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weweteion of heavy aronatics,

WD 2004/ 046278 PCT/ US2003/ 033216 1 HEAVY AROVATI CS
PROCESSI NG FIELD 5 The invention relates to the
speci fical | y BIKUS2003/033216
aromatics, to lighter aromatic products, particularly
benzene, toluene and xylene (BTX). BACKGROUND 10 A
source of benzene and xylenelis catalytic reformate,
which is prepared by contacting a m xture of
petrol eum napht ha and hydrogen with a strong
hydr ogenati on/ d
pl ati num on a=fodete 5
hal ogen-treat ed alun1na LBuaIIy, a O6 to C8 fraction
is 15 separated fromthe reformate and extracted with
ent selective for aromatics or aliphatics to

produce a m xture of aromatic conpounds that is
relatively free of aliphatics. This m xture of
aronati ¢ cOPROUREHiLE Utladids O Nthal esivBrkibon JFORGvM hdmatics,
et hyl benzene. 20 Refineries have al so focused on the
ppecibicallio Kybfarbeatiesndo disliter xarpatc (pyoductsn pattioplaalyi tmzene
of Co+ nd tol uene over noble

rigfugpe ?:‘B{%YZ{H @@eol ite catal ysts. During the
transal kyl ati on of CO9+ aromatics and toluene to high
val ue petrochem cal products, such as benzene and
XBACKGROMMND cat al ysts contai ni ng nobl e netal s,
by- product saturated conpounds are 25 typically
produced during the first several nonths on stream
These by- pradutice sitbealothd oBALIIE RN BobimdiB, hiifn is
same tenperature range as the desired aromatic
qnqduedbyconﬂmhmga&mmﬁnabfpnﬁobﬂuﬁhﬂphﬂ&&mﬂdd@nmpdunmﬁasMong

BB <5 hpesatian catafe iy SeIERRI, e Begsraiel cidic
gﬁt@?{)ﬂ sdﬂﬂ"\gsvgrhalé%gt&e% edbﬁpléﬁj%e RWubfy, &fdelo Crg f(rjactlon is

il’latton of a transa tion réactlon
| separytted dedrh Yheorelfyrnage: afb dxlra&ﬁd (s eolt/enttstctwe 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

ethyl benzene.

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
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 purity levels
difficult. For example, a benzene product for commercial sale must exceed
99.85% purity.  However, initial benzene purity after distillation of a
transalkylation reaction product is typically only 99.2% to 99.5% due to the

presence of coboilers, such as methylcyclopentane, cyclohexane, 2,3-
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presence of coboilers, such as nethyl cycl opent ane,
cycl ohexane, 2,3 WD 2004/ 046278 PCT/ US2003/ 033216 2

waleowbiverpent ane, di net hyl cycl opent ane and PCT/US2003/033216

3- et hyl hexane. Therefore, an additional extraction
step is usually required to further inprove benzene
product purity to the desired level. 5 One solution
to the problem of the production of benzene co-
boi l ers during the transal kyl ation of heavy aromatics

i 5. di-SGl d d ol v,
s e. SreviShEP R e T g8 iR, o
hy gt QeI e@@ml@ﬁcgtép%%ﬁﬁlwﬁqﬁfred PRk ithgkbl® Benzene product
reaction conditions with a first catalyst conposition

cowpite theglesiredlovélt e havi ng a constraint index ranging
from10 0.5 to 3, such as ZSM 12, and a hydrogenati on
conmponent. The effluent resulting fromthe first

contacting ehe %oﬂ&l&hﬁ)nt&ogx%ﬁl‘eh?@f Whé BrédRB6RY benzene co-
catal yst conposition which conprisesa zeolite having

abeitensdyriigthe mumuquam af pedvyorroBatias 14 disclwsahinddS Patent No.

Z t d
375 LR BT Pesr B epn ot PR EE R A CamBbsigin Gt iegpmatic
L RyREQENGR fd! foﬁféi@llﬁlﬁkla{rbﬁkﬁlkgﬁﬁigﬁ'r@ﬁbh@ﬁ%ﬂﬁftwns w1th a first

conprising 15 benzene and xyl benzene product
heatalpg campositiby cofmpating @aspli@ha8hih areqnstmnt alea irnedndfom

distilling t zene fromthe transalk tion .
Bade ?DWCE@S%ES‘? 12 %ﬁmﬁogqﬁléﬂ%%nw@n i hecelftusms pegulting
e

SHOEARL BT cPAEing WPt echibcl Mt el SRyt {fpgiion
t Which@badprises ghdoliod havivez a Eornsghinaiides et fama 40S12, such as

C ition 20 US Patent No. 5,905,051 discloses a
pig@eésa%‘wé@%ﬁ\’/@r‘?‘? Hiy2 SSPaRfe D6 AF BowsPapteasaste EAmathe first

f
ST R R oS ORIRHAR LR A srpn

t benzsid zﬂﬂlmy\lwﬂeh Aabeaatad ystuct hyeing mpﬁﬁfmﬁﬂ ﬁ éagt 99. 35 % $lay be
cat al yst gsition and a second cataly

cORPBRY thyo s ﬁlngﬁglgm@r bengergfipne éh%ltlgﬁélﬁa]]@dhm irescipg rapduct,
p{;vﬁﬁ%ﬁgﬂrlé E?ezlﬁ%? gﬂ ﬁgﬁl mﬂﬂe&ﬁ&%nasg% nR%%OTBlE%%P 3@? léél patent,

m xe erein sal
cthepesintlicatalyiss c@npa®itédr comprises up to 20 wt% of the total weight of the

first and second catalyst compositions.

US Patent No. 5,905,051 discloses a process for cgnveﬂing a
hydrocarbon stream such as, for example, a Co+ aromatic compound to Cg to Cg
aromatic hydrocarbons, such as xylenes, by contacting the stream with a catalyst
system comprising a first catalyst composition and a second catalyst composition,
wherein said catalyst compositions are present in separate stages and are not
physically mixed or blended and wherein said first catalyst composition is a metal-
promoted, alumina- or silica-bound zeolite beta, and said second catalyst
composition is ZSM-5 having incorporated therein an activity promoter selected
from the group consisting of silicon, phosphorus, sulfur, and combinations thereof,

According to the ‘051 patent, the use of the separate catalytic stages improves the
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pronot ed, alum na- or silica-bound zeolite beta, and
sai d second catalyst conposition is ZSM5 havi ng

w0 pmenparat ed therein an activity pronoter selBCT/E82003/033216

fromthe group consisting of silicon, phosphorus,
sul fur, and conbi nati ons thereof. 30 According to the
051 patent, the use of the 8eparate catal ytic stages
i mproves the WD 2004/ 046278 PCT/ US2003/ 033216 3
conversion of C9+ aromati c conpounds and napht hal enes

