-1 2 DEC 2006 WO 03/106340 1 PCT/US03/ 12718 SYNTHESI S OF MOLECULAR M6
HAVI NG THE CHA FRAVEWORK TYPE FI ELD OF | NVENTI ON 100011 Thi s invention
relates to the synthesis of alum nophosphate and silico- al um nophosphate
.nmol ecul ar si eves having the CHA framework type. In particular the present

i nvention rel@bqﬁu% ,the synthesis of alum nophosphate and"?? i.coal um -
nophosphat e nol ecul’ar sieves having thb CHA franmework ty g?"ﬁélsterrpl at es
that contain at | east one dinethylam no noiety in conbination with a source
of fluoride. BACKGROUND OF THE | NVENTI ON 100021 O efins are traditionall y

produced from petrol eug Eﬁgggg Oﬁl; Eé gax al ;{E %rh& racki ng processes.

These cracki ng proces 'Mce | i ght

ol efin(s) such as ethyl ene and/ CHANRXMEWUGRK TYPEA variety of hydro- carbon

feedstocks. It has been known for sone Tinme that oxygenates, especially

al cohols, e.g. nethanol, are convertible into light ol efi n(s).' The preferred

met hanol conver SpnpREpaaNTIONEneral ly referred to as
nmet hanol -t o-ol efin (MIO— process, where nethanol is converted to

primarily ethyl dP@ShnﬁhlﬁWﬁWO@ﬁ@ateﬁtﬁ thwynpees eyl eniperbasphale ardutikise- si eve.
100031 Some of tm&lﬁaéaﬁ$s Makcurmafeymﬁng%@@m ﬁ%ﬂéw&?i})é@ﬁﬁﬁﬂﬂ:uﬁ?t hanol to
olefin(s) are the oa um nophosphat es such

si | i coal uni nophdksateser dnveptgapestes)to Wﬁﬁﬁ‘@srapéﬂanwn#espbm ndsificeptunginpO

mol ecul ar_si eves, | Hoitdifr 8bes nling hECSE: ilifevil Bpb UBRY feABimesxanp! es

i ncl ude SAPO-5, %%qutf SAPG 18, SAPG. 34, SAPO. 35, B e 26,
For the met hanolthat gonyieps last pmedb@gtbylmmwgw BcagmAinatigneyithsa mvcm@ t he CHA
framework and espgghal |y SAPO-34 are particularly inportant catalysts. The
CHA franework type has a double six-ring structure in an ABC stacking
arrangenent. The pore openings of the structure are defined by eight nenber

rings that have géekefPhND 6F T8HONVENHON . and cylindrical cages within
the structure of type ("Atlas of 1 2 DEC 2006 WO
03/ 106340 PCT/ uS882} 2 Pidins 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 hydro-
carbon feedstocks. 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 methanol-to-olefin(s)
(MTO) 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 SAPQ molecular sieves known in the art, of
these the more important examples include SAPO-5, SAPO-11, SAPO-18, SAPO-
34, SAPO-35, SAPQ-4], 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 type ("Atlas of



-2 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. 100041 The
synt hesis of ALPO and SAPO nol ecul ar sieves is a conplicated

,There are a nunber of variables, which need to be controlled |H%$E€?ﬂﬁ§o
optimse the synthesis in ternms of the purity, yield, and quality of the

nol ecul ar  si avaspkaduced. O these variabl es the choi cep@fyshgnkat e
(hereinafter also referred to as tenplating agent) is usually one of the
nost inmportant in determning which framework type is obtained. (00051 One
desirabl e group of silicoal um nophosphate nol ecul ar sieves are those that
have | ow sili corzwmammte&orkswﬂegpammmsmcmmﬁ]pbamsoosﬁer EARO Gidfecules anewor k

type with low silicon _contents are rtlc for use in the
met hanol -t 0- ol ef¥N¥E 9 BFHéef?é“EWWI‘% “8?5 ‘%% %ﬁf&'@é&ggﬁt i s beneficial
to have |ower Spooapnirentynfiess eﬁhh@)@ﬁd QPO fldchler EieRs tid @ramﬁﬂwcaéd)por ous and
Mesoporous Materials, 29, 117-126, 1999). Low Si content has the effect of
r educi ng propanepmcF%rﬂ’&f‘i%%a a'ﬁﬂpeﬂéfc%%‘isnﬁh‘&'h{*céﬁﬂ‘?e @ruRlled s 100061 1 n
U.S. Patent No. g0 ¢ EdnthdsiiGn &WHE brand &Jrig} y?éld’“aﬁt?qdé%'o?ttﬁé XflecatdO
materials of various framework types are described with a nunber of speC|f|c
exanpl es. Al so di®epredies & dhew Haﬁ%‘lf,f'é e sheies of gl @eginaftes plspmsfered enpll at es,
with some specigf h&eﬁﬁml #2ont) 1!; nsumlrseon%raﬁﬁmoa ISP GHERI if AeBrnBAPRLicPT CHA
framework type materials are described. The preparation of SAPO 34 is
reported, using Tamewedsdyneys ehiaisAi um hydr oxi de (TEACH), or isopropylanine, or
m xtures of TEAgh ?n@)ng'd%x%ﬁ!'g%ﬂpn& GkBAmAS Ho?ﬂm&%nﬁéculaﬂsi%%sddxéd osed in

S

this pat ent is a peC| I C exarrp e that utilises cycloh exy amne in the

preparation of Shee e hava|lewoulishn gorers. ¢ Shesrlminopkeseheten | of gy £Hfescribed in

this patent thermmrmg)pe%t}%w shr%H)Joﬂ{e% afe HiEALBe8RblREbNEe Sithd abl e for
preparing SAPO s of CHAframework type. Certain aminoal cohols are

menti oned, i ncl uafthRgoltpiolefinnpraseasWilson, )t alpatreyecithalt h inkspefivizhie, bave
N- et hyl et hanol aghfesi cHhidh Frihindifs- Hafmlr@aalaﬁ(maggoré\bs%ngmmwo@; hanol am ne

as possible tenplates for SAPO nol ecul ar sieves hese material s
N, N- di et hyl et han¥Pigiginhd2i 474 RouAIR-d-oprd dertent kpspies. effect ghredycingsprapage DEC 2006

WO 03/ 106340 PCT{ B34 Ad 6d&easing catalyst deactivation.
[0006] In U.S. Patent No. 4,440,871, the synthesis of a wide variety of SAPO

materials of various framework types are described with a2 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
tetraethylammonium hydroxide (TEAQH), 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 SAPO-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. Certain aminoalcohols are mentioned, including triethanolamine, N-
methyldiethanolamine, N-methylethanolamine, N,N-dimethylethanolamine and
N,N-diethylethanolamine as possible templates for SAPO molecular sieves. Of

these materials N,N-diethylethanolamine is shown to produce SAPO-5, which is



3 of framework type AFI. For the other am noal cohols no indication is
provided as to which SAPO or which framework type nmay be obtgj ped zﬂ[lﬁrough
their use. 100071 Since the synthesis of SAPO 34 was reported in U S
Patent No. 4,440,871, tctraethyl ammoni um hydroxi de (TEACH) either alone, or

i n combi na- i.th di propyl am ne (DPA), has been the preferred tenplate
for prepari n&gbg%/&gé 34. However, therg are problens asspcfc%fué‘?"’élaﬂg\nth t he use
of TEAOH and DPA. \Wen used al one, TEAOH affords a limted range of

synt hesis paraneters. For exanple, under certain conditions TEACH will al so

templ ate the syppffSiok QObe ABARS 8ot ffholRsholsR ifMidatibl BFRWRICH of YPE. TEACH

is thus rel ativel intolerant to s%nt hesis condition variations. TEAOH i s
sonet i mes conbitheRichRARY @rkich fiagweedk tyrepRA belsaised Ugapghchdinyse point (110 O

resulting int W@Oﬁ'jeeﬂngeo{he %Qﬂé’s?s of '89@0@461@555 ek A, dapthe N&' gh

pressures. In certain countries, the use of requires special regulatory
aut hori zat i ons 4dﬁ%37tlot€tr%°§w!ammtmlmyhydmxsb (TEERT) eitherrmlona g ireensibing- t enpl at e and

s often el 1 dhchnidbbSuslissait 0 Wl bPSyetidh SARNTARRREPhal o

nol ecul ar sieve durl S syn resul thng 1 n poor q crystalline
product due t o S8EPficBoywévet, ithege ot ptdhbms raassttmictdsmtlFthnalbd of TEAOHasd proved

difficult upt n t GHA i H:ﬂ% ogmg at e nol ecul ar
sieves with a Péq\ivg}sﬂle |gscea té &%}ﬁgﬂ’?ogtai 0. eib%%%%n % . %F:[égnt No.
4,440,871, it VWasexamplenimde ctﬂuaart cBARGhSAVEAS willotdoaemate thesyrithesiswhij or phase”

using. cycl ohexyd 3 ASR3 s ETR Blfenlfiukd TeaBRERL: rehfierPudinf 15

relatively pure Al nedrusin a%e but with
control of thete atnt}aslsfcomcmmnl vealahenctn& BEAOH nsJ mnmmes:eoxammdthﬂ: DRAL o of

phosphor us sour e to rce. Q Eur gpean ate t Publication
No. 0, 993, 867, sﬁé’%%ﬁ%@ﬁ?’f"ﬁﬁg p‘f“ﬁé%% gireﬁ'{‘?“ I"S?ﬁ{; Bffffe resulted in
SAPO- 47 and t hamt:l?pﬁn’@ftheﬁ)tﬁl melxyﬁga;rpraemsr esuhaledommasnmu ne SAA 44.

Met hyl but yl ami ne has an .even owerh ndi% oL iLnt g than DPA. [0010]
In US Pat ent Noreq“lfe%%’fc'??lﬁg“l%ﬁm Bmfﬁ‘?s s “f"é%’t’ﬁ‘rf‘ & YHat® fhe use of

N, N- di et hyl et hadgpleaive reghppk-aaid ¢edfieAToMedHn re-tiasslutign &‘theﬁmamhﬁmt ed on the

peripheries of thgs%hgtg 1¥1§1teg'111ar %g\ge d%romgaxlts s%u%es%,e rgs':[uftgl'g inlpo%r a%gty%pycs)tgl]ine

product due to surface pitting of the crystals. Finally, it has proved difficult up to
now to make pure phase CHA silicoaluminophosphate molecular sieves with a
low silica to alumina ratio.

[0008] In U.S. Patent No. 4,440,871, it was reported that SAPO-44 was
obtained "as the major phase” using cyclohexylamine as a template. In U.S. Patent
No. 6,162,415, relatively pure CHA SAPO-44 was obtained using the same
template but with control of the ratio of template to aluminum source and the ratio
of phosphorus source to aluminum source.

0009} 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,

[0010] In US Patent No. 4,861,739, Example 102, it was reported that the use of
N,N-diethylethanolamine produced CoAPSO-47, having Si concentrated on the

penipheries of the crystal and Co at the centre.



WD 031106340 PCT/ US03/12718 4 [0011] In U. S. Patent No. 4,310, 440,

tri et hanol am ne, N, N-di net hyl et hano- | am ne, NN det hyl et hanol app G€L 2006

N- net hyl di et hanol am ne, and N net hyl et hanol am ne, were all used to prepare
ALPO -5, al um nophosphates of framework type AFI. N-nethyl et hanol am ne was
al so reportwedotoszpr oduce Al PO4- 21 of framework type AcWSsitAHO121 In

Eur opean Patent Publication No. 0,9934867, it was reported that

di et hanol am ne produced SAPO 34 and SAPO-5 under different synthesis condi-
tions. [0013] In the art various attenpts have been made to inprove the

synthesis of 0810 1n00.SSARGMNS. E430AM0 SirRMERIanRe NINRiAaR/kulas. been the
addition of a_squrce_ of fluoride ions_to the synthesis mxture [0014] In

U S. Patent N&@ming, ool Nsdisthylsbhrioigiinene NrfaetvddistBekimgmmotidumNhydr oxi de were

found to tenmphatglehhRiaiRdwetd 8NuRf &%Pe%émnb €8, difnhbghosphi&sgnce of HF.
According to this reference, the use in conbi nation Wwth the organi c

tenpl ate resulfEewgk yps AELAK @ﬁbﬁ@bﬁﬂ@%ﬁ&t‘@%ﬂ%ﬁem@ﬁéﬂ/@o‘i%ﬁ%’@@rd t her mal and

hydrol ytic stabptfdbwolk@t2bwbn U. S. Patent No. 4,786,487, SAPO 20 was
produced from synthesis “~'m xtures containing tetranethyl amoni um hydr oxi de
and fluoride @3l flnokironsen Eptensofublitation dor OF83.847, fit es irepertaesiyt as Na, K and

anmo nium f l uordh:ﬁlgnola]'rg &da}ccat FE)J&P %%Pd\puncﬁr Qiﬁ‘t]:regl% géls condi-

si l'i coal um nophosphate 1n was prepafed using
t et r amet hyl antée®s um hydr oxi de pent ahydr at e or tetramethyl anmoni um

hydr o de, 111681343 B0 Hobd BB ML, i B bSBRBI{ 1 el vor sen,

Uni versity of reported that Tow si O 34,
desi gnated as M@@&APml@vmwomam@achmwM@nﬂpﬂieimeof aowrerTbi nati on with

HF. 10018] As ?ﬁa?bnﬁ?mﬁ?:%%es t&%‘g!lescl osures descri bed herein, there have
been a nunber of att alternative tenplates for the CHA
f ramewor k t ypd0@adl hin UlSmPta@t!l §gcé,§%656344 mojpholifesindaisirecthyipnmehive to find new

tenplates and yhagRhalere RF &Rl nl"SodiARG i §aPOha Wi Y B! S OF

nol ecul ar si ev avin rame type. In addition there is a need
for new tenpl arasensy of qeprging & fm_;rrgfe@nce the use of HF in combination with

the organic template results in silicoaluminophosphates which have improved
thermal and hydrolytic stability.

[0015] In U.S. Patent No. 4,786,487, SAPO-20 was produced from synthesis
mixtures containing tetramethylammonium hydroxide and fluoride ions from
water soluble sources of fluoride such as Na, K and ammonium fluoride.

[0016] In U.S. Patent No. 6,001,328, a silicoaluminophosphate indicated as
UiQ-87 was prepared using tetramethylammonium hydroxide pentahydrate or
tetramethylammonium hydroxide, in combination with HF.

[0017) In a Ph.D. thesis (E.H. Halvorsen, University of Oslo, 1996), it was
reported that low silica SAPO-34, designated as UiQ-S4, was produced using
TEAQH template in combination with HF.

{0018) As can be seen from the disclosures described herein, there have been a
number of attempts to find alternative templates for the CHA framework type with
limited success. It is desirable therefore fo find new templates and template
systems that are specific for the synthesis of molecular sieves having the CHA

framework type. In addition there is a need for new template systems that afford a



"1 2 DEC 2006 WD 03/106340 PCT/US03/12718 5 nore effective control of the
final conposition of the SAPO nol ecul ar sieve naterials and, i ny '?girfrfiﬁw ar,
of the Si content of the final product. In addition a further neédis to
-obtain SAPO materials having the CI-1A framework type that have a |ow acid
density, which is directly related to low silica content. SUWARY OF THE

| NVENTI ON ] 0¥9P3¥83¢® present invention provi des a nmet ho®CFEFO3A%8par i ng

al um nophosphate or silicoal uni nophosphate nol ecul ar si eves of CHA

framework type, the process conprising the steps of: (a) formng a reaction
m xture conprising a source of alumnum a source of phosphorus, at |east
one source of fefFoFfestvei WAL Hfdheafing! cqmposyiva "tfé]PFpis%E(g mokcElar HEYFg one or
nore di met hyl agjaRRadieetd fficuBh Gr BRI QBAL: Yor Bhe IR H63uRE 1Shdditfes (D)
inducing crystallization of alum nophosphate and/or silicoal um nophosphate
nol ecul ar  si ev&rheroieed ka0 rbtaiat IAFIQ wRigtaly bavingrible CH) fradedpd typgythat

al um nophosphat g 2Rl Ehddy CORHTHRRANARRNAL BVIRLLGHLAL Sieve from the
reaction m xture. ]0020] The process of the present I1nvention results in new
nol ecul ar sieve materials, which, as synthesized, have uni que X-ray

diffraction pat? 2gS of the present invention provides
for a variety o BMMARY ITHEINVER ve the XRD patterns as descri bed
bel ow. ]10021] | 00d%e Brboprkesrent ingéntiche mpeedenta i methedi ofar t tpesperiigs provi ded
an al um nophos .Skl i coah.um e ul-ar..si ev _
substantially o?ﬂﬁizﬂ%ﬁ%ﬂ?h%%eﬁgr%hwﬁgﬁ%?g& r?etsirﬁg?éu%?e%lgieablog \% inits

i ntracrystalli néram¢wark ttypeethe rréagssr ¢odhprisingl thet stépe aft (ad riermingnip [reacgonnhi ch
contai ns one or i 1,00 jeties 8&@]- her

enbodi ment of tr@%ggggﬁgsﬂ}ggég% gﬁh?rﬁlen}"gp% géugcgoo\;ipgir% A ‘lflrtgfz%gg “ar si eve,
whi ch has a charsauteerd fuorale Xoxsagndpatitest ahef fempletei wntaipigt enenor gwret ai ni ng at

[east the d- SDaGHIg A Soichl] o’ il °a | Bired o 2 090inaliRg03/ 106340

crystallization of aluminophosphate and/or silicoaluminophosphate molecular
sieve from the reaction mixture; and (c) recovering aluminophosphate and/or
silicoaluminophosphate molecular sieve from the reaction mixture.

[0020] The process of the present invention results in new molecular sieve
materials, which, as synthesized, have unique X-ray diffraction patterns. Thus the
process of the present invention provides for a variety of new materials that have
the XRD patterns as described below.

[0021] In one embodiment of the present invention there is provided an
aluminophosphate or silicoaluminophosphate molecular sieve, substantially of
CHA framework type, comprising, preferably within its intracrystalline structure,
fluoride and at least one template which contains one or more N,N-dimethylamino
moieties.

