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USEFUL THEREIN | FIELD OF THE INVENTION 5 This invention relates to

hydr ocar bon conversi on using macrostructyres of nmesoporous or m croporous
i norganic material which can have controll ed size, shape, and/or porosity.
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m croporous inorganic material are characterized by a |large specific
surface area in pores and are used in a |arge nunber of applications of
consi derabl e comerci al 15 inportance. In nost of these applications, the

fact that the phase im}ﬁquchﬂB@Wc‘dmm IRPROT erials and the

medium (liquid or gas) tn which1t 1S used ge ca very inportant.
For exanple, these porou mMMYﬁiPUSEFUIaTHEREéH used as catal ysts
2and catalyst supports in hydrocarbon conversion processes. Also, these 20
porous inorganic materials are often used as adsorbents for the selective
adsorption in the gas or |Iqut[;(ipmﬁifF ok A Ne separatlon of ionic
.compounds. As used herein, theterns porous Torganti ¢ material s" and

* porous naterials" incl udes solid nmesoporous inorganic material, solid
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10 BACKGROUND OF THE INVENTION

Both mesoporous inorganic material and microporous inorganic
material are characterized by a .la:ge specific surface area in pores and
are used in a large number of applications of considerable commercial

15 importance. In most of these applications, the fact that the phase
interface between the solid porous materials and the medium (liquid or
gas) in which it is used is large can be very important. For example,
these porous inorganic materials are often used as catalysts and
catalyst supports in hydrocarbon conversion processes. Also, these

20 porous inmorganic materiale are often used as adsorbents for the
selective adsorption in the gas or liquid phase or the selective
separation of ionic compounds. As used herein, the terms "porous
inorganic materials” and "porous materials" includes solid mesoporous
inorganic material, solid microporous inorganic material, and mixtures

25 thereof.

Although a large phase interface is often a fundamental
requirement for use of porous materials in different applications, a
number of additional requirements related to the particular area of

30 application are imposed on these materials. For example, the large



WO 00/ 71254 PCT/ US00/ 13978 phase interface available in the pores of the
porous inorganic material mnust be accessible and useable. In many
applications, size and shape of the macrqgstructures containing the porous
inorganic material and the degree of vari®ation of these properties can be
deci sive iwpaoteisge. S During use, the size and shape of thecrmsooniers

macr ostructures can influence properties |ike mass transport wthin the
structures, pressure drop over a bed of particles of the nmaterial, and the
mechani cal and thermal strength of the material. Techniques that permt
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shape, are consequently required to tailor porous 1 norganic
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catal yst carriers for various types of hydrocarbon conversion processes,
and ot her 1&ppFEizeMaren sizeT Hlistrihution) ahemieale compwsitioter adeclmipal oarsd

crystalline eria avi: a definite crystalline_structure_as
y n?flermais rength, as well as increased and uniform size and shape, are

consequently required to tailor porous inorganic macrostructures to

different applications.

16 Mesoporous inorganic materials include amorphous metal oxide
(non-crystalline) materials which have mesoporous and optionally
partially microporous structure. The pore size of the mesoporous
incrganic material is usually in the range of from about 20 A to about
500 A.

20

Microporous inorganic materials include crystalline molecular
sieves. The pore size of crystalline microporous molecular sieves is
usually in the range of from about 2 A to about 20 A. Crfsta.lline
microporous molecular sieves, both natural and synthetic, such as

26  zeolites, have been demonstrated to have catalytic properties for
various types of hydrocarbon conversion prooésses. In addition, the
crystalline microporous molecular sieves have been used as adsorbents
and catalyst carriers for various types of hydrocarbon conversion
processes, and other applications. These molecular sieves are ordered,

80  porous, crystalline material having a definite crystalline structure as



-1 3 WD 00/71254 PCT/ US00/ 13978 determ ned by x-ray diffraction, wthin
which there are a | arge nunber of snaller cavities which may be

i nterconnected by a nunber of still smaller channels or pores. The

. di mensions of these channels or pores are such as to allow adsorption of
nol ecul es wbtoby7emyt ai N di nensions 5 while rejecting those WRATASIPHINTS

di nensions. The interstitial spaces or channels forned by the crystalline
net wor k enabl e nmol ecul ar sieves to be used as nol ecul ar sieves in
separation processes and catalysts and catalyst supports in a wide variety

of  hydr ocar boReGa B B x. iy ER83EAon iiMBh AP HBLE WSS CBgd Buslifas! 11 o

I nto various groups elr conposition and t ructure. One

group of nol egflisatialler eveRtiéss whichndy beefmeretinkeotealsbyew Invmber € etill es
. pre conprised of a lattice of silica and optjonally alum na conmbined wth
exchangeabl e smaller ehangelsipraporgsk ol he dimgngrignsof thgse khanmels oy pores

Al t hough the term _3zeoljites” includes erials confaining si.lica.and
pptionally al a‘ﬁ?rﬁi‘!‘:h Pﬂewsﬁ?véaé%ﬁﬁpﬁf'ﬁrrfﬂﬁlnlgok(gp‘?ﬁso%{mr_ tt?gnr%‘ﬁeé’@é%ﬁ n.
~whol e or i 8 Pyfhile WejebtiRihBose W itR Jarde? difiedERid. TRE MRfUrdtitinl sffeed 6x ani um
oxi de, tin oxide, &)?sphorous oxi de,” and m xtures thereof can replace the

silica 20 por thannebofomedk bycthei cryatallind gyetwiork reinable moleculpal sieven toxi de,
i ndi um oxide, and m xtures thereof can replace the alum r‘ﬁggo ti.on.

Accordingly, DReused g m9 sieves 4 |SePaEation, TORSSPF ARG, rtalysis and,s
used herein. 3Hgilysieahppbua! "d“ew‘faé:r%ﬁéﬁ“soﬂf%ﬂscﬁ&?éﬁ%ﬁﬁveﬂsmﬂ“d' ng

nol ecul ar sieves contarhfng silicon and, optiona alum num atons in
the crystalli peotedsesce structure thereof, nolecular sieves which contain

suitabl e replacenent atonms for such silicon and
10

Molecular sieves can be classified into various groups by their
chemical composition and their structure. One group of molecular
sieves is commonly referred to as zeolites. Zeolites are comprised of a
lattice of silica and optionally alumina combined with exchangeable

15 cations such as alkali or alkaline earth metal ions. Although the term
“zeolites” includes materials containing silica and optionally alumina,
the silica and alumina portions may be replaced in whole or in part
with other oxides. For example, germanium oxide, titanium oxide, tin
oxide, phosphorous oxide, and mixtures thereof can replace the silica

20 portion. Boron oxide, iron oxide, titanium oxide, gallium oxide, indium
oxide, and mixtures thereof can replace the almm'na portion.
Accordingly, the terms "zeolite", "zeolites” and "zeolite material”, as
used herein, shall mean crystalline microporous molecular sieves
including molecular sieves containing silicon and, optionally,

25 aluminum atoms in the crystalline lattice structure thereof, molecular
sieves which contain suitable replacement atoms for such silicon and
aluminum and ALPO-based molecular sieves which contain framework
tetrahedral units of alumina (AlO2) and phosphorous oxide (PO2) and,
optionally, silica (SiQ2). Examples of ALPO-based molecular sieves

30 include SAPO, ALPO, MeAPO, MeAPSO, ELAPO, and ELAPSO. The



al um num and ALPO based nol ecul ar si eves which contain franmework
tetrahedral units of alum na (A102) and phosphorous oxi de (P02) and,
optionally, silica (Si Q). Exanples of AM4PO based nol ecul ar sieves 30

i ncl ude SQP L PO, MeAPO, MeAPSO, ELAPO and ELAPSO. The 4 "2%/3 4
PCT/ US00/ 1% m "al uninosilicate zeolite", as used hereiP\ﬁA'? ﬁ%@ﬁean
zeolites consisting essentially of silicon and al um numatons in the
crystalline lattice structure thereof. 5 Many tines it is desirable to

carry out hydrocarbon conversion processes using small particles, e.g.,
crystal s. Thderay yalumanesilieates zgokite”, jas osed hereiny s meaphgeokites al s

have a dianeter less than..agbou . mcron. ,For._ exanple, .small cr al

Jeoli tes can Sasisig pRAmHAL 8 sltich 558 aliiphis Npvdh ipothe sosiilifhey yor
or catal yst J;Qtﬁgbsgntmu_{:@?férgg?s i nvol vi ng hydrocarbon conversion, because
of their enhanced ratio of surtface area to nmass, high diffusion rates and

reactivities, and resistance to deactivation by pore plugging and surface
contam nati on. Fo;Msi m | ar reasons, they can have advantages in .
hydr ocar bBn separ 2¥4ag¥stimes Hyisodesizable tpycary put fiydrp £ONVATs g |
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20 For exanple, although zeolite crystals have good adsorptive properties,
their practi cboutpdi i macionns For esamplenismdllbarpstad zeolitesdidani chave t o
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enhanced ratio of surface area to mass, high diffusion rates and
reactivities, and resistance to deactivation by pore plugging and
surface contamination. For similar reasons, they can have advantages

in hydrocarbon separations.

15

Prior to using the porous inorganic material, especially
crystalline microporous molecular sieves such as zeolites, in
hydrocarbon conversion, the material is usually formed into structures,
e.g., aggregates, such as pills, spheres, tablets, pellets, or extrudates.
20 For example, although zeolite crystals have good adsorptive properties,
their practical applications are very limited because it is difficult to
operate fixed beds with zeolite powder. Therefore, prior to using the
zeolite crystals in commercial processes, mechanical strength is
conventionally conferred on the zeolite crystals by forming a zeolite
25 aggregate such as a pill, sphere, or extrudate which usually is a
dimension greater than 0.01 mm. The extrudate can be formed by
extruding the zeolite crystals in the presence of a non-zeolitic binder
and drying and calcining the resulting extrudate. The binder
materials used are resistant to the temperatures and other conditions,

30 e.g., mechanical attrition, which occur in various hydrocarbon



- dinension greater than 0.01 nmm The extrudate can be formed by extruding
the zeolite crystals in the presence of a non-zeolitic binder and drying
and cal cining the resulting extrudate. Thé& binder naterials used are

_resistant to the tenperatures and other conditions, so e.g., 0 LR R
attrition, W% 2¥:cur in various hydrocarbon 5 WD 00171254 E’@i’ US00/ 13978

conversion processes. It is generally necessary that the zeolite be
resistant to nechanical attrition, that is, the formation of fines which

are small particles, e.g., parti ci:t‘e_s havi ng. a size of |.ess ghan 0 nj crons.
Exanpl es of s&ODYBYHEOB| RYRcessesnc|lie gRBE fegessary sthats the zeolde Jbeni ng,
silica, titanig,. ] -y pe . -Ag . or med
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way that they HecanBlPurdick) b)e. sphftidles bavidy hhdzobf lods thaal20indeains.
aggregates have nuch better 10 nechanical strength than the zeolite
powder, when tEmamples] of suiitabde kindezs include: amorphonscmaterls sughoasss,
t he perfornmance of. the,.cat St . Q... activit selegtivit actiwity
b b enanc.  GHBHR: Aikisso REEi And) Vatiohs tiaes f QAT *Reetpedtestipialsb
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bi nder di | ut etogbthexdncsyrhi a/wayrthmmliegsbeoometmagqﬁwgel:fdmund.addi tion,

since the bound zeolite is prepared by extruding or otherwi se formng the
zeolite with the anorphous binder and subsequently drying and cal cining

the extrudate, the u i c e t olite
or otherw se bl ock %QQEBZB“%‘% pﬁgﬁgogggﬁﬁleét%%%%% tlzﬁeﬁ,Vegfmglf:%WBtSE%?r ate
of mass tnansfmechanieAlisfreagth then the @eolite powder,ovhén thiei bdumdizeclitdise t he
effectiveness of the zeolite when used in hydrocarbon conv?r I on_RQprocesses
and ot her applusssk inasatalyticiopnviession RFREASH tHE RAITorIRANEe Of the catalyst,

catalytic conversi gl QcR3Rehy, hBAVATALBRM AaRLE 6 colibitd e titeof,
can be reduced because of the amorphous binder. For instance, since

the binder is typically present in amounts of up to about 60 wt.% of the

15 bound catalyst, the amorphous binder dilutes the adsorptive properties
of the aggregate. In addition, since the bound zeolite is prepared by
extruding or otherwise forming the zeolite with the amorphous binder

and subsequently drying and calcining the extrudate, the amorphous
binder can penetrate the pores of the zeolite or otherwise block access

20 to the pores of the zeolite, or slow the rate of mass transfer to and from
the pores of the zeolite which can reduce the effectiveness of the zeolite
when used in hydrocarbon conversion processes and other applications.
Furthermore, when a bound zeolite is used in catalytic conversion
processes, the amorphous binder may affect the chemical reactions that

25 are taking place within the zeolite and also may itself catalyze

undesirable reactions which can result in the formation of undesirable

products.



25 are taking place within the zeolite and also may itself catalyze

undesi rabl e reactions which can result in the formati on of undesirable
products. 6 WO 00/71254 PCT/ US00/ 13978 SWYMARY COF THE | NVENTION I n one
enbodi nent, the present invention is directed to the conversion of organic
conpounds WEheEH2&bnver si on conditions with a 5 catal yst conPGTEE0AINEL

| east one macrostructure having a three- dinensional network of particles
conpri sed of porous inorganic material. The particles of the
macrostructures occupy less than 75% of the total volune of the
macrostructures and are j oi @Ma&tﬁmqﬂqmﬁzwe-di nmensi onal

I nt erconnected network conprised of pores having 10 dianeters greater than
about 201A. In another enbodi ment, the present invention is directed to the
conversi on of or gaji ¢, co unde conver ion cqondi t.i oRs usi t he

catal yst conpri sed Ibfmf%?ngﬁo‘%éﬂ Niz Hﬁv&*&qfﬂg%? hﬁ%fé 15
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process whi ch&{:n?ﬁ%rl segft%g %\géﬁggﬁn?g)ﬁ%lfm&r%@gﬁggd%&x ure sn?gﬂfal ni ng
the porous orgealysti oomprrdedn@érataﬂdaa suot Rerestiusturee havhpg

form ng the pgrous inoyganic terial b) converti ng t he synt he5|s
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material _ coveri at | east ortio t he external surface of the .
particl edOf ‘fe"ﬂ&“&ﬁfs r&i‘@gﬂ%‘?"g&&ﬁcture The conposition, structure

type, or both -

In another embodiment, the present invention is directed to the
conversion of organic compounds under conversion conditions using the
catalyst comprised of the at least cne macrostruci:ure having the three-

15 dimensional interconnected network of particles, said catalyst made by
a process vivhich coniprises the steps of: (a) forming an admixture
containing the porous organic ion exchanger and a synthesis mixture
capable of forming the porous inorganic materialj (b) converting the
synthesis mixture to the porous inorganic material; and (c) removing

20 the porous organic ion exchanger.

In a further embodiment, the present invention is directed to
I;:laci'ostructures having particular application in the conversion of
organic compounds and comprising the catalyst comprised of the at

25 least one macrostructure having the three-dimensional interconnected
network of particles that has a coating of porous inorganic material
covering at least a portion of the external surface of the particles of the
at least one macrostructure. The composition, structure type, or both
of the coating can be the same or different from the microporous

30 inorganic material of the macrostructures.



= of the coating can be the sane or different fromthe mcroporous 30

I norganic material of the macrostructures. 7 WO 00/ 71254 PCT/ US00/ 13978
Exanpl es of specific hydrocarbon conversign processes where the present

i nvention finds particular application include catalytic cracking,

al kyl at i orwwodeakisel ati on, dehydrogenation, 5 di sproporti onatfi@se013s78
transal kyl ati on, hydrocracking, isonerization, dewaxing, oligonerization,
and reform ng processes. BRI EF DESCRI PTION OF THE DRAWNGS 10 Fig. 1
represents a schematic description of the different stages of production
of macrostructures used to carry out the present invention. Fig. 2
represents adsorption-desorption isotherns neasured for 15 spherical
particles of anorpiixamplés abspecificdhydtosariioraennversiongpra@esses where the
Jepresents SEM m crogtaphs, at .t di fferent ni f.icatiaqns, spheri cal

of
particles of PRESeRt | myention finds, pasticudar ogpplication . dnclude,catalytic [ oy

diffraction p . or sp ' parti -the sili ' . anpl e
3. Fig. 6 rep%éé@zr#lgf’a SEMQ%%I(réogrnaph of ﬁgﬁ%ﬂn%%{)%’struct%@hej’dél?,gégéﬁg;(e 8.

. 25 Fig. 7 sepregmitiporiionatlongr apansalkfRaion)i t hydmgradking) i asoraérizationj mes
of a cross section of the macrostructure of Exanple 8. 8 WO 00/71254

PCT/ US00/ 1349 fiewing| sligmasorativnoandre fogmingNETessRsThe t er m
"macrostructures” nmeans structures having a size that s greater than
about 0.01 mmin at | east one dinension, preferably 5 greater than about

0.1 nm and, nore prefer gRYFFPHRSCHIFMNON PAHE DRAWINGS

10 Fig. 1 represents a schematic description of the different stages
of production of macrostructures used to carry out the present

invention.

Fig. 2 represents adsorption-desorption isotherms measured for

15 spherical particles of amorphous silica of Examples 1 and 2.

Fig. 3 and Fig. 4 represents SEM micrographs, at two different
magnifications, of spherical particles of the silicalite 1 of Example 3.

20 Fig. 5 represents an X-ray diffraction pattern for spherical
particles of the silicalite 1 of Example 3.

Fig. 6 represents a SEM micrograph of the macrostructure of
Example 8.
25
Fig. 7 represents a photographic image with magnification of 25

times of a cross section of the macrostructure of Example 8.




1.0 mm The shape of macrostructures can be spherical, cylindrical,

pellet, pill, fiber, or thin filmapplied to different forns of substrates
and other conposites, in which the poroug material is conbined with other
types of material. 10 The term "average particle size" as used herein,
means t hewW@@G/1ibset i c average of the dianeter distribution 8CTRISS0N2IMI Cl es
on a volune basis. Procedures for determning the volune of the particles
are known to persons skilled in the art. For instance, the volune of the 15
particles can be calculated from SEM particle size neasurenents by taking

nto account the geOMOETAIPRN IESSRIPAEN JRTHETRVENTIGNS" means the
fundanment al buil di ng DTockS of the macrostructu Tal. tn the case of

crystalline nol ecular sieves, particles refers to crystals. In the case of

ot her porous mat erJr particles refer the 20 fundanental building bl ocks

| s,
of these material s ﬁ?ﬁé%@wpﬁwmp%ma%sﬁrmSmm steeuthat
[ t. - dj | | k(s tyl f d.t tr] f
parti oi s of ‘Bofsater HiRhHiRue G ofOmin 3 E 18RS ohe Bieizics, BReffEably) °
Supporting angreatér $hhh Houn®.1Uswaldnd, bfe RRbferabRS éi‘eh't.exoﬁﬁﬂﬁyal!)&?tzss

than 75% of the total volune of the macrostructures and nay occupy
than 50% of the mmal Thelshapeoé! mecrostrnonirescdan be splerieadpeglisideical} ot al

ratervaf 17 diiesorl, Bbehidy P s oupbedia ilierat Lo of Subreies
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w || have an average particle’size o t han m Cr ons, ably
| ess t han 50Wther tipecoPmateriabl y, the particles will have an average
particle size of less than 200 nm e.g., 5 100 nm The particles of the

macrostrd@ture will be joined together to
The term "average particle size" as used herein, means the

arithmetic average of the diameter distribution of the particles on a
volume basis. Procedures for determining the volume of the 'particles
are known to persons skilled in the art. For instance, the volume of the
15 particles can be calculated from SEM particle size measurements by
taking into account the geometry of the particles. The term "particles"
means the fundamental building blocks of the macrostructure
material. In the case of crystalline molecular sieves, particles refers to
crystals. In the case of other porous materials, particles refer the
20 fundamental building blocks of these materials.

The macrostructure will be porous and will usually comprise a
three-dimensional network (sometimes referred to as matrix) of
particles of porous inorganic oxide. The macrostructures can be self

25 supporting and are self bound. Usually, the particles will occupy less
than 75% of the total volume of the macrostruét:ures and may occupy
less than 50% of the total volume of the macrostructure. The
expression "total volume", as used herein, meéns the volume displaced
by macrostructure material if all pores within the macrostructure were

30 flled with non-porous material.