PRI B AR R et R IR A SIBSEL BB e
| theldfnokiat @hindbéirable ARAbERIne intthépedaew 5 been found

that a single stage catal yst system conprising at
| east two different, specific nolecular sieves

ot ny - or oupCORERt 48 e ekl b U BabGE oBr0spit hes mow

abeiefouad tieedssinglé Reige c@tégfsﬁ‘a}‘stdh@ do@pliéifig at TeakBvo different,
conversion of the C9+ feed to useful conmpounds, such

agpegificanelacularzievenmpRkitnebenctidrigtivityt fee theremoervalof ethyl-group

[ [ f.or ti . ti .
e e e
t iehs b&veffion GRANE Bgt kRd te udFRALRDIRAASS bkl 8SRY1eBEOQMBL T C
hydr ocar bons under transal kylation 15 reaction

conditions with a catal yst conposition conprising: ,
(1 fiJst nol ecul ar sieve selected fromthe group
CM of ZSM 12, nordenite and a porous

crystalline inorganic oxide material having an X-ray

diffraction pattern including d-spacing naxi na at
12. 40. 25, 6AGeeddingly Be 50@n0dn ravnts 3n 43@0&8s fancbnRerting Cot+

ey SRGRG-PR o3 igben StomaittoPiie: cPBREFmENEe step of
fwrﬁatc_ﬁﬁglaefeeh AonTrRUE OFS afbrMdr B AP %ﬁﬁh%aﬁon

associ ated therewth and wherein the first and seco
mehatum cndisioy with aroatalysocdmpaoséibni contpngingane cat al yst

S EE R T T T N SN
 &BfdehRE 2RA O Y6tous 22y SANhANrEShi& Wxif e 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

(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 Co+ aromatic hydrocarbons being
converted under said transalkylation reaction conditions to a reaction product

containing xylene.

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

second molecular sieve is ZSM-5.
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In one enbodi nent, the first nolecular sieve is ZSM 12
and the second nol ecular sieve is ZSM5. WO

WQOM0026278 PCT/ US2003/ 033216 4 Conveni ent | yPCT/D82003/033216

catal yst conposition is particulate and the first and
second nol ecul ar sieves are contained in separate
catal yst particles which are4 physically m xed in said
catal yst bed. 5 Alternatively, the catalyst
conposition is particulate and the first and second

nol ecul ar si . C ontained..in.the.s

cat al yst parc’t% |¥1§ ne“%{t& ?%p?%%yﬁyc, mpRatp %é%l p%}a}ﬂfeo?ﬂdam‘?sﬁm
bend estend indl@ulie Rievesl e lcdniirel ik B&araAS BRET st RBticles which are
i nvention resides in a Erocess for producing benzene

c ohysadly mejxedhin ssideqadalystt bed.a) reacting C9+ aronmtic
hydr ocar bons and tol uene under transal kyl ation
reaction conditions over a catal yst conposition

conpri si ng: Alenaivélyy e dﬁf’i&%@ lébﬁ‘l?oﬁti@ﬁ/ & §§ﬂti€ﬁlta{%d%]‘fdr B first
the group consisting of ZSM 15 12, nordenite and a
panrbspsord polegilar sievdsmee epphiconteitied én thatseme ahtalyaypanticlen
X-ray diffraction pattern including d-spacing naxi na

at 12.40.25, 6.90.15, 3.570.07 and 3.420.07; and (ii)

a second nOIGGBAIY, tif @%PalbeVéiiin@b&RAK &abRiknd Ndex
rangi ng from to 12, 20 wherein at |east the first

nol ecul ar sieve has a hydrogenati on conponent
associ at ed H;ere ith and wherei.n the first and second |
mol ecul ar si'e¥ f speebihe Anyraton fesides 1 apEocesy Frypseducing

bg&zeﬁ@c&ﬁﬁ%@hg}sﬁﬁggﬂct stream conprising benzene
and xylene; and (b) distilling the benzene fromsaid

ptdducteagting &t t gowbtiaihydechdnaenad B3heps atidet transalkylation
DETAL LED CRI PTI G\Iag; THE EMBODI MENTS The present
i FROETRT GAE108Y PYE 2 S9ta5ysh EUBROS M QOBMUSIG ng a f eed

1 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

(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, to produce a product stream comprising
benzene and xylene; and
(b)  distilling the benzene from said product stream to obtain a benzene

product.

DETAILED DESCRIPTION OF THE EMBODIMENTS

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

benzene, to produce a product containing benzene, toluene and xylenes. The
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30 conprising C9+ aromati c hydrocarbons, optionally
together with added toluene or benzene, to produce a

w@e@die27€ ont ai ni ng benzene, toluene and xyl enkGT/UY1963/033216

WD 2004/ 046278 PCT/ US2003/ 033216 5 process invol ves
contacting the feed under under transal kyl ati on
reaction conditions with a éatal yst conposition
conprising at |east two different nolecular sieves
whi ch are contained in the sanme catal yst bed. 5

%@é%sﬁﬂ‘%oéélﬁﬁccEﬂlﬁTQhe Cf@éC? l&ﬁ%r 018{589 S %qIS?]EXIUﬁ?]?, IiCaCtIOIl

process of vent i on conpri ses:
nedigidtidawiti £vatalgel @aipesitibh 0omblising aOkRst4RH TidirbRdnSEcular
ZSM 12, 10 nordenite and a porous crystalline
i HieYesariieh gricapiainad & thalsamagpialysthedx- ray  diffraction
pattern including d-spacing maxi ma at 12.40. 25,
6.90. 15, 3.570.07 and 3.420.07; and (ii) a second
nChedstTongp@itfornavi ng a constraint index ranging from
3to 12. th regard to the first nol ecul ar sieve,
ZSM 12 is rmre 15 parti cuI arIy described in U S
Pat ent No. ffl 9 {a ccu s naturarﬁlgj%gb.ut :
may al so be @8’”& 8%‘1’8?1 7R §JS§‘§ ?lRIO‘FeS? , thg jgyention
acondfefsesor denite (i.e., synthetic nordenite prepared
froma reaction mxture conprising a
t@) r aet ifystamntmulamswc @clepwg ﬁ@ﬂrﬂl): growp cbnsisiing of ZSM-12,

ﬁed |dn U.sS qb 766, 093 E%gfl

Shggipi o &Qﬁfﬂ“és alling 11%‘?55@1%61’%4?5“@?5 dRYVingean Xeray
l&l@t&zﬂﬁ&ﬂh afind L 3 f r
di ffract ?)on paﬁ%%@ﬁg?nsgﬁtlﬁéeﬁuxvl thg 2&%&%?6@9% 570.07
m:seszﬂ:wman@ or MCM56. MCM 22 is descri bed |n U. S.

