WD 2004/ 046278 PCT/ US2003/ 033216 1 HEAVY AROVATI CS PROCESSI NG FIELD 5 The
invention rghaheswuksst he conversion of heavy aromatics, $R§aIdhhEGAL Y6 CO+
aromatics, to Ilg(hter aromatic products, particularly benzene, toluene and
xyl ene (BTX). BACKGROUND 10 A source of benzene and xylene is catalytic
reformate, which is prepared by contacti;ng a m xture of petrol eum napht ha
and hydrogen with a strong hydrogenation/ dehydrogenation catal yst, such as
pl ati num on a noderately acidic support, such as a hal ogen-treated
alumina. Usually, a C6 to C8 fraction is 15 separated fromthe reformate and
extracted with a sol vent seHEAVYAROMAFHIHPROCESSING phatics to produce a
mXture of aromatic conpounds that is relatively free of aliphatics. This
m xture of aromatic conpounds usually contains BTX, along with ethyl
benzene. 20 Refgjpgyies have also focused on the production of benzene and
xytene by transarkyl ation of C9+ aromatics and tol uene over noble

netal -containing zeolite catalysts. During the transal kyl ati on of C9+
aromatics and toluene to high value petrochem cal products, such as benzene
and xyl éne, over cat al yidesinvenEen felgs nishite ronyersionp ol dregvy caromakies at ed

conpounds are 25. ically prqoduced.durin first sever nt hs on
stream These S[’)?f-l%%la@l u@f-" agc%g:ﬁi,cg,t ﬁod h@ﬁ%ggor{%%%c gﬁolestf pf’ﬁlcﬁh’él% gne,
tenperature rafgenamdiferd§BIgd aromatic products, making separation of

the desired products at high purity levels difficult. For exanple, a
benzene product for commercial sale nust exceed 99.85% purity. However,

initial benzene purity after distillation of a 30 transal kylation reaction
product is ty 99.2% to 99.5% due to the

10

| A source of benzene and xylene is catalytic reformate, which is
prepared by contacting a mixture of petroleun 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

15 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 mixtore of aromatic compounds usu-ally contains BTX, along with

ethyl benzene.

20 Refineries have also focused on the production of benzene and
{ xylene by transalkylation of C9+ aromatics and toluene over noble
metal-containing zeolite catalysts. During the transalkylation of C9+ aromatics

and toluene to high value petrochemical products, such as benzene and xylene,

over catalysts containing noble metals, by-product saturated compounds are

25 typically produced during the first several months on stream. These by-product
saturated compounds can boil in the same temperature range as the desired
aromatic products, making separation of the desired products at high purify levels

difficult. For example, a benzene product for commercial sale must exceed

99.85% purity. However, imitial benzene purity after distillation of a

30 transalkylation reaction product is typically only 99.2% to 99.5% due to the

presence of coboilers, such as methylcyclopentane, cyclohexane, 2, 3-



presence of coboilers, such as nethyl cycl opentane, cyclohexane, 2,3 WO

2004/ 046278 PCT/ US2003/ 033216 2 di net hyl pent ane, di net hyl cycl opent ane and
3- et hyl hexineoosmieef ore, an additional extraction step RE/US2083039216
required to further inprove benzene product purity to the desired level. 5
One solution to the problemof the production of benzene co- boilers during
t he transal kyl ati on of heavy aromatics is2disclosed in US Patent No.
5,942,651 and involves the steps of contacting a feed conprising C9+
aromati ¢ hydrocarbons and tol uene under transal kyl ati on reaction conditions

wth a first atalvyst co Si fi,Qn,conprisin Z L t.e havi constraint
I ndex ranging dﬁp%tﬁy%aut@}% n‘@]gn zlylgﬁcé‘gpeg;ganisﬁcgf méeﬁ]gjugé)‘%}%r 0&2‘%&“?‘}’1’&1 ah
conponent . TheggkibhseRtraéesitstep 19 usdall9 PedihiRafth i &GORFR6Vd Béhzehé& Brddact hen
contacted with a second catal yst conmposition which conprises a zeolite

havi ng a constpuaiyte thndesxeddvgl.ng from 3 to 12, such as ZSM5, and which
may be in a separate bed or a separate reactor fromthe first catalyst
conposition to produce a transal kyl ati on reacti on product conprising 15

benzene and xylene. A DRRELOSALOTChe NARA B MY bloflioflod Gk 30857

maybe tai ned by dist rom ransal kyl atron reaction

product, Wi t hpilkrstdaging Getrdmeaikatatianl dF heanakortatics a¢ tisolosad RIS Pagat Mong to
the “651 patent, the second catalyst conposition conprises up to 20 w % of
the total wei gh?42651tand vplves theatepe ob monteeiingl § seedcentpprasing bt aromatiys
Patent No. 5,903,051 disclqses a process for .convertin ... hydr.gcar bo
stream such as™ 99?9689%55‘1% 3?ﬁgnwﬁdgr%w§@%fagwgﬁﬂgnttgmgglag% "Eg] aag’ﬁﬁat ic
hydrocarbons, gkt 8Smpydifae sompPisif® ARkl Mvind® &rsaamt WMdoR Bndas Hokst
system conprising a first catal yst conposition and a second catal yst
conposi tidon, 265 whéyrsacin as AEN -t At akdyeshydregepatsin ¢ommponene  Phesffinenti raswamar at e

stages and are_not hysi cal m xed or bl ended .and wher ei said first
cat g| yst ¢ Omo@@qli%gqsgc%t%{nés;ep 18 then contacte \%th a secon cataTyst 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
15 benzene and xylene. A benzene product having a purity of at least 99.85% may be
obtained by distilling the benzene from the transalkylation reaction product,
without the need for an additional extraction step. According to the ‘651 patent,
the second catalyst composition comprises up to 20 wt% of the total weight of the

first and second catalyst compositions.

20
US Patent No. 5,905,051 discloses a process for cgnverting a
hydrocarbon stream such as, for example, a Cot+ aromatic compound to Cs 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,
25 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.

30 According to the ‘051 patent, the use of the separate catalytic stages improves the



pronoted, alum na- or silica-bound zeolite beta, and said second catal yst
conposition is ZSM5 having incorporated therein an activity pronoter

sel ected WO@pOKKS2T oup consisting of silicon, phosphor u®CT4{H2003/03324fd
conbi nati ons thereof. 30 According to the 051 patent, the use of the
separate catal ytic stages inproves the WD 2004/ 046278 PCT/ US2003/ 033216 3
conversi on of C9+ aromati c conpounds and3napht hal enes to xyl enes and
decreases the anount of undesirable ethyl benzene in the product. Contrary
to the teaching in US Patent No. 5,905,051, it has now 5 been found that a

singl e Stage cahalihlofs EMARTALNIAE, Blo hHRBR THILELB aerBREE 11 €

myl ecul ar si eves exhi b acti vl ty et h -group

cont ai ni ng ar thatiosnteihpdetitbid sth{d8en@nepihe prddetls wi t hout overal I
reduction in the conversion of the C9+ feed to useful conmpounds, such as
xyl enes. 10 SUMMARY Accordingly the invention resides in a process for

convertlng Co9+ aromati g _hydrqc ons to.li .
conprising the step of &8]8% q ath %acPlélgdn @meéﬁ?ﬁ\go%g&aﬁo]ndtjﬁﬁs how
hydrocarsbons  yagdefouhd it 3 éiﬁ{% éts't%@ caldbyst @b WonG Rt AtoRastWwohdiffefet 2l VSt
conposition conprising: . rst nol ecul ar sieve selected fromthe
group consi st spﬁglfmfmZ)SMlmleveﬁmthns eshannctl atjydy dosthe rgreoedl lof eihyl-pougani ¢

oxi de materi al haV| ng an X-ray tion pattern including. d- spa,C| ng
maxi ma at 12. &9¢ Q‘Bmgﬁar%ati%co‘gp% Sd?aé‘a‘rﬂo@aﬂ?ée@? Wi t?@“@ﬂ‘? UeigBcond

mol ecul ar si eglme%¥eCU gngpmg Q'fgéd‘!‘)qﬁgfﬁ} %ﬁgﬁ&?ﬂofsrugﬂlag,x Bndl, Wherein at

| east the fir si 6ve has a n componen associ at ed
therewith and wherein the first and second m)l ecul ar sieves are contai ned

in the. sanme catal yst bed, the C9+ aromati c hydrocarbons being converted
under s#id tréﬁmti on reaction conditions to a reaction product 25
cont ai ni ng xyl ene.

