METHOD OF MAKING ULTRASMALL CRYSTAL MTT MOLECULAR
SIEVES This application claims benefit under 35 USC 119 of Provisional
Application 60/882,322, filed December 28, 2006. Field of the Invention
The present invention relates to a process for producing crystalline
WOREIECE % sieves having the MIT framework topology (i.e., te &ratdripaTes
code MIT assigned by the International Zeolite Association) and having
ultrasmall crystallites from a reaction mixture which contains only sufficient
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materials. They have distinct crystal structures with ordered pore
ThisSipifaRS Whikh-tedamensiateddy digtinebXrapAiifrastion pajterns.
é%%é%%i%%structgre defines caV|.t|es and pores which are characteristic of
6074 %ﬁ%%’f%%?r Blelifar sieves having the MTT framework
topology defined by the connectivity of the tetrahedral atoms (referred to
herein simply as MU or MiTymalaculalsigug) are known. See, for
example, Ch. Baerlocher et al., Atlas of Zeolite Framework Types, 5th
Revised Edition, 2001 of the International Zeolite Association. Examples
The pfdd@T imaletularctieves: lacludesthé&v eolfedesignatailtSbdr8aNa5SZ-32
) L i dinUS, ’ \
ooy L. e e e i Cadetle
by thaBiitEngsanal aslify ARPRERINE and rrgddiasymitieBilies RSP as
reacionorgenie sthichiumntitecting agiéok(SRARSomeatisasRlED mdmpiating
Sievg%%%ﬁzgatent No. 4,076,842, issued February 28, 1978 to Plank
etal., discloses the preparation of the zeolite designated "ZSM-23", a
zeolite with a structure similar to SSZ-32, using a cation derived from
pyrrolidine as the SDA. Zeolis:&¢0:32 and ZSM-23 are commonly
referred to as having the MIT framework topology. Both of the
aforementioned patents are incorporated herein by reference in their
Moleg RGP CPIISSHRY inadent cass, of stvataliiRproaieriglssTRstent
have/Afiptiestiopsti blicatioasNein2ia6/60 $od dirpeialish et oy d d2aimbyated
by d%&%@'ﬁiﬁ&é&%ﬁe&ﬁﬂéﬂéﬁ'ﬁg %@ké? SadEUigndesianated .y
SSZ-32X, having a mole ratio of silicon oxide to aluminum oxide greater
porefaRicihalR Ytriededstic piHRud et WgSRtlites having broad lathe-like
components In the range of 200-400 Angstroms. U. S. Patent Application

Puyhlicati o iS.] i ference in its
Mo;egﬁlt%i%%l%g 3 ‘Sﬁ?ﬁ%ﬁ%%@ﬁ%ﬁf %%ﬁté%n%@/%% 1996 to Miller,
conngieiiyBy o Biaietrrb@ 9o preparFRirer S AmrRIeHIRAN S IWAE Yeolite from
MTTarrelactiin shixt)rereantainingedlfosuificions, waieaerfniing eeaction

Atlad TSNS IRV DE S I&Q X rﬁgviglﬁ@gﬁ%h%&ﬁmgfrtgaction mixture is

--- atr crysta for conditions and | sencelo% an external liquid
interpRipnal Cealiie Axeedatitiuid ruaaieRebY TEmuiesirs sarrs dpplidfized
the Z@sifierd fgiesttal dpgacgite saBiaisand mehiaiRToNe kDR 81 IS

....inecar hy refere in.in its,entjrety. ARY In a first
s e S, T ot e
This grigaAWIRFRITIRIRIARSFASA0 e hERelle SRR/ argsdiiteizes in the
a;kylmnge;:%ppméé&imﬂh@@%A@@@émrmmégﬁmag:@gming: a.

reparing_a reagtign mixture comprising,.interm tjas, the
SR M e A S
issugd\elroay 28, 1878 to Plank et al., discloses the preparation of the
zeolite designated "Z5M-23", a zeolite with a structure similar to 882-32,




and an amount of water not substantially in excess of the amount required

to cause and maintain crystallization, wherein Y is silicon, germanium or

mixtures thereof; W is aluminum, boron, gallium, iron or mixtures thereof;
wangRssina diisopropylimidazolium cation; and b. heating sajg-£6a¢ti8% 057654

mixture at crystallization conditions and in the absence of an external

liquid phase for sufficient time to form a crystallized material containing

crystals of a molecular sieve having MIT framework topology and having

oTystabite @iméﬂ heivangeef Wﬁ@%@fﬁb%@%@ﬂ%ﬁ@%ﬁ‘ﬂm
co there is provided a method for preparing a shape

O oA ol Ay e R e WGP MogoRsasPraamigev-

crystaia & e afotreratigesst pilents] 56 ioanoutsalharas bomeeaaids in

‘Methagicompslsingife NIENESESIRE9AGHAR FIXIY S SOMRSIRg, n terms of

#hole ratios, the following: 1) YO2AN203 30 - 40 2) FetY020.06-0.12 3)

®H7Y020.20 -0.26 4) K7Y020.09-0.15 5) and an amount of water not

ubstariidfigtmiokppbeatibthéudtimaiint rbquiretbionsaese ancbhepitainy 5,
yStathigatio 1y Yo Sili | i ereof: W |s

o e o e S B bghea

SitriGAY DR AT CAFSAE AGHIRAG SARProHBH Iiefdagesater than
1Shapem paiticids; leswlthheedinigraidmaasting mixgealerysialization
<ondlipnsanddiabagacs shansxieinabind phass e suficent,
Itme to form a crystallized material contaifiing crystals of a moleEatar sigve
ihavin NI NEWIR RS R dnratirep sy Sarmie kytsdaretse fdige of
aboeniito about 600 Angstroms. In a third aspect, there is provided a
r?nethod for preparing a shaped crystalline molecular sieve having MU

ramework topology and having crystallite sizes in the range of about 150

. Mo abbut 6FERRYEOmMSS S5 MewePepiapiiangs al 976 saifiten disctens a

I'hixtometeahiprisiagaimges o sthmeleiatomsineste! lwing ERRAMRARRS: mixture

| '3540 Bcfn%@r&gmg M@EY%Q@?QO&%E%%& reaction mixture may be shaped if

i .
desired. In the method, the reaction mixture is heated at crystallization conditions

' i? and in the absence of an extemnal liquid phase, so that excess liguid need not be
72 Temoved from the crystallized material prior to drying the crystals. U. S. Patent No.
23 5,558,851 is incorporated by reference herein in its entirety.

