WO 02/ 32812 PCT/ US01/ 49938 I nproved Zeolites and Ml ecul ar Sieves and the
Use Thereof. This application clainms priority based on, and is a

cont i nuatwonz2/sasipart of provisional application Serial NeCT/660¢124238110
filed Cctober 20, 2000, the contents of which are incorporated herein by
reference. This invention relates to zeolites and nol ecul ar sieves, and
nore particularly to the production of zeolites and nol ecul ar sieves and
the use thereof. Zeolites and nol ecul ar sieves are generally used in a w de
variety of catalytic procedures. In general, zeolites and nol ecul ar sieves
may be prepared by a procedure which involves formng the structure froma
reaction mxture that includes silica and alumna, and often with an
organic directing agent (often referred to as a"tenplate") such as, but not
limting to linear am nes, |inear diam nes, and quaternary anmoni um salts.
As an exanple, such quaternary ammonium salt may be tetraethyl amoni um
hydr oxi de. The organic directing agent can be renoved fromthe resultant
zeolite by a heat treatnent process, often referred to as "cal cincation",
at an elevated tenperature. The acid formof the fornmed zeolite structure
or nol ecul ar sieve is then produced by ion exchange, such as, but not
limted to, ammoni um exchange, followed by further calcination. In sone

processes, the apmoniu exchan siep occurs before t cal ci nation,
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heat treatnment, also referred to as calcination, is executed WO 02/32812
PCT/ US01/ 4993%s applisaleqyudaims pricaity baseidryg, sadis.a eontinkptiontigrparhef previsivapl ng
step, the zeolite or nolecular sieve is produced into a shape to all ow use
in for applacapbe SérickdNbed0R42ANYt filed oPetobtd @0, 2000t the coumtewtntofamthich tardhas
been recogni zed that the state or characteristics of the zeolite or

ol eculigdorsdr@ie8 heRin Beredébfsd ed by the final heat treatnment step. However,
it has not” been recognized that, in the heat treatnent to renove the
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zeolite o | ecul ar sieve.,materials. | icant has surprisingly found
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Zeolites and molecular sieves are generally used in a wide variety of catalytic
procedures. In general, zeolites and molecular sieves may be prepared by a procedure which
involves forming the structure from a reaction mixture that includes silica and alumina, and
often with an organic directing agent (often referred to as a’template”) such as, but not
limiting to linear amines, linear diamines, and quaternary ammonium salts. As an example,
such quaternary ammonium salt may be tetracthylammonium hydroxide. The organic
directing agent can be removed from the resultant zeolite by a heat treatment process, often
referred to as “calcincation”, at an elevated temperature. The acid form of the formed zeolite
structure or molecular sieve is then produced by ion exchange, such as, but not limited to,
ammonium exchange, followed by further calcination. In some processes, the ammonium
exchange step occurs before the calcination, thereby simplifying the sequence of steps. In

many cases, the (additional) heat treatment, also referred to as calcination, is executed



that controlled heat treatnent or calcination to renove the organic
directing agent and exposure of the zeolite or nolecular sieve during this
t reat mentwo 02/z08¢2 age tenperatures no higher than 570C i sPOPER01249380 Create
acid sites of a specific nature and strength. These <created acid sites, as
can be asured by the tenperature control ] ed desorptjon of ammonja .

per f or ﬁgﬁsmﬁﬂaé@ B AeraHBE SiRp+ I this dogming or ghepmgsiep, theaealite o malerylay sEyeid t o
significantly enhance catalytic performance in reactions, such as, but not
| i mi t edreducedyrde acharsdn allewrmse insfon axareplh figkdbédeatalnieiorenationonnent al

abat enent technol ogi es. Applicant has found that, contrary to what has
been recognilaahe bytrant oy it hag bédnndeommszed tthatthd iteteald whalaoeastids df hlesgeolits t es,
referred to as "strong acid sites" and nmeasured by the tenperature
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not |in . I Qrk | cant
nas al ol e 5 Rkt to RAMKE R alil dicld oo HERERor ke
substanti al restructuring.of the .zegl.i or | ecul.ar sieve ogccurs, as can
bo. charhcltis: PIRHE s iRl itosters, Heitlisid Sipntieadie Foh EAgRISp BF Uth: Pon
and/ or mercury porosinetry. According to the current understandi ng,

Appl i c&hrapieriptisserf the geolie o5 mplpatlaroicvsrmatedalapop@icaneins Bragpingly found
characteristics of zeolites and nol ecul ar sieves is desirable in optim zing
per f or rhatceonitrolled thehly trieatnegpp lor ccldimation topremicviecthk | grgamic HWitbctiog@ragent and
conversion applications. The conbination of the above-nentioned i nproved
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characterized by the Acidity-Activity Index (AAl). The AAl, as 2 WO
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the total anmmoni a desorbed fromthe zeolite at. a tenperature above 300C
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can be e%ﬁgr{cgvggcal%c algetr‘ifo\%gilgeg il’tl hr%agti%;ge (sjuc%legsl,,i {n%: trjlgt rllier'\l(;j‘i;[:eidn(f:,o, aﬁydrocarbon
conversion technologies, and environmental abatement technologies. Applicant has found
that, contrary to what has been recognized by prior art findings, that the abundance of these
sites, referred to as “strong acid sites” and measured by the temperature controlied desorption
of ammonia performed in accordance with Example 3 ("TPD"), is beneficial in aromatics
alkylation technologies, such as, but not limited to, the ethylation of benzene to form
ethylbenzene. Applicant has also found, that in addition to the appearance of such acid sites,
substantial restructuring of the zeolite or molecular sieve occurs, as can be characterized
using porosity measurements, such as N2 physisorption and/or mercury porosimetry.
According to the current understanding, Applicant believes that a combination of the above-
mentioned characteristics of zeolites and molecular sieves is desirable in optimizing
performance in catalytic applications, specifically in hydrocarbon conversion applications.

The combination of the above-mentioned improved characteristic and enhanced catalytic

performance is found to be characterized by the Acidity-Activity Index (AAI). The AAI as
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el evated tenperatures of from about 600C to 675C in order to reduce
so-called "strong" acid sites. In accordance with US 5,258,570, zeolite
bet a prodvaez3dsy2 conventi onal procedures is specificall yPeT/@aten9iso reduce
acid sites to thereby increase catalyst activity. In accordance with one
aspect of the gresent i nvention, there | lsi provi ded a zeolite or rml ecul ar
si eve thed infhe Sperifistionsad & lsimsptbe rafio ofghe ftplagnmanip é?f@ﬂ%r@i fgomjthesgeolitg ¢
sites as neasured by the tenperature controlled desorption perforned in
accor dahg eemperfudebnpé 80EC @nPr PRty antvherea gesortied dtaam the zepliisl at e dempdralvrd ound
that by increasing the nunber of strong acid sites, there is provided a
subst arvielosat 3007Cr saneasureddnt ihk yahpaatutre/conyrolléd de;setpt‘mnqiei'fennais peadconfantde
present invention, there is provided a zeolite or nolecular sieve that has

an |ncrvga§ggan@§ggmrm§v)ty, i.e. pores of a size larger than 2 nm and
smal ler than 50 nm in conbination with an increased nunber of so called

‘strong aci g to AP BntsPRAfINEURK! PateARRS. 'mtSfbat%?Jh@s'Flﬁt ialatdVic

i ncreasi ng bot opor05|ty o6f the zeolité of ecu si eve’ net work
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nol ecul ar si eve has pores which have an aver age pore di aneter greater than
100 Anghevesddemperaimes plefromnabout ARTC tot o Sdplarde toredise sewieled sistpaghas a
pore volune greater than 0.7 cnB/g. In accordance with a preferred

enbodi et sids. t hén prcesrdaitcel WNUS0H,258,5620,z gnllitd &staoprodueddedyl cnventeonal has
an Acidity-Activity Index (AAl) of at least 1.0, preferably at |east 1.2,
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preferably at | east wherein AAl, as used in the Specification and
Clainms, ist I e r
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with Exanmple 3 ("TPD").

measured by the temperature controlled desorption performed in accordance with Example 3

("TPD"). More particularly, Applicant has found that by increasing the number of strong
acid sites, there is provided a substantial increase in catalyst activity.

