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FI ELD OF THE | NVENTI ON This invention relates to a nethod of
preparing crystalline zeolites whereiln the crystalline zeolites are
crystallized in the form of | arge crystals. 10

BACKGROUND OF THE | NVENTI ON Crystalline m croporous nol ecul ar
si eves, both natural and synthetic, such as zeolites, have been

dermnstrat ed to have caf.a yvpes of

hydr ocarbon conversio S XNLE - S EE N > 2| | ne

m croporous nol ecul ar sieves have been used as adsorbents and cat al yst
carriers for various types of hydrocarbon conversi on processes, and

ot her applications. These nol @IEBD OKTEEE INVENTEIONIer ed, porous,
crystalline material having a definite crystalline structure as

det er m nedSby x-ray di ffracti on, within which there are a 20 |arge nunber
of smaller cavitie I G rra be_i.nter connect e urrber Lill
smal | er channel s or égve gn grerates dfs aofm?tﬁ’é’?e of PIRMNe Sﬁa]%&ees
are such as t%e%hlté’s‘."’“ﬂfb%@{rptthe%r9§ta!ﬁh8%bﬁ§e§"’hi’é‘ crystaBS/dir, tH | gns
while rejecting those wth l'arger dinensions. |nterst|t|a spaces
or channel s fdanrgelcipstalee crystalline network 25 enabl e nol ecul ar si eves,

such as crystalline alum nosilicates, to be used as nol ecul ar si eves in
separation processes and catal ysts and catal yst supports in a w de

variety ofjshydrocarbon copygRtK8ROUND 6FETEE INVENTION

Crystalline microporous molecular sieves, both natural and
synthetic, such as zeolites, have been demonstrated to have catalytic
properties for various types of hydrocarbon conversion processes. In

15 addition, the crystalline microporous molecular sieves have been used
as adsorbents and catalyst carriers for various types of hydrocarbon
conversion processes, and other applications. These molecular sieves
are ordered, porous, crystalline material having a definite crystalline
structure as determined by x-ray diffraction, within which there are a

20 large number of smaller cavities which may be interconnected by a
number of still smaller channels or pores. The dimensions of these
channels or pores are such as to allow adsorption of molecules with
certain dimensions while rejecting those with larger dimensions. The
interstitial spaces or channels formed by the crystalline mnetwork

25 enable molecular sieves, such as crystalline aluminosilicates, to be
used as molecular sieves in separation processes and catalysts and
catalyst supports in a wide variety of hydrocarbon conversion

processes.
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2 Zeolites are conprised of a lattice of silica and optionally

al um na conbi ned with exchangeabl e cati on? such as alkali or alkaline
earth nmetal ions. Although the term"zeolfte I ncludes materials
containing silica and optionally aI um' na |t IS recogni zed that the silica

5 and al um na port7Qfig. My .be L epl s 3’”@ ce pq)foé &&d@moggq arjfy

oxi des. For exanpl €, germani um o

and m xtures bhemens cembihedmace ek@l‘i’aﬁgédﬂ@ caeiol 's%chBa%r é’ﬂtﬂi‘bfiﬁlkdﬁﬂ’é‘

oxi de, titanium oxide, galliumoxide, 1ndiumoxide, and m xtures
thereof can repridcanetad tnsni n‘bltboughothe Aevar dzenjites” tiheludesmmakterials

not only ol eCoRiainte SECa A aptiPnAR Al aa ks TooEoRaN It hamlican
atoms in the ﬁhﬂsél@ﬂliﬂhe?bﬁwﬂscﬁxﬁ? bEGk Iaecehh%%ggr such“ai’a? @g{%h @gﬂa&

si eves which contain sul e rep acerre t atons

al um num  suokidesasFosiekampdé, ummaimﬂnhﬁhdé tin( &446) pho@ﬁiﬂorl)%s oxide,
al um nophosphat anALPO The term "aluminosilicate zeolite", as used
herein, shall a xtuges thereof ransrenigce she silica P?r'éﬁns@WQ@nOmd& iron

alumnumato t al:lhin C ructurethe

The catal yti gﬁ)éic P Vi ?y Wﬁ%&btgmpé{s re?Ee Shug, oxF eaCiaBIdt grixggresry, o
substitution themofi et Wephac eHeNhBumuEs ?@rtﬁwm Pec¥tdifghy, ! QH\@rterms
val ence state creates a positive charge deficienc whi ch™can

conpensat & byzeslidat, i 'aao tﬂsh angl Bzdolide ogeterialy, aﬁhvesmi:hdmm, (shaﬂhmean
zeolite can be 9n th ace. of the zeolltsghand al.so withji.n the channel s

of the zeolit&°"H 3°‘B§F§196’fest“r?8t§1é‘&¥’gt o) @nde SPHERaLE N plImiRRI 5
reactions suchtgiis Aar e{d ichydtanmes u&&ideogtnﬁwéé @héi‘e%!febak QRHRl:ﬁl ond

i sonerization, disproportionation, alkylation, and transa P atron 6
aronmatics mysmﬁegmchecbrttwm@umb&e weplacepmartdatoms fer shdm selica aed of

t he nol ecul ar _si eve. Reactant sel ectlwt occur en a fr i on of t he
f eedst ock is "I’](Si"cp"}na‘flﬁe t §UE aﬂter 3% he SHY08ur3nPRResPhalRS | o ( %ﬁé’c@ct 3pd

sel ectivijy o pr & h nn
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used herein, shall mean zeolites consisting essentially of silicon and

aluminum atoms in the crystalline lattice structure thereof.

The catalytic activity of many zeolites relies on their acidity.

20 The substitution of silica with elements such as alumina with a lower
valence state creates a positive charge deficiency, which can be
compensated by a cation such as a hydrogen ion. The acidity of the
zeolite can be on the surface of the zeolite and also within the channels

of the zeolite. Within a pore of the zeolite, hydrocarbon conversion

25 reactions such as paraffin isomerization, olefin skeletal or double bond
isomerization, disproportionation, alkylation, and transalkylation of
aromatics may be governed by constraints imposed by the channel size

of the molecular sieve. Reactant selectivity occurs when a fraction of

the feedstock is too large to enter the pores to react, while product

30 selectivity occurs when some of the products cannot leave the channels.



3 Produc} gl stributions can also be altered by transition state

se| ect i vi t YO 8/16 é9n which certain reactions can not occur beRalVas¥15a48
reaction transition state is too large to formwithin the pores of the
zeolite. Selectivity can also result $romconfiguration constraints on
diffusion where the 5 dinensions of the nol ecul e approach that of the
pore system Non- sel ective reactions on the surface of the nol ecul ar
si eve, such asProduct dettibationsrcanhalssbef altereat by tsansisionf state sebaitivity are

usual | y not . desjrable as such reactions e not igbj ect, to the shape
sel ective 1 Frhich £eptaan repeldeRs 6N 119 eCheqauss b deartiPRJTAREHION t he
channels 10 of t Leve. |.f i uc . ced by
reaction ﬂ‘ att%qtg @J) Zu g@eﬁg% ﬁltgll- {féﬁgeg’oﬁ%gf %@%F?élg&ar%aﬁgﬁgﬂ&i ?‘?g's

undesirable  alscardsGRN frdia Ocslefighiatide doneteahtd Yt - diffusion where #i ge
crystal zeolites are many tines desjrable in hydrocarbon 15 conversion
processes. SThedimensions: ok the yaelerulg gppreachhthat af themone systemhe Nogst al s

have a mass nean dj.aneter .of at_| gast about Il Crons. For exanpl e
| arge crystal ?%FJFW sTEARRPTS. 8B ecith ceog??e{‘ﬂecﬂ}rgﬁeﬁ}ﬂar SI%VLﬁ’fﬁ‘&‘gPa"?sea
whi ch can redugg,dfith@HRURhe O5urfaaetd@aSsithd Gf ﬂ?é(ezeolite,plai‘éeu%aﬂ€gn€6;ter

surface of the zeolite. Furthernore, large crystal 20 Zeolites ha nger
di f f usi on pat hdesirgbles ashisubh cerachienssere trotnmsdbjegt to theasldgys iselective
reactions. For instance, with respﬁct to ipternedi ate pqre size

