EMW 3, NEW CRYSTALLI NE M CROPOROUS MATERI AL BACKGROUND
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wi dely used in the petrol eumindustry as absorbents,
catal ysts and catal yst supports. Their crystalline
structures consist of three- :i“ mensi onal franmewor ks
cont ai ni ng uni form pore openings, channels and
i nternal cages of dinensions (<20A) simlar to nost
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presence of non-framework cations to bal ance the
negative charge. These non-franmework cations are
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] nstead acid sites having
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restricted pore openings gives these materials
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si eve having a unique framework structure. |
and can be used in absorption and separation processes of liquids, gases, and

reactive molecules such as alkenes.

[002] The family of crystalline microporous compositions known as molecular
sieves, which exhibit the ion- exchange and/or adsorption characteristics of
zeolites are the aluminophosphates, identified by the acronym AIPO, and
substituted aluminophosphates as disclosed in U.S. Pat. Nos. 4,310,440 and
4,440,871.‘U.S. Pat. No. 4,440,871 discloses a class of silica aluminophosphates,
which are identified by the acronym SAPO and which have different structures
as identified by their X-ray diffraction pattern. The structures are identified by a
numerical number after AIPO, SAPO, MeAPO (Me = metal), etc. (Flanigen et
al., Proc. 7th Int. Zeolite Conf., p. 103 (1986) and may include Al and P



[ 003] ExxonMobil and others extensively use various

m croporous materials, such as faujasite, nordenite,
W@eesAGNBH i n many commercial applications. SuR¢I/US2004/020090

applications include reform ng, cracking,

hydr ocracki ng, al kyl ation, oligonerization, dewaxing

and isonerization. Any new material has the potenti al

to inprove the catalytic pelformance over those

catal ysts presently enployed. [004] There are

currently over 135 known m croporous frameworKk
su@étftﬂﬁéﬁg B9 B2SiBOUVIat 64, By, FeeCoiNpretat Tienpiesdgdnyendion is a

Associ ation. There exists the need for new structures,

netvavbhgutiirfsieednving opaiquedsampyRTk RESEUB: known

materials, for inproving the performance of many

hydrocar bon processes. Each structure has uni que pore,
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e g ? absor bs hydrocarbons and is catalytically
YRV for hydr ocar bon conversion. [006] In a

preferred enbodi nent, the new crystalline material is

a metal | oal um no hosphate conpound havi nig a
[004RtEire ArnCURIMVERAP Y IGHTIHIPIO WHEFRPOROTS TTameRiogh sfrpctures as
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havi ng a uni que di ffraction

B%%g'ihé‘geﬁbﬁﬁﬁnd:d?oﬂ' ABLE ha dvdranbon praessed. EM}LEI@Cture has
en X > In a nore preferred enbodi nent,
urﬁ@llef:pmdchamstﬂ ahdi icage dimensions, which gives its particu ar propertles

as described above. EMM-3 is a new framework material.

SUMMARY OF THE INVENTION

[005] EMM-3 (ExxonMobil Material number 3) is a new crystalline
microporous material having a framework of tetrahedral atoms connected by
bridging atoms, the tetrahedral atom framework being defined by the
interconnections between the tetrahedrally coordinated atoms in its framework.
EMM-3 is stable to calcination in air, absorbs hydrocarbons, and is catalytically

active for hydrocarbon conversion.

[006] In a preferred embodiment, the new crystalline material is a
metalloaluminophosphate compound having a composition R Me,AlP, 04 nHO

where R is an organic compound, Me is one or more of B, Ga, Si, Ge, Zn, Mg,



nmet al | oal um nophosphat e conpound has a conposition

MexAl yP2OATi H2O, where Me is one or nore of B, G, Si,
w@q05M03030Vy, Fe, Co, Ni, Be, M, Ti, Zr, and Wher/ES2004020090

0.00 - .2, y=.6-1.2,z=.6-1.2andn =0 - 10,

and having a unique diffraction pattern as given in

TABLE 4 when n > .2 and in TABLE 5 when n < .2. [008]

The invention includes new3tructural subunits or

col ums of tetrahedral and bridging atons. [009] The

i nvention includes a nethod of synthesizing a

Fe, €0/ NialBel, Mn, aliu Tk naphwhpfeane= drl - 1,x=0.00-2,y=.6-12,z=
“met’al I oal um nophosphat e conmpound. havi %9 t he . .
6 -di.2 hndat + on- paAtandrhavings LaIuetREUEnPaieTR ABBEVER 1Ny,

m xi ng together 0 al ugi na, phosphor ous,

TABLFAR ivéhedt ¥ & ?P@fm% ‘(Xh?%?‘? ghd optional metal and
heating at a tenperature and tine sufficient to
crystallize the al um nophosphate or
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are r unit-cells, whose edges are defined by
whth@ Qray boxes. [0013] Figure 2 shows the pol yhedral
subunits found in the structure of EMHW 3. Only'the
tetrahedral atons are shown. [0014] Figure 3 shows the

| urm _subuni t, din.th .
(003 biRe imtion. gty i wasuCEal Sttt dor Mo of tetrabedral

e ,sho 0015] Figure 4 shows the X-ray diffraction
an%év@%m%“%?ﬂﬁlpo EMM 3, from Exanpl e 1. [0016] Figure 5

shows the X-ray diffraction pattern of ALPO- EMV 3,
[009] The invention includes a method of synthesizing a crystalline
aluminophosphate or metalloaluminophosphate compound having the diffraction
pattern similar to TABLE 2 or TABLE 3, by mixing together a source of,
alumina, phosphorous, organic directing agent, water, and optional metal and

heating at a temperature and time sufficient to crystallize the aluminophosphate

or metalloaluminophosphate.

[0010] The invention includes the use of EMM-3 to separate hydrocarbons

from a hydrocarbon containing stream.

[0011] The invention also includes the use of EMM-3 as a hydrocarbon

conversion catalyst for converting an organic feedstock to conversion products.



cal ci ned/ dehydrated from Exanple 2. [0017] Figure 6
shows the X-ray diffraction pattern of A1PO EMM 3,

w@ a00si0es8al! hydr at ed from Exanpl e 2. [0018] Fi gur€r/¥S2004/020090
shows the X-ray diffraction pattern of SAPO EMM 3 as
prepared in Exanple 6. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [0019]Ar The present invention is
a new structure As with any~porous crystalline
material, the structure of EMM 3 can be defined by the
i nt erconnections between the tetrahedrally coordinated

BRIEFBESARIPTIONOEDHE, DRAWINGS: Ul ar, EMM 3 has a
framework of tetrahedral (T) atons connected by
bri dgi ng atons, wherein the tetrahedral atom franmework

.S defi ned [ aNeA
(002 e RS | g HEF B R R oM oy B g oply the
te LS h@NeaER ardirem bifilt eERS Wigssei adiges Areadefined by the gray
nnected to: T | T2, T23, T34, T38 T2 T1, T4, T7, T24
boXes. TS5, T8, T18, T20 T4 T2, T17, T35, T45 T5 T3, T17,
" T30, T35 T6 TJ, T24, T29, T42 T7 TI, T6, T9, T23 T8
T3, TIO T14, T22 T9 . TJ, T13, T39, T43 TIO T8, Ti3,

[0653" Bistr B shots thd palynEdRal shfnitd foutin hd irudthfe of M-

3. Only the tetrahedral atoms are shown.

[0014] Figure 3 shows the column subunits found in the structure of EMM-3,
a: subunit 3a, b: subunit 3b. Only the tetrahedral atoms are shown.

[0015] Figure 4 shows the X-ray diffraction pattern of A1PO-EMM-3, from
Example 1.

[0016] Figure 5 shows the X-ray diffraction pattern of A1IPO-EMM-3,
calcined/dehydrated from Example 2.

[0017] Figure 6 shows the X-ray diffraction pattern of A1IPO-EMM-3,

calcined/hydrated from Example 2.

[0018] Figure 7 shows the X-ray diffraction pattern of SAPO EMM-3 as

prepared in Example 6.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] The present invention is a new structure As with any porous crystalline
material, the structure of EMM-3 can be defined by the interconnections

between the tetrahedrally coordinated atoms in its framework. In particular,



T14 T8, T12, T25, T48 T15 T16, T21, T33, T34 T16 T12,
T15, T18, T19 T17 T4, T5, T13, T20 T18 T3, Tl 6, T30,
WO20s00®3T11, T16, T33, T46 T20 T3, T17, T45, A@WUITD4/02009
T12, T15, T28, T44 T22 T8, T13, T43, T48 T23 T1, T7,
T42, T44 T24 T2, T6, T38, T46 T25 TIO T14, T26, T47
T26 T25, T28, T31, T48 T27 29, T32, T42, T44 T28 Til
T21, T26, T41 T29 T6, T11, 9?27, T41 T30 T5, T18, T3i,
T48 T31 T26, T30, T33, T47T32 T27, T34, T38, T46 T33
T15, T19, T31, T37 T34 T1, T15, T32, T37 T35 T4, T5
EMZ63 hiid 3 f86ewatk offgg:ahgdiml (?M@O@?CO@Q,CW@W brydging-pigms,
T38 T1, T24, T . -
Whml,l tl-;qga’trzaf%g@;r ,%}ior% garr-lrg’xggr 9}’§§Efl%?g?}'10<30n1n-é§uﬂ-é 91eT1:1J’e6arest

tetrahedral (T) atoms in the manner shown in TABLE 1 below.

TABLE 1

EMM-3 tetrahedral atom interconnections

T atom Connected to:

T1 T2, T23, T34, T38
T2 T1, T4, T7,T24

T3 T5, T8, T18, T20
T4 T2, T17, T35, T45
T5 T3, T17, T30, T35
T6 - T7,T24, T29,T42
T7 T2, T6, T9, T23

T8 T3, T10, T14, T22
T9 . T7,T13, T39, T43
T10 T8, T13, T25, T39
T11 T12, T19, T28, T29
T12 T11, T14, T16,T21
T13 T9, T10, T17, T22
T14 T8, T12, T25, T48
T15 T16, T21, T33, T34
Ti6 T12,T15,T18,T19
T17 T4, T5, T13, T20
T18 T3, T16, T30, T47
T19 T11, T16, T33, T46
T20 T3, T17, T45, T47
T21 T12, T15, T28, T44
T22 T8, T13, T43, T48
T23 T1, T7, T42, T44
T24 T2, T6, T38, T46
T25 T10, T14, T26, T47
T26 T25, T28, T31, T48
T27 T29, T32, T42, T44
T28 T11, T21, T26, T41
T29 T6, T11, T27, T41
T30 T5, T18, T31, T48

T31 T26, T30, T33, T47



T42 T6, T23, T27, T40 T43 T9, T22, T35, T40 T44 T21,
T23, T27, T4l T45 T4, T20, T36, T39 T46 T19, T24, T32,
wqa 305083318, T20, T25, T31 T48 T1l4, T22, T26, PAB0S2004/020090

[0020] This new crystalline metall oal um nophosphate
conpound has a conposition RrvexAl yPzq 4 -nH20 where R

is an organi c conpound, Me is one or nore of B, Ga,

Si, Ge, Zn, My, Fe, Co, Ni-%e, M1, Ti, zr, and where
m=.01-1, x=000- .2 y=.6-1.2, z=.6 -

1.2 and n = .5 - 10. The uni que dlffractlon pattern IS

gi ven i n TBBLE 2 W2an T84-TO8( MO EM 3) and TABLE 3

when x >3y SAPO, TNIBARQOEWBH 3T37[ 0021] O her

embodi nerg$ of the anSStIggc’frgqe i nclude a cal ci ned

con‘poung_#g con‘posIL LI%nTlg% 5@204 -I|H20 where Me is
one or éa g% %1 My, Fe, Co, N, Be,
Nh,Ti,zT3andw|Té5r5eT &R 1, x = 0.00 - .2, y

=.6 - 1.137z = .33, :T321 TAd, B46 0 - 10. This conmpound
has the urggue di fIfIr, aui @32p@B6ern gi ven in TABLE 4
when n >3y and |rf9T/9QI9ETa0\Mm5 n < .2 [0022] These
new corrpogé{tgs are q~3gyr[t4 e ggt hod of i xing

t oget her ourcev,‘!glzt ﬁ' uTét} hosphorous or gani c
directi n ent Sor fl onal source of net al
and heat i at a (geBatlid/eT4Rd time sufficient to
crystal | i'p48 t he nEfQIT2R2al38i AdPhosphate. The nethod is

descri bedrhgl ow. [180233TMe 75yt heti ¢ porous
crystal l ings materi t-1+3|63rp39vent| on, EMH3, is a

crystalli Zg phase | 4h Ri que 2-di nensi onal
channel :§ @ em co S| zgé ﬁgl dal, elliptical
7 ed by 12- menber ed

channel s, T&Ach of ’
rings of T48 r ahed/Bl4, 1223728 Adbed atonms, intersecting
with straight, highly elliptical

[0020] This new crystalline metalloaluminophosphate compound has a
composition R;MexAl,P,03-nH,O where R is an organic compound, Me is one
or more of B, Ga, Si, Ge, Zn, Mg, Fe, Co, Ni, Be, Mn, Ti, Zr, and wheré m=.01
-1,x=000-.2, y=.6-12,z=.6-12andn=.5-10. The unique diffraction
pattern is given in TABLE 2 when x = 0 (AIPO EMM-3) and TABLE 3 when x
> 0 (SAPO, MeAPO EMM-3).