In yet another aspect of the present invention, there is provided a zeolite or molecular
sieve that has an increased mesoporosity, i.e. pores of a size larger than 2 nm and smaller
than 50 nm, in combination with an increased number of so called “strong acid sites”. More
particularly, Applicant has found that by increasing both the mesoporosity of the zeolite of
molecular sieve network and the number of so called “strong acid sites”, there is provided a
substantial increase in catalyst activity.

Preferably, the zeolite or molecular sieve has pores which have an average pore
diameter greater than 100 Angstroms.

In another embodiment, the zeolite or molecular sieve has a pore volume greater than
0.7 cm’/g.

In accordance with a preferred embodiment of the present invention, the zeolites or
molecular sieve has an Acidity-Activity Index (AAI) of at least 1.0, preferably at least 1.2,
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More particularly in a preferred enbodi ment, the zeolites or nol ecul ar
sieve is one that contains silica and alumna in a silica to alum na nol ar
rati o of veo®2/ae81hi gher or 15:1 or higher that is prepareBCDOYSuUs®9Izst a
tenpl ating or organic directing agent that includes an organic nitrogen
conpound. As representative but non-limitjng. exanples of zeolites there
ma;m be 3R 9T REsieraplyias ea?tkénwd@ﬁﬂtpé?femﬂ&-a%mstlgg askeip AAlespsed ke 39,
MCM 41, MCM 48, PSHO3, ZSM5, TPAO5, Breck 6, ZSM 12, ZSM 22, ZSM 23,

ZSM 35 Spedi§natis), argiSZlams, et the ratipoéitey tadel smmbhiacdaserbed dtam dheaeclited ohough
the invention is not [imted to the preferred zeolite. In accordance with
a furt hesleadqesitveoht bhenpeasaatabony 00?0 to tAppblal animdids desorbet tivad tha
zeolites or nolecular sieve having an inproved catalytic activity may be
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respect, in renoving the organic nitrogen tenplating agent (in general, at
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is renoved), heating 1s controlled to prevent exposure to average
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preferabl’y the heating iS to an average tenperature of no greater than 550C

(in ge 41 at §as 0 r [ e N | el g Hadi ment
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to the preferred zeolite.

In accordance with a further aspect of the present invention, Applicant has found that
a zeolites or molecular sie\{e having an improved catalytic activity may be produced by
increasing the strong acid sites thereof. In this respect, Applicant has found that during the
procedures for producing zeolites and molecular sieves, and in particular the procedure for
removing the organic nitrogen templating agent, the conditions employed therein should be
controlled to preserve strong acid sites. In this respect, strong acid sites are maintained by
employing process conditions which prevent loss of those sites that are proven to be
beneficial in catalytic conversion applications and are be characterized by its AAI ratio. It is
believed that those sites can be ascribed to be a specific kind of tetrahedral aluminum sites in
the zeolites or molecular sieve structure.

In this respect, in removing the organic nitrogen templating agent (in general, at least
50% thereof is removed and in a preferred embodiment essentially all is removed), heating is
controlled to prevent exposure to average temperatures that are above about 575°C and
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respect carefully neans that the tenperature increase of the material is
not so fast that | ocal overheating to tenperatures above about 575C is
prevent edv@anzssi2 m ni m zed. Furthernore, the cal ci nati on POT/USKMIE3St he
tenpl ating agent is perforned in a shallow bed in order to reduce | ocal
overheating or the occurrence of hot spots. Alternatjvely a deep catalyst
bed correfeisblyeths hsgling 1sitorameaveragitergpreralirs of B9 ggq%eriﬂa%ﬁq { (@ ggneral, at
superficial velocity such that the heat transfer rate maintains the
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fromthe average bed tenperature. In yet another nethod, overheating
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this can be effected by applying slow ranp rates, such as, for exanple,
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aspect of the present invention, in producing a zeolites or. nol ecul ar
si eve, Oyphewiing dyingothgicelcyntion gan be sipisazedly amploninggptermediaisestonsiip thg pe of
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temperature ramp or to control hot spots by reducing/controlling oxygen flow thereby

controlling heating by combustion of the organic directing agent. Other possibilities known in
the art may be employed to minimize local overheating or the occurrence of hot spots.

Applicants have further found that steam may affect the catalytic activity of the
zeolites or molecular sieve. As a result, in a preferred embodiment, in calcining the zeolites
or molecular sieve, the zeolites or molecular sieve is slowly heated to the final calcination
temperature. Controlled heating to temperatures up to 300°C, aimed at minimizing exposure
to temperatures above 300°C, removes water before high temperatures are reached so as to
prevent steaming, and thereby preserve strong acid sites. In one embodiment this can be
effected by applying slow ramp rates, such as, for example, less than 10°C/min, preferably
less than 5°C/min.

In yet another embodiment, an intermediate stop in the ramp at 300°C can be

employed to minimize exposure to significantly more elevated temperatures than 300°C.



al um num and t hereby reduce the nunber of strong acid sites should be
mnimzed or avoided in order to provide for inproved catalyst activity.
As herei mabowgsindi cated, in order to mnimze the | oss PETURE/®pPISCi ficC
tetrahedral alum num and thereby maintain a certain mni num anount of
strong acid sites, the conditions at ich the tenplating.agent is renoved
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limted to, by slow heating to the final calcination tenperature.
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of the tenplating agent should also be controlled to reduce and/ or
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Moreover, processing of the zeolites or molecular sieve after the removal of the
templating agent should also be controlled to reduce and/or eliminate exposure to
temperatures above about 550°C. For example, the exchange steps and final calcination of
the ion exchanged zeolite or molecular sieve should occur at moderate temperatures. Ion
exchange includes, but is not limited to, exchange of Na with NH4NO; to produce the NHy-
form of the zeolite bor molecular sieve. In addition, use of organic agents in procedures for
extruding the zeolites or molecular sieve into a desired shape or form should also be
minimized or avoided.

The prior art did not recognize that strong acid sites in zeolites and molecular sieves
increase catalytic activity and that processing conditions for producing zeolites and molecular
sieves should be controlled to prevent loss of strong acid sites. In the prior art, processing
steps after formation of the zeolites or molecular sieve reduced the number of strong acid
sites to values below those of the present invention, and such reduction resulted in a reduction

in catalytic activity.



the zeolites and nol ecul ar sieves are netal cation exchanged after the
hydrogen form ng cation exchange, the zeolites or nolecul ar sieve
conponentwo® hysmof preferably includes a nunber of acid sPCEUS@HI9I3S

her ei nabove described. As representatives of netal cations, there may be
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silicas, etc. The matrix nay be in the formof a sol, hydrogel or gel and
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such as silica-aluminas, clays, aluminas, silicas, etc. The matrix may be in the form of a sol,
hydrogel or gel and is generally an alumina, silica or silica-alumina component such as a
conventional silica-alumina catalyst. The matrix may be catalytically active or inert. In a
preferred embodiment, when combined with a matrix, the zeolites or molecular sieve
component has a number of strong acid sites, as hereinabove described.

As hereinabove described, in order to maintain strong acid sites, the processing
conditions should be controlled to avoid exposing the zeolite or molecular sieve to elevated
temperatures for a prolonged period of time.

