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these porous inorganic materials are often used as catalysts and
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 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
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consequently required to tailor porous inorganic mcrostructures to
different applications. 15 Mesoporous inorganic materials include anorphous

_metal oxi édgﬁggﬁcryst alline) materials which have nesopor qusrgsidi3o79
optionally al |y microporous struégture. The pore size of the mesoporous

a inorganic material is usually in the range of fromabout 20 A to about O
500 A. 20 M croporous inorganic materials include crystalline nol ecul ar
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still smaller channels or pores. I mensi ons of these channels or pores
are such as tsirengthwofidher pddteniadf Melchonijues thath peemitiiprodunoni oha 5
while rejecting those ,V\féth | ar ger di ngnsi onfs. The interstitial spaces or
channel s f or regtasyak et rW‘&@f’rqdnépﬂg‘ERoFRr afATE AN UPHICERRS, dBO%EO be
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conpri sed of attice of silica and optionally alum na conbined with
exchangeabl e d}geﬁe t%prpsl?cs?&i%sas al kali or alkaline earth netal ions.
Al t hough the term "zeolites includes materials containing silica and
optionally alumna the silica and al um naportions may be replaced in whole
or in paif with otMesonprpyednorganie maatsrials deelvdsi ampenhions matahexide oxi de,
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partially microporous structure. The pore size of the mesoporous
inorganic 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. Crystalline
microporous molecular sieves, both natural and synthetic, such as

25  zeolites, have been demonstrated to have catalytic properties for
various types of hydrocarbon conversion processes. 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,

30 porous, crystalline material having a definite crystalline structure as



2 o portion. Boron oxide) iron oxide; titaniumoxide) galliumoxide, indium
oxi de) and m xtures thereof can replace the alum na portion. Accordingly,
the ternms_"zeolite", "zeolites" and "zeolite material"”, as in,
shal | rreawoc?(’ﬂ?s(fl | i ne m croporous noBecul ar sieves incl udf%@ggﬁgﬁot
limted to, nolecular sieves containing silicon and, 2 5 optionally,
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because it is difficult to operate fixed beds with zeolite powder.

Ther ef ore) pprosesses, widmanyeothep comargrginlairocessegommer ci al processes,
mechani caé strength is conventionally conferred on the zeolite crystals by
form ng ¥ zeolite aggregate such as a pill, sphere, or extrudate which
usually is a 15 divislReulR H6¢ad Bin tHrablaldsified TAto iEri6ud le¥e@h€ bgathdie for ned
by extruding the zeoloitestals in the presence of a non-zeolitic binder and
dryi ng and ceaheimi¢algcemposidion andgtheir rastactare AnSliniee grommd moleqwdani ng

aggregat es i nvol ves conpressi t partigles t ther to form aggr egat es
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material s useghifbeof 8Rica! 3A8 6;%61{51131 IR AS WoRshiRRE Rifhe exSoNshdabIds.
e.g., nmechanical attrition, which oCcur in various hydrocarbon conversion

processeks | tatisngeneh alsl alkaboesalkaline varth eetad dons. e Abthoughi theatarm o
mechani cal attritign, that is, the formation of fines ich are snall
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silica, titanic, and various types of clays. Aggregates can al so be forned
wi t hout anor phthisthémnaxideby Rorraxagsplen getmantumsexitle, titammme oxide, sikh a way
t hat they beco physical ly sel.f boand.. WO 00/ 71,255 P%ESIS 13979 5

Al t hough™ sucR*¥SuRfOFB8PTe ¥jgregh e‘?l’ﬁté\%s. EFP Dt eFeRrath f’c’%‘lc%prength
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conversion process, the performance of the catalyst, e. g., activity)

sel ectivity, oaide, viahy nmaixtueaanckereodr cannirepktceornthet hkdnanha Doréionbe
reduced because of the anorphous binder. For instance,. . since the binder is

typically pr @§éﬁ_’ﬁd1¥1§ Ya_rFé‘an%m%ﬁ "zaplite afed ey pe %Zﬁ?lli%émbt@ﬁ ",cat al yst,
B o e T
form ng the nedhdirg, WitméthEnaved phomdldiuldesieves containing silicon and,
25  optionally, 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 (POg2) and, optionally, silica (SiO2). Examples of

30 ALPO-based molecular sieves include SAPO, ALPO, MeAPO, MeAPSO,



1 o and subsequently drying and cal cining the extrudate, the anorphous

bi nder can penetrate the pores of the zeolite or otherw se bl ock access to
‘the poresW0¥H&5%eolite, or slowthe rate of mass transferfYUSME ¥ Pom t he
pores of the zeolite which can reducet he effectiveness of the zeolite when
used in hydrocarbon conversion processes and other applications. 15
Furthernore) when a bound zeolite is used in catalytic conversion

processes, t HdAROs M@Mﬂﬂ@r r’?ﬁ}eéﬁtl@ct'alﬂlﬁ@r@ﬁémé%tlzepbﬁeft|Etﬂnslstédat are
t aki ng place,w t.hin undesi rabI e
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conversion include one or nore netals. For instance, certain hydrocarbon

conversi on processes involving dehydrogenation and dehydrocycllzatlon

reactions_require4hat the catal yst be effective for - cat. atiized
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reacti ons, abryRaRindFcARhl CahblcAlir VEieUBl alubf Unlabbitidlc! yged in

t he catalyst e catal yt y active netal is preferably uniforny

di spersed or hyﬂsombonlcbwemairaahie\mnyenahﬂ/@madbt forimied immo stAmaess, of the
catal yst can be adversely effected, Al so) for 0 shape sel ective

hydr ocar bon écﬁwéggﬁ'%tﬁ’%eﬁd’tcboﬁ% pilly cypheresy %ﬁjﬁiﬁ‘ise pellggs, om ertrydates.

PC T/ US00/ 13?% %@HB@%}?Q@& Et%”crlyga %'}?a’ve gbod doa{dsto %8'of b?ﬁ&&s

reactions) uce iI'ons ce a e surface

sites ofim zeleémtpfamtcal ¥ipblicaliené eqbnveryelibdted eféuswegnt o efficdettbons i s
to coat the surface active sites with a netal conpound effective for
reduci ng 5 t RRexasedixad bede mith rgokite powsierdeTheraforeapring tamstng dhe It i s

desirable th i Of. S or, t aI tic
Comvertors. apolide GG Ol S AREAR) bRECaRUBR O medabiEl! sferiBholifl O
of a conbust tOvdtitisaflby cohferad onNEhe dealisd cEy$tad bl fFmling &Mzdoliter nal
conbustion engine, contain at |east one nmetal that is dispersed on the

exterior surpggeegstetsichs @sper pill,ospheiss eox fextendatat whitls sussradly rist ae
exhaust Sg reﬁ&negglngaag:r tﬁgnl WIENTI O\I Jﬁ\e extrudate can be formed by

extruding the zeolite crystals in the presence of a non-zeolitic binder
and drying and calcining the resulting extrudate. Another means for
forming aggregates involves compressing the particles together to form
aggregates where the particles are held together by physical means.
20 The binder materials used are resistant to the temperatures and other
conditions, e.g., mechanical attrition, which occur in various
hydrocarbon conversion processes. It is generally necessary that the
zeolite be resistant to mechanical attrition, that is, the formation of
fines which are small particles, e.g., particles having a size of less than
25 20 microns. Examples of suitable binders include amorphous materials
such as alumina, silica, titania, and various types of clays. Aggregates
can also be formed without amorphous binder by compressing the

crystals together in such a way that they become physically self bound.



In one enbodi nent, the present invention is directed to a catal yst

contai ning at | east one porous macrostructure conprised Of:l}é{% a

t hr ee- di momeioomezss net wor k of particles of porous inorganic $Q04P97%and,
(b) at least one metal. The particlesSof the at |east one 2 o
macrostructure occupy |ess than 75% of the total volune,of the at |east one
macrostructure and are joined together to forma threedi nensi onal

i nt er connect ed netAdthaugh npuils ebowid pzaodise aaggreagatemshawomaush tblettepor es

wi |l usually have diameters.greater than abouj; 201. 25 I.n another. .
enbodi nent, tREC gaﬁtrgﬂ%ﬂ}%&%u&@}t&ﬂo & p Whep, theghaun Fe‘ﬁ?t@ﬁari ng

the catal yst @Rt DicBAl @cg},vl?f‘sq&ﬁ ?{g(f‘eesgﬁﬁé)ﬁéffk}%ﬁhge CPRRE lcagslyed,: ()

t he three-di nensi onal network of par porous I norganic material;
and, (b) the eag., hetdsity pssectitiay, activdty mmasmdmecar combimaiions therepf,f or m ng
an adm xture conprising a 3 0 porous organic ipn exchgnger and a synthesis
m xture capalsRg leg redygedobecanssmof /w@wh@wgmﬂ%ﬁorﬁphgn@%egoﬁwg

 nor gani o mat i aple i drfRKFpLie: M SATTD 0 Mol eed R Ay 1

this enbodi mhaundtdaeaBhist| dasamonphows Bindes dihfies the @dsbiitivopeeferbiegani c
i on exchanger before form n? the 5 synthesis mxture of step (i), or the at
p

) 1),
| east one netofithpsagarasate: o Inradditionxsince dre Bewnd zeplitrds pyepaged by

preparation, ter. the formatio Qr i ] e . 1.5 _added
during the cc?%\t/rel} p noroqt?lgpgbse(fol’rﬂmg&%%? egglg%glaklg tgglrgdﬁ éw}}délasg%mcc)l% _

macr ost r ygt ura@xdbgﬁweq#bhﬂyr arvgl and cale@Rinkl the egfrudate PO UmdrphalsC | on
exchanger and after the formation in step 10 (ii) of the porous inorganic

mat eri al , or bimdewlchnl pevetraitel the gores of the zeeldteoer pthanwise Mocky acdess

renoval in ste iii) of. .the rous 0rgani c .i on _exchange or ¢c i nations
thereof. In éﬂ%géé’lof%%ﬂé?hee?ﬁfg%f’n‘%ﬁgﬁgﬂbe fﬁtgsogﬁ?a?%ﬁgﬁ‘lsfégntq P&t ed 15
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under conversion conditions with the catalyst conprised of: (a) the at
| east one macvhest need in bydoogarber donvensinn proceesasi amdt sthemapplicatios. of

part o opc of ot gl bR JROLC, MBLEL) A pnd, (B he S seslygie et al - 20
reduci ng emi ?%B%iie@,fthgﬂi‘ﬁ&‘iﬁfo%rbinﬁ@f Ry MM thdShetiidaPaddctionsahhy -
oxi des of nifrogen such as those contained in a gas
are taking place within the zeolite and a%so may itself catalyze
undesirable reactions which can result in the formation of undesirable
products.
20 - -

It is sometimes desirable that catalysts used for hydrocarbon
conversion iIinclude one or more metals. For instance, certain
hydrocarbon conversion processes involving dehydrogenation and
dehydrocyclization reactions require that the catalyst be effective for

25 metal-catalyzed reactions. In order for the catalyst to be effective for
metal catalyzed reactions, at least one catalytically active metal is
usually included in the catalyst. The catalytically active metal is
preferably uniformly dispersed or the activity, selectivity, and/or

activity maintenance of the catalyst can be adversely effected. Also, for

30 shape selective hydrocarbon conversion reactions, such as aromatic



stream such as a gas stream from an exhaust system of an internal 25
combustion engi ne. The process is carried out by contacti ng the gas stream
fromthe e‘)(ﬁ&ﬂ/é!ﬁéyst emwi th the catal yst containing the at P¥EYS ?C{” Ae
macrostructure conprised of: (a) the @hree-di nensi onal network of particles
of porous inorganic material; and) (b) the at |east one netal. 30
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Macr ost r uct urdispragfostiongtiony ugtlodation tor atrgmelkyﬂmloexcee@tsom01t mﬂ in at

| di f bl d, fe
el oo of TReatl B Fo LR rtaidhsl FaBn %, plReCaR e chitake sdig O T
extrudates, pRlolig %atéllybﬁr Ond mdhlﬁhﬁé'r?oxai’éﬂﬁﬁﬂgttﬂogé &é&&%}is {0t Bodtf

substrates and ot her conposites, in he porous material i s conbined
wi t h ot her tMmssmffacaalaetwalmtdsmeeatmetal"mmpmgmd edifective dosiredicing used
her ei n, rreans t he ith C ave f meter djstribution of the
parti cl es5on the v%ﬂ@‘r% \,lémgppggqj ‘g%s "él% 8PN OXY'® he vol ume of the
particles are known to persons skilled in the art. For instance, the vol une
of the particles can be calculated from SEM particle size neasurenents by
15 taki ng into accdeustdesirabee izt the ettetrive quafddecdfathe Sipporepiresairini cl e”

means the fundangntal buil ding_ bl ock of é e macrostructure material. In the
case of crystatalyhe mvéétﬂrﬁrw@“el%/éEG used dox:the redugtion of emjsgions in g t he
case of other,no r r | Id| ng

bl ook of t hodit e BB &' dyRustRH bhiceSs, SyH 5 1HE SHIRPE S

refers tooa nat ahtérmal: cdxﬂbusﬁomr@fg&ﬁé ebnidia hbtleas@lonsUnicaaab thhttfe
macrostructure or the external surface of the macrostructure, or both; and
(b) affects tddép%@?dl%ﬂme grersaon pesfaes of he Fapppry &0 reducentheracrassitr uct ur e
or affectsth 5 _adsaon e PeLLL es of the particles of the

macr ost r uct ur sg}or% ?&h%'lenx\hatlg&% r?@?'al " does not enconpass netal from
whi ch t he porous inorganic material is conprised. For exanple) in the case
of crystalline mcroporous nolecul ar sieves, the term"netal"” does not
enconpass any netal in the 3YYohAdtX (hl ENTIONe nol ecul ar sieve. 30
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In one embodiment, the present invention is directed to a

catalyst containing at least one porous macrostructure comprised of: (a)

a three-dimensional network of particles of porous inorganic material;

and, (b) at least one metal. The particles of the at least one

20 macrostructure occupy less than 75% of the total volume . of the at least
one macrostructure and are joined together to form a three-
dimensional interconnected network comprised of pores and at least

some of the pores will usually have diameters greater than about 20A.

25 In another embodiment, the present invention is directed to a
process for preparing the catalyst containing the at least one
macrostructure comprised of: (a) the three-dimensional network of
particles of porous inorganic material; and, (b) the at least one metal.
The process is carried out by: (1) forming an admixture comprising a

30 porous organic ion exchanger and a synthesis mixture capable of



WO 001 71255 PCTNS00/ 13979 9 The nacrostructure will conprise at |east one
netal, be porous and will usually conprise a three-dinensional network
(sonetl meswoabgrased to as a matrix) of particles of porous PEEFEABYIOXI de.
The macrostructures can be self suppofting and is self bound. Usually, the
5 particles will occupy less than 75% of the total volunme of the

macr ostructures and may occupy |ess than 50% of the total volune of the
macr ost r uct urfermihg theppermisoimdrganad m/aIJemrMB" (iipsoneadidge the nsynthams t he
vol une di spl aced by ma?lrostructure mat eri al aé\?ilé* ores within the

macr ost r uct urBIXRIR tPithe RProRs H‘%Sﬂnifo‘iné&%nﬁlat remoyKigthe ponoys

particles wl I t and
preferably | edsrgg?K &’EB% I?E%E/bflg{ Ellrn{eéfegrflg %‘%&Eth tﬁgzarttll%% %én\ig\;l&%;\ﬁe an
aver age partigregest Z¢h oa‘hel gPold asrgdt Moh @x@;angieeo before Tiernpiayet ithees of

the macrostructure will be joined together to 15 forma three-di rrensmnal
i nt er connéct éd’nﬁbﬁﬁwrmuﬁb‘ﬁ@pifé‘é@ 69, grothss abdepsitonematak imadded tadhpor es

will usually ve di angt ater rhan abou 20A, rk. can_be
mesopor ous, IREPERUFEE. 6P GhftEE B RS HarhEf TBRBeRo oy eat er
than 500 A. 'be”theéiﬁéﬁ?ﬂieadrﬂb&bré RS GHdEQ dREIPERS betivTSiONCEERED $8f] of

nol ecul ar sieve, where the o nol ecul ar sieve has internal m croporesess
than 20 A in 1e||aai|dedeno saudeatrlewtmm pmco@strycnuge defenertdie lte(mWBel lpaatepcl es.
The porosity ,a net wor k uni f or r

macr ost r uct ur(E) ?‘Sep‘FBHBPﬁE?‘%Bﬁgn Sf‘eh%%%eﬁo?‘rg%g H@F%ﬂ 8&8” lgrﬁieﬂm | ow.

Usual I'y) 1 5he (parfithleesordu8 indk cBASIREY, RYis"Bdded @b %id ta'%al@aQNoBBySI cal
binding 2 5 of the particles. Tn nost instances, the particles are joined

together as anaesttucthre affesyht hemiogabin step (iki¢ 0B he (porowe orBodadee of its
hi gh porosity, fhe nmacrostructure sual ly have a density of |ess than
0.50 g/ cc and*2Bgtke OiTﬁanepﬁE%"s‘?n? er&@ﬁm ty will be less than 0.30 g/cc.
Procedures for determ ning the density, nesoporosity, mcroporosity, 3 o
and particle size distribution of the macrostructure are knowto WO

00/ 71255 PCT/ USOO/I g

adld(i"tional embodiment, the present invention is directed

15 to the conversion of organic compounds by contacting the organic
compounds under conversion conditions with the catalyst comprised of:
(a) the at least one macrostructure comprised of the three-dimensional
network of particles of porous inorganic material; and, (b) the at least
one metal.

20 )

In a further embodiment, the present invention is directed to a
process for reducing emissions of hydrocarbon, carbon monoxide, and
particularly, oxides of nitrogen such as those contained in a gas
stream, such as a gas stream from an exhaust system of an internal

25 combustion engine. The process 1is carried out by contacting the gas
stream from the exhaust system with the catalyst containing the at
least one macrostructure comprised of: (a) the three-dimensional
network of particles of porous inorganic material; and, (b) the at least
one metal.

