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invention relates to a process for nodifying acid
activity and diffusional restriction of selectivated
zeol ite hydrocarbon conversidn catal ysts, as well as
the catalysts so nodified, and their use in

shape-sel ective hydrocarbon converS|on Background of
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with diffusional Fy Testricred catarysts. Mass

transport selectivity arises froma |large difference
in the diffusivity of the participating nolecules in

t Hiel edRy nels, while transition state
selectivity results fromsteric constraints [imting
the possible transition state of the catalytic
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cracking an@ aromat| C conversion processes Suc
acotxedrsios. di sproportionation, e.g., toluene

di sproportionati on, aromatics isonerization, e.g.,
xyl ene i sonerization, and parasel ective aromatics

alﬂﬁgll Tﬂ;Bhl?J‘oftiEQ%\%Hﬁéﬂmm | evel of acidity for these
Substantially. For selective

aronatlcs dlsproportlonatlon processes e.g., toluene
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n%gftfc'lﬁa%ng L2108 ds iR b z%bflfe%ﬂannels, while transition state selectivity
results from steric constraints limiting the possible transition state of the catalytic
transformation step. The advantages of diffusionally modified catalysts are
especiaily useful ir: certain petroieum/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-
selective aromatics alkylation. The optimum level of acidity for these reactions
can vary substantially. For selective aromatics disproportionation processes, €.g.,
toluene disproportionation processes, a high acid level (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-

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



treatnments, are particularly attractive for these
processes because the diffusion barrier required for

wae@paosoedieper f ormance is present prior to utiliREL/UsI004/018970

15

20

25

30

for the reaction of choice. Presently, high acid
activity zeolite catal yst can be used as a base for

-mul tiple selectivation sequentes, e.g., a 1000 al pha

catalyst is used to produce a high acid activity
tol uene di sproportionation catalyst, which after
s diresity selesfiwated atelysn sueloas thesn modified viamaultinle sdiceha
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cich s i e et i B Eonl Sy traD € G e
f%ﬁﬁ@}ram@pﬁjw@_bl e to provide a nethod for nodifying
zeolit'es to provide a diffusionally restricted

catal yst having reduced acid activity while
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sel ectivation, the zeolite is calci ned at tenper atures
greater than 200,C, including tenperatures bel ow 700
C. US. Ad@atcbmgly,NbWOQd@t@le&lr@let fo prengde emettiod fdi motlxﬁgeg
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a tenperature below 6 for one to hours.
caralitysto prayide hérfﬁtsmrsﬂg mtm:tat caphgst ﬁ‘a‘tlng g8 amd activity

vide. . . . . o . .
W%lie 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
metal ions under ion exchange conditions. After selectivation, the zeolite is
calcined at temperatures greater than 200°C, including 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
one to 24 hours. The catalyst may then be steamed at 200°C to 538°C to provide
improved selectivity. U.S. Patent No. 5 ,726,114 to Chang et al. discloses a



i mproved selectivity. U S. Patent No. 5,726,114 to
Chang et al. discloses anethod for nodifying catal ytic
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exposing to at |east one ex situ selectivation
sequence which includes inpregnation of the nolecul ar
sieve with a selectivating agent in an aqueous

enul sion and a subsequent cal cination of the
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agent; and b) calcining the selectlvgted C alytlc
miiden] decregsing diffisianafesisenereridhamed
condi tions conprising tenperatures greater than 700 C,
whi ch conditions are sufficient to reduce acid
aSiinvidry ofthe fRamtived by al pha val ue and increase
di ffusion barrier of said catalytic nolecul ar sieve as
nmeasured by the rate of 2, 3-di nethyl butane upt ake, as
conpar
oy ead ageebitn AP LR Bk MBhA famodiptha g copytc
| @asécubbYevate. g eRs shdp@¥elretivatiy@rocarbon conversions, which

comprises:

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
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 barrier by at least 25%, at least 35%, at least 50% or

more.

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

selective hydrocarbon conversion which comprises:



I n anot her aspect, the present invention relates to a
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by contacting with a silicon-containing selectivating
agent; ii) calcining the sel%ptivated catal ytic
nmol ecul ar sieve at high tenperature cal cination
condi tions conprising tenperatures greater than 700 C,
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didibatsiating Bagnti er of said catalytic nol ecul ar sieve as
measur ed %% the rate of 2, 3-dinethyl butane uptake, as
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shoul'd be understood that the detailed description and
s pociohtacting a hpdresarbeghiep@ unded hydrorargop eerfvgrsiaconditions with

enmbodi nents of the .invention r i.ven by way of
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nodi fications within the spirit and scope of the

invention will beconme apparent to those skilled in the
d iestripdionet dhd ladentioncr i pti on. Catal ysts The

catal ytic nol ecul ar sieve used in the present

i nvention can be a zeolite, e.g., an internedi ate
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approximate range of 1 to 12 (e.g., zeolites having

| epparetidronathsudetalled degstipiensgiyen hersinaler. dwvevas itfshowhd be

aparreof Siob FR el B0 o PR AL R Rhelie cerey Wilsinyitdig
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nole ratio referred to may be determ ned by
since various changes and modifications within the spirit and scope of the

invention will become apparent to those skilled in the art from this detailed

description.

Catalysts

The catalytic molecular sieve used in the present invention can be a zeolite,
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.

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



conventional analysis. This ratio is nmeant to
represent, as closely as possible, thenolar ratio in
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to exclude silicon and alum numin the binder or in
cationic or other formw thin_the channels. Exanples
of internedi ate pore size zeolites useful in this

i nvention include ZSM 5 (U S. Pat. No. 3, 702 886) and
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4, hEad42) ;. ZSM35 (U.S. Pat. No. 4 016, 245); ZSM 48
(U.S. Pat. No. 4,397,827); ZSM50 (U.S. Pat. No.
4. 640,829 ZSM57 (U.S. Pat. N 5,046, 685); and/or

gﬁ:vt beéé& ﬁlglgagf‘mtmﬂed@até i!)gre S&%)zeoﬁepﬁé' Wit §Sention include

use i h sone el e f AT present
I5IW$V]0 t5 @nS) Put) Nﬁi@ mgﬁt) GndbETt& JPalViDMd. R2. 29,948) Bsi- IMJ S.
Pat. No., 5,292
(B2, N‘Pa”t ')095\3?9) @si‘éé/ %SZM)” nEsrsdaels. LPPht o. ﬁl@32 449)

5, t
S50 ls AR 4R, b Moo

$)|TQMSNGJY4 m;ﬁaagdzsmss&qmr&mt M. 4(016J2458 lZ;SlM%S (NKSMPat
( 684). Additional nple
s.lswsmﬁzam ZSM&OL(U 3. .Ray Non 4624082 £5MnS WYE ?EﬁeN"

[ i I hat es e.g.,
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al um n;shos phat es. These are vari ousl y descri bed in
u S. Pdothengselites suitahlsfer usejinsgmereamodimentsoffhe present
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6 EmN@ 62,684 mowé::m@, MfeMcts @8- Fat Np-S, 43|5a%55) Nynthetic and
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Additional molecular sieves which find utility in conjunction with the
present mvention include aluminophosphates, e.g., ALPO-5, VPI-5;
silicoaluminophosphates, e.g., SAPO-5, SAPO-11, SAPO-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
can be found in the "Atlas of Zeolite Framework Types" (published on behalf of

the Structure Commission of the International Zeolite Association), by Ch.



