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

conti nuati on-i nw@ed320f2 provi sional application Serial No. 60/ paPUsb($s| ed
Oct ober 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
t hereof . Zeolites and nol ecul ar sieves are generally used in a wide 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 m xture 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 anmmoni 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 ci ncation",

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

Cher oy oi mpl i fying t hamuaueneanse: <v Berethler Sieits SnadBe 6% ThERAGT | onal )

heat treatnment, also referred to as calcination, i s executed WD (12/32812
PCT/ U$0) N9938 subs dejireapplieation ABmAIPAETIStRased o anfiis? FONHUAROTOH-BHRPH P§V§CEY,
the zeolite or nolecular sieve is produced into a shape to allow use in for
exanpl e fi xed application efeytal Noped/242,bif). filed Ceeobenur20erR008y the icontals ¢leapich are
recogni zed that the state or characteristics of the zeolite or nolecul ar

si eve may be éehdepdrated byreinttey defenalce.neat treat ment step. However, it has not
been recognized that, in the heat treatnent to renove the organic directing

agent, the perfor mamgeinveitiocnhielaZB8ab izkslited atdhetddhiar sisl @Y and sncat hekiceldrly to the
significantly by changing the state or characteristics of the zeolite or

nol ecul ar si evgodREEE bAledliteARRM o R ahd8ves Uh® feSdsBeleYedfound

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 inciudes 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 aimmonium salts. As an example,
such quaternary ammonium salt may be tetraethylammonium hydrexide. The orgamic
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 treatnment or calcination to renove the organic
directing agent and exposure of the zeolite or nolecular sieve during this
treatnment to av nperatures no higher than 570C is desir g Q Gleate
acid sites of aQégg%? ﬁ% nature and strength. These created ac? Th“'@@?%as
can be nmeasured by the tenperature controlled desorption of ammoni a

perforned in acsRLASNELa Wirkdhn EXAMMh S STdrmTRR shaPf€step N 2ol imb18eHM steQe is
S|gn|f|cantly enhance catal ytic perfornance in‘reactions, such as, but not

mted to, hygcagarpon, ggagwmwséﬁ%m Logjencond aoitanmenal |

abat enment tec I es. I'i cant has foun contr

recogni zed by prlo rt fln that the ab d f ese, S

referred to as "strB 'qggmﬂ§ﬁ8rﬂ§§@6?'@ ﬁ@ H@ %ﬁﬁ?g?ﬁb %fhezaﬂ”e
controlled desorptlon of annnnla performed in accordance with Exa

("TPD"), is beénépqlesudar swﬁea?adﬁsmf@gted &V iha Bral SRetitea ot sigP-ddoweNre! as* n%hfen
not limted to, the ethylation of benzene to form ethyl benzene. Applicant
has al so foundecaghized iyt aa die hesh regmehetoappeve hnoeganic uechngegapt.she pgformance
substantial restructuring of the zeolite or nolecular sieve occurs, as can
be charact eri addtheuséaige oI OBidcylaneaser emaffeced sughf @ntiNZbyp hohahgiog pﬂhh Odlate or
and/ or mercury porosinetry. According to the current understandi ng,

Appl i cant bel 'c%‘dx%%teh&?és o tﬁ@ﬂ&!lﬁé‘%} %]&mais Eﬁ%v@kaﬁv&]alsm@bh%e@las surprsingly found
characteristics of zeolites and nol ecul ar sieves is deSirable in optim zing

performance | ’hPﬁaE&'tr}Shé& h%%}pﬁlaé%ﬁ%%to&s ’cal%ﬂlﬁt?éli 'tc’ﬁ%rh vd The¥ %[aﬁ)%aélp&ﬂn agent and

conver si on applications he conbi nation o ove-nentioned |
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ammoni a desorbed fromthe zeolite at erature bel ow 300C as neasured.
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Example 3 ("TPD' ). Contrary to Appllcants findings, US. Patent No.
5, 258, 570 t ead¥EoTRehin pererdeaceMjthi Bxample Pv('TPDOK aresiprisnystiauedie Bgnificantly
approved by activating the forned zeolite by heating at el evated
t enper at ur es chhirenradpit BOOEnErwe6ins Gdcnomsr derh tas, heduwoe lsoHahlté.etlydrocarbon
strong conversion technologies, and environmental abatement technologies. Applicant has found
that, contrary toc 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 contrelled desorption
of ammonia performed in accordance with Example 3 ("TPD"), is beneficial in aromatics
alkylation technologies, such as, but not limited 1o, the ethylation of benzene to fcrm
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 1n catalytic applications, specifically in hydrocarbon conversion applications.
The combination of the above-mentioned improved characteristic and enhanced catalytic

performance 1s found to be characterized by the Acidity-Activity Index (AAI). The AAl, as
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acid sites. In accordance with US 5.258.570; zeolite beta produced by
conventional procedures is specifically treated to reduce acid sites to
thereby increasev@avasyst activity. In accordance with one aspeetTafotiress
present invention, there is provided a zeolite or nDIecuIar S|eve t hat has
an increased nunber of so called "strong acid sites", i.e. tes_ as

nmeasur ed by t heed ariheppgdifiatien ard Glaru@a esdepf ﬂwowémapn@diemb%&ammhie
with Exanple 3 ("TPD'). More particularly, Applicant has found that by

i ncreasi ng t het atmmyeratafe abbyo3°Cac il wial esmnontzaieeorbed pronvhaedlite 8 abetpartinel
increase in catalyst activity. In yet another aspect of the present

i nvention, theéepw 30QCasimeduadbeahd tegnperatirelcestdIRd desirp@ pdrftimbés &dtordance
i ncreased nmesoporosity, i.e. pores of a size larger than 2 nrn and snall er
than 50 run, iWaceaRigasicorpoyt h an increased number of so called "strong
acid sites". Mire particularly, Applicant has found that by increasing both

the mesopor osi Ly Ofodfienz8oh iyl iiBhROY &ip.Rl-exe, BOLYOIK A e (uABFC

of so called "strong ac S provid stantial increase

in catal yst actlv bl the zeolite or cu i eve, has or es
whi ch have. an “SUURAYE 25 rgebe b obrpreRe e A Rb o g ok e Y ARBbRer
enbodi nent, the zeolite or nol ecul ar sieve has a pore vol une greater than
0.7 cnB8/g. | necivesddanpeamiesPidrqm sbeyt €09° Grﬂéé&ﬁrﬁgm OIgEr oHEdpeeesetled “strong”
invention, the zeolites or nolecular sieve has an Acidity-Activity |ndex
(AAl) of at | easl silesO. pr efendbicy with | 1@3s3.238.370, ZedBe (243 PBLR cERCHY USOventional
1119938 and nore preferably at least 1.4, and nost preferably at least 1.6
wherei n AAl, asod¢deds isspediicalSpeatdditc atdues aat ditésl taitBebyiiseredre caalyisactbity.he
total ammoni a desorbed fromthe zeolites or nolecular sieve at a

tenperature above 39Q€cdr@anch&vithdR! aspearRMiig: Se&at BReEntnOMetdR pré@edd 4 eslied or
nol ecul ar sieve at a tenperature bel ow 300C as neasured by the tenperature

control | ed de%x%l@édlé} f;a%%arﬂadaﬂ DRSS Aance a/fwsfomaﬁé@ﬂmo%g%c( TR ) ie. MRESs

particularly in a preferred enbodinent, the zeolites or nolecul ar sieve Is

one 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 1s 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 Jeast 1.0, preferably at least 1.2,