24
5 SUMMARY
.26
27
23 In a first aspect, there is provided  a method for preparing a crystalline molecular sieve having MTT
90 framework topology and having crystallite sizes in the range of about 150 to about
3p 600 Angstroms, said method comprising:
31
32 a. preparing a reaction mixture comprising, in terms of mole ratios, the
33 following:
34 YO0, 30 - 40
R*fYO, 0.08~0.12

OHMYO, 0.20-0.26
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KVY02a09 - 0.15 and an amount of water not substantially in excess of

the amount required to cause and maintain crystallization, wherein Y is
silicon, gewm or MiXtyre§ th@lsf%of W is aluminum, boron, gallium,

iron or mixtures thereof and IR+ is a diisopropylimidazolium cation

("DIPI") stARSHAR HAREERHG 2ipt otrovheiag el veareers ittarermant required
shaped padictessemtticnbieatingseidiieaasionmbdimerat eiysiall iumn or

condltlon%%}géﬁ ?Qﬁe external I|qU|d hase for sufficient
time to forma_cry Stal zed%ﬁst%qf or'nalnln eRy S&Pf“d?mgr% ofalgs thereof,

sieve havﬁ@%ﬁfﬁa@i%ﬁ%’ﬁ&é@*ﬁﬁd:ﬁmm@»@ﬁystalIlte sizes in the
range of about 150 to about 600 Angstroms. In a fourth aspect, there is

provid d f r aring a cr taII| molecul ileve having M El
frame\}%or %%ﬁ)go(g%yc%n gvmgg(énfgystgaﬁ @éﬁaﬁ@ﬁ@@f&@%@gﬁdﬁﬁ%o

to about G08iGsHloHi S éeiERatd 'vom prisinglice coivenintp W20 eialized

sol by mixiagvihcaaeans dekidopd Wog:MRs A d0-RR I RIFUEE Rwork
WZOSIKQH/YOZ m'Xé”he C. addl é?+ fo said W203/KOH/YD2 mixture to

form a rexttiondhRara N SRR BAURIRPYS P ButiaRiphsut

1.9 and dB¥LESTHEROMN. WhICh the crystalline molecular sieve is formed,
Wg;%éﬁ'%{mj S"'ﬁgﬂﬁcgremjﬂ;‘es tﬁgqr'ée“;g%“afe;ﬁ}erﬁﬁﬁ%vg’sﬁ?aﬁé MMM e mofecular sieve
drfgeiimidmetiin eetiony andiddrsortasialinepreparinty thegeattiont 150 to abou
mixtu renpisechtosprepane thespaalhpore molecular sieve, that the amount

of water present in the reaction mixture as prepared for the crystallization

step be sufficient to cause and maintain crystallization of the molecular
sieve® b TRAEH A JRRNRT REtWaEsTEiEDE IfURIPRaSeelasntiabtdnthe

reaction fofixdeirg; or transforms the reaction mixture into a solution or fluid

gel_ Conveniently, the reaction mixture will be in the form of granules, a

powder or a self-supporting mass. While it is not a requirement to form the
reaction mitureFet shapeddradities before the reaction mixture is

subjected ta)cr}yémtbgatlon ogditipng, it may be desired in many cases to

do so. In th C8 e am 6of er used in the reaction mixture of

this dlsclosure IS Iess %han%ﬁg amount of water required in conventional

processes for ﬁéﬁ@ﬁng mdl¥utaf-dfdves. Thus, during the crystallization

step according to the present process, there is no separate liquid phase

present whigh Qm t ec taI iz d. materlal at the end
of the crysta Ilié‘éi#g%ﬁ%ep E}% gg‘éx%rrﬁlg %riannglaor BERARY OpF t)tﬂﬁ'?wwm
drying the crySRisIrRIsE ﬂﬁé%ﬁﬁﬁ@ﬂﬁﬁt@ﬁ%@ﬂhﬁﬁhﬁﬁﬂ&ﬂ"ﬁm silicon,

mixture is |r?sujf¢®mahiﬁwcaﬂﬁﬁ>&h%§%§t‘éiw T@étyrﬁdﬁamgam&{ é’@ﬁ%ﬁ? iron or
i.e., oncether includin stment in the
I|qU|d content {%%%Erg%r%é %é%(? 89) the §ec§§ss1?ﬁro%¥ag£d% siﬁ@&ﬁﬂ%’ﬁlng

It is important to note that as used herein the term "self-supporting” (or
any equisaien edeebdririniaureraacEmRsRI AR HRY; dags not collapse
or "melt" under its own weight This term includes the case where the
reaction mixture is comprised of individual granules in which each granule

is seff-sipHBIERGFIEraasoruErNeREFresielipalitolsdndiiensonden e absence
self-supgrartirgteBRIELURES QR R 1S GUn W%WIM%QQE@ n]nhscerxal

a powd iffraction attern of an ultrasmall cr | M I'l molecular
sieve m%%%éa{%g g*[P"iatm?cegﬁb) with' eem‘ﬁraérssé S"v%ﬂﬂ% iJaraeyehieraipey and

photomlErigepHRlie sirssmHEle cAnaa VTR AG RSt S0tMinptroms.
crystallite sizes in the range of about 150 to about 600 Angstroms made

by a process wherein the amount of water used in the reaction mixture

was not substantially in excess of the amount required to cause and
maintain crystallization.



Figure 3 is a powder X-ray diffraction pattern of zeolite ZSM-23 made in
accordance with the prior art technique of Example 19 of U. S. Patent No.
5,558,851. DETAILED DESCRIPTION OF EMBODIMENTS OF THE
INVENTION The present invention relates to a method of preparing

1 BIBEd AP SR VB hiaviFRy NFR eSOt oY Shnik hewitig by stalliitelar sieve having
MIgrambesangmoibabant iy ahekifR0sHae s arBsahgs Hasake:eh o
Q&SSMZ{%(}&%%Q}%R %I&%UFL?% %gﬁ\gggmare teferred to herein sometimes

oL :

" rising; " . .
simply as "ultrasmall crysta MolecUlar sieves.” The reaction mixture
from which and in which the ultrasmall crystal MIT molecular sieves are
crystallizeshesmprsescinianmaal BB alies e folawings YORNR03
30-40R g%. 0.06 - 0.12 OH7Y02 0.20 - 0.26 Kt/Y02 0.09 - 0.15 and an
amount of watef not substantially in excess of the amount required to
cause an@Pridfefain crystliiz#on, wherein Y is silicon, germanium or
mixturesghgreof, W is algmmmum,sBoron, gallium, iron or mixtures thereof,
and R+ i@ﬁ.}jﬁopropylin‘g% zolium cation. As used herein, the term "not
substantially i &éxcess of't aMiant required to cause and maintain

+

crystalliZa#8R> means thé.A4nifdd, amount of water required which
causes and maiptaing %@?@i%i%ﬁ%%#ly%gﬁ%?%@t@é\@n@Dﬁmtr@quired
y a

molecular sieves. This amount of water is considerably less than that
required In-coRVE 3??5?“&‘8&5%%@%%?WeW&ﬁF@Woi%@ﬁﬂ%‘?%ié%ﬁ.aW@?
an amotirklightiysreekdéids ailthisuminimeam, gaitunt maydbenempleyadreot
(especigiyitit | | | {@f Bt %% horoughl
mixed ay; %/or kfe%?ﬁ?ﬁ?ﬂ%ﬁ%f@%%%mp oyfg |r]iJ éteféurggﬁ%frwigvagent
mixtureQ &étdnot be so great that the reaction mixture turns into a

solution or fluid gel. Conveniently, the amount of water employed is such
thatithe 19 J ] ixture.is about 1.9 to about