[0021] Other embodiments of the new structure include a calcined compound
of composition Me,Al,P,0,-nH,0, where Me is one or more of B, Ga, Si, Ge, Zn,
Mg, Fe, Co, Ni, Be, Mn, Ti, Zr, and where m=0.00-.1,x=0.00-.2,y=.6-
1.2,z=.6-12andn=0- 10. This compound has the unique diffraction pattern
given in TABLE 4 when n > .2 and in TABLE 5 whenn < .2.

[0022] These new compounds are made by the method of mixing together a

source of, alumina, phosphorous, organic directing agent, water, and optional



channel s, each of which is defined by 8-nenbered rings
of tetrahedrally coordinated atoms. The 12-nmenbered
WO pivgoetannel s have cross-sectional di mensi onsPGEUSEE4020090
the bridging oxygen atons of about 6.5 Angstrons by
about 6.1 Angstrons, whereas the 8-nenbered ring
channel s have cross-sectional dinensions of about 1.2
Angstroms by about 5.0 Angs?rons. [0024] Variations in
the X-ray diffraction pattern nay occur between the
di fferent chem cal conposition forns of EMM 3. For
so@¥aBPhRtaltand héatiay adifiémpetatare quak ime sufficienicto crystallize the

as-synthesi zed Al PO formof EVMM 3 ig. significantl.
methilfobraimophhsphaihat hemathed &% %Vﬁ‘tbﬁéé%eyg?ﬂ- SAPO fof m

It is believed that the exact EMM3 structure can vary

due its particular conposition and whether or not it

(023} DERL ?i@h%@ B ARG QA ah drialbf tias ameaMonNEMNES, is a

_ _ rate anpl es may have different X-ray
cr}ﬁtaflfiﬁ@gﬁééér\yﬁij@htlﬁﬁ Rsunighe2 ehitensenatiehymiehs piemoromprising
“have very _S|mlar diffraction patterns. [0025] |n the
sm)a(§01i§yn Snfq]gmé dhdrorels, A2tO0ENN Sh @sdﬁlr&ﬁlabsaé%w@{v?r@d rings of
-ray diffraction patt , th i. ' .
temnhz_dwlla{r@ogﬁiméwdi O mRET et B Do g efietical
radiati on psing refl [ d
chiiisly Garber S SHATRIS s RAEHRN B0 & Hrphedrally

co<§r.‘aiﬁah8d St a8t 17-hi@nKerdd ringncHahslsdase crdws-dectional
ine at about 11.2A. Variations occur as a function, of

dirieesoid Seto@enalsé bridgingnakyigen dtoadiohgbpat 6.4ARgstTaRs, by about
F_or this reason the intensities and d:spaci ngs are.
6.lgAngstrems wheess thesd-mempered fé%ﬁ?%ﬂ“&hﬁiﬁa"i— ?g?'sec‘%mnal

di‘gé‘;%é%c%? ot 175 é("f%%?‘%‘ssé’%#‘gﬁgb@%?ﬁfE 1o & 550
9.62-9.22 5-50 6.56-6.37 5-50 5.44-5.31 20-60
[0024] Variations in the X-ray diffraction patterﬂ may occur betwéenAthe
different chemical composition forms of EMM-3. For example, the X-ray
diffraction pattern of the as-synthesized AIPO form of EMM-3 is significantly
different than that of the as-synthesized SAPO form. It is believed that the exact
EMM-3 structure can vary due its particular composition and whether or not it
has been calcined and rehydfated. While as synthesized and calcined/hydrated

samples may have different X-ray diffraction patterns, the calcined/dehydrated

forms have very similar diffraction patterns.

[0025] In the as-synthesized form AIPO-EMM-3 has a characteristic X-ray
diffraction pattern, the essential lines of which are given in TABLE 2 measured
with Cu Ko radiation using reflection geometry and a 1° divergence slit. The line
intensities are referenced to the strongest line (I,), in this case the first line at
about 11.2A. Variations occur as a function of specific composition and its
loading in the structure. For this reason the intensities and d-spacings are given as

ranges.



5.35-5.23 30-70 4.78-4.68 5-50 4.30-4.21 5-50
4.23-4.15 50-80 4.10-4.02 30-70 4.04-3.97 50-80
wW@239/0®092 20- 60 3.88-3.81 5-40 3. 26-3.21 20- 6PCT/US2004/020090
2.822-2.788 20-60 [0026] In the as-synthesized form
SAPO-EMM 3 has a characteristic X-ray diffraction
pattern, the essential lines of which are given in
TABLE 3 neasured with Cu Ka%adiation using reflection
geonetry and a 1° divergence slit. As before the Iine
intensities are referenced to the strongest line (10)
in this case the line at TABUE 21. gA. Variations occur
as a function of specific conposition and its | oading

| 18 dIQi it Say Boffractibs lineasonas-bnthediests AIP@SEMNM-3
d-spacings are given as ranges. TABLE 3 Most

significant X-ray dJ_LLLaget—Hen—l—u—H?a;s——f—or as- synt hesi zed
SAPO- EMMt 3 d- spaci ng¢sReecipgifa oplle@oh. 10. 7 5o¥100

11.0-10.5 5-50 9.51- 91521059 50 804906.31 5-50 5.38-5. 25
50- 100 4.74-4.64 5-5Q4120Qy&. 1355% 100 4. 10-4.03 20- 60

9.62-9.22 5-50
6.56-6.37 5-50
5.44-5.31 20-60
5.35-5.23 30-70
' 4.78-4.68 5-50
4.30-4.21 5-50
4.23-4.15 50-80
4.10-4.02 30-70
4.04-3.97 50-80
3.99-3.92 20-60
3.88-3.81 5-40
3.26-3.21 20-60
2.822-2.788  20-60

[0026] In the as-synthesized form, SAPO-EMM-3 has a characteristic X-ray
diffraction pattern, the essential lines of which are given in TABLE 3 measured
with Cu Ko radiation using reflection geometry and a 1° divergence slit. As
before the line intensities are referenced to the strongest line (I,) in this case the
line at about 4.04.. Variations occur as a function of specific composition and its

loading in the structure. For this reason the intensities and d-spacings are given as

ranges.

TABLE 3

Most significant X-ray diffraction lines for as-synthesized SAPO-EMM-3

d-spacing(A)  V1,(%)
11.3-10.7 50-100
11.0-10.5 5-50
9.51-9.12 5-50
6.49-6.31 5-50
5.38-5.25 50-100
4.74-4.64 5-50




4.03-3.96 60-100 3.84-3.77 5-40 3.23-3.19 5-50 [0027]

The EMMH 3 material of the present invention may be
w@2a00si0388ll t 0 renove the organi c tenpl ati ng agePCT/US2004/020090

wi thout | oss of crystallinity. This is useful for

activating the material for subsequent absorption of

ot her guest nol ecul es such_egs_ hydr ocar bons. Upon

cal cination the structure off EMM 3 undergoes a change

as indicated by the X-ray diffraction pattern. As

menti oned above, if Lﬁg rlgl cin 3 material is

all owed to hydrate Jretst-Lanbi e%%’%iti ons the

diffraction pattern 4.10-408¢ er erf2-9% om t hat reasur ed

when the cal ci ned EMB396t eri &0-1% dehydrated. The

essential |ines, whik$t-aAi7quel Y-#&fine cal ci ned/

hydrated EMM 3 are 13.23-8d9% n TABEE 4, and those

essential |ines uniquely defining cal cined/ dehydrated

EMA3 are listed in TABLE 5, neasured with Cu Ka

radi ati on using reflection geonetry and a g]; .
[0627er JheddMaVi3 mapwidof she preseel InyERIGHIEYh salsingfldo

remaue o ity adannk S2emovithol gbs SR ety Thisis seful
the.cal ci i '
e L G T L o i S

suEﬁ 213 ﬁ?ﬂfdc@fboﬂs@ WRRhalaltifatias tHehrrdceyel of MM andergoesna

the structure. FoOr this reason the intensities and

chdapaas igcaied byithe X-nay diffrgetdon pase. Asypertioned above, if the
significant X-ray diffractiqn |ines f

calcined FEbVhg analendl SOy e, o draig SRACT rpbient copdiiops the
diffragdiop Daiedt ST RToN TrgmaRatimddsuted Wiitn e RaREnPENM-3

material is dehydrated. The essential lines, which uniquely define calcined/

hydrated EMM-3 are listed in TABLE 4, and those essential lines uniquely
defining calcined/dehydrated EMM-3 are listed in TABLE 5, measured with Cu
Ko radiation using reflection geometry and a 1° divergence slit. As before, the
line intensities are referenced to the strongest line (I,), in the calcined/hydrated
case the line at about 10.7A, and in the calcined/dehydrated case the first line at
about 10.9A. Variations occur as a function of specific composition, temperature

and the level of hydration in the structure. For this reason the intensities and d-

spacings are given as ranges.

TABLE 4

Most significant X-ray diffraction lines for calcined/hydrated EMM-3

d-spacing(A)  T1(%)
11.6-11.0 5-40
10.9-104 80-100
9.29-8.91 5-40
6.55-6.36 20-60
6.36-6.18 5-40




4.28-4.20 20-60 4.18-4.11 5-50 4.04-3.97 5-40
4.01-3.94 40-80 3.71-3.65 5-50 3.30-3.26 20-60
W@2@50®021. 20- 60 3. 16-3.12 5-50 3. 06-3. 02 5-50PCT/US2004/020090

2.964-2.926 5-40 TABLE 5 Most significant X-ray
diffraction |lines for cal cined/ dehydrated EMM 3
d-spacing(A) 1/1o(% 11.2-10.6 80-100 9.48-9.09 5-40
6.53-6.34 5-40 6.42-6.24 5-49 5.52-5.39 1-20 4. 70- 4. 60
5-40 4.19-4.11 5-40 4.16-4.08 1-20 4.02-3.95 5-40
3.19-3.15 1-20 [0028] In addition, to describing the
structure of EMM 3 by %Het PRt er Soibhecti ons of t he
tetrahedral atons as i428FABOE 128#66ve, it may be
defined by its unit cell8-4whi ch5t¥ the smal |l est
repeating unit contai rioug3.ayl tiselostructural el enents
of the material. The pqye3sharuchygrge of EMME3 is
illustrated in Figuresly;36s 5.50

3.30-3.26 20-60

3.25-3.21 20-60

3.16-3.12 5-50

3.06-3.02 5-50

2.964-2.926 5-40

TABLE 5

Most significant X-ray diffraction lines for calcined/dehydrated EMM-3

d—spacing(A) 1/1,(%) -
11.2-10.6 80-100
9.48-9.09 5-40

- 6.53-6.34 5-40
6.42-6.24 5-40
5.52-5.39 1-20
4.70-4.60 5-40
4.19-4.11 5-40
4.16-4.08 1-20
4.02-3.95 5-40
3.19-3.15 1-20

[0028] In éddition, to describing the structure of EMM-3 by the
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-3 is illustrated in Figure 1
(which shows only the tetrahedral atoms) down the direction of the sinusoidal 12-
membered ring channel. There are four unit cell units in Figure 1, whose limits
are defined by the four boxes. TABLE 6 lists the typical positions of each
tetrahedral atom in the unit cell in units of Angstroms. Each tetrahedral atom is
bonded to bridging atoms, which are also bonded to adjacent tetrahedral atoms.

