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ZEOLITE BOUND ZEOLITE CATALYST

'Ihexe is pmv:ded a process for converting hydrocarbons which utilizes a zeolite bound zeolite catalyst that has enhanced performance
when utilized in hydrocarbon conversion processes, ¢.g., catalytic cracking, alkylation, disproportionation of toluene, isomerization, and |
transalkylation reactions. 'l'heeatalysteompmesaﬁmzeomehavmgpamcles of greater than about 0.1 micron average particle sweand
a binder comprising second zeolite pamcles havmg an avemge pamcle swe less than said first particles.
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2 Synthetic zeolites aBAUKGROWND) OFTHE INVENTIQN i zati on from a
supersaturatgd synthesis m xture. The resulting crystalline product is
then dried and cal cined to produce a zeolite powder. Although the
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to have catalytic properties for various types of hydrocarbon conversion

processes. In addition, zeolite materials have been used as adsorbents,

catalyst carriers for various types of hydrocarbon conversion processes,

and other applications. Zeolites are complex crystalline

15 aluminosilicates which form a network of Al04 and SiO4 tetrahedra

linked by shared oxygen atoms. The negativity of the tetrahedra is

balanced by the inclusion of cations such as alkali or alkaline earth

metal ions. In the manufacture some zeolites, non-metallic cations,

~ such as tetramethylammonium (TMA) or tetrapropylammonium (TPA),

20 are present in the synthesis. The interstitial spaces or channels

formed by the crystalline network enable zeolites to be used as

" molecular sieves in separation processes and catalysts for chemical

reactions and catalysts carriers in a wide variety of hydrocarbon

conversion processes. '

25 . '
Zeolites include materials containing silica and optionally alumina,
and materials in which the silica and alumina portions have been .
replaced in whole or in part with other oxides. For example,
germanium oxide, tin oxide, and mixtures thereof can replace the silica
30 portion. Boron oxide, iron oxide, gallium oxide, indium oxide, and
mixtures thereof can replace the alumina portion. Unless otherwise
specified, the terms "zeolite” and "zeolite material” as used herein,
" shall mean not only materials containing silicon and, optionally,
aluminum atoms in the crystalline lattice structure thereof, but also
35 materials which contain suitable replacement atoms for such silicon
and aluminum.



bi nders include materials such as alumna, silica, titanium and
vari ous gipegieaés Cl ays. 15 Although such bound zeolite pgygnsgsiisas1 have

much better mechani cal strength than the zeolite powder, when the
bound zeolite is used in a catal ytic _ conversion process, the
activity, selectivity, activity mai ntenance, or conbi nations thereof
of the catal yst can be reduced because of the binder. For instance,
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15 Although such bound zeolite aggregates have much better mechamcal

| strength than the zeohte powder, when the bound zeolite is used in a

catalytic conversion . process; the activity, selectivity, activity

maintenance, or combinations thereof of the catalyst can be reduced

“because of the binder. For instance, since the binder is typically

20 present in an amount of up to about 60 wt% of zeolite, the binder

dilutes the adsorptive properties of the: zeolite, In addition, since the

bound zeolite is prepared by extruding the zeolite with the binder and

subsequently drying and calcining- the extrudate, the amorphous

‘binder can penetrate the pores of the zeolite, otherwise block access to

25  the pores of the zeolite, or slow the rate of mass transfer to the pores of

the zeolite which can reduce the effectiveness of the zeolite when used

in hydrocarbon conversion processes and other applications. Still
 further, when ‘a bound zeolite is used in catalytic processes, the binder .

may- aﬁ'ect the chemical reactions that are taking place within the

30 zeolite and also may catalyze undesirable reacnons which can result

in the formation of undesirable products. -

Thus, there is a need for a hydrocarbon co'nversion' process which -
utilizes a zeolite catalyst which overcomes, or at least mitigates the
35 above described problems. - -
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3L SUMVARY OF THE | NVENTI ON It has been

supri singly wihs&fpeed €d that a zeolite catalyst which COPUT/USES1528Y St
zeolite part icles and utili zes..second zeolite particles as 5 a binder
results in a catal yst which provides a neansng controlling reactions
associated wth the binder and has inproved ss transfer of ' reactants
to the catal yst, and greater access of the reactants to the pores of

the zeolite. The acidity of tww S pref erably
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zeolite particl ' e es,
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denonstrating t PERE
when utilize bon conversion processes. The zeolite

15 catalyst of the present invention finds particular application in
hydrocarbon - conversion processes where catalyst acidity in
combination with zeolite structure are important for reaction

" selectivity. Examples of such processes include catalytic cracking, -
alkylation, dealkylation, dehydrogenation, disproportionation, and

20 transalkylation reactions. The catalyst of the present invention also
finds particular application in other hydrocarbon conversion processes
in which carbon containing compounds are changed to different carbon

~ containing compounds. Examples - of such processes include
~ hydrocracking, isomerization, dewaxing, = oligomerization, and

25 reforming processes. :

F DESCRIPTION OF s
Figures '1-4 are -graphe_ demonstrating the activity, paraxylene
30 selectivity, paraxylene yield and benzene yield respectively for the
zeolite bound zeolite catalysts of this invention.

TAILED DE N ) INVENTION

35 The present invention is directed to a process for converting organic
compounds by contacting the organic compounds under conversion
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2o Hite particles 'of the present invention’ are-bound by the second

zeolite particles. The second zeolite particles have an average particle ‘

size that is smaller than the first zeolite particles. Preferably, the
: second zeolite particles bind the first zeolite particles by adhering to
15 the surface of the first particles thereby forming a matrix or bridge
' structure which also holds the first crystals particles together. More
preferably, the second zeolite particles bind the first zeolite particles by
intergrowing so as to form a ooatmg or partial coatmg on the larger .
first zeolite crystals
20 L _ .
Although th_e invention is not intended to be limited to ‘any theory of
operation, it is believed that the advantages of the zeolite bound zeolite
catalyst are obtained by the second zeolite controlling the -accessibility
of the acid sites on the external surfaces of the first zeolite to reactants.
25 Acid sites existing on the external surface of a zeolite catalyst are
“believed to affect reactants entering the pores of the zeolite and
products exiting the pores of the zeolite. In line with this theory, since
the acidity of the second zeolite is carefu]ly selected, the second zeolite
does not significantly adversely affect the reactants exiting the pores of
30 the first zeolite which can occur with convenuonally bound zeolite
catalysts and may beneﬁclally 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, hydrocarbons have increased access
to the pores of the first zeolite during hydrocarbon conversion
35 - processes. Regardless of the theories proposed, the catalyst, when used
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exi sting on the kereim.nal. surface of a zeolite catalyst are believed to
affect reactants entering the pores of the zeolite and products
exiting the pores of the zeolite. In line with this theory, since t he

acidity of the Ehetermciaverage particles size’ ascused bereinpeneans the average
does not siggifi BF ¥Ré Partickes| 8%, hiimbeFafed hbifgicr 'SR Ydef Of
30 the fi r_stg zedgi Ite which can occhrcgtvﬁ th g{)nvent ?gﬁgfﬂlhb’ggiﬁ zeollte
catal ysts and mERPBcial |y affect the reactants exiting the pores of
the first zeolite. ‘Still further, since the second zeolite is not anorphous

o the pores of THe WS a8y Z‘S‘HSW‘%E_ B PBR SR AT B8 o
%ogg/siggb4Regamnht$arﬁ knpwnt tocpersons et ams. FThensgidic prapenties ofi
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, zef)lite are well know#. - However, with respect to | predent 5281
5 in catalyti.c pro(ﬁgsses, as the 1 nprove pI’O_SI’tIES i'ch ar
di scl osed invention, a distinction must be made between acid stren and aci

site density. Acid sites of a zeolite can be a Bronsted acid or a Lewis
acid. The density of the acid sites and the number of acid sites are
important in determining the acidity of the zeolite. Factors directly
15 influencing the acid strength are (i) the chemical composition of the
zeolite framework, i.e., relative concentration and type of tetrahedral
atoms, (i) 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/near the
20 surface of the zeolite, (iv) the pretreatment conditions and presence of
co-adsorbed molecules. The amount of acidity is related to the degree
of isomorphous substitution provided, however, such acidity is limited
to the loss of acid sites for a pure SiOs composition. As used herein,
the terms “acidity”, “lower acidity” and “higher acidity” refers to the
25 concentration of acid sites irregardless of the strength of such acid sites
- which can be measured by ammonia adsorption.

Examples of zeolites suitable for use in the present invention include
large pore zeolites, medium pore zeolites, and small pore zeolites. A
30 large pore zeolite generally has a pore size of >7 A and includes zeolite
L, zeolite Y, zeolite X, MAZ, MEI, FAU, EMT, offretite, omega, Beta,
mordenite, ZSM-3, ZSM-4, ZSM-18, and ZSM-20. A medium pore size
catalyst generally has a pore size <7A, preferably from about 5A to
about 6.8A; and generally the pore apertures consist of about 10 to 12,
35 preferably about 10, membered ring structures and include MFI, MEL,
MTW, EUO, MTT, HEU, FER, TON, zeolite beta, ZSM-34, ZSM-38,
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generally ha pore”Size =7 A ang ite Y,
zeolite X, Miisproportionationcefitolusne ox theacracku;gofmmparbons, the dﬁ.u:at e,
ZSM 3, 73 440 gRivhikth ratie'is’pPéferably SOELtd AbAN £25:17 The average particle
~ size of the first zeolite is preferably from about .1 to about 15 microns.
In many applications, the average particle size is preferably from about
2 to about 6 microns, and more preferably from about 2 to about 4
microns. In other applications such as the cracking of hydrocarbons,
20 the preferred average particle size is from about 0.1 to about 3.0
microns. .

_D

The second zeolite. particles are of smaller size than the first zeolite
particles. The second zeolite particles' generally have an average
25 particle size of less than 1 micron, brefer_ably_. from about 0.1 to less
than 0.5 micron. The silica to alumina ratio of the second zeolite will
generally depend upon the particular hydrocarbon process in which the
catalyst is utilized. Generally the silica to alumina ratio will be at
least 2:1. In applications where low acidity is. desired, the second
30 zeolite preferably has a silica to alumina ratio greater than the silica to
~ alumina ratio of the first zeolite, and more preferably is greater than
200:1, e.g., 300:1, 500:1, 1,000:1, etc. In certain applications, the second
zeolite is silicalite, i.e., the second zeolite is MFI substantially free of
~ alumina. The pore size of the second zeolite will preferably be a pore
35 gize that does not significantly restrict. access of the hydrocarbon
- feedstream to the pores of the first zeolite. For instance, when the
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35 preferably about 10, nenbered ring structures and include M, MEL,
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silicato umna ratio of at least 2:1, preferably a silicato
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zeolite bound zeolite comprises large pore zeolite or medium pore
zeolite and n-hexane when the first zeolite of the zeolite bound zeolite
comprises small pore zeolite) adsorbed per amount by weight of zeolite
15 in the zeolite bound zeolite catalyst of the present invention to the
weight percent of hydrocarbon (toluene for large pore zeolite and
medium pore zeolite and n-hexane for small pore zeolite) adsorbed per
amount (by weight) of the first zeolite in the silica bound zeolite
catalyst prior to conversion of the silica (after drying and calcination)
20 to the second zeolite of the zeolite bound zeolite catalyst. If the zeolite
bound zeolite is not prepared by converting an amorphous silica to a
second zeolite, the “Adsorption Index”, is defined as the ratio of the
weight percent of hydrocarbon (toluene when the first zeolite of the
zeolite bound zeolite comprises large pore zeolite or medium pore
25 zeolite and n-hexane when the first zeolite of the zeolite bound zeolite
comprises small pore zeolite) adsorbed per amount by weight of zeolite
in the zeolite bound zeolite -catalyst of the present invention to the
weight percent of hydrocarbon (toluene for large pore zeolite and
medium pore zeolite and n-hexane for small pore zeolite) adsorped per
30 amount (by weight) of the first zeolite of the zeolite bound zeolite
catalyst when the first zeolite is bound by 30% by weight of amorphous
silica using the method disclosed in Step B. of Example 1. In the
determination of the Adsorption Index, all variables used in the
procedure to determine the hydrocarbon adsorption of the catalyst
35 remain constant and only the catalyst differs. The Adsorption Index
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air flow w_1th the following temperature conditions: holdmg the catalyst
at 30 degrees C for one minute, next increasing the temperature at 20
degrees C/min to 150 degrees C; holding the catalyst for 10 minutes at
150 degrees C, then increasing the temperature at 20 degrees C/min to
450 degrees C; holding the catalyst at 450- degrees: C for 45 minutes,
and then cooling the catalyst to 30 degtees C. The weight of the cooled
catalyst is then measured and this weight is hereinaftei referred to as
“W1”. Next, a gas containing n-hexane (in this example) in nitrogen is
introduced into the chamber containing the catalyst at a temperature
30 degrees C (P/Po of 0.26) continuously for 60 minutes. For this
procedure, P is the partial pressure of adsorbant hydrocarbon and Po is
total pressure. The gas is then switched to nitrogen and the sample is
desorbed for 60 minutes at 30 degrees C. The weight of the catalyst is

then measured and this weight is hereinafter referred to as “W2”. The

weight percent of hydrocarbon (hexane in this example) adsorbed =
[(W2-W1) / W1] x 100. When toluene is used for catalysts containing a

. large pore or medium pore zeolite, the process is the same except that

30

35

the P/Po of the toluene is preferably 0.15. However, other values of
P/Po can be used if precautions are taken to prevent condensation in
the transfer lines to the sample chamber. The Adsorption Index can
be calculated using the followmg formula:

Al= W(ZBZ) / W(SBZ)

In appllcatlons where low acidity is
desired, the second 30 zeolite preferably has a silica to alumna ratio

e utilized: to determingcthe, adsorptiont afco: 1,

ore si ze

terlals

of the feedsthemnmmemte mlmrc&wmemrmetha wieightt ofnadsorbedA to -

|



5 the wei ght of the first zeolite. The zeolite bound zeolites

catal ysts ofwdbgidae£sent invention preferably have an AdoInUses/es281 ndex

(Al) greater than 1.00 and nore preferably greater than 1.10, and nost
preferably greater than 1.20%e:g., 1.25, 10 1.30, etc.. The term
"Adsorption I ndex", is defined as the ratio o the wei ght percent of

'hydrocarbon (toluene when the first zeolite of the zeolite bound

zeolite conprises |ar e or,nmediump zeolite a

n- hexane when the fi r‘%ﬁe&éBW@@WW@g%&eﬁ@tﬁgmmPé luene?«b\hpr, ses
smal | pore zeolite) degges and mediuapore zévlites of i-hetaeforishtall poreé n t he
zeolite bound zeolite ¢ )é%% fﬁuzfg T ane P st t‘bﬁ wei ght
percent of hydr ocar bdfF° arie ?rg‘% g riftl()é’ Ziﬁ@le di um pore
zeol ite and n-hexane Zeolite ttatal zeolite chrfling faaxy yagonvertedarount ( by
weight) of tRhe first. H(ﬁlslghgg fRrate

prior to converS|ono sil1ca,. aft % I'ng, and caicmatr? E@ZOtothe
second zeolite of the°1' F'P@ntﬁﬁ? ?“lahgsc%ﬂ‘&l yst. If the zeolite
bound zeolite is not prepared by converting an anorphous silica to a

d lite, 'th t lLndex" . i f d t f th
wei gt percent of nydNSSBZR i Height BFesenk of HortbER Golfiens fof 1 At
zeolite bound, zeolitmedinpr psee zeolifes por en-hemhne eforr smeadl Lpomorzeoﬁﬁes)
zeolite and,n-hexane @epélJ bt 0 ew& Ph% Zf'é?)hit& Bﬁgp ﬁal it e

|| Fhed ‘per aiquifi® by % g N i
hThe se0l 1 te bound hanad veith :QKZ&?QF%? by rweighs ' s
wei ght percent of hydwergmbﬁncﬂcalatéaebj}%ehsﬁﬁﬁgpﬂftal rgﬁeéeﬂteh?aﬂocarbon

medi um pore zeolite an e L, small pore zeol.lt ) a
anmount (by wei ght) of® 2bed \@5° zeflite I gmBRioS siles) ) sffl dbagine Fhat
catal yst when the fi mumbenbyt(d-x)s MSBZ)hsmpd\m thie saxhe silicgobound
silica usinggthe net t
determ nat i of the sor p?l Of}aﬁér%éat% var| g@ﬁ?@éﬁéng?ﬂi& bound
procedure to deter ni rkeolite wiichde as M@mlwmmpmf@embte beund
remai n constant and Ofdoitk 18 rotiprepared by drverting A8 SHheiphius! sliex to a
- second zeolite, is measured on a bound zeolite which zeolite is
~-the same as-the first zeolite of the zeolite bound zeolite and is
20 bound with 30% by weight of amorphous silica using the method
disclosed in Step B. of Example 1.

The Adsorption Index was calculated for the catalysts set forth below.
With respect to a silica bound ZK5 zeolite containing 70 wt.% ZK5 and
25 a ZK5 bound with ZK5, the procedure to determine the Adsorption
Index was carried out under standard conditions of n-hexane uptake
(p/po = 0.25, T = 30°C). The silica bound zeolite had a 6.63 wt.% of n-
hexane uptake, while the zeolite bound zeolite (100% zeolite) had a n-
hexane uptake of 11.10%. These results were converted to the same
30 amount of zeolite. The silica bound ZK5 had a hexane adsorption of .
9.45 wt.% (6.63/0.70). The Adsorption Index was determined to be 1.17
(11.10/9.45). A zeolite KL bound zeolite KL, and a silica bound zeolite
KL containing at least 30% by weight silica were tested using the
procedure described above except that toluene was used as the
35 adsorbent. The toluene adsorption was 5.4 wt.% for the silica bound
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8 fwodéngoes ti cul ar application when the second zeol iPog/Usss/Bs28edi um
por e ~or large pore zeolite. Procedures which can be utilized to =«

determine the adsorption of 5 toluene f&@ |arge pore zeolite and medi um
pore zeolite and n-hexane for smal| pore zeolite to nmeasure the
Adsorption I ndex of a zeolite catal yst are known to persons skilled in

the art. A pr rr re, er ei referredto as the "ZHA
Procedure”, ‘?95’2 \gﬂ m@cg&g’ % for tﬂet%@ﬂﬁ%é& zelheor -
measuri ng thAdsap;tanﬁde&dwasHEtbrhﬁneﬂ)tdlbécpmgon(l .e.,n- hexane or toluene) .
and conprises first pre-treating a zeolite catalyst in this exanple a
smal|l pore zeolite,.in a 210 MMM n air flowwth the foll ow ng '

tenperature The diatalyst used) i ﬂgetqoevemm yrocess of the ifivemtjoreeanCbéor one-
m nut e, Xtp egfa!'r | gﬁ% 150
degr ees %e hoil‘ ed ;é*%g?%g?sg f Bui‘is ﬁgesferablg ﬁg@%gr@g& C, then
i ncreasi ng tﬁ@ptgtgﬂf@ Ureérr e 13P é%" o5 theosynthesigs of @ geelite. C;
Pﬁl di n? thet;&m%z%%mtpﬁﬁﬁgdﬁﬁfzﬂrkﬂﬁmw@agt Foraé‘ﬂ%:h R) cooling
e catalys tgln gﬁgﬁ éﬁ ol e (faa%wls
t hen neasure '§ A2 aﬁi@i & Preferre
Next, a gas comprises rp;epan@garae solutiorhi mmammge):eurapmpydogmmomuw :
|ntrodu | opfigiiy aniﬁj AL Y ig[{B ture
30 degrgles C(P/'Po o? Eﬂ'{-g dsont| nuous yrb G%krﬂitrl\% tOfaa'l or ?h? ah
procedure, FoXide; 3 ﬁ'&‘F?Pa Suatere. a‘&'é&o nxeawonomne atd ®0 is
. temperature of 80°C to 200°C for a period of from about four hours to q |
eight days. The resulting gel forms solid crystal particles which are
- separated from the reaction medium, washed with water and dried.
15 = The resulting product may then be optionally calcined in air at
temperatures of 400-550°C for a period of 10-40 hours to remove
tetrapropylammonium (TPA) cations. - . :

When an MFI is. preferred ‘the MFI can be 1dent|ﬁed in terms of mole
20 ratios of oxides as follows:

0.9+ 0.2 Mz/nO A1203 5- 500 Ssz ZH20

_ wherem M is selected from the group eonswtmg of a mxxture of alkali
25 metal cations, preferably sodium, and organic. ions such as
tetralkylammonium cations, the alkyl groups preferably containing 2-5
carbon atoms, and z ranges from 0 to 40. In a more preferred form, the
MFI zeolite contains a silica to alumina mole ratio of from about 10:1
to about 300:1.

