weight ratio with a total fl rtate as a
variable. Relative activity based on a first order reaction r&f #&onst ant ,

et hyl benzene sef@svvity and inpurity make for the catal ysts wer# determ ned

and are shown I} 1ADER Saversion— © 40.7%
Butylbenzene conversion 12.0%
TEB conversion 13.5%
Selectivity, wt. %

Lights 0.297%
Toluene 0.043%
Ethylbenzene 98.591%
Cumene 0.010%
n-propylbenzene 0.000%
Ethyltoluene 0.000%
Diphenylethanes 1.043%
Others 0.016
Relative Activity 251
[0055]) When the relative activity values for the catalysts are compared,

P-beta is 5.1 times more active than conventional zeolite beta not comprising
phosphorous in the transalkylation of cumene under equivalent conditions of
WHSYV; and 3.2 times more active than conventional zeolite beta in the
transalkylation of ethylbenzene not comprising phosphorous under equivalent
conditions of temperature, pressure and DIPB conversion.

[0056] While the present invention has been described and illustrated by
reference to the preferred embodiments, those of ordinary skill in the art will

nnnreciate that the invention lends itself to alternative emhoadiments not



P-Beta WHSV 10 Overall DEB conversion 40.7% Butyl benzene conversion 12. 0%
TEB conversion 13.5% Selectivity, w. % Lights 0.297% Tol uene 0.043%

Et hyl benzene 98.591% Cunene 0.010% n-propyl benzene 0. 000% Et hyl tol uene

0. 000% Di pheM0 29p4iiMe2 1. 043% Ot hers 0.016 Rel ative AcPCUDUE06@8s866 [ 0055]
When the relative activity values for the catalysts are conpared, P-beta is
5.1 tinmes nore active than conventional zgolite beta not conprising
phosphorous in the transal kyl ati on of cunene under equival ent conditions of
VWHSV; and 3.2 tinmes nore active than conventional zeolite beta in the
transal kyl at i on metesirifyillagrited MoreH0 tFot GifXeisth, T8feAOSMBAIE B snade stdsly Rqui val ent
conditions of tepperature, .pressure and DI PB conyersion. [Q056] Wile the
present inventi éﬂgﬁ%n%émé§@rﬂmesa flefermigmg, the dye scope ol s MR’ t o t he
preferred enbodiigratien, those of ordinary skill in the art will “cnreciate
that the invention lends itself to alternative enbodi nrents not WO

2006/ 107462 PCTI US2006/ 006866 18 necessarily illustrated herein. For this
reason, reference should be nade solely to the appended clains for purposes
of determ ning the true scope of the present invention. WO 2006/ 107462

PCT/ US2006/ 006866 19



CLAIMS W Caim 1. A process for producing a nonoal kyl ated aromatic
conmpound froma polyal kyl ated aromati c conpound, conprising the step of
contacting an al kyl atable aromati c conpound with a pol yal kyl ated aronmatic
.conpound’  und&YO 206/108483t partial |iquid phase conditi onsP‘FTfXQ%’”?ﬁs@sence of
a first transal kylation catalyst having a first catalytic activity, said
first transal kylation catalyst conprising zeolite beta and phosphorous, the
phosphorus content of saidtrausal kylation catalyst is in the range-of 0.001
w.%to 10.0 wt. % of said first transal kyl ation catalyst, to provide. a
product whi ch co@pAlM®s- anonoal kyl ated aromati ¢ conpound, 2. The process of
claim1, wherein said first catalytic activity is greater than a second
catal yst activity of a second transal kyl ati on catal yst which conprises
zeolite beta andweagmof phosphorous, when said first and second

transal kyl ati on catal ysts are conpared under equival ent conditions. 3. The
process of claim1, wherein said first transal kyl ati on catal yst has a

phosphorus content im tphRedsafdgProdhicids Q0RoMalated adordatibt cotapolindSosl 41 r st
transal kyl ati on cat al yg}. 4. The process qof claim1, wherFi n said first
transal kyl ation cat alPy¥elkplated aromatis SompoURd: CARATSIE the, S 8t POATER&R 0. 01 wt . %

