ALUM NOPHOSPHATE MOLECULAR SIEVE. | TS SYNTHESI S AND
USE FI ELD [0001] This invention relates to a | arge
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substituted derivative therepf, to a nmethod of its
synthesis in a |low fluoride or fluoride-free nmedi um
and to its use in organic conversion reactions.
BACKGROUND [ 0002] Crystalline nol ecul ar sieves have a
3- di mensi ol UMINOPHOSPHAEE MOLBOULKRSSIEREUT € of

‘corner-sharing [TO4] tetrahedra, where T Is any
tetrahedral |y coor T g the known

forms of nolecular sieve are alum nosilicates, which
contain a three-di nensi onal m croporous crystal
fFEBXEPOrk structure of [SIO] and [ Al O4] corner
sharing tetrahedral units, alum nophosphat es (ALPQS)
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[ PO4] corner sharing tetrahedral units. [0003]

Mol ecul ar sieves have been classified by the Structure
qQ o the International Zeolite Association

the rules of the I UPAC Conm ssion on
40003]t € NonEystaBind mebled4 QlctbdBavie@ I-Binfensional, four-connected
cl assification, franmework- tﬁpe zeolite and.

Aeamnewask siypeiuiersifeemenshasing @4] tetyahegrd, svheee Bisamyt ur e

est bI| ane as ned a.thre .code
ARy RGPS op AR IR gt B mo G e e
BypeBosifitdies HhidHOdontdth & @Mb@-ﬂ}mdn@i%ﬂ@lﬁmcﬁﬁﬁ)‘rﬁﬁ@rﬁs?ﬁ 01),
which is herein fuII¥ I ncor porated by reference.
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t f 1 h | t hat fi ne
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t he_arrangenent of rin that form a cage, when

(S AROK), in phichdheEamewArkostrushaniseomposadd i[04 14dOsl and
k{?b‘i\]ec%?nershanng tetrahedral units.

[0003] Molecular sieves have been classified by the Structure Commission
of the International Zeolite Association acco;ding' 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, London, England (2001),
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

the cages. See van Bekkum, et al., Introduction to Zeolite Science and Practice,



t he cages. See van Bekkum et al., Introduction to
Zeolite Science and Practice, Second Conpl etely Revi sed
woO BngoEZxwanded Edition, Volune 137, pages 1-6RCTAREN/(©P878
Sci ence, B.V., Ansterdam NeZherlands (2001). [0005]

In general, nolecular sieves can be divided into
smal |, mediumand |large pore materials. Thus snall

A T R i
PRI vi&H Scferic8SB. V. haums@bhau, Nytierafdd @6D1). Medi um por e
nol ecul ar si eves typlcally have pores defined
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5 adéﬁ?l@@ b? 'a%ﬁxggff ﬁ@tn%re a8 P aforiyandGAve ah Q@Qﬁée pore size less

CrystalTine nol ecul ar sieves, as exenplified by
Ztbo alhass Ocfrmin (Srk). Medipel pare moteolasisvesstypigaldy have pores
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applications in catalysis and separations, ere has
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For exanple, it is known from fo
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Hammsmgl@nd ﬁ;:t&amem?c&l aprlicationsy yBecahise ere nﬁ unique structure type
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SR ORY RolRE 105 S ioTpof Ebtafibis And FopaPtigh® acrefas been
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agent m Xture conpr|S|ng tetraethylannonlun1cat|ons

15 al¥d0?ne or Manyexrmlawtdnyieam aro synshesided dn thel presener dfrapm
Qr .nor.e Iethaﬁolarnlne

N Re R g AS5 Bt BT A OTalS TIRE PR oFof fgmple, it i

Neld N By fon eRimapIe] ©ry. P@oeni\NNéiemmﬂhWahmﬂb ne,
NSNdi et hyI et hyl enedi am ne,

Nsiksaatumeinhphdsphate mq)é@qumw@e ofithe CHA framework type (a small pore
nedi.am.ne l.ene

R e <o e tenke R A PR i v fah Rure

20 de}hﬁi @@Mﬁ&ﬁﬂ&ﬁh@ﬁhﬂ&caﬂ‘ém@'@h@@ﬁ@&ﬂ meRtidime H\ﬂnno moieties

N, N-di met hyl hexyl am ne ?nd N, N- di et hy Ihegly am ne.
selected from one or more of N,N dunethylethanolam1ne 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 materials include isopropylamine or di-n-propylamine

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

piperidine, diethylethanolamine, and N,N,N’ N’-tetraethylethylene diamine.
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O her organic directing agents that have been used in
the synthesis of CHA franework type materials include
-n-propyl am ne tri et hyl amP@BEEP2005/009878
cycl ohexyl am ne, 1-nmethyl am gazol e, norpholi ne,

pyri di ne, piperidine, diethyPethanol am ne, and

N, NN N,N -tetraethyl ethyl ene diam ne.[0008] It is also
known to use fluoride-containing conpounds, such as

hpodogpen | 1@ AlSeknovn 16136 Fiabiidd-BehtAARR OnipduAR, Sk AT
si eve synthesis. For exanple, EP-A-337,479 d| scl oses

t Invstrogeay fiforidg.chsawjaeratizing Agents inmolecwlar sievel synthpsis.t Bor

Vi 160 kb oo
%Qﬁn@%ﬁz& 998 puhhdsToete Efzﬁﬁémf ZdM- SZQQ%déi'ﬁGn U S. Patent

i ncor porated herein by reterence, discloses that
aAmhmph Bublication dlo. 2003/¢23d4P99rpuldljshed Peenaberd Be203amd

CHA f t . b
SR b ol RS b B BReeee ng e
i AR alithiRBp RRPEAERRIR I fr HicP& IRIRA the CHAStral eevsg&ggp be
6, 680, 278 as d| recting agents. However, fluori seaél

sgynthtpssecthdbs presence o6 Airendaionpusing ﬁwghmntmylaatmd; baypaimds
d i de . in t di d/
SRR s pbert NoL o ERBRT R BERke B8rmon Howpusoioridae
oc;a@@msﬁmwsésgﬁse BaviRFSktntdl wméxﬁkemrm&t%w e hg, \é@n fluoride

product Currently, an entirely rati
apph%amﬁleshauedhmadsdfbopmkleceslwdrdwn|ﬂ=slouﬂe on caiumatlon to

rk L | { d to,the fact
REABVE e QrpRLs iR Rt b b e R e et
byt abl e Pheses ﬁf‘éhtfré]?)fatﬂnﬁl dpRSich th R rl@a‘ék'% ﬁle s%hﬁésris

i scovery is thefefore often serendi pitous.
rcefsmmtﬁmmvdrle thatesialsio nbi awdilalgs,: dmhathe&a@mwna:aystallme

ect the nthesis of lLow silica, SAPO.CHA in
s Eonb G ARETS e et Wi Sty i b predbisisc dmeir
QfiscoQbryql fRtefSBRAeR deref@ififousand, from parall el
experinents, that w thout SAPO 34 seeds, use of the

d40E0]di r ect@mgemgmhthaa bedleto two findings:thétl 44PMARY can direct the
condi t.i 0 un d .ed .to the prodquctiopn of
SPREH: OF bR ERES ARG M A B a0 S e alliider Ber

[iR@He Prbsen6é Of SH1IdHal SARD-3Y §de@d; Binll nﬁ&rﬁ%a@l‘l@f@)&)@hmems that
Journal of Chinese Universities, Vol

prigfont $9POL 8 seeda tugel of dhe shyoe diredting a@mmyldhram 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, DMAPy has
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
approximately 17° and 19°, whereas these peaks are not present in the X-ray

diffraction pattern of EMM-8.
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with that of EMM8 and it is apparent fromthis
conparison that the materi al 4of the invention is
different from NK-101. In particular, in the X-ray
diffraction pattern of NK-101, the npst prom nent

djobizjact i onmigaksclaestitidd ‘FShst-a AW @Suinophosphate
approximately 17 and 19, whereas these peaks are not

eotnet Synthesis Crystal\Staicture, 2YIRo Ang Behysdratianf Properties”,

EVMM..8. [.00 ticl titl "SSZ-5 1 -
e mth v AL B Aiicia | Remicaf Socig i yfe 23, 2008."
SMoHEd &1 af repdiRhatiiely RRRYYHRES AN MARBREH HRSstrucRYOLE SHER
on the Web by the Anerican Chem cal Society on June

28umpEphosphbierzeatype framewprkotructurd) 55 Zt fls yraviag ¢he empirical

héiMic§1dntiBoSidine £ stllfu@ﬁl%lhi?ecﬁhé(a SVl _re%ﬁh@ﬁhg ‘pr&endd of

20. The synt'hesis enpl oys 4- dimethyl am nopyridine as
afluaridg donyasea whinesdizingpgeye rithestrctuegof 33551 fresapt edervdasely

Shdedloi 580 2o NIE bR B Solesal GRa e ©
SAREYAfhg SRANATRIEARIADYF- nd Y PEndBB&REd Ahg wmggg It appears

contain intersecting channel s defined by 8-
1thatfifizh el sdsestmugtuvdl ndthiBMM-8. appears that SSZ-5 1 is

ABFHIC At T orsq Eaerrisaries Pubiisbiien B A0 3007 uh aupiished
Dosermver 1818002 AR31088s36¢ Qﬁ@%stshﬁ sA¥BAAFAHhBEphate molecular

si | i coal um nophosphate nol ecul ar sieves using
tseqvob using tempdates that edntaimat least one dineethlylaminoyheeityn The use of

Soehldp s SR respltan apc ity Sab Qe eputirigies o krta
tiyRewdrRjs#] EP- A-O 324 082 discloses the synthesis of

non-zeolite nol ecul ar sieves by contacting al um na or
d0014da- al uritha-0 324 882 disclhses the symihesis @foon-aeolite riolecalar

. gs?egltgﬁﬁg Ic?rg%%nrgteaﬁlﬁ%fn\égéﬁﬁga{-c of A P e Vb'l?ﬁ g?iqgﬁq'eggion

mixture containing a reactive source of phosphorus and an organic templating

agent.