«forma three-dinensional interconnected network conprised of pores having
di aneters greater than about 20 A The network can be nesoporous,
macr opor ous,- or both. A macroporous netwosk has pores greater than 500 A
~ For exanple, with respect to macrostructures 1o conprised of :ﬁ% '
“sieve, wheMO%U2Ho| ecul ar sieve has internal mcropores of esg&k{lﬁgﬁ 20 A
in dianeter, the network porosity is external to the particles. The
porosity of the network may not be uniform For exanple, the
macrostructure nmay be conbi nati ons of nesoporous, macroporous, and hol | ow.
Usual ly, the particles are 15 joined together by neans other than by
physi cal binding of_.th particles. In.npst instances, the pparticles are
j oi ned together as {su ’uﬁfe BW%@SS‘VHfE‘é‘g? salbfav?’ﬁ?egenﬁﬁ%‘s‘lﬁﬂéﬁﬂf ess
Because of |t yyfy0 i ARGNIBS1 BG4 806 ! MeiSBHdbrditYe e
density of |ess grllnﬁg&g% égl%ldcgﬁa}gr |%l§%§rreﬁﬁlstances, t he” densi ty’wi Il be
| ess than 0. 4% grthdes #QNFoRedur everage platielevsivencf ldss thens 200, nm, e.g.,
mesoporosity, mcroporosity, _and particle size distributjion of the
macr ost r uctur e1QQ ankndhet partisles; of the magrestrpgturg vyt pe JBH@%P‘&“ er §9ch

procedures are, descrjbed ,.in _HandRogk of Heter.o C . Ertl,
H Knozi nger, 1SRE a\]é_hrﬁgﬂxwlct oA ?m?gnﬁ%%guggﬁgﬁgﬁ%%{%ﬁ) ?gﬂ%?e ® hat
find applicat i P Bﬂﬁn@fé%e%ﬁa%x tHa® RbBHEERO0 i AVe Tl mdtidrkdean be

a z

crystalline nolecular sieves eolites) and nesoporous nmaterials. Exanples
of mesopor ous metepdraiis} mcrépordusper bothul A maaroperiusdee twerlh hegpores

mat eri al s such as anmopy pho siliga, 30 anmorphous al um na, anorphou

al umi nosi | i cat@@a&%tﬁ%%o%@? dg&s B f3iady aﬁlgﬁdﬁé?ﬁc%&e%rﬂﬁwﬁ“ﬁﬁd
MOM 48.  Fqiy SOfE, 308 lof 2ht | el +BE! Bolddalart BRvePRAS ifiteyhadf the
m&*soporougO in%'r;ng%m C r?g?{édr]llggﬁhgeélfgé'tﬁg%gnge 019 from abc‘)’ut 20 A to about
SO0A. k micropores of less than 20 A in diameter, the network porosity is

external to the particles. The porosity of the network may not be
uniform. For example, the macrostructure may be combinations of
mesoporous, macroporous, and hollow. Usually, the particles are
15 joined together by means other than by physical binding of the
particles. In most instances, the particles are joined together as a
result of the synthesis of the macrostructure. Because of its high
porosity, the macrostructure will usually have a density of less than
0.50 gfcc and in some instances, the density will be less than 0.45 glee.
20 Procedures for determining the density, mesoporosity, microporosity,
and particle size distribution of the macrostructure are know to
persons skilled in the art. Examples of such procedures are described
in Handbook of Heterogeneous Catalyst by G. Ertl, H. Knozinger, and
J. Weitkamp (1997).
25
Porous inorganic materials that find application in the process of
the present invention include crystalline molecular sieves (zeolites) and
mesoporous materials. Examples of mesoporous material that find
particular use include amorphous materials such as amorphous silica,

30 amorphous alumina, amorphous aluminosilicates and mesoporous



5 Crystalline nol ecul ar sieves that find application include any of the
natural ly occurring or synthetic nol ecul ar sieves. Exanples of these

ol ecul ar- sieves include | arge pore nol ecul ar sieves, internediate pore

si ze nol ecul ar sieves, and small pore nohgcul ar sieves. -These nol ecul ar
si.eves and their isotypes are described in 10. "Atlas of Zeolite Structure
Types", eds. W K Meier, D. H Od-son and Ch. Baerl ocher, Elsevier, Fourth
Edition, 1996. A large pore nol ecular - sieve generally has a pore size of
at | east about 7 A and includes LTL,  VFI, MAZ, MElI, FAU, EMI, OFF, . *BEA,
BOG and MO L structure type zeolites (IUPAC Comm ssion of Zeolite

No | at : | es,i f | l,ec] ; [ ite,
of frotite. somalpgupr yrvess sudl PRy CUEMRL Tehe'| MOTERS. ' LORUP® SRGE ' ©
ZSM 4, ZSM 18 HF% i n OgizET, . 1m0 and
AM 6. An i nt@@%@?ﬁs'pore ?rze%%ctthﬂgr%? ve‘sl glezgeﬁg#le ﬁ?ﬁ?ﬁf}%ﬁ si ze

from about Sy aiiteZiad borid thealamgenf fom sbomti20A toFdbour30 ATW 20
EUO, MIT, MFS, AEL, AFO | EU,. FEE, and TON structure type zeolites (1UPAC

Conmi ssion of Zeolite Nonmenclature). Exanples of “internediate pore size
nmol ecul ar sieves in¢clude,ZSM5, ZSM 11, ZSM, 12, ZSM 22. ZSN: 2 ZSMa34,
ZSM 35, z3M 38, zSMIst mglecujay)pigyes ‘?%@M"%ﬁ“ﬁ\’ﬁ%‘h@?%ﬂ%,
MCM 68, , siligalit IV.Q: : epR) | gcul ar
sieves has a ﬁg? é‘ag}]%%uf%@iﬁqgﬁ)ﬁ Sgﬁ %ﬁ%ocz%bog‘?ﬁiﬁ% ém&@%ngﬁ!lﬁ?ﬁe{_f? for
exanpl e, CHA, tE&e niblétular kieVes dncludeAasge poie fmmléouler Biavieg] es (1 UPAC

Commi ssion of Zeolite Nomenc]ature). Exanples of. sngll pore no|ecul ar
si eves i ncl udin@irmediatesnore sigapmigoulagmeyes andismall poxpanglec 21,

o B T MENED ST AL o S SR R e ¢ 2
clinoptilQ}it@atiag of Zeolite Structure Types”, eds. W. H. Meier, D. H. Olsonand

Ch. Baerlocher, Elsevier, Fourth Edition, 1996. A large poi-e molecular
sieve geﬁerally has a pore size :;f at least about 7 A and includes LTL,
VFI, MAZ, MEI, FAU, EMT, OFF, *BEA, BOG, and MOR structure
type zeolites (TUPAC Commission of Zeolite Nomenclature). Examples

15  of large pore molecular sieves include mazzite, offretite, zeolite L, VPI-
5, zeolite Y, zeolite X; omega, Beta, ZSM-8, ZSM-4, ZSM-18, ZSM-20,
MCM-9, SAPO-87, and ETS-10, ETAS-10, ETGS-10, and AM-6. An
intermediate pore size molectila_r sieves generally has a pore size from
about 5 A to about 7 A and includes, for example, MFI, MEL, MTW,

( 20 EUO, MTT, MFS, AEL, AFO, HEU, FER, and TON structure type
zeolites (TUPAC Commission of Zeolite Nomenclature). Examples of

intermediate pore size molecular sieves in_cluﬁe ZSM-5, ZSM-11, ZSM-
12, ZSM-22, ZSM-28, ZEM-34, ZSM-85, ZSM.-38, ZSM-48, ZSM-50,
ZSM-57, MCM-22, MCM-36, MCM-49, MCM-56, MCM-68, silicalite 1,

28 and silicalite 2. A small pdre size molecular sieves has a pore size from
about 3 A to about 5.0 A and includes, for example, CHA, ERI, KFI,
LEV, and LTA structure type zeolites (TUPAC Commission of Zeolite
Ndmenclature). Examples of small poxe molecular sieves includt; ZK-4,
2SM-2, SAPO-34, SAPO-85, ZK-14, SAPO-42, ZK-21, ZK-22, ZK-B, ZK-

AMENDED SHEET



« The structure type of the nolecular sieves and/or its conposition 5 wll
depend on its use. Macrostructures conprised of nol ecul ar sieves do not
require the presence of significant anoungs of anorphous binder materials
. to bind together the nol ecul ar sieves crystals. Thus, rracrostructur

" conprised YO OWBI28¢ul ar sieves crystals can contain |ess Wé\el ght
of anorphous binder material based on the weight 10 of the macr ost ruct ur es.
For many applications, these macrostructures wll contain even | esser
anounts of anorphous binder, e.g., 5% by weight and even less, e.g., the

nacr ostruct ur 20, geslitecAs Wﬂwxytsoalahye, drienitafchairazite, eecoliter Ts gmediditerder .
15 The nnlecular Si eves, zeolites, can include silicates,

met al | osi | i cafdd@ %Wmml cates and gal |l osilicates, and ALPO

Jpased nol ecul ar sieves such as al um no- phosphates (ALPO),
sil'i coal um nophosphates (SAPO), netall oal um no-phosphates (MAPO, and

met al | oal um nophos i sirhchalettyptttimldcifaesibves ZRdlor ifs ¢dinpdsition

crystalline netallosilicate, the chem cal formula of anhydrous crystal line
et al | osi |8 camdllodepdrs enpteused Macrostracturss conpprised of oplecuar sievss ¢ he

formula: Mein 0:W03: ZSi 2, wherein, Mis.selected t he

consi sting of dBmt&?qWecﬁle PYESRPas Bﬁéwméﬁﬂt&imﬂ}%i%?g ﬂ?)‘ﬁ%gh?%‘?ﬁ

di val ent, and I?T%M t r ety mge v'phggce of
the cation angi% 'S a nu ? ﬁ?ﬂl eaétﬂgﬁﬁgge?ﬁgbfs least 3, said
val ue bei ng depe@structuitconipriped bf mslesulay sieves cmﬂtalaﬁmcmtxamlemd W
Is a nmetal in the anionic franework str ctgre of th acul si eve such

as al umi num thangd% bynweightnf amprphais bindepmnais BEIERE g
When th I I RRf Afose R REHEEY
Si g\r/]e prGe rgérﬁ%&ﬁ%&%@@%ﬁpg‘éﬂ, 0‘?& %&@h ?ﬁél e rificr

will contain even lesser amounts of amorphous binder, e.g., 5% by

weight and even less, e.g., the macrostructures can be substantially

free of non-molecular sieve binder.

15 The molecular sieves, e.g., zeolites, can include silicates,
metallosilicates such as aluminosilicates and gallosilicates, and ALPO-
based molecular sieves such as alumino-phosphates (ALPO),
silicoaluminophosphates (SAPO), metalloalumino-phosphates
(MeAPO), and metalloaluminophospho-silicate (MeAPSO)

20 '

When the zeolite is an crystalline metallosilicate, the chemical
formula of anhydrous crystalline metallosilicate can be expressed in
terms of moles as represented by the formula: Mazn 0:W203:ZSi0q,
wherein M is selected from the group consisting of protom, e, g,

25 hydrogen, proton precursors, monovalent, divalent, and trivalent
cations and mixtures thereof; n is the valepoe of the cﬁtion andZ is a
number of at least 2, preferably at least 3, said value being dependent
upon the particular type of molecular sieve, and W is a metal in the
anionic framework structure of the molecular sieve such as aluminum,

30 gallium, boron, or iron.



followi ng nolar relationship: 5 X203:(n)YQ®2, wherein X is a trivalent

el enent, such as alumnum gallium titanium iron, and/or boron, Y is a
tetraval ent el enent such as silicon, 10 g%n, and/ or germanium and n has a
val ue greater than 10, usually 20 or gré&ater, nore usually from50 to

2, 000, sawdb poriides bei ng dependent upon the particul ar type pgirusobassisar
sieve and the trivalent elenent present in the nolecular sieve. 15 As
known to persons skilled in the art, the acidity of a nolecular sieve can
be reduced using nmany techni ques such as by dealum nation and steam ng. In
addition, the acidity of a nolecular sieve is dependent upon the form of
the nol ecul ar sieve with the hydrogen form having the highest acidity and

other forms of theWhdreeht amoldcaler 20veUbasasn tintesnddiste f pore Bird, nehd ess
acidity than the acid form Accordingly, the nole ratios of silica to

al uni na and soplesalan gievei prefirablysesmnrises n as pmpositiond chardngonthe

mol ecul ar  si %gz) havi ng the. discl.osed nole ratios, but shall also include
mol ecul ar si WiBg mplarTalatignsPs | osed ol e ratios but having

equi val eng catalytic 25 activity. \Wen the nolecular sieve is a
gallosilicate internedi ate pore size nolecular sieve, the nol ecul ar sieve

preferably conprises a conposition Xz0s:0Yde foll owm ng nol ar
relationship: 30 13 WD 00/ 71254 PCT/ US00/ 13978 Ga203: YSIi Q2 wherein y is

greater than about 20, typically from20 to 200. The nvolecul ar sieve
[rarovoric ey cont gt il % bl AN SRRT (SRR 1ol R

titanium, iron, and/or boron, Y is a tetravalent element such as silicon,

10  tin, and/or germanium; and n has a value greater than 10, usually 20

or greater, more usually from 50 to 2,000, said value being dependent

upon the particular type of molecular sieve and the trivalent element

present in the molecular sieve.

15 As known to persons skilled in the art, the acidity of a molecular
sieve can be reduced using many technigues such as by dealumination
and steaming. In addition, the acidity of a molecular sieve is
dependent upon the form of the molecular sieve with the hydrogen
form having the highest acidity and other forms of the molecular sieve

20 such as the sodium form having less acidity than the acid form.
Accordingly, the mole ratios of silica to alumina and silica to gallia
disclosed herein shall include not only molecular sieves having the
disclosed mole ratios, but shall also include molecular sieves not
having the disclosed mole ratios but having equivalent catalytic

26 activity.

When the molecular sieve is a gallosilicate intermediate pore
size molecular sieve, the molecular sieve preferably comprises a
composition having the following molar relationship:

30



. When the nol ecular sieve is an alumnosilicate nol ecul ar sieve, the silica
to alumna nole ratio wll usually depend upon the structure type of the
nol ecul ar sieve and the particul ar hydroc?g bon process in 1o which the

~ catalyst systemis utilized and is therefore not limted to any particular

*ratio. Cengioadoltyzsghowever, and dependi ng on the structure t(BEEUSH/IZMNS
nol ecul ar sieve, the nolecular sieve will have a silica to alumna nole
ratio of at least 2:1 and in sonme instances from4:1 to about 7:1. For a
nunber of nol ecul ar sieves, especially internediate 15 pore size nolecul ar
sieves, the silica to alum na nole ragi ' e in the range of from
about 10:1 to about 1,000:1 or even Sggg?%s\i/%%e the nol ecul ar sieve
contains no nore than trace anounts of alum na. For exanple, the nol ecul ar
sieve can be silicalite, i.e., a MI type_ substantially free of al,fgigna,

* .

or silicalite wherplREy isygeeatgpdhan phowt 280 typicallys rgmy3thio 0%
catalyst is utiljzed in acid catalyzed reactions such _a r ' e
manuf act ur e ofmﬁiaﬁc?i‘iﬁ e o r@ayt‘f?n?%él odqﬁgrg%ﬁgﬂ ﬁ(n)@las?ﬁ gdnlpgpﬁlg
toluene, the adé%'a?rtm c%%ﬁ%@@%b%at’i&?of&ﬂlﬁxm}ﬂ%ﬁﬁhﬁﬁybﬁﬂ ssliente Wil |
be acidic and w preferably, when 1t Is an internediate pore size

nol ecul ar sieve, have higher silicato 25 alumna nole ratios, e.g., 20:1

to about 200:1. The _macrostructures used.in ;He hydr.ocar bon .conver si on

process of the preRain the anglegplay sevs i ap P’b’méP%‘ RtRmRleenlaT s19vR. i ng

a adm xture c rh.Sl S VA ' s ' '

porous i nor ganﬁq%p%%g;{lgaqq%%tagﬁ %!)érs5&é%§1§%§§€§§%ﬁﬂlgggg‘r@g§?ﬁ%‘%§ WO

00/ 71254 PCT/ L@%@/ B8NS nislesulg dibee and thepartitvlar dniditosyriiomepracess sinur e
under

i's converted hydr ot hermal conditjons to form said poyous |norganic
materi al . Ihe whishotke catgdystesyssemelectalized and ig ﬁhwqf@?o%fdﬂm t9,any

composite mtgzgllt?c!ﬂla:? ratio. Generally, however, and depending on the structure

1

type of the molecular sieve, the molecular sieve will have a silica to
alumina mole ratio of at least 2:1 and in some instances from 4:1 to
about 7:1. For a number of molecular sieves, especially intermediate

15 pore size molecular sieves, the silica to alumina mole ratio will be in
the range of from about 10:1 to about 1,000:1 or even greater where the
molecular sieve contains no more than trace amounts of alumina. For
example, the molecular sieve can be silicalite, ie., a MFI type

~ substantially free of alumina, or silicalite 2, a MEL type substantially
20 free of alumina. When the catalyst is utilized in acid catalyzed
reactions such as cracking, the manufacture of paraxylene and benzene

by the disproportionation of toluene, the alkylation of benzene or the

like, the molecular sieve will be acidic and will preferably, when it is

an intermediate pore size molecular sieve, have higher silica to

25 alumina mole ratios, e.g., 20:1 to about 200:1.

The macrostructures used in the hydrocarbon conversion process
of the present invention are preferably prepared by first forming a
admixture comprising a synthesis mixture capable of forming said

30 porous inorganic material and a porous organic ion exchanger. After



More preferably, the macrostructures of porous organic material wused in
the process of the present invention are prepared by the follow ng steps:
10 (a) form ng a adm xture conprising a pbrous organic ion exchanger and a

synt hesi s_ xture capable of form ng said porous inorganic ' nd
whi ch occﬁgil@g%a" | east a portion of the pore space of the H@f’@#gﬁé?‘@ani C
i on exchanger; 15 (b) converting said synthesis m xture. under

hydrot hermal conditions to form said porous inorganic nmaterial; and, (c)
removi ng sai d, porous _organi.c i on exchanger. 20 The porous organic ion
exchanger cardopRiRgdecadmixture, the saldsEathesinmixtues iogenvertedoander t he
art. Exanple e i.gues. include.oxidation processes sugh,as

ol o natton JRaroLrmel EORRIRE wd R S8ig potfls MRafé-fo atenish, ofhe
chem cal 25 djoreAkUbl@AnicUiiPlekrhahdd 1€MNRNAl rofnoveE BYRUSh®' dahdsitdn
exchanger vm'cﬂll result in rnCrostruécttEfures w th the size an?shape %?b%)he
pores of thematgtialied organic ion exchanger. It is also contenplated that

macrostructures of porous organic 30 material can be prepared by extruding
t he solid®porous inorganic oxide material in the presence of a porous

organi c ion exchanﬂﬁ[ t 4 / 013978. aggreqgat e and
then renoving the porrSL@egegamgq%%%oggé%%égeSo)ggéﬁlk&‘g%(%5%?1?13 E%'gggs,
e.g., calcinaidedninOth®Ypithess oF thd presdtt dveriién COFP GHicpa?Bd Oby !t tife |
synthesis mxture will vary according to 5 the porous inoiganic materi al
to be producddllowengestepssl e, in nmaking silicalite 1 or silicalite 2, the
aqueous synthesis mxture will contain a '

10 (a) forming a admixture comprising a porous organic ion
exchanger and a synthesis mixture capable of forming
said porous inorganic material and which occupies at least

a portion of the pore space of the porous organic ion

exchanger;
15
(b) converting said synthesis mixture under hydrothermal
conditions to form said porous ihorganic material; and,
(c) removing said porous organic ion exchanger.
20

The porous organic ion exchanger can be removed using
techniques know to persons skilled in the art. Examples of such
techniques include oxidation processes such as calcination and
chemical removal such as by chemical destruction or chemical .

25 dissolution. Usually, the removal of the porous organic ion exéhanger
will result in macrostructures with the size and shape of the pores of

the employed organic ion exchanger.

It is also contemplated that macrostructures of porous organic
30 material can be prepared by extruding the solid porous inorganic oxide

material in the presence of a porous organic ion exchanger to form an
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source of silicon, and will usually contain a structure directing agent.
When preparing an alum nosilicate nol ecul ar sieve, the aqueous synthesis
m xture will contain sources of silica angsalunmna and will 10 usually
contain a structure directing agent. When the porous inorganic material to
be produce¥Q ®732S4A PO based nol ecul ar si eve, the aqueous sPRT/NEWI8

m xture will contain sources of alum num and phosphorus, optionally
silicon and will usually contain a structure directing agent. 15 For the
manuf acture of a MFlI structure type nol ecul ar sieve, especially ZSM5 or
silicalite, e.aggregatd aadi thenlremhbeingythehpercusrorgamie ios exelungéadgoanl y of
a nol ar conposition, calculated in terps of _oxides, fthin the follow ng
ranges: 20 Mp@Xiafion Rrecessy e, qﬂrllcm 85by chegmisal dissobuion.  Si 02: AL2CE
d2 to infinity :1 (TPA)20:SI2 0 to 0.2:1 preferably 0 to 0.075 :1

H20: Si2 7 to 1000 :1 preferably 9 to 300 :1 25 wherein TPA represents

t et rapropyl anmoni unThe&oM positieh oftltheldyntBésik mpitake vl VasPdctdbdehg to
potassium also Li, Cs an ammoni a. Other tenpl ate agents may be used in
these rati 6s. the ppoms/inepgemipaTatestd/todsy pratheced: gBon example, iwutednger s
suitable for pr. ring the,. crost.ructures are,organi.c. poro material s
with a surfacEiBRaitenY ofRilipdhitecde B AEUEOMS SYRIHGsl: MixPER.WR OREABNE.
Preferably, t EC A Y haQaAar ; eg{@{%
sonetines 5 r?gf%ggggﬁ%ésﬁraoﬁrﬁ g?}ghange 353215%90%%‘%??(@22% | P%éﬁt'
exchangers ar éVhenmpereparingy s aluaiinesiticatanmudecudari sigve) eher edpfeons
resins that are

synthesis mixture will contain sources of silica and alumina and will
10  usually contain a structure directing agent. When the porous inorganic
material to be produced is an ALPO-based molecular sieve, the
agqueous synthesis mixture will contain sources of aluminum and

prhosphorus, optionally silicon and will usually contain a structure

directing agent.
15
For the manufacture of a MFI structure type molecular sieve,
especially ZSM-5 or silicalite, e.g., silicalite 1, the synthesis mixture is
advantageously of a molar composition, calculated in terms of oxides,
within the following ranges:
20
Mz0:Si0: 0 to0 0.7 to :1 preferably 0.016 to 0.350:1
Si102:A1z203 12 to infinity :1
(TPA)20:5102 0 to 0.2:1 preferably 0 to 0.075 :1
H:0:8i0; 7 to 1000 :1 preferably 9 to 300 :1
25

wherein TPA represents tetrapropylammonium and M is an
alkali metal, preferably sodium or potassium, also Li, Cs and

ammonia. Other template agents may be used in these ratios.



commercially avail abl e. Exanples of such resins include resins sold by
Rohm and Haas Conpany under the registered trademark Anberlyst and resins
sold by the Dow Cheni cal Conpany under tH& registered 1o tradenmark Dowex.

These exc over a broad spectrumof different catiog,cg%g
exchangers vmg@kl%\?éryi ng i on exchange capacity, porosity, por sﬂ?@bgriid
particle size. lon exchangers with an apparent ani on exchange capacity,
typically greater than about 1 neg/gmof dry ani on exchanger, are of

special interest tg the present 15 invention. Macroretjcular organic ionic
exchangers are par thhey| e¥gapic pienis, exghapgerse spiablec dopr prapapngs cthe

I nvention. By " Leul ac” th i ' sed.in the resin
art i s qomaaprerakuy e, orBint Folls e B SR o Fikfac HpBres
substanti al | yapiit fbrd éithan@RIBaPicityp oyt aniddst 8r 2RRins?: OPPeferably, the
Macroreticular resins are also referred to 20 as nmacroporous resins. A
preferred grooygariici domiex ehchnayegerssare apbdlymfer-bassed !whi_t:hearpremstimést he

present invention e ani,on exchange r.esins corrprbgm g Mwatef-insoluble
pol yneri ¢ & esreferrpd £9,as den 8% §hEesing Lolymek aﬁ‘g“f? MY PACERNFGEI HAT® N

- exchange site F ' t gi i Ci f c Lve ion
exchange grou‘g%mg;geeﬁc;n%;ﬂavgﬁgrsg JE.’)} éa%%%clgg&ﬁ?lgfﬁ%%#a%#&ﬁoorﬁ rgfg%a%%é* es in

the range frogmbearcidllp availabhut Examlesd of shech #6dink SéladelreBisbold 1oy €at er

than 1 nmeg/gram and in sone cases, preferably fromabout 4 to about 5.5

meq/ gr am of dRphmesind IBms1Compaoy nnden theTegsterab oragiomanin Ammbarlyge
D e Byl Hot (R0 G Ben 0P He eSS
base 2 ARSI ek by ex BABYORS ey A e
coval ent | y bodiffateptatationr ynd anion exchangers with varying ion exchange
capacity, porosity, pore size and particle size. Ion exchangers with an
apparent anion exchange capacity, typically greater than about 1
meg/gm of dry anion exchanger, are of special interest to the present
15 invention. Macroreticular organic ionic exchangers are particularly
preferred in the practice of the present invention. By "macroreticular"
as the term is commonly used in the resin art, it is generally meant
that the pores, voids, or reticules are substantially within the range of
about 200 to about 2,000 A. Macroreticular resins are also referred to

20 as macroporous resins.

