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Gonpri sing al kyl ati on and/@Prawiegkd = PP I.6h are known| to produce

nonoal kyl aromati c producigg apbsteeh _:an?gﬁ‘éopr'ofﬂ/'i’a(?g Zénej which is alsa known

as cunene,” or ethylbenzenL In 15 hi-gh—ytetdsT— However, such processes are

not wi thout problens includj ' r ' ' by- products.
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al kyl ating agent oli QOW@fNDﬂEmmb’ AIYST USEPULTHEREINNWant ed

monoal kyl ated and deal kyl at ed conpounds such as n-propyl benzene, 20

but yl benzenes and et hyl benzene. The production of unwanted xylenes is a -

particular problemin the produ%mw%mot her problemwth

such processes concerns the use ' | ysts such as solid

phosphoric ac¥d or alum num chloride. The phosphoric acid catal ysts -

general |y requi r Thisheinyentioh zeladeer teothecipopgrizghionh plodados cod/asi ve

sl udge by-produc P i - C .avoi ded

by the use of Ceﬁ%ﬁ%&%&%ﬁ? %%gh%dé?ho%%%g%}s%gﬁ%ﬁé%ﬁg Q{egg%ebggggséggh&

catal ysts. Howeveatalystg.or dr awbacks

10 - BACKGROUND OF THE INVENTION

Vaﬁous processes comprising alkylation -and/or transalkylatioﬂ are

o known to produce monoalliylaromaﬁc products sucix as

isopropylbenzene, which.is also known as cumen'e., or ethylbenzene in

Is high yields. However, such processes are not without problems
including the production of undesirable by-products. Examples of such
by-products produced in conjuncﬁoﬁ with"cumene iﬁclude alkylatmg )
agent oligomers, heavy polyaromatic compounds and unwanted |

' " monoalkylated and dealkylated compounds such as n-propylbenzene,
20 - butylbenzenes and ethylbenzene. The producﬁon of unwanted xylenes
is a particular problem in the production of ethylbenzene. Another |

_-problem with sucH processes concerns the use of Friedel Crafts

catalysts such as soﬁd phosphoric acid or aiuminum chloride. The

phosphoric acid catalysts generally require th:e use of a water “co-feed

25 which produces corrosive sludge by-product. Problems concerning the

. sludge by-product can be avoided by the use of certain crystalline

microporous molecular sieves as catalysts. However, major drawbacks

L of the use of zeolite catalysts include the proti{i;iction of undésifable by-

products and relatively rapid deactivation of the catalyst réquirihg

30 timely and costly replacement or reactivation.




of the use of zeolite catalysts include the production of undesirable by-
products ‘and ‘rel atively rapid deactivation of the catalyst requiring 30
ti mely and costly replacement or reactivation. WO 97/ 45384

PCT/ US97/ 09_%(&'%5g4yst alline mcroporous nol ecul ar si evespeurgsy7oysder ed,
por ous, crys 'a?' Ine material having a definite crystalline structure as
determ ned by x-ray diffraction, wthin whi ? there are a | arge nunber 5
of smaller cavities which nay be interconnected by a nunber of still

smal | er channels or pores. The di nmensions of these pores are such as to
all ow for, adsorption of nolecules with certain dirnmensions while rejecting
those .of large dinensions. The interstitial spaces or channels fornmed by

the crystalline qgsyntike Riiehdh ol CHlodcubli®V Sitvés!C irddS oddbred ViSdrduk] ne
silicates, crystalline alum nosilicates, crystalline silicoalumno

phosphat es,  and crystellind | materialni hrpngs phadedmite ocrystallinel strustirec dsar
W do var ety of ARerRal RS B BreFRHE YRR Bhln bR I TR BT e
crystal l'i ne nol &f snedller @ivitied iidc aidiobe tnteyeunnected BAal namnbes of Btillhe
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- to allow- for adsorption of molecules with certain dimensions while
rejecting those of large dimensions. The interstitial spaces or channels
formed by the crystalline network enable molecular sieves such as
10 crystalline silicates, crystalline aluminosilicates, crystalline
- silicoalumino phosphates, and crystalline alunjinophosphates, 'to'ﬁe
‘used as molecular sieves in separation processes and catalysts and
) 'catélyst supports in a wide wvariety of hydrocarbon conversion
_processes. |
15 .
. Within a pore of ‘‘the crystalline .n_iolecul::ar--f ‘siéve, hydrocarboin
“conversion reactions such the alkylation, and transalkylation of
aromatics are governed by constraints il_nposé'd by the “size of the
| “molecular sieve. _Reéctant selectivity occurs when a fraction of the
207 _féedstock is too large fo enter the 'pores to react; while product
" selectivity occurs when some of the products can not leave the channels
- or do not subsequently react. Product distribution can also be altered
by transition state selectivity in which certain ¥eactions can not occur
- because the reaction transition state is too large to form within the
25 pores. Selectivity can also result from mnﬁéuraﬁon constraints on
diffusion where the dimensions of the molecule approach that of the
pore system. Non-selective reactions on the surface of f.he molecular

sieve are generally not desirable as such reactions are not subject to




mol ecul ar :si eve. Reactant selectivity occurs when a fraction of the 20
feedstock is too large to enter the pores to react; while product
select|V|ty occurs when sone of the products can not |eave the channels or
do not subsgpgypsbssy react. Product distribution can al so BETASY#¥E by
transition state selectivity in which certain reactions can not occur
because the reaction transition state is toqg,large to formw thin the 25
pores. Selectivity can also result from configuration constraints on

di ffusion where the dinmensions of the nolecule approach that of the pore

system Non-sel reacti.ons on th surfac of cul eve are
general 'y not dgg gﬂpﬁ §€e V& (FOpaE &E“Pé’PS r?gt ﬂi‘%%] % %ccu%gggl N7. DOC
3 the shape SelQﬁﬂhﬁQL@Qmﬁhﬁahnfﬁhéﬂnmaﬁdapﬁevhose reactlons occurring

wi thin the channels of the nolecular sieve. Zeolites are conprised of a
lattice of sili ca and optionally alumna 5 conbined with exchangeabl e

cat i ons such as com )ngé(i]%fe@rla{hdge Flsﬂicgn d%ﬁd&gpp % na,

"zeolites" incld es na errals containing silica an optlon
i's recogni zed t kainbidwl svith emlmmteablnmaﬁonposuohoasaﬂmﬁ be ailleqiima:ealrtixn whol e

or in part with other. ox exanp I=] um oxi de, tin.oxide,
phosphor ous oxi d‘eetaﬁﬁ’ r@gﬁ?‘}ﬁ%a{% rzgglil‘ aﬁnn&'éi Sfeat &Py a(’:’émlgort i on.
Boron oxide, ir @flicaxiafld, optiérialiyu aheninls, it kbebFnineddchati Bk WilieKiatd  and

m xtures thereof can-replace the alumpa portion. Accordingly, the terns
alumina ‘portions may be replaced in whole or in part with other

oxides. For example, germanium oxide, tin oxide, phosphorous oxide,

10 and mixtures thereof can repleée the silica portion. Boron oxide, iron
~ oxide, titanium oxide, gallium oxide, indium oxide, and mixtures

thereof can replace the alumina portion. Accordingly, the terms

"zeolite", "zeolites” and "zeolite material", as used herein, shall mean

‘not only materials containing silicon and, optionally, aluminum atoms

15. in the crysta]]ine lattice structure thereof, but also materials which

' contain suitable replacement atoms for such silicon and aluminum,

. such as gallosilicates, silicoaluminophosphates (SAPO) and

aluminophosphates (ALPO). The term "aluminosilicate zeolite", as

| used herein, shall mean zeolite materials consisting essentially of

20 ___sijicon and alumiﬁum atoms in the cfySta]]ine lattice structure thereof.

Numerous processes have been proposed for the isomerization,
alkylation, or transalkylation of aromatic hydrocarbon. For instance,
U.S. Patent 4,312,790 involves a xylene 1somenzatmn process usmg an
25 - alumina bound zeolite catalyst. U.S. Patent 5,227,558 involves an
aromatic alkylation process using a zeolite be_ta, catalyst bound by a

binder such as aluminia.
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"zeolite", "zeolites" and "zeolite material", as used herein, shall nean
not only materials containing silicon and, optionally, alum num atons 15
is the crystalline lattice structure thereof, but also materials which
cent ai n sui.{@¥sasssepl acenent atons for such silicon and al pot/msemessach as .

~.gallosilicates, silicoalum nophosphates (SAPO and alum nophosphat es

(ALPO). The term"aluminosilicate zeolite", as used herein, shall nean
zeolite materials consisting essentially of 20 silicon and al um num at ons
in the crystalline lattice structure thereof. Numerous processes have been
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. The zeolite powder is typically bound by forming a zeolite aggregate
10 such as a pill, sphere, or extrudate. The extrudate is usually formed by
extruding the zeolife in the presence of a non-zeolitic binder and
drying and calcining the resulting extrudate. The binder materials
used are resistant to the temperatures and other conditions, e.g.,
.. mechanical attrition, which occur in various hydrocarbon conversion
15 processes. Examples of binder materials include amorphous materials
" such .as alumina; ‘silica, titania, -and various types of clays. 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 20 microns.
| .20 | _ ;_ o
Although such bound zeolite aggregates have nit_xch better mechanical
strength than the zeoclite powder, when such a bound zeolite is used for
aromatics conversion, the performance of thé zeolite catalyst, e.g.,
activity, selectivity, activify maintenance, or céihbinations thereof, can
25 be reduced because. of the .bixidei'._ For instance, since the binder is
typically present in an amount of up to about’ 50 wt.% of zeolite, the
binder dilutes the adsorption properties of tl:i_é‘zeolite aggregate. In
addition, since the 'bound zeolite is prepared by extruding or otherwise

forming the zeolite with the binder and subsequently drying and




type zeolite. 96B026/3 WO 97/ 45384

RCT/ US97/ 09573 4 Synthetic zeolites are normally prepared by the
grystallization of zeolites froma supersaturated synthesis mxture. The
resul ting c{wsdrakiskne product is then dried and cal ci:ned tRCHVSIHOLBE a .
zeolite powder. Although the zeolite powder has good adsorptive properties,
5 its practical. applications are severely ligited because it is difficult,
to operate fixed beds with zeolite powder. erefore;, prior to using the
powder in comrercial processes, the zeolite crystals are usual ly bound. The

zeolite powder is,typically bo f or m.n ite aggre elO such
as a pill, spher m%, % %}Hﬁ‘ﬁga%T% WHP%P@"P@ ru%p? %
extruding the zeg fhieSzdolité BE PRGBS DIk AccBRNtd Ehb ipoires Mﬂﬁeenedttd dfyl ng
and cal cining the resulting extrudate. The binder rrfpt erials used are

o

resistant to t heslewriher tatarafsmany teanster toHe PPERRsOL theyzeolie
attrition, whi Cgreﬁﬁﬁé”t}ié‘ [ e%y%oﬁﬁé b%h@é’n% ! %e&5 ?ﬁ
e as Al Uhi na,

Exanpl es of bindar Hat &t] a I'nc anor phous materl al s suc
silica, titars a,coamersian pmssqspdsunhenhmpswhen the- Ig&ndzadohye meussabiry that

the zeolite be reslstnant t o nechani cal atflrltlgt t hat ¢ eforcgglon of
fines which are EMRARG SPRYEEFIOD, pgocﬁssespg B bipder ym eg s than

20 microns. ~reactions that are taking place within the zeq};t_e and also may itself

catalyze undesirable reactions which can result in the formation of

_undesirable products.
10 _
SUMMARY OF THE INVENTION

In one embbdi;‘n_ent, the present invention’ 1s directed to aromatic
~-conversion processes such as the isomerization, alkylation, and/or
15 transalkylation of aromatic hydrocarbons usin_g__ié zeolite bound zeolite
L "~-:?:-i?:"-.'-§cata'1yst.. The zeolite bound zeolite catalyst comprises first crystals of a
- large pore first zeolite and a binder cdmpri_s_ing' second crystals of a

- second zeolite. The isomerization, a]kylaﬁo;i'-,_ or isomerization of -
aromatic si‘n;ea_ims in accordance with the present invention gives rise to

20 high yields of desired product. |

In another embodiment, the present 1nvent10n1s directed to a zeolite

. bound zeolite catalyst which. finds parﬁculéf' ﬁppﬁcaﬁon in aromatic
conversion processes and compnses first crystals of a first zeolite

25  having a MOR, EMT, or MAZ structure type and a binder compnsmg'

second crystals of a second zeolite.




20 Al though such bound zeolite aggregates have nuch better mechani cal
strength than the zeolite powder, when such a bound zeolite is used for
Aromatics conversion, the performance of the zeolite catalyst, %
activity, sgb@¢hds¥d ty, activity maintenance, or conbinati FRITOSHOPERT | can-
25. be reduced because of the binder. For instance, since the binder is
typically present in an anount of up to abo 50 wt. % of zeolite, the

bi nder dilutes the adsorption properties of the zeolite aggregate. In
addition, since the bound zeolite is prepared by extruding or otherw se

formngthe zeolite with and WO
Lormng, EitfieP DHiERAPAON 5P 148 Dvadineig and W

cal ci ning the extrudate, the anorphous binder can penetrate the pores of
the zeolite or otherw se bl ock access to or e t he.z oIite, or slow
the rate of mas&IEr aﬁE‘PE’?S@MW%PEESBﬁ Ll%%‘ég?lvfﬂs“‘?b’mpéﬁ can reduce the
effectiveness of the zeolite when used in aromatic 5 conversion processes.
Furt hernore, when the bound zeolite is used in aromatic cqonversion
processes, the BIGd8shows SEManicrogrephsoftheCatadrssiof Fixemmeat. are t aking
pl ace wit hi n the zeolite and also may itself catalyze undesirable reactions
which can result in the formation of undesirable products. 10

DETAILED DESCRIPTICGN OF THE INVENTION

The zeolite bound zeolite catalyst comprises first crystals of an acidic

10 large pore zeolite and a binder comprising second crystals of a second

zeolite which preferably have an average particle size of less than said

first particles. The use of the second zeolite crystals as a binder
results in a catalyst which provides a means for controlling '

undesirable reactions taking place in or near the extérnal surface of

15 the first zeolite crystals and can have improved mass transfer of

PN " reactants and greatex access to and from the pores of the first zeclite.

