1 ALUM NOPHOSPHATE MOLECULAR SIEVE, |ITS SYNTHESI S AND USE FIELD 5 [0001]
This invention relates to a novel snmall pore al um nophosphate nol ecul ar
sieve, or a substituted derivative thereof, to a nethod of synthesis of the
nol ecul ar sieve and to its use in orgami c conversion reactions. BACKGROUND
10 [0002] Crystalline nolecul ar sieves have a 3-di nensional, four-connected
framework structure of corner-sharing [TO4] tetrahedra, where T is any
tetrahedral |y coordinated cation. Among the known forns of nolecul ar sieve
are alumnosilicates, which contain a three- d| mensi onal m croporous crystal
framework structure cil QPHE) ABEMOLELVLMESIEYE, ot r ahedral units,
15 al um nophosphat es (ALPCB), er structure is corrposed
of [Al104] and [PO4] corner g‘%@ﬁm} SiAN nits and

si | i coal um nophosphates (SAPGs), in which the framework structure is
conposed of [Si O4], [A104] and [PO4] corner sharing tetrahedral units.

[ 0003] Mol eEl si eves have been cI assified by the Structure Comm ssion 20

of the Igt e@ﬂageonal ol.ite Ass t| on._a corltj ? &SO Lh es of the 1 UPAC
Commi ssi olite ﬁ%"r?&‘f‘%‘? R&c‘l&’r‘”& v ﬁ“é“‘B? SP¥4¢at i on,
framewor k- t yBRc#IBPLiESE oRR guﬁsﬁmted @:‘eﬁvﬁﬂ@e HRIBE Ub ﬂ%e’ih&i/ nih@Sis Whineh a
structure has been established, are assigned a three gter code and are

descri bed imolehaansibwasanddb 1B et lm@gﬁnan\mmrSkonlep@s’mSSt h edi tion, Elsevier,
London, England (2001). 25 [0004] Mol ecul ar sieves are typically described
interms of the size of the ring that defines a pore, where the size is
based on thg A@K@RbI%DT atons in the ring. Qher franmework-type
characteris the arrangenent of rings that forma cage, and when
pr esent ,10t h0G2]rensi oOnefalideansletdar sievds hive spdimansheilyden-conhectahges. See
van Bekkum et al I ntroduction to Zeolite Science and Practice, 30 Second

Conpl et el y frerppuerl sHNEtUESQfaomesa-skerng [1)4] wirbedsa. petere §a4amy 1- 67, El sevi er
Sci ence, t\étraheﬁpéﬁﬁ; ogﬁﬁ}lat%a Eﬂ%ﬁ'nl ?x’}ﬁ'éng(tﬁé’ Qﬂ'gwn forms of molecular sieve are

aluminosilicates, which contain a three-dimensional microporous crystal

framework structure of {S104] and [AlQ4] corner sharing tetrahedral units,

15 aluminophosphates (ALPQOs), in which the framework structure is composed of
[AlO4] and [PO4] corner sharing tetrahedral units and silicoaluminophosphates
(SAPOs), in which the framework structure is composed of [SiOy], [AlO4] and
[POs4] corner sharing tetrahedral units.

[0003] Molecular sieves have been classified by the Structure Commission

20 of the International Zeolite Association according to the rules of the IUPAC
Commission on Zeolite Nomenclature. According to this classification,
framework-type zeolite and zeolite-type molecular sieves, for which a structure
has been established, are assigned a three letter code and are described in the Atlas
of Zeolite Framework Types, 5th edition, Elsevier, L.ondon, England (2001).

25 [0004] Molecular sieves are typically described in terms of the size of the
ring that defines a pore, where the size is based on the number of T atoms in the
ring. Other framework-type characteristics include the arrangement of rings that
form a cage, and when present, the dimension of channels, and the spaces between
the cages. See van Bekkum, et al., Introduction to Zeolite Science and Practice,

30 Second Completely Revised and Expanded Edition, Volume 137, pages 1-67,
Elsevier Science, B.V., Amsterdam, Netherlands (2001).



2 [0005] In general, nolecular sieves can be divided into small, nedium and
| arge pore materials. Thus small pore nol ecul ar sieves typically have pores
defined by a ring of no nore than 8 T atons and have an average pore size

| ess than about 0.5 nm (5A). Medium pare nol ecul ar sieves typically have
pores 5 defined by a ring of 10 T atons and have an average pore size about
0.5t0 0.6 nm (5 to 6A), whereas large pore materi als have pores defined by
rings of 12 or nore T atons and a pore size greater than 0.6 nm (6A).

[ 00061 Cryst i ne nmol ecul ar, si eves, .as exenpl.ified by zeolites an

(motal 1 o) dGRbphos oA EERSTAL FioTes ik aFBosSiht I stach iy orFall, apecire Spdy,

petrol eum LAg. a ] .l i se each uni que
structure t%%gpg@:‘egﬁ%klﬁl%\s/\) E@‘t’%ﬁﬁ@f&?%@Bgﬁ@@gﬁgﬁgaﬁhﬁﬁﬁﬁsi s and

separ at i ons defihet ey heiag bErmmostidihaBricatome apdhave af fverdge pbretdize lassi ndust ry and

academ a, for their_ discovery. [00071 ny. mol ecul ar sieves are synthesi zed
in the presdpgibgpt %g nnb(rsdxﬁni)f‘ée‘mlff‘é’@fq wgl%a@éw?@mcaéky hgie BP§ANI ¢ ni t rogen

conmpound.. F IF g I I nt No.
6. 080, 278 1 REPTATPY Bpa bl 10T atitny BRVE bR Hher W oGE SR ou ¢ e TBRED. OF ¢ e
CHA frameworkid §A% wWirrestdrbe poreenatéridl €hidvelpbresGRin&EbEMAENESIZZEUndr8 t he

presence of an organic directing agent m xture conprising
t et r aet hyl araiems and appsriizegieaterthanf.6rs € net hyl ani no noieties sel ected

from one or of N, et hyl et hanol am ne, N di net hyl pr opanol am ne,
i oty 8 nol amGrate R RAEHIE AR Fupt SiratheA By Zebielnd
N, N-di met hy'(ﬁ@fﬁﬁﬂﬁﬂﬁﬂn@ﬁhesﬂh&‘ﬂes,%é@ﬁﬁlﬁéx@iahx ﬁrﬁ?&@d:@maﬁt&ials for petroleum
N, N- di et hyl but yl enedi am ne, N, N di et hyl hept yl enedi am ne,

N, N- di netthy Iphesesdienad pationberical apptibatioasi BecaRse gacbpaipie structure type

L ol B K b B 20
agents that {ig¥iGePREErHT Efor oot RYMNERH Sefleniiifor feRTRNBIdyt yPe materials
i ncl ude i sopr opyf am ne or d)1t n- pr opy‘?%ﬁl ne triethylam ne, cytl ohexyl am ne,
1- met hyl ami e e, noMiaol mokeculpysievds ags synthepieed thi the predéree oy et hanol ami ne,
and NN N %Irg-a:[n(iac;[ clii?eeciigg lagegnrt],yslu(calrllgs grl1 gl'?&lgg nitrogen compound. For example, it is
15 known from, for example, U.S. Patent No. 6,680,278 that a crystalline
silicoaluminophosphate molecular sieve of the CHA framework type (a small pore
material), can be synthesized in the presence of an organic directing agent mixture
comprising tetracthylammonium cations and one or more dimethylamino moieties
selected from one or more of N,N-dimethylethanolamine, N,N-
20 dimethylpropanolamine, N,N-dimethylbutanolamine, N,N-
dimethylheptanolamine, N,N-dimethylhexanolamine, N,N-
dimethylethylenediamine, N,N-dimethylbutylenediamine, N,N-
dimethylheptylenediamine, N,N-dimethylhexylenediamine 1-dimethylamino-2-
propanol, N,N-dimethylethylamine, N,N-dimethylpropylamine, N,N-
25 dimethylpentylamine, N,N-dimethylhexylamine and N,N-dimethylheptylamine.
Other organic directing agents that have been used in the synthesis of CHA
framework type materials include isopropylamine or di-n-propylamine
triethylamine, cyclohexylamine, 1-methylamidazole, morpholine, pyridine,
piperidine, diethylethanolamine, and N,N,N’,N’-tetraethylethylene diamine.

30 [0008] It is also known to use fluoride-containing compounds, such as

hydrogen fluoride, as mineralizing agents in zeolite synthesis. For example, EP-



30 [00081 It is also known to use fluoride-containing conmpounds, such as
hydr ogen fluoride, as mneralizing agents in zeolite synthesis. For exanple,
EP 3 A-337,479 discloses the use of hydrogen fluoride in water at low pHto
m neralize silica in glass for the synshesis of ZSM5. In addition, US.

Pat ent Application Publication No. 2003/0231999 published Decenber 18,

2003, discloses that alum nophosphate or silicoal um nophosphate nol ecul ar
sieves having the CHA 5 franework type can be synthesized in the presence of

No- 6. 660, 275 5ot st BorehC Byou A SRR P et § IR Erd finetait o' ona

approach t hajlidagagsast orithesynyvsiesizsM-of Imaummenmeftmﬂmwidnal s is not
avail abl e, due to the fact that all crystalline 10 m croporous nmaterials

are met ast aptublipsizondyo a’&ﬁ)@3t0ﬁéil99&rlelbﬂ<lﬁh®t1?@€mbeﬂlﬁst2§03,ﬂ\%11¢565 thascovery is

t herefore of en. se

h.h findi
that -4 DvARyBORP P BEE ok STy BB e T F e Bl el PRk TR e

presence of HohdvirildpeARBeIntheEL in tweseilé@mmdrﬁie i8hs e&@eahbnents t hat
with 4-DVMAPy as an organic directing agent, 15 wi thout SAPO 34 seeds but in

t he presencelimkthylagning campourds vgicosed if I SoPateet Nor6, 630, IR miegting at | east
0.75), there is unexpectedly forned a crystalline alum nophosphate
desi gnat ed B9PS with a new, but as yet undeterm ned, framework structure

and having [gugs that  Efnéiiss éﬁﬁ&l&?&d&%}’@p%%}.l?ﬁaﬁﬁaﬁp%th‘éisﬁ%@gg‘ise o

"dianmeter"” that is typically categofise ower s of 20
fluoride i orof(ubiqheZtithewddk Afa}erialdie noyavaliatse slugay eheafactahatl Al gestgtine

al um nophosphat e, which i.s the subject of W) 2006/ Q37436 published 13 April
2006. [o@q1]mm&&@rwﬂ@at%al&ﬁremtﬁ%we PhaSFWdcﬂheWéa\qmejJ@mr%cts@f bei nese

Uni versities -195, dated Cctober 2001, DMAPy has
25 been use lggggrytl%anlgf%gal%%nts Qéﬁ ]t eésis of NK-101, an al um nophosphate.