5.0; %ndﬁﬂ%%e@h%é?rﬁgf@%grg()ﬁl%tg%%%éﬁ%%ﬁﬁ%,agrg about 1.9 to
about 2.5. The amount of liquid required in the reaction mixture of the
Freggntﬁaaﬂmf enidvbectidhendiauid QB@WE?@LH._@&?Q& %@ﬁéﬁ&%ﬁa@a@?ﬁi’%

lquids t.amount w IS nee to uately
blend tl%%g{i%?rg?%)ﬁg?e a}iqr%aif ?5%%%?ﬁ%§%q§, Lf)f%gbe e?ﬂrﬁ/?%E Avater
with active sources of the ultrasmall crystal MTT molecular sieves to form
a uniform mass that can be, for example, in the form of a heavy paste-like
consistency or in the form of a powder or granules. The active sources will
be in a form which can be easily blended into a uniform mass, and may
be, for example, powders, hydrated particles, or concentrated aqueous
solutions. Sufficient water is added to wet all the starting material powders
during mixing and/or kneading of the reaction mixture. Alternatively,
sufficient water is added that the starting material powders may be
kneaded into a uniform and generally homogeneous, self-supporting
mixture. It is not necessary that all of the active sources be readily soluble
in water during kneading,.since the water added to the active sources will
be insufficient to make a fluid-like mixture. The amount of water added
depends on the mixing apparatus and on the active sources employed.
Those familiar with the art can readily determine without undue
experimentation the amount of liquid required to properly mix active
sources of the molecular sieve. For example, hydrated sources of the
molecular sieve may require relatively less water, and dried sources may
require relatively more. Though it is preferred that the mixture be blended
and/or kneaded until the mixture has a uniform, homogeneous
appearance, the length of time devoted to kneading the mixture is not
critical in the present invention. 34




The water content of the reaction mixture after blending and/or kneading

may be further adjusted, for example, by drying or by the addition of water

so that the reaction mixture has the desired consistency. The solids

content of the reaction mixture will depend on the particular composition of

the ultrasmall crystal MT1" molecular sieve desired. Molecular sieves

having a higlrfsidizationsiyts tonidtisearsy shthinftherstapenidbes having MTT

process, inclydingwaalas lﬂé@f&f‘aﬁ 1having.A.[poke. ratio o 0 W203 of
greater than 12, for e%%nH le about 30 arlr‘% hlger. T%%lgcisallfrg%?ﬂ%E:Iae%ggf‘%38gmt 150

silicon oxidet%ﬁ%% ﬁ%ﬁf@%} silica hydrogel, silicic acid, colloidal
silica, fumed silica, tetraalkyl orthosilicates silica hydroxides, precipitated
siliga and r%Iqae)/?).e(':I;yB|cal sources of aluminum oxide (Al203) when used in

Ou

the reaction mbdure inellde A IRTiANEL LI MEPA5AE AfimiiAliRe molecular sieve having
corfHoufiar el MG 3nAIX(B04 3  slahiinuihidroxidedAd{@H3))|50 1o about 600

kacliaselays sarchzaaliesmions. embodiment, the source of aluminum
oxide is Reheis F-2000_alumina (53-56 wt.% Al203). Germanium, boron,

. (53-56 wt.%
galliun afd ¥SH B R a BB FM Fémies rabrmnnbsd Pidir aluminum
and sificordginmteepsntéo Tife: toactidnonixtWeClIKO BRI isRg.Qae or more
activesoureas-Lhpplasgiv e ARSI mpound which is not
detrimental to %ﬁe crystallif‘gﬁ%te uﬁrasmg%%ﬁégfﬁ/ﬁaﬁ?ﬁ%%%m having
sieves is SABEIRSIGFIRS ISP RINFER @6y 0l wleetd. Sthdem which
been_fouﬁ‘g&tﬁaﬁtﬁﬁmnﬁpiﬁw%@rdmﬁa i 0l I8 RO MROARAS UdhRanium, or
reaction mbdUre $ANA3S|H ig‘é?{a%gHﬁ}Hth&%H“ %ﬁgﬁ}%";% ;%%Txgé&%thereoﬁ

molecular sieves. For example, if the active sotrce of &

(e.g., ReABRE-SoB A HaRIRRLTIreHrEedsme#i 1o a sol by mixing with
agueous KOH, and then added to the source of silicon oxide, followed by
the adeition.at t IS, of. rasmall crystal MTT
molecular si?éé@%%ﬂ%ﬁ%ﬁﬁ S‘ﬁir%ht)%léjeuesf% odimant of eeSB‘r%’!sBHEe
in0RBRRBEdRR Bie REuRGEERlsy Ry ctracio s ienay
beisiprred fortheheysattmtionistepabintmdbasiedaself Q3SHAIKIRY

S t ferred to hergin,as the 04 o
B S e s Wl o i
oPHEBeepipal&odke BB SoPRERMSPITS thelesatipsimigure into a
prepaien n fibiel gEktuterOZnisitl [eHio raBEINRFeaCiRN BWiYIRe ildRaybe

Igul ent of the reaction mixture, either by
Sr%%ﬁ%ﬁc}@ﬁ%%%%@gg %togr%#%%%%% order 09 to p%r"o[e‘f"/ig ésé‘?g]r?ﬁ&ﬁf-g" FiagAat 16 form

h

RESRERRIMSUREe fhaesdraritlenhaioanisingartionetivus: ivadrected
wil gysitidbtiooroprisiedraniakopb2 URarEEH Raah4s89 RASEER! 1k BYs case,

W%i ht, and 1Ln some embodiments from about 30 percent to about 50
D Lieampyyt of water used in the reaction mixture of this disclosure is less than the

amount of water required in conventional processes for preparing molecular sioves.

