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to the synthesis of silicoal um nophosphate and al um nophosphate nol ecul ar
si eves of Wo03@bR4f ranewor k type. In particular -the presRGRUSOBAEAE i on
relates to the synthesis of silicoalum ngphosphate nol ecul.ar sievesof the
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cracki ng processes, especi I by 4 poduce | ight ol efsidage)
such as ethyl ene and/ or prEpgH-EeRe— ' v—=>of hydrocarbon feedstock.

It has been known for sone tine that oxygenat es, especiall

nmet hanol , are convertible into Iight olefin(s). The IOpr ef er?/eﬂ"mmmmﬂwmmmp
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met al | oal um nophosphat es such as the silicoal um nophosphates (SAPO s).
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[0002] Olefins are traditionally produced from petroleum feedstock by

catalytic or steam cracking processes. These cracking processes, especially steam
cracking, produce light olefin(s) such as ethylene and/or propylene from a variety
of hydrocarbon feedstock. It has been known for some time that oxygenates,
especially alcohols, e.g. methanol, are convertible into light olefin(s). The
preferred methanol conversion process is generally referred to as a methanol-to-
olefin(s) process, where methanol is converted to primarily ethylene and
propylene in the presence of a molecular sieve.

[0003] Some of the most useful molecular sieves for converting methanol
to olefin(s) are the metalloaluminophosphates such as the silicoaluminophosphates
(SAPO’s). There are a wide variety of SAPO molecular sieves known in the art, of
these the more important examples include SAPO-5, SAPO-11, SAPO-18, SAPO-
34, SAPO-35, SAPO-41, and SAPO-56. For the methanol-to-olefins process
SAPO molecular sieves having the CHA framework and especially SAPO-34 are
particularly important catalysts. The CHA framework type has a double six-ring
structure in an ABC stacking arrangement. The pore openings of the structure are
defined by eight member rings that have a diameter of about 4.0 A , and

cylindrical cages within the structure of approximately 10 x 6.7 A ("Atlas of



Zeolite Framework Types", 2001, 5th Edition, p. 96). O her SAPO nol ecul ar
sieves of CHA franework type include SAPO 44, SAPO 47 and ZYT-6. [0004] The
synt hesi s of SAPO nol ecul ar sieves is a conplicated process. There are a
nunber of warosa@dses that need to be controlled in order tRETHH0B/ME38% t he
synthesis in terns of purity, yield and (t:hual ity of the SAPO nol ecul ar sieve
produced. A particularly inportant variabte is the choice of synthesis
tenplate, which usually determ nes which SAPO franework type is obtained
fromthe syZaohesiramewbrR TyPas s A00MNGth Editdd) pA9F). Otidr SexPCGemokbuldr t eaches t hat

"not all tenplat] ents suitabl In.the pr ation of certain
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generic clasgojq)lt Isma%?nm@éié of $EEMholddatar §ibGsSPABorhRIBRlea pRocERY | nduce

the formation of different framework types. [0005] In U S "Patent No.
4, 440, 871 ( LBheredre alnninbehe vayinbleethatneod taabaniodtrolledanioedey tofpt@AaRChemt eri al s

f i f k t d i b it h f. ifi
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framework type materials are déscribed. The preparation of SAPO-34 is
reported, usvhightawnlndetaphiaanwhich MARCIoRévesk tyFRADRYtained fromglgr opyl ani ne,
or m xtures Qf .TEAQH.a Wpr b neq( DPA), as._ teml at Al so di scl osed
in this pat eWPt}iegls'gej_% pg%ﬁil\go'g%h‘%%f\%ﬁé?n eﬁ%a}‘ﬁegctggg@ﬁglnoa%yl amine in the
prepar ati on RhphfiRDadedhts AitabloatplBicb el the graphation sBdethinaipscies.£..Agscri bed in
this patent there are no other tenplates indicated as being suitable for
preparing ShPebls forthepigpaeiemaiorknepbras of thpejerisicless” ithval&ywithesi s of
SAPO- 34 was £ 'Q H : 4 O &/ Jp W] ni um
hydr oxi de ( g, ﬂ@ﬁ%er aﬁ‘grgﬁgé?é%gllnﬁl&ec%e Qﬁatfl?lo%fd\}mﬁﬁﬁ I pr opc))y am ne
(DPA), has bsees.the preferred tenplate for preparing SAPO 34. However,

th I iated with th f CH d. DPA. . d
o one, “TEAGHUS: o & Faent i gea sl Epfenaons Hatis oLt idtor oxampl e.
under  cer {al u NGk A0 naEARKS WalibusahuokeipLaLE SlALSYPIDES 5 Of SAPO

18 which has the AEl franewor ype. TEACH 03/ 106341 PCT/ US03/18358 3
number of specific examples. Also disclosed are a large number of possible

organic templates, with some specific examples. In the specific examples a
number of CHA framework type materials are described. The preparation of
SAPO-34 is reported, using tetracthylammonium hydroxide (TEAOH), or
isopropylamine, or mixtures of TEAOH and dipropylamine (DPA) as templates.
Also disclosed in this patent is a specific example that utilises cyclohexylamine in
the preparation of SAPQ-44. Although other template materials are described in
this patent there are no other templates indicated as being suitable for preparing
SAPO’s of CHA framework type.

[0006] Since the synthesis of SAPO-34 was reported in U.S. Patent No.
4,440,871, tetraethylammonium hydroxide (TEAOR) either alone, or in
combination with dipropylamine (DPA), has been the preferred template for
preparing SAPO-34. However, there are problems associated with the use of
TEAOH and DPA. When used alone, TEAOH affords a limited range of
synthesis parameters. For example, under certain conditions TEAOH will also

template the synthesis of SAPO-18 which has the AE] framework type. TEAOH



is thus relatively intolerant to synthesis condition variations. TEAOH is
sonetinmes conbi ned with DPA. However, DPA has a |low boiling point (110 C
resulting in the need for production plants that can handl e hi gh pressures.
In certai woomumdssi es, the use of DPA requires special remuiiegoenssss

aut hori zations due to its toxicity. Also, DPA is an aggressive tenplate
and is often inplicated in re- dissolutién of the silicoal um nophosphate
nol ecul ar sieve during its synthesis, resulting in poor quality

cryst al | i neigthaghelatively éntblerasititof syathegis tdﬂdn@nwhriathexscmﬁoﬂl is. Finally, it
has proved difficult up to now to_nmake pure phase CHA

si | i coal unmi sopeiBRgsisambineg vathuPBA. Sospres, RP A hana iowmbeilipg E@lﬁt €40 8 uni ni um
atom ¢ rat Iré%lolkl%lg?ngfé% n,egdS %t# ﬁlgdﬁa o%rgla%l\g)that,%aé ﬁanﬁg ﬂll)gh p“ rlﬁpor ted that

SAPO- 44 was ase am ne as a

tenpl ate. | GertdisBeouniesNthe ubdof I@EAG&;,u&&ﬁspéd;aluegtﬂito@J au):horfzedmisidueioy pure CHA
SA- PO- 44 was obtained using the sane tenplate but with control of the
ratio of templeray: d\lea, MR/hisumageigreye templaternd it eftendmplicaief@atror ous sour ce
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it was repor e use o am ne res iR 'SAPO- 47 and
the use of cyslinhéxybanjualty cr)esamirteqﬂodum duﬁpusmfzﬁAlﬂmlﬁglof tbttygtalbut yI ami ne

has an even | ower. boilin at 91 t han DPA.__[0009] In US Patent
No. 4,861, 73! MFhae"tpmﬂ% ‘g&l")ﬂtu%%’l’@?‘l@‘fpuﬁp%% H~|[‘A’eported that the use

of N, N-diet @Mic‘a‘&m@ﬂa%hﬁag Hﬁem&&m%@%ﬁﬁql&%sxlm\a'talglumﬁalu&%m trated on
the peripheries o grysta and Co at the centre. [0010] In U S. Patent

No. 4, 310, 44&iq W | son et al. ). tri et hanol am ne, N, N di nethyl et hanol am ne,
NN- det hyl et am n d| et . am ne | et hanol am ne,
were all g@&{% pr e%hvgg‘% %44§p§ ?fcfg ggatg?ﬁ %H@%\or k type AFI.
N- et hyl et h%&h&m"&%@%}&lpﬁ@sen asag E%erﬁyl%%%ﬁ téhphie¥- InAL.SOPatdnt amewor k
type AWO. [0011] In European Patent Publication No. 0,993,867, it was

reported tha¥o. 6di6aghsfdNastiehl reetixelicrute GHAG ARO A4 wasabBImdysias thedi f  er ent
synthesis Congkemp%}g butvw g’c{njcr%isgfd‘tile B gg Pég'ﬁ!léltg B fumthium source and

the ratio of phosphorous source to aluminium source.

[0008] In European Patent Publication No. 0,993,867, it was reported that
the use of methylbutylamine resulted in SAPO-47 and the use of cyclohexylamine
resulted in impure SAPO-44. Methylbutylamine has an even lower boiling point,
at 91 °C, than DPA.

[0009] In US Patent No. 4,861,739 (Pellet, et al.), Example 102, it was
reported that the use of N,N-diethylethanolamine produced CoAPSO-47, having
Si concentrated on the peripheries of the crystal and Co at the centre.

[0010] In U.S. Patent No. 4,310,440 (Wilson et al.), triethanolamine, N,N-
dimethylethanolamine, N,N-diethylethanolamine, N-methyldiethanolamine, and
N-methylethanolamine, were all used to prepare AIPO,-5, aluminophosphates of
framework type AFI. N-methylethanolamine was also reported to produce AIPO,-
21 of framework type AWO.

[0011] In European Patent Publication No. 0,993,867, it was reported that
diethanolamine produced SAPO-34 and SAPO-5 under different synthesis

conditions.



[0012] In the art various attenpts have been nmade to inprove the synthesis
of Al PO4 or SAPO nol ecul ar sieves. One approach has been the addition of a
source of fluoride ions to the synthesis m xture. [0013] In U S. Patent No.
5,096, 684 ywaushoetl al . ), norpholine and tetraethyl amoni RGT/EEIFIE3ES de wer e
found to tenplate the production of SAPO- 34 when in the presence of HE
According to Guth et al. the use of HF in* conbination with the organi c
tenplate results in silicoal um nophosphates which have inproved thernal
and hydr ol yt [081%t abi | ilnyhe grovaripps aﬁpnwt@avp@p@nmacim mprme {he8ynthesiehl et

al.), SAPO 2 froms esi s mx{ures co i.nin

tetranet hyl am?ﬂ%})% gb&? &l Siey ﬁ’l r%PBIOa?*bﬁass qe?rb%e ‘?8?“ ubl e sources
of fluoride ﬁmfﬂaoﬁsﬂd}i@de i@nawtheaymmsuﬁixhhaorl de. [0015] In U S. Patent No.

6, 001, 328 (L| | | erud et si |l i coal um nophosphate indicated as U O S7

was prepar ed%¥ing éﬂﬂéﬁeﬂ%ﬁﬁ%ﬁ?%ﬁﬂﬁﬂﬂb%@&b mpephalingdndit e or

t et t hyl Ph. D.
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tenplate in conbinatiqon with HF. [Q017] W] son et al reported that it is
beneficial t® op Sy thespreapis taprlate FespltsirHiceaminaphpwbptaswhishct i on

(M CrOporOush&%@gn%§9d)fh'é%a%ﬁfc{rb?‘txéstal%gty 117-126, 1999). Low Si content

has the effect of reducing propane’formation and decreasing catal yst
deacti vati on[00141018] Aslb&rPalnamNseem(f 48j7h(11<tdahl aak); BAPO-2Bwakescri bed herein,
nunber attenpts to utilise alternative s ntheS|s

th h
oot aut oottt S SAherts RO N e o G S EC e

desirabl e thﬁfd@‘[x@hﬁeldﬁsffﬂoﬂﬂwﬁk@f"éoﬁ)ﬂiﬁﬁﬁﬁe§ofﬁﬁﬁ}id@sﬁ’&zﬁ Ko SpeC' ific for
the synthesis of silicoal um nophosphate or al uni nophospha e nmol ecul ar

si eves of CHmmpzipgrokideype. Anot her separate objective is to find new

tenplating s ms whi.c f effe control of the final
conposi tion %}?igl | i coaf’[]]r’ns ﬂoﬁg‘:f?gyvéiﬁ%l g%f&&—‘m’ ‘T‘tﬁﬁé\ﬂor k types and in WD
03/ 106341 PGlliddaldid§3Hosphate indicated as UiO-S7 was prepared using

tetramethylammonium hydroxide pentahydrate or tetramethylammonium

hydroxide, in combination with HF.

[0016] In a Ph.D. thesis (E.H. Halvorsen, University of Oslo, 1996), it was
reported that low silica SAPO-34, designated as UiO-S4, was produced using
TEAOH template in combination with HF.

[0017] Wilson et al., reported that it is beneficial to have lower Si content
for methanol-to-olefins reaction (Microporous and Mesoporous Materials, 29,
117-126, 1999). Low Si content has the effect of reducing propane formation and
decreasing catalyst deactivation.

[0018] As can bee seen from the disclosures described herein, there have
been a number of attempts to utilise alternative synthesis templates for the CHA
framework type, with limited success. It is desirable therefore to find new
synthesis templates that are specific for the synthesis of silicoaluminophosphate or
aluminophosphate molecular sieves of CHA framework type. Another separate
objective is to find new templating systems which afford more effective control of

the final composition of silicoaluminophosphates of CHA framework types and in



particular control of the Si/A (silicon to alumniumatomc) ratio in the
final product. In nolecular sieves of CHA framework type, the Si/Al atomc
ratio is often expressed as the nunber of Si atonms per CHA cage of the

nol ecul ar wicenaoe34each CHA cage bei ng conposed of 12 T atmwuy18sONs are
either Si, Al or P). Yet another separate objective is to find tenplates
suitabl e under a wi de range of nolecul ard si eve synthesis conditions for
the synthesis of silicoalum nophosphate or al um nophosphate nol ecul ar

si eves of Ciparticukmeowrdt of thedSi/AS(sillaR Yo eEniliiEn|adEkTiaONif 00 8kl The present

i nvention provjd a process for aring.crystall.ipne nolecular sieve of
CHA f ranemrpﬁ‘?cl‘ﬂ.?gz,n %ﬁF“c}ﬁa"ﬁ}%’Ese%f%%ﬁHeg’géﬁ Wﬁ% %%Vg&t?{ﬁwéﬂ%t hesi s
m xture Conpfied eRgteded A4Hhe QuRberdIf SMhRHPeACHAWAEE ofhe mRERPGEHS. @ source

of silicon and at |east one organic tenplate of "fornula (I) RIR2N-R3 (1)
wherein - RachhGHARRgabeing nompesadienil ¥ atosisddtatuing aro pithen81,g¥lonB).consi sti ng

of al kyl gr S aving from 1 t.o 3.carbon, atong,and hydroxyal kyl groups
havi ng fromqkl.I ta%OLger € %5% r?%%?ftb‘f?sl? to fi ewﬁéeélsglgisbé%m?i% Wf‘%é'xlbgreo%p

consi sting GholdculdrQicSe QFLAnEMEhORE 1lsy BHOSHAS silicoRumdphbsphagbst i t ut ed
by 1 to 3 alkyl groups having from1l to 3 carbon atons, 4- to 8-nenbered
het er ocycl i ©rghoupephespliatrgmelegnar sieves of GlaAdrapemonstypeai d het er ocyclic
groups being optionally substituted by 1 to 3 alkyl groups having from1l
to 3 carbon atons and the heteroatons in said heterocyclic groups being
sel ected fr GUMMARYOOP THRINVENTJON O, N, and S; and b) inducing
crystallization of crystalline nplecular sieve of CHA framework type from
the reacti odO3t ur e Thg orpsot inveERtQEYRIBYiges & Bracess HaRrePaiRhPYHRIESf f or mul a

(I) isate f I 3/ 106341
PCT/ US03/ 18 5%@“2”\%}%? é)l?E@Bﬁ?éé‘garﬁgﬂég%g%nﬁgé%se%mp%ﬁgbaI kyl groups,
optional | y sipstviding edyhilyesis mixtareScamatrisylg agroorep ®f aluminum, a source of

phosphorus, a source of silicon and at least one organic template of formula (I)