However, conpargdjson ofoaheséérdlﬂ)as ql¢d‘ ﬁort%tﬂn@fhgﬁﬁthht&f-WAPy bigr digekt et h t hat  of
the small pore material of the invention shows that the present material is
di fferent synthesis of low-silica SAPO-CHA in the presence of colloidal SAPO-34 seeds;
and, from parallel experiments, that with 4-DMAPy as an organic directing agent,
15 without SAPO-34 seeds but in the presence of significant levels of fluoride ion F
(F/Al,O5 of at least 0.75), there is unexpectedly formed a crystalline
aluminophosphate designated EMM-9 with a new, but as yet undetermined,
framework structure and having pores that in cross section have at least one
distance or "diameter" that is typically categorised as small. At lower levels of
20 fluoride ion (F/Al,03 < 0.75), the synthesis gave a new large pore
aluminophosphate, which is the subject of WO 2006/037436 published 13 April
2006.
[0011] According to an article in the Chemical Journal of Chinese
Universities, Vol. 22, No. 10, pages 192-195, dated October 2001, DMAPYy has
25 been used as a template in the synthesis of NK-101, an aluminophosphate.
However, comparison of the X-ray diffraction patterns of NK-101 with that of the
small pore material of the invention shows that the present material is difterent
from NK-101.
SUMMARY
30 [0012] In one aspect, the invention resides in a crystalline material having,

in its as-synthesized form, an X-ray diffraction pattern including the lines listed in



from NK-101. SUMMARY 30 [0012] In one aspect, the invention resides in a
crystalline material having, in its as-synthesized form an X-ray
diffraction pattern including the lines listed in 4 Table 1 below. Inits
as-calcined form the material of of thé invention has an X- ray diffraction
pattern including the lines listed in Table 2 bel ow. The phrase "including
the lines" as used herein neans that peaks are expected to be present at or
close to the lines indicated in the Tables, but not necessarily in the

lative 5 i it ified ' . di nb f
factors as  HECToEleR” BEEES o Blied O e AR e RS e & er o
conpri ses [ AhQ4lrrasibd fdin ineRIBRIthe HAds IREAiR tIRBREIBAbWUThE phaké

conveniently also conprises [Si _corner sharing tetrahedral units. 10
[ 0014] Convehnadndihg the linest as ussd dpreirhmsansdbiat fpoales aae cxpeatedrio hapyaderdas  basi s,

th , tal li terial.i ted by the. irical f | a:
TR o (WAL Y08 s gien e indfie T EV1es SRCAE pechierty ERBIg dyent,
preferabl y 4intckiged PeeaTBan@RIchicah Wy dpdiidd\6h DHIFRABE: SHfadiBls@s Oof R per nole

of (MAlyPz)®2 15 and has a value from about O to about 1, such as from
about 0 to adieaussdd lbter.f or exanple from about 0 to about 0.3; wherein ais

t he nunber o |l es of fluqride ion.(F) per. nole, of ( |y and has a
val ue of abo{%ﬁ% to abmlcaii,’y’ Wsyéllléqmaﬁ?ﬂélwmpré?ﬁ[f%lﬁﬁwﬁiﬁﬁs, for
exanple fro 1 Qned : Frfﬁd' ehiht %f@g ToRZ ¢ nt the
respective ?D e Eb%%%ztgr{s O?ﬁk%m? a%dsﬂP lasn{ﬁg%?g%% ra?[%lg"gesr?ago and
wher ei n M i ssharingtealahsdrhlaetigd from one of Groups 1 to 14 and Lant hanoi ds of

the Periodic Table of Elenments. Preferably Mis selected fromB, Co, Cr, Cu,
Fe, Ga, 18, [00d4] vh, Nromgniengdy, injis assynthesipedform apdhen aparhydi@Berably, Mis

To aboui 0. 3RtS PRl s TSP PRl oo b D oG e

X is fromabout 0 to 25 about O0.18R:F,:(MAljRID,about 0.4 to about 0.6 and z

is fromabout 0.3 to about O.6. o
wherein R represents at least one directing agent, preferably 4-

dimethylaminopyridine; m is the number of moles of R per mole of (M, Al,P,)O,
15 and has a value from about 0 to about 1, such as from about 0 to about 0.5, for
example from about 0 to about 0.3; wherein a is the number of moles of fluoride
ion (F) per mole of (MyAl,P,)}O, and has a value of about 0 to about 1, such as
from about 0.1 to about 0.8, for example from about 0.2 to about 0.6; wherein x, y,
and z represent the respective mole fractions of M, Al and P as tetrahedral oxides;
20 and wherein M is a metal selected from one of Groups 1 to 14 and Lanthanoids of
the Periodic Table of Elements. Preferably M is selected from B, Co, Cr, Cu, Fe,
Ga, Ge, Mg, Mn, Ni, Si, Sn, Ti, Zn and/or Zr and most preferably, M is silicon. In
one embodiment, X is from 0 to about 0.25, y is from about 0.3 to about 0.7 and z
is from about 0.25 to about 0.7. In another embodiment, x is from about 0 to
25 about 0.15, y is from about 0.4 to about 0.6 and z is from about 0.3 to about 0.6.
In yet another embodiment x is from about 0 to about 0.12, y is from about 0.45 to
about 0.55 and z is from about 0.35 to about 0.55. For ALPO molecular sieves, x
is zero.
[0015] In another aspect, the invention resides in a method of synthesizing
30 the crystalline material of said one aspect of the invention, the process comprising:

(a) forming a reaction mixture comprising a source of aluminum, a source of



In yet another enbodinent x is fromabout O to about 0.12, y is from about
0.45 to about 0.55 and z is fromabout 0.35 to about 0.55. For ALPO

nol ecul ar sieves, x is zero. [0015] In another aspect, the invention
resides in a method of synthesizing 305the crystalline material of said one
aspect of the invention, the process conprising: (a) formng a reaction

m xture conprising a source of alumnum a source of 5 phosphorus, a source
of fluoride ions, optionally a source of netal M and at |east one

structure di i I 91 - di hyl am r.i;disne h fhat said
reaction m xélﬁ)géﬁ%g%%ggﬁéf ﬁ%ggg&lrlr%% lgrgs’ﬁ)gﬁ %)%ﬁ%faysé)ta rﬁee%ggx%le%%s?ndzaﬁ%ﬂas greater
than 0.75 t&e&lﬁﬁuﬁlre?di&ctihglhgﬁﬁaﬂmraﬁsiﬁg anife®SlahfingpydidarcucR veriignt |y from
1.0 to 1.5; 5 (b) inducing stallization of said crystalline material from

Ccr
t he reacti orfepgtionunixture aga FALOemelas ratiogpighledstdd 5 sugh asmeaientban al from t he

ti i .10 In_still th t, .the f i des i
Che. use of thed ELalb A fndxiiabls iedh Db WZ0ARRE et B ERLO M et on s
a sorbents orﬁgyﬁld@cﬁ%wsyamzaﬁbﬂ 0P 542 BiyGtafl RIRVRLtSH A Trdn® BfetrbfPn nfiQuRESCRI PTI ON

OF THE DRAWNGS [0017] Figure 1 gives the X-ray diffraction patterns of the
as- synt hesi zand (cpreoesring seid cExstathhemategft feom dheyrspetidn mixtiron for 1 day and 3

days. [0018 fgure 2 gives the X-ra iffraction patterns of the
asysyng hesi ]zwgig]ﬁ pr olg’u%ﬁéi %’ft%%ﬂ’f)‘lx’etﬂ%WPWWﬂdF%ﬁ' tg? }ﬂ\iez‘bgéh?ml ar ratios.

[ 0019] Fi gur&{s’ialiiﬁe FhafeRAPAL 3P Ondspt N f gﬁcrif}%%%igiﬁfag achiven: RakheuRfpf Sanple

A in Exanple and Sanple B 1 n Exanple Figure 4 is a conparison of

the X-ray diiforgatd omvpasidneeactmhs.Sanple B in Exanple 3 (ALPO with the
X-ray diffraction pattern of the as-synthesized 20 SAPO products of Exanple
4 after dPystallization for 1 day (Sanple C) and 2 days. [0021] Figure 5 is

a conpari SO”DEEg%gT@@FdfﬁﬁrﬁﬁM@g@@.t terns of Sanples A, B and C after
cal ci nation i bed in
[0017] Figure 1 gives the X-ray diffraction patterns of the as-synthesized
products of Example 1 after crystallization for 1 day and 3 days.
[0018] Figure 2 gives the X-ray diffraction patterns of the as-synthesized
15 products of Example 2 with varying F/Al;O; molar ratios.
[0019] Figure 3 is a comparison of the X-ray diffraction patterns of
Sample A in Example 1 and Sample B in Example 3.
[0020] Figure 4 is a comparison of the X-ray diffraction pattern of Sample
B in Example 3 (ALPQ) with the X-ray diffraction pattern of the as-synthesized
20 SAPO products of Example 4 after crystallization for 1 day (Sample C) and 2
days.
[0021] Figure 5 is a comparison of the X-ray diffraction patterns of
Samples A, B and C after calcination at 650°C for 2 hours as described in
Example 5.
25 [0022] Figure 6 is a comparison of the X-ray diffraction patterns of
Sample B after calcination at varying temperatures and times as described in

Example 5.

DETAILED DESCRIPTION OF THE EMBODIMENTS
30 [0023] In one embodiment, the present invention relates to a novel porous

crystalline (metallo)aluminophosphate material, such as a SAPO and AIPOQy, its



Exanple 5. 25 [0022] Figure 6 is a conparison of the X-ray diffraction
patterns of Sanple B after calcination at varying tenperatures and tines as
described in Exanple 5. DETAILED DESCRI PTI ON OF THE EMBODI MENTS 30 [0023]

I n one enbodi nent, the present inventiofi relates to a novel porous
crystalline (nmetall o)al um nophosphate material, such as a SAPO and Al P04,
its 6 synthesis in the presence of fluoride ions and the organic directing
agent, 4- dinethylam nopyridine, and its use as a catalyst in organic
conversion r t 1.QF r AN cture. IS Jintagt after

cal cination i?’gﬁlre Eel?rorﬁ\?/gletpg%%ﬁ%r%@@ﬁl&e ‘%Séhé%fn"dgfg“dég?% fngge att % suggest that
t he cal ci neddifitsldn@ihopidin uad &EBd as aSdatdlysbid drigenib@bsve@siemtdasifons! N
particular, the calcined material does not adsorb 2,2- dinethyl butane, but
does adsor b Hisdrssidline ptrypstirg memaing entact efien dalcapadignto ssmovethe dif¢ding. The SAPO

version of the mterial .has_nethanol conver.sion acijvit and .n- hexane

o hoki ng actePL o AR S SRS oo BE VA R Pl el Py BFl RS Soent i on
conpri sessat[ikegR%¢ opekindsAlLR phrtidildr, HIRQIcifeT Mgkrisihiel A6t ddRbiadigdr al uni ts,
and preferably [s.di], Al 04] and [ P4] corner sharing tetrahedral units,
and has, in dimsthytbuianet batglozeadsodr methanol, ixhexanedartda soall emopattofer n i ncl udi ng

the lines listed,in bl below ,.Table 1 .2-Theta d, nm Rel atj.ve Intensity
6. 160. 0. 1. 43EGVIFS. Y2 SAPDIETEBNGf B Tusigi Tyt s At BETe 84S B03 M
13.980. 05 0.4330n0A8Re Sraclifg3RiRo 0.6180.002 M 18.040. 05 0.4910.002 W
19. 260. 05 0.4600.001 W 19:7880.05 0.4460.001 W

