05JUL2005 WD 02/070467 PCT/ US02/ 03334 SI LI COALUM NOPHOSPHATE MOLECULAR
SIEVE 5 Field of the Invention This invention relates to new 05 JUL 2003
si |l i coal um nophosphat e nol ecul ar sieves, to nethods of naking them and
to their use in a nmethod of nmaking an ol efm product by contacting these
si | i coal um nophosphate nol ecul ar sieves with an oxygenate 10 feedstock.

I n particul ayge otohdssr | Nnvention relates to silicoal um noplesphasss nol ecul ar
sieves conprising at | east one intergrown phase of AElI and CHA nol ecul ar
si eves. Background of the Invention 15 Silicoal um nophosphat e ( SAPO)

nmol ecul ar sieves contain a three-di nensional mcroporous crystal
framework structure of [Si02], [A102] and [PQ2] coner sharing
tetrahedral units. The [PQ2] tetrahedral units are provided by a variety
of conpositions including phosphoric acid, organic phosphates such as
triethyl phosphat e, sandoaLvvimnerrsErERiEsSMOlEChIARIEwet r ahedral units
are provided by a 20 variety of conpositions including alum num

al koxi des such as al um num i sopr opoxi de, al um num phosphates, al um num
hydr oxi de, _sodi um al unm nate, and pseudoboehmite. The [Si 02] tetrahedral
units are ?)r ovided by a variety of conpositions including silica sols
and silicon afikoxf dednmventidn as tetraethylorthosilicate and funed silica.
25 Al um nophosphatrgisgAle_nl?iO eggel ftecul an. sai1 eves.are cryst Zl |.i ne m croporous
oxi des whi ch can Hay& EHCABEL GHE e R PP S BHeHE 8% 47 t i onal

el ements Wi trhétimds hiemdknegrigwomK fo thsipise al 2 nyethvd wemeking aprobafip produabyrensi ons
rangi ng from a - gpgi ight ol efins,
particularly %?ﬁ%/{{néﬁ]eesﬁﬂ%ﬁﬁg%héﬁg, p@é‘%ﬁ%ﬁgmﬁ%gﬁéed §én§ contacting a
f eedst ock1€ onfeedsintindn parylen dtivigvestigemliies eohipenlnminorhexpkdie maleqr hanol 0 5
JUL 2005 WO QRI060R¢nFHeleh IS AR3 334 pRase O AIE HBERX I mdtdcher sievid th @ SAPO
and/ or ALPO containing catalyst. See for exanple U S. Patent No. -
4,499, 327. SA-PO 34 and SAPO 18 have been reported as suitable catal ysts
for |ight

Background of the Invention

15 Silicoaluminophosphate (SAPO) molecular sieves contain a three-dimensional
microporous crystal framework structure of [S102], [AlO;] and [PO;] corner sharing
tetrahedral units. The [PO,] tetrahedral units are provided by a variety of
compositions including phosphoric acid, organic phosphates such asqtriethyl
phosphate, and aluminophosphates. The [AlO,] tetrahedral units are provided by a

20  variety of compositions including aluminum alkoxides such as aluminum
isopropoxide, aluminum phosphates, aluminum hydroxide, sédium aluminate, and
pseudoboehmite. The [Si0,] tetrahedral units are provided by a variety of
compositions including silica sols and silicon alkoxides such as tetraethylorthosilicate
and fumed silica.

25 Aluminophosphate (ALPO) molecular sieves are cryst;llline microporous
oxides which can have an AJPO4 framework. ALPOs can have additional elements
within the framework, typically have uniform pore dimensions ranging from about 3
Angstroms to about 10 Angstroms.

Light olefins, particularly ethylene and propylene; can be produced by

30  contacting a feedstock containing oxygenated organic compounds, such as methanol



ol efin production from net hanol. SAPO 34 belongs to the famly op| JUL 2005
nol ecul ar sieves 5 having the structure type of the zeolitic m érryl
chabazite (CHA). The preparation and characterization of SAPO 34 has been
reported in several publications, including U S. Patent No. 4,440,871,
J.Chen et al, in "Studies in Surface Science and Catalysis", Vol- 84,

pp. 1731- 17380 dwmsoPat ent No. 5,279,810; J. Chen et al .pcirwsoz/odnur nal of
Physi cal Chemistry", Vol. 98, pp. 10216210224 (1994); J. Chen et al. in
10 "Catalysis Letters”, Vol. 28, pp. 241-248 (1994); A.M Prakash et al.
in "Journal of the Chem cal Society, Faraday Transactions" Vol. 90(15),
pp. 2291-2296 (1994); Yan Xu et al. in "Journal of the Chem cal Society,
Faraday Transactions" Vol. 86(2), pp. 425-429 (1990), all of which are
herein fully I@@Qﬁdﬂ@laﬁ@dmb% sr;afoaz&ﬁmmLP(Se&@qﬂmg%a&@JsprS%fo&&alénlal% fam |y of

nol ecul ar si ev avi structure 15 type. O her nol ecul ar
sieves with th@iA en ]tg‘?ﬁ ?g?éﬁtype are ALPO 18 and RUW18. The

preparati on and chanpoi3ernhdSaP@nS bive Eeh eputtairas silﬁMeSathtshorA@ht structure
type has been reported i.n several licatio S u . Pat ent
No. 4,440, 871;° TRk T Rets, RUSL b Wine LRy W dibalet S

Cat al ySi s",5 Vohaving fhe Smpmrd.t'b"iié_l.efll?e&@leUnﬁ)erdPaltaemte (0Y0A). Fhepfehatdion J. Chen

et al. in "‘Jou{n@%har&FenEﬁ%§b@ﬁlPCﬁ'ﬁ&§ 5¥e brte ?Jl s?f;;r?lipugl%aﬁ%lg,_zi&cg%jz_n 10224

(1994); J. SI'S ers 248
(1994); pp. 2US1PA080.(4H9QR]1; J%ﬁm exal- lefSteslles i Purfagotrianed andf t he Cheni cal

Soci ety, Far ad@é{alg]—sr a«masqt}s mlll‘f@é UﬁﬁxtahNo%v?%ﬁxﬁ%n 6LP90) . U.S.

Pat ent No. 5, 609 are herein I ncor por at ed by

reference. |ntdpyiag P%Flc%ﬁb?m@é}tﬁ%ﬂ BIW N@@W@GQ@?S"‘)phﬁmﬂsehédmas WO

98/ 15496, 25 realaiRs Lk@rd VB! BCH. QI]-@'SQM)@Al)t Jam plra‘iasa emxgdyoﬁm%e
conpri sing silicoal um nophosphat es ucture, referred

to as RUW19. Refbergcy sodety, 5%%%?&&?&&@5 }4°1>€°<1r5&yp&2?1r%%?é6'83?>am hat

i ncl udes peaksxat: 4. he'16ohdl eﬂmagheaﬂcavsdcugslrar&aﬁmnﬁmom Vol. 38628, pp.
12.7-12.9, 13.8:1 . 0, 20.5-10.7,
21.0-21.3, 23. %”-524 .981,993) lgofwgglllﬁre}igrﬁmg&gindfmo? gBY B1e8% 't his publication
shows t he XRD-tr ac&aPDristblaiengsSe 88 fabilsy Oﬂrhlllle@&@5eveMVﬁ@/ﬂ&7/CBl@t7ucture

PCT/ U502103334, , o 18
(exanpl e 4?3 gbéﬁg)m(o $aka Qvgsq? Lhwé%t'%%gngﬁ (tBJ(r?Seg%llegﬁlﬂg 18 and
SAPO- 34 (ex arrplThze rByparatidn @d Clmﬁsterlwml annCéQ}glg@sewg WlhmElmgtyp@hadl fferent
froma physi Cateemeggﬂtgd(?n &@er§%€@ic§n§ms md%%% gﬁentwé]ﬂ% 8'9?@ Cﬂ%s

characteristic structure ty e ITDECU ar
al. in "Studies in Surface Science and Catalysis”, Vol. 84, pp. 1731-1738; U.S. Patent

No. 5,279,810; J. Chen et al. in "Journal of Physical Chemistry", Vol. 98, pp. 10216-

20 10224 (1994); J. Chen et al. in "Catalysis Letters”, Vol. 28, pp. 241-248 (1994); pp.
2291-2296 (1994), Yan Xu et al. in "Journal of the Chemical Society, Faraday
Transactions" Vol. 86(2), pp. 425-429 (1990); U.S. Patent No. 5,609,843, all of which
are herein fully incorporated by reference.

International Application PCT/NO97/00272, published as WO 98/15496,

25  relates to a molecular sieve that is a mixed phase comprising silicoaluminophosphates
of AFI and CHA structure, referred to as RUW-19. RUW-19 is said to produce an X-
ray diffractogram that includes peaks at the following 28 values: 9.3-9.5, 10.4-10.6,
12.7-12.9, 13.8-14.0, 15.9-16.1, 16.7-16.9, 18.9-19.0, 20.5-10.7, 21.0-21.3, 23.7-24.0,
25.7-26.0,30.9-31.1. Figure 1 of this publication shows the XRD-traces in the 15-33



5 sieve, except that the broad feature centered at about 16.9 (28) in
RUW 19 replaces the pair of reflections centered at about 17.0 {28VLi2005
SAPO- 18 or AElI. Also, RUW 19 does not have the reflections associ ated
with SA-PO-34 or CHA centered at 17.8 (28) and 24.8 (20). According to
WD 98/ 15496, RUW 19 is suitable for the conversion of nethanol to

ol efins. Throughout this description, the XRD reflection 10 values are
referred to &9 R2V¥7 which is synonynous to the expressPEHUSFeFrees 28".
In the conversion of nmethanol to ol efiAs, SA-PO 34 exhibits relatively
hi gh product selectivity to ethyl ene and propyl ene, and | ow product
selectivity to paraffin and olefin with four or nore carbons (C'
olefin). Catalysts containing SAPO-34 are thus particularly suited for

t he conversion of nmethanol to olefin. Despite its good 15 performances,
car bonaceous @ agiot $gr REDWATD (Bkympi@fles BefAR® 1 aexanies), SaAGEkdy formin the
catal ytic cag vent ua ence of t much coke
will clog ?Efxﬁmplcezgﬁaé’%ﬁgy“ BACtTV Oirexﬁ%w%néﬁ'f& Me’ﬁfngl(% 63)Qlf;,bépl te its |low
product sel eCUJUMICbIWntS‘GEgCMQWWHS’ BARe8Ufrat 2 bﬂysxpad@dmresf HeMPptoduct s.
Separating by-py %167?] ﬁU\Q%%Qﬁ%eaﬂ%ﬁ I Qst?ct gﬂﬁﬁf’suﬁ&&e LOR¥le&Ng adds
additional cost tot met hanol” to o |n 2 converS|o process.
Ther ef or e; 5t heieee,P)@e}aﬂne@aelbltowf?@“ﬁdcqm@wdmbewwr@@émem& lt9hlaﬂactsave good
product sel eclio.b Yr 87 Bl 00NGE f SDY oRIA Afg] 1YARL RiR§. | nvention
The present invention're ates to silico um no ospha e nol'ecul ar si eves
25 conpri sing 1atdodseasmvaxhereﬂmlersg$sgmneqmmm 34ml(3mdemlere3atel\7és havi ng

AElI and CHA r rg se has an AEUCHA
rati o of from(%l%l wsgf @5‘9 %Cgrdfg%e‘g 9@/13&29{63}}%@ %m\é% 'I%f:é?( anal ysi s,
usi ng the powderver)ﬁon aglmcthefnblrtagl@ﬁrunThrqaabctuemm d@s‘cnatlanamcm@deikaivpl e of said

st 11 coal ungnophosnhat e ARk E66b AR XS0 dhs ik, 4005,0,R,02( 70407

PCT/ USOZ/ | co am nop ate eves of the
present i nvent| on loxie cbn\terSJO@mémabetnelrtpsltEﬁr@, SARGY4 ekbfbits mativabnhigleat ures. I n

an orood] Ment 8k e NAD L Oohe bl Gon AL SERIsHrp ShENBRIO, b R dapvent ] on

possess silica to alumnna no i os ('S 02/ A1203 rangi romO0.01 to
0.25. 5 The n@p@@eﬂnawlsfp@r\%gw@ﬁarb% (Gr elsBmt CP‘H\Y@MQ“@H“W@OH\PQ’H ently be

prepar ed by IR HAEESSyhal & HIREAVERDN 8) m GBI 1B bIRGn. D& BRGE by sour ce of
silicon, reactive source of phosphorus and a hydrated al um num oxi de

in the pr e]é en d;)érfcapa%ﬁs Bzirtdﬁxmeeus deposits, commonly referred to as coke, quickly torm n
the catalytic cages of SAPO-34. Eventually, the presence of too much coke will clog

up the cage and deactivate the catalyst. Also, despite its low product selectivity to
paraffin, SAPO-34 sti]l produces by-products. Separating by-products from the
desired ethylene and propylene adds additional cost to the methanol to olefin

20  conversion process. Therefore, there 1s a need to find new molecular sieves that have

good product selectivity and produce few by-products.

Summary of the invention

The present invention relates to silicoaluminophosphate molecular sieves
25  comprising at least one intergrown phase of molecular sieves héving AEYand CHA
framework types, wherein said intergrown phase has an AEI/CHA ratio of from about
5/95 to 40/60 as determined by DIFFaX analysis, using the powder X-ray diffraction

pattern of a calcined sample of said silicoaluminophosphate molecular sieve.



structure directing agent (tenplate) to forma m xture; b) m'x'gggJU%nﬁﬂs
heating continuously the mxture prepared at step a) up to th
crystallization tenperature; c) 10 maintaining the mxture at the
crystallization tenperature and under stirring for a period of tine of
from2 to 150 hours; d) recovering crystals of the

si li coal um nodphaypiat e nol ecul ar si eve wherein the m xtREREUPYSPHEr ed at
step a) has a nolar conposition withid the foll owi ng ranges: P205 A1203
fromO0.6:1 to 1.2] 15 Si02 : A1203 from0.005:1 to 0.35:1 H20: A1203
from10:1 to 40:1 and the tenplate is a tetraethyl anmoni um conpound. In
an enbodi nent of the invention, the organic structure directing agent is
t et raet hyl ar nnoni um hydr oxi de. The silicoal um nophosphat e nol ecul ar

si eves of the presBatilicoavenddposspiexdrndedulapPfevgodahegadsadt yvertiop extitar mances i n
processes for 1.ng: Ql efi - f ._oxygenat e feedstock, such
as a feedstocﬁ%ﬁggicg %g d%é%hgngfg%r%%rh}; %#Q‘T%g%’g‘%tﬁ ﬁghnv?)”ft'o?’ﬁ}ée Dr awi ngs
Figures | a amgdlecBarsispsy oDthERuROton peskent vlicadh fiimiacmplorraat(8iOpAd2 d0r
intergrown 25 g.haafes_ E?vidﬂ% vari ous AEPCHA ratios; Figure 2 shows the
XRD di ffracti SREBAIPEPR &% sili coal umi nophosphate according to the

i nvention, 50f MIO-RdWwoBoBarcieviOf 88 pikShOi5vearich mlyFdeavéniestiyrhd papaed ,

diffraction patte r.int r . vi ng. variqus AElI/CHA rati os;
0 5 JUL 2005 %W’%ge%b%ﬁ‘!?prﬁgﬁgﬁ%@g?lgg%%%%%%ﬁ“ggfﬁ‘e“" ™ SABWS DI FFax

si mul at ed di f fouaestof prespiatus erdyshyidntet plamingmionidd O txOpresarg ef anfaoganicnt er gr own
phases havi ngyat-OHR ettt ;ﬁatté)?osfbm:l: 3 ﬂHFxﬁe;ﬂ?mﬁﬂQ%d fRapgM Pi Ccture of a

n}
crystal line silicoal umnophosphaté nol ecul ar sieve according to the
i nventi on, obteitinegslyheaniFFCPreISRi B38DE UriehecrptalinEy) tApesEEAS) ng

El ectron MoCr @86efeng HShBehréat MRAARLENCALL RApeinkAndeltifBs fAL @ Vol tage
of 2 keV. Figure 4E.shows a TEM pi cture of a cr%qstal line

si |'i coal unmi noBHESPhEPEC! g BodPhhous: Ve s fHY R t he i nvention: and
Fi gure 5 showsilithumiiRiphapliae actdunnsipatwhetin tefmigusipkdparodit i Baphosphat e
10 nol ecul ar si eve accor di . 0 tlhe. invention and, by way of conparison,
Of MI-O_ molar composition within the fo lowmg ranges:

P20s5 : AlhO3 from 0.6:1to0 1.2:]

L

15 Si05 : AlpO3 from 0.005:1 to 0.35:1
H,O : AlpO3 from 10:1to 40:1
and the template is a tetraethylammonium compound. In an embodiment of the
invention, the organic structure directing agent is tetraethylammonium hydroxide.
The silicoaluminophosphate molecular sieves of the present invention exhibit

20  good catalytic performances in processes for making olefin products from an

oxygenate feedstock, such as a feedstock comprising methanol.

Brief Description of the Drawings

Figures 1a and 1b show DIFFaX simulated diffraction patterns for intergrown
25  phases having various AEI/CHA ratios;
Figure 2 shows the XRD diffraction pattern of a silicoaluminophosphate
according to the invention, of MTO-RUW-356 of WO 98/15496 and DIFFaX

simulated diffraction patterns for intergrown phases having various AEI/CHA ratios;



RUW 356 and MIO- RUW 335T of WD 98/ 15496. Detail ed Description of the

I nvention The present invention relates to a silicoalum nophosph%% 0
nol ecul ar sieve 15 conprising at |east one intergrown phase of QLLZ élr
si eves having AEl and CIIA framework types, wherein said intergrown
phase has an AEI/CHA ratio of fromabout 5/95 to 40/60 as determ ned by
Dl FFaX anal ysicsuzomging t he powder X-ray diffraction pattews:033a

cal ci ned sanpl e of said silicoal um nopRosphate nol ecul ar si eve.

