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Background of the Invention

Diffusionally modified catalysts find use in many shape-selective,

15  hydrocarbon processing applications. The selectivity to more desirable products
(and ultimate product slate) can be modified with diffusionally restricted catalysts.
Mass transport selectivity arises from a large difference in the diffusivity of the
participating molecules in the zeolite channels, while transition state selectivity
results from steric constraints limiting the possible transition state of the catalytic

20 transformation step. The advantages of diffusionally modified catalysts are
especially useful ir: certain petroieun/petrochemical industry processes including
catalytic dewaxing, olefin alkylation, shape-selective cracking and aromatic
conversion processes such as aromatics disproportionation, e.g., toluene
disproportionation, aromatics isomerization, e.g., Xylene isomerization, and para-

25  selective aromatics alkylation. The optimum level of acidity for these reactions
can vary substantially. For selective aromatics disproportionation processes, e.g.,
toluene disproportionation processes, a high acid leve! (700 alpha) can produce a
high value product slate. Selective ethylbenzene conversion processes are
optimized by a medium acidity level (- 50-150 alpha), while dewaxing and para-

30  selective aromatics alkylation processes prefer lower acid activities (-5-25 alpha).



optim zed by a nediumacidity level (- 50-150 al pha), while dewaxi ng and
para 30 sel ective aromatics al kylation processes prefer |ower acid
activities (-5-25 al pha). WO 2005/014169 PCT/US2004/018970 Ex-situ
sel ecti vatcerhosrat4adoyst s, such as those nodi fied via nul tRques2004118%270
treatnments, are particularly attractive for these processes because the )
diffusion barrier required for optinmal performance is present prior to
utilizatioon for the reaction of choic& Presently, high acid activity
zeolite catal yst can be used as a 5 base for nultiple selectivation
sequences, e.g., a 1000 a) pha catalyst is used to produce a high acid
activity tolFxesnim sdlespvaypbeatdlypmns sidrmsdbhdsalmestifiedwis olagle silica sever al
sel ectivation treatnents. sgair{yl has, a& al pha val ue, of about, g]é(?.(), whi |l e .
di f f usi onal IEPAtRRSEES prEPagiicuiarly aftrachye frilgse RESEPSERPIHE Hadiffis®li re | over
acid activity. ' - crease acid
activity of bca e??@g@ﬁé@%&g}ég}p&%ﬁég%% %g%‘ﬁ%é%?gjgﬁltggl ﬁc\’/r}a égﬁcat alysts to
the |ower agégtiag bt idise. PRYelts, highubide@:i{idy zeolity datdlyst 3Pbd w2t a9A'S
significantly decreases the diffusional barrier, probably resulting from
m grati oh ofbasefer giultiplesei¢otivaiginoseqhences, erg..duki0Rg Easatiysyis ussl taccor di ngl y,
it would be desirable to, pr.ovi a nethod for .nodifying,.zealite catalyst
activity, whF 0885@?&{‘1 %&Y’r%gg'ée“tei‘iléspﬁ‘?w}agﬂn Bg?]g'Fteg'hl‘}fz" B resulting
catal yst. | tse\vw!s91et:ﬁlvratﬁ!a§ﬁre9ﬁw%ssgﬁﬁ1qﬁk&mhmsmb g?alfbu'ﬁ‘?@(%%ifeor modi fying
zeolites to provide a diffusionally restricted catal yst having reduced acid
activity 20 diffisienatininiditical catalyst forthee applivgtidbieemay fefjuse mwebacidi er of t he
nodi fied catalyst. U S. Patent No. 5,849,968 to Beck et al. discloses a
process for 38hEPES NofdAY0¥S%e hydr ocar bon conversion using a zeolite catal yst
selectiygted wwth a siliceous material and treated with an aqueous sol ution
conprising al kaline earth

Steaming has been used to decrease acid activity of catalysts. However,

-

steaming silica-selectivated catalysts to the lower acid activity levels required for
certain applications significantly decreases the diffusional barrier, probably
resulting from migration of the silica diffusion barrier during steaming,.

15

Accordingly, if would be desirable to provide a method for modifying.

zeolite catalyst activity, which does not decrease the diffusion barrier of the
resulting catalyst. It would further be desirable to provide a method for modifying
zeolites to provide a diffusionally restricted catalyst having reduced acid activity

20  while maintaining or increasing the diffusion barrier of the modified catalyst.

U.S. Patent No. 5,849,968 to Beck et al. discloses a process for shape-
selective hydrocarbon conversion using a zeolite catalyst selectivated with a
siliceous material and treated with an aqueous solution comprising alkaline earth
25  metal ions under ion exchange conditions. After selectivation, the zeolite is
calcined at temperatures greater than 200°C, inclﬁding temperatures below 700°C.
U.S. Patent No. 5,610,112 to Lago et al. discloses a process for modifying a
catalytic molecular sieve by pre-selectivation to deposit a silicon compound on the »
external surface of the catalyst and then calcined at a temperature below 600°C for
30  oneto 24 hours. The catalyst may then be steamed at 200°C to 538°C to provide
unproved selectivity. U.S. Patent No. 5,726,114 to Chang et al. discloses a



25 metal ions under ion exchange conditions. After selectivation, the
zeolite is calcined at tenperatures greater than 200C, i ncl uding
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None of these d1sclosures teach or suggest the use of very high temperature
calcination as a means to modify acid activity of selectivated molecular sieves

without decreasing diffusional resistance of the modified catalyst.

15 Summa:g of the Invention

The present invention relates to a method for modifying a catalytic
molecular sieve, e.g., for shape-selective hydrocarbon conversions, which
COMPIISES:

20  a) selectivating said catalytic molecular sieve by contacting with a silicon-

( | containing selectivating agent; and

b) calcining the selectivated catalytic molecular sieve at high temperature
calcination conditions comprising temperatures greater than 700°C, which
conditions are sufficient to reduce acid activity as measured by alpha value and

25  increase diffusion barrier of said catalytic molecular sieve as measured by the rate
of 2,3-dimethylbutane uptake, as compared to the selectivated catalyst, e.g.,
increasing said diffusion barner by at least 25%, at least 35%, at least 50% or

more.

30 In another aspect, the present invention relates to a method for shape-

selective hydrocarbon conversion which comprises:



20 a) selectivating said catalytic nol ecular sieve by contacting with a
silicon- containing selectivating agent; and b) calcining the selectivated
catal ytic nol ecul ar sieve at high tenperature calcination conditions
conpri si ngotzesrpas@d ur es greater than 700C, which condi pcoms2mneis9ud fi ci ent
to reduce acid activity as neasured by al pha value and 25 increase diffusion-
barrier of said catalytic nolecular sieve as neasured by the rate of
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Detailed Description of the Invention

Further scope of applicability of the present invention will become
15  apparent from the detailed description given hereinafter. However, it should be
understood that the detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only,
since various changes and modifications within the spirit and scope of the
invention will become apparent to those skilled in the art from this detailéd

20 description.

Catalysts

The catalytic molecular sieve used in the present invention can be a zeolite,
25  e.g., an intermediate pore-size zeolite having a constraint index within the
approximate range of 1 to 12 (e.g., zeolites having less than about 7 angstroms
pore size, such as from about 5 to less than 7 angstroms) having a silica to alumina

mole ratio of at least about 5, e.g., at least about 12, e.g., at least 20.

30 The silica to alumina mole ratio referred to may be determined by

conventional analysis. This ratio is meant to represent, as closely as possible, the



.understood that the detail ed description and specific exanples, while
indicating preferred enbodinents of the invention, are given by way of
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spirit and scope oOf the invention will becone apparent {0 those 81 1 ed in
-the art fron1th|s detailed 20 description. Catalysts The catalytic

nol ecul ar sieve used in the present invention can be a zeolite, 25 e.g.; an
i nternedi ate pore-size zeolite having a constraint index within the
approximate range of 1 to 12 (e.g., zeolites having | ess than about 7
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be determ ned, by . conventional analysis. This ratio is neant to represent,
as closely a§hfﬁé‘§1§r bl e, the WD 2005/ 014169 PCT/ US2004/ 018970 5 nolar ratio
inthe rigid anionic framework of the zeolite crystal and to excl ude
silicon and alum numin the binder or in cationic or other formwthin the
channel s.55 Exanrplmampres ioﬁimasrmdmaet porp@rze zsd»lﬂes wsefull irt s insadftioh ilh(ﬂludehi s

i nvention include ZS pgﬁ 2 886) and U.S. Pat.

29, 948) : ZSMﬂSMS(U%Pat 37&888§)¥619U§7Bt 28%435%'92%@1213Mﬂtléﬂn%d| ate (u S,

No. 4, 556, 47 F¢ SStTgsSRA E@M@m&’*ﬁ%ﬁgi@% PSSR o o

4,016, 245) ; Z8MA48 ((\d. Bat. Rat 3,339 4%9) zﬁwﬁ-@?@%?lvat KoM, 566,41n5zskR23  No.
4,640,829; ZSM57 (U.S. Pat. No 046, 685); and/or ZSM58 (U.S. Pat. No.

5,417, 780) . GIrSePatzébL #.026,342); Z&M 35(9:S. Bele Non4,9bha4 DnBSMI-A&({.S. Bat. t he

pE'ese.”t 10 No. 4,397,827), ZSM-50 (U.S. Pat. No. 4,640,829; ZSM-57 (U.S. Pat. No

5,046,685); and/or ZSM-58 (U.S. Pat. No. 5,417,780).

Other zeolites suitable for use in some embodiments of the present
invention include zeolite beta, MCM-22 (U.S. Pat. No. 5,304,968), MCM-36
15  (U.S. Pat. No. 5,292,698), MCM-49 (U.S. Pat. No. 5,236,575), MCM-56 (U.S.
Pat. No. 5,362,697), mordenite, MCM-58 (U.S. Pat. No. 5,437,855), synthetic and
natural faujasites, and amorphous or ordered mesoporous materials such as MCM-

41 (U.S. Pat. No. 5,098,684).

