28 February 2007 MOLECULAR Sl EVE SSZ-61 COvVPESKehresqy 2007
OF MATTER 2 AND SYNTHESI S THEREOF 3 4 BACKGROUND OF
THE INVENTION 5 6 Field of the Invention 7 The

sieve SSZ-61, a 8 nethod for preparing SSZ-61 using a
famly of tetracyclic azonia cations as a 9 structure
directing agent and the use of SSZ-61 as an adsorbent.
10t 1 State of the Art 12 Because of their unique
i evi ng MOALESULARISIEYE SSZ-aLCOMPPSHIONIQ MATZER| yti ¢
13 properties, crygsipbinigesRreEREdF Si eves and
zeolites are especially useful Iin 14 applications such
a4s hydrocarbon conversion, gas drying and separati on.
g though 15 magycgiGROBNOUF fpmivaNTigle mol ecul ar
si eves have been di'sclosed, ere 1s a continuing 16
heed for new zeolites with desirable properties for
gas separation and dryiingemedveltddr 0Carbon and chemi ca
conversions, and other applrircatrons. New zeolites nmay
7s cont Hiepresroviaventionrelatesde nepyenetaltinesnd!ecalet sipve §S7-61, a

r [ .
D Qe R BRI SRR {1 BBkl OB Gk Lol 1y
Pr epeatwellifetogrgeofradlis use oBEZH ps an2dsorbestt ur es cont ai ni ng
¢ kali or alkaline earth netal oxides, silica, and
alum na. 22 Crystalline borosilicates are usually
tprepared under sim | ar Stateadthedst conditi ons except 23

hat b ' ; .1 . ] yi ng
i oty Blted ol ol DA AREAR i@ M N Kbt O
11 herapertict drstilling molesuly sighef dné pelites aresspeciabcusefaninof t en be

1f O PR atiofsRuch2BnyatdMVBNR CorPErsibh Taas AT Dhrarioh. Although

15 many different crystalline molecular sieves have been disclosed, there is a continuing

16  need for new zeolites with desirable properties for gas separation and drying,

17 hydrocarbon and chemical conversions, and other applications. New zeolites may

18 contain novel internal pore architectures, providing enhanced selectivities in these

19  processes.

20 - Crystalline aluminosilicates arc usually prepared frora aqueous reaction

21 - mixtures containing alkali or alkaline earth metal oxides, silica, and alumina.

22 Crystaliine borosilicates are usually prepared under similar reaction conditions except
23 that boron is used in place of aluminum. By varying the synthesis conditions and the

. 24 composition of the reaction mixture, different zeolites can often be formed.

25

26 SUMMARY OF THE INVENTION

27 . )

28 The present invention is directed to a family of crystalline molecular sieves

29 with unique properties, referred to herein as “molecular sieve SSZ-61" or simply

30 “SS8Z-617. Preferably, $SZ-61 is obtained in its silicate, aluminosilicate,

31 titanosilicate, gennanosilicate,'vanadosilicat_e, ferrosilicate or borosilicate form. The
32 term “silicate” refers to a molecular sieve having a high mole ratio of silicon axide
33 relative to aluminum oxide, preferably a mole ratio greater than 100, including

-1-




28 The present invention is directed to a fan?$jckspary 2007
crystalline nol ecular sieves 29 with unique
properties, referred to herein as "nol ecul ar sieve

obtained inits silicate, alumnosilicate, 31
titanosilicate, germanosilicate, vanadosilicate,
ferosiljicate or borosilicate form The 32 term
"silicate" refers to a nolecul ar sieve having a high
mol e ratio of silicon oxide 33 relative to alum num
oXi dmlechﬁrsfem 'adnhgrisai entirely of silidon oxjde tsawedthirgin, thogm

| nc " 7

donp? “rglg%"IC%TF '# ?g%ﬁ conlla"ggé b%%‘;g l%@é e°r%§.“%
t3he sHliegnroxide arﬂltlwnrm(j‘bmrbsnlﬂxatc‘éfeferssé emsletudar a:embm@mhmmdes
SI evgbgwh nt ai ni nl&obot h al umi num oxi de and 3 silicon
dxi QEPAHhERRY ¢ borosilicate" refers to a

ol ecul Br 5 flsEYSeEOMeR BiphHideX hdRSecuthr Qfev@ﬂéﬁc#ja?%ré @ greater than
silicon. ITn a first aspect, there Is provid

no#teo Ul Saf m%\ﬂeOhafmsrigtwamm;emm fooagr eat er t han

abouixdelo'ia @fvaRi ekl e@bvatentl didnfeht, dednd dtaafent elexl cardifiiredt O
an oxi.de of a trivalent el ement g rfag\éaﬁ@ I

&l eFFﬁ‘ﬁf'a‘d Hratdeiatelanbelsmppber apixturg herpaiAn cingtiqry e,
§a| ﬁrgy‘{lﬁtacgoghﬁeggpfag]gtl el ement or mxture thereof and
having, after calcination, the 9 X-ray diffraction

fines of 597089 Espach therg squyirled Spmelpsuld' iise hpygnd a mole ratio greater than
pragb’dtdi%dofaam%@é? 'élel@éte@ fr6M Qhd 8M6LR BomkidiRY 8f Sifdoh @xdE Sg¥rMEnium oxide and
than about an oxi de selected fromthe group
C oniires thﬁgaof)ifo &l ¢>¢Q§c§ﬁ‘e©tﬁ¢i fiem alyevnyErXg$ oxi de and

I Xt 188 t.her eof sel fr ' ]
1an| g ide, aﬁop ox1gﬁ, goron apé“ ¢t t‘riio ghium oxef‘c% ﬁ?’nglgm roglgé, gég\:d%@ YWide
18 tad mi:rmrwqhai@bf anidhahvingaftex baldnativrg tha -rapdifiicictien lindbf ntde

AT T VRTIET RCE I T
16 h u4idds @%e@%ﬁﬂ)xtdaasnuehﬁwmhs thétb is@o edeoddRide in'thé  oxi de

or mxture of first oxides to the second oxide can
The malecplar sigye. In these casep éhe@lql@ulﬁr@wg@@@mll-a%aa@lwa&sr%c 917

lmla%hﬁaﬁtfsﬂﬁét ve. In these cases, the nol ecul ar sieve
ica nolecular sieve or 18 a

. ger man&¥iclosedhasein [viasudlemisgsipertvingids a nol ecul ar si eve

o0 el Gy SOROR) b e AR A A b

21 follows:
o n YO,W.0; 15-o
3 My/YO;  0-0.03
24 . QY0, 0.02-0.08
% - FNO, 0-0.10

26 wherein Y is silicon, germanium or a mixture thereof; W is aluminum, gallium, iron,
27 boron, titanium, indium, vanadium or mixtures thereof; ¢ is 1 or 2; dis2 whencis 1
28 (ie, Wis tetravalent) or d is 3 or 5 when ¢ is 2 (i.e,, d is 3 when W is trivalent or 5
29 when W is pentavalent); M is an alkali metal cation, alkaline earth metal cation or
30 mixtures thereof: n is the valence of M (i.e., 1 or 2); and Q is a tetracyclic azonia

31 cation.




synthgaqieﬁ ahd |n2t§92:g|ihy§r003 st%te ug egmns o éﬂ"'

21 follows: 22 YORfWoa 15 - co 23 M/(YCR 0 -2®Fgmuary 2007
QNYQ2 0.02-0.08 25 F/YO2 0-0.10 26 wherein Y is
silicon, gernaniumor a rri xture thereof Wi s

v dnad thireh aspedti toeter i@sﬂrtb\h@dm)ﬁnolecc:ullas sﬂeve) ha@;g d qompasuwhe as
etr vaené ; is 3 or 5

S?ﬁ'?\?ﬂ’r"’ent or 5 29

when Wis pentavalent); Mis an alkali netal cation,

- al kaline earth wogwc@@tignnor 30 m xtures thereof; n

is the val ence of é) . or 2); and Qis a

tetracyclic azonMa'¥ 2(:atq‘o‘1)r03 2 28 February 2007 In

a third aspect, phey,e is ggeed a nol ecul ar sieve

havi ng a conp03|t| on, as synthesized and in the

anhydr ous state, FiYR2t er md) 10l e ratios as fol | ows:

YO2/WCGd 15-00 Mn/YQz O - 0.03 QY02 0.02-0.08

o or e f B sl R e AT, e,

tit anllmmbomchtmmm wraliva vasadiann onmixtmﬂsel&rdoﬁeﬁsaafrz &isi2s |

2;
o i 2 afheh i3 or ¥ § bt i e By B ezl allipe
catio metat catibibrumietares eredtaf is the vhlence BEMY MILNS Bcon M and

