H GH ACTIVITY MIT FRAMEWORK TYPE MOLECULAR SI EVES FI ELD [0001] This
invention relates to high activity nol ecul ar sieves having the MIT

f r amewor kwoypm,/o7atei r synthesis and their use in catal yPCT/Use@op866s .
BACKGROUND [ 0002] Mol ecel ar sieves are-dl-assified by the Structure

Comm ssion of the International Zeolite Association according to the rules
of the I UPAC Conmm ssion on Zeolite Nonenclature. According to this
classificati ogiGHr REEMRTRY! WEr FROUMIEBY ORI 10 PE'MODVECBILARSIBEVEDPOT OUS
nol ecul ar sieves, for which a structuré has béen established, are assigned
a three letter code and are described in the Atlas of Zeolite Franmework
Types, 6th edition, Elsevier, London, England (2007). [0003] One known

nol ecul ar sieve for which a structure has been established is the nmaterial
desi gnat ed®IBEIMIT, which is a nol ecul ar sieve having pores defined by
paral | el channel s having cross-sectional dinensions of about 4.5 Angstrom

by about ngstyom Exa s, of T fra r t u ar

i ncl ude ZMQQ 1531§vexgﬂpni€g§at|e§|to%r igh getaty m Wl’f‘l}f’g ?18 Q‘Qngﬁ%ﬁ/ﬁ’f
material s [ t. f their activity
as catal ysts ?vg(f) Q tfrtlls %})}%Saf |0$1i|h% rh%/S rlgcaﬁib%tl? ﬁﬁ%&gg%eg] ZSM 23, the
first nol ecul ar S|eve isolated with an MIT framework type, and its
preparat i EEA: 8(528 grﬁsence of a pyrrolidine directing agent are taught by
U S Pate A0 =342, the entire disclosure of which is incorporated
herein by reference. According to the '842 patent, ZSM 23 has a _
composi t1 giegd"_ RN SREs HrB! asiiRE B e 'Strd iR AR forf BF1 e ©f

oxi des,

Internatlonal Zeolite Association according to the rules of the [UPAC Commission
on Zeolite Nomenclature. =~ According to this classification, framework type
zeolites and other crystalline microporous molecular sievés, for which a structure
has been established, are assigned a three letter code and are described in the Atlas

of Zeolite Framework Types, 6th edition, Elsevier, London, England (2007).

[0003] One known molecular sieve for which a structure has been established
is the material designated as MTT, which is a molecular sieve having pores
defined by parallel channels having cross-sectional dimensions of about 4.5
Angstrom by about 5.2 Angstrom. Examples of MTT framework type molecular
sieves include ZSM-23, SSZ-32, EU-13, ISI-4 and KZ-1. MTT framework type
materials are of significant commercial interest because of their activity as

catalysts in dewaxing of paraffinic hydrocarbons.

[0004] ZSM-23, the first molecular sieve isolated with an MTT framework
type, and its preparation in the presence of a pyrrolidine directing agent are taught
by U.S. Patent No. 4,076,842, the entire disclosure of which is incorporated herein
by reference. According to the ‘842 patent, ZSM-23 has a composition, in the

anhydrous state, expressed in terms of mole ratios of oxides, as follows:

(0.58-3.4)M,,,0 : AL,O5 : (40-250)S10,



(0.58-3.4)M2/nO : Al 233 : (40-250 Si 2wherein Mis at |east one cation
havi ng a val ence n. [0005] U.S. Patent No. 4,490, 342 discl oses that ZSM 23
can be sywoOhemvwen2from a reacti on m xture containi ng aRCOMSF00006588 | on of
the formula (CH3)3N+-R1-N+(CH3)3 whereir@-R1 is a saturated or unsaturated
strai ght chain hydrocarbon group having seven carbon atons (commonly
referred to as Diquat-7). In the Exanples, the ZSM 23 products have a

silica toH8in ¥ 9k Mast Shé Cathsi WBARgS Valéfid 120 [0006] U.S. Patent No.
5,332,566 discloses that ZSM 23 can bée synthesized froma reaction m xture

having a silica to alum na nolar ratio between 30 and 300 and contai ning an
organi ¢ c§0065] of UtSePitenmNa@ 4,293 B33RH+dIRICKHACHRAHA SIM3) 2 @dACHE2 Gities12eld) 3
(commonly referred to as Triquat-7). Product alum numconcentrations are
not repor fedmand EAFtiOMe NEXEITP| SONBPBING: calnt OFgANE | edtion xOfir dhesi fprmilacs

[ f ition, U S . 5, , .
aports. t KeFSPR RBSHC (GH:pstbsseinnfy e SroabeNEd o Upreued ST dio iR cro)
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report ed. §;gQ987). Al ARt EQarﬁPFé‘é?thM?l\/f—Q@"ﬂ’r%ﬁ&fs tHaRe an%heé k@hmmﬁluqhopas

ZSM 23, are useful as dewaxing catal ysts ‘and, for such applications, it is

found t hatatésbetwden dlngid428el ectivity are generally inproved when the
nol ecul ar sieve product has a lowsilica to alumna nolar ratio and a smal |
crystal size. Unfortunately, however, alum numcan be a crystallization

i nhi bi t or [0#46] cebtSi RatgabiNa.e% 332 .360udiiselgsedr that rabId3 lcanybe syathesizads, so

that with _nost existng.synthesjs rautes if is difficult
from a reaction gux re gavmg a silica to aIurmna molar ratio between 30 and 300

and containing an organic cation - of the formula
(CH;);N"CH,CH,CH,N"(CH;),CH,CH,CH,N"(CH;); (commonly referred to as
Triquat-7). Product aluminum concentrations are not reported and all the

Examples operate at reaction mixture Si0,/Al,O; ratios of 45 or above.

[0007] In addition, U.S. Patent No. 5,405,596 reports the synthesis of ZSM-23
in the presence of Diquat-12, (CH3);N"(CH,);,N'(CH;);, but using reaction
mixtures having silica to alumina molar ratios in excess of 60. Again product

aluminum concentrations are not reported.

[0008] As noted above, MTT framework type materials, such as ZSM-23, are
useful as dewaxing catalysts and, for such applications, it is found that activity
and/or selectivity are generally improved when the molecular sieve product has a
low silica to alumina molar ratio and a small crystal size. Unfortunately, however,
aluminum can be a crystallization inhibitor with certain zeolites, including MTT
framework type materials, so that with most existng synthesis routes it is difficult
to produce low silica to alumina molar ratio, that is, less than 30:1, zeolites
without significant production of impurity phases, particularly FER framework

type materials.



to produce lowsilica to alumna nolar ratio, that is, less than 30:1,
zeolites without significant production of inpurity phases, particularly
FER framaworkicorpe2materials. - - [0009] U. S. Patent NosPCFB2®980&5and
5,252,527 disclose that SSZ-32, which irS-purported to be a high al uni num
content zeolite of the MIT framework type, can be synthesized using NI ower
al kyl -N -isopropyl -i mdazoliumcations as a directing agent. SSZ-32 is said

to have a[god9jca UK ap4BhNR IO @53 b5 230, 327 HRskst iRy IOZBR WHieh
| owest silica to alumina nolar silicato alumna molar ratio reported in

t he ExanpliepuiporiEd tof B 20highl. dumbairandonient 20090 p82e AMTT| osmswarkeypeyd of
synthesi zing MIT framework type zeolites in the absence of organic
di rect i ngcanem symtbesiged qusang Sddowen alkydt Ni-tsopeapykdmadazalivea cagioas A% Aa

nolar ratio of 20 to d a water to silica lar ratio of s than 8.
The zeol i &repHBYARENG gog%n%g lﬁéamt\? ayegt ‘T"L‘E%tq BF“g‘P‘Hﬁi‘ﬂ ARG OJFZSF%EeﬁFeater
than 12, t  produ al,unm num,concentratio . not ted | .
Lhan 2, Wl PO 8P ne WA TG B MG LSS B SR «§ SRLHAL phdlp Moy
frammrkrﬁ%&%@é'@daﬁ%l%ﬁiﬁ' s with a size of less than 5 mm at | east

a portion Ich are | e formof aggregates having a granul onetry such
that the dinension Dv,90 is in the range 40 nmto 100 mm The zeolite can
be producg@Lei ngUes kPhirhe N@.obY90i8R0 diselasew aintgthodi afsypahpszings MIET t he
directing agent and the synthesis Exanples produce materials having a Si/Al
ratio in tramewenketyp®. sealded 8n ghe sibiseres 06 aagamicndireadingr agenti andbusBE 2 to
37.8). [0012]. U. S, Patent No. .7,157,075 discl oses t framework type
zeol |) t e[s reac]tion mixture having a sﬂan to alumina molar ratlso op % t(I)VUZ_EO an% a water toyp '
silica molar ratio of less than 8. The zeolite product is said to have a silica to
alumina molar ratio greater than 12, but product aluminum concentrations are not

reported in the Examples.

[0011] U.S. Patent No. 6,692,723 discloses a zeolite of the MTT framework
type comprising crystals with a size of less than 5 um, at least a portion of which
~are in the form of aggregates having a granulometry such that the dimension
Dv,90 is in the range 40 nm to 100 um. The zeolite can be produced using
alkylated polymethylene a-®w diammonium compounds as the directing agent and
the synthesis Examples produce materials having a Si/Al ratio in the range 18.6 to

18.9 (silica to alumina molar ratio of 37.2 to 37.8).