P, 54, 325, 3 d bed .
P20 ant @ RSSL IR lad ot eshgninga ¢ Snstrigt e Sweing eoms3 to 12.
Pat ent No. W1§12§%g6c@3 » oM ?iﬁ $nélESGL g%ge' rZSlI%‘QI% is more

Patent No. 5,25 is descri

Reergcitlajo desSriB&binSU'S. d’fatbn[\/ﬂSM 3®3Lsi425 Meskehitd ecturdnaturally
L,’? . Patent No., 5,6362,697. The entire contents of each
utipRy alsg B asehin) el atvathetic fprans, secdy goF BAgaoKeniEd 6.c.,

byniRlie" 6R6Renite 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 No. 5,362,697. The entire contents of each of the

aforementioned patents are incorporated 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,
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
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Wth regard to the second nol ecul ar sieve, suitable
materials having a constraint index of 3 to 12

w0 pkide7¥ SM 5, ZSM 11, ZSM 22, ZSM 23, 30 ZSMBBS2003/033216

ZSM- 48, ZSM 57 and ZSM58. ZSM5 is described in U S
Patent No. 3,702,886. ZSM11 is described in U S.
Patent No. 3, 709, 979. ZSM 226i s WD 2004/ 046278

PCT/ US2003/ 033216 6 described in U S. Patent No.
5,336,478. ZSM 23 is described in U S. Patent No.

o8I E1R uSHMAR (G SSEHPEIN Y BRI O Pt e
44 87685%.3. 785 Ts ldsscﬁséd: i @S, Patddt $o. PAOESIR4INO. ZSM—48 is
4. 873,067. ZSM58 is described in U S. Pat ent

4degEbezin U@oﬁéﬁfﬂmaNﬁtﬂr,B?ﬁé% 5Z8Md5 A isndsaseribdfio rU.St Batent No.
SRS TBSRRSEE A SER B0, Polhivg BHOH P gonsnt nr

ad & @i@d’dﬁdd)ﬁﬁdtsp@ét&ﬁhﬁatﬁhearb ieSurbRl 3h /9 SN PRBh N0 PY,016,218.
reference. Typically, the second nol ecul ar sieve

c b entirg centenis gineach of thewfoygment®ned phtents ake teviparated herein
el%( s of 20 to 80w % based on the total weight of the

f ¥%e?er81?1°3 second nol ecul ar sieves in the catal yst
conposition. In one enbodi nent, the first nol ecul ar
sieve is ZSM 12 and the second nol ecul ar sieve is

ZSM 5. 15 Viigmeallyhthefseeagid muleedan sievesionstautes BB ﬂ0295wt%,

the, ZSM 12, can hav iti.on involving th
SRt i Xt a2 o S85P0 Riteu o e QAL ppd AR st and
ed BRI ol HIaNsiBYesdh H{E'da{fé'i@/st@&ﬁ itidd, 0N, 1 ndi um and/ or

20 gallium preferably al'umn Y'is a tetraval ent

el ement, such as silicon, tin and/or germanium
preferably I|con nd n is_less than 75, such as
from20 to ﬁ’e h%ﬁ 1 thﬂq@fszgmlaozﬂwwmﬁw 13eand the

s&l.65d B1csRaPSetLis PR¥Esan average crystal size of

less than 0.1 mcron, such as about 0.05 micron, and a
Di ffusion Pararreter Dr2, for nesitylene of at |east
1000 x 10 -6 _sec-1, such as at |east 2000 x 10-6 sec
1, Where the first molecular sieve is ZSM-12, the ZSM-12 can have a
composition involving the molar relationship:
X203 :(n)YOz
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/r?, for mesitylene of at least 1000 x 10 ® sec™, such as at least 2000 x 10 6 sec !

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

(cm?2/sec) and r is the crystal radius (cm). The required diffusion parameters can

be derived from sorption measurements provided the assumption is made that the
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nmesityl ene pressure of 2 torr. As used herein, the

wordongi2es Par anmeter of a particul ar porous  PCT/US2003/033216

crystalline material is defined as D/r2x106, wherein D

is the diffusion coefficient (cnR/sec) and r is the

crystal radius (cm. The reqlired diffusion paraneters

can 30 be derived from sorption neasurenments provided

the assunption is made that the WO 2004/ 046278

Pﬁ&ﬂ@%ﬁ@& %géézéécn‘%ﬁpﬁ@ n&iﬂ%@%ﬁt r30Lls! Tﬂ&%‘ G5l Peévérp Sorbate
fusion process for a gl en sor

Q,oadihg Qaltee velu@ Qs rebd® Qs it ke equilibiitmi sorbste rlb@dlﬁg, is

loading, is mathematically related to (Dt/r2)1/2

whiethemativalyt elatedi todDY/sOEY: wieert rsettie timer(ean) hequired to reach the

sor Ioad n caI sol utjons for the pla

2?6 gi&l\l,gﬁ gly 1908 @r%} ¢ gheetrodel arg glven by J.
'V@I'fa!ﬁﬁflﬁt“ﬁ% MhihBnbfidsSbOPi Frusfhb OOL |
Ely House, London, 19671 % ZSNF%@Iéggﬁb sP E?ﬁ?yIﬂnme
nbémeion) 19671 eve may al so be arranged to have an Al pha
val ue of at |east 150, such as at |east 300. The al pha
value test is 10 a neasure of the cracking activity
of a cataly
3. 354, 078 2% e?ﬁﬁlt 2 “%?%?Eﬁﬁ' 6 fn@a %@15‘23’%%%?@'82? arranged
5@ hafd 96 Riphavicllue &, at feast2A58, 51(0111&6 @) leagt300VThe apha vilue test is

395 (1980é each, incqrporated herein by reference as
t Hmeptpe ofibe rackineistivitnel asaielystand dnfesedbasd inilbAsPeent No.

t?%%‘%’g? aﬂé?ﬁjtﬁéef( | lﬂ o?ﬂaﬂ%ma Vo(ioﬁ-] éjescr<f g%er\/atl uff . . 278

and a var e fTowrate as

d@wveas); and Wdle61,14h mu(ng&b) eichGatadpy it héteih. bybdeferhce as to
395. ZSM 12 having the conposition, crystal size,

Dihet descuption ke ceperimerialagasriions (of dheitest Bsdseberein intlode a
p r ced

PG| PyRRARRS PSR BB e gt i e
Stha@Sf@ﬁtaNsiﬁ@Vbl.@ﬂ, .I3I9§.I ine earth 20 netal (M

cations, normally sodium an oxide of a trivalent

el enment (X), normally alumna, an oxide of a

t et raval ent ornaH

met hyl tri et %%%ﬁﬁw'@g}f CHFLROR) O n%ﬁyﬁtﬁff%‘a Jribsinp Paeameter
L8R apHh d@ahseAldbscribyd iR Xué prb&ﬂ&gaﬁﬂa%ﬂ%r canl R roduced by
synthesi s nixture may have a conposi expre sed

crystallization of a synthesis mixture containing sources of alkali or alkahne earth

