WO 2006/036534 PCT/US2005/032561 PREPARATION OF
MOLECULAR SIEVE SSZ-33 2 3 BACKGROUND 4 5 Crystalline
molecular sieves are usually prepared from aqueous reaction 6 mixtures
Wibpgdirsgsources of alkali or alkaline earth metal oxides, spOICes@fs/032561
silicon 7 oxide, and, optionally, sources of, e.g., boron oxide and/or
aluminum oxide. 8 Molecular sieves have been prepared from reaction

Imixtures containind® B e\ BrAyBII SHHIMOreEdiFe i gt S8 BA"),

,usually a nitrogen-containing organic 10 cation. U. S. Patent No.
4,963,337, issued October 16, 1990 to Zones, discloses that 11 the
3molecular sieve designated SSZ-3B4ak BBYBNared using a
gtricyclo[5.2.1.02,e] 12 decane quaternary ammonium cation SDA. 13 U.
S. Patent No. 5,785,947, issued July 28, 1998 to Zones et al., discloses a
514 methoS OFBrEPRRRE CHAERATSE 6B RTABREES MR GRG0 TeFoaan

60rgaiculs MRt dRePePerNdang Alardet Suaniin hatamiiRes of silicon
component containing at least 16 one amine having from one to eight
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gdisclosed thatihiramine gompeneitjsReter bivanatinkalies @6d@ining an
cycloali.phatic amine containing i

no m"%re tt@r el%{n carbon atoms. _
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10isokufigaming, Patatylaminns3, 207 pipeedi0ecdamethydpiprritiaes, discloses that

cyclphexylamine, 1,1,3 3-tetr -butylamine and .21 . 26
IRA 4 GRS v o ek et Ay
121998 tanblakagawa shaloni2® disclo$EAa process for preparing medium

pore size lites_usi l,heutral ' aple of forming the
13 ote, g LA ) o o A 4B ey Aroee
Hatomsihis) Omecpeimaryysieioredan)ios tertiansthel nutrduiatdrmarygamino
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16carbonansrn hevives dipmirapioctsss ¢arizg eondueteddnithelaisends of mixtures
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neutral amine are isobutylamine, diisobutylamine, trimethylamine, 30

18cycfoplentibtifen dsoptapinamiriesscban sghirmipwn atoms. Disclosed
192,54limptby mrolidine @nshérent are isopropylamine, isobutylamine, n-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 nifrogen 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 ofthe small, neutral amine are 1sobutylamine, diisobutylamine, trimethylamine,

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

31 dimethylpiperidine.



31 dimethylpiperidine. 1 1 U. S. Patent No. 5,707,601, issued January 13,
1998 to Nakagawa, discloses a 2 process for preparing zeolites having
the MTT crystal structure using small, neutral 3 amines capable of forming
the zeolite, the amine containing (a) only carbon, nitrogen 4 and
hydrogen atoms, (b) one primary, secondary or tertiary, but not
quaternary, amino 5 group, and (c) a tertiary nitrogen atom, at least one

1 tertiary @rﬁoﬁ%ﬁpd,amiﬁ%ﬁueddw%w%&ww&m‘3
S%%M@%X:?%B&%gmum e PFPPesHsin LARREGIAR,IBARE, neutral

absence of a quaternary ammonium compound. Disclosed examples 8 of

thesmines canehierof fomming se 700ibarjRe ATES GRSGHIRAELRIiARly carbon, nitrogen
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boron oxide or a mixture of boron oxide 16 with aluminum oxide, gallium
7 OxFEBRHAEAIITPBRRHEIGR ROMARIGE N FTHRADIEE $9MARTRGT RIRRMSE0 Aymples
g aftgrpalanatignHamxsme %e iEratiapdines Risdniitathiraidiidsiaaiaadne and
comprising: 19 20 A. forming an agueous reaction mixture comprising (1)
9 a SEWMERYHSHton oxide, 21 germanium oxide and mixtures thereof; (2) a
10 source of boron oxide or a 22 mixture of boron oxide with aluminum oxide,
gallium oxide, titanium oxide or iron. oxide. and mix rTes thereof; (3) a
source of alkali metal or diatre-eartr—24-Hietat-td)arr=N,N
12 N-trialkyl-8-ammonium-tricyclo(5.2.1.02'6)decane 25 quaternary
... ammonium cation, and (5) an N,Nd-(%f'allé}g-& in(r) 28 .
13 tricyclo[5 2 a fitsorserst AR RIBUTRGE SRS S PRBihEifing said aqueous
14 mixiole-aladses ifichens enyRt adlisationaonditindodB 1Gritibe (U siliear exide,

15 fo rgncle'zganzxgm oxide and mixtures thereof to (2) boron oxide or & mixture of boron oxide

16  with aluminum oxide, gallium oxide, titanium oxide or iron oxide and mixtures
17  thereof, and having, after calcination, the X-ray diffraction lines of Table I, said

18  method comprising:

19

20 A forming an agueous reaction mixture comprising (1) a sourcs 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, titantum oxide or
23 iron oxide and mixtures thereof: (3) 2 source of alkali metal or alikaline sarth
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-dialkyi-E-amino-

26 micyclo[5.2.1.0%¢)decane compound; and

27 B maintaining said agueous mixture under sufficient crystaliization conditions
28 until crystals are formed.

29 |

30  The reaction mixture should have a composition in terms of mole ratios falling within
31  theranges shown in Table A below:
32



