; e3e| x| hhi Tkzl x6BxTxWD 02/ 070a07 PCT/ US02/ 03334 S| LI COALUM NOPHOSPHATE -~ .
MOLECULAR SIEVE Field of the Invention This invention relates to new ( p%)
si | i coal wo nu@lewphat e nol ecul ar simmmﬁm"mmmmthods of makcwwsvhesssand t o~ .-
their use in a nethod of meking an t by contacting these

si |l i coal um nophosphat e nol ecul ar si eves«ggdodzhh an oxygenate 10 feedstock. In
particular, this invention relates to silicoal um nophosphate nol ecul ar
sieves conprising at | east one intergrown phase of AElI and CHA nol ecul ar

si eves. Background of the InventiﬂWNﬂmmﬁmWﬂ al um nophosphat e ( SAPO)

nol ecul ar sieves contain a three- m croporous crystal franmework
structure of [SiQ2], [A102] and [ PQ2]«1mpeer sharing tetrahedral units. The
‘[ PC2] tetrahedral SHINGOALEMINOPHOSPHATEMOEECULARSGIEVE ti ons i ncl udi ng
phosphoric acid, organic phosphates such as triethyl phosphate, and

al um nophosphat es. The [ A102] tetrahedral units are provided by a 20
‘variety of conpositions including alum num al koxi des such as al uni num
isoproéoxide, al um num phosphat es, al um num hydr oxi de, sodi um al um nat e,

and pseudqﬁgﬁﬁﬂﬁhgl,&QQOLSiCQ] tetrahedral units are provided by a variety
of conposi i silica sols and silicon al koxi des such as

t et raet hyl or t hoBli$ imvehtorerethtdsuomewsilidoslamigdphbh plinkd@pieesinhdbees (6L PO

nol ecul ar s%g&&;)are,cr stal line mcroporous oxides which can have an ALPO4

S
f r amewor k.M faagking, themandite tharaise dn amethos afimaking arhelefin produgsrbiy,

typically L0 : ' | f ' ut 3 Angstrons to
about 10 Aér?gisét% tr]g%g{eg){@glﬁ%ﬁ‘g?%? P%?hﬁgﬁ%l%ﬁ%? 3‘/’&(’3 %?@ﬁéy%?ﬂaépropyl ene, can
be pr d@ucdiedsyocBO I partiaatai, tigs tnvestastetds to siticaalninigbphyshanaheidagigani c
conpounds, .such as_.net hanol WO 02/ 07Q407 PCT/US02/ 03334 2 or dinethyl

et her, wi t¥'4S SXPPIISIAR AOFASALRIL G BTN %"g@gl CHAgmolegilarsieyepl e U. S,

Pat ent No. 4,499, 327. SAPO 34 and SAPO- 18 have been reported as suitable
catal ysts for light ol efin production from nethanol. SAPO 34 bel ongs to the
famly of nolecular sieves 5 having the structure type of the zeolitic

m neral c bcekzi = ‘q—{Al“ Th%oﬁr eparation and characterization of SAPO 34
has been r blications, including U S Patent No.

4, 440,1871; J. U&ﬂcﬁluxﬁino&ﬁdkpﬁﬁ& (‘S‘AB@Kbhﬁle%UIaf §iePeson L 2 HRBdikRh&bisl S” -
Vol . 84, pp, 1731-1738; U. S. Patent . 5,279,810; J. Chen et al. iIn
"Jour nal JPICEARPSEUSArYstH dramemopk struggire of BSi0p] [AlQ:3 asd [R{®] domheoddding J. Chen

et al. in N i " (- . 241-248.(1994); A M Prakash
et al. in t‘%é]%hlf?ﬂaglﬂmﬁ me?g?gﬁlﬁggﬁdyﬁél&né%‘;‘;ﬁg\é{ﬂ%‘g%aWé_%g tions" Vol.
90(15), ppronieitiod? BEh(dlROhosphéait a¥id, efgadic. phoSphaklulElds eikthiyhe Chemi cal

Soci ety, Fehroaq}a Tr@n@acti ns" Vol . 86&2{2’523 pp. 425-429 (1990), all of which
are her ei PSP a\i‘%iaﬂ glugynenhesphaies dhel terahedrahunits areprguidedby pe fanmily
of nmolgcul @kiedi YibRO; ; Chii nol ecul ar
sieves W t?ﬂmteﬁje&\g%?lpg? ?%@%3&@9{ Eéuriéxm@ﬁéﬂé%ﬂ%@g%%ﬁ}% The preparation
and char acseprppexide alupfinumpbosphates silemmambitdnoxift, sedinmcAlommatey el has been

ted i l . i i i,ncl udi U .S. . Patent No, 4,440, 871,
1 tnen et BendbReR B Phe (FRR e BT i A mroidpo S aenest Vol . B4, pp.
| 731- 1738; cohpositidas aitludiy sificas6% &hliQilicdn alldRTteS sudH as tbthaetly MR 1licRe

Physi cal Chenmistry", Vol. 98, pp. 1021620 10224 (1994); J.” Chen et al. in
"Cat al ysi sanddfpmegd silicano] . 28, pp. 241-248 (1994); pp. 2291-2296 ( 1994);

Yan Xweet al. ipgg! ] .Soci et Far aday Transacti ons™
Vol . ?g(e 2), pp.Rﬂ’?@%%*f@%@%%&%@e%ﬂ%@ %y%ﬂg?%ﬂ’é%oﬁqiusof whi ch are
herei n f ul éxidésnalsicip careliave ah A IPOf €raareoork. [ATLFO G Hanahd dieH ] sleineRis

PCT/ NO97/ 00272, published as WD 9811 S496, 25 relates to a nol ecul ar sieve
that i s a withiedhpfrasewodniypiailndaes brifooalpord diehsisphanging dfomPdtouand CHA
“structure, refterretd ho 3§ RU\/Y{lQ. RUW 19 is said to produce an Xray

di f f r act ogPRERIPMSO PRAYIYLNESHAWS: at the fol | owing 2A val ues: 9.3-9.5,
10.4-10. 6, 12. 7tipBt Slefids3 pirtibdiafly elhéle?le%@d gvop%fénz "chi b8 prodicett by?: 0, _
“20.5-10.7, 21.0- §1. 3, 23.7-24.0, 25.7-2G 0, 30.9-31.1. Figure 1 of this
publ i & i otpPnéastng aderdstariocentaining axygetatediBgaae coydudds, Guciadsmethanol

PCT/ US02/ 0333:1 (2A) region for RUWM19 (exanples 1 to 3), SAPO 18 (exanple
4), SAPO 34 (exanple 5) and a physical m xture of SAPO 18 and SAPO 34
(exanple 6). This publication suggests that RUW¥19 is different froma
physi cal m xture of SAPO 18 and SAPO 34. RUW 19 has peaks characteristic of
an AEl structure type nol ecul ar sieve, except that the broad feature
centered at about 16.9 (28) in RUW19 replaces the pair of reflections
centered at about 17.0 (26) in SAPO 18 or AElI. Also, RUM9 does not have
the reflections associated with SAPO-34 or CHA centered at 17.8 (28) and
24.8 (28). According to WD 98/15496, RUW19 is suitable for the conversion

Y B




period of time of from2 to 150 hours; d) recovering crystals of the

si |l i coal um nophosphate nol ecul ar sieve wherein the m xture prepared at step
a) has awebzo7osemposition within the follow ng ranges: P205/uUsS0AdBBB8 from
0.6:1to 1.2:1 15 Si2 : A1203 from0.Q05:1 to 0.35:1 H20 : A1203 from 10:1
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

tetraet hyl arri noni um hydroxi de. The silicoal um nophosphat e nol ecul ar si eves
of the present invention exhibit 20 good catal ytic perfornmances in
processes for making olefin products froman oxygenate feedstock, such as a
f eedst ock eo¥Hpethyl ngemlﬂmsﬁmmﬁ@r ADPI-comeining catalysheS&r fanexeyspl&i gur es 1

"aand 1 b ﬁ@\f‘agﬁxfﬁgﬁ, Med diffraction patterns for intergrown 25

phases havi'ng varr ous Al ratios; Figure 2 shows the XRD diffraction
,pattern of a si FAPORI4IANORPOSIBRIVE ba&GERpeHEDas!sRithte chtaNSRifhOkht Of

MIO- RLIW 3S6 of WO 98/ 5496 and DI FFaX sinul ated diffraction patterns for
i nt er gr ownolsHapeadusten frgmyaethanpd. REPOCHbbelongsde the fandlyed hosteaGer sieves

PCT/ USQp/ O ~f 2 Fi il di ion patterns in the
15 to (1% Zi&i&n 5‘8 S%éﬁ{eﬁy é?%ﬂ%‘&%‘%ﬁ%?é@eﬂﬁr?g%&eaﬁ%@ CQEI Hrﬁﬁﬂat}oélti 0s;

Fi gure 4a shbsimratesEMign of SKPOK4 las bestbiepbitédia sevdralqnblivationoahasasigat e

nol ecul ar Eljéz\r/?e accor di n(% to the invention, obtained on a JEOL JSM 6340F
Fi el d Em sSiha88hNRi he4EP e (dienet gk _HSC%%?S nsiwgeaSearpsiadcat i on of
20,000 L1 MegraRsis® VAN bAGH, 093 21 Yy £ 1 NEDs 206880, 5 (R Blflpr e of a
crystalline silicoal unmi’ndphosphaté nol eCLﬂ ar sieve dccording to the

i nvent i on; "mochaFofjPinysical €hemistryh&VolREB, pipf 10246410024 pi®OYRINChén A al. in

by, ey ltbf SRR LRErs o ey Rove At TSR S W fiebeeretal ivdosmetehion.
Det ai | ed DagatierfibflSobfety, FaralRy ¢RnsRBondevar S5E5Y, Iph @Q@@I%ZES é{@lgzé\eeﬁl to a

si | i coal um nophosphate ol ecul'ar sieve 15 conpri'sihg at
i nt er gr ownXpreagke intlopmiabefthe ChemanakSodietyj Fayaduy Tramsctii” Mok r86@@)r pp.t ypes,

wherein sai g, i r hase has an | LCHA ratip of. from about 5/95 to
40/ 60 as dé?se"ﬁzé ﬁeggbg\éﬂlﬂﬁl‘—‘%é% %{ﬁf{?’y‘gﬁ@FY&WP@’?%@}S&XH&?CGX- ray diffraction
pattern of a calaiPeds bR tohe MRy STinhdleaddrudveoRiosPMatEITRLaeH ar
sieve. Intergrown nol ecul ar sieve Ehases are disordered planar intergrowths

of 20 hol edPeaOthsraneleqularpianes rith t steyctyre typeare AEPEF ByansfROVM&-d8.der ed
Zeolite St i1i L by th t Conmi ssi f
Che | nt er ndl'e BHéRfRsion AP thaikedstaifion BHROICRNAES es Wi RIS e B o at o

XRD Powder b&at reposted] ihGevefsiqiubliesions, vhdtuding U. 8 diyen@ Nd. 4 480 87 : JaiHeg.et 2001
Edition, published on behalf of the Structure Commi ssion_of the

| nt er nat i oRal? AfBies B Surkase Ssienesanddratalyiie:, Yol &4, pis 1d3 bild3&itl. SnPwent

i nt ergrown . 15 e : IN6;S0h4 i

por  odi cal 1o oraor o SR RN o o bRl Gk V28,1 i

st ruct 20 es 18228 1984), bdTlencat dein fCptalpsisiLewers'], Mod. A8cps 2424819y, pp.. €. i n
two, one o J si.pn Thi s pheno n i,s called stacking disorder of
structural ?@51%22%&1???) g)é'lpigg‘b?t@l'l%ﬁi Od'i"??rg{%?lﬁ'letésh.eméfi@f’%\‘letys fraddur es built 30
. from Per eghisgctiBak! vbngsg),ggm-az@ Idoy! 129 ChREHTIRS 5300, 943 WIRE vithcHPer i odi ¢
ordering is WD 02/07040 / US02/ 0333~ 6 achieved in all three
di mensi ons areesein faheiacerppiatad hygsfesenset hose where the stacki ng sequence of
t he Peri odi ¢ Buidl.dj i Sq:devi i odj. rderd o statistic
st acki ng sequenélhetgbg%%g?#&%lelgﬁfogr m%mg?%’wggb%@@ﬂﬁ ¢%Q§??‘%n are

di sor de$ ed r¢glhenay a moldthar sievehasis afmiked ph@sbempasing SilidéSsmNaphebpHatediA. Ve
refer to A Siymen et al. in ZFoIites é1991é, Vol . 11, pp. 654-661

descri bi ng °f AELapd CHA sueresfeged taps RUNER. RIWr 1A sajghe preduice paevor k
‘types. For '@Mc , I1.adi id Al if1ls. u iX ring

| ayer. Therréﬁg}c et t;}%éérs?ﬁccl)‘gfelsﬁ%!rsgm a'd)gél‘gggg@,\;a\lﬂ??‘cgﬁg'ggeP‘#‘%’é?\’tﬁl’cal ‘
except "b" 12g-1he 13i8-140, 197%96.1016.7-46.9( 18.980.0; 20 3t1007) 2201t 3 g @ne
“normal 10 qQr mirror operation perpendicular to the_plane normal). \Wen

| ayers of t2ﬁe7-%6a9§e30c%rgblsﬁlaeu@ lpf t J@;ﬂuelﬂca@ﬁesmqhw&l?rtr@@esaaw 5-%bb, the
framework type CHA is generated. Wien layers "a" and "b" alternate, ie,
abab, the franmework type AElI is generated. The nol ecul ar sieves of the
present invention are nmade of stackings of layers "a" and "b" which contain
regions of CHA franework type and regi ons of AEl framework 15 type. Each
change of CHA to AElI framework type is a stacking disorder or planar fault.
Preferably, the nolecular sieves of the invention possess an AEI/CHA ratio
of fromabout 7/93 to 38/62, nore preferably from about 8/ 92 to 35/65, even
nore preferably fromabout 9/91 to 33/67, nost preferably from about 10/90
to 30/70 as 20 determ ned by DI FFaX anal ysis, using the powder X-ray
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(AElI/CHA = 0.25), 50/50 (AEI/CHA =1.0), 70/30 (AE3/CHA = 2.33), 80/20
(AEI/CHA = 4.0), 100/0 (AEl end-nenber). Al XRD diffraction patterns are
normal i zaxo bzoreen O and 1. Nornalized intensity val ues areTdsbmossshed by
normalizing the intensities of the diffgraction peaks to the intensity val ue
of the 20 reflection in the 20.5 - 20.7 (2A) range. For exanple, if the
peak in the 20.5 - 20.7 (28) range has an absolute intensity of 50 counts
and the peak at 26.0 (2A) has an absolute intensity of 16 counts, then the
normal i zed intensity of the peak at 26.0 (2B) is 0.32. Nornualization of
intensity values allows for the conparison between diffraction patterns of
t he i nt ens@26yregfondor RUMéy Idextaimpdest T trB)pRAROALS @Erithpler), mmme 25 As the