A preferred group of ion exchangers suitable for use in the
process of the present invention are anion exchange resine comprising
water-insoluble polymeric resins having attached thereto a plurality of

25 active anion exchange sites. The resin generally contains sufficient of
such active ion exchange groups to impart thereto a concentration of
ion exchange sites in the range from about 0.5 to about 12 meg/gram
dry resin, typically greater than 1 meg/gram, and in some cases,
preferably from about 4 to about 5.5 meq/gram of dry resin.

30



- anmmoni um phosphoni um or arsoni um functional groups or tertiary sulfonium
functional groups. These functional groups are known as active sites and
are distributed over the surface of the resin particle. Strong base

ani on- exchange resins have the capacity to undergo ion 10 exchange

i ndependenwogﬂor"tlﬁ%" pH of the nediumby virtue of their int r?ﬁypg"q’l}m"c
character. Macroreticul ar strong base ani on-exchange resins in the

hydroxi de formare particularly preferred in the practice of the present

i nvention. 15 The resin matrix of weak base ani on-exchange resins contains
chenical |y bonded tévaroar-exchangs xesinpareocharatterizadaseitheowirotighkase or
functional grou L ncl ude pri rlg, secondary, ,.or tertiary am ne roups.
These may be 3194hRAPE ARIpRRXCRRdEe Erps gpPrding o he BChINE den-cxAiiABES
groups. They a & N | ayl e, . gﬂm%f_a ] raup The
am nes, for eggﬁr%gl Ig,?otrr% f}Ir?c 'udg’tg{)%%gﬁgéa%l 6%‘2‘5‘3 g#pyrl ylr?e%ﬁéﬁgcr?lglglmrﬁe?fand
di cyanodi ani dipedymuess havity mesbilé tiagsaianddons, gachashydracidei x4 ¢he
functional groups include nitrile, cyanate, isocyanate, thjocyanate,

J sot hi ocyahat g‘,ljfeanﬂlsﬁ@b%*féniféé grample mith dFW@IQPQEpi’OT!%d afeateppary
enpl oyed. 25 | . stronal [.C.. i ont ai.n

quat ernary am?%nhlln %qg%gﬁfs‘,&%%nénﬁjegﬁ ?%gﬂ%;‘“?gﬁ%gc%ar i%‘&u}:}] §r q?fﬁl?&l for
use in the preadfehiniyGihétonalCRralis| AHeke FvalctioBhE grévips GreNRAGRHSad €
generally in the formof spherical particles with a 3o relatively narrow
particle sizeagtiversibes apd. axyr distributed over thegardacepofithe resisi particle. shape
ot her than sphgrical,, for exanpl.e, fibers (Hagefgiakés can bhe

h
produced accoriFE {Hpse AMPT HhHngeeLesing %Sakﬁggﬁ\él\ett\éﬁépdﬂmo%f
grgani C i 96 e¥%bRAAPE SndRPeRBAERISIREGIPL tH thedimh By vanad oFURRIFat es.

intrinsic ionic character. Macroreticular strong base anion-exchange

resins in the hydroxide form are particularly preferred in the practice

of the present invention.

15 The resin matrix of weak base anion-exchange resins contains
chemically bonded thereto a basic, nonionic functional group. The
functional groups include primary, secondary, or tertiary amine
groups. These may be aliphatic, aromatic, heterocyclic or cycloalkane
amine groups. They may also be diamine, triamine, or alkanolamine

20 groups. The amines, for example, may include alpha, alpha’-dipyridyl,
guanidine, and dicyanodiamidine groups. Other nitrogen-containing
basic, non-ionic functional groups include nitrile, cyanate, isocyanate,
thiocyanate, isothiocyanate, and isocyanide groups. Pyridine groups
may also be employed.

25 |

Ion exchangers of the strongly basic type which contain
quaternary ammonium groups, have been found to be particularly
suited for use in the present invention. Commercially available ion
exchangers are generally in the form of spherical particles with a

30 relatively narrow particle size distribution. Organic ion exchangers



The term "seeds" refers to particles, e.g., crystallites, of porous,

I norganic material, e.g., nolecular sieves, that are capable of initiating
crystallization of the desired porous inorganic material. The seeds, which
can be present in the synthésis m xture before its synthesis, e.g., 10
seeds can be added to the synthesis nmixtde, or can be formed in situ
usually in the early stage of synthesis of the porous inorganic material
and are characterized by the fact that by treatnent of the synthesis.

m xture with appropriate concentration and under suitable conditions, the
seeds can be made to grow and form i ndividual particles, e.g., 15 crystals,
whi ch may join together during the synthesis to forma macrostructure in
the pore systwithofa tsize iamd ekeparmjder thamspberisal, farcaxampde 8 das
silicate seeds,, netal silicate_seeda‘sgfh as ., al um,nosi

bor gsi i cat e, ﬂggpa.obgwem F",anabm PIp preording ,°W%|Ji§§€‘9é‘8§-, It gy ALPO
"y . | ¢ . AP : t
1ot os. | Telo ERPURUIE e o SRR e LRBRERPTC e B ARRESLAR‘baT™! °

i norgani ¢ mat grgrdler+Folms of sUbLiEhde)! nOl ecul ar, sieves with a size bel ow

o - >
500 nm e.g., nm and ose crystal structure can be identified by
X-ray diffgaction. hficrocrystals of ~ nol ecul ar sieves suitable for use in

t he process of the present inv r'lltion 26 are disclosed ingl) S Patent

t5,hB88, 51?. Al t h;)yg : fen_m-t" ﬁ?‘fﬂ‘ug"ﬂgﬁtﬁhﬁf{rﬂﬂpﬁ%ﬁ f&nsxmﬂlﬁﬁanyﬁmf% any
eory of operation, it is.Rkelieve n s Ofe 4.

preparing t he RefEaRE Seﬁgitﬂaletcﬁzupgﬁggﬁg’ the 32%3 %‘éﬁ)@?}:@%?ﬁ@%&er g

AVENDED SHEET of.0ot il Sichd £1“4 12 e4i308/ dsted8 imbrihisic bixtesial/ aTheobeddy;

porous organi c 1on exchanger can facilitate nucleation of the synthesis

nixture by cawshich danchd presenitdn thie symshesisuhixture beforetite aymthesys, #-8w i nt o
a porous inorganic matrix. lg lipne with fhis theory, it:is beliheved,that
the surfad@ cieapge can hmedéeadie e synt&:xes:s mixture, of ‘can be Tormed in"sitn
usually in the early stage of synthesis of the porous inorganic material
and are characterized by the fact that by treatment o'fl the synthesis.
mixture with appropriate concentration and under guitable conditions,
the seeds can be made to grow and form individual particles, e.g.,

15 crystals, which may join together during the synthesis fo form a
macrosﬁfucture in the pore system of the ion exchanger. Examples of
such seeds includes silicate seeds, metal silicate seeds such ae
aluminosilicate, borosilicate, gallosilicate, _ahd iron silicate seeds,
SAPO seeds, and. ALPO seeds. Preferred seeds include_lolgnmeric

20 anions of silicates and metal silicates. The term “seeds” also includas

| microcrystals of porous inorganic material, e.g., crystals of moleculax
sieves with a size below 500 nm, e.g, 200 nm, and whose crystal
structure can be identified by X-ray diffraction. Mlcrocrystals of
molecular sieves suitable for use in the process of the present invention
26  are disclosed in U.S. Patent 5,868,516.

Although not intending to limit the invention in any way to any

theory of operation, it is believed thst one of the advantages of
preparing the macrostructures using the porous organic ion exchanger

AMENDED SHEET



-5 organic ion exchanger can attract seeds or seed formng material onto

the surface of the porous the ion exchanger. For exanple, anion exchange
resins, which have a positive charge, capgattract negatively charged seeds
~such as silicate seeds, netal silicate seeds and alum nosilicate seeds. 10
"During t hewiamewmpson of the porous macrostructures using t hePCT/UBHNAS97S
organi c i on exchanger, the seeds fornmed on or bonded to the surface in the
organi ¢ ion exchanger are made to grow by hydrothermal treatnent in an
appropriate synthesis solution. Through this growmh a 15 conti nuous

three-di nensi pngha ehehleftle PO poPRILbi@nit Soh WxEREnger chiefddhitate
structure of the enployed ion exchange structure. After this stage, the

product is a nuceasicreofithe synthestsprixsuregby wausing theifurgnation of seeds

t hr ee- di nensi onal, networks, one conpri.sing the paol ner.structurg[obpﬁthe

i on exchanger Whachy caReSuhsegMgntly Rave intp & ROTPRT ARCOFEANIE JARHAX ol gy s
material. Int [ ; It ' '

separ ate st aghTohiple Ty JEUE HEHADE, (Rl A e UL ol bk posbus

- tondi ti ons i NoFgAi0tibAYxehankek N attiewe \seeds bi sesd Fbranin asaterialasiito of t en
advant ageous not to separate these stages, but instead to directly .

i ntroduce t hethe surfaceanfdhenorgusaithe niog gxehangarsi ok ea nigg

Q|
expose this to drot her.mal _conditions, dyring whic e r . in or
on- exchanged TS Boufen RES bayf i pabitis"thillber doB it fee fiP80 o
grow the nat eghatgedseedsCRULhNWQUSiBédtdClsdbds, thetall flaRaeoksed®! aad ar
sieve or crystalline mesoporous 30 . inorganic material are generally
produced by hgbmoinmesilicdtetseedsnent 20 WO 00/ 71254 PCT/ US00/ 13978 of a

synt hesis_m xture. Hydrothermal treatnment refers to treatnent in aqueous
sol ution aqueous suspension at a tenperature exceeding 50C, preferably

exceedi ng 80C and, Dhf¥ifP theCtahtidi ©f Yk Fordas mhalrostructures using the
porous organic ion exchanger, the seeds formed on or bonded to the
surface in the organic ion exchanger are made to grow by hydrothermal
treatment in an appropriate synthesis solution. Througﬁ this growth a

15 continuous three-dimensional network of porous material is formed in
the pore structure of the employed ion exchange structure. After this
stage, the product is a composite material comprising two continuous
three-dimensional networks, one comprising the polymer structure of

the ion exchanger, and the second comprising the formed inorganic

20 porous material. Introduction of seeds can be carried out physically in
a separate stage, with a subsequent growth stage under hydrothermal
conditions in a synthesie solution. However, it is also possible and
often advantageous not to separate these stages, but instead to directly
introduce the ion exchanger material into a synthesis solution and

25  expose this to hydrothermal conditions, during which seeds are formed
in or ion-exchanged from the synthesis solution to the ion exchanger, to

then grow the material into a continuous structure.

The microporous molecular sieve or crystalline mesoporous

30 inorganic material are generally produced by hydrothermal treatment




sone instances, it is preferable to carry out the hydrothermal 5 treatnent
first at a | ower tenperature and then at a higher tenperature. In the
synt hesi s of some nol ecul ar sieves, e.g., silicalite 1, the crystallinity
can be increased when the hydrothernmal teR@atment is carried out in two

steps. In lnitial step, the tenperature is |ower, e.g., - t han
t he secona‘;(gﬁﬂéb%‘ie. g., 150-165C. 10 The conposition of the rﬁ%@gﬁa t he
synt hesis paraneters, |ike tenperature, tine and pressure, can effect the
product obtained was well as and the size and shape of the forned
crystals. The material deposited in the pore systemaof the organic ion
exchanger ca®f asxnihestepuntnrgy Brdrathermad traatmantorefensdtostrenbment ini xt ur e

2 given ol gupaRscRIbon’BE adiiohRlsinkaln i0h JPperabid Rheafie °°

m xtures, whisgag, b&‘efe‘i‘ﬁbﬁbéfélééﬂliﬂé 8000 aeﬁ&ghﬁrialsét SREE! ditbedrfr 854C] Mn )

col | oi dal suspensions of the nolecular sieve. In sone I nstances, the ion

20 exchanger spaiecrirtanees,i of | isernefdradlé esoll éarahy ohe shot hodrsthedhiAr
renoval of the ion exchanger, the resulting inorganic nmacrostructure is
usual |y véry treatment ofirstycat aar dgwex atemperaturengndsithps @t tahehigheani c

I on exchanger_present _ingt synthesi s adm xtur.e. 25 The secondaf ore
Struct ure of CEREERALHSs PR RIPERS RARHS SOIERMER S61a% -y SRR o
the organi ¢ 1ORhEeTRaRABhITRESE bRl incPditsed RWREAHe U dHOFhYMEBY BroathithtPe

further treated after renoval such as by deposition of the porous
i nor gani ¢ nmatierdazriednotthdnrtwoostepact Inethe bmitidlnstepndhe texhperdtare siseve

can be deposited into l ecul ar sieve 30 macrostr re..e.g., the
secondary por@Wet &8y @i’e‘%%éﬁ%rtéecﬁeW%gﬁ% o8> ggb'l}if'%gg PCT/ US00/ 13918
filled aqg, in the extrene case, |eave behind a honbgeneous porous
material 7~ Also, mcroporous inorganic material, e.g., nolecul ar sieve,

The composition of the mixture and the synthesis parameters,
like temperature, time and pressure, can effect the product obtained
was well as and the size and shape of the formed crystals. The
material deposited in the pore system of the organic ion exchanger can

15 vary depending on the composition of the synthesis mixture and the
synthesis conditions. During crystallization of macrostructures of a
given molecular sieve, it is sometimes desirable to use synthesis
mixtures, which, in the absence of ion exchangei' material, result in
colloidal suspensions of the molecular sieve. In some instances, the ion

20 exchanger material can influence the result of the synthesis.

After removal of the ion exchanger, the resulting inorganic
macrostructure is usually very similar or even a replica in size and
shape of the organic ion exchanger present in the synthesis admixture.

25 The secondary pore structure of the macrostructure will usually
remain following removal of the organic ion exchanger material. The
macrostructure however, can be further treated after removal such as
by deposition of the porous inorganic material on the macrostructure.
For instance, molecular sieve can be deposited into a molecular sieve

30 macrostructure, e.g., the secondary pore structure can be more or less



-.can be deposited as a coating which covers at |east a portion of the
external surface of the particles, e.g., nolecular sieve particles, 5
contained within the macrostructure. The goating can have a conposition,
structure type, or both that is the sane or different from the m croporous
*i norgani c watgermag4 of the mcrostructure. Also, the coati ngpCEUS00/13978
substantially coat the external surfaces of the mnacrostructure. The
conposition and/or structure type of the coating 10 can be selected so that
it is effective in reducing undesirable reactions on the surface of the
TACT OSt T UCTUT 16 EOnAX DI ekteRllAREsS ClatE! MehinHPAUdiBGeneiE pAus

di sproportionation of tol uene, a macrostructure conprising ype

nol ecul ar si extateeiad. , Aol bicrepusiotisbimoeganizdmakétial, ©.4., eadletelal sieve,
silicalite 2 to reduce surface acid sites on the ZSM 5. One is method of
breparing t hesan deadenorited ot puenating veaiehr favess adoleast @ ngrtapmmfeﬁm ar

si eve synt hesi structures

t f th
porous morgaﬁ?sni,eso elfﬁgqacﬁaﬂpb res%[lé e%)oepggv}ﬁlgg HorBeVe P ﬁ{:t? ﬁ form
br to replacec@itdifgd! wibhA the! HRalfd¥ii@hrs®t aTh‘epE:@ﬁﬁﬂ t#n have a

macrostructure with a different cation, e.g., a Goup IBto VIII Periodic
Tabl e nmetal . Gumipoagiai,sstaueturadype; or ﬂnethcthat s&ithe sdmenor diffearent fnom

i nclude, for anpl e, one or nore, netals, metaJ f Groups [ 1A, |VA
VA, VIA VI LA%WHCIOP@O‘%Sl Hmorgppis DWSna&n é—ll% hehl e of

P P, v RECUGRE ot S?‘”E%ﬁﬁ*"%%ﬁe‘%%%'p“ VA%%FQP%"*‘%# e

pbj Gr oup VBmmmrebtrugctne. T’n‘h mﬂp&smnaaﬂdxammctm Bypemalthe (Goaeing M,
Tc, and Re Nobl.e netal s (| . e. , L@m %iﬁ are sorretl nmes
pr ef er r ed10 Reean dieceelegted o ﬂ%%talt Jareﬁ%%twesme,eedgcmat ¥

(e zar o valTH®) Suttlcd OF th HRFGRbedelte, ?@5%@%‘?@2‘*@%@%&% 9§8n
reactions, such as disproportionation of toluene, a macrostructure
comprising MFI type molecular sieve, e.g., ZSM-5, could be coated with
silicalite 1 or silicalite 2 to reduce surface acid sites on the ZSM-5. One

15 method of preparing these coated macrostructures comprises
converting a molecular sieve synthesis solution in the presence of the

macrostructures.

The porous inorganic material can be treated to provide a more

20 acidic form or to replace at least in part the original metals present in
macrostructure with a different cation, e.g., a Group IB to VIII Periodic
Table metal. Such metals are known to persons skilled in the art and
include, for example, one or more metals, and metals of Groups IIIA,
IVA, VA, VIA, VIIA, VIII, 1B, IIB, IIIB, IVB, and VB of the Periodic

256 Table of the Elements. Examples of suitable metals include Group
VIII metals (i.e., Pt. Pd, Ir, Rh, Os, Ru, Ni, Co, and Fe), Group IVA
metals (i.e., Sn and Pb), Group VB metals (i.e., Sb and Bi), and Group
VIIB metals (i.e., Mn, Tc, and Re). Noble metals (i.e., Pt, Pd, Ir, Rh,

Os, an'd Ru) are sometimes preferred. Reference to the metal or metals

30 is intended to encompass such metal or metals in the elemental state



oxi de, sulfide, halide, carboxylate, and the |ike. The hydrocarbon
conversion processes are used for processing 5 hydrocarbon feedstocks.
Hydrocar bon feedstocks contain carbon coggpounds and can be from nmany

di fferent sources, such as virgin petroleumfractions, recycle petrol eum
fracti onswoawriasnd oil, and, in general, can be any car boRCTAHQILIAITEg
fluid susceptible to zeolitic catalytic reactions. Depending on the type
of processing the 1o hydrocarbon feed is to undergo, the feed can contain
metal or can be free of netals. Also, the feed can al so have high or | ow

nitrogen or (Syl ko WARKL) oG8 sole ot RéW eitalPiicAlly Avelve Farmosudieadsa aan
take place in any 15 convenient node, for exanple, in fluidized bed,

movi ng bed, eoxide, sdfidecbalidectarboxylapemiidthelikehe t ypes of process
desired. The macrostructures by itself or in conbination with one or nore
catalytically active substances can be used for a wde variety of 20

hydr ocar bon conver %gmﬂrggm%smg%rﬁ?a@rp%gessggwﬁ%gétfg?%wcggsincgtan be

bound i nto aggrega onpressed 1nto FFarge aggrega cturesto

formlarger Hydvedarburer fealistobkso, Hirirabarbed rieelstoeks eontdin Usabon)
conbi nation with other catalysts such as bound zeolite catalysts, e.g.,

silica or al erimpoundmandecanthe deoml many differant espwgicesssughirat Mpgin
o csent i nve ML BHCRHL FRRHORS TEETELR (BALFFIAGEL FEAHRG, o eoPe PUnAR 1B The
Feacton' condereoi, *Fafl BARK Tabhh bugbliad fud S0sceplitiests sl 16
500C t o aboutcataBfic preassionss ofDepdiatingsphnerthe otype of processing the
10  hydrocarbon feed is to undergo, the feed can contain metal or can be
free of metals. Also, the feed can also have high or low nitrogen or

sulfur impurities.

The conversion of hydrocarbon feeds can take place in any
15 convenient mode, for example, in fluidized bed, moving bed, or fixed

bed reactors depending on the types of process desired.

The macrosfructures by itself or in combination with one or more
catalytically active substances can be used for a wide variety of

20 hydrocarbon conversion processes. For example, the macrostructures
can be bound into aggregates or compressed into large aggregate

- structures to form larger formed material. Also, the macrostructures
can be used in combination with other catalysts such as bound zeolite
catalysts, e.g., silica or alumina bound zeolite catalysts. Examples of

26 hydrocarbon compound conversion processes that find application in
the process of the present invention include, as non-limiting examples,

the fdllowing:

(A) The catalytic cracking of a naphtha feed to produce light
30 olefins. Typical reaction conditions include from about



-at nospheric, generally ranging up to about 10 atnospheres (gauge) and
resi dence tine (volunme of the catalyst , feed rate) from about 10
mlliseconds to about 10 seconds. (B) Tl catal ytic cracking of high

~nol ecul ar ywei ght hydrocarbons to | ower wei ght hydrocarbons. Typical

“reaction cOWAP¥TB for catalytic cracking include tenperat ﬁFEBJSBWW%m
about 400C to about 700C, pressures of from about 0.1 atnosphere (bar) to
about 30 atnospheres, and weight hourly space velocities of from about
0.1 to about 100 hr-i. 15 (C The transal kyl ati on of aromati c hydrocarbons
in the presence of pol YAMREG to alanitc 7HQUC0paedsures dfy pubatmosphetit oor
conditions include a tenperatuyre of fromgbout 200C to about 500C, a

pressure of from about 2tPIRSBBREL: c §eDeEdLYit ANEBE¥BhefRs, 2Bowe| g
f ly 20 | oci | -hr.- '
oy 20" space Ve o ol ABETBALCH L83 RO iy ShPTE

hydr ocar bon/ pol yal kyl ar ona ar mole ra roma . 5/1

to about 16/1. 25 30 (Dlkatdigst Sdeedirasé) fiondfabeud M kaillisecdndsXsd SH6ut
feedstock conponents. Typical reaction conditions for such include a

.tenperatur® of from abodi0 ®8omwds.0 about 510C, a pressure of from about 0.5
at nospheres to about 50 atnospheres, a weight hourly space velocity of
fromabout 0.1 to about 200 hr-1 and a hydrogen/ hydrocarbon nole ratio of

fromabout O to abgBj 10fhe 24aM@ytfe/ 7drdetting of high molecular weight
hydrocarbons to lower weight hydrocarbons. Typical
’ reaction conditions for catalytic cracking include
10 temperatures of from about 400°C to about 700°C,
pressures of from about 0.1 atmosphere (bar) to about 30
atmospheres, and weight hourly space velocities of from
about 0.1 to about 100 hr-1.

