PREPARATI ON OF MOLECULAR S| EVE SSZ- 33 BACKGROUND
Crystalline nolecular sieves are usually prepared from

W@oe086534 eact i on m xtures contai ni ng sour ces péT/abloas 032561
or alkaline earth netal oxides, sources of silicon
oxi de, and, optionally, sources of, e.g., boron oxide

1 and/or al um nupReEhRATIORI GF MGLEEUBKESSIEAMESHLED
prepared fromreaction m xtures containing an organic

2 structure directing agent ("SDA"), usually a
ni trogen-contai ni ng organi ¢ 8&?@08. ﬁ. S. Patent No.

34,963,337, issued Cctober > Zones, di scl oses
that the nol ecul ar sieve designated SSZ-33 can be
prepared using a tricyclo[5.2. 1.02'6] decane

5 quat er n@rygtatinemim]eonla telv esnarSAuallypreParcRdtomm kqudous reaction
5,785,947, issued July 28, 1998 to Zones et .al ., ..

6 of mevtise sonaiREEBUBTO Tl elkglies SRR rRxidRsoiquses of silicon
usi ) . ¢ : : _

7 ol At o AR of e AT PBBLC kPR Rl it

g cont ai nMvigecalar bieasthavsecea praparddefuinm geat ti@nmaoneret corgaiging an
car bon atons, ammoni um hydroxide, or m xtures thereof.
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10 anca%*o%lp k! Basdhi 16 algakhphalig aimbrgtelézg%@{onhﬂ%g,qg?closes that

nore than el ght carbonatons. scl oséd exanpl e
11 t heheamdlosil GO devignaties SZs seanhyel aepane], usirpobiricydlajfi ne.0>°]
n- butyl am ne, piperidine, 4-nethyl piperidine,
12 cydecoheqyatandty ammonum caiqnet} net hyl - but yl ani ne and
cycl opept ¥lam . I SIS
13Januaryﬂigﬁg%%ggbt57ﬁgaggg%ga%¥ﬁg?&59g$§%?%§§gi%”%ﬁgkmesa
14 pr peand of preppripayitaiineremdiittupiap e stiadeuastitl of &s otgahiog
smal |, neutral am nes capable of formng the zeolite,
15 t hismphating cemmeardandg langer graniityofap gRInGGomRogeRt ceRgining at least

16 hy OHGHe ﬂ%&l[{g fro{nb()ne(&? Gl LY atom€ %mym %&d oxide, or mixtures
tertiary, but®not qua eﬁnary, am ng group, a d.%és a

17 t ettetcdf.ylt id diE6HR thal ¥ andhe t@@SIneaie piefarhblQay aliplidtionr
atom or a nitrogen atom bonded directly to at | east

18 oneycdesdiphafisramisasBbHniag ammaim Bresickeht paben gewss Disglosed

19 ggﬁ%%ﬁl}%doflg?% %rFlglg ggﬁgﬁ%ﬁ% rfg és%ppolﬁ?fag{lﬁle%rl%bmh ,rH-butylamine,
20  piperidine, 4-methylpiperidine, cyclohexylamine, 1,1,3,3-tetramethyl-butylamine and
21 cyclopentylamine.

22 U. S. Patent No. 5,707,600, 1ssued January 13, 1998 to Nakagawa et al.,

23 discloses a process for preparing medium pore size zeolites using small, neutral

24 amines capable of forming the zeolite, the amine containing (a) only carbon, nitrogen
25  and hydrogen atoms, (b) one primary, secondary or tertiary, but not quaternary, amino
26  group, and (c) a tertiary nitrogen atom, at least one tertiary carbon atom, or a nitrogen
27  atom bonded directly to at least one secondary carbon atom, wherein the process is

28  conducted in the absence of a quaternary ammonium compound. Disclosed examples
29  of'the small, neutral amine are isobutylamine, diisobutylamine, trimethylamine,

30  cyclopentylamine, diisopropylamine, sec-butylamine, 2,5-dimethylpyrrolidine and 2,6-
31 dimethylpiperidine.



of the small, neutral am ne are isobutylam ne,
di i sobutyl am ne, trinethylam ne, cycl opentyl am ne,
wal2oosopisepyl anm ne, sec-butyl am ne, PCT/US2005/032561
2, 5-di net hyl pyrrolidine and 2, 6- di nethyl pi peridine.U
S. Patent No. 5,707,601, issued January 13, 1998 to
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atom wherein the process is conducted.in the absence .
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of . . e
7 i pLRECRTL lnc BEHLS B0 QMG Mfnloh AR b ALOP Risclesed examples
8 SUVMARYmMGH, nkdEcall AdE&dleGhdbutylatiae rdiiasneylamire, dildopropylamine and
inventjon there is provided a nethod for preparing a
9 nottepethypméleeve having a nole ratio of greater than
pabout 15:1 of (1) silicon oxide, germanium oxide and
m xtures thereof to (2) boron oxide or a m xture of
11boron oxi de w th al usimMARYi @ THEFEANVENTORY de,
titani um oxide or iron oxide and m xtures thereof, and
12having, after calcination, the X-ray diffraction |ines
13 of Tabl fh zlclcordﬁﬁde%i%{]-&qgv&?igﬁ thepd fggﬂ @ecf LHEHIE ftﬁﬁ%reparing a
aqueous reaction m xture conprisin ?f a source
14 si hioteenlaoxietkehavirey mmoleutratioaf geatarttarmmaboutt £$ of (©rsdbi oxide,
(2) a source of boron oxide or a mxture of boron _
15 ox BerEaivh osiie Adchiistees thereofiel (2) borod o le or £ mikirg @f boron oxide
16 0t Y R LB, DAL e b SE] o, Gl FoSAEEs
17 N, MeNof randlhkyihg S&feromeihationt the C§redyali SrationllifR' Brdpleanaid
guat ernary anmnoni um cation, and (5) an
18 N, MeHiodIcRIPrigNg i not ri cycl of 5. 2.1.02 6] decane
conmpound; and B. rmaintaining said agueous m xture
under sufficient crystallization conditions

20 A forming an aqueous reaction mixture comprising (1) a source of silicon oxide,
21 germanium oxide and mixtures thereof; (2) a source of boron oxide or a