Accordingly the invention resides in a process for converting Cog+
aromatic hydrocafbons to hghier aromatic products, comprising the step of
contacting a feed comprising Cgt+ aromatic hydrocarbons under transalkylation

15 reaction conditions with a catalyst composition comprising: .
(i) a first molecular sieve selected from the group consisting of ZSM-12,
mordenite 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; and

20 (ii)  asecond molecular sieve having a constraint index ranging from 3 to 12,
wherein at least the first molecular sieve has a hydrogenation component
associated therewith and wherein the first and second molecular sieves are
contained in the same catalyst bed, the Cot+ aromatic hydrocarbons being
converted under said transalkylation reaction conditions to a reaction product

25 containing xylene.

In one embodiment, the first molecular sieve is ZSM-12 and the

second molecular sieve is ZSM-5,



In one enbodi ment, the first nolecular sieve is ZSM 12 and the second

mol ecul ar \$hHeyRuG7¢SM 5. WO 2004/ 046278 PCTI US2003/ 03321kcTAisitoswsnient |y,
the catal yst conposition is particulate and the first and second nol ecul ar
sieves are contained in separate catal yst particles which are physically
m xed in said catalyst bed. 5 Alternativgly, the catalyst conposition is
particulate and the first and second nol ecul ar sieves are each contained in
the sane catal yst particles. Typically, the feed al so contains benzene or
toluene. 10 In a further aspect the invention resides inh a process for
produci ng benzene conpremieaigntlieths: @ilyshromppsifian dt pagicetnie and, the fiwst

hydr ocar bons ol.ue der tr lLat | I i LhORnS _over a
cat al yst corrpa%@idsf3 %o&c]l %Q%ﬁlk&lgrslgﬁ‘é%s %?)%8%1}%{1?3?24 g%oafz{é%gﬁgb%%gge\gése ectaé%) from

t he group corﬁjy%g}ﬂgmg{edzg,%idjoﬁtalﬁibg@r denite and a porous crystalline
i norgani ¢ oxidé material having an X-ray diffraction pattern including

d-spaci ng maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07; and (ii) a
second ol ecul ar sieve havin constraint index rangin rom tq 12, 20
wherei n®at |east the fi?‘ﬁ?mﬁgwg}fﬁ re ?ﬁéoﬂ’é’g’“go’i’lﬁigaﬁg ?Bﬂg ent
associ ated t b4 Ja AEA ,qule .61 | dofifa &gggﬂ% ieves are
cont ai ned inh%ﬁgs%%@e ca%a y%ﬁ%e%?g%cg progﬁggna pro ﬁg%lygstgyég%%egbnpri si ng
benzene and xyl ene; and (b) distilling the benzene from said product stream

to obtain a benzene 25 product. DETAI LED DESCRI PTI ON OF THE EMBCDI MENTS The
present invention provi G@icaly theclesd alse containg benzeng optolusag.

10 In a further aspect the invention resides in a process for producing
benzene comprising the steps of:
(a)  reacting Cg+ aromatic hydrocarbons and toluene under transalkylation
- reaction conditions over a catalyst composition comprising:
(i) a first molecular sieve selected from the group consisting of ZSM-
15 12, mordenite and a porous crystalline inorganic oxide matenal having an X-ray
diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07
and 3.4240.07; and '
(ii)  a second molecular sieve having a constraint index ranging from 3
to 12,
20 wherein at least the first molecular sieve has a hydrogenation component
[ associated therewith and wherein the first and second molecular sieves are
contained in the same catalyst bed, to produce a product stream comprising
benzene and xylene; and
(b)  distilling the benzene from said product stream to obtain a benzene

25 product.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The present invention provides a process for converting a feed
30 comprising Cot aromatic hydrocarbons, optionally together with added toluene or

benzene, to produce a product contaming benzene, toluene and xylenes. The



30 conprising C9+ aromati c hydrocarbons, optionally together with added

t ol uene or to produce a product cont ai ni ng benzgneysdedseng and
xyl enes. Qb’W@B’gﬁ/ 046278 PCT/ US2003/ 033216 5 process i nvo? ves contacting

the feed under under transal kyl ation reaction conditions with a catal yst
conposition conprising at |east two diffsrent nol ecul ar sieves which are
contained in the sane catal yst bed. 5 Catal yst Conposition The catal yst
conposition used in the process of the invention conprises: (i) a first

nol ecul ar sieve selected fromthe grofp consisting of ZSM 12, 10 nordenite
and a porousIuby§SaHth@S|ﬁnﬁg@mgcﬂﬁklﬁ@iﬁ@ﬂ@?ﬂ@ﬂﬁmdvnm@kﬁmnoarw%wUOH

37570. 07 and 305 YA e H PR SEG RREN B 5741 SUTigh el
constraint i ngex:Lang ﬂ%gﬁﬁ@iﬂ‘e&ﬁ ejs%necy{m:gggeggard to the first nol ecul ar
y

siveve, ZSM12 Is nore parti cul ar desc¢ribed in U S. Patent No.
3,832,449. Mordenite occurs naturally but may al so be used in one of its
synt heti c forms, such as TEA-nordenite (i.e., synthetic nordenite prepared
froma %eact |‘5htaﬂﬁskﬂﬁl@®ml sing a tet raet hyl ammoni m di recting agent),
which is disclosed in U.S. Patent Nos. 3,766,093 and 3,894, 104. Exanpl es of
sui tabl e porous crystalline inorganic oxide 20 materials having the defined

X-ray diffraction pattefpeidaglyteoipibition R&kHis. the§1§l€ce%§,of'\/w BRentideM 49 or
MCM 56. MCM-22 is described in U S. Patent No. 4. 325, PSH-3 is

descri bed i n tenSpriest ent No. 4,439,409, SSZ-25 is described in U S. Patent
doscr | bed i n )5, PalEhmAGIS, 55, SH5ien HoRTRESHORE 2BRHewe bl MR U S,
o o 0, o, AR I AL Syl Sl Skt iy SR
diffraction pattern including d-spacing maxima at 12.420.25, 6.9+0.15, 3.57+0.07
and 3.42+0.07; and
(1i)  asecond molecular sieve having a constraint index ranging from 3 to 12.
With regard to the first molecular sieve, ZSM-12 is more
15 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
tetracthylammonium directing agent), which is disclosed in U.S. Patent Nos.
3,766,093 and 3,894,104. Examples of suitable porous crystalline inorganic oxide
20 materials having the defined X-ray diffraction pattern include MCM-22, PSH-3,
( 8§Z7-25, 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
25 described in U.S. Patent No. 5,362,697. The entire contents of each of the

aforementioned patents are mcorporated herein by reference.

