WD 2006/ 052324 PCT/ US2005/ 033658 1 HEAVY AROVATI CS CONVERSI ON CATALYST
COVPCSI TI ON AND PROCESSES THEREFOR AND THEREW TH FI ELD 100011 The invention
rel ates twoaoeaisataist conposition useful for converti ng pdrazszyosanseat i cs,
specifically CO+ aromatics, to lighter aromatic products, particularly
benzene, toluene and xylenes (hereinafter collectively referred to as BTX),
to a process for producing the corrp05|t10n and to a process for using the
conposition in a heavy aromatics conversion process. BACKGROUND [0002] A
source of benzene and xyl enes i s catal t|c ref ormate, which is prepared by

contacting a m xtureBHEAN ATRE B 1 LICOA 3 a strong
hydr ogenat i on/ 8 nge i Q E ti 1 gderat ely
acidic supporis a6 to C8

fraction is separated fromthe reformate and extract ed W|th a sol vent
selective for aromatics or aliphatics to produce a mxture of aromatic
conpounds tHAELD relatively free of aliphatics. This m xture of aromatic
conmpounds usual Iy contains BTX, along with ethylbenzene. 100031 Refineries
have al so fd80&dd orfhe n@vmaaékateém@rcq&@ﬁitérv@lmmlonwsgﬁ%@r ﬁcgpvertmg

transal kyl atyi on of ron| d tol ue over bl e e ni ng
zeolite catae ‘Qfsamﬁ%% g‘i'eﬁbﬁcﬁ& eaf‘f?lgg d’@?‘ S grag}?hgsp%@ g’ne and
xyl enes, %ﬂi&iﬁz{rlyf\béﬂkeﬁé msmﬁ@m&yﬁﬁés &ﬁfélﬁ&héi'%ll&gw‘éﬁﬁrﬁér?éast%' &yl ation
of C9+ aromatics and toluene over catalysts containing noble netals. The
resul ti ng trBRX),dbiaoprocgasdduptodising thy emulm*lttum dndr toheeprosess foratsing thef
non-aromati cs, benzene, Cs aromatics (i.e., ethylbenzene, para-xylene,
met a- xyl ene, CWSB}OPHBaWP@h@?maﬁ??rcé’%?ré‘GnPF%cé%ne and unreacted C9+
aromatics. Usually, the Cs aromatics product is subjected to further
separation to produce xylenes, particularly, para-xylene. Lowering the
anount of etBXCGROWENDN the C8 aromatics irrproves efficiency of xylene
recovery. Therefore, there are strong econom c and technical incentives to
decrease t hel0BORl| behsenwecohberrenatandrxyleneshis eatalia rripraateo whighodfuct . The

prepared by contacting a mixture of petroleum naphtha and hydrogen with a strong

hydrogenation/dehydrogenation catalyst, such as platinum, on a moderately acidic
support, such as a halogen-treated alumina. Usually, a C¢ to Cy fraction is
separated from the reformate and extracted with a solvent selective for aromatics
or aliphatics to produce a mixture of aromatic compounds that is relatively free of
aliphatics. This mixture of aromatic compounds usually contains BTX, along with
ethylbenzene.

[0003] Refineries have also focused on the production of benzene and xylenes
by transalkylation of Co+ aromatics and toluene over noble metal-containing
zeolite catalysts. High value petrochemical products, such as benzene and xylenes,
together with ethylbenzene are formed during the transalkylation of Cy+ aromatics
and toluene over catalysts containing noble metals. The resulting translation
product is subjected to further separation of non-aromatics, benzene, Cg aromatics
(i.e, ethylbenzene, para-xylene, meta-xylene, and ortho-xylene), unreacted
toluene, and unreacted Co+ aromatics. Usually, the Cg aromatics product is
subjected to further separation to produce Xylenes, particularly, para-xylene.
Lowering the amount of ethylbenzene in the Cg aromatics improves efficiency of
xylene recovery. Therefore, there are strong economic and technical incentives to

decrease the ethylbenzene concentration in the fransalkylation product. The



WO 2006/ 052324 PCT/ US2005/ 033658 2 anount of ethyl benzene in the

transal kyl ation product depends primarily on (a) the feedstock conposition
and (b) the transal kyl ation catal yst and the transailcylation conditions.
Typi cal | yYWORASASER4ar omat i cs feedstock and/ or the tol uerETigs2dos/ a8 ai Ns

et hyl benzene as an inpurity ranging fromO0.001 to 4 wt % based on total

wei ght of the feed. OQther than the et hﬁl benzene in the feedstock,

et hyl benzene can be formed during transal kyl ati on process froma feed
conprising ethyl-containing C9+ aronmatics and from various side-reactions.
[ 00041 One solution to the problemof the ethylbenzene in the

transal kyl samamt oﬁefbul]vcnzmnnﬂ@trameauwlah@apnoﬁumdepmcbfpnmuyom(a)m ics is

feod conpri Eripacmibesi e () dioBaBNEtaR =Bt BHE  EHEERARARER! Kyl ot T on
react | on consiiaes Tohkany2d (G @%klxgtfggam Sihd/8 tﬁé”?%:‘,\fé e zeolite

havi ng a constrail nt r angi rom , suc and a >

hydr ogenat |mtmmhﬁbeﬁzenﬂae aﬁfilfnbweuytranglﬁg filotd 0@01 1@ A viPE bided Dh torant act | ng
step is then contacted with a second cataly osition which conprises a

zeol i t e haveightoldba éeadaOtherithrncthe edihienzene mthesfeg&tocizeﬂlylbsmeag cZSM 5, and

whi ch t tor. f th f t
catal yst  compiin St tppuiietts dpSRRHoR F sl misuie divisttutied
conprising @gpﬁgﬁﬁn@@gﬁ%ﬁ%ﬂo{@ﬁd@;mﬁ%nzene in the feed and/ or the

et hyl benzene” forned during transalkylation process is partially destroyed by

deal kyl at i ofo00#] et Qucoeriatdiretot the peohian ef andethylbyhne in fHOGoballdattah ent No.
5,905, 051 discl oses. a process for converting a_ hydrocarbon stream such as,

for exanpl eproguetoduringy ttraélsﬂkﬂﬁﬁ%af fieavyearpgaties 13a¢16¢¥ﬁ%qdclnh‘§8 ekt bons, ;
h | h t t
sueh 25 | ABESoROBEhkOet U SEbEAT Whlieder L Sorp R By | S 0

sai d cat al ygbnfa@8mgdidchidoss diEtdMasanter ﬁmﬁﬂk?faﬁbﬁ r&icﬁﬁﬁ%oﬁdiﬂoﬁﬁltﬁ ot
physically m xed or blended and wherein said first catalyst conposition is a

met al - pr onofisd calyshiorapostiors¢dmymisinga neblite baving algensirairtniodexaiangingcond
catalyst ¢ osition is ZS ving inc orated therein_an t|V|ty
pronot er seg_gglt @é tof @w¢h%%§%ﬂ§2=&&%s% E‘V‘%ﬁgewloglqmﬁempmpﬂ% sul fur,
and corbi nafésﬁlﬁﬁgtﬂ]cﬁﬁetﬂé first contacting step is then contacted with a second catalyst

composition which comprises a zeolite having a constraint index ranging from 3 fo
12, such as ZSM-5, and which may be in a separate bed or a separate reactor from
the first catalyst composition to produce a transalkylation reaction product
comprising benzene and Xylene. The ethylbenzene in the feed and/or the
ethylbenzene formed during transalkylation process is partially destroyed by
dealkylation of ethylbenzene to benzene and ethylene. {
[0005] US Patent No. 5,905,051 discloses a process for converting a
hydrocarbon stream such as, for example, a Cyt aromatic compound to Cg to Cg
aromatic hydrocarbons, such as xylenes, by contacting the stream with a catalyst
system comprising a first catalyst composition and a second catalyst composition,
wherein said catalyst compositions are present in separate stages and are not
physically mixed or blended and wherein said first catalyst composition is a metal-
promoted, alumina- or silica-bound zeolite beta, and said second catalyst
composition is ZSM-5 having incorporated therein an activity promoter selected
from the group consisting of silicon, phosphorus, sulfur, and combinations thereof.
According to the ‘051 patent, ‘he use of the séparate catalytic stages improves the

conversion of Cot aromatic compounds and naphthalenes to xylenes and decreases



According to the 051 patent, he use of the separate catal ytic stages

i nproves the conversion of C9+ aromatic conpounds and napht hal enes to
xyl enes aitP #2¢PZ3Tks WO 2006/ 052324 PCT/ US2005/ 033658 BCT/HS2045#33638 of
undesirabl e et hyl benzene in the product. The ethyl benzene in the 051
product is about 3-7 wt % of ethyl benzene based on the wei ght of Cs
aromatics fraction of the resulting pro3duct. [ 0006] It has now been found
that a catal yst system conprising a nol ecular sieve exhibits enhanced