zeol i tes such GOHTRIISIIRRASEd: QN thpse e LN PHITIE BAlInathe chanpgls
change t he,sel gety, yi t Al ; ' §

conver si only odo il hleBidr Befs! M, 0BFld prodE ool n R L B
par axyl ene andwitie thekstrfheoacal sieo whittheszeolite tdre wiianyr tpyst ndatirable

of toluene to paraxylene, increasing the size of the zeolite crystal to

| engt hen t he drPArgtoalspAdenctiyate the eat@dysdel ectivity for the desired
product. Wth respect to disproportionation of toluene to paraxyl ene,

the selectivity occurs because an increase in the diffusion constraints is

30 inposed on the higribairystall @uelitel hidl o8y @ivhE8 desiidblR iR B&rbon WO
98/ 16469 PCT/ US97/ 18948
4 i sober scomvension puecessesh e Theoktam (lange trysteteis wertkhereindtd meagases
‘the crystals have a mass mean diameter of at least about 2 microns.
‘For example, large crystal zeolites have less specific outer crystal
surface area which can reduce the amount of reactions which take
place on the outer surface of the zeolite. Furthermore, large crystal
20 .zeolites have longer diffusion path lengths which can be used to modify
catalytic reactions. For instance, with respect to intermediate pore size
zeolites such as a MFI structure type, increasing the crystal size can
change the selectivity of the catalyst when it is used in hydrocarbon
conversion processes such as the disproportionation of toluene to
25 paraxylene and the alkylation of aromatics. In the disproportionation
of toluene to paraxylene, increasing the size of the zeolite crystal to
lengthen the diffusion path can increase selectivity for the desired
product. With respect to disproportionation of toluene to paraxylene,
the selectivity occurs because an increase in the diffusion constraints is

30 imposed on the bulkier, slower diffusing ortho- and meta-xylene



the yi el d wb os/baaspar axyl ene i soner. Zeol ite cryetmishbi&etd on is
commonly conducted in large autoclaves 5 and frequently requires many

hours for conpletion. In order to i ncrease the rate of formation of the
zeolite crystals, the zeolite synt hests mixture is agitated to increase
mass transfer and thereby decrease the anount of tine to conplete

crystallization of th ol i C hou Itation the zeolite
synt hesi s ni xtlﬁ(?lge¥%a‘§98§ eﬁgci% thﬁrﬂ%aflgfd?n q%lrﬁi‘ qﬁ‘l}ﬂg}"%la@dt Hereagis t e
crystallizatiqRe 26Kl éfith é}tag@;sénce isomepl 0Cesses in which agitation is used
t hroughout the entire synthe5| time can produce unacceptabl e amounts

of small crystal zeoI I tes. Thus, the conbi ned obj ective of

manuf acturing | arg yst al olite . t hout Vi n conduct t he

manuf act ur e over BF&H‘?&W@Y&’\? c%’é‘inioégé ‘eqﬁa 1113 Wplaves

irreconcil t 0 p e
fggrgny rg.fle% %Flﬁfés Fmé’ﬁ hours ?&C ec% etmn In orfla1: K

present I nvent I on rocess prepari

zeol i tes whi clinengiseoties ﬁteabflfeamtatmnt iofatles ztelaht@b@grgtaag tﬂ@sﬁéblbﬂ;d
pr obl ens. SUMVARY OF THE | NVENTI ON

accor dance w ﬁ@th@lprmmellﬁtha@d ta leereabe masy itvansfer 261 thexshy for
reparing | ar zeolites, ,.The roce es. .t he

ﬁea!tO i ng gn aq%ﬁ?ﬂ%"y @W fraunt, ?fegl H?)?P{?Ip ett?nffgéiﬁl&?flg‘f’?o# the ze&?’rg

tenperature egyaiiale Mtﬂ:ﬁ%ht héﬁambﬂeth%fie%ﬁtté $on i MixPire redﬁ@e@pﬁ{eat ure

of the synt he5|s m xture er this step, the aqueous synt hesi s

m xt ur e i 90heanecunhof timetscomplat thglzieahte)ur}tsd)alhza&ont eaq:ieireasmtheemjal to
or greater than the effec |\i1e nucl eat i on WO 98/ 164

PCT/ US97/ 1894®rocesses in which agitation is used throughout t entlre synthesis

time can produce unacceptable amounts of small crystal zeolites.
Thus, the combined objective of manufacturing large crystal zeolite
without having to conduct the manufacture .over unacceptably long
15 periods of time is somewhat irreconcilable in many of the prior art

processes.

The present invention provides a process of preparing large
crystal zeolites which overcomes or at least mitigates the above

20  described problems.
SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided a

25 process for preparing large crystal zeolites. The process comprises the
step of heating an aqueous zeolite synthesis mixture under agitation to

a temperature equal to or less than the effective nucleation
temperature of the synthesis mixture. After this step, the aqueous
synthesis mixture is heated in the absence of agitation to a

30 temperature equal to or greater than the effective nucleation



tenperature of the aqueous zeolite synthesis m xture. As used in the
speci fi cat WA3HE9%) ai ns, the term "effective nucleation temBETAISIV/Eso48
nmeans the tenperature at which continued stirring of the heated )
zeolite synthesis m xture would result in significant decrease of the 5
mass nean crystal dianeter of the product zeolite crystals, e.g., a
reduction of the mass nean crystal dianmeter of the product crystals of

15 percent or gesgieratufy of theahbueoudeeslilecsheth ebpakfine. eAkousdd b the
the synthesis mixture is heated with stirring will result in a reduction
of the mass neawecdigation gndnelaimsothe Hexmy crffeative packaadiosr tewperatune” 10

10 percent, nore preferably |less thap 5 rcent.. _ TAI LED
DESCRI PTI ON OF ?@éN?‘?’\éﬁeramm at Wh&%Tﬁ@_fi?‘é‘ceéls stigring, of pﬁbé‘sDE’_rﬁate‘lf
i nvention for plLgR# 's@'ﬂtﬁé’éig%%gt‘ﬁ%a\}vo&ﬁl réfat i ihe sipneh NP Dec IR b eRet he

foll ow ng steps: form ng an aqueous reaction m xture

cont ai ni ng sourmess mean crystal diametsir af thevarahtctnetaditeomiyddalsychgasa
alumina or galliag, sili al ka] i al cations,
optionally fr orﬁeguf’ﬁoﬁk?gﬁpefﬁaﬁ%mn syystal dlameler éFé}?eP’&‘@iﬂ“é%@%%? Pt al s
based on the i t [ ] .
optionally a gﬁr%@tgf%élta%ﬁ%@g{" Pheferably, E}be) Sdeﬁg%dt :Eén%lb'%! Jﬁ%tl%ggté)oﬂvsh ich
reaction mixt urthewytthesigirhbitude idhdated with stirring will resulsuhfa eegnétién e
to a tenperature no greater than the 25 ef fective _nucl eation
tenperature of oftheaassmean gexstahdiameter of the produgticrystads of less than heat

transfer tqQ.th ueous reacti ] Xxture to achieve a nore
uni form teﬁ’Ber 3103? cleﬂé’tlﬁgre pr&@rably less than g(ﬂ%SﬁéQ'r eaction m xture; and
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6 (c) heating the aqueous reaction mxture of step (b) in
t he DETAILED DESCRIPTION OF THE INVENTION

The process of the present invention for preparing large crystal

15  zeolite preferably comprises the following steps:

(@) forming an agueous reaction mixture containing sources
of a trivalent metal oxide such as alumina or gallia, silica,
alkali metal cations, optionally from 0 to about 10 weight

20 . percent seed crystals based on the weight of the reaction
mixture and, optionally a directing agent;

