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crystalline nol ecul ar sieve SSZ-61, a nethod for

preparing SSZ-61 using a famly of tetracyclic azoni
cations E%@%ﬁlﬂ%@ﬁ%ﬁ D’Hﬂéﬂ“&ﬂ% QE]M@EFQE&

SSZ-61 as an adsorblgm) ﬁﬁﬁﬁi‘,s‘iﬁfﬁﬁRﬁ'ﬁF Because of

thei r uni que sieving characterlstlcs as well as their
catal ytic properties, crystalllne nDIecuIar si eves and
zeolites are espgcia . ns such as
hydr ocar bon con XSy ﬁ&ﬁi@%&fatlon

Al t hough many dlfferent crystalllne nol ecul ar si eves
have been disclosed, there is a continuing need for

new zeolites w t h desi rﬁmﬁl_e_ﬁ]f_idp@mgés for gas

separ alj on_an rocarbo
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enhanced sel ectivities in these processes. Crystalline

aftineiuse direqting maant apd thesusg of §S§r@|c?i§ra€édfqrb?ﬁtaqueous
reaction m xtures containing alkali or alkaline earth
nmetal oxides, silica, and alumna. Crystalline
borosilicates are usual | \Staeepareetitunder sim | ar

reaction con ifi.ons except t boron is used i.n place
of al u]ﬁ’?cr‘i‘ﬂ E‘i?el’(/‘él?lﬂw’n@‘e 1He cg"brﬁ‘itﬁ%%tﬁc%- 8 35 tBiE Cﬁﬂaﬂc

t e Hl 19331 g sr&%tahwed&esta% iy gsanti
EpGATROSIIAR ALIcHIE SER8 thOfeoltatiad Bpotll) B
applications such as hydrocarbon conversion, gas drylng and separation. Although

many different crystalline molecular sieves have been disclosed, there is a continuing
need for new zeolites with desirable properties for gas separation and &ﬁng,
hydrocarbon and chemical conversions, and other applications. New zeolites may
contain novel internal pore architectures, providing enhanced selectivities in these
processes.

Crystalline aluminosilicates are usually prepared from aqueous reaction
mixtures containing alkali or alkaline earth metal oxides, silica, and alumina.
Crystalline borosilicates are usually prepared under similar reaction conditions except
that boron is used in place of aluminum. By varying the synthesis conditions and the

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

SUMMARY OF THE INVENTION

The present invention is directed to a family of crystalline molecular sieves
with unique properties, referred to herein as “molecular sieve SSZ-61" or simply
“SSZ-61". Preferably, SSZ-61 is obtained in its silicate, aluminosilicate,
titanosilicate, germanosilicate, vanadosilicate, ferrosilicate or borosilicate form. The
term “silicate” refers to a molecular sieve having a high mole ratio of silicon oxide
relative to aluminum oxide, preferably a mole ratio greater than 100, including
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The present invention is directed to a fam |y of
crystalline nol ecular sieves with unique properties,
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Table | below. It should be noted that the nole ratio

offnqlmlzfrusresfp bxthgse aapespibgtaglecuddr sigvieds apyli-didisa molgchlar sieve or
glqlqmpoéll%gtecan be infinity, i.e., there is no second
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composition, as synthesized and in the anhydrous state, in terms of mole ratios as
follows:

YO /W04 15-

M/ YO, 0-0.03

Q/YO, 0.02-0.08

F/YO, 0-0.10
wherein Y is silicon, germanium or a mixture thereof; W is aluminum, gallium, iron,
boron, titanium, indium, vanadium or mixtures thereof; cis 1 or2; dis 2 whencis 1
(i.e., W is tetravalent) or d is 3 or 5 when c is 2 (i.e., d is 3 when W is trivalent or 5
when W is pentavalent); M is an alkali metal cation, alkaline earth metal cation or
mixtures thereof; n is the valence of M (i.e., 1 or 2); and Q is a tetracyclic azonia
cation.

Also provided in accordance with the present invention is a method of

preparing a crystalline material comprising (1) an oxide of a first tetravalent element
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8-azonia-8-ethyl-8-methyltetracyclo[4.3.3. 123 0'tridec-3-ene
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Angstrons or larger. In preparing SSZ-61, a
tetracyclic azonia cation is used as a structure
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1-azoniapentacyclo[8.-1 4338 147 0**]heptadec-5-ene

Template D
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1-azoniapentacyclo[8.-1.5.3%,1%

.03’8]octadec-5-ene

Template E
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1-azonia-13-methylpentacyclo[8.-1.4.3° 8 147 0°®1heptadec-5-ene
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zeol ite Representative anions incl u en, e.qg.,.
f1 uori 4aeSP %l“é‘f“P’éléeS ASEYAHPH W IB 2Piof( W %@%ibﬁémg anion that
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Hydroxide is the nost preferred anion.
ghatiegmi e.gSSmodde, |ch1qm1deplamnniddgndaodlﬂadb’ﬁ1’@1@; aa&mte,v&ylfate
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el ement oxi des and/ or pent aval ent elements with the
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h
SRR IR U S
Ppefigralead el\éﬁleﬁM/\ﬁﬂ?thé5etrai:9£11c-azem@|daﬁdeSDA20 - 0. 80

0.40 - 0.60 QYO2 0.20 - 0.80 0,40 - 0.60 2Zn 0O -
0 - 0. 58211 mopagd frogpa reaggon m?@uqqﬂﬂﬁwsgéhwr@p%ﬂﬁl%l S@ewn in

- TEIEA below.