Tetrahedral atoms are those capable of having tetrahedral coordination, including



(which shows only the tetrahedral atons) down the
direction of the sinusoidal 12- nenbered ring channel.
wabh@seomse four unit cell units in Figure 1, wWhOBES2004/020090
limts are defined by the four boxes. TABLE 6 lists
the typical positions of each tetrahedral atomin the
unit cell in units of Angst rﬁms. Each tetrahedral atom
is bonded to bridging atons,”*which are al so bonded to
adj acent tetrahedral atonms. Tetrahedral atons are
those capabl e of having tetrahedral coordination,

orienel marcglbat apt imiengflithyun, brayllym; boreg; MaZhR$IUMm,

S Reg e e U R, LIS, on co
nifRAaLs pet! SKE! 2ir GORRE paflidis,; gthlabRith Uabsesid! 1idiin, tin, and
GEF AR “ArsBhr e PRErUm tF T, and anti nony.

a&ﬁh&g{% PR @NS atd0Bee capalt of chnaaningationgtiahedral atoms,
tetradhedral atons, exanples which include, but not

exainmples wipichoingdete, bnt noolgeting,| axygenenittogehuiduorine, sulfur,
sel eni um and carbon atonms. [0029] In the case of
sedsaigey angd cagbonate®Spossi bl e that the bridgi ng oxygen
is al so connected to a hydrogen atomto forma
hydroxyl group (-OH4). In the case of carbon it is
[0029P AASRE BA& dthGitydeReitGanierpdssibie Bt ﬁwm%&i@@)d;@éem also
-). For

hydr ogen atonms to form a nethyl ene group (-

comaoeldeao afrjdigisrgatmet by femea dydupsy/] igavep 6&8A-)sbrethe gase of
the zirconium di phosphonate, ML-57. See: C Serre, G
caFbpeit,is alsoenaspiblcihminthe carbgn ialse coppestsd (BfYY &Yﬁ@ogeﬂ atoms

togBrn oSSR FPB-GHETopar Eratify bFREhe Mefifens sroups
h%%g%%\ sé%n BYtheBrird¥nsm (fl’gh(gﬁﬂlﬂmat%? IVIGCS7296b: - SRS . Férey,

ridging fluorin ons have been seen in
J. | Nadir ughbmdi 2zp. i36mM (R00DY. Brédgihp atHnr wihd s¢lehiasn atremA\Bve
structure type. See: MR Anderson, LD. Br ?vvn S.
beenl seen ot theAdCR-2Pya% fangby of gucreppeoysigatprials Seg N. Zheng, X.

g
beg:il‘xgsr}@gh ) liﬂﬁﬁnpﬂyc;rggigﬁgﬂ'fﬁﬁ)r%eﬂﬁhfé RedERhad it RBWGtRGture

, a range o Angstromis inplied for the x
ty?B.CBéé: QIR A iddreomddId t Beowen, a0V Aminogd cof Crilst AB391 p.a2026
or the z coordinate positions. TABLE 6 Positions of
(1088).flinck wirahgyrahatomes may mpve Ehpmtziug tourther @ystgh foress
in unit ? . . . .
(presence of inorganic or organic species, for example), or by the choice of
tetrahedral and bridging atoms, a range of 0.5 Angstrom is implied for the x and

y coordinate positions and a range of +1 Angstrom for the z coordinate positions.

TABLE 6
Positions of tetrahedral (T) atoms for the EMM-3 structure. Values, in units
of Angstroms, are approximate and are typical when T = silicon and the

bridging atoms are oxygen.



of Angstrons, are approxinmate and are typical when T =
silicon and the bridging atons are oxygen. At om X(A)
WQLoaF/0X0A) T | 2.272 1.626 2.421 T 2 0.000 1. 5071/4S%900020090

T 3 0.000 1.570 12.472 T 4 0.000 0.725 7.542 T 5 2.262
0.000 10.963 T 6 8.040 4.728 2.421 T 7 0.000 4.777
4.500 T 8 0.000 4.784 12.472 T 9 0.000 5.630 7.542 Tl O
8.050 6.355 10.963 TI| 8.040127- 981 19.505 T12 0. 000
7.932 17.425 T13 0.000 7.925 9.454 T14 0.000 7.080
14.383 T15 2.272 11.083 19,505 T16 0.000_11.132 17.425
T17 0.000 11.139 Atohb4 TXBAD. 00§(AL. 9845(151)4 383 T19
8.040 11.083 19.5 T20 8 g 1%82 963 T2.1 2.272
7.981 19.505 T22 62 6 10 ng 272 4.728
2.421 T24 8.040 1%%6 2. 9‘%% T251576,28 54%%1 13. 383

T4 0.000 0.725 7.542

TS5 2.262 0.000 10.963

T6 8.040 4.728 2.421

T7 0.000 4.777 4.500

T8 0.000 4784 12472

T9 0.000 5.630 7.542

T10 8.050 6.355 10.963

! T11 8.040 7.981  19.505

T12 0.000 7932 17425

T13 0.000 7.925 9.454

T14 0.000 7.080  14.383

T15 2272 11.083  19.505

T16 0.000 11.132 17425

T17 0.000 11.139 . 9454

T18 0.000 11.984 14.383

T19 8.040 11.083 19.505

T20 8.050 0.000  10.963

T21  2.272 7.981  19.505

T22 2.262 6.355  10.963

T23 2.272 4.728 2421

T24 8.040 1.626 2421

T25 7.428 7.981  13.383

T26 5.156 7.932  15.463

T27 5.156 7.925 1.509

T28 5.156 7.080  18.505

T29 7.418 6.355 0.000

T30 2.884  11.083 13.383

T31 5.156  11.132  15.463

T32 5.156  11.139  1.509

T33 5.156 11984 18.505

T34 2.894 0.000 0.000

T35 2.884 1.626 8.542

T36 5.156 1.577 6.462

T37 5.156 1.570  20.416

T38 5.156 0.725 3.421

T39 7.428 4.728 8.542

T40 5.156 4.7717 6.462

T41 5.156 4784  20.416

T42 5.156 5.630 3421

T43 2.884 4.728 8.542

T44 2.894 6.355 0.000

T45 7.428 1.626 8.542




T26 5.156 7.932 15.463 T27 5.156 7.925 1.509 T28 5. 156
7.080 18.505 T29 7.418 6.355 0.000 T30 2.884 11.083
WA 30038®03B1 5. 156 11.132 15.463 T32 5.156 11. 18CI/USH09020090

T33 5.156 11.984 18.505 T34 2.894 0.000 0.000 T35
2.884 1.626 8.542 T36 5.156 1.577 6.462 T37 5. 156
1.570 20.416 T38 5.156 0.725 3.421 T39 7.428 4.728
8.542 T40 5.156 4.777 6. 462 1#1 5.156 4.784 20. 416 T42
5.156 5.630 3.421 T43 2.884 4.728 8.542 T44 2.894
6.355 0.000 T45 7.428 1.626 8.542T46 7.418 0 .000 O

. 000 T47 7.428 11. D83 137.4383 T430R. 884.000. 981 13 . 383
[0030] The conpl eteastrugtazse of 1.&8V 313.38Dui I t by

connecting nultiplpagunit oggul s gxgdef i pepdgmnbove in a
fully-connected three-di nensional franmework. The
tetrahedral atons in one unit cell are connected to

ai Thé ebiphad salichir® 88 BEMIVRBIis 6hilt by cofh@tapt multifle unit
Olt'| VWhil e TABLE 1 lists the connect?ons ofﬁggltl th Ije

cél&t asadefitreal abmverin af fullyacqgineeteduthide-dishdnsofnakfanss wottke The
te%roarl]lggrcatl Ia’(c)or}rsls H’la gnen fﬁnt tégllta?e 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-3, the connections may not be to
the particular atom in the same unit cell but to an adjacent unit cell. For example,
if the atoms listed in TABLE 1, have the particular coordinates as listed in
TABLE 6, atom T4 is connected to atoms T2 and T35 in the same unit cell. The
T4 connections to atoms T17 and T45, though;, are to two adjacent unit cells. All
of the connections listed in TABLE 1 are such that they are to the closest
tetrahedral (T) atoms, regardless of whefher they are in the same unit cell or in

adjacent unit cells.

[0031] Although the Cartesian coordinates given in TABLE 6 may accurately
reflect the positions of tetrahedral atoms in an idealized structure, the true
structure can be more accurately described by the connectivity between the
framework atoms as shown in TABLE 1 above. Another way to describe this
connectivity is by the use of coordination sequences as applied to microporous
frameworks by W.M. Meier and H.J. Moeck, in the Journal of Solid State
Chemistry 27, p. 349 (1979). In a microporous framework, each tetrahedral atom,
No, (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
example, if a T-atom is in a 4-membered ring, at the fourth shell the Ny atom is

not counted second time, and so on. Using this methodology, a coordination



the particular atomin the sanme unit cell but to an
adj acent unit cell. For exanple, if the atons |isted
WO p00FAEBI0E 1, have the particul ar coordi nat es aBCT/US10e4020090
in TABLE 6, atom T4 is connected to atons T2 and T35
in the sane unit cell. The T4 connections to atons T17
and T45, though, are to twojadjacent unit cells. All
of the connections listed in TABLE 1 are such that
they are to the closest tetrahedral (T) atons,
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size 9 dligy bmpHesigingassooiated wythi enah lof thes)eg&m hngleBesatied the vertex
nei ghborjng, T-at.o re then connected to N2 T-atons
syrinﬁog%asrégygl |l?Y.nR’fFﬁ)éK?@f%t%@rﬁT-rHM@isté@ﬁwsslﬂepl 370
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ramewor k, there are”six es assocCl a
topolugysuichdhat they ichs bé usedl ghbosmbipubualyodktinfuidmiRfoporous
i ndi cating the size of the smallest ring associate
framgeyrksseidibterenidypes(sge 4Adlas of ZegliteHrathework Tepes", Ch.

, evel eeffe and S. T de_in
BaglERRL o 5 M 1985 (08, EISREr oK gbfernaing 201 ane way to
det&BAAS thEc Rttt QLSS %&v&&@y%ﬂbbpﬂ)?tahfﬁfenl cture is
from the atomic coordinates of the framework atoms using the computer program

zeoTsites (see G. Sastre, J.D. Gale, Microporous and mesoporous Materials 43,

p. 27 (2001).