() heating the aqueous reaction mixture under agitation and

for sufficient time to a temperature no greater than the

25 - effective nucleation temperature of the aqueous reaction
mixture to effect heat transfer to the aqueous reaction

mixture to achieve a more uniform temperature in the

agueous reaction mixture; and



absence of wangs/feaes her agitation to a tenperature equal to peyusorsiseds

or greater than the effective nucleation tenperature of the

aqueous reaction mxture and for sufficient time to result 5 .
in the production of |large zeolite crystal g, Zeolites that
can be produced by the process of the present I nvention can be any of

t he naturall occurr tic cr stal zeolites l e
of these zeol>/| tes i ude ‘?%%Sr% TUEONS f%as‘:tmnlﬁnlxﬁ‘fl@r dten e(bbépetr@i
zeolites, and small pore #pghté 8¢ an}RthASHitdBon }:0 a teﬂﬁpex%x%fe{/\?hﬁg %EI or

are described in "Atlas of Zeolite Structure Types
D. H Oson and Ch. Baer laxgreatertihzeyther effﬁ:tw& hucleatmE(iempm'atll@@E thdhi ch

i s hereby incorporated by reference. A large pore zeolite generally
has a pore size of at Iea?&ue&b‘étﬁea?uﬂpa'ﬂﬁ‘t}’-ﬁ%Ia@de@rLsﬂiﬁCIEQt tuae, toMeBulivVEl |

FAU, EN_rI' GQFF, *BEA, and; p{@ %ﬂoﬂ%ﬁg)ﬁ otfxgzege zeohté%?l | t S _(I UPAC Corrm Ssi on

of Zeolite Nonmencl ature). olites, which
correspond to a structure type |listed above, i ncl ude mazzite,
offretite, zeolite L, VPI-5 zeolite Y, zeolite X, onega, Beta, ZSM 3,
ZSM 4, ZSM 18, zSM Zgoli m@ha cand berpreduced by thmmrom afetlm)rpeesemhe

zeolite gener & sl ze.d rom abgut 5A ahout 7A a
i ncl udesg f or a{eé‘ée&?én %ﬁﬁ% FWa&kﬁfwunmg mﬁlﬁ%n 1C CIXSES U,
FER, and TON Siédliﬂeﬂfe Ekﬁﬁlﬂ@@' bt ahebd UnAffites mcfe&éﬂpﬁ BI'e Z&%@Eﬁ

Nonencl ature). Exanples of internedi ate pore Sl ze z tes
correspondl® o mtgt‘mﬂdmmep@l;ep@ze |zsohtdasalandesmaﬂqialwlezeﬁh'tes28'ﬂ?hése 2&blifes,

ZSM 22, ZSM 23 SM- 35 ZSN 4 SM 50, ZSM 57,

silicalite, anégx &5F§ 4Egpes axe gﬁ%FEMétg%S Qgglepﬁ Str“Ctﬁa%'l}é’PG@
f b 5. d d

BRC KF fe@”é%ﬁﬁ“f%ia Mlerp IDLEL ;dB%S?’?e 3h O Bhrlgthe BlfigTer, Roupshel

Zeol i t e NonencEditiom) 1996 awhicksischerehbs incpyarat@bbitreferdfice. n@llﬁig ?ﬁr@
4

SAPO- 34, SAPO- 35,. 7ZK- 14, aﬁAPO 42, ZK-21, ZK-22, ZK- WO 98/ 1
PCT/ US97/ 1894g2€olite gener has a pore size of at least about 7 Aand includgs LAH.,20,

zeolite A jserigprt a1AgNaleR tFAUZ 99T o, 98N 481 MO shhicture typed

clinoptilolite.
zeolites (UPAC Commission of Zeolite Nomenclature). Examples of

large pore zeolites, which correspond to a structure type listed above,
include mazzite, offretite, zeolite L, VPI-5, zeolite Y, zeolite X, omega,
Beta, ZSM-3, ZSM-4, ZSM-18, ZSM-20, SAPO-37 and MCM-22. A
20 intermediate pore size zeolite generally has a pore size from about 54
to about 7A and includes, for example, MFI, MEL, MTW, EUO, MTT,
MFS, AEL, AFO, HEU, FER, and TON structure type zeolites (IUPAC
Commission of Zeolite Nomenclature). Examples of intermediate pore
size zeolites, which correspond to a structure type listed above, include
25 ZSM-5, ZSM-12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48,
ZSM-50, ZSM-57, silicalite, and silicalite 2. A small pore size zeolite
has a pore size from about 34 to about 5.0A and includes, for example,
CHA, ERI, KFI, LEV, and LTA structure type zeolitess JUPAC
Commission of Zeolite Nomenclature). Examples of small pore zeolites
30 include ZK-4, SAPO-34, SAPO-35, ZK-14, SAPO-42, ZK-21, ZK-22, ZK-



In general, the chem cal fornula of anhydrous crystalline 5
met al | osi | WOSBA648| i tes expressed in terms of noles my be PSEAUSSEAIAS

by the fornula: Merr]/[err]O:Werr]Jerr]:ZSiJerr], wherein Mis sel ected

fromthe group consi sting of hydrogeny hydrogen precursors,

nonoval ent, dival ent and trivalent cations and m xtures thereof; nis
the val ence of the cation and Z is a nunber of at least 2, preferably
at | east 3, sabdZ¥xR0e zbelityg Al @riordeyaddynziten @rolibe Th arehilinitey ATRE@- 10,
zeolite, and Wis a netal_in the anionic framework structure of the
zeolite such agngiGhRank hﬁ%tl l'ium boron, iron, or titanium
Preferably, the zeolite is a crystalline alum nosilicate zeolite or a
crystalline galliumsilicate zeolite. 15 The zeolite crystals
such as crystals hathngeaerdl| tisd I tléical formu¥PeoP DEFBDuBY cristalhREessS
of the present invention will preferably have a mass nean di aneter of

from about B t medbBosilivatezeelites expressed in hermes pf sidesnay beireprémended
mass nmean di angt from t t Qe about .6 .m crons. , Most
preferably, a”ﬁggix@?@m%ﬁ%@ﬁ@;;g?fgszzﬁl%g heyem Q’St‘%lﬁéeﬁ?qq fromy, the, grop o

t han about 5% Esqgt;ggsdl? | t t L .CHON
di aneter. E6n <t roce grgé’sB? gﬂ) e@eplﬁ’?cr}leﬁ%%Illﬁ'lt)go‘%:;rﬂgé%’a@%g’ll ézl%tr%frf%
known to perisalwtsedtiored and mhietwares. thereof;imds aheevalenystofl thel estiomy be
25 determned directly by taking a suitabl flnni ng el ectron mcroscope

( ﬁavp pi ctur ef andZ e grrambexiaf k&ﬁbﬂepaﬁfeqralﬁ Y ableast 31spdd Madue being
T i L. . .
® commer cltal . Gepeny e 8o LETAY i ar e £7Rehhf TR WP 1 W nftal in h0°C

in conmer ci al ure, “ds

preparation of ahftthis Frdmesiorketitstife of the\Weolité 50¢B%s aluminum, gallium,
PCT/ US97/ 18948 _
boron, iron, or titanium. Preferably, the zeolite is a crystalline

aluminosilicate zeolite or a crystalline gallium silicate zeolite.

15 The zeolite crystals such as crystals having an MFI structure
type produced by the process of the present invention will preferably
have a mass mean diameter of from about 3 to about 10 microns and,
morxe preferably, will have a mass mean diameter of from about 3 to
about 6 microns. Most preferably, a representative sample of the

20 crystals will have no more than about 5% on a mass basis of zeolite

crystals less than 1 micron diameter.

Procedures to determine zeolite crystal size are known to
persons skilled in the art. For instance, crystal size may be
25 determined directly by taking a suitable scanning electron microscope

(SEM) picture of a representative sample of the zeolite crystals.

The sources of the various elements of the zeolite may be any of
those in commercial use or described in the literature, as may the

30 preparation of the synthesis mixture.



For exanpwe9sutsesource of silicon nay be a silicate, e.d.,pcmuserisoal kali
netal silicate, a tetraal kyl orthosilicate, a precipitated silica, or
pref erably an aqueous col | oi dal suspensigp of silica, for exanple one -5

sold by E.I. du Pont de Nenours under the trade nane Ludox.
When the zeolite is an alumnosilicate zeolite, the source of al um num
I's preferably hydrated al um na dissolved in an al kal i ne sol ution.

