WD 2006/ 037436 PCT/ EP2005/ 009878 1 ALUM NOPHOSPHATE MOLECULAR SIEVE, |ITS
SYNTHESI S AND USE FIELD 5 [0001] This invention relates to a |arge pore

al um nophggghafspsf@secul ar  sieve, or a substituted deri vetipegosshessedf, to a
nmet hod of its synthesis in a low fluoride or fluoride-free mediumand to
its use in organic conversion reactionsl BACKGROUND 10 [0002] Crystalline
nol ecul ar sieves have a 3-di nensional, four-connected framework structure
of corner-sharing [TO4] tetrahedra, where T is any tetrahedrally

coordi nated cati on. cirmﬂ-r- g% ﬁg MLE’@UE%%@ LV eve are

al um nosi li.cates, whi =grrensronar T Dor ous crystal
framewor k structure of [Si04] I1DSKSYNIOHSIsUND WS8R i ng tetrahedral units, 15
« al um nophosphates (ALPGCs), in Ich the Tramework structure is conposed of

[ AL04] and [PO4] coner sharing tetrahedral units and silicoal um nophosphat es
(SAPGs), in ich the framework structure is conposed of [Si04], [Al04] and
[ PO4] coner ng tetrahedral units. [0003] Mol ecul ar sieves have been

classifieg b Stru Iy lite
Associ at i on E’cgo di ng ?ﬁl{g ﬁvee eezag t %I%H% (LifPré Q&l&oﬂn%%gﬁ%{nquﬁie%%%ﬂ te
Nonencl at ur esievi; 604 ibizg tited diénvatleé thefdof i t6 atmediod offitsasyRilesik i ¥ pew zeol i t e and
zeolite-type nol ecul ar sieves, for whi ch a structure has been established,
are assi gnedﬂaoﬂdﬁr@élqoéﬂﬁ'&eem@ﬁﬂd b s wpe 4R PTEIBIE GORVETRiON AacHens.of Zeol ite
Framewor k Types, 5th edition, Elsevier, London, England (2001), 25 which is
herein fully incorporated by reference. [0004] Ml ecul ar sieves are
typically deggiiggounbper ne of the size of the ring that defines a pore,
where the siZe Ts based on the nunber of T atons in the ring. Oher
fJ amewor Kot y[#802har act €rnystllinsmblechladaevdibavr a &WﬂMnabffomn—ugme@th@t forma
ag and wh t.he spaces between 30

resent, the.di nension ﬁA
t he cfages. E@n Riwg ofgomgr-shapng &ett;ag TEo™ SIT 1B8&%ci ence and
Practi ce, VQea'Qﬂ)&l/rﬁiV G uibkdd Eﬁ%‘ho%ﬁ&%%@ known forms of molecular sieve are

aluminosilicates, which contain a three-dimensional microporous crystal

framework structure of [SiO4] and [AlO4] comer sharing tetrahedral units,

15 aluminophosphates (ALPOs), in which the framework structure is composed of
[A1O4] and [PO4] comner sharing tetrahedral units and silicoaluminophosphates
(SAPOs), in which the framework structure is composed of [SiOs], [AlO4] and
[PO4] corner sharing tetrahedral units.

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

20 of the International Zeolite Association accor_ding‘ to the rules of the [UPAC
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, London, England (2001),

25 which is herein fully incorporated by reference.

[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

30 thecages. See van Bekkum, et al., Introduction to Zeolite Science and Practice,



2 Second Conpl etely Revi sed and Expanded Edition, Volune 137, pages 1-67,

El sevier Science, B.V., Ansterdam Netherlands (2001). [0005] In general,

nol ecul ar 0 ews3BIAA be divided into small, nediumand [PETEP2G0e9878

materi als. Thus small pore nol ecul ar siewves typically have pores 5 defined
by a ring of no nore than 8 T atons and have an average pore size |less than
about 0.5 nm (5A). Medium pore nol ecul ar sieves typically have pores

defined by a rjing of 10 T a}ons,and_ have ver 0 size apout 0.5 to
0.6 rim (5 tg¢ %f,éwg?tﬁléf?elvﬁf%@"%gf%anﬁﬁ‘? gﬁﬁ%ﬂnsefﬁglwge L@r’é’égﬁelf' gﬂed by rings
of 12 or mor eychyt SEEnc ., ARRrhdieNaihedk (MY, O. 6 nm (67). 10 (0006]
Crystalline nolecul ar sieves, as exenplified by zeolites and

(et al | o) al unfoodshos phafegenesal emoleowter siewds|cyn bedondainntoshal, ineddsurhi and

petrol eum processing and petrochem cal applijcations., Because each uni que
structure typ&argmqrémsatw-thl@rsmaHm%mogs&plar sigvesdRically bameioyes s and

tions, th has_.b t. Qi f th j.n ipdust d
oo o For SR BV G Ghe AU ALEET ACRERRF Rafe i hrocl Rhfh a8 S Y 20
synt hesi zed i ghahh8oRt €5 8MASAS wéaiur@Ps@‘rh@le&imﬁﬁéwaW@thavé Befesas an

organi c nitrogen conpound. For exanple, it is known from for exanple, U S
Pat ent No. 6, @8finedsy 4 g ol LT ytomad dnidrhave an hveregd pote sigp abewhl to Gbnecul ar

sieve of the anmewor k. type (a small. pore erjal).,, can be synthesized
Tt he. pr ebenEeiodtA L RS R o BTG e woren GEORLoLHhEL RN SR

t et raet hyl ammgnj I r jgvet hyl am no noieties selected
fromone or mré%%ﬁ@?%ﬁ?%%gﬁﬁg%ﬂoﬁ%&ngﬁﬁl N- di met hyl pr opanol am ne,

N, N- di met d bpam@epl am n€rydthilhe shoteetlay kisegs anetaplifed by zeolites and

N, N-di met hyl hexanol am ne, N, N- di net hyl et hyl enedi am ne, .
N N- di met hyl b(mgtrbeleiminpphosphateq, ars comupsrpinl iy dppoitant Bterialn®r petroleum

N N i et hyl eP P AR TR o 2 Eea e B e St e 4951 i e,
N, N-di met hyl hemylsagiviptentidl Nr upﬁlimbﬁwinhamysk@mmpara%ﬁs@the% Baeen di recting
agents that have been used in the synthesis of CHA franework type materials
i ncl ude i sopr 8ypdingd teecanth effarh bpthopyindusingang ecademde, o1 theirgescovery.
cycl ohexyl %m %07}- met h}UIaer‘lr)Tlin(ljo %gdlgf SiGVes Qpeoslyil esizbd 1rnI tgle Bree’sencc of an
organic directing agent, such as an organic nitrogen compound. For example, it is
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
20 comprising tetracthylammonium cations and one or more dimethylamino moieties
selected from one or more of N,N-dimethylethanolamine, N,N-
dimethylpropanolamine, N,N-dimethylbutanolamine, N,N-
dimethylheptanolamine, N,N-dimethylhexanolamine, N,N-
dimethylethylenediamine, N,N-dimethylbutylenediamine, N,N-
25 dimethylheptylenediamine, N,N-dimethylhexylenediamine 1-dimethylamino-2-
propanol, N,N-dimethylethylamine, N,N-dimethylpropylamine, N,N-
dimethylpentylamine, N,N-dimethylhexylamine and N,N-dimethylheptylamine.
Other organic directing agents that have been used in the synthesis of CHA
framework type maternials include isopropylamine or di-n-propylamine

30 triethylamine, cyclohexylamine, 1-methylamidazole, morpholine, pyridine,

piperidine, diethylethanolamine, and N,N,N’,N’-tetraethylethylene diamine.



pi peridi ne, diethylethanolamne, and N,N,N , N -tetraethyl et hyl ene di am ne.
WO 2006/ 037436 PCT/ EP2005/ 009878 3 [0008] It is also known to use

f 1 uori de- gpybesasiigs conpounds, such as hydrogen fl uori decT/ap2005/00887 i zi ng
agents in nol ecul ar sieve synthesis. For exanple, EP-A-337,479 discloses
the use of hydrogen fluoride in water af low pH to mneralize silica in
glass for the synthesis of ZSM5. In addition, U S. Patent 5 Application
Publ i cati on No. 2003/0231999 published Decenber 18, 2003 and i ncorporated

herein by rei)o‘;?hg CE, dit?f:%l?c? oﬁh%?us%lﬂﬁghﬂg-m%%gﬁfowds such

silicoalumn phat e ffol ecul ar si evés havi ng SiraWork type can be

synt hesi zed hirh ¥ MIoFEe Y6 Sibraligiaglfls irRBleuStan ey dymlicss! iyt am no
- conpounds disclosed in U 'S.  Patent . 6,680,278 as_directing agents.
However, fl uexangde, HP-Ba33dd 79yhsciasse thepss of kydrogesrfiearidglin pratsp atlos plh t hat

t he se hydrogen fluoride .in the synthesi dj d/ or duce hydrogen
. fl ugr?de o%.@ HCFPé‘tZgéWIC‘EB‘gl%’%r%béetsﬁ%‘hﬁ?ﬁéé%%'mwnaype%%a?e%m %/he °
mol ecul ar gsi gy i@'ﬁg%ﬁhﬁcaﬁ@{?% 2665/6%@?? guﬁ%hﬁgb&&hﬁerr@ h@EAndaPPr 0ach

that leads to esis of unique mewor k material$ 1s not avail abl e,
due to the f@mebrpofuadd ldréin b yeferehté, disclckbs thiacalaminophssphatessri al s ar e

met ast abl e phases and they are kinetic products. Their discovery is

t heref ore of QIBW%W@ﬁah%pgﬁamolffoom@]evaava%@a&% wagemeEk Hpe cebbe i ndi ngs:

that 4- DVAPy_can direct th y ;5. Of |.ow.si ki C APO- CHA in | ow
o aeor ks i he biten X eleFke RS whBR R dibfehyiobing Sl (20, o4

seeds; and, #ikaBtdAanal § hat@x PRY 6HBORTS ab Biréctit@ apkhtbOHoweNIONBdrigeeds, use of
the same directing agent under no- or |ow fluoride conditions unexpectedly
led to tHe pbasddeyithgseopost igaviperasental dreblefes pothet thay use ydpogsndluatide desi gnat ed

| L A A LS TR AR, L1
25 been usedregR) @ tEeeéﬂg!uﬁ& ﬁiréd"ﬁntgfh%eﬁ}’ﬁﬁrﬂ% rﬁoEEulN@ié@prp@ﬁbt.a' um nophosphat e.
However, Figure 1 provides a conparison of the X-ray diffraction pattern of
NK- 101 wi t h[00R9x of ESMrénthnen entirely rapqrel eppgrodchothmt lhads te drpamibesin t hat t he
material of the inventiop is different fromNK-101_ In ticular, in the
X-ray diffr a%(%%ﬁ,}'ue amework matenals 1s not avalla{ﬂe, due to the fact thap aﬁ[ crystaflme
15 microporous materials are metastable phases and they are kinetic products. Their
discovery is therefore often serendipitous.
[0010] Our research has led to two findings: that 4-DMAPYy can direct the
synthesis of low-silica SAPO-CHA in a low fluoride or fluoride-free medium and
in the presence of colloidal SAPO-34 seeds; and, from parallel experiments, that
20 without SAPO-34 seeds, use of the same directing agent under no- or low-
fluoride conditions unexpectedly led to the production of the present large pore
aluminophosphate designated EMM-8.
[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, Figure 1 provides a comparison of the X-ray diffraction pattern of NK-
101 with that of EMM-8 and it is apparent from this comparison that the material
of the invention is different from NK-101. In particular, in the X-ray diffraction
pattern of NK-101, the most prominent diffraction peaks are at 2-theta values of

30 approximately 17° and 19°, whereas these peaks are not present in the X-ray

diffraction pattern of EMM-8.