Qis [ sel ect ed the group consisting of
the' 1 SRR thig;oupewglstlr@m%mqfo! loing:
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CH3 CH3 Lt It- C2a 28 February 2007 Et afdlgorugEraeo7
Al so di sclosed herein is a nethod of preparing a
crystalline material conprising (1) an oxide of a fast

oxide of a trivalent elenent, pentaval ent el enent,

. second tetravalent elegent which is different from
said first tetrav ment, or mxture thereof and
havi ng a nol e rat of first oxide to the second

oxi de greater than 15, d method conprising

contacting under crysta Ni+;_ati on condi tions sources of

said oxides and a structjureydirecting agent )

conprising a tetracyclic qzj;k a cation. In a fourth

aspect, there is provided a nethod of preparing a

crystalline material conprising an oxide of a first

t eamdaval ent el enent and an oxide .of a trival ent

el enent, pentaval ent el enent, second tetraval ent

el ement which is different fromsaid first tetraval ent

el ement . or m xture thereof, said nethod conprising

contacti ng under ¢ /al | i zati on conditions sources

of said oxides qﬂ nct ure directing agent

conprising a ca ected fromthe group

consi sting of the fol I[(l'\M ng: LI N+

7‘* ~CH,

N

Also disclosed herein is a method of

preparing a crystaliine material comprising (1) an oxide of a first tetravalent element
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“CH3 CH3 LN+ CH3 CH3 3 28 February 2007 1 i28 Febpuazy 2007
and L~ N 3a 28 February 2007 DETAI LED DESCRI PTI ON OF

THE | NVENTI ON The present invention conprlses a fan1|y N ) ?

sssgteerystal T e arge “pore-nolecul dar - si-eves
desi gnated herein "nol ecul ar sieve SSZ 61" or S|nply
" SSZ 61 ". As used herein, the term"large pore"

havi n.ayverage pore sjze, di anete reater
¢ hat CLARGHIe o ik sletusth penaled e FrooniBalR 6. 5
Angisinéde iich & daleest frof élm%tfamt €lement, df @Bxture théreof and
preparing tetracyclic,azonia catign i
ashaymgaiple fa?%ofa*}er@%mﬂﬂfgto thegeqepd gridgigrsater §5 "’i{fFB
a forﬁiﬁiﬁiﬁébdﬂa@ﬁdg%ﬂd& 41RdaBon %ﬂﬁtl&@@o@ceb)&ﬁﬁﬂ bxifi@rand a

maki ng SSZ- 61 have e foll ow ng structures: Tenpl ate
A stE\Rfure direesing agent comprising a tetracychc azonia cation,

~

In a fourth aspect, there is provided a method of preparing a crystalline material comprising an
oxide of a first tetravalent element and an oxide of a frivalent element, pentavalent element,
second tetravalent element which is different from said first tetravalent element
- ormixture thereof, said method comprising contacting under crystallization
conditions sources of said oxides and a structure directing agent comprising a

cation selected from the group consisting of the following:

“~CH,

CH,




8- azoni a- 8- et hyl - 8- met hyl tetracycl o[ 4. 3. 3. 1 28 February 2007
z'S.O'6]tridec-3-ene Tenplate B LN+ CH3 CH3 3b 28
February 2007 2 8-azoni a- 8,

} Tenplate C 56 7 _

1-azoni apentacycl o[ 8.-1.4.33.8.14' 7. 03" 8] hept adec- 5-en
e 8 Tenplate D LN 9 10 1-azoni apentacycl o[ 8:

1.5.33 8.1 7A3. 8] oct adec-5-ene 11 Tenplate E +CHB 12
13 1-azonia-13-nethyly*ntacyclo[8: i
1.4.33‘8.14‘7.03‘%‘“30 agdec-5-ene 14 4 28 February
2007 "

and

+ R fCHa

..3a...




1 The SDA cation is associated with an anion %%;GWEQOO"
maybe any anion that 2 is not detrinental to the
formati on of the zeolite. Representative anions

and i odi de, hydroxide, acetate, sulfate, 4

t et raf | uor obpEBAREDETEESORIITONGOF BIRINVBNTION €.
Hydroxide is the nost preferred anion. 5 In general,
SSZ-61 is prepared by contacting an active source of

one Or THebhRsenfiniiciREmSRbELhifly Bff&ﬁlanﬁ@ 18§cHeR molecular

consi sting of nopnoval ent_ el enent oxi de di vaI ent 7

el %ﬁ@ﬁ?e%ﬂ‘f‘?j’é@fﬂﬂt“@l‘i‘&ll*’éﬁ'@""e‘isé’n@ or gmply i‘§§z ol et peiped ent
el RA&H ttheqwq%t?ge?&g’/' Rbans ﬁB‘%%%V@Ag@ gﬁre Sl SR gx‘%t&hh&p e

tetracyclic azonia catio I's prepared
NGB R prefritin from K 65 ANEREOBSIEbGE 1.5 SApERERAT
| Nared0 Table A below. 11 TABLE A 12 Reaction M xture
13 1gypi cal Preferred 14 YO2/WaQb > 15 -100 - m 15
OH / YO greOngRSEH10a tdtﬁacgclE@zonizﬁ:aﬁyn\imed)asmmnﬁ@directing

0..40-0.60 » Y2 0 - .0 40 0

ot B sPn) hgo Wbl o gieypon i s SRR a7 Y,
WmaBing9SZ+6d have sredolpevingafrionees: above, and a is 1 or 2,
and bis 2 when ais 1 21 (i.e., Wis tetravalent)
and b is 3 when ais 2 (i.e., Wis trivalent). 22 In
practice, SSZ-61 is prepared by a process conprising:
23 (a) preparing an ueous sol uti on cont ai ni ng
sources of at Ie 24 oxi de capable of formng a
crystalline nol e@H-=a e andE%p%%\r acyclic azonia
cation 25 capable of qr'm ng SSZ- havi ng an ani oni c
counterion which is not-Metpinmental to 26 the

formati on of SSZ-61; 27/(b) i ntaining the aqueous
sol ution under conditiofg sufficient to 28 form
crystals of SSzZ-61; and

8-azonia-8-ethyl-8-methyltetracyclo[4.3.3.1%°.0'¥)tridec-3-ene

%
: Template B

I

( CH3
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29 (c) recovering the crystals of SSzZ-61. 3
Accordingly, SSZ-61 may conprise the crystalline

material and the SDA in 31 conbination with netalllc ) - |

rrgndenon=et-alr i croxitdes bonded Uit étrahedral

coordi nation 32 through shared oxygen atons to forn1a
cross-linked three dinensional crystal 33 structure.
The netallic and non-netallic oxides conprise one or a
conbi nation of -5 28 February 2007 1 oxides of a
first tetraval ent elenment(s), and one or a conbi nation
20f a trival erstazéhie$,Sntiutity(tsdacychprd. RIFADEitideel3eoment (s) ,
3second tetraval ent elenent(s) different fromthe 3
first tetraval ent elenment(s) or m xture thereof. The
4first tetravalent elenent(s) is 4 preferably sel ected
fromthe group consisting of silicon, gernmani um and
conmbinations 5 thereof. Mre preferably, the first
tetraval ent elenent i silicon. The trivalent 6

el enent, pentaval g - aent and second tetraval ent

el ement (which | s—dt+f
tetraval ent el enent) |§Toreferably sel ected fromthe
group consisting of 8 .num gallium iron, boron,
titanium indium vanadipimand conbinations 9 thereof.
More preferably, the secopd]trivalent or tetraval ent
elenment is alumnumor to boron. 11 Typical sources
of alum num oxide for the reaction m xture include 12

1

6 al um nat es, alunina al um num col | oi ds, al um num oxi de

coated on SI| a{ S such as
" Al (OH) 3 and a un1n mmw%%%Qﬁ%gs sughh%§1ﬁ§€%ﬂﬁ
8 ALCL3 and Al12(S04)3. Typical sources of S|I|con OXIde

10
11

12
13
14

include silicates, silica 15 hydrogel, silicic acid,
fumed silica, colloidal silica, tetra-alkyl
orthosilicates, and 16 silica hydroxi des. Boron, as
well as gallium germanium titanium indium vanadi um
17 and iron, can be added in fornms corresponding to
their alun1nun1and S|r|con 18 counterparts. 19 A
source zeolite r ay provide a source of

al um num or boro~. 4. 20 ey the source
zeolite al so provides E- ource of silica. The source
zeolite in its 21 deal uM:nated or deboronated form nay
al so be used as a sourcq\//£§|llca with

l-azoniapentacyclo[&-1.5.33'3.14'7.03'8]octadec—5-ene

Template £

‘+\“a,CH3

1-azonia-13-methylpentacyclo[8.-1.4.3*%.1% 0*®]heptadec-5-ene

o 28 February 2007




22 additional silicon added using, for exanplS Febmaary 2007
conventi onal sources |isted above. 23 Use of a source

zeolite reagent as a source of alumna for the present :

SprOCes SIS nor € 24 conpl et ety desciibed i nt U S
Patent No. 5,225,179, issued July 6, 1993 to Nakagawa
25 entitled "Method of Making Mol ecul ar Sieves", the
di scl osure of which is 26 incorporated herein by

ref erenc i call al. k aI dr OXi
! ot o TEeSn et RS Eiatel it e NS AR ey b S et
2t hﬁl}dg_ﬁﬂﬁlﬁéﬁtﬂ&} tﬂi‘foﬁr&dbrtamheﬁaﬂm &eptasenthmaelahlulmlxammsl uhm
r ium m..an nmpgnesi is used in the
g‘ét?ﬂ‘?“o‘hg ‘5?{' ’°fﬂ8\}3§%$3 ang H’gg 3&%&’6@%?&3‘3@&4 fee
4 OMfittatiRdoboRi, @@ookﬁﬁt@, aBStht Q. BGito¥iad 8 Me ntoAShdrted ahidn.
mai nt ai ned. The SDA may be used to provide 31

5 hydr oxipdenebSZ-ph ispreppred heapniping aihastivesopre efone gramore
6 ©%% A IRoted Rm BX SR c%ns:s&ﬂ?o%nb@ﬁm{ éi’emeﬁl?oxmééj aR¥Ede

ion, thereby reducing or elimnating the alkali netal
7 h;ﬁ&ﬂ@mm@e&qmﬂ@m elgm@Boxidey, iétraealent aiﬂecnabm@ls pndfst al

8 C%@ﬁtﬁﬁle&relemegtg%w&i%ﬂgcgralc L Abe part of the 6

February as-synthesi ze crystalllne oxi de
9 mat er i SZ-6li inproragkd frona rizeficimorue dhergibe @mpediticnsheidn ges
10215 3 The reaction mxture is maintained at an
el eva#ea ?Verrper ature until the 4 crystals of the
11 SSZ- 61 are formed. The MadLBthernmal crystallization is

12 usually 5 conduct ed ugde{i agt ggenous pressure, at a
tenperature between 1 1 C, 6 preferably .