22 mixture of boron oxide with aluminum oxide, gallium oxide, titanium oxide or
23 iron oxide and mixtures thereof; (3) a source of alkali metal or alkaline earth
24 metal; (4) an N,N,N-trialkyl-8-ammonium-tricyclo[5.2.1.0>*]decane

25 quaternary ammonium cation, and (5) an N,N-dialkyl-8-amino-

26 tricyclo[5.2.1.0%%]decane compound; and

27 B. maintaining said aqueous mixture under sufficient crystallization conditions
28 until crystals are formed.

29

30 The reaction mixture should have a composition in terms of mole ratios falling within
31  the ranges shown in Table A below:
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until crystals are fornmed. The reaction m xture shoul d
have a conposition in terns of nole ratios falling
wowrdhiosssshe ranges shown in Tabl e A bel ow TABLECHURI00RB2561
Preferred YO WaCb 10-200 30-60 OHVYQ2 0.10-1.0
0.20-0.30 @ YO2 0.05-0.50 0.10-0.25 Mi+/ YO2

0.05-0.30 0.05-0.15 H2O Y P3P0 25-60 Q Q+Mh+
1O 30-0.70 0.40-0.60 where MI con, germaniumor a
m xture thereof ,Wis boron, Bosada M Refiredof bor on,
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nﬁéﬁﬂh

1. 02' 6] decane quateMnéV@Za 3 catPoR-12nd a
N, N- di al kyl - 8-am n eyl of ? go 1. 035@hdecane
conpound. I n one e |n€nt Ro present i nvention

provi des these pr oqyspa)s‘ V\neneuma he0.40-0.60
N, N, N-trial kyl -8-ammoni umtricyclo[5.2. 1.02 6] decane
2 quat ernary anmoni um cation is used in an anmount |ess

t hapﬁre r@}:S 51hcg1l’il ?marglgmfolr lalm&{ure &)l I'GBP e\an]S %r 8)910 aa%l%%tﬁlgéf()f

.e., anount Iess
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absence of the N N-dial kyI-8 am no-tricycl 0[5 .0
5 2 8] ldeeaMeisdeimyslent, b ydovveen 415 2 (i-peWhisItevalent). & ¢ éﬁ‘ an alkali metal

xiam'(al{nle %Lrl%ﬁlkefgal %'Tl‘éf‘ﬁ{é' v%nntc{ BFMC(Il 8[ P 022)1 and 6 8L IAGEAREof

7 N N‘Ni Naﬂrfﬁ}ldy’f S-aﬁm&thfth@yﬂd op3. 02 |dbedhe' qah@aRangmmonium cation
ound i s about 1:4 and hlg for exanpl e about
8 1 wctaaNdﬂyémkylr&amlnwtma/é@bfra che]dWaﬂﬁC@TﬁP%uﬂdnventl on,

9 there | ogll,elseo Bl(r)ﬁ/e! ?%ﬁje Lol 1%% t1 ptr Mgs tﬁgsv prxl(gcegses wherein the
conposi as-synthesized and 1n e an

10 st NEI@,N—!rﬁ]HyﬁBfﬁﬁn@cfmlﬁfﬁltﬁcyclo[S 2.1.0*%)decane quaternary ammonium cation
11  isused in an amount less than that required to fill all of the micropore volume of the
12 molecular sieve, i.e., an amount less than that required to crystallize the molecular
13 sieve in the absence of the N,N-dialkyl-8-amino-tricyclo[5.2.1.0*%]decane compound.
14 Typically, the mole ratio of N,N,N-trialkyl-8-ammonium-tricyclo[5.2.1.0**]decane
15  quaternary ammontum cation to N,N-dialkyl-8-amino-tricyclo[5.2.1 .02’6]decane

16  compound is about 1:4 and higher, for example about 1:4 to about 4:1.

17 In accordance with this invention, there is also provided a molecular sieve

18  having a composition, as-synthesized and in the anhydrous state, in terms of mole

19  ratios as follows:

20

21 (1t05)Q: (0.1to 1) M™ : W,0y: (greater than 15) YO,

22

23 where Q, M, n, W, a,b and Y are as defined above.

24 The as-synthesized molecular sieve can have a boron content of greater than

25 100 parts per million by weight.



ratios as follows: ( 1 to 5 Q: (0.1to 1) M+ :\WaAOb
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quat ernary i £ | ' - 85t _dialkyl-8-
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is further provided in accordance with this invention

9 anl#ripperéd:lret hod for preparing a nol ecul ar sieve

10 from So}flﬂet%g is%};tﬁérlp%\ﬁdécﬁfl a§§§r8’an@? kv?t?ﬁl!iu@rmv%hﬁgr? al (Mbr8led
organi c structure “directing agent, the inprovenen

11 COfiRtho8 if6iChrefRing Yinfdedul B isfeste frofresodtdeidtériids fog€#itl molecular sieve
conprising a mxture of an ) o )

12 N, pndNant QTR Strucgurg fivesting peent cihe fraprogerpent comprigng exaipying a

quat e I. i o s o
R T
14 CofrROLIBLS.2. | 0> Q& aprirotiri@n bmnidheunp E&BRANENd AVIE/N-HIkyl-8-amino-

provides this inproved nmethod wherein the
15 N, tioxelpts 2 Ryl d@anmesmaoundt ri cycl o[ 5. 2. 1. 0 2' 6] decane

qguat er nar i t ' ed in.an unt ] ess
16 han t ntoRe PR 4% prinb i RO vl RSP phod
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19 \) REFRERTr SPUDR Btk pBHARactr, randPlstal Bt iuneanised o
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23 amino-tricyclo[5.2.1.0*%]decane compound is about 1:4 and higher, for example about

24 1:4 to about 4:1.