E

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

terms of mole ratios of oxides, as follows:

Component Useful Preferred
Y0:/X;0; 20~ 100 40 - 80
H,O/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 0.15-0.4
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ternms of nole ratios of oxides, as follows: Conponent
Useful Preferred Y02/X203 20 - 100 40 - 80 H2QO YO

wae010021% - 40 OH/YOD2 0.1-0.6 0.15-0.4 R YORCDUS2003/633216

0.15-0.4 MY 0.1-0.6 0.15-0.4 WD 2004/ 046278

PCT/ US2003/ 033216 8 The synthesis m xture may al so
contai n nucl eating seeds of 88SM 12 and, where such
seeds are present, they typically constitute 0.05-5
W % of the mxture. Crystallization of the synthesis

m xture ma Led. rej r ti.rred or
static conéiTti::l ‘?82@?‘&%3& )gy}aebrﬁgpglts? ?!r)ﬁetg&c%uﬁ% |atl}l%§%e,dg§tf Zg M-
t é2rped,avhere sadh B are PEschg Bty topicdllyasontdfitd 0.0380&49% QF the

48 . to 500 hours, whereafter the resultant ZSM 12 _

chyxtpeg Crysiallization af the sypbasis HaxiHin may beicauisd oahdﬁder either
- | ; | l.e.to j.ncor porate eac o

RSl BB A Lo SR Y Bl RERCor 0

aoolehs sudibdse0ad 1607 for 48 ke SOGhaRS, WikrddiRr iHRFBRNBALZSNE-12
and 10 other conditions enployed in the

t prapigls|aks sepetatng fpora dhesmotber iquer endessovaed. Such
materials include active and inactive materials and
synthetic or naturally occurring zeolites, as well as

i nor gani ¢ et AaY HeSd&Hehlcd® Hoaidratd ichdlf TARMLT sisRL &l the
oxides such as alum na. The inorganic material may be
efat#lzst campasitiph ywitioemather mgteriet thanis reigarftde theotemperatures and

tLNnous preci.pitate r .. ncl udi ng Jn xt.ur es of
SR R0 By e dfao el G St iy ion. Such
CoRieHakihElBdShdifve bHE i1t AmbBreNBls B8R sAth&l CH SamurhiiyPoccurring
conmbi ned therewith or present during its synthesis,
wkroditesj aswietl dssinorppmic yhiaterals yuchaat clayps, sitivg antiaon gectilhexides
conyersion. an%gr sel ecti vi .tg of .the catal
c

t ) .
FEATBIRG 25 el BateEl moy b et aegilly qeqwrigg, or in
Oihk UBAH Df lxelaGAMY RbcibReLHPMN iR udgr%fél‘g[tlﬁfﬁg g’rﬁ $fica L@ tnetal

transal kyl"ated products can be obt
eexdesri cal and orderly manner

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.
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.

Naturally occurring clays that can be composited with the or each

molecular sieve as a binder for the catalyst composition include the
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wi t hout enpl oyi ng ot her neans for controlling the rate
of reaction. These catalytically active or inactive

woraioeni@rs my be incorporated into, for exanpP@l/Us2003/033216

naturally occurring clays, e.g. bentonite and kaolin,

to inprove the crush strength 25 of the catal yst

conposi tion under conmmerci al 9operating conditions. It

is desirable to provide a catalyst conposition having
good crush strength because in comercial use, it is

oy oaleafort RURAGEA £t WG Al IPARL A SBobbRBhites, and
Neteuraalihy canmontyi kagowal ayBidiaVcNanedeGeRpRasd 6 tlys or
the or each. nolecular sieve as a binder for the o
cahay it Ve a0h il gensifientes Fobaywacpsinite, dickite

PCT.; : i 11004 t d_kaol.i .
¢ ORI B @B AP Gl 68 Sy gpiged or
t hitidaubjested ooroalBinytidi) awd t@stnidnkK biechelVidia MR fiGBBR I @

and Florida clays or others in which the main m neral
constituent is halloysite, kaolinite, dickite,

nacrite or i-t e . n,be, used in the.raw
state as or %%Iﬁ/mmt%% ggregélﬁg ?aﬁeﬁ}atlﬁ’ gli“’r O €3 raQlpear geve
CcédnChé abinposited Civith tar SerbH® Matrid bideMhiaiddriallOfich | 46 &l iri:l’arganic

In addition to the foregoing materials, the or eac
no¥ide seleeted B0 theagronp copsipbmg pedilites hlumipyr suwnia, titania,

. i r_mat.erjal uch as.an i.nor,gani. xide ..
BBt e e RS D R B R ob PO RY e i gition
ZinhG@RIag silidal Aftbdia, blichiRdria, silRABEYIA, siFBYBRERIAR, as2REl as
conbi nations thereof, such as silica-alumna, silica-
MeREs Peimpesitionssugh pg silicaalugiind-tharia heli¢aaglumina-zirconia, silica-
siJica-beryllia, sj.lica-titania,. a;l wel | ~as tgrnary
cHp G PR 1asﬂ@h$jé%a'@9$qeélﬁizéqcﬂ?ﬂ?n t fi3yr3lsp be advantageous to
ShrokTdid-aR 148l N Park of @tiénfo_?@goﬁirgl Pokdis Rt Hiﬁ‘déirgﬂ:ﬁ@lﬁl an APfibidal
silica-magnesia-zirconia. It may al so be advantageous
t rmpe ey i fclitate ealsysien pithe cadlystvendposiigni ng por ous
matri x binder material in colloidal 15 formso as to
facilitate extrusion of the catal yst conposition. Each
mol ecul ar SEEMEmL ; 'Pév‘%#lnéﬁéz ' .
mat ri x rratgri al bggﬁtﬁlﬁ%‘wsegﬁl a ca%(gr@tg? h@bi’i’xﬁ&for%amx
cwnafedsli 5¢ dhatcthet fnalscatdipst bdonghesition ¢wmitain thevbirglei @k hitrix

, 0 .
? 1?16’5%}(1?13{1]1: qpr glglg{ll’rl]tgraglgi%rgn frsorrtl% t%o9ovwvsft.‘ﬁ>, a%rc]idty})%glll; z%lrlolmylo to 60

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
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.
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20 Wm. % In the process of the invention, the first
and second nol ecul ar sieves are contained in the sane

w@e 200al0yer8 bed. Nornally this is achi eved eithePChysS2003/033216

physically m xing separate particles of the individual

nol ecul ar sieves, preferably 25 in bound form or by
co-extruding a m xture of theOnol ecul ar sieves,

typically wth a binder, such that each particle of

the final catal yst conposition contains both the

first and se | Lvel th
particles of&g %S%@e%{e Oile;%‘sl%il g%g&?%%gﬁ%?%%?ﬁgCe\é":lélmoﬁecular
sisemss Wwarhdecatadystre dorapositidn rder adsociatei e itk dvaiEh Oft least one
332}%{“ rst and second npl ecul ar sieves, such as is