With regard to the second molecular sieve, suitable materials

having a constraint index of 3 to 12 include ZSM-5, ZSM-11, ZSM-22, ZSM-23,

30 ZSM-35, ZSM-48, ZSM-57 and ZSM-58. ZSM-5 is described in U.S. Patent No.
3,702,886. ZSM-11 is described in U.S. Patent No. 3,709,979. ZSM-22 is



Wth regard to the second nol ecul ar sieve, suitable materials having a
constraint index of 3 to 12 include ZSM5, ZSM 11, ZSM 22, ZSM 23, 30
ZSM 35, ZSWOoIsn+/Zehss57 and ZSM58. ZSM5 is described i n RCBUSPHBARIZINO.
3,702,886. ZSM 11 is described in U S. Patent No. 3,709,979. ZSM22 is WO
2004/ 046278 PCT/ US2003/ 033216 6 described in U.S. Patent No. 5, 336, 478.
ZSM 23 is described in U S. Patent No. 4,076,842. ZSM 35 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. 4,6873,067. ZSM58 is

described in . X . I I . hod for
its determ na c?sgabé;iﬁéﬁggsg%a%tég&%%#%?&%?Ef%??k%&eshﬂﬁ%@?{??%&%ﬁgﬁgmi re
contents of egofhs,ed2.t hESMIW anMBedcHBAE Gn (AISe MHaten@ MGo.| 006,203 2t ESVREE €N by
reference. Typically, the second nol ecul ar sieve constitutes from5 to

95wt % 10 suddscrisedfindiSi Ratextces4,575,2T8.t §SBDM 96 dessabledomn Wive PatendiNowei ght

of the first C | ecul ar si i t conpasjti.on. In
one. embod mert8 RS At it GERURe 8 e PPNk NGy $358ALT: FERmEBEb e
mol ecul gr si eyey b $ndiRM Ror ifOdlBRliRatioRCark | deSdrivll HOUIS2 PR X&), 40 M L2, the
ZSM- 12 can have a conposition involving the nolar relationship: X203
: (n) YO2 wher eThe ¥tirs canteiits \oflestit ofcthe mfortmestmtzd gatentsiare tuovypdratedrherdinon,
i ndiumand/or_ 20 gallium preferably alumnum Y is a tetraval ent el enent,
such as silicbynref@®ece. and/ or gernmani um preferably silicon; and n is |ess
than 75, such as from20 to less than 60. The ZSM 12 may further be
sel ected so as to have an average crystal size of less than 0.1 mcron,
such as about 0.05 m cr 9¥picalRd i debdddmbRibuiRRERIRES stitutdd fran 5 @roFwei,t yl ene
of at |east 1000 x 10.6 Sec', such as at |east 2000 x 10 -6 sec 1,

t 10 such as from in excess of 20 to 80wt% based on the total weight of the first and

second molecular sieves in the catalyst composition.

In one embodiment, the first molecular sieve is ZSM-12 and the
second molecular sieve is ZSM-5.
15
Where the first molecular sieve is ZSM-12, the ZSM-12 can have a
compeosition involving the molar relationship:
X203 :(m)YO,
wherein X is a trivalent element, such as aluminum, boron, iron, indium and/or
20 gallium; preferably aluminum; Y is a tetravalent element, such as silicon, tin
and/or germariium, 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/r*, for mesitylene of at least 1000 x 10 % sec”, such as at least 2000 x 10 ° sec’,

25 when measured at a temperature of 100°C and a mesitylene pressure of 2 torr.

As used herein, the Diffusion Parameter of a particular porous
crystalline material is defined as D/r2x100, wherein D is the diffusion coefficient

(cmZ/sec) and r is the crystal radius (cm). The required diffusion parameters can

30 be derived from sorption measurements provided the assumption is made that the



25 when neasured at a tenperature of 100C and a nesityl ene pressure of 2
torn. As used herein, the D ffusion Paraneter of a particul ar _porous
crystal | i n@VoBd0#@78 i s defined as D/ r2x106, wherein D i s FEHEM4316n
coefficient (cnR/sec) and r is the crystal radius (cn). The required

di ffusion paraneters can 30 be derived from sorption nmeasurenments provided
the assunption is made that the WO 2004/ J46278 PCT/ US2003/ 033216 7 pl ane
sheet nodel describes the diffusion process. Thus for a given sorbate

|l oading Q the value QQ where Q- is the equilibriumsorbate |loading, is
mat hemat i cal | planelshe€@Ombael( BesctiBysltte diftrsnt prddedsh €THus Nfor (6 @fjenr sstbateed to
reach the sorbate |oading Q G aphical solutions for the plane sheet nodel
are given by lpading € dhk viahie" Q- MaberEnBi-i 18 sthef equilibiriven gyerbateleagling, is
University Press, Ely House, Lond " 1967. - The ZSM 12 used as the first
no) ecul ar  si emathpmptigalioreladedaiorGHEak’ < vhengdvethertine fse) xequied wireagh theast

150, such as at.l|geast..30 he..al.pha..: i S 0 _a sure qf the
cracking acti 3?@9{%3? adén%g} a@gﬁ@@%ﬂsgﬁ%ﬁéﬂ%ﬁ%&?l?@% G %13%1 Ig.Od at et Qtfy }

3,354, 078 and Gkt hePRUNRBlenfiticCat Biffsdion”, \Blford Universds Pledd B2 Hovieé,- 6. p.
278 (1966); and Vol. 61, p. 395 (1980), each incorporated herein by

ref erence as flondarthdP6lescri pti on. The experinental conditions of the test

used herein include a constant tenperature of 538C and a variable flow rate
as described in detail in the 15 Journal of Catalysis, Vol. 61, p. 395.

Z8\ 12 having the composil g 1entsd 8l nSier e mObbINAR oy ARPLELaARd 21 PP

val ue described in the precedi ng paragraphs can be pro

crystallizati anhafe #u Alphi helae of a6 eastin 60,cack ad atilegst S0Ur TRS alpha ahlisakdst 3r
al kaline earth 20 netal (M cations, nornal I¥ sodi um _an oxide of a
trival et el erfeneaspg)of throeraeling actiyityff fecatadyst and edeseribed; iatl).vBatenitNel enent

(Y), nomally ,sid,icAa, et hylt i tgg@g Ny i 0 Ly sent as
the iodide sal3f8%§4h%r%l>?;}5 tﬂ%! bl B 31{_3, wgndsﬁt%%g@gﬁﬁi mréé pﬁ?ﬁhave- a
conposi tion, gxes@SsROVLD 61, p. 395 (1980), each incorporated herein by reference as to

that description. The experimental conditions of the test used herein include a

constant temperature of 538°C and a variable flow rate as described in detail in the

15 Journal of Catalysis, Vol. 61, p. 395.

ZSM-12 having the composition, crystal size, Diffusion Parameter
and alpha value described in the preceding paragraphs cam be produced by
crystallization of a synthesis mixture containing sources of alkali or alkaline earth

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

terms of mole ratios of oxides, as follows:

Component Useful Preferred
‘ Y0,/X50;3 20-100 40 - 80
. H.0/YO, 10-- 100 15-40
OH/YO; 0.1-0.6 0.15-04
R/YO, 0.1-0.6 0.15-04
M/YO, 0.1-0.6 0.15-04




terms of nole ratios of oxides, as follows: Conponent Useful Preferred

Y2/ X203 20-100 40 - 80 H2Q' Y02 10 -100 15 - 40 OH/YXR - -0.4
RIYCD 0.1 BOGOBYNEY. 4 M 02 0.1-0.5 0.15.0. 4 WO 2004) 04BoVEsHS0Ss2td

PCT/ US2003/ 033216 8 The synthesis m xture may al so contain nucl eati ng seeds
of ZSM 12 and, where such seeds are present, they typically constitute

0. 05-5 wt % of the m xt ure. Crystalllzatlson of the synthesis m xture nay be
carried out under either stirred or static conditions, preferably stirred
conditions, at a tenperature of 160C 5 or |less, such as 140 to 160C for 48
to 500 hours, whereafteThé bgnth@ididiaate ASMakad contays hadlaatiag sesdspdrZ8Md from

t he not her I| uor and recovered. It nay be desirable to |ncorporate each
nol ecul ar si elﬁealidn WIWEE S@&t%?‘}%@fedﬁﬁﬁfﬁbltb%bmlﬁﬁl}ﬁ cenpbituie P-Ofel witof theat i s
resistant to th rahures a 10.,0t her. ns_enpl t he
transal kyl at i BH( ]g]fza?% Fﬁ%ﬁ Sr??lﬂg’ﬁls l%ﬁﬁg%ats'e Cﬁf%ed' %@X’ﬁgg gg}efve and

i nactive mat e§tir?éd%r%%c%ﬁﬁ&1ﬁ%hé qgr@feraw rPddl Mn@itiGHS, fat B empethicldTisoas wel |
as inorganic materials such as clays, silica and/ or netal oxides such as

al um na5 The émlessysuvhasridfeo i a0°Criyr 48eto éDO theursn‘ahcmaﬂtdryhmsultm AM-02 in

the form of gel at| nous pre%nél t%es or cI udi ng m xtures of silica and
metal 15 oxi Hostals@eeseparaied frera, %Fnoiﬂ?Fr t”FQﬂ’(e th the or each
nol ecul ar sieve, i.e. conbined therewt h or present during its synthesis,

which itself is catalytically active, nmay change the conversion and/ or

selectivity of the cat altysfaysTaesitdblof inédbrpdraet ¢ack mbleCllanlkive Uht bl ¥
serve as diluents to control the anmpbunt of conversion so that

transal kyl at etpipygcompositian v amtherreerial thet 1etsistw tosthe serapasttaessiapd manner
: 10 other conditions employed in the transalkylation process of the invention. Such
materials include active and inactive materials and synthetic or naturally occurring

zeolites, as well as inorganic materials such as clays, silica and/or metal oxides

such as alumina. The inorganic material may be either naturally occurring, or in

the form of gelatinous precipitates or gels including mixtures of silica and metal

15 oxides.

Use of a material in conjunction with the or 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.

20 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

25 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.

30 Naturally occurring clays that can be composited with the or each

molecular sieve as a binder for the catalyst composition include the



wi t hout enpl oying other neans for controlling the rate of reaction. These
catalytically active or inactive materials may be incorporated into, for
exanpl e, Ne®duwapizTOCcurring clays, e.g. bentonite and kX&MTYE2063@331pr ove
the crush strength 25 of the catal yst conposition under commercial operating
conditions. It is desirable to provide a catalyst conposition having good
crush strength because in comercial usé, it is desirable to prevent the
catal yst composition from breaking down into powder-like nmaterials. 30
Naturally occurring clays that can be conposited with the or each nolecul ar

sieve as a bi : : | i ! 1.046278
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i ncl ude the stizhientiancommondy nowias Kaxikj MeNaoveeD Mleyrgia and Fiaidai ctayg, or
McNanee, Georgia and Flaorida clays or_ others in which the nain m peral
constituent i §hee Moydnehe thg aeaip ppinsral fopgtitpent isphaliqyside, okacdingex fickite,such

clrays can be used_in g t LCH 1 r. S5 dnitially

chays oan be Haste b abRiCA OB AR LRI AT bl bRl

addi tions t o t Rasiify fBRcRE 10RaRIHAbE, acldeabhieRag RhaMi@FHodificatieye can be
conposited wth a’porous matrix binder material, such as an inorganic oxide

sel ected fromthe group consisting of silica, alumna, zirconia, titania, 10
thoria, beryllia, magnesia, .and conbjnations thereqf, such as X

S11Toa alum na. si 1T oa. TagdBen s B foriaing Relsal; die o1 saeh cuplpruar sieve
silica-berylli i cas i S, r ] Lt O h as
silica-al uni na: Rgrcjio'gtﬁ)% g?ﬁ g‘g{h:? ﬁﬁ)ﬁﬂénpggoﬁllﬂa& SI ﬁ)ﬁgg%ﬁgﬁqz"ﬁidﬁa@%gsi a and
si l'i ca- magnesioaidei sedanmeda fromi theygralps colsstiag v tidigaoalining, fircmialaitaiial east a
part of the foregoing porous matrix binder material in colloidal 15 form so
as to fa@ilitdbaiagkenyllis Biagpesia, sad sambingtians dbersek Suctoes sikecrumingesilirar si eve

is usually adm W LRt [-hder. o trhaX, i gl S at_t f | nal

catal yst conp(r%%é’-t%?%gr{fm %1(5)1%:% gﬁ%@@hghgﬁﬁg?’ (E)llrlfé?ré)?ﬁ{l 1)?(5, Qniwglg a?e?lltaé?;h’i H gﬁll affount

rangi ng from Jerhympositond g ikl d1ymina QAbAS) dicabilumina-zirconia, silica-
alumina-magnesia and silica-magnesia-zirconia. It may also be advantageous to
provide at least a part of the foregoing porous matrix binder matenial i colloidal

15 form so as to facilitate extrusion of the catalyst composition.

Each molecular sieve is usually admixed with the binder or matrix
matertal so that the final catalyst composition contains the binder or matrix
material in an amount ranging from 5 to 90 wt.%, and typically from 10 to 60

20 wt.%.

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

25 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

30 Publication No. WO 97/45198, the entire contents of which are incorporated

herein by reference.



20 wt.% In the process of the invention, the first and second nol ecul ar
sieves are contained in the sane catal yst bed. Normally this_i i eved
ei ther byWOOW)HMEH18l y i xi ng separate particles of the iﬁ€h®ﬁa@§ﬁ§§ﬁ ecul ar
sieves, preferably 25 in bound form or by co-extruding a m xture of the

ol ecul ar sieves, typically wth a binder, such that each particle of the
final catal yst conposition contains bot? the first and second nol ecul ar
sieves. Alternatively, the particles of one of the first and second

nol ecul ar sieves can be fornmed as a binder for the other of said first and
second nol ecul ar si evesAt $daehthasfilss nidstidr besie] and piefenbly el mbletwat 30
Publ i cati on No. WO 97/45198, the entire contents of which are incorporated ~
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netal sel ecte omGoup VIiT of the Periodic Table of 5 the El ements (CAS

ver si ons 197%he Riementx t((CAS velsiome dD79)Spe anikinres tengaife sSpdcificuexdmplesGodup VI 1 |
netals are iron, ruthenium osm un nickel, cobalt, rhodium _iridium and
nobl e netal s &§&H Group Al mgkalb Arepizen. suthgRnmpOsMiRTaLRigkel gebalt gediw@nat i on