the Structure Conmm ssion of the International Zeolite
Associ ation), by Ch.Caerlocher, WM Meier, and D. H

w@e@s141publ i shed by El sevier, Fifth revised eRCT/U82004/018970
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2002, which is hereby incorporated by reference.
Structural types and referencgs to the zeolites
menti oned above are avail able“on the Wrld Wde Wb at
WWW. i za-structure.org. Such zeolites are commercially
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anpihiénabidd. ca- al um na cracki ng catal yst taken as an
al pha of 1 (Rate Constant = 0.016 sec 1). The al pha

test is described in U S. Pat. No. 3,354,078 and in

th 0 al, of Catalysis, 4, 522-529 (1965); 6, 278
‘glé'éﬁl%’gﬁdwfﬁf”%t (1980), each incorporated herein

by reference as to that description. It is noted that

intrinsic rate constants for many acidcatal yzed

r eact i ohlse zpka yalopol & ¢ataipdt it an dppeoxampieandiedtion dfdle @talytic
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experimental conditions of the test used herel
i noivigiee)a Itsraseinn the aptariptafitiee ahorPBAEGIlicardumina cracking
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have an al pha val ue I'ess than 700, pre

200963)a9, 2785 1966)1 & 615 30H (B0, feach inovwporaseed Iebrein by wéfeignce
rocess such as_arommtjcs. al kylation), and a _
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US. Pat. No. 4,326,994. Cenerall the present

| VS Yl PPN e Y SRy (S The sHBerRaenia conditions of the

c atgfllu}é h&&n@ﬁﬁl\?ﬁ %ﬂon}éﬁm{ fréhlpglratdrg of 93@16 anf g%‘afiﬁbqe flow rate

application in
as described 1n 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 to 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 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
(say, by more than 5 or 10%). Indeed, in most instances, alpha value is reduced

while actually increasing the diffusional barrier. This represents a significant



IS to be used, wthout significantly reducing the
di ffusional barrier of the catalyst (say, by nore than
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reduced while actually increasing the diffusional
barrier. This represents a S|’?n| ficantinprovenent in
controlling catal yst selectivity and activity inasnuch
as steam ng to reduce al pha value significantly

reduces the diffusjional barrier., D ffusion Barrier
VERBTRVERSAE ingonirelme caialstselecuityrtd apdiviy inasmusk asteapting
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(cm/sec) and r is the crystal radius (cm. The
required diffusion parameters can be derived from
s difiusrion Baiguerseranienhr ovi ded the assunption is made
that the plane sheet nodel describes the diffusion
process. Thus for a given sorbate |oading Q the val ue
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thereof are based on the rate of uptake of sorbate
2, 3- dinethyl butane (or bulkier 2,2-dinmethylbutane for
| ower ditfefapphustnsiond piasedyres Eqpeﬂﬁmnnglmauembdmm t he

S PHAT PEETTRLS B oo Ot G LI et L1971 43,
plaseageR MWy, G )V LihdetORRArA 8¢ UL Maydtdi8rbon Adsorption

equilibriumcapacity may be estimated from val ues of a
mirheracgrization df $éme Hagh Stbitaledlites, eStgd, Surf. iSeieane& dtal. 28,

: _ph 547 Q‘%alnégst 1%%ﬁg§1ff%lsxon D {eesglting 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 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 are measured
at 90°C and the amount sorbed at 75 torr taken as sorption capacity. Nominal
experimental conditions for obtaining diffusivity measurements with 2,3-

dimethylbutane are 120°C and 44 torr. The weight uptake of 2,3-dimethylbutane



at 90 C and the anmount sorbed at 75 torr taken as
sorption capacity. Nom nal experinental conditions for

wobdogioniing di ffusivity nmeasurenments with 2, 3- PCT/US2004/018970

10

15

20

25

30

di met hyl butane are 120 C and 44 torr. The wei ght

upt ake of 2, 3-di net hyl but anevgrsus t he square root of
time is plotted fromwhich the rate is obtained and
DV (r xI0 6) is calculated. Catalyst Binder The

cat al s of the present ntio . optionally b
e5r S B sl AAEROR pla i B, s e B 5o fpe B0
nqj/@lﬁkﬁﬁ) {shadrkadd. - The binder is preferably an inert,
non-al um na contai ning material, such as a porous
inorgani c oxide support or a clay binder. One such
pr el% % norgam c oxide is silica. Oher exanples of
T8¢ mat eri al include, but are not linited to
ZI rconia, magnesia, titania, thoria and boria. These
materials can be utilized in the formof a dried
i nor garﬂ“ he catalydes afdhe preseas inyegfedratanroptionagdlyds quplayed. in
Swt exappl es of clay binder terl i ncl ude,
sontaB o e e e e ORAE K ThE Birgar Preferably
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The cat al yst may be associated w th hydrogen,
hyadiredenergauh am@e gelzqwlls m@latmoust}’vrempn;atal Smtabﬂmgxab@les of
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i ncl ude the oxide ydr oxi de, ree
(iwteo to alsoud 98 am%t A proparBombf @taqun to/biRdemfiedralabotiSOevt,% to
nd Fe), Grou PA
n@PaWSSO(W % i igee PT?@“eQngtheB?“n‘%ﬂ&} Tombey the forpy ofgn,
CletriYifate %stvgr'ﬂuﬁl%b% Mﬁ:rﬂg)th@}é (i.e., Sb and Bi),
Goup FVB netal's (1.e Pb), Group B netals
(i.e., Gaandln) Goup Anetal, (e.g., Zn) and G oup

I B
Cation Exchanged Zeolites

The catalyst may be associated with hydrogen, e.g., hydrogen-cxchanged
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
(i.e., zero valent) forms of Group VIIA metals (i.e., Pt, Pd, Ir, 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 (i.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
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
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with Sn, maybe used. Thenetal nmay be in a reduced

val ence state, e.g., when thi8 conponent is in the

form of an oxide or hydroxide. The reduced val ence

state_of this netal may be attained, in situ, durin
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t hig sitaf dirigtthdyoursd élbii%ad(immhema tddaciag bgens,umbh ashydedeen,

exchange,_ .inpregnation or physical adm xture. For

exisipslededdn the feeshis the 1@ i ate netal salts may .be

contacted with the remaining catal yst conponents,

either before or after selectivation of the catalyst,
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bewith e egbiigdcatdlydt Bemboranty) bitlter ©8for O fier 81eUVatorObf the
neutral conplex such as Pt and cationic conpl exes of

t heakelysppmdes eqndisions sufifigicabioveemibénn the gspestvn apgpprpnts. The

rrextaqaa %18 nglsglt fne be%gaéer ﬁg{e‘%’ger %Pamfplefslof eltlceh s&(i}%l hncll{dhe

C aé}ﬂbmplauh@ 28id$ @trd it fiRpREin@ATEB Alp XS ipldtidtif dh![brﬁfedﬁﬁ sitl€ute
convert the catal yst to the ammoni um form The

c adryl tyscthlqntdes s aegielmey beigeemeratad inithenforn 0£q Galéqrsc, anionic

soI ut i L& LR nu ni trat

AR RS PR P i, T iaBlohb Tl of wipsype witive
s umn@SOﬁdaﬁleﬁﬁma eadhangibg estas oig Shetedlited For 8 fnpslk, SOplatinum
useful for inpregnating nmetals into the zeolites.

| nwodified sethlypt arnpe méemrﬂﬂléwt %Rfeaﬁidmg the eaielosiie e sv;hUtlnn phe
i nventi.on I nNcor ora

- CHEPBRD RlspiRondsf o el Gy RERIRR i, he
t heut£19d: & Jebkeq@anmlyt dv@iachsl With ﬁlea@éoué/mhﬁﬂ Oitdthhamaier

and cal cined at tenperatures of from about 250 Cto

ablatns@D) gitrafher taWersmineoplatiyum@y ehleridenAstomisoreamlexea yuch

be ttﬁg LarfAAREE m\l\@atungstate 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, incorporated by reference herein. 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.