TABLE A
Reaction Mixture

Typical Preferred
YO,/W,0y > 15 —100 - 0
OH-/YO, 0.20-0.80 0.40-0.60
Q/YO, 0.20-0.80 0.40 —0.60
Miu/YO, 0-0.40 0-0.25
H,0/YO, 10-80 ~15-25
HF/YO, 0.20—-0.80 0.30-0.60

where Y, W, Q, M and n are as defined above, and ais 1 or 2, and bis 2 when ais 1
(i.e., W is tetravalent) and b is 3 when a is 2 (i.e., W is trivalent).

In practice, SSZ-61 is prepared by a process comprising:

(@) preparing an aqueous solution containing sources of at least one
oxide capable of forming a crystalline molecular siéve and a tetracyclic azonia cation
capable of forming SSZ-61 having an anionic counterion which is not detrimental to
the formation of SSZ-61;

(b)  maintaining the aqueous solution under conditions sufficient to
form crystals of SSZ-61; and

(¢)  recovering the crystals of SSZ-61.

Accordingly, SSZ-61 may comprise the crystalline material and the SDA in
combination with metallic and non-metallic oxides bonded in tetrahedral coordination
through shared oxygen atoms to form a cross-linked three dimensional crystal
structure. The metallic and non-metallic oxides comprise one or a combination of
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p SAEB e (SOub mdpicahwpursss eheilican prddainshde silisaisptsilica

(nhi i s..diff.ar f ¢ i g o

(1l A5 S Bk By B X Sl
ceifish &ydrogided. Bdron) asumell gadallivmi getmaiumbpttaaium, indium, vanadium
titanium indium. vanadi um and. combi nati ons theyeof.

VBREIpR.EPR P& Blded T AImsoB PO ingdp St By mingig aifhiBeAn
ek@ﬂﬁ&{aaﬁé al um num or

A source zeolite reagent may provide a source of aluminum or boron. In most

cases, the source zeolite also provides a source of silica. The source zeolite in its
dealuminated or deboronated form may also be used as a source of silica, with
additional silicon added using, for example, the conventional sources listed above.
Use of a source zeolite reagent as a source of alumina for the present process is more
completely described in U.S. Patent No. 5,225,179, issued July 6, 1993 to Nakagawa
entitled “Method of Making Molecular Sieves”, the disclosure of which is
incorporated herein by reference.

Typically, an alkali metal hydroxide and/or an alkaline earth metal hydroxide,
such as the hydroxide of sodium, potassium, lithium, cesium, rubidium, calcium, and
magnesium, is used in the reaction mixture; however, this component can be omitted
so long as the equivalent basicity is maintained. The SDA may be used to provide
hydroxide ion. Thus, it may be beneficial to ion exchange, for example, the halide to
hydroxide ion, thereby reducing or eliminating the alkali metal hydroxide quantity
required. The alkali metal cation or alkaline earth cation may be part of the
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Once the molecular sieve crystals have formed, the solid product is separated
from the reaction mixture by standard mechanical separation techniques such as
filtration. The crystals are water-washed and then dried, e.g., at 90°C to 150°C for
from 8 to 24 hours, to obtain the as-synthesized SSZ-61 crystals. The drying step can
be performed at atmospheric pressure or under vacuum.

SSZ-61 as prepared has a mole ratio of an oxide selected from silicon oxide,
germanium oxide and mixtures thereof to an oxide selected from aluminum oxide,
gallium oxide, iron oxide, boron oxide, titanium oxide, indium oxide, vanadium oxide
and rr;ixtures thereof greater than about 15; and has, after calcination, the X-ray
diffraction lines of Table I below. SSZ-61 further has a composition, as synthesized
(i.e., prior to removal of the SDA from the SSZ-61) and in the anhydrous state, in
terms of mole ratios, shown in Table B below.

TABLEB
As-Synthesized SSZ-61
YO,/ W04 15-00
My4/YO> 0-0.03

QYO, 0.02-0.08
-
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ay r ef e
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mat eri al can ageous |1 n decreasing t Re tine
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dition, se can lead to an.i urity of .
CBtpaEE STEPARMERRgy ThrianB: PR SR el cbipbosn, if
aB&Voﬁ s §198 PrRabdn@NTRE bo?od chn MR e AtMovHATE e, PRasQmg the
When used as seeds, SSZ-61 crystals are added 1n_an

ahmsﬂlcaieﬁﬁéeﬁi wwith acefid 20id% elevatpd tamnegiteredfas descsibed in Jones e
t | t L
B OB Bl PP, 2 sl S Ie s Behessz

hQSE-Gfl %ﬁﬁﬂo bk bﬁ:p%fbﬂkﬁkepﬂl@dﬂ@bofo&h&iﬂe alfaiesided, Iihlﬂ)drblecan be
reaction m xture standard_nechani cal separation
t EEHYed B dosstibed aA%WP prd reptacedh Wlﬂ‘ﬁ’éetélr"\}%‘f‘%bié teghigiques known in
-washed and then dried, e.g., at 90 Cto 150 C
for Trom8 to 24 hours, to obtain the as- synt hesi zed
SSZ- 61Lowysdilidasto aliimeinal ratios gnaytadyw hxaobtdieedey fongmdtiats which
at rmspfwerl C pr essure ! Hder vacudm . . :
nsert aluminum ‘into the crystalline framework. For example, aluminum insertion
may occur by thermal treatment of the zeolite in combination with an alumina binder
or dissolved source of alumina. Such procedures are described in U.S. Patent
No. 4,559,315, issued on December 17, 1985 to Chang et al.