FE5BY QAR ARG tSush 46 taagstsR: vaRrRdpuR) mekihdermyorhenium,

g MoneSo oS sORILE I Sy U S st Tabe of
PQlK¢ BE20684 (BAS1Gersibh, M79)easnitthes fthesbs. M8peGHE @kamples of

Si ev Q’;\nd feraply each nolecular sieve, in the
cd’tsgﬁ‘il/ o\ Yo B dnetals e dion g s benimn.cosminay, aidkeh cabalk,chedium,

0 -.hyd [ t h as_tungsten,

vandi EROEol AR RRLER Bt 8% bR Erelembiv, te
netydtogsedtipatoethpbhami&halaging, platifmt eh&emihodi ¢ Tabl e

of 5 the Elenents (CAS version, 1979), or m xtures

t hereof. Specific exanples of useful Goup VIII

netals are i heni osm.um nickel,. caobal t, .
hodi um i ro it 08 et AR e olhebnSaris S atiphasrording
Orto petiallade Wetwdeh efyardehationt €vity WA @%l_%ﬂt: 'fﬁﬁ’ctﬁ)ﬂmﬁ)cg.n s of
is palladium platinumor rhenium 10 The anount Of

t Aee HYHPERIBHER icORPEDNS iR epquited vsleinethe atlostcativel inmals tsach as
a | anc n _hyvdrogenati.on acti,vity and catalytic

F G R R B ol R Gl SS9 5 7oL Dotk sone
r égdiopethtioh@Btivibe Tesdralds the/@atdRd @bipesifibn 38ntafts 3lds HER 10
are used as conpared to pal | adi um wfﬁ)l ch 1gloes not
p&g¥eelsthe Jyrragending canymdmonfemat typinallic fiomi 0.91 wit% to 2 wt% of
Ggyl?r '611{/1#5 e he catal yst conposition contains |ess than

1 5 BIE t he hydr ogenati on conponent and typically
fromO0.01 wt%to 2 wt% of said conponent.

The hydrogenation component can be incorporated into the catalyst
composition by co-crystallization, exchanged into the composition to the extent a
Group ITA element, e.g., aluminum, is in the molecular sieve structure,
impregnated therein, or mixed with the molecular 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
the catalyst with platinum include chloroplatinic acid, platinous chloride and
various compounds containing the platinum ammine complex, such as
Pt(NH3)4CIL,.H,O.

Alternatively, a compound of the hydrogenation component may be

added to the molecular sieve when it is being composited with a binder, or after
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The hydrogenati on conponent can be incorporated into
the catal yst conposition by co-crystallization,

wezehangesl into the conposition to the extent BCT/BS2003/033216

Goup IllAelement, e.g., alumnum is in the

nol ecul ar sieve structure, inpregnated therein, or

m xed with the nol ecul ar sieVk and bi nder. Such

component can be inpregnated in or on the nol ecul ar
sieve, for exanple in the case of platinum by

U iRAbREuLP §icVDLAE Birfer BhRY Bedlf fofindd HRb WHaktiles b extrusion or
contai ning a platinum netal-contal ning-"ion. SHREN
pbelistizing conmpounds for inpregnating 25 the catal yst

with platinuminclude chloroplatinic acid, platinous
chloride and various conpounds containing the

platinum a”ﬁ&;ﬂ%? teRRLE %ﬁﬁité\stg? ﬁyﬁégﬁ%%ggg#inﬁéﬁ,%%'molecular

Al ternative a compoun

csiepo i nfualipyiried b3 Geaibdedt 4 Gerbfteatiidl 6£ 65T 161160EC WSW o
it is belgg conposited with a binder, or after WO

280 Fd Apzivalydd D) ind20U3 (2593 21 290°F ) ferhas least &aihate asd gererally

a o]] r ve been formed into partic|e i
o R s P i PP bt SPRLLFlen ot ytnds psie)
hyHéeenatht HblERUIMR RSB inay Ui a8 AGH 1 dream oF g8y ga | Such as air
usual ly dried by heating at a tenperature of 6 é to

160Tirp L&) (it tampe3@6fey of thyom 2609 tp GSDOCHH0AURAA0DI) o1 to 20
290F), .far at least 1 mnute and general|y not |onger

t ﬁ%{g-ﬁﬁl%%ﬂ%% 1s Bypigslly sepdusted;ah prsstiges s gingden 00wE00 kPa
k €0 15 psig). Thereafter, the nol ecul ar sieve
rrg}';tobe IJé{ag)ci ned in a streamof dry gas, such as air

or nitrogen, at tenperatures of from 260 to 650C (500

to 1200F) for 1 to 20 10 hours. Calcination is

typi cal |y cbiefito 8% sieapn teeiner ofthe grislyst eompasiiion may be
3 0,k ' | teamtr.eat nent

R pIEEL 1ol Bide B Shomifd Mol ek BHGRY bf A "Bty
neampdsitivnt henatiemechmingy geeanahé Qataat | dniposRont ke usually
catalyst 15 conposition. In the steam ng process, the
c‘éinéﬂ%f@t with #ioas b tte dA0Yosstansn Atk b eraperatant edatvieash 260%tm 60°C

tesé(g)ép%o/‘i ﬁoeﬁ)n}or %]i le%stto%%%%}tsggc?ﬂggllyalt toI f(? ﬁéurgﬁagt) atp?essure of
100 to 2590 kPa (0 to 360 psig).

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 sulfur can be contacted with the catalyst via a carrier gas,

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+

aromatic compounds found in a typical feed include mesitylene (1,3,5-
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(500 to 1200F) for at |east one hour, specifically 1
to 20 hours, at a pressure of 100 to 2590 kPa (0 to

WRad4p%209 . 20 I n addition, prior to contacti nRCT/082003/033216

catal yst conposition with the hydrocarbon feed, the
hydr ogenati on conponent can be sulfided. This is

conveni ently acconplished bylZontacting the catal yst

with a source of sulfur, such as hydrogen sulfide, at

a tenperature ranging fromabout 320 to 480C (600 to

O thy BB ROV Sifeld (§,‘2L4,5‘-Eet1%g{§t}§ﬁ%e%2&{e?cﬁl iMikifent D@ 2,4-

catalyst via’‘a carrier gas, as”’hydrogen or
nirimethelhenzehe), Feedpidudoamomet i ¢ f(e2d-uisedhylberizbiee), 1,2-
the inventi O{O%mgﬁﬁnpri sSes .one, or nor

g%ﬁ%@%ﬂ%ﬁ%n&&%ﬁb’ begzane, | béﬂetbylet&w%;zeaﬁo psopyl-

Soopid i & ; : \
A R, OSSO YA
PSUitAIR2 00Rta382 16 CI2 arsrhatiishyrt bapz@pefractthir 668 any refinery