The zeolites and molecular sieves of the present invention may be employed for
catalytically converting a feedstock wherein the zeolites or molecular sieve forms all or a
portion of a catalyst in a reaction zone. A feedstock is introduced into the reaction zone for
contact with the catalyst under conditions effective to convert the feedstock into a desired

product.



be organic or a conbination of inorganic and organi c conponents. The
present reaction systemis particularly applicable to organic feedstocks,
pr ef er abiwohzas$ismy nol ecul es conprising carbon and hydr ograT/vuaeid9egst i onal |y
one or nore other elements. This other elenent is preferably selected from
the group consisting of aoxygen, sulfur, halogen, njtrogen, phosphorus and
mi xt ur es théubﬁtﬁl.maffg’ea@f &Redetocly pr ﬁpwﬁu@flgn Shiiaedsiogks s bshemployed in dhe
zeolite or nolecular sieve catalyst contacting will, of course, depend,
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met han : . j t .Th i C t ..k pr have
nol ecu%gitgﬁhk%%%%%ya&% yﬁéalr?z ﬁgegigé? %ozeeg%tg@%w?%gegﬂa§ﬁéﬁr£s@§% 1[é)sr oduct
or products. . preferably.have kinetic.dianeters which,all pw suc roduct or
ot ofuc B TnaBE s e B iheet, Ak bty et reBis BLh plefieBs duf Pinet,

nol ecul ar sieve catal yst conposition. The anmount of zeolite or nolecul ar

si eve chmgn s preferatiy selected frop the gEoupsspnyigting fyeen. silfue haloaen NiEQESAdi ng,

for exanple, on the specific processing application involved. In addition

t o t he phespwtuscind mixtlireudbateofmy be used in conjunction with the feedstock

if desired and/or beneficial to the overall process. Such diluent nay be

m xed or corfthenp@duttt br piddactsestisined Kropi ithe féedstobly Fexigs beakoléanhn kiever

nol ecul ar sieve catal yst contacting or it nmay be introduced into the

react i QAtERANoARBARANRLY of 'dtsk N 8efBRIFEOEXamphtiChn Ghé YBIHstoRk SER/RBRH ¥ndCt S
to noderate the rate, and possibly also the extent, of feedstock chem cal

o RRAP o B8 98 JErRNN EMBHR SO ool
st o B ST BB LSt ISP B IR BB IR PhERSES.

hel i um__argon, nitrogen, carbon nonoxi de, ) )
. However, it should be noted that a necessary, and therefore desired, reaction by-product may

be inorganic even when the primary product sought is organic. This is exemplified by the
conversion of methanol to light olefins plus water. The organic product or products have
molecules which preferably include carbon and hydrogen. The desired product or products
preferably have kinetic diameters which allow such product or products to be removed from
or escape from the pores of the zeolite or molecular sieve catalyst composition.

The amount of zeolite or molecular sieve catalyst in the reaction zone may vary over a
wide range depending, for example, on the specific processing application involved.

In addition to the feedstock, a diluent may be used in conjunction with the feedstock if
desired and/or beneficial to the overall process. Such diluent may be mixed or combined with
the feedstock prior to the feedstock zeolite or molecular sieve catalyst contacting or it may be
introduced into the reaction zone separately from the feedstock. Such diluent preferably acts
to moderate the rate, and possibly also the extent, of feedstock chemical conversion and may

also act to aid in temperature control. In certain embodiments, the diluent is preferably
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carbon di oxi de, hydrogen, hydrocarbons and m xtures thereof. The anount of
di luent enployed, if any, may vary over a w de range dependi ng on the
particul avoappisizati on involved. For exanple, the anmountPof/Udil49e38t may be
in an anount in the range of about 0.1 % or less to about 100 tines or
nore of the noles of feedstock. The conver5|on condltlons at which the

pr oces Subtientially captinnevslyied & theaeasinnizare dube the praestse Typisakafdhe duents ¢
feedst ock and catal yst enployed and on the specific product or products
desi r edvhidhmap be smployed de desinstgntrapedss atecheliyma pigon criybgenyicarthoh swmekisiek
zeolite or nolecular sieve catalyst contacting tenperatures in excess of
about TABonndioridel dfyércgehy hiyrocekors sandf mixonus tAESEE Bhied amiouht pf edibienes of
from about atnospheric to about 2000 psig. The residence tinme of the

feedst Qalployed! e ahfagby Ofry QREr ABYideCranpelRREEMRY b BE! Relidthr AgPRANMI,

for exanpl e, on t he specific feedstock and catal'yst enployed, and on the

Speci iy o PLOMIEL BB RTINS deBiILEd ;r%a&rb% i 6ABkYLIE o8N 61 DiBRLG1OFK 1S

a hydrocarbo ¢k an e ca C- conversion process 1s

hydr ocar hon- cgn rocess ubs |aII any hydrocar bon- converS|on
proces$t \?ﬁ?&%qt? ﬁi@%ﬁmeg%@oﬁ%‘?qg‘aw Al ‘a zeolite or molecul ar sieve
catal yst conposition can be conducted in accordance wth this |nvent|on

|11 ustrat i velhorcoByeipion goadigens & grhielbihe dFragess sk Cas yay Widelvispendipg, for
exanpl e, cracking, hydrocracking, alkylation for both the aromatic and

i sopar axtinple; ppetbe spsafie rfeedstackmnidnedtalyst regployedaindoan dhé specilic pyddeeieor

i soneri zation, polynerization, reform ng, hydrogenation, dehydrogenati on,

t r ansalptyduts desired TR Kyresehi procedsydr guadaitaly applicableawtth deddscckcxeolitezat i on.
Usi ng zeolite or nol ecul ar sieve catal yst conpositions which contain a

hydr 0ggR@kiRA: s1WeCUM§‘§t cSMERRSteRipBlahtY InQx c BRI oF A8 BB LR FrefetMEin
resi dual stocks, cyclic stocks and other hydrocrackabl e charge stocks can

e hydrQeracled, 8l o RIMBH SIHT S8ed LD ROEARIG A 2005iASAC S8 T 4
g 4% ?ﬁ and gg 9 WO

rati os O? S%ydl’ ogen roc on In e range o ween

o2/ 32612, I (e 40530 Lyt goen oLl LSyt e%, DeL e A sRbeLd © o

depending, for example, on the specific feedstock and catalyst employed, and on the specific
product or products desired.

Preferably the organic feedstock is a hydrocarbon feedstock and the catalytic-
conversion process is a hydrocarbon-conversion process. Substantially any hydrocarbon-
conversion process which is capable of being catalyzed by a zeolite or molecular sieve
catalyst composition can be conducted in accordance with this invention. Ilustrative of such
hydrocarbon conversion processes include, for example, cracking, hydrocracking, alkylation
for both the aromatic and isoparaffin types, isomerization including normal-paraffin or xylene
isomerization, polymerization, reforming, hydrogenation, dehydrogenation, transalkylation,
dealkylation, hydrodecyclization and dehydrocyclization.