[0024] The porous, crystalline material of the invention comprises at least

10  [AlQ4] and [POy4] corner sharing tetrahedral units, and preferably [Si04], [AlO4]
and [POy4] corner sharing tetrahedral units, and has, in its as-synthesized form, an

X-ray diffraction pattern including the lines listed in Table 1 below:

Table 1
2-Theta d, nm Relative Intensity

6.16+0.05 1.43+£.0.012 VS
8.92+0.05 0.991+0.006 M
12.84+0.05 0.689+0.003 M
13.98+£0.05 (.633+£0.003 S

14.324+0.05 0.618+0.002 M
18.04+0.05 0.491+0.002 W
19.26+0.05 0.460=0.001 W
19.88+0.05 0.446+0.001 W
20.44+0.05 0.434+0.001 VS
21.3620.05 0.416+0.001 W
23.18+0.05 0.383+0.001 W
24.4240.05 0.364+0.001 M
25.58+0.05 0.348+0.001 S

26.08£0.05 0.34110.001 M
26.68+0.05 0.33420.001 M
28.02+0.05 0.318+0.001 w
28.32+0.05 0.315+0.001 W
29.14+0.05 0.306+0.001 W
30.2240.05 0.295+0,001 W
35.28+0,05 0.254+0.001 w

156
[0025] In its as-calcined form, the porous, crystalline material of the

invention has an X-ray diffraction pattern including the lines listed in Table 2
below:

Table 2



20. 440. 05 0.4340.001 VS 21.360.05 0.4160.001 W 23.180.05 0.3830.001 W
24. 420. 05 0.3640.001 M 25.580.05 0.3480.001 S 26.080.05 0.3410.001 M

26. 680. 05 0.3340.001 M 28.020.05 0.3180.001 W 28.320.05 0.3150.001 W
29. 140. 05 0. 3060.001 W 30.220.05 0.2950.001 W 35.280.05 0.2540.001 W 15
[0025] In its as-calcined form the porous, crystalline material of the

I nvention has an X-ray diffraction pattern including the lines listed in
Table 2 below. Table 2 7 2-Theta d, nmRelative Intensity 7.340.05
1.2030.008 VS 12.640.05 0.7000.003 S 14.140.05 0.6260.003 M 19.800.05
0. 4480. 002 M 22.900. 05 Nyg&§0. 001 W ,,26. 060 gQpti0e Rftefi @01 S 28.160. 05
0.3170.001 W 35.240. 05,Q,2p40. 001 Hyﬂ):’o?SMO. 05 0,,¢520. 001 W[0026] These,
and all other X-ray di flzz'rbq&'logn da'%lo ro'ebogrred to I"gerei n, were collected
with a Sienmens D500 di f1f4r.134g guet 65.65@0%0? vol tagewf 40 kV and a

19.80+0.05 0.448+0.002 M
22.90+0.05 0.388+0.001 W
26.06+0.05 0.342+0.001 S
28.16%0.05 0.317+0.001 W
35.24+0.05 0.254+0.001 W
35.64+0.05 0.252+0.001 w

[0026]
collected with a Siemens D500 diffractometer with a voltage of 40 kV and a

These, and all other X-ray diffraction data referred to herein, were

5 current of 30 mA using a copper target (A = 0.154nm) and a curved graphite
monochrometer. The diffraction data were recorded by step-scanning at 0.02
degrees of two-theta, where theta is the Bragg angle, and a counting time of 1
second for each step. The interplanar spacings, d's, were calculated in nanometres
(nm), and the relative intensities of the lines, I/ Io, where o is one-hundredth of

10 the intensity of the strongest line, above background, were derived with the use of
a profile fitting routine (or second derivative algorithm). The intensities are
uncorrected for Lorentz and polarization effects. The relative intensities are given
in terms of the symbols vs=very strong (75-100), s=strong (50-74), m=medium
(25-49) and w=weak (0-24). It should be understood that diffraction data listed

15  for this sample as single lines may consist of multiple overlapping lines which
under certain conditions, such as differences in crystallite sizes or very high
experimental resolution or crystallographic change, may appear as resolved or
partially resolved lines. Typically, crystallographic changes can include minor
changes in unit cell parameters and/or a change in crystal symmetry, without a

20 change in topology of the structure. These minor effects, including changes in
relative intensities, can also occur as a result of differences in cation content,
framework composition, nature and degree of pore filling, and thermal and/or
hydrothermal history. In practice, therefore, at least some of the lines in the X-ray
patterns of the crystalline material of the invention may exhibit significant

25 variations in relative intensity from the values indicated in Tables 1 and 2.



5 current of 30 mA using a copper target (X = 0.154nn) and a curved graphite
nonochronmeter. The diffraction data were recorded by step-scanning at 0.02
degrees of two-theta, where theta is the Bragg angle, and a counting tine of
| second for each step. The interplanaB spacings, d's, were calculated in
nanonetres (nm, and the relative intensities of the lines, I/ lo, where |lo
is one-hundredth of 10 the intensity of the strongest |ine, above
background, were derived with the use of a profile fitting routine (or

second deri V@h%’/ al ggﬁ% g&%aeter%easi-d}ic?ﬁh%i)yrﬁgﬁlﬁ fsted PEPINIS S Aduf §5 Lorentz

and pol ari zat effe atirve inte es are giveh 1n fternms of

the synbol s gamyef thesdriedngs-{yhtheii8) crystaline anger(dd @reMehtedimar divetfroh25- 49) and
w=weak (0-24). It should be understood that diffraction data |isted 15 for
this sanpl e BeUsERGFREtYE Haderfeflove shaifrogeront arateraf § 0eClsviarte 4p ARG #Mdnes whi ch
under cer t ai g, GORGLL 0% iRUOMh ASw IhL LERAGERIA Y Aig¥EIRL b0 Lelz g or very
hi gh experinmental” rescoiution of crystalfographic change, nay appear as

resol ved @r nifdgdn BdwYs thes etasedland fies. padepioval thy sariplSitalel th@r aphi ¢ changes
can include mnor changes in unit cell paraneters and/or a change in

crystal synmiempgratuge ohthgtovan poraishd Atferatartt P56 migytedp 60REC.sThesampleis These
i ffect i ncl udi i | ati i Nt it |
 Fesurt of ep refinHERIROrCREr B ndeif WGl WeodS et o detRar ur e °°

and degree Ofenpefalur td Alldvo theaXRIDIJAREMBD bBAoRIed. hydr ot hermal history. In
practice, therefore, at |east sone of the lines in the X-ray patterns of

t he crystal | [0628]mat er i bl itscoefs-syhthesinadeiormend waynerhydrdws asgniheipoams, 25

vari ati 08§ in relgiati ve | ntensi té’ fromthe vagues i ndi &gtg@ in.Tahles 1 and
2. 8 [00%7]°ryaljanaalrial phthe presenlipysign gan 5g reprassntes by 2he qmpisictl e 2, about
0.5 grans of, @ dried, as-synthesized crystalline material are heated in
an oven from roomtenperature under a flow of nitrogen at a rate of

10C/ minute to 400C and, while remBiRiMAlFe)hi trogen flow, the sanple is

hel d at 400C for, 30 m nutes. The 5 nitrogen flgflis t hen ce%fed.and air is
passed over VAFCWAHFAPECSHAS AblepHone duRymEAgiRtePISTeTaiNg 2B PEgNGAIFS(iagd at a

o, O 100 B SERCS TR R Py IS0 AL GRS L 2 four
XRD pattasn R@ebmoleasfqMIALP,)O; and m has a value from about 0 to about 1, such as
from about 0 to about 0.5, for example from 0 to about 0.3 ; wherein F represents
fluoride ion, a is the number of moles of F per mole of (MxAl,P,)0; and a has a
value of 0 to 1, such as from 0.1 to 0.8, for example from 0.2 to 0.6; wherein x, y,
and z represent the mole fraction M, Al and P as tetrahedral oxides; and wherein
20 M is a metal selected from one of Groups 1 to 14 and Lanthanoids of the Periodic
Table of Elements. Preferably M is selected from B, Co, Cr, Cu, Fe, Ga, Ge, Mg,
Mn, Ni, Si, Sn, Ti, Zn, Zr and mixtures thereof. Most preferably, M is silicon.
[0029] In one embodiment, x is from 0 to about 0.25, y is from about 0.3
to about 0.7 and z is from about 0.25 to about 0.7. In another embodiment x is
25 from about 0 to about 0.15, y is from about 0.4 to about 0.6 and z is from about
0.3 to about 0.6. In yet another embodiment x is from about 0 to about 0.12, y is
from about 0.45 to about 0.55 and z is from about 0.35 to about 0.55. For ALPO
molecular sieves, X is zero.

