HEAVY AROVATI CS CONVERSI ON CATALYST COWVPCSI TI ON AND PROCESSES THEREFOR AND
THEREW TH FI ELD [ 0001] The invention relates to a catal yst conposition
useful fowocoeswsei2sng heavy aromatics, specifically C9+pararsattsms3css o

| ighter aromatic products, particularly benzene, toluene and xyl enes
(hereinafter collectively referred to as BTX), to a process for producing
the conposition and to a process for ushng the conposition in a heavy
aromati cs conversion process. BACKGROUND [ 0002] A source of benzene and

xylenes is catalytic reformate, which is prepared by contacting a m xture
of petrol eum napht haBEAVMAROIMTIES CQNVERSION CATALYST
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fraction is separated fromthe reformate and extracted with a sol vent
selective for aromatics or aliphatics to produce a m xture of aromatic
conpounds t BAELDs rel atively free of aliphatics. This mixture of aromatic
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zeolite catalysts. H gh value petrochem cal products, such as benzene and
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of C9+ aro s, and toluene oyer catal ysts .containing noblLe netals. The
Fesul ti gt EHON 46 PAReGEd dt rog Eing, B GotBuSHen A (h arP agRa i B F

non- ar omat i ¢ampBAN&E ffa h&ayAFQRRIck 68nvieksiéh progtdly | benzene, para- xyl ene,
nmet a- xyl ene, and ortho-xyl éne), unreacted ?ol uene, and unreacted C9+

aromatics. Usually, the C8 aromatics product is subjected to further
Separation tB?A@k?ﬂ%ﬁ%l\fﬁ” enes, particularly, para-xylene.

[0002] A source of benzene and xylenes is catalytic reformate, which is

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 Cs to Cg 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 Cg¢t+ 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 Cot+ aromatics. Usually, the Cg aromatics product is
subjected to further separation to produce xylenes, particularly, para-xylene.
Lowering the amount of ethylbenzene in the Cs aromatics improves efficiency of
xylene recovery. Therefore, there are strong economic and technical incentives to

decrease the ethylbenzene concentration in the transalkylation product. The



Lowering the anobunt of ethylbenzene in the C8 aromatics inproves efficiency
of xylene recovery. Therefore, there are strong econonic and technical

I ncent i vewotoosddseease t he et hyl benzene concentrati on i RCThS2005/033658

transal kyl ati on product. Theanount of ethyl benzene in the transal kyl ati on
product depends primarily on (a) the feedstock conposition and (b) the
transal kyl ati on catal yst and the transal kyl ati on conditions. Typically, the
Cg+ aromatics feedstock and/or the toluene feed contains ethyl benzene as an
impurity ranging fromO0.001 to 4 wm % based on total weight of the feed.
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Xyl enes, by contacting the strea a catal yst systemconprising a first
catal yst cofpassi ton3,anthaassESMALL, catlad Jigdroganatios icoimponent. The effluent

resulting from the first contacting step is then contacted with a second catalyst

composition which comprises a zeolite having a constraint index ranging from 3 to
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 Cot aromatic compound to Ce 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, the use of the séparate catalytic stages improves the

conversion of Cg+ aromatic compounds and naphthalenes to xylenes and decreases



wherein said catal yst conpositions are present in separate stages and are
not physically m xed or blended and wherein said first catal yst conposition
i s a net avpromwoisest4 al um na- or silica-bound zeolite betrar/iaspas®aicds second
catal yst conposition is ZSM5 having incorporated therein an activity
pronoter selected fromthe group consisting of silicon, phosphorus, sulfur,
and conbi nations thereof. According to3the '051 patent, the use of the
separate catal ytic stages inproves the conversion of C9+ aronmatic conpounds
and napht hal enes to xyl enes and decreasest he anmount of undesirable
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hydr ogenation c ongnt havi ng hydrogenation activity of at |east 300.

[ 0008] . hi oaerell hestuctor ddiheronyersiog of thee@it faed te s¢fakcanpaamgds, soels 8s f or
produci ng a catal yst conposition conprising: i) contacting an acidity
conponent h&YeA%- an al pha val ue of at least 300 with at |east one

hydr ogenat i on conponent under a condition sufficient to incorporate said
hydr ogenati on conponent into said acidity conponent to forma nodified

acidity conSuMMARYNd

[0007] In one embodiment, the invention relates to a catalyst composition

comprising:
1) an acidity component having an alpha value of at least 300; and
i1) 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 least one hydrogenation component under a condition
sufficient to incorporate said hydrogenation component into said
acidity component to form a modified acidity component; and
ii) 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 Cot+ 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 Cs aromatics fraction of said resulting
product, said process comprising contacting said feedstock under transalkylation
reaction conditions with a catalyst composition comprising: (i) an acidity
corﬁponent having an alpha value of at least 300; and (ii) a hydrogenation

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



i) calcining said nodified acidity conponent to produce said catal yst
havi ng hydrogenation activity of at |east 300. [0009] In another
enbodi menwQ 200v5232eent i on relates to a process for the eomusc@sossess a
feedstock containing C + aromati ¢ hydrocarbons to produce a resulting
product containing lighter aromatic products and | ess than about 0.5 wt % of
et hyl benzene based on the wei ght of C84romatics fraction of said resulting
product, said process conprising contacting said feedstock under
transal kyl ation reaction conditions with a catal yst canposition conprising:
P
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the first crystalline inorganic oxide material is selected from the group consisting of one or
more 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 is ZSM-12, and the second molecular sieve is ZSM-5.
Conveniently, the catalyst composition is particulate and the first and second
molecular 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 transalkylation reaction
conditions over a catalyst composition comprising (i) an acidity component having
an alpha value of at least 300; and (ii) 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



nol ecul ar sieve is ZSM 12, and the second nol ecul ar sieve is ZSM 5.
Conveniently, the catal yst conposition is particulate and the first and
second nowecuwlsrs2Ri4eves are each contained in the sane eatralSgas/opssssicl es.
[0012] Preferably, the hydrogenation conponent is selected fromthe group
consi sting of one or nore of a G oup VI HB and G oup VDDB netal. More
preferably, the hydrogenati on conponent is selected fromthe group
consi sting of one or nore of rhenium platinum and pall adi um [0013]
Typically, the feed contains benzene or toluene. In a further asi)eg t he
® st
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hydr ogenati on conponent havi ng hydr%genatlon activity of at |least 300, to
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resides in a process processi ng C9+ aronmati c hydrocarbons at |east at a
rate often kil ograns per hour. DETAILED DESCRI PTI ON OF THE EMBODI MENTS
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composition comprises (i) an acidity component having an alpha value of at least

