W0002/ 32812 PCT/ US/ 49938 | nproved Zeolites and Mol ecul ar Sieves and the
Use Thereof. This application clainms priority based on, and is a
continuation-in-part of provisional application Serial No. 60/242,110 Bl ed
COct ober 20, 2000, wdwe/eont ents of which are incorporated herei RCHyYSo1/49938
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 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 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 anmoni um exchange step occurs before the cal ci nation,

thereby sinplifying the gapenaczefites hE®Moldclar SRV 417ASEhS Ust MBefeatldi ti onal )
heat treatnent, also referred to as calcination, is executed WO 112/32812
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shaping step, the zeolitée or nolecul’ar sieve is produced into a shape to
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it has been reco Jat the state or characteri’sticé of the zeolite or
nol ecul ar si eve | ge@ﬁégg%ﬁqu¥m&he final heat treatnent step. However,
it has not been "Fé ognlze ©,Ph the heat treatnent to renove the

organi ¢ directing aggﬁ%s’ in¥ 'L%ol??é}ﬁt@rmngﬁﬁes Qx{dat Ql%cu%aeros'l Vb8 o ARt e&‘c‘cﬁ&g\s{oq}{g

is affected significan y changln e or aracteristics o
zeolite or nol ecyli}lo&ctxon givzeoﬂast aenrdln?‘o]gcu]a'ﬁgevels%r?‘ tthegg‘esthererfp“ singly found

Zeolites and moleculer 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 alumnina, and
often with an organic directing agent (often referred to as a’template™) such as, but not
limiting to linear amines, linear diamines, and quatermary ammonium salts. As an example,
such quatermary ammonium salt may be tetraethylammonium hydroxide. The orgamc
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 jon exchange, such as, but not limited to,
ammonium exchange, followed by further calcination. In some processes, the ammonjum
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
treatment to average tenperatures no higher than 570C is desired to create
acid sites of a spggifif,pature and strength. These created acig ,§ishfRe342aS
can be nmeasured by the tenperature controlled desorption of ammonia
perfornied in accordance with Exanple 3 ("TPD'), are surprisingly found to
significantly enbanagenteab &npfingcsteeid tisifamsey drhigacit ¢ i, zeslite br mslecudaitsienois
limted to, hydrocarbon conversion technol ogies, and environnental

abat ement t echnohegi®s intd\RBhdpe ailldasse iofon ekardpitefixed GeME t@tc dperatldat has been
recogni zed by prior art findings, that the abundance of these sites,

referred to as "strong {RCLredl St haABde REAHEZES AV tht BRrel S EBEEALSS of the zeolite
controll ed desorption of ammoni'a performed in accordance with Exanple 3
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not limted to, the ethylation o enzerie to u et zene. cant
has al so found, that .i dition to the earance of. such. aci d sj
cubstantial rest FarurtiBtor Welel Bt ERRRT BE oot Gietur b B
be characterized .usin orosit asurenent.s, such.as N2 physi sorption
and/ or nercury p8f 6@? r‘?g?lﬁ‘f/.or WB{BBIF% Ve St Ct&ir%’@ﬁﬁcaﬂ%é{;’sf’gﬂqépﬁd ¢ state or
Applicant believes that a conbination of the above- nentioned L
characteristics GaraEsriesed hhacow ecup/sriaissye afesialeAPRIHBNSS fUBPPHY 949
performance in catalytic applications, specifically in hydrocarbon,

conversi on appl i 84t icomEplled higat EeATDEH T GHCIRHIOR [ie TefheneethaemB4nh SHeGtRp ragFH and
characteristic and enhanced catalytic perfornmance is found to be
characteri zed by exmveurA®f tietagolite tor viialseulan gieve quAR )this Tetimap| to axeragyicppEI3Rgs 20
PCT/ US01/ 49938 wused in the Specification and Clains; the ratio of the total
anmoni a desor bedhifghemhtih §70°€oisi desiredato aeate apé sigsueies atroifis 1BOOC and siréngth dhede
anmoni a desorbed fromthe zeolite at a tenperature bel ow 300C as neasured
by the tenperat ureatedatid cit¢seas chosenptasord perhedempeaating casicoled aaseptioniof kmmonia
Exanple 3 ("TPD'). Contrary to Applicants' findings, U S. Patent No.

5, 258, 570 t eachegpeffdiakd tithacwadaate ith Exasiplevd {"\TPDFf'), zeohirbésihpdy foundno v@nibcantly
approved by activating the forned zeolite by heating at el evated

t enperatures of EiflonabkotulytioGRGotmantd L fefctiondeducl aisy dduast Simieal tbedydrocarbon

"strong"

k conversion technologies, and environmental abatement technologies. Applicant has found
that, contrary to what has been recognized by prior ant findings, that the abundance of these
sites, referred to as *‘strong acid sites” and measured by the temperature controlled 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 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
pérformance in 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 (AAJI). The AAlL, 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

t hereby increase catalyst activity. In accordance with one aspect of the
present invention,wbhesmiis provided a zeolite or nolecul ar si enca/ushatyvisas
an increased nunber of so called "strong acid sites", i.e. sites as
nmeasured by the tenpera ure contro] | ed desorption perforned in ordance
with Exanpie 3 fsegpmhy P%ﬁ@‘lﬁ%ﬁ4 Clainas: (3 retiRshedatst apaems Sem@eg g *%eyzeohte
increasing the number of strong acid sites, there is provided a substanti al
increase in cat aflydempEERA 3tb9"e 309°G & tha iee revpcasrserbest Tp dheedlge Ata temperature
invention, there is provided a zeolite or nolecular sieve that has an

i ncreased mesopobdaw300°G aseneaswre dy e tampirziare capigelied tdasenptpn mgrored s Aeepidepce
than 50 nmm, in conbination with an increased nunber of so called "strong
acid sites". Mor with Bxemhple 3I(AFRYY"). Appl i cant has found that by increasing both
the mesoporosity of the zeolite of nolecular sieve network and the nunber
of so called "strong GaitdnsiotAgglicarttdidindings, (b8 oRatahe tNoas,2 58,35t taavhesathati tiecragdige
in catalyst activity. Preferably, the zeolite or nolecul ar sieve has pores

whi ch have an avedtiage diodeslite hetdTeirebe @bpRVET by hatvabfg tANGehed TBolitd By arRainges
enbodi nent, the zeolite or nol ecul ar sieve has a pore volune greater than

0.7 cnB/g. In acgeifancsp waﬁhesaofﬁﬁf&& %Ju@@o@@@%wtn &Eertme&rc%@egned “strong”
invention, the zeolites or nol ecul ar sieve has an Acidity-Activity |Index

(AAl) of at |east.l.Q..prefe @(mj cé‘tw]the%t §]>5§5/ZP %emg 00%133331% écfe bafbisonvennona]