[0030] It will be appreciated that the R and F components, which are

30 associated with the as-synthesized material as a result of their presence during



[0028] In its as-synthesized formand on an anhydrous basis, the porous, 10
crystalline material of the present invention can be represented by the
enpirical fornmula: nR Fa: (MXAlyPz) Q2 wherein R represents at | east one
directing agent, preferably an organic 8irecting agent and nost preferably
4-di net hyl am nopyridine, mis the nunber of noles of 15 R per nole of
(MAYP,)®2 and mhas a value fromabout 0 to about 1, such as from about O
to about 0.5, for exanple fromO to about 0.3 ; wherein F represents

fluoride ion f I ( )2 and a
has a val uecrggale)&%ﬁ&l suc reﬂf ?%h?gf’% c{}gs't%ﬁ%an cr)lr?etgé(das Mﬂ%ﬁog)m 0.2to

0. 6; wher ei nm¥re desele}merdesent the nole fraction M AI and P as
tetrahedral oxi es wherein 20 Mis a netal selected fromone of G oups
1 to 14 and m&aﬂhanou d@h%$lllﬁ¢?éuméwpwaatevﬁme@rwmeméwﬁnméyplmlbﬂ@ﬁabl y Mis
selected from Zn, Zr and

m xtures t he?ré"ﬁpha Wﬂget Oqu'tg:u a!g‘; ggi v%awr%eg%tj\%bh’o éas%éz‘é}?fcf‘%n%ﬁ?s t1e“ﬁ‘r)odl ment ,

X is froms0 fhateARON usdtuld anYaciBedidlpMiRBRdhic Qosveréion #daebns0 - Thealshaz 1S from
about 0.25 to about 0.7. In another enbodinent x is 25 fromabout 0 to about

0.15, vy is fyawe igbide s ngeajure of isowackingsctintty of a catalysirandiodescribedsint o about

0.6. In yet her enb rom aho 0,to t 0 from
about 0. 45 _t@%OESTG{‘”g sSSP and i bapif, §90dom T @8 k0r ALPO
ol ecul ar _si @ues, 071969 0and 96361, ggmdsoperwp@ﬁhﬁh@@céﬁmoﬁm R and F
conponent s, whi ch are associated wth the as-synthesized material as a

result of t hibe rtespnsslémmn thwhideg @nstantytsmatafuzaof 5)?rS°Camé aeaslably floemoved by
post-crystalli za&ig ds her ei naft re y descri bed.
(00311 TR si4 & %ﬂ%{@@@i@%ﬁ@m e 285" ypi cal Iy has an
al pha val ue @g 35t | easTth&Puf‘&‘gstQ@ﬁ)@n&E a‘?B ttﬂlteéré%ml 1?1@51&10{‘1 can bk Ndi cating

that the terial is u S an aC| I'n organi c conversion
reactions. Tﬂsmdmdeprfmm(alsuﬁhesesmiritﬁrea:omaﬁmg Wat&f atsoercerodipkosppoasia vity of a
catalyst and is des ribed in U'S, Patent No. 3 354,078 and in_the Journal
of Catalysi Ssouv@o a mllgum59?01(rggggf)'luorlde 10ns, optionally a'source of metal M,

such as silicon, and 4-dimethylaminopyridine (R). The synthesis mixture typically

15  has a composition, expressed in terms of mole ratios of oxides, as follows:

Component Useful Preferred
P,0s : AL O3 0.7t01.3 09to 1.1
Si0; : ALO; 01t00.9 0.05t0 0.5
H,O : Al,O; 10 to 100 20 to 60
R : ALO; 0.5t05.0 1.0to 4.0
F: ALO; >0.75t03 >0.75t02.5
[0033] More specifically, F/Al,O3 molar ratio of the synthesis mixture is

20 from 0,85 to 2.0, such as from 1.0to 1.5
[0034] A suitable source of phosphorus in the above mixture is phosphoric
acid. Examples of suitable aluminum sources include hydrated aluminum oxides
such as bochmite, pseudoboehmite, and aluminum trialkoxide. Suitable sources

of silicon include silicates, e.g., fumed silica, such as Aerosil and Cabosil,



Vol . 6, p. 278 (1966); and Vol. 61, p. 395 (1980). The experi nental
conditions of the test used herein include a constant tenperature of 538C
and a variable flow 10 rate as described in detail in the Journal of

Catal ysis, Vol. 61, p. 395. [00321 The pprous crystalline material of the
present invention can be produced froma synthesis m xture containing

wat er, a source of phosphorus, a source of alum num a source of fluoride
ions, optionally a source of netal such as S|I|con and

4-di net hyl a r|d nth turet

So oo 1Y o MeR kLS e, ahd oot PaRYdy FhenfiSnd JRUER. ot cRpfiE
Component 1 seiod bPL! @8 Pet EAMmourAbRRS 1 Tadcfarie ﬁu@oxe to 1.1 02 :
Al203 0to 0.9 0.05 to 0.5 1420 : Al1203 10 to 100 20 to 60 R : A1203 0.5

to 5.0 1.0 tW03Sp F : ThegsrcofmBon@e s HE1ydR. @y[@ﬂ@@mnmbbpﬁm fically,

F/ A1203 nol ar , rat thessm ture 20.fromO 85t020 such
oo 1°0 feiaing Hrigt Erad e CapbEsi Syt ion B L iai DI of fHobove

mxture i g PRRSRISE HGori@Ciots uﬁlﬁﬁi‘éﬁbl@sscdﬂialﬁﬁlg Bﬁ@bﬁs&kh\ﬂhﬁ%éﬁ% %ﬁ@n i ncl ude
hydrat ed al um num oxi des such as boehmte, pseudoboehmte, and al um num

trial koxi de. aﬁnemhﬂmwlckawrckmblpfso@uml fhwmndemx:ltasdmrrsﬂhmmba; eﬁplum g., funed
silica, such_as erosi | . Cabosi | (5 gal k orthosilicates, and

aqueous col | Beyide g’&ﬁ‘beéﬁg]i‘ H8r Sg?'th‘E‘éﬂu &\ Iﬂé‘onfj?réjfmg‘é‘ﬂ‘ﬂmby E.l. du

Pont de NenDyy§idangey 1kgr§nﬁmﬁ§n b h ds QAR etH1EmRRMHI bridd, uori de

i ons may be any corrpo%n capa qul?n ré?aé?asal[sng%‘?%etﬁc???rae }Vlc??\rgﬂ?nn

synt hesi s m tetra¢thylamvaroniunyiffubride, dvdrogee Huarides tlabrosilisipicads of f | uor| de ions
i ncl ude salts caont ai ni ng one or several fluoride ions, such as netal

f1uorides9 phexrgramplospieas s randonixiuss hereak JYlgph rrelgEbivy dhe souTegioim
fluoride, trontlumfluorlde barium fl uori de, ambni um
e TSRS ARl -

fluoride, Al um T uor | des, such as tetranethyl anmoni um
fluoride, t@oseEthhyl agrRailliiibh iodandel ol yddaeehed dtt@dicdetatit | uorosilicic

acid, conditions, preferably stirred conditions, at a temperature between about 100°C

and about 250°C, typically between about 130°C and about 200°C, preferably

15  between about 150°C and about 180°C. Preferably, crystallization is conducted
for about 2 to about 150 hours, preferably about 20 to about 100 hours, whereafter
the resultant crystalline material is separated from the mother liquor and
recovered, such as by centrifugation or filtration. The separated product can also
be washed, recovered by centrifugation or filtration and dried. The crystalline

20 product is typically in the form of platelets having a ds; (50 % by volume of
crystals is smaller than the dsp value) particle size less than 1 pm.
[0037] Synthesis of the small pore (metallo)aluminophosphate material of
the invention may be facilitated by the presence of at least 0.1 ppm, such as at
least 10 ppm, for example at least 100 ppm, conveniently at least 500 ppm of seed

25 crystals from a previous synthesis based on total weight of the reaction mixture.
[0038] As a result of the crystallization process, the recovered crystalline
product contains within its pores at least a portion of the organic directing agent
used in the synthesis. In a preferred embodiment, activation is performed in such
a manner that the organic directing agent is removed from the molecular sieve,

30 leaving active catalytic sites within the microporous channels of the molecular

sieve open for contact with a feedstock. The activation process is typically



10 hexafl uorophosphoric acid, and m xtures thereof. Mst preferably, the
source of fluoride is hydrogen fluoride. [0036] Crystallization is carried
out under either stirred or static conditions, preferably stirred
conditions, at a tenperature between abldut 100C and about 250C, typically
bet ween about 130C and about 200C, preferably 15 between about 150C and
about 180C. Preferably, crystallization is conducted for about 2 to about
150 hours, preferably about 20 to about 100 hours, whereafter the resultant

crYataLl e RGPt SRR HARRI R P Sio Mlo G0my RS 0

washed, recoetetblity a€ @ fnfipdratgfet dfdrono abdut ROOAT ioaboan8DOAC] agicallnén theyst al | i ne
20 product is typi caIIy in the formofgfﬂl atel ets having a d50 (50 % by
vol ume of  cirgssngs of asOxyigancantaining gash d hissppsf pragesp st echéd§i>rz1@rqlaéss than 1

the i nvent i o <oy Be Rrudief of BP che Y GristBh Becob bk BAPORSBNTEL T 21 o
as at |eastsy¢@mppm for exanple at Ieast 100 ppm conveniently at |east 500

ppm of seed 25 crystals froma previous synthesis based on total weight of
the reacti onloﬂﬁ%t ure. O[IQH)‘ZQ@]CTYA@UHIWI@%@HQI Oéihqlnéelﬁwdlaabcftnz%’mf@ﬁizw ocess,

the recovere ro t cont ai. at least a
por t1 on ot - hERbG Rl Bl Fiy SRR SRR o RanirPRRSRT | 72

preferred ermsz@hm@rgucha@binuatslaﬁa/okﬁxaﬁﬂf&@fcﬁﬁﬁ fhAt SrY6ide addigBRdlEr that the
organic directing agent is rempved fromthe nolecul ar sieve, 30 |eaving

active cat al ariness ot entalysic adtivity heetheifovished catalysichannel s of the nol ecul ar

si eve open far contact th a feedstoc vatl oces typically
11  acconpl i@ﬂé by ca IT‘/I\éylfeﬁﬁalfgWhIB? C‘E‘s‘%"eﬁf”i‘d&pl‘?ﬂhé’ﬁtcpﬁ& i‘rtﬁflélc‘lf gﬁ si eve
conpri si ng ﬁlbé‘ntfo‘ﬁrHah%E %aﬁ&uﬁn&ﬁﬂpéitﬁ%ﬁaﬂg%u%r &Q@eﬂ@l@”tl“hg&%ﬂeﬁalé‘bom 800C,
typically in the presence of an oxygéen-containing gas. This type of process

can be used molrudc)ammp@dmomrsuc]maq)lk&mﬂ ané ptheatlapd, v‘ahmsdbg*amoﬁranh gagtht i ng agent

fromthe i ntrac alline pore system [00391 Owce the crystalline
material of Iflﬁté Srﬂ ENRGH L 3(5"’3 C%@‘H?‘Pﬁé’gﬁ gedite catplystLomponenssmyl ated into a

cat al yst Conﬂﬁ)ﬁh{a' (ﬁ“ﬁllﬂﬂﬁnﬁ Qg?hﬁﬁ}a', Ql?cd%z{, ﬁuﬂrté? §ilica or silica sol, and mixtures

15 thereof. These components are also effective in reducing overall catalyst cost,
acting as a thermal sink to assist in heat shielding the catalyst during regeneration,
densifying the catalyst and increasing catalyst strength. When blended with such
components, the amount of intergrown crystalline material contained in the final
catalyst product ranges from 10 to 90 weight percent of the total catalyst,

20 preferably 20 to 80 weight percent of the total catalyst.

[0041] The small pore crystalline material described herein can be used to
dry gases and liquids; for selective molecular separation based on size and polar
properties; as an ion-exchanger; as a catalyst in organic conversion reactions, such
as cracking, hydrocracking, disproportionation, alkylation, isomerization,

25 oxidation and synthesis of monoalkylamines and dialkylamines; as a chemical
carrier; in gas chromatography; and in the petroleum industry to remove normal
paraffins from distillates.