15 (C) The transalkylation of aromatic hydrocarbons in the
presence of polyalkylaromatic hydrocarbons. Typical
reaction conditions include a temperature of from about
200°C to about 500°C, a pressure of from about
atmospheric to about 200 atmospheres, a weight hourly

20 space velocity of from about 1 to about 100 hr-1 and an
aromatic hydrocarbon/polyalkylaromatic hydrocarbon
mole ratio of from about 0.5/1 to about 16/1.

(D) The isomerization of aromatic (e.g., xylene) feedstock
25 components. Typical reaction conditions for such include
a temperature of from about 230°C to about 510°C, a
pressure of from about 0.5 atmospheres to about 50
atmospheres, a weight hourly space velocity of from about
0.1 to about 200 hr-1 and a hydrogen/hydrocarbon mole
30 ratio of from about 0 to about 100.



5 10 15 20 25 PCT/ US00/ 13978 (E) The dewaxi ng of hydrocarbons by

sel ectively renoving straight chain paraffins. The reaction conditions are
dependent in large neasure on the feed uggd and upon the desired pour

poi nt. Typical reaction conditions include a tenperature between about
200C and wiaped/712549ressure up to 3,000 psig and a |iquid hordysopasys
velocity from 0.1 to 20. The al kylation of aromatic hydrocarbons, e.g.,
benzene and al kyl benzenes, in the presence of an al kylating agent, e.g.,
ol efins, fornal dehyde, al kyl halides and al cohols having 1 to about 20
carbon atons. Typical reaction conditions include a tenperature of from
about 100C to about 500C, a pressure of from about atnospheric to about

200 at nospheres, &B)ei dhhe hdewhyingpaf chydiocoaibonofby foelevtivedytrebhsvihgt o
about 100hr-1 and an aromati.c hydrocarbon/al kyl ati ng agent nple ratio of
fromabout 1/1 to abouitrzight chzjn parafhing at wachiodngopditignry &Y bons,

e.g., benzene, wthlo chain.oliefins, e.q., 4 plefin.g Typical reaction
cond! tione. I ncl ude a 1 CURAAIERLIS JEred Birayls protte fs8 e A8 ygln 47
pressure gf from about @JRSIPPSLT poiRt. APéal’RhcticiPeBERDs MAGAE R
hourly space velocity of fromabout 2 hr-1 to about 2000 hr-1 and an
aromati ¢ hydr ocar bon/ diesiperatore between afthoint 200D and1430%0, alpressure

up to 3,000 psig and a liquid hourly space velocity from

0.1 to 20.

10 (F) The alkylation of aromatic hydrocarbons, e.g., benzene
and alkylbenzenes, in the presence of an alkylating agent,
e.g., olefins, formaldehyde, alkyl balides and alcohols
having 1 to about 20 carbon atoms. Typical reaction
conditions include a temperature of from about 100°C to

15 about 500°C, a pressure of from about atmospheric to
about 200 atmospheres, a weight hourly space velocity of
from about lhr! to about 100hr! and an aromatic
hydrocarbon/alkylating agent mole ratio of from about 1/1
to about 20/1. |

20

(G) The alkylation of aromatic hydrocarbons, e.g., benzene,
with long chain olefins, e.g., C14 olefin. Typical reaction
conditions include a temperature of from about 50°C to
about 200°C, a pressure of from about atmospheric to

25 | about 200 atmospheres, a weight hourly space velocity of

from about 2 hr-1 to about 2000 hr-l and an aromatic
hydrocarbon/olefin mole ratio of from about 1/1 to about
20/1. The resulting products from the reaction are long
chain alkyl aromatics which when subsequently



.20/ 1. The resulting products fromthe reaction are Iong chain alkyl
aromati cs whi ch when subsequently 25 WD 00/ 71254 PCT/ US00/ 13978 sul f onat ed

have particul ar application as synthetic etergents; (H) The al kyl ati on of
aromati ¢ hydrocarbons with |ight ol efins to provide short chai n al kyl

‘aronatic covpouTiss e.g., the alkylation of benzene with prgpy #99
provi de cunene. Typical reaction conditions include a terrperature 0 ?rom
about 10C to about 200C, a pressure of fromabout 1 to about 30

at nospheres, and an aronatic hydr ocarbon 10 wei ght hourly space velocity

(WHSV) of froml hr-1 tog The . hydr ocr acki n f heavy
pet r ol eum f eedst ocks, cyc]'}l c qﬁw Rﬁ%gflﬁé} %&%‘k %%aﬁ@j hetde ks.
The catalytic nacrostr ul‘éﬂei'@mg{ | contain an ef f ective anount of at | east

pne hydrogenati on conponent of the type enployed in bydrocracking
catal ysts. (J) The alkylation of a reformate containing substantial 20

gquantities of benz a 0 Wi fuel s cont ai ni ng short chain
olefins (e.g., et hmner@n at'}rﬁﬁﬁpar@h PB‘atb? Md&caﬁbmawa thilightolefing es.
~Preferred geaction con% res..from about 100C.to
about 250C, a pressure of rom a out %ﬁt ggéy‘f!gét}'ﬁ lep&:rnés

-olefin fromabout 0.4 ralkildtiornopben@eBe Rith PropdleiteSto ﬂrﬁmengﬁxﬁ . from
about 1 hr-1 to about 2 hr-1 and, optionally, a gas recycle froma out 1.5
to 2.5 vol/vol fuel gasiyriesl reaction conditions include a temperature of from

about 10°C to about 200°C, a pressure of from about 1 to

about 30 atmospheres, and an aromatic hydrocarbon
10 weight hourly space velocity (WHSV) of from 1 hr-l to
about 50 hr-1;

{O The hydrocracking of heavy petroleum feedstocks, cyclic
stocks, and other hydrocrack charge stocks. The catalytic
15 macrostructure will contain an effective amount of at least

one hydrogenation component of the type employed in
hydrocracking catalysts.

(J) The alkylation of a reformate containing substantial

20 quantities of benzene and toluene with fuel gas containing
short chain olefine (e.g., ethylene and propylene) to

produce mono- and dialkylates. Preferred reaction

conditions include temperatures from about 100°C to

about 250°C, a pressure of from about 100 to about 800

25 psig, a WHSV -olefin from about 0.4 hr-1 to about 0.8 hr-

1, a WHSV -reformate of from about 1 hr-1 to about 2 hr-1
and, optionally, a gas recycle from about 1.5 to 2.5 vol/vol
fuel gas feed.



-26 (1Q The al kylation of aromatic hydrocarbons, e.g., benzene, toluene,
xyl em and napht hal.ene, with long chain olefins, e.g., Cl4 olefin, to
produce al kyl ated aromati c | obe base stocks. Typical reaction conditions

i nclude tenperatures from about 160C to about 260C and. pressures from
about 350 to 450 psig. (L) 'The al kyl ation gf phenols with ol efins or

edui val ent al coehols to provide | ong chai 2 "kyl ‘phenols. Typical reaction
conditions include tenperatures from about 100C.to about 250C, pressures
fromabout 1 to 300 prig and total. WHSV of from about 2 hr-1 to about 10
hr-1. (N) AO The conversion of light paraffins to olefins and/or
aromatics. Typical reaction conditions include tenperatures from about

425C to about 760C(Hhd Theestylationr efnazematic1 bydrocasbons ¢, Jengene,
conver st on of 1 gt ol cloNePeoTERS: ARG PaRatelrhg.cvith OB glglis,
about 175C o about S7sEEatbOTEE g bRTRey SRS EMRRRAC TN Basti 0"
it al ‘bor | ng points S anehiceldBREAEh Epditibar Shciide SABER D,
boi | ing range products romagbb@EAEPC ¢! Atut’ 2803Coandh presaires frone -

first stage, the AVENDED SHEET 27 _
about 350 to 450 psig.

(L) The alkylation of phenols with olefins or equivalent
o alcohols to provide long chain alkyl phenols. Typical
reaction conditions include temperatures from about

100°C to about 250°C, pressures from about 1 to 300 psig
and total WHSV of from about 2 hr-1 to about 10 hr-1.

(M) The conversion of light paraffine to olefins and/or
Iaromatics. Typical reaction conditions include
temp'eratures.. from about 425°C to about 760°C and
pressures from about 10 to about 2000 psig. Processes for-
preparing aromatic compounds from light paraffins.

(N) .The conversion of light olefins to gasoline, distillate and
lube range bydrocarbons. = Typical reaction conditions
include temperatures of from about 176°C to about 875°C
and a pressure of from about 100 to about 2000 psig.

- (0) Two-stage hydrocrack:ing' for upgrading | hydrocarbon
 streams having initial boiling j)oints above about 200°C to
premium distillate and gasoline boiling range products or

as feed to further fuels or chemicals.' In a first stage, the

AMENDED SHEET



“WD 00/' 71254 PCT/ USO00/ 13979 5 10 15 20 25 catal yst. conprising one or nore
catalytically active substances, e.g., a Goup VIII netal, and the
effluent, from the first stage woul d begfeacted in a second stage using a
~second catal yst conprising one or nore catalytically active substances,
‘e.g., a GPepoamas netal, as the catalyst. Typical reacti oPCTAIRHOIBINES

I ncl ude tenperatures from about 315C to about 455C, a pressure from about
400 to about 2500 psig, hydrogen circul ation of fromabout 1000 to about
10, 000 SCF/ bbl and a liquid hourly space velocity (LHSV) of from about 0.1

to 10. (P) A conbinati I [ k3 f
0 (P) A combi nati oRa a0 omyslidigk SR 0 ERE Cak ﬁxergplgy BEGYENCE ©

the catal ytic nmacrostructure conprising a hydrogenation co nent and
zeolite such as zeol it esBbstanced\epg.calGreagcVildmetuldahd ahe efflabnit €rom
{enperatures from about, 350C to about 400C, pressures from about 1400 to
about 1500 psig, LHSVs thedrshstageqvauldobemeasted ip asecqnd plageoysing a

circulation from about 00 at 0 ,about 5000 . SCF/ bhl_. The .reacti an of
I Conol s with oferins « SeAPARIBRAY comPriking phe B2 mote TarairticAly shfige
met hanol v th i sobut eneguBstdhess,i 8 @peq! %uﬁgOVRIP‘&hE’&lF‘i‘éé”%het eatdiyke et her
(MIBE) and/or t-anyl nmethyl ether (TAME). Typical conversion conditions
i ncl ude tenperatures fr@ypxiaduteaz€iont gontddidns include temperatures from
about 315°C to about 455°C, a pressure from about 400 to
about 2500 psig, hydrogen circulation of from about 1000
to about 10,000 SCF/bbl and a liquid hourly space velocity

10 (LHSV) of from about 0.1 to 10.

(P) A combination hydrocracking/dewaxing process in the
presence of the catalytic macrostructure comprising a
hydrogenation component and zeolite such as zeolite Beta.

15 Typical reaction conditions include temperatures from
about 350°C to about 400°C, br_essures from about 1400 to
about 1500 psig, LHSVs from about 0.4 to about 0.6 and a
hydrogen circulation from about 3000 to about 5000
SCF/bbl.

20 )

(Q) The reaction of alcohols with olefins to produce mixed
ethers, e.g., the reaction of methanol with isobutene
and/or isopentene to provide methyl-t-butyl ether (MTBE)
and/or t-amyl methyl ether (TAME). Typical conversion

26 conditions include temperatures from about 20°C to about
200°C, pressures from 2 to about 200 atm, WHSV (gram-

olefin per hour gram-catalyst) from about 0.1 hr-l to

about 200 hr-1 and an alcohol to olefin molar feed ratio
from about 0.1/1 to about 5/1.
3o



200C, pressures from2 to about 200 atm WHSV (gram ol efin per hour
gramcatal yst) fromabout 0.1 hr-1 to about 200 hr-1 and an al cohol to
olefin nmolar feed ratio fromabout O.1/e§ to about 5/ 1. 30 28 WD 00/ 71254 5
PCT/ US00/ 13978 (R) The di sproportionation of aromatics, e.g., the

di spr opor Woowam2san of tol uene to make benzene and par axyl eREVRSH/AZE

di sproportionation of cunene to nake benzene and dii sopropyl benzene.
Typi cal reaction conditions include a tenperature of from about 200C to
about 760C, a pressure of from about atnospheric to about 60 atnosphere
(bar), and a V\HSV(R?] f rEge abdiprepdrtidiationi 0 abounrdmdtics]. &Q.( S)tHde
conversion of naphtha (e.g., Cs - and simlar mxtures to highl
aromatic m xtures. Thudlispropeetionations|afgreluens: dec haekenbenagne an

hydr ocar bons, preferabl hayi ng a i 1Jj.ng range ahove @about 40C | e .
t%an about 208C, can ﬂéu@?fﬁ g%dggeﬁt‘ﬁi&?é’f’gﬂﬂﬂﬁ 'RB %gﬂ%g‘f}}.@% >
hi gher octane aromaticggoabent, by %ﬁbg%'ﬂﬂen{zél?e.hydr?ﬁc@nréﬁﬁ%ﬂ“ th

t a tenper

the catal ytic macrostructure a ure 1n the range of from about

400C to 690C, pref er alloyd4608s inclade G abmpeesturcesf Hamyiatputr200°C to
at nospheric to 40 bar, and Iigu‘i.d hourly spac{e velocjties 20 (LHSV)
ranging from0.1 to 15.algmt3@60°C, a pressure of from about atmosphenc 1o

about 60 atmosphere (bar), and a WHSV of from about 0.1
hr-1 to about 30 hr-1. |

10 (S) The conversion of naphtha (e.g., Cé¢ - Ci) and similar
mixtures to highly aromatic mixtures. Thus, normal and
slightly branched chained hydrocarbons, preferably
having a boiling range above about. 40°C, and less than
about 200°C, can be converted to products having a

15 substantial higher octane aromatics content by contacting
the hydrocarbon feed with the catalytic macrostructure at
a temperature in the range of from about 400°C to 600°C,
preferably 480°C to 550°C at pressures ranging from
atmospheric to 40 bar, and liquid hourly space velocities

20 (LHSV) ranging from 0.1 to 15.

(T) Selectively separating hydrocarbons by adsorption of the
hydrocarbons. Examples of hydrocarbon separation
include xylene isomer separation and separating clefins

25 from a feed stream containing olefins and paraffins.

(U) The conversion of oxygenates, e.g., alcohols, such as
methanol, or ethers, such as dimethylether, or mixtures
thereof to hydrocarbons including olefins and aromatics

30 | with reaction conditions including a temperature of from



.Sel ectively separating hydrocarbons by adsorption of the hydrocarbons.
Exanpl es of hydrocarbon separation include xylene isomer separation and
separating olefins froma feed stream cggtaining ol efins and paraffins.
The conversion of oxygenates, e.g., alcohols, such as nethanol, or ethers,
-such as di wexdoyhigdsher, or m xtures thereof to hydrocarbons Bc‘lcwsminagrs
olefins and aromatics wth reaction conditions including a tenperature of
from 29 WO 00/ 71254 PCT/ US00/ 13978 about 275C to about 600C, a pressure of
fromabout 0.5 atnosphere to about 50 atnospheres and a liquid hourly

space vel ocity of from ahowh Frsicle AR 600P, Ppicdutbst el UBHiGH On of

strai ght and branched chain ol efins having from about to about 5 carbon
atons. The ol igoners whitnwspherd be aboat G stmbspﬁwe@ramdeash@mﬁ hoagliyum t o
heavy ol efins which are useful for both fye gasoline or a

gasol i ne bl endi ng stock, Spéﬁélvék’é%ﬁ’dﬁl@m@%@ bW Qbﬁ’é? 108t i on process is
generally carried out by contacting the olefin feedstock in a gaseous
state phase wth a catalytic macrostructure at a tenperature in the range

~of fromabput 250C(Vy abphé oB@eridatibioVf @fra1§h@5h@%9ﬂhcl@ec¥ch91@9ﬁﬁns’5o and

a hydrocarbon partial 15 pressure of from about 0.1 to about
at nospheres.  Tenper at urhsvibg| ﬁmnatahthBOt’D rehoute Susarbaro atomsgonmheze t he

f eedst ock when the feeds ock | s the uid ase contacting the
catalytic macrostructu %lh 'E“r'f'e eeﬂrﬁ “etédg? %@ RIPCER] BEED t he

catalyst in the liquid nﬂmm%s%@taeﬁis%hmome et DIt ARAY! 250C

may be used.
i.e., gasoline or a gasoline blending stock, and chemicals.

10 The oligomerization process is generally carried out by
contacting the olefin feedstock in a gaseous state phase
with a catalytic macrostructure at a temperature in the
range of from about 250°C to about 800°C, a LHSV of
from about 0.2 to about 50 and a hydrocarbon partial

15 pressure of from about 0.1 to about 50 atmospheres.
Temperatures below about 250°C may be used to
oligomerize the feedstock when the feedstock is in the
liquid phase when  contacting the catalyﬁc
macrostructure. Thus, when the olefin feedstock contacts

20 the catalyst in the liquid phase, temperatures of from
about 10°C to about 250°C may be used.

(W) The conversion of C2 unsaturated hydrocarbons (ethylene
and/or acetylene) to aliphatic Csi2 aldehydes and
25 converting said aldehydes to the corresponding Ce.12

alcohols, acids, or esters.

In general, the catalytic conversion conditions include a

temperature of from about 100°C to about 760°C, a pressure of from



(W The conversion of C2 unsaturated hydrocarbons (ethylene and/or
acetylene) to aliphatic Ce-12 al dehydes and 25 converting said al dehydes to
t he corresponding Cs.12 alcohols, acids, or esters. In general, the

catal ytic conversion conditions include 8 tenperature of from about 100C
to about 760C, a pressure of from 30 WO 00/ 71254 PCT/ US00/ lg_ﬁﬁfszwﬁsg,so. 1
at nospher ¥Q §¥7R54 0 about 200 at nospheres (bar), a wei ght y space
velocity of fromabout 0.08hrl to about 2,000hr-1. The process of the
present invention finds application in the 5 vapor phase

di sproportionation of toluene. Such vapor phase di sproportionation,

conpri ses conmbauti®d atmespherenar) toliapuspR0Q atmespheresoharhi arkeighth t he

macrostructures conpri si .. large pore ar.inte di at si ze nol ecul ar

si eves to yi dianrly EP%%E‘QDWQ%F%‘EW% Q:Q%’Fl{ E%@t’guﬁ?@tam‘éqbf unr eact ed
(unconverted) toluene 10 and benzene and xylene. In the nore preferred .
enbodi nent, the catalyst will be first selectivated prior to use in the

di sproportionati onThermeesss oPrtheepseseritoinwaitiog ifunds mpplibationt @ yidte are
known to persons skilled in the art. For instance, selectivation. my be
acconpl i shed waporexpuasen glishropsatisnpsion nofy toduenreyr bgél‘:}l‘ovépt"ﬁer‘#&?‘qvey

deconposabl e 15 organi ¢ conpound, e.qg., tolue . at erat ur e, Xcess
of the decorpéﬁgTQHqHﬁwP@ B at uf’%mgf%fﬁi d c%orﬁ)lgﬁ%g,b e. g&mﬁé%m ag%%{lbliwc
to about 65 's?%sﬂzogti‘%gxghzo?:a%}idﬁ%tﬁiﬁﬁ% FhaérobtiRdtirest kempriging of

from about O. feed per pound of catalyst per hour, at a
pressure in tlaege poge opfinferamadiateipore sizelnolerudae pleveeto vield a preducto

presence of 0 to about 2 noles of hydrogen,, nore preferably fr &? t 0.1
to about 2 nomasture Whishogumprises goaxtyire g‘wﬁe@“g"dﬂ%‘ﬂ’ﬁ&,"g’éﬁ?&? r% ér)‘genal ly
in the presence;af 0-1 l,e ni t n rrédd @nib&Emer th®! € of
organi c ¢ rrpo%‘b?beﬁﬁe@%prgggeggfé{nse'cofnlguc egﬂ?lgr Bgg%eri od of . ]
catalyst will be first selectivated prior to use in the disproportionation
process. Processes for selectivating the catalyst are known to persons
skilled in the art. For instance, selectivation may be accomplished by

exposing the catalyst in a reactor bed to a thermally decomposable

15 organic compound, e.g., toluene,. at a temperature in excess of the
decomposition temperature of said compound, e.g., from about 480°C to
about 650°C, more preferably 540°C to 650°C, at a WHSV in the range
of from about 0.1 to 20 lbs of feed per pound of catalyst per hour, at a
pressure in the range of from abouf 1 to 100 atmospheres, and in the

20 presence of 0 to about 2 moles of hydrogen, more preferably from about
0.1 to about 2 moles of hydrogen per mole of organic compound, and
optionally in the presence of 0-10 moles of nitrogen or another inert gas
per mole of organic compound. This process is conducted for a period of
time until a- sufficient quantity of coke has deposited on the catalyst

25 surface, génerally at least about 2% by weight and more preferably
from about 8 to about 40% by weight of coke. In a preferred
embodiment, such a selectivation process is conducted in the presence
of hydrogen in order to pievent rampant formation of coke on the

catalyst.