30



persons skilled in the art. Exanples of such procedures are descri bed in
Handbook of Het er ogeneous Catal yst by G Ertl, H Knozinger,_and J. anp
(1997). 5WPYUIST norganic naterial s %hat find application |qT"t'$P¢Q“B?73cess
of the present invention include crystalline nolecular sieves (zeolites)
and nmesoporous materials. Exanples of nesoporous material that find
particul ar use |nclude annr-hous naterlals such as annr-hous silica,

anor phous al um na, afiEhicult £ TN @ ' 3 gty 1 o nol ecul ar
si eves such as MCM 41 and I\/CM48 For sone appl i catl ons, it is preferable
that the pore size of the nesoporous inorganic material be in the range of
from about 20 -~r Ma@laewuc&%s/ief&rwmhums Wk aWidd tRAC¥LSHRa) 01 i Nd
application include any of 15 the naturally occurring or synthetic

nol ecul ar si enmsin #xleast ese dimehewa, poeferablyr0.4ireweand nmioved prefergblypor e

nmol ecul ar mms}nl nt e di ate p?re si ze nol ecul ar si eves, .and s |1 pore
mol ecul ar® si Bhes EXAMRIER| F Dacrastrypiires opre i sehsmeal eHaé ri bed
in "Atlas of Mida : and 2
o Ch. Baerl oc% itk gg&?er, %é%ug%&édﬁ% t%?mﬁ?@%he@ ther efgaé%

i ncor porat ed fdn;ms ef eubsmetesﬁarhhbgﬁerpmmpasmt@cm &hich ¢hie poeones aidtyzrhﬁs a
pore size of ~at |east about 7 A and jncludes LTL VFI MAZ, WNEI, FAU, EM,
OFF, *BEA, Bwoﬁhﬂlmﬂéﬂ‘@@?&m‘eﬁ 9#)@%%?1 ‘t es( | UPAC Conmi ssion of Zeolite
Nonencl ature). Exanples of large pore 2 5 nol ecul ar sieves include mazzite,
offretite, zeolite L, VPI-5, zeolite Y, zeolite X onega, Beta, ZSM 3)

ZSM 4) 75\ 18, ZSHOYethMderagP@articlansdzET as1lsedETRTeh, mdankOxhand

AM 6. . An intermediate pore size nol ecul ar sieves generally has a pore
size from ab@mthsnwct évﬁlif’c&?t of7the ahﬁ@eltwcldeﬁiéémtmr obxhenarticles onpveEL) MTWY

PaTnsos) 180 yolte Jalts.  Brbtadies Tot ePlithibity hEYEINLE qefte patkielfe) 2%

Exanpl es of ppé @noRG @ FerROAE skilldl HPHRCAHAIFS @¥esndeN thel ¢68ludd/h® the€ SM 11,
ZSML2, ZSM 22, ZSM 23, ZSM 34, ZSM 35) ZSM 38, ZSM 48, ZSM 50, ZSM 57,

MCM 22,  MCM Bertitkestosdy berceladatedofzas, SEM ppaaticleesize raeawesmmzsabyt e 2. A
smal | pare size. nolecul ar _sieves has. a e size . fro 3 At about
5.0 A antP i nE‘T‘E’d‘&{r&f’ &cc%%ff&eege%trylz h‘kﬁ'flrtl?_lﬁ/ r% eré’ﬁdpﬂ tructure
type zeolitesnddrde flidinsntal bRfildéR 16 bpﬂ%ﬁi@mtﬁmﬁée}ﬁmé%apf smal |
pore nol ecul ar sieves include ZK-4, ZSM 2) SAPO 34, SAPO- 35, ZK-14)

SAPO- 42, ZK- Id thgKage oﬁm)yszﬂrlﬁl,e Didlamlar emIViBs,epa-rtiCRa/mfexeyt@dws'tab In
erionite, chapazite, zeqglite T, gnel.ni ALP ptilolite. The

Struct ure ©yBBe ciest el SHn erdusyPuAteials. BAFIGP i o FE HnABgRTAiS | |
depend on it §,U¥eng WMRLLQTIhESS HR8ria®TPr i sed of zeolite do

20 - - -

As used herein, the term "metal" refers to a metal that: (a) is
present on the internal surface of the macrostructure or the external
surface of the macrostructure, or both; and (b) affects the catalytic
properties of the particles of the macrostructure or affects the

25 adsorptive properties of the particles of the macrostructure, or both.
The term "metal" does not encompass metal from which the porous
inorganic material is comprised. For example, in the case of crystalline
microporous molecular sieves, the term "metal" does not encompass
any metal in the framework of the crystalline molecular sieve.
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15 not require the presence of significant amounts of anorphorous binder
materials to bind together the zeolite crystals. Thus) macrostructures
conpri sed wboserdsste crystals can contain |ess than 10% by RET/YSno/13979
anor phous bi nder material based on th2 weight of the macrostructures. For
many applications, these macrostructures will 2 o contain even | esser
anounts of -anorphous binder) e.g., a% by weight and even less, e.g., the
macr ost ruct ur es cdhhdenserbstraetu@ wyll fecoampride abbease anet methl, rhdeporolise

zeolites can ingclude silicates) netallosiljcates sych as 5 .
al uni nosi | i caand ekl usyallyscompaisesa HrgeAlimens %‘l‘\é‘l‘i‘l ssometdimes such

L um no- 1 i enal ur ) .
et al | oal um neTERGs Rt et chpap) oF SREHOLE AR MARLE Ebrpatic bude, Tpe
(MeAPSO)  \onQEHobtrbut¥sl¢dsSB0/sbH%ifppbetingeind Reselfbbuhe. i¥swlly;rinst al | ine

metal losilicate, the chem cal formula of anhydrous crystalline

net al | osi Bi caqarticles peilbxgncupyedessn thanng 5% afplthe tefal cpelaweet efd thy t he
formul a: MzinQ; W20s: ZSi 02 erein Mis;selgctednfr h up.congi sting
of proton, e1@a?ro§§wip5egeﬁtﬁ\@&8¥8ﬁcw%é%srs.s®agl, g%n(g{\}gﬁee ?t,% S{Ps‘é%n_ , and
trival ent catthgnma@psbtiituse €S Theesgstessioni 'Totdlevylames's eaOusédcheredr,on and
Z is a nunber of at least 2, preferably at |east 3, said value being
dependent upaneame tharvdlvmieadisplpeedbyzmsicressructnge ipateraalnis all poreshe
anionic frane k structure of the zeolite sych as alum nym. gallium
boron, 10 or V\?'Aﬁhﬁl B}Pcfﬂ%trg‘é%}rfetv%eli‘féin%fﬁwilﬁf 8?“?8?3?%“}?&% ize, the
zeolite ppeferably conprises a conposition having the follow ng nol ar

rel ationship: 15 XzOa: (n)YQz, wherein X is a trivalent element) such as
al um num gal | i umUsuallyi the partacles anidl/ bavdanoayerdgesparticde sizeabflassel enent

0. uoual |y 39aBi2 GPEiE AT lIRRL ISPSPm B0 Ber 2Msge P reliabbarte bei ng
dependent P HARPHIN I1iledin (RS2 0L pRZALIE! 80 1BUE thih (PRI & glTent
present in the zeolite. 25 As known to0 personals skilled in the art, the
acidity of a 08chimt eTharparéiciesdofcdt maicrestructure sahinbe)yrened together by

deal um nation, and steamng. In addition, the. acidity of a zeglite is
dependent>updfr®h2 ‘ﬁ"S?‘?ﬁdb‘PePﬁ’é’ o‘PF‘EréOW‘?‘He@h‘éetﬁﬁfﬁiéo&é‘ﬁppﬁ?%‘#amrﬁ@ t he

hi ghest aci di f O b ch: ' rm
havi ng | ess Satrbcé)1 %‘2&&9 % g&ﬁﬁa(ﬁ @E ag% gﬁ }lé%%aﬂlkaﬁéd§ﬁgﬁ§%?§£%?? égt | os of
silicato about 20A. The network can be mesoporous, macroporous, or both. A

macroporous network has pores greater than 500 A. For example, with
respect to macrostructures comprised of molecular sieve, where the
20 molecular sieve has internal 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 joined together by means other than by physical binding
25 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 g/cc and in some instances, the density will be less than 0.30 g/cc.
Procedures for determining the density, mesoporosity, microporosity,

30 and particle size distribution of the macrostructure are know to



WO 00/ 71255 PCT/ US00/ 13979 13 alumna and silica to gallia disclosed herein

shall include not only zeolites having the disclosed nole rat] shal |
‘al so incl Y¥ROYHE3H tes not having the disclosed nole ratios W@&OP%

equi val ent catalytic activity. 5 WherY% he zeolite is a gallosilicate

I nternmedi ate pore size zeolite, the zeolite preferably conprises a
conposition having the fallqQw n | ar rel ationship: 10 Ga20a; ySi O2 wherein
y is greater PEREMSY dog &eyﬁ%cgﬁl"‘?mfprlw éu't?'b PZ@@EdluFﬁé a8 dlasebed amevior k
may contain I | L r C '

conbi nation o %‘% ?lb%érjr{j %ﬂ&%@gﬁgﬁd%?@ggnm ?5 %EEH’[ %Jtogié%e?t %nfls an

al um nosi | i cdt Weekhpe(199R silica to alumna nole ratio will usually
depend upon the structure type of the zeolite and the particul ar
hydr ocar bon process in which the catalyst systemis utilized and is

therefore_not limged to an articular..ratio, 2 ner. al however, and
dependi ng5 on thengolr%? H?%fg%/l? Yo glxe’flﬁgg %@Iflm%?pngg%g%%llﬂtbx’\’WP?esﬁﬁe a
silica to al yAd PRedBiltdnkahtion Fhcltlde! @pstalBnd nidlEcular SR s| (Bed1RELandr om 4: 1
to about 7:1. For a nunber of zeolites, especially internedi ate pore size

zeol i tes, thoesoppreus maleyidlaa Examplasiad wesppexousnmaterialrtpatofindr om

bout 10:1 t 1, 000: 25 ter, where th |ite.contai
o mor o t han SEPRRS A tiniRe BEE ARITPRASS BOFAEAIRIEE A0 ARAEBRPRE S b |

silicalite 1anior§;hou§ Mrdmiype a3 s allhhihb&ificest!dHl NRes@Pordblicalite
2, a MEL type substantially free of alum na. Wen the catalyst is utilized
in aci d x&at anydeculagaciévess suobh as MEbkidihg,antdhe MENM1#8ct urlorof sqmae axyl ene
and benzene 3 o 'bX the di sgro}p rt lbtl)nathi on _of tol uene, fthﬁ al kyl ati on of
benzene or tﬁgphc tions, 1t 1S preferable that the pore size of the meSoporous

inorganic material be in the range of from about 20 A to about 200 A.

Crystalline molecular sieves that find application include any of

15 the naturally occurring or synthetic molecular sieves. Examples of
these molecular sieves include large pore molecular sieves,
intermediate pore size molecular sieves, and small pore molecular
sieves. These molecular sieves and their isotypes are described in
"Atlas of Zeolite Structure Types", eds. W. H. Meier, D. H. Olson and

20 Ch. Baerlocher, Elsevier, Fourth Edition, 1996, which is hereby
incorporated by reference. A large pore molecular sieve generally has a

pore size of at least about 7 A and includes LTL, VFI, MAZ, ME], FAU,
EMT, OFF, *BEA, BOG, and MOR structure type zeolites (IUPAC
Commission of Zeolite Nomenclature). Examples of large pore

25 molecular sieves include mazzite, offretite, zeolite L, VPI-5, zeolite Y,
zeolite X, omega, Beta, ZSM-3, ZSM-4, ZSM-18, ZSM-20, MCM-9,
SAPO-37, and ETS-i0, ETAS-10, ETGS-10, and AM-6. . An
intermediate pore size molecular sieves generally has a pore size from
about 5 A to about 7 A and includes, for example, MFI, MEL, MTW,

30 EUO, MTT, MFS, AEL, AFO, HEU, FER, and TON structure type



WO 00/ 71255 PCT/ US00/ 13979 14 like, the zeolite will be acidic and w |
preferably, when it is an internedi ate pore size zeolite, have hi gher
silica tovwaboorimss nol e ratios, e.g., 20:1 to about 200:1. FCFAES00/13979

macrostructures will contain at Ieast“one netal. Such netals are known to
persons skilled in the art and include netals of Goups IA IIA ITIIA 1VA
VA, VIA, VIIA VIII, IB) IIB, 1I1B, 1VB, VB, VIB, and VIIB of the Periodic

Tabl e of t hezebktesn{II/PAGeCorimission ofZabRtd lNdrhenaiamstt rExamptecafi be
present in the elenental state (i.e. 1o zero v

‘A% in._some other form
such as an oxiieemegintq pele size |I@I@lec‘é]e?ﬁtﬁ3§k‘§ﬁsam§ Z %‘51» i4eM-11y Z5Mr ef erred

enbodi nment , tr S a
hydrogenatl ?de%gger?@%se ZM ?§ bgsh,isgg i a % %glr}l\llgrom on
process or CZSMIGR, IMEMfzmmcmesmﬂwhsemwss MCM-68, silicalite 1,

hydr ogenati on/ dehﬁdrogenatlon met al . n%les of such processes i ncl ude
hydr ogend i oanddd @g%nétmnlmgrsm cwéar @éﬁ?ﬁjhééyﬂcﬂqrza&lm) om

i somerizatio C g)._nrefa o) omat i cs)
| 20mer 22t omuoRLAPK! PN A9haRSGRITAY P BRUEE, ceel, pREYIgRoT
pol ymeri zat I UEV aGISaM}fH‘QJT&%Yﬁét%&@ntypEXﬁéﬂlit@ﬁ @UPACt @binenission of

hydr ogenat i on/ dehydrogenat ion netals include Group VIII netals (i.e., Pt,

Pd, Ir, Rh, Beolifu Nomencnture). FeExapley mfpsmall maral molecwar Sievemd Pb),

G oup VA met al d Tc and
Re) . "Nobl 6 midpde 7.3, 250 58P0 81 AP O, 1K Ty BARC 45, 2R 1K
preferred R@éezmsezt@zé hfeomé@l K droR §Adsd1it§ éﬂbﬁﬁeeéhwaﬁm:%aﬁ@é such
metal or netals in the elemental 'state .e. zero valent) or in some other
catal yti cal | T, godelisitd, AbPOULT amiélmomtmlohte de, sulfide, halide)

carboxyl ate and the I|ike. WO 00/ 71255 PCTNSO00/ 13979 15 I n anot her
preferred enbodi nent, the surface active sites of zeolite crystals in the

macrostructure w it CORL3H ey PeC8f th@HRolll @ndr its composition of the
zeolite will depend on its use. Macrostructures comprised of zeolite do

15 not require the presence of significant amounts of amorphorous binder
materials to bind together the zeolite crystals. Thus, macrostructures

comprised of zeolite crystals can contain less than 10% by weight of

amorphous binder material based on the weight of the
macrostructures. For many applications, these macrostructures will

20 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-zeolitic binder.

The zeolites can include silicates, metallosilicates such as

25 aluminosilicates and gallosilicates, and ALPO-based molecular sieves

such as alumino-phosphates (ALPO), silicoaluminophosphates (SAPO),

metalloalumino-phosphates (MeAPO), and metalloaluminophospho-
silicate (MeAPSO)



metal conpound that is effective in reducing undesirable reactions and 5

w Il be used for shape sel ective hydrocarbon conversion reactions, Exanples
of such r %@09/d1385i ncl ude aromatic disproportionation (tol uEREUS00/13579

“di sproportionation)) alkylation, and 12r ansal kyl ati on reactions. Metal/netal
conpounds effective for reducing surface acidity on 1 o the surface of
zeolite crystals include alkali netal elenents of Goup A (Li, Na, K Rb,

and Cs) al kal i ne- #%hem thetzeotit¢ s arBarystaling metalosificate, ntdteaternital Ag,
and Au), Go 1 tals .(zZn, Cd nd Au up Il A nmetals (Sc, .Y, and
the r a? e ear ?‘ﬁ'”&\‘gw‘r@”ﬁ@hpé 9““'(3@,13’%5?;"‘% ,mé”rﬂlf(a"éﬂb"paé?ncaé’nggtwrfg?‘ﬁ &

rou , Go I S d . P2is30 Ti,
%r, Et]fg GOE%I{II%/A&HI?E?E ? %eA’L‘eprﬁ@e%ng bgo% \gaA-llarlr::}%a?I’s l\(/H‘?]t()) an ’T<(31),
Be, My, Sb, SiherBn MMoup sélddtedt fom (tle, gvbup achsistingy afliprdtdrd aptgl s (M

and Re). Refglry nce to the nmetal or netals is int g{]ded to ergcforrpass such
metal or Tret AVETO§ET: hBrAOBRTLENISOr St qNPROYAleRD, divalephs )ant HVAGRE ot her

f ffectiye,. O - . ; . . _ oS
Ul 11 des. - acSRplE abd Gy Plpelf, Bife MECyAEhty B Fhd Barioh iy sk doo)

preferred enmhadilieandf) at leastre] prefesably o lastd¢ sail vakielbeingvdddendentai n at
| east one netal effective for partjal .2 5 oxidation of Eydrocar bons.
Preferred met®PE thecparacyas typemfr 22l ande¥aiis a metrbilp thenasiame
cobalt) chrog i e i t [: f | i and
ferris oxi de.ﬁlaﬁéewgr{élg5Hu%g%’feafjﬁfrrﬁeg\£§r§r§%o§€%}8§? uaflgéh%sﬁ’ %{em&g%’gﬁ?% 't he
partial joxi dpzagdnon of hydrocarbons with oxi dants, e.g. oxygen, air,

hydr ogen peroxide, t 3 o butyl hydrogen peroxide, to form oxidized

hydr ocar bon products, such PCT/ US00/ 13979 WD 001 71255 16 as al cohol,

ket one, carboxyli cid.,n s, phase reaction or. Iiquid.phase reaction. In
anot her preferr ed%ﬁ%‘boﬁ%ﬁ?&“ﬁ‘e?’ﬁﬁ- EanIé‘ieﬁF}?&.l%terngf%s??%cflﬁ? e%eoga}t?'
contain at | gasferaBly BRIrifsd 6ft boBpbSitiotINaYiRg SHBAUSIoR TS S hidlar SUch as
one or nore hoble netals) nickel, and netal oxides such as vandi um
pent ooxi de aneladionkhie used for reduci ng undesirable enissions froma gas
stream such as the gas streamfroman internal conbustion engine. to The
amount of° net al present in the macrostructure catalyst will be an effective
amount which will vary dependi ng onxpeg(n)if(g, amount will generally be tom
about 0.001 to about 10 percent by weight and, preferably 0.05 to 5.0
percent by weight. Also the amount will vary 15 with the nature of the
nmetal and whet her the | is for, dehydrogenation/ hydrogenatiopn, to reduce
surface acidity, exeie X 1s a trivalent element, such as aluminum, gallium,

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

20  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 zeolite and the trivalent element present in

the zeolite.