25

26 DETAILED DESCRIPTION

27

28 Molecular sieve SSZ-33 can be prepared by a method comprising preparing an

29  aqueous mixture that contains a N,N,N-trialkyl-8-ammonium-
30 tricyclof5.2.1 .02’6]decane quaternary ammonium cation, and a N,N-dialkyl-8-amino-
31  tricyclo[5.2.1 .02’6]decane compound. Typically, the mole ratio of N,N,N-trialkyl-8-

32 ammonium-tricyclo[5.2.1.0°%]decane quaternary ammonium cation to N,N-dialkyl-8-
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am no-tricyclo[5.2.1.02" 6] decane conpound i s about 1:4

and hi gher, for exanple about 1:4 to about 4:1.
w®EMAEEY DESCRI PTI ON Mol ecul ar si eve SSZ-33 CBET/D82005/032561

prepared by a nethod conprising preparing an agueous

m xture that contains a
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compound. . Typically, the nple ratio of

3N, N, N-t Fhlawpagﬂntl@n prgmeiswmd@ﬁb@;ﬂamdw@vefmzomraléec%q@f a
4 quﬁglgﬁ\f‘ FfLaYlTﬂ gt %thrtﬁﬁlhg% 2?51 .%2 4 dleceglz, q&aggéa% zémmomum cation

Scomﬂdne s about 1: 4 and hi gher, for exanpl e about
1:4 to about 4:1. Preferably, seeds of SSZ-33 are used
6in the pPépamlearar smﬁ?%camrwémtabéhpﬁspaw e an aqueous reaction

TR BT B AT DG i s
8 quaineixitirof stivomHetimrtath iop miGNss alhadetd, sobfsés 3Bbdroh egide @F boron

sieves can be suitably pr epar ed from an aqueous,
9 r e Q¥R 3pA AR OREAEA] WheKIde ditabum gKidg T HR gKide#ad gixtures

109f f}%!ré%‘?' 4 0K RAKLR 1@51%&09{9&1? TicyBlofd 530 Ofiee gﬁétg\%a&f

I con er’rmn U eof, ‘sourc

11 boammonmm:l eatioh ahd b O)NaKalkg- SiﬁldlmLtﬂﬁydﬁé{mZOD(ﬁ’f@dec@&J dompsund.
ide, titaniumoxide or iron oxide and m xtur

12 th%H’FXtm§ KoWdRat§ 2 eamRAsitEnARFETE Qfinolq e @Elslgzmhl@ the
13 2' ﬁ%"g&cﬁ%@%ﬁq@%ﬁé g&atgé{mgﬁnom um cation and a

amno-tricyclo[5.2.1.0 2' 6] decane
14conpound The m xture shoul d have a conposition in

ternms of nole ratios falling within the ranges shown
5in Table A bel ow. TABLE A Bﬁé@ééaﬁeferred OHVYOR
0.10-1.0 0.20-0.30 Q Y O. -0, 0.25 Mh+/ YO
2 0.05-0.30 0.05-0.15 H2Q Y Oi‘g 8%5%96
YO/ W,0,  10-200 30-60

OH/YO,  0.10-1.0  0.20-0.30
Q/YO,  0.05-0.50 0.10-0.25

M"™/ YO, 0.05-030 0.05-0.15

H,0/ YO, 15-300 25-60

Q/Q+M™  0.30-0.70  0.40-0.60
16
17 where Y is silicon, germanium or a mixture thereof ; W is boron, or a mixture of
18  boron, aluminum, gallium, titanium, iron or mixtures thereof; ais 1 or 2, b is 2 when a
19 1s1 (i.e., Wis tetravalent), b is 3 when a is 2 (i.e., W is trivalent), M is an alkali metal
20  or alkaline earth metal; n is the valence of M (i.e., 1 or 2); and Q is a mixture of a
21 N,N,N-trialkyl-8-ammonium-tricyclo[5.2.1.0**]decane quaternary ammonium cation
22 anda N,N-dialkyl-8-amino—tricyclo[S.2.l.Oz’é]deéane compound.
23 The reaction mixture is prepared using standard molecular sieve preparation
24  techniques. Sources of boron for the reaction mixture include borosilicate glasses and

25  other reactive boron oxides. These include borates, boric acid and borate esters.
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Q Q+tMh+ 0.30-0.70 0.40-0.60 where Y is silicon

germaniumor a m xture thereof ;Wis boron, or a
WorRoob08@&30f boron, al uminum gallium titani unPCT/USIV0D032561

m xtures thereof; ais 1 or 2, bis 2 when ais 1

(i.e., Wis tetravalent), bis 3 when ais 2 (i.e.,

[ S’{tmrulsa\f %ouerget: tq'lf sMco oxxlae ﬂlcbﬁle/lﬁflg% QHIC% llﬁlat%l 1&%5@% %Ql silicic

24 mldbdﬂ@ld@lf sileca, tetra—alkyl orthosilicates, and silica hydroxides. Sources of other
N, N, N-trlalkyl-8 anrnonlun}trlcyclo[S 2.1..02' 6] decane
3 qu@tlé?Snw ag BIBHNWT oK slE] Zohlivam gxige, titanium oxide or iron oxide are
MR H B R AR R YR daf 2 Ol decane
5 st andar N {08 Ybrapriseh @ RENIN-GRAKALE- aRmbeiehniryels]s.2.1.0>decane
Sources of boron for the reaction m xture include
6 boqwmarzzatr@ugmag seitoncnd ad¥ Nedialkabd-emieo-bisydal Sk g6 ddecane

These |n or| rah
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g Si bﬂlﬁl@muﬁd édtl@ﬂﬂl%t;hef’fd)riduw hydr ogel, silicic acid,

colloidal silica, tetra-alkyl oithosilicates, and
9silica hydroxides. Sources of other oxides, such as

al um num oxi de, galliumoxigde, titaniumoxide or iron

oxi de are anal ogous to those for boron oxi de and

silicon oxide. Mxture Q coIprls S

aN, N, N-tri al kyl - 8- awndﬁr‘ﬁﬁﬂr—tﬁclo[S 2.1.0 2,

6] decane quat ernary anmysaj uny ion and a

N, N- di al kyl - 8-am no-t rA

compound. The

N, N, N-trial kyl - 8-amon ' o[ 5.2.1.0V!, "' 6hjdecan

1.02,' 6Jdecane
10e guat er nary anmoni um cati on h- t he fdfnula where R1,
11 R2 and R3 are each independently a lower alkyl, for

exanpl e mejhyl ., The cation is associated with an

12 anwbwe RA, R? giidh Rlere gaqhonde@émdenﬂ:e mlfewertaﬂcyﬂ Her $xampée inotyl. The

1 0 08 ST Bhe EERAFIEPH AL il S BT o on e

14 1 08783, R\éﬁﬁe@éﬂteﬁlﬁe oBGRh@&hRNs ﬁiéhfd@'h@lo@% 6:RhRYXMbAYUE chloride,
Hydroxide is the preferred anion. It nmay be benefi ci al

15 ¢t obruomndqeanﬁhadige hyfhowidex agepites suldathaind cbebci)@fﬂathyﬂymme is the
|on reb edu [.i m nat e al k
6 o ST PRENe 4 T LA B GE g BRI, 2 Bande fo

17 hydroxide ion, thereby reducing or eliminating the alkali metal or alkaline earth metal

18  hydroxide required.