PCT/ US01/ 49938 and nore pre era |I"'east nDst pr

| east 1.6 wherein lel ti.,on a
oove of Chaer & BiotiduesdPsr R By feag B eac%ﬁfstf)@lsﬂ% By S?acts“."’é%e .
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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 is provided a zeolite or molecular
sieve that has an increased mesoporosity, i.e. pores of a size Jarger than 2 nm and smaller
than 50 wm, 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
representative but non-limting exanples of zeolites there nay be

mentioned: be{g, o, 54 nordenite, TEA-ZSM 12, MCM 22, MCM 36, ae MCM 41,
MCM 48, PSHOB, ZS é TPA-ZSM 5, Breck 6, ZSM 12, ZSM 22, E%W%JZ%M 35,
ZSM 48, SSZ-32, etc. A preferred zeolite is zeolite beta although the :

i nventi on i sndmbrelpireferallgt at teasttl e agar mbe pre@echbhealiéasel .6 Wherap oAl anadh the a
further aspect of the present invention, Applicant has found that a

zeol i tes or Spedifaatb@bnd CREAs, A i@HA RS tEPbRY Bdmeaih aeydrbdd Rerhithd Lol Yorbe
produced by increasing the strong acid sites thereof. In this respect,

Appli cant hasidaupdicibat a Fagn&eh%ovprsamdw &8 thQl aRkBRY CdelstbéE Hoht &2 and

nmol ecul ar sieves, and in particular the procedure for renpbving the organic

L rogen | eHBhiAk 0008 - 5 0R% SABM LR SIPIRNE s R AL bR R,

controlled to preserve strong aci i'S respec rong" acl
are nai nt ai ned enpl oyi n rocess conditians i H'X revent | oss of those
sites that 5?%“03%8\98%?9“8%88 o‘ﬁﬁgé"fﬁcﬁ?rg?ncfﬁldégfﬂ? ?#g @n:l‘/er si on applications
and are be characterized by its AAl ra%]%jo. It IS cQel i eveq t hat .t hose sites
can be ascribed OIBQaIQC’é‘ﬁ%)éH?B’cﬁ“ﬁﬁ egpodimpntsihe gpolites 4T e SITEE ™ the
zeolites or tgol ecul ar_sieve structure. In this respect  in removing the
organi c ni t r'ogeAnEEspilist Aupalugwadn 2 siicaiesimina malar 1aig of 6:1 HodEIAPTeDF] 9t
rempved and in a preferred embodi ment essentially all is remved), beating
is control | Baher dh3srie penered by ose 06 2 tierpletng Ay orgaaiepliresting: aasnt Hat nshdesadoy e
about 575C and 4 WO 02/32812 PCT/US01/ 49938 preferably the beating is to
an average teSpue aitipgen ofmprongyr datregresenalive3mo aor-limitgerespamples gf zeolites dheres 0%
thereof is renoved and in a preferred enbodi nent essentially all is
renoved). Moeedeanentioneda petaf Bik-swrdenito diEfeh$M-1Re MCMg2s Bobd@d30s ol | ed
so to in a controlled manner increase the tenperature of the material to
the final caMiMdaliMEM-4SaPSQE 48M-5, TPALZAMSS, Brask pSM-¢a ZEMl2, YSMeAnESNA4L t he
tenperature increase of the material is not so fast that | ocal
. ZSM-48, SSZ-32, etc. A preferred zeolite is zeolite beta although the invention is 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
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 teﬁlplating agent, the conditions employed iherein 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 aboui 5375°C and
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overheating to tenperatures above about 575C is prevented and/or mnim zed.
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. Alternativevgoyasteep catalyst bed coul d be enpl oyed if AGTASHl49WSNg
gas is of sufficiently high superficial velocity such that the heat

transfer rate maintaips.the catalyst bed tenperature at an oint-1.0 no re
Lhan about 25C dPEEPENEE BFFOM T b ko gl & Abar 2rSIE PP et PR s eHr
met hod, overheating during_.the cal¢ination can be mninized by enpl oyin
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reduci ng/ controlling oxygen flow thereby controlli ng beat i ng by conbusti on
of the organic dMPESYS Y agereTclOPnEYdIpgYsheslipg shadd RuGarTallsd spHe 1At copsliee
enpl oyed to mnimze |ocal overheating or the occurrence of hot spots. .
Appl i cants have memtchincreasaiihd ternperatane @i thermgterd fiede finsk caeipatiopt tempeagturevint this
of the zeolites or nolecular sieve. As a result, in a preferred enbodi nent,
i n cal ci ni ng t herezgmeol ¢carefally oreansshachd mmpsrwvesiicredse of dlrd metesalos netoso dastithar local
sieve is slowy heated to the final calcination tenperature. Controlled

beating to tenpesaiieatse toRerhferd@Caboat Biat H15°OligyreventddGnésposiihezed.t O
t enper at ures above 300C, renoves water before high tenperatures are reached

so as to prevent steaHnBEnordNike dMGFLBY toteRERY e teRipIRRE ag&it ¢h petfoBfed ih HsHANEW
enbodi ment this can be effected by applying slow ranp rates, such as, for

exanpl e, |ess thgdy | QM dredReab SN F¥eatid LS Shd BR0rratfel BF Bot shétsY RlteARNRERES deep

enbodi ment, an internmediate stop in the ranp at 300C can be enployed to

m nim ze exposur 4 : 0
Vo 021 32812 ety DO F685H §REP bR CRIRL 5 L STRAREL Reh AR Ty
"str ong aci d si tﬁﬁll'u 1154 %egx%gt%gfepfa&erﬁgiht s B2 c%afy%%hﬁerﬁéerﬁuk%?%n oirft 1o no more
specific type of "tetrahedral al um num a result, in  accorda e Wi th an

aspect of the prgsent inyept RO QHC IR GROIbEINN IOLEMBE: metag

i i i
. . bRy %8%
Sl eve, processing Conal tions ?ﬁaq[ncre uce the anount o tﬁe spe

tsﬁgrulageg;alm malmu én\-éer ueg},iggguoﬁﬂggég QMC]{}S%%CC%‘I Bpﬁm%{{ggg l"oy %Inp?ogf{n%nlgteg‘gédgalesgtgp%%n the
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 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.



in order to provide for inproved catalyst activity. As herei nabove
indicated, in order to mnimze the |oss of the specific tetrahedral

al um num and thereby maintain a certain m ni num anmount of strong acid
sites, the COﬂdItIQ&ﬁ ? whi ch the tenplating agent is renoved EﬂﬂHhHmQ?
controlled so as to redice and/or elinmnate exposure to tenperaFureE above
about 550C for a prolonged period of tine. In addition, in a preferred
enbodi nent steaningi&hauhdmwa&mdem&ﬂiﬁohmahampbﬂkdbuhompmdhiﬂ&f@dehe&mby
sl ow heating to the final «calcination tenperature. Moreover; processing of
the zeolites or pmhegylaan shevelr Afdsebf b RpedfByabf tdrahdieal denpbat A8G @GENEn
shoul d al so be controlled to reduce and/or elimnate exposure to

t enper at ures aboigoraRRetwBPACasedl oM FRisént iEVREHE@X G PRARCHE BPSeodiftd of inftAdcular
calcination of the ion exchanged zeolite or nolecular sieve should occur at