SUMMARY

[0015] In one aspect, the invention resides in a crystalline molecular sieve
having a framework comprising tetrahedrally coordinated atoms (T) connected by
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
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
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connected by bridging atons and havi ng the

coordi nati on sequence and vePtex symbols listed in
Tabl e 3 bel ow. [0016] In another aspect, the invention
resides in a crystalline nolecular sieve having, in

| &xpedRd 39/ B Eﬁﬁérﬁ @lorf Q6B to A 11fek ?ﬁﬂléytédc 1§1QH$ T?Jlesp @M I?(ft n
including t lines listed in Table 4 bel ow

cedcessanty ihdhenelative intensitiesispecifiedymthechudaarvasy daapemhhg bha

i nventi has an. X-ray, diffraction pattern including
t’I’I‘BnIP?r gga"lt‘?réf"%gls?qf‘sefg]meé 5 bel ow. The phrase

"j0087Ldi N9 Rt bR aspt, Ltﬁceﬂwl;&fo%' SsifBARS &Pﬁ@élllﬁ@ﬁl&%ﬂal

areexpect ed to be present at or close
[ lmimxt@meds asnsynitteesizad farm, abm-raydiffnaetmmsmmrﬂ tncludirightie lines

rela in nsities specified, which can vary
%CII %géowm%é?PrﬁenfeécdessaSasgn@F%?sfgea and pgan

},ZﬂouLB M@%yQﬁp@rﬂﬁ icASBAMia: the invention resides in

ysta I ne”mat er having, in its as-synthesized

form an X-ray di ffracde?;, (MA@, )01 ncl uding the |ines
I iﬁt ed in Table bel ow and, represented, in its
%rﬁm%é%r%ssatS@bkﬁt&ﬁa dypcting agamyPeEudlE4si s, by the

CiBiek ;ﬁIunB b m [ERhE B A A R PRShEIERF v, ALP,)O;
b h My

represents at east one directing agen refera
Aatidre thhy b satue dpyr 0 ne;ucms frorhi0el toLabbar 0. ﬁ,ffone;kampleﬁoﬁi 0.1
per . nol e Pz) Q2 .and mr FagvaluefromOto

st9@houd- I,r%leﬁ(r@nf if H‘Cébl&he of goles of flugrgrion (FY Rpmeple of o
R0 o B A0S RISl CVERFS,
I repesérit dhe IﬁoEEratidn pf eM,eAbmid)P ias te(ﬁ‘ahadrelrcamdesxandywhaam M
I t d P,
i PR IR tog N8R afarouie B F LA erdsior 4o Besodis
fTmR Qf‘Eleﬁfen@ Siptefrdo® Mis 0L e RbRAS g%&j %rotutlﬂ.e Ga, Ge,

Periodic Table of Elenents, and prefer’
eMneNI fSIQ?m Bi, QoandZr. Mnst pF@fpraBiy,M}Bsﬂt@n I[mOneNl

e i R0 togbpu o wioled gut (2 9Bt 8% s
S0 0 e S 15,
ab fem ghous0. 4yto 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)
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,O3 molar ratio of said reaction mixture is preferably
less than 0.5 and most preferably is 0; (b) inducing crystallization of said

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

material from the reaction mixture.



is fromabout 0.4 to about 0.6 and z is fromabout 0.3
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0.55 and z is fromabout 0.35 to about 0.55. For ALPO
nol ecul ar sieves, X is zero.6[0018] hi still another
aspect, the invention resides in a nethod of

synthesi zing the crystalline material of the

| poeoYt | ON,  IhefPhOCAPSct CARRVeRliStresiddd mfePlh@ihBQ oft
react’ion mixture conprising water, a source of
a$ynthiesiging acrystaltine maferighbamingthe SHAfratmeastk type, the process
structureéﬁa1 ectlngaent cqugrlsmg_l 1
ARTRISHE S THENDS AAFTEON BHF UEHCAMRFSIELIuES ralymingm, 1
%&mfl ﬁGéthi/usaoﬁt%H?a%urEé YPREERM, QF}eaé‘i’%ﬁEﬁ Bty a@sm

mol ar ratio of said reaction mxture Is pre er ab
I @ms)rtshgﬂ 61n&thyiaknnmsynqlmeﬁmd sdetlyof sCHA (rhxhewm&uypmg
crystallizatio f s dcr stal | i ne .mat fromthe
D4EriRloHeh %@%ﬁ@ %&&w&lhmow am@ Pvéiaﬁme imppderial
I r f
2@‘5‘2&%@*@&%‘9(“5%"2%?. %ﬁ*“%%%?%‘é%"ﬁ%%@ Taehr ‘bftcfal H6h 8
stymtimasmxtmg a crystalline material having the CHA
f wor k t t rocess conpr|3| ng: (a) form ng a
r@ ion m SE}P@ %gh% 3Behghe nventienresidesn the nerf the
SHYAANOInaRBAPAFAIdISne RBE O !y dhtidh di 6 SorBlnt TRl ak aM
at”l east one directing agent conprisin
Acathilyst irhgrigamt copwarsion reactiord. seeds of a CHA f ramewor k
type material, such as SAPO 34; (b) inducing
crystallization of said crystalline material fromthe
'BRSERIPTION RS HRTRAWING§OVer i ng said crystalline
materral _fromtne reacttom mxture. [0020] In still a
f[lOﬂZl]e r as ri@igure ltika cbmpeﬂﬂdnmf thceXirdye diffractidnepattem ofiNK-101

e t al e .materi al S e aspect of the
R e O GT patr gh g mBiea: eaﬁm@ﬁ iaftebFeipgtion as in
E%’%h\éf%’léh Ofhé BREH A Rr th@%@ﬁ)laﬁ%ga\}e% tHe GnddREME MPreflect

Figure 1 1s a conparison of the X-ray
dinfehsigodounts. pattern of NK-101 with the X-ray

DTS orfiel B, ety Gy i BB SE - btz
RAbLRASSF BlafplO1 b€ GHARISERNFoPP daysSinli9dayb Nt ENSI LY

count s.
[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
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-
synthesized and after undergoing a series of calcination, hydration and dehydration

treatments as described in Example S.



[0022] Figure 2 gives the X-ray diffraction patterns
of the as-synthesized products of Exanple 1 after

wa@egosad4Bé zati on for 2 days and 4 days. [0023]prEi/grroes/@9878
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conpares the X-ray diffractign pattern of Sanmple A of
Exanple 1 with that of Sanple B of Exanple 2. [0024]
Figure 4 gives scanning electron m crographs of Sanple
A of Exanple 1 and Sanple B of Exanple 2. [0025]

F{omasp 5 iSF%uﬁﬁlQ@éé, theX-efy difftacton p¥ttedthd 61 RS hi-Shthesized
patterns of Sanple A of Exgn'pl el agd Sanpl es C@}gln

oprognetapf Exanple 8ty cryvstgllization fos 2alayoanskt daysn of t he
IR e . P oA i S ol e tor iriitine SLEMs

aﬂﬁ)“%g‘ﬁﬂgﬁh§t@ﬁﬂhdd?dlla%ﬁs in Exanple 4. [0027] Figure

7 gives the X-ray diffraction patterns of Sanple C
assyntheS|zed and after undergoing a series of

t t
O R R BV S e oy
E[X(ﬁ)BO]lfiCt | ONIHeleRibRdimdnt [HHE Pﬁ:ﬁeﬁ){ﬁkﬁelﬁﬁéh 88t P10 (%dﬂﬁf)ﬁs of

e 8 after crystalllzalonfor 2 days an days.
[@@sl@l}mgngntﬁr@l ENIM-§andlifsisynthesis o biv flinerideraforidécfree
ctur EMVL 8 .showi n Y. t et rahedr torrs
‘T’% ]E)%§ %‘—‘ ?gﬁ‘té\ﬂ@ﬁ ﬁléﬂﬁ’gl"ﬁ’%g‘@f RPe one
e QLB Bructhr (?elﬁﬁlﬁ§ fiftdct 'aﬁ&q{ﬂdn%fhoﬁ% ArfdveltBe elr&ang G3ent
crystalline material, EMM8, and its syntheS| s in
| g afdlsazmtlom datg indi¢ajo thiatithe fresaisamtamiaterialias kargdpores. glani ¢
direc 4d| am.nopyridine. The .
A5 Ele e et e PR SIERARL R St o CResibiae: o
tWell 8TRYKitB@yHutad6, A-RekaRS S AdtHarfdd S‘Pﬁ@fdv@fi‘tlcgla:h?o resides

indi cate that the resultant material has |arge pores
hHin tbeusel of lBl\éM 8 ahe sarhéntiand ds ambtalysthn Oaigmmr dmnvarsion reactions

an%r} s #}@ﬁ me&a?%e rreg gh%e aiqultﬁiq%ogggpc alﬁrfgmg agent, 4-

|diﬁ1@ﬂ;yumn§5ﬁmlﬁee3| des in the use of EMM8 as a
sorbent and ‘as a catal yst in organic conversion

rl@83tli ons aHe EMM-graf] hlmslmsemfon@ﬁ%pbmmmtalklmmnaaﬁaillmving

] %rgmtevbgrko rfqg{palhgdr%i gr%ts ICQI%ICC&%Q))/ bndgmg atoms, the tetrahedral

atom framework being defined by the interconnections between the tetrahedrally
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)

atoms in the manner shown in Table 1 below.