Thus, during the crystalization step ascording to the present process, there is no
separate liquid phase present which must be removed from the crystallized material
at the end of the crystaliization step by, for example filtering or decanting, prior to
drying the crystals. Also, the amount of water present in the reaction mixture is
insufficient to cause the reaction mixture to collapse or ‘melt’, Le., once the
reaction mixture is formed (including any adjusiment in the liquid content that may
be needed), the resulting mass is self-supporfing. tis important to note that as
used herein the term "self-supporting” (or any squivalent thereof) refers to a
reaction mixiure that does not collapse or "melt® under its own weight. This term
includes the case where the reaction mixture is comprised of individual granuies in

- which each granule is self-supporting or a powder in which each particle in the
powder is self-supporting.



by weight of the reaction mixture, 13 14 15In the preforming step, the
reaction mixture can be formed into shaped particles. 16 Methods for
preparing the particles are well known in the art, and include, for 17
example, extrusion, spray drying, granulation, agglomerization and the
like. The 20 21and prills. The particles will generally have a cross
sectional diameter between 22 about 1164 inch and about 1/2 inch, and
preferably between about 1/32 inch and 23about 1/4 inch, i.e. the particles
will be of a size to beBRIgNEEGTRIPBENCIE aRd 2Rprefergidly on a 1/32
inch screen and will pass through a 112 inch, and preferably 25through a

1/4 inch screen, 26 In one embodiment, the shaped particles prepared

frorh igneeré At AP wilRtufe WiNifadbm aRiteuTdishlizaered revalal 4 TT molecular
desifeckshage irfsldivenakwaies isdptdaayEae3@in.the mixture in order to
initiate or maintain crystallization within the shaped 31patrticle. Indeed, it

may be preferable to remove some of the excess water from 32 the

shaped particles prior to crystallization. Conventional methods for drying

wet 33 solids can be used to dry the shaped particles, and may include,

for example 34 drying in air or an inert gas such as nitrogen or helium at
temperatures below

b4a



about 200C and at pressures from subatmospheric to about 5
atmospheres pressure. Naturally occurring clays, e.g., bentonite, kaolin,
montmorillonite, sepiolite and attapulgite, are not required, but may be
included in the shaped particles prior to crystallization to provide particles
WHAWHEEAd crush strength. Such clays can be used in the Yol AL 47654
originally mined or can be initially subjected to calcination, add treatment
or chemical modification. Microcrystalline cellulose has also been found to
improve the physical properties of the particles. As stated above, the liquid
{}Eresent in the reaction mixture (which may be in the form of shaped

articlggieraay bd st ontsimaitorsoirdogidbeasiimarory anictiiiis reoldonigr sieve
Uas theamoudieiivaieepiasratissyuificientio sausernd f8iRtaRroms made by

gerystallization of the small pore lecular sieve, while at the same time
ooptSH B R AT THe HE SO RTE cHRed BB RE SR e e et
olquidustrefislnayadtess, fotrexamplel theufihysicarstrengdnuiiatansiepetization.
ﬁgarticles made from the reaction mixture, it is preferred that the total
volatiles caontent of the reaction mixture during crystallization be in the
Ofan é%?%&éﬁeaeﬁeﬁﬁﬁﬂm%@%}&ﬁ%@% AhRs GG <oheade in
tgmbadiondmtedaitidba mimur8Bdhnandatiobt608te (18w) LivEe Fenthet tdtal
molag!ggg‘ggﬁient is the measure of total volatile liquid, including water, in
1ihe reaction mixture. It is a feature of the present process that no
additional liquid beyond that required to cause and maintain crystallization
f the ultrasEBAICER RERMUR RIS SeURe THNVERLI R GIFOT id By StllEnTion
f the ultrasmail crystal MTT molecular sieves within the reaction mixture.
I@rystallization of the molecular sieve takes place in the absence ofan
18 xte A MGG HIAERUPR i Rl BLBADE D PERTGRRIHh AdeSE (R4 HifyaRdiAVing
Jthe Mdactioammaitukdoboigenaral Hbvingatcestitectitakifrsbmenhigeidhabter 50 to
PresantingRNiAIALh e se AR A0 IUIE AL WIELNG PRARS I PAITICIESss are

yduring crystallization, and it can be expected that some water may appear
n tHERAELEraseliR Hikiete 28 i it e REHYST Jaglssular sieves.

during crystallization. However, it is an objective to provide a method of

ngysﬁlé%j@&:ﬁ%%ﬁmlje%%%&ﬁﬁam?!ﬁ%}ﬂ%Sti?é’ﬁﬁrﬁéa% RAMAYAS Qolecular

Zminimize the amount of water which must be treated and%gr iscarded
290l WG TR EMSAHIBRI FoTIRSERdN IR T SE ErRIRvaliRs it dolloudng:
zinethod of syvith@dizing ultrasinall4gyystal MTT molecular sieves which
»jequires no a}gqgt'@znal water f@bgryﬂqlgzation beyond a sufficient amount
f water required 10 cause and maintain crystallization of the molecular
Sieve, while &H{E<Same time%%ﬁiﬁr%ﬂ? keeping the reaction mixture
2@elf-supportiWt(j,ﬁf't]ﬁgg:leed, underggertaimsconditions, liquid water present

Eaurig QP%SQ%I&QH%?\,Ué"{yr%lé,?%H%%é%@l@fim&éggézg?%h@é %r&ﬂea&sa%%go cause

2particles, and, in extreme circumstances, may cause the reaction mix
»or sHEPSEpIRit e IBsERehRiak Iy OP ieiseRINE ey RambdHmS derect W
sgOndughadiabanisievaies iemperateiancedInaioimn A @iteciave so that

her i ' IS ject to autogenous pressure until the small pore
3EnoIﬁ%%f@ﬂ/@é%%@f?g%%bfmed. The temperatures during the
3%ydrothermal crystallization step are typically maintained from about

3165@s insahoutdid Hhe lisandnpodantioptyedbaistbeseysielirationatd o

34he small pore molecular sieye is frequently.accelerated relative 1o .
cautc‘e%n g ?mc. S{aMz ﬁoaﬁﬂmFﬁns%hﬁ it :ﬁ. amr%f;)urz\{.cﬁ1 water reguired
conventional crystallization methods. Thus, the crystallization time

requitteNteTesAT GRS ARTRAING pIEsi iFakee Ffohe aliesr =y twystsd b 7D molecular
hougseiae whrasmallarysiddHE BelaauiansiRe issaialzad¥ithirdRfentional
reaction mixture, which comprises amorphous, non-crystalline reagents.
Crystals of a molecular sieve capable of forming the ultrasmall crystal MIT
molecular sieves (i.e., "seed" crystals) can be added to the mixture prior to

the crystallization step, and methods for enhancing the crystallization of
molecular sieves by adding "seed" crystals are well known. Conveniently,

when used, the seed crystals are crystals of the MIT molecular sieve. The

seed crystals can be employed in amounts from about 1 to about 10 wt.%

of the weight of silicon oxide (calculated from the amount of active silica

source) in the reaction mixture. In one embodiment, once the molecular
ciavve orvetale have formed the ervvetale are watar-wached and then dried

2




08 09 EXAMPLE 1: 10 11 An ultrasmall crystal MIT molecular sieve was
prepared as follows:.12 13 To 150 grams of silica (Hi-Sil 233) in a
Baker-Perkins mixer were added 12 grams 14 15 of A1(OH)3 (Reheis