roderat e 1 enper AilkedrockAhe EHANBAI MAUAR abbht |7 BOlspldifll 1M dfdrerabedral

exchange of Na with’ to pro uce t or m of th zeoli'te boy

mol ecul ar si eve. +rﬂm§g)d2!nﬁlﬂpepeibg q%cé){hegﬁrgwlo?it%gggtéé 51lteg sg&ﬁﬁggﬁfﬁﬁlz&?& avoided

extruding the zeolites or ar sieve in e or
shoul d al so be mnimzed or avoide rior.ar recadn
strong acid of o T EGP Pl Mg R 6ol 00k SR O
activity and that gcessin ndltlo gu0|n o& £ an no ecul.ar
si eves shoul d be™ E@H ﬁ éﬂgﬂgngévgﬂ @g ed% '?%H@ 3@ ?Cean’
prior art, processin steps after farmation of the zeol.i r becu
si eve reduced t WBHIRBeF §? SRR ABF cf“essi‘g"e§°rid810€?élaue"§}“ﬁémemng Be &gen(t H&
present invention, and such reduction resulted in a reduction in cataléé
activity. 6 WO OSmeyet shosisTpeepntiolod 5@ as 1t &edzesom Qs s BRI IRASHIE P (EPRRTRILTES f
the present invention may Qp conbined with other materials, as known in the
ai| . For exanpl eaboyeabaut 850°%nter poralonged peritdenfdimendy adgion.onal Iryiete erehogiment
cation exchanged follow ng the hydrogen form ng cation exchange. If the
zeolites and nol gemiing skivdd/ bs anriéedmfdradxanoplt) om nexihaedyed bafder hedtiog hy theofresh
form ng _

calcination temperature.

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. Ion
exchange includes, but is not limited to, exchange of Na with NH;NO; to produce the NH,-
form of the zeolite bor molecular sieve. In addition, use of organic agents in procedures for
extruding the zeolites or molecular sieve into a2 desired shape or form should also be
mminimized 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

n catalytic activity.



cation exchange, the zeolites or nol ecul ar sieve conponent thereof
preferably includes a nunber of acid sites as herei nabove described. As
representatives of metal cations, there may be nentioned cations of group
[I'A-group II1A gvsups2itl B to VIIB. The use of such netal cat?P@mgsui/e)s
known in the art and the incorporation of such additional netal cations, and

the amount thereof igg e]%m@ f rpaeeﬁ?atr*aleoestgﬁmélf,&ésle R e R

t eachi ngs her ei n. e zeolites or nol ecu S| eve may

enpl oyed with one JQFLEJ%S' nORGaN, qla%(é ?’gcnﬁ%aré")ém DIty 2 cﬁﬂ&ngfd %Wcﬁlgr k; \esgmay

general ly conblne Zeol |tes an rsi urin exc

with a netal catlon | Xy Q neral nor g -
oxi des such as $Pi ?n(?a\y gf ﬂﬂﬁt%a‘f@“on ?chégme Oﬂﬁgn”& i %V éeng% C‘f‘hon ¥ an|g>e< I
nmay be in the forn1of ro or and is.gen n al um_na,
silica or silicallf ’Wé ae%ﬁﬁfé?% ‘ésharﬁ eéa] CBR & 12 %ﬂ I¥}i a}é"décicﬁ?nf?{ﬁ’me
catalyst. The matrix may be catalytlcally active or inert, In preferr
enbodi ment, when caligbpiobenEa P 40N PI WOlepHY SEYs| FARONEH PRl RO leelédes a
conmponent has a nunber of stron% acid sites, as hereinabove described. As
her ei nabove descmiusber,of peid giteses hesgingedvaLescRDest ormeprarerigtivgstoémetal pasions, there may
processing conditions should be controlled to avoid exposing the zeolite or
mol ecul ar si eve the medhtered edtions ergervatily, esovpdHAa stonpd BiytedVHBr iTdd ves oftsugtemetal
The zeolites and nol ecul ar sieves of the present invention may be enpl oyed
for catal ytical legtigenykrtwmigp the fag exds ttipcicarheredmof $veh zéditionad snetal cativingcanh dbe
sieve forns all or a portion of a catalyst in a reaction zone. A feedstock
i s introduced i ntamobinehe¢redds de@mer aniee Within thechilladtthamrt fiorh hiee teahalgy sereiniSdsitarly,
conditions effective to convert the feedstock into a desired product. W
02/ 32812 PCT/ USO1hel288ts oStokdcalat siavd yayaby empledst @itk ooe oconbd imatganin oafde matrix
f eedst ocks nay be enployed in the present invention. Such feedstock, i.e.,
react ant conponertbm@sneanphiviis zeneralyy bemigasieaits,zeolsied kol aroldcukaumdvat during the
anbient conditions, i.e., 20C and atnospheric pressure. The feedstock may

be organic or a @Q&hhg@@iﬂ@l A nietal icAgIngfinded. 30¢ch DAGARLHPOIBANE Bérkral THdEapic@IIBE

reaction systemis particularly applicable to organic feedstocks,

preferably havi nguaPiseaith@Riminas, 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-z2lumina 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 io elevated
temperatures for a prolonged period of time.

The zeolites and molecular sieves of the present invention 1may be emploved 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 fur, hal ogen, nitrogen, phosphorus and m xtures thereof. The
product or productwgebtayned fromthe feedstock/ zeolite or nol ggyl&h/phRve
catal yst contacting wll, of course, depend, for exanple, on the feedstock,
catal yst and conditions enployed. As with the feedstock, the product or
products can be organfuwstentiadly anynisedstock on combinpmmgeinfeedstaskis ovap dsi eoployed in the
conponents. Preferably, the desired product is organic. However, it should
be noted that a pressmssaentionaliacht feedstichorie., desianedhmpoeen or o¢mipyneptsomepcbe gragous,
be i norganic even when the primary product sought is organic. This is :
exenplified by témdid ordigwiérnasambienf conditib@niod., 200C lahd) bttnosphefit peesqire) T hevddedstock Ty
organi ¢ product or products have nolecules which preferably include carbon
and hydrogen. Thee dashiced Podlbiebticr ofoinodfit Sand urgdhéy advhponb@y.eTid pretent reaction
di aneters which all ow such product or products to be renpved from or escape
fromthe pores ofystehf 17 aakidutr9r appicanel 1ar orghaY efe@tordky SprefefdBPRO Halin@ NmolthBes
anount of zeolite or nolecular sieve catalyst in the reaction zone may vary

over a Ww de ranggndapending, arIdOByo%g%mﬁm odnkIRE o SPECHbHCotREOOESSItNTThis other
application involved. I'n addition to the feedstock, a diluent nmay be used

n
conj unction wit hf]%ﬁ@ntﬁﬁ@%ﬁ%&%sélécaed% {h@%%ggérgmsﬁstuﬂgef{%ﬁg&a'mm, ﬁz{}@ge&"rﬁt‘@é{el&

process. Such diluent e ‘m xed or conbin feedst ock prior

the feedstock zeg|li : j;eve catal yst contacting or it may be
i ntroduced into ?ﬁ%bﬁgg%?ﬁgﬁggﬁ%gﬁgégérateIy fromthe feedstock. Such

diluent preferably acts 1q foderape Qﬁaiké‘cf %’oma[}{é RORF ¥eo%ke58r (DR 80le

of feedstock chemical CoRversion’and may al SO act to alrd I'n tenperature

control. In certai nboginents the di ref erab %32/§9812
on ngfg(\:wl}ftf) &k fatal