to 0.5 w.% of said falyhitabld éréfsal doyipadndowitic @ palyMeilated arolafic Birgpead of claim
1, wherein said polyal kyl at ed conpound is polyjsoprgPylbenzqge ggd sai d
al kyl atabl e aronat i ¢ YBSHAS st PEtigifpidnphase pendiiops) i Bedsrenre 2 U5t g

product. 20 6. The RLAGESRGSE Shdysin RavitBekeiRt Satalltiobtttiy ls@l eflrseonpound
i s polyethyl benzene and sai d al kyl atabl e, aromat.i c. conpound i s benzene, to
produce et hyl benzene ta8saligylagjon, cafglyst comprisingezeshitcta 284 POPRRFFOYS, Hher ein

sai d al kyl abl e ar omatphgsphOHP Rt bSsaiddRNGAGBiah Chta R & iR kiehdelopdodgent i s
et hyl ene or propyl ene. og. The process of any preceding claim further
Con'pri Si ng t he st ep (j’ft-/o to 10.0 wt.% of said first tansaﬂcylatlon catalyst, to prOVlde_ a

product which comprises a monoalkylated aromartic compound,.

2. The process of claim 1, wherein said first catalytic activity is greater than a
second catalyst activity of a second tramsalkylation catalyst which
comprises zeolite beta and free of phosphorous, when said first and second

transalkylation catalysts are compared under equivalent conditions.

3. The process of claim 1, wherein said first transalkylation catalyst has a
phosphorus content in the range of 0.005 wt.% to 3.0 wt.% of said first
transalkylation catalyst.

4. The process of claim 1, wherein said first transalkylation catalyst has a
phosphorus content in the range of 0.01 wt.% to 0.5 wt.% of said first
transalkylation catalyst,

5. The process of claim 1, wherein said polyalkylated compound is
polyisopropylbenzene and said alkylatable aromatic compound is benzene,

to produce curnene as said product.



contacting said al kyl atabl e aromati c conpound with an al kyl ati ng agent
under at |least partial liquid phase conditions in the presence of an

al kyl ati on catal yst selected fromthe group consisting of MCM 22, MCM 36,
MCM 49 and MCM 56, to provide an al kyl ati on product conprising said

pol yal kyl ated aromatic conpound. 9. The first transal kyl ati on catal yst of
the process of any preceding claim sa&0 first transal kyl ation catal yst
having a first catalytic activity and conprising zeolite beta and
phosphorus, said phosphorous content is in a range of 0.01 wt.%to 0.5 wm.%
of said first transal kyl ation catal yst, wherein said first catalytic
activity is greater than a second catal yst activity of a second
transal kyl ati on catal yst conprising zeolite beta and free of phosphorous,

when said figst ang pastesd ofr aas@l Kywhdreian saidt §olyfkylated Ecoifptad e under
equi val ent conditions; and wherein said first transal kyl ation catalyst is
used in the procdolyetylhgnzens asd saidradkydatehlerpromatic vorapewndais \psnzese, @ ai m 9,

\C/]\ﬂg&rehlnoggi d fi rsptrm}urcggﬁl%lélee%‘j!sosrlidcl%@dc}/_st is shaped in a formof a

7. The process of claim 7, wherein said alkylable aromatic compound is

benzene and said alkylating agent is ethylene or propylene.

8. The process of any preceding claim, further comprising the step of
contacting said alkylatable aromatic compound with an alkylating agent
under at least partial liquid phase conditions in the presence of an
alkylation catalyst selected from the group consisting of MCM-22, MCM-
36, MCM-49 and MCM-56, to provide an alkylation product comprising
said polyalkylated aromatic compound.

0. The first transalkylation catalyst of the process of any preceding claim, said
first transalkylation catalyst having a first catalytic activity and comprising
zeolite beta and phosphorus, said phosphorous content is in a range of 0.01
wt.% to 0.5 wt.% of said first transalkylation catalyst, wherein said first
catalytic activity is greater than a second catalyst activity of a second
transalkylation catalyst comprising zeolite beta and free of phosphorous,
when said first and second transalkylation catalysts are compared under
equivalent conditions; and wherein said first transalkylation catalyst is

used in the process of any preceding claim.

10.  The catalyst of claim 9, wherein said first transalkylation catalyst is shaped

in a form of a quadrulobe.