300, perferably the alpha value of at least 400, more preferably the alpha value of
at least 500; and (ii) 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, 3.57+0.07 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 is ZSM-5.
Conveniently, the catalyst cbmposition is particulate and the first and second

molecular sieves are each contained in the same catalyst particles.



at least 500; and (ii) a hydrogenation conmponent having hydrogenation
activity of at |east 300, perferably the hydrogenation activity of at | east
500, norewpredersat2hy t he hydrogenation activity of at | eatusi@6033659016]
Preferably, the acidity conponent conprises a first nol ecul ar sieve
selected fromthe group consisting of one or nore of a nolecul ar sieve
having a MTWstructure, a nol ecul ar si®ve having a MOR structure, and a
porous crystalline inorganic oxide material having an X-ray diffraction
pattern including d-spacing maxi ma (A) at 12.40.25, 6.90,15, 3.570.07 and
3. 420.07. M®0#SIpr efPastatsbly, thhbydagaaiien compprenids sgleptg dEam 4he gf¥Pe zSM 12.
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nol ecul ar st eve having a constraint index ranging from3 to 12. Preferably,
t he second omd @ondramf sheamiten, datizom, 3nd ppliadarabl y, the catal yst conprises two

nol ecul ar sjeves, the first L.ecyl ar.sieve is .ZSM 12 t nd
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the sane cata ygt particles. [8018 Preferably, the hydrogenation conponent
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pal l adium [0019] In gngties t@;ﬁg@ﬂjogg@tsaidtmg,gbylg@@ﬂ ebmpEheat @fotsaid process
for producing a catal yst conmposition conprising: i) contacting an acidity

(r:]o(rjrponent havi ng an ahgitidy vathpeeot toforn e axadiBaDacidityrcompaneris endbne
ydrogenati on conponent. under.a ¢ i,tion sufficient to, incorpor sai d
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aci dity conponent; anfaying hydrogenation activity of at least 300.

[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 ethylbenzene based on the weight of Cs 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 Co+ 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.



ii) calcining said nodified acidity conponent to produce said catal yst
havi ng hydrogenation activity of at |east 300. [0020] Preferably, said
hydr ogenawoanossegzenent i s incorporated into said aci di PETASES08IES by
i on- exchange, incipient wetness inpregnation, solid-state reaction, or
conmbi nations of two or nore thereof. Mre preferably, said hydrogenation
conponent is incorporated into said ac/dity conponent by ion exchange,
and/ or incipient wetness inpregnation. [0021] hi another enbodi nent, the

invention relates to a process for the conversion of a feedstock containing
C + aromat i [D0BIMr o Usen erein, theigue Elightercasomptigprogressistdeliet 9 HEHg 1 ght er
aromati c product.s and | ess than about 0. 5 %0 0 ased on the
wei ght of &mg’rai}ﬁﬁqqq%célllefsr"é@f? tsg}avg%i fgWFreé\% gl %8%%%%13@? %%lgg?% process
conpri si ng pBtAGkiNEoRkBIEs fif GES tragkiondRsr bxamisial fathaicas, oeaofitlen
conditions wth a catalyst conposition conprising: (i) an acidity conponent
havi ng an atgshiting sproduats ofitCdte trensafiyintioanwith | tojuepe desmagnco hag chponent
havi ng hydrogenation act.ivi.ty of .at least 300, .the C + ar t] .
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to a reactigpiRurduct containing xylenes. Preferably, the aromatic product
contains |l ess than about 0.3 wt % of ethyl benzene based on the wei ght of C8
aromatics fraction of said resulting product. Mire preferable, the aromatic
product contains |less than about 0.2 w % of ethyl benzene based on the

wei ght of c§akgl QRROSINAL i on of said resulting product.[0022] As used

herein, the T | TN {cSfarRE %?ﬁvggéiﬁlahoqklﬁt $n e PRickRedrt leMedRnAGOMAL i C
|l1 prod f ewer

nol ecul es i ucts havi'ng carbon atons than the carbon atons of
aromati ¢ nokempties: i n the feedstock. For exanple, para-xylene, one of the
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ol ecul es. (i)  a hydrogenation 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 pattern including d-spacing maxima (A) at 12.440.25,
6.9+0.15, 3.57+0.07 and 3.424:0.07.
[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 comprising 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



Cat al yst Conposition [0023] The catal yst conposition used in the process of
the invention conprises: (i) an acidity conponent having an al pha val ue of
at | east 8OQpoca3e32¢i i ) a hydrogenati on conponent havi ngPaydrsegsnaicson
activity of at |east 300, [0024] The acidity conponent is a material of
having an al pha val ue of at |east 300, such as, silica-alumna, acidic
zicoria, a nolecular sieve sel ected frénlthe group consisting of a

nol ecul ar sieve having a MIWstructure, a nol ecul ar sieve having a MOR
structure, and gﬁyorous crystalline inorgani c oxi de material having an
X-ray diffrdet G927t dha GuHea eenterjs ®fsgeak | Hgthaatorementigned; pafont ﬂ@fezs

6. 90. 15, 3.570. 0025] Wth regard to the nol ecul ar sieve,
ZSM 12 is nB}°8m853rt?‘|{]@eJ%n%S' e%e‘%‘%‘l’n bed in U.S Patent No. 3, 832, 449.