30 The reaction mixture should have a composition in terms of mole ratios
falling within 31 the ranges shown in Table A below: 32 2 1 TABLE A
Broad Preferred YO2/W,0Ob 10-200 30-60 OW/Y02 0.10-1.0 0.20-0.30
Q/ Y02 0.05-0.50 0.10-0.25 M"47 Y02 0.05-0.30 0.05-0.15 H20/Y02
15-300 25-60 Q/Q+M~ 0.30-0.70 0.40-0.60 2 3 where Y is silicon,
germanium or a mixture thereof, W_is.haron, or a mixture of 4 boron,
aluminum, gallium, titanium, iron or“mxtares thereof, aislor 2, bis 2
when a 5is | (i.e., W is tetravalent), Brim&8 whétrses=2 (i.e., W is trivalent),
M is an alkali metal 6 lkaline e tal, n is,the valence of M (i.e., 1
or2),and Qis a mixtu%‘%@'ﬁh gLl 5568
N,N,N-trialky-&-ammoniDHifidyclofs X4.02'6]deapduaternary
ammonium cation 8 an -di -8-aming-tricycjo[5.2.1.02 6)decane
compound. 9 In one em@dﬁnt,mgdgéggsuﬁéigrﬁ%es these
processes wherein the M/ YO,  0.05-0.30  0.05-0.15
N,N,N-t_rialkyl-s-ammo_rgg@f '&clo[%@%@?&d%g&p quaternary _
ammonium cation 1 | is Used In an amount less than that required to fill all
of the micropore volumd&s2té™ 12 ntflebifar sted&lifd, an amount less

2 than.that required to crystallize the molecular 13 sieve in the absence of

the N,N-dialkyl-8-amino-tricycio[5.2.1.02'6)decane compound. 14
3 Typhesty, theilierflegamgnium or a mixture thereof , W is boron, or z mixture of

4 ORI N TaeriRlky lSmAmmaniR HEUP i 2ndr Q2 IEBEANE 11 SUAICINARY: »
ammonium cation to N,I\i-d|aIkyI-8-ant|no-tr|cycIo[5.2.1.02'6 decane 16

5 colhpéimdisinisbayaeataiihighisn folséxamplt BIBYEIE s snelkall mepl
6 In engiambedimentathge dsalaerdded 8 Melesliasiewe: 1 hamng 2

composition, as-synthesized and in the appgdrous state, in terms of mole
7 194 dide glky]réwngwm-mcyclo{i?..lﬂ “ldecane guaternary ammonium cation

8 andaN,N-diaikyl-8-amino-tricycio[5.2. 1.0%*}decane compound.

9 In one embodiment, the disclosure provides these processes wherein the

10 N,NN-trialkyl-8-ammonium-tricyclo[5.2.1.0**]decane quaternary ammonium cation -
11 isusedinam amount less than that required to fill all of the micropore volume of the

12 molecular sieve, i.e., an amount less than that raquireé to crystaliize the moiecular

13 sievein the absence of the N,N—dialkyl-s-amino-n'icyclo{s.2.1.0z‘ﬁ}decane compound.

14 Typically, the mole ratio of N,N,N-irialkyl-8-ammonium-tricycle[5.2.1.0*%}decane

15 quaternary ammonium cation to N, N-dialky!-§-amino-tricyclo[3.2.1.0>% decans

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

17 In one embodiment, there is also provided a molecular sieve

18  having 2 composition, as-synthesized and in the anhydrous state, in terms of mole

19 ratios as follows:

20

21 (115)Q: (0.1 to 1) M™ : W,Oy : (greater than 15) YO,

22

23 whers Q, M, n, W, 2, band Y are as defined above.

24 - Inasecond aspect, there is proyided a molecular sieve having a composition, as-
25 synthesized and in the anhydrous state, in terms of mole ratios as follows:

3
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21 (1to5)Q:(0.1to 1) M"~: WaOb : (greater than 15) Y02 22 23 where
Q, M, n, W, a, bandY are as defined above. 24 In a second aspect there
is provided a molecular sieve having a composition, as- 25 synthesized
and in the anhydrous state, in terms of mole ratios as follows: 31 2 (ito -
5 Q:(0.1to 1) M™: WsOb : (greater than 15) YO2 3 4 where Y is silicon,
germanium or a mixture thereof, W is boron, or a mixture 5 of boron,
aluminum, gallium, titanium, iron or mixtures thereof, aisl1or2,b 6is 2
when ais 1, b is 3 when ais 2, M is an alkali metal or alkaline earth metal,

7 nis the valeficto &b Q; fhitlt@ sk mixitu@ ofgreater than 15) YO,

- N,N,N-trialkyl-8-ammonium B tricyclo[5.2.1.02"jdecane quaternary

ammonium cation and a N,N-dialkyl-&- 9 amino-tricyclo[5.2.1.024)decane
compouWBerzA Tikilipem gsrmesiaaron e lmecie ShorotaW Haberanh ey grmixture
content of greatel AR S 9&9%&;@&5%&9&%&@%&@0&&9%2 b

embodiment, the dlsclosure rovides the ‘as- synthesized 2 molecular

sieve whBAHRER@ 1§ NINStiakeR 8 38R inamalial cnsml 2riatizie sath angtal,
quaterngng & AL BARIRN IS usedhinmn 3mewniiessinan Matipaiied

to fill all of 4 the mi gzo ore volume of the molecular sieve, I.e., an amount

less thafPRaINEculr Wﬁwmlﬁﬂtﬁé\?@‘?ﬁ Noialioys-
of the NM@M@&@NQOQEGWMQ[&% Qgd)decane compound. '
Typically, the mole ratio of N,N,N-trialkyl-8 7

ammonid it Bicperssized m,o_laf)@ﬁecmmatmabammum chfieatothan
N i\émp@/bé rﬁilﬂHH'E @&gﬁlo[S .2.1.02'6)decane compound is about 1:4
and higher, for example about 9 1:4 to about 4:1. 10 In a third aspect,
there is further provided an improved 1 | method for preparing a molecular
sieve from source materials for said molecular sieve 12 and an organic
structure directing agent, the improvement comprising employing a 13
structure directing agent comprising a mixture of an N,N,N-t
ialkyl-8-ammonium

3a
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14 tricyclo[5.2.1.02'6)decane quaternary ammonium cation, and an
N,N-dialkyl-8-amino- 15 tricyclo f 5.2.1.026)decane compound. 16 In one
embodiment, the disclosure provides this improved method 17 wherein
the N,N,N-tdaikyl-8-ammonium-tticycloj5?.1..02'6)decane quaternary 18
ammonium cation is used in an amount less than that required to fill all of
the 19 I‘IIHICFODOI’ %men ?hOfd}?‘f molecul s Ve, I.e. mal,gmount less than