[0033] The coordination sequence for the EMM-3 structure is given in TABLE
7. The T-atom connectivity as listed in TABLE 7 is for T-atoms only. Bridging
atoms, such as oxygen usually connects the T-atoms. Although most of the T-
atoms are connected to other T-atoms through bridging atoms, it is recognized
that in a particular crystal of a material having a framework structure, it is

possible that a number of T-atoms may not connected to one another. Reasons for



vertex synbol 4.4.6.6.62.8, for exanple, indicates
that the first pair of opposite angles contains

wa 200500831 t he second pair contains 6-rings, anBCT/082004/020090
third pair contains two 6-rings and an 8-ring. It is
recogni zed by the Structure Conm ssion of the
International Zeolite Association, that the
conbi nati on of coordinati on séguence and vertex symnmbo
t oget her appear unique for a particular franmework
t opol ogy. such that they can be used to unanbi guously

nem %Pﬁ%}"éw W%pbﬂb@@ 1ot diesiast kg, Diatang 1eraeat at hpedges of

tais‘haépsb ﬁz e%élt@:se cg‘%sqraﬁbm rngTﬁXyarES?ev%nCIGS in the crystal.
Tﬁﬁﬂaﬁiéiﬁ@k(l?s@&ﬁn T@‘HE‘@ s 1Bt ﬁﬁifeg t\?lh%z by 1@ Gpopposition,

coordi nati on sequence an ver

uisit celt timendiong 60gpdcBerat® ﬁy&nﬁéﬁﬂf d' nates of the
framewor k atons using the conput’er program zeoTsites
(see G Sastre, J.D. Gle, Mcroporous and mesopor ous
Materials 43, p. 27 (2001 033] The coordi nati on

sequence for the EMW 3 st is given in TABLE 7.

TheChoRlAMGONIRR THRE or
T- at ons on Iy | g}bé@ 51)/datge?)[rtrégl %ﬁgﬂfsgg ]é/ﬁwui G ftyre
connects the T-atons. Although nost of the Tatons are
connected to other T-atoms through bridging atons, it

A S .cwgn' zeu that—h—a—particular crystal of a
tom‘\;l‘ﬁE ial A ng a framework structure, it is possible
Symbgli 4 mlrﬁbs af T- at oReordipationSequsneect ed to one  Vertex
not her. sons  f connect|V|ty i ncl ude, but are
ot limtéd by, - g&oﬁ@ Toctt e &7 t14 ééées’,%f t 14.6.6.6,.8

crystals and by defects sites caused by, for exanple,
Yacanci es Ti4 thet cky sl 32 Tfe Fir Afevidok 156st82 in 4646628
TABLE 7 is not limted in any way by its conposition,

3unit cel | Tdi menst ors F Hpatde T3 OIp 199MIB4 T ¥99 TABLEG 464,12,
Coor di nati on sequences and vertex synbols for the

4EMV 3 st r et ur e 4At mTNunbsr sAt o @B’T‘QQB kghelos 60,4626 1215
Coor di nati onSequence Vertex 1 4 10 19 31 49 72

51%451 182 411% j 2422® 62 892 4% 2724 9%0 139 3564871 98 438 6,6,

[0034] While the idealized structure contains only 4-coordinate T-atoms, it 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 phosphorous 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 (-OHy), or of hydroxyl groups (-OH).
For example, the molecular sieve AIPO,-34 is known to reversibly change the
coordination of some aluminum T-atoms from 4-coordinate to 5- and 6-
coordinate upon hydration as described by A. Tuel et al. in J. Phys. Chem. B 104,
p. 5697 (2000). It is also possible that some framework T-atoms can be

coordinated to fluoride atoms (-F) when materials are prepared in the presence of



3T 349 17 30 49 73 97 120 154 199 4.6.4.6.4.1226 4
T4 4 10 19 31 51 73 93 123 157 195 4.62.4.62.62.12i 8
W®2005503030 18 29 48 72 94 124 156 192 4. 4. 4. 8. PRT/622004/020090
[0034] While the idealized structure contains only
4-coordinate T-atons, it is possible under certain
conditions that sone of the franmework atons may be 5-
or 6-coordinate. This may od®ur, for exanpl e, under
conditions of hydration when the conposition of the

mat eri al contains mainly phosphorous and al um num
flucrimnt. meke mat¢rials edtud soordinstef Butains hatlestritedrhy Haoller

al sQ co on r two oxygen atons of
mvé q?/i‘ﬂ””ég'rQFeﬁza Paﬁég?(l)&%ﬁ hydr oxyl groups (-OH).
For exanpl e, the nol ecul ar sieve AIPO4-34 is known to
reversi bly change the coordination of sone al um num
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our rings, prisns, and

383UThe @&uﬁ@l@l@bf EMMJB“%bﬁﬁPsisQ)f&% ﬁfﬁ@lﬂé ith# He@@feen SEERIn
exanpl es include one-di nensi onal subunits such as

othdrdraraework mategiads (Saedfigare Bhblihe subuait shppircial Figure 2a is also
pefy BRSIEY SRR it S53 5 B oy e e
e SR AR AU b ol s Mot AR, Bhgiibher, WM.
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2a is also part of the MEl and BPH franewor ks and has
editiom, Hiseyiegy Mewl Y684 Q2001Nehe shbwdt as shown in Figure 2b, having

the face symbol 642, is also part of the ATO, DFO, IFR, OS], SAO frameworks.

[0036] In EMMS-3 the two subunits, 2a and 2b are connected in way that is
different from these other frameworks to form unique one-dimensional subunits

of columns. These new columns of subunits are shown in Figure 3.

[0037] TABLE 8 and TABLE 9 list the positions of each tetrahedral atom in
subunits 3a and 3b in units of Angstroms. Each tetrahedral atom is bonded to

bridging atoms, which are also bonded to adjacent tetrahedral atoms.



letters codes are framework type codes as descri bed by

Ch. Baerlocher, WM Meier, and DDH dson in "Atl as
w@booZeadost e Framewor k Types", 5th revised edi t PORPS2004/020090

El sevier, New York (2001). The subunit as shown in

Fi gure 2b, having the face synbol 6442, is also part

of the ATO, DFO, |IFR OSlI, SAO franmeworks. [0036] In

EMM 3 the two subunits, 2a-drfd 2b are connected in way

that is different fromthese other frameworks to form

uni que one-di mensi onal subunits of colums. These new

colums of subunits are SRABLE® Fi gure 3. [0037]

TABLE 8 and TABLE 9 |ist the positions of each i

t Postiiond odltetmalmdral(19 wbems fer e bast EMMn3 gwbynjt 3¢. Values, in

Angstraonms. Each tetrahedral omis bon to ., bridgin
D8 o MishoR S 25 oIOoIaTS. POve T B 5 O ARG G hd are

a4 B TORLELS R S50 kgL Ao LRy gahore 1 or

Angstrons, are approxinate, have a range of + 0.5
Angstrom and ar’gomypi cat(AWhen Ty@A)si |l i co@)and t he
bridging atons arie oxygeysl At om.3§6A) Y(E061z(A) T I
4.051 2.356 6.9 T 2 3,@,’@0 3. 9Bk P. 38]95'813 3.430

7.084 9.381 T 414 051 154967 696k g51 8.711
6.961 T 6 3. 430T]43 440 541 T 430 @6338 4.541 T
8 6.313 0. 785 8,468 1313 |0 6.313
3.080 10.381 TI Ag 313 41 5 42%,T124% 3 7.987
10. 381 T13 8.57 356364

10.338 4.541
6 313 0.785 8.468

T 9 6.313 3.926 5.453
T10 6.313 -3.080 . 10.381
T11 6.313 7.141 5.453
T12 6.313 7.987 10.381
T13 8.576 2.356 6.961
T14 . 9.197 7.084 9.381
T15 9.197 3.983 9.381
T16 6.313 10.282 8.468
T17 6.313 9.436 3.540
T18 8.576 8.711 6.961
T19 6.313 13.496 8.468
T20 6.313 14.343 3.540
T21 6.313 16.638 5.453
T22 8.576 15.067 6.961
T23 9.197 10.338 4.541
T24 9.197 13.440 4.541
TABLE 9

Positions of tetrahedral (T) atoms for the basic EMM-3 subunit 3b. Values,
in units of Angstroms, are approximate, have a range of + 0.5 Angstrom and

are typical when T = silicon and the bridging atoms are oxygen.

Atom x(A) y(A) z(A)
T1 2.273 1.627 2.420
T2 0.000 1.578 4.500
T3 0.000 0.724 7.540

T4 8.040 4.729 2.420



T14 . 9.197 7.084 9.381 T15 9.197 3.983 9.381 T16
6.313 10.282 8.468 T17 6.313 9.436 3.540 T18 8.576
W@20030013061 T19 6. 313 13.496 8.468 T20 6. 313 BAT/BEAR04/020090
3.540 T21 6.313 16.638 5.453 T22 8.576 15.067 6.961
T23 9.197 10. 338 4.541 T24 9.197 13.440 4.541 TABLE 9
Positions of tetrahedral (T),atons for the basic EMW 3
subunit 3b. Val ues, in uni t'slﬁT Angstroms, are
approxi mate, have a range of + 0.5 Angstrom and are
typical when T = silicon and the bridging atons are
oxygen. Atom c(§)5 y(A) YW T 148073 14 2.420 T 2
0.000 1.578 4.5800 T 3 A.@B0 0. 72@B17. 5407.74% 8. 040
4.729 2.420T 5 0.'000 4.27278 4.50072P 6 0.DAW 5. 631 7.540
T 7 2.273 4. 729TZR 420 B.@G108. 040.427627 24XD T 9 2. 883
1.627 8.541 TI OT3 157 L.$888 6. 4667711 4517 0.724
3.420 T12 7.43074p 729 & HAl 1.578 6.460

T11 5.157 0.724 3.420
T12 7.430 4.729 8.541
T13 5.157 4.777 6.460
T14 5.157 5.631 3.420
T15 2.883 4.729 8.541
T16 7.430 1.627 8.541

[0038] The invention also includes a method of synthesizing a crystalline
aluminophosphate or metalloaluminophosphate composition of EMM-3 having
the diffraction pattefn similar to TABLE 2 or TABLE 3, by mixing together a
source of alunﬁna, pﬁospﬁorous, organic dirécting agent (R), water, and optional
metal (Me), with a composition, in terms of mole ratios, within the following

ranges:

P,05/A1,05 05-2
R/ALO5 01-4
H,0/ALL0; 20 - 1000
Me/ALLO; 0-2

and preferably within the following ranges:

P,05/Al,05 09-1.1
R/ALOs 03-1.0
H,0/AL0O; 30-80
Me/Al O, 0-.6

Me is one or more of B, Ga, Si, Ge, Zn, Mg, Fe, Co, Ni, Be, Mn, Ti, Zr.



T13 5.157 4.777 6.460 T14 5.157 5.631 3.420 T15 2. 883
4.729 8.541 T16 7.430 1.627 8.541 [0038] The invention
w@bk®e/003081 udes a nmet hod of synthesizing a crysp@l/UE1964/020090

al um nophosphat e or netal | oal um nophosphate
conposi tion of EMM 3 having the diffraction pattern
simlar to TABLE 2 or TABLE 3, by m xing together a
source of alum na, phosphor éﬂs organi c directing
agent (R), water, and optional netal (Me), with a
conposition, in ternms of nole ratios, within the
[0039] oWand)organgedire RiR(g\V#den? (Bp@férably?hd¥atddBnidind dihydliroxide,
H2O A12Q8 20 - 1000 Me/ Al 2C8 0 - 2 and preferably
whire hiexamg 1 anarmd NN N e SN -perapmgthyl 1 ®-bexangdjammonium.