pattern of NK-101, the nost prom nent diffraction peaks are at 2-theta

val ues of 30 approxinmately 17 and 19, whereas these peaks are not present in
t he X-raywdhdobosgsé on pattern of EMV 8. WD 2006/ 037436 REIEEFBHOS81309878 4
[0012] In an article entitled "SSZ-51 - A New Al um nophosphate Zeotype:
Synthesis, Crystal Structure, NVR and fehydration Properties", published
on the Wb by the American Chem cal Society on June 23, 2004, Mons et al.
report that they have synthesized and solved the structure of a new 5

al um nophos zeot ype f g ciur g, : V] the enpiri cal
forml a A14E)@%4F. C7 m&ﬂ&@ag\ég@ed?ﬁ%g%t %‘e@?g%gf-ir‘%’fné’%“ e
di met hyl ami 'Mb‘ffﬂe@jS%héﬁs,@r?itﬁlt&fdéf@e,@m?%&Deﬁﬁﬂﬁtioxﬂ"t@?érﬁgyi res the

presence of fl'uoride ion as a mi.-neralizing agent. The structure of SSZ-51
is said to kmblislosledntherVEtmbethetAmerican ChemsyabSodigty camfuas23f20ewor k t ype

terial, t t ai 0 jnt ti fined by 8- d
13- monber cd it ishgt et i imineracd Sapeebipd e 1868 HEL PRI wi t
EMMV 8. [091 : t [ ' ' i : 32018 bl i shed
pecenber 18, 19HI3PAPEEF B8Pk BAL LB Skl p PP My R o

mol ecul ar  sfofels Als(Pay) FeON,HE €8.5Hh@t Thesimhesisémplogsd- one di met hyl ami no
noeity. The use of 15 such tenplates is said to result in good quality SAPO
nol ecul ar sidimpethylgmigppyridipepseawiruetirg gisccting@ed)t approquires the pyesenefi &fcl oses t he

thesis of -zeol i te.mol ecul i i.ng. i
211 ot um REAEaRRe AR Be R PRABLCHEL R AFY ¢ cactive
sour ce of pn@ﬁmbmﬁatw@m-ao,%mmw&g?en%&rm,em:to SMMRRY  [0015] In

one aspect, the invention resides in a crystalline nolecular sieve having a
f y amewor kO c dnfersestimgychasnelaefined byy8-codrldimembetedtingwiidiwsc dnappeared by 25

Msted in . THBHE L5 ha arrienBacT HMAAGK her aspect . the | nvention resi des in
a crystal lingof! ecul a5s. patent Application Publication No. 2003/0232718 published

December 18, 2003 discloses the synthesis of silicoaluminophosphate molecular

sieves using templates that contain at least one dimethylamino moeity. The use of

15 such templates is said to result in good quality SAPO molecular sieves of CHA

framework type.

[0014] EP-A-0 324 082 discloses the synthesis of non-zeolite molecular

sieves by contacting alumina or silica-alumina bodies with a liquid reaction

mixture containing a reactive source of phosphorus and an organic templating

20 agent.

SUMMARY

[0015] In one aspect, the invention resides in a crystalline molecular sieve

having a framework comprising tetrahedrally coordinated atoms (T) connected by
25 bridging atoms and having the coordination sequence and vertex symbols listed in

Table 3 below.

[0016] In another aspect, the invention resides in a crystalline molecular

sieve having, in its as-synthesized form, an X-ray diffraction pattern including the

lines listed in Table 4 below. In its calcined form, the crystalline molecular sieve
30 of'the invention has an X-ray diffraction pattern including the lines listed in Table

5 below. The phrase "including the lines" as used herein means that peaks are



sieve having, in its as-synthesized form an X-ray diffraction pattern
including the Ilines listed in Table 4 below. In its calcined form the

crystal li Reg hglsRsbar sieve 30 of the invention has an Xpcaypsbiof/bgoard i on
pattern including the lines listed in Table 5 below The phrase "incl uding

the lines" as used herein neans that peéaks are WD 2006/ 037436
PCT/ EP2005/ 009878 5 expected to be present at or close to the |ines
indicated in the Tables, but not necessarily in the relative intensities

speci fied, which n, var ependi n na nu r,of, factor s .di scussed

| at er . [001ﬁxPFﬁte§Z? b%ﬂ‘@%/ F %(s‘:g%s&?ﬂl%&‘eﬁ h‘}fﬁ%{?‘?dolﬁ tpeéii&d&%}lﬁmé crystalline
material 5 ' ihhd tehatiVe ismiihe S| 4 WHRL & kb oaGgti on pattern
i ncl udi ng thlg&}é%sﬁglsylhﬁlésﬁegdd i rll Tabl e Béﬁgf ow and re‘i)&r})res r??e{ljl,g ?n its

as- synt hesi zmenbarofifasats andacussahlatelr ous basi s, by the enpirical formula:

nR F, : (KAl szgOZ wherein R represents at | east, one directing agent,

preferably 40087k met hin vatprshsrrasprohdhe inyention nealdes ingerysiallinpmeteridl R per
nol e of

. ( : .. a h al o} - f lto
about 0, 50 rusmg s B RrBlesBRq orkE it b et B ign g Th ey o
nol es of fl uRgtedl Table § biloRedndrepresedted, (MMksAlsydyniheAzebria/andlos ahess than 0. 25
and preferably is 0, wherein x, y, and z represent the nole fraction of M

Al and P, asatthytivomkddsialbydhé efpiricalnfdrmiblerein M 15 is a netal selected from

one of Groups 1 to 14 and Lant hanoids t eriodic Table of Elenents,
and preferably Mis selected fronﬁ“@‘qﬁa{@;"@) Fe, Ga, G, My, Mh, N,

S, ST TH wROeA desclS IR5hR iRbling MehSpRidrhggn. |0 one  enbodi ment,
is fromO to about 0.25, y is fromabout 0.3 to abolut 0.7 and z is from

about 0. 26 tdinetloldmioFyridine;am i the nuebtrodimaeg of K pesmbleah(BLAGPaDauUt 0. 15, y
20 is fromabout 0.4 to gboug 0.6 and is fromabout 0.3 to gboug 0.6. In
yet anot her a¥HBIgs ﬁﬁﬁ]t”f?%iﬁné%)fq brivebattron Q-{)t%\”g}(?ﬂf 8‘33@2?"@7‘@15%10% labout
0.45 to abou, a%oéﬁo.sﬁmeréin'asisfn{eorgﬂng%%?m%ié%fmoﬁ@ﬁ% & gé-m(ﬁ%ﬁAL.PO .

nol ecul ar sieves, X IS zero. 001 I'n still another ‘aspect, the invention
resides in a(MptltROpoind By it lbsssthan 095 ahdpreferstilglid O;nehenit &l y,adndaf t he

i nvention, the process conpri si na\:ﬁ Aa) 25 form ng a reaction mxture

conpri si ng wePEsentghemalecisachen of v Alisrd B as dgirabgdigt oxides; and wherein M

15 is a metal selected from one of Groups 1 to 14 and Lanthanoids of the Periodic
Table of Elements, and preferably M is selected from B, Co, Cr, Cu, Fe, Ga, Ge,
Mg, Mn, Ni, Si, Sn, Ti, Zn and Zr. 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 0 to about 0.15, y

20 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.
[0018] In still another aspect, the invention resides in a method of
synthesizing the crystalline material of the invention, the process comprising: (a)

25 forming a reaction mixture comprising water, a source of aluminum, a source of
phosphorus, at least one structure directing agent comprising 4-
dimethylaminopyridine, optionally a source of metal M and optionally a source of
fluoride ion, wherein F: Al;0; molar ratio of said reaction mixture is preferably
less than 0.5 and most preferably is 0; (b) inducing crystallization of said

30 crystalline material from the reaction mixture; and (c) recovering said crystalline

material from the reaction mixture.



phosphorus, at |east one structure directing agent conprising 4-

di met hyl am nopyridine, optionally a source of nmetal M and optionally a
source ofywofdoygedrde i on, wherein F: A1203 nol ar ratio ofpcpreboos@esison
m xture is preferably | ess than 0.5 and nost preferably is-0; (b) inducing
crystallization of said 30 crystalline ¢raterial fromthe reaction m xture;
and (c) recovering said crystalline material fromthe reaction m xture. WO
2006/ 037436 PCT/ EP20051009878 6 [0019] Ina further aspect, the invention

resides in hod of h a_cryst ine mat havi ng the CHA

f r amewor k t%@the pgﬂéﬁ‘% eZCl W&cnt rg?ldesrﬁnr?gm%lt%f’éﬁttl on m xture
conpri si ng %Erﬁtﬁbﬁiﬁﬁg chrﬁ{aﬂiﬂerkﬂﬁfbnﬁ haSRIgNRE CPIA ﬂ&ﬁéﬂhﬂwﬁe tRPproeeal 1y a
source of ne M at I'east one directing agent 5 conprising

4- di met hy| ambmppiying diah Eorenmy swd@mhxﬁu@&énfpmmgmohrdeﬁalumﬂmraal such as
SAPO-34; (b) i ndu0| ng crystal] Iéftl on of salg] stalline material fromthe
reaction mi $PWiceof RSP ﬁ@ys,r@éleo Y"’nij)%%ﬁ of etV st Ipast ORGASTIURE 36FWm ¢ ho

reaction 0 t tion resides in
t he use o#n )&h*ﬁﬁ’ﬁiﬁégr‘ﬁg’l"‘qw‘ébf#ﬁ eria o?assgf?& one&%@igo‘géﬁtﬂ t he invention
as a sor benimaagalatch as SAPA-Y4(b) iRdGiHRByStaflzare 6f Qid Eatalline AaterldESCRI PTI ON
OF THE DRAW NGS [0021] Figure | is a conparison of the X-ray diffraction
pattern of NMom O reacsiopmikturgicant(¢)ageayering suid comtaiine materiafr@amhs e A in
Exanple 1 after. cal.cination as in Exanple 4. The ordinates for the two
patterns aré® FHPRUXYe scale and reflect intensity counts. [0022] Figure
2 gives the (fogay di ffIﬁ@ﬁltlh?@rtlﬁ’&%;?eﬁ:f‘%&%v&xﬁﬁm%méé’s‘lhhﬁéh&ed?theprOdUCtS of
Exanple 1 after crystallization for 2 days and 4 days. 20 [0023] Figure 3
conpar es1 heryétatine matefinladisadimnpaspeet of the iBanpbrasa efrbebaadpbe 1 with t hat
of Sanple B of Exanple. 2. r1\,0024 gure 4 gives scanning electron

m cr ogr aphs cgtel @hﬁ‘rﬂrgmﬁ\c%‘? Ek%l]h‘ﬁ Sand Sanpl e B of Exanple 2. [0025]
Figure 5 is a conparison of the X-ray diffraction patterns of

DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 is a comparison of the X-ray diffraction pattern of NK-101
15  with the X-ray diffraction pattern of Sample A in Example 1 after calcination as in
Example 4. The ordinates for the two patterns are to the same scale and reflect
intensity counts.
[0022] Figure 2 gives the X-ray diffraction pattems of the as-synthesized
products of Example 1 after crystallization for 2 days and 4 days.
20 [0023] Figure 3 compares the X-ray diffraction pattern of Sample A of
Example 1 with that of Sample B of Example 2.
[0024] Figure 4 gives scanning electron micrographs of Sample A of
Example 1 and Sample B of Example 2.
[0025] Figure 5 is a comparison of the X-ray diffraction patterns of
25 Sample A of Example 1 and Samples C and D of Example 3.
[0026] Figure 6 is a comparison of the X-ray diffraction pattern of Sample
A, as-synthesized, with the X-ray diffraction patterns of Samples A, C and D after
calcination as in Example 4.
[0027] Figure 7 gives the X-ray diffraction patterns of Sample C as-
30 synthesized and after undergoing a series of calcination, hydration and dehydration

treatments as described in Example S.