Using zeolite or molecular sieve catalyst compositions which contain a hydrogenation
promoter such as platinum or palladium, heavy petroleum residual stocks, cyclic stocks and
other hydrocrackable charge stocks can be hydrocracked at temperatures in the range of 200°-

450°C using molar ratios of hydrogen to hydrocarbon in the range of between 2 and 80,
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velocity (LHSV) of fromO0.1 to 20, preferably 0.5 to 10. The zeolite or

nol ecul ar sieve catal yst conpositions enployed in hydrocracking are also
sui t abl e won2/sese2 i n reform ng processes in which the hydr pCEUBOINMIDPISedst ocks
contact the catalyst at tenperatures of from about 350-600C and hydrogen
partial pressures of from1l to 35 bar., K LHSV values in the.ran of 0.1to
10 and hbf@@.gegemrttaé IHPEsE ArabwBeenainaspheric ad 200" R canda diitid hotily, space
preferably between 4 and 12. Qther isonerization reactions are carried out
under oeledity (Iod8§ V3 pfifrbar0.1 to 20 peeferablydl? ibEY above for refornming. Qefins
are preferably isomerized at tenperatures of 200- 500C, while heavy

paraf fins, rdehicbBiras raoldcuhksibveacaaipdti compasidons employzd® th Aydrbanapgdangtary es
of 300-550C. Particularly desirable isonerization reactions contenpl ated

her ei n 193 suRAKlE Fb0Mketif réRMMRPFBdesRA A WhHidh the ARBfdc&Bbh FoeddREkS Edtestt AROVE
i ncl ude the conversion of n- "heptene and/or n-octene to isoheptenes, and

iﬁfé’ﬁﬁf %%@ﬁaﬁf%“%%%?%P?ﬁ%@”%Phﬁ%%%?@E@?ﬁﬁﬁggfﬁg%ﬁéﬁ%# Py i) efﬁ%?m?l. d
i T

Cat i on'h 35 bt S SE bt Besp Ao Jbaty PLSmEREbPRRscafop e BrehErD | °

conpounds (such as_sulfides) of netals of Goup IlA Goup IIB and rare

earth rksmnge ofa} tos2hpwpfatablyi bptweenbsskl2at ures, i.e., from about 350-550C,

preferably 450- 500C and usual |y at somewhat |ower pressures within the
range of abdther] isomeBizhtaon redetiosnrmee cemied| guft undarpemiditions ssimiler e ethosw
hydr oi soneri ze feedstocks containing heavier normal paraffins. Preferably,

t he healeycrived abbva fdraetisinigk Obefink iase preficrabinlisqaasrided i an sechporatogesaof 208Pbon
nunber range of 7-20. Contact tinme between the feedstock and the catal yst

is gengoat | whilhaby \pataffis Qhfhthéhed Eﬁt?ﬁlk?l_)ar@fﬁ@ii@b 40 4R eri2bd 8 tehPerah@ast i ons
such as olefin polynerization and paraffin cracking. LHSV values in the

ety Usol 86b " e RGP’ Witk i it SeRitoht et REGITRLC) o0

steve %ﬁhl%'o}i% & rrllgmtla e}f')ag'afﬁn isomerization described above include the conversion of n-

heptene and/or n-octene to isoheptenes, and isooctenes, methylcyclopentane to cyclohexane,
meta-xylene and/or ortho-xylene to para-xylene, 1-butene to 2-butene and/or isobutene, n-
hexene to isohexene, cyclohexene to methylcyclopentene, etc. The preferred cation form is a
combination of the zeolite beta with polyvalent metal compounds (such as sulfides) of metals
of Group A, Group IIB and rare earth metals.

At somewhat higher temperatures, i.e., from about 350°-550°C, preferably 450°-
500°C and usually at somewhat lower pressures within the range of about 1 to 5 bar, the same
catalyst compositions are used to hydroisomerize feedstocks containing heavier normal
paraffins. Preferably, the heavy paraffin feedstock comprises normal paraffins having a
carbon number range of 7-20. Contact time between the feedstock and the catalyst is
generally relatively short in order to avoid undesirable side reactions such as olefin
polymerization and paraffin cracking. LHSV values in the range of 0.1 to 10, preferably 0.5

to 6.0 are suitable.
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availability in a formtotally void of alkali netal content favor their use
in the conversion of alkylaromatic conpounds, particularly the catalytic
di spropomoonaasinn of toluene, xylene, trinethyl benzeneBCTAUSIMANSt hyl
benzenes and the like. In the disproportionation process, isonerization
and transal kyl at i can als ccur. oup. VI 11 noble nmetal  adjuvants .al one
or i n con (TGP G0 S0 AL TR, o Mo SO 6o Ay BRL ORI and
chromium are. preferably included in the catalyst caonposjtion in amoupts of
fr om aB¥wabality gn afoyp totahly poidi allkplianglal contens dayarithsir usdp,the soRrerHgPHgen
can, but need not, be present in the reaction zone which is naintained at
a t enpetladaromané compnuadso partRoburlyobe, capal girs dispoppriionhtzonr afideluete, Kylene, 150
bar and LHSV values in the range of 0.1 to 15. Catal ytic cracking processes
are pr efieetgl bersenes, edtrambthyl bbnzaed bl thelike. Clnhesdispropsrtionstiongpfoeedst ocks
such as gas oils, heavy naphthas, deasphalted crude oil residua, etc., with

gasol i neymkeizAtort A& ﬂaﬁsraﬂ%ymion%ﬁ lafsBheBEOEHEp VI TRBleahsthPadi@Ntihtd A1IBAS off
450- 600C, LHSV values of 0.5 to 10 and pressure conditions of from about

at nospherjc. ta. SiH %Qg% [ ' [ l.ayi ng
par aff?ﬁicéﬁjﬁég%%lcg%oﬁfoﬁlgegis g%@s Sgg?é?er f%/)’ ?\lg)g};r]r)a n%rgra féﬂri:ém aviagég; nor e
than 6 carbon .ato .to for enzen xyl enes, ol uene, and.th i are
car 1 b arRO N HGIEL inhe edh bt R Diion ¥ aBOits of EEMIETLAL A8 Mot of thé

catal ytic cracking. For these reactions it is preferred to use the

act i vaoderajggmpositipat Bxteaneans/Bydrogen eaanpufriteed aat. RietnresgniGnotlip reactipn @eme nobl e
nmetal cation such as cobalt and nickel. In catalytic deal kyl ati on wherein
it is ddich@dndiotatieday e tqnapeadthrernfdrom desout BAOWS0FCopresarenmttherange bES to

wi t hout substantially hydrogenating the ring structure, relatively high

t enper a50basaid LRV valitgén e raliof 0460-B00C are enpl oyed at noderate

hydr ogen pressures of about 20.to 70 bar, other conditions being simlar

to those desg#iibgdcAPOMUE ptRleses bR 1}i{<>fe_i3abl§'1 Y488 backith SeolltE %Eﬁ%ﬁffy_oﬁ%ﬁé ysts
are of the sane” type described above in connection with catalytic

dehydr | & 1 Q0. [ ar ' l.e LN . .0 .
cont erp HE SRR sullf it LU, b tE RIS SR Rl FREHa B, it
napht haglago Ele%régngt t%le lf)%rr]l%ip%{-'gés?rréd p%&du\éPT%%{p%%a 1% cgn 141%)1%) %% ff?(?‘*?’c?oom, LHSV

values of 0.5 to 10 and pressure conditions of from about atmospheric to 4 bar are suitable.

Dehydrocyclization reactions employing paraffinic hydrocarbon feedstocks,
preferably normal paraffins having more than 6 carbon atoms, to form benzene, xylenes,
toluene and the like are carried out using essentially the same reaction conditions as for
catalytic cracking. For these reactions it is preferred to use the activated zeolite beta catalyst
in conjunction with a Group VIII non-noble metal cation such as cobalt and nickel.