acidity and drogenation .activity for substantjal renov of ethyl-group
cont ai ni ng dﬁ%ﬁ%‘f’ d o‘fﬁf@ﬂﬁ"ﬁée ethylsnzene ‘?E“’Idé‘%é“\%i?ﬂf‘i%‘?nze‘&ﬁ/@@rel
reduction in [ f + fiu ch as
xyl enes. SUM&?I@%*CI)S%]S&P% gﬁe“'@%)ggie%wu %Iﬁeelﬁlﬁ%\{}eh ﬁggn;r%éi at 82%'520 a

cat al yst conpasitids fractiewoPihe $éshfting pro@rt.aci dity conponent having an al pha

value of at |east 300; and ii) a hydrogenation conponent havin

hydr ogenat i dA0Gfdt i vItthasgiowabeen fomsd taoG cqldpd System| eprapresingp ment, the
invention relates,to a process . for oducin a cat st _copposi tign

compri sing. 9vecabls Erlpoet adaed hed habngronton SBeh e SERBRRRI of a

| east 300 wj t N&d:d ng.| r C Lt on
sufficient wf?%%ﬁ%@fg%%ﬂ@g?%xﬁ{/ r%g‘géﬁh I oﬁgcrﬂggﬁp}gnserﬁflﬁﬁﬁtfgédssai b‘gci dity
conponent t coveralinteductiodi ifi ithel c@diegkidny oLthehfrefadd toamudfitliconpetmdsy g sai d

nodi fied acidity conmponent to produce said catal yst having hydrogenation
activity of fenegast 300. [0009] In another enbodi nent, the invention
relates to a process for the conversion of a feedstock containing C9+
aromati c hydrocarbons to produce a resulting product containing |ighter
arlomat i ¢ pr ogiusiMARY] | ess than about 0.5 wt % of ethyl benzene based on the

wei ght of C8 aromatics fraction of said resulting product, said process
conprising c®f¥Ect i by ovaieamticsizmientothe tnvention relateslikydl eatilyst composition

comprising:
1} an acidity component having an alpha value of at least 300; and
1) a hydrogenation component having hydrogenation activity of at

least 300.
[0008] . In another embodiment, the invention relates to a process for producing
a catalyst composition comprising:
1) contacting an acidity component having an alpha value of at least
300 with at Ieast one hydrogenation component under a condition
sufficient to incorporate said hydrogenation component into said
acidity component to form a modified acidity component; and
i) calcining said modified acidity component to produce said catalyst
having hydrogenation activity of at least 300.
[0009] In another embodiment, the invention relates to a process for the
conversion of a feedstock containing Co+ aromatic hydrocarbons to produce a
. resulting product containing lighter aromatic products and less than about 0.5 wt%
of ethylbenzene based on the weight of Cg aromatics fraction of said resulting
product, said process comprising contacting said feedstock under transalkylation
reaction conditions with a catalyst composition comprising: (i) an acidity
coniponent having an alpha value of at least 300; and (i1) a hydrogenation

component having hydrogenation activity of at least 300, the Co+ aromatic



reaction conditions with a catal yst conposition conprising: (i) an acidity
conponent having an al pha value of at |east 300; and (ii) a hydrogenation
conponent_havi ng hydrogenation activity of at |east 300, the C9+ aromatic WO
200610523%9 269P138005/ 033658 4 hydr ocar bons bei ng conP&TVER0VIHE8sai d
transal kyl ation reaction conditions to a reaction product containing

xyl enes. Preferably, the aromatic prod%pt contains less than about 0.3 W%
of ethyl benzene based on the wei ght of "Cs aromatics fraction of said
resulting product. Mire preferable, the aromati c product contains |ess than

bout 0.2 % of ethylb b .Ih i ght of Ca ' f ti

of sal 0 r COUDSHGPIS sl SO P penr B APy g ToRcaP oD A
. . L ’ t prel

rore of & {reioiogict Rt AIRARE? iRkl (e SRR FORR) Ehhbe s S Gve

havi ng a MORatabbgit 0B evt%RoletRylbezeHS beded Sinatht iwgght iof Wz g@drhaticydrattionat er i al
having an X-ray diffraction pattern including d-spacing maxim (A) at
12. 40. 25, 60Psaid KsuBing poodiet. Mereprafemble thevromapie prasiuabeantaing less tanal yst

conprises a_nol ecul ar, sieye, ZSM 12. ternative] t he porous  crystalline

i nor gani c oﬁl?‘ﬂ’éeq‘é;f“@r/“l%ﬁlet}/‘@bgﬁeﬁﬁﬁ’éﬁfeﬁlﬂrbm&t?@g& éﬁg“ Q{B?téctsi%“ﬁf‘ ne or
more of MCM -25, MM 36, MCM 49 and MCM 56. 10011] In another
enbodi nment , %ﬁgg cgﬁg%ﬁ(ﬁégonpri ses second nol ecul ar sieve having a
constraint [00d@k r amefersbly,tienracdityocdmporitneéampridey a nidlecudacing selecrdul ar
sieve is ZSM5. Preferably, the catalyst conprises twg nol ecul ar sieves, the
first nol efignuthe graupecongistrsg\efione oxmaoretod adesianelepaeieediavinga/ MW 7o\ 5.
Conveni ent | the catal yst_ co sition.kSpparticul at the first and
second ol St §nfletih SRTERVng. MOREA bt A A Pl POl TG s
[00121 Pref gi#Phi¥e okide mMetiAR0Rs ANXCA Btion §at$&h@ﬁélﬁ&in§rcp§ﬁabil\?/l§ group
consisting of one or nore of a Goup VITIB and G oup VIIB netal. re

pref er abl y, maxinhny4) eydndtd.3h, 6.8aHAALAL7+E0% end & 410:070 Mortseprgfenaly,

consi sting of

Consi U110 0 OB oA Rk ARl 9011
BPYG?;') on T &8)sfiPthe ifoRkalic QxR LiBalRE QAUGLL BoRERE SRRpOIREiRE Hordd st St ePs
amore of MCM-22, PSH-3, SSZ-25, MCM-36, MCM-49 and MCM-56.
[0011] In another embodiment, the catalyst comprises second molecular sieve
having a constraint index ranging from 3 to 12. Preferably, the second molecular
sieve is ZSM-5. Preferably, the catalyst comprises two molecular sieves, the first
molecular sieve 1s ZSM-12, and the second molecular sieve is ZSM-5.
Conveniently, the catalyst composition is particulate and the first and second
motlecular sieves are each contained in the same catalyst particles.
[0012]  Preferably, the hydrogenation component is selected from the group
consisting of one or more of a Group VIIB and Group VIIB metal. More
preferably, the hydrogenation component is selected from the group consisting of
one or more of rhenium, platinum, and palladium.
[0013]  Typically, the feed contains benzene or toluene. In a further aspect, the
invention resides in a process for producing benzene comprising the steps of: (a)
reacting Cot aromatic hydrocarbons and toluene under transaltkylation reaction
conditions over a catalyst composition comprising (i) an acidity component having
an alpha value of at least 300; and (i) a hydrogenation component having

hydrogenation aétivity of at least 300, to produce a resulting prodﬁét stream

comprising benzene and xylenes; and (b) distilling the benzene from said product



reacting C9+ aromati c hydrocarbons and tol uene under transal kyl ati on
reaction conditions over a catalyst conposition conprising (i) an acidity
conponent WR2W&i§23%n al pha val ue of at |east 300; and (iRQT/BSZAB3EF8Nat i on
conponent having hydrogenation activity of at |east 300, to produce a

resul ting product stream conprising benzene and xyl enes; and (b) distilling
t he benzene from said product WO 20061052324 PCT/ US2005/ 033658 5 streamto
obtain a benzene product. Preferably, the aromatic product contains |ess

t han about 0.5 % of ., et hyl benzene sed .qn the weight of Cs aronmatics
fraction oftTeam ?”'é‘ém”l %waﬁ'é%t:bﬁ Wger@ﬁﬁrth?m produet SPRAS I§SS pr oduct

contains | egsntRan: O.?W/ﬁ .()Pcﬁgl%o efb bﬁééﬂydgﬁ@t@w,{g}t??{se %a% CrAfbANt of Cs

aromatics fraction o said resulting pro erable, the aromatic
product conbficaid réstdting praduct AMotd profeZablé, thohroniakiy phaticeomtiias kes thant he

wei ght of C8 aromatics fraction of said resultin roduct. [00141 In a
further aspabeut Q-heviinotgthylenzeasibgsed om the wpxgbbgg Cg(ﬁfmpﬂ aptigy of Co+