25 Sanple A of Exanple 1 and Sanples C and D of Exanple 3. [0026] Figure 6
is a conparison of the X-ray diffraction pattern of Sanple A,
as- synt hesyaeos/oshdse the X-ray diffraction patterns of SeamiersocsooB7&nd D
after calcination as in Exanple 4. [0027] Figure 7 gives the X-ray
diffraction patterns of Sanple C as 30 s7ynt hesi zed and after undergoing a
series of calcination, hydration and dehydration treatnents as described in
Exanpl e 5. WD 2006/ 037436 PCT/ EP2005/ 009878 7 [0028] Figure 8 gives the
X-ray diffragsd pat t g+ fo = ; i (S le 8
after cr ystaﬁ?qiz% tion %@ﬁ %gggi/ég%ﬁ% r?@'ﬁ@?*‘f‘%’%%%‘%ggfgﬁrags tlhggigér?p
i Il ustrati onpedducterfBxanpiecs sftatcrysedllidation forEMi4yS and Haayang only the
" tetrahedral atons. 5 DETAILED DESCRI PTI ON OF - THE EMBCODI MENTS 100301 In one
enbodi ment, {0%r esentFigure 8ns apilusEationedf thoframpwerkistrucurgef BMM-$e mat eri al |
EMM 8, and its synthesis in.a.l fluoride or fluoride-free nmediumwth the
- organi c di reéﬁ?‘?ﬁ‘égz? n ?t%aBF%%},Wﬁm nopyri di ne. The 10 crystalline
structure gemains intact after calcination to renove the directing agent
and adsorption data indicate that the resultant material has |large pores. In
particul ar, DETAH.EDDBESGRIBTION QEIHBDEMBOMMENISNt anount of
nesitylene, as _well as 2,2-djnethyl butane, n-hexane, and nethanol. The
i nvention al $803%si des In PRe pRBoqjEEN, fhempRaent myenilangeltssdo apAToYs a cat al yst
in organic c ' rL.eACHN AR : [ : an rk
mat or Lal s wi CPRDGRaERRC BT, M AR RARRIA ol EMIAIRIPTC . L0031
The EMM 8 of niddgurh Wigithé ofpahie direpifi@aent AyditrthylaeinoptrRlineal THavi ng  a
framewor k of tetrahedral atons connected by bridging atons, the tetrahedral
at.om f r anho cRsBdlinestaetrnemans intet afker saleonater taTsHOVe thobiegtingagent
tetrahedrall coardi hated. a i n_| [ . wi t h any porous
crystalline ry?gég(risloélfq,lont(gaga mg%cla %fg urdé‘pgafS 6IM%E%JM§EPP ned y the
i nt er connect ipgfARubetheedlcihb® mateial adrehsaldighi oot dnbaited nadsAPend,Asi t'S

framework. In particular, EMW8 has a _ _ )
well as 2,2-dimethylbutane, n-hexane, and methanol. The invention also resides

in the use of EMM-8 as a sorbent and as a catalyst in organic conversion reactions
15 and to synthesis of CHA framework materials with the organic directing agent, 4-
dimethylaminopyndine.
[0031] The EMM-8 of the invention 1is a porous crystalline material having
a framework of tetrahedral atoms connected by bridging atoms, the tetrahedral
atom framework being defined by the interconnections between the tetrahedrally
20 coordinated atoms in its framework. As with any porous crystalline material, the
structure of EMM-8 can be defined by the interconnections between the
tetrahedrally coordinated atoms in its framework. In particular, EMM-8 has a
framework of tetrahedral (T) atoms connected by bridging atoms, wherein the
tetrahedral atom framework is defined by connecting the nearest tetrahedral (T)

25 atoms in the manner shown in Table 1 below.



framework of tetrahedral (T) atons connected by bridging atons, wherein the
tetrahedral atom franework is defined by connecting the nearest tetrahedral

(T) 25 at on@ 2608/081486 Manner shown in Table 1 bel ow. WO 2006TEP7eb3/609878

PCT/ EP2005/ 009878 8 Table 1 T atom Connected to: Ti T2, T3, T4, T28 T2 TI,
T3, T4, T14 T3 T1, T2, T7, T15 T4 T1, 82, T16, T25 715 T6, T7, T8, T32 T6
T5, T7, T8, Ti0 T7 T3, T5, T6, T11 T8 T5, T6, T12, T29 T9 T1O TI |, T12,
T20 TIO T6, T9, T11, T1i2 T | T7, T9, T1i0, T15 T12 T8, T9, T1i0, T17 T13
T14, T15, T16, T24 T14 T2, T13, TI15, T-Liz% T15 T3, T11, T13, T14 T16 T4,
T13, T14, T21 T17 T12, T18, T19, T20 81T17, T19, T20, T30 T19 T17, T18,
T23, T31 T20 T9, T17, T18, T32 T21 T16, T22, T23, T24 T22 T21, T23, T24,
T26 T23 T19, T21, T22, T27[T &t T13;, (ddnectbddo: 128

T1 T2, T3, T4, T28

T2 T1,T3,T4,T14

T3 T1,T2,T7,T15

T4 T1, T2, T16, T25
T5 T6, T7, T8, T32

T6 T5,T7, T8, T10

T7 T3, TS, T6, T11

T8 T5, T6, T12, T2S
T9 T10, Ti1, T12, T20
T10 T6, TS, T11, T12

/ T11 T7, T9, T10, T15
T12 T8, T9, T10, T17
T13 T14, T15, T16, T24
T14 T2, T13,T15,T16
T15 T3, T11,T13, T14
T16 T4, T13,T14, T21
T17 T12,T18, T19, T20
T18 T17, T19, T20, T30
T19 T17,T18, T23, T31
T20 T9, T17, T18, T32
T21 T16,T22,T23,T24
T22 T21, T23,T24, T26
T23 T19, T21, T22, T27
124 T13,T21, T22, T28
T25 T4, T26, T27, T28
T26 T22, T25,T27, T28
T27 T23, T25, T26, T31
T28 T1, T24,T25, T26
T29 T8, T30, T31, T32
T30 T18, T29, T31, T32
T31 T19, T27, T29, T30
T32 . TS, T20, T29, T30

[0032] In addition to describing the structure of EMM-8 by the

5 1interconnections of the tetrahedral atoms as in Table 1 above, it may be defined by
its unit cell, which is the smallest repeating unit containing all the structural
elements of the material. The pore structure of EMM-8 is illustrated in Figure 9
(which shows only the tetrahedral atoms) down the direction of the 12-member

ring channel. There are four unit cell units in Figure 9, whose limits are defined



T25 T4, T26 T27, T28 T26 T22, T25, T27, T28 T27 T23, T25, T26, T31] T28
TI, T24, T25, T26 T29 T8, T30, T31, T32 T30 T18 T29, T31, T32 T31 T19,

T27, T29, W8Qo06h3#%3d>, T20, T29, T30 [0032] In addition peradmsssiotsng the
structure of EMMH 8 by the 5 interconnections of the tetrahedral atons as in

Table 1 above, it may be defined by it& unit cell, which is the smallest
repeating unit containing all the structural elenments of the material. The
pore structure of EMM8 is illustrated in Figure 9 (which shows only the

hedr al d i i f L. - i h . Th
are four ani b RBFPobfh TIebfER it B BEalRoshidf OEEE Aiheoral MnGRRH ™ - T
2006/ 037436_RiGT 6EPROMH: 0038 Eronts. DBachbfaHeaie StonTlboAdd totsidgirghe t ypi cal

- positions of each tetrahedral atomin the wunit cell in units of Angstrons.
Each t et r ahedtoals, whmharsalbobeteldd toadja¢edytatrghedialoatems whetcdhedrab atatnsardoonded t o

adj acent tetrahedral atons. Tetrahedral atons.are. those capahl e of having
. tetrahedral 98¢ ganahle s, ?vmgéqf@ép%gpgﬂ?édlg?tl%,Hg:llg}l{lg B’&FtorHB?’Fe)??’l JURPS ng,

l'ithium Rerylldumy. (o} 3 j ' WY S,
{1 tani um oy Bt tiegG Bery FRAT B g BT AMon e, Sffn BBSHlORNS
zirconium  geaniunthr@eiif fiadganeds, S8n| Cobalthalickiel, cdpper, zimdziddvnivi®ny. Bri dgi ng
atons are those capable of connecting two tetrahedral atons, exanples of
whi ch i ncl ud&allipmg germaniuaptarsenie; dannding Ry anfimeny. rBradging atomsarn@osesul f ur ,

| eni d b . h f : it I
posei bl e t hat A BeomtHRe Sl uAndh Al RafRS ol R8T R0e bheR 2t om 1o

forma hydr oxy lifift@iHe dxyEd, hitrdgBn,t @ rind@ Sl fubfsefeid® Mnti adbén atowss. possi bl e

that the carbon is also connected to two hydrogen atons to form a nethyl ene
group (- GW2-J003Bbr exakpihe caterafadyiyaen, ras hlgb pnssiblg that e thwlgmghegpesisen in t he

2 e U 0 BOSBnaL  Mo nosi em S R e OEL i e LT+ e
of carbon it is also possible that the carbon is also connected to two hydrogen
atoms to form a methylene group (-CH,-). For example, bridgihg methylene
groups have been seen in the zirconium diphosphonate, MIL-57. See: C. Serre, G.

15 Férey, J Mater. Chem. 12, p. 2367 (2002). Bridging sulfur and selenium atoms
have been seen in the UCR-20-23 family of microporous materials. See: N.
Zheng, X. Bu, B. Wang, P. Feng, Science 298, p. 2366 (2002). Bridging fluorine
atoms have been seen in lithium hydrazinium fluoroberyllate, which has the ABW
structure type. See: M.R. Anderson, 1.D. Brown, S. Vilminot, Acta Cryst. B29, p.

20 2626 (1973). Since tetrahedral atoms may move about due to other crystal forces
(presence of inorganic or organic species, for example), or by the choice of
tetrahedral and bridging atoms, a range of + 0.1 nm (+1 Angstrom) is implied for
the x and y coordinate positions and a range of = 0.05 nm (0.5 Angstrom) for the

z coordinate positions in Table 2.



have been seen in the UCR-20-23 famly of m croporous materials. See: N
Zheng, X. Bu, B. Wang, P. Feng, Science 298, p. 2366 (2002). Bridging
fl uorine wag mwodvaze been seen in |ithium hydrazini um f| pOr/BPOYbI&Ie, which
has the ABW structure type. See: MR Anderson, |I.D. Brown, S. Vilmnot,
Acta Cryst. B29, p. 20 2626 (1973). Sinde tetrahedral atoms nay nove about
due to other crystal forces (presence -of inorganic or organic species, for
exanple), or by the choice of tetrahedral and bridging atonms, a range of t
0.1 rim(1 Angstron) is inplied for the x and y coordinate positions and a
range oft 0.05 nm (0.5 Angstrom for the =z coordinate positions in Table 2.
WO 2006/ 03743%able: ER32{0hd 60RBAdrdlQTY atohs far thEEMN-D Bisudhire wiiendhedr al ()
atoms for the EMA8 structure when T = silicon and the bridging atons are
oxygen. Atom x(um) y(nm s{iaey andrthe boidgmeetaono®s oxygens573 T2 0. 3234 0. 1530
.2716 T3 0.1524 0.1588 0.0121 T4 &m§757 8.%?22 .0821 T5 1.8568 0.2757
0.1383 T6 1.8260 0.1530 0. 4249 T7Xg70 YR58 208835 T8 1.5738 0. 1522
0.6135 T9 1.8568 1.0975 0.1383 T10232826021>2209567%240 T | | 1.9970
1.2144 0.6835 T12 1.5738 1.2720 0.6323% TA353) 2908716 0975 0.5573 T14
0
T

o

. 3234 1.2202 0.2716 T15 0.1924 1.@1824 0. 01288 Ta61D1 5757 1.2210 0.0821
17 1.4200 0.9623 0.5573 T4 0.5757 0.1522 0.0821
TS5 1.8568 0.2757 0.1383
T6 1.8260 0.1530  0.4240
T7 1.9970  0.1588  (.6835
T8 1.5738  0.1522  0.6135
/ T9 1.8568 1.0975 0.1383
' T10 1.8260 1.2202  0.4240
T11 1.9970 1.2144  0.6835
T12 1.5738 1.2210 0.6135
T13 0.2926 1.0975 0.5573
T14 0.3234 1.2202 0.2716
T15 0.1524 1.2144 0.0121
T16 0.5757 1.2210 0.0821
T17 1.4200 0.9623  0.5573
T18 1.4508 0.8396 0.2716
T19 1.2798  0.8454 0.0121
T20 1.7031 0.8388  0.0821
T21 0.7294 0.9623 0.1383
T22 0.6986  0.8396  0.4240
T23 0.8696 0.8454  0.6835
T24 0.4464 0.8388  0.6135
T25 0.7294 0.4109 0.1383
T26 0.6986 0.5336 0.4240
T27 0.8696  0.5278  0.6835
T28 0.4464 0.5344 0.6135
T29 1.4200 0.4109 0.5573
T30 1.4508 0.5336 0.2716
T31 1.2798 0.5278  0.0121
T32 1.7031 0.5344 0.0821