~time until a sufficient quantity of coke has deposited on the catal yst 25
surface, generally at |east about 2% by wei ght and nore preferably from
about 8 to about 40% by wei ght of coke. In a preferred enbodinment, such. a
sel ectivation process is conducted in theﬂlpresence of hydrogen in order to
- prevent raﬁgﬂg,},g mati on of coke on the catalyst. 30 31 WROfiisobAadés

PCT/ US00/ 1397 ée ectivation of the catalyst can al so be acconplished by
treating the catalyst with a selectivation agent such as an organosilicon
conpound. The silica conpounds may conprise polysiloxane including

il d sil .and L4l hncl udi | sil . 5, .
21 koxysi | anes. St | e EARGDADHRS PRIV s Ao heCiroBRB TR renting, be
ted by,gh | @t hl S ' hro ,
1 dor ae, - hydPay 2SR ity B electintids syt Pl db Prgenoliiconoen

hydr ocar bon sgbsipotument The @ilhcabbx’xlpounﬂaimay comptisealPsitaareninelwdimgand
preferably are _nethyl or ethyl groups.. R2 is selected fromthe sane group

0

as Ri, and n siicome] naBgdersikixanes| cand 2a #hgngeri@cdipe; risHanes ngador 2
to 1000. The | ecul.ar wei ght of the silicone conpound enpl oyed is
general |y det M@bﬁa&‘?ﬁ 20, 000 and 25 preferably 150 to 10, 000.
Representative silicone conpounds included

Silicone compcunds that find particular application can be

represented by the formula:
10
R N —_
— ﬁ-o _—d
15
I R; —1

wherein R; is hydrogen, fluoride, hydroxy, alkyl, aralkyl, alkaryl

20  or fluoro-alkyl. The hydrocarbon substituents generally contain from 1
to 10 carbon atoms and preferably are methyl or ethyl groups. R: is
selected from the same group as R;, and n is an integer of at least 2

and generally in the range of 2 to 1000. The molecular weight of the
silicone compound employed 1s generally between 80 and 20,000 and

25 preferably 150 to 10,000. Representative silicone compounds included
dimethylsilicone,. diethylsilicone, phenylmethylsih'i:one, methyl
hydrogensilicone, ethylhydrogensilicone, phenylhydrogensilicone,
methylethylsilicone, phenylethylsilicone, diphenylsilicone, methyltri

_ fluoropropylsilicone, ethyltrifluoropropylsilicone, tetrachlorophenyl

30 methyl silicone, tetrachlorophenylethyl silicone, tetrachloro



di met hyl silicone, diethylsilicone, phenylnethylsilicone, nethyl

hydr ogensi | i cone, ethyl hydrogensilicone, phenyl hydrogensilicone,

met hyl et hyl si | i cone, phenyi et hyl silicone,_ di phenylsilicone, nmethyltri

fl uoropropyl silicone, ethyltrifluoroprop??siIicone, tetrachl orophenyl 30
met hyl si lwé?% ?et rachl or ophenyl et hyl silicone, tetrachl orperg@sodfdzors
00/ 71254 P 86 13978 phenyl hydrogen silicone, tetrachl orophenyl phenyl
silicone, nmethylvinylsilicone and ethylvinylsilicone. The silicone
conpound need not be linear but may be cyclic as for exanple

h t hyl | ot risil , t t hyl t | 5

Cyolotrioi | oxBREPuRy BEREDhen LR, of rabia Bl ey Hifinyd® " PRiiipe.

compounds MY, ROIIEyWIRE:S aifd lethyIvihyistBecse, Wi TheOkbileoriel byl
S

groups. Usefu oxahes or polysiloxanes include as non-linmting 10
exanpl es hexanet¢dy!| ngti dier i didearanbut ocmayet bgl cypelit etasasifoox aerwgample

d t hyl I tasjl h t hyl dj si | : t thytris

Si 1 oxane.  doeBFERRALEEIS SOTolaRE BRI e GpFiespATRe Hexapheny]
t aet hyl | 0 Letrasi 154 MeTi2REe :

ggt g;e)he%y%)é;clc?%dﬁéﬁgg&s’%%igﬁg Q%E%gggﬁcbﬂéﬁ%%%ég& |és(,'?l anes, egr of these

al koxysi | anescdpbiifidsahgpalso be ulzeti ddiivell 8¢ kiitemebavithothee foaontionhl
formula: RR 20 RSi Ra R3 25 wherein Ris a reactive group such as

hydrogen, al kgwoypshal ogen, carboxy, am no, acetam de, trialkylsilyoxy, R,
R2, and % can be the _
Useful siloxanes or polysiloxanes include as non-limiting
10 examples hexamethyleyclotrisiloxane, octamethyleyclotetrasiloxane,
decamethyl cyclopentasiloxane, hexamethyldisiloxane, octamethytri-
siloxane, decamethyltetrasiloxane, hexaethylcyclotrisiloxane,
octaethylcyclo tetrasiloxane, hexaphenylcyclotrisiloxane ‘and

octaphenylcyclo tetrasiloxane.

15
Useful silanes, disilanes, or alkoxysilanes include organic
substituted silanes having the general formula: '
R,
2 |
R Si R,
Ry
25

wherein R is a reactive group such as hydrogen, alkoxy, halogen,

carboxy, amino, acetamide, trialkylsilyoxy, Ri, R, and Rs can be the
same as R or can be an organic radical which may include alkyl of from

1 to 40 carbon atoms, alkyl or aryl carboxylic acid wherein the organic

30 portion of the alkyl contains 1 to 30 carbon atoms and the aryl group



- same as R or can be an organic radical which may include alkyl of from 1
to 40 carbon atons, alkyl or aryl carboxylic acid wherein the organic 30
portion of the alkyl contains ' 1 to 30 carbon atons and the aryl group 33
WD 00171254 PCTI US00/ 13979 contains 6 t 324 carbon which may be further
. substitutq? %%I‘aryl and aryl al kyl groups containing 7 tecpRisémi3oes
atons. Pre gro ., the alkyl group for an alkyl silane is between 1 and 4
carbon atons in chain length. 5 When used for the vapor phase
di sproportionation of toluene, the catalytic macrostructures wll
preferably conprise alumnnosil|icate, ,MFl-type. zeol it Vi.Ng aysSiili to
al umi na nol e PALANHE Oy %gﬁff‘ which Bl%ﬁgtf“fg‘b‘%fl,s‘?‘b%z‘%“&?gbﬁfy‘?ﬁﬁ to
about 120:1. 10 I | ] S{Ked
degr ee, reaceftbq %‘ﬁ@%@? at'l %n%?%%iéﬁggzﬁ?g?g o aﬂnég%ﬁﬁotpc}}egéﬁaﬂgrtl?onat i on
condi ti ons. Qlﬁgl %ﬁ-@ﬁbiﬁﬂaéﬁ ankgbeilhhe deshdtwelendt and dnparbomuasomiseimeen
about 375C and 550C, nore preferably between about 400C 15 and 485C, at a
hydr ogen to tcHaimdength.e ratio of fromO0 to about 10, preferably between
‘about 0.1 and 5 and nore preferably fromabout 0.1 to 1, at a pressure
bet ween aBout 1 atnosphere and 100 at nospheres and utilizing WHSV of
between about 0.5 gAgkpHsedfor thE vipoe pHite digfidpoionitioe of tolmgnecthe
conducted as a batch, sem-contintous or continuous operation using a
fixed or noviagabgtc malcpdstehuctayed ewildleprefetahlyi nommetadumgcg.sﬂrmge

catal yst may be regenerated after coke deactivati.on K ning offaothe
coke %/o a dgsMrﬂthIg)@Q@hﬂie having B%%%éﬁ%‘&#ﬁlﬁb‘hﬁfﬂ%ﬁ%ﬁa%% te%@it ed

t enperatures , 25 as ) i ) of the present invention
ar 96 11 nds. an Fed SRpkdtetaily 28 o Hhoi A%EE "

’ 10

Once the catalyst has been selectivated to the desired degree,
reactor selectivation conditions are changed to disproportionation
conditions.  Disproportionation conditions include a temperature
between about 375°C and 550°C, more preferably between about 400°C

15 and 485°C, at a hydrogen to toluene mole ratio of from 0 to about 10,
preferably between about 0.1 and 5 and more preferably from about 0.1
to 1, at a pressure between about 1 atmosphere and 100 atmospheres

and utilizing WHSV of between about 0.5 and 50.

20 The disproportionation process may be conducted as a batch,
semi-continuocus or continuous operation using a fixed or moving bed
catalyst system deposited in a reactor bed. The catalyst may be
regenerated after coke deactivation by burning off the coke to a desired
extent in an oxygen-containing atmosphere at elevated temperatures

25 as known in the art.

The process of the present invention also finds application in a
process for isomerizing one or more Xylene isomers in a Cg aromatic
feed to obtain ortho-, meta-, and para-xylene in a ratio approaching the

30 equilibrium value. In particular, xylene isomerization is used in



process for isonerizing one or nore xylene isoners in a C8 aromatic feed
to obtain ortho-, neta-, and para-xylene in a ratio approaching the 30
equi li briumvalue. In particular, xylene34 sonerization is used in 34 WO
00/ 71254 /13978 conjunction with a separation proc

manuf act uﬂ:ﬁdﬁg‘ﬁyl ene. For exanple, a portion of the par ﬁﬁ%’ﬂ’é"‘?’ﬁ a
m xed Cs aronatics stream nay be recovered using processes known in the
art, e.g., crystallization, adsorption, etc. The resulting streamis then
reacted 5 under. xyl ene i.soneri zati.on conditions tqQ restore ortho-, neta-,
and par axy| SpEUICHON ¥ aéﬁB?T‘F‘B‘P’PW%i%.mﬁﬁgﬂ%ﬁﬁ%@ﬁéaiwlﬁm_F@éd i s

e . !
oy enes or ¢ Sppl BEREbRoGrURL phfe SATML 1EE R s (oRBRES SEram
i sonerate i sndyended veddvefédshudingd pridetht® CRAGWRCHIS! [tHAM hftcéoé.g., -

distilled to remoyve heavy and |ight by-products. The resultant
aromatics st eeiallizatiem adeoyption, tetcr fbatreshlding stream rist theny apasted@hase,

sui tabl e jsonerni zation conditions include a tenperature in the range 250C
26000, gt of BPAEF *¥g8e 1Somssization wandations o FETHAES roRiRE", Omsta, 5884 m
abs, prefera % : Laht c . Qe (VWHSV)
of 0.1 to 108 rahpnestpt Hee e firinle R BIBYINNARACE, ¥ELWLAS
vapor phase eithepnenmived froni fthe gtremenor io®tolverted Birifgrihlecpraresfitdr ogen

per nol e of al kyl benzeng. 20 When use to igsonerize feeds_containi nﬁb
et hyl benzeneXYl€negor to,panzene whichoaue aasily sepaxateddhy distillatiener They

contain at | . 1, an al I h,netals i.ncl ude
t he oxi de, %3’3'?%« e@?g{:ﬁbg{g%%tﬁ #%Z‘ r%?‘grﬂﬁ)@% %ég]fogﬁsgl %WP?E\‘ P s of
"Goup VIig deitiled (to. femo¥d  hd¥y land RphtOby-produbls. Phe adub@int Goup

| VA netals 25 (i.e., Sn and Pb), Goup VA netals (i.e., Sb and Bi), and
Group VIIB arempaticestream ismthan reeyrledsy repesti thenewcde.s (i.e., Pt, Pd, Ir,
Rh, Gs, and Ru) are preferred. Conbinations of catalytic forns of noble or
non-

In the vapor phase, suitable isomerization conditions include a
temperature in the range 250°C - 600°C, preferably 300°C . 650°C, a

16 pressure in the range 0.5 - 50 atm abs, preferably 10 - 25 atm abs, and
a weight hourly space velocity (WHSV) of 0.1 to 100, preferably 0.5 to

50. Optionally, isomerization in the vapor phase is conducted in the

presence of 0.1 to 30.0 moles of hydrogen per mole of alkylbenzene.

20 When use to isomerize feeds containing ethylbenzene, the
catalytic macrostructure catalyst will preferably contain at least one
hydrogenation metal. Examples of such metals include the oxide,
hydroxide, sulfide, or free metal (i.e., zero valent) forms of Group VIII
metals (i.e., Pt, Pd, Ir, Rh, Os, Ru, Ni, Co, and Fe), Group IVA metals

25 (i.e., Sn and Pb), Group VA metals (i.e., Sb and Bi), and Group VIIB
metals (i.e., Mn, T¢, and Re). Noble metals (i.e., Pt, Pd, Ir, Rh, Os, and
Ru) are preferred. Combinations of catalytic forms of noble or non-
noble metals, such as combinations of Pt with Ni, may be used. The
valence state of the metal is preferably in a reduced valence state, e.g.,

30 when this component is in the form of an oxide or hydroxide. The



-. noble nmetals, such as conbinations of Pt wwth Ni, may be used. The val ence
state of the netal is preferably in a reduced val ence state, e.g., 30 when
this conmponent is in the formof an oxidg or hydroxide. The 35 WO 00/ 71254
PCT/ US00/ 13978 reduced val ence state of this netal may be attained, in

- situ, duriW@ownesdcourse of a reaction, when a reduci ng ageRECI/USAYE3IAE
hydrogen, is included in the feed to the reaction. The anpunt of netal
present in the catalyst will be an effective anmount which will generally
be from about 0.001 to about 10 percent by weight and, preferably 0.05 to
3.0 percent hydueédhhlentiestat® 6L shisqhetdlondy beaittainede i isitn, darlisethe for
cracking a 10 naphtha feed, e.g., C4+ naphtha feed, particularly a C 290C
napht ha f eed courgs cdud erdastions| wbehar xeduging slgentnsuck. gs hydrogemoigh 4
,olefins, particularly gthyl ene and propylene. Such a process is preferably
carried out B?%W%ﬁ&@ﬁﬁﬁﬁﬁ“%ed at tenperatures ranging from
500C to about 750C, nore preferably 550C to 675C, at 15 a pressure from
subat nospheric up to 10 atnospheres, but preferably fromabout 1

.at nosphergs t o aboUrha aatcmstpbfnastal Phesent dnahe cdtalyst wilkberan effeetive on i s
useful in the transalkylation of polyal kyl aromabi c._hydrocarbons. Exanpl es
of 20 sui tablasagept Yhighavdheeneraly bscapmonkont,P1Qetojabout 10 pergant et r a-

al kyl aromati,¢c h carbo S ' heng dgiethyl benzene,
di et hyl met hylbge?l"z\éggc %&%%;?ﬁﬁ?ﬁ%ﬁ §wésropr5§8ﬁ¥%gh§'ene,
triisopropyl benzene, diisopropyltoluene, dibutylbenzene, and the |ike.

Preferred pol yal kyl aromati c hydro-carbons are the _dialkyl benzenes. 25
Particul arly pref éFhednooessofytheapoesent cinvpotionaish asefal for crackin

g a

di i sopropyl benz apd ,di et hyl pbenzene. .The fe sed ipt ans | ation

process W | fﬁlﬁ%ﬂa@ﬁé» ﬁﬁze&‘gnﬁBﬁ&‘a I%&Ed’aaﬁ%ﬂ%ﬁﬁﬁ ?“ hgﬁ‘?“té{taPngo

pol yal kyl ar oqgtd Cto produce low molecular weight olefins, e.g., Cz through C
olefins, particularly ethylene and propylene. Such a process is

XD

preferably carried out by contacting the naphtha feed at temperatures
ranging from 500°C to about 750°C, more preferably 550°C to 675°C, at
15 a pressure from subatmospheric up to 10 atmospheres, but preferably

from about 1 atmosphere to about 3 atmospheres.

The process of the present invention is useful in f.he

transalkylation of polyalkylaromatic hydrocarbons. Eﬁcamples of

20 suitable polyalkylaromatic hydrocarbons include di-, tri-, and tetra-

alkyl aromatic hydrocarbons, such as diethylbenzene, triethylbenzene,

diethylmethylbenzene (diethyl-toluene), diisopropyl-benzene,

triisbpropylbenzene, diisopropyltoluene, dibutylbenzene, and the like.

Preferred polyalkylaromatic hydro-carbons are the dialkyl benzenes.

25 Particularly preferred polyalkyl-aromatic  hydrocarbons are
diisopropylbenzene and diethylbenzene.

The feed used in the transalkylation process will preferably have
a molar ratio of aromatic hydrocarbon to polyalkylaromatic
30 hydrocarbon of preferably from about 0.5:1 to about 50:1, and more



30 hydrocarbon of preferably fromabout 0.5:1 to about 50:1, and nore 36 WO
00/ 71254 PCT/ US00/ 13978 preferably from about 2:1 to about 20:1. The
reaction tenperature will preferably rapge from about 340C to 500C to
maintain at least a partial |iquid phas€, and the pressure will be

pref er abl wg gb-i1heg r ange of about 50 psig to 1,000 psig, preEehrrabi3e380
psig to 600 psig. The weight 5 hourly space velocity will range from about

0.1 to 10. The process of the present invention is also useful for
converting aromatic conpounds from paraffins. Exanple of suitable

paraffins i i ' ti hy dr I S cont ai ni to 12 carb

atoms. The 1@%&%?0%%60@}%% %l%g%%ﬁi}lg%ﬁﬁchiﬁﬁ,reaﬁﬁ&néPma‘?Eﬂ‘&manﬁnay be
saturated or pyeferhblntrdgigeERIAD labott IWPHOESS w%a&gﬂ%@ st a

propyl ene, n-butane, n-butenes, isobutane, Isobutene, and straight- and

br anch- chai npantiat Jihiid pleseannd thegressere wild benereferablly e theeangd ofThe )
aromati zation,conditions include, a tepperature of from about 200C to about

700C, a pres@hpPBt 50 PsigHoah 800 psig preferaphe3Q0 psig 10,600 psiE.aThespeighds, a
ight h | ' fe | : t t bout 400 d
hyar ogen by o RGRRE Ep¥es Pétokity il pang® sronl PO 1010 507 20 The

catalytic macrostructure used in the aromatization process preferably
conprises internediate pore size zeolite such a MFl type zeolite (exanple
ZSM 5). The cat al yEhe predessaifithe poraseritrinvgationuia alsGaisefulforapnberting

i ncorporated _into.the during, synthesis of the 25 macrpstrugture it _may be
exchanged or 2F¥RAk LOTP i Rarating.o E&aﬁ‘ Pﬁtsbu RAAEEDBUCt ur e

after synthegigudbhéef F’}Q tgﬂgn_r%g I 1 2.0
wt. % galli umﬂluzluassgéal§I t e&yﬁ/\nhf#&ﬁsedhc%%ﬁ yst. %H‘&%Baﬂ %&s' ’i‘ﬁe
10 hydrocarbons may be straight chain, open or cyclic and may be
saturated or unsaturated. Example of hydrocarbons include propane,
propylene, n-butane, n-butenes, isobutane, isobutene, and straight-

and branch-chain and cyclic pentanes, pentenes, hexanes, and hexenes.

15 The aromatization conditions include a temperature of from
about 200°C to about 700°C, a pressure of from about 0.1 atmosphere
to about 60 atmospheres, a weight hourly space velocity (WHSV) of
from about 0.1 to about 400 and a hydrogen/hydrocarbon mole ratio of
from about 0 to about 20.

20

The catalytic macrostructure used in the aromatization process
preferably comprises intermediate pore size zeolite such a MFI type
zeolite (example ZSM-5). The catalyst preferably contains gallium.
Gallium may be incorporated into the during synthesis of the

26 macrostructure it may be exchangéd or impregnated or otherwise
incorporated into the macrostructure after synthesis. Preferably, 0.06
to 10, and most preferably 0.1 to 2.0 wt.% gallium is associated with
the catalyst.



- WD 00/ 71254 PCT/ US00/ 13978 EXAMPLES In the exanples, the resulting products
were evaluated by a scanning electron mcroscope (SEM, X-ray
diffractometry (XRD), 5 spectroscopy andgby neasurements of the specific
surface area and pore size distribution with krypton or nitrogen

* adsor pti orWO98aMMNg el ectron m croscope studies were condugf;éafsﬂwli’gﬂpl es
coated with gold (by a sputtering technique). A scanning electron 10
m croscope of the Philips XL 30 type with a Lant hanum hexa-Boride eni ssion
source was used in these studies. X-ray diffraction studies were conducted
with a Sienmens D-5000 powder diffraEEAMPEES 15 Nitrogen adsorption
nmeasurenments to determ ne specific surface area and particle size
di stribution were carried out with an ASAP 2010 from Mcroneritics

nstrunments, Inc. | e t | ' ' g nd
hydr ogen was carr%gdﬁghgﬁgﬁ&%%ﬁpg#%§%%%%ﬁ@§Bg§h%%gﬁ§50 %gﬁﬂ%ﬁ%ﬁyppcgl

i nstrunment frgmdHaP et indrokbdgeO 0Q-ray hdiffactombery KRDRN
particle size distribution for the colloidal suspensions of discrete

-mi cr ocr ystsal sspéctnusdcopyland by measuvementsofthe spasificendace rresandmorei ng to
the process were determ.,ned. dynam c light scattering (ZetaPl us,

Br ookhaven | nWPtﬂiﬁ‘?ﬁ%B“?m%gn%kﬁﬁPtPPZ@@ﬁqug% G- Evanpl e |
Macrostructures conprising spherical particles of porous anorphous silica

with very high specific surface area were prepared. 5 Wen | oaded with one
or nore nobl e net alSeanhhey eleetroatmimbstope stadiesiwerk gurducted an sempplesat i on
in reform ng and hydrodesul fonation. The . ]
coated with gold (by a sputtering technique). A scanning electron
'10 microscope of the Philips XL 30 type with a Lanthanum hexa-Boride

emission source was used in these studies.

X-ray diffraction studies were conducted with a Sitemens D-5000

powder diffractometer.
15
Nitrogen adsorption measurements to determine specific surface
area and particle size distribution were carried out with an ASAP 2010
from Micromeritics Instruments, Inc.
20 Elemental analysis concerning carbon, nitrogen and hydrogen

was carried out on certain samples by means of an analytical
instrument from LECO Corporation (LECO CHN-600). The particle
size and particle size distributidn for the colloidal suspensions of
discrete microcrystals of molecular sieve§ used as starting material

256 according to the process were determined by dynamic 1ight scattering
(ZetaPlus, Brookhaven Instruments).



preparation of the macrostructure was carried out as follows: A synthesis
solution with the follow ng conposition (on a nolar 10 basis):

9TPACH: 25Si O2: 480H20: 100Et OH ( TPACH r eprsgsenti ng tetrapropyl anmoni um

hydr oxi de and Et OH representi ng et hanol) was prepared by m xing 20.0 grans
of tetradVRAIWEIMane (>98% , 34.56 grans of tetrapropyl ammBEFARPINT®Xi de
(1.0M solution) and 5.65 grans of distilled water. The m xture was all owed
to hydrolyze in a 15 polyethylene flask on a shaking table for 12 hours at
room tenperature. An anount of 1.0 grans of a strongly basic anion
exchange resin sold under the tradenEganiyleex 1X2- 100 type and

manuf actured by the Dow Chem cal Conpany was added to 10 grans of the

synt hesi s solution. The ani on exchange resin was present as 20 spheri cal

particles with a rticle size range of 50-100 nesh (dry) and,. the ion
exchange capaci ty%@ﬁt""\‘%‘é{% \A&fgﬁgﬁ'@wﬁi @BBE?CP'ﬁeP ScPfr ROTPUSpe 3.5
nEg/ g. The m s aﬂggrhp%]ﬁ Eirfac0 | 25
in a polyet %‘F‘gﬂ%ﬁ?ggcét%?a gvéﬁpppe W Sgé[érlg | ex %%n en%ceb?e%ltﬁﬁg %l[ﬁ%qbat h

at 100C fsor Whemloaied\Mith ohbics mbfe noblerietalsy theangerosteaétured dhay cl es
were separated fromthe solytion by filtration and treated in.a 0.1M

anmoni a sol Janépantiaay application Bureformingmnd hydsedeswlfonationsPhe at ed
fromthe ammni a_sol uti by filtration. Next,.the parti,¢les 30 were washed
Lhroe 1 mos Tiberafal ohehactoa bttt At drriad S8 Fofowis: S0 05 51504
PCT/ US00/ 13978 filtration, and then dried in a heating cabinet at 60C for

12 hours. ~Next, the particles were calcined at 600C in air for 4 hours,
after heating toAtsynthesissolutiomewith the following 6@aporitién Tor a asolhti ng

P PR BRSOl e

tetrapropylammonium hydroxide and EtOH representing ethanol) was

prepared by mixing 20.0 grams of tetraethoxysilane (>98%), 34.56
grams of tetrapropylammonium hydroxide (1.0M solution) and 5.65
grams of distilled water. The mixture was allowed to hydrolyze in a

15  polyethylene flask on a shaking table for 12 hours at room
temperature. An amount of 1.0 grams of a strongly basic ahion
exchange resin sold under the tradename Dowex 1X2-100 type and
manufactured by the Dow Chemical Company was added to 10 grams
of the synthesis solution. The anion exchange resin was present as

20 spherical particles with a particle size range of 50-100 mesh (dry) and
the ion exchange capacity of the resin was specified by the
manufacturer to be 3.5 mEq/g.

