WD 2005/ 063624 PCT/ US20041042738 AElI-TYPE ZEOLI TE, I TS SYNTHESI S AND I TS
USE | N THE -CONVERSI ON OF OXYGENATES TO COLEFINS FIELD OF | NVENTI ON [ 0001]
This invention relates to a zeolite having an AEl framework type, its
synthesi s KB M3 &d i n the conversion of oxygenates, paPFF@éP‘H’M"V”S
‘methanol, to olefins, particularly ethylene and propyl ene. BACKGROUND OF

| NVENTI ON [ 0002] The conversi on of oxygenates to olefins (OTO is currently
the subject of intgps i Lalynf or repl acing
t he | ong- standi ngA 1 Ie]fz e ﬁ ﬁl Cﬁ\uﬂ’;ﬁ“ r?ls i

i ndustry-standard f yl ene and
propyl ene. The very large volunes involved suggest that substanti al
-econom ¢ incentives exist for alternate technologies that can deliver high
t hroughputs of light olefins in a cost efficient manner. Wereas steam
cracki ng rel HEIOWOQRINYENTIONe thermal reactions of naphtha range

‘hydr ocarbons at very high tenperatures, OTO explaoits catalytic and

m cro- ar chi t 8@Udal ~ pr obEf trEatien red@pyioca ﬁ@ﬂlé%gﬁ‘éﬁlg g didsTrameserkiyper
tenperature . htL: 3 I i | ene
from met hanollg%%%gg%%ﬁt?gg{ &Stﬁgg@%&gﬁ%&@%ﬁ%ﬁ%ﬁ@ﬁﬁ %Hg{og’&égest S a
conpl ex seqwﬂh@,?miwﬁﬁhﬂyemlyreﬁeaﬂ@bmpy&h@,ps can be identified: (1) an

i nducti on period eading to the formati on of an active carbon pool

(al kyl -aromatics), (2) alkylation- deal kylation reactions of these active

i ntermedi at e L5 tRPHS apd; (3) a gradual build-up of condensed
ring aromati ¢s= O-ts—tretef-ore—an erently transient chem cal
transformati geog2p Whi chTHeheorf@tsddny 6 ok $oednBted 16 VRARUMEOF iater&itly fange.
Tge ability of the catalyst to.nmaintain high olefin yields for prol onged

p

ri ods of tisneetedf dxensqs rgsededhi bepausehii| handbe petontialnior repleeingtthg dorgat es at

which the | SBHAR 965> SRl B0 RhRARe g, LAY PR, bRl kbt . ool
e Lo AU SR, Sy e vl encer
volumes mvolved suggest that substantial economic incentives exist for alternate
'té_cluiologies that_. can deliver high throughputs of light olefins in a cost efficient
mamner. Whereas steam cracking relies on non-selective thermal reactions lof
naphtha range hydfobarb_ons at very high temperatures, OTO exploits catalytic and
micro-architectural properties of acidic molecular sieves under milder temperature
conditions to produce high yields of ethylene and propylene from methanol.
[0003] | Current understanding of the OTO reactions suggests a complex
sequence in which three major steps can be identified: (1) an induction period
( ' leéding to the formation of an active carbon pool (alkyl-aromatics), (2) alikylation-
d.ealkyla-tion reactions of these active intermediates leading to products, and (3) a
gradual build-up of condensed ring aromatics. OTO is therefore an iﬁherently
transient chemical transformation in which the catafyst is in a continuous state of
change. .The ability of the catalyst to maintain high olefin yields for prolongéd
periods of time relies on a delicate balance between the relative rates at which the
above processes take place. The formation of coke-like molecules is of singular

importance because their accumulation interferes with the desired reaction

sequence in a number of ways. In particular, coke renders the carbon pool




inactive, lowers the rates of diffusion of reactants and products, increases
the potential for undesired secondary reactions and |imts catalyst life.

[ 0004] WGR%QQ@S}“ﬁgézﬁtm decades, many catalytic material %cl?ﬁ}é%gﬁ@gﬁgﬂ i ne

i dentified seful for carrying out the OTO reactions.
"nol ecul ar sieves are the preferred catal ysts today because they
simul taneously address the acidity and norphol ogi cal requirenents for the

reactions. . Partic f ter] r i - i.ng

Al arm noo; | Tk o AR Yoo PAR B BARIR 6 1k and) A bRRL TEIRRARE LIS 1 (ype.
as wel | aspetehtisidat tivddsivop baspday esctiafs dnddiftitcainitdifelr e, such as SAPO- 34.
These nol ecul ar si eves have cages éhat are suffjciently large to
accomodat #W8Abnat i ¢ Q¥ et dPesdsmfse By caRlytgwnakTiplst bvedhsen i si onal

transport Rfe%l{iﬁ@&tﬁnggingngse@lgoﬂ)lfcéﬁr | Quft eo(gxfOOFeagzﬁg sqryé@?tlaﬁinet hrough

regul arly interconnected w nhdow ape es. By conplenenting suc

nor phol ogi gmlecahardeteerarstthe prefiridll eppliyaprioaiebbemed sheyf sianitehedtislongt h and

acid densi t%, Worki'?igt catal ysts are produced. Extensive research in this
§s Y

area i ndi caddiess thpaeidsy|ang sarohaleip seprrerteaisios thasepdinosy Pasicalady f ect i ve
oD ot n Y Bfert i as AT, B0 UbhSRLSBered R bt Ringbl SR L Fhogp” 1@

silicato m na nol ar 1 0°i'S ui renme

al um nosi | hgah@shd haBELHs EIGA) aamewollempe! AiLkel s siltbiRashbighates zeol i tes
continue to be explored for use in OTO and appear to have yet undi scovered

pot ent i al . of beCTAMINEbUE.suck pevAEOs34 Thesssheleedansicrdsdia®e cagss thas

Commi ssi on_of e ni er nat i onal olite sQci ation accor.di t.o the rul es
of the 1 UPRE e loERe B AS B PR et BEGPE AR BRE Y Miifes

classifi cafeofiffusionalmawedpsrit yPRacRftl i dn@ SproftttOter ard st &f HHen@ydthisr opor ous
nol ecul ar sieves, for which a structure has been established, are assigned

a three | ethresshc oeilathd intewonepstedr Wiwlgw apettimest | By cofupkentntng seehmewor k
Types, 5th_edition, ;El.sevier.. London Engl and, (2001).. .[0006] One . known

ol ecul ar  BPERI iR Estey S0 pror® 385 BEOM el T THA et e
desi gnat edd@ﬁit?%ﬁbol-mig EftalySts ArdPloBE4HIAIEGERR RAMrdDin AR £8a Befchized by two
sets of generally perpendicul ar channel s each having a cross- sectional

di mensi on tisbstlic: ghosplateshvare eouitcatly sinetee sifgetiveh @ TAEIcatalyalsethiern k  t ype do

not exi st gthnlm'i}?gsﬂgceatesp Lﬁl p%m%ldﬁtr),etﬁe gént%ll %wﬂgeoﬁﬁgas %hﬁ&%ﬁlaanqglar ratio is a
key requirement for the use of aluminosilicates in OTO reactions.. Nevertheless,
aluminosilicate zeolites continue to be explored for use in OTO and appear to
have yet undiscovered potential. -

[0005] Molecular sieves are classified by the Structure Commission of the
International Zeolite Association according to the rules of the IU}"AC
( Commission on Zeolite Nomenclature.  According to this classification,
framework-type zeolites and other crystalline microporous 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).
- [0006] One known molecular sieve for which a structure has been
established is the material designated as AEI, which is a molecular sieve having
pores defined by two sets of generally perpendicular channels each having a cross-
sectional dimension about 3.8 Angstrom. Molecular sieves of the AEI framework
type do not exist in nature, but a number of aluminophosphates and

silicoaluminophosphates having the AEI framework type have been synthesized,



si | 1 coal um nophosphat es having the AEl framework type have been synthesi zed,
2 WD 2005/ 063624 PCT/ US2004/ 042738 includi ng SAPO 18, ALPO 18 and RUW1S.

Moreover, Regabislf 4t heir small  pore size, AEI-type nol ?'%Lh%?mﬁkﬁ%% have
been reported as suitable catalysts for a variety of inportan cal

processes, including the conversion of oxygenates to oI efins. See, for
exanpl e, U S. Patent No. 5,095,163, incorporated herein by reference.

[0007] Zones ﬁ&ﬁuainm Skipd- 1?@41‘?% 1B|0and511@ﬁ281§7@40ﬂe&%9r9&§a§§e89f Bef &Py

reference, disclosés an alum nosilicate zeolite designated SSZ-39 and havi ng
a silicato ;airelmznaAEthﬁJe meltcwargrevas bavettivam rp@ried us buitebld Catalpstd 6F.a SSZ- 39

is produced b tallizing an agqueous m xture nprising active sources
of a trivalé éfrgﬂ?‘m@uéﬂe%@a]aﬁ’ Fﬁsﬁ‘ﬁn{ncﬁ‘}‘i}dﬁ%ﬂ’c@e@f“ﬁ?ﬂ%n‘? BYERRAES such
as silicon, ipg o1éﬂ?s pS@é%ﬂP@xa‘?ﬁpl@eUtSa!PQteﬁWNb' 5,005 1@9'1)5 a&gbfa@ed%e&lﬁr@ary
amoni um cations, such as N, N-di methyl -2, 6-di’'met’hyl’pi pefidi ni um cations, as

tenpl ating agefdrmccThe synthesis can be conduct ed in the presence of SSZ 39
seed crystal t there is no closur of e _presence of fluoride ions
in the synt he[QPQﬂm xt urgo nes ool dL%Lﬁ 'eﬁth 5&51@ » (RFORpIAiCA er R iy

exenpl ified f,8f&hed: dRcldded E&?am%ﬁﬁesﬁhe&e %éc,m@%ﬁgﬁate@ 38%- 3%@@&% dn
colunm5, lines 56 to 61, Zones et al. teach SSZ-39 can nt hesi zed

directly onl wilas #n ahimimk noslat ratat greaai theerudly swhgrpedd to HAlD. t 88Zs39 isca to
al um na nol e r%%ﬂe n be increased, potentiall duce an essentially
[

ro
al um num f r ed™ TRliERE Gp AU P m@%%ﬁg AGHYE SO &t itng

treat nents. h | pw,
bt tompte o douReRt ﬁ?@%ﬂ%%‘ﬁ?%%ﬁ%%ﬁi%?ﬁé“%%ﬁé Sﬁ%n*%glv%ﬁh@t Wi th

only |inmted thepoeescearidetiaveytla drgmlyoycipr quuamauymhmnomhm dehvhs)guéh & lica to

al um na rati ate n.10 In an article entitled "Gest/ Host

Rel at i onshi p&&is Lﬂyﬁ? &’JB pelgwlémﬂlo%]onﬁa&é @&ggﬁl%ecﬂgﬁtés S 35,

55736 and SegdRiis ol b dHRRn BAGressn sz 82 RAGES2 R AF3: Zanes and
rom U 9

certain of the co-1nventor Pat ent i scuss the
synt hesi s andlisfiosucd of the pfestiue dﬁﬂuendlémnsmtaeegmh&ﬂm&&me SSZ- 36 and SSZ- 39.