In addition, the second zeolite binding crystals, if desired, can also

have catalytic activity, can function as a catalyst carrier, and/or can

selecﬁvely prevent un'desiréble molecules from entering or exiting the

20 pores of the first zeolite. '

Unlike typical zeolite catalysts used in hydrocarbon conversion
processes which are normally bound with silica or alumina or other
commonly used amorphous binders to enhance the mechanical
25  strength of the zeolite, the zeolite catalyst of the present invention does
not contain significant amounts of non zeolitic binders. Preferably, the
zeolite catalyst contains less than 10 percent by weight based on thé
total weight of the first and second zeolite, of non-zeolitic binder, and

more preferably contains less than 5 percént by weight, and, most




SUMVARY OF THE | NVENTI ON I n one enbodi nent, the present invention is
directed to aromatic conversion processes such as the isonerization,

al kyl ation, and/or 15 .transal kyl ation of aromatic hydrocarbons using a
zeolite bouwdozasusste catal yst. The zeolite bound zeolite wzredoyess?s
conprises first crystals of a large pore first zeolite and a bi nder
¢onprising second crystals of a second zeolife. The isomerization,

al kyl ation, or isonerization of aronmatic streans in accordance with the
present invention gives rise to 20 high yields of desired product. In

anot her enbodi nent esent ven ecte to a bound
zeolite catal ystp eﬁf%ﬂ e i Wﬁ?&ﬁlséﬂibgmarlﬁ'a °f RS 'ersion
processes and c@¥pferably, i;hé sécoﬁﬂ}‘a%bntéscﬁi;taas biﬂds’the"- €0t 2c0litd ch%\fal@%ya MOR,

EMI, or MAZ structure type and _a binder conprjsing second ¢rystals of a
second zeol ite. adhexipgdp) thesurface of the first zeolite crystals thereby forming a

i crographs of SRaeces PEAEEiritdie yhithal S RIN T ek il Betie o
of the Catal gst togetEenrrMereZprelf&"éblst,Bbemém Reolile pErtickes bixd-tie ﬁkbﬂ'he
3 o R R i B el
larger first zeolite crystals and most preferably, the second zeolite
crystals bind the ﬁrst zeolite crystals by intergrowing to form an
atfrition resistant over-growth over the first zeolite crystals.
10
Although the invention is not intended to be limited to any theory of
operation, it is believed that one of the advantages of the zeolite
catalyst system of the present invention is obtained by the second
. zeolite and thus controlling the accessibility. of the acid sites on the
15 external surfaces of the first zeolite to reactax_.xt.s.. Since the acid sites
B existing on the external surface of ‘a zedlite catalyst are not '-shépe
selective, these aci(i sites can adversely affect reactants entering the
pores of the zeolite and products exitiﬁg the pores of the zeolite. In line
: with this belief, since the acidity of the second zeolite can be carefully
20  selected, the second zeolite does not significantly adversely affect the
reactants exiting the pores of the first zeolite which can occur with
conventionally bound zeolite catalysts and may beneficially affect the
reactants exiting the pores of the first zeolite. Still further, since the
second zeolite is not amorphous but, instead, is a molecular sieve,
25 hydrocarbons méy have 'increase'd access to the pores of the first zeolite
during hydrocarbon conversion proceSSes. Re_gardigss of the theories
proposed, the zeolite bound zeolite catalyst when used in c_ataiytic

processes, has the improved properties whi_‘c‘;h are disclosed herein.




zeolite which preferably have an average particle size of less than said
first particles. The use of the second zeolite crystals as a binder results
in a catal yst which provides a neans for controlling undesirabl e reactions
taki ng pl acwoian4sssd near the external surface of 15 the fiRGHUP@BITe
crystals and can have inproved nmass transfer of reactants and greater
access to and fromthe pores of the first zeglite. In addition, the second
zeolite binding crystals, if desired, can al so have catalytic activity, can
function as a catalyst carrier, and/or can sel ectively prevent undesirable

ﬁ: ?Egl '?f/pf(r:glm zegl i cg{mﬁyt ?aﬁ?tg}%&%ﬁy%&)ocar%fgn%@g%o rocesses

whi ch are nornalzbyhtnnmcknrawmttspérsonsskﬂbldumhhaa:t ﬂ‘hbw(hopmpelr;lemeéd
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amounts of non ZRedndiés, d)tt&@ﬁfc&onl?ﬁaéebamaﬂe ltéte.-eéﬁcdctd StréAEfH X84 aefdit ai ns
| ess than 10 percent by wei ght based on-the total weight of the first and

second zeol i e, sdtemm%omtdm;tqudweolﬁﬁcp&mb e agBxonstedhacid a3ra Bewis | ess

than 5 percent ide %m
PCT/ US97/ 09573 pr ef er ag?y Qr c%taanf gt?el S sﬁst ant Pglf Pf afnrdeglt% are
non-zeolitic bi mﬂmnrtdﬁtetbedetteh'mmmlgeﬂmaamdﬁyzﬁ‘othd aeo&xtq.stEédo:tsl datedthye first
zeol ite crystal inﬁ&

encing the acid strength are (i) the chemical composition of -the

zeolite framework, i.e., relative concentration and type of tetrahedral

10 atoms, (ii) the concentration of the extra-framework cations and the
' resulting extra-framework species, (iii) the local structure of the
zeolite, e.g., the pore size and the location, within the crystal or
at/mear the surface of the zeolite, and (iv) the pretreatment conditions

and presence of co-adsorbed molecules. The amount of acidity is

15 related to the degree of isomorphous substitution provided, however,
" such acidity is limited to the loss. of acid sites for .a pure SiO:
composition. As used herein, the terms “acidity”, “lower acidity” and
“higher acidity” refers to the concentration of acid sites irregardless of

the strength of such acid sites which can be measured by ammonia

20 absoxption.

'The term “average particle size” as used herein, means the arithmetic

average of the diameter distribution of the crystals on a volume basis.

25 Exaniples of large pore zeolites suitable for use in the zeolite bound
zeolite catalyst.incl_txde zeolites having a pore size of at least about 7.0
A. These zeolites are described in “Atlas of Zeolite Structure Types”,
eds. W. H. Meier -and D. H. Olson, Bﬁtt,ersworth-Heinéman, Third.
Edition, 1992, which is'heré_bjr incorporated by reference. Examples of




adhering to the surface of the first zeolite crystals thereby formng a
matrix or bridge structure which also holds the first crystals particles 5
t.oget her. More preferably, the second zeolite particles bind the first
zeolite by .ivbengsgan ng so as to forma coating or parti al PEGEEIHBNn t he -
larger first zeolite crystals and, nost preferably, the second zeolite

& ystals bind the first zeolite crystals by gntergrowing to form an
attrition resistant over-growth over the first zeolite crystals. 10

Al t hough the-invention is not intended to be'limted to any theory of
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ext er nal surfac he fir I|t to reactan he aci d. sites
exi sting on the %‘P aturey, i&}@@;ﬂpsg Jaxge PEFreZho (iﬂ%?r% "‘E'F‘Se o exapmple
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the reactants exi? ing e pores he f|r zeo | can occur with
conventional |y hweendualiglat kastipalrtially iantherhydivgenf formal Brefdrtat firstie .

reactants exitin the ores.of ,the f Still further, since the
second zeolite i °lh'i9§ @H&ﬁbamgﬁﬁs‘l@@ﬁ?@%%ﬁwm ar sieve, 25
hydr ocar bons may have |ncreased access to the pores of the first zeolite
during hydrocarbon conversion processes. Regardl ess of the theories

proposed, tHe zdwl knewndamersans| skilled in thy art.iheradidiéy of @ zealite wancbe

reduced using many techniques such as 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 acidity than the acid form.

15 Accordingly, the melé ratios of silica to alumina disclosed herein shall

~ include not only zeolites havmg the disclosed mole ratios, but shall also

include zeohtes not havmg the disclosed mole ratios but having
equivalent catalytic activity.

| io Large pore size zeolites suitable for use in the zeolite bound zeolite
" catalyst generally comprise a composition having the following molar
relationship:
X20s::(n) Y0q,

25 wherein X is a trivalent element, such as aluminum, boron and/or
gallium, Y is a tetravalent element such as silicon, tin, and/or
germanium; and n has a value greater than 2, said value being

dependent upon the particular type of zeolite and the trivalent element

_ present in the zeolite.




processes, has the inproved properties which are disclosed herein. WO
97/45384 : PCT/ US97/ 09573 8 The
“keris "acidity", "lower acidity" .and "higher acidity" as applied to zeolite
are known t@vomﬂggens skilled in the art. The acidi c propermdrasssnéIszeol ite .
are well known. However, with respect to the present invention, a

gi stinction nmust be nade between acid strength and acid 5 site denS|ty

Acid sites of a.zeolite can be a Bronsted agjd or a Lewis acid. The density
of the acid sites and the nunber of acid sites are inportant in determning
the acidity of the zeolite. Factors directly influencing the acid strength
are (i) the chem cal conposition of the zeolite framework, i.e., relative
concentration and type of tetrahedral 10 atonms, (ii) the concentration of

the extra-franewphén Cilld @ist aedlitdas r@ﬂdltxtdiﬂosﬂiéibé keclite)\ahk sliesi &5,

(iii) the local struycture of the zeolite, e. pqre 5| e and the
location, withi rﬁ?ﬁ@%#‘%@ aft}%ﬂﬁWFﬁ@HP WW&@@%& éémcé“reand
(iv) the pretre IRaReEd s. The
amount of aci di ?’gﬂ?%fge to t%reﬂ%%gfrag%%fg |sorm?f‘ohogs subst tut i on

provi ded, hoveveaatios lﬁén&xa]lyl; hwe\eerl and dependingion tlmsstru@faratmb ef thes for a

: Si t ed " i dirty
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"Preferably the aluminosilicate zeolite is in the hydrogen form.

10 ‘The crystal size of the first crystals will preferably be in the range of
from about at least about 0.1 micron to 15 microns. More preferably,

the first crystals will have an averége particle size from 1 to 6 microns.

The use of large crystals is desired because the use of large crystals

‘ decreases the speclﬁc outer crystal surface area which in turn results
15 in an increase in the ratio of intracrystalline acid sites to surface acid

sites.

Procedures ts determine crystal size are known to persons skilled in
_ the art. For mstance, crystal size may be determined directly by
20 taking a suitable scanmng electron mcroscoped (SEM) picture of a
representative same of the crystals.

The external surface acidity of the large size first crystals of the first
zeolite is preferably less than acidity within the channels of the zeolite.

25 The external surface acidity is preférably at least 40% less than the
acidity within the chanpels and, more pre_ferablj} at least 50% less 'and _
even more preferably is at least 60% less. Most preferably, the first
crystals are substantially free of surface acidity.




20 absorption. The term "average particle size" as used herein, neans the
arithnetic average of the dianeter distribution of the crystals on a vol une
hasls. 25 Exanples of large pore zeolites suitable for use in the zeolite
bound zeol i$@ 5aéaes yst i nclude zeolites having a pore Si zerOfrusarodsanst
about 7.0 [err]. These zeolites are described |n "Atl'as of Zeolite
Structure Types", eds. W H Meier and D. H. son, Buttersworth-Hei neman,
Third Edition, 1992 whi'ch i s hereby |ncorpo]r1at ed by ref erence. Exanpl es of
WD 97/ 45384 PCT/ US97/ 09573 9
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zeolite L, VPI-5, zeolite Y, zeolite X onega, Beta, 5 ZSM3 ZSM4
ZSM 18, ZSM 20, chnm&ikp@eaunemse Hor exampley yﬂbe Pirtagee acidity: of: the ﬁ}@bnd

zeolite can be tcl;!(e]stgfsogen heCdduRhd re}*yerre eald Ghse %f‘iﬁﬂaérk’gtag I“b

partially in the Porm rst zeo Ites are”ze
havi ng BEA ors Mbasit compomeds )speh adl @miAss kphospluneapeplsmds spolyheclean t he

art, the acidit f a zeolit can e re | many..techpi ques, such as -
steaming. In adé&r rﬁ é"?egﬁ?@* gh’dgg &?p&ﬂrqaﬁ% form
of the zeolite vicidity Bﬁﬂt@/dﬁ%@ﬁa d‘aarm hagacd bﬁeiebbﬁuagto@%&lsﬁrfaamfot her

forrrs of the zeolite
the crystals a material such as a porous crystallme silicate which coats

the zeolite crystals to form a layer or shell over the surface of the first

- 10 crystals that inactivates the surface of the crystals. A procedure of
depositing an outer porous non-acidic shell on the surface of zeolite
crystals is disclosed in U.S. Patent 4,088,605, which is hereby

incorporated by reference.

15 Another procedure for deﬁositing a porous crystalline silicate layer or

- shell over the surface of ‘the zeolite crystals comprises pr_eparin’g' an
agqueous alkaline solution by mixing, preferably in the following oxrder, -

- . an organic directing agent, such as tetrapropylammonium bromide,

, " colloidal silica, and an alkah metal or alkaline earth metal base such

20 as sodium hydroxide, adding the first crystals to the aqueous alkaline

solution and thereafter reacting the aqueous mixture under low

- alkalinity crystalline conditions to produce a non-acidic porous

crystalline silicate layer over the first crystals.

25 A preferred first zeolite is zeolite beta. Its preparation is disclosed in
U.S. Patents 3,308,069 and Re. 28,341 which are hereby incorporated

by reference.




such as the sodiumformhaving less acidity than the acid form 15
Accordingly, the nole ratios of silica to alum na disclosed herein shall
lsncl ude not only zeolites having the disclosed nole ratios, but shall also
i ncl ude zeowiog@msRPt having the disclosed nole ratios but Hmwsago%ml val ent
catalytic activity. 20 Large pore size zeolites suitable for use in the
#eol ite bound zeolite catal yst generally cogprise a conposition having the
following nolar relationship: Xerr]Qerr]:(n) YJerr], 25 wherein Xis a
trivalent el ement, such as alum num boron and/or galli um Yis a

tetraval ent el egent, such as an as a

val ue greater t ermgéxf "-Jéeﬂ‘ﬁﬁi‘d‘é‘ﬁé‘iﬁ‘ggéq{seupo sﬁ?%ﬁ%ﬁ type
of zeolite and tzbaxﬁerafé%kﬁsthnﬁie@ﬁaﬂﬁn@sihmshawdgfmewﬂmmlformum 97/ 45384
PCT/ US97/ 09573 10 When the first zeolite is an alumnosilicate zeolite, -the
Silicato alumna ratio of the first zeolite will usually depend upon the

structure type of the fi rgflflgﬁoldh%q%gﬁ(fhggrqf & -WhH,Jg mted to any

particular 5 ratio. Gener Rowever pendi ng on the structure type
of the zeolite, the first zeolite will have a j5|||ca to alumna nole ratio
of o2 Teast 2 o pand, R, BaSnanY, héfirdily oy iaR 6196 2y i€ khath? cBRO Y

and less than 100, W is up to about 4, M is a metal ion, n is the valence

.of M, and Q is a hydrogen ion, an ammonium ion or an organic cation,

 or a mixture thereof. For purposes of the present invention, Y is

10 preferably greater than 5 and less than about 50. Consequently, the

silicon to aluminum atomic ratio in the above formula is greater than

5:1:and less than 100:1, and preferably greater than 5:1 and less than

about 50:1. |

15 Other elements, such as gallium, boron and iron, can be variably

" substituted for aluminum in the above formula._-:—.e- Similarly, glemen-ts

such as germanium and phosphorus can be variably substituted for
silicon. '

20 Suitabie oféaﬁc cations are those cations which are derived in
aqueous solution from tetraethylammonium bromide or hydroxide,
ﬂibenzyl-l, 4-diazabicyclo[2.2.-2]octane cbloride, dimethyldibenzyl
ammonium chloride, 1,4-di(1-azoniuﬁ1 bicyclo[2.2.-2]octane)butane‘
dibromide or dihydroxide, and the like.

25 .
M is typically a sodium ion from the original synthesis but may also be
a metal added by techniques such as ion exchange or pore ﬁ]lmg
Suitable metal cations include those from Groups 1A, IIA or IIIA of the
Periodic Table of Elements or a hyd.rogenationbomponent. Examples
This Sheet Hag

(i




Preferably the alumnosilicate zeolite is in the hydrogen form 10 The
crystal size of the first crystals wll preferably be in the range of from
about at |east about 0.1 micron to 15 mcrons. Mre preferably, the first
crystals Wl ohasses an average particle size from1l to 6 nPCrBIE9FHe use of
llarge crystals is desired because the use of large crystals decreases the
specific outer crystal surface area which igqturn results 15 in an
increase in the ratio of intracrystalline acid sites to surface acid sites.
Procedures to deternmine crystal size are known to persons skilled in the
rart. For |nstanc? cﬁstcgh 5 ZSndBYe 0 ,%,et ”il,nﬁl ?&Asi’uxﬁy eeidfKi N9 a
sui tabl e scanning €l'éctron m croscope S ur a repreésentative
same of the cryaﬁﬁtﬁesxﬂihebaﬁhﬁr rlahtlmmﬁm,mrﬁnnﬂnickebfplaﬁnmﬂnamﬂadim first
¢érystal s of theafglgi, eolite is preferably less than acidity within the
channel s of the &iKe.25 The external surface acidity is preferably at
| east 40% | ess than the acidity within the channels and, nore preferably at
| east 50% | ess and even nore: preferably is at | east 60% | ess. Most
preferably, the Fhe secand seglite atssdsemsﬂ:@mze@mw bprad sgoliter catalystcisi ty.
WO 97/ 45384 3 11
Procedures for oy umlr’]la %%%rgselprqrrgczgolét& sd“‘Py OP tIVHe pfrfwr"g'tlﬁgr Q@%ﬁé@%ﬁ%l ude
the deal uni nat i c¢hedfirstheolite! iThesome fa@phcdu;oﬂa(chhetMOMIzeon gilldiave

reduced or even substantially no acid actmty and which for

aluminosilicate zeolites can be achieved with a high mole silica to
10 alumina ratio. Whe,n the second zeolite is an aluminosilicate zeolite,
the silica to alumina ratio of the second zeolite will depend on the
structure type of the zeolite and is not limited to any particular ratio.
Generally, however, and depending on the structure type of the zeolite, -
the second zeolite will have a silica to alumina mole ratio of at least 2:1 -
15 and for some aluminosilicate zeolites may have higher silica to
alumina mole ratios, e,g., 10:1, 500:1, 1000:1, and in. some applications ---
may contain no more than trace amounts of alumina. The second
zeolite is preferably present in an amount in the range of from about
10 to about 60% by weight based on the weight of the first zeolites.
20 More preferably the amount of second zeolite present is from about 20
to about 50% by weight.