25 As known to personals skilled in the art, the acidity of a zeolite
can be reduced using many techniques such as by dealumination and
steaming. In addition, the acidity of a zeolite is dependent upon the
form of the zeolite with the hydrogen form having the highest acidity
and other forms of the zeolite such as the sodium form having less

30 acidity than the acid form. Accordingly, the mole ratios of silica to



ot her purpose. For exanple, in reducing exhaust em ssions, it nmay sonetines
be desirable to use high levels of netal. 2 o In preparing the

met al - contwOedmpssracr ostructur~s, the nmetal will usually bePEHEBIHAYi n t he
porous organi c ion exchanger prior tol¥ormng the admixture with the
synthesis m xture capable of form ng the porous inorganic material. The
nmetal can included with the porous organic ion exchanger using techniques
such as, physlualinai andgsiligd tongallisedisclededehsreinagiall pnehedeaddt tardp, and

i on exchange. r techn| for including the nmetal involves

co- ext rudi ng ZFABWWQP%WW tthe di 6105655 é‘EP}e GﬁE}Qﬁg'é u ghaldadspinfdude zeolites

Met al - cont ai r.o LS ntain
ncreased ambcaaape, e HiSd0an BickE bl Vod Badil kRt {JRy 2pbugRE
PCT/USOO/139%&n&&ynacrostructures can be tailored for intended use. For

exanpl e, an ion exchanger could be extruded into the size and shape of a
catal yti c3converter nonolith. Subsequently one or nore netals, e.

xchange. Next. antPERIE ALRE 4R &I YR AR AP e

resin. Final lthe ﬁe%te qsrre@’éﬁmgag@rmﬁﬁgbéoa EANPYSitioRY halrd RAkI Moh@ﬁ%‘ I ng
behi nd a nonolith containing dispersed netals. If additional strength is

needed, the imelasxelstanshipan be extruded along with fibers to formthe ion
exchanger on a high strength support or resin coated 1 o supports can be
used. Preferably, the netal-containing nacrostructures of porous organic
material gre prepared by the follow 15 (a) adding at |east one
nmetal to a porous organic ion exchanger If éesrred, | arge anounts can be
added and after the renoval of the ion exhanger hi gh | evel s of dispersed

metals will remain.,on the nmacrostruct ur (h a

contai ning the pomf’sreb? Jari ETeRLeT &@h’aﬁb%\lt %‘9 tg'psﬁ?ﬁrlg’]h%r‘% capabl e
of formng saiy E’&ﬂ&@sfrhﬂ;%"v&ﬁﬁ' ﬁlaWo%bﬁl o g»d A ER A5E YRIGR ﬂo&@??t a
portion of the pore space of the porous org n|c I on exchanger

converting sanaly ajsotdomtaim aicembiration bfigalliumsahfmimempandwsilieorgani ¢ i on
exchanger under hydrothernal conditions to formthe porous inorganic

materi al13and, 3 0 (d) renoving said porous organic ion exchanger.

PCT/ US00/ 13979 V\ng)ﬁ 5 c h t [ xture will
vary according t éX1§§%&%gpﬁgﬁsaﬁﬂpgﬁh%hﬁﬂﬂﬁkté ?ﬁﬁﬁgagg%sgpg%thge For

exanple, in mmmaméqsﬁrmmurmawy dégendahipbre the Gtrwdtuire 3y pé of Zhe t he
aqueous 5 synt&esr s xture wll con ain _a source of silicon, and wl|
usual Iy cont &eolite 'slrl (e paraewlag hydrosyihon pygress Jpewhich gha eatalyst

system 1s utilized and 1s therefore not limited to any particular ratio.

20 Generally, however, and depending on the structure type.of the zeolite,
the zeolite 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 zeolites,
especially intermediate pore size zeolites, the silica to alumina mole
ratio will be in the range of from about 10:1 to about 1,000:1 or even

25 greater where the zeolite contains no more than trace amounts of
alumina. For example, the zeolite can be silicalite 1, i.e., a MFI type
substantially free of alumina, or silicalite 2, a MEL type substantially
free of alumina. When the catalyst is utilized in acid catalyzed
reactions such as cracking, the manufacture of paraxylene and benzene

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



alum nosilicate zeolite, the aqueous synthesis m xture will contain sources
of silica and alumna and will usually contain a structure directing agent.
\When the pe@OUEI2sHor ganic naterial to be produced is 10 an mﬁ@ﬁ%‘fﬁ%@

mol ecul ar si eve, the aqueous synthesil4 mixture will contain sources of

al um num and phosphorus, optionally silicon and will wusually contain a
structure directing agent. The porous organic ion exchanger can be renoved
usi ng 15 t eclikiequde Izaolite ovibeeonsidikidnddvilh preferably, ®mhemplitssoansuch

t echni ques incl ude d3xi dation processes such as cal (ﬂ nation and chemi cal

removal suchlBETBEdALROZE sige 7epliteohaye Bighercsihed (e Alumina melga) |y,
t he renoval QBtiBQee.Epr%?:'ft@E\%ﬂ{ ob4Qn exchanger will result in
macrostructures witR'the size and shape of the enployed 2 o organic ion
exchanger. The netal will usually be |located on the surface of the porous

I nor gani c_oxi de. ter renoval of the ion exchanger, the neta] can be

sul i ded,5 oxi di zed,he dpaerogtmetyres Willecontain at HeagfrenenmetabesSuche net al
may be treat i i 1 6 E le, if
the metal ;s ooy SEMiSld bo petedi Qiied o BhE ke LI Rlae U UD' 51
presence of €iroupas IARITDAPIHAS IVA, Vot VIAUWERY, VIl 8B) HB;diIB I IVBsVE)
convert it into crystalline m croporous nolecular sieve. If only silicais

present on t YdBsuwidhdd1Bf Oﬁl rhe Reriodse Tiadde of ,thllehglfgpﬁntﬁa dhe Hftﬁ‘tﬂ} eated to
conversi on + fetaly b B Piratdethl ARNEH BB I thE i dhetE Saldliq ur e can

have a costi Berd RalerP\R' i BbmkestierafoPRl buel £f ahhexif! salfrle, HHI{ACE Of

t he macrostructure. The conposition, structure type, or both of the coating
can be the saatbaxylatiefdrd the likeom t he mi croporous inorganic material of the
macrostructure) e.g.) the 5 macrostructure can be conprised of nol ecul ar
sieve crystals with a structure of MFl, e.g., ZSM5, and the coating can be
silicalite 1 or sihif£akbfeBredt efaPRUELELONHY mdifostirhittdes ANl hthth at
silicalite 1 or silicalite 2 coating can be carried out by aging the

macr ost r uct uleashtorns bydtegénadivnédettydrogenatiom metad carsd woHi lbe siskdtinoa
containing a source of 1 o hydroxy ions .suffi.cient to convert the silica

coating Yo sPPRYEISIA: BIOfess| OF c SPMPAnationys of| |RFOcesses a JiRishs ¥s
solution w |l e e oof VR ture
type zeoli te?yggf)ge%dgfﬁaz %%g?aéle{li ?ﬁ?ﬁ%ﬁgﬂ%si‘) isf:lgch tﬂer O_é[%srsg ﬁe

synt hesi s m xtdndei s 1lhyddegeragegus| y dehydrogearaticagnpos hiydesgrackingyl at ed
in ternms of gxiid&\s) \é{,thi,nth,efollowingran es: OSiOz 0tq 0.7 to :1
pref erabl y 0902BAaSypilaafgon, gsepmer}zationi o Cracking; nfgyaxing ote?eman;s@ Siz 0
to 0.2:1 pre 20 O S 8% 21 o e 9 to 300
:1 wherein TE%‘?%B?%‘Q e(#?sa q%@ta?%%%gig% aon%rlr%ﬁlaﬂﬁ %R%‘Qﬁ/??lg gﬁg aF%‘Fél}gﬁr(r)élf al ,
preferady shgtdvsfopmypatics,si udimedizatidnm, Gsolyatkrization, and  alcohol

conversion.

Examples of suitable hydrogenation/dehydrogenation metals

include Group VIII metals (i.e., Pt, Pd, Ir, Rh, Os, Ru, Ni, Co and Fe),

25  Group IVA metals (i.e., Sn and Pb), Group VA 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 and Ru) are sometimes preferred. Reference to the metal or
metals is intended to encompass such metal or metals in the elemental

state (i.e. zero valent) or in some other catalytically active form such as

30 an oxide, sulfide, halide, carboxylate and the like.



2 5 ammonia. Oher tenplate agents may be used in these ratios. The organic
i on exchangers suitable for preparing the macrostructures are organic'

por ous natwoitatmssi th a surface charge and i on exchange cap®ei/V§00f18%7%9ani ons
or cations. Preferably) the 3 0 organlisc i on exchangers are pol ymer-based
whi ch are sonetines WO 00/ 71255 20 PCT/ US00/ 13979 referred to as ion
exchange resins. Polyner-based ion exchangers are commercially available or
can be readily prepared fromresins that are conmercially avail abl e.

Exanpl es of such resins.include resin ol d by Rohm ?nd Haas Conpany under

b
the registered tr&&eﬁ_ﬁ?ﬂ‘eﬂnﬁﬁﬁ 5 1menin&ne ;T iasP AREVECHIth&ki cal
Company underzegﬁfe ﬁ?ﬁEQBecﬂetrﬁﬁ%'gﬁﬁﬁtm’%l cgﬁﬁagﬁ a%%ﬁéﬁ‘?ﬁé étaY o 2

broad spectrum o erent cation and ani on exchangers w varyli ng ion
exchange capagétay coppoasidt that s effestive imrddpangi widesiiabde réactienscimadger s

wi th an apparent .ani on ,exchange capacjty, typically greater than about 1 10
nEq/ g of ry Ve bs &ﬁ%‘ﬂiaﬁﬁe&}a@r ée&“’é’ﬁe@b’ﬁroqaﬁ' B cEINVEESI0Re TRREIEHY

I nvention. 'V%S!a%offe' Cpaley0f 9304 &id .ﬁf&?@@@%&mﬁ{i‘é Qﬁécﬁfogﬂh%ﬁa( ipheferred
in the practice the present ‘invention. By "nacroreticular as e term

is commonly ystdend dispeop@sichadion), alkylstigeeidtiansatiaihtiofaleattiengpor es,
voids, or reticules are substantially within the range of 15 about 200 to
about 2, 000 A. Macroreticular resins are also referred to as macroporous

of “the present | notre gl coubesRa RARNE B abRtiRg AlieiRlality 6 P oceSS

vat er - i ns@l ughe spefacerifl GeblBfel frstAl8Vinbbhddt ABGNE thethEERirfentsPofUGRbYD Y Of
active anion excha&ge sites. The resin generally contains_sufficient of

such active L8n(ldxd¥an$e Rb.oapd €8 abkaline-earthemetals fRae B anddek ion
exchange sit in era from aboyt .05 to Qut, 12 dr sin,
t§pi calgl y Igr g%f’iép @H}?tig?@ﬁ’dgg’a%@ A*)Sgﬁ%ugézﬁﬁe@%{ﬁgéﬁyaﬁaé? b Iom
about 4 to alppyhpIIPA HE&als We, I Yar® thé rafNb R heXehands [LESCRS P! Nd,

characterized as either strong base or weak base ani on-exchange resins
dependi ng onPmneandtSme andrthexytiaivge gioupd), diroupel I Bsingtalst (Adn Grapdoe

oo e S PSRt 15 22 AP ER IR VISl IR P
Group VA metals (V, Nb, and Ta), Be, Mg, Sb, Si, B, Group VIB metals
(Cr, Mo, and W), Group VIIA metals (Mn and Re). Reference to the
metal or metals is intended to encompass such metal or metals in the
elemental state (i.e. zero valent) or in some other form effective for
20 reducing the surface active sites, such as oxides, sulfides, acetates,

chlorides, fluorides, and nitrates.

In another preferred embodiment, the metal-containing
macrostructures will contain at least one metal effective for partial

25  oxidation of hydrocarbons. Preferred metals include one or more noble
metals, nickel, vanadium, cobalt, chromium, and iron, e.g., vanadium
pentaoxide, ferric oxide, and ferris oxide. The metal-containing
macrostructures will be wused for the partial oxidization of
hydrocarbons with oxidants, e.g. oxygen, air, hydrogen peroxide, t-

30 butyl hydrogen peroxide, to form oxidized hydrocarbon products, such



WO 00/ 71 255 PCT/ US00/ 13979 21 |i ke associated for exanple with covalently
bonded quat ernary anmoni um phosphoni um or arsoni um functi ol;@+ or
tertiary s%?f’%l%?nfuncti onal groups., These functional groups a?@ﬂ %éwn as
active sites and are distributed over'%he surface of the resin particle. 5
Strong base ani on-exchange resins have the capacity to undergo i on exchange
i ndependent of the of the mediymby virtue of their intrjnsic_ionic

char ot er . Masrpekdle kPtanes pa@@%@%m 8AS PhAR3 AGRCHYR PRd1Gud ihase

hydr oxi de for %ﬁt’i@npa”i cularly preferred in the practice of the present
invention. 16 Tha Fesin matrix of weak base ani on- exchange resins contains
chem cally bonded thereto a basic, nonionic functional group. The

functional groups _.include primary)_ secondary, or tertiary am ne groups.
These may be al i pAati cangtharat | ®refesred oc\embedigenty | gaetalreontainingne

groups. They Lamne. _.triamne, . or 1 The
i nos, 151 Rl WRT ARl E AT, el nefTBRLARS ok BiRRne T
di cyanodi am @ixh@ust enfissiohd BAEh Ak lonRIANMEBE habli AGtARS nickelOand GAkfal
functional groups include nitrile, cyanate, isocyanate) thiocyanate,

i sot hi ocyanatoidesngurh ozsy amndiuny Mepsooxge i andhevil digpaisedoforayedunaingbe
enpl oyed. . |l aon exchanger.s .of the stron basi c, type which, contain

Quat et nary’ arEIEEIRCT AapeeioRs PR AL RAT atRrat 5ok WSoihe i rRPR ity o
use in the pra%smgrﬁﬂ\@mgmmn@ﬁ%{%pi ally available ion 25 exchangers are

generally in the formof spherical particles with a relatively narrow
particl elsize distribution. Organic ion exchangers wth a size and shape

b oduced acoor di nd Heta R of She1al @esene o the HRCTHRHIRICS FataIy et Halof
organi c ion j [ f f
cbotrates EE SEFLTYERMAERNH bEE 128y UdeAlL bR loc: TH aflount,
particles, ewl] gaerallglbd frem abbup@:.@ik te aboghiDoera¢wt bylweighd.and,

zeolites) that are capable of initiating crystallization of the desired

por ous i nor gé’ﬁ?érﬁ]ﬁ]tyesioé"l to P peEeady by, wiighh 0@ epREoumt Wﬁl VIREY
synthesi s, m gk © RET Abfuld Soff WHNSRIEL Sl - wHEEHS Cak PeRdriers 1@t he
synt hesi’s m xture, or can be Tormed in situ usually in the early stage of
synt hesi s of deh¢dpstfemasion/ioydregefiatishertoakreduict auefarbanaility,i sedsdniet he
fact that by treatnent of _the synthesis mxture with appropriate

concent r at i oRther PusRRse. s Fior gamplen dintt reAHcing (pxhiaaist E2ASSIONS, b MaAKe to
grow and form.jndivi I icle . G Y, whi ch may j oi n together
during the s%{n%gis&l{éssd#%df!%?%ﬂae ér?algsreo@[g?’ulgtvgse&itlﬁéﬁ%é pore system of the ion
exchanger. Exanples of such seeds includes silicate seeds, netal silicate
seeds such as alumnosilicate, borosilicate, gallosilicate, and iron
silicate2Geeds, 13nSmPEasiishe matalpotatung. mpcEIstrdTebethe imetalde

ol goneri c ani ops.. of 151 ki cat n | SiLi .. Th "S ".al so

i ncl udes mcro rl;llés)lfaalf% Ibgfl%ﬁgl;f%eﬁdsgﬁl gg% aor%ﬂ:IL r?%?éﬁil%aﬁo:g g’.‘%ﬁ'{%err yé’tqgfsgo of

ol ecul ar  si ey@sind the adfdikfureewdtl tIdQyAthHests thixtwROcayablanst fabasfgcr yst al
structure can be identified by X-ray di ?fracti on. Mcrocrystals of % 0

nol ecul ar si éh@pomamreammrmaw;aﬁ The nirtat ean ineludrd ywithddetpdreuent i on
are disclosed in.U S. Patent 56,863,516, ,which is hereby.incorpor.ated by

ref er ence. Mf%&f&@hl%texﬁﬁ?ﬁﬁ%ﬁ HFRE FeCRPIaYese SPRD AP ﬁ’yﬂ‘f:ainFIW’to any
2 5 theofy ofnQPRIAtWEthesk! vhpoP PHal¥efldifidh, AR ffn bRENABAN LYGHedT
preparing the netal-c~r~talning fmacrostructures using the porous organic

i on exchangetedmighafort ireledimigatie nfetahmvpdweam-emgagimg tlo neotahanigler can
facilitate nu]gl eation of the s)&tbhesis m xture by causing the formation of
seeds which & %PQWe‘H@éﬁfq’;?“gé/ gL a porous 3 0 inorganic matrix. In
line with this theory, it is believed that the WD 00/ 71255 PCT/ US00/ 13979
23 surface charge of the porous organic ion exchanger can attract seeds or
seed form ng mat eMathl-eshtaihiigy sHdrasteuefurehrppamdsby hbhid arethsdhaager .