19 The N,N,N-trialkyl-8-ammonium-tricyclo[5.2.1.0>*]decane quaternary

20 ammonium cation can be synthesized in the manner described in Example 1 of

21  aforementioned U. S. Patent No. 4,963,337 which is incorporated herein by reference
22 inits entirety.

23 The N,N-dialkyl-8-amino-tricyclo[5.2.1 .Oz’é]decane compound has the formula
24



The N, N, N-trial kyl -8-amoniumtricyclo[5.2. 1.02
6] decane quat ernary ammoni um cation can be synt hesi zed
WO pooblosssaanner descri bed in Exanple 1 of af or erenuUsmo®aB2561
U S. Patent No. 4,963,337 which is incorporated
herein by reference in its entirety. The
N, N-di al kyl -8-am no-tricyclg{5.2. rd. 02' 6] decane
conpound has the fornul anhere\Rland R2 are as defi ned
above. Synthesis of the N, N-di &l kyl -8-am notricycl o]
5.2.1.0 2'6]decane conmpound_is &l sqQ described in U S
Patent No. 4,963, 337, the
N, N-di al kyl - 8-am no-tri cg
conmpound bei ng an i nt er ney
I'N, N, N-trialkyl -8-anmoni um clof5 .2.1 .02' 6] decane
o quaternary ammoni um cation. Mxture Qtypically has a
nole ratio of N,N,N-trialkyl-8- anmoniuntricycl o[ 5. 2.
3 1. 0Bel]RlendRé aguemtdefined sbosem®yrithesisadthoN, N-dialkyl-8-amino-

N, N-di a | -85 .amno-tricyclq[5.,2.1.0Q0.2"6ldeca
4 b sl L 02 ad e SoagyR A Siacientisd ig bR PR8N 4,963,337,
5 1: theh@Ne Qi1 Gathind 88y @b[52.1.0>¢1decane compound being an intermediate
N, N-di‘al kyl =8-am no-tricyclo[5:2.1.0_2 6] decane

6 cofiquohm,N,N-tmiabky b8 -em@opemmiticyck[¥.2d Wef dosani quathmary ammonium
amount of N, N, N-trialkyl-8-amoniuntricyclo[ 5.2. 1.02

7 6] §%ne guat er nary anmoni um cation used in mxture Q
whi ch rgg it St RS ) i ~v-kn fact, it

8 RAKLESQ kybilIgRLS & FRM raGOSE NIRW. i fey]-BI :
has been foun ﬁ%at? by usiﬁa a N,Ndialklx

98- amﬁnmmmttficy&n[@.pﬂ..@16]Iie©an2'qﬁ]1tdam&rmnmompma¢ioh to N,N-dialkyl-8-
mxture Q .t amunt  of _ .

10 Rerrinieig 2 B e empered i pst b4 ed bishey Guexapte

11 QUL Rk RaArY B0 um cation can be reduced to a | evel
bel ow that which is required to fill the m cropore

12 vol une Uke GBZN B dialkyk 8;anamo-aimydiof5.2.¢ 9&° jtdbamne térapound in mixture

required to crystallize SSZ- [N the absence of the
13, RLRARI g Feckicrlah RSN TR P@ﬁ E @ﬁ@@w?@m%ﬂawe-
14 COHRgUIBEBQ.T'@@ﬁ]H&%ﬁé w?art‘erm ¥ bhfonhiAl cQﬁmﬁ{%@&’ ﬁfjmiééuﬁja Q, which
SSZ-33 crystal’'s both to rect and accelerate the
15 cr yestld ihiszmificant coassavimlghs. sfattpit hhnbeeh feurtdibatf oy nahg DN, N-

of undesired contamn .. Typically, when seeds are
16¢ nfaﬁﬂsyg-élafrﬂwtw@ﬁ% e d%fﬁg‘g{’ﬁiﬁ?ﬂ“%m BrxinE Gbpemouny of
17 Wehglin -Qﬁ[l%ﬁ-@tangﬁﬁﬁ%gﬂc§cm5 98 @ qe0fneHubleARR, AtdBiukdcation

the reacti
18  can be reduced to a level below that which is required to fill the micropore volume of

19  SSZ-33, i.e., an amount less than that required to crystallize SSZ-33 in the absence of
20  the N,N-dialkyl-8-amino-tricyclo[5.2.1.0*%]decane compound.

21 The reaction mixture can be seeded with SSZ-33 crystals both to direct and

22 accelerate the crystallization, as well as to minimize the formation of undesired

23 contaminants. Typically, when seeds are employed they are used in an amount which

24 1s about 2-3 weight percent based on the weight of silicon ox1:de in the reaction

25  mixture.

26 The reaction mixture is maintained at an elevated temperature until crystals of
27  SSZ-33 are formed. The temperatures during the hydrothermal crystallization step are
28  typically maintained from about 140°C to about 200°C, preferably from about 150°C



m xture. The reaction mxture is maintained at an
el evated tenperature until crystals of SSZ-33 are

wo eooa®shs3dhe t enperat ures during the hydrot her Pel/US2005/032561
crystallization step are typically maintained from

" about 140C to about 200C, preferably from about 150Cto
ab 7 ; C

T A R S R S g

2 gr egttellizathmpetiod éytypical lypgredterthin | diy ami mbiswbl Biromyedoutd days
about 7 days The hydrothermal crystallization is

3 codberietddrider pressure and usual ly in an autoclave

450 that Tﬁ@@h&&ﬁ%{a? Blgg@aff&yﬁ&] is %ﬂ&@@@%a&%@é&&%ﬁ Qially in an
pressure e reaction mxture can be stirred, such as

5 byautodlatd soghithiee Ire%ttdnamxttdu'rsisnbjjectrty:atlmgénwapmssure The reaction

Durlngthehdrotherrml crystalllzatlo step tl
6 SSPUBTechy be Ao, AhGE bAFPGHsENE 6°eh 96 g chystallization. During

ht 88783 A0 d to nucleat
88%33@&@%?%% J&%@Geﬁggfﬁgg gﬁe@so%daq%? oduct can %nuc care
8 segnainesusty Homtierenematmietren xt ure by standard

nmechani cal separation techni ques such_as f| [tration.