< i Il B4
ahﬁﬁl %ﬁhnﬁ%ﬁmw%d%' ngtﬁ %‘?(gﬁ' d&sbh dsn¥EModporic

pre era exa oni um ere

aCﬁEa(r&UEIﬁlhﬂﬁilum plfosphates. Sources of metal can be organic silicon such as
N, NN NN N ,N ,6 N -hexanet hyl -1, 6- hexanedi anmoni um

tet&nﬁhﬂé@rtbbsmlcam g@mm@anmﬁthqthm@d calltumdahahca silica gel,
A R T e
a8 R IAGHRL A RHORRNAY 5o SOM: ?‘EF iRkl g ed at

gani ¢ si co’n suc etraethynl or I'ca

a t&@@wﬁwﬁﬂd\ﬁm@tshﬁweﬁs toc&!yétau%l thé 'aldrﬁﬁ}opﬁbhp}ﬁ%@e ae!l
fumed silica and various salts of the netals (M) such

medsll@alnmindophaspbatecobal t acetate, iron chloride, and
magnesiumnitrate, etc.. The mxture is then heated at

[0040] The crystalline material of this invention can be used to catalyze a wide
variety of chemical conversion processes, particularly organic compound
conversion processes, including many of present commercial/industrial
importance. Examples of chemical conversion processes which are effectively
catalyzed by the crystalline material of this invention, by itself or in combination
with one or more other catalytically active substances including other crystalline

catalysts, include those requiring a catalyst with acid activity.

[0041] Thus, in its active form EMM-3 exhibits a high acid activity, with an
alpha value of 1 to 12. Alpha value is an approximate indication of the catalytic
cracking activity of the catalyst compared to a standard catalyst and it gives the
relative rate constant (rate of normal hexane conversion per volume of catalyst
per unit time). It is based on the activity of silica-alumina cracking catalyst taken
as an Alpha of 1 (Rate Constant=0.016 sec-1). The Alpha Test is described in U.
S. Pat. No. 3,354,078; in the Journal of Catalysis 4, 527 (1965); 6, 278 (1966);
and 61, 395 (1980), each incorporated herein by reference as to that description.

The experimental conditions of the test used herein include a constant



a tenperature and tine sufficient to crystallize the

al um nophosphate or netal | oal um nophosphate [0040] The
w@eoosvedoBi ne material of this invention can beP@FES2004020090

catal yze a wi de variety of chem cal conversion

processes, particularly organic conpound conversion

processes, including many of_present

commerci al /i ndustrial inportance. Exanples of cheni ca

conversion processes which are effectively catal yzed

by the cr%/st alline material of this invention, by
tempesptiurgpl pASconBRt atviapinbld Hewgate asrdaseribedimdetail in the

cat a ical.ly acti tances i ncludi ng ot her
JO&V{?QM*W%%%@ J;r(éeg tlude those requiring a

catalyst with acid activity. [0041] Thus, inits

active form EMH 3 exhibits a high acid activity, with

[08d23| pWaeralse@ a9t chtdlpst]the AlypaBinehEria$ offhe invention may
approxi mate indication of the catal ytic cracking

beasihjetted tofreatmeentdo atysve partparadbof anyaorgaaideonstituent. This is
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is Wb feqtd Liad h hVity of .
is e Bibmpleorh® SRR TS ARICYTE, Gy s 1 e apa
gehet4RB] fotTBASEMAT 200HRrs SWhilk- subREnNphRAC [B8dsutS can b

P No. 3,35 éﬂl h

described in U S. Pat. . 3,354,078; in“the Journa
emyplo@ad dbythie sheérmaA 2k atth8HG ptmbsplErR 1fré&ahe is dewdredifor 3&sons

(1980), each incorporated herein by reference as to
oftqpayerisges.i g bsrmahcaimsat cap he perfosmertat eriemperatuke up to

o ot G T Rt B P BeS et e Rl an s HaditydFheen
andNBndPUiIA Ifoﬁﬁs,cfé‘ﬁ)ﬁfft%%ilaﬁl}ﬁﬁseféfaﬁ t@ﬂa%%@e)]gmg Q)?%%%tait%kgr%anic,

used as a catalys the crysta ne nmateri a

e.g.nheditocarbomayoivecrsionjreadtishst 0 treatment to renove part
or all of any organic constituent. This is
conveniently effected by thermal treatnent in which

b RLSEA CuBbC ol bt S STBRGRA
coBfRRERLith ef‘ﬁ’fdﬂo Qﬂﬁfnﬁg@}ﬂ SR IRUER as Ymdés?en, vapadium,
subat nospheric pressute cgn %e enpl oye or ‘the

mdlybdemim] theaturentickel, sobalhehrémifsfahgahssel6s h nobld Mktal
reasons of conveni ence. The thernmal treatnment can be

suglep$ plagiagmaer pallasivarehence hydrogendsnn-dezBtrogenartom function
is {%,hlgeg ggxlg | &d. (;S%tcg%o rlgo%ue%% Can b 0 itﬁe}aI cl: mijgsii‘.itofci br}rle\gzg}l/ of
cocrystallization, exchanged into the composition to the extent a Group IIIA
element, e.g., aluminum, is in the structure, impregnated therein or intimately
physically admixed therewith. Such component can be impregnated in or on to it
such as, for example, by, in the case of platinum, treating EMM-3 with a
solution containing a platinum metal-containing ion. Thus, suitable platinum
compounds for this purpose include chloroplatinic acid, platinous chloride and

various compounds containing the platinum amine complex.

[0044] The crystalline material of this invention, when employed either as an

adsorbent or as a catalyst in an organic compound conversion process should be



and ammonium forns, is particularly useful in the

catal ysis of certain organic, e.g., hydrocarbon,
W@ ovsee®BoN reacti ons. [0043] When used as a CBCHUYED4/020090

the crystalline material can be intimtely conbined

wi th a hydrogenati ng conponent such as tungsten,

vanadi um nol ybdenum rhenium nickel, cobalt,

chrom um nanganese, or a ndbl-e metal such as platinum

or pal |l adi um where a hydrogenati on-dehydr ogenati on

function is to be perforned. Such conponent can be in
deh@ragmesdakst paxtiaflyWalisafandscdyst Iy heztitd o teexpiratge in the

into the conposition to the extent a Goup IIlA
raegeenfehAQ° € .tg about 3 inin asaimpspherestuchdas gl nitrogen, etc., and

I mpregnated therein or intinatel hysi cal | y ;adm xed
at pRBSRCL G, SURRMOSBFB IR URCERTRS PR RS BRaTiE PROBR o 30
to it su I '
T, R BIY Gn oBrPSO ey tpperse
' - ) i Agal Hituslonget tiglel ie reduatéditom
mégg%%ﬂﬁgﬁﬁ%?ietﬁwsm?u@pgggm?ﬂﬁ ude é) r??or (;pl alt irﬁ?c
ob&th @, suffieichhameuahbddelgelraman.var i ous conpounds

contai ning the plati numam ne conpl ex. [0044] The
crystalline material of this invention, when enpl oyed

PHEN Y A TN S .
ne'twgﬁzélétaﬁ’ Aitd Qﬂétﬁe&ﬂl{eﬁia@ ?éhifﬁﬁngl%rlﬁe hympeahires ah@ o@lé?r

rature 1n the range of 100° C to about 370° C. in

confitRindRemileyed fuetzaatc edrversibh pogesseseSach naatdrials include
at mospheric, subatnospheric or superatnospheric .
active ad imastivermafetiasemdanynthetin @snaipmllygogeytiag zeolites as well

s AP PS5 Th e I T QPG ORISE e 28 dhfinina
foe A AP _
Trig Rk el SR UGS piaforelly BebufirBt i bihEpored BPBlabus
préé_i?ﬁﬁﬁés loe ﬁ@ﬁth:mlilﬁg traxtiunenoalied end hestaleoxidey disd of a
W

h another material resistant to the tenperatures
matadabinhemjensithin Wohdhe npwosrgstal, i-corq@arhined dsrewathgy present

P E e
48 e ! o] e

S A R e R o A

proBssBE IRAdHIR mAR Al UitabDE Setive laB dilaenisio tcbatrbdtire mhount of

co%SL:rasﬁolnni?lu;’ given process so that products can be obtained economically and
orderly without employing other means for controlling the rate of reaction.
These materials may be incorporated into naturally occurring clays, e.g.,
bentonite and kaolin, to improve the crush strength of the catalyst under
commercial operating conditions. Said materials, i.e., clays, oxides, etc., function
as binders for the catalyst. It is desirable to provide a catalyst having good crush
strength because in commercial use it is desirable to prevent the catalyst from
breaking down into powder-like materials. These clay and/or oxide binders have

been employed normally only for the purpose of improving the crush strength of

the catalyst.



precipitates or gels including m xtures of silica and
metal oxides. Use of a material in conjunction with
wo b@snessscrystal, i.e., conbined therewith or PCEBES2004/020090

during synthesis of the new crystal, which is active,

tends to change the conversion and/or selectivity of

the catalyst in certain orgagl C conversion processes.

I nactive materials suitably“$eérve as diluents to

control t he anmount of conversion in a given process so
hat products can be obtai ned economi cally and orderly

[OwlﬂmlN BRI NETIBE ﬁhﬁys ek capbecompasited gth the new e

Th | t t
crfatel FEfds B ARy bk th EHbO A HER SaeieadE e the
subBentdRIBY %nHt}ﬁe %adffs é&hgﬂﬁﬁ? kﬁgwgth%éﬁ MENaH{E%e Georgla

conmer ci al operating conditions er Ial’s,

and|Flyfida @l@l}d&ﬁr,otﬁé@ in WHitle th&lﬂlaﬂﬁni@m&idﬁé(ingtﬂtﬁeﬂthéf halloysn:e
catalyst. It is desirable to provide a catal yst having

kagboie odigktie staceiteytdr apeusits Stich daymechabisasia the raw state as

deS| l.e to prevent the catalyst from breaking down
01‘1&’119% M o Inidalky subjpeted to ?ﬁl\és@t@naﬁcwaémeakpa@henncal

m(pdlﬁggtrlén r]?l\ﬁ%lepsel?s%fﬁ%{ Eé&%})gg{?@ﬁté r]ilg Ye&eﬁ{ gé(stal also

rovin

1n<§lﬁ&@iﬁb“f aﬁfé%@&les’\@ﬁéﬁ & J;llicé?%ftroﬁ]he{‘ glt&l’lﬁ}’ﬁlagﬁéﬁﬂ saHRke

conposi fhe new crysta I ncl ude
alummanandmmmrbset}mmbfkaol in famly, which famlies

i ncl ude the subbentonites, and the kaolins commonly

known as Di xie, MNanee, Georgia and Florida clays or

[OGA717 T p 838 che ForkBo BeTpitErls, S Sk L cbg ¢ o
coﬂﬁ%@ﬂé& W £ Br&% HAEE hRtehRE i@ §1ﬁ5§—aﬁﬁnﬁfa‘ Qﬂfé.‘al Iy

ed or ini |aIy subjected to ca C|nat|on

magnesiansitica-eircohgiysila-tirorhf dilied-berylliBj sitles sitatie by welods
conpositing wth the present crystal also include
ternhﬁyrfganp@slaﬁnﬂwh afghcarglusninpdhoriaj sibeni dumina-aitcania

i %]neSLa ber¥ ay gl um na, and.m xtures thereof.

S1 ]fa flla(?ﬂ SRR RIS at erial s, the new
cryst aI can be conposited with a porous matri X
material such as silica-alumna, silicamagnesia,

[0G48]i cEhe i¢lating proportibssiof fiaglyadiviiedi @istaBing marial and
silica-titania as well as ternary conpositions such as

inogganie axideupatrax vaoyr widelwi withk she afystal wentent caorging from about
1 to about 90 percent by weight and more usually, particularly when the

composite is prepared in the form of beads, in the range of about 2 to about 80

weight percent of the composite.

[0049] In order to more fully illustrate the nature of the invention and the

manner of practicing same, the following examples are presented.