PCT/ USOL/ 49038 s BTSNt . Coti yg&t‘e‘&l f"épet"ﬁfé"’lre'eﬁ’l&%/‘?‘%ﬁee\zé\gﬁe daiFiRg ™
(1 1ocesS: | TYPLathygl chRyhl KETAE o AaT it 06, SIPLONRLD 0, LT
hydr ogen, hydrocarbons. and. m xtures thereof. The u f dil uent : :
onpl oyed. 11 any COMRPRORR) TRV S TR R e AT oA e ey e
appl i cation Bowever, 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 cf 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

8



i nvol ved. For exanple, the anmount of diluent nmay be in an anmount in the
range of about 0.1 % or |less to about 100 tines or nore of the noles of
feedst ock. The conversion conditions at which the process occurs can vary
wi del y dependi ng, Woeria3mxanpl e, on the specific feedstock and carcalygsi49938
enpl oyed and on the specific product or products desired. The present

process is particyl arly applicabl i t.h feedstock zeolite or ..nmolecul ar,.

D eve:cat al yet  comBuviBRupaR kT b8 heERTeBE Sy b RS T M & he Biuent
preferably in excess of about 100C _and with pressures of .from ahout .

at nospheric to aBGif ®H06 eﬁ?ﬁg’?d e InslaR; H%??Eseg £ ﬁ%dé’”b?‘gt"ﬁé“?‘é%"as‘ia’ R M9ROtifle
reaction zone may be independently selected depending, for exanple, aqn_the
specific feedstoé?(b%lhd"%éﬁal}’y@tog%‘hﬂyéi%élﬂbo%né?‘doﬁ”%‘H@S s‘b%ré‘?ff ilhe i‘ﬂ’%b@tf Gpent
products desired. Preferably the organic feedstock is_a hydrocarbon o

f eedst ock and t hémgleyved yt reY. BohVEYsIYSh 2prive garee] deranding PB dhs BT et Is3oR
process. Substantially any hydrocabon- conversion process which is capable
of being cat al yz&wobyd & op exsiniplee thsramephtend dileant BRebein ag amarside theonge sf ahovird. Fan
be conducted in accordance with this invention. Illustrative of such

hydr ocar bon conver ksxan aprud ¢ @@ smes armudreidithe fnoles efdaedsioek. cr acki ng,

hydr ocracki ng, alkylation for both the aromatic and isoparaffin types,

i sonerization incl udi g eooversbn pardafohs ot vdtichxid gaeess bgonseri ral Modely depending, for
pol ymeri zation, reform ng, hydrogenation, dehydrogenation, transal kyl ati on,
deal kyl ati on, hydxaggeyml thgabedfic frdstekhandraaiel empiby@nandusi tg gealit perdodt or
nol ecul ar sieve catal yst conpositions which contain a hydrogenation

pronot er such as ppldatts desnedr Thabteadht Wrdcesteid wartjaelar] plagpinaable swichl dded|bdCleslite or
cyclic stocks and other hydrocrackabl e charge stocks can be hydrocracked at

tenmperatures in thgeciRNgeveQataB@0confRfg 1GipBguree linexceatdf @Bou 5040y, GiP@pRfetDly in
hydr ocarbon in the range of between 2 and 80, 9 WO 02/32812 PCT/ US01/ 49938

hydrogen partial cpée8ssubes 10etoreavAl PRSP bF Sord RBbE ehddgteric @sboat 100gBkigl The
hourly space velocity (LHSV) of fromO0.1 to 20, preferably 0.5 to 10. The

gfceﬂ ite or ol eculen&l BMR SAURI YRUtERMRP S FRBSornEAPHONRY Ben idMePRENRC kdidrekd
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 1s capable of being catalyzed 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, alkylation
for both the aromatic and isoparaffin types, isomerization including normal-paraffin or xylene
1somenzation, polymerization, reforming, hydrogenation, dehydrogenation, transalkylation,
dealkylation, hydrodecyclization and dehvdrocyclization.

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



al so suitable for use in reform ng processes in which the hydrocarbon

feedst ocks contact the catalyst at tenperatures of from about 350-600C and
hydrogen partial pressures of from1l to 35 bar. LHSV values in the ranee of
0.1 to 10 and hydvogemnsio hydrocarbon nolar ratios in the rangero§nlotp 20,
preferably between 4 and 12. OQther isonerization reactions are carried out
under conditions simlar to those described above for reforming. O efins
are preferabl y 1ewegr ipsed! & fesﬁlgﬁp@?“éi?eﬂr%o%ﬂ]e%eﬂd Befobar: wad Iaeh‘li’ré‘é\??ur])’ Space
par af fi ns, napht henes and al kyl aromatics are isonerized at tenperatures of
300- 550C. Par t i velficdy (yHeekofrizdm 81ite dhpreferaity BA 1o Bhct i ons contenpl ated herein
in addition to the normal paraffin isonerization described above include

t he conversion of n-Thagpeldpner ariicolar fevscriehet tomnposiberspmmesd i Andrpgedisdnes
met hyl cycl opent ane to cycl ohexene, neta-xylene and/or ortho-xylene to

par a- xyl ene, | -dnotsreble forsbut :e:ﬁemmgd)messhsimbmiénme hpdrotaehearfeedstycksswhiariche,
cycl ohexene to net hyl cycl opentene, etc. The preferred cation formis a

conbi nati on of datadysy etakmnperataedsaf Fothabpal 3F0AbEIC ae hadro gaanmetish gees{usasali fas 1
sul fides) of netals of Goup IIA, Goup IIB and rare earth netals. At
sonmewhat hi ghertoBemrpe L aSHr €Suesiin Be ranké 6. AROWand H0drb&A o hpdredaebdalihdlardibbs in
500C and usually at sonewhat |ower pressures within the range of about | to
5 bar, the samahe ag@bySio WOPREFILYY BMSecALGNY$Ed t 0 hydroi sonerize feedstocks
contai ning heavier normal paraffins. Preferably, the heavy paraffin

feedstock conprises dgémBbmeaLAbh | RiBRY hidJcsedC 8htDBklen Wak8hodsafigfla0ko fhod.
Contact tine between the feedstock and the catalyst is generally relatively

short in order decugiadowfbesihalhe éue@lﬁs a}ﬁéf‘e{aﬁ'@ i Stz @ atQkBbéBrures of 200°-
pol ynerization and paraffin cracking. LHSV values’in the range of 0.1 to 10,

preferably 0.5 s dooc Bl vyp Phrk &L %aphll%nygng%’fk%?%%agg%é@%xﬁz%@%ﬁemgaﬁmes

crystal structure of the activated zeolite or nolecular sieve catalysts and

their avail abi | it yodolss@ed or Buk ydeypdiog g[,m@}l}g@[),l, i8ds &Q&ﬁﬂ&teé %\éper]