Mordeni te opspe f} naWith atdgirdowd tHBYm@le‘é@lab&mi&?Ckuitﬁbl@nma’eﬁa]st ha\aygltzhet ic
forms, such as TEA-nordenite (i.e K{I?thetlc nordenite I%zgared froma

reaction ni gonstreing dndskiofi3rig 13 m@l’elngS § .o lu ASM-2é S dSMBd: which i's

B T s R

di ffracti onzgaty eh§déREhsdn MSViPdRnt RSH3 309992 26M- 2 dSeritddNh49.Sor
MCM 56. MCM-22 is described in U.S. Patent No. 4,954,325, PSH 3 is

%gsc 2 i ggg |6 ga@@o%BM7MSM23M®G®GdSBZI .S5Patent s dQ76842i ASM-F  pat ent
7 NIXI M
descri bed i i 455&1 elgdf‘éhg Iﬁ%en%%\}ozgg)lg%y m @t@s g%gf@ggd ot 49 'S

Pat ent No. 54363,5697.7SM87€t téRribDligNUS. OPatQﬁCNoOM 8TR06H. ozmem u@ned
patents are incorporated herein by reference. [0026] Wt h regard to the

nol ecul ar silesceibed in LS| Batemtt Noi 4169834V Goneragnsrisdexapmd ajmebed der st o 12
' ncl ude ZSMdgtem%l%%chll arezd%scr12bed m %zﬁéter%tsl% 34? 016,218. The entire contents of

each of the aforementioned patents are incorporated herein by reference.
[0027] Typically, the second molecular sieve constitutes from 0 to 95 wt%,
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 molecular sieve is ZSM-12, the ZSM-12 can have a
‘composition involving the molar relationship:

X,03:(n)YO,
wherein X is a trivalent element, such as aluminum, boron, iron, indium 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/t for mesitylene of at least 1000 x 10 sec’, such as at least 2000 x 107 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/Qs, where Qo is the equilibrium sorbate loading, is



ZSM 48, ZSM 57 and ZSM58. ZSM5 is described in U S. Patent No. 3, 702, 886.
ZSM Il is described in U S. Patent No. 3,709,979. ZSM 22 is described in

U. S. Pat enO 2bi%/05232336, 478. ZSM 23 is described in U S. Pararstooso33658
4,076,842. ZSM35 is described in U S. Patent No. 4,016, 245. ZSM48 is
described in U S. Patent No. 4,375,573. ZSM57 is described in U S. Patent
No. 4,873,067. ZSM58 is described in ©.S. Patent No. 4,698,217. Constrai nt
index and a method for its determ' nati on are described in U S. Patent No.
4,016, 218. The entire contents p 1,fach of the aforenentioned patents are

i ncor por at emaﬂ@mlﬁalbyrel@detpéﬂ?é ér) vbore|t iryhs Bael(5ec) romired & Fachdrecul ar

si eve constlt f 0 95 o 80 wt %
based on th% j?a%n&ér llﬁ?l?lg%?ogntgggeagg%&q n?ecu?&réﬂs]l%g%s in the
catal yst COURA% fhl ‘Uhe MQ@@&Lm}éVarplfmmﬂ’; OxfordUlgioetsity PréssVElyl BowkSM 12,
the ZSM 12 can have a conposition involving the nolar rel ationship:

X2QB: (n) YO Rondvay, 896V.X is a trivalent el enent, such as al um num boron,

iron, indiu /o refera YIS e t

el enent , Ear‘rgﬁﬁ T}%%M%ngﬁﬁﬁberiaﬁgm?g%u%m F &Yk l%/e %@ég(l})ﬁ& and n
is |ess thaﬁa‘765an ﬁHﬁQ vafieforaMmed§ 150, LiRhSstahfAstEId0. The alpbhvaRe ey isfair t her be
sel ected so as to have an average crystal size of less than 0.1 mcron,

such as aboutea@u@8f tiecorackingantivaty Oif faf aatlysh apd imdescubed iy U5, Ppisat Nesi t yl ene

Teasur e at SoRUbendin 6 ol i Vel AT R0t ReRutre R T ot

[0029] As uggfhs '01%@9 Drd5 (20 dReh B rateahereaab ir6fétonte ROKOUS
crystalli nea?r}gt Z(razl[ngl ios nedHas Zr 2XI CBwVWerel n D ?s t he diffusion

coef fi ci ent that Iﬂeém;m)maﬁﬂe lexpmmetmalthtmlns rcxfdh@lsteS(t axyd harein insdjider ad
di ffusion paraneters can b 3 fro tion nmeasurene vi ded the
assunpti on F%“%%éenﬁl?fé‘l‘t“‘iewg 3&?&%‘1 fega rﬂ%ﬁ% r@fgggaesaggecfwe < ]flll%t}g
process.  Thys,f oo BlNED ViR 12305,
[0031] ZSM-12 having the composition, crystal size, Diffusion Parameter and

alpha value described in the preceding paragraphs can be produced by
crystallization of a synthesis 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
YO,/X503 20-100 40 - 80
H,0/YO, 10-100 15-40
OH/YO, 0.1-0.6 0.15-0.4

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



loading Q the value Q Qoo, where Qis the equilibriumsorbate |oading,
ismathematically related to (Dt2/r)1/2 where t is the tinme (sec) required
to reach wbeosaskatie | oading Q G aphical solutions for pCaspleanasssheet
nodel are given by J. Crank in "The Mathematics of Diffusion", Oxford
University Press, Ely House, London, 1967. [0030] The ZSM 12 used as the
first nolecul ar sieve nay al so be arrdfged to have an Al pha val ue of at

| east 150, such as at |east 300. The al pha value test is a neasure of the
cracking activity of a catalyst and is described in U S. Patent No.

3, 354, 078 atitted or $thtic danditivais, wefeGhlnstirsidsconditiops, st a gempratuye1fddP*Cyvol . 6
p. 278 (1966)1; and Vol ., 61, p 39%15%@ each i CaLPAL ttaeﬂgzg ghn by '
ref erence &% 198 Rkas A0 140 E 4o %Hsrwglﬁlieﬁ ercggEﬁS I 'ONS §/\[_ %he t est

used her ei Wﬁﬁéﬁ‘q?ﬁﬁ%&g@%ﬁpﬂwW“@Wﬁ“%‘ﬁ%&% and a variable flow

rate as descri _ etail 1n the Journal of Catalysis, Vol. 61, p. 395.
[0031] ZSM{8@3%avi Itgnahbe desipbli tbiineorpamtestagh nuileajarBidveus itsncatelydmet er and

al pha val ue described in the precedjng. : b d
Crystal |1 2 ompRsEPn 2igy HRaibe BaR AL treisCeH AT riPre SotreguRs A ™ o,
al kal i ne e%h&iﬁr%ﬁnéa f%n;ﬁlg@edﬁi% | GBS trardaficyBkbY  SRELUMLE ARe OvElRioAl Suchr i val ent