[ [ ive to CHA in the intergrown phase, one can

| gggle?vgf a/}g%&%&gﬁ a Pi\l(eslé‘??lf“tl’y"'@f"fcséﬁ%lﬁ aa6§ré§0-§‘g£e’<ém Je Thishe pealk at
26 i
The peak AUPHcRiaNgRl MElRASRI0 R SBEERCHh DSl hiRGREEs ARG £LaT! ©

shoul der andZARO34, :RUWntQahagrpem ghlaestesistic dfanAKE] ﬁl-dl%urratypwnaiécuﬁi}/ 50 and
above (AElI/CHA > 0 B broad feature c nter at _about 16.9 (28).
Fi gur e>2 s%ﬂ%\vase%%a“baﬁws a&ffﬁﬁﬁ%i&{eﬁ&ﬁaw 8Pt indtUR TS replacis

| | t B d,
by vy of oaRD oF RERLRRTEORRIN il 178 PO RR NP O TRV ED AR BN 0L e
i n exanpl e19ldaR hoFhpuitie fefloftiodOadeikledopitinS AME-34 asCBAFRfeattr&d stul 3t ed

diffraction patterns for intergrowhs with varying AElI/CHA ratios. The
di ffracti ddfpand 45 (2. MordugisBe) a&d 546 RUWLP iasuitabde footheal i zed. DI FFax

an] orin oy ERioR nlhans PR, TRRLAMISE fesclipult, 37CRRP REenw 356 hac
an AElYoCHA alhadsiape ﬁbTer?éa/tSng |WH§HH\1§ SinbRyRbusohe exyiésiBNiSabes@e. a broad

feature centered at about The silicoal um nophosphates of the
present inventi lmrthep@rw@fﬁatvra@’tmthmtQ)VIeﬁMé&’Q(B%DemleMWOWmgt terns

obtai ned fro r calc nat i n and ,avoi re-.hydrati g after
cal ci nat i o‘?‘fomﬁé "E&nvd&ya} glgengﬁg p&qply ’|a(5'ﬂ§°\”r?r?4’r’§95§l"t(’8v§%t°l%m range
as shown ia{hd-lﬁaéﬁnﬁwith fdeldréncke b arsUiSy) oRfig). C&al?st@%or?tamlrﬂéSﬂP@?M&re 14.0
15. 9- 16. 17.7 - 1s.1 18.9 - 19.1 20.5 - - 24.0 The XRD

di ffracti othui)a@mémlﬁ@ly suitedrfer ﬁhﬁpww%momg@e@ol@ olfin/ Bleapitcitiagodidng 20 to

0.5 Lo WTEraRsa0 B B B FebIAp e sd 03 BRRERGER oRTRT oot

any broad theahtahaiccagdserf SAAPD- 3abEuénn1aaly9m(e:p8e)sendk dfued hmech esiarvaititadsg stic is
t he presence of a A}lnth 17.7 to, 18.1 (2A) range. The reflection peak
in the 17.upthe cage ncf ACH VAl ﬁgeatﬁaét PR Plvexts lﬁwa{gﬁqcys@eqtv@éﬁpo 09 and
0.4, prefesabiy SRPOLENH droditd Mctshs & t lection peak at
17.9 (26)e]|5n the dlffrascttlé)rﬁ pa%tgrél noof{S i 034%% o%{rﬁ%ﬁﬁ%n patterns
bei ng nor nddsireédihytene hed propglese aquwlkim@n@lfco'sm themethanoldo ofefiak i n t he

20. 5- 7 (2B) ran iqure 3 illustrates evoI tion.of e XRD

Feat urdls i {oFhtfoftpeesd oFhdidord et nPER e BplbuaiSigy IBERa

end- menber g, ood}ﬁb&&t@ﬂ@éd%n&&ﬂubeﬂeﬁb 3£Ud§@ts(AEl/ CHA = 0. 25), 30/ 70
(AEI/CHA =0 40/ 60 ( AEl/ —067% 50/50 10 (AElI/CHA = 1.00) and
60/ 40 (AE1/CHA = 1.50). The silicoal um nophosphate nol ecul ar sieves of the
present in ﬁ"l‘ﬁrrﬁ vesudd | east one intergrown phase of AEl and CHA
nol ecul ar m—evMyfierag—y-the CHA nol ecul ar sieve is SAPO 34 and the AEI
mol ecul ar si eveThepfbeéredﬁ\edmfarrQMt&AB@&lMaluﬁthbﬁblﬁte molgtulisievedf SAPO- 18

and ALPO 18. Prefer the 15 silico phosphat es of the present
i nvent4%on ?Pé@%“%“%?‘ﬁf*@? OPQ)méqr%fHWHaDhﬁiﬂ O}rm‘;’i]ﬁt‘f‘ﬁg@%‘@ bW‘%&é@éﬁmqﬁﬁﬁﬁ ng from

0.01 to O. ly from
10,03 to o TEmeRBCHBEEHALAN bid RGPS fegl ASCRATC PG AR,

mol ar rati 5)’96$DGQ//GAILQdet)ennmectbleéEFaéﬁaﬂ@yMEuangmmepbvmer Xheyiddffhctamal ysi s:

I n one enbodi nen t.he siligoal um naphosphat t esent invention are
20 pr epar RSN 8L RIEFALTP RPLIAA SUCORRROPAsPBate SReRyE Y68t co. o
silicon, a reactive source of alum numand a reactive source of phosphorus,
in the presence of an organic structure directing agent (tenplate) to
hydr ot hermal treatnent under autogenous pressure. The nol ecul ar sieves of
the present invention nmay conveniently be prepared 25 by a process that’
conprises a) conbining a reactive source of silicon, a reactive source of
phosphorus and a hydrated al umi num oxi de in the presence of an organic
structure directing agent (tenplate) to forma m xture; WO 02/ 070=t 07
PCT/ US02/ 03334 10 b) m xing and heating continuously the m xture prepared
at step a) up to the crystallization tenperature; c) maintaining the

m xture at the crystalllzatlon tenperature and under stlrrlng for a period
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15 P205 : AI2AB from0.8:1 to 1.1:1 SiO2 : A1203 from0.01:1 to 0.3:1, nost
preferably fromO0.015:1 to 0.25:1 H20 : A1203 from 10:1 to 40:1. It wll be
under st oomo0yat04¢he nolar ratio of silica to alumna in trernesagbion 20

m xture will influence the silica to algum na ratio of the nol ecul ar sieve
after synthesis. The reactive source of silicon used in the preparation of
the silicoal um nophosphates of the invention my be a silicate, e.g., funed
silica, such as Aerosil (available form Degussa), a tetraal kyl
orthosilicate, or an aqueous colloidal 25 suspension of silica, for exanple
one sold by E.lI. du Pont de Nenpurs under the tradenanme Ludox. Exanples of
sui t abl e hydr at €be silicoalyminophdspbate mmdecubarysidves efthel presemiinientoi exhibe pr esent
“invention i;nclude beehm te and pseudohoehm te.. Preferably, .pseudoboehmte

i s used. °‘\7k8°3“i78898§16‘¥ d@?ﬁ@b&ﬂﬁ’é% ﬂe’Fﬁ?gd‘B’rth?f eé‘l"?/"%?’hlﬂée di recting
.agent, al s@olRblatdet@BPhRS Bvedtfondos@ss ARENY alGHTHR PhIRP r‘&%&)@i@glﬁﬁﬁbsft ed
fromthe group of tetraethyl amoni um hydroxi de (TEAOH), tetraetfy

amoni um phaagipdtosn 0.0¢ks a@Shyl anmmoni um fl uori de, tetraethyl anmoni um

brom de, tetraethyl ammoni um chloride, tetraethyl ammonium acetate. . 5
Most prsef er abl yTh¢ meleculappigyes af the presend imygntiomayn cenvenigatlpke prspated or der t o
prepare t Wid ] ] : o i @n..:. the reaction m xture
obtained b ﬁ?iﬁcﬁ%ﬂi{xﬁe@o E@’glggﬁs@g%%m@%%}% u a{]s\lé)ﬁln%é)?gtshlcw’caar,eaﬁwgsphor us and
organi ¢ st sauc¢eurfephdspheaisi ang adgendtted slusiithm bkidel id the pyedemiclfanalganiccat ment .

The reactign m'xtdure. i 'S hea(t ed copnt i uousl,g up Slo_t,he crystallization

t enper at ur SHSHUE diESHine AsgRt (emRlatghiodBun ¢ mistyee; Hhmising end é‘i’aé*PSrabl y from
130C and 284}, ¢ ' tRe
crystalli z%ggaﬁ}tn%hgr@%g{rgp%egm{eg%%%%%@r@égﬁ? ig?&gdd&gpﬁgﬁhg?’ (Jlji me
rangi nif f rmenddining the mixtereat the 6y shadlizagion pereperatatel andfunden stibding fopat 0 12
hours, nost preferably. fr t 6 to 9 hours. The tenperature may be

i ncr eased g?rgo&,ﬁiggeoqff{:odﬁgirpﬂggﬁg?vg, ‘b\&%é\)’&??g arystals of théuous heating is

preferred. simlsa\lﬁm@bh@?hﬁeyn&@cummevé Gilefein ﬂkmhﬁépﬁgaﬁé& b{ 1§la CHA% l4ng
t d, nost p) r

heat - up. Preferably, e reaction is tunbled or stirr eferably

stirred. Tmelareppeesition within thp&llovwingitaagesed at the crystal i zation

tenperature for a pef,i%]ggegféll%%}n?narnﬁ@g@ﬂg lf%i)m 2 to 150 hours, the

crystallization tine on t'he crystallization tenperature.

Heat i g5 appl i ed for gigeri ALG! fiohiTB 0654 ggbisgq to 20 form crystalline

product. In a specific “enbo t, the reaction is kept at the
crystallization tenpehat ur aIf@f frRnPer:i @sla@fi from 20 to 60 hours. The

si |l i coal um nophosphat € synthesi s may be ai ded by seeds form a previous

synt hesi s and thy tarside 194 tanethpRmmalientbmposid Viean eabYRReaNdflite SAPO- 34
seeds. Hydrothermal treatnent be carried out wwth or without agitation,

Y . : L
for exanpl BVSBIQY, the qraaie, strycuss dirgelng ageniis igraethulagiwaaniym hydioxids hori zont al
axis), but isp ; i i L i d.he
m xture is stir ‘rTgélﬁ&%‘%ﬁ%?ﬁﬁ?@%“%’g%ffﬁ% f’fghﬁggts r{t%&%&@ﬁ%é{%ﬁ?m xture
to the2@rygecd ¢atadptid parfarmapensan prosessesifol arakingel¢fer produas fromyaat al | i zat i .on.
WO 02/ 070407 PCTt/ ysegi2490§334 12 ??lgl Cﬂ(ltlﬁ%ﬁ t he crystalline nol ecul ar sieve
product i sOPUHCANG FerdStock, sheh s 3 frrdu FENSBFBYy st andard 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 resul Br 1 r. crystallization process, the recovered
nol ecul ar si eve [ .t hin [ af .l t a_porti.on of the
tenpl at e used. F@P&gr ?&agmbisﬁéwgﬁgégg?@aggéglrffr?‘iﬂ"fa TS LTINSTEIV R he
tenpl a2%, pindes haviigvarions ABICHAdatis; renoved to obtain catalytic activity.
In a preferred enbodi nent, activation is perfaornmed in such a nmanner that

‘the tenpl ate isTiFoeePYYT BaXHR diffindion paptersiab g silicoglumanaphasphatet i ve

catal ytic gi W : L Cr L PN $H Si eve open
for cont actﬁég\rféﬁg\%&@gg@?{l%ﬁ.&meac I'vatl or}ﬁgggos(/:gg‘?ﬂqg& Wa@él |y