The second zeolite crystals preferably have a sm aller size than the first
zeolite particles. The second zeolite crystals preferably have an
25  average particle size of less than 1 micron, preferably from about 0.1 to
"about 0.5 micron. The second zeolite .érystafls, in addition to binding
the first zeolite particles and maxixhizing the performance of the

catélyst will preferably intergrow and form an over-growth which coats




chem cal treatnents. For exanple, the surface acidity of the first crystals
can be reduced by treating the surface of the crystals with 5 basic
porrpounds such as am nes, phosphines, phenols, pol ynucl ear hydrocarbons,

cationic dygsoyuamss the like. In addition, the surface aci dCE{SEH%Re
¢rystals can %e reduced by depositing on the surface of the crystals a
Jaterial such as a porous crystalline silicate whi.ch coats the zeolite

crystals to forma layer or shell over the rface of the first 10
crystals that inactivates the surface of the crystals. A procedure of

"_'depositing an outer pQyous no dic shell gn the,surface of zealite
crystals is di 9 Y CORtS, SéﬁY g %?femiﬂ%#i‘r ;Wlﬁ be
i ncor por at ed b&g&z@fﬁft%%tnt%}?t her. procedure for depositing a porous

crystalline silicate layer or shell over the surface of the zeolite
crystals conprises preparing an aqueous aI kal i ne solution by m xing,

preferably i e fo d 1ch .as
tetrapropyl arrmt;llr;h h’ﬁ? y&ﬂgg% akii da %é‘ éaﬁ'g&éﬁ%&ﬁ%ﬁ%@m@ tor
al kal i ne earst h mhais haeﬁawmaOacﬁse mbahm Reférendedto thelohatglyttica]lfrr r st

crystal's to the aqueous, al kal.i pe, sol ut and thereafter cting;the
aqueous m xt ur echiNg aretabgr 2p QHWEE‘#%}QP%PP?W%%%P@I E‘r‘?g &'}ﬁce a

hon-aci di ¢ por Q{{Shé el'e?ﬁ@ddal%t?b“ﬁ@&ﬁe'o@ﬂ@f cat¥BAticall d‘chﬂzé%ﬁﬁ)éﬁ&ﬁ'a‘é 25 A
preferred first zeolite 1s zeolite beta. Its preparation is disclosed in,

U S. Patents 3,m06xideosulfiderbalids, carbonyliate andctheclikey Suchoratalyiicelyby

reference.

active metals are known to persons skilled in the art and include, for
10 example, one or more metals of Group IB, IIB, TITA IVA, VA, VIA, IVB,
VB, VIB, VIIB, and VIII of the Periodic Table of Elements. Examples
of suitable metals include platinum, palladium, rhodium, iridium, iron,
molydenium, cobalt, tungsten, nickel, manganese, titanium, zirconium,
vanadium, hafnium, zinc, tin,-lead, chromium, etc. The amount of =
15 catalytically active metal present will be an effective amount which
will generally be from about 0.001 to about 10 percent by weight of the”
catalyst and preferably from about 0.05 to about 3.0 weight percent
" based on the weight of the catalyst. Pi'o_cesses for including a
- hydrogenation component in the zeolite bound. zeolite catalyst are
20 known to persons skilled in the art.

The zeolite bound zeolite catalyst can be prepared by a three step
procedure, given below for the non-limiting example where the second
zeolite is an alummos1hcate The first step mvolves the synthesis of

25 the first zeolite. Processes for preparing the ﬁ.rst zeohte are known to
persons skilled in the art. For example, with regard to zeolite beta,
such processes are disclosed in U.S. Patent 3,308,069.




EFSBI N7. DOC 12 A preferred first zeolite is zeolite
beta. Its preparation is disclosed in U S. Patents 3,308,069 and Re. 28, 341
which are hereby incorporated by reference. 5 The fornms of zeolite beta
which are nwetordseiul as the first large pore zeolite are RIEOAHIISTNE

al um nosi licates having the enpirical formula: (Xn)M (1-X)Q A (ferr].Y
Sigerr]. WHerr]O 10 wherein X is |less tt’ﬁwl, ‘preferably less than
0.75, Y is greater than 5 and-less than 100 is up-to about 4, Mis a
metal ion, nis the valence of M and Qis a hydrogen ion, an anmoni umion

[ fi.. F ' f
Phventson ' i  Askel Bréimtighoch Bre G1Sh 280ten ¥ stifer R FholtioeRl B
Consequent |y, - t BRegdredShy intigting 2 xabuﬁwwmp\hamg@h@aédohte Bryistds,ad @ilieal or mul a

i's greater than 5;1 and .l ess than 100; and preferably greater than 5:1
and | ess than aBGhPrSBLFa @Wsanﬁﬁ?% ‘F‘P@nﬁ‘ Wﬁnw i ron,

can be variably .20, tid ﬂ@%ﬁﬁ)u% H18 pabfe aRRY6ps g\:i

Simlarly, elenents such as gernani um and phosphorus can
substituted Bor alwhinarcanShet biclvdedr imrthe s:hcaonﬁ‘harshcmdsndmtusednamml ch

are derived in 25 a olution, fr tetrae ar | um,. bro or
hydr oxi de, di be®Z§ paxﬁn Z:H&SM ojﬂ;é %&3%% i ¢  gilica so o
di met hyl di benzylcaﬁr@mawrb hﬁﬁbﬁlamohn%sdsf(aluml U@, less than 2 wt.%.
b| cycl o[ 2. 2. 2] grcﬁane) but ane d| brqm de or di hydrﬁm d and the like.

e amount of zeolite in the extrudate will range from
~ about 40 to 90% by weight, more preferably frdm about 50 to 80% by
1'6 weight with the balance being primarily silica, a;g. about 20 to 50% by

weight silica. '

The resulting paste can be molded, e.g. extruded, and cut into small
<+ strands, e.g., approximately 2 mm diameter exffudates which can be
15 dried at 100-150°C for a period of 4-12 hours and then calcined in air

at a temperature of from about.400°C to. 550"0 for a period of from

about 1 to 10 hours. '

_ Optionally, fhe silica-bound aggregate can be .made into very smaﬂ

20 particleé which have application in fluid b_éd processes such as

catalytic cracking. This preferably involves mixing the zeolite with a

silica containing matrix solution so that an aqqéous solution of zeolite

- and silica binder is formed which can be sprayed dried to result in

sina]l fluidizable silica-bound aggregate paxt’it:les Procedures for

25 preparing such aggregate partxcles are known to pexsons skilled in the

| art. An example of such a procedure is descnbed by Scherzer (Octane- .

Enhancing Zeolitic ¥CC Catalysts, Julius Scherzer Marcel Dekker,

Inc. New York, 1990). The fluidizable sﬂlca-bound aggregate parucles,

- like the silica-bound extrudates descnbed above would then undergo




96B026/ 3 PCT/ US97/ 09573 WD 97/45384 13 of such cations include .ions. of
lithium potassium calcium magnesium barium |anthanum cerium nickel,
pl atinum palladium and the like. 5 The second zeolite used in the zeolite
bound zeol i:ggy grakmhyst is preferably a large pore zeolite mrmossagssas t ype
previ ously described for the first zeolite. In sone applications, the
second zeolite will have reduced or even suhstantially no acid activity and
which for alunminosilicate zeolites can be acfiieved with a high nole sili ca
to 10 alumna ratio. Wen the second zeolite is an al um n03| I | cate

zeolite, the sil al umg na,.r of the sec oI|t e d on
the structure t}b@aﬁﬁg‘t gqullregtg Wi 10 epmvert ‘g"gf ‘P E‘{)H‘Q
ratio. Generall yyq oﬁgé/vever and dependi ng on the struct ure type of the

zeolite, the second zeolite will have a silica to alumna nole ratio of at
least 2:1 15 and for sone aluninosilicate zeolites may have higher silica

to alumna nole 0 , cations
may cont ai n no n'fol?ée nﬁ?l?auée&%m)uﬁ? sQO;% c#ﬁ%& ére%gugﬁc@%&feol# S is
pref erabl y prseseanversiom ofithesilica prdsent imtigesitita-boand zbdlite tbGhesecdnlit 60%
by wei ght based Ort])ht heThWeeﬁgsttzeg tet cr;:(;'sgaisr §1t'et Olllleﬁg together without the use

of a significant amount of non-zeolite binder.

" To prepare the zeolite catalysf, the silica-bound aggregate can be first

10 aged in an appropriate aqueous solui;ion at an.elevated_ témper_ature.
Next, the contents of the solution and the temperature at which the
aggregate is aged should be selected to convert the amorphous silica
binder into the desired second zeolite. The newly-formed second zeolite

- is produced as crystals. The crystals may grow on and/or adhere to the

15 first zeolite crystals, and may also be produced in the form of new
" intergrown crystals; which- are generally much smaller than the first
crystals, e.g., of sub-micron size. These newly formed crystals may

grow together and interconnect.

20 The nature of the zeolite formed in the éecondary synthesis conversion
. of the silica to zeolite may vary as a function of the composition of the
secondary synthesis solution and synthesis aging conditions. The
secondary synthesis solution_ is preferably an aqueous ionic solution
containing a source of hydroxy ions sufficient to convert the silica to

25 ‘the desired zeolite.. A template such as an organic amine, can be
~ added to aid the conversion: process. After aging, the zeolite bound

zeolite is separated from solution, .Washed, dried and calcined.




20 Mre preferably the amount of second zeolite present is fromabout 20
to about 50% by wei ght. The second zeolite crystals preferably have a

§na| ler size than the first zeolite particles. The second zeolite crystals
preferabl yohaymsan 25 average particle size of |ess thanPGTHBUORT3
preferably fromabout 0.1 to about 0.5 micron. The second zeolite crystals,
in addition to binding the first zeolite pgl,}tlcles and, nmaxim zing the

performance of the catalyst will preferably’intergrow and form an
over-growt h whi ch coats WD 97/ 45384

PCT/ US97/ 09573 art i all oats. t.he fi far he
coating will %ﬁ‘itmﬁg l?;? ?‘Fﬁ#%ﬁog %%%g%geo ??e c%n al so

contain a hydrtwemttbe 1ampm:@amnbomm1makahmmpmseacmme met al .

Reference to the Catwtti/xt i cal l)g/ntatgpftlgq\;g eget a or tal@lt?e &@gﬂéﬂ%pg
enconpass such zegh er
catal ytically gﬁlegg%’gqrrr{b%% dgsa 8)&'cﬂﬁc a?%& TOH!E?{ zBdlited by ShAAY! at e

and the like. ica ve met are known to“persons skilled
in the art and dfrzdkaﬁleneﬁabmﬂﬂmumﬂmwcmamm\mr éollmeii bycml@mqml B,

b1 s e el sl £ 0 vt e el e i,

rhodi um iridi Ygimihap be'Fehilil Propareddhpidn eiwmmmnglacmtablam&gﬁaese
titanium- zirconium

reagent such as ammonium nitrate. The zeolite catalyst may then be

calcined at a temperature of 400-550°C for a period of 10-45 hours to

10 remove ammonia and form the ac1d1c ‘hydrogen form. Ion exchange is

preferably conducted after formatmn of the zeolite catalyst.

The zeolit';e bound zeolite catalyst finds particular application as a
catalyst. in hydrocarbon  conversion processes involving the.
‘15 isomerization, alkylation, and transalkylation of aromatic
. hydrocarbons. Processes directed to the alkylation and transalkylation
-of aromatic hydrocarbbns are disclosed in U.S. Patent 4,891,458, which

is hereby incorporated by reference. |

20 When alkylation is the I;rocess conducted, reaction conditions are as
follows. The aromatic hydrocarbon feed should be present in
stroichiometric excess. It is preferred that the molar ratio of aromatics
to olefins be at least about four to one (4:1) to _preveqt rapid catalyst
fouling. The reaction temperature may range from 100‘_’F. to 600°F.,

25 preferably, 250° to 450°F. In the case of cumene pfoduction', a
temperature range of 250°F. to 375°F. is m_ost' preferred to reduce
product impurities. The reaction pressure ;éhould be sufficient to
maintain at least a partial liquid phase in order to retard catalyst
fouling. This is typically 50 to 1000 psig depending on the feedstock




vanadi um hafnium zinc, tin, |lead, chromum etc. The anmount of 15
catalytically active netal present wll be an effective anmount which w |l
geheral ly be from about 0.001 to about 10 percent by weight of the catalyst
and pref er abyyrdssem about 0.05 to about 3.0 wei ght percenPCFASEMIFTH t he

wei ght of the catalyst. Processes for including a hydrogenation conponent
ii the zeolite bound zeolite catalyst are 2 known to persons skilled in
the art. The zeolite bound zeolite catal yst™tan be prepared by a three step
procedure, given below for the non-limting exanple where the second
zeolite is an alumnosjlicate. The first step _involves,.the nt hgsi,s of 25
the first zeol ¥R reachopdempergiurp, Sr?é‘??ﬁgm[“ﬁé“ﬁ Fanes frgm }@Eﬁ"é‘sﬁﬁ%m to
persons  ski | | edig RohRe bat is usdllyeRofidb tninGtéd o’ HOBbEr.t The Kdighichaady, such
processes are disclosed in U. S _Patent 3,308, 069. WD 97/ 45384 |

PCT/ US97/ 09573 segeaf velecity cO¥HSMorinotene of gzamscGounds) ofsarematieound
zeolite can be b 1 )l 1 X1 el e | £.e .
crystals, a siﬂﬁ%a ge qgrxgg}égagtggpgﬁ%ﬂgg?lon IP@cgﬁﬂ%xtpégﬁg%&éﬂ% unt i

a honogeneowss cgemeeally mdthinrthe range ofabdutahb ¢ab0udabl e past e devel ops.
Optionally, 5 alumna can be included in the silica. The silica binder used
i.n preparing the silica bound zeolite aggregate is usually a silica sol and

©can contain onlWhghN @far¥EMyIaEoR" i thei BRecess Jeonduefed (@RaktdRng to¥othe
' " invention, the molar ratio of aromatic hydrocarbon to alkylaromatic
hydrocarbon will generally range from about 0.5 to about 50:1, and
10 | preferably from about 1:1 to about 20:.1. The reaction temperature may
range from about 100°F to 1000°F, but it is preferably about 250°F to
900°F The reaction pr;essure is typically in the range of about 50 psig

to 1000 psig, preferably 200 psig to 600 psig. The weight hour space’
velocity will range from about 0.1 to 10. . e
15 '
R o Examples of suitable aromatic hydrocarbon feedstocks which may be : -
B alkylated or transalkylated include aromatic compounds such as

benzene, toluene, xylene, trimethylbenzene, or mixtures thereof.