I nt ergrown nol ecul ar si eve phases are disordered planar intergrowths of
20 nol ecul ar sieve frameworks. We refer to the "Catal og of D sordered
Zeolite Structures",. 2000 Edition, published by the Structure

Commi ssion of the International Zeolite Association and to the

"Col l ection of Simy r MMJ.
Treacy and J.B. H| g 5?91035%@1%11@5%%@ :El;é%é]aﬂ %ﬁ a‘f&ze e
Structure Confnr%qrzrnwoﬁhasﬁéia\llnﬁ\erlmtﬁﬁﬂw Zewlite ASSOCI ation for a
detailed 25 expl angbjOn Qfd /e getqumﬁme%nmalﬁmﬂﬂ f&s- Regul ar
crystalline solids are periodically ordefed 1 n three dinensions.
Structural ly di°’§€#‘Gé%ﬂa%qfﬁﬂ%tW@év%Wqu@éPEEQiF HMOHYF Fieldi nensi ons

I ess than sthieg@sioh s@anmh@mtemnmassc%e Z51pQ IR BS LRSS0, 000 gesRhgnoMenon i s
cal | ed stacki nq di sord of structurally invariant Periodic Building
Units. Crystal® %"r‘ﬂfczt}ﬁﬁyes built 30 fromPeriodic Building Units are

cal | ed end- nenber Bfuread sH6@Sa THMpﬁfureqﬁberyaﬁld@ersmrtgalmrﬁmgm&pﬂ&ﬂ&_ 2005 WO
(12/ 070407 PCT/lJ |_82/ 03334 9 L@I .eved | ndal | three dinmensions. Disordered
structures ar 8°rROEEMAEFEPRE BYRERI Wy “sequence of the Peri odic
Building Units delegireSsHows)rhbp@Ddiﬂﬂnmlompdemdﬁgsmqmammuﬁ)bmisp}:&tel c stacking
sequences., Th G of § pr nti.on di sordered

pl anar 5 |nt er%om)Ll rs}évg%ccgrdﬁg{%nﬁh )€ tenraﬁg’t%g %%éﬁ %“&ﬁa—ﬁﬁ?ovw refer to
A. Si men et aFUW p¥d and MTQ- EE“’(—E@Q@S@WQR?H.M%L pp. 654-661 describing the
structure of nolecularsieves wth AEl and CHA franmework types. For AEl
and CHA, the Bg{,,hgplbgsc 'an,ifg,glm'1{,0n is a double six ring layer. There
are two types o b~ which are " identical except "b" is
the mrror inage O]Fhe'Pé?se“( ‘338@“?’2)’[‘35{5? i9rp SHISeANTIPIREOSEhaHBOIRHAREFYE10 or i nor

oper ati on 1ger paRdishl hakast e i@ r%ﬁﬂﬁsmmwlars}éb@ma\l@%; £ESm@CHRWhe sane
e

type stack on top of one another, i.e framework type
CIXLR is gener a{rélaevgork types, wheregn said intergrown phase A%BBHA ratio of from about yp

5/95 to 40/60 as determined by DIFFaX analysis, using the powder X-ray diffraction
pattern of a calcined sample of said silicoaluminophosphate molecular sieve.
Intergrown molecular sieve phases are disordered planar intergrowths of
20  molecular sieve frameworks. We refer to the "Catalog of Disordered Zeolite
Structures", 2000 Edition, published by the Structure Commission of the International
Zeolite Association and to the "Collection of Simulated XRD Powder Patterns for
Zeolites", MM.J. Treacy and J.B. Higgins, 2001 Edition, published on behalf of the
Structure Commission of the International Zeolite Association for a detailed
25 explanation on intergrown molecular sieve phases.
Regular crystalline solids are periodically ordered in three dimensions.
Structurally disordered structures show periodic ordering in dimensions less than
three, i.e. in two, one or zero dimensions. This phenomenon is called stacking
disorder of structurally invariant Periodic Building Units. Crystal structures built

30 _ from Periodic Building Units are called end-member structures if periodic ordering is



When | ayers "a" and "b" alternate, ie, abab, the framework type AEl is
generated. The nol ecul ar sieves of the present invention are made of
stacki ngs of layers "a" and "b" which contain regions of C-LA brEﬂEMﬂm%
type and regions of AEl framework 15 type. Each change of CHA to g
framework type is a stacking disorder or planar fault. Preferably, the
nol ecul ar sieves of the invention possess an AEUCHA ratio of from about
7/ 93 to 38/ 6%0 e 7preferably from about 8/ 92 to 3 5/ 6BCT/eSpRIB3HOI €
preferably fromabout 9/91 to 33/67, nmbést preferably from about 10/90 to
30/ 70 as 20 determ ned by DI FFaX anal ysis, using the powder X-ray
diffraction pattern of a calcined sanple of said silicoal um nophosphate
nol ecul ar sieve. In the case of crystals with planar faults,
interpretation of XRD diffraction diffraction patterns requires an
ability to siatiieedinglhresfdireensignsoPiserdaie ftragtuess 816 thvey wherdbhegkings a

conput er pr ogrmAeasask RRodc BRIdHTRH: @@latmﬁlpemk&&hﬁg&ﬂsgt@&n% A
intensities fromcrystals containing planar faults (see MM J. Tracey et

al . Pr oceed At SSFIUENES Royal Chemi cal Society, London, A (1991), Vol.
433, pp, 499- 520)%%5&@% sleSestoh e §ﬂe£&=ﬂ lawnfm M@M@%%ﬁbﬁﬁ ed by and

avail able fromthe %{ernatlonal Zeol| Aﬁg& |onto si nmul ate the XRD
powder pat ¢ er HESTEBYIHS ot SgReaRAr Strbﬁ‘é{g 8pd CHONY e &l & Skl j on of

Si mul at ed XRDirPxsorkes (18ah tai.ng, pf30354-ZeD$dsctrﬁﬁf'gﬂQ55usiuonﬂ-maQ&ﬁ: sits 112/ 070407

PCT/ U802/ 03334 C i ggi ps, .2001, Faurth
Edi tion, publ i éﬁé&%‘ﬁ%éﬂewﬁ tf’%é%‘sf‘%ﬁ \Hﬁ‘ %BEr?ﬂ"g?%Bﬁd‘fﬁ 8?‘he
| nt er nat i onal isZebhll¢ 8x Asslecr.dflie@nje twb typtsas Jagérs te" baEih", et aret 0

theoretically tud [, hases .of. d KFI
reported by I‘fﬁeﬁlca felpe‘r%ug iy P imiee of L@Hers0 AUR0 & Ome i %@?%ﬂr?%:e and

Cat al ysi s"1p 19)9r41urovq:leran&ﬂperqamlctﬁarM&ﬁﬁ@noﬂaﬁ%en kayws am‘ielsaquvm and

establ i shod MELNOT SO NALBRYSIJ 58 oFNSH ALl IB: IBLHA Byt P! anar

faults such e I'nt er gr own ar sieves o _ esent i nvention.
Figures | a aNdeh labershbwdt"héal?ﬂml igtabab, W frimeveork ope @@tli@mﬂs@)bt ai ned for

i ntergrown ph%ﬁ@x%ol'@&:‘l’z_"rEigveyéi"thé)ﬁ}éseﬁ\lﬂ\/e%a{e%ahéjéfstaﬁhxgés' P}aJ( & shoys the
diffraction 10 patterns in the 15 5 (20) range sinmul ated by DI FFaX

for i ntergrow® pHadiesntyip f%lOAEPf/CﬁMTWOB‘s‘YR?fm@)VC%EF of sFNr @R ofenber )

10/ 90 (AEll/SCHﬁ' T @acﬂ-iﬂmge&@t@ﬂ to Mﬂringﬂﬁr}ﬁy& 1Q5§tackiﬁg’élz&d(réﬂlé;w 41) )
40/ 60 ( AEl/ CHémﬁ 0.67), 50/50

Preferably, the molecular sieves of the invention possess an AEI/CHA ratio of
from about 7/93 to 38/62, more preferably from about 8/92 to 35/65, even more
preferably from about 9/91 to 33/67, most preferably from about 10/90 to 30/70 as

20  determined by DIFFaX analysis, using the powder X-ray diffraction pattern of a
calcined sample of said silicoaluminophosphate molecular sieve.

In the case of crystals with planar faults, interpretation of XRD diffraction
diffraction patterns requires an ability to simulate the effects of stacking disorder.
DIFFaX is a computer program based on a mathematical model for calculating

25  intensities from crystals containing planar faults (see M.M.J. Tracey et al.,
Proceedings of the Royal Chemical Society, London, A (1991), Vol. 433, pp. 499-
520). DIFFaX is the simulation program selected by and available from the
International Zeolite Association to simulate the XRD powder patterns for intergrown

phases of zeolites (see "Collection of Simulated XRD Powder Patterns for Zeolites"



(AEI/CHA = 1.00) and 60/40 (AEI/CHA = 1.50). Figure |Ib shows the
diffraction patterns in the range of 5 to 20 (20) sinulated by D FFaX
for intergrown phases with 15 AEUCHA ratios of 0/100 (CHA end- Spﬁﬁ)

10/ 90 (AEI/CPA = 0.11), 20/80 (AEI/CHA = 0.25), 50/50 (AEl/CHA ) 1005
70/ 30 (AEI/CHA = 2.33), 80/20 (AEI/CHA = 4.0), 100/0 (AEl end-nenber).

All XRD diffraction patterns are normnalized between 0 and 1. Nornalized
intensity vabhgegvw#d determ ned by normalizing the inteasiUtoessof the
diffraction peaks to the intensity val Ge .of the 20 reflection in the 20.5
- 20.7 (20) range. For exanple, if the peak in the 20.5 - 20.7 (20)
range has an absolute intensity of 50 counts and the peak at 26.0 (20)
has an absolute intensity of 16 counts, then the nornalized intensity of
the peak at 26.0 (20) is 0.32. Normalization of intensity values all ows
for the conpaby BovJbatasean J.Bd Hidems 200 1o AoyhitBdeionpudfshédua beltfensiet y of an
xray diffrack)on, peakn@loCeuldina By adis. rE3d i)t 1 Ras'afh b %n Qe E!
increases relative he I nt er grown ase,” one can Bse rve a
decrease in i ttkaosieally shidcistetaadwn phewkef, AHIdEH@xamﬁhéKFt herepreakbat about 29

= 25.0 and apd nmef%@aedl I,rn~smte@n§su§fxce%fc,e9&faﬁa ﬂﬁgslfss  19bPR; %@g}}' e the peak
at about 20 =0 05 WD 02/ 070407 PCT/ US02/ 03334 § 05 and t he

shoul der af 2643—55Q 1D1§Fa>f neaedkan 39A s3@shaf mrthedtp campcterizg ¢l 50/ 50

and above (AERk&HAs WitOplaraheWitsaudia9ad idi@abwk Bkt §e@d ofthe QM 16. 9 (26).
Figure 2 shows the powder XRD diffraction pattern of a

silicoal um noﬂﬁﬁ%‘ﬁ’hat e according to the present invention (Sanple B) and,

by way of 5 conp |so RD di.ffra ttern of RUW 356
described in exa qg?ﬁﬁﬂgl i e nglf“e%\%ﬁ%é/ S NYII "as DI FFaX
si‘mul at ed di ffnmgrbw:ophammvargnmétmmvcmem@s OFigtrh $a shbththv diffyectitgs AEI / CHA

ratios. T diffractjo R s_diqai |zed and
r e- nor mal pged A I%E {;ﬁgﬁg Qggﬂn%ainlcl\:ﬂlgd U\qg &gorv}@tfr ! a%:s(e:sovfldh Ing to the
present i nventEgGHAagioapf OAEDK@%enchmﬁmeo)ﬂOZE@/UKEI/QMI—/OOH) A0/B@ti o of 10

0. 33) andtha 5. El 4 El/Cl-1Aratio
of  2.3). AR AR AR AE AT S o BUAED Bl ORI 1 & (20).
The silicoal umﬁi@éﬂosﬁ}ﬁ%)tae@%‘fo (PEECHAESIE®): Higwwelhtshows the éiffabtianact eri zed by

powder XRD di {if.A¢{d Qr.RR0E S1D (Y LidhRcd v} bﬁﬁﬂaﬁmt@rgro@fufg%es%hc' nation
and avoiding re-hydration after calcination. havin east the

reflection$ i ﬁEi/ﬁﬁASattoéo%looi@de‘ZG) mPla‘?f@eloé%)(éﬁBWrrP HHBp/80 1;
(AEI/CHA = 0.25), 50/50 (AEVCHA =1.0), 70/30 (AEVCHA = 2.33), 80/20

(AEI/CHA = 4.0), 100/0 (AEI end-member). All XRD diffraction patterns are
normalized between 0 and 1. Normalized intensity values are determined by
normalizing the intensities of the diffraction peaks to the intensity value of the

20  reflection in the 20.5 - 20.7 (28) range. For example, if the peak in the 20.5 - 20.7
(26) range has an absolute intensity of 50 counts and the peak at 26.0 (26) has an
absolute intensity of 16 counts, then the normalized intensity of the peak at 26.0 (26)
is 0.32. Normalization of intensity values allows for the comparison between

diffraction patterns of the intensity of an X-ray diffraction peak at certain 26 value.

25 As the ratio of AEI increases relative to CHA in the intergrown phase, one can
observe a decrease in intensity of certain peaks, for example, the peak at about 28 =

25.0 and an increase in intensity of other peaks, for example the peak at about 26 =



Table 1 20 (CukKa) 9.3 -9.6 12.7- 13.0 13.8- 14.0 15.9- 16.1
17.7-18.1 18.9-19.1 20.5-20.7 23.7-24.0 The XRD diffraction patterns
of the intergrown phases of AElI/CHA according 20 to the present invention
are also characterized by the absence of peaks in the 9.8 to 0 5J5 JUL 12005
2005 WD 02/070407 PCT/US02/03334 9 12.0 (20) range and the absence of
any broad feature centered at about 16.9 (20). A further characteristic
is the preseM®20f48 peak in the 17.7 to 18.1 (20) rang&cT/Ukeo3spef| ecti on
peak in the 17.7 - 18.1 (20) range has8a relative intensity between 0.09
and 0.4, preferably between 0.1 and 0.35 with respect to the reflection
peak at 17.9 (20) in 5 the diffraction pattern of SAPO 34, all
diffraction patterns being normalized to the intensity value of the
reflection peak in the 20.5-20.7 (20) range. Figure 3 illustrates the
evol ution of {h&smdXREhdubiat aLes 2i.0 toweegrd®n phosed Yith 2AGY CHAamge of or AEl / CHA

(AEI/ Qe 0. 2800 TORFOF [HEGHEEALD 9% e 4iipeis COUErs ebel! 49, 50150 10

(AEI/ CHA = 1.00) ahreB6ha®s h\iwdBHRE dif&0)n palitre ofd | i coal umi nophosphat e
S

"ot oror own: ph iRkl el Bl B QIR HE BB S . ia
mol ecul ar §i ewﬁas'sos#\m détﬁ@ttiomﬁﬂﬁﬁ(&lopréﬁ@wdﬁé désented isexgeplett ed from
SAPG-] 8, ALP dﬁu&él&\%?gﬂgﬁsg w%ﬁ’%ﬁﬁxasﬂﬂlnﬁ%ﬁ%ﬁ%ﬁm%ﬁ& rgbly, the 15

si li coal um nophosphates of the present invention have a’silica to alumna
mol ar ratios '"(SrOThANRDGYYiRENG A faHenT e dfiragtign gatem of MiQRBWef er abl y

fromO0.02 to §520x dRHRBI addRé-ForRhIGEE DA H QN iBdi Qs it bt B NDSE
preferably from0,03 to 0.08. The siligca to

: alumna nolar ratio
(Si 02/ A1203) FEOEBRIRAT BTy R HetPUST ARG CA7> ival Gt gtio of
10 0.33) and that MTO-RUW-356 has an AEI/CHA ratio of 70/30 (AEI/CHA ratio of
2.3). MTO-RUW-356 has a broad feature centered at about 16.9 (28).
The silicoaluminophosphates of the present invention are characterized by
powder XRD diffraction patterns obtained from samples after calcination and
avoiding re-hydration after calcination, having at least the reflections in the 5 to 25

15  (26) range as shown in Table 1:

Table 1
76 (Cuka)
53°9.6
12.7-13.0
13.8-14.0
155-16.1
177-18.1
186-191
305-207
337240

The XRD diffraction patterns of the intergrown phases of AEI/CHA according

20  to the present invention are also characterized by the absence of peaks inthe 9.8 to



I n one enbodi nent, the silicoal um nophosphates of the present invention
are 20 prepared by submtting a m xture conprising a reactive source of
silicon, a reactive source of alum numand a reactive source of
phosphorus, in the presence of an organic structure directing ddedtl 2005
(tenplate) to hydrothermal treatnent under autogenous pressure. The

nol ecul ar sieves of the present invention nay conveniently be prepared
25 by a proc®$5020Hat? conpri ses a) conbining a reactive $EHVEEOHB!silicon
a reactive source of phosphorus and a‘hydrated al um num oxide in the
presence of an organic structure directing agent (tenplate) to forma
m xture; 0 5 JUL 2005 WD 02/070407. PCT/t1S02/03334 10 b) m xing and
heati ng continuously the m xture prepared at step a) up to the
crystallization tenperature; c) maintaining the mxture at the

crystal lizati &h0 {%Enjregeand ithe ahseacegherebroad faetuargnteredat aboupés 9 @8)- 8f ti ne of

from2 to 150fm91r(§xérag{er@)jc fs%ﬁnygéﬂcggf a eﬁv\%%esljgfto L@p(%) rtanLFre. The

si | i coal um nophosphat e nol ecul’ar siev erein the mXxture prepared at
step a) has areveitep PexbiphisilT 7 olf W2t hicpgethprea relabye ippsiiybetareg 8699 aRR05 A1203
fromO0.6:1 togyk. 2. ' 0 ALA8 35 64 ' : O A1203
from10:1 to EOT%g%am?hg%?%hplateBis ghgggggg%ﬁ%ﬁ%ﬁ%@%ﬁéﬁ?&gﬁgégkd.
Preferabl y’ t te difraation patismend aARG-34tall diflsgstion patierss keingoloawaliewnptisi t i on
wthin the f | I ectivR nda ) 8:1tol1.1:1 S
A1203 from O. gi%n%wt%%(%.Og@%%%ﬁ%%?%rag?]g}r]éa%l"fygof’{%%’15: 1t00.25:1 HO :
A1203 from 10: 1 t oFig@e 1illuptratepittielevdhgion ntibess BGOTeativat in tied 5 rOI9%426)r at i 0 of
silica to al unm baci LERACLI 21 ] X | [ . he silica
to alum na ra?%%@%#ﬂFkgﬁﬁﬁﬁgcﬁfg#Ogﬁggg&g%?gﬁﬂwgyﬁéﬁgg#gg $ﬁé&reactive
source of sil R¥8Q(ABEFA T 0LWe3 PIOHEY GHLA 519481, 4¢/A_(AEVCHA = 0.67), 50/50

10  (AEV/CHA = 1.00) and 60/40 (AEVCHA = 1.50).