20 Additional molecular sieves which find utility in conjunction with the
( present 1nvention include aluminophosphates, e.g., ALPO-5, VPI-5;
silicoaluminophosphates, e.g., SAPO-5, SAPO-11, SAPQO-30, SAPO-31, SAPO-
34; and other metal aluminophosphates. These are variously described in U.S.
Pat. Nos. 4,440,871; 4,554,143; 4,567,029, 4,666,875; and 4,742,033

Further additional molecular sieves which find utility in the present
invention include ITQ-2, ITQ-3 (described in U.S. Patent No. 6,500,404), ITQ-12
(described in U.S. Pat. No. 6,471,939), and ITQ-13 (described in U.S. Pat. No.
6,471,941). The structural types and references to the synthesis of these zeolites

30  can be found in the "Atlas of Zeolite Framework Types" (published on behalf of
the Structure Commission of the International Zeolite Association), by Ch.



i nvention include zeolite beta, MCM22 (U S. Pat. No. 5,304,968), MCM 36 15
(U.S. Pat. No. 5,292,698), MCM49 (U.S. Pat. No. 5,236,575), MCM56 (U.S.
Pat. No. 5, 362,697), nordenite, MCM58 (U. S. Pat. No. 5,437,855), synthetic
and natural faujasites, and anorphous or ordered nesoporous materials such
as MCM 41 (U. S. Pat. No. 5,098, 684). 20 Additional nol ecul ar sieves which
find utility in conjunction- with the present invention include

al um nophosphates, e.g., ALPO-5, VPI-5; silicoalum nophosphates, e.g.,
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include 1TQ 2, 1TQ 3 (described in U S.” Patent No.” 6,500, 404), |TQ 12
(described in Yps andaeferguses ©, thg 16ditey) mentioped TQve 3rq avadlablevadhe Wanlds,  pat .

No. 6,471,941) . The structural t d ref to th is of
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(published on Rhghardoirf Indhfionks, Yad ur e Commi ssion of the International
Zeolite Association),” by Ch. 6 Caerlocher, W M Meier, and D. H d son,

publ i shed by Elsevier, Fifth revised edition, 2002, which is hereby

i ncorporated by reference. Structural types and references to the zeolites
nent i oned abov@lpg?é%éﬁ‘fg‘?‘r’“éme@eﬂh the Worid Wde Wb at

WWw. i 7a-structure.org. Such zeolites are commercially available 5 from
Zeolyst International, Inc. Al pha Value Measurenent The al pha val ue of a
catal yst is an apprbhe alphaevalvedofcatatapstas an Approximateyindicatidgroofctha cktalytic act i vity

Of(t he cat ?d ysgraglgrqé) gcrtglgity to? thae csatta{iljirqs.cu‘.j %E%pgr%& ?{L X%Eahda?—g %atiafysg ia\rllg ?t éibees the
relative rate constant (rate of normal hexane conversion per volume of catalyst
per unit time). It is based on the activity of the amorphous silica-alumina
cracking catalyst taken as an alpha of 1 (Rate Constant = 0.016 sec™). The
alpha test is described in U.S. Pat. No. 3,354,078 and in the Journal of

15  Catalysis, 4, 522-529 (1965); 6, 278 (1966); and 61, 395 (1980). It is noted
that intrinsic rate constants for many acid-catalyzed reactions are proportional to
the alpha value for a particular crystalline silicate catalyst (see The Active Site
of Acidic Aluminosilicate Catalysts, Nature, Vol. 309, No. 5959, 589-591,
(1984)). The experimental conditions of the test used herein include a constant

20  temperature of 538°C. and a vartiabie flow rate as described in detail in the

( Journal of Catalysis, 61, 395 (1980). The catalysts employed in the process of

the present invention can have an alpha value less than 700, preferably 25 to
200, say, 75 10 150, 5 to 25 (for lower acid activity processes such as aromatics
alkylation), and a silica-alumina ratio less than 100, preferably 20-80. The

25  alpha value of the catalyst may be increased by initially treating the catalyst with

nitric acid or by mild steaming before selectivation as discussed in U.S. Pat.
No. 4,326,994. Generally, the present invention relates to reducing the alpha
value of catalyst as prepared to tailor it to the specific application in which it is
to be used, without significantly reducing the diffusional barrier of the catalyst

30  (say, by more than 5 or 10%). Indeed, in most instances, alpha value is



relative rate constant (rate of normal hexane conversion per vol une of
catalyst per unit tine). It is based on the activity of the anorphous
silica-alum na cracking catalyst taken as an al pha of I (Rate Constant =
0.016 sec'). The alpha test is described in U S. Pat. No. 3,354,078 and in
"the Journal of 15 Catalysis, 4, 522-529 (1965); 6, 278 (1966); and 61, 395
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reactions are proportional to the alpha value for a particular crystalline
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150, 5 to 25 (for lower acid activity processes such as aronmatics
allrylatiqn), d.a sil.i Cﬁ[a| umng ratio less than 100, preferably 20-80.
The 25 al pha Q%ﬁlgntﬁ%q’ﬁ"e 5%‘[”5‘?"9"’ may be increased by initially treating
the catalyst with nitric acid or by mld steam ng before sel ectivation as
discussed in U S. Pat. No. 4,326,994. Cenerally, the present invention
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Parameter of .fiaf g, &udOrQY Swheér¥ ¥.3k kil \&uilibrium sorbate loading, is

mathematically related to (Dt/r?)'” where t is the time (sec) required to reach the

sorbate loading Q. Graphical solutions for the plane sheet model are given by J.
15  Crank in “The Mathematics of Diffusion”, Oxford University Press, Ely House,
London, 1957.

The apparatus and procedures for performing static and dynamic

adsorption measurements are described in G.R. Landolt, Anal. Chem. (1971)

20 43, 613, and E.L. Wu, G.R. Landolt, and A.W. Chester, “Hydrocarbon
Adsorption Characterization of Some High Silica Zeolites,” Stud. Surf. Science
& Catal. 28, p. 547. Changes in the diffusion barrier resulting from high
temperature calcination can be monitored by observing the Diffusion Parameter
as described above. The values thereof are based on the rate of uptake of

25  sorbate 2,3-dimethylbutane (or bulkier 2,2-dimethylbutane for lower diffusion
barriers). Equilibrium capacity of the diffusing medium is determined according
to Crank’s solution to diffusion in a porous body having flat plate geometry.
With proper adjustment, the equilibrium capacity may be estimated from values
of a more rapidly diffusing molecule, e.g., n-hexane. The n-hexane isotherms

30  are measured at 90°C and the amount sorbed at 10 kPa (75 torr) taken as



material is defined as D/ (r2x106), wherein Dis the diffusion coefficient
(cnm2/sec) and r is the crystal radius (cm. The required diffusion
paranmeters can be 10 derived from sorption nmeasurenents provided the
assunption is made that the plane shegf nodel describes the diffusion
process. Thus for a given sorbate l|loading Q the value QQQm where Q is
the equilibriumsorbate loading, is mathematically related to (Dt/r2)in
where t is the tinme (sec) required to reach the sorbate Ioadi ng Q
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asurenents with 2, 3-di net hyl butane are 120C and 5.87 kPa (44 tort). The

wei ght upt ake of 2, 3-di net hyl but ane



WO 2005/ 014169 PCT/ US2004/ 018970 8 versus the square root of tine is

plotted fromwhich the rate is obtained and D/ (r'-x106) is calcul ated.

Catal yst Binder 5 The catalysts of the present invention can optionally be
enpl oyed wé @@faknati on with a support or binder materpet/ucionesn)e . The
binder is preferably an inert, non-alumna containing naterial, such as a -
porous inorgani c oxide support or a clay binder. One such preferred

i norganic oxide is silica. Gher 10 exaﬁ‘rpl es of such binder materi al

i nclude, but are not limted to zirconia, nmagnesia, titania, thoria and
bona. These materials can be utilized in the formof a dried inorganic

oxi de gel orVE@&lSéhwuaterrﬂ@mf tisaeié ipitted feom whichebe etelcobidiesd sl ¢l ay bi nder
materials i but . a limted to, bentonite and kiesel guhr. The
relative prg[g) {‘f%?ﬁlsocfalcéljﬁ??ﬂqyst to binder material to be utilized is from
about 30 15 wt.%to about 98 wt.% A proportion of catalyst to binder from
about 50 wt.%to about 80 wt.%is nore preferred. The bound catal yst can be _
i n the formGkahm Bindtrr udat e, beads or fluidizable mcrospheres. Cation
Exchanged Zeolites 20 The catalyst may be associated with hydrogen, e.g.,
hydr ogen2exchanged zeolite, or the catal yst may be associ ated wth a

nydr ogenat on conpeneRld (VAL AREHRHANGAEINALAAAR! hoBnERIRRRET o O

hydr ogenation ne Such € oxi de,
hydr oxi de, swniulﬂﬁmnqmtﬁaeq)p@atoa'buﬁér fnlateﬁal (bZIﬂ:TeQ) \flaieemﬁaerrsa;rraferabi G oup
VIIIA netals (i.e., Pt, Pd, Ir, Rh, Ni, Co and Fe), GroupVILA
metal s (i.e.aningt, fog- alammame)ltau@g)mptevmswémsl aspqrousanerganic oxide

support or a clay binder. One such preferred inorganic oxide 1s silica. Other

1_0 examples of such binder matertal include, but are not limited to zirconia.

| magnesia, titania, thoria and boria. These materials can be utilized in the form of

a dried inorganic oxide gel or as a gelatinous precipitate. Suitable examples of
clay binder materials include, but are not limited to, bentonite and kieselguhr. The
relative proportion of catalyst to binder material to be utilized is from about 30

15  wt.% to about 98 wt.%. A proportion of catalyst to binder from about 50 wt.% to
about 80 wt.% is more preferred. The bound catalyst can be in the form of an

extrudate, beads or fluidizable microspheres.