5 [0034] The complete structure of EMM-8 is built by connecting multiple
unit cells as defined above in a fully-connected three-dimensional framework.
The tetrahedral atoms in one unit cell are connected to certain tetrahedral atoms
in all of its adjacent unit cells. While Table 1 lists the connections of all the

tetrahedral atoms for a given unit cell of EMM-8§, the connections may not be to



T18 1.4508 0.8396 0.2716 T19
T21 0.7294 0.9623 0.1383 T22

T24 0. 4464y®23R8749s 6135 T25

. 2798 0.8454 0.0121 T20 1.7031 0.8388 0.0821
. 6986 0.8396 0.4240 T23 0.8696 0.8454 0.6835
. 7294 0.4109 0. 1383 T26 pefRBhotededrd 0. 4240
T27 0.8696 0.5278 0.6835 T28 0.4464 0.5344 0.6135 T29 1.4200 0.41I09 0.5573
T30 1.4508 0.5336 0.2716 T31 1.2798 0.H278 0.0121 T32 1.7031 0.5344 0.0821
5 [00341 The conplete structure of EMA8 is built by connecting nultiple
unit cells as defined above in a fully-connected three-di nensional

f ramewor k. he tetrahedral,ato I e ynit |l . ar npected to certain
tetrahedral e@ﬁglcuiaﬁa motpelg%'gng%}]%%g%&%ﬁ??Ejg%ﬁnltgxﬁﬁ\%ﬁlg'ﬁfg&ee 1 lists
the connecti giebtiorillistelii Tablet raOQbhIhat e {Pthe @103kt S&raibdrhl @g! | of

EMM 8, the connections may not be to WO 2006/ 037436 PCT/ EP2005/ 009878 11

t he parti cul aoma} egardiess bEwbether they are aethe shme uni celkh onolj agasant uniticellsel | . Al |
of the connections listed in Taple 1 are such that they are to the closest
tetrahedral [OPPS] at onsAltheyglythe Eagesian ¢ooadinates geY 1L FablE 3 abee maye unit cel |

or in adjace ' l] 8. . r | or dignat es gi ven
in Tabl e a%%\l}}ela@ﬁ%{/&%cg@)g P %ﬁgﬁi@tﬁ%‘%@{gﬁ?‘éﬂgggﬁ %‘?e%ﬁ%@d;sfﬂ%? glgér’jg edral atons
in an ideal i g@élstaidtue tiki Be mblteacclifatiy 8dseibdd 5 ethe @bnieeti iRy Betae&ihat el y

descri bed by the connectivity between the franmework atons as shown in Table

| above. Anofrb@ewerketens aeshominga Tahlesl aboyandapther vy tsdesgribetbisuse of
coordi nati on se%uen es, as a I'%ed Q0 mcroporous framgeworks bg WM Meier
ond 0 VoernerRAGHE b RisrB ot Egoraafior shfificed as appl T RiictSporfus

frameworks by W.M. Meier and H.J. Moeck, in the Journal of Solid State

RPOOOPR

10 Chemistry 27, p. 349 (1979). In a microporous framework, each tetrahedral atom,
Ny, (T-atom) is connected to N; = 4 neighboring T-atoms through bridging atoms
(typically oxygen). These neighboring T-atoms are then connected to N; T-atoms
in the next shell. The N, atoms in the second shell are connected to N3 T-atoms in
the third shell, and so on. Each T-atom is only counted once, such that, for

15 example, if a T-atom is in a 4-membered ring, at the fourth shell the Ny atom is
not counted a second time, and so on. Using this methodology, a coordination
sequence can be determined for each unique T-atom of a 4-connected net of T-
atoms. The following line lists the maximum number of T-atoms for each shell.

Nop=1 N; < 4 N;< 12 N; < 36 Ni < 4-3%

20 [0036] For a given T-atom in a 3-dimensional framework, there are six
angles associated with the connections to its 4 neighboring T-atoms. A way of
indicating the size of the smallest ring associated with each of these six angles,
called the vertex symbol, was developed by M.O'Keeffe and S.T. Hyde in Zeolites
19, p. 370 (1997). The order is such that opposite pairs of angles are grouped

25 together. The vertex symbol 4.4.6.6.6,.8, for example, indicates that the first pair
of opposite angles contains 4-rings, the second pair contains 6-rings, and the third
pair contains two 6-rings and an 8-ring. The Structure Commission of the
International Zeolite Association recognize that the combination of coordination
sequence and vertex symbol together appear unique for a particular framework

30 topology such that they can be used to unambiguously distinguish microporous

frameworks of different types (see "Atlas of Zeolite Framework Types", Ch.



10 Chem stry 27, p. 349 (1979). In a mcroporous framework, each tetrahedral
atom No, (T-aton) is connected to N1 = 4 neighboring T-atons through

bri dgi ng atonsos/0814spi cal | y oxygen). These nei ghboring T- 2CEAP200560098MA%n
connected to N2 T-atonms in the next shel2. The N2 atonms in the second shell
are connected to N3 T-atons in the third shell, and so on. Each T-atomis
only counted once, such that, for 15 exanple, if a T-atomis in a 4-nenbered
ring, at the fourth shell the mi not ,count.ed cond tinme, and so
on. Using thi Ea?ﬁé‘l%ﬂgﬁ %yl\,’[e&“ggg?h\%ﬁ&t é@ﬁ‘”ﬂsé“c}ﬁ%ﬂ@é"“c@ﬂgﬁe @‘@t"é‘?‘yntpned for
each uni que T: f - & 5 W 0, i l'ine
lists the max fi%%mrrfg %%%?O%Bébﬂﬁl@%ﬁ%ng g%nd;{é%%xs e ?Ffol{érﬁv‘;f ﬁlﬂ(a@ﬁggm < 12
N3 5 36 NK 5 frogkthe atothlic[cO6RIEktds@f tiR fidmv@rork-atdrasnuding theFoflipiiesd proppah
framework, there are six angles associated with the connections to its 4
nei ghbori ng TzeaTsttes (see WaPasife, J.DnhateaMiengpotees gnd enesdparhes Matdriads43,pi ng
associ at ed wi w&f@gg of these six angles, <called the vertex synbol, was
devel oped t§y ffe and ST. Hyde in Zeolites 19, p. 370 (1997). The
order is such opposi ; her. The
vertex synbol [%@2}6 6. 6?%?30@2?&@9(13%@2@?%3?%&%& t ag&%ﬁg&??@g{?pai r of
opposi t e angl esuctmetant gived it Tabds3. TheTssanodnpetivity anlistedin Bable Bgsforand t he
third pair contains two 6-rings and an 8-ring. The Structure Comm ssion of
the |nternat fowems paly} jBrid NG SRehay RysghPually sapngch theclatomsat i on of
coordi nation r ' . a
parti cul ar fréin@&g?ﬁ&%@g}ﬁ%?gté@&sﬁg .@Leg{eﬁ? ﬁé}t/h%%:gﬁﬁ g@g@g@gﬁ%}?ﬁ% i guously
di stingui stv NMaeaRPRNiOHSoglizaNBYGh kpadicullr thHetad b a napeRl hodRg A Mahiwv ol

Zeol ite Framework Types", Ch. WD 20061037436 PCTI EP2005/ 009878 12

Baer | ocher, Wstctugsi ¥is passible thpteogrmi@r 96§ rasoms maymet Barerneced 1o ohe way t o
determ ne the_cqgprdijation._sequence .and.verte nbal ,.f or Lven structure
is fromthe %%ﬁ?rc Ige(%?rg{}ﬂ%?cggcowe?t%tyfnrugﬁiﬁpﬁXrgtnghgmbtgﬁi ﬁﬁ’gt'ﬁgmﬁsonput er
program zeoTsich®d at R dfes SFaRé Exgstais abMd bfPakfct dYles cORGH By SfoR Barifie OPOr OUS
Materials 43, p. 5 27 (2001). 037] The coordi nation sequence and vertex
synbol s for t NecaBhRs 8 thscrystal ulhe GrmeypkdstddunTizables3 & norhmitedan amy way

connect i vi 1t5y %)S/ itls Icgﬁl%gsi{ign,%lcgﬂ %ix{mesns];o%rs or space group symmetry.

Table 3
Atom Atom
Number Label Coordination Sequence Vertex
Symbol
1 T1 4 10 17 28 46 63 86 117 142 168 4646612
2 T2 4 9 16 27 44 65 87 110 138 171 4-6-4-6,4-8
3 T3 4 9 18 30 43 64 90 111 139 178 4-4-4-8-65-8
4 T4 4 9 18 29 42 65 91 111 138 176 4-4-4-12-6-6,
[0038] While the idealized structure contains only 4-coordinate T-atoms, it

20 is possible under certain conditions that some of the framework atoms may be 5-
or 6-coordinate. This may occur, for example, under conditions of hydration when
the composition of the material contains mainly phosphorus and aluminum T-
atoms. When this occurs it is found that T-atoms may be also coordinated to one
or two oxygen atoms of water molecules (-OH), or of hydroxyl groups (-OH).

25 For example, the molecular sieve AIPO4-34 is known to reversibly change the



T-atonms only. Bridging atons, such as oxygen usually connect the T-atons.

Al t hough nost of the T-atons are connected to other T-atons through bridging
10 at ons, \126260%/05%9%' zed that in a particular crystal efrapiRkeédsad having
a frarrevvor structure, it is possible that a nunber of T-atons nmay not be
connected to one another. Reasons for Fon-connectivity include, but are not
limted by, T-atons |ocated at the edges of the crystals and by defect
sites caused by, for exarrpl e, vacanci es in the crystal The framework

55, LT Al P 51 Bl SO o

Coordi natio X 0 8bcobl7 142 168
e h o6 2 HREAEn S UkeKbebUTRITY of of if L (R B G TSe07 ] 142 200
18 30 43 64 @000)l It k3%olpdSsible4hA sBm6$raﬂlev(er'T4atélm9 cdiBb28ooidingted 9l 111 138

176 4-4.4-12-6-63 [0038] While the idealized structure contains only
. 4-coor di nat eﬂqﬂl’aie(ﬂﬁﬁns( ) when matepalsre prepansd &t thedyesgnere fdhdrimedhs that some

of the fr 6- coor dj nate 0 r, for
exanpl e, nd‘é‘? %‘ff‘f‘nﬁ on ‘F"?@H‘F’%ﬁ‘ W%aénde ctrhbgd 32%3%‘%%8}156# ‘the material
contai ns mai @hé;n gggqgipq; 1336@(@99} umi num T- atonms. Wien this occurs it is
found that T-atons may be al so coordinated to one or two oxygen atons of

wat er ol ecul0839]( - C]—IZ)ItIrmyhappdnyldrsomlpagrautqnsompdl‘ﬂ)mnsztﬁalEbccaasemfm e, the
nol ecul ar sieve AlP04-34 s knovvg to reverS| bl nge the V\? 2006/ 037436
PCT/ EP2005/ 03P§8Hg oraesing 9 Taatams, 1B aghalapneel]) fﬂiﬁleﬂnﬂm@ How

4- di nat dirpat: b d b A. Tuel
ot ot ey e orfheto GOARS TRRNE RO MERRHRRIBSREAI T Y A, ot
spone fr armv\omktallroatlmﬁm slessphite e@ﬂpdhlmisedmm 8 wherd tﬁaeat@n&n(anlﬁg when

materials are prepared in the Eresence of fluorine to make materials with
5- coor di nat ealmmiusnandphogaherps hagpms Epr qxampls; theqinit ce}irﬂf thechHiQ &sm 121, p.

3368 (1999). of EMM-8 is actually twice the length along the z-axis as indicated in Table 2,

such that there are 64 T-atoms in the unit cell.