[0012] U.S. Patent No. 7,157,075 discloses that MTT framework type zeolites
can be synthesized using as a directing agent at least one nitrogen-containing
organic compound selected from the group consisting of N,N,N'N'-tetramethyl-
propane-1,3-diamine, N-isopropyl-isoamylamine, N,N-dimethyl-N'-isopropyl-
ethanediamine, N-isopropyl-propane-1,3-amine, N,N-dimethyl-N'-ethyl-
ethanediamine, = N,N,N,N'N'-pentamethyl-propane-1,3-diammonium  cations,
N,N'-diisopropyl-pentane-1,5-diamine, N,N'-diisobutyl-propane-1,3-diamine,
N,N'-di-tertbutyl-pentane-1,5-diamine, N,N'-diisobutyl-heptane-1,7-diamine,
N,N,N',N'-tetramethyl-N'-4-methylpentyl-propane-1,3-diammonium cations,



can be synthesized using as a directing agent at |east one

ni trogen-cont ai ni ng- organi ¢ conpound sel ected fromthe group consisting of
N, N, N , Nwoebrozoterdy| pr opane- 1, 3-di anmi ne, N-isopropyl - PESOAISRIQ0DGHES

N, N- di et hyl - N' - i sopr opyl et hanedi armi ne:-4N-i sopr opyl - propane- 1, 3-am ne,

N, N-di net hyl - N - et hyl et hanedi am ne, N, N, N, N N - pent anet hyl - pr opane- |

, 3-di ammoni um cations, N, N -diisopropyl -pentane- 1,5-di am ne,

N, N - di i shiietlylfecaBAne-  hminghim ne, ghtﬁ;) dsgii -Fegﬂ@wyim&ﬁypaﬂsd)-amine,

1, 5-di am ne, N, ’N"-di’l sobutyl-hept ane- -di am ne,
N, N, N, N (3eﬁm&ﬂ@ﬂimindx?ro@yh)eai!myéthﬁlnpmtyprammoaiurﬂ, SattbramBaminoheptane,
ty

cations, trinethyl-pen amoni um cations, ethyl-(3-nethyl-butyl)-am ne,

( 3- di et hylErinmoopisGNy dimcthat propypening] andnesitam qulymesc amangsnoh&peane,
3,3 -imnobi s(N, N-di met hyl propyl ami ne, and_certain_ pol ric amnes., The
Cowest  si ﬂq’\%%s(tts&l% OrIAER, grrraflpdep%%f? falthe GEOlifes of db Examplas 13-
Exanples is 33. [0013] U S. Patent No. 7,390,763 discloses a snmall crystal
SSZ- 32 ze@hhif, i , hch i r t a e
552 32 Zethit s, B SBAER 5 TGRS AIR)NEst 2 SHERCHST SS52YE AR
than 40: aesighm%aés'sszgzb@w»mh%gf‘l%ﬁo&g@ﬁﬂhwé @%élwﬁti&mﬁmtéxiue tbhe

range of 200-400 A, and an external 'surface area in the range from380 to

300 m / gmalubhi;uneokidegzrestep tamustanit @9 N Ressitkdrud @ 10EryNtdIhshaving small
al kyl -N -i sopropyl -i m dazolium cations and an al kyl am ne as the structure

di r ect i ngbaggshtatherhile oimpanenthisthe Bngepd200-ddicAd and zeoextemal surfage a
silica to alumnpa nolar, ratio of 29,(see Exanple 1). [0014] According to
the preseAtcd Wbgiapge fiom g9totil méémf ddzaohise 1sTpiagluged psing & pHXREEve as

Zeol i tos 3F RiGHer AR BTRERUERTeo B eRURR milcan, TP Ml 40 She
exepl i 1 g rdafectB S8ntNerhcori§ 4y aiRsis AN prolifiéed £5Ubh @ HavRiPFuCt

silica to alumina molar ratio of 29 (see Example 1).

[0014] According to the present invention, it has now been found that
Triquat-7 is effective as a directing agent in the production of pure phase MTT
framework type zeolites at higher aluminum concentrations than those previously
exemplified in U.S. Patent No. 5,332,566. Moreover, the resultant product,
composed of éggregates of small crystals of MTT zeolite with a low silica to
alumina molar ratio (typically less than 45), is found to have improved activity and
selectivity as a dewaxing catalyst as compared to a catalyst prepared from MTT

zeolite crystals with a high Si/Al, ratio of > 100/1.

[0015]  Although the foregoing comments have focussed on aluminosilicates
having the MTT framework type, it wil be understood that molecular sieves
having the same framework type can be produced in which part or all of the
aluminum is replaced with other trivalent elements and part or all of the silicon is

replaced with other tetravalent elements.



conposed of aggregates of small crystals of MIT zeolite with a low silica
to alumna nolar ratio (typically less than 45), is found to have inproved
activity woaopal7erei vity as a dewaxi ng catal yst as conpaceastaomosas al yst
prepared from MIT zeolite crystals with hi gh Si/AI2 ratio of > 100/ 1.
[ 0015] Al though the foregoing comments have focussed on al um nosilicates
having the MIT franework type, it wil be understood that nol ecul ar sieves
havi ng t hgsmBARmewor k type can be produced in which part or all of the
alum numis replaced with other trivalent elements and part or all of the
silicon is replaced with other tetravalent elements.- - SUMVARY [0016] In
one aspect[00téle i hvent iaspeatethiedmyention resides s a girogesscafcproguamgMiTMTT
framewor k type nol ecul ar, si eve, the process conprising: (a) preparing a
i xt ure cdPEREEONE tyPe iPleeulas FigVADIhe MEPEFSS SOBRSISIRG d i xt ure conpri si ng
sources of alkali or alkaline earth netal (M, an oxide of trivalent

n

element (X), an oxide of tetravalent ele t . wat er and di.rectin
agent (R) of the f&? wP%FPé%ﬁw%&ﬁ%ﬁﬁg’ﬁﬁ?&%‘?n&ﬁé‘@?&%@( ’:§,al(g1nd
havi ng a L i T | l,qwg r eynges.
veo! xacn Ree s ETe oF MRof GrphtBng it Bt kel s 8e €070
RIYQ2 >0 t@valeRt elenddid (0D) aftoxitiaioT tegrasaledt Blexidht YONGRIters Bhd iaCd@edting
conditions to produce '

agent (R) of the formula CH;);N"CH,CH,CH,N"(CH;), CH, CH,CH,N"(CHs),,

and having a composition, in terms of mole ratios, within the following ranges.

Y0,/X50; less than 45
H,0/YO, 5to 100
OH/YO, 0.051t0 0.5
M/YO, 0.05t0 0.5
R/YO, >0 to <0.5; and

(b) maintaining said mixture under sufficient conditions to produce

said MTT framework type molecular sieve.

[0017] Conveniently, the YO,/X,0; molar ratio of the mixture is less than 35,

preferably less than 30, and typically from 25 to less than 30.

[0018] Conveniently, the OH/YO, molar ratio of the mixture is from 0.1 to
less than 0.5, such as from 0.2 to less than 0.4.

[0019] Conveniently, the R/'YO, molar ratio is from 0.01 to less than 0.3., such
as from 0.01 to less than 0.1.

[0020] In one embodiment, X is aluminum and Y is silicon.

[0021] Conveniently, the mixture further comprises seed crystals, typically of
an MTT framework type molecular sieve, in sufficient amount to enhance

synthesis of said crystalline material, such as at least 500 ppm.



said MIT framework type nol ecul ar sieve. [0017] Conveniently, the YO2/ X2C3
nolar ratio of the mxture is |less than 35, preferably less than 30, and

t ypi cal | ywbrorov@2%7220 | ess than 30. [0018] Conveni ently, PChaSOMdNWEs$0l ar
ratio of the mxture is fromO0.1 to les®-than 0.5, such as fromO0.2 to |ess
than 0.4. [0019] Conveniently, the RZYQ2 nolar ratio is fromO0.01 to |ess
than O 3., such as fromO0.01 to less than 0.1. [0020] In one enbodi nent, X
i s alum m[m)?z(]d YCofiv khﬁgnsauﬁ Q@%@itl&@ﬂl’l@lﬂl‘d@rﬁ{éfnpérﬁﬁlrg‘ﬂﬁrﬁra%oﬁj'ﬂﬁgbe@
conpri ses ‘seed crystals pitcally of an MIT framework type nol ecul ar

si eve, intedbdputcA@PC. anount to enhance synthesis of said crystalline
material, such as at |east 500 ppm [0022] Conveniently, said conditions
include a tenperature from about 1500C to about 2000C. [0023] In a further
aspect, tH8023ventn anﬁnﬁaca@peanthmmmmtmmwdﬁsm gV |§r@meavor§| Bpe

having a silica to. alymna nolar rat less than.30, s s from

| ess than r@@ec I sleysihayang a sipea F‘h@ llnénmPt?é r@lté%??sﬁ tg SP?%H’@&HFQ type
nmol ecul ar e havi il a t uch
s 1 om 2338 Treabng, “aBemeBlshy ot YR TolRERict BLarM PRI RafK pe
resides i frof 4 f [ iffdrR 9
Cont act | n" SSPHAr SR e 1 éﬁfﬁ%“%aﬁa‘éﬁﬁ?ﬁgfﬁ?&ﬁ? R e
nol ecul ar Zslt@\less&haﬂQSCri bed herein. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0025] Figure 1 is an X-ray diffraction pattern of the ZSM 23 product of

Exanpl e 3. _ ' _ _ .
[0024] In a further aspect, the invention resides in a process for dewaxing a

paraffin-containing feed comprising contacting said feed under dewaxing

conditions with an MTT framework type molecular sieve as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 is an X-ray diffraction pattern of the ZSM-23 product of
Example 3.

[0026] Figure 2 is a scanning electron micrograph of the ZSM-23 product of
Example 3.

[0027] Figure 3 is an X-ray diffraction pattern of the ZSM-23 product of
Example 4.

[0028] Figure 4 is an X-ray diffraction pattern of the ZSM-23 product of
Example 5.

[0029] Figure 5 is a scanning electron micrograph of the ZSM-23 product of
Example 5.

[0030] Figure 6 compares the decane isomerization activity (decane conversion
against temperature) for the Pt-containing ZSM-23 catalysts of Examples 10 to 12
with that for Example 9.