el enent (X), no a, an oxi de of a tetravalent elenent (Y),
normal |y sithitefals iRl detive iy inactiveniatenialo asd §Rthetivor matukallymcewemg as t he
iodide salt, hydroxyl ions and water. The synthesis m xture ey .have a
conposi t i orzeobienr assWel ap Aneranmg TeAteriAly é“q?’a‘ﬁyggysoﬁlhﬁﬁia& or meta f%ﬁlﬁ?e WS
2 ere SXRD SRl 1o/ B i, RSALCAAL BLMHChABLIDGRANE GfinZSM 22
and, where seeds are present, they typically constitute 0.05-5 wt % of
the mi xt ur ehe Gs bakblat@disqitedpitdttieorsguit edidingrincttures ofsilich@nd anetiled out
under eitherstirred or static conditions, preferably stirred conditions, at
ahterrp](ca[at wxdesf 160C or |ess, such as 140 to 160C for 48 to 500 hours,
her eaf t er resultant Z 21 GLY : t t her

| i quor and ﬁ’@g _ergJL e[ 6%?3?‘%6%&%{} %@@g?ﬁ g‘gﬁ%p%gﬁirﬁglg{;%g{ng{eg@’eggh

mol ecul ar  si@ynéd thdh@vieabalpystnt 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. It 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.



conposition with another nmaterial that is resistant to the tenperatures and
other conditions enployed in the transal kyl ati on process of the invention.
Such nat ewoabs/dsezhude active and inactive materials an@CIjuUsedsnBLsO
naturally occurring zeolites, as well as inorganic materials such as clays
silica and/or netal oxides such as alunina. The inorganic material may be ’
ei ther naturally occurring, or in t he iorm of gel ati nous precipitates or
gel s including mxtures of silica and netal oxides. [0034] Use of a
material in conjunction with each nol ecular sieve, i.e. conbined therewith
or present [0036]ng it addifioh heshs forehoiop matewdls, the roeleeulyn sigwd s $amdei ve, nay

change the conversjon_ and/or sel ectjyvi.t t I LId4
nact ve. necOMORN! St AV RIS BIGPY TR BEE ot Fo I ERTG SEIEL of
conversi on 5@ fakh ?’EE%PK%L%F&% BEUAlcs, SRMIRE ARbAID e @origcononi cal

and orderl|y nmanner w _ oyl ng other neans for controlling the rate
of reacti onberjilies enagatsid,yiid abhipimtibhy ehaseof, rrach | ase sitige-eluining pliga-be

incorporated into, for exanple, naturall ccyrring cl.ays, e.g., bentonit
ggslmgao! i P,m@@eﬁmﬁémé-mﬁ_@méf G’éﬁaélﬂqr@néﬂ%agﬁﬂﬁ% E‘gf’%if‘%a’ c%n%%]éi i onnhnger

rcia er It ] Lt lgaeg, : i i | yst
conposi ti on{%ﬁ‘gﬁ%%ﬂ%gggﬁg rshgtggiﬁlgénaﬂtuﬂl . ecgf}g’? 1???%%%1%% r%iﬁt?flﬁﬁglg@'i %/Si S
desi rabl e t gupieveRinesiacandatiitysiagnssinpisioniaoit maypraldor bakdvegtagoous ont o

powder-like materials. [0035] Naturally occurrij | ays that
gggg:: E ;ag nmioyhlleta'dﬁ éﬁaﬁg Bat Ioﬁ}‘lhesfoéflw‘g@'l@ REgoys @Fﬁﬁgtgnﬁgﬁﬁx?tﬁ%a dﬁtcgﬁ?rﬁggle
( n 2.t he ' lin famly, which famli
i ncl ude thefo SB anct%(l)ttﬁll teéﬁggﬁg%t}%ecg%%ﬁcﬁg&ggﬁbnl y knovm¥| as Dixi e?m e
McNanee, Ge[U_DQVﬁ arghcll molecdarc bisys ivusullperdmiked whihcthet hiederadmmpiriver al
is ha

consti tuent hall oysite, kaolinite, dickite, nacri ite.
clays can bmatesigl sp rﬁ/ltﬂhﬁler fnpls patelysta SOBpGSY s FORfaIES Irfgg bg‘ir‘dq?gc%? %(nlé %Sl sueh
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[0038] In the process of the invention, the first and second molecular sieves
are contained in the same catalyst bed. Normally this is achieved either by
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, rhenium, chromium,
manganese, a metal selected from Group IB, IIB, IIIB, IVB, VB, VIB, VII 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, thodium, iridium, and noble metals such as platinum, rhenium, or

palladium. Preferably, the hydrogenation compohent is palladium, platinum or

thenium.



conposited wth a porous matrix binder material, such as an inorganic oxide
sel ected fromthe group consisting of silica, alumna, zirconia, titania,
thoria, beoybldm32aagnesi a, and conbinations thereof, s®CH/3005/033658
silica-alumna, silicamagnesia, silica-zirconia, silica-thoria,
silica-beryllia, silica-titania, as well as ternary conpositions such as
silica-alumna-thoria, silica-alum na-2irconi a, silicaalum na- nagnesia and
silica-magnesia-zirconia. It may also b e advantageous to provide at | east
a part of the foregoing porous matrix binder material in colloidal formto
facilitate [@040usi dheafnotheoitht hy§wgertiopcenppusmt if SiBRd FeeHingdPdcul ar

si ev | 1 d th the b
Final cat al JaRceohRpbR MEODANS SN CRG RHBDtG AT U St PRI o an
U a0 %hido %egﬁmé chfpBflcnttt % reififfed XRichaltle nfosO oo it k6 of 0038] hi

the proces &' hvent I on, the Irst and second nol ecul ar sieves are
cont ai ned |plat1ﬂ&nm<ada\1s&bmbrekidd paﬂhﬂlmnl Wwhichhdoss ingt p@sesgw@dl gireniger by
physically m xing separate parti he i ndi vi dual eves,

preferably hYﬁIF%ﬁ!ilﬁ‘aor# agtHityoliepgra 15 Ff‘tﬁ{i’%ﬁm’&p‘?ﬁt}&nu?@md?sf %@ }f?BI cul ar

si eves, typ r 0 0 al

cat al yst co{xnfg%séf%%%%(}gg?%ngg%%otp%ﬁ%ﬁ afn? af\{‘,p %%&ge(?:gggﬁ régfoe%:ﬁl& é{ bgi eves.