DETAT LED DE-SURIBHICRE BR<FeE NSt RS (O R P g OB BB et
this invent iaBBhth.QW;?%f %tl@?éeﬂiéﬁ%tbas&i)fﬁ’% We%\t 6P TR drSRatids fackBn ! di Y

conponent having an al pha val ue of at |east 0, perferably the al pha val ue
of at | east sddQesuttmgepmpdedter ably t he al pha value of at least 500; and (ii)
a hydrogenati on conponent_ havi ng hydrogenation activity of at |east 300,
perferably t®4ydr érfartbwsa%%i teipvariog repidesin 8gwocesy I Proesseinghl y  t he
hydr ogenat | 8, aeddfhd MydcaPlork GPRAs HPP e AR Mo BLGIARby: (he aci dity
conponent coffprises X1 Tl Hol ecul ar- Sl eve sel et e rom the group

consi sting of one or nore of a nolecular sieve having a MIWstructure, a
nmol ecul ar sieve having a MOR structure, and a porous crystalline inorganic
oxi de mat er iIBETAIGERDESCRIP ¥ FMBOHRIMER cl udi ng d-spacing

maxi ma (A) ~40.25, 6.90.15, 3.570.07 .and.3.42-10,07.. Nore pref erably,
the catal ysﬁb@(])r’ipri 4 aprﬁgel]@éule@gog‘irw Fag) yyeniapy ePrﬁéﬂqe@/ef‘y?atﬁPf%t por ous
crystallined | L I: | si sting
of "New 22, BEEPGTOALORLEES FEEIGEh (TR eRCh iRy LT TIphASaRb O kAR

300, perferably the alpha value of at least 400, more preferably the alpha value of

at least 500; and (it) a hydrogenation component having hydrogenation activity of
at least 300, perferably the hydrogenation activity of at least 500, more preferably
the hydrogenation activity of at least 1000.
[0016] Preferably, the acidity component comprises a first molecular sieve
selected from the group consisting of one or more of a molecular sieve having a
MTW structure, a molecular sieve having a MOR structure, and a porous
crystalline inorganic oxide material having an X-ray diffraction pattern including
d-spacing maxima (&) at 12.4+0.25, 6.9£0.15, 3.570.07 and 3.42+0.07. More
preferably, the catalyst comprises a molecular sieve ZSM-12. Alternatively, the
porous crystalline inorganic oxide material is selected from the group consisting of
MCM-22, PSH-3, SSZ-25, MCM-36, MCM-49 and MCM-56.
[0017] In another embodiment, the catalyst comprises second molecular sieve
having a constraint index ranging from 3 to 12, Preferably, the second molecular
 sieve is ZSM-5. Preferably, the catalyst comprises two molecular sieves, the first
molecular sieve is ZSM-12, and the second moiecular sieve 1s ZSM-5.
Conveniently, the catalyst cbmposition is particulate and the first and second

molecular sieves are each contained in the same catalyst particles.



[0017] In another enbodi nent, the catal yst conprises second nol ecul ar sieve
havi ng a constraint index ranging from3 to 12. Preferably, the second

nol ecul ar__, si ILs ZSM5. Preferably, the catalyst conprises two nol ecul ar
si eves, tWé”f"W@?h*m ecul ar sieve is ZSM 12, and the seReHUSHEMEBGFar sieve
Is ZSM5. Conveniently, the catal yst conposition is particulate and the
first and second nolecul ar sieves are .ach contained in the sane catal yst
particles. WD 2006/ 052324 PCT/ US2005/ 033658 6 (00181 Preferably, the

hydr ogenati on conponent is selected fromthe group consisting of one or

f | . . f bl h
nyar ogenat | STBL s dEkERtty 8 HBeoes s, fnindfehd s, SEHE! Bt pecPSuB e or
more of rhegiiiainp! G bRE'Br Aok BRld @iu%wmo%ﬁ& Gruphoie metiDagigENt . the

i nvention relates"to a process for producing a catalyst conposition

conpri si ng: pieferaisly} the thydepganationi abntppnetnp celecied Hiam thg goupkmisistinglofe of at
|l east 300 with at |east one hydrogenation conponent under a condition
sufficient PBePTBeTeRiTherivgaplatinyra, BYatedBm. conponent into said acidity

conponent t m a_nodj.f i ed | di C. nent, .and ii) calcining said

nodi fi ed acmlﬁ[/ C?}Hﬁé‘ﬂg‘ﬁf"' Bg‘%wgaéj?g ’gg%gloggFlﬁf?g?apﬁ%\&?F% fR%‘Pg'ﬂ nati on
activity of a@htaly3B&impfdRion] dagRisingt ef erably, said hydrogenation conponent is
i ncorporated into said acidity conponent by ion-exchange, incipient wetness
i npregnati on, sol)i d- stattactimgeat adidity compemzmb having ensalpifa valee of atnleest t her eof .

More preferably, said__hydrogenation.c onent is incorporated into said
acidity conponent by S8H Wl@kghgﬂﬂé{neéwa?r%fm?tm CATRRANCYRASE @ GORdOBnat i on.
100211 I n anot her enbqQgd} it b ' b St c ar the
conversion of a feeds?gg{?ég%n?gﬁ%ﬁgxﬁggf&cg%&n%%%ﬁ%?#gg@%@n@ 8£Igr oduce a

resul ting product contagidityegmbbasit & foamaTabdigied aoMditg ompotent;emd t han about
0.5 % of ethylbenzene based on the weight of Cs aromatics_fraction of

said resulting ~pdoduseloimag srigmndified acadipr ¢anprpesbiot predussgaitheatalygedst ock

under transal kyl ation, reaction conditi.ons wth tal yst conmposition
conprising: (i) an aciha}rw%ydrogena?mn acﬁvxpy ofmgl{ttleasfa?)(ﬁf1

[0020} Preferably, said hydrogenation component is incorporated into said
acidity component by ion-exchange, incipient wetness impregnation, solid-state
reaction, or combinations of two or more thereof More preferably, said
hydrogenation component is incorporated into said acidity component by ion
exchange, and/or incipient wetness impregnation.

[0021] In another embodiment, the invention relates to a process for the
conversion of a feedstock containing Co+ aromatic hydrocarbons to produce a
resulting product containing lighter aromatic products and less than about 0.5 wt%
of cthylbenzene based on the weight of Cy aromatics fraction of said resulting
product, said process comprising contacting said feedstock under transalkylation
reaction conditions with a catalyst composition comprising: (i) an acidity
component having an alpha value of at least 300; and (ii) a hydrogenation
component having hydrogenation activity of at least 300, the Cot+ aromatic
hydrocarbons being converted under said transalkylation reaction conditions to a
reaction product containing xylenes. Preferably, the aromatic product contains less
than about 0.3 wt% of ethylbenzene based on the weight of Cg aromatics fraction
of said resulting product. More preferable, the aromatic product contains less than
about 0.2 wt% of ethylbenzene based on the weight of Cg aromatics fraction of

said resulting product.



conmponent having an al pha value of at |east 300; and (ii) a hydrogenation
conponent havi ng hydrogenation activity of at |east 300, the C9+ aromatic
hydr ocar b¥s2ePig2onvert ed under sai d transal kyl ati on rerpusioonosessdi ti ons
fo a reaction product containing xylenes. Preferably, the aromatic product
contains |l ess than about 0.3 wt % of ethyl benzene based on the wei ght of Cs
aromatics fraction of said resulting pfoduct. Mre preferable, the aromatic
product contains |less than about 0.2 wt % of ethyl benzene based on the

wei ght of C8 aromatics fraction of said resulting product. WO 2006/ 052324
PCT/ US2005/ 488858 s pemblpreinsthg dam Hightsr gromaiie preduets’|is gefined tamseant i ¢
products"” is_def.ined aromat.i c .nol ecul es_in roggcts havi ng fewer

E:OI (rean aving fewe e ¢arb
carbon at o TRAHE PRIECUSS Fhprodpginavipy foyy 5r?ﬁ’_il B A FROPHAPR o 45t ock.
For exanpl e,ofPaBatky lnﬁﬂf‘oulé%nﬁl e febSstodikS ok téxﬁhglgﬁrg(i}%)ﬁeﬁ o8 of the

fransal kyl ation wth toluene and/ or benzene, carbon atons which is

| ess than 9 resultimy preglactsosf €%-6nEansak@atiomvatiatolgenenmid?on beszenéahal §st
Conposition [Q023] The catal yst conpaosition used in the process of, the

i nvention C8TReR; dems whichqaly less dhany 9c 8hpesTE ntarbray RivgRsaAl Fygharomatige of at
| east 300; qﬁn% %}ﬂé% a hydrogenati on conponent havi ng hydrogenation activity
of at |east 30 , 10024] The acidity conponent is a material of having an
al pha value of at least 300, such as, silica-alumna, acidic zicoria, a
nol ecul ar sieve selected fromthe group consisting of a nolecul ar sieve
havi ng a MrWatalyst€Campositiono| ecul ar sieve having a MOR structure, and a

porous cryst jne pnorgani ¢ oxide.material. havin an X-r diffraction
pattern incllﬁ{#jﬂg dlrgﬁa‘gqtﬂés"nﬁﬁmﬁ‘és‘?% ‘5?31121. 3}(‘}3 Zg?ces . .433./113}’3%1.0870. 07 and
3.1420. 07. [ng,?rg)hsé@’.th regard to the nol ecul ar sieve, ZSM12 is nore

e

particularly scribed in U S. Patent No. 3,832,449. Mrdenite occurs
natural |y but mayi)al san dedlitysechponerihavok antalphawalueeffiacichsi3089; amiuch as