[0026] Figure 2 is a scanning electron mcrograph of the ZSM 23 product of
Exanple 3. [0027] Figure 3 is an X-ray diffraction pattern of the ZSM 23
product oVOBR&wmpk®24. [0028] Figure 4 is an X-ray diffr&criuseooandses n of
the ZSM 23 product of Exanple 5. [0029]- 7Rigure 5 is a scanning el ectron

m crograph of the ZSM 23 product of Exanple 5. [0030] Figure 6 conpares the
decane isonerization activity (decane conversi on agai nst tenperature) for
the Pt-co R Y NOF: : h t;

Examl o ol gbTL] & B o ke e CorBaPuTty
(total isdsdiperssagmns againestoession) donvhe sttatontdiaing HESNP2X eatadysts g

ZSM 23 catal ysts of Exanples 10 to 12 with that for Exanple 9. DETAILED
DESCRI PTI @Gixa0ip]gHE0 PREE FREEDEVBOBKMBENRS9] 0032] Descri bed herein is an MIT
framework type nol ecul ar sieve having a low YO2 X @3 nolar ratio, that is a
hi gh concentration of the trivalent elenent X, and in particular to an

al um nosi IDERASL EEODESE ASNHON WOR THE PRIERERREDAEMBOBDIMENT S ati o | ess
than 30, such as from25 to less than 30, or a nolar ratio | ess than 29,
such as from25 to less than 29. Al so described is a process for producing
t he novel [AB32)cul Resaibkadkhersimds aniMidt framesvaik dype cnaleeular sisyeihayingant

and to a nethod of using the | ecul ar sieve as .a catal yst .in the
i soneri zatIPWnYQQ/MﬂF‘P?%GBH?g&W hba%é@HEQHqW§§PnI tﬁﬁ iy2lgpt el dfdi ng

a low sil 'and {[nopgrlt#:marr]ator & 'a?ummwngls-il{rc%ltee %% Ne ZSM-23 with a silica to alumina

molar ratio less than 30, such as from 25 to less than 30, or a molar ratio less than
29, such as from 25 to less than 29. Also described is a process for producing the
novel molecular sieve using Triquat-7 as a structure directing agent and to a
method of using the molecular sieve as a catalyst in the isomerization of paraffin-

containing feeds.

[0033] In addition to providing a low silica to alumina ratio, MTT molecular
sieves synthesized according to the invention also have a relatively low surface
area, such as 80 m?/g or less. Without being bound by any particular theory, lower
silica to alumina ratios tend to lead to increased reactivity for zeolites. The low
surface area of the zeolites made according to the invention means that the zeolites
will pack more densely within a reactor. Thus, the combination of low silica to
alumina ratio and low surface area will provide for an increased amount of

catalytic activity per volume relative to prior MTT molecular sieves.

[0034] The ZSM-23 produced herein has an X-ray diffraction pattern with

characteristic lines as set out in Table 1 below:



si eves synthesi zed according to the invention also have a relatively | ow
surface area, such as 80 n2/g or |less. Wthout being bound by any

parti cul avotzhmar7y722l ower silica to alum na ratios tend PoTIESa@Ina6csENCr eased
reactivity for zeolites. The low surfacé-area of the zeolites nade
according to the invention neans that the zeolites wll.pack nore densely
Wi thin a reactor. Thus, the conbination of lowsilica to alumna ratio and
| ow surface area will provide for an pggegased anmount of catalytic activity
per volune relative to pri or MIT nol ecul ar sieves. [0034] The ZSM 23

produced herdin di. ff tion pat h racteristfjc lines
as set out in Bl'anierg 9\%/ ‘% [ 0035] Tltlﬁee%%‘%ﬁ’é Eﬁyf(m%tl on| dat a
were col |l ectgdwtima :ﬁlﬂ 3tneta-the a powder diffjaction system

equi pped wi t hMmde%l ation

counter, usirng copper ROalha0radiation| The diffract on data were| recorded
by step-scanring at O. es of two{theta, where heta I's the Br agg
I q 28 '19 ) -
angl e, an a leeuntn 6 1—secondfor—each——st €9~ Fhre—inter pl anar
spacings, d'9, were Ca|iél§ﬂrég in Angstron units (A)WY and the relative
intensities df the I|n65$44+() 10, where 10 is one-hundmedth of the iptensity
of the strongest—time, 4%%2#? Qdckgrounu wWere dertveg w thh the use| of a
profile fittilng routine l cond derivative algori %rﬁ The intensities
are uncorrectled for Lor énd3+Giha pol ari zati on effects. sThe rel ative
intensities dre given n%mg*g of the synbols vs=verygstrong (75-1)00),
S:strong (50 7/1\ ||117\'/ /10\ gnrl \r—\nnglx /n ’)/1) -t ShCU! d be
under st ood t hat dlffrac3t7%‘3‘:ﬁQ§ta i sted|for thls sanP¥ e as single |ines ma
y
consist of mjltiple ovgrd;ggpomg | i nes whi ch under ceggain conditio UES, such

as differencgs—n uyaéas Q/B stzes—or—very high cxpt:lnlb'mal resoj uti on or
crystal |l ograpghic chang e prear as nesolved or pdttially resoljed

3.44+0.07
3.36+0.07
3.16+0.07
3.05+0.06
2.99+0.06
2.85+0.06
2.54+0.05
2. 47+0.05
2.40+0.05
2.34+0.05

sssasssssm%

[0035] These X-ray diffraction data were collected with a Scintag theta-theta
powder diffraction system, equipped with a graphite diffracted beam
monochromator and scintillation counter, using copper K-alpha radiation. The
diffraction data were recorded by step-scanning at 0.05 degrees of two-theta,
where theta is the Bragg angle, and a counting time of 1 second for each step. The
interplanar spacings, d's, were calculated in Angstron units (A), and the relative
intensities of the lines, I/lo, where lo is one-hundredth of the intensity of the
strongest line, above background, were derived with the use of a profile fitting

routine (or second derivative algorithm). The intensities are uncorrected for



lines. Typically, crystallographic changes can include m nor changes in
unit cell paraneters and/or a change in crystal symetry, w thout a change
i n topol oy 20fo/7e2st ruct ure. These m nor effects, incl edrrus2@bangss in
relative intensities, can also occur as% result of differences in cation
content, framework conposition, nature and degree of pore filling, and
thermal and/or hydrothermal history. [0036] The MIT framework type

mol ecul ar 15jreN© HERARRTathG 8F%cRASTIR FRIMPRSIntéidsWel ved in Reni¥Rd fBthe
rel ati onship: nYQ2: X203 wherein X is a trivalent elenent, such as al um num

boron, i r ggmboidivgrvand/saiongal73-100), ps-efteorgb I(§O-Fdyminremmediin S(25-4%t madal ent
el ement, such as silicon, tin and/or germanium preferably silicon; and n
i s |ess tivenwask hd4pr Bfshoabl he uaderstaod thahddraction datsrlisted 071 thig srplehan
29, such as from25 to less than _29. |t is believed. that T framewor.k type
mol ecul ar 2§i $08!$ Wneh M cPniat ©f WRIHRIRLYRBIaRPINElinGS | WRICh HadPToeCTiAlle not

Pati ot heopatany wekes Hitehel b GoRlauli; Figk? PreVont Bidf RodIR 7
exhi bi ts ?Qgﬂ?‘éﬁ@@o}/%l&é?alfg r%lﬁ@tcﬁﬁné&e}ﬂafgpeeﬁ% rebhed Y lbdRidIRSlesbRed

nmeasure o cracki'ng activity of "a ca st and 1s described in U S

Pat ent No.lings 35HypiddllyangydtallddrapHieucltdlgeolcakdheluye irsinoY@hanges i unib2éll
(1965); Vol. 6, p. 2 8%966)%}@gnd Vol.g61, p. 395 (1980), each

i ncor por atpadarhetess and/pr aathangade cagstalosyrhaetnye sathopt aorhangh én depelogywit al
conditions of the test used herein include a constant Ee_rrpe_r ature of 5380C
and a var ithbSBUuetuEGy rlhese a8ings sdfschednelnding shanges mpielatyier pignsies, can

Cat al ysis, ,Vol . 61 . 395. The | t MIT K, t | |
Seve s VOB By B s SRS Pca degtviah HRETee SBRRiEE ™
form ng Sqfa%r%lrlﬂcdélg%e of e fﬁﬁﬂg, and thermal and/or hydrothermal history.

[0036] The MTT framework type molecular sieve prepared hereby has a

composition involving the molar relationship:
I’lYOzIXzOg,

wherein X is a trivalent element, such as aluminum, boron, iron, indium and/or
gallium, preferably aluminum; Y is a tetravalent element, such as silicon, tin
and/or germanium, preferably silicon; and n is less than 45 and preferably is less
than 30, more preferably less than 29, such as from 25 to less than 29. It is
believed that MTT framework type molecular sieves with a silica to alumina molar
ratio less than 29 have not previously been synthesized. By virtue of this low
silica to alumina molar ratio, the present ZSM-23 has a high acid activity, typically
such that it exhibits an Alpha Value of greater than 200. The Alpha Value test is a
measure of the cracking activity of a catalyst and is described in U.S. Patent No.
3,354,078 and in the Journal of Catalysis, Vol. 4, p. 527 (1965); Vol. 6, p. 278
(1966); and Vol. 61, p. 395 (1980), each incorporated herein by reference as to
that description. The experimental conditions of the test used herein include a
constant temperature of 538°C and a variable flow rate as described in detail in the

Journal of Catalysis, Vol. 61, p. 395.



conprising sources of alkali or alkaline earth netal (M, an oxide of
trivalent elenment (X), an oxide of tetravalent elenent (Y), water and a

di recti ngvagerwo7¢Rp of the fornmula (CH3) 3N+CH2CH2CH2N+( Ed3)iRa 2/ 0@ HRCH2 N+( CH
)3 (Triquat-7), wherein the reaction m xture has a conposition, in terns of
nole ratios, wthin the follow ng ranges. [0038] Generally, the YO2/ X2C3
nolar ratio of the reaction mxture is less than 30, and typically from25
to less thegsA0. ERESHRLEM MTE PaEForkohpe hiltQuI& sihR 1§ prodeeds blyr om
0.2 to less than 0.4 and RAO 2 nolar ratiois from0.01 to |less than 0. 1.