Al so) the ion exchanger charges can attract nmetal cations to the surface of

the i on ¥xchaeri@inwHickpasesh meunts jof mmetakmcralser ddeumeetalponsaining



5 dispersed netal on its surface. During the formation of the porous

macr ostructures using the porous organic ion exchanger, the_seeds forned on
or bonded we aolte2ssurface in the organic ion exchanger are nBEFUSHWHIBwW by
hydrothermal 1 o treatnent in an apprbbpriate synthesis solution. Through
this growth an interconnected three-di nensional network of porous materi al
is formed in the pore structure of the enpl oyed i on exchanger as particles
grow and j oi nmaorpstiwntudes camy bertailoyed fesindendéd aset fag example, ahdopr oduct

is a conposite terial rising, t,wo continuous three 15 .di nensj onal
net wor kgP onefX¢ ﬁBIgPEiCﬁ’Q‘Y‘ﬂ@ s3iEpted E‘}tPu@}eursbzean hEhaRs, Oéxacﬁgﬁég?{c and

the second C%m%ﬂeggmto%nmr ”Bgr;%é'tili&ﬁl}i,cor%)%?“ﬁo?@trﬁéiélk,; el BT AGet i on of

I
seeds can be carried out physic y'in d separate stage, with a subsequent
growt h st age metids, lepdr chéer bal addedlitbi ths ion axclyamgwmrsisachohsitbynon
However, it is also possible and 2 0 ofte advapt ﬁga@ous not }‘% epar,at e
t hese st afes,eXshangnst Vayt.iamerphays pateria I ¥RVeLER g‘g?" terial
into a synthesi.s, . sQltt i i b Lt L ees)
during whi ch Bdbscisth F1nals, AP aFekclidnep KL ISERRY by XAin Ao

sol ution to tlegvingnbekildaagabnolith tbetuiginpvdispersed eddtals.i if additional
i nterconnected three dinensignal 2 5 macrostructure. The m cropotous
mol ecul ar si efeengthisneededpthaoncerahangor car heraxirudedalong withsfibers

synt hesi s m xt ufe. dr. ot her gl tent, r r gyt r . ] eous
sol ution or g&f@f)ﬂnstge 6°’it?§f)e rslg%%glgta”guélérsr%feer%ﬁ% }tlJrSep )?ggégﬁ‘%ﬂgg@%
preferabhy exippdrtidcan P&LsbH00/ 13979 WO 00/ 71255 24 80C and, in nost
cases, exceeding 95C. In sone instances, it is preferable to carry out the

hydrot hermal treatnent first at a | ower tenperature and then at a hi gher
tenperature. Int nthesi g of s zeolites, e.g... silicalpte 1) the
crystallinity canq%@?%/ rl%’ast. . Vmgﬁﬁ%opﬁ%mh%ra%ﬁ%]lctﬁrg%t ﬂtn?oﬁ Scarri ed
out at in tworghRRSmatdyihh8rd pidparbd Hyame fhilowh pature is lower, e.g.,
90 -110C, than the second step, e.g., 150-165C. The conposition of the

m xture and the synthesis paraneters, 10 |like tenperature, tinme and

ressure, can effect the, product.obtai ned as | as the size and .shape of
!tohe fornmed crystal@) Ti‘?éiq?rﬁgetal%aﬂea(f p8§Fté‘bet?¥:E{%eapB?’é‘“’ssys‘F§ﬁP5’f lpﬁep

organi ¢ ion exchanger CRRALYARYr dGPIiRY, Wrde EnfRIAEdr 88 Alddd 8nd
synthesis m xture and the synthesis conditions. During crystallization of

macrostructures of a 1%ftgrvéhenmmémovalaof sthevdn | exhiangesndiighetewédsiafabl e to
use synthesis mxtures, . which, in bsence of .ion exchanger material,

he .
result in colloidal su %?1%’158%”%?3&? Feﬁ’éﬁﬁﬁpé’&ﬁloé‘rt}ﬁ WALTOSLEULYEY | nst ances,

t he i on exchanger material can influence the result of the synthesis.

20 (b) forming a admixture containing the 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;

25

(©) converting said synthesis mixture in the pores of the
porous organic ion exchanger under hydrothermal

conditions to form the porous inorganic material; and,

30 (d) removing said porous organic ion exchanger.



2 0 In preparing the netal -containing nmacrostructures, the netal can be

added after preparation or during preparation at any one or he
_prepar atio‘ﬁoé)f”&g?éé or onto the ion ex@:anger bef ore prepar af@/hg%ozlé?.}r?s.

Non-limting exanples of netal additi include the following: 25 1. The
nmetal can be added directly to the porous organic ion exchanger such as by
deposition, e.g., incipient wetness, adsorption, or ion exchange before
synt hesis of the porous inorganic netal. 30 WO 00/ 71 155 PCTNS00/ 13979 25

o7 gani ¢ i on exchangss -aRpoPEELE the Sty MAMES T Uy YlhditE B0

porous i nor gaheCpdreusrinetgarfic InatBtialroft e frierbstraciied. BorCoxadply, inon
exchange, to the synthesized porous ino nic material prior to the renoval

of the por ousuakifhimarmstecsneasgof silicalfi Iewrapilicalite e2.abe daquemis as by
on_exchapge o OnbdlE it WiFLaFil Y QSxdc"0F Al TREE A (LGl Lhe

porous organi on exchanger en renoved. can

to the macr osbhtaiel Uaes sthicbird helyrdeting uragehaone Whéherpriepasiessi as) €. 9.,
formed into aggregates. 15 After renpval of the porous organic ion
exchanger, thaumdnosilicate iaeolitsanthe ramreousr sntiesis gnixdued Iwill eontainni | ar

or even a replica in,.si.ze and, shape of the ani i on exchanger present in
the synt hesi ssoéfa?ﬁ_%(f’ﬁr .lcal'f‘?éldsé’(!\ﬁﬁ‘dﬁ?ya @r‘@ﬁigﬁ}t"ﬁm €°Btana %rﬁBF ructure
wi T usually fipsmidp Bgéh@WBan&w&buQﬁnb%rﬁEQﬁ&t&idl% KX pRENGRd & ©

material. The macrostructure however, can be further treated after renoval

such as by deppAPObasedt helqaular sidvepthanaguemisesyathess nhiature will

macr ostructure. For instance,, zeolite can . be deposited into a.zeolite
macr ost r uct urG@ntaing SOurqes %feelawp%v@ pshqsaglpﬁ% entonallysilican, ands

filled and, iyt f6u @l E6RBIAARubERY QiR godiomogeneous por ous

The porous organic ion exchanger can be removed using

15 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
dissolution. Usually, the removal of the porous organic ion exchanger

will result in macrostructures with the size and shape of the employed

20 organic ion exchanger. The metal will usually be located on the surface
of the porous inorganic oxide. After removal of the ion exchanger, the

metal can be sulfided, oxidized, reduced or the like.

Also, in some instances, the metal may be treated to convert it

25 into a different material. For example, if the metal is aluminum, the
alumina [aluminum oxide] can be treated in the presence of silica,
phosphate, or both, under suitable conditions to convert it into
crystalline microporous molecular sieve. If only silica is present on the
surface of the macrostructure, the silica can be treated to convert it

30 into crystalline microporous molecular sieve, after conversion the



25 material. The netal -containing macrostructures can be used in processing
hydr ocar bon feedst ocks. Hydrocarbon feedstocks contain carbon conpounds and
can be frovooemessi fferent sources, such as virgin 3 o pet rRETESPOABHL i ons,
recycle petroleumfractions, tar sandl®il, and, in PCTI US00/ 13979 WO

001 71255 26 general, can be any carbon containing fluid able to react
catalytically. Depending on the type of processing the hydrocarbon feed is
t o undergo, tbeultasy macrostrmcture o®hahave acavatieg fthae @iveretatl feashl $0) the
feed can al so ha,ve&gi gh or low nitrogen or sulfur inpurities. 5 The

conver si on oPORYARSELRe xteraad surkage Of the magrastricing. Johe eomBRASitIvBde, for
exanple, in fluyidi e i CST i b

dependi ng onstﬁlecg{lfl%gsgpeog’ rgirﬁgiéeogghggcglapggﬁf H(;é %éeégnlglf a‘ﬁ{j%{gﬁe? g.%lfl’l)lhl’%])én
macrostruct ugRé WAdropbriisLin@ganic ahatersdl bPrtha maci@tudtirer gani ¢hee. 9.,
hydr ocar bon conpound conversi on processes includi ng hydrogenati o_n;l

dehydr ogehat meacrogametrsc gan i bea comprisedone maleeylan sieve corstadkivigh a

Synchest's gasttRetin oL ABKE & 2SS MALERE TR R KRR % 8T "0

pol yneri zati gflicadté F0CoAPENSEIS bPthe Bidal @atidg whadiliealief 1 irdiRediteons, etc.
Catal ytic conversion conditions for hydrogenation of feedstocks such as

al kenes, di enestingotarebescaryiddpus by agiegdbe masreatrecture at eleygsedit es,
etc. include_a tenperature of between. about .8F and about 1000F C%r effer ably

bet ween abouf®BBETATHES P an, JReQUE Nt JPAFHIRR CUBATINg, AASP U #f about

1000 psigy PheAssAPLdnd SLIFREEn RO HoneBrPEhé sANh gt%)cii??it%) sifichMed aggp/ f eed
nol e rati o of "between about 0.1 and 20, preferably between about 4 and 12

and a LHSV osilimaiite@n UsualbyttheCaquennd 180ic soletien shllycobéaines temipdatte. 0. 5 and
4. Dehydrogenation conditions, for processes such as conversion of
paraffins to the corresponding olefins, or ethyl benzene to styrene,

optionally in the ' MIPEEdy e nj 30
i ncl ude tenperat urlzgge%?n[?rgg%?% gﬁ?%%oyﬂtqg 1%318%%,%5??&%02%%&%%%?%%
00/ 71255 PC ZSNSGO/ h39%ilcalite, e.g., silicalite 1, the synthesis mixture is

15 advantageously of a molar composition, calculated in terms of oxides,

within the following ranges:

M:0:5i0: 0 to 0.7 to :1 preferably 0.016 to 0.350:1
Si02:Alz03 12 to infinity :1

20 (TPA)20:S102 0 to 0.2:1 preferably 0 to 0.075 :1
H20:810: 7 to 1000 :1 preferably 9 to 300 :1

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

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

The organic ion exchangers suitable for preparing the
macrostructures are organic porous materials with a surface charge
and ion exchange capacity for anions or cations. Preferably, the

30 organic ion exchangers are polymer-based which are sometimes



about 650F to 1000F; feedstock partial pressures of from about 10,000 -
1500 psi a, 8referab|y fromabout 2 psia to 20 psia and a LI_E%‘ZFO]C frorp about
0.1 to 100VO9P21285 abl y bet ween about 0.5 and 4. 5 Dehydr ocyEFTPR G
conditions, for exanple for conversi ¥ of paraffins to aromatics (e.g.,
octane to ethyl benzene or xylene), include tenperatures of from about 400F
to 1800F, preferably frqom about 600F to 1100F; feedstock partial pressures
of from abou¥eferyeg é 8p lawexchange rpsiaserBolyinerrhasediont exchasigars ereo psi a)

and a LHSV o : . Q, pref bl et ween about 0.5 and
a1 Somer 1 2apgRRralS; APAHNIR o, b b€ gee RS EEARIA BORERGRE 1RA} 0%

general |y coestiéierdially avdidable! HxHfphis dfeiueheaesitomclvddfesns sl

pref erably between about 400F and 900F, a LHSV of 15 between about 0.01 and

20, pref er abRphpeandeHaasdeempans umdersthentegisteyed dyademarkyAmbenlyisbn nol e
rati o of between 0.and \5:.l. tal yti¢ canv. ion _conditiaqns for cracking,
with or Wt h?jﬁ& rﬁﬁﬂsoa%]ﬁ) %Y r’fg?ﬁ(%x’abf"&ﬁ%&?ﬁ?ﬁpé’ad}y BRARE e Angitte %‘gOF. and
about 2 0 10ffadesnd¥ke TréWex.0f MiseeeRclbittrs 280wt 8 drdadPepictrdmOpsprsia, a
hydr ogen/feed nole ratio of between about 0 and about 80 and a LHSV of

bet ween aboudifferéntnchtidio iand Oanithe ereh@bgersnwatni veyyimg r imstt rexchanges ar e

al so useful in 2.5 dewaxing oper.ations. Likew se). the invention can be used
inreform ngc%%ﬁcé‘fyyé’toéfoﬁfy%émgaql?ew "f‘ré\“g? $14%g I’;‘ﬁlﬁ?‘%ﬁl.‘g‘ﬁévﬁ%ﬁr@‘ and

reform ng ca I ' h ; y under
condi tions \M%l) igﬁreﬁﬁc%gﬁ gé*{cg%gé aﬁf?‘{a f n@ﬁ%?n‘ﬂgﬁg%‘t% 4 %rof__t.ila? oqﬁggg ,
preferahloy fmEn/ghafudr8@nbon texcBafger, @repofspecial dfterestimtd the present

PCT/ US00/ 13979 WO 00/ 7] 255 28 qsi a to 1470 psia ,and a WHSV of from about
0.01 to aboultPVEBHENL, %aramtw AHNPLEFSUE ¥ ecxﬁhéﬂgerﬁhﬁ'ﬁ é’)@éﬁﬁ}llﬂﬁ'@

hydr ocar bon i r i Ld. j C I j eIy

el udo the PETERRIEHHY SAERE LI Rt B iy RO, PBY i BB ARIE”, |
produce | i ghis @heftefm. isFsafplaaly Wdcin @he Gebdi hitHris ik rgénéésllgrﬁahﬁbout
500C to about 750C, pressures of subatnospheric or_1 o atnospheric,

general | y r atfitrideupones. ¥@idat on petiewdss srersabstaptigdy veithin the gangeof i ne

(vol unme _qf t t texsfr { m I |liseconds tp, about 10
seconds.1%15 %%lﬁ#l@ )(@1 gPV% ?g&ocdr %‘Ck%'/lnagc ro#gtﬁ:l%g ' ﬁoﬁqrel%l?lrgra Wel trred)to

hydr ocar bonsad smdcovwsrot®lresiisar wei ght hydrocar bons. Exenpl ary reaction
conditions for catal ytic cracking include tenperatures of from about 400C
to about 700C, pressures of from about 0.1 atnosphere to about 30 2 o

iggﬁff)geres) and .%.VS'r eE're Olé'rrc|>1¥p S8R50 Ve%!cg%htééz%s S%Etafbﬁé) "Fof b\(J?suc;[ ig' é[o about

process of the present invention are anion exchange resins comprising
20  water-insoluble polymeric resins having attached thereto a plurality of
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 mEq/g dry
resin, typically greater than 1 mEq/g, and in some cases, preferably

25 from about 4 to about 5.5 mEq/g of dry resin.

Anion-exchange resins are characterized as either strong base or
weak base anion-exchange resins depending on the active ion-exchange
sites of the resin. Strong base anion-exchange resins consist of

30 polymers having mobile monovalent anions, such as hydroxide and the



(C© The isomerization of aromatic (e.g., xylene) feedstock conponents.
Exenpl ary reaction conditions for such 25 include a tenperature of from
about 230ve00/al2s8it 510C, a pressure of from about 0.5 at mo%pHESWA8 about
50 atnobspheres, a weight hourly spacezlvel ocity of fromabout 0.1 to about
200 and a hydrogen/ hydrocarbon nole ratio of fromabout 0 to about 100. 30
WO 001 71255 PCT/ US00/ 13979 29 (D) The hydrocracki ng of heavy petrol eum

f eedst ocks, dikel jassetiated, famdexahple hyibhoccosrelentifar hendedcguatsimaryeol it e
catal yst systemw | cor}%%ig an effective am}unt .of at | east opne,.

hydr ogenat i o RBPYHEN P RASPEABIYL (A AFSPTYyEY HNFHORY r%%‘l‘%%lﬂrng”&’étrél ysts.

(E) The conv ' feld kNS | n a '

Exenpl ary re%&?flo %@oﬁdﬁﬁ{ggﬁgﬁgﬁ)sdeTglgsﬁegg‘?%‘%tmag ?éogf Sa%%hgg@cats o about
760C and 10 peevewitss AndmrebdistribGtadoowdrothie 2800facesifgthe( Fosi lpartiolever si on
of light olefjins tg gasoline, ﬂi stillate and | gbe range hydr ocar bgns.

Exenpl ar y5 r e &4F9RH DASA ARIPBIAXChARBS dESHEnBRY QAP LARACIH, Hinunsissee 198C to

about 375C 1§x@ﬂgn%(ﬂf18§§éﬁfer&f of 38@“ gﬁ‘ﬁogf tilgogfeaiﬁﬁo%g ¢ffe PSH! Bheit O
Two- st age hydrocracking Tor upgradin ydrocarbon streans having initial

boi | i ng poi niftrahsiv ol ghard{tdér.t Mac@reticuldr étrdh@ thasanahigaseaichaaghoi | i ng
range products or 2 Q as feed to further fuels or chem cals_processing
steps. The fresinsdnade hpdraxide form Are aattisntanly nratarsed indherrzactisppri si ng
one or nore ¢ %ﬁl }ﬁtés%altlié § g-(i)ve netals, e.g., a Goup VIIl netal, and the
effluent fro e PFTTesY 18Y éé Woul d be reacted in a second stage using a
second 2pgcatal yst, e.g., crystalline nolecular sieve with a structure of
*BEA, conprising one or nore catalytically active substances) e.g., a Goup
VIl netal, as th&hearegipsmateixeofpivaak basgcanion-exnbaingeorssing cpntans

tenperatures from gbouyt 315C to about 455C a pregsure fr,om about,400 to 3
0 about 2500°b§’in¢?aalﬁ§3196’é§a E}?‘?Iég?d“[}b ‘cofmf‘PS cgai‘b’&?“%ﬁ)‘ogm%/'géﬁog 13979
WO 00h1255 3@@&1@:@@?&9?9090&&& bplindi}d, asédosidiatly N | terGRAE CaMhoCi ty
(LHSV) of fromabout 0.1 to 10; ' _

groups. These may be aliphatic, aromatic, heterocyclic or cycloalkane

15 amine groups. They may also be diamine, triamine, or alkanolamine

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

20 may also be employed. .- -

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

25 exchangers are generally in the form of spherical particles with a
relatively narrow particle size distribution. Organic ion exchangers
with a size and shape other than spherical, for example, fibers or
flakes, however, can be produced according to known techniques. It is
also known that films of organic ion exchangers can be deposited on

30 different forms of substrates.