CIOSUre provl
that requwegﬁo cry tallize em 1BCAF: rS|evey|Irl|t e absence of the

| f N N N | 8
the mole ratlo of trla 3( 22 ammoni t|E!§§ ;:!] o[ jic. T9Bltsetane

qﬁ%%a y ST ORI
atimmdropectofbl @i, Bﬁﬁmdaméwammum s amunqmmmmmmed to

t 4: TION 27
SRl Bl S B b O e
ptapawin{_g ah. ‘.w. geonpiunt e Thpicebnttinmale ratio of NN, N-trjalkyi-8-
N Dbl %mu*ﬁé@ﬁﬂél éy%&ﬁaéﬁﬂ&&%&ﬁoﬂ‘{é‘ﬁﬁ@%kyl g

ammonium cation, and a y[-8-aniino- 3

trivyitiofS2da56) e+ Secarnspunaund jabauy | m%blm;ii@r example abont

offN, I, Nstrialkyl-8- 32 anunonium-tricyclo[5.2.1.02 6)decane quaternary
ammonium cation to INN-dialkyl-&- 4 WO 2006/036534

PCT/USED@B#@@@@@% thaminbutiieypiofBigl arompieedane compound is
abidoki 48 H B AR QXBNBLR AROHI ssufcd RRRAN A 1aiR iaitahb sieve

seeds of S are used in the preparation. 3 This invention provides
céﬁéuﬁ‘é%ﬁ@“c&?‘fmﬁré\?@?ﬁ%?w&r TR GIReA: comprising employing 2

N shhihiFatiod-Sna BERe RN Ahoxdds 02 Sl deSaRa e atmonium-

ammonium ca 5 SDA alone. 6 SSZ-33 molecular S|eves can be
siREHiplS redﬁgamﬁ%%@ammw KAl otrfaioe-
of@gygg{glgm@m@%%@@m metal oxide, sources of 8 an oxide of
silicon, germanium or mixtures thereof, sources of boron oxide or boron 9

oxide a ﬁﬂiﬁﬂ?ﬁ?ﬁﬁ%ﬁﬂ@eé’é?ﬁ{?ﬁlfrﬁmgldﬁféﬁ‘lﬁ’r’ﬁp&m%rﬁ% oxide and
Mbgeres tAONNESafaficyl-8-ammonium-tricyelo[$.2.1.07)decans guaternary
N A oY Sa R fi g2 fldecans AUALETRN e

mxcropnrs volume of the molecular sieve, L.e,, an amount iess than that regquired to

crystallize the molecular sieve in the absence of the N, N-dialiyl-8-amino-
tricyelo[5.2.1.0**}decane compound. Typically, the mole ratio of N,N,N-trialicy}-8-
ammonium-tricyclo]5.2.1.0*%)decane quaternary ammonium cation to N,N-Gialkyl-8-
amino-tricyelo[ 5.2.1.6*%)decane compound is about 1:4 and higher, for exampie about
1:4 to sbout 4:1.

DETALLED DESCRIPTION

Moiecular sieve SSZ-23 can be prepared by a method comprising pfeparing an
aqueous mixture that containg a N,N,N-tmialkyl-8-ammonivm-
inieyelo]5.2.1:0%"}decane quaternary ammonium cation, and a N,NQdiaDcyI-s-anﬁno-
fricyciof5.2.1.0*F)decane compound. Typicalty, the mole ratio of N,N,N-trialkyl-8-

ammonium-tricyclo[5.2.1.0%%)decane quaternary ammonium cation to N, N-dialkyi-8-

4



11 ammonium cation and a N,N-dialkyl-8-amino-tricyclo[5.2.1.02'6]decane
compound. 12 The mixture should have a composition in terns of mole
ratios falling within the 13 ranges shown in Table A below: 14 15 TABLE

wh BreadsRreferred YO02/WaOb 10-200 30-60 OH-1YO2 0.1@:010:263/0:381

- Q/ Y02 0.05-0.50 0.10-0.25 M/ Y02 0.05-0.30 0.05-0.15 H20/ Y02
15-300 25-60 Q/Q+M+ 0.30-0.70 0.40-0.60 16 17 where Y is silicon,
|germainiumoraHXIE thereafphbisihd toabarn d Mixkikené] Sobexample about
aluminum, gallium, titanium, iron or.mixtures thereof: ais | or 2, b is 2
fnena B P 5 e b B b ice
Zrivalent), Whis iareaticalipnoetdds 20neidalidbne s anthrovetatpnogethibevalente

f M. 107 2)-and Qi ixt % . .
SR AT s v
Samighialeneation 22 and a .
N.N-dialkyd3-aminarricyelols.2 éa&ﬁé@@%%?yrﬁr gﬂm&% 0% mgu@ef%%&?&n

(0] ar s 4

mixture is prepared using standard molecu ieve preparation -
tecHpUESSBBIREES BB ohabrlind regetioraHipking cankimgtbovidsilicarees of

slasges.and ZaRtherdeastive Boronaxides. diressinalude horates. DkG o,
acid and borate esters. 5 WO 2006/036534 PCT/US2005/032561 |

Typicifisyis abundreaiiesid o e B umaiie- iinsansinsegnismpexistead mixtures
ohydiasels i 2 asityceliaidabalisarisuraion rhaslicelpnianilica
hydroxides. Sources of other 3 oxides, such as aluminurp6 oxide, gallium

Hoxidg HeAH T OIB G Aifoh Shile st e BRATSYSIE XS b sddrsrpprarmpound.

120xid@@ngkailie e thav S N ERI KO £ AMBRSEST mole ratios falling within the
-tricyclo[5.2.1.02'6]decane 6 quaternary

aN,N,N-trialkyl-8- onium-tri
13amrtﬁ8$ﬁﬁf‘§% ‘ﬁb?\alghrgﬁ‘ﬁ? Nialkyl-8-amino-tricyclo[5.2.1.02'6]decane 7
t4compound. The N,N,N-trialkyl-8-ammonium-tricyclo[5.2.1.02'6]decane

jsquaternary TABLE A
| Broad Preferred
YO /W0, 10-200 30-60
OH/YO,  0.10-1.0  0.20-0.30
Q/YO,  0.05-050  0.10-0.25
M™/ YO, 0.05-030  0.05-0.15
H O/ Y0,  15-300 25-60
Q/Q+M™  0.30-0.70  0.40-0.60
16
17 where Y 1s silicon, germanium or a mixture thereof ; W is boron, or 4 mixture of
18 boron, aluminum, gallium, titanium, iron or mixtures thereof: ais 1 or 2, bis 2 when a
19 s 1 (ie, Wis tetravalent), b is 3 when ais 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
21 NN,N-trialkyl-8-ammonium-tricyclo{5.2.1.0*%]decane quaternary ammonium cation
22 and a N,N-dialkyl-8-amino-tricyclo(5.2.1.0*Jdecane 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.