[0040] In its as-synthesized form, EMM-8 typically has an X-ray
15  diffraction pattern including the lines listed in Table 4 below:
Table 4
2-Theta d, nm Relative Intensity
7.5840.05 1.16410.008 M
8.26+0.05 1.069+0.007 M
12.66+0.05 0.69810.003 S
13.9410.05 0.63410.002 S
14.181£0.05 0.62310.002 VS
18.9410.05 0.468+0.001 S
19.184£0.05 0.46210.001 M
19.60+0.05 0.45210.001 S
25.48+0.05 0.34910.001 M
25.6210.05 0.347+0.001 VS
25.9410.05 0.34310.001 VS
26.1210.05 0.341x0.001 M
28.08+0.05 0.31710.001 M
(0041] In 1ts as-calcined anhydrous form, EMM-8 is porous and has an X-

ray diffraction pattern including the lines listed in Table 5 below:



10039] It may happen in sone particul ar conpositions that, because of a
specific ordering of T-atons, the actual unit cell may double in size to

al I ow t hewsRRE0I7466 Ordering to occur. This is the case paTEP005/009878

al um nophosphate and 10 netal | oal um no- phosphate conpositi'ons of EMV 8 where
there are alternating alumnum and phd#phorus T-atons. For exanple, the
unit cell of the AIPO form of EMM8 is actually twice the length along the
z-axis as indicated in Table 2, such that there are 64 T-atons in the unit
cell. [0040] In its as-synthesized fo.gnﬁl §NM8 typically has an X-ray 15
diffraction pattern including the |ined FPsted in Table 4 below Table 4
2-Theta d, nmRelative |ni-gRgtaty 7. 8305 1ReGGIOINGOSI)Y 8. 260. 05
1.0690.007 M 12.660. 05 ©.56£865 0031.%71:b:00840. 05 0v83410.002 S 14.180.05
0.6230. 002 VS 18.940. 057@4466. 001.1%+0b87 180. 05 M1 46210. 001 M 19. 600. 05
0.4520.001 S 25.480. 05 11.646.08. 008.6d1+0003620. 05 @v3470. 001 VS 25.940.05
0.3430.001 VS 26.1210. Ofs.44+8440. 008530.088. 080. 05wW. 3170. 001 M [00411 In its
as-cal ci ned anhydrous for24:Bb84 8 bs21@002ls and has an X- ray diffraction
pattern including the |iq{gespibiost edoum+sbabhe 5 bel gwv. WO 2006/ 037436

PCT/ EP2005/ 009878 14 Ta{d.#»+b.08- Thelagsd,oomm Rel at vwe Intensity 7.540.05

1.1710.008 VS 20.10:0.05  0.441:0.001 w
25.4610.05 0.349£0.001 w
25.9010.05 0.344+0.001 W
26.46+0.05 0.336+0.001 w
{ [0042] These, and all other X-ray diffraction data referred to herein, were

collected with a Siemens D500 diffractometer with a voltage of 40 kV and a
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 Io 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



7.940.05 1.1120.007 M 12.680.05 0.6970.003 W 13.540.05 0.6530.003 W
14.240.05 0.6210.002 M 18.820.05 0.4710.001 W 19.800.05 0.4480.001 W

20. 100. 05 wlp 46bth94991 W 25.460. 05 0. 34910. 001 W 25. 900pOD/EP2085463s301 W
26. 460. 05 0. 3360. 001 W[00421 These, and all other X-ray diffraction data
referred to herein, were collected witt a Sienens D500 diffractonmeter with
a voltage of 40 kV and a 5 current of 30 mA using a copper target (?, =
0.154nm and a curved graphite nonochroneter. The diffraction data were

recorded by 2. d ees e theta is the
Bragg angl e, paé%gn ng?nnager%?# ﬁg’eégveg 8n%nm? Se( g’f\t s@ﬁ'ﬁﬁ amFrhe i nt er pl anar
spaci ngs, d' %a%ﬁ@m%iaﬁ% ﬁk&ﬁlt&f'%ﬂﬂ&@%ﬁl’é?ﬁldldafé@m TaBRs Uhmgrsel ative
intensities of the lines, Ulo, where o is one-hundredth of 10 the
intensity of[0043] st ron@e:gbndratnehe asbmlendlbX kay datatistedan Tatle 5| abmadt 0iSt h t he use
of a profile fitting routine econd, deri vatl ve al gorithm. The

intensities @S Oﬁﬂlfcﬁrie@eﬁ%ﬁ'nfltﬁmE Frystalling eateral 3 bestqddn apover frem The
relative 5 Nt &% ttel'n‘]a)%gag& g X?H&eﬂloxb Bf ﬁﬁ{oggréﬁ fglﬁa&eofaﬁa@%lﬁﬁ%sta\ﬁ%% §rf ong

(75-100), “s=stro shoul d

be under st oocihﬂ&l&ttaldinfgfm@@uogéh flews athk ismhpld 1slBeld @t 460vCsfos 30Rligutas Hiengl e
lines may consist of multiple overlapplng | ines which under certain

condi ti ons, witreEeraBowiis then eeased anchaig rs)mmdlqvcethglswgplwhlkeﬂly hi g h

experi nment al _resol uti or CLY st al. | hi han p resol ved
or partial | YMPEESG& gr}h(ﬁ'ggl ggﬁ?‘g)oém {IB} r@ﬁ@ @ﬁ

i ncl ude m nofhen pAAASE S Gd@)°€'%1t2 H@drk uﬂ@ér%ife%él%aﬁé}QEQBVéi is Gé&g@td r%oﬁ{ yst al
symetry, wi thout a 20 change in topol ogy of the structure. These m nor

ef f ect s, 10 ncleughieragure aaljeg thenXRPglatttinvte bemeendddt i es, can al so occur as a
result of di rences i on cont f wor k .conpgsition, nature and
degree of pofﬂgsﬂ 11 nglfg%\%@bnaémof% Jesi# ﬂﬂﬂ&e W?é?‘?Fé gﬁ‘? &tory. In
practice, the6eEQse uft cdifAPthe$PRR Rbup OFcl# 1 HShdving M€ fSf1dvANg unit cell

dimensions in nm:

As-synthesized: a=2.069,b=1.389, ¢ =0.708, = 99.2°
15 As-calcined: a=2.255b=1.374,¢=0.719, = 98.61°.
[0045] In a preferred embodiment, EMM-8 comprises at least [AlO4] and

[PO,4] comer sharing tetrahedral units and, in its as-synthesized, anhydrous form,
is represented by the empirical formula:
mR:F.:(M;ALP)O,

20 wherein R represents at least one directing agent, preferably an organic directing
agent and most preferably 4-dimethylaminopyridine; m is the number of moles of
R per mole of (M,Al,P,)O, and m has a value from 0 to 1, such as from 0.1 to
about 0.5, preferably from 0.1 to about 0.3; wherein F represents fluoride ion
which may be present in the synthesis mixture, a is the number of moles of F per

25 mole of (MxAl,P,)O; and a/y is less than 0.25 and preferably is 0; 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. Preferably M is selected from B, Co, Cr, Cu, Fe, Ga,
Ge, Mg, Mn, Ni, Si, Sn, Ti, Zn and Zr. Most preferably, M is silicon.

30 [0046] In one embodiment, x is from O to about (.25, y is from about 0.3

to about 0.7 and z 1s from about 0.25 to about 0.7. In another embodiment x is



WO 2006/ 037436 PCT/ EP2005/ 009878 15 patterns of the crystalline material of
the invention may exhibit significant wvariations in relative intensity from
t he val ueW(jMG/@ﬁﬁmj in Tables 4 and 5. [0043] To genermtBEPIIes/@w878al ci ned
X-ray data listed in Table 5, about 0.5 grams of the dried, as-synthesized
crystalline material are heated in an oMen from5 roomtenperature under a
flow of nitrogen at a rate of 10C mnute to 400C and, while retaining the
nitrogen flow, the sanple is held at 400C for 30 m nutes. The nitrogen flow

e boon” 2 Rmatub lo JduPEI5Sris St ddiF o SATRL GG il b o GBS 2| e Of

the oven is e I'S then

retained at G8QCabaL 0%. hﬁ%smc&@mbmmeﬁhﬁtseﬁ&m%oht@t@Mtoszcyatsl ed to
room 10 tenperature to allow the XRD pattern to-be recorded. [0044] The XRD

patterns of ﬁaﬂnl@suﬂodﬁtw #bouth.5band mdefrend abouts).3 htomalolut Ai56. or ALPEI |, in the
space group C2 gl(af havi n the foll ow ng unit cell dinmensions in nm
As- synt hesi z’é‘& ecylar sigVesg §18th 1.3 89, ¢ = 0.708, 99. 2 15 As-cal cined: a =

2.255, b g c = Bl dlnent
EMM 8 corrprl @géﬁat | eas lzsﬂ%lcdﬁfid_fgﬁg’ @%I}’a{fﬁ% 9 %i)éi]r?eerﬂg gl‘l ng t‘?l ah uni ts
and, in its thepsasehtiaséntidd tyfodilydiaous arpfhﬁnmluelofaﬂem@sglah@mdw the errpi rical

forrrul a: nR Fa:(MKAlyP,)02 20 wherein R represents at |east one directing
agent, pref eET&fﬂWblﬁﬁt léasjé)nﬁ indigatiag thay ghe ragtémﬂ laﬁepﬁwb@tanmcet wabstyn

Ay P2) 03 ha e ek Bydedia BT 6o P ReElod AR B Suc 0.5
preferably frscmélas&retdrtﬁ@&utklﬂg Boti WYT Bichtalyst £ 6 Feribed iVOrS. Patenen  Whi ch
may be present in the synthesis mxfure, a’is the nunber of noles of F per

25 nol e d (NbAb§5,90anhia the mmﬁs_adtmvm 25 pafRy (F0685) Vab! 6 pi 279);

et anoar b1 " GERBEd YR Igh ol A0Kp; @ef indofr @l pEinhy 18RI B o oups 1

to 14 and '—aﬂ‘a@@é@@hﬂ%rpfTHeft%pexﬁ’ﬁéﬁtQﬂé&deﬁﬁk Bf B t&dt QR SeinRhQLGI /DI Y Mi's
sel ected from B, Co, My, M, N, Si, Sn, Ti, Zn and Zr.

Most prefer a&:rhgstanMeng)esatlllrIe@tﬁﬁ38°C and a vanable flow rate as described in detail in the
Journal of Catalysis, Vol. 61, p. 395.

15 [0048] The crystalline (metallo)aluminophosphate material of the present
invention can be produced from a synthesis mixture containing water, a source of
phosphorus, a source of aluminum, optionally a source of metal M, such as
silicon, optionally a source of fluoride ions and 4-dimethylaminopyridine (R).
The synthesis mixture typically has a composition, expressed in terms of mole

20 ratios of oxides, as follows:

Component Useful Preferred
P,0s5 : ALLO; 07t01.3 09to 1.1
Si0; : Al,O4 0t0 0.9 0.05t0 0.5
H;0 : Al,04 10 to 100 20 to 50
R: ALO; 0.51t0 5.0 1.0t0 4.0
F: ALLO; 0 to <0.75 0to 0.5
[0049] A suitable source of phosphorus in the above mixture is phosphoric

acid. Examples of suitable aluminum sources include hydrated aluminum oxides



30 [0046] In one enbodinent, x is fromO to about 0.25, y is fromabout 0.3
to about 0.7 and z is fromabout 0.25 to about 0.7. In another enbodi nent x
i's WO 20080 300486748CT/ EP20051009878 16 from about 0 to pODEP2005/869878). i S:
fromabout 0.4 to about 0.6 and z is frq? about 0.3 to about 0.6. In yet
anot her enbodi nent x is fromabout 0 to about 0.12, y is fromabout 0.45 to
about 0.55 and z is fromabout 0.35 to about 0.55. For ALPO nolecul ar
sieves, x is zero. 5 [00471 In its calcined form the l|large pore (netall o)

al um nophosphatigagboehhtie aﬂﬂ?ﬁﬁlﬁbbbﬂmﬁf& | Quitabl¢RbGrRkS §f dilkcondficlaioha val ue of
at least 0.1, and nore preferably at least 0.5, indicating that the

material is sdishates, ag., rnedsibicas auak agrerosil andrlcabapid, tetsasdkyl orthesitisatesl ar

hydr ocar bon. - cqnver si on.r.eactions. The .al pha value test .Jis syre of the
cracki ng act ia\l}ﬁtaﬁu?i’fusﬁou%{ SPERENIRGS Pgﬂﬁ“é’g? rieﬁgtapfen&’ sgld %ﬂﬁ%‘%m

3, 354, 078 a”%ei}@erﬁ&ﬁsﬂﬂ&&@ﬁétrﬁen%&%&éﬁ.s, Vol . 4, p. 527 (1965); Vol. 6, p.
278 (1966); and Vol. 61, p. 395 (1980), each incorporated herein by

ref erence &ms [0@50]t hat dépreserg) the sourddef fuqgriziei ioenthay beamdidmpmadof t he test
used herein include a constant tenperature of 538C and a variable flow rate
as descri bed Rpatdephrdeasing diweridg inns pathesynthgsigmyxdiee. Negi-imging examplps 15

[00481 The croystal 14 e (FaLalitabal il HORARSERBLTBLELL alvenl ahiigadr esent

i nvention can be pr ced”Troma syn containi'ng water, a

source of  phesd)behus m@alSurides, Prefetably, SbdiumdRorids dokassansALdriR, of netal M
such as silicon, optionally a source of fluoride ions and

4- di met hy| ar selsopy fludiide ngaRpesiumfluosidat stestismflueride carippi Budride, has a
conposition, expressed in te f mole 2Q ratios of oxides, as follows:
Cpnponent ?(g @g@ﬁﬂpuﬁfgwgﬁﬁeﬁ{f%ﬁwoﬂ%guw#st%IC 23 0.9to 1.1 Si02:
A1203 0 t0 0.t§rfnQfyhRnRnfim Haide AdRykehhonitO0N2Ride O R0 R AEAQ3 0.5 to
5.0 1.0 to 4.0 F: A1203 1 0 to <06.75 0'to 0.5 [00491 A sw%able source of

phosphor us i rand maxtisestbenepi t Theeprefemetl ssyboef fuoride is hydrogen fluoride but,
more preferably, the synthesis is conducted in the absence of added fluoride, that
is with the F: Al,O3 molar ratio being zero.