-
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that contains silica and alumna in a silica to alumna nolar ratio of 6:1
or higher or 15:1 or higher that is prepared by use of a tenplating or
organi c directing agent that includes an organic nitrogen conpound. As

repr esent at,i non-limting exanples of zeolites thereg
ment i oned: %ﬁé&yﬁz&- mor deni te, TEA-ZSM 12, MCM 22, NO\AS%FTK%Y'A@@,” MCM 41,

MCM 48, PSHOB, ZSM 5, TPA-ZSM 5, Breck 6, ZSM 12, ZSM 22, ZSM 23, ZSM 35,

ZSM 48, SfIndde pRfGabliableadtard; a6 206l fréferably o @kt 1.6 whaelem AAINRUGH] ih@e
invention is not limted to the preferred zeolite. In accordance with a
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or nol ecul"ar sieve having 'an 1 nproved catalytic activity may be produced by
increasing.the strong acid sites thereof . .In. this respect l.i cant . has
found ¢ hatoIEREnGPThE! BriGERTHMES S0P BRequRI HE SEbRRERD PR B R albe
sieves, and in particular the procedure for renoving the organic nitrogen
t enpl at i ri§okige Af mlerulas Srtaf 8rismperAE oW REPET As srenred by the tsmnesitied t o
preserve strong acid sites. In this respect, strong acid sites are

mai nt ai newnbylieddgebmpiipm gerforoee s aconidinde vorisExdmpdd3 PYIPENt | oss of those
sites that are proven to be beneficial in catalytic conversion applications
and are be chavatd pifiagatpih & bfefd¥d ¢mtiodBnent,tthe Seolh& dreneldcililasietddsanesi t es
can be ascribed to be a specific kind of tetrahedral alum numsites in the
zeolites @kt sRIAEIMiREa SldON @k (Y6 LIHCE to A1BmiMI MolheRBAS 6F 6:11 4} HigheR ok Ng:1tdie
organic nitrogen tenplating agent (in general, at |east 50%thereof is
removed aggnlg: g;&é@&wy 38D Ol TeRbiERS 6 bioahicYiftbhind Suchf R GiHuadiGRl | N
is controlled to prevent exposure to averag€ tenperatures that are above

about 7S 300 24323180 Pl bR ARIS R, PLEL BRI YoxbiFI D SR LEfIed flO AN

.a\éer ag](ca t enper u(rj% of "'no grea ](car 2 (1'n-general, e?s_ 0

Femoved) . B %ﬁo%gﬁh' b B SRR S 2n S g, SN B3 o 1
the. i nal MGG s DT Gre PR ek gtk 2ofh o PSR M o *the
tenmperature increase of the material is not so fast that |ocal overheating

~to tenper 46088, S¥odd %o@ﬁ’f@m zeglitgivtrelicdgtaaithpesh the Hvantiqads not limited

to the preferred zeolite.

In accordance with a further aspect of the present invention, Applicant has found that

a zeolites or molecular sieve having an improved catalytic activity may be produced by

procedures for producing zeolites and molecular sieves, and in particular the procedure fof
removing the organic nitrogen telﬁplaﬁng agent, the conditions employed fherein 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 dgent (in general, at least
50% thereof is removed and in a preferred embodiment essentially all is removed), heating is
to preveamt exposure to average iemperatures that are above about 575°C and
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Furthernore, the calcination to renove the tenplating agent is perforned in
a shallow bed in order to reduce |ocal overheating or the occurrence of hot
spots. Alternatiwebysse deep catalyst bed could be enpl oyed if pcheshil-owisng
gas is of sufficiently high superficial velocity such that the heat
transfer rate maintains the catal yst bed tenperature at an}r/l paoint to no nore
than about 25@ drrEPkriBadeatineonte BB aXFaraFEPSEATE Ohperaeaifehap RS50Et (1 sergmey 2t
met hod, overheating during the calcination can be m ninm zed by enpl oyi ng

i nternedi at e 3$¢asps§0Yentheteef 1t eamprredtand én raapysfasredt enloshmen| essettiap oflsis pymoved).
reduci ng/ control l i ng oxygen flow thereby controlling beating by conbustion
of the organi Méheses] inng pagfentd etibbeimepndebiing shidudd bkowtolied sd he i@kt conaylldie
enployed to mnimze | ocal overheating or the occurrence of hot spots.

Appl i cant s havgrh b fnbRhsd @EnerbidtrsteamRAkd et iidakatadby tdhpsiseVid His
of the zeolites or nolecular sieve. As a result, in a preferred enbodi nent,

i n cal cining H&%ﬁ&ec%égﬁl,?%mteﬁﬁes ﬁmntg%tﬂ%@fﬁrﬂl%vlﬁeregsgeofztﬁé)}rja{eﬁﬁl grncdg‘r% f4s }hgélocal

sieve is slowl y heate Clnation tenperature. tro

beating to tenperatures up to 300 ai ne m onim zi xpasure . to
terrpergtur es g?gﬁééat%&te RS a&%\fe O‘btgv %%’Wrﬁwni%ﬂ%g&é%ﬂ?‘é%’zﬁdre r eached
g

So as to prevent steam ng, and thereby preserve strong acid sites. In one
enbodi nent this cadupBermsie.dbe eciBytioadprymoNs the tnlaling agantds perderatd asa shaglpw
exanple, less than 10C mn, preferably Iless than 5C/ mn. In yet another
enbodi ment, arbed it erdert miecesbogd overhtdimg oa e @Ecule0E of nt dpets. ehipdroarodyt o deep
mnimze exposure to significantly nore el evated tenperatures than 300C. 5
WO 02132812 PCIfalysS50dd 423938e Ehelwud ittt Nootnd g inoflebfficeniih aight ugerfiorat adlbad
"strong acid sites"” are reduced prinmarily as a result of a |loss of a

speci fic type sofh thet haheglrtahsl 1R AUMaifsha cielS Bed thperaf®e®sdRaNGRintid Ko RBre
aspect of the present invention, in producing a zeolites or nol ecul ar

si eve, processhigcandIcontddrt £8HUGE HbBRsaMMMenRbrahli8 8P8eE hhGnéryRemOE,
tetrahedral al um num and thereby reduce the nunber of strong acid sites

shoul d be m nigrlzeehi Q) 3@UQ! e daicind G B8 bel RirPHOYE 8§ hffioy IR IRUERAGR! A peSh the

activity. As hereinabove indicated; in order to
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 2t minimizing exposure
to temperatures ab'ove 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.