Al ter nat i vesaid céiporeat.ti cl es of one of the first and second nol ecul ar

sieves can be formed as a binder for the other, of said fi rsté?]and second
t

QI es\:}l gr7 / Z [0048k,  Shhenhysisogegatiens cpmpeRenf can eeinrerpPriied 11 B 28BSt i cat i on
g t inb

r ef er ence. %Eig%ﬁlﬁ%ebfg&ag{ﬁtta E{e%%&?se? Cl?r%lgecu @ﬂ?egfoe e, ﬁgﬁ;}%ﬁ%ﬁgﬁy ea%:/h

Inrnl e;:ul ar ﬁagaf@ A tehenapgt @lgy,stahooinmasiisi on thasmelesweri wiee sirertew) t h at

east one hydrogenati on conponent such as tun st en, bd

rheni um chiopicatedbgiaine 8, maxgfbth dbg dpelat ?rr 6ﬁV@€&p%IE{&DEEC enr\r?B

\1’579;’5 W Bl YL bl dEd PO 6n BRPhGIREat BRvE] ﬁmarﬁple%wer si on,

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)4CL.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 pfocess 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
transalkylation product. The hydrogenation value is defined as the ratio of ethane

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



thereof. Useful Goup VULLB netals include iron, ruthenium osm um nickel,
cobalt, rhodium iridium and noble netals such as platinum rhenium or
pal | adi urwoRpesiwseabl y, the hydrogenation conmponent is paClraseesiospbat i num
or rhenium [0040] The anobunt of the hydrogenation conponent is selected
according to a bal ance between hydrogenation activity and catal ytic
functionality. Less of the hydr ogenatil8n conponent is required when the
nost active metals such as platinumare used as conpared to palladium

whi ch does not possess such strong hydrogenation activity. Generally, the
catal yst commstent itenpereturaiois412°65 2 heressa® w92 610 &RAah i hydegsr i ton

conponent and typically fromp0,01 % t.0, 2 %.0f. sai d 0041
The hyd { ng?@Fb%‘o‘ﬁB’éﬁéﬁ’i’t" %‘tg% %@M%@r%ﬂ’?ﬁ{y e&‘xlh%e?%ga%ggqg?% g d ]
conposi ti onyAYy: Y8t atleitgatdgefatioR RN 8Rds tihan&elpleat tdtionist o t he
extent a Gpupsfgxéﬁnglrﬁle,@dég.eﬁa%l umh%num ?dsf&ilﬁythe rrgtIﬁZcul art sileve
structure, daipiseday et mblr percentage nf sthananint the phatuebiiideddry e avadarand

bi nder. Such conponent can_ be i egnated in or on the nol ecul ar sieve, for
exanpl e in Reen¢ageof gty 8%%&?{”&{3&?91 reating the nolecular sieve with a

S0l Ut1 on CORRN NG forbll (e o9 RHEN Blnhetnt B holkapliasd num

conmpounds for regnatin e catalyst"wth platinuminclude

chl or opl at i Ri gsudlty drie® /b5t heatitig a¢hl pdananbivEs Cotes16ypicedly Lldntoai ni ng
the platinum amm ne conpl ex, such as Pt(NHa)4Cl 2 H2Q.  [0042] Alternatively,
a conpound t43°Chéornatdeast;é mainntsrandoganeradly mohignepiethan dddiovss ehersssitet ul ar

S eve ana. bioREE 0K GOAT R ASE R A MERbYaDfe B o} BRpA fF &
pal | eti zi ng, (0043} arlBs ek 298P 8E hdd 60 P RAGkatiRY offiom 169° a6 6807gRd to
have a hydrogenation’activity of hydrogenation value of at |east 300, such
as at | east fdsQ0p 20rteies. Galcinativn lisgpicalpocnduTied ahpresvigesyangiog foghtqQ on i s
measured by, COMRFAha a WHSV of about 0.002 to about 20 b

[0045] Prior to use, steam treatment of the catalyst composition may be

employed to minimize the aromatic hydrogenation activity 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

WHSYV of about 0.002 to about 20 h™.

[0046] In addition, prior to contacting the catalyst composition with the

hydrocarbon feed, the hydrogenation component can be sulfided. This 1is

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 oxdi;ation—

reduction cycle, oxochloride treatment or the like, washing with liquid

hydrocarbons or aqueous solution of inorganic and/or organic chemical



t he amount of ethylene to the anobunt of ethane in the transal kyl ati on
product. Ethylene is fornmed in the transal kyl ati on process by the

deal kyl atworroefoseizay| substituted aromatic nol ecul es andPoy/usb@sosmeki ng of
al i phatic and naphtheni c hydrocarbons. The hydrogenation conponent is
designed to saturate these ethylene nolecules to ethane before they can
engage in side reactions. The better tlle hydrogenati on conmponent the |ess
ethylene will be present relative to ethane in the transal kyl ati on product.
The hydrogenation value is defined as the ratio_of ethane over ethylene.
The exper i mempatndonuch poriwater ethanol aeqtongs oF the ke, rpri TRPIVERIAICR B fant

tenperature of 4120C, . a ,pr.essurg_ o . car bon
nol ar rati &trg?mﬁon?nf&gt}g'ﬁ&?gf?ﬁﬁer%%ﬁéﬁé?Rgf@ﬁ?@ﬁ@xgg IﬁgB(e)r;f , ga?] a WHSV
of 2.7 h 1 temphanhy inge@dal ifbich@ td@boufsaneT,echrossusd laagedfibbyd Hetor ati o, is
cal cul ated by the nol ar percentage of ethane in the product divided by the

mol ar per c ebpagEO0FKRARANd VEHSY afisbowprGatreabout bYUA]. After treatment with
the hydrogenation conmponent, the nol ecular sieve is usually dried by
heating at a tenperature of 65C to 160, typically 110 to 143C, for at |east
1 mnute anghbopagl ally not longer than 24 hours, at pressures ranging from
100 to 200 fcPAa. Thereafter, the nol ecular sieve may be calcined in a
21:5 B ga][n of d[|094§jash The ciromstiaifeedonsadi ity dageprocass o8 ithreiventiels COMPFFYM 260 t o
or 1 to 20 hours, Calcination is typicall anduct essures
rangi ng fr oFAIBENZCBE 8B ORPAL MO 2EPTRHS\F pogggqjgo%gle.g@ %tgg%sg%u‘t%bf h 1.
[ 0045] Pri ofot,. ‘r%?)gciﬁét egm ér{)ﬁaﬁmkné%nadﬂ%ﬁﬁi ahYstiysieaP@eddt iudey be
enpl oyed to mninize the aromatic hydrogenation activity of the catalyst
conposi t i onmedityldnee 1.8znirmptiyloaesss), t hbirenst al(J 244, Stvipowthilamzene)usual | y