[0042] In particular, the small pore crystalline material described herein is
useful in the catalytic conversion of oxygenates to one or more olefins,

30 particularly ethylene and propylene. As used herein, the term "oxygenates"” is

defined to include, but is not necessarily limited to aliphatic alcohols, ethers,



materials, such as binders and/or matrix materials, that provide additional
har dness or catalytic activity to the finished catalyst. 10 [0040] Materials
whi ch can be blended with the crystalline material of the invention can be
various inert or catalytically active m#terials. These materials include
conpositions such as kaolin and other clays, various forns of rare earth
netal s, other non-zeolite catal yst conponents, zeolite catal yst conponents,
alumna or alumna sol, titania, zirconia, quartz, silica or silica sol, and

m xtures 15 t eref Thes s are also eff t] |ng overal |
cat al yst cos‘far gf?rﬁﬁo g ;Ci{{%g? ﬁ(etofl?ﬁtc?%o s§|a§ i Carﬁc@ﬁpes Fldl ng the

catal yst durfig, dndG@vedoripoRids cd@ifing MeReh-itbfhs Calch ay, Haliask] meﬁ&m@& ng
catal yst stren tgth When bl ended wi th such corrponents the anount of

i nt ergrown csql/sdqal arhines, mad ariktiresdthereaf. fhe aliphatipempienawill ramally sentpinoduct

Lo 80 wel gnt teeBaR! Braop! CERE tiaf yef«! Rofarb Tl Eo FouBpE =7 0

crystallige d‘{@ﬁ@_rl al described herein can be used to dry gases and |i quids;
for selective nolecular separation based on size and polar properties; as
an ion-exchaWQé3] as aRcmmnwivebnygmg@mimhmhdwcrsﬁmrghtt ebait bobmpcledch as

cr acki ng, cr.acki n proportionation ation nmerization, 25
oxi dati on a Pg‘?‘ﬁ‘f ﬁlé%li“g 5?311;71 T aqﬁnﬁeé'ga%amg%g}rmwn QgAY cheni cal
carrier; in rf 6’ § 0L ARDs oPélHtabl% dx rﬁ?etc!o%lﬁ)'ﬁﬁhél MRk Wetﬁa‘hof ermve

normal paraffins mdistiflates. [004 ?e articular, the smal'l pore
crystalline ethamllmpro@emcdrlsbpldpm;eﬁln Cp alamhelfsu]lnethlyl ¢thel elhﬂ:radilmeltlwlconverm on
of oxygenates to_one nore olefins, 30 particularly ethyl

propyl end® A&th‘ifs@’ﬁﬂh'é?@l"‘h dlmerqp@l?#?ﬂrewga gteéf@ptapsmeaﬁ sliide =r%etﬂaﬂc| ude, but

IS not neces [ 2 carbonyl
conpounds (al deh %Ié%lrﬁ‘%{ tonégil %{Hé’pgbmﬁ?/ﬁd% gh%hﬁl’ecarglg(%g?%d;e and the 1like),
and al so confeatialdshyeiendiameihpbcdrpdrate dainethy] kaund) aastic dvéd;indelkyl anEinesapt ans,

sul fides, am nes, and m xtures_thereof. The aliphatic moiety will nornal I y
contain fr obrelybhalides ioalkylowilides having sraliatl greups of epmprasing dinrargsal 1 to

about 4 carbgg; 3p8L9 %y about 10 carbon atoms; and mixtures thereof. Particularly suitable

15 oxygenate compounds are methanol, dimethyl ether, or mixtures thereof, most
preferably methanol. As used herein, the term "oxygenate" designates only the
organic material used as the feed. The total charge of feed to the reaction zone
may contain additional compounds, such as diluents.

[0044) In the present oxygenate conversion process, a feedstock

20 comprising an organic oxygenate, optionally with one or more diluents, is
contacted in the vapor phase in a reaction zone with a catalyst comprising the
molecular sieve of the present invention at effective process conditions so as to
produce the desired olefins. Alternatively, the process may be carried out in a
liquid or a mixed vapor/liquid phase. When the process is carried out in the liquid

25 phase or a mixed vapor/liquid phase, different conversion rates and selectivities of
feedstock-to-product may result depending upon the catalyst and the reaction
conditions.

[0045] When present, the diluent(s) is generally non-reactive to the
feedstock or molecular sieve catalyst composition and is typically used to reduce

30 the concentration of the oxygenate in the feedstock. Non-limiting examples of

suitable diluents include helium, argon, nitrogen, carbon monoxide, carbon



[ 00431 Representative oxygenates include | ower straight chain or branched
aliphatic alcohols, their unsaturated counterparts, and their nitrogen,

hal ogen and sul fur anal ogues. Exanpl es of suitable oxygenate conpounds

i ncl ude net hanol; ethanol; n-propanol ;13 sopropanol; C4 - C O al cohols;

met hyl ethyl ether; dinethyl 10 ether; diethyl ether; di-isopropyl ether;
nmet hyl mercaptan; nethyl sulfide; nmethyl am ne; ethyl rrercapt an; di-ethyl
sul fide; di-ethyl am ne; ethyl chloride; formaldehyde; - met hyI car bonat e;

i methyl kelgpge, QREL LSRRI ndlc AL BHIFARS @}aﬂkmaﬂp@w% n-al kyl

sul fi des having n- Ry ng romabout 3 to

about 10 carhefhand, @ﬂﬁne azmd pﬁ@pﬁhﬂ} egsehﬂmrye@h-reme laﬁdﬂuﬁfd donfoiuhéd hed 15
oxygenat e corrpounds are nethanol, dinethyl ether, or mxtures thereof, npst

preferably nigpfangstherosd. JbémqsbpréfqmedtdﬂéentémW%s@w@émﬁr@gend@ghg‘fmres only

the organic sed.as The total. ch f.eed to the
Foact on om kS RURIS PR AREERY A SR BRI (Gl B s 00d41 1
the presept w@ylggma{o@typ@ﬁm@ﬁ(&hlqeed)ﬁl@g@&s a feedstock 20 conpri SI ng an
organi ¢ oxygenate, optionally with one or nore diluents, is contacted in

t he vapor phi8d6]i n a rEhetemmeratememplayied an dwatoawmtmmpcnsmnugoqehfe ol ecul ar
sieve of the present inveption at ,effective so as to
produce the ’HE%V%(?VSII %yvll%srangg SUshAs oM, phout ?h@&gﬁ)&’@é’é@%e Tcarried out
in a |iquide@mpde fbhebodeBsveClth dbhd SBUQLS%CIWIEQ FoREaPESPE osibsa i ed out

in the liquid 25 phase or a m xed vapor/liquid phase, different conversion
rates and sel¥Xil,epnvemsendly froneeblsit 366G mqbpodﬁﬁﬂfcn‘qulqaﬂsﬁlom atmpendi ng upon

the catal yst,and the react con t he

di | vent (<9 -ﬁggﬁaﬂ pitpOf L SRLaERYaTY Bomiaboy ARBCHBERo B RS eeul ar i eve
catal yst co tion $64 ¢ @gg;% oncentration
of the oxyge a??a] in thQ%nglgg%{@k@k%HI rm ﬁ“ﬁg xa nlec;égs%pyéﬁl tabl e

di | uent s i ncoptoheurh @moums, &rageide ranghrocﬁgmssuresauthldmg)bm)ﬁodﬁmltedndoon 13

di oxi de, water, essentially non-reactive paraffins &em al Iy al kanes such
as met hane, APGFRARS PIAFRITSSAHE PRSFUrCRNBA FANgP P§frﬁ@rﬁh0é 8 topkard P c

compounds, 310% B LiSR, BR"Osure 0 fh MR Tingl 0P hOH ARufly kKBS Sk § Water and
W t wat er

ni trogen,
15  MPa, such as in the range of from about 50 kPa to about 1 MPa. The foregoing

pressures are exclusive of diluent, if any is present, and refer to the partial pressure
of the feedstock as it relates to oxygenate compounds and/or mixtures thereof.
Lower and upper extremes of pressure may adversely affect selectivity,
conversion, coking rate, and/or reaction rate; however, light olefins such as

20 ethylene still may form.
[0048] The process should be continued for a period of time sufficient to
produce the desired olefin products. The reaction time may vary from tenths of
seconds to a number of hours. The reaction time is largely determined by the
reaction temperature, the pressure, the catalyst selected, the weight hourly space

25 velocity, the phase (liquid or vapor) and the selected process design
characteristics.
[0049] A wide range of weight hourly space velocities (WHSV) for the
feedstock will function in the present process. WHSV is defined as weight of feed
(excluding diluent) per hour per weight of a total reaction volume of molecular

30 sieve catalyst (excluding inerts and/or fillers). The WHSYV generally should be in
the range of from about 0.01 hr”! to about 500 hr', such as in the range of from



being particularly preferred. Diluent(s) nmay conprise fromabout 1 nmol %to
5 about 99 nol % of the total feed m xture. [0046] The tenperature enpl oyed
in the oxygenate conversion process nmay vary over a w de range, such as
from about 200C to about 1000C, for exbhple from about 250C to about 800C,

i ncluding from about 250C to about 750 C, conveniently from about 300C to
about 650C, typically fromabout 10 350C to about 600C and particularly from
about 400C to about 600C. [0047] Light olefin products will form although

not necessar %Beognit).'g hrog(ﬁ LEB{HBW“%&“%S{% gnaﬂirahgés‘gﬁfr%.a% Y§P5y, 1 ncluding

but not |im aut ogenous ‘pressure reSsures in e range of from
about 0.1 kPsboue2e®htt 10 MPa. Conveniently, the pressure is in the range
of from about 7 kPa to about 5 15 MPa, such as in the range of from about 50
kPa to about[0058kPa. ThA mretisgbembpdiperiad areastepsysiedpriewxygmmate | uent, if

any is present, and refer.to.th ard I ressur f..the feedstock as it
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and t he sel epressirgylor dessitye®s.gn characteristics. [0049] A wi de range of
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catal yst (excluding 1nefts and/or “fillers). The WHSV-general |y should be in
t he range of cdtalgsnishdidctdd t0h rhgenedation neddounh, shERaha gds comymisirsoxyged,he range
of from 14 bout 0.5 hr -1 t? an%lrt 300 hf-1, for exanple in the range of
from about Of°f €xa@mple gir, to burn off coke from the catalyst, which restores the catalyst

activity. The conditions of temperature, oxygen partial pressure, and residence

15 time in the regenerator should be selected to achieve a coke content on regenerated

catalyst of less than about 0.5 wt %. At least a portion of the regenerated catalyst

should be returned to the reactor.

[0052] In order to more fully illustrate the nature of the invention and the

manner of practicing same, the following Examples are presented. In the

20 Examples, elemental analysis of Al, Si, and P was performed using Inductively

Coupled Plasma (ICP) spectroscopy.