(1, 2,4, 5-tetranet hyl benzene), hemnellitene (1,2, 4- )
t PTOs&ss tb’érﬁ“é‘n’é‘) arop@Hef o tiegsematics fraction contains a substantial

(bughofloh! RO GRERARRSkig. Ll cdTPLNAL IULDERAGRS: wherein

yl benzene, Iet hyl bénz

ppoyfiyrhbly satb fdabtt BO@opandemese phiftiablys ulvsé i thidt 8wt%, of the
benzenes, and di net hyl et hyl benzenes. 5 Suitable

s BYfreeboss willgrangeraindreio; (. dypicalpfimery fractiens which mean be
a ' d h IS rich i romgtics. This
st B8 e AR LFOC bt S IS H ™R cpor 1 on

of CO9+ aromatics, e.g., at |least SOam % CO9O+ aronati cs,
wherein preferably at | east 80wt % and nore

pref erabl y #be éeedfiathequaeess obthetileentiny araycsdsobiopludes hanzene

OB e THD BT ion
nedabloh do@prise@ fapiiabes TR oéBEShst RdtBRIcRE. 0ABE S ntag%lso

invention may al so includes benzene or toluene. Th
i chde pcEded/vacaded dalusnetandt IKb+f ewthatios tthet is obtained by

nfAR RS Sl GRRRL of HiRtnadiyiign SR irielt, dvmisaly
I RAYeak %gﬁ%ﬁt@@%ﬁﬁm &) e R vARAHCX ramORo AP wh HR5E the entire

obt ai ne
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



10

15

20

25

30

distillation of the effluent product of the
transal kyl ation reaction itself. Typically, toluene

w@ognidtt es from40 to 90 w. % such as from BOI/US2068033216

w.%of the entire feed, wheras the C9+ aromatics
conmponent constitutes from 10 to 60 w.% such as
from30 to 50 wt. % of the eni3re feed to the

transal kyl ati on reaction zone. 20 Hydrocarbon
Conversion Process The process can be conducted in any

a Iyl ' :
S 36 APy AT LRl o
25udhrasrpsatdng) liena andayitnasesperializt benrsnd andiSddnky

i nclude a tenperature rangi ng fromabout 343 to about
510C (650 to 950F), such as from about 400 to about

454C (750 5 01 t .
4240 kPa.( 50"F o agB it SRR Cue LARETRAuRHY, (95388 i

abaferen&50 Gh& Ralop20DEXan 86 psi g); a hydrogen to
hydr ocarbon nolar ratio fromabout 1 to about 5, such
as fromabout 1 to about 3 30 and a WHSV of about 0.2

tﬁxﬁp@ﬁl E@?mgylciﬂi@it_from 1to _about 5. The

trans n reaCtion conditions are sufficient to
convert the heavy aromatic WO 2004/ 046278

PCT/ US2003/ 033216 13 feed to a product contai ni ng

subst ant i al Aqiankadiqatadysp porappsit®naw aprepared onwbich s, first bed

Zg(%{zhélﬁéd gﬁﬁfeﬁfﬁ%}a e&le A& ?{;gﬁ{%‘ Gt G358 Q)E)giérpgflg/?)s Wi%
palutriig @l 0) \dﬁ% Cihd:ﬂirﬁﬁ) Whidh was $t€dnRsERCHe ffhal Bﬁge olg caJalyst
foll owi ng Exanpl es. Exanple 1 (Conparative) A

calteaaly‘fgon turfpdbours en4308€ (B@(bﬁ)aamblthe seaninid dled bhﬁaﬁﬂeﬂ atZSM-5

465 PO G AR5 PaShioh i AMIne s 0 Gibbed had
r Q@ﬁcﬂﬁﬁuﬂiﬁh Ghb10A%1iS L ATEH 2':06 Ellﬂ G1phh 3 uzgcg?ﬂ)e gdjmtal Size of

catal yst preparation for s at
t dhwug édanmrmemdcaaﬁfréfanmbsaylz&wa 900t 1l § sdc” 1(a65 tihferature of

B&é?{aanng%al m na FZSMlZ used in the first bed

i% IP‘E%W RISSHTRS %i‘orf-a?]il%Z%M‘%\Bﬁﬁﬁithhﬁ)%eC%d bed had

ah RRAtaY 3l 244€0100.03% P05 &bl and! #8184 alumina molar ratio equal to
approximately 60. The weight ratio of first bed to second bed was 9:1.

Example 2

A single bed catalyst composition was prepared by co-extruding a
mixture of 40wt% of the ZSM-12 used in Example 1, 40wt% of the ZSM-5 used
in Example 1 and 20wt% alumina. The extrudate was converted to H-form by
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 0.5wi% 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

alpha value of 67.
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15 about 0.1 mcron and a Drz for nesitylene of 1900
X 10 -6 sec -1 at a tenperature of 100C and a

wore@iyd2ee pressure of 2 torr. The ZSM 5 usedPCTUS1963/033216

second bed had a crystal size of 0.02 to 0.05 micron
and a silica/alumna nolar ratio equal to

approxi mately 60. The weighti4atio of first bed to
second bed was 9:1. 20 Exanple 2 A single bed catal yst
conposition was prepared by co-extruding a m xture of
4%3&10 f3the ZSM 12 used in Exanple 1, 40wt % of the

Z used in Exanple 1 and 20wt % al um na. The
extrudate was converted to Hform by 25 precal cining

in nitrogen, exchanging wth anmpniumnitrate

sol ution, t H”eﬁnglézi’leg CAAlYE qompesition yyas prepstedsinghe suaOvay as

( - | I t 1.¢les we t hen .

| Earb 2 DS A0, BB eGSR 02 b IR peron
bymdwiiighialunier mblae ratiovegnsl tb apgbrinyély ggrmposi tion and
calcined in air for 1 hour at 524C (975F). This

material was then steaned for 5.5 hours at 900F, after
%&%&%‘g catal yst had an 30 al pha value of 67. WO

2 78 PCT/ US2003/ 033216 14 Exanple 3 A single
bed catal yst conposition was prepared in the sane way

as Exanple 2 but with the ZSM5 enpl oyed havi ng
crystal sizéhefatalyst compositions efbrammBesahth 3 were used in separate

si.lj.C lcHm r..rati.o_equal to.approximtely e
Exhg{ﬁpf({a%ﬁé%g%gg@%ﬁ%?n cognfio%ﬁ%\"gngfo "g%mtgﬁl? €1 Otzlg ¥t
Weth§lbesRMe) B.5SRPBSdes, 1036 WA, ten&ld acts wiv, n—pf)opifl%)enzene,

transal kyl ati on of a m xture of 61w % tol uene,
w865 et Wilb besthdtduer®s,5 W36 x yWdhe strin®ilBdbentzéaasimdBs,  wt%

1.1 % n- pr | benzene 3.55 wt % et hyl t ol uenes,
16‘.‘%@’%&‘@%‘?& ﬂ@?hﬁﬁe‘ﬁ%ﬂ‘é{?}h@e@@%w@g 0315 Fitane ot
di, ogall I S

oL BRBRITRN 4057 bk LB DIALIPY IRNDIEY hEfbien 1o
phydscarborofrod 4diokd¥d . (R4d PBIEHV of6.hTHE agelts 4@ stdmarized in
h dlg}o?g)r on nolar ratio of 1.02 and a WHSV of 6. The

ri‘g Ptoc summari zed in

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
ethyl-containing Co+ aromatic hydrocarbons than the two bed catalyst of Example
1. Moreover, the conversion of ethyl group-containing aromatics increased from
about 41wt% for the two-bed catalyst of Example 1 to 80-86wt% for the

coextruded single bed catalysts of Examples 2 and 3.