The silicoaluminophosphate molecular sieves of the present invention
comprise at least one intergrown phase of AEI and CHA molecular sieves. Preferably
the CHA molecular sieve is SAPO-34 and the AEIl molecular sieve is selected from
SAPO-18, ALPO-18 or a mixture of SAPO-18 and ALPQO-18. Preferably, the

15  silicoaluminophosphates of the present invention have a silica to alumina molar ratios

(Si09/Al»03) ranging from 0.01 to 0.25, more preferably from 0.02 to 0.20, even

more preferably from 0.03 to 0.19, most preferably from 0.03 to 0.08. The silica to

alumina molar ratio (S107/A1p03) is conveniently determined by chemical analysis.

In one embodiment, the silicoaluminophosphates of the presént invention are
20 prepared by submitting a mixture comprising a reactive source of silicon, areactive
source of aluminum and a reactive source of phosphorus, in the presence of an
organic structure directing agent (template) to hydrothermal treatment under
autogenous pressure.
The molecular sieves of the present invention may conveniently be prepared
25 by a process that comprises
a) combining a reactive source of silicon, a reactive source of phosphorus and
a hydrated aluminum oxide in the presence of an organic structure directing agent

(template) to form a mxture;



si | i coal um nophosphates of the invention may be a silicate, e.g., funed
silica, such as Aerosil (available form Degussa), a tetraalkyl P5JUL7W5
orthosilicate, or an aqueous colloidal 25 suspension of silica, Tor
exanple one sold by E.1. du Pont de Nenours under the tradenanme Ludox.
Exanpl es of suitable hydrated al um num oxi des that may be used accordi ng
to the presenVOlH/EHTi on i ncl ude boehm te and pseudoboehP@Tés02/Ppaf er abl vy,
pseudoboehmte is used. 0 5 JUL 2005 WD 02/ 070407 PCTI US02103334 11 The
organic structure directing agent, also called tenplate, is a tetraethyl
ammoni um conpound sel ected fromthe group of tetraethyl ammonium
hydr oxi de (TEAOH), tetraethyl ammoni um phosphate, tetraethyl ammoni um
fluoride, tetraethyl anmonium brom de, tetraethyl anmoni um chl ori de,
tetraethyl amoni um) aseizaheheafingostinupisBf s @ihiye préfard kg lapipao ihs
tetraet hyl annnnkqp1? qgo§j%ﬁh In order to prepare the
silicoaluninoﬁﬁggbﬁﬁ Ss Ot THe i nvention, the reaction nixture obtained
by m xi ng t he react) usntgioing ¢esnigfireal thenrpsa!lizsidn teaperjohosydhoded stiramngd
organi c structyre 9%5%&&%@9ﬁ%&2Q51&ﬁm§Mb”itted to hydrot hermal treatnent.
The reaction mxture is heated continuously up to the crystallization
t enper at ureSthat nEyrereaus chBtalsodipe siboutmi@piPOsphat nRBQTar sivef er ably from
130C and 200C, nos f : ' to the
crystallization te}r%lg{egtﬂﬁe:@%}sé ptrf%r?ggljsﬁggj }%g? rﬂ’?%%’ ggﬁynggﬁﬂghde of time
rangi ng from afgder'nsrapgssabout 16 hours, preferably from about 6 to 12
hours, nost preferabby L@?@ggggqhiﬁDQQj9 hours. The tenperature may be
i ncreased stepwi se or continuously. However, 15 continuous heating is
preferred. The reaéi@on ApQs HremiPdef: 14t @IS, tunbled or stirred during
heat - up. Pref erabl thelr a tigﬁlis4&fnbled or stirred, nost preferably
stirred. e t enperSt urd2PE PRIA iRt ai ned at the crystallization

tenperature fofhqanhdiehjiRgisQfterabiRadiAGIMGnipo® 2 to 150 hours, the
crystallization tine _dependin nalnlé¥¥on the crystallization

tenperature. Heat i"ETEHPY e TBE PEPHETT I B3 RUVEPTREIPVE B0 for m
crystal line prfdeihg rahgesa speci fic enbodi nent, the reaction is kept at
the crystallization tenperature for a period of from20 to 60 hours. The
si |l i coal um nophosphat e synt hesi s maybe ai ded by seeds form a previous
synthesis &f by se&d€sofAlafptioer0.Siotlcddul ar si eve, conveniently, SAPO 34

seeds. SiOp  : AlpO3 from 0.01:1 to 0.3:1, most preferably from 0.015:1 to 0.25:1

HoO : Alp03 from 10:1 to 40:1.

It will be understood that the molar ratio of silica to alumina in the reaction
20  mixture will influence the silica to alumina ratio of the molecular sieve after
synthesis.

The reactive source of silicon used in the preparation of the -
silicoaluminophosphates of the invention may be a silicate, e.g., fumed silica, such as
Aerosil (available form Degussa), a tetraalkyl orthosilicate, or an aqueocus colloidal

25  suspension of silica, for example one sold by E.I. du Pont de Nemours under the
tradename Ludox.

Examples of suitable hydrated aluminum oxides that may be used according
to the present invention include boehmite and pseudoboehmite. Preferably,

pseudoboehmite is used.



Hydrot hermal treatnent nmay be carried out with or without agitation, for
exanple 25 stirring or tunbling (rotating the vessel about a hori zontfn
axis), but is preferably carried out with agitation. Preferabl 05
m xture is stirred during the period required to heat the reactron

m xture to the crystallization tenperature and for the period of
crystallizat ivoowaw@usr J U L 2005 WO (12/ 070407 PCT/ USO2/r2333¢b/0iB4
Typically, the crystalline nolecul ar siieve product is forned as a slurry
and can be recovered by standard neans, such as by centrifugation or
filtration. The separated nol ecul ar sieve product can al so be washed,
recovered by centrifugation or filtration and dried. 5 As a result of

t he nol ecul ar sieve crystallization process, the recovered nolecular

si eve contains w t flhdorgdn sﬁﬁﬁhﬁSdlfﬁ:txﬂgQg&f& aBo pedied te@plataf ishh@raétﬁﬂp' at e used.
The «crystalline Ds}ur uct ur e Ssjeceeg 5 "Lfy s aerthognd t he %e I and the
tenpl ate shoulF"BE™ ERBORY R %%Hp Fremagerans by preferred
enbodi ment, adTExaH), caraétisyl arpmorhmn pedplar, stehybanmmerner Midndé, tdida@hl enpl at e
is renoved fromth I .Sl 10 tive catal trc sites
with the mcr opcﬂogﬁgr%%anﬁeﬁ%aet%’flg?ﬁ’bm‘rjr%lcggrﬁ eatptgas??iglammomuma?%r cont act
with a feedst ddést prefemblacthe emplaigns tpraobelssmogumhyioalié. y accorrpl i shed by
cal cining, or esseqt eSi r t he
tenplate at a terr{)}ledrrgétrur e&%f%ttq‘e? glrcr{) %g%mh&gf#%of& E\}ggm%ir?reﬁs)eer%%{é&gf an
oxygen- cont ai nibigrepRtined hy myigghec epsibe soyrees pajurbien, gilisd, pedsbonsenheat t he
nol ecul ar  si eVigednft sBRnRONiFLAIBTBRM isRAiRAG 1d BydfoulePid] QXMEEN. BORGARLN ati on.
This type of process can be used for partial or conplete renoval of the
tenpl ate from®iKErgiHbsaisd eodipuguply H%tomcesgayeitemtemPﬁfa*af%rt IRy EABEE

particul arigy Vﬁdrﬂab%ﬁiﬂbb‘@'anﬁemta}irﬂ&ablﬁﬂéﬂi)hﬂi"@aﬁwp‘&l’ Wiosd prér@pedyal fromthe

Si eve can be conv |onal desorptio Th

crystal line si f?”bg%pérﬁslﬁg&ﬂ%ﬁﬁlétug § SEpigpogt g&é?mg‘? Eﬁ’%g@f:zent (230
i nvention are daypi akb pgrioglodtesangigatos] @b Sor atetiadCheds, praddradefren  These
pI ates, pl atela%5l§6 é12f%?s%gsg%rgfle%ﬁlf%%b&gg tbquggen as flattened cubes

wth the smal | est di mensi bn and the | argest di nension
bei ng defined as YTh@tlclef)mta'brﬂyywmﬁeaﬁd\mlpeesor coptzously. Ploatesrably, Z/Y is

between 0. 95 ahhiom: hekils %H’srpﬁefé»e%h‘?ﬂﬁeﬁﬂoﬁha@%w@statm £HBREBPYirR Cture of a

crystalline silicoal um nophosphate nol ecul ar sieve according 25 to the
i nvention. Prefugpabaayup. tPﬁféer%r\rbé Fg Grectione PRRled @ sYEanosd PIsEHEIYORTHF  t he
mol ecul ar The temperature is then maintained at the crystallization temperature for a

period of time ranging from 2 to 150 hours, the crystallization time depending mainly
on the crystallization temperature. Heat is applied for a period of time effective to

20  form crystalline product. In a specific embodiment, the reaction is kept at the
crystallization temperature for a period of from 20 to 60 hours.

The silicoaluminophosphate synthesis may be aided by seeds form a previous
synthesis or by seeds of another molecular sieve, conveniently, SAPO-34 seeds.
Hydrothermal treatment may be carried out with or without agitation, for example

25 stirring or tumbling (rotating the vessel about a horizontal axis), but is preferably
carried out with agitation. Preferably, the mixture is stirred during the period required
to heat the reaction mixture to the crystallization temperature and for the period of

crystallization.



sieve of the invention is less.than 0.1 mcron. Once the nol ecul ar sieve
is made, it can be fornulated into a catalyst by conbining the nol ecul ar
sieve with other materials that provide additional hardness or&ﬁﬁ&ﬂl%&c
activity to the finished catal yst product. Wen conbined with these 0 5 J
UL 2005 WO 02/070407 PCTfLTS02/07334 13 other materials, the resulting
conposition iwotypiacal |y referred to as a silicoal um noghasehadse
catalyst, with the catal yst conprisinglghe SAPO nol ecul ar sieve. This
invention also relates to catal ysts conprising the nol ecul ar sieves .of
this invention. 5 Materials which can be blended with the nol ecul ar
sieve can be various inert or catalytically active materials, or various
bi nder materials. These materials include conpositions such as kaolin
and other clays, vayiiels torysllot mogrdareayd rodvetiafospedat helnrry mdn- zeol i te
catalyst comong il ReotePb) hafahRl Yot RTPONERH Aol Wik o @) U Na SOl
titania, zirconia, quartz, silica or ita so d mextures thereof .
These conponen@gﬂqﬂhaﬁématS@meﬂﬁeéﬁﬁv@obﬁwmé§UGWWQWQbEmahﬂM@Q@akyst cost,
acting as a thﬂggﬁha§hﬂgdto assist in heat shielding the catalyst during
regeneration, en5|fy|nq t he catal yst and increasing -catalyst strength.
When bl ended with AdAsH ofdhisaralsrraoyme spHabiatiornirescs Berespvesedé  nmateri al s,

the amount of \BLAGHE& cSit8YSviMH 1%r]>oie§at(}é%§'ttaeﬁoﬂi%ﬁloﬂtﬁ'et’éllﬂﬁatfeluﬁ@l THeat al yst
product ranges from 10 to 90 wei ght percent of the total catal a);qft

preferably 20 ¥¥ige S%%ﬁsbeﬁ?a“ﬁéwéﬁ&our&rthﬁttﬁléplft&taaii the teglajpshoul
mol ecul ar si evesosy it dvesi ceditic ﬂctﬁﬁﬁ(&fd;ﬁ%x@ed\/&mbb’dlﬁam apivas&nt nmet hod can
be used to dry cul ar aration

ectlv
based on size ™nh megb”l Sﬁ&a?%ﬁg(r{%tg’se?em Za?el OR&X ﬁﬁﬁ‘g{g golecyler %gt “al ysts in
cracki ng, mq/drl@mr@caktnwag@talglmcspﬁsopdﬂhd oiveiporows, chainkly bizthd oelgculas oever i zat i on,

oxi dati on, gp? %?% acORIH  EdaSocid 'Thg?c%v n?fi’ﬂx%&%& RgﬁyaaB pidild 10 the

petroleun1|ndu 0 renove nornal para I'stiTlates. The
si i coal um nop‘rmbtmangefs egsentiafphegpnegkanolichizerievie sompaisiag tenindald #ie |l y sui t ed

for the catal y&hser&@@xﬁf&&ﬁmt%oo@émwés@r&e%pmwgg REANARS s Agcor di ngly,
the present invention also relates to a nethod nakln an olefin

product from al?PmExyeretiats bodsidias betke RRleTr Aewdp ap @xw@@a&f@vm@edst ock

i's contact ggd W ol okiten edtkahiifdn, Ohis typk 8 prdcBd @ Ye QBedGQFRNA kI BGnfidie

nol ecul ar sieve of thjs invention . under conditions effective
removal of the template from the intracrystalline pore system. In other cases,

particularly with smaller templates, complete or partial removal from the sieve can be
accomplished by conventional desorption processes. |
The crystalline silicoaluminophosphate molecular sieves of the present
20  invention are typically plates, platelets or stacked platelets. These plates, platelets of
stacked platelets can be seen as flattened cubes with the smallest dimension being
defined as Z and the largest dimension being defined as Y, preferably with Z/Y less
than 1. Preferably, Z/Y is between 0.05 and 0.5. Figure 4 shows an electron
microscopy picture of a crystalline silicoaluminophosphate molecular sieve according
25  to the invention. Preferably, the average smallest crystal dimension of the molecular
sieve of the invention is less than 0.1 micron.
Once the molecular sieve is made, it can be formulated into a catalyst by
combining the molecular sieve with other materials that provide additional hardness

or catalytic activity to the finished catalyst product. When combined with these



to convert the oxygenate feedstock to olefin products. Wen cowgﬁrﬂgzﬁﬁ
ot her silicoal um nophosphates under the sane operating conditi é e
05JUL2005 WD 02/070407 PCT/ US02/ 03334 14 silicoal um nophosphates of the
present invention exhibit higher selectivity to light olefins, and
produce fewer by-products In this process a feedstock containing an
oxygenat e combandrena catal yst conprising the nol ecul arpc@ig@vgziad a
reaction zone of a reactor at conditiqgps effective 5 to produce |ight

ol efins, particularly ethylene and propyl ene. Typically, the oxygenate
feedstock is contacted with the catal yst containing the nol ecul ar sieve
when the oxygenate is in vapor phase. Alternately, the process nay be
carried out in a liquid or a m xed vapor/liquid phase. Wen the process

is carried oufhdrhaRrihid wrs&ump@@s@ogﬁonas Fhi8l réfaRQkd dsiaqui d phase,
di fferent conversions and selectivities of feed- 10 to- product may result

dependi ng upoHiCHEMEERPAFRIAE A" PR AT ALY SPERTEIRG e SAPR mltcalabxy genat e

conver si on prH&eSkis iflefidnifo ddles gLRNEE kymBRInp iHRHMRMadtevas of ide range of
tenperatures.. An effective operating tenperature range can be from about
200C to 700C. "} ?he | ower end of the tenperature range, the formation of
t he desirefl ol ef i Maptieidwhick camby blesdzo mh mamio&ddulgts&kzombé\bztrhes w@per end of

t he 15 tenperat reid rocess not r t i mum, anmount of
product. An QFEFateh %@%%?”a ut'e ot gl?é(ﬁr renﬁtselfla]%(?g] aﬁ%alﬁﬁwpse 525C i s
preferred. | ncoaappmm‘nesucws lentioail mbertclays, variogs fwrngsmf yardeasth mtals;a)tmeo operate

at a tenper atr‘l&lez.ea te ca%ﬁly c%@;?&ne?@qgﬂm S{E@ ﬂ%"d%%é&%; L6 er 3 NOI’ mal i zed

Met hane Sensitivity | ess t I y |l ess
t han about 0.%3s, zm@rl@ et slictsr siliagol @é@w‘wawhqmuirhqse @@pomqnm S

particul agdy Re aiﬁffeagetmuc&]%@vmae% Q@os?qamgtaét pmémfapsnnk tHEJéisﬂQ ol efin
eas abou pI’O uci ng

from oxygenate conprise a

ol efins and &@Gﬁﬂgﬁ‘“@f‘helcé‘élé’“tdlﬁ%% regsBRtion dorpgyinabe ﬁ%@ﬂ“ PSR SIS CNVS i s
defined as th@taN@rsrfaAduzadhewlateh@eaems(abreﬁmdommhmopr@\ﬂvﬁ): méhenartshee t enper at ure
is less than 400C roduct yield

di vi ded by t HBAE{Fyf EFIIBO‘BF‘%{W&CS%S@V%W%‘F 8‘?”1‘?”53811 ?/f“éaf ff%’@ neasured on,
or is conver t}ﬁ’dddco,angﬁs fven Yo S00Mo@ i percerWiahe tbiabeatabynpprefetably @0 kes70400C or

greater, J@“@émo%tm%gmw the follow ng equation, in which T is
t he average rature within'the reactor in C

The molecular sieves synthesized in accordance with the present method can
be used to dry gases and liquids; for selective molecular separation based on size and
polar properties; as ion-exchangers; as catalysts in cracking, hydrocracking,
disproportionation, alkylation, isomerization, oxidation; as chemical carmiers; in gas

20  chromatography; and in the petroleum industry to remove normal paraffins from
distillates.