conponent is pall| adi t] r I T, nt
hydr ogenat i onl%?(])drlrl%o ﬁlg&hntml%g@sﬂéﬁg@ct ée)l{cf hagsgg’lr]ag{ﬁhﬁjl%{ ogld glag{ﬁgncgp%ee%ggé ﬁhe
hydr ogenat i onhyakédevibfion edttp@helsyallsdifuunplaiigialor thenidgss of  the

hydr ogenat i on conponent is required when the nost active netals such as
pl ati num are used as conpared to pall adium which does not possess such

strong ,_hydrogenation aciivity. erall he catal yst. ¢ osition contains
ess TN 1015 w56 of S HE ARTIRLGEREEPOREAHED FERPORA 't GG PSPORIBE 0. 01
W% to 2 W% gf 5 b3dhet 6QWREN &Y brogenation activity and catalytic functionality. Less of

the hydrogenation component 1s required when the most active metals such as
platinum are used as compared to palladium, which does not possess such strong
hydrogenation activity. Generally, the catalyst composition contains less than 10
15 wi% of the hydrogenation component and typically from 0.01 wt% to 2 wt% of

said component.

The hydrogenation component can be incorporated into the catalyst

composition by co-crystallization, exchanged into the composition to the extent a

20 Group IIA element, e.g., aluminum, is in the molecular sieve structure,

( impregnated therein, or mixed with the miolecular sieve and binder. Such
component can be impregnated in or on the molecular 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

25 the catalyst with platinum include chloroplatinic acid, platinous chloride and
various compounds containing the platinom ammine complex, such as

Pt(NH;)4CL.H,0.

Alternatively, a compound of the hydrogenation component may be

30 added to the molecular sieve when it is being composited with a binder, or after



The hydrogenati on conponent can be incorporated into the catal yst
conposition by co-crystallization, exchanged into the conposition to the
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structure, inpregnated therein, or mxed with the nol ecul ar sieve and

bi nder. Such conponent can be inpregnated in or on the nol ecul ar sieve, for
exanple in the case of platinum by trehting the molecular sieve with a
solution containing a platinumnetal-containing ion. Suitable platinum
conpounds for inpregnating 25 the catalyst with platinuminclude
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cenpound of tpaldig@gogenati on conponent may be 30 added to the nol ecul ar
sieve when it is being conposited with a binder, or after WO 2004/ 046278
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Prior to use, steam treatment of the catalyst composition may be
employed to minimize the aromatic hydrogenation activity of the catalyst
15 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
(500° to 1200°F) for at least one hour, specifically 1 to 20 hours, at a pressure of
100 to 2590 kPa (0 to 360 psig).

20 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 (600 to
900°F). The source of snifur can be contacted with the catalyst via a carrier gas,

25 such as hydrogen or nitrogen.

The Feed
The aromatic feed used in the process of the invention comprises
one or more aromatic compounds containing at least 9 carbon atoms. Specific Co+

30 aromatic compounds found in a typical feed include mesitylene (1,3,5-
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I ncl ude catal ytic reformate, FCC rnaphtha or TCC naphtha. The
feed to the phydmssbafs willeranges o GntonEy. Alypwal rafinegefadtieng svkéch oraythel uene.

Thus, in one pract.ical enmhodi nent, 't eed to the transal kyl ation reactor
conpri s¥s CO+ U ‘*EIPQ%C%%O}W% ?Wﬁ"s%m“ ﬂli’e‘?‘fél.‘('eerﬁép%t d may al so

be 10 usef ul

15

20

25

30

The feed to the process of the invention may also includes benzene
or toluene. Thus, in one practical embodiment, the feed to the transalkylation
reactor comprises Cot+ aromatics hydrocarbons and toluene. The feed may also
include recycled/unreacted toluene and Co+ aromatics that is obtained by
distillation of the effluent product of the transalkylation reaction itself. Typically,
toluene constitutes from 40 to 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.

Hydrocarbon Conversion Process

The process can be conducted in any appropriate reactor including
a radial flow, fixed bed, continuous down flow or fluid bed reactor. The
transalkylation reaction conditions typically include a temperature ranging from
about 343° to about 510°C (650° to 950°F), such as from about 400° to about
454°C (750° to 850°F); a pressure from about 380 to about 4240 kPa (50 to 600
psig), such as from about 1480 to about 3550 kPa (200 to 500 psig); a hydrogen to
hydrocarbon molar ratio from about 1 to about 5, such as from about 1 to about 3
and a WHSV of about 0.2 to about 20, such as from 1 to about 5. The

transalkylation reaction conditions are sufficient to convert the heavy aromatic



15 include recycl ed/unreacted toluene and C9+ aromatics that is obtained by
distillation of the effluent product of the transal kyl ation reaction itself.
Typi cal I'y,wohlughssconstitutes from40 to 90 w. % such gsr/bsmseB210 70
wt.%of the entire feed, wheras the C9+ aromati cs conponent constitutes
from10 to 60 wt.% such as from30 to 50 wt.% of the entire feed to the
transal kyl ati on reaction zone. 20 Hydroc@r bon Conversion Process The process
can be conducted in any appropriate reactor including a radial flow fixed
bed, continuous down flow or fluid bed reactor. The 25 transal kyl ation
reaction condjtjons typical Ig_ j ncl
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hydr ocarbon nolar ratio fromabout | to about 5, such as fromabout 1 to
about 3 30 and a WHSV of about 0.2 to about 20, such as from| to about 5.
The transal kyl ation rellg ilgrentiondiill ot bt meref pertisnlarkyo dessaibed twithe heavy
aromati ¢ WO 2004/ 04(%2@180$ETI U@CB/ 33216 13 feed to a product containing
subst ant’i al q{f AT 0P B MES A OHE: i ¢ conpounds, such as benzene,

tol uene and xyl enes, especially benzene and xyl ene. The invention will now
be nore particularly described with 5 reference to the foll ow ng Exanpl es.
Exanpl e | ( CoEpample V@Jomparativepd cat al yst conposition was prepared i n which
the first bed 10 contained a rheniuminpregnated ZSM 12 catal yst (65 w %
ZSM 12/ 35 wt% alumna and 0.5 wt % rheni unm) which was steaned in the final

bed contai nea 5 ZsM 5 | Al Yo et sPpP ot P Rl I P Bs Do

used i mgt he ftomdinb®ed Arfdium-impregnated ZSM-12 catalyst (65 wi% ZSM-12/35 wt%

alumina and 0.5 wt% rhenium) which was steamed in the final stage of catalyst
preparation for 5.5 hours at 480°C (900°F) and the second bed contained a ZSM-5
catalyst (65 wt% ZSM-5/35wt% alumina). The ZSM-12 used in the first bed had
a silica/alumina molar ratio of about 200, an alpha value of 30, a crystal size of
15 about 0.1 micron and a D/* for mesitylene of 1900 x 10 $ sec” ata temperature of
100°C and a mesitylene pressure of 2 torr. The ZSM-5 used in the second bed had
a crystal size of 0.02 to 0.05 micron and a silica/alumina molar ratio equal to

approximately 60. The weight ratio of first bed to second bed was 9:1.