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, e.g., hydrogenate ethylene to
ethane. This amount is referred to as a catalytic amount. The amount of the

hydrogenation component may be from 0.001 to 10 percent by weight, although
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hydr ogenati on or dehydrogenati on conditions, e.g.,
hydr ogenate ethyl ene to ethane. This anmount is
referred to as a catalytic anbunt. The anount of the
hydr ogenati on corrponent may be from 0.001 to 10

percen wei ght , t hou hth| of co rse, .var
bis ke Hrsitie Vst WA e Conqaon e b dpos ph R Mty

hi % afi laaséh ant t}féh%tf't}i%%g t

bé‘?ﬂ%é/?cgog%h e(]ig]? aﬁu{)ﬁ?&?L nPeSSI% qu %ase net al Ssacgve

Cajagd iistalsSel ecti vati on The catal yst of the present

i nvention can be selectivated by a vapor phase process

or a quui d phase process. An exanple of a liquid
&%‘e{c&MﬁJﬂ on process is described herein as an

ex STt ~Sel"ect 1 vat i on process. Exanples of ex situ

sel ectivation techni ques suitable for use in the

pr esent |nvent| o are grﬁow ded in' t ent

NoS.
B 567 (R st al Bo0res M TRgRCiehe selertivaigd By f japor phase
o rEEs] 0L 1a hEG RS, T oL b4 o1 pLERRRRLA b
Z gpbdeseis dEbeibed dateiremt anchxppitaiselsctvakibn poesssrEkamplas obex situ
the catal yst by contacti the catalyst with a
siSEleeibyaien ﬁ?céli“}ﬂ“ﬁ@; S‘%@]g{?ctn ﬁg‘&%?tl? s p&&“@ﬁ? invegiiptsge BRYided in
t e ]t FROL N B 36h %ﬁgeﬂ 884 gooaglwg 2851604, THeR® sﬁakawﬁxamn
may be conventionally calci hed t'enper at ures bel ow,
s apeatridid nGyoesulieiaghe dopdsition oﬁa:hleast)hsvt% bf siticemb ntaterial on
renove organic materjal .therefromwhile avi_ng .t he .
s.thfr' Eobitfs té?%traﬁntéfﬁp?%fé ‘j’éB‘P‘}Stnéaterarl@Pé ea?ﬁtﬁy%bb’t‘f%‘@c‘mg
At
capefRg i £ EbR e bk OohAng SRy’ st Reh(1 ratment
m.iiflth thle eelbcte\aitmg apantyhe batalybtinopy e cmmgaﬂmma]ly caoined at

conmpound in a liquid carrjer. Each treat t. can be
deIFlB%é’iﬂlr?ﬂbe&%%cﬁahaﬁop opesy Hadqrcgndifign m%g?lF%H toremeye

aC At %zr%nc ﬁlg{éhﬁi {Bh&tgrl"? ?ﬁpil'égflﬁ g fife Siceofd tnatefial érpthe zeohte

dance w e”i npregnation ex sit
S girefetablyaditheut reduetn, the crystallinity of the zeolite.

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

atmosphere, e.g., air.

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 liquid 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
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)
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conmpound. The organosilicon conpound may be present in
the formof a solute dissolved in the liquid carrier
or in the form of enulsifiedlbroplets inthe liquid
carrier. For the 30 purposes of the present

di sclosure, it wll be understqod {hat nor mal
s otien 1o Ginsekyrd PeeRulsiGisd S Hawid mediam ¢ 3he hwidcarriep mgy be
33&3%%?{1}@ dx‘ghm@ 11rc|1u dnorfan:%ébﬁrﬁlﬁbﬂ of m{e?)amgﬂlofgamﬁz 1gu
C Pafticalaryayhddethyvity it mediung cgrapiises lah gttivtkiar ofthe organosﬂlcon
conbi nation of water and_an organic |iquid.
P&pmpewdin) Watgh & liqyid mediumgnaedise ﬁ@@%ﬁrwlﬁfymg agent,
I
ersmcl:JhlSI oansug ac{aﬂF ﬁﬁﬁ?gglﬂohé grgﬂlé’sgﬁgﬁ? %&s’ﬂg 3 ng gen (e g,

S gflftods oid) %ﬁl@%ﬁdﬁé in @quiﬁésentaﬁtd@@i&bﬁ a€d@dseHilowdsin O S. Patent
or anosi | i con conpounds (e.g., .silicone oil) suitable

0. 46 I 4ttﬁ é?hpnmt@ﬂn Thase emuisiansareeenetnésd ewixing be s

atégagtgﬁi@b on 31 460 adsdheh® CRIREefiin Ble priREREEIULRL

AGHARH St GRIRALE. eUEeﬂﬂbuHﬂ@taﬂtﬁ ﬁﬁﬁiﬂé@n@fof alage f/aﬁ?dty’tlﬂi[ su@ﬂactants,
surfactant m xture. Useful surfactants include any of

a inclndjag iani¢ andnasriosigrsnefagtans. sPrefarerdarfagante mckidg man-
o P AT AR Rt anfsR il S ARAUAALE st} Ue

ioni'c sur an’t as al cohol ,

alpswanipgpalkand ﬂenmivmlglwmabéfaﬁ QolBiyetigleny eSers,

glycerol esters, polyoxyethyl ene esters,

amnsxmrgmblmlteguer% g&xexﬁateé@wwsaﬂ%@l asiPry. gl fist @jls, waxes
{
es glﬁ@w‘?(ﬂla # oefs ers t]%?/rgtc))]l‘ % élsi?le sy(@g( gg y%ﬁg'}?% BQ?&% Ib?()t g%o-polymer

ene OoXl

b's@ﬁ‘Kctﬁlﬁs PRI BRyetis et aXyh Ipylene) non-ionic surfactants, and

pol y (oxyethylene co- oxypropyl ene) naon-ionic
s unmmr@sathp@of aM@raprietred surfdstanisonclulp petoynoleyuck gs

S S PRY LT el LR B DHE M IR P Py suh os

SERITDNG X N0REnd BRI ®)X X604, Qaiddtile b TN § Kaad@.,
avai | abl e from Rohm & Haas Co., Phil adel phi a, Pa. and

t rmnla@@plaa(l?g andl|the Igeszé®| aliffsegis Tam @GAF orp. N¥aw Vs, N.Y.
o Pinu s To S Ratef bk ST ntiBLRg: AChreRllld ATAABIRAHE

enkanes ssihaRe SHe!5a6 hivdnty shapb delbQivRgs &idatpasshitd aefce

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
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
silicone, a siloxane, a silane or mixtures thereof. These organosilicon compounds

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



acidity detrimental to product selectivity in certain
regi osel ective catal ytic applications such as the

wale@pnoper ti onati on of al kyl benzenes. O ganosi PE€T/0R2004/018970

10

15

20

25

30

compounds useful herein are water sol uble and may be
descri bed as organopolysiloxines The preferred
conpounds are pol yal kyl ene o ¥de nodified
organopolysiloxanes The or ganopol ysi | oxanes are

pr ef er than t ores of cat al yst and
A& hﬁ% T fopy Iérgwd?ﬁ 2 #geaﬁaf‘s%qﬁhﬁﬁ% ehotgemﬁmavemble
s t