The silicoaluminophosphates of the present invention are particularly suited
for the catalytic conversion of oxygenates to hydrocarbons. Accordingly, the present
invention also relates to a method for making an olefin product from an oxygenate

25  feedstock wherein said oxygenate feedstock 1s contacted with the catalyst of this
invention compnsing the molecular sieve of this invention under conditions effective
to convert the oxygenate feedstock to olefin products. When compared to other

silicoaluminophosphates under the same operating conditions, the



0 5 JUL 2005 WD 02/070407 PC17US02/03334 15 NM5 TCNMS =
1+(((T-400)/400) x 14.84) The pressure also may vary over a w ¢& fAnHE,

i ncl udi ng aut ogenous pressures. Preferred pressures are in the range of
about 5 kPa to about 5 MPa, with the nost preferred range being of from
about 50 kPa to about 0.5 MPa. The foregoing pressures are exclusive of
any oxygen d¥pr¥t7’ed’ di |l uent, and thus, refer to 5 the ptys8/3pressure of
t he oxygenate conpounds and/or nixturéd thereof with feedstock. The
process can be carried out in a dynam c bed systemor any systemusing a
variety of transport beds, although a fixed bed systemcould be used. It
is particularly desirable to operate the reaction process at high space
velocities. 10 The process may be carried out in a batch, sem -continuous
or cont i nuoussilifogigminophospiipies ¢itispessent maentibe exdhididigberededtivitatodightgl e react i on

zone or a nunigins Ohd phBAE tdwRPuyZRitRes arranged in series or in parallel
The conversion of oxygenates to groduce olefins is preferably carried out

in a large scal el&EblPraseseadecdsinch Faptainngraa guyasrate cphiags ¢ sadysbf r eact or

includes fl ui @rhadng@e ERENLESveANErBQRE Wnk 81 redcko? 8 coh Bkt k@S descri bed
in "Free Fall Reactor," FEluidization Engineerin D. Kunii and O.

g
Levenspi el > Rep&dtcepizhyglgiag armtiepsly e&HergP&aroPyRee Tperpy. tencor por at ed i n
its entirety H8u&htd fRysidck ischrnta. witdel dajiaBeabhtyining O HorEGA et  free fall

reactors may be used in the conversion process. See, for exanple, US-A-
4, 068, 136 and BUEEYSEHEE G VPO EIIE cif SR DRRIPEFCTAY MAPTICA Pl TSy 51 e,

pages 48-59, 2lquld oAz mbenZapntiquld phkse. Bblamhe pieedssis odrdedRubiniagiguing Corp., NY
1960, the desgriptians , of I r ressl.y incorporat ed. herein by
ref erence. AH%”??B%H%?ﬂQa8%ﬁ@?§%§%’§%§§£0§§3% %fggv%$%%$%§ﬁ&%€ used, for
exanpl e fi%edo-pomdctaray nowli degeridind upynshemilystEnéreedinmeonditiabs. scal e react or

systens can be Op%{t"ﬂfs%%g@ﬁaté &m‘/&!‘?s'&%oc&?,%éfbﬂs éaﬂ%&%ra\ﬁ?h@&héﬁeo(wsw of from

11r" to 1000 hr'. In the case of > commerci al” scale reactors, WHSV i s
defined as t heidgenesmf tetreripers ot pietveioneratie terfre@is anek e fRBur per
wei ght of si | ive@abtHt 160E0S RhRE Bweh @ 6ftth &em SdrRMe ra6 ) {he FrmRfon @I UL2005

the desired olefin products may become markedly slow. At the upper end of the
15  temperature range, the process may not form an optimum amount of product. An
operating temperature of at least 300°C, and up to 525°C 1s preferred.

In a preferred embodiment, it is highly desirable to operate at a temperature of
at least 300°C and a Temperature Corrected Normalized Methane Sensitivity
(TCNMS) of less than about 0.016, preferably less than about 0.012, more preferably

20  less than about 0.01. It is particularly preferred that the reaction conditions for
making olefin from oxygenate comprise a WHSYV of at least about 20 hr” producing
olefins and a TCNMS of less than about 0.016,

As used herein, TCNMS is defined as the Normalized Methane Selectivity

. (INMS) when the temperature is less than 400°C. The NMS is defined as the methane

25  product yield divided by the ethylene product yield wherein each yield is measured
on, or is converted to, a weight % basis. When the temperature is 400°C or greater,
the TCNMS is defined by the following equation, in which T is the average

temperature within the reactor in °C:



WO 02/ 070407 PCT/ US02/03334 16 the catalyst. The hydrocarbon content is
t he oxygenate content and the content of any hydrocarbon whi 8/ Myu%
present with the oxygenate. The silicoal um nophosphate nol ecul ar sieve
content neans only the silicoal um nophosphate nol ecul ar sieve portion
that is contained wwthin the catalyst. This excludes conponents such as 5
bi nders, di lwem®yiot nerts, rare earth conponents, etc. sggs@:®re inert
diluents may be present in the feedstagk, for exanple, in an anount of
fromlto 95 nolar percent, based on the total nunber of noles of all feed
and diluent conponents fed to the reaction zone. Typical diluents

i nclude, but are not necessarily |limted to helium argon, nitrogen,
carbon nonoxi de, carbon di oxi de, 10 hydrogen, water, paraffins, alkanes
(especi ally nethane, ethane, and propane), w%l enes, aromatic
conpounds, and m xtures thereof. The preferr iluents are water and
nitrogen. \Mater can be inject®MPn=ei ther—-gui-d—or—vapor form The |evel
of conversion of the oxygenates is mai nt@&T+od)/400) x etidte t he | evel of
unwant ed by-products. Conversion is also maintained sufficiently high to
avoi d the 15 needhdmiesseeptpePsi am oy enprddsirresindudizaaiogengps r ecycl i ng of

unreacted feegdssurd. PRkl b@&uﬁeparmm@@ ob%owsq@u?ota%odts MEeRihen
conversi on noves from 100 nol % to about 98 nol %or |ess. Recycling up

to as nuch asthPaBewPr eﬁfﬂe%l‘ge@’&’% oftffp@ 3B 0 kBa to ghaut &F MEd. Theher ef or e,

conver si ons | @xediss pisebs a@&&bl@MQdl’@ﬁ)l'bxggbﬂdSplaEchxlﬁjErQ%@ﬁ@yt'efé% mol %to
about 98 _n%)l ._lgoand desir from abou % to about 98 mol % 20
i

bly,
However P P BB SO AR B RVBF LI bk len 98 Mol 96 and
100 nol % i nfeasder to sinplify the recycl i ng process Oxygenat e

conversion is maintained u r.to persons
of ordinary skill % WP he Ar eca%ﬁmﬂma%nmﬁl&b%e Stlerﬁu’i SyS{em SFPR&cessari | y

limted to, a‘dip@lsbf wsm@ed)raIngé adifiedtHQésyminlcoww hgused Hew paJEaxtztriyon
tenperature; QLEsREYs S’perafté t9é"fe£c%&?pr£éessedt hlg)wﬁé@v’elob‘ﬁé/ and degree of

catal yst 25 regeneration; anount cata re-circulation; the specific
reactor c&hfi gur aflPoPFocesTTaay bleé%fﬂeddb‘h*ﬁ(ﬁ@'r“?*i SHRI-CANHUGE REFONiIClEt er s whi ch

affect the copuenSTOAprobds daf BeRBERLH M singleU&REbn ohcor ARLBEMbAr Sieve
catal yst can be continuously |ntroduc§g as a novingbed to a regeneration

zone where i t'SFEOHEFLATEPRET é{]tsérdes 5! for exanple by renoving
car bonaceous nat emhatd vesioy oopgethess ikdmodute AEFin® K\pgERably Qrrikbut2D WO
02/ 070407 PCT, a%??c%{eocéx:?t%ﬂous catalytic reactor. This type of reactor includes fluid bed
15 reactors and concurrent riser reactors as descnibed in “Free Fall Reactor,” Fluidization
Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger Publishing Co. NY,
1977, incorporated in its entirety herein by reference. Additionally, countercurrent
free fall reactors may be used in the conversion process. See, for example, US-A-
4,068,136 and “Riser Reactor”, Fluidization and Fluid-Particle Systems, pages 48-59,
20 F.A. Zenz and D. F. Othmo, Reinhold Publishing Corp., NY 1960, the descriptions of
which are expressly incorporated herein by reference.
Any standard commercial scale reactor system can be used, for example fixed
bed or moving bed systems. The commercial scale reactor systems can be operated at
a weight hourly space velocity (WHSV) of from 1 hr' to 1000 hr''. In the case of

25  commercial scale reactors, WHSYV is defined as the weight of hydrocarbon in the

feedstock per hour per weight of silicoaluminophosphate molecular sieve content of



17 containing atnmosphere. In a preferred enmbodinent, the catalyst is
subject to a regeneration step by burning off carbonaceous de@g j)sz 05
accurul ated during the conversion reactions. The oxygenate fe sJ &
conprises at |east one organic conmpound which 5 contains at ]east one
oxygen atom such as aliphatic al cohols, ethers, carbonyl conpounds

(al dehydes, wehonae, carboxylic acids, carbonates, estecsuvandshe |ike).
Wien t he oxygenate is an al cohol, thel@al cohol can include an aliphatic
noiety having froml to 10 carbon atons, nore preferably fromlto 4
carbon atonms. Representative alcohols include but are not necessarily
limted to | ower straight and 10 branched chain aliphatic al cohols -and
their unsaturated counterparts. Exanples of suitable oxygenate conpounds
i ncl ude, but tigr@talyet Thée M\Sidto@ﬂbdxﬁontﬂﬁtiﬂﬁﬂﬁﬂygexﬁtehaxﬁﬂh andl’ihe @hﬁﬁl&)ﬂﬁﬂy,

i sopropanol ; X eth t her

diethyl et héllydm%a“r-olnévgﬁzropf/k RFS thX’fﬂbr %3 ﬁy ”“‘a‘”a lﬁﬁosg%ﬂbonate

di met hyl ket amdsculacsédve conteatinehps eniylthabiktoaluesopivepleeimoldenlef save ed oxygenat e
conpounds ar 3)0%}1 B}%?Ldnta%eﬁrgfg hejca ]ggt.h?ll;i.t,e Ld& cmné neht€ utp%l‘ eof. The nost
preferred oxygenate conpoun thano e process f'or maki ng an

ol efi n pr ddudtndens.cifpents, @Wg@f%?@@ ¢0@@d@m§c€k0 by contacting the oxygenate
feedstock with a éaéé}lr%%m&pdmwmsrhmeqare%enkmqpe%tedmw%gaﬁm%%nOf the
present invention has catal yti'c perfornmances Is reflected by
a sel ectivi thPw‘t@ffﬁWgﬁ@Sd‘i‘fﬂFf weewwbesﬁ@oreraataral pumberof groges okl feddan 20

75. 0% and/ oran@finRhtiphsdient 4 RN RO¥ARBBEzdnat TyRicRdBdndiftI e, W SaLKT than
0.75 and/or a sel egtlwt to propane equal  to or lower than 1.0% The

met hod of malEFfE2ENMES MY 680 ML OB o T IR MORS YN Pem £19888t ock can
i ncl ude tie axgidlrbgdnpmaér @tﬁpxscnﬂkaﬁal(equlaulhmemmegmmé ena‘ gepme)pck from

hydr ocar bons s a t.ar. h ngss and nat ur al
gas. Met hods ¥'df 54 fomglcﬁgm%oWﬁeaﬁ)gtmé res °§ ﬁhe ﬁé?_ffén novﬁpltsl T the art.

These net hodsvataebdrdeogee r\Weertcat beonjetted maiﬂwolmuid ayvapet foen., maki ng synt hesi s
gas, then CO“VGVt*r%qgﬁehﬁcﬂiémﬁéhﬁe&@gen%s ﬁh‘iﬁ’ﬂﬂled%ﬁedu@%@?few@i” nthesis
S ng,

gas can be pr oduce nown roces SucC as steamreftorm
aut ot her mal repere hygpr@ﬁets p%ﬂﬂwrapn B riselinzigteinghsufiigietiyhigh fo apgdBHe WO

02/ 070407 PCTLISORL B3R e MBIk L lol Gl ik sl S0 appreci ate

that the olefin products imad
reduction in unwanted by- products 1s seen when conversion moves from 100 ol %

to about 98 mol % or less. Recycling up to as much as about 50 mol % of the feed is
preferred. Therefore, conversions levels which achieve both goals are from about 50
mol % to about 98 mol % and, desirably, from about 85 mol % to about 98 mol %.

20 Howéver, 1t is also acceptable to achieve conversion between 98 mol % and 100 mol -
% in order to simplify the recycling process. Oxygenate conversion is maintained
using a number of methods familiar to persons of ordinary skill in the art. Examples
include, but are not necessarily limited to, adjusting one or more of the following: the
reaction temperature; pressure; flow rate (i.e., WHSV); leve] and degree of catalyst

25  regeneration; amount of catalyst re—ciréulation; the specific reactor configuration; the
feed composition; and other parameters which affect the conversion.

If regeneration is used, the molecular sieve catalyst can be continucusly
introduced as a moving bed to a regeneration zone where it is be regenerated, such as

for example by removing carbonaceous materials or by oxidation in an oxygen-



oxygenat e-to-ol efin conversion reaction using the noel cul ar sieve of the
present invention can be polynerized to form polyol efins, igmﬂﬂmi

pol yet hyl enes and pol ypropyl enes. Processes for formng pon rom
olefins are known in the an. 5 Catalytic processes are preferred.
Particularly preferred are netall ocene, Ziegler/Natta and acid catalytic
systens. Seeyobmrmsexanple, U. S. Patent Nos. 3,258, 455;rC3)13@n3538;

3,364, 190; 5,892,079; 4,659,685; 4,0787/698; 3,645,992; 4,302,565; and
4,243,691, the catal yst and process descriptions of each being expressly
i ncorporated herein by reference. In general, these nethods involve 10
contacting the olefin product with a polyolefin-formng catalyst at a
pressure and tenperature effective to formthe polyolefin product. A
pref erred pol gpolzmingntficpherendn a:ratfaﬂrgﬂstnbb@malt,m alalysicendjectat al yst as
described i r erature range
of operatronnT%5§B(P%{ggggwﬁn éréﬁ&% dl gmggg%f@%ﬁq%g e carried out
at | ow, nedi uenoFsian IgASIAB. pressur e; berng anywhere wi thin the range of
about 1 to 200 baf§e oL aRTQELKR ESmprcalah reedo&%gahm cSpdihd Rfkch @n 1 nert

di l uent can be used, and t he preferred operatin ressure range is

bet ween 105aﬁ@“@@@“ﬂ%ﬁ%meﬁﬁﬂﬁ‘%@bﬁ@?é?Né@”ﬂéﬁﬁ@g%FgﬂeCﬁéwgé of between

120 and 230C. coE@Buxﬁ@éld@ﬁ@%ﬁk&&ﬁQQ&S@c&_}hc ddkds] cBrbb-ek ek feRdnd Makikey he
tenperature generall be within a range of 60 to 160C, and that the
e

operating preBStiiae BuETHeiwAnHealr!dhealrgna gangasiede ap plinkefifi qighhaype
pol yol efi ns, ﬁuﬂe&ﬂuemmbmaém@h@&mnmﬂ&mumaﬁrwe&mﬁ&yaaesforned fromthe
ol efins recovered from.t en i on.. These, i.ncl bugﬁg&e not limted

Cor | ab dehydelisriionionos a¥ER s o ety ighG Torr et gl
acetate, @ hybrenged diaig Ialhpmatnmlae:om:jandrt}myMnnmrmdrtherMyEmmzevfe et hyl ene

0X I de, cumen eSthb?e nﬁgyge%%{th yﬁgpoghog (?rr&md bgtcair'éjllo?{)rﬁr’tedqe nyel €. Propy I ene

oxi de, acrylic aci ne- propy ‘ene acry ohrtrrle and
trimers and dirpeng; eﬂﬂ@ﬁhyﬂén€mabp@ﬁyheﬁe“ﬁwl%U¥yheﬂ@éemﬂTmehﬂethods of

manuf act uri NQe NES.GoHEHI VL M%]&Bﬁe%ém egmarem,& 18 ktbne; 2a6k
therefore, are not di scussed herein 005 02/ 070407

PCTI US02/ 0333%1%1 9nd rpxiaipes fheesofy Reeferisg Pwrfﬁtj Cekepﬁﬁrseée pethagel dimedylspeci fi c
enbodi ments Witkddion a bi@uroweredt The nsOP@eral okRndtd Woepbind M&hablai med.

The process for making an olefin product from an oxygenate feedstock by
contacting the oxygenate feedstock with a catalyst comprising a
silicoaluminophosphate of the present invention has good catalytic performances,
which is reflected by a selectivity to ethylene and propylene equal to or greater than

20  75.0%, and/or an ethylene to propylene ratio equal to or greater than 0.75 and/or a
selectivity to propane equal to or lower than 1.0%.

The method of making the olefin products from an oxygenate feedstock can
include the additional step of making the oxygenate feedstock from hydrocarbons
such as oil, coal, tar sand, shale, biomass and natural gas. Methods for making

25  oxygenate feedstocks are known in the art. These methods include fermentation to
alcohol or ether, making synthesis gas, then converting the synthesis gas to alcohol or
ether. Synthesis gas can be produced by known processes such as steam reforming,

autothermal reforming and partial oxidization.