mnimze the |oss of the specific tetrahedral alum num and thereby maintain
a certain mninmumanount of strong acid sites, the conditions at which the
tenpl ating agent,d §;;%gnoved shoul d be control led so as to r eduger,804/,833

elimnate exposure to tenperatures above about 550C for a prolonged period
of time. In addition, in a preferred enbodi nent steam ng should be avoi ded,;
for exanple, but nfﬁtleldummewoﬂdng byods] dwtlieeabd norcdltedt herdngnatid soed”carmnateidaoed
tenperature. Moreover, processing of the zeolites or nolecul ar sieve after

the removal obyrithagly heapkani BUa GRS Shulit @bsef barbedral ehubeturh OAE @diesdlt, in
and/or elimnate exposure to tenperatures above about 550C. For exanpl e,

the exchange gtg&p %:ﬁ@%iﬂ DlasRl oF mat halknPhinvehii, iR r@WQ%oK@QH t5018¢ular

nmol ecul ar si eve S occur at noderate terrperatur exchange
i ncl udes, but not linmted.to change g{ﬁ ,
NH4- form of ts eve % olcestsmgbcondmol’nécﬁfxtarreglgcl;eev ee onunt €S ,emli}té:et}, ogﬁ;ég’%ﬂga?al

agents in proc dures f xtr th lites nol ecul.ar sieve,into
desired shape? Pwrﬁngﬂ&’m ‘}lj n]gee“ ”ﬁ%eﬁf‘%trféﬁlafi SHGoPGR be‘FWé“W?%?r %Yr‘?“%pd
not recogni ze that strong acid sites in zeolites and nmol ecul ar _si eves

i ncrease cat aPWPF‘%PréétHTQ/Ylfl? i Rread (e S6TRT- cORISTSIBAIEVE dRdifRtesk dR iREET tO
zeolites and nol ecul ar sieves should be controlled to prevent |oss of '
strong acid sinnesniz¢ rihe hesspefi te sperificplebeleedsil rigumistmpenafthesebyf oramitipon cgtain
the zeolites or nolecular sieve reduced the nunber of strong acid sites to
val ues bel ow nhosenrofaniduat pfeseng dcinv erets] die; caddigach whdhicthe aemplesnyg tagenti 13
a reduction in catalytic activity. 6 W) 02! 32812 PCT/ USUI 49938 The

zeolites and r@heed fouki By @sniafllcin® fr@SRAhce MR HiBRinERYePOsGONDitaRperdiutd
other materials, as known in the art. For exanple, zeoliies and nol ecul ar

si eves may 0%6\%”%&@/ 5’5’@’6‘%%‘ rSl%B%éarbe%ﬁ Q@gﬁ%d IBOJd'dRWn”Qa 4 Bf‘efé}i/ééré?&%&mem

form ng cation exchange e zeOlites and nol ecul ar Sieves are I'TE al

o oxShanged 1] S s OIS LS 5 RO g
calcination temperarure.

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 jon exchanged zeolite or molecular sieve should occur at moderate temperatures. Jon
exchange includes, but is not limited to, exchange of Na with NH;NOs 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 2 desired shape or form should also be
minimized or avoided.

The prior art did not recognize that strong acid sites 1n 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 mclecular sieve reduced the number of strong acid

sites to values below those of the present invention, and such reduction resulted in a reduction

10 catalytic activity.



nunber of acid sites as herei nabove described. As representatives of netal
cations, there may be nentioned cations of group IHA group Il A groups
[11B to VIIB. Thevaueeob such netal cations is known in the artP@nusuhess

i ncorporation of such additional metal cations, and the anount thereof is
deened to be wi thinfhe ill_of the, art from.the teachijn her ei n, . .
SSmlarly, the zeoﬁ’? 5%051](%?5 %qolé]é)ﬁﬁcglrar éllet\aj(\alseoFnltahf/3 Igggeéjﬁ’pﬁmg{}g%’ Wt ﬁoeoﬁoem%ur)edrr%’?ﬂé
i norgani c oxide matrix. conmponents, which js generally combined with

seol ites and mBIEE 1Kok &9 QO Fhipt He  EXCRANGR WIS TG ROIEHET Sifves mey
used. Such matri x conponents are general inorganic oxides such as .
si | i ca- al unm nasptigieBy e magteingatias exshanpediollopting theHw dregepiforping caaon gxebpege. 1f
formof a soh., hydrogel or gel and is generally an alumna, silica or

si | i ca- al um natleonpbeenind suclcdsr aevesomy emdtalocedibn sixkchapgedlatim e natredepsfiorming
The matrix may be catalytically active or inert. In a preferred enbodi nent,
when conbi ned vitidh éxchiige] ¥e itdigitezest! nblesuler sis ecupédens tleye! Gofepdhe ficlias a
a nunber of strong acid sites, as herei nabove described. As herei nabove

described, in Quggé JracidBitd Al §hAR0EIAEHBeS | A SR presbRatR o 65 8iaNatoRNdhdrt 812§
shoul d be controlled to avoid exposing the zeolite or nolecular sieve to

el evat ed { oS Aldlifikal Qliod o abaaadoReLiAd, lodl Ths ThaECahl L6 oA meta

nol ecul ar sieves 0 e present may 'Be enployed for catalytic

converting a 1 esdstorl e el 4057 58! HLERALolDL SG! Ao Bl Bl OB Lnhe

a portion of & CAP & a reaction zon is Introduce
the reaction zone foq C nhact W th Lgﬁl at al gg under conditjons. effectiv
to convert theaFﬁﬂﬂsgﬁﬁ%ﬁf Fered gL 8%?36% r?eﬁﬂsﬁPbgF ?¥§T§Shme““Jn“hﬁ§’
PCTI US01/ 49938 Substantially any feedstock or %gnbination of feedstocks may
be enpl oyed i nthaeeoliiss 85 lequini SifveaheY g eRpiodedishigeqne T 1Rore ipghgapig pxide mattix
conponent or conponents, may be gaseous, solid or liquid at anbient ,
condi tions, i.€9MpIENE. RAEchatsnByISHlI eonpripeds with . zepHies faddaplseagigvespeuring the
organic or a conbination of inorganic and organic conponents. The present
reaction syst enshasgeuith iagudtalrdagionpipised aBheh moirur eparioperite erisgapeted inorganic oxides
preferably having nol ecul es
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 alununa, silica or silica-alumina component such as a
conventional silica-alumina catalyst. The matrnix may be catalytically active or ineri. In a
preferred embodiment, when combined with a matrix, the zeoliles or molecuiar sieve
component has a number of strong acid sites, as hereinabove described.

As heremnabove 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.



conprising carbon and hydrogen, and optionally one or nore other elenents.
This other elenent is preferably selected fromthe group consisting of
oxygen, sul for halgagemsizni trogen, phosphorus and m xtures therepfr/iifig/syys
product or products obtained fromthe feedstock/ zeolite or nolecul ar sieve
catal yst contacting wll, of course, depend, for exanple, on the feedstock,
catal yst and condi Sihstentialylany deedsinek wi toambinatipe ed Jeasstocks T sr epieyedoin the
products can be Organic or a conbination O inorganic and organic

conponent s. PrgksmalventioheSude feedetcriedueictars comgarsnc or cdiopunests, miay bslpasdods,
be noted that a necessary, and therefore desired, reaction by-product may

be inorgani c exdid origid HenididROYdiRERILET 20Ugiatathssphegapiessure ke fedistock may
exenplified by the conversion Jon of -nmethanol to Iight olefins plus water.