TEA-mordenite (1 (ﬁ) Y ﬁgrgr%tgaiarfation component having hydrogenation activity of at
least 300,

[0024] The acidity component is a material of having an alpha value of at least
300, such as, silica-alumina, acidic zicoria, a molecular sieve selected from the
group consisting of a molecular sieve having a MTW structure, a molecular sieve
having a MOR structure, and a porous crystalline inorganic oxide material having
an X-ray diffraction pattemn including d-spacing maxima (A) at 12.4+0.25,
6.94+0.15, 3.574+0.07 and 3.42+0.07.
[0025] With regard to the molecular sieve, ZSM-12 is more particularly
described in U.S. Patent No. 3,832,449, Mordenite occurs naturally but may also
be used in one of its synthetic forms, such as TEA-mordenite (i.e., synthetic
mordenite prepared from a reaction mixture compnsing a tetraethylammonium
directing agent), which is disclosed in U.S. Patent Nos. 3,766,093 and 3,894,104.
Examples of suitable porous crystalline inorganic oxide materials having the
defined X-ray diffraction pattern include MCM-22, PSH-3, SSZ-25, MCM-36,
MCM-49 or MCM-56. MCM-22 is described in U.S. Patent No. 4,954,325, PSH-3
is described in U.S. Patent No. 4,439,409, SSZ-25 is described in U.S. Patent No.
4,826,667, MCM-36 is described in U.S. Patent No. 5,250,277, MCM-49 is
described in U.S. Patent No. 5,236,575 and MCM-56 is described in U.S. Patent



nordenite prepared froma reaction m xture conprising a tetraethylamoni um
directing agent) which is disclosed in U S. Patent Nos. 3,766,093 and

3, 894, 104 ngles of suitable porous crystalline inorganic oxide

material s 96?\9? e defined X-ray diffraction pattern RGREVSZ05/NEKAS22,
PSH 3, SSz-25, NCM36, MCM 49 or MCM56. MCM 22 is described in U S. Patent
No. 4,954,325, PSH 3 is described in U S. Patent No. 4,439,409, SSZ-25 is
described in U S. Patent No. 4,826,667, MCM 36 is described in U S. Patent
No. 5,250,277, MCM49 is described in U S. Patent No. 5,236,575 and MCM 56

I s descri be Pat e 2006/ 052324 P 05/ 8 .8 No.
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i ncor por at e¢gh BeJeAt8d Rtein®fygefgge. [ 00261 Wt h regard to the nol ecul ar sieve,
sui t abl e mat ecrﬁ%?%s hav?ngjyg congtrai nt index of 3 to 12 include ZSM 5,

ZSM 11, ZSM®R6) ZSMW2R, regaid 36, meZﬁUIlébﬂlar Z&dhe) TsuitablleZGidkdriils ZGMng s

descri bed in US, Patent No. 3, 886. ZSM 11 is described in U S. Patent
No. 3,709, 9poustrzeyimdexof 3des1e?-rmfa1éée M35 SZSMpht, diIM NG, ZEMBZ8, 49M-3%SM 23 i s

No. -, 016, 245N Fe ezt LGRS s SRR O R PRRH 3552, 0 80 50 5 T s
descr | bed | pMS) iPak@RbodNn Uik, BirBo RGO, L5 JeS0LRRHRd By U5 Pat ent

No. 4,698,217. Constraint 1 ndex and a met hod for its determ nation are
descri bed |ﬁ’aldnG\IoF&Bﬁ;478\léLSM2M£déStﬁbedﬁlndJ SnPatent Nod, 874,840 ZSM36h of t he

Typl cal 1y, _EreesEakena UrS) BLE T & Upe oS thisesrish o LS BYUM. such as
from i eXCasysans2 0P HOIHARSE duof & Bakfi o "RFTNGP! ZGRSE oot and

second nol ecl at Sievesin al yst "conposi tion ere he first

nol ecul ar - sideseibed i IV 1 RateiithHoZ 3982 17 aTohatientainde0 BRO Y inethivdi foy Glsvi ng t he
mol ar rel ationship: X203:(n)YQ2 wherein X is a trivalent elenent, such as

al um num bdetsrminatiem arej degenihedand’ & Patgat Npufh()léﬂ@ emmcr;nrmcament;mf Yis a
Si 11 con:  angorh oy poRhfReEbaei freibt FpoRd PP idatnid. Preteraly
[0027) Typically, the second molecular sieve constitutes from 0 to 95 wit%,
such as from in excess of 20 to 80 wt% based on the total weight of the first and
second molecular sieves in the catalyst composition.
[0028]) Where the first molecuiar sieve is ZSM-12, the ZSM-12 can have a
.composition involving the molar relationship:
X203:(n)YO,
wherein X is a trivalent element, such as aluminum, boron, iron, iIndium and/or
gallium, preferably aluminum; Y is a tetravalent element, such as silicon, tin
and/or germanium, preferably silicon; and n is less than 75, such as from 20 to less
than 60. The ZSM-12 may further be selected so as to have an average crystal size
of less than 0.1 micron, such as about 0.05 micron, and a Diffusion Parameter,
D/, for mesitylene of at least 1000 x 10 sec!, such as at least 2000 x 10 sec’!,
when measured at a temperature of 100°C and a mesitylene pressure of 2 torr.
[0029]  As used herein, the Diffusion Parameter of a particular porous
crystalline material is defined as D/r’x10°, wherein D is the diffusion coefficient
(cm’/sec) and 1 is the crystal radius (cm). The required diffusion parameters can be
derived from sorption measurements provided the assumption is made that the
plane sheet ‘model describes the diffusion process. Thus for a given sorbate

loading Q, the value Q/Q., where Qo is the equilibrium sorbate loading, is



than 60. The ZSM 12 may further be selected so as to have an average crystal
size of less than 0.1 mcron, such as about 0.05 mcron, and a D ffusion
Par anet er WO D0605288r nesityl ene of at |east 1000 x le saT/usmwatnzassgat | east
2000 x 10-6 sec', when neasured. at a tenperature of 100C and a nesityl ene
pressure of 2 ton. [0029] As used herein, the D ffusion Paraneter of a
particul ar porous crystalline material®is defined as D/rzxl 06, wherein Dis
the diffusion coefficient (cnR/sec) and r is the crystal radius (cn). The
required diffusion paranmeters cg/n“ e derived from sorption neasurenents

provi ded t hanashemghisallvrelated ad /Dhatvherret isghe timestsedtreqitns todeadrthpes t he
i ffusi . _Thus, f i ven. sorbate .| oadi t he val wh
615 the equraroprdine D Gapled shfifiol® PEG siotonenm el BER RIS Gosons
9 mat hemat | Qﬁrwiﬂemtgﬂtﬁeﬁlaﬁg &t mtﬁlﬁ?ﬂ\wﬁoﬁd UbiveR@yPre® l@?ﬁ@ouﬁ@qu' red to

Jeach the sorbate l'oading Q Gaphical Solutions for the plane shéet nodel
are given byoadon,@86hk in "The Mathematics of Diffusion"”, Oxford University
Press, Ely House, London, 1967. [0030] The ZSM 12 used as the first

mol ecul ar~ sil®30] ey The 28MhE2 used a5 ¢hei firss mojgqarsieve mamalye be@rangedito| east

150, h t . ¢lh | | t j f..th
cracki ng acdPer 8 Ade of s S R s PRt a0 e BIRNE b 2°
3, 354, 078 anflasiireloTqhe Sabiiad aivityadfad ¥ahiyst Malis déscribed 22 TU.$. 100k No/ol - 6, p.
278 (1966); and Vol. 61, p. 3957(1980), each incorporated herein by

reference as$,35,078hand idethe downaloof Cathbysisx Met.i 4ygntdal (¢2610i Viobrs pf278he t est
used herein ji ude const erajure of 538C anqd a yariable flowrate
as descri b_ecﬂ%)a%'ida?’r’li_ ’ﬂ’hg&gﬁ a?acgfm@aP%ﬂaiFéi hereiy y refefensg 2395, [ 0031]
ZSM 12 havi gt R GAROTHE| AferifibS! Bbndilias ol i Mo RaAThAaRRd 8l Pha
val ue described 1'n e precedi ng paragraphs can be produced by

crystal | i zatdonstastfterapaytuidesi38°Crand urvariaisia flowniategassietdribed iwtietall kathe or

al kaline earth npetal (M cations, normally sodium an oxide of a trivalent
el ement (X) Joumahed Catalysis. (¥elnl, Pa#9%xi de of a tetraval ent el enent (Y),

normal Iy silj.ca, L et hyl anmoni um i on R nmal | resent, as the
i odi de gal t ,[bﬁ%r o%&mﬁ%hgﬁa%#%ﬁn ol e°’éY§H‘§ ﬁ%%’i Igﬂﬁﬁs’&?flt}yraéﬁﬂ%ff E'r‘?gve a
conposi ti on,a1ghaPVaRee descibber B the preceding paragraphs can be produced by

crystallization of a synthests mixture containing sources of alkali or alkaline earth

metal (M) cations, normally sodium, an oxide of a trivalent element (X), normally
alumina, an oxide of a tetravalent element (Y), normally silica,
methyltriethylammonium ions (R), normally present as the iodide salt, hydroxyl
ions and water, The synthesis mixture may have a composition, expressed in terms

of mole ratios of oxides, as follows:

Component Useful - Preferred
Y0,/ X,0; 20-100 40 - 80
H,0/YO, 16-100 15 - 40
OH/YO, 0.1-0.6 0.15-04

R/YO, 0.1-0.6 0.15-04
M/YQ, 0.1-0.6 0.15-04

[0032]  The synthesis mixture may also contain nucleating seeds of ZSM-12
and, where such seeds are present, they typically constitute 0.05-5 wt% of the

mixture. Crystallization of the synthesis mixture may be carried out under either



of nole ratios of oxides, as follows: Conponent Useful Preferred Y02/ X203
20-100 40 - 80 H20/YQ2 10-100 15 - 40 OH/YX2 0.1-0.6 0.15-0.4 R Y02 0.1
-0.6 0.15-0.4 MYQ2 0.1-0.6 0.15-0.4 [0032] The synthesis m xture may al so
contai n YOI 4seeds of ZSM 12 and, where such seedsPGHESINEEBHS t hey
typically constitute 0.05-5 wt% of the mxture. Crystallization of the
synthesis m xture may be carried out under either -- | WD 2006/ 052324

PCT/ US2005/ 033658 10 stirred or stati®c conditions, preferably stirred
conditions, at a tenperature of 160C or |ess, such as 140 to 160C for 48 to

500 hours, whereafter the resultant ZSM 12 crystals are separated fromthe
not her | i qubFred aestree eomsdiiens] posapbly stimed conditinnsi ataempesternebl@Cat e each

nol ecul ar sieve in th t t jtion wth_angther tari that is
fosi stant 1 S0 FRtCiien AERRAM houll, ek elr BesFin @ 25Mota, '
transal kyl ai{@{ls HeQeFsated fromthe HNRAliRRr amtflovdrBi eri al s include active and
I nactive materials and synthetic or naturally occurring zeolites, as well
as i nor ganilo033jt er itansy bedbsizeblecioaysorperate ehandleculansited inothe detalyssuch as
alum na. The inorganic material may be either naturally occurring, or in

t he form ofCOyBIOaHIPA JVidh gnetherometenakthat isyepistanhtq thei tegprsalires ad ofbesi | j ca and

nmetal oxides,.]0034] Use, of ' in conjuncti gn w.th.eac | ecul ar
sieve, i. e.congl(glrL?Bf neer%pl%eedr é{/l\ll ﬁg”@%&%&twp # fﬁsg Gt es%vteﬂté(glﬁs ,g“%ﬁi ch
itself is cahtehiMs ifchhdeVacti®6 hhd BactiRymeRANGand R _tﬁ&iﬁ’&rxﬁnﬁﬁllﬁﬂéﬂlﬁﬁn%
selectivity of the catal yst conposition. Inactive materials suitably serve

as di | uent szepbtes,oat well asiporgawio mhaterfials eneleas tlays, salicat dvalfort metak axikys at ed
products can pe obtal ne,g i n an econom cal agnd .grder| nner, W t hout
enpl oyi ng oVRBAS FEENEAt bhe morganig marf&a_f ey %%anfwﬁ%x%mﬂﬁgesém
catal yticalhy 3¢ bY BeRlind b RaBRbELHQ bR 1 RExAPGOS PG £fd hBLp. ToOr

exanpl e,

oxides.

[0034] Use of a material in comjunction with each molecular sieve, i.e.
combined therewith or present during its synthesis, which itself is catalytically
active, may change the conversion and/or selectivity of the catalyst composition.
Inactive materials suitably serve as diluents to control the amount of conversion so
that transalkylated products can be obtained in an economical and orderly manner
without employing other means for controlling the rate of reaction. These
catalytically active or inactive materials may be incorporated into, for example,
naturally occurring clays, e.g. bentonite and kaolin, to improve the crush strength
of the catalyst composition under commercial operating conditions. 1t is desirable
to provide a catalyst composition having good crush strength because in
commercial use, it is desirable to prevent the catalyst composition from breaking
down into powder-like materials.

[0035] Naturally occurring clays that can be composited with the molecular
sieve’s as a binder for the catalyst composition include the montmorillonite and
kaolin family, which families include the subbentonites, and the kaolins
commonly known as Dixie, McNamee, Georgia and Florida clays or others in
which the main mineral constituent is halloysite, kaolinite, dickite, nacrite or
anauxite. Such clays can be used in the raw state as originally mined or initially

subjected to calcination, acid treatment or chemical modification.



natural ly occurring clays, e.g. bentonite and kaolin, to inprove the crush
strength of the catal yst conposition under commercial operating conditions.
It is desiWaBMW/O05284provi de a catal yst conposition havi ngcgasdosfosihs
strength because in commercial use, it is desirable to prevent the catal yst
conposition from breaking down into powder-like materials. [0035] Naturally
occurring clays that can be conpositedlwth the nolecular sieve's as a

bi nder for the catal yst conposition include the nontnorillonite and kaolin
famly, which famlies include the subbentonites, and the kaolins comonly
known as Di §0@36] Mc Nanedditiése oo ghen faregoifg mudteléals; | tay snelecudihsiese’s kan \bei ch t he
main mneral constituent is halloysite, kaolinite, dickite, nacrite or
anauxite. SFeRPepitsiswithm B@T%éﬁatﬂ‘lﬁ binder matesiph such s @ @Oﬁ&qnpcy o¥idsed or
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foregoi ng Myepfliial Mmaghddf, NRIde ebnBInafibRY GictedTaRuble asCHNBLAMbAA,, Wilia-a porous
matrix bi nder material, such as an i norgani c oxide selected from t he group

consi sting aﬁagalema,cal,llcalzumma siica-tomiag silicatbaniilaa, sihca-fitania, taer\yhllllm
nmagnesi a, and conbi natj ons t ereolf uch as silica-alumina, sili

magnesi a, siFMEE. SAMROSHHCRS sugh 3s:sy I‘E‘ﬁéwi“gm‘ PR3 SHi9ge W}qaaFmQFJIa? 8 C‘%l tani a,
as well as zﬁﬁﬁﬂﬁ%#ﬁ?%ﬂtémsmﬁ 293rcohia! ﬁamgy gﬁh% Ld\RbtBeous to

silica-alumna-zirc stlica- um na- magnesi
si | i ca- magnegb@de iat [kasti parl bfﬂﬁfoﬁﬂgsmgq@r@dwﬁmhﬁgﬁmﬁ riferid) iQ¢bMGdat | east a
part of the foregoing porous matrix binder material in colloidal formto

facilitate eionpiefasiitee Cliflﬁ%ﬂ@h?faﬂl?%fab’étrﬂ?@moﬁt@ﬂ [ 0037] Each ol ecul ar

i t he bi nd t i al that th
Fimal cat ai yo0 Hom Bart msftclindfins s e AP, “ir P Pindi &7 pAFR, o on
anount ranguﬁgteﬁmoge ihattomeoﬁﬁm%atﬁ?a éohipoﬁﬁﬂohycdn&aﬁﬂa lﬂe %aldép ot Batrix 0038] In

the process of the invention rst ‘and second nol ecul ar sieves are
cont ai ned i nmtteralsape arnata m@ngénbm Nor 9%, aﬂdltspmslljaﬂmmel\ﬂetd 6Oivrther by

physically m xing separate particles of the individual pol ecul ar. si eves,
preferably [083%)oundn %chﬁ ofythe. anvention, dhe, frst and secqnd wplecplar gisvescul ar

si eves, typi fﬁ'@léo?ltalﬂgdt th %e.b 's£lﬂ§ "cataiVE b MorfiBP A" Is' Gl Lifier foynal

catal yst conposition conta
physically mixing separate particles of the individual molecular sieves, preferably

.in bound form, or by co-extruding a mixture of the molecular sieves, typically
with a binder, such that each particle of the final catalyst composition contains
both the first and second molecular sieves. Alternatively, the particles of one of
the first and second molecular sieves can be formed as a binder for the other of
said first and second molecular sieves, such as is described in International Patent
Publication No. WO 97/45198, the entire contents of which are incorporated
herein by reference. |