Cation Exchanged Zeolites
20
The cataiyst may be associated with hydrogen, e. g.; hydrogen-c=changed
zeolite, or the catalyst may be associated with a hydrogenation component
(hydrogenation-dehydrogenation component, e.g., hydrogenation metal).
Examples of such components include the oxide, hydroxide, sulfide, or free metal
25  (i.e., zero valent) forms of Group VIIA metals (i.e., Pt, Pd, I, Rh, Os, Ru, Ni, Co ‘
and Fe), Group VIIA metals (i.e., Mn, Tc, and Re), Group VIA metals (i.e., Cr,
Mo, and W), Group VB metals (1.e., Sb and Bi), Group IVB metals (i.e., Sn and
Pb), Group IIB metals (i.e., Ga and In), Group IIA metal, (e.g., Zn) and Group IB
metals (i.e., Cu, Ag and Au). Noble metals (i.e., Pt, Pd, Ir, Rh, Os and Ru) are
30  preferred hydrogenation components. Combinations of catalytic forms of such

noble or non-noble metal, such as combinations of Pt with Sn, may be used. The



Mo, and W, Goup VB netals (i.e., Sb and Bi), Goup IVB netals (i.e., Sn
and Pb), Goup IIB netals (i.e., Ga and In), Goup HA netal, (e.g., Zn) and
Goup 1B netals (i.e., Cu, Ag and Au). Noble netals (i.e., Pt, Pd, Ir, Rh,
Gs and Ru) are 30 preferred hydrogenatizon conponents. Conbinations of
catalytic forns of such noble or non-noble netal, such as conbi nati ons of
Pt with Sn, nmay be used. The 9 netal may be in a reduced val ence state,
e.g., when this conponent is in the formof an oxide or hydroxide. The
reduced val ence state of this netal may be attained, in situ, during the

course of a remedlingiy, bevi@redudeé dulendcostagent,, whenhhiasompytmogein, the s i ncl uded
in the feed to the reaction. 5 The %grogenation conponent nay be

i ncor por at ed 4ok aeoxide ey Rydropde. rromsedcyadetse state ¢fdhigpetalsmanbes j on
exchange, inpregnafi.on. or | C ' ) e l.utl ons of
appropriate rr%tt?% séﬁtsgnarpa@mgzﬁecgd# Sae(a:tfq(re‘r“dl}é L(i:/{vllrotﬁ‘:llﬁ “{ﬁﬁéa?ééa?f]gmﬁi aﬁsﬁ[gast#‘y é/)é;t

conponents, e'hyd}@geﬂ;q; fictuded iradht gedsieltRketdavadi.on of 10 the catal yst, under
conditions sufficient to conbine the respective conponents. The
met al -cont&ining salt may be water soluble. Exanples of such salts include

it AR . et ; . Coride i
culTare cand ti n cnepraeRaRhaT Bhb iR ey TR R Rl fhh MR F
cationic, anpRMods RhoWR i fhdlartC ewal £Xos Bedhage, Rinplehiitiodsk pydicgiat i oni c

conpl exes of this 15 type will be found convenient for exchanging netals
onto the zeol pdmixepgr Fozeasmple, solutions of appropoels metad seltstranay be cenisctesk prepar ed

by et 2 Ut e rerb ARk Kbk AR ReShe BRI b Or deT O

convert the cataly ANONETm T or'T 'S subsequent |y

cgnt act ed1gv t theajatadybe.odnder camititnk @iffidfent & confithe@ie RespbdtiverBohipbnétitd.r at e or
teétraaam ne platinum(ll) chloride. 20 Anionic conpl exes such as the vanadate

or met at ungst ahe megSopiaiing sl maehy wateppoluble. Examples of such salts include
chloroplatinic acid, tetraamineplatinum complexes, platinum chloride, tin sulfate

and tin chloride. The metal may be incorporated in the form of a cationic, -
anionic or neutral complex such as Pt (NH;),>* and cationic complexes of this

15  type will be found convenient for exchanging metals onto the zeolite. For
example, a platinum modified catalyst can be prepared by first adding the
catalyst to a solution of ammonium nitrate in order to convert the catalyst to the
ammonium form. The catalyst is subsequently contacted with an aqueous
solution of tetraamine platinum(Il) nitrate or tetraaamine platinum(II} chloride.

20  Anionic complexes such as the vanadate or metatungstate ions are also useful for
impregnating metals into the zeolites. Incorporation may be undertaken in
accordance with the invention of U.S. Pat. No. 4,312,790. After incorporation
of the metal, the catalyst can then be filtered, washed with water and calcined at
temperatures of from about 250°C to about 500°C.

25

The amount of hydrogenation component may be that amount which

imparts or increases the catalytic ability of the overall catalyst to catalytically
hydrogenate or dehydrogenate an organic compound under sufficient

hydrogenation or dehydrogenation conditions, €.g., hydrogenate ethylene to



inpregnating nmetals into the zeolites. Incorporation nmay be undertaken in
accordance wth the invention of U S. Pat. No. 4,312,790. After
incorporation of the metal, the catalyst can then be filtered, washed with
wat er and cal cined at tenperatures ofzjron1about 250C to about 500C. 25 The
anmount of hydrogenati on conponent may be that anmount which inparts or
increases the catalytic ability of the overall catalyst to catalytically
hydr ogenat e or dehydrogenate an organic conpound under sufficient

hydr ogenati on or dehydrogenati on conditions, e.g., hydrogenate ethylene to
9a ethane. THhanea blinampuntrisrefeiredita & aaéatidyfé‘éiﬂap‘}‘t‘l cThgramewnt off e anount  of

a1t hough Vb 206EPBTARECREReDH e o HEBTH Cobls 10 Pertiplth Wb, SlpdEI UL,

with the nature of the conponent, with | ess of the highly active noble
metals, particularly platinum being required than of the |less active base
netals. 5 Catal yst Sel ectivation The catal yst of the present invention can
be sel ectivated by a vapor phase process or a |liquid phase process. An
exanple of a liquid phase selectivation process is described herein as an
ex situ selectivation process. Exanples of ex situ 10 selectivation

techni ques suitable for use in the present invention are provided in U S
Patent Nos. 5, 367,099; 5, 404,800; and 5, 365,004. The ex situ selectivation
treatment may result in the deposition of at least | w.%of siliceous
material on the zeolite. The treatnent deposits siliceous material on the
catal yst by contacting the catalyst with a silicon-containing selectivating
agent. Subsequent to treatnment

(



15 with the selectivating agent, the catal yst may be conventionally cal cined
at tenperatures bel ow, say, 600C or |ess, under conditions sufficient to
renove organic material therefromwhile | eaving the siliceous material on

the zeol iwg.a00sRhefser @bl y wi thout reducing the crystallipiiystfosbli@rgeo! ite.
20 The catal yst maybe ex situ selectivated by single or nultiple treatnments

with a liquid organosilicon conpound in a liquid carrier. Each treatnent can
be followed by calcination of the tredfed material in an oxygen-contai ni ng
at nosphere, e.g., air. 25 hi accordance with the nmultiple inpregnation ex
situ selectivation nethod, the zeolite is treated at |east twce, e.g.
from2 to 6 thisAas, ofédulisen vhryarihdheRginerof tgemipcniemg withl Iegwf theddghliyer and at
| east one |iquid organosilicon conpound. The organosilicon conpound may be
present in tasdve oelie ofctals.qartimuterlyipiaionpe being reguéred thaguifdbelgsydctive or in the
formof enulsified.droplets in the liquid carrier. For the 30 purposes of
the present @SBEHRYre, it will be understood that a normally solid
organosi li con conpound will be considered to be a liquid (i.e., in the
liquid state) WD 2005/014169 PCT/ US2004/ 018970 11 when it is dissolved or
enul sifiéd |@aralybi Spiecdivagen um The liquid carrier maybe water, an organic
liquid or a conbination of water and an organic liquid. Particularly when
the liquid medium conprises an enul sion of the organosilicon conmpound in

water, the [iqui %ﬁ@%ﬁ%@&?‘i‘?ﬁr&%ﬁﬂ@%{tﬂoﬁ%ﬁﬂe? ti%fe)ﬂibg% Vgagﬁxg'_tghafé such as a

surfactant. Stable aq sl ons organosilicon conp e.g.,
silicone oi |prosdss bahliquidphasesgroedss.t A cpample ol aliquidphasseddctivatéacr i bed in

U S. Patent No. 5,726,114 to Chang et al. These emnul sions are generated by
m xi ng the MPepshissdasprad herein anen ensitiglestivetionmsentsn Examplasef g¥ 8idence of a

\S/;; T Zf ; ‘ { g{ﬂqpﬁg{tgﬁ ttgc?hrﬁtiqurgs Xt fo}JﬁSeJ i lthesfajrrege% [ 01% 0% lp%jv?deadnﬁ{ of a large
U.S. Patent Nos. 5,367,099, 5,404,800; and 5,365,004. The ex situ selectivation
treatment may result in the deposition of at least 1 wt,% of siliceous maternial on
the zeolite. The treatment deposits siliceous material on the catalyst by contacting
the catalyst with a silicon-containing selectivating agent. Subsequent to treatment
15  with the selectivating agent, the catalyst may be conventionally calcined at
temperatures below, say, 600°C or less, under conditions sufficient to remove

organic material therefrom while leaving the siliceous material on the zeolite,

preferably without reducing the crystallinity of the zeolite.

20 The catalyst may be ex situ selectivated by single or multiple treatments
with a liquid organosilicon costipound in a liquid carrier. Each treaunent can be
followed by calcination of the treated material in an oxygen-containing

atmosphere, e.g., air.