contacted with from5 to 100% t f I 260
650C Tor . at nrwast i (hodrrmelRieE fngh et ERstE b PmPhP PR e of
100 to 2590, gl?ﬁ@thﬁ@ﬁll iRy 08 nRHLhPI8S2nE 0 ARRidiy1dByBerzene, [pRSAB]  hi

addition, prior to cgnt acting the catal yst conposition with t he
substituted benzenes, butyl-substituted benzenes, and dimethylethylbenzenes.

Suitable sources of the Cot+ aromatics are any Co+ fraction from any refinery
process that is rich in aromatics. This aromatics fraction contains a substantial
proportion of Co+ aromatics, e.g., at least 80 wt% Cot+ aromatics, wherein
preferably at least 80 wt%, and more preferably more than 90 wit%, of the
hydrocarbons will range from Cy to Cy. 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 include
recycled/unreacted/produced benzene, toluene, ethylbenzene, and Cot aromatics
that is obtained by distillation of the effluent product of the transalkylation
reaction itself. Typically, toluene constitutes from about 5 to about 90 wt% and
Co+ constitutes from about 10 to about 95 wt%. 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, wheras the Co+ aromatics component



hydr ocarbon feed, the hydrogenati on conponent can be sulfided. This is
conveni ently acconplished by contacting the catalyst with a source of

sul fur, swohloawsk3zdr ogen sul fide, at a tenperature rangiPog/uscasioadsssit 320
to 48Q0C. The source of sulfur can be contacted with the catalyst via a
carrier gas, such as hydrogen or nitrogen. [0047] After contacting the
catal yst conposition with the hydrocartton feed, the catal yst nay be
deactivated due to coking or netal agglonerization. The deactivated

catal yst can be regenerated conveniently by coke burning with a stream
conpri sing mg‘efaescfrom>59g@ﬁ5 a9t 8uahias grosd ﬁ%&?ﬁj‘é’t%s‘@@he gafire feeda the
oxochl ori ne b i sxi.de or the l|ike, netal re-dispersing using
oxdi zat i onrgﬂfi‘f@{lﬁ galt}ogg;%a[c On G¥ehl oride treatment or the |ike, washing with
| i qui d hydrocarbons or aqueous sol ution of inorganic and/or organic
chem cal conpounds, such as, water, ethanol, acetone, or the |ike, or
r ej uvent ai oHydrodarbos ComaerstamPracessng hydr ogen. Regenerati on or
' erature ran ce to

f d i
obut - 8000C0bs0hr ol Blop S s Jf sbgtiied §b 2 EwbARHE ot ATEAE ey o
about 0.2 tﬁ]?zﬁ%w %dhbeh cmﬁm%ﬁ@ﬂoﬁvo&flﬁ&ldm REQsRIHe tfaediyagsh i n the

process of e invéntion conprises ethylbenzene and one or nore aronmatic
conpounds cesat@dm coglitiond Bkl indudzoa tanpﬂrstures;mlglrfg fro@oaboat 34T ix
conpounds found in a typical feed include nesitylene

(L,3,5-tri e ISBAK.EHED as omeshout 400 ta ahoqtééﬂ HW%%?@%%"OW 380
t I
( imZmZ t Ir i ﬁg(f ?‘éﬂuﬁé%éoe%fe)%‘ges%% ap%ﬁie%bg%% W%@%He{@%% nj%% ﬁy i%y? benzene,

1, 4- et hyl eh‘&‘dibb@ﬁé@ﬂﬁmlarﬁﬁﬁkpﬁ‘oﬁumm 1 tid e@bwénmtm ﬂdmubd)utslmosaﬂmum ed

benzenes and di net hyl et hyl benzenes. Sui tabl e sources of the CQ+ gr omati cs
are any Co+and acWHﬁ%} pf@h?%‘}zrt@fﬁbﬁ@r@ Br otusBeas g | o pp alBfmat i cs.

s o SRty s S BUlichs P SL AR 0 RGAREE rtl'lé)ﬂez%z aﬁ:gﬁaﬁé omat i cs,
eg,atle?t‘1 0 aronati cs
feed to a product containing substantial quantities of Cs-Cg aromatic compounds,
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 methyltriethylammonium chloride
(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:

Si0,/AL,03 = 50
HzO/ SIO?_ = 22
OH7/ SiO, = 0.2
Na'/ SiO, = 02
MTEACVSIO, = 0.26

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



preferably at |least 80 wt% and nore preferably nore than 90 wt% of the
hydr ocarbons will range from(C9 to Cl2 . Typical refinery fractions which
may be uswbubodosedzade catal ytic reformate, FCC napht ha ecTIS@osapissha.

[ 0049] The feed may al so conpri se benzene or toluene. Thus, in one
practical enbodinent, the feed to the transal kyl ati on reactor conpri ses

et hyl benzene, C9+ aromatics hydrocarboHs and tol uene. The feed may al so

i ncl ude recycl ed/ unreact ed/ produced benzene, toluene, ethylbenzene, and C9+
aromatics that is obtained by distillation of the effluent product_ of the

transal kyl awiatsn anddded ainl 200€eTie XRppastgm ¢f the as-gaibesizsd snatenial sBowedbm about