13 between 135C and 160C. Typhel Cr ystBbfedredat i on period is
typic eater 7 than | day and preferably from

14 about %@;{3& to about 2& days. %9‘? ePerably, the

is mol ecubryy@) eve i's prepayeglggisi nuomdsh stirring or
agitation. 9 During the hydrothermal crystallizati on-

16 step, ¥KE2557-61 cryst@dlGeh bd40rd6 | owed t o

17 nucl eagggpont aneousl ypf e the g eged i on mi xture. The
use of SSZ-61 11 crystals as seed material can be

18 advanth§€d¥s in decreadirf§ the t-ﬂﬁre%ecessary for 12

19 conpl g8y T yst al I'i zat i pgy tPggPCCly 0 Jdko addi ti on,
seedi ng can lead to an increase purlty 13 of the

20 pwbde¥t WotMiandderdas defiredeitovegnd die 1 ou2; laedl is @ nvhemnalis or
o ROl 00 Sl BRI 0,075,
22 anountin practice, SSZ-61 is prepared by a process comprising:

23 (a)  preparing an aqueous solution containing sources of at least one
24 oxide capable of forming a crystalline molecular sieve and a tetracyclic azonia cation
25  capable of forming SSZ-61 having an anionic counterion which is not detrimental to
26  the formatjon of SSZ-61;

27 (b}  maintaining the aqueous solution under conditions sufficient to
28 form crystals of SSZ-61; and _

29 (c)  recovering the crystals of SSZ-61.

30 Accordingly, SSZ-61 may compﬁse the crystalline material and the SDA in

31 combination with metallic and non-metallic oxides bonded in tetrahedral coordination
32 through shared oxygen atoms to form a cross-linked three dimensional crystal

33 structure. The metallic and non-metallic oxides comprise one or a combination of
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15 between 0.1 and 10% of the weight of first28February 2007
tetraval ent el ement oxide, e.g. silica, used 16 in
the reacti on mxture. 17 Once the nol ecul ar sieve

18 fromthe reaction m xture by standard nechani cal
separation techniques such as 19 filtration. The
cryst al s are water-washed and then dried, e.g. ,hat 90C
o 150C for 20fr 4 hours,.to O tal t he
s""&? ?ﬁé”‘éﬁt Fhyyalgypie B’E‘“@ﬁ ﬁ%‘f app &r a epfyikingapo ?b1 @15 can
2 21e1d@ﬁnm EivaRsl e&me@(sm&méttaoamﬁ EI8HHi(S) dilfferdrhﬂﬂlﬁﬁ the
uum 52 SSZ- 61 as, ﬁqut are has a nole ratio_of an

e detrayatentaleaneni(y) o Eolhedisst tetrpvalegfeclemspl(sh i oxi de

4 a"lﬁ’eféﬁ‘t?f} déleBr8d Frrhﬁ{h@ Qlfouﬂ &Jnﬁﬁm@ 3 s‘ﬁﬁoﬁ; etiifatiff afd @Hbinations
al um num oxi de, | i um oxi de, iron oxide, boron

5 oxthereet. Mpre aﬁfetﬁHYot%P “eﬁaﬁdﬂlﬁ plewsit deilicra Taeitupe®xi de
6 2 P - :
S P ARG, Sl SerlHEnS Kool AL A LORG: fiflss deradifin
7 oftheTfltarayalayedlanwnt) BIRi@ablyf wierttkfronte gaum@npsjm'gbf on, as
e S v SDA
o ¢ ViR, E8flyn s, bl vian, Bl I Ay cBhoalfne 00
9 t déhemeof. florppieferablyt thosponﬂ Inumlantlonteffa!aleaet eBrriBﬁ:hs)aAummﬁﬁ or
I@?J/DE B 30 As-Synthesized SSZ-61 31 YO021Wod 15 -00 32
10 0 - 0.03 33 QYR 0.02-0.08 -7 28 February

11 2007 'ﬂypEéf\Sﬁﬁce@oFathﬂlﬁn axidu 1o the r¥acti mikturddncidde N and Q
-1 i ned.ahove. . 3.,SSZ-61 can be nmade with a nole
rﬁf Wﬁ‘@inm colgids, plugnumopde goajed opsilicasalnt i al | y

13N deﬂi@ihhﬁﬂh%@msudh@s Maeﬂﬁszd Sidmindod cdnfPosinds ARE as Am@(h):a,
silica material or

8259@ ﬁl@?ﬂf{lﬁ@e\% 3%?% ?flgllfc_e% of sicon g¥ide gicludgsilicalgp é‘i‘léﬂ oxi des

15 thydibéel 6108 &idRshed SRGal ANBIA¥ilic) %&myl%ﬁh&nféat&sﬁﬁ
Z-61 can be nade essentially alum humfree,

16 élJ}Fwdramé?Sl Bemn.agwall asgpilam gsioeaniugy fitgniwn, x@cbum,/xammmod
17 Ofind iRff GARB¢ dafledih oD oFredpBiidint to their aluminum and siticon

18 counterparts.

19 A source zeolite reagent may provide a source of aluminum or boron. In most
20  cases, tﬁe source zeolite also provides a source of silica. The source zeolite in its
21 dealuminated or deboronated form may also be used as a source of silica, with
22 additional siticon added using, for example, the conventional sources listed above.
23 Use of a source zeolite reagent as a source of alumina for the present process is more
24 completely described in U.S. Patent No. 5,225,179, issued July 6, 1993 to Nakagawa
25  entitled “Method of Making Molecular Sieves”, the disclosure of which is
26  incorporated herein by reference.
27 Typically, an alkali metal hydroxide and/or an alkaline earth metal hydroxide,
28 such as the hydroxide of sodium, potassium, lithium, cesitm, rubidium, calcium, and
29  magnesium, is used in the reaction mixture; however, this component can be omitted
30 so long as the equivalent basicity is maiﬁtained‘ The SDA may be used to provide
31  hydroxide fon. Thus, it may be beneficial to ion exchange, for example, the halide to
32 hydroxide ion, thereby reducing or eliminating the alkali metal hydroxide quantity
33 required. The alkali metal cation or alkaline earth cation may be part of the
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8 of silica to alunina is by using standard a¢§ Hebruary 2007
| eaching or chelating treatnents. 9 However,
essentially alum numfree SSZ-61 can be synthesi zed

the main tetrahedral netal oxide conponent, if 11
boron is al so present. The boron can then be renoved,
if desired, by treating the 12 borosilicate SSZ-61

with aceti cacdat el evated te ratu

| desriiaerec Sl ifbia. § o TR Wree o 3
2 10#l¢keid050) to produce an all-silica version of SSZ-61.
14 SSZ-61 can al so be prepared directly as
3bor osi Fhedefclion mtuggdsmaintginediapan i HeTEREFR SR e ey ed

4 aScrfARB G hb SS-abRY Brdad Tﬁﬁ%ﬁﬁ%amrgs&um@ﬁoahs Wwhgs by
techni ques known in 16 the art Lower silicCa to

5 al qqmuﬁtad wrderiaploganas pEisHILs, ¥ tapipeaiureddtviosn l@ﬁ‘i(}@d 284°Rods

s £ the cr
s s Rl i B R T e P R S S g
7 octhmr} dlayariilp&fdmly fiohresbburs Ribysad abolt@0asel ite in
h .an al.um na bi npder O0.ar dissal ved

nbi t
5 o coP R D e Tl el et s P66 milf St s s o

9 U S. %ﬁ@@ihel}drﬁﬁemﬂ,cﬁéﬁll@além stepS U SSZ-6Ncriedeahes 17,
19 t et al 22 It is believed that SSZ-61 is

Vﬁdg%'am@fte SPORIARFOYSIYARAB IBE Teackion Ml d bepse 08854-¢hol ogy
11 V\'h;kﬁlﬁls laSsebd Yadiaal @k bczﬁdém@%eduﬁ th d&erating BEE ﬁ&EdsB’? for

pattern. SSZ-61, after cal ci nati on has
12 ¢ compleff prysiellizstion e posete Ingiditien, seeding capderd @ranawﬁrased@wtmn

13 D%Hh@bx%d&%&i)tdﬁie&? FombtihE ¢ dk&rl]l%@a%ﬂﬂﬁ%{f ?‘naltlbxp S ?ge in

i's ereb stingui s rom ot
14 rr@%lé\d@saﬁd@méghenzwedmsﬁ@, $822® o@ataksuamdde@ﬂanﬁnnoﬁm

T te
> B TG T A 5 A b
16 Felbﬂlmnoylommamre 10.08 8.8 WM
17 Once the molecular sieve crystals have formed, the solid product is separated

18 from the reaction mixture by standard mechanical separation techniques such as

19 filtration. The crystals are water-washed and then dried, e.g., at 90°C to 150°C for

20 from 8 to 24 hours, to obtain the as-synthesized SSZ-61 crystals. The drying step can
21 be performed at atmospheric pressure or under vacuum.