[0022] In another embodiment of the present invention there is provided a
molecular sieve, which has a characteristic X-ray powder diffraction patten

containing at least the d-spacings as set forth in Table Ia:



Table la 20 d() 1(% 20 d() 1(% 9.660 9.15 100 23.339 3.81 12 14.059 6.30
12 24.440 3.64 16 15.359 5.76 22 25.081 3.55 27 16.201 5.47 30132%%% 3.53
40 17.719 5.00 27 26.381 3.38 11 17.900 4.95 38 30.140 2.96 14! Z26L24H
‘4.39 20 30.480 2.93 16 21.479 4.13 34 31.519 2.84 23 21.959 4.04 19 33.261
2.69 13 22.200 4.00 46 [00231 I n another enbodi ment of the present

whi ch haxctasahanact eri stic

I nvention theweoywsyr ovi ded a nol ecul ar si eve,
cont aifni ng at

X-ray powder diffraction pattern
forth in
23.
13.
26.
17.
31.
22.

339
881
381
900
141
200

ANPAWOW

| east the d-spacings as set

9.660 9.15 100

24.739 3.60 8

23 40 15.359 5.76 22

519 27 30.140 2.96 14

20. 219 4.39 20

4.4 19 32.539 2.75 6

Table Ib: Table Ib 20 d( ) 1(% 20 d( ) (9.

.81 12 12.439 7.11 6 24.440 3.64 16 13. 460 6. 57

.37 7 25.081 |3.55 27 14.059 @éadglajp 25 249

.38 11 16.201 8847| 30(B7] 08329286 hA@9

.95 38 30.480 2.668 1165.139/43904.|[58.3930.%80 2 o 7

.89 7 21.479 ¥4.039 B46.30. 519122, 424230 D13.669

.00 46 33.261] 2559 [135.7€2| 9622 3./875.08130. 51D 2. 27 5
16201 | 547 30 25241 | 3.53 40
17.719 | 5.00 27 26.381 | 3.38 11
17.900 | 495 38 30.140 | 2.96 14
20219 | 439 20 30.480 | 2.93 16
21.479 | 4.13 34 31519 | 2.84 23
21959 | 4.04 19 33.261 | 2.69 13
22.200 | 4.00 46

[0023] In another embodiment of the present invention there is provided a

molecular sieve, which has a characteristic X-ray powder diffraction pattern

containing at least the d-spacings as set forth in Table Ib:

Table 1b
20 d(A) 1(%) 29 d (A) 1(%) .
9.660 9.15 100 23.339 3.81 12
12.439 7.11 6 24.440 3.64 16
13.460 6.57 8 24,739 3.60 8
13.881 6.37 7 25.081 3.55 27
14,059 6.29 12 25.241 3.53 40
15.359 5.76 22 26.381 3.38 11
16.201 5.47 30 27.081 3.29 5
17.719 5.00 27 30.140 2.96 14
17.900 4.95 38 30.480 2.93 16
19.439 4.56 6 30.699 291 7
20.219 439 20 31.14] 2.89 7
21479 413 34 31.519 2.84 23
21.959 4.04 19 32.539 2.75 6
22.200 4.00 46 33.261 2.69 13
22.960 3.87 7 39.619 2.27 5

[0024] It is preferred that the molecular sieve as identified in Table la or Ib

comprises N,N-dimethylethanolamine and fluoride, more preferably within its

intra-crystalline structure.

[0025] In yet another embodiment of the present invention there is provided

a molecular sieve, which has a characteristic X-ray powder diffraction pattern

containing at least the d-spacings as set forth in Table Ila:



[00241 It is preferred that the nolecular sieve as identified in Table la or
| b conprises N, N-dinethyl ethanol am ne and fluoride, nore preferahl ithin
its intra-crystalline structure. [00251 I n yet another enbodi mentl %@g’ﬂ b
‘present invention there is provided a nolecular sieve, which has a
characteristic X-ray powder diffraction pattern containing at |east the

d- spaci ngs asWe&Y¢@tth in Table Ila: 1 2 DEC 2006 WO ORTABGRADS

PCT/ US03/ 12718 7 Table Ila 20 dO1(% 20 d(A) 1(% 9.620 9.19 96 23.519
3.78 16 12.200 7.25 11 25.180 3.53 11 13.781 6.42 42 25.900 3.44 23
15.961 5.55 26 27.819 3.20 15 17.681 5.Q 35 28.461 3.13 14  18.282 4.85 19
29.859 2.99 10 20.019 4.43 12 31.059Tsblg% 19 21,141 4.20|27 31.340 2.85 15
21.821 4.07 100 32.699 2874 3WA) 0b2b(%) § a2 b urit WéA) eidd¥) ment of the present
i nvention there is prlovitded a%1%ol ecfl af Fidhd, 3 ch Has a characteristic
X-ray powder diffract|i 808a}lt €25 | colit aijn2§0at 3.8ast tlhe d- spaci ngs as set
forth in Table Ilb: Tabl.B1l] b6.2D d( 92 | (%95.%20 d(3441 (P9 239. 620 9. 19 96 25.180
3.53 11 12.200 7.25 {115.98. P0A53. 14 23 [1B3.1489 &8/ 8 33.819 3.20 15 13.781
6.42 42 28.461 3.13 1417.683. P5906. 80 B 29. B5®17. 901310] 18. 961 5.55 26 30. 420
2.94 7 17.681 5.01 351872059485 88 1® 29.859 | 2.99 10

20.019 4.43 12 31.059 2.88 19
21.141 4.20 27 31.340 2.85 15
21.821 4.07 100 32.699 2.74 34

[0026] 1n a further embodiment of the present invention there is provided a
molecular sieve, which has a characteristic X-ray powder diffraction pattern

containing at Jeast the d-spacings as set forth in Table IIb:

Table 1Ib
20 d (A) I (%) 20 d(A) 1(%)
5.620 9.19 96 25.180 | 3.53 11
12200 | 7.25 11 25900 | 3.44 23
13259 | 6.67 8 27.819 | 3.20 15
13.781 | 6.42 42 28.461 | 3.13 14
15259 | 5.80 8 29.859 | 2.99 10
15061 | 5.55 26 30.420 | 294 7
17.681 | 5.01 35 31.059 | 2.88 19
18282 | 485 19 31.340 | 2.85 15
19.760 | 4.49 6 32.699 | 274 34
20019 | 4.43 12 35.680 | 2.51 5
21.141 | 420 27 36.302 | 247 5
21.821 | 4.07 100 | 40.560 | 2.22 6
22.539 | 3954 9 42000 [ 2.15 7
23519 | 378 16 49.641 | 1.83 7

[0027)] It is preferred that the molecular sieve as identified in Tables Ila or IIb
comprises N,N-dimethylpropylenediamine and fluoride, more preferably within its
intra-crystalline structure.

[0028] In another embodiment the present invention provides a method for the
manufacture of a molecular sieve catalyst composition, the method comprising
forming amolecular sieve catalyst composition from a mixture comprising at least

one formulating agent and at least one aluminophosphate and/or silicoalumino-



18.282 4.85 19 31.340 2.85 15 19.760 4.49 6 32.699 2.74 34 20.019 4.43 12
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‘preferred that the nolecular sieve as identified in Tables Ila or NZgr @Uﬁ
conprises N, N-di net hyl propyl enedi ami ne and fluoride, nore preferably wt
its intra-cr¥y8t3ephe structure. [00281 In anot her enbadirsetizihe present

i nvention provides a nethod for the namgufacture of a nolecul ar sieve

catal yst conposition, the nethod conprising form ng anol ecul ar sieve

catal yst conposition froma mxture conprising at |least one fornulating
agent and at | egsdsplatendécilit £6R O CHRAN ahedbll/tRe cBinblit:abléfekabl withen DEC 2006
WO 03/ 106340 PCT/ US03/ 1%%18 8 phﬁSpiQat e mll)l ecul ar sieve of CHA framework
type conprisi ng's PFarRFaps stirts fuorile and g feast opg {FEPRfq SORBINDE O Pur e,
fluoride and at poRasN-BR&hHISHRS ARG aRichit BEE DBin6PhospRBE 8r Middkidi met hyl ami no
noi eties, or at |east one al um nophosphate or silicoal u- m nophosphate

nol ecul ar si eve "Eorbsphatewalesuias ey py Juaiesd fipm pipacey ulllisiegp fesrplete conpri si ng

one or nore N, Neghp¥RindYha B RreMNedineSylaftlo 3nokidt 681 RlolrtelsiTiudAde | ONS. |
100291 In yet a _further enbodi nent the present invention provides for a

nol ecu- | ar sieVW®scatal yst conposition conprising at | east one

al um nophosphat goEaed/ Qrye: Stulther CAbIATHAPRE PRRABHENIR GEHER TorinfY@uof CHA
framework type conprising, preferably wthin its intra-crystalline

structure, fluold@Evaprrialyt comppsition penrisip Phleest 0B ALRINIPINGPIBEendPr nor e

N_N' _di met hY! am n@i]i@@hﬁﬁihcﬁﬁmspﬁ’d’te %leklﬁﬁsgie\@r@ @hNFﬁéﬂQR«G&SfprQ%ﬁis%, o
si |l i coal um nophosphat e nol ecul ar sieve as obtained froma process utilising

a tenpl ate conprreiraily willin its inyercesiling giuaprchiivoside aedl stdeest e demplie a  source

of fluoride i 0Ngonehifin@ 6l of tidfetN MididetiontifARbieE or bR bhRhopgent - (00301
In a further enbodi nent the present 1'nvention provides for the use of a
phate or silicoaluminophosphate molecular sieve as obtained from a process

utilising a template comprising one or more N,N-dimethylamino moieties and a
source of fluoride ions, in admixture with at least one formulating agent.

[0030] In a further embodiment the present invention provides for the use of a
template comprising one or more N,N-dimethylamino moieties in combination
with a source of fluoride jons in the synthesis of aluminophosphate or

silicoaluminophosphates molecular sieves of CHA framework type.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031] Figure 1 shows the XRD pattern of a crystalline silicoaluminophosphate

molecular sieve of CHA framework type comprising N,N-dimethylethanolamine
and fluoride within its intra-crystalline structure.

10032] Figure 2 shows the XRD pattern of a crystalline silicoaluminophosphate
molecular sieve of CHA framework type comprising N,N-dimethylpropylenedi-

amine and fluoride within its intra-crystalline structure,



tenpl ate conprising one or nore NN-di nethylam no noieties in conbination
with a source of fluoride ions in the synthesis of alum nophosphate or

si |l i coal um nophosphat es nol ecul ar si eves of CHA franmework type. BRI EF
‘DESCRI PTI ON OF THE DRAW NGS 100311 Figure 1 shows the XRD pattern {UE
crystalline silicoal um nophosphate nolecul ar sieve of CHA franewor 9@@5
conpri si ng N,WP&#HWE#hyl et hanol ami ne and fl uoride wi thi redrtusesnzns
intra-crystalline structure. 100321 Figlre 2 shows the XRD pattern of a
crystalline silicoal um nophosphate nol ecul ar sieve of CHA framework type
conprising N, N-di net hyl propyl enedi - ami ne and fluoride.within its

intra-crystalli BETAIYER DESERIRTIONBETHFINVENTION 106340 PCT/ US03/ 12718 9
DETAI LED DESCRI B SN THE | NVENTION - | NTRODUCTI ON 10033] The invention is
primarily direc d a nethod for synthesising alum nophosphate

(Al PO s) havi nglwsd C}HAiﬁwalﬂmmisrpkintayIpedimctdd givtardc @ alethoil or- sypthesisiigat es
(SAPO s) having_the artl u ar_it.has been found

t hat, when usedalf’?l“n%ms)n hﬁtgt K%ﬁpw%ﬁxgﬁg&% cgan(]) °f Jgean S’hcgn‘émm% specific
group of organi phoﬂﬁhaﬁ@@@(és)&fafuﬁg:%\[&lﬁt &mrpémlewpé dn pawinilérdchazibeen Al PO s of

been found T nalbh e SBbFAAR SIS BE L Aa BB BE T IPrbr RIUY pur ity
mol ecul ar si evegroupaVbr@ghid AinésHie Eﬁaﬁwmmblatcym syﬁhﬁsizhgmmcn’e ofithe has been
found that L1, Vg B e SONELNR o1, 0 aPEch L b TPLILES seant il ng, one
of nol ecul ar si gasthaahik eds:ﬁiSnatnblealmdMCpTrdpaiammfof&ighlpﬁmlmm:ma}mwesphat es of
A R R T IR S I T R SR
one or nore N Ngi rehilidieni o0 spaifiet |teﬁﬁ>1awst Romedikieg odéncamdz@a‘rpbm-es for the
pmhests of o L GSlAICRRRRRIR Roudl o L SBHEL S soUBE B ) or s e
ions and tenpl at#sdena pridadibg oDfikcoalimiiBpi®spiihtes] bfdneplotkniyfOCHRIvith es

low silica contents.

[0034] It is also possible to utilise the combination of fluoride ions and organic

compounds containing one or more N,N-dimethylamino moicties with other

known templates for the synthesis of silicoaluminophosphates of CHA framework

type in a dual template synthesis. In particular, the combination of a source of

fluoride ions and templates containing one or more N,N-dimethylamino moieties

can be used with templates containing a tetracthylammonium cation to produce

low acidity silicoaluminophosphates of CHA framework type. Molecular sieve

catalyst compositions containing the molecular sieves of the present invention are

particularly useful for methanol-to-olefins conversions.

MOLECULAR SIEVES

[0035] The AIPQ or SAPO molecular sieves of the present invention may be
represented by the empirical formula, on an anhydrous basis:

mR: Fa (8i,Al P)O,
wherein R represents at least one templating agent comprising one or more N,N-
dimethylamino mojeties; m is the number of moles of R per mole of (8i ALP,)O,

and m has a value from 0.0417 to 0.3333, preferably 0.0833 to 0.25, and most



can be used with tenplates containing a tetraethyl ammoni um cation to produce
| ow acidity silicoal um nophosphates of CHA framework type. Mol ecgﬂEﬁsmﬁa\/e
catal yst conpositions containing the nol ecul ar sieves of the presen
‘invention are particularly useful for nethanol-to-ol efins conversions.
MOLECULAR SI EVES 100351 The AI PO or SAPO nol ecul ar sieves of the present

i nventi on maywga&10¥dpr esented by the enpirical fornula, wrrwmsaniydrous
basis: nR F. ( Si,AlYP)02 wherein R represents at | east one tenplating
agent conprising one or nore NN dinethylam no noieties; in is the nunber
of noles of R per nole of (Si,AIYP)O2 and in has a value fromO0.0417 to

0. 3333, pr ef er apleferably@GR330.1 23 0.04667; ang and 3 tesflecBvelEEpr2@hitihe Mble @a¢-106340

oo ol AERY R g, bl S
i ndi cates fl uor hslfbet NmalBglof Bperinsold HB(Si AYPHBY a Gifis Ared@Sbedbeed 0081 o0l e of

(Si,AlYP)2; a hag g \é{g%ge between 0.001 to 0.167. For Al PO nol ecul ar
si eves, xis zer 8367 &er PPleSHEr SEYBRRISTERt, mis greater than or equal to

0.05, and x is |oe3s tiRane erodRHein it Breflerdhanyor 3] © 0U5CardxG8le®y thichan or equal
to 0.01. In another enbodinent, mis in the range fromg&gg}er than 0.01 to

about 0.4, xis Pet¥aliyg Hndqipreaiss tpn pr equp! fod.ql Inagetherembedigents  om 0. 4 t o

0.7, and z is i fitiAné ARG prEd@MaR 029 1d ol 0%, x IER thaRbRé@LIaPDY, mis in the
range of from0.08 to 0.25, x is |less than or equal is in the

JO, an to 0.08, vy
range of from 0Y4sipdhegarge OEf‘i‘H“ D47a0.7rnd pés i Hgeeept FadAlDP 4 06 5. Prefera-
bly, when the nplagibhah isih MeQarlgs oPfrodf B0k 10¥0.255 x 183 4RRK of AN 190.0gqual to 0.01.
[ 00371 Prior to calcination, the nolecular sieves of the invention

substantially hsipdhersnge etfrom P-4 ehbrard g {pie theringe rymy a8 tep-hdrederat he

as-synt hesi zed wRI| Gadb!iRY molShufY §ve i AVAMEE x Abréaiarefdh st Qudid.@at i on that these
mat eri als have the CHA frame- work e. However, when the nol ecul ar sieves

. W typ \
are cal ci ned, t H¥37kshrier it grlapapey, dhe poleagiepeievesipfths ipysntigrupsiantigdhn t ypi cal of

the CHA framewomkyetfPEHAHmew &k Bipe: thl YRD Phifeltslor tha al-8nimsib nfdn@hlir f r amewor k
type. The nol ecul ar sieves prepared according to the pr esentf i nvention have

little or no i ntsgmjrpmqq nQjipiRediatg wfication that these materials have the CHA frame-
work type. However, when the molecular sieves are calcined, the resulting AIPO's

or SAPQ's have an XRD pattern typical of the CHA framework type and are of
high purity in terms of their framework type. The molecular sieves prepared
according to the present invention have little or no intergrowth with other
molecular sieve framework type.