“acconpl i sheithudated diffractiongnattems Esrsetetgrawvh phiseshavingg varpusWBHOHA FatidseVv e
conprising the tenplate at a tenperature of from200 to 800C in the
presence of an oxygen-containing gas. In sone cases, it may be desirable to
heat the nol ecul ar sieve in an environnent having 15 a | ow oxygen
concentration. This type of process can be used for partial or conplete
renoval of the tenplate fromthe intracrystalline pore system In other
cases, particularly with smaller tenplates, conplete or partial renoval
fromthe sieve can be acconplished by conventional desorption processes.
The crystalline silicoal um nophosphate nol ecul ar sieves of the present 20
invention are typically plates, platelets or stacked platel ets. These

pl ates, platelets of stacked platelets can be seen as flattened cubes with
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distillates. The silicoal um nophosphates of the present invention are
particularly suited for the catal ytic conversion of oxygenates to

hydr ocar Wom@2/0d¢@or di ngl y, the present invention al so rel ategasonom3sret hod
for maeking an olefin product froman oxygenate 25 feedstock wherein said
oxygenate feedstock is contacted wth the catalyst of this invention
conprising the nol ecul ar sieve of this invention under conditions effective
to convert the oxygenate feedstock to ol efin products. Wen conpared to

ot her silicoal um nophosphates under the same operating conditions, the WO
02/ 070A07 PCT/ US02/ 03334 14 sili coal um nophosphates of the present

i nvention exhi lHigurbBghews DEFRM didiulated iffradgidh pat@hi GSthe 38 P 90lHmGe T EVer
“by-products. In this process a feedstock containing an oxygenate contacts a
cat al yst donptargiong phates hayiag ypagussABY/EeHAratios,eact i on zone of a reactor at

propyl ene.  Typirdair 5o R ECHEGIAR Ve LoftRe rERP PRI e

cat al yst cogleculdrisicyetabordink &s theasivenition obidigs s eJEOY JERRERI0FFitld vapor
phase. Alternately, the_process may be carried out in a liquid or a m xed
vapor / Pi qinspemseannediiestren Micgsessope,jusingarmpagnifieation of 26,000 tweslatghase or a
m xed vap&g{t%éeo&iﬂkeqhase, different conversions and selectivities of feed
10 to-product®my result dependi ng upon the catal yst and reaction

condi tions. | nRigurs 4bxkaenaTEM piowes sf Dorystaltimesiicoslugfinophoghategeneral |y be
produced at a wi de range of tenperatures. An effective operating

t enper at urRlsaySIvsscEEding dodhsppyantiongand; o '700C. At the | ower end of the
tenperature ra HEBRB; : i : [l may becone
mar kedl y sl ow. ﬁﬂ\?‘-rte Tﬁgﬁﬁ%g{er endr‘]j(l)f?lfatC %‘g}?%%%tﬁi eérpp;éejsrlgéoglédelﬂlp gﬂgg?ﬁ%tie process
may ndf f onoleauarepivieranenrdimg tmtheofvantion and, byAvayogfeoatpanspnt oflddiOat ur e of at

| east 300 i e o a preferred enbodinent, it is
hi ghly degq@gfseéj?@t@a@rzgwéggto{ﬂmgggéﬁ%& of at |least 300C and a
Tenperature Corrected Normalized Methane Sensitivity (TCNVS) of |ess than
about 0. OXfutaidED | g .about 0.012, nore preferably 20 | ess than
about O. Oﬁtﬁ"rﬁ ﬁ?ﬁﬁ@%‘%i‘?‘%‘%ﬁ‘é?ﬁrred that the reaction conditions for
maki ng ol ef i n fTemreseygenaitengeates icesilicdiibiinophaphite astleaulbwuieve0 hr ~

pr oduqi ng ol ef.ins apd a TCNMS of |ess thap apout 0.016. used_herein,
TCNVE 'P's FOTPHEWBAS | AHOTRGPIHEF T BN AE ChEIPCREr BEYSSNAVPENKERALHEA ¢ he

t enper at UrfBantSvdrR $fpeb RerdQQ4id intB@roWPphate #8§ ANRET/AIA RRioBriHASop Product
yi el d divided by the ethyl ene product yield wherein each yield Is nmeasured
on, or is Sé%\@e%@bla&dﬂermmdibg'tﬂﬂ%malyswm thh powderpéray diffeaction400C or

greater, t T i fined by the foll.ow.ng.eguation i.n which T is the

aver age t é’%ﬁ%’r"%}l 2ol 3R B i sl b i RS Bl ety 02/ 0351

15 NVS TCNVB  Tnfetdrowa Bidiéctlid sieve bHas4 hre Hisor@dred pldnar indef@owity oFary over a

wi de range, i ncludi n% aut ogengus pressures. Preferred pressures are in the
i

range 28f ~ apRIasuley sigvs tramexaiis. Ve 1ofea tothen CatdogrefRisprdered Zegliter ange bei ng of
f rom about | . i oL . | usi ve
of any oxysélg%tdégsgi %@gﬁﬁnugﬁtéh Mgﬁgy g%ﬁsstmpg? go HJ'?I(I)IQ{J)&? ﬁg{hgz?t?lﬁl gﬁl&%?essur e
of the oxyipehta Assoomtion atktozhel! Collegiian of Simuldted XBD PowderfPaceiat figk. The

rocess ¢ e rri out nam ¢ system.0 ny, s m usi ng a
\F/)ari ety OQ?BEFHS ﬁﬁg—gﬁg‘fy %@Jﬂ%&z‘ﬁgﬁls’f%@ﬁ?dﬂféﬁ" B%tséﬁ‘?e%m’}éfgﬁg tlﬂfgeij. gI t is
parti cul ardpiclRe CottthiSsibP o8 IRERatidifal ZEARE AR dMtRnTeSa Atailliqgdh space

velocities. 10 The process may be carried out in a batch, sem -continuous
or cori nuxpknitigrhonintergiownonoleadar steve phesesonducted in a single reaction
zone or a nunbgi oi reagt“if.on i.gnes ar.rgn%ﬁd i,n er*"hes (ﬁr in parallel. The
conversi on of x?g(j’ NERAS '2)“81 UHELBPRF soridgrear"b Lo Wn% Sied out in a
"l arge scal Singathllydigoidlered sehthies sk pb@ddic didlefing idEmehsibRAetsqhad NCl udes
fluid bed 15 reactors and concurrent riser reactors as described in "Free
Fal | Reacttbree; i.q=in v, P8 PorerEdiensions.nghis phenamanpn ineplled stagkingispi el , Robert
‘E. Kriegerg; - ghi J977 . i . i, d Lrety herein by
refer ence.dlgdégﬁq?gkrg%@ycl}%’u%% ‘ztr"z%‘r" P%ﬁ@lﬁﬁ@ﬁ g§.|®%§§p§%fJ%§9Mbe used in
t he ca@verfsom Periodic dnbldingdénitsiavé cabed epd-enenber Adudads ifPperiadid o?d?riﬁg fis
Reactor", Fluidization and Fluid Particle Systens, pages 48-59, 20 F. A
Zenz and D. F. & hno, 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 exanple fixed bed or

novi ng bed systens. The commercial scale reactor systens can be operated at
a wei ght hourly space velocity (WHSV} of from1 hr'' to 1000 hr'. In the
case of 25 conmercial scale reactors, WHSV is defined as the wei ght of

hydr ocarbon in the feedstock per hour per weight of silicoal um nophosphate
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One or nore inert diluents nmay be present in the feedstock, for exanple, in
an anount of from1 to 95 nolar percent, based on the total nunber of noles
of all f eedoznm4di | uent conponents fed to the reacti on zorer/URppos334

di luents include, but are not necessarigly limted to helium argon,

ni trogen, carbon nonoxi de, carbon dioxide, 10 hydrogen, water, paraffins,
al kanes (especi ally nethane, ethane, and propane), alkylenes, aromatic
conpounds, and m xtures thereof. The preferred diluents are water and
nitrogen. Water can be injected in either liquid or vapor form The |evel
of conversion of the oxygenates is maintained to reduce the |evel of

unwant ed b3chisved ircalk thresodimensipem Pisordered struetnresjarctiossudliere therstdokingi gh t o
“avoid the r ' i.I I |.s of. recycling. of

unr eact ed %eggg-g&s%ﬁh%g 312) | on‘?llld’ri‘lJl t’r?ﬁggg‘%g&%@&%ﬁéﬁ%&'g OfEnogLR \’/\F\t@ﬂ&lc
,conver si onstagknesSseljnéved. 00 nol to about 98 nol %or Iess. Recycling up to as
much as about 50 nol % of the feed is preferred. Therefore, conversions

| evel s whi ch achhemelesplansiginsiof the presenbinvaninmare dispysierethplananbout 98 nol %

and, desir 0 ) ... 94 t 8 0 .However, it is
al so a?cep‘?‘g{{%ﬁg“{ﬂ% %c%?g@émggrn%rc tsul(gosn e %@9%&(%% é%d’lﬁ%ﬁ eﬁﬁ'l‘ in order
to sinplifin Zdotitas€t9l))j Vig. pr,ppessi-66Xd@eritihg tirostvetusé ohmiofeciR Bietésned usi ng
a nunber Of'FEﬁéﬂOdgéﬁgi liar to persons of ordinary skill_in the art.

Exanpl es i Wifludd an framgyork,pes 95 AE] and GHAs the Renodiy BuitdirgyUsle or nore
of the fol I -NBie & i ; S ol e (i.e.,
VHSV) - | evilt o8l shofing RO IRl SERA B B aRe P ek Be® Lt al vt

re- ci r cul aidentical txeeps'thdds fheanineathage of 0af (1807 fitativm; abblithé prde aormdsi ti on;
and ot her paraneters which affect the conversion. If regeneration is used,
t he nolVecuPEPIrEyr eperatign perpendieusy tpdhecplane paimal) Wheatlaysaselthe sametyipevi ng bed
to a regen i WEESE id al r anpl e by
renovi ng Cﬁ‘?ﬁ%ﬂg@g?ﬁ?ﬁﬁm er'?hll'% a%a?onﬁgabbglgg‘%ﬁe%ﬂ?wpg%;i:ssg%eﬁgfateaé 02/ 070407
PCT/ US02/ 0981e4 Idyérsc'aftitand Mb "radteatans) $¢ labate the frangevpsrk ftgrer £FI i gonstategnt , t he

cat al yst iihsub' ect to a regeneration step by burning off carbonaceous

deposi ts alBeMAIesHBESIAYTSi A i Peseabyeriqnate riade ot ackingsiof layersyan an

feedst ock apNPKiLE Esntaih rbBER of YA AWK HPERAY 'mi&mm&ms at | east
one oxygen atorﬁ such e{sﬁal i(|)ohati c al cohol’s, et %rls., car bony C(grrpounds

(al dehlfdestypkeEastechanga ol to AEIdTatsewark ttpensie stgcking tisosienonplanee | i ke) .
When t he Oﬁl enate is an al cohol, the al cohol can include an aliphatic

noi ety hav g'froml to 10 carbon atons, nore preferably from1l to 4 carbon

atons. Repr esenpaiférdlyathe atvdécaldr Bielesr the invarkton ss RS L ABMOHA rdtideft ed to
| oner straight and 10 branched chain aliphatic al cohols and their

unsat ur at efoBAPRPETBAq 38/6%mers PraferablyStam abaus 8(52te 8WAb ceveampseinds i ncl ude,
but i.1d X ; . "l . &4 - C20
o conol s, Riefariy Eibal ouf PR 0367 ShORMRera B R 0 10BARD IBRDE L O

et her ; 20 or dekbaahydiby DIFFaX hydlysisubiap sliepowtienXtday Idiffattionepattemeadfiac aci d; and
m Xt ures th(i. Preferred. .ox genatgoscégrrpou ds are net hanol, dinethyl 15

r.eof .
ether, or SAIFSY sameple pEsal F‘.l’c_ EMHSE E‘Fé‘i eplSigy_nat e conpound i s

met hanol . The piPHRLAse SHlery¥Rifd Woth andt Hihitd) iﬁé@%{&ionfammmmﬁﬁate o
feedstock by contacting the oxygenate feedsto k wmth a catal yst conprising
a sil i coal dfragismqpapkes cequires Aratplityste simulate ¢lret ¢ffactsinfstaghiog diserderyt i c

per f or manc ich is reflected by, a selectivi to, gt hyl ene and propyl ene
equal to om%fseﬁcwﬂéﬁ(’gf%{n oéaa‘?ﬂﬁ Wﬁ'ﬁwag‘f%éwgﬁ!ﬁ){ 8311&%8%% ene ratio
equal 29 OfntéHsaals Sfont Bystald. coRtadiifl Planar fadlsqSded MINIY. TRCH &Rgne equal to or
| ower than 1.0% The nethod of making the olefin products froman oxygenate

f eedst ock PsarepdingLefahe Reyalddiemienh §pcistyebordonnAKil At Vel 833 perdfS% f eedst ock
“from hydro QL . C 1 i and natur al
gas. Met hoggé)?g?ﬁﬁai%q%tgh%%gg lé)l)%?/%neﬁgégr# %é%gﬁ%}%k?%}?%ﬁ@%gﬁgﬁﬁgt he art. These
met hods i nehtethatibreal @eslita tAsestiitipnab cinnslhte die XRDegowden [sattegnssionintegiowrgas, .

“t hen converhi ngﬂ%he synthesis gas to al cohol or ether. Synthesis gas can be
produced byh#ssdRhzelitisdsese LallecHomet Simulated KRB} Powider Patteras Fsdeplites'ef or ni ng
and partial oxidization. WO 02/ 070407 PCT/ US02/ 0333~ 18 One skilled in
the art will also appreciate that the olefin products made by the

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

pol yet hyl enes and pol ypropyl enes. Processes for form ng pol yolefins from
olefins are known in the art. 5 Catalytic processes are preferred.
Particularly preferred are netall ocene, Ziegler/Natta and acid catal ytic
systens. See, for exanple, U S. Patent Nos. 3,258, 455; 3, 305, 538;

3,364,190; 5,892,079; 4,659,685, 4,076, 698; 3,645,992; 4,302, 565; and
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random di stribution of the |ayers. Such cal caul ati ons are used for
statistical purposes only, and do not nean that the true~nature of the
mat eri al weonewmswsarily random The sinulation diffracti orCpaishreasss wer e
then conpared with the experinental poyder XRD diffraction patterns. WO
02/ 070407 PCT/ US02/ 03334 20 Table 2 - Input file used to sinulate XRD
diffraction patterns with D FFaX. (data Eile for Random AEI - CHA
Intergrowths - Starting froman AElI Unit Cell] (This file is for a 75%
probability of a transition generating CHA-type cages) ( and a 25%
probability of a transition generating AEl-type cages}

| NSTRUVEN BALVI B¢ d dErehoy andnkB ridigeimis 52004 eEourtinB diti B ublishedatebeNalf af/the

"diff ti 101. K418(.X- | t h} PSEU VO.GI 0.1 -0,036 0.0090.6
(1 nst 1 ure TR GamBHRIG SR HRe ot Z5aHae Rl s A Dot e ur
_section) 13 febletic W?ﬁ‘%’ ﬁm?&@r&ﬂfbﬁasé‘s%f'%]%’@m, RALEMIPKFD as fég Ay

0
ganmma) 15UNKNOWN; P1- coordi nates given)2(Layer 16 Layer 2}infinite;
Layer sar e K.&8r killgiudeetiah in Hudiepin Surface Science and Catalysis", 1994, Vol. 84, pp.

pl ane) LAY 0. 8854100. 9518500,.1685201. 51. QA11~' 0. 3854100. 4518500.
168520%. 5?%%%%@%%@@6”“3%&% ?ﬁ%%&%@%ﬁﬂi‘l‘ﬁb&é&@%’&ﬁ F@l@%ﬁgﬁ- . 1685201
. 51. 025A12} 8e384 6RADIARPARAs s MLkl e@MbAROcAA1E20%s 5B08Fese@594701. 51. 0
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2792000. 4051B0-Figat2 004nds 1h Sekdihe Finol 00 diffraaEopaDEHs Sbthirkd foP4G0. 2792000. 6
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400. 0628501. 51. 040P540. 3862500. 2630400. 0628501. 51. OP510. 1196600. 9625300. 166
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8700. 942540r1k325 2080 arRQTHD AEATIR A2 Gigutd 26 AWk ABIQioh4 16500. 17B1
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098500. 4785000. 1684603, 01. 001230. 9901500. 021500- . 16B9603. 01. 001240. 4901500.
52150020, 16@flea®non tex A% 024.2 420 0engs Fo7 evample4if 08 ek oohe 20.56491200. 3639200