[0039] At least the first molecular sieve, and preferably each molecular sieve,
in the catalyst composition has associated therewith at least one hydrogenation
component, such as tungsten, vanadium, molybdenum, thenium, chromium,
manganese, a metal selected from Group 1B, IIB, B, IVB, VB, VIB, VI B, and
VIIB of the Periodic Table of the Elements (CAS version, 1979), or mixtures
thereof. Useful Group VIIB metals include iron, ruthenium, osmium, nickel,
cobalt, rhodium, indium, and noble metals such as platinum, rhenium, or
palladium. Preferably, the hydrogenation compoﬁent is palladium, platinum or

rhenium.



both the first and second nol ecul ar sieves. Alternatively, the particles of
one of the first and second nol ecul ar sieves can be forned as a binder for
the other of said first and second nol ecul ar sieves, such as is described
in InterndY?M4O5B2t ent Publication No. WD 97/45198, thECEAISRMSNIEEents of
whi ch are incorporated herein by reference. [0039] At least the first

nol ecul ar sieve, and preferably each nol ecular sieve, in the catalyst
conmposi tion has associated therewi th at!?l east one hydrogenation conponent,
such as tungsten, vanadi um nolybdenum rhenium chrom um nanganese, a
metal selected fromGoup IB, IIB, fiB, IVB, VB, VIB, VII B and VIIIB of
the Peri odi dOG4H| e The ameuwr|afthehydrogsmation eempenent rglectedracgording o  t her eof

Useful G ou N tal.s .include iron, rutheni um. osm i cke cobal t,
hodi um 1 Rleat Sefiren ekt iy S BRAVR R BB et P aai um
Preferably, HydfsisiR0eaabimin Gore wien P! At Ect W hitAdMhRE ad heni um
WO 2006/ 052324 PCT/ US2005/ 033658 2 [0040] The anount of the hydrogenation
conponent i plstaiver medisad aocainpared do pallddniranehichaloes aot posdessgackasirang acti vity
and catal yti,c functjionality. Less of the hydrogepati on conponent is

r equi Ir Fd dy\,h ey Qﬂéﬂﬁﬁ%lt acéllf'tt}){-v@eﬂﬁéﬁlb}{s dhe g@tﬁlygsconmogitt]qqmﬁnaqa@s e haasl&onpar ed
t o . e {: { ty.
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hydr ogenat i qpidérppnait and typically from0.01 wt%to 2 wt% of said
conponent. [00411 The hydrogenati on conponent can be incorporated into the

catal yst co@féHi t i The thydmgenationt eorhporznt om bexinbempgetkd into thdeatalysposi ti on
to the extent a Go 11 A elenent, e.g.,.alugpinum is,in the nolecular

S eve: str uotIOsoR Y s ealiE e PR i e semmpaslionig BE GHGH &1 eve and
bi nder. Suc npgAe igfggﬁgﬂﬁt 4N CYW @S eve, for
exanple int %&Bcase gﬁt’,m%ﬁ{gt?ﬁﬁm y tr’eggilhgtﬁeﬂ%+lg§rulr§g%‘£5| evgur\%th a

sol ution conbsregnagdathepdigt bnunixedt adithc et aokeondari eieve Sitidt diider.pBath num
conpounds for inpregnating the catalyst with platinuminclude .

chl or opl at i ricEnReBER cap)| et impsegnatad igroraen Bieanglgeylan sieve, for example in the

case of platinum, by treating the molecular sieve with a solution containing a

platinum metal-containing ion. Suitable platinum compounds for impregnating the
catalyst with platinum include chloroplatinic acid, platinous chloride and various
compounds containing the platinum ammine complex, such as Pt(NH3),CL.H;O.
[0042]  Alternatively, a compound of the hydrogenation component may be
added to the molecular sieve when it is being composited with a binder, or after
the molecular sieve and binder have been formed into particles by extrusion or
palletizing.

[0043] The hydrogenation component may also be arranged to have a
hydrogenation activity of hydrogenation value of at least 300, such as at least 500,
preferably at least 1000. The hydrogenation function is measured by comparing
the amount of ethylene to the amount of ethane in the transalkylation product.
Ethylene is formed in the transalkylation ﬁrocess by the dealkylation of ethyl-
substituted aromatic molecules and by the cracking of aliphatic and naphthenic
hydrocarbons. The hydrogenation component is designed to saturate these ethylene
molecules to ethane before they can engage in side reactions. The better the
hydrogenation component the less ethylene will be present relative to ethane in the
transalkﬁation product. The hydrogenation value is defined as the ratio of ethane

over ethylene. The experimental conditions of the test used herein include a



conmpounds containing the platinumanmm ne conpl ex, such as Pt(NH3)4Cl 2. H20

[ 00421 Alternatively, a conpound of the hydrogenation conponent may be
added to MHR2MHPEEM ar sieve when it is being conpositedP@iUR2085/M33688er , oOr
after the nol ecul ar sieve and binder have been fornmed into particles by
extrusion or palletizing. [0043] The hydrogenati on conponent may al so be
arranged to have a hydrogenation actidgty of hydrogenation val ue of at

| east 300, such as at |east 500, preferably at |east 1000. The

hydr ogenati on function is neasured by conparing the anmount of ethylene to
the ampunt e¢nséantatemperaturneof dA%al 1ay Peastwn pf diet kPAEt By hydressrs tborned in

t he transal ation process byath eal kyl atjian.of ethyl-._.substituted
romat o moftarabon ety in 8t 2r AdRRE S drhpRudleettel RS e Re e o

hydr ocar bonsyge, {1/ fho IERARI R AHBIR WRIRE, theastRA! wlefetBAbM @li§, ikhese
gthylene nolecules to ethane before they can engdge in si'de reactions. The
better the chigdateddethe amlaopspomerge dffuthdneds tiet prpldecnalivaded bigehpmetaent

relative to ethane in the transalkylation product. The hydrogenation val ue
i s defined Rercenfaze ok ¢thylene intheprodudver et hyl ene. The experi nental

diti t est d i h ingl ud WD 2006/,05232 .
ST NPT
a hydrogen {0y r D RedMlght 4 UrhPerBareof 85°C to 160°, t]ypically 110 to

da WHSV of 2.7 h-'". The

t ol uene/ 1, 4- met hylet hyl benzene ratio of 2, an

hydr ogenat i 433Gl foe at egsiumbtht® ynd ighwsrsilyehdtylosgre that 24 hoins, acpksulest ed by
the nol ar percentage of ethane in _the product divided by the nolar.
percent age &MBagrPEd0;ta 200 kPAaohereatiqrothe aolequlas sieve szgyrkeralegpedint he

hyldr ogenati on, conp nt, the nmolecul.ar sieve 1is usu drj.e -heating at
a tenperat uF@tr8@1§§g$¥ %éslgf??‘ 7 056{11&%6?1?} tprgperipses o f%%ngpbl g’a@bé i nut e
and general |y Dgf 26 BAGEICAARRIRs MAHESRlY BhaRIEPRYES Efi‘g@'ﬁggﬁ%ﬁ] 100 to
200 kPAa. Therr eafter, the mﬁ)‘!fheculsar Si gve rray&ﬁeLt{:ral grlene I a g{ﬂjpeam of
dry gas, suab388kBAn and 2a WHSVgdnboutt).00npeabant®0ds’ . of from 260 to 650C for 1

to 20 hours. Calcination is typically conducted at Pressur_e_s ranging from
100 to 300 [RMR) anBriar uave.ofteasolicatmenio of 1the satalist zomposition owa¥y bepri or to

use, steam te%ﬁa%);gﬁn Yo YhiniifeC He? l¥othatkO W&%iggﬁa?ﬁn ”Eéﬁu\?& of the catalyst

“composition. In the steaming process, the catalyst composition is usually contacted
with from 5 to 100% steam, at a temperature of at least 260° to 650°C for at least
one hour, specifically 1 to 20 hours, at a pressure of 100 to 2590 KPAa and a
WHSV of about 0.002 to about 20 h™.

10046] In addition, prior to contacting the catalyst composition with the
hydrocarbon feed, the hydrogenation component can be sulfided. This is
conveniently accomplished by contacting the catalyst with a source of sulfur, such
as hydrogen sulfide, at a temperature ranging from about 320 to 480°C. The source
of sulfur can be contacted with the catalyst via a carrier gas, such as hydrogen or
nitrogen.