di met hyl am nopyri di ne. [0031] The EMW 8 of the
invention is a porous crystalline material having a
wo ecanmsmBk of tetrahedral atonms connected by brCTIBPIWG5/009878
atons, the tetrahedral atom franmework being defined by ’
the interconnections betweenSthe tetrahedrall y
coordinated atons in its franmework. As with any porous
crystalline material, the structure of EMW8 can be
defined by the interconnecthpry bet ween t he
tetrahedrally coordinated atons in its fr amework hi
particular, EMM 8 has a franework of tetrahedral (T)
at oms connect ed |bytdmi dgi nCatnected tosher ei n t he
tetrahedral atonriranmewprks its ¢e8i ned by conpecti ng
t he nearest tet righedr alry (le ]qt [y 1N The manner shown

ra Faval Y

in Table 1 bel ovigdabi eTi,T , Inz[li”hduu}mlal onmto

descri bi ng the gtruet u 6 NV by—the

I nt er connecti ons T}"" % ,”Egéegz%(l—al—gms—as in Table
1 above, it rrayEé_deiIﬁzéB_’lﬂ@ziﬁ%_unu_aeJ_L,_ which is
the small est rep&atingTénl't T8eili@i ning all the
structural el engfifs of TBHES, M6t €llal. The porfe

structure of EMWI8 is Th|Tgtmaiein Figure 9 (which

shows only the tegrahegi@iT@t emp)ro@down the direction
ofI It he 12- nenberﬁ@‘ﬁmgaﬁrgﬁm’gmrmu‘r ugibt
cell units in Fi e 9, -nhRSE ts—at =fi nedby
four boxes. Tabl?ﬁl” H %73% ’h] L1 ‘ﬂbm, pos+tiHons of
each tetrahedral j j its of
Angstrons. Each [FE rathﬂaTlﬁatTdﬁa T%4 bonded tlo bri dgi ng
atonms, which are¢ltd so d@nded ElS, Alp acent t et)r ahedr al
atons. TetrahednBl5 at o8, @tk T130T#4 capabl e gf havi ng
tetrahedral coorn@igmati qa, Ti3CH4dTPYD one or nore of,
but not |imtingr)7TThmym Themibl tam boron,

magnesi um al um 5»141709{9 TQBOfﬂpor us, tit ani um
chrom um ma_nganﬁyI i '1*,1:7 T ilT;J:II ckets opper,

zinc, zirconium HiRge Ri-tA—ar-sent¢, i ndi um
tin, and anti rmr\T'ﬁer' d9i BE. M&&e_ulose_capabl e of
connecting two {52k ahedr 6 T22, d23, T¥anpl es df which

i ncl ude, but ar¢l2%t | Tal: BB, T340K3gen, nit rlogen,
fluorine, sulfunT2X¥el efil@T2lgA@2cE%bon at ong. [ 0033]
In the case of (R3gen, T8, TH,akgoryssi bl e that the
bri dgi ng oxygen |tz al squmqqye@lzg 0 a hydrqgen atom
to forma hydroXyg gro QZ(TH'TW Fg the cas of carbon
it is also possi i th 31155, T35 PP S atso-jconnect ed
to two hydrogen e 11 T74 125, 126
T29 T8, T30, T31, T32
T30 T18, T29, T31, T32
T31 T19, T27, T29, T30
T32 . T5,T20,T29, T30

[¢p]

=

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

5 interconnections 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



atons to forma nethylene group (-CH2-). For exanple,
bri dgi ng net hyl ene groups have been seen in the

W@ 2006081i486M di phosphonate, M L-57. See: C. SerreCT/P2005/009878
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Ferey, J. Mater. Chem 12, p. 2367 (2002). Bridging
sul fur and sel eni um atoms have been seen in the

UCR- 20-23 fam |y of m croporous materials. See: N
Zheng, X. Bu, B. Wang, P. Feng, Science 298, p. 2366

(BPfoAt bosi ctgblagz listdHBE iyifcad bOdTRoRk R aBIEREaR&RA] atdhn in the
l'ithium hydrazinium fluoroberyllate, which has the ABW

sumtiedlbinainity pfAngsdromsh Hach feteabedsatgtom, IDJOIBled\lm bridging

Vilmn 2 1973

¢ P ridhieh e s oAk orisise B Gredint SRh Bebehediyaroms are
f mb%pﬁlﬂé i ﬁﬁ‘ﬁﬁ*% Rirahdi?51930} dnon OERAING o?x@ %? hfeRe of, Blit not
exanpl e), or he choice of tetrahedral and bridding

alimitmg, hthulan,d:@rxihumobclomnnmesmgsakuun;lum,ssﬁwqml, phmkph«mus
the x ang&? coordi nate ﬁ_OSIt ons . %i?g a ran e of 0.05
e ﬁgv%'mm&a&?see gR, £opalbrs tcemgﬁss 1P§, GHSOMKM,
TadWhin ZoeFMRhiGn? arsEiQe) 1hﬂlﬁﬁ§ tlﬁf aﬁd%"tﬂﬁﬁ?r @lnd%gx)gtaﬁ&exﬂgﬁ-e those

for the EMA8 Structure = silicon a
brapalele 0§ cartneotingatve to&g@dml at@trmnexe(rmp’@ts of(winiph h(clud)e Hutlare
323 530 0.2716

om%g teg t%égéeg '8‘ ;%J Mﬂ%?sﬁfurg' %@%%mommborﬂ ajoms.

187 o 10500 SRSEo g BAR ey ng dslogngonyeents

1al86GRNEcteDRE IydtARA aTINDtd fRREChyHr@30 2rodp42E-)TIh the case
Cptgfg%gn)n%f %é% pgssglgggha-{t 2e clarb50Z131§ also %cz)nlrg)ectoed%L St)\go g)% ogen

atoms to form a methylene group (-CH,-). For example, bndgmg methylene
groups have been seen in the zirconium diphosphonate, MIL-57. See: C. Serre, G.
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.

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.



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

wQa 2605087486 8396 0. 2716 T19 1.2798 0. 8454 0. 0121pdR8P2005/009878
1. 7031 0.8388 0.0821 T21 0.7294 0.9623 0.1383 T22
0. 6986 0.8396 0.4240 T23 0.8¥b6 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. Table 2. FsBitivnd oH@RALGAIDIT) atbhns fclrﬂrplEMM & struotdre méhen fT =
EM8 is built [of0) Ieunltcells as -
defi ned above |ﬁ‘¥’8 ?’Ef?ﬁ'&‘/‘tb@gg Trﬁroélég‘?!i'r mensi onal

framework. The tewt&ged@“gl% ﬂn{)on Mt ceII_are

connected to certaify tet its
adj acent unit cell g [ 5&273
l;zhe t ato r a given
t he be tothe

connections of all
unit cell of EWS
particul ar atom inT¢he s%tﬁ%ﬂml 9 1@@ I 9821t 0 an
adj acent unit cell TSAI| bBS¢he @3R¥ect0.0383 listed in
Table 1 are such t@at theg260e 0.053he GHDHERSt
tetrahedral (T) atgms, regerdl esss588 whegdwer they are
in the sane unit ceRl orikmgad] ggem u(|j1'5]35:el | s.
[ 0035] Although thq~9Cartp§56€3n cpgg»)dj nag ‘13?853' ven in
Table 2 above may 115 18360 12202 0.4240

T11 1.9970 1.2144 0.6835

T12 1.5738 1.2210 0.6135

T13 02926 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 09623  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
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accurately reflect the positions of tetrahedral atons
in an idealized structure, the true structure can be

the framework atons as shown_jn Table 1 above. Another
way to describe this connectH/ity is by the use of
coordi nati on sequences as applied to m croporous
frameworks by WM Meier and HJ. Meck, in the Journal

ofhe$attici1aPhinginGhe Birké Lt 2dl1 bilt-to 3 3d Jéé(% @hit chil. All of the

m croporous franmework, each tetrahedral atom No,
( qnmnegtrgnsuhstedom Febled chre suckithat theynase tihtbe cclasest Teteahedral (T)

SRS 068 B e et

I n ext
b s R

apcuEaacih re'ﬂeat thepositiond of tetrahetimd atonman as iddalizddadtructfuoe, the