In catalytic dealkylation wherein it is desired to cleave paraffinic side chains from
aromatic nuclei without substantially hydrogenating the ring structure, relatively high
temperatures in the range of about 450°-600°C are employed at moderate hydrogen pressures
of about 20.to 70 bar, other conditions being similar to those described above for catalytic
hydrocracking. Preferred catalysts are of the same type described above in connection with
catalytic dehydrocyclization. Particularly desirable 'dealkylation reactions contemplated

herein include the conversion of methylnaphthalene to naphthalene and toluene and/or
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xyl enes to benzene. When enpl oyed for deal kyl ati on of al kyl aromatics, the
tenperature is wusually at least 175C. and ranges up to a tenperature at
whi ch sulvweoansisat cracki ng of the feedstock or conversi oPCPUSEUMOPIS Occur s,
generally up to about 370C. The tenperature is preferably at |east 230C
and not_greater than e critical.t r.ature t he c und under goi ng
cloal kyrifiign o Pzttt Wik rapifkos AERERRAH6F fh abmpRoatis mppPite
aromatics feed in the liquid state. For alkylation the tenperature can be
as | owvgsalpeideash 757G, Brigmppgepn, toag tempesatire) atnyhich gubstangiab eraglangof gtz ene,
toluene and xylene, the preferred alkylating agent is selected from
ol ef i ndeistickay @nmgismnepradiaktp pogys, egeacrally upapadbpui 370 rldfei tainpgratureias
primary objective is to pronote the selective hydrodeconposition of
or gani gréfietablir anh@dbto2307C. rapgd eivt aeegauihds the) chitical fte@@eraniré Rdthe compound
substantially affecting hydrocarbon nolecules therein. For this purpose it
I's prefRueRdidoteakiTRItioN. PRSI BBNEEERA 2 apIdith r&am AQSLT tHRasomRREeéPT
catal yti c hydrocracki ng, and catalysts of the sane general nature
descri | 8.6 Cll (ks ' i [b 4 i S
ol udd gse iy AREARE FLP Rty REVAPBGHES LEPbe MNlop BOAN. Wik s BRRHANDSE
fractiqns Loht. and .heav as oil deasphal ted crude ail.. residua and the
ke, a3 St g PRt e et it s R A X
about 3 wt. % of nitrogen. The hydrocar bon-conversi on processes may be
car ri edelsgiedifipmyolefing pichas ethylensgnd prRiyieneor conti nuous fashi on. The
processes can be conducted in a single reaction zone or a nunber of
reacti on zores catalydingdydiofingey | the @rimany pelrjedtivel jis oo tpheypotenyheheseleotivkict ed
intermttently or continuously in an el ongated tubular zone or a nunber of
such zmydsodehiaposition of Pdrgadie atilfup ind@nesitragd espboyrld, inl themyedpeavithout
advant ageous to enploy one or nore of such zeolite beta catalyst
CO”DOS'shbé%&ﬁidll? HEdcHiRg H}@rdUafBb'ndﬁofe‘éﬁl_eé‘ tHiSsih! @er @ﬁi_@%&ﬁos@‘ KU hRefer B9 tO
the nature of fhe hydrocarbon conversion process, it nmay be desirous to
carry e i o] b f .18 b S
conposi e hé by BendIOpaRGAShs HeldBed blP 58 Bl BlRobbB hog
system of .a vari ety of transporif beds rather than.in a.fixed, bed. . system
Shon syoibie HuRs 1liense)oat Gor Geary T cgHeRaR Bt (SPRETH AN of
the zeolite 12

operations. Feedstocks include gasoline fractions, kerosenes, jet fuel fractions, diesel

fractions, light and heavy gas oils, deasphalted crude oil residua and the like, any of which
may contain up to about 5 wt. % of sulfur and up to about 3 wt. % of nitrogen.

The hydrocarbon-conversion processes may be carried out in a batch, semi-
continuous, or continuous fashion. The processes can be conducted in a single reaction zone
or a number of reaction zones arranged in series or in parallel, or they may be conducted
intermittently or continuously in an elongated tubular zone or a number of such zones. When
multiple reaction zones are employed, it may be advantageous to employ one or more of such
zeolite beta catalyst compositions in series to provide for a desired product mixture. Owing to
the nature of the hydrocarbon conversion process, it may be desirous to carry out the certain
processes by use of the zeolite beta catalyst compositions in a dynamic (e.g., fluidized or
moving) bed system or any system of a variety of transport beds rather than in a fixed bed

system. Such systems would readily provide for any regeneration (if required) of the zeolite
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WO 02/ 32812 PCT/ US01/ 49938 beta catal yst conpositions after a given period
of tinme. If regeneration is required, the zeolite beta catalyst

conposi t ivome2/a8m be continuously introduced as a novi ng bRATAIS01A19938
regeneration zone where they can be regenerated, such as for exanple by

removi car onaceous materi a ti o in an.oxygen-c i ni

n s p B R e By 4160 o o ceeEa 8F Bl rRPRPUOA oG o SPUe
processes, the zeolite beta catalyst co |t| ons wil| ge subject to a

r egenerst] GiAlEst SpmBgsiaRhfangerontinueus -z @ d @@ Baaging Bedionlegeraiatiny i ng
reactions. In a preferred enbodi nent of the present invention, the zeolite
or nol gon¢ avhese éhey shn behaegsnetstedt siely @nt foo rexamplanply oseetd ving aalfoanmesm in
an al kyl ati on process such as the al kylation of benzene; for exanple to
pr oducenattdialé bebxEaton Imarmeryigen-db@tining sndkphere) & drgeefetred pradtics dfsHme
results in a large increase in catalyst activity. In yet another enbodi ment

of the 1RuRR&MoniBUEREILR 'ibrocregt%s zROLEJIRe BORIcBAt BSnfoshfin@Willtbe suBjedto a
al kyl atiion process such as the al kyl ati on of "benzene, for exanple to

Pr Oduc?g%a%g%ﬁﬁg é%ggytunkjﬁg ?ﬁ%@f&)ﬁ? éoh? dep-[)gﬁs ({%1%@ a,'t%indﬁﬂnlglreﬁg"ﬁ{)é” t her

descri b OW ng “exa e ‘'scope of
t he |nvent|§n i S pot h tth r.eb Uless otgl%arvm |nd| cat.e all g rts
and per cent B@sprgregegf peeny I ERfign, SORIEFEALIERE H ng t o

t he patent by Murrell et aI (US Patent no._ 6,004,527, 1999) Spray dried
si | i ca thoprsegt apwention is %ﬂows spentalyshim p gy lsiion prcessssush ps thiealkylation
inpregnated with a mxture of 202 g Al (NGB) 3. 9H20 and 800 g distilled

wat er , odbeagengy for €200pledo pﬂ)dhwﬁhy]amlzenal bi praticuler, 560Gl fieredde imacid sites h a
heating rate of 5C mn. The calculated silica-alumna ratio of the

mat er i gbsul@sn 8rgédncidase mastdlyst Agivatyl i ca- al um na, 162 g was i npregnated
with 162 g of 35 wt % TEAOH (Al drich) and subsequently with 80 g of 3.76

wt % aqueous Ihl%%ﬁ@rl&ﬂb@ﬂrméﬂi‘@f {He%sgﬁt M@érﬁlonaﬂg%’olﬁé@ Yoy\é@h& §c§tta1 f ing
in a glass beaker. The inpregnated solids were transferréed'to a
in an alkylation process such as the alkylation of benzene, for example to produce
ethylbenzene, is beta zeolite.
The invention will be further described with respect to the following examples;

however, the scope of the invention is not limited thereby. Unless otherwise indicate all parts

and percentages are by weight.

Example 1

Zeolite beta was made according to the patent by Murrell et al. (US Patent no.
6,004,527, 1999). Spray-dried silica (486 grams, Davison 948, 60 um average particle size)
was impregnated with a mixture of 202 g AI(NO3)3.9H,0 and 800 g distilled water, dried at
120°C for 2 hours and calcined at 500°C for 2 hours with a heating rate of 5°C/min. The
calculated silica-alumina ratio of the material was 30.