F2000, 53 wt% Al203, 47 wt% H20) and the resulting mixture 16 was

WOHKERIET20 minutes. To this were added 194 grams of a 1PFHETEBT(E66H

of 17 diisopropylimidazolium hydroxide with mixing for 15 minutes. Next

were added 36 18 grams of a 50% aqueous solution of KOH and mixed

for 20 minutes, The mixer 19 walls were heated to 60 C to dry the mixture
%o a UISHREE TR IIRPAIES WRIRFY RIBIEPrHibda R et rhailrd agcoss of
Ofolloths: @InRR 2BREISI02=0LeS oyed (especially if it is required to allow the

S,

o3 reaction mixiure to be thoroughly mixed andfor kneaded), the amount of water
ﬁg employed in the reaction mixiure should not be so great that the reaction mbdure
06 turns into a solution or fiuid gel. Conveniently, the amount of water emploved is

g7 such that the HO/Y0, mole ratio in the reaction mixture is about 1.9 to about 5.0:
08 and in other emnbodiments Is about 1.9 1o about 4.5, or about 1.9 to about 2.5,

69

10 The amount of liquid required in the reaction mixiure of the present invention,

il
12

3
14 is prepared by mixing waier with active sources of the ultrasmall crystal MTT

where the liquid may include agueous and organic liquids (e.g., the SDA), is that
amount which is needed to adequately blend the mixture. Thus, a reaction mixture

15 molecular sieves to form a uniform mass that can be, for example, in the form of a
16  heavy paste-like consistency or in the form of a powder or granules. The active
17 sources will be in & form which can be easily blended into a uniform mass, and may

18 be, for example, powders, hydrated particles, or concentrated agueous solutions.
19

20

21
9y the starting material powders may be kneaded into 2 uniform and generally

Sufficient water is added to wet all the starting material powders during mixing
andfor kneading of the reaction mixiure. Alternatively, sufficient water is added that

23 homogeneous, self-supporting mixture. It is not necessary that all of the active
24 sources be readily soluble in water during kneading, since the water added to the
23 active sources will be insufficient to make a fluid-like mixture. The amount of water

26 added depends on the mixing apparatus and on the active sources employed.

27
- Those familiar with the art can readily determine without undue experimentation the
sg  amount of liquid required to properly mix active sources of the molecular sieve, For

30 example, hydrated sources of the moelecular sieve may require relatively less water,
31 and dried sources may require relatively more. Though it is preferred that the

32 mixture be blended and/or kneaded until the mixture has a uniform, homogeneous

33 appearance, the length of time devoled to kneading the mixture is not critical in the

34 . .
present invention.



250H-/Si02= 0.23 26 27 M+/Si02 = 0.14 28 29 30Si02/AI203 = 36 31

32H20/Si02 = 4.i 33 34 a vacuum oven at 120 C, and calcined for nine

hours at 580 C. The product was identified as ZSM-23-type by x-ray

diffraction analysis. The x-ray diffraction analysis (Figure 1) also confirmed

WQRHE%EERCrystal size as shown in the transmission electroPGHEFGHH A 654

Figure 2. COMPARATIVE EXAMPLE 1: To 150 grams of silica

(Hi-511233) in a Baker-Perkins mixer were added 10 grams of

Al(QH)3(Reheis F2000, 53 wt % Al2 03, 47 wt % H2 0) and the resulting
OhixtlE WAEHHRRETbPHIE AL s el Biepdiag aviigianaiamay be
1 15urtblarstletian tf disogrepylimidazaliun tydsexiden followeddayia the
ogra : it % t] and the resulting mixture
gwagﬁgg%ﬁiQggééhr%ﬁisgr%%ﬁ%%v@r%%ﬁg 15 grams of water to bring
oihe mix to a paste. Then 3.5 grams of kaolin clay powder were added, and
ﬁglommmmm&m e iits %@%%iﬂﬁf@ﬁwf@ ?BQHé @@r@é&%&r compaosition

on . The mix wa extrude .

o s B R L s M ea e
Ofoori#B e ditie 36 HedmiVe coimafihtr s roms mdher peaiesitisduding
oxtridaienne e d0llans RBiDRFOHSODIH1SI02 50 idadrtiSiD2=012

1@0%{(@}% Qéfsa% %tljé% %3}%%@&.3 The extrudate was placed in a Teflon

jbottle in'a stainless's pressure vessel and heated at 170 C. and

| §utogenous pressure for four days. The e>ctrudate was washed with

: %vlvtaémg;psgm%@ma@ghbm%éﬂ@&i (ﬁeﬂwmmt el&ﬁ%&é@{_ fs}ﬁg& GRUHDEE 1RiRd: acid,
Jfor | ours. oduct was identifi S . .

s e B e SIS R S Do armcietec

1%-raflgi il En alysisa osmen i shedinvmABide (ARRBhen used in the

16 reaction mixture include aluminates, alumina, and aluminum compounds such as
17 AICHs, Al{SO4)s, aluminum hydroxide (Al(OH3)), kaolin clays, and zeolites. In one

18 smbodiment, the source of aluminum oxide is Reheis F-2000 alumina (53-56 wi.%
19

20
21

22
23 The reaction mixture also comprises one or more active sources of potassium

AlzO3).  Gerrmanium, boron, gallium and iron can be added in forms corresponding

to their aluminum and silicon counterparis,

24 oxide. Any potassium compound which is not detrimental to the crystallization of

25 the ultrasmall crystal MTT molecular sieves is suitable, theugh potassium hydroxide
26
27
28

29
30 Teaction mbdure can assist in producing the ultrasmall crystal MTT molecular

is typically used.
it has been found that the particular order of addition of the components of the

31 sieves. For example, if the active source of aluminum oxide (e.g., Reheis F-2000
32 alumina) is first converted to a sol by mixing with agueous KOH, and then added fo
33 the source of silicon oxide, followad by the addition of the DIPI SDA, synthesis of

34 the uitrasmall crystal MTT molecular sieves can be enhanced.



20 d spacing Relative Intensity 7.150 12.3535 38.95 7.200 12.2678 40.60
7.250 12.1833 47:11 7.290 12.1165 47.78 7.614 11.6015 72.12 8.691
10.1657 11.69 13.477