30 S . . - .
Next, a _si]ica.-bound zeolite is prepared preferably by mulling a
mixture comprising the zeolite crystals, a silica gel or sol, water and
optionally an extrusion aid until a homogeneous composition in the
- form of an extrudable paste develops. - The silica binder used in
35 preparing the silica bound zeolite aggregate is preferably a silica sol
- and preferably contains only very minor amounts of alumina, e.g., less



t'ot al pressure. The gas is then switched to nitrogen and the sanple is
desor bed fq’g g%@{]ut es at 30 degrees C. The wei ght of the oRtta$68/is2ss
then measur | }u his weight is hereinafter referred to as "W2". The
wei ght percent of hydrocarbori’(hexane in this exanpl e) adsorbed
[(W2-WL) /W] x 100. When toluene is used forllcatal ysts containing a

| arge pore or nedium pore zeolite, the process is the sane except that

the PIPo of the toluene is preferably 0.15. However, other values of 30

Pl Po can be usdianf2,000@nm; and moexe praferahly lesssthan 1000cepmcof dumina.
the transfer |ifygs abfhidiCofSalbA folthalited at thes LR i3 sith tHytothe édhtent
ca) cul ated usi ﬁtﬁg;e];ﬁu pr n%g;i%mur gl a:dai:evvillrange from about 30 to 90% by
= WZBz) [ W SBR) | ?
-PCT/ US95/ 15281 weight, more preferably from about 55 to 85% by wkight, with the
Marge and mad, Ciigsre Betng BRIy SR ¥ 8 AMolE 15 o855 it silica.
zeol ites) adsorbed per amount (by weight) of zeolite bound

zeolite (total Cgﬁf:gg%ﬁﬁfg gﬂite[ﬁxﬁﬁdﬁma‘,ye.ggﬁfﬁﬁ%ﬂ,egfd%ut into small

anor phous si | i any.. unconvert ed arorphous sil.ica. .
ot her non-zeol i¥ »-§-a [Py eterextm%ates,\x( )anes gﬁtl%ié‘?ﬂ{%

hydrocarbon (t dfo¥epefiod 6fo4d2 hodrs. Preferably Bwidﬁédoéxﬁ'ugﬁﬁéd mtbén
n-hexane fof SMEhkinBd'i% 45°( h°temperature of from about 400°C to 550°C for a
period of from about 1 to 10 hours. This calcinai_:ion' step '_ also destroys

the extrusion aid if present.

Optionally, the silica-bound aggregate can be made into a very small

15 particles which have application in fluid bed processes such as

catalytic cracking. This preferably involves mixing the zeolite with a

~ silica containing matrix solution so that an aqueous solution of zeolite

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

.. small fluidizable silica-bound aggregate particles. Procedures for

20 preparing such aggregate particles are known to persons skilled in the

art. An example of such a procedure is described by Scherzer (Octaine-

Enhancing Zeolitic FCC Catalysts, Julius Scherzer, Marcel Dekker,

Inc. New York, 1990). The fluidizable silica-bound aggregate particles,

* like the silica bound extrudates described above, would then undergo

25 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 the
conversion of the silica present in the silica-bound catalyst to a second
30 zeolite which serves to bind the residual the zeolite particles together.
The first zeolite crystals are thus held together without the use of a

significant amount of non-zeolite binder. The resulting zeolite catalyst .

preferably contains less than 10% by weight (based on the weight of
the first and second zeolite) of non zeolitic binder, more preferably less

35 than 5% by weight, and, most preferably less than 3% by weight of non
zeolitic binder. '

25
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10 adsor bed per anount (by weight) of zeolite which zeolite is
bound W tyo¥erdigodst i on by wei ght of anmorphous silica. This pcrusesnsas: Wei ght
is calculated by nmeasuring total percent hydrocarbon adsor bed

(by zeolite + amorphous silica) and dividing that nunber

(1-x).

WSBZ) is measured on the same silil€a bound 15
aggregate which is converted to the zeolite bound

by

first zeolite
zeolite which

is used to nmeasure WZBZ) or, if the zeolite bound : Zeolite is
not prepared by converting. an-anorphous silica to a - -second
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ne oPYEE ¢80 Aot AfcldiC oikd. HIRQLOENL, he, Lphuene adsor
grow together and interconnect thereby causing the larger crysta.ls to
become bound together. |

The nature of the zeohte formed in the secondary synthesls 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 an aqueous ionic solution containing a
| source .of hydroxy ions sufficient to convert. the silica to the desired
zeohte For instance, in the manufacture of an MFI-type zeolite, the
sohmon will have an initial molar rano of OH:ions to SiO2 up to a
level of up to about 1.2. An MFI-type zeolite may be formed by aging
in a solution containing a source of tetrapropylammonium (TPA) and
opuonally a source of alumina and optionally a source of Na+; a MEL-
type zeolite may be formed by aging in a solution containing a source of
tetrabutyl ammonium and a source of Na+. Suitable aqueous solutions
for these and other medium pore zeolites are known to persons skilled
in the art. It is important, however, that the aging solution be of a
composmon which will not cause the silica present in the bound zeolite
~ extrudate to dissolve out of the extrudate. Also, in some instances, it is
preferable that the zeolite formed in the secondary synthesrs is less

_ amdm than the core zeolite.

ption
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10 Z Q) édiegy and 10. O w.%for the zeolite KL bound pew[usgmsm The
Adsorption I'ndex was determned to be 1.29. The catal yst used in the
conversion process of the i nvention can be 5 prepared using various
processes but is preferably prepared by a th}% step procedure. The
first step involves the synt heS| s of a zeolite. Processes for '
preparing zeolijes ar t he ant. For examp ect to
Phe’ ot epar at | orlthA BRETREROY SopqUnagt 3f she AR bertinlbriesaqueous Jpins: salo

Br epa(rji ng ?kslol i whichcthbahdnmbzéditreawmd containg md:&cbyofrby«lms'?bnsl
rom de, al kali X i con
and water, heat ?Pﬁngfﬁ%ﬁw( g@m‘n m&g rx@%pgk%%n}ﬁ? F@Maﬁy@% h%ﬁ'“g [tg r]C
to 200[er r] C fomuabmolwranofof OH ato8i09 isipreéferablytas a level efgpttocabpm The
resulting ggf r féfgf adﬂdu‘i' | mm& gh’ Om
the reacti on rre ﬁ a).\r/g %lﬁ ter ar%g%\r%?eltcig ga8 m?]st sul ti nt% Br oduct
may then be opt® pﬁaﬂ)cﬁ) i treggment caPﬁ?ﬁ)éhSt der
:10? 550[ er lr] C f@ﬂnwrm& s&Hsﬁtfnﬁm}y‘lfb laOMH -fyper Zubbite, but of lower ac:jdlty as
et rapr opyl ammon cation i s,preferred, :

can be identi f| qcﬁé‘irg a‘BP%%?‘&“%ﬁ“‘P‘A’(% sxﬁp i gl’i"&ﬁs: THE
0.9 0.2 M/nG mlaa:ansalsoccostamsmmate (e.ghcmouirrce of tetraalkyl amimodninmt he
group consi I ng, f £ %oﬁ a 2 fttud' £f \V
sodi um ancf' orggr%l c 1on m H’ ahd ﬁmﬁkﬁlonﬂm;g Jm%gtifons Of
al kyl groups prafuning gn omﬁamer@f@% 1ons ' ﬂlélm’é’fﬂjréui’ § from
0 to 40. In a npafrérted dindsr i thus cbitrolled by controlhng the composition of

the aqueous solution. If the silica binder material which is converted

and the secondary synthesis mixture are substantially free of alumina,

15 the converted material is more appropriately called silicalite.

It important that the aging solution have a pH which is not too
alkaline. This may be achieved, when producing a MFI-type bound -
zeolite, by using a solution having an initial molar ratio of OH™:SiO2 of
20 0.05 to 1.2. Generally ratios of 0.07 to 0.15 are preferred. If the ratio
is too high (i.e. the solution has high alkalinity), the bound crystals
will dissolve in the solution. The silica binder, instead of being
converted into zeelite crystals: on. the core zeolite crystals, or forming
. intergrown crystals, dissolves out of the extrudate and crystallizes
25 outside the zeolite core crystals in the surrounding mother liquor. This
weakens or destroys the integrity of the extrudate. The more alkaline
the aging solution the more the silica dissolves out of the extrudate.

Aging of the zeolite extrudate in the aging solution is preferably
30 conducted at elevated temperatures, generally in the range of from
about 95 to 200°C, more preferably in the range of about 130 to 170°C,
most preferably in the range of about 145 to- 155°C. Aging time may
range from about 20 to 140 hours, more preferably from about 60 to
140 hours, most preferably from about 70 to 80 hours.
35 '



MFl zeolite contains a silica to alumna nole ratio of from about 10:1

t o about vi00eie0e430 Next, a silica-bound zeolite is prperaseshsgeferably
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m xture conprising the zeolite crystals, a silica gel

so, water and optionally an extrusion aid until a honbgeneous

conposition in the formof an extrudafl e paste devel ops. The silica

binder used in 35 preparing the silica bound zeolite aggregate i's
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hours. The resulting product may then be washed and dried. To
remove the TPAY species, the ‘product is calcined "after washmg,
preferably at a temperature of 450 to.550°C,

In certain applications, e.g., dispi'oportionation of toluene, the most

preferred MFI bound catalyst may be described as a two phase catalyst-

comprising a first phase of particles of MFI-type zeolite having a silica

to alumina ratio of from about 10:1 to about 200:1. The second phase - |

is comprised of MFI-type zeolite having a higher silica to alumina ratio
in excess of about 200:1. The second phase consists of small
intergrown crystals that cover or partially cover the first phase
particles and of small crystalline particles that adhere to the surface of

 the first phase particles. Preferably the first phase particles have a

silica to alumina ratio of from about 20:1 to 150:1, more .preferably
from about 50:1 to 125:1, and the second phase has a silica to alumina
ratio greater than about 200:1, more preferably greater than about
300:1. The particle size of the first phase particles may be in the range
of conventional MFI-type zeolite particle size, i.e., an average particle
size of from about 0.1 to 15 microns, more preferably from about 1-5
microns, and most preferably about 2 to 4 microns. The second phase
particles which serve to adhere the first phase particles together are of
much smaller size, generally having an average particle size of less
than one micron, preferably of from about 0.1 to less than 0.5 micron.

The zeolites of the present invention may be further ion exchanged as
is known in the art either to replace at least in part the original alkali

umgst mﬁfgrahly @bout |15G et éﬂmahmterialsisr oys

|



dotional ly, the silica-bound aggregate can be made into a very small 15
particles W@,&%,W application in fluid bed processes suchmmsgmszsl
catal ytic cracking. This preferably involves mixing the zeolite with a
silica containing matrix sol ution so that an aqueous ‘sol ution of zeolite
and silica binder is fornmed which can be sprb@ed dried to result in

smal | fluidizable silica-bound aggregate particles. Procedures for 20

prepari ng such aggregate partjcles_are kno 0 persons sKi IIed in

art. An exanpl enmgtalsnme&tﬁné@smb ‘H"lgb enhoattphee.ged G lﬁ
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96/ 16004 zeolite boun zeohte catalyst. Parucularly preferred cativms jarsstheses 1
12 which render the material catalytically active, especially for certain
hydrocarbon conversion reactions. These include hydrogen, rare earth
metals, and metals of Groups IIA, IIIA, IVA, IB, IIB, IIIB, IVB, and
15 VIII of the Periodic Table of the Elements.

ound

The zeolite-bound catalysts as described above have mechanical

strength which is at least comparable to and often stronger than that

of silica-bound zeolite aggregate. For example typical crush strengths
20 of the silica-bound and zeolite-bound materials compare as follows:

| SH STRENG
SiO2 bound extrudate 0.46 kgflem?
MFI-type-bound  1.28 keflem?

25 N -
The zeolite-bound catalyst also has absorption properties comparable
with that of the zeolite powder.

The most preferred zeolite-bound MFI catalysts for use in reactions
30 such as toluene disproportionation comprise discrete, rounded core
| MFI-type crystal particles having crystal size of from about 2-4 microns
and a silica/alumina ratio of 60:1 to 100:1 and binder particles of
smaller crystal size, generally from about 0.1 to less than 0.5 microns,
having a silica/alumina ratio of about 200:1 or greater, e.g., from 750:1

35 to 5,000:1.
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ted to convert the

zeoﬂGte In certain applications,

it is preferable that the second

zeolite be the same aﬂg the initially bound zeoI | te or a crystall ographic
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pro?ucled asl Cﬁ%sﬂﬂcﬁgselhﬁlcthdﬁfcﬁbén susw g}& tadtmezzzn filed
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crystals, e. gslovemmmﬂlml%émlm dfsdoﬁhcesoﬁmhmhfamrﬁnetebyymmfporamd

grow t oge herqyalgg é}ltcgrconnect thereby causing the larger crystals to 15
becone bo ogerne The nature of the zeolite forned in the

secondary synthesis conver5|on ~of the silica to zeolite may vary as a

function of tJif GRERESboufl Séolites of the PREIIinventidhhesh Shé Uselli B and
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and optionally a source e ze rmed by

I te
aging in a s RNOSESRREG{ r#’\ly%%’m‘b?feedy tQ upgderas; t ¢ and a
sour ce of Natonfaintnietﬂmcmbeﬁaéufmals Alsof the féetb it catl alsollesveredi um

Eg\rl\gvzreo t%"ghebrég \é%téo%eﬂeérg%f%#bgﬂgego inthe art. It is inportant,

The conversion of hydrocarbonaceous feeds can  take place in 'any
convenient mode, for example, in fluidized bed, moving bed, or fixed
bed reactors depending on the types of process desired.

20 : . : : : .
Since the zeolite bound zeolite catalysts of the present invention have
controlled acidity and do not contain a conventional binder which can
adversely affect the access and/or contact of reactants to and with the
active sites of the catalyst and can also cause undesirable side
25 reactions to occur, the zeolite bound zeolite of the present invention by
itself or in combination with one or more catalytically active
substances can have high activity, high selectivity, high activity
maintenance, or combinations thereof when used as catalysts for a
variety of organic, e.g., hydrocarbon compound conversion processes.
30 Examples of such processes mclude, as non-limiting examples, the
following: : :

(A) The catalytic cracking of a naphtha feed to produce light

olefins. Typical reaction conditions include from about

35 ' 500°C to about 750°C, pressures of subatmospheric or
atmospheric, generally ranging up to about 10
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c’"orrpos'ition which will not cause the silica present in the bound zeolite

extrudat e tﬁﬂsﬁw‘ve out of the extrudate. Al so, in sone | nNptHOsIsASeIt | S
pr ef er abl e -t'hat e zeolite formed in the secondary synthesis is |ess

acidic than the core zeolite."35 WD 96/ 16004
PCT/ US95/ 15281 _ 17 13 In a
preferred enbodi nent of the invention, the aqueous ionic solution I n

whi ch the bound zeolite is aged contains a squrce of hydroxy .ions

(preferably NaOH). When natmesphexes (gaugehandxgsidencel fime (Yolume of thg ¢ g
nmolar ratio-of O to Si @athh&@efeéd&gtdﬁ%h aboet 80 meilliseeohds #dabbut 20 1. 2,
an

nore preferably fromabout 0.Q5 to 1.2, d nost preferably from about
0.07 to 0.15. This treatn¥P2C8uses the silica binder to be ~ converted
substantially to a MFI-type zeolite, but of lower acidity as refl ected

by -having a significaat! yrRL0 Llic .al um {i salution
al so cont ai ri a tenp e Tgégh,gt%éce%éwrgﬁwﬁam%%%aEO w?%%s for
MFl type zeolite) and nay bpdrosazbons itacilomer sweight cbydrocarbons;| ufiypicadnd a
source of Nat ions. The sigdefidn! Ocandifiond ' fir OcafallBie crackiify" thdlode
adUeous ol ut1on. 11 the. EPEERRSeRIRE Ted; 1 aouin ADR"Cs teonbant I00C, ang
t he secogdary s_yn][ hesi s npréssutesioffronb about 0al htmi)_sph?l@f(bak')ltb aboufl30 t he -
converte terial 1's nor rla V. I ‘e

[ mpor t ant trT]ﬁht t he aging ggﬁgﬁlg%eﬁaééhawqu@* 58%5% th%%ocgnues of 'ffom

about 0.1 to about 100.

(C) The transalkylation of aromatic hydrocarbons in the
presence of polyalkylaromatic hydrocarbons. Typical
15 ~ reaction conditions include a temperature of from about
200°C to about 500°C, a pressure of from about
atmospheric to about 200 atmospheres, a weight hourly
space velocity of from about 1 to about 1000 and an
ammaﬁc' hydrocarbon/polyalkylaromatic hydrocarbon
20 mole ratio of from about 1/1 to about 16/1.

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

“from about 0 to about 100. |

30 (E) The dewaxing of hydrocarbons by selectively removing

. straight chain paraffins. The reaction conditions are

dependent in large measure on the feed used and upon

the desired pour point. Typical reaction conditions

inciude a temperature between about 200°C and 450°C, a

35 . pressure up to 3,000 psig and a liquid hourly space
velocity from 0.1 to 20.



al kaline. This may be achi eved, when producing a MFl-type bound
zeolite, g a solution haV|ng an initial nolar rati ] S
!ﬁii petivs gf If t he

of 20 O. 1.2. Cenerally ratios of 07 to 0.15 are preferre

ratio . is too high (i.e. the solutiolf has high alkalinity), the bound
crystals will dissolve in the solution. The silica binder, instead of
bei ng converted into zeolite crystals on the core zeolite crystals, or
form ng ~ intergrown crystals, dissolves out of the extrudate and

crystallizes 25 outside the zeolite core- crytals in the surroundi ng nother
l'i quor. This akpre yIio: Saiogﬂa tlg:ﬂi'rhé t e. The
nore al kal i ne (m?he a‘g ke ﬁol l}{?)gn t tie theyrsula W I%e%l sso ggés out of
t he extrudate. ﬁﬂfgﬂl ?‘I‘Eenféo’rq{' B?&SPHG&PG*‘P ¢ | uti on
is pr effer?bly 30 conoblgl,edleﬁhsglﬁmhmbum r§ahd@raichld1uohdlsthe f
range o rom o) Dreter he.range o
about 138 to 170[err] g%“%g in%’s%%ﬁéf%&fr#ﬁ gﬂﬁé‘cﬁ? TEABEP™ 145 to
155[err] C. Aging tine cmyhtlons include 4 ttempemmnremf ﬁmmlabottloﬂlﬂwc tore
preferably from about ,%/ ?ggo()gf 3491.&“;@ of "Broin Fﬁtﬁf\x‘iré’ﬁﬁb’sﬂﬁﬁﬂ gpout 70

to 80 hours.