1%]@111 Q% Ih
their use in the conveérsion of l'aromati c compounds, particularly t

catal ytic di Sprﬁaﬂ{oﬁl'tQQﬁé h&ﬂqaﬂ)argfﬁnqu?r?enzé%ln%?mbed above include the conversion of n-

heptene and/or n-octene to isoheptenes, and isooctenes, methylcyclopentane to cvclohexane,
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 IJA, 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,



trimethyl benzenes, tetramethyl benzenes and the like. In the

di sproportionati on process; isonerization and transal kylation can al so
occur. Goup Vill noble netal adjuvants alone or in conjunction with G oup
VIB netal s such asva umgsiten, nol ybdenum and chrom um are pref epa@blbgni/4993s
included in the catal yst conposition in amunts of fromabout 3 to 15 wt. %
of the overall conpgsition, Extranequs hydrogen can, put, need not, be :
present in the reacti %CEStﬁﬂeStr N |T?:I9?|%§ ar’?ﬂ:‘/“g ‘Q?er?glg %{tmggfuel?ﬁ)g?‘gt %araé'ysgfmfjr%ﬁ{
about 200-400C, pr.essures in the range 5 to 150 bar and LHSV. val ues. in
fhe range of 0 FHEOIY ey EPAGkAky pkaLebs Ppu R apbh chrisien 8
out with zeolite bfta conposi tié)ns .Uﬁi 51}9 f eedst ocks such as az ‘ﬁi | s, ,r]eavy
napht has, deaspRaPiERRCLEEROFPIS BETigH!Y dieccatalytic: HSPreRAEBIMEHRT KEiHEeEnEY ene,
principal desired product. Tenperature conditions_ of 450-600C, LHSV val ues
of 0.5 to 10 andipe¥ksbereecen@irepehy BrzeedarhBsulikeat ik Hispiopottignaliop rocssse
sui tabl e. Dehydrocyclization reactions enploying paraffinic hydrocarbon

f eedst ocks, pr efoareaitionreod transapatatipt cansalivenccwrg CroweY heablemetal rbwvaats glpse of o
form benzene, xylenes, toluene and the like are carried out using

essential |y the isamgyuretas twitnCerondV B waglsaniclf ey tungstem| npeliyed eppmcdoid rironEom are
these reactions it is preferred to use the activated zeolite beta catal yst

i n conjunction wr¢fbrablyGicbuded \A the catelpstrotpesitivptiahmeatts ofifreuebouas te bbhed. %o afittle
nickel. In catalytic deal kylation wherein it is desired to cleave paraffinic
si de chai ns fr onmverall ebmpdsitiohuEk einepdstHyOrderstas bt meedhdtybdiyidsengentét raagidnhene
ring structure, relatively high tenperatures in the range of about 450-600C
are enpl oyed at wHEEE afathtdiyedr 0@ dingRf£56 bf £6m albfut 2LI00A0, pr€xs1£0s Malke, rafieE S to
conditions being simlar to those described above for catalytic

hydr ocracki ng. Rsebermed HsM ddystsmarfeobs 6. sane type described above in
connection with catalytic dehydrocyclization. Particularly desirable

deal kyl ation reacti omgGRRcRRRINApRftessBEL 8 hRIdritt) tEBed LR vGOMEETSbeR cBhpositicns
met hyl napht hal ene to napht hal ene and tol uene and/or 11 WO 112/32812

PCT/ US01/ 49938 Xy aB&Biobis PENZERR: oi)éﬁﬁ&xr?%lﬂyag,ddéa%&haﬁ&ﬁl:ﬂwé ol ir&uef er@! Yot
aromatics; the tenperature is wusually at least 175C. and ranges up to a

tenperature at vhi@heBuhg @ hRlpaLiQFE: RYa%. Tdderature conditions of 450°-600°C, LHSV
values of 0.5 to 10 and pressure conditions of from about atmospheric to 4 bar are suitable.

Dehvdrocyclization reactions employing paraffinic hydrocarbon feedstocks,
preferably normal paraffins having more than 6 carbon atoms, to form benzene, xvlenes,
toluene and the like are cammed out using essentially the same reaction conditions as fer
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 bydrogenating 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 catalyic
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

11



f eedst ock or conversion products occurs, generally up to about 370C. The
tenperature is preferably at |east 230C. and not greater than the critical
tenperature of the conpound wundergoing deal kyl ation. Pressure conditions
are applied to re{,gjp:ah,! east the aromatics feed in the |iquig-siatcyisFor
al kyl ation the tenperature can be as |low as 120C. but is preferably at

| east 175C. In al kyl ati on of benzene, toluene and xylene, the preferred
al kyl ati ng agenkvieaes 18 spreepedWhen gmplosed fos dealiefatios odtalip) aioanatitel theriespRerasie is
In catalytic hydrofining, the prinmary objective is to pronote the selective
hydr odeconposi t bewlipfat tegjdip tC.candfrengeqinpiop teminerasye it ddwehowheiantiahcradkingfad dle
w t hout substantially affecting hydrocarbon nol ecules therein. For this
purpose it is pfefigpeed taversioplpyducheocsanegegeniéy ap teabdit t370HS The Sanpertae 1s
above for catalytic hydrocracking, and catalysts of the sanme genera] nature
descri bed i n copredethlorat Wash23E0y dridayictieaat ihan theopetial texpgratire @f sheockound
i ncl ude gasoline fractions, kerosenes, jet fuel fractions, diesel

fractions, Ii 9hhn@dagoiﬁ@&éﬂwmﬁn.ofﬂeﬁurecb@ﬁ&ﬁ&@a&@@bpﬂﬁé@ldﬁreﬁﬁiﬂ atrlesi thearoafadcst b&d
i ke, any of which nmay contain up to about 5 wt. %of sulfur and up to
about 3 wt. %.0fn iHelligREQhte. FOLaIRYISHQCHE RADeRARY &SR 16 @€ ERBE SoulBYpréierably at
carried out in a batch, sem - continuous, or continuous fashion. The

processes can beecONaect RdilkylatfonSdM@hRnt Q8kEAOMIZMne, e }ﬁef&%ﬂbﬁl@]&fné agent is
reaction zones arranged in series or in parallel, or they my be conducted

intermttently ggeagpg&gggg§g%mhgs@@yﬁhpgﬁghﬁgk%gbular zone or a nunber of
such zones. When nultiple reaction zones are enployed, it may be

advant ageous to enp!gy(ggﬁﬂgrhpgég?@észmﬁgg?ﬁﬁﬁl%ﬁﬁﬁpgtg %9H§&¥&Ec&fn§ﬂ?ﬁve

conpositions in series to prov uct m xt'ure.

the nature of t @’S'?J&XQJO% 8‘598{' of V&S L8y pfl}x(a%?srﬁtr%ée%lt & olaﬁdsdﬁxs g{eggé?d,t\githout