It is believed that SSZ-61 is comprised of a new framework structure or
topology which is characterized by its X-ray diffraction pattern. SSZ-61, after
calcination, has a crystalline structure whose X-ray powder diffraction patterm exhibit
the characteristic lines shown in Table I and is thereby distinguished from other

molecular sieves.

TABLEI
Calcined SSZ-61
2 Theta® d-spacing (Angstroms) Relative Intensity (%)™
4.48 19.7 S
7.24 12.2 VS
9.23 9.6 "
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As- Svnt hegj 72¢d SSZ-61 YO /WO 4lfy- oo 2In 0 - 0.03 w

QYOO0.02 - 0.08F/ YOO - 0.10 ere Y, W c ,M n and

Q are as 237 ned above. SSZ-613.8&n be nade with a mMe

rati o of i.e., there is ntially no prese '

t he SSz- 6%'4Qn this case, theei“é;-m woul d be an n{V'M]

allsilicaggmgerial or a gernmanosilicate. Thus, in awy

typi cal, case where oxides of silicon and, optionally,
1 germaniikPdre used, SSZ-61 can be nade essentially

al um np i, , i.0 siljca al umin €. .
2 Pato of 18 Kol ad i 6 iRl 1Rty Ty in which
3 silica tige @tongbddding & 1y Xufdy@ittSindp d&i ghed @i vidldeREd DO NIV (weak)

or chelatjing_ treatnents. However, essenti al

I
4 al umi nurt fepebasdy Mimedipmpis befeRed @éd*%&sﬁéng) is between 40
s essenti %g}goﬁn{é?gefygg)ﬁoégﬁggéakérqg& &purces as the main

tetrahe nponent, I'f boron is also
present. The boron can then be renoved, if desired, by

S O oo ~X (=)

t r eat i MgbleAA below shows the X-ray powder diffraction lines for calcined SSZ-61
including actual relative intensities.
TABLE IA
Calcined SSZ-61
2 Theta® d-spacing (Angstroms) Relative Intensity (%)
4.48 19.7 47
7.24 12.2 100
9.23 9.6 13
10.08 8.8 21
13.94 6.4 7
17.90 4.96 11
18.28 4.85 12
18.68 4.75 7
19.72 4.5 12
20.68 4.30 84
21.70 4.10 18
23.37 3.80 12
24.13 3.69 6
25.40 3.51 19
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For exgﬁpbg, al um numinsertion may occur by thernal
treat mert of the zeolite in conbination with an

al um na bi nder or dissolved source of alum na. Such
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17, 198 t Is

i ssued on Detcenber , to Chang et al.

bisrhrdqess. (Thgradigionoyas the Koatphd/dasthlasfof aoppew Thapeakdiekghts and
t. I ich j terized by j

X S5 Py phe ERB oD S P PSR BBl e biek Cr e ihe
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diffraction pattern exhibit the Characteristic|ines
servaspensingiel the recardgd lises, hat ebsaletilated.ngui shed from

ot e TRL 7 A SR e T
7in2durhnt2rdBaid ©3ifFe@ndbk Befied i8diVidlyhsdnmPlesbis stihated at
+ 0.1 degrees.

Representative peaks from the X-ray diffraction pattern of calcined SSZ-61
are shown in Table I. Calcination can result in changes in the intensities of the peaks
as compared to patterns of the “as-made” material, as well as minor shifts in the
diffraction pattern. The molecular sieve produced by exchanging the metal or other
cations present in the molecular sieve with various other cations (such as H" or NH,")
yields essentially the same diffraction pattern, although again, there may be minor
shifts in the interplanar spacing and variations in the relative intensities of the peaks.
Notwithstanding these minor perturbations, the basic crystal lattice remains
unchanged by these treatments.

Crystalline SSZ-61 can be used as-synthesized, but preferably will be
thermally treated (calcined). Usually, it is desirable to remove the alkali metal cation
by ion exchange and replace it with hydrogen, ammonium, or any desired metal ion.
The molecular sieve can be leached with chelating agents, e.g., EDTA or dilute acid
solutions, to increase the silica to alumina mole ratio. The molecular sieve can also
be steamed; steaming helps stabilize the crystalline lattice to attack from acids.

Metals may be introduced into the molecular sieve by replacing some of the
cations in the molecular sieve with metal cations via standard ion exchange
techniques (see, for example, U.S. Patent Nos. 3,140,249 issued July 7, 1964 to Plank
et al.; 3,140,251 issued July 7, 1964 to Plank et al.; and 3,140,253 issued July 7, 1964

to Plank et al.). Typical replacing cations can include metal cations, e.g., rare earth,
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whi ch the strongest Iine in the X-ray pattern is
assigned a val ue of 100 is._less .than 20;
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o Pn)EIgRL SHOROI bttt 280, 8, e .

chi, PdyNg (Eszi 6Al, Smahd dfe age Iaartumﬂdtﬂymeﬁmwede intensities.