RIR2N-R3 (1)

wherein
- Rl and R2 are independently selected from the group consisting of alkyl gréups
having from 1 to 3 carbon atoms and hydroxyalkyl groups having from 1 to 3
carbon atoms;
- R3 is selected from the group consisting of 4- to 8-membered cycloalkyl groupé,
optionally substituted by 1 to 3 alkyl groups having from 1 to 3 carbon atoms, 4-
to 8-membered heterocyclic groups having from 1 to 3 heteroatoms, said
heterocyclic groups being optionally substituted by 1 to 3 alkyl groups having
from 1 to 3 carbon atoms and the heteroatoms in said heterocyclic groups being
selected from the group consisting of O, N, and S; and
b) inducing crystallization of crystalline molecular sieve of CHA framework type
from the reaction mixture.
{0020] Preferably, the organic template of formula (I) is a template of
formula (II) _

(CH3)N-R3 (1)



[0021] More preferably, the organic tenplate is selected fromthe group
consi sting of N, N-di net hyl -cycl ohexyl am ne, N, N-di net hyl - net hyl -

cycl ohexyl am ne, N, N-di net hyl -cycl opentyl am ne, N, N-di nethyl - et hyl -

cycl opent ywanisneg34N, N- di et hyl - cycl ohept yl am ne, N, N- di neRGIyUS03/18358

met hyl cycl oheptyl am ne, . Most preferably, the organic tenplate is

N, N- di met hyl - cycl ohexyl am ne. [0022] The6pr_ocess of the present invention
resul ts nol ecul ar sjeves having the CHA framework type which, as

synt hesi zed, Whervia Rihis gufe toc8-meegnbeieidicyeloalkpleroynst emsionally ubstisted by lone

enbodi nment o{ he ﬁl;qesent i nvention there is provided a

silicoal um ngpatﬂ’B%tB T8Yfol ecul ar si eve, substantiall y of CHA franmework

type, conprioe2mng W bR prdfrabl! thd ofdaiiRlt@thplatees Sdldcedifting tiigrdupast one
tenplate of formula I, preferably of fornula I, nore preferably

N, N- di met hy| cangistingheldyNaginteshylpdogxylamize, NN diwethelpetiylnent t he present

i nvention provides .a _crystall i RN ' I ¢ ecul ar sieve
subst anti al |§ﬁ°?)‘§‘e@ﬁi<“f“reaw 7 er‘]‘%&}'@ﬁg,mb%“g‘a!‘“ﬁ{g}%gﬁt gi?%?ﬁé??s ilc X-ray powder
diffracti on paidpentyleané N Nidigedl]-tyisheptylenife, NsNatimegl-as set forth in
Table la: Table la 20 d(A)  1%_9.46 9.34 63 12,86 6.88 12 13.98 6.33 16
16. 02 5. 53 5methyicygigheptyigmine, . Most ppeferablygthg grganiegemplats i, N-fimeshyln> 3 56 36
25. 66 3.43 éyﬁcloh%le%in?ezgl 37 131.18 2.87 18 WD 03/106341 PCTI US03/ 18358 7

[0022] The process of the present invention results molecular sieves having
the CHA framework type which, as synthesized, have unique x-ray diffraction
patterns.

[0023] In one embodiment of the present invention there is provided a
silicoaluminophosphate molecular sieve, substantially of CHA framework type,
comprising within its intra-crystalline structure at least one template of formula I,
preferably of formula II, more preferably N,N-dimethyl-cyclohexylamine.

[0024] In a further embodiment the present invention provides a crystalline
silicoaluminophosphate molecular sieve substantially of CHA framework type,
having a characteristic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table Ja:

Table Ia

20 d(A) 1%
9.46 9.34 63
12.86 6.88 12
13.98 6.33 16
16.02 5.53 51
17.80 4.98 24
20.62 4.30 100
22.42 3.96 11
25.02 3.56 36
25.96 343 16
30.68 2.91 37
31.18 2.87 18




[ 0025] Preferably, the present invention provides a crystalline

sili coal um nophosphat e nol ecul ar sieve substantially of CHA framework type,
having a characteristic X-ray powder diffraction pattern containing at

| east the Wwompesings as set forth in Table Ib: Table | b B8t 9. 46
.34 63 12.86 6.88 12 13.98 6.33 16 16.02 5.53 51 17.80 4.98 24 19.06
.65 2 20.62 4.30 100 22.06 4.03 8 22.U42 3.96 11 23.10 3.85 7 25.02

.91 37 31.18 2.87 18 31.68 2.82 2 32.44 2.76 2 33.62 2.66 3 34.60

1 39&42263 42.98 2.10

9
4
3.56 36 25.96 3.43 16 27.72 3.22 4 28.26 3.16 4 29.62 3.01 4 30.68
2
2
3

.59 8 35. O[%0§5]56 ]‘Pre:%'6 ral}l8, t%egr8es¢35nt 1nvent106n ;?ro%%e

S a crysta

silicoaluminophosphate molecular sieve substantially of CHA framework type,

having a characteristic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table Ib:

Table Ib

20 d (A) %
9.46 9.34 63
12.86 6.88 12
13.98 6.33 16
16.02 5.53 51
17.80 4.98 24
19.06 4.65 2
20.62 4.30 100
22.06 4.03 8
22.42 3.96 11
23.10 3.85 7
25.02 3.56 36
25.96 3.43 16
27.72 3.22 4
28.26 3.16 4
29.62 3.01 4
30.68 2.91 37
31.18 2.87 18
31.68 2.82 2
32.44 2.76 2
33.62 2.66 3
34.60 2.59 8
35.02 2.56 1
36.18 248 5
38.76 2.32 1
39.84 2.26 3
42.98 2.10 3
43.58 2.08 3
45.28 2.00 1
46.92 1.93 1
47.84 1.90 4
49.02 1.86 4
49.52 1.84 1




43.58 2.08 3 45.28 2.00 1 46.92 1.93 1 47.84 1.90 4 49.02 1.86 4 49.52
1.84 1 WD 03/106341 PCTIUS03/18358 8 [0026] It is preferred that the

nol ecul ar sieve having the X-ray diffraction pattern of Table la or Ib
conpri ses WoNBdoaset hyl cycl ohexyl amne within its intra- GCGISiSas/183se
structure. [0027] In another enbodi nent, {he present invention provides a
crystalline silicoalum nophosphate nol ectil ar sieve substantially of CHA

f ramewor k ty[)e having a characteristic X-ray powder diffraction pattern
cont ai ni ng al00R8hst tlke perfersgsbatibrmalecular sigvsrhaying thepéntedifraction Tabl e Ma 20

d(A) 1% 9.5 .04 6, A5 . 1 16.08.5.51 57 17.88
4.96 25 18. éadt%ﬂg @fz-ﬂag’]e I%.r g’BCOE’.‘pi’ge“%]g’N é‘{’?%]i‘@%e’é‘gm% ."6&“‘%%‘%“%‘2 25. 44
3.50 20 26. &9s3liad sthixturd0. 74 2.91 22 31.04 2.88 26 31.18 2.87 19 [0028]
Preferably, the _present invention provides a crystalline

[0027 In another embodiment, the present invention provides a crystalline
silicoaluminophosphate molecular sieve substantially of CHA framework type,
having a characteristic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table IIla:

Table I1la
20 d (A) 1%

9.54 9.26 100,
14.04 6.30 20
15.68 5.64 15
16.08 5.51 57
17.88 4.96 25
18.00 4.92 27
20.68 . 4.29 76
21.22 4.18 21
25.04 3.55 32
25.44 3.50 20
26.00 3.42 10
30.74 2.91 22
31.04 2.88 26
31.18 2.87 19

[0028] Preferably, the present invention provides a crystalline

silicoaluminophosphate molecular sieve substantially of CHA framework type,
having a characteristic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table IIIb:



si li coal um nophosphate nol ecul ar sieve substantially of CHA franmework type,
havi ng a characteristic X-ray powder diffraction pattern containing at

| east the d- spacings as set forth in Table I11b: WO 03/106341

PCT/ US03/ 18838/10841Tabl e 111b 20 d(A) 1% 9.5 9.26 100 12CIAHBIBBsHO 13. 36
6.62 4 14.0 6.30 20 14.56 6.08 3 15.68 5.64 15 16.08 5.51 57 16.80
5.27 8 17.88 4.96 25 18.00 4.92 27 20.%8 4.29 76 21.22 4.18 21 22.12
4.02 7 22.60 3.93 8 23.18 3.83 25.04 3.55 32 25.4 3.50 20 26.00 3.42 10

26.26 3.39 3 27.00 3.30 3 [28.28 3Tabedllb30.36 2.94 9 30.74 2.91 22 31.0
2.88 26 31.18 2.87 19 20 d (A) %
9.54/ . 9.26 100
12.92 6.85 9
13.36 6.62 4
14.04 6.30 20
14.56) 6.08 3
15.68 5.64 15
16.08 5.51 57
16.80 5.27 8
17.88 4.96 25
18.00 4.92 27
20.68 4.29 76
21.22 4.18 21
22.12 4.02 7
22.60 3.93 8
23.18 3.83 4
25.04] 3.55 32
25.44 3.50 20
26.00 3.42] 10
26.26 3.39 3
27.00 3.30 3
28.28 3.15 4
30.36 2.94 9
30.74 2.91 22
31.0 2.88 26
31.18 2.87 19
31.60 2.83 9
33.64 2.66 3
34.60 2.59 5
36.24 2.48 5
43.02 2.10 4
[0029] It is preferred that the molecular sieve having the X-ray diffraction

pattern of Table IIla or IIIb comprises N,N-dimethylcyclohexylamine within its
intra-crystalline structure and fluoride, more preferably hydrogen fluoride.
[0030] In another embodiment the present invention provides a method for
the manufacture of a molecular sieve catalyst composition, which method

comprises forming a mixture comprising at least one molecular sieve of the



31.60 2.83 9 33.64 2.66 3 34.60 2.59 5 36.24 2.48 5 43.02 2.10 4 [0029]
It is preferred that the nol ecul ar sieve having the X-ray diffraction
pattern of Table Illa or I11b conprises N, N-di methyl cycl ohexyl am ne within
its intraworogdeaasl i ne structure and fluoride, nore pref ACAAISYP3/BIGR ogen
fluoride. [0030] In another enbodinent the present invention provides a
nmethod for the manufacture of a nol ecul ¥ sieve catal yst conposition,

whi ch nethod conprises formng a mxture conprising at |east one nol ecul ar
si eve of t hersdnt03vehG6344HRETédISOR/[08B88ing bgepy wfemt a mplesntar save Wi t h at

| east one forpul ati n% agent, to forma nol ecul ar sieve catalyst

conposi t i on.CRYEFPMPPRNBt a further enmbodi ment the present invention

provi des forjogs1) M| efilAh fBkRY BmbadiRkiShe HROROFIVEARIN HOVBEI fol 1 at | east
one nol ecul ar sieve of° the present invention in admxture with at | east

one f or nul atmelecueg eieve cita@gSZpmipnsition camprisingetisrast ane moledular piceseint i nventi on
provides for,the use of. at Late.of fornula | referably of formula I,
nor e preferéB?VeT\el_,n nvﬁ“?&‘ﬂﬁ&%g‘é‘%ﬁé&ﬁ%ﬁ?tr?gf?ogf&u}aglﬁﬁfﬁp%i n the presence of
a source of [bbh3ggri deqn 4 furthBEemodnh&iR Shespreknsinldntion prvidie BhiabPivatogs of CHA

framework type. [0033] In another enbodi nent the present invention provides

a met hod f ora tembleterpfferida Lpecferbly ofrireula Ihmare prederaldy &.Yst conposi ti on,
whi ch net hod,. ¢ ri.ses._for.mng..a i xtur reSi St - nmol ecul ar
mﬁtgglgml? ele{{ai ne, .oﬂPorna_ X rlril tgnfe §ﬁ%9n@ ok’? s&g‘f‘ea&f fllu%?\ﬁ%, ell'g g’t%

. ~di
Sl eve COITpI’IéI Sl Ine structure a one

tenpl ate of dyathelid &f silicoaledissphiobphatedbf CHANMMmewdrk typer e pref erabl y
N, N- di net hyl Céfl ohexyl am ne, or as obtained from a process utilising a
tenpl ate of W83l a In ansther embpdipnest the Bressnt ventiongipudess wetBediory

N, N-di met hyl tﬁygaﬂ}gégglleaoqﬁa%oleé@lirgie@& cétﬂ?ﬁggrggfsnfuﬁ{, Wﬁkc@trhaﬂodagent , to form

a nol ecul ar sieve catal yst conposition. n'yet a further enbodi nent
t he present d¢ompeindsiformipg @whidmse famprizingrableestwna modécelae siewd eimysisingonposi ti on
conprising a\EViﬂlﬁl’el %? }ntr%[]cef\'ystalline structure at least one template of formula I, preferably

of formula 1I, more preferably N,N-dimethylcyclohexylamine, or as obtained from

a process utilising a template of formula I, preferably of formula II, more

preferably N,N-dimethylcyclohexylamine, with at least one formulating agent, to

form a molecular sieve catalyst composition.

[0034] In yet a further embodiment the present invention provides for a

molecular sieve catalyst composition comprising at least one

silicoaluminophosphate molecular sieve comprising within its intra-crystalline

structure at least one template of formula I, preferably of formula II, more

preferably N,N-dimethylcyclohexylamine or as obtained from a process utilising a

template of formula I, preferably of formula II, more preferably N,N-

dimethylcyclohexylamine, in admixture with at least one formulating agent.

[0035] The mo_lecula‘r sieves of the present invention or prepared according

to the preparation method of the present invention are useful catalysts for the

conversion of feedstocks, preferably oxygenate feedstocks, into one or more

olefins.



si | i coal um nophosphat e nol ecul ar sieve conprising withinits

intra-crystalline structure at |east one tenplate of formula |, preferably
of formula Il, nore preferably N, N-di nethyl cycl ohexyl am ne or as obtained
froma prowess/usil i sing a tenplate of fornula I, preferrdIygsoyissor mul a

1, nmore preferably N, N- dinethylcycl ohexylam ne, in adm xture with at
| east one fornul ating agent. [0035] Thelhol ecul ar sieves of the present

invention or prepared according to the preparation nmethod of the present
i nventi on aBRIEFDESCRIPEIQNIQF THIE PRAWENGSer si on of feedst ocks,

preferably nat e.feedstocks, into one or. nore. olefins.. WO Q3/ 106341
PCTI US03/ 18908581 11 &éﬁ%’ﬁqmtbﬁ‘%ﬁ@ f@%e‘f'ﬁéfﬁﬁéﬂ@ﬁﬁﬂ&?%’@%éf‘cﬁsﬁ re 1 shows
the XRD pat (A raRbwbfinsheddriitil RCHhRthykyBBExyPmin&itnfn tAgewor k type
conprising N, N-di met hyl Cycl ohexyl'am ne within their intra-crystalline
struct ures oitaa¢rmsalling sterctigesiehainest afier § dayd aficrstalligationgising veingi ng  anount s
of silicon squrce 'gn .the nol ecyl ar lgi ?ve.es%nt tesi S . 'xé ure. [0037] Figure 2
shows t he Xﬁﬁoﬁﬁttsf) ?lhgorbsfouﬁcre% OPTRE SIS Al SR RE™ of  CHA framewor k
type conpri 903} N, N- BigR!h Yheyscthe IXRXY patteind f bybiailine ni@édular idtdsafcryst al | i ne
structures obtained atgt er 7 days of crystallization, using varying anounts
of silicon $3lA &emeyorkigpaererniping N.o-dinethyqyelobexrydaming it thein038] Fi gure 3
shows the XE . ' C I f r amewor k
type conpri sEilB ﬁ%&%‘ﬁﬁ@? %%%F%%@%de%f Z%Lﬁse&#v(\:n sﬁaﬁllﬁﬁ%ﬁlﬁ%iu(rgfngivn F&-cr ystal line
struct ures ehioantsedsititéresoundedayte mélecilay Sieat bymladsisanixtwsi ng HF as  wel |l as

varyi ng anmounts of silicon source _in the no|lecular sieve synthesis .

m xture. DET3ISED DEBERICETIONS de R e mtalﬁmwef%ﬁﬂ%wef @%39] The
invention i I bé E5h PN nﬁﬁp% Riledymin¥ Wilkhat N9

crystalli nesca}%lrfn ngt)‘)ﬁg(s‘gh%t esﬁgsrll S I?‘coa um no%ﬁgsphat és substantial ly of
the CHA fr dnteasonyktallipp strudturepabtaineddfter 3 idayshefsrizdiizationndingifitasa speci fi c

group of organic amines are effective t | afes in the nt hesi s of
al umi nophosﬁ’g@taé VaRipe @P?qn&%ﬁﬁﬂ%ﬁoa%ﬁ%ﬁﬁg%gf%‘ﬁ%ﬁvaﬁﬁ t?‘ Ves of the CHA

framewor k t yRewmrd t has been

DETAILED DESCRIPTION OF THE INVENTION

INTRODUCTION

[0039] The invention is primarily directed toward a method for synthesising
crystalline aluminophosphates and silicoaluminophosphates substantially of the
CHA framework type. In particular it has been found that a specific group of
organic amines are effective templates in the synthesis of aluminophosphate and
silicoaluminophosphate molecular sieves of the CHA framework type. It has been
found that if templates of formula (1), preferably of formula (II), most preferably,
N,N-dimethylcyclohexylamine, as described below are used to prepare SAPO
molecular sieves, then SAPOs of CHA framework type and of substantially high
purity are obtained. Furthermore, in another embodiment, these templates may be
utilised for the synthesis of SAPOs of CHA framework type having low Si/Al

atomic ratios, i.e. low acidity.