9 The cryones e S8-Hervialehavrdemsd. Bisdolidarpdyet cap be gepgrated
10 &t frgg)tﬁz?]léegift‘;tgl d&gg%g % 08 Irfegh geal Q@a&’noh ?ecﬂ}?fgﬁés”su*cg gs

as-syn crystals rying step can
11 peﬁftﬁalntrﬁdTaé cigbtaR s piee wateﬁWaswbahdrﬂmphielredOe ar ﬁs%)&(ﬂe(s 150°C for

used herein, the term "as- synt hesi zed" neans

12 ¢ h@oﬁtﬂ ©ckd hourss foRhiaip fiesasAvathesized Sideds PrRvei8lse rTé\s dﬂfl@gﬁtep can
3 t hge {)&?ogn'eggt Mgﬂﬂeﬁﬁ P%B%\fn?]és hnot sﬁ cthe SDA in

por es een renoved from

14 t he ol Ae ubdlrhesdig ke @i Siadynthayiz¢d"ynéanaktay Jhe molecular sieve
cal ci nation. SSZ-33 nol ecul ar sieve has a c¢conposition
15 asCryftals ek besa reaqyeted fiopkths AragupomEtuieand still gontainthe JPA in

m) o}
16 [ otrisioBlesofe, e SO0 BE bR AN bbb ocular sicye cpystals by
17 ( O(tylilczil@) t3lcidhtton. \§82h33 moipcelat ﬁévdl’ﬂaala cdmpodBn \u 8K ®h€dized and
a, b and Y are as defined above

M
18 Asmstbﬁﬁlﬂyér% gtatssin gangelinplavatios ap B1dasteddnlehic Bybelow:
19 9" eater than 100 Paf ISSSInHl%glzed SSZ-33 Composition

20 TABLE B
21 (1t05)Q:(0.1to 1) M™ : W,0y : (greater than 15) YO,
22

23 where Q, M, n, W, a,band Y are as defined above.
24 As-synthesized SSZ-33 can have a boron content of greater than 100 parts per

25 million.



m I 1ion.SSZ-33 nol ecul ar sieves, as-synthesized, have
a crystalline structure whose Xray powder diffraction

w@2a06086336hows the foll ow ng characteristic |iPeEBUS2005/032561

1
2

As- Svnt hesi zed SSZ-33 TABLE | 2 Thetaa d spaci ng
(Angstrons) Intensity 1 7.86 11.25 VS 20.48 4.336 VS

21, 47 2 i have tl%é/?tr@&m%%vh X-
3323 WS 2 DOTBRRRS & oy i P R Bt Srddhahnose
bagg goederaiffelctién pzete'rrnﬂﬁ)m&thwfoﬂoair% dharaeteristic lurhae

strongest line in the X-ray pattern_i s assigned a

3 val ue of 100: Wweak) i&ﬁ%@iﬁﬁ%ﬁ—s—é@ M nmedi um) is

O 0 N0 O W

10
11
12
13

14
15
16
17
18

bet ween 20 and 40; $S(strong) { fween 40 and 60;
VS(very strong) is greater t . Table I A bel ow
shows t he Thbt act eri st i ¢spéeingyAngstdeds) di f f r act i latensity®
i nes of assynt hesi zed SSZ- 33 i ncl udi ng act ual

rel ative i’f%nsities. As- Synt IA&3j zed SSz-33 Tabl eVPA 2
Theta 3 d%§?§0| ng (Angstrons), fRl. Intensity (100s¥

[/In) 7.8 25 90 20.48 4.3 100 21.47 4.139 4
22.03 4.03b490 23.18 3.837 64.139 M-S
22.03 4.035 VS
23.18 3.837 S-VS
26.83 3.323 M-S
* 0.1
® The X-ray patterns provided are based on a relative intensity scale in which the
strongest line in the X-ray pattern is assigned a value of 100: W(weak) is less than 20;
M(medium) is between 20 and 40; S(strong) is between 40 and 60; VS(very strong) is
greater than 60.
Table IA below shows the characteristic X-ray powder diffraction lines of as-
synthesized SSZ-33 including actual relative intensities.
As-Synthesized SSZ-33
Table TA
M d spacing (Angstroms) Rel. Intensity (100 x 1/Io)
7.86 11.25 90
20.48 4.336 100
21.47 4.139 40
22.03 4.035 90
23.18 3.837 64
26.83 3.323 40

* £0.1

SSZ-33 molecular sieves can be used as-synthesized or can be thermally
treated (calcined). By "thermal treatment" is meant heating to a temperature from
about 200°C to about 820°C, either with or without the presence of steam. Usually, it

is desirable to remove the alkali metal or alkaline earth metal cation by ion exchange

9



26.83 3.323 40 a 0.1 SSZ-33 nol ecul ar sieves can be
used as-synthesized or can be thermally treated

w@ cabodased) . By "thermal treatnment” is meant heel/Uszp0$/a32561

1
2

4
S

a tenperature from about 200C to about 82Q0C, either

with or without the presence of steam Usually, it is

degid RPlaSe & VithalyRNGet, NEnRddi@h! oY @Esxﬂ:ﬁ rﬁétlﬂ‘?ibﬂl n?h&ﬁfal h

metal cation by'ion éxchangeand replace it
hy ttesgent, inclndrog steam helps am;/caldbse 1the dryimﬂaie 1at¢1ne frEtheituaelt by acids.

treatrre{r{% in Iudjnesﬁg heI tabilize, the

3cr yst al tErcalcingtion qca sxsves Ve a cryA?a{lg}e structure whose
cakcip %\Lv@& dlf’ﬁ%gtl&ﬁp &E&Hlv@&hédhﬁﬁé@%ng‘@é’ﬁne@ as indicated in Table II

crysta Ine stru ose X-ray powder diffraction
pab¢lewn shows the characteristic lines as indicated in

Table Il bel ow. Cal cined Z- 3 e Il 2 Theta a d
6spaci ng (Angstrons) Intenélﬂ?j—g@e S84-331. 32 VS 20. 43
74.347 MS 21.44 4.144 W 22, O%b‘feﬁ?’? M 23.18 3.837 M

10
11
12

13
14
15
16
17
18

26.80 3.326 Ma 0.1 Table A Defow shows the
char act eRiRiiat X-ray podwigrcingi(Bhgsicimon | i nes olntensity
cal ci ned Sgé 33 including actual relative intensities.