[
carry out the certarn rocesses by ue of the ze eta cat

compositions i1 SO Gels B L8] 150k, IRMLNG, RS, SYSLAMOLADN, 1

system of a variety of port L sra han'in” a ) ~sys

Such, syst e woulubeds! LU LS AT LARENSHOl! 9 Ll eRulatieg! b

gi ven period of c%gaggfs cl\tf e e rg%;[ueirgnnziitgrerge%gx%bregdfn %Qr?ne%tleogl Iw%tﬁ dehydrocyclization
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 carmed 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 conducted
Intermittently or continuously in an elongated tubular zone or a number of such zones. When
multiple reaction zones are employed, 1t 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, 1t may be desirous to carry out the certain
processes by use of the zeolite beta catalyst compositions in a dynemic (e.g., finidized 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 regeperation (if required) of the zeolite

12



beta catal yst conpositions can be continuously introduced as a noving bed to
a regeneration zone where they can be regenerated, such as for exanple by
renovi ng carbonaceous materials by oxidation in an oxygen-containing

at nosphere. In thevpeeferred practice of sone hydrocarbon convecsiuemn/49yy3s
processes, the zeolite beta catal yst conpositions will be subject to a

regeneration stepetpgé&gqe ga%m‘ h%%&g&m oq%pn%sm %eﬂ&%HéHJ]' tqhﬁeodwe e

reactions. In a pre I ment e present entlon e zeollt

or ol ecul ar si eyg, gl d b Wﬁﬁp& SR8 w%zmle@xgegor sp pedied {eﬁéne;ano@n

al kyl ati on process suc Y&t on enzene
produce et hyl benzene, }her%ﬁ)art cy a_small.increase 'ﬂa acid si.tes ,resul

in a large incre4¥€ cffgewrf’vd fur?hyet Oén%‘?ﬁ@ %’hﬁ%ﬁovﬁ%fug?nafﬁes
present invention, e zealite e ed as .a catal n an _al
br ocess such as F‘H@“QF R PAETR 1D, BORSaHE 5 LRI 1 e BroaE groctce o] some
et hyl benzene, is_beta zeolite. The invention wll be furt her described with
respect to the fBYIRAMIbAG COREPMMERIOCesssoMRs/AcPlitetbg caiebiskoampopitigns WIS PRt it
not limted thereby Unl ess otherw se indicate all parts and percentages
are by wei ght. -ExafRsration sizeby peraingeffamasacraniderasiorgrmylated domes reetierst by
Murrell et a]. (US Patent no. 6,004,527, 1999). Spray-dried silica (486
grans, Davison 948, 60 apneiaved elgeodpm pﬁtlhepsqsz”é)nvem thepreelitn &t aglepilersigye of
m xture of 202 g Al (NGB)3 9H20 and 800 g distilled water, dried at 120C for
2 hours and cal cihegtksert iIB@GEnfigemplopesiass oalatyist in ah@Byiatign pescess oichgehviaHyathe
calculated silica-alumna ratio of the material was 30. O the resulting
silica-alumna, &BRogenepfer exmpipbgoat@dcartibehéheq lmparBulant SsFENDetease M ehid Sie}
and subsequently with 80 g of 3.76 w % aqueous NaNGB sol ution. The liquids
were added sl owregulwhin b éargdincreasedn catel st gltiass beaker. The i npregnated solids
were transferred to a 2- 13 WO 02/ 32812 PCT/US01/49938 liter Parr autocl ave
that was rotating on aysninothetleihb@iimennbd tee plassht inThreion] the veoditamsplbyed bedcdtdypst

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 particie size)
was impregnated with a mixture of 202 g AI(NO3);.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 NaNOj; solution. The liquids were

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



36 hours at 157C in a circulating air furnace. The autoclave was cooled to
roomtenperature, and the solids were washed and filtered wth anple
anounts of water. The product was dried at 120Cin air. X-ray diffraction

showed that the pi‘c%g(é%ﬂgont ained zeolite beta with a relati Ve b T US01/59938
crystallinity of 113% a reference, a comrercial zeolite beta powder was

used. Next, 20 gram of the beta product (lab sanple 1) was calcined in air
with the foll oWeigapreagrians tbECGHasubatitern200@or-froted rblbar bed. AidamixtBIE/ wes hedter for
650C, hold for 6 hours and 5C/mn to roomtenperature. Another portion of
20 grans of the3babaspr bdiCtn ¢ kiadulatiggap fenzy. Thaguoalate wedcdoredad roow teinperktere,
follow ng program 5C/ mn to 200C, hold for 1 hour, 1 Cmn to 500C, hold
for 12 hours andnd 0€/sniids wee nacimdtaedrikerad wite ampleenmahs iofiedter. Jhwgerdsctwes @ridn
exchanged in 0.1 1\4 NHANG3 solution for 5 days at roomtenperature. O the

i on exchanged sambed hatir WlSag a@lfehdied sBéw&abiet (HeagroseiRbRaiddd zeblieOb@i aitih a
was mxed with. 3.0 grants of Nyacol alumna so] (20 wt% and 2.0 grans of

dei oni zed wat er rejathR@rPashBtWes | i 8¢ RterS0L of BfurrUESit@bda bhieder 6ad dened
at 550C for 6 hours with a heating rate of 5C mn. The resulting product

contai ned 80 wt % zeoheke Rehdm INecSHUPLBANA 15 IEANE 128s aRURE 030 A2

!
mesh size, of which 1.0'gramwas | oaded into the al'kylation reactor. Th

sanpl e had a fi rfélﬁdﬂ%ggioggﬁfl%gsf%nrté‘ﬁﬁré § 4ty isat%ﬁ,tiggg%ﬁg'agéotgﬂolﬁffolb@ﬂ&ﬁ@e

to ethylbenzene of | S I'n accofdance w “the dried

sarml e Lhat ves aaoeleH 8t RELgh BB flg? 728 SLATRE B il

Ihe pat e, s ShLsi T, FOR o GHE BIRBSR, SBLLESR 0 B o

Ine Lesung proyel SORLRS e, R0, 192 HECEL, o TUS ARG SR

e L) 2L O, LR o Tt SATRLS 1R 5, RSl R B E  BESt o

wth Exanple 2. 14 \99tgez/io%ze%%ganggréa%%ﬁ)gl{hglig\%g’s8ca]cined at 650°C (lab sample 1), 2.50 gram
was mixed with 3.0 grams of Nyaco] 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 procuct contained 80 wi% zeolite beta. The sample was
ground and sieved to +20/-12 mesh size, of which 1.0 gram was Joaded into the alkylation
reactor. The sample had a first-order observed rate constant in the alkylation of benzenre to
ethylbenzene of 0.31 cm3/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 wt%) and 3 grams of distilled water. The paste
was dried at 80°C for 2 houvrs and then calcined with the following program: 3°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 alkylalion 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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Exanpl e 2 The foll owi ng describes the al kyl ati on procedure used to test the
catalytic activity of a =zeolite catalyst in accordance with the present
invention (Lab Sanple 2 of Exanple 1), a zeolite catalyst calcined by
conventional techmauessitl ab sanple | of Exanple 1), as wel | aspCcresvt/auvss
commercial catalysts. The catalytic activity of zeolite catal yst was