22 S8Z-61 as prepared has a mole ratio of an oxide selected from silicon oxide,
23 germanium oxide and mixtures thereof to an oxide selected from aluminum oxide,

24 gallium oxide, iron oxide, boron oxide, titanium oxide, indium oxide, vanadium oxide
25 and mixtures thereof greater than about 15; and has, after calcination, the X-ray

26  diffraction lines of Table [ below. SSZ-61 further has a composition, as synthesized
27 {i.e., prior to removal of the SDA from the $8Z-61) and in the anhydrous state, in

28 terms of mole ratios, shown in Table B below.

26 TABLEB

30 As-Synthesized SSZ-61
3 YO/W.0  15-00

32 Myn/YO, 0-0.03

33 ) QYO 0.02 -0.08

-




13.94 6.4 W 17.90 4.96 W 20.68 4.30 VS 21.7dFebragy@po7
23.37 3.80 W 25.40 3.51 WM 35.48 2.53 W (a), 0.1
is 2 (b) The X-ray patterns provided are based on a

in the X-ray pattern is assigned a val ue of 100:
Wweak) 4 is less than 20; Mnedium is between 20
and 40; S(strong) is between 40 5 and 60; VS(very

strong) is eater. than 60. 6 Table I A bel ow shows the
I'X-ray pomdgg&ﬁﬁ¥T¢g%tion lines for calcined SSZ-61 7

2 | NEHekéOf, MY AL MJAknd @hrabd déBnddabeBsi ties. 8 TABLE |A 9
Cal cined SSzZ-61 10 2 Thetatal d-spacing (Angstrons)
3 Rel at | $%-¢1pawbropady withg mole ratig off BO# W of v, beg etz 19 100

18 Ry PR e b7l iRl o Shzi bl oy 1
5  silica material or a germanosilicate. Thus, in a typical case where oxides of silicon

6 and, optionally, germanium are used, SSZ-61 can be made essentially aluminum free,
7  i.e., having a silica to alumina mole ratio of . A method of increasing the mole ratio
8 ofsilica to alumina is by using standard acid leaching or chelating treatments.

9  However, essentially aluminum-free SSZ-61 can be synthesized using essentially

10 aluminum-free silicon sources as the main tetrahedral metal oxide component, if

11 boronis also present. The boron can then be removed, if desired, by treating the

12 borosilicate SSZ-61 with acetic acid ét elevated temperature ( as described in Jones et
13 al, Chem. Mater., 2001, 13, 1041-1050) to produce an all-silica version of SSZ-61.
14 S8Z-61 can also be prepared directly as a borosilicate. If desired, the boron can be

15 removed as described above and replaced with metal atoms by techniques known in
16  theart. |

17 Lower silica to alumina ratios may also be obtained by using methods which
18 insert aluminum into the crystalline framework. For example, aluminum insertion

19 may occur by thermal treatment of the zeolite in combination with an alumina binder
20 or dissolved source of alumina. Such procedures are described in U.S. Patent
21 No. 4,559,315, issued on December 17, 1985 to Chang et al.

22 It is believed that SSZ-61 is comprised of a new framework structure or

23 topology which is characterized by its X-ray diffraction pattern. SSZ-61, after
24 calcination, has a crystalline structure whose X-ray powder diffraction pattern exhibit
25 the characteristic lines shown in Table I and is thereby distinguished from other

- 26  molecular sieves.

2 TABLEI
28 A Calcined SSZ7-61
2 Theta® d-spacing (Angstroms) Relative Intensity (%)
448 19.7 S |
724 12.2 \E
9.23 9.6 w
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20.68 4.30 84 21.70 4.10 18 23.37 3.80 12 2%4Fqbjuary 2007
3.69 6 25.40 3.51 19 9 28 February 2007 25.62 3.48

17 26.64 3.35 17 35.48 2.53 10 t'1t0.1 2 The X-ray 7

standard 3 techniques. The radi ati on was the

K- al pha/ doubl et of copper. The peak heights and 4 the
positions, as a function of 20 where 8 is the Bragg
angl e, re read fromthe 5, el ative intensitj of
t he pea\li\gp'%gnd d, the inter%%anar spaci ng inwAﬁgstrorrs
6 correspguging to the recoggled |ines, can bew
calculated. 7 The variation in the scattering_angle
(two thetl-gr)goneasur enent s, @ to 8 instrunenwaerror
and to dighkerences between gi3pdi vi dual sanpl esygi s
estimated at 9t 0.1 degrees. 10 Representative peaks
fromthe2k?Pay diffraction%@ttern of calci ne® SSz-61
| i are sheywn in Table I. Gglcination can resylit in
changes in the intensities of the peaks- 12 as
conmpar ed 2640 patterns of thé-Stas-made" materi 8-M as

wel | as pkper shifts in thgel3 diffraction pajtern.
The no] ecul ar si eve producedS by exchangi ng the net al
tor oth®=0.14 cations present in the nol ecul ar sieve

W th vard | H. or. N . .S
2yt o e e AR B Bl Bl i
3 al t hougthe sigpmpast lint nstheX-n@ypatveen Bassiphedltrab of 108: Wiwedie

I nt erpl anar ., SpAc] and. variatjons, i he.relativ

*i nt ensi {Siicg%thgﬁﬁt wﬁ'geﬂ’é'ﬁﬁéﬁ’e&f?l %Q&Pé\n‘"i ﬁ@%’%isﬁﬁw% e

5 m nor pefdte0y Viveroemsng) ideattatincocr yst al | attice remains
18 unchanged by these treatnents. )

6 Table 1A below shows the X-ray powder diffraction lines for calcined SSZ-61
7 mcluding actual relative intensities.
8 TABLEIA
g Caleined SSZ7-61
2 Theta®™ d-spacing (Angstroms) Relative Intensity (%)
448 19.7 47
7.24 122 100
9.23 9.6 13
10.08 8.8 21
13.94 ' - 6.4 7
17.90 | 4.96 11
18.28 485 | 12
18.68 475 | 7
19,72 4.5 12
20.68 : 430 84
21.70 - 410 .18
2337 ‘ 3.80 12
2413 3.69 6
25.40 | 351 19
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19 Crystalline SSZ-61 can be used as-synt hesi Z&Hebrgy 2007
preferably will be 20 thermally treated (calcined).
Usually, it is desirable to renove the al kali netal

hydr ogen, ammonium or any desired netal ion. 22 The
nol ecul ar sieve can be | eached with chel ati ng agents,
e.g., EDTA or dilute acid 23 solutions, to increase
t he siIiS? to alumna nole _rgtio. The nol ecul si eve
can al so®%4 be st eaned,; sté m ng hel ps stabit’ize the
crystall ppes | attice to attggk fromacids. 25 Netals
may be introduced into the nol ecul ar sieve by

repl aci ng>%nme of the 26 &afions in the nol eldul ar

1 Si eve @ytgh nmetal cations via standard ion exchange 27
techni ques (see, for exanple, U S. Patent Nos.

3,140,249 issued July.7, 1964 to, Pl an 28 et al.;
2.3, 140, ﬁ?%-{agg%gr %ﬁ']raytm?,mﬁegwefe&e%wﬁ bygtangard  ang
3 3, tdchRiqud® 3THe $AHEEN WK thie K-alpAAfdbletd@cdpfer PR Peal€hcights-and

Typi cal replacing cations can include netal cations,

4 o tge posifigps.cas @ fingtipn of 26 whepeef ikt Brage gnedware readfrom the| A,
G : | wal | i
5 el I ANy Bk M 0T} e BRI haBhob?® T

6 cabirspadiog tortistredosied linds, casba@ledatedrt h, Mh, Ca, My, Zn,
Cd, 3 o2t N - Ti and Fe ar
7 parti cﬁeé’r ag}bnplP é]%ees?%?%%qg agel %%0 ﬁg%)rr%e ﬁ?megﬁﬁ@ﬁ fUm and
8 matsalmaoaoaens differaneblieetaen meixiing sgedks) intstimafed ithe
9S§%iQ§. The SSZ-61 can al so be inpregnated with the
e éle?f%r the netals can 6 be physically and
10 i nt |h ngll@{(wen&dfﬁpéﬁ@ fwnthtlfe Xk dSﬁthiﬁipaﬁ&?l BfcafcirRd) SShE-dl
met S . 7 to.the art. Typi cal. ion-exchange.
It @@ﬁﬁqmiﬁm &akvaawﬁw&%uﬁt H&%ﬂ&éﬁ i Hemesites Ardaetbar
12 9 aSéomipredolphtephs SOhb s HhdS TR Db Vek113s Sidlof shMls ifh e
desired replacing cation or cations. 10 Al though a