25 In accordance with the multiple impregnation ex situ selectivation method,
the zeolite is treated at least twice, e.g., from 2 to 6 times, with a liguid medium
comprising a liquid carrier and at least one liquid organosilicon compound. The
organosilicon compound may be present in the form of a solute dissolved in the
liquid carrier or in the form of emulsified droplets in the liquid carrier. For the

30  purposes of the present disclosure, it will be understood that a normally solid

organosilicon compound will be considered to be a liquid (i.e., in the liquid state)



10 including ionic and non-ionic surfactants. Preferred surfactants include
non- nitrogenous, non-ionic surfactants such as al cohol, alkyl phenol, and
polyalkox%§$l a _b erivatives, glycerol esters, polyoxyethylene esters,
anhydr osor IZ@FBZ Pers, ethoxyl ated anhydrosorbitol est e?%?lﬁﬁ%'f’ﬂ?‘ﬁ?mf at s,
-0i I s, waxes and ethoxyl ated esters thereof, glycol esters, polyal kyl ene

oxi de bl ock co-polymer 15 surfactants, pol y(oxyethyl ene-co-oxypropyl ene)
non-ionic surfactants, and m xtures thereof. Mre preferred surfactants

i ncl ude octoxynols such as Octoxynol-9. Such preferred surfactants include

the TRI TON(r i : T . - : - 305,

avai | abl e fr)é"n}q?éﬂgﬁéngﬂﬁ&sjgg%@s’ﬁgﬁﬂ %é‘?léﬁ‘?ggi‘ﬂgaﬂg}iﬁht%@% g‘z%a (r) calif.
series from GAerGar Grganideiyuiiairle, cofdbifatidh oEwedes behan bigamyliighidd usi ng such
surfactants are effective for selectivating zeolites such as ZSM5 to

enhance shapd&aguulsslyiwhanthe Hawid medivas edmprises sy emadseon efthelprggnesdicohnent al to

product selectivity.in certai.n reqgioselecti.ve catalytic .applications such
as the di spr §POPEY YR h'fe lﬁu@ﬂﬁﬁﬁ?&%alsﬁﬁﬁ%@iaPiegBJrlFlB’F&)r@rﬁ‘r?S{ﬁtnds usef ul
herein arg W%ﬁﬁ{asspéuyﬁhﬁnﬁn@lamx?&%ugaﬁﬁlrsioaggf&%m:f&ﬂ%a%ﬂ,@eﬁr@(é. xanes. The
preferred conpounds are polyal kyf ene oxi de nodi fied organdpol ysi Foxanes.
The or ganopolsiisEbhoadnsstabledompuse iretha lprgsehtangmtion heenddstrébedpn £ S, Rafent he

catal yst and_do not enter_the pores. The organosiliocaon c,or_rpottﬁnd

sel ect i vat i ng"agenb-1idyo fbang ¢l ckhgsp paulsipns e gonpralesihy mixing theyane, a
silane or m . T [l ave at | east
2 silicon at ?@%@PE% 12%{5 g@%@?gog@gg%{gsﬂf ﬁ%@%‘%&ggegpoun Sg%%oowommg
PCT/ US2004/ 0%897@ant baxtoy. Usefiufi@ants inlifde aho bifh lgppovirtbpdof udthctikigy are

sol uble or otherw se convertible to the liquid formupon conbination with
t%e i quil® cardlnding ipsds and nopHenic serfectants rPigkesrigd sudpctaniginglude 8gfre,  si | oxane

or silane Corlrlﬁloougrégo%, LI?XO%?C &7 fadtants such as alcohol, alkylphenol, and

polyalkoxyalkanol derivatives, glycerol esters, polyoxyethylene esters,
anhydrosorbitol esters, ethoxylated anhydrosorbitol esters, natural fats, oils, waxes
and ethoxylated esters thereof, glycol esters, polyalkylene oxide block co-polymer
15  surfactants, poly(oxyethylene-co-oxypropylene) non-ionic surfactants, and
mixtures thereof. More preferred surfactanis include octoxynols such as
* Octoxynol-9. Such preferred surfactants include the TRITON® X series, such as
TRITON® X-100 and TRITON® X-305, available from Rohm & Haas Co.,
Philadelphia, Pa., and the Igepal® Calif. series from GAF Corp., New York, N.Y.
’ 20  Emulstons formulated using such surfactants are effective for selectivating
(.. zeolites such as ZSM-5 to enhance shape selectivity, and to passivate surface
acidity detrimental to product selectivity in certain regioselective catalytic
applications such as the disproportionation of alkylbenzenes. Organosilicon
compounds useful herein are water soluble and may be described as
25  organopolysiloxanes. The preferred compounds are polyalkylene oxide modified
organopolysiloxanes. The organopolysiloxanes are preferably larger than the

pores of the catalyst and do not enter the pores.

The organosiliocon compound selectivating agent may be, for example, a
30 silicone, a siloxane, a silane or mixtures thereof, These organosilicon compounds

may have at least 2 silicon atoms per molecule. These organosilicon compounds



presel ectivati ng agent maybe between about 80 and about 20, 000, and
preferably 5 within the approxi mate range of 150 to 10, 000. Suitable
silicon-containing selectivating agent is selected fromthe group

consi st < i | oxanes, siloxancs, silanes, disi
aIkoxysiRg%gébmgg%fesentative ex situ selectivation si??@@ﬁgmg%ﬁ%ghnds

I ncl ude di methyl silicone, diethyl silicone, phcnvlnethyl silicone,

met hyl hydrogen silicone, ethyl hydrogenisilicone, 10 phenyl hydrogen silicone,
met hyl et hyl silicone, phenylethylsilicone, diphenyl silicone,

met hyltrifluoropropyl silicone, ethyltrifluoropropyl silicone, polydinethyl
Siiicone, t ghdy AR AEORNARY SR Rblvidth a6 B9 ard GHEAE B OMERASASLANBle
silicone, tetrachl orophenyl hydrogen silicone, tetrachl orophenyl silicone,
nmct hyl vi nyl tetHeilmmidbfor@anghor thryibinatign with theclonead cdher medisint. Theel ecti vati ng
silicone, I5 siloxane or silane conpound need not be |inear, but may be
cyclic, for nclggahraveishof ecilipne.jlorstedr silmuscompousd emplayrd ps 2
cycl otetrasi] ox I trisid0 t

vl ot ot r s ProyRRTve R SRR S0 e tENECCR bR SRRSO RD AL BB o 11 qui g
ex situ sel eliiy aled ApProxpBie $angd B MHY10S10,0000 Mftabletsilicdh@htaidiggct i onal
groups. 20 Preferred silicon-containing selectivating agents, particularly
when t he ex sclertivatioglagettis/seldcied froge fite greupd¢ansistingdf pelyalexensgani ¢ carrier or

(o g Dow SHOTSS: SHHGES: SRGAST Hol HEPSB0IFS: ROREIRB g Sbow 710(1)) .
Dove 550(1)  apRaMof Mlche o lerhy1MARY FREM SilonCOTDaNY.

M dl and, M chigan. Water s I'e organosi |1 con conpounds are conmercially
avai | abl e agphchidmetigksitipdre, mShealy3fQen Jificorm) athgitydrogen biicdid, on Car bi de,
Danbury Connecticut, conventionally used as an anti-foam, and SF 1188(r):
manuf act Hr edhsyylexiese sisong raethylpiby: pliqonss p@al,eﬂwb%hc&@ﬁ:}g@bw!

silicone, methyltrifluoropropyl silicone, ethyltriflucropropyl silicone,

polydimethyl silicone, tetrachlorophenylmethyl silicone, tetrachlorophenylethyl
silicone, tetrachlorophenylhydrogen silicone, tetrachlorophenyl silicone,
methylvinyl silicone, and ethylvinyl sibcone. The ex situ selectivating silicone,

15 siloxane or silane compound need not be linear, but may be cyclic, for example,
hexamethyl! cyclotrisiloxane, octamethyl cyclotetrasiloxane, hexaphenyl
cyclotrisiloxane and octaphenyl cyclotetrasiloxane. Mixtures of these compounds
may also be used as liquid ex situ selectivating agents, as may silicones with other

functional groups.

Preferred silicon-containing selectivating agents, particuiarly when the ex
situ selectivating agent is dissolved in an organic carrier or emulsified in an
aqueous carrier, include dimethylphenylmethylpolysiloxane (e.g., Dow-550® ) and

| phenylmethyl polysiloxane (e.g., Dow-710®). Dow-550® and Dow-710® are
25  available from Dow Chemical Company, Midland, Michigan.

Water soluble organosilicon compounds are commercially available as, for
example, SAG-5300®, manufactured by Union Carbide, Danbury Connecticut,
conventionally used as an anti-foam, and SF 1188® manufactured by General

30  Electric, Pittsfield, Massachusetts,



13 Wien the organosilicon ex situ selectivating agent is present in the
formof a water soluble conpound in an aqueous sol ution, the organosilicon
may be substituted with one or nore hydrophilic functional groups or

noi eties, which serve to pronote the pverall water solubility of the
-arganosi | i con conpound. 5 These hydrophilic functional groups may include
one or nore organoam ne groups, such as --N(CH3)3, --N(CZH5)3, and
--N(C3H7)3 . A preferred water sol uble organosilicon preselectivating agent

(Tormer1y. vl WP GEpRALingB G elts SREVYATER U MLRrestlt i MSRBE  feon
conpound can i V. i agu i i an
or ganosi | i conggtgﬁé‘ggﬁg% Eli’é"ﬁ"’éfg’ﬁ‘{“ a‘rﬁgte?dé Sg uf%ﬁ'oﬁ]?a %%@Qiii;é%%%{hg o& about 1/1.

15 A "sol uti osubstitetedntieindmdlot moregtaydraphilid funttidnal dictipe os atbieriest whiehof one or

nore substances at the nolecular or ionic level. The skilled artisan wll
recogni ze t ha¥er¥oloRrPBRts the overall deasgr sehipilty|of Hiegenganesiligoacompeindnul si ons.