[0038] When the molecular sieves are calcined the organic template is removed
and the resulting silicoaluminophosphates have a CHA framework type and are of
substantially high purity in terms of their framework type with little or no inter-
growth with other silicoaluminophosphate or aluminophosphate framework types.
In the present specification when reference is made to a silicoaluminophosphate
substantially of CHA framework type or of substantially high purity in terms of
their framework type it is meant a silicoaluminophosphate molecular sieve which
comprises 60% or greater of the CHA framework type, preferably 70% or greater
of CHA framework type and most preferably 90% or greater of the CHA frame-
work type as determined by XRD.



nol ecul ar sieve framework type. 100381 Wien the nol ecul ar sieves are
calcined the organic tenplate is renoved and the resulting

si |l i coal um nophosphat es have a CHA franework type and are of substantially
high purity in terns of their franmework type with little or no inter- growth
wi th ot her silicoal um nophosphate or al um nophosphate franework tybéﬁfg 200a

t he present spwopddssati on when reference is nade to a sipdmmadatnsnophosphat e
substantially of CHA framework type or af substantially high purity in terns
of their franework type it is nmeant a silicoal um nophosphate nol ecul ar
sieve which conprises 60% or greater of the CHA framework type, preferably
70% or greater bLeCHlARKEIEBWeMKsiE Ype and nost preferably 90% or greater of
the CHA frame- work type as deternined by XRD. 1 2 DEC 2006 WO 03/106340
PCT/ 1JS03/ 12718 19939] I\%f.@@ﬁ[sAR‘“@FTEPE’S@‘?NTFESIS@“TW@‘P“@’H@? dpglscular

al um nophosphat ;e kyniHeQ2d W RO BRRSROALICrPRIIBEHINET ondi B \iRve Bf £

synt hesi zed by the hydrothermal” crystallization of one or nore of a source
of aluminum a sOwWFeH BmipEesrwee ef Phasrheys @sowre of gilicep dorfsgicoadymir coal uni -
nophosphat e, andgndsGiR] Al MRS bechQbr tAPRERTEMically ¥R i eldd of e t he met hod
of the present invention a conbi Ratlon of a source of alum num a source of
phosphorus, onePrésent ifyension a spshldrdting obayenceof alumipim, @soyte gfiphesphates, and,
optionally, one g offé offkidh o0R! AloHcPOr FRARLURE SpRlAIR AL @ Seal ed
pressure vessel, optionally Ihed wth an 1 nert plastic such as

pol yt et r af | uor oeniglicentaining sempaandseate plsprdein anscalgd pressrd vessghioptionglessure and

t enperat ure, unty ol | 1y ter] ] h covered by
filtration, cent]He? gvétgtal}{gél&aé%%fp g?@e%&h?}eﬁgﬁoﬁoggg%% Iaﬁ&]gea%egbﬁdgg gsynt hesi s
of the nol ecul arcrgstaliizationtpreesupsrod tergengtire, urdil o ey sialline materlabis fermed. o -

cont ai ni ng porrpolg&r}gcgv@gdaogrmﬁqgn’ B BAELRR b/ oMbdfingl | FTing and/or  agitation
and/ or seeding wth a crystalline nmaterial, optionally with an al kali

metal, in a sol viéP0] sincatypical wenthesis ofgthamelpralappieyepthe Phosphorust Rlnginigent s, to
forma  synthesi ,iXhse continihdlonpaNdatsifeThiked hbréfetib vifile Slind saRpided the
source of fluoride. This mxture or gel is then heated under ] |
crystal | i zati on &8#®h tand/ps sesding Mabsa estallieg metergepniopdly, wWitlopn alkglipl e as
described in U Syediah&oivbi} sudly £40ue3 72hd one or more templating agents, to form a

synthesis mixture, To this synthesis mixture or gel is added the source of fluoride.

This mixture or gel is then heated under crystallization conditions of pressure and
temperature, for example as described in 11.S. Patent No. 4,440,871.

[0041] The templates used in the process of the present invention contain one or
more N,N-dimethylamino moieties and preferably have the general structure
(CH,),N-R, wherein R is a substituted or un-substituted aliphatic or cycloaliphatic
group. R is selected from the group consisting of linear or branched alkyl groups
having from 1 to 12 carbon atoms, cycloalkyl groups having from 1 to 8 carbon
atoms, linear or branched alcohols having from 1 to 12 carbon atoms, linear or
branched amine-containing groups having from 1 to 12 carbon atoms. Preferably,
R contains an alkyl group of from 1 to 12 carbon atoms, more preferably 1 to 6
carbon atoms, and most preferably 1 to 5 carbon atoms,

{0042] In a more preferred embodiment the template is a selected from one or
more of the following N,N-dimethylamino  compounds: N,N-

dimethylethanolamine, N,N-dimethylbutanolamine, N ,N-dimethylheptanolamine,



10041] The tenplates used in the process of the present invention contain
one or nore N, N-di nethylam no noieties and preferably have the general
structure (CH3)2N-R, wherein Ris a substituted or un-substituted gldﬁ%nﬁ&:c
‘or cycloaliphatic group. Ris selected fromthe group consisting & i

or branched al kyl groups having from1l to 12 carbon atons, cycl oal kyl
groups havi ng"9 93989340 t 0 8 carbon atons, |inear or brandegdsalieohol s havi ng
froml to 12 carbon atons, |inear or b¥anched ami ne-containing groups
having froml to 12 carbon atons. Preferably, R contains an al kyl group of
froml to 12 carbon atons, nore preferably | to 6 carbon atons, and nost
preferably | toN&-daehphexanadamsine, 10042 N.N-dimgthyisthylepedigming, ed enbd¥i nent t he

tenplate is a Sﬁb?ﬁ%‘?%§$lgﬁﬁigﬁ&% or - mﬁﬁ%@%‘.“%}g&‘@ 1laAWeNg NN glll\qnat hyl am no

compounds: N, N- et am ne, t’hyl but'andl ani ne;
NN- di met hyl hept dimethgipentdemia® DEC 200N-dM@HOBLHBBSHONRCT/ USO3/ Na¥18 12
N, N- di net hyl hexgin di met hy(# et hyl

0 i n N, N , nedi am ne, N- \
0 ety or oy saat ek eneRuing! 1B DS IARGEAT Afcolopytamine,

di met hyl pent y| adimathylhéfylatnine toh inh¢iHeeyi@oihaViore , préderhbly the template is
di met hyl hept yl enedi ami ne, or_di t&h get.h 1,.ne i met hyl peopyl.am ne,
di et hyl hept yl a?ﬁ?eﬁ{égglf’mcﬁ] ?T%rtrﬂ?}'fﬁgé Fyﬁ)é ?ﬁ“ﬂ%&mﬂ%ﬂ%g@fn&cg%?gm?ﬁﬁ’}?errpl ate is
sel ect ed from odigedylctiatotantfe bh®N-Qinlectin progy Bhddiachine thigst prafarabl aiegpounds: N, N-
di met hyl et hanol anmi pe .o @{\"Nﬁi t hyl pr opyl.enedj am ne. st preferably the
tenplate is N\ EPWEFHVIQ B8 Vlg}ﬁf?’ﬁémﬁ}e °R¥$$P%%W§F‘b%f“é’ﬁedi ami ne. ]0043]
In a further enfiodd)ndEata firther antvhineat thonbinati@ngliahPate omrising oge @ne or nore
di met hyl am no noi et es )gnd of a.sou‘{]é:te of f ltﬁr@rﬁijrge ians i.s .lgsed wi th one or
nore additi onal mPéerf#b’P%{’P WIRQPHEIT P LY EFOYRE PHEOHEOTAE PP &g pne or
si | i coal um nopheasre apliabmabiemplatei-ifvrh flgraestan ke tmapefactlb efdlicaaldininbghosl t enpl at es
i nclude: the group o tetraethyl a ni conpounds,. ch. as tetraethyl
anmoni um hydr oxP’&ages °¥ ?Eﬁg—?ﬂe"’?’ét‘w&eﬁﬁfﬁ ééglmaﬁe %ﬁﬁd’%‘%ﬁﬁ‘t%‘? EPW Faet hyl
amoni um f | uor i e@getliy®intrfonivdd ypnpaumte) Nfudin 431 onfizélky]  trdinbdeh hyydra@deoni um
chloride and te eq]%yl ni um acet at d‘ﬁ[‘&soincl e. B
i sopropyl ani ne, hé%b hff?%%%’ﬂ’@?"’%ﬁ%@]a%ufegf‘% AETONDT 8’11%@?3'
di et hanol am ne, etyid atntiogiutuy |baomidee . telfdeghyll Senmodnitnhi ehloride and  tetraethy!

ammonium acetate and also include DPA, isopropylamine, cyclohexylamine,

methylbutylamine, morpholine, diethanolamine, and triethylamine. The use of this

template combination produces silicoaluminophosphates of CHA framework type, -

which have a low silicon/CHA cage ratio and/or more uniform silicon distribution

and/or better crystal morphology.

[0044] In the method of the present invention, a source of aluminum, a source of

phosphorus and optionally a source of silicon are combined with a source of

fluoride and the template. Preferably, the ratio of fluorine to alumina (ALO,) in

the reaction mixture is in the range of from 0.1 to 1.5, more preferably in the range

of from 0.3 10 0.6. Preferably, the ratio of fluorine to template is in the range of

from 0.033 to 1.5, more preferably in the range of from 0.2 to 0.6.

[0045] It has been found that when a template containing at least one N,N-di-

methylamino moiety is used in combination with fluoride ions the resulting silico-

aluminophosphates have an Si/CHA cage ratio within the range of from 0.0 10 1.0.



tenpl ate conbi nati on produces silicoal um nophosphates of CHA framework type,
whi ch have a low silicon/CHA cage ratio and/or nore uniformsilicon
distribution and/or better crystal norphol ogy. ]0044] In the nmethod of the
‘present invention, a source of alum num a source of phosphor Uf argd
optionally a source of silicon are conbined with a source of f & L d8lfand

t he tenpl at e. WPPOE0&abl y, the ratio of fluorine to al umranEsb2s) in the
reaction mxture is in the range of from0.1 to 1.5, nore preferably in the
range of fromO0.3 to 0.6. Preferably, the ratio of fluorine to tenplate is
in the range of from0.033 to 1.5, nore preferably in the range of fromO0.2
to 0.6. ]0045] Whehagrabgamihonind Hyb@kidnhensad isetplsakcorgamitt inplatie at | east
one N, N-di- nethylanin ety is.ysed in c ination with fluoride ions the
resulting sili C(S'?é’eéﬁr’péﬂgﬁ fips PEDORY \/"‘é‘e‘:‘;ﬁ"i‘%gi%)D é‘cage ratio within the
range of from O.[@46]0 TheGrefdrRdrtoldd0ibr sidE} 0Ghd ReADInRaloAEDE/a8YCHA 13 Wien

t et raet hyl anmoni um hydr.oxi de i s used as t sqgl e organic tenplatjng

mat eri al Si/Q%CEgﬁg%"roéfoTP’B g fto h&oqﬁ%erf‘"s‘wgg%ﬁ&? f%/‘g-%bf’ﬁf%"cf?faﬂbeﬂel The
preferred nol ecyomo.9iieves of the present invention have a Si/CHA cage
ratio of fromO0.01 to 1.0, preferably of fromO.05 to 0.50, nore preferably

of from 0.10 t dV7lysTheRoglormer tempplate fog pacrip Sombiaaiign éi‘t"i) arsgpreg, Fflueride: onrbi nat i on

with a source Ofionk ishdr HEN-dinR0Sleibandntifes: N NiktiBi-bhyicatdang. am ne or
N, N- di et hyl pr opa/l enedi am ne. X0048] In one preferred enbodi nent, when a

tenpl ati ng agentl®¥Bld & e prcteaedembadinggt. iwhen 3 tannlAling 2pent ¥ QYRe fbsi s of a

nol ecul ar si eve,flubfiR i Al thOGnBEE8NST ARBlccdldr URYE, dR tErB]E&ir@raEenSH:Qﬁt antially,
prevrabl y conpl etely, renoved after crystallization y any well known

techni que, for dhamfsiiens asusteptialymaeleretdy aqmmeteds remaved #fist Frvallizagen cinati on

i nvol ves cont actyy gy Wak xhtineethRle, For@%EmR0 el tftafdnis REch AALBLdoRY agent
with a gas, preferably containi ngg oxygen, at any desjired concentration at an

el evat ed t enper Selsatiamyeives soptaqige dhe malecylar, $9v5 cpytaipine dbsnismeleits, deconmpose

and oxidi ze thegdetiah agéspﬂe@ﬁaFko@aﬁing SIYRUE af G dbdire@EdnBBiraibR@AG] | n one
enbodi nent, the calcined nolecular sieve has a Si/A ratio of fromO0.01 to

0.1, preferably csrasd sppostere spfcigntgs eithes partigiepresompleirlio fecoprass ardo2 t o

oxidize the templating agent and remove the fluoride.

[0049] In one embodiment, the calcined molecular sieve has a Si/Al ratio of
from 0.01 to 0.1, preferably of from 0.02 to 0.08, more preferably of from 0.02 to
.0.07.

(0050} The source of fluoride ions may be any compound capable of releasing
fluoride ions in the molecular sieve synthesis mixture. Non-limiting examples of
such sources of fluoride ions include salts containing one or several fluoride ions,

such as metal fluorides, preferably, sodium fluoride, potassium fluoride, calcivm

;‘\.Jw—-”

fluoride, magnesium fluoride, strontium fluoride, barium fluoride, ammonium
fluoride, tetraalkylammonium fluorides, such as tetramethylammonium fluoride,
tetracthylammonium fluoride, hydrogen fluoride, and mixtures thereof. Most pref-
erably, the source of fluoride is hydrogen fluoride.

METHOD FOR MAKING MOLECULAR SIEVE CATALYST COMPOSITIONS

[0051) The molecular sieves of the present invention may be combined with one
or more formulating agents, to form a molecular sieve catalyst composition or a

formulated molecular sieve catalyst composition. The formulating agents may be



.0.07. 100501 The source of fluoride ions may be any conpound capabl e of
releasing fluoride ions in the nolecular sieve synthesis m xture.
Non-limting exanples of such sources of fluoride ions include s@} 08 2005
‘cont ai ni ng one or several fluoride ions, such as netal fluorides,
preferably, sodiumfluoride, potassiumfluoride, calcium fluoride,

magnesi um f | usgpinaiwes4et ronti um fl uori de, barium fluori de,rarosmmuzuen fl uori de,
t etraal kyl ammoni um fl uori des, such as tetranet hyl anmoni um fl uori de,

tetraet hyl ammoni um fl uori de, hydrogen fluoride, and m xtures thereof. Mst -
pref- erably, the source of fluoride is hydrogen fluoride. METHOD FOR MAKI NG
MOLECULAR Sl EVE ofeot MoréilatdoelViEIG el fiINShE 9obd dondikting @Dbinditg adensini@s of the

present invention_pmay be conbined with one, or nore for h@%}i ng agents, to
form a mol ecul ar BHainatcpalt sptafticalloalis et 49 “H““W)P’Fr’iﬁfr’]’g foPecul ar si eve
cat al yst conposiikddahvlechidesiéve chidlyatdoR@osR@ANS foridinluisdfulZshbhefan® s2@PS WO

03/ 106340 PCT/US03/12718 14 one or nore materials selected fromthe group
consi sting of bPAUFHPYaYRHEe™n fechipinges spgh 5; g drving avlletirine. exFusiope i cal Iy
active materi al §,pmdpe xtures thereof. This fornu- | ated nol ecul ar sieve
catal yst conposition is formed into useful shape and sjzed particles by

wel | -known t echri®®§lesThstecrre raany iffesspt Bipdersihat asapqfidtin frmige themolesylaon,  and t he
l'ike. 100521 Thejeq @fa sxmxosmomﬁan_emni%&ﬁfﬁs Stitflded it M8 Glebll alofe fOrm ng the
mol ecul ar sieve catalyst conposition. n-1imting exanples of binders that
are useful al oner inombinatiop Asiude verins ypes o dudrted slyniga.silisass ansfor 9ihgr at ed

al um na, silicagn,@id/ MhigOLherond PRHGRRT Gufith d&nBRlng € iPRehEILLd al um na
containing sol is alumnum chlorhydrol. The inorganic oxide sol acts like
gl ue bi ndi ng t hehlsghidrale Jihe depreanisl exidd a¢t astseleselan dindinEcthe rtthssized s such as
the matrix togetdiflyaahvtd Ll bRk é}faLs%ﬁqh & RemmRix bRt Pemtularynge, heating,

t
t he i norganic oxide sol, preferab?y aving a low viscosity, is converted
i nto an i nor ganiteerylitrgamenitYnon hessinpdpraineraanixorxids salnpleferablyhavigg aldvha sol wil |

convert to an alyyrhdim QxlhEd RS dnliforfMlcl ok REtril @athpdnbR At definple, AP 053]
Al um num chl orhydrol ;" a hydroxyl ated al um num based sol containing a

chl ori de count erahymips sokpsl cenyent pamatuginumppdifsmetrifollgwing feeyiegimep x (H20)
wherein in [0053] Aluminum chlorhydrol, a hydroxylated aluminum based sol containing a

chloride counter ion, has the general formula of Al,O,(OH),Cl »x(H,0) wherein m
i51t020,nis1to8,0is 5to 40, pis 2 to 15, and x is 0 to 30. In one embodi-
ment, 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). In another embodi-
ment, one or more binders are combined with one or more other non-limiting
examples of alumina materials such as aluminum oxyhydroxide, y-alumina,
boehmite, diaspore, and transitional aluminas such as a-alumina, B-alumina, vy-
alumina, 8-alumina, e-alumina, k-alumina, and p-alumina, aluminum trihydroxide,
such as gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.
[0054]) In another embodiment, the binders are alumina sols, predominantly
comprising aluminum oxide, optionally inciuding some silicon. In yet another
. embodiment, the binders are peptised alumina made by treating alumina hydrates
such as pseudobohemite, with an acid, preferably an acid that does not contain a
halogen, to prepare sols or aluminum ion solutions. Non-limiting examples of

commercially available colloidal alumina sols include Nalco 8676 available from



islto 20, nis | to8 ois 5to 40, pis 2 to 15, and xis 0 to 30. In one
enbodi - nent, the binder is A 134(OH)2,d 12(H O as is described in GM
Wlterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-%ﬁ@‘5égzaﬁ§).
‘I n anot her enbodi- nent, one or nore binders are conbined with e
other non-limting exanples of alumna materials such as al um num
oxyhydr oxi de,wygomdossd na, boehm te, diaspore, and transiddralalizas um nas such
as a-alumna, 13-alumna, y- alum na, 8tsalum na, c-alum na, x-alum na, and
p-al um na, alum numtrihydroxide, such as gibbsite, bayerite,
nordstrandite, doyelite, and m xtures thereof. 100541 In another enbodi nent,
t he bi nders ar eNaktdthédicd s, NPeRARMIMNAR, | d 16@EPD avElaRg fAdm Thapy oXi de,
optionally including sone silicon. In yet another enbodi nent, the binders
are peptised al GeFPpratioradalleyyores.&829SHY2M uni na hydrates such as
pseudoboheni t e, [d¢ksjh 188 nRfdctlar RIVELLHAPknERvARbFndRIcoRBRE: B ofcont ai n a
hal ogen, to prepare sols or alumnumion solutions. Non-limting exanples of
conmerci al |y av8i pams|nat@ompigtigE). Mamimmasriadoes ey gleqids doredw i@ avai | abl e
from 12 DEC 201}y YRWRBIA0634R REHLISAY Aa%ts il SnicbikoRaGgiigal Co. |
Naperville, Illinors, and Nyacol available from The PQ  Corporation, Valley
For ge, Pennsyl veatlst cpropBiion Tereexsmplecdiriag regepsydions danpifying the egtalystnvent i on may
be conbi ned wit . Of: f ' rg?%td@r' @S ' Lals are
typically eff ecﬁ%gfl%ler%dg%%@%ga 8 %/t?e(srt a g{é@a{syesrgs}lcw%tsdtaé,tﬁaag?tagéﬁo?lher mal si nks
assi sting in shiesisdioagnt setontrol drathief conversiinym o pasonvpopictdson f or exanpl e
during regener atdnef, LSIRAY : N I.nGreasi ng
cat al yst - strengt o0, JRENBIN Rblaf of B Kl HIREE ohd Bmok WHRTS "2 10
control the rat éllofvingorveesagh mrstal sn matap axidds gudledingritania saconia) @BGEsikon- | i mi ti ng
exampl es of ! bty LA B! K 100N HixkiR Bl [hPerah P L NO: Tl o
earth netals, metal’ o i'des 1 el udi ng titania, zirconia, nmagnesia, thoria,
beryl lia, quart magmhikisdige-grcogialsiica-titndiassilice-aluminaehbsiligfalunfimtheriealmpl e si | i ca-
magnesi a, Sl i 2 LLEAM:, Aldd GRiddls A0 faul] bfi?s2h 4T A3 3fh the
si lica-al unina-thoria Th one embodi ment, nmatrix nateri als are natural
clays such as t froskesfof owptmiodllonfie mid kagkn. dhespmanmbotiays inshide sabbastbnkesol i n. These
natural clays i TNl T S i DM for
exanpl e, Dixie, gﬁ%%%rré%@p%eor girhlsz fgﬁa(alaflp %’r?ﬁ%’ Frchi@ile, B2rti lotida

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.