According to [E)E(SS% arti CJI'}?e I%i%ﬁes?t’gsﬂ%c% tlosa ummgqgtlljos e)\{\éntllgleger(]iefor SSZ-39 in the
Zones et al. patent is 51. Moreover, in column 5, lines 56 to 61, Zones et al. teach
that 8SZ-39 can be synthesized directly only as an alummosilicate, although
suggest that the silica to alumina mole ratio can be increased, potentially to
produce an essentially aluminum-free material, by use of standard acid leaching or
chelating treatments. However, as is shown in the Comparative Example 13
below, attempts to dealuminize SSZ-39 by acid leaching or chelation have met

( with only limited success and have failed to produce materials having a silica to
alumina ratio greater than 100.
[0009] In an article entitled “Guest/Host Relationships in the Synthesis of
the Novel Cage-Based Zeolites S8Z-35, SSZ-36 and SSZ-39", J. Am. Chem. Soc.,
2000, 122, pages 263-273 Zones and certain of the co-inventors from U.S. Patent
No. 5,958,370 discuss the synthesis and structure of the molecular sieves, SSZ-35,
S5Z-36 and SSZ-39. According to this article SSZ-39 is isomorphous with the
AEI framework type aluminophosphate molecular sieve SAPO-18 and is a
frequently observed product of high-alumina contaiming syntheses using cyclic
and polycyclic quaternized amine structure directing agents. In particular, the

article reports that, although SSZ-39 is produced at silica to alumina mole ratios of



AEl framework type al um nophosphate nol ecul ar sieve SAPO 18 and is a
frequently observed product of high-alum na containing syntheses using
cyclic and_polvcyclic quaternized am ne structure directi t

particul ar, “{391@%”};‘?3{’?& e reports that, although SSZ-39 is B?g@%i@aﬁ&ﬁ% lica
to alumna nole ratios of 3 WO 2005/063624 PCT/ US2004/ 042738 30 with a
variety of directing agents, including N, N-di nethyl -2, 6-

di met hyl pi pgpi dif U cOMMEUNGF, WARAnL NGkl CachRif U ReniiRbRLhRLI O 15

i ncreased t§640 ot hi gher,” ot her crys%al FI ne phaseé@ SlﬁF(f as g@z- 35 and MFI
and MW f r aiestloylkipeyigimiumt emhpiueds, ambeprtbe usiech. 1§ Cli@]naAmole mese | iscat es

having a silica to alumpa rati.o gre r than 10 a all-sjlica | ecul ar
si eves wi t h™D§FFaage tor ?’@H’ég&ﬁﬁﬁg %%ﬁﬁﬁﬁ%‘?ﬂ’ha&?& ﬁB%’ B%ggz‘%eﬁlﬁir Mgg ."mHBOll] The

present invept @\J.r&k‘%%)etlﬂatte 815 CH: Pcﬁiuké&)” and synthesis of a novel high
he™ Al i )

silica zeolite having t ramewor k-type, its honol ogues in which the
silicon is o]y or wWhohingsiliepteatednpy sitdecto dlemimvatiendresbretientl®0and its
vari ous uses, _incl udi ng{ in the convyersi of olefins to oxygenates. SUWARY
[0012] In owdd albpdice malerdlargyiee ivd %é&gé@l}eﬁm SmetayeIsorfar peltRSeral  havi ng
an AEl franpe%ﬁgd_type, wherein said material, in its calcined, anhydrous
form has a“conposition involving the nolar relationship: (n)X203:YQ2,
wherein X i fp0a1}ri val ht pedsemtententionablas t@theniompositioaramd, syhthesis of adi um

and/or gallium. Y is a tetraval ent enent such as silicon, tin, titanium
and/ or ger%‘fﬁﬂﬂﬁh silifg Zgolite hay i e @II%V‘E%‘We 351 ,ho’é’ﬁéguﬁ%mf‘f’@ﬁh about

0.001 to le +:han: L 0 008,
typically f‘?lgnﬁig‘g%ugsopg&goépﬁ 3%36‘112?3{358%%3? &P%O%g? v%gﬁegltﬁﬁlgﬁﬁl !;/H,d ?f Re

cal'ci ned crysicksibsreimrhidetd il the omivatsisn &f defirarowkygénatea. about 100 ppm for
exanpl e fromabout 5 to about 50 ppm such as from about 10 to about 20
ppm by weight of a halide, preferably fluoride. [0014] In another

enbodi nent, giRpvGAyet al line material is substantially free

[0012] In one aspect, the invention resides in a crystalline material having
an AEI framework type, wherein said material, in its calcined, anhydrous form,
has a composition involving the molar relationship:
(n)X205:YO,,
wherein X is a trivalent element, such as aluminum, boron, iron, indium, and/or
gallinm; Y is a tetravalent element such as silicon, tin, titamium and/or
germanium; and n is from O to less than 0.01, such as from about 0.001 to less
than 0.01, for example from about 0.0025 to about 0.008, typically from about’
( 0.003 to about 0.007. |

[0013] Conveniently, the calcined crystalline material contains from about
1 to about 100 ppm, for example from about 5 to about 50 ppm, such as from
about 10 to about 20 ppm, by weight of a halide, preferably fluoride.

[0014] In another embodiment, the crystalline material is substantially free
of framework phosphorus.
[0015] In a further aspect, the invention resides in a method of

synthesizing a crystalline material having an AEI framework type and comprising
YO; and optionally X,0; wherein X Is a trivalent element and Y is a tetravalent

element, the method comprising:



of framework phosphorus. [0015] In a further aspect, the invention resides
in a nmethod of synthesizing a crystalline material having an AEl franmework

type and cqwgr' i Y02 and optionally X203 wherein X is @tad-¥idBMss
el ement and %')Eblg& 2e"traval ent elenent, the method conprising: 4 WO

20051063624 PCT/ US2004/ 042738 (a) preparing a reaction m xture capabl e of
formng said material, said m xture conprising a source of water, a source

an oxi de of the tetrpvalggiariabarestion Yaix0ipé tgndld of BusRYIER AkeAXl dadof the
trival ent el enent and an organic _directing agent for directing the

formation of SaKWrerymPESINE Aeourer of Valer aSoprasenrxidoniribe timaalertalemen
m xture under conditi.ons suffici crvstals of said.crystalline
mat eri al conpt)i’gip ﬂlan%%i)yc ?’?%l Cse’latniogg&]ﬁt%ff}g? \t}{“%emt ﬁ%}élehg#(aapgragloéﬁ%%g ?cp:%“’

(n) X203: Y02, ap&ereer dirdcBing kiR ofnitionl dfsaididipalAnddatetiad (c) recovering said
crystalline material from (b). [0016] Conveniently, said reaction m xture
4l so conprises a hdbl de mpintgnig Fiid doeBRnaMwitHE Blstep cgnditioss shffiiend 01 uori de

or a fluoride-cantajnin c ound. 017].1n _one embodi ment, said organic
di recting ageft™k 8%%!155(2%53 ﬂé@éﬁaﬁ%‘e n[é%c%%l S PA 80&%1%%%0&W8?ﬁ’§1&‘%‘6as a
N- substi t ut ed pRjiaakiadiopihisn conpound, for exanple a tetraallryl piperidinium
conpound, typically a N, N-diethyl-2,6- dinet hyl pi peri di ni um conpound. [0015]
Conveni ently, said reaction nixture al $8)*ebhpr@ses seed crystals, such as

seed crystal S&i%?é,” sin Pﬁgﬂj@\%ﬁﬁ%{@géﬁr ystal line alum nosilicate having

an AEl, CHA, 15 [00191 - In still a further aspect,

the invention residgs i RedvBHMEKSS civlallinR s Fhne(18f i ns conprising the
step of contacting an organi c oxygenate conpound under oxygenate conversion

condi tions wi {#01&]cat al vegerpghil, shidgreactiasy yaxtate dlee compssdsad hhlddd agaan AE

framework typ%ﬁlidg}gorn%imqm%aicgmgoa&r?ii gl.lldh iarsl; iat Huoride or a fluoride-containing

compound.

[0017] In one embodiment, said organic directing agent comprises a cyclic

amine or ammonium cmﬁpound, such as a N-substituted piperidinium compound,

for example a tetraalkylpiperidinium compound, typically a N,N-diethyl-2,6-

dimethylpiperidinium compound.

[0018) Conveniently, said reaction mixture also comprises seed crystals,

such as seed crystals comprising a microporous crystalline aluminosilicate having

an AEI, CHA, OFF or LEV framework type.