found that if tenplates of fornula (1), preferably of formula (I1), nost
preferably, N, N-di nethyl cycl ohexyl am ne, as descri bed bel ow are used to
prepare SAPO nol ecul ar sieves, then SAPCs of CHA franework type and of
subst ant i aMooshibgm purity are obtained. Furthernore, in RITOTI9&1N83SS

enbodi ment, these tenplates may be util irlr?ed for the synthesis of SAPGCs of
CHA franmework type having low Si/A atonfc ratios, i.e. lowacidity. WO
03/106341 PCT/ US03/18358 12 MOLECULAR SI EVES [0040] The nol ecul ar si eves
of the presdMPLEGRLARSIEYES may be represented by the enpirical fornula, on

an anhydr ou iS: - (SEXALYRZ) 02 . wherein. R represents at | east one

t enpl ati ng ZSQn of ?E? ?ﬂ?:lemiw 9 %ﬁ%ﬁﬁseﬁ?‘vwgﬁe’iﬁy ﬁepfeéené%qaect ed from
the group cwmysthstmpgicalf foahky,onGhaRsdrels Hayidr oxyal kyl groups; R2 is
selected fromthe group consisting of al ‘f,yl groups or hydroxyal kyl groups;
R3 is selected fromthe group conBRsEidd oO:cycl oal kyl groups having from 4
to 8 carbo , I i honal |y substituted by
1to 3 al kyW&gggﬁprgﬁégﬁ%ﬁg%agn@%é%rﬁ5%%?%?;@%%@8ups having | to 3

het eroatons, said heterocyclic grRoWRIN-BEi @y optionally substituted by 1 to
3 al kyl groups and the heteroatons in said heterocyclic groups being

sel ect ed froWieeB group consisting of O, N, and S, all alkyl and al koxy
groups i ndepgh e i : b 3 i s.the nunber
of ‘ot es-of "R papiepi B8l 80 ol Bhrgishle I 4R MR oP B i) BB, 0007 T o
0. 3333, pr efR% Bisklgctbd fromth §iddp tansBitihg 61 alkylcsronps tor pydibeyatidyll groupgm 0. 0667
to 0.1; X, y,rand z respectively represent the nole fractjon of Si, A and
P as tet rai‘%%j’rsa?Fl_eBtiﬁl g"BE‘.tgf QWHRPOT}SW%B%BEW h&mups having IR A{RE t han or
equal to 0.Q4rhok dto?n%%ﬁék?éloalﬁﬁ%ﬂau@& b&AY BhtidrRIlY sutRfhted FNGo3 A7 greater
than or equal to 0.01. In”anot’her "enbodinent,” mis in the rande of from
great er tharerousi4 tol-aisobered hg@8Byclic greufshavingé te dmgisraafonis; said gr eat er t han

0 to about qie%e]fbcy%ﬁcl: grolu}r)]s lgerllr?g cgp Bgael]yosfubgt{tgt@d %y %?o %lk%rl gfoups and the
heteroatoms in said heterocyclic groups being selected from the group consisting
of O, N, and S,

all alkyl and alkoxy groups independently having from 1 to 3 carbon atoms; and
m is the number of moles of R per mole of (Si,AL,P,)O, and m has a value from
0.0417 to 0.3333, preferably from 0.0624 to 0.166, and most preferably from
0.0667 to 0.1; x, y, and z respectively represent the mole fraction of Si, Al and P
as tetrahedral oxides.

[0041] In one embodiment, m is greater than or equal to 0.04, x is greater
than or equal to 0, and y and z are greater than or equal to 0.01. In another
embodiment, m is in the range of from greater than 0.01 to about 0.3333, x is in
the range of from greater than 0 to about 0.31, y is in the range of from 0.25 to 1.0,
and z is in the range of from 0.25 to 0.9, more preferably m is in the range of from
0.05 to 0.10, x is in the range of from 0.01 to 0.2, most preferably from 0.02 to
0.15, y is in the range of from 0.4 to 0.9, and z is in the range of from 0.3 to 0.9.
Optionally, the molecular sieve may also contain fluorine.

[0042] When the molecular sieves are calcined the organic template is

removed and the resulting aluminophosphates or silicoaluminophosphates have a



and z is in the range of from0.25 to 0.9, nore preferably mis in the
range of from 0.05 to 0.10, x is in the range of fromO0.01 to 0.2, nost
preferably from0.02 to 0.15, y is in the range of from0.4 to 0.9, and z
is in the wangaos#l fromO0.3 to 0.9. r Optionally, the nRGZUNHNI83SE eve may
al so contain fluorine. [0042] Wen the nmpl ecul ar sieves are cal cined the
organic tenplate is renoved and the resddti ng al um nophosphat es or

si |l i coal um nophosphat es have a WD 03/106341 PCT/ US03/ 18358 13 CHA
framewor k t amaEnewerk ybe entdare ghsubatantjallyihigh puaity inteimes efdheis of their

i 11 coal um Hagediobhapk YT ot BRHERERYAT o i igpBeshet Fhe present

speci fi cat i aunvihépshosstay RRESVorE typmqﬁ tliedpraseil dpeci@adtioniviep hereRhed i
substantially of CHA framework ty or of substantially high purity in

terms of |t§nadeé?rﬁ§k5‘PRaIWp@PhQSPh%e ﬁﬁ%ﬁ?@tl%lly ofiGHA damgwerkdppogptiat e nol ecul ar
si eve which 0 ‘alﬁﬁﬁlgg&iﬁg&m%‘%@t tfﬁ%ngagr%%ﬁﬁisre[ﬁ%&‘ﬁ%rk type, preferably

70% or greater ramewor ype ly 90% or greater

of the CHA fsﬂ&ﬂﬁ\ﬂ@ﬁﬂ@ph&@ﬁiateaﬂitﬂedﬁmtslew Wh&h&bﬂn)ﬂnse@%f%ﬁr gidatoetheof the CHA
f r amewor k téﬁﬂé as determned b 043] The_nol ecul ar. si eves of the

present inv SrmeRpTiciyRe o ‘?ferégls?{r?&% or &iﬁ%}ﬁrﬁfﬁ@f Hﬁtf@FWk WPHi t h anot her
silicoal um qg&@p&@é}%@ 989 G YERAAPHAHIA HEmeIBHEGHE, Ahq loSiiSererfly ! SCUI ar

sieve can conprise at least one intergrown phase f ramewor k
types. For %%mgeat&m&dﬁwmmomwamsﬁﬂémmsdbyammn AEl framework

type In a f odi t.he | ecul ar .si eve nprise a mxture
intergr ovm's‘ﬁgt eri EF !}e CHIBRSIEYEE 8F B SR ERAGH ?ayﬂfﬁﬂﬂ]ﬂ SMone

errbodl ment, & RnCH ifleROwiIalREHoder §H1@Ua¢ulﬁlnoﬁﬁlﬁplpaﬁce§xeﬂﬁm1nbﬁﬁ(ﬁﬂﬁdt@n has a

Si /A ratlo of less than 0.167, preferably |less than 0.134,

pref erably Im@iscvdenantva Thomoleqular e vsiogn cetipmseiad astente lmheroswmaser atio in

t he m)lecul wi thin.the aneo 1 t . 167

preferably i Xﬁﬂ@@aww?‘}kﬂ G ﬁr%‘mieléé?wé&eMYgﬂdﬁ&gbl y in the
range of fra®HivOan ABI fidméwérkanst. (s furiherémbidhynt ithe thblcul@angse alayf rom 0. 03
to 0.100. MOLECULAR SI EVE SYNTHESI S [ Q045] Generally

si | i coal uni rFOPRESHhBEEWEN eI AUPAHEEHIRAE eowtewwalrmateqwés/es are
synt hesi zed (hysdihe hyds Rl dSodhent S ihd ARbleARarYevO BEHR prddBlite Of a

invention has a Si/Al ratio of less than 0.167, preferably less than 0.134, more
preferably less than 0.100. In a preferred embodiment the Si/Al ratio in the
molecular sieve is within the range of from 0 to 0.167, more preferably in the
range of from 0.02 to 0.167, even more preferably in the range of from 0.03 to
0.134 and most preferably in the range of from 0.03 to 0.100.

MOLECULAR SIEVE SYNTHESIS

[0045] Generally, silicoaluminophosphate and aluminophosphate molecular
sieves are synthesized by the hydrothermal crystallization of one or more of a
source of aluminium, a source of phosphorous, a templating agent (or template),
and, optionally, a source of silicon. Typically, in the method of the present
invention a combination of a source of aluminium, a source of phosphorous, one
or more templating agents, optionally a source of silicon, and, optionally, one or
more metal containing compounds are placed in a sealed pressure vessel,

optionally lined with an inert plastic such as polytetrafluoroethylene, and heated,



source of alumnium a source of phosphorous, a tenplating agent (or
tenplate), and, optionally, a source of silicon. Typically, in the nethod
of the present invention a conbination of a source of alum nium a source
of phosphowous/l03me or nore tenpl ating agents, optional IBCTAUSYW3sE of
silicon, and, optionally, one or nore netal containing conpounds are

pl aced in a seal ed pressure vessel, opt ilBnal | y lined wwth an inert plastic
such as pol ytetrafluoroethyl ene, and heated, WO 03/106341 PCT/ US03/ 18358

14 under a onyletadrystallivatom ppesews andtempdrat@epwtibe onysiallinemiaterial isr yst al | i ne
material is . formed, .and then recovered by .fil.tration, centrifugation

Pnd) or decarPITsE HRa fecprera! b BRAERS Sompleahid BidfReeditit

si |'i coal um nogdsphatea BRIAE HintHesis oBHR silRbaliMenopRyPRAtt RidlechAesiBROS phor ous-,
al um nium, and optionally silicon- containing conponents are m xed,
preferably viitheinyention; thg phesgherousgileminivg-, Mronglgesﬂw@- coutaining
crystalline teri optionally wWth an alkali netal . in a selvent such as
vater - and onEegpitire PRskE e il PP R gy g i e T e 2t
i's then heakigila trysianine myfdral, lop#eddlle Avitddikadliaf&taloin dobeatisueh and
tenperature as described in U.S, Patent Nos. 4,440,871 which is fully

i ncor por at edv#sr, sk ey drore feppiating |agenth do Friciesysthesis mirgure thal dnthen nvent i on,
the tenpl atg | I oI . ratig . enplate to
ol arr mar (AL 55 R ek Bt B G ER plelile el el B bbb b
0.6:1.0 to 3UG: Ratént Noseh an@BT ywhich i fullQ idkofporated B l@fetende. [ 0048] The

tenpl ates used. in the Frocess of the present invention, hav gener al

[ . the
formula (1) RYRIN- R3Ip e progsesy ofithe miisqngmg@r%’et@amp&ﬁ fsﬁge&“(ﬁ!i‘p consi sti ng
of alkyl gro lnﬁ%cﬂ%t%x%lﬁﬂaﬁg'bPH:H:}Fate B%larﬁinﬁ%Ag@%g%@tﬂerremiwe group

consisting of a groups or hydroxyal kyl groups; I

I's selected fromthe
group consi smixtge of witlyioltierakgd ofdrooup.$: kGitei 321 Oy preferbiyofr@n 1dht.Bem at ons,
said cycl oalogé.llr‘)groups bei ng optionally substituted by 1 to 3 al kyl

groups, 4 to8-nenbered heterocyclic groups having | to 3 heteroatons, said

het erocycl i ciog4jups hdeRgnMRbds @Rakd the presss dfdieastedllt idvdniod haddelé groups and
the heteroatons in said heterocyclic groups being selected fromthe group
Consi St| ng general formula (I)

RIR2N-R3 (1)

wherein
R! is selected from the group consisting of alkyl groups or hydroxyalkyl groups;
R2 is selected from the group consisting of alkyl groups or hydroxyalkyl groups;
R3 is selected from the group consisting of cycloalkyl groups having from 4 to 8
carbon atoms, said cycloalkyl groups being optionally substituted by 1 to 3 alkyl
groups, 4 to 8-membered heterocyclic groups having 1 to 3 heteroatoms, said
heterocyclic groups being optionally substituted by 1 to 3 alkyl groups and the
heteroatoms in said heterocyclic groups being selected from the group consisting
of O, N, and S,
all alkyl and alkoxy groups independently having from 1 to 3 carbon atoms.
[0049] Preferably, the organic template of formula (I) is a template of
formula (IT)

(CH3)oN-R3 (ID)

wherein



of O N, and S, all alkyl and al koxy groups independently having froml to
3 carbon atons. [0049] Preferably, the organic tenplate of formula (1) is
a tenplate of formula (11) (CH3)2N-R3 (I1) wherein WO 03/106341

PCTI USO03/ 18868/1068%51 R3 i s sel ected fromthe group consi stiBQy/@H03/e3388 oal kyl
groups, said cycloal kyl groups being optjonally substituted by 1 to 3

nmet hyl groups, and said cycl oal kyl grou having from4 to 8 carbon atons,
preferably 6 .carbon atonms. [0050] In a nore preferred enbodi nent the

tenpl ate of Roop miecied from gre gspup sapsistimgofiaycioalkylgreensesrid exsinalyé gr oup of

tenbl at es ol 488 bR ol QUi 1 8 2 MbGT Kbl Guasglaashmidf om L he

group consi Icyc cyc ohexyl ,

trinethyl cy(gmipehwmg ﬁ&hraamtdawomaodnw;nppeyérably penbaimeiohsl cycl ohexyl,
cycl opentyl, nethylc cl opentyl, dlnethylcyclopentyl ti nethylcyclopentyl
t et r amet hy! d9@30 bpent a Mg Preragst Spbodiraei fhedsmplgtseafifgamula (1) or of

di met hyl | t |
pent artet iyt ot i iy sl R U REN B Rnkorel B GG Tt RAGLETER YL
pr ef er abl y vittieh R%rsp;lehtted frsmNhé_grbu;I lcomisluylg of cjctdhexyl mmhyhyclbmﬂ,] In a

further, SS ferred, embodinment the tenplate of formula (1) or of
fornul a (I I )d”ﬁ%ﬁﬁléd?}?é&l rmetbyipyclohex ntCWUPFIth§ clofiexibr e additi onal

o £ 1 amewdrianethy K5 athad, CRGoRRY Rt Gendh difOBIKPIBARREDD IO 02 ©f
tet raet hyl am:mnmu}wlydommdndsam&hyihy@@en‘?l [cadbhqplqdmdhyhmld]%elqbggi(: g:
TEA , etra ni, um
Lot r et hyl ORI SRR FR B RGBT MG and
tetraethyl arﬁ@ﬁﬂamumy@gabﬁép@ylamia@h&?lcyasﬁ#@e 4R A dpehams)r QR PiRFeSbly

cycl ohexyl am ne r phol i ne but yl am ne, et hanol am ne, and
triethyl am nee te{fmmezlpl\w&l@aﬂhylﬂdmlamm%npl ate of fornula (1) or formula

( I I ) pr ef 'eﬁgg%sphat\ﬁe Sﬁg{?é@%s&{r%}'e%&%b%mn?e%t th'e%elﬁ'}ﬁgtg otf?oei\'mqlﬁas(bl ting

silicoal um
or of formula (II) may be used in combination with one or more additional

templates normally used in the manufacture of silicoaluminophosphates of CHA
framework type. These additional templates include: the group of
tetraecthylammonium compounds, such as tetracthylammonium hydroxide
(TEAOH), tetraethylammonium phosphate, tetraethylammonium fluoride,
tetraethylammonium bromide, tetraethylammonium chloride and
tetracthylammonium acetate and also include DPA, isopropylamine,
cyclohexylamine, morpholine, methylbutylamine, diethanolamine, and
triethylamine.