[0057] 1n one preferred embodiment, the matrix material is a clay or a clay-type
composition, preferably the clay or clay-type composition having a low iron or
titania content, and most preferably the matrix material is kaolin. Kaolin has been
found to form a pumpable, high solid content slurry; it has a low fresh surface
area, and it packs together easily due to its platelet structure. A preferred average
particle size of the matrix material, most preferably kaolin, is from about (.1 pm
to about 0.6 pm with a D90 particle size distribution of less than about 1 pm.
[0858) In one embodiment, the binder, the molecular sieve and the matrix
material are combined in the presence of a liquid to form a molecular sieve
catalyst composition, where the amount of binder is from about 2% by weight to

about 30% by weight, preferably from about 5% by weight to about 20% by



clays. Non-limting exanples of other matrix materials include: haloysite,
kaolinite, dickite, nacrite, or anauxite. In one enbodinent, the matrix
material, preferably any of the clays, are subjected to well known

-nodi fication processes such as calcination and/or acid treat nEWtZﬁE'E’?GBﬁ
chem cal treatnent. 100571 In one preferred enbodinent, the matrix naterial
is a clay or wWoekms4a ype conposition, preferably the clray/usesnehay-type
conposition having a lowiron or titardfa content, and nost preferably the
matrix material is kaolin. Kaolin has been found to forma punpabl e, high
solid content slurry; it has a low fresh surface area, and it packs

t oget her easi | ywdghe and motesprigkrable [fe abbutieh by eeight tprbdfuel 5% dy ameighge particl e

size of the matri erjal,. referably kaol.in, s fromabout 0.1 m to
about 0.6 m wi t%seé%tﬁlﬁ?wlﬁl@ﬂqe% pd f ST B l?“osﬁevgfa"? énégr‘xtlﬂ%??agbout ] m
[0058] I n one esbladihgmatliquid faRerkRuitidaion).t he nol ecul ar sieve and the matrix

material are coppined in the presence of.a li.quid t orma nol.ecul ar sieve
cat al yst conposﬁpgwgn?n dpeher evﬁ%d%a u'ﬁ? w&fgﬁbfaﬂgeorf t?es&f’éeér’r? ot 06 by wei ght
to about 30% biytatwyei g3l in 1p¢ REEaRbthé moRAD Qidte Qidysyconpbgiitn i§ liorabout 20% by
120 EC 2006 W 03/.106340 PCTI|USQ3/12718 16 ight, and nore preferably
from about 7% b?/y\\!k)%ilglﬁt pfegeragb’o&tlgltgodéy“%ip. ‘Er?bi;’,\ﬁe}.getﬁ b% f"rﬁiemf’ﬁt al wei ght

of the binder, pbRrabpl1aaw 18 1tHhebRn dudd (R 4 hixheBile@ doflent, IAXEMMEkNg t he

liquid (after cal cination)., 100591 In another epbodi nent, the weight ratio
of the binder t¥ EReMREISH Re mplgRuly sigye Aal¥S CPRPSHIGY POIFREICHHCE b he nol ecul ar

sieve catal yst pQBRQSE tdnft, highdr hatix nlitekial, PupkoviSihe RrRios fedfdlaicebribe to 1.5,
nore preferably 1:10 to 1:4, and nost preferably 1:6 to 1:5. It has been
found that a hi ffif#P$4%%ve content, |ower matrix content, increases the

nol ecul ar si eveoosd) alupsh c&MQ%Sih& MR s{e0¢ MRANEEmatiOWRMEAS], optibRYGr Sieve
content, higher matrix nmaterial, inproves the attrition resistance of the

conmposi tion. , YBosbrdeps? hasidse frRg SHe: MEling Blekreby; RO AFReE mat ri x

material, opti onaliddio pidtitidd aduttiaRb@y hoihbpedeckd Biiknde Edtalrdignth@mslettldry, MM xi ng,

preferably rigorous mxing is needed to produge a substanti al I% honbogeneous
f

m xture cont ai nPRG- YARITHRE eERales okiuishle liqysts efIdE LR aSeaTRTRAD sui tabl e
li quids includewase aRbhok We@Ak BRAtHyQ&, edd/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 slumry texture, sub-particle size, and/or sub-
particle size distribution.

[0061] The molecular sieve and matrix material, and the optional binder, may be
in the same or different liquid, and may be combined in any order, together, simul-
taneously, sequentially, or a combination thereof. In the preferred embodiment,
the same liquid, preferably water is used. The molecular sieve, matrix material,
and optional binder, are combined in a liquid as solids, substantially dry or in a
dried form, or as slurries, together or separately. If solids are added together as dry
or substantially dried solids, it is preferable to add a limited and/or controlled
amount of liguid.

[0062] In one embodiment, the slurry of the molecular sieve, binder and matrix
materials is mixed or milled to achieve a sufficiently uniform slumry of sub-
particles of the molecular sieve catalyst composition that is then fed to a forming

unit that produces the molecular sieve catalyst composition. In a preferred



wat er, al cohol, ketones, al dehydes, and/or esters. The nost preferred liquid
is water. In one enbodinent, the slurry is colloid-mlled for a period of
time sufficient to produce the desired slurry texture, sub-particle size,
‘and/ or sub- particle size distribution. 100611 The nol ecul ar sievg ﬁ?g
matrix material, and the optional binder, may be in the sane or Z ﬂ@ﬁt

| iquid, and meyehese@onbi ned in any order, together, sinmebruiamamus!y,
sequentially, or a combination thereof.171n the preferred enbodi ment, the
sane liquid, preferably water is used. The nol ecul ar sieve, nmatrix material,
and optional binder, are conbined in a liquid as solids, substantially dry
or ina dried dnbbdiinesy th&Sfoﬁ’Jl]hlg' fizhi€ s sﬁr@gﬂfyhﬁl"l"y(pfcali;)ep]&ﬁ &inainy unitfis solids are
added toget her as dry subst ant | lI drled SO|I % é%- ferable to
add a linited JdRGMYP C‘Brﬂ FBPFraye sy oMYy Moy, © b‘b 944 {19018 enbodi nent ,

the slurry of tderynpliem e reﬁﬁlﬁwganoléuu&deseveadadlysfeaomwsmoﬁamrresahﬁgl s mixed or
mlled to achi eve a suffici en%b% uni f orm sl urr% of sub- particles of the
mol ecul ar si eveEHPLEPYRYSIOH Hhesiorredin thisarayitakes fiptorp aymictpsehes®®dr ning  uni t

that produces th%sgl)'\z\ﬁﬁh”a raysdrr%b/ﬁui‘eahﬁlh}{?&mng@iﬁi@syﬁida@ﬁ{he'slﬁn?opﬂ@f erred 12
DEC 2006 WO 031106340 PCTI US03112718 17 odi nment he formng unit is

spray dryer. TyPpplealer gicverpndmplgr ma&ﬁgalmﬁlrltoptr@allmlwﬁeaﬂsrf@cfeda@ the sp@¥per at ur e
sufficient to r&fmgeo]ﬁm%tpa d;yhh% god Gk dn Eepit e tenﬁJeMﬁﬁeymg?frgdﬁ&ﬁ om the

resul ting nol ecul ar sieve catal yst conmposition. The resulting catalyst
conposi ti on whei0f©whea*q, nndtmombwawttﬂak@mp@ﬁerefrmm@bmrﬁOB‘desph@n es. 10063]
When a spray dr] as the form uni.t urry of the

[~LS US I
nol ecul ar si eveizg nat TRt 77 d’r‘?ﬁ? f%‘ferag%lﬂl tert‘:if(t)]??ﬂ’%g £y P%i(fgfgaqfsi co-fed to
the spray dryi a:gapvﬁdmrtefmmtabommﬂwnmgoogamom Ipre&nab@vfarrmgmui 0 @8 tenperature

R o R T e e
dried fornmed capraferbly fromebPos$ fih Gabow 9Drunm about 40 pm to about 300 pm

et er e o a8 S R4 B TR 5, Al 3201, °
[ 0064] During ste alyrging sagp)l didpietsStesemtbling an qmssiesdray imoal deiging chwabzd, e
distributing Atomization is achieved by forcing the slurry through a single nozzle or multiple
nozzles with a pressure drop in the range of from 100 psia to 1000 psia (690 kPaa
to 6895 kPaa). In another embodiment, the slurry is co-fed through a single nozzle
or multiple nozzles along with an atomisation fluid such as air, steam, flue gas, or
any other suitable gas.

[0065] In yet another embodiment, the slurry described above is directed to the
perimeter of a spinning wheel that distributes the slurry into small droplets, the
size of which is controlled by many factors including slurry viscosity, surface
tension, flow rate, pressure, and temperature of the slurry, the shape ‘and
dimension of the nozzle(s), or the spinning rate of the wheel. These droplets are
then dried in a co-cutrent or counter-current flow of air passing through a spray -
drier to form a substantially dried or dried molecular sieve catalyst composition,
more specifically a molecular sieve in powder form.

{0066] Generally, the size of the powder is controlled to some extent by the

solids content of the slurry. However, control of the size of the catalyst composi-



the slurry into small droplets, resenbling an aerosol spray into a drying
chanber. Atom zation is achieved by forcing the slurry through a single
nozzle or multiple nozzles with a pressure drop in the range of from 100
psia to 1000 psia (690 kPaa to 6895 kPaa). In another enbodi nMert 7 g

slurry is co-fed through a single nozzle or nultiple nozzles al ong nglﬁl
atomi sation fM3i%1%H¥eh as air, steam flue gas, or any RSTHBPRUPt abl e gas.

[ 0065] In yet another enbodi rrent the slfurry described above is directed to
the perinmeter of a spinning vvheel that distributes the slurry into snall
droplets, the size of which is controlled b factors including slurry
vi scosi ty, surf deeandtissphesigal qhprggieristigseare s@rwgahleeby g Bpbimitiade of the
slurry, the shapg,afd anfloTBNSdsQR tQIfn;thflﬁ nozzl e(s), or the spinning rate of

t he wheel. These dropl ets are ﬁ dried in a co-current or counter-current
flow of air pas$i0AQ tihr enegier aﬁﬂﬁpﬁmﬁm dh¢ elormudntgdo mplegulany Isisvaarretalyst y dried or
dri ed nol ecul ar nmol ecul ar
sieve in powder @oﬁyﬁon ) r%%%e geijrl'gg] Mld Hﬁg 959?1;3%6{&9%%%?% élbolgts controlled
to sone extent b%mh@ut%‘bladctmsjmt@mblbfromh@usﬂ%ﬂ aboiHdBRkdy &y weighint r ol of the
size of the cat I 12718 18
Lion and its spﬁé%?ca%gq%as?égg'gﬁaesr%??E?]gégtgf‘ngﬁ?%l%ﬁo%I{Heg: ggg o |§{ng t he
slurry feed pr@qmpomnexs and conditions of atom sation. 100671 I n anot her
enbodi nent, the | ar I |o cont ai ns
from about 1%t (5608@ @Ere%&aé&en@t e}”g%lﬁf%r?%@r%ygh%eﬁtqngg@%% about 90% and
nost preferabl ydﬁcmm;btaumevi:@%lwﬂ cmmo@md dmyha/\relagmlghtoftht bigdarp| ecul ar

si eve based on t t,ot al ht c S|.ev a

conposi tion. (Slg)gefm?r S‘eve g’? trle’(‘ri‘oo Al qumef‘? %0%{ i ‘M%'i% %’r %tgén(%/%%? bi nder in
or on the spr ay pra&:rabhcﬁmhb@um wt% 8 abog 20 34| eydtmcc@prpfbsablmfmm dbagdd on t he
total weight of J)g t%l@q nol ecul ar sieve, and matrix material is from
about 2 W% to ab v{}/ preferably fromabout 5 wt%to about 20 wt %
and nore prefer emﬂﬁy] f O doo otnbleFularwbittet @atallpn utondfpsiigois 1fo@EI1iOace t he

mol ecul ar si eve (Gat Ak arf QMR L@ o' Rirth @ HRAn 'Ha/dt activate the formed

catalyst composition, a heat treatment such as calcination, at an elevated

h.

temperature is usually performed. A conventicnal calcination environment is air
that typically includes a smail amount of water vapour. Typical calcination
temperatures are in the range from about 400°C to about 1000°C, preferably from
about 500°C 1o about 800°C, and most preferably from about 550°C to about
700°C, preferably in a calcination environment such as air, nitrogen, helium, flue
gas (combustion product lean in oxygen), or any combination thereof.

[0070] In one embodiment, calcination of the formulated molecular sieve
catalyst composition is carried out in any number of well known devices including
rotary calciners, fluid bed calciners, batch ovens, and the like. Calcination time is
typically dependent on the degree of hardening of the molecular sieve catalyst
composition and the temperature.

[0071] In a preferred embodiment, the molecular sieve catalyst composition is
heated in nitrogen at a temperature of from about 600°C to about 700°C. Heating

is carried out for a period of time typically from 30 minutes to 15 hours,



oubstantially dry or dried state, to further harden and/or activate the
formed catalyst conposition, a heat treatnent such as calcination, at an

el evated tenperature is usually performed. A conventional cal cindtZiftl 2006
environnent is air that typically includes a snmall anount of water vapour.
Typi cal cal ci I tenperatures are in the range from a QC to about
1000C, prefer%hs(ﬂ??soom about 500C to aﬁo’ut 800C, and most Sggjglgf]gr"?atbly from
about 550C to about 700C, preferably in”a calcination environnent such as
air, nitrogen, helium flue gas (conbustion product | ean in oxygen), or any
conbi nation t hereg 070 Inoee odi nent at i f. the fornul at ed
nol ecul ar si eve P ffa‘?l?i P 8p Q’Pt‘t %ql"é‘rst%t?rﬁpée rab? Fr g?l‘i’qrtﬁﬁrbgr of wel |
known devi ces lnsbbudlhegs ahotnamsrefeaémymsnoufjnuudt&)mucatcmrsners bat ch ovens,
and the |iKke. ination tinmeis i cal Iy dependent on the degree of

har deni ng of the[ ﬁ%’ei‘h"l"@f“"glt‘ét}’é I%%t%\!gy%‘fve 0581‘&#5‘75?’? "ovﬁ“ta‘f'?dﬂ’Fﬁé‘alt"gnper ature.
100711 In a prefg@mpesicasbodé pRah intdAGorMhyesmipite dak 8V &verall ey Sdtal@RNPOSi ti on

is heated in nitrogen at a terrperature of from about, 600C to about 700C.
Heating is car rfaly2dive mptsrals Inene epbodiest; ops of yPFRLMPcHar sisyes @t enut es to 15

hours, 1 2 DEC 200@Qnt i¥enfldd 4Ra3ABinBETiHSNS/ rlatd b8 thkOfolipwf Sloainttingr om 1 hour

to about 10 hours, nore referablgfrom about 1 hour to about 5 hours, and
most preferably PrREREsother eiahgiglly achveapelerrlan siyst Aescriied dpydie follewinadi t i on t o

the mol ecul ar si ygn@f, WHErtht?SﬁBBer!; NY fakeh®bses tahe LS Bheh® INosC QRIB@ST ti ons  of
t he present invention nma nprise one or several other catalyti- cally

active material sOthgrwisgng léﬁ%’od?%r@ 308069). 0 £SMe, 34028861 cb{A7f7 sidves of the

present inventi oR7ey L1 L HERI-NEE, mgtgbg)oaswm@s?,b4t¢)eztsptizomdngsmgl limting
exanpl es of other catalytical Iq\ééactl ve nol ecul ar sieves described in the

following refer @F%&%SSM\EW@% 3nttefIMiZA BAYEHZheEYY-34r@.080.186).pat ent Nos.

unl ess ot her w sgspyndi 1%@45 Bebrr-483, @997 £67) zsuSd 5(469’r’szﬁ6 R, 8814, 797, 267
and 5,783,321), ZSM1 &% 709.975) 7S 17 gs 832 3' Z3M 12 _and ZSM 38
3

(3,948, 758), ZSMUBO)aNEM2ai6735M.oMMI3 (343B81), 3456489786, 186) ,

ZSM 35 (4, 016, 2451(:1\1@%44589 ﬁSb 394?3@3754388531\4')5&4@4 169&5@33?11), ME@‘;\M-'IM

(4,639, 358), MCM 2 g4 2 (M 3 MCM 4 (4,664, 897),
(4,619,818), MCM-z (4,954,325), MCM-41'(5,098,684), M-418 "(5,102,643),

MCM-48 (5,198,203), MCM-49 (5,236,575), MCM-56 (5,362,697), AIPO-11

(4,310,440}, titanium aluminosilicates (TASO), TASO-45 (EP A 0 229 295),

boron silicates (4,254,297), titanium aluminophosphates (TAPO) (4,500,651),

mixtures of ZSM-5 and ZSM-11 (4,229,424), ECR-18 (5,278,345).