The mixture of ion exchanger and syﬁthesis solution was heated

256 in a polyethylene reactor equipped with a reflux condenser in an oil
bath at 100°C for 48 hours. After this time, the jon exchanger resin
particles were separated from the solution by filtration and treated in a
0.1M ammonia solution in an ultrasound bath for 15 minutes and then
separated from the ammonia solution by filtration. Next, the particles

30 were washed three times in distilled water, followed by separation by



- exchanger. Elenental analysis showed that the particles were al nost
entirely free of carbon, hydrogen and nitrogen, which showed that the ion
exchanger had been conpletely elimnated3®n the calcining stage. 10 X-ray
diffracto r .50 showed that the material was conpletel ypqoBh . The
" particl es%?%gszo anal yzed by nitrogen adsorption rreasuré’rrents aw?he
boiling point of nitrogen to determne the specific surface area, the
adsorption isothermand pore size 15 distribution of the porous am)rphous

silica. The specific surface area s cal cul.ated fr

dat a accor di faltratippeapd %&fhéﬂ%m& eatingealynetat 8@5&):}%3% 58 rm i s
shown i n Figuge t ich YR | cal r QUS erials.
Cal cul ati on (L# Fﬁ alfopéui’l% W(ﬂx‘gt?q]“%\fg\laoﬂt 69 oﬁe r@f h‘ggm(u&gs%i on

.l sot herm sh : f o t 20 n2/g) of the total
specific surface ggétg*g&tlﬁgéﬁr%?g?%g I\r/?/g‘g%ggn I'n pores in the mesopore
range (dianmeter >20 A). The average pore dianeter was calculated at 9.5 A
by the Horvath-Kawazoes nmet hod. 25 Exam e 2 Macrostructures conpri sing
spheri cal garticl e‘i‘hefrqsmﬂtmg manmahommlwednmﬁnharckl Sml@tb,twhntet spkenigalnhi gh

specific surface_ area par nobl e
metal s, the £HJ|IL c?t ﬁ%zés gPPHB 1§§P‘PF€ﬂ SthBHia?’ﬁﬁ 1on

GEL%Togghaf?oﬁ%zgéﬁnfgﬁh’%%%}% chothed £ ructhgm&bg Yyerd 'dlmos

ar Ion O macr os res were carried out

as fol |l ows: Zent3rélyHred off cBYBONICRY htdn@mﬁtbgéhthhﬁwshbw@dnﬂmlﬁheon 5
2. 4Na20 1. OTEACL: 0, 4A1203: 1QSi C2: /46 H20 (TEACI representing

t et r aet hyl anmiom exchamger ihisl been complately ediminatgdansths calcimpg@age. basic
i.on exchalnoger sol d under the tradenane Dowex MSA-1 and

X-ray diffractometry also showed that the material was
completely amorphous. The particles were also analyzed by nitrogen
adsorption méasurements at the boiling point of nitrogen to determine
the specific surface area, the adsorption isotherm and pore size

15 distribution of the porous amorphous silica. The specific surface area
was calculated from the adsorption data according to the BET equation
as 1220 m2/g. The recorded isotherm is shown in Figure 2 and was of
type I, which is typical of porous materials. Calculation of the pore size
distribution by the BJH method (desorption isotherm) showed that a

20 very small fraction (about 20 m?/g) of the total specific surface area of
the material was found in pores in the mesopore range (diameter >20
A). 'The average pore diameter was calculated at 9.5 A by the
Horvath-Kawazoes method.

26 Example 2

Macrostructures comprising spherical particles of porous
amorphous aluminum silicate with very high specific surface area were
prepared. When loaded with one or more noble metals, the

30 macrostructures may find particular application in reforming,



- size distribution |dent|ca to t

manuf actured by the Dow Chem cal Conpany (particle size 20-50 nesh and
[dry] ion exchange capacity of 4 nEg/g) in a polyethylene reactor. 1o The
synthesis m xture was prepared by first 4@i ssolving 0.75 granms sodi um

al um nat %)50 6wt . % A1203, 36 w.% Na20) in 35 grans of a _1M NaCH

sol ution 834 This solution was then added to a ni xt ur BCHUSHAAY8 g
distilled water, 1 66 granms TEAC1L and 15 grans silica sol (Bindzil 40/130,
Eka Chem cal s AB, solids content 41.36 w% 15 0.256 w % Na20O) during
agitation for 2 hours. The m xture of ion exchanger and synthesis solution
was treated hrdqua@m}ﬁamoaneanéadebrdroequappad & prepefrationc ofididmser in
an oil bath at 100C for 48 hours Af ter s time, the ion exchanger
particles vve‘?:l@cg%%tﬁpﬁ WReseRe qarsied gyt as MORE i | tration and treated in a
O 1M amoni a solution in an 20 ultrasound bath for 15 m nutes and then
separated fromthe ammonia solution by filtration. The particles were

finally washed thRéegraniesf &yynthizpessiutiva with thié hodar venpbsiticd:! owed by
separation bé filtration, and then dried in_a heatin cabl net at 60C for

hours. N8xt, 2:4NagQ:1.0dEAC] M@aﬂ@ﬁ*@d 460HHC 1 f sepresenting af t er

h [ hi Vi d

_aﬁZf'y;‘?stS’mE tEae IR ShRR (TaftiaR) BEE Adek o il ervine Bha PRBREIY ng
mat eri al Corﬁdﬁﬁeﬂ)ﬂ)feﬁéﬁﬁﬁ Qf‘réjjl% Biddyd ’thﬁhtfﬁieﬁﬁ;?ﬁé I DoweRMSA! LAY th

at 30 in the enployed 1 on exchanger.
El ement al amalaysifschiveddsy theDowh€hdinivd) 06kt (HacTiclésiaé 2OO5G npesti i cl es

that the T orfWkJHEVD IS FREMER CHRRRELNACORME! I 5 PUFFIRYIERe deppiarhe.
corpl ot afy * THE. extichesil aiixtuE hATBEa O 15 P bl B il
adsor pti on neaiunemdabfinate (S@60WEM 21,06 86 wi.% N DMeih B85 EehRs HNe
‘ 1M NaOH solution at 100°C. This solution was then added to a
mixture of 40 grams distilled water, 1.66 grams TEACI] and 15 grams
silica sol (Bindzl 40/130, Eka Che_n;ticals AB, solids cont;ent 41.36 wt%,
16 0.256 wt% Naz0) during agitation for 2 hours. The mixture of ion

exchanger and synthesis solution was treated in a polyethylene reactor
equipped with a reflux condenser in an oil bath at 100°C for 48 hours.
After this time, the ion exchanger particles were separated from the
solution by filtration and treated in & 0.1M ammonia solution in an
20 ultrasound bath for 15 minutes and then separated from the ammonia
solution by filtration. The particles were finally washed three times by
suspension in distilled water, followed by separation by filtration, and
then dried in a heating cabinet at 60°C for hours. Next, the particles
were calcined at 600°C in air for 4 hours, after heating to this

26 temperature at a rate of 10°C/min.

Visual inspection and analysis with a scanning electron
microscope showed that the resulting material consisted of very hard,
solid, white spherical particles with size distribution identical to that

30 in the employed ion exchanger. Elemental analysis showed that the



. the specific surface area, adsorption isothernms and pore size

distribution. The specific surface area was calculated fromthe 10
adsorption data according to the BET equgtion as 594 n2/g. The recorded

i sothermis shown in Exanple 2 and was of type IV. Calculation of the pore
- size di st Wdoevasd by the BJH nethod (desorption isotherm BEHNSAMINAE 2
relatively large percentage of the total (cunulative) pore volunme (about
65x) was found in pores in the 15 nesopore range (radius >20 A). Exanple 3
Macrostructures conprising spherical particles of silicalite 1. 20 These

Macr ost r uct urnfstides wWerd #aidstCettdrelpfpdd 6Rtabn, rhydibger sand aitfogeal i on
and hydrocarbon separation. The preparation of the_ nmacrostructures were

carried out amhich sbowedithat theaden exchangen matesiad dad iheenwcompletelyrol ar
conposi tion: %EIEQTPA :25@ %:.480H20: 100Et OH were added to 1.0 grans of a
macr opor ous RIBHAGIIRNRE (BIADNE AtARSer sol d under the tradename Dowex
MSA-1 and manufactured by the Dow Chem cal Conpany (particle size 20-50
nmesh [dry); ion exchange capacity: 4 nEglg). The synthesis mxture was
~prepared 3s descriXady diffvaetgrhetry. sHéwed@hat tharmatériab wes ctmmpietelmnd
synthesis solution was heated in a 42 WO 00/7%54 PC;'_{ USQ0/,13978

pol yet hyl ene amamhausequi pped Rartiles rwere ndRalyizad o Poi pItEagen o

100C for 48 h L After this ti P - ol d
separ ated {1 HiERRHeE Bepbitenthdas (i hible THHE 9 Biuach b fRelife || |
phase by filtyjati gibcifd bufced draa RdddvpEabHDsetieeis | afdi rpde Ssize

ul trasound bath for 15 mnutes, whereupon they were separated _again by
filtration. Nistributienpar Thel epecificeswifape daxes cvas  ¢rlsulptedsfegranshen in

e oA AR U, v 50 ) 1 2
recorded isotherm is shown in Example 2 and was of type IV.
Calculation of the pore size distribution by the BJH method (desorption
isotherm) showed that a relatively large percentage of the total
(cumulative) ﬁom volume (about 65%) was found in pores in the

15 mesopore range (radius >20 A).

Example 3

Macrostructures comprising spherical particles of silicalite 1.
20 These macrostructures may find particular application in xylenes
isomerization and hydrocarbon separation. The preparation of the

macrostructures were carried out as follows:

14.3 grams of a synthesis solution with the molar composition:

25 9TPAOH:25S5i02:480H20:100EtOH were added to 1.0 grams of a
macroporous strongly basic ion exchanger sold under the tradename
Dowex MSA-1 and manufactured by the Dow Chemical Company
(particle size 20-50 mesh [dry]; ion exchange capacity: 4 mEq/g). The
synthesis mixture was prepared as described in Example 1. The

30 mixture of ion exchanger and symthesis solution was heated in a



particles were calcined at 600C in air for 10 hours, after heating to 10
this tenperature at a rate of 1C/ mn. Visual inspection and scanning

el ectron mcroscopy revealed that the rgsulting nmaterial consisted of very
hard, solid (honbgeneous), white spherical particles with a size

di stri but wowordesyical to that in the 15 enpl oyed ion exchaRGFUISHMIOTE
primary particles making up the spheres . had a size of about 100 nm Al so,
the primary particles on the surface of the spheres was simlar to the
particles in the interior of the spheres. Elenental analysis showed that

the particl e%o}ﬁé{tﬁﬁéﬂ@%&a&&f bgﬁg@;ﬁr@ﬁh é’i-e_ﬂﬁil': l&Bﬁde?ﬁelﬂlr gﬂgili.cﬁpﬁaﬂix 3&093”,

whi ch showed™t e 1on exch 20 materi al was imnated in the

cal ci ni ng st 398°CHoyud® hoBrandifier thiz time, $hdliphodxehonges partiches watrer i al
taken at two different nmagnifications. Figure 3 taken at the |ower

magni f i cat i osepavaked from $hhesdletibncind dbe anatsriahvasaexystabizediire tbes
Figure 4 taken. at .hi nification shqus t resence. of .,spall. primry
particles (piﬁ rrghaz%htw ﬁ&&lt’sof‘ W‘tll ﬁr"aatgﬁzlﬁ %Bﬁgﬁﬁﬁw%ﬁﬂh 9Fa’§1pan

di ffract ogret t Hat (] ' r j %q, i3t s of
silicali tgerel,rt‘]X Sggtﬁ&gteﬂ}tth ﬁgllsiﬂﬁgﬁ?%ﬁr%ﬂgegg?ge%?ggtbﬁ]g% rgﬁg{}?ﬂ%
material . Anby rfilyratiohs acNest, that particlesr weves washdd tlreehdimes nbfi gure

5. Analysis wth nitrogen adsorption ﬁave a specific surface area of 438
n2/ g and shosuapengionsm dissillesk waker, foHowed| ynsenaration by hitratieropsdes

ith 4.43 0/ 71254 PCT/, 78604 f .6
cal oul atod_ aEBBPARAEY 81 h e SRaRE A O S R B MRy e
pr epar ed Ui B rfiifosS /e RANGEENTASGO0° TGRS 160 LKL afR¥ HUriAPAD  he

hydr ot hermal “treat ment was carried out at different tenperatures. In the
first sihpcalthisteinpertareat @ratebf 19CAG.Ner nal treat ment

Visual inspection and scanning electron microscopy revealed
that the resulting material consisted of very hard, solid (homogeneous),
white spherical particles with a size distribution identical to that in the |

15 employed ion exchanger. The primary particles making up the spheres
had a size of aBout 100 nm. Also, the primary particles on the surface
of the spheres was similar to the particles ih the interior of the spheres.
Elemental analysis showed that the particles were almost entirely free
of carbon, hydrogen and nitrogen, which showed that the ion exchanger

20 material was fully eliminated in the calcining stage. Figures 3 and 4
are two SEM photographs of the material taken at two different
magnifications. Figure 3 taken at the lower magnification shows the
spherical character of the particles, whereas Figure 4 taken at high
magnification shows the presence of small primary particles (primary

26 crystals) with a size of about 100 nm. X-ray diffractometry revealed
that the material is crystalline and consists of gilicalite 1, but that it
also contains a percentage of amorphous material. An X-ray diffraction
pattern for this sample is shown in Figure 5. Analysis with nitrogen
adsorption gave a speéiﬁc surface area of 438 m2?/g and showed that

30 most of the pore volume was found in micropores with an average pore



tenperature was '165C. Scanni ng el ectron m croscopy showed that 10 the -

surface of the spheres of the resulting product were built up with

crystals of MFl-type zeolite and had a siz3 up to 500 nm The inner part

- of the sphe %{ess honbgeneous and aggl onerates of small particles
coul d be distinguished. 15 In the second preparation, the hydPEI/HEAITE

treatnent was carried out in two steps. The tenperature of the first step

was 100C and the tenperature of the second step were at 165C. The

resul ting sph%:ies wer E@Pi‘gh‘#y crystalline which indicates that the degree

of crystallinitmeier net ithoheadenlsied awoodinghytdr ahbe Hatvath o WwRBted! 2

20 hi gher tenp e Exanpl e 4 Macrostructures conprising spherical

particles of Z were 25 prepared as follows: 15 grans of a synthesis

solution with the nolar conposition: 0.35 Na20O 9TPACH: 0. 25Al 20s: 25

Si 02: 405 H20 were added to 1.0 granms of a macroporous strongly basic anion

exchanger sol d undeSilipalite3D wasapieparsl %ﬂ@(tﬂﬁhée%ﬂ@cmfsaﬁ%@sggﬂ@a the
e 20-

Dow Chem ¢ 44,)171254 PCT/ USQQ/ 13978 Conpany (particle siz nmesh
[dry]; ion excﬁgﬁ\fe EXCRRY; Pé‘?t e#&rﬁrg;hermal dyeatment was tcarsiedasuprapar ed

by first di ssoljiffdydn® of al um num i sopropoxide in 10 grans_ of
1.0M tetrapropyl an#or??%%eﬁg{roxi de. Another solution was prepared by-5

di ssolving 6.0 granms freeze-dried silica sol (Bindzil 30/220, 31 wt% Si (2,
0.5 wt % Na20 Eka Chg;ri gal S, gﬁ% in 26 grans 1.0M TPACH at -100C. The two
sol utions were ni xelft thadirshgilicaliterl prapsaativny theshydrbbkerril tedtfferton

exchanger and ' IaR~wWag heated [n.a po]yethylene reactor

equi pped with a r%‘%ﬁ?ﬁ%ﬁ#}etﬁlggrct ngmg BifCRTOR MISTespY showed that.

After thiSioti nthe sifabd bf e 1PAIFEs BPERE TLEANY Broduct were built up with
crystals of MFI-type zeolite and had a size up to 500 nm. The inner

part of the spheres was less homogeneous and agglomerates of small
particles could be distinguished.

16 In the second preparation, the hydrothermal treatment was
carried out in two steps. The temperature of the first step was 100°C
and the temperature of the second step were at 165°C. The resulting
spheres were highly crystalline which indicates that the degree of

crystallinity can be increased by a second hydrothermal treatment at a
20  higher temperature.

Example 4

Macrostructures comprising spherical particles of ZSM-5 were
25 prepared as follows:

15 grams of a synthesis solution with the molar composition:
0.35 Na:0:9TPAOH:0.25A1:05:25 Si02:405 H:0 were added to 1.0
grams of a macroporous strongly basic anion exchanger sold under the

30 tradename Dowex MSA-1 and manufactured by the Dow Chemical

$o



separated fromthe solution and the material was crystallized in the bulk
phase by filtration and treated in a 0. 1M anmmonia solution in an

ul trasound bath for 15 m nutes, and thenyggeparated again by filtration.
Next, the particles were washed three tinmes by suspension in distilled 15
wat er, fol |l owét284 separation by filtration, and then dri ed PCI/US0RAAY8ng
cabinet at 60C for 12 hours. Next, the particles were calcined at 600C in
air fort 10 hours, after heating to this tenperature at a rate of 1C mn.
20 Visual inspection and gnalysis with a scanning electron mcroscope
showed that tCwempangu@artivlealize ZRHE weeklo[diW]i ien é&ﬁﬁaﬁgep@éﬁ&&%%ﬂ’ith a
si ze and shape_identical to that of the enployed ion exchanger.

relatively | aBa/gk adbienynthesisampxtodecwas poepared, byvfisst dfssohving 0.d408i st of
particles with roughly t he sane size as thﬁ 25, errph%ed i on exghan er, but
with a nore EFPEYUI af* sIfHHEUNEEY L50RTOROMAe: MY ghlfragBTamEat Pbn & d

that the partj ' . ' ro s\ y

ypi cal of M EeRxopPEhEdHya by bRl PUhERUE kB RiH Wh pREANY BY

di ffract osret dyssdioimgl 6.0agrdmie froeud-deiedssitienssdlt @indkilZS0/220218 awt%
-relatively large fraction_of 45 WD 00/ 71254 PCT/ US00/ 13978 anor phous

materi al . Th«;SlgpeQ'rff Wet% iNg26t Ekay Chemicalee AR)rwd26 grams; 1.608 TRAOH &ti on at

612 n2/g. EX crostr.uctures ca I Si spher.ic rti.cl es of
zeol i tegA. ?@gg Elg? storf?jPﬁlpgg WEsP ﬁlgg&ﬁg}%gc g‘?“%’b??’f% FHH“?‘FPT he
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particl es of polyethyleperesctor equipped with a reflux condenser in an oil bath at

10 100°C for 20 days. After this time, the ion exchanger particles were

separated from the solution and the material was crystallized in the
bulk phase by filtration and treated in a 0.1M ammonia solution in an
ultrasound bath for 15 minutes, and then separated again by filtration.
Next, the particles were washed three times by suspension in distilled
15  water, followed by separation by filtration, and then dried in a heating
cabinet at 60°C for 12 hours. Next, the parﬁcles were calcined at
600°C in air for. }0 hours, after heating to this temperature at a rate of

1°C/min.