The organi ¢ prodidedan@ of b Qi SatRRVEr me}gaﬁﬁuir%soﬂ’y@fugkboﬁfﬂ%ﬁé{@btﬂe Efb@éx‘ddﬁaction
carbon and hydrogen. The desired product or products pr eferably have

ki neti ¢ di anet gy nyw}gcghragl#l%%g}@(%@?%cgro cpff&fl%&?s e@%bgfrﬂ%‘é@% o 2Pules

or escape fromt e por ‘=m) ecu e ca

conposition. The ampunt of zeq it.c or ecul ar, si eve catal in the. .
reacti on zone HHYPVHIS© 8 Wdacgep,amj; Oﬁ‘éo&éh&oﬁﬁ Orf%?ree%ﬁ T‘lgmelé}ﬁ inﬁlé other
specific proceSS|ng ap Ilcatlon involved. In addition to the feedstock

di | uent may beClgdEg i ﬁreéeﬁ?luﬁekepeﬁn‘m%etwpf@eaefr&qé P eery gaifvre Belagfay Bwogen
beneficial to the overall process- Such diluent may be m xed O conbi ned
with the feedehesphorps prstmpgurepsheresddst ock zeolite or nol ecul ar sieve

catal yst contacting Or it may be introduced into the reaction zone
separately from t heThegdsiuotkr pSubistsdotitaiend fmeftes ddsidstodld't zeoliteoonuhdecaiae Sdhre
Tate, and possibly also the extent, of feedstock chem cal conversion and may
al so act to ai catalgstt enpeeniag uwdl, cdndouede, dependeforacxengriioch mentfeedstoble chitdlye rend
is preferably 8 NVO 02/32812 PCT/ US0J/ 49')3S substantially continuously fed

to the reacti osortdihs MHHlOG:d Pe PIBARS Seeddyei, aBE pfduther gioduaBican beturginicray a
be enployed in '"the instant process are helium argon, nitrogen, carbon

monoxi de, - car Bafbidhiun dEnofiee @48 Broa it HoRHRE RN PraBdbRl HeldebiFed HBARRIS ordhtc.

amount of dil uent
However, it should be noted that 2 necessary, and therefore desired, reaction by-product may
be inorganic even when the primary product sought is organic. This is exemplified by the
conversion ¢f 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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enpl oyed, if any, may vary over a w de range depending on the particul ar
application involved. For exanple, the anount of diluent may be in an
anount in the rawge2ofsiabout 0. 1% or less to about 100 tinmes @CTHENEIOF8
the nol es of feedstock. The conversion conditions at which the process

occurs can vary w dely depending, .fo exanple, on the specifjic.feedstaqck
oG Cat alyst - GBI SHALBH SPHAES e FrAh T e o e Bigt (9 PiaL e B o s
present process is particularly applicable with feedstock zeol'te or _
mol ecul ar si evehichmlypsternndoited d thegn e percEssLaT e Selium, exees §iReRFeTionggongxide,
nore preferably in excess of about 100'C, and with pressures of from about
at nospheri c t ocaboudio20B) hysiagen, Thedrorabirde ok nikmeesothetded Toedmtawok dfnditusst
reaction zone may be independently selected depending, for exanple, on the
speci fi c feedsémglsvandf eay amygtvagphery edyidandngendédeediapeni fhecparprdaiueppli@ation
products desired. Preferably the organic feedstock is a hydrocarbon

feedstock and gRevedtral ¥idngple, ARNMBESH ONIIREREP bé & & dMYENOTAND AihpE ONNMRIS0.0%
process. Substantially any "hydrocarbon- conversion process which is capable

of ‘being catalyzed (o 460kl oPhoflRliahUBls 8 RUMogat al yst composi fion can

be conducted in accordance wt I's tnvention. I1JUStra4i VC O Srrch
hydr ocar bon conver si.on processes {nc

0 J.ncl ude, .for ex cki n, . )
hydr ocr acki ng, al ky }}ftco yersion co%dd 1<I;|nsta|l§|I Ohich'1RY r%cé%mg%‘c S garnq(\ég)f ?iﬂiﬁ]y[ cglegggc?mg, for

1 on or e aronmatl C and | sopar

i sonerization including normah- raffin or xylene .isone izat:Di on, .

pol yneri zat i on?’*af’H’Pj%ror?i 1R, SPRY Fggeéiﬁté)ft( d’ﬁg Caféﬁ/ﬁh%lalé)ﬁ%\fi%@ O DS PEEP RS PERUEhOr
deal kyl ati on, hydrodecycl.ization and dehy.drocyc{i zatign. Using zeolite or
mol ecul ar i evBORATSRSSEAC b SETEFOPSCHH & ARy PRI SGenEergerk zeobie or
pronoter such as_platinumor palladium heavy petrol eumresidual stocks,
cyclic stocks mAlcular fieve ¢y €PrelEIs| lETPHARES 18 EHERSOAULED hy Hose PEtRddy &
tenperatures in the range of 200'- 450" C using nolar ratios of hydrogen to
hydr ocar bon i nexdegs afabgs 160°hendweth Resswgs 0o ahgnteaneRiax PEPPUSHO $9938he
hydrogen partial pressures between atnospheric and 200 bar, and a liquid
hourly space wsidendet YmelL BSWe déedstookn 0. the teacth zpnefesyabk yindefentientlhO selected
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 hydrocarben-
conversion process which 1s capable of being catalvzed by a zeolite or molecular sieve
catalyst composition can be conducted in accordance with this invention. Illustrative of such
hydrocarbon conversion processes include, for example, cracking, hydrocracking, alkyvlation
for both the aromatic and isoparaffin types, isomerization including normal-paraffin or xylene
1somerization, polymenzation, reforming, hydrogenation, dehvdrogenation, transalkylation,
dealkylation, hydrodecyclization and dehydrocyclizaticn.

Using zeolite or molecular sieve catalyst compositions which contain a hydrogenation
promoter such as platinum or palladium, beavy 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,

9



The zeolite or nol ecul ar sieve catal yst conpositions enployed in
hydr oci - 2cking are also suitable for use in reform ng processes in which

t he hydrocar bonvbeedstpcks contact the catalyst at tenperaturestafsofrom
about 350'-600' C and hydrogen partial pressures of froml to 35 bar. LHSV
values it) the range of 0.1 to 10 and hydraogen to hydrocarbon nol ar ratios
in the rangdYETogen R Prpssufes by senpabRerisng aaf0obarcepd e hewAduEysrase
reactions are carried out under conditions simlar to those described above
for reform ngeld@itgflLH§Vaoéipmed. etal, prefganeOiszied 0at t enper at ures of 2000-
500' C. whil e heavy paraffins, naphthenes and al kyl aromatics are isonerized
at tenperatures Ofhe320b0te5&GnbleciRar sievewaalysy copoditadns enipdame in hatitooracking are
reactions contenplated herein in addition 40 the nornmal paraffin

i soneri zati ongesskblegsr alay SefoRfing $eodefies GPRWHRH Shediy dedcafbonlTeRis@ItRs caigl! ahie
n-octene to i soheptenes, and isooctenes, methyl eye] opentane to -

cycl ohexart e, c,i ek ar Mggfeb%@pe REmOULbROsNYI6BRe Lk 1@3@5%%- ﬁ&esk%mgr%sgﬁr%@ﬁ&ntlo