TABLE A Cilganed SS2i, %, TioL3 . RRerm. (DBt

96 s52-40- B §S§—62 tad AsPBe ﬁn}ﬁ“egnalgd Wih heXBethik, or the metals can
be physically and intimately admixed with the SSZ-61 using standard methods known
to the art.

Typical ion-exchange techniques involve contacting the synthetic molecular
sieve with a solution containing a salt of the desired replacing cation or cations.
Although a wide variety of salts can be employed, chlorides and other halides,
acetates, nitrates, and sulfates are particularly preferred. The molecular sieve is
usually calcined prior to the ion-exchange procedure to remove the organic matter
present in the channels and on the surface, since this results in a more effective ion
exchange. Representative ion exchange techniques are disclosed in a wide variety of
patents including U.S. Patent Nos. 3,140,249 issued on July 7, 1964 to Plank et al.;
3,140,251 issued on July 7, 1964 to Plank et al.; and 3,140,253 issued on July 7, 1964
to Plank et al.

Following contact with the salt solution of the desired replacing cation, the
molecular sieve is typically washed with water and dried at temperatures ranging from
65°C to about 200°C. After 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 unchanged.

SSZ-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 molded, 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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X-ray powder diffraction patterns were determ ned by
standard techni ques. The radl ati on

s i
K- al pRSZdelieandie Omnogiiasiarith qiher pa éF%ﬂi%g ta fp (ppgeratures
%ﬁﬁ 'ottﬂeQ @S‘ndlﬁéns g( H'n?&g%nc%@n%@i‘bﬁ%rdo%sée@eSﬁﬂﬂﬂ@tﬂx
mthe relative intensities of the
ﬂﬂﬁkﬁals ami:hcﬁ acitmeandnnmtlpb ammnm@ sygthietic ayepieelgccurring
cor espond to the reg rde?ll[ %%aqn d
plitgp 3‘?‘@813 PROr&AIC HRLPTAHS P aﬁé’ 8’6&1 ®ring %‘{%1 e Tt wo

w@esﬁﬁ’@ﬁéﬂ SOARALIS and iR rhéhneNEl WhidR fieyean be uemi‘iarb disclosed in
rences between individual sanples, is estipated

af. fo PBatgntdégrdetld), 00@e1@$1f§éﬁ%¥0 899 éh%%neﬁ ebih-12He Ue riapent
r at.t
R ALl

'r@fe@é?&bhbl%mﬁfthélhaﬁﬁe@ks as conpared to patterns of

the "as-made" material, as well as m : ,
SSZ-61 is useful as an adsorbent. nor shifts in the

EXAMPLES

The following examples demonstrate but do not limit the present invention.
Example 1
Synthesis of Template B

Template B

8-azonia-8, 8-diethyltetracyclo[4.3.3.1%° **]tridec-3-ene

An anion (X)) is associated with the cation and may be any anion which is not
detrimental to the formation of SSZ-61. Representative anions include halogen, e.g.,
fluoride, chloride, bromide and iodide, hydroxide, acetate, sulfate, tetrafluoroborate,
carboxylate, and the like. Hydroxide is the most preferred anion.

The structure-directing agent (SDA) 8-azonia-8, 8-
diethyltetracyclo[4.3.3.12’5.01’6]tridec-3—ene cation is synthesized according to the
procedure described below. To a solution of freshly cracked cyclopentadiene (40

-12-



AW

O 0 N3 Sy W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
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wodosoed7ar sieve with various other cations (SPCHUSH04026154

or NKU) vi IeI ﬂs eﬁsenti ally the sane diffraction

attern, alt [ t b ' I in. .
BB B eI T e S b ol i
g fcﬁ'?dg;(?lﬁ %Ea%s) 1R DER68 15 Nt di AsdR e RGathREBLsdVeRD Hays.

per s, “the basic crystazl I1 ttice remains -
Uiehiesigatprogud:Heexm-tetraeptohal A3s3. 1 °Croy Shtraddci IrenesE 2-diqnes igrisolated

e used -synt hesi zed, b referab i )i .

Darmar e feat e DE s RHapFeER BRRP o ) R dichlopgmethane
Lo RIRYSatidie al kali nmetal cation by ion exchange and
replace it with hydrogen, anmonium or any desire :
mﬁt al Newt theTedueblsaeanted with e psinesy apne s Jahd ¢t &ﬁcgf(’f 3 daysin
chel at.i ng _agen 0.4 ' -AC] QL G i

e irtsodel Rk i 4 G el RO GRALI PR the
NEfR@Wupof 81125 ec Pan raak®oo with Ktmhobdhylshewr(V 6 ihél2p9 and 0.30

stabilize the crystalline latti t tack
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ir'g?c\fﬁnqél cdoiR, afd %%nﬁé%gg?g itdtoR thaldsRRS irhilletRRipitates. The

ecular si éve t _ cations via standard ion
eptetipinge ist @ibeted e flt(asior and dricdwadepvesuul. S.  Pat ent
Nos 249 i ssued J%H 7, 1964.t0 Plank et al.;
he pregursos 1nige to, ke espenading anne,

vvvvv 4 X
A

SEAS S al . ; and

3, 140, P53 sﬁs?%éﬁ?&l Stliiuth ald@ihnt BydA®RAR.581) itettahydrofuran (55
Typi cal replacing cations can include netal cations,