20 Example 2

A single bed catalyst composition was prepared by co-extruding a
mixture of 40wt% of the ZSM-12 used 1in Example 1, 40wt% of the ZSM-5 used
in Example 1 and 20wt% alumina. The extrudate was converted to H-form by

25 precalcining in nitrogen, exchanging with ammonium nitrate solution, then
calcining in air for 6 hours at 540°C (1000°F). The resultant catalyst particles were
then impregnated with rhenium to a level of 0.5wt% rhenium by weight over the
overall catalyst composition and calcined in air for 1 hour at 524°C (975°F). This

material was then steamed for 5.5 hours at 900°F, after which the catalyst had an
30 alpha value of 67.



a silica/alumna nolar ratio of about 200, an al pha value of 30, a crystal
size of 15 about 0.1 mcron and a Dhz for nesitylene of 1900 x 10 -6 See-'
at a tenpevet2094046378 100C and a nmesityl ene pressure of 2 PeFUS2004@332%, 5
used in the second bed had a crystal size of 0.02 to 0.05 mcron and a
silica/alumina nolar ratio equal to approximately 60. The weight ratio of
first bed to second bed was 9:1. 20 Exanpfle 2 A single bed catal yst
conposition was prepared by co-extruding a mxture of 40w % of the ZSM 12
used in Exanple 1, 40wt % of the ZSM5 used in Exanple | and 20wt % al um na.
The extrudat eE‘ﬁ?nﬁ reawerted to H-formby 25 precal cining in nitrogen,
exchangi ng wit a?rm)ni um nitrate solution, then <calcining in air for 6
hours at 540C (1000F). The resultant catalyst particles were then

i npregnated with rheniumto a level of 0.5w % rheni um by weight over the
overal | catalyst conposftSiHebsd caiyst %BPQSHI%WaS\‘HPPaF%Hh CREMEIAY AF975F) .

catal yat  had K6 2 e CAEDESIAES eaphypR g brabt e PR ishte 1

Exanpl es3 A shipdikcabgmial @blas ratisq@bid dpproxi@steBrepared in the same way as
Exanple 2 but with the ZSM5 enpl oyed having crystal size of 0.2 to 0.5

mcron 5 and silica/alumna nolar ratio equal to approximately 25. Exanple
4 The catalys con&gdziti ons of Exanples | to 3 were used in separate 10
runs to effectX#Ng |l cylation of a mxture of 61wt % tol uene, 0.12 W%
et hyl benzene, 3.5 wt % xyl enes, 0.36 wt % cunene, 1.15 wt % n-propyl benzene,
13.55 wt % et hyl t ol uenes, 19.36 wt % trinethyl benzenes, 0.35 w %
di et hyl benzenes, 0.42 wiYe databtshydmpduytidmsnd Exemplearido Q. Rdre nséd inrsdparateat a
tenperature of about 425C a pressure_of 2445 kPa (340 psig), hydr ogen to
Tp 10 runs to effect transa]ﬁ)cyfatlon of a mixture oia 6(1wt% l:t')olucglrze, (?.lzywt%g
ethylbenzene, 3.5 wi% Xylenes, 0.36 wt% cumene, 1.15 wt% n-propylbenzene,
13.55 wi% ethyltoluenes, 1536 wt% tnmethylbenzenes, 035 wt%
diethylbenzenes, 0.42 wt% dimethylethylbenzenes, and 0.21 wt% indane at a
temperature of about 425°C, a pressure of 2445 kPa (340 psig), a hydrogen to
15 hydrocarbon molar ratio of 1.02 and a WHSV of 6. The results are summarized in

Tabie 1 below.

It will be seen from Table 1 that the co-extruded single bed

catalysts of Examples 2 to 4 exhibited about twice the conversion activity for

20 ethyl-containing Cg¢+ aromatic hydrocarbons than the two bed catalyst of Example

1. Moreover, the conversion of ethyl group-containing aromatics increased from

about 41wi% for the two-bed catalyst of Example 1 to 80-86wi% for the
coextruded single bed catalysts of Examples 2 and 3.

25 Table 1
Example ]  Example2  Example 3

Temp (°C) 427 428 425
Days on Stream 1.5 2.5 1.5
Wt%, H/C Basis

30 C1 0.13 0.05 0.15
C2 0.47. 0.97 0.95
C3 0.43 0.26 0.27

C4 0.12 0.07 0.04



15 hydrocarbon nolar ratio of 1.02 and a WHSV of 6. The results are
summarized in Table 1 below. It wll be seen from Table | that

co- ext r udeWOgPtgHe28ed

th
catal ysts of Exanples 2 to 4 exhllfﬁv%mﬁﬂ%?mtw ce

the conversion activity for 20 ethyl-containing CO+ aromatic hydrocarbons

than the two bed catal yst of Exanple 1. Moreover,
gr oup- cont ai ni ng aromatics increased frol about 41wt % for the two-bed
catal yst of Exanple 1 to 80-86wt % for the

t he conversion of ethyl

coextruded single bed catal ysts

of Exanples 2 and 3. 25 Table 1 Exanple 1 Exanple 2 Exanple 3 Tenp (C) 427

PECT/ US2003/ 033216
35.92 42.72 44.11°

428 425 Days on 5eam152515 V\b%l H C Bagigg 30 C1 @.043 0.05 0.15 (2
0,47. 0.97 0.95 0.26 0.27 C4 2 0.074 94 WO 2 046278
E\g 0.01 0.01 O. 0 enzene g 43 10. %[&’% t ol uene
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ethyltoluenes 4.30 1.28 1.64
trimethylbenzenes 10.70 11.66 11.87
diethylbenzenes 0.10 0.00 0.00
dimethylethylbenzenes 1.68 0.46 0.55
tetramethylbenzenes 0.74 0.51 0.55
indan 0.08 0.00 0.04
naphthalene 0.11 0.06 0.07
methylnaphthalenes 0.32 0.17 0.20
other 0.84 0.45 0.39
Ethy! Conversion (wi%) 41.43 83.95 80.59
Propyl Conversion (wt%)  100.00 100.00 100.00
Toluene Conversion (wt%) 41.12 29.97 27.70
A9+ Conversion (wi%) 46.94 59.46 57.10
Example 5

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 Ultrasil PM, 229 g of sodium aluminate solution
(45%), and 364 g of 50% sodium hydroxide solution. The mixture had the

following molar composition:

8102/ A1203 = 50
H,0/ Si0, = 22
OH7/ Si0, = 0.2
Na'/ 8i0, = 0.2
MTEACUSIO, = 0.26

The mixture was reacted at 320°F (160°C) in a 5-gal autoclave with
stirring at 150 RPM for 144 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical pure phase of ZSM-12 topology. The

SEM of the as-synthesized material showed that the material was composed of



10 tetramet hyl benzenes 0.74 0.51 0.55 indan 0.08 0.00 0.04 naphthalene
0.11 0.06 0.07 nethylnaphthalenes 0.32 0.17 0.20 other 0.84 0.45 Q. 15
Et hyl ConvWPSMHM63#% 41. 43 83.95 80.59 Propy! COnversup&T’?%"%"’?étf oo
100. 00 100.00 Tol uene Conversion (w% 41.12 29.97 27.70 A9+ Conversi on
(W% 46.94 59.46 57.10 20 Exanple 5 A Emall crystal, high activity ZSM 12
was synthesized froma mxture corrpr|S| g 11280 g of water, 1210 g of

met hyl tri et hyl anmoni um 25 chloride (MIEACI), 1950 g of Utrasil PM 229 g
of sodium al um nate solution (45%, and 364 g of 50% sodi um hydr oxi de

sol uti on. Thagpioxterates loddsmidle cr}fsmlld Qwithgamtslvafageomﬁsli sizenof abo@/ AXH03 = 50
1320/ Si02 =22 30 OH/ Si02 =0.2 Na/Si02 = 0.2 MEAC/SiQ2 = 0.26 35 The
m xture was rBISEISH at 320F (1600) in a 5-gal autoclave with stirring at
150 RPM for 144 hours. The product was filtered, washed with deionized (D)
wat er and dried at 250F (120C). The XRD pattern of the as- synthesized

mat eri al showed the typrieals sHhesi stk vZe%/béx?v&@@%tegue h)T(!&%genSEMrPf the
as-synt hesi zed material showed that the naterial was conposed
2004/ 045278 RFTIVISAON 3x0BBR46 with6ammonium nitrate solution at room temperature
followed by drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6
hours. The resulting ZSM-12 crystals had a Si0;/Al,O+ molar ratio of 44.98, an
Alpha value of 500 and a D/r? for mesitylene of greater than 5000 x 10 ¥ sec at a

temperature of 100°C and a mesitylene pressure of 2 torr.