[0073] In another embodiment, the molecular sieve of the present invention may
be bound to another molecular sieve, as disclosed for example in the following:
SAPO-34 bound AIPO4-5 (U.S. Patent No. 5,972,203), WO 98/57743 (molecular
sieve and Fischer-Tropsch), U.S. Patent No. 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). Binder may no longer be necessary in such systems.

{0074] 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.



‘MCM 5 (4,639,357), MOM9 (4,880,611), MCM 10 (4, 623,527), MOM 14

(4,619, 818), MoM 22 (4,954,325), MCM 41 (5,098,684), M41S (5, 102,[4306
MCM 48 (5, 198, 203), MM 49 (5, 236,575), MCM 56 (5, 362,697), Al PO 11

-(4, 310, 440), titaniumalum nosilicates (TASO, TASO 45 (EP A 0 229 295),
boron silicates (4, 254,297), titanium alum nophosphates (TAPO (4, 500, 651),
m xtures of Z8NMBIgHE ZSM 11 (4, 229, 424), ECR-18 (5, 278,B49803/1R0®73] In
anot her enbodi nent, the nol ecul ar sieve2lbf the present invention may be
bound to anot her nol ecul ar sieve, as disclosed for exanple in the foll ow ng:
SAPC- 34 bound AlPO4-5 (U.S. Patent No. 5,972,203), WD 98/57743 (nol ecul ar
si eve and Fi scthOCWS&@S&SLNGTﬁﬁgoLmeMIEM&m@m -bound zeolites),
and nesoporous NB 8483 entron0 98, 684,
5,102,643 and %8%&%{016‘%‘&%@ %‘2/%‘ % OS Eseo necgrsss?g‘?y T nonsu

systens. [ 00741arknscful frur vaniety oénmodsqmtudmgmacmg,elwdioamclsn%wen@fza-t he present

H seher T opaeh i SRl doRille sBbrob Bl o HlenR BB 25 0
PROCESS FOR USI hiarddeladidg, BtsbipAds, m%nmmmﬁomwwmhm&oa@@%] The
nmol ecul ar si eve cat aaj sts .and conposi tlonsdgd0 8Dk esen |lg1v%nt| on are
useful in a var /&Py 6%’08?%1833 180 SUERIPEOR gt e R AR éomﬁl (5("86? ¥i ng,

i soneriza- tionhepofynerisation, reform ng, hydr ogenat i on, dehydrogenati on,

dewaxi ng, hydr : sqrption l.kyl ation, t.rans | ati on,

deal kyl at i on, E‘gﬁ% -@‘ jRre %ré"t(ai Ig'ﬂ‘fessaf gﬁF%p‘%{ﬁew 'r?gﬁnsl% mcgﬁde ofeFPzat i on,
dehydrocycli zat |d0meandt}e0ﬂb~iers&tnic(fras‘eedmhmtﬁmfpnsn}ng)ﬁmﬁﬁ midieopypeibes toed processes
of the present inventi o(g #B‘?%Fﬂ)q('j rocess directed io t he c&nversi on of a
f eedst ock conpr %8 HFBHEBYS r?)‘i? SURA %ﬁ'FSOm’Sﬁlé’“ HBYE BE N n(s) and a
process direct edrﬁmarebhgem\aeﬂsyl@mmes‘anammnlcalaﬁmdhﬂmﬁnesor nore oxygenates to
al kyl am nes an

j rtlc nes referred
enbodi nent of tﬂ%d-’g]r éaégefnge% eﬂ‘é’oélﬁv‘gﬁ Sﬁmcﬁskgp‘%ﬁk&r{%‘&lﬁ E5HP% ns one or
nore oxygenat es,coxﬁﬁﬁ@osqoeenﬁorea;lxygenmanmm speffealty, gmai @ mo:enmgnmd(s)
cont ai ni ng at Ieast o referre Oddl - nment of

the process of i nW%%‘P °°m¥'l%g’g aﬁf?ﬁ’é?{gtoéygm aoHle?nf %’gg'sf‘c?é?{emg e%’ﬁe or nore

ment of the process of invention, the oxygenate in the feedstock is one or more

alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in
the process of the invention include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts.

[0078] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, metihyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,
and mixtures thereof. In the most preferred embodiment, the feedstock is selected
from one or more of methanol, ethanol, dimethyl ether, diethyl ether or a combina-
tion thereof, more preferably methanol and dimethyl ether, and most preferably
methanol.

{0079] In the most preferred embodiment, the feedstock, preferably of one or
more oxygenates, is converted in the presence of a molecular sieve catalyst

composition into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon



'alcohol(s), preferably aliphatic al cohol (s) where the aliphatic noiety of
the alcohol(s) has from1l to 20 carbon atons, preferably froml to 10
carbon atons, and nost preferably froml to 4 carbon atons. The BRJEDH S
‘useful as fee (LBF& %n t he process of the invention inc gﬂg r straight
and branched chart®&Vi phatic al cohol s,;and their unsaturated counterparts.
10078] Non-limting exanpl es of oxygenates include nethanol, ethanol, n-
propanol , isopropanol, nethyl ethyl ether, dinmethyl ether, diethyl ether,

di - isopropyl etighs MoQ'diE SN keote i TBAIE lor CRRRURSA, Gre JhVERENHbm 4ET ONE,
acetic acid, and mxtures thereof. I'n the nost preferred enbodi nent, the
feedst ock is sel Bedsioek cPgpnpms eryemitee Rseferaly ham dlcohobt masioprefersblret hy|

ether, diethyl efbBernL.Oh B GO R Tinish AbiLRereat Le preferably methano

and di et hyl et her, ghﬁ n&gt pre?@?ghggf netﬁaﬁ€F§R100791 In the nost
preferred embodi W8, Thpenosepufstret krocss af aergbily referrednte &y gastpelefinsxygenat es,
is converted in G e rBIR Ve Sate! sition into
ol efin(s) havi ngE(’gl(?Jt)(l%lE @ﬁg{aarﬁ%}ggmg’%?&gé%f%ﬁa 1y a2 to pﬁ&%%’r[gggg&c 2006 WO
03/ 106340 PCTI US88/y2&hed Fdedstedkonwst pvbfstablyrafnetharisl yontaikieg ddedstock( i) , al one or
conmbi nation, are Ver I Q .ok Ng:.an . enat e,
preferably an al goglﬁ%]e? n‘Errglglp ];ef)ér%g% gfr%Eﬁgggﬁr{esfe}%%%{l?ﬁtc%hgﬁggﬂﬁne él%rcgd ol efin(s)
et hyl ene and/ or pwoepydfass. pref@@89 indl hedomisintlpr ehdenecdd/pr popdene; sftegener al | y
referred to as gﬁ%&&?&&&ﬁﬁhgﬁﬁnéfmt» or alternatively, methanol-to-olefins
(MFQ). In a MIO process, %yplca [y an oxygenated feedstock, nost preferably
a net hanol cont ait®BHg I esdstbodiknentiof the poess far@ohviersion kfa fedsweln peefad- a

nol ecul ar si eve t al onposition into ane or re ef d preferably
and predom nant | 3%% B %éﬁttoecglecgﬁﬁlawg)rm%roép“& r%%éfge%??sén% T étr Ir)t‘eéhgﬁ%s)as | i ght

ol efin(s). 10081 prolwed hased o dditstdnteigit of hglrgaboe pdiced iscoemeetlendd of a

f eedst ock, prefera; bl oly alLni )xygenates, the
anount of oIefin@g?d“%%ggﬁ%gﬁgéggggwgﬁr%ﬁ%mfg gﬁQﬁﬂggwgpgﬁmﬁydrocarbon
produced is greatl®82jt Hewr B@istoskt 34 opr ehbodadyny @niems @ne thaereGdilugetés). nor e

pref erably great e AR i nd ARBaReS: e B kna bl RRSERRS! ToNC

contai ns one or
reactive to the feedstock or molecular sieve catalyst composition. Non-limiting

examples of diluents include helium, argon, nitrogen, carbon monoxide, carbon di-
oxide, 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.

[0083] The diluent, water, is used either in a liquid or a vapour form, or a com-
bination thereof. The diluent is either added directly to a feedstock entering into a
reactor or added directly into a reactor, or added with a molecular sieve catalyst
composition. In one embodiment, the amount of diluent in the feedstock is in the
range of from about 1 to about 99 mol% based on the total number of moles of the
feedstock and diluent, preferably from about 1 to 80 mol%, more preferably from
about 5 to about 50, most preferably from about 5 to about 25. In one embodi-
ment, other hydrocarbons are added to a feedstock either directly or indirectly, and

include olefin(s), paraffin(s), aromatic(s) (see for example U.S. Patent No.



typically used to reduce the concentration of the feedstock, and are
generally non- reactive to the feedstock or nol ecul ar sieve catal ybf GEC 2006
conposition. Non-limting exanples of diluents include helium argon,

‘ni trogen, carbon nonoxi de, carbon di- oxide, water, essentially non-reactive
paraffins (especially al kanes such as nethane, ethane, and propane),
essential ly nd¥:Bayddi ve aromati c conpounds, and m xtur EETAHIBY . The nost
preferred diluents are water and nitrog@ad, with water being particularly
preferred. 100831 The diluent, water, is used either in a liquid or a vapour
form or a com bination thereof. The diluent is either added directly to a
f eedst ock ent er i4Aj7.24% @ddition eficramatioy) adutirai thereef] preferably @roplamst or, or

added with a nol [._Si,.eve c [ ) pment, the
amount of dil uenbt%|h!:lr11‘n'{:’ltp ﬁ@lgﬁeéé%a?&%%?érofﬁn&?ﬁgﬁnﬁgaﬁ%eméﬁ C%?(g’mﬁg%%%t | to about
99 nol % based omiktoes thetafl nunber of noles of the feedstock and dil uent,

preferably from t.wl to 8Q nol % .nor refer for abqut. 5 to about
50, nost prefera@ﬁgﬁf?%e 4 %58[9 cgmf%mﬁt?o%tdgﬁ‘%f %P%%‘lg?\ggfeee%céicgn fiEht, ot her
hydr ocar bons ar eonacddade bxygenafes,anl g podienee dfnonolduinesdve yatalysticordpasiziot | y, and

i nclude ol efin(s paraffi.n(s aromatic(s see for ex e U S. Patent No.
15 BEC 2006 W BsPREReng” Bk b SR ot S e shon SRREE P, o

aromati cs) or mixhfk@ded pREAT, Nyisdd ded bloyespiimhbeamrbulebiiied Ipaiaess), pent yl ene,
and ot her hydrocar S havij n‘ﬁ’f‘hﬁ‘o' ggri car bond at ons CHE m xtures thereof.
[0084] The procd¥¥eiy 2 CORVRTY| ba;sﬁ SLRRTeE RO B BEFeATAY, 2 SOMIBINE ¢ ok

contai ni ng one lagh vatie Mudigdmnad @scesd. N t he presence of a nol ecul ar sieve

catal yst conposi {]ngt of the invention, is carried i n‘ét?'? {egﬁe}%%izgg Eregcess

) out. i
in a reactor, wh RB° [SPERBLCeTE AN faks BB Byl sata
process (i ncl udesicibasthybritlifesdtdrs Bhachave a@ess ped orffixed Bedabicyiodzanenindtious
5t bed b Rg SRSy TR S ORI RoSRRL LAY, Pl YRAOS Y
vari ety of cat al iicioss, rdacicatas, sidcihe dike.hfubeblel comestonnlsrebhat typavee a dense bed
Or 550, DG, 1 OB SRERBAENCE raThg RS Ml FECEIPRETTS
the |ike. Suit ab{deal eiey et A7@idaksion Eaginenring,\p &sniharel O. Levenspiel, Robert E.

Krieger Publishing Company, New York, New York, 1977.

{0086] The preferred reactor type are riser 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).

[0087} 1In the preferred embodiment, a fluidised bed process or high velocity
fluidised bed process includes a reactor system, a regeneration system and a
recovery system.

[0088] 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



described in for exanple U S. Patent No. 4,076,796, U S. Patent No.

6, 287,522 (dual riser), and Fluidization Engineering, D. Kunii{ 2DEl OG5
Levenspi el , Robert E. Krieger Publishing Conpany, New York, New York, 1977.
[0086] The preferred reactor type are riser reactors generally described in
Ri ser Reactor, Fluidization and Fluid-Particle Systens, pages 48 to 59,

F. A Zenz andWops/pe34@x hno, Rei nhol d Publ i shing Corpor at i &T/UsNear1¥or k, 1960,
and U.S. Patent No. 6,166,282 (fast-fl2idised bed reactor), and U.S. Patent
Application Serial No. 09/564,613 filed May 4, 2000 (nultiple riser
reactor). [00871 In the preferred enbodi nent, a fluidised bed process or

hi gh velocity bt mirdrisedeatteds)ir ebek s miotrshlercisye aatzl gt composiips bregvkeda

regenerati on sySLEM Al MEALE h SYLRDLAORE TGl S8Rl ARy St o

preferably is a react or sys havrn reaction zone
Wi thin one or nosmpositiGelr kekadt@rfe) thamol & @mtacmdnl withagtliqgok @roges, wi t hin at

| east one disen i.n ssel , .preferabl rj.si.n cyclones. In
one enbodi nent, %?'ﬁbénag%’bt 8’601{78?‘5 19iPEmg l?téguctegﬁ)?{ nsgdeﬁloég)lr’lﬁggmre? vessel is
cont ai ned wi t hi thediq@ill Ro4a€er beaahabl, welsbedas ishh @eh ghssadsdsaithogerpr ef er abl y
containing one 9r re ox nat es tionall i th or mye d| I uent (s),
is fed to the orln‘g)s(’l]ngnlf(f Fnt \es 6%?%821’6%\@?‘5%8%%&2%‘ 3 nor e

ri ser reactor( S)oiinljv wmi acbapaurrmédeﬁbu acrasuamesg,@taﬁaak Msﬂaeemgaes&bmcm or coked
version thereof i | ar si eve

enb o L
catal yst conposTti'd r? go"?é"d P{FE?&%FPW@PL&?WE@ I%Sﬁ‘f“g?ts W a 1iquid or
gas, or( ;:onbl n?tdfdmglﬁMﬁﬁEHult 5 Qb abdt BEWTG, Bakddradbie Rkl mlggmhﬂid ser
reactor(s), preferably e liquid is water a the gas is an
hort gas subh. G guie FIRGURT AR BB 1M HlodHETr 11 oo
feedstock fed sd@ditakeiry pRferabjydhédali¢ cevhpdiitian, \oR pditin wﬁa@ﬁd@ﬁr@pﬂmontaef a reactor
systemis in the raneo 0 a % preferably from
about 1 w%to Eg@f§ ‘%ﬁ@‘fo%f"ékwﬁ%éﬁ"&ﬂg‘%’?%ﬂﬁaﬁ%ut 5 wt%to about 65
w % based on thmsmpta{e weasgiak daferihfi@he t@@aStBRl isnpletegibhg c@nyrted) | uent

cont ai ned therein. Therﬁnilfy cril nd va our .feedstock are %r efeiﬁbl y the sane
conposi tion, or PESATATHNM| ﬁgﬁbr’%‘ﬁ T 16 HEC BeseRUsE D% ent
feedst ock wit h tdisengaginge veatel diohd etk rtcokkid midethlar sieve catalyst composition. In

the preferred embodiment, cyclone(s) within the disengaging vessel are designed
to separate the molecular sieve catalyst composition, preferably 2 coked molecular
sieve catalyst composition, from the gaseous effluent containing one or more
olefin(s) within the disengaging zone. Cyclones are preferred, however, gravity
effects within the disengaging vessel will also separate the catalyst compositions
from the gaseous effluent. Other methods for separating the catalyst compositions
from the gaseous effluent include the use of plates, caps, elbows, and the like.

[0091] In one embodiment of the disengaging system, the disengaging system
includes a disengaging vessel; typically a lower portion of the disengaging vessel
is a stripping zone. In the stripping zone 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



100901 The feedstock entering the reactor systemis preferably converted,
partially or fully, in the first reactor zone into a gaseous effl 88 fjat
enters the disengaging vessel along with a coked nol ecul ar sieve catal yst
conmposition. In_ the preferred enbodi ment, cyclone(s) within the di sengagi ng
vessel are desP'§if&H®4o separate the mol ecul ar sieve cat ISP ¥dHPosi ti on,
preferably a coked nol ecul ar sieve cat a;r"ﬂ/st conposition, fromthe gaseous
ef fl uent containing one or nore olefin(s) within the di sengagi ng zone.
Cyclones are preferred, however, gravity effects within the djisengagi ng

vessel will al sodéesagng yestehand defay 4t PEsiiptst BRSO FPRsHi9ah &elgd¥eous

effluent. Qther [EMOATOAN BERABALR0YIS IE bERE b 16 LolGABOSs td Wiine f rom t he
gaseous effluent include the use of plates, caps, el bows, and the I|ike.