T S lqUl ol PR Bl BRMGCHw i Be AR Biricr ol SREC. @
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b@reéehepfa%atma agent &ay be ﬂ?ﬁwfﬂewg%&%mg@b?%@&r@ 9%{6@13’

t
A EABRERNY Bkt B 220 § 01600l ' Sithe cRch YRining
W@d:leau,}aahg wedng i selebiet i@nsibeigeaupeconsistinxafi®lyilosirdeane

conpound enpl oyed as a presel ectiyvating agent nmay be

betgRmas: aH s, GeilapyansydkaxysigangyoR G%Fﬁ%FnEﬂt‘é(P &% ﬁ’é‘ll y
S50 PO BB o O S oD A sione
S gheaoilmethiT gmdrh;emgthplhpdmgm slhtamgethplhpm’ogm élmmes

si ]| oxanes, sil anes, disilanes and _al koxysi | anes
ReBemdariegen sdicane, élilqﬂwl%tbyle%leqoysmlﬁﬁvlgﬁhmSé@ﬁ@e dipheny!

RN S LR R BF nebh BS0Erol tlspl! |cone
epbbyﬂhu@thgalgﬂtboﬁe |tétﬁe@hbropﬂ&ﬁﬁmetm&ﬂ sibigee, sdtfatiglofphenylethyl
met hyl et hyl silicone, phenylethylsilicone, diphenyl

s isilicgam éetrwbkor@nh@w lfi)l’dai@%ﬁ‘é‘ﬁil&?ﬁw; tetrachiospihenyl silicone,

) Rg@ﬂlgh{?&r eTeL 091@{/ yk &g%ﬁlﬁggﬁ g‘fhé/ & RF YetiFAtl oGS e,

t eflisambloe El‘lkﬂiéeﬁmbeﬁﬂdyﬂee& inbt ©OkEsar, but may be cyclic, for example,
tetrachl orophenyl hydrogen silicone, tetrachl orophenyl
sihexarasibyl cyelotistloxang) ockamethyryclolgiasiiaxaye. vickgphenyl

Si

SRR Tox GRS B SRR 0. SHLLERRP L LA as
C iyl also EfeQIse@ ¥ahigplie ex hiaxsowEtinyingCapehB] 4si iy keMes with other
oct anet hyl cycl ot etrasil oxane, hexaphenyl
cy@ciopplEeWeane and oct aphenyl cycl ot et rasi | oxane.

M xtures of these conpounds nmay al so be used as |iquid
ex situ selectivating agents, as may silicones with

ot her Preferred silicon-cuntaining 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
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

Electric, Pittsfield, Massachusetts.
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or emulsified in an aqueous carrier, include

di met hyl phenyl net hyl pol ysi | oxane (e.g., Dow 550(r) )
and phenyl net hyl pol ysil oxané3(e. g., Dow 710(r)).
Dow 550(r) and Dow 710(r) are avail able from Dow
Chem cal Conmpany, Mdl and, M chigan. Water K sol ybl e

or YhsIbEIE oF e8RS B BUTSSE EV%%’&?%P@P%PTPW&%F%P 2%0%%‘:*’“&
faqr u : ' :
PR rpaiRod sol TR RTHARBHLR, 1) Bl supstinted
anyidnbie draadre haddphific 3Bfationatemodm ot urodetichywlieh e¢rat to
Electric, Pittsfield, Massachusetts.,\Wen the

orngameisithe evsralbyater sQlulibiieetthe aserrsilieq spmpeunt hess

[ r j - S
s PRt Bl Fhdlon® HBLR mEPLRE o DB Do RS such
ong -N(OM):e--NYCsHxphhd SN(OIED] .0AFrefairalipatensoluicet i es,
whi ch serve to pronpte the overall water solubility of

t megogilineos presdentivabngrasmbis mparepYyinssHans, available as

f i ' '
IR AR R PR B8 S5 SRR e
preferred water sol uble organosilicon preselectivating

agent is an n-propylam ne silane, avail able as
Hy dr osi Thezeganopijicer epmpguadisay Ae presraly disselyjedin an aqueous

| A
SRRl oSSR oy SRR TSP AIRI LR 1100
saibetii 0. i N an organosilicon compound/ H2 wei ght ratio
of from about 1/100 to about 1/1. A "solution" is
intended to nean a uniformy dispersed m xture of one

or nore, s Ree: e . 141G 1
The kit SRR FERiePed [ R BRSO Ty E b onc or
bahbreisdeddncanat te@mbictRt or dinfcflevel f Thensldhed &tisarswilllleeognize
catal yst. can be contacted wth a substantially aqueous
scdhetsphiiony, boreider] gad selloiidodiffen ipasrgidensy

cat al yst/ organosilicon conpound wei ght ratio of from
about O to about , at a tenperature of about Ctc

about Orye,cafilysfican be contacted with a substantially aqueous solution of the
organosilicon compound at a catalyst/organosilicon compound weight ratio of
from about 100 to about 1, at a temperature of about 10°C tc about 150°C, at a
pressure of 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 vacuum, and the catalyst is 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.

Selectivation is carried out on the catalyst, e.g., by conventional ex situ
treatments of the catalyst before loading into a hydrocarbon conversion reactor.
Multiple ex situ treatments, say, 2 to 6 treatments, preferably 2 to 4 treatments,

have been found especially useful to selectivate the catalyst. When the zeolite is
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evaporation with or t wi thout vacuum and the catal yst
Is calcined. Additional suitable ex situ selectivating
agents for the present i nvent4on are disclosed in U.S.
Patent No. 5,849,968 to Beck et al. Selectivation is

carried out on the catalyst, e.g., by conventional ex.
siex aity peleptiveied dysrsingheordauipledmpirenaien teghiyvg thepeglity is

hydr.ocar nversi I . Y ' -
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selectivate the catal yst. \Wen the zeolite isex situ
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t echni th lite.l | Gihfs .
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| ivaiting sBBRRRSHErED FosGIRIAR Blonttht Gestlus @itk drgsiciptdtion of the
material thereof. This solid residue material is

r efganpsticanocanepasing ugesl tg impragede the cstalyst nateri al ,
insofar as this material is believed to be a polyneric
speci es having a high content of silicon atons in the

var i ouFoRbwiig! dAbR fmprogiagieh, the solitd Ay bé caGinthet 4 % cifom
of the organo portion of the organosilicon conpound

usbel 082 Cipinagmigtaborhis Cémirata teta terEpepign igatentin 200°C, nt

[ egnation, the zeolite cal.Ci r of
e O S T R

t QBQEAL VAiB cOhRMiBhal chiRThaBOPtefapeh@lro W BdIew 700TE e, Unithin
at which the crystalllnltgscﬁ the zeolite is adversely

afiesppeakimPleirgngroriASATE Emi0°Callie duration of edipiaptenatéhs s
L R T A U

calcination tenperature may be from1l to 24 hours,

e.g., from2 to 6 hours. The inpregnated zeolite may
be cal dihnéapiagnaiad redite may begaleined mWpnane op pdEingAn

ex | e of such an inert atnosphere is. a_nitrogen,

- Sgrosplerin PR nof A AD AN ANER R allipget e

a_tafﬂi’&%gl%? ArSexafhpPX¥ RN xedAha hithddghét IDSPHE gen coiigiRings

air. | ci nation n%y take pl ace |n|tLqLI¥ in an inert,

e atposphere, such as air. Calcination may take place initially in an inert, e.g., N,
atmosphere, followed by calcination in an oxygen 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