eval uated in themnpdel, reaction of benzene alkylation with ethylene to form
et hyl benzene( EB)—% est reactor is a recirculating differential fixed-bed

reactor. The test conditi,ons re.30 ig.at 19 t regir L ng..rate
is 200grans/ m nut e. ?’ﬁ%%ofug‘é'algc%ﬁct”gfsn‘ge %‘.ﬁggn%pmceeg %rgﬂléer?ggé?sgg’glcgtégﬁ% %Ctlg]%%a}eane
with feed rate at 6.0 grans per mnute., The catal yst charge is,1.Q000 gram
B 12 to 20 st enBre B bEreke Yok pesc sveliiin LA TRl Dt FaRe et
for about sever hqurs (to renove noisture rior £tqQ regular__fee
i ntroduction by Zaolﬁéfaé?lmgcalﬁﬁlﬁﬁbywe’et@gﬁ?tﬁﬁg’f%% o semp Ps%%?m%vqm pis well as
sanpl es taken ‘every 30 mn. for GC analysis . The first order rate constant
i s cal cul ated t GeT8hFUBHAICY prdalySat al yst activity. Exanple 3 The Tenperature
Programed Desorption (TPD) was carried out in the mcro- reactor/nass
spectroneter unit, a coupling between a quartz mcro-reactor and a )
quadrupol e nass spedbe cABDEE dcHiienl Aprditey eitelast WPRReV2ZDRted A thagnefel sfactiqL a1
ng of sanple in powder formwas | oaded into a quartz mcro- reactor. The
sanpl e was firstbensenelplkgdtiomwiah efhwlen tx farmestiydrenzana(Elg. 5. 2% oxygen in hel i um
flowwng at 30 cc/mn from30C to 550C and held at 550C (TPD) for 30 m nutes.
After the oxidation treatnent, the sanple was purged in heliumat 550C for
20 m nut es before codhemgt radaonistaoretid@@iing BifAERnd 312632322 réACIHE.| The 84) donbBADROS8
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 § hours with samples taken
every 30 min. for GC analysis . The first order rate constant is calculated to represent the
catalyst act:’vivty.

Example 3

The Temperature Programmed Desorption (TPD) was carried out in the micro-
reactor/inass 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 quariz 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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Ammoni a adsorption was carried out at.] 00C, in a gas m xture containing 4-5
% ammonia in helium flowng at 27-30cc/mn for 30 m nutes. The anmoni a
treated sanple was purged in helium (30 cc/mn) at 100C for 45 m nutes
(enough to have tf ia mass spec signal returning to backg | evel s)
before tenperatur%ﬁﬁbsorgtion started. Ammonia TPD was conducteé8ﬁﬁg@6”hin
from 100C to 600C. There are twoe distinct desorption nmaxi num peaks; one c
200C and t he ot her >30fGniaDeisomppdr oas batiedvout3PAQTE ivlagasi hixgde asntee@Ri 4ac Ve
sites whereas desorption at >300C is classified as strong acid sites. Both
mass 16 and nasamnhéniagt Belivge dlofviirg a2 DTB0UcAnin Thre3Oshign@b. f or mass 17 was used
for quantifying anmonia. Quantification of anmoni a desorption was based on
calibration of nass FReshmoR! ©datedUSipR #adPargemin haiundr(30Rbenid) JaltoeC for 45
sumari zes TPD results, AAl ratio and catalytic activity. Table |I Catalyst
*Strong Aci di tymiinal 4egaug’ﬁ"t‘6ﬂ?e|@eacﬁé Bhhtn¥nikehast &8/ si@hal Sten¥hg t&®hckground levels)
Al lcylation Sanple 1 fromEx.] 0.586 O S86 0.31 0.661 Sanple 2 from Ex.]

0. 844 0356 0.95b&b%9mn%9ﬂﬂﬁnﬁ&ﬁ$ﬁ&ﬁ&@m& 0.538 0.6] 8 0.34 0.871 Conmercia
beta I1-A 0.626 0.578 0.38 1.08 Commercial beta Il1-B 0.501 0.463 0.28 1.08

Commerci al beta I1- CA.Q!J]%:)'?% 9%153@350(:0%@%%%19%33O%C/ngiﬁflig!sl al@i{’f‘tto %b?”@mmgjeaare '0

desorbed at tenperatures gher than C durin Total anount o
ammoni a desorb egis%%ct %gs%?pqlro%trr%xei}r%mplegeg\ys\!; g’rpeog 29(5“6 29 off cher >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 ]
Catalyst *Strong Acidity (mmol/g) **wezk acidity Keb (cm’/g/s)  AAl
| For

Alkylation

Sampie 1 from Ex.] ° 0.586 0.386 0.31 0.661

Sample 2 from Ex.] 0.844 0.386 0.95 2.19
Commercial beta ] 0.538 0.618 0.34 0.87}
Commercial beta I1-A 0.626 0.578 0.38 1.08
Commercial beta II-B 0.501 0.463 0.28 1.08
Commercial beta I-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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Example 5 16 WD 4) 2/ 32812 PCT/ US01/ 49938 Al Nucl ear Magnetic Resonance
Spectra were neasured for a set of sanples prepared simlar to exanples |
and 2. The peaks at 55 and O ppm can be ascribed to tetrahedral and

oct ahedral A], resyet¥3¥ély. The 55ppm peak areas (tetrahedral PYUSBHBhe
sanpl e prepared based on prior art and the sanple based on this invention

are 25.3 and 48. 4, r%mteimvmagneﬁcﬁemnla&egyems BereGndaRire@BRk sef F@8mples prepared
(octahedral) for the sanple prepared based on the prior and the sanple

prepared based Qﬂmﬁa?héeiaﬁ,\b%atm{a@fﬁeéézk?a@fsda %gpmrc%?9§§§cg\5§d3%- tﬁ%%ﬁ@drﬁl%ﬁ

constant for aromatic alkylation for the forner sanple is O. C gm sec

and the rate Cogg{aﬂ%alqurresséegﬁvﬁégﬁt "h%%S?&FﬁL& A.réas %l'eg%eﬁﬁgég%cﬁgﬁe sa gerﬁa)‘%pggzﬁ

Pore size distribution neasure ts fo e sanples In 5 a
th

determned wth rcury por.osietr The sanml: i ned on Dk or
art has w de rarll)agegaoofn pr}é’érag a@?zée i %erlfaﬁ?jjt?noﬁ},)s 157’%%&%%‘%%3%?%04: fﬁ%&t]%y'