emby) at ¢ % yeneans ofxwige-bery) ice 35 m (rveemecked Slagk. g mide (5

netal.s, .as. I hei 1 . . . i
5 PR ST sy MR
aabdHanickhstinGida. OBce tEOimidd is & added, thblice-Wath isTepladdd wisina
and Fe are particularly preferred. The hydrogen, .
dineting mentlanad fesrctiopmysenisheated ipeetiuy Vet gégheating
! Iﬂ%.l%let 1% ?ep%%a Qith agqge-ﬁ%'aﬁ& tlf@ﬁ%a&ioﬁ%f%ﬁlré Ui RGN BE 50 mL
wth the netal's, or the netals can be physically and
i ditihybéthéry Theneacedn s wirkedep BEZdding us n@fd 6 %nia@H solution
met ho kn
drop-m%ge und%\rmgigorous stirring. Once the addition of the NaOH solution is
completed, the gray reaction mixture turned to a colorless liquid with a white
precipitate. The mixture is filtered and the filtrate is dried over MgSOa. Filtration
and concentration of the filtrate at reduced pressure on a rotary evaporator gives 4.12
gm of the desired amine.
Quaternization with ethyl iodide (Synthesis of the8-azonia-8.8-

diethyltetracyelof[4.3.3.1%° .0 tridec-3-ene iodide, Template B)

To a solution of 5 gm of 8-aza-8-ethy1tetracyclo[4.3.3.12’5.01’6]tridec-3-ene in
60 ml anhydrous methanol, 9.4 gm of ethyl iodide is added. The reaction is
mechanically stirred for 48 hours at room temperature. Then, an additional equivalent
of ethyl iodide (4.7 gm) is added and the reaction is further stirred at room
temperature for an additional 48 hours. The reaction mixture is concentrated under
reduced pressure on a rotary evaporator to give the iodide salt as an off-white-colored
solid material. This iodide salt is purified by recrystallization. This is done by
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cation or cations. A though a wide variety of salts
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capeci ai 1y uset ul SyiiBielohaits A BRBEOC: ecses.
R@aﬁﬁﬂ{eeﬁs @ﬁtHeEl@e(PB} qenemphesest 8-am-ghe synt hesi zed
form of SSZ 541% patial arrangenent of t
mhylmetragycﬁo&ﬁlw bas cltedees-gne wih oLyl iapdidhe Jﬂ%ﬁ*@&‘&@rE are all
S|e e I in

T PG bty U on S s

?%ﬂﬁéy&ifld[ﬂ 331)EV\Z§K]1 ﬁ]mdebkﬁeeﬂm‘v eatidrer issiynthesizatbibeasting the
orm of a po
tetracyclic ydrld% rw1thaan%rngrr1]1lejll Whlcﬁ rupon E%]%i-reduchon yields the

unsubstituted secondary cyclic amine, 8-aza-’n‘~:tracyclo[4.3.3.12 >.0" 6]tr1dec-3-ene.
Quaternization of this amine with the appropriate dihalide in the presence of KHCOs;
yields the desired template (Template C from 1,4-diiodobutane, Template D from 1,5-
diiodobutane, and Template E from 2-methyl-1,4-diiodobutane). It is to be anticipated
that other derivatives can be prepared by the choice of the imide forming reagent
coupled with choices for the alkylation step.

Example 6

Representative Synthesis of SSZ-61

A 23 cc Teflon liner (tared) is charged with a solution of 8-azaonia-8,8-
diethyltetracyclo[4.3.3.1%°.0°]tridec-3-ene hydroxide (4 mmol Template B), and 1.66
grams of tetraethyl orthosilicate (8mM of SiO2). This material is placed in a hood and
allowed to evaporate (ethanol) for several days and then the H,O/SiO; ratio is
adjusted to 20. 0.148 Grams of 50% HF is added with stirring using a plastic spatula.
The resulting gel is capped off and placed in a Parr steel autoclave reactor and heated
in an oven at 150°C while rotating at 43 rpm. The reaction is monitored by checking
the gel’s pH, and by looking for crystal formation using Scanning Electron
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Nakagawa, both of which areExampleforated by reference

herein in their entirety, SSZ-61 . eful as an

adsor bent. EXAMPLES The%%%ﬁﬁé—s—s;% | es denonstrate

but dorRof ofefif ﬁo&l*ﬁ Efes@ﬁtcalcﬂiéﬁ'i'ﬁﬁﬁrfoll&?&ﬁfgﬁhﬁmbr A thin bed

Synt hesi s of Tenplate late B L CH CH

Seﬁnmnnd-18he2$edjlmeltmyfﬂeeftmagg/ﬁbm[mom tgmpers@ire to 120°C at a rate of

] dec-.3-
4 S8R B0 Kk R Tk bR i B pamoec up
t & 34vec fanh@%Brh@ Pat® hnSedd GilthiReppeaant &rifwe hanispafier which it is

i ncl ude hal o
increased to 594 C and helg there for another five hours. A 50/50 mixture of air and

nitrogen is passed over the SSZ-61 at a rate of 20 standard cubic feet (0.57 standard
cubic meters) per minute during heating.
Example 8
Synthesis of SSZ-61
SSZ-61 is synthesized as described in Example 6 using SDA B.

Example 9
Synthesis of SSZ-61
SSZ-61 is synthesized as described in Example 6 using SDA C.