Table 1
Examplel  Example2  Example 3

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

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
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Table 1 below. It will be seen from Table 1 that the
co-extruded single bed catalysts of Exanples 2 to 4

we@xdvbad2egl about tw ce the conversion activityP¢DUS2088033216

et hyl -cont ai ni ng C9+ aromati ¢ hydrocarbons than the

two bed catal yst of Exanple 1. Mdreover, the

conversion of ethyl group-comd aining aromatics

i ncreased from about 41wt % for the two-bed catal yst

of Exanple 1 to 80-86wt % for the coextruded single

bed cab?l ysts of Exanpl es 8.0 nd 3. 2 able 1 npl e

1 Exarrg e 2 Exarrpl e 3 Te Zg) 427 7425 % on

Strea 51.5 W% é% aS|33 I 0.13%005

0.15 u?§1947. 0.97 0.95 43 0.% 7@. 27 CA4dl12

0. 07 octhylbpgzere04s/ 046278 PEBLUS2003/ 683216 15063 0. 01

0. 01 Oxyignesbenzene 10.43 181.8Y 9.50 30.65uene 3%9.9Q

42. 72 dihylidluereshyl benzene 2381 0.62 0.287 5 xyl emes

31. 31 flnébylBéhAfes et hyl tolgienes 4. 391 §628 1. 641 g7

tri met fgtihaaears 10. 70 11566 11.87 O@Eet hyl begégnes
4

0.10 0 yl et benzeneg ,1. 68 0. 4R/ 0. 55

10 tet ? %ﬂg&&&)egz%ﬁsﬁéeg; 5 75 °1 0. 59 51 0:25
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
Ethyl Conversion (wt%) 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 (wt%) 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:

SiOz/ A1203 = 50
HzO/ SiOz = 22
OH7/ SiO; = 0.2
Na'/ Si0, = 02
MTEACI/SiO, = 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
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indan 0.08 0.00 0.04 naphthalene 0.11 0.06 0.07
nmet hyl napht hal enes 0.32 0.17 0.20 other 0.84 0.45

w@2®9/0487€Et hyl Conversion (w% 41.43 83. 95 80PGOUS2003/033216

Propyl Conversion (wt% 100.00 100.00 100.00 Tol uene
Conversion (w% 41.12 29.97 27.70 A9+ Conversion
(WM% 46.94 59.46 57.10 20 IBxanple 5 A small crystal,
high activity ZSM 12 was synthesized froma mxture
conprising 11280 g of water, 1210 g of

t
e A, CED N M 1950 0
(rﬁfc%ns) and 364 g of 50% sodi um hydroxi de sol ution. The

m xture had the follow ng nolar conposition:
Si 02/A1203 50 H20/ Si02 =22 30 OH _/ SiOZ 0.2 Na+/

r Ieact zd at ’glg%gﬁ&f@%ﬁ%d crygt’aé ?CIH‘F S ave t%f ﬁa&Ogﬁm form

Sy kWb rign adxchA{eRRM Qfmﬂcﬁﬂm’ﬁomifr&te shetid @l ¥6dm Weperature,
filtered, washed with deionized (D) water and dried

aiollgwg by1dmme. atﬂ@&ﬁ@%&)t@ﬂma@nﬁm QileOleﬁt(ﬁ‘é% C)édar 6

I SM
BB od)e PRSI R R PR g i 4005, n
gmdzatulaaif s0bend Bty Bt m\s@?m@rmw%r@ﬁan\@oo x10%sec! at a
/046278 PCT/ US2003/ 033216 16 aggl oner at es of

sﬁﬁlpbrabH?Qf 0% Candtameitylepe prageure pidfat. si ze of about
0. 05

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 quadrulobe 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
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 aqueous solution of tetraammine
palladium nitrate. The impregnated material was dried at 120°C (250°F) then
calcined in air for 6 hours at 350°C (660°F) to produce a final catalyst.

3 gm of the resultant catalyst composition was used to effect
transalkylation of a mixture of toluene/Cot 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

2.7. The results after 4.4 days on stream are summarized in Table 2 below.
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m crons). The as-synthesized crystals were converted
into the hydrogen form 5 by two ion exchanges with
room t enper at ur ePCT/US2003/033216
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 02/ A1203 nul7ar ratio of 44.98, an

Al pha value of 500 and a D'r2 for nesityl ene of
greater than 5000 x 10-6 sec -1 at a tenperature of
100C and a nesityl ene preiéihrlg of 2 torr. 10 A m xture
containing 40 wt % of the 5 produced as above,
40wt % ZSM 5. and 20 w % al um n% %ﬁs extruded into
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hydr oc g bosnmvesiddieg) havi ng the conpositiorpiggven in
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ratio %ﬁ %&Wa. S}of 25 2.7. The resulggi:.1 after
4.4 day<°®A g5 summeri zed in Tabl e 22-4el ow. 30
WO 2004/ 046278 PCT/ US2003/ 033216 17 Table 2 W% H C
Basi s Feed Product

The results in Table 2 show that the catalyst of Example 5 was
highly active, particularly for the conversion of the Cot+ aromatics, including the
ethyl-containing materials. However, the particular catalyst tested did show

evidence of aging as the run progressed.
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C5- 8.24 Non-Aromatics 0.04 Benzene 12.79 Tol uene
61.27 39.58 Ethylbenzene 0.03 0.11 Xylenes 0. 26

w@30080462G0 29.82 8.45 Cl10 8.31 0.86 Cl1+ 0. 3RCT/UID03/033216

Total 99.99 99.99 Tol uene Conversion (% 35.39 A9
Conversion (% 71.64 Al o Conversion (% 89.46 Ethyl
Conversion (% 96.52 Propyl1&onversion (%9 97.19 5

The results in Table 2 show that the catal yst of

Exanple 5 was highly active, particularly for the

c ' qfi..the C9+ aromatics, including the
%@!Sg%% st ng materials. However, the particular

catal yst tested did show evidence of aging as the run
progressed. 10 15 20 WD 2004/046278
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hydr ocar bons under transal kyl ati on reaction conditions

WFRIADESitEcat epmysising:

1) 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

(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 Cot+ aromatic hydrocarbons being

converted under said transalkylation reaction conditions to a reaction product

containing xylene.
2. The process of Claim 1, wherein the first molecular sieve is ZSM-12.
3. The process of Claim 2, wherein the ZSM-12 has a composition involving

the molar relationship:

X203 :(n)YO,
wherein X is a trivalent element, Y is a tetravalent element and n is less than 60.
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 and Y is silicon.