In these exanples, the XRD diffraction patterns were recorded on a 5

SCI NTAG X2 X-Ray Powder Diffractonmeter (Scintag Inc. USA), using copper
Ka radiation. The nol ecul ar sieve sanples were calcined after g5 jy 2005
preparation and kept noisture-free according to the follow ng procedure:
About 2 grans of nol ecul ar sieve were heated-up fromroomtenperature to
200C under a flow of nitrogen at a rate of 2C per mnute. The tenperature
was 10 hel d @200 for 30 m nutes. Then the sanpl e waspdrgatadssup from
200C to 650C wunder nitrogen at a rateg8of 2C per m nute. The sanple was
hel d at 650C under nitrogen for 5 hours. Nitrogen was then replaced by
air and the sanple was kept at 650C under air for 3 hours, The sanple
was then cool ed to 200C and kept at 200C to prevent hydration. The hot
sanple was then transferred into the XRD sanple cup 15 and was covered by
MWl ar foil to prewveatkilleydr @ irowill 2XRBppdiciate tha the @Rfip plotieXssad¥By e I ecor ded
in the 20 range of 12 10 24 dedrees. DI FFaX nallgysi s was used to

determ ne the™A Fath S ot THE RS LA S MU ST BVES® O PSRIEF  XRD

di ffracti on patdngsman beowolwngriyddrigfomapolodefoh, pAfikdl&Hpolvethelencg &iter at ed usi ng
the DI FFaX program avai I r the | nternatippal Zeolite 20
Associ ati on (psog'é’%g} lg%egl\*r@%fs.%s {f)rr gjg&élf/]g E?ly(g'ffﬁ,sﬁ rS%g"ésaalr %‘bné’w%i‘n%%%%n' Royal
Chemi cal Boctadlytic pragesdesrare ptef¢riedORarticulAgly prefk88d arppetald@8re520 " Col | ecti on of

Si nul at ed XRDy; - Qe ' o \VA eacy and J. B.
Hi ggi ns, 200% e%@%ﬁ%%mﬁ%g???g%cSg%bnl%i'eghéég&%ﬁ ghg%s:‘%%?mtﬁé Structure

Conmi ssi on of 33 W& hAEH At P-00fal S0 2807 4,608 66 c#. 816 68R)3.64T8 e 2 gi ves the

DI FFaX i nput £3id:8649644 543 i T AlaBstaf@p SRR R&erigiidck bAGEH] RhgPpat terns. For
t he purposes of this anal §LS, cal cul atj ons were based on a random

di stribution Wrefsll‘rvé”?o&?éﬁ‘%. eI T PRI eaterah AResP B 8o Br st ati st cal
pur poses 1®nl gntaahid iAol efiaprodR@wvith B pdlydldTa-rbmig dadlybtlata gfssirbgndmat erial is

necessarily rtgndé)ytﬂure'gflgeecﬁvestg OrI %;[ei on Id}ff‘reé%ctti on patterns were then
conpar ed wi t h*TREEXHer T hent Al povder BB di ffracti on patterns. 0 5 JUL
2005 WO 02/ 070407 REArtddS0R4 6888 4miacataliabik @ mRtalockmypuatalyftiab deseribed t o

AL~ G 1 nt oot e g D T P g e e B il T s
for a 755 pr otyibieh 5@ 3nd@F0°% and tia sdactiop nardeiserried dunhgf IGHmedyper biayes) ( and a
25% probabi |1 f v 9t 18inf bANSEE WARn GRIGEEL: DO MR 270b ¥R FRYRBkses
carried out in solution, an inert diluent can be used, and the preferred operating
pressure range is between 10 and 150 bars, with a preferred temperature range of
between 120 and 230°C. For gas phase processes, 1t is preferred that the temperature
generally be within a range of 60 to 160°C, and that the operating pressure be
20  between 5 and 50 bars.
In addition to polyolefins, numerous other olefin derivatives may be formed
from the olefins recovered from this invention. These include, but are not limited to,
aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl acetate, ethylene
dichloride and vinyl chloride, ethylbenzene, ethylene oxide, cumene, 1sopropyl
25  alcohol, acrolein, allyl chloride, propylene oxide, acrylic acid, ethylene-propylene
rubbers, and acrylonitrile, and trimers and dimers of ethylene, propylene or butylenes.
The methods of manufacturing these derivatives are well known in the art, and

therefore, are not discussed herein.



| NSTRUVENTAL (Header for instrunmental section) X-RAY (Simulate X-ray
diffraction) 10 1.5418 (X-ray wavel ength) PSEUDO- VO GT 0.1 -0 %%@ 0 %09
0.6 {Instrunmental broadening (much slower)) STRUCTURAL (Headep fit 20
structural section) 12.711 12.131 18.57 90. (unit cell coordinates a, b,
c, and ganma) 15 L NAI40'414 (P1 - all coordinates given) 2 (Laver 1 &
Layer 2) infwoiot/eofobavers are very wide in the a-b pl anmrushoi¥iskR 1 20
NONE Al 11 0.665410 0.951850 0.168520 195 1,0 A 12 0.385410 0.451250
0.166520 1.5 1.0 Al 13 0.114590 0.046150 -.166520 1.5 1.0 A 14
0. 614590 0.546150 -.168520 1.5 1.0 25 Al 21 0.891620 0.230480 -.059470
1.51.0 A 22 0.3616220 0.730460 -.059470 1.5 1.0 A : 33 0,116360
0. 769520 0.059470 1.5 1.0 AT, 24 0.610380 0.269520 0.059470 1.5 1.0 A
31 0.220600 O0.¥394@gRO 0.051200 1.5 1.0 30 Al 3_ 0.720800 0.594820 0.051200
1.5 1.0 A 33 .7{ q 0.9051q0_ﬂ.051200 1§é?é“0 Al 34 0.279200
0. 405180 -. 051200 1¢4olovene gramglesgliusigssseipe BB YoB8Es6VEEE 1.0 P 42
0. 219200 0. 60%64p0 ofthOMBGBON &.chinded0 35 F 43 0. 220600 0. 898940 -.055650 1.5
1.0 F 44 0.720800, Q. 398940 - 0§%§§g 1.5 1.0 P 53 0.113750 0.236960
-.062850 1.5 1.0 P& OBS7H6 D AEGH0" PABS 856 TOEIG 53 0. 882250
0. 763040 0.506Z8HITAG X2 X-Ray PHOd& [5AraB038625Mntdy IR6 BBAY vllnDGapbBal. 5 1.0 F
C 0.119660 0.962530.,0.166920.1.5 1,0 2209619660 0. 462530 0.166920

: pt

1.5 1.0 ra he'nio ar sieveé Samples were ¢ er preparatic
moisture-free according to the following procedure:

About 2 grams of molecular sieve were heated-up from room temperature to
200°C under 2 flow of nitrogen at a rate of 2°C per minute. The temperature was

10 held at 200°C for 30 minutes. Then the sample was heated-up from 200°C to 650°C
under nitrogen at a rate of 2°C per minute. The sample was held at 650°C under
nitrogen for 5 hours. Nitrogen was then replaced by air and the sample was kept at
650°C under air for 3 hours, The sample was then cooled to 200°C and kept at 200°C
to prevent hydration. The hot sample was then transferred into the XRD sample cup

15 and was covered by Mylar foil to prevent hydration. XRD diffraction patterns were
recorded in the 26 range of 12 to 24 degrees.

DIFFaX analysis was used to determine the AEI/CHA ratio of the molecular
sieves. Powder XRD diffraction pattemns for varying ratios of AEI/CHA were
generated using the DIFFaX program available from the International Zeolite

20  Association (see also M.M.J. Tracey et al., Proceedings of the Royal Chemical
Society, London, A (1991), Vol. 433, pp. 499-520 "Cellection of Simulated XRD
Powder Patterns for Zeolites" by M.M.J. Treacy and J.B. Higgins, 2001, Fourth
Edition, published on behalf of the Structure Commission of the International Zeolite
Association). Table 2 gives the DIFFaX input file used to simulate the XRD

25  diffraction patterns. For the purposes of this analysis, calculations were based on a
random distribution of the layers. Such calcaulations are used for statistical purposes
only, and do not mean that the true -nature of the material is necessarily random. The
simulation diffraction patterns were then compared with the experimental powder

XRD diffraction patterns.



63 0.680340 0.037470 -.166920 1.5 1.0 54 0.380340 0.537470 -.166920 1.5
1.0 45 O 71 0.168130 0.057460 0.132520 3.0 1.0 O 72 0.668130 0. 557460
0.132520 3.0 1.0 0 73 0.831670 0.9422540 -.132520 3.0 1.0 O 14 tUi3HiB70
0. 442540 -.132520 3.0 1.0 O 81 0.141650 0.178330 0.005340 3.0].0 50 0
U2 0.641650 0.678130 0.005340 2.0 1.0 O e3 0.858350 0.221870 -.005340

3.0 1.0 O Hd&oMah&350 0.321670 -.005340 3.0 1.0 0 91 8cHOH2&0340. 261180
-.061130 3.0 1.0 O 92 0.505220 0.761180 -.061110 3.0 1.0 55 0 93
0.994780 0.738820 0.061110 2.0 1.0 0 94 0.494780 0.238820 0.061110 3.0
1.0 0 10] 0.850040 0.161060 0.024720 3.0 1.0 O 102 0.350040 0.651060
0.024720 3.0 1.0 O 103 0.149960 0.618940 -.024720 3.0 1.0 60 O 104.
0. 649960 0.318940 -.024720 3.0 1.0 0 111 0.824370 0. 050450 0.121850 3.0
1.0 0 112 0.324270 0.550450 0.121850 3.0 1.0 O 213 0.175630 0.949550
-.121850 3.0 1.0 .05 J UL 2005 MD 02/070407 PCT/USOZ/03334 21 0 114
0. 675630 0. 44955@20le3olpE4! : S g ' . .
1.0 0O 122 0 509050 O. 478500 0 168460 3.0 1 0O O 123 0 990150 0. 021500
c 166460 3 0 F51e0fo gaﬂdon@AE%%g‘]éterngwaerSQ rting t1§m8a4r;§\91 lsnit Ce 0 0 131
0. 144120 0586 20:@11 496%3m&mln@°f@t&8Qn91£44ﬁﬁﬂcﬁtﬁﬁ39éﬂ 0.124490 3.0
1.0 0 133 0.655680 0.T36H60°:"124490 *30T. V™" 0" 1¥40° 355880 0. 636080
-.124490 3.0 1NSOUHENTAL {Header for instrumental section)
X-RAY {Simulate X-ray diffraction)
10 1.541¢ {X~ray wavelength}
PSEUDO-VOIGT 0.1 -0.036 0.009 0.6 {Instrumental broadening {(much slower)}
STRUCTURAL {Header for structural section}
13.711 12.731 18.57 90. {unit cell coordinates a, b, ¢, and gamma)
15 UNKNOWN {Pl - all coordinates given])
2 {Layer 1 & Layer 2}
_ infinite . {Layers are very wide in the a-b plane}
LAYER 1
20  nome
Al 11 0.885410 0.951850 0.168520 1.5 1.0
Al 12 0.385410 0.451850 0.168520 1.5 1.0
Al 12 0.1145%0 0.048150 -.168520 1.5 1.0
Al 14 0.614590 0.548150 ~-.168520 1.5 1.0
25 Al Zl 0.BB1620 0.230480 -.058470 1.5 1.0
Al 2z 0.3B1620 0.730480 ~-.059470 1.5 1.0
Al 3 0,118380 0.769520 0.05%470 1.5 1.0
Al <4 0.618280 0.269520 0.059470 1.5 1.0
Al 31 0.220800 0.0894820 0.051200 1.5 1.0
30 Al 3z 0.720800 0.594820 0.051200 1.5 1.0
Al 33 0.779200 0.5%05180 -.051200 1.5 1.0
Al 34 0.279200 0.405180 -.051200 1.5 1.0
P 41 0.779200 0.101060 0.055650 1.5 1.0
P 42 0.279200 0.601060 0.055650 1.5 1.0
35 p 43 0.220800 0.898940 ~.055650 1.5 1.0
P 44 0.720800 0.398940 -.055650 1.5 1.0
P 51 0.113750 0.236960 -.062850 1.5 1.0
P 52 0.613750 0.736960 -.062850 1.5 1.0
P 53 0.886250 0.763040 0.062850 1.5 1.0
40 P 59 0.386250 0.263040 0.062850 1.5 1.0
P 61 0.115660 0.962530 0.166920 1.5 1.0
P 62 0.619660 0.462530 0.166%20 1.5 1.0
P 63 0.880340 0.037¢70 -.1665920 1.5 1.0
P G4 0.3B0340 0.537470 ~-.166920 1.5 1.0
45 o] 71 0.168130 0.057460 0.132520 3.0 1.0
o] 72 0.668130 0.557460 0.132520 3.01.0
o] 73 0.831870 0.942540 -.132520 3.0 1.0
O 74 0.331870 0.442540 -.132520 3.0 1.0
le] Bl 0.141650 ©0.178130 0.005340 3.0 1.0
50 [e] 842 0.641650 0.678130 0.005340 3.0 1.0
e} B3 0.858350 0.B21870 ~.005340 3.0 1.0
o] ¥4 0.358350 0.321870 ~.005340 3.0 1.0
e} 91 0.008220 ©.261180 -.061110 3.0 1.0
o] Az 0.505220 0:761180 -.061110 3.0 1.0
55 e} 53 0.994780 0.738820 0.061110 3.0 1.0
(o] Y4 0.4947B0 0.238820 0.061110 3.0 1.0
e} 101 0.850040 0.121060 0.024720 3.0 1.0
o} 102 0.350040 ©0.681060 ©0.024720 3.0 1.0
o] 103 0.149960. 0.8189%40 -.024720 3.0 1.0
60 o] 104 0.649960 .0.318940 =-.024720 3.0 1.0
o] 111 0.824370 0.050450 0.121850 3.0 1.0
[e} 112 0.324370 0.550450 0.121650 3.0 1.0
o] 113 0.175630 0.94955%0 -.121850 3.0 1.0



10 0 141 0.329790 0.160550 0.067710 3.0 1.0 0 142 0.829790 0. 660550-
0.067710 3.0 1.0 0 143 0.670210 0.839450 -.067710 3.0 1.0 O 1$¢Zﬂ%L§m%
0.170210 0.339450 -.067710 3,0 1.0 O 161 0.814580 0.343580 -

1.0 15 0 162 0.314560 0.843560 -.077240 3.0 1.0 0 163 0. 185420 0. 656420
0.077240 3.0 1.0 O 164 0.685420 0.156420 0.077240 3.0 1.0 0 171
0..36560 0. 16918070407126110 3.0 1.0 O 172 0. 636560 0. 668dB8Gs0203326110 3.0
1.0 20 0 173 0.863440 0.830820 0.12811M 3.0 1.0 0 114 0. 363440 0. 330620
0.128110 3.0 1.0 O 181 0.243600 0.983110 -.000100 3.0 1.0 0 182

0. 743600 0.483110 -.000100 3.0 1.0 0 183 0. 756400 0. 016890 0.000100 3.0
1.0 25 0 184 0.256400 0.516690 0.000100 3.0 1.0 0 151 0.842490 0. 949350
0.256680 3.0 1.0 O 132 0.342490 0. 449350 0.256680 3.0 1.0 0 155
0.157510 0. 9498501100 248820+:3:50 L1050 80156 0. 657510 0. 449350 0.243320 3.0
1.0 30 LAYER 2 BIONEosasl o 15:00. 18590 03:951650 -. 166520 1.5 1.0 Al 16
0. 614590 0,451850:2 ©-156520°21505 i;g §20A@ 15 0. 085410 0. 048150 0. 166520
1.51.0 A 180.3 %%& P00 00 BAB150::010168540 1.5 1.0 A 25 0. 116380

0. 230480 0. 0554701 x°o°% 20 2512006516360 0. 730480 0.059470 1.5 1.0 27
0. 681620 q0769620u4o@5@4706ﬁw5 112800 A 140 Al 38 0.361620 0. 265520

-. 059470 1°5 150 1AL EE 00 72920001 D94820 -. 051200 1.5 1.0

o 143 0.670210 0.839450 -.067710 3.0 1.0
0 144 0.170210 0.339450 -.067710 3.0 1.0
0 161 0.814580 0.343580 -.077240 3.0 1.0
15 o 162 0.314580 0.843580 -.077240 3.0 1.0
) 163 0.185420 0.656420 0.077240 3.0 1.0
0 164 0.685420 0.156420 0.077240 3.0 1.0
o 171 0.136560 0.169180 -.128110 3.0 1.0
o 172 0.636560 0.669180 -.128110 3.0 1.0
20 0 173 0.863440 0.830820 0.128110 3.0 1.0
o 174 0.363440 0.330620 0.128110 3.0 1.0
o 181 0.243600 0.963110 -.000100 3.0 1.0
o 182 0.743600 0.483110 -.000100 3.0 1.0
o 183 0.756400 0.016890 0.000100 3.0 1.0
25 o 184 0.256400 0.516890 0.000100 3.0 1.0
o 151 0.842490 0.949350 0.256680 3.0 1.0
o 157 0.342490 0.449350 0.256680 3.0 1.0
o 155 0.157510 0.949350 0.243320 3.0 1.0
o 156 0.657510 0.449350 0.243320 3.0 1.0
30
LAYER 2
NONE
Al 15 0.114580 0.951850 -.168520 1.5 1.0
Al 16 0.614590 0.451850 ~.168520 1.5 1.0
35 Al 15 0.885410 0.046150 0.168520 1.5 1.0
Al 18 0.385410 0.548150 0.168520 1.5 1.0
Al 25 0.118380 0.230480 0.059470 1.5 1.0
Al 26 0.618380 0.730480 0.059470 1.5 1.0
Al 27 0.881620 0.769520 -.059470 1.5 1.0
40 Al B 0.381620 0.268520 -.059470 1.5 1.0
Al 35 0.776200 0.094820 ~-.051200 1.5 1.0
Al 36 0.279200 0.594620 -.051200 1.5 1.0
Bl 37 0.220800 0.905180 0.051200 1.5 1.0
Al 38 0.720800 0.405180 0.051200 1.5 1.0
45 P 45 0.220800 0.101060 -.055650 1.5 1.0
P 46 0.720800 0.601060 -.055650 1.5 1.0
p 47 0.779200 0.898940 0.055650 1.5 1.0
P 48 0.279200 0.398940 0.055650 1.5 1.0
p 55 0.886250 0.236960 0.062850 1.5 1.0
50 P 56 0.386250 0.736960 0.062850 1.5 1.0
P 57 0.113750 0.763040 -.062850 1.5 1.0
P 54 0.613750 0.263040 -.062850 1.5 1.0
P 65 0.880340 0.962530 -.166920 1.5 1.0
P 66 0.380340 0.462530 =-.166920 1.5 1.0
55 P 67 0.119660 0.037470 0.166920 1.5 1.0
P G8 0.619660 0.537470 0.166920 1.5 1.0
o 7% 0.831870 0.057460 -.132520 3.0 1.0
o 76 0.331870 0.557460 -.132520 3.0 1.0
o 77 0.168130 0.942540 0.132520 3.0 1.0
60 Iy 78  0.668130 0.442540 0.132520 3.0 1.0
) BS 0.858350 0.178130 -.005340 3.0 1.0
o 86 0.356350 0.678130 -.005340 3.0 1.0
0 H7 0.141650 0.821870 0.005340 3.0 1.0
o 88 0.641650 0.321870 0.005340 3.0 1.0
65 ) 95 0.994780 0.261180 0.061110 3.0 1.0
0 96 0.494780 0.761180 0.061110 3.0 1.0
‘o 97  0.005220 0.738820 ~-.061110 3.0 1.0