Cal ci ned SS%-33 Table 1A 2 Tle¥aa d spaci ng

(Angstrongy 4Rel. Intensity (10{4x 1/1In) 7.81 11.32400
21.44 4.144 w
22.02 4.037 M
23.18 3837 M
26.80 3.326 M

* 0.1
Table IIA below shows the characteristic X-ray powder diffraction lines of

calcined SSZ-33 including actual relative intensities.

Calcined SSZ-33
Table ITA
2 Theta® d spacing (Angstroms) Rel. Intensity (100 x VIy)
7.81 11.32 : 100
20.43 4.347 46
21.44 4.144 9
22.02 4.037 41
23.18 3.837 28
26.80 3.326 31

*+0.1

The X-ray powder diffraction patterns were determined by standard
techniques. The radiation was the K-alpha/doublet of copper and a scintillation
counter spectrometer with a strip-chart pen recorder was used. The peak heights I and
the positions, as a function of 2 Theta where Theta is the Bragg angle, were read from

the spectrometer chart. From these measured values, the relative intensities, 100 x

10



20.43 4.347 46 21.44 4.144 9 22.02 4.037 4 1 23.18
3.837 28 26.80 3.326 3 1 a 0.1 The X-ray powder
waledoboass4 on patterns were determ ned by standeeTus2005/032561
techni ques. The radiation was the K-al pha/doubl et of
copper and a scintillation counter spectroneter with a
1 St r/I ?wﬁéf@ﬁotls BRNnfeRGS SHekie ét\ﬁa% &8 B orihiak Peaki, Rl igkitarar
he positions, as a func ion of 2 Theta where
2 Thataamgsn AhgstBnagyrasinding e the reesadedflingsn cahde calculated.

spectro r chart romthese neasuyred val ue

3o at v Qe diectin nRERR G Gy Gomy it e

4 n§1ﬁ£‘a3iotlyor9r§ moR&rafé EB8RGRRId toREmPle. A noleithrdieve Bfoduced by
i nterplanar spacing in Angstrons corresponding to the

5 r eewhereging fhn estal oanthbecatiahs plesang th th¥/amlexilaossve withlyarious
dlf ract.i on ttern, c result from,var, ions.in, the
6 31 PRSP St AdE RS iraaeaet fetsir e Shifsan

7 MOl @G HL AT sPh@YEasil AOMCEHaRMhsE fIANRI i ACndie Cﬁ?élﬁdtlﬁ)?lrcan also

ot her cations present in the nolecular sreve wt
8 vacduseishifis inethe Xaay diffragtioalpdgera. Notvitlastandiifef thesetpednrbations, the

tern, élthou h there can be sh(:lfts in interplanar
9sp RS 15hPe SESTR T 1SdRShanged el ati ve intensity.

10 Cal ci nags 2R3 eAfledl:S QictAURE usiRlIfif & drgcatrﬁﬁl Sn¥8¥ion reactions.
{

diffraction pattern. Notw thstandi ng these
11 peExeumtiat ofahsse usdsaarddescabairiy $f. 8l Pdtatt Noc é,968,88¢ tissued October 16,
ncha g d.. SSZ- 33 | ecul ar_ si eves are useful
% A & ﬂc df‘l%?@PE?ﬁe L3R PYHLCreBSEanpl es of these
13 uses are described in U S Patent No. 4,963, 337,
i ssued Cctober 16, 1990 to Zones, which is
14 i ncor porated herein by ref eEXAMMPLEXAMPLES Exanpl es

L5 1-8 In the follow ng exanpl gs, "SDA_1" represents

N, N, N-trinethyl-8- anmoni unﬁﬁﬂ@%ﬁéﬁ [5.2.1.0

16 2>6] decange RYEHaE SmpRRISTRD ?eprésﬁltm,%-{mﬁaﬂ}lllif&&

17 ammonium-tricyclo[5.2.1.0*%]decane hydroxide, and "SDA 2" is N,N-dimethyl-8§-

18  amino-tricyclo[5.2.1.0*%]decane. The following components were held constant: Si0,
19 (Cabosil M-5 fumed silica, 97%), IN NaOH , and boric acid. All runs shown were at
20  the following mole ratios: HyO/Si0; = 44, Na/SiO; = 0.10 and Si0,/ B,0O; =12

21 Reactions were carried out at 160° C, 43 RPM tumbling on a spit within an enclosed,

22 convection heated oven. Runs were 6-12 days.

23

24 Ex.# mMSDA1 mMSDA2 SiO, XRD RESULT

25 1 2.6 0 12 SSZ-33

26 2 2.1 0.50 12 SSZ-33

27 3 1.56 1.0 12 SSZ-33

28 4 1.04 1.5 12 SSZ-33

29 5 0.77 1.8 12 SSZz-33, MIN. AMO
30 6 0.52 2.0 12 AMO >S8S7-33

31 7 0.26 222 12 AMO > SSZ-33

32 8 0.00 2.5 12 ONLY TRACE 33

11



am no-tricyclo[5.2.1.0 2>6] decane. The foll ow ng
conponents were held constant: Si O (Cabosil M5 funed