Q her al um num sources include, for exanple, alumnum10 netal, a

wat er - sol ubl e al unFatirexsatyle, ¢he. sowlesefilcod! Bt e @ sitate, e.gdl kaxi de,
e.g., alum num i sopropoxide. Optionally a directing agent,

such as an org&alicmstal aidicgsei & tetraabigiputhositisatei mprecinitated sHicapxorgen,
sul fur, or phos horb us may be 15 in%roduced L.ntothe sypthesis in'xture in
ei ther powderP¥%f T Y Aeous ¢ Hl_.% 5SS M Gh %ﬁlﬁﬁaﬁ PPRATPIR AT The
cation may al sy B.I, duPERIYS Ribn s n d& tAPfra@eMarh T dfx, hydr oxi de and

salt, e.g., a hal i de. The agent used w || depend on the zeolite
prepared by the process. 20 The order of m xing of the
ingredients is not_essential an

d wil de e,,dlargeiﬁ/o the zeolite
bei ng prepared. FoP g1 taf ceeolitgels an &g $12‘Cﬁ$%<t2@|9_ Q}agh%es_%‘rré%a?fed by
di ssol ving thﬁu‘?ﬂfﬂﬂr{f”@ f)gl?‘fegﬁlélg hg:dP??é?l ARIHE 8&%3{\%?1 59! M ARafRd then

adding this to a mxture ca source’in wa
Equi pment  usesbltifiof! eGbert dlemgenimt sowicystiathudy, fdteeirapbit alumirwpwent i on

are known to persons skilled in the art. For exanple, zeolites can be
conmmer ci ald y metdasewabsr-saluhle phvginam saltagds, alimmso sWahate,udr avi ent
agitation to nmogeni ze the zeolite reaction mxture WO 98/ 16469
PCT/ US97/ 189 4%?comcﬁee, e.g":‘t, afummum 1sopr0pox1cie. 9

Optionally a directing agent, such as an organic or inorganic
compound containing nitrogen, oxygen, sulfur, or phosphorous may be
15 introduced into the synthesis mixture in either powder form or as an
aqueous solution which is preferred. The cation may also be
introduced in the form of a mixture of hydroxide and salt, e.g., a
halide. The agent used will depend on the zeolite prepared by the
ProCess.
20
The order of mixing of the ingredients is not essential and will
depend largely on the zeolite being prepared. For instance, the
synthesis mixture can be prepared by dissolving the aluminum source
in an agueous caustic solution and then adding this to a mixture of a

25 silica source in water.

Equipment used to prepare the zeolite crystals of the present
invention are known to persons skilled in the art. For example,
zeolites can be commercially prepared by using large autoclaves which

30 have sufficient agitation to homogenize the zeolite reaction mixture



during heat up until the effecti've nucleation tenperature of the

m.xt ure iswgt?ﬁfllg‘fﬁé’d. In general, stirring can be continued tFHH§O7/18948
tenperature bel ow the effective nucleation tenperature with little or

no i npact on product zeolite crystal size.g However, if stirringis 5
continued above the effective nucleation tenperature, the product

zeolite crystal size will decrease. Stirring to progressively higher

t enper at ures afavieg sl hpctuntd thel effedtive treugleativnr eemperpruabonfethe
stirring at a tenperature_above the effective nucleation tenperature,

will lead to pronvuesis @oRievadyerin gepessle sStiming tanobepeentaned el iany 10

crystal. The effective_nycheation f t hesi s, m.xture
wi |l depend on efﬁ%e%%:%?j;h etlcl?‘%ndho e#ﬁé{}?\g’gﬁ%ﬁee%tgonm%%gr@é& e tlhnnhltﬂF e
will be governgg ﬁﬁmg_hae ohe PrbdgctPd ebslited cOPRAE izdV t Mdv@@s&@CtifFﬁiiﬂﬁg is
preparation of an | type zeolite (e.g., ZSM5), the synthe5|s m xture
i s preferabl y ¢mstindedi aboegithat effactiveviwddatign aterngeratudeyithe whodwctls
will nove the mxture in turbulent fashion,such aﬁboccurs Wi

h a.
pitch bl ade t(AeAHE RreRl s TR | TRBONE; Ty BIGETRSYRY Bighatoun
to one skilledd %’&tkﬂo | t
synthesis m x'(tj‘c u(:'lrﬂélp %%%Q%%gsgg(? '?H (e)]‘fe ﬂ[%hg¥§‘31{uocg aver?f% %ﬂgﬁéﬁgf ; B?I?érolonged
pur pose of thestigiihgtatoa temparatsss abobhedhe teffortiver ntudettienstampesitarg0
m xture in a uniform_nnanner, but eiggédegr e of agitation should be |l ow
enough to ni ni Wikdeadet Dragrpssly I ARETCHeS ANt Wéesgfﬁ?ﬁ@%‘ﬂ%ﬁ zeolite

be moasur o asooRbAs pEBg e etiven e RatET deneF ot S o ARRl fbxture ©2"
synt hesi s i xt i ddpepdsie e colipsetieh by théeyhtitesis agiktarowidchan! wgs 25
t han about 5 neters per second t(hM s) .and nore preferablyénl ess than

§f tichae

about 3.5 M s.wilhebe igovemsesyb oliitec beingn prerarede herespept i theg
the t t distri ti f th hesi I t h

"1 it ur e vi SEH et o AT P PERTENRET A8MT S, SRS s

about 1-2.0 Mg phfefisailyWddtbd avitANBEtation @roviaedabp ut mifio gt &eﬁ@lé’llﬁrhicﬁo

120[err]Cis reached, and then the tip speed is increased gradually as heat
WO 98/ 16468  will move the mixture in a turbulent fashion such as ogumsUSHl 83948

10 up conti.nu ntil, the nucleation tenperature is,reached.  Mst
oref erabl y. ¢ hePHHERi RIS ((BrRBEeFREr ap (ihes. BIogS of IBUTQIRRRg; apuagen

about 130 to appmlRPbRE skianth TRE tarbsh YA 18FANABRYs BubfdiRBAMe

synthesis mixture from one part of the autoclave to another. The

purpose of the agitation is to assist heat transfer to the synthesis
20 mixture in a uniform manner, but the degree of agitation should be low
enough to minimize shear-induced seed formation in the synthesis
mixture. When a turbine mixer is employed, the degree of agitation
can be measured as the speed at which the blade tip moves through the
synthesis mixture (tip speed). Preferably the tip speed should be less
25 than about 5 meters per second (M/s) and more preferably less than
about 3.5 M/s. The tip speed of the mixer can also be varied depending
on the temperature distribution of the synthesis mixture and changes
in mixture viscosity during heat up. Preferably a constant tip speed of

about 1-2.0 M/s is used until a temperature from about 100 to about

30 120°C is reached, and then the tip speed is increased gradually as heat



3.5 Ms atwwpdsgagper ature from about 140 to about 150[err]C. E{)ﬁn ' 5
required for heat up of the reaction m xture should be as faPs agsd7H§948

practical to mnimze the anount of tine the synthesis mxture is -
agitated to reduce shear induced seeding. ¥he time during which
stirring occurs at tenperatures above 130[err]C is preferably | ess than

about 6 hours and nor.e prefer.ably | ess than 3 hours. After the 10

synt hesi s ni xt HPeCP’ééE‘H§§ ?ﬂgeﬁee&qci%afﬁ%lf@é‘iﬁ’%t?%ﬁérﬁ%%d-t h&ost
agitationis s (Wals ts ey can I t
occur after thié?g?g%blf agliltltag%lﬁg# %ﬁtﬁg 15%&392?2\@43 éf}oa g&g S%é)e{%gaf?ty.
The tenper at ur eboat 180sto dsouwtal 50°40 aad alost heeferAbBr Alowi &boadched about When
agitation was stopped. The synthesis m xture can also be 15 allowed to

cool after theSayM/atatba tempgrabpesifrapytabiont MO tetaheututs0°C. Theypime

lites, pref i i nt ai ned b b
1301 er 1 C Bha Lired B HERSETRE Bet BBl BBFR:d SORIE Mk B asn be
confirmed by ppesatiales kiawmizd) thheambhingUhtidge BheXsyithedf! %%étﬁ?eng

crystal presence greater than any seed |evel._ Changes 1n synthesis
m xt ure vi scosagifatad itagredase shearamduced beedingd tTheldimendurigt kéich

onset of crystal.li.zation. The, effective nucl eatj tenpefatuyre.will. be a
function of thSUTyBE SHOUss Al tAMBERATTS BBSYe AING i pretfrahiidess than
expressed as a t [ € qS '
telrorperature, bﬁ%&vg\%)ﬁ%tggggral %Bgébﬁggg%fggﬁgggﬁ qglﬁ e3r ??E%i%dgg%égﬂﬁﬂ%