- [0052] Typically, when a template of formula (I) or formula (II), preferably
N.N-dimethylcyclohexylamine, is used the resulting silicoaluminophosphates of
CHA framework type have é Si per CHA cage ratio within the range of from 0.1
to 1.0, preferably of from 0.15 to 0.8 and more preferably of from 0.2 to 0.7.
When tetraethylammonium hydroxide is used as the sole organic templating
material, silicoaluminophosphates of CHA framework type having Si per CHA
cage values approximating to 1 are normally obtained. Typically, when templates

" of formula I are used it is possible to achieve Si per CHA cage ratios as low as 0.



CHA framework type have a Si per CHA cage ratio within the range of from
0.1 to 1.0, preferably of fromO0.15 to 0.8 and nore preferably of fromO.?2
to 0.7. \Wen tetraethyl ammoni um hydroxide is used as the sole organic
t enpl at i ngwomatiedsiml , silicoal um nophosphates of CHA frarRo¥wde3nsspe havi ng
Si per CHA cage val ues approximting to % are normal | y obtai ned.
Typically, when tenplates of fornula | e used it is possi bl e to achi eve
Si per CHA cage ratios as low as 0. WO 03/106341 PCT/ US03/ 18358 16 The
preferred tersipagferrediemplate ipdkis esatentds N\Nvdimetiievplobgetlgniagyrariding,
provi di ng i. pe ca rati 0 ess than 0.98. [0053] The sources of
al um num ph%égghglr{gs_éé%r %gf?' gsosﬁﬁ%nu(lg‘?éabl e for use in the synthesis of
ol ecul ar si[@933} accUhélidigeek Of A0/ IMINE PROIphbAY &t $iDcorduGtably firast Iy t hose
known in the art or as described in the literature for the production of
the SAPO cdheamihedis ofmelegplansipNpmaseonding tathy piseent fnyentisnsarpty@icallyy al umi num
oxi de (2l urgh@)no @Rt MOF!oY oLAE AT it ndbiiD BB S igERIAL A | V. 2
phosphate, an alum nate, or a mxture thereof. A preferred source is a
hydr at ed al WAR@conesikd. Theahaniatmsomse @ boghnixamplapan ahrinmh axide about 75%
A1203 and 25% H20 by . wej ght. Advant ageously, the source of phosphorus is a
phosphori c a(eliummaésqf@em&mquraé% %EHB%‘B%%FE}I%E’SQE?@}Y pokosghsie@nsour ces, for
exanpl e, or %ﬁhﬁa@b&sﬁﬁ&hﬁ§ thefeo8- A prétbir&d mﬁfce b8 alufith, most | .
al um nophosphat es nmay be useg. Advéhtageous y, the source of siliconis
silica, for pesfarglypsewiobo¢iohaite, hichcantaing mbalit 5% Als); and 2P0 HyQbyni ¢ silicon
source, e.g., .a tetraal kyl orthosilicate, especially tetraethyl
orthost |1 ¢ o e Bty RN e by FSGRIER SEPISLARTES 1 & PSHOHS Aeid SaRRPElY of
si licon, CHAMGhhdsBLATCH ARV ot sHEks, Fir GRarfhté) dedidiAsHdRphated, €1 ai ned.
[ 0054] The nvol ecul ar sieve synthesis m xture may al so contaln a source of
fl uoride i orsicthYhghosphates anddlumingphospbateomey beysedeAdiaptagemsbyuthd capabl e of
rel easing fluorid .:l.ons. i ) t?e nol e?euéoﬁr. gfr Ve Q:tdrél 1scgsor% Lure.
hbn-linitin&ougfgﬁﬁlg%’%F’§ﬁ Pr SRTPEOI 1ot Gy T dio8ica Or R oK S al t s
cont ai ni Ng Q§MfcoRrsoSeY, @l a tefrhalieil beBosilvate, espudillyastragthyllorthbailidateles,
preferably, sodiumfluoride, potassium fluoride, calciumfluoride,
magnesi um f | YY5¢% tsgactiylpihasilicaiens vssd g a sopsh phgHicor Gl el Intgraigwitum
fluoride, tejRal lﬁglkém‘fﬂa}%e‘}ﬁs%%di%’ such as tetranet hyl ammoni um

y

fluoride, tetraet ammoni um fluoride, hydrogen fluoride,
[0054] The molecular sieve synthesis mixture may also contain a source of

fluoride ions. The source of fluoride ions may be any compound capable of
releasing fluoride ions in the molecular sieve synthesis mixture. Non-limiting
examples of suﬁh sources of fluoride ions include salts containing one or several
fluoride ions, such as metal fluorides, preferably, sodium fluoride, potassium
fluoride, calcium fluoride, magnesium fluoride, strontium fluoride, barium
fluoride, ammonium fluoride, tetraalkylammonium fluorides, such as
tetramethylammonium fluoride, tetraethylammonium fluoride, hydrogen fluoride,
[(C;H,),N] PF, NaHF, HPF;NH,PF,, H,SiF,, (NH,),8iFs, NH,HF,, NaPF,, AlF;
(anhydrous or hydrate), (NH,);AlF,, NH,),TiFg, NH,),Z1F,, (NH,),GeF,,
(NH,),SnF,. The fluoride source is preferably selected from (NH,),SiF,, NH,HF,,
HPF,, H,SiF,, AlF, (anhydrous or hydrate), NH,PF,, NaPF,, HF, more preferably
(NH,),SiF,, HPF,, H,SiF,, AlF, (anhydrous or hydrate), NH,PF,, HF, and most
preferably HF.



[ (C2H5) 4N] PF6, NaHF2, HPF6NHAPF6, H2Si F6, (NH4)2Si F6, NH4AHF2, NaPF6, Al F3
(anhydrous or hydrate), (NH4)3ALF6, (NH4)2Ti F6, (NH4)2ZrF6, (NH4)2CeF6,
(NH4) 2SnF6. The fluoride source is preferably selected from (NH4) 2Si F6,
NHAHF2, HRe&3/168& F6, ALF3 (anhydrous or hydrate), NHAPR&ETUSaRESs8 HF, nore
pr ef erably (NH4) 2Si F6, HPF6, H2Si F6, Al F3 (anhydrous or hydrate), NH4PF6,
HF, and nmost preferably HF. WO 03/ 1063417 PCT/ US03/ 18358 17 METHOD FOR
MAKI NG MOLECULAR SI EVE CATALYST COWPQOSI TIONS [0055] The

si |i coal uni n¥izhgeneRIMARDIGEdOLEIULSR SIEYS GaTAL YRT GOMEDSITIONS nvent i on may be

conbi ned wt e or_nore fornul ati agent to fo | ecul ar sieve
cat al yst cor@b@?tl onT}ber“]écqa&ni‘?ﬂ ijéﬂ%ﬁdﬁgl %fr“?’?%@é‘mﬁa’feé% conposi ti on.
The formul ati}n8i&0 &Rh P bR ORRh Bhe SREiGe Mﬂdﬁ?%géﬁi ?&F&ﬁl drom the
group consisting of binding agents, matrix or filler materi al s,
cat al yti cal Inyolecadar isigge mi@lwtlcamsoah@h oii adorméleted madesolar sigvé eatdlystnul at ed
nol ecul ar si eve ctat al f @rrtﬁ_fosmlton | f or ned |rnto us t‘?%Fe and si zed
particles b)? WP ®ho OFREA gtf[%% SSUBh SRE* oﬁfrhoye WWH‘G Sglﬁ%F Pz ng,
extrusion, anégloti®cdrsktng bO6IRGhg Ih@tE nidtri dFer SafekialseaitalPicader s that are
useful in form ng the nol ecul ar sieve catal‘;‘; st conposition. Non-limting

t

exanpl es of astiveiasterialhand mpguresdereef. Brivframplatadinelequbarsieve edfalysicl ude
various type ted a or gani ¢ oxi de
sol. One pre el rselpg unﬁr'}leéi llétg%%ilﬁlnmn é!m%aﬁzed paﬁqg’ eg%?lgsrﬁhg{ﬂogjrﬁh drol. The

i nor gani ¢ oxedRiqued suaBh§sﬂraﬂ<@rygiguﬁellwﬂxdg,rbgtrhhen a8y tHehixsi zed rml ecul ar

sieves and other materials suc matri x together, . particularly after
thermal tredPP38ht. ubbsfe H’@dﬂnglffflﬁ%t h‘?ﬂ?FSdQ‘ﬁlaée weftdn Lming 8¢ ef er abl y

having a | 0&%&%&?&%&%&( catblﬁstccg #‘Sgl{l ]]klgﬁ Hpﬁkﬂlgoér%\%?ﬁgbf’bﬂﬁérgﬁla%Er' X

conponent . r exa alum na so to an al um ni um oxi de
matrix foll mmfu{galbxmtrmbexabmemn InfINOS V4rionk tymamﬁhndcdﬁédnlmhyﬂr olicas,a

hydr oxyl at ed u ni um based, sol ont ai ni a.chloride counter ion, has
the gener al FOHAIE BTSSR Eife 6P SR REDS S HIeraRATAE ©TF t o 200 h io 1
to 8, 0 is HfMinfth clﬂor‘h?dr%lt?he]éor gamid@xide k& altsliRe Qleblllﬂllﬁ-'@leenb()dl ment, the
bi nder is Al, 304( 24C1l7' 12(H20) as is described in G Wl t er man, et

al ., Stud. gyp&e&g@molacm}pxwaq and ofiger msdggials spefsas the matrix together,
particularly after thermal treatment. Upon heating, the inorganic oxide sol,

preferably having a low viscosity, is converted into an inorganic oxide matrix
component. For example, an alumina sol will convert to an aluminium oxide
matrix following heat treatment.

[0057] Aluminium chlorohydrol, a hydroxylated aluminium based sol
containing a chloride counter ion, has the general formula of -
Al,0,(OH),Clex(H,0) whereinm is 1 t0 20, nis 1 t0 8, 0is 5t0 40, pis 2 to 15,
and x is 0 to 30. In one embodiment, the binder is Al,;0,(OH),,Cl,*12(H,0) as is
described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-
144 (1993), which is herein incorporated by reference. In another embodiment,
one or more binders are combined with one or more other non-limiting examples
of alumina materials such as aluminium oxyhydroxide, y-alumina, boehmite,
diaspore, and transitional aluminas such as o-alumina, f-alumina, y-alumina, 6-
alumina, e-alumina, k-alumina, and p-alumina, aluminjum trihydroxide, such as

gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.



144 (1993), which is herein incorporated by reference. |In another

enbodi nent, one or nore binders are conbined wth one or nore other
non-limting exanples of alumna materials such as al um ni um oxyhydr oxi de,
y-al um na, wioashedste, di aspore, and transitional al um nasPCIuides/ssss
a-alumna, R-alumna, y-alumna, 8- alumna, c-alumna, x-alumna, and

p-al umi na, alum niumtrihydroxide, such #s gibbsite, bayerite,
nordstrandite, doyelite, and m xtures thereof. WO 03/106341 PCT/ US03/ 18358
18 [ 0058] | [0048jot herln entxheli amhuidjmértahbbindes sreaheniak sols, pacdoolimptly

redom nant| conprising al um nium oxi de,. optionally .including sone
gi licon. | nc?%éﬁnsg}rgaclﬁ@lfmg‘éﬁﬁ@ﬂi %W?f‘lg'tlﬁ u@f‘%gﬁ?gmgfﬁdﬂﬁﬁ @8&“‘3% umi na made
by treati “geﬁbmgﬁf Eﬁaé;yi]gfg?ssare g%tﬁﬂe@aﬁmﬁﬁﬁ%%l?@?%&th% alithind hidtaRsi d,

preferably an aci es n contain a halogen, to prepare sols or
al um ni um i euchss pseudobshemi®O&RA al heid,rpdferablly an asiddhas doegndheosanbi ned with
one or nore trix material (%@3 Mat i x g@teri als are typically effective
in reduci ngPB9&PalA PIERATS pQJE pr alprguyum 10 SOMORY o - g s nks assi sting in

shi el di ng hegiisof r oM Tiliem G188 Bhr)stdve HAFR TbinbRBd withlone $A#BleSmattk i Ny
regeneration, densifying the catalyst conposition, increasi ;\Pg, cat al yst

strengt h sucttesisl(s)r Matris maserpiteranmically effectivainedycineoiesall etpdlyst o cont r ol
the rate of conversion,in a particular,process. .00 - |k ting

exanpl es of A#FtE" pikCa g, esajlggldég%}%eaﬁ%?%l ﬂE‘) ca’?‘%’%ﬂ?g‘ﬁ? (%)S\k/hmrﬂlg: rare
earth met al gor Bhale dOXhe RGehdibhdig BAGifYing & catalyat corapvisRion/iagRatign, thori a,
beryllia, quartz, silica or sols, and m xtures thereof, for exanple silica-
magnesi a, sichtalystsgrength snch assryshsHensts s arition Fesistangg. apdt tRcorpal the
silica-al um_na- La. | Lhent, matrix materials are natural

cl ays such é%ggi%g’&é%rogrhp?ﬁ%%c@gpnﬁg{:%g of montnorillonite and kaolin. These
nat ural cl ayepgonc! udsosdibitmyg exairpies of mattixtthateal k molude snkoramere af, f or

exampl e, Dixje, MNanee, Georgia and Florida, clays. Non-limting exanples
of ot her matthsfRllowing; jae %a”ihr?&%ﬂ&é‘.‘et eﬂxzﬁgéW@‘,dl%éﬁﬁ%i%?m&i”&%f’?ség nacrite,
or anauxite. B3 ﬂ@aﬁ" Paor 5016, B i ktiredBleRIor by exaRIpES @i@bl y any of the
clays, are sﬂlljdbr{a’ect eclilg‘t w%lrg?H _k_r%vm [’?Dd_i_fli caet ion prpi:%xsségié such as

cal ci nat i on negdésie, shica-dircenda tsitisatitanird sibea-alhminacad silice-alumip-thofiso61] Upon

combLn 78, e ok S S SR TR T ks gl Ly i T
families of montmorillonite and kaolin. These natural clays include sabbentonites
and those kaolins known as, for example, Dixie, McNamee, Georgia and Florida
clays. Non-limiting examples of other matrix materials include: haloysite,
kaolinite, dickite, nacrite, or anauxite. In one embodiment, the matrix material,
preferably any of the clays, are subjected to well known modification processes
such as calcination and/or acid treatment and/or chemical treatment.

[0061] Upon combining the molecular sieve and the matrix material,
optionally with a binder, in a liquid to form a slurry, mixing, preferably rigorous
mixing is needed to produce a substantially homogeneous mixture containing the
molecular sieve. Non-limiting examples of suitable liquids include one or a
combination of water, alcohol, ketones, aldehydes, and/or esters. The most
preferred liquid is water. In one embodiment, the slurry is colloid-milled for a

period of time sufficient to produce the desired slurry texture, sub-particle size,

and/or sub-particle size distribution.



m xing is needed to produce a substantially honbgeneous m xture contai ning
the nolecular sieve. Non-limting exanples of suitable |iquids include one
or a conbination of water, alcohol, ketones, al dehydes, and/or esters. The
nost prefworwdodssquid is water. In one enbodi nent, the SHAWWSP3/i18Ss8
colloid-mlled for a period of tine sufficient to produce the desired
slurry texture, sub-particle size, and/ Bt sub- particle size distribution.
WO 03/106341 PCT/US03/18358 19 [0062] The nol ecul ar sieve and nmatri x

mat eri al , af@P62he opfhcomalecarsieve and msrixtmatmaltm thaoptiopel bindef.er ent 1 qui d,

and may be co i n_any order, together, si neousl sequenti al ly,
or a conbi néﬂ‘gg’ ﬂ}éer%e%l ?rﬁ'ghﬂ}”gf By be nglln Ay ffhsame | qui d,
preferably vgefier,isfnil&@eous f@&fﬁ]&nﬂaﬂy,@i’% c@ﬂmﬁheﬁmereor g, e pefeyre@f the

nol ecul ar si eve, binder an matrix materials is mxed or mlled to achi eve

a suffici enFW0®meﬂbmmﬂnyl%Pfe&®1y ypaet isaseds of the nol ecul ar si eve

catal yst cor ]tl 0 tr}lt%tembodltmhe%{ltﬁe%gu ofqhgl%r ctr;'lgr dev% 1nt f}%dpr oduces the
nol ecul ar siteve' catal'ys Pnta preferre rrent t he

form ng uni tmat$x ﬁlﬁtreﬁ}ilsd§1¥1@{ed of tlledad hohieviehesuffividhtlyGmifirh sluﬁy off@ibat ai ned at
a tenperature sufficient to renove nost of the liquid fromthe slurry, and

from the repaticlengf theimeaiequiar S@N%%altséﬁ‘am?%%ltl@c}hﬁdﬁf{epé‘?ﬂ tO”FIf@szlé&ul ting
tal yst
%ac?ogghercgrsﬁmﬁi %B@ﬁf%gﬁ%ﬁg er engrg%ﬁént ptogllﬁgﬁor mﬁé{%&ga nol ecul ar si eve

catal yst cembodinichn thecforthinig it iy sprayalpgert leﬁ/ﬁcaldy aiedfotmiag Unit ivor e preferably
fromabout 5%to about 90% %P&i nost preferablgl Lrom g_gut 10% t o about
80% by wei gintaiged @tr?eteWBF figent {regpye goshofthe igwd femis ght of the

ol ecul ar S' %&{)@éﬁ{ $the reﬁﬁﬁ%ﬁbl@ét@ﬁ s1e[vQQ§l‘§1]ysﬂ d@m‘gﬁgﬂlgﬁr T%Qﬁﬂlﬂ?nt the

wei ght percent of binder in or on the spray dried nolecular sieve catalyst
conposi t i on chtalystcomposition wden formed grﬂalsofaytthleﬁsﬂhnﬁ@derofmb@b@mar si eve, and

matri x mater is from about 2%b ht . t o, about,  30% |gh
preferably f[b@r#abou{“qi'@a’ﬁ ’%B‘?délﬂf tgeg“%gﬂfl‘{attefdﬁ}mﬁ SRl SR tXlgﬁd mor e
preferably fcb@lﬁbﬁg&ﬂéon?a%ﬁﬁ‘oxﬂ@b&ml%tt@ aﬁ&ﬁ@p%lﬁf’&@yremlﬂﬁfrom[ag&ﬁm Once the
nol ecul ar si eve cat al st conposition is formed in a substantlally dry or

dried stat e %t 3ogrt HEr, g mpshprafeblr o ebe 87 RaLe Bk by weight

of the molecular sjeve based on the total weight of the molecular sieve catalyst
composition.