13 widfEactierrnaiey. Bre molgerlar siexmprpicedhy cashargingdha wetelgeetbeind
14 OlhiRhs hakd: 385 mol@c%la?ﬁ@s}e@iﬁ%anllgﬂ% $tfr1reg§:§§ms[ @l aSH &}k

are particularly preferred. l'ecul ar si eve |s§12
15 L giglp psyensaly dherserte @iffragionattant elthiough-again Heanpmayroueadur e

t O.: i . . . o e
B A e
17 mblowvitbsténdiog thess niinor pdrturtesicis ahefesic Reygaldabmetatdinse | on

e Qg{ggﬁ i.gues are disclosed in a wide variety of
1 1E&pa en éﬁéatg%a%%g U S. Patent Nos. 3,140,249 issued
19 on JulGrystallind 952161 can Bt aselt asedynthdsized, but preferably will be

20 thermally treated (calcined). Usually, it is desirable to remove the atkali metal cation

21 by ion exchange and replace it with hydrogen, ammonium, or any desired metal ion.
22 The molecular sieve can be leached with chelating agents, e.g., EDTA or dilute acid
23 solutions, to increase the silica to alumina mole ratio. The molecular sieve can also
24 be steamed; steaming helps stabilize the crystalline lattice to attack from acids.

25 Metals may be introduced into the molecular sieve by replacing some of the
26  cations in the molecular sieve with metal cations via standard ion exchange

27  techniques {see, for example, U.S. Patént Nos. 3,140,249 issued July 7, 1964 to Plank
28 etal; 3,140,251 issued July 7, 1964 to Plank et al.; and 3,140,253 issued July 7, 1964

29  toPlank et al.). Typical replacing cations can include metal cations, e.g., rare earth,

H
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16 3,140,251 issued on July 7, 1964 to Pl ank &% Fehruary 2007
and 3, 140, 253 issued on July 7, 1964 17 to Pl ank et
al . 18 Follomﬁng contact mﬁth the salt solution of the

—

A - - T

w

11
12
13

14

t5
16
17
18
19
20
21
22
23
24
25
2
27
28
29
30
3
32

typically washed with mater and dried at tenperatures
ranging from 20 65C to about 200C. After washing, the
nol ecul ar sieve can be calcined in air or 21 inert gas

at _tenperatures ngi from ab ut 200C to ut 800C

£ oIk, Gt BE and B0k P meshrr s wir P DL o or

MRERacink heldlie Galiofs, Saticm!of ngfals @@h kyra@hrthy BnpCHMEC In, C33
Ape0|ally useful in hy drocarbon@%%£ver3|on processes.

tRA Pir €t d 5 &L 5P ang Ee 5 paripylarlypre in the
synt hegl:2¢8lodeR) ramnsshu%%al SoRordats SRl idH-cxdhanggagasent

of the atoms which formthe basic crystal lattice of

t Hee $9610d c Ghea¥SZ- 62@&%@1%\}3@ ippEpeptpkvidsheRetals o e kil SMyed.
2 K)e E%%l ?l]y aﬁ@ﬁtlﬁﬁel&emgl Wikt RZVh A8ny &rdSl Yne@ibds known

apes. nerally 28 speaking, the nolecul ar
sﬂ@&QMGan be |n the.formof a powder, a granule or a

mol degT 3 i o eteaﬁﬁ{;hsﬂﬁoﬁésoa&aﬁqﬁﬁmgmmgnﬁslec ar

parti |C|e to pass throug
( Eyct/cam)h asongercontaiding e saltef e d&dedlnpianm@hm batipflsy | er )

scr | n, cases re.the d, such
QUG5 s SRR o o Peg e BleRlastha bl FRIES, U

bacete@ea wBicitds Leoié shifaes ae partibulatln prefened. Tdie metécubxr sieedisi al | y

dried and then e trude bruary, 2007. SS7-61

cé‘FPaﬁ%"angﬁémB%‘irf“  R/ICF 'i‘}’tgﬁ%‘f’cﬁa‘éf? ’F’B?‘?X'i‘ee"é%ag%%f‘e‘t 0

t PesdnCiie chind €18 5hd dn BRRGureikd) Shcealinebilts msm@-lareﬁf@mdon n

orgﬁnlc conver si on process materi al s

Such,. matr.i.x
onge Representrtieygn pXehangs \?&’“Wﬁ‘tséfel diseclosed ipga ‘é’&flﬁ YHERI® or

n %ﬁtb{{t@lhélbldn%q@ 9 rPraieﬁlg\Ios 43 7604d ita& :ﬁﬁum' 1968 % PIOR rcg@n iC
mat eri al s such as cl ay silica and metal oxides.

EXd A d dssed o8 Jidn 7.i864p P&nlsetahdﬂd h&0fan ireted piJupni, é?ﬁ‘i
t Repakan,be used are disclosed in 6 U S. Patent No.
4,910, 006, issued May 20, 1990 to Zones et al., and
U S Matlewing conteet with fizsalt sobgion ofglen deeirenraplaging catiggdhet o

HRARI e 10k BicAly Wilef B el 1 QDY BhELus cafling fiom

erence N~ 1n elr entlrety. _
a§5°§no g0 tA fter washing, the molecular sieve can be calcined in air or

inert gas at temperatures ranging from about 200°C to about 800°C for periods of
time ranging from 1 to 48 hours, or more, to produce a catalytically active product
especially useful in hydrocarbon conversion processes.

Regardless of the cations present in the synthesized form of SSZ-61, the
spatial arrangement of the atoms which form the basic crystal lattice of the molecular
sieve remains essentially unchénged.

3SZ-61 can be formed into a wide variety of physical shapes. Generally
speaking, the molecular sieve can be in the form of a powder, a granule, or a molded
product, such as extrudate having a particle size sufficient to pass through a 2-mesh
(Tyler) screen and be retained on a 400-mesh (Tyler) screen. In cases where the
catalyst is mélded, such as by extrusion with an organic binder, the SSZ-61 can be

extruded before drying, or, dried or partially dried and then extruded.
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10 11 EXAMPLES 12 13 The fol | owi ng exanpl es 28 February 2007
denonstrate but do not limt the present invention.

14 Exarrpl e 1 15 Synt heS| s of Terrpl ate B 16 Terrpl ate B 7 7

PN CHS S CH3 L7 18 19 8= azonia 8,
8-diethyltetracyclo[4.3.3.125. 01 6]tr|dec 3-ene 20 21
An anion (X) is associated with the cation and naybe
any ani on mhich is not 22 detrinental to the

fornat SZ 61. resentative de
1o oot e b Egosed R T R Rt G dhEr g
2 | Qg dﬁer cb\')ddfoﬁs)(dnﬁﬁ)yeﬁﬁetgaﬁleconsdﬂduﬁrqir&esses Such matrix

tetra [ borate,. 24 car l, at and the |ike.

3 RIS TS v PR U et ol et

4 StzedlRdsdE ﬁelﬂdsﬁ%@éahleﬁla@ﬁﬁﬁucl{aﬁ%}s Siti@ %08 mdtakbxid8s. 26
dlethyltetracc 3.12.5.01 '6]tridec-3-ene cation

5 i Exapplegfdsych gatea@%@fimemﬂmwh they ot Rsised pregtisclosed in

6 dass. rFa*é@cCNob@bﬂ’J"BOG Té%ue’d mglzutvgmo(ztmg‘s 3 nind U4, 26iked _
cycl opent adi ene 28 Februar¥ 2007 I grams) in
7 12‘@05 6,758, lﬁP@M@r%nlé?%@ﬁbkagswambd which are mcorporated by
g 1r8¥1€§c9ﬁ€r Bﬁnﬁm}m&eﬂ,‘ carboxylic acid 2 anhydride (30
. e reaction is stirred at roomtenperature
9 for seSr@lis uhafpbas aB adfrbentiesi r ed product,
o 8-oxa-tetracyclo[4.3.3.12.5.01. 6]tridec-3-ene-7, 9-dion
e, is isolated 4 by recrystallization (after
11 stripping off solvent) BXAMPIHS] et hyl ether,
5 di chl or onet hane

13 The following examples demonstrate but do not limit the present invention.
14 Example 1

15 Synthesis of Template B

16 '

Template B
l
( o

CHy
17
18
19 8-azonia-8, 8-diethyltetracyclof4.3.3.1*° " S}tridec-3-ene
2 _ _
21 An anion (X) is associated with the cation and may be any anion which is not

22 detrimental to the formation of SSZ-61. Representative anions include halogen, e.g.,

23 fluoride, chloride, bromide and iodide, hydroxide, acetate, sulfate, tetrafluoroborate,

24  carboxylate, and the like. Hydroxide is the most preferred anion.