T- at 4- d t th
S Prtwe atbemolor s din e rabel Dt e connecl By i eeie
afemeRok ktork hdéholwi il TABINCARNE. g)&noﬁie{:@g% & &IBEIH&nthls

sequence can be determ ned for each uniq at om of
4cQImn¢teatb'edby1 tte wt ol edapdmatidiheeqhieidenad applied tmnmorepcsous

NFRERoR b WSt neiet ans Rl Sfopelo i tsogeraber Safiysigien
TCRbRRY) 873, 329 gm Ef‘?hlcfrf) SO Kme W BR! Exch rt@tﬁafh'eefral atom,

angl es associ at he connections to It
nHo,glEEabmmhlg conusctmisto N shyeighbaringj T-atonrsghtdugh btidging atoms

Tl LS, T HSSRUE ot S Els B aom
Mn%é;)ﬁﬁft skelf n'ﬁle%\lz atol¥ §€ tHe"se &Kl bR SreldnnéttetbN; T-atoms in

. The order iIs such that opposite pairs o
athg Itlisd shel, andmoped Kaoh dtdtem.is $hly coented wnsy witdl that, for

4.4.6.6.62.8, f di t hat t first .
cepnl 16 At & incg BErOBredine LDt foHg0 e Dt is
PdtlcofRBd 8kdtond tibleN 8 sPdtfl WhRg it ﬁféth%ﬁbfog? oanéo%kd'iﬁatfo‘ﬂo

6-rings and an 8-ring. The Structure Commssion of th
| mmmapamhadet@mhed for pgchowiigue Dratone oHgy Aicoendchesltnet hfeT-

5t oo B S ARRIERSE BF o Sh  REI
topol ogy=quch t hgj <tyey cap, Rejused Kp<usg@nbi gugyisd y.3%!

di sti ngui sh microporous franeworks of "different types
(19636]" At | asFasfa gheal T-atonF a3 domensionabframework, there are six

Aﬂ’PéF glaraslg%c he%o%lil;\/\{h'\éléqgl\/g%ﬁyhﬁ g 1r|s 4 nelgh%onngl"[satoms 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
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
topology such that they can be used to unambiguously distinguish microporous

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



determ ne the coordi nati on sequence and vertex synbol
for a given structure is fromthe atom c coordi nates

WO edoctob®B36 r amewor k at ons usi ng the conput er prBQT/AR2005/009878
zeoTsites (see G Sastre, J.I2 Gale, Mcroporous and
mesoporous Materials 43, p. 27 (2001). [0037] The
coordi nation sequence and vertex syrrbol s for the EMM 8

CBRHIAHRG ) e B oo lspiens Areledion Pooptg g ey o
Baéteighing thit QBFdindtioRRedqifenBe HAPTErieR Upb¥1 HPRBRL Onneg,p e is

T-atons. Although nost of the T-atons are
ofrlax;-'frthé(r aMnsoarﬂmtmg lof thei folmevepria titomss, usirtg the cmﬁﬁﬁlgﬂprbgﬁim

¢ PabToitEs QoL Sashl, £D. (6 Mitraparotys @nd atoparararbasriah 43, p.

5 T2A{@HE).my not be connected to one another. Reasons
for non-connectivity include, but are not limted by,

TI88%hs | ocThecomdination sdgescahd vatexcsyytHodd for adENIN-8
for exanple, vacancies in the

defect sites cau Y,
CHYEREp Srogen ATBlkor T St Fomeabyily  IstsdipiTable 3 s for

o Ry, BiRMgl IRl Shoh SORRISH Ll potlely GF Fratorpsi
Nelhb@rghLmbm lof M—dfomtw@mrﬁeqa@ ttcﬁhMeT-ia@mSShfdi@h bihd'g"mg

10 17.28 46. 6% 86 117 142 168 4-6-4-6-6 12 2 T 2
10 %‘01?? i i Tgepegized fhpt isgparigulat grystelpf amateniathaging agfrargework

ke 85 0 S0l yleotedico
i eiwiier.z Bdasons fortnoneonmaetisity mchmleybtﬁ -ae0Rstdinfiddeby, T-atoms
certain conditions that

T-atops, . it . is ssi bl

ORI thpgdges g taly eﬁ'ﬁg yidgfeqs sites cagpedehy; Sureapmaice.

NHcndiBYin WLt stall. Ofhe THATRY !

hygr ati oﬁ V\héefgs ?ththonp03|(?an%g?l{}rﬁ@Q§ré% ié(?irig?%d in any way
15 dunitssdomspasition) yniperdbdimensiensndpategromusyniateys.  Waen

this occurs it is found thi';lt T-atons may be al so

coordi nated to one able3 .

Atom Atom
Number Label Coordination Sequence Vertex
Symbol
1 T1 4 10 17 28 46 63 86 117 142 168 4-6:46-6-12
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 4-44-8-658
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 (-OH3), or of hydroxyl groups (-OH).

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



or two oxygen atons of water nolecules (-OH), or of

hydr oxyl groups (-OH). For exanple, the nol ecul ar
WGE2@em3AIPO4-34 is known to reversi bly change PCT/EP2005/009878

t hecoordi nati on of sonme al unmjinum T-atons from

4-coordinate to 5- and 6-coodrdi nate upon hydration as

described by A Tuel et al. in J. Phys. Chem B 104,

p. 5697 (2000). It is also possible that sone

f doRFEMaIdh oF 58#ine ARNGABMIE 2R flir 3L @drdifaté {015 ind&-@osdTRate
(-F) when materials are Erepared in the presence of

fupeorhydeation asrdeseribed ey Aalleelet alhire dws. Theat & 104ap 1697

i b d b .H. II Ch
320057 T rotble 1147 5OE pafheoh Tatong s Wcgoprbtitedto
COMRRIR at I \SF) \bﬁén mQ@ﬁﬁld%?e ﬁﬁfepﬁ'eds REHE gf&eﬁe%muesn@to
T- at ons, the actual unit ce lein size to

5 anakawnategals pathi S-ceordndier T-atgntsas dcmmbed ik Kiodlet ing/. das e
in the alymn te and netal |l oal um no- phosphat e
&fﬁ%gﬁ’ ilgﬂ’]? ggg@%?g) where there are alternating
opsdnum angppl 2 r1H§01£e%Mf$ﬁ}ar E&ﬁ?ua lifat, ﬁé@@uéﬁ%‘f%

cell oftheAI or m of 8 I's ac y twice t
| spagjfih oadeoing of ﬂfeitczmsa,xhs acigal iundiceth irey donblEdibvkize By alkawe the

that. there are 64 T-ato |ntheU|t_ce 004Q] In
i PECIfS OE‘{?HPEé%P“zCé‘B T@Fﬁﬁn‘i’ﬁm@gn WE%‘FI}Q?L%PQ -ray
10 %étanéaqﬁm% &ﬁr&mdﬂydsﬂfyne o Ehavld Hiicte kiedd sfé dif8rnating

Tabl e 4 bel ow Theta d, nm Rel ative
| adtreimsint andhhe8thodds T-afiohr) . m&xamglezme udh c&ll Gﬁth@ A1B0D fvim

15 BN e e oaat O S hnTable .

Js%cﬂﬁila@th‘é?e Qeé@iﬂﬁo&@}nh‘!elﬁl&@ﬁo 05 0.45210.001 S
25.4810. 05 0. 34910

[0040] In its as- synthes1zed 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
7.58+0.05 1.164+0.008 M
8.26+£0.05 1.069+0.007 M
12.66+0.05 0.698+0.003 S
13.9410.05 0.63410.002 S
14.18:£0.05 0.623+0.002 VS
18.9410.05 0.468+0.001 S
19.181£0.05 0.462+0.001 M
19.60+0.05 0.452+0.001 S
25.48+0.05 0.349+0.001 M
25.6210.05 0.34710.001 VS
25.9410.05 0.34310.001 VS
26.12+0.05 0.34110.001 M
28.08+0.05 0.31710.001 M
[0041) In its as-calcined anhydrous form, EMM-8 is porous and has an X-

ray diffraction pattern including the lines listed in Table S below:
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25.6210. 05 0.34710. 001 VS 25.9410. 05 0. 34310. 001 VS
26.1210.05 0.34110.001 ™M 28.0810.05 0.31710.001 M

porous and has an Xray diffH% ction pattern including
the lines listed in Table 5 el ow. Table 5 2-Theta d,
nm Rel ative Intensity 7.540.05 1.1710.008 VS 7.940. 05
1.1120.007 M 12.680.05 0.6970.003 W 13.540. 05