Example 10
Synthesis of SSZ-61
SSZ-61 is synthesized as described in Example 6 using SDA D.

Example 11
Synthesis of SSZ-61
SSZ-61 is synthesized as described in Example 6 except that the reaction is
conducted at 170°C.

Example 12

Synthesis of SSZ-61
SSZ-61 is synthesized as described in Example 10 except that the reaction is
conducted at 170°C.
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mechani cal stirring. Once Etwnpleifle is all added, the
ice-bath is replaced wi.ith a ati ng ntl.e, and the
reaction m xture i catE * Fght. The
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at room temperature using a Cahn C-2000 balance coupled with a computer via an

ATI-Cahn digital interface. 1,3,5-Triisopropylbenzene is used as a “plug gauge”
adsorbate molecule. The 1,3,5-triisopropylbenzene (liquid) is 99.5+% pure as
determined with GC analysis and used as supplied by the manufacturer (Aldrich).
The vapor of the adsorbate is delivered from the liquid phase. The relative vapor
pressure P/Po is maintained at ~0.3 by controlling the temperature of the liquid
adsorbate using a cooling circulator. Prior to the adsorption experiments, the calcined
SSZ-61 is degassed at 350 °C in a vacuum of at least 10 Torr for 5 hours. The
adsorption capacity is reported in milliliters of liquid per gram of dry SSZ-61,
assuming bulk liquid density for the adsorbate adsorbed in the sample pores. Data for
1,3,5-triisopropylbenzene adsorption is collected after 5 days.

SSZ-61 has an adsorption capacity for 1,3,5-triisopropylbenzene of 0.079 ml/g
for the product of Example 7. This value places SSZ-61 in the group of zeolites that

are usually larger than 12 ring (certainly for the high silica, one dimensional systems).
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rotar on?\'l‘fbo%f)%ﬁ pstsh gbi’ 8lit Beoxi@dicfenSdlh oRRle@Nd mixtures
Ite-c reélsoP

of f - d material. "This iodide salt is
pur i fthedofty anesidestbtel fani dnmitbim exids, gl oxide, iron oxide,

b | etel.y dissolving the iodid L _in.acet
hen ra ppte gy o in b R SR g ARS8
the aLgLONEnSRAVAS QRer JAENRIOACHE N -faydiiffestian Whed & Table L.

powder with very c¢lean H and C NVR spectra, and
correct elenmental analysis for the product. 1on

chapge . S- Azoni a- ~-di eth r . ce cild
57 S AR R meconfioB e lebE 20 Gl B ey compisg gicon
i N 12xide Mt Bimindntoxk@€)- 1 vol une plastic bottle. To
the solution, 8.4 gmof |on-Exchange Resin-OH (Bio
Rad(r) AG@ -X8) is added and the m xture is stirred at
rpom A?@?Juﬁr YeSe %}f&)rr@i'ng g ﬁlaqn_ﬂ‘? WhREHhe b8 a6 Inils8ilicon
by filTtration renoval of the

oxide and boron oxide.

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

predominantly in the hydrogen form.

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

substantially free of acidity.

7. A molecular sieve having a composition, as synthesized and in the anhydrous

state, in terms of mole ratios as follows:

YO/ WOq  15-0

Myo/YO;  0—0.03

QYO,  0.02-0.08

F/YO, 0-0.10
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resin after 3-4 days of exchange. A sanple of the
solution is titrated to determne the OH nolarity for

w@ewseeprent use in zeolite synthesis. Exanpl esPCF/ES2004/026154

10

11
12

13
14

Synt hesis of Tenplates A, C, D and E Tenplate Ais
synt hesi zed by quaternization of 8-aza- 8-
ethyltetracyclo[4.3.3.12>5.0 Jtridec-3-ene with methyl

i odi d@herg_i%n@ hsa§1§<§)ncg<§nﬁ1§ur%ﬂ B Ere4RdrBE; W‘% aluminum, gallium,
met hodol ogy descri b above. The par ent rmd
8- azatat, banngtltaplm,gmﬁum vanadium or mlxtuxes thereof cislor2;dis2

.01>6 %glde ‘f § 7,.9-.di one Iﬁ% émjﬁﬁ ¥ line earth
- eact I { Re Sl Pacsaietr et § S AR
upon thélbdtion G elik@fes Yhe@bdTsn {stBe vaISHRSIS MU&tﬁﬁQ is a cation
secondar clic amne, 8-aza-tetracyclo[4.3 . .| .0
Jtridskee édé%/fént@ﬁﬁﬁ??ﬁ@éfln%ﬁf@ﬁ follgvéngimi ne with t he
appropriate dihalide in the presence of KHCO3 yi el ds
the desired tenplate (Tenplate C from

1, 4-di i odobutane, Tenplate D from 1, 5- diiodobutane,
and Tenplate E from 2-net hyl -1, 4-di i odobutane). It is
to be anticipated e derivatives can be

prepared by the ché e imde form ng reagent
coupled with choices for al kyl ati on step. Exanple
6 Representative SynthesiSNhiC SZ-61 A 23 cc Teflon

liner (tared) is charged Q%th 8solution of

r

A

8- azaoni a- 8, 8- diethyltet yclo[4.3.3. 1"

.01>6]tri dec-3-ene hydroxi de®(4 mol Tenplate B), and
1.66 grans of tetraethyl orthosilicate (8mM of Si Q2).
This material is placed in a hood and all owed to
evaporate (ethanol) for several days and then the
ratio is adjusted to 20.,0.148 Gans of 50% HF is
added with stirring usiffg a plastic spatula.