[ 0039] Wheénmitialle pleduding avehewon atixtireapalsic af faimingnasd naletdar siele aad

sui tabl e sources of YO2 that can be used to produce the reaction mxture
descri bed cabprisingisburies ofl hlbaliadr glkaling, capthe pigtal AYlddariaNide ofpotvadesitum
silicate, sodiu ilicate, and funed silica, Simlarly, suitable so es of
X2CB i ncl GHENEREdPe: 88 idroh detraralentsclemseh(X) weishanta 31@?%51& saentiRy

Be "2l o it rif ofani G A e AR N C L) R T N Pana) or
i ndith PPr | _ cr lide
Contarn sooauat TR she oo FIRRACTR' 2 ERMURAG)) B Tins, 8 fadtee

suf fi ci entradd®Withih @h&fbliswwpymhpesi s of said crystalline material, such as
at |least 500 ppm for exanple at |east 1,000 ppm such as at |east 10, 000

ppm of the overall reaction mxture. [0041] Crystallization is carried out

under either stirred or static conditions nreforghly stir ondi ti ons,
at a tenperature rom@(ﬁﬁy@nelﬁooc I 0 aligeryR000C, swpgBfeased ron) about 16C0C
to about 1800C. , FeEaten—s—egndueted—fFer—frpm about 24
to about 300 hourls, suchlY@gXhOam apoulesz2hamdabout BS6 thauds,
H,0/YO, 5-100 10 - 50
OH-/YO, 0.05t00.5 0.1-<0.5
R/YO, >0t0<0.5 0.01-<03
M/YO, 0.05t00.5 0.1-04

[0038] Generally, the YO,/X,0; molar ratio of the reaction mixture is less than
30, and typically from 25 to less than 30. Generally, the OH /YO, molar ratio of
the mixture is from 0.2 to less than 0.4 and R/YO, molar ratio is from 0.01 to less
than 0.1.

[0039] When the desired molecular sieve is an aluminosilicate zeolite, suitable
sources of YO, that can be used to produce the reaction mixture described above
include colloidal silica, precipitated silica, potassium silicate, sodium silicate, and
fumed silica. Similarly, suitable sources of X,0; include hydrated aluminum
oxides, such as boehmite, gibbsite, and pseudoboehmite, sodium aluminate and
oxygen-containing aluminum salts, such as aluminum nitrate. Suitable sources of

alkali metal include sodium and/or potassium hydroxide.

[0040] In one embodiment, the reaction mixture also contain seeds, typically of

an MTT framework type molecular sieve, in sufficient amount to enhance



whereafter the resultant ZSM 23 product are separated fromthe nother

| i qguor and recovered. Cenerally, the ZSM 23 product is in the form of

aggr egr atwe 20fo/gwekl crystal s having an average cryst al peras2ab/oadsetit 0. 02
to about 0.5 microns and an external sutface area of |ess than 80 n2/g.
[0042] In its as-synthesized form the ZSM 23 produced by the present
process contains the Triquat-7 used as the directing agent and, prior to

use as a %%Qaleé’i%tof%ﬁic?@x?@fagl‘i’r@ matdHfal BRuchYA 19845% 00 Phe! forlexaBpRO4tTRAtY

treated to renove part Or | of this organic constituent. This is
conveni entl Q0GHpastech dyatieadtil0DAppsofaiiolovesilzedction efikalreat a
tenperature of from about 2500C to about 5500C for from 1l hour to about 48
hours. [0043] To the extent desired, the original sodium and/or potassium
cations ofl004H asCrystalhigatiords reareed fut amdepeithepisticisd Oh skdiCoehdenssi t h

techniques well known in the art, at |east i ary, by_ionh excha oM th
other cat PERETa Y SHECASLPNAEINS: 3h G CHICHHYTS from, abowel 3 @%égowﬁﬁb@%n

i ons, hydrogen_ prec 0 j [ ) : es. r

Lon: Y SR REAFABGEL 160 afITORHE | 05 ANY, MM AR ST SRllcred
activity ffgf oM hBo 2 €65 Q68GEP00 KOOMEEER s TR bB0E 72 1o eBBut POb WeRrs,
hydrogen, rare earth netals and netals of Goups HA, H A [|VA VA |B, HB,

U B, |VB, wWikreaftds th¥lrésailand Z8M1230prodaet Hersepdiated fohe thaf motteer Hopiveahd.
[0044] The crystalline nolecular sieve produced by the present process,
when: enpl oyedes¢d. h€renarallyn thael Z6MEFt produgt isaincthe tof aggragmiesapf small

conpound- - conversion process should be dehydrated, at |east partially.
Thi s can @éysaaiﬁélawg@atam@gwrast@lewﬁ@&itqdhog¥|%rpa?t Heabelde dnicsorfoend dNapout

37Q@C in ae';(te%arﬁo ssu?Pa%E:earea of less than 80 m?/g.

[0042] In its as-synthesized form, the ZSM-23 produced by the present process
contains the Triquat-7 used as the directing agent and, prior to use as a catalyst or
adsorbent, the as-synthesized material is normally treated to remove part or all of
this organic constituent.  This is conveniently effected by heating the
as-synthesized material at a temperature of from about 250°C to about 550°C for

from 1 hour to about 48 hours.

[0043] To the extent desired, the original sodium and/or potassium cations of
the as-synthesized material can be replaced in accordance with techniques well
known in the art, at least in part, by ion exchange with other cations. Preferred
replacing cations include metal ions, hydrogen ions, hydrogen precursor, e.g.,
ammonium ions and mixtures thereof. Particularly preferred cations are those
which tailor the catalytic activity for certain hydrocarbon conversion reactions.
These include hydrogen, rare earth metals and metals of Groups IIA, IIIA, IVA,
VA, IB, 1IB, IIIB, IVB, VB, VIB, VIIB and VIII of the Periodic Table of the

Elements.

[0044] The crystalline molecular sieve produced by the present process, when

employed either as an adsorbent or as a catalyst in an organic compound



such as air or nitrogen, and at atnospheric, subatnospheric or

super at nospheri c pressures for between 30 m nutes and 48 hours. Dehydration
can al so we 2pavd7er2aed at room tenperature nmerely by pl aecCmgiseéve/o&She 23 in a
vacuum but a longer time is required tb obtain a sufficient amount of
dehydration. [0045] Synthetic ZSM 23 crystals prepared in accordance
herewith can be used either in the as-synthesized form the hydrogen form

or anot hegoHidréRineplocess Shduild \bel dshydeaed Of leabOpdttially. CHtls @af bebdontssBy i n
intimate conbination with a hydrogenating conponent such as tungsten,

vanadi um heatiyg de auempenstarelin the cdoge, ofc 201G fo abowtn3 10fC mpag atmssphave a
nobl e metal such as platinumaor palladiumwhere a ) )
hydr ogenasheth as &y aF sEesan, gadfaiiiriaspheric,t bpEmpsesicndsUPSERIMAsPRpaRent s
can be exchanged i.nto the c osition, i nat ed erein or physically
i nti mat el yreasgﬁ{e%gort ?P@P’é@ﬁq % %BHt%oﬁﬁgg%telgo'ﬁ&n q\Yﬁ‘ﬁ%ﬁhé@BdeSH E? on
to the ZS f I T : f i t I ng
et 2Oy P! g A st oL R 27 e B
conpounds |§@erkithSiseGRREE td BBlaig saPfiAeRPAAbLM ¢f ddiydratRi@t | nous chlori de
and vari ous conpounds containing the platinumam ne conpl ex. Conbi nations
of netals and nethods for their introduction can also be used. [0046] Wen
used as a[@@d3l ys$Syntheticds M daystabiopepared incancpodaaice hieheviph ese bt udsit 23
wi th another material resjstant to the tenperatures and other conditions
enpl oyed eHherin gha as-gpaihesizeshferms; dhe frydeegae Sorns@eih anether xunrealent &r s
I nclude active and inactiyve materialg and synthetic or naturally occurring
Jool i tos. BUEHENG S AHCOMTE ThCaniAFS ReLuTFidt dnipale CompURGHIVER frot a
oxi des, e |um.na, 1] i / ' [ I b |-t her
nat ur al | yhggfzo?reﬁ??ﬁlggocrowél&[éﬁg sﬁgﬁ mé)sr t&ﬂés?é}ﬂ Qana-ﬁﬂﬁn, ?ﬁ&?fﬁd&% , ?h&‘llﬁgl,
nickel, cobalt, chromium, manganese, or a noble metal such as platinum or
palladium where a hydrogenation-dehydrogenation function is to be performed.
Such components can be exchanged into the composition, impregnated therein or
physically intimately admixed therewith. Such components can be impregnated in
or on to the ZSM-23 such as, for example, by, in the case of platinum, treating the
material with a platinum metal-containing ion. Suitable platinum compounds for
this purpose include chloroplatinic acid, platinous chloride and various
compounds containing the platinum amine complex. Combinations of metals and

methods for their introduction can also be used.

[0046] When used as a catalyst, it may be desirable to incorporate the present
ZSM-23 with another material resistant to the temperatures and other conditions
employed in certain organic conversion processes. Such matrix materials include
active and inactive materials and synthetic or naturally occurring zeolites as well
as inorganic materials such as clays, silica and/or metal oxides, e.g. alumina,
titania and/or zirconia. The latter may be either naturally occurring or in the form
of gelatinous precipitates, sols or gels including mixtures of silica and metal
oxides. Use of a material in conjunction with the ZSM-23, i.e. combined

therewith, which is active, may enhance the conversion and/or selectivity of the



of gelatinous precipitates, sols or gels including mxtures of silica and

nmetal oxides. Use of a material in conjunction with the ZSM 23, i.e.
conbi ned wbepsvi7#t22 whi ch is active, may enhance the coRCEs2@9/0063d$ Or
selectivity of the- - catalyst in certa hor gani ¢ conversi on processes.

I nactive materials suitably serve as diluents to control the anount of
conversion in a given process so that products can be obtained economcally

and or der kytalyst iR UbrtePd@hitdc iveedioNpRoSesked. haRtivelhatetalshiitablyeseive
reaction. Frequently, crystalline catalytic materials have been

i ncor por akedilushs toaioutral the amount ofgproleasion iv aggiver process 6o dmt pradidts.
These materials, i.e. clays, oxides, etc., function, in part, as binders
for the caam@@pbtamed eceremicablyeand osdenly ceithowtaemplasing nthery messs foF ush

7 ough-handPREIngn thendte RITepb B e i eaHEn B C?teﬁ LR T S
mat eri al Sh E’g%glpncq%@&sa?ecp[nqg ! %gﬁ'WII? &Fﬁﬁﬁ%&l@ got?% toﬁﬁé fl‘lléaX{ Hceﬂ{ersé ng

clays whicC comnposite eS|ze crystalli

material ifgbysls, f@eclwto&mesl bRNi fufcAsE llﬁ%ﬁﬁ nsTRAlds Sor Y @ahaly@fsl uci@ the

subbentonites, and the kaolins comonly known as Dixie, MNa Georgi a
and Flori dasmzitﬂy?.o poovidt hecatalyst hiviah gdod ¢rasin strengﬂlalbeoausmn aqxenbleur.n

hal | oysite, kaolinite, dickite, nacrite or anauxite. Such clays can be used
in the ravefinerydhasaalysginaftey snbieeteddo rongh d@ndynguy}lmt@dd$ to begakithet i on,

aci d treatrrePt or chem cal gkflcatlon%l{lo 48 dItLOI’l to the
f or egoi ng® t dgra intq poyydei Bke materaly) ic8 ? ‘HBS LORIRSSPHBEG with a

por ous matrix material such as silica-alumna, silica-magnesia,

e 7RI, bty i RShi g SR Xhh B cohloRReh AR e Rl ! o

sil'i ca-al yphmasizéd CPtAline material include the montmorlllomte and kaolin families
which include the subbentonites, 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 or initially subjected to calcination, acid

treatment or chemical modification.