Example 1

[0053] The following ingredients were mixed, in sequence, and blended
25 into a uniform gel using a microhomogenizer (Tissue Tearor Model 98730,

available from Biospec Products, Inc, USA): 85 wt% H;PO4 (obtained from

Aldrich Chemical Company), deionized H,0, Catapal™ A (73.9 wit% Al,03,

available from CONDEA Vista Company, Texas, USA), 50 wt% HF in water

(Aldrich Chemical Company), and then 4-dimethylaminopyridine (4-DMAPy)
30 (obtained from Aldrich Chemical Company, USA). The molar ratio of the

ingredients was as follows:



about 200 hr-1. [0050] A practical enbodi nent of a reactor systemfor the
oxygenate conversion process is a circulating fluid bed reactor with
continuous regeneration, 5 simlar to a nodemfluid catalytic cracker.

Fi xed beds are generally not preferred For the process because oxygenate to
ol efin conversion is a highly exotherm c process which requires several
stages with intercoolers or other cooling devices. The reaction also
results in a high pressure drop due to the production of |ow pressure, |ow
density gas. 10 [0051] Be J nerated frequently,
the reactor should all 5\/’?2%?30%g%tl%o¥gg3'm%c%ﬁ4%$g§he catalyst to a

regenerator, [0084) e t heThé€gélatagshen Hacedlinect g ban B witdRifidhdineandedi um  such
as a gas conprising oxygen, for exanple air, to burn off coke fromthe

cat al yst, whivahheagsshtorl88°C far Ictat3adays statieadlyi Viheyolid hroduetrivias depifugsfd

tenperature, o n partial pressure, and residence 15 ti Jn the

r egener at or ?H{%%g‘e% V%é‘f'ﬂé’ét‘ﬁﬁl eipnizad; waler g BRLEB AREhn & Olﬁg‘éaéﬂlé?’at ed

cat al yst @f ako i gener at ed
cat al yst gs h%‘ﬂeﬁ?v%e et't Bél’)ll:l%ﬁ t“g e%ﬁ%ﬁﬁé@%‘%ggf@%%?ggﬁ ?’ghﬁrr%r e fully
il lustrate tégstalinepedott Wieohtaiviedbftaronaday dheystathinamam Ghmpicead).i sfterg sane,

the foll owi ng Exanpl es arg presented. In _the 20 anpl es, .el enental anal ysis
of A, Si, aﬁiaeerf?%ef wastalbizauen, a@qﬁlﬁenql ﬁ&&eﬁwe}aﬁxmpwwm (1 CP)
spectroscopy E‘%ﬁﬁ% : e followng ingredients were mxed, in
sequence, an[éim en gzmﬁgé&?aﬁ%arg&uni formgel using a m crohonogeni zer

(Ti ssue Tear @o5spdel 98d1&Dprodamaiidlabl BarhpleA Bao$P 6%, Badwalthe tdtalc, USA): 85
wt % H3PO4 (obtained from Aldrich Chenm cal Conpany), deionized H20
Cat apal ' MPA peightofthostantngzel. Elgaientabpralysiogav oving gsWrPany, Texas,

USA), 50 wt % Hyd.Np A o,

4-di met hyl amnopyt1di ne fAf%%@%éa}%gh@eﬁg%@&g Tanﬁ?gﬁgg%n%al

Conpany, USA39.4%ar eadbdited &dthloxddest he i ngredients was as foll ows: 15

[0056] The XRD pattern of Sample A had no match with any known
patterns. The peak list is shown in Table 3 below.
15 Table 3
2-Theta D. nm 1%
6.16 1.433 83
8.92 0.991 42
12.84 0.689 35
13.98 0.633 53
14.32 0.618 39
18.04 0.491 10
19.26 0.460 13
19.88 0.446 23
20.44 0.434 100
21.36 0.416 17
23.18 0.383 16
24,42 0.364 32
25.58 0.348 66
26.08 0.341 37
26.68 0.334 26
28.02 0.318 7
28.32 0.315 12
29.14 0.306 7
30.22 0.295 11
32.10 0.279 3
35.28 0.254 15
36.08 0.249 5
37.98 0.237 5

39.60 0.227 6



1.0 HF: 2.0 DVvAPy: 1.0 A1203:1.0 P205:40 H20 [0054] The gel was then pl aced
into a Pan bonb with Teflon liner, and was heated to 180C for 1 to 3 days
statically. The solid product was centrifuged and washed five tines with
dei oni zed water, and was then dried in ¥ 60C vacuum 5 oven overni ght. X-ray
powder patterns of the product showed, in Figure 1, that a crystalline
product was obtained after one day of crystallization (Sanple A). After
three days of crystallization, additional diffraction peaks corresponding to
an unidentified inpurity gpfpeared. 309851 Solidsproduct yield of Sanple A
was 13.6% based on the tojal, 10 weipghi of the gtarting gel. El enental

anal ysis gave the following results: A, 13.31% P, 14.94% These results
corresponded to All.0P0.978 in conposition and 59.4%for cal cul ated total
oxi des. [O005BkampR 2XRD pattern of Sanple A had no match with any known
patterns. The geak list is shown in Table 3 below. 15 Table 3 2-Theta D, nm
1% 6.16 1. 4808583 8. 9bhopwygadupof hxangpie @ veggenpsted; exagpt halomyisgg 14, 32

0,613 39, 164848, Bl 20 G SodP B0 iR ARl %24 100,
37 5 mixtures having the following molar ratio of ingredients:
xHF:2.0DMAPy:1.0A1,05:1.0P,05:40H,0
where x = 0.5, 0.625, 0.75 and 0.875.
[0058] In each case, the crystallization was carried out for one to two days
at 180°C statically. The XRD patterns of the products are shown in Figure 2 atong
10  with that of Sample A. Figure 2 shows that, at an HF/Al;03 molar ratio less than
0.75, the new framework material disclosed in WO 2006/037436 was formed. At
HF/Al,O3 molar ratios greater than 0.75, the new phase of this invention was
formed. When the HF/Al,O3; molar ratio was equal to 0.75, a mixture of the two
phases was produced.
15 [0059] Elemental analysis of the product obtained with HF/Al,O; molar
ratio of 0.875 gave the following results: Al, 12.2%; P, 14.2%. These results

corresponded to Al ¢P; 014 in composition and 56.4% for calculated total oxides.

Example 3
20 [0060] The procedure was identical to Example 2, except that a higher
amount of hydrofluoric acid was added and the ingredient ratio was the following:
2.0HF:2.0DMAPy:1.0A1,05:1.0P,05:40H,0
[0061] Crystallization was carried out for two days at 170 °C with
tumbling at 40 rpm. The product yield was 10.0% based on the total weight of the
25 gel. The XRD pattern of the product (Sample B) is shown in Figure 3, along with
that of Sample A. Figure 3 shows that Sample B is the same crystalline phase as
Sample A. Elemental analysis of Sample B gave the following results: Al, 13.3%;
P, 15.1%. These results corresponded to Al; oPg ¢ in composition and 59.8% for

calculated total oxides.



26.68 0.334 26 28.02 0.318 7 28.32 0.315 12 29.14 0.306 7 30.22 0.295 11
32.10 0.279 3 35.28 0.254 15 36.08 0.249 5 37.98 0.237 5 39.60 0.227 6
16 41.36 0.218 5 44.42 0.204 5 Exanple 2 [0057] The procedure of Exanple
1 was repeated, except that varying anbunts of hydrofluoric acid were added
to produce four different synthesis 5 mxtures having the foll ow ng nol ar
rati o of ingredients: xHF: 2. ODVAPy: 1. 0A1203: 1. OP205: 40H20 where x = 0.5,
0.625, 0.75 and 0.875. [0058] In each case, the crystallization mas carried

t f d e
product s ar et i n g SR BRG SRS MG cuple D R WEARRRBAR Pl 05 ¢
shows that, mbe:&fbntﬁd\ﬁﬂgﬂﬁ sk HR D phiten] @aDetobgiindd. with vmmloagm batRmewor k

mat eri al d| sclosed in WD 2006/ 037436 was fornmed. At HF/ A1203 nol ar rati os
greater thangdcomposifien amvngﬁ%@n@ﬁn@lﬁp%s i Thesnrasults etablish thatihe.  When t he

HF/ A1203 no ture of the two phases was
pr oduced. 1@?6‘6@%%\,\@%@3% EZ gfbtﬁ]g product obtained with HF/ A1203
nolar ragio of 0.875 gave the foI I owng results: A, 12.2% P, 14.2% These

results corresponded to Al,,OP1, X4 in conposition and 56. 4% for cal cul ated
total oxi desExamplkenbl e 3

[0063] The procedure was identical to Example 1, except that silica in the
form of Cabosil™ (Cabot Corporation, Ilinois, USA) was added after the addition
of Catapal and before the addition of HF. The ingredient ratio was the following:

10 1.0HF:2.0DMAPy:1.0A1;,0;:0.58i0,:1.0P,05:40H,0
[0064] 0.1wt% (with respect to the weight of the gel) of Sample A was
added to the synthesis gel as seeds and crystallization was carried out for one day
and two days, respectively, at 170 °C with tumbling at 40 rpm. The XRD patterns
of the products are shown in Figure 4, along with that of sample B.

15 [0065] Figure 4 shows that the SAPO products have the same framework
structure as Sample B (an AIPQ,). Elemental analysis of the SAPO sample
obtained after one day of crystallization (Sample C) gave the following results: Al,
12.6%; Si, 3.67%; P, 12.7%. These results corresponded to Al; ¢Sig280P0.87s in
composition and 62.2% for calculated total oxides. TGA (Thermal Gravimetric

20 Analysis) revealed a non-combustible residual weight of 62.79%.

Example 5
[0066] To effect removal of the organic directing agent, Samples A, B, and
C were placed in a muffle furnace and the temperature was ramped at 10°C/minute
25 to 400°C while the furnace was flushed with nitrogen. After dwelling at 400°C for
30 minutes, the temperature ramping was continued, and the flowing gas was
switched from nitrogen to air. The temperature ramp stopped at 650°C and the
sample was calcined at this temperature for two hours under flowing air. During
the entire calcination process the sample turned dark brown first, finally to slightly

30 off-white. The XRD patterns of the calcined samples are shown in Figure 5.