WO 2008/082927 PCT/US2007/687684
01 In one embodiment of the present invention, depending on the consistency of the
02 reaction mixture, it may be able to form the reaction mixure into a desired , self-
o supporting shape before the crysiallization step (referred to herein as the
zj "preforming step”), thereby reducing the number of process steps required to
0g Drepare catalytic materials containing the molecular sieve prepared fn the mixture.
o7 Prior to forming the reaction mixture, it may be necessary to change the liquid
08 content of the reaction mixture, either by drying or by adding more liquid, in order
09 to provide a formable mass which retains its shape. In general, for most shaping
0 methods, water will generally comprise from about 20 percent to about 60 percent
1 by weight, and in some embodiments from about 30 percent to about 50 percent
z by weight of the reaction mixture.
14
15 Inthe preforming step, the reaction mixture can be formed into shaped particles.
16  Methods for preparing the particles are well known in the art, and include, for
17 example, extrusion, spray drying, granulation, agglomerization and the like. The
i8 particles are preferably of a size and shape desired for the ultimate catalyst, and
;z may be in the form of, for exarple, extrudates, spheres, granules, agglomerates
21 and prills. The particles will generally have a cross sectional diameter between
~a  about 1/64 inch and about 1/2 inch, and preferably between about 1/32 inch and
23 about 174 inch, Le. the particles will be of a size to be ratained on a 1/64 inch, and
24 preferably on a 1/32 inch screen and will pass through a 1/2 inch, and wreferably
25 through a 1/4 inch screen,
26
27 . : . . .
” In one embodiment, the shaped particles prepared from the reaction mixture will
9 contain sufficient water to retain a desired shape. Additional water is not required
30 Inthe mixture in order to initiate or maintain crystallization within the shaped
31 pariicie. Indeed, it may be preferable fo remove some of the excess water from
32 the shaped particles prior to crystallization. Conventional methods for drying wet
32 solids can be used o dry the shaped particles, and may Include, for example
3

drying in air or an inert gas such as nitrogen or helium at temperatures below
about 200°C and at pressures from subatmospheric to about 5 atmospheres

pressure.



6.5648 7.79 14.598 6.0633 7.23 20.560 4.3164 20.81 20.919 4.2431
31.43 21.661 4.0995 67.56 22.514 3.9460 100.00 23.010 3.8621 27.95

25.465

WO 2008/082927 PCTAIS2007/087684
01
02 Naturally occurring clays, e.g., bentonite, kaolin, montmorilionite, sepiolite and
03 attapuigite, are not required, but may be included in the shaped particles prior to
2: crysiallization to provide particles having good crush strength. Such dlays can be
06 used in the raw state as originally mined or can be initially subjected to
gy calcination, acid treatment or chemical modification. Microcrystalline cellulose has
g8  aiso been found to improve the physical properties of the particles.
09
10 As stated above, the liguid present in the reaction mixture (which may be in the
1 form of shaped particles) may be a combination of agueous and organic liquids, so
Z long as the amount of water present is sufficient to cause and maintain
14 crystallization of the small pore molecular sieve, while at the same time optionally
15 keeping the reaction mixture self-supporting. Since the total liquid content may
16 affect, for example, the physical strength of any shaped parlicles made from the
17 reaction mixture, it is preferred that the totai volatiles content of the reaction
12 mixure during crystallization be in the range of between about 20% and about 60%
;g (wiw), and in some embodiments between about 30% and about 60% (wiw), whers
a1 the total volatiles content is the measure of total volatile fiquid, including water, in
9o the reaction mixture. ltis a feature of the present process that no additional liquid
23 beyond that required to cause and maintain crystallization of the ultrasmall crystal
24 MTT molecular sieves is required for crystallization of the ultrasmall crystal MTT
25 molecular sieves within the reaction mixture.
26
27 - . .
29 Crystallization of the motecular sieve takes place in the absence of an external
99 liquid phase, i.e., in the absences of a liguid phase senarate from the reaction
30 Mmixture. In general, it is not detrimental if some liquid water is present in contact
31 with the reaction midure or with the shaped particles during orystaliization, and it
32 can be expected that some water may appear on the surface of the reaction
i:’; mixture, such as in the form of beads, during crystallization. However, it is an

obiective to provide a method of crystallizing ultrasmall crystal MTT molecular
sieves in such a way as to minimize the amount of water which must be treated
and/or discarded following crystallization. To that end, the present method

9



3.4950 7.71 27.234 3.2718 10.62 28.850 3.0922 8.41 29.749 3.0008 9.87
33.491 2.6735 5.96 35.947 2.4963 16.17 01The X-ray diffraction pattern
of Comparative Example 1 is shown in Figure 3. 02 Comparative Example
1 is the same as Example 19 from U. S. Patent No. 035,558,851.

WO 2008/682927 . PCT/US2067/087684
01 provides & method of synthesizing ufirasmall crystal MTT molecular sieves which
92 requires no additional water for crystallization beyord a sufficient amount of water
63 reguired to cause and maintain crystallization of the motecular sieve, while at the
g: same time optionally keeping the reaction mixture self-supporting.  indeed, under
06 certain conditions, fiquid water present during crystallization may alter the form of
g7 the reaction mixture or shaped particles, and, in extreme circumstances, may
08 cause the reaction mixture or shaped particles to lose their integrity or to dissolve.
09
10 Crystallization is conducted at an slevated temperature and usually in an autociave
h s0 that the reaction mixture is subject to autogenous pressure until the small pore
: molecular sigve crystals are formed. The temperatures during the hydrothermal
14 crystallization step are typically maintained from about 165°C. to about 175°C.
i5
16 ltis an important feature that the crystallization of the small pore molecular sieve is
17 frequently accelerated relative to conventional crystallization methods. Thus, the
18 crystallization ime required to form crystals will fypically range from about 24 to
19
20 about 72 hours.
21
99 1he ulirasmall crystal MTT molecular sieve is crystallized within the reaction
23 mixture, which comprises amorphous, non-crystalline reagents. Crystals of a
24 molecular sieve capable of forming the ultrasmall crystal MTT molecular sieves
25 (i.e., "seed” crystals) can be added to the mixture prior to the crystaliization step,
26 and methods for enhancing the crystallization of molecular sieves by adding “seed”
;; crystals are well known. Conveniently, when used, the seed crystals are crystals of
29 the MTT molecular sieve. The seed crystals can be employed in amounts from
30 about 1 to about 10 wt.% of the weight of silicon oxide (calculated from the amount
31 of active silica source) in the reaction mixture.
32
iz in one embodiment, once the molecular sieve crystals have formed, the crystals

are water-washed and then dried, e.g., at 90°C. to 150°C. for from 8 to 24 hours.
The drying step can be performed at atmospheric or subatmospheric pressures.
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WO 2008/082927 PCT/US2807/087684

01  [n one embodiment, the ultrasmall crystal MTT molecular sieves are used in

U2 catalysts in & process whereby a feed including straight chain and slightly branched
3
04
03
06
g7
08
0%  EXAMPLE 1.
10
b1
12

13
14 To 150 grams of silica (Hi-Si 233) in a Baker-Perkins mixer were added 12 grams

15  of A{OH)3 (Rehsis F2000, 53 wi% AI203, 47 wi% H20) and the resulting mixture
16  was mixed for 20 minutes. To this were added 194 grams of a 1 molar solution of

parafiing are dewaxed o produce an isomerized product.

EXAMPLES

An ultrasmall crystal MTT molecular sieve was prepared as follows:

17 dilsopropylimidazolium hydroxide with mixing for 15 minutes. Next were added 36

18 grams of a 50% aqueous solufion of KOM and mixed for 20 minutes. The mixer
19

20
21
22
X R+/8i0, = 0.085
24 )

25 OH-/SI0; = 0.23
26

27

28

29

30 Sngi’AigC)a = 35
31

32 Ho 07810, = 4.4

33
34

walls were heated to 80 °C to dry the mixture to a volatiles content of 55 wi%.