100911 I n one enBbdPkEnmoksularhgevsi edtiyhfomosysy drslertle & @erliiiihg system

includes a di sengagikRre/Hss S40°C 1o/ Rok@sS0YC, Frdr@WMly frBREbIRBSPE 1§ BRyed] sengagi ng
vessel is a stripping zone. In the stripping zone the coked nol ecul ar sieve

catal yst  conposPteréi crksd asieeriantsiste saiabit eompagtionpr ef er abl y one or a
conbi nation of si®IM TIRLARARN nPeRRR Sty f hERMRMoRARN! deninhydr ogen,

or an inert gas such as argon, preferably'steam to recover adsorbed
hydr ocar bons f r o#liyheitiie Kiedreaciop [seste, ¥ insthevyenge af Jrpsiboutoldsio sbont that is

then introduced f | I , the
stripping zone is@?dﬁlb’ résfgrgtggr;lgéﬁgﬁogggsgfdﬁaggna{tsggc%g%EEEE:erZ 06 5V%{MOBI 106340

PCTI US03/ 12718 2450°iteshwytitil iG, yenaepbreferaivtiiam gpaut 308°CagbamioRfC.aelgas hour |y
super fi ci al vel OGhmok GHRYIPhof 80 3sHC io 1820 D 00N oiased on the

vol une of gas to volu ecul ar sieve catal yst conposition,
preferably at anzbtedHretp abpetdpECat ure from 250C to about 750C, preferably

from about 350C gazbfﬁﬁr()ﬁne DY sich N Bres ke drlfRlyEs uﬁarmesic%;é@_rs%t Frobsds

conposition. 100 _The conversion tenperature enployed in the (;o’nversi on
process, specifi spestichlly withini the trepstor sutiemdr vasips toen a jveid¢ janghangledinge of from

about 200C to ab%%genar&gggsurp.rﬁg 5Rbki¥n Bfegmequéﬂsd %@Qp&s‘aa@&é&wxe §00C, nore
preferably from about 50C to about 750 C, yet nore preferably from about

300C to about 650, fegdstock esplupiverefraay gilkepithersing Tyniglly B8 SorvenBperesdeabout 600C
nost preferably ferpRye AR preteQSs ih e lof B8 Gbout 0.1 kPaa to about 5 MPaa,

preferably from about 5 kPaa to about 1 MPaa, and most preferably from about 20
kPaa to about 500 kPaa.

{0094} The weight hourly space velocity (WHSV), particularly in a process for
converting a feedstock containing one or more oxygenates in the presence of a
molecular sieve catalyst composition within a reaction zone, is defined as the total
weight of the feedstock excluding any diluents to the reaction zone per hour per
weight of molecular sieve in the molecular sieve catalyst composition in the reac-
tion zone. The WHSYV is maintained at a level sufficient to keep the catalyst
composition in a fluidised state within a reactor.

[0095]) Typically, the WHSV ranges from about 1 hr *' to about 5000 hr "', pref-
erably 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 WHSV is greater than 20 hr'; preferably the WHSV



100931 The conversi on pressure enployed in the conversion process,
specifically within the reactor system varies over a w de range incl uding
aut ogenous pressure. The conversion pressure is based on the parti8E( 2006
pressure of the feedstock exclusive of any diluent therein. Typically the
conver si on pre¥88¥¥¢4% | oyed in the process is in the r dMIESHIZHE om about
0.1 kPaa to about 5 MPaa, preferably fr%dm about 5 kPaa to about 1 MPaa, and
nmost preferably fromabout 20 kPaa to about 500 kPaa. 100941 The wei ght
hourly space velocity ()WHSV), particularly in a process for converting a
feedst ock cont ai foF AveHien e a fﬁ@d@cbﬁygfenlase%ethaﬁoltmedprf'é*yéﬁ@e ipfin e np| ecul ar
sieve catal yst cQunQskih Muid "{?:a@o\ft%@(? ion zone, is defined as the total
wei ght of the feedstock excludi ng any uents to the reaction zone per hour
per weight of ntP¥W ulThe supiréviel ganveﬂm(ﬁﬂ‘@cﬂd]ﬂiarfeeéfit@kén%inaldywt@énposi tion

n the reac- tio I ent to kee
!the cat al yst 1:0%}%%@? KP%u—rEQS\HWT 1%'19?: b %Fﬁgléﬁrt%zlglfl %JF ﬁlle[ 0095] P

Typically, the VWSbturlaals:gescaiari)Gm@mmlomwnhm atreacabomne%ﬁ@ reactor. Ther ef - er abI y

from about 2 hr', ghout fr rx
about 1500 hr™, g(r}rg rmstproceg % ‘Iﬂaﬂ%‘ rom al ou{agtfragh H%OOF,Q E%%E“@ooo hr"' .
In one prefer ‘ edltbmﬂndsmttpr(s)heat\lmﬂ 1 sietgr eatceondt(imésh pRerdtily gregiaref er abl y

t he V\HSV12DECZO WO 03/ 106340 PCT/ 1JS03/ 2118 2 on sion of a
f eedst ock cont ai i nggr?g aoﬁ%Pngrgﬁ' reﬂ‘%n e er s mé_%e p{ erabﬁ' r%a%é of from

about 20 hr" to aiamatm/.aQ@t bven rfr@é)sﬁferébhegrsmpetmn o‘,mat agasmsrei:refenably (SGQV) of

t he feedstock ing| a e reactor
systemis preferﬁrbf1 @‘%? gr Ci eﬁee ?orfﬁ | se hlgten 1(S:'ﬁl ar ggri'aéve ‘cat al yst

conposi tion wit hmms J52Akd November i 2009, the reactor. The SGV in the process,
particul arl y W tEH PQ go%ep?e er?r xsl%oéxmnﬁt omr ero? E’(}f%gnv%lir%a%?na%)ﬁyterﬁlatg the riser

reactor(s), is a ter per secon greater than
0.5 m's, nore prefdefmb) ysugaeahcealumhamoipmresnoleeumlmrcaalpstedrmbbxy greater

than 2 15, vt SSAPLIpBLEL 813k Of SR80 b0a {1l S B0 Eodagh, PY of o701 v

greater than 4 erial No.
09/ 708, 753 fi | ed NuonadindddMeti@pe §OROGvity (TCNMS) of less than 0.016, preferably less than

or equal 1o 0.01. See for example U.S. Patent No. 5,952,538,

[0098] In another embodiment of the processes for converting an oxygenate
such as methanol to one or more olefin(s) using a molecular sieve catalyst
composition, the WHSV is from 0.01 hr' to about 100 hr', at'a temperature of
from about 350°C to 550°C, and silica to Me,0,; (Me is a Group IIIA or VII
element from the Periodic Table of Elements) molar ratio of from 300 to 2500.
See for example EP-0 642 485 B1.

[6099] Other processes for converting an oxygenate such as methanol to one or
more olefin(s) using a molecular sieve catalyst composition are described in WO
01/23500 (propane reduction at an average catalyst feedstock exposure of at least
1.0).

{0100) The coked molecular sieve catalyst composition is withdrawn from the
disengaging vessel, preferably by one or more cyclones(s), and introduced to the
regeneration system. The regeneration system comprises a regenerator where the

coked catalyst composition is contacted with a regeneration medium, preferably a



100971 In one preferred enbodi ment of the process for converting an
oxygenate to olefin(s) using a silicoalum nophosphate nol ecul ar z PE%;@[]
catal yst conposition, the process is operated at a WHSV of at 19 éjt Eihr"
‘and a Tenperature Corrected Normalized Methane Sel ectivity (TCNI\/S) of |ess
than 0.016, preferably less than or equal to 0.01. See for exanple U S.

Pat ent No. 5,%8%%%4 ~ (0098] In another_ enbodi nent of tHETHEEEEdSes for
converting an oxygenate such as net harf®l to one or nore ol efi n(s) using a
nol ecul ar sieve catal yst conposition, the )"SVis fromO0.01 hr"' to about
100 hf', at a tenperature of from about 350C to 550C, and silica to Me303
(Me is a Group §35|SAPIBPINg|oRYEen e Pl BENEFA GSRERFRUOPSPRAIANS of AFMRETASHEE| enent )
ol ar ratio of fe@ika@QedinaaBR. See for exanple EP-0 642 485 B 1. [0099]
Q her processes for converting an oxygenate such as nethanol to one or nore
ol efin(s) usi ng[(‘é“lrioll‘@édllmatﬁngse?‘@méesdét‘ regenerglinnRrsium igHudg e ge®eri bed in WO

01/ 23500 ( pr opagenRHUSL SONNAS, 1 1RCRASIExic 8 aliad whieRdsiRGKeAIROSUr & of at
least 1.0). 101001 The coked nol’ecul at sieve catal yst corrp03|t| on is

wi t hdrawn fr om fipgde, gxyeamaugras (VSsBaent Nor @245 48): Garbon Benexide apiier
cyclones(s), anghddty. Q‘flyﬁ-gglelta@ont J&ﬁdltﬂrﬁgf%rm‘cfs@ﬁp%e m}rﬁr@ colldfforh ﬁﬂe neration

system conprises a regenerator where catal yst composition is
contacted with grkedeptalst mmﬁtl%meﬁmblméﬂ@@hbﬁy‘h@ 0S pt'psedonde WO

03/106340 PCT!I Uﬁ%(w}%]?tjog %@oke%ﬁle‘&ﬁﬁ%@e‘v@b%&’?ﬁﬁe gor?‘d%?:%ﬁg ﬁﬁ@%&@l

regeneration conditi erature residence time. [01011
Non-1imting examinesystenh. Thhéolff:ég@ﬂmplalt fion Cﬁteldmnmpqmoweﬂi@m‘en fempmpre  of

oxygen, 03, SO yfafhercds s iblafived el vl ekl (T OGN 0T car bon

di oxi de, oxygen and water Pat ent 03), carbon nonoxi de
and/ or hydrogeiﬂloﬂlheTheémeﬂmpe@@mFStllﬂdh%faaafef)ftﬁ@%eb?}ééﬁ%’pemof bur ni ng

coke fromthe " Seleosda hotalCOTROBLI e B ARATABIC, bindpkRuel | €55 than

0.5 wt % based on t t Ot t'he coked nol ecul ar si eve cat al yst

conposi tion ent @Pmr@wtkféo‘ice@ewﬂme?ﬁm cnd gyast prgferapycfrem kbapt 3B0°Ectal ar si eve
catal yst conpos hbaoenméﬂrsga&mwmfe;sms e R0 SPREA bR TSHAR163 WpRgener at ed

nol ecul ar sieve catal yst” conpositio
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
psia (1034 kPaa), and most preferably from about 30 psia (207 kPaa) to about 60
psia (414 kPaa).
[0103] The preferred residence time of the molecular sieve catalyst composition
in the regenerator is in the range of from about one minute to several hours, most
preferably about one minute to 100 minutes, and the preferred volume of oxygen
in the gas is in the range of from about 0.01 mole percent to about 5 mol% based
on the total volume of the gas.
[0104] In one embodiment, regeneration promoters, typically metal containing
compounds such as platinum, palladium and the like, are added to the regenerator
directly, or indirectly, for example with the coked catalyst composition. Also, in
another embodiment, a fresh molecular sieve catalyst composition is added to the

regenerator containing a regeneration medium of oxygen and water as described in

U.S. Patent No. 6,245,703.



101021 The regeneration tenperature is in the range of from about 200C to
about 1500C, preferably from about 300C to about 1000C, nore prdfzebEbIjh
from about 450C to about 750C, and nost preferably from about 550C to 700C.
‘The regeneration pressure is in the range of from about 15 psia (103 kPaa)
to about 500 p%yB'3%48 kPaa), preferably from about 20 FETESPAEE kPaa) to
about 250 psia (1724 kPaa), nore preferzébl y fromabout 25 psia (172kPaa) to
about 150 psia (1034 kPaa), and nost preferably from about 30 psia (207

kPaa) to about 6 sjia (414 kPaa). [.010 The, preferred resi dence tine of

t he 2m| ecul ar si@w«??ch}%ﬁ(% °d‘8}55ﬁ1p%§?‘]1;’?‘b?ﬁ%? ?1°kf"ch’§°]|9%’ ﬁ‘é’?’%’fag €M the range
of from about ongsiffbmtiom the wganenet ihedsed bty 1pref enall ynaboeldér one m nute
to 100 mnutes, and the preferred vol une of oxygen in the gas i.s in the
range of from abGifor®: 8’18‘%‘?‘: YRR iR Re Eefiy ‘Hea°§818‘9£‘"§h”‘@he t ot al

vol une of the gagesh R4 kiRved bRalRTROMDSRIVE, off EGEREIAWIEN PzeMERitadr S,
typically nmetal containjing conpounds, such as platinu | I . adi,um and t he
like, are added T&etuHE sieug &HalYSi(cOMmPOSHioR & 13 §pole rfeﬁeﬁﬂf“?%efq???}ﬂr YFeexanpl e

with the coked catadstcdinpsdEA@Rictib@beiof! SO, in another enbodiment, a fresh
nol ecul ar sieve catal yst conposition is added to the  regenerator containing

a regeneration mY&P0imIbs bereing o cdsds tmewheRyc Fadion; PEdn ah embpdiuenat et No.
6,245,703. 1 2 DEQ;egﬁﬁﬁnnemhﬂﬁééﬁg%ﬁti?ﬁét%@oﬂ{ﬂl&@bﬂ?@oﬁﬁé&ﬁﬁu&sn an

enbodi nent, a portion of the coked nol ecul ar sieve catal yst cont position
fromthe regener Bt aryigelpding feping afropled £1sylo ths reaspergprevesl Apsrated ithe,

reactor(s), or ipdi bRt k¥ntinfhsPECemQBinBflobd thodé, oh atBRbinBRMAShEds, AOT _
contacting with fresh nolecul ar sieve catal yst conposition, or contacting

with a regener at Bgferiigpdaigrainvaieviharag fereecerpuarelralir dFveselgl ed
regenerated mol ecdphRbiic SHE theGaleAritiDh sGRIPARIfhisAD 1SS Edntrked mart . - 101061

The burning of coke is an exotherm c reaction, and in an enbodi nent, the
t enperat ure wit hFipvet prialyse gamppsiiionofrergls ta §itelEst ceonler ghat ermy 3y sgfedus

techni ques in tRGeRfaledl MO NEvE RBEIVALoApENRNE T3l dobRr, rigG&NEr at or
vessel, operated ejther _in_a batch, continuous, Qr sem -continuous node, or
a conbi nati on t h&pkadimeniy is a heat exchanger that is located either internal or external to the

regeneration system.

[0107] In one embodiment, the cooler repenerated molecular sieve catalyst

composition is returned to the regenerator in a continuous cycle, alternatively (see

U.S. Patent Application Serial No. 09/587,766 filed June 6, 2000}, a portion of the

cooled regenerated molecular sieve catalyst composition is returned to the regen-

erator vessel in a continuous cycle, and another portion of the cooled molecular

sieve regenerated molecular sieve catalyst composition is returned to the riser

reactor(s), directly or indirectly, or a portion of the regenerated molecular sieve

catalyst composition or cooled regenerated molecular sieve catalyst composition is

contacted with by-products within the gaseous effluent (WO 00/49106). In another

embodiment, a regenerated molecular sieve catalyst composition contacted with

an alcohol, preferably ethanol, 1-propnacl, 1-butanol or mixture thereof, is

introduced to the reactor system, as described in U.S. Patent No. 6,441,262. Other

methods for operating a regeneration system are in disclosed U.S. Patent No.

6,290,916 (controlling moisture).



preferred techni que involves w thdrawi ng the regenerated nol ecul ar sieve
catal yst conposition fromthe regeneration system and passi ng Uh?UEC
regenerated nol ecul ar sieve catalyst conposition through a catalyst cogler
that fornms a cooled regenerated nolecul ar sieve catalyst conposition. The
catal yst cool er |n an enbodinent, is a heat exchanger that is | ocated
either internd®B*%® ernal to the regggeratlon syst em PEHYHX 1A one
enbodi ment, the cool er regenerated nol e¢lll ar sieve catal yst conposition is
returned to the regenerator in a continuous cycle, alternatively (see U.S.

Pat ent Applicati erjal No. Q9/ 87 766 filed June , ortion of
the cool ed rege[ﬁgqﬂﬁti Wﬁ?“&?ﬁSé’? play, yevegge 39%%"“2?8%8&?”{‘19‘1%“1 g" eturned to
the regen- eratoge lné@éh‘éﬁhoﬂ gystamc}sm&liaﬂym By chislyst abeleranabmbinedaith kon of the

cool ed nol ecul ar_. si eve sgener at ed nol ecul ar, si eye caé al ¥st conposition is
returned to the ff‘“ﬁ&&"‘“‘t‘l@a g cetalyst cgmpeseiopyand/er rerffcplaled mplecar Uevhortj on of

the regenerat ed gmRlyeCddhpbsitiohQ@or fEAkaKySk/of BBMQRS bi m:a@rane@mrﬁéa tpegener at ed
nol ecul ar sieve catal yst conposition is contacted with by-products within

the gaseous ef f | figHter {oerid1a 8] em‘?‘%‘?”%ﬁ‘l‘bt‘]??e‘Fge“%’ﬂ‘B%W}?’é‘H? sieye ¢%yener at ed

nol ecul ar sieve ﬁﬁk%ﬁ)@hoﬁm% &R (HeBfeAerhRM phtéh is RArRE PO kiser Pr ef er abl y
et hanol , |-propnaol but anol or m xture thereof, is introduced to the

reactor system Hatqish direcprefarably Sfteppsssing tagughea &a!&lyge@olemlnéwe net hods

for operating a LRQeRRHAL QRerSHSh WE%E%:AQ fékcﬁgcpsﬁﬂmustgam bamen
6,290, 916 (controlling hoisture). WD 03/ 106340 PCT/’U503/ 12718

28 [0108] The r¥géretiaeaugly ﬁbwe@waquéiwéwes(:taf Hrgductionefifbsregsngiatedi t hdr awn

from the regenegghlpn sﬁve%aﬁrya REGSSIARD YhelERMY LR&NT BlefthbRlio GRAMET . 1S
combined with a fresh nolecular sieve catalyst conposition and/or

re-circul at ed noP'des Byer $p&YE- cat al yst conposition and/ or feedstock and/ or

fresh gas or |idquie, BNGnfddingtRebw & thd BRnEhS®mole8A& sRYE Slatysl ddnRNOt her
enbodi nent, the regenerated nol ecul ar sieve cata- |yst corrp05| tion w thdrawn

from the regener BAsiten of Feeiehicpancipied qlecylat sieye gatqlyst &pmpositig figp & direct |y,

preferably after pasalififssRnoYdle RaGat Sk¥al teQPhifbm 1kl QN QokeCsHO@EI NENL., A
carrier, such as an inert gas, feedstock vapour, steamor the |ike,

senmi - cont i nuous| POlsFulE SisYs SR EePpPosiion EpteRngtheTegins iy MPPEMEt {hSHE8T t he
regener at ed many techniques for controlling the flow of a molecular sieve catalyst

composition described in Michael Louge, Experimental Technigues, Circulating
Fluidised Beds, Grace, Avidan and Knowlton, eds. Blackie, 1997 (336-337).
[0110] 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, afier regeneration is in the range of
from 0.01 wi% to about 15 wi%, preferably from about 0.1 wt% to about 10 wi%,
more preferably from about 0.2 w1% to about 5 wt%, and most preferably from
about 0.3 wt% to about 2 wt% based on the total weight of the molecular sieve
and not the total weight of the molecular sieve catalyst composition.