20 [0060] The procedure was identical to Exanple 2, except that a higher
anount of hydrofluoric acid was added and the ingredient ratio was the
follow ng: 2. 0OHF: 2. CDVAPy: 1. 0A1203: 1. 0P205: 40H20 [0061] Crystalli zation was
carried out for two days at 170 Cwith 1&unbling at 40 rpm The product
yield was 10. 0% based on the total weight of the 25 gel. The XRD pattern of
the product (Sanple B) is shown in Figure 3, along with that of Sanple A
Figure 3 shows that Sanple B is the same crystalline phase as Sanmpl e A

El ement al s of 3% P,
15. 1% Theseﬁjlox Its c%g}e)ﬁs%%hng% ggﬁtfl@‘ﬁ&glﬁ{)&%%%ﬁ%w er'f&(gnd 59. 8%
for calcul amﬁlpdaagaichmela@easttﬂzefolioﬁ)@ﬁg@ram@ exanpl e, al Ong with Exanple 2,
shows that products of this invention, having the sane XRD pattern, can be

obtained with variations in both gel conposition and in reaction
conditions. These results establish t?att) the product of this invention is a
phase- pure material. 5 Exanple 4 [006 I‘i’he procedure was identical to
Exanpl e 19 except that silica in the formof CabosilTM (Cabot Corporation,
II'linois, USA) was added aff.gpethhe addj thirpn of Cavapal and before the
addition of HF. The ingredient ratio was the follow ng: 10 1

. OHF: 2. CDMAPy: 1. 0A12C3: 0.5 Si-8f: 1. oP2ds2®oH20 [ 00849 0. 1wt % (with respect to
the wei ght of the gel) of Sdéple A wadl.7@dded to td¥e synthesis gel as seeds
and crystallization was carnédgdd out fdréxme day a&fd two days, respectively,
at 170 Cwith tunbling at 4Qgorgpm The 4R[g patternssg of the products are
shown in Figure 4, along wi bh 9bhat of eeg@pl e B. 154 0065] Figure 4 shows

t hat the SAPO products have same fdgﬂework stgucture as Sanmpl e B (an
Al PO4) El enental anal ysis o Be SAPO obt ned after one day of
crystallization (Sanple O %ﬁ\} t he f WI ng resu , 12.6% Si,
3.67% P, 12.7% These resulPp corres %ﬁfed to Al 1]('5’08| 0. 250POS78 in

conmposi tion and 62.2% for cdPédl ated tB2B oxi des.IITGA (Thermal Gravinetric

[0068] To test the thermal stability of the material, Sample B was calcined
under conditions of different thermal severity. Figure 6 shows the XRD patterns
of the sample B following calcination at 550 °C for three hours, then after

10 calcination at 650 °C for an additional one and half hours, and then after
calcination at 650 °C for 72 more hours. Figure 6 shows that there is hardly any
change with these thermal treatments, indicating the material is at least stable to

650 °C.

15 Example 6
[0069] Sample A was calcined at 500°C or 600°C for two hours and then
degassed (at 500°C) before being exposed to different adsorbate molecules under
specified conditions as listed in Table 5 below in a Thermal Gravimetric Analysis
(TGA) unit. The weight gain (or the lack of) of the sample was recorded, from
20 which adsorption capacity was calculated and expressed as percent of "gram
adsorbed per gram of calcined sample”. Table 5 summarizes the results of the

adsorption experiments.



20 Anal ysis) reveal ed a non-conbusti bl e residual weight of 62.79% Exanple
5 [0066] To effect renoval of the organic directing agent, Sanples A B, and
C were placed in a nuffle furnace and the tenperature was ranped at

10C/ minute 25 to 400C while the furnacB®was flushed with nitrogen. After
dwel l'ing at 400C for 30 mnutes, the tenperature ranping was continued, and
the flow ng gas was switched fromnitrogen to air. The tenperature ranp
stopped at 650C and the sanple was calcined at this tenperature for two
hours under flowing air. During the gqfj.rse cal cination process the sanple
turned dark brown first, finally to sllghtly 30 off-white. The XRD patterns

of the calcined sanples are shown in Figure 5. 18 [0067] Figure 5 shows
that t he cal gi-hed cnnrhl es have onl y broad-peaks The nnnlzc --pelud at | east

| ARSI N

the following (Table 4): Table 4 5 2-Thet dnPlah 1% 7. 34 1.203 100 12.64

0. 700 63 14W J.vméu G 448,50 T 2250 073883 pI 26 GG, 0342 51
28.16 0.317 11 35 24 0. 264 14 35 64 0 252 11 [0(681 0 TPQT t he ther mal

stability of| Adserbat eri al NSM‘E BHggrge dalndiered  |udddMB ondilesivgme | of

different thexfittonsBEri LY. -, gure hows T XRD pay Lerns > sanple B
fol |l ow ng ca]l cination at SSGEEQ fqr %?Ee hougpgr‘:’ ren%af 01%cal’ cilnation at
650 C for an-agditionaone aff nat £ Whurs TAIH + napdiop “m ca%ination at
650 C for 72l @Ry pee :é@?i g s..oqv%s thatr‘ herd—i-s—hardlly .:]*Qg

(0070} The data in Table 5 show that the new material is porous, having

5 pore openings large enough to allow molecules with kinetic diameter less than
0.43 nm (4.3 A), such as n-hexane and methanol, to be adsorbed. The pore size is
apparently very close to the kinetic diameter of n-hexane, as the calcination
temperature affects the amount adsorbed. Without wishing to be bound by theory,
it is conjectured that the pore opening is likely to be slit-like, rather than circular,

10  because a small but significant amount of mesitylene (a flat molecule) is adsorbed
whereas 2,2-dimethylbutane (2,2-DMB) is not. These adsorption characteristics
and the gross change of XRD pattern caused by calcination suggest a condensed

layer structure for the calcined phase.

15 Example 7
[0071] Sample C was calcined as described in Example 5, but was held at
600°C for 2 hours in air. The powder was pelletized to 14-25 mesh size for the
alpha test (a standard n-hexane cracking test conducted at 1000°F (540°C) and
fixed n-hexane partial pressure). Such test gave an alpha value of 5.2 for the

20 material. For comparison, a diffusionally unconstrained material, such as SAPO-
11, at similar Si/Al ratio as Sample C, typically has an alpha value of greater than
20. The low alpha value of the new material suggests steric hindrance for n-
hexane to access the interior of the material, just as the adsorption data also

suggest.



change with these thermal treatnents, indicating the material is at |east
stable to 650 C. 15 Exanple 6 [0069] Sanple A was cal cined at 500C or 600C
for two hours and then degassed (at 500C) before being exposed to different
adsor bate nol ecul es under specified colditions as listed in Table 5 bel ow
in a Thermal Gavinetric Analysis (TGA) unit. The weight gain (or the | ack
of) of the sanple was recorded, from 20 which adsorption capacity was

cal cul ated and expressed as percent of "gram adsorbed per gram of cal cined
sanpl e". Tangalip%a rizes the results of the adsorption experinments. 19
Tabl e 5 Sanple cination, C 600 500 600 600 600 Adsorbate Mt hanol

n- Hexane n- HB0ARE 2, 2- BivBpIVES iatiyt €idenatiisin abndb09C0Rs 23bhrs, 3ACesRAC, 120G,
100C, 203 torr 75 torr 75 torr 90 torr 2 torr Ads. Capacity, w % 14.24 6.02
2.03 0 1.02 foroomolrtsolgfina(MAOT senversions ngtheneltliqui was{edriag @piap i s

por ous, havi re . 1-Ngs I n I C i th kinetic
di aneter | esgl%tﬁ%sg‘papg?lg%eﬁé%g%f 0 éﬁﬁ\ ,g @Sgﬁg%{%— éix‘g%ge}pegélgt ﬁeﬁaﬁ%ﬁ , to be
adsor bed. sThgcthahél pit&are Wwas ZBAPED0 b¥aVeiditstbabftd Wad 1o WHBY.I Theli anet er  of
n- hexane, as the calcination tenperature affects the anpunt adsorbed.

W t hout wi shptiegueteiibecndviangampled pébraymulti-port sampdmpgdeandwingaean-t he pore
opening is likely to be slit-like. rather than,cir.cul.ar becayse a snal |
a1 oni 11 cHrVAE R Rt Rty Fr AR B R v ndTRREG” Sher cas
2, 2- di met hyl gi¢hof was, adalph&) with a"G’Hs-Clﬁﬁﬂﬁt@gﬁ?ﬁ@ﬁ@i&)baﬂwﬁﬁahN]DQIEie@lbi.CS and
the gross change of XRD pattern caused by calcination suggest a condensed

| ayer st ruct Uhecdksrselepidvitaivas erdenlgspdiwith an3lgoxighm reiteTatpd Qratlairshasime C was

cal ci ned 13° ﬂ(/:’\é %artfoblg ¢ Ig]ro uc%grgsl f tl?é fe%H.t Table 6}]16‘sltsdthg1 i(ey MTO reactivity data,

along with the product selectivity averaged over the entire run.

Table 6
15
g MeOH Init. Average Product Selectivity, wt%
converted/g | Cony.
Sieve o CH;4 Cy= Co- Cy= Cs- 1-Cy 1-C4q= | 2-C¢= Cs Cet+ Coke
1.68 69.5 237 | 1869 | 047 | 3394 | 461 048 535 13.69 | 489 | 1.03 | 13.73
[0073] Data in Table 6, along with the alpha test results, indicate that the

new material is active for catalytic transformations of organic compounds.
[0074]) While the present invention has been described and illustrated by
20 reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



600C for 2 hours in air. The powder was pelletized to 14-25 nesh size for
the alpha test (a standard n-hexane cracking test conducted at 1000F (5400
and fixed n-hexane partial pressure). Such test gave an al pha value of 5.2
for the 20 material. For conparison, a 2liffusionally unconstrained materi al,
such as SAPO 11, at simlar Si/Al ratio as Sanple C, typically has an al pha
val ue of greater than 20. The | ow al pha value of the new material suggests
steric hindrance for n- hexane to access the interior of the material, just
as the adsorpji,gmglata al so suggest. 20 Exanple 8 [0072] Sanple C, after
calcination Tmarr_at 650C for 2 hours, was tested for nethanol-to-olefins
(Mo conversion. Methanol liquid was fed via a punp and was vapori zed
before contacting the catalyst, which was held at 475C. The 5 et hanol
pressure wasl-276 Rpaystadingupigyiabhaying i tewdcined ©riaan Xgoy diEectiothe  product
ef fl uent was s L L1 npling | oop during a non-

st eady- st at epaﬁﬁﬁp{ngg“[dm%/@?ﬁpégﬂé%%({#%gﬁ‘ggy deactivated during the MIO run)
and eachsport was anal yzed with a Gas Chronat ograph equi pped with an FID
detector. The coke selectivity was calculated with an algorithmreiterated
to attain the same 10 H&Thetei o i n dnempr odudielatiys Intensitye feed. Table 6
lists the key MIO react i 0Hat a,].205008§ wi t h t Ae1@ oduct selectivity
averaged over the entirB.¢40.05Tablg06:0.003 g MeOH S0t . Aver age Product

Sel ectivity, wt% conveldedl@5Con0.6260e0P8 % CHa @2449Cz- Cz= C3- 1-C4 1-Ca=
2-Ca= Cs C6+ Coke 1.681%80+8.02. 370488800Q. 47 33. 24-49. 61 0.48 5.35 13.69 4.89
1.03 13.73 [0073] Data 2290Eabbe 60.388a@9iwi t h t hed-a4 pha test results,

i ndicate that the new Im@eE0i0al | 9.3az40.00¢ for catsaiMmtic transformations of
organi ¢ conpounds. [ 0076+ Nos| e ORBe7gxo@sent i nvemi4 on has been descri bed
and illustrated by 20 refmBrense to2partioocul ar enb@ds nents, those of ordinary
skill in the art Wil 35644005  0.252+0.001 0-24

2. The crystalline material of claim 1 comprising [AlO4] and [PO,4] corner

sharing tetrahedral units.