PCT/ US95/ 152 81 out 200 atmospheres, a weight hourly spacellqeloclty of Af ter '

aging, the zeolite is fromarabont 1hemaolabbupn2, ooehbedan&raﬁdafdiﬂauc :

gglc)lc: tngc__iL.o A pr ehyéroggﬂ%n?gﬁ:% af Rg a% %{Jlgq'ago qiqler | bout i type
to about 20/1. '

|

(@) The alkylation of aromatic hydrocarbons, e.g., benzene,"
with long chain olefins, e.g., Cy4 olefin. Typical reaction
15 ~ conditions include a temperature of from about 50°C to
about 200°C, a pressure of from about atmos;;henc to
about 200 atmospheres, a weight hourly space velocity of
from about 2 hr-l to about 2000 hr-l and an aromatic
- hydrocarbon/olefin mole ratio of from about 1/1 to about
20 '20/1. The resulting product from the reaction are long
chain alkyl aromatics which when subsequently
sulfonated  have parhcular apphcatmn as synthetic
detergents;

25 (H) The alkylation of aromatic hydrocarbons with light olefins
' to provide short chain alkyl aromatic compounds, e.g., the
“alkylation. of benzene with propylene to provide cumene.
Typical reaction conditions include a temperature of from
about 10°C to about 200°C, a pressure of from about 1 to
30 . about 30. atmospheres, and an aromatic hydrocarbon
weight hourly space velocity (WHSV) of from 1 hr-l to

about 50 hr-1;

@  The hydrocracking of heavy petroleum feedstocks, cyclic
35 - stocks, and other hydrocrack charge stocks. The zeolite
bound zeolite catalyst will contain an effective amount of



5 conprises mxing a solution containing sodiumions e.g. agueous

sodi um hydr '9%600)‘“ th a solution containing TPA ions, e.Jd.,pcTs9415281

hal i de sol ution, such as TPA bromi de. The silica-bound extrudate of

t he second step may then be -added and the conposition heated to

preferably 140 to 160[err] C, nost preferabl yl%bout 150[err]C. The nateri al
is |0 mintained at this tenperature for 60 to 140 hours, preferably 70 to
80 hours. The resulting, product y. then be washed and &Jitid. To
renove the TPA+ species, 8helegsbdore ihydzegenation seompongntiofy the type

preferably at a tenperat ugmpldyedia hpdroericking catalysts. | N certain

applications, e.g., disproportionation of toluene, the npst preferred
MFI bound catal yst may be described as a two phase catal yst conpri sing
a first phase of par{J)cl eThef alliylatippe of cal reformate nepntabiingc substantial

alumna ratip of from abo tihgl atﬁﬁfz 0: T ongithhagRl g IS
conpri sed of50NFI -type zeo##?é{aﬁ%\s}i ;bg a |geﬁg.r éjsl}q i Egutﬁgﬁaﬁgxtﬁ a rat igg 20
in excess of about 200: 1. conteining: o§horh achabn, glefins oile ylene and

ntergroun crystal s thal gevlené) B8 bioduby MeKe! dnd® Halkylatehas Typical
0

particles and of small crystalline .ticles, that, adher the surface of
the first phase particl esteastion, copditions mclude tempe ?sblggmhaﬁhp“i
silica to alumna ratio ofi00*Crioadiborit 260%C,t a piesire of fromr siautab0§ ta5

f bout 50:1 to 125:1, d ] FYONay
rat1o o eatth than about ' 3004 S0 PEE) ACPIST clgsn il pldal B2 B
300: 1. The particle size ebouh@.8hxs;a WHEY refomatesffagmmbout ke rtange

of conventional MI-type ZBght gqmehratﬂdglogﬁ%hm , ,re%?dé\@éﬁgﬂ)diﬁrl.sd e
size of fromabout 0.1 to 1?@ roggk rmre%gre?era |y fromabout 1-5 30
nicrons, -and nost preferal? ¢ 5@(}(" elgasfeed; ons. The second phase
particles which serve to adhere the first phase particles together are of
much smal |l er_size, g ra | n ' 4 f
t han one rrﬂ:?on, pre ab@‘owgﬁ?gb%ﬁwgﬁ?ﬁ%g%@ﬁ’ %ﬁg’.nqegrigﬁg’ 35
The zeolites of the presetholuenesxylene, ang naphtbalene; withhlong chaigclefins,
e.g., C14 olefin, to produce alkylated aromatic lube base
stocks. Typical reaction conditions include temperatures
- from about 160°C to about 260°C and pressures from
20 about 350 to 450 psig.

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

25 ' 100°C to about 250°C, pressures from about 1 to 300 psig
and total WHSV of from about 2 hr-1 to about 10 hr-1.

(M) The conversion of light paraffins to olefins and/or

: aromatics. . Typical reaction conditions include

30 temperatures from about 425°C to about 760°C and
' pressures from about 10 to about 2000 psig.

(N) The conversion of light olefins to gasoline, distillate and

‘lube range hydrocarbons. Typical reaction conditions

35 include temperatures of from about 175°C to about 375°C
and a pressure of from about 100 to about 2000 psig.



Is knowmn in the art either to replace at least in part the original alkali

WO 96/ 16049616004 PCT/695/152615/ 15281
15 nmetal present in the zeolite with a different cation, e.g. a Goup -
| B to VIl Periodic Table netal such_as nickel, copper, zinc,

pal | adi um pl ati num cal ciumor rar e2@arth nmetal, or to provide a nore
acidic form of the zeolite by exchange of alkali nmetal with
intermediate 5 ammonium followed by cal cination of the amoni um formto
provi de t he -aci di c hydrogen form The acidic formmy be readily

prepared by (O) eTwwmsipgeudiydroerackingblfer anpgiadingadeyirosarbonas

a0 " 5500C for & per?%)“ése@“'%%’%?%%@%n?}ﬁ@#ﬁ%@&%&%ﬁ BBns. 1 on

10 exchange is pref er RE¢Riwwdigtilate an asbhmdmlhngcrnnga@rodmiphme
zeolite bhgund zeolite aarfeém fuﬂhéi-fﬁé!hfﬁr'éhéiﬁﬁﬁﬁsf pideSahkMepLhie ot hOSE
whi ch render the materhr cat al caII t|ve pem& g rtal n
‘hydr ocarbon conver si on @8 e zgép

metals, and netals of Catalyst Eldémprhﬁngl ‘dﬁe Br  inloke éiﬂaﬁyué @mew VI
ol bea hhove hove SBbddfoR YK Erowp YT HétaR Hid ke BRI DG, Vo 5, %0

descri bed above have
to and often stronger thefirstetage WOu]dbe;reaQtadhnm&mndlstageagglegate For

exanpl € jy/pi cal crush s¢doRiaokdtite. g0 zdolite Bétal TofifMing hhe? 6 bhdre POUN
material s corrpare as foI
#gcaﬂy active substances, e.g., a Group VIII metal,
as the catalyst. Typical reaction conditions include ‘
temperatures from about  315°C to about 455°C, a
pressure from about 400 to about 2500 psig, hydrogen
15 circulation of from about 1000 to about 10,000 SCF/bbl
and a liquid hourly space velocity (LHSV) of from about
0.1t010;

(P) A combination hydrocracking/dewaxing process in the

20 - presence of the zeolite bound zeolite catalyst comprising a

hydrogenation component and zeolite Beta. Typical

reaction conditions including temperatiures from about

350°C to about 400°C, pressures from about 1400 to about

. 1500 psig, LHSVs from about 0.4 to about 0.6 and a

25 ~ hydrogen circulation from about 3000 to about 5000
SCF/bbl.

(Q The reaction of alcohols with olefins to provide mixed

ethers, e.g., the reéction of methanol with isobutene

30 - and/or isopentene to provide methyl-t-butyl ether (MTBE)

and/or t-amyl methyl ether (TAME). Typical conversion

conditions including temperatures from about 20°C to

_about 200°C, pressures from 2 to about 200 atm, WHSV

_ _ - (gram-olefin per hour gram-zeolite) from about 0.1 hr-l to

35 | about 200 hr'l and an alcohol to olefin molar feed ratio
from about 0.1/1 to about 5/1.
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CRUSH STRENGTH

—extrudate 0.46 kgf/cnferr]
Ml - t ype- bogig@e/16004 1S SHEET Had g gf /lcnferr] 25 PCTIOSYS/15281
zeol i te-bound cat al yst al sig. _has':"sﬁb&@npt | Onf properties conparabl e W th

, tf preferred zeolite-bound NI
catal ysts for use in reactions 30 such as #di uene di sproportionation

conpri se discrete, rounded core MFI -type crystal particles having
crystal size of fromabout 2-4 mcrons ‘and a silica/alumna ratio of
60:1 to 100:1 and bi nder particles of smal | er crystal size, generally

fromabout 0.1 to | @ tHERe GliSpruportionation of tvduene to make Chdradenei axad r at i 0

of about 200:1 or greater ro 21 . , . .
Page 16 -Processes f%arﬁﬁ‘?leepnffr'i n%dcgggﬁéfséﬁ(g&ﬁﬁsi H“EIH Aent
i nvention are di scl ciemperatere ofofromii abpus. 20086pIto caboutn J603C33%, 222,
filed venber 7, 196¢bsstidV bf Sfropat , riaNGoO0 84kttt ;
filed %venber 11, 1994, the (a’s Ios?ygmqf%ﬁeg?%qﬁe%i)&_fw
i ncorporated 5 by ref er HROSP erelar,an a WHSYV of from about 0. to

- about 30 hr-*.

(S) The conversion of naphtha (e.g. C6 - C10) and similar
10 mixtures to highly aromatic mixtures. Thus, normal and
slightly branched chained hydrocarbons, preferably
having a boiling range above about 40°C, and less than
about 200°C, can be converted to products having a
substantial higher octane aromatics content by contacting
15 : the hydrocarbon feed with the zeolite at a temperature in
the range of from about 400°C to 600°C, preferably 480°C
to 550°C at pressures ranging from atmospheric to 40 bar,
and liquid hourly space velocities (LHSV) ranging from
0.1t015. : o
20 L .
(T) The absorption of alkyl aromatic compounds for the
purpose of separating various isomers of the compounds.

(U) The conversion of oxygenates, e.g., alcohols, such as
25 methanol, or ethers, such as dimethylether, or mixtures
: thereof to hydrocarbons including olefins and aromatics
with reaction conditions including a temperature of from
about 275°C to about 600°C, a pressure of from about 0.5
atmosphere to about 50 atmospheres and a liquid hourly
30 space velocity of from about 0.1 to about 100;

(V) The oligomerization of straight and branched chain
olefins having from about 2 to about 5 carbon atoms. The
oligomers which are the products of the  process are

35 medium to heavy olefins which are useful for both fuels,
i.e., gasolirie or a gasoline blending stock, and chemicals.
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The zeolite bound zeolites of the present invention can be used in
processi by/idop# ar bonaceous feedst ocks. Hydrocar bonaceoupcrasygsisas:
stocks contaln carbon conpounds and can be frommany different 10 sources,

such as virgin petroleum fractions, recycle petrol eum fractions, tar
sand oil, and, in general, can be any car®dn cont ai ni ng fluid
suscepti bI e to zeolitic catalytic reactions. Depending on the type of

processing the hydrocarbonaceous feed is to undergo, the feed can_
contain metal or can b&her pligomerigation piqcess is igenerally jcarcied ewtdyhave is

hi gh or 1 ow ni trogen obortdcting (e Wlafin fedstock in W gaBesuL sEdte pltdse

hydr ocar bonaceous feeds an La g 3 n]1 conveni ent node, for _
exanple, in fluidized Bath Eﬁﬁ pund zegplite ﬁEG temperggyre ing 8ependi ng
onttlhe Eypefs ?L pr ocessfﬁ@mabdutzmmtoa&w&oo"Pa aZBHSVefﬁeitmﬂbmﬁoldi te t
catal ysts_o e prese \, I 0 no
contai n & conventi onal Bb% %Xﬁ‘m #ﬁ;ﬁﬂgaaﬁhydrocamp%@dp@é\ge %g ccess
and/ or contact of . reacahoutOibteahout 50 atmospheresc {Temperaturesobelowe

catal yst and can al so S 5 ! fedds the .
zeolite bound zeolite gf%?ﬁémdeai: :b%vgér}\éh?ia éé&aéﬁwgglglf ors?erll{

conbi nati on with one o™ ££§P {/}’F“ }Lﬁ qu phase\g eR cantactinga, have
hi %B_ ac:!wt_.yihhl ghfseltbetzeuhteyboﬁmfzeehl wtdaﬁa!yst Thﬁa,lwhenameeoleﬁn :
conbi nat j ons ereo a | 8y rganic,
e.g., hytfocarbon con\s’g??@&g%%n %ﬁgﬁ% ;ﬂ‘g gg@g st 313 t&)?aﬁ’ﬁﬂuég 8?’33

hydr ocar bon conver si on tgmpexatawes: iof £tar cabosus 1056 to about 250°C ngamhmpl es,

the foll ow ng:. - . used.. (A) The catal ytic cracking of a naphtha feed t‘
pr oduce Iight... ; ol efins. Typical reaction conditions include
from about 35 - - : 500[err] C to about 750[err]C, pressures of
subat mospheric or (W) The conversion dftCpanbsturated hydiciarboris (ethylened to
about 10, 15 and/or -acetylene) to aliphatic Csi2 aldehydes and

~ converting said aldehydes to the corresponding Cs12

a}cohols, acids, or esters.

In general, therefore, catalytic conversion conditions over a catalyst

20 comprising the zeolite bound zeolite include a temperature of from

about 100°C to about 760°C, a pressure of from about 0.1 atmosphere

- . (bar) to about 200 atmospheres (bar), a weight hourly space velocity of
from about 0.08hx! to about 2,000hr-!. :

25 Although many hydrocarbon conversion processes prefer that the
second zeolite crystals have lower acidity to reduce undesirable
reactions external to the first zeolite crystals, some processes prefer
that the second zeolite crystals have higher acidity, e.g., the acidity be
tailored so as to catalyze desirable reactions. Such processes are of two

30 types. In the first type, the acidity and the crystallographic type of the
second zeolite is tailored to match the acidity and the crystallographic
type of the first zeolite. By doing so, the catalytically active material
per weight of formed catalyst will be increased thereby resulting in
increased apparent catalyst activity. Such a catalyst would also be

35 benefited by the greater adsorption, e.g., accessibility and reduced non-
selective surface acidity. Toluene disproportionation is an example of a
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17 wo,g,mm at m)spheresl (gauge) and residence tine (pelugensedst he
catalyst + teed rate fromabout- 10 mlliseconds to about 10

seconds. 5 (B) The.catalytic cracking of--high nolecular weight
hydrocarbons to | ower weight hydrocarbons. 1Bdi cal reaction
conditions for catalytic cracking include _ _ t enper at ures of
from about 400[err]C to about_ 70 _pressures_of from about

QC, _ .
0.1 at mospher e pragess that-weuld be bepefited by this type of natalyst: cWithiteluene ght
hourly space vejprdgditiofation)® non-selective, equilibri®RUinilture!sF Rflenés 10
(© The transalkyl atdé}%g'()f aropat i céﬂ%%rﬁocar bons i.n th&
presence of pol Y Readych is desired and, Qre, gyeates forme catalyst apparent
reacti on condi t aetivity inote benéficink tiran impedvdd selectivivy. '
200[err]C tc%about 500[err]C, a pressure of from about

at nosphericto about 200 atnospheres, a wei ght hourl% o .
space vel oci ty Theseesndiyme of progess can(e benefited by tailoring the acidity

aromati ¢ hydrocgy bd/seednd lz6¥lied pRaké Gs ol (HErBOiwd Or more reactions a?®! €
rati o of from abqut lllto.&ggtcﬁlpwlﬁ : ' &E)) The |rs$8ger|, ation
of aromatic (e.tRKINEPIAcRI #eplite catalyst. In such’a:pracess .a‘?‘ilﬁ}'cal
reaction condit andrfthe aystallogehphilic structure of the second phase zeolite may
10 Dbe tailored so that it is different than that of the first zeolite, but does
not have to be essentially void of acidic sites. Such a catalyst would be
comprised of two different zeolites that could each be separately
tailored to promote or inhibit different reactions. A process using such
a catalyst would not only benefit from greater apparent catalyst
15 activity, greater zeolite accessibﬂity,'and reduced non-selective surface
. . acidity possible with zeolite bound zeolites, it would also benefit from a
tailored product.

Combined xylene isomerization/ethylbenzene dealkylation processes

20 would benefit from this type of catalyst. - An isomerization/

ethylbenzene dealkylation catalyst could be tailored such that

ethylbenzene dealkylation would primarily occur within the first

~ zeolite -crystals, and xylenes isomerization would primarily occur

within the second zeolite crystals. By tailoring a catalyst in this way, a

25 balance between the two reactions can be achieved that could not
otherwise be achieved with a catalyst containing only one zeolite.

The zeolite-bound catalyst of the present invention has particular
application in the vapor phase d_isproportionatibn of toluene. Such
30  vapor phase disproportionation comprises contacting toluene under
disproportionation conditions with the zeolite bound zeolite catalyst to
yield a product mixture which comprises a mixture of unreacted
(unconverted) toluene, benzene and xylene. In the more preferred
embodiment, the catalyst is first selectivated prior to use in the
35 'disproborﬁbnation process to enhance conversion of toluene to xylene
and to maximize the catalyst selectivity towards the production of -



a tenperature of from about 230[err]C to about 510[err]C, a 25

pressure wodenemsabout 0.5 atnospheres to about 50 PCT/US95/15281

at nospheres, a weight hourly space velocity of from about

0.1 to about 200 and a hydrogen/ hydrocar bqih]rml e ratio of

fromabout 0 to about 100. 30 (E) e dewaxi ng of hydrocarbons by
sel ectively renoving strai ght chain paraffins. The

reaction cond e on the
feed used an Weﬂ Processes for sﬁ“&@%ﬁ%oﬁ%‘%&? n%% E\%H’CS
reaction concpersons skilled in the art. | Far neelectivasione tmaygnbebout
200[ err] C anda&'éﬁﬁﬁ.{dﬂeﬁ by eXBosing the catflgst iR’ i'éalftgr bed'ss %tﬂ@ﬂnﬂﬁ% and a
liquid hourly_s ﬁ ¥° rom
96/ 16004 decomposable organic compoun luene, at a - teprpnrggm imog1
%8 5 excess (0F)the Tdeconipgasition Qanm‘erﬂlm-eaoﬂ Saidycbn®yé g. €rdin

enzene a es e
al kyl ating ag%lmut 480°C to Eﬂ'mi’d Egbbg &'J}eo?{ﬂfﬂ‘?é’lf qg{onge %ém C?aﬂtkﬁl
hal.i des and aWdd8¥lin tlse range of from aboutv0. dgtol20dbamftkedq)erapommd afors.
Typi cal reactifgjvst per hour, at a %reﬁﬂﬁbgo fgﬂ%le“&eﬁ@nf ﬁﬁﬁﬁ’# 3Lty 0@ from

about 100C to Lb ressure f rom about
at nospheri c tg,tmospheres, and in theaBTﬂ?FnEQ) 9bﬂ6 &smoles,af hydrogen, | v

space velieci togé preferably from about 0.1 to about 2 moles of hydrogen per mole
of orgamc compound and optmnally in the presence of 0-10 moles of
'mtrogen or another mert gas per mole of organic compound. This ‘
process is conducted for a period of time until a sufficient quantity of

coke has d_eposrted on the catalyst surface, generally at least about 2%

15 by weight and more preferably from about 8 to about 40% by weight of
coke. In a preferred embodiment, such a selectivation. process is
conducted in the presence of hydrogen in order to prevent rampant
formation of coke on the catalyst. The initial mole ratio of hydrogen gas .

to toluene present in the toluene feed stream can be reduced during

20 the selectivation process after a significant amount of coke has been

deposited on the catalyst surface..

_ Selectxvanon of the catalyst can also be aocomphshed by treatmg the

catalyst with a selectwatxon agent such as an organosxhcon compound.

25 Organosﬂlco__n__ compounds suitable for use as a selectivation agent are

disclosed in United States Patent 5,365,003, which is hereby
incorporated by reference.

When used in the 'v__apo_r phase disproportionation of toluene, the
30 catalyst more preferably comprises a first phase of particles of MFI-
type zeolite crystallites having a micron average particle size from
about 3 to about 4, a silica to alumina mole ratio of from about 70 to
about 80:1, having adhered structurally to the surfaces thereof
particles of a second MFT or MFI-type binder phase having an average
35 particle size of less than about 0.1 micron and having a alumina to



from about Ihf[err] to about 2,000hr[err] and an aromatic 10

hydr ocar b%}imtl ng agent m)l e ratio of fromabout 1/1 pCT/US9S/15281

to about 2 . . (G) The al kyl ation of aromatic hydrocarbons,
e.g., benzene, : ... wth long chain olefins, e.g., Cl4 ol efl n.
Typi cal reaction 15 o conditi o@ include a tenperature of from
about 50[err]Cto ' about 200C, a pressure of from about

at nospheric to about 200 at nospheres, a weight hourly

space vel oci t ysilita ratio in excess of ghawt 300: to abq\gr rlp,QQD lpand mostH

hr[err] and any éy%q ?reaterthanQOO.l. hydrocarbon/olefin nole ratio of
from about 1/ 1 to 20 : 20/ 1. The resulting product from

the reaction are |ong chain al kyl aromatics whi ch when
subsequent |y ' Selectivated versionssof it aéslitenbormnd 2ebdlite whienongdd imiviapor as

t het 5 o
Z?l(r)]ma'?l l:ch?droﬂl&?%mopﬁ %ﬁ#&& ’?W?%tz Mgher(gglecﬂ-&?ya%&%row ee short
chain al kyl arproduictionafiparasylene than conventional selectivated MEI r9talystsn of

benzene with propylene to provide cunene. : Typ| cal reaction
conditions include a tenperature of from %1 Cto
about 200[err] eacﬁﬁiﬁﬁut"g the rinyention, ds 1moge 3pesistant to co

at nospheres, veRtidhaltdatalysys n@edr v lisproportionating. Fomemmhnd:wual y

I t f f 1. h te 20
rrerr] 10 yse(lecuﬁné’q prodeasL iR\ 18, digprypartiopption, pf, ke, o2 a
f eedst ocks, cyedriventional catalyst normaibclo:egum athleasty@dodhomes untilge
stocks. The 2eQlirlefent coke has built up to BéBHirtWhétep&Rbletd piiduribAfiba n an

ef fective anou
maximized. Conventional MFI catalysts are less resistant to coking

and can therefore be selectivized in less time. However, because a
15 conventional ZSM-5 catalyst is less resistant to coking, it will be more
quickly deactivated during its use in disproportionation, giving rise to
shorter run cycles. Thus, one of the major advantages of the use of the
zeolite bound- zeolite in vapor phase disproportionation, is longer
~ disproportionation cycle lengths.
20 :
Once the catalyst- has been selectivated to the desired degree, e.g.,
greater than 80% paraxylene selectivity at on-oil conditions, reactor
selectivation conditions are changed to disproportionation conditions.
These disproportionation conditions include a temperature be_tween
25 about 400°C and 550°C, more preferably between about 425°C and
510°C, at a hydrogen to toluene mole ratio of from 0 to about 10,
preferably between about 0.1 and 5 and more preferably from about 0.1
to less than 1, at a pressure between about 1 atmosphere and 100
‘atmospheres and utilizing WHSV of between about 0.5 and 50. One of
30 the particular advantages of the use of the catalyst in
disproportionation is that it provides a good paraxylene selectivity at
Ho/toluene mole ratios of less than 1, e.g. at about 0.5.