[0048] In addition to the foregoing materials, the present molecular sieve can
be composited with a porous matrix material such as silica-alumina,
silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania, as well
as ternary compositions such as silica-alumina-thoria, silica-alumina-zirconia,
silica-alumina-magnesia and silica-magnesia-zirconia. The matrix can be in the

form of a cogel. A mixture of these components can also be used.

[0049] The relative proportions of the MTT molecular sieve and matrix may
vary widely with the sieve content ranging from about 1 to about 90 percent by
weight, and more usually in the range of about 2 to about 80 percent by weight of
the composite. In various embodiments, the sieve content of the catalyst can be
about 90 percent by weight or less, or about 85 percent or less, or about 80 percent

or less, or about 70 percent or less. The sieve content can be at least about 1



silica-al um na-magnesi a and silica-nmagnesi a-zirconia. The matrix can be in
the formof a cogel. A mxture of these conponents can al so be used. [0049]
The rel atwoeomvoopneet i ons of the MIT nol ecul ar si eve andPORIUS200IMBGSSY ar y
widely with the sieve content ranging ftbm about 1 to about 90 percent by
wei ght, and nore usually in the range of about 2 to about 80 percent by
wei ght of the conposite. In various enbodi nents, the sieve content of the

cat al yst g@&ehﬁggm;éigh@%raﬂ&l@ﬂab&ﬁ ZVE‘éch@Etf Bf al RES abdut 3RuterRSoPANeRAt OF

| ess, bout ercent or |ess, or about 70 percent or |ess. The sieve

content cabBotie]l Rpetceas torabiaaist dpaitddperbyntyei ahleastaboat 2bg@stendbout 2
percent, or at |east about 5 percent, or at |east about 15 percent, or at

| east about 20 percent, or at |east about 25 percent. [0050] ]

Al uni nosi [0@30]e z&kmmBgsilicate S Me22iproduced dten¢inais asefa aasy 8t catalyst dani c
conmpound, and .in particul ar, hydrocarbon, conversion reactions where high
activity O523Hpdamprund, A ipagiighlar JydrocERen.n eGSR GG HPBY 1RGP on
conponent , .such..as platinu pal | adi,. r nj . the ' | in
Che’t somePSkaraRty iy " dar BT Mo binkaruticd Sudtoedtabbt) e
f eeds.tOCk%ofr{b%heﬁ@@ut?ﬁ ag SEmUSANibLRCPHRSEI, R REKELR3 ANGRALIAhe
relatively light distilldte fractions such as kerosene and jet fuel up to

hi gh boi | iitgnétineioh dewdxing ofipalaffiaidkiairpeirbohdbedstogiduced crudes, vacuum
tower residua, cycle oils, synthetic crudes (e.g., shale oils, tars and
oil, etc.), gas oils, vacuumgas oils, foots oils, Fischer-Tropsch derived
waxes, and0@¥Her Thavgeditdeks Brataiaghbe cleaiaxed- yrangithe msessing lvatalgstorsager

AR LT L T B R T

etk LR APl RS TR, (ARG gt Rabl
residua, cycle oils, synthetic crudes (e.g., shale oils, tars and oil, etc.), gas oils,
vacuum gas oils, foots oils, Fischer-Tropsch derived waxes, and other heavy oils.
Straight chain n-paraffins either alone or with only slightly branched chain
paraffins having 16 or more carbon atoms are sometimes referred to as waxes.
The feedstock will often be a C,,+ feedstock generally boiling above about 350°F
(177°C), since lighter oils will usually be free of significant quantities of waxy
components. However, the catalyst is particularly useful with waxy distillate
stocks such as middle distillate stocks including gas oils, kerosenes, and jet fuels,
lubricating oil stocks, heating oils and other distillate fractions whose pour point
and viscosity need to be maintained within certain specification limits.
Lubricating oil stocks will generally boil above 230°C (450°F), more usually
above 315°C (600°F). Hydroprocessed stocks are a convenient source of stocks of
this kind and also of other distillate fractions since they normally contain
significant amounts of waxy n-paraffins. The feedstock will normally be a C,+
feedstock containing paraffins, olefins, naphthenes, aromatic and heterocyclic
compounds and with a substantial proportion of higher molecular weight
n-paraffins and slightly branched paraffins which contribute to the waxy nature of

the feedstock. During the processing, the n-paraffins are isomerized to branched



conponents. However, the catalyst is particularly useful wth waxy
distillate stocks such as mddle distillate stocks including gas oils,

ker oseneswoanny/j7er22f uel s, | ubricating oil stocks, heati rgTaiSt@oancssot her
distillate fracti ons whose pour point ahd-viscosity need to be naintained
within certain specification Iimts. Lubricating oil stocks wll generally
boi |l above 2300C (4500F), nore usually above 315°C (6000F). Hydroprocessed

st ocks ar §apafFRRVRIRI A5 uhBbfgeeséthe Trading O HydrsciatRingatddforrs iqeid finger
distillate fractions since they normally contain significant amounts of

waxy n- parmaiterials. whivh teswibuce ko wi Idw nasawsityyproduet. CThe denrdstodcdracking
containing paraffins, olefins, naphthenes, aromatic and heterocyclic

conpounds valhdhveackrs is upevevear dimised gorthpbthayidd gepradsictsc baeingweoiling
n-paraffins. an i ghtly branched par.affins ich contribute.to the waxy
b o of oW (hslon ek of phE | 1RGIsiAB if srbitdn herEhe AeisLy e Hecesgromic

i sonerized _to - - paraffins but al so undergo sonme cracking or
hydrocraclyiahbe ?%&?g?%t?%ui d range materials which contribute to a | ow

viscosity product. The degree of cracking which occurs is, however, limted
so that theos2iel dTaé E6RAHEAS iRy NGhRM |th@95@&bﬂk§ti&ﬁh@?%’akﬁ@ p?(ff)]cés@eis

feedstock is reduced, thereby preserving the econom c val ue of the
f eedst ock.caffibadlt ghreeraldpdndludna tongeratwrd whidhhfalisswitkin a asngenfrdevaboutg
process is carried ou}gogeneral Ig include a tenperature which falls within a

range from93fBue abont BODBF {B60IC 8007 *Cromndat presre dyomaghpua 15 sabewd from

bout 15 t bout 3000 psi 04 20771 kP Mo f bly t
oressure 0Prohe G0 2867 bPaboblorsmetesdhiy the gbesvufopstonashyt 1HRdo
l'iquid hougl
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contacting is generally from about 0.1 to about 20, more preferably from about 0.1
to about 5. The contacting is preferably carried out in the presence of hydrogen.
The hydrogen to hydrocarbon ratio preferably falls within a range from about 2000
to about 10,000 standard cubic feet H, per barrel hydrocarbon, more preferably
from about 2500 to about 5000 standard cubic feet H, per barrel hydrocarbon.

[0053] The invention will now be more particularly described with reference to

the following Examples and the accompanying drawings.

Example 1: Preparation of HA-ZSM-23

[0054] A mixture was prepared from 975 g of water, 75 g of Triquat-7 40%
solution, 180 g of Ludox HS-40 colloidal silica, 10.8 g of sodium aluminate
solution (45%), and 22.8 g of 50% sodium hydroxide solution. 10g of
HA-ZSM-23 seeds (Si0,/Al,0; about 40/1) were then added to the mixture. The

mixture had the following molar composition:



to about 5. The contacting is preferably carried out in the presence of
hydr ogen. The hydrogen to hydrocarbon ratio preferably falls within a range
from abouwo0200m7822about 10, 000 standard cubic feet H2 pem/usasa9mbesss

hydr ocarbon, nore preferably from about 1®500 to about 5000 standard cubic
feet H2 per barrel hydrocarbon. [0053] The invention will now be nore
particularly described with reference to the foll ow ng Exanpl es and the
acconpanyi ng draw ngs. BQplg,0,: Prepacagion of HA-ZSM 23 [0054] A

m xture was prepared from975 g of water, 75 g of Triquat-7 40% sol ution,
180 g of Ludox HS-40 col Ii@8iGsi|ica, 1058 g of sodium al um nate sol ution
(459, and 22.8 g of 50% sodi um hydroxi de solution. 10 g of HA-ZSM 23 seeds
(Si C2ZAl 20 about 40/1) wé&?PH/t§ih added t©0t3e ni xture. The nixture had the
foll owi ng nolar conpositi é S|O2/Alag;44 H2Q Si2 ~ 53 OHV SIiX2 ~
0.32 Na+/ SiC2 ~ 0.32 Tru‘\Z% 45902 ~ [0055] The m xture was reacted
at 3380F (1700C) in a 2-I4 ﬁ 1%‘Iave WD'[ stirring at 250 RPM for 120
hours. The product was fi washed wth deionized (D) water and dried

at 2500F (1200C)._ The XRD pattern of the sized, materi al, showed the
t ypi cal &%%5 lof Phamixtyrspwps ggactagat §é§|§€f(¥gh£‘§ §n§y%‘t1‘ﬁ%rs?‘tt88 agL IR al

shoved. 1o 1 4SS 95, SOIPRSEY, TR 8 e\t ke
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical phase of ZSM-23 topology. The SEM of
the as-synthesized material showed that the material was composed of
agglomerates of small crystals. The resulting ZSM-23 crystals had a Si0,/Al,0O;

molar ratio of about 41.