Angstrons i n pore_di ter. The.sanpl e .obtain based on this jnventi.on has
Very narrow por & l’?ﬂ?@%eg{IFR”E)Bfal}‘oaﬁ‘%gi(qcéa.he‘g?]g&? glﬁje YRE e@ﬁpalrtiagbas dforf & PR &S

are in the range_of 200 to 800 Angst.rons.. Exanple 7 descr.i bed.i n Exanpl e
| above, 3.10 graz¥%P p’@é{ﬁ%g’éﬁe@ﬁ%‘l%ﬁmv?m@%reﬁ 1544 lgirfe%c{%?%?f@ﬁ?‘%%?ﬁﬁ s
are inpregnated with a m xture of 0.63 gram AL(NNO) 3,9H 0 and 11.5 grans_ of
wat er to obt ai n e appac diglstpnder B fomsy samaler 44 Snyemme s8¢ isgrissonstant ra

constant weight. Two and one-half grams (2.50 grans) of these spheres are

i mpregnat ed wi t Rhellade sgpplpis bl eR/eergtieous 35 wei ght %t et r apr opyl anmoni um
hydr oxi de sol ution and 1.25 grans of an aqueous 3.68 wei ght %NaNC3
solution, giving a nolar oxide ratio of: 33.6 Si2:0.56 A1203:1 TPA, 0:0.22
Na, 0: 108 H, 0 The m xture is placed in a 35 nml stainless steel autoclave with
a 10 m{ Teflon iE¥semieé After 25 hours at 158 degree C. The ZSM5
crystallinity of the product is 25.1% as

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 descnbed in Example ] 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
aqueous 35 weight % tetrapropylammonjum hydroxide solution and 1.25 grams of an
aqueous 3.68 weight % NaNOj solution, giving a molar oxide ratio of:

33.6 S105:0.56 Al205:1 TPA> 0:0.22 Na-,0:108 H20

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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measured by XRD versus the reference sanple. The particle shape and size of
the parent 17 WD 112/32812 PCT/U 5111 /4 993 8 anor phous

framewor k-structure spheres is retained in the product. The tenplate (or
organic directingoagent) is renoved with a tenperature profil Ei’csrflﬁ\wwbﬁ
Exanple 1, Lab sanple 2. Exanple 8 According to the procedure of Exanple 7,
a m)rdenlte is prepared with a solution given a nplar oxide ratio of: 5.94
Si 02: 0. 43 Al203F P DPPEARG Y ONGSIOC G mé@efrﬁéetﬁm%dc iprthe prodipta Jd teTpplate f05 opganic
stainless steel autoclave with 10 n] Teflon insert. After 46 hours at 182
degree C. The ndjeqapd %gén&wﬁnam\wmWte@pewvﬁonr@ﬁlsﬁbcam@cﬁw?ﬁ IXREP saftpiq %
retaining the original norphology. The tenplate is renoved with a

t enper at ure proExdreple8hown in Exanple 1, Lab sanple 2. Numerous

nodi fications and variations of the present invention are possible in |ight
of the above teachi Mysprditeetoethe pegcedure hi Bxdniyge Scoperddnitehe pegppred deth x bt
the invention nmay be practiced otherw se than a particularly described. 18
VWHAT | S CLAI MELxiv&: a molhr oxdgpratdcefs for converting a chem cal, conprising:
effecting said conversion in the presence of a catalyst conprising the
zeolite or nolecul ar si & $i0vi0rg A50,AN9TBRA,@11 NRasts H,02; wherein the AAl
is the ratio of the total ammonia desorbed fromthe zeolite at a
tenmperature above 30ffe hRukr&es fladedlin 330G AainldRSstebedofleamvithe 0 28 0tefbe idtrt.a
tenperature bel ow 300C. 2. The process of claim1l wherein the conversion is

an aromatic al kxkatdeohours & 183MRgRE €C el Mdra&iidichishlIMIST 17394 Rebeel ifog XRD
sel ected fromthe group consi st ng of zeolite beta, MCM 22 and PSH 3. 4.
The process of &had MalniMhBk LBk NBoBRNYSS Sithe Renh Hatb YslleRioSQIW1th & BdntpRfiture profile
shown in Example 1, 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.



5. The process of claim1 wherein the conversion is hydrocracking. 6. The
process of claim1 wherein the conversion is the renoval of nitrogen oxide.
7. The process of claiml wherein the zeolite has pores which have an
average pore dianeter greater than 100 Angstrons. 8. The process of claim!]l
wher ei n thW%’BII&CJJAE@]gBI%ére vol ume greater than 0.7 CH 3/g, 9. The
process of claim1 wherein the zeolite is the zeolite wherein silica and
alumna are present in a silicato alumna nolar ratio of at |east 6:1. 10.
The procesp of &lppdcessXovdoaveting 4 dhemivah borhgrising: sel ected from the group
consisting of beta, TEA-nordenjte, TEA-ZSM 12 MCM 22, PSH- 3, ZSM5, TPA-
ZSM 5, Br etiecng §4d epnverijon, i, tag presenct, of 3 Gafalystnepmprisimg) the Zeglite (i) ecul ar

si eve wher@plaada sbvEhRGRs n ANNGF idest 1.2 WNeddin @fe LA RAIEARIIE of the total _
tetraethyl ammoni um tenpl ati ng agent, the inprovenent COfTPI‘I sing: renoving
sai d t et r SBAYNA APRSTHEd Aomethp Lealifawy adeyeparatyre ahoveSBEr igtthe ©tabpmmenigr eat er

than 550C gudpunieh teodiite NS mphEhR RIS S@ect he removal of the

tetraet hyl ammoni um tenpl ati ng agent, said zeolite or nolecul ar sieve has an
AAl of at least 1.2; wherein the AAl is the ratio of the total ammonia
desorbed fromthe zeolite at a tenperature above NOT to the total ammonia
desorbed fzom tige gRGESsIH claith 1Bwh&BRAhEEsHVRrsRsH 19\on 3R katiclatkyldtis. 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

%gnMs |5$t :3? g%lczf beﬁg pro-(I:-eEsAs‘_o cia%%ra vtvﬁérei-}-ll%ﬁ‘é %e%%tél' %’sei\ég\c/h 2o’m E%hérg’up ZSM 5, TPA-

consisting of zeolite beta, MCM-22 and PSH-3.

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.
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14. The process of claim 12 wherein the heating is in a bed in which heating
Is controlled to prevent a tenperature variation in the bed of nore than
25C fromthe average bed tenperature. 15. The process of claim 14 wherein
the heating rate is less than 10C/ mn. 16. The process of claim 11l wherein
after renoval of the tenplating agent, said zeolite or nolecul ar sieve has
pores whi chlhavi aproasss faggofueing aiealile toe molekculgl siedeewherdihanid pReANgSt r ons.

17. The process of claim1l wherein after renpval of the tenplating agent
said zeol P’t"g‘%ﬁgr rﬁ’BP\é"@uP ra"si%%‘%é%“@%[ﬂ"é“‘\?&%n@m@}a@%e?gep affi€o. 7 cns/ g.

20 improvement comprising;
removing said tetraethylammonium templating agent at a temperature of no greater
than 550°C and under conditions wherein after the removal of the
tetracthylammonium templating agent, said zeolite or molecular sieve has an AAI of
at least 1.2; wherein the AAI is the ratio of the total ammonia desorbed from the

zeolite at a temperature above 300°C to the total ammonia desorbed from the zeolite

at a temperature below 300°C.

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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