20 Suitable olefins for the alkylation of the aromatic hydrocarbon are

those containing 2 to 30 carbon atoms, such as ethylene, propylene,

- butene-1, trans-butene-2 and cis-butene-2, pentenes, hexenes, octenes,

nomenes, decenes, undecenes, dodecenes, and tridecenes, or mixtures

.thereof. Preferred olefins are ethylene and propylene. These olefins

25 may be present in admixture with the corresponding Cz to Cso

' p-araﬂins; but it is'_ ﬁsually preferable to i:émove dienes, acetylenes,
water, sulfur compounds or nitrogen compdunds which may be present _

in the olefin feedstock stream, to prevent rapid catalyst deactivation.

In some cases, however, it may be desirable to add, in a controlled




The amount of zeolite in the extrudate when dried will range from about 40
to 90% by weight, nore preferably fromabout 50 to 80% by io weight with
t.he bal ance being primarily silica, e.g. about 20 to 50% by wei ght silica.
The resul ti.Rgo @@@iss can be nol ded, e.g. extruded, and cut PGRUSIIPAII -
strands, ‘e.g., approximately 2 mm di aneter extrudates, which can be 15
dried at 100-150[err]C for a period of 4-12 §|our-s and then calcined in air
at a tenperature of from about 400C to 550[% r]C for a period of from about
1 to 10 hours. Optionally, the silica-bound aggregate can be nmade into very:

smal |l 20 particgles which have appljication in fluid.bed processes such as
catal ytic cr aCk&?é’.mBPh?Ig _ r%’P@\‘%’%I Qé bavasj %?W%%&W&“ﬁéﬁm@w a

silica containi RgIPptié propeptied.i on so that an aqueous solution of zeolite
and silica binder 1s foormed which can be sprayed .dried to result in small

fluidizable silica-bound aggregate particles. Procedures for 25 preparing
such aggregate ' # a:ﬁé‘aﬂ.y G'F art hnﬁﬂ

exanpl e of such@%ocﬁ%ﬁ?‘g&%&%ﬁ% tggq%c er elrg E&%ﬁg}gén anci ng

Zeol i ti ¢ FCCsCatanbmatis hydricarsorScdoataining e oxinobe akeyl growmps, el Yo 6k,
1990). The fluidizgble siliga-bound aggrggat article | ke, t he

si | i ca- bound extamaag’é‘?pﬁesﬁq ?%3’2&%) a%é@'rdﬁficarb"W/ 45384
PCT/ US97/ 09573 }6ntain from 1 to about 14 carbon atoms and preferably will contain

from 1 to about 6 carbon atoms. For example, suitable alkylaromatic

hydrocarbons include mono-, di-, tri- and tetra-alkyl aromatic

10  hydrocarbons, such as methylbenzene, ethylbeﬁ;éne, dimethylbenzene,

trimethylbenzene, diethylbenzene, - tl'iethylbenzene;

diethylmethylbenzene ' (diethyltoluene), . diisopropylbenzene,
triisopropylbenzene, diisoprOpsrltoluene, dibutylbenzene, and the like.

.- The transalkylation agent and the aromatic.hydrocarbon that is

| 15 alkalated by the transalkylation agent can :l:ie the same such as

" ethylbenzene and ethylbenzene reacting tb..fofi_n diethylbenzene -and

benzene.

Reaction products which may be obtained us_in'g the process of the
20 invention include ethylbehzene from the reai__".ﬁbn of benzene with -
either ethylene or polyethylbenzenes, cumene from the reaction of
benzene with propylene or polyisopropylbgnzgi;es, ethyltoluene from
the reaction of toluene with ethylene or polyéthyltoluenes, cymenes
from the reaction of toluene with propylene oi:‘?:polyisopmp)'rltoluenes,
25 Xyienes from the réaction of tr-imethylbenzenéz_.;nd‘- foluené,- and sec-
butylbenzene- from the -re'af_:tion of benze'z_i":_e_' and n-butenes or

polybutylbenzenes.




the final step described below to convert the silica binder to a second
zeolite. The final step in the three step catalyst preparation process is
t£he 5 conversion of the silica present in the silica-bound zeolite to the
second zeolyodsdee first zeolite crystals are thus hel d tecEussanIsss t hout .
the use of a significant anount of non-zeolite binder. To prepare the
2eolite catalyst, the silica-bound aggregatg, can be first 10 aged in an
appropri ate aqueous solution at an el evate enperature. Next, the contents
of the solution and the tenperature at which the aggregate is aged should

be selected to nvert .t he anmprphous .sj.lica bind Into the desired second
Zeolite. The. ne%pf‘m‘ﬂﬂﬂ%c‘f pher atsatien o . &ﬁgg, iaiida 5@3519#2
crystals may griayctis eadberusedifthe pRoddss of thisfinkehtig® o Fok @xafipié ahe, and
may al so be produced in the formof new | nt.ergarsown crystals, ich are

general | y nuch Bregessegan: beaparried outrin batchwise fashionyby agding therratalystsi ze.
These newy for | & r th&ﬁ%i e Lt 2&9% t The
nature of the z%?ia?é%%gi?nfeeg I'n hfeb, &:2on Iaar%ug%%‘hégzs?és C \q/érls‘? o%ogf t he
Silica to zepl itempeayture \ands thed whewlyoadding lthe colefinki bt calkplarbimatic
secondary synthgsis sol ytion and _ sypthesis. agin ondi ti ons, The secondary
synt hesi s sol utf‘;ﬁﬁaﬁ p%@ﬂﬁ#ﬁ%ﬁ%ge gﬁﬁ&@%%éll%&ﬂ“@?f %ﬂf‘gﬂ‘?ﬁ g a
source of hydromé adelave bt @i QidehSerCeaY Yot proveded td ¢émboe 2he Hdit dfesired
zeolite. A tenplate, such as an organic am ne, can be added to aid the

conversi on pr ockegstiopandrmaintain arcrustandtempertiune Issee sealednduptrialt ed
f-_ rom sol ution, W&%@s n%& %ﬁnp"i&d acﬁjx&i %Peq reactor operating in an upflow or

10 downflow mode or a moving bed reactor operating with concurrent or

countercurrent catalyst and hydrocarbon flows. These reactors may
contain a single catalyst bed or multiple beds and may be equipped for
tﬁe interstage addition of olefins and interstage cooling. Inte‘rétage
olefin addition and more nearly isothermal operation enhance product

15 quality and catalyst life. A niovi'x_xg bed reactor makes possible the
" continuous rembvél -of spent catalyst for regeneration and replacement
- by fresh or regenerated catalysts. A catalytic distillation reactor may

also be used, and is especially advantageous for an alkylation reaction.

20 The alkylation process can be carried out with the addition of the olefin
in at least two stages. Preferably, there will be two or more catalyst
beds or reactors in series, wherein at least a portion of the olefin is
added between the catalyst beds or reactors. Inﬁerstage cooling can be
accompjished by the use. of a. cooling coilh or heat exchanger.

25 'Altérnatively, ix@terstage cooling can be effected by staged addition of

" the aromatic feedstock, that is, by addition of the aromatic feedstock in
at least two stages.- In this instance, at least a portion of the aromatic
_fee_dstock is added between the catalyst beds or reactors, in similar
fashion to the staged addition of olefin described above. The staged
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The catal yst may be further ion exchanged as is known in the art either to
repl ace at least in part the original alkali nmetal present in the zeolite
wth a diffgodussation, e.g. a Goup 1B to VIII Periodi c AecbUss709573
Ekenments, or to provide a nore acidic formof the zeolites by exchange 5
of alkali nmetal with internedi ate anmoni um flol | oned by cal cination of the
anmonium formto provide the acidic hydrogelg form The acidic formmy be
readily prepared by ion exchange using a suitable acidic reagent such as

amoniumnitrate,,lhe zeplite catalys t hen, be cal.cin at .a

tenperature of agditiony rf’@‘?ﬁ&ca%ﬁ@oﬁ’rﬁv&% ?\%&ﬁgng]g Fopling. 48, o
-~ anmoni a and f or gyhpenstedbetH/kb:R06f rdagtioh. | on exchange is preferably
r.conducted after formation of the zeolite catalyst. The zeolite bound

zeolite catalyst finds particular application as a catalyst in hydrocarbon
conversion pro ' AVINTo R %’nﬁ;ﬁ: 'xs&gﬁ;i ;ﬁég;l' . ' and
transal kyl ationﬁiﬁedair)%a/ng(%l C hyrd‘!rntli)}ca oergis. rgées e@go(ﬂlrs:%:({%é}gféo Q’he

al kyl ati on and trrelativélyl shordreattion conei following dche dotwdackionlicfodleBrd i n

U S Patent 4,8 458, ich is here incqtporated by reference. 20 Wen
Al kyl ati on i s ¢ HEnpPBEGy CemsRt i, e, JBARBHE CORGIALEy RIOTSERLos S59% Mooy,
The aromatic hygngaatddomote et baLe.d TeensHIRFRHoni 18 £ bloRes Rb At WhidX CESS.
I't is preferred that the nolar_ratio of aromatics to ol efins_be at |east

about four to omecyrabpth iy the allslatipn grae aaddnythe remainder of the catalyst
' ' bed. If transalkylation proceeds to equilibrium, better than 90 wt.%
10 selectivity to monoalkylated product can be achieved.

The alkylation reactor effluent contains excess aromatic feed,
monoalkylated product, alkylated products, and various impurities.
The aromatic feed is recovered by distillation:.and recycled to the
15 alkylation reactor. Usually, a small purge stream is taken from the
' recycle stream to eliminate unreactive impurities from the loop. The
bottoms from the benzene distillation are further distilled to separate
monoalkylated product from alkylated products and other heavies. In
most cases, the recovered monoalkylated product must be very pure.
20 For example, current specifications call for 99.9% cumene purity with
less than 500 ppm each of ethlybenzene and butylbenzene, Since only
a small fraction of by-product ethylbenzene and n-propylbenzene can
be economically removed by distillation, it is important to have a
feedstock containing very little ethylene and a catalyst which makes

25 very little of the impurities. ' '

Additional monoalkylated 'product may be produced by transalkylation.
The alkylated products may be recycled to the alkylation reactor to
undergo transalkylation or they may be treated with additional




fouling. The reaction -tenperature may range from 100[err]F. to 600[err]F.,
25 preferably, 250[err] to 450[err]F. In the case of cunene production, a
t«enper ature range of 250[err]F. to 375[err]F. is nobst preferred to reduce
product i npwiodrik4esss The reaction pressure should be suffi RCIUSIVYSTRI nt ai N
at.-least a partial liquid phase in order to retard catalyst fouling. This
iI’s typically 50 to 1000 psig depending on t f eedst ock WO 97/ 45384

PCT/ US97/ 09573 18 and reaction tenperature. ntact time may range from 10
seconds to 10 hours, but is usually from5 mnutes to an hour. The wei ght

hourly space velocity. . In terns of grans Qunds f grongti

hydr ocar bon and aﬁ?’@‘?ﬁﬁ%@%%ﬁ%ﬁ%ﬁrﬁf%? c@?‘ﬁﬁ]&gf &P}#OSWQ @Srﬁgnﬁ
general |y withi ghé ottcd Erodh theOdistiDabioh Oof> thondatitylatednpaddiict akithnai s t he
process conducted according to the mvenUo&,ae(iJhe nolar ratio of aromatic

hydrocarbon to &teishigmeirie excesp of the apematie AR reac the mixtyresin about
0,2\ a0 Oehynsllhisopbst SOV ARt by g0 diln 2
is preferably alfom theObmnsilkylatichdéactor is bleridedn withe atkyletion zepptoral |y in
(e 1ange of about S8 B3k Shb Sobine FimPERRTb LA 00 Wz 0P O
taken from the alkylated product stream to remove unreactive heavies
from the loop or the alkylated product stream may be distilled to
remove heavies prior to transalkylation.
10 |
When isomerization is. the process conducted, the afomatic
hydrocarbon feed employed will comprise isomerizable monocyclic
alkylaromatic hydrocarbons that preferably contain from two to three
alkyl group substituents on the ring, isomerizable bicyclic
15  alkylaromatic hydrocarbons that preferably contain from two to four
' alkyl group substituents on the xings. These hydrocarbons include:

A nionocjrclic alkylaromatic hydrocarbons represented by

the formula:
20

25

wherein:
Rtis a alkyl group having 1 to about 4 carbon atoms; and,
X is integer of from 2 to 3 and equals the number of alkyl
groups; | |




Exanpl es of suitable aromatic hydrocarbon feedstocks which nmay be al kyl at ed
or transal kyl ated i nclude aromati c conpounds such as benzene, tol uene,

xyl ene, trinethyl benzene, or mxtures thereof. 20 Suitable olefins for the
al kyl at i on.ved o#dssssar omati ¢ hydrocarbon are those cont ai ni REVFSYH*38 car bon
at.ons, such as ethyl ene, propylene, butene-1, trans-butene-2 and

cis- butene 2, pentenes, hexenes, octenes, nes, decenes, undecenes,
dodecenes, and tridecenes, or m xtures therdof. Preferred ol efins are

et hyl ene and propyl ene. These olefins 25 may be present in adm xture with
the corresponding Cjerr] to CJerr] paraffins, but it is usually preferable
to renove di enes, acetylenes, water, sulfur conpounds or nitrogen conpounds
whi ch may be present(B)n mcnbeilkyldremiﬁcohymmﬁs_ie@ras@wmtbyr ghé d

catal yst deactivation. In sone cases, however, it nmay be desirable to add,
in a controlled WO 97 /2

PCT/ US97/ 09573 19 fashi.on, snall anounts of water or nitrogen conpounds to
optim ze catalytic properties.. Wien trapsal kyNation i.s desired, the

transal kyl at$ ng agent is a alkyl- 5 ar \ I ni
nore al kyl groups, , 1 to 6 alkyl . Eqch group of the

al kyl aromatic hydro rbon may copgainjf abgyt 14 carbon atons and
preferably will contain from1l td @&bo|t ) at ofs. For - exanpl e,

sui tabl e al kyl aromati c

10  wherein
R? and R?® are independently selected from an alkyl group having
1 to about 4 carbon atoms: |
Y is an integer of from 0 to 2;
Z is an integer of from 0 to 2;
15 wherein the sum of Y and Z is an integer in the range of from 1 to 4.
" and equals total the number of alkyl groups. ' '

Ry, R2, and R® can be sﬁ‘aight or branch chained. alkyl groups.
Examples of suitable alkyl groups include methyl, ethyl, n-propyl, n-

20 butyl, isopropyl, isobutyl, or any combination thereof. The preferred
group is methyl.

Suitable monocyclic alkylaromatic hydrocarbons include, for example,
xylenes such as para-xylene, ortho-xylene, and meta-xylene,
25 diethylbenzenes such as"1,4-diethyl_benzene, 1,2-diethylbenzene, and
1,3-diethylbenzene, .trimethylbénzenes such as mesi'tylene- (1,3,5-
tziméthylbenzene), hemimellitene (1,2,3-trimethylbenzene), and
-pseudocumene (1,2,4-trimetfxylbenzene), _ ethyltoluenes,

friethylbenz_enes such as 1,3,5-triethylbenzene, methylpropylbenzenes,




hydr ocar bons i nclude nono-, di-, tri- and tetra-alkyl aromatic 10

hydr ocar bons, such as net hyl benzene, ethyl benzene, "di net hyl benzene,

tri met hyl benzene, di et hyl benzene, triethyl benzene,

_di et hyl met.-kwo bessagane (di et hyl tol uene), diisopropyl ben®&F&s97/09573
t+iisopropyl benzene, diisopropyltoluene, dibutylbenzene, and the.like. The
transal kyl ati on agent and the aromatic hydegcarbon that is 15 al kal ated by
the transal kyl ati on agent can be the same such as ethyl benzene and _
et hyl benzene reacting to form di et hyl benzene and benzene. Reaction products
whi ch may be o | | e Pr QEFD 0 iaﬁgﬁ;' ' e

et hyl benzene f%@lpﬁ%ﬁ%%in%% of benzeggjevxxl;ztbﬁe%i t her et @?@R{Eﬂ%ﬂ&g,

pol yet hyl benzertzisoprepshenzenes; ebe, apdc miztures thareefae Snitabler bisytlime or

ol yi sopr opyl be nes t hyl.t ol uene from.the reactiop,;0f toluene with
Dol ene o oAb RERnafit Yatccarbii irofite Aoph Rk afRufiledd et b
propyl ene or pehsthyhiupghlhlepleuands 3-othylnsphelidienés, o mdidikykpbthalenes

trinet hyl benzene and tol ueng, and sec- hutyl benzene from the reaction of
benzene and5n- §uekneas orlsﬁmﬂpagh gae, 1,2dieshylngghthalene 2,3

PCT/ US97/ 09573 )ﬁgﬁ? hleNd €i t heg aad; ' o) nsal kylggi on,
various types (#aree C 3§§ cantﬁg’e used i%’ata(hgﬁgriocgﬁshsﬂ{)a}%ﬁi S inve%thi on. For
exanpl e, the dimethylnaphthalene, 2,6-dibutyl-naphthalene, and the like.