[0065] In another embodiment, the weight percent of binder in or on the
spray dried molecular sieve catalyst composition based on the total weight of the
binder, molecular sieve, and matrix material is from about 2% by weight to about
30% by weight, preferably from about 5% by weight to about 20% by weight, and
more preferably from about 7% by weight to about 15% by weight.

[0066] Once the molecular sieve catalyst éomposition is formed in a
substantially dry or dried state, to further harden and/or activate the formed
catalyst composition, a heat treatment such as calcination, at an elevated
temperature is usually performed. A conventional calcination environment is air
that typically includes a small amount of water vapour. Typical calcination
temperatures are in the range from about 400°C to about 1,000°C, preferably from
about 500°C to about 800°C, and most preferably from about 550°C to about



catal yst conposition, a heat treatnent such as calcination, at an el evated
tenperature is usually perforned. A conventional calcination environnent is
air that typically includes a snmall anount of water vapour. Typi cal

cal ci nati owo 3aoger at ures are in the range from about 40®CTrusoxie3sg 1, 000C,
preferably from about 500C to about 800C, and nost preferably from about
550C to about WO 03/106341 PCT/ US03/ 1835@0 20 700C, preferably in a

cal cination environnent such as air, nitrogen, helium flue gas

( combust i on 9P Sepeefetablyriniaraloigtemngnvironmentysudasyin attiogen, hhimadiue [ 0067] I n
one enbodi nen calcination of the forml ated | ecul ar sieve catalyst
conposi tion %aé (cé)gjg%ﬁtéod‘ pcfﬁ‘?ucf %a’éﬂﬂ/oxﬁ’&?ﬁ?e?rwc fnafl?beﬁreaévi ces including
rotary cal cijoes%, f| uishehgsboamhent,RaIchatibRbriie BRGte @RSl stdvke.
Calcination time is typically dependent on the degree of hardening of the
nol ecul ar sic8llystepmpopEion ivenmirdsiut irenyamenbenef welhjveavar devises jnolvgBig | n
addition to . lAF ; Sieve. of e I hvention, th cat al yst
conposi ti ons B‘%.Fy {Eﬁééﬁa ‘%‘#é@ édnﬁédi C\rélglen(r% % E&%aﬁgg/e%?:’oa%%rql%lékeo rldé?cél?atlgg\%g}eéf ot her
catal yti cal Itypieailyl degerttghiest @t Segrédisihatdentiglof @Rahsletlapies phayas or

al um nophosphat es having a different framework type than the nol ecul ar

si eves of tREPpYBRRd fpeEeraBHeor zeol ites (al uminosilicates) of any
framework t In 3 i e I .eve of the present
i nvention nég@?é bou%gﬁtd%%ﬁgg‘ﬁg&lﬁ%& g(raf{gl? S%?Atgévem“g%%sed for exanple
in the foll caahgt cciiieGCitidds ofthe prdsedit ROention thlayScorhaise Bhe MosevéralotRer203) , PCT
WO 98/ 57743 pu Ijsg,ed . Decenpber 23, 1988 (nplecul ar sieve and

Fi scher - Tr off€@hfiically astivpgatariplsngnch agsibeqplumigophgsphaiss@id zeol i tes), and
MESOpPOr ous PLES i AR} t Q , , 4,

5,102, 643 and b, ?%}S’fs%%ﬁﬂ??ﬁ%g?gﬁafﬁ et pe Fﬁﬁl%e lﬁ@%%%%é%?%%ﬁ by

ref erence. Bhepssenhinyention areditesi{elundnwsdiatey) dfrang fremewyikttgpsIn [ 0069] In a
further enbodi{grent tdhe rp)ﬁlhecukar1 si.eve t he present inventio may be
conbi ned wi tRORoH YRRt e ToleCplar SiEVE G the prasenbindeon ey e GOURY, ca 4l yst
PROCESS FOR tbghder Hilite MRk EGWL. ARSEIGY foASARPRTInGRMRASHHLONSPO0A70]  The

nol ecul ar sieve catal ysts and corrgositi ons of the present invention are

useful in a 8P8R4 81800 (BSokaesdy. P ACHAHINECT YAER(ME!S wrpliskser acki ng,
i someri zat i QfloceRBLYIRET d§nlMeulat GEN M tGschbr HoBAEN AT § Bhrerd RBY dr 0geNaL i ON,

6,300,535 (MFI-bound zeolites), and mesoporous molecular sieves (U.S. Patent
Nos. 6,284,696, 5,098,684, 5,102,643 and 5,108,725), which are all herein fully

incorporated by reference. Binder may no longer be necessary in such systems.
[0069] In a further embodiment, the molecular sieve of the present invention
may be combined with a metal catalyst, for example as a Fischer-Tropsch catalyst.

PROCESS FOR USING THE MOLECULAR SIEVE CATALYST COMPOSITIONS

[0070] The molecular sieve catalysts and compositions of the present
invention are useful in a variety of processes including: cracking, hydrocracking,
isomerization, polymerisation, reforming, hydrogenation, dehydrogenation,
dewaxing, hydrodewaxing, absorption, alkylation, transalkylation, dealkylation,
hydrodecylization, disproportionation, oligomerization, dehydrocyclization and
combinations thereof,

[0071] The preferred processes of the present invention include a process

directed to the conversion of a feedstock comprising one or more oxygenates to



dewaxi ng, hydrodewaxi ng, absorption, alkylation, transal kyl ati on,

deal kyl ati on, hydrodecylization, disproportionation, oligonerization,
dehydrocyclization and conbinations thereof. [0071] The preferred
processes WO @hes3pr esent invention include a process di rEIVERd3/18358 he
conversion of a feedstock conprising one 23 nore oxygenates to WO 03/106341
PCT[ USO3/ 18358 21 one or nore oI efin(s) “and a process directed to the
conversi on of amoni a and one nor e oxygh enates to al kyl amines and in

particul ar nfReHy s AlsEn(s) mm]rows dirpstestte thekpnrerhion phampmoBi 206 8n¢)r ocess of
the inventi 0&’m$rg%x¥§e(ﬁ§tg§{ocﬁq16’] ﬁf?nrﬁe@'aﬂé mgﬂs?t d.?ﬁ@:'ﬁ?ert xygenates, nore

specifically, one of" nore organic containrng at Ieast one
oxygen at om[0D72]t he Iimspre}ﬁafr&ﬂ&mbedm@lﬂbf)tﬂepm&Ess@ﬁ”tHeh@vq@txeﬁeﬁé of invention,
t he oxyge‘natfge*n he feedstock is one or nore al cohol (s), preferably
al i phatic al &cz‘ﬁnﬂﬂﬁéf:’%e PTHROTS IO EERATES. TRFE SPSFiLisplly. 08¢ OBMWEol (s) has from

1 to 20 car nost
preferably 1?(? ganr]ﬁﬁﬁ’ﬁp%ﬂggé E&ﬁ"{?}g%ﬂ%%éggg_}_%gé 97%2?1 ép 3{513?%@ reff %geglstock in

t he process ezrnbctdheentrmﬁémwmss afdheenioh,alieoxygenaé phhe fendstdrkamnotweat chai n

al i phatic al cohol aturated counterparts 0073 Non limting
exanpl es of ’BQV@EWBPIZ Prﬁ Faﬁ’ ’rPZ‘? GHegho (é)(‘ﬂ]é‘?{?)ﬁ‘e a?ﬂha“ﬁr sty oF th

i sopr opanol , a188oY) haStHw 1 ﬁ;marbo%laraaﬁmef@ramrfmm g}ﬁwéaﬂ%

i sopropyl ether, fornal dehyde, dinethyl carbohate, etone acetic
acid, and nindtmeseprefirehlp&om {W@?bmommsthﬁleﬁle}smcfubascfcwmdm general |y

e et e SR e B A B o o e

preferably aam@{olrbadmlth@m{samfandaggohﬁ@giﬁh@ck is converted in the presence
of a nol ecul ar _sieve catalyst conposition into one or. nore olefin(s),

preferably alf873r edodianaimitipg GWF%W@X&W@F lfpﬂ@ﬁweéh?@(ﬂ stherel. nreferred to
i ght ol t t
<" O 1 Shuala) e T, | GRaciol 8, o SOBRA Rt cont o 1 o

f eedst ock, aisoprgpyletieet, fymmddehydes divhethd cmd»ohehe, cﬁmetdysltlauinepdceﬁm@d;ul ar sieve

catal yst conposition. Non-limting exanples of diluents include helium
argon, nit rg%@rfmx&ﬁ?sb% Heonoxi de, carbon

[0074] The most preferred process is generally referred to as gas-to-olefins
(GTO) or alternatively, methanol-to-olefins (MTO). In a MTO process, typically
an oxygenated feedstock, most preferably a methanol containing feedstock, is
converted in the presence of a molecular sieve catalyst composition into one or
more olefin(s), preferably and predominantly, ethylene and/or propylene, often
referred to as light olefin(s).

[0075] The feedstock, in one embodiment, contains one or more diluent(s),
typically used to reduce the concentration of the feedstock, and generally non-
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting
examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as |
methane, ethane, and propane), essentially non-reactive aromatic compounds, and
mixtures thereof. The most preferred diluents are water and nitrogen, with water

being particularly preferred.



di oxi de, water, essentially non-reactive paraffins (especially al kanes such
as nethane, ethane, and propane), essentially non-reactive aromatic
conpounds, and m xtures thereof. The nost preferred diluents are water and
nitrogen, wadi/water being particularly preferred. WO 03rAI06Da/18358

PCT/ US03/ 183 8 22 [0076] The process for_converting a feedstock,
especially a feedstock containing one o 2nor e oxygenates, in the presence
of a nol ecul ar_sieve catal yst conposition of the invention, is carried out
in a reacti o0plocesdhE pragessdareamvertinga decdstotle egneoisly 8 feedstack | xed bed
process, a fluidi. e roces LN d a urbul ent bed process),
preferably aéoéﬁgﬁlﬁgg%éa%rq?%ﬁ i°§§%e§8’(e%é§ khlérpgigzsggcse ,Otfgﬁfbolfer%gﬁr Sleﬁ? ‘é‘?aél?'%bl y a

conti nuous hégfipogiRlo @f thy ifiveuntioh, seehri@o 08 Ra&ion[ 28k inHeadig@act i on
processes can take place in a variety of catalytic reactors such as hybrid
reactors thaherathe pioeenis @ fixed begt propsseck Thudiseddedtrrenssy@nrdedennd/ or  f ast

fluidised be i e cae O | atl | ui.di sed bed
eactors, riouraf bl folRSpo Rl ok BREH sl eBia d et lor types
are descri bgdferably otorgixanl g veSocifyahuiditedNed pdcBss6, 796, U. S. Patent No.

6, 287, 522 (&ﬁgjg riser), and Fluidization Engjneerjng, D. Kunii and O
Levenspi el , rt E.The Reactiopupropssngs cap 19kg PlaseisyATieleRf cohic reastrsior k 1977,

which are al §,cRe8 Ritid batidrY HaPERRAU AL S ARY rk&d GB&Ron &%Pegglrld/ e preferred

reactor type are riser reactors generally described in eact or,
Fl ui di zat i onfastfthidised wbd Peactipe keneSysumerbtogpbaesrcdBting {lbMjsefFbdd Zenz. and

D.F. O hno, Reinhol.d Publi shi fgrpgr.gbi on, New \{or k, 1960, and U. S
Patent No. 6/C3BISOEST Faaglors. ?‘P‘ﬁﬁgﬁ K> HEG rRERHPYR’ rRRIQT BPES Byt ent
Appl i cat i on dSeribealin xR SOs deck NoEB ONEYoGty 200t Rl 4 bph &0 1 s

1
reactor), which are a erein fully incorporated by reference. [0079] In
t he pref err edueissdi andntluidizafionEdgiserdingeld. HumicandO.drevensglel,\Rebext i y

fluidised beg . i d ' d
2 ‘rocovery SYMERITpROre R R N TR PRS0V E Bee”

reactor syst filyiadorgated by tefétndeeact i on zone within one or nore riser
reactor(s) and_a secaond reactjon zone wthin at |east one di sengagi ng

vessel, pref 19028} y C OTﬁlﬁ rpreg?xrpél I§}REOTJYPSRSF diser reactors generally described in
Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz

and D.F. Othmo, Reinhold Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282 (fast-fluidised bed reactor), and U.S. Patent Application
Serial No. 09/564,613 filed May 4, 2000 (multiple riser reactor), which are all
herein fully incorporated by reference.

[0079] In the preferred embodiment, a fluidised bed process or high velocity
fluidised bed process includes a reactor system, a regeneration system and a
recovery system.