The cat al yst - Wt S tiall ut i on of the

20 or ganod | Lo SSBINA LEchothoPoST b s b B BB Ot (2o
of ( from abogboudd)QuépaabMaCH),, -ak "Rey AN eLnf  Abeuferk@Gvdig about 150C,
at a pressu(r)getbog@about _1_(‘5‘??3;)'%0 a(t)cgzgﬁl'tg)?l480_ k‘l% fgbou'??o psig to about 200

psig), for asolybleorganesibiean Preselasouatingrganon anadprapyiaaiing silengasvailable

Vacuam and CReeapst §a0rs o fredia Rnerualis RERBRAE Sttt BV, 11, "

sel ectivatingjepggnts for the present invention are disclosed in U S. Patent
No. 5,849,968 to Beck et al.

. 10
(
The organosilicon compound can be preferably dissolved in an aqueous
solution in an organosilicon compound/H,0O weight ratio of from about 1/100 to
about 1/1.
15 A "solution" is intended to mean a uniformly dispersed mixture of one or

more substances at the molecular or ionic level. The skilled artisan will

recognize that solutions, both ideal and colloidal, differ from emulsions.

The catalyst can be contacted with a substantially aqueous solution of the
20  organosilicon compound at a catalyst/organosilicon compound weight ratio of
from about 100 to about 1, at a temperature of about 10°C to about 150°C, at a
pressure of about 101.3 to about 1480 kPa (about 0 psig to about 200 psig), for
a time of about 0.1 hour to about 24 hours, the water is preferably removed,
e.g., by distillation, or evaporation with or without vacoum, and the catalyst is

25  calcined.

Additional suitable ex situ selectivating agents for the present invention

are disclosed in U.S. Patent No. 5,849,968 to Beck et al.



13a Selectivation is carried out on the catalyst, e.g., by conventional ex
situ treatnents of the catalyst before |loading into a hydrocarbon conversion
reactor. Miltiple ex situ treatnments, say, 2 to 6 treatnents, preferably 2
to 4 treatnents, 5 have been found egpecially useful to selectivate the
-catal yst. Wien the zeolite is WD 2005/ 014169 PCT/ US2004/ 018970 14 ex situ
selectivated by a single or nultiple inpregnation technique, the zeolite is
calcined after each inpregnation to renove the carrier and to convert the
liquid organosilicon conmpound to a solid residue material thereof. This
solid residue material is referred to herein as a siliceous solid material,
 nsofar as this Mlgtaviichds Arfied bVGink LalfsB £P) ¥IRbhfentBRR SoafiaVi ng a
hi gh content of silicon atonms I1n the various 'sttuctures thereof, resulting
from the restreatteanfs dfke catgasniefure loadingointd Hhhydiocgdbowsonversion egrprund used
to inpregnate the catalyst. Follow ng each inpregnation, the zeolite may be
cal ci ned at aMuliple of sif Beatmes aByul 10 baremments nrefcsabh 2 ted/trgagnedst o a

tenperature greater th 200 br bel.,ow.the.te rat yre whi.ch. t he
cryota | Lo g beBh oG Rsperieny, Rel op Supive i pb SPRESC Hrendhe S8HEH i
calcination tenperature is below 700C, e.g., wthin the approximte range
of 350C to 550C. The duration of calcination at the calcination tenperature
may be from1l to 24 hours, e.g., from2 to 6 hours. 15 The i npregnated
zeolite may be calcined in an inert or oxidizing atnosphere. An exanple of
such an inert atnosphere is a nitrogen, i.e., N2, atnosphere. An exanple of
an oxi di zi ng atnosphere is an oxygen containing atnosphere, such as air.
Calcination may take place initially in an inert, e.g., N2, 20 atnosphere,
fﬁllomed by cal cination in an oxygen contai ning at nosphere. such as



air or a mxture of air and N2. Calcination should be perforned in an
at nosphere substantially free of water vapor to avoid undesirable
uncontrol |l ed steam ng of the zeolite. The zeolite nay be cal ci ned once or

mor e t hagy@nmeniQld ow ng each inpregnation. The vari ouscfEaexaNbisenal
calcinations follow ng each inpregnation 25 need not be identical, but may

vary with respect to the tenperature, the rate of tenperature rise, the
at nosphere and the duration of calcinai4 on. The anmount of siliceous residue
material which is deposited on the zeolite or bound zeolite is dependent
upon a nunber of factors including the tenperatures 30 of the inpregnation

and cal ci natx sifu sdl@fivateig GRigent haltipRimpteghbtorntegRiigsd, theoeolirdnpound in
the carrying nedium the degree to which the catalyst has been dried 15
prior to copaleived afterreach empregeationite resanye demgsousrrnditp eonventobplietid used in the -
cal cination and duration of .the ci.nation.. H gh erature .Calcination 5
Sabsequent | PEAHISE SRR G SHRIEHAN Bt EheLherahy ! BosouHer e

cal ci nati O“ﬂ&%ﬁgiﬁfeﬁe@mﬁh@h&%{ﬂ,a SIRRoREdoBA e £ AnshPdNhls rRfterddl 85 Pr esent
invention 1is subjected to a severe, high tenperature, calcination

treat nenf. Gelystedhd bakpylynean shecisvdasing @dighycdnéerad o silipoaktems pe thee nt

crystallinity for hexane uptake 10 cal cul ated as, _hexane uptake _ of sanple
di vi ded by NesQusstUpusssherpolFeBltag fem the sessius)of teg organg porkipR 9fthgn al so be

measured by X-ray.diffr ' T | ?[EH re cal cining step can be
carried out Oé?ﬂgﬁhg%lné |lﬁoélﬁgrasesdu[:aﬁlln @I}%ﬁ%& 0 %ﬁag}%/slﬂde a catal yst having an
al pha value of less than 700, preferably 15 less than 250, say, from75 to

150, or 5 to 25, depending on the catalyst application, a crystallinity as
measured by X-r aFollpwingsach gnpisgnation] the seclivamay 8s gglcined bt gt 9f frgn | ess t han

3% % atllg A clnftfou.f&(‘?gnrgl% {oi shout” ‘f' °é/1§]1%1u(t"eatto%lt¥rt11})gmmre greater than 200°C, it
below the temperature at which the crystallinity of the zeolite is adversely
affected. This conventional calcination temperature is below 700°C, e.g., within
the approximate range of 350°C to 550°C. The duration of calcination at the
calcination temperature may be from 1 to 24 hours, e.g., from 2 to 6 hours.

15

The mmpregnated zeolite‘may be calcined in an inert or oxidizing

atmosphere. An example of such an inert atmosphere is a nitrogen, i.e., Ny,
atmosphere. An example of an oxidizing atmosphere is an oxygen containing
atmosphere, such as air. Calcination may take place initially in an inert, e.g., N»,

20  atmosphere, followed by calcination in an nxygen containing atmosphere. such as
air or a mixture of air and N,. Calcination should be performed in an atmosphere
substantially free of water vapor to avoid undesirable uncontrolled steaming of the
zeolite. The zeolite may be calcined once or more than once following each
impregnation. The various conventional calcinations following each impregnation

25  need not be identical, but may vary with respect to the temperature, the rate of

temperature rise, the atmosphere and the duration of calcination.

The amount of siliceous residue material which is deposited on the zeolite
or bound zeolite is dependent upon a number of factors including the temperatures
30  of the impregnation and calcination steps, the concentration of the organosilicon

compound in the carrying medium, the degree to which the catalyst has been dried



nmol ecul ar sieve as neasured by the rate of 2,3-dinethyl butane or 2, 2-

di net hyl but ane upt ake of |ess than 270, preferably less than 150 (D/'r2 x 106
sec). 20 The high tenperature calcining step can be carried out at
tenperatures ranging fromgreater thaps700C to 1200C for 0.1 to 12 hours,
e.g., from 750C to 1000C for 0.3 to 2 hours, preferably from 750C to 1000C
for 0.5 to 1 hours. 25 The selectivated zeolite may be high t enperat ure
calcined in an inert atnosphere, an oxidi zing atnosphere, a m xture of
both. An exanple of such_an inert atnosphere is nitro N2. An

exanpl e of anPBXi @i PPHE! W&Pﬁ%%?@"ﬂ@n&?“&?yﬁ%ﬁh‘&Smoégﬁ‘ﬁrﬁgls%fff?o@ﬁhere, such
as air. A ter&%:h%?d&'ar}d %r%nd‘&ﬂgé C@gm ntake place initially in an inert,

e.g., N2, atnosphere y ca Tination in an oxygen contai ni ng
atmosphere, such as air or a mixture of air and N21 or vice versa.

Cal ci nation should be perfornmed in an atnosphere substantially free of

wat er vapor t High SeriperatireiGaddibatiomcont rol | ed steaming of the zeolite.

Thus, the gn gh tenperature calcining step is preferably carried out 5 in the
absence of“intentionally added steam Shape Sel ective Conversions Zeolites

modi fied in aCCOfd&EH‘s@% it b HBSele YRR B%%?o&ﬁ@re@ﬁ%ﬁ&%} YoR&iidha ( 10 as
ct1ve hydrocar

catal ysts in shape sel conver Ssi on processes I ncluding
cracki ng reactdldnation assdaiated thetdwatly thasedéativagd dewntyst ofgthe présygdr ineetion
f eedst ocks; isonerization of alkylaromatics xyl ene i sonerization;
ol i goner i zat i §Fubiectsfl &9 psevare lflgﬁ/ Fﬁ%w@néalcmagw lrp%ﬁr@m t Gpesta{iniey o

chemical si  alkwlabi A0 by hOURt Lfie AR LEYAO ToPheBRO TBlAES. ©- -

t ol uene
( 10 calculated as hexane uptake of sample divided by hexane uptake of uncalcined

sample). Crystallinity can also be measured by X-ray diffraction.

The high temperature calcining step can be carried out under conditions
sufficient to provide a catalyst having an alpha value of less than 700, preferably
15 less than 250, say, from 75 to 150, or 5 to 25, depending on the catalyst
application, a crystallinity as measured by X-ray diffraction of no less than
85%, preferably no iess than 95%, and a diffusion barrier of the catalytic
molecular sieve as measured by the rate of 2,3-dimethylbutane or 2,2-

dimethylbutane uptake of less than 270, preferably less than 150 (D/r* x 10°sec).