Of the resulting silica-alumina, 162 g was impregnated with 162 g of 35 wt% TEAOH
(Aldrich) and subsequently with 80 g of 3.76 wt% aqueous NaNOj3 solution. The liquids were

added slowly while stirring in a glass beaker. The impregnated solids were transferred to a 2-

13



WO 02/32812 PCT/ US01/49938 liter Parr autoclave that was rotating on a
notor-driven roller bed. The m xture was heated for 36 hours at 157C in a
ci rcul at iwg 0zs281f ur nace. The aut ocl ave was cool ed to roonPCEUp&r@APIsre, and
the solids were washed and filtered with anple anounts of water. The
product,. drie 120 nar. X-ray.diff t|o sho dth

P oauc i radey b tbfiaf oh arabrp )T Ihdrpioyidieoteldor s a
reference, a conmercial, zeolite beta powder was used Next , 20 gram of the
beta prodQsss 313k G inpsiecuiatingai fumage il aufpclive Wi cROlef & rqog) fegimeraiure,
program 5C/mn to 200C, hold for 1 hour, 5Cmn to 650C, hold for 6 hours
and 5C/anil the splids avere waghed and fiteredrwitih empbmmou@ts offwater. ghaprasiict was deedh
product (lab sanple 2) was calcined in air with'the follow ng program

5C/ mi nat 2080 a0 [Xd-rdyodiffratton showled thian tHeoppAQEE, contdined a¢olite beauwihand
10C mn to roomtenperature. The calcined powders were ion exchanged in

0.1 M NeidBersabfnit9d 93%5A§'§Y§fe1%hcé %Qﬁhﬁﬁémﬁrﬁbﬁfeeoetacﬁo&&@ wa@ﬁhsgiwhanged
sanpl e that was cal ci ned at 650C (lab sanple 1) 0 gram was nmixed with

The paste wil b o ar Sobk Bk ?‘ﬁ%%?’é(@n%ﬂi‘?ﬁ%%ﬁc% S???}g g P AR A
h°c‘f/£§e3‘?1ﬁ<?‘@%sﬁo?§§r%%ﬁé SR8 BT el lnd o Hi bR B holf BN o

of which 1.0 gramwas | oaded into the alkylation reactor. The sa Ie had a
first-&pd e5r°Céﬁ§1efq/ EPR JerapeaiEs. ovpother portion|afyA0agragh OSfth%é’ﬁtfeW@dw (lab

et hyl benzene of 0.31 cin3/g/s in accordance with Exanple 2. O the dried
sanpl e stnpte emscalcdiedan aatwiB0BE f¢liabing @rqgran25°C/®1m®52(@F@rﬂmM§onﬁ had, with
4.06 grans of Nyacol alumna sol (20 wt% and 3 grans of distilled water.
The padre/mivas d00°€y] tald FC18 douzds hadins Ementibedofatanpeesdutsl Thet difcined
foIIovm' ng program 5C/ mn to 200C, hold for 1 hour, 5C mn to 500C, hold
for 6 hawders Wd6 idesishidded 1ﬂoqw®H§w%§Mﬁﬂl fof9 d%scyﬂt%&ﬁh'térﬁ’%é?ﬂ@e The

sanpl e was ground and sieved to +2 mesh size,” of which 76 gram was

| oaded into 1€ I id ved
rate const aétjt‘lt%ﬂ%lfélé&g}‘géq 4 aft ‘%encflzcglggatag égt%ﬁ?/ glénze%)l oﬁ%OS(Pgl%ﬁ{rrB/ g/s
in aCC%a%anq&gd Vwmltth%.O grams ofﬁ\lyacol alumina sol (20 wt%) and 2.0 grams of deionized water.

The paste was dried at 80°C for 2 hours and then calcined at 550°C for 6 hours with a heating
rate of 5°C/min. The resulting product contained 80 wt% zeolite beta. The sample was
ground and sieved to +20/-12 mesh size, of which 1.0 gram was loaded into the alkylation
reactor. The sample had a first-order observed rate constant in the alkylation of benzene to
ethylbenzene of 0.31 cm>/g/s in accordance with Example 2.

Of the dried sample that was calcined at 500°C (lab sample 2), 3.225 gram was mixed
with 4.06 grams of Nyacol alumina sol (20 wi%) and 3 grams of distilled water. The paste
was dried at 80°C for 2 hours and then calcined with the following program: 5°C/min to
200°C, hold for 1 hour, 5°C/min to 500°C, hold for 6 hours. The resulting product contained
80 wt% zeolite beta. The sample was ground and sieved to +20/-12 mesh size, of which 0.76
gram was loaded into the alkylation reactor. The sample had a first order observed rate
constant in the alkylation of benzene to ethylbenzene of 0.95 cm’/g/s in accordance with

Example 2.
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14 WO 02/ 32812 PCT/ US01/ 49938 Exanple 2 The follow ng describes the

al kyl ati on procedure used to test the catalytic activity of a zeolite

cat al yst waozasasor dance with the present invention (Lab Sarpl@s@/4wp3sExanpl e
1), a zeolite catalyst calcined by conventional techniques (lab sanmple 1
of Exagl e ]l%g as well as certain commercial catalysts. The catal ytic
activi olite catal yst was evaluated in the nodel reaction of

benzene al kyl ation with ethyl ene to form ethyl benzene(EB). The test feactor

i s a recir cuihgdPhevinerdeasiet tha alkylaion meesedugarseg to tesh e caiglytic SaHYiY are

300 psig at 190 C. the recirculating rate is 200grans/ m nute. The feed

cont ai reolffe IBtalytst i ahgdrdansediidhs they prgsént iveention Lok Shmpleed of dixample 6),08 gr ans
per mnute. The catal yst charge is 1.0000 gramat 12 to 20 nmesh particle

si ze. Thdlite @halygstaltined borconvdnyiohattedimipren abadshpld If of Eednpie 13,easemelhagir s
(to renove noisture) prior to regular feed introduction by a netering

punp. TBRaih@ehnld&ihbeadtlystd, t0 8 hours with sanples taken every 30 mn. for
GC analysis . The first order rate constant is calculated to represent the

catalyst activity. Exanple 3 The Tenper ature Programmed Desorption (TPD)

was carried t [ S3, er uni
bet ween a ql}gllrét %at‘ﬂy%? Oacf]%l ct or §ﬁ% §atélg§d ﬁ% ggﬁ'la%ge}l tils i ?él ﬁfl&%n?ﬁ% den
Anal yti cal unt 0-4 of rrpl ein povvder f orm was
| oaded bFﬂ%eQeé‘ﬁin?éionW‘E‘i @gglen? @a%%@ hﬁﬁ*& was first oxidized in a gas
m xture containing 5.2% oxygen in helium f|OWI ng at 30 cc/mn from30C to
550C and held at 550C (TPD) for 30 minutes. After the oxidation treatnent,
t he sanpl e Ve tpstrrgador is hedcirowtating 88G@tial fized-hedtaactor.ndhertest cooditiops down
to 100C.

are 300 psig at 190 C. the recirculating rate is 200grams/minute. The feed contains 0.35 wt

ethylene dissolved in benzene with feed rate at 6.0 grams per minute.

The catalyst charge is 1.0000 gram at 12 to 20 mesh particle size. The catalyst is
normally hot-benzene washed for about seven hours (to remove moisture) prior to regular
feed introduction by a metering pump. The test lasts for 7 to 8 hours with samples taken
every 30 min. for GC analysis . The first order rate constant is calculated to represent the
catalyst activity.