[0080] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) and a second reaction zone
within at least one disengaging vessel, preferably comprising one or more
cyclones. In one embodiment, the one or more riser reactor(s) and disengaging
vessel is contained within a single reactor vessel. Fresh feedstock, preferably
containing one or more oxygenates, optionally with one or more diluent(s), is fed

to the one or more riser reactor(s) in which a molecular sieve catalyst composition



cyclones. In one enbodi ment, the one or nore riser reactor(s) and

di sengagi ng vessel is contained within a single reactor vessel. Fresh
feedstock, preferably containing one or nore oxygenates, optionally with
one or norwodishoesmt (s), is fed to the one or nore riser FGIACIYIZ3SY i N

whi ch a nol ecul ar sieve catal yst conposition WO 03/106341 PCT/ US03/ 18358

23 or coked version thereof is introduced? In one embodi ment, the nol ecul ar
sieve catalyst conposition or coked version thereof is contacted with a
liquid or gad,coled vesgpmihaesof isrintratiueeshfln ope pwbodimenfethagndlemitasdigeed to t he
riser reacto bl t lguid 1S ter, or t hanol , and the gas
is an inert %agaz}% ﬁ@ﬁs %Sgﬁoﬁli otr?'égléeéj%ml"{ng%Brffhf’ﬁg{%?cz%dd&t%% q‘éﬁfé#?s’na‘t he

react or syst@@mbisatiohelicescdYrior tobeiy in€dduceBad the dikdriteddbor{sh| praferably the first
reactor zone_into a gaseous effluent that enters the disengagi ng vessel

al ong with ahe4Red 1Hyrieren methaiobad thetasp isan iBBhERsSPEN aFrnitregen. t he pref erred
enbodi nment one( i L0l . di ] Lgned to
separate the[‘épng)*]ecul ?e\gegg\}g&c%r{?%fn%sﬁ@%gﬁg%% e%ﬁggﬁx%glf)erre lgrc a Ililtg% coked

nol ecul ar  spaetialycatfallyy & the ditg1 @cuactor adhe ihtoangasdvas gikientthatehfetst@at cont ai ni ng
one or nore _olefn(s) wthin the disengagi ng .zone. Oécl ones.  are preferred,
however, gr a¥Fpaging vessellapgiihp ¢oked BOCHBRYF Falrbsk emRgsitiona iR o separ at e
the cat al yst e amBpesdatdnR8imdnt @ ag L% t r ds for
separating thegcat al yst cl(l)nrfcff)]o’s?%l%%? rlgkr#%t g %ggovuegsgé%ldﬁgelﬁéa?ncl ude the
use of pl at ete,sepzagpe theghdlewdar sawe cathlystl cokpositip) PB8I¢rabip awokedmbleciilaent of t he
di sengagi ng syste t he di sen i system i ncludes a di sengagi ng vessel ;
typically a Yo pot fqr%‘??s’éll"ni%ﬁ%“g%s@ﬁ%’éﬂé?%’em\f&?@ng SELTRYT ppi ng zone.
In the stri pRemMesyOeniaiEakagndRIneC dyalonss £/ frefetbd| RoMeveC QPRSI tion is
contacted with a gas, preferably one or a conbination of steam”™ nethane,
car bon di oxi ¢fEectsguittho therfingngaging vensedwillalag separaterthe eptalystgampesitidnsas  ar gon,
preferably s rb rocarbo fromthe coked

ol courar st 598 OedSrd SERKEh, AR mERedR RERRIE e P ABRSTS e

regener at i onfrora \isd g3eouk RIfuent iCladelib gk aflites, tdpe, dbdwphdighetiRBe is in a
separate vessel from.the disengaging vessel and the %as i s. passed at a gas

hourly super®P8lal vdF 885 eyPod im0t thgrdisepgaging syptem, thg H60%AEE0, 000 hr "
based on t heg @ IRBlUAEs HRSenbBiNPLER; tyPitalfokR AR BEIb e ﬁisg%%gﬁ:l@t al yst

conposition, ‘preferably at an el evated teéenperature from 25 0 about
750C, pr ef ervdsbe) if 7 sripribpzne3 b0 Bestipp5@Eoene the coked molecular sieve catalyst

composition is contacted with a gas, preferably one or a combination of steam,

methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed hydrocarbons from the coked
molecular sieve catalyst composition that is then introduced to the regeneration
system. In another embodiment, the stripping zone is in a separate vessel from the
disengaging vessel and the gas is passed at a gas hourly superficial velocity
(GHSV) of from 1 hr? to about 20,000 hr' based on the volume of gas to volume
of coked molecular sieve catalyst composition, preferably at an elevated
temperature from 250°C to about 750°C, preferably from about 350°C to 650°C,
over the coked molecular sieve catalyst composition.

[0083] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 200°C to about

1000°C, preferably from about 250°C to about 800°C, more preferably from about



over the coked nol ecul ar sieve catal yst conmposition. [0083] The conversion
tenperature enployed in the conversion process, specifically within the
reactor system is in the range of from about 200C to about 1000C,

pr ef er abl ywiorasmaiout 250C t o about 800C, nore preferabl YPATEEes/a3360t WO

03/ 106341 PCT/L' S03/ 18358 24 250C to abolf 750 C, yet nore preferably from
about 300C to about 650C, yet even nore % eferably from about 350C to
about 600C gééﬁre erably from about 350C to about 550C. 084] The
conver si on p od %‘I‘FIYISQdeY‘itH"’crﬁére@fé?ﬁ}léﬁgmo%?obtr%e@50 aboyhe¥°€i Yl | y

W thin Lhe T Sa6 Sk YLt SR bk SYPL 8 JMAR0GROARAGLASY b, AU 0TENOUS

pressure. The conversion pressure Is based on the pa ressure of the
f eedst ock exe@busi3ieCob abmyt xot@ent therein. Typically the conversion

pressure rocess is in the range of fromabout 0.1 kPaa to
about 5 I\/Pag%(’%\éfef er %9“ SIRAR RIFSTHre emRlexed ‘Pglr‘]ea‘ftﬂ.‘:‘ﬁ?rsﬂonmﬁ“: and nost

preferably frpam ﬁla%t"/)%tg& thgpe%@td: %sﬁeﬁp%né;%@exkf@ﬁie rér%g.%?cllucﬁ wei ght hourly

space velocity ( particularly I'n a process converting a
f eedst ock conufagmongpmswrmrThemoevammpns&u@m|baset1ma tie peseal peesafre af ol ecul ar

si eve catal yst compositi.on w ction zone, is defjned as the total
wei ght of thzheffg%cg@f’%&’kd‘é%%‘éq d’i“?‘n ll‘éﬂ’gﬁlﬁql‘heﬂﬂg%”é’ the OOV EISION PEISEBne per
hour per  welegloyad inBé Bfodtlis é‘t@é’ﬁn_r%@oitf?@n AR 04! 18%aa B £06t S:WP%IAYS'[
conposition in the reaction zone WHSV i's maintained at a [evel

suf ficient toreeyfiem abaub) Raa to eboyid SV Paaoand most prdferably $wan sioatW wi thin a
reactor. [00% tDéQ&ﬁ%'Ob%P t he WHSV ranges from about 1 hr -'to about 5000
hr preferably Pom about- 2 hr"' to about 3000 hi', nore preferably from

about 5 hr'' [0085] abourhehbéighthourly g@ﬂdvﬂ@&fy WES©Y, pahtitulkiipin #pebdss 10 hf' to
about 1000 hr''. In_ one preferre nbodi nent, the WHSV 1s greater than 20

hr'': pref er &1 5pnYeRENg AaelstackcopigiRg FleH msFe axyeenaietiadie Rresenes ofiang
ool A gy LY bbb\ ARG Rl -0 A s Bllfl | 1O 2ot

300 hf'. [0O0 e supe as velocrt ock
i ncludi ng di Megght of thﬂﬂeedﬁaﬂuxo}mdprgaxﬂydﬂaenm tohherendtivnrzeacpa@hosymiem i s
pref erably suffi m;g?}gc fl uidi t he no] ecul si eve catal yst conposition

within a rea &ef%;ho 2 Si9YE 1B &%?cular sieve cate?lyst composition in the

reaction zone. The WHSYV is maintained at a level sufficient to keep the catalyst
composition in a fluidised state within a reactor.
[0086] Typically, the WHSV ranges from about 1 hr "' to about 5000 hr *,
preferably from about 2 hr™ to about 3000 hr”', more preferably from about 5 hr
to about 1500 hr', and most preferably from about 10 hr' to about 1000 hr'. In
one preferred embodiment, the WHSYV is greater than 20 hr’; preferably the
WHSYV for conversion of a feedstock containing methanol and dimethyl ether is in
the range' of from about 20 hr! to about 300 hr'.
[0087] The superficial gas velocity (SGV) of the feedstock including diluent
and reaction products within the reactor system is preferably sufficient to fluidise
the molecular sieve catalyst composition within a reaction zone in the reactor.
The SGYV in the process, particularly within the reactor system, more particularly
within the riser reactor(s), is at least 0.1 meter per second (m/s), preferably greater
than 0.5 m/s, more preferably greater than 1 m/s, even more preferably greater

- than 2 m/s, yet even more preferably greater than 3 m/s, and most preferably



The SGV in the process, particularly within the reactor system nore
particularly wthin the riser reactor(s), is at least 0.1 neter per second
(ms), preferably greater than 0.5 mls, nore preferably greater than 1
m's, even worod/ig3ef erably greater than 2 nis, yet even rRITAI8/e3e8 abl y
greater than 3 m's, and nost preferably WO 03/106341 PCT/ US03/ 18358 25
greater than 4 nmis. See for exanple U. S. 2Patent Application Serial No.

09/ 708, 753 filed Novenber 8, 2000, which is herein incorporated by
reference. §ré088han smdm Sepifef emmeptk & ShPdenr@pplicdtioh Serigldeess f or

ol ecul ar s, VAR IRGL oV s St oo bt oo BB a o WSV of

at | east 20 (iigand g oesRned Uro fRkh AR ORLIRY LoRrif! fane Sel ectivity
(TCNMS) of I[igss]t han %. 16, prefecr)ab yl Ielgegprt han 5r equal” to 0.01. See for

exanpl e U. S. oxpatratet to Miefin(9,using a5H B oalmmirophosphite meilevuiankieye catatyst por at ed by
reference. [0089]..The. coked nol ecul ar si at al cpnposition is

wi t hdr awn f r‘c?mpc’%lﬂan’gP%B’i‘?a%Sailw%%@@é@’bﬁggf°§f§@?%3@§f offé or nore _
cycl ones(s) , Tésbrdtive (ReH¢ERE NoPmaliZ28 MERRBSEREGWE FYNME) of 18R tHap0ener ati on

system conpri ses a rg}%ener ator where the coked catal yst conposition is
cont act ed wi bl 6apreieyelii less than orreqiialite 0.(l. cJeeforsixgmaledas. BagentdNoni ng oxygen,

under gener nerati.on conditions o t enperature, pressure and

resi dence t?%n%é_rf%&‘é’é]&‘l{%ﬁ?r??%%’ NGB Ir‘reﬁllbgéfg%en%e regeneration nedi um

i ncl ude one [D8YINOI e THE coReAGRHlecdd, siePEkatalhd @omEaiti ¥R wilkdebwn fadrh, ai r
diluted with nitrogen or carbon dioxide, oxygen and water (U.S. Patent No.

6, 245, 703) , BafbenEagngyrssgh preferably Ly KpRIpigy el cYdRrestFaddrtzaduen teondi t i ons

are those ¢ . i.ng sition,
preferably ?@@gé 5 Iée\?éetf&lt%gﬂse&f Egérjl ge%efn\{/t\/fea%#?&%%@gsﬁg g%%%e}e%&g)?\%rg t ot al
wei ght of t hthe caleddatalylseammsitioh é&y/@ntated withta regenetatish tnediungnt eri ng t he
regeneration system The coked nol ecul ar sieve catal yst  conpgsition
wi t hdrawn frig| e’ﬁ&?g’3r%"g?é’ﬁéﬁaa‘t“%ﬁO’?chF‘Frém%efugé@féﬂerF%Pé’&“ﬂ%F%@&F%ﬁ° i eve

cat al yst con@ﬂgg&{up@pm[sggggd;ggﬁeﬁ&g%er ation tenperature is in the range
of from about 200C t0 about 1500C, preferably from about 300C to about

1000C, nore P™¥ler abNen-limising giupleydiiE reengrdign nrYom inghide aaser pref er abl y
from about 530G fr8yysen, 0, SO, N,0, NO, NO,, N,0,, air, air diluted with nitrogen or

carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. The regeneration conditions are those capable of burning coke
from the coked catalyst composition, preferably to a level less than 0.5 weight
percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. The coked molecular sieve catalyst
composition withdrawn from the regenerator forms a regenerated molecular sieve
catalyst composition.

[0091] The regeneration temperature is in the range of from about 200°C to
about 1500°C, preferably from about 300°C to about 1000°C, more preferably
from about 450°C to about 750°C, and most preferably from about 550°C to
700°C. The regeneration pressure is in the range of from about 15 psia (103 kPaa)
to about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to about
250 psia (1724 kPaa), more preferably from about 25 psia (172kPaa) to about 150



700C. The regeneration pressure is in the range of from about 15 psia (103
kPaa) to about 500 psia (3448 kPaa), preferably from about 20 psia (138
kPaa) to about 250 psia (1724 kPaa), nore preferably from about 25 psia
(1 72kPaa) wo @hodass1 150 WO 03/106341 PCTI USO03/ 18358 26 psrE/{sh@¥dssskPaa),
and nost preferably from about 30 Asia (22%7 kPaa) to about 60 psia (414
kPaa). [0092) The preferred residence tine of the nol ecul ar sieve catalyst

conposition in nerator is in the ran of from about one mnute to
several houf%? El%@@%ﬁeﬂf“érﬂ%ﬂff Vem h%‘ﬁé At Rs1a (@07 blrapaaboukeO and t he
preferred vopgig14@baphxygen in the gas is in the range of fromabout 0.01

nol e percent to about '5 nole percent based on the total volune of the gas.
[0093] In onl08bodi Mdwpreferngbnsderce tmepf drrobdeaylartsigye cathlyyt net al

cont ai ni ng conpounds .such_as ati.num_ palladiumand the |like, are added to
the regener %c{rrl? 1OSHiop é%#ﬁefgeBF’%*oﬁlﬁ ’Pg'tctrf’@g,e fon?eg]%f’r%f’%e THAUEE 1 fevetik ed
catal yst  ConRRs inidsoprefeftiPabiuflomRiniR o 0P RMAR ind Me bffshdTRLas! ar sieve

catal yst conposition is added to the regenerator containing a regeneration
medi um of  oXyQy¥eersindheasds indbe thage o fherd abont 0,03 mede persent Npabodf 245, 703,

which is hergin full i hcorporated b ference. [0094] In an enbodi nent,
a portion Ofﬁ?ﬁgeécgf}%@s?%?%@gﬁcﬁl vé’}jué'i‘%c’fé@:t %a}syst conposi tion fromthe
regenerator [0893jet ur ngdnélemnBeditynt! Rgdddfution Prodiotd @pichiBhetal €act or (s), or
indirectly, by pre-contacting with the feedstock, or contacting with fresh

nol ecul ar si €AIRIAE §PYBIUNED RysH$h Plabrumarallednmapnd itheglike, atg addedggdheer at ed
nol ecul ar si . 2 .4 I t ed nol ecul ar
sieve catal %g%eg%%dé%?ﬁ’o%g i %gyi’)?&égég& Ieg\aﬁellltgéj%%k%g %gtgfr#o ecul ar sieve
cat al yst conposidsition. A, immater a@dbdiymuit} hfeshwhslgedlaraiove bgalggnver si on

process the nol ecyl ar, sd'ge‘\ﬁe cat aleyst conpasition at .a point in the process
and det er mi nfIRPIHON 34560 I BR FegRperatonsARialning p EREEpIation PefWn O t he

mol ecul ar  si g¥Bek MPhNEE ascRERMRY I OR: pégéﬁt%. 6/ R9G08 RhiLIPR hiel%]jﬂ fauglhe range

of from0.01 wei ght percent to about 15 weight percent, preferably from
about 0.1 weingérpoyateddeefetencabout 10 wei ght percent, nore preferably from

about 0.2 Weto%h per (ig g.ttl e}ngogggﬁjtz a go%jl gp %he %glge%enrllglécuqar}%ieve catalyst

composition from the regenerator is returned directly to the one or more riser
reactor(s), or indirectly, by pre-contacting with the feedstock, or contacting with
fresh molecular sieve catalyst composition, or contacting with a regenerated
molecular sieve catalyst composition or a cooled regenerated molecular sieve
catalyst composition.

[0095] Coke levels on the molecular sieve catalyst composition are
measured by withdrawing from the conversion process the molecular sieve
catalyst composition at a point in the process and determining its carbon content.
Typical levels of coke on the molecular sieve catalyst composition, after
regeneration is in the range of from 0.01 weight percent to about 15 weight
percent, preferably from about 0.1 weight percent to about 10 weight percent,
more preferably from about 0.2 weight percent to about 5 weight percent, and
most preferably from about 0.3 weight percent to about 2 weight percent based on
the total weight of the molecular sieve and not the tota] weight of the molecular

sieve catalyst composition.



nost preferably from about 0.3 weight percent to about 2 wei ght percent
based on the total weight of the nolecular sieve and not the total weight
of the nol ecular sieve catal yst conposition. WO 03/106341 PCT/ US03/ 1838

27 [0096] wo wnes3pr ef erred enbodi ment, the m xture of fraIT/UR9B/ESIS ar sieve
catal yst conposition and regenerated nol gul ar sieve catal yst conposition
and/ or cool ed regenerated nol ecul ar sie catal yst conposition contains in
the range of fromabout 1 to 50 wejght percent, preferably from about 2 to

30 wei ght pdPe¥it, Ameee me@frect anbg,dlmﬁ@mham&tlrezo tfegsh BolaculaDsifEs ght
percent, and, {B‘j’st gﬁ e&{s?t% abaln e %Q?eé‘%% .{?ui%r eaé%?a‘f%s{&%noﬁ? h&n%%ld/%?r bonaceous

deposi t baseq XY Si eve

cat al yst COrm&ﬂtrbgBﬂSrateSQﬂolédMar@iéaﬂmtﬂyéﬂc&nposﬁ’t&’drﬁcﬂintam in theQ2ged¥S, which is
herein fully incorporated by reference. The gaseous effluent is

wi t hdrawn f rigem ebeutdite SAgweishh Berssst REsfeEeR f“?‘% a‘?fé%@é%l QWFB@@PF‘%FW’ecover y

system Ther @Aﬁ! ggt} and
sequences thlggl%a)r?eetgﬁgg/f u %%&EZEQ?%??%% tﬁ%tsn)?’ 840 y| ng ol efin(s)
fromthe gas@mu&b@ftletuabdsutlReclce\/cﬁrcyrb@yate@miegesiebaaédgnthemmiwvesgltone or nore
or a conbinatjon of a various separation, fractio at on

distillatiorPfitBawmixureof meplerular sigye Gaalyst compositions., ee ’é%?@f‘?pé grstems such
as et hyl benggng NiRBWHEEH rv@méhl-ffﬁ %ﬁmnct}&ora% LehbreRf&ke.and ot her

derivative processes suc as a ketones and ester manufacture
(U.S. Patent[0BB7] 5, G5, g@skbys efﬂnezht@t\h&hdrmﬁomahedhsmaglpﬁémem and exanpl e

vari ous cond.enser& heat exchan?[(ﬁa T refri ratl s%%tems or chill
trains, conprdasss thro TREDEE WP ‘0F™ 3% y‘ﬁ’ﬁﬁ%@ FEOYHE 1i ke. [0098]
The ol ecul ag séhﬁvt%cm&@erslaﬁd &qﬁéﬁéesﬁ@ﬁﬁir&/§§eﬁﬂ%§€?ﬁtahhg)8§ﬁﬁ(fs)Iumi‘ pr esent
invention may be used in the manufacture of al kylam nes, using anmoni a.