0. 6530. 003 W 14. 24+0. 05 O0.PB4he8. 002 M 18. 820. 05
0.4710. 001 W 19.800.05 0.4480.001 W 20.10+0. 05 0. 441
0.001 W 25. 460%-08etd 3490, ham W 25Relativeyatepsity40. 001 W
26. 460. 05 0. 3384 WP WF%‘&Q O8hese, a¥fl al | ot her
X-ray diffracliP&Pata 1212008 to herMn, were
col I ected wi t #8880 nen09B080%i ffract Yireter with a
vol t age of 401W gﬂﬁ a %8‘7’31*81993 of 30 m¥ usi ng a copper
target (I = ol 43R an®d eﬁp%ed grapflj te

nonochr omret er188r?ﬁ i ffY ?F B data we recor ded by
Oi 0 +0.001 -
st ep-scannin 0 2 d IESR f two-tfheta, where

theta is the
second for

L0.00 . ;
ngl a count i time of 1
49 §§ pl anar aci ngs, d's,
P

wer e cal cul a '§ ano iéi nm, ang the relative
intensities o 'ish I nes; 0, where'lo is
one- hundredth of the intensity of the strongest |ine,

906y DackofRUNdnd WA othed ?%fa‘fl%@fﬁ‘%ﬁ(;h dErdfSFedIb Hrein, were

profile fitting routine second derivative
adofjected vith.a Sitreens D 800sdiffratomdeter with a voltage of 40 kV and a

current of 30 mA using a copper target (A = 0.154nm) and a curved graphite

~XT

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
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
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
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



uncorrected for Lorentz and pol arization effects. The
relative intensities are given in terns of the synbols
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(25-49) and w=weak (0-24). It should be understood
that diffraction data listedl¥or this sanple as single
lines may consist of nmultiple overlapping |ines which
under certain conditions, such as differences in
CpatRbdl Ifithorgitdififie RlatetRl ¥f ik HyeANBLHaTRRABLt s[HFRIHE | ON
or crystallographic change, nay appear as resolved or
peariatiahd in reletive indensity from the ypluesindicatedrip Tables dgndphi c

BASET e < "n dFusrote A il "o edats HlpdireTatje 5, dbout 0.5
Wb UE 1 o8N EE hiheliROLARNIRE ol iia? hfctehtl G o BFHEom

nm nor effects, includi ng anges I1nre

i nbmrtempemfire uader alfov eftwtrogasata rated |l 0° @ittt te4@Camd,
in cation content, franmework conposition nature and )
Qs agRing i gen ey e spoele  ald AfOSE Tor 30 mindtes. The
MWD SRS thiBh S3aR8 ar aiPlsPald iftnd east
sonme” of the ﬁhlpll}}gs %nal{ahaé gs{%‘ra%%?ggtv %@?ﬁgﬁg@%?ﬁé@thé
cemptmture nfthemiven isahised attdvate s OACDINUIREY 60604C. bTle sample is
signifi.cant variations in relative intensity fromthe
\}hgrufeeéa%ﬂ?téé}? éé?qrr? hewrs wadey agyhegeaften theaqvenrds gpodesd tgreom
tBfpednfre o i 16 | e, Tabl e 5, “about
O.5pgrans oé ?ﬁe rieg, 5§}ébﬁkﬁggkged crystalline
n@044]i al arEhd¥RDgshtterns afl Tablesn 4 fand Mcanbanridergttoat ur e
under a. fl ow ff. nitrogen at a rate of 10C/ mnute to .
ABEROKAE unfifiefleinthe spa5F BEPUPHe/f (tlodJwiing tholiopang unit cell
shfehSonsSinhgl.d at 400C for 30 m nutes. The nitrogen
flowis then ceased and air is passed over the sanple
whil e the thspprtiaisived: of tdre 2d60nb =9.389, sed). 208, § = $1.2°;

of 10C/ mi nuAscaloine®0C. Thex samslseb =s1.37a26 =161 B, Bedo®é1°.
600C for 2 hours under air, whereafter the oven is

d8dd to rBemreferpdpmbodiment F&%&p@merim@r Isast{ AlQu] tand
. , 5
IR i R ekl Sni i B LER Sltics B ifydtof o,

ds eeppeseRted by #bgmpitiealifoigmile fol | ow ng unit cel |
di mensions in nm As-synthesized: a = 2.069, b
1.389, ¢ = 0.708, b =OBEREMALPA:ca| cined: a

Zniferein Ipref)re’égrﬁs aflezst Snd &i?ectil?xg ﬁggrﬁ; &%Qrably 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 O 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 molés of F per
mole of (M,AlyP,)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.

[0046] In one embodiment, x is from 0 to about 0.25, 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



[0045] In a preferred enbodi nrent, EMW 8 conprises at

least [AIO] and [PO4] corner sharing tetrahedral
waoimiote37asd, in its as-synthesized, anhydrous fEITIEP1085/009878

represented by the enpirical fornmnula:

mR: Fa: (MKAl yPz) @2 wherein R Fepresents at |east one

directing agent, preferably an organic directing agent

and nost preferably 4-dinmethyl am nopyridine; mis the

NEoREboRE 0 tmmat 0115 R ReforRbsut 04 toMoAMTs A@ZZ ?sntgmmaiaai
a value fromO to 1, such as fromO0.1 to about 0.5,
pf)éfte abdity.4. rloryebarbthes caibodiment 8:is ﬁrhmr@om (Ftor abpned.entsis

it AbEst 02810 Bl e 2 bpibeut 3 HARRHD PG For ALPO

%M@ﬁjaygie}égzxmr@/y is less than 0.25 and preferably
- wherein x, y, and z represent the nmole fraction

5 oroowin Al anth ifs aeicinet forhetiie drgopordémetatioyaluhmicphosptatesof
a.netal selected frq%g; one of G oups.l to 14 and
L PFE AR eTion {ypicalls 28 an alpha e of atdeaskBrls and more

ér%fé?/&g‘tﬁ? k%le&él{l :OSS, fg@&%ﬁ& %ﬁft F&ghﬁeﬂ%q%ugﬂi{}ba% 2B cafffyst in
porghmcadndyin phiticalas hj/drocmtbox{ @Ok sibmreatitors MIbdialphatvalug test
|sfrom0to abouyt is fromabout 0,3 to about

OISR mgR§uee ofthe grg %ﬁ)%ﬁﬁ‘t‘”tbj @scg%lyab%@tls despribed indd St Rafent
f
10 Zlggafﬁ%@gﬁst agld'ag tﬁfmsﬁg@_ H?ggtawlg_ i ??}Stﬁ‘i ;gbs(])zét(l%s_ﬂs)?yéf. 8. 278

aﬁ@ﬁﬁ) @ncBVol 61y@t39ar(d980)y eaeh‘nmd'rpmatéd Kerein Byrreferéeout td

(1)1 out ng is.from about 45 to about 0.55 and
Zthptdes Oé‘b eép%fgn%alaoﬁaﬁlﬁwes efithe est usederein Inskigie ar

Sé(ﬁn\éﬁﬁt teﬁlgbl%nﬁg BP?3% @Qﬁﬁ]a Valfia hl'é%lo%?f‘a?é z[éqgs{l edlin tclgtg{l in the

| ar ge por net al um nophosphate of the prese

|M&fM&pl_sc‘db] $1jm$9an al pha val ue of at | east
east 0.5, indicating that

15 B or 1 ae Svijaling fmdialialuzanepnospia Deteral of Gapresnt
aiﬂdeﬂtf&n%ﬁ bt Pfﬁdﬂﬁed“ﬁ‘%%%?ﬁﬁ’i@ﬁs nﬁ%}’e%o%]t]a‘?ﬂné %Eér' Purce of

he al pha value test 1Is measure of t

adtosphctrys afsoarce af alhymhmn,mjatmnal@e:s souirdeecd meEtalLMSsucBaiE ent

T T
3R dyABRAE mifRFtybRE H dgﬁfoﬁ' pPYsEFISERICST fSle

to that description. The ex ri rrenf condl trons o
20 tratios efxidescat fabows:n i ncl ude a

Component Useful Preferred
P,0s : ALLO; 07t01.3 09tol.1
Si0; : Al O3 010 0.9 0.05t0 0.5
H,0 : AL,O; 10 to 100 20 to 50
R: ALO; 0.5t0 5.0 1.0 to 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



constant tenperature of 5380C and a variable flow rate
as described in detail in the Journal of Catalysis,

WOV0b6/036886 p. 395. [0048] The crystalline PCT/EP2005/009878 - - -
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(et al | o) al um nophosphate majerial of the present

i nvention can be produced froma synthesis m xture
containing water, a source of phosphorus, a source of
al um num optionally a source of metal M such as
ssuchae bopetopitd andgiskydaboslimite eSuifabld sourded of sitioen mohbide

551 050 P RO Bl ef S SRS ot
”ﬂ@a@@%\#so%ﬁlgfdaﬁﬁsgﬁﬁimﬂ%It:lgﬁ’it:  Q¥Pexahfiié it £18 Y BA0EFPont

sourc osphorus 1 n the above mXxture 1s
poNpinonrsander te tradarapledsidok. sui t abl e al um num sour ces
i ncl.ude hydrated al um num qgxi dessuch as_boehmte and

plS8bboe hnifeeserty fhezppice ob inerde 9ps BaydE 3RY PorEP
'aﬁl%to?%lez%%}r%ai?tt({/riﬂ@‘?&ssih ltlﬁelcs%rnth%yig ﬂdﬁ&r@%&?—ﬁihi@ﬁ?examples