W@ R0060365307% , IN NaOH , and boric acid. Al reeEUSvosmBE2561

were at the following nole ratios: H2ZO Si Q2 = 44,
Na/Si2 = 0.10 and Si 2/ B2G3 =12. Reactions were

jcarried out at 160 C, 43 RPMtunbling on a spit wthin

2
3
4
5

7
8

an encl osed, convecti on heated oven. Runs were 6-12
days. EExarfpladVl-Sld8mbnstiakd t‘Bﬁ)ﬁasZinlSih@ TXRDIRESMI Tad b2 répl@ed
12 SSZ-33 2 1 0.5Q0 12 SSZ- é561012882334
1. With SDA 2 svithgpmeppgmazaion of efgn 49033 M N. AMD 6
0.52 2.0 12 AMO >SSZ-33 7 0.26 2.22 12 AMO > SSZ-33 8
0.00 2.5 12 ONLY TRACE 33Exanpl es 1-8 denonstrate that
as nmuch as 75% of SDA 1 canElemplefl aced with SDA 2

vvlth SO [ of the. gondjtion

6 The syngﬁ%@f@“e&ﬁ o§§§2§§ Was SAEiSH OB Al raacri?&glamg@ﬁ

r e@@érf?éad‘%&ét&gdlﬂ)% gﬁﬁﬁ\?@iﬁn AR Qb el 'Th%ffoﬁéwlh%%ﬁqo‘ﬁh& R Feagent
the reactor ow ng anounts of reageft were

usedrd used hethppepamasn on : 130 grans of 0. 73M sol ution

of SDA 1 (95 mM) 72 grams of SDA 2 (38 1 mM) H20 =

91485 grans Boric Acid = 23 4 grams (189 nmM B2C8) | N

10
11
12
13
14
15
16
17
18
19
20
21
22

(o706) CggrePEnesolln SRR Lt a7 35 °3. 00
grans 72 grams of SDA 2 (381 mM)

H,0 = 1485 grams

Boric Acid =23.4 grams (189 mM B,0;)

1 N NaOH =234 grams (234 mM)

Cabosil M-5, fumed silica (97% ) = 140 grams (2.33 moles)

Seeds of SSZ-33 = 3.90 grams

The reaction was brought to 160° C using a 12 hour ramp up. The reactor was
stirred at 75 RPM and allowed to run for 11 days. The reactor was cooled, a sample
initially taken and washed and dried. The XRD data of the product showed it to be
SSZ-33. The entire batch was then washed and dried and the same XRD data was

obtained.

12



The reaction was brought to 160 C using a 12 hour ranp
up. The reactor was stirred at 75 RPM and allowed to

w0 ov6hsss3d1l days. The reactor was cool ed, a sap@i/@52005/032561
initially taken and washed and dried. The XRD data of
t he product shovved it to be SSZ-33. The entire batch
wa dried and the sane XRD data was

lobﬁvgﬁnggsg%AT I'SCLAIMED IS: 1. A method for preparing

2a nol ecul ar sieve having a nole ratio of greater than
about 15:1 of (1) silicon oxide, mani um oxi de

3 miktured m%lé%f?r pfeaarelz%a@sl%swab%? 31%}%& fHP%%‘tr%H%Oﬁ%featef than
4 boron oxqe) 5%@'&1@)9 Umdgxg',e%amgﬁldxﬁdé"ﬁnﬁ hidRwes thereof fo (2)
tltanl um oxi de or ‘i ron oxi de” and m xtures thereof, and

5 havi ng, babh exide al &imaturenf bdrtwe oXde wthcbﬂlfrﬁmamtoxmde gallhem oxide,
of Table 1], said nmethod, conprijsin
6 aqueoustBAEY PULE 4 warw%dec%wﬁmxgv?fgth%rf?f 28 Bt

7 sili Conca%ﬁhg%n @r)d'Pah/”dr'fﬂagl)férgﬁne@%gT%léwgzﬁﬁ L d%];npnsmg
(2) a source of boron oxide or a mixturé o oron

g oxide with alum num oxi de, gallium oxide, titanium

oxi de or iron oxide and m xtures. thereof; (3).a source
90of alkafi melCAPINGANAARIAUS Feachan Mixtwscampripiag (R source of silicon

o NN N-tri al kylig8oe AHRAR Ydk h(ﬂﬁ?)gtgl[eét}?ereo]f 9738 HEE B oron
quat ernary anmoAiium cat | on,
11 N, N-di al kyl (&eﬁmmmlmum/@ﬂhmhﬁm &idelwiR aﬁl}rdﬁmﬂro&lde gallium

compound; and B. maintaining, said agueous m xtu
2 under suf fi cPaft tiEanjur ride PRirpR AXide A TERSS mmqf (3) a source

crystals are NN
13 the reaction grﬁq%(a{ﬁ?gaﬁogsﬁgﬁggg&%gﬂ%@%égaﬁ ter’I\IV{‘H%?(?f &
14 ol e ratios fmmbhinm-ticydiofs. 2. he™Ydwaasq oty behmniunYGation,

2/WA0 b 10-200 OHTYQR2 0,10-1.0 Q YQ2 0.05-Q.50 Mh+/
15 vop 0. 05- 0. 33nd (5) an N,N- dialkyl-8-amino-tricyclo[5.2.1.0> ]decane compound,

16 and

17 B. maintaining said aqueous mixture under sufficient crystallization
18 conditions until crystals are formed.

19 |

20 2. The method of Claim 1 wherein the reaction mixture has a composition in
21 terms of mole ratios falling within the ranges shown below:

YOy/W,0,  10-200
OH/YO,  0.10-1.0
Q/ YO,  0.05-0.50
M"Y/ YO, 0.05-0.30

H,0/ YO,  15-300
Q/Q+M™  0.30-0.70

22
23 where Y is silicon, germanium or a mixture thereof , W is boron, or a mixture
24 of boron, aluminum, gallium, titanium, iron or mixtures thereof, ais 1 or 2, b

25 is2 when ais 1, bis 3 when ais 2, M is an alkali metal or alkaline earth metal,

13



H2OQ' Y2 15-300 @ QtWh+ 0.30-0.70 where Y is silicon,
germaniumor a m xture thereof, Wis boron, or a

WorRoob08@&30f boron, al uminum gallium titani unPCT/USIV0D032561

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

m xtures thereof, ais 1 or 2, bis 2 when ais 1, b
is 3 when ais 2, Mis an alkali netal or al kaline

earth nefahe Mibke HA%L UAk BNE 8 kM oialﬁ‘?tl[,lQBN-gieﬁk}mSXéer&%nium-

of a N,N,N-trialkyl-8amoniuntricyclo '
1. 02' 6] wiepalold. quatideareyquateneany ammeatunocat@ndnd a N,N-dialkyl-8-

N, N- di al kyl - 8- L NQ- Lgicyclo[5.2.1.02 6] decane
corrpoun‘iir.l%g'.t“%ﬁ T%r@tlrﬂ)dde%/ CAPRP P %her ei n t he

reaction mxture has a conposition in terns of nole
ratios falling wthin the ranges shown bel ow. YO 2/ WA0
b 30- 60TIEHIMERd & QRird 23the@in ¥Edetidl nix@be M-8/ coXPRsition in
Q O O i hold §hign 231G Wit the ranges showa below: |

N, N, N-trial kyl -8-amoni untricyclo[ 5.2.1.02" 6] decane
quat ernary ammoni um cation is used in an anount |ess
than that required to fYiOJWaDl of306® m cropore vol une
of the nolecul ar sieve. 5. The nethod of Claiml

wherein the nole ratio QH_/N,QXI, I\I—OthQ'%f’le - 8-

amoni umtricycl o[ 5. 2. 1.93,6] degagpig gyiat er nary
anmoni um cation to N m.@?‘@% - 035

8-am no-tricycl o[ 5. 2. 1.MdY/&|Qjecas-@.ofrpound i s about
1: 4 and higher. 6. The pethod of Caim5 wherein the
nole ratio of N,N,I\I-tri}gﬁé))&%- Miumtricyclo[S.Z.