(H) A conbination hydrocracki ng/ dewaxi ng process in the 5 presence of the
macr ostructure catal yst conprising a hydrogenation conponent_and a zeolite
such as z®¥89%%d2%%et a. Exenpl ary reaction conditions incl udB’CtT@WE/F%ﬁ"%res
from about 350C to about 400C, pr essdfes from about 1400 to about 1500
psig, LHSVs from about 0.4 to about 10 0.6 and a hydrogen circul ation from
about 3000 to about 5000 SCFl bbl. (I) The reaction of alcohols wth ol efins
to provide mxed ethers, e.g., the reaction of nmethanol with isobutene 15

d/or i t ide methyl - t-butyl cether (MIBE)..and/or t-anyl
Tothyl ctner (TAVERS BREIEYT Colva @i APH RIS Portto AL Ge of @RBERAL ur es
tom about 20fndrBafROUnatélsl, BIESSHBRed QRal bfe aeg,%b@%fasmia

(gramol efin per hour gram zeolite) from about 0.1 o hr-1 to about 200
hr-1 and an aiystdldizationob£fthe desired pewdisr morgahiomatievial. 0Thelsaedsabout

5/1. (J) The conversion of naphtha (e.g., Cs - C.0), and sim.lar mxtures to
hi ghly aPomaVPeChfan hediresen ,t}f‘f’o%?%h%ﬁﬁdm?x@rglhe 1S BYBhesi echrai ned

hydr ocar bonsee el Al BBl a1diVid thelspRiHdsM0niiANGR, 3S B WM g | ess

t han about 200C, can be converted 1o products having a su i gher
oct ane nunbeuswalbyrid ithe easlyt staige wf syathexis iofighe perdwydirmrgahinmfagerialv t h t he

catalytic 3 o crostructure at a.tepperature in the ran of from WO
00/ 71 255 PC EW“%BSB‘@/ qla@?gtmzeébgmth@o%t tfglaéduc,tr%t@feé\taﬁg &%Sb@h%ISSOC at
pressures r i f i har [ QU . ce

vel ocities ?%g%@%er‘g% %ﬁ%ﬁg{%‘% .Cﬁn{;éc))nt%gfﬁ%g a('f{?%ﬁ%} gg;\t\gg?és) ?%rlr’\allct)fb% '
oxygenau@s) the)seedd @ahobe)madehtoagrowt Aadoformpingiviétsl paveibleds e.g.,

di met hyl et her, or. mi xtures thereof to_hydrocarbons incl udi ng ol efins and
aromatics wienystalgctwhithc sray tipbndopeidierddnging thapeynthesis d¢ foromabout

275C b 600 f 1 b 0. b b 0
at mospher o5 aarartrydhilh ol te eRebCRE e Jom profaflel SRRE6B1T o abou:

100. (L) TheswdH oueRki 28¢1udBs Ofiliehtd sHildsanghebilnghiesteC Rabds Ob®lH Ngs havi ng
fromabout 2 to about 5 carbon atons. The 15 oligoners which are the
products of alwemimostlicsdearborosidiicatn,t gabosilicate,efands indn chiligate useeids| f or

both fuels, 4.8, asolin I gaso] i ne, bl endi.ng st ock nd chem cals. The
ol i gomerPzat $‘6‘ﬁ Oprsgfaﬁ’s ar“(é éé‘fgrr‘aﬁ%scaﬁ?fegﬁrrgdt g?)‘if{scémlggfi AFOPHED! ef i n
feedst ock i My gicBaSstOdificatad!l Sndhaeta] 2ilcael NTReMREAOSIdedS! Wi Mclddes

tenperature in-the range of fromabout 250C to about 800C) a LHSV of from
about 0.2 t omatrogrys58lsanfi pardnsdinprgabion materiadl e eoystals off motepuddout 0. 1

Lo about 50 alupepneres ISTBRLAt HDG%aRE! Q¥ B0 A G WndS Ealal ©
structure can be identified by X-ray diffraction. Microcrystals of
20  molecular sieves suitable for use in the process of the present invention
are disclosed in U.S. Patent 5,863,516, which is hereby incorporated by

reference.

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

25 theory of operation, it is believed that one of the advantages of
preparing the metal-containing macrostructures using the porous
organic ion exchanger is that the surface of the porous organic ion
exchanger can facilitate nucleation of the synthesis mixture by causing

the formation of seeds which can subsequently grow into a porous

30 inorganic matrix. In line with this theory, it is believed that the



25 when the feedstock is in the liquid phase when contacting the
macrostructure catal yst. Thus, when the olefin feedstock contacts the

catal yst wO00®253 qui d phase) tenperatures of from about 1GETYSMMFI? 250C
may be used. 30 WO 00/ 71 255 PCT/ USGd/ 13979 3z (M The conversion of Ca
unsat urat ed hydrocarbons (ethylene and/or acetylene) to aliphatic Cs.i2

al dehydes and converting said al dehydes to the correspondi ng Csa2 al cohol s)
aci ds, or esserface Bhitge dihehecporoamsirganifioal dxchangemtan aittwict seedmoors such

as the deal kgl ai%ogn .of ethyl enzen?1 to henz n%. %42“*%' e saturation of

ol ef i ns havi RS IBAIBEIRAEFIA G Hhe Yriacs Al the PPOrans the b PXNANESS- of

et hyl benzene Elﬁﬁ?@%l 54 i L4 On@.!?u

tenperature f‘*?%bm)féég&ggﬁ , prcglgagg?%@%xﬁ a?frrggqt g%[efglo(t'%gé)}ﬁstt ) %&fgceand a 15
LHSV of fronofibheltiod exohahgert wifich (c@n fdsmlpai tthal maxrasaétuctared hayiligcar bons
(e.g., cyclohexane,_ para-xylene, 2,6-dinethylnaphthalene) w th oxidants,
e.g. oxydian,dﬁple,rsqii%/@leé‘g'eqpﬁérsb&fﬁfé; t-butyl hydrogen peroxide, 2 o form
oxi di zed hydrocarbon products, such as al cohol, ketone, al dehyde,

carboxylic acid in gas phase reaction or |iquid phase reaction. Exenplary

conver si on condi t Daiténg Bhé UdematiodNPLLthé Porohs aiadiOstraichi¥ds, usingr tissur e of
fromO to 5Q0 psig and a LHSV of from0.01 to 10 in a 25 reactor) e.g.,
movi ng bed, PPxadS erganieiowsEehanger.othe peedfeframad opner bandedttocthe

: o g | et | . S
nol ude a1 oRBEREE H P eATab At Ve S aaRte Tobro DppedefRERRRT  or
about 0.1} at pRIPARKE in Mpa?BéJﬂﬁéé E¥rdtHdafi0sc188i68. 3Bhit@gh this aRswih 200

at nospheres (bar), a weight hourly space velocity of fromabout 0.08hr-1 to

about 2, OOChanlintétmwnmetted ¢hreeadimengsional owtwock vefe poreus mmhaterpalr i$ cul ar 5
application for isongrizing.one or e xyl.ene,Lsoners in a Cs argmatic
feed cont ai n%%&‘eéfﬂv%% itBUWSiOE‘%B? Fﬁg‘?l?y%fcﬁl ?x%g&&a{f_g&ﬁ% €in a
ratio approaghivohdd§oi20¥bddtRbE Lﬁﬂﬂﬁé%ew@%vﬁﬁle%ibbs'f@%i ahliy stapvetid ng

et hyl benzene. Suitable 1 sonerization conditions include a tenperature in

the range of pA&EDEt - is6@0 Cpmpositer alztgridd 0@mpHSME two continuous three-
15 dimensional networks, one comprising the polymer structure of the ion
exchanger, and the second comprising the formed inorganic porous
material. Introduction of seeds can be carried out physically in a
separate stage, with a subsequent growth stage under hydrothermal
conditions in a synthesis solution. However, it is also possible and

20 often advantageous not to separate these stages, but instead to directly
introduce the ion exchanger material into a synthesis solution and
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 interconnected three dimensional

25 macrostructure.

The microporous molecular sieve is usually produced by
hydrothermal treatment of a synthesis mixture. Hydrothermal
treatment refers to treatment in aqueous solution or aqueous

30 suspension at a temperature exceeding 50°C, preferably exceeding



1 o 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.
_Opti onal | yYWOi08GB1&56i zation in the vapo#bphase i s conducted i HCTX@O%’P% ence
of 0.1 to 30.0 noles of hydrogen per | e of al kyl benzene. If hydrogen is
used, the catal yst should conprise 0.1 to 2.0 w.%of a 15

hydr ogenat i on/ dehydr ogenati on conponent sel ected from Goup VIIIA of the
Peri odi ¢ Tabl89°Ceapdcin| mpsp|casenuptcesdinga@oifn dn memreinstanees, it is

tal - t ai ni t t fi i | i cati i
eact i ons. | nPRPRRBIE PO FaFT% B orheafatert io P iy apsah AEPO AL STISyes e
part i cul ar |y wisglyhoid Anr 8685 KRG ANGHAGYE! TRALhONARRLE of

i sonerization of acyclic rocarbons 1 n which the hydrocarbons are
cont act ed at samecpmditasue.g.,ofilifaldte B7€He ciystalinity, cqm diecimebéayseldr wheA30C. to

550C. with the macrosfructure catalyst, preferably conprised of_zeolite L
particl es] oitﬁédllf‘ifg’éhh@al dreatmnendy 15 SATTIeA SREoAN AR BYO t9ieBR: dlBdhei onal

K, f: I ' 909 '
Akl et al e el TS Rbet iRk E1OVEL 4 05 D RNETIRR G ABRATT g

dehydr ogenat ispgh ac.i 15bY165%@.as to convert at |east part of the acyclic
hydr ocarbons into aronmati c hydrocarbons. 30 WO 00/ 712S5 PCTNS00/ 13979 34
The aliphatic hydrocarbons may be strai ght or branched chain acyclic

hydr ocarbons, and particularl|ly p?rgffi ns such as hexange, .al t hough m xtures
of hydrocarbons CaFQ@PBeLtiane gt & %Hn%i%tuf)%u"é'ld; the synthesipparamelrring a

range of.alk J ; ] .
Oycloal i Hhar e iRta, Uubd SHA BlesBRL Rad, diloct Bl MAMELRERRORAR. | | |
a preferred erdiDdisTehé , sitbeahdathdpe of phecadnddrerpseNar i Mhea meabririad

hydr ocar bons and particul arly benzene conprises hexanes. The tenperature of
the catal yti depesited dn they ppee fsystem afChe er&oUc, ionpexchangarycargy@ryt o

oxampl o up  SoBBBUTRERH C ShHRiidh [PEGEE, SafBRRPAB e ahd e

usual I'y enpl @ygthdsis icBaditesnmt iDariag afyetallizatibydsh edddresnsuphiiesrabhy Wi th
a hydrogen to feed ratio of less than 10. 15 The netal -containin

ni cr ost riet ugiemepolecntamsieves uitais Ropmatimes odesirablee to apes symibesis

di sproportionation of toluene, Such vapos.phase di spropqrtionati .

compr | Ses coftETsg TBRhed GralPreRprbitY Eronieed REaRtD Bradfien « ne
net al - cont ai BhNGidAl SLOFdidichbLENd aléRIlbr 8ieReOdWCdonid Kisthfcd)ithB i6RNPT i ses
a mxture 2 0 of unreacted (unconverted) toluene and benzene and - xyl ene.

The ni cr ost r escthangerwateriabeaminfluancerthemeeditafdhp syatbesie. zeolite (e.g.,

20 In preparing the metal-containing macrostructures, the metal
can be added after preparation or during preparation at any one or
more of the preparation stages or onto the ion exchanger before
preparation begins. Non-limiting examples of metal addition include
the following:

25
1. The metal can be added directly to the porous organic ion

exchanger such as by deposition, e.g., incipient wetness,
adsorption, or ion exchange before synthesis of the porous
inorganic metal.

30



MFI type) crystals that are coated with at | east one netal effective in
reduci ng surface active sites in the zeolite crystals. In the nore
preferred wologdiizent, the catalyst is first selectivated prPEFUS@/IIY in 25
the di sproportionation process. Procedkes for selectivating the catalyst
are known to persons skilled in the art. For instance) selectivation may be
acconpl i shed by exposing the catalyst in a reactor bed to a thermally

deconposabl e 20r garite aXtAboA be addlel diGkdiBNy tid adnfiRfipercnyamihg thxcess of
t he deconposition tenperature of said 3 0 conggrténd, e.g.,. fromabout 480C
to about 650C, nomerpuepeEgacyion exchangeriand theryutomid suxdusscaidet o

650C, at a WHSV in cr)]re range of from about O'tl I? 20 I bs. of feed per pound
of catal yst per h(?& TIRnE e}.%%ré)bl}SénPlr'.ngH(én}%ﬁﬁlg of fromabout 1 to 100

at nospheres, and in the presence of 0 to about 2 noles of hydrogen) nore
preferably fromabout 0.1 to about 2 noles of 5 hydrogen per nole of
organi ¢ conpdund, Thed metdloaam | e i adddde puads axsc dyofion- axchasiges tof thet r ogen
or anot her inert gas,per. | e of .organi.c compoynd. Thi g process i

conduct ed for a pe? REREE PRRPYS HROFEARIC R ASEE A ATIOR et i VAl 9 8hf
deposited on the ¢Rihy8tgaHE iGEExcitpRyal |y at |east about 2% by weight
and nore preferably fromabout 10 8 to about 40% by wei ght of coke. In a

preferred enbodi nent, such a selectivation process is conducted in the

presence of hydrogen in order to prevent ranpant formati on of coke on the
catal yst. Select i 3@% snetl eap by ‘i)/*éit ‘&‘3‘ A5 YpdoBc ngendg fhe

treati ”93[015 t he C%gﬂ{%e%fizﬁ’]& E:Br@xssﬁko%ghhi’ca&d %Briﬁg%mersﬂ@g%o organic
organosiTicon conpound. e sl ca cgnpounds may conprise polysiloxane

i ncl udi ng silicongometdchahgorahss beademovetarEhe nodtatiicag elieai banddednd

al koxysil anes. 20 Siljicone conpounds that - find particular application can
be represented byt®hthe omasrestrctuges) sftery they vmeei‘hnxﬂfgf@eh WHtHgEN,

subst tuent o genoP AT o n B et e Bhargh 01 N Y Tand b ef o bl y
are nethyl or ethyl groups. Rz is PCT/ USCO 13979 WO 00/ 71255 36
15 After removal of the porous organic 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. The secondary pore structure of the macrostructure will
usually remain following removal of the organic ion exchanger
20 material. The macrostructure however, can be further-treated after
removal such as by deposition of the porous inorganic material on the
macrostructure. For instance, zeolite can be deposited into a zeolite
macrostructure, e.g., the secondary pore structure can be more or less
filled and, in the extreme case, leave behind a homogeneous porous

25 material.

The metal-containing macrostructures can be used in processing
hydrocarbon feedstocks.  Hydrocarbon feedstocks contain carbon
compounds and can be from many different sources, such as virgin

30 petroleum fractions, recycle petroleum fractions, tar sand oil, and, in



sel ected fromthe same group as R, and nis an integer of at least 2 and
generally in the range of 2 to 1000 The nol ecul ar wei ght of the silicone
.conmpound ENPIBYEES| s general |y betwee, &80 and 20, 000 and prg?ypﬁ?ﬂv P50 to
10, 000. Representative silicone conpotinds included 5 di nethylsilicone,

di et hyl silicone, phenyl nethylsilicone, nethyl hydrogensilicone,

et hyl hydrogensi |l i cone, phenyl hydrogensilicone, nethylethylsilicone,

phenyl et hyl sigeneoak cadi btheany|irbor enataiming fiuidiable tomepetogatadyticaline,

ethyltrifluor | silicgne, tetr chloro hen il
tetrachl or op@%ﬂr@ﬂﬁl og; fhe Jype Pgt?‘é’&ﬁﬁs P8 ﬁée %ﬁ%’bg‘gﬁ s itone,
tet rachl or opheieBBO(He fodhl datOttirallPhibthl bP¥hAHd £8P % dktals. Also, the

et hyl vinyl silicon si I'i cone conpound need not be I'inear may be
cyclic as forfeakeaplad¢schbawarkidlybrlost aitrogen oxanHfur impurities.

oct anet hyl cycl ot etrasi | oxane) hexaphenyl cyclotrisiloxane and

oct aphenyfl_’cycl otetrasil oxane. M xtures of these 15 conpounds may al so be

used as well as sigy %ﬁgewl&ﬁ m!{i&?ﬂrséﬁ%hof‘e%l o] eT¥ U§; | ;5 ﬂ anes or

pol ysi | oxanes i nclude as non- ng exanples exanet ot Fi & oxane)
oct anet hyl cy ebavehieas ithods ey e&ampieCﬁﬂﬂdi&jzed}hdd)pﬁmm@ lbétKa(DSTR or

- hexanet hyl di si |l oxane, -octanethytrisi]| oxane, decanethyltetrasil oxane,
hexaet hyl cycfuedibad rasters depending e yhe sypes pEprqcesaaesired.
hexaphenyl cycl otri sil oxane and oct aphenyl cycl o tetrasil oxane. 25 Usef ul
silanes, disilanes, or al koxysilanes include organic substituted sil anes

having the genera'TH@ﬁiBﬂbEcontaﬁQn%%ﬁé&fs@nP&T r&&508h B3XRd3ds B, cd%ai%‘stRZ 5 R3

wherein Ris a reactive group such as hydrogen, al koxy, hal ogen,
car boxy, ani fier, acearetyeof torganicyl s4gl,yd)w1rpl¢arm gAtIRYngareopyerdiensane as

R b di whi ch d Kk f 1.to 40
ca?[)o(r:]agt ore}san Oqg‘g?n:)(r: ;?’5?: f‘é%f?‘ﬁo;& i @:S%é(’fl nc,e’#é?e%?n %/héiog‘yaggﬁm&a&ﬂ%u on of
the al kyl Coﬂ'bﬁyﬂﬁoc%'chﬂaﬁs)n Ci3bRR@RiZAtRNE h@vﬂi‘oéﬂ&‘ékﬁfg}"degfa%'ﬂ C¥R3hitg, 6 to 24

carbon which may be further substituted, "al kylaryl 15 and aryl al kyl™ gr oups
cont ai ni ng 7conve@mardfoallebtlomomatmsercaudgtt)lonhereﬁdrn;Ahggrsmnhésms gasal kyl

silane is_between 1 an rbo atom; in chain |le en us r the
vapor  pie dPSTRSHUL PEREPERSIAb] CUErtions BoHSHIAIOn, ae
conpri ses - %&@éﬂéiﬂrﬂﬁrﬁa‘f@&ﬁia‘\:ﬁ%6M§‘dx7o‘é9fﬁ&f's Bgying a silica to al i rra

nmole ratio of fromabout 20 to about preferably, 25:1 to about

120:1, and the crystals preferably have a nass nean di aneter of from about
3to 6 mcrons. T nder preferably.is a I-t e zeqlite having
average particle 21?3}% $ic pueersion eopditions, foroh r?IgEPB Hon Rf gﬁ\éémﬁk‘ﬁ na to

silica mole LAtk 0akN PRGRRS AferRROUbolgEed - alkynes, cyclenes, aromatics,
20  oxygenates, etc. include a temperature of between about 0°F and about
1000°F, preferably between about 80°F and 900°F, a pressure of
between about 10 psia and about 1000 psia, preferably between about
20 psia and 200 psia, a hydrogen/feed mole ratio of between about 0.1
and 20, preferably between about 4 and 12 and a LHSV of between
25 about 0.1 and 20, preferably between about 0.5 and 4.