10 3. The crystalline material of claim 2 and also comprising [SiO4] corner

sharing tetrahedral units.



appreciate that the invention lends itself to variations not necessarily
illustrated herein. For this reason, then, reference should be nade solely
to the appended clains for purposes of determning the true scope of the
present invention. 21 CLAIMS 1. A crysialline material having, inits
calcined form an X-ray diffraction pattern including the lines listed as
follows: 5 2-Theta d, nm Relative Intensity 7.340.05 1.2030.008 75-100

12. 640. 05 0. 7000. 003 50-74 14.140.05 0.6260.003 25-49 19.800.05 0.4480.002
25-49 22.909.05 Q. ; e : U 28. 160. 05

0 3170, 001 074 Sx Dl haRsAihavi APHs Ban bt B Xy 524 3. The
crystal |l i ne diffrarnioalpatérnihdiding tleoimes listedgs FAlbdvs] and [ PO4] corner sharing
tetrahedral units. 10 3. The crystalline nmaterial of claim2 and al so
conprising [SiX4] corner sharing tetrahedral units. 22 4. A crystalline

material having, in its agggynthesi gegh,form pl.dvd@ensiy ffraction pattern

including the lines |isg
6.160.05 1.43.0.012 75-4¢

§
25-49 13.980. 05 0. 63301.2'85;0_59- 74 0 689+0.003

foll : Theta d,;snmhRelative Intensity
P& 194%..0.042 75118h
) 0.6 9200@a1 Ly R310. 006 2o 4P 12. 840. 05 0. 6890. 003

25-49
13.98+0.05 0.63310.003 50-74
14.32+0.05 0.618+0.002 25-49
18.04+0.05 0.491+0.002 0-24
19.26+0.05 0.460+0.001 0-24
19.88+0.05 0.446+0.001 0-24
20.44£0.05 0.434+0.001 75-100
21.36+0.05 0.416+0.001 0-24
23.18+0.05 0.383+0.001 0-24
24.42+0.05 0.364+0.001 25-49
25.58x0.05 0.348+0.001 0-24
26.08+0.05 0.341+0.001 25-49
26.68+0.05 0.334:+0.001 25-49
28.02+0.05 0.318+0.001 0-24
28.32+0.05 0.315x0.001 0-24
29.14+0.05 0.306x0.001 0-24
30.22+0.05 0.295+0.001 0-24
35.28+0.05 0.254+0.001 0-24

5
5. The crystalline material of claim 4 and represented by the empirical
formula, on an anhydrous basis:
mR:Fy:(MxAL PO,

wherein R represents at least one directing agent; wherein m is the number of

10 moles of R per mole of (MxAlLP,)O,; wherein a is the number of moles of fluoride

ion (F) per mole of (MxAlLP,)O,; wherein X, y, and z represent the mole fraction

of M, Al and P as tetrahedral oxides; and wherein M is a metal selected from one

of Groups 1 to 14 and Lanthanoids of the Periodic Table of Elements.

15 6.

The crystalline material of claim 5 wherein m has a value from 0 to 1.

7. The crystalline material of claim 6 wherein m has a value from 0 to 0.5.



14. 320. 05 0. 6180. 002 25-49 18.040.05 0.4910.002 0-24 19.260.05 0.4600. 001
0-24 19.880.05 0.4460.001 0-24 20.440.05 0.4340.001 75-100 21.360.05
0.4160.001 0-24 23.180.05 0.3830.001 0-24 24.420.05 0.3640.001 25-49
25.580. 05 0.3480.001 0-24 26.080.05 0.2410.001 25-49 26.680.05 0.3340.001
25-49 28.020.05 0.3180.001 0-24 28.320.05 0.3150.001 0-24 29.140.05

0. 3060. 001 0-24 30.220.05 0.2950.001 0-24 35.280.05 0.2540.001 0-24 5 5.
The crystalline material of claim4 and represented by the enpiri cal

formula, on an af‘*ﬁMé’E@b’tﬁll&@%ﬁéﬁﬂ%ﬁﬁinﬁ eyﬁé)#ﬁgasa EBmP tro?)g%‘ese”ts at

| east one directing agent; erern mis the er of 10 noles R per nole
of (MKAlyPz) X2; wherein a is the nunber of noles of fluoride ion (F) per
nol e of (MKAlyPx)Q2; wherein x, .y, and z represent the nple fraction of M
Al and P as ?-etraﬁ%?@ﬁtagwp@éaé?méﬁﬁa%‘éfrcé@lwsﬁltP§ wheteind] isse| ect ed from one

of Goups 1 ;0. . -nanoi ds of the Periodic Table of Elenents. 15 6.
The crystal I%%é&émgﬁgﬁliﬁ%glﬂlgl aim5 wherein mhas a value fromO to 1. 7.

The crystalline material of claim6 wherein mhas a value from0O to 0.5. 23
8. The crystalline materjal of claim7 wherein mhas a value fromO to 0. 3.
9. The cryst &l i nEheerysiplliae mperigh of gy of daims S50 9gvigeroimarhas g vRivedrom

Oto 1.

11.  The crystalline material of claim 10 wherein a has a value from 0.1 to 0.8.
10

12.  The crystalline material of claim 11 wherein a has a value from 0.2 to 0.6.

13, The crystalline material of any of claims 5 to 12 wherein M is selected
from one of the group consisting of B, Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Si,

15 Sn, Ti, Zn, Zr and mixtures thereof.
14.  The crystalline material of any of claims 5 to 12 wherein M is silicon.

15.  The crystalline material of any of claims 5 to 14 wherein x is from 0 to

20 0.25,yis from 0.3 to about 0.7 and z is from 0.25 to 0.7.

16.  The crystalline material of claim 15 wherein x is from 0 to 0.15, y is from

0.4 to 0.6 and z is from 0.3 to 0.6.

25 17. The crystalline material of claim 16 wherein x is from 0 to 0.12, y is from

.45 to 0.55 and z is from 0.35 to 0.55.

18. A method of synthesizing the crystalline material of any preceding claim,
the process comprising: (a) forming a reaction mixture comprising a source of
30 aluminum, a source of phosphorus, a source of fluoride ions, optionally a source

of metal M, and at least one structure directing agent comprising 4-



4-di net hyl am nopyridine. 5 10. The crystalline material of any of clains 5
to 9 wherein a has a value from 0 to 1. 11. The crystalline material of
claim 10 wherein a has a value from0.1 to 0.8. 10 12. The crystalline
material of claim 11l wherein a has a valdle from0.2 to 0.6. 13. The
crystalline material of any of clains 5 to 12 wherein Mis selected from
one of the group consisting of B, Co, C, Cu, Fe, Ga, G, My, Mn, N, Si,
15 Sn, Ti, Zn, Zr and m xtures thereof. 14. The crystalline material of any
of clains 5 ' [ | of any
of claim 5 PincMABER R Layiha gRsec mile REEAIONEFRE ot
and z is fronsnlased.750(H) inducikfy. crifdnﬂhmtmwﬁlsdudmWSMImmaﬂerle)]ffrmhahem 15 wherei n
xis fromO to 0.15, y is from 0.4 to 6 and z is from0.3 to 0.6. 25 17.
The cryst al | FSAetiopmERTIg) angk () Fesp¥STig w%tﬁhsn maerighfromithe geaghon v i s from
0.45 to 0.55,and.z is from0.35 to 0.55. 18. A nethod of synthesizing the
crystalline nmaterial of any preceding claim the process conprising: (a)
form ng asreaction nmixture conprising a source of 30 alum num a source of
phosphor us, a source of fluoride ions, optionally a source of netal M and
at |east onel%tr u@b@nﬂ@tlmdr‘géiﬁlmd 8@@@@“&@1@?@@%“&“2@%aCOfﬂpOSltlon

di net hyl am n I xture has a F/ A1203 nol e
rati o of eas{j&%&?@% utgil g‘éﬂf’gﬁﬁé %nzatl on of said crystalline
mat eri al from t he reapgoﬁonAm)g(t o e7@nd (c) recovering said crystalline
material fromthe reaction mxture. 5 19. The nethod of claim 18 wherein
the reaction mixture h&= 4bAposi toR? in terns of nole ratios, within the

fol I owi ng ranges: PZCBH:zoA:\JPazC& =017 Byt 3

R : AlLO; = 0.5t05.0
F: ALO; =>0.75t03
20.  The method of claim 19 wherein the reaction mixture has a composition,

15 in terms of mole ratios, within the following ranges:

P,Os: ALO; = 09to 1.1

Si0; : ALO; = 0.05t00.5
H;0: ALLO; = 2010 60
R : ALLO; = 1.0t04.0
20 F : AlLO; = >(.75 to 2.5.
21. The method of claim 18, 19 or 20 wherein the reaction mixture has an

F/AlyO3; mole ratio of 0.85 to 2.0.

25 22, The method of claim 21 wherein the reaction mixture has an F/Al,O; mole

ratio of 1.0 to 1.5.

23.  The method of any of claims 18 to 22, wherein crystallization of said
crystalline material is conducted at a temperature of 100°C to 250°C.

30



SiO2 : A1203 = 0to 0.9 10 H2O: Al123 =1 Oto 100 R: A1203 = 0.5to0 5.0
F: A12G3 = >0.75 to 3 20. The nethod of claim19 wherein the reaction

m xture has a conposition, 15 in terns of nole ratios, within the foll ow ng
ranges: P2Cb : A1203 = 0.9 to 1.1 Si22% A1203 = 0.05 to 0.5 H2O: Al2Q8 =
20 to 60 R : Al2@8 =1.0to 4.0 20 F : A1203 = >0.75 to 2.5. 21. The nethod
of claim18, 19 or 20 wherein the reaction m xture has an F/ Al1203 nol e
ratio of 0.85 to 2.0. 25 22. The nethod of claim21 wherein the reaction
mxture has ap Pl MO il 0wbich GyliBlidatin Alaid Uk TERDRE Rl any. of
clains 18 to 22, erein crystallization of sal crystalline material is
conduct ed at isacohduped attauempefatut®0£1305C26QA°(B0 25 24. The nethod of claim
23, wherein crystallization of said crystalline material is conducted at a
tenperature of 130C to 200C. 25. An organic conversion process conprising
contacting aRgorgani i : F e Sdof

crystalline %%ter?%fﬁg%ggr |n§%¥gﬁgﬁ$gg?ﬁgﬁgﬁgé&ﬁ&?g@q%fh%¥m%$% d%ga by the
met hod of sanwithifa catabysosorhifrising . cridelliddwaterialcaessrdirig tolaay kit 2@imdbteei N an

oxygenat e-contai ning feedstock is conyerted to olefins. 10
17 or produced by the method of any of claims 18 to 24.

26. The process of claim 25 wherein an oxygenate-containing feedstock is
converted to olefins.

10