20
( The high temperature calcining step can be carried out at temperatares
ranging from greater than 700°C to 1200°C for 0.1 to 12 hours, e.g., from
750°C to 1000°C for 0.3 to 2 hours, preferably from 750°C to 1000°C for 0.5
to 1 hours.
25

The selectivated zeolite may be high temperature calcined in an inert
atmosphere, an oxidizing atmosphere, or a mixture of both. An example of
such an inert atmosphere is nitrogen, i.e., N,. An example of an oxidizing
atmosphere is an oxygen containing atmosphere, such as air. Alternatively,

30  calcination may take place initially in an inert, e.g., N,, atmosphere, fotlowed



15 di sproportionation; conversion of oxygenates to hydrocarbons;
rearrangenent of oxygenates; and conversion of |ight paraffins and ol efins
to aromatics, e.g., naphtha reformng. Non-limting exanples include:
cracking hydrocarbons with reaction copditions including a tenmperature of
from about 300C to about 700C, a pressure of from about 0.1 atnosphere to
about 30 at nospheres and 20 wei ght hourly space velocity of fromabout 0.1
hr-' to about 20 hr-'; { dehydrogenating hydrocarbon conpounds with reaction

conditions_including a tenperature of frqom about 300C to about 700C, a
pressure obY £lBIFARGbIR ADOXYBER CABA IS AMOSPREEHUTICH 65 Al 9B JAEFEE %And wei ght

10U 1Y, D58 AL Yelekh Eadhih Suat ek BuRe of i vEr L "o

par af fins con I'ons~ i nc

to about 78{¥stanfally £66 Bf Walkl vhp&HTo aebidUindEsifabié TRSRREN&A Siearmpg Wi 60
at nospheres and wei ght hourly space velocity of fromabout 0.5 hr" to about

400 hr' anthezeblter ddwn/ thedrigic tentpsrature| calcining stepa$ pfeferablylserrieddowto about 20;
convertoé'nng_ olefjns to aromati(fs, e.g., benzene, toluene and xylene, with
reacti oh cBhdifaP¥ReEe PhiTteriions! %la‘?‘%ﬁ%@?g’t ure from about 30 100C to about
700C, a pressure of fromabout 0.1 atnosphere to about 60 17 atnospheres,
wei ght hourly space velocity of fromabout 0.5 hr-' to about 400 hr-', and

a hydr ogenShypir Scdéevihe ComwbBionat i 0 of from about 0 to about 20; converting
al cohols, e.g., nethanol, or ethers, e.g., dinethylether, or mxtures
t hereof to hydrocarbons, including olefins and/or aromatics with reaction 5

condL 1 one el YRR, o IRSE AR R L UL A IR aBRE 2
sgace Mel ogd &ataiPits il sHapaReNeéive Bydidcarion @R0ssiohQitottisses ihGiedmgi zi ng xyl ene
f eedst ock conponents wth reaction conditions including a tenperature from
about 230C-naekiap seactiony dncludipg dbase irvobfing dowaxibs of hpdracarbephere t o about 35
feedstocks; isomerization of alkylaromatics, e.g., xylene isomerization;
oligomerization of olefins to form gasoline, distillate, lube oils or chemicals;
alkylation of aromatics; transalkylation of aromatics, e.g. toluene
15  disproportionation; conversion of oxygenates to hydrocarbons; rearrangement of
oxygenates; and conversion of light paraffins and olefins to aromatics, e.g.,
naphtha reforming. Non-limiting exémples include: cracking hydrocarbons with
reaction conditions including a temperature of from about 300°C to about
700°C, a pressure of from about 0.1 atmosphere to about 30 atmospheres and
20 weight hourly space velocity of from about 0.1 hr' to about 20 hr’;
( dehydrogenating hydrocarbon compounds with reaction conditions including a
temperature of from about 300°C to about 700°C, a pressure of from about .1
atmosphere to about 10 atrnospheres and weight hourly space velocity of from
about 0.1 hr' to about 20 hr'; converting paraffins to aromatics with reaction
25  conditions including from about 300°C to about 700°C, a pressure of from
about 0.1 atmosphere to about 60 atmospheres and weight hourly space velocity
of from about 0.5 hr' to about 400 hr and a hydrogen/hydrocarbon mole ratio
of from about 0 to about 20; converting olefins to aromatics, e.g., benzene,

toluene and xylene, with reaction conditions including 2 temperature from about

30 100°C to about 700°C, a pressure of from about 0.1 atmosphere to about 60



10 at nospheres, weight hourly space velocity of fromabout 0.1 hr' to about
200 hr', and a hydrogen/ hydrocarbon nole ratio of from about 0O to about
100; disproportionating toluene with reaction conditions including a
tenperature from about 200C to about 0C, a pressure of from about

-at nospheric to about 60 atnospheres, weight hourly space velocity of from
about 0.08 hr' to about 20 15 hr'; al kylating aromatic hydrocarbons,. e.g.,
benzene and al kyl benzenes in the presence of an alkylating agent, e.g.,

ol efins, fornal dehyde, alk i

hal i d d h t.h t diti
i ncl uding a t"’éi’i’Bg?h&f‘?ﬁr &’e\gﬂ‘gh‘i"‘afg’oli&a&%%gc X)Offg{o i OBb@néhr r‘%%ﬁ |o:68c8][1 :‘rlo?nns
about at nospheni gx%&g)h)g&}ggé%%%g ﬁa&ﬁ&% ﬁﬁo%‘fﬁ)hggﬁod?@%laﬁome vel ocity of

from about 2 ar ona

hydr ocar bon/ adohyérﬁhg ARoBAIS|E. gmhahérﬁnl& @herk ) ), ahi@ihylkitter] or afpauies 20/ ;
and transal kyl ati ng aromati ¢ hydrocarbons in t he presence of

pol yal kyl ar orthereef toytydoesartnsssingiuding: defins and/arovienaticsnwith feaction ng a

terrperature from.about, 340C to ab u OOC a PLessur of m_about
at nospher i tEPSNORT MSHINE H{sTRGEARE |aBﬂ'ft 2&3 i EB‘&I 6ed(\/g:l’f}ci ty of from

25 about 10 HressufelofaRHtabdfdPs Iﬁﬁn@sgﬁ&@ t@r:lb@nitm&n%spheres weight hourl

hydr ocar bon/ pol yal kyl aromati c nole ratio of from abou%' 1/1 to
about 16/1. Axgpadet vecbmmtly af dren mbmns) 5 hot tm@ongl@éhe‘cusmamgmla’neyst s are set
out in U S E‘g@% . 5,455, 213 to Chan? eneral , therefore,
catalytic co §1°5r?°E’BHB‘?’F~°f b rearion gopdifigns ing uelﬂgqfr ECE}PH tyrg %dl fied
zeol ite prepafpgh Pihotg BHESHV-CTRLHdL} ”c?f'f':’&g utl EARRIsHRHE Fo hBRERgLOUL
100C t o about g)GOC a raessur e of f om abo ?0 at nos ﬁﬁ ere to about 200
at nosphergs, amogimbrelspweigm hm@espaeb oclotiyy of fromarbobt andut‘ 16 aB&uti200 t o about
2600 hr-1, and ,a en/orgam C g., hydraocarbon n“%ound mol ar ratio
of from aboutio: q aa rocar’bon mole ratio of from about 0 1o about 100;

dlsproportlonaung toluene with reaction conditions including a temperature from

about 200°C to about 760°C, a pressure of from about atmospheric to about 60

atmospheres, weight hourly space velocity of from about 0.08 hr to about 20
15  hr'; alkylating aromatic hydrocarbons, e.g., benzene and alkylbenzenes in the

presence of an alkylating agent, e.g., olefins, formaldehyde, alkyl halides and

alcohols, with reaction conditions including a temperature from about 250°C to

about 500°C, a pressure of from about atmospheric to about 200 atmospheres,

weight hourly space velocity of from about 2 hr” to about 2000 hr”, and an
20 aromatic hydrocarbon/alkylating agent mole ratio of from about 1/1 to about

20/1; and transalkylating aromatic hydrocarbons in the presence of

polyalkylaromatic hydrocarbons with reaction cenditions including a

temperature from about 340°C to about 500°C, a pressure of from about

atmospheric to about 200 atmospheres, weight hourly space velocity of from
25  about 10 hr to about 1000 hr', and an aromatic hydrocarbon/polyalkylaromatic

hydrocarbon mole ratio of from about 1/1 to about 16/1. Additional conditions

for using selectivated catalysts are set out in U.S. Patent No. 5,455,213 to

Chang et al.



The follow ng exanples will serve to further illustrate processes and sone
advant ages of the present invention. { 10 Exanple 1 Silicone Selectivation
Treatment of ZSM5 Catalysts Hi gh activity ZSM5, 65 wt. %35 w. %silica
bound were selectivated by four consegutive silicone selectivation
treatnents. To this catalyst, 0.1 wt. % 15 Pt was added via incipient

wet ness i npregnation with Pt (NH3)4(NO )2, followed by calcination. The

sel ectivated catal ysts exhibited the follow ng characteristics: alpha =
610; 2,3-DMB (x10'6 sec') = 248, and crystallinity based on n-hexane
sorption 20 of 991 BydterabxBételofe, 2atdlydi chAIRSIoACBhEH6R Glepaich@ysOf _
Silicone-Selectivated ZSM5 High téenperature cal cinations of a selectivated
product of Exeompresing th25noddfied 2selitt grepaded by thetpoesenometabd inghwlefaur nace. A

artz tube wa | aced in the rnace, | ength e nded a f i nche
ggyoné tﬁe fu?esﬁ}fg’éa_“i‘rf: 5#"? f"bot“é)l{’)(gbt(ﬁto ﬁ&?’ﬂ@gﬁg’@ﬁrgﬁﬁﬁﬁﬁ%lﬂ °“;5(9a Walnd toS
allow for conkikbdddsd feuraPRABERrds wellt nbatApied viBdnbiikaly treat ment .