[0019] - In still a further aspect, the invention resides in a process for

producing olefins comprising the step of contacting an organic oxygenate

compound under oxygenate conversion conditions with a catalyst comprising a

crystalline material having an AEI framework type, wherein said material, in its

calcined, anhydrous form, has a composition involving the molar relationship:
()X203:Y0,,

wherein X is a trivalent element, Y is a tetravalent element and n is from 0 to less

than 0.01, such as from about 0.001 to less than 0.01, for example from about

0.0025 to about 0.008, typically from about 0.003 to about 0.007.

[0020] It is to be understood that the term “in its calcined, anhydrous

form” is used herein to refer to a material which has been heated in air at a



cal cined, anhydrous form has a conposition involving the nolar

relati onship: (n)X203: YO2, wherein Xis a trivalent elenent, Y is a
tetravalent elenent and nis fromO to less than 0.01, such as from_about
0.001.to | e¥OENIA6H2H1, for exanpl e from about 0.0025 t oPGEYGY HIE
typically fromabout 0.003 to about 0.007. [0020] It is to be understood
that the term"in its cal cined, anhydrous form is used herein to refer to

a material which_ has bee 005/ 06
PCT/ US2004/ GHPFEEC B H5EFA g%@%h’&@& ?@Po%o‘t‘}\(f# 0‘111153&3613%%} s wi t hout
al l ow ng thg ep{@Eatecal to rehydrate. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021]
Figure 1 is an X-ray diffraction pattern of the as-synthesized product of
Exanple 1. [0022] Figure 2 is an X-ray diffraction pattern of the
as-cal ci nedgm xaml e 1 scription O The Enbodi nents
[ 0023] The A ¢ O eI, crystalline material having
an AEl frangi typeF?%}i’e t10 id Taﬁ X»fayhﬁﬁﬂr&noﬁalﬁétteﬁyloatrw assyatifekized i de

e

medi um I n addltlon invention relates to the use of this novel
crystalli neprodegafaxampleh as in a process for the conversion of

oxygenat es, i cul agl t.h n fins |cuI rl et hyl ene and

pr opyl ene. P@g%tl] I n h%lr%ngll%l nedfaé’n(glﬂgﬁi Hrpgﬁgnf‘gt: %ﬂi %Lf’?gvmr k-type
crystal l'i neg@tpidlah. of the present invention is porous and has a
conposition involving the nolar relationship: (n)X203: YO2, wherein X (if

present) is a trivalent elenent, such as alum num boron, iron, indium
gal I'ium or tCCJInE)' ati 0 t 3" of I caltl y alum num Y i S a tetraval ent
el enent, s 2 R ermani um or a combi nati on t hereof,

t ygbg alt |y sjgbzspn; angpe pfe%eﬂtr@mnaoﬁ Qe1hi®8 $o bRRelorOstallifdl Glatedl hﬁ@ﬁrg about
o less than 0.01, for exanple from about 0.0025 to about 0.008,

typi cal |y famoAEhBeorework type and to its synthesis, particularly in a fluoride medium. In
addition, the invention relates to the use of this novel crystalline material, such as in
a process for the conversion of oxygenates, particularly methanol, to olefins,
particularly ethylene and propylene.
[0024] In its calcined and anhydrous form, the AEI framework-type
crystalline matenal of the present invention is porous and has a composition
involving the molar relationship:

(n)X,05:YOs,
wherein X (if present) is a trivalent element, such as aluminum, boron, iron,
indium, gallium or a combination thereof, typically aluminuni; Y is a tetravalent
( element, such as silicon, tin, fitanium, germamum or a combination thereof,

typically silicon; and n is from 0 to less than 0.01, such as from about 0.001 to less
than 0.01, for example from about 0.0025 to about 0.008, typically from about
0.003 to about 0.007. Where a halide-containing compound has been used in the
synthesis of the material, the calcined form of the AEI framework-type crystalline
material of the present invention is normally found to contain trace amounts,
typicélly from about 1 to about 100 ppm, for example from about 5 to about 50
ppm, such as from about 10 to about 20 ppm, by weight of the halide, preferably
fluoride.
[0025] In one embodiment, the AEI framework-type crystalline material of

the present invention is substantially free of framework phosphorus.



.0.003 to about 0.007. \Were a halide-containing conpound has been used in
the synthesis of the material, the calcined formof the AEl framework-type

crystallin -4 of the present invention is nornmally~f [o! ntain
trace amuﬂ%mﬁ%ﬁ?gal ly fromabout 1 to about 100 ppm %rﬁgggﬁg g?s?r om

"about 5 to about 50 ppm such as from about 10 to about 20 ppm by wei ght
of the halide, preferably fluoride. [0025] In one enbodi nent, the AEI

framewor k- t ypgegsy st al | iR Sfiiisized forrhe R 8T8 Mrarh BYEALABE drstalli
substanti allyﬁ)fre% of frarresv\or%&lphosphor us. 6 WO 20%%?‘0%2%% stalline

PCT/ LUS2004/ 0sh2z88l JfO0RGpresent tisveation yirshes commdodienn invbleingElthe molar
framewor k-type.cryst.alline material of the present invention has a
‘conposition i FRASIO0F B the molar relationship: (n)X203:Y02: (MR (x)F:z HO

wherein X, Y and n are as defi ppst,0nvid)empr ge@di Agopar agraph, R is at | east
one organic directing agent agg \%\/ng?gag ]Ir?nR?an esg?"room about 0.01 to about

2, such as fwhereabEulY Sndintae apdefined,inzhe pregeding poragedpbuR B.25 l¢ast afout 100,

such as from abaut,.2 to about 20. and x ranges fr.om abgut t o. about 2, such
as from about “§aH¢ drEgngZERT qud yherem %ﬁ@@g%ﬁbﬁwgﬁ Wﬁ%EHt %trSB‘%'ég%oci ated

with the mat efrbﬁ' i .1 %e%uft 19% ﬂaﬁgﬂésrfr@& ABSNCES %lraiﬁ&gt fi shal bd 73hf on, are

at least partly renove y post- crystallization nethods herelnafter nore
particul arly gteat?ithetbut TPpind al aygestiivan alsout §yio khadi?z ewkhAds! frém abewvidr &- t ype

crystalline nateria he present invention contains.only |Iow |evels of
al kali netal ,togagﬁlé? Lrl Iﬁ?e i%%rf‘lﬁtg REEPPHETS SnbALe 2s5esiatRd Witk thEwpatsBEbdt um and

sodiumis | eSésélh?ﬂ’gégl%é@enég'@u%@gtiygﬁllﬁaﬁﬂﬁ, %feéﬁéaisﬁgarﬁ?rremb% b¥ 56100,

after renoval o anic directing agent ( materi al dgeherally
exhi bi ts cat atrystaltizaiodn methypdwhetematierampreglaitidulvatyyddsombezix Charicptlysthe pst o

renove al kali tal catjaons. [0027] To the extent desired and, dependi ng on
the X203/ YC2 %H%Wfb%@%i_ Wil mteerv 1mg fpatert] Bhdd RrESHBt JYeYoHt hesi zed
AEl framevor ksdypgs &B&%Mlévelscmlmi ﬁ}?ﬂ,%‘éﬁé}aﬂ@s%%&%@%@mﬂlﬁﬁ ahfpRfini ques

wel | known in e art; at least In 1'on exchange w th ot her

cations. Prefefagdoatapiuacamsaiioniss fheh 0% of the X,0; on a molar basis. For
this reason, after removal of the organic directing agent (R), the material generally
exhibits catalytic activity without a preliminary ion-exchange step to remove
alkali metal cations.
[0027) To the extent desired and depending on the X303/Y O, molar ratio
of the material, any cations in the as—synthesized-AEl framework-type material
can be replaced in accordance with techniques well known in the art, at least in
part, by ion exchange with other cations. Preferred replacing cations include
( metal 1ons, hydrogen ions, hydrogen precursor, e.g., ammonium ions, and
mixtures thereof. Particularly preferred cations are those which tailor the catalytic
activity for certain hydrocarbon conversion reactions. These include hydrogen,
rare earth metals and metals of Groups A, IITA, IVA, VA, IB, IIB, IIIB, IVB,
VB, VIB, VIIB and VI of the Periodic Table of the Elements.
[0028] The AFI framework-type crystalline material of the invention can
be prepared from a reaction mixture containing a source of water, a source of an
oxide of the tetravalent element Y, optionally a source of an oxide of the trivalent
element X, at least one organic directing agent (R) as described below, and

typically a halide or a halide-contamning compound, such as a fluonde or a



metal ions, hydrogen ions, hydrogen precursor, e.g., ammoniumions, and

m xtures thereof. Particularly preferred cations are those which tailor the
catal ytic I} r certain hydrocarbon conversion reagtj e

i ncl ude hyd%gég)ezﬁap‘%?{az?e earth nmetals and netal s of G oups ﬁ)ﬁ%ﬁ%m*@%ﬁ{‘m
VA, [B, I'IB, 11IB, IVB, VB, VIB, VIIB and VIIl of the Periodic Table of the
El enents. [0028] The AElI framework-type crystalline material of the
invention can be prepared froma reaction mxture containing a source of
water, a source of an ,oxide of the tetravalent elenent Y, optionally a
source of aHUBN¢EOHRNNGeCURPRIIde §fid (iR MINUIe, PaYIRg & CFRBOMMR NG
directing a ? i Wk OWe Bl ically a halide or a

hal i de- cont %?%Fr?g%%"éﬁﬁ%l‘éﬁﬁ%%ﬁﬁﬂ a5 a |@$‘§fﬁg¥%&rﬁ%§ 7 \WD 2005/ 063624

PCT/ US2004/ 042738 fl uori de-cont ai ni ng.conpound, said reaction m xture
having a conpasition in terng of nole ratios of oxides, within the