.1249903. 01..001: 3, "' i 0. 8558800, 136080:. 1249903..01. 0 B00. 636080-. 124
4903. 01. 01(28] 721ge bavary 9@@6%%@8%6%@3&%%@@%@38%@6@?%%@@83%5_ 8500, 0677103,
01. 001430. 7021, - 7383. 01. 001G
10.81458ooé%g%ggg?gggéggg%ag%%%%gg?%E%Q%%Q%%%égéﬁggggﬁgg%%f%ggpé%@%cncBo.18
54200. 6564200520 NAGGkz&ionDIG4tkiSALRE All0 56 A2 Bl GITBASG Bdwea@L710. 1365600. 1
69180- . 1281103. 01. 001720 8865600.6 91;@-.é§§1103.01 020C&73%%§339400.830820
0. 1281103, Siffrestipn potterna afiibe nerssty & an Yoy shilgetioneak @t sgeymeR vana110- . 00010
03. 01. 001820. 7936000. 483110- . 0001003. 01. 001b30. 7564000. 0168900. 0001003. 01. 0
2501842 2564000A6 13900 06 81 sasces. relatise v G299 tle WiEyzovn Phess8uscan]. 0015 G
-0. 34249d0. 4493500, 2566803, 01..001550. 157510Q. 9493500.,. 2933203, 01.001560. 65751
00 42635000 B AR I TRS ORI IRTROTGREAD PERRS, T Beot ERRAC Fansi b %2 0 nT s 6.
6145900. 453850Qnd AR Gredhle mlinAsity of other peaks, for example the peak at about 20 =

"5A1150. 8854100 04B1500 1688501 51, DAL TS0 3854100 5481500, 1685201, 51. 0AL250.
11B3800. 2304800. 0594701. 51. 0A12Q0. 6183800. 7304800. 0594701. 51. 0A1~70. 8816200
. 769520- . 0594701. 51. 0A1~80. 3816200. 269520- . 0594701. 51. 0A1s50. 7792000. 094820
-.0512001. 51. 0A1' i G0. 2792000. 594820- . 0512001. 51. 0A1370. 2208000. 9051800. 0512
001. 51. 0A1380. 7208000. 9051800. 0512001. 51. 045P450. 2208000. 101060- . 0556501. 51
. OP4QD. 7208000. 601060- . 0556501. 51. 0P970. 7792000. 8989900. 0556501. 51. 0P480. 27
92000. 3989900. 055f i 501. 51. 0P550. 88625D0. 2369600. 0628501. 51. 05

0PSQ®). 3862500. 7369600. 0628501. 51. 0P570. 1137500. 763090- . 0628501. 51. OP5HO. 613
7500. 263040- . 0628501. 51. 0PG50. 8803400. 962530- . 1669201. 51. 0OPGR). 3803400. 962S
30- . 1669201. 51. 055PG70. 1196600. 0374700. 1669201. 51. 0P680. 6196600. 5374700. 166
9201. 51. 007C, D. 8318700. 057460- . 1325203. 01. 00760. 3318700. 557A60- . 1325203. 01.
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Ludox AS 40 (40% silica) were added and a hazy sol ution was obtained. Then
799.09 gr of a tetraethyl amoni um hydroxi de solution (35%in water) were
added 10wobhom4dmurette and when all TEACH was added a cl eam/usot/edsson was
obtained. To this solution 258.29 gr o§ alum na (Condea Pural SB) were
carefully added and al so 42.45 gr of dem neralized water. A slurry was
obtained with the foll owi ng conposition expressed as nolar ratios: 0.1

Si 021P205/ A1203/ TEACH 34 H20 15 This slurry was m xed until honbgeneous and
transferred to a 2L PARK stainless steel autoclave (T316SS) wth a jacket

wel ded to the outer wall. The reactor is heated by flow ng heated oil from
an ext er ndl7.G3emditheshoutder at26ct1gh2t Aetergronvh phases withAE/CHAI natiessof st eel

“stirrer cansists of a i_nat i of a standard PARK anchor stirrer and a
ot andar d_ 0019 478 %w%iBMW hioaf deaue centpied ahabaut 168 GDm dur i ng
20 crystallizatgd; YRS di y urs to | 75C. The

aut ocl ave was lyé%{}eg;mﬁ?g{eg@@éfatur%lh?%ctrn%gghﬂ%rﬁpgg After cooling to room
t enper at ursdjcotluemisdphosphaveascovditpatd thepresknt éceatich (Samie By ardi, 5§ magiof on

tt t aken. A dj. to DI FF | ¥si.§ .t AEl/ ti 30/ 70
Do | B S, #oCED ek eh oh T DD 40P Seftbes s oo 14,
The sanpl guFihiRe op @@B/vs@%*%a »(Lenags BEFFRX sit{tbdtéd aﬁra%ﬁggvﬂsge% forA sol ution

of 434.19 gr of phosphoric aci 85% 1 n water) and 347.
de- mi ner alintesgtowths evithwesying Add/GHRA aatmisx Theydiffoadtion Petterhiof MEO-RUWR 28. 25 gr

f WD 02/.070=107..PCT/ US02/ 03334 S 40,.(40%s] i dded
Ohd & hasRarn s ramrared IR GHabRs dpgtes RS A BT oot um
hydr oxi de ebrdingQ8 tfe3r¥ehNinvedtRinhadah AFAIEA rid & /BN ARTEHARGivGen al |

TEACH was added "a cl ear solution was obtained. To this solution 256.08 gr
of al Ui nd.3Vaend dat MIFQIRISB)3 Mdras ap AHEICHAyratieioe /3¢ AEKIHA o 6f t he

ddi ti i f 0.7 f SAPO- 34 {n 10 f
Sem! nle(r)2I %@S%‘W !f#g @éég’r%%i%%h?ioc(?ﬂteﬁeé’pﬂng‘ﬁagﬁféphnan u?[ r g- soni c
bath for 10 m npeascoafiniRoghdsfiatdlof dhe S8 éﬁt?ﬁ@ﬁ’tﬁdn_zﬁg cH@h&érizegby added to

s
the m xture. A slurry was obtained with the follow ng conposition expressed
as nol ar rppvdes XRD diffsha@pa pROGHA0PEEET BaaHidlédadtennacibatioh and% SAPO- 34

seeds 10 Thi s,.sl ur,sy, was xed .until, honogeneouys dtransfecred.to a 2L
SCar vl o0 BpRIFE BarRR ot Siilifllon, nAREE HIBRLH EAGORE DRHES 955" 0 2
duri ngscr y2bptante & dhetvn if MabRut ocl ave was heated in 8 hours to | 75C. The

aut ocl ave was kept at this tenperature for 36 hours. After cooling the
autocl ave to roomtenperature, the crystalline naterial was renoved from

t he autocl ave, washed and dried at 1 ﬁnd an X-ray 15 diffraction pattern
was taken. According to D FFaX analy ©lthe AEI/CHA ratio was 30/ 70
(AEI/CHA = 0.43). The silica to 4l upg @K al ratio (Si02/ A1203) was 0.12
The sanple is hereinafter identiflied as Sanplle E. Exanple 6 20 A solution
of. 184.36 gr of phosphoric acid (85%.8r%&atel) and 176.29 gr of

de-m neralized water was m xed i n—a—>xHg—bowW . To this solution 13.33 gr
of Ludox AS 40 (40%silica) were adﬁ%a'éﬁ@ alhazy sol uti on was obt ai ned.
Then 373.79 gr of a tetraethyl amoni3igrg@ oxi de solution (35%in water)
were added with a burette and when all TEAOH|was added a cl ear sol ution was
obtained. To this 25 solution 12Q. 825.§r 16f1 alfum na (Condea Pural SB) were
carefully added and al so 31.42 gh-e?—ge—gLne4alized water. A slurry was
obtained with the foll ow ng conpasi Tdn! fpressed as nolar ratios: 0.1

Si 02/ 0.9 P205/ A1203/ TEAOH 35 H20 [ Y¥o0456070407 PCT/ US0210333:1 27 This
slurry was m xed until honogeneods and.-transflerred to a 1L stainl ess steel
PARK aut ocl ave and the m xture wds 20.i5r-28d at| 170 rpm duri ng
crystallization. The autoclave mes—hﬁgLﬁg_Ln_8 hours to 175C. The autocl ave
"was kept at this tenperature for 482hdurtd0 Aflt er cooling to room
tenperature, the slurry was washed—anddried: 5 X-ray diffracti on data was
obt ai ned. According to Dl FFaX anal ysis, the AEL/CHA rati o was 20/ 80

"(AEl /| CHA = 0. 25Yhe XRD diffractimntpattering nf tha intetgeown phases ¢FABPCAA2Z@8)rdmgs 0. 16.
The s le is hereinafter identified as | e. F Exapple 7 10 sol ution of
211, 528t TERGSEHARY SR pif Aas-P ALY s hsepss Ohprags inPe a8 7 ner a1 2ed
water was mxed in a mxing bow. To this solution 26.75 gr of Ludox AS 40
(40% silica) were added and a hazy sol ution was obtained. Then 750.35 gr of
a tetraet hyl ammoni um hydr oxi de solution (35%in water) were added with a
burette and when all TEAOH was added a clear solution was obtained. To this
15 solution 242.S9 gr of alum na (Condea Pural SB) were carefully added and
al so 39.86 gr of de-mneralized water. A slurry was obtained with the
foll owi ng conposition expressed as nolar ratios: 0.1

Si 02/ P205/ A1203/ TEACH 34 H20 This slurry was m xed until honogeneous and

Y v o ~ 1 o - o o, NN O PNAPFPNIYZ o




WO 02/ 070=t 07 PCT/ US02/ 03334 29 The conbi ned et hyl ene and propyl ene product
sel ectivity and propane selectivity are shown in Table 3. In this table,
sel ecti viW@021&78#dy t he wei ght average product selectivity B€Tasgi/amsss product
or group of products mwth respect togthe weight of methanol in the 5
feedstock. It is calculated according to the follow ng mat hemati cal

expression: Sm= ~i (Smi*(MeOH conv)i*(OveOH gr cat)i/E (MeOH
conv)i*(OveOH gr cat)i where (Smi is the mdpoint selectivity of mduring
time on streaminterval i; (MeOH conv)i is the mdpoint conversion in tine
on stream.interval i; 1

0 (~I\/EO—Vgr cat)i = the anmount of nmethanol fed per
gram of cde& (#8) range prrytheiahsense okanyerard feeireeantered ay abouk] 62(20)i Ai es wer e

“cal cul at . i s Tap , | i f
Che pr aselpaibr SAREERMR i Hrefingd BCA Feak i IR T L W s ) K5ty e Kbé s "ana ©
_produce f %ﬂe%i:idﬁagzﬂ@i@lliﬁé $7.7L 08130 Pradge hire rﬂeiatise!irﬁaﬁsiit\{fgﬂghs&in?rﬁ ﬁap[) gssed

as percent ages. ving now fully described this inven ,
appr eci at &di, pyeferablydesiednl (eHand0.8 hwvithrespebtiad theveflectivmnicakat L% (489 iper f or med

within.awd ange of par t e i fhin what is clained, wthout departing
from tRe \iﬁtﬁ‘ﬁf‘{m A PakgR Ot SALCHAS 2l tien patteqys hesnanaymelizedte tyso2/ 03334
00>, ~DO~0Cs; gﬁg}@} =00~ C ] ., ~~00000-Cf'..r ..-.
205 von ey AR e R i e R T e o 1 2o p

. H~0000~00 ChMNFigar©3 illtdifates théeWdlution of these XRD features in the 15 to 19 (26)

mhl ~[ ~1 ~1 ~| ~C | ~Q00~M-000~V1IMONN-OO~-NME . ~
r~~h' ~t d~fange\ap ABL/CHA- mtiog oR P4 0N (GHA end-member), 10/90 (AEI/CHA = 0.11),

r MMVIVMVIVN xd Y A 00 5 TpiEn = .. 0N
000c0000. %@j ~=~~p~ _"(k}% g ~~~V%mfg@é7— QQ)OS%@OU bn e~ G
O . a WO i(AEI/CHA = 1.60)\wnt 66/40(AZ/NHM N 13D). WO 02/ 070a07 PCT/ US02/ 03334 31

CLAIMS: WE CLAIM 1. A ?i | j coal um nophos&rha_t e nol ecul ar sieve conprising at
| east one i nt er §Po¥HCRIYRMORhGsPhE Malepular sieves, Afghe Reseny invEptiothd  CHA

f e PRESETY > of 1
Larevor & SoBRRe sIBRY BheiR b i RLO6) AliedllaifveE ickabig O from

about 5/95 t S determn aX anal ysrs, using
X-ray dif ftreaCHAomopatkesiavol SARMDE ¢ iand thesdfipheleailassdévd is selected from

silicoal umg no S e | ecul ar si .. 10 The silicoal um nophosphat e
mol ecul ar %ég'g%oﬁl@bél 4:‘1?)’1*‘, mW‘i‘é’P@? ﬁﬁégﬂﬁ ?ﬂf&%&dﬁﬂ%ﬂﬁ%@@%@% aﬁ AEIIO/ CHA
ratio18f fsnREkRBARNSphOsHAtdsDf I ;Fr@senginvgﬁfonsﬁalvbﬁ@ﬂfcﬁ% DRRARSRBAL faridP! ecul ar

si eve of any of the preceding clains, erein sald intergrown phase has an
AEI | CHA r 48iQp/42@3)5anging fromd). Obtot (2 R Biaas prefeably fine0.62 Ite ©.36) avenophosphat e

nol ecul ar si eve of anfy of the preceding clains, wherein said intergrown
phase has Taefe Resferabiy fram 0939 OfiPomostsetierablyotiom . 3308708 Thesilica to

alumina molar ratio (Si05/Al703) 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, a reactive
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 mixture;