Dehydrogenation conditions, for processes such as conversion of
paraffins to the corresponding olefins, or ethyl benzene to styrene,
optionally in the presence of steam or inert gases such as nitrogen,

30 include temperatures of from about 400°F to 1800°F, preferably from



Once the catal yst has been selectivated to the desired degree, reactor

sel ectivation conditions are changed to di sproportionation 3 0 conditions.
Di spropor twomtrizss conditions include a tenperature  PCTNSPOTASHZINO

001 71255 38 between about 375C and 552)1:) nore preferably between about 400C
and 485C, at a hydrogen to toluene nole ratio of fromO to about 10,
preferably between about 0.1 and 5 and nore preferably fromabout 0.1 to 1,

at a pressur eahRitweS0°Bbaut1 0boaFdepdetoek apltidlOprdsuses&fefrom aglsbut
utilizing WHSV of between about 0.5 and 50. The di sproportionation process
may be conduct®808s 1B09psin, peaferably from abeyt Srria e i20uria agser d4EISN usi ng

catalyst may Hddm o b aog" Ko ERAERIbRES AbOuF OSBRI % i g of 1 e

coke to a desired extent in an oxygen-containi ng at nosphere at el evated
tenperatures as known in the art. The process of the present invention nay
find partBcul ar 15Dehydiocyclizatiom conditiong; fomaphmipde f fard comversjorCasf

ht ha feed, icularly a C4' 290 ht d t . | ecul
e gt ol ot rRdrageS o Eoiatic e euotBE hes yIAEDS AP ) ebry I BRS G
propyl ene. SughgerRE@RRSSE ton® dfoRitARO0°FE 36 118t PULrBRraBR! #drh bdlte

napht ha feed at ‘tenperatures ranging from500C to about 750C, nore
preferably 2 G0BF0D 13007Efeedstakpp aetsalr préssuress ab fitamsadivarti t pgatto 10

at nospheres, t pr.eferagbly.t abqut at.nosphere to abo at.qospheres.
The process ofgh 1Br B%Pjg{iﬁilﬁﬁ‘]?ﬂ‘i %??%#yp?liaﬁﬂ %épflia&ﬁ‘l“gra ;‘t}’jggﬁ’élr}?‘b‘gtl on in
the tran;x~al | p. hGb ns. Exanpl es of

sui t abl elgol ya @Pé?g%gppbﬁt%ﬁg%gﬁgé#ncpﬁg{e)'qg?{@qf ri-, and tetra-al kyl
aromati ¢ hydrocarbons, such as diethyl benzene, triethyl benzene,

di et hyl met hyl benzene (dijethyl-toluenge), djisopr.opyl benzene .
triisopropyl benzed€9mErizaisno P‘P’Eﬂlﬁﬁﬁé?a 0§y Wb O Mert pug)h@(drogen, 18

trimet hyl nap , r y nf Ol I WO
L et DYl NapURBLENG. oo QAP LHRYA AR O BRE of BtRlRY BBORE APFCand
1000°F, preferably between about 400°F and 900°F, a LHSV of
15 between about 0.01 and 20, preferably between about 0.25 and 5 and a

hydrogen to hydrocarbon mole ratio of between 0 and 5:1.

Catalytic conversion conditions for cracking, with or without
hydrogen, include a temperature of between about 1200°F and about
20 100°F, a pressure of between about 25 psia and about- 2500 psia, a
hydrogen/feed mole ratio of between about 0 and about 80 and a LHSV
of between about 0.1 and about 10.

The metal-containing macrostructures are also useful in

25 dewaxing operations. Likewise, the invention can be used in reforming
catalysts or as part of a reforming catalyst. Dewaxing and reforming

can be carried out in the presence or absence of hydrogen under
conditions which include a temperature of from about 200°F. to

1100°F., preferably from about 800°F. to 950°F.; a pressure of from 1.5



and the like. Preferred polyal kyl aromati c hydro-carbons are the dial kyl
benzenes. Particularly preferred polyal kyl aromati ¢ hydrocarpons are

di i sopropyW8&K7RA% and di et hyl benzemlaj‘],8 5 The feed used in thel/US00/13979
transal kyl ati on process will preferabliy have a nolar ratio of aromatic

hydr ocarbon to pol yal kyl aromati ¢ hydrocarbon of preferably fromabout 0.5:1
to about 50:1, and nore preferably fromabout 2:1 to about 20:1. The
reaction tempsiattar 34WP| psipr ahdr abWHSYngk fremnabewtt0.8Lo vdosnoldQ o

mai ntain at | east 1.0 partial -liquyld phase, and the pressure will be
preferably i r?r?f?éasla}'nggngﬁg%‘bto{)nl @%si g to 1,000 psig, preferably 300 psig
to 600 psig. The weight hourly space velocity wll range fromabout 0.1 to

10. The process of the present invention may find particular 15 application
for converting ar diats, ccxeamplany dsydnocanhoar edivarsionEpangeseeowlsicht dbd e

paraf fins_incl udi al i phatic hydrocgrbpons containing 2 to 12 carbon atons.
The hydrotar Q@ﬁ?c% %ﬁﬁa&%”gﬂ%ﬂé&a&}? t%glﬁé’r’lns% cyclic and may be saturated
or unsaturated. Exanple of hydrocarbons include propane, propylene,

n- but ane, n-butenes, 2 0 isobutane, isobutene, and strai ght- and
branch-char and cyA)i c Tlentatadsgtic peatkangof hanpheka foedk ¢ogapdheplighes)

hept enes, octanes, and octenes. The aromatj zation conditiqQns include a
temperature of from 25 ngtﬁﬁﬁ- ﬁﬁéglﬁéryafﬂﬁ%mmdlﬁoﬁ sadyde fyrm abgwt about
0.1 atnosphere to abou (AR} r o ' QU sRase& nuelogity
(WHS~ of from about 0.%O?ocaggﬁf&%o?g%ﬁawﬁ%/%p%%%? h%/%lr)ocaé;%glﬁ%r(r:o & ratio
of fromapout 0 to aboutmdSpheritD FRhéibp Q@thﬁ?’ 0/4p97& ' aHduthelo

met al - cont ai ni ng macrostructures conprises crystals of an internedjate pore
size zeolite such a Mrlatmpspheeesi (ganged anthiresidencs)tizggd (ohemeeppfiithe

preferably is gallium he, process. Qf .t he _pr t_lLpvention may find
particul ar applicati onc?%a-rliyg%rt i) rg%cjdflr%nnagﬂgﬁﬁgc%r %)sﬁg&t“gs F%r%’\o&i di zed
hydr ocar bon products wiphseeshd@nts, e.g. oxygen, air, hydrogen peroxi de,

t-butyl hydrogen peroxide, form oxidized hydrocarbon products, such as
al cohol , ketone, al dehyde, carboxylic acid in gas 1o phase reaction or

l'iquid LON. I . ' it Knclud .
Lenper alti o 11 om PHC { 0 P00RACVHF colaPRIE P orishy oRebti Y o gkt sy
of from0.01 to 10. Exaypkeatbohy HoLI6wEP NS oldelatdivisight | Rdédcirbons.

hydr ocar bons cont ai ni n% 2 to 12 carbon atons, cycloparaffins, aromatics.
The hydrocarbons may b&xemplarni ghactidmi eqndipiensorforycatadytind crackihge

saturated or unsaturated. | e of hydr.acarbons ingclude pro o
propyl ene, n-but ane, nb%‘ilb}ﬁg?fjgw&a%{ﬂr&ﬁé{f??%@%@ﬁéfb(‘\’aﬁof‘)sﬁ%ﬁgihe”— Cand
branch-chain and cycli ?r@é‘s‘ﬁr@é‘%"ﬁ fRsAt apeat 019X aRespRBE: Nexaneatr sod
t ol uene, xyl enes, di nethyl napht hal enes. 20 The netal - cont ai ni ng

macr ost ra@t ures may al stmioephexed, famd wiggght hourly space velacities of from

about 0.1 to about 100hr-1.

(C) The isomerization of aromatic (e.g., Xylene) feedstock
components. Exemplary reaction conditions for such
25 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 and a hydrogen/hydrocarbon mole
ratio of from about 0 to about 100.
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catal ytic reduction of em ssions such as hydrocarbons, carbon nonooxi de)

and oxides of nitrogen, in a gas streamfrom an exhaust system of an

i nternal oayboratson engine. Typically the gas stream wil |l POT/EGHENTH

oxygen, often a stoichiometric exces2% hereof. The netal containing

macrostructures are used for this purpose by contacting the gas streamw th

the netal -containing macrostructures. The netal contai ning macrostructures

al so have applica(Dpn Thet hpdwetadkihg off Reot ipetradéumi foedgtuekexicgelic i n fl ue

gases. 30 WD 00/71255 PCT/USQO/ 13979 41 Exanple 1 |. Preparation of

Cat al yst A- Macrostr uct ﬁ?@kscéﬁérqtbﬁﬁdlmmﬁckn@%fﬂel %F@P]é?’n Ther zeplitec

sol ution containing O. ) ride r ep. ed |n a
. . e p Ia@um Cvg?lli co 99118 bl ifﬁ}& so ntp of

beaker by dissolving t orl e I'n"a utron.

nmacroporous strongly basise oiei BydwgeRatigfrcondpchaindsl thdeypd agplayal Dovvex
MSA-1 [chloride forn] was |10 added to the contents of the beaker. The

weight rd&io of resin i pdrqnggdgngo:a@q}ys@& ans of resin and 100 grans of Pd
solution). Next, the beaker was placed in a shaker for one hour. The
particles were then separated, rinsed several tinmes with distilled water,

filtered, and driggh at T£@5Qon&5rsl16haafau ael Weaffirs OfcANSlefihsa and@Méhesi s
solution with the nolar conposition: Na20: 9TPACH: 0. 25A120s: 25 Si 02: 405

H20 were added to 1.1 grcanat;ﬁsth@)@mldarpal reafition | cenditions enchsdeger. The
m xture of ion exchanger and, s SIS ti ed f Qpe hour 2 o
at room tenperature antFTPREH H\E’ ai’f’ #gg é\ﬂ%‘ho %&B

particlesg were separ atﬁ{ﬂessﬁpég frbm asahﬂ im&aueﬁeﬁba)@ﬁglg n bulk, treated in
a 0.1M ammoni a solutioh 1n an ultrasound bath for 5 mnutes, rinsed several
times with distilled water and then dried at 60C. The ion exchanger was

t hen renoved by c C|n ion at 00C _in air for 5 25 hou a ter heating to
trlis tenperatur e %iugtcgngprs]}@rﬂf,;xg}% P]a?)’ﬁn(fl &i gﬁﬁ"gb‘h“et‘il’gs eolite

ZSM 5 of high crystal | { et ya,%gi ?ﬁQ% %%ﬁdkah&\eﬂaﬁ ¢B2Ltion %ﬁ&u?dr?so

observed. ICP elenentary ana e'silica to alumna nole
rati o of the ZSM 5 wasintl@déiempdrdtieeddf bmadiabguitdsd 531C toveiogitt 37 Ccent .

VIO 00l 71255 PCT/ US0O0/ 13979 42
and a pressure of from about 100 to about 2000 psig.

(G) Two-stage hydrocracking for upgrading hydrocarbon
streams having initial boiling points above about 200°C to
premium distillate and gasoline boiling range products or

20 as feed to further fuels or chemicals processing steps. The
first stage would be metal-containing macrostructures
comprising one or more catalytically active metals, e.g., a
Group VIII metal, and the effluent from the first stage
would be reacted in a second stage using a second
25 catalyst, e.g., crystalline molecular sieve with a structure
of *BEA, comprising one or more catalytically active
substances, e.g., a Group VIII metal, as the catalyst.
Exemplary reaction conditions include temperatures from
about 315°C to about 455°C, a pressure from about 400 to
30 about 2500 psig, hydrogen circulation of from about 1000



1. Preparation of Catalyst B-Macrostructures conprising ZSM5 and
platinum 5 In a beaker, MSA-1 ion exchange resin was exch ed with 0.01M
sol ution &YOBKHTBEEHI antic (HaPtds ). The weight ratio of rggqgmuﬁ%“ﬁnwas
1:5. (10 grans of resin and 50 grans ¥ Pt soluti on). The beaker was pl aced
in a shaker for one hour. The particles were then separated, rinsed several
times with distilled water, filtered, and dried to at 105C. In an

aut ocl ave) 20 grans of taabgut A8L09 SeFhlili@and diquid homslyaspacenyadetity on:

0. 31 NazO0: 9TPACH: 0. 25Al ~2D S 02: 405 e added to 1.0 gram of the
dried platinum ! oaded i@%&é&fﬁi‘ﬁﬁrﬁ’%ﬁﬁﬁgﬁpxture of ion exchanger and
synthesis solution was aged for one hour at roomtenperature and then
heated at 170C for 17 hours. Next, the particles were separated fromthe
zeolite crystalliZ8) i A bwndinatieat dg drocrackimgitlewapinga mrotessi on the an

ultrasound bath for 5 m nutes, [insed several tines wth distilled water
and then Xried at 60C, pf?ﬁgngeoof o&’%%ﬂ‘&i‘?@%ﬁ“% t%#yﬁgnﬁq@arﬁy‘g a

calcination at 600C i nai f i I St ature
at arate of 1C/ mn. X—h g?/oéf?ifaftfrbe{g? g trn %Bgﬁ%r\l/\%?tzzlggﬁﬁ %u%gl\/?% Z%?Hﬁégh
crystallinity. |ICP el eifendaExempidrySiehctibaveonditionditncdude camperadurss na nol e

ratio of 25 the ZSM5 was 54 and é)doati num | oadi ng was 1.7 wei ght percent.
Exanpl e 2 3 o Sanpl es from@RuiedD Catn about PG5, prgseiies Temeabouti on/

et hyl benzene deal kyl at i S I b i at ' WO
00/ 71255 PCT/ US00! 13978203 “;%°$&?W§F%L%$¢i%% Abbid Bl g‘?%slﬁ!t"g?n a
stai nl esp steel reacton.6 dhd £dydrygdn vasuhitedn Eunedbdit4300 vé aboti® for
two hours followed by contact with co-feed of 50:50 ethyl benzene: m xyl ene
and hydrogen. Total pré898/SCHbbleaction was controlled at 54 psia. The
partial 5 pressure of ethyl benzene feed was 3.4 psia, partial pressure of
nkyl ene feed was 3.4 psia, and partial pressure of H2 feed was 47.2 psia.
Hydrocarbon flow gye Wahe?rdactldniof- altbRolRY tifl0&lefohd edMpyY@sde ontiked | ed by
a Brooks mass flow controller and the hydrocarbon feed stream was punped by
a syringe punp. The tertharat -8, thesteagtiond of methanole witht isobatgrel from

200 to 500C. Al duct I d by. = |4 R 90 i d

With o Ghrast| Dbx chapiehircpaans s hyavidy wabhy PRetilaher SEPBEN. o s

for Sample A Table Il ghglRW $ t hge ul ehef ‘(’DRME)S.tSEE:@fnpcIaiy” e B 15
500 %

Table I ' : - ~.200C .300C ' ~400C ~ . t hyl benzene deal k | ated 30
conversion conditions include temperatures from about

20°C to about 200°C, pressures from 2 to about 200 atm,

WHSV (gram-olefin per hour gram-zeolite) from about 0.1
20 hr-1 to about 200 hr-1 and an alcohol to olefin molar feed
ratio from about 0.1/1 to about 5/1.

) The conversion of naphtha (e.g., C¢ - Cip) and similar

mixtures to highly aromatic mixtures. Thus, normal and

25 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

substantial higher octane number aromatics content by

contacting the hydrocarbon feed with the catalytic

30 macrostructure at a temperature in the range of from



31 35.5 30m xyl ene isonerized % 31 35 43
46X: mX: 0X16: 69: 1420: 65: 1524: 5?: 1925: 54: 21 Table Il '.200C300C
~400C500CRydyb/begzene deal k lated (/) 2 3 65 85m xyl ene i sREAVSMOH3ITY) 17
18.5 39 45X: mX: 0X12. 5: 83: 4. 514: 81. 5: 41522: 61: 1724: 55: 20 20  PCTNS00/ 13979
WD 00/ 71255 44 The results of the tests show that Catalysts A and B were
effective for EB conversion over a w de range of tenperatures. Catalyst A
was nore effective at tabsubi 406 C teMEA0ACUrKeférabhy MBI GoeGHOPChat um
anount s of xyl enes product. )

pressures ranging from atmospheric to 40 bar, and liquid

hourly space velocities (LHSV) ranging from 0.1 to 15.

5 (K) The conversion of oxygenates, e.g., alcohols, such as
methanol, or ethers, such as dimethylether, or mixtures
thereof to hydrocarbons including olefins and aromatics
with reaction conditions including a temperature of from
about 275°C to about 600°C, a pressure of from about 0.5

10 atmosphere to about 50 atmospheres and a liquid hourly

space velocity of from about 0.1 to about 100.

(L) The oligomerization of straight and branched chain olefins
having from about 2 to about 5 carbon atoms. The
15 oligomers which are the products of the process are
medium to heavy olefins which are useful for both fuels,
i.e., gasoline or a gasoline blending stock, and chemicals.
The oligomerization process is generally carried out by
contacting the olefin feedstock in a gaseous state phase
20 with a 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 pressure of from
about 0.1 to about 50 atmospheres. Temperatures below
about 250°C may be used to oligomerize the feedstock
25 when the feedstock is in the liquid phase when contacting
the macrostructure catalyst. Thus, when the olefin
feedstock contacts the catalyst in the liquid phase,
temperatures of from about 10°C to about 250°C may be
used.
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5 Exanple 3 Preparation of Macrostructures conprising ZSM5 and chrom um
10 I'n a beaker, 4 grans of MSA-2 ion exchange resin was excPﬁn/gs‘g’ g{,( h 40 g
~of a chroWQRVBEZTA conpl ex sol ution. _[The beaker was placed r Haker for
one hour. The particles were then se ated, rinsed several tines with
distilled water, filtered, and dried i5 at 105C. In an autoclave) 1.5 gram
of the dried chrom umloaded ion exchanger were treated with 30 %ram; of a
ZSM 5 synt hesi s s@Mit i drhenpartversiontofl Cownsatunsted hysirperrthonsretlgylgne 2 o

Na20: 9TPACH: 0. 25Al zGs: 25 Si Oa: 405, HzO. . The ;mxture of iq changer ,and
synt hesi s sol ution was 239eY¥ f 8f° XkéieﬁoﬁP aathq}b%rlr(ft gér f?ﬁ%‘g‘??d Hen

heated at 170C for 17 henvértid¥ t &idt RedehydeBeshS thé heofre@dh@iﬁgl [efsM ,
conposites were separated fromthe zeolite crystallized in bulk, treated in

a 0. 1M amoni a sol uti oaliahods; azédsylor eaewand bath for 5 minutes, rinsed
several tinmes with distilled water and then dried at 60C. The ion exchanger
was then % enoved by calcination at 600C in air for 5 hours, after heating

to this tenperatupg)at 18, eg%ioilqurgé lam%ﬁgﬁl 0 y&%grﬁ’ﬁgg‘&@pgé #ﬁ%?g 45

X-ray diffractonetry showed zeolite ZSM5 o crystallinity.
density of the particl deallgdatienef etindbehperretdbezeglecc. The anount of
chrom um | oaded into the nmacrostructures was 0.7 gram 5 Exanple 4
Preparation of Macrostructures conprising zeolite Beta and pall adi um 10

pal Tadium (1) chi@) i ad iepaerSeEhy OF Aehpkoha FRR TAAEC20S (o6 bl

t he pal lagi um chl ori deakema. 1M HCl sol ution. The weight ratio of resin to
Pd was 1:10 (10 grams of resin and 100 grans of Pd 15 solution). Next, the
beaker was placed in a shaker for one hour. The particles were then

sevaraced, 11 nsedoeyorgle SRt S AL s bt SRR

at 105C. In an au runt’l oa 20

exchanger were m xed Webhiveh@idH @bBdi®iond #RDIdd @ Rahpefatik8&Bbm 600ULi on
with the follow ng nolar composition: 0.31 NazO 9TEAOH: 0. 5A1zGCs: 25 Si Oz: 295

HzO. The mixture of io808%Ehanpeessane ofyfronediGs te mhautoA0QeBsigeandda at 170C
for 24 hloéjr S LHSYV of from about 1 to about 10.