S

C{%\ osil, te orthosilrcates, and aqueous

cof duoh alrcsudfRioside ithis dficledd daltacorftainingcarpk sevehd tflusridel
by E.I. du Pont de, Nemours under the tradenape Ludox.
[ Dos0Lch as metak ugrides preiembly, sodpny flypsideqRotasspun Hugndse
any..: | I oo i de: ] i f. the
S TR, FARRMNG Rdodde, ARRAG, fudifld S ASphdt,
saimoainofludride) tetlelkiylansndnimh dhherides, sschasnt ai ni ng one
or several fluoride jons, such as ,matﬁ‘ll?fl uori des,

pletspethylanmeniam fHoridedriresbylypmag i Hrendso hydragen fluoride,
LRI YR PRRSIL PR, B0 b Moride b,

t mbreaat feydbdyminsyuthekis iocdndested dithk absence of added fluoride, that

t et r_angtélgyl anmoni um f | uori de, tetraethyl anmmoni um
fisoth the - iNa4aplaT 1 SEIng&eoand i xt ures thereof. The

p red s - of. £ I I ' : . ' but ,
DUBSEL) <7 seiiaiRloh Wapideod Spb g i
abmditioms Ofrefeekbdylstirtadaronditions, agd ténsperdttife Hetveeen: aBb@C®0°C
mol ar ratiqQ being, zero. [0051] stal lization i
caitdrabayt %iﬁgcuha&aﬂzégfwfn abqut 1307 agbuf 206 EmBreFsrehiy,

n : ‘
DSRLEERELYL 3 0 BRI 1 @i, LORRBERA B conncr
afon about 200 Gbautd S8thouts, eCRMly pbaft 20 ad hyouh d Ovbewrs abloertafier

g-g]g g@g tgg%kg}?sltjgllir}g ggt%riaﬁts %gp%rrﬁgé from thd ?r}oztallmelr Ih%lg(t)rl an 's
recovered, such as by centrifugation or filtration. The separated product can also
be washed, recovered by centrifugation or filtration and dried. The crystalline
product is typically in the form of platelets having a dsp (50 % by volume of
crystals is smaller than the dso value) particle size less than 1 pm.

[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

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



for about 2 to about 150 hours, preferably about 20 to
about 100 hours, whereafter the resultant crystalline

woesnsaBe i s separated fromthe nother |iquor ROTEP2005/009878
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recovered, such as by centrifugation or filtration.
The separated product can alldo be washed, recovered by
centrifugation or filtration and dri ed. The

crystal I ine product is typically in the form of

Pisat GriGyR tholCbRD sTeva¥athel tﬁ&?ﬂfeﬁa@% gs;eal sis

smal an the'd 0 value) particle size ss than 1
r(metzilm)ﬂﬁl]rmﬁ;pihbtpélatesna:ténalrmétheangentmnr e

tall I t t | of th t _
Wsd o Ké“a?%ﬁpeiﬁwa HlBetiareEsah qerséé‘w%?%i crvsilhpe
Ao Rhint S & %‘“‘Qﬁ%tdgﬁ‘ o POFHER o 0 orkBAC irdtheOER:
pused irothe sgythedie sImsa lhra&frdd embbmhmht ,\netii gition @ pdrfemed in such

reacti on m Xxture. is, however, found that where
sae@an%qrm &resorsq‘m&d@%eng@g?mmmqv%@omhéérml%ﬁﬂﬂag.swe

i e T

sm@ee)pmtfd‘re:rontabamth adeddatogle. Phe¢ activation process is typically
(nmetal ] Q) aI um nophosphate naterial of the_ invention.
[350eraplished &wcelgmn@g, 6F essasiallyhiepiing the malesylas sisye semprivieg
B R AR Rl S008I0 iy n
ggesthceisfxh dxygtheortyiningems.s Thisnyke qfipedoesy @l be used for partial
enbodi nent, activation js_perfornmed in such a manner
t£emplede Eﬁn&(ﬁl ef the P@@mcrﬂgrea'g%agepgfw@m@&aﬁw&ﬂlmﬁ pore
r% qul ar sieve, leaving active catalytic sites within
the m croporous channels of the nolecul ar sieve open
f[@054Jont actOndetthe erybtains tnoatdrial bFithednventiah hasbgehegsthesized,
| s typl cal 'Iély acconpl i shed by cal ci ning,. or essentially

ated e 3 atalyst eQPBPRSHRIY BYGORIPIRGION VEHHOtRET at
E}nﬁtgHBF rsﬁt:ﬁ‘ Eseblﬂflerg ER%PBQ&& @it Qhé’t%%‘%d@ Dffitional
typrcally 1n e presence of an oxygen-contal ning gas.
THardneby @recacdlytjor mtes s tecthe finshededalfstir partial or
[ﬂgl ete renoval of .the orgvm c directing agent from
t

nt r acrYategpls .%clbw edsdwithghe arysiefing material of the
levy Bh lchﬁ]ﬁe Uﬁ'ﬁcﬁfs 11‘%%@ 1c'aﬁ%/ gcgwe%atg?a?is b?f? € materlals

synthesi zed, it can Formii into a catalyst
cindpckscdmmltmns sudhsrkadlin andwthbr claysevarivms ol of rare eahih

as rs and/i) Iirlx material s, that provide
dﬁ%ﬁ"‘]lﬁ QY Rgfnon-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 during regeneration,
densifying the catalyst and iﬁcreasing 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
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
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hardness or catalytic activity to the finished
catal yst. [0055] Materials which can be blended wth

various inert or catalytically active materials. These
mat eri al s i ncl ude conpositioh such as kaolin and
ot her clays, various forns of rare earth netals, other
non-zeol ite catal yst conponents, zeolite catalyst

c aspackdng, hydfictitking, dispdborionaict0hlkylatib@icmer&afisi®Ni .
quartz, silica or silica sol, and mxtures thereof.
TREdatiebsoiyathes's of mogpalkylamines and dialkylamiges; iam g chemical

over-al. l- talyvsi,. lagti a t he | sink to- -
S8 in B BBy B8 B9 o8yl iy g réove homal

r pgaffiisddn® Bistil@es | Wherahé Byntikadisahathbd 8f@le ifVehB&Pproduces a
catal yst strength. Wien bl ended with such conponents,

t fElAnfremaworttype Jolegnlar sisversuel & prododnveild bave simileuses

final catalyst duct. .ranges.from 10 to 90 i ght

oo iRl Mok oo BE e At aaysf b PosyRipions e,
Veictidk nik@tiamen) to Olefihé) SuéiPhrdthPadBdniSropI@RS6] The large
pore crystalline material described heérein can be used

t D087 gaseln erder toingure diglly illustrgetheatature ofithie émvention and the
separ at i-on Eased onﬂgi{zzlpand ‘?ol aﬁ properties; as an
i BIRONSE Of REAGESINE same, the;following examplesare presetsder si on

reacti ons, suchas cracking, hydrocracking,

dE§%?p:qrti onation, alkylation, isonerization,

oxi dation and synthesis of nonoal kyl am nes and

di0gb8&Yy | anmi nEbe fodlowangingradosmts were miiged, in Seqidsce, and blended

chromat.Qgr a ;.and in the petroleumindustry to
rlélrﬂa%mgfg’m@a%aas amicrbomogrRiagrdTissyet easor Medol 93780

S [ . §

PAILIE o BIAAe Modn e hENER). 85 WS Rl rom,
haldeick iGhietagal Coepanay)ldéinniped Hy O CatapalO Wl (73tewtts efly0,, as

o iom SONIFA N Esenpams ey LEFR. iingh dpy | ame.
[ @RrMy1dnTin8p R Rfind @-m;& %t#t)ﬁn & FYSE A RiHEh CREmRaN Htﬁﬁmg%y,

the invention and the nmanner of practising sane,
f IS Apwirhgymelaa nasicesf the mgpedistnwadas foawml e 1 [ 0058] The

bl ended it o' ARSI AR Bl & Bdmogen zer
(e, TS A T O O,
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 patterns of the
product showed, in Figure 2, that a crystalline product was obtained after two days
of crystallizatidn (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; P75 in composition and

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

of the invention canrPdIBEP2005/009878



Al drich Chem cal Conpany), deionized H2O Catapal (tm
A (73.9 wt % Al 203, avail abl e from CONDEA Vi st a
w@Eoonpasi3e Texas, USA), and then Adi net hyl am nopgT/ER1008009878
(4- DMAPy) (obtained from Al dyj ch Chem cal Conpany,
USA). The nolar ratio of th Qngr_edi ents was as
follows: 2.0 DVAPy: 1.0 Al 203:1.0 P20b6: 40 H20 [ 0059]
- The gel was then placed into a Parr bonb with Tefl on
| chffing @Iédtr&’@ﬁid?@?ﬁﬁd shovnliAQ@&urk Aand Ha@ afl X38Y pattdth Mith the
the bonb was tunbled at 40 rpm The solid product was
ceaaks listedy&ablagdelashed five times with deioni zed
wat er; and was then dried Jll'rb a,.600C vacuum oven
overni ght. X-ray powder pa ?é?ﬁs of the product
showed, in Figure 2, that a crystalline product was
obt ai ned after t3fo days o‘ﬁ’f@ﬂyst al 1i 28 i on (Sanple A).
After four days78B crystalllfzation, aHditional
di ffraction peag26correspbf@d ng to arB4uni dentified
i mpurity appearigekhs [ 0060]0.609i d produst yield of
Sanpl e A was 13334 basedpgssthe totads weight of the
starting gel. H nt al sis gav he foll ow ng
results: Al, 1%:&%3 P, 1?23%/? These ?Ogults cor r espond
to Ali OPq 975 i’egc‘lon'posit‘;)'g and 7 1.2
total oxides. 'Il r esi duat” i ght was separately
det er mi ned wi t H*3 (Ther%ﬁzeavi met$¥ ¢ Anal ysis) to
be 72.6% Sanpll@-6Q gave t®d8%anni ng diectron
m crogr aph show®.lien Fi gur®440 and had 22n XRD pattern
wi th the peaks 20ilt ed Tab0.43® bel ow. Zlable 6 2Q d, nm
1% 7.58 1.165 490.83 26 1. 008884 12.66 13. 699 64 13. 94
0. 635 55 14.1878.1G24 100 @.3848 0.583 1© 18.94 0. 468 68

% f or cal cul at ed

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
35.24 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°.