Exanpl es of BMIW@BIO@@(@@@%@S8aﬂeeusaﬂfﬂ@ml§cR¢®é@rY|SMStmbg¢I§F?é'd Eur opean
Patent Application EP O 993 67 AlL. a 153, 798 to
Hi daka et . al °™RiFCR® 8Irgottee°rr3 Plnﬁ?onMéﬁoySQ %"e@’t&“‘w‘ 6

|ncorpora y reference. [00991 In
order to pr Oni st d@subletxtxefomfbdaﬂarhas;dplngars;br triias, peaeaansystemesmtﬁ on including

E;K%ﬁggt at| V}elyl%gt;/z%get %gaggfagtgr%r(g%f PatEaQteNc]: %|4|7%V3i7r8]9an%xo%1rgp ldgr?va%l;g offered.
processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and other associated equipment for example various condensers, heat
exchangers, refrigeration systems or chill trains, compressors, knock-out drums or
pots, pumps, and the like.

[0098] The molecular sieve materials and catalyst compositions of the
present invention may be used in the manufacture of alkylamines, using ammonia.
Examples of suitable processes are as described in published European Patent
Application EP 0 993 867 Al, and in U.S. Patent No. 6, 153, 798 to Hidaka et.al,
which are herein fully incorporated by reference.

[0099] In order to provide a better understanding of the present invention
including representative advantages thereof, the following examples are offered.
EXAMPLES

XRD

[0100] X-ray Powder Diffractograms were recorded on Siemens D500
diffractometer with voltage of 40 kV and current of 30 mA, using a Cu target and



XRD [0100] X-ray Powder Diffractogranms were recorded on Sienens D500
diffractoneter with voltage of 40 kV and current of 30 mA, using a Cu
target and WO 03/106341 PCT/US03/18358 28 Ni-filter (X=0.154nm . El enent al
anal ysi s owQM3/10684] and P was perforned using the |nductprP@EUSDEED| ed
Plasma (1 CP) spectroscopy. Exanple 1. [01011 Ei ght sanples were prepared
and characterized by the procedures desc?d bed bel ow. [ 01021 The foll ow ng
i ngredi ents were m xed, in sequence, and blended into a uniformgel using
a m cr ohonog®hifitter AEDi IS4mre). TR amentalvndblsis 98 A3(B1, anvdd Wadyeefofmahustigospec
Products, In @@ 85 wt%HfP04agﬁ§t ained from Aldrich Chem cal

¢ lpdysoae |

Conmpany), H20 yfiguplsd Bias SBYRUCSEBY: Cor poration, |Illinois,
USA), Cat apalglamMe(i74 W % A1203, avail able from CONDEA Vista Conpany,
Texas, USA), a n N, N-dinethyl cycl ohexyl am ne (DMCHA; (CH3) 2NC6HL11,;

obt ai ned frof@¥Lhri ch Elgbhiaowles@rmppreparedisa) chafdeteriand tayr the patcedured t he
i ngredi ents was .a f?I |lows:. 2.0 DMCHA: 1.0 A1203:x Si02:1.0 P205:40 H20 x=
0, 0. 1, 0.2%\dH @??%‘1031 In the case where x = 0.1, 14.58 g deionized

wat er was fi '[@ItOZEdded Th@foﬁo@ﬁggnﬁga%s weReRix@d 38 sgqugﬁée?ﬁﬁi ddddg 0.16 g

Cabosilt and 6.23 g N, N- di nethyl cycl ohexyl am ne were sequentially and
sl owl y added inip e iniernnt gl weing o microhomegegéder (Tiibue Jedrondiodelr%833®d with t he

reasur ed it REaPisai bormied BRI sy A Bk o (OB PR or t Tons and

each was seals@idhChgiitd Tokipaeyd, HI0,CTHbayE'S(avdiltBle ffdth Cab&\(Rsposaich, Pl aced in
an oven whose tenperature wgs set at 180C. The autoclaves were taken out

of the oven &fineis, GSAh&atrpaays (74rw6dpAbOsavpijablofrem CONBEA  Yigtz2 t he pH of the
supernatant was,

Gathesh 0204 B AR ¢ he
aut ocl aves were p@ﬁ?&?%gggg‘)’gana%v\%s Hggﬂﬁg%l\g}?rc%\l%ﬂtel 1%&%@hkd%8bm zed water,
until the coi(@HghNGdH, jobbtiihed frvaa Aldged ChinticaleCompary,avg 0 The awlarand wer e
then dried in a 60C vacyum oven ?\fer night. This

ratio of the ingredients was as follows:.

2.0 DMCHA:1.0 AL,04:x Si0,:1.0 P,0,:40 H,0
. x=0,0.1,0.2 and 0.3

[0103] In the case where x = 0.1, 14.58 g deionized water was first added

t0 5.65 g H3PO4. Then 3.38 g Catapal™ A, 0.16 g Cabosil™ and 6.23 g N,N-

dimethylcyclohexylamine were sequentially and slowly added with stirring to

form a gel. The gel was treated with the microhomogenizer to make a uniform

gel. The pH of the gel was 5 as measured with pH paper. This gel was divided

into two equal portions and each was sealed in Teflon lined autoclaves. The

autoclaves were placed in an oven whose temperature was set at 180°C. The (
autoclaves were taken out of the oven after 3 and 7 days, respectively. After

cooling, the pH of the supernatant was measured to be 9.

[0104] The solid products in the autoclaves were centrifuged and washed

several times with deionized water, until the conductivity of the washing fluid was

below 50 S/cm, and were then dried in a 60°C vacuum oven overnight. This

procedure was repeated for the molecular sieve preparation mixtures for which x =

0,x =0.2 and x = 0.3, respectively, by adapting the amount of silicon source used.



procedure was repeated for the nol ecul ar sieve preparation m xtures for
which x = 0, x = 0.2 and x = 0.3, respectively, by adapting the anount of
silicon source used. WD 03/106341 PCT/ US03/18358 29 [0105] X-ray powder
di ffracti owgumtibessns of the products obtained from nol ecedTUSISNE338
synthesis m xtures for which x =0, 0.1, 0.2 and 0.3, respectively,

obt ai ned after three days of crystalli zat3%n are shown in Fi gure 1. Table
Ib gives the list of XRD peaks for the product obtained after 3 days of
crystallizat i885From Z-rappetddr diffrattiongpagems hithe produsts abteintd fromhi ch x =

0.1. Table Ib 20 d(A) 1% .9.46.9. 34.63 ..12 86 6.88.12. 13.98 6.33 16 16.02
553 51 17. 519?%?"3%5‘ VE SYRRERS miXtiates or %&b’f@z @6’ @%Gnd 9-%’. ﬁ%“eﬁt.lﬁgy’s 22. 42
3.96 11 23. $Brathe@bftef thré®dB 7 of cBRtaBfratidiPard Showitid Flfure 2 /Table 1B-glvesd 28. 26
3.16 4 29.62 3.01 4 30.68 2. 91 37 31.18 2.87 18 31.68 2.82 2 32.44

2.76 2 33. ethedisbef 2RD pgalgdopthg gragluct obtained after 3 days of crystallization from

a molecular sieve synthesis mixture for which x =0.1.

Table Ib

26 d(A) 1%
9.46 9.34 63
1286 | 6.88 12
13.98 | 633 16
16.02 | 5.53 51
17.80 | 4.98 24
19.06 | 465 2
2062 | 4.30 100
22.06 | 4.03 8
2242 | 3.6 11
23.10 | 3.85 7
25.02 | 3.56 36
2596 | 3.43 16
2772 | 3.22 4
2826 | 3.16 4
2962 | 3.01 4
30.68 | 2.91 37
31.18 | 2.87 18
3168 | 2.82 2
3244 | 2.76 2
33.60 | 2.66 3
3460 | 2.59 8
3502 | 2.56 1
36.18 | 2.48 5
3876 | 232 1
39.84 | 2.26 3
4298 | 2.10 3
4358 | 2.08 3
4528 | 2.00 1
4692 | 1.93 1
4784 | 1.90 4
4902 | 186 4
4952 | 1.84 1




35.02 2.56 1 36.18 2.48 5 38.76 2.32 1 39.84 2.26 3 42.98 2.10 3 43.58
2.08 3 45.28 2.00 1 46.92 1.93 1 47.84 1.90 4 49.02 1.86 4 49.52 1.84
1 WD 03/106341 PCTI US03/ 18358 30 [0106] The XRD patterns in Figure 1 show
t hat the pmadescwessobt ai ned after 3 days of crystallizatiper/U$00/8338 Xt ur es
in which x = 0.1, 0.2 or 0.3 are pure silicoal um nophosphates of the CHA
framework type. The product obtained afté® 3 days of crystallization from
the m xture in which x = 0.0 appeared to be a mxture of ALPO-5 and an

al um nophospfé) havi ribhet XBDQlatterhis emiigae R shyweahat tieQrodictsehtanedmbader

di ffraction tterns of.the products for x.= 0, .01, 0.2 and 0.3 obtained
after seven 3%9%3 Fensiizaney F’Q%hq“é( e5B W™ Pﬂ’%%é’ﬁgé B P¥fie XRD

patterns in EhigstlEnidopRRpnddal thedC A ratRWRR @gy.smé prol¥dt blalred aféron, smal |
amounts of a crystalline inpurity having the AFl framework type were forned

from t he nol éclaysaf cristallizatiom framahé mixtwiexn whishfxor O.Qeppdared tebgal. The

nol ecul ar si eve pr lon mxtures for l.ch. X 5:0.2 0r Q.3 gave pure

si i coal umi n%ﬁ%&gm(ﬁéla&m %}Pmérfoé’s%sggﬁg fige Pﬁec@kaf‘}eﬁ’ﬁgm‘g type. The
product yi el gerofpxpr esxagy pewddr@ifeitWatpaR@hs 6Nthe pfodufie fdrixnab, qor,@duct versus

the weight of tﬁe starting gel%alyal ong W th the chem_ cal conpositions of
t he product s aag0.3 gbteinediafierckelsn ddys aberyslliationyeg shownrin Figugeeh Tha Tabl e 11.

[ 01081 The r sail L NN TUON fed ynfl B8 o A0 AR ANGTebl o 11 show

that pure si sphates w ow con can’ be made in good
yi el ds from amaohtesid afstalliay anpirip aiahg B8 AR flatheoroflotyp@iveiefgrmddN-

di met hyl cycl ghexyl am ne, as organic, tenpl ate. The results al so show t hat
ALPCs | from the molecular sieve preparation mixture for which x = 0.1. The molecular

sieve preparation mixtures for which x = 0.2 or 0.3 gave pure

silicoaluminophosphate molecular sieves having the CHA framework type. The

product yields (expressed as the weight percent of the final product versus the

weight of the starting gel) along with the chemical compositions of the products as

determined by elemental analysis, are given in Table II.

[0108] The results shown in Figure 1, Figure 2, Table Ib and Table II show

that pure silicoaluminophosphates with low Si contents can be made in good

yields from a molecular sieve preparation mixture containing N,N-

dimethylcyclohexylamine as organic template. The results also show that ALPOs ,

although somewhat impure, could also be made with this template.

Table I

Crystallization Molecular sieve preparation mixture composition

Time (days) x=0 x=0.1 x=02 x=0.3
3 Yield 13.2* 14.1 . 170 18.6
3 Product

composition - AlSiy 57 Poss AlSig,10P0 s AlSig 154Pog 566
3 Si/CHA - 042 0.714 0.924
cage

7 Yield 15.0% 16.1* 171 19.3

* Impure



al t hough sonmewhat inpure, could also be made with this tenplate. Table I
Crystallization Ml ecul ar sieve preparation m xture conposition Tine(days)
x=0 x=0.1 x=0.2 x=0.3 3 Yield 13.2* 14.1 17.0 18.6 3 Product conposition
- Al Si 0. 07Wm ®4863M Si a. 119P0, asl A1S~154P0. e66 3 Si/ CHA PCOUNZ/ 1885914 0. 924
cage 7 Yield 15.0* 16.1 * 17.1 19.3 * Ingure WO 03/106341 PCT/ US03/ 18358
31 Exanple 2. [0109] Four sanples were prepared and characterized by the
pr ocedur es E,‘?SCﬁi ed below. [0110] The follow ng ingredients were m xed,

i n sequence, ‘ended into a uniformgel using a m crohonogeni zer

(Ti ssue Tearmuodpdel IH03OampEIvaiwkd Rrepafet afl Bi@spRzePbp tieGirscedtrdg, USA): 85
wt % H3P04( obt ai ned from Al drich Chem cal Conpany), H20, CabosilTM

(avai | abl e fdeseritEdstoncor poration, I1l1linois, USA), Catapal TA' A (74 W%

A1203, availl from Vi . . A) n en N,

N- di met hyl cy@:i!cl) exyl am‘&ﬁe?l%ﬁg’%@xﬁg‘?n%ﬂflédér%fztﬁld%}%%l%g&;aI Conmpany,
USA) . Fi nal | yo &mifdeR%8ebGsie® b shicroRdmiddetized (Tousud T eirdraViodd198730al Conpany,
USA) was added to the synthesis gel as the last ingredient. The nol ar
ratio of thea\iaﬁgl?lé&Pm@@sm&%@cg%lmo%ﬁrSé.VH‘V#zP@gvmwcpo A1203: X

S 02:1 -0 P2Q% - X ek re of
exanple 1 mg%{éﬁldg\%\eg&ai(gmmgﬁa%)’g{%éF@za%agﬁglgﬁéypgg%?lﬂa ép% gﬁgﬁlSOC and a
cryst al | i zat Ilhmoi4, USA)pCatdpad 3 \s(74[a¥d RLOXavalablpdrame CONDEAAGsta on patterns of

Lhe protucts 0Bt Sned. r a0, TSR, Sheke SHILIEL S I aLiER, T or v e x
crystal lizat [@fhid§roth @MYidhTCHeh3sH] EoRpank2 BISA)! FihRIy) E¥ES0% aqueous
solution from Aldrich Chemical Company, USA) was added to the synthesis gel
as the last ingredient. The molar ratio of the ingredients was as follows:.
0.5 HF:2.0 DMCHA:1.0 Al,04:x Si0,:1.0 P,04:40 H,O
x=0,0.1,0.2 and 0.3
[0111] The procedure of example 1 was followed, with a crystallization
temperature of 180°C and a crystallization time of 3 days.
[0112] X-ray powder diffraction patterns of the products obtained from
molecular sieve synthesis mixtures for which x =0, 0.1, 0.2 and 0.3, respectively,
obtained after three days of crystallization are shown in Figure 3. Table IIIb gives
the list of XRD peaks for the product obtained after 3 days of crystallization from

a molecular sieve synthesis mixture for which x = 0.1.



the list of XRD peaks for the product obtained after 3 days of
crystallization from a nol ecular sieve synthesis mxture for which x =
0.1. WD 03/106341 PCT/US03/18358 32 Table Illb 20 d(A) 1% 9.54 9.26 100
12.92 6.85w® 0386386 6.62 4 14.04 6.30 20 14.56 6.08 3 HEI/GR3IFA8HBS 15
16.08 5.51 57 16.80 5.27 8 17.88 4.96 25 18.00 4.92 27 20.68 4.29 76
21.22 4.18 21 22.12 4.02 7 22.60 3.93 8223.18 3.83 4 25.04 3.55 32
25.44 3.50 20 26.00 3.42 10 26.26_3.39 3 27.00 3.30 3 28.28 3.15 4
30.36 2.94 9 30.74 2.91 22 (31.04 2T8#8 B 31.18]2.87 19 31.60 2.83 9