(Q) The partial oxidation of hydrocarbons (e.g., cyclohexane,
para-xylene, 2,6-dimethylnaphthalene) with oxidants, e.g.
oxygen, air, hydrogen peroxide, t-butyl hydrogen peroxide,

20 form oxidized hydrocarbon products, such as alcohol,
ketone, aldehyde, carboxylic acid in gas phase reaction or
liquid phase reaction. Exemplary conversion conditions
include a temperature from 0°C to 500°C, a pressure of
from O to 500 psig and a LHSV of from 0.01 to 10 in a

25 reactor, e.g., moving bed, fixed bed, or CSTR reactor.

In general, the catalytic conversion conditions over the catalyst
independently and in combination include a temperature of from

about 0°C to about 760°C, a pressure of from about 0.1 atmosphere



After the synthesis, the resin-zeolite conposites were separated from2 5
the zeolite crystallized in bulk, treated in a 0. 1M ammonia solution in an
ul trasounavdabtnzor 5 minutes, rinsed several tinmes wth diRIT/US0843974t er
and then dried at 60C. The ion excharider was then renopved by cal cination at
600C in air for 5 hours, after heating to this tenperature at a rate of

1C¢ mn. PCTNS00/ 1 3979 WD 00l 71255 46 The specific surface area was

measur ed by niliar)gerabaus @0Ptdteiosphefed(at),h wetlFhtehawmnispaye ashkityicf showed
that the silica to alumna nole ratio of the zeolite Beta was 33 and the Pd
| oadi ng was 5iee33bgpkl.ABHra® UYL .on of Macrostructures conprising
zeolite Beta and s o cobalt. 2 g of synthesis solution were mxed with 4 g
of 0.1 Msolutions of Co(NGs)z~6HzO Next, 2 grams of Dowex MSA-1 [chloride

forn] ion exchangerhaagmadieshia®ninie Matkodtfudt@ed Neafi Hnd epigcslaaken for
15 one hour. The particles were washed with distilled water and dried at

105C for 2 happdicatioe fdr isunenpagt orcoanre ayleneisamees invar €s aromedtini t h a

zeolite Beta t hesi.s.sol yti.on with e fol]ow ng nolar, conposition: 0.31
%0 Na20: oTEARR GouiRiBinE otBSns ko pbin dihity etaE AL FAARBEHE hat o of
1:10 (1 gram.CopResi LepPeddrifil € thy! te!a‘uil@bﬂﬁﬁ_{rsvgiuesy%ﬂ%SIs%b%@wﬁan%-r The

m xture of ion exchanger and Synthesi’s solution was heated at 1/0C 24
hours. After coheestymg lethykbentzéme.r éhiibalde cisbierations coralitinns dnskyder at ed

[rom he zeol eSSl jeed L0 Silder BRI 23R Qo ommale,
0 511 efl o 1SR e 8169 oI BB RSB Gk TV

tenperature af waight! Bo@fly kpatt RelocitdQWEISV 2660 AGH USO0pre3Sradld 0.5 t&- ray
di ffract onet r5y showed zeolite Beta of high crystallinity. )
0. Optionally, isomerization in the vapor phase is conducted in the
presence of 0.1 to 30.0 moles of hydrogen per mole of alkylbenzene. If
hydrogen is used, the catalyst should comprise 0.1 to 2.0 wt.% of a
15 hydrogenation/dehydrogenation component selected from Group VIIIA

of the Periodic Table, especially platinum, palladium, or nickel.

The metal-containing macrostructures may find particular

application in  reactions involving  aromatization and/or

20 dehydrogenation. They are particularly useful in a process for the

dehydrocyclization and/or isomerization of acyclic hydrocarbons in

which the hydrocarbons are contacted at a temperature of from 370°C.

to 600°C., preferably from 430°C. to 550°C. with the macrostructure

catalyst, preferably comprised of zeolite L particles joined together to

25 form an interconnected three dimensional network, preferably having

at least 90% of the exchangeable cations as alkali metal ions and

incorporating at least one Group VIII metal having dehydrogenating

activity, so as to convert at least part of the acyclic hydrocarbons into
aromatic hydrocarbons.
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SEM showed particles having a size of less than 0.5 Vim The density was
0.51 g/cc. 5 The zeolite Beta macrostructures were tested in the parti al
_oxi dat i on WP 0/Et28%e with tert-butyl %drogen peroxi de. The PEEVSWAS9%®arri ed
out by adding one hundred mlligram the macrostructures to 10 m of
decane and 30 ml of tert-butyl hydrogen peroxide solution. The reaction

m xture was stirred wwth a nagnetic stir bar and heated at | 0 80C in a

t hree neck round bThemhifhatik hyduogarbdnsinay der strhight & bdantlsedvehain

col l ected after hour, and, anal yzed by HP5973 GC/ equi pped wi,ith a 60
roter Hoo1 NS S0 YRGS S A CalanE d PEFARInEORHER dsc IFSaR8d been
oxi di zed to d A Mxeghat is
clainmed is: 5&%&8%%3%‘%@9@?5 gﬁwgg%zﬁﬁéggﬁgﬁg%%gé%éﬁ %?\L}er sl on,

sai d cat al ystfractipns somigiiniaig 4 eange ofi allpmeasusossildy osithuninoreamounts 6£d of :
(a) a three-dinpensignal network of self bound particles_of porous inorganic
mat eri al ; 5an09tb@5) dwdrecasboppe net QIYPI()@&P@%’&H iltﬂdé@%ﬁ@@pyiwhl es®s t han

oi ned 1 oget HEpth¥RyHBReAtY wdd felbe SA% RE FRRIREL Lol BR o "
pores. 2. A pfeed@ssa pf-odééﬁﬁ?; ?f'@a&i@h%xﬁ%ﬁc%bﬁ% #id pasgéulaRR, por ous

macrostructure conprised o a three-di nmensional network of 15 self bound
particles of hrirzsne dompmises bexanes: i Bhe tamperaprexmf theacatalytic reaction sai d

ticl ing | 75% t ot.al ,vol f  sai | east
Pacr ost £ uct ur R HonEg PAPtea thogarie: PRty 1 e A AT ot O
i Nt er conA@Ct eskrefiSialy oresiiRes $8 @xPéssOl AmodPHerlt HFPGOSE 6P BRANMIAS phe

steps of: (i) 2 o formng an adm xture conprising, a_porous organic ion
exchanger andtoa2@gthHRai mone preferabl 6ﬂ0ctoclﬁﬁ(b£&3a- I ganpsrusuallypf t he

pore space of sajd paroys prganic ien exchanger and i s capab of. form ng
Por 4 porous. 1SRl Hheo At pf Ae GG B YR 0g Sy HERIBRY Fikh & 6 1 o
sai d porous iRa{38Bh %o 2eedBit8é bPless@Rdn 10.11) renmoving said porous organic
i on exchanger;” whérein said at |east one netal is present in said adm xture

of step (i)) or is added during the conversion of step (ii)) or is added to

at | east one macrqlstructurg before the renmoval in ste ('éii) of 3 t he
porous of§ani c i onl B&cHAI§LFOBIHINLYE RACRRSIFRFtEeS o, Gpdp Pa 71255

PCTNS00T L35 sk I el DpdPypsel ARERARRECRRNSH 8 oo 5,
por ous vapor phase disproportionation comprises contacting toluene under
disproportionation conditions with the metal-containing
macrostructures to yield a product mixture which comprises a mixture
20 of unreacted (unconverted) toluene and benzene and-xylene. The
macrostructures would contain an intermediate pore size zeolite (e.g.,
MFI type) crystals that are coated with at least one metal effective in
reducing surface active sites in the zeolite crystals. In the more
preferred embodiment, the catalyst is first selectivated prior to use in
25 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 organic compound, e.g., toluene, at a

temperature in excess of the decomposition temperature of said

30 compound, e.g., from about 480°C to about 650°C, more preferably



organi c ion exchanger, or conbinations thereof. 5 3. The catal yst or
process recited in Caiml or 2) wherein said porous inorganic material is
conpri sed wb onsizssul ar sieve. 4. The catal yst or process rePETH800/3I ai ns
1 to 3, wherein said network conprise35pores having di ameters greater than
about 01 0 20 A. 5. The catalyst or process recited in any preceding
Claim wherein said at | east one macrostructure does not contain

signi ficant 25400 o 650 ynatpd WIHSWirethalrangd bf fronTlaboatlal ys20dbspsocess
recited in an recedi ng ( ai wherein said at | east one macrostructure
has a densit 985 nezpowkhef eatadysy/rar hour, at arpeessyre iy dhe gangeqddseny eci t ed

! . . . . o

7o P eos LB Toongieenl hecd o) S30004E A BYSBRAF PR ©

precedi ng C ajfrhydhsderi, "mosé d?ﬁaéidm&e&paf & Hoot Ned teusbdE 20méteansf ot her
(0]

t han by 25 physical binding the particles. 9. The catal yst or process
recited i A anyydnogendengdexfrgantr simpeundl and epidprellnin theinregenasget her

as a result of ég‘?) is?égt hgg.i s.,of the at |gast. on nacrorstru‘cetu e WO
001 71255 PCT/UsBoPL 34185 < BETOHR, OX UPEher Wrﬁr%‘see% rel1% &4 R8Ny
precedi ng O alompoifd.ei ThiAipdostdk! i eondadted SRl a Dgaried of dilne Thaicat al yst

or process recited in any preceding Caim wherein said macrostructures
have at | eastsufficiesitngnantity gofegpke hasmnderosited1o0 bhe catalydtesuvufageyst or

process reci tgeequelrgllg N lgggtcggcly&tgzg ﬁ‘}', r&}eié\ﬁte hnd ore preferably from about
10 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 prevent rampant formation of coke on the catalyst.

Selectivation of the catalyst can also be accomplished by treating

15 the catalyst with a selectivation agent such as an organosilicon
compound. The silica compounds may comprise polysiloxane including
silicone and siloxanes, and a silane including disilanes and

alkoxysilanes.

20 Silicone compounds that-find particular application can be

represented by the formula:

25 |

L R —

wherein R; is hydrogen, fluoride, hydroxy, alkyl, aralkyl, alkaryl
or fluoro-alkyl. The hydrocarbon substituents generally contain from 1

30 to 10 carbon atoms and preferably are methyl or ethyl groups. Rz is



| 0 said porous inorganic material is a large pore or internediate pore size
nol ecul ar sieve. 13. The catalyst or process recited in any é)recedi n
Cdaim whéYep#7ehe structure type of _said nolecul ar sieve | RCT/Upa0ap from
the 15 group consisting of LTL, FAU, 3@0?) *BEA, MFI) MEL, MIW MIT) MFS,
FER, and TON. 14. The catalyst or process recited in any preceding Caim
wherein said nol ecul ar sieve is selected fromthe group consisting of 2 o
zeolite L, zeeldated fromedid samy, guowpdesiRie anden|istan Betegpr 26MtoleagioRh 11,

ZSM 22, silicaljte 1 d.sijicalite 1 h at al.yst, or_proce recited
in any precedt g@%aﬁfy %éif‘%irﬁf‘gﬁioé%cbi%gro eﬁ%?]éﬁﬁaﬁrwgﬁgg\%éﬁis €a _
metal | osi | i cafgedm @&%‘g@ﬁnﬁ esmglcg?éﬁ- 'slge eFaflyChé et 80" arld 90560 hagi ted in
any precedi ng Jai m erern Shid rolecular 2 eve has an Intefnedi ate por e
si ze and a cqnpfexablypi5baei IY000e Reyresemtagivensibicohacompoandeiabiyded WO

00/ 71255 PCT/ US00{ 13979 51 ' Xa(s:(.n) YO2, erein X is g trivalent elenent,
such as aﬁumq%m?f{‘@ﬂh?‘mﬁ’ 5 ‘ﬁ?%’,lsﬁlﬁ%‘?’ a\rlgh%?ylﬁ'b?tbﬂimﬁc‘i’%e:a t@?Flb}aal ent
el ement suchlg% LI G in, ' a . eat er
than 10. 17. heggéé%'ﬁgg?é’or %ﬁ}gfégém%gél Eegﬂlg}n aﬁgllegygégicf? ﬁ‘\é g?l?ﬁé’
wherein | 0 sanetisiyidiydsilicone ol lesiylevhydditivend,s dipHéglSilivons) | meehyltd 1. 18.

The catal yst or process_recited in any precedi n,g Claim wherein said
particl es ocdlnpyroprepylsilicansooseshyltméluosepropydsilisenes Setrachiozephensict ures.

15 19. The c Lyst oOf:: €SS, I,eCiit i i 1,.. nd wher ei n
sai d porous i%trll%r}é'gni cgﬂr%gélgerc’i al teltgﬂrfhég% c}){ég%&lh or gasr]itlg%onrareat e#gﬁc@rg 20.

The cat ajyst phenpilfdogeneci t silicbie,C ai totLchlhiphRng 1 Sied iy 1Me s ofilicOns,
inorganic material is selected fromthe group consisting of silica,
al um num si | inetthylviaylsilicane Mond 4athylviayhathiears. 2 Thep silicppe compoynd or

process recited,in_any precedin rrS i wherein sal.d at | gast qne tal is

a hydr ogenat P6ffdeRY ro‘geen;llui“bﬁ%g 1“§| %ay be' "eydic’ Bs | I6F eXampls
hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, hexaphenyl
cyclotrisiloxane and octaphenylcyclotetrasiloxane. Mixtures of these

15 compounds may also be used as well as silicones with other functional

groups.

Useful siloxanes or polysiloxanes include as non-limiting

examples hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane,

20 decamethyl cyclopentasiloxane; -hexamethyldisiloxane, -octamethytri-
siloxane, decamethyltetrasiloxane, hexaethylcyclotrisiloxane,
octaethylcyclo tetrasiloxane, hexaphenylcyclotrisiloxane and

octaphenylcyclo tetrasiloxane.

25 Useful silanes, disilanes, or alkoxysilanes include organic

substituted silanes having the general formula:



22. The catalyst or process recited in Claim19, wherein said at least 3 0
one netal is a noble netal. PGT/ US00/ 13979 wo oo/ 7t zss 52 23. The

cat al yst owQuomesss recited in any preceding O aim wherei nPSEUSOU3%ast
one netal is effective for reducing t e strength of or the nunber of acid
sites on said porous inorganic material. 5 24. The process recited in
Clains 2 to 23, wherein the conversion of the synthesis mxture is carried
out under hydrothermal conditions. 10 25. The process recited in Cains 2
to 24, wherein said organic ion exclranger is a macroreticular ion
exchanger. 26. The process recited in Cainms 2 to 25) wherein said porous
organi c i on exchanger is a porous pol yner-based anionic 15 exchanger. 27.
The process recited in Cains, 2 to 26)_wherein said porous pol yner-based
ani oni ¢ i on-exchanger has an 1on-exchange capacity greater than about 1
nEq./g of dry porous anionic ion 2 exchanger. - - 28. The process
recited i® daim26 or 27, wherein slaid porous pol ymer-based ani onic

i on-exchanger is a strongly basic ar,onexchange resin containing quartenary
amoni um groups. 25 29. The process recited in Cains 2 to 28, wherein said
porous organic ion exchanger is renoved by either an oxidation process or

di ssol uti on. WO 00h1255 53 PCT/ US00/ 13979 30. The process recited in
Clainms 2 to 29, wherein said at |east one netal is present on the porous

organi c i on exchanger hefore form.ng the synthesis, m xture of .ste i). 5
317 The process r cBRPERIT 1 iop JPRPADE ERpich BHAP 8ty aPES L ATRoBY SHBRER. | &
present h SaidbBRYOHEMiAbJ AL thmidR, YKGMRNEAYoRY RIEHRS ahal R9hnAHs ARt i ON,
or ion exchange. 32. The process recited in"Clainms 2 to 29, wherein the at
| east one 1 ocsameals R or sdude amworgandc addical whichmay épcludd adkyli offrome
preparation, Efter thE fornatioggdor bot h, gf aid.gd 'xturzh 33. The
process recit 203 @rRPRatomsyabeyl qpnydicarhopyiicoelf grgregh theorganics aqded
during the conyeics aBhARckhkh; AeHet i aims 2
to 29, wherein sg’iﬂdeg%&{ east Qgﬁgél)r?gt %?O%’? g%i%%élp ?gﬁgfﬁlneg‘gite %ﬁs’el &ogp

macr ost r uct ureenpafey 6 toh24 rearbumal whichstrey bei furthdr shbstportedis atiiydarylc i on

exchanget and. o Lo GOUIRdatng R 4b ¥ b B R BR) S ©

alkyl group for an alkyl silane is between 1 and 4 carbon atoms in

chain length.

When used for the vapor phase disproportionation of toluene, the

20 catalyst preferably comprises-an aluminosilicate MFI-type zeolite
having a silica to alumina mole ratio of from about 20 to about 200:1,
preferably, 25:1 to about 120:1, and the crystals preferably have a
mass mean diameter of from about 3 to 6 microns. The binder
preferably is a MFI-type zeolite having an average particle size of less

25 than about 0.1 micron and an alumina to silica mole ratio in excess of

about 200:1.