25 The structure-directing agent (SDA) 8-azonia-8, 8-

26 diethyltetracyclo[4.3.3.12'5.01’6]tridec—3-ene cation is synthesized according to the

27 procedure described below. To a solution of freshly cracked cyclopentadiene (40
-12-




5 with refrigeration. 6 Next the product is r&hEeutary 2007
Wth a primary amne in water at 85C for 3 days in 7
a cl osed system For exanple, 4.5 granms of the

of a 125 cc Parr reactor with 10 ml of ethylamne (70%
in HRO and 0.30 9 grans of 4-di net hyl am nopyri di ne as
catal yst. After heati ng for three days, the 10

' t t] t
el 20f uEt S B ront R S B en b L iR ol e
2 c odrhedride (B0 layarmb). Therredcti@ns ﬁnﬂd Ekrrd)cﬁdtexuﬁtiﬂ&ﬁre Yo Edov bkid) daglz%
respondi ng

0 recur t.o the ¢
i R e T R T ey SN
4( 2bﬁ2cr}stalllﬂaﬁoﬁ(dﬂéﬂ'ls¥x€ﬁpﬁlﬁgbff&ﬂve{n@@omm ditly) etfdr, dhferdnR¥hane
f an ice-bath) in a 250 m three- necked flask,
’thgu g% 15 gnm) dissolved in 40 M THE i s added

6 dr op- WiNeR tHe\produ A R rédl Wit pﬁwﬁﬁlhe Winafdr alﬁsomsﬂmkﬁﬁl

stlrrlng Once the imde is added, the ice-bath is

7r eth logedheyste Fpr sxapplend 3 grameof e etiaeychiganiydride ismiased in gis

5 M Keflgh SuploBa [133L BA: Iteswreaith uefmwf%fhpra&m (mm‘% H\8Phh0go 18
mantle is replaced with an ic and the reaction

9 i gEApfyQl 4idinegiylapinepyriging s wlmmexgeaﬁnﬂonweeémsethe The
0f %ﬁérﬁgcdof%d VMM $RH cbtile Q%tagglqhtﬂﬂsn]eé irfitie B %m&été% N

sol uti on dr op- W se er vigorous StiTring. Once
11 ¢ H@ecwaptslcdhcwbxﬁiéama@d drigd mdﬁimacuum 21 conpl eted, the

12 O iERG Qoo i 1ol B pinB aigLOr | €SS 11 AU d
W a ite pr ecl pi . reis filtered
13 and t hEo 4 uppensignef Jithiughy dlupginuy kydridd(SEY ) in Fitdab ydatfiram(55 23

1a 3 3%?63?2(?@&%& & Ve-obdifin 25 ¢ r&ﬁ&r%e—gctzﬁcﬁig% gﬁ%’ gERSyr e

evapor at or g1 ves
15 dese) disssIvaiinde ol ZEF Quededdripzwitei (@ln amidtiiioe funwel) vindi de

15 PR S PR RO T8 0 et el ase i 1 o0 .

17 lenqﬁngmentla) an& me Teactn sitturt isdiat@ifto ﬁ:ﬂ@m@iﬁnght The heating

trac 3.3.12' 01 tridec-3-ene
18§ A P W ] B St iap g o gk R
19 | dd:thybethes ‘B daction Tshaorked ap by @ding $5 &90157’[5%*}&(D|Tflcs%h 1uhh(n
en, an -

stjirred for 48 hours a rature
20 5 P AREE MERTPTRE. Onse TG RAaRpY e BaD G olgionT gy | s
2 adcfe,detame blagreidtion b@Re ufhed tératcblﬁﬂesﬁdu'id@i% Ahhife00m 31
for an additional 48 hours. The reaction

t
2 nFer i %e@ﬁ‘ﬁ’é"e‘ﬁ? fteredand ths diltrate indned ey MedOp félyalipne on

23 aakdWoideNra@YPdTlcaiRiic dt ﬂ:dﬁideH Bredsl8 oh PkPeviftirdiontsved 12

of f -whi t e-col ored
24 gmof the desired amine.

25 Quaternization with ethyl iodide (Synthesis of theB-azonia-8,8-

26 diethyltetracyclo[4.3.3.1%.0'“)tridec-3-ene iodide. Template B) -

27 To a solution of 5 gm of 8-aza-8-ethyitetracyclo[4.3.3.1%° .0"6]tridec-3-enc in
28 60 ml anhydrous methanol, 9.4 gm of ethyl iodide is added. The reaction is
29 mechanically stirred for 48 hours at room temperature. Then, an additional equivalent
30 ofethyl iodide (4.7 gm) is added and the reaction is further stirred at room
31 temperature for an additional 48 hours. The reaction mixture is concentrated under
32 reduced pressure on a rotary evaporator to give the iodide salt as an off-white-colored
33 solid material. This iodide salt is purified by recrystallization. This is done by
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33 solid material. This iodide salt is purifigtFgRpuary 2007
recrystallization. This is done by -13 28 February
2007 | conpletely dissolving the iodide salt in

geetone and then preci pitating by ‘the additi on 2 of e

ethyl ether to the acetone solution. The procedure
gives a white powder with very 3 clean 'H and 13C NWR
spectra, and correct el errent al analysis for the

: pr oduct Ex agf h

b Ripbfely sy e Bt eegeteapdihe mecpiadedy tgaddifitec.-
2 3- cﬁeﬁylleﬂﬂﬂ t6 €he (2éetohe Ritioh STIR pedcafar g@6la WvRitelpdwittr WiglBHy | N

| une plastic bottle. the solution, 874
grﬁ} 'H md}{méfﬁwgé“dm@w%dwn(abﬁn@%@(#w WAL X8) i s
4 adeeekcande the m xture is stirred at 8 room tenperature
overni . The product is col%ﬂq%ted by filtration
5y em)vag Aé‘?marfh%dlgthﬂ@ffﬁf?cﬁc‘ﬂflt3ér triflgsy &-ensfiodidedH A PRI® is A
6 SRR 120 HRvRPHL 10051 votuhd BERE Bd o WS84 BHSs

O OH nolarity for subsequent use I n zeol
7 symﬁ@hmc Resin-GH @ip Red® AGBX8)ds ﬁycdtmmemmre Tsestmécm es

% terQ erﬂ‘?re oveméght g%ggrg&gf i§ ﬁoﬂcctedﬁ:}g/ql[tra%on removak?%f the

qua ern on
9 etréajnl aﬂatsma«mycmﬁcm@eaa dathip¥e. oD tHe kdhitiod @ritrdted Bedewirhile the

|. iodide. Te |lates. C-E are all 15 made using
10 ?W%@W}Sg’éfs@wu 1M %ge YBBS: The parent i mide,
11 8-aza 16 Examples 2-5
‘ tetracycl o[ 4. 3. ]t ' 5. %"6 ttri d8 ;3-ene-7,9-dione, is
2 synt hesi zed by g@%ﬁﬁ—ﬁgmgs = yclic anhydride
13 V\/I"I‘brhpl&tﬁﬁﬁmyﬂﬂleswhdi b)kquaﬁm&aﬁdn/eswlézarseduct ion yields the
cyclic amne

v 5 SRy Sy ARalee Fos it ofde. demetes g6 are

15 Qdﬁﬂﬁﬁlngﬁielnﬁﬂlo&flogtyﬂbs‘én%maﬁﬁe Wite a&ﬁl%ﬁ@@t&m late
di hal i de : presence of K ields the

16 déegﬁ%lal"ﬁéh% Jéﬂctefréﬁﬁq BY-diots, fsrsmemzqibgnwasmhq ane,
17 Temm éﬁc%n]@dﬁﬂ%)lm{?nom%lwlqm @ﬁpﬁﬁfﬁq@ducmgn%&m ate E

from2 met’hyl - 1, 4- di i odobut
18 aHisplstityted &90“‘1212 cvﬂlatammrﬁeaza@émwlaﬂ‘m\ﬁeh @'Slridse-3pnepar ed

Dotz iBRb s Bhind R fial G2 3r£RHRI ed
19 nat h
Wk ARRORLAR Bhint B b b oot Bhle KRG orER:
20 yleids the desired template (Template C from 1 4—d110dobutane Template D from 1,5-

21 diiodobutane, and Template E from 2-methyl-1,4-diiodobutane). It is to be anticipated

22 that other derivatives can be prepared by the choice of the imide forming reagent

23 coupled with choices for the alkylation step.