1
2-but ene and/ or 1 sobut n- hexene to i sohexene, cl ohexen

hyl cycl . Th f d.cation formi: LAt L9R: Hiok I
ot byl cycl opapLane, sk e Arel ebrett e211 0, OIS B L6RTBIRRLoN, okl e

zeolile beta w yval en conpou h as su

of Goup IJA, ., Gou B and rar arth tal.s. At sonewhat higher

t enper at ures.th?Taé’g,QoﬁlEﬁT?Qt%ﬁ?ragg“ eﬁ‘%@ﬁgeéf‘gdief erably 450' - 500' C and
usual |y at somewhat | ower pressures within the_range of abqut | tq 5 bar,
the same cat al ystORShpPHEIFIZaHE dpastionsearer 6aREH YWY SHHET CoRIRsgsipyiak o those
cont ai ni ng heavier normal paraffins. Preferably, the heavy paraffin

f eedst ock corfisssrEhed ahorerddr s&araing. n@leﬁas/iawgprafer%@r semertadoricangRirest of 72094
Contact time between the feedstock, and the catalyst is generally
relatively sh¥¥fCiwhide beavytrorading, daphtitasd araldlky! sraeatice axstibopgsized ghteaperatads n
pol yneri zati on and paraffin cracking. LHSV values in the range of 0.1 to 10,
preferably 0.& 30@&-800Car ePstuitlabl @esitblcWBodRA32BD12 rda@idns/ UBdmpUARE 3Bereifihén
crystal structure of the activated zeolite or nolecul ar sieve catal ysts and
t hei r avai | akddditon fontha nbansh peifah lisomesizati 9f datbiieddi abaet alchalenherbnfeadion of n-

their use in the conversion of
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 ischexene, 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 1A, Group 1IB 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.



-al kyl aromati ¢ conpounds, particularly the catalytic disproportionation of

tol uene, xylene, trinmethyl benzenes, tetranmethyl benzenes and the like. In
the di sproporti ov@vi/asiprocess isonerization and transal kyl ati #aTa&EN/EY3IB0
occur. Group VIIl noble netal adjuvants alone or in conjunction with G oup

VIB nmetal s such as -tungsten | ybdenum.and.chr.on um are r.ef er abl :
i ncluded in the Caﬂ%f¢%¥£§5ﬁ%§§?¥9gﬁﬁi%ﬂﬁﬁ%ﬁﬁ%gﬂsﬁnﬁ?@ﬁ?ﬁ%ﬁﬁ€“§C%%Y¥gaﬂ?{?mbﬁ

of the overall g¢onposition. raneous, hydrogen can, but need.not, be .
present in PR o SO O by 2, OF ST e o tﬁﬂswé? it (e SOBYCTS P ]
about 200-400C, pressures in the range of 5 to 150 bar and LHSV val ues in
the range of Glkylaremanc compeyndsi Ea@ﬁgéﬂh’ Wef pHtelyBs sesprepostignagpe rdbrlperarii@g,
out with zeolite.beta conpositions wusing feedstocks such as gas oils, heavy
napht has, deasphathyédenzenes tetrdmetedi ltnagneetand : thevlikh. Imasobispepbeiongtiarhgrocess,
principal desired product. Tenperature conditions of 450-600C, LHSV val ues
of 0.5 to 10 dsdn@iassuim candikylaams caf alts ocuabtretp atlosbhhemet] koudadiaklons er
sui t abl e. Dehydrocyclization reactions enpl oying paraffinic hydrocarbon

feedstocks, phebguablon #ARMBoupar@ ek HRYI RAuARE, haPb&eneal BRNcIBbANEL 2k
form benzene, xylenes, toluene and the like are carried out using

essential ly the.SARE heAGLd BQh&QﬂQ&%ticQB?ﬂﬁﬁorf A am GBI InE 26HRGKL Y wt.F?orOf the

these reactions it I's preferred to use e activated zeolitc beta catalyst

in conjuncti O%v‘r’:‘%y%lhco?n&g%iﬁélgl%Qtlleineglu%%éfapotﬁleg c%}%fbgl rdge%jtlgo?,gbets r%%n??n G2 r@icttxpgr% ne

b

nickel. In cata (e I"on wherern i esire eave parafrfinic
side chains fram, aromatic._nuc]ei wtho % su staﬂﬁL by hydrogenating th
ring struct ur & IFRISARAREING At g HKFEWHSPg BPSLowY h%b an ﬂﬁW%%Hb ?”%%69§66t
are enpl oyed at noderate hydrogen_ pressures of about 20 to 70 bar, other
condi tions beiln§ b&f #Rd LFSY yatugd detheegr Ph@d above for catal ytic
hydrocracki ng. Preferred catal ysts are of the sane type described above in
connection with cdtalyiq eraglang grasesses 478 arqfgably partadcayt A thyzeglisihegpgagpositions
deal kyl ati on reactions contenplated herein include the conversion of N
met hyi napht halusivg feedstaephsbcl @ngesanld. hoivienphtiesd /deesphaltedrrod¢ g gesidua, etc., with
PCT/ US01/ 49938 xyl enes to benzene. Wen enpl oyed for deal kyl ati on of al kyl
aromati cs; theas@mpéreatauthe priscipal desired product. Temperature conditions of 450°-600°C, LHSV

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

Dehydrocyclization reactions employing paraffinic hydrocarbon feedstocks,
preferably normal paraffins having more than 6 carbon atoms, to form benzene, xvlenes,
toluene and the like are carmed out using essentially the same reaction conditions as for
catalytic cracking. For these reactions it 1s 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 bydrogenating the mnng 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 catalvic
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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usually at least 175C. and ranges up to a tenperature at which substanti al
cracking of the feedstock or conversion products occurs, generally up to
about 370C. The\\;@npﬁgp_,ture is preferably at |east 230C. and n@frRiERsds
than the critical tenperature of the compound undergoing deal kyl ati on.
Pressure conditions are applied to retain at |east the aromatics feed in
the |iquid stavknefForbaabine aihen employee dgeteatkiletion ai abeyl axontags. ke EROE atlygis
is preferably at l|east 175C. In al kylation of benzene, toluene and xyl ene,
t he preferreduahdiyl atleasy ] dAff€htand sangeelpat edtefnponmot af whschsunbktadsa] etdeiing o the
and propylene. In catalytic hydrofining, the primary objective is to pronote

the sel ective fedi¢cRdecOMRASbA ippdtiRls QcBRNEEneFAll W t@ABHRI70PC I DgERmperature is
conpounds in the feed, without substantially a?lf ecting hydrocarbon

nol ecul es thergi ‘ bA- it ferred:
: ??éf@rabgf;gtclﬁe?%zzdi@a‘gb\%é ?of %re'at%r B A ﬁlehtf;rg]ctap ten@{kglpzlrt]‘g}?é %frr:tge BHBound

general conditions or catalytic rocra

catal ysts of the sane 2r al ture described in.connecti W .
dehydl ocycl | 250 SROTE SeTar s PHRbR (BIRoHT R ST RO AP pqpatcs feed
kerosenes, jet fuel fractions, diesel fractions, |light an vy .gas .0i.ls;
onephal ¢ ed crad s F Gsl6 oHbe (RET R b Pe R Teh S 1 Co B SPRERY &
about 5 wt. 9% of sulfur and up tq about 3 wt. %of nitrogen. The ) i
hydr ocar bon- cd¢A%Er &1 °6n Up pleyidioa 0T hep2e9e. Ohtene @0 gilenenths Theiered alkylsfine agent is
continuous; or continuous fashion. The processes can be conducted in a

si ngl e reacti oplegiepdompelednTngh e chylepeand propylgrmes arranged in series or in
parallel, or they may be conducted intermttently or continuously in an

el ongat ed tubul ar Zoneatalytia hydrbéningf tseicphrimaesbjedien isntd t prpineter dbet Seteative
zones are enployed, it nmay be advantageous to enploy one or nore of such
zeolite beta ¢atiald¢sdmmRiasLHT idfmid Buls& ueBort aitfpen| eenfoanda iflesd fed, without
product m xture. OMng to the nature of the hydrocarbon conversion process,