150[ err] C foor $frithegize nrisbiie esactesr tiSMffectivbenatlieatiohvternpéetfare Ofhe

tenmperature will,  usually be i %he Jange of from about 130 to about
150[ err] C. Th%glttﬁﬁenﬂé&mm&di-f pating qithergarhion mixtursean berallewed to

conditions w | r rb,gi? | YRt u 8

hours. Mbore pr{)a%c\g?% ey t eété?%‘? a?iz%gltlon Wﬁeﬂdﬁg%ﬁﬁcﬁgﬁg%%gﬁt&ﬁéqo and
about 36 hour sTh@hengreratwtd camtalen bei mRiniindd sthabtdmpehtiye reachedO

98/ 16469 PCT/ US97/ 18948

met hods known Wheflhég%ﬁatﬁ_%&?saﬁ?i&?@arrpﬂ‘hﬁgSm@qséﬁaéﬂi?@ﬁr% sanuralsat be
varous, L5 Q'] B0 M0t B A A0 bR ) e
facilitated iftypeezdotines, prefedably tke aeshiper ikl i¥ 8 AMaLHSOPbEfwERRRBYLE 5
0.05 ppmto about 10.0 percent oseeds of zeolite based on the weight the
130°C and about 150 C. The effective nucleation temperature can be
confirmed by procedures known in the art such as by x-ray detection of
crystal presence greater than any seed level. Changes in synthesis
20 mixture viscosity during heat up can also be used to determined the
onset of crystallization. The effective nucleation temperature will be a
function of the type of zeolite being prepared and may often be
expressed as a temperature range rather than a single sharply defined
temperature, but will generally be between about 120°C and about
25  150°C for MFI type zeolites. For ZSM-5, the effective nucleation
temperature will usually be in the range of from about 130 to about
150°C. The time required for the crystallization under static
conditions will vary, but is preferably between about 4 and about 48
hours. More preferably the crystallization time is between about 12
30 and about 36 hours. The crystallization time can be established by



synt hesi s %t %g‘nghe use of seeds to control zeolite crystallite size is
di scl osed i WO 1€ Pt ent 5,672,331, which is hereby i ncor pormtEUsdN8948
ref erence. Seeds can be added to control the mass nmean crystallite

di aneter. Even though the seed | evel can gijyve crystal dianeters 10
within certain particular ranges, large crystals nmay not be achi evable

by reducing seeding | evel w thout enploying the present invention.

Stirring can afrhettodshenawnuntthef agargh 4By sﬁh?plﬂ?f?%@’@@&c 2@2@81@ at

the effective nuc|eation tenperature and preferably e see
from about 0. 0¥asHH% §imedAnd detowminiagdtherdelt eiat abtay forpsAhay bF
0. 0001 to abou 0 LOYRY Wign the zeolite prepared by the
process of thetpirgc\:/lg%%‘ril %%h%in The cPHP"é’fln‘Bﬁi%FP uphr@ystallite esize t ean the
i ntermedi at e pdaclishted e che YeaMidh mi enedisl Oy i a Lconpositjon
having the foll owi ng nmolar 20 el atlf%xr’lcgﬁlgp: Bon¥1§ b A8ed £ about
X[ err] err§: (R)0&ppm to about 10.0npercent séedsopzdalits dJaeBH ol ﬁ{@%z%ﬁﬁjﬁfb as
e

al um num galliu zi.nc,. 25 iron, and/or boron, Y is a tetraval ent enent
such as sili coﬁ,’rpf}??ﬁls nhxg“%ﬁ'nd&ﬁ? ‘@@r%ﬁ?ﬁdﬁ]m&ﬁutml lzaslite oxpistiallijeedzeis t han

10, iy f tg2 20.000 |1y from50 t
2,000, sai 4 vargeiosed BYLY S¥hattnt 8372 880 Atk HePu cpmtateddur 1o

and the trival laeﬂerex_lce. Serdsntarpbesgdded ot ttZA0HHL %aééhﬁ{b%rp%ryst e
internedi ate pQre size zeolite 30, is an alumnosilicate zeolite, the

silicato alu Rti%e rBivem thomgh the\spedsledlogan give crystal diameters

PCT/ US97/ 18948..,:41.: . 3 12 typi [ 1
be from 10?03 t‘gl%otbe:rﬁml particular ranges, Jarge crystaly may pet @@e%phig\%g]f%or Y

aci d cat al yzedby ereluicns ,sefetin s 1vel awh i ok Us abi.9s ol | ,
usual |y be from.about 20 to 200. When the ié\%ng?or%g%gtt}{ee %ggséenstl vention.
zeolite is a galrring ean pffacttheamouat oftseedathanat® usid iviiterdbfelAlgv@ Wi | |

5 typically bgd 80800 Y d%tiSn %gl%perature and preferably the seed level is

from about 0.05 ppm to about 0.1 wt.% and more preferably from about
15 0.0001 to about 0.05 wt.%.

When the zeolite prepared by the process of the invention is an
intermediate pore size zeolite, the intermediate pore size zeolite will

generally comprise a composition having the following molar
20  relationship:

X203:(n)YOs,,

wherein X is a trivalent element, such as aluminum, gallium, zinc,
25 iron, and/or boron, Y is a tetravalent element such as silicon, tin,
and/or germanium; and n has a value greater than 10, usually from
about 20 to less than 20,000, more usually from 50 to 2,000, said value
being dependent upon the particular type of zeolite and the trivalent
element present in the zeolite. When the inter'mediate pore size zeolite

30 is an aluminosilicate zeolite, the silica to alumina mole ratio will



The proceswoos/1§468 present invention has particul ar appli cateicanser/ise4gn t he
preparation of MFI type zeolites such as ZSM5. ZSM5 is di sclosed in
U S. Patent 3,702,886, which is hereby inggrporat ed by 10 reference.

When a MFI type aluminosilicate zeolite is“prepared by the process of
the present invention, the reaction m xture preferably has a

composi ti on. - exRLeate el Aoheifm B 1508, ¥ IR aRim et 30 ofifh L Rba 1S
al[ d e]r E)]’ /S A'q[ erfo]lrdaﬁrdr ]catalgﬁgd reactions, the silica &8 zilﬂnﬁﬁao%le ratio will
err igerr
OH/Sigerr] usually be frod ahmﬂ 20 to 200. Wher0 the md)elﬁnleate pore size
(HRISIigerr] 51t0,1.0
(1)Ris directfaitadarm ? el éﬁm&%meah&v&bs g 8 sHigaomole rapior Willen,
sul fur, oxwge 2041 r Ut S ng i norganic and organic
corrpounds % rbyp SDBQ%P%B cgrrpl eoﬁ?((ﬁ)t?] of crystallization of the zeolite,
t he product crystals are separated fromthe reaction m xture by, for
exanpl e, cooling and filtering, and water vvashed and dried at a
tenperature of bpinxecess pf éhﬁramémntzla{vgmom basmssticpbo] épﬁljl@tlmd

nor e preferabl 80[err Olerr}cC.
PCT/ 897/ 189487 the"Biepariliof H‘_ﬁ“? | “feotitds lchCas 145M- 30 RMY'E The
crystal s prepadigelod¥dtine U.8s tRdtent B/902,880, Giicheisl Ref@ incorporated by

10 reference.