-18-
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10
11
12

13
14

The resulting gel is capped off and placed in a Parr
st eel autocl ave reactor and heated in an oven at 150C

wobkios®2370t at i ng at 43 rpm The reaction i s nmonNPCDUSI0NY26154

checking the gel's pH, and by |ooking for crystal
formati on using Scanni ng El ectronM croscopy (SEM at
six day intervals. The reaction is conpleted after
heati ng for days at the conditions described above.
Once the crystallization is conplete, the mxture is
filtered through a fritted-glass funnel. The coll ected
sol ids are thoroughly shed with water and then
rinsed with aceton m) to renbve any organic
resi dues. The soIV? owed to air-dry over night
and then dried in an o 120C for one hour. The
reaction afforded 0. 38 dL}  of SSZ-61. X-ray and IR
anal ysis of the powder indjttated the product to be
SSZ-6 . Exanple 7 Calcinatfon @f SSzZ-61 The nateri al
from Exanple 6 is calcined M the follow ng manner. A
thin bed of material is heated in a nmuffle furnace
fromroomtenperature to 120 C at a rate of 1C per
rindut e and held at 120 C for three hours. The
tenperature is then ranped up to 540 C at the sane
rate and held at this tenperature for five hours,

after which it is incregsed to 594C and held there for
another five hours. A B0/50 m xture of air and
nitrogen is passey/
standard cubic feé

m nut e during heating..qfanple 8 Synthesis of SSzZ-61

SSZ-61 is synthesized as QriEﬁd in Exanpl e 6 using
- 3

SDA B. Exanple 9 1

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 1is silicon.

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

Lk

~CH,

-19-



WG3Ws0137865Z- 61 i s synt hesi zed as descri bed i n BEXEDRI064/626154

Synt hesis of SSZ-61 SSZ-61 is synthesized as descri bed
in Exanple 6 using SDA C. Exanple 10 Synthesis of

using SDA D. Exanple Synthesis of SSZ-61 SSZ-61 is
synt hesi zed as .descri hed in. Exanple 6 except that the
rig'ct éiegul%roﬁﬁ?i’ﬁ@f’%cﬂg% t‘lgl&*,r.n BRI & nt hesi s of

5 SSZ-61 SSZ-61 is synthesized as described in Exanpl e

10

11
12
13

except that the reaction is conducted at 170C. Exanpl e
13 Synthesis of SSZ-61 SSZ-61 is synthesized as

descri bed in Exanple 6 gxcept that the nole ratio is

150 and i s used as grite‘gource of alum num Exanple 14
Argon Adsorption Afa & 57- 61 has a m cropore

vol ume of at |east 0.06 gm based on argon
adsorption isothermat 8T._3 -186 C) recorded on ASAP
2010 equi pnent from M crongeritlies. The | ow pressure
dose was 2. 00 cnvVg (STP) %t hCH5-s equilibration
interval . The argon adsor pffon i sot herm was anal yzed
using the density function

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

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

L
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theory (DFT) formalism and paraneters devel oped for
activated carbon slits by Aivier {PorousMater. 1995,

w0 2@p/020Ng the Saito Fol ey adaptation of the POT/vUS200$1026154
Kawazoe formalism (M croporous Materials, 1995, 3, 5)

and the conventi onal | ot t hod, (J. Cataly3|s 1965,
T$31§fn°?ﬂéméﬁﬁﬁﬁggg’Bﬁ&?ggf ¥ WhersiigR hor e ol ecul ar
» Sieve. Exanple ,3,5-Triisopropyl benzene Adsorption The
adsorption capacity of SSZ-61 for vapor phase
hydrocarbons is neasuregs at roomtenperature using a
led with a conputer via an
€ \l, 3,5-Triisopropyl benzene
is used as a "plug gauge: =vsorbate nol ecul e. The
1,3,5-triisopropylbenzenﬁ_%liquid) s 99.5+% pure as

determ ned with GC anal ysi y+and gsed as supplied by
t he manufacturer (Al drich) vapor of the adsorbate
is delivered fromthe Iiqui¥ pﬁase The rel ative vapor
pressure P/Po is maintained at ~0.3 by controlling the
3 tenperature of the liquid adsorbate using a cooling
cq cu A
+ ohber nehhe M Hfernf LR RRE Rl B RRLI AT kB fir
5 I east teBavadertt efenrenbarkio@) sn oXide ofid ﬁmaﬂﬁnt ela:nreap @enﬂayalem: element,
reporte nmllilj ters dry
6 SS7-6 %i@ﬁﬁ*{%aﬂ Gisment w&gms §ﬁnei gTOfbeia“{nﬁ@t i@ alpafrsdemment
7 adsor (Kiergndtlﬁe tRSectali Beol %§m8ﬁ)§h§ c&ﬁﬁctmg U[nder cr ys&alhzatlon
1,3,5-triisopropyl benzene adsorptfon Is €o
8 after cditiops s0BSRE-6 Baid @xiden andis strpttiterlireaiparigeyt ¢amprising a

o o otnchr Blh YR B BRP St i boudier 61" o (e

group of zeolites that are usually larger than 12 ring
(certainly for the high silica, one dinensiona
systens). WHAT | S CLAI MVED, |