Example 3

The Temperature Programmed Desorption (TPD) was carried out in the micro-
reactor/mass spectrometer unit, a coupling between a quartz micro-reactor and a quadrupole
mass spectrometer (Hiden Analytical HPR-20).

An amount of 40-44 mg of sample in powder form was loaded into a quartz micro-
reactor.

The sample was first oxidized in a gas mixture containing 5.2% oxygen in helium
flowing at 30 cc/min from 30°C to 550°C and held at 550°C (TPD) for 30 minutes. After the
oxidation treatment, the sample was purged in helium at 550°C for 20 minutes before cooling

down to 100°C.
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15 WD 02/ 32812 PCT/ US01/ 49938 Ammoni a adsorption was carried out at 100C,
in a gas mxture containing 4-5 % ammonia in helium flow ng at 27-30cc/ mn
for 30 mwabz3s2s81he anmoni a treated sanpl e was purged i n Per/UBWLSB cc/ m n)
at 100C for 45 mnutes (enough to have the amoni a mass spec signal

returning to, background.l evel s) .before erature desorption.starded.
Amont & 1D ABOL G GO RAI A SSTERT RoF FioHOLBO # bos GBeters Rep @i, 8

di stinct desorption xi.mum peaks:; one < 200C and the other >300C.

Desor ptam%%pbwhusagﬁ%ge@sgq / @3%3(?/\%‘5@%?& d sites whereas desorption
at >300C is classified as strong acid sites. Both mass 16 and mass 17 were
used for amithsi ammPhia weajedhisanple Yas puked vinshelived (30 e¢/mim)astt 1 94/Cnipradoni a.
Quantification of ammoni a desorption was based on calibration of mass

spect r anaties (ensighgtodhdd therannenia Exasspdpec 4ighab keturhisy orbackeesuniPvelepul t s,
AAl ratio and catalytic activity. Table 1 Catalyst *Strong Acidity

(ol / gefors r@GledickorptieR staftBB/ 9/ s) AAl For Alkylation Sanple 1 from
Ex.1 0.586 0.886 0.31 0.661 Sanple 2 fromEx.|l 0.844 0.386 0.95 2.19

Conmrerci al b . 0533 4. .0 . jo A 2 . 578
0oa5 1 0n o TP wls gl alsPrini REFELONE (PBOG C imerdpold: 270
0.519 %is“:f%%t gés?épptg)hgrzlg’ximum peaks; one < 200°C and the other >300°C. Desorption below

300°C is classified as weak acid sites whereas desorption at >300°C is classified as strong
acid sites.

Both mass 16 and mass 17 were used for ammonia. The signal for mass 17 was used
for quantifying ammonia.

Quantification of ammonia desorption was based on calibration of mass spectrometer
using 4-5% ammonia.
Example 4

Table 1 summarizes TPD results, AAI ratio and catalytic activity.

Table 1
Catalyst *Strong Acidity (mmol/g) #*yweak acidity Keb (cm*/g/s)  AAI
For
Alkylation
Sample 1 from Ex.1 - 0.586 0.886 0.31 0.661
Sample 2 from Ex.1 0.844 0.386 0.95 2.19
Commercial beta I 0.538 0.618 0.34 0.871
Commercial beta II-A 0.626 0.578 0.38 1.08
Commercial beta II-B 0.501 0.463 0.28 1.08
Commercial beta II-C 0.519 0.533 0.36 0.973

*_Total amount of ammonia desorbed at temperatures higher than 300°C during TPD.
** Total amount of ammonia desorbed at temperatures below 300°C during TPD

Example 5

16



Total anmount of anmoni a desorbed at tenperatures higher than 300C during
TPD. ** Total anmount of anmoni a desorbed at tenperatures bel ow 300C during
TPD Examwpde2/32816 WO 02/ 32812 PCT/ US01/ 49938 Al Nucl ear ReEmusSti/499:8esonance
spectra were neasured for a set of sanples prepared simlar to exanples 1
and 2. The at and m can be ascri bed tetrahedral and
octahedr al A PSRl e bR BbltR sBREmeAEted Br b ANEPRRS PP, ¢ e
sanpl e prepared based on prior art and the sanple based, on thjs_ invention
are 25 smnilggdo sgamples a2 The geaks & 34 rlrsé Pyppm ¢ e ﬁﬁsﬁa%%&t%ﬂé%%ml and
(octahedral) for the sanple prepared based on the prior and the sanple

pr epar edtabedreldAb mespritivelyv Ehe 5oppnapeakiaress ((gichbedral Alr éerbe samplepreprred r at e
constant for aromatic alkylation for the forner sanple is 0.23 cnB/gm sec
and t h&asedt en pansinhd fleg saniple basddt @1 théainvkstions ate 23.3cafdl/ 484, srespectixelppl e 6
Pore size distribution neasurenents for the sanples in Exanple 5 are al so

det er mgpadarlyVi thd OPpar Pék RE4O@LEBEIN) forftBe §ﬁﬂg1|e%>_r§ﬁhfréﬂ: paed l@ﬂ&l@@gﬁ@r drdee
ri

prior art has w de range of pore size dist ution, i.e. from50 to 50,000

Angstr ' H B thi I i .St i on
has ve(ra;{/@Sna rhg%re %I(rég%m ze ndtlh ;SE{] ?Y%@itgﬁ Sﬁi‘”?%l?d g(fg’altgg%%?‘ﬁgg' ’g%ll?@té %}ﬁgfta#e
pores are in the.r e of .200 to 800,An ons, Exampl e .7 described in
B! 2oerapgle AR L e B PRUA T b ST etag B e A POt 85, on
spheres are inpregnated wth a mxture of 0.63 gram AL(NO 3.9H20 and 11.5
grans e lafigr smpleisdptla¢R /amsiee-Al ratio of 30, and dried in air at 120
degree C. to a constant weight. Two and one-half grans (2.50 grans) of

t hese spheres are inpregnated with 1.25 grans of an aqueous 35 wei ght %
t et r apr opyl anmoni um hydr oxi de solution and 1.25 granms of an aqueous 3.68
wei ght% solution, giving a nolar oxide ratio of: 33.6 Si02:0.56
A1203: :0.22 Na20: 108 H20

Pore size distribution measurements for the samples in Example 5 are also determined

with mercury porosimetry. The sample obtained based on the prior art has wide range of
pére size distribution, i.e. from 50 to 50,000 Angstroms in pore diameter. The sample
obtained based on this invention has very narrow pore size distribution, i.e. greater than 90 %
of the pores are in the range of 200 to 800 Angstroms.
Example 7

As described in Example 1 above, 3.10 grams of Davison Sylopol. 948 silica gel 50
microns spheres are impregnated with a mixture of 0.63 gram AL(NO);.9H,0 and 11.5 grams
of water to obtain a Si/Al ratio of 30, and dried in air at 120 degree C. to a constant weight.
Two and one-half grams (2.50 grams) of these spheres are impregnated with 1.25 grams of an
aqueous 35 weight % tetrapropylammonium hydroxide solution and 1.25 grams of an
aqueous 3.68 weight % NaNOj3 solution, giving a molar oxide ratio of:

33.6 Si0,:0.56 Al,05:1 TPA; 0:0.22 Nap0:108 H,0

The mixture is placed in a 35 ml stainless steel autoclave with a 10 ml Teflon insert.