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
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
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substantially free of water vapor to avoid undesirable
uncontrol |l ed steam ng of the _zeolite. The zeolite may
be cal ci ned once or nore thahdonce fol | ow ng each

i mpregnation. The various conventional calcinations
fol | owi ng each i npregnation need not be identical ggt
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calc hé a Si

nati on. nount o i ceous residue materi al
which is deposited on the zeolite or bound zeolite is
dependent upon a nunber of factors including the
tégiﬁérTéﬂmegg"Eﬁcﬂh@“F’ﬁ%r egnation and cal ci nation
steps, the concentration of the organosilicon conpound

in the rryin di . t.he degr.ee t.0 ich the.
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Ol gRARSbL h§RBiafARGURHRL, thOiSeledivaRn kel st¢RHe piksdnh érvention
cal cination and duration of the calcination. Hi gh

Tasrpahertestte aGsbeerkigh tempSateregeadgination tragtment. Crystallinity can
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C ak Akyade uplakbRE shSs ARt dddietkb uptk S tinCaItRed bfnle).

severe, high tenperature;, calcination treatnent.
CrGrystallinity cay alsa he sagnsedkshir Sday ¢iffiastione upt ake
(percent crystallinity for hexane uptake cal cul ated as
hexane upt ake of sanple divided by hexane uptake of

uncal ci m%igl@{&{;ﬁ_}atur@rch’léinﬁ{é dtép &an veRarrddsent BRdereasdifi G
by X-ray diffraction. The high tenperature cal cining

stsgfficien thprovidera aathlystihavinglen alpbavalne ohlesstharn V0, praferally
pr.ovi de cat al.yst Vi ng a val ue | ess .t han
oo it B ot o h s 2L A dhe 180,

5 dpPlidaion I LS REiIMsty A8 nichdir &l PKMEY dFRR i RaIfindMess Than 85%,

crystallinity as nmeasured by X-ray diffraction of no
| gusfetablymn@Beg than 85 %y atsl a/difigsion berrieh ghthgSatalydin ancdecular

di ffusion barrjer of t cat al.yt.i ¢ _nol l.ar .si.eve as
LS B e erae5F 25 SO st uifc Thtake
2, 168 MR YD g so1y Risdtan 950 (B8RS xt 11A8ec})(0, preferably
| ess than 150 (D/ (r” sec)).
The high temperature calcining step can be cairiec out at temperatures
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.

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., No. An example of an oxidizing atmosphere
is an oxygen containing atmosphere, such as air. Alternatively, calcination may
take place initially in an inert, e.g., N,, atmosphere, followed by calcination in an
oxygen containing atmosphere, such as air or a mixture of air and Ny, or vice

versa. Calcination should be performed in an atmosphere substantially free of



The high tenperature calcining siep can be carried out
at tenperatures ranging fromgreater than 700 Cto

waz2esoatbor 0.1 to 12 hours, e.g., from 750 C pCI/LIS04/@8970
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for 0.3 to 2 hours, preferably from750 Cto 1000 C
for 0.5 to 1 hours. The seleféivated zeolite may be
hi gh tenperature cal cined in“an inert atnosphere, an
oxi di zi ng at nosphere, or a rrixture of both. An exanple

of such an inert atnosphere i ogen,_j.e.,.
eW&FPﬁ Vapgtto éﬁméwé?szraﬁ% %@éﬁa g t%&v@@#mfhu& the
{éﬁaﬂéxﬂ?&%ﬁé @a;aa&g ?eg fe!?eraﬁ ed%hf %ftﬂé‘éﬁs\éﬁéeyof
cal®i nation may 'ace I ni I'n an 1 nert
eirgentioatlip sidedrsesand. ol | owed by caIC|nat|on in an oxygen
cont ai ni ng at nosphere, such as air or a mxture of air
and or vice versa. Calcination should be perforned in
a tially free ofwater vapor to
a§gg£ daé%?%%#g§&%gontrolled steam ng of the

zeollte Thus, the high tenperature calcining step is

preferably carrjed.out in the absence of intentional
added <eelifs mofiisd imaportange WEB LINYFING e gimeradly useguYas

CEAL A Mg OBEARNEROp LR HERA e ias cackng
hyshetioms; hrludignthesesinoslvingaiceasiag of hydrocirbon feeddtddkag
reactions, including.those. involving devvaxi ng of

hwm@aa%mqo frallpdapmalies, eigs Giisns amegRatpn: oligomenzation of
i‘e\f’lne LR %:a§ol1rf% isti lﬁi? L& oils SO?'Eﬁérhfr;@fs' @E}l}laﬂon of aromatics;
|goner|zat ins to formgaso e,

diuahdalltyddtin dfubsematick,se. gmnolubtmﬂlq&bmrtlarhétmhmdmarsmﬁl of

aromatics; transal kylati on of aromatics, e.g. tolue

dPEYFBA6F 19 m?qaab?nsacr@ﬁw@msw fooxas&%i@t@ﬁa%néswmserswn of light
hﬁg{aﬁﬁﬁfﬁ%??ﬁ{s ﬁﬁ‘ﬁ‘ééfgg &Ehﬁé)‘&?ﬁ?&gsNoﬂqgmtmg

nversion O paré ’ns*an
aegamaples mcluele gcraclmag)]hl}tdn@caﬂﬁfne mrithngactidarohditivid ingluding a

exanpl es include: cracking hydrocarbons with reactiagn

c mwtamof.fm AR 40X G orAbaR il &> BpressuEmetn baB - 1o
éregg%% b%upf (?%tlél’fé{sﬁ&egés aﬁlﬁ%l%g %Uﬁrl;o rFé'iCG Velo%lty of

at nos res

htﬁmm afocﬁllﬁ aﬂehr\}ecb ﬁiﬁnut 20 af! ﬁem@gmamnglqyﬁrwarm oabxpldtmdéO
hr ; dehydrogenati ng]i hydr ocar bon coppounds w th
r sdtheaiioasraditippECludig idemperature latab?lé 39P°C fouphout

ag%uC,?é%Qesgulte%fﬁ%ﬁyﬁbout 0.1 atmosphere (bar) to about 10 atmospheres and
weight hourly space velocity of from about 0.1 hr! to about 20 hr™'; converting

paraffins to aromatics with reaction conditions including from about 300°C to
about 700°C, a pressure of from about 0.1 atmosphere (bar) 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 a temperature from about 100°C to about 700°C, a pressure
of from about 0.1 atmosphere (bar) to about 60 atmospheres, 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 alcohols, e.g., methanol, or ethers,

e.g., dimethylether, or mixtures thereof to hydrocarbons, including olefins and/or



700 C, a pressure of from about 0.1 atnosphere (bar)
to about 10 at nospheres and wei ght hourly space

we 006014199 of from about 0.1 hr 1 to about 20 hPC/PS2004/018970
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converting paraffins to aronatics with reaction

condi tions including fromabout 300 C to about 700 C,

a pressure of from about 0.1 ¥t nosphere (bar) to about
60 atnospheres and wei ght hourly space vel ocity of
fromabout 0.5 hr 1 to about 400 hr 1 and a

hy&fPBgEeH Wifl Fesetiemnenndifioms inchiding »ieninerminrs biom alput §75°C to
ab [