5



8 ammonium cation has the formula 9 Rz RI-+ 1 -Rs 10 A- 11 12 where

R', R2 and R3 are each independently a lower alkyl, for example methyl.

The 13 cation is associated with an anion, A-, which is not detrimental to
wihedvi@rmettion of the 14 SSZ-33. Representative of such anippg/ingliuees2se1
_halogens, such as fluoride, chloride, 15 bromide and iodide; hydroxide;

acetate; sulfate and carboxylate. Hydroxide is the 16 preferred anion. It
1maym@bﬂmf@abf@iimxemhtarig@ud@rf@xa@mlﬁaashalm fﬁtida?ﬂyydf@{id;ﬁicic

e efuring o Slmalng e Akl MefR Al e SRR e
3N, NoNdtriatkegh 8samamimnit e tdic b0k 102, Gildecan exgdate inaryx 2 are

ammo |u0m atlﬁ %r Ct)—:‘rosFyQ)tm?smg dn the manner described in
Exam (fg fo a oremen one § Ba{len)f 0. 4,963,337 which is

SincorporatéakheedinchyppefesaréaN, X2uinlitsldhtnste2@Fheyclo[5.2.1. 0%%1decane

24“%%\%&‘ @&% u%%\é%(}[ir%%&%ﬂ%ﬁ §-5RTHBM 1'8%%3?‘9]&% éﬂe

34 PCT/US2005 0325 R1IRzN R an
TR2 ereribiiferhboVeri simtifesimsnine (iRt dielf-804riaesde quaternary

gtricxﬁ{%glﬁTQg{]g][gﬁ&qggfagmﬁgund is also described in U. S. Patent No.
4,963,337, 5 the N,N-dialkyl-8-amino-tricyclo[5.2.1.02'6]decane

9compound being an intermediate 6 for the
N,N,N-trialkyl-8-ammonium-tricyclo[2.1.02'6]decane quaternary
ammonium 7 cation. 8 Mixture Q typically has a mole ratio of
N,N,N-trialkyl-8 9 ammoniumgicycl 2'6]decane quaternary
ammonium cation to N,N-dialkyl-8-

10 A

11

12 where R', R? and R® are each independently a Jower atkyl, for example methyl. The
13 cation1s associated with an anion, A", which is not detrimental to the formation of the
14 SSZ-33. Representative of such anions include halogens, such as fluoride, chloride,
15 bromide and iodide; hydroxide; acetate; sulfate and carboxylate. Hydroxide is the

16 preferred anion. It may be beneficial to ion exchange, for example, a halide for

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 I 1s entirety.

23 The N,N-djalkyl-8-amino-tricyelo[5.2.1.0*"]decane compound has the formula
24



10 amino-tricyclo[5.2.1.02'6]decane compound of about 1:4 and higher,
for example | 1 about 1:4 to about 4:i. 12 Use of a
N,N-dialkyl-8-amino-tricyclo[5.2.1.02'6]decane compound in mixture 13 Q
wpenrdtesasseduction in the amount of N,N,N-trialkyl-8-ammompittvutdes/os2s61
~ tricyclo[5.2.1.02'6]decane quaternary ammonium cation used in mixture Q,
which 15 results in significant cost savings. In fact, it has been found that,
by using a N,N- 16 dialkyl-8-amino-tf ycIcﬂﬁ?ﬁ.l.OZ'G]decane compound in
mixture Q, the amount of 17 N
N,N,N-trialkyl-8-ammonium-tricyclo[5.2.102'6]decane quaternary
ammonium cation 18 can be red yfévi| below that which is
required to fill the micropore voly 83, i.e., an amount less
than that required to crystallize S§ . absence of 20 the
1N,N-diaIkyI-8-amino-tricycIo[5.2.1. 6]decane compound. 21 The reaction
2mixture can be seeded with SSZ-33 crystals both to direct and 22
saccslerate e osialization ayiel as i minimizadhe darmaton gl
undesired 23 contaminants. Typically, when seeds are emp yecﬁhey are
4usedipickri sdriotiiildeion connswaddeno3iseiiiedeideht PrssdNen4h63.337,

SWei&QtlﬁkﬁﬂiQ%?}%@ﬁ%-m SN @5 MRIHER R R B%g%iﬂ{‘iﬁ?éé%&ate

is maintained at an elevated temperaturé until crystals of 27 55Z-33 are
SforrfradharNNidhipdiaictesndingHEch s the rnaldeapamilAsTo NS fsRyEraium
728 typigally maintained from about 140C to about 200C, preferably from
about 150C 7 WO 2006/036534 PCT/US2005/032561 | to about 170C,
8and most Mrsterabynisalubeis TeEcad SOUNEESTHS2 crystallization
operigghis fiieadyc peaterdHan-datayantpre eratiyifian.abow B Navandi-s-
to about 7 days. 4 The,hydrothermal crystallization is conducted under

O reuipe B IRaIY-th AfFeang srIrparade Ahaine rant fisiihilgu Faawple

1 1subjeetio:attegemoys. pressure. The reaction 6 mixture can be stirred,
such as by rotati :ﬁ _reactor, during crystallizatiqn, During 7 the
yarother 8 h A SR S oy e A G o
13nudlepter8tspontanzalisithéronvtnhe cBEIONHRIUFG . Snpaaithe SSZ-33
crystals red, the solid product can be separated 10 from.the ,
o O Rt by AR T A4 kD B B S g
15 results in significant cost savings. In fact, it has been found that, by using a N,N-

16 dialkyl-8-amino-tricyclo[5.2.1.0%%decane compound in mixture Q, the amount of”

17 N,N,N-trialkyl-8-ammeonium-tricyclo[5.2.1.0*%}decane quaternary ammonium cation
18 can be reduced to a level below that which is required to i1l the micropore volume of
19 S§S8Z-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 arc employed they are used in an amount which
24 is about 2-3 weight percent based on the weight of silicon oxi—de i the reaction

25 mixture.