24 ' _ : Example 6
25 Representative Synthesis of SSZ-61
26 A 23 cc Teflon liner (tared) is charged with a solution of 8-azaonia-8,8-

27 diethyltetracycio[4.3.3.1%°.0" Jtridec-3-ene hydroxide (4 mmol Template B), and 1.66
28 grams of tetraethyl orthosilicate (3mM of Si02). This material is placed in a hood and
29 allowed to evaporate (ethanol) for several days and then the H,0/8i0; ratio is
30 adjusted to 20. 0.148 Grams of 50% HF is added with stirring using a plastic spatula.
31 The resulting gel is capped off and placed in‘a Parr steel autoclave reactor and heated
32 inanoven at 150°C while rotating at 43 rpm. The reaction is monitored by checking
33 the gel ’Js pH, and by looking for crystal formation using Scanning Electron
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25 Representative Synthesis of SSZ-61 26 A 2328Eebruary 2007
Teflon liner (tared) is charged with a sol ution of

8- azaoni a- 8,8 27

hydr oxi de (4 mvol Tenplate B), and 1.66 28 grans of
tetraethyl orthosilicate (8nM of Si02). This materi al

is placed in a hood and 29 allowed to evaporate

(ethanol everal d and .t hen the Q.S ratio
1 SERab (P "B Gty TnP et Gprhelted fie Rane iy
2 Wi dablsl, ﬁ_lHeR;ﬁﬂdﬂ?n@bdﬁﬁed’c’abg«}eaf&hd:dlhe&ﬁﬁltamzﬁaon.iﬁﬂ;mﬂ@@, the
resulting gel. is c off a ced ip, a Parr
s s cRBmreif fustiotier d R e rrRb P S e sl b gy
4 1504hedtvilhevatePindllich ginsdll witBadeRMR (~INR) iCRGb IRy bifanic
nmoni t ored by, checkin 33 the gel's EH, .and by | ooking
5t JFsiges; skhg polidgarpalomshtoguidnge veugm andgham dded ingmoven at 28

¢ Fel0vrhyond A8F. THe rMeGInQSGRRY0 {5 ofdsz1X and IR
intervals. The reaction is conpleted after heating for

7 1 gnglysipf dhepowdendicgerthe produst tolbs%¥4-Bled above. Once t he

gcrystallization is conpl q;‘txgmm%ae 3 mxture is filtered
through a fritted-glass funnel. The collected solids

9are thoroughly 4 washeldnstionbfS&t@r and then rinsed

W th aget : organic 5, ..
10 resi dug}ge. iﬁgﬂ@gﬂ%ﬁnzﬂgﬁﬁgs% [ﬁg&\,’\@éﬂ tr}- %lloé‘fl’%-werbéé?n Refdght
11 arpfimptaeal isceiteidn k mufile fiowea frarh rooth tddfGnfroto 1G0FE dnotake.of The

U i.on_ aff o am of -61. X-r and |R 7
12 {39 bl Ml HAP 08 oty Rl i om0 B feen R
13 SEZ5481C at i seaualand heldat (Gad terhpeahir©for fie hold -afdr wiichihie
| cined in the fol | ow ng

mat eri gl fr le 6is, C 0
1 aiiated oot A Bt o gpcle P . OB AR phTEnd
15 Maftiok@ i§ phssea ceer the 8876 DA AN k@kddfoubil febA@E7 Rthndardl at ©
of .,12 1C per, ninute and held at 120C for three hours.
16 TqubiG BEFFENPST Pinwe AWng heaing. anped up 13 to 540C at the
17 same rate and held at tRigiegperature for five hours,
after which it is 14 increased to 594C and held there

I8 for another five houlynthess i Xxture of air and 15

i
19 NitrogR: 61Ss : E§§|§ te of 20
st andard cubs?@ﬁ‘f%gg%ég}ﬁgs%éfﬁglt an gl%u%g% %C net ers)
20 per minute during heati Fgample® Exanpl e 8

21 Synthesis of SSZ-61
22 SSZ-61 is synthesized as described in Example 6 using SDA C.
23 Example 10
24 | Synthesis of S§7-61
25 S8Z-61 is synthesized as described in Example 6 using SDA D.
26 | Example 11
27 Synthesis of SS7-61 ‘
28 SSZ-611is synthesiied as described in Example 6 except that the reaction is
29  conducted at 170°C.
30 Exﬁmp]c 12
at ' Synthesis of SSZ-61
32 SSZ-61 is synthesized as described in Example 10 except that the reaction is |

33 conducted at 170°C.
' -15-




18 Synthesis of SSZ-61 19 SSZ-61 i s synt hesi Z&tiFgyuary 2007
described in Exanple 6 using SDA B. 20 Exanple 9 21
Synt hesis of SSZ-61 22 SSZ-61 is synthesized as

Synt hesis of SSZ-61 25 SSZ-61 is synthesized as
described in Exanple 6 using SDA D. 26 Exanple 11 27
Synt hesis of SSZ-61 28 SSZ-61 is synthesized as
descri bed in Exanpl e 6E%§c t . that the reaction is 29
Tconducted at 170C. 30 ?’Fblﬁ%r“lZ 31 Synthesis of

2 SSZ- 61 32 SSZ- 61 I s sgyitheessfzsd-6as described in
Exa l e 10 exc that the reaction is 33 CQBd/K?E)ed
2

3at 17o§§- hig sy eﬁ%@a Spibehin Exampleg exgent thatihe S

4 SYiRd1ORES & 196 an@PANDL); % vSsdas b shuFceDY Rinh@&hzed as
descri bed |n&m sg{rrpl)é 6 except that the SiQ2/ Al 203 4

Smole ratio is 150 and AEMEES B i s used as the source

¢ Of alum num 5 Exanpl.g, AdoBtid &g sAds20tion Analysis 7
SSZ 61 has a mcro _§e v0|0urlre ngt | east 0.06 cc/gm

7based 8&%Z- élrly@mm@r@dsdpbmp of et leath 0156 pafgrmbas@on3kgon - 186C)
i es.
o SBT3 2R TseRU By SR R RIE
9 echctorrbntas i ‘B lovi-Pressntedpseantas 2.Then ég(@?ﬁh) vathd 645 plmlhinanon
10 ' S&Eﬁﬁr ﬂevﬁgon%@s%rp}/w lgotHenlnr\]xgs gnra]ﬁfze%eugnsllg Phg denmpyc Qn

11 theory (DFT) formalism and parameters developed for activated carbon slits by
12 Olivier (Porous Mater. 1995, 2, 9) using the Saito Foley adaptation of the Horvarth-

13 Kawazoe formalism (Microporous Materials, 1995, 3, 531) and the conventional t-

14 plot method (/. Catalysis, 1965, 4, 319). The analysis indicated a large pore molecular

15 sieve.

16 | Example 15

17 1,3.5-Triisopropylbenzene Adsorption

18 The adsorption capacity of SSZ-61 for vapor phase hydrocarbons is measured

19 at room temperature using a Cahn C-2000 balance coupled with a computer via an
20 ATI-Cahn digital interface. 1,3,5-Triisopropylbenzene is used as a “plug gauge”
21 adsorbate molecule. The 1,3,5-triisopropylbenzene (liquid) is 99.5+% pure as

- 22 determined with GC analysis and used as supplied by the manufacturer (Aldrich).
23 The vapor of the adsorbate is delivered from the liquid phase. The relative vapor

24 pressure P/Po is maintained at ~0.3 by controlling the temperature of the liquid

25  adsorbate using a cooling circulator. Prior to the adsorption experiments, the calcined
26  SSZ-61 is degassed at 350 °C in a vacuum of at least 10" Torr for 5 hours. The
27 adsorption capacity is reported in milliliters of liquid per gram of dry SSZ-61,

28 assuming bulk liquid density for the adsorbate adsorbed in the sample pores. Data for

29 1,3,5-triisopropylbenzene adsorption is collected after 5 days.

30 SSZ-61 has an adsorption capacity for 1,3,5-triisopropylbenzeﬁe of 0.079 ml/g
31 for the product of Example 7. This value places SSZ-61 in the group of zeolites that
32 areusually larger than 12 ring (certainly for the high silica, one dimensional systems).

bl
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11 theory (DFT) formalism and paraneters devel®pekiuary2007
activated carbon slits by 12 divier (Porous Mter.
1995, 2, 9) using the Saito Fol ey adaptation of the

“Hervarth= 13 Kawazoe - f or el i'sm (M croporous vateri als;

1995, 3, 531) and the conventional t 14 plot nethod
(J. Catalysis, 1965, 4, 319). The analysis indicated a
| arge pore nol ecular 15 sieve. 16 Exanple 15 17

1, -Trigs | benzene Adsorption 18 The adsorption
lcaﬁg Tt éc ﬁg@zﬁ%l for vapor phase hydrocarbons is
snmeasured 19 at roomtenperature using a Cahn C- 2000
bal ance coupl ed with a conputer via an 20 ATI-Cahn

3 di ]gl t Amofellarsieylving a ol mF’PlgTeé‘érﬁP”é*@‘P% ehglapexidgolised

4as a figd hiBvARNE8ment %%n@ﬂ%fka@c@nﬂ%aeﬁéﬂt @lemg-rh%‘vhxch is
1,3,5-triisop rop%[tenzene( i quid 99. 5+% pure as
15§

522 deditferent frem s tenvalerd elpmpnd, ta) ntﬁlwnhﬂeﬂ%ﬁimfl ed by
t he
¢ L TRBNA L Al T OREY

7rel atlingeoflgplol. 24 pressure P/Po is maintained at -0.3
g by controlling the tenperature of the liquid 25
adsorbate using a cooling circulator. Prior to the

9 adso r)ptniobculaxiperliavingm sple tdtie geatbrahanabbut PHofabAxifd selested
degassed. at vacuum of a Torr

1o (o0 SREE otk o o QU il Rl Pt eq 1 n
11 mi | | ithdréoftosan 0fidé SewUUedﬁ@ﬁ lug@in@ioRific, dliunP&Add) irdn 0xdd,

- assumi ng byl k sity for theasorbate

2 adsoﬂ;ﬁg’g °?“H PWB‘“g‘é’ Fé“dfg‘i?? de, w:aa%damfw € apgmixtures

13 1, 3, Shdrdok, |aﬁ<pmmgmhaeﬁmﬁt@n ARSRER R b 1188 b RBlead
after 5 days SSZ- 61 has an adsorption capacity for

41,3,5-triisopropyl benzene of 0.079 m/g 31 for the
15 P Bod %ﬁiol@cfula@‘im&%rﬂng td- bla§n Y @hdin ML BLES comfisP Liikdn the

group of zeolites that are usually larger than 12
16 1 ng opidenda{uminang exidet he h| gh silica, one di nensional
17 Systens). -16 28 February 2007 | WHAT IS CLAIMED | S:
2 3 1. Anolecular sieve having a nole ratio greater
18 t Aan Aapderulan Geve piccardingyté Qleinod wizereimthé oxidss comprisasibdoant

19 el emgpd 191,80, %hde of a second tetraval ent el ement
whi ch. 1T's

20 -

21 5. A molecular sieve according to Claim 1 wherein said molecular sieve is

22 predominantly in the hydrogen form.