The disproportionation process may be conducted as a batch, semi-
35 continuous or continuous operation using a ﬁxed or moving bed
catalyst system deposited in a reactor bed. .The catalyst may be
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96/16004 at | east one hydrogenation conponent etrAitss/isyfe

enpl oyed | n hydrocracki ng catal ysts. - (J) The al kyl ation

ref ormat e containing substantial 5

vol /vol fugl
hydrocarbons
napht hal ene,

Eé‘tﬂ.ﬁe boud zeolitd &F thzhﬁre%ﬁi’ 'ﬁ%éﬁﬂoﬂflsa# il';
§Y

en
\”p @ﬁ@ @{watdpep,p@cess for 1 1somenzmg ones 05 mo;gl

produce al kyl asambwmnntcwaﬂoﬁm@ﬁeed to obtain ortho-, metasta&f&para’

reaction cond| i on %@%é%%?emum yalug, In partmuloar,

160[err]Cto

15281

of a

guantities of benzene and

"toluene with fuel gas con2@i ni ng short chain ol efins
(e.g.,ethyl ene and propyl ene) to produce nono- and

di al kyl at T I djt | u

Cempet o oo PRGBS afe coke deacivaios GhRanEsE o shasake o aissned

pr fosur Ef of f'éﬁféb rﬂbthnlﬁajgen]-coiﬂalmng atmospherelst%lgmdpﬁeo I exf[%tW&] %
-olefin froma to . about 0. rlferr], a _
VHSV -reformaf‘é @ntg%gﬁ‘ 1 hrerr] to ' about 2 hrferr]
and, optionally, a gas recycle fromabout 1.5 . to 2.5

in,

t 350

to 450 psig. 1somenzat10n 18 used him abRjunctionn vul:hpaeseparatuonhpwwssnm or

equi val enjq
Typi cal
about 25

 manufacture para xbA8NFof ekdmiHIEVA BErlionor wéngarégxgr 5 gsﬁ

eaction co Ions era

. amixed Cs arqmopsp SfreaTs AV, be recoyered using proeasses kn

1 to 300 psigin the art, e.g., crystallization, adsorption, etc. The resulting stream is

15

20

25

30

35

then reacted under xy_léne isomerization conditions to restore ortho-,
meta-, and paraxylenes to a near equilibrium ratio. At the same time,

part of the ethylbenzene in the feed is converted to xylenes or to

products which are easmly separated by distillation. The isomerate is
blended with fresh feed and the combined stream is distilled to remove
heavy and light by-products The resultant Cs aromatics stream is
then recycled to repeat the cycle

enol s.
om

PWR about
q

It is important that xylene isomerization catalysts produce a near

equilibrium mixture of xylenes and it is also sometimes desirable that
the catalysts convert ethylbenzene with very little net loss of xylenes.

The zeolite bound zeolites find particular application in this regard.

The silica to alumina ratios of the first zeolite and second zeolite can be
selected to ba_lance xylene isomerization and ethylbenzene dealkylation
while minimizing undesirable side reactions. Accordingly, an

" additional aspect of the present invention is to provide a hydrocarbon

conversion process which comprises contacting a Cs aromatic stream

containing one or more xylene isomers or ethylbenzene or a mixture.
- thereof, under isomerization conditions with the zeolite bound zeolite.

In the vapor phase, suitable .isomerization, conditions include a
temperature in the range 250°C - 600°C, preferably 300°C - 550°C, a
pressure in the range 0.5 - 50 atm abs, preferably 10 - 25 atm abs, and
a weight hourly space velocity (WHSV) of 0.1 to 100, preferably 0.5 to



and total WHSV of fromabout 2 hr[err] to about 10 hr[err]. /

(M The CQﬁﬁS@ﬁhﬂP of light paraffins to ol efins and/or PCT/US95/15281
aronmati cs. ypical reaction conditions include 30 '
tenperatures from about 425[err]C to about 760C and

pressures fromabout 10 to about 2000 psig. 27 (N) The
conversion of light olefins to gasoline, distillate and

| ube range hydrocarbons. pi cal regcti.,on_conditiops

i ncl ude t enper Q- Optym aﬂsy semevization g, th ecvwraaga@e iz cprdygted in the

and a pressure érice oo 0o 3000 rholes vf Liydz? &r @nole of benzétd) 03f
e Dbl 1osgy Bies yd26géh p alky

pgen i85 rthe st should comprise. 0.1 48 2.0 wt% of a
g?? ea-rl;SthE/?%g mgmamﬁhgdm;eﬁg}ma&&emmmmmo@ VIII of

prem um di sgi | I P?glgp&aor 1 %éﬂ% ﬁﬁ%ﬁnﬁ”%‘iﬂﬁhﬁrﬁr orsmckel By

as feed to urt rocess| ng- st ep
first stage usucﬁmm anetal @nmoagetﬁgleg@& sénManéefbpmoompounds

catal yst conprguehis @tde®anddulfiges. al ytically active
substances, e.g.,a Goup VIII netal, and the effluent. from

the first stage mnuld be reacted in a second stage using a 10
second zeol i t e, Inc.the, lizpudi phaset anitablerisomeyizatienorconditions include a

10 temperature in the range 150°C - 375°C, a pressure in the range 1 -

200 atm abs, and a WHSV in the range 0.5 - 50. Optionally, the

isomerization feed may contain 10 to 90 wt% of a diluent such as
toluene, trimethylbenzenes, naphthenes, or paraffins.

15 The zeolite bound zeolites of the present invention are especially useful

as a catalyst in a process for cracking a C+* naphtha feed, particularly

a C+ 290°C naphtha feed to produce low molecular weight olefins, e.g.,

C: through C. olefins, particularly ethylene and propylene. Such a

process is preferably carried out by contacting the naphtha feed at

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

550°C to 675°C, at a pressure from subatmospheric up to 10

atmospheres, but preferably from about 1 atmosphere to about 3
atmospheres.

25 The zeolite bound zeolites of the present invention are especially useful
as a catalyst in the transalkylation of polyalkylaromatic hydrocarbons.
Examples of suitable polyalkylearomatic hydrocarbons include di-, tri-,
and tetra-alkyl aromatic hydrocarbons, such as diethylbenzene,
triethylbenzene, diethylmethylbenzene (diethyltoluene), diisopropyl-

30 benzene, triisopropylbenzene, diisopropyltoluene, dibutylbenzene, and
the like. Preferred polyalkylaromatic hydrocarbons are the dialkyl
benzenes. Particularly preferred polyalkylaromatic hydrocarbons are
diisopropylbenzene and diethylbenzene.

35 The transalkylation process will preferably have a molar ratio of
aromatic hydrocarbon to polyalkylaromatic hydrocarbon of preferably



catalytically active substances, e.g., a Goup VIII netal,

as the cajypleghsoes Typical reaction conditions include PCT/US95/15281
tenperatures from about 315C to about 455 err]C, a

pressure from about 400 to about 2500 psig hydr ogen 15 ' :
circulation of fromabout 1000 to about 1 ,8000 SCF/ bbl . and
a liquid hourly space velocity (LHSV) of from about 0.1to

presence of o500 AR Rl S5 mape wialsrabafingh Bbout 211 b0’ ("¢ %0

hydr ogenat i orhbwmmnﬂ‘henéam itempBeature willopreferably range from about

Lo about a0 Ecio RO HpOapHEIE @ oS} 4 pAPYRL Hifd phase, and the  290C

1500 psi g, stsuneowﬂhbem ral lmuabbmangmﬁnbout 30 psig to 1,000 pmg,

hydr ogen gi rcﬁlefé q;&gtq\lﬁb%

SCF/ bbl . 5 rably 309'33 %‘BOQC“ on of al cohol S V\Ytsgac? gﬂor%w to provide-
m xed ' rangefroma § g g., the reaction of nethanol with

i sobut ene 30 and/ or isopentene to provide methyl-t-butyl

et her (MIBE) a y.pi cal
conver si on The following exam%%gﬁé Egﬁ&eﬁ ?&f?%%%%%%%ﬁ%%% 8£1§bout
200C to zeolite bound zeolite catalystusefud du the present inventiopout 200 atm
VHSV (gramol efin per hour gram zeolite) fromabout 0.1
hr[err] to 35 ' about 200 hr[err] and an al cohol to olefin

nmol ar feed ratio -~ fromabout 0.1/1 to about 5/1. ‘



12JN 1997 Page 21 (R The
di sproportig 8% &igs Of toluene to make benzene and PCT/US95/15281

par axyl ene. ypi cal reaction conditions including a

tenperature of from about 200[err]C to about 760C, a

pressure of from about atnospheric to about 280 »5 at nosphere
(bar), and a WHSV of from about 0.1 hr[err] to about 30
hrlerr]. (S) The conversign of naphtha (e.g. C6 - Cl10) and
simlar ' m xtures to MWHC m xtures. Thus, -
normal and 10 : sllghtly branched chai ned hydrocarbons,
preferably mbove about 40[err]C, and
| ess -t han - visim : converted to products
havi ng a ' substantial hi gher octane aromatics content by
contacting at a

t enper at uresi n 15 204 kg ofé&ﬁnﬂﬂ)régiﬁggﬁftﬁ?rv%%?g%%ﬁ gﬁ’er?‘?‘@ of

600[err] C, preferably 480[err]C to 550C at pressures
ranging from at nospheas NagOA4M TPA Br/0.125 Alo03/10 SlO2/Q4$Hb0:]U| d hourly
space velocities (LHSV) ranging from . .1 to 15. 20

(T) The adsorption of alkyl aromatic conpounds for the
purpose of separati ngas ageduat 150%€ for divet ﬂays:(mpbmmtjstlmng in a 25 litér)

The conver si,on of o oh
met hanol , gb et hers&gﬁgﬁésg%t%&netwvt%her ey BE rodpct was washed
t hereof to hydrocartﬂﬂtbwa@lml ﬂnmmaarlgpac. gabout 16 hours. A

with reaction condi tygioni dfcthedirddudt weiER@idhed in Yir at @T6°C for 32 hours.
Characteristics of the calcined product:

15 - XRD: ' Pure MFI.
SEM: -3 micron spherical crystallites.
Elemental: SiO2/Al203 ratio = 80.

B. P TION A-BO PARTICLES

20
A portion of the calcined product of (A) above was formed into 2
mm diameter extrudates with silica as follows: -
COMPONENTS USED FOR  QUANTITY
25 PREPARATION (grams)
- MFI crystals o - 200.00
(dried at 250°C for 2 hours)
- -H90 : | 49.75
30 - SiO2 gel (AEROSIL 300) - 18.82
- Silica sol (NALCOAG 1034A) Lo 197.24
- Extrusion aid - 1.07
(hydroxypropyl methyl cellulose)
35 The above components were mixed in a food processor in the

order shown. About 6 minutes after adding the extrusion aid, a



about 275[err]C to about 600[err]C, a pressure of from about 0.5

at nospher fbRuUt 50 atnospheres and a liquid hourly PCT/US95/15281
space vel g‘g?%’/ of fromabout 0.1 to about 100; 30 T\/’)" %e

ol i goneri zation of straight and branched chain ol efins
having from about 2 to about 5 carbon aton8® The oi goner s
whi ch are the products of the process are ~medi um to heavy

ol efins which are usgful for both fuels, 35 | . i.e., gasaline or
a gasol i ne bl endin and smopthpagte yyas obtainedyo They pesieswas extruded
?ﬁT / U|S_95/ 15281  into 2 mm diameter extrudates. ’I(;he extrudatés were dried

e ol igonerization_process.,i er car{ied, oyt .
contacting the ol epyﬁmgg‘gﬁtoii&ﬁ:aﬁl Ggfcé‘?%(’c @%&@E’g for. 6 hours in

with a zeolite boumidr.zeolite at a tenperature in the range
of from abgut 250[err]C to about 800[err]C, a LHSV of from about 5
0.2 to about 50 and, a hydrocarbon _partial pressure of from

about 0.1 to about Compesitiepof calcinedmlicahapndsexizndates:

about 250[err] C nay be used to oligonerize the feedstock
when the feedstock is i e liquid ph contacting
the zeolite bound zeoli Mat al yst. Th%?eg%g%’ the olefin 10
f eedst ock contacts the &iOglbindern the:li qui30.(ehwid%, .
tenperatuygs of - from about 10[err]C to about 250C may be
used. ' ' _ '

C. CONVERSION TO ZEOLITE BOUND ZEOLITE .

~ Preparation synthesis mixture: - o

COMPONENTS USED FOR QUANTITY

15 PREPARATION -  (grams)
Solution A. S
- NaOH pellei;s (98.3% 1.16
- H20 o A . 24.63
20 - Additional rinse water 10.02
Solution B: _ . . _
- Tetrapropylammoniumbromide 8.00
- - H20 o - . 2547
25 - Additional rinse water I 18.89

~ Solution A was poured together with the additional water into a
300 ml stainless steel autoclave.

30 Solution B was poured together with the additional water into
the contents of the autoclave. The two solutions were mixed.

- Finally, 60.04 grams of the silica-bound MFI-type extrudates
prepared as above (pre-dried for 2 hours at 150°C) were added to
the synthesis mixture in the autoclave.

35 ' '



(W - The conversion of C2 unsaturated hydrocarbons (ethylene 15

and/ or acet y g@,)‘?“gp al i phatic C6C12 al dehydes and PCT/US95/15281
cenverting sal ehydes to the correspondi ng C6-12

al cohol s, acids, or esters. In general, therefore, catalytic
conversion conditions over a catalyst 20 cBﬂpriSing the zeolite bound
zeolite include a tenperature of from about 100[err]C to about 760C,
a pressure of fromahgut 0.1 atnDs ) to,about 200

] r
_at mospheres (bar), a W8 ¢AMPOIHON\P % awxmw&ewo clave wasiom about
0.08hr[err] to about 2,000hr[err]. 25 Al though many hydrocarbon

conver si on processes r. ite crystals have

| ower acidity to red&oégm:i?&epo?ggBﬂmsﬁg?ﬂghg&ternal to the first
zeolite crystals, sonme procé@H&SiQpaatio -0.1) that the second zeolite
crystals havs higher acidity, e.g., the acidity be tailored so as to
catal yze desirabl e reactions Such_processes are of two 30 gpes In the
first type, the acidikhe mgmr stalgrimcthis mixture was40.5 wt% b

zeol 113 tai o e?;dﬂmmwnthzgg&ui@ig%wa%mfmgd w ype
i zeol i I Y. I

per wei ght of forned teg%d@sﬁ%iqptb% H 'E‘H@rfgﬁylrggﬁﬁ‘i ﬁ&te;

i ncreased apparent cagihgJteriod,i thet ynt@lm avasiopeyed amdilthe aproduct veas

benefited b% the gr efbhﬁéct%ﬂ‘ror ption, e.g., accessibility and reduced non-
selective s Pface acidity ol uene di sproportionation is an exanple of a

WO 96/ 16004 - PCT/ US95/ 15281
23 ' The product was washed in a Beuchner funnel with 4250 ml of

- water in 11 portions and the pH of the last wash water was 10.2.
The product was dried for three hours at 150°C. Weight of
15 product recovered after drying: 62.5 grams. The product was
significantly harder than the starting silica-bound extrudates.
The product was calcined in air for 18 hours at 500°C to remove
the TPA*-species. Weight loss after calcination was 5.8 wt%.

20 | The product was characterized by x-ray diffraction (XRD),
scanning electron microscopy (SEM) and hexane adsorption,
with the following results:

XRD: %. crystallinity increase vs. starting silica bound

25 extrudates: 32 % (height increase of peaks at d

values between 3.02 and 2.96 A).

SEM: - 10, 000 times micrographs showed that the -3
micron MFI crystallites of preparation (A) were and
30 | " coated with intergrown, newly formed submicron
crystallites. ‘There was no visible trace of the
amorphous silica which was plainly visible in the
micrographs of the starting-extrudates.

35 Silica To Alumina ratio



process that would be benefited by this type of catalyst. Wth tol uene

di spropowblgmaioaon a non-sel ective, equilibriumm xture wér/ogvsasms i N

the product is desired and, therefore, greater formed catal yst appar ent
activity is nore benefici aI t han i npr ovecétzael ectivity. 5 The second
type of process that can be benefited by iloring the acidity of the-
second zeolite phase is one where two or nDre reactions are t aki ng
place within the zeolite ¢ yst .. L rqcessg, the dity’

and/ or the crystall ogr aphig@# ta'bét% - ' 'hasesglcelol ite may 10
be tailored so that it is W&Whﬁ)rmed\arbmiabnmtysthﬂiﬂe'sr-sﬂﬁmkol ite, but
does not have to be essentlal I y void of .acidic sites. Such a catal yst
woul d be compr.i sed of two djfferent zeolites that coul d each be
separately The  follewing ¢ cexam ustratei ¢ ther r selgotiviagion: | oand A

process gsi ndisproportionationGroséases of\'ﬁhé thveditioa)| y benefit from greater
apparent catalyst 15 activity, greater zeolite accessibility, and reduced

non- sel ective sur.face acidity possible with zeolite bound zeolites, it
woul d al so benefit froma tail omct Conbi ned xyl ene

i soneri zati on/ et hyl benzene deal kyl ati on processes 20 would benefit from
this type of catalyst.. An i soneri zationt _ et hyl benzene deal kyl ati on

catal yst- codfhe b@al@éxeﬂorwl%xhoupﬂatcatalyst dlesoribed zim Exemple | ht wad woul d
primari |1ht OCé‘e!'écﬁ\Tafthd byt fé’édfng $dluene acFe3! ﬁHeEca%hlfsTtt R Qixﬁlerat!g‘i féYllbWtiﬁé

i soneri zation U | u n the second zeolite
crystals. ;P"P\é? E‘b ‘{,‘}fﬁaﬁgﬁi‘?ﬂeﬂw QBIY%P 25 bal ance between the
two reactions can_be achiceved that could not .. at herwi se be achi eved
with a catal = QA [l cJal one zeollte - The zeolite-bound

cat al yst e S ameim GGGt {
vapor phase (ﬂﬁlﬂ’&)portlonatlon of toI uene S>u-c_h 30 Vd#4 phase

di spropqrti %B&a(imtoﬁes cont act i ng toI qene _un_de_r 1100

Pressure (Psig) ol - [ 228

| WHSV @Feed#Cat/hr) D B :
H2:Feed Toluene Ratio (moles) (Ratio | Initial 0.5:1 Ho:Feed Tol.
decreased during selectivation to Ratio

¥ expedite selectivation) B |

Final = | 0.35:1 Ho:Feed
- Tol. Ratio
Hydrocarbon Partial Pressure Initial 60 Psia

| Final 63 Psia

15  After about 340 hours at selectivation éonditions, seléétwaﬁon was
termmated at the point where about 92:94% selectivity to para-xylene
would be achieved at normal dlspropomonatlon conditions.