26 The reaction mixture is maintained at an elevated temperature until crystals of
27 S5Z-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



i | filtration. The crystals can be water-washed and then dried, e.g., at 90C

to 150C for 12 from 8 to 24 hours, to obtain the as-synthesized SSZ-33

crystals. The drying step can 13 be performed at atmospheric or
wanbmtmaspheric pressures. 14 As used herein, the term "asgynthesized?se1

reaction mixture and still contain the SDA in 16 their pores, i.e., the SDA
1hastmetde éAdEinmden dsometiasivhofeen kosiel Utystateiny! 667 (typreally)

calcination.. SSZ-33 moleculay, sie oSitl T rﬁe .éﬁpsd
2 SRR T RRB PIRUE I O0R LRI AR HICRIEES cays
3TableaBobelodeyd.9 As-Synthesized SSZ-33 Composition 20 TABLE B 21

4(1 t05) QTI(Q %QOQCM;:& c%&ﬁﬁat@?@&gﬁatl%m%%eéarg%n\ﬁr&%gl@m an

M, n, W, a, b and Y are as defined above. 24 As-synthesized SSZ-33 can
ShaveutpPore FedbatEin refejrempei iS00 pa e e oD wilierugeWithe reaction -

620%'{9{%@@5% BQST{{%%,ZQQW %@%a!n%ﬁ%@éa&‘f@lﬁﬁ}ﬁﬁzg %@é’ﬁﬁization. During

as-synthesized, have a crystalline structure whose X- 2 ray powder

Tdiffrae foHpRaara! SHERS e 98 IR ke chdractenstitafmsdellowed to nucleate

AS-HUMBRSIZEY SR RS clibBhbkut Thetas d spacing (Angstroms)
Intensityb 7.86 11.25 VS 20.48 4.336 VS 21.47 4.139 M-S 22.03 4.035

s 23.1883Pes3E 33 srgasdeipaed.dhe sodmiadG AR ated
1oprovigadirefasad@tad elaitvedntensita sealadpavbich thaeniosiongast

e e X BT B RS A S QLSO M SR N
12 , from 8 to 24 hours, to obtain the as-synthesized SSZ-33 crystals. The drying step can
13 be performed at atmospheric or subatmospheric pressures.

14 As used herein, the term "as-synthesized” means that the molecular sieve

15  crystals have been recovered from the reaction mixture and still contain the SDA in
16  their pores, i.e., the SDA has not been removed from the molecular sieve crystals by

17  (typically) caicination. SSZ-33 molecular sieve has a composition, as-synthesized and

18  inthe anhydrous state, in terms of mole ratios as indicated in Table B below:

19 As-Synthesized SSZ-33 Composition

20 TABLE B

21 (1t05)Q: (0.1 to 1) M™": W, 0, : (greater than 15) YO,
22

23 where Q, M, n, W, 5, band Y are as defined shove.
24 As-synthesized SSZ-33 can have a boron content of greater than 100 parts per

25 million.



8 M(medium) is between 20 and 40; S(strong) is between 40 and 60;

VS(very strong) is 9 greater than 60. 10 Table IA below shows the

characteristic X-ray powder diffraction lines of as- 1.1 synthesized SSZ-33
wioclugingaaetual relative intensities. 12 As-Synthesized SSZ#83 /1@ #abl2s61

IA 2 Theta' d spacing (Angstroms) Rel. Intensity (100 x I/lo) 7.86 11.25 90

20.48 4.336 100 21.47 4.139 40 22.03 4.03590 23.18 3.837 64 26.83
13323 40 B8% D IndbGHZsB3enalecultresisd $oan b@/mﬂhhe structure whose X-

treat
3820C, either with or without théj

»8S- s;{% élgev%gre(ﬂf?r a&z!irgé tg)etttgrgr allgﬂgem?ated c()c?]%l en B%lthermal

nt"Is meant ing toa tempera ure £7°8bout 200C to about

Usually, it 18 is

4desirable to remove the alkali metal O%@ earth metal cation by ion

SR e R -

10
11
12
13

14
15
16
17
18

exchange 9 WO 2006/036534 PCT/US’ZUOSTO32561 | and replace it Wlth
hydrogen, diigeium, or any desireingiAngsimemDhermal 2 trelatinsity”
including steamgielps to stabilize the qr1y§galllne lattice from attack by
acids. 3 After calcination, SSZ-33 molecular sieves have a crystalline
structure whé8é84 X-ray powder diffratfiéh pattern shows the VS
characteristig jiges as indicated in Tahjg ik 5 below. 6 Calcined §54-33 7
Table Il 2 Theta" d spacing (Angstroms) IntenS|ty 7.8111.32 VS 20.43
4.347 M-S 2284 4144 W &

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 1A below shows the characteristic X-ray powder diffraction lines of as-

synthesized SSZ-33 including actual relative intensities,

As-Synthesized SSZ7-33
Table 1A
Z_’M d spacing (Angstroms) Rel. Intensity (100 x ¥iy)
7.86 11.25 90
2048 4.336 100
21.47 4.139 40
22.03 4.035 90
23.18 3.837 64
26.83 3.323 40

f 01

S5Z-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 meta! cation by ion exchange

9



22.02 4.037 M 23.18 3.837 M 26.80 3.326 M 8 at0.1 9 Table IIA below
shows the characteristic X-ray powder diffraction lines of 10 calcined

SSZ-33 including actual relative intensities. 11 Calcined SSZ-33 12 Table
wtreddietasd spacing (Angstroms) ReL Intensity (100 X ) 7 &%rAkddskRSs61

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 13 a 0.1 14 The X-ray powder diffraction patterns were
ldetarhirebidsyitstathdarddbbriechmimies, dheyathatioimwas e Thermal