23

24 6. A molecular sieve according to Claim 1 wherein said molecular sieve is

25 substantially free of acidity.

26

27 7. Amolecular sieve having a composition, as synthesized and in the anhydrous

- 29

28 state, in terms of mole ratios as follows:
3l o Mz/YO;  0-0.03
32 : QYO 0.02 - 0.08

33 F/YO, 0~0.10
-17-




5 different fromsaid first tetraval ent el enefft February 2007
trivalent elenment, pentavalent 6 elenent or m xture
thereof and haV|ng, after caIC|nat|on the X-ray

sreve haV|ng a nmole ratio greater than about 15 of an
oxi de selected 10 fromthe group consisting of
silicon oxide, germani um oxide and m xtures 11 thereof
to an oxi de selected from al um num oxi de, gallium
"oxide, iron oxide, 12 boron oxide, titanium oxide,

21 ndi UFh&h §8s sileaH Febmd i@ 6 HRixanciherkoft Whiedurdisunh, RemieRf |
and havi after cal cination, the X-ra dlffractlon

3fi nes'dh geF&‘b fiignipm, indium, pgnadiumyer fttees Fhessolisiis L er 2;

4 accor @Ghd@ it Pord i 5952wﬂé4i‘@fs@ i Bﬁn&m hﬁﬁﬁcaﬁmrdrﬁe earth
silicon 16 oxide and al um num oxi d 18

5 ol ecBftalcadqneoy mixiresdherof § it the '@!ear:eme mb@ @uawatrqne
oxi de nd boron oxi de. 20

621 _§%§ﬁgﬁgg§ﬁ§%hg?§§§m é@%? Pﬁgn o Caim1l wherein
said nolecular sieve is 22 predomnantly in the
hydrogen form 23 24 6. A nol ecul ar sieve according
to Caiml wherein sajyd nolecular sieve is 25

- substantially fre; fLacjdity. 26 27 7. A nolecul ar
si eve having a c@hposi} , as synthesized and in the
anhydrous 28 state, ernms of nole ratios as
follows: 29 30 Y021 WQg+15-W 31 M24Y02 0 - 0.03 32

Q Y02 0.02-0.08 < CH,
CH,

10
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a2

o

woes =

10

i2

13
14

33 F/YOR2 0-0.10 -17 28 February 2007 2 wher#i Febyugrg 2007
silicon, germaniumor a mxture thereof; Wis
alum num gallium 3 iron, boron, titanium indium

when c is | or dis 3 or 5whencis 2; Mis an alkal
nmetal cation, alkaline earth 5 netal cation or

m xtures thereof; nis the valence of M and Qis a
cation 6 selected fromthe group consisting of the
following: { "CH3 CH3 7 8 LN+ ~ ~. / CH3 CH3 9 10
Lt + 12 13 14 -18 28 February 2007 L N

and

Lk,

+. CH,

L]

8. A molecular sieve according to Claim 7 wherein W is aluminum and Y is
silicon.

9. A molecular sieve according to Claim 7 wherein W is boron and Y is silicon.

10. A molecular sieve according to Claim 7 wherein Q is

-19-




2 and L' cH3 4 s 6 8. A nolecular sieve accd? Getigayg007
Caim7 wherein Wis alumnumand Yis 7 silicon. 8
9 9 A m)l ecul ar SI eve accordl ng to Aaim7 wherein W

S|eve accordlngto Cla|m7 vvherein Qis 12 ILI CH
CH3 13 14 19 28 February 2007 | 11. A nol ecul ar
_sieveaccordingtoClaim?vVnereinQis2ILIN+~CH3

CH3 4 5 12. A nplecul ar sieve according to Cla|m7
LwhBr e{\ﬁnc@?cplgr sieve according to Claim 7 wherein Q i3

2

l

( o

CH,

LR}

5 12. A molecular sieve according to Claim 7 wherein Q is

/
g
/ |

9 13. A molecular sieve according to Claim 7 wherein Q is

/
‘N+*.‘ .
‘\‘}
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6 L' 79 13. A nolecular sieve according to & Eehpary 2007
wherein Qis to L' 1+ 11 12 13 -20 28 February
2007 1 14. A nol ecul ar sieve according to Claim?7

preparing a crystalline material conprising (1) an
oxide of a first s tetravalent elenent and (2) an

oxi de of a trivalent elenment, pentaval ent elenent, 6
se?%nd tetraval ent el ement. which is different from
'sai'tl 1 PLECURBHTVAGePEINe todtigieitherein Qs i xt ur e t her eof
2sai d nmet hod conprising contacting under
crystallization 8 conditions sources of said oxides
and a structure direcying agent conprising a 9 cation
sel ected fromthe p consisting of the follow ng:
L/1 "CH3 CH3 10

1
Ty

4 15. A method of preparing a crystalline material comprising (1) an oxide of a first

5 tetravalent element and (2) an oxide of a trivalent element, pentavalent element,
6 second tetravalent element which is different from said first tetravalent element
7 ~ or mixture thereof, said method comprising contacting under crystallization

H] conditions sources of said oxides and a structure directing agent comprising a

9 cation selected from the group consisting of the following:

( “CHy
CH

10 s

11
i
N+\'

CH,

CH,

12

13




LN+ CH3 CH3 12 13 -21 28 February 2007 2 28 Februgyg007
and 7 ILI L' CH3 89 10 11 16. The nethod
according to Claim15 wherein the first tetraval ent

LY

silicon, germanium and conbi nations 13 thereof. 14
-22 28 February 2007 17. The nethod according to

Cl aim15 wherein the second trivalent elenment, 2

pent aval ent el ement or tetravalent element is sel ected
fromthe group consisting 3 of alumnum gallium
iron, boron, titaniu i ndi um vanadi um and

Ly,
Iy

and

3

o /CHa

L]

16. The method according to Claim 15 wherein the first tetravalent element is
selected from the group consisting of silicon, germanium and combinations

thereof.
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;
2
3
q
5
6

10

12
13
14

20
21

4 conbinations thereof 5 6 18. The method actdFehry 2007
to Cdaim1l17 wherein the second trivalent elenent or 7
tetraval ent elenent is selected fromthe group

conbi nations thereof. 9 10 19. The nethod according
to Caim1l6 wherein the first tetravalent elenent is
11 silicon. 12 13 20. The met hod of O aim 15 wherein

ructure dlrect gent | is CH3 15 16
171 215"h&ﬁzf'éh°ﬁéwﬂisialg6? %ﬁ*fhwm»féﬁ@%trwﬂ@t%m%t ure

dire CE) dnthl 08 Rthent & t@tﬁvél-en%lé’m% seleQE@ frd® the?ggoup %311315&1%3

28 February 2007 agent is . The net hod I'm
15 whef %éﬂlm iren Geran, @iaﬂ@ew ﬁnﬁgmbfanadwm and
combinations thereof.

18.  The method according to Claim 17 wherein the second frivalent element or
tetravalent element is selected from the group consisting of aluminum, boron,

titanium and combinations thereof,

19.  The method according to Claim 16 wherein the first tetravalent element is

silicon.

20. The method of Claim 15 wherein the structure directing agent is

21.  The method of Claim 15 wherein the structure directing agent is

23-
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2 L' 3. 4523 The nethod of O aim 15 wher &8 hebmary 2007
structure directing agent is 6 L'+, 8 9 24. The
net hod of Claim 15 wherein the structure directing

wherein the crystalline material has, after
calcination, 14 the X-ray diffraction lines of Table
1. -24

| 22. The method of Claim 15 wherein the structure directing agent is

Y,
Oy
i ]

5 23. The method of Claim 15 wherein the structure directing agent is

6
/
L,[J+
|
. .

9 24. The method of Claim 15 wherein the structure directing agent is

10
Ly
r"“n.,CH,,
1 |
12
13 25, The method of Claim 15 wherein the crystalline material has, after calcination,

14 the X-ray diffraction lines of Tabie L
! -24-