5. The silicoal um nophosphate nol ecul ar sieve of any of the preceding
clainms, 20 wherein the nol ecul ar sieve having CHA framework type is
SAPC- 34. W8) 0217@405i | i coal um nophosphat e nol ecul ar si eve of PaSEX/0385ue
precedi ng clains, wherein the nol ecul g sieve having AElI framework type is
SAPO- 18, ALPO- 18 or a m xture of SAPO 18 and ALPO-18. 25 7. The
sili coal um nophosphat e nol ecul ar sieve of any of the preceding clains,
wherein said silicoal um nophosphate nol ecul ar sieve has an X-ray
diffraction pattern having at | east one reflection peak in each of the
followng ranges in the 5 to 25 (2A} range: WO 02/ 070407 PCT/ US02/ 03334
32 2A (CuKoc) ®)hixing.afid heatihg-codfimibusly. the midtdredprépared atkbepla) bf to'the 18. 1 18. 9
- 19.1 20.5 - 20.7 23.7 - 24.0 8. The silicoal um nophosphat e nol ecul ar
sieve of AR¥Ptadiizating tempRIaire g cl ai ns wherein the X-ray diffraction pattern
has no reflecti o : ' e
“silicoal umi nopﬁzg1 Sﬁgﬁgldﬁgrégﬁ’f@?&é?l%v%%é?ll%ﬁ)@]ot%ﬁp %gmf)?%@elgl;ﬁﬁgs% ‘&P s .
wher ei n t lfier Xpernd ofitider efcftorn @ tp4§@ bourshas no broad feature centered at

about 16.9 (2A), 10 10. The sil.icoal un naphqsphat e | ecul.ar sieve of any
of the%pr ecedi B FEPYFMRE C"\Xﬁééé’lfﬂ’etsﬁécora ‘E%FE oé&%ﬁgﬁicﬂlafﬁﬁvelr 7 - 18.1 (2A

) range has a n@lepdih iR ﬂa%@t@%@répﬁrelaeatt‘é\ﬁfﬁ) Qasoa,gmaﬁgc&nﬁ&iﬁﬁnt»bitﬁiﬁﬁlﬁ’@m to the
reflection peak at 17.9 (2A) 'in the diffraction pattern of SAPO 34, all
di ffracti dollpumngeangesbei ng normal i zed to the intensity value of the

refl ection peak, in t 0.5-20. 7. (2A) range. 15 11. The

silicoal um nopﬁ)@gghapﬁzééléwl a6zl g‘i ﬁéel of claim 10, wherein the reflection
peak in the 17.d¢n- 18,1 f e relative intensity between 0.10
and 0.35 with rse‘gﬁec?“?ggf@emre 'elc{biao(g)'%ﬁbeak at 17.9 (2A) in the

diffragtion patlgggn :q§|2§APgb§410:12tg 40- MO 02/ 070407 PCT/ US02/ 03334 33 12. The
si |l i coal um nophasphat e n3| ecul ar sieve of any of the preceding clains,

wher ei n t hgdshd lefmpldt@isH teiFhdiRylFRMdniunRtoRpdudld02/ A1203) ranges from 0.01 to
0.25. 13. The silicoal um nophosphate nol ecul ar sieve of any of the

precedi ng cl ai risefesblydhemixtengprepardded step ahhasr malapeempositian withigiton/ A1203)
ranges fr .20. 14. The silicoal um nophosphat e nol ecul ar sieve of
any of thce}m[%&‘g%édl&gr)ﬁfgbl aims, wherein the silica to alumna nolar ratio

(Si 02/ A1203) ranges from0.03 to 0.19. 10 15. The silicoal um nophosphat e
mol ecul ar sieve of an Cﬁf he azr_ecedi ng clains, wherein the nolecular sieve
i s corprised off2Q5ystAlROnEomtidio Iihielets or stacked platelets. 16. The
si li coal um nop hat | ecul sieye of clai wh i.nt \yerage 15
smal | est cryst g‘ﬁﬁsi Ne’ﬁl}l@énﬁ%’ (ﬁwlefffbg'gcluf"&#%r g{f’é%f fﬂ‘i‘%@%’é’@%ﬁ ni cron.
17. A catal yst rigi i1].C um nophosphat e nol ecul ar si eve of any
of the precedi nlggdglpai‘?rfg%nﬁggl ]E)Hn{ e‘ﬁﬂzo 18. A process for naking an olefin
product from an oxygenate feedstock conprising contacting said oxygenate
feedstock with the catalyst of claim17. 19. The process of claim 18,

wher ei n t he oxylyankibe uhderstobd ttaediemalan ratro hfisibea toadunainaelin the rgacbpmnol ;

i soprqpanol ; Ca -. al cqhol.s;: net hyl et.hyl. .ether;: di nethyl 25 ether;

i ot hyl0 RSyl TSRS 1 Suned Ramipr G R YRS B SRE R bonat o.

di met hyl kghefgis. acetic acid; and mixtures thereof. 20. The process of

claim 19, wherein the oxygenate is sel ected from nethanol, dinethyl ether,
and m xtures thEhewhctive sppyeg2f ofigemusedpeteyseppra®eaf g4 21. The process of

oY O el RS BOAHAERE e AR sl O

propyl ene Agroeill (dailhsle BsrnyDe@lsed), 4 tetaalkdl di¥osididate, [dtQinAGOERS Soltdidany of
clains. 18 to 22, wherein_the ethyl ene tOEgI:]Opél ene ratio is eg_;al to or

gr eat e t hsispensyon of sglicagfor example saeseld by Egngu Bentded¥emourgunder the  wher ein
“the sel ectj.yi pane is equal to or lower than 1.0% 25. The process
of any of ié%{daeltn)r{r'g%%éla?)g 24, wherein the selectivity to propane is equal
Examples of suitable hydrated aluminum oxides that may be used according

to the present invention include boehmite and pseudoboehmite. Preferably,

pseudoboehmite is used.



to or smaller than 1.0% 15 26. A silicoal um nophosphate nol ecul ar sieve
exhibiting an X-ray diffraction pattern having at | east one reflection peak
in each WO b0leoswl | owi ng ranges in the 5 to 25 (28) rangePCRASOIABEBL) 9.3 -
9.6 12.7 - 13.0 13.8 - 14.015.9 - 16.14 17.7 - 18.1 18.9 - 19.1 20.5 - 20.7
23.7 - 24.0 20 and having no reflection peak in the 9.8 to 12.0 (28) range.
WO 02/ 070-L07 PCT/US02/0333.L 35 27. The silicoal um nophosphat e nol ecul ar
sieve of claim 26 exhibiting an X-ray diffraction pattern having no broad
feature centered at about 16.9 (2A). 5 28. The silicoal um nophosphat e

nol ecul ar sieve of any of clainms 26 or 27, wherein the reflection peak in
the 17.7 - 18. Theosgamesipstuie directinglagentyalso ealleddemplateeisveetetra@hy)o and 0. 40

"with h flecti t 17, in the diff [ tt

of - Sapo sl tBrirEhof 1600 B8R nlhad oP byl ubOFum e Biddnai By
val ue of t(rBACHT), REhbml Agakniuth piBpkide Jetdlthy| ddMoniudi A8oridd tetethjne

si |l i coal um nophosphat e nol ecul ar sieve of any of claim26 to 28, Wwherein

t he ref| ecmmenipadiomide tggagthylammogum qhporide, tetragfbylrarmeningl agefatee i ntensity
bet 0. 5.4 h f | ' k at 17.9 (2A) i
tﬁewgies fra{\g:lgﬁtg’ﬁé%f)%? S’e%h\#%'?p]%%ég?@}f,e {hghélm%f)%ﬁn a@f‘%r%’%%gte ? er(rj\ls bei ng( )

normal i zed to tlherdetepsbing thedilicoaiminbphobphat&f dfahé inventian kheirBadting
20.5-20.7 (2A) range. 30. The silicoal um nogahosphat_e, nol ecul ar si eve of any
of clai s RRFHTAPDGINed bygnixiggdhereactivesoyraes ehalvaing, silirh2hatnharusiaadi o

Si 02/ Al2~ i J b LA | U - I j f :
0,01 to 0. BkrEyRRptereh RN DRRINTBI R £k B Bearhiehit ThE ARG 70
cl ai ms 26 rhixt#6 js daededontitidvaslyiup toahd aysthllipation temperatur@thaomaprdhge A1203) in

i d silicoal upi nophosph | ecul i f 0.0 0.20. 25
L L N T T R N
wherei n t g, '1504@}1& f%satupeegﬁrf%@é Rfthé %ﬁll&ﬁi&ﬁeﬁ#ﬁ%ﬁ%ﬁ 'i{&gﬁgh%

si |l i coal um nophosphat e no eve ‘ranges WO
02/ 070407 dagiddUB02 pe3aBdf tBte GBgingHmms ahdut 64b shrundp hosshareferabdy foml ar si eve

of any of ¢l aj to 32, wherein.the.no|ec r sieve is conprised of
cryot i | o) Gal oy PR DRI AL T BRRI. 5 340 The |
si | i coal um nophpsBAperatipt fGYbaindéR¥Estefwisd¥r &ntiaheisip B6wkr33, Wherein
t he average snallest crystal dinenstion is less than 0.1 mcron. 35. A

cat al Y&t cERpprIGishgatings preferesal Theireaspinn sptydedkenpitatia, tumbled enstirgl any of

clains 26 . ! . p. L] | ecul ar
si eve of a#}u?m%?he%.ﬁ%%%ﬁ%ﬁ, 11%5]%?'%%&@8@%&%@%8’ %’gﬁiﬁéﬁgﬁg{k %(rz%ﬁpri ses a)
Coh”bij ni ngda lreafp}tei t%mpsl_tagfre_ﬁtbénhmhinitaim,atﬂld(]?miliiiﬂiosﬂﬂhpﬁaﬁui‘e fthSpg_Or us and
a hydrated al ymi num oxide_in the presence of an organic, structure directing
agent 15 (REEIRAICKOBYE TRREIPG AL 11 LDouES, T cmssa?lh@tlaa EII‘IFé’&PF‘Ifgﬂg:@ﬁtqlhuousl y
the mi xt ur g, e eARffaftbn HrffRratirelHeks hiliof RS ol oF LR dlebiRapAL Ur e )

mai ntai ning the 'mxture at t crystal I'i'zati on ‘t enperature and under
stirri2fg fformarpealindprofludti ea gfecifrcembddinent,3he heaoticn is Z@pht theecover i ng

t al f ot il I i h hat I I i wh inth 1 Xt
S ionred sivutistien Eapean AR A A R EBBORSC he foll owing ranges:
P205 : AL203 ' roge QiiahuihopheRplacsh HnisisHaN L10TDPs@BBrchnipByiddy 1 25 H20

. A1203 from 10:1 to 40:1 and the tenplate’is a tetraethyl amoni um
conmpound. SynWesi92r by 6eniE oPaItusorslelda sicye, @nvempml i SAREH34 sredpr epari ng t he

nol ecul ar §j, eV cl al erei .crystal | i j. e rature is
pet ween adauotsBraliidtalnghay Mpaidd bl it il AR ShHRRBR

pr ef ergbl %tfrﬁ@?’bﬂ-ﬁ@r@lhg (Fbhiag the vdsel kbeutEohigenthaxif) Bpay preferdbe nol ecul ar
sieve of any of clains 36 or 37, wherein step is . carried out for a

b

period of $arted eiovith agitagor Fseferably, H@upefrurﬁrwiér)reﬁspgingﬁhemeém ERgBlied 6 to 12

ours. 39 1o e R LOMoA BB G9sthiligaB bl AlureLfME: Ble BRa 6f Cl al MBSO
the tenplate is y m?o

to 38, wherein tetraet anmmoni um co und, preferably
t et r aet hyl emymeattizatiorhy dr oxi de.



40. The nethod for preparing the nolecular sieve of any of clains 36 to 39,
wherein the hydrated al um num oxi de i s pseudoboehmte. 15 41. The net hod
for prepavoomgoé nol ecul ar sieve of any of clains 36 to #0T/08bE0383N

SAPO- 34 seeds are conbined with the relactive source of silicon, the
reactive source of phosphorus, the hydrated al um num oxi de and the organic
structure directing agent (tenplate). .Ar. A .A9 . AGE . A&, . A9. A9. A& Al

A& Al &R A9. A&, . A& . A9r. A9. A&y. A9 . A@. A& A& AY9L. A92 . A99. A& A9 . A9. A9l
AL, AT & A9. A9. A& A9. A&y. A9 . A& EEWS AA
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catalyst strength. When blended with non-silicoaluminophosphate molecular sieve
materials, the amount of molecular sieve which is contained in the final catalyst
product ranges from 10 to 90 weight percent of the total catalyst, preferably 20 to 70
15  weight percent of the total catalyst.
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 carriers; 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 is contacted with the catalyst of this
invention comprising 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
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11 10%@ 098 ( )I'nFih}Q)@ggén@e c%ﬁ‘\@régr@igbc@s, olefins can generally be produced at a

wide range of temperatures. An effective operating temperature range can be from
about 200°C to 700°C. At the lower end of the temperature range, the formation of
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 is 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 WHSV 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

_ (NMS) 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:
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U& () - 31086 most preferred range being of from about 50 kPa to about 0.5 MPa. The

foregoing pressures are exclusive of any oxygen depleted diluent, and thus, refer to
5  the partial pressure of the oxygenate compounds and/or mixtures thereof with
feedstock.

The process can be carried out in a dynamic bed system or any system using a
variety of transport beds, although a fixed bed system could 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, semi-continuous or continuous
fashion. The process can be conducted in a single reaction zone or a number of
reaction zones arranged in series or in parallel.