foll owi ng ranges: Reactaatsts Useful TyPsefal H2O'[YO2 0. Typieal?0 2 to 10

Hal i de/ YO2 O 2001 30 T——RYR-00tto20-—1to1—X20A3 Y206 to 0.5 0
to 0.1 [0029]| Wer e%@?éj raval enth'Elt%%%nt Y is|sili %6‘?1?blsui t abl e sources
of silicon includeHslidd/¥@kes, | e. g.0tot®traal kyl orthos8joliiicates, funed
silica, such @as A 6i (avartatt & ‘] g DbrgUbeV, d"tf' gogueous x,O*l | oi dal
suspensions of_silica,~“for exanpl {) sold byl E.I. "du-Pont de |[Nenours
under the tradenameXtOd®©,; Wiere thh® G.5i val ent |el enefito X1i s al unj num
sui t abl e sour ces—of atummunTi et ude —atum nmumsat ts, especiatty
wat er-sol uble salts, such as alumnumnitrate, as well as hydrated al um num
oxi des, sucf({29] boehmWieraribe psteavaisnn elvmdne. Y Vb esiiconh eunitdidt i sdarces dfl uori de,
suiitabl e sources .of flugride include rogen, fl uoride, alfhough nore

beni gn sour & §°‘bfm‘F1Fﬁ%rﬁﬂ&@teéu@l‘g-aéetraﬂaﬁé'fiOTaPtS’éﬁcatF%ugFﬁl‘?ﬁeéﬂ’&ﬁd S GEi de salts

of the or ggﬁh&ﬂ%\rzaﬁﬁabie@mﬁ%xsé%‘i,eanﬁra%&@éds%ﬂo{dgfﬁ%eﬂéﬂﬁlsfo%ﬁf@acfo‘i‘! recting

agent R used hereln conveni ently Conpri'ses a cyclic”am ne or anhoni um
conmpound, sexdmEs that dbid Syb&th tdnt Bdntpde éVdngdurs wmder the tradename Ludox.

Where the trivalent element X is aluminum, suitable sources of aluminum include

aluminum salts, especially water-soluble salts, such as aluminum nitrate, as well
as hydrated aluminﬁm oxides, such as boehmite and pseudoboehmite. Where the
halide is fluoride, suitable sources of fluoride include hydrogen fluoride, although
more benign sources of fluoride such as alkali metal fluorides and fluoride salts of
the organic directing agent are preferred.

[0030} The organic directing agent R used herein conveniently comprises
a cyclic amine or ammonium compound, such as an N- substituted piperidinium
compound, for example a tetraalkylpiperidinium compound, typically a N,N-
diethyl-2,6-dimethylpiperidinium compound.  Suitable compounds include.
hydroxides and salts, such as halides.

[0031] Conveniently, the reaction mixture has a pH of about 4 to about 14,
such as about 4 to about 10, for example about 6 to about 8.

[0032] Crystallization can be carried out at either static or stirred
conditions in a suitable reactor vessel, such as for example, polypropylene jars or
Teﬂon®-1ined or stéinless steel autoclaves, at a temperature of about 50°C to about
300°C, such as about 135°C to about 175°C, for a time sufficient for
crystallization to occur. Formation of the crystalline product can take anywhere

from around 30 minutes up to as much as 2 weeks, such as from about 45 minutes



.compound, for exanple a tetraal kyl pi peridi ni um conpound, typically a N, N
di et hyl - 2, 6- di net hyl pi peri di ni um conpound. Suitabl e conpounds incl ude

hydr oxi des Lisy such as halides. 10031] Convenientl r j on
m xture haj@lg%éﬂ'gééébout 4 to about 14, such as about 4&8@%‘3’6@%&% for

“exanpl e about 6 to about 8. 10032] Crystallization can be carried out at
either static or stirred conditions in a suitable reactor vessel, such as

for exanple, talbypt opyhens, forksaBple ot bowit-110 Neshoat 154 Abktk EBke Girggdn
autocl aves, at a tenmperature of about 50C to about 300C, such as about 135C

to about 175GlepeBds 1 ithe SuPefagirenemployed, cwjtht dghcy aeinperaten dupically

Formati on of the cry i.ne pra t ake anywhere from around 30
‘m nutes up td® §mn 05%513(%1] ﬁ%gﬁ%%ygh%ﬁl%gtg'from about 45 mnutes 8 WO

2005/ 063624 FGFEYIS2004/ B4 of dueaauicoRA0magbe sacifidled AT RedehBiibADOU!
1.0 to about 120 hours. The duration depends on the tenperature enpl oyed,

‘Wi th hi gher ta@nlsestafur epm: prle | 3t lepdiql vy & owtaemwlhyad rieash el0fappm,

treatments. [0033]. Synthesi t he eol i.t.e ;may, be ilitate t he
presence of %cinvf%gzrs%fy &tiie%sgrﬁ%slﬁp&% Jgg/gae? Fesalp liaﬁgdpﬁﬁl {0? rwgl%ﬁtmg? éﬁ)%t | east
100 ppm  congRignidisued, ThastedOYsiaRNEA bs BeGosHIcHiral fiddame drivalting al

wei ght of the reaction mxture. The seed crystals can be honostructural

with the crysnaterichef thagresentdnvestiophier srasplathy predntticds, prévpuesaitisss. t he

product of a previous.synthesjs ar, n_b het er.ostr u cr l'1ine
material, sucH 4& enaI} ,los(q,ﬂ& ('Sz_ir1 "aﬁ?‘lﬁﬁ? EH%?A%MS?%C@&? aﬁ‘o U@A&@. The

seeds may be Rgdedoikotybberdl@atdrisiRe MTKE Weds nd§ R Lakd @) P lre USRS in a
liquid nmedium such as water. The production of colloidal seed suspensions

and their useasimcelludalysusprasion iofa hgliéaudarmssusiears water. Ghe prasweldon af f or

exanpl e, International, Publicatio . / 06493 and %j\o 00/.06494

bubl | shed on B re BasERt AR DAL ot e il my NP e A [ 00say
Typi cal |y, thHsdbdtial Frnaambd GetbmhSor0 PRBHcHtbn S0 tWON00sH 96 ahdD& O
recovered by standard means, such as bz%@centrlfugatl on or filtration. The

separ at ed pr d§li@a49¢arblickad gydl shesme 40, J000 gpé inserneyated Reteits hiyepdsrerceor
filtration aq‘aOSﬂr I ed. Typically, the crystalline product is formed in solution and can be
recovered by standard means, such as by centrifugation or filtration. The
separated product can also be washed, recovered by centrifugation or filtration and
dried.
[0035] As a result of the crystallization process, the recovered crystalline
product contains within its pores at least a portion of the organic directing agent
used in the synthesis. Typically, therefore, the as-synthesized material is treated
( in manner to remove the organic directing agent from the molecular sieve, leaving
| active catalytic sites within the microporous channels of the molecular sieve open
for contact with a feedstock. This is typically accomplished by calcining, or
essentially heating the molecular sieve comprising the template at a temperature
of from about 200°C to about 800°C. in the presence of an oxygen-containing gas.
In some cases, it may be desirable to heat the molecular sieve in an environment
having a low or zero oxygen concentration. This type of process can be used for
partial or complete removal of the organic directing agent from the intracrystalline
pore system. In other cases, particularly with smaller organic directing agents,
complete or partial removal from the sieve can be accomplished by conventional

desorption processes.



[0035] As a result of the crystallization process, the recovered crystalline
product contains within its pores at |east a portion of the organic

di recting os/MSEsk i N the synthesis. Typically, theref Olgcerlugﬁﬁumz?ss
as-synt hesi ze rraterlal is treated in manner to renove the or

directing agent fromthe nol ecul ar sieve, |eaving active cat aI yt [ c sites
within the m croporous channels of the nol ecul ar sieve open for contact

with a feedgphpgk. Thi @nb§ﬂfeyﬁpﬁeadmm{q%pLﬂyafaﬂﬂlehﬁateﬁélfdff%h@gweﬁtﬁon
essentially heating the nol ecul ar sieve conprising the tenplate at a

t enper at ur éhas oeehr @mthmﬂd 2001t dpoutlagdoiato ian cathb/sprcewnsaaomfbsan
sone ases eto he&t t he

oxygen- cont ai abl

nol ecul ar <P B{;’ E}%ﬁ it n({;??ro??ﬁtgﬂ i N gblgg%ﬁ\ﬁng)r%r 2%?8%}2%’8‘?1‘8

concent r at ipByidd RiditibXAGhatiney &Qﬁﬁ&ffyﬂéad&ubﬁy 15186 finfdhed BAGRARI Or conplete
renoval of 'the organic directing agent fromthe intracrystalline pore

system- | n [00FHr caseMatqmiSt midha edry baj hiendedaivithr ther 4ERi franéwakttypey agent s,

conpl ete or artl r enpv fromthe.sieve can

convent i oné:'l1 ‘gter’F. e %’c%rgh% VORI IS 6%%‘@%&%’%*%2’66%?@&2738

[ 0036] mcerﬂeb@ rhfetridls aRBMes léo?#@ﬁu@ﬂsygcﬁ' &d H&)lﬁﬁ%ﬁd i Mer Alays&atiByent i on has
been synthesized, it can be fomulated into a catalyst conposition by

conbi nat i orfomng bf e errthhotetals, alter neneholits chiahdt cempombnty; zeadite lczxta]ryatt erials,

t hat rovi de additi qnal har ness or catalytic.activit o th i shed
cat al ygt F@B@?Pe%ﬁtéwlé‘}aso ﬁrtbtémﬁi éﬁ‘iﬂ’élt‘fi \ﬂuﬁﬂzt%lécaA‘E’l lﬁ? wor k-t ype

material ofyfhgidnige @ﬁéréwf C@Heégecowoha&@ atd§teb PlechH H YédhEﬁxF'd(ze?éHt ive
materials. These materials include conpositions such as i n and ot her

cl ays, var icetadyst tcaﬂt,rmtmg asartbereai sihk teeasaist in Iotah ehicldonz the ohiatyst dwig yst
conponents, zeoli at a nent . alum na titania,
oot S aedmertion; dendhist v RIBREE LY infyiihg roabe? H1En a8 * Vvt
conponent s pidfledWith ﬁlfcfl%ﬁﬁqbkﬁﬁeﬂté“ tﬁ@ﬂﬂ&ﬂﬂ%gfeﬁg@faﬁﬁe maeﬁﬁlc\éﬁianfe@% theACling as

a thermal sink to assist in heat shielding the catalyst during
r egener at i dmgal daialyst pradyct tasgesfrainy st t@Ad anghtaafgwamg of dibeatojsit cagtlystngt h. Wen