15 [0051] Crystallization is carried out under either stirred or static
conditions, preferably stirred conditions, at a temperature belween about 100°C
and about 250°C, typically between about 150°C and about 200°C, preferably
between about 155°C and about 180°C. Preferably, crystallization is conducted
for about 2 to about 150 hours, preferably about 20 to about 100 hours, whereafter

20 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
product 1s typically in the form of platelets having a dso (50 % by volume of
crystals is smaller than the dso value) particle size less than | pm.

25 [0052] Synthesis of the large 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
crystals from a previous synthesis based on total weight of the reaction mixture. It
is, however, found that where seed crystals of a CHA framework-type molecular

30 sieve, such as SAPO-34, are added to the synthesis mixture, the resultant product



acid. Exanples of suitable alum num sources include hydrated al um num oxi des
WO 2006/ 037436 PCT/ EP2005/ 009878 - 17 such as boehmte and pseudoboehmte.

Sui t abl e f8®3Rks Silicon include silicates, e.g., fuppggphlossdsrsuch as
Aer osi | aﬁ?%agosi P tetraal kyl orthosilicates, and aqueous colloidal -

suspensions of silica, for exanple thatigsold by E.1. du Pont de Nenours
under the tradenane Ludox. 5 [0050] If present, the source of fluoride ions
maybe any conpound capable of releasing fluoride ions in the synthesis

m xture. Non-limting exanples of such sources qf fluoride ions include
salts cont ailfr&dld femswoskimednolequlad sieys rathethan hedareg Poreet al 1 uori des,

preferably, @%941%@1%0@%8&&%&%%351&g‘tﬁe{)iﬁ%ﬁn%ﬁ’ cal cium fluori de,

magnesi um f | UOT uori ariumfluoride, 10 anmoni um

fluoride, teossy kyl angpRirestior uRIdrpkealizatioabrocess, (RS feBoRréW brgsEmmE UM
fluoride, tetraethyl anmoni um fl uoride, hydrogen fluoride, and nixtures

t her eof . Theprpduet eomtehs sothirc s péres atueast d portonnfidheoerganit directingeagent , nore

preferably, the.synthesis is conducted in the absence of _.added fl yori de,
that is %n t*he Hb%F:S PACR] %PJF cfrgd cRbpdimegt Ak vationgs P@Wﬁdﬁﬁ | 1ization

that is 9 b3 i _ By a
St i rred cond: TRARE e e BB rLCRR aBbn Rk EORE Uk B el 0B 2o

typi cal | y bekavignaabewthtahbiRGitesaithinaté mi&0porops eapnhelbby thehnbleadar about 155C
and about 180C. Preferably, crystallization is conducted for about 2 to
about 150 hdugv§ opgn &grerontsicywith edecdstock o The activationprasessds tmieallyaf t er 20 t he

| L) i.al | f h her i d
Fecover ed, - AEIMBLTRY bTZaEI Pl gk rERRED Heries BB ORISR sarbleRe  duct
can al soqp bap¥apipiste at £ €M R Aredf RN AUt 2OSMC Rubeit £00°C! g,?)idany aghedr i ed.

The crystalline ‘product is typically in the formof platélets having a d5o
(50 % by volnpressned of ar gsyigam-sontgingngegdase Thisppe ofpsoctse candpaiesed garparicdle si ze

| th I in. 0052 t hesi s,.of .t he | ; )
(oot ol 1aal R ale ! EVE e Hiec i Sgars B BF MgtV ERY { at ed by

t he presencesyggmat | east 0.1 ppm such as at |east 10 ppm for exanple at
| east 100 ppm conveniently at |east 500 ppmof seed crystals froma
previ ous syn0b&di s bas@dcenthe cosallineenghtial of thdieverdmathas been syntheesized, t

15 it can be formulated into a catalyst composition by combination with other
materials, such as binders and/or matrix materials, that provide additional
hardness or catalytic activity to the finished catalyst.

[0055] Materials which can be blended with the crystalline material of the
invention can be various inert or catalytically active materials. These materials

20 include compositions such as kaolin and other clays, various forms of rare earth
metals, other non-zeolite catalyst components, zeolite catalyst components,
alumina or alumina sol, titania, zirconia, quartz, silica or silica sol, and mixtures
thereof. These components are also effective in reducing overall catalyst cost,
acting as a thermal sink to assist in heat shielding the catalyst duﬁng regeneration,

25 densifying the catalyst and increasing catalyst strength. When blended with such
components, the amount of crystalline material contained in the final catalyst
product ranges from 10 to 90 weight percent of the total catalyst, preferably 20 to
80 weight percent of the total catalyst.

[0056] The large pore crystalline material described herein can be used to

30 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



is, however, found that where seed crystals of a CHA franmework-type

nol ecul ar 30 sieve, such as SAPO 34, are added to the synthesis m xture, the
resul t ant wiy fdsre37430 2006/ 037436 PCT/ EP2005/ 009878 18 i BCHEERIH5/009878
framewor k-t ype nol ecul ar sieve rather than the | arge pore

(et al | 0) al um nophosphate material of t B i nventi on. [0053] As a result of
the crystallization process, the recovered crystalline product contains
within its pores at |least a portion of the organic directing agent 5 used

in the synthgsis.i; 8 IoMEEn %Al Ls,performed in such

a manner tha?‘ss%r%%klggg ﬁﬁ%ﬁ%ﬁﬂ (’Ztélls g ggié)nt |§a?§‘nolvgﬂllsgxggfrlr1§‘itﬁg’ mol ecul ar

si eve, | eavbxidatei indesyathiesis pf monsalkglamindshand didlleylammespgrachsmédabhnnel s of

- the nolecular sieve open for contact with a feedstock. The activation

process is tGarigrlin gas chierpaeBTaphiRngyn thel netralenin indpstastoaampyg ngmiabat i ng t he
nol ecul ar si eve.compri si 1 e tenpl ate.at er.ature of from about

. 2000 1o aboubrante B isBle) Wit B RuithGictectio STREUR An BeakRR ng gas.
This type gof CH&ﬁ%ﬁﬁwﬁﬂ@?@@rﬁb‘l@éﬁlz{r%ievE?sruEhﬁ'prodi{ct #BiRIRLE siaPydls of the
organic directing agent fromthe intracrystalline pore system [0054] Once

t he cryst al | amkinpargculal wafld bheséfolvasrd datalysh astheeenvession b€sxygedates,15 it can

be formulated into a cat al yge'%, corrpﬁgiti on by conbi hation with other
materials, s aganghanebite olsfmsoruchas pthylepgand ProP¥lens.hat provi de additi onal

nar dness of (@il vt i © 6L b AF Ok SRR iy LARIShg WS o712l s

whi ch can be ded w e crystafline mate Invention can be

various i ner tna@fiercfipadcyisingahmy, the follkavinpteimplesare phasgtednt eri al s 20 i ncl ude
conpositions such as kaolin and other clays, various forns of rare earth

met al s, d@her non-zeolite catal yst conponents, zeolite catal yst conponents,
alum na or aEwampde bol, titania, zirconia, quartz, silica or silica sol, and

m xtures th . The onents are also effective inr ci,ng overall
cat al yst cos_fg,O%cht i ng%gg %@@W&g thre@fqﬁ_wpg. geedgin W“%&tangﬁ’l?eé‘pﬁ‘?ng_ t he
catal yst duripg aﬁﬁﬁ@@i%@%sﬁe}%ﬁ %Vaglfﬂ-ﬁéée)ﬁiz@ggi&%e%%kM&deﬁ@@'?aloflcr easi ng

catal yst strengt such onponents, the anmpount of
crystal |l i ne awdilabledrorn @ospen@cbduntsi ne, UEARI 8 Scat’aHgsBO, (ghtonkdcfromanges from 10

to 90 wei 1%ht AFfdei\'ric(ilegﬁerr?i]::alt oeing)a%ty ,ldefo%tize}eld)ﬁztd, C%Ea%];lem Xb(l7¥ 92\%% .21203,
available from CONDEA Vista Company, Texas, USA), and then 4-
dimethylaminopyridine (4-DMAPY) (obtained from Aldrich Chemical Company,
USA). The molar ratio of the ingredients was as follows:

' 2.0 DMAPy:1.0 Al;03:1.0 P,0s5:40 H,0

20 [0059] The gel was then placed into a Parr bomb with Teflon liner, and
was heated to 170°C for 2 to 4 days while the bomb was tumbled at 40 rpm. The
solid product was centrifuged and washed five times with deionized water, and
was then dried in a 60°C vacuum oven overnight. X-ray powder pattems of the
product showed, in Figure 2, that a crystalline product was obtained after two days

25 of crystallization (Sample A). After four days of crystallization, additional
diffraction peaks corresponding to an unidentified impurity appeared.
[0060] Solid product yield of Sample A was 13.2%, based on the total
weight of the starting gel. Elemental analysis gave the following results: Al
16.0%; P, 17.9%. These results correspond to Al gPgg75 in composition and

30  71.2% for calculated total oxides. The residual weight was separately determined

with TGA (Thermal Gravimetric Analysis) to be 72.6%. Sample A gave the



80 wei ght percent of the total catalyst [0056] The | arge pore crystalline
mat eri al descri bed herein can be used to 30 dry gases and |iquids; for
sel ecti vewiPlogeedrade Separation based on size and pol ar prEpReichs/@dE78aS an
i on-exchanger; as a catalyst in organic conversion reactions, such WD
2006/ 037436 PCT/ EP2005/ 009878 19 as crfcki ng, hydr ocr acki ng,

di sproportionation, alkylation, isonerization, oxidation and synthesis of
nonoal kyl am nes and di al kyl am nes; as a chem cal carri er; in gas

chr omat ogr aphy; . an n the etro nor mal raffins
from distil I°§ %ﬁ%tfoé‘ PFE g%.ﬂ% ﬁgﬂéé%??‘?‘i@%ﬁﬁt% ‘Whotgﬁces as
CHA franemrdéagsngeemlﬁgglbgro“sl eve, such a product would have simlar uses

and in particular would be useful as a catalyst in the conversion of
oxygenates, such as nethanol, to ol eTable¢ such as et hyl ene and propyl ene.