1. 02 6] decane quaternar /(%rmreni WAL EHON to
N5Ndi al kyl - 8-ami no-t ri(gy o[ 5. 2. 161%% 6] decane

conmpound is about 1:4 to about 4 :1. 7. The nethod of

SR M SR of Efid T reis e AN it S o2
tricyclo[5.2.1.0*%]decane quaternary ammonium cation is used in an amount
less than that required to fill all of the micropore volume of the molecular

sieve.

5. The method of Claim 1 wherein the mole ratio of N,N,N-trialkyl-8-
ammonium-tricyclo[5.2.1.02’6]decane quaternary ammonium cation to N,N-

dialkyl-8-amino-tricyclo[5.2.1.0>%]decane compound 1s about 1:4 and higher.

6. The method of Claim 5 wherein the mole ratio of N,N,N-trialkyl-8-
ammonium-tricyclo[5.2.1 .02’6]decane quaternary ammonium cation to N,N-

dialkyl-8-amino-tricyclo[5.2.1.0*%]decane compound is about 1:4 to about 4:1.

7. The method of Claim 1 wherein the amount of boron in the molecular sieve is

greater than 100 parts per million.

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

state, in terms of mole ratios as follows:

14



greater than 100 parts per mllion. 8. A nolecul ar
si eve having a conposition, as-synthesized and in the
wamlwgasaes state, in terns of nole ratios as fptT/O8®DE/032561
1tob5 Q: (0.1tol) Mi+ Vb : (greater than 15)
YO2 where Y is silicon, germaniumor a mxture thereof
, Wis boron, or a mxture of boron, alum num gallium
titanium iron or mxtures thereof, ais 1 or 2, bis
2 2 when a is (1tob) Qs (Rl vhenMe i W,Q,: (Mebter trandBbKEO;
metal or alkaline earth metal, n is the val ence of M
3and Qis a mixture of a
NN Nt ity :
4 quat er nafrlesg ?M‘ﬁ‘ﬁ%%%rﬁ 3%% I\feﬁhé—eaﬁ kyll%{jﬁ%ﬁ’a&edl mixture
5 am no- téfibdys, ajumizind, 3R, deatine, 1@@1m0ﬂﬁd1rthher'Ebéais lor2,b
nmol ecul ar sieve of Claim8 wherein

6 N, N, N- tip 2avhepia-ig] divenyiama is éy lé[dnslkéhln%fﬁ'oé]a]é‘élé%%mh metal,
quat ern R i
7 Chan: ¢ AP SRR AFME B Pl 1 FrikiERees IR SERINY « Sffonium
g of the wipy@e¥l2ar.0¥ide¢eme Gteribitgamloaivn aitiosiagy e N;N -dialkyl-8-
Claim8 wherein the e ratio of N, N N-trialKkyl- .
9 ammoni WRINPtEgHElobT B 1@ Iecagpcompewdne quat er nary
10 amoni um cation to N, Ndi al kyl -
8-am no-tricyclo[5.2.1.0 2' 6] decane conpound i s about
11 1:9 andTik gblecularlsleve D€ 141l £ohidrain thé By Nofria®yaBmnBonium-
wherein the nole yatio of N, N, N-trialkyl - 8-
12 ammoni ufieYdeleyel-® {kiezaqe qQuapTnaT ABEABIUFLEAtER inyspd in an amount
13 gng:)nmnglg% ﬁﬁ%ﬂ %Pt r%gulg‘dl}lg 61?1' a P’A&'é%earrr]lgr%pore volul(rjxe of the mol{scular
14 1:4 to abeut 4:1. 12. The m)IecuIar si eve of Cla|m8
wherei n the anount of boron in the nol ecular sieve is

5 gr eat er than 100 parts per mllion. 13. The nol ecul ar
si gye | r,Sieyv -
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1. 02>6] decane quater narf/ aém’mnl um
ammonium-tricyclo[5.2.1.0**]decane quaternary ammonium cation to N,N-

22 d1a1ky1-8-ammo-trlcyclo[S.2.1.02’6]decane compound is about 1:4 to about 4:1.
23

24 12.  The molecular sieve of Claim 8 wherein the amount of boron in the molecular

25 sieve is greater than 100 parts per million.

26

27  13. The molecular sieve of Claim 8 wherein the molecular sieve has, after

28 calcination, the X-ray diffraction lines of Table II.

29

30 14.  Animproved method for preparing a molecular sieve from source materials for
31 said molecular sieve and an organic structure directing agent, the improvement

32 comprising employing a structure directing agent comprising a mixture of an

15
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9t hé6 X- r A wethor o Clam 11 wesein themaglp gatio of N,N,N-trialkyl-8-

10 ammonium-tricyclo[5.2.1.0% ]decane quaternary ammonium cation to N,N-

11 dialkyl-8-amino-tricyclo[5.2.1 ‘02’6]decane compound is about 1:4 and higher. .
12 |

13 17. The method of Claim 16 wherein the mole ratio of N,N,N-trialkyl-8-

14 ammonium-tricyclo[5.2.1 .02’6]decane quaternary ammonium cation to N,N-

15 - dialkyl-8-amino-tricyclo[5.2.1.02’6]decane compound is about 1:4 to about 4:1.
16 |

17 18, The method of Claim 14 wherein the amount of boron in the molecular sieve
18 1s greater than 100 parts per million.

19

20 19 The method of Claim 14 wherein the molecular sieve has, after calcination, the
21 X-ray diffraction lines of Table II.
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