EXAMPLES

Example 1. Synthesis of AIPO EMM-3.



silica-al um na- magnesi a and silica-nmagnesi a-zirconi a.
[0048] The relative proportions of finely divided
w@eoosvedoBi ne material and i norgani c oxi de nmat rPEI/US2094/020090
widely, with the crystal content ranging from about 1
to about 90 percent by weight and nore usually,
particularly when the conposite is prepared in the
form of beads, in the range28f- about 2 to about 80
wei ght percent of the conposite. [0049] In order to
nore fully illustrate the nature of the invention and
[006@] nehnpnthefis gehof campgsisane, the fol | owi ng exanpl es
are presented. EXAMPLES Exanple 1. Synthesis of Al PO

59000 Bl B s o 0

N, NN N, N ,N -hexanet hyl -1, 6- hexanedi ammmoni um

REETLSA RSE, B
SRR 5o aba b YRR SARIIDEIY O,

29mf @ fyarﬂed aliifina8E0nde ROV ikl ChiaPaIsA § eQ@%' Hy@ﬂtd 9 tz&@@ plastic

ive minutes. The m xture was again m xed for one
beakemﬂ‘élembdﬁum wapaiked with & :tpa$u1mfx>r one mihtik Hdythefre@Pting
hexanet honi um di hydr oxi de, and 6.9 H20 wer e added and
thickagiealifveedioags %rfw@ri@mﬂt%t@e«mm%@ Wanagug, mixed for

onk gRBTAG P byt vB U e, TRA 0 8F 22 Hoheamethppipm
difijobdesl ARt eoantpo lebkomdblingd HULARKAY hined 18 3R0nthute

irred stainlesS steel. autoclave. The Teflon-Ii ned

withuh aphialeg tnamsferemictoedblehdatiiiiearth@®ughiy homoganizad for
.oven under static conditions and the stainless steel
fiveumguites, d hgaghite gek was thenid@ysiedistweoen polaflonined gutoclave

and i 300 B9 SBREG Creblel b ibiothk e TEO Srhal i apgotave was

red S@H@I@@beorm&rg %98hia ?‘bve"i’anlﬂn&eli‘ QPhticEIndifidRda fhté

e-1onil zed O and centri four nore tinmes to wash
stmﬂlesmteeﬂtmitocﬁhewmls@datné@ am&aﬁ&"(dfmez;() hoursnwizh & soiveng speed

of é%g%:gﬁ %t;rg%gh?lgﬁkg gg%c?%/eg %Agg(;m);rrn%%ra%;ef trhg (grggl?cts were
recovered by centrifugation, and then reslurried with de-ionized H,O and
centrifuged four more times to wash the product. The products were dried in an
air oven at 115°C and then analyzed by powder X-ray diffraction and found to

be pure EMM-3 as shown in TABLE 10 and Figure 4.

TABLE 10
X-ray diffraction listing of AIPO EMM-3 as synthesized. Siemens D5000

diffractometer using CuKa radiation.

2-theta  d(A)  Ulo(%)
7.91 11.2 100

8.16 10.8 20
8.38 10.5 13
9.38 9.42 22
9.49 9.31 7

10.86 8.14 2



be pure EMM 3 as shown in TABLE 10 and Figure 4. TABLE

10 X-ray diffraction listing of Al PO EMM 3 as
wa@shesred. Si emens D5000 diffractoneter usiPQI/Os4a4/020090

radi ation. 2-theta d(A) I/1o(% 7.91 11.2 100 8.16

10.8 20 8.38 10.5 13 9.38 9.42 22 9.49 9.31 7 10.86

8.14 213.69 6.46 24 13.94 6.35 4 15.02 5.89 2 15.22

5.82 3 15.79 5.61 6 16.31 5243 6 16.49 5.37 30 16.75

5.29 44 18.75 4.728 21 18.98 4.672 9 20.23 4.385 7

20.86 4.255 23 21.18 4.192 66 21.87 4.061 47 22.19

4.003 67 22.48 3.952139923. 16.46. 845 X6

13.94 635 4
1502 5.89 2
1522 5.82 3
1579  5.61 6
1631 543 6
1649 537 30
1675 5.9 44
1875  4.728 21
1898  4.672 9
2023 4.385 7
2086  4.255 23
2118 4.192 66
21.87  4.061 47
2219 4.003 67
2248 3952 32
23.11  3.845 16
2331  3.813 3
23.60  3.767 5
2410  3.689 2
2587  3.441 7
26.02 3421 7
2690 3312 4
27.18  3.278 5
2756  3.234 33
2833 3.147 12
28.60  3.119 2
2899  3.078 5
2925  3.051 13
29.87  2.989 3
3000  2.968 6
30.63  2.916 3
3135  2.851 5
31.88  2.805 32
3296 2715 7
3342 2.679 10
3417 2.622 4
3445  2.601 3
3493  2.567 4
3524 2.545 4
3537  2.536 9
36.43 2464 1
37.15 2419 3
3737  2.404 1
38.88 2314 1
40.15  2.244 6
4149 2175 6



23.31 3.813 3 23.60 3.767 5 24.10 3.689 2 25.87 3.441

7 26.02 3.421 7 26.90 3.312 4 27.18 3.278 5 27.56
W@2003403831 28. 33 3. 147 12 28.60 3.119 2 28. 99 3rOW8S1H04/020090

29.25 3.051 13 29.87 2.989 3 30.09 2.968 6 30.63 2.916

3 31.35 2.851 5 31.88 2.805 32 32.96 2.715 7 33.42

2.679 10 34.17 2.622 4 34.4 .601 3 34.93 2.567 4

35.24 2.545 4 35.37 2.536 9“36.43 2.464 1 37.15 2.419

3 37.37 2.404 1

Example 2. Calcination of EMM-3.

[0051] A portion of the sample from example 1 was calcined in air by ramping
to 650°C in 2 hours and then holding for 2 hours. One portion of this calcined
sample was mounted on a platinum heating strip in a high temperature X-ray
diffraction chamber mounted on a Scintag XDS 2000 diffractometer. The sample
temperature was set to 150°C and the chamber was purged with a flow of dry
nitrogen. The X-ray diffraction pattern was then measured and is given in

TABLE 11 and shown in Figure 5.
TABLE 11
X-ray diffraction listing of calcined, dehydrate_d EMM-3. Scintag XDS

2000 diffractometer using CuKa radiation.

- 2theta D(A) V(%)
8.10 10.9 100

9.52 9.28 18
13.76 6.43 13
13.99 6.33 19
14.93 593 1
16.24 5.45 7
16.94 5.23 2
19.06 4.652 11
19.68 4.507 2
20.53 4.322 2
2141 4.147 10
21.55 4.120 7
22.27 3.988 17
23.74 3.746 4
24.17 3.679 1
26.25 3.393 3
26.91 3.311 4
27.63 3.226 3
27.71 3.216 0
28.15 3.167 9
29.35 3.041 3
29.52 3.024 1
29.78 2.998 1
29.94 2.982 5



38.88 2.314 1 40.15 2.244 6 41.49 2.175 6Exanpl e 2.
Cal cination of EMW3. [0051] A portion of the sanple
w0 e@sesoanpl e 1 was calcined in air by ranpi ngp€DUSH0OQ0090
in 2 hours and then holding for 2 hours. One portion
of this calcined sanple was nounted on a plati num
heating strip in a high tenperature X-ray diffraction
chanber nmounted on a Scint ag%XDS 2000 di ffractoneter.
The sanple tenperature was set to 1500C and the
chanber was purged with a flow of dry nitrogen. The
X-ray diffraction pat3®é2n waeks7?hen nBasured and is
given in TABLE 11 an®2st3own 4.M&i guré 5. TABLE 11
X-ray diffraction |isBiusg of2. 9@l ci ne@ dehydrated
EMVI 3. Scintag XDS 2@9Mmedi f foext onet gr usi ng CuKa
radiation. | 2-thetasp(od) |/d9(£9 8.30 10.9 100 9.52
9.28 18 13.76 6.43 13 13.99 6.33 19 14.93 5.93 1 16. 24

5.45 7 16.94 5.23 2.19.06 4.652 11 19.68 4.507 2 20.53
Anothgp porton qflthAs qalgingd sgmpiewas allgwedzto hyrrate gwglen ambient

conditions at room temperature for several hours. The X-ray diffraction pattern

was then measured with Cu Ko radiation and is given in TABLE 12 and shown

in Figure 6.

TABLE 12
X-ray diffraction listing of calcined, hydrated EMM-3. Siemens D5000 -

diffractometer using CuKo radiation.

2-theta  d(A)  Llo(%)

7.58 11.7 4
7.81 11.3 19
8.29 10.7 100
9.71 9.10 18
972 9.09 7
1371 645 36
13.81 641 10
1412 627 15
1452 6.09 4
1640  5.40 10
1662  5.33 2
17.10  5.18 3
19.09  4.65 4
1945  4.56 29
2048 433 1
2093 4.4 38
2143 414 25
2216  4.01 19
2234 3976 53
2289  3.883 15
2352 3.780 3
2419 3676 23
2470  3.601 3
2675  3.330 2

27.17 3.280 30



23.74 3.746 4 24.17 3.679 1 26.25 3.393 3 26.91 3.311
4 27.63 3.226 3 27.71 3.216 0 28.15 3.167 9 29.35

W@2@4008329. 52 3.024 1 29.78 2.998 1 29. 94 2. 981/63D00R20090
2.793 2 32.68 2.738 3 33.15 2.701 2 37.06 2.424 1
37.24 2.413 1 Another portion of this calcined sanple
was all owed to hydrate under__anbi ent conditions at
roomtenperature for several7tours. The X-ray
diffraction pattern was then neasured with Cu Ka
radiation and is given in TABLE 12 and shown in Figure
6. TABLE 12 X-ray d2ffHPact 3480 i stid¥y of cal cined,
hydrated EMV 3. Si eB888 D5GMD7di f f rdct omet er usi ng
CuKa radiation. 2-thsua d(A)139/10(%2 7.58 11.7 4 7.81
11.3 19 8.29 10.7 16939. 7139480 18 25

30.33 2.945 17
30.80 2.901 10
31.42 2.845 6

Example 3. Synthesis of SAPO EMM-3.

[0052] A synthesis gel of composition:
0.5 R(OH);: ALOs5: P,0s: .2 SiO,: 45 H,0: 8 CH;CH,0H,

where R is N,N,N,II\I’,N ", N-hexamethyl-1,6-hexanediammonium
(hexamethonium) was prepared by adding 10.92 g of 85% H;POy, 12.0 g H,0,
and 6.54 g hydrated alumina (Condea/Vista Catapal A, 26% H,0) to a tared
plastic beaker. The mixture was mixed with a spatula for one minute and the
resulting thick paste allowed to age for five minutes. The mixture was again
mixed for one minute with a spatula. To this mixture, 1.97 g of 98%
tetraethylorthosilicate (Aldrich), 25.45 g of 22% hexamethonium dihydroxide
(SACHEM, Inc.) and 17.46 g of 200 proof ethanol were added and the mixture
mixed for one minute with a spatula, then added 1.00 g of AIPO EMM-3 seeds
and .65 g H,O and the mixture mixed for one minute with a spatula, then
transferred to a blender and thoroughly homogenized for five minutes. The white
gel was then placed in a Teflon-lined autoclave and reacted at 160°C for 48
hours in an air oven. After cooling the autoclave to room temperature the
product was recovered by centrifugation, and then reslurried with de-ionized
H0 and centrifuged four more times to wash the product. The product was dried
in an air oven at 115°C and then analyzed by powder X-ray diffraction and
found to be pure EMM-3. Elemental analysis gave 1.40% Si, 17.0%Al, and
17.8% P representing a product stoichiometry of:
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Si.04Al50P 46

A portion of this sample was calcined in air at 650°C for 3 hours and then found

to absorb 11.1% n-hexane at 50 torr pressure, 24°C.

Example 4. Synthesis of SAPO EMM-3.