31 36 0.279200 0.594620 -.051200 1.5 1.0 Al 37 0.220600 0.905180

0.051200 1.5 1.0 21 38 0.720800 0.405180 0.051200 1.5 1.0 45 45 0.220800

0. 101060 -.055650 1.5 1.0 2 46 0.720800 0.601060 -.055650 1.5 QSQULQM%

0. 779200 0. 698940 0.055650 1.5 1.0 48 0.275200 0.398940 0.055650 1.5

. 55 0-886250 0.236960 0.062850 1.5 1.0 50 F 56 0.386250 0.736960

0.062650 1.5 1.0 F 57 0.113750 0. 763040 -.062850 1.5 1.0 58 0. 613750

0. 263040 -.0626500075 1.0 F r5 0.880340 0.962530 -.1668Q0ustz@3#. 0 66

0. 380340 0.462530 -.166920 1.5 1.0 55 R 67 0.119660 0.037470 0. 166920 1.5

1.0 68 0.619660 0.537470 0.166920 1.5 1.0 0 75 0.831870 0. 057460

-.132520 3.0 1.0 O 76 0.331870 0.557460 -.132520 3.0 1.0 0 77 0.166130

0. 942540 0.132520 3.0 1.0 60 0 78 0.668130 0.442540 0.132520 3.0 1.0 O

86 0.656350 0. 178130 -.005340 3.0 1.0 0 80 0.356350 0.678130 -.005340

3.0 1.0 0 1;7°0. §41@§@000321§70 1100%34D 3.0 1.0 O 88 0.641650 0.321870

0.005340 3.0 100 6500:0% 00847860 265180 0.061110 3.0 1.D 0 96

0. 494780 05761316050, 0B141D 4: @ Loa,22G4:297; 0. 005220 0. 730620 -. 061110 3.0

1.0 0 5 JUL 2005 :¥0102%070407 PCTHWSA2/03334 22 O 98 0.505220 0.238820

-. 061110 3.0 100 1:0:£85500 146060 0:-4650d6D -. 024720 3.0 1.0 O 106

8 849960 qoaalgaonﬂoggm0299§£@ 11985 ©°L207 0. 850040 0. 610940 0.024720 3.0
. 126

168460

(ol =)

0.490150 . 476500 -~.168460 3.0 1.
O 127 0.009850 0.021500 0.168460 3.0 1.0
o] 128 0.509850 0.521500 0.168460 3.0 1.0
o] 135 0.8558B0 0.863%20 -.1244%0 3.0 1.0
15 o 136 0.355880 0.363920 ~.1244%0 3.01.0
o 137 0.144120 0.136080 0.1244%0 3.0 1.0
o 138-0.644120 0.636080 0.1244S80 3.0 1.0
o] 145 0.670210 0.160550 -.067710 3:0 1.0
(o] 146 0.170210 0.660550 =~.067710 3.0 1.0
20 [e} 147 0.329790 0.83%450 0.067710 3.0 1.0
[o} 148 0.829790 0.339450 0.067710 3.0 1.0
o 165 0.185420 0.343580 0.077240 3.0 1.0
o] 166 0.685420 0.843580 0.077240 3.0 1.0
o 167 0.814580 0.656420 -.077240 3.0 1.0
25 o] 168 0.314560 0.156420 -.077240 3.0 1.0
o] 175 0.863440 0.16%180 0.128110 3.0 1.0
o] 176 0.363440 0.669180 0.128110 3.0 1.0
[o} 177 0.136560 0.830B20 -.128110 3.0 1.0
o 178 0.636560 0.330820 -.12B110 3.0 1.0
30 o 185 0.756400 0.983110 0.000100 3.0 1.0
o] 196 0.256400 0.483110 0.000100 3.0 1.0
o 187 0.243600 0.0168%0 ~-.000100 3.0 1.0
s} 188 0.743600 0.516890 -.000100 3.0 1.0
o) 1511 0.157510 0.050650 0.243320 3.0 1.0
35 o) 1512 0.657510 0.550650 0.243320 3.0 1.0
o 1515 0.8424%0 0.050650 0.256680 3.0 1.0
o] 1516 0.342490 0.550650 0.256680 3.0 1.0
STACKING {Header for stacking description}
40 recursive {Statistical ensemble)
infinite {Infinite number of layers}
TRANZITIONS {Header for stacking transition data}
45 {Tranzitions from layer 1}
0.75 0.0 ~0.084¢ 0.5 {layer 1 to layer 1: CHAR-type cages}
0.25 0.0 0.0 0.5 {layer 1 to layer 2: AEI-type cages}
{Transitions from layer 2}
50 0.25 ¢.0 0.0 0.5 {layer 2 to layer 1: AEI-type cages}
0.75 0.0 0.0857 0.5 {layer 2 to layer 2: CHAR-type cages}

55  Example ]
A solution of 33.55 gr of phosphoric acid (85% in water), 32.13 gr of

de-mineralized water, and 61.4 gr of a TEAOH solution (35% in water) was prepared
in a glass beaker. To this solution were added 3.32 gr of Ludox AS 40 (40% silica).



0 106 0.350040 0.310940 0. 024720 3.0 1.0 O 115 0. 175630 0. 050450

.121050 3.0 1.0 O 116 0.675630 0.550450 -.121E50 3.0 1.0 O WEUULZQQ

. 924370 0.949550 0.121650 3.0 1.0 0 118 0.324370 0. 449550 0.121650 3.0

.0 10 0 125 0.990150 0.978500 -.160460 3.0 1.0 0 126 0. 490150 0. 470500

160460 3.0 1.0 0 127 0.009050 0.021500 0.168460 3.0 1.0 0 128

509650 0.5BE007@07160460 3.0 1.0 0 135 0.05558E0 0. 66892612433324490 3.0

.0 15 0 136 0.355680 0.363920 -.124490 3.0 1.0 0 137 0.144120 0. 136080

124490 3.0 1.0 0 138 0.644120 0. 636080 0.124490 3.0 1.0 0 145

. 670210 0. 100550 -. 067710 3.0 1.0 O 146 0.170210 0. 660550 -. 067710 3.0

.0 20 0 147 0.329790 0.839450 0.067710 3.0 1.0 O 148 0.829790 0.339450

.067710 3.0 1.0 0 165 0.185420 0.343560 0.077240 3.0 1.0 O 166

. 685420 0. 843536 ofhf QEAIAQC I Plrd) SBOvé674d0d Bill 4550y 026520 with 87240 3. 0

.0 25 0 168 Q, 314560 0. 156420 - 077240 3.0 1.0 O 175 0. 663440 0.169180

128110 3.0 1° 17850 REAAT 60 886178 0. 129110 3.0 1.0 0 177

. 136560 0.830020 -.12011G6i®/MONALOGTRABAS 836560 0. 3309920 -. 120110 3.0

.0 30 0 185 Q,756400 0. 983110 0.000100 3. 0 %.o 0,186 0.256400 0.483110

000100 3.0 12§ Slugy YaSmEF oSSR o5 T8 S80I 2P 5BEHB6 1 F B! staimiess gee{ gg

. 743600 0.5516880ave. 06O 1A Be Gadn@unted od 5ilatidg 1576 2o @n OFRGSEH waAs 243320 3. 0
.0 35 0 1512 o.q;7%éo 0, 550650 o.géggzo %qul.%% 1515 0. 842490

0. 050650 0. 25688674 P8P 0 5oy e s GeaAIn B B Bl G650 15 22588%6'23. 0 1. 0

kept at this temperature for 48 hours. After cooling to room temperature, a sample

oleololololoNoNoNely

POORFRPROORFRPROORFRPROORrRO!'R,rO!'"OU

was taken and washed and dried. An X-ray diffraction pattern was obtained.
i According to DIFFaX analysis, the AEL/CHA ratio was 15/85 (AEVCHA =0.18).
10 The silica to alumina molar ratio {(S§107/Al,03) was 0.15. The sample is hereinafter

identified as Sample A.

Example 2
67.51 gr of phosphoric acid (85% in water, available from Aldrich) were

15  diluted with 67.29 gr of demineralized water. To this solution were added 123.33 gr
of a tetraethylammonium hydroxide solution (35% in water, available from Eastern).
Then 2.23 gr of Ludox AS 40 {40% silica from Dupont) were added to this solution.
Finally 39.84 gr of alumina (Condea Pural SB) were added and a slurry was obtained.
The compositon of the mixture can be expressed with the following molar ratios:

20 ’ 0.05810,9/P705/Al7,03/TEAOH/35 H,O.

\ This slurry was mixed until homogeneous and transferred to a 150 ml stainless steel
autoclave. This autoclave was mounted on a rotating axis in an oven. The axis was
rotated at 60 rpm and the oven was heated in 8 hours to 175 C. The autoclave was
kept at this temperature for 48 hours. After cooling to room temperature, a sample

25 - was taken and washed and dried and an X-ray diffraction pattern was taken.
According to DIFFaX analysis the AEL/CHA ratio was 25/75 (AEV/CHA = 0.33). The

silica to alumina molar ratio (Si07/Alp03) was 0.06. The sample is hereinafter

identified as Sample B.



STACKI NG (Header for stacking ce-cription) 40 recursive !statistica
ensenblel infinite (Infinite nunber of layers) TRAH5I TIONS (Head®yUf @5
st acki ng trqpfition data) 45 (Transitions fromlayer 1) 0.75 0.0 -0.084
0.5 (1ayeV" "8 *f'ayer 1: CHA-type cages) 0.25 0.0 0.0 0.5 HG4yar34

| ayer 2: AEl-type cages) (Transitions2from|layer 21 50 0.25 0.0 0.0 0.5
(layer 2 to layer 1: AEl-type cages) 0.75 0.0 0.0857 0.5 [layer 2 to

| ayer 2: CHA-type cages) 55 Exanple |I A solution of 33.55 gr of
phosphoric acid (85%in water), 32.13- gr of de-mneralized water, and
61.4 gr of a TEAOH solution (35%in water) was prepared in a glass
beaker. To this solution were added 3,32 gr of Ludox AS 40 (40%silica).
0 5 JUL 2005 WOPRDSY SErpRie Y 2persrasssesdhe sarme proge@e gexcopt ik aniasdave

(Condea Puggl 3B)4 m&gﬁﬂ@@aagﬁaérﬁuxf@gg% mg@g&% WL R g e

foll owi ng conposition ressed as ‘nol ar I 0S
Si 02/ P205/ Alo28eTEACHY 35 tHdk phind orso fLaimp | B S witl chasksUphiel risrengensays. and
transferred to a 150 nl stainless steel 5 autoclave. This autoclavé was

mount ed onA&STEtngEtP BT Bk enalhsiatheobEHC Hfnmtigeyas SRAD (Al GHéd=9t0)-60he pm
and t he OV €1}, Y35 %g%k%gﬂii@en%ﬁ%a%%otn%aila?@g'l The autocl ave was kept at

this tenperature hour s. ter ‘cooling to roomtenperature, a
sanpl e was také&iguassd avashethbvaria XhriediifradnoXpeasndi Skimptd BoFopat t ern was
obtai ned. According to DI FFaX anal yiiﬁq the AEI/CHA ratio was_15/85
( AEl / CHA =CBmRa)son PHPRRES: 1eyiadse 0 Vaing i 1y direston paien eEiMICaRRDE) was

0.15. The ssgeLe;ioe: NSaHN | 2ha FIsR L/ 10 sPATBl oo ArEXRARLE: 2,67 51

gr of phosphoric aci 85% i n water, available from Al )
di | ut ed wi esBibe@th grangie slemd Regvad | pEW WAB/E 499 T ht hii Srasobmpemwemuef e added

123. 33 t t hyl i.um.] i.de.sol uti 35% i :
avai Lalffe AP onmeIBhestsn \ATERDM AN SE ol ne otmdvied HEESK: om
Dupont) wergajaeideaMTm- RNy .36l 44 aT0-RUW-335T gives AEI/CHA ratios of 2.3 and

4.0, respecuively.

Example 3
15 A solution of 191.23 gr of phosphoric acid (85% in water from Aldrich) and

214.25 ur of de-mineralized water was mixed in a mixing bowl. To this solution
348.71 zrof a tetraethylammonium hydroxide soJution (35% in water, Sachem) were
added with a burette. After the mixture was homogeneous, 6.04 gr of Ludox AS 40
(40% silica from Dupont) were added. Then 122.33 gr of alumina (Condea Pural SB)
20  were added and the mixture was stirred for 15 minutes, Then 163.46 gr of 2 |
tetraethylammonium hydroxide sojution (35% in water) were added and 10.13 gr of
- de-mineralized water. A slurry was obiained with the following composition
expressed as molar rauos: '
0.045 51057/0.92 P,05/Alp03/1.35 TEAOH/41 H,0
25 This slurry was mixed unti]l homogeneous and transferred to a 1L PARR autoclave.
stainless steel autoclave and the mixture was stirred at 600 rpm during the whole
hydrothermal reatment. The autoclave was heated 1n 5 hours to 175°C. The
autoclave was kept at this temperature for 72 hours. Afier cooling to room

temperature, the slurry was washed and dned and a X-ray diffraction pattern was



Finally 39.84 gr of alum na (Condea Pural SB) were added and a slurry was
obt ai ned. The conpositon of the m xture can be expressed with the
following nolar ratios: 20 0.05S102/ P205/ A1203/ CEACH 35 1420 . 0 Fhils 2000
slurry was m xed until honogeneous and transferred to a 150 nml stainless
steel autoclave. This autoclave was nounted on a rotating axis in an
oven, The axiveo wage4or ot ated at 60 rpm and the oven was kreatwed/oszs 8 hours
to 175 C. The autoclave was kept at this tenperature for 48 hours. After
cooling to roomtenperature, a sanple 25 was taken and washed and dried
and an X-ray diffraction pattern was taken. According to D FFaX anal ysis
the AEI/CHA ratio was 25/75 (AEI/CHA = 0.33). The silica to alumna
nolar ratio (Si Q2/A1203) was 0.06. The sanple is hereinafter identified
as Sanpl e B. @keén. JAdcor2BO o MEFOR4nAIF 0 B¢ APUTHWSO R/ VA3 3840 (KE/CHMet her sanpl e

was_brepared {ish gy, BTGBl R98INIA S OKaR0 LUBed oakaKS, vas T ot al od

at 30 rpminstead o noder at e
than in for thiere@ﬁﬁpairéﬂtﬂeﬂ)ﬁk Salpea@npl e B, which was m xed m)re VI gorously.
According to D FFaX analysis the AE1/CHA ratio was 90/10 (AEUCHA =9.0).,
The 5 sanple is hereinafter identified as Conparative 1. Figures 3-and 5
show t he Xsragxamfiésaction pattern of Sanple B. For conparison purposes,

1 oxarpl e | and £ oURE o b 08 G Iahok -Gh B WG R SSF T descr | bed
in exanple 3 alerdwﬁra}pmdevalerwhs M@ecgafahﬁﬁ%bOWThﬁatthsfscﬁlutamtmehgrpﬁtter ns of 10
MIO- RUW 356 and ;v i ljzed. DI FFaX
anal ysi s of I\/ﬁ' dg\é{ﬁ%&%& gg; %Eﬁg\lg@t‘ﬁ&%\?g@gfﬁ /° traréraa]'tl os of 2.3 and
4.0, respecti Ve? ¥ erekaispiety3mimnipmdigigriioielugen 6% ipgatey wek aglsdsphori ¢

acid (E5%jipn ‘Gﬁ-tth%rbuxfefté’mci&hgrfdlpl@ACﬁ—ﬂQas 2Bddh-22R %1860 W omaﬁ@cr apoligied wat er
was mxedlnamxmg To this solution 348.71 of 2 tetra

et hyl ammoni umsHYHex a%grsoéplwnbﬁioeéﬂs%*rah Retegs careylly a%i#ﬂé 4248ded with

a burette. Af ebf deR@eflizet Walr. WZSurRONRYERREISIh Be Qfovdhg @mpbiigax AS 40

(40% silica from Dupont? wer e added. Then 122.33 gr of alum na (Condea
Pura] SB) expressed as molar ratios:

0.1 8i0,/P705/Al,03/TEACH/34 HyO

15 This slurry was mixed until homogeneous and transferred to a 2L PARR stainless
steel autoclave (T316SS) with a jacket welded to the outer wall. The reactor is heated
by flowing heated oil from an external heating bath through the doubie wall. The
stainless steel stirrer consists of a combination of a standard PARR anchor stirrer and
a standard turbine type impeller. The mixture was stirred at 170 rpm during

20  crystallization. The autoclave was heated 1n 8 hours to 175°C. The autoclave was
kept at this temperature for 36 hours. After cooling to room temperature, the slurry
was washed and dried and an X-ray diffraction pattern was taken. According to
DIFFaX analysis the AEVCHA ratio was 30/70 (AEVCHA = 0.43). The silica to
alumina molar ratio (SiO7/Al,03) was 0.14. The sample is hereinafter identified as