[0111] In one preferred embodiment, the mixture of fresh molecular sieve
catalyst composition and regenerated molecular sieve catalyst composition and/or
cooled regenerated molecular sieve catalyst composition contains in the range of

from about 1 to 50 wt%, preferably from about 2 to 30 wt%, more preferably from



-rml ecul ar sieve catal yst conposition to the reactor system pref erabl y to
the one or nore riser reactor(s). 101091 By controlling the fI QE ?@@
regener at ed nol ecul ar sieve catal yst com position or cool ed rege‘n

‘nol ecul ar sieve catal yst conposition fromthe regeneration systemto the
reactor system the optimum |l evel of coke on the nolecul ar sieve catalyst
conposi tion eMt&PIHF' he reactor is maintained. There ar ETH¥Mtechni ques
for controlling the flow of a nol ecul ar i eve catal yst conposition
described in M chael Louge, Experinental Techniques, Crcul ati ng Fluidised
Beds, Grace, Avidan_and Know ton, eds. Blackie, 1997 (336-33 [0110) Coke
level s on the nmoPEEauFPous 2\ %,s adaneps pretershiy G2am 4bm 24P abave iy e‘EP By

Wi t hdr awi ng fromrtcﬁseo&&w@a@bgnbagé@&%% thiiCw TR @ WeBhixfbeYemMaduftk Y St
conposition at a point in the process and deferm ni ng its carbon content.
Typi cal |evel s ofeveesedyst WWH@M%&&FWP&%&%’W&ET&QQ 23.%nposition, after
regeneration is fafy2f N@Ld 2RGRs Auerdt iOM Qo WY ing Srnct 24 preferabl y
f rom about 01V\llt%; %H 16 v‘\lf%l nore pre erea%%gg \E{ﬁ)ut l02Wt%to
about 5 wt % anopaméthrqysleﬁ eacentsryysysterord hegetparmany. @llvmm weavesystansit % based on
the total weight Lev d of the
nol ecul ar si eve 1(8:%%“ éggafgggﬁp%%?ﬁaghﬁ l%ﬂﬁ?‘lsepggu hgb?ep)ffgl ?er rﬁ%hglr%odi ment ,
the m xture of fodwls) foinebupaagous pdvant. Rpamvahwstemmqwslﬁx ¢oomprigeneheroegener at ed
nmol ecul ar sieve g Slet,i o L e Ak | ecul ar

si eve catal yst co‘?rr%%glxtsc%lgir;\%%%ﬁtdgl nvgﬂ?'%nsg ggurog 9% 0 ugnf %g%?gg{éﬁéoqoto 50 wt %
preferably from abestcoRmng s@itest %tramrreacpmmdyetmabmyh &y ahplbEnZ20OBE@U2006 - WO
03/ 106340 PCT/ U 8 b 0 referably
from about 2 tosfaggL %t%z '%Opégr%@b%&é’%?)t %‘g%@%ﬁggé’gﬁ? c@ecﬁ%%lcgua:gaseﬁ on the
total weight of Wides, kditonesirnd egttr mapufactule4V.S. Bitany Mo cwi7a104 0t and ofrprmsiot | ons.  See
for exanple U S. . ) T Rckes THG t is

wi t hdrawn from tﬂgegg%?%g%ﬁ”gé%gflnﬁax%grgg %?ﬁugrjﬁg I'S p]glgstse rou&%éegéﬁ ?@cover y
system There ar#&skumng chidll tainkvompressers.duedkyous frome pepots, nuewhmndqmeﬁkvand '
sequences that SISHS Thitnol QUSRI G BLE IR o bl dbpbdithns Of &1 1 1( <)
fromthe gaseous e | uent. Recovery systens genera se one or nore
or a conbi nat i onofothe presear in@mmserpabaweénn ﬂfﬂrfawfaetmtqf@ﬁymwﬁ%ﬁmdﬁ stillation

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.

EXAMPLES

XRD

[0114] X-ray Powder Diffractograms were recorded on Siemens D500 diffrac-
tometer with voltage of 40 kV and current of 30 mA, using a Cu target and Ni--
filter (3=0.154mm). Elemental analysis of Al, 8i, and P was performed using the
Inductively Coupled Plasma (1CP) spectrascopy.

Comparative Example 1 - N,N-dimethylethanolamine (DMEA)

[0115] The following ingredients were mixed, in sequence, and blended into a
uniform gel using a microhomogenizer (Tissue Tearor Model 98730 available
from Biospec Products, Inc, USA): 85 wt% H;PO, (obtained from Aldrich
Chemical Company), H,0, Cabosil™ (fumed silica available from Cabot
Corporation, Illinois, USA), Catapal™ A (71.5 wit% Al,O,, available from



towers, columms, splitters, or trains, reaction systens such as ethyl benzene
manu- facture (U. S. Patent No. 5,476,978) and other. derivative 2pildctékes
such as al de- hydes, ketones and ester manufacture (U S. Patent No.

‘5,675, 041) , ang, gt g, asso- ciated equi pment for exanple]¥gﬁ%8%§ngondensers,
heat exchangers, refrigeration systenmgyor chill trains, conmpressors,
knock-out druns or pots, punps, and the like. [01131 The nol ecul ar sieves
of the present invention and catal yst conpositions of the present invention

may be used in tAGNHEOVEREEN S TELK IS DRSHen 8] RUimAMIRMBamEaNp! es of
sui tabl e processes are as described i'n published European Patent

Appl i cation EP ODYFR) gemimd frognldrigh Chanicab&lomnanyNgSAB The anopy gatiom{AMPLES  XRD
101141 X- P r D .S 0 diffrac-
ray OVm?lEgQégnisz‘gaQ E@%h%gé 3.‘6@5@EA§.‘60A1§%‘6#§R)§ SPRNS RGO diffrac

tometer with voltag and current of , using’a Chtarget and
Ni - filter (X=0.[08%hnjhe i e ttalplaachingsi Sambomb witkiTeflontnd®, asdsvgser f or med

using the Inductivel | ed. Pl as g\gzg ectros , rative
Exanple | - N N ?tﬁ‘gf%ilfﬁg{:lﬁ%'ngq g?ﬁshgﬁe_( ] rofugﬁfﬁlce?ﬁgggéglﬁ%\%pa%gi ngr edi ent s
were mixed, in seRGHEHERs withdeiblifQdRfer] &HdOvad thed MHED MM BEC wishiddon

m cr ohonogeni zer (Tissue Tearor, Mbdel 98730 available from Bi ospec

Products, |nc, USApiehigs piyis psibesplygpirhpsmade eitbntAf damenorkdrenso®ll  Conpany) ,

H20, Cabosi |t (fmg ¥ Nldifi@hadainbRRlR i icahed-cry eMiROLAIRN X-fal | | noi s,
USA), Catapal'" A (71.5 wt % A1203, available from1 2 DEC 2006 03/106340
PCTI US03/ 12718 3ppwderariti ofithstprodegspafiined thatdhgs produsins a siseplupiaephag-

N- di met hyl et hanolai gaéhe émg&&pt{?enﬁ% Jori@mo&@?iemmmwaher@@wpany,
USA). The nolar ratio of the ingredients was as follows: 3.0 DVEA: 1.0

A1203: 0.3 S' 02: 19ayp oporysjalliztiop (pasef pp1H Wright glothe EIngAMESBEHS nt 0 a Parr

bonb wi th Tefl ONglenfifRdi - anfiPfs WRShe BRALAY s 1RO GoifoQingl BhofdaYeempdi®nsol i d
product was centrifuged and washed several tines with deionized water, and

was then dried i Aheiades Aoty Bivdvrt hayesiilyrtio pl0-Hi% yihish equates to a

si | i coal um nophogityad eapfati bey 8HA framework type, com prising

N, N-di met hyl et hanol amne within its infra-crystalline structure. X-ray
. [o11 This example shows that relatively pire silicoaluminophosphates of the

CHA framework type may be synthesized with N,N-dimethylethanolamine as
‘template. Typically when TEAOH is used as the template in such a synthesis the
Si/Al ratio is 0.167. The Si/Al atomic ratio of the N,N-dimethylethanolamine
derived product is determined at 0.209 by elemental analysis This indicates that
the Si/CHA cage ratio is greater than 1 when N,N-dimethylethanolamine is used
on its own as template.

Example ] - N, N-dimethylethanolamine (DMEA) as template and HF

[0118] 8.36g H,PO, (85%), 25.01g H,0, 4.35g Catapal™, 0.21g Cabosil™, and

7.06g N, N-dimethylethanolamine were mixed, in sequence, into a uniform gel
- with a microhomogenizer. HF (0.70g, 50%) was added to the mixture, and the

mixture was stirred at room temperature overnight. The composition of the gel

was as follows: 2.5 DMEA:0.5HF:1.0A],0,:0.18i10,:1.15P,0,:50H,0.

[0119] The mixture was divided into equal parts, which were then sealed in a

Teflon lined Parr bomb before being heated to 180°C for 2 and 5 days. The solid

product was centrifuged and washed several times with deionized water, and was



powder patterns of the product confirmed that the product is a

silicoal um nophos- phate of the CHA framework type. The solid progiycy Plﬁ,/i eld
was 7.70% after 10 days of crystallization, based on the weight of the
'starting synt Rapissosddoxt ure. El emental analysis of the ppefiusbsgi ves the
follow ng nolar conposition Al QSi0.2PpP0.799. The final product has a
Si/A ratio of 0.209, which equates to a Si/CHA cage ratio of 1.25 101171
Thi s exanpl e shows that relatively pure silicoal um nophosphates of the CHA

framework type d19§6 158&%_'%&91 ﬂetfragﬁl%zﬁéé'&ﬁ%%}: %JP@&%%&E%@S

tenpl ate. Typica y when I's used tenplate In such a synthesis
the Si/Al rati ehesesprodut® havelKgaSpgvaler diffmaviion pateing thef diffeefrom those of

N, N-di met hyl et h%?éa?ﬁ}er@lcmgg rgllfc%gurﬁﬁgﬁlldgpihﬁless §F%M@/ ﬁ(t 22 PRe by

el enental anal ysi's I's 1 ndi ca cage rat’ o iS greater
t han 1 when N, Npdidnetyinidse whraribTamamle] 3.284 udterd? 2od 5 tigysoofncrgssallizatinpl at e.

Exanple | - N, N-di h hanol a s tenplate and HF 101181 8. 369
H3PO4 (85%) 25"6&3"%0)6“51 %‘B‘heﬁﬁ‘nﬁtﬁaihw‘%%ig Cabosi|'", and 7.06g N,

N- di met hyl et hancwlam NElemerts anmmfme@rcsleqwemmed aften? days ofiyftallizeigel with a
m cr ohonogeni zer 7 9 le t the mxture
was stirred at rgavelrlﬁf é‘%ﬂg trﬁﬁug o”%}mff? 9#1427 c]gﬁﬁ?gr%l Eﬁo g% gel was
as follows: 2.5 chivsfonds i ﬂ:ll&ﬂﬁgaﬁapﬁslﬂmﬁl?ggm,,S1@,%Q5Tﬁ@h%aluﬂ:ﬁm191 The

m xture was divided. in e | par whi, ch,. hen s a Teflon

li ned Parr bonb pg%sﬁ’gﬂmeﬁag’eﬂ %‘g‘ﬂr{é@‘{ ‘étlaﬂsqsa aﬂ‘éﬁ%l’ cfg%lf?ﬂo §F§§%20 i(’{?he sol i d
product was centa3if Ngeeckampl sh@ahig DaBrecan|be hiixed Svith Hitogeddoeei azPOnat er,  and
was 1 2 DEC 2006 03/10634Q PCT/US03/ 12718 31 dried in a 60C vacuum

oven. The X-ray PORAFVEE PR PYH patterns indicate that these products
have X-ray powdgpid] f Thapiothan opaint@bftes 5t fgt oflicfybellizdionnwishabimedfat t ypi cal

pre-cal cined silji coal um nophosphat es of CHA framework t . The product
yi el ds were 7. 79%°03nidr e bogsdhenegt 690°G for o JaRrdo gmoye @?t‘é&%"z?@i‘hﬁ

respectively, bamRfddion.tTHe Wit Fowvdedwatl REm&diadly by 2@ hfter lﬂéi?aﬁ&n,lilue,rfent al

anal ysis of the roduct ot ai ned after 2 days of stal|ization gave the
f ol | ow ng r esul t'4Ih 8 precautiop dg avejd exppsygs yymorgsure, “?‘“8%‘}":‘131"0‘?1“8@&6“%% ch

This confirmed that the low silica materials obtamed with N,N-dimethylethanol-
amine and HF, have a CHA framework type after calcination. The uncalcined
materials exhibit a uniqgue XRD pattern from which it is not immediately apparent
that molecular sieve has the CHA framework type (see Figure 1).

Comparative Example 2

[0122] The ingredients and procedure of Example 1 were used, except that no
HF was added. The synthesis mixture was processed following the same
procedure as in Example 2. The products of crystallization gave XRD pattems
which indicated that virtually no crystalline material was present. This example
illustrates that without HF, low silica SAPO having the CHA framework cannot
be obtained using low levels of DMEA as template and low silica in the synthesis
gel.

Example 2 - HF and reduced amount of N, N-dimethylethanolamine (DMEA)

[0123] The same ingredients and procedure as in Example 1 were used, but the

ingredient ratio was as follows:



corresponds to the follow ng conposition: FO0279A1J. oSi a, os2Posi 21 Tiher 06
silicoal um no- phosphate had a Si/A ratio of 0.052 and a Si/CHA cage ratio
of 0.052/0.167 = 0.31. This exanple shows that DMEA can be m xed with HF to
“produce a SAPQ, RSk @l having a low Si content. 101211.1T [,9guct
obtained after 5 day4s of crystallizatiof, was calcined a{, ll)lgsggé?l?or t wo
hours then at 600C for one hour to renove the tenplate and the fluoride
ion. The white powder was inmediately analyzed after calcination, but wth
no precaution to avoi d eXRAREAS 3if:-TBASOW BioUshpd..s6i.@y powder diffraction.
Thi S contirmed that the [oorai i on horari Al SOEha fied Wi th

N, N- di et hyl et h@hoXRD gatameofdhabreduct shayepate@s-ik!feddordbpbdifereyt fomatheter

calcination. Th i i {.hi i . ern from
Which it 15" not Of HAGANE OG- LBREE b 2 Hablehoft o, HE HEYAELACC" )
framework type (58evthiagdil&@7\tys, afbo?ped dtdayeoffexatnization, epepPelyTbmed ngr edi ent s

and procedure Ofon@é%)qgflw%i Ltoﬁgetaﬁag%mg%ﬁgept that no HF was added. The
synthesis m xturée Wwas pr CesSE4FOF W ng the sane procedure as in Exanple

2. The product s [@R4]crTigt pbducr ditaind gfav§ #ERD of atybellirgion whas calcinedliacat ed t hat

virtually no crystalline material was _present. This exanple il]ustrates
that without HF?@# gvd”s‘iwloib@‘é“ &pes 0% ﬁﬂg °Ff %ﬁ%ﬁfﬂ?&?@ﬁ&?ﬁﬂ%ﬁﬂd}w be

obt ai ned usi ng IfiQwidegyf] PheQihitDWEAdenSvat BRfMdRIily Al zédMtes bdidikation, But he
synthesis gel. Exanple 2 - HF and reduced anmount_of N, ) X

N- di et hyl et hand &P RECPBRIERYVOId BPOSe PP FrasiPh §rayPRfesdifaetioBr ocedur e as
in Exanple | wenfd waefbundist hatdrthe dHIORRERI tfp! TI0s vasima&d fhalthows: 1 2 DEC
1006 WD 03/106340 PCT/USQ3/12718 32 . 2. CDVEA. 0. 3HF: |.O0A 2%0' I

Si O2: 1. 0P206: 50 .mﬂ*ﬁ@@ﬂ#ﬁ”ﬁ%ﬂ%ﬂ%"*ﬂ@%@“‘ﬁ?%ﬂﬂ&%‘%H‘B\R@“%’éf’t Yefs rel at ed
to, but differemtHA eamwdibabe, Dbn UBGRl B¢ 0RAIHAPHaRAals \WtikiNa BFfereat CHA
framework type . The saqlid yield was q_ W% after 2 and 7

11.0 % and 1
days of cryst al 3% 35 RD) i@ Thepapdpet %&g’éﬁaﬁe&ﬁ derreeicnetaioaier gt of the
starting materi ahesfollfvdg flopeHid aREORUGHati@D eahpRtioR il €8i, ./ PLayBeiRdnol
crystalli Z_at 'on a\(,iv.?ins-ptigx?:l 2%‘.6”\9&: :%lter calcination. The silicoaluminophosphate has an Si/Al
ratio of 0.055 and a Si/CHA cage ratio of 0.33.