Example 2: Preparation of Ti-containing HA-ZSM-23

[0056] A mixture was prepared from 975 g of water, 75 g of Triquat-7 40%
solution, 180 g of Ludox HS-40 colloidal silica, 10.8 g of sodium aluminate
solution (45%), 7 g of titanium ethoxide in 20 g of iso-propanol, and 22.8 g of
50% sodium hydroxide solution. Then 10 g of HA-ZSM-23 seeds (SiO,/Al,0;
about 40/1) were added to the mixture. The mixture had the following molar

composition:
Si0,/ALO; ~ 44
H20/ Si02 ~53
OH-/ SiO2 ~0.32
Na+/ SiO2 ~0.32

Triquat-7/S102 ~0.07

[0057] The mixture was reacted at 338°F (170°C) in a 2-liter autoclave with
stirring at 250 RPM for 120 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the



nol ar ratio of about 4 1. Exanple 2: Preparation of Ti-containing HA-ZSM 23
[0056] A m xture was prepared from975 g of water, 75 g of Triquat-7 40%
sol ut i on,woaoy7ef22Ludox HS-40 col |l oidal silica, 10.8 gProfi/useaonisas um nat e
solution (45%, 7 g of titaniumethoxidt/in 20 g of iso-propanol, and 22.8
g of 50% sodi um hydr oxi de solution. Then 10 g of HA-ZSM 23 seeds

(Si 2/ Al 2C83 about 40/ 1) were added to the m xture. The m xture had the

f ol | owi ng g i B NShow RER $1.92 topBlogot ThSEER1 ~

0. 32 Na+/ ag?@q‘e&%gggﬁ#ﬁlgluﬁ@/ th% ~ 61T {7’143[‘:!6%%18 T%’ mpxtug?e_'_ was reacted
at 338°F oI7MeChsisynthedized!t afatatidloghawedwitidy gie mategiahtwadCcdipbsedr 0f20
hours. The product was filtered, washed with deionized (D) water and dried
at 2500F @ggloo@rateThed S(RDI paystalsn The taksanthepedaxiystels wareeomyertsdondd t he
typi cal phase of ZSM.23 topql ogy. The SEM of .the as-synthesized materi al
shoved t hiic Ddrogenefaral b EO P8 se¢hansesy Yibamapeaupt nitraiF| salyyan Ats.
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Example 3: Preparation of HA-ZSM-23

[0058] A mixture was prepared from 975 g of water, 75 g of Triquat-7 40%
solution, 180 g of Ludox HS-40 colloidal silica, 14.4 g of sodium aluminate
solution (45%), and 22.8 g of 50% sodium hydroxide solution. 10g of
HA-ZSM-23 seed (SiO,/Al,05 about 40/1) were then added to the mixture. The

mixture had the following molar composition:

Si0,/AL,0; ~33
H,0/ SiO, ~49
OH-/ Si0, ~0.33
Na+/ Si0, ~0.33
Triquat-7/S10, ~0.07

[0059] The mixture was reacted at 338°F (170°C) in a 2-liter autoclave with
stirring at 250 RPM for 120 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern (Figure 1) of
the as-synthesized material showed the typical phase of ZSM-23 topology. The
SEM (Figure 2) of the as-synthesized material showed that the material was
composed of agglomerates of small crystals. The as-synthesized crystals were
converted into the hydrogen form by three ion exchanges with ammonium nitrate

solution at room temperature, followed by drying at 250°F (120°C) and



[0058] A m xture was prepared from975 g of water, 75 g of Triquat-7 40%
solution, 180 g of Ludox HS-40 colloidal silica, 14.4 g of sodium alum nate
sol uti on Wo29o/07amr2d 22. 8 g of 50% sodi um hydr oxi de sol uPCINS200D00656%

HA- ZSM 23 seed (Si G2/ Al 208 about 40/ 1)- Were then added to the mixture. The
m xture had the follow ng nolar conposition: Si OVAl 203 33 H2OQ Si Q2 49 OH/
SiA2 0.33 Nat/ Si2 0.33 Triquat-7/SiO 2 - 0.07 [0059) The m xture was
reacted at,Ridhtfon( At PSHF {54@%? ltbt 8rhcli#h O RVRsWittny ZEM-2BNGyatals2Bi RPM
for 120 hours. The product was filtered, washed with deionized (D) water
and dri ed S40,/2500f m{cla&GRGh.of HveuXRD pattern (Figure 1) of the

as-synt hesi zed materi al showed the typical phase of ZSM 23 topol ogy. The
SEM (Figure 2) of the as-synthesized material showed that the nmaterial was
conposed gfy eqirepgﬁggﬂm SIRHAZSMLEd s. The as-synthesized crystals
were converted into t ydor ogenp?orm by three ion exchanges w th anmoni um
nitrate solution at roomtenperature, followed by drying at 2500F (120 0QC
andcal ci n§0060] at A1R@kNke Wadpréparctiofrom hOQO g.ofTWeter £38ligt oM TrigEM-2310%
crystals had a Si 2/ Al 233 nolar ratio of about 3 1. Exanple 4 : Preparation
of ~ HA- ZSMsaBitionp80]g Af ihutasi esiliees Ih-4gaolsodinonahimanate salutiandA %95 agd of

Triquat-7_40% sol utjon, .80 f Utrasil siliga, .4 i al um nat e
sol ution @asyyof §§% 2o diurgs %58%’%%&93\“]‘8}& oh&‘@@ iélgutq%og{/\%%q% sgeg}
HA- ZSM 23 §859A1,0, about 40/1) were added the mixture. The mixture had the following

molar composition:

Si0,/ALL 05 ~33
H,0/ S102 ~49
OH-/ S§102 ~0.33
Na+/ S102 ~0.33
Triquat-7/5102 ~0.07

[0061] The mixture was reacted at 338°F (170°C) in a 2-liter autoclave with
stirring at 250 RPM for 120 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern (Figure 3) of
the as-synthesized material showed the typical phase of ZSM-23 topology. The
SEM of the as-synthesized material showed that the material was composed of
agglomerates of small crystals. The resulting ZSM-23 crystals had a S10,/Al,05

molar ratio of about 30.

Example 5: Preparation of HA-ZSM-23

[0062] A mixture was prepared from 1134 g of water, 94.5 g of Triquat-7 40%
solution, 100.8 g of Ultrasil silica, 20.5 g of sodium aluminate solution (45%), and
22 g of 50% sodium hydroxide solution. Then 10g of HA-ZSM-23 seed
(Si0,/Al,0; about 40/1) were added to the mixture. The mixture had the

following molar composition:



(S 2AAI 2C3 about 40/ 1) were added the m xture. The m xture had the

foll ow ng nol ar conposition: Si QR2AAl 2C3 33 H2O SI2 49 OH/ Si 2 0.33 Na+/
Si2 - 0.6 20rvoquae-7/Si 2 - 0.07 [00611 The m xture wa®PCrABCE0000658 338° F
(17000) in a 2-liter autoclave with stif®ing at 250 RPM for 120 hours. The
product was filtered, washed with deionized (D) water and dried at 2500F
(120 0C). The XRD pattern (Figure 3) of the as-synthesized material showed
the typical phase of ZSMS%@z;/QIBQPOgy' The M of the as-synthesized

mat eri al showed that the material was conposed of aggl onerates of small
crystals. The resulting 28®/23iGrystals hagB a Si O2/ Al 203 nol ar ratio of
about 30. Exanple 5 : Preparation of HA-ZSM 23 [0062] A m xture was
prepared from 1134 g of WH&SiO94.5 g of ~M.2Quat -7 40% sol ution, 100.8 g of
Utrasil silica, 20.5 g of ,sodium al um nate_solution (45%, and 22 g of 50%
sodi um hydr oxi de sol uti orNa T%é@z 10 g of H@-%%M 23 seed (Si Q2AAI 2G3 about

40/ 1) were added to the m xtur The m xt had the foll ow ng nol ar
conposi tion: Si G2/ Al 208 e s s e 626 ) o 0 26

[0063] The mixture was reacted at 338°F (170°C) in a 2-liter autoclave with
stirring at 250 RPM for 120 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern (Figure 4) of
the as-synthesized material showed the typical phase of ZSM-23 topology. The
SEM (Figure 5) of the as-synthesized material showed that the material was
composed of agglomerates of small elongated crystals. The resulting ZSM-23
crystals had a Si0,/Al,0; molar ratio of about 29.

Example 6: Preparation of HA-ZSM-23

[0064] A mixture was prepared from 1134 g of water, 95 g of Triquat-7 40%
solution, 101 g of Ultrasil silica, 22 g of sodium aluminate solution (45%), and
21 g of 50% sodium hydroxide solution. Then 10g of HA-ZSM-23 seed
(SiO,/Al,0; about 40/1) were added to the mixture. The mixture had the

following molar composition:

Si0,/Al,04 = 28
H,0/ Si0, = 44
OH/ Si10, = 0.26
Na'/ SiO, = (.26
Triquat-7/S10, = 0.07

[0065] The mixture was reacted at 338°F (170°C) in a 2-liter autoclave with
stirring at 250 RPM for 144 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the



Triquat-7/SiO 2 - 0.07 [0063] The m xture was reacted at 338°F (1700C) in a
2-liter autoclave with stirring at 250 RPM for 120 hours. The product was
filtered,woastwdsmmt h dei oni zed (D) water and dried at PRSAGR000DABGEEL) . The
XRD pattern (Figure 4) of the as-synthedfzed material showed the typical
phase of ZSM 23 topol ogy. The SEM (Figure 5) of the as-synthesized materi al
showed that the material was conposed of aggl onerates of small el ongated
crystal s. aJRonthesizbd nidteddMEbIvEd Mfet@hicah‘gdaé’e St PRMI22GBpoRIgdT Thé SEMf
about 29. Exanple 6 : Preparation of -ZSM 23 [0064] A m xture was

pr epar ed fofothel h34ygthekizedt etate9&l ghofvedr itlptathe Masiabl was ccompdsedg obf
Utrasil silica, 22 of sodium al um nate solution (45%, and 2 1 of 50%
sodi um hy@ggbqrmrawfftsmﬂ cryséals.1 Ghe tﬁsummgzé&Mé?,Ss@wﬁssh@M@@tzgla%ut
40/ 1) were aldded. to.the mixture. The mi xture had the foll ow ng nol ar
corrpositié‘?‘Pa‘STa@é’A@ﬁai@‘t— 28 2O Si2 = 44 OHV Si2 = 0.26 Nat+/ S Q2 =
0.26 Triquat-7/SiO 2 = 0.07 [0065] The m xture was reacted at 338°F (17000
ina 2-liter autoclave with stirring at 250 RPM for 144 hours. The product
was filt efeamplesheBropatativgi ohHAed . S-33 wat er and dried at 2500F (1200C).
The XRD pattern of the- - as-synthesized material showed the typical phase

of ZSM 23 [0@66]! 09X mPharsShMs prepared from 1134 g of water, 70 g of Triquat-7 40%
solution, 100.8 g of Ultrasil silica, 20.5 g of sodium aluminate solution (45%), and
20 g of 50% sodium hydroxide solution. Then 10g of HA-ZSM-23 seed
(S810,/A1,05 about 40/1) were then added to the mixture. The mixture had the

following molar composition:

Si0,/AlL, 0, ~29
H,0/ Si0, ~ 44
OH7/ Si0, ~0.25
Na'/ SiO, ~0.25
Triquat-7/S10, ~0.05

[0067) The mixture was reacted at 338°F (170°C) in a 2-liter autoclave with
stirring at 250 RPM for 120 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the
as-synthesized material showed the typical phase of ZSM-23 topology. The SEM
of the as-synthesized material showed that the material was composed of
agglomerates of small crystals. The as-synthesized ZSM-23 crystals had a
Si0,/Al,05 molar ratio of 26.