[ 0057] In order to nmore fully illustrate the nature of the invention and the
manner of practising same, sphe fol | opipng exanpl g%, are presented. 10 Exanple
1 [0058] The follow ng i ng»y | ents wepgs M xed, igp sequence, and bl ended

into a uniformgel using g%cr ohormps zer (T| ue Tear or Model 98730,

avai | abl e from Bi ospec Pra§g t I nc A) Yo H3PO4 (obt ai ned from 15
Al drich Chem cal Corrpany) &8i oni zedo% Cata "A (73.9 W% A1203,

avai | abl e from CONDEA Vi stld-%onpany, 0.6%Xas, USA)55 and then 4-

di met hyl ami nopyri di ne (4- DMABy) (obt@bed from AD@rich Cheni cal Conpany,
USA). The nolar ratio of tikgsi ngredi@pgd was as §ollows: 2.0 DVAPy: 1.0
A1203: 1.0 P205: 40 H20 20 [1'@@59] The ggég was t herggpl aced into a Parr bonb
with Teflon liner, and 1Reat ed t@4dy0C for Zgto 4 days while the bonb
was tunbled at 40 rpm Th?[9 oI id pr@é t was ceq%trlfuged and washed five
times with deionized wate %nd was t en dried j;n a 60C vacuum oven
overnight. X-ray powder pgpt rns of 94 productzzshowed in Figure 2, that a
crystalline product was oBPd&¥ned aft@#3Qwo days 25 of crystallization
(Sanple A). After four day2.88f cryst@B88 zation, 1&dditi onal

23.14 0.384 12
25.19 0.353 6
25.48 0.349 37
25.62 0.347 46
25.94 0.343 86
26.12 0.341 39
26.88 0.331 11
27.24 0.327 21
28.08 0.318 26
28.60 0.312 9
29.18 0.306 9
29.32 0.304 19
30.48 0.293 8
30.64 0.292 12
30.98 0.288 14
32.42 0.276 7
34.32 0.261 8
34.72 0.258 22
3524 0.254 12
36.04 0.249 8
5 [0061] The powder pattern of Sample A was indexed successfully in a

monoclinic unit cell, in the Space Group C2/c (#15). The unit cell dimensions in

nm are a = 2.069, b = 1.389, ¢ = 0.708, f = 99.2°.



diffraction peaks corresponding to an unidentified inpurity appeared. [0060]
Solid product yield of Sanple A was 13.2% based on the total weight of the

starting @& 2005bea®nt al anal ysis gave the foll ow ng reswdsErWbs/o0d® 0% P,
17.9% These results correspond to AIi%gPO.975 in conposition and 30 71.2%

for calculated total oxides. The residlal weight was separately determ ned
wth TGA (Thermal Gravinetric Analysis) to be 72.6% Sanple A gave the WO
2006/ 037436 PCT/ EP2005/ 009878 20 scanni ng el ectron m crograph shown in
Figure 4 anBxyimmgieen XRD pattern with the peaks |isted Table 6 bel ow. Table
6 20 d, nmlI% 7.58 1.165 40 8.26 1.070 34 12.66 0.699 64 13.94 0.635 55
14. 18 0. 624{0062] 15. 18hopBredge wagideatical s6Ex@aple 19 ex@poimshrydtofluare 60 0. 453

0.353 6 2584 s 4 olBsignsisiien e grediens ips it e Sellorang 541 30
26.88 0.331 11 0.5HF:2.0DMAPy:1.0A1,04:1.0P,05:40H,0
5 [0063] The crystallization was carried out for three days at 180 °C

statically. The product yield was 12.9 wt%. The XRD pattem of the product
(Sample B) is shown in Figure 3 along with that of Sample A. The former is
nearly identical to that of Sample A, although the peak width and relative intensity
are somewhat different. The relative peak intensity difference is expected withi'the

10 presence of F in Sample B. The broader peaks of Sample B are possibly due to the
small platelet (< 0.1 pm) morphology of the crystals as shown by a Scannming
Electron Microscope micrograph (see Figure 4).
[0064] The fact that the same crystalline product was obtained with
different starting synthesis compositions (Examples 1 and 2), and that the XRD

15 patterns of the products can be indexed establish that a pure phase material has

been synthesized. The as-synthesized material has a unique XRD pattern.

Example 3
[0065] The procedure of Example 1 was repeated to produce two
20 additional samples, Samples C and D, except that Cabosil™ silica was added to
each synthesis mixture after the Catapal™ alumina and before 4-
dimethylaminopyridine. The ingredient molar ratios were as follows:
2.0DMAPy:1.0A1,05:(0.1 & 0.3)S10,:1.0P,05:40H,0
[0066] To the synthesis gel 0.15wt% Sample B was added as seeds. The
25 crystallization was carried out for two days at 170°C with tumbling at 40 rpm.
The product yield was 18.9 and 19.6 wt%, for 0.1 SiO; and 0.3 Si10,, respectively.
The XRD patterns of the products (Samples C and D for 0.1 and 0.3 SiO,,
respectively) are shown in Figure 5 along with that of Sample A. This Figure,
along with the elemental analysis results below, shows that silicon atoms can be
30 incorporated into the framework of Sample A.

[0067] Elemental analysis results were as follows:



27.24 0.327 21 28.08 0.318 26 28.60 0.312 9 29.18 0.306 9 29.32 0.304 19
30.48 0.293 8 30.64 0.292 12 30.98 0.288 14 32.42 0.276 7 34.32 0.261 8

34.72 0. 239 2886/03353624 0.254 12 36.04 0.249 8 5 [0061] TeEr/peRoskaoopmt t er n of
Sanmpl e A was i ndexed successfully in a nonoclinic unit cell, in the Space
Group C2/c (#15). The unit cell dinensi28ns in nmare a = 2.069, b = 1.389,
c 0.708, (3 = 99.2. WD 2006/ 037436 PCT/ EP2005/009878 21 Exanple 2 [ 00621
The procedure was identical to Exanple 1, except that hydrofl uor| c aci d was

added as t Iy e i lent rati I | owi ng

0. 5HF: 2. oowﬁﬁgﬂi ¢ GBS e 8Es. 1905 §f°FfﬁS@°83§/‘§’t‘§‘w et RBi v

carri ed out if Bombaeh Ay % BROIGIEA ARl | The product yi el d was 12 9
wt% The XRD pattern of the praduct Sanple B) is shown in Figure 3 al ong

vvi th that ofSafupipDeAls1418%; Pok51EY, Sis 2.88%1 IThis cterespamds td Al Sal s«Bh8ampl e A,

al though the peak width and relative intensit are sonmewhat different. The

rel ative peakCompesion andf% e tancalcoylated igiel oxé svm'th the 10 presence of F in

Sanpl e B. oader f I tout he. smal l
pl at el et s(cqgm%ﬁ r’%ﬁgﬁ%gvé@r B&eﬁgﬁﬁ’rﬁ}@t‘aﬁ S as é/d gllégvsgméé%hhm ng
El ectron M GiA8s aRMScHRE hRE el bs S&ﬁﬁle'ﬁ qH 1R YPace @Qﬁﬂ@ﬁmﬂ shathe hhiat the same
crystalline product was obtained wt
cell dimensions in nm are: a=2.169, b =1.386, c=0.705, p=98.9°. The unit cell .
volume is 2.0983 nm®. These unit cell parameters are similar to those of Sample

A

Example 4

[0069] Calcination of the samples A, C and D (10 °C/min to 400°C in
nitrogen, then dwell for 30 minutes in nitrogen before ramping to 600°C at 10
°C/min in air, and finally dwell at 600°C for 2 hours in air) resulted in white

15 crystalline products with the organic directing agent removed. The XRD patterns
of the calcined samples, taken in ambient air so there may be some degree of
rehydration, are shown in Figure 6, along with that of the as-synthesized Sample
A
{0070] All three samples gave different XRD patterns from their as-

20 synthesized counterparts. The calcined Sample A, being an AIPO,, shows a
different pattern from those of the calcined Samples C and D. The latter two, both
being SAPOs, have similar XRD patterns. A similar phenomenon has been found
in AIPO4 and SAPOs having the CHA framework type. AIPQy-34, for example,
adopts a triclinic unit cell when exposed to moisture, whereas SAPO-34s having

25 sufficiently high Si levels retain their rhombohedral symmetry after rehydration.
[0071] The XRD pattern of calcined Sample C was indexed in a
monoclinic unit cell similar to that for the as-synthesized sample. The unit cell
constants in nm are a = 2.233, b =1.336, ¢ = 0.716, = 99.88°. The unit cell
volume is 2.1050 nm>. These unit cell parameters are very similar to those of as-

30 synthesized Sample C, with only about 0.3% increase in unit cell volume upon

calcination,



different starting synthesis conpositions (Exanples | and 2), and that the
XRD 15 patterns of the products can be indexed establish that a pure phase

mat eri al' Qap20a665y45y Nt hesi zed. The as-synt hesi zed naterlp(tT/ﬁmgggagmgque XRD
pattern. Exanple 3 [0065] The procedure of Exanple | was repeated to

produce two 20 additional sanples, Sanm@3es C and D, except that CabosilT
silica was added to each synthesis mxture after the Catapal alum na and
bef ore 4- dinethyl am nopyridine. The ingredient nolar rati os were as

foll ows: 2. CDVAPy: |.0A1203: 0.1 & 0.3)Si @2: 1. 0P205: 401120 [ 00661 To the
synthesis gel 0.15w % Sanple B was added as seeds. The 25 crystallization
was carried out for two days at 170C with tunbling at 40 rpm The product
yield was 18.9 and 19.6 wt% for 0.1 Si02 and 0.3 Si 2, respectively. .. The
XRD pat t er nEExdmple& products (Sanples C and D for 0.1 and 0.3 Si (2,
respectlvely are shown in Figure 5 along with that of Sanple A ThIS

Fi gure, 87 th t h@aléqné%@h?%mmglpy\ywméwﬂ @%@mwgﬁm&e;npﬁat silicon

. at ons can, be 30 1 ncor t 0067]

El ement al ® arfifA/RRL Sqmple 8508 that Qg eddioch i AERBASs i BRER B 80 ) ) 000878
22 Sanpl e Cisofideed 6f th¥t abid 1€acl% gares:2T tivhthh SarfSlE sREPARGSeved as an
Al'l . 0Si 0. 055P0.914 in corrp05|t| on and 71.2% for cal cul ated total oxides.

Sanpl e D: ADXRD. mldﬂxﬂ&rﬁ%th&m pasems Thild be takee spdifiideent temperatures
oS o L0 Pl FATRRTL LR, 20 88, LSt LA ALSR, ot o ces. o
ronocl) L AL SaETP s i 1 SRS IRl
vol unme i 30 2. d8Bvehiird; at Thetemperatire de thwotmussmider sﬂawe)fsh'yrmlr &t5 pamt hose of
g/a%plr]et OA4oégo§Eﬁ?e) allr?d clt)o[hgg ?09£00Qa| g Isg]c%}uIi C))(rﬁ]g)fpatttergwsé?t leg SThe ﬂgw?r?gd D (10
“gas was switched to N; and the sample was cooled to room temperature before a
third XRD pattern was taken in N,. Afterwards the chamber was opened to the
ambient air, which had a relative humidity of 82% (22°C), for 16 hours, to ensure
15 that the sample was fully hydrated. A fourth XRD pattern was then taken.
Finally, the chamber was closed again, and the temperature was raised to 200°C
under N, to dehydrate the sample. A final fifth XRD pattern was taken at 200°C
in N,.
[0073] The results are shown in Figure 7 and indicate that calcination
20 results in some change in the XRD pattern as well as an increase in the overall
diffraction intensity. Exposure to moisture reduces the diffraption intensity to the
pre-calcination level, and the XRD pattern is again slightly changed. Then
dehydration of the hydrated sample leads to an XRD pattern identical to that of the

post-calcination sample, indicating the hydration process is at least partially

25 reversible.

Example 6

{0074} Calcined (600°C for two hours) and degassed (at 500°C) Sample A

was exposed to different adsorbate molecules under specified conditions as listed
30 in Table 7 below in a Thermal Gravimetric Analysis (TGA) unit. In all cases

complete adsorption was attained. The diffusivity number D/ given in Table 7
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Cal cinationlof Sanple @€ was conducted and XRDs were taken on a 5 platinum
sanpl e st ageAfdwdetenas giéitsadd i n prERsAver pdi pped with Misit®eent  sources
of inert and reactive dases. The platinum sappletshage aliso served|as an
XRD sanpl e holder—so+tHat XRD patterns couldibe-taken-atjdifferent
t enper at ur e$ A995ONHIPS ds 36760203 teli | AOMRITS mirmps pPRECeY. torEi r|stO0C, paant €rn was
t aken on t he Adsc€amaynt hﬁsi zegoganpl ¢ C.odhen, [after4a ranpg i nt@mperature at
I0Cmn to ¢80 10 and |dwelling at|the tenpefature for two hours uhpder a
flow of dry|@its¢l5 ppmh nw.gsare)| and cool [ ng t ®.200C, |a sé®and KRD
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D/, sec’! 0.1

[0075] The significant amount of mesitylene adsorption indicates that the

10

15

20

new material has pore openings larger or equal to 0.7 nm (7A )(12-ring), and the

large adsorption capacity suggests that the framework is very open.

Example 7
[0076]

Samples C and D, having Si/Al ratio of 0.058 and 0.154,

respectively, were calcined at 600°C for 2 hours before n-hexane cracking test was

conducted. The standard a-test conditions (538°C) were used. The a-numbers for

these two samples were determined to be 9.1 and 23.3, respectively. These values

show that the new material has potential for hydrocarbon conversion applications.