'n the 11 AEPCHEDA B DY BRALRerPan QPRS00 wei ght per cent of the.
total cataliygdg] prefEiAREY fdthel@kd 8 pei-Gi 1R hfaeal AbschiBed heted] cfat al yst .
be used to dry gases and liquids; for selective molecular separation based on size
and polar properties; as an ion-exchanger; as a chemical carrier; in gas
chromatography; and as a catalyst in organic conversion reactions. Examples of
suitable catalytic uses of the AEI framework-type crystalline material described
herein mclude (a) hydrocracking of heavy petroleum residual feedstocks, cyclic
( stocks and other hydrocrackate charge stocks, normally in the presence of a
hydrogenation component iselected from Groups 6 and 8 to 10 of the Periodic
Table of Elements; (b) dewaxing, including isomerization dewaxing, to selectively
remove straight chain paraffins from hydrocarbon feedstocks typically boiling
above 177°C, including raffinates and lubricating oil basestocks; (c) catalytic
cracking of hydrocarbon feedstocks, such as naphthas, gas oils and residual oils,
normally in the presence of a large pore cracking catalyst, such as zeoliteY; (d)
oligomerization of straight and branched chain olefins having from about 2 to 21,
preferably 2 to 5 carbon atoms, to produce medium to heavy olefins which are
-useful for both fuels, i.e., gasoline or a gasoline blending stock, and chemicals; (¢)

isomerization of olefins, particularly olefins having 4 to 6 carbon atoms, and

10



[ 0038] The AElI franmework-type crystalline material described herein can be
used to dry gases and |liquids; for selective nolecular separation based on

size and pglpsooRhERSI L1 es; as an ion-exchanger; as a chemicglg 2%@{”;451;;8; in

gas chromatography; and as a catalyst in organic conversion reacti ons.
Exanpl es of suitable catalytic uses of the AElI framework-type crystalline
mat eri al described herein include (a) hydrocracking of heavy petrol eum

residual feedstQekdly gotfilal %uteﬁ&@@bﬁodﬁ@@ iRt 818D Y AN REKADL £105AR 08184, OCKS,
normal ly in théeé presence of hydr ogenati on” conponént 1sel ected from Groups

6 and 8 to 10su¢h t‘dhéﬂﬂéﬁﬂ%dﬂdﬂﬂ@bﬁl redari@nememths as (elylaevend hgizenmcﬂaﬂldl ng
nove strai.ght chain affins from

t d {
hyar ocar bonf SERETBERG G EopRGHIRH i EaBERSy FREH 48PS 48 HrhERar es
and | ubri cati RguiRjlbrofteShokBirbbR) fthabyLilencs! ARK! dbeyiafor AT REARON

feedstocks such ‘as naphthas, gas oils and re5| dual  oil's, normally in the
presence of a hiydrogerbpos, such as Ibﬁlﬁ@n@,awah yfinsssich asctirdeid analvpropylpne, to

ol i goneri zation pof st ht and branched chain ol efins havi from about 2
to 21, prefePHHY® e{hé't%nﬁ?reboﬁ? at By o&prlﬁﬂ?}% <3008 tdbaq gfefi ns

which are US%&&‘OCE&BD@%EIBI‘L fabl@bFened, -(B- oatagﬁﬁoﬂeﬂﬁﬁldﬂr offnif8sq! b)ﬂ@esbaluﬂ
stock, and chemcals; (e) isomerization of olefins, parficularly o efl ns

having 4 to GSmhMOfamowﬂx)dmmes@nd/@amwm@ﬁGM PCT/ us2004/ 042738

especially nor buten luce S ns f r adj r
al kanes, sucl&@gl et ha WhePe h%ﬁﬁ f%aﬂ%%’{ﬁcgg{t 83% fé]l“%y Biﬁd
benzene; (Qg) d@éo‘éﬂ%@lﬁ@xrehi m@,éﬂupﬂl tﬁE cahiyﬁk%ﬂr@élb&ohw ﬁ%@fmﬁm ot dedreas
tol uene, to produce dial kz/k aromat i ¢ hydrocarbons, such as xylenes; (h)

al kyl ati on of obﬁ@ﬁatpacncmlgr oﬂfbylmgunds pedpyienebenAenasedniticteinl ¢ iermsuch as

t hyl d | ene, . Ib
Csoner | 2at | on GBIy IR © TRJFobur BoRt: TeeRriie TR s dlngpti
catal ytic redygbhéB, @fher, t é0881 Oéﬂn‘iiﬁﬁn@s”‘qal%ﬂyde&y REf8Sd, sca%oxyhc acids,

nonoal | cyl ani nes and di al kyl am'nes. [0039] In particul ar, the AEl
f r amewor k- t ypearbeyaieslanil dke hﬁ@)emn@lalsommﬂub@dcm@mmng Heteroratsug, sieh ashe

catal YL O ool LSS 8P O R o RO LA B LU

include, but 81 RSkmABCE SAA itfdm hbdlttiad abButedd #Bdi Stoms, such as from about
1 to about 4 carbon atoms.
[0040] Representative oxygenates include lower straight chain or branched
aliphatic alcohols, their unsaturated counterparts, and their nitrogen, halogen and
suifur analogues. Examples of suitable oxygenate compounds include methanol;
ethanol; n-propanol; isopropanol; Cs - Cyg alcohols; methyl ethyl ether; dimethyl

( ether; diethyl ether; di-isopropyl ether; methyl mercaptan; methyl sulfide; methyl
amine; ethyl mercaptan; di-ethyl sulfide; di-ethyl amine; ethyl chloride;
formaldehyde; di-methyl carbonate; di-methy! ketone; acetic acid; n-alkyl amines,
n-alkyl halides, n-alkyl sulfides having n-alkyl groups of comprising the range of
from about 3 to about 10 carbon atoms; and mixtures thereof. Particularly suitable
oxygenate compounds are methanol, dimethyl ether, or mixtures thereof, most
préferably methanol. As used herein, the term "oxygenate" designates only the
organic material used as the feed. The total charge of feed to the reaction zone
may contain additional compounds, such as diluents.
[0041] In the present oxygenate conversion process, a feedstock

comprising an organic oxygenate, optionally with one or more diluents, is
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.al cohol s, ethers, carbonyl conpounds (al dehydes, ketones, carboxylic acids,
carbonates, and the like), and al so conpounds cont ai ni ng hetero-atones, such
as, halid tans, sulfides, anunes, and m xtures i

aliphatic [ %@gﬁ’g% *I normal Iy contain fromabout | to a%gﬁ@gg@'uggﬁg%n
atons, such as fromabout | to about 4 carbon atons. [0040] Representative
oxygenates include |ower straight chain or branched aliphatic alcohols,
their unsatdmaie if MW AoPPhhse irABGeddhBh 'zoRt WiROERaaiRt QERPraME theul fur

anal ogues. Exanpl es of suitable oxygenate conpounds i°ncl ude methanol ;

et hanol ; nmplegplansieveiod dhe present| nvetion aClefeetiveoprobsss copditiphs e laylto et her ;

di met hyl ether; .dieth ther; . di-1sopr | ether; t hyl. rcapt an; net hyl
sul Ti de; RIS tg, st g n%ﬁ%&?ﬂ" e e Pty mé&ﬁ‘?i ECPICERS | am ne;_y
ethyl chl o or a hakBRVARANIERIG SHaseTEWhEh ikABORManiia MRlAe KREQNe; acetic
acid; n-alkyl amnes, n-allcyl halides, n-alkyl sulfides having n-alkyl

groups of mwowpei simyed vapordiqye! wiase, idiffererivontergon cateahand sel@tivdichofi at ons;
and m xtures. thereof Particul arl‘%lgsuitabl e og&égen te coppounds .are

met hanol , GFHERHVIORFPHRG maY THUt dPRAOdINgCHRAT: thenplalystng SEFAUARE hanol . As

used herei fyalifgst erm "oxygenate” designates only the organic material used
as the feed. The total charge of feed to the reaction zone nmay contain
addi t i onal [0842lpounds Wisuc hreasntditheiehtusnt()034 gdndrailyt henpeegenrt toxhgenat e

conver si on cess, a feedstock onpri sing an.organi ¢, oxygenate, optionally
wi th one CFCRBE o POIERYIET SEe caglvompsrondBad: PEiAlsIoBdi0mnse
contact ed B8 oisr¥ansh oPHRS 8x Serte’ ROGE 1O shRRe N%ﬁ—ﬁnﬁtil?ﬁ%ﬁa{rﬁﬁlks GeNpri sing
the nolecular sieve of the present invention at effective process

condi t i onssusteblgs dileentprincude hehiemd emrgorednitlogén, nsarbéd treomatide;ebarbon he process
may be carried out in a liquid or a m xed.vapor/|liqui hase. _Wen t he
process i s‘LB’éI P4 é"_d‘te&ut%?eﬁuf‘]&é I}Oin(’:fﬁf“aw.ep??égf@nﬁr eépqﬂa%é’dglgfg’ﬂﬁﬁr Fighgdf d phase,

di fferent ,Gomyes %ﬂﬁﬂe,@fdﬁﬁoﬁﬁﬁ?ﬁe‘%k&&iﬁgy hbh-escte abaRe OfohRaPLRFUCt Mmay
result dependi ng upon the catalyst and the reaction conditions. [0042] Wen
present, thxtaes tdentofs Thesngst peefatrbd ditoants @aordtareandmitrbgen, fratidwateck or

ol ecul ar o oY Sat Sy e ARl sP ity SontptRe (o Yabdif d 31 Ve Ce
about 99 mol % of the total feed mixture.