A mixture containing 40 wt% of the ZSM-12 produced as above,
40wt% ZSM-5, and 20 wt% alumina was extruded into pellets 1.3 mm (1/20 inch)
in length and having a quadrujobe cross-section. The pellets were dried at 120°C
{250°F) then calcined in nitrogen for 3 hours at 480°C (900°F). This material was

15 then exchanged with ammonium nitrate, dried at 120°C (250°F) and then calcined
in air for 6 hours at 540°C (1000°F). 0.1% Pd was then added to the catalyst by
incipient wetness impregnation from an aqueoils solution of tefraammine
palladium nitrate. The impregnated matenal was dred at 120°C (250°F) then
calcined in air for 6 hours at 350°C {660°F) to produce a final catalyst.

20

3 gm of the resultant catalyst composition 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 480°C, a pressure of
2170 kPa (300 psig), a hydrogen to hydrocarbon molar ratio of 2 and a WHSV of

25 2.7. The results after 4.4 days on stream are summarized in Table 2 below.
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aggl onerates of small crystals (wth an average crystal size of about 0.05
m crons). The as-synthesized crystals were converted into_the hydrogen form
5 by two iWﬁ’@%‘f‘i‘&%@es with amoniumnitrate sol ution at ?Syllr[rs?%'ﬁ'{%sgé? ure,
foll owed by drying at 250F (120C) and cal ci nati on at 1000F (540C) for 6
hours. The resulting ZSM 12 crystals had_a Si O2/ A12G3 nol ar ratio of 44. 98,
an Al pha value of 500 and a D'r2 for négityl ene of greater than 5000 x 10
-6 sec' at a tenperature of 100C and a nesitylene pressure of 2 ton. 10 A
m xture containing 40 wt% of the ZSM 12 produced as above, 40wt % ZSM 5, and
20 W % al um na was extruded into pell @g®id23 mm (1/20 inch) in length and
havi ng a quadrul obe cross-section. The pellets were dried at 120C (250F)
then calcined in nitro ours at 4 (900F) . Jhiss..material was 15

t hen exchanged wittb am%%’%?n&m sirgate, dri eg&gt 120C (2%} Ptand t hen cal ci ned
iR air for 6 hoursé@; 540C (1000F). 0.1% Pd was then ad @d to the catal yst
by incipient wetn - @dGhat i on from an aqueous sol u 98n of tetraami ne
pal | adi um ni t r at e. Beaegenenpr egnat ed naterial was dried &alt2.1®0C (250F) then
calcined in air forfotudneurs at 350C (660F)61.27 produce &%3hal catalyst. 20 3
gm of the resultantBtgdbenzgad conposition wag3used to efhdqt transal kyl ation
of a mxture of tolugQpiC9+ aromatic hydrogagbon m xturg g@ving the

conposition given i4 Table 2 at a terrperatxiﬁzof about 8QC, a pressure of
g

=h

2170 kPa (300 psig)Z a hydrogen to hydrocathgn molar rafido of 2 and a WHSV
of 25 2.7. The re&ﬂlts after 4.4 days on Stream are su rized in Table 2
bel ow. 30 WO 2004/ 646278 PCT/ US2003/ 033216937 Tabl e 2 1-12

Total 99.99 99.99
, Toluene Conversion (%) 35.39
{ Ag Conversion {%) 71.64
Ajp Conversion (%) 89.46
Ethyl Conversion (%) 96.52
Propyl Conversion (%) 97.19
5 The results in Table 2 show that the catalyst of Example 5 was

highly active, particularly for the conversion of the Cq+ aromatics, including the
ethyl-containing materials. However, the particular catalyst tested did show

evidence of aging as the run progressed.

10

15

20



W% H C Basis Feed Product C5- 8.24 Non-Aromatics 0.04 Benzene 12.79

Tol uene 61.27 39.58 Ethyl benzene 0.03 0.11 Xylenes 0.26 28.80 C9 29.82
8.45 Cl10 8.31 0.86 Cl1+ 0.30 1.12 Total 99.99 99.99 Tol uene Conversion
(99 35.39 A9 Conversion (% 71.64 Al0 Conversion (% 89.46 Ethyl
Conversion (% 96.52 Propyl Conversionig% 97.19 5 The results in Table 2
show that the catal yst of Exanple 5 was highly active, particularly for the
conversion of the C9+ aromatics, including the ethyl-containing materials.
However, the particular catalyst tested did show evidence of aging as the

run progr essedywnhfis clhimedds 18 What is clainmed is: 1. A process for
converting' C9+ aromati c hydrocarbons to lighter aromatic products,
conprising the step of contacting a feed conprising C9+ aromatic 5

hydrocarbons upder Lransal kyl3hiethe EACkbARICRIbARS 1¥ibhef afHaRL YS!
products, comprising the step of contacting a feed comprising Cy+ aromatic
5 hydrocarbons wunder transalkylation reaction conditions with a catalyst
composition comprising:
i a first molecular sieve selected from the group consisting of ZSM-12 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+t0.07;
10 and
(i)  asecond molecular sieve having a constraint index ranging from 3 to 12,
wherein at least the first molecular sieve has a hydrogenation component
associated therewith and wherein the first and second molecular sieves are
contained in the same catalyst bed, the Cy+ aromatic hydrocarbons being
15 converted under said transalkylation reaction conditions 1o a reaction product

containing xylene.
2. The process of Claim 1, wherein the first molecular sieve is ZSM-12.
20 3. The process of Claim 2, wherein the ZSM-12 has a composition involving
the molar relationship:
X,0, :(0)YO,
wherein X is a trivalent element, Y is a tetravalent element and 1 is less than 60.
25 4, The process of Claim 3, wherein n is from 20 to less than 60.