Example 8
[0077]

The synthesis procedure was identical to Example 1, except that

Cabosil™ was added after Catapal™ and before 4-dimethylaminopyridine, and

100 ppm colloidal SAPO-34 seeds were added as the last ingredient. The

ingredient ratio was as follows:



third XRD pattern was taken in N2. Afterwards the chanber was opened to the
anbient air, which had a relative humdity of 82% (22C), for 16 hours, to

ensure 15whasosiobrzsanpl e was fully hydrated. A fourth XBPrRabéeRlbbsh@s then
taken. Finally, the chanber was cl osed ain, and the tenperature was

raised to 200C under N2 to dehydrate the sanple. A final fifth XRD pattern
was taken at NOT in N2 100731 The results are shown in Figure 7 and
indicate that calcination 20 results in some change in the XRD pattern as
wel |l as an increase in theoOEAPyll.0ALOL:038100N0PsDLAGHY. Exposure to

moi sture reduces the diffraction intensity to the pre-calcination |evel,

and the XRD pHW078}n is Agwstallizatiogirasycamiedmyt for twaand fonsidays at i 7On Covith he

hydr at ed sanp| e [t.eads 0 an  XRD patt identi.cal to that of.the

post cal cf nat PGRPLEE A0 Tofh FOE s R dot SR B dib ol BtysfalizhiSh wes
partially 25 fjegeesidalA.o7okxa8pRetevely.[ 0074] Cal cined (600C for two hours) and
degassed (at 500C) Sanple A was exposed to different adsorbate nol ecul es

under specisfi f078pndi t i dhs XRD patsdresare 3hown inTBighee & vietloshaws thatTSyel Oal
Gavimetric Analysis (TGA) unit. In all cases conﬁj ete adsorption was
attai ned. The34hasbrenynads, althpygh impyrstiesweze presenta fihe Produes olierdry7436
PCTI EP2005100 - ' j Ll L [ of the
adsorption up?&gélhczéﬁ(\)/%\ﬁEq ﬁ?%ﬁﬂb%ggg%éﬁg s%gﬁ??%&&gg{%@lﬁ%lgd? (’(;B%[e@?(go f ast

for accurate ggipey,minakhidathaf ofdolifdsi ordtalizationadinor FTHR anundedsed r epor t ed
are the best estimates. Table 7 also provides, for conparison purposes,
some adsor pt i amodaitef AWO-the | Ox 10x9 ring material 1TQ 13. 5 Table 7

Sanmpl e A Adso Met h - Hexane 2, 2- sitvlegne.. D net butane Ads.
Condi 1 on 030865 o ke s S Glindesfon HaSh{ck R Fipse R IIRH-AHRYC
Capacity, 20. fef&efde t6-phftichlar@ébodiments, 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.



w% D ?, sec" 0.066 0.1 0.01 1TQ 13 For Conparison) Ads. Capacity, 7.60 5.40
0 m%Dr', sec' 0.1 [00751 The significant amount of nesityl ene adsorption
i ndicates that the new material has pore openings larger or equal to 0.7 nm
(7A)(12-ring), and the 10 large adsorption capacity suggests that the
framework is very open. Exanple 7 [0076) Sanples C and D, having Si/Al ratio
of 0.058 and 0.154, respectively, were calcined at 600C for 2 hours before
n- hexane cracking test was 15 conduct ef. The standard a-test conditions
(538C) were used. The a-nunbers for these two sanples were determined to be
9.1 and 23. 3, respectively. These values show that the new material has
potential for hydrocarbon conversion applications. Exanple 8 20 100771 The
synt hesi s pr&&ée was identical to Exanple 1, except that Cabosil was
added after | and before 4-dinmethyl am nopyri dine, and 100 ppm

col | oi dal SAPO 34 seeds were added as the last ingredient. The ingredient
ratio was as follows: WO 2006/ 037436 PCTI EP2005/009878 25 2. CDVAPy:

| . 0A1203: 0. 3.Si @2crystal(ipe Oatedid] Haing, BOIWSIs-s@nthetized| fomm tan Ohrrayakiffmation ed out
for two and four .d a /0 Cwt tunbling at 40 rpm The solid yields
for tvo and PRt iang e Shesburd salouh wera 17 859 and 21. o7o
respectively. 5 [0079] The XEOheatt erdpsmar € RMWe Iténsitygure 8, which shows

t hat SAPO- 34 has been nadey.saiddsougis4ioqosri ti epswere present. The product
of two-day crystallizations2es a5 acmsosomant of 28Rb (Al P0O4-5) and what
appeared to be AWD (Al PO4-1285+0.08hi06s8+dmmB of f ®@o74day crystallization had

no AFl but an increased anmd¥n0.a5f 083E:0.002 50-74
14.1840.05 0.623+0.002 75-100
18.94+0.05 0.468+0.001 50-74
19.1840.05 0.462+0.001 25-49
19.6010.05 0.452+0.001 50-74
25.4840.05 0.34910.001 25-29
25.6240.05 0.347+0.001 75-100
25.9440.05 0.343+0.001 75-100
26.1240.05 0.34110.001 25-49
28.08+0.05 0.317+0.001 25-49

and represented, in its as-synthesized form and on an anhydrous basis, by the
empirical formula:

mR:F.:(M;ALP,)O,
wherein R represents at least one directing agent at least one of which is 4-
dimethylaminopyridine; wherein m is from 0 to 1, being the number of moles of R
per mole of (MxAl,P,)O2; wherein a is the number of moles of fluoride ion (F) per
mole of (MxAl,P,)O; and a/y is less than 0.25; wherein X, y, and z represent the mole
fraction of M, Al and P, as tetrahedral oxides, x being from 0 to 0.25, y being from
0.3 t0 0.7 and z being from 0.25 to 0.7; and wherein M is a metal selected from one of

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

2. The crystalline material of claim 1 wherein m has a value from 0.1 to 0.5.

3. The crystalline material of claim 1 or 2 wherein a/y is 0.



10 [0080] Wile the present invention has been described and illustrated by
reference to particul ar enbodi nents, those of ordinary skill in the at wll
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 determ ning the true scope of the
present invention. 26 CLAIMS 1. Acry l1ine material having, inits

as-synthesi zed form an X-ray diffraction pattern including the |ines
listed as follows: 2-Theta d, nmRelative Intensity 7.580.05 1.1640.008
25-49 8.260.05 1.0690.007 25-49 12.660.05 0.6980.003 50-74 13.940.05

0. 6340. 002 50-74 14.180.05 0.6230.002 75-100 18.940.05 0.4680.001 50-74
19. 180. 05 0.,4620..001 25-49 19.600. 05 0.4520, 001 ,50- 74, . 25. 480.05 0. 3490. 001
25. 29 25. 690, 05105 753138 mefefial gy Pucks e dlaims WReHy Vi SBeetbBom,g 120, 05
0.3410. 001 3fie Pthe 2Fup3ndRirg oF I LAHQE, CE PASGATSE, MIRMER ! Sidn T, 24 S
as-synt hesi zed form and on an anhydrous basis, by the enpirical fornula:

nmR Fa: (MKA w02  wherein R represents at |east one directing agent at

| east one of which is 4- dinethylam nopyridine; wherein mis fromO to 1,
bei ng the nunmber of nobles of R per nole of (MAl yPz) Q2; wherein a is the
nunber of mal es ghe thy@llindendt@ial bFAnyRRécediiBRiM vheMifhyiEZlicBn.and a/y is |ess
than 0.25; wherein x, y, and z represent the nole fraction of M A and P,
as tetrahedral oxides, x being fromO to 0.25, y being from

6. The crystalline material of any preceding claim 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.

7. A porous, crystalline material produced by calcining the crystalline material of

any preceding claim and having an X-ray diffraction pattern including the lines listed

as follows:
2-Theta d, nm Relative Intensity

7.5410.05 1.17110.008 75-100
7.94:0.05  1.112£0.007 25-49
12.68+0.05 0.697+0.003 0-24
13.5410.05 0.653+0.003 0-24
14.2410.05 0.621+0.002 25-49
18.8210.05 0.471+0.001 0-24
19.8010.05 0.448+0.001 0-24
20.101£0.056 0.441+0.001 0-24
25.4610.05 0.34910.001 0-24
25.9010.06 0.34410.001 0-24
26.4610.05 0.336+0.001 0-24

8. A method of synthesizing the crystalline material of claim 1, the process

comprising: (a) forming a reaction mixture comprising water; a source of aluminum,

a source of phosphorus, optionally a source of metal other than aluminum, optionally

a source of fluoride ions, and at least one directing agent comprising 4-

dimethylaminopyridine (R); (b) inducing crystallization of said crystalline material

from the reaction mixture; and (c) recovering said crystalline material from the

reaction mixture.



0.3 to 0.7 and z being fromO0.25 to 0.7; and wherein Mis a netal selected
fromone of Goups 1 to 14 and Lant hanoi ds of the Periodic Table of

El ements. 2. The crystalline material of claiml wherein mhas a value from
0.1to 0.5. 3. The crystalline material of claiml or 2 wherein a/ly is O.
27 4. The crystalline material of any preceding claimwherein Mis sel ected
from one of the group consisting of B, _Co, C, Cu, Fe, Ga, Ge, My, WMr, N,
Si, Sn, Ti, Zn and Zr. 5. The crystal |3%he material of any preceding claim
wherein Mis silicon. 6. The crystalline material of any preceding claim
wherein x is fromO to 0.15, vy is from0.4 to 0.6 and z is from0.3 to 0.6.
7. A porous, crystalline material produced by calcining the crystalline

mat eri al of _ any precedi |.ai nd havi ng, an X-r diffraction pattern
e utng 1 1Y e hated e i el dne oo Xy W are RO S U L on | 1y

7.540.05 1. 1230 298175250t in 84G0 05wk %593:007 25-49 12.680.05 0.6970. 003
0-24 13.540.05 0.6530.003 0-24 14, 240.05 0.6210.002 25-49 18.820. 05

0.4710.001 0-24 19. 80Q095ADBM4480000d 1B 24 20.100. 05 0. 4410. 001 0-24
25. 460. 05 0. 3490. 001 -.(34_ Fé 900. 05O . 3440. 001 0-24 26.460.05 0.3360.001
0-24 8. A nethod of syhthedk Png One rystalline material of claim1l, the

process conprising: @b fALO] NG dok&a®F i on m xture conprising water; a
source of alum num a source of phosphorus, optionally a source of netal
ot her than al unmi num d&tAlgdal | y= &.5tou¥.8e of fluoride ions, and at |east one

G recting agent compagyt 8 LSRRGS ne (9 (b) I nducing
10 The method of claim 9 wherein the reaction mixture has a composition, in
terms of mole ratios, within the following ranges:

P,0s5: ALLO; = 09to 1.1
Si0, : AlLO; = 0.05t00.5
H,O: AlLbO; = 20t050

R: AlLO; = 1.0t0 4.0
F: AlLbO; = 0to 0.5 or zero
11.  The method of claim 8, 9 or 10 wherein the reaction mixture comprises no

added source of fluoride ions.

12.  The method of any one of claims 8 to 11, wherein crystallization of said

crystalline material is conducted at a temperature of 100°C to 250°C.

13.  The method of claim 12, wherein crystallization of said crystalline material is

conducted at a temperature of 130°C to 200°C.

14. A hydrocarbon conversion process comprising contacting a hydrocarbon
feedstock with a catalyst comprising the crystalline material of any one of claims 1 to

7 or produced by the method of any one of claims 8 to 13.



fromthe reaction mxture; and (c) recovering said crystalline material from
the reaction mxture. 28 9. The nethod of claim8 wherein the reaction

m xture has a conposition, in ternms of nole ratios, within the follow ng
ranges: P206 : A1203 = 0.7 to 1.3 SO : A1203 =0to 0.9 H20: A28 = 10
to 100 R A1203 = 0.5to0 5.0 F A1203 = 0to <0.750r O0to 0.5. 10 The

met hod of claim9 wherein the reactiona%{)lxture has a corrp05|t|on in terns
of nole ratios, within the follow ng ranges: P20 : Al1203 0.9tol1l.1 S
: Al2G8 = 0.05 to 0.5 H2O: Al2B = 20 to 50 R A1203 = 1.0 to 4.0 F:
Al2G8 = Oto 0.5 or zero 11. The nethod of claim8, 9 or 10 wherein the
reaction m xture conprises no added source of fluoride ions. 12. The nethod

of any one cl rel i talline
mat eri al isqgond%‘c?’f(%l‘esgfmgﬂiL AT ure %@1 Bh&’qf%%tgg&&a@% t%%dsgmﬁsrmd of
claim 12, whenwitad € ysfia.| i zation of said crystalline material is conducted
at a tenperature of 130C to 200C. 14. A hydrocarbon conversion process
conprising contacting a hydrocarbon feedstock with a catalyst conprising
the crystalline material of any one of clains 1 to 7 or produced by the

met hod of any one of clainms 8 to 13. 29 15. A process according to claim 14
wher ei n an oxygenate-containing feedstock is converted to ol efins.