The conversion of oxygenates to produce olefins is preferably carried outin a -
large scale continuous catalytic reactor. This type of reactor includes fluid bed

15 reactors and concurrent riser reactors as described 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, WHSV is defined as the weight of hydrocarbon in the

feedstock per hour per weight of silicoaluminophosphate molecular sieve content of
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20 Howéver, it 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); level and degree of catalyst
25  regeneration; amount of catalyst re-cirbulation; the specific reactor configuration; the
feed composition; and other parameters which affect the conversion.
If regeneration is used, the molecular sieve catalyst can be continuously
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-
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109R8&& () - 109R&& () - 109R&& () - 109R&& () - _/ W5/ K4
109R8&& () - 109R&& ()- 109R&& () - 109R&& () - 109R&& () - dDW5/ K4

109R&8& (WA 02@RET ) - 109R&E () - 109R&& () - 109R&& () - 109R&& PCT/US02/03334
(, t TAWS/ 109%28&8& () - 109288 () - 109R&&' () 180%R&& () - 109288 () -/ K4

, 017@ RsS3wWV5/ 109R&&' () - 109R&& () - 109R&& () - 109R&& () -/ K4

109R2&& () - RVZ[ aj sSS3WV5/ 109R&& () - 109R&& () - 109R&& () -/ K4

109R8&& () - 109R&& () -S| 0S3WVE/ 109R&& () - 109R&& () -/ K4

109R8&& () - 109R&& () - 109R&& () - CBW5/ 109R&& () -/ K4

109R8&& () - 109R&& () - 109R&& () - 109R&& () - _/ W5/ K4

109R2&& () - Eooambes( ) - 109R8&& () - 10%&& ()-109R&& () - dDW5/ K4

10veas () 10968 (1 | 09RRL O ACIRES (1. 100888, ) AQURER () 8( L Thwiol 10%25a

(, - 3<ENSs S3udpl L MRS BV dnkivh qg/@@&néa 109R8&' () - 109R&& () -/ K4
109R2&& () - NRWY f 0SS3WV5/ 109R&& () - 109R&& () - 109R&& () -/ K4

109R28&" ( ) 1092 &&n (hesexaohes/tie Qiiffaptiaropaesis(Wer¢ fegorded on a

10968 1) %@éﬁiﬁ%ﬁ%# fobBEor e TR R USA) using copper Ko

1092 && () YAt He&darsiev é@aﬁggs%el&?@% g 5:?1 d kept
109R2&8& () - 1092&& () 10%&& ()-10%2&& ()-109R2&& () - 109R&&’ ﬁ‘"
$t T4W5/ 1omwr(eﬁrm&&u(g)toﬂm@&&v(n)gpm@@&& ()-109R&&" ()-/Ka4

$()/ 8AISS3W5/ 1 o ARREE (151000

1(()2’/62&&' ?) NGV s, BT R s ar ft?d’/é&}@“%‘% o ‘%‘)fo?’kéempefamfe to
109R2&&' () - 200488ade} 2 o &ﬂlﬁ%@éﬁ/ﬂ-m@&&f f9c ﬂé}(@&&te( JThé 'ﬁf}nperature was
109288 () - 109R&& () - 109R&&' ()- OBWS/ 10928&% () -/ K

10928819 ) - helksng.20¢°C 0o IR sihtps. 1TDEGEE §amplé WdSht(a-ted -up from 200°C to 650°C
109R8&" () - 10{@&& ()-109R8&8&" () - 109R&8& ()-109%R&8' () - dDWS5/ K.
109R&8&' () - m&rqsenfemo@ ey PRRute) bemewﬁbekﬂ@&é5@‘)(lwndmw\/5/ 109R&8!

Lo R SR Wi v

109R2&& () - GBERVurdeB3iti5r I R3@EETe) sabpi@ads then $60REH 200°Clafd kept at 200°C
109288’ () 10928&' () - hquyzoSSvWS/ 109R28& () - 109%R&& () -/ K4
10928&' () - iopeeysnt hydmgop gEhg hoteamply waspaxtransforred into the XRD sample cup

e ) HHEHEFAHIEH L e —

109288 ( Mlﬁihm@&@@}mmm feps. 109288 () - 109R&8&' () -t TAWS/ 109288 (
) 10%&& ()-109R8&8&' () -109%R&& () - 109R&L () -/ K4
"(1: CsS3wW5/ 10 poalgsie was pyed to dpterming theodBKEHA ratigaf the molecular
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9410988 ()- Y&O%&& ( Y F 1098& ()- Y fyl0%R& ()

S& 1109 R$| & ()-, &A| [ bU4/ Y Y310%&R& ()- Y 109%&& ()-$ Y3S 109%&&' () -

YI " 10988 ()- Y 1098& ()- Y s10%&& ()-AbT|[:bUs Y Y1 109&& ()-
Y3*Y109%&R& ()-$ Y)!109%&R& ()- Y3"@109%&&' ()- Y' 109%&R& () -

Y310%&R&' ()-H JKkvU4/ 9"10% & ()- | 9"10% & ()-10&10&10& YI 710%&R& () -
YL6$10%&R& () - YY4 109%&R& ()-ro% z9vU4/ 'mi10%! & ()- !' m'109%& () -
fr109% & ()- f"109% & ()- Y9"10% Lf& ()- 9"10% & ()- % OyWUM4/
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109%@" @ ()-Y Y3 109%@" @ ()- YYMLOY@"@ ()- Y !'109%@" @ ()-q "kl m{| obUs4/
Y &10%! & ()-10@" @0@" @0@" @ Yly)10%@" @& ()-Y Y ' 10%@" @& () -
Yl &410%@W@B2/40407Y3 $s10%@ " @' () - {kO34/ P 10%! & ()-/ P 10%eTAISHI0338P

10%! &
10%+! &
10%! &
10%! &
10%! &
10%+! &
10%! &
10%! &
10%! &
10%! &
10
15
20
25
30
35
40
45
50

35

60

()-/
()-/
()-/
()-/
()-/
()-/
()-/
()-/
()-/
0)-/

P 10% & ()-/YP 10%! & ()-/4 10%! & ()-/ Y 910%! & ()-H, 34P
& 28 *{P 10%!& ()-/P 10%! & ()-/P 10%! & ()-/P
t X<4P 109 10% & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P
109! & ()-/P 10% & ()-/dH, <4P 109%! & ()-/P 10%! & ()-/P

2 8 *{P 10%! & ()-/P 10%! & ()-/tX<4P 109 10%! & ()-/P
10%! & ()-/P 109 & ()-/P 10% & ()-/P 10%! & ()-/P
D( <P 10%H&'() /P 10%H&'() /P 10%! & ()-/P 1091 & ()-/P

. -1 &P 10061 & ( 0% & ()-/P

&P 1001 & () -/ P L0%1 & ()-/P

{data File for Random AEI-CHA Intergroﬁths - Starting from an AEI Unit Cell}
{(This file is for a 75% probability of a transition generating CHA-type cages)

{ and a 25% probability of a transition generating AEI-type cages}
INSTRUMENTAL (Header for instrumental section)
X-RAY {Simulate X-ray diffraction)}
1.5418 {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 B80. {unit cell coordinates a, b, ¢, and gamma)
UNKNOWN {P1 - all coordinates given)

2 {Layer 1 & Layer 2}

infinite . {Layers are very wide in the a-b plane}
LAYER 1

NONE

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 13 0.114590 0.048150 -.168520 1.5 1.0

Al 14 0.614590 0.548150 -.168520 1.5 1.0

Al 21 0.881620 0.2304B0 =-.059470 1.5 1.0

Al 22 0.381620 0.7304B0 -~.059470 1.5 1.0

Al 23 0.118380 0.769520 0.059470 1.5 1.0

Al 24 0.618380 0.269520 0.059470 1.5 1.0

Al 31 0.220800 0.094820 0.051200 1.5 1.0

Al 32 0.720800 0.594820 0.051200 1.5 1.0

Al 33 0.779200 0.5051B0 -.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

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 0.06285%0 1.5 1.0

P 54 0.386250 0.263040 0.062850 1.5 1.0

P 61 0.119660 0.962530 0.166920 1.5 1.0

P 62 0.619660 0.462530 0.166%20 1.5 1.0

|4 63 0.880340 0.037470 =~-.166920 1.5 1.0

P 64 0.380340 0.537470 -.166920 1.5 1.0

(] 71 0.16B130 0.057460 0.132520 3.0 1.0

o] 72 0.66Bl30 0.557460 0.132520 3.0 1.0

o) 73 0.831870 0.942540 -.132520 3.0 1.0

0 74 0.331870 0.442540 -.132520 3.0 1.0

(o] Bl 0.141650 0.178130 0.005340 3.0 1.0

(o] 82 0.641650 0.678130 0.005340 3.0 1.0

] 83 0.858350 0.821870 -.005340 3.0 1.0

] 44 0.358350 0.321870 -.005340 3.0 1.0

o] 91 0.005220 0.261180 -.061110 3.0 1.0

o 92 0.505220 0.761180 -.061110 3.0 1.0

o] 03 0.994780 0.738820 0.061110 3.0 1.0

] 94 0.494780 0.238820 0.061110 3.0 1.0

o] 101 0.850040 0.181060 0.024720 3.01.0

o] 102 0.350040 0.681060 0.024720 3.0 1.0

0 103 0.149960 0.818940 -.024720 3.0 1.0

o] 104 0.649960 0.318940 -.024720 3.0 1.0

o] 111 0.824370 0.050450 0.121850 3.0 1.0

o] 112 0.324370 0.550450 0.121850 3.0 1.0

(4] 113 0.175630 0.949550 -.121850 3.0 1.0



109%! & ()-/P 10%! &
1
109 &'8 /P 10(y:| §'8 ;(Fj)H Sg&llgy/ow& ()-/P 10%!& ()-/G 2 8 *{P
10%! & (WO RR/IADI & ()-/ P 10%! &'8 ;tpxigol?%a O oS BT
18% g() /P 10%! & ()-/P 10%! & ()- /anot;:l 2-872{13%5! SR HIDRE
ol & () -/t X<P 10%! & ()-/P : 0
1 ()yAN | 0, '
10%!1 & ()-/P 10%! & ()- 5?3 10%#98/?(?'3/ éol/%:y&l ¢ 1% &
10%1 & ()-/P 10%! & ()-/P 10%! & ()-/P 10;. 5018 28 g
10%! & ()-/P 10%! & ()-/P 10%! & AR Oy Pt
10%1 & ()-/P 10%! & ()-/P 10%! & () - '
& ()- ]\ <7<P 10041 &P 1001 & PR
101 & ()11 <7<0 1096 -/ P 10%1& ()-/P 10%!¢& ()-
oo & (-Gl 28 I Sinuabntars ()1 1001 2 ()1 P 10%
1091 & () - kP %el&&bs(s)] PRI aed. &isho-1. b WP <P L&) TR 0% & O - F
123 0.990150 . 02150
5 ) 124 0.490150 0.521508 —:iggjgg g g o
(o] 131 0.144120 0.863920 0.12 170
o o . 4490 3.0 1.0
- .644120 0.363920 0.124490 3.0 1.0
g 1?3 0.855880 0.136080 =-.,124490 3.0 1-0
10 134 0.3558B0 0.636080 -.124490 3.0 1-0
[o] 141 0.329790 0.160550 0.067710 3.0 '
[e] 142 0.829790 0.660550 0:067710 3.0 e
(o] 143 0.670210 0.839450 -~.067710 3.0 Lo
(v} 144 0.170210 0.339450 -.067710 3.0 i.g
15 (o] 161 0.814580 0.343580 -.077240 3.0 )
o] 162 0.314580 0.843580 -.077240 3.0 i'o
(o] 163 0.185420 0.656420 0.077240 3.0 o
(o] 164 0.685420 0.156420 0.077240 3.0 e
¢} 171 0.136560 0.169180 -.128110 3.0 i-g
20 e} 172 0.636560 0.669180 -.128110 3.0 l.
o} 173 0.863440 0.830820 0.128110 3.0 l.o
[¢] 174 0.363440 0.330820 0.128110 3.0 o
(o] 141 0.243600 0.983110 -.000100 3.0 1o
0 182 0.743600 0.483110 -:000100 3.0 i.g
25 (o] 183 0.756400 0.016890 0.000100 3.0 1.0
(o] 184 0.256400 0.516890 0.000100 3.0 '
[o] 151 0.842490 0.949350 0.256680 3.0 o
(o] 152 0.342490 0.449350 0.256680 3.0 1
8 1?5 0.157510 0.949350 0:243320 3.0 i.g
30 156 0.657510 0.449350 0.243320 3.0 1.0
LAYER 2
NONE
Al 15 0.114590 0.951850 ~-.1
35 Al 16 0.614590 0.451850 -.123:28 i-g i.o
Al 15 0.885410 0.048B150 0.168520 1.5 o
Al 18 0.385410 0.548B150 0.168520 1.5 e
Al 25 0.118380 0.230480 0'059470 l. 170
Al ?G 0.618380 0.730480 0:059470 l-: i'g
40 Al 57 0.881620 0.768520 -.059470 1.5 .
Al 28 0.381620 0.269520 -.059470 : 1o
Al 35 0.779200 0.094820 -.051200 e 10
Al 36 0.279200 0.594820 -:051200 i.g I
Al ?7 0.220800 0.905180 0.051200 1‘5 i.g
45 Al 38 0.720800 0.405180 0.051200 1.5 l.O
P 45 0,220800 0.101060 ~.055650 1'5 -
|4 46 0.720800 0.601060 -.055650 1'5 170
|4 47 0.779200 0.898940 0.055650 1.5 1
|4 48 0.279200 0.398940 0.055650 1-5 1.8
50 P 55 0.886250 0.236960 0.062850 1.5 1.0
P 56 0.386250 0.736960 0.062850 1-5 '
P 57 0.113750 0.763040 -.062850 1-5 1o
P 54 0.613750 0.263040 —'062850 1.5 o
P 65 0.880340 0.962530 -:166920 1'5 i.g
55 P 66 0.380340 0.462530 ~.166920 1.5 1'
P 67 0.119660 0.037470 0,166920 1.5 o
|4 68 0.619660 0.537470 0'166920 1'5 1o
O 7% 0.831670 0.037460 - 139520 3.0 1.0
o} 76 0.331870 0.557460 —:132520 3.0 i'g
60 (o} 77 0.168130 0.942540 0.132520 3.0 1.0
[o} 78 0.668130 0.442540 0.132520 3'0 )
(o} 8% 0.858350 0.178130 -:005340 3'0 1
o] 86 0.358350 0.678130 -.005340 3'0 Lo
o] 87 0.141650 0.821870 0.005340 3.0 i.o
65 (o] 88 0.641650 0.321870 0.005340 3'0 g
(o} 95 0.994780 0.261180 0.061110 3- 1o
. 8 ?6 0.494780 0.761180 0:061110 3.3 i'g
. 97 0.005220 0.738820 ~-.061110 3.0 1.0



10%! &P 10%H! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/ G 2 8 *{!#% 2?<P
109! &P 109! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P
109! & (W0 05670407 dH, <P 109%! & ()-/P 10%! & ()-/P 109% & @LT/UR02/03334