[0053] A synthesis gel of composition:
0.5 R(OH)Z A1203 P205: 4 SlOz 45 Hzo,

where R is N,N,N,N',N',N'-hexamethyl-1,6-hexanediammonium
- (hexamethonium) was prepared by adding 13.77 g of 85% H3PO,, 15.0 g H,O,
and 8.24 g hydrated alumina (Condea/Vista Catapal A, 26% H,0) to a tared
plastic beaker. The mixture was mixed with a spatula for one minute and the .
resulting thick paste allowed to age for five minutes. The mixture was again
mixed for one minute with a spatula. To this mixture, 4.98 g of 98%
tetraethylorthosilicate (Aldrich), 32.08 g of 22% hexamethonium dihydroxide
(SACHEM, Inc.) were added and the mixture mixed for one minute with a
spatula, then added 1.00 g of AIPO EMM-3 seeds and .94 g H,O and the mixture
mixed for one minute with a spatula, then transferred to a blender and
thoroughly homogenized for five minutes. The white gel was then placed in a
Teflon-lined autoclave and reacted at 160°C for 48 hours in an air oven. After
cooling the autoclave to room temperature the product was recovered by
centrifugation, and then reslurried with de-ionized H,O and centrifuged four
more times to wash the product. The product was dried in an air oven at 115°C
and then analyzed by powder X-ray diffraction and found to be pure EMM-3.
Elemental analysis gave 2.5% Si, 17.1%Al, and 18.0% P representing a product
stoichiometry of:

Si,068A1.486P.446



Exanpl e 3. Synthesis of SAPO EMW 3. [0052] A synthesis
gel of conposition: 0.5 R(OH) 2: A 2C3: P2C6: .2 Si2:

W@ 2005803038 CH3CH20H, where R is PCT/US2004/020090
N, N, N, N, N, N -hexanet hyl -1, 6- hexanedi ai ri noni um
(hexanet honi um) was prepared by adding 10.92 g of 85%
H3PO4, 12. g H2O and 6.54 g hydrated al um na
(Condea/ Vi sta Catapal A, 26WH20) to a tared plastic
beaker. The m xture was mxed with a spatula for one
m nute and the resulting thick paste allowed to age
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nore tines to The product” was dried

antl 8.5 g dydrage alwhink (B0 dentV it tadbatapail A(,z%@%tiylz(b))tnde tared
X-ray diffraction and found to be pure EMV 3
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Or r pressure, Synthesis of SAPO

tetEé\‘Ml ortﬂu@ﬁl@%hteﬂ(léﬁ&lﬁthﬁ SBs1 g |of QQ%: hﬁ?pametﬂllonmm @ikydroxide
2: Al 203: P2C6: .4 Si2: 45 H20, where Ris

(SmcmmenN) were hdsdedrend e migureRarediferRRsiRHte With a
spatula, then added 1.00 g of AIPO EMM-3 seeds and 1.49 g H,O and the

mixture mixed for one minute with a spatula, then transferred to a blender and
thoroughly homogenized for five minutes. The white gel was then placed in a
Teflon-lined autoclave and reacted at 160°C for 48 hours in an air oven. After
cooling the autoclave to room temperature the product was recovered by
centrifugation, and then reslurried with de-ionized H,O and centrifuged four
more times to wash the product. The product was dried in an air oven at 115°C
and then analyzed by powder X-ray diffraction and found to be pure EMM-3.
Elemental analysis gave 1.2% Si, 17.5%Al, and 19.4% P representing a product
stoichiometry of:

S1,032A1 402P 475

A portion of this sample was calcined in air at 650°C for 3 hours and then found

to absorb 11.7% n-hexane at 50 torr pressure, 24°C.



(hexanet honi um) was prepared by adding 13.77 g of 85%
H3PO4, 15.0 g H2O, and 8. 24 g hydrated al um na

W@ Sondemsdi st a Catapal A, 26% H20O) to a tared PCEES1004/020090

- beaker. The mi xture was m xed with a spatula for one
mnute and the . resulting thick paste allowed to age
for five mnutes. The m xture was again m xed for one
mnute with a spatula. To-t¥s mixture, 4.98 g of 98%
tetraethylorthosilicate (Aldrich), 32.08 g of 22%
hexamet honi um di hydr oxi de (SACHEM Inc.) were added

Ex@ngld fie Syhttesiseo 8 ABO EMiMehe minute with a spatul a,
then added 1.00 g of Al PO EMV 3 seeds and .94 g H20
and the m xture mxed for one mnute with a spatul a,

t hen transferred to a bl ender and thoroughly
[00$§h o gBrHYE stogeqqu\}?&“m‘%%ﬁlo&. The white gel was then

placed in a Teflon-1ined autoclave and reacted at
16Q0C for 48 hours in-an air oven. After cooling the

aut ocl ave t ooysop(@H?ﬁmg(ag:Ll?ze)St heSiododd,Vas
recovered by centrifugation, and then reslurried with
de-ioni zed H20O and centrifuged four nore tinmes to wash

the product. The p{loduct WPECQ%I ead idn an air_oven at
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g Iflzo(g a];id\{}?e Inrligtl{ltrg %riix-erg ?orngﬁ(et I%I%Jt\é\%tﬁ"g%bgtula, then transferred to a
blender and thoroughly homogenized for five minutes. The white gel was then
placed in a Teflon-lined autoclave and reacted at 160°C for 48 hours in an air
oven. After cooling the autoclave to room temperature the product was
recovered by centrifugation, and then reslurried with de-ionized H,O and
centrifuged four more times to wash the product. The product was dried in an air
oven at 115°C and then analyzed by powder X-ray diffraction and found to be
pure EMM-3 as given in TABLE 13 and Figure 7. Elemental analysis gave 2.6%

Si, 17.2%Al, and 17.0% P representing a product stoichiometry of:

Si 72AL 408P 420

A portion of this sample was calcined in air at 650°C for 3 hours and then found

to absorb 12.5% n-hexane at 59 torr pressure, 23°C.



m xed for one mnute with a spatula. To this m xture,
2.57 g of 98% tetraethylorthosilicate (Al drich), 33.18

W@ 2@65/0@0% hexanet honi um di hydr oxi de ( SACHEM | PCT/US2004/€20090
added and the m xture mxed for one mnute with a
spatul a, then added 1.00 g of Al PO EM\# 3 seeds and
1.49 g H2O and the m xture m xed for one mnute with a
spatula, then transferred t3la bl ender and thoroughly
honogeni zed for five m nutes. The white gel was then
placed in a Teflon-lined autoclave and reacted at
1600C for 48 hours in anmrTABLIOU8N. After cooling the
aut ocl ave to roomtenperature the product was
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pressure, 24°C. Exani?.886. $3% hesi ¢4of SAPO EMM 3.
[0055] A synthesis tel3of Odifpositidn: 0.5

R(OH) 2: Al 208: P205: 16.26 Si 05:2845 H2Q7 where R is

N, N, N, N, N, N - hexapgohyl - l4,68) hexanpedi anmoni um
(hexanet honi um vvasnggpare,dlday adding 33.67 g of 22%
hexanet honi um di hyd A de Q%CHEI\/D zand 1.67 g fumed

silicato 125 ni Te , shagjgen and then placed
[ Eour§9

in a 1000C oven for 4 45,4 of 85% H3PO4,
12.44 g H20, and 8. ed aI1 m na (Condea/ Vi sta
Catapal A 26% H20) to a zar ed plastic
beaker. The mi xt ur e? vvlth spatula for one
mnute and the resu%?‘h t%ﬁgg paste allowed to age
for five minutes. T?fé39n xt 8264 was afain mi xed for one
mnute with a spatu?a79To 8808 ni xtllre, the tenpl ate
sol uti on was added 28.4tg WB{#01. 001§ of Al PO EM 3

seeds and 4. 12 29.15 3.061 16
29.98 2.978 8
31.54  2.834 5
32.12  2.785 17
33.11 2.703 10
34.14  2.624 2
34.48 2.599 11
3554  2.524 7

Example 7. Synthesis of GeAPO EMM-3.
[0056] A synthesis gel of composition:
0.5 R(OH),: Al,Os: P,0s: .2 GeO,: 45 Hy0,

where R is N,N,N,N’N’,N-hexamethyl-1,6-hexanediammonium
(hexamethonium) was prepared by adding 14.1 g of 85% H3PO, 16.4 g H,0,



g H2O and the m xture mxed for one mnute with a
spatul a, then transferred to a bl ender and thoroughly
whowsgersred for five mnutes. The white gel wWeST/Uk®N4/020090
placed in a Teflon-lined autoclave and reacted at
1600C for 48 hours in an air oven. After cooling the
autoclave to roomtenperature the product was
recovered by centrifugati om,3%and then reslurried wth
de-ionized H O and centrifuged four nore tinmes to wash
the product. The product was dried in an air oven at
ant1 46 ghwmtﬁelmlamng/ (eandpp/ ViswalCatagat Ay 2674 H,@0 1o artared

and ure EMM 3 as._given in TABLE 13 and
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absorb 12.5% n-hexane at 59 torr pressure; “230C. TABL

eth@xideraay 33.9 Erad2% hekamethopiwh ditRDokMe (3 AACHEM phicedwere
- exanple 6. Sienens D5000 diffractonmeter usi nggTQJKa
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blgidet:gnd Rt fusroneRly HsnoRcay s 103 1%, i st 1 Whitg el was
thén %i—”a‘&e& @R T2frondint Pdtodiavé dnd Feattd Pt 160°C for 26 hours. After
cooling the autoclave to room temperature the product was recovered by
centrifugation, and then reslurried with de-ionized H,O and centrifuged four
more times to wash the product. The product was dried in an air oven at 115°C
and then analyzed by powder X-ray diffraction and found to be pure GeAPO

EMM-3.
Example 8. Synthesis of ZnAPO EMM-3.
[0057] A synthesis gel of composition:
0.7 R(OH),: 0.9A1,05: P,0s: .2 ZnO: 55 H,0,

where R is N,N,N,N',N',N'-hexamethyl-1,6-hexanediammonium
(hexamethonium) was prepared by adding 24.2 g of 85% H3POy,, 25 g H,0, and
6.3 g Zn(NOs),-6H,0 to a tared plastic beaker and stirring until zinc nitrate
dissolved. Then 13.0 g hydrated alumina (Condea/Vista Catapal A, 26% H,0)
was added and the mixture was mixed with a spatula for one minute and the
resulting thick paste allowed to age for five minutes. The mixture was again
mixed for one minute with a spatula. To this mixture 79.0 g of 22%
hexamethonium dihydroxide (SACHEM, Inc.) was added and the mixture mixed

for one minute with a spatula, transferred to a blender and then thoroughly
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[0058] A synthesis gel of composition:

0.7 R(OH),: 0.9A1,05: P,0s: .2 MgO: 55 H,0,
where R is N,N,N,N',N',N'-hexamethyl-1,6-hexanediammonium
(hexamethonium) was prepared by adding 24.4 g of 85% H;POy, 25 g H,0, and
5.4 g Mg(NOs),'6H,0 to a tared plastic beaker and stirring until magnesium
nitrate dissolved. Then 13.1 g hydrated alumina (Condea/Vista Catapal A, 26%
H,0) was added and the mixture was mixed with a spatula for one minute and
the resulting thick paste allowed to age for five minutes. The mixture was again
mixed for one minute with a spatula. To this mixture 79.5 g of 22%
hexamethonium dihydroxide (SACHEM, Inc.) was added and the mixture mixed
for one minute with a spatula, transferred to a blender and then thoroughly
homogenized for five minutes. The white gel was then placed in Teflon-lined
autoclaves and reacted at 130°C 1 day in air oven. After cooling the autoclaves
to room temperature the product was recovered by centrifugation, and then
reslurried with de-ionized H,O and centrifuged four more times to wash the
product. The product was dried in an air oven at 115°C and then analyzed by

powder X-ray diffraction and found to be impure, but the‘major phase to be

EMM-3.



nore tines to wash the product. The product was dried

in an air oven at 1150C and then anal yzed by powder
woe0ap03Bf f racti on and found to be pure GeAPO BBAVS2004/020090

Exanpl e 8. Synthesis of ZnAPO EMM 3. [0057] A

synthesis gel of conposition: 0.7 R(OH) 2: 0.9A 2(8:

P2G6: .2 ZnO 55 H2O where Ris
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(hexanmet honi um) was prepared by adding 24.2 g of 85%
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-6H20 to a tared plastic beaker and stirring until
magnesi um nitrate di ssolved. Then 13.1 g hydrated
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. -and the m xture was m xed with a spatula for one
mnute and the resulting thick paste allowed to age
for five mnutes. The m xture was again m xed for one
mnute with a spatula. To t%s nmixture 79.5 g of 22%
hexamet honi um di hydr oxi de (SACHEM Inc.) was added and
the m xture m xed for one mnute with a spatul a,
Ccuiasnsferred to a bl ender and then thoroughly
honogeni zed for five mnutes. The white gel was then
pl aced in Teflon-lined autocl aves and reacted at 13Q0C
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substantially as set forth in TABLE 3 of the specification.