10

15

20

25

30

19.18 0.462 49 19.60 0.453 66 20.16 0.440 22 20.64
0.430 2 1 22.88 0.388 15 23.14 0.384 12 25.19 0.353 6

wW@20048303849 37 25.62 0.347 46 25.94 0. 343 86 PGI/EP2005/009878

0.341 39 26.88 0.331 1 1 27,94 0.327 2 1 28.08 0.318
26 28.60 0.312 9 29.18 0. 30% 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 35.24 0.254 12 36.04
Exanpl82[ 0061] The powder pattern of Sanple A was

WOHBETC, SUSRRSREShir o oBRATF e e b i
acid was added as the last ingredient and the ingredient ratio was the following:

| 0.5HF:2.0DMAPy:1.0A1,04:1.0P,05:40H,0
[0063] The crystallization was carried out for three days at 180 °C
statically. The product yield was 12.9 wt%. The XRD pattern 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 with the
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 Scanning
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
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
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)Si0,:1.0P,05:40H,0
[0066] To the synthesis gel 0.15wt% Sample B was added as seeds. The
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 SiO,, 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
incorporated into the framework of Sample A.

[0067] Elemental analysis results were as follows:



nmare a = 2.069, b =1.389, ¢ =0.708, b =
99. 2. Exanpl e 2 [0062] The procedure was identical to

weza@apba3d, except that hydrofluoric acid was PCDEP2085009878

the last ingredient and the ingredient ratio was the
fol | owi ng: 0.5HF: 2. ODMAPy: 12DA| 2C8: 1. 0P206: 40H20
[0063] The crystallization was carried out for three
days at 180 OC statically. The product yield was 12.9

9 MRS pat pe . gt-eqday, 0 t | &
O A e St Pt RSP Rg R g A g osPosns
f mraverposisionand 7.2V ¢fon calcalateti dothhatidesf Sanpl e A,

al.t hou t.h a i and.rel ative intensity are
s%%&!ﬁgf ‘“d?f‘?g%’éﬁfﬁ-g% Siet 3874 el PR eRTGSRPRASLP A 0Sio.154Po.024
di.f e i ' .esence of F in
ngn%?{g%%ﬁg%rﬁd g?’@?ﬁ%’?%ﬁ%@“&‘@s@‘r&% e B are possibly
di9668jo t he Fhmpdwder padratof SampPlelC wap indek ghalcogyfuli if He
crystals as. shown by a Scanni ng Electron McroscoEe i
nfaBIedgPRsHNIcSw oefl g Sample A{@G%%§P3Fﬁé}ff’%pzfcﬁﬂt5)-t Be unit
S Cr | r 2 t aj M dedi-h f er ent
SPUTRASOR fh rEl! 82K, BEF 280 AORE LN g St
avslurnb & 2.0983 nfffD Diadst @hif SelPparhieteRy 26 bigkifar € thofSof Sample
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s&nt hesi zed. The as-synthesi zed nmaterial has a uni que
XRD pattern. Exanple 3 [0065] The procedure of Exanple
1 was repeated to produce two additional sanples,
Sxahple 4C and D, except that Cabosil (tm silica was
added to each synthesis m xture after the Cat apalgtrr)

di006flna andCHemnatien of thesareplny Aakiand BY (10 ICmin BHE0°C in

IBOES R o or S e e AR o o B PORE Lo
SOmnheini ar, @ed fifallodw b SB0DTE 0B 2arSi ey résaltéErRAphitel Ne
crystallization was carried out for two days at 1700C

virysieltipmprodngs atithabe prganic directizoitgat reiospdl WesXRD, matterns
I A X e
GelydastibnQa? shotR in FRARES; alongl with thaCofthe W syrithdsiz@d Sample
ajlx.ong wth that of Sanple A This Figure,

[0070] All three samples gave different XRD patterns from their as-
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 AIPO, and SAPOs having the CHA framework type. AIPO4-34, for example,
adopts a triclinic unit cell when exposed to moisture, whereas SAPO-34s having
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-
synthesized Sample C, with only about 0.3% increase in unit cell volume upon

calcination.



along with the elenental analysis results bel ow, shows
that silicon atons can be incorporated into the

wo cawwenisk of Sanple A [0067] Elenental anal yBCHEP2005/009878 .
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results were as follows: Sanple C. Al =16.1% P=16.9%
Si =2.38% Thi s corresponds t$ Al 0Si 0.05sP0.9i 4 in
conposition and 71.2% for cal cul ated total oxides.
Sanple D Al =14.8% P=15.7% Si= 2.38% This
corresponds to Al 1.0Sio. 154Po.924 in conposition and
69. 1% for cal cul ated total oxides. [0068] The powder
pattern of Sanple C was indexed successfully in the

sane clinic unit cell as Sanple A, in the Space
(ﬁﬁ%‘ﬂg%gc(#w) The unit cell dinmensions in nm are:
afd73p9, b= éal%ﬁﬁtloﬁ UPS.%Qﬁle wag@co?lduai@@ att"XR %8 dre taken on a
volune is 2. hese unit cell paraneters are
splatibem samplersth tha‘t \Aﬁanpttlesed in Exharpbcﬁ equippeb@jth different

Cal ci nat.ion of, the sanples, A,, Cand D (10 Cmn to
JRIRES PRI A EIRLIVE REWSNBF Dlaliim SR figg &lsprperved as an

n o
AR50 RAPKER PP B i o B cfrar
r asswielt axjund&r differant emyssphéres. nBirgd a @dtterh svasitilentonghe as-

organi c rec g..agent renoved. The XRD pajterns o
cnatesi e<§j K ﬁe Fad,a {*%{weﬁ%mpﬁnaweéﬁyreaatﬂoifdmg}éoo C
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[0073] The results are shown in Figure 7 and indicate that calcination
results in some change in the XRD pattern as well as an increase in the overall
diffraction intensity. Exposure to moisture reduces the diffraction 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

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
in Table 7 below in a Thermal Gravimetric Analysis (TGA) unit. In all cases
complete adsorption was attained. The diffusivity number D/r* given in Table 7
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as-synt hesi zed sanple. The unit cell constants in nm

unit cell volunme is 2.1050 nnB8. These unit cell
paraneters are very sinmlar # those of assynthesized
Sanple C, with only about 0.3%increase in unit cell
vol ume upon cal ci nati on. Exanple 5 [0072] Cal ci nation

Ofyas8BtRIngd b ‘ﬁﬁﬁyﬁﬁ@-g Ghitd] fdtton e‘@(ﬁ&%ptfi(ﬁk@ﬁgjﬁé;c%g\éef Inall

pl ati num sanple” stage that” was encl ose
ecpseppisdrption lwad ifotirel terbe tem fuscfos acfurdte deternmingtisreafdi fiudvity.
gases, The pl-ati num sanpl e stage .al so served as-an XRD
siﬁgﬁ@%@m@m §6 rﬁmeﬁmﬁﬁé’t@?wwa@éuﬂ@%é alsprapvides, for
dg Bh " G ol g ial ITQ-
i R0h phiFORS! Qrht Rioffiohthis BPHIIBRTON i dhlal Q13
assynt hesi zed Sanple C. Then, after a ranp in
tenperature at 10C mn to 6000C and dwel ling at the
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tlhird XRD paftern was taken in N2| Afte rds [ he
ghanber was ppened to the anbient Dﬁ\ne. y\[/%\l\lg%eh had a
rlefdatGopditidating distq; 208 1082 %6 4026,0C)orr § Or 128, bueic S, | 10°C, 2 torr
ENSNIGpdiigl [ NE SgiPl € Was HgyTy nydra el A flourti
ARpattern was then taken. :’1nally, ttlzgﬂchanber %/\g%z
qimeeet’agai nj anglpbhe tenperature{was r@jsed to ZQUAC
Jnder NZ to [denydrate t E@-q@:,gfér@ﬁd Yog] T FTIT XRD

. ol -+ o
I 1T1C3Ul O

o Ldt""@ﬁ holES akenm—at—2690€ Ig [OO73L, e :
drygo,S %Wn in Figure 7 and |Z‘ Peat e tha{"" Qal ci njat i o
as@lES 1 N spme change [ the XRD pattejr as H—as
anmTncrease rnmthe—overatH—dir-ffraction—t+htenstty-