Air, predried ove 2 and activated sieves, we hrough the tube
during cal £i naticuof.08thra o atboud2@0Q fut' eandaa hyddogen/ergasio, ige, patedasten was pl aced
in a quartz boat, i ch cont ai &?d alr; i nt er nal ermowel | 19 for nonitoring
the actual cafUPReundElar ZAHOHTATQIR 0oyt et A9PUEE®- Wi t hin the quartz tube to

initiate the high tenperature treatnment. Treatnment tinme is defined as
follows: start tine is when catalyst tenperature is within 5.6C (10F) of
stated tenperat urEhe fedfolving exgmpkk etifl aerveno tfumizer nifustratetprecegseannd boat was
renmoved 5 fromthe furnacef and allowed to cool to roomtenperature quickly.

The results SH7RE ayaniagss qffherpigpent WVERLQRy
( 10
Example 1 Silicone Selectivation Treatment of ZSM-5 Catalysts

High activity ZSM-5, 65 wt. %/35 wt. % silica bound were seiectivated
by four consecutive silicone selectivation treatments. To this catalyst, 0.1 wt. %
15 Pt was added via incipient wetness impregnation with Pt(NH,),(NO,),, followed

by calcination.

The selectivated catalysts exhibited the following characteristics: alpha =
610; 2,3-DMB (x10° sec’) = 248, and crystallinity based on n-hexane sorption
20 of 99.8%.

Example 2 High Temperature Calcination of Silicone-Selectivated ZSM-5

High temperature calcinations of a selectivated product of Example 1
25  were performed in a horizontat tube furnace. A quartz tube was placed in the
furnace, whose length extended a few inches beyond the furnace itself, to both
hold the catalyst sample boat and to allow for controlling the atmosphere in the
catalyst bed during treatment. Air, predried over CaCl, and activated sieves,
was flowed through the tube during calcination at about 0.5 liter air/minute.

30  The catalyst was placed in a quartz boat, which contained an internal thermowel!



Al'l dynam c neasurenents were obtained with a H gh Resol ution

Thernogravi netric Analyzer (TA Instrunments Mddel 2950) equi pped with an 10
evol ved gas furnace, a gas switching accessory and an automatic sanple
changer. A hydrocarbon sparging systemngconsisting of mass flow controllers
-heating mantl e, condenser, and circul ating bath delivered the sorbates.
During the sorption experlnent a helium purge gas entered the bal ance head
and blended with a sorbate carried by heliumwhich entered through the
furnace inlet 15 tube. The carrier ﬂWS sparged through the sorbate which was

mai nt ai ned at {05 MeHEENg tepuAk SRR QtCWaWF%\/Bh‘?‘hPIéC?S'fWF]HB G @S st reans
were control 'Eng: Ry mnrg?gﬁaefﬂl [‘ l2hGnddnd THEL eﬁt%ﬂéisecféﬁh?d gehi eve the

desired. partia pressures I'C neasurenen Wer e orned on

sorption syst @Mofk Oty time @&»r@ﬁrcmazy(sd\&eﬂhpbrahﬂe @ )thinh63C I?LD"(PQ@? satdded syst em
consisted of an integrated m crobal ance from Cahn (Mdel D200), furnace,
constant t enp@rr@mnarebﬁoﬁownm@amogm@mnaﬁhe Qamledemﬁ‘fﬁﬂor ption

I sot her ns ob ed b el e star oi nt . t | sof.herm
pressure s ep, Wa‘h?hﬂ %’gs@logegtt 1?‘? ?ﬁ“ﬁgf—ﬁ |°é"° EE?)E‘?SPhEnt al

t enper at ur e. ;}Qgemlggﬁmlgrloya@l@.d for 25 automatic outgassing of the sanple
foll owed by sorption of organic vapor, i.e., n-hexane. 20 TABLE 1

Calc. Tenp Tinme Alpha 2,3-D'r2 % rystallin C (F) (Hours) (x 10-6sec') ity
(hexane “so t1on) NgngNene, 010,238,109, of ek A0} HhgRRERIR,100 16
(1500) 1 167 122

Thermogravimetric Analyzer (TA Instruments Model 2950) equipped with an
10 evolved gas furnace, a gas switching accessory and an automatic sample

changer. A hydrocarbon sparging system consisting of mass flow controllers

heating mantle, condenser, and circulating bath delivered the sorbates. During

the sorption experiment a helium purge gas entered the balance head and

blended with a sorbate carried by helium which entered through the furnace inlet
15 tube. The carrier gas sparged through the sorbate which was maintained at a

specified temperature. The flow rate of the two gas streams were controlled by

mass flow controilers and were adjusted to achieve the desired. partial pressures.

All static measurements were performed on a sorption system from VTI
20 Corp. (Model MB 300). This PC controlled system consisted of an integrated
microbalance from Cahn (Model D200}, furnace, constant temperature bath,
(\»- vacuum system and gas manifold. Adsorption isotherms were obtained by
selecting a starting point of the isotherm pressure step, maximum pressure,
. equilibrium criteria and experimental temperature, The program provided for
25  automatic outgassing of the sample followed by sorption of organic vapor, i.e.,

n-hexane.
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results presented in Table 1 show that high tenperature
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The results presented in Table 1 show that high temperature

treatment of diffusionally modified catalysts can decrease acid activity, as

measured by alpha, as well as substantially increase diffusional resistance (lower

D/r’ represents an increase in diffusional resistance). Thus, calcination at

1600°F (871°C) for one hour decreases alpha (from 610 to 110), but increases

the diffusional resistance over two-fold. This contrasts with the results

presented in Table 2 below for steam treatment, in which a similar decrease in

alpha results in a net decrease in diffusional resistance. Note that the diffusional

resistance of the 1800°F (982°C) calcined sample has increased fifteen-fold, a

very significant increase in diffusional resistance over the untreated catalyst.

Example 3 Preparation of Steamed, Uncalcined ZSM-5 (Comparative)

Steam treatrments of a selectivated prbduct of Example 1 were performed

in the same furnace setup as in the previous Example. The atmosphere through

the quartz tube was steam, generated by boiling water. Steaming temperature,

steam time, and alpha values and 2,3-dimethylbutane diffusivity measurements

taken according to the above-described procedures are set out below in Table 2.

The results show that steam treatment can be used to decrease acid activity, as

measured by alpha. However, the steam treatment also decreases the diffusional

resistance (higher D/1* values represent a decreased diffusional resistance).



Steaming T C Steam Tine Alpha 2,3-DMB Dr2 (F) (hours) (x 10-6sec') None
None 737 195 427 (800) 20 270 415 427(800) 26 151 620 Exanple 4 Conparison
of High Tenperature Cal cination Treatnment versus Steam Treatnent for
Modi fying 4X Sel ectivated Catal ysts. The data from Exanples 2 and 3 are
‘plotted in the Figure. They clearly show that high tenperature cal ci nation
results in an increase in diffusional resistance (lower Dr2) with | ower
acidity (as neasured by alpha). In contrast, when steam ng, which is a
standard method for decreasing aci ditﬁ, as neasured 10 by al pha), is applied
to the catal yst, the diffusional resi decreases (higher Dirz). This
clearly showsrbotthtte—difflerence—TmthesetwotTeatyrents for—Todj f yi ng
acidity, as well as.the utijlity of this ijnvention--tha | ffusionally
resistant cathl b@?@"\ggﬁ ée pr 0GB BEi ng t hedRAMyh tenémgéléal Ci nati on
net hod. 15 Exhnple GFHydr odar bofh@Bpler silon Process lUsi 8§ 1P JTenper at ure
Cal ci ned, Sel gcti vaNond ZSM|5 andNsSneanmed [ZSM 337 Two [cat al y$%3 wer e pr epar ed
for this exanple 477 @ogpr dgnce w ph the 200 preypous [Exanpl gg5 The first was
prepared by h g‘rl} @)aturé calchgation jof a;spX seJ ectivgygd catal yst at
927C (1700F) , “whttetnhe—second—{Conmparatt+ve—was——prepared—bysteahi ng a 4X
sel ectivated catalyst for 3 hours at 532C (990F). These catalysts were then
used to convert et Exérfaﬁeaer@omﬁhrﬁow{%?% rm&mz%tzgmaﬁwm&henﬁhe feed is
etny 0

a xylene-containing feed, with 10% enzene,
versus Steam Treatment for Modifying 4X Selectivated Catalysts.

(' The data from Examples 2 and 3 are plotted in the Figure. They clearly
show that high temperature calcination results in an increase in diffusional
resistance (lower D/r*) with lower acidity (as measured by alpha). In contrast,
when steaming, which is a standard method for decreasing acidity (as measured

10 by alpha), is applied to the catalyst, the diffusional resistance decreases (higher
D/r?). This clearly shows both the difference in these two treatménts for
modifying acidity, as well as the utility of this invention--that more diffusionally
resistant catalysts can be produced using the high temperature calcination
method.

15

Example 5 Hydrocarbon Conversion Process Using High Temperature
( Calcined, Selectivated ZSM-5 and Steamed ZSM-5.