/

10

12
13
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wo2idm23H7 a second tetraval ent el enent whi ch i BCT/US2004/026154

10
11
12
13
14

A nol ecul ar sieve having a nole ratio greater than
about of an oxide of a first tetraval ent el ement to an

different fromsaid first tetraval ent el enent,

trival ent el ement, pentavalent element or mxture

t hereof and having, after calcination, the X-ray
diffraction lines of Tapfe I. 2. A nol ecul ar sieve
havi ng a nol e ratby cAat er, t han about of an oxide

sel ected fromthe /8 p 09nsy sting of silicon oxide,
ger mani um oxi de and m x A‘-: thereof to an oxide

sel ected fron1a|uninun1o‘ihq, gal I'i um oxi de, iron

oxi de, boron oxide, titaniym-exide, indium oxide,
vanadi um oxi de and m xture® thereof, and having, after
calcination, the X-ray diff ion lines of Table I.

A nol ecul ar sieve according to Caim2 wherein the

oxi des conprise silicon oxide and al um num oxi de. 4. A
nol ecul ar sieve according to Claim2 wherein the

oxi des conprise silicon oxide and boron oxide. 5. A
nol ecul ar sieve according to Claim1l wherein said

nol ecul ar sieve is predom nantly in the hydrogen form
6. A nolecul ar sieve according to Caim1l wherein said
nol ecul ar sieve is substantially free of acidity. 7. A
nol ecul ar sieve having a conposition, as synthesized
and in the anhydrous state, in terns of nole ratios as
follows: Y /W15-00 2Zn 0 - 0.03

/

+e

L
I

and

+ \'~./CH3

e

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

thereof.

02



15
16
17
18

19
20
21

Q@YOO0.02 - 0.08 FAO - 0.10wherein Y is silicon,
germanium or a m xture thereof; Wis alum num

w@alosioearp7 i ron, boron, titanium indium vanadPOIUs1004/026154

m xtures thereof; c is lor 2, dis 2whencis 1or d

is 3 5 when js nalkal tio
o e ansind phomling o.lbinh S Bhoi b s G i Ao ement
the é)%hﬁ@él@nt(éﬂen%nt éf‘ﬁzt@vélént%lé}ﬁédt %rbek%{e@(ﬁ&ﬁ! ﬂ{er gwms Béhsisting
group consisti n? [1owm ng: and 8. A nol ecular

si evefaboundinngg llﬂunﬂlr@tl, bDﬂ)nwh‘enEmm mmm@, winadiuvnuandand Y

is silicon ¢ nPIecuIar sieve according to Cdaim?7
wher glc)ﬂlﬁwapgnsogprgﬂ and Y is silicon. 10. A nol ecul ar

sieve according to Cdaim7 wherein Qis CH CH,. A

nol ecul ar sieve according to Claim7 wherein Qis

A& |Té]@@p%hocbacé91§hrs&:f@dﬁlmrm &7 w@e@raﬁhmschnﬁéﬂ@lwt@%ent or
| [ [

21 Ao X0, 5RO gl by TL S S hogon
is 15ﬁwﬂmﬁﬁhhOdmbﬁmpﬁmnﬁﬂbﬁ@ a crystalline materia
conprising (1) an oxide of a first tetraval ent el enent
and (2) an oxide of a trivalent el enment, pentaval ent
ei £ e m SREPRLoidEd BYBLERY 6 edheme mtqaravale@kt EEReBIS

fromsaid first tetravalent element or m xture
t her edfconsai d net hod conprisi ng contacting under
crystallization conditions sources of said oxides and
a structure directing agent conprising a cation

sézed egml@dné‘tnmﬂmanﬂus)u@lefeﬁmﬁie%truétareczﬁra‘ch@g f@dnk @i ng: CN
an

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

N"'\l
{ cn,
CH,

23



Hv-..CH, 16. The nmethod according to C aimwherein the
first tetravalent elenent is selected fromthe group

wa@emsiost7ong of silicon, germani um and conbi nat PONES2004/026154

193

10

11
12
13
14

thereof.17. The nmethod according to C ai mwherein the
second trivalent el enent, pentaval ent el enent or

c oty a%laff wgthod of (il §swhapiadhesrychBairpeingraggpt 1s

consi sting of alumnum gallium iron, boron,

titanium indium vanadi um and conbi nations thereof.
18. The method according to C ai mwherein the second
trivalent elenment or tetravalent elenent is selected
fromthe group conﬁ!i!i(g of alum num boron, titanium
and conbi nati ons t#4 gf Y19y The net hod according to
Caimwherein the first~¥eitvavalent elenent is
silicon. 20. The nethod th ai mwherein the structure
directing agent is 21. Themet.hod of C ai mwherein the
structure directing agent 22! The nethod of C aim
wherein the structure direcWN agent is 23. The

nmet hod of C aimwherein the structure directing agent
is | 24. The nmethod of C ai mwherein the structure
directing agent is N, 25. The nethod of C ai mwherein

t talli ter] , aft | cjnation, th
X2y TR AR O GFFOR eahsgpinFigeftpiopre Gfechng Bgerts |-

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

* 7 _CH,

‘.Z"‘

25. The method of Claim 15 wherein the crystalline material has, after calcination,
the X-ray diffraction lines of Table I.
24