Following 'selectivation, the high select'i'\'rit_y catalyst was used for the
20 selective disproportionation of toluene (STDP) under the following test
conditions:



di sproportionation conditions with the zeolite bound zeolite catalyst to
yield a pro%%aw ure which conprises a mxture of unreact ¢grmusos/is281
(unconverte ol uene, benzene and xylene. In the nore preferre

enbodi nent, the catalyst is first selectivated prior to use in the 35

di sproportionation process to enhance conver83on of toluene to xylene

and to maxi m ze the catal yst selectivity towards the production of WO
96/ 16004 ~e A ' PCT/ US95/ 15281
24 par axyQneQil Gendiionss for sel ectivating the catalyst are known to

persons skilled in the art. For instance, selectivation may be
acconpl i shed by.exposi ng t catalyst in a reactor ped fo.a.t

deconposabl e or&%ﬁf&“@?ﬁ%@, e.g. toluene, at a téﬂféﬂf@f‘%%ﬁ%&excess
of the deconposiPressuredPsig)at ure of said conpeund, 360g. from about

480[err] C tog ab O[err]C, nore preferably_540[ qgr : rr]C, at a
? from aboyt 0. 1050 20 | bs of fggét%%@mﬁgg'%ﬁof

VWHSV i'n the ran%jH
2: e range-of fRon about 1 to 100

0
catal yst per hodi2:Fged TolneneBatioj(m

at mospher es, anWydrobfbod PafidlPresrd 0 about 2 nmpBeppsfa hydrogen, |o
nore preferably fromabout 0.1 to about 2 noles of hydrogen per nole

of organi c conpound, and optionally in the presence of 0-10 nol es of

nitrogen or anoffw onruil tcagalysp eperformeamde forgshe chighmseleotivityheatalyst is
Doke has defBe: BBERB K. B UG Ot i ace. general ly at least about’ 256 15
by weight and nore preferably from about 8 to about 40% by wei ght of
coke. I'n a pref ergeifl cOmpetioR f thelfddt At 86dcritild GBowd, OeS2edlite-bound
catalyst used in the tests was once again selectivated under the
selectivation conditions described above for an additional 20 hours to
15 produce an ultra-high selective catalyst. Additional STDP tests were
then conducted under the STDP conditions described above. These
results are also shown in Figures 1-4.

By selectivating the catalyst further after running at
20 disproportionation conditions, some of the catalyst's activity was lost as

demonstrated in Figure 1. The temperature required to achieve a

targeted conversion was a few degrees greater than with a

conventional ZSM-5 catalyst. However, Figure 2 demonstrates that

the para-xylene (PX) selectivity of the zeolite-bound catalyst was
25 increased to 94-95%, an ultra-high selectivity for STDP.

Example 3

A conventional ion exchanged, alumina-bound HZSM-5

30 disproportionation catalyst was selectivated by feeding toluene across

the catalyst. The zeolite-bound MFI catalyst of this invention was also
selectivated. Selectivation conditions were as follows:



conducted in the presence of hydrogen in order to prevent
The initial
in the toluene feed stream can be reduced during 20

f or mat i owgknnégelse on the catal yst.
to tol uene present

r anpant

selectivation process after a significant,  ,anount of coke has been
34cl ectivation of the catal yst can
_ catal yst with a selectivation.

agent such as an organosilicon conmpound. 25 O ganosilcon conpounds

deposited on the catal yst surface.

al so be acconplished by treating the

suitable for use as a sel ectivation agent are di sclosed in United
St ates Pat-e , I'S r & - t ce.
When used i the vapgatﬁlﬁége di spro or |02§§. of tlol uenegpie cpt al yst
nore prefer : =t BRSO F Pttt g iy i ©
zeolite crydqtall r%‘lphfcr o average particlle size from about
3 to about 4__a s@Q(N\DI'E le ratio of from about 70 to about
80: 1, having Holiey ed structurally tq the sugg aces thereof 163 parti ¢l es of
a second MFIf mumpedath¥&CFP! nder phage havi{gygn average 351198' {1 clelsi ze
of | ess tharf Umplks i CT.ON and ngvi g a o T o ) : 4
PCT/ US95/ 15 & eesure Psig) ° 225 o5 2 s ca
ratio in exq ; nd most 1 prefefably
greater thai Wegd Toluene Ratlo R4 B 0.25:1 .

(moles) :

| Hydrocarbon Partial 60 64.2
Pressure (Psia) "

Following selectivation, the conventional HZSM-5 catalyéﬁ and the
zeolite-bound- MFI catalyst of tlns mventmn were used for the

dxsproportlonanon of toluene under test condmons shown in Table 1

below.  The zeolite bound zeolite catalyst was evaluated under 3

separate test conditions as

shown in Table 1.

On-oil ‘catalyst

performance for each catalyst is also shown in the table.

nol e rati cpcf/usesdsmyen gas
t he «



Sel-ectivated versions of the zeolite bound zeolite when used in vapor 5
phase di spr &%&Fﬂl tion exhibit a higher selectivity towardsp 95/15281
pr.oduction o gﬁglene t han conventional selectivated MFI catalysts.
The catal yst of the invention is nore resistant to coking than
conventional catalysts used in disproportionald ng. For instance, a 10
sel ectivation process involving the disproportionation of coke for a
conventional catalyst normally requires at | east 24 :hours until
sufficient coke has built up to the poi nTABIE 4 paraxyl ene production is

maxi m zed. Convem_Mg_@t al ysts are less resistant to coking and
.can therefore be selectivized i ﬁ%s ti ver, hecause a 15
SMCE, ¢ hounil.Z

conventional ZS is ZoM-3 1 Pl bhe pre

qui ckly deactivaed during its Juse i|"Tdit a8 |TEaRICAd 20 PESOCALES | ©
shorter run cyclEs: ; Tg T Or.__auvait aues. ot e use. ot
zeol ite bound zepTemperatura0dd BBOL di <B8d8nort{onat82h | d | on8
di sproporti onat i pppégéate @P€pyt his 3080 gofhce the ogggl yst| hasgpgen
selectivated to FIIE- Q€SI T ed 0 eg, 0., reatel tnar, 80% par axyj ene
selectivity at WHBVcondi ti onls, 3r dact or 3 sel ect? vatign coffeftionp are
changed to di sprijp@hirdnati on clondi tji ons. These di sprgportionatio
condi tions incl Bro¢ %ﬁeﬁi@ ature?etween 5 Tabput 4QP[errJIC an 50[efr] C,
nmore preferably P25ferir] C afd 510[%®rr] C} at a-hydr oken
to toluene nole Ratw (ndolés)om O to about 10, pr ef er ablly bet ween abpout
0.1 and 5 and ly fy bout t ss tlhan t a
pressure betwee wa% m)sphere and ?gé at $€heres an1§60 i 1ifing
VHSV of between the _particuldr advan of
the wuse of the cat alyst in dlsproportlonation Is that it provides a
good paraxyl ene selectivi ty at H2/t ol uene nole ratios of less than 1,
e.g. at about5 0. 9n-: ataryst Yleyormanee i onati on process may be conducted as
a batch, semi - ZSM-5 < Zeolite-bound ZSM-5 —»

Toluene Conversion (wt.%) | 24.1 | 284 | 250 | 30.1

Paraxylene Selectivity 82.1 940 | 948 | 93.0

PX/PX+MX+0X]X100) . '

Benzene Yield (wt.%) 10.2 13.0 11.1 13.6

Xylene Yield (wt.%) - 12.1 13.4 12.4 14.7

Ce-Yield (wt.%) _ : 1.1 | 0.9 0.6 0.6

Cq*Yield (wt.%) -1 05 | 06 | 05 0.8

Selectivation of the conventional catalyst was completed in less than
55 hours. At this point, the conventional catalyst had a coke content of

10 about 34% by weight. By comparison, the zeolite-bound catalysts of
this invention typically contained less than 15% by weight coke.

The fact that zeolite-bound MFI catalyst selectivated much slower than
conventional MFI catalyst even thoﬁgh- more severe selectivation
15 conditions were used is significant. The long time required for the
zeolite bound zeolite catalyst selectivation demonstrates that it is very
resistant to coking. Since coking is the major cause for catalyst
deactivation, the zeolite-bound catalyst deactivates more slowly than
conventional ZSM-5 and therefore offers longer cycle lengths. The



35 continuous or continuous operation using a fixed or noving bed

cat al yst waygdfegagierosited in a reactor bed. The catal yst Wﬁé&é’}‘ W)

96/ 16004 15281

26 regenerated after coke deactivation by burning off the coke to a
desired extent in an oxygen-contai ni¥ at nosphere at el evated

t enper at ures as known in the art. 5 The zeolite bound zeolite of

t he present inven:tj 0 _is%qailgs es$ci ally . useful as a catalyst in a
process for Feasep Pliﬁ‘f’gz eRoURG eatalystgaesistangestorgoking is thatdt hasmat i ¢
feed to obt algwerr MFI-northiannel aaefaaratidity ¥ therefdrd l8wes dcBivityPlopachi ng

the equilibrjumsval ug. | afticular, xylene . "1sonerizatiop'is used in
conj unction Y% ﬁoraméﬁﬂﬁrgg }%8%" JIRSCULSOS id’w%ﬂﬁ?%‘ﬁﬂ@ Fate-dus dfe. For
exanpl e, ‘a pgreatenresistance pacekinglisoneiof the advantagesbfEBisirmemtioas Stream
may be reggovered using processes known in the art, e.g.,
crystallizatjion, adsorptign, etc, The resulting streamis t hen reacted
under xyl eneThe (ﬁﬁ%?&ﬁ’éf %«?‘S&ﬁ)%ﬁ?ﬂfﬂngaﬁ @“@ﬂ@&b’&_ﬁedfa&long nor tethe, and

B hyl benzene e e oot ¢ o Yy Wen e cSAGRELABIE ackityibls °\ 1 ch
a2 Bl A L o, o 6 e fandra lits"w Th
fresh feed aselectivatiombomditions weere donsitlernbly leds severethan those of¢hey and.
{ggrtepl;é{oo{ Oigbﬁthe ; %—ibgaliigoéﬁﬁw&;ar_‘f‘hﬁaﬁi%%tﬁa Kdve Bed _gelec_:tivafelaeﬂ) jecycled

g_rea%er selectivity but at a considerable sacrifice of cataljst activity.

The selectivation was terminated at a point which best balanced ‘
catalyst activity and selectivity. '

15 The results clearly show that the zeolite-bound catalyst is more active
and selective following selectivation. Furthermore, the greater time of
selectivation -even-thoﬁgh greater seveﬁty Seleéﬁ\iAﬁon conditions were
used, demonstrates the zeolite-bound catalyst's resistance to-

coking.
~To further demonstrate zeolite-bound catalyst's resistance to coking,
the catalyst was subjected to on-oil operations at the severe conditions
" of 4 WHSYV, 835° F, 300 psig, and 0.5 Ho:oil ratio for a period of 17
days. Initial catalyst lined-out performance at these conditions was:
25 . ’
Conversion: " . -31.0%
PX Selectivity: ~ 94.7%
BZ Yield: - : 14.0%
- PX Yield: 13.9%
30 ' '
~ After 17 days, the catalyst performance was:
Conversion: - 31.0%
* PX Selectivity: - 95.1%
35 BZ Yield: 14.2%

PX Yield: - 14.1%

%



It is inportant that xylene isonerization catalysts produce a near

equi libriu ] of xylenes and it is also sonetinmes desi eJ? .

t be cat al ygb@%@r’t et hyl benzene with very little net | ossi’o }Dgﬁl{e}raliels.
The zeolite bound zeolites find particular application in this regard. 25
The silica to alumina ratios of the first ze8fite and second zeolite can be
sel ected to bal ance xyl ene isonerization and et hyl benzene deal kyl ati on

whil e m nim zing undesirabl e side reactions. Accordingly, an

addi tional aspect of the present invention is to provide a hydrocarbon

conversi on procegsg %%*M@Q%&Q@%?&%j{lﬁ% g%(%‘?gﬁgajﬁﬁgﬁt %Bfrf)a&‘&ﬁﬂg

contai ning one or nore_xylene 1sogers m xt ur e

thereof, under 1E&a¥B; AXusy %Sﬂtﬁq{;ﬁt@ﬁé’eﬁyﬂﬁlﬁ@ti@@m-bound zeolite.

I n the vapor phase, suitable isonerization conditions include a

tenperature in e range, 250C.+600] err ref erapl 0Q[errlC -
550[err]C, & 35%#@82‘8‘?‘@%&1‘4@? £a 83'%)&%3 En%a%‘i‘fﬁ%@i!’s(%ﬁ%‘%%tﬁr?a% . 25
atm abs, and PX aselectivity,hocimpsovedacBXv gtield, t \and/\Hgikéated Desistamcé 0Go

preferably 0.5 : ot ' .
PCT/ US95/ 15281 Hgactxvanmg @éﬂﬁl%oﬂlan does conventional MF1 caﬁ:elyst.

Optional ly, isonerization in the vapor phase is conducted in the

presence of 3.0 to 30.0 nol es of hydr'wl e of al kyl benzene. |If
hydrogen is used, the catalyst should conprise 0.1 to 2.0 wt% of a

hydr ogenat idfh/ dehydr ogenati on conponent selected fromGoup VIII of 5 the
Peri odi ¢ Tabl e, Thepzenliteibpunida ZEMHS catalystdofl thisoinventdion wasyselectivadedup

VITE netal conpgpgnlyaigatBatthdéd thd Rhit) difftddnt ?@sltrcoﬁmwgﬁown in Table
2.

'50.

15 TABLE 2

Selectivation Conditions

Hours | 168
Temperature (°F) _ 1100
Pressure (Psig) .~ - | 225
WHSV (#feed/#cat./hr.)) - ' ' 1
Hg:Feed Toluene Ratio (Ratio decreased Initial | 0.25:1
during selectivation to expedite selectivation) | Final | 0.15:1
Hydrocarbon Partial Pressure Initial | 64.2
- | Final | 66.0




such as oxides and sul fides. sui tabl e

[N

In the liquid phase, _
| soneri 5&@ nditions include a lo tenperature in th [err]C -
375[err]C ﬁﬁgssure in the range 1 - 200 atm abs, "and a -in the
range 0.5 - 50. Optionally, the i sonerization feed may contain 10 to
90 wt % of a diluent such as tol uened8tri net hyl benzenes, napht henes, or
paraffins. 15 The zeolite bound zeolites of the present invention are

especi al ly usef ul

as a catal yst

in a process for cracking a C4+

roduce | ow
icularly

d out by
[err]C to

a pressure
om about 1
eolites of
n the

L of

and

pyl - 30 -
and

yI
are

process ‘
to

napht ha feed rti{l acly a_cA 2 r]1C naphth
nmol ecul ar I ght olefins, e. i ) ns r
ethyl ene a pr@&ﬁondﬁm@ 'lp‘)roce 57 Ss‘f ef er&bl V. 'ci:‘grgﬁl
contacti ng he naphiha feed ar 20] Cased b Lased |f Caser
about 750] 'Tleﬁ’pe% Rbpj erably 83550 ergigC to §>§§[e ]8,(f8 a
from subat npsptrerTCc up, to 10 armospt T ooy
at mosphere §Br at nnspher 5 300 e zeﬁWt e Jo@@ﬁd
the present WHSVWYhi‘Ie especi alll. yquseful g~ -|as g cafal gst
transal kyl afTOm_Of E %I aromayrcgydrpcar UU'!:r-' ' )
suitable p %-E%ds Piﬂ?&!e aﬂ?droga . s n@dbe (di 21 ¢ ) - 2:
tetra-al kyl I ¢ hydrocarbons, such di et h)}l benzene,
triethyl ben .~ dl el RYT DENZ (ai Olfu€ a1 1 .300T7
benzene, tr %&PW@PB? . dii g 3% Foﬂiﬁeh oé}ﬁgtyl bégﬁgn
the |ike. Piessure (PsiaYal kyl aromati ¢ hydfr ocar bo is are the dial
benzenes. Particularly preferred polyalkylaromatlc nhydrocarbons.
di i sopropyl , el Sl ety
will prefer aanaommmm ar ratiqg ¢ i erdptdriocTelen
pol yal kyl arpgat ke hydracar bon of Hr@lerdhl ¥age 2 | Case 3 | Case 4
Feed(100% Toluene) 31.0 30.2. 282 | 250
Conversion(wt.%) .
Paraxylene Selectivity 94.6 94.0 956 | 95.9
PX/[PX+MX+0X]X100) '_ | |
 Benzene Yield (wt.%) _14.0 13.4 12.7 10.9
-1 Xylene Yield (wt.%) 14.7 148 | 12.8 _11.9
Cs- Yield (wt.%) 09 [ 08 | 17 | 13
Cq* Yield.(wt.%) 0.9 '0.8"' 0.6 " 0.5
In Example 4, the H2 z0il ratlo was lower dunng selecuvauon to reduce
5 selectivation time from the 340 hours shown in Example 2. Cases 1
and 2 demonstrate the very high xylenes productmn that can be
achieved with the zeolite-bound catalyst at very reasonable
temperatures and low hydrogen:oil ratios. Case 4 shows how an ultra-
high selectivity of 95.9% can be achieved at a reasonable conversion
10 and temperature. '



WD 96/ 16004
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0:5:1 to ab%’gw and nore preferably from about 2:1 t
The reaction tenperature wl|
500[err]C to maintain at

will
pref erably 300

range from about 0.1 to 10.
process for the preparation of a

I n the present
PCT/ US95/ 15281
Exanmple 1

preferably range from about

| east a partial 1iq88d phase, and the
be preferably in the range of about 50 psig to |,000 psig, 5
psig to 600 psirg. The weight hourly space velocity w |l
' The f ' exanple illustrates a

WO 96/ 16004
mventhte bound zeohte cata?yst having substggtla]ly the same

cﬁmﬂﬂi%éytﬂﬁ ddtalyist dEéfEiEbZtE%'E’fampl@l was evaludfed f6 of

a synthesi s m Xt%'srgbl\ﬁtyr%o a@:aixgﬁ%nggnaph%] ?eed

10

15

20

The tést was carried out by first steaming the zeolite bound zeolite
. catalyst at 704°C for 16 hours for the purpose of aging the catalyst.
Next, the naphtha feed was passed over the zeolite bound zeolite

catalyst at 650°C, 1.9 hr-1 WHSV, and at a 0.85 steam to hydrocarbon
ratio . The tests was repeated except that the catalyst comprised MFI
bound with 60% by weight of a binder (based on the wexght of the
catalyst) which compnsed silica and alumina.
The results of the tests are shown in Table I below:
‘Table I
Catalyst | Converitional MFI | Zéolite-Bound MFI
Conversion 959 - 92.4
Key Product -
Yields, Wt%
Ethylene 26.9 318
Propylene 23.2 30.3
~ Butylenes 7.0 6.8
Aromatics 21.1 12.2
| Light Saturates 17.8 114
_ Methane 6.9 7.3
The results of these tests show that yields of ethylene and propylene

were significantly increased and the selectivity to undesirable light
saturates and aromatics_ was significantly reduced using the zeolite
bound zeolite as a cracking catalyst.

%lgbout

340[err]C to
pressure-

zeolite bound zeolite catal yst useful



0.45 Na20/0.9 TPA Br/ O 125 A1203/10 Si O2/ 146H20
ve days without stirring |_ G

150[ err]
steel au oc#hve

The resul ting product

pH 10.2—and dried at 120[err]C for

the pro mln air at 4 'or 32 hour s.
Char act emnﬂm“ﬂ “I“gﬁ l'ci ned prod ~"15 XRD:

EI enent al : SI 2/ A1203 ratio

PARTI CLES 203,
formed into 2

F}afg.rocarbon dfeeﬁ‘saér%r extru(fl g esl&\émp

-3 mggcron spherical crystallites.

was aged at

eﬁ“i er 101,0.,“395, t ai nl ess
ed Wth water ‘to

A portion of

Pur e

= 80. B. PREPARATI ON SI LI CA- BOUND

A process“fdioédn g h&&o@afb‘dd%eébnﬁﬁﬁgﬁfg cOhtacthgafove was

a | ca as foIIovxs

IVFI

COVPONENTS USED 055 conve
PREPARATI O | conditions w1th a zeolite bound zeolite dagalyst fomprising: -
crystal sé - 200.00 (dried. at
250[err]C for 2 hours) ' '

49.75 30 @si @%@W@ﬂ%@ﬁoﬁe. and, 18. 82
- Silica sol (NALCOAG 1034A) - 197.24

Extrusion aid

(‘hydr oxypr opy! mre®Ry 1 %&?G%%?P%ng second pﬁ‘}@cgeﬁo%acmgﬂeﬁ@tﬁere

m xed in a food proceshavingn anheaverage pa:rhclmrsize hésswthaﬂ\beaid st nut es-
after acicy ng the extrLﬁéﬁ{u@éd a

2..
15

3.
20

4.
25

5.
30

6.
35

The process recitéd_in. claim 1, whéréin said 'ﬁ.rst"p'arﬁcles of said

first zeolite have an average. pa_rticle size greater than 0.1
micron. -

The process recited in claims 1 or 2, whei'ein the hydrocarbon

conversion is selected from the group consisting of cracking of

- hydrocarbons,  isomerization of alkyl aromatics,
'dzspropomonatmn ‘of toluene, transalkylatnon of aromatics,

alkylation of aromatics, reforming of naphtha to aromatlcs. and
conversion of paraffins and/or oleﬁns to aromatlcs

The process of claims 1 to 3, wherein'" s__aid hydrocarbon
conversion is carried out at conditions comprising a temperature
of from 100°C to about 760°C, a pressure of 0.1 atmosphere to

" 100 atmospheres, a weight hourly space velomty of from about

0.08 hr! to about 200 hr.