K-a|pha/doublet of copper.and a scintillation 16 nter spectrometer with .
2 o MR e N B SO e R W B
Jpositions, Afa faivotivivnfSE T Hemalktraie Theta isthe Braglianglecierevhose

read,f : r ter rt. From th measured. values, th
e S e B s Iy e
/10 balpere lo is the intensity of the strongest line or peak, and d, the
dnterplanar 2 spacing in Angstroms,corrasponding to the recorded lines,

can be calculated. 3 Variations in the diffraction pattern can result from
“variations in the 4 silica-to-boron mold#alidifrom sample to sample. The

molecular sigyggproduced by %gé%ﬂgg&% {hsaptal or other gation
present in the_ molecular sieve with various 6 other cations yields a similar
diffraction patfeth, although there can bk%hifts in 7 interplanar sp¥8ing as

well as variatjons in relative intensity. Galeination can also 8 caugg shifts
in the X-ray c%i{f%%ction pattern. Notwith4st&gding these perturbatior{% the

22.02 4,037 M
23.18 . 3.837 M
26.80 3.326 M
8§ 7 0.1
9 Table IIA below shows the characteristic X-ray powder diffraction lines of
10 calcined SSZ-33 including actual relative intensities.
11 Calcined S5Z-33
12 | Table TTA
2 Theta® d spacing (Angstroms) Rel. Intensity (100 x Vl5)
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
13 % 201
14 The X-ray powder diffraction patterns were determined by standard
15 techniques. The radiation was the K-alpha/doublet of copper and a scintillation
16 counter spectrometer with a strip-chart pen recorder was used. The peak heights I and
17 the positions, as a function of 2 Theta where Theta is the Bragg angle, were read from
18  the spectrometer chart. From these measured values, the relative intensities, 100 x

10



9 basic crystal lattice structure remains unchanged. 10 SSZ-33 molecular
sieves are useful in hydrocarbon conversion reactions. 11 Examples of
these uses are described in U.S. Patent No. 4,963,337, issued October
w6202 %890 to Zones, which is incorporated herein by referencasi@sbdzsei
EXAMPLES 15 Examples 1-8 16 In the following examples, "SDA 1"
represents N,N,N-trimethyl-8 17 ammonium-tricyclo[5.2.1.02'6]decane
Ihydvbxietberand s$B Angnig g Niistronggssling or peak, and d, the interplanar
2am%%a‘iﬂg¥&'ﬂl}%§r§m9¥é§l{%%ﬁ4&%ng fedeliowing companeRis were, ngld
constant: Si02 19 (Cabosil M-5 fumed silica, 97%), IN NaOH, and boric
3acid. All rifesiatensinilier i Eraoparatsio aam s bl & Bt igHoG/Bihe = 44,
MNISIR2:5 ol A2 B mhe «2 LRSRCtBNS LS, FRSH Bl Aked by
160 C, 43 RPM tumbling on a spit within an enclosed, 22 convection
ShedtBtheraine ReFeRetehacigns resepy i hemalraaysieviwits pigus
6SI0ZNRRRESHIT: 28 ki RG0S 52832612 R R0 k253 %13 A7 3
1.561.012 SSZ-33 2841.04 1.5 12 SSZ-332950,77 1.8 12 SSZ-33,
IMINERIET B EPE8 2527611 KR DS 1 3atE ey SslqinaRmea also
85SZadse sh2f®8 B OQ X923 2i@MENCT RAGE. Itk MMQRA0R6/826584 turbations, the
PCT/U,SZOOS{(i?;ZSGl 1 2 Examples 1-8 demonstrate that as much as
75825F SBRA! (AHE STAHME SRt ERES- with some optimization of the

1oconditionsS3¥.-5ExalmplarSicves are useful in hydrocarbon conversion reactions.
1T Examples of these uses are described in U.S. Patent No. 4,963,337, 1ssued October 16,

12 1990 to Zones, which is incorporated herein by reference.

13

14 EXAMPLES

15 Examples 1-8

16 In the following examples, "SDA 1" represenis NN, N-trimethyl-8-

17 ammonium-tricyclof5.2.1.0*)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 moie ratios: HyO/Si0; = 44, Na/Si0, = 0.10 and Si0O4/ B,O; =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.# mMSDA]l mMSDA2 Si0 XRD RESULT

25 1 2.6 0 12 S5Z-33

26 2 2.1 0.50 12 S8Z-33

27 3 1.56 1.0 12 S8Z-33

28 4 1.04 1.5 12 S8Z-33

29 5 0.77 1.8 12 S8Z-33, MIN. AMO
30 6 0.52 2.0 12 AMO >587-33

31 7 0.26 2.22 12 AMO > SSZ-33

32 3 0.00 2.5 12 ONLY TRACE 33

I



6 The synthesis of SSZ-33 was carried out in a 1 gallon reactor using an 7
overhead motor driven stirrer within the reactor. The following amounts of
reagent 8 were used in the preparation 9 10 130 grams of 0.73M solution
wof BBAER5 mMM) 11 72 grams of SDA 2 (381 mM) 12 H2Qerh#8ms/032561
grams 13 Boric Acid = 23.4 grams (189 mM B203) 14 1 N NaOH = 234
grams (234 mM) 15 Cabosil M-5, fumed silica (97%) = 140 grams (2.33
Imoles) 16 Seeds of SSZ-33 = 3.90 grams 17 18 The reaction was
brought ta.160 ing, a 12 hour.ramp up..r'h 9 stirred at
275 RN s R o Ao A et il A7 SERSIES R SENER
320 mithafip faRevitarsdmeagitioa zatidrdeigtc TéralRD. data of the product
4Showed it to be 21 SSZ-33. The entire batch was then washed and dried
and the same XRD data was 22 obtained. 12 WO 2006/036534
SPCTIUS2005/032561 | WHAT IS CEAMEBAS: 2 3 1. A method for
gPreparing-g,glaculay Higue Raving a MRS ALt of gheaierdar. 4ahaut

15:1 of (1) silicon oxide, germanium oxide and mixtures thereof to (2) 5
ToorBYrEGRL oA (R 8UGRH BHIHbRRIESHET allf ieURVEgdeQyain phreagent
goXidgyrcbitianmiune gxipaflolon oxide and mixtures thereof, and having,

after 7 calcination, the X-ray diffraction lines of Table Il, said method

comprising: 8 9 A. forming an aqueous reaction mixture comprising (1) a
10source of silicaamb@Oxitay germanspoxideangnnixtures thereof; (2) a

source of poron | | gxjde ar a mixture of boron oxide with aluminum oxide,
Hyallium 1 %ﬁ&&stﬂ%ﬁﬁm%égﬁfeng}d?ron oxide and mixtures thereof; (3) a
i2source  H,O = 1485 grams

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

14 1 N NaOH =234 grams (234 mM)

15 Cabosil M-3, fumed silica {97% ) = 140 grams (2.33 moles)

16 Seeds of SSZ-33 = 3,90 grams

17

18 The reaction was brought to 160° C using a 12 hour ramp up. The reactor was

19 stirred at 75 RPM and aliowed to run for 11 days. The reactor was cooled, a sample
20 initially taken and washed and dried. The XRD data of the product showed it to be
21 SSZ-33. The entire batch was then washed and dried and the same XRD data was
22 obtained.