109! & ()-/)P 109! & ()-/ G 2 8 *{/012B45t, <G 2 8 *{P 10%! & ()-/P

10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/5789: ; <=0S7G 2P

10%1 & ()-/P 10%1 & ()-/P 109 & ()-/ (P 10%! & ()-/ (P 10%' & ()-/ (P

109! & ()-/ (P 109! & () -/ =>?@EFdD( 7P 10%! & ()-/P 109%! & ()-/ G 2 8 *{P
109! & ()-/P 109%! & ()-/P 10%! & () /| FGHI JKLM X<P 10%! &P 109%! & ()-/P

10%+! & () - /P 10%}'&f /a 10%! & /P 10%}'&f() [P 10%! & ()-/P
109! & () - IQINCRSTUL ot <0 10%%! &ols 2(/33 108! & ()-/P 10%! & ()-/P
T10%! & () - /G Rsd. M@R°1©W&hﬁb()O#UMMKYZ[DX<P 109%-!' & ()-/P 10%! &P
10%! &Ii) /Ogp 107 0.850040 0.818940 " 0.024720 3.0 1.0
: d 108 0.350040 0.318940 0.024720 3.0 1.0
o 115 0.175630 0.050450 =-.121850 3.0 1.0
0 116 0.675630 0.550450 =-.121850 3.0 1.0
o 117 0.824370 0.949550 0.121850 3.0 1.0
o 118 0.324370 0.449550 0.121850 3.0 1.0
10 o 125 0.990150 0.978500 -.168460 3.0 1.0
o 126 0.490150 0.478500 -.168460 3.0 1.0
0 127 0.009850 0.021500 0.168460 3.0 1.0
o 128 0.509850 0.521500 0.168460 3.0 1.0
o 135 0.855880 0.863920 -.124490 3.0 1.0
15 0 136 0.355880 0.363920 ~.124490 3.0 1.0
o 137 0.144120 0.136080 0.124490 3.0 1.0
o 138 0.644120 0.636080 0.124490 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 o 147 0.329790 0.839450 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
0 167 0.814580 0.656420 -.077240 3.0 1.0
25 o 168 0.314580 0.156420 =-.077240 3.0 1.0
0 175 0.863440 0.169180 0.128110 3.0 1.0
o 176 0.363440 0.669180 0.128110 3.0 1.0
o 177 0.136560 0.830820 -.128110 3.0 1.0
o 178 0.636560 0.330820 -.128110 3.0 1.0
30 o 185 0.756400 0.983110 0.000100 3.0 1.0
o 186 0.256400 0.483110 0.000100 3.0 1.0
o 187 0.243600 0.016890 -.000100 3.0 1.0
o 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 0.842490 0.050650 0.256680 3.0 1.0
0 1516 0.342430 0.550650 0.256680 3.0 1.0
STACKING {Header for stacking description}
40 recursive {Statistical ensemble}
infinite {Infinite number of layers}
TRANSITIONS {Header for stacking transition data}
45 {Transitionzs from layer 1}
0.75 0.0 -0.084 0.5 {layer 1 to layer 1l: CHA-type cages}
0.25 0.0 0.0 0.5 {layer 1 to layer 2: AEI-type cages}
{Transitions from layer 2}
50 o0.25 ¢.o0 0.0

.5 {layer 2 to layer 1l: RAEI-type cages)
5

0.75 0.0 0.0857 {layer 2 to layer 2: CHA-type cages}

55  Example 1
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).



10%+! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/[\] _be|\<X<P
10%+! &P 10%+! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/G 2 8
*{ ehl pr vWQeRomevk! &P 10%! & ()-/P 10%! & ()-/P 10%! & () PCP/UBO2BI384 () -/ P
10%+! & ()-/P 10%! & ()-/xy{| ~@P 10%'® ()-/G 2 8 *{P 10%!& ()-/P '
10%+! & ()-/P 10%! & ()-/P 10%! & ()-/_?P 10%! & ()-/P 10%! & ()-/P
10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/[;?P
10%+! & (P 10% & ()-/ G 2 8 *{P 10%! & ()-/P 10%!& ()-/P 10%! & ()-/_?P
10%+! & (P 10%! & ()-/P 10%! & ()-/P 10%H & () /P 10%! & ()-/P 10%! & ()-/P
10%+! & ()-/W?P 10%! & (P 10%! & 8 *{P 10%!& ()-/P 10%! & ()-/P
10%! & () -V% 8@ of ebemiga é@orma/&?u&l 83) Mlerelmlfd anq y sJuRry vesoebsdifed-wikh the
T10%H & () -4 R 100 & (o) P 100l & () 1P 10061 & () -/ D(<P

g conmp ition expresse olar ratios:

0.15 S102/P705/Alo03/TEAOH/35 H,O

This slurry was mixed until homogeneous and transferred to a 150 ml stainless steel
5 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
was taken and washed and dried. An X-ray diffraction pattern was obtained.
According to DIFFaX analysis, the AEI/CHA ratio was 15/85 (AEI/CHA = 0.18).
10 Thesilica to alumina molar ratio (Si0,/AlpO3) 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,/P205/Al,03/TEAOH/35 HyO.
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 AEI/CHA ratio was 25/75 (AEI/CHA = 0.33). The
silica to alumina molar ratio (SiO2/Aly03) was 0.06. The sample is hereinafter

identified as Sample B.



10%! & ()-/P 10%! & ()-/P 10%! & ()-/G 2 8 *{P 10%! & ()-/P
10%! & () -/t X<P 10%t! &P 10%*! & ()-/ &P 10%+! & ()-/P 10%! & ()-/P
10%! & (WO P2/a0867 & ()-/P 10%! & ()-/P 10%! & ()-/| D(<P POYsIS82/¢3334 P
10%! & ()-/P 10%! & ()-/P 10%! & ()-/B410%!& ()-/G 2 8 *{t,<F 2 8 *{&P
10% & ()-/&P 10% & ()-/P 10% & ()-/P 10%! & ()-/P 10%! & ()-/ _?<G 2 8
*{P 10%H & ()-/P 10%!' & ()-/P 10%! & ()-/P 10%-! & ()-/P 10%! & ()-/P
10%! & ()-/_?<E 2 8 *{P 10%!& ()-/P 10%-! & ()-/P 10%!' & ()-/P
109 & ()-/P 10%!' & ()-/P 10%! & ()-/|\@P 10%-! & ()-/P 10%-! & ()-/)P
109 & ()-/P 10%! & ()-/P 10%! & ()-/G[ 2 8 *{tX<P 10%! & (P 10%! & ()-/P
10%! & () -/ P 108fdtigér(sampRe via3oprépirdd usity the¥arh&pfocedire lbapt 8hd JutddPave '
T10%+H! & () -/ xX8t X<P . .. .
0 wai(s rotated at 30 rpm instead of 60 rpm. Mixing or tumbling was thus more
moderate than in for the preparation of Sample B, which was mixed more vigorously.
According to DIFFaX analysis the AEI/CHA ratio was 90/10 (AEI/CHA = 0.9). The
5  sample is hereinafter identified as Comparative 1.
Figures 3 and 5 show the X-ray diffraction pattern of Sample B. For
comparison purposes, they also show the X-ray diffraction pattern of MTO-RUW-
356 described in example 1 and Figure 1 of WO 98/15496 and of MTO-RUW-335T
described in example 3 and Figure 1 of WO 98/15496. The diffraction pattems of
10 MTO-RUW-356 and MTO-RUW-335T were digitized and re-normalized. DIFFaX
analysis of MTO-RUW-356 and MTO-RUW-335T gives AEI/CHA ratios of 2.3 and

4.0, respectively.

Example 3
15 A solution of 191.23 gr of phosphoric acid (85% in water from Aldrich) and
214.25 gr of de-mineralized water was mixed in a mixing bowl. To this solution
348.71 gr of a tetraethylammonium hydroxide solution (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 a
tetraethylammonium hydroxide solution (35% in water) were added and 10.13 gr of
de-mineralized water. A slurry was obtained with the following composition
expressed as molar ratios:
0.045 5104/0.92 P505/Al703/1.35 TEAOH/41 H,O

25  This slurry was mixed until homogeneous and transferred to a 1L PARR autoclave.
stainless steel autoclave and the mixture was stirred at 600 rpm during the whole
hydrothermal treatment. The autoclave was heated in 5 hours to 175°C. The
autoclave was kept at this temperature for 72 hours. After cooling to room

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



10%+! &P 10%+! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%!& ()-/ G 2 8 *{_?<P
10%+! &P 10%+! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P
10%! & (WO DHEIEOMW ?#P 10%+! & ()-/P 10%H! & ()-/P 10%! & ( PCAESOZ0B3+ { P
109! & ()-/P 10%! & ()-/"()*+,-.t X< 10%+! & ()P 10%! & ()-/P 10%! & ()-/P
10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/./01234dH, <
P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%-! & ()-/P 10%' & ()-/¢ 2 8
*{456789:t,< G 2 8 *{P 10%'& ()-/P 10%'& ()-/P 10%! & ()-/P 10%!& ()-/P
10%! & ()-/:;<=>?@\M X< § 2 8 P 10%!& ()-/P 10%-! & ()-/P 10%!& ()-/P
10%! & ()-/P 10%! & ()-/P 10%!& ()-/P 10%! & ()-/ ABCDEFGAH, < P

10%! & () takenidugoding)to/ IEFFaX gnalyps the AE/CHA ratio was 30/70 (AEI/CHA =

0.43). The silica to alumina molar ratio (Si02/Alp03) was 0.09. The sample is

hereinafter identified as Sample C.

5  Example 4
A solution of 437.92 gr of phosphoric acid (85% in water) and 350.56 gr of

de-mineralized water was mixed in a mixing bowl. To this solution 28.49 gr of
Ludox AS 40 (40% silica) were added and a hazy solution was obtained. Then
799.09 gr of a tetraethylammonium hydroxide solution (35% in water) were added

10 with a burette and when all TEAOH was added a clear solution was obtained. To this
solution 258.29 gr of alumina (Condea Pural SB) were carefully added and also 42.45
gr of demineralized water. A slurry was obtained with the following composition
expressed as molar ratios:

0.1 Si0,/P705/A1,03/TEAOH/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 double 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 in 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 AEI/CHA ratio was 30/70 (AEI/CHA = 0.43). The silica to
alumina molar ratio (Si02/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



10%! & ()-/P 10%! & ()-/P 10%! & ()-/ GH JKLM\t X< P 109 10%! & ()-/P
109! & ()-/P 109%! & ()-/P 109%! & ()-/P 10%! & ()-/P 10%! & ()-/P
109! & ()vmmn@rde, < P 10% & ()-/P 10% & ()-/P 10%! &PCTAISH2/03334
109! & ()-/ G 2 8 *{P 10%! & ()-/ TUMKYZt X< P 10%! & ()-/P 109%°
10961 & ()-/P 10%1 & ()-/P 10% & ()-/P 10%! & ()-/P 10%!& ()-/P
109! & ()-/Z[\ ™ b|\<X< P 109 10% & ()-/P 10% & ()-/P 10%! & ()-/P
109! & ()-/ G 2 8 *{behkngs_?< P 109 10%! & ()-/P 10%! & ()-/P
109! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/stvwxyzdH, < P

10%H! & ()-/P 10%H! & ()-/P 10%H! & ()-/P 10%! & ()-/)P 10%! & ()-/ G 2 8
*{z{|}~t, Ludpx 55840‘({4 Vil 0lea) ery added a0da hgzy Jolutngazobgaingd. /' Thea0% ! & ()-/ P
10%1 & ( ) %9994- 4 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
solution 256.08 gr of alumina (Condea Pural SB) were carefully added, followed by
5  the addition of a suspension of 0.761 gr of SAPQ-34 powder in 10 gr of de-
mineralized water (the seed suspension had been put in an ultra-sonic bath for 10
minutes). Also 42.07 gr of de-mineralized water were added to the mixture. A slurry
was obtained with the following composition expressed as molar ratios:

0.1 Si04/Py05/Al,03/TEAOH/34 HyO and 0.04 wt% SAPO-34 seeds

10 This slurry was mixed until homogeneous and transferred to a 2L stainless steel
PARR autoclave and the mixture was stirred at 170 rpm during crystallization. The
autoclave was heated in 8 hours to 175°C. The autoclave was kept at this temperature
for 36 hours. After cooling the autoclave to room temperature, the crystalline
material was removed from the autoclave, washed and dried at 120°C and an X-ray

15  diffraction pattern was taken. According to DIFFaX analysis, the AE/CHA ratio was
30/70 (AEV/CHA = 0.43). The silica to alumina molar ratio (SiO2/Al03) was 0.12.

The sample is hereinafter 1dentified 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 slury was obtained with the following composition
expressed as molar ratios:

0.1 §i0,/0.9 Py05/Al,03/TEAOH/35 Hy0



10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P

10%!1 & ()-/P 10%1 & ()-/t,+ G 2 8 *{P 10%!& ()-/P 10%!& ()-/P

10%+! & (wo a0 & ()-/P 10%! & ()-/ _C+ G 2 8 *{P 10%! BCt)HUSHIA3334

109% & ()-/P 10% & ()-/P 10%! & ()-/B710%! & ()-/P 10%! & ()-/_?+ G 2 8
*{P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P
10%! & ()-/dH + P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%!& ()-/)P
109%1 & ()-/G[ 2 8 *{t,+ G 2 8 *{P 10%' & ()-/P 10%! & ()-/P 10%! & ()-/P
10%! & ()-/P 10%! & ()-/0S7 G 2P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/(P
109%! & () -/ (P 10%! & ()-/ (P 10%! & ()-/(P 10%! & ()-/dH 7 P 10%!& ()-/!P
10%! & () Jhisgjurry was mixed until homogeneous and transferred to a 1L stainless steel

PARR autoclave and the mixture was stirred at 170 rpm during crystallization. The
autoclave was heated in 8 hours to 175°C. The autoclave was kept at this temperature
for 48 hours. After cooling to room temperature, the slurry was washed and dried.