After 25 hours at 158 degrée C. The ZSM-5 crystallinity of the product is 25.1% as

measured by XRD versus the reference sample. The particle shape and size of the parent
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The m xture is placed in a 35 nl stainless steel autoclave with a 10 m
Teflon insert. After 25 hours at 158 degree C. The ZSM5 crystallinity of
t he prodweo 02/32825. 1% as neasured by XRD versus the referparvessiapise. The
particle shape and size of the parent 17 WD 02/ 32812 PCT/ US01/ 49938

anor phous f.,r amewor k-structure heres, i.s r.etained in t.he product. The

el actori ook et R BRS byl BB Db e BR L o opgtte
profile shown in Exanple 1, Lab sanple 2. anpl e 8 According to the

pr oced (iECHHE 18eRRYS Emoved Wiy HigHPERTYrS pmféﬁgwmw &5 A Bmpletven a

nol ar oxide ratio of: 5.94 Si02:0.43 A1203: 0. 09TEA2G 1 N. 22: 16 H20 The

m xt ur Ed¥ample8ced in a 35 m stainless steel autoclave with 10 mi Tefl on
insert. After 46 hours at 182 degree C. The nordenite crystallinity of 75%
i s obtai ned A¢cordiRid thehproeedved at Mxagplen®, ®magieiade iPrEhaoddgith albsiutienpl at e
is removed with a tenperature profile shown in Exanple 1, Lab sanple 2.

Nuner ousydthh bia 8hidepgicAsyd variations of the present invention are possible
inlight of the above teachings; therefore, within the scope of the

arcicul ar |y descrTbens 1d° b 0! ST EENBR0D Mb3a T 1S CLAIMED IS
an of ot 1 Hapug i floed b 3 AT bR SRl Ly T 3 B BB 2R el

said zeolite or nolecular sieve has pores which havg an av,eéff e pore
di anet g ASRWIS a7 demeskgsthegpardenite qpystallpgly; afe/S5p Imefttained HomsKBEY of
Claim1l wherein said zeolite or nolecular sieve has a pore volune greater
t han 0.whilerrgtagning the original morphology. The template is removed with a temperature profile

shown in Example 1, Lab sample 2.
Numerous modifications and variations of the present invention are possible in light
of the above teachings; therefore, within the scope of the appended claims the invention may

be practiced otherwise than a particularly described.
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4. The zeolite or nolecular sieve of claim1l wherein silica and alum na are
present in a silica to alumna nolar ratio of at least 6:1. 5. The zeolite
of claimwiowhzasei n the zeolite is selected fromthe groupPCDUSIIZIPI®Y oOf
beta, TEA-nordenite, TEA-ZSM 12, MCM 22, PSH 3, ZSM5, TPA-5, Breck 6. 6.

The zeq|,] lLlajm 4 wherein the zeolite is produced using an organo-
nitroggkt%fggigﬁﬁsN@%%ﬁ¥b 7. The zeolite of claim6 wherein the silicato
alumina nolar ratio iis at least 15:1. . 8. A process _for cqnverting a
chemical, conpri *AgRLIRRF BOlGCHET sigve seisiRrekts) %ﬁn?lﬁcqlﬁéleaﬁé@m@ndg%of
catal yst conprising the zeolite or nolecular sieve of claiml1. 9. The
processit tefastcl.@&i m 8 wherein the conversion is an aromatic al kyl ation. 10.
The process of claim9 wherein the zeolite is selected fromthe group

consi sting . zedlhet goliet o mblshhla? siznel oPEHthith 1 Ixdheréih @aidrzeolsoraholekalam 8
wherein the conversion is hydroisonmerization. 12. The process of claim38

wher ei RidvB@as PEVE ivhiPhalve aﬁxdérggé sk idRehetdrBreal&leha LvEASesRbnf! @il m 8 wherein
the conversion is the renoval of nitrogen oxide. 14. The process of claim

8 wherein t zeok t.e i 1 f abm et o | ai m
8 wherein t h@g zeo }%et %O:llge {’*glogeggjlali %ng) £ ?]lal m %here}@ S@@%ﬁ?@z@ﬁgle%laf
PCT/ USO1/ 4%%38 16. 1Theg1%re[%(: SS Oi ctaim8 wherein the zeolite is the
zeol i t &'9F P8F APHIAOURC rg}aﬂé)e €048 claim 8 wherein the zeolite is the
zeolite of claim5. 18. In a process for producing a zeolite or nol ecul ar
si eve whereif saithepresdise o1 molgeulgresieye abwhaimol valrereh gakiac ande glyiming e
agent, the inprovenent conprising: renoving said tenplating agent at a
t enper aresest infa silacagp @hitngina rivdar 18HO S atdebstibder condi ti ons wherein after the
removal of the tenplating agent, said zeolite or nol ecul ar sieve
5. The zeolite of claim 4 wherein the zeolite is selected from the group consisting
of beta, TEA-mordenite, TEA-ZSM-12, MCM-22, PSH-3, ZSM-5, TPA-5, Breck 6.
6. The zeolite of claim 4 wherein the zeolite is produced using an organo-
nitrogen directing agent.
7. The zeolite of claim 6 wherein the silica to alumina molar ratio is at least 15:1.
8. A process for converting a chemical, comprising:
effecting said conversion in the presence of a catalyst comprising the zeolite or
molecular sieve of claim 1.
9. The process of claim § wherein the conversion is an aromatic alkylation.
10.  The process of claim 9 wherein the zeolite is selected from the group
consisting of zeolite beta, MCM-22 and PSH-3.
11.  The process of claim 8 wherein the conversion is hydroisomerization.
12.  The process of claim 8 wherein the conversion is hydrocracking.
13.  The process of claim § wherein the conversion is the removal of nitrogen
oxide.

14.  The process of claim 8 wherein the zeolite is the zeolite of claim 2.

15.  The process of claim 8 wherein the zeolite is the zeolite of claim 3.
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has an AAl of at least 1.0. 19. The process of claim 18 wherein at |east
50% of the tenplating agent is renoved. 20. The process of claim19
wherein weozssiiite is selected fromthe group consisti nBCDUSHIEM938

TEA- nor deni t e, TEA- ZSM 12, MCM 22, PSH 3, ZSM5, TPA-5, Breck 6. 21. The
process of Ia| m.19 wher ei p .t he.heat i.n ich heating is

control | ed t g pr eNPEATOSEsy @helaim,§ wher ﬁ‘ﬁf?‘? tﬁlﬁathelzﬁ(éﬂ%gghalﬁnﬁbre t han 25C

fromthe average bed tenperature. process of cl él m 21 wherein the
heating ratd’ts I'B€Preeeshol e WhezeantthéolﬁPé%%@ec&ﬁe@f A 28 wher ei n
after renoval of the tenplating agent, said zeolite or nolecul ar sieve has
pores whi ch lave Iarn proessader pmdgcldgatmbte of mgleedarsieychwherbdDsaidpystesoms.
24. The process of Claim 18 wherein after renoval of the tenplating agent
sai d Zerdlddseemovaiol en otganics teydatipsagantp thedmpeadvenenigeodairsing: han 0. 7 cnB/ g.
20
removing said templating agent at a temperature of no greater than 550°C and under
conditions wherein after the removal of the templating agent, said zeolite or molecular sieve
has an AAI of at least 1.0.
19.  The process of claim 18 wherein at least 50% of the templating agent is
removed.
20.  The process of claim 19 wherein the zeolite is selected from the group
consisting of beta, TEA-mordenite, TEA-ZSM-12, MCM-22, PSH-3, ZSM-5, TPA-5, Breck
6.
21.  The process of claim 19 wherein the heating is in a bed in which heating is

controlled to prevent a temperature variation in the bed of more than 25°C from the average
bed temperature.

22.  The process of claim 21 wherein the heating rate is less than 10°C/min.

23.  The process of Claim 18 wherein after removal of the templating agent, said

zeolite or molecular sieve has pores which have an average pore diameter of greater than 100

Angstroms.
24.  The process of Claim 18 wherein after removal of the templating agent said

zeolite or molecular sieve has a pore volume greater than 0.7 cm’/g.
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