it may be desisuBdigntlaDy Cafetlin® Uy didd@bEREdbdhlesPhefRS SES B Pe@oRf ittilgraestd te
beta catal yst conpositions in a dynamc (e.g., fluidized or noving) bed

system or any s¥sbenhOfsaReVaddep Yedhitdona e ded DA e ﬁ)trh@cﬁalﬂnh@rlhyhﬁcéc}tib%,e@nd
bed system Such systems would readily provide for any regeneration (i

required) of tc'ﬁ?al}zs?s()lokttﬁe %e@e%éfﬁ% described in connection with dehydrocyclization

operations. Feedstocks include gasoline fractions, kerosenes, jet fuel fractions, diesel
fractions, light and heavy gas oils, deasphalted crude o1l 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 aﬁanged in series or in parallel, or they may be conducied
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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PCT/ US01/ 49938 beta catal yst conpositions after a given period of tine, if
regeneration is required, the zeolite beta catalyst conpositions can be
continuously intwedassd2as a noving bed to a regenerati on zone RETAr®1/idreyy
can be regenerated, such as for exanple by renoving carbonaceous nmaterials

by oxidation i Detd at%@ﬁ%% Sgp%% Q"te?ggw H%%Hp(ﬁofenmgqf%%%g%ﬁ&?fsrra%n‘gga?ﬁg L&Stite

of sone hydrocar on’conversion proc eol’l et a cat

t be subj ect. t 4 by b
Car bonaceous. dBHOSTRR HBRRAb e LR s CPBLCE] 72 & Biegip g  receneratin

enbodi mrent of the present invention, the zeqlite or nolecul ar sieve of t he
present invent ¥k wéerénﬁbrrw@a b Tegepgielely skch @ AT SRRPSL PorcBP YRS ST tonasroRs
the al kyl ation of benzene; for exanple to produce ethyl benzene. in
particular, a snterilsibyorEagen inameiygestossnmeasnpipbeien rathe argjerddnpeatias of seme
catal yst activity. In yet another enbodi nent of the present invention, the
zeol i te enpl oybydrasrisoncahatryioh prodesser thd kadliad beon cpalgstessippsicihnawill besubject to a
al kyl ati on of benzene, for exanple to produce ethyl benzene, is beta

zeolite. The.i rapeidratn sépltly Bignihpoiebodased fpdsiw dcbuh©18Re Grit ©rdabtfons.
fol l owi ng exanpl es; however, the scope of the invention is not |inited

thereby. Unless Othﬁ{MbéﬁthQhﬂﬁﬁﬁnéﬁbfHﬁﬂﬁmwﬁ@gyaﬁk&eﬂkéﬂﬁﬁe%ﬁ%ﬂh&mﬂ@%ﬁb&of
Exanple | Zeolite beta was made according to the patent by Murrell et al

(US Pat ent no. thegyr&gélt.l zmmjr?sg?r};pl v\g a@é g'fa' ot e@ élﬁ?ia&é?ﬁgogés@%ch & gﬂg}anon

948, 60 m averagée panicle size xture o

Al (NGB) 3. 9H20 and 800 dlstl ter qdried af 2 for haur s
cal ci ned at 50869 €nes th? Rrogd \1genze - i 4 sm%}_lmcreaq 1D a ]d 5113

ea 1ng rate IR 1
silica-alumna r t|. qf the materi al was. 30. O the resultlng

silica-al um naresa]&m@ HES TR e Phaatab s 6 HY 162 g of 35 wt % TEAOH (Al drich)
and subsequently with 80(§Pof 3.76 mﬂ@baqueous hthB solution. The liquids

were added slow y Whie andheremibogimant of G peasenjdmyeation, fh%z‘ioﬂfffr%ﬂai’eé’cﬁqé’cﬂafa@é“

were transferred to a 2 13
in an alkylation process such as the alkylation of benzene, for example to produce

ethylbenzene, 1s 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

Zeolte 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 pm 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 S00°C for 2 hours with a heating rate of 5°C/min. The
calculated silica-alumina ratio of the matenal was 30.

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

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



WO 112/ 32812 PCT/ 11S01 /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

circulating air fy¢ e, The autoclave was cooled to room tenmperaturg, qoand
the solids were V\gs)ﬂg% and filtered with anple anpbunts of water. %[Kle }o?oduct

was dried at 120Cin air. X-ray diffraction showed that the product

cont ai ned zeollit¢trePdpetdoakitelihat waseblatinyen zmpsirairvenirelier béd. ThR9hixAse was heated for
reference, a conmercial zeolite beta powder was used. Next, 20 gam of the
bet a product (EFb6dvuseapbecdin meisculding aidanbde. The ambélave wes cdodddl towborg 1491 Oayarane]
5Chnin to 200C, hold for | hour; 5Ctnin to 650C, hold for 6 hours and

SC mn to roommienpa)dt Wete waRENGH fReEE Atk BipledmBuaRlodivatdnertiairanii aduatied
(lab sanple 2) was calcined in air with the foll ow ng.program 5C/ mn to

200C1h|dfa iai.-.icoswlf a c~"e:.e
0 ort%zbqgrn ,Ilﬂ@dafggt Q0G0 wBe ! f QL g{c NPYE ae&i&_tgﬂl\g& LW a

roomtenperature. The calcin ers were ion anged I n NHANG3
solution for 5% tur O the i d.s

s .a Q r . Qn..exchan le t

nas calci ned at BLordtriBRTERIrERLE it A e SORC R RO TR froali o
Nyacol al um na sol (20 % and. 2.0 grans, of deionized water. . The past S
dried at 80C for 217(3 '>r%ﬁﬁf“tﬁfeﬁ’ec}éqq%ipﬁéjﬂ%pg‘%éﬁﬁpf%g) &' R F’ng with ‘e
heating rate of 5C/ mn. The resulting product contained 30 v, t%zeoliie
beta. The sanpgPHOVEE Pragamng Gmn & d0EE. heldfon] hopr. pSC ARt §50%s. Kt &7 orbayrs
gram was | oaded into the aikylation reactor. The sanple had a first-order
observed rat e @GnSCAMN it redie teinRerkiate dmogdfer porixene! £8 gramhgfl the e erasbeio(ia
cm/g/s in accordance with Exanple 2. O the dried sanple that was cal ci ned
at 500C (| ab ssamplee?)2¥3s @lc2RE igramitabe fildoadng ot . 06/ngnam80@IC, Nylkdor 1 hour,
alumna sol (20 wt% and 3 grans of distilled water. The paste was dried at

80C for 2 hourieCanth then0wr! dlade: W tHautshandf 0O o po@grtamperatirén The Qalcined
200C. hold for 1 hour, 5C/mn to 500C, hold for 6 hours. The resulting

product cont aifieeiersBPeretidh @ephided ibel as NHIIBagRken &S5 @Hyeundod@mpeaned t o
+20/-12 mesh size, of which 0.76 gramwas |oaded into the al kylation

reactor. The sanpl ephafl i8n kkEiphoQf depIONRENMEaLREE at €O0ST AR sdiplkN§, 2.50 gram

al kyl ati on of benzene to ethyl benzene of 0.95 cnB/g/s in accordance with

Exanpl e 2. was mixed with 3.0 grams of Nyacol 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 350°C for 6 hours with a heating
rate of 5°C/min. The resulting product contained SO 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 benzenre 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 Nyaco! 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 ] 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 zlkylation 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 WD 11213 2 8 1 2 PCT/U SO 049933 Exanple 2 The foll ow ng describes the
al kyl ati on procedure used to test the catalytic activity of a zeolite

catal yst in accovgapesinith the present nmention (Lab Sanpl e 2 ofPCBXEftphR3SL) ,
a zeolite catalyst calcined by conventional techniques (lab sample | of