12



13 of alkali metal or alkaline earth metal; (4) an N,N,N-trialkyl-8 14

ammonium-tricyclo[5.2.1.02'6]decane quaternary ammonium cation, 15

‘andﬂ%g an N,N-dialkyl-8-amino-tricyclo[5.2.1.02'6]decane comf)ound;_ 16

Wi 3f_gf%aintaining said aqueous mixture under sufficient ﬁ&?ﬂﬁﬁ@ﬁl
18 conditions until crystals are formed, 19 20 2. The method of Claim 1
wh 'nm react ixture has a composition in 21 terms of mole ratios
1fallﬁzn[§!®i %@?é%%rgﬁgshown below: YO2/WaOb 10-200 OH-/YO2

20.10-1.0 Q/ Y02 0.05-0.50 M™/Y02 0.05-0.30 H20O/ YO2 15-300

3Q/QfM N Qz%oi%?i%? Pzrezngﬁ/ylh%rgng Icsuflllgl%rfle g%lmngglr%o eorralﬁonél W Srer than
thereéof, W'is Boron, or a'mixture of boron, aluminum, gallium, Titanium,

4iron or mixhores $hiep€OF) silisoh oride peBHasi Rroviradeaisl Miktised trbrenf40i€2)
2,Mis a Ué I oedalor alisaline Aartbmatalwig Wa 0080802 ium oxi

5 T oall de,
PCT/USSB% /032561 % nkls the valence of M\,Nand Q s a mixlture%f a’ me ¢
6N, N, N-trigikgigeapride Riurmn 2xdesio [BIRUrG Bt e BUATE: RSy
Rmmoniurg cation, ARe & NaNathalins 3 aminadrioyclald 2eh0d Bldecang:
compound. 4 5 3. The method of Claim 2 wherein the reaction mixture

8has a composition in 6 terms of mole ratios falling within the ranges

gshown below: 7 yQRAYAOR ARG Y& B ABR 3R/ 1020 % 82Bicon

10 oxide, germanium oxide and mixtures thereof; {2) a source of boron
11 oxide or a mixture of boron oxide with aluminum oxide, gallium

i2 oxide, titanium oxide or iron oxide and mixtures thereof; (3) a source
i3 of alkali metal or alkaline earth metal; (4) an N,N,N-trialkyl-8-

14 ammonium-tricyclo[5.2.1.0*%]decane quaternary ammonium cation,
15 and (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 moie ratios falling within the ranges shown below:

YO/ W,0,  10-200
OH/YO,  0.10-1.0
Q/'YO,  0.05-0.50
MY/ Y0,  0.05-0.30

HO/ YO,  15-300
Q/Q+M™  0.30-0.70

22
23 where Y 1s 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 1s2whenais 1, bi1s3 whenais 2, M is an alkali metal or alkkaline earth metal,

13



M™"/ Y02 0.05-0.15 H20/ Y02 25-60 Q/Q+M™ 0.40-0.60 8 9 4. The
method of Claim 1 wherein the N,N,N(r)trialkyl-8-ammonium 10
Wtriga/o(:ﬁlltagé.z.1.02'6)decane quaternary ammonium cation is used in an
SRR TY less than that required to fill all of the microporeP%fHﬁﬁgﬂb’ﬁﬁ%“
molecular 12 sieve. 13 14 5. The method of Claim | wherein the mole
]ratlo of Nhl\xlél\tlﬁy!\faallléxlég ojf Tﬁ@%‘um'm%@%lggs i J;I\Q%-Ql;da %ﬁ-rg?ammonium—
quaternary ammonium cation to ﬁ\?rfgc
2 dialkyl-8-amintifidyciidzct2i6iterayevompommaivabolia NNatielkyl-§-
;higher. 1 8108, e}@qg%e%ﬁl%rlf@n\ém@é%m the mole ratio of
N,N,N-trialkyl-8 19 ammonium-tricyclo[5.2.1.02'6]decane quaternary
4ammonium cation to N,N- 20 dialkyl-8-amino-tricyclo[5.2.1.02'6]decane

scorgpoundtis abadk LiAciRiAPPWhérdin dit R2cfiol AGMELNAM QE&BHEEIAW in

wherein the amount of boron in the molecular sieve is 23 greater than

0100 partstpasipfifishe paiopdaging yiiectirrasizsre ke ®omposition,

~as-synthesized and in the anhydrous 26 state, in terms of mole ratios as
follows: 14 WO 2006/036534 PCT/US2005/032561 12 (1to5) Q: (0.1 to
1) M': W3Ob : (greater than 1‘3?3/‘@5303 4 wHERYY is silicon, germanium or
a mixture thereof, W is boron, gigrrixture) maf fioron, aluminum, gallium,
titanium, iron or mixtures thereof, ais1 or2, b 6is2whenais 1, bis 3
when ais 2, M is an alkali meta@é‘r@kalin@-%ﬁﬁsmetal, 7 nis the valence
of M, and Q is a mixture of a N NrtDalkyd-8sagmimonium