[0047] After contacting the catalyst composition with the hydrocarbon feed,
the catalyst may be deactivated due to coking or metal agglomerization. The
deactivated catalyst can be regenerated conveniently by coke burning with a
stream comprising oxygen or oxygen containing compounds, such as, ozone,
oxochlorine, carbon disxide or the like, metal re-dispersing using oxdization-
reduction cycle, oxochloride treatment or the like, washing with hqud

hydrocarbons or aqueous solution of inorganic and/or organic chemical



enployed to mnimze the aromati c hydrogenation activity of the catalyst
conposition. In the steam ng process, the catalyst conposition is usually
contacted, with from5 to 100% steam at a tenperature of at |east 260 to
650C for MO 198Y%2324ne nhour, specifically 1 to 20 hours, PEI/US2087/85363K e of
100 to 2590 KPAa and a WHSV of about 0.002 to about 20 h-'. 100461 In
addition, prior to contacting the cat ak) st conposition with the hydrocarbon
feed, the hydrogenation conponent can be sulfided. This is conveniently
acconpl i shed by contacting the catalyst with a source of sulfur, such as
hydrogen sulfide, .at a, tenperature rangi ng fromabout 320 to 480C. The
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conveni ently by coke burning with a stream conprising oxygen or oxygen

cont ai ni ng dMa00RIKPAs,and WIS, ebhout 033e @hew 08 - car bon di sxi de or the

i ke, nmetal re-dispersing using oxdization- reduction cycle, oxochloride
treatnment or the |like, washing with Iiquid hydrocarbons or aqueous sol ution
of inorgani gpapdé@r organi c chem cal WO 2006/ 052324 PCT/ US2005/ 033658 14
conpounds, such as, water, ethanol, acetone, or the |like, or rejuventaion
with a str gW48F onpFhes aromdtigdfeed arsed Re gtbr gratéss ofother mventemt edrmpisesan be
perfornmed at  a terrperﬁture range from anbi ence to about (iSOOC a_pressure
range of ab8HYIPEEEIEGNIARSAT BOFARPALC CHRROWS\PoatanBs 3 legst? cabeBout 100

n e Fegpl 00kt e A" abiag LaAHiE flal e PRARERSHRE hlfagenvent on

conpri ses [ benZene dnd one or e arona nds contal ning at

| east 9 car hRBityladd Ms(1,35pathbthoToezend), 0Madresie COND YA trhnbmlbeizene),y pi cal
feed include nesitylene (1,3,5-trinethyl benzene), durene

(1, 2, 4, 5- t ehermeellitend dh2ehmethylbenzent)l pseadecymene, d.2.4-trwethylbsazenche) |
DS et hy! ot Ay bz, | 3CREBURlToskyion L e By BEREEIE, bropy-

substituted benzenes, butyl-substituted benzenes, and dimethylethylbenzenes.

Suitable sources of the Co+ aromatics are any Cg+ fraction from any refinery
process that is rich in aromatics. This aromatics fraction contains a substantial
proportion of Cg+ aromatics, e.g., at least 80 wi% Cot+ aromatics, wherein
preferably at least 80 wt%, and more preferably more than 90 wt%, of the
hydrocarbons will range from Cs to C;;. Typical refinery fractions which may be
useful include catalytic reformate, FCC naphtha or TCC naphtha.

[0049] The feed may also comprise benzene or toluene. Thus, in one practical
embodiment, the feed to the transalkylation reactor comprises ethylbenzene, Cot+
aromatics hydrocarbons and toluene. The feed may also inciude
recycled/unreacted/produced benzene, toluene, ethylbenzene, and Cot+ aromatics
that is obtained by distillation of the effluent product of the transalkylation
reaction itself. Typically, foluene constitutes from about 5 to about 90 wt% and
Co+ constitutes from about 10 to about 95 wit%. In a typical light feed, toluene
constitutes from about 40 to about 90 wt%, such as from 50 to 70 wt% of the
entire feed, wheras the Co+ aromatics component constitutes from 10 to 60 wt%,
such as from 30 to 50 wt%, of the entire feed to the transalkylation reaction zone.
In a typical heavy feed, toluene constitutes from about 15 to about 50 wt%, such as

from 25 to 40 wt% of the entire feed, wueras the Cot+ aromatics component



substituted benzenes, butyl-substituted benzenes, and di nethyl et hyl benzenes.
Sui t abl e sources of the C9+ aromatics are any C9+ fraction fromany refinery
process thai2bgonboh in aromatics. This aromatics fractigQirGoihahiiessd
substantial proportion of C9+ aromatics, e.g., at |least 80 wt % CO+
aromatics, wherein preferably at |east 80 wt% and nore preferably nore
than 90 wt% of the hydrocarbons wll 1fange fromC9 to Cl12. Typi cal
refinery fractions which may be useful include catalytic reformate, FCC
napht ha or TCC naphtha. [00491 The feed may al so conpri se benzene or

t ol uene. ThusenstitwtenfiempPtawtsscmi%o, sactbadirom 60, to 7hevite e tHeantifefctd anthal kyl at i on
reactor conprises ethyl benzene, CO+ aromatics hydrocarbons and tol uene. The
teed nmay al $@nsafiolating rep@ORACBY/ unr eact ed/ produced benzene, tol uene,

et hyl benzene, and C9+ aromatics that is obtained by distillation of the
ef fl uent product of the transal kylation reaction itself. Typically, toluene

constitutes Hy 8t f'DOHIConvePsial Prbcedd W % and C9+ constitutes from about 10
to about 95 Wit% In a typical |ight feed, toluene constitutes from about 40

t 0. about 90 [0838) suThe asockssocansbe tandndtediifoanfy appropriate feactof aedydimger as t he
. : o

50wt v of FMUSIGHEYY Xtk e oMo B TCHT KL OrORaFORCThO R atonn &

typi cal heavy. f. I . St S . 0] t,50Q % such

aa” £ om 25 ke xpbibhe MpEaRTinbint} EghoBhitE ebeid i BRI AR 8. oot

VO 2006/ 05233 4utRETAESARA%: F336 Fout YBOCRNHoki 42T, LIREER fidin Ghonttakp Such as

from60 to 75 wt% of the entire feed to the transalkylation reaction zone.

Hydr ocar bon tCabomerd2i0 kPRao sechsas[ b @boul 4 8Q toatemis 36 hkBAarohytirogenctoi n any
appropriate reactor incl udi_n%a radial flow fixed bed, continuous flow or
wy

fluid bed rdwérosatbormeolar fie Aramy pheut drio abewlcl.isueh apfiem: abont! 8 Mwhp v
include at r@hgfs I fro t 13 t. 5 C s from
about 400 t%gggaout g ; alugr@'ezs{souér;bae(ﬁ}l*)rggr%l a%g?ﬁ 8%?%%)?&%%%& 53542”%PA61, such
as from abouandfAR@afien aetibn Tohditiki are auffivigfitogesorivert iy deaen af@matizol ar
ratio fromabout 1 to about 5, such as fromabout 1 to about 3 and a WHSV
of about 0. Zeedbloabpradugiocantaining substantial geamtities of Sedistargmatic) comprunds,

such as benzene, toluene and xylenes, especially benzene and xylene. The

transalkylation reaction conditions also are sufficient to convert the ethylbenzene

in the feed to benzene and ethane.

[0051] The invention will now be more particularly described with reference

to the following Examples.

Example 1 Catalyst Preparation

[0052] A small crystal, high activity ZSM-12 was synthesized from a mixture
comprising 11280 g of water, 1210 g of methyliriethylammonium chlonde
(MTEACI), 1950 g of Ulirasil PM available from Degussa, 229 g of sodium
aluminate solution (45%), and 364 g of 50% sodium hydroxide solution. The

mixture had the following molar composition:

SiOz/Aleg = 50
H,0/8i0, = 22
OH/ Si0; = 0.2
Na'/ Si0, = 02
MTEACYSIO, = 0.26

[0053} The mixture was reacted at 160°C in a 5-gal autoclave with stirnng at
150 RPM for 144 hours. The product was filtered, washed with deionized (DI)



transal kyl ation reaction conditions are sufficient to convert the heavy
aromatic feed to a product containing substantial quantities of C6-Cs
aromati c_conpounds, such as benzene, toluene and xyl enes, especially
benzene ANAZYPEH2Y The transal kyl ation reaction condi PCAHES2805336B e
sufficient to convert the ethylbenzene in the feed to benzene and et hane.

[ 0051] The invention wll now be nDrecgfrticularly described with reference
to the foll owi ng Exanples. Exanple 1 al yst Preparation [0052] A small
crystal, high activity ZSM 12 was synthesized froma m xture conprising

R e I
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Na+/ Si Q2 =m@tedial MOEATRDIthE niatePialFad Otysed b€ agg'lliﬁ]%fa@esVﬁ'%n{aﬂ ssls at 160C

in a 5-gal autoclave with stirring at 150 RPMfor 144 hours. The product
was filter evithwstvstrggicrystal size of 2bent OfiS)mipEP06/ 052324 PCT/ US2005/ 033658

16 wat i ed at 120C. The XRD patt f th -synt hesi.zed, materi al
hoved t nolVAl CaiT i Sy PRIERESt, Sl s COBATISH, o b FHRGR fORLbY
as- synt hesi ﬁv@cﬂion@&lﬁahgéé wﬁﬂg}‘)@%xfiﬁhmﬂ:nﬁ&ﬁg sO1BtiGh hﬂooﬁ@én@?fﬂ?ﬂ%%n

b
aggl onerates of sma cryst an average cryst sl ze o g%out 0.05
m crons). 1b6P34ingrarel 208Csyml tadsihateoth atr3400@Ifor detonrs Aheatsuding ASM-1he
hydrogen form b]y two_.ion exchanges with amoniumnitrate solution,at room
5|

t enper at ur eSTyFaIs hedeadSiCulAlePy medaraetia ot Brrc Ariiarvalucoef 310 ’Qlﬁofd)(l’(z)r 6
o A pha val et B SRR S0P 1005, AL RSPt 0Tk S0 X 10,6
sec -1 at anicEifPacireistredf 21ORAC and a

[0055] A mixture containing 65 wi% of the ZSM-12 produced as above, 15

wit% ZSM-5, and 20 wt% alumina was extruded into peliets 1.3 mm in length and

having a quadrulobe cross-section. The pellets were dried at 120°C then calcined
in nitrogen for 3 hours at 480°C. This material was then exchanged with
ammonium nitrate, dried at 120°C and then calcined in air for 6 hours at 540°C.
0.5 wt% Re was then added to the catalyst by incipient wetness impregnation from
an aqueous solution of tetraammine rhenium nitrate. The impregnated material
was dried at 120°C then calcined in air for 6 hours at 350°C to produce a final

catalyst.