5 to about 90 % and C9+ const.i fr.om u t b WM ma
typical |igHt %b"&fl’%ﬁ BhgFE 8@2?%@%?‘8%01?%?@@ §g§§?ﬁ0&h§ %E%“&@‘%Sg%w % such
as from 50 Lfiefldl WokedfthithtBe BRdTaE wheEsSnpovBe basedlbRcfallss ATl chBale oMponent
constitutes from10 to 60 wt% such as from30 to 50 wt% of the entire

feed to the(withasavdageatrystal sizzafaban 0A9meicrns).a t ypi cal heavy feed, tol uene
constitutes ahqut 15 to about 50 wt% such.as fro 5 t0.40 wt % of the
entire feedléﬁg]r as e eélrzﬁcﬁﬁliyﬁt@g EBEONE egdﬂ?ttﬁ??y‘i@g?q S t o 85
W % such agyd {RnexRadels 2t ¥nihoRhmtd¥at8 BéIuti6n heREnt RmipbRnire F0BekEy| at i on

reaction zone. Hydrocarbon Conversion Process [0050] The process can be
conduct ed i byanyingppil2WA adcaleastior ati HOPCdon § hwursadibglresuliing ZSMxEH bed,

i i flyid . Th Lkyl at | i

condi 1 ons eyptisa Pk RaE: otdito of aF obr RE e eRis At iBLAER o abou

5100C, such %%n&fi@mnﬁ%?lsg&eafé}(%h&rgsmwo 45461 aPa RERFGHIUE: b PO0C 2380 to
Aa, Such as f a

about 4240 rom about 1480 to about 3550 kPAa; a hydrogen to
hydr ocar bon mwsitgena @mtssord ofdidrioabbout 1 to about 5, such as fromabout 1 to

about 3 and _a WHSV of about 0.2 .to _about ch as, fram1 about 5
h 1u. The tr{%bl ky‘f*é{lﬁ"Bﬁgr"QE@W%ﬁdﬁg{i f’fgﬁ?zéll}/réliﬁfq%f“é‘?de?ﬁa_ocyfetj)ivert ut he
heavy ar omajie, i%glditaﬁd 30RL @5 Ui LRhAEAAGd SHEDEARS 13 mALRANENdth @8d of C6- CB

aromat i ¢ compounds,
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/Co+ 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'l. The results after 4.4 days on stream are summarized in Table 1 below.
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FHgre o 100 100
Ay Conversion (%) 71
Ao Conversion (%) 89
De-ethylation Rate (%) 98
Xylene Yield (%) 30
Ethylbenzene in C8 0.19
Aromatics (%)

Ethane/Ethylene 4000
Xylene/Ethylbenzene ratio 506

[0057]

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 Co+ 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 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 2 below.
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[0059]

Ag‘bb’ﬁ’x'férs'ib’r'lf’%) ratto jof—2and—a WHSV 74
A;p Conversion (%) 89
De-ethylation Rate (%) 98
Xylene Yield (%) 33
Ethylbenzene in C8 0.20
Aromatics (%)

Ethane/Ethylene 13411
Xylene/Ethylbenzene ratio 475

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
herein, 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



of 2.7 h 1. The results after 4.4 days on streamare summarized in Table 2
bel ow. Table 2 [0059] The results in Table 1 show that the catal yst of
Exanpl e Iwoasodnsgihy active, particularly for the de- et rgrate@s/osmse of the
et hyl benzene (de-ethylation rate of 98% and xyl ene/ et hyl benzene rati o of
475). The results in Table 2 also show that the catal yst of Exanple 1 was
highly active for C9+ conversion to xyll8nes. [0060] Al patents, patent
applications, test procedures, priority docunments, articles, publications,
manual s, and ot her docunents cited herein are fully incorporated by
reference t SlePHENS WAt the ipirildpad |ssanp of jthe ABYeniiapo Asrerdmaty, vit tip rdhj s

i nvention a LUriSdiGli | i I rati

er it od. - [06AR iche HApteahs CRiye Portie ot b BERIPRLAC BubRs 1
are |isted hgdeddacriptiong et foAM Rdyinl Bweratildr Nt e dAins! BHREEorstrikd 285 €
contenpl ated. [0062] Wiile the illustrative enbodi nents of the invention
have been dexesmpassing;allhthgfeatnras| efrnagsptable noyglly which feside inde pisasgntvar i ous

kit eq in oREoPE e BRRRSTR Solth et SR L G e

invention. AgesRIsRilledlivihelatt tb wWHicH the idveRdedpértias. t he 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 patentable novelty which reside in the present invention,
including all features which would be treated as equival ents thereof by
those skilled in the art to which the invention pertains. CLAIMS W claim

1. A catal yst conposition which conprises: i) an acidity conponent having
an al pha value of at |least 300; and ii) a hydrogenati on conponent having
hydr ogenati on activity of at |east 300. 2. The catal yst conposition recited
in Caiml, wherein said acidity conponent



has an al pha value of at |east 1000. 3. The catal yst conposition recited in
any preceding claim wherein said hydrogenati on conponent has hydrogenati on
activity wO2aa6/d5e;23t 1000. 4. The catal yst conposition PETiUSeasioB36any
preceding claim wherein said acidity conponent and sai d hydrogenation
conmponent form an individual particle_conbining both conponents. 5. The
catal yst conposition recited in any pfz%cedi ng claim wherein said acidity
conponent conprises a first nolecular sieve selected fromthe group

consi sti n%ne or nore of a nolecular sieve having a MIWstructure, a
nmol ecul ar having a MOR structure, and a porous crystalline inorganic
oxi de material having an X-ray diffraction pattern including d-spacing

maxi ma (A) at 12.40.25, 6.90.15, 3.570.07 and 3.420.07 6. The catal yst
conposi ti 8fe¢lagviited in Caim5, wherein said porous crystalline inorganic
oxide material is selected fromthe group consisting of MCM 22, PSH 3,

SSz- 25, MCM 36, MCM 49 and MCM56. 7. The catal yst conposition recited in

any one of C ap&pst & AIE=E id-catalyst further conprises a second
nol ecul ar si eve ha?;silsng Igp%sonst%ﬁ@%?%ﬁ%%g' ranging from3 to 12.8. The

catal yst conpodi ti om acidityt @dnponeatrhavinmgenalplel ailusofat taastBoonher ei n the first
nol ecul ar sieve is ZSM12. 9, The catalyst conposition recited in claim?7,
wherei n the setbnd #oPdogenation;copmpopent Zaying, hyrgogeppidon: agtiiitysef @deasssi ti on
recited in any precggjng claim wherein the hydrogenati on conponent is
selected fromthe group consisting of one or nore of a Goup VIHB and G oup
VHB netal. 11. The catal yst conposition recited in claim10, wherein the
hydr ogena?.i on Tonpaalgsttconpositlonatettdfin@huinhe, ghotn sidatigity egmpbnedpe or

f rheni
frore ot rhent UM, an alpha value of at least 1000.