5. The process of Claim 3 or 4, wherein X is aluminum apd Y is silicon.

6. The process of Claims 2 to 5, wherein the ZSM-12 has an average crystal

30 size of less than 0.1 micron.



conposition conprising: (i) a first nolecul ar sieve selected fromthe group
consisting of ZSM 12 and a porous crystalline inorganic oxide materi al
having an X-ray diffraction pattern including d-spacing naxima at 12.40. 25,
6.910. 15, 3.5710.07 and 3.4210.07; 10 and (ii) a second nol ecul ar sieve
havi ng a constraint index ranging from®to 12, wherein at |least the first
nol ecul ar si eve has a hydrogenati on conponent associated therewith and
wherein the first and second nol ecul ar sieves are contained in the sane
catal yst bed, the C + aromatic hydrocarbons being 15 converted under said
transal kyl ati on reaction conditions to a reaction product containing
xylene. 2. The process of Claiml, wherein the first nolecular sieve is ZSM
12. 20 1 The pr'ncesST'hefpr&ead of Llaimh et ¢o 6, twherelibithel ZSVR12 das anPifiikion on

i nvol vin t he nol ar tions erein Xis a trival ent

el ement gY is af W?ﬁvﬁf‘?r{?‘r @?sétﬁgﬂti é??iqg %@gz%é@ntsﬁ‘g Mmeai‘\?céla t ¥he

process of C amﬁ}ni, M}fzg bﬂﬂ@add%nﬁésﬁﬁb&&réﬁm%%ﬁt&rhan 60. 5. The process of
ern X

Claim 3 or 4, s al um num and is silicon. 6. The process of
Clainms 2 tso 5, wherein the ZSM 12 has an average crystal 30 size of |ess

th 0.1 19 .7 Th wh i t SM 12 h
a %nffum (r)nncr82{3amet.re'}’r“’p“lﬁef(’a ces?éé) t%gﬁl@tgﬁzgﬁ &e‘?fétasr o P"%C?% sec’ 2

when neasur ed agt]@astf.sgnperature of 100C and a nesitylene pressure of 2 tort.
5 8. The process of Clainms 2 to 7, wherein the ZSM 12 has an Al pha val ue of
at least 150. 9. The process of any preceding Claim wherein the second

ol ecul ar si eve9.I S The process of any preceding Claim, wherein the second molecular sieve is

10 ZSM-5.

10.  The process of any preceding Claim, wherein the second molecular sieve
constitutes from 5 wt% to 95 wi% based on the total weight of the fitst and second
molecular sieves.

15
11.  The process of Claim 10, wherein the second molecular sieve ¢onstitutes
from in excess of 20 to 80wt% based on the total weight of the first and second

molecular sieves.

20 12.  The process of any preceding Claim, wherein the hydrogenation
component is selected from tmngsten, vanadium, molybdenum, rheniym,
: chromium, manganese, a metal from Group VIII of the Periodic Table of the

Elements and mixtures thereof.

25 13.  The process of Claim 12, wherein the hydrogenation component is indium,

rhenium, platinum or palladium.

14. The process of Claim 13, wherein the hydrogenation component is

rhenivm.



10 ZSM5. 10. The process of any preceding Claim wherein the second

nol ecul ar sieve constitutes from5 w%to 95 wt % based on the total weight
of the first and second nolecular sieves. 15 11. The process of Caim 10,
wherein the second nol ecul ar sieve constitutes fromin excess of 20 to
80w % based on the total weight of the #3rst and second nolecul ar sieves.
20 12. The process of any preceding Caim wherein the hydrogenation
conponent is selected fromtungsten, vanadium nolybdenum rhenium

chrom um nanganese, a netal from Goup VIII of the Periodic Table of the

El ements and m xtures thereof._ 25 13. The pracess, of, d ai 2, wherein the
hydragenat i on cBrpori®t Progess r Pidiafin Prepadifigi ity WheTRigmtts: TE!%H"E%P% 14. The

process of C ai mmﬁ»% LEHaBs Lt 1 RTH QeRe@id @y, conponent is  rhenium 20
15- The process 0 ger{l%%r eced?ng Claim whegr%i!bn t he hydrogenati on conponent
is sulfided prior to said contacting step. 16. The process of any precedi ng

Caim wherein the catal yst conpositionai rtgculate and the first and
second nol ecul a}g']si g@géar%/{:':g (@&Hn?zgfeﬁ'é%nq ﬁlaglg’p‘gl?egfa’g%ec%sgg?m%oa?ﬂo?df es whi ch
are physical |y pirifGthtd Bnd BethirGiadnal #6dndbasleculds . sielle alt! @GB&RAGh separdtes 1 to
15, wherein the catalyst conposition is particulate and the first and
second nol ecul asataystpasticles whielharh physitelly mbgd imsajdyatalyspbedane cat al yst
particles. 18. The process of any preceding Caim wherein the feed al so

contains benzene or toluene. 15 19. The process of any preceding Caim
wher ei n the trankal Kjeapiocsss refaClhinenl to 15, wherein the catalyst composition is

particulate and the first and second molecular sieves are each contained in the

( 10 same catalyst particles.

18. The process of any preceding Claim, wherein the feed also contains

benzene or toluene.

16 19.  The process of any preceding Claim, wherein the transalkylation reaction
conditions comprise a temperature of about 343" to about 510°C (650° to 950°F),
a pressure of about 380 to about 4240 kPa (50 to 600 psig), a hydrogen to
hydrocarbon mole ratio of about 1 to about 5 and a WHSV of about 0.2 to about
20.

20
20.  The process of Claim 19, wherein the transalkylation reaction conditions
comprise a tempetature of about 400° to about 454°C (750° to 850°F); a pressure
of about 1480 to about 3550 kPa (200 to 500 psig); a hydrogen to hydrocarbon
molar ratio of about 1 to about 3 and a WHSV of about 1 to about 5,

25



conditions conprise a tenperature of about 3430 to about 510C (650 to 950F),
a pressure of about 380 to about 4240 kPa (50 to 600 psig), a hydrogen to
hydr ocarbon nole ratio of about 1 to about 5 and a WHSV of about 0.2 to
about 20. 20 20. The process of Caim 19, wherein the transal kyl ati on
reaction conditions conprise a tenperature of about 400 to about 454C (750
to 850F); a pressure of about 1480 to about 3550 kPa (200 to 500 psig); a
hydrogen to hydrocarbon nolar ratio of about | to about 3 and a WHSV of
about 1 to about 5. 25 21 21. A process for converting C9+ aromatic
hydrocarbons t o)l i gRtysced’ PFBdriverting rQyd Ugdratic 4y dfoearbértol Iighter akdaic
conprising the steps of: (a) reacting C9+ aromatic hydrocarbons and tol uene
under transal kptoduétsps reciceddn Claimdovrapnrisipgdhesteps ofy cat al yst conposi tion

conprising: 5 (i) a first.nol L a I ed fr t consi sting
of ZSM 12 ananﬁ po‘ie%l?gcq”%?rg .°n£‘y¢'h§“¥bg°£$ﬁé‘?§§‘#§}§ %ﬁr%ﬁf%@&ﬂg an X-ray
di ffraction patdsefidh doRditisiiong ataBRACidhgpositivd comprising2. 40. 25, 6. 90. 15,

3.5710.07 and 3.42:0.07; and (i |‘ﬁ a, second .nol ecul ar si eve, having a
constraing index rafi ng firstanelaclar gicye sejested irpay Be gronp copHging OhdSM-r st

mol ecul ar si eve has1?&92@9&&%&9&&@%&&%%&&5&9@8@ﬁﬂriﬁ gf ant.h and

wherein the first anhd second nol ecul ar sieves are containéd in the sane
catal yst bed, to prdiffitectiornppicod ieludityg dapachgnpriins my 124e6286n6.98085,xy| ene;
and 15 (b) distilli t b romsaid product streamto obtain a
benzene product . 9.9710%m§9ﬁ32&0';.and

(i)  asecond molecular sieve having a constraint index ranging from 3
10 to 12,
wherein at least the first molecular sieve has a hydrogensation component
associated therewith and wherein the first and second molecular sicves are
contained in the same catalyst bed, to produce a product stream comprising
benzene and xylene; and
15 (b)  distilling the benzene from said product stream to obiain a benzene

product.