20 d(A) 1%
9.54 9.26 100
12.92 6.85 9
13.36 6.62 4
14.04 6.30 20
14.56 6.08 3
15.68 5.65 15
16.08 5.51 57
16.80 5.27 8
17.88 4.96 25
18.00 4.92 27
20.68 4.29 76
21.22 418 21
22.12 4.02 7
22.60 3.93 8
23.18 3.83 4
25.04 3.55 32
25.44 3.50 20
26.00 3.42 10
26.26 3.39 3
27.00 3.30 3
28.28 3.15 4
30.36 2.94 9
30.74 291 22
31.04 2.88 26
31.18 2.87 19
31.60 2.83 9
33.64 2.66 3
34.60 2.59 5
36.24 2.48 5
43.02 2.10 4

[0113] The XRD patterns in Figure 3 show that the products obtained after

3 days of crystallization from mixtures in which x = 0.1, 0.2 or 0.3 are pure
silicoaluminophosphates of the CHA framework type. The product obtained after
3 days of crystallization from the mixture in which x = 0.0 appeared to be a
mixture of AIPO4-5 and an aluminophosphate having the CHA framework type. It

is apparent that the presence of fluoride causes some minor distortion to the



33.64 2.66 3 34.60 2.59 5 36.24 2.48 5 43.02 2.10 4 101131 The XRD
patterns in Figure 3 show that the products obtained after 3 days of
crystallization frommxtures in which x = 0.1, 0.2 or 0.3 are pure

si |i coal umwpiwsldhat es of the CHA framework type. The prndUUsosaBG;sai ned
after 3 days of crystallization fromthe3 i xture in which x 0.0 appeared
to be a mxture of AI PO4-5 and an al um nOphosphat e havi ng the CHA
framework ty rent that the nce of flyor.i auses some
mi nor di st or?fyé‘ﬁ ‘i“é’c‘[“l’i% T%ﬂa’@/*&m@dﬁﬁ?@s@%‘%ﬁ@wa‘%ﬂ&w&l ehfest ruct ure,
resul ting ingi®r enaif {HE RIJGE dgltd‘r{“g@ctl on peaks. The higher the S Q2
amount, the less the distortion. [0114] The product yields (expressed as

t he wei ght pé¢lddht of ifh@prbdwaWlelﬁﬂmwed/@ﬁhmwelgh‘epwgmthoﬁnalhe starting

gel) al ong the ch mca si.tions . of t ducts as determ ned by
el enent al ch{agftversgf’ e ?ﬂ" %ﬂff %lo%‘ﬁ{]}émﬁ\‘ﬁ WY Mol ecul ar si eve
preparat | on 'Elbﬁﬁ tﬁm@%m rddueR as BERANIGEd SPIBmeNanTs, larX glleinX= 0. 3
Yield 15. 7* F/ Al in product 0.1136 O. 8872 . 0805 0. 0500
Si/A in proaablpm 0. 059 0.077 0.132 Si/CHA cage 0 0.354 0.462 0.792

[ 0115] Persons of ordinary skill in ﬁﬁ zil{]t wi |l recognize that many

nodi fi cati ons may be nade to the pre nventi on w thout departing from

the spirit[and ygg@e Of [T he WoREERL si¢vR\VREHat#8ion mik@redRpdLIIEAT Heﬁcri bed
herein is meant to be illustrative only and should not be taken
limiting the PrederitGesee: WO 087006341 PCTAUSO3) 188582 34| GLAINS
Yield 15.7* 15.7 18.9 17.9
F/Al in product 0.1136 0.0872 0.0805 0.0500
Si/Al in product 0 0.059 0.077 0.132
Si/CHA cage 0 0.354 0.462 0.792
[0115] Persons of ordinary skill in the art will recognize that many

modifications may be made to the present invention without departing from the
spirit and scope of the present invention. The embodiment described herein is

meant to be illustrative only and should not be taken as limiting the invention.



1. A process for preparing crystalline nolecular sieve of CHA franmework
type, which process conprises: (a) providing a synthesis m xture conprising
a source of alumnum a source of phosphorus, a source of silicon and at

| east one wway@noes4i enplate of fornmula (1) R RRN-R3 (1) pr@thesaiigsss Rl and
R2 are independently selected fromthe grQup consi sting of alkyl groups
having from1l to 3 carbon atons and hydr 6xyal kyl groups having froml to 3

carbon atons;_ - R3 is selected fromthe group consisting of 4- to
8-menmbered ¢ yl groups, optionally substituted by 1-to 3 al kyl
groups having fromplodeQ Br prefrRERnALAIR mdecli@ sRvEBIOEMeFahiggk ocycl i ¢
groups having froml to het erodt ons, said heterocyclic groups being

optional | y subst ityp¢,edhithprécesocondpriseky|l groups having from 1l to 3 carbon

atons and the hetqe&oatorrs in hsai d.heterocyclic %OUE 1bei ng selected from
the group consi st{@hBrogiing a ynthesiy puure SoMPHIFNE & SANES tSa ia flization of

crystal line nol eciyydle 3hRYPhGss, cfzf)ﬁélmc}!&rdﬁdtayléﬁstfoh@m i@ taypladesi s

m xture. 2. The process as clained in claiml, wherein the organic tenplate
of formula (1) icffamdafidate of fornmula (11) (CH3)2N-R3 (11) wherein R3 is
a 4- to 8-nenbered cycl oal kyl gr ougl %w_tl{_o,og?l |y substituted by 1 to 3

met hyl groups. 3. The process of a yR he’precedi ng clains, wherein R3 is
a cycl ohexyl growResre@ptionally substituted by 1 to 3 nethyl groups. WO
03/106341 PCT/ US03/ 18358, 35 4. The process of any of the preceding clains,
wherei n the organi B! eedhRf ateandapgndeailipsslestedi Foptherown eansisirgrfialiting of

et e RS O 5 SRS PR vy ar e
from 1 to 3 carbon atoms;
- R3 is selected from the group consisting of 4- to 8-membered cycloalkyl
groups, optionally substituted by 1-to 3 alkyl groups having from 1 to 3
carbon atoms, 4- to 8-membered heterocyclic groupé having from 1 to 3
heteroatoms, said heterocyclic groups being optionally substituted by 1 to
3 alkyl groups having from 1 to 3 carbon atoms and the heteroatoms in
said heterocyclic groups being selected from the group consisting of O, N,
and S; and |
(b) inducing crystallization of crystalline molecular sieve of CHA

framework type from the synthesis mixture.

2. The process as claimed in claim 1, wherein the organic template of
formula (I) is a template of formula (II)
(CH3)N-R3 (1)
wherein R3 is a 4- to 8-membered cycloalkyl group, optionally substituted
by 1 to 3 methyl groups.

3. The process of any of the preceding claims, wherein R3isa cyclohexyl

group, optionally substituted by 1 to 3 methyl groups.



5. The process of any of the preceding clains, wherein the organic tenplate
is N, N-di met hyl - cycl ohexyl am ne. 6. The process of any of the preceding
clainms, wherein the synthesis mxture further conprises at |east one
source of Warbee1 i ons. 7. The process of claim®6, wherepcr/U$e/1868Ir ce of
fluoride ions is hydrogen fluoride. 8. e process of any of the preceding
clains, wherein an organic tenplate containing tetraethyl ammoni um cations

is used in conbination with th organic fenplate.of fornmula (l). 9. The
process of ctai _m%‘,e P&ﬂ?_é?se‘?fjr%‘_ni’ ﬁgﬂ‘&%%ﬁihegf&{%ngﬁém WFQF%“}‘fgeml_glaze
tetraethyl ammoni H%&%}égﬁg 1 26hE&netihd QEN,Nhﬁnﬁ&@%%a@tﬁb%yﬁidhw of

t et raet hyl anmoni um ¢ , tetraethyl anmoni um brom de, )
t et r aet hyl anmoni eN-dimethyttey dowentyilamine 9,N-tisetyl-mettylcytiobeptagiwes of any of

t he preceding cl ai erein the | ar rat.io of tenplate to alum numin
the synthesis mﬁ%&@%@ﬁ‘@%&‘g?@ﬂ%@ﬁwg& nol ar ratio of tenplate to
al um na (A1203), is within the range of froml|l .0:1.0to 3.0:1.0. 11. The

process of any of the preceding clains, wherein the nolar ratio of

tenpl ate to &l umi Therprogess ¢fany phtheaseosding claims Whirsiththe opgaaicse®plat t he  nol ar
rati o of tenplate L um n 203)..1s within the range of from 1.5:1.0
to 3.0:1.0. WO 03F %ﬁ%yﬁj@%‘ﬁﬁ%‘g%‘ 36 12. The process of any of the
preceding clains further conprising the steps of recovering and cal cining
the crystall gne nDhegsodeds oSdng\of tief prédedingfotane wirekeitn Yeeyhtbesis miztate an
activated silicoal um nophosphate of CHA i&{)@{rggi\a?rk type. 13. A

si |i coal uni nophosHHASTEORPrIEs AL Kastqng Rurcg ¥y of CHA framework
type, conprising within its intra-crystalline structure at |east one

organi c tenphate ofe £08qubecihiln 6, BbkrdiR tteRGurcd o flvdHRIE QbR is hydrogen

fluoride.

8. The process of any of the preceding claims, wherein an organic template
containing tetraethylammonium cations is used in combination with the

organic template of formula (I).

9. The process of claim 8, wherein the organic template containing
tetracthylammonium cations is selected from the group consisting of
tetracthylammonium chloride, tetraethylammonium bromide,

tetraethylammonium fluoride and mixtures thereof.

10.  The process of any of the preceding claims, wherein the molar ratio of
template to aluminum in the synthesis mixture, when expressed as the
molar ratio of template to alumina (Aleg,), is within the range of
from1.0:1.0 to 3.0:1.0.

11.  The process of any of the preceding claims, wherein the molar ratio of
template to aluminum in the synthesis mixture, when expressed as the
molar ratio of template to alumina (Alp03), is within the range of from

1.5:1.0t03.0:1.0.



- R1 and R2 are independently selected fromthe group consisting of alkyl
groups having froml to 3 carbon atons and hydroxyal kyl groups having from

1 to 3 carbon atons; - R3 is selected fromthe group consisting of 4- to
8- mnenber edwoywsiioasikyl groups, optionally substituted by PCHUS03/1835KYy]|
groups having from1l to 3 carbon atons, 4- to 8-nmenbered heterocyclic

groups having from1l1l to 3 heteroatons, said heterocycl i ¢ groups being
optionally substituted b al k gr.Qup I’%}/ from1l to 3 carbon
atons and t hé“het ibjeoﬁ"to&?% % %fa‘ﬁ%lp’ﬁé go%%}E’IS GerpRrising thy stepy %fct ed from
the group consi stidagy@ingdnd MicinddhSerydfinénsidliapatirtapiosphat e

nol ecul ar sieve, substantially framework type, conprising within
its intra-crystal framewstktypd orpeodde hreatsivatedsibcayainpphospime et GLAf f or nul a
(rr) (CH3)2N-R3 (H%‘ V\&e}rein - RBis a 4- to 8-nenbered cycl oal kyl groups,
optional Iy substi '8PEY°BYYR® to 3 nethyl groups. WO 03/ 106341

PCTI US03/ 18358 37 15. A sil.i coal um nophosphat e nol ecul ar si eve,

substanti al | 130f @HMlicohhMTBVNokpHalERBoleGRFRIeVE, siBstantially of CHA
N, N-di met hyl -cycl ohexylamine within its intra-crystalline structure. 16.

The silicoal um nofRESHRER BParsomptisieg Vaihinits ipraergialinesiruetyraaidsest conpri si ng
fluoride. 17. A crxég%gﬁmg&%pgét{apragn ophosphat e nol ecul ar sieve having a

characteristic X-ray pattern contai ning at |east the d-
spacings as set forth in Table |a. ]{E&ZNAR%r(Mst alline silicoal uni nophosphate
nol ecul ar sieve, having a characteristic X-ray powder diffraction pattern
cont ai ni ng at Ieaé‘[he’feﬁb d- spacings as set forth in Table Ib. 19. A

mol ecul ar si eve asgelgl W%i}fﬁd@ﬂ&id&{t 1yGLREED frddh i grbBp EQTERhS bRgKN W

di met hyl cycl ohexyl am ne wt tra crystallrne structure.
groups having from 1 to 3 carbon atoms and hydroxyalky! groups having

from 1 to 3 carbon atoms;

- R3 is selected from the group consisting of 4- to 8-membered cycloalkyl
groups, optionally substituted by 1 to 3 alkyl groups having from 1 to 3
carbon atoms, 4- to 8-membered heterocyclic groups having from 1 to 3
heteroatoms, said heterocyclic groups being optionally substituted by 1 to
3 alkyl groups having from 1 to 3 carbon atoms and the heteroatoms in
said heterocyclic groups being selected from the group consisting of O, N,
and S.

14. A silicoaluminophosphate molecular sieve, substantially of CHA
framework type, comprising within its intra-crystalline structure at least
one organic template of formula (II)
(CH3)N-R3 (II)

wherein

- R3 is a 4- to 8-membered cycloalkyl groups, optionally substituted by 1
to 3 methyl groups.



20. A crystalline silicoal um nophosphate nol ecul ar sieve having a
characteristic X-ray powder diffraction pattern containing at |east the d-
spacings as set forth in Table Illa. 21. A crystalline
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structure and®f| usilifealumpmpphasphatsaraleculas sicve spstagtiallnel @ddi ar si eve

catal yst conposit} i TRY. 3 I 04 d.east one
nol ecul ar si eve agg{éf\g%e r g‘glﬂgﬁ%&olg%gp gllke?f]@;i fgagﬁyxgifﬂg?%stﬂlg?%par ed
according to any mfrackhatadnedstiuetule2 Wwith at | east one fornulating agent. WO
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conposition npri.sing at |.east one sjlicoal um. nophosphate nol ecul ar sieve
as clained i g)‘anyjrg‘ff Slg‘foéi“’r?%mié‘ots ateZ‘QOIS?UI%‘sSI%'FQBQFg’H?%é%@PC& ng to any of
claims | to 12, ighRe¥ingtmiigel th at | east one fornulating agent. 25. The
use of the nolecular sieve of any of clainms 13 to 22 or of the nolecular

sieve as prepared according to any of clainms | to 12 or of the fornulated
mol ecul ar si é¥e cAtcaysjadkinecohsralimipenhosrthate raglesudar sigye havieg &l yst  for the
conversion of an e f . . Or L1 NS \ process for
Converting an oxy RRRAREx; B EhaR SERGIR rolBl ol et £ P PR S
conpri sing the stgaciogs aoset fethinJablailal oxygenate feedstock wth the

nol ecul ar sieve of any of clains 13 to 22 or of the nolecular sieve as

prepared according to of. CL‘]%;;{”B | to 12 or of. the formulated nolecul ar
si eve cat al ygg c O%ﬁ&s‘ta[ 1%er.|51]6<roa nophesphate molecular swve,ef\)avmg a
characteristic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table Ib.

19. A molecular sieve as claimed in any of claims 17 or 18 comprising N,N-

dimethylcyclohexylamine within its intra-crystalline structure.

20. A crystalline silicoaluminophosphate molecular sieve having a
characteristic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table IIla.

21. A crystalline silicoaluminophosphate molecular sieve having a
characteristic X-ray powder diffraction pattern containing at least the d-

spacings as set forth in Table IIIb.

22. A molecular sieve as claimed in any of claims 20 or 21 comprising N,N-

dimethylcyclohexylamine within its intra-crystalline structure and fluoride.

23. A process for forming a molecular sieve catalyst composition, which
process comprises combining at least one molecular sieve as claimed in
any of claims 13 to 22 or as prepared according to any of claims 1 to 12

with at least one formulating agent.
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A formulated molecular sieve catalyst composition comprising at least one
silicoaluminophosphate molecular sieve as claimed in any of claims 13 to
22 or as prepared according to any of claims 1 to 12, in admixture with at

least one formulating agent.

The use of the molecular sieve of any of claims 13 to 22 or of the
molecular sieve as prepared according to any of claims 1 to 12 or of the
formulated molecular sieve catalyst composition of claim 24 as a catalyst

for the conversion of an oxygenate feedstock one or more olefins.

A process for converting an oxygenate feedstock into one or more olefins,
the process comprising the step of contacting said oxygenate feedstock
with the molecular sieve of any of claims 13 to 22 or of the molecular
sieve as prepared according to any of claims 1 to 12 or of the formulated

molecular sieve catalyst composition of claim 24.