The alkylaromatic hydrocarbon feed may consist only of the monocyeclic
10 alkylaromatic hydrocaxbons having 2 to 3 alkyl groups on the ring
and/or the bicyclic alkylaromatic hydrocarbons or may. also include

other aromatic hydrocarbons such as ethylbenzene and toluene.

The process of the present ihvenﬁon-gﬁnd_s particular application for

15 isomerizing one or more xylene isomers in a Cs 'gri;matic feed to obtain

" ortho-, meta-, and para-xylene in a ratio approachmg the equilibrium

value. In particular, xylene isomerization is usedin conjunction with a

separation process to manufacture para-xylene. For example, a portion

of the para-xylene in'a mixed Cs aromatics stream may be recovered

20 . using processes known in the art, e.g., crystalli_i_ation, adsorpﬁon, etc.

The resulting stream is then reacted under xylene .isomerizaﬁon

conditions to restore ortho-, meta-, and paraxylenes to a near

equilibrium ratio. At the same time, it 1s also desirable that

ethylbenzene in the feed be converted with {reiy little net loss of

25 xylenes. In this application, the zeolite bound zeolite catalyst will
contain a hydrogenation/dehydrogenation component such as platinum '

to hydrogenate ethene formed during 'the'-;f-"-:_-_ideethylation of the

ethylbenzene and thereby reduce the formatiox_izf_":_f ethylated products.

The acidity of the first zeolite and second zeohte of the zeolite bound




process can be carried out in batchw se fashion by adding the catal yst and
aromatic feedstock to a stirred autoclave, heating to reaction 5
tenperature, and then slowy adding the olefinic or.alkylaromatic

f eedst ock. woleadssd ransfer fluid can be circul ated througlPCriso76Ret of

t he autocl ave, or a condenser can be provided to renmbve the heat of
reaction and maintain a constant tenperaturgg Large scal e industrial
processes may enploy a fixed bed reactor operatlng in an upflow or 10
downf | ow node or a noving bed reactor operating with concurrent or

countercurrent ca d h ontain a
si ngl e catal yst zgé@&é’?étﬁ@ﬂaﬂ @b Bg &gé]ad%%\)%ﬁ c-g B%gg% ?ﬁ?i%rst age
addi ti on of ol eféthglbengerent deal]q@nhamolwlnly lmmmnmnge lmda‘smabkﬁdisideon and
nore nearly isothernal ration.enhance ro.duct .1 | cat | yst
life. A noving Heget ‘g’a?tt'gﬁ ﬁ%&'é%“ﬁ?g%"ﬁ 5&%3@’ 8f Spent
catal yst for reggfgiagic! Ostréid rc%ﬁtﬁﬁﬁieenbn@y Ereﬁ&eorxﬂeﬂeneé@ﬁa% or

catal ysts. A catalytic distillation reactor may also be used, and
especi al | y advarethylbenserieoer mixtares thereefn unéamomnmonmdamm mﬂhon

process can be rrl@ﬁte"ﬁ%e{’t‘lvﬁ\q#emﬁw%ﬁﬂgl‘tlon of the olefinin at |least two

stages. Preferab WO “Or" nore catal yst beds or reactors in
series, wherein at |east a portlon of the olefin is added between the

tal yst bed t t | b lished, b th
e ol h pooli ndnc s BrDio mbaskuiaabfe Ssenenrfien SR eERoRs |Refite h e
cooling can be %x@f‘e&&ﬁrem%@sﬁs’g@&hwen auf0°ch§re¥éfyw BGO‘*‘@B%@@‘& that

i's, by addition of "tthe aromat. c feedstock in at ast two stages. I'n this
instance, atlol eggessurpdntthemange 0.5¢- 50 atmtabs, preferably 10i-25ature absemden the
catalyst beds Ol et tcim\irly Qpace vellocxty (WHSV) of 0.1 to 100, preferably 0.5 to

50. Optionally, 1somenzamm in the vapor phase is conducted in the

presence of 0.1 to 10.0 moles of hydrogen per mole of alkylbenzene. If
hydrogen is used, the catalyst should compnse 0.01 to 2.0 wt.% of a

15 hydrogenanon/dehydrogenanon component selected from Group VIII of
' the Periodic Table, especially platinum, palladium, or nickel. By
Group VIII metal component is meant that the metals and their

compounds such as oxides and sulfides.
20 The following examples illustrate the invention:
Exé\mnle 1

Preparation of Catﬂyst A - Mordenite bound mordenite.

25

Mordenite was formed into silica bound particles as follows:




fashl on to the staged addition of olefin described above. The staged WO
97/ 45384 - PCT/ US97/ 09573 21
addition of aromatic feedstock provi des additional cooling to conpensate
for the heawoofusseaction. In a fixed bed reactor or novi n§CBAFIVES
al-kylation i's completed in 5 a relatively short reaction zone follow ng the
i"nt roduction of olefin. Ten to thirty perce gg of the reacting aromatic

nol ecul es may ‘be al kyl ated nore than once. Transal kyl ation is a slower
reaction which occurs both in the alkylation zone and in the remai nder of
the catal yst bed. If transal kyI ation proceeds to equilibrium better than
90 wt. % 10 sel ect|V|t an_be achieved, The
al kyl ati on reaf i e CAR

t ed

product, al kyl 3 d is
recovered by di&fds (Ll G0As al Ky 3 191‘2663

Usually, a snma l§iWr 0 Gl e;!l men f romTt e CyCI e ST tgﬂll to—eftTjn nat e
unreactive i npg = =S -oop—The—bottons—fHrom rrrt: vt

distillation a atQIi hardi ct ! ed-t-o-—sedara aal sl "' 2 Hroduct—& rom

2l kyl atod pr odb.ZealiteDia:Mewdenits srysials Gomam e s 1 he fM0MMberad
monoal kyl at ed Mﬂthe@elmsrdro;mvmsglmhhalceibﬂO%r gxanpl e, E80rent '
| extriusionrac®d®). 9% cunene purity with lless than 500 m each of

speci fications
et hl ybenzene and but yl benzene. Since only

The above components were mixed in a household mixer in the order
shown. After adding the methocel, a thickened and extrudable dough
" 5 wasobtained. The total mixing time was about 24 minutes.

The dough was broken into 2 cm pieces, dried at 120°C and crushed
and sieved to a sieve fraction between 1 and 2 mm. The sieved fraction

was calcined at 510°C for 8 hours in air.

10 _' |
Composition of si]ica-bound calcined particles:
Mordenite: 69.95 wt.%
Si0s: 30.05 wt.%
15

The silica-bound mordenite particles was converted into mordenite

bound by mordenite as follows:




a small fraction of by-product ethyl benzene and n-propyl benzene can be
economcally renoved by distillation, it is inportant to have a feedstock
containing very little ethylene and a catal yst which nmakes 25 very little
of the inpugiytdsRsss Addi tional nonoal kyl at ed product nay berqR/USGRES by -
transal kyl ation. The al kyl ated products nmay be recycled to the al kylation
reactor .to undergo transal kyl ati on 'or they gRy be treated with additional
WD 97/ 45384 - PCT/ US97/ 09573 22
aromatic feed in a separate reactor. Usually, it is preferred to blend the
bottonms from t pomthmbtelta b ' -

st oi chi onetric AP
separ at e r eact pii giia 10F PUCDAration: o (g ‘
fromthe transhNaMl@:i on reactor is bl ended w t24&l kyl aii on redctor.
effluent and t h8laQHI9S6%k)Stream distilldd. A pusge strpam naygbe takgn
fromthe al kyl pigeglepr oduct streamto rengve unpggetive heaviesgiromt
| oop or the al KRIAIPHBEOIUCT StTeam nay |DE di ggijgl €0 TP renovg neavigs

3 w4

prior to transpkky T rzat T o, % T Teprocessconductied,
the aromatic h f Eﬁyg‘ ee “an’p;’(%l;a/’gicﬁw |1 co'ftrf%'rllgse I'spreri zagl e

nonocycl i c al ki ; e = Cem Gl =t T O
three

Components 1 and 2 were dissolved in a beaker confaining component

" 3 to form a solution and water loss was corrected. The solution was
poured into a 300 ml flat stainless steel autoclave. Component 4 was

5 used to rinse the beaker and poured into ‘the autoclave. Next,
component 5 was added".tq -the contents. of the autoclave and the
contents were stirred. Finally, 80 grams of the silica bound particles
were added to the contents of the autoclave. The particles were
covefed by the Liquid. The molar composition of the synthesis mixture

10~ was:
0.79Na20/0.48 (TEA)20/0.33 Al:05/105i02/169 H20

The autoclave was placed in an oven and heated up to 150°C in 2 hourxs
15 and kept at this temperature for 96 hours. After the aging period, the
autoclave was opened and the products were collected.

" The product was washed 7 ti;néé with 1400 ml of water at 60°C to a pH

of 11.3. The conductivity of the last wésh water was 75 uS/cm. The

20. product was then_ dried overnmight at 120°C a_m_i_ subsequently calcined
in air for 20 hours at 500°C. fThe amount of product recovered was

75.8 grams.

. This Sheet Has Been Rerlaced .




al kyl group substituents on the ring, isonerizable bicyclic 15

al kyl aromati ¢ hydrocarbons that preferably contain fromtwo to four alkyl
gr oup substituents on the rings. These hydrocarbons include: (A)

nmonocycl i ¢ §ldorlsds@nati c hydrocarbons represented by the fREWUSIZISEY 25
wherein: Rerr] is a alkyl group having 1 to about 4 carbon atons; and, X
I integer of from2 to 3 and equal s the nug@er of al kyl groups; WO
97/ 45384 PCT/ US97/ 09573 23 (B)

bi cyclic al kyl aromati c hydrocarbons represented by the formula: [err] 10

wherein R err] d [r [ el d | : roup
having 1 to abo@e@@g&uﬁ%ﬁ%ﬁ%ﬁlﬁ% %%‘%&é‘?%ﬁ’g F %%%%%Ws an
i.nteger of fromg@diseadninkbelettiiei aiitrostepyS(SEMY) withathe fallowingresulteger in the
range of from1l to 4

XRD: Showed typical ﬁattems for mordenite
5 _ and excellent crystallinity.
SEM: 2500 times Micrographs (FIG. 1) show

that the mordenite crystals are
intergrown and coated with submicron
10 crystals.

Elemental: . Core crystals: Si/Al:0: = 12.4
' Binder cz:ystals: Si/Al:Os (expected
. value by calculation) = 23
y o g .
Example 2

Preparation of Cé.talyst B - Zeolite Beta bound by Zeolite Beta.

20 Zeolite beta (sodium. form and a silica to alumina mole ratio of 12.4)
was formed into silica bound extrudates as follows:

Beta zeolite crystals . 300.00

SiOg gel (aerosil 300) : . 115

Silica sol (Nyacol 2034DD) . - 346.2

Water 70.7

Methocel o - 2.3
This Shee T

Wi




and equal s total the nunber of alkyl groups. Rerr], Rerr], and R err] can
be straight or branch chai ned al kyl groups. Exanpl es of suitable alkyl
groups include nmethyl, ethyl, n-propyl, n- 20 butyl, isopropyl, |sobutyl

or any conbiyaénisessst her eof . The pr ef erred group is nethyl. PCRUPHBIE
monecyclic al kyl'aromatic hydrocarbons include, for ekxanple, xylenes such as
par a- xyl ene, ortho-xyl ene, and neta-xyl ene, ~di et hyl benzenes such .as

1, 4-di et hyl benzene, 1, 2-di et hyl benzene, and 1, 3-di et hyl benzene,

trimethyl benzenes such as nesitylene (1,3, 5 trimet hyl benzene),

hem nel litene (
(1,2, 4-trimethyl nzenééﬂ&ttp epﬁ%?uenes tri eﬁﬁg‘?f)enzenes sfc%me Was
1,3, 5-tri et hyl bealomt 28 mnluyéqor&pm[lam:nzemdable mgﬂhﬂﬁse}dtamed The

i1 Sopr opy! benz gt iR LB BUR, appeEuBlaly” S iR BRpdatern o Ty

Sui tabl e bicycl '&tﬂd@t&@ﬁ%ﬂ@&h@dbﬁdﬁﬁ%ﬁf HOTR0° O ditheen @dEiakE Yor® otigd enes
such as 1- et hyl naﬁ&ht hal ene and yl napht hal enes, di al kyl napht hal enes

5 such as 1, A diakh Cnapht hal ene, 1, 2-di et hyl napht haI ene 2, 3-
dinethylnaphtha-lene 2, 3-di propyl napht hal ene 2, 6-

di nmet hyl napht hal ene, 2, 6-di but yl - napht hal ene, and the |ike. The
al kyl aromat i ¢ hydr.ocddmpositen ofithe calcined silizathounid extmrdaserocycl i c

_ Beta= 69.9_0 wt.%
10 ' - 8102 = 30.05 wt.%

The silica bound extrudates were converted to zeolite beta bound by
zeolite beta as follows:

N aAlO: ' 1.55 1
Tetraethylammonium hydroxlde 33.36 2
(40%) .