4. The calcined hydrated materials of claim 2 and claim 3
characterized by an X-ray diffraction pattern including the most significant lines

substantially, as set forth in TABLE 4 of the specification.

5. The calcined dehydrated materials of claim 2 and claim 3
characterized by an X-ray diffraction pattern including the most significant lines

substantially, as set forth in TABLE 5 of the specification.

6. The crystalline material of claim 1 wherein said tetrahedral
atoms include one or more elements selected from the group consisting of Li,
Be, Li, Al, P, Si, Ga, Ge, Zn, Cr, Mg, Fe, Co, Ni, Be, Mn, As, In,, Sn, Sb, Ti,
and Zr.



framewor k bei ng defined by connecting the nearest

tetrahedral (T) atonms in the manner shown in TABLE 1
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crystalline material, as synthesized, characterized by
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i nclude one or nore el enents sel ected fromthe group
-consi sting oA @w mryskllise nsuallealumdnophosphaiewwompound of

crystal l ine_al uym nophosphate conpound of conposifian,
O DR e BRLRIIRS N, RO B T o i, TS is one
= -~1, =, . : 2y s a = s
orfyore oFB; Ghe s Ge, 7, M e, Co Wi, Be My HEX, Shd wiibrs m =

0.0ABUExZ 091 A2ngw Gryspaly+ me- Metald 98l amimepheisR PG gique
conpound of conposition RlnMexAl yPzCynH 20 where R is
diffmaasiapepdtere esrgoendl ABLE 8. one

10. A calcined crystalline metalloaluminophosphate compound of
composition Me,Al,P, 0, nH,0 where Me is one or more of B, Ga, Si, Ge, Zn,
Mg, Fe, Co, Ni, Be, Mn, Ti, Zr, and where x=0.00- .2, y=.6-12, z=.6-1.2

and n > .2, and having a unique diffraction pattern as given TABLE 4.

11. A calcined crystalline metalloaluminophosphate compound of
composition Me,Al,P,0,-nH,0 where Me is one or more of B, Ga, Si, Ge, Zn,
Mg, Fe, Co, Ni, Be, Mn, Ti, Zr, and where x=0.00- .2, y=.6-12, z=.6-1.2

and n < .2, and having a unique diffraction pattern as given TABLE 5.

12. The crystalline material of claim 8 wherein R comprises a

cation derived from hexamethonium.



or nore of B, Ga, Si, Ge, Zn, My, Fe, Co, N, Be, M,

Ti, Zr, and where m=0.01 -1 , x =0.01 - .2, vy =.6
WO 25893031 = .6 - 1.2 and n > .2, and havi ng a RCI/{sm®04/020090

diffraction pattern as given TABLE 3. 10. A calcined

crystalline netal |l oal um nophosphat e conpound of

conposi tion MexALPz(VnH 20 where Me is one or nore of

B, Ga, Si, Ge, Zn, My, Fe, "&,”" Ni, Be, WM, Ti, Zr, and

where x = 0.00 - .2, y =.6- 1.2, z=.6- 1.2 and n

> .2, and having a unique diffraction pattern as given

TABLE 4. 13. The enystallind neatgmalaofi ¢laign 9 wherein R comprises a

net al | oal.ym ngphosphat e conpound of conposition
Caﬂ@?/é%ﬂféfl%m&&éaﬁ)%&%mﬂ@'i s one or nore of B, Ga, Si,

Ge, Zn, My, Fe, Co, N, Be, M, Ti, Zr, and where x =

0.00 - .2, y=.6-1.2, z=.6-1.2andn < .2, and

havi ng a uni guaethotfdfa ht}_fyslisz% h@EystA%ing aheRinbMBoEpIrate

12. The crystalline material of claim8 wherein R
coamprumidstesing that didfracteon patterhrsomilae scarABIds 2uby W3ixinghe

crystalline nmaterial of claim9 wherein R conprises a
oo SERICR\RL ALETR, RBQSTRST B WAHET, 20 ORERE IBReCHRE agent,

nt i.Zi a crystalline alksum nophosphate .conmpound
AR e e e Pe PR B e DO RR 2 BB E 2 "5y
alﬁﬁﬂﬂ@o& ther a source of alum na, phosphorous,
wat e ahd organic directing agent, and heating at a
tenperature and tinme sufficient to crystallize the
al um nophosphate . 15. A nmethod of synthesizing a

cryst al | i ieAreethiodsdisynthesisies pieayssallivapound havi ng
migfottanindFhodPe Yt e hedHiBriul pltimitife? o
AL, 05SSRl R S

andwirghdioalitecting pest had Beatlifs ara eniipdratre aad nahekuficient to
whose structure has the subunits given in TABLE 8.
crystallize the metalloaluminophosphate.

16. A crystalline material whose structure has the subunits given

in TABLE 8.

17. A crystalline material whose structure has the subunits given

in TABLE 9.

18. A method for synthesizing crystalline material exhibiting a
characteristic X-ray diffraction pattern including d-spacing values shown in
TABLE 2 which comprises (i) preparing a mixture capéble of forming said by
mixing together a source of alumina, phosphorous, organic directing agent (R),
and water with a composition, in terms of mole ratios, within the following

ranges:



17. A crystalline material whose structure has the
subunits given in TABLE 9. 18. A nethod for

w@she®sri ng crystalline material exhibiting BCT/US2004/020090
characteristic X-ray diffraction pattern including
d- spaci ng val ues shown in TABLE 2 which conprises (i)
preparing a m xture capable of formng said by m xing
t oget her a source of al uminad$-phosphorous, organic
directing agent (R), and water with a conposition, in
terns of nole ratios, within the follow ng
ranges: PPGB;A208 0.5 - 2 RIA12Q8 0.1 -0.4-E20 A12G8 20
- 1000 (ii) maintaining said m xture under sufficient
condi ti oRIAlH4 udi ng a tenperature of f@dmdbout 1000C
to about ntil crystals of said er j are
f or ned; ﬁ?ﬁf)/%%(% recovering said cryst T'rrlQ@(l)rmteri al
fromstep (ii). 19. The nethod of claim 18 wherein
said m xture has a conposition, in terns of nole
ratios, wthin the follow ng ranges: P2(VAl 203 0.9 -

(il LmbirRAiALREO8aid. Bixturk. uhddP O ALc268 cadditidB iAcluditigea tehperdture
of claim 18 where said organic direction agent. (R). is

of Froxareewoilifn tozbout RE0%etinakcrastaly of sid Jaipraslers sprmed;
oo LR S BRI Rl PRATALEY, o 2> A

exhibiting a characteristic X-ray diffraction pattern

i ncl udi ngqd [ vV, I [

conpri seg 9( mgr‘r}lgglg)ﬂ ﬁ{gagﬁm&g% éélgll aspgﬂl-gxghfr%gggn ng
coﬁx?bﬁti@ﬂ, M g dfafeleliatiod wighinGRe $b116® il rankbs:,

alum na, phosphorous, organic directing agent (R),

water, with a conposition, in terns of nole ratios,

wi thi-n the

P,05/Al,04 -~ 09-1.1
R/ALO; 03-1.0
H,0/AL0;3 30 - 80

20. The method of claim 18 where said organic direction agent (R)

is hexamethonium.

21. The method of claim 19 where said organic directing agent (R)

is hexamethonium.

22. A method for synthesizing crystalline material exhibiting a
characteristic X-ray diffraction pattern including d-spacing values shown in
TABLE 3 which comprises (i) preparing a mixture capable of forming said by
mixing together a source of metal (Me), alumina, phosphorous, organic directing
agent (R), water, with a composition, in terms of mole ratios, within the

following ranges:



foll owm ng ranges: P26/ A12C3 0.5 - 2 RIA12A8 0.1 - 4
H2CVAl 203 20 - 1000 Me/AI2A3 .01 - 2.0 (ii)
woredoapedoni ng sai d m xture under sufficient conPCT/U82984/020090
including a tenperature of from about 1000C to about
2200C until crystals of said material are forned; i
and (iii) recovering said crystalline material from
step (ii). 23. The nethod-af9 ¢l ai m 22 wherein said
m xture has a conposition, in terns of nole ratios,
within the follow ng ranges: P2(VAI 203 0.9 - 1.1
RIA1238 §,3/ALJ0P H2O A12G8 30 - 80 Me/0A$2C8 .01 - 0.6
24. The method of claim 22 where said organic
directi oR/AERt (R) is hexanmethonium #I-#he nmethod
of claim23 where said organic directi a (R is
hexamet hEhOM2(6. The nmet hod of cl ai m2%2 e said
netal ( [ ne or nore of B, G, Si,nenan, M,
Fe, Co, Nﬁﬁe,/ 3Mh, Ti, Zr. 27. The net i03‘32(') claim 23
where netal (Me) is one or nore of B, Ga, Si, CGe, Zn,
My, Fe, Co, Ni, Be, M, Ti, Zr.28. A process for the
separation of hydrocarbons froma hydrocarbaon
(i oeaimiiningsad miamrasindgr sufficient spnditensinelbdinga fpanpiature
crystalline material _of claim1l. 29.. A process for .
of fronv abeuti@OaCrie abstbeRVComitli & Vﬂ@éo?fg%ﬁ ewis’wﬁ&aﬁ e
nver si on. product -\Whj ' :ant acting said
and Gaderaueng SrgahrbnBEt T3 B8 Condi  one
with a catal yst conprising an active
23. The method of claim 22 wherein said mixture has a

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

P,05/AlL,O5 09-1.1
R/ALO; : 03-1.0
H,0/Al,03 30-80

Me/Al,O3 .01-0.6

24. The method of claim 22 where said organic direction agent (R)

is hexamethonium.

25. The method of claim 23 where said organic directing agent (R)

is hexamethonium.

26. The method of claim 22 where said metal (Me) is one or more

of B, Ga, Si, Ge, Zn, Mg, Fe, Co, Ni, Be, Mn, Ti, Zr.

27. The method of claim 23 where metal (Me) is one or more of

B, Ga, Si, Ge, Zn, Mg, Fe, Co, Ni, Be, Mn, Ti, Zr.



formof the synthetic porous crystalline nmaterial of
claim 1.
WO 2005/003031 PCT/US2004/020090
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28. A process for the separation of hydrocarbons from a
hydrocarbon containing stream using a form of the synthetic porous crystalline

material of claim 1.

29. A process for converting a feedstock comprising organic
compounds to conversion product(s) which comprises contacting said feedstock
at organic compound conversion conditions with a catalyst comprising an active

form of the synthetic porous crystalline material of claim 1.