When a MFI type aluminosilicate zeolite is prepared by the
process of the present invention, the reaction mixture preferably has a

composition, expressed in terms of mole ratios of oxides, as follows:

15
tan Moz .referred
S102:A1203 >50 70 to 20, 000
H20/8i0: 10 to 100 15 to 50
OH/Si02 0.01t0 0.5 0.01t00.2
MR/SiO: 0.001 to 2.0 0.05 to 1.0
MR is directing agent selected from a group consisting of
nitrogen, sulfur, oxygen, and phosphoious containing inorganic and
6rganic compounds.
20 |
Upon completion of crystallization of the zeolite, the product
crystals are separated from the reaction mixture by, for example,
cooling and filtering, and water washed and dried at a temperature of
typically from about 25° to about 250°C, and more preferably from
25  80°C to about 120°C.




into a wwde variety of forns. CGenerally speaking, the particles can be

in the for'WP8¥1%%Bowder, a granule, or a nolded product, sucPCHYSHHI84S
extrudate having particle size sufficient to pass through a 2 nesh
(Tyler) screen and be retained on a 400 nggh (Tyler) screen. In cases
where the catalyst is nolded, such as by extrusion, the crystals can be
extruded before drying or partially dried and then extruded or the
crystals can be calcined to renove organic tenplate and then extruded. 10
In the case of nmany catalysts, it is desirable that crystalline

zeol ites prepared BUhe laystade @yespated hy thedastantnizerention san be formed

I ncorporated with binder materi.al resistant .o the te rature. and

ot her conditi ¢R5° &Pt %/é(aniehv 8?33%15' COrR yoﬁp%%@gggﬁg_pargg}:% 920 hei nger
material s incl Y &ifl £ vowddRt W CQUrgi S wel |
as inorganic %@%a S suc pas cl ay, g‘éalh}/?l%é gaéné?glr&#ebﬁg oxi 3g§h as a 1pe
| atter maysbe exitiwdatenhawvimg Iparticbeirsizegudficientt tve pfags nthrbugh a @ehiishnous
precipitates or ?el s including m xtures of silica_and_netal oxi des.

Nat ural |y occdlviern) seregps apfli Rehret@ingd amoapt) mashn(lernscreen. daorases

i ncl ude those of _th idlonjte and, kaolin fam.lies, which

famlies incl J@%e{%gxegg#agg#tlgnlﬁp %adseda%&mPh% bgo%%tﬁ%&%hﬁh% ngﬁiﬁ]cﬁ/\ﬁan be as
Di xi e, MNaneexGaedal beforb Qrpingdarch@teally RisBrand thehi ebtrlded or thRi N
m neral constituent is halloysite, kaolinite, dickite, nacrite or
anauxite. Suclrystajs canbemalcived torremayver cxganiatempiaterany then gxtiuded. 25
or initially subjected to calcination, acid, treatnent or chem cal

modi fi cat i'Bn. In addition to the foregoing materials, the

zeolites as prepar €y the d¥ReCHm .y%tlﬁlywﬁsittﬁsdl&%ﬁabfe RBGP USyIBiting

material, such as 30 alumna, sili‘ca-alumna, silica-nmagnesia,

si i ca-zi r conizaplitéd i prepadredi by the \or@@s$6469 the present invention be
PCT/ US97/ 18948 . . . . 14

si |i ca-beryl | ABCotnpgated with hinder materigl nesistant tathe tempssatysnandsych

o ) 0 YNGR e LGRS Bt SO B Ragli St
conposi t edswi bindephidtecialmirlide synthetis of matarally braurbigsubstanves el
well as inorganic materials such as clay, silica, and/or metal oxides.

"The latter may be either naturally occurring or in the form of

:gelatinous precipitates or gels including mixtures of silica and metal

oxides. Naturally occurring clays which can be composited with the

20 .zeolite include those of the montmorillonite and kaolin families, which

.fami.]ies include the sub-bentonites and the kaolins commonly known

as Dixie, McNamee-Georgia and Florida clays or others in which the

main mineral constituent is halloysite, kaolinite, dickite, nacrite or

anauxite. Such clays can be used in the raw state as originally mined

25 or initially subjected to calcination, acid, treatment or chemical

modification.’

In addition to the foregoing materials, the zeolites as prepared
herein may be composited with a porous matrix material, such as

30 alumina, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria,



5 are dveskasd in PCT Publication 96/16004, which i SpdeuEdMsods

I ncorporated by reference. The relative proportions of zeolite
conmponent and bi nder material wll ﬁlry widely with the zeolite
content ranging from 10 bet ween about to about 99 percent by weight,

nore preferably in the range of about 10 to about 70 percent by wei ght
of zeolite conpanegnt. . nd.stj.ll nore preferably from about 20 to about
50 percent . srmca?bery llia, allh(gsg'é‘:@i'ﬁk%gaptaép‘g?@(fsb s yﬁ?@@é@g‘?ﬂs’ﬁ’é’%
present invenjd onsiliga-dMB¥niAQ-fHérider siltdh-SRaaioetcahiL! SAiG-9RIhML L O
renove organic tenplate as is known in the art either to replace at

| east in partmageesia amdisjlicaimaghesin-zietomiapr e¥hat zeolitethenapohlsoe bai th a
different cation,

e.g, . .Goup IBto VIII Periodi¢ Table netal. such as
ni ckel , coppefomBosited with nghrlacmgmnﬂ SiSth @, theapealig Bratesials crpich

I, | 2 | g M Of | i . f
Akl | ecal SO iR, (RO SubUtB obNRORE  Wio AN o

t he amoni umiheorpirated byidference. the acidic hydrogen form The acidic form
may be readily prepared by I on exchange using a suitable acidic
reagent such as ammoni um nitrate. The zeolite may then be cal ci ned at

a tenperature of - 2 550[err .10 repgove .ammoni a and .creaje, th
hydrogen form Paﬁggulrsht%/ve prog]pgpgweagga?qlb S Wrmorbeéﬁeﬁ‘%nb Tuse of
the zeolite aRdtémal WAl varP WHRAGNwitlR! the Adolit8etdt tent afsh FilpalfFormf
Goups 1A T1I1A IVA 1B, 1B, 111B, I1'VB, and VIIl of the Periodic
Tabl e of 1he lEtwreemt about 1 to\aboas/ODegd@ent by weight, more preferably in the
PCT/ US97/ 18948 . 15 .. Th
fol | owi ng exafeeshRbaph 10 forahous, Tt Retcent by aveight ehzeolite comppneah.
EXAMPLE 1 5 an4 still more Préfedabl RbHTABALE 280l U Rt SRFeRicgRar €d by

di ssol vi ng

e

The zeolites prepared by the process of the present invention
15 may be further ion exchanged after calcination to remove organic
template as is known in the art either to replace at least in part the
original alkali metal present in the zeolite with a different cation, e.g.
a Group IB to VIII Periodic Taﬁié metal such as nickel, copper, zinc,
palladium, platinum, calcium or rare earth metal, or to provide a more
20 acidic form of the zeolite by exchange of alkali metal with intermediate
ammonium, followed by calcination of the ammonium form to provide
the acidic hydrogen form. The acidic form may be readily prepared by
ion exchange using a suitable acidic reagent such as ammonium
nitrate. The zeolite may then be calcined at a temperature of 400-
25 550°C to remove ammonia and create the hydrogen form. Particularly
preferred cations will depend on the use of the zeolite and include
hydrogen, rare earth metals, and metals of Groups IIA, 1A, IVA, IB,

IIB, IIIB, IVB, and VIII of the Periodic Table of the Elements.



alum na hydrate (201 parts by weight, 65% A1203 content) in a caustic
sol uti on M¥MIBiL646Ag NaOH (369.1 parts by wei ght) and water (BZEUSI7/18948art s
by weight) at 100[err]C. The solution was cooled and then added 10 wth

vigorous stirring to a slurry containing gglloidal silica (15400 parts
by wei ght), tetrapropyl ammoni um brom de (TPABr) (2457 parts by
wei ght), water (16747 parts by weight), and 54 by wei ght M-l seeds to

provide a synthesi STHbXfoliEng é;fﬂ.‘@:%léé kbR the apﬂB@égig%Peﬂféf present

consi stency was obtai ned. The nol ar conposi tion of the mx, exc Ing 15
seeds, was 80 ifvehé&ion]/ 1 Al[err](err] / 3.6 Na[err]Q 7.2 TPABr/ 1168

Herr]O The m x (10 L) was placed in an autoclave and heated while
stirring with a single blade turbine (0.8 Msec tip speed). In 6 hours
a tenperature of 150[ err] C was rwg gh jaut ogenous pressure. The
heat up tinme between 140[err] C an [Lerr Cwas 20 mn. The stirring
was stopped and the 20 mxture was allowed to crystallize w thout further
agitation at 150[err]C for 20 hours. After crystallization, a sanple

was taken. X-ray A d¢ioflivmctalymingse ysolationovwwast paeparsili chy wdissolving
crystalline. Lgser. i ght attering was useg t eterm ne. the crystal
size of the reagﬂm)inﬁghyérﬁgrggﬁéf? S'lﬂglgwﬁ@st’ ﬁéﬁ@%@%%te{} amef“ecraq%lct he
crystals and t . I i i regl
hoan bel ow i ryoruéon fiRBRisiRe NAGH A3p0 L3Ry WaRRNPAnd FHRLE(625
PCT/ US97/ 1894 &arts by weight) at 100°C. The solution was coolssl and then added
EXAVPLE 2 synthesis m epar.ed as_descri, eg Qr% Exanpl e
I