Example 8: Preparation of HA-ZSM-23

[0068] A mixture was prepared from 1134 g of water, 95 g of Triquat-7 40%
solution, 101 g of Ultrasil silica, 22 g of sodium aluminate solution (45%), and

25 g of 50% sodium hydroxide solution. Then 10 g of HA-ZSM-23 seeds



of the as-synthesized material showed that the material was conposed of
aggl onerates of small crystals. The resulting ZSM 23 crystals had a

Si QRAAl 2080rmoicar74m2at i 0 of about 27. Exanple 7 : Prepar aPCorusedoolodesZSM 23
[0066] A m xture was prepared from 11342y of water, 70 g of Triquat-7 40%
solution, 100.8 g of Utrasil silica, 20.5 g of sodium alum nate sol ution
(459, and 20 g of 50% sodi um hydr oxi de sol ution. Then 10 g of HA-ZSM 23

seed (Si O8#H 2B RbsHGut 40/ 1) wers gdddietheamdhatrd. 0 ThBeniXitleUiaRl th'EhI%lllaSthgr e
had the foll ow ng rml ar conposition: Si Q2AAl 2G3 29 H2Q Si 2 44 OHV SIQ2

0. 25 Na+/ nBleRc&mpdbsifiohquat - 7/ SiO 2 - 0.05 [0067] The m xture was reacted
at 338°F (1700C) in a 2-liter autoclave with stirring at 250 RPM for 120
hours. The product was fidjtgrgdo,washed whyh deioni zed (D) water and dried
at 2500F (1200C). The XRD pattern of the as-synthesized material showed the
typi cal phase of ZSM 23 tHy 9i¢y. The SEM4af the as-synthesized materi al
showed that the material was conposed of aggl onerates of small crystals.
The as-synthesi zed ZSM ZIDH'r/)S;'OaI S had a- 8iAPAA 208 nol ar ratio of 26.
Exanple 8 : Preparation éé 06%] A mxture was prepared from
1134 g of water, 95 g of /§ 2- 740%

Triquat-7/Si0, ~0.07

[0069] The mixture was reacted at 338°F (170°C) in a 2-liter autoclave with
stirring at 250 RPM for 168 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the
as-synthesized material showed the typical phase of ZSM-23 topology. The SEM
of the as-synthesized material showed that the material was composed of
agglomerates of small elongated crystals. The resulting ZSM-23 crystals had a
S10,/A1,05 molar ratio of about 26.

Example 9: (Comparative): 0.6%Pt/65/35 ZSM-23 (SiO,/Al,0; ~
135/1)/A1,0; Catalyst

[0070] 65% ZSM-23 with a Si10,/Al,03; molar ratio of 135 and 35% alumina
were extruded to form a catalyst for testing. The extrudate was calcined in
nitrogen for 3 hours at 900°F (482°C) and then switched to an air calcination unit
at 1000°F (540°C) for 6 hours. The extrudate was then ammonium exchanged
with IN ammonium nitrate solution, followed by platinum exchange to achieve

0.6wt% loading. The platinum containing catalyst was calcined in air at 715°F

(379°C) for 4 hours.



solution, 101 g of Utrasil silica, 22 g of sodium alum nate sol ution
(459, and 25 g of 50% sodi um hydr oxi de sol ution. Then 10 g of HA-ZSM 23
seeds- - wei2@avoa2e3 about 40/1) were added the m xturePCThis20m9%004558 had
the following nolar conposition: SiR/M2MB ~ 27 RO SI2 ~ 44 OHV SI R ~
0.29 Nat/ SI2 ~ 0.29 Triquat-7/SiO 2 ~ 0.07 [0069] The m xture was reacted
at 338°F (1700C) in a 2-liter autoclave with stirring at 250 RPM for 168
hours. The product was filtered, washed with deionized (D) water and dried

at 2500F Eh2QRle- 10Lhe.6X0 Pebh P dlledize/Bizéd 65V ZASML I (SO ALIGY ~ showed t he
typi cal phase of ZSM 23 topol ogy. The SEM of the as-synthesized materi al

showed that the nategd }%p‘mq I es of small el ongated
crystals. The resul t‘?%&?\éﬁf cr@ﬁ@hﬁgggfﬁéﬁ@N 2033 nol ar ratio of
about 26. Exanple 9 : (Conparative): 0.6%t/65/35 ZSM 23 (Si 2/ Al 203 ~
135/1)1 Algﬂiﬂlqat arhe teryst4ls Aibt£intd ZEh ZBxample B wareloAn2@3ntonh aatalgdti for of

135 and 35% alum na were extruded to forma catalyst for testing. The

ext r udat e deeaneciabuieniedtiom emaluatigen Therzelitowas canvenad® {ts 8 f@m draughen

switched to an air calcination unit at 10000F (5400C) for 6 hours. The

ext r udat e Prrsalcationntib Milliegax €B yBs ati 3401, ammentum rixchanrge it iNn,

foll d by plati h t hi e

orTowe aMor?iu}nnlrjlwraﬁé Csoﬁﬂ?o%, a%daﬁnelllec\:/a?cmatlon in air (6 hours at 540°C). The

H-form crystal was then pelletized and sized to 14/24 mesh with alumina in a 65%
H-ZSM-23/35% alumina ratio followed by calcination in air (6 hours at 540°C) to
convert the pseudobohemite alumina to the gamma phase. The sized material was
then impregnated via incipient wetness to 0.6wt% Pt  with

tetraamminplatinumnitrate solution and calcined in air for 3 hours at 360°C.

Example 11: 0.6wt%Pt on Pelletized/Sized 65% ZSM-23 (Si0,/Al,O; ~
32/1) from Example 3/Alumina

[0072] The crystals from Example 3 were formed into a catalyst for decane
isomerization evaluation. The zeolite was converted to its H-form through
pre-calcination in nitrogen (3 hours at 540°C), ammonium exchange with 1IN
ammonium nitrate solution, and final calcination in air (6 hours at 540°C). The
H-form crystal was then pelletized and sized to 14/24 mesh with alumina in a 65%
H-ZSM-23/35% alumina ratio followed by calcination in air (6 hours at 540°C) to
convert the pseudobohemite alumina to the gamma phase. The sized material was
then impregnated via incipient wetness to 0.6wt% Pt  with

tetraamminplatinumnitrate solution and calcined in air for 3 hours at 360°C.



0. 6Mm % | oadi ng. The pl ati num containing catalyst was calcined in air at
715°F (379°C) for 4 hours. Exanple 10: 0.6wm %t on Pellerized/ Sized 65%
ZSM 23 ( SVO20AW07228 ~ 40/ 1) from Exanpl e I/ Al um na Cat alPgstusp@0/miqss§he
crystals obtained fromExanple 1 were f&tmed into a catal yst for decane

| somerization eval uation. The zeolite was converted to its Hformthrough
pre-calcination in nitrogen (3 hours at 5400C), anmoni um exchange with IN

ammoni um HampR 8R! 0i6wi% PRoR PilNdzeamizbd ¥520 ZSM-23 }(smﬁz/h 05~ at 54000) .
The Hformcrystal was then pelletized and sized to 14/ 24 nmesh with al um na

in a 65% H ZSM 23/ 35294 frdmeaE xample S luowimad by cal cination in air (6 hours
at 5400C) to convert the pseudobohemte alumna to the gamma phase. The

si zed mat mﬁ]. wapp tﬁl@pfrﬁﬂpﬁg(ﬁﬁllg# & i %ﬁﬂéd \mﬁonsg%;glgstofo@vwé’&ﬁé wi th

t et raamm atinumitrate solution d calcined In air hour s at

3600C. Exajuphéization0 eO¥tfu¥ibn on THRI LeblieeaSi 2eavérbdd £6Mt2 H{fonbRihbdgs ~
32/ 1) from Exanple 3/Alum na [0072] The crystals from Exanple 3 were forned

into a capad-galcidadiondac aiteogeo B rhoat i axn540°40 )y ammoniufheexchahge evitlasl N
converted to its H-formthrough pre-calcination in nitrogen g3 hour s at
5400C), amnunéoninmexdhetagelwian and finaloedlcimatipn rintasr éohouroat SHNC) | hhe
calcination in air (6 hours at 5400C). The H-form crystgl was then _ o

pel | et i zedl-foran srystal was thenpellgized apd izt e 1A% 4 mesh aop pluERRp 5P K56

| umi L. fall d by .cal ci natj ' ir.(6.h 5400 t
T e L A A LTSI BB AR B R P IS0 o
: / s e ' c ; _ '

t ot aanm Soroet S RieEPbndBHE RN & ety kSl The sizeq majcrial was
3600C. Exapibe 12mpRefMePt on Peldcasicaed/ SiciRshs65%oZSM 231451 OBk Al 28h ~
tetraamminplatinumnitrate solution and calcined in air for 3 hours at 360°C. Note

that the low silica to alumina ratio for this catalyst may increase the difficulty of

achieving a desired level of ion exchange.