Water . . 51.66 3
Rinse Water 18.33 4

15
Components 1 and 2 were dissolved in a beaker at room temperature
with component 3 to form a solution. The solution was poured into a
300 ml stainless steel autoclave. Component 4 was used to rinse the
beaker and then added to the contents of the autoclave. The contents
20 - of the autoclave were stirred and ﬁnélly 50.00 grams (dry wt.) of beta
crystals were -added to the contents of the autoclave. The molar

composition of the synthesis mixture was:

0.37 Naz0/3.63 TEAOH/0.32 Al:0s/10 SiO2/223 H:0




10 al kyl aromati c hydrocarbons having 2 to 3 al kyl groups on the ring
and/or the bicyclic al kylaromati c hydrocarbons or may al so include ot her
«aromati ¢ hydrocarbons such as ethyl benzene and tol uene. The process of the
present i nwgywrissasafinds particular application for 15 i SRERAVSIZOMG3 one or -
more xylene isomers in a (Jerr] aromatic feed to obtain ortho-, neta-, and -
para-xylene in a ratio approaching the eqwé briumvalue. In partlcular

xyl ene isonerization is used in conjunction mnth a separation process to
manuf act ure para-xyl ene. For exanple, a portion of the para-xylene in a

m xed C[err] aromatics stream may be recovered 20 wusing processes known in
the art, e.g., crystallization, adsorption, etc. The resulting stream is
then react ed unTes atsockive waopkiced mﬂoam owvedat roums témperattioe. e The tolren

'S a1 50" dest r apwes bR Sfeaé%qém‘;iﬁééﬁ o %edm%in A
little net | oszlE 52 Th td?lg@’w%s ag Htes éMcmthtﬁdJﬁﬂnd

zeolite cataly W I I cont aln rogenat i on dehydrogenat i on conponent
such as pl at§ nwﬁirartdnydﬂmgmmhmhuithaﬁethédasteﬁammatgrme 48epSloy. aThen of

the ethyl benzene and thereby reduc maLi pn of. et at.ed gduct s
The acidity of RIQEuf 'fWg?dP@ qV@Qllgﬁ agi%@%agé(yﬁwgalgp% %@It%g gound
WO 97/ 45384 for 20 hours. The amount ofgroduct recovered was 55.26 g¥ahid)S97/ 09573 25
zeol ite catal yst can be sel ect ed to | ance xy ene i sonerization and

The product was analyzed by XRD and SEM with the following results:

10
XRD: Silowed typical patterns for zeolite
beta and excellent crystallinity.
SEM: 10,000 times Micrographs Fig. 2)
15 - show the Beta (n'ystals are coated w1th o
- ' 'newly formed crystals havmg .a
submicron size. '
Elemental: Core crystals SiO2/Al:Os = 26
20 Binder crystals SiO2/Al:0s = 26
Core crystals = 70 wt.%
Binder crystals =30 wt.%
25 : : ' Example 3

Catalyst B was tested for the alkylation of benzene using 1-dodecene
as the alkalation agent. Prior to use, Catalyst B was treated three

- times with a 5 fold 'weight excess of 1.0 N-agueous ammonium nitrate




et hyl benzene deal kylation while mnimzing undesirable side reactions.
The isonerization process is carried out by contacting a C[err] aromatic
stream contai ning one or nore xylene isoners or 5 ethylbenzene or m xtures
thereof, ungem7usedreri zation conditions with the zeolite RIBIZESTIte
catalyst. In the vapor phase, suitable isomerization conditions include a
tenperature in the range of 250[err]C - 600h§rr]C, preferably 300[err]C -
550[err]C, a 10 pressure in the range 0.5 - 750 atm abs, preferably 10 - 25
atm abs, and a weight hourly space velocity (WHSV) of 0.1 to 100,

preferably 0.5 t 0 t i ORa Lsonerizati ok.i B the vapor phasesis
conducted in th@ggﬁeg'eﬁeé‘t’o a%ill%ﬁt% ko 8a?zt}b?%§r?%’f @%Vaxﬁgeégﬁaéegru@ Cof

al kyl benzene. | godMiittivggof the gt washewatiralis lesshibiahd75 aSOM 2@d0theh to 2.0
wt.% of a 15 hydrogenati on/ dehydrogenati on conponent selected from G oup

VI 11 of the Perdoiddovenhight stsT0C. aFinally, @atalyst Bowhs heatedfram 35°Ckinl . By,
G oup VIII netal conponent is neant that the netals and their conpounds
such as oxi des 488°Guin abiwe. 3-2(2 hdtws, held fori 2 hoexnapidsCC, dnd thent beldhe

i nvention: Exanple 1 Preparation_of Catalyst A - Nbrdenite bound nordenite.

25 Mor deni t e5 wafort®heurs phB0%C. IERBsoanalypisrshomedsa sedinmy conent of the
EFSBI N7. DOC catalyst to be 83 ppm. 26

The test was carried out by drying 1.12 grams 6f Catalyst B for 1 hour

at 200°C. Next, Cataiyst B was cooled with a nitrogen feed to 65°C.

10  After cooling, 10.6 grams of decane, 5.89 grams of benzene, and 2.12
. grams of 1l-dodecene were addéd to the feed under nitrogen w1th

. stirring. Samples were taken at various intervals and were analyzed

by gas chromatography.

15 Tests were also conducted using a comxhercia]ly ‘available alumina -
bound H-Beta zeolite catalyst (30 wt.% alumina and SiO2/Al:Os = 1 1:1)
The tests followed the Same‘ procedure used for Catalyst B. The
products of the reaction were dodecylbenzene with attachment of the
phenyl group at different positions' along the Ci2 chain. Product

20 selectiv_ities (based on total alkylated products) and 1-dodecene

conversion are shown below in Table 1:




Conponent s Used Quantity for Preparation Silica Sol

Nal coag 1034) : ) 197.20 Silica H20 Gel (Aerosi
500) ’ 18. 50 Water

105. 81 Zeol 6§ I\/brdenl te crystals (sodiumforn) . PCT/P8Y/08%3 \et hocel
(Hydroxyprc}'g cel | ul ose 1. 30 extrusion acid) The above
eonponents were mxed i n a household m xer j,n the order shown. After adding
t he nethocel, a thickened dough was obtainéd. 5 The total mxing tinme was

about 24 mnutes. The dough was broken into 2 cm pieces, dried at 120[err]C
and crushed and sieved to a sieve fracmw\een 1 and 2 mm The. sieved
fraction was calcined at 510[err]C for s in air. 10 Conposition of

silica-bound cal ci ned partlcles l\/brdenlte 69. 95 vvt % SiJerr]: 30.05 wt.%
15 The silica-b el laWllar o Tla bound

B 0.50 9.9 60.3 23.3 8.6 3.4 4.3 <0.1
B 2.25 29.3 55.5 28.9 9.7 5.8 5.6 <0.1
B 3.47 81.4 54.1 24.3 10.2 5.7 5.7 <(.1
B 4.67 37.6 52.6 24.6 10.3 6.0 6.5 <0.1
Alumina 0.63 53.6 52.9 23.4 104 6.9 6.4 <0.1
Bound
Alumina |~ 1.60 55.2 " 48.6 28.7 11..8 7.5 8.9 <0.1
Bound
Alumina | - 2.88 . 65.7 45.8 23.9 118 8.6 9.9 <0.1
|__Bound :
Alumina 4.68 79.7 41.5 22.6 116 | 14.8 10.0 <0.1
Bound .
5 Example 4

An .am(nmt of. 5.5 grams of Catalyst B was tested for benzene
alkflation with ethylene. The test was carried out using the following
procedure: 5.5 gi'ams of catalyst' were pléced into the middle of a

10 catalyst basket formed of 2 concentric cylinders of steel mesh. The
remainder of the basket was filled with inert 3A zeolite 1/16”
extrudate. Next, the basket was located in a 300 cc stirred (750 rpm)
autoclave reactor. A feed comprising benzene (54.6 g/h), ethylene (68.9
std mL/min) and hydrogen (73.3 std mL/min) was fed to the reactor.

15 The temperature of the reactor was 180°C and the length of the run
was 16 hours. The liquid and gas streams were analyzed periodically
by a gas chromatograph




EFSBI N7. DOC 27 Conponents Used Quantity

Comment for Preparation (grans) Nunber NaAI q err]

248 1 NaOH (98.6% _

Vater ‘WO 97145384 72.62 - ;3 R ﬁgguwlpggs

49. 10 4 -Tet r aet hyl amoni um hy#lr oxi-de ' 14. 16

5 (40% Conponents 1 and 2 were dissolved ig3 a beaker contai ni ng conponent

3to fo_rma sol uti on and_vvater'loss was corrected. The solution was 5
poured into a-300 nl stai nI ess steel autoclave. Oorrponent ‘4 was used to

rinse the beake d pou nto.th gpﬁﬂﬁ%t éuy@s added
to the contents‘&ﬁ?q‘t 8 ué\}l %gl? ’1%’8%5%{%;11 S vvere Irre Inally, 80
g r ?msl of th $ hs Iﬂéﬁfz&inwm@mﬁedqhaxmm &ﬁﬂsdalsa)tetshal c'The eeatsfonaweche
ut ocl ave. e particles were cov the |i d :LO I.ar
((:_cl)_g?[si ti ]ogl of tgﬁe”s‘?htﬂ’r‘@%qdélrh%& E"Il;’égwég qﬁé afimifum

err] Q0. 5%(g %ﬂé ]Helaﬁ& ¢60a eiNS 40,0 i, P! aced
in an oven and:iﬁm?[d[e% tg {iLgA err tL 2 hofjrs 1 and lggﬁpt at thlg
t egprat ur edsf orth@afolowing ladjustglelnh@ veagrenga deinrder e rrovistel awelevast opened
an e products were collecte T A UGt S g tbmél"'w 1400
nm of water at GHRATIR ﬁ?%ee@oﬁ’aﬁrf‘%% of et\eﬁgleﬁgs? fab s5o e 75
[err] S/cm The RLAANEhn A&y d2ékent Wasfall ato46.Dytd nilghiinat 120[err]C and

subsequently calcined in air for 20 hours at 500[err]C ‘The amount of
product recovered was 75.8 grans.

The results of these tests are shown below in Table II:

10
Table I1
Selectivity on Ethylene
Example | Catalyst P(Cs?) R | % Etbane | %EB | %2EB | %8EB | %4EB |
1 Catalyst B | . 29.6 14.8 0.5 792 | 119 | 22 0.1
2 Commercial 23.3 32.8 0.2 678 | 263 | 6.2 0.4

i P(C2) is the calculated partlal pressure of ethylene in pounds per share inch
" 15  absolute
R is ethylene consumption in millimoles ethylene/hour/gram/catalyst

The data showé that Catalyst B had good ethylene selecﬁvity.

20 ' ) Example 5

Catalyst A and a commercially available alumina bound mordenite

catalyst were tested for transalkylation of aromatics using a model feed

containing 34 wt.% toluene, 17 wt.%, 1,3,5-trimethylbenzéne, 41 wt.%
25  1,2,4-trimethylbenzene, and 1,2,3-trimethylbenzene.

The tests were carried out by mixing 4.5 grams of the catalyst with 4.5
grams of quartz and then loading it into a 0.5 inch d_iameter stainless




96B026/ 3 EFSBI N7. DOC 28 The product extrudates
were characterized by x-ray diffraction (XRD) and scanning el ectron

@i croscopy (SEM with the following results: XRD: Showed
t'ypi cal patigysamsiser nordenite 5 : PCT/USS7/83%P -
excellent crystallinity. SEM ' 2500 times M crographs
*FIG 1) show that the nordenite crystals argy i ntergrown and coated with
submi cron 10 crystals. Elenental:

- Core crystals: SiJerr]/A[err](err]= 12.4 Binder crystals:
Si / Al t I I ti . =23 15 EX le 2

Brepar at i on of  (SHeaireptes ThzsaiaL gl g aitinf WAl ilenc e RN
beta (sodi um f oryhanguippged with b @kdlithamiGkell 6 nteashird tRe 4ctwdl) bads ‘

formed into silica bound extrudates as .foll ows: _Oorrponients Used for

. f
Preparati on temperature. Catalyst de-edging was gamrigdaon fomck2.5 pigutesat

crystals . 716°F, pressure (ps]_g)%QOIﬂ% h%l(ﬂééd hoﬂeﬂaté %’Iﬁﬁlb lOf 389 )and a

11.5

5 model feed flow rate (gram/hour) of 8.5. After de-edging, the catalyst
was hydrogen stripped fpr 1 hour at 716°F aﬁd a hydrogen flow rate
(cc/min) of 335 and a pressure (psig) of 72.5. After the hydrogen strip,
the model feed was introduced into the hydrogen stream. The initial
run was 1 hour at 716°F and after 3 hours time on stream (TOS), the |

10 temperature was increased to 892°F. The conditions and results of the
tests are shown below in Tables III. . .

Tabie III

Temperature CF) - ' 716 893 716 892
“TOS g_lgrs) - 0.75 ] 4 0.75 - 4
Ha/HC molar ratio j 11 ' 11 - 11 11
Pressure (psig) - 72.56 72.5. 72.5 : 72.6_
WHSV (hr-1) 1.9 19 19 1.9
'“oli.lg!_'le conversion (wt.%) 41.9 56.4 27.1 17.9
Total As aromatics vield (wt.%) 37.3 35.7 _ 223 9.8
Cumulative As yield (grams As/grams 06 2.11 0.46 0.96
cal:}

15

The data shows that Catalyst A had higher activity and higher xylene -
selectivity than the alumina bound mo;denite_éatalyst.




Silica sol (Nyacol 2034 DI) 346. 2 Water

;gT/?Ul\S/Swggglm WO 97/ H“Ml“mum ulluumonents wer e mzkgdg?rl?otzﬁ/e?,order -

listed. Towaombasisng trnewas dbodt m nutes. A pl.asti FESHPUERB e dough
was obtai ned. The dough was extruded |nto approxi mately 2 nm extrudates.
The extrudates were dried overnight at 13250[err]C and then calcined for 8
hours 5 at 510[err]C. Conposition of the calcined silica-bound extrudate:

Beta = 69.90 wt. % 10 _ SiQerr! = 30.05 wm.% The si'lica bound
extrudates were converted to‘zeolite und by zeolite beta as foll ows:
NaAICIerr] 1.55 -1 Tetraet hyl anmoni um
hydr oxi de 133. 3@ process for perfopminsronversion of aromatic hygdreearbons,

51.66 3 Rldn Seco\x/l%gresgon being  alkylation, . tral}sBalﬁg?'lanon or 4

isomerization, which comprises () contacﬁr_ig, under alkylation
5 conversion conﬂitions, a zeo]ite bound. zeolite catalyst and a
feedstream confaining aromatic hydx_-ocari__)"cjn and at least one
olefin; or (ii) contacting, under trar_';s_é__l'_]::ylation conversion
conditions; a zeolite bound zeolite Eataljét and an aromatic
hydrocarbon feedstream containing a‘l "polyalkyl aromatic
10 hydrocarbon having at ‘least . two _'élk'yl groupé each
independently of from 2 to 4 carbon afo_'xii's__; or (iii) contécﬁng,
under isomerization conversion cohditiohs, a zeolite bound
zeolite catalyét and a feedstream containing isomerizable
monocyclic alkylaromatic hydroéarbons, -isomerizable bicyclic. .

15 ~ alkylaromatic hydrocarbons, or mlxtures thereof

wherein the catalyst does not contam mgmﬁcant amounts of

non-zeolitic binder and comprises
(@) first crystals of a large pore size first zeolite, and

() abinder coﬁxpr_ising second crystals of a second zeolite

20
2. The process reclted in Claim 1 wherein the second crystals are
intergrown and form at least a partlal coatmg on the first
crysta_ls.
25 3.. The process recited in Claim 1 or 2 wherem the catalyst contains

less than 5% by weight of non-zeohtlc bmder based on the

combined weight of first zeolite and second zeohte




15 Conponents 1 and T2 were d| S in a beaker at roomtenperature with
conponent 3 to form \ﬂﬂlﬂ“ G@tm‘ﬂhl ution was poured into a 300 ni :
stainl ess steel autodl t+4 was used to rinse the beaker and

t hen addedwib@7ities contents of the autocl ave. The cont ent SPCRIUSTOHL

autocl ave were-stirred and finally 50.00 grans (dry wt.) of beta crystals
tvere added to the contents of the autocl¥ve. The nolar conposition of the .
~synthesis mxture was: 0.37 Na[err] (O 3.63 TEAOH 0.32 Al[err](Jerr]/10
SiJerr]/223 Herr]O WD 97/ 45384

PCT/ US97/ 09573 30 The autocl ave was placed into an oven at room
tenperature. The oven was heated in 2 hours to 150[err]C and then

mai nt ai ned at 450[ €Th¢ @rbeass nechedrin. amheprﬁmﬂl Glgipr whexein e figsthed 8

times at 60[err]C with 15 [ f{]{]l%_g | ast _
wash water was 48 [Wﬁ%?g’rﬁve% g? er:ﬂ] e%’gggeterre#ag 9q B[err]C
and then cal ci ned léh&rtheabccﬁﬁpé@stallﬁhfave a}iﬂahemge paFtieleasipel ddéssathapr oduct
recovered was 55. 26@{9;;&5@1 he product was anal yzed by XRD and SEM wi th t-he

following résults rst crystals. showed typical patterns for zeolite
beta and excellent crystallinity. SEM 10, 000 tines M crographs

(Fig. 2)

5. The process recited in any preceding Claim wherein the average
particle size of the first crystals is from 1 to 6 microns and/or the
average particle size of the second crystals is from 0.1 to 0.5

10 microns.

6. The process recited in any preceding Claim wherein the first
zeolite and/or the second zeolite is an aluminosilicate zeolite or a
‘gallium silicate zeolite.
15 )

7.' The process recited in any preceding Claim wherein the first
zeolite is an aluminosilicate zeolite and has a silica to alumina
mole ratio of from 2:1 to 150:1. "

20 8. The process recited in any preceding Claim wherein the first
zeolite and the second zeolite is each independently selected
from the structure group con51stmg of MAZ, MEI, AFI, EMT,
OFF, BEA and MOR.