0/ YO,  25-60
QIQM™  0.40-0.60

8

9 4 The method of Claim 1 wherein the NN, N-trialkyl-§-ammonium-
10 tricyelof5.2.1.0%)decane quaternary ammonium cation is used in an amount
11 tess than that required to fill all of the micropore volume of the molecuiar
12 sieve,
13
14 5. The method of Claim 1 wherein the mole ratio of N,N,N-trialkyl-8-
15 ammonium-tricyclo]5.2.1.0"%decane quaternary ammonium cation to N,N-
16 dialkyl-8-amino-tricycio[5.2.1.0%%]decane compound 1s about 1:4 and higher.
17
18 & The method of Claim 5 wherein the mole ratio of N,N,N-trialkyl-8-
19 ammonium-tricyciof{5.2.1 .02’6]decane guaternary ammonium cation to N,N-
20 dialkyl-8-amino-tricyclo[5.2.1.0*%}decane compound 1s about 1:4 to about 4:1.
21
22 7. The method of Claim 1 wherein the amount of boron in the molecular sieve is
23 greater than 100 parts per million.
24
25 & A molecular sieve having a composition, as-synthesized and in the anhydrous

26 state, in terms of mole ratios as follows:

14



8 tricyclo[S.2.1.02'6]decane quaternary ammonium cation and a
N,N-dialkyl-8- 9 amino-tricyclo[5.2.1.02'6]decane compound. 10 11 9. The
molecular sieve of Claim 8 wherein the N,N,N-trialkyl-8-ammonium- 12
Wﬂié@éfgﬁf‘.l.ozﬂdecane guaternary ammonium cation is GES4RT Yy 032561
amount 13 less than that required to fill all of the micropore volume of the
molecular 14 sieve. 15 16 10. The molecular sieve of Claim 8 wherein the
! mole ratio of N,N,N-trialkyl-8- 17 ammonium-tricyclo[5 2.1.02'6]decane
2 quaternary ammionidirQeationttot NMN* 18/,0, : (greater than 15) YO,
dialkyl-8-amino-tricyclo[5.2.1.02'6]decane compound is about 1:4 and
higher. 19 20 11. The molecular sieve of Claim 10 wherein the mole ratio
4 of N,N,N-wriaHeyt- & Rcamgroninmzr wycto]§i2-d B2 GIticbandooaterranixiure
s ammonium,cation,ig. NiN- 22 dialolGaminerevdiel 2d020idemans,
compound is"abou :APto aﬁou?%?f. BB The molecutar sieve of " =
6 Claim 8 wherehsithesadmipisit whiroron InNhie maeléelilare25siveiis gretitaretal,
than 100 par ili Sie —
7 wherein tﬁg }ﬁtﬁglﬁr g@fé%lgsz? gﬂ%&%ﬁ%ﬁiﬁﬁgﬁﬁag&ggs [ rgg%ﬁ)nﬁ
8lines of Taistecipis 29 Bllderapnavaisrosdmadnberforinepadiagiai-dialkyl-8-
9 molec.uIa%ﬁggggg{%%grﬁgzm-%g@é(jl%o%cgaid molecular sieve and an
organic structure directing agent, the improvement 32 comprising
10employing a structure directing agent comprising a mixture of an 15 WO

112006/036934Rficb kP 2905H0 382818 Ivherein the N,N,N-trialkyl-8-ammonium-
N,N,N-trialkyl-8-ammonjum-tricyclo[5.2.1.02'6]decane quaternary

1Zammoniumqﬁ;!@éﬁar};%h@%‘ﬁm guaternary ammaonium cation is used in an amount

13N,N-dialkyds8raumiparriguaial sedil- 02 &loRGARSEOrAREIRAML: oF telRoithQar

method of Claim 14 wherein the N,N,N-trialkyl-8-ammonium
14 sieve.

15

161G The molecular sieve of Clairn & wheremn the mole ratio of N,N,N-trialkyi-8-
17 ammomumutricyclo{s..’l.}.Oz’é}decane guaternary ammonium cation to N, N-
18 dialkyl-8-amino-tricyclo[5.2.1.0*%|decane compound is about 1:4 and higher.
19

20 11 The molecular sieve of Claim 10 wherein the mole ratio of N,N,N-trialkyl-8-
21 ammoniurn-tricycio{i.z.I.OZ'G}decane quaternary ammonium cation to N,N-
22 diaikyl-8-amino-tricyclo[3.2.1.0*°Jdecane compound is about 1:4 to about 4:1.
23

24 12, The molecular sieve of Claim & wherein the amount of boron in the molecular
25 sieve is greaier 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 erganic structure directing agent, the improvement

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

13



5 tricyclo[5.2.1.02'6]decane quaternary ammonium cation is used in an
amount 6 less than that required to fill all of the micropore volume of the
molecular 7 sieve 8 9 16. The method of Claim 14 wherein the mole ratio
W&N?ﬂ?ﬁﬁ?i‘alkyl% 10 ammonium-tricyclo[5.2.1.02'6]decaneP&Té?¢§?ﬁ%ﬁ/ 32561
ammonium cation to N,N- 11 dialkyl-8-amino-tricyclo[5.2.1.02'6]decane

compoun 1:4 and higher. 7. The method of Claim 16 .
\wherein tg\éﬁrﬁpgl il% %faf{frf{? ”fﬂaﬁ@(cé%]z 1-5 %An canc quatemnary ammonium
Q.ammonluMnyﬂﬂ[&amMﬁWM1wmeanamﬁfc?i[ﬂamnca:nmpmmd.
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
4oordh. in tHbemattodlaf Sieire 118/ isgisate NG N 108l pdrisapenaniliion. 19

sgglilaazgr? %Q%ﬁ Qf lﬁ% %{l}?{me Ig%’%%e {@%g%ﬁ‘{?dgé?ir?ﬁﬂmoum

6 less than that required to fill all of the micropore volume of the molecular

7 sieve

8

9 16.  Themethod of Claim 14 wherein the mole ratio of N,N,N-trialkyl-8-
0 ammoniurn-tricyclo[5.2.1.0*%decane quaternary ammonium cation to N,N-
11 dialkyi-8-amino-tricyclo[5.2.1.0*%|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[5.2.1.0**jdecane quaternary ammonium cation to N,N-
15 dialikyl-8-amino-tricyclo!5.2.1.0*°|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

200 19, The method of Claim 14 wherein the molecular sieve has, after calcination, the

21 X-ray diffraction lines of Table IL

16