- The process recited in claims 1 to 4, wherein Said" second zéo]ite

is selected from the group consisting of a large pore zeohte a
medmm pore zeohte, and mlxtures thereof

The process recited in claims 1 to 5, wherein said first zeolite is

selected from the group consi_sting of a large pore zeolite, a
medium pore zeolite, and mixtures thereof.

This Sheet Has Been Replaced
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WO 96/ 16004 - SRR, PCT/ US95/ 15281
30 't,hi_ck-:-aumﬂ"uﬂgmg!l}a opT Al neaq. 1e paste was extruded -
iato 2 nm JdWORS16904c ¢ uddtiEsS f%éé%j tEY S PCTUS9S/AS28L

overnight at 130[err]C and then calcinedjat 5 C for 6 hours in

air. Conposi tion of cal cined siTica-bound -extrudates:
IVFI : 69. 96 W % 41 S @2 binder. 30.04 Wt %
10 C. CONVERSI ON TO ZEQLI TE BOUND ZEOLITE = Preparation

synthesis m xtugg: The process reciteBGNEENS/3H0 6 Fherein said second zeolite

QUANTI TY 15 ans)
Sol ution A pmﬁé& eﬁ &%%5@% hlgher or lower than said ﬁggtl 16
- H20 zeolite particle 24.63 20 - Addi ti onal
ri nse water 10. 02 Sol uti on B:

5 8. The process recited in claims 1 to 7, wherein said first and
second zeolites are selected from the group consisting of L, X, Y,
~ offretite, omega, mordenite, MAZ, MEI, FAO, EMT, ZSM.3,
ZSM-4, ZSM-18, ZSM-20, MFI, MEL, MTW, MTT, FER, EUO,
HEV, TON, zeolite beta, ZSM-34, ZSM-38, ZSM-48
10 gallosilicates, and titanosilicates. =~

9.  The process remted in clalms 1to 8, wherem said second zeolite
is s:hcahte '

15 10. The process recited in claims 1 to 9, wherem at least a portion of
“said first particles of sa1d first zeolite have adhered structurally
to these surfaces said second particles of said second zeolite.

11. The process recited in claims 1 to 10, wherein said binder
20 contains less than 10% by weight of non-zeolitic binder based on
weight of said first zeolite and said second zeolite.

12. The process recited in claims 1 to 11, wherein said second zeolite

has a silica to alumina mole ratio of from 300:1 to 5,000:1.
25 R .,
13. A hydrocarbon conversion process as recited in Claim 1
comprising transalkylating an aromatic hydrocarbon by
contacting under transalkylation conditions an aromatic
" hydrocarbon with a polyalkylaromatic hydrocarbon in the

30 - presence of a zeolite bound zeolite catalyst comprising:

(a) first particles of a first zeolite selected from the group
consisting of large pore zeolite and medium pore zeolite
having an average particle size greater than about 0.1
35 ~ micron average particle size; and :

This Sheet Has Been Reilaced
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- Tetrapropyl anmonmunbr om de 8. 00 - H20

25. 47 25yneenneons - Additiona er 1598189
— CT/US9S/ 1
Sol uti on R was poured tog he addi ti onal water |Pnt0 a

Ao
?ggetmheft\?v:tnlhetsﬁesggg!'ti ter |nt0 ”lmlmmnﬂ”ﬂim {Dgu{)fedt he

aut ocl ave. The two sol uti were m xged ¢ L Fi®na 60. 04 grans of

the silica-bound | -t xt rudat es pared as
(pre-dried for 2 &urszﬁk’né moa@m@e a secon ??fgl %®ynt hesi s

m xture in the autocl aselectad from tlw goup6etirkisting. of large pore zeolite
PCT/ US95/ 15281 The

conposition of the m x%? é"?‘?ﬁ‘“ﬁé’°5ﬁt288¥%ﬁlbamg an average paruﬁle4§wﬁa20, 1.00
TPA Br/10 Si 02/ 147 H2dess than said first particl¢sOH{ err]:Si @ ratio -0.1) 5

The anou of MFI crystals in this mxture was 40.5 w % based on
the total ht of the m xture., The, a,utociav ted up to
150[err] C and kepPhe Progess regitad in flam o3 nwpssmiftransamganon |

aging period, t hecoﬁ&ﬁahe\@mm@aeﬁﬁﬂaﬁ&dﬁbhsf Rireatic h@arocarbon to
polyalkylaromauc hydrocarbon - of from 0.5:1 to 50:1, a
_ temperature from 340°C to 500°C, and a pressure in the range of

10 from 50 psig to 1 00(_) psig.

15. The process recited in claims 13 or 14, wherein said ‘
'polyalkylaromatic hydrocarbon is selected. from the group
consisting of triethylbenzene, d.lethylmethylbenzene,

15 diisopropylbenzene, _triisopropy_lbenzene, _ diisopropyltoluene,
dibutylbenzene, and mixtures thereof. o

16. A hydrocarbon conversion process as recited in claim 1
o compnsmg a]kylatmg an aromatic hydrocarbon by contacting
20 sald aromatic hydrocarbon under alkylation conditions with a
alkylating agent having 2 to 20 carbon atoms and in the

presence of a zeolite bound zeolite catalyst comprising:

(@) first parhcles :.of. a ﬁrst .zeolite sele_cted from the group

25 consisting of large pore zeolite and medium pore zeolite

- having an average particle size greater than 0.1 micron
average particle size; and |

- (b) - a binder comprising second particles of a second zeolite
30 selected from: the group consisting of large pore zeolite
and medium pore zeolite havmg an average particle size

less than said ﬁrst particles.

S VA ,The process recited ‘in claim 16 wherem said aromatic
35 hydrocarbon is benzene or alkylbenzenes

This Sheet Has Been RTlaced

(I




10

rgmwwwmmmmwmmmp

uct ~was I'h a Beuchner

Y
@%&Z?l Ed Egﬁ'ﬁﬁs@ ours

at 150[err]C. Wight of 15 _ product er drying: 62.5
grans. The product was _ significanmtTy harder than the starting
silica-bound extrudates. The oduct was calcined in air for 18 .
hours at 500[err]C to renove.. .- e TPA[err]-species. Wight |oss

after cal ci nati b weThe process recied in claims TH6eop G wiiereis saihaligdationed by

x-ray diffraction Omditions comlm's? q?%!] n&g&e&{m}?&grﬂi&%hﬁ% and |

hexane adsorpti on, | OW nﬁ
%crystal linity incrabkylatien aﬂeHFPfﬁ{P%lll 1 &0 2051 aandog reaction temperature

extrudates: 32 % ( hefighi 10T t&200°@f peaks at d
val ues bet n 3.02 and 2.96 A). _ SEM 10, 000 tines

m cr ogr aphs “showed that the -3 m cron IFI
crystallites of 19 epAr diydnocgrbonvetonversioRO process as recited in claimt edl with

intergrown, newy fo ngﬁ%n rizin ' t .
There was no vi si bl e&{mgce %h% g a hydrocarbon feed %Xf* ous Eﬁl ca
whi ch was plainly viaramatic Csigteeam comprising ethylbenzene, xﬂlenegsm OF the

starting-extrudates. migfures thereofSby! échtaeting UsHidofeed! ifider isomerization |
10 conversion conditions with a zeolite bound zeolite catalyst
comprising:

(@) first particles of a first zeolite selected from the group
~ consisting of large pore zeolite and medium pore zeolite
15 - having an average particle size greater than 0.1 micron .
average particle size; and,

(b) a binder comprising second particles of a second zeolite -
selected from the group consisting of large pore zeolite
20 o and medium pore zeolite having an average particle size
' less than said first particles. '

20. A hydrocarbon . conversion process as recited in claim 1

comprising cracking. hydrocarbon compounds by contacting a

25 hydrocarbon feed under catalytic cracking conditions with a
zeolite bound zeolite catalyst comprising:

(@) first particles of a first medium pore zeolite; and
30 () a binder comprising second particles of a second medium
pore zeolite having an average particle size less than said

first particles.

21. -The_ process of claim 20, wheiein said hydrocarbon feed
35 compri_ses a Cs* naphtha feed.

This Sheet Has Been Repl
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%&I te of preparation A icosn @ 1
es\*Q 904 1 ————Tllhe—a‘—e-l—l—ew—ng—exanpl es
t he inventi on.

X %\2\:’?&@ dlSpI’(;j II r(l)clle:srﬁgs of
cal ci ned, zeolite-bound cat déscrgged in

sel ectivated by feeding tol une_cross t he catal yst under the foI | owi ng

condi tions t @%r odlieepzocess of im0 or 21, whexeinssaid first particteshave a

340 Terrperat Wartide éil’zle%l'from 1to3mﬂ&919s Pressure(Psi g)

225 ~ WHSV (#Feed/ #Cat/ hr H2: Feed Tol uene Ratio-
(nmoles) (Ratio [Initial 0. 5 1 H2: Feed ToI - . decreased during
sel elctivatiorrz3o A hydrocarbon Idohversion pfodessi as Feeited | it claim 1
Fi na

Tol . Ratl 0 ot :}égf %ﬁ %‘rngon dﬁ%‘ﬁoP Fn?ﬁ%%%%r%f toluenel nqu aqontactm%oa Psi a

Fi nal 63 Psi alhydrocarbon stream under toluene disproportionation conditions
with a zeolite bound zeolite catalyst comprising:

V\D 96/ 16004
MFl crys
Nevvl y f oriR39M: cron crystalli

illustrate the selectivatio

| (@) first particles of a first medium pore zeolite having an
10 . average particle size greater than about 0.1 micron
average particle size; and, _ _ ‘

() a binder comprising second particles of a second medium
| pore zeolite having an average particle size less than said
15 first particles and a lower ac_idity than said first particles.

24. The process recited in claim 23, wherem said catalyst is -
preselecuvated : -

20 25. The process of cla_im 24, wherein said catalyst is preselectivated
by contacting the catalyst with a toluene stream at a
temperature in the range of between 480°C and 650°C at a
pressure within the range of from 1 to 100 atmospheres and a
weight. hourly space velocity in the range of 0.1 to 20, and

25 wherein said toluene stream further contains hydrogen at a
Hoe/toluene ratio of 0 to about 2.

26. The process. of claim 24 or 25, wherein said toluene

~ disproportionation  conditions include contacting said

30 . hydrocarbon stream with said catalyst at a temperature in the

range of between 400°C to 550°C, at a pressure in the range of

from 1 to 100 atmospheres and at a weight hourly space velocity

in the range of from 0.5 to 50, and wherein said hydrocarbon

_ stream further contains hydrogen at a Ha/toluene mole ratio in
35 " the range of 0 to about 10. -
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i's After about 340 hours at sel ecti vat | on cond| t | ons, sel ectivation was
t er m nat ed at the i

woul d be a®¥® r’rails Wﬁﬁdﬁtﬁ EEEUns w"’@‘#—lg}?ow ng
sel ectivati on, the h| m QMT E dl yst PRBIAGFRed for the 20 selective
di sproportionation of b-r—r-rre-rm—rcm—g' t est

condi tions: WO 96/- 16004

- PCT/ US95/ 15281 45 .33 On-QO |

Condi ti ons 27.TerFhe apmesq prclpims 23 to 26, wherein said/sseicand vzeolite
805[err]-860[err] S [ \ 3

ey partidlé e MY Gystallifes or erystallites which °dfe g .
Tol uene Ratio (nol esgrystallographicimatch fox M¥J-havag psilicafo phuning mole .

93.4 Psia - The fﬁhd)hh mtﬁtaﬁttheesiﬁ@é T5andifh thoR PAES ofHaid ifinstt Y

catalyst is sho % glte Upon conpl etion of the test runs
descri bed a ve 058 8. catal yst used in the tests was once
again selectlvated under the sel ectivation conditions described above

for an additiongg 207HQuirdcidd of claims 23 to 27, wherein said second particles
have a silica to alumina mole ratio of from 300:1 to 5,000:1.

10 29. The process of claims 23 to 28, wherem said catalyst is in the
acidic hydrogen form.

- 30. The process recited in claims 1 to 29, wherein said second zeolite
_ has a silica to alumina mole ratio greater than about 300:1.
15 .
' 31. The process recited in claims 1 to 30, wherein said first zeolite
has a silica to alumina mole ratio of from about 2:1 to about
150:1.

20 32. The process recited in claims 1 to 31, wherein said first zeolite
 and said second zeolite is a medium pore zeolite.

33. The process recited in claims 1 to 32, wherein said first zeolite

and said second zeolite are selected from the group consisting of

25 MFI, MEL, MTW, EUO, MTT, HEV, FER, TON, ZSM-34, ZSM-
38, ZSM-48, gallosilicates, and titanosilicates.

34. The process of claims 1 to 33, wherein said first particles have a
" particle size of from 2 to 6 microns and said second particles
30 ‘have a particle size of from 0.1 to less than 0.5 microns.

35. The process recited'in claims 1 to 34, whereih said second zeolite
is a zeolite of the same type as said first zeolite or is a type
which is a erystallographic match for said first zeolite.

35
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15 produce an ultra-high sel ectivge€ata\yst. Additional STDP tests were
t hen conduct ed i Of

results aredf

cat al yst

sone of the catalyst's aclN
The tenperature required t

further

der the STDP

" shown in
after-

descri bed above FQ@&H?S

degrees greater than with a convéhti onal ZSM 5 cat al yst. However

Figure 2 denﬂsstraﬂmpmassreatedmeclmamplaﬁaevhmnsd stpargiclés t he

zeol i te-bound cat gaxe
selectivity for STDP

conventi onal i on

dihspr opolrt | 01391 i oTheapricEss reviteddial daimy AttoB6) whcreih Baid Hrdteeolifeisoss
t he cata

sel ectivated. Sel ¢

The

PCT/ US95/ 15281

MFI

10

15

20

25

39.

40.

41.

. 42.

e ﬂa&ﬁ%ﬁ@'ofﬂ‘o%3%%mf&oﬂ%;;%rggg

exchanged, al um na-bound =~ HZSM5 30

é\@fl I te-bound MFI -catal yst of this invention was al so
‘'vation conditions were as foll ows: WO 96/ 16004
34

Conventional gg Zqgld pPodeal Yécited in claims 1 782! %ﬁl&%&n said second

zeolite is an MFI.

The process recited in claims 1 to 38, wherein said second zeolite
has a silica to alumina ratio of greater than about 1000:1.

The process recited in claims 1 to 39 wherein said zeolite bound
zeolite has an Adsorption Index greater than 1.00.

- The process recited in claims 1 to 40’ wherein said second zeolite
has a silicia to alumina ratio that is greater than the silica to

alumina ratio of said first zeolite.

The process recited in claims 1 to 41 wherein said zebiite ‘bound
zeolite has an Adsorption Index greater than 1.10:

eet Has Been Re 1aced
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< SELECTI VATI ON CONDITIONS  Hours

55 163 Tenperature([err]F) - PCT/USS5/15281

1100 WO 2615084 ( Psi Q) 225 ' 225

VWHSV (#/ #/ hr.) ' 2194 1 H2: Feed Tol uene Ratio

0.5:1 0.25:1 (rmol es) Hydr ocar bon Parti al

60 .64.2 Pressure_ (Psia Fol | ow ng sel ectivati on,
the conventional HZSM5 catal yst andFigure zeolite-bound M-I catal yst of

this i nyent 82y

test conglitgda

cat al yst@was

Tabl e” 1.2n%¥i}

the tablg. 840

PCT/ US952 1548
[ ]

re—USEd 1Ol _LNE 5 O Sproportronation ol tolu

owmﬁbb&w bgl ow. The zeolite

WalyRfd-Hifh €8bcivdy CataysS EPIr at e test ¢ '
e fog

WD 96/ 16004

I ONsS as

al so showny i n

35

TABLE | § -0l Co ZSM5  Zeolite-bound
Zsms5 g 80 Case 1 Test Case 2 | TedtCase. |
Tenper atfir eg 20 22 24 o2 26 ' 2'38‘53 ' 30 32
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Plessure (Psig) 300 300 300 300 WHSV I~
[ 3 3 PATENT‘béOPERAﬁﬁUW'T?EAI\TY) H2: Feed Tol uene
2 0.5 Ratio (noles

2 2 _ Hydr ocar bon
93.4  93.4 93. 4 196.PCT Partial Pressure 5 On-QOl
Cat al yst Performance : ' ZSM5 Zeolite-bound
ZSM 5 Tol uene Conversion (wWw.% 24. 1 28. 4 25.0 30.1
Par axyl ene Sel ectivity INTERNATIONAL PREIINONARY : RT .
(PX/ [ PX+MX+OXI X] 100) Benzene Yield &ﬂ‘ . 9% l% .

1.1 13.6 Xyl ene Yi el d (wt . 0q (PCT Article 36 and Rule 10 }) 3. 32 0CDt

14.7 - Cs[err]Yield (Wm.% 1.1 WirPrO 0.6pCT 0.6

Colerr] ‘Wﬂtﬁﬁkm“ 65 6 -5 .
Sel ectivfation o '%eﬁe convent i ohabr FRITAEY RETIHRS %2@%“’%?9”’“"{1“ Infeinasi
AR

55 hours} AT-94B062point, the cpnventional catalys i Rreht or e

about 34"'7@ auAfal fpktationBig. CONpPAr | Srdnationafing a3 [ dayyreonttyeeer (| | CPRbrRY dgits { day/nhth]year)

(1] d (
(D1 s 1 DVENSERTu] ¥D) £8lalY CON ) Na0 ) st han 15%00Y Wi gbhagfes e

convent i piPsTatiese] Patens Clagsification (R r matjobel i addRS o1 ¢ sel ecti vation 15

conditiohs were used i s signifiowﬂ:z/sfﬁhe !ong time required for the

zeol i te bgipgrreotte—catatyst——setectrvatTomr tdenmonstratestiat—Tt TS Vvery
resistanf to coking. Since coking is the major cause for catalyst
deact i va{i &XXON GHEMICAL| RATENER ANCcat al yst deactivates nore slow y than

conventi
\‘_.

1. This international preliminary examination report has been prepared by this International Preliminary Examining
Authority and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of sheets, including this cover sheet.

' This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70,16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consists of a total of &3 sheets.

3.  This report contains indications and corresponding pages relating to the following ltems.
I @ Basis of the report
[ ] eriority
11 [ | Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
tv [] Lack of unity of invention ' '
v B/ Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
. (— citations and explanations supporting such statement
VI [ ] Certain documents cited
i E/Certaln defects in the international application
VIII [ ]| Certain observations on the international application

Date of submission of the demand : Date of completion of this report

21/06/1996 $0.09'%

Name and mailing address of the IPEA/ Authorized of

~ «\ _ European Patent Office
@) D-80298 Munich

Tel. { +49-39) 2399-0, Tx: 523656 epmu d

Fax: (+49-89) 2399-4465 Telephone No
Form PCT/IPEA/409 (cover sheet) (January 1994) m )
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36 reason for the zeolite-bound catalyst's resistance to coking is
that it has llower MFI nonchannel surface acidity magh, feisiane | over
factivity for the formation of coke precursors. Lower deactivation
ratem

TIONAL M‘WB& EXAMINATION REPORT s one oFCIMAERAAAAHges of
%M—ZSM&G&L&J%I—-W&S—HH&F&GH—\%@G—&S

t hi sdnvention 2N

| ong_nor, t éﬁe degree of the zeolite-bound catal yst because
const%F‘éb"? éfMl ity loss was apparent during sel ectivation even
thOUg-rr LIIC otallualu baLaIyDLI DUI CbLI Va.LIUII bUIIUI LIUIID WET €

consi dgx{léi?égééf g&%@eﬁﬁb\éﬁgon tﬁf&s&%@?ﬁg@&n&@&e&? wmaﬁﬂ#d He& Hi3506d t6 RheHedeSiling The

cataly have ectivat gre sel ectivit at
a consPise Anresponss ko ary ingidation upder Articler 14 724 yefaryed to in"this E???Et %‘*e"P@%‘E‘QIVaft‘i/eﬁpméxé’?
t er m nageQgherdl t@Lthd Qéphitt siloé tey emt ciatlimenmasints.): catal yst activity and
selectivity. 15 The results dearly show that the zeolite-bound catalyst

is nore active and selective follow ng selectivation. Furthernore, the
great er [t] the intkrnational application ascorigimallpfided. t hough greater severity
sel ectivation conditions were used denonstrates the zeolite-bound
catal ysts resistance to- To f urthé'i giegonst rate
zeol i t e 18bYRfescriptimy gagessl 74T s’c%rk%‘?%'%%ﬁ%g— as origpt et yst was
subjected to on-oi | omesB{69D6,21_the severe condfiledmits the demandyf 4 WHSV,
835[err] F, 300 psi g,m@d 0.5 H2:0il ratio for a Hf‘elalwﬂg i 1ettde of ,
C . pages ; filed with the letterof _____
[x%] the clains, Nos. | , a8 originally filed,
~ Nos. , 25 amended under Article 19,
Nos. 1-50 , filed with the demand,
Nos. _ | , filed with the letterof
Nos. , filed with the letter of _______
[x] the drawings, sheets/ﬂg 1/1 , a8 originally filed, |
sheets/fig _ , filed with the demand,
sheets/fiq , filed with the letterof _____
sheets/fig | , filed with the letterof ____ .