Dol §90°CoR BHShEE BB Gubbl.s B BIRE (6 108 50 o
l namdpmesawtsgnpmﬁttytbp@ca‘ \rspcmlt@wlﬂﬂonﬂmua) B é&owouv 0 hr';
C, a pressure of fromabout 0.1 atnosphere (bar) to
abisomeBung K eagfvedsieck m@n@mﬁ iith rgacign eendjeensdnelydipg a

PRk opabl 2a0-6: BB SO W prdecu B cim b 3

abgiitosire @A)\ BbONG 5 ALEOMBESs, WeiSht holRY BsHae velobity of from
et hers, e. di neth Iether or mxtures thereof to

hymo@ega @@ﬂ@ aHoHED ngartﬂ %hydﬁ@g@ﬂwﬂmcawb@mql@satwqfﬁmm

t { bout
L e N

at ﬂ@ﬁlaﬂ@ra&elhpaﬁburé ﬁomtubuht 2D et asRh ¢66%, a\ms@m*e of from
hourly space velocity of fromabout 0.5 hr to about

10@obt atmospltsris 1t zbqvg 6Q yireproheisa yetight lhovdyipsae Melsciy efhHrom

SRRkl 00 SE0L e 1 Ch o B BERFLgbE o O, BBtk
at JISHBEbR1zERR ﬁﬂ tlieq)r@é@ﬁw of3a aﬂlt}fmm@fhgéﬁse .g\eledhs,

hourly space vel ocity of from about 1 hr 1 to about

20®nnaldqhydan=dk3d halidescrgd mlaehals o b baatieroanditions mciding a

b 0 t |
w EERARE: iR DeRbritGe hwt Dl G R R R By T o
abgtiospifBic ¢o hduAROVEtmIRPhdres, @e@}ﬁﬁw{}ﬁsp%e Vd16dTtyalTqEm about

at nospheric to about 60 at rmspheres i ght hourly
s p%nhle to @b@duﬁOQO bt fandamn atm&tw@ly@@cmbomallwlaab@ ageng Mole ratio

: h b
LT RSe T A i SRR
ag}ﬁ%enc@oﬂaolyél’lbﬂﬁrbﬁﬁtlc hiodraBdBe i eieh redbtionl coaitiod®mchiithg a

al cohols, wth reaction conditions including a
t ehmpmatm gonrabenbBHIIE to sbom: 508°Glaquesss@®f Gomabout

cu gL il a7 HiasPhgBC AL bl BPR by om abou

abayifhr to about 1000 hr™', and an aromat1c 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.

In general, therefore, catalytic conversion conditions over a catalyst
comprising the modified zeolite prepared by the present method include a
temperature from about 100°C to about 760°C, a pressure of from about 0.1
atmosphere (bar) to about 200 atmospheres (bar), weight hourly space velocity of
from about 0.08 hr™ to about 2000 hr™', and a hydrogen/organic, e.g., hydrocarbon

compound, molar ratio of from about 0 to about 100.



2 hr 1 to about 2000 hr 1, and an aromatic
hydr ocar bon/ al kyl ati ng agent nole ratio of from about

wazwspottebout 20/ 1; and transal kyl ati ng ar omat PCT/US2004/018970
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hydrocarbons in the presence of polyal kyl aromatic

hydr ocarbons wth reaction conditions including a
tenperature from about 340 Cl8o about 500 C, a
pressure of from about atnospheric to about 200

at nospheres, wei ght hourly space velocity of from
about 141 pf thetforegoiag LS. PEGDE axe nmoqmzdecbﬁeramdryatfecence.
hydr ocar bon/ pol yal kyl aromati ¢ hydrocarbon nole ratio
of fromabout 1/1 to about 16/ 1. Additional conditions

for usime f%ﬁbﬁﬁ%‘ SkafBlks %all Qéry§’é09fuﬁh8r 1ﬁﬁ§tré@é’bro'cé‘ssé§ add some
Pat ent No. 455,213 to Chang et al. In general,

t drvarftages of@mmbgqnt wmvenioner si on condi tions over a
catal yst conprising the nodified zeolite prepared by
the present nethod include a tenperature from about

10 afnpl 1 abmébngmc%mﬁorpn%aﬁw@oﬁisz\fﬂmza t 0.1
at mosphere (bar) to about 200 atnospheres (bar),

wei ght hourly space velocity of fromabout 0.08 hr' 1

t o abouiigh@fvity ZIM-7164 vet.%/3 0 made milios aunidcwere. sglectivated by
hydr ocar bon corrpound nolar ratio of fromabout O t

atiBt COnSRy UV FLLiEPRe *E?F@@%’ioﬁéreﬁ}f@msp akethscatglyst, 0.1 Wt % Pt

e PR IR et D REN Ry AP AV 8 dtlowed by

andlciamivnadvant ages of the present invention. Exanple
1 Silicone Selectivation Treatnent of ZSM5 Catal ysts
Hi gh activity ZSM5, 65 w.% 35 w.%silica bound were

sel ect ipyat : g =
sel ect |T\;%tsug%ﬁ§¥artéecg%rraé%@éaﬁﬁfoﬂeh\f?esﬁglgt‘ ﬁ%& acfsriptics; alpha
Pt6 1042, 3 22MdB0(xt DA sécfy =248 ndwegstediisityl trsedgm ﬁthe@:lme\/ﬂot'ﬂnmn of
foI Igd{\ed by cal ci nation. The sel ectivated catal ysts

ed the followi ng characteristics: al pha = 610;

2,3 DMB (xI O 6 sec 1) = 248, and crystallinity based
on n-hexane sorption of 99.8% Exanple 2 High
T@xamphd 21r Hidlal anpeadruenCatinkiion offikednel SefdctivaedBSHSVF 5

Hi gh tenperature calcinations of a selectivated

product of Exanple 1 were

High temperature calcinations of a selectivated product of Example 1 were
performed in a horizontal tube furnace. A quartz tube was placed in the furnace,
whose length extended a fow inches beyond the tuimace 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. The catalyst was
placed in a quartz boat, which contained an internal thermowell for monitoring the
actual catalyst bed temperature, then placed within the quartz tube to initiate the
high temperature treatment. Treatment time is defined as follows: start time is
when catalyst temperature is within 5.6°C (10°F) of stated temperature. Following
calcination treatment, the quartz boat was removed from the furnace and allowed

to cool to room temperature quickly. The results are set out in Table 1 below.
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performed in a horizontal tube furnace. A quartz tube
was placed in the furnace, whose | ength extended a few
t both hoi dP€TES2004/018970
catal yst sanple boat and to allow for controlling the

at nosphere in the catal yst bed during treatnent. Air,
predried over and activated dPeves, was flowed thr ough
the tube during calcination at about 0.5 liter
air/mnute. The catal yst was placed ipn a_.quartz boat,

whi ch cbhaxnanag measyreherth ere s pedvaith a?egh Retaletipn ng

t . . t t .

w R Rh Nl R IR 2980 RAER with an

t epBRedighs firtidcead g BivitcHihg atomegvry tidin awsortdatid saahlachanger.
follows: start tine is when catalyst tenperature is

wi RygrosarBorosaiging systens eopsisiing ehyassflqyy eontrodlersdigpiing

cal ci.nat i . r

¢ PRl 30 SR A cfed B orbilSs T GHR

t aBRgioatenpirfettaklelium Phgge @8 ehiefedahebs@icedishd artl Hladled with
1 bel ow. Al dynam c neasurenents were obtained wth a

HiagftertRéss eartied bmhofivat whigh #teres thrqughdkg Suneee et tube. The

I nstr n ) i Lth: lL.ved .