20 Visual inspection and analysis with a scanning electron
microscope showed that the product largely consisted of white, solid
particles with a size and shape identical to that of the employed ion
exchanger. A relatively large fraction of the product, however, was
shown to consist of particles with rbughly the same size as the

25 employed ion exchanger, but with a more irregular shape. SEM
analysis at high magnification showed that the particles consisted of
intergrown crystais with a morphology typical of MFI structures and
with a size of about 1 pm. X-ray diffractometry showed that the
particles consisted of ZSM-5 and a relatively large fraction of



~ as follows: -18.0 grans of a synthesis solution with the nolar conposition:
15 0.22 Na20:5.0 Si02: A120, 3: 8 TMA2O /400 H20 were added to 1.0 grans of a
strongly basi c anion exchanger sold undergthe tradename Dowex MSA-1 and

~ manufactured by the Dow Chem cal Conpany. The synthesis m xture was

- prepared byofoomsisadi ssol ving 1.25 grans of al um num i sopr o REEMW0AAYEg. 0
grans tetranet hyl ammoni um 20 hydroxi de pentahydrate in 0.90 grans of 1.0M
solution of NaOH and 3.0 grams water under agitation for 2 hours. This
solution was added to a m xture of 3.0 grans silica sol (Bindzil 30/220,
31 Wt % Si 02, DmprpHobie NatieeEkR CIoE @pbéificABRIrfabé dréadwalss hbasinedi byed
water and the resulting solution was agitated for 3 hours. The m xture of
i on 25 exchannirogewl adpmptesi st 6d2upf/gn was heated in a pol yet hyl ene
.reactor equipped with a reflux condenser in an oil bath at 100C for 10
hours. After this time, the ion exchanger particles were separated from
the solution and the material was crgghaldibaed in the bul k phase by
filtration and treated in a 0.1M ammoTfa s ion in an ultrasound 30 bath
-for 15 mmutes, and then separated again by filtration. Next, the 46 WO
00/ X254 PC PCT/ US0Q/ 13978 particles were washed three t|nmes by syuspepsion
in distilled wat er Magroptrygturesy comnisingosphorica) tnﬂaﬂciﬁ? of geokten lgri ed

in a heating bi net at 60C for 12 hougs, . Gl r

cal ci ned at G@‘g&s‘?nxﬁ??‘m’s TR Sy Ay é?fle%gﬂ %S Fgﬁ %‘h%sﬁe\rr/i%eﬁalﬁeure at
a rate of 1C {gomerizafiénalof NERGAE | Gpardiffindnal yThe bpresearatioly @fecthieon

m croscopy showed that the product l1argely consisted of |ight brown, solid
particles w mtacrostirnctured vedsgegriatbount aaffollaws:hat of the enpl oyed ion
exchanger. A smaller fraction of the product consisted of fragnented
particles® 10 SEM at hi gh magnification showed that the particles are

hormogeneous Macrostructure comprising spherical particles of were prepared

as follows:

-18.0 grams of a synthesis solution with the molar composition:

15 0.22 Na20:5.0 SiO2:A1203:8 TMA0:/400 H20 were added to 1.0 grams
of a strongly basic anion exchanger sold under the tradename Dowex
MSA-1 and manufactured by the Dow Chemical Company. The
synthesis mixture was prepared by first dissolving 1.25 grams of
aluminum isopropoxide and 9.0 grams tetramethylammonium

20 hydroxide pentahydrate in 0.90 grams of 1.0M solution of NaOH and
3.0 grams water under agitation for 2 hours. This solution was added

to a mixture of 3.0 grams silica sol (Bindzil 30/220, 31 wt% SiOz, 0.5
wi% Naz20 Eka Chemicals, AB) and 12 grams of distilled water and the
resulting solution was agitated for 3 hours. The mixture of ion

25 exchanger and synthesis solution was heated in a polyethylene reactor
equipped with a reflux condenser in an oil bath at 100°C for 10 hours.
After this time, the ion exchanger particles were separated from the
solution and the material was crystallized in the bulk phase by
filtration and treated in a 0.1M ammonia solution in an ultrasound

30 bath for 15 minutes, and then separated again by filtration. Next, the



and are constructed fromintergrowm primary particles with a size up to
about 300 nm X-ray difractonetry showed that the resulting naterial

contai ned zeolite A and a certain amount, of anmorphous naterial. N trogen
adsorption nmeasurenments gave a specific Ssurface 15 area (according to the
BET equat wendo 15806 n2/ g and indicated the presence of botpgTnesbeassand
mesoporosity. Exanple 6 20 Macrostructures conprising spherical particles
of zeolite Beta were prepared as follows: 15 grans of a synthesis solution
with the nolar conposition: 0.35 Na2O 9TEACH: 0. 5A1203: 25 Si O2: 295 H20 were
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i sopropoxide in 6.0 grans tetraethyl anmoni um hydroxi de (TEACH,~ 20%
sol ution) at 24 GEC fomi L2 bengs. dV¥extathenarticles weereqaleined atf 660TC af ajrans

freeze-driedgsilica sol £Bindzil 30/220, 31 w% Si 02, 0.5 wt % 47 WO

00/ 71254 PU#%S%%?’?@Q% ’zgeEb&géﬂéﬁ%%ﬂ%PemPﬂP§§o‘l&ﬁed=fi1ﬁ0m1-gr ans of
TEAOH (2Q% solution) and the resulting solution was agitated for 30

m nutes. The mxture of ion exchanger and synthesis solution was heated in

a pol yethyl ene razgual isptceReanl tdhadydi8 By 5cHABRINSIRELIR ﬁﬁcﬁi's'oo th at
5 100C for 8 days. After this tinme, the ion exchanger particles wer
separ at ed frehewnd that the produdt largelyatonsistedwfdightybmomi, i sodid partidies bul k
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then dried | BEM tetchighgmapnifiestion showed that 2hegarsicles are homogeneous

and are constructed from intergrown primary particles with a size up

to about 300 nm. X-ray diffractometry showed that the resulting

material contained zeolite A and a certain amount of amorphous

material. Nitrogen adsorption measurements gave a specific surface _

15 area (according to the BET equation) of 306 m2/g and indicated the

presence of both micro- and mesoporosity.

Example 6

20 Macrostructures comprising spherical particles of zeolite Beta

were prepared as follows:

15 grams of a synthesis solution with the molar composition:

0.35 Na20:9TEAOH:0.5A1:05:256 Si02:295 H20 were added to 1.0

25 grams of a strongly basic anion exchanger sold under the tradename
Dowex MSA-1 and manufactured by the Dow Chemical Company. The
synthesis mixture was prepared by dissolving 0.81 grams aluminum
isopropoxide in 6.0 grams tetraethylammonium hydroxide (TEAOH,
20% solution) at 100°C. This solution was added to a solution of 6.0

30 grams freeze-dried silica sol (Bindzil 30/220, 31 wt% SiOs, 0.5 wt%



"-Next, the particles were calcined at. 600C in air for 10 hours, after
heating to this tenperature at a rate of 1C mn. 15 Visual inspection, as
wel |l as analysis with a scanning el ectron47 m croscope, showed that the

_ product Iar“g(glel consi sted of hard, white, solid particles with a size and
"shape i dent1 R3¥71%3% hat of the enpl oyed ion exchanger. SEM BRAUREMAITE

hi gh magni fi cati on shows that the material is constructed of intergrown
primary particles with a size of 20 about 80 nm X-ray d . actonetry showed
that the particles contained zeolite Beta as the only crystalline phase.
The speci fic Nas@cBkar Szhemicnlsi| ABpdlissalved him 2OTgeamat o TEAGH: A20%

nitrogen adsorpg.l ta, ., Was 0 n2/[g. 25 Exanple Afilmof silicalite
1 was built upsg)#tﬁﬁ%sjgﬁﬁf Q{Eer?ﬁjgngrﬁgi@gg?m Bg’é"afﬁ‘; fon 3Q aminutes. Fheluced
accordi ng to EAHRRr : 4 1 Us00/,13478 10.0
grans of synthesis go%?ﬁgnégméﬂta%ﬁeég% 0S| Pg%ngé%}%ﬂ;g%saiﬁaﬁﬁ W di ng
to Exanpl e 3 \polyethydene reactoP@quipped with & abfluReonfensiiGh Pk ERth at

according to 3., This mxture was heated at 100C in a pol yet hyl ene
Feactor eqi pm f‘?‘? 8 Jm-u%%hmﬁm, ther ioxs enchangerapacticlesi wereé ne,
the particles { from t he ution and the material was
crystallized isﬁgéﬁ%&bﬁg%%ﬁglgemlﬁg@i%&%’?&Hag‘ﬁd&??’@&t ‘é"éfs?q(ji‘&eé.@l\ﬁ%‘rmni a
sol ution in abulktplasby flBatin fid ﬁ%&a%%o.mﬁxﬁ%ﬁ%%&gﬁ%@q@% .

separated again by filtration. The particles were

times by suspadtraseund ibathi Sfor| 15d mimudes, fwhersuponbythee particles) Wire

of the mat er | BPHESd AT bt Bifrasione The Tastian were Arelliwasheg thoee i

tenperatuj¢ akires by suspension in distilled water, followed by separation by
filtration, and then dried in a heating cabinet at 60°C for 12 hours.
Next, the particles were calcined at 600°C in air for 10 hours, after

heating to this temperature at a rate of 1°C/min.

15 Visual inspection, as well as analysis with a scanning electron
microscope, showed that thé product largely consisted of hard, white,
solid particles with a size and shape identical to that of the employed
ion exchanger. SEM analysis at high magnification shows that the
material is constructed of intergrown primary particles with a size of

20 about 80 nm. X-ray diffractometry showed that the particles confained
zeolite Beta as the only crystalline phase. The specific surface area
calculated with the BET equation, based on nitrogen adsorption data,
was 580 m2/g.

26 . Example 7

A film of silicalite 1 was built upon the surface of a
macrostructure of silicalite 1 produced according to Example 3 as
follows:

30



rate of 1C/mn. X-ray di action neasurenents on the calcined sanple

reveal ed that the sanple contained silicalite 1 as the only 15 crystalline
phase. Scanning el ectron m croscopy detected an outer |ayer of silicalite
1 on the surface of the particles, a |la$®r that synthesis had built up
from abo zhmlarge primary particles. The specific spfaefyRReaR Was
determ ng&doﬁlwafﬁe uncal ci ned sanple as 92 nR/g, whereas the corresponding
val ue neasured for the cal cined sanple was 20 543 n2/g. The difference in
the surface before and after calcining indicates that the outer shell of
silicalite 1 effectively encloses the open, pore systemin the origipal
particles. Exam p&0sb svamsf SERthesin S0RKPD ML € CAMPRIEIOTH Aty of

i th the. moi 2ot AHaRRdg o0 R0pls03, UART afted ) 1265 kEES B
were added t@aldided!froduct Proddedd BeddrdS0p/td I SmPple 35 This MBRLPE WS

strongly basic ani on exchanger sold under the tradenanme Dowex MSA-2 and
manuf act ur echéptedhat Db Chdni aapolyethpleme. raketoni squippedf with axweflaxer and
synt hesi s sol utjon s aged for qne haour _ at rpomtenperature and then
heated i f a@%ﬂss\ipﬁgr dfichouzse okhip Jdeyithy 98, wersrenarated n an

il bath at 0 i i '
part ol o welFam the Foidtod AMEchd leiEriali Bl Mstalilid B cREEMIIPhace
crystal | i zedhy FléraRiorPahd tPeRted iRYa (0.1M aidR6ni Solutida! 1l anMuRrAscéddmoni a

solution in an_ultrasound bath for 5 mnutes, and then separated again by
filtration. hathNefor, 15heninutesclebevenponadieyd wereeragparated agaiuskensi on

: 2 adl still etcllltra i6n Oel 1')%&;9 &e%g%ﬂijlr %vnas%dc t'hlrteé Hehdl ’byaéltgsl}erﬁesri]or(nj ried
10 in distilled water, followed by separation by filtration, and then dried
in a heating cabinet at 60°C for 12 hours. Part of the material was

calcined at 600°C for 10 hours, after heating to this temperature at a

rate of 1°C/min. X-ray diffraction measurements on the calcined
sample l.'evealed' that the sample contained silicalite 1 as the bnly

15 crystalline phase. Scanning electron microscopy detected an outer
layer of silicalite 1 on the surface of the particles, a layer that synthesis
had built up from about 300/-nm large primary particles. The specific
surface area was determined for the uncalcined sample as 92 m?/g,
whereas the corresponding value measured for the calcined sample was

20 543 m?2/g. The difference in the surface before and after calcining
indicates that the outer shell of silicalite 1 effectively encloses the open
pore system in the original particles.

Example 8
25

Macrostructure of ZSM-5 having a sufface coating of silicalite 1

were produced as follows:

20 grams of a synthesis solution with the molar composition:
30 0.31 Nag0:9TPAOH:0.25A1,05:25 Si02:405 Hz0 were added to 2.0



~heating cabinet at 60C. Next, the particles were calcined at 600C in air
for 5 hours, after heating to this tenperature at a rate of 1C mn. 15 XRD
anal ysis of the product indicated highly grystalline ZSM5 having a

. spherical shape. 1.2 grans of the product were placed into a polyethyl ene
“reactor aW@Q0&2$420 grans of a synthesis solution with the P@I/ES00/13978
conposition: 20 3TPACH: 25 Si 02: 404H20: 100Et OH were added to the reactor.
The m xture of product and synthesis solution were preheated to 100C and
heating continued at this tenperature in the polyethylene reactor which
was equi pped griinsaoﬁsfrhautopeﬂd@rménél?rbﬁc AaseP exAhdrifer! 018 uhddeyhd he
coated macrostructures were separated fromthe Silicalite 25 which had
crystallized trademame aBQW@Kle%@-Z and amfactwredabystheitDow Chearical

ultrasound bath for 5 mhputes., The.particles were , washed,several tines by
distilled wat gﬁ%*"hermﬂﬁ%%%lﬂﬁaﬁ’ﬁc 8RS fYRihestcsoludion wag

particles wergoed! $beshélh ' ' r | tq this
tenperature at ga rate of 1C‘?%10%ﬂ[ or}orag{not&gipe?gh?#ﬂe %a{c%ﬁ oﬁgfa{%qﬂo%
00/ 71254 RCT/ peyethglrit: rMactml equipped twith a seflwetdndenseddhyon silshathesk t hat

t he product I | sted of hard, white, ;solid particles. SEM
anal ysi s (Fi gaqégé fgﬁgﬁgg"% e&%é typecthe ion exghangex partiales. Werd cron
coating 2 5 m rdaicl as aof,the magrgstructures. Fig. 7.sho t he
NMESOpOr es a%‘% crtg‘go‘%‘é'(s‘;1 e Splution. ﬁﬁﬂﬁtgnﬁﬁcﬁaﬁr&y%@‘ﬁ%ﬁ’f‘h&e
macr ost r uct ur bullephagk MOfltELiEh landtreatad "G 1V lagnmdhi® sbmtﬁgegng-an The

density of the macrostructure was determ ned to be 0.38 gl ee. anple 9

1. Preparati onltzasomed beth for Grminutespandi thencsopsirated again byl fileatioha. | 5

10 grams of AN NEE Dasfictls’ Word' Whehidd Sovéral®HIRES by “Dispension in
distilled water, followed by separation by filtration, and then dried in a
heating cabinet at 60°C. Next, the particles were calcined at 600°C in

air for 5 hours, after heating to this temperature at a rate of 1°C/min.

15 XRD analysis of the product indicated highly crystalline ZSM-5
having a spherical shape.

1.2 grams of the product were placed into a polyethylene reactor

and then 20 grams of a synthesis solution with the molar composition:

20 3TPAOH:25 Si02:404H:0:100EtOH were added to the reactor. The
mixture of product and synthesis solution were preheated to 100°C and
heating continued at this temperature in the polyethylene reactor
which was equipped with a reflux condenser for 48 hours. After this
time, the coated macrostructures were separated from the Silicalite

25 which had crystallized in bulk, and treated in a 0.1M ammonia
solution in an ultrasound bath for 5 minutes. The particles were
washed several times by distilled water and then dried in a heating
cabinet at 60°C. Next, the particles were caicined at 600°C in air for 5

hours, after heating to this temperature at a rate of 1°C/min to remove

30 the TPA cations.



0. 31 Na20: 9TEAOH: 0. 5A1203: 25 Si 02: 295 H20 were added to 1.0 granms of a
strongly basic ani on exchanger sold under the tradenane Dowel MSA-1. The
m xture of ion exchanger and synthesis solution were heated in a

pol yet hyl ene reactor equi pped with a ref$ex condenser 20 in an oil bath at

170C for &fqhours After this tinme, the ion exchanger partlm

separ at ed solution and the material was crystalli x Wﬁ bul k
phase by filtration and treated in a 0.1M anmonia solution in an
ultrasound bath for 5 m nutes, whereupon the particles were separated

again by filtration. The particles were finally 25 washed several tinmes by
suspension in distilled water, foIIovved by separation by filtration, and

L B it s B i
tenperature %:%e?%ﬁsfgte&Qf'Hﬁd Whit L?ﬁ:( ﬂ%ﬁ‘gclgg ?313‘% Y cted

I nspecti on, as analysi s $howed product

of hard, whi chowed itHe pprdsealce sofiickystalss iof eles® cthalma 0e5 mdaiw ¢ohtihg Bhat of
t he errpl oyed ion exchanger ICP anal ysis of the_ macrostructure det erm ned

the silica tIErem % of 4hp omaerostrygures. | |F ET35$ boys the mesopores

Macr ostructure c I.sing zeolj,te Beta i.n the paortionati qn of
Ginene. The. nABRocBIAIEPRIRS (flo thes (mRetottinetiFe, patie | Apabiis.ofc the,
tested in th&éﬁr’éﬂfﬁi&ﬁié Q@ﬁéhﬁﬁz&i tﬁé'%ﬂ'ikﬁ: td Mubfinh WR¥e ¢atiol &7 beUs0.LY
first packing fifty mlligranms of 40- 60 nmesh catalyst in a stainless steel
react or. TheThecdemssity of the snaerostrystete was détermitedtobe 0.3®gloor t wo

hours. Next, the macrostructures 15 were contacted by co-feed of cunene and
ni trogen. Tot al pressure of reaction was controlled at 54 psia. The

partial pgessure of the cunene Example 9

1. Preparation of Macrostructures comprising crystals of
zeolite Beta.

16 10 grams of a synthesis solution with the molar composition:
0.31 Na20:9TEAOH:0.5A1:03:25 Si02:295 H20 were added to 1.0
grams of a strongly basic anion exchanger sold under the tradename
Dowex MSA-1. The mixture of ion exchanger and synthesis solution
were heated in a polyethylene reactor equipped with a reflux condenser

20 in an oil bath at 170°C for 24 hours. After this time, the ion exchanger
particles were separated from the solution and the material was
crystallized in the bulk phase by filtration and treated in a 0.1M

 ammonia solution in an ultrasound bath for 5 minutes, whereupon the
particles were .separated again by filtration. The particles were finally

25 washed several times by suspension in distilled water, followed by
separation by filiration, and then dried in a heating cabinet at 60°C for
12 hours. Next, the particles were calcined at 600°C in air for 5 hours,

after heating to this temperature at a rate of 1°C/min.



"-feed was 13.5 psia and partial ‘pressure of N2 feed was 40.5 psia. Cunene
flowate was 15.43 pl/mn. The nitrogen streamwas controlled by a Brooks
mass flow controller and the cunene feed 5210 stream was punped by a syringe
~punp. The tenperature used in the tests ranged from 225 to 300C. All
"product s w&¥QO0yMAs4zed by an on- |ine HP 6890 GC equi pped W pbTAIS6IveS |
DEX CP colum. The catal yst performance was: Cunene Conversion: 15-20% Ez
Selectivity: -40% DI PB Sel ectivity: 50% The results show very high

di sproportionation conversion. The 30 high diisopropyl benzene (DI PB) yield
denonstrates hi gh agisuul € agZ [ g 0 ture. 52
WO 00/ 71254 PCT/ US00/ 139%8%3%’ & Slg'egrée%aa?%?f%ﬁ ggg’a%g@%/tsfﬁﬁ’%&““

Macr ost r uct ur éargedyreonsisted of \heird| svhitd, s65d pabtides avidlEa @lzerafidl SHIN S
solution w th. he.%&g ﬁorrp?s' tion: ~0.31 Na20: 9TPACH: 0. 25Al 20s: 25

Si 02: 405 H20 HEFRH that of ghe prploved iompachangesudCH avalysis mfsthe ani on

exchanger sol ¢, 4eefrichSre e X MOA- L. The m xture of i
exchanger and synthesis 1&%%?]%%@%%@&3 ﬁlgpﬂ?@nﬁlﬁﬁ‘ﬂé‘?t‘?gﬁﬁ%n
.tenmperatur® and then heated in a polyethyl ene reactor equipped with a

reflux condenser in.an oil bath at 170C for 24 hours. After this tinme, the
i on exchanger partilbl es Test of the placrostructwrestdomnprisingi zeolite Beathdnnedieer i al

was crystalli ' ul k ase by filtration and treated in a 0.1M
ammoni a sol ut?g%nllogmgﬂsfggﬁﬁquzmﬁﬂebath for 5 minutes, and then separat ed
again by filtration. Next, the particles were washed -several tines by
suspension in

The macrostructures prepared according to Part I above were

10 tested in the disproportionation of cumene.

The test was carried out by first packing fifty milligrams of 40-

60 mesh catalyst in a stainless steel reactor. The macrostructures were
pretreated at 450°C with N2 for two hours. Next, the macrostructures

16 were contacted by co-feed of cumene and nitrogen. Total pressure of
reaction was controlled at 54 psia. The partial pressure of the cumene

feed was 13.5 psia and partial pressure of N; feed was 40.5 psia.
Cumene flowrate was 15.43 pl/min. The nitrogen stream was
controlled by a Brooks mass flow controller and the cumene feed

20 stream was pumped by a syringe pump. The temperature used in the
tests ranged from 225 to 300°C. All products were analyzed by an on-

line HP 6890 GC equipped with a Chirasil DEX CP column. The

catalyst performance was:

25 Cumene Conversion: 15-20%
Bz Selectivity: - 40%
DIPB Selectivity: 50%

The results show very high disproportionation conversion. The
30  high diisopropylbenzene (DIPB) yield demonstrates high activity of the
zeolite beta in the macrostructure.



distilled water, foll owed by separation by filtration, and then dried in a

heat i ng cabi
600C in air

net at 60C for hours. Next, the particles were calcined at

for 5 hours, after heating to this tenperature at a rate of

1C/ min. Visual inspection as well as an®Rysis showed that the product

| argel 'y c&pzd@hg_% of white, solid particles with a size andPéP@P&{'ﬁgn -

i denti cal

of the enployed .ion exchanger. |ICP anal ysis

20

macrostructure showed a silica to alumna nole ratio of 49. Preparation of

Catal yst B -

enpl oyed i on exchanger.

Macrostructures conprising crystals of ZSM5 30 Catal yst B
was prepared the sane as Catal yst A._ 53 gf 00/ 71254 PCT/ US00/ 13978 Vi sual
I nspection as well as analysis sho .2

of white, solid particles with a size and shape identical to that of the
The silica to alumna 5 nole ratio of the ZSM5

was 44. Separate !E’Qé?ﬁré‘ﬁél? of Tddtabpbtol! Madrostristiirel Somprigiity Brystalde

di sproportionation o

cunene. To conpare the performance of these

Cat al ysts, aoPpZBM-5art ZSM 5 catal yst was also tested in the 10

di sproportionation of cunene. The ZSM 5 catal yst conprised of crystals

havi ng si%zes in the range of from0.2 to 1.0 micron had a silica to

alum na nole ratigpo éﬂ’%ﬁ S a,gma engioh ition:
.procedures descri gdéll-%ﬁge{;(??ifo Fn%g @3%?‘e i 'ﬁﬁe resﬁ'ﬂ% 0 t1 glslé

tests are shg\gl iMaZR9TPAOHL).@5A1I0s:28bBE04:408t Has twerk-Galdeldytb B i or

Art ZSM5 Cunene Conversi on 30-6040-5010-20

10

16

20

25

30

grams of a macroporous strongly basic anion exchanger sold under the
tradename Dowex MSA-1. The mixture of ion exchanger and synthesis
solution was aged for one hour at room temperature and then heated in
a polyethylene reactor equipped with a reflux condenser in an oil bath
at 170°C for 24 hours. After this time, the ion exchanger particles were
separated from the solution and the material was crystallized in the
bulk phase by filtration and treated in a 0.1M ammonia solution in an

ultrasound bath for 5 minutes, and then separated again by filtration. |

Next, the particles were washed several times by suspension in
distilled water, followed by separation by filtration, and then dried in a
heating cabinet at 60°C for hours. Next, the particles were calcined at
600°C in air for 5 hours, after heating to this temperature at a rate of

1°C/min.

Visual inspection as well as analysis showed that the product
largely consisted of white, solid particles with a size and shape
identical to that of the employed ion exchanger. ICP analysis of the

macrostructure showed a silica to alumina mole ratio of 49.