3. The catalyst composition recited in any preceding claim, wherein said

hydrogenation component has hydrogenation activity of at least 1000.

4. The catalyst composition recited in any preceding claim, wherein said acidity
component and said hydrogenation component form an individual particle

combining both components.

5. The catalyst composition recited in any preceding claim, wherein said 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

(A) at 12.4+0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07

6. The catalyst composition recited in Claim 5, wherein said 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.

7. The catalyst composition recited in any one of Claims 5 to 6, wherein said
catalyst further comprises a second molecular sieve having a constraint index

ranging from 3 to 12.



i nu and pal | adium 12. A process for producing a catalyst conposition
g:‘ a;ny g} t he Brecedi ng clains, said process conprising the steps of: i)
cont act i nyoanoeasett y conponent with at |east one hydrogematseas/osmaponent
under conditions sufficient to incorporate said hydrogenation co'rrponen_t_
into said acidity conponent to form 1rmdl fied acidity conponent; and ii )h
calcining said nodified acidity conponent to produce said catalyst. 13. The
process recited in Claim12, wherein said contacting step is selected from

i it d 1.on- hange, .i nci pi ent .wet ness_i npregnation,
mochani carm xiir e chfoREN BRREe BN Bistidie i Wiran den oty d
conponent and/molebulatigéve i@ ZSM-OPDI nations t hereoyc . 14. The. process recite
in any one of Clains 12 to 13, wherein said calcining conditions conprise a
tenperatyye in_the range of about 260 to about 650C, a pressure in the
range of -about BFOPHElysteasmROstvY Tepitedain elat &, WigveiofthalseeindOmbR2ule about
20 h 1. 15. Aspervgqgigl\,{_gr the conversion of a feedstock containing CO+

aromati c hydrocarbons 10 produce a resulting product containing |ess C9+
aromat i cshydrocarbons than said C9+ aromati cs hydrocarbons in said

i iti d on
f eedst ockland Tentakhisngohgesitibhafecabibuh Bnp Medbdnfe il PeRzeRe dhase
tﬁg wei ght of ar o%ti cg@?r action of sai r%%ul tlgng product, sard process
conpri si ng co@%?%l%ﬁoalppé@ﬂs}% gdsctadioem the gnovp énydisiing @f one aciiotn

D . i . 11. 16,
conditions w t S on_of any one of claims 1 to _

The process rtggflﬁgﬁﬁg?%g?n%&m%?@'sal d et hyl benzene is present in
said feedstock in an anount of from about 0.001 to about 4 wt % based on the

wei ght ofllsai dheeedslyactompoitiohheechtd 48 SEainB a0} Sfhekdin ARY 1R RhatiAi M6 15
to 16, wherein the transal kyl ation o .
' component 1s selected from the group consisting of one or more of rhenium,

platinum, and palladium.

12. A process for producing a catalyst composition of any of the preceding claims,
said process comprising the steps of:
1) contacting an acidity component with at least one hydrogenation
| component under conditions 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.

13. The process recited in Claim 12, wherein said contacting step is selected from
the list consisting of ion-exchange, incipient wetness impregnation,
mechanical mixture of said hydrogenation component with said acidity

component and/or binder, and combinations thereof,

14, The process recited in any one of Claims 12 to 13, wherein said calcining
conditions comprise a temperature in the range of about 260° to about 650°C,

a pressure in the range of about 100 to about 300 kPa-a, and a WHSV of about
0.002 to about 20 h™.

15, A process for the conversion of a feedstock containing Cg+ aromatic

hydrocarbons to produce a resulting product containing less Co+ aromatics



reaction conditions conprise a tenperature in the range of about 343 to
about 510C, a pressure in the range of about 380 to about 4240 kPa-a, a
hydr ogen wo 2hyediseazar bon nole ratio in the range of abouCI/useoalnsisss 5, and
a WHSV of about 0.2 to about 2Ch 1 . 18. The process recited in any one of
Clainms 15 to 17 further conprising of2 catal yst regeneration and/or

catal yst rejuvenation step, wherein said catalyst regeneration and/or

catal yst rejuvenation conprises the steps of: i) contacting said catalyst

i th t 15| X t condi.tiion to regenerate said catalyst,
o 1) cont actionatRhS ARl KIRICE, pluTRES myURenRpt iRG fgdrogemd: o
condi tion to rentaengles Sainchboat @b ¥av, oﬂe%hylﬁer&w&ﬁ&%dggg}éﬁvg%ﬁ%ﬁ@ benzene

conprising the steps of: (a) reacting C9+ aromatic hy s and tol uene

under transal KPEEEGN frastion | oh seishdesuling woducta saist giryedss ceommssitig on of
roduct stream conprising

f d - 11 0 .prqduce a resyltin [ (
benzene and xyPinsiie s FRaRGRCHR e Rlialaon Bndor soncitiana Wrbaict
stream to obt aafalyt bEABEMEoPS MY Ghe of claims 1 to 11.

16.  The process recited in Claim 15, wherein said ethylbenzene is present in said
feedstock in an amount of from about 0.001 to about 4 wt% based on the

weight of said feedstock.

17. The process recited in any one of Claims 15 to 16, wherein the transalkylation
reaction conditions comprise a temperature in the range of about 343° to about
510°C, a pressure in the range of about 380 to about 4240 kPa-a, a hydrogen to
hydrocarbon mole ratio in the range of about 1 to about 5, and a WHSV of
about 0.2 to about 20 h™'.

18.  The process recited in any one of Claims 15 to 17 further comprising of a
catalyst regeneration and/or catalyst rejuvenation step, wherein said catalyst

regeneration and/or catalyst rejuvenation comprises the steps of:

i) contacting said catalyst with a stream comprising oxygen at a condition
to regenerate said catalyst, or
1i) contacting said catalyst with a stream comprising hydrogen at a

condition to rejuvenate said catalyst.

19. A process for producing benzene comprising the steps of:

(a) reacting Co+ aromatic hydrocarbons and toluene under transalkylation
reaction conditions over a catalyst composition of any one of Claims 1-
11, to produce a resulting product stream comprising benzene and
xylenes; and

(b) distilling the benzene from said product stream to obtain a benzene

product.