Comparative Example 3

{0125] The same ingredients and procedures as in Example 2 were used, except
that no HF was added. The synthesis mixture was processed following the same
procedure as in Example 2 and the products of crystallization gave XRD patterns
which indicate that very little crystalline product had been produced. This
example illustrates that without HF, low silica SAPO with the CHA framework
cannot be obtained using low levels of DMEA as template and low levels of silica
source.
Example 3
[0126] This example shows the preparation of low silica SAPO having the CHA .
framework type using HF, a reduced amount of N, N-dimethylethanolamine
(DMEA) and reduced amount of water. The same ingredients and procedures as in
Example 1 were used, but the ingredient ratio is as follows:
2.0DMEA:0.3HF:1.0A1,0,:0.15i0,:1.0P,0,:25H,0



550C for two hours then at 600C for one hour to renove the tenplate and the
fluoride ions. The white powder was inmediately anal yzed after TchDEL 3386i on,
but wth no precaution to avoid exposure to noisture, using X-ray powder
“diffraction, _and was found to have the CHA franework type. Thi s confirned
that the | ow “&"1%4" naterials obtained with N, N-dineth Cgflﬁ&?’%fslg\m ne

tenpl ate and HF, have a CHA franework tiype, even though the uncal ci ned
materials exhibit a different and unique XRD pattern. The product obtained

after 7 days of crystallization had the follow operties after
cal ci nati on: cowg%%s(i hﬁ‘b%@ Waﬁ@ioéaﬁWB‘?‘e‘B"éﬁdﬂg’ ﬁgln‘gﬁl}er % e, %‘Pﬁ Bn: 24.6 w %
after cal ci nat i @Raicildies SP(d-B4 ikt @p Lo hahevdila s pa MmhdisbiM yieldakdso of 0. 055

and a Si/CHA cage rgtio of 0.33. Conparative Exanple 3 101251 The sane
i ngredi ents and g‘ﬁé’eﬁfﬁfB@d%“fﬁy%l%?rbb?e‘&@?@e%&?gwg St ¥at no HF was

added. The synt ﬂasﬁi&.mgﬁs@cm& HOERSRRE {omipbaidnnal [, BaleAf@r ocedure as
in Exanple 2 and the products of crystallization gave XRD patterns which

i ndi cate that veAlgmafion the gamplepredured meXRy paitsat consitient ith ths (SHuE”BE- Thi s

exampl e il ustr abRSyde e i¥idchigUievEiRas 4 1 $dtboiof 8.0BARB ML SR sfoR&s A f r amewor k
cannot be obtained using |low |levels of DMEA as tenplate and | ow | evel s of

silica source. Sithpreerago pHAFAN0. 13T 84&xanpl e shows the preparation of | ow
silica SAPO havepgddye CHA framework type using HF, a reduced anount of N,
N- di met hyl et hanm?%_n? (DVEA) and reduced anount of water. The sane

i ngredi ents and W28 c lhisr examplg shaws s pmprraiop ofelumingghogphas pf teneHAngr edi ent

ratio is as fol kowssonly - OnHiGeth)ipd\iéRdialline bnd31P2nd pfdecite #°H20 1 2 DEC
2006, WO 031106340 PCT/y 03/ 127]_.8 33 101271 The XRD patter n of the product
was -rel at ed, buExamHe bwesTepepiednsing Mardipethylprepdensdipaige %ﬂ#’&f%ﬂ{m@dmt erial of

CHA framewor k t ¥pgmerfl}18n200ainfhe ¥i ©hflatéOrhe odi CoPbsiion ki Ko1RAE day of
crystallization, based on the tota vveiégg of the starting materials. The
/3

product had the fol | owi ng cortPBdPMAFAKYO:0EQ/: 48RS v26 After cal cination
the sanple prodyg;est R 2R bR ArEPRR10 T RRE ik Aot ot pF A&

yield was 15.0 wt%, based on the total weight of the starting materials. The X-ray
powder patterns of the product confirmed that the as-synthesized product is
similar 1o the products obtained with DMEA and HF (Figure 2), and on
calcination and hydration in air the XRD pattern was identical {0 that of hydrated
AIPO.-34 (Tuel, A,; et al., J. Phys. Chem., B, 2000, 104, 5697-5705). The
composition of the product as synthesized was determined by elemental analysis
as FoanAl|oP) o)

[0130] When a silica source (Cabosil™) was added to the synthesis mixture in
the same manner as in the Examples using DMEA; silicoaluminophosphate of
CHA framework type formed in the early stages of crystallization. After 20 hours
of crystallization the CHA framework type crystals faded away while molecular

sieve AIPO,-21 or SAPO-21 of framework type AWO formed.

Comparative Example 4
[0131] The procedure of Example 1 was repeated using the following templates
in separate synthesis experiments and in combination with HF: 3-(N,N-dimethyl-

amino)-1-propanol and 1-(N,N-dimethylamino)-2-propanol. The X-ray powder



work type. The nol ecular sieve has a Si/A ratio of 0.071, which corresponds
toa Si/CHA cage ratio of 0.071/0.167= 0.42. Exanple 4 101281 ﬁxarrpl e
shows the preparation of alum nophosphate of the CHA frarrevvor Q@e |ng

- N, N-di net hyl propyl enedi am ne and HF. The procedure of Exanple | was

repeat ed usi nFON3MEEHP net hyl propyl enedi ami ne ( DMAPA) i nst BEAUSOH2T18

di met hyl et hanol ani ne as tenplate. The gé conposition was as follows: | HF: 1
DVAPA: 1 A1203:1 P205: 40H20. 101291 Crystalli zati on was carried out at 170C
for 24 hours. The solid product yield was 15.0 wt % based on_ the total

wei ght of the stPafems ﬁgthﬁﬂfoémta%ﬂm%@a%omf th%wa’@’rawaafqdé?eﬁsﬂ%ﬁ % he product
confirmed that theoas- @ymtﬁlaﬁéwrﬁdyﬂermé&%e b&dnﬁhmdearn{emkbema%@sduct s

obtained with DVEA and HF (Fi ure , on calcination and hydration in
air the XRD pat t’@%‘e@\/ﬁ’sm?‘@éﬁf rwﬁa@mwhawwthfaéa of thesp@mPIEs( Tuel , A. ;
et al., J. Phys.yGhempy pﬁent@@gtoprocl@ul}cs gﬁgo?heﬁz&ﬁx)nems:r 8&a hﬁ@lﬂmabéxﬁé)n of the
pr oduct as synt heS| zed was determ ned el enmental analysis

Fo. 2QAl i . OP101 Poar3p dodnkmenis, sresiully womgqg}eééer@:@éﬁ@gbrpnce)to W&gxﬁddie@ll to the
synthesis m Xt Uldolofive i G iRATERRRE thiiBvehtlorl A 6P TGS e

silicoal um nophosphate 0 ramework type ormed in the ear y stages of

crystal | i zat i on.suhfiscerpoforhiopermittedf cr ystallization the CHA framework type

crystal s faded or_ S f ramewor k
type AWD for rredew%élnpar gffal ve %%H vemﬁ’b B@Hgﬁscg%rd ogcneddfjﬁrag%ag#1 anple | was

repeat ed using tréferelice| tb operticglat embttdamw thase o€ pedisare skilininhsiast wilber i ment s

and in conbinati I d

1- (NN- di met hyl Ay o%M é29“‘roe é{‘%%’f‘%“%%’qg HIX "am% ng li“%@?g%ka‘% 03/ 106340
PCT/ 13S03/ 12718 hgetin. Ba’snemenbmiﬁ betmgleppblmethecﬁopﬁhdqdrmim@ fratpurposee obf t hese
tenpl at es produ rk type under the conditions
used. The XRD aﬁﬁﬁﬁls&hg{%ﬁ QP &%& natlfng% AV\D and/ or unknown phases

wi th each of these tenplates. 101321 Al patents, test procedures, and
ot her docunents cited herein, including




priority docunments, are fully incorporated herein by reference to the extent
such disclosure is not inconsistent with this invention and for all
jurisdictions in which such incorporation is permtted. 10133] Wile the
‘present invention has been described and illustrated by ref erenc\ hec 1008
particul ar enbodi nents, those of ordinary skill in the art wll :%opreci ate
that the i nver¥P8¥3¢hds itself to variations not necessa®CriU§osithfst r at ed
herein. Reference should be nade sol ely36o the appended clains for purposes
of determning the true scope of the present invention. BE C 2006 WD

03/ 106340 PCTI US03/12718 35 CLAIMS 1. A nethod for preparing mcroporous

al um nophosphat eCAIMS | i coal um no- phosphat e nol ecul ar sieves having the CHA
framework type, the t conmpr.i sing: (a)_,form.ng.a reaction.m xture
conprising a sou#’ce gfmetﬁo(éngmnﬁr%”% S OLPP'(@@; gpmnRRIOsale 0L S '%(Eﬂoaf "Oally a
source of silicon, aphdsgtastmdenlasdeves Bavirfg thé CHarfrattewbtknigpeahd na&tholeast one
tenpl ate contai ning one or nore N, N- di nethylam no noieties; (b) inducing
crystallization of aftiMKSPphosphate and/or silicoal uni no- phosphate

nol ecul ar sieve fromdhe fomdnd h @actionXhbtiug caniipiising ) so@eo vL tlnihum, a

al um nophosphat e and/ or si lf&c al um no anosms)hat € ile eCL1| ar sieve. .2. The
method of claim1, f&P¥HKSEPS Hssqpﬂﬂp R & SUes Pt sicqny it Ieash e APSs A he

al um nophosphat e andfigséridei ibhsCal 41Me430 pROSRPRLeC conBimREUbLR orSeNENN3. The

met hod of any of claijs | or 2, wherein the tenplate conprising one or nore
NN- di et hyl ani no roi S178Y 10 1eighest ructure (CH3)2N-R wherein Ris a
substituted or un-sulpsti tidhRohg alyktaill2dibe oilurkiyedhophitp Aalidr Gilic@haiifp- 4. The
met hod of claim3, wherein Ris a.linear or hranched eH kyl group, a linear
or branched al cohol, pB‘Fpléf“q’T’ﬂ@’&]ra’%"rve@f’%’l]&"rféﬁ“%ﬂﬁ’ﬁ@?e%’? The nethod of claim
4, wherein the al kyl (@r oupcovalg@h@iinophosptitter@d/brslichil Gifinophosphate

molecular sieve.

2. The method of claim 1, further comprising the step of (d) calcining the

aluminophosphate and/or silicoaluminophosphate molecular sieve.

3. The method of any of claims 1 or 2, wherein the template comprising one
or more NN-dimethylamino moieties has the structure {CH;)N-R,

wherein R is a substituted or un-substituted aliphatic or cycloaliphatic

group.

4, The method of claim 3, wherein R is a linear or branched alkyl group, a

linear or branched alcohol, or a linear or branched amine.

5. The method of claim 4, wherein the alkyl group, alcohol or amine has from
1 to 12 carbon atoms, preferably from ! to 10 carbon atoms, most

preferably from 1 to 8 carbon atoms.

6. The method of any of claims 4 or 5, wherein the template is selected from
one or more of the following; N,N-dimethylethanolamine, N,N-dimethyl-
butanolamine, N,N-dimethylheptanolamine, N,N-dimethylhexanolamine,

N,N-dimethylethylenediamine, N,N-dimethylpropyelenediamine, N,N-



1 to 12 carbon atons, preferably froml to 10 carbon atons, nost preferably
froml to 8 carbon atons. 6. The nethod of any of clains 4 or 5 Wﬂﬁr%in t he
tenplate is selected from one or nore of the foll ow ng; 12 2000

- N, N-di et hyl et hanol am ne, N, N-di net hyl - but anol am ne,

N, N- di met hyl heyg @an@bam ne, N, N-di net hyl hexanol am ne, PCT/US03/12718

N, N- di net hyl et hyl enedi am ne, NN-di met hyB@r opyel enediam ne, N, N 1 2 DEC 2006
WO 03/ 106340 PCT/ USC3/ 12718 36 di net hyl but yl enedi am ne,

N, N- di et hyl hept yl enedi am ne, N, N-di net hyl - hexyl enedi am ne, or

di met hyl et hyl am ne, dineeilbyylpredipyina i MNedimdibpbépmyitnedieipt,yIN Adimahdy

di met hyl hexyl am ne. 7. The nethod. of of. the precedi ng cl.ai g, wherein
the tenplate is sel lgﬁlggglla?’ﬁlﬁﬂ 0635"68}3’?‘1%}&@”%? H’f’ﬁg‘yﬁ oY f_g%gﬁg%'mmgﬁ'

NN- di et hyl et hanol ankepglamidy,oNdidhetgihbylaatingpy | enedi ami ne. 8. The nethod of
claim7, wherein the tenplate is N, N- dinethylethanol am ne. 9. The nethod of
any of the precedi ng.cl ai ereip.t r of .fl yonl IS .sel ected
fromthe group ggnsiseiﬁa 6%°n%pé&lEFJ%%?%@%F%QWhﬁﬁ?%ﬁ%ﬁ?ﬁﬁgw?géf

tetral kyl anmoni um f | stizcied @smamel ochygireogfathe fdllowing,d¥,N-ditiethflethanvitired of cl ai m
9, wherein the sourcgbf% f oriﬂe Hs p drogen fluoride. 11. An

al um nophosphat e or SRR R %ﬁ%ggﬁﬁate nol ecul ar sieve, substan- tially
of framework type CHA, conprising within its intra-crystalline structure at
| east one tenpl dte cOem amathedy ofie claim nok e Wikkeiti nthe hylempliatao is md¥.Bt i es. 12.
The nol ecul ar si eve ! . wherein the tenplate which contains one or
nor e N,N—dinethylanig%mﬁ%?%?#%%mré N, N- di net hyl et hanol am ne. 13. The

nol ecul ar sieve of claim 11, wherein the tenplate which contains one or
more NN-di met hylani néhsrpsteadicfany; of theinpseeding impyThersadhasaurrs of fupriderne

nol ecul ar si eve of ai%)’sefbttet_ﬁ:|f1%me\}\%oﬁﬁ3;&§istilfguﬁi_t hefal ¢GRS, SinktBonfdmtior | de. 15,
The nol ecul ar si eve of claim 14, erein fluoride is within the intra-

fluoride, tetralkylammonium fluorides and hydrogen fluoride.

10.  The method of claim 9, wherein the source of fluoride is hydrogen

fluoride.

11.  An aluminophosphate or silicoaluminophosphate molecular sieve, substan-
tially of framework type CHA, comprising within its intra-crystalline
structure at least one template containing one or more N,N-dimethylamino

moieties.

12, The molecular sieve of claim 11, wherein the template which contains one

or more N,N-dimethylamino moieties is N,N-dimethylethanolamine.

13, The molecular sieve of claim 11, wherein the template which contains one

or more N,N-dimethylamino moieties is dimethylpropylenediamine.
14, The molecular sieve of any of claims 11 to 13, further comprising fluoride.

i15.  The molecular sieve of claim 14, wherein fluoride is within the intra-

crystalline structure of the molecular sieve.



crystalline structure of the nolecular sieve. 1 Z DEC 2006 WD 03/106340
PCT/ USO3I 12718 37 16. A crystalline silicoal um nophosphate nol e,c,u r sieve
having a characteristic X-ray powder diffraction pattern contai'rf bﬂ@ 46
-l east the d- spacings as set forth in Table la. 17. The nol ecul ar sieve of
cl ai m 16, havwogsmesamaracteristic X-ray powder diffractravuspaizt®rn
containing at |east the d-spacings as sgt forth in Table |b. 18. The
nol ecul ar sieve of any of clainms 16 or 17, conprising N, N-dimethyl -
et hanol am ne and fluoride within its intra-crystalline structure. 19. A
crystalline sil igoalaunthaphes phibduibbgebpate Shastlahavievey lvinghar acteri stic

X-ray powder diffraction patfern containing at |east the d. spacings as set
forth in Table |1a. SHHceRRls KEPaRoWdey gigffaé\}‘g' RAeIR| SQPRPPE ahgf\??t r‘ilbep g
characteristic X-raypRmpsiaiset fohttfih Taklé iaon pattern containing at |east the
d-spacings as set forth in Table |I1b. 21. The nol ecul ar sieve of any of

claims 19 or 20,,conprising N.Ndi.nethyl-, propyl,enedi.ampe and f| uori de
withinits intraicr ?zﬂc;leicﬁg qpF @égﬁg%_w?%ﬂﬂ,& %ﬁlfa%tﬁ”ﬁ%gr)ﬂﬁrﬁﬂ”gixt uring a

mol ecul ar si eve cat dlffisdtios paRASdohtaiding ot Rast theed-kacingsonret fornm Tablem Ng a

nol ecul ar sieve catg] yst conposition froma mxture conprising at |east one
formul ati ng agent a at | east one al um nophosphate and/or '

si |l i coal um nophosphat e nol ecul ar sieve of CHA framework type conpri sing,
preferably wthi# itlhe motecdarcieyséfany ofidaimstl6 uctlcenprising O, Ndanethydk at | east

one tenpl ate cont ai niag,ang. o AL ki YA ATLAGD! et i es. 23, A
method for the manufacture of a nmolecular sieve cata yst conposition, the

met hod conpri si ng form ng a nol ecul ar sieve catalyst conposition froma
m xture conprisithg at Frsslingnglicgpmincphospigteagesieculsndsiste | kexisg dne
al um nophosphat e andfgfciistid K98 pUHRLBARIANAbReAN oG HIng 2t Rh&Ve d 2 DEC 2006

spacings as set forth in Table Ila. :

20.  The molecular sieve of claim 19 having a characteristic X-ray powder
diffraction pattern containing at least the d-spacings as set forth in Table
1Ib.

21.  The molecular sieve of any of claims 19 or 20, comprising N,N-dimethyl-

propylenediamine and fluoride within its intra-crystalline structure.

22. A method for manufacturing a molecular sieve catalyst composition, the
method comprising forming a molecular sieve catalyst composition from a
mixture comprising at least one formulating agent and at least one
aluminophosphate and/or silicoaluminophosphate molecular sieve of CHA
framework type comprising, preferably within its intra-crystalline
structure, fluoride and at least one template containing one or more N,N-

dimethylamino moieties.

23. A method for the manufacture of a molecular sieve catalyst composition,
the method comprising forming a molecular sieve catalyst composition
from a mixture comprising at least one formulating agent and at least one

aluminophosphate and/or silicoaluminophosphate molecular  sieve



38 according to any of clains 11 to 21 or prepared by the nethod of ﬁ% of
claims 1 to 10. 24. A fornul ated nol ecul ar si eve catal yst conposit b 2006
conprising at |east one formulating agent and at | east one nol ecul ar sieve
agccording to any of «clainms 11 to 21 or prepared by the nethod of any of
claims Ito 10. 25. A crystalline silic@d um nophosphate nol ecul ar sieve
conprising fluoride and having a Si/A ratio of fromO0.01 to 0.1,
preferably of from0.02 to 0.08, nore preferably of fromO0.02 to 0.07.

according to any of claims 11 to 21 or prepared by the method of any of

claims 1 to 10.

24. A formulated molecular sieve catalyst composition comprising at least one
formulating agent and at least one molecular sieve according to any of

claims 11 to 21 or prepared by the method of any of claims 1 to 10.

25. A crystalline silicoaluminophosphate molecular sieve comprising fluoride
and having a S1/Al ratio of from 0.01 to 0.1, preferably of from 0.02 to
0.08, more preferably of from 0.02 to 0.07.