25  Sample D.

Example 5
A solution of 434.19 gr of phosphoric acid (85% in water) and 347.58 gr of

de-mineralized water was mixed in a mixing bowl. To this solution 28.25 gr of



20 were added and the m xture was stirred for 15 m nutes. Then 163.46 gr
ofa tetraethyl ammoni um hydroxi de solution (35%in water) were added and
10.13 gr of de-mneralized water. A slurry was obtained with bg

foll ow ng conposition expressed as nolar ratios: 0.045 Si 0210! UL 2005
P205/ A1203/ 1. 35 TEAOH 41 H20 25 This slurry was m xed until honbgeneous
and transferred to a IL PARR autocl ave. stainless steel autoclave and
the m xture wasi28tierred at 600 rpm during the whol e hydcousenssad
treatnment. The autoclave was heated i & hours to 175C. The autocl ave
was kept at this tenperature for 72 hours. After cooling to room
tenperature, the slurry was washed and dried and a X-ray diffraction
patter, Was 0 5J UL 2005 WD 02/070407 PCT/ Us02/03334 25 taken.
According to DI FFaX analysis the AEI/CHA ratio was 30/ 70 (AEVCHA =
0.43). The si Luda ASctoghamrsina) werk added atdiadla(ySbmﬁérAiﬁ@Bt)ainwsrh@n 09. The

sanple is he af LRl . i fi ASarsd G Werea ol ution of

437.92 gr of B%% ofltctrg@% Fé’%g}n 2‘1 ?rrep ?n %?é%g%g of

de-mi nerali zedzlth/atomettwaaé whenedl FEAQHawatiagded g Cbmlutlcfovat:»‘hbtsxnsblTuttﬁisn 28. 49
f Lud %

gr o udox Abgi'uf}g 556‘8’8 %%Hh%l&ﬂ) dgtﬁfgeggtérqpﬁ%m%é ﬁéﬁgé%lldgeé’@ol Ttion

obt ai ned. Then anmoni u r'oxi
(35%in vva15er)hemlmnaﬂdéﬂpel@owft%%égmfrséfpé‘*@ﬁ‘ddqr\ﬁelr@ gapfdeTEAOH was added

a clear solut mrmm@h%%su@anm}ﬁd be%%wmml@é&m%%atg?or% al um na
(Condea Pural SB) were carefully a and al so 45

. gr
deni ner al i zed TAEtS}H AR @Ioﬁl‘c’f?fd\?\ﬁ%“e&%%‘ﬁéedw\?\ﬁetaweﬁ H’éh? Elxpﬁmﬁﬁﬁ“@orrpom tion
expressed as RR! Miaiked i@ e fBlodind c@ﬁf}d?%5é%@3/as-rm%o’§4 H20 15 This

Steel it ocl ave. ( Taree R RR0s FAoRR HebiaLh B 6T et Bl he

reactor i soheahgdiurP¥ad hQwi i ReREERLLd fnGBral, £t 8finals [agat i ng bath
t hrough the double wall. The  stairnless steel stirrer consists of a

conbi nati on of %P‘Qﬁ‘él‘&raad DARRYR FEoITed 9t { FEPm gRdne wystetlizatioar &b ur bi ne

type inpeller auiddifeWaXhddlc inVBrBustd 175€8] B ahd@ave WA KHAT dt B t@Bperature
crystallizatiaqgn. The autocl ve was heated in 8 hours to 175C. The

aut ocl ave was OTQéﬁ?ur%ltAqeﬁ?oé’ P RORIOSEY 18 T30 eSS B e SIAPIEE cooling to
room t enper at a€riaitht€ résdovéd fyom the autoclave, washed and dried at 120°C and an X-ray

15 diffraction pattern was taken. According to DIFFaX analysis, the AEI/CHA ratio was
30/70 (AEVCHA = 0.43). The silica to alumina molar ratio (Si02/Alp03) was 0.12.

The sample is hereinafter identified as Sample E.

Example 6
20 A solution of 184.36 gr of phosphoric acid (85% in water) and 176.29 gr of

de-mineralized water was mixed in a mixing bowl. To this solution 13.33 gr of

Ludox AS 40 (40% silica) were added and a hazy solution was obtained. Then

373.79 gr of a tetraethylammonium hydroxide solution (35% in water) were added

with a burette and when all TEAOH was added a clear solution was obtained. To this
25  solution 120.82 gr of alumina (Condea Pural SB) were carefully added and also 31.42

- gr of de-mineralized water. A slurry was obtained with the following composition
expressed as molar ratios:
0.1 8i07/0.9 P»05/Alo03/TEAOH/35 HpO



was washed and dried and an X-ray diffraction pattern was taken.
According to DI FFaX analysis the AEI/CHA ratio was 30/ 70 (AElI/CHA =
0.43). The silica to alumina nolar ratio (Si O2/ Al203) was 0. 14 JOh05
sanple is hereinafter identified as 25 Sanple D. Exanple 5 A solution of
434.19 gr of phosphoric acid (85%in water) and 347.58 gr of

de- m ner al i 2edom7tser was mxed in a m xing bow. To thigmesbuskison 28. 25
gr of 0 5J UL 2005 WD 02/070407 PCFTUSO2/ 03334 26 Ludox AS 40 (40%
silica) were added and a hazy sol ution was obtai ned. Then 792.24 gr of a
t et raet hyl ammoni um hydr oxi de solution (35%in water) were added w.th a
burette and when all TEAOH was added a cl ear sol ution was obtained. To
this solution 256.08 gr of alum na (Condea Pural SB) were carefully
added, fol | o shyry5vat inéedordil horoopebuscand usppfensd o 1bktabledGleegr of SA- PO 34
powder in 10 gn,0f .de- m.nerall [ h ed s ensi had been
put in an ul trggs%ﬁchv%ayfj e d’r‘mﬁz‘?g)gs \S,n}?’%ﬁftelgé fp?nA(ﬁJ 2188 ﬂ‘%{%gﬂg?n‘ gl?le

de- m ner al i zedtovateoyas Weated 18 biaws tb 371 6 elheiaxtbaave wadkept atthigtemp@asurebt ai ned

with the foll.ow.,ng comosit.ion expres mol ar_ _rat,i os 0, .1
Si 02/ P205/ ALIUST TERGHSE TP S a0h e i, e s g "Rl B 8 Thi s sl wrry
was m xed untd-tay idirogendousss ahdintt. dnsfbngte PlfeXandlysissthabBl/EH8 st eel  PARR

autocl ave and,fe,sahX Leg/chas= §.§§>rmqm@4tom&n{am@%@gogm% gl 1ization.
The autoclave was heated in 8 hours to 175C. The aut ocl Ve Was kept at

t hi s t enper atwas €.161The sé3tpidioberanafitf Herifieds|Semgle Fhe aut ocl ave to room
tenperature, the crystalline material was renoved fromthe autoclave,
washed and dried at 120C and an X-ray 15 diffraction pattern was taken.
Accordi ng to HBkEPaX anal ysis, the AEI/CHA ratio was 30/70 (AEl/CHA =

0.43). Thﬂ) sili CaAtSQJuf?c!n - & @h%ho!pﬂ&riicoacigﬁS%Zi/n%%g:%))d Y@%S%rgfz The
S le E. Exanple 6

3
sanple is hereinafter i1dentified as 20 A sol ution of

A e
184.36 gr of dstiagHBed watgayag mws%qrwxwgg@vl) Teathis setpgord. 79 er ¢ff
de- m neral i zgd.a¥ek€ho %4@@, sl Q¢rd AAde aHE Xha2PsNIh wasld it sTi@l ution 13. 33
gr of Ludox 7A05«40 40% sl | ica) were aﬂdeq ﬁﬁg? g .hazy sol uti gn was
obt ai ned. Then 339! g eptrogthylammoniugt hygeopide poly r?i/‘ljf‘nwﬁéaﬁ”&?ia&‘ée sol ution
(35% i n wat eryithiesueeraeidigchen Wi TA@H kbwds gliéds deadsontienwad dbtalledCrd thas added a
clear sol Fst : OsQ]u%r?M%.% %1! or}%g)mir;glchn%%ﬁura] SB) were carefully added and also 39.86
gr of de-mineralized water. A slurry was obtained with the following composition
expressed as molar ratios:
0.1 Si0,/P705/Al,03/TEAOH/34 HyO
This slurry was mixed until homogeneous and transferred to a 2L stainless steel
20 PARR autoclave and the mixture was stirred at 170 rpm during crystallization. The
autoclave was heated in 12 hours to 170°C. The autoclave was kept at this
temperature for 24 hours. After cooling to room temperature, a sample was taken,
washed and dried and a x-ray diffraction pattern was taken. According to DIFFaX
analysis the AEI/CHA ratio was 40/60 (AEI/CHA = 0.67). The silica to alumina

25 molar ratio (S102/Al»0O3) was 0.13. The sample is hereinafter identified as Sample G.

Example 8 - Comparative 2




25 solution 120.82 gr of alum na (Condea Pural SB) were carefully added
and also 31.42 gr of de-mneralized water. A slurry was obtained with
the foll owing conposition expressed as nolar ratios: 0.1 Si02/(059uL 2005
P205/ Al 203/ TEAOH 35 H20 05JUL2605 WD 02/ 070407 PCP/ US02/ 03334 27 This
slurry was m xed until honogeneous and transferred to a IL stainless
steel PARR sutmolavre and the m xture was stirred at 17@crpsnmiisd ng
crystallization. The autoclave was heated in 8 hours to 175C. The

aut ocl ave was kept at this tenperature for 48 hours. After cooling to
roomtenperature, the slurry was washed and dried. 5 X-ray diffraction
data was obtai ned. According to DI FFaX analysis, the AEI/CHA ratio . was
20/ 80 (AEI/CHA = 0.25). The silica to alumna nolar ratio (Si 02/ Al 203)

wais 0. 16. ]Thiliaggfkﬁs éxﬁ?@@{s]%ieﬁﬁzfefd@?wiaﬂ@rtbhﬁirg&ht@ﬂlu&?d’ﬁlh@cal:al ngpllg 7 10fA
solution o . gr phosphor.i c 0 | ter) an . gr o
de- mineral i zeﬁe%'fléqmwgén ﬁiekgé‘g"‘i Rhasg O%E%é%%&ﬁoqe% ilﬁ‘%‘%‘”}?& H¢ion 26.75
gr of Ludox ASI4BIA(r40% &itdideaRy schyiofthagdedt iavigtiéh. hazy sol uti on was

obtai ned. Then 750..35 of a tetraethyl ni um hydr oxi de, _sol ution
(35%in water) wer%é&ﬂ%&mn{}\?%lsoé’r%ﬁ’f‘é?%eag%gmetﬂ‘x‘é‘ggo éﬂ%—is\%gs added a
cl ear sol utsi ogr viais-molxrdizeiehter Weretatides. THs mixhud W RefPd?ic 50 1gmindfes,al um na
(Condea Pural _SB) .vere cak I r of .

de- mi neral i zeﬂg‘?/\rlathgcﬁn &9 %ID%E r%dl %5@9%3’? %@Eéejc}% \}\nﬁ%)%e%? R'E% S%hSmL%rg

conposi tion espfE¥seaian warsladded depwiss witlpa Hurie(RIPRO 5y Af 20BicTEBACH 34 H20
This slurry Wgszérgﬁqd&q@gL&jo(?ﬂ)ggggagﬁg%sg]%gr(gsqt&ﬁ%)agrg[?&%ng a 2L stainless

steel 20 PARR autoclave and the m Xture was irre rpm during
crystal | i zat i §ndroxpesolugion @e% i/ watsibgernaddebuith abuipte prtAlse 5128 1. The

aut ocl ave as nkgdpllizaf waddiwsre al RAPRERIY6HEs db@iined %ith O fstlowhk kethpds@eA | NG tO
roomtenperature, a sanple was taken, washed and dried andpa X-ray

diffracti on pATEFH S 3KEN. According to DIFFaX analysis the AEl/CHA
rati o was 40/ 60 (AEl/CHA =00.587)P,0khe,G{/TEAGHS09 8LOM na 25 nol ar ratio
(Si 02f A1203) was 0.13. The sanple is hereinafter identified as Sanple G
Exanpl e 8 - cJﬁﬁéP&tfﬂ%m?e@@l lyn@g@e%ey transferred to a 300 ml steel autoclave. .

The autoclave was heated in 6 hours to 150°C. The autoclave was kept at this

15 temperature for 133 hours. The crystallization was performed under static conditions.
After cooling to room temperature, a sample was taken and washed and dried and an
X-ray diffraction pattern was taken. According to DIFFaX analysis, the AE/CHA
ratio was 80/20 (AEI/CHA = 4.0). The silica to alumina molar ratio (S109/Al,03)

was 0.10. The sample is hereinafter identified as Comparative 2.

20

Example 9
The conversion of methanol to olefins was performed in a tubular, fixed-bed

reactor equipped with an on-line gas chromatograph for product analysis. A portion
25  of the tested sample was calcined in nitrogen at 650°C for 5 hours, followed by
heating in air at 650°C for 3 hours. The calcined molecular sieve was added to the

reactor and contacted with a feedstock containing methanol at a temperature of

450°C, a weight hourly space velocity (WHSV) of 25 hr-! and a pressure of 25 psig.



WO 02/ 70407 PCT1U802/03334 28 This exanple is presented by way of
conparison to illustrate the catalytic performances of an intergrown
phase of AElI and CHA nol ecul ar sieves where the AEI/CHA ratio ($ ANtBide
the scope of the present invention. 90.74 gr of al um numisopropoxide
were placed in a mxing bowl and 135.29 5 gr of de-mneralized water
were added. This m xture was left static for 10 mnutes, after which it
was m xed andoazgmeiirwas obtained. To this gel, 50.19 g efryhoepdioric

acid (85%in water) were added dropwi s® with a burette, foll owed by the
addition of 3.26 gr of Ludox AS 40 (40%silica). Then 91.54 gr of
tetraet hyl anmoni um hydr oxi de solution (35%in water) were added with a
burette and also 5.23 gr of de 10 mneralized water were added. A slurry
was obtained with the follow ng conmposition expressed as nolar ratios:
0.1 Si 02" P2051Ad c20:8ndEARY 186 GnEprbfREnd prbducsdelattivity WaiSpréPaxedlettit, bre
honogeneous ag]% tra.fz)[ e3rred to a 300 M steel autoclave. The autoclave
was heated i n*8 A8Ut¥ 0 150C. The autocl ave was kept at this 15

t enper at ur e f brthii 8Blehelertivity Teas cireysight dverzgdt fraductwelsctipey éfargiesl under static
conditions. After cooli Q. roomte r.at ur. |.e . was taken and
washed and drPrgdducé%rf%lﬁogl%-oéuz%?mdﬁw T3 gﬁgoo‘ﬁe‘ﬁgeﬂté’fﬁagvﬁ l’?%‘ﬁen. Accor di ng

t o DI FFaX anafegéicgk. Itihenldiketgd@k¢Ardingad ihe folawing OaRem{tibilektkdliom 4. 0) . The

silica to alundna-npl.¢g i S e .10, anple is.
herei nafter i (rfﬂenpnt FR? %ﬁ(g%ag&%é‘r g%%éoyégiég‘@gr}r%oggg ( %I_g%rgcg%‘r si on of
nmet hanol to olwggriens was perfornmed in a tubular, fixed-bed reactor

equi pped Wi th™an on-line gas chromatograph for product analysis. A
portion 25 ofshhg we@slRth SMINIE MRS il MRdirdah iRkefhiggen at 650C for 5
hours, followed by heating in air at 650C for 3 hours. The cal ci ned

nol ecul ar  si eyg.M@ SR dlae HRpdit@onveSRE IndimANdr&Ni@shigd W th a feedstock
contai ning nmethanol at a tenperature of 450C, a weight hourly space

vel ocity (IWHSWM&IH/g5ahy= the anaintof predglifed pefgradbofpatelgst dijing tibldlon 2005 WO
02/ 070407 PCT/ US02103334 29 The conbi ned et hyl ene and propyl ene product
sel ectivity afff*Brypate selectivity are

All sefectivities were calculated on a coke-free basis.
Table 3 shows that the molecular sieves of the present invention exhibit high
selectivities for light olefins and produce few side-products. In Table 3, the
15 selectivities are expressed as percentages.
Having now fully described this invention, it will be appreciated by those
skiljed in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of the

invention.



shown in Table 3. In this table, selectivity neans the wei ght average

product selectivity of a given product or group of products m Tt@t 5
respect to the weight of nmethanol in the 5 feedstock. It is calc @8

accor di ng"®@ 87h7f ol | owi ng mat henati cal expression: Sm =' - PCBASDZHOMOH
conv)i*(AMeOH gr cat)i/E (MeOH conv)i*(AMeOH gr cat)i where (Smi is the

m dpoi nt selectivity of mduring time on streaminterval i; (MOH conv)i
is the mdpoint conversion in time on streaminterval i; 10 (AMOH gr
cat)i = the anpunt—of—methanol fed per gramof catalyst during tine on
stream i nterval i.oAII sel ec¢tivyitieswerle gal qul ated on a [coke-free
basis. Table 3 ishoms that| the nol ecullar |si @ves of the presient invention
exhibit high s eEtivities fon light ollefijns jand prijoduce if ew -
si de- products. |5ﬂ 5ab| e qi, tthe |15 |sellect]i vilti gs are [expresised as
percentages. Hawg ng now flil | dlgsc:ggi bed ghi syijgyentiign, \itf will be
appreci ated by [Ehose skilH ¢& i|& tbe |artjct Rat Tg?le |n\@nt| on can be
performed w thijfna w de range of arangtens wthrnmwhat—Hs cl ai nmed,
w t hout departijng fromthe gpinit jand sqope off the Jinventfion. U5 JUL
2005 WD 02/ 070407 £CT/USQ2/ #3334 {09 C|{ v cld v AQ OQNOOmMO 2 oo
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WE CLAIM

A silicoaluminophosphate molecular sieve comprising at least one intergrown phase
of molecular sieves having AEI and CHA framework types, the molecular sieve
having a silica to 2lumina molar ratio (SiO9/Al>03) ranging from 0.01 to 0.25, said
intergrown phase having an AEI/CHA ratio of from about 5/95 to 40/60 as
determined by DIFFaX analysis, using the powder X-ray diffraction pattem-of a
calcined sample of said silicoaluminophosphate molecular sieve, and said X-ray

diffraction pattern having no reflection peak in the 9.8 to 12.0 (26) range.