5  X-ray diffraction data was obtained. According to DIFFaX analysis, the AEI/CHA
ratio was 20/80 (AEI/CHA = 0.25). The silica to alumina molar ratio (SiO2/Al,03)

was 0.16. The sample is hereinafter identified as Sample F |

Example 7

10 A solution of 411.23 gr of phosphoric acid (85% in water) and 329.18 gr of
de-mineralized water was mixed in a mixing bowl. To this solution 26.75 gr of
Ludox AS 40 (40% silica) were added and a hazy solution was obtained. Then
750.35 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

15  solution 242.59 gr of alumina (Condea Pural SB) were carefully added and also 39.86
gr of de-mineralized water. A slumry was obtained with the following composition
expressed as molar ratios:

0.1 Si0,/P705/Alo03/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 (SiO7/Alp03) was 0.13. The sample is hereinafter identified as Sample G.

Example 8 - Comparative 2




2 8 *{P 10%!& ()-/P 10%! & ()-/P 10%! & ()-/tX< P 109% 10%! & ()-/P
10%+H! & ()-/P 10%! & ()-/P 10%!' & ()-/P 10%H! & ()-/P 10%! & ()-/P
10%+! & (W0 a4 10%! & ()-/P 10%! & ()-/P 10%H! & ()-/ P RPOYRUSE/3B34 G 2 8
P 10%! & ()-/tX< P 10%H! & ()-/P 109g810%! & ()-/P 10%!' & ()-/P
109 & ()-/P 10%! & ()-/P 10% & ()-/P 10%! & ()-/|\<X< P 10%° 10%! & ()-/P
10%+H! & ()-/P 10%! & ()-/P 10%! & ()-/ ¢ 2 8 *{_?< P 10%° 10%! & ()-/P
10%+! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%H! & ()-/P 10%! & ()-/dH, < P
10%+! & ()-/P 10%! & ()-/P 10%!' & ()-/P 10%-! & ()-/)P 10%-! & ()-/¢ 2 8 °
“{t,< G 28 *{P 10%!& ()-/P 10%' & ()-/P 10%! & ()-/P

This example is presented by way of comparison to illustrate the catalytic

performances of an intergrown phase of AEI and CHA molecular sieves where the
AEI/CHA ratio is outside the scope of the present invention.
90.74 gr of aluminum isopropoxide were placed in a mixing bowl and 135.29
5  grof de-mineralized water were added. This mixture was left static for 10 minutes,
after which it was mixed and a gel was obtained. To this gel, 50.19 g of phosphoric
acid (85% in water) were added dropwise with a burette, followed by the addition of
3.26 gr of Ludox AS 40 (40% silica). Then 91.54 gr of tetraethylammonium
hydroxide solution (35% in water) were added with a burette and also 5.23 gr of de-
10  mineralized water were added. A slurry was obtained with the following composition
expressed as molar ratios:

0.1 Si09/P705/Aly03/TEAOH/56.9 HyO

This slurry was mixed until homogeneous and 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 AEI/CHA
ratio was 80/20 (AEI/CHA = 4.0). The silica to alumina molar ratio (S109/Al703)

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.



10%! & ()-/P 10%! & ()-/ dD< G{ 2 8 *{P 10%! & ()-/P 10%! & ()-/P
109! & ()-/P 109%! & ()-/P 109% & ()-/P 109%! & ()-/ 7D< G 2G 2 8 *{P

109! & ( Wo Prd0wr! & ()-/P 10%! & ()-/P 10%! & ()-/! 9% * dD<PCF/URE035
109! & ()-/P 10%! & ()-/P 10%! & ()-/Pgl0%! & ()-/P 10%! & ()-/P

10%! & ()-/*,/123;D< G 263 2 8 *{P 10%! & ()-/P 10%! & ()-/P 10%! & .()-/P
10% & ()-/3456789: t X< G 2GGP 10% & ()-/P 109! & ()-/P 109%!& ()-/P

109! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/:;<=>@dD(<P 10%!& ()-/P
10%! & ()-/G 2 8 *{P 10%! & ()-/P 10%! & ()-/P 10%! & () -/ ABCDEFGH X<P
10%+! &P 10%+! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P

10%+! & () -The coomtined ethylérnd anian]yleeqroduct selectivity and propane selectivity are

shown in Table 3.
In this table, selectivity means the weight average product selectivity of a given
product or group of products m with respect to the weight of methanol in the

5  feedstock. It is calculated according to the following mathematical expression:

Sm = Z;(Sm);*(MeOH conv);*(AMeOH/gr cat);/Z;(MeOH conv); *(AMeOH/gr cat);
where

(Sm); is the midpoint selectivity of m during time on stream interval i;

(MeOH conv); is the midpoint conversion in time on stream interval i;
10 (AMeOH/gr cat); = the amount of methanol fed per gram of catalyst during time on

stream interval 1.

All selectivities 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
skilled 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.
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10%! & ()-/P 10%! & ()-/dH, <P 10%H & @X-/P 10% & ()-/ G 2 8 *{P
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10%! & ()-/P 10%! & ()-/" @G+P 10%! &P 10%! & ()-/P 10%! & ()-/P

10%! & () QLAMYos! & ()-/ G 2 8 *{_?+P 109%! & 10%!& ()-/P

10

15

20

25

WE CLAIM

1. A silicoaluminophosphate molecular sieve comprising at least one intergrown
phase of molecular sieves having AEI and 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.

2. The silicoaluminophosphate molecular sieve of claim 1, wherein said intergrown

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

3. 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.

4. 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.

5. The silicoaluminophosphate molecular sieve of any of the preceding claims,

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

6. The silicoaluminophosphate 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.

7. 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 in each of the following ranges in the 5

to 25 (26) range:



10%! & ()-/P 10% & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/|\<?+P
109! P 109! & ()-/P 109! & ()-/P 109! & ()-/P 109%! & ()-/ G 2 8 *{_C+P
109! P 1090-022070J07/ P 109! & ()-/ P 109! & ()-/P 10%! & () -/ PCLOSH2/®3EY) - / P
109! & ()-/dH, +P 109%! & ()-/P 10%! & @Gp-/P 10%! & ()-/P 109%! & ()-/)P
10%- & ()-/ G 2 8 *{t,+G 2 8 *{P 10%! & ()-/P 10%!& ()-/P 10%! & ()-/P

10%+H! & ()-/P 10%! & ()-/ oS7TH 2P 10%H!' & ()-/P 10%!'& ()-/P 10%-! & ()-/(P
10%+! & ()-/ (P 10%! & ()-/(P 10%! & ()-/(P 10%! & ()-/ dD(7P 10%!'& ()-/P
109+ & ()-/¢ 2 8 *{P 10%-! & ()-/P 10%!' & ()-/P 10%! & ()-/tX<P 10%! &P
10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%!& ()-/P
109 & ()-/P 10%!' & ()-/ | D(<P 10%6 &uKxx) P} 10%! & ()-/P 10%!' & ()-/P
"10%H & () -/
93-9.6
12.7-13.0
13.8-14.0
159-16.1
17.7-18.1
189-19.1
20.5-20.7
23.7-24.0
8. The silicoaluminophosphate molecular sieve of any of the preceding claims
wherein the X-ray diffraction pattern has no reflection peak in the 9.8 to 12.0 (26)
range.
5

9. 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
(20).

10 10. The silicoaluminophosphate molecular sieve of any of the preceding claims,
wherein the reflection peak in the 17.7 - 18.1 (20) range has a relative intensity
between 0.09 and 0.40 with respect to the reflection peak at 17.9 (20) in 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.

15

11. The silicoaluminophosphate molecular sieve of claim 10, 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) in the diffraction pattern of SAPO-
34,
20
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14.
10 15
16.

15
17.
20 18
19.

25
20.

wherein the silica to alumina molar ratio (Si0,/Al»03) ranges from 0.01 to 0.25.

The silicoaluminophosphate molecular sieve of any of the preceding claims,

wherein the silica to alumina molar ratio (SiO7/Al,03) ranges from 0.02 to 0.20.

The silicoaluminophosphate molecular sieve of any of the preceding claims,

wherein the silica to alumina molar ratio (SiO4/Al»0O3) ranges from 0.03 to 0.19.

The silicoaluminophosphate molecular sieve of any of the preceding claims,
wherein the molecular sieve is comprised of crystalline plates, platelets or stacked

platelets.

The silicoaluminophosphate molecular sieve of claim 15, wherein the average

smallest crystal dimension of the molecular sieve is less than 0.1 micron.

A catalyst comprising the silicoaluminophosphate molecular sieve of any of the

preceding claims and a binder.

A process for making an olefin product from an oxygenate feedstock comprising

contacting said oxygenate feedstock with the catalyst of claim 17.

The process of claim 18, wherein the oxygenate is selected from methanol;
ethanol; n-propanol; isopropanol; C4 - C alcohols; methyl ethyl ether; dimethyl
ether; diethyl ether; di-isopropy! ether; formaldehyde; dimethyl carbonate;

dimethyl ketone; acetic acid; and mixtures thereof.

The process of claim 19, wherein the oxygenate is selected from methanol,

dimethyl ether, and mixtures thereof.



2 8 *{P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & () -/t X<{
2 8 *{P 10%! & ()-/P 10%! & ()-/P 10%!& ()-/P 10%!& ()-/P 10%! & ()-/P
109! & (w0 ®/0h096r! & () -/ dH, <{P 10%! & ()-/P 10%! & () -/ G peT@StPB334

109%1 & ()-/P 10%1 & ()-/P 10%! & () -/ t¥<{P 109%° 10%- & ()-/P 10%! & ()-/P
10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10% & ()-/dH, <{P

10%!' & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/ 2 8 *{P
10%! & () -/t X<{P 10%+! & ()-/P 10%° 10%!'& ()-/P 10%' & ()-/P 10%!& ()-/P
109%+ & ()-/P 10% & ()-/P 10%! & ()-/| @<{P 10%! & 10%! & ()-/P
109% & ()-/P 10% & ()-/P 10%! & ()-/G 2 8 *{gK<{P 10%! & P 10%! & ()-/P
10%! & ()-/P 10%! & ()-/P 10%H! & ()-/2P 10%+! & ()-/P 10%t! & ()-/xX8K<{P

21. The process of any of claims 18 to 20, wherein the oxygenate is methanol.

22. The process of any of claims 18 to 21, wherein the selectivity to ethylene and

5 propylene is equal to or greater than 75.0%.

23. The process of any of claims 18 to 22, wherein the ethylene to propylene ratio is

equal to or greater than 0.75.

10  24. The process of any of claims 18 to 23, wherein the selectivity to propane is equal

to or lower than 1.0%.

25. The process of any of claims 18 to 24, wherein the selectivity to propane is equal
to or smaller than 1.0%.
15
26. A silicoaluminophosphate molecular sieve exhibiting an X-ray diffraction pattern
having at least one reflection peak in each of the following ranges in the 5 to 25

(20) range:

26 (CuKo)
93-9.6
12.7-13.0
13.8-14.0
15.9-16.1
17.7 -18.1
189-191
20.5-20.7
23.7-240

20 and having no reflection peak in the 9.8 to 12.0 (20) range.
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109 & ()-/P 10%!' & ()-/P 10%!' & ()-/P 10%! & ()-/P 10%! & ()-/P

10%+! & ( WO Pvd0%7 & ()-/dH, +P 10%! & ()-/P 10%! & () -/ P 10eF&by/)3334) P
109 & ()-/f 2 8 *{P 10%!' & ()-/pT+P350%! & ()-/P 10P 10%' & ()-/P
109 & ()-/P 10%!' & ()-/P 10%! & ()-/P 10%! & ()-/P 10%t! & ()-/dH, +P
109 & ()-/P 10%!' & ()-/P 10%!' & ()-/P 10%!' & ()-/P 10%! & ()-/G 2 8
*{h,+P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P 10%! & ()-/P
10%! & ()-/P 10%! & ()-/ @+P 10%! &P 10%+! & ()-/P 10%! & ()-/P '
109+ & ()-/P 10%' & ()-/ 2 8 *{KOtP 10%+! &P 1P 10%! & ()-/P 10%! & ()-/P
10%-' & ()-/P 10%!' & ()-/P 10%! & ()-/P 10%! & ()-/dH, +P 10%! & ()-/P

' 0, ! 0, ! - 0, ! -

10%1 & () J7PTI11'9 s/n i%(%l\ggmir{opphg's% %I-tle%m;lzcullae sieve of claim 26 exhibiting an X-ray

diffraction pattern having no broad feature centered at about 16.9 (26).

5  28. The silicoaluminophosphate molecular sieve of any of claims 26 or 27, wherein
the reflection peak in the 17.7 - 18.1 (28) range has a relative intensity between
0.09 and 0.40 with respect to the reflection peak at 17.9 (20) in 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.
10
29. The silicoaluminophosphate molecular sieve of any of claim 26 to 28, wherein the
reflection peak in the 17.7 - 18.1 (29) range has a relative intensity between 0.10
and 0.35 with respect to the reflection peak at 17.9 (20) in the diffraction pattern
of SAPO-34, all diffraction patterns being normalized to the intensity value of the
15 reflection peak in the 20.5-20.7 (20) range.

30. The silicoaluminophosphate molecular sieve of any of claims claim 26 to 29,

wherein the silica to alumina molar ratio (SiO2/Al»03) in said

silicoaluminophosphate molecular sieve ranges from 0.01 to 0.25.
20

31. The silicoaluminophosphate molecular sieve of any of claims 26 to 30, wherein

the silica to alumina molar ratio (Si07/Al»03) in said silicoaluminophosphate

molecular sieve ranges from 0.02 to 0.20.

25  32. The silicoaluminophosphate molecular sieve of any of claims 26 to 31, wherein

the silica to alumina molar ratio (SiO5/Al»03) in said silicoaluminophosphate

molecular sieve ranges from 0.03 to 0.19.
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a period of time of from 2 to 150 hours;

20 d) recovering crystals of the silicoaluminophosphate molecular sieve
wherein the mixture prepared at step a) has a molar composition within the
following ranges:

P>0O5 : AlpO3 from 0.6:1t01.2:1
Si0y : AlhO3 from 0.005:1t0 0.35:1
25 HpyO : AlyO3 from 10:1 to 40:1

and the template is a tetraethylammonium compound.
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40. The method for preparing the molecular sieve of any of claims 36 to 39, wherein

the hydrated aluminum oxide is pseudoboehmite.

15
41. The method for preparing the molecular sieve of any of claims 36 to 40, wherein
SAPO-34 seeds are combined with the reactive source of silicon, the reactive

source of phosphorus, the hydrated aluminum oxide and the organic structure

directing agent (template).