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

size of less than 0.1 micron.
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conposition conprising: (i) a first nolecul ar sieve
sel ected fromthe group consisting of ZSM 12,

worerdeni2te and a porous crystalline inorgani c PXI/tig2003/033216

material having an X-ray diffraction pattern

i ncludi ng d-spacing maxi ma at 12.4+0. 25, 6.90. 15,
3.570.07 10 and 3.420.07; arwd (ii) a second nol ecul ar
sieve having a constraint index ranging from3 to 12,
wherein at |east the first nolecul ar sieve has a

hydr o t SS0G) i and —~.ee.
Wher of A€ paSEot SRR 28R 57 WiRthah, by Mo nEy & pifiusion
CPab@kRE DAY fihResBiBe Gltad laast 10080k 10 HeseE9wirnhaABisied at a
h%ﬁrocarbons bei ng 15 converted under said

t

ApsEtIg ALV adacmpotylas derseite s 2t@Ta r eact i on
product containing xylene. 2. The process of Caim1l,
wherein the first nolecular sieve is ZSM 12. 20 3. The

P8 0CesFh@procksi N @aimdeie] Iwhden 48V SRI- M2 BaPan Alpha value of
conposition involving the nolar relationship: )?203

- rlyapbbShherein X is a trivalent element, Yis a
tetravalent elenent and n is less than 60. 25 4. The
process of Claim3, wherein nis from20 to | ess than

69. 5. THHFroRERGE Sy fecddid) Mladn OWvhéteinthEERbRd ?ﬁg'le;iulre% sisve is

alumnumand Y is silicon, 6. The process of
t6SHl-Swherein the ZSM 12 has an average crystal 30
size of less than 0.1 mcron. WO 2004/ 046278

PCT/ US2003/ 033216 19 7. The process of Clains 2 to 6,

Wer ei Thd Blﬁ)cgsgl\&f]a%yliﬁ’fceain .élﬁﬂﬁi@ﬁ‘ereiﬁatﬁég&toﬁq mv\ﬁécﬁ&ar sieve

for nmesitylene of at least 1000 x 10 "6 sec-

nemEsdtugs fem & witetopsrett based fon TROGt A mckight 0E ietfithtemd second
preﬁf re.of 2 torn. 5 8. The process of Clains 2 to 7,
wWHEEH AT PR¥SZSM 12 has an Al pha val ue of at |east

150. 9. The process of any preceding Caim wherein

t he second nol ecul ar sieve is

11, The process of Claim 10, wherein the second molecular sieve constitutes

from in excess of 20 to 80wt% based on the total weight of the first and second

molecular sieves.

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

Elements and mixtures thereof.

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

rhenium, platinum or palladium.

14.  The process of Claim 13, wherein the hydrogenation component is
rhenium.
15.  The process of any preceding Claim, wherein the hydrogenation

component is sulfided prior to said contacting step.
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ZSM5. 10 10. The process of any preceding Caim
wherein the second nol ecul ar sieve constitutes fromb5

wWorehng226 W % based on the total weight of theCTUSED3/033216

and second nolecular sieves. 15 11. The process of
C ai m 10, wherein the second nol ecul ar sieve
constitutes fromin excess 2f 20 to 80w % based on
the total weight of the first and second nolecul ar
sieves. 12. The process of any preceding Caim

rei d ' . O ng s selec s
(St Dot B ARGy CHIECRRAE e Ryt S8hBSsiton is

CPartion o) andedhg afivets énd SecoBE aholbsudin ewrd Parylcbhtagfedtifeseparate
Periodic Table of the Elenents and m xtures thereof.
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conponent is iridium 25 rhenium platinum or

pal | adium 14. The process of Caim 13, wherein the

hytr ogBhatprédess QIPOREN 1i $o 15NewtickTh the- caldifst PERGRERion is

of any preceding Claim wherein the hydrogenation 30

chaenagtandsthe firsti addsesend malesulagi sieves At eadhngpntdingsl in the
00 8, PCT/ US2003/ 033216 20 16. The process

0 aﬁ?éggggéﬁgﬁa Claim wherein the catal yst

conposition is particulate and the first and second

nol ecul ar sieves are contained in separate catalyst

pHr-t i cTles pigricsh oraay ppipedding IGlaim, xelereim 8w Gbedaslad yshtains

q§d. 5 1%.1The process of Clainms 1 to 15, wherein the

cé?%?%@? E8iosition is particul ate and the first and

second nol ecul ar sieves are each contained in the

same catal yst particles. 18. The process of any

pt%cedhmp@cessmf ankigresieding Helafng edherbia dhe cahsilndatiohQeaction

benéene or taluen

e.
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.  The process of Claim 19, wherein the transalkylation reaction conditions
comprise a temperature 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.
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19. The process of any preceding Caim wherein the
transal kyl ation reaction conditions conprise a

wao eovpesarsir e of about 343 to about 510C (650 tRCPBESHP3/033216

a pressure of about 380 to about 4240 kPa (50 to 600
psig), a hydrogen to 15 hydrocarbon nole ratio of
about | to about 5 and a WHSYjof about 0.2 to about
20. 20. The process of Caim 19, wherein the

transal kyl ati on reaction conditions conprise a

t t f.about 400 bout 454C (750 tq.850F); ‘
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out 1 to about 3 and a WHSV of about 1 to about 5.
WE)2004¢20182 1R +PEImate Jofk@asRns andltakiene Aumieo demisalk@ation
conv rting,.Co+ arormaztjt\i C hgdrocfar bons to lighter
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and tol uene under transal kylation reaction conditions
over al2amatdgsite ewhppetous orystabimer insigagic dxidd taterifli ka¥ing an
nol ecular si.eye selected fromthe group consisting of
730 1XTAOAREATRE RANC ISTSRS CF SACHEI FHEIDA GHgARRE0.25,
oxi de pmtgrikat /¢ ] iffraction pattern
i ncl udi ng d-gié??%%ﬁ%’a‘ﬁ?ﬁ%ﬁ%?ﬂiﬁ?% 25, 6.90. 15,

3.570. () and s&o4d@udIcularsieveiliaying sSameRannBec Hin%[ng from 3
si eve aﬁr ng a constraint index ranging from3 0Oto
12, wh 'n at |l east the first nolecul ar sieve has a
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OBl kA dGEENGa Pr oduct .

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

product.