(- T™he amendments have resulted in the cancellation of:
[ 1] the description, pages
[ ] the claims, Mos. ' .
[ ] the drawings, sheets/fig .

3. [ ] This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

4, Mditional observations, if necessary:

Porm PCT/IPEA/409 (sheet 1) (January 1994) |



‘days. Initial catalyst |ined-out performance at these conditions was: 25

Conver si on: 31. 0% PX Sel ectivity: 94. 7%
iifz Yi el d: 14. 0% PX Yi el d: Intern. application ¥4.3. 9% 30
oS Rl e bR i oy A
- 14, 2% PX—=Yiett 4196 YO—967 16007
PCT/ §SReaéotied 2tabenent under irticle 35(2) vith rogard to povelty, imventive st and induStfial applicabiliffhi S
test denonstrates ng acti vi, | oss (actually a slight gain) during 17
days. itafions and explapptions, stant to coking. 5 The '
zeol ite-bound MEL i AR
sel e t%%# i nproved PX ~yield, and greater resistance to
deactt by coking than does conventional M-l catal yst.
Hovelty (N) ' Claiss 1-50 YES
Clains N
Inventive Step (IS) ~ Claims 1-50 YES
Clains _ o
O Industrial Applicability (IA) Claiss 1-50 YES
: Clains ' X0

2. CITATIONS AND EXPLANATIONS

1. The subject-matter of claims 1-50 can be regarded as
novel (Article 33.2 PCT) since the present process for
converting hydrocarbons is not disclosed in the prior
art cited by the International Search Report.

2. The process of the present application utilises a

zeolite bound catalyst that has enhanced performance

(; when utilized in hydrocarbon conversion processes, e.g.
catalytic cracking, alkylation, disproportionation,
isomerization, transalkylation reactions. This catalyst
comprises a zeolite bound zeolite catalyst which con-
tains larger size zeolite crystals that are bound to-
gether by smaller size zeolite crystals which are
intergrown'and_form a coating or partial coating on said
first crystals. According to the Applicant, use of such
catalyst reduces undesirable reactions which can result
in the formation of undesirable products [see Letter of
the Applicant dated 12.07.96, page 1, last paragraph to
page 2, line 1; see Figures 1 - 4 which demonstrate the
activity, pdraxylene selectivity, paraxylene yield and

Forn PCT/IPEA/409 (sheet 2) (Jamuary 1994)



‘EXAMPLE 4 10 The zeolite-bound ZSM5 catal yst of this invention was

sel ectivated and evaluated under the four different test conditions
shown in Table : Intern. afyBichtich ¥o.
*Sel ecti vation R
168 m-%ﬁ;éﬁﬁgmpémgg;uumy ATION REPORT PCT/US95/1528}
. Pr es see—Ps+g) 225 YWHSY
(#f eed/ #cat . / hr, d
Tol uene Ratio qE%ﬁaye‘gzeld ﬁfspectlvely w1th regard td the zﬁ?}ﬁ%@
sel ectivation t qBﬂx&ﬂQ%é@ﬁﬂqgﬁﬁlV§F§oerd FPnEPe PrSSEBtl Hydr ocar bon

Parti al PreSSL”ép llcatlon ]. It is lthusi delided that the improvement
Fi nal 66.0 of tnd a¥alL¥ ding to th t applicati
PCT/U895/15281° catalyst’ according to the presgpt applica 10?}3%)|
Condi ti ons destto thestsmallest sizgegeolite crystals “"which are Case
Case 2 Case3 (fffrdtown and form at least a partial coating on the

first zeolite crystals. These second zeolite particles

reduce the accessibility of the external acid sites of

the larger crystal size zeolite" [see Letter of the Ap-

plicant dated 12.07.96, page 2, lines 1-6].

- 3. The following documents have been cited in the Inter-
national Search Report: US-A- 5098894 describes the
preparation of a binderless zeolite comprising crystal-

' line aluminosilicate. D1 discloses e.g. in column 6,
lines 59-68, that the binderless zeolite has uniform
structure. EP-A2- 0323892 describes binder-free shaped
particles of cesium-containing zeolite L-potassium form
(zeolite KL). )

Accordingly, the subject-matter of claims 1-50 meets the
requirements of Article 33(3) PCT since the present
hydrocarbon conversion process, in particular, with re-
gard to the features of the zeolite bound zeolite

(; : catalyst is not suggested from the prior art literature.

4. The subject-matter of claims 1-50 meets the requirements
of industrial application, Article 33(4) PCT, since it
is usable in industry within the effort to improve the
hydrocarbon conversion process to afford useful organic
intermediates / products.

Form PCT/IPEA/409 (sheet 3) (January 1994)



3 . .
Tenperature ([err]F) 835 813 835 818 Pressure (PsigQ)
300 300 300 300 VHSV (#/ #/ hr) 4.2 3

H2: Feed Tol uene Ratio 0.5: 1 0.5: 1 Inte?n. Japplicatioh: Nb.

| ' .

_érz?mw@«% PAHARY Fapoprioh Reeokfl | THcH/ussez e

Per mmm———m%—m%—m—ﬁ——&edﬁeﬁ%——
I [ .

R P e el g, 50 gryers o0

Par a _ 95. 6 95.9

(PX/ I'PX:FIVR?UX] XTI00) Benzene vierd (wW.9% . 120 1374 127

10. 9 The followdyd @Feets'‘in eheCEofavdr .coftents of thedinternationk? afplicatiod Bav8 been nokdd: O Co5[err]
Yield (WM. % 0.9 0.8 1.7 1.3 Co[err] Yield (m.%
0.9 0.8 0.6 0.5 In Exanple 4, the H2:o0il ratio was | ower

during sellecti \Ehe amitts Madm’e angl "athecebslaekpressed inobhe happlicarours
shown i n Exanpl@gich dertRt heet t&@r&q@%%ﬁéb&ét setRE1¥eiy. D&Y o enes

production that can be achi eved th the zeolite-bound catal yst at very
reasonabl e andshoplg be xep P&\ﬁdh?éfr G&?naBPF”PE%FEg SEMRiY. SHRfs how
an ultra- rEser @xpressions Shodld;ahobevaehi bectetained ein opabl e

conversion 10 raeqaq:l'}ees@%era%tt rr:e‘t:he replacement expressions. Use of the
same SI unit throughout the application should be ap-
plied.

Porn PCT/IPEA/409 (sheet 4) (January 1994)
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WO 96/ 16004

39 ¢ ' Exanple 5
zeolite catal yst having subst anti al | y the sane co
catal yst described in Exanple 1 was evaluated for 5
a light cat naph SRR The test was carried
the zeolite boun zeoﬁ Ite catal yst FigepQgterr]C
pur pose of aging the catal yst. Next t e napht ha

HEGS i

the zeolite bound zeolite 10 catalyst at 650[err]C, 1.9 hr[err] WHSV, and

at a 0.85 steam §g chilyEe prbuesses, has thé improvidiepicpettiesvwhicke prndiddosed ept

that the catalys anpri sed M bound with 60% by wei ght of a bi nder
(based on the Wetbﬁﬁ?mbf t he catal yst) which conprised silica and
alumna. 15 The results of the tests are shown in Table | bel ow

Tabl e | : The textal guerage particleopizehtasonsed hpreine sigans-theuanerage
Conversion g dxameter of%egpamdes e.g., number aQr%ré'ge of the maje¥xisr sruct
Yields, W% Et hyl ene 31. 8.
Propyl ene mnor ax1s; 3° o ' 30. 3 But yl enes
7.0 6.8 Aromati cs 21.1

12.2 Li githeSwrmsdt sddity” , “ lowet7achlity” and “higher acidity” ds agplied

to zeolite are known to persons skilled in the art. The acidic properties
10 of zeolite are well known. However, with respect to the present
invention, a distinction must be made between acid strength and acid
site density. Acid sites of a zeolite can be a Bronsted acid or a Lewis
acid. The density of the acid sites and the number of acid sites are
important in determining the acidity of the zealite. Factors directly
15 influencing the acid strength are (i) the chemical composition of the
zeolite framework, i.e., relative concentration and type of tetrahedral
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/near the
20 surface of the zeolite, (iv) the pretreatment conditions and presence of
co-adsorbed molecules. The amount of acidity is 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
25 concentration of acid sites irregardless of the strength of such acid sites
" -which can be measured by ammonia adsoxrption.

Examples of zeolites suitable for use in the present invention include
large pore zeolites, medium pore zeolites, and small pore zeolites. A

30 large pore zeolite generally has a pore size of >7 A and includes zeolite
types such as MAZ, MEI, FAU, and EMT. Examples of large pore
zeolites include zeolite L, zeolite Y, zeolite X, offretite, omega, Beta,
 mordenite, ZSM-3, ZSM-4, ZSM-18, and ZSM-20. A medium pore size
catalyst generally has a pore size <7A, preferably from about 5A to

35 about 6.84A; and generally the pore apertures consist of about 10 to 12,
preferably about 10, membered ring structures and include types such

‘as MFI, MEL, MTW, EUO, MTT, HEU, FER, and TON. Examples of
medium pore zeolites include ZSM-34, ZSM-38, ZSM-48. A small pore

JNENDED st
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these tests show that yields of ethylene and propyl ene
significantly increased and the selectivity to undesir
saturates and aromatics was significantly reduced using
bound zeolite as a cracking catal yst.

gblte 1i ght

REPEACERENT SHEET

he1 2eN 1997
at is clained}i
ontaciing a

’»‘l By

1. © A process f¥fFs PR t i ng hydrocar bog 8rrpr| sing (
hydrocarbon feedstream under hydroca conver si d

n_»5H

conditions with a zeolite bound zeolite cat aI yst conpri

(a) first CryStsgkéz h[t@rha'sr o&%ﬂéﬁ@mﬂb@x¢3Awabout5

conprising second crys second zeol,i't

si ng:

0A. (nerally,thBder

0 avi.ng an
average particl epeyeAperigyss o EhF StEpefure copsist 5 frém about 8 to 10, preferably” <5 g

second crystal s figjutos, meatt@reduring dtfuetures and include types suchcasaCHfg or

partial coating

-
2>

15

20.

25

30

35

ﬁﬂl,sﬁ"ﬂ If..ﬁ‘.{f,s hnd mskabiamples of small pore zeolites include ZK-
4, ZK-5, zeolite A, zeolite T, gmelinite, clinoptilolite, chabasite and
erionite. The =zeclites can also comprise pgallosilicates and
titanosilicates.

The silica to alumina ratio of the first zeolite will generally depend
upon the particular hydrocarbon process in which the catalyst is
utilized. Generally, however, the first zeolite will have a silica to
alumina ratio of at least 2:1, preferably a silica to alumina ratio in the
range of from about 10:1 to about 1,000:1, more preferably from about
20:1 to about 500:1. When the catalyst is utilized in the
disproportionation of toluene or the cracking of hydrocarbons, the silica
to alumina ratio is preferably 30:1 to about 125:1. The average particle
size of the first zeclite is preferably from about .1 to about 15 microns.
In many applications, the average particle size is preferably from about
2 to about 6 microns, and more preferably from about 2 to about 4
microns. In other applications such as the cracking of hydrocarbons,
the preferred average particle size is from about 0.1 to about 3.0
microns.

The second zeolite particles are of smaller size than the first zeolite
particles. The second zeolite particles generally have an average
particle size of less than 1 micron, preferably from about 0.1 to less
than 0.5 micron. The silica to alumina ratio of the second zeolite will
generally depend upon the particular hydrocarbon process in which the
catalyst is utilized. Generally the silica to alumina ratio will be at
least 2:1. In applications where low acidity is desired, the second
zeolite preferably has a silica to alumina ratio greater than the silica to
alumina ratio of the first zeolite, and more preferably is greater than
200:1, e.g., 300:1, 500:1, 1,000:1, etc. In certain applications, the second
zeolite is silicalite, i.e., the second zeolite is MFI substantially free of
alumina. The pore size of the second zeolite will preferably be a pore
size that does not significantly restrict access of the hydrocarbon
feedstream to the pores of the first zeolite. For instance, when the
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Is selected fromthe group

processing hydrocarbonaceous feedstocks. Hydrocarbonaceous feed-
stocks contain carbon compounds and can be from many different
sources, such as virgin petroleum fractions, recycle petroleum
fractions, tar sand oil, and, in geéneral, can be any carbon containing
fluid susceptible to zeolitic catalytic reactions. Depending on the type
of processing the hydrocarbonaceous feed is to undergo, the feed can
contain metal or can be free of metals. Also, the feed it can also have
high or low nitrogen or sulfur impurities.

The conversion of hydrocarbonaceous feeds can take place in any

convenient mode, for example, in fluidized bed, moving bed, or fixed -

bed reactors depending on the types of process desired.

Since the zeolite bound zeolite catalysts of the present invention have
controlled acidity and do not contain a conventional binder which can
adversely affect the access and/or contact of reactants to and with the
active sites of the catalyst and canm also cause undesirable side
reactions to occur, the zeolite bound zeolite of the present invention by
itself or in combination with one or more catalytically active
substances can have high activity, high selectivity, high activity
maintenance, or combinations thereof when used as catalysts for a
variety of organic, e.g., hydrocarbon compound conversion processes.

Examples of such hydrocarbon conversion processes mclude, as non-
limiting examples, the following:

(A) The catalytic cracking of a naphtha feed to produce light
olefins. Typical reaction conditions include from about
500°C to about .750°C, pressures of subatmosphenc or
atmospheric, generally ranging up to about 10

AMENDED SHEET
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crystal s have an aci dllt)a/ ei t her higher ‘g wer than said [fi

zeolite crystalli 8. T ir o g@ eC|ted|n ClaIrTB1[0 T
wherein said first and lo second "z€ol1'tes are sel ed from the
group consisting of L, X Y, ' offretlte onega, nordenite, IVY-\L

MEl, FAQ, EMT, ZSM 3, ®)
MI'W FER, EUO

leugvms_‘; ﬁMnaﬁ bet olfed €0 mald bhehFdne MR

ol.lt ZSM ZS ZSIVI- 48,
gal l osilicates, and titanoS@FasHeRe “F 1<"’]9 “’f‘?ﬂe r“tﬁ‘g ans ’@Gf%é‘ﬂ

claims 1 to 8, wherein sai demperattire cof iftom about 200°C|tn sibiout aF6Q°&, a

10. The process recited i
of said second zeolite for

ﬁ:} Eés%.-aﬁ

cont ains | ess than 5% by

> of tﬂgc;rﬁa M%"te' b HoceC 8 abbi! 8hS 20
first crystal & of saldflrs"ﬂmf e(% gpﬁ:p gutréglgreéqon

clains 1 to 10, wherein sala)bohtmén

wei ght of non-zeolitic binder based on’ 25 wei ght of said first -
zeolite and said second zeolite. 12 hq?aproc CI ted.in clains 1
to 11, wherein said sdShnd Thepeonversion of naphthg, {e Q)oaﬁfl nol e

ratio of from 300:1 to 5, OQRixtures to highly aromatic mn:tures Thus, normal and

10

slightly branched chained hydrocarbons, preferably
having a boiling range above about 40°C, and less than
about 200°C, can be converted to products having a

‘substantial higher octane aromatics content by contacting

" the hydrocarbon feed with the zeolite at a temperature in

15

20 D

25

30

35

the range of from about 400°C to 600°C, preferably 480°C
to 550°C at pressures ranging from atmospheric to 40 bar,
and liquid howrly space velocities (LHSV) ranging from
0.1to 15

The adsorption of alkyl aromatic comjzounds for the
purpose of separating various isomers of the compounds.

- The conversion of oxygenates, e.g., alcohols, such as

methanol, or ethers, such as dimethylether, or mixtures
thereof to hydrocarbons including olefins and aromatics
with reaction conditions including a temperature of from
about 275°C to about 600°C, a pressure of from about 0.5
atmosphere to about 50 atmospheres and a liquid hourly
space velocity of from about 0.1 to about 100;

' The oligomerization of straight and branched chain

olefins having from about 2 to about 5 carbon atoms. The
oligomers which are the products of the process are
medium to heavy olefins which are useful for both fuels,
i.e., gasoline or a gasoline blending stock, and chemicals.
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3 07 13. A hydrocarbon conversion process as recited in Claim 1

cnaer - NIEUIRIRRE oo s o ot e

pol yal kyl a¥ ontat i"c Rydfocarbon in the presencefo

zeoli'te catal yst%g&ga_rnbﬁi ng: 35 (a) first cr

zeolite selected Tromthe group Page 40 consi sty n

zeolite and a nedium pore

42 - zeolite having an average crystal s.size qgreater tha
about What is cldimkdriscr on average particle size; and —

(b) a binder conprising second crystals of a second zeolite

sel ected fromthe group consi-?ti ng of  a Iarége pore zeolite .
and a nedi um por & zeohi process, foaxCoRVerting Aydrorarbong compnsng contacting a
|l ess than said first hydecatton sdecdsteezond onyet al bydwecabon conversion

less t f : reand_on caxbon  couversion.
et erystals 0 coitbyffedlh SRAA pduafl healistoomprsing. o/ < o

transal kyl ati on
- (a) first crystals of a first zeclite; and,

() a binder comprising second crystals of a second zeolite

10 having an average particle size less than said first

: crystals, said second crystals being intergrown and form a
coating or partial coating on said first crystals.

2.  The process recited in claim 1, wherein said first crystals of said
15 first zeolite have an average particle size greater than 0.1
micron..

8.  The process recited in claims 1 or 2, wherein the hydrocarbon
conversion is selected from the group consisting of cracking of
20 hydrocarbons, isomerization of  alkyl aromatics,
disproportionation of toluene, transalkylation of aromatics,
alkylation of aromatics, reforming of naphtha to aromatics, and
conversion of paraffins and/or olefins to aromatics, conversion of
oxygenates to hydrocarbon products, and cracking of naphtha to
25 light olefins.

4. The process of claims 1 to 3, wherein said hydrocarbon
conversion is carried out at conditions comprising a temperature
of from 100°C to about 760°C, a pressure of 0.1 atmosphere to

30 " 100 atmospheres, a weight hourly space velocity of from about
0.08 hr1'to about 200 hr.
5. The process recited in claims 1 to 4, wherein said second zeolite
: is selected from the group consisting of a large pore zeolite, a
35 medium pore zeolite, and mixtures thereof. '

-

gENRER Sk
-‘;' e ks Lad



s e i

Sy TNt A T L W EHZN (g Pl2- 7-96 1 ug:y 8y
o 713 425 29} Y BY 289944654 10
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from 50 psig to. F, 000 Ppsig. _ The process redif pelsietT 't Al s |13
or 14, wherein said pol yaI kyl aromati ¢ hydr ogar bcﬂﬁﬂ-% e ect-td
from t he group- EFSSOLDOC (s st ng of ai gtﬂyl benzene _
di et hyl met hyl benzene, 20 di et hyl beffZene di i sopropyl benzene,
triisopropyl benzene, di i sopropyl t ol uene, di butyl benzene, and

m xtures thereof.g  Thelfroceds ré¥dRqAMAIGY fqa\sewaanomam 2saliteGht ed

cont ating 25 selePHA, R Ve EYRNR CORRHRE ch. LR [P OBRaR! | ons

with a - al kyhedmngpa@ezﬁnhba\amdgnﬁxtunemeceoibon atons and in the
presence of a zeolite bound zeolite catalyst conpri sing (a)
first crystals of a first zeolite,selected f omth rougg

consi sting of 5a 1%rge BrOFEs Fecteg n ein said second zeolite
zeolite having an averaystalnhavelan aﬁdﬁywﬁﬁrehlghleamrﬂlower than said first

m cron average particly "Z@’}’ (b) a binder conprising
second crystals of a sggﬁofn eo %eg 35 sel ected fromthe
group consisting of a large pore zeolite and a nmedi um pore

zeol i te havi ng ar8.averBge ppodess aleeited e claims 1 to 7, whereihessidt fiest andd
first crystahg, said S@CeHiflz&dssl 3+es&i6itB from the group consisting of L, X, Y,
offretite, omega, mordenite, MAZ, MEI, FAOQ, EMT, ZSM-3,
ZSM-4, ZSM-18, ZSM-20, MF1, MEL, MTW, MTT, FER, EUO,
HEV, TON, zeolite beta, ZSM-34, ZSM.38, ZSM-48,
gallosilicates, and titanosilicates.
15 :
9. The process recited in claims 1 to 8, wherein said second zeolite
is silicalite. :

10. The process recited in claims 1 to 9, wherein said second crystals
20 of said second zeolite form a coating or a partial coating on said
first crystals of said first zeolite.