[0043] The temperature employed in the oxygenate conversion process
may vary over a wide range, such as from about 200°C to about 1000°C, for
example from about 250°C to about §00°C, including frbm about 250°C to about
750 °C, conveniently from about 300°C to about 650°C, typically from about
350°C to about 600°C and particularly from about 400°C to about 600°C.

[0044] Light olefin products will form, although not necessarily in

B

optimum amounts, at a wide range of pressures, including but not limited to
autogenous pressures and pressures in the range of from about 0.1 kPa to about 10
MPa. Conveniently, the pressure is in the range of from about 7 kPa to about 5
MPa, such as in the range of from about 50 kPa to about 1 MPa. The foregoing
pressures are exclusive of diluent, if any is present, and refer to the partial
pressure of the feedstock as it relates to oxygenate compounds and/or mixtures
thereof. Lower and upper extremes of pressure may adversely affect selectivity,
conversion, coking rate, and/or reaction rate.

[0045] The process should be continued for a period of time sufficient to

produce the desired olefin products. The reaction time may vary from tenths of
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‘the concentration of the oxygenate in the feedstock. Non-limting exanples
of sui tabl e diluents include helium argon, nitrogen, carbon nonoxi de,

car bon Q,qu‘S(ISI‘W2§aneessentl ally non-reactive paraffi “fcﬁ“ﬁﬁ%ﬁ 09‘!

‘al kanes suc et hane, and propane), essentially non- reac |ve
aromati ¢ conmpounds, and m xtures thereof. The nost preferred diluents are
wat er and nitrogen, with water being particularly preferred. D luent(s) may

conprise fromabaut to a 'ﬁﬁﬁlbc/f BPhOI?fE’OLﬁthegl%aé'fRJn finefis thgeit At iind ur e.

[0043] The tenperature enployed in the oxygenate convVersi on process nmay
vary over a vwed@mnatﬁ:g@er&mrchthas)rﬁsm Hisouatal g Gelected aﬁxeuﬁeiﬁlﬁdﬁl@;hff&pﬂce exanpl e
from about 250C t.0 aﬁlﬁjt SQ0C Iud| ng E: out to abou .750 C,
conveni ent | y YPSHabdtt PigeC @18 out 855 rTé/p Fal¥ c'i’e orﬂrooﬁ%ﬁt eSSEHC t o
about 600C anghspakdrsad.arly from about 400C to about 600C. [0044] Light
olefin products will form although not necessarily in optinum anounts, at
‘a wi de range [(904@]r essur Sswidenehgeal phyetgt hootly Isparet edodiives GMHGEYOrfoudhe

h b .
Povent ont 1y ebiSd b ot AR braseSo RS Sris detunt & woaih e esbur &
VPa, such as (bl ARk Per hém?@hpaghﬁ@f KR8l Ra BRI ol mIRBuLO! g0 ng

pressures are exclusive o i f-any present, and refer to the
partial pressemcecatdlyst Iﬁ@(cﬂlablcgm@rtk ala{é’OI fillgre}. aTl&“EE{S‘bgmdéﬂ ehcmdﬁr’p@unds

and/ or m xtur t her d up LanEes of dver sely
affect sel ecttﬁ'@ﬁ‘ eo%’@@#%qmg r‘?ﬁo'ﬂt BT o N8y r%ﬁ S eorm 9 0045]
The process sfipul odR'c oty ﬁ—di‘ﬁ a@oxﬂ@rﬂl‘ﬁdt@fab&d’c%owﬁ' cient to produce
the desired ol efin products. The reaction time nay vary fromtenths of 12

WO 2005/ 0636 240#T/ US2084pedixaBembndonendsoft o raadtembystennffohdbe oxyJénate eact i on
tine is larg determ ned. b 0 t he ressure, t he
catal yst sel e#(‘-fﬁr SIQYPEOGRST b';h%/ W%@Fﬁny%g’b%b%é]rfi?gﬁo tt%})“ Fﬂ ”ﬁﬁﬁge@ef 44°8ui d or
vapor) and t hgmsiet RCd RddRh IRES SatdOhE gfﬁckéihalji%atl%d‘s%}é Seherdll g%@}gre%ﬁwe range

of weight hourly space velocities (WHSV) for the feedstoc function in
t he present poodlas procwdShecassedexygenacds olefigleonisisideaesda highly exothermic

process which requires several stages with intercoolers or other cooling devices.
The- reaction also results in a high pressure drop due to the production of low
pressure, low density gas.
[0048] Because the catalyst must be regenerated frequently, the reactor
should allow easy removal of a portion of the catalyst to a regenerator, where the
catalyst is subjected to a regeneration medium, such as a gas comprising oxygen,
for example air, to bum off coke from the catalyst, which restores the catalyst
r activity. The conditions of temperature, oxygen partial pressure, and residence
time in the regenerator should be selected to achieve a coke content on
regenerated catalyst of less than about 0.5 wt %. At least a portion of the
regenerated catalyst should be returned to the reactor.
[6049] In one embodiment, the catalyst is pretreated with dimethyl ether, a
C,-C4 aldehyde composition and/or a C4-C; olefin composition to form an
integrated hydrocarbon co-catalyst within the porous framework of the AEI
framework-type molecular sieve prior to the catalyst being used to convert
oxygenate to olefins. Desirably, the pretreatment 1s conducted at a temperature of
at least 10°C, such as at least 25°C, for example at least 50°C, higher than the

temperature used for the oxygenate reaction zone and is arranged to produce at
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.(excluding diluent) per hour per weight of a total reaction volune of
nol ecul ar sieve catal yst (excluding inerts and/or fillers). The WHSV

general ly d in the range of fromabout 0.01 hr 1 bo hr 1,
such as frgﬁﬁg%%ﬁﬁﬁﬁi5 hr-1 to about 300 hfl, for exanp|8E?ﬂ§ﬁP§@6§890.1
lu= 1 to about 200 hr 1. [0047] A practical enbodi ment of a reactor system
for the oxygenate conversion process is a circulating fluid bed reactor

W th contipygug 4RgenaeRial %masﬁ?m%?goﬁ xR AR LAk UhBaiCRR) YAl fhe CT ACKer

Fi xed beds are generally not preferre or the process because oxygenate to
ol ef i n conirgegated hiysragathiog toycataket, Hesed on t@rbwerght whitehmolecular gsvesever a
stages with intercqolers or other cooli devi ces. . _The reaction al so

lin
results i S UChPRgHIIEE rP g oo tg‘BCf‘ a1 GOBIERE PY R eRles e SipidSsure, | ow
density gagnodRQ¢BhrBRimgeatdIt £Rhel HirilP n OSI £OANGNAY Rosneguent 1y, the
reactor should allow easy renoval of a portion of e catalyst to a
r egener at ot Q/7 b8 10/7é 29 adral VET12983 silibjf edtietd wiere filed dfpaembat 1 Q12008di um  such

as a gas conpri sing ox n,. for .exanple air, to bumoff coke fromthe
cat al yst, Eh W@&%‘Pég?‘?ﬁgl PAFELFERIE act i vi ty. The conditions of
t enper at Ur@gﬁ@}‘yge” ARE { {n@bntRue ST Fowa D ﬂa@?éo%ﬁﬁfcﬁlaﬂhﬂ ﬁ@séﬁge& h@itfxege”er ator

shoul d be ected to achieve a coke content regenerated catal yst of
| ess t han sifeehcedoShevolRoving Exaases andothe hea@ampehyideeirawimgener at ed cat al yst

should be returned to the_reactor. [0049] |n one enbodinent, the catalyst is
pretreat ed[Wh‘n di methte %’EW&@?& dhe (K,Zr-@!llgd'@@ﬁ?cﬁé‘tac‘b’ﬁ’iﬁ’o%q lerisd vafyRor a” c4- 7
olefin co L A hategr : X c0- YA within the
por ous f rgpn%i\?\%% ?8%9 Efﬁe@%;b%? cr:tg%%{\%g’r%ut Steixﬂ%}?g%ﬁ]pgpatg@e%é%éﬁ '?),%tht o the

cat al yst' bgihaphite seshotiroomtvr e nsing exyprrndtadpiiaoradiaionn sThddefmetbiny dath he

pretreatnment is conduycted at a tenperature of at |east 10C, such as at
| east 25C, WF’@rreé%élﬁglL!’é( %?P?‘@B’%‘Pg@g%;&hh%%?s ehaye-theta: wherpthetn irBcused for

the oxyge rgﬁgéizeﬂa £Q0EntAR0nE A { ABARM R LERAHEE Bhe utdrpfA£005/ 063624
PCT/ USZOOF%&Z% =738 | east O%fj\}vtl% such as at EFleastHa(bfvvt(Vg 1%%}:[3 exanpl e at

| east abouspabingdd’sf weteecaléulited maf egstivyd noity rAbd ihe mlatpk dhtysditiehaSthed on t ot al
wei ght of fhe | ecul ar sieve. Such elimnary treati to increase the

car gon c oSt Hg,p (i}q:ée § 4§, ntsnsdy égg 1g gtrongest line, above Q:?ckgroung were

determined by integrating the peak intensities.