; . A was pr
1. The 10 niwithgyigoroygsStyting s g § ra&t'ffe}tawn@nao s 400r r i ng

i th 5 si 13 Di 4 ' . h ,
Comer at ur e ot 21t D SEIEHOL e abfod bbbl IRBGRAL (PR GHET pits
stirring was $yopeéght), waten(lo®e pagsiasweinlit) naed 5i4rb3aw%igmi MFioskedisor 7

hours until a erature of 150[err]C was reached. The m xture was

t enp .
allowed to  to Rroyide s symthgsispix. f'h‘rlQ meix wgstsihred vatil1zdiomegendoys 20

hours. After 10_ c¢cr allizatien le was taken. X-fay diffract.ion
anal ysi s showecc?nsmtgaf%ﬁg' %r@&&%e%a@?%Pglr&oﬁ%ﬁlﬁpﬂ@%tbg)ég‘}’"Ieix HAng
scatteri ngsWwasedd80dwhag 80 SiOgel AliD3Ve3 6N9asDy 322N PABE? 1968HEO! emd Wikg

crystals. The mass_nean ) i
(10 L) was placed in an autoclave and heated while stirring with a

single blade turbine (0.8 M/sec tip speed). In 6 hours a temperature of
150°C was reached at autogenous pressure. The heat up time between
140°C and 150°C was 20 min. The stirring was stopped and the

20 mixture was allowed to crystallize without further agitation at 150°C
for 20 hours. After crystallization, a sample was taken. X-ray
diffraction analysis showed the product was fully crystalline. Laser
light scattering was used to determine the crystal size of the resulting
crystals. The mass mean crystal diameter of the crystals and the

25 amount of crystals less than 1 micron diameter is shown below in
Table 1.



crystal di@g%ﬁg“gf the crystals and the anount of c'rystal SPE%?L?S9;/§]8%Q81

m cron dianeter 1S shown belowin Table I. 15

EXAMPLE 3 A synthesis m x was prepared as described in Exanpl e
1 except that the anpbunt of seeds in tthe mx was 36 parts by weight.
The mx 20 (36 L) was placed in an autoclave and heated while stirring
wth a single blade turbine (0.8 Msec tip speed). 1In 13.75 hours, a
tenmperature of 140[err]C was reachedmmbggﬂous pressure. The

stirring was stopped and the m xture was allowed to crystallize wi t hout
further agitation at 140[err]C to 150[err]C for 4.5 hours and then 20 25

hours at 150[err]C A%yxﬁ;ﬁe?ﬁ%f’x ﬁs}] eg%égggl %gﬁﬂfﬁ% & e€1 Weapp L aken.

X-ray diffraction anal’ysis showe y Crys | I'ne.
Laser |ight scmix¢36 i) wasplsed ih@amattochivecah &deatyd wdlilsstieriak with a
resulting crystals. The mass nean_crystal diapeter_of the crystals and
t he anount Sof Hnrgha hlade aabing,@h8 ﬁﬁ?@ﬁ’@rﬁRﬂe@ﬂagéﬁ heurs, ankembpexature oo

Table |. 4 ..
PCT/ US97/ 189 48%‘%3%% Pe%ched at autogenous pressure. Thci.;nrnng was stopped

EXAVPLE 4 and heatifgSwabhesitinied ines Btfharaddasfotegchiobes antiExanpl e
1. The m x was placed in an autoclave and heated while stirring with a
single 5 bl admpenabire of0180% swasnteachpdspddt) .mixtuse hwassalowedpéo at ur e

of 150[err] C was reache t .aut ogenous pre nd,stjirring S
continued  © Fta\ﬁgéf’ewat%’@"goﬁ“ elh&%?t?%d’ﬁ‘r iaﬁgfg‘:_)l{@tig?:l%iali?‘lﬁ'?: Af@ﬁ@?
crystal | i zgt | QQysgallizati ﬁgmlaﬁlm@snaémn.xmﬂy dcfioh! afmggfy Sdweghowed
t he product was ?uf) y crystalline. Laser I'ight scatterihg was used to
det er mi ne t he th2 prodasttawasifodlyofrytshallines dlasendighty statkeringhwasassedntan

crystal dianeter . of the crystals _and the anount of crystals |less than 1
m cron di amet ecfetermnpg thefmyst| 42 iof t%&b‘l“‘é“wlt.mg crystals. The mass mean

crystal diameter of the crystals and the amount of crystals less than 1
micron diameter is shown below in Table I.
15
EXAMPLE 3

A synthesis mix was prepared as described in Example 1 except
that the amount of seeds in the mix was 36 parts by weight. The mix
20 (36 1) was placed in an autoclave and heated while stirring with a
single blade turbine (0.8 M/sec tip speed). In 13.75 hours, a
temperature of 140°C was reached at autogenous pressure. The
stirring was stopped and the mixture was allowed to crystallize
without further agitation at 140°C to 150°C for 4.5 hours and then 20
25 hours at 150°C for 24 hours. After crystallization, a sample was taken.
X-ray diffraction analysis showed the product was fully crystalline.
Laser light scattering was used to determine the crystal size of the
resulting crystals. The mass mean crystal diameter of the crystals and
the amount of crystals less than 1 micron diameter is shown below in

30 Tablel.



Table I Mass Mean Crystal = ' Percent of Crystals Exanpl e No.

Di.anet er (WOI804849°2 Less Than 1 Mcron 1 PCT/US97/18948
3.67 4.5 2 4.21

4.2 3 3.83 7 4.2

4 - 2.76 7.2 15 The zeolite
crystals of Exanples 1, 2, and 3, which were prepared by the process of
the present invention, had a mass nmeagXAMPBLR®eter greater than 3 mcrons
and |l ess than 5% of the resulting crystals were less than 1 mcron. The
zeolite crystals of Exanple 4, whi ch were prepared by agitating the

synthesis m xture throughout 20 the cryst reparatiqn had a
significantly smal | é S S IHx Wascﬂrﬁﬁﬁf‘ﬁ agr‘%sﬁ’x?g?d'}% rapople cl.y fha s
were | ess than b, m.of ?)Paced in an authave afliPhed 2 AW RIER ik g with a sinfle . A
process for preparing-large crystal zeolite conprising: (a)
after fornedioblafe tarkigec@s Mbaetond tiyy spbed). s Ini & houes a temperature of
conprising sources of trivalent netal oxide, silica, alkali )

metal cations, 1882 ovas reaghegdnatoantogenons nyessyrer st stigring was continued

at 150°C for 48 hours during crystallization. After crystallization, a
sample was taken. X-ray diffraction analysis showed the product was
fully crystalline. Laser light scattering was used to determine the
10  crystal size of the resulting crystals. The mass mean crystal diameter
of the crystals and the amount of crystals less than 1 micron diameter

is shown below in Table I.

1 3.67 45
2 4.21 4.2
3 3.83 4.2
4 2.76 7.2
15 The zeolite crystals of Examples 1, 2, and 3, which were

prepared by the process of the present invention, had a mass mean
diameter greater than 3 microns and less than 5% of the resulting
crystals were less than 1 micron. The zeolite crystals of Example 4,
which were prepared by agitating the synthesis mixture throughout
20 the crystal preparation had a significantly smaller mass mean

diameter and over 7% of the crystals were less than 1 micron.



HIS SHEET HAS BEEN

T
seeds of zggli\&geand o tlonahtm_@g@l rectigng agent heat i NY pe1/US97/18948
t he aqueous synt hesi s mxtH-e—treet—agrt=ation to a 10

tenperature no greater than the effective nucleation
tenperature of said aqueous reaction m xt 1t e; and (b)
heating said aqueous synthesis mxture in the a

o7 octi v nuc Bhetanclasmmdistur e of Sai g SSLZLUL“?EaE[‘?Oﬂ?IHIIl l ||||l L

m xture. 2. The process recited in Claim 1 whet ein $ai d zeolite
Is a large pore zeolite or an intermedi ate pore size zeolite.