Molar ratios in the mbdure were as follows;

M+/Si0, = 0.14

The mixture was placed in a Teflon bottle in a stainless steel prassure vesssl and
neatad to 170 °C for three days. The product was washed with pH 12.5 KOH
solution at 80 °C three times, then once with water. it was then dried overnight in

1



2526 27 28 29 30 31 32 33 34 01 WHAT IS CLAIMED 1S: 0203 1, A
method for preparing a crystalline molecular sieve having MTT framework
04 05topology and having crystallite sizes in the range of about 150 to
about 600 06Angstroms, said method comprising: 07 08a. preparing a
Wi it ixture comprising, in terms of mole ratios, the O9TSIEHARR 717684

01 avacuum oven at 120 °C, and calcined for nine hours at 580 °C. The product

02 was identified as ZSM-23-type by x-ray diffraction analysis. The w-ray diffraction
3
4
05

06
07 COMPARATIVE EXAMPLE 1:

analysis (Figure 1} slso confirmed the small crystal size as shown in the
transmission electron micrograph of Figure 2.

08 710150 grams of silica (Hi-Sil 233) in a Baker-Perkins mixer were added 10

99 grams of AIOH); (Reheis F2000, 53 wt % Al O, 47 wi % H, O) and the
31

il

i2
13 grams of a 50 wi % aqueous solution of KOH and the resulting mixture was

resulting mixture was mixed for five minutes. To this were added 170 grams

of a 1.15 molar solution of diisopropylimidazolium hydroxide, followed by 22

14 mixed for 3.5 hours, To this were added 15 grams of water o bring the mix to
15 apaste. Then 3.5 grams of kaolin clay powder were added, and slow mixing

16 continued with the mixer walls heated to about 80° C. to convert the mix to an
17
18

19
ng content of 45 wi %. Molar ratics in the extrudate were as follows:

extrudable mass. The mix was then extruded through a 1/12-inch diein a
Carver press and placed on a screen fo dry at room temperature to a volatiles

21
22
23
24
25 OH-/SI0, =0.17
26

27 M* /18I0, =0.12

28

29

30

31

32 Hz O}'SEOQ =23
33

34

RH/SIG, =0.086

Si0z fAl, Oy =36

The extrudate was placed in a Teflon botile in a stainless stee! pressure
vessel and heated at 170° C., and autogenous pressure for four days. The
extrudate was washed with water, dried overnight at 120° C. in a vacuum

2



11 1) Y021VvVv203 30 - 40 12 2) R+/Y020.06 - 0.12 13 143) OH'/Y020.20-

0.26 154) Kt/Y020.09 - 0.15 16 175) and an amount of water not

substantially in excess of the amount 18required to cause and maintain

crystallization, wherein Y is silicon, 19 germanium or mixtures thereof, W
WESZARARAEM, boron, gallium, iron 20 21or mixtures thereof; BE&FS2687 487684

diisopropylimidazolium cation; and 22 23b. heating said reaction mixture

at crystallization conditions and in the absence 240f an external liquid

phase for sufficient time to form a crystallized material 25containing

ﬁérysfé‘f@%@ﬁ‘?rﬁﬁ@ﬁﬁﬁﬁ@@%i% ng-Ner PR RaBol DYy Ripduct was

26hanengerystalitisizesinthe rangeibhabonthbfde abot 5Q%ta d-

32”9%%53&%?@52%@% the x-ray diffraction analysis are summarized in TABLE 1.

&5

06

o7

08
pg 29 d spacing

TABLE |

10 Relative Intensity
1%

12 7450 12.3535 38.95
13 7200 122678 40.60
i': 7.250  12.1833 4741
1§ 7280 12,1165 47.78
17 7.614  11.6015 72.12
18 8.691 10.1857 11.69
19 13477 5.5648 7.79
20 14598 6.0633 7.23
2L 0560 43164 20.81
;i 20.919 4.2431 31.43
g 21881 4.0995 87.56
25 22514 3.9460 106.00
26 23.010 3.8624 27.95
27 25465 3.4950 7.71
28 57234 32718 10.62
iz 28.850 3.0522 8.41
;1 29749 3.0008 9.87
5 33491 26735 5.66
33 35.947 24963 16.17

34

13



29 2. The method of claim 1, wherein said reaction mixture during
crystallization has 30a water to YO2 mole ratio between about 1.9 and
about 5.0. 31 32 3. The method of claim 2 wherein said reaction mixture
during crystallization has a 33water to YO2 mole ratio between about 1.9
WARWHHBAL2.5. 34 4. The method of claim 1 wherein the mote TatR3wH ¥ORs4
to W203 in the MTT molecular sieve is greater than 12. S. The method of
claim 3 wherein the Y02 to W203 molar ratio is 30 or higher. 6. The
method of claim 1 wherein in step a, the W203 is first converted to a sol

Yy mixihdvrhigastiers retun shE i irdediaractite o figHirs.

& W2a3M0sINO2mitise, follmvashbstheadditionatde (D sarbmbtue.

gg. A Qg for preparing a shaped crystalline molecular sieve having MIT

gramework topology and having crystallite sizes in the range of about 150
about 600 Angstroms, said method comprising: a. preparing a reaction

Gmixture com_prising, in terms of mole ratios, the following: 1) Y02/VV203

50 - 40 2) RiVY020.06 - 0.12 3) OFINO20.20 - 0.26 4) Kt/Y020.09 - 0.15

8) and an amount of water not substantially in excess of the amount

Ufequired to cause and maintain crystallization, wherein Y is silicon,

pgermanium or mixtures thereof; W is aluminum, boron, gallium, iron or

ixtures thereof; and lie is a diisopropylimidazolium cation; b. forming said

1;Leaction mixture into shaped particles; and C. heating said reaction

mixture at crystallization conditions and in the absence of an external

quid phase for sufficient time to form a crystallized material containing

'érystals of a molecular sieve having MTT framework topology and having

idrystallite sizes in the range of about 150 to about 600 Angstroms. WO

12008/082927PCTMS2007/087684

16

17

18

19

0

21

22

23

24

25

26

27

28

29
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31

32

33

34
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018. The method of claim 7, wherein said shaped particles during
crystallization have 02a water to YO2 mole ratio between about 1.9 and
about 5.0. 03 04 9. The method of claim B wherein said shaped particles
during crystallization have 05 06a water to YO2 mole ratio between about
WQ %8¢ 8bout 2,5. 07 08 10. The method of claim 7 whereiRGRE FRBIE YIS
of YO2 to W203 in the MTT 09molecular sieve is greater than 12. 10 11
11. The method of claim 10 wherein the Y02 to W203 molar ratio is 30 or
higher. 12 13 1412. The method of claim 7 wherein in step a, the W203 is
Hrst W%r@%%%?zﬁmixing with agueous KOH, and then the sol is