Two catalysts were prepared for this example in accordance with the
20  previous Examples. The first was prepared by high temperature calcination of a
3X selectivated catalyst at 927°C (1700°F), while the second (Comparative) was
prepared by steaming a 4X selectivated catalyst for 3 hours at 532°C (990°F).
These catalysts were then used to convert ethylbenzene in a xylene 1somerization
reactor. The feed is a2 xylene-containing feed, with 10% ethylbenzene, 1%
25  para-xylene, 64% meta-xylene, and 25% ortho-xylene. The catalysts were first

reduced in hydrogen, then lined out for 24 hours using this feed. The catalysts



25 para-xyl ene, 64% net a- xyl ene, and 25% ort ho-xyl ene. The catal ysts were
first reduced in hydrogen, then lined out for 24 hours using this feed. The
catal ysts 22 were then evaluated at tenperatures of 438-404C (820-760F) in
11 C (20F) increnents, at 20 WHSV, 1G,WHSV and 5 WHSV using a 1/1

~hydr ogen/ hydrocarbon ratio at 1480 kPa (200 psig). The results are shown in
Table 3 below. 5 TABLE 3 Catal yst High Tenperature Steaned Cal cined
Catalyst Catalyst Yields wt. % C5- 1.9 2.0 Benzene 5.4 5.6 Toluene 0.5

1.1 Ethyl benzene 1.2 1.1 Para Xylene 1. o 3 lLLene 63, Otho
Xylene 360 266t% Mieshied tgsyig e dgpaat e RSl At @R

Xyl ene Loss a@“@f%é(} . 3 ata show that the
hiygh tenpera?ﬂ%eeglggﬁsb:gﬁfe(gw%%\g’l yst e f@??v@ﬁ&@%ﬁi?%g et hyl benzene. They

al so show t hatydtdgenshydesvartionsstimits Bi8dddPaa260 psipe The gisulte apeeshataria cal ci ned

catalyst is lower _than that afforded over the steaned 10 catal yst.
Table 3 below.

5 TABLE 3
Catalyst High Temperature Steamed
Calcined Catalyst Catalyst
Yields (wt. %)
C.- 1.9 2.0
Benzene 5.4 5.6
Toluene 0.5 1.1
: Ethylbenzene 1.2 1.1
K: Para Xylene 1.8 2.6
Meta Xylene 63.2 62.7
Ortho Xylene 26.0 25.1
Heavies (C,.) ' 0.0 0.0
Ethylbenzene Conversion 87.6 88.9
Xylene Loss 0.2 0.8
Para Approach (PATE) 3.0 7.6

These data show that the high temperature calcined catalyst effectively
converts ethylbenzene. They aiso show that the xylene loss afforded over the
high temperature calcined catalyst is lower than that afforded over the steamed

10  catalyst.



23 CLAIMS W claim 5 1. A nethod for nodifying a catalytic nol ecul ar sieve
whi ch conprises: a) selectivating said catalytic nolecular sieve by
contacting with a silicon containing selectivating agent; and b) cal ci ning
the selectivated catalytic nolecular skeve in an atnosphere substantially
-free of water vapor at high tenperaturée calcination conditions 10 conpri sing
tenperatures greater than 700C, which conditions are sufficient to reduce
acid activity as neasured by al pha value and increase diffusion barrier of
said catal ytic nol ecul ar sieve as neasured by the rate of 2, 3-di net hyl but ane
upt ake, as cdeipAME to the selectivated catal ytic nolecul ar sieve. 15 2. The
met hod of Caim1l, wherein said diffusion barrier is increased by at |east
25 % 3. The nmethod of Caim2, wherein said diffusion barrier is increased
by at |east Wa ¥4m20 C 4. The met hod of Claim 3, wherein said diffusion
barrier is |ncreased by at least 50% 5. The nethod of any preceding Caim
wherein said catalytic nolecular 25 sieve is selected fromthe group

consi st ng of ZSM5, ZSM 11, ZSM 12, ZSM 22, ZSM 23, ZSM 35, ZSM 48,

ZSM 50, Z8M 57, zevmsghod fepmodidy ngtascatal yiimpleculiosiess WEh\QPrisgEM 56,

T 0o LBl DO e b O SR Py (A0 S
and | TQ 13. \6@0&}9@ SR A HE4A@4/ 018970

b) calcining the selectivated catalytic molecular sieve in an atmosphere

substantially free of water vapor at high temperature calcination conditions
10  comprising temperatures greater than 700°C, which conditions are sufficient to

reduce acid activity as measured by alpha value and increase diffusion barrier of

said catalytic molecular sieve as measured by the rate of 2,3-dimethylbufanc

uptake, as compared 1o the selectivated catalytic molecular sieve.

15 2. The method of Claim 1, wherein said diffusion barrier is increased by at

least 25%.

3. The method of Claim 2, wherein said diffusion barrier is increased by at
least 35%.
20

( ' 4, The method of Claim 3, wherein said diffusion barrier is increased by at

least 50%.

5. The method of any preceding Claim, wherein said catalytic molecular
25  sieve is selected from the group consisting of ZSM-5, ZSM-11, ZSM-12, ZSM-
22, ZSM-23, Z8M-35, ZSM-48, ZSM-50, ZSM-57, ZSM-58, zeolite beta,
MCM-22, MCM-36, MCM-49, MCM-56, mordenite, MCM-58, synthetic
faujasite, natural faujasite, MCM-41, ALPO-5, VPI-5, SAPO-5, SAPO-11,
SAPO-30, SAPO-31, SAPO-34, ITQ-2, ITQ-3, ITQ-12, and ITQ-13.



24 6. The nethod of Caimb5, wherein said catalytic nolecular sieve is a -
silica- bound ZSM5. 7. The nethod of any preceding Claim wherein said
catalytic nolecular sieve 5 further conprises a netal selected fromthe

group ¢ L 10mgﬁ Goup VLIIArectal , Goup VIIA nepatustdodized A netal,
G oup VB netal, oup VB netal, Goup LIB netal, Goup ILA netal, and ’

G oup IB netal of the Periodic Table. S. The nmethod of Claim?7, wherein said
nmetal is a hydrogenation netal 10 selebted fromthe group consisting of
platinum palladium iron, ~irl:el, galiEn, zinc, nolybdenum and rhenium

9. The nethod of any preceding Claim wherein said selectivatirn,2 agent is
sel ected frem t hEh@methpd @F St §,veheddin paill y stalytix aedsulSisleos aedlicsi | anes,

di silanes 15 and al koxysilanes. 10. The nethod of any preceding Caim
wherein t hebawldedtNIvating is carried out by two to six treatments with said’
selectivating agent. 20 11. The nethod of any preceding Claim wherein said
calcining is carried out wunder conditions sufficient to provide a catalytic_
nol ecul ar sheve i :Of o i si on
barrier as ?ﬁsasu?géél 310? %g%#lg?%c%c}ﬁﬁ%%ﬁa}ah@?ﬁy&{a@ﬁ&gﬂng&u%? gl%glagé‘lé‘ltéejss t han
270 (D (52 rrt@bcawm)ses a 2ptdl2eletied front the grafp oGhastingldf, GrohpAVEIIA sai d

calcining is carried out under., conditions sufficient to prqovide a catalytic

mol ecul ar sMstA, HERAPNYLLAAngtply FaONR )Y e metady{dionp ViR Bigtabdoiogp 398 msieh a

s than 160y A QRUEI0 evdha B in ) by nr TR B670 25 1o

The nmethod of Claim 11, wherein said calcining is carried out under

S. The method of Claim 7, wherein said metal is a hydrogenation metal
10 selected from the group consisting of platinum, palladium, iron, rickel, gallinm,

zinc, molybdenum, and rhenium.

9. The method of any preceding Claim, wherein said selectivatine agent is

selected from the group consisting of polysiloxanes, siloxanes, silanes, disilanes

._.
thn

and alkoxysilanes.

10.  The method of any preceding Claim, wherein the selectivating is carried

out by two fo six treatments with said selectivating agent.

20 11.  The method of any preceding Claim, wherein said calcining is carried out .
under conditions sufficient to provide a catalytic molecular sieve having an alpha
value of less than 700 and a diffusion barrier as measured by the rate of 2,3-

dimethylbutane uptake of less than 270 (D/(r* x 10° sec)).

25 12.  The method of Claim 1], wherein said calcining is carried out under
conditions sufficient to provide a catalytic molecular sieve having an alpha value
ranging from 25 to 200 and a diffusion barrier as measured by the rate of 2,3-
dimethylbutane uptake of less than 150 (D/(* x 10%sec)).



~conditions sufficient to provide a catalytic nolecul ar sieve having an al pha

value ranging from5 to 25. 5 14. The nethod of any preceding Caim
wherein said calcining is carried out at tenperatures rangi n(% from greater
than 700 W@ 2405086 or 0.1 to 12 hours. 15. A nethod for Pgﬁ’gﬁé- 401849 i ve

- hydrocarbon conversion which conprises: contacting a hydrocarbon feed under

hydr ocar bon conversion conditions with 10 catal yst conprising the
catal ytic nol ecul ar sieve prepared according to any of Clains 1 to 14. 16.
The met hod of C aim 15, wherein said shape-sel ective hydrocarbon conversion

is selected om }.he oup. nsi st i of catal.ytic_ cracki aromatics 15
di sproporti o#z'iti oﬁ}e g%g}?étolfp alfr%gw&ﬂﬁeg{ 1% ?Eﬁ%{ﬁ?ﬁé ?%?3‘5(12‘%}3@{1?%, ~catalytic
dewaxi ng and,papihlaaiRieh i Mevidk 4 cathiific M8 fevEhaiiRy AR atphh 04186 N sai d
shape-sel ective hydrocarbon  conversion is toluene disproportionation. 20
~- 18. The nmehging fiofn Gltal2m 15, wherein sai d shape-sel ective hydrocarbon
conversion is xylene isonerization. 25 r

5 14.  The method of any preceding Claim, wherein said calcining is carried out

at temperatures ranging from greater than 700° to 1200°C for 0.1 to 12 hours.

15. A method for shape-selective hydrocarbon conversion which comprises:
contacting a hydrocarbon feed under hydrocarbon conversion conditions with a
( 10 catalyst comprising the catalytic molecular sieve prepared according to any of

Claams 1 to 14.

16.  The method of Claim 15, wherein said shape-selective hydrocarbon
conversion is selected from the group consisting of catalytic cracking, aromatics
15  disproportionation, aromatics isomerization, aromatic alkylation, catalytic

dewaxing and naphtha reforming.

17.  The method of Claim 15, wherein said shape-selective hydrocarbon
conversion is toluene disproportionation.
20
(7 18.  The method of Claim 15, wherein said shape-selective hydrocarbon

conversion is Xylene isomerization.

25