Example 2

[0056] Three grams of the resultant catalyst composition from example 1 was
used to effect transalkylation of a mixture of toluene/Cq+ aromatic hydrocarbon
mixture having the composition given in Table 1 at a temperature of about 412°C,
a pressure of 2170 kPAa, a hydrogen to hydrocarbon molar ratio of 2 and a WHSV

of 2.7 h™. The results after 4.4 days on stream are summarized in Table 1 below.
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Non- Aromati cs O.

0.03 0.06 X len

Total 100 100 A

[0057]

sed Wt%{ HeCBdsisansal kyl atdedn of ja nPrédiice of |t ol uene/ Co+

Fogn m xture having]the _conposi{ion gyen in Table | at a
SRR P S JA G X A} (RN

;_Ee@%}%nrl zed in Table 1 bel ow 90532&%59?2 .
gTolugnerapl e 1 W % H C B&di% Feed Prod88l C5{ 8.55
1FthQlbkGzenBenzene 12. 87 TabBene 61. 27 8@ 01 [t hyl benzene
ng}cﬁé-, 30; 37 C9;429 /3 8.¢b6g ClO}8. 2539387/ Cl1+ 0.30 1.09

CSONVerstom %~ 71 79.73 376

Cio 8.25 0.87

Cit 0.30 1.09

Total 100 100

Ay Conversion (%) 71

Ay Conversion (%) 89

De-ethylation Rate (%) 98

Xylene Yield (%) 30

Ethylbenzene in C8 0.19

Aromatics (%)
{ Ethane/Ethylene 4000

Xylene/Ethylbenzene ratio 506

The results in Table 1 show that the catalyst of Example 1 was highly

active, particularly for the de-ethylation rate of the ethylbenzene (de-ethylation

rate of 98% and xylene/ethylbenzene ratio of 506). The results in Table 1 also

show that the catalyst of Example 1 was highly active for C¢+ conversion to

xylenes.

Example 3

{0058]

Three grams of the resultant catalyst composition from example 1 was

used to effect transalkylation of a mixture of toluene/Co+ aromatic hydrocarbon

mixture having the composition given in Table 2 at a temperature of about 412°C,

a pressure of 2170 kP Aa, a hydrogen to hydrocarbon molar ratio of 2 and a WHSV

of 2.7 h'l. The results after 4.4 days on stream are summarized in Table 2 below.



Al0 Conversion (% 89 De-ethylation Rate (%98 Xylene Yield (% 30
Et hyl benzene in C8 0.19 Aromatics (% Ethane/Ethylene 4000 X |ene/Eth
| benzene t (0057] The results in Table | show that the cataly
‘R’\%aﬂs)@%‘légﬁlly active, particularly for the de- etffyl/H$3083%0336%% of the
rate of 98% and xyl ene/ et hyl benzene rati o of
506). The results in Table 1 also show that the catal yst of Exanple 1 was
ve for C9+ conversion to xYylenes. Exanple 3 (0058] Three grans
of the resultant catal yst conposition fromexanple 1 was
transal kyl ati on of a m xture of tol u,gnggt% aromati ¢ hydrocarbon m xture
| €4t a tenperature of about 412C,
ratio of 2 and a WHSV

Exanpl e |
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pressure of 2170 kPAa, a hydrogen to hydrocarbon nol ar

of 2.7 h"t.

2.86 C>+

The resuft f A—A—dgys—on-streamaresupmartzed in Table 2
bel ow. VIO 2006/ (52329 tHextiiGsBass, og%w—mpﬂ&%@&aasi s Feed
Product Cs- 14.|%3 Non-Aromatics 0114 0 02 Benkene B-8b Tq
25.20 Et hyl benz@¥en-Ar@gati:s07 Xyl enes 0.076433. 26 COO0@2 77 17.90 CI O 16.29

0. 28 |Betdene 6.09
Toluene 14.77 25.20
Ethylbenzene 0.01 0.07
Xylenes 0.75 33.26
Co 67.77 17.90
Cio 16.29 2.86
Ci+ 0.28 1.24
Total 100 100
Ag Conversion (%) 74
Ajo Conversion (%) 89
De-ethylation Rate (%) 98
Xylene Yield (%) 33
Ethylbenzene in C8 0.20
Aromatics (%)

Ethane/Ethylene 13411
Xylene/Ethylbenzene ratio 475

conposition given in Tab

[0059]  The results in Table 1 show that the catalyst of Example 1 was highly
active, particularly for the de-ethylation rate of the ethylbenzene (de-ethylation
rate of 98% and xylene/ethylbenzene ratio of 475). The results in Table 2 also
show that the catalyst of Example 1 was highly active for Co+ conversion to

xylenes.

[0060] All patents, patent applications, test procedures, priority documents,
articles, publications, manuals, and other documents cited herein are fully
incorporated by reference to the extent such disclosure is not inconsistent with this
invention and for all jurisdictions in which such incorporation is permitted.

[0061] When numerical lower limits and numerical upper limits are listed
berein, ranges from any lower limit to any upper limit are contemplated.

[0062] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications

will be apparent to and can be readily made by those skilled in the art without

used -to effect

uene 14.77

r



Total 100 100 A9 Conversion %9 74 A o Conversion (%89 De-ethylation Rate
%9 98 Xylene Yield (%9 33 Ethylbenzene in C8 0.20 Aromatics (%

Et hane/ Etwl2emed5212411 X | ene/ Eth | benzene ratio 475 [ O@EINSTNS/ 03868 t S i n
Table 1 show that the catal yst of Exanple | was highly active, particularly
for the de-ethylation rate of the ethyl benzene (de-ethylation rate of 98%
and xyl ene/ et hyl benzene ratio of 475). ¥he results in Table 2 also show
that the catal yst of Exanple 1 was highly active for C9+ conversion to

xyl enes. [0060] All patents, patent applications, test procedures, priority
docunents, departing dgompilip| spét et scopm el dhe myggon: Hecodoelieitls reit ed

ot 1 neonsi dttended (A BE RE g Kiaf SEkdre béela 65 fRfiEThe e ShePbRS i on -
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nunmerical upper linmits are |listed erein, ranges fromany lower limt to
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Accordingly, it is not intended that the scope of the clains appended
hereto be limted to the exanples and descriptions set forth herein but
rather that the clains be construed as enconpassing all the features of
pat ent abl e novelty which reside in the present invention, including al
features which woul d be treated as equival ents thereof by those skilled in
the art to which the invention pertains.
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20 CLAIMS 1. A catalyst conposition conprising: (a) an acidity conponent
havi ng an al pha val ue of at |east 500, said acidity conponent conprising:

i) a first nolecular sieve consisting of ZSM12; and ii) a second nol ecul ar
sieve consisting of ZSM5; and (b) a hydrogenati on conponent havi ng
hydrogenation activity of at |east 1000; wherein said catal yst conposition
is characterized as particulate and wherein said hydrogenation conponent is
incorporated into said acidity conponet by at |east one of ion exchange,

i nci pi ent wetness inpregnation, and solid-state reaction, followed by
calcining and then steamtreatnent. 2. The catal yst conposition according to
claim1l, &ﬁﬂﬁﬁhﬁ sai d hydrogenati on conponent conprises rheni um

1. A catalyst composition comprising:
(a) an acidity component having an alpha value of at least 500, said acidity
component comprising:
i) a first molecular sieve consisting of ZSM-12; and
if) a second molecular sieve consisting of ZSM-5; and
{(b) a hydrogenation component having hydrogenation activity of at least
1000;
wherein said catalyst composition is characterized as particulate and wherein said
hydrogenation component is incorporated into said acidity component by at least
one of ion exchange, incipient wetness impregnation, and solid-state reaction,

followed by calcining and then steam treatment.

2. The catalyst composition according to claim 1, wherein said hydrogenation

component comprises rhenium.