(added to YO2to produce a 16W203/KOHNO2 mixture, followed by the

additon.of Bs 10 ﬁfgigrgygmrgea % éﬁz%%m&@%ﬁ%@ﬁmﬁ& W37 framework

garystalline molec

ar sieve having MTT framewo
topology and having orystallite sizes in the range of about 180 1o about 600

2§ Angstroms, said method comprising:

07

HE a. preparing a reaction midure comprising, in terms of mole ratios, the

9 following:

10

i1 1) YO/Wa03 30— 40

1? 2y RO, 0.06-0.12

14 3) OHYYO, 0.20 - (.26

15 4y K'INO, 0.09~0.15

16

17 5) and an amount of water not substantially in excess of the amount

18 required to cause and maintain crystallization, wherein Y is silicon,

;z germanium or mixtures thereof, W is aluminum, boron, gailium, ron
21 or mixtures thereof, and R" is a diisopropylimidazolium cation; and

22

23 b. heating said reaction mixture at crystallization conditions and in the absence
24 of an external liquid phase for sufficient time to form a crystallized material
25 containing crystals of a molecular sieve having MTT framework topology and
ij having erystaliite sizes in the range of about 150 to about 800 Angstroms,
23

20 2. The method of claim 1, whereln said reaction midurs during crystallization has
30 a water to YO mole ralio between about 1.9 and about 5.0.

3t

32 3. The method of claim 2 wherein said reaction mixture during crystallization has a
iz water to YO, mole ratio between about 1.9 and about 2.5.

4. The method of claim 1 wherein the mole ratio of YO, o Wa(; in the MTT
molecular sieve is greater than 12.

15



topology and having crystallite sizes in the range of about 150 to about
600 20 21angstroms, said method comprising; 22a. converting W203 to a
sol by mixing with aqueous KOH; 23b. adding the sal to Y02 to produce a
W203/KOH/Y02 mixture; 24c. adding R+ to said W203/KOHNO2 mixture

WERIBHP 2 ¥eaction mixture having 25a mole ratio of water toP¥BZ irsttieesisss
about 1.9 and about 5.0, from which 2.crystalline molecular sieve is
formed, wherein Y is silicon, germanium, or 27 mixture thereof; W is
aluminum, boron, gallium, iron, or mixtures thereof; 28 29and Fe is a
Sdiisopropylimidazolium cation. 30 3114. The method of claim 13, wherein
Uthe adtiemmiktdehasia melesraticied walab WD, molar ratio is 30 or higher.
(2008/082927PCT/US2007/087684 0116. The method of claim 13, wherein

e reaction mixture comprises, in terms of 05 063) OFIlY020.20- 0.26

0974%%2’0%!9@&@@@@ 1 whereln in step a, the W04 is first converled o a sol by
mixing with agueous KOH, and then the sol is added to YO: to produce a

Ej WoOa/KOHY Oy mixdure, followed by the addition of R” o said mixture.

08

09 7. Amethod for preparing a shaped crystalline molecular sieve having MTT

10 framework topology and having crystallite sizes in the range of about 150 fo

i about 800 Angstroms, said method comprising:

13

14 a. preparing a reaction mixture comprising, in terms of mole ratios, the

15 following:

16

17 1) YO/W,0s 3040

18 2) RIYO, 0.06 -0.12

;2 3) OH/YO,  D0.20-0.26

21 4y K'rYo, 0.09 - 0.15

22

) 5} and an amount of waler not substantially in excess of the amount
24 required to cause and maintain crystallization, wherein Y is silicon,

25 germanium or mixtures theraof, W is aluminum, boron, gallium, iron or
ij mixtures thereof; and R is a diisopropylimidazolium cation;

28

5 b. forming said reaction mixiure into shaped particles; and

30 '

31 ¢. heating said reaction mixture at crystallization conditions and in the absence
32 of an external liquid phase for sufficient time to form a crystallized material
22 containing crystals of a molecular sieve having MTT framework topology and

having crystallite sizes in the range of about 150 to about 600 Angstroms.

16



0917. The method of claim 13, including the additional step of crystallizing
the 10molecular sieve in the absence of an external liquid phase. 11 12
16. The method of claim 13, wherein the crystallizing is conducted at a
temperature 13 14from about 165C to about 175C. 15 16 19. The method

WHTEIFR S, where a time to form crystals is from about 24 BSABEGETPZ84
hours. 18 19 20 21 22 23 24 25 26 27 28

01 B. The method of claim 7, wherein said shaped particles during crystallization have
02 a water to YO2 maole ratio between about 1.8 and about 5.0.
03

o4 8. The method of claim 8 wherein said shaped pariicies during crystallization have

G5

06 a watler 10 YO, mole ratio between about 1.8 and about 2.5,

47

g8 10. The method of claim 7 wherain the mole ratio of Y, to WaOq in the MTT
Y molecular sieve is greater than 12,

10

1 11. The method of claim 10 whereiri the YO, to W0y molar ratic is 30 or higher.
12

13

14 12.The method of clalm 7 wherein in step a, the Wo0;4 is first converted to a sol by
15 mixing with aqueous KOH, and then the sol is added to YO, 1o produce a

16 WoO/KOH/Y Q2 mixture, followed by the addition of R* to said mixture.
17

18 43, A method for preparing a crystalfine molecular sieve having MTT framework

;z topology and having crystallite sizes in the range of about 150 fo about 600

24 angstroins, said method comprising:

22 a. converting We(s; to a sol by mixing with aqueous KOH;

23 b, adding the sol to YO, to produce a WoOaf KOHY O, mixture:

24 c. adding R* to said WaO/KOHMY O, mixdure to form a reaction mixture having
23 a mole ratio of water to YO, between about 1.9 and about 5.0, from which
26 the crystalline molecular sieve is formed; wherein Y is silicon, germanium, or
zz mixiure thereof, W is aluminum, boron, gallium, iron, or mixtures thereof:
29 and R' is a diisopropylimidazolium cation.

30

31 14.The method of claim 13, wherein the reaction mixture has a mole ratio of water
32 te YO, between about 1.9 and about 4.5.

33

34

15. The method of claim 14, wherein the reaction mixture has a mole ratio of water
to YO, between about 1.9 and about 2.5,

i7
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16. The method of claim 13, wherein the reaction mixture comprises, in terms of
mole ratios, the following:
1) YO.MVa0s 30— 40
2y ROy 0.06 - 0,12
3) OHIYO,  0.20-0.26
4) KO, 0.09 - 0.158

17. The method of claim 13, including the additional step of crystaflizing the
molecular sieve in the absence of an external liguid phase.,

18. The method of claim 13, wherein the crystallizing is conducted at a temperature
from about 165°C to about 175°C.

18. The method of claim 13, where a time to form crystals is from about 24 to about
72 hours.

18