£ 07 i R Ry R B PR oSS DRECM byl B B e, P

S agmpEattipd IR flovirdly of the &b Qi SRamgiwege Sonslotiad by mass flow
consi sting of mass flow controllers heating mantl e,

c sraBoliess andyverecdivsiel 4¢ petacvsabe defdned pattiebpresfures.
sorbates. During the sorption experinent a helium
purge gas entered the bal ance head and bl ended with a
sor bat eAlg aafit fdasiyerheitd were\Wifofmendies sstplidl Qg & VTI

furnace inlet tube. The carrier gas sparged through

t KeorpdMrdebMih 30 Wais Htarentenlled aysigm aogsp%%d ¢fj aggntegrated
tenperature. The.fl [ f t re
c NP b vttt PISOErR B, S Ee B PO AL
t ad@lth €Ysterh Bed f@Sharefdldanisorptidl sHemBSyerdbbtafifed bl C
measurenents were perfornmed on a sorption systemfrom
VEEleciiig2 stanting @pintBt the asotherm pyessuresiim FSKINEHN HLestuEen

isted of an | - | f i
TP e BT T 05 s o

V GBSt QBRI Of 188 SariFie ifé 1 vibd AdREtIdhi o7drdagRivagsbe., n-
were obtained by selecting a starting point of the

i dGK#M® m pressure step, maxi num pressure, equilibrium
criteria and experinmental +RBPgrat ure. The program
provided for

Calc.Temp Time Alpha 2,3-D/Y? %C(rgstallinity
o 6] exane
(°F) (Hours) (x 107sec™) sorption)
None None 610 248 100
1400 1 256 215 100
1500 1 167 122 99
1600 1 110 95 98
1700 1 65 41 96
1800 0.5 43 17 95

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



aut omati c outgassing of the sanple foll owed by
sorption of organic vapor, i.e., nhexane. TABLE 1

w@ados/0Tanp Time Al pha 2,3-Dr2 % rystallinity PCFUS2004/018970
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(Hours) (x 10 SeC 1) (hexane sorption) None None 610
248 100 1400 1 256 215 100 1500 1 167 122 99 1600 1
110 95 98 1700 1 65 41 96 1838 0.5 43 17 95 The
results presented in Table 1 show that high

ten}J{erat ure treatment of diffusionally nodified .
& KepreserinAn Histqasinddi Hasionad rasisianey), Tws.rpaleinatied abi600°F

R e T R

di diffusiba adsigtafk SV anae)foldl Nitss caiddasts Raith tROraatitsi§ieSnled in
(871 C) for one hour decreases alpha (from610 to 10),

bukable¢ pelaweder stpam geatmest, dnwhichasiimilardeereasasin alpha results in a
two: fol d._Thi.s. cont.rast.s W the re ts presented |
et 4% e PR GRS et Ak e oF tgsioshl SRR andhe
demoeas @8R rC pdaldided @filpld BasiifcrdasBe FAHQLIBR K8 eksignificant
di ffusi onal resistance. Note that the diffusional
r dB¢rsasgne difbisionpkredigpaceroven SrOntreated catelystsanpl e has
increased fifteen-fold, a very significant increase in
di ffusional resistance over the untreated catal yst.
Exaniipte 3 Prapadiin @13tddined! BaREnedNSHl 038 ataeVe P
(Conparative) Steamtreatnents of a sel ectivated
product of Exanple 1 were perfornmed in the sane
furnacey,set as_jn.th tevious.Exappl e. -The
at mosphira IRy el SERECIR RS bt GhExgiag fvere performed
geneHeragé fidhabOidni ek NahSprevioh€BRAMEe! TP SR through
steamtinme, and alpha values and 2, 3-di et hyl but ane
dithe geartzitule wesnsieanarasnersted by boilmgorateti Sgeantng temperature,
ve-descri cedu re.set. out.below in Table

gbs?eam timie, and %?pqlar%fra ues anc{ 2% —d?methyl%utane 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/ values represent a decreased diffusional resistance).

TABLE 2
| _
Steaming T (°F) | Steam Time (hours) Aipha 2,2 DMB Di*
x 10'6sec'1)
None None 737 195
800 20 270 415
800 26 151 620

Example 4 Comparison of High Temperature Calcination Treatment 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/rz) with lower acidity (as measured by alpha). In contrast,

when steaming, which is a standard method for decreasing acidity (as measured by




The results show that steamtreatnent can be used to
decrease acid activity, as neasured by al pha. However,

WO b@soi-daem t reat nent al so decreases the diff usPCnEB2004/018970
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resi stance (higher D'r2 val ues represent a decreased
di ffusional resistance). TABLE 2 Steaming T ( F) Steam
Time (hours) Alpha 2,2 DVMB D/42 (x None None 737 195
800 20 270 415 800 26 151 620 Exanpl e 4 Conpari son of
Hi nmper at ure Cal ci na i qn._Treat nent versus Steam

%gli‘%e‘ﬁtapﬁbfid torks Faalugy s dsiisiongl iysistarcecdeceagast(Bigharmivr’).
d
Tﬁggs fccz{ ea show t]ﬁ egﬁq{l%égé%é ﬁ?aédng%tltsglg rn1§9 @i%ﬁng
r e&udlt}s as Weﬂ s theanidéigsef this mi\VeﬁlfluﬁJ-t(hEJtahofeQﬁffﬁdl@Ml@ resistant

0 Dr2) with |ower acidity (as neasured by

ﬁ#ﬁb/sts 38 l@dﬁ?%?@@ usipg g highmpstiturakplematien method.
st andard nethod for decreasing acidity (as measured
byal pha), is applied to the catal yst, the diffusional
r iAo § e Fydedcasla@Crveg el Protésd UsinBilgh @eﬁ?éiﬂur‘é'@z\hﬁned,
both the difference in these two treatnents for
noXecivergd &8May exd Sigame@FMa% the utility of this
invention-that nore diffusionally resistant catal ysts
can be produced using the high tenperature cal cination
met hod. Tvizx eatplysts veklypteparad Be thiCerues1s inicbrReeswithaiend

H gh Tenperature Cal ci ned, Selectivated ZSM5 and
StEEYIRws pestwrhecislay3astrepaned by lygb Eﬁmmatﬂmwim@m ofa
e les

P B e e e S R e g
a b’if)étéaﬁhﬁg:h MKadeEHdtlﬁaaécﬂbatﬁyst dor 3LH&ARs at 9HOPE. ETHBE LGN Fere
(Conparative) was prepared by steam ng a 4X
s dherbused e eenvertethhanzensrin 3 Xiylsue isogteriggpnTeactore Skhe feed is a

convert,eth enz

com Bt RsEEE IR 26 ISR s I 895 il
X Wytone; adrisad Gﬂhtgxille&éi T dalal @4y ere irbthedized h hy¥bgen, then

par a- xyl ene, 64% net axyl ene,
lined out for 24 hours using this feed. The catalysts were then evaluated at
temperatures of 820°-760°F in 20°F increments, at 20 WHSV, 10 WHSV and 5
WHSYV using a 1/1 hydrogen/hydrocarbon ratio at 200 psig. The results are shown

in Table 3 below.