25 9. The process recited in any preceding Claim wherein the second
zeolite has the same structure as the first zeolite.




15 Jl’!/’l/ the Beta crystals are coated with newy
forned crystals havingy Mﬂﬂ,mﬁy” . Elenental: Core crystals
~®Bigerr]/Aferr]derr] =26 20 u s 18 Bi nder crystals
Sigerr]/ Aweynsssdaerr] = 26 Core crystals = 70 w. %_.Bi ndePCTD§S02878 30 .
wt . % 25 ' Exanpl e 3 Catal yst. B was tested for the
al kyl ati on of benzene using 1-dodecene a¥ the al kal ati on agent. Prior to
use, Catalyst B was treated three tinmes with a 5 fold wei ght excess of 1.0
N agueous anmmoniumnitrate WD 97/ 45384

PCT/ US97/ 09573 31 at 70[err]C. Next, Catalyst B was washed with de-ionized
water until the conductivity of the | ast wash water was | ess than 75

[err] SCM and t hén dThedpoacess niegitedatin 76her preCediignLlaym - Gchexkinstthe was
heated from 35[err]C to 435[Cerr Cb %Sbégé i?' 1/2 hours, held for 2 hours
at 435[err]C, and t AEHEH 8 g PO 50l err] C. | CPES anal ysi s
showed a sodium content of the catalyst to be 83 ppm The test was carri.ed
out by drying 1.12 grans of Catalyst B for 1 hour at 200[err]C. Next,

Cat al yst B was _cool with a nitrogen. fead.to [err]C. 10 After cooling,
10. 6 grans &f &écanﬁ‘ge5mgcegﬁaﬁ§%?£b§hz§f?é{“ aﬁ@ Q’.hf’%em the’ irénaile
' hydrocarbon is benzene, toluene, xylene, or a mixture of any two

or more thereof.

12. The process recited in Claim 10 or 11 wherein the olefin is
10 ethylene, propylene, butené-l, trans-butene-2, cis-butene-2,
pentene-1, hexene- 1, octene-1, nonene-1, decene-1, undecene-1,

dodecene- 1; tridecene-1, or a mixture of any two or more thereof.

13. The process recited in- Claim 10, 11, or 12 wherein the
15 feedstream has a molar ratio of aromatic hydrocarbons to olefins
of at least 4:1. '

14. The 'process recited in any of Claims 10 to 13 wherein the
conversion conditions include a temperature of from 37 to 316°C
20 (100 to 600°F) and/or a pressure of from 0.34 to 6.90 MPag (50 to
1000 psig) and/or a weight hourly -space velocity of from 0.5 to

50.

15. The process recited in any of Claims 1 to '9 wherein the

25 conversion comprises transalkylation (ii).




granms of 1-dodecene f d to the feed under nitrogen with stirring.
Sanpl es were taken aﬁﬁ@i&@ﬂﬂx’ﬂuﬂﬂm and were anal yzed by gas -
chromat ography. 15 Te e, I ducted using a comrercially

avai | abl e akowmasssound H-Beta zeolit'e catalyst (30 wt.% RCIAPHHOFHY
Siqerr]/A[err]derr] = 11:1) The tests followed the sane procedure used
ffor Catal yst B. The products of the reaction were dodecyl benzene with
attachnment of the phenyl group at different positions along the Cerr]
chain. Product 20 selectivities (based on total al kylated products) and
1- dodecene convdbsi ofharprosgsswacibed bwClainTa b wherein therirstuselite a8ddr\\O

97/ 45384 32 Table | B 5 60.3 23.3 8.6 3.4
4.3 <0.1B oSepond 2eSlith S BEA T MAZL & 550" o7 5.3 56
<0.1 B 3. 47 31. 4 54.1 24.3 10.2 57 57  [err]
0.1 B 4.67 37.5 52.6 24.6 10.3 6.0 6.5 <O0.1
Al um na 0. 63 <.0.1

3. 5 - 52.9 . A4 10. . 9. 6.4
Bound Alunmina 171, 68'?le Process Eemtea 1“4@?%’“ 1539’7%6 Y?l_egem the; polyalky] :
[err] 0.1 Boynd, aromatic hydrocarbon is dimethylbenzene, trimethylbenzene,
diethylbenzene, triethylbenzene, . diethylmethylbenzene,
~ diisopropylbenzene, triisopropylbenzene, diisopropyltoluene,

dibutylbenzene or a mixture of any two or more thereof.

10 18. The process recited in Claim 15, 16 or 17 wherein the
feedstream has a molar ratio of aromatic hydrocarbon to
polyalkyl aromatic hydrocarbon of from 1:1 to 50:1.

19. The process recited in any of Claims 15 to 18 wherein the
15 c¢onversion conditions include a temperature of from 37 to 316°C
(100 to 600°F) and/or a pressure of from 0.34 to 6.90 MPag (50 to
1000 psig) and/or a weight hourly space veloéity of from 0.1 to
100.

20 20. The process recited in any of Claims 1 to 9 wherein the

conversion comprises isomerization (iii).

.21. The process recited in Claim 20 wherein the first zeolite is a
MOR structure type and/or the second zeolite is a BEA type.

25




Al um na 2.88 6 3.9 11.8 8.6 9.9 <0.1
aumna  acs  ZoIGHINIMEEIINES ¢ 6 205 Yol o
Bound 5 * e L m s » Exanple 4 An amount of 5.5 grans of
Cat al yst Bwy@ssssqast ed for benzene al kyl ation with. et hyl eRET/UFO9$Bst was -
carried out using the follow ng procedure: 5.5 granms of catal yst were
placed into the mddle of a 10 catal yst 3basket forned of 2 concentric
cylinders of steel nesh. The remai nder of the basket was filled with inert
3A zeolite 1/16" extrudate. Next, the basket was |ocated in _a 300 c¢c
stirred (750 r®29 alfthecpeacess aacited .inAClaisel 2bryr 231 wherrinz the sesnd g/ h),
ethylene (68.9 std nLl mn) and hydrogen (73 ' f the
reactor. 15 The tgﬁbsg‘?%t?ﬁgeprg?é/&nlé’g?%aac %1}%@&&%&%&6]0%@%&?%%9' ength
of the run was 16 hegssd od KRe Wetilitchfahe figasaystatans were anal yzed
periodically by a gas chromat ograph. PCT/ US97/ 09573 WD 97/ 45384 33 A

test was also run using the comercially avail able al um na bound Beta
Zeolite identified in Exanple 3 was also tested. The test followed the sane

procedure as Cajgl ysihBpr&6SRbcitdBlin SCREM 206 23! bFi 72 mHesind thatfidsyst had
hi gher activity because of a_higher S err]/A [err]dJerr] ratio,
B zeolite is at least partially in the hydrogen form. : _

24. The process recited in any of Claims 20 to 23 wherein the second
zeolite has less acidity than the first zeolite.

10

25. The pi‘ocess recited in any of Claims 20 to 24 wherein the zeolite
bound zeolite catalyst further comprises at least one

hydrogenation metal.

15 26. The process _recitéd in any of Claims 20 to 25 wherein the
isomerization conditions comprise a temperature of from 250° to
600°C and/or a pr_essﬁre of from 20 kPa to 5.07 MPa (0.2 to 50
atm abs) andlbr a weight hourly space velocity of from 0.1 to 100
and/or a hydrogen/hydrocarbon molar ratio of from 0.1 to 10.

20

27. The Iprocess recited in any of Claims 20 to 26 wherein the
alkylaromatic hydrocarbons are selected from the group

consisting of:

(a) monocyclic alkylaroniatic hydrocarbons represented by

25 o the formula;




5 the follow ng adj ustrrents ‘were-pade_in order to provide a rel evant

conpari son between the:h ethylene was fed at 86.6 std ni/nin and
hydrogen was fed at 46. W results of these tests are shown
bel ow i n Talb er/dsbs4 10 Tabl 3 y on Ethyl ene Ex26HIUEI7/0ZMBal yst
P(C2=) R %thane %EB %EB Y%EB 1 Catal yst B 29.6

14.8 0.5 179.2 117.9 12.2 10.1 2 4(Con’r’rerci al . 23.3 82.8 0.2

67.8 26.3 5.2 0.4 P(Cferr]=) is the calculated partial pressure of
et hyl ene in pounds per share inch 15 ,absolute R is ethylene consunption in
good et hyl ene selectivity. 20 Exanple 5
Catalyst A and a comercially avail & dl um na_bound nordenite catal yst

!
34 WL% tol uenel. 17 wt.% 1,3,5-tri penzene, 41 wt. % 25
1,2, 4-trimethyl benzene, and 1,2, 3-t ey'hyl benzene. The tests were carried
loading it into a 0.5 inch dianeter stainless WD 97/ 45384
PCT/ US97/ 09573 :

m | 1inol es ethyl ene/ hour/grant catal ygt \Jhe data shows that Catalyst B had
were tested for ‘transal kyl ati on of ATl CS uBilmg a nodel feed containing
out by mxing 4.5 grans of the catal with 4.5 grans of quartz and then

wherein:

each R! is independently an alkyl group having 1 to 4

carbon atoms; and xis 2 or 3; and

() Dbicyclic alkylaromatic hydrocarbons represented by the
10 formula:

R — R

15

wherein

R? and R? is each independently an alkyl group having 1

to 4 carbon atoms; and

20 y and z is each mdependently 0,1o0r2, prov1ded that the

sumofy and zis 2, 3, ord.




34 steel reactor. The ength of the reactor was 5 inches. The reactor
was equi pped with an Mmr to neasure the actual bed _
tenmperature. Catal yst - L ried out for 12.5 mnutes at '

716[err]F, woemssside (psig) of 72.5 hydrogen flow rate (cREFVHYONF3 705 and
a.5 nodel feed flowrate (gramfhour) of 8.5. After de-edging, the catalyst
Wwas hydrogen stripped for 1 hour at 716[&r]F and a hydrogen flow rate
(cc/mn) of 335 and a pressure (psig) of 72.5. After the hydrogen strip,

the nodel feed was introduced intaq the hydrogen stream The initial run was
1 hour at 716[ &% ] F1dgdrEacess reciteduin Glan 27 whereimthedepd ¢omepriges

t enper at ure was inc;,ggﬁ,ggcﬁlc??l:ﬁnggP‘egﬁlglwgé%%ofaﬂg E‘_gégi%ﬁeﬁgntl{ye tests

are shown below in T enperature:

716 892 igw@thyl or eth@ondrOBs 2hr s) _ 0. 75.

4 0.75 4 Herr]/HC nolar ratio 11 11 '
11 Pressure (psigQ) " 72.5 72.5 72.5 72.5
VWHSV (hr-1) 1.9 1.9 1.9 1.9 Tol uene

conversion (W .2%  The prodess Recited inS6ladm 27 or 2 wherein the fdedcohtiisesAl er r ]
aromatics yield (m,% ,.37,.3 35.7 22.3 9, 8_.Cugul gtive As yield
(grams Alerr]/gr am;b‘%. ¢ alkylgromatic hﬁ%algbons °f(f.°§‘B“?5H’I'Wg‘%B%Paea§hows t hat

Catal yst A had hi ghgf Raghil'Rsti¥ nfdtHyD yd8arand/d &g sel ectivity than the
al um na bound nordenite catal yst. '

30.  The process recited in any of Claims 20 to 28 wherein the feed is
10 an aromatic Cs mixture of ethylbenzene and xylenes in which
the paraxylene concentration is at less than thermodynamic

equilibrium.

31. A zeolite bound zeolite catalyst which does not contain

15 significant amounts of non-zeolitic binder _i_md comprises:

(@) first crystals of a large pore size first zeolite selected from
the group consisting of MAZ, EMT and MOR, and

() abinder comprising second crystals of a second zeolite.

20 32. The catalyst recited in Claim 31 wherein the second crystals are
intergrown and form at least a pai‘tial coating on the first
crystals. ' |

33. The catalyst recited in Claim 31 or 32 wherein the second

25 - crystals are resistant to attrition.
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1. A process for per“mmﬂmmmﬂIF on of aromatic hydrocarbons, said
gonversi on being . allk al kyl ati on or isomerization, which
tonpri ses (WO omssdact i ng, under "al Ryl Ation 5 .convePETORS795Ti t i ons,
a zeolite bound zeolite catalyst and a feedstream containing aromatic
hydrocarbon and at | east one olefin; or #i) contacting, under

transal kyl ati on conversion conditions, a zeolite bound zeolite catal yst and

an aromatic hydrocarbon feedstream containing a polyalkyl aromatic 10
hydrocarbon ha ng Thgtcatalyst recited impry|of Gladmes31 ¢ad3 whitdpeontainsd y of

from2 to 4 carbon o Olxod i J ) € ' ef. lsonerization
conversion conditi ogéss,gnglazneglé tﬂg )ngg%t ?g(yoﬁgzeeocgﬁ%af)%‘%%ra %Feﬁ PRet¥t r eam
contai ni ng i soneri zedbbimednoeight of thel finst acalivetansl thedieased Pestite. | SOMeri zabl e
bi cyclic 15 al kyl aromati c hydrocarbons, or mxtures thereof: wherein
the catal yst does not contain significant amounts of non-zeolitic binder

and conprises (a) first crystals of a large pore size first zeolite, and
(h)  a binder 35onpTheicatalgecniited indn! & ClaimsSPr 6494 200t tkOfigst  The
process recited in C alaT wherein the second crystals are
; crystals have an average particle size greater than 0.1 micron

and the second crystals have an average particle size less than

that of the first crystals.

10 36. The catalyst recited in Claim 35 wherein the average particle
| ‘size of the first crystals is from 1 to 6 microns and the average

particle size of the second crystals is from 0.1 to 0.5 microns.

37. The catalyst recited in any of Claims 31 to 36 wherein the
15 structure type of the first zeolite and the second zeolite is the
same, and is preferably MOR. N

38. The catalyst recited in any of Claims 31 to 37 wherein the first
zeo]ite and/or the second zeolite is an aluminosilicate zeolite or a
20 gallium silicate zeolite.

39. The catalyst recited in any of Claims .31 to 38. which is
preparable from a silica bound extrudate comprising the first
crystals of first zeolite by converting the silica in the extrudate

25 to thé second zeolite.




i.ntergrowm and form coating on the first crystals. 25
3:. The process reci quﬂlmﬂﬂimmﬂﬂﬂﬂ 2 wherein the catal yst contains |ess
than 5% by wei ght of ronfzebliti ¢ bi*nder based on the conbi ned wei ght of
first zeol iWe%##84econd zeolite. WO 97/ 45384 PCT/US97/09573 _
PLT/'US97/ 09573 36 4. The process recitdd in any preced| ng C ai m wherein
the first crystals have an average p&MENMEDeCINIM® greater than 0.1 nicron
and the second L¥psaived @yhawﬁela?ﬁrav’émgb Byxeay en¢/ gpwbe“eg@% AR5 .97);

that of the firstod8ydt larkaimsb amendeds” pEé ayY F&}f“ﬁéﬂ‘ch?f‘géﬁy pP%Qf’ééi ng :
Cl ai m wherein the av ;rom1 to
6 m crons and/olr1 thefgélg’?g%ggggﬁeﬁc eég?’?; %&é}e secon crysta SJIS from
0.1to 0.5 10 cuystalohgye @n aveThge paschs size @réated than 8y micrenedi ng

C ai mwherein the fi ;ru?& t%egécokﬁ C??&éﬂrha}v sg&egg% ﬁ?ﬂ:{d gizéﬁes@lﬁxﬁe or ocess

al um nosi |l i cate zeolf galT1um si a e ze

recited in any precethatgf thefirst otystddsn the first zeolite is an
alum nosilicate zeolite and has a silica to alum na m)le ratlo of from 2: 1
to 150: 1.

5 5. The process recited in any preceding Clann__ wherem the average
particle size of the first crystals is from 1 to 6 microns and/or the
average particle size of the second crystals is from 0.1 to 0.5

microns.