Example 1
[0052] 0.143 mi of a 23.5 mg/m] aqueous solution of AI(NO;);'9H,O was

added to 3.717 ml of a 0.7236 molar aqueous solution of N,N-diethyl-2,6-
dimethylpiperidinium hydroxide (DEDMP' OH) followed by 1.200 ml of
( tetraethylorthosilicate. The resultant mixture was continuously stirred in a sealed
container for 2 hours at room temperature until all the tetracthylorthosilicate was
completely hydrolyzed. To the resultant clear solution was added 0.117 m! of a
48wt% aqueous solution of hydrofluoric acid which immediately resulted in the.
production of a slmry. This slurry was further homogenized by stirting and
exposure to air for evaporation of water and ethanol until a thick shurry mixture
was obtained. Extra water was further evaporated from the shurry mixture under
static conditions to give 1317 mg of a dry gel solid having the following molar
composition:
Si0; : 0.00083A10, : 0.5DEDMP : 0.6F : 4.9H,0
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‘known as "pre-pooling” and is further described in U S Application Serial
Nos. 10/712668, 10/712952 and 10/712953 all of which were filed Novenber
12, 2003 & orporated herein by reference. [0050] The invention

Wi |l :now b%@eﬁﬁg?ﬁ cularly described with reference t%cf’l‘ﬂéz"l‘wp'!’&\?ﬁ ng
Exanpl es and t he acconpanyi ng drawi ngs. [0051] In the Exanples, the X-ray
diffraction data were collected with a Philips powder X-Ray Diffractoneter,
equi pped wi tiljoes}SCi nt"ﬁ"lﬂ&ﬂs%hﬁ%@s%d?fed%ﬂl@ meFhARBA LGB0 QR @AY,  USi ng
copper K-al pha radl ation. diffraction data were recorded by

st ep- scanni rigsad oﬁ)ﬂ&Qdmr@l e@si)wﬁatmcdmglataaenw&mm@ a Si/a\! mteanic Brtigg  angl e,

and a countl second for C The interpl . aci ng,
d's, were cdl %rba?l?éh% waAﬁtﬁglcl? 5?{*%&?%3‘{' ?1131 FFéHIPBEa}PP&}@% ﬁ?lﬁléc?'}gjis '19'%55 of the
lines, 1/1",MgkRdlto 4 ?eﬂd?a@ RleNsil bYestire tr@!feto?tzﬁa@'w?s’i&lhkéd‘ﬁ 15008
background were determned by integrating the peak intensities. Exanple 1

"[0052] 0. 1435nhowh vad@s3siswmytation gt ) Hotut Aber edolitie( NERESuIBHR®likks  added

to 3.717 m of 0.72 | | N- |
i ot by pi parEsaerR Aahos PaT e e G P Ded ek oyt Eiedts 1B oo
tetraet hyl orginosyd paife: wmenﬁ&wmtmhe ghixd ezrses%@mgggeawqyéwlgﬁ% pfred in a

seal ed container for 2 hours at foomtenperaturé until al
t et r aet hyl orthtdsi gdl oafé 4kagiclddmpd en 81Q:)hydr ol yzed. To the resul tant clear

2ci d vhich ) mﬁéﬁ?&& y Fe PP AT PR S OUS 07 GR BeGial B SHRATS S ur ry
was further Lﬁqfrgl "l & 288 sB¥hnSdrzEA IRITAR 1 WS%%ohﬂmﬁproo %go?"tﬁ@%ﬁ“ on of

wat er and et a thick slurry mxture was obtain Extra wat er
was further sgnﬁlpazal pnbdﬁctamstwiecailmrarmufﬁemlmee amtlbeateds4tat0i0eC dwmidihts ons to

ive 1317 sol i hV|n thefollovmn osition:
3% 1% 009 diege Bibmedisicn SnggpeT R Dios ey Sabacion
PCT/ US2004/ %&%@é&m ﬁ%oé%}m&pmaﬂanﬁl 1§ ehdnf;ln Yi@ﬁlgafyifgldmrme EE‘Q*B@!X pagl aa xi ng 5ny

(0. 38wt % ed on the dry gel solid) a Seeding materi al havi ng a
Si / Al at oni denminstated that the matcnal had an AEI framework-type.

o
tn




of 8.9 and Si/Na atomc ratio of 26.4. The resulting m xture of solids was
transferred to a Teflon'-lined 5 mM pressure reactor and crystallized at
150C for r der slow rotation (about 60 rpm. Af loehzs t he
resul.tant so rig'%ﬂ\?\é'?ﬂrecovered by centrifuging, washed mn?ﬁ&gﬁgﬁPrﬁgﬁsmater,
‘and dried at 100C to give 373 ng of a white microcrystalline solid (28.3%
yi el d based on the weight of the dry gel or 91.4%yvyield based on Si Q2).
100541 The as-synthesized product had the X-ray diffraction pattern shown

in Figure 1 and suRmgjd lzﬂd-lﬂlwlfﬁaéﬁdiﬂ’ﬂ\ﬂém%ip&{- {PebizdPry) of the as-
synt hesi zed product was pl aced ”%dgﬂquhﬁﬁ%llg&nace and heated at 600C for

15hrs in the alrm appear ance. The X-ray
diffraction patt :

} 5 i-+—Fi gure 2 and
Tabl e 2. The X-ray data 9c?grmnstrate'ot

: aI had an AEl

framewor k-type. 15 WO 20852063624 PCFIUS2004/ 04273@7 Table 1 - - X-Ray
Diffraction Pattern of AB.Eynthesize@ Mfoduct of EX&mple 1 2 Theta d(A)
1001/10 9.77 9.049 100.14.330.90 8.16266.7 13.13 86736 3.8 14.35 6.165 3.6
15.16 5.841 10.8 16.37 B.84d2 39.3 1TR436 5.105 3208 17.59 5.039 44.6

19.45 4.560 1.4 20.06 4g28 15.9 28.42 4.326 15.993 20. 97 4.234 34.2 21.79

4.076 18.4 22.51 3.946 f i 5105 32 5
17.59 5.039 44.6

19.45 4.560 1.4

20.06 4.423 15.9

20.51 4.326 15.5

; 20.97 4.234 34.2
' 21.79 . 4.076 18.4
22.51 3.946 4.1

23.56 3.773 1.3

24.39 3.647 27.6

24.56 3.621 14.1

25.63 3.473 7.0

26.34 3.381 12.2

26.92 3.309 16.7

27.62 3.227 0.7

28.43 3.137 13.1

28.77 3.101 1.9

30.05 2.971 59

30.46 2.932 8.2

31.04 2.879 117

31.39 2.847 4.0

.. 31.65 2.825 14.8
| 32.39 2,761 2.4
32.84 2.725 12.4

33.25 2.692 3.3

33.43 2.678 55

34.20 2.620 2.2

35.05 2.558 1.4

36.79 2.441 2.2

37.00 2.428 2.3

40.03 2.251 2.7

41.92 2.153 2.4

42.22 2.139 1.8

43.74 2.068 1.6

44.15 2.050 2.4

44.59 2.030 1.6
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23.56 3.773 1.3 24.39 3.647 27.6 24.56 3.621 14.1 25.63 3.473 7.0 26.34
3.381 12.2 26.92 3.309 16.7 27.62 3.227 0.7 28.43 3.137 13.1 28.77 3.101

1.9 30.05 30.46 2.932 8.2 31.04 2.879 11.7 17 4.
31.65 > ol AgRsds 500 10T 0% P52 ga o 705 19 4. 33, LCHTauBERL LT
'2.678 5.5 34.20 2.620 2.2 35.05 2.558 1.4 36.79 2.441 2.2 37.00 2.428
2.3 40.03 2.251 2.7 41.92 2.153 2.4 42.22 2.139 1.8 43.74 2.068 1.6
44.15 2.050 2.4 44.59 2.030 1.6 16 WD 2005/ 063624 PCT/ US2004/ 042738 Tabl e

2 - X-Ray DiffractionThRgfiarnxatay'BiffratGémBaiiern of As-Calcined

Product of Example 1
2 Theta d(A) 100 T/lo
9.65 9.157 100.0
10.78 8.197 21.8
13.11 6.750 11.3
13.66 6.478 4.4
14.12 6.266 1.2
16.30 5.435 10.8
17.13 5.172 16.3
17.43 5.083 15.6
19.28 4.599 3.0
19.89 4.461 3.3
20.28 4375 5.6
( 20.92 4243 10.4
21.61 4.108 6.3
2222 3.997 0.4
23.44 3.792 0.5
2422 3.672 9.6
25.54 - 3.485 1.1
26.16 3.404 2.0
26.32 3.383 2.8
26.62 3.345 5.3
27.44 3.248 0.6
28.17 3.165 4.5
29.64 3.012 08
29.98 2.978 12
30.37 2.941 . 3.1
30.82 2.899 2.7
31.16 2.868 1.7
f 31.55 2.833 6.9
‘ 32.01 2.794 1.3
32.59 2.746 4.0
32.89 2.721 1.4
33.12 2.702 2.8
33.43 2.679 1.0
34.19 2.621 0.6
34.71 2.583 0.4
35.20 2.547 0.6
36.33 2471 0.6
36.97 2.430 0.6
39.55 2277 0.6
39.90 2.258 0.7
41.66 2.166 1.0
41.92 2.153 0.7

4375 2.068 1.2
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“Product of Exanple 1 2 Theta d(A) 1001/10 9.65 9.157 100.