The silicoaluminophosphate molecular sieve of claim 1, wherein said intergrown

phase has an AEVCHA ratio of from about 7/93 to 38/62.

The silicoaluminophosphate molecular sieve of any of the preceding claims, wherein

said intergrown phase has an AEI/CHA ratio of from about 8/92 to 35/65.

The silicoaluminophosphate molecular sieve of any of the preceding claims, wherein

said intergrown phase has an AEI/CHA ratio of from about 9/91 to 33/67.

The silicoaluminophosphate molecular sieve of any of the preceding claims, wherein

the molecular sieve-having CHA framework type is SAPO-34.

The silicozluminophosphate molecular sieve of any of the preceding claims, wherein
the molecular sieve having AEI framework type is SAPO-18, ALPO-18 or a mixture
of SAPO-18 and ALPO-18.

The silicoaluminophosphate molecular sieve of any of the preceding claims, wherein
said silicoaluminophosphate molecular sieve has an X-ray diffraction pattern having

at least one reflection peak n each of the following ranges in the 5 to 25 (28) range:

o0 Oyrrrn OO0 OOO wy U. 24aU-aUrMNu10~
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_mr RO>CXif YXkKkNEOO uvu.,v.. XEOXcn QCLl U LI1¥g.)i 9005
C7r U.61.. U 3i) 05JUL2005 31 WE CLAIMI1 . A silicoalum nophosphate

nol ecul ar sieve conprising at | east one intergrown phase of nol ecul ar

si eves having AEl and CHA framework types, the nolecular sieve 5 having a
silicato alumna nolar ratio (Si 02/ A1203) ranging fromO0.01 to 0. 25,
said intergrown phase having an AEI/CBA ratio of fromabout 5/95 to

40/ 60 as determ ned by DI FFaX anal ysis, using the powder X-ray
diffraction pattern of a calcined_sanple of said silicoal um nophosphate
nmol ecul ar sieve, and said X-ray di 28r@gKicon pattern having no refl ection
peak in the 9.8 to 12. 0 (20) ranger—égyzf—lhe si li coal um nophosphat e

nol ecul ar sieve of claim1, wherejin ﬁPPntergromn phase has an AEl/ CHA
ratio of from about .7/93 to 38/ 62 35 7They gi 1 coal um nophosphat e

nol ecul ar sieve of any of the preceﬁlnq cl'ains, wherein 15 said

i nt ergrown phase has an AEl/CHA rjatilé.8f14.60m about 8/ 92 to 35/65. 4. The
si | i coal um nophosphat e nol ecul ar si of the preceding clains,
wherein said intergrownn phase h rati o of from about 9/91
to 33/67. 20 5. The silicoal um no afE&; ol ecul ar si eve of any of the
preceding clains; wherein the nolecular sieve having CHA franmework type
is SA-PO-34. 6. The siIicoaluninthdSﬁhaI%lnD ecul ar sieve of any of the
precedi ng clains, wherein the nojleewlar—sieve having AEl framework type
i § SAPO- 18, ALPO- 18 or a nixture | 2300t - ZAPO 18 and ALPO 18.

23.7-240

8. The silicoaluminophosphate molecular sieve of any of the preceding claims wherein

the X-ray diffraction pattern has no broad feature centered at about 16.9 (28).

9. The silicoaluminophosphate molecular sieve of any of the preceding claims, wherein
the reflection peak in the 17.7 - 18.1 (26) range has a relative intensity between 0.09
and 0.40 with respect to the reflection peak at 17.9 (28) in the diffraction pattern of
SAPO-34, all diffraction patterns being normalized to the intensity valve of the
10 reflection peak in the 20.5-20.7 (28) range.

10. The silicoaluminophosphate molecular sieve of claim 9, wherein the reflection peak
in the 17.7 - 18.1 (20) range has a relative intensity between 0.10 and 0.35 with
respect to the reflection peak at 17.9 (20) 1n the diffraction pattern of SAPO-34,

15 |
11. The silicoaluminophosphate molecular sieve of any of the preceding claims, wherein

the silica to alumina molar ratio (8107/Al»03) ranges from 0.02 to 0.20.



7. The silicoal um nophosphate nol ecul ar sieve of any of the preceding
clainms, wherein said silicoal um nophosphate nol ecul ar sieve h@ﬁ‘@ﬁ.ﬁ%ray
diffraction pattern having at |east one reflection peak in ea e
following ranges in the 5 to 25 (20) range: 0 5 J UL 2005 32 20 (CukKa)
9.3 - 9.6 12.7-13.0 13.8 - 1440 15.9-16-1 17.7 - 18.1 18.9-19.1

20.5 - 20.7 23.7-24.0 8. The silicoal um nophosphate nol ecul ar sieve of
any of the preceding clains wherein thé3X-ray diffraction pattern has no
broad feature centered at about 16.9 (20). 5 9. The

si | i coal uni nophosphat e nol ecul ar si eve of any of the preceding clains,
wher ei n  thdhe sflicegiiméanpphasnbaleymplseular sipve o @gyiof thg precedigs cligsawheleit | ve

intensity b ) : g ' raf. | ecid on peak at
17.9 (20) | ﬁ*e\t’%@&d‘%@g‘?ﬁ‘é’? ?‘%r‘ngrﬁgﬁ? g@;@%g@i&@%ﬁ ,ﬁtogfp'ogi ‘F & I?C’t i on
patterns being normalized to the intensity value of the 10 reflection
peak in the 20.5-20.7 (20) range. 10. The silicoal um nophosphate

mol ecul arl%iTayeilwbalotramephdsphatremelequishsieve bf agt ¢iche peakding gldis, Wherdin
18.1 0) range has a .relative .intensity.between 0.10 and 0. 35 with
ospect 1o THASPERBLT PGS SEERmSE SOTHRFUEE P R PF Sk PR n of
SAPO- 34, 15 11. The silicoal um hophosphate nol ecul ar sieve of any of the
preceding clainms, wherein the silica to alunmna nolar ratio (S102JA1203)
ranges frtmIhesiicoaslugingrposghag: mojecpppsievggf glgim Thewherein the average

silicoal um ng h : cul I f .of t r.ecedi ng cl ai ns,
wherein t hesn@ﬂ?sﬁ%gﬂ Eag dﬁ%n%loﬁa&r%fgjg%g&rg%? éllslo)lff sAtl)ﬂg?)g)l IP%frI{%%s fromO0.03
to 0.19. 13. The silicoal um nophosphate nol ecul ar sieve of any of the
precedi ng_cl ai ns, wherejn - . .

10 T15. A catalyst comprising the silicoaluminophosphate molecular sieve of any of the

preceding claims and a binder.

16. A process for making an olefin product from an oxygenate feedstock comprising
contacﬁng said oxygenate feedstock with the catalyst of claim 15.
15
17. The process of claim 16, wherein the oxygenate is selected from methanol; ethanol;
n-propanol; isopropanol; Cs - Czp alcohols; rﬁethyl ethyl ether; dimethyl ether; diethyl
ether; di-isopropy] ether; formaldehyde; dimethy! carbonate; dimethyl ketone; acetic
acid; and mixtures thereof.
20
18. The process of claim 18, wherein the oxygenate is selected from methanol, dimethy}

ether, and mixtures thereof.

19. The process of any of claims 16 to 18, whereirn the oxygenate is methanol.
25
20. The process of any of claims 16 to 19, wherein the selectivity to ethylene and

propylene is equal to or greater than 75.0%.



5 the nolecular sieve is conprised of crystalline plates, platelets or
stacked platelets. 14. The silicoal um nophosphate nol ecul ar S|eve of,
claim 13, wherein the average snal |l est crystal dinension of t hel hd“bgmﬁar
sieve is less than 0.1 mcron. 10 15. A catalyst conprising the

si |l i coal um nophosphat e nol ecul ar sieve of any of the preceding clains
and a binder. 16. A process for nmaking an olefin product from an
oxygenat e feedstock conpri sing contacﬁﬁng sai d oxygenate feedstock with
the catal yst of claim15. 15 17. The process of claim 16, wherein the

oxygenate,.js.selected.fro th ano ropano i sopr.opano
or 2 0 Hr JBR BT B Tt B 20: AR ty e hirERS PR eRA Fhghner

di -i sopr opyleq@i i@ br gicaterdisanysle; direthyl carbonate, di mret hyl ket one;
acetic acid; and mxtures thereof. 20 18. The process of claim 18,
wherein the oxygenate is sel ected fron1nethano| dinethyl et her, and

m Xt ures f to 18 mherel t he
oxygenat 14 arrsrort SISuARETR B 21 el e SRR, bhrppincle B SHGe

wher eisn t he os ®vesgtthati 1 Y%4.0 et hyl ene and propylene is equal to or greater
than 75.0% U5 J UL 2005 34 21: The process of any of clains 16 to 20,
wherein the ethylene to propylene ratio is equal to or greater than

0.75. 22.,q l.qi 4 ity
o' pr oparie 1 ebreare oL Aeifls 18 R whbre e Sot M brb e SE Y
clainms 16 t@raﬁanmhhmaﬂmvhhe selectivity to propane is equal to or

smal ler than 1.0% 10 24. A silicoal um nophosphate nol ecul ar sieve
exhibiting an X-ray diffraction pattern having at |east one reflection

?gejﬁa% ik e@& )’y gﬁlcwﬁmfm#heg}sme MBRAERr sitvd H@iBitihp a8 X-fARifirdBReDattél)

havmg at least one reflection peak in each of the following ranges in the 5 to 25 (28)

range:

26 (CuKa)
93-95.6
12.7-13.0
13.8-14.0
15.9-16.1
17.7-18.1
18.9-19.1
20.5-20.7
23.7-24.0

and having no reflection peak in the 9.8 to 12.0 (208) range.
15
25. The silicoaluminophosphate molecular sieve of claim 24 exhibiting an X-ray

diffraction pattern having no broad feature centered at about 16.9 (28).

26. The silicoaluminophosphate molecular sieve of any of claims 24 or 25, wherein the

20 reflection peak in the 17.7 - 18.1 (26) range has a relative intensity between 0.09 and



13.8 - 14.0 15.9 - 16.1 17.7-18.1 18.9- 19.1 20.5-20.7 23.7-24.0
and having no reflection peak in the 9.8 to 12.0 (20) range. 25. The

si | i coal um nophosphat e nol ecul ar si eve of claim 24 exhibiting qﬁjgﬁk&w5
diffraction pattern having no broad feature centered at about 16.9 (28).
26. The silicoal um nophosphate nol ecul ar sieve of any of clainms 24 or 25,
wherein the 20 reflection peak inthe 17.7 - 18.1 (20) range has a

rel ative intensity between 0.09 and 0538L2005 35 0.40 with respect to
the reflection peak at 17.9 (20) in the diffraction pattern of - SAPO 34,

all diffraction patterns t@i ng nornalized éo the intensity value of the
reflection Petkwith rgspectsping rogechoppgak bl (26) 1p the diffgaction pattern of

silicoalum@@p h ﬂﬁr&: ' al m.24 wher ei n
the reflection %g’aﬁf |&ln t t@ﬁ%ﬂ%ﬁb%&@f%b%‘i)f%rd géé}g lﬁgeg]s lgy ?]@ﬁgt% ?\%e .
intensity betfieeon@ediDinanel20.0-2357 (@W6) barfgespect to the reflection peak at

17.9 (20) in the diffraction pattern of SAPO 34, all diffraction
patterns being nornmalized to the intensity value of the reflection peak

[ 1ha 20,5920, L0) 1ange, 40,280, I8 oL Lt sl nophosahahe, rmleeul ar

si eve "of any C 24" 10 wher el stlica’to a
mol ar rati o r¢RdHAAEA0F) e 17 52116, 15(26) e bhas A oFlheEDRANSITy BRWaeH0aro sieve

ranges from0.01 to 0.25. 15 29. The silicoal um nophosphate nol ecul ar
si eve of any-3 woha¢spsctad thegeRectioptpeple el 1.9 626)sn thecdifirastiah pattam ofol ar

ratio (SiQ2/ ), L i d. siljcoal um noph te mol ecul ar, si.eve ranges
from0.02 t 0@%@%4 élgflﬁﬁ'ﬁcg‘oé‘iﬂahﬁ@ékﬁﬁgﬁ%?gﬂg@’gﬁagf?’WF%’EE}’ YgoEE of any
of clains 24eg&ti%g,Pemtlﬁnﬂggo_tsh;g)_7 @@)&jﬂg’hga to alum na nolar ratio.

(Si 02/ Al 203) in said silicoalum nophosphate nol ecular .sieve ranges from

0.03 ¥ 0.19. 31. The silicoal um nophosphat e nol ecul ar sieve of any of

clainms 24 30,.-wherei n.th ol ctar- Leye iS.gonmprkse f crystal.line
ol at es, p?éa:?lg‘e es{xlécogfu ot 8.%9?5 aFt)T i oeelcg al -sm%e o1 any of SR c'laldeAP to H,}(’vﬁuerem
the silica to alumina molar ratio (Si07/Al>03) in said silicoaluminophosphate

molecular sieve ranges from 0.01 to 0.25.

15 29. The silicoaluminophosphate molecular sieve of any of claims 24 to 28, wherein the

silica to alumina molar ratio (Si0/Al»03) in said silicoaluminophosphate molecular

sieve ranges from 0.02 to 0.20.

30. The silicoaluminophosphate molecular sieve of any of claims 24 to 29, wherein the

20 silica to alumina molar ratio (S109/Al,03) in said silicoaluminophosphate molecular

_sieve ranges from 0.03 to 0.19.

31. The silicoaluminophosphate molecular sieve of any of claims 24 to 30, wherein the

molecular sieve is comprised of crystalline plates, platelets or stacked platelets.

32. The silicoﬁluminophosphate molecular sieve of any of claims 24 to 31, wherein the

average smallest crystal dimenstion is less than 0.1 micron.



25 32. The silicoal um nophosphate nol ecul ar sieve of any of clains 24 to
31, wherein the average smallest crystal dinenstion is |ess thag 0.1
mcron. 05 JUL 2005 36 33. A catalyst conprising the 02 JUL 2005
si | i coal um nophosphat e nol ecul ar sieve of any of clains 24 to 32 and a
bi nder. 34. A nethod for preparing the silicoal um nophosphate nol ecul ar
sieve of any of clains | to 14 or aB§ of clainms 24 to 32, that conprises
a) conbining a reactive source of silicon, a reactive source of
phosphorus and a hydrated al um num oxide in the presence of an organic
st ruct ur 3. di eagadysk pempriseng the silicpgdiminephasphatomalegulat sieverad:anp pf ehpigisng and

heating conjin S{ Vi m xture prepared at step a) up to the
crystalIizg%%%%?]g%%%%Q%Ure; c) maintaining the mxture at the

crystallization tenperature for a period of time of from2 to 150 hours
and under stirring sufficient to produce said _si]icoalum nophosphate
mol ecul at*- §y Bgeod By PF%’&B%&'F Atjiceslyyaingplosghaie moleshiar digw A GERBEhat o

mol ecul ar  i@YL MR Fichih$es 19 3 WaEchiRas ed at step a) has a nol ar
conposition within"the following ranges: P205 : A1203 from0.6:1 to

1.2:1 Si02) conbiriog afreagtivedsods:of siligor a3éactive $4pieye: of Ahosph8rusaoda10: 1 t o

40:1 and the, te at.e IS tetraet hyl ammoni um conpaound...35. The net hod
for prepar 1y ENBNAfuh ride e DR GHee of B Hall s RRATE it eert
crystal | i z@kimphtd) enfematixeure;s bet ween about 120C and 250C, preferably
from 130C and 200C, npst preferably from 150C to 185C. 36. The net hod

for prepar PhEiipganddicating eantisnisly the mixtyre prengred;ahatena) wr toghe wherei n

or of er abl y B e, Do 2 hours, v 5 Jul 2005 37 37.  The. met hod
for prepar ichgainteningthecnikare atiteyaysillizatipn odmmpratimegfoBatper@d3f timehdr ei n t he
from 2 to 150 hours and under stirring sufficient to produce said
silicoaluminophosphate molecular sieve;
d) recovering crystals of the silicoaluminophosphate molecular sieve
wherein the mixture prepared at step a) has a molar composition within the following
ranges:

P,Os : AlL,O; from 0.6:1 to 1.2:1
Si0;  : A1,05 from 0.005:1 to 0.35:1

H,O  :A1,0; from 10:1 to 40:1

and the template is a tetraethyl ammonium compound.

35. The method for preparing the molecular sieve of claim 34, wherein the

crystallization temperature is between about 120°C and 250°C, preferably from
130°C and 200°C, most preferably from 150°C to 185°C.

36. The method for preparing the molecular sieve of any of claims 34 or 35, wherein
step b) is carried out for a period of from about 5 to about 16 hours, preferably of

from about 6 to 12 hours.



tenplate is a tetraethyl ammoni um conpound, preferably tetraethyl arnnmoni um
hydr oxi de. 5 38. The nethod for preparing the nol ecul ar sieve of any of
clains 34 to 37, wherein the hydrated al um num oxide is pseudobgehm te.
39. The nmethod for preparing the nol ecul ar sieve of any of clai ko B4 A
38, wherein SA-PO 34 seeds are conbined with the reactive source of
silicon, the reactive source 10 of phosphorus, the hydrated al um num
oxi de and the organic structure directing agent (tenplate).

37

37. The method for prepaning the moelecular sieve of any of claims 34 to 36, wherein the

template is a tetraethylammonium compound, preferably tetraethylammonium

hydroxide.

5  38.The method for preparing the molecular sieve of any of claims 34 to 37, wherein the

hydrated aluminum oxide is pseudoboehmite.

39. The method for preparing the molecular sieve of any of claims 34 to 38, wherein
SAPO-34 seeds are combined with the reactive source of silicon, the reactive source
10 of phosphorus, the hydrated aluminum oxide and the organic structure directing agent

(template).