20 3. qfhe pA%S@e%srﬁPbE%IS’ahﬁg% enerbseﬂ z?eoﬁ@@wmsrfs%g trival ent

nmet al is"alum na, "ga oron The
process recited in any preceding C ai m wherein sa| d crystal S 25

have a nean nass di r of from3 to 10 crons. 5. The process
recited in3any pre eaLN g ARNRYREGSs M hegts mixture comprising spxyees,
structure type or is sel %Wr c stmg]p LTL,
MAZ, MEI, EMT, OFF, *BEA‘{’:)Frt\?%“‘i‘l{\ﬁ{n‘;l oRie S veptalgations, Ty
WO 98/ 16469 optionally from 0 to 10 weight percent of sé¥dF &{S%01it8948

19 6. The process recited in any preceding C ai mwherein sai d
zeolite i s anamﬂat(mtm@tnlbteagbr@ctm&eam| upder agitatio to arhe

process recited in Qal tempera%ure Qqugf 90 5 és'stt%aqlaale effective nucleation

10 temperature of said aqueous reaction mixture; and,

(b) heating said aqueous synthesis mixture in the absence of
agitation at a temperature equal to or greater than the
effective nucleation temperature of said aqueous reaction

15 mixture.

2. The process recited in Claim 1 wherein said zeolite is a large

pore zeolite or an intermediate pore size zeolite.

20 3. The process recited in Claim 1 or 2 wherein said trivalent metal

is alumina, gallium, boron, or iron.

4. The process recited in any preceding Claim wherein said crystals

have a mean mass diameter of from 3 to 10 microns.

25
5. The process recited in any preceding Claim wherein said zeolite
have a structure type or is selected from the group consisting of
LTL, MAZ, MEI, EMT, OFF, *BEA, MOR, MEL, MTW, MTT,
MFI, FER, and TON.
30
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o evo WP LORLAMUEILRRIN M g o ep eorsiet o Bk

precedi ng O ai m wherei*n $ai 8 Zeoliite is an alum nosilicate
zeolite or a galliumsilicate zeolite. 1019 9. The process recited in
Caim 8 wherein said zeolite is a MFl or MEL structure type.

10. The process recited in Cairm9 wherein said process conprises 15
the steps of: 6. The processakcitbarini agy §nemﬁﬁglslanmawﬂajemmxﬂdm@lite

conpri sing sources | of .trivalent netal oxide, silica,
alkali netal catiori§ an intermediate pore Sl?@p%@‘gﬁﬁl ly fromO to 10 wei ght
percent seed crystals; and, 20 optionally a directing agent;

(b) heati ng the aqueous reaction m xture under agitation to a

tenperature noy greafRe pRess hechblletd | CRitch edhle@8in said zeolite has a
tenperature of said aqueous reaction m xture; and, 25

heating the aqueousetmemtredzypmseﬂ&nted(ffomtﬁm etoup wonsisting of MFI, MEL
absence of agitati reater

t han t he effectiveWegﬁ@mmm @ngafgl\gqueous

reaction mxture and for sufficient tinme to result in the 30

production of large zeolite crystals. WO 98/ 16469
PCT/ US97/ 1894 . The process2@cited in anyl precedihg @im'mewhera'mi $&id zevliteai m

10 wherein sai d agueous Jeac ur e ste a) contains
from 0.05 ppmto 8_i§ aabp.ﬁgmnﬁghcate zeolite or a gaﬁlum silicate zgo]gte)

10
9. The process recited in Claim 8 wherein said zeolite is a MFT or

MEL structure type.

10. The process recited in Claim 9 wherein said process comprises
15 the steps of:

(@) forming an aqueous reaction mixture comprising sources
of trivalent metal oxide, silica, alkali metal cations,
optionally from 0 to 10 weight percent seed crystals; and,

20 optionally a directing agent;

(b) heating the agqueous reaction mixture under agitation to a
temperature no greater than the effective nucleation
temperature of said aqueous reaction mixture; and,

25

© heating the aqueous reaction mixture of step (b) in the
absence of agitation to a temperature equal to or greater
than the effective nucleation temperature of said aqueous
reaction mixture and for sufficient time to result in the

30 production of large zeolite crystals.



wei ght ofﬂ%e@?l%“ f zeolite. 5 12. The prdcéss' recited in Clains 8 to
S

11 wherei eolite is an alum nosilicate zeBFT’lnégﬁg\%qﬁg a
silicato alumna nole ratio from10 to 1, 000. 10 13. The
process recited in mmmﬂﬂmuﬂﬂmﬁmﬁer ei2n said zeolite is a IVFI
structure type. SRR rilitess recited in Cains 12 to 13 wherein
sai d IVFI striuct'ur@ type*zeolite has a silica to alunina nole
ratio of from 15 20 to 200. 15. The process recited in

Claims 10 to 14 wherei id t at . of step (b) is jn th
ange. of 1 1 ot k30| 1| BSGEGsA SBFEN i, Cleimn10 wherein A pHGRAM YaEAIoBd | n
Claims 10 to 15 wher.ej i LS, i th
ange of from 1300 BEFErS &Y TOF oy itk from .05 ol B BEL Werchily 1Y | 1

Cainms 9 to 16 whexghghtaf seclguf@eslite. reaction m xture has the
foll owi ng conposition in ternms of nole 25 rati os of oxides:
SiJerr]:Aferr]Jerr] >50 Herr]OSiJerr] 10

to 100 :Siderr] . . . 01,t0,0.5 30. L

RS Jerr] 12. e PI‘OCC%_S%E%CIP%d in Claims % g% /Yhgrein said zeolite is an

PCT/ US97/ 18948 aluminosilicate zeolittl having a silica to alumina mole ratio
from 10 to 1,000.

10 13. The process recited in Claims 10 to 12 wherein said zeolite is a

MF1 structure type.

14. The process recited in Claims 12 to 13 wherein said MFI
structure type zeolite has a silica to alumina mole ratio of from

15 20 to 200.

15. The process recited in Claims 10 to 14 wherein said temperature
of step (b) is in the range of from 130°C to 150°C.

20 16. The process recited in Claims 10 to 15 wherein said temperature

of step (c) is in the range of from 130°C to 150°C.

17. The process recited in Claims 9 to 16 wherein said aqueous

reaction mixture has the following composition in terms of mole

25 ratios of oxides:
Si102:Al:03 >50
H20:510: 10 to 100
OH.:Si02 0.01t0 0.5

30 R:Si0:2 0.001 to 2.0



wherein Ris a directing agent selected froma group consisting
of. nitrogeMO I&Lé4Br | oxygen, and phosphorous cont ai ni ng PCT/US97/18948
i norgani ¢ and organi ¢ conpounds. 5 18. The process recited in C.ains
10 to 17 wherein the ﬂm g1 Of step (b) results in a
reduction of the masLlI mlm!ﬂ;mul"l di anmeter of the zeolite

0

crystals of less than®10% * 5197 The process recited in Claims 13 to

18 wherein no nore than 5% of the zeolite crystals on a nass
basi s have a dianeter of |ess than 1 mcron. 20. The
process recited in wharein R isa dirdeéing ageat deleetgoefainnegafupl Bonsisting
step'(a) is no greater than 150[err]C 2]d. The process recjted in
Cains 1 to 9 wheretfn BHTeEeL Lir @%ygen, and phosphgrops) qoptanigeeat er

than 150[err] C %onrégnic mg%agﬁg%?{q%gm&q in any preceding Claim
[

wherein said |arge I'Ze zeo crystal s have a mass nean
di aneter i® the range of from3 to 6 mcrons.

18.  The process recited in Claims 10 to 17 wherein the temperature
of step (b) results in a reduction of the mass mean crystal
diameter of the zeolite crystals of less than 10%.

10 19. The process recited in Claims 13 to 18 wherein no more than 5%
of the zeolite crystals on a mass basis have a diameter of less

than 1 micron.

20. The process recited in Claims 1 to 9 wherein said temperature of

15 step (a) is no greater than 150°C.

21. The process recited in Claims 1 to 9 wherein said temperature of

step (b) is no greater than 150°C.

20 22. The process recited in any preceding Claim wherein said large
size zeolite crystals have a mass mean diameter in the range of

from 3 to 6 microns.