Preparation of Catalyst B - Macrostructures comprising crystals
of ZSM-5

Catalyst B was prepared the same as Catalyst A.

e product |largely consisted



-Bz Selectivity (96) 959080 DI PS Selectivity (%9 == 652 1 The results of
these tests show that Catalysts A and B were 20 nore active in the
di sproportionation of cunene than the prior art ZSM5 catalyst. Exanple 11
25 Sample A was tested for xylene isoner i%3ation and et hyl benzene
deal kyl at | wo coFhgsst est was carried out by first packing fiftVf‘stﬁrEﬂbﬁm 54
WO 00/ 71254 PCT/ 13500/ 13978 of 40-60 nmesh catalyst in a stainless steel
reactor. The catalyst was pretreated at 450C with H2 for two hours
foll owed by co-feed of 50:50 nolar ethyl benzene: m xyl ene and hydr ogen.
Total pressure of reaction was controlled at 54 psia. The partial pressure
of ethyl benzene feed 5 was 3.4 psia, partial pressure of mxylene feed was
3.4 psia, and par MighaPimsgeeti daﬂ\gi‘, 7 | '
flowate was _ 7.7 I/mn. The h?ﬁ(r)%sggwhegt%‘r%eam ngs g%%‘??%ﬁhé‘?y%&?ggggﬁ(s
mass flow colangsly egonsistedhof whiter ssdlivh fareidlest meitln wasizergiell sha

: ) . . pe
syringe punp,,The tenperat investigated in the tests ranged from 200 to
10 500C. Al | b‘?e&g{ﬁ?ﬂgt%@ﬁg of the sBlaxedan changerEThe colicr foquiumisd  wi t h

a Chirasils DEGL AP ra8bYFEL %gM[ tg of these tests are shown in Tables
bel ow. Table Il 15 5Q0Cx Et y b%?\jzélgr%'Conversi on JN)O0. 22. 420. 634. 3

Separate tests were carried out using Catalysts A and B in the
disproportionation of cumene. To compare the performance of these
Catalysts, a prior art ZSM-5 catalyst was also tested in the

10 disproportionation of cumene. The ZSM-5 catalyst comprised of
crystals having sizes in the range of from 0.2 to 1.0 micron had a silica
to alumina mole ratio of 34. The tests used the same conditions and
procedures described in Section II of Example 9. The results of these

tests are shown in Table I below. -

15
Table 1
S CUeEEee] . T CatalyabAs i) ¢ Catalyst B =5 7). PriorsArt ZSM-5::
Cumene Conversion _
} 30-60 40-50 10-20
Bz Selectivity (%)
95 90 80
DIPB Selectivity (%) :
5 b 2

The results of these tests show that Catalysts A and B were
20 more active in the disproportionation of cumene than the prior art
ZSM-5 catalyst.

Example 11

25
Sample A was tested for xylene isomerization and ethylbenzene

dealkylation. The test was carried out 'by first packing fifty milligrams



% of reacted ethyl benzene di ro ortionatedl100100243.3 % of reacted

et hyl benzene deal kyl at ed007696. 7 m xyl ene conver si on2264243. 3 96

X:mX: oX1. 2:98:0.718: 74: 825: 58: 1725. 3: 56. 7: 18 At | ow tenperature (200-300C),
et hyl benzene disproportionation is maj o¥ reaction pathway. At high

t enper at t of the ethyl benzene cracks into ethene a At
400C 20 an oz%’gg% the catal yst becane very effective in isg%re}rb{%%% 10,4
to pX. 55 What is clainmed-is: 5 1. A process for converting hydrocarbons
conprising contacting a hydrocarbon feedstream under hydrocarbon
conversion conditions W|th a catalyst, containing: k 10 at |east one

macr ost r uct upb 4668 meshcatalysattinapl stasnlegs steglcreactorenbhe catalyst Wax of

sel f supportin cl.es o n orqu I
material, EF%‘ ??‘?@1%‘%5‘?% ﬁé\/ﬁrﬁ; ﬁﬁwz?\/lé‘?"{c%e{oﬁ ngip? %'E%‘T of %néé t han
2 m crons; (EHOIQEQ# l]:ﬂﬂlzjeﬁégnl e7§1{<a0:i drBges 0Tk all ﬁrés@mfeéa@&w at .
| east one macrostruc ure; bel ng JOI ned together to forma
t hr ee- di menswazatonirolledcan bécpsad nNEheopdetizd gresswe of etluylrenbene fged
di aneters greater. than 20 A
5 was 3.4 psia, partml pressure of m-xylene feed was 3.4 psia, and
partial pressure of Hz feed was 47.2 psia. Hydrocarbon flowrate was
7.7 pl/min. The hydrogen stream was controlled by a Brooks mass flow
controller and the hydrocarbon feed stream was pumped by a syringe
pump. The temperature investigated in the tests ranged from 200 to
10 500°C. All products were analyzed by an on-line HP 6890 GC equipped

with a Chirasil DEX CP column. The results of these tests are shown

in Tables below.
Table 11
16

| . ] 200 | 3080 . ] - - 400°BEEk suu'c*'“a
Ethylbenzene
Conversion (%) 0.2 2.4 20.6 34.3
% of reacted :
ethylbenzene
disproportionated 100 100 24 3.3
% of reacted
ethylbenzene
dealkylated - 0 0 76 96.7
m-xylene conversion 2 26 42 433
(%) :

X:mX:oX 1.2:98:0.7 _18:74:8 25:68:17 25.3:56.7:18 |

At low temperature (200-300°C), ethylbenzene

: dmproportmnanon is major reaction pathway. At high temperature,
most of the ethylbenzene cracks into ethene and benzeme. At 400°C

20 and above, the catalyst became very effective in isomerizating mX to

pX.



20 2. The process recited in Claim1, wherein said porous inorganic
material is conprised of nolecular sieve. 3. The process recited in Caiml
or 2, wherein said macrostructure does not contain significant anounts of
anmor phous materials. 25 4. The process ‘recited in Clains 1 to -3, wherein
said at |east one macrostructure has a Bensity of less than 0.50 gl/oc. 5.
The process recited in Clains 1 to 4, wherein said particles have 30 an
average particle size of lees than 500 nm AMENDED SHEET 56 WO 00/ 71254
PCT/ US00113978 6. -The process recited in any preceding Caim wherein said
particles are joined together by neans other than by physical binding of
the particles. 5 7. The process recited in any preceding Cai'm wherein
said particles are joined together as a result of the synthesis of the at

| east one macrostructure. 10 8. The pr ecited in any preceding daim
wherein said particles have an averamm e size of |less than 500 nm

and occupy |l ess than 50% of the total volune of the macrostructure. 9. The
process recited in Clainms 1 to 8, wherein said porous' 15 inorganic ‘

material is ayWwREYSs! @d igat ernedi ate pore size nolecular sieve. 10.
The process remteg ai m 10, wherein the structure type of said

nol ecul ar gieve is sel ected fromthe group consi sting of 20 LTL, FAU, MOR
*BEA, MFI, MEL, MTW MT, MS, FER , and 1. The prqcess reC|ted in
Clainms 1 and 4.to @\ Pwoeessi forsemyesting by rocarbons comprising conta

hydrocarbon feedstream under hydrocarbon conversion

 conditions with a catalyst containing:

10 . | at lez_ist one macrostructure cpnsisting' gaaentially of a

three dimensional network of self supporting end self

bound pﬁrticles comprising porous inorganic _mate_rial, '

said particlea (2) having en average p’arﬁdé gize of less

than 2 microns; (b) occupying less than 75% of the total

15 ' volume of said at least one macrostructure; and (c) being
joined together to form a three-dimensional
interconnected network comprised of pores having
diameters greater than 20 A

20 2.  The process recited in Claim 1, wherein said porous inorganic
. material is comprised of molecular sieve. |

3. The process recited in Claim 1 or 2, wherein said macrostructure
does not contain significant amounts of amorphous materials.

4 ‘il‘he process recited in Claims 1 to 3, wherein said at least one
" macrostructure has a density of less than 0.50 g/ce.

5. The process recited in Claims 1 to 4, wherein said particles have
30 " an average particle size of less than 500 nm. '

AMENDED SHEET



i norganic material is nmesoporous inorganic material. 25 12. The process
recited in Caim1ll, wherein said nesoporous inorganic material is

sel ected fromthe group consisting of silggca, alumnumsilicate, alumna,
MCM 41, and MCM48. 57 WO 00171254 PCT/ US0O0/ 1397S 13. The process recited
in any pr S¥@dPAESE ai m wherein the hydrocarbon conversi on ACT/GS00B89%d out
at conditions conprising a tenperature of from 100C to 760C and/or a
pressure of from 10.1 kPag to 10.1 MPag (0.1 to 100 atnospheres) and/or a
5 wei ght hourly space velocity of fromO0.08 hr' to 200 hr'. 14. The process
recited in any preceding Claim wherein the hydrocarbon conversion is

sel ected fromthe group consisting of cracking of hydrocarbons,

i someri zati on6of alllagl papessst iresited Oindi apy oprecedingmt Chainnf windredmesaid

di sproportionation_gf..cunene,. .di spropartipnation of_ ethyl bepzene, |

transal kyl ati on of p%ﬁﬁ? i UE Jm&?iﬁ’ﬁgﬁéﬂ 3paNS Gther ti/‘&Poglh gjgal :
naphtha to aromatigﬁldingcaﬂﬁé% icffs. paraffins and/or olefins to aromatics,
cracking of naphtha to’light "ol efins, alkylation of naphthal ene and al kyl
15 napht ha&l ene to 2, 6-di al kyl - napht hal ene, and dewaxi ng of hydrocarbons.

15. The procezs regited in any preceding Caim wherein said at_ |east one
macrostructuré is ePBgcesspreeited i any coraseding: Clromgs wherepm ostidi ng an

mc: s i i 25wl
mixture capable of PPErRact Tl AEEm, he FEARR aeBlomtnity ibeintoccupy

at | east least one macrostructure.

10 8. The process recited in any preceding Claim, wherein said
particles have an average particle size of less than 500 nm and
occupy less than 50% of the total volume of the macrostructure.

9. The process recited in Claims 1 to 8, wherein said porous
15 inorganic material is a large pore or intermediate pore size

molecular sieve.

10. The process recited in Claim 10, wherein the structure type of

said molecular sieve is selécbed from the group consisting of

20 LTL, FAU, MOR, *BEA, MFI, MEL, MTW, MTT, MFS, FER,
and TON.

11.  The process recited in Claims 1 and 4 to 6, wherein said porous

inorganic material is mesoporous inorganic material.

12. The process ‘recited in Claim 11, wherein said mesoporous
inorganic material is selected from the group consisting of silica,
aluminum silicate, alumina, MCM-41, and MCM-48,




. a portion of the pore space of said porous organic ion exchanger; (b)
converting said synthesis mxture to formsaid porous inorganic material;
and, 5% (c) renoving said porous organi g7i on exchanger fromsaid conposite
material. 16. The process recited in Claim15, wherein said at | east 6

- macr oet r ulY@P¥H2Have the size and shape of the pores of sai BCTHSPYIAG?S
organi c ion exchanger. 17. The process recited in Caim1l5 or 16, wherein
said organic ion exchanger is a macroreticular ion exchanger. 10 18. The
prons recited in any preceding Claim wherein said at |east one

macrostruct un@. hafd pweess oRRitedEnsiady Preeddihg Claim). WhEkinl6hd. The
process recited in any preceding Caim wherein said at |east one

macrostructure i shydwecdnhan eonveysionds icammed 2ut atirengditiens compzising & n
_Clains 15 to 19,. ,wherein saigd,.synt S ] re 4,s converted t.o. said
porous i norganic ﬁﬁ%ﬁ?ﬁ%ﬂg%oﬁﬁfgr*& ﬁé&r@l“@é‘?ﬁﬁ PESRSUIR T 2B pr i se
an initial tenper I rmﬂg ng, & r@,}én ¥y ter
than the first tg%%%gggg ?{)i ea?r)g(():'gsgorle(?:(?te ?ﬁ an%é):)rece |ﬁ&S
-Claim whgrein saiweight hatirlyespdceoredoditicoDfrom 008 k- htes 260 Hrdast one

di nension greater than 1.0 mm 22. The process recited in Cains 15 to 21,
wherein said porous organic ion exchanger is a porous organic anionic

exchanger. Sq 4AVENRED ;%%%gs recited in any preceding Claim, wherein the

hydrocarbon conversion is selected from the group consisting of

cracking of hydrocarbons, isomerization of alkyl aromatics,

10 disproportionation of toluene, disproportionation of cumene,

disproportionation of ethylbenzene, transalkylation of aromatics,

alkylation of aromatics, reforming of naphtha to aromatics,

conversion of paraffins and/or olefins to aromatics, cracking of

naphtha to light olefins, alkylation of naphthalene and alkyl-

15 naphthalene to 2,6-dialkyl-naphthalene, and dewaxing of
hydrocarbons.

15. The process recited in any preceding Claim, wherein said at

least one macrostructure is made by a process which comprises:

20
() providing an admixture comprising a porous organic ion
exchanger and a synthesis mixture capable of forming
said porous inorganic material and which occupy at least
a portion of the pore space of said porous organic ion
26 exchanger;

(b) converting said synthesis mixture to form said porous

inorganic material; and,



59 29. The process recited in Caim?22, wherein said porous anionic ion-
exchanger is a strongly basic ani on-exchange resin containing quartenary
anmoni um groups. 24.- The process recited in Clainms 15 to 23, wherein seeds
in'said synthesis mxture growto forn1%§id porous inorganic material. 25.
The process recited in Caim24, wherein®aid seeds. are either forned
within the pores of said-:porous organic ion exchanger or 10 are introduced
into said porous organic ion exchanger by either ion exchange or
adsorption. 26. The process recited in Caim24 or 25, wherein said seeds
are oligoneric anions of silicates or crystals of a nolecular sieve 15

having a size of less than 2Q0 nrn., 27. The pracess recibted i Clains,22 to
26, wherein said pdfbus TCHAVIRE 8418 PSR, PFEANIA A0, §XFRABESE: saldacity

greater than 1 negJgm qof %@Q@%ﬂéﬁgl oni ¢ i on-exchanger.. 20 25 28. The

process recited in d ai o rein the synthesis solution has a
m xture whi ch upon hydrothermal treatnent in the absence of an organic

i on-exchange resin results in the crystallization of said porous inorganic
material . 29. I8ie (Theepsocessi recited fmyQlabmedbpgwhiezein sdid caty losst '
process 1is selected fromthe group cqnsisting _of the ?mropoxti nat,i.on of
tol uene, dBspr opor tthemenstoictures havecthe sz andoshape 8 ¢ peEea of aid

i somexi zati on of xyl enes, the. conversion of ethyl benzene, and 30

conbi nati ons ther e&?‘?mﬂﬁ/mcépﬁﬁcﬁﬁnW' The process recited in dains 1
to 10 and 13 to 29, wherein at

17. The process recited in Claim 15 or 16, wherein said organic ion
| | exchanger is a macroreticular ion exchanger. |
10 | |
18. The process recited in any preceding Claim, wherein said at
least one macrostructuré has at least one dimension greater
 than 0.1 mm.

15 19. The process recited in any preceding Clai:ix, wherein said at
least one macrostructure is spherical or cylindrical.

20. The process recited in Claims 15 to 19, wherein said syntheais
mixture is converted to said porous inorganic material under
(. 20 hydrothermal conditions which comprise an initial temperature
greater than 90°C and a final temperature greater than the first
teraperature. ' ' |

-21, The process recited in any preceding Claim, wherein said at
25 least one macrostructure has at least one dimensgion greater
tban 1.0 mm.

22. The process recited in Claims 16 to 21, wherein said porous
organic ion exchanger is a porous organic anionic exchanger.
30 |

AMENDED SHEET



~ least a portion of the external surface of said at |east one
" macrostructure is coated with another nol ecular sieve. 5 31. The process
recited in any preceding Claim wherein said.process conprises contacting
said feedstreamw th a second catal yst conprising a bound crystalline

nol ecul ar sieve. 10 $2. A catal yst suital®e for hydrocarbon conversion
said catalyst conp 'rising: is 20 25 so (1) at |east one nacrostructure
consisting essentially of a three dinensional network of self supporting
and self bound particles conprising a fast porous inorganic material,
said particles (a) having an average particle size of |less than 2 m crons;
(b) occupying |less than 75% of the total volunme of said at |east one

macr ost r uct ur &3.andTheprodess mecited ire 6laivy82hwhersin saidporouranioniciensi onal

i'nt erconnect ed network conpr,i sed. of por.es,havi.n | anet ers, great er .t han
204 and (ii). a coa&’icgéngg}gﬁﬂi%éﬁf 3%@%&'&6&@@%#&5&-\? CORERIIDE,

and covering at | east | : : rnal surface of said. at |east
one nacr ostruct ure%@eﬁg g&%ﬁ%id in Claim32, wherein said ‘
first porous inorganic material and said second porous inorganic nateri al

are crystalline mcroporous nol ecular sieve. AMENDED SHEET 61 WO 00/ 71254
PC / U500/ 1897@24. The process recited in Claims 15 to 28, wherein seeds in said

synthesis mixture grow to form said porous inorganic material.

25. The process recited in Claim 24, wherein said seeds are either
- formed within the pores of said porous organic ion exchaﬁger or-
10 are introduced into said porous organic ion exchanger by either -
ion exchange'or adsorption.

26. The proée.sa recited in Claim 24 or 285, wherein said geeda. are
oligomeric anions of silicates or crystals of a molecular sieve
18 having a size of less than 200 nm.

27. The process recited in Claims 22 to 26, wherein said porous
anionic jon-exchanger has an ion-exchange capécity greater than
1 még./g_m of dry porous anionic ion-exchanger. |
28. ‘The process recited in Claims 15 to 27, wherein the synthesis
solﬁtion has a mixture which upon hydrothermal treatment in |
the absence of an organic ion-exchange resin results m the
crystallization of said porous inorganic material.
25 | | |
29.  The process recited in any preceding Claim, wherein said process
 is selected from the group consisting of the disproportionation of
ﬁluene, disproportionation of cumene, alkylation of aromatics,
the isomerization of xylenes, the conversion of ethylbenzene, and
30 combinations thereof. | |

AMENDED SHEET



34. The catalyst recited in Caim33, wherein said first porous inorganic
mat erial has a conposition, structure type or both that 1is different from
said second porous inorganic material. 5 35. The catalyst recited in Claim
33 or 34, wherein said first porous i no:)&ani c material and said second

porous inorganic material have a |arge e size or internediate pore
size. 36. The catalyst recited in Clains 33 to 35,- wherein the structure
10 type of said first porous inorganic material and said second porous

i norganic material are selected fromthe group consisting of MAZ, *BEA,
MFI, MEL, MW EMI, MIT, HEU, FER, TON, EUO and ETS-10. 15 37. The .
catalyst recited in Clains 33 to 36, wherein the m croporous nol ecul ar
sieve of said first porous inorganic mat eri al and m croporous nol ecul ar

si eve of sal d co or ous_i not nat eri ave n I_at e ore
size. 20 3 oouf ﬁpc?%cncg% £ 81%% B 1050 33425, Wil

por ous norgam c Eﬁ%a i Oau

i norganic materi al nE?SE ¢ cat a?’y recl t g?ntg ggﬁ%)(r;&tsg vvhg’rngl n
said first porous ﬂfacrmgewre1mm|da¢nthamdthghmolacuhnrtsgevman said

second porous inorganic material. 40. The catalyst recited in Cains 33 to
39, wherei ® sai d fi rst porous inorganic naterial and said second porous

t | | l. t l.igate. 1254
PCT/ USo0! 1307601, THE TEREaftysetpR ey prrcehnd DB, whGHsn shla Hledh'
catal yst furt her C@t‘ﬁﬂgkﬁﬁﬁ &inth@ﬁﬁg 641 Feldatydent vith %PtsleéSn&Eéa?ﬁaly& 42

The catalyst recited 1h Cains 32 t0 41, wherein said coating
'substantially covereombnséngarbmincbmybbdhmfmshchEtMEast one

10 82, A 'catal,y;st suitable for hydrocarbon conversion, said catalyst
comprising: ‘ |

() et least one macrostructure consisting essentially of a

three dimensional network of self supporting and self

18 ~ bound particles compﬂsing a first porous inorganic
mateﬁﬂ said particles (a) having an average particle size

of less than 2 microns; (b) occupyxng less than 76% of the

total volume of said at least ove macroatructure. and (c)

being joined together to. form a three-dimensional

20 : - interconnected network comprised of pores ha;ring

| diameters.greater than 20 A, and

~ (ii) a coating comprised of & second porous inorganic material
and covering at least a portion of the external surface of
25 ' said at least one macrostructure.

33. The catalyst recited in Claim 32, wherein said first porous

inorganic material and said second porous morgaluc material

are crystallme microporous molecular sieve.

AMENDED SHEET



- nmacrostructure.

43. The cat al yst

porous inorganic material are MFl or MELg144. The catalyst recited in

Clainms 32 to 37 and 39 to 43, wherein said first porous in%ﬁ@g“ﬁ?ﬁeﬁ&e

“is ZSM5 W8 %G1¥4second 15 porous inorganic material is si

silicalite 2.

156

20

26

34.

35.

36.

37.

38.

39.

40,

The catalyst recited inm Claim 33, wherein said first porous
inorganic material has a composition, structure type or both that

is different from said second porous inorganic material.

The catalyst recited in Claim 33 or 34, wherein said first porous
inorganic material and said second porous inorganic material

have a large pore size or intermediate pore size.

The catalyst recited in Claims 33 to 35, wherein the structure
type of said first porous inorganic material and said second
porous inorganic material are selected from the group consisting
of MAZ, *BEA, MFI, MEL, MTW, EMT, MTT, HEU, FER, TON,
EUO, and ETS-10.

The catalyst recited in Claims 33 to 36, wherein the microporous
molecular sieve of said first porous inorganic material and
microporous molecular sieve of said second porous inorganic

material have an intermediate pore size.

The catalyst recited in Claims 32 to 37, wherein said first porous
inorganic material has lower acidity than said second porous

inorganic material.

The catalyst recited in Claims 32 to 37, wherein said first porous
inorganic material has higher acidity than said second porous
inorganic material.

The catalyst recited in Claims 33 to 39, wherein said first porous
inorganic material and said second porous inorganic material

are gallosilicate or aluminosilicate.

recited in Cains 32 to 41, wherein the

structure 1D type of said first porous inorganic material and said second

rial
or



WO 00/71254

10

15

41.

42,

43.

PCT/US00/13978

The catalyst recited in Claims 32 to 40, wherein said catalyst
further comprises at least one catalytically active metal.

The catalyst recited in Claims 32 to 41, wherein said coating
substantially covers the external surface of said at least one

macrostructure.

The catalyst recited in Claims 32 to 41, wherein the structure
type of said first porous inorganic material and said second

porous inorganic material are MFI or MEL.

The catalyst recited in Claims 32 to 37 and 39 to 43, wherein
said first porous inorganic material is ZSM-5 and said second
porous inorganic material is silicalite 1 or silicalite 2.