Exposure to noi sture reduces the diffraction intensity

t@oys)e pre-Tid §igMaitif Amlo@MEd s m&Ngichb 8ds8FRidPahdie%tes ihit the
again slightly changed. Then dehydration of the
Hyeay matsdia ot ppeathgs lagerror xR pe Ot7amn (74§61 2irow), and the

p - cal ci [ I I ndi [ h
HRe aBroshiih BORL RleBl able SRR 1RGPl 7

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:
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listed in Table 7 below in ag@sThernal Gavinetric
Analysis (TGA) unit. In all cases conpl ete adsorption
was attained. The diffusivi ty nurrber Dr2 given in
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[0078] Crystallization was carried out for two and
four days at 170 OC with tunbling at 40 rpm The solid
yields for two and four days of crystallization were
17.85% and 21.07% respectively. [0079] The XRD
patterns are shown in Figure 8, which shows that SAPO




34 has been nmade, although inpurities were present.
The product of two-day crystallization had trace
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(AIPO4-21), while that of four-day crystallization had
no AFl but an increased anowft of AWD. [0080] While
the present invention has been described and
illustrated by reference to particular enbodi nments,
tEpAg ordinary skill in the art will appreciate
tﬁﬁT‘%ﬁ% invention lends itself to variations not
necessari ly illustrated herein. For this reason, then,
ference s ouI d be de solely to: the pended cI ai ms
¢ by pufsBesAlling mﬂ@f‘%ﬂ%"}ﬂgﬂg‘ its-ppthesis fn
pﬂl?ﬁzﬁ:@ﬁm :er{é‘rHﬁﬁ %Mel\lﬁe; llstpﬂ ¥sieh lah@fep'?@steﬁtreh aﬂl its as-
havi ng, It synt hesi ze orn1 an
dsyhftresized fnmnmﬂtoaran anhydmnh bgis, b thei engsri¢al ﬁmdlla n
Table 4 and represente i n |ts assynthe5|zed form and
on an anhydrous basi s, nﬂﬁf Q2 cal fornul a:
ﬁ¢%ﬂ [
glﬁrlé;rctl ng aéégﬁ%gzlv\ﬁ%r%égdﬁe&x{g%%ﬁ@sﬁﬁg er o%% | es
paolesof B pef (rMe%ﬂ(Mx)dﬂ}P,z)@yh ezlhereih aisithe hllﬁﬁbfrwfb@d’les)cﬁf ﬂuorlde

nol es of fluoride ion nmol e of &gb yP )2 and
ey (Fxper gaale ph@E AdyPLzEaOz Wmsde% thgn 0.3 lzerelem ¥tz
3yl od 000 M A P BRSNSl o v

Gs aupstalkseleoted 4roanond affGlvapol ¢s 140and bﬁlt]lﬁ&ibldﬁdjf ¢helPdrlodic
of Elepents. 2. The crystalline material of claiml
ePHERMERS. 2 value from O to about 1. 3. The
crystalline material of claim1 or claim2 wherein m
has a value fromO0.1 to 0.5. 4. The crystalline
rat er i Bie @fstaltiye prattationgaial hwiersfremdias aRalug ffom 0 to about
deret hyl am nopyridine. 5.- The crystalline nmaterial of
any preceding claimwherein aly is 0. 6. The
crystalline material of any preceding claimwhherein M
is selected from

3. The crystalline material of claim 1 or claim 2 wherein m has a value from
0.1t00.5.

4. The crystalline material of any preceding claim wherein R is 4-
dimethylaminopyridine.

5. The crystalline material of any preceding claim wherein a/y is 0.

6. The crystalline material of any preceding claim wherein M is selected from

one of the group consisting of B, Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Si, Sn, Ti,
Zn and Zr.

7. The crystalline material of any of claims 1 to 5 wherein M is silicon.



one of the group consisting of B, Co, C, Cu, Fe, G,
G, Mg, Mh, N, Si, Sn, Ti, Zn and Zr. 7. The

woeondBaB6 i ne material of any of clains 1 to SpehEPHEION0MSTS

is silicon.8. The crystalling;material of any
preceding claimwherein x is fromO to about 0.25, y
is fromabout 0.3 to about 0.7 and z is from about
0.25 to about 0.7. 9. The crystalline nmaterial of
cBai m Shehssialline;materigl obamyOprecedingl @ainy wheretr o fiord Otto
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crystalline material of any preceding claimand having
an X-raK diffraction pattern including the |ines
| Pst edThecrpstellime Znatdrial oficlamt Bocherdin syis frbesd i MbS, tyhie from

crystalline materjagl af any preceding claim the
ppgit%@sé %’@n‘?p‘%ﬁlhgg t?§)6'forrri ng a reaction mxture
conprising water; a source of alum num a source of

phosphorus, optionally a source of netal other than
al@m nAmorayst erystalling nzatgtl poeucdd By cadeinig theorgstaliinel at

| east. pne directing agent canprigjng .. . . .
4%?%?%%??8 W%&ﬁllﬂ@n ﬁ)'iyl?l‘g B %—Wg'djéf%tlon pattern including
CihéSinds lidtédld Pb1o5. said crystalline material fromthe
reaction mxture; and (c) recovering said crystalline
material fromthe reaction mxture. 12. The nethod of

LN SRR R PO E N N———
f O e It i T ing
s BRsRGduRie: (f4biming ShdiHod nitxtrd Gudoriting
t @f Aupinam, Alsp@Be of phaspherus). opbonallyt spubcemf ndal ofter than

t hod of ﬁl ailp}j 12 vvher&f n .&he rea[%gti Pn m xture.has a
cOHPEUPiOBHONAY 4 39MHE ATIURBHRIoPSAng 8t Iegptane direpiing agent
fAlélgxh ;ﬂ%-ggﬂ?%ﬁ%mgr%%din@t Rf ) infuctngd Qysailizatiddbof said
crystalline material from the reaction mixture; and (c) recovering said crystalline

er; a source
= 0.5

material from the reaction mixture.

12, The method of claim 11 wherein the reaction mixture has a composition,
in terms of mole ratios, within the following ranges:

P,Os: ALO; = 0.7t01.3

Si0, : ALL,Os = 0to 0.9

H,0:ALO; = 10to 100

R: ALO3 = 0.5t0 5.0
F: ALOs = 0t0<0.750r 010 0.5.
13.  The method of claim 12 wherein the reaction mixture has a composition,

in terms of mole ratios, within the following ranges:
P;0s5: ALO; = 09tol.1
Si0; : ALO; 0.05t0 0.5
H,O: ALO3; = 201050



H20 Al 2083 = 20 to 50R A28 =1.0to 4.0 F Al2G8 = Oo
0.5 or zero 14. The nethod of claim1l1l, 12 or 13
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of fluoride ions. 15. The net hod of any one of clains
11 to 14, wherein crystallizZ®ion of said crystalline
material is conducted at a tenperature of about 1000C
to about 2500C , 16. The nmethod of claim 15, wherein

crystallizagi gpaf sakbdjgrygst@l line material is
conducted at a tenperature of 1300C to 2000C. 17. A

met hod of sinAh©si zi ng 8 teOysiradetd ne mat eri al havi ng
the CHA franmework type, the process conprising: (a)
formng a reaction m xture conprising a source of

A 4im MR mBd A eIk 1P & 1 0 Akin'heFbaltitHhBie Bmprises
source of phosphorus, at least one directing agent .
conpdded isogrcd of fluoratenigphsani nopyri di ne and seeds of a CHA
framework type material; (b) inducing crystallization
of said crystalline material fromthe reaction

j Xt ur ey, Vit [ r i TRL-er .
5 i Aol oL o T G L Wb S fufERiBh of bia
wdrgstalline triaeeriaHik donduneedbatla teyperatiing ef abdlut 1 G0°GAB@L3uE.250°C.,
19. A hydrocarbon conversion process conprising
contacting a hydrocarbon feedstock with a catal yst

ri fﬁéﬂeﬁﬁg of Eiith 35 Jvfé%ei@?/zh%&ehﬂiati?h of QM? ggﬁtaﬁfne matFrial

C
clainms 1 to 10 or produc e nethod o y one o
ak abmductet at a tdfiperaturdyf 1308Cw200C.of claim 17 or 18.
20. A process according to claim 19 wherein an
oxygenat e-contai ning feedstock is converted to

of 21 | N§ method of synthesizing a crystalline material having the CHA
framework type, the process comprising: (a) forming a reaction ﬁlixture
comprising a source of aluminum, a source of metal other than aluminum, a
source of phosphorus, at least one directing agent comprising 4-
dimethylaminopyridine and seeds of a CHA framework type material; (b) inducing
crystallization of said crystalline material from the reaction mixture; and (c)

recovering said crystalline material from the reaction mixture.

18.  The method of claim 17 wherein the CHA framework type material is
SAPO-34.

19. A hydrocarbon conversion process comprising contacting a hydrocarbon
feedstock with a catalyst comprising the crystalline material of any one of claims 1
to 10 or produced by the method of any one of claims 11 to 16, or by the method

of claim 17 or 18.

20. A process according to claim 19 wherein an oxygenate-containing

feedstock is converted to olefins.