Example 13: Decane Isomerization results of catalyst from Examples 9,

10, and 11

[0074] The decane isomerization test is performed at atmospheric pressure, and
the reactor vessel is quartz. Catalysts are crushed and sized to 14/25 mesh, and
1 g of sized catalyst is used for this test. The sample is first heated under nitrogen
to 500°F (260°C), followed by reduction in hydrogen for 3 hours at atmospheric
pressure. The temperature is then reduced to 325°F (163°C), and the flow of feed
is started. The feed consists of 200 cc/min hydrogen and 0.548 cc/hr liquid
n-decane, delivered by a MFC and ISCO pump, respectively. After lining the
catalyst out at this temperature, the product from the reactor is analyzed by an
on-line GC, and the next setpoint temperature is attained. Each catalyst is
evaluated at a total of 9 different temperatures from 325°F (163°C) to 495°F
(257°C). Figures 6 and 7 show the decane isomerization performance of the

catalysts from Examples 9, 10, 11 and 12. Figure 6 shows the activity of the



29/ 1) from Exanple 5/ Alum na [0073] The crystals from Exanple 5 were forned
into a catal yst for decane isonerization evaluation. The zeolite was
conver t edwoaoiww412f or m t hrough pre-cal ci nation in nitregeuse@oloisss at
5400C), ammoni um exchange with IN amon?4m nitrate solution, and final
calcination in air (6 hours at 5400C). The Hformcrystal was then
pelletized and sized to 14/24 mesh with alumna in a 65% H ZSM 23/ 35%

al um na r ghdieridR! WR¥REs Piger! ?'s'ﬁ@WsOﬂhe' 1@oﬂeflzﬁ@oﬂ%ére‘étlaity5ﬂ0@1@)mhﬂ:rfa@d”'Vert

t he pseudobohemte al um na to the gama phase. The sized nmaterial was then
i npr egnat dtheMioav BifailpZ.8M-28edanalyststaf Exdinples RO toi tZﬂare more actlve and more
tetraamm npl ati numitrate solution and cal cined in ai hour s

3600C. Noti@pottantly rase| mwrensme@avcotl@arurtrhmahlglatSlMﬁoratMMS ééﬁ/dDy@l\’ha»}

i ncrease the dlffICU| f achieving a desired | evel of ion exchange.

Exanpl e 1%atahst o6 Exa gtzati on results of catalyst from Exanples 9, 10,
and 11 [0074] The decane isonerization test is perforned at atnospheric
pressure, [@0T5)t heWldkcttbe presad| inventgoar has beanatgstribedr andridlhlhﬁaltednbysi zed
to 14/ 25 nmesh, and 1 g of sized catalyst is used for this tes The s

is first melgrenceyticparticelapganb pélnmﬁ@Fﬂeoz?soeé)ordvr&rvosl@H by thedagt iWé

reduced 51‘3%@%«%0%@3% TVEREBE rends Bt or arie 1S o Tegsaily ﬁ&ataated
consi oS HerR0 £51 {Hlyré%%owmg rgnée;lgh e bt g eeaReapsielicyer

byaIVFCan respec ining the c ut at this

t enper at U imser Bﬁﬂflﬂé@é of Be@thiing ¥BE e step@pathezRdsdnt 1ﬁi'l7brﬁibn| ine GC, and
the next setpoint tenperature is aftained. Each catalyst is



evaluated at a total of 9 different tenperatures from 325°F (163°C) to
495°F (257°C). Figures 6 and 7 show the decane isonerization performance of
t he cat alwyetsioia7erzeExanpl es 9, 10, 11 and 12. Figure 6 PROWS200000@681 vity
of thematerials whereas Figure 7 shows-2he isonerization selectivity of the
materials. The low Si/Al 2 ZSM 23 catal ysts of Exanples 10 to 12 are nore
active and nore inportantly are nore selective, than the high Si/Al2 ratio
(~ 135/1) GSMMS: catal yst of Exanple 9. [0075] While the present invention

has been described and illustrated by reference to particul ar enbodi nents,
those of ordinary skill in the art wll appreciate that the invention |ends
itself to variations not necessarily illustrated herein. For this reason,

t hen, reference shoudld beA peokess of prgducng e Mppehamdaworktyne melecplarposes
of determ ning the true scope of the present invention.CLAIMS: 1. A process
of produciSiftyCateNIIPCessHAMWINNEype nol ecul ar sieve, the process conprising:
(a) preparing a m xture capable of form ng said nol ecul ar sieve, said

m xture conprising sources of alkali or alkaline earth netal (M, an oxide

of trivalent eI( (R?tpééﬁgrhn‘g? cr)n?l))rgrtqqg c%al&lgtorqu%ﬁ%tsa% ?r{BqQ(EulgrYQievé’yastaﬁf and a

di recting agent
(043)3N+Oﬂ%'$ﬁ?r9é gﬂggmg@m(&:ﬁm ORIV, GRTRAE &F ON, i N
ternms of nole rat%}\%g, thin the folll oW nglr?ange's: Yog}\QQCB | ess than 45
HZ(?AO 2 5 ttivaléfOelCiteAD(R), Gin0Sxitle of téirdvaiid elerfibntt (O )) watdsf af(da didettings 0. 5;
an

agent (R) of the formula (CH;);N*CH,CH,CH,N"(CH;), CH,CH,CH,N"(CH,),,

and having a composition, in terms of mole ratios, within the following ranges:

YO0,/X,0; less than 45
H,0/YO, 5to 100
OH-/YO, 0.05t0 0.5
M/YO, 0.05t0 0.5
R/YO, >0 to <0.5; and

(b)  maintaining said mixture under sufficient conditions to produce said

MTT framework type molecular sieve.

2. The process of claim 1, wherein the YO,/X,0; molar ratio is
less than 35.

3. The process of claim 1, wherein the YO,/X,0; molar ratio is
less than 30.

4, The process of claim 1, wherein the YO,/X,0; molar ratio is

from 25 to less than 30.



(b) maintaining said m xture under sufficient conditions to produce said
MIT framework type nol ecul ar sieve. 2. The process of claiml, wherein the
YO2/ X203 wol2aro/a7at22o0 is | ess than 35. 3. The process of PCITaiSaood/006sh®er ei n
the YO2/ X208 molar ratio is less than 3%-4 . The process of claimi1,
wherein the YO2/ X2O3 nolar ratio is from25 to |less than 30.5. The process
of claim1, wherein the OH Q2 nolar ratiois fromO0.1 to less than 0.5. 6.

The process of claiml, W SloBedsnst PhindM] OFHeRdiAlthé BIH PY OS nhdlaitdlicdst 0 0. 4.

7. The process of claim1, wherein the RAFQ2 molar ratiois fromO0.01 to

| ess t hanffbn3 0. Bto [EBethandk8ss of claim 1, wherein the RTYO nolar ratio is
from0.01 to less than 0.1 . 9. The process of claiml, wherein X is
alumnumand Y is silicon. 10. The process of claim1l, wherein said mxture
further conprises seed crystals in sufficient amunt to enhance synthesis
of said crystalline 6wt erihg progess ofifdaim dcwdisrein the Qmﬁézw@%r%@éi d seed
crystals conpri MIT framework type nol ecul ar sieve. 12. The process of
claim7, Mgri%sglﬂd m xture conprises at

7. The process of claim 1, wherein the R/YO, molar ratio is

from 0.01 to less than 0.3.

8. The process of claim 1, wherein the R/YO, molar ratio is

from 0.01 to less than 0.1.

9. The process of claim 1, wherein X is aluminum and Y is

silicon.

10.  The process of claim 1, wherein said mixture further
comprises seed crystals in sufficient amount to enhance synthesis of said

crystalline material.

11.  The process of claim 7, wherein said seed crystals comprise

an MTT framework type molecular sieve.

12.  The process of claim 7, wherein said mixture comprises at

least 500 ppm of said seed crystals.

13.  The process of claim 1, wherein said conditions include a

temperature from about 150°C to about 200°C.



| east 500 ppm of said seed crystals. 13. The process of claim1l, wherein
said conditions include a tenperature from about 1500C to about 2000C. 14.
An MIT freioewwwi4t2gpe al um nosilicate nol ecul ar si eve haeirnug2@990dssga t o
alumina nolar ratio | ess than 45 and an?éxternal surface area |ess than

about 80 nR/g. 15. The nvol ecul ar sieve of claim 14, wherein the silicato
alumna nolar ratio is less than 35. 16. The nol ecul ar sieve of claim 14,

wherein the silica tjg al ughMTTHAhewaklk BpeSallifgSodiiédte 3tbleddlar diePE OCeSS
for dewaxing a paraffin-containing feed conprising contacting said feed

under dewdwsiving & sitidhtto @ahmminiatrhokah eathdl Tesh tirared nkd taympxtarhahsurbeiel aremtess

mol ecul ar sieve of claim14. 18. An MIT framework type alum nosilicate

mol ecul ar tharegkoutBPi myga silica to alumna nolar ratio from25 to | ess than
30. 19. The nvol ecul ar sieve of claim18, wherein the external surface area
of the nolecular sieve is |less than about 80 n2/g. 20. A process for

dewaxi ng a paraffin-gcontaining,feed conprjsin ont.act.i sai d .feed under
dewaxi ng condi tions 1\/Qa(?t h %”ﬁ%ﬁeﬁuiqr%%?ﬁaﬁﬁé%aMﬁﬂBgﬁ? ?ﬁ'&f‘éom)l ecul ar
si eve of Calllﬁhfﬂajrﬁolar ratio is less than 35.

16.  The molecular sieve of claim 14, wherein the silica to

alumina molar ratio is less than 30.

17. A process for dewaxing a paraffin-containing feed
comprising contacting said feed under dewaxing conditions with the MTT

framework type aluminosilicate molecular sieve of claim 14.

18.  An MTT framework type aluminosilicate molecular sieve

having a silica to alumina molar ratio from 25 to less than 30.

19.  The molecular sieve of claim 18, wherein the external surface

area of the molecular sieve is less than about 80 m?/g.

20. A process for dewaxing a paraffin-containing feed
comprising contacting said feed under dewaxing conditions with the MTT

framework type aluminosilicate molecular sieve of claim 18.