Exanple 1), asg je®S certain conmercial catalysts. The catalytic activity
of zeolite cat= s evaluated in the nodel reaction of benzene

al kylation with ethyl e to formethyl henzene(EB),. The test .reactor i
Feolroul aci g g 11 ore e e e e BSHBR  Sithire 2860 odf s e Wy gre
psig at 190 C. the recirculating rate i.s 200granms/ m nute. The feed_contains
035 wt et hyl etfelitsi @4y B acePTAElTs ehilh tietMeseabdVert® GEbeSamRe & AkEpaprle 1), 2
m nute. The catal yst charge is 1.0000 gramat 12 to 20 nesh particle size.
The cat al yst izsoliteoratedyst yalhioed bereryeatioees hestinigoes @Gdbosampiey oh Brempl )t es well as
remove noisture) prior to regular feed introduction by a netering punp. The
test | asts forceftainocobrheraimbcamlyfis.sanpl es taken every 30 mn. for GC-
analysis . The first order rate constant is calculated to represent the
catal yst activity. Exanple 3 The Tenperature Programmed Desorption (TPD)

was carried out in THEe cabKtiO-actiBAe P rZehSs ScabPRe twAMBLalatddNin thednfobiPtdaBon of
between a quartz mcro-reactor and a quadrupole nass spectroneter (Hi den

Anal ytical HPR;20d,e A 1MURD OthyrRe ol eBlIRaE@E)N powder form was
| oaded into a quartz m cro- reac?or. The sanple was first oxidized in a gas

m xture containing 5.2% oxygen in heliumflowing at 30 cc/mn from30C to

550C and held at 5 f 30 ni.nut Af t ' i t t
t he sgﬂpl eevvasapur Sghgﬁ fegl_tpﬁé?tf)ﬁ{r% %{ecgg‘g%'“r%icrhf@ﬁn%]n%“tag'sbeg)e(r:@ %?&erl' gg% {egtgéomgg%’?

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 1s 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 § hours with samples taken
every 30 min. for GC analysis . The first order rate constant is calculated to represent the
catalyst activiv‘ry.

Example 3

The Temperature Programmed Desorption (TPD) was carried out in the micro-
Teactor/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.

15



15 WD 02/ 32812 PCT/ US01/ 19938 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 mnutes. T nia treated sanple was purged in heliumy(3Q cclnjn)
at 100C for 45 Wré]ﬁzﬂgg?sp(enough to have the anmonia mass spec si%‘ﬁ&sgﬁg%

returning to background Il evels) before tenperature desorption started.
Ammoni a TPD was cordunbed adtorB0G) Mak mafied mul @0C00°E, 60 GCgasTmevrercagomtainigg 4-5 %
di stinct desorption maxi nrum peaks; one < 200C and the other >300C.

Desor pti on bek@wond0Gelismehawbisfd et 3asc/maafr a0 ndnstes.es wher eas desorpti on
at >300C is classified as strong acid sites. Both mass 16 and mass 17 were

used for amoni a. e SiG0ahk d@lcdMBEDI halBhrsdesd hARIYantdyihnG: a0TeNER 45
Quantification of ammoni a desorption was based on calibration of nmass

A ratto anahar &Py ioRt ATIR0 he EAETRLE ple Bl by ETRRE <0 SR I Es
X )0, 9860, oBBOCHETBST SIS S HYBICEx. | 0. a4db, 3660, 952 19 Commer ci al bt a
10.5380. 6180. 340. 811mmcgnnlgelr"PC]|D avlvasbcegn%uc!iclad_ é?'3828%i1??i80%5 31%%5°88t0 600°C. There are two
distinct desorption maximum 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) *Fwezk acidity Keb (em’/gh)  AAl
| For

Alkylation

Sampie I from Ex.] 0.586 0.586 0.31 0.661

Sample 2 from Ex.1 0.844 0.386 0.95 2.19
Commercial beta 1 0.538 0.618 0.34 0.871
Commercial beta J1-A 0.626 0.578 0.38 1.08
Commercial beta [1-B 0.501 0.463 0.28 1.08
Commercial beta 0-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 §
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Commerci al beta I1-B0.5010.4630181. 08 Commerci al beta

11- C0. 5190. 5330. 360. 973 *. Total anmpbunt of ammobni a desorbed at tenperatures
hi gher than 300CY8WePHY2 TPD. ** Total anmpunt of ammoni a desor b&GTAB01/49938
tenperatures bel ow 300C during TPD Exanple 5 16 WO 02/32512 PCT/ US01/ 49938

Al Nucl ear Magneti cpRRQOBANGE IRE KekShaWE %e&?ﬁ%%%aﬁg&% Fors&let Qifsa%%m%hﬁépared
I 2 h can be

prepared simlar to exanples™| and 2. T peaks at 55 and 0 ppm

ascribed to tetrahedral and, oct dral. Al ,..re ctivel T e

ar eas (tetrahéﬁpgﬁwﬂf?mPBESﬂﬁg%éggéfémgféﬁgPéﬁg §3&m%§eSﬁggFggggg%ﬁﬁﬁéﬁgd
sanpl e based on this invention are 25 3 and 48.4, respectivel Simlarl
The’ 0 ppm pealdcEa! (bITRREANELL ) ThoSS PGk Aes UG Sarbd. b e SATPRG (FHIES
and the sanple prepared based on this invention are 41.9 and 10.1

respectivel y. bAsed papaocahapaihe sqmsre hesstanithis an¥epiaR | g8 Por s foreprectively.
sanple is 0.23 enB/gtn-sec and the rate constant for the latter sanple is
1. 71 enB/ gm seTmiBXapE € rPnPpea aeasdoditsdral)oiot thersampispreparehbaseflgr thhprior and
sanples in Exanple 5 are also determned wth nercury porosinmetry. The
sanpl e obt ai nete basgd papatel ®apadicarthiaidvehae ak de.Sraadde.1ofespquaively STheerate constant
distribution, i.e. from50 to 50;000 Angstrons in pore dianeter. The sanple

obt ai ned basedopardutiis alkVeRhi BN (RABrVE YmPRIiE QW 3P Baifise® Aidshé kttbRtnt for
i.e. greater than 90 io of the pores are in the range of 200 to S00

Angstroms. Exagphfer shH1dg3csi Bg%hReExanpl e 1 above, 3.10 granms of Davison
Syl opol . 948 silica gel" 50 mcrons spheres are inpregnated with a m xture

of 0.63 gram AL(NNO) 3. 9H20 and 11.5 grans of water to obtain a Si/A ratio
of 30, and dried in air at 120 degree C. to a constant weight. Two and

one- hal f granﬁE(2.§g6gans) of these spheres are inpregnated with 1.25 grans
of an aqueous¥§§2%e+ght % t et rapr opyl anmoni um hydr oxi de sol ution and 1.25

ranms of an e . .
g 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, 1.e. from 50 to 50,000 Angstroms in pore diameter. The sampie
obtained based on this invention has very narrow pore size distribution, 1.e. greater than 90 %
of the pores are in the range of 200 to 800 Angstroms.
Example 7