Once the catalyst has been selectivated to the desired degree,
reactor selectivation conditions are changed to disproportionation

30 conditions. Disproportionation conditions include a temperature



2 0 -- 35 The process recited in Cains 2 to 29, wherein said at |east
one netal is added to said at |east one macrostructure afte ,@ge renpval in
step (iii)WBPOFRESporous organic ion exchanger. 2 5 36. A pé% SWI3Y
converting hydrocarbons conpri sing coft act i ng a hydrocarbon feedstream
under hydrocarbon conversion conditions with a catal yst according to any of
the preceding C ains. WO 001 71255 PCT/ US00/ 1 3979 54 37. The process
recited i n CRkatwess almerdi55C ard Rp8iGcmope Rrefsrakly hesween ahouti4Q0°6ut  at

conditions of about,QC o about 760C, .a pressure of om gbout. 0.1

at mosphere (B4t 435 Qbﬁtta g&"ﬁ?ﬁﬁé’pﬁ?&? £ yratig g 8ht6’u"fﬂi"§)"tsﬁg’ce
vel ocity of f - 1,140 - e S
recited in G%@%%g?%wg‘%&%é%%%]t%rg&)ﬁ;gg}%gar rﬁe%egﬁgg’rglgglnaﬁégggﬁect ed
fromthe grouwp T,oshYriesguref betwiedsi Aowr 1tticxpheboand 160 MEmcEphefsy Of

al kyl aromatics, 10 di s&;ﬁ%ort | onation of toluene, disproportionation of

cunene and etafyd phikizing Vnefhatyiesn ahous0.5.858610.cs, al kyl ation of

aromatics, al kylation of naphthal ene or al kyl napht hal ene to form
di al kyl napht hal ene, reform ng of naphtha to aronatics, conversion of

paraffins and/or ofd idispioportionBtiba Sproeosy sy B ebndectedyasnatidtch 0
hydrocarbon products, cracking of naphtha to |ight ol efins, and dewaxi ng of

hydr ocar bons.sedgi-contnynisces sontivupus operdiion msigg a fxed, omhioving dredr i ses
the partial oxidjizing hydrqcarhons .oy contacti,ng a hQydrocarbon 2 o

f codat r eam urti ek HEa B AEBRRIFET dRe R FTAFLG Wit o h8 FALRG CpPe e
recited 1§ CRuBhehthdetRrtokal dbattivaBidhDyheroiakt Btk E618MS eI3iRdP
consists of air, oxygen, organic peroxides, inorganic oxides. 25 41. The

process of Clexitemt3®n gm 48ygerreoriainsrg dtinpdpbamr bbeléwnted | tenimpetatares t he

group consi sts of paraf Li ns, olefins) aromatics, and m xtures thereof.
as known in the art.

The process of the present invention may find particular

15 application in cracking a naphtha feed, e.g.,, Cs4* naphtha feed,
particularly a C4 290°C naphtha feed to produce low molecular weight
olefins, e.g., Cq through C4 olefins, particularly ethylene and propylene.

Such a process is preferably carried out by contacting the naphtha feed

at temperatures ranging from 500°C to about 750°C, more preferably

20 550°C to 675°C, at a pressure from subatmospheric up to 10
atmospheres, but preferably from about 1 atmosphere to about 3

atmospheres.

The process of the present invention may find particular

25 application in the transalkylation of polyalkylaromatic hydrocarbons.
Examples of suitable polyalkylaromatic hydrocarbons include di-, tri-,

and tetra-alkyl aromatic hydrocarbons, such as diethylbenzene,
triethylbenzene, diethylmethylbenzene (diethyl-toluene), diisopropyl-
benzene, triisopropylbenzene, diisopropyltoluene, dibutylbenzene,

30 trimethylnaphthalene, tetramethylnaphthalene, dimethylnaphthalene,



WO 00/ 71255 PCT/ US00/ 13979 55 42. A process for reducing em ssions of

hydr ocar bons, carbon nonoxi de, oxides of nitrogen, or mxtures thereof in a
gas streamvo®uprissi ng contacting said gas streamw th a cat BEHUS00438%r di ng
to any of Clainms 1 to 30. 5 43. The p¥bcess recited in daim42, wherein
said gas streamis a gas stream produced by an internal conbustion engine.
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L1109 & () -1t 109 ) - Tl Rede oM Tdlertt Rnvedfion Sndy  find" particular
application for partial oxidizing hydrocarbons to form oxidized
hydrocarbon products with oxidants, e.g. oxygen, air, hydrogen
peroxide, t-butyl hydrogen peroxide, form oxidized hydrocarbon
products, such as alcohol, ketone, aldehyde, carboxylic acid in gas

10 phase reaction or liquid phase reaction. Exemplary conversion
conditions include a temperature from 25°C to 500°C, a pressure of
from O to 500 psig and a LHSV of from 0.01 to 10. Example of
hydrocarbons including aliphatic hydrocarbons containing 2 to 12
carbon atoms, cycloparaffins, aromatics. The hydrocarbons may be

15 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, and toluene, xylenes,
dimethylnaphthalenes.

20 - -

The metal-containing macrostructures may also be used for the
catalytic reduction of emissions such as hydrocarbons, carbon
monooxide, and oxides of nitrogen, in a gas stream from an exhaust
system of an internal combustion engine. Typically the gas stream will

25 contain oxygen, often a stoichiometric excess thereof. The metal-
containing macrostructures are used for this purpose by contacting the
gas stream with the metal-containing macrostructures. The metal-
containing macrostructures also have application in the catalytic

reduction of nitrogen oxides in flue gases.

30
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110%HE () - (PAOMY &S preph®edidn (9 bOaHYbIX digsolvinkOthdHialla diuin @WEdrEdd ) - @ 9<
9®99: 177 = ixi +az 11%\%‘—%(51) solution. Next, a macroporous strongly basic anion
exchanger sold under the tradename Dowex MSA-1 [chloride form) was
10 added to the contents of the beaker. The weight ratio of resin to Pd
was 1:10 (10 grams of resin and 100 grams of Pd solution). Next, the
beaker was placed in a shaker for one hour. The particles were then
separated, rinsed several times with distilled water, filtered, and dried
at 105°C.
15
In an autoclave, 22 grams of a synthesis solution with the molar
composition: 0.31 Na20:9TPAOH:0.25A1203:25 Si102:405 H20 were
added to 1.1 gram of the dried palladium-loaded ion exchanger. The
mixture of ion exchanger and synthesis solution was aged for one hour
20 at room temperature and then heated at 170°C for 17 hours. Next, the
particles were separated from the zeolite erystallized in bulk, treated
in a 0.1M ammonia solution in an ultrasound bath for 5 minutes,
rinsed several times with distilled water and then dried at 60°C. The

ion exchanger was then removed by calcination at 600°C in air for 5

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

X.-ray diffractometry showed zeolite ZSM-5 of high crystallinity
and PdO peaks of low intensity were also observed. ICP elementary
analysis show that the silica to alumina mole ratio of the ZSM-5 was

30 51 and the Pd loading was 1.7 weight percent.
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In an autoclave, 20 grams of a synthesis solution with the molar
composition: 0.31 Naz0:9TPAOH:0.25A1:03:25 Si0::405 H20 were
added to 1.0 gram of the dried platinum-loaded ion exchanger. The

15 mixture of ion exchanger and synthesis solution was aged for one hour
at room temperature and then heated at 170°C for 17 hours. Next, the
particles were separated from the zeolite crystallized in bulk, treated
in a 0.1M ammonia solution in an ultrasound bath for 5 minutes,
rinsed several times with distilled water and then dried at 60°C. The

20 ion exchanger was then removed by calcination at 600°C in air for 5

hours, after heating to this temperature at a rate of 1°C/min.
X-ray diffractometry showed zeolite ZSM-5 of high crystallinity.
ICP elementary analysis show that the silica to alumina mole ratio of

25 the ZSM-5 was 54 and platinum loading was 1.7 weight percent.

Example 2

30 Samples A and B were each tested for xylene isomerization/

ethylbenzene dealkylation. The test was carried out by first packing
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stream was pumped by a syringe pump. The temperature investigated
10 in the tests ranged from 200 to 500°C. All products were analyzed by
an on-line HP 6890 GC equipped with a Chirasil DEX CP column.
Table I below shows the results of the tests for Sample A. Table II

below shows the results of the tests for Sample B

15 Table I
Lo 200°C . - 300°C - 400°C" 500°C
Ethylbenzene
dealkylated (%) 30 31 35.5 30
m-xylene
isomerized (%) 31 35 43 46
pX:mX:0X 16:69:14 20:65:15 24:57:19 25:54:21
Table II
y .200°C 300°C 400°C 500°C
Ethylbenzene
dealkylated (%) 2 3 65 85
m-xylene
1somerized (%) 17 18.5 39 45
pX:mX:0X 12.5:83:4.5 | 14:81.5:4.5 22:61:17 24:55:20

20
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10
In a beaker, 4 grams of MSA-2 ion exchange resin was
exchanged with 40 g of a chromium-EDTA complex solution. The
beaker was placed in a shaker for one hour. The particles were then
separated, rinsed several times with distilled water, filtered, and dried
15 at 105°C.

In an autoclave, 1.5 gram of the dried chromium-loaded ion

exchanger were treated with 30 grams of a ZSM-5 synthesis solution

with the following  molar composition: 0.31

20 Na20:9TPAOH:0.25A1:03:25 Si02:405 H20. The mixture of ion
exchanger and synthesis solution was aged for one hour at room
temperature and then heated at 170°C for 17 hours. After the
synthesis, the resin-zeolite composites were separated from the zeolite
crystallized in bulk, treated in a 0.1M ammonia solution in an

25 ultrasound bath for 5 minutes, rinsed several times with distilled
water and then dried at 60°C. The ion exchanger was then removed by
calcination at 600°C in air for 5 hours, after heating to this

temperature at a rate of 1°C/min.
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X-ray diffractometry showed zeolite ZSM-5 of high crystallinity.
The density of the particles was determined to be 0.26 g/cc. The

amount of chromium loaded into the macrostructures was 0.7 gram.

Example 4

Preparation of Macrostructures comprising zeolite Beta and

palladium

Dowex MSA-1 [chloride form] ion exchanger was exchanged with
a 0.01M palladium (II) chloride (PdCl2) solution that was prepared by
dissolving the palladium chloride in a 1M HCI solution. The weight
ratio of resin to Pd was 1:10 (10 grams of resin and 100 grams of Pd
solution). Next, the beaker was placed in a shaker for one hour. The
particles were then separated, rinsed several times with distilled

water, filtered, and dried at 105°C.

In an autoclave, 1.5 gram of the dried palladium-loaded ion
exchanger were mixed with 16 grams of a zeolite éeta synthesis
solution  with  the following  molar  composition: 0.31
Na20:9TEAOH:0.5A1203:25 Si102:295 Hz0. The mixture of ion
exchanger and synthesis solution was heated at 170°C for 24 hours.
After the synthesis, the resin-zeolite composites were separated from
the zeolite crystallized in bulk, treated in a 0.1M ammonia solution in
an ultrasound bath for 5 minutes, rinsed several times with distilled
water and then dried at 60°C. The ion exchanger was then removed by

calcination at 600°C in air for 5 hours, after heating to this

temperature at a rate of 1°C/min.

o)L 109\ & () - -1 10%& ()-!110%\ & ()-Fx! V\U39\3P_C!r?bsoo/l3979
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Example 5

Preparation of Macrostructures comprising zeolite Beta and

10 cobalt.

2 g of synthesis solution were mixed with 4 g of 0.1 M solutions
of Co(NO3)2:6H20. Next, 2 grams of Dowex MSA-1 [chloride form] ion
exchanger was added to the mixture and the mixture was shaken for

15 one hour. The particles were washed with distilled water and dried at

105°C for 2 hours.

The dried cobalt-loaded ion exchanger were mixed with a zeolite

Beta synthesis solution with the following molar composition: 0.31

20  Naz0:9TEAOH:0.5A1:05:255i02:295 H»0. The mixture had a weight
ratio of 1:10 (1 gram composite particles with 10 grams of synthesis
solution). The mixture of ion exchanger and synthesis solution was
heated at 170°C for 24 hours. After the synthesis, the resin-zeolite
composites were separated from the zeolite crystallized in bulk, treated

25 1n a 0.1M ammonia solution in an ultrasound bath for 5 minutes,
rinsed several times with distilled water and then dried at 60°C. The

ion exchanger was then removed by calcination at 600°C in air for 5

hours, after heating to this temperature at a rate of 1°C/min.
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5 The zeolite Beta macrostructures were tested in the partial

oxidation of decane with tert-butyl hydrogen peroxide. The test was
carried out by adding one hundred milligram of the macrostructures to
10 ml of decane and 30 ml of tert-butyl hydrogen peroxide solution. The
reaction mixture was stirred with a magnetic stir bar and heated at
10 80°C in a three neck round bottom flask equipped with a reflux.
Products were collected after 1 hour and analyzed by HP5973 GC/MS
equipped with a 60 meter HP-IMS column. The GC-MS analysis

showed that 10% of decane had been oxidized to decane ketones.
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5 1. A catalyst suitable for use in hydrocarbon conversion, said

catalyst comprising: at least one porous macrostructure
comprised of: (a) a three-dimensional network of self bound
particles of porous inorganic material; and, (b) at least one
metal, said particles occupying less than 75% of the total volume
10 of said at least one macrostructure and being joined together to

form a three-dimensional interconnected network of pores.

2. A process of preparing a catalyst comprising; at least one porous
macrostructure comprised of: (a) a three-dimensional network of

15 self bound particles of porous inorganic material; and, (b) at
least one metal, said particles occupying less than 75% of the

total volume of said at least one macrostructure and being joined

together to form a three-dimensional interconnected network

comprised of pores; which process comprises the steps of: (i)

20 forming an admixture comprising, a porous organic ion
exchanger and a synthesis mixture which occupies at least a

portion of the pore space of said porous organic ion exchanger

and is capable of forming said porous inorganic material; (ii)

converting said synthesis mixture to said porous inorganic

25 material; and, (iii) removing said porous organic ion exchanger;

wherein said at least one metal is present in said admixture of
step (i), or is added during the conversion of step (ii), or is added
to at least one macrostructure before the removal in step (iii) of

30 the porous organic ion exchanger and after the formation in step
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4, The catalyst or process recited in Claims 1 to 3, wherein said
network comprises pores having diameters greater than about

10 20 A.

5. The catalyst or process recited in any preceding Claim, wherein
said at least one macrostructure does not contain significant
amounts of amorphous materials.

15

6. The catalyst or process recited in any preceding Claim, wherein

said at least one macrostructure has a density of less than 0.50

g/cc.

20 7. The catalyst or process recited in any preceding Claim, wherein

said particles have an average particle size of less than 500 nm.

8. The catalyst or process recited in any preceding Claim, wherein
sald particles are joined together by means other than by

25 physical binding of the particles.

9. The catalyst or process recited in any preceding Claim, wherein
said particles are joined together as a result of the synthesis of

the at least one macrostructure.
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said macrostructures have at least one dimension greater than

about 1.0 mm.

12.  The catalyst or process recited in any preceding Claim, wherein
10 said porous inorganic material is a large pore or intermediate

pore size molecular sieve.

13. The catalyst or process recited in any preceding Claim, wherein

the structure type of said molecular sieve is selected from the

15 group consisting of LTL, FAU, MOR, *BEA, MFI, MEL, MTW,
MTT, MFS, FER, and TON.

14. The catalyst or process recited in any preceding Claim, wherein

said molecular sieve is selected from the group consisting of

20 zeolite L, zeolite X, zeolite Y, mordenite, zeolite Beta, ZSM-5,
ZSM-11, ZSM-22, silicalite 1 and silicalite 2.

15. The catalyst or process recited in any preceding Claim, wherein

said microporous molecular sieve is a metallosilicate molecular

25 sieve.

16. The catalyst or process recited in any preceding Claim, wherein
saild molecular sieve has an intermediate pore size and a

composition having the following molecular relationship:
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wherein X is a trivalent element, such as aluminum, gallium,
5 zinc, iron, and/or boron, Y is a tetravalent element such as

silicon, tin, and/or germanium; and n has a value greater than

10.

17.  The catalyst or process recited in any preceding Claim, wherein

10 said crystalline molecular sieve is a ZSM-5 or silicalite 1.

18. The catalyst or process recited in any preceding Claim, wherein
said particles occupy less than 50% of the total volume of said
macrostructures.

15
19. The catalyst or process recited in Claims 1, 2, and 4 to 11,

wherein said porous inorganic material is mesoporous inorganic

material.

20 20. The catalyst or procéss recited in Claim 19, wherein said
mesoporous inorgani¢ material is selected from the group

consisting of silica, aluminum silicate, alumina, MCM-41, and

MCM-48.

25 21. The catalyst or process recited in any preceding Claim, wherein

said at least one metal is a hydrogenation/dehydrogenation

metal.

22. The catalyst or process recited in Claim 19, wherein said at least

30 one metal is a noble metal.
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15 exchanger.

27. The process recited in Claims 2 to 26, wherein said porous
polymer-based anionic ion-exchanger has an ion-exchange
capacity greater than about 1 mEq./g of dry porous anionic ion-

20 exchanger.

28. The process recited in Claim 26 or 27, wherein said porous
polymer-based anionic ion-exchanger is a strongly basic anion-
exchange resin containing quartenary ammonium groups.

25

29. The process recited in Claims 2 to 28, wherein said porous

organic ion exchanger is removed by either an oxidation process

or dissolution.
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32. The process recited in Claims 2 to 29, wherein the at least one

10 metal is added to said admixture of step (i) during the

preparation, after the formation, or both, of said admixture.

33. The process recited in Claims 2 to 29, wherein said at least one

metal is added during the conversion of step (i1).

15
34. The process recited in Claims 2 to 29, wherein said at least one
metal is added to at least one macrostructure before the removal
in step (iii) of the porous organic ion exchanger and after the
formation in step (ii) of the porous inorganic material.
20 - .

35. The process recited in Claims 2 to 29, wherein said at least one
metal is added to said at least one macrostructure after the

removal in step (iii) of the porous organic ion exchanger.

25 36. A process for converting hydrocarbons comprising contacting a
hydrocarbon feedstream under hydrocarbon conversion
conditions with a catalyst according to any of the preceding

Claims.
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olefins, and dewaxing of hydrocarbons.

39. The process recited in Claims 36 to 38, which comprises the
partial oxidizing hydrocarbons by contacting a hydrocarbon

20 feedstream under oxidation conditions with oxidants.

40. The process recited in Claim 39 wherein said oxidants are
selected from the group consists of air, oxygen, organic
peroxides, inorganic oxides.

25

41. The process of Claim 39 or 40, wherein said hydrocarbon is

selected from the group consists of paraffins, olefins, aromatics,

and mixtures thereof.
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43.

monoxide, oxides of nitrogen, or mixtures thereof in a gas stream
comprising contacting said gas stream with a catalyst according

to any of Claims 1 to 30.

The process recited in Claim 42, wherein said gas stream is a

gas stream produced by an internal combustion engine.