TABLE 3
Catalyst High Temperature " Steamed
Calcined Catalyst Catalyst
Yields (wt. %)
Cs- 1.9 2.0
Benzene 5.4 5.6
Toluene 0.5 1.1
Ethylbenzene 1.2 1.1
Para Xylene 1.8 2.6
Meta Xylene 63.2 62.7
Ortho Xylene 26.0 | 25.1
Heavies (Cy4) 0.0 0.0
Ethylbenzene Conversion 87.6 88.9
Xylene Loss 0.2 0.8
Para Approach (PATE) 3.0 7.6




and 25% ortho-xyl ene. The catal ysts were first reduced
i n hydrogen, then lined out for 24 hours using this
wo ewd/014ibe cat al ysts were then eval uated at PCT/US2004/018970
tenperatures of 820-760F in 20F increnents, at 20
VHSV, 10 WHSV and 5 WHSV using a 1/1
hydr ogen/ hydr ocarbon ratio at?2200 psig. The results
are shown in Table 3 below. TABLE 3 Catal yst High
Tenperature St eaned ci.ned Catal yst. Catal yst Yields
)y s dafa ghow @agawmte@mra@re caleing Aetlysts fipotively

E%“%?%ﬁ%ﬁ Sy b Y YL reppitof e LAYV GTGe e

Etthinpbratize cacifed Ve&ﬁ1§$t6mlo81—ér thafl $hdd a¥ytdeO@vEeahs stdamdededalyst.
Para Approach (PATE) 3.0 7.6These data show that the
hi gh tenperature cal ci ned catal yst effectively
converts ethyl benzene. They al so show that the xyl ene
| oss afforded over the high tenperature cal cined
catalyst is |lower than that afforded over the steaned
catal yst. CLAIMS W claim . A nethod for nodifying a
catal ytic nol ecul ar sieve which conprises: a)

sel ectivating said catalytic nolecular sieve by
contacting with a silicon containing selectivating
agent; and



b) calcining the selectivated catal ytic nol ecul ar
sieve at high tenperature cal cination conditions

W@ oiosidabng tenperatures greater than 700 C, whECT/S2004/018970
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conditions are sufficient to reduce acid activity as
measurer|l by al pha value and increase diffusion
barrier of said catalytic nol%cul ar si eve as nmeasur ed
by the rate of 2, 3-dinmethyl butane uptake, as conpared
to_the selectivated catal ytic nol ecul ar sieve. 2. The
ne@%é&ﬂéf Caim, wherein said diffusion barrier is

i ncreased by at |least 25% 3. The nethod of Caim 2,
wherein said diffusion barrier is increased by at

| ed&tcla® 4. The method of Caim 3, wherein said

di ffusion barrier is increased by at |east 50% 5. The
nethod of any preceding Caim wherein said catalytic

T K e S R e
ZSlytséBctivafile S8ld catblvtid folettMr 3fbve Bg@bhth@inpatith a M2 2,
MCM- 36, MCM 49, MCM 56, nordenite, MCM 58, synthetic

f AeEpRing Selpeitvating ageatijaadi t e, MOM 41, ALPO-5, VP -5,

Sﬁg@’gén}l@%fHectn?ﬁ%?&?a?}glcgﬁg%lﬁ s1§/Ae gh gﬁ’tﬁlé‘r? %iée

V\A'tﬁllcﬁma’nloﬁ&bﬂdlﬁaﬁsadoﬁprfslﬂylblﬁpbﬂaﬁﬁessgr&dt@f th&n 00°C, which
silicabound ZSM5. 7. The nethod of any pr ecedi ng

Cl G100 aes icient 8 redees agid activyy e&meeﬁmgﬁ tsyadplfaivalireeand

¢ qg%ebs%ecﬁ(ﬁs'&&ﬁ)a?l-l\mso%l %ﬁ(\itc%gdb@{ AHE} l%%(%u %‘Pe%?tkem &16 rate
G a8 vﬁlmladuanecmm hs\@nmafrcaj to tﬁé’ mtll&’aeﬂreital ic @fo@éémar
A netal, and G oup IB netal of the Periodic Table. 8.

THEEYSet hod of Claim7, wherein said netal is a
hydr ogenation netal selected fromthe group consisting
of platinum palladium iron, nickel, gallium zinc,
. y bdeThemetasdlof ORfth UNwherein 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%.

4. The method of Claim 3, wherein said ditfusion barrier is increased by at
least 50%.

5. The method of any preceding Claim, wherein said catalytic molecular sieve
is selected from the group consisting of ZSM-5, ZSM-11, ZSM-12, ZSM-22,
ZSM-23, ZSM-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-34,1TQ-2, ITQ-3, ITQ-12, and ITQ-13.



9. The nmethod of any preceding Claim wherein said

sel ectivating agent is selected fromthe group
w@omwsiostibhg of pol ysil oxanes, sil oxanes, sil ank&T/US2004/018970

di sil anes and al koxysilanes . . The nethod of any

preceding Claim wherein the selectivating is carried

out by two to six treatnents i th said sel ectivating

agent. 11. The method of any preceding Caim wherein

saj d cal.ci ni [ arrjed oyt under conditions
suffic ia'tﬁ‘ﬁm?‘glgﬁ Pgﬁ*’a@ 3 VsEeH $Aid eatplyliemglegnlas pigveis a silica-
haydag &R3l pha val ue of Iess than 700 and a diffusion
barrier as neasured by the rate of 2,3- dinethyl butane
upt ake of less than 270 (D/(r 6 sec)). 12. The nethod
of . Claim, Wgerein said calcining is carried out under
cohdi t | @%ng pd pEpHRreseding hpinyavherein s petalyticmalequlansieve
Si ' I ' 0 25 2 d
R R R bR S S e
dimetbhyGioup A uptak@ronp Viassetah) oS 0B Rl GEéip IVB metal,
sgg)?u. 13, Thia met hod of Claim 11, wherein said _
cdrorRilimeel Gppp HA metel, andirouwpdRanetplefdhe Beriodic Eshle.
to provide a catalytic nol ecul ar sieve having an al pha
value ranging from5 to 25. 14. The nmethod of any
préecediTig ridthodwf Ghanh ] wherinkatBheiaNisAthytifo _;%ﬁe[tfoinﬁﬂetﬂm
at te %ratur es ranging fromgreater than 700 to 1200
10 ¢ splspteg frpny the gpouppipnsistingof platrsinh palladsm, iron, nicke!, gallinm,

S ,h§>§ﬁ@ﬁhﬁqMHXﬂ&ﬁ&%fbon conver si on whi ch

conpri se€s: contacting a hydrocarbon feed under

hydr ocar bon conversion conditions with a catal yst
conprising the catal ytic nol ecul ar sieve prepared
accor dilhg egghedgf 3w prpogiing Claipy wherein g1id SHectivetigageot is

OB T D AR AL SR B

15 cahdhbikbkgsilahécki ng, aromatics di sproportionation,
aromatics isonerization, aromatic al kyl ation,
catal yti c dewaxi ng and naphtha reform ng. 17. The

E?gp 8 g él‘rﬁ% gﬁét}?d(f%tgaiy p‘f‘&%&ﬂg %la‘?il%l, gvh%rhe?rp ffie Ssglleg:%;alti\ﬁg is carried
out by two to six treatments with said selectivating agent.

20 11.  The method of any preceding Claim, wherein said calcining is carried out
under conditions sufficient {o 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 11, 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/(r* x 106sec)).
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13.  The method of Claim 11, wherein said calcining is carried out under
conditions sufficient to provide a catalytic molecular sieve having an alpha value

ranging from 5 to 25.

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
catalyst comprising the catalytic molecular sieve prepared according to any of

Claims 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
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.

18.  The method of Claim 15, wherein said shape-selective hydrocarbon

conversion is xylene isomerization.