6. The process recited in any preceding_Clgi-_m wherein the first
10 zeolite and/or the second zeclite are each independently a

composition having the following molar relationship:
X:0s:(n) YO:, |

wherein X is aluminum, boron, 'gﬁtanium, “and/or gallium, Y is

silicon, tin, and/or gexmanium, and n has a value greater than 2.

15 7. The process recited-"ﬂin any preceding Claim wherein the first -
zeolite is an aluminosilicate zeolite and has a silica to alumina
mole ratio of from 2:1 to 150:1.

" 8.  The process recited in any preceding Claim wherein the first

zeolite and the second zeolite is each i_ﬁdependently selected

20 from the structure group consisting of MAZ, MEI, AF1, EMT,
OFF, BEA, and MOR.

9. The process recited in any preceding Claim wherein the second
zeolite has the same structure as the first zeohte

AMENDED SHEET (ARTICLE 19)




20 8. The process recited in any preceding Caimwherein the first
zeolite and the second zeolite is each independently selected fromthe
structure grou conS|st|ng of MAZ, MEl, AFlI, EMI, OFF, BEAwcppsh/MIA 25 9.
The process"WQé i n any preceding d ai m wherei n t he second zeollte has
the same structure as the first zeolite. WD 97/ 45384

PCT/ US97/ 09573 37 10. The process recitfefd in any preceding Claim wherein
t he conversion conprises alkylation (i). 5 11. The process recited in
Caim 10 wherein the aromatic hydrocarbon is benzene, tol uene, xylene, or
a-mxture of any two or _nore t hereof. 12 The process recited in Caim 10
or 11 wherein the e S ' B e 1,
trans-butene- 2, ci g - i : : R nene- 1,
decene- 1, undecene-§ ' % TR B 2Ny t\WO oOr
more thereof. 13. Bwherein the
15 f eedstreat Mto ol efins
of at least 4:1. 14 o 13 wherein
the conversion con p16[err] C

. SUBSHTUTE SHEET (RULE 26)




20 . (100 to 600[ err] F) and/or a pressure of fromO0.34.10.6.90..MPag

\(50 to 1000 psig) and/or a weight #hourly space vel ocity. of :fdm 0.5 to 50.
15. The process recited in any of Clains 1 to 9 wheréin the 25"

conversi on copy ) transal kylation (ii). WO 97/ 45384

RCT/ US97/ 0957%?%@0 The process recited To’n Claim 15 wherein the first

zeolite and/or second zeolite is BEA or MAZ. 17. - The process recited in

d 15 wh h | yal . ! i
Gi et hy T benz o8 SPAPREIGHAER SUREET S 3 YPRRSA BRcHose, TR B O SERE
i et byl et hy| erERVhe A APC AP hERIME R Sdyes 0P 0Byl benzene,

di i sopropylto . enzene or m xture of any two or nore thereof.
10 18. The process recited in Claim 15, 16 or 17 wherein the feedstream

has a nolar ratio of aromatic hydrocarbagn tq p yalk ar.o ¢ ,hydr ocar bon
of from1:1 téesldtes arg. COW@S?X e%slalt’éﬁ t°2d51i‘ﬁaaﬁ9 0?9@%% jlmina g

wherein the 15 ver I f
37 to 316[errf‘EnP1’b?fit"8Rg ilra%%é ‘]6‘?‘1’1% B%sﬁ%%ﬁp 4 fggthargg
2/589 (50 to 1Q8QQ,Psirs. A![‘ﬂ{d%{g}@t}y@téihi “Peplitby” ﬁm@@&es/ﬁiatén@s Orinﬂ‘alimné’ 1to

silica and optionally alumina, it is recognized that the silica and
alumina portions may be replaced in whole or in part with other
oxides. For example, germanium oxide, tin oxide, phosphorous ox1de,

10 - and mixtures thereof can replace the silica portion. Boron oxide, iron
oxide, titanium oxide, -gallium oxide, indium -oxide, and nﬁxturés

- thereof can replace the alumina portion. Accdrdingly, the terms
"zeolite", "zeolites" and "zeolite material", as used herein, shall mean

not only materials containing silicon and, optiona]ly, aluminum atoms

15 in the crystalline lattice structure thereof, but also materials which
contain suitable replacement atoms for such s:hcon and aluminum,
such as gallosilicates, silicoaluminophosphates (SAPO) and
aluminophosphates (ALPO). The term "“aluminosilicate zeolite", as
used herein, shall mean zeolite materials consisting essentially of

20 silicon and aluminum atoms in the crystalline lattice structure thereof.

Numerous processes have been proposed for the isdmerization,
alkylation, or transalkylation of aromatic hjd.rocarbon. For instance,

. " U.S. Patent 4,312,790 involves a xylene isomerization process using an
25 alﬁmina bound “Zeolite -catalyst. U.S. Patent 5,227,558 involves an
aromatic alkylation process using a zeolite beta catalyst bound by a
binder such as aluminia. European Patent Application 0 109 962
discloses a xylene isomerization and the deethylation of ethylbenzene

into benzene using a catalyst comprising an acid type mordenite and

96B026/3




20 20. The process recited in any of Clains 1 to 9 wherein the copnvedsi on
gonprises isonerization (iii). 21. The process recited in Cfaim20:wefein
the first zeolite is a MR structure type and/or the-second--zeol'i t e S«d
BEA type. 25 WO 97/ 45384 _ :

PCT/ US97/ 0957 8FSFNTDOC  The process recited Tgrf)‘CI aim20 or 21 wherein the
second crystals are present in an anount of from 10 to 60% by wei ght based

on the weight of the first crystals. 5 23. The grocess recited in daim
20, 21 or 22 anetkémspéenifiedracid 2ype izeelite such lasaZSMphy Z8M18y arnZBNE11. '

the. SSESnL"LZ‘&lf“'-'qal?fb&é&éifm{:?%z‘téﬁirflgﬁ%%ﬁi@%vaﬂ’ﬁ{s?99‘13) @c‘?“%l i
Catal yot 1 urt Aol MomBbaRBhBad) 8 AfAGLT SOEBhbond Hith £, @
process recit edtalysPBymPristhgidi® add ts?lezﬁo!\&aﬁité rand enbrespettfiéd acid
conditions conprise a tenperature of from 250 to 600[err]C and/or a

pressure of frtysmz'eolﬁgtaa to 5.07 MPa (0.2 to 50 atm abs) and/or a weight
hourly space velocity of fromO0.1 to 100

96B026/3




and/ or a hydrogen/ hydrocarbon nolar ratio of fromO0.1 to 10...20.27. ,.The
process recited in any of Clains 20 to 26 wherein the al kyl ardérmatic’,.?

hydr ocarbons are selected fromthe group consisting of:.(a)”.-nocyclic

al kyl aromatic h QIRQBg{:bO”S represented by 2512 the formula: = WO
97/ 45384 - PCT/ US97/ 09573 40 [err]
wher ei n: each R[err] |s |ndependently an al kyl group having 1 to 4 carbon
atons; and X |s 2 ? and. L bi cyclic al kyl aromati c, hydrocar bons
represented byA %ed first zeolite iy gepliteabetaer dfs Rrrnanatior] i disclosedrper r]

Y and 2 5'2"22?‘2@%%%%% fiobihosd 448 R0 S Bl Hieh R ?&%ﬁaﬁ%‘i’ﬂ&%gp%ggz@ﬁ@

is 2, 3, or 4.byreference.

5 The forms of zeolite beta which are most useful as the first large pore

zeolite are crystalline aluminosilicates having the empirical formula:
Em)M - (1-X)Q - AlO2 - Y Si0O: - W H20

10 wherein X is less than 1, pieferably less than 0.75, Y is greater than 5

~ andless thén 100, Wis up to about 4, Misa metal ion, n is the valence

of M, and Q is.a hydrogen ion, an ammomum ion or an organic cation,

or a mixture thereof. For purposes of the _present invention, Y is

preferably greater than 5 and 1ess than about 50. Consequently, the

15 _sﬂicon to aluminum atomic ratio in the above formula is greater 't.han

51 and less than 100:1, and preferably'g;reater than 5:1 and less than
about 50:1. | .

Other elements, such as gallium, boron and iron, can be variably
20 s‘u_bstituted for aluminum in the above formula. Similarly, elements

such as germanium and phosphorus can be variably substituted for
silicon.

Suitable orgamc cations are those catmns which are derived in
25 aqueous solutmn from tetraethylammomum bromlde or hydrox:de \
| dibenzyl-1, 4- d1azab1cyclo[2 2.-2]octane chlonde, dimethyldibenzyl
'_'_ammoniux'n chloride; 1,4-di(1-azonium -bicyclo[2.2.-2]octane)butane
dibromide or dihydroxide, and the like.

96B026/3




WD 97/ 45384 : . ve ase-
PCT/ US97/ 09573 41 28. The process recited in Claim" 27 wheréiin the,,kteed
conpri ses nonocyclic al kyl aromatic hydrocarbons of fornula [ wherein:Rerr]
is methyl or etsigg nd xis 2. 5 29. The ocess recited in Caim27 or
28 wherein t h&" NP gorrprl ses bicyclic al kyf romati ¢ hydrocar bons of
formula Il wherein each of Rlerr] and Rlerr] is methyl, y is 1 and z is 1.
30. The process recited in any of Clains 20 to 28 wherein the feed is 10
an aromatic Clerr] mxture of et hyl benzene and xyI enes in which the

paraxyl ene leu s=st—Fes Llall L1|c1||ucry T c ull;ullulll = A
zeolite bounfi"Zeolite ¢ %@P}%‘{n%‘f% S&Ges not cont pi n 15 antityg; gni f cant
amounts of npn-zeolitic [FPE

|'arge pore s{:Siida Bsl (Natdoagelmﬂ)ect ed fromthe grpup conleﬁ 209”0f I\/A’
EMI and MOR, { 8flded 8.0 GRal PABRRIL JGYYPr 1 s1 ng second Erystal s1@i5a second

zeolite. 20 Waterlne Cat al ysr reclt ea - Charm 51 whner el nldgl 1secon0

CryStals ar ejr ZIII. 1S) IUTU LUIIIIQ.I. -t ot +Re—6 +Hhe—f4++4§t
crystals. 33 qlite Na- @m&tﬂ$§$tﬁlum ormy) o} 32 uh B9t he cec nd

25 cr {yMethocek &iyémmamyltme&yqueutﬁvﬁe 1.30

extrusmn acid)

The above components were mixed in a household mixer in the order
shown. After addmg the methocel, a thickened dough was obtained.
5 The total mixing time was about 24 minutes.

'T}ie dough was broken into 2 cm pieces, dried at 120°C and crushed
and sieved to a sieve fraction between 1 and 2 mm. The sieved ﬁ'actmn

" was calcined at 510°C for 8 hours in air.

10
'quﬁposition of silica-bound calcined particles:
Mordenite: 69.95 wt.%
Si0z: 30.05 wt.%
15

The sxhca-bound mordenite particles was converted into mordenite

bound by mordenite as follows:

96B026/3
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42 34. The catalyst recited in any of Claims 31 to 33 whi ¢h -cont ai ns | €ss
than 5% by wei ght of non-zeolitic binder based on the conbi ned wei ght "of
the first zeolite and the second zeolite. 5,,35. The catalyst recited in
any of d ai s EBSBINE0O wherein the first cr%étal s have an average particle
size greater than 0.1 micron and the second crystals have an average
particle size less than that of the first crystals. 10 36. The catal yst
recited in Claim35 wherein the average particle size of the first crystals
Is from 1 to go=—rrergrs—and—theorerage—m Fl=|=!a=t,=s=ﬁ? = OIT al s
is fromo0.1 flo 0.5 § omppnents Used t 41 ystRaBHEY i n an;—ﬁmgms 31
to 36 whereif _-the..15for:1?rep'as-an:innu.re-t-v e of (g¥ams)r ot oo Number 1 pe -
second zeol i §eNhalOhe sanme,” and is preferjably MDB8 38. |The catadlyst

recited in a BNQGHJ(@S B%)SL (0 37 Whereir the T18gt zeol|te andhor the
second zeol i tff€ or. a.. o osTiTcate ZeoiT tEe or726624u gal |3| am
silicate zeolfifgten Fhe—cat-alyst—reeiHed—A—&n a-re—3+—te—38—whi ch
I's preparabl RmsmWa&@hm bound extruddte nnr@ le ng f e flrcr4 crystals
of first zeol |T@rb§tmdamonngnthydrgmdeca in tHd.Ytrudate 25 B tofthe
second zeol i tq40%)

-Gomponents 1 and 2 were dissolved in a beaker containing component
3 f;o form a solution and water loss was corrected. The solution was
5. ‘poured into a 300 ml stainless steel autoclave. Component 4 was used
‘to rinse the beaker 'and poured into the autoclave. Next, compoﬁent 5
.-was added to ~the contents of the autoclave and the conteﬁts were
‘stirred. Finally, 80 grams of the silica bound partxcles were added to
."the contents of the autoclave. The particles were covered by the liquid.

10 _The molar composition of the synthes1s mixture was:
0.79N2a20/0.48 (TEA)20/0.33 Al203/10Si02/169 H20

The autoclave was placed in an oven and heated up to 150°C in 2 hours
15 and kept at this temperature for 96 hours. After the aging period, the

-auto:clave' was opened and the products were collected.

The product was washed 7 times with 1400 ml of water at 60°C. The
_ conductivity -of the last wash water was 75 pS/cm. The product was .
20 then dried overnight at 120?0 and subsequently calcined in air for 20

hours at 500°C. The amount of product recovered was 75.8 grams.

96B026/3




MD 97/ 45384 .. PCT/US97/ 09573 -
n3 AMENDED CLAI MS [received by the Internatlonal Bur eau on -7 Novenber, 1997
(07.11.97); original claimé6 amended; remaining clains unchanged (1°Bagd)]
4, The process recited in any preced| ng Claimwherein the first crystals
have an aver afEH¥9%l e size greater than 81 nmicron and the second
crystals have an average particle size less than that of the first
crystals. 5 5. The process recited in any preceding C aimwherein the
average parti dhe predudfextiedatesswers yhardcserized rbg’nxl'aVOdlﬁ'rﬁbﬁbﬂr(S@DW or

t he averagep cle size.,of the second ¢ als is fromQ.1 to O.

m crons. aﬂdes%néﬁégse ectzon Zycroscapy ( %ﬁ@ %é’ﬁmvﬂﬁgrréﬁhltﬁhe first
10 : zeoI|te and/ or the second zeolite are each i ndependent |y a
conposi tion having the followi ng nolar relationship: Xerr]derr]:(n)

YJ err], wherein XXRDal umi-num boron, Shéwedy 1cﬂnq{diteﬂ@,lﬂorttﬁbrd@m§e
silicon, tin, and/or germanium and n has_a value greater than 2. .
The proces% recited in any precedi ng O andrengdlenteryntallinityt zeoI|te |s an
alum nosilicate zeolite and has a silica to alumna nole ratio of from2:1
to 150:1. 8. . The process recited in any preceding C aimwherein the first

SEM: 2500 times Micrographs (FIG. 1) show

that the mordenite crystals are

-intergrown and coated with submicron
19 _ _ crystals.

'Elemental: | " Core crystals: SiO2/Al:Os= 12.4" -
| Binder crystals: SiO2/Al:Os (expected
value by calculation) = 23
15

..Ex.ar.nple 2

ijepa'ration of Catalyst B - Zeolite Beta bound by Zeolite Beta.

20 Zeolite beta (sod.mm form and a silica to alumma mole ratio of [12.4]

- 26) was formed into sﬂlca bound extrudates as follows:

Beta seolite crystals
SiOg gel (aerosil 300)
Silica sol (Nyacol 2034 DI)
Water

Methccel

96B026/3




zeolite and .the.second zeolite is each independently qgﬁégkzg!mos cofY
VEe T AT - d’nd

roup conS|st|ng of MAZ, WNEI, AFI
s recited in any preceding d ai m wher ei n
structure as the first zeolite.
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