11. The procesé recited in claims 1 to 10, wherein said binder
contains less than 5% by weight of non-zeolitic binder based on
25 ' weight of said first zeolite and said second zeolite.

12.  The process recited in claims 1 to 11, wherein said second zeclite
has a silica to alumina mole ratio of from 300:1 to 5,000:1.

30 13. A hydrocarbon conversion process as recited in Claim 1
 comprising transalkylating an aromatic hydrocarbon by
contacting under transalkylation conditions an aromatic
hydrocarbon with a polyalkylaromatic bhydrocarbon in the

presence of a zeolite bound zeolite catalyst comprising:

first crystals of a first zeolite selected from the group
consisting of a large pore zeolite and a mediurh pore

—
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conditions conprise a nole ratip of aromatic

hydr ocarbon to al kyl ati on ag?;l?re o from1l:1l tp 2O—t—amd a
reaction tenperature 10 from 10 Cto 500[erg]C _ 19
hydr ocar bon conversion process as reci ted inclaim 1 conpri sing

i somerizing a hydrocar bon zegktk k4¥ihgian fe:rage crystals size greaterafhan dloust r eam
conpri sing ethyl benzene, #%ﬁ%% 81‘11&? d m xt ures thereof by
&p size; an

contacting said feed under”

conversion conditions

with a zeolite bound zeolite catal yst conpri si ng:
(a) first crystals opya fd bﬁide&eéﬂmﬁﬁsﬁ@ second driysvald o€ )'secind Qeolite

eolite havi o an aver 232%&?% i e Bp¥i5 bR of o laree pare zelite

M cron average particle siang

megdium pore zeolite having anavsragepartifip fizsi ng

second crystals of a secoquszﬁgén tsﬁxd?%:st crystals, said se€d® kffbtalsobeinge
group consisting of a Iarqnteoore ze
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14.

15.

16.

rgrown a%ld fofm a coating or partial coating on said
first crystals.

The process recited in claim 13, wherein said transalkylation
conditions comprise a molar ratio of aromatic hydrocarbon to
polyalkylaromatic hydrocarbon of from 0.5:1 to 50:1, a
temperature from 340°C to 500°C, and a pressure in the range of
from 50 psig to 1,000 psig.

The process recited in claims 13 or 14, wherein said
polyalkylaromatic hydrocarbon is selected from the group
consisting of triethylbenzene, diethylmethylbenzene,
diethylbenzene, diisopropylbenzene, triisopropylbenzene,
diisopropyltoluene, dibutylbenzene, and mixtures thereof.

A hydrocarbon conversion process as recited in claim 1
comprising alkylating an aromatic hydrocarbon by contacting
said aromatic hydrocarbon under alkylation conditions with a
alkylating agent having 2 to 20 carbon atoms and in the
presence of a zeolite bound zeolite catalyst comprising:

(a) first crystals of a first zeolite selected from the group
consisting of a large pore zeolite and a medium pore
zeolite having an average particle size greater than 0.1

_ micron average particle size; and

() a binder comprising second crystals of a second zeolite
selected from the group consisting of a large pore zeolite

" and a medium paie zeolite having an average particle size

less than said first crystals, said second crystals being
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first crystal : s A hydrocarbon conversi on{prioc

inclaim 1 onprising cracking hydrocarbon

contacting a 9s"’msmr“oghydrocar bon fee dggd% catal yti

wth a zeolite bound zeolite c yst conpri

(a) first crystals of a first nedium pare zeolite; and

Page 44 (b) antdrpftiin GadPform 8¢oaGag e ﬁdﬁl%bﬁmﬁéo%§ﬁﬁond me
pore zeolite having an av%sg ?%%I cle size less than said

first crystals, said seco Wg s coating at least a

portion of said first crystals, 5 21. The process of claim 20,

wher ei n sai d hydtpcar'inm fzﬁﬂdss recited in GRARY | TS whéréher sdidnaRbidadicf eed..
22. The process of (ixadr %onmgenzeneoealﬂyﬁ%hgexze'mt crystal s have a

18. The process recited in claims 16 or 17, wherein said alkylation
conditions comprise a mole ratio of aromatic hydrocarbon to
alkylation agent of from 1:1 to 20:1 and a reaction temperature

10 from 100°C to 500°C.

19. A hydrocarbon conversion process as recited in claim 1
comprising isomerizing a hydrocarbon feed containing an
aromatic Cs stream comprising ethylbenzene, xylene isomers, or

15 mixtures thereof by contacting said feed under isomerization
conversion conditions with a zeohte bound zeclite catalyst
compurising:

(@) first crystals of a first zeolite selected from the group
20 congisting of a large pore zeolite and a medium pore
zeolite having an average particle size greater than 0.1
micron average particle size; and, |

(b) a binder comprising second crystals of a second zeolite

25 ' selected from the group consisting of a large pore zeolite
and a medium pore zeolite having an average particle size

less than said first crystals, said second crystals being'

intergrown and form a coating or partial coating on said

first crystals.
30 o
20. A hydrocarbon conversion process as recited in claim 1
comprising cracking hydrocarbon compounds by contacting a
hydrocarbon feed under catalytic cracking conditions with a
zealite bound zeolite catalyst comprising:
35

(@) - first crystals of a first medium pore zeolite; and
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10 ™  particle size of fromO 1to 3 mcrons.

hyds ocar cess as recited inclaim 1 S0
di spropom"mgmalmﬂ"fHMene by contacting a : daiss HEEP m
under tol uené dl'-sp#opﬁ)rt’i onat ion conditions 15 i e~toynd
zeolite catal yst %&E%d’ ' (a) first cry taISIZJJm

medi um pore zeol i avi ng an Page 44 averagq pa article si

greater than about 0.1 mcron averagg¢ particre ~ apd,

20 (b) a bi nder conprising second crystal ¢
pore zeolite having anjpjverfpendsr domprisingzeectnd srystals ofaa decond me

first crystals and a | ower #Q'eaﬂtet g%da‘;érga% 89%&%% less than said

sai d second crystals beingntergrow an
or partial coating on said f¥stserystalst said second %Stalsﬂ?éaﬂﬂgcé%ée?%tc@t ed

in claim 23, wherein said p‘ﬁb@hwffsaidiﬁrstcrystals presel ectivated. 30 25.
The process of_. claim 24, wherein said catalyst is preselectivated

by contactingsthe catalyst with a toluene stream at a
tenperature in th%lran'ﬁge obrasesseeh clmiog o20,) (whereitsseridathydrocarbon feed

pressure within the rm@@gegggmﬂaﬁmhgqae@t nospheres and a
wei ght hourly space velocity in the range of 0.1 to 20, and 35

wherein said toluene stream further contains h)t/ldrogen at a
Ha/t ol uene ratio 32. 0 The preongss of claim 20 or 21, wherein said first crystals have a

10 particle size of from 0.1 to 3 microns.

23. A hydrocarbon conversion process as recited in claim 1
' comprising disproportionation of toluene by contacting a
hydrocarbon stream under toluene disproportionation conditions

15 with a zeolite bound zeolite catalyst comprising:

(a) first crystals of a first medium pore zeolite having an
average particle size greater than about 0.1 micron
average particle size; and,

20 | - |

(b) a binder comprising second crystals of a second medium
pore zeolite having an average particle size less than said
first crystals and a lower acidity than said first crystals,
said second crystals being intergrown and form a coating

25 or partial coating on said first crystals. '

24. The process recited in claim 23, wherein said catalyst is
preselectivated.

30 25. The process of claim 24, wherein said catalyst is preselectivated
by contacting the catalyst with a toluene stream at a
temperature in the range of between 480°C and 650°C at a
pressure within the range of from 1 to 100 atmospheres and a
weight hourly space velocity in the range of 0.1 to 20, and

35 - wherein said toluene stream further contains hydrogen at a
Hoy/toluene ratio of 0 to about 2.
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hydr ocar bamgmmmﬂmwd catal yst at a tenper n the _—
range of betweent err[«C to 550[err]C, at a preshkure i@mb}e@nan e lof 5
from1l to 100 at rm%ggeres and at a weight hourly spa e\/el"o'city

i n the range of i 5% t o 50, and V\her?iagrﬁgi d hydreeatomn

stream further contains hydrogen at a H2/t'8uene myl e ratio in _
the range of 0 to about 10. 10 27. The process ains 23 to 26,
V\,her;ai l” Sai/\ﬂ' Sﬁcw ZeMd t frocess of claixtﬁar24 Cbﬁsﬁ&arﬁrhf&«&hf Cﬂaif/}:?blﬁlen_@r
crystals ic are . . _crystal.l.ographi c [ VhNng a
silica to alum na nol éﬁspropomonan%tigoqdlbﬂg§ t X “{fﬁe EP?%(? 0 a‘%ﬁgﬁ na
nole ratio of said fi rhytdrocarbon streanp wdith said catelystti 2 temperature in the.

The process of clai 5 y33gh @f Dbtwedie 180T $6580°C.CaNg 6&&59}&@'& tha\ange o%]
e

asilica to al.um na e rati f.from300:1,t0 5. 000: . 2 .
process of cl & ns 23%‘58‘, %‘f"h“?geaescﬁ?‘éﬂgét“’?l QF ﬁ‘ofl#é' Fgee vgloclty
aci di ¢ hydrogen form in the rage ofrfromp0dt be 50; mid; wherein said thydrecarbong,
wherein said second  giream furthéfebhfaindBydeogehnl A3 HPtokhelid AdldRAR0 Al i O

greater than about range of § 16 about 10.

10 27. 'The process of claims 23 to 26, wherein said second zeolite
particles are MFI crystals or crystals which -are a
crystallographic match for MFI having a silica to alumina mole
ratio higher than the silica to alumina mole ratio of said first
phasé MF1I crystallites.

15 .

28. The process of claims 23 to 27, wherein said second crystals have

a silica to alumina mole ratio of from 300:1 to 5,000:1.

29. The process of claims 23 to 28, wherein said catalyst is m the
20 acidic hydrogen form.

30. The process recited in claims 23 to 29, wherein said second
zeolite has a silica to alumina mole ratio greater than about
300:1.
25 ,
31. The process recited in claims 23 to 30, wherein said first zeolite
has a silica to alumina mole ratio of from about 2:1 to about
150:1. -

30 32. The process recited in claims 23 to 31, wherein said first zeolite |
and said second zeolite is a medium pore zeolite.

33. The process recited in claims 23 to 32, wherein said first and
second zeolites are selected from the group consisting of L, X, Y,

38  offretite, omega, mordenite, MAZ, MEI, FAO, EMT, ZSM-3,
' ZSM-4, ZSM-18, ZSM-20, MF1, MEL, MTW, MTT, FER, EUO,

AMENDED SHEET
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25 T~ 31. The process recited in claims 23 to 30 Pﬁ«h 1 Sw
bout HIIIIIHIIIIHIBﬁﬂlﬁHﬂb' %52 The prrocess recited i claim 23 (] 41,
about The process recited ijn clainms 23 tq4 3$1,
wherein saitl firdt Zeofite and sai d second fzdol ftZ2JiN 89hedi ym
pore zeol-ite. 9eEF35§13noc The process recited in claing A3 to 32, wherdgir
said first and ) second zeol itep, gé ggsel ected fromthe group
consisting of L, X Y, 35 offretit onega, rdenite, NAZ M1
FAO, EMI, ZSMm 3, ZSM+ 4, Z8MWM 18, ZSMF20, MFl, MEL, MIW  MIT,
FER, EUQ, I HEV, TON, =zeolite beta, 2ZSM-34, ZB5NB386 ZSM-48,

HEV, TON, zeolite s tmg&% ZSM 48,

gallosilicates, and t aﬁsélgfiz‘?%%gdsy ﬁs The process of clains 23 to
33, wherein said first crystals have a 5 particle size of from2

to 6 microns and ggai dmecprasbssro!%lﬁm 2380233, wherein said fwspefystalschaieze of
from0.1 to |gss thangg@gﬁ Ogeoaz@maztosnﬁémnsmm%mm%wwe

claims 23 to 34, wher
a particle size of from 0.1 to less than 0.5 microns.

35. The process recited in claims 23 to 34, wherein said second
zeolite is a zeolite o_f the same type as said first zeolite or is a
10 type which is a crystallographic match for said first zeolite.

36. 'The process recited in claims 23 to 35, wherein s_aid first crystals
have an average particle size of from 3 to 4 microns.

15 87. 'The process recited in claims 23 to 36, wherein said first zeolite
is MFI.

38. The process recited in claims 23 to 37, wherein said second
zeolite is an MFT.
20
39. The process recited in claims 23 to 38, wherein said second
' zeolite has a silica to alumina ratio of greater than about 1000:1.

_ 40. The process recited in claims 23 to 39 wherein said zeolite bound
25 zeolite has an Adsorption Index greater than 1.00.

41. The process recited in claims 23 to 40 wherein said second
zeolite has a silica to alumina ratio that is greater than the silica
to alumina ratio of said first zeolite.

30 o

42. The process recited in claims 23 to 41 wherein said zeolite bound

zeolite has an Adsorption Index greater than 1. 10.

43. A hydrocarbon conversion process as recited in Claim 1

35 comprising converting oxygenates to hydrocarbon products
containing olefins, aromatics, or mixtures thereof by contacting

a hydrocarbon feed containing oxygenates under conditions

AMENDED SHEET
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process recited in claims 23 to 36, wherein said firs Glit-e
is M. 38. ¥EH-NFocess reci ted |nPcI ai 23 to 37, wherein said d
second zeolite is an M. é . The'prortess recited in
claims 23 to 38, wherein said second Zzeolite has a silica to
alum na ratio of greatgiedoftait 390 0 o] 3ﬁﬁ:§ﬂ§d ed
in clainms 23 to 39 wherelnh sai ?{ng%xlnfb?g %%S ndis ;H]eszaggl |? as zén
Adsor ption | ndex great EW‘{] gq]wimo%zeohte bou.g e aﬁ?@é@ﬁ@?@&%d in
clains 23 to 40 wherein said second zeolite has a silica to
alumna ratio that is eat tcgg&ahtﬁ to alumna ratio
of said first zeolite. 30 fifst easﬁpir%%gglétefem ted inclains 23 to 41
wherein said z®olite bound zeolite has an Adsorption | ndex
greater than 1. 10. 48 .binder bmpmésacmumsﬂsnofpam&ﬁd%oﬁwl t ed
in Cdaim 1 35 cor’r'pﬁg=l a?o'&V'@f%e ivgelfkese gsotﬁ%qlr?%
product s cont ai ni n m Xt ur es er eo
cont acti ng a hyd‘F‘B’ o‘#‘iu EWW%%WSHWE&%% él?ma
condi ti ons coating or partial coating on said first crystals.

10

44. The process recited in Claim 43, wherein said first crystals of
said first zeolite have an average particle size greater than
about 0.1 micron.

15 45. The process recited in Claims 42 to 44, wherein said oxygenate
is an alcohol or ether.

46. The process recited in claims 43 to 45, wherein said first and
second zeolites are selected from the group consi_sting of L, X, Y,
20 offretite, omega, mordenits, MAZ, MEI, FAO, EMT, ZSM-3,
Z8M-4, ZSM-18, ZSM-20, MFI, MEL, MTW, MTT, FER, EUO,
HEV, TON, zeolite beta, ZSM-34, ZSM-38, 2ZSM-48
gallosilicates, and titanosilicates.

25 47. The process recited in Claims 43 to 46, wherein said conversion
conditions comprise a temperature from about 275°C to about
600°C, a pressure from about 0.5 atmosphere to about 50
atmospheres, and a liquid hourly space velocity of from about
0.1 to about 100.

30 .

48. The process recited in Claims 43 to 47, wherein said second

zeolite has a silica to alumina ratio that is greater than the silica
to alumina ratio of said first zeolite. :

35 49. The process of Claims 43 o 48, wherein said second zeolite has a
silica to alumina mole ratio greater than 500:1.
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conpri (a) first crystals of a and
(b) ﬁlmuulurlmuug ”ul ng second crystals of a

havi ng an ‘avér ade ticle size less than said f

crystals, said ggeegoerystals being i gerg wn ang..- a

coating or partial coating on said fir tals. 10 44. The

process recited in CGaim43, wherein said first crystals of o

-said first zeolite have an averages RalhiGhe 45it3949] windrein sdidnoxygena
ess

about 0.1 nicroB0. 1The prec 'Fﬁ‘é‘?)qocess remte;:lnf etg[aﬁmﬂ%tﬁﬂew

wherei n said oxygena{gelectedﬁ'om the groag CORFISHRS The
process recited in C'g-ﬁF é‘gre%qhéﬁofv\herel n said first and

second zeolites are ec romthe group consisting of L, X Y, 20
offretite, onega, nordenite, MAZ, MNE, FAOQO EMI, ZSM 3, ZSM 4,

ZSM 18, ZSMgO MFI, MEL, MITW MIT, FER, EUQ B1EV, TON,
zeolite beta, ZSM34 ZSM- 38, ZSM 48,
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gaﬂ I.os Lanosi i cates. 25 AT, The ocT ad i n
Cai ms miulﬂij n sai d conversion - -+ S LAQTONIEN O iR e El
t enper akU 275[ err] C to about |
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from about 0.5 atnosphere to about 50 IAqr
hourly space velocity of from about 0 '1 gout 100.
48. The procEBs5HHOCted in Clains 43 _to 47 Wne'e A
zeolite has a silica to alumina ratioRage4ls gr aterthanthe siljca ,

to alumna ratio of -said first zeolite. 35 ~49—Tne process of Cainms 43

to 48, wh [
rgt io gr e:{ :Ir tﬁ:'ﬁ%g:%gggsszr%%teh &a:.ms 1to 5, whereifl sau&aﬁ.rs% zeoﬁ rma rml ©
50I Thedp][ ocess r egdleetddi frofi athes gdduy @oASistispevfi a laagel moregeedite, a i s
sel ecte romthe o t hyl et her, and
mixtures thereof | Aedim ;%1% z%tohgg a?fd ﬁ'ﬂ:ﬁﬁ@glthefgo@re
5 T. The process recited in claims 1 to 6, wherein said second zeolite
crystals have an acidity either higher or lower than said first
zeolite crystallites.
8. The prdcess recited in claims 1 to 7, wherein said first and
10 second zeolites are selected from the group consisting of L, X, Y,

offretite, omega, mordenite, MAZ, MEI, FAO, EMT, ZSM-3,
ZSM-4, ZSM-18, ZSM-20, MFI, MEL, MTW, MTT, FER, EUO,
HEV, TON, zeolite beta, ZSM-34, ZSM-38, ZSM-48,
gallosilicates, and titanosilicates.
15 ' .
9.  The process recited in claims 1 to 8, wherein said second zeolite
~ is silicalite.

10. Theprocessremtedm(}lam ltoswheremsal-dh carbe g
drocarbon feed
.contains aromatics, naphtha, paraffins, olefins ted.
nnxtures thereof 2 2 nated

11. The process recited in claims 1 to 10, wherein said binder
contains less than 5% by weight of non-zeolitic binder based on
25 weight of said first zeolite and said second zeolite.

12.  The process recited in claims 1 to 11, wherein said second zeolite
has a silica to alumina mole ratio of from 300:1 to 5,000:1.

30 13. A hydrocarbon conversion process as recited in Claim 1
comprising transalkylating an aromatic hydrocarbon by
contacting under transalkylation conditions 'an aromatic
hydrocarbon with a polyalkylaromatic hydrocarbon in the
presence of a zeolite bound zeolite catalyst comprising:

35 ’ '

(a) first crystals of a first zeolite selected from the group
consisting of a large pore zeolite and a medium pore
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50. The process recited in Claims 43 to 49, wherein said oxygenate
is selected from the group consisting of methanol,. dimethylether,
and mixtures thereof. o '

51. I‘he.process recited in Claims 1 to 50 wherein said zeolite bound
zeolite catalyst has an Adsorption Index greater than 1.10.
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