As descnibed in Example 1 above, 3.10 grams of Davison Sylopol. 948 silica gel 50
microns spheres are impregnated with 2 mixture of 0.63 gram AL(NO)3.9H,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
agueous 35 weight % tetrapropylammonium hydroxide solution and 1.25 grams of an
aqueous 3.68 weight % NaNOj solution, giving a molar oxide ratio of:

33.6 S30,:0.56 Al,05:1 TPA- 0:0.22 Na-0:108 H»0

The mixture is placed in a 35 ml stainjess 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

17



aqueous 3.68 wei ght % NaNO3 sol ution, giving a nolar oxide ratio of: 33.6

Si 2:0.56 A1203:] TPA, 0:0.22 Na, 0: 108 H2O The m xture is placed in a 35 nl
stai nl ess steel wauhged;ave with a 10 m Teflon insert. After 25phpu&s 835158
degree C. The Z.SM5 crystallinity of the product is 25.1% as neasured by
XRD versus the reference sanple. The particle shape and size of the parent.
17 W O 02/ 328320pbTIUSER o FESTE ClUEhHIBIeS isTH AR RO Pk POdP He t thede®platsr @é ofggnic
retained in the product. The tenplate (or organic directing agent) is
renoved wth @irecippegentliseepeoddi With s teoweratyre Bsadnp sleown | Exampdarpl leebZample 2.
Exanpl e 8 According to the procedure of Exanple 7, a nordenite is prepared
with a sol uti Beamgle&n a nol ar oxide ratio of: 5.94 Si Q2:0.43

Al 20, :0. 09TEA2C 1 Na20O 16 H20 The m xture is placed in a 35 m stainless
steel autoclave W ABcok@inglto ThE bRRRed?6 OF Examplet Bla Afordiafitess drephfd WEERERIGOn
The nordenite crystallinity of 75%is obtained from XRD while retaining the

original norphoLOghodNRidesanb gk e is renoved with a tenperature profile
I

shown in Exanple 1, Lab sanple 2. Nunerous nodifications and vari ations of

t he present invention aS.@ﬁl@%?:b?Eé %36{)%12%2(9){ I\{a%qu%be t eachi ngs;

therefore, within the scope 0 ppen alns the invention may be
practiced otherw s a parnti

t han ul ar).y described.. 1 U IS
1. A process for cih?/gﬁ%eglsé’l%cﬁgﬁ’l’ (z:ia:ls,mg%tﬁ’ﬁ‘;elsilsﬁﬁl: aug?? Y }‘Hg 139511%%“ msert.
conversion in the presence_ of a cat st conprising the zeglite ar
mol ecul ar si efr eh‘algﬁlﬂbrsé?ﬁ?ﬁg\ldegfe gt a,i_ mer.r‘T‘ga. crysta '[ﬁf?ge)%? aipqdfrom XRD
wherein the conversion is an aromatjc al kylation. 3. The process of claim.?2
wherein the z¥6ilffdaipwedhy eeEipy morghelese é!redﬁxéplate 1s removed with a temperature profile

shown 1in Example I, Lab sample 2.
Numerous modifications and variations of the present invention are possible in Jight
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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consisting of zeolite beta, MCM 22 and PSH 3. 4. The process of claim1
wherein the conversion is hydroisonerization. 5. The process of claiml
wherein the conversion is hydrocracking. 6. The process of claim1l wherein
the conversion is the renoval of nitrogen oxide. 7. The process of claim1l
wherein the zeolite has pores which have an average pore dianeter greater
t han 100 AWHBAT € LABMEThES process of claim 1 wherein the zeolite has a pore
vol une greater than 0.7 cnB/g. 9. The process of claim1l wherein the
zeolite is the zeolite wherein silica and alumina are present in a silica
to al um na nol ag pratkeésofop torfertipasdhefidal, cbehpribing; process of claim 1 wherein
the zeolite is selected fromthe group _ consisting of beta, TEA-nordenite,
TEA- ZSM 1 xffexting sepd cqmiersion indlig presarpaof Zzopplyst @pyrising, the 2eoliteon process for
produci ng rﬁol%glﬁluj di&eHay l.ec FEfa?il@a\éfl yherein said process includes
removal of "an organic tg%b ating agent, the inprovenent conprising: 19
renmoving said tenplating agent at a tenperature of no greater than 5 50C and
under conditions wherein after the renoval of .the ter‘rPI a]t}i {13% agent, said
zeol i te or2-nol ebif Ripcess peeiainy i whereimie copverpion s arpmglic #yIafigR " pr ocess of
claim1l wherein at |east 50% of the tenplating agent is renoved. 13. The
process of claim 12 wherein the zeolite is selected fromthe group

consi sti ng.of bRtegproddsé\e fralanhe A ivttereiil Bba-z26lile 125elddBM R@m tRSgroB8p ZSM 5, TPA-
ZSM5, Breck 6. 14, The .pro clailm. 12 wherein the heating is in a bed
in which W@Qflﬁ?@?fszeogﬁﬂﬁaoﬁﬁﬁl'gy”ﬁi@}g}ﬁt a tenperature variation in the
bed of nore than 25C fromthe

4, The process of claim 1 wherein the conversion is hydroisomerization.

5. The process of claim 1 wherein the conversion is hydrocracking.

6. The process of claim 1 wherein the conversion is the removal of nitrogen
oxide.

7. The process of claim 1 wherein the zeolite has pores which have an average

pore diameter greater than 100 Angstroms.

8. The process of claim 1 wherein the zeolite has a pore volume greater than 0.7
cm’/g.
9. The process of claim 1 wherein the zeolite is the zeolite wherein silica and

alumina are present in a silica to alumina molar ratio of at least 6:1.
10.  The process of claim 1 wherein the zeolite is selected from the group
consisting of beta, TEA-mordenite, TEA-ZSM-12, MCM-22, PSH-3, ZSM-5, TPA-

ZSM-5, Breck 6.

11.  Inaprocess for producing a zeolite or molecular sieve wherein said process

includes removal of an organic templating agent, the improvement comprising:
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average bed tenperature. 15. The process of claim 14 wherein the heating
rate is less than 100 mn. 16. The process of claim 1l wherein after renoval
of the tenplating agent, said zeolite or nol ecul ar sieve has pores which
have an average pore dianeter of greater than 100 Angstronms. 17. The
process of claim 11l wherein after renoval of the tenplating agent said

zeol i t e orremoViag whidrternpleting hgent at plemperatire vEng geeatee thantdf°@and amdst g. 20

conditions wherein after the removal of the templating agent, said zeolite or molecular

sieve has an AAI of at least 1.0.

12.  The process of claim 11 wherein at least 50% of the templating agent is
removed.
13.  The process of claim 12 wherein the zeolite is selected from the group

consisting of beta, TEA-mordenite, TEA-ZSM-12, MCM-22, PSH-3, ZSM-5, TPA-
ZSM-5, Breck 6.

14.  The process of claim 12 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.

15.  The process of claim 14 wherein the heating rate is less than 10°C/min.

16.  The process of claim 11 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.

17.  The process of claim 11 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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