21.8 13.11 6.750 11.3 13.66 6.478 4.4 14.12 6.266 1.2
17.13 5. 1723y3 %adnehs 43 ©.083 15.6 19.28 4.599 3.0 19.8
.4.375 5.6 20.92 4.243 10.4 21.61 4.108 6.3 22.22 3.997

0 10.78 8.197
16. 30 5. 435 10. 8

4. 461 3.3 20.28
6""’41152‘5‘3""&%173% 792

0.5 24.22 3.672 9.6 25.54 3.485 1.1 26.16 3.404 2.0 26.32 3.383 2.8
26.62 3.345 5.3 27.44 3.248 0.6 28.17 3.165 4.5 - 29.64 3.012 0.8 29.98
2.978 1.2 30.37 2.941 3.1 30.82 2.899 2.7 31.16 2.868 1.7 31.55 2.833

6.9 32.01 2.794 1.3

[0055} SEM analysis showed particles having a thick plate morphology

and a size of about 1.5 micron thick by about 2.5 micron wide and about 2.5

micron long. EDS analysis demonstrated the as-synthesized material to contain a

non-detectable (< 5000ppn1) amount of alumina and to have a Si/F atomic ratio of
14.8. Elemental analysis for Si, Al, F gave Al: 0.13%; Si: 35.94%; and F: 1.54%,

corresponding to a Si1/Al ratio of 266 (a silica to alumina molar ratio of 532) and a

Si/F ratio of 15.8 in the as-synthesized product.

Example 2

[0056] The as-synthesized material from Example 1 was pressed to a

pellet at 30,000 psig (2.07x10° kPa) and then ground and sieved to between 80

and 125 um. Two separate samples of the sized matenial were weighed between

21 and 22 mg and mixed separately with 90 mg of 100 win silicon carbide. These

mixtures were loaded into separate 1.9mm internal diameter tubes sealed at the

bottom with a quartz frit. The tubes were sealed into heated reactor blocks and the

catalysts were then calcined at 540°C under flowing air for 2 hours to effect

organic template removal. The calcined catalysts were then subjected to methanol

under a variety of conditions as detailed below.

[0057] Condition 1: The catalysts were contacted with a mixture of 85% !

methanol In N; at 540°C, approximately 100 weight hourly space velocity

o

(WHSV), and 40 psia (276 kPa) methanol partial pressure. During the methanol

reaction, the reactor effluents were collected and stored at timed intervals for

analysis by gas chromatography. Following the methanol reaction the catalysts

were subjected to a flow of 50% oxygen in nitrogen at 550°C for approximately

90 minutes to bum off deposited coke. The reactor effluents were analyzed by

infrared spectroscopy with quantitation of both carbon monoxide and carbon

dioxide o determine the amounts of coke deposition.

[0058] Condition 2: The catalysts were contacted with a mixture of 73%

methanol in N, at 540°C, approximately 50 weight hourly space velocity
(WHSV), and 40 psia (276 kPa) methanol partial pressure. Durning the methanol

reaction, the reactor effluents were collected and stored at timed intervals for

18



-32.59 2.746 4.0 32.89 2.721 1.4 33.12 2.702 2.8 33.43 2.679 1.0 34.19
2.621 0.6 3471258304 35.20 2.547 0.6 36.33 2.471 0.6 36972430
0.6 39.55ég %5‘7” 39.90 2.258 0.7 41.66 2.166 1.0 41.92 2. 153

43.75 2. 0689 28"%F°%0 2005/ 063624 PCT/ US20114/ 0. 12738 [665&]52‘%%%?&& ySi s
showed particles having a thick plate norphol ogy and a size of about 1.5

m cron thick by about 2.5 micron wide and about 2.5 mcron |ong. EDS

anal ysi s derrgﬁﬁ?@%g%ag hﬁmﬁﬁm@ﬁwe%&ﬁ%mbﬁ%ﬁé wﬁpg@ Aih@kS Pollowmg
non- det ect abl e amount “of al um na and ave a Si/F atonmic ratio

of 14.8. El érmmpﬁianahmaytsorsthﬁmataﬁsts Were ﬁlbg@t@i Al 2 o1 89H0%i 0xy@8n 1% and

F: 1.54% corresp 0. of a to na nol ar
ratio of 532)“% gé{)lq%%qré’wréwg?atilgaéé) IPHNFF‘? 35"%9%4?89?@3&0%

Exanpl e 2 [ OQ56]or BRfudiis S¥Rthngshaast, Mktaed @ecﬁésqepmmmmﬂ@ﬁom&ﬁsed to a
pellet at 30,000 psig (2.07x105 kPa) and then ground and sieved to between
80 and 125 @arbox’rv\mogem;%am@i sarpohediozide He détzmuinerather rmounter ef wekghed

bet ween g 2 mg and m xed separately with 90 ng of 100 Ain silicon

car bi de. The SH®t ures were | oaded into separate 1.9mminternal dianeter

hoat od r oact Bonl ocks Ao > (oo Sayes pert bon e W iRLR 26 under -
flowi ng air fosthadohdnrd;tay 450fectapproximately 400 weight howly space velocity
(WHSV), and 40 psia (276 kPa) methanol partial pressure. Total reaction time
was 70 minutes. During the methanol reaction, the reactor effluents were
( collected and stored at timed intervals for analysis by gas chromatography.
Following the methanol reaction the catalysts were subjected to a flow of 50%
oxygen in nitrogen at 550°C for approximately 90 minutes to burn off deposited
coke. The reactor effluents were analyzed by infrared spectroscopy with
quantitation of both carbon monoxide and carbon dioxide to determine the
amounts of coke deposition.
[6060] Selectivities to a variety of hydrocarbon products were calculated
for these reactions and the results are shown in Table 3. The values given below

are averages of each individual selectivity over the entire reaction. Each value

represents an average of the selectivities obtained from the two individual repeats.

Table 3
( Condition 1 Condition 2 Condition 3
C, 1.3 2 0.6
ct 0.2 0.3 0.1
C;” 26.5 27.3 18.5
C;’ 0.2 0.2 0.2
Cs 48.6 47.5 51.1
Cq 17.6 17.4 22.7
G5 5.1 48 6.4
Coke 0.4 | 0.6 0.7

Example 3
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~organic tenplate renoval. The cal cined catal ysts were then subjected to

nmet hanol under a variety of conditions as detail ed bel ow [ 0057] Condition
1: The catalysts were contacted with a m xture of 85% anol in N2 at
540C,. appr&f??‘?ﬁ’f"@f"ﬁ?zﬁoo wei ght hourly space velocity gf“%%“’w-’%si a

“ (276 kPa) nethanol partial pressure. During the net hanol reaction, the
reactor effluents were collected and stored at tined interval s for analysis

by gas chr graph FoII he anol _reaction t cat y wer e
subj ect ed f‘@’g?f | ow OB %ﬁgfggﬁhﬁﬁmﬁfﬁ f&&érfea?ﬂ%%bﬁf pap g‘i ?S‘ﬁatel y 90
mnutes to R@ﬁﬁn@ﬁfbeﬂ@mﬁh&eyﬂfa@hﬁExﬁhﬁlenea}%e@msefaﬁﬂ ;%ﬁhétew&ncaﬂél yzed by
i nfrared spectroscopy Wi th quantltatlon of both carbon nonoxi de and car bon

di oxi de t oessentéallyi nget emarourins of fitsok erapapsiont itbe. hb'dﬂﬁﬁ]ls (bfldtl’tel on 2: The

catal ysts ac. 0. et hanol at 540C,

appr oxi rrat%%ﬂ? %‘@fﬁ\’@l f&ﬁ E\{rﬁ gﬁ@ﬁ%@r"g]&ﬁeﬁv{ ?Wﬁ%‘%ﬁm eps"i'aé (276 kPa)
met hanol p@dﬁq’e@'ouﬂfc@%ﬁb‘ hBursDWhilB én h@@cdﬁﬁt;h%tlonrtﬁ@ }r&%‘l‘ysmt \Qﬁs feaet or
effluents were collected and stored at tined interva is WO

2005/ 06362hmﬂs:T/lz1921@0ﬂ1750 czﬂ@?tks reaﬂangsnr@du@y vgaasa uhmrmpﬁgﬁlphgd SF&t al
ano

t ti ct h t al 1
ner 6 'sﬁ[l, T DR R PP ST eses Ay seoofd PR N ph g ppg phike Catalysts

appr oxi mat Héan«Q%ermEpmﬁle%ﬂbwpeQMS senasdt erhecnks ANhasé ﬁé&fa%/ﬁﬁf fluents
infrared spectroscopy with quantitation of both carbon

were anal yzed

nmonoxi de amﬂloc@g Ponbylicbxinte! aeelyws,cand a¢hickh plasermmplology wolbea sitepdsi ti on.
0059] Condi ti 3. Th al.ys wer e cont ac ture of 95%

Eret ha]nol i%b 8&( 1%%‘{,&”%3??' L;t Odpipr %thﬁeai“éﬁg ‘WJU&WCIQB & vel oci ty0

(WHSV), and 40 psia (276 kPa) rret hanol partial pressure. Total reaction tine

was 70 minutes. Dining the methanol reaction, the reactor effluents were
col | ect ed Emampied ed at tined |nterval s for anal yS| s by gas chromat ography.

oL 0% 10 JORRAT Ml S S S S bR RS e o
ggggtslr g ggoiﬁeiohm@vr #RCfOR @frisbsu@ﬂsl&r \éﬁﬁ&uﬁn@h&’cﬁﬁld oPIN N2 AfeBfyRd 6-
dimethylpiperidinium hydroxide (DEDMP™ OH) followed by 1.200 ml of
tetraethylorthosilicate. The resultant mixture was continuously stirred in a sealed
container for 2 hours at room temperature until all the tetraethylorthosilicate was
completely hydrolyzed. To the resultant clear solution was added 0.117 ml of a
48wt% aqueous solution of hydrofluoric acid which immediately resulted in the
production of a shary. This slurry was homogenized by stimring and exposure to
air for evaporation of water and ethanol until a thick sturry mixture was obtained.
( To the resultant thick slury was added with mechanical mixing 2mg (0.15wt%
based on the dry gel solid) of AFI seeds as a 10% mixture in water. The AEI
seeds had a Si/Al atomic ratio of 8.9 and Si/Na atomic ratio of 26.4. Extra water
was evaporated from the slurry mixture under static conditions to give 1141 mg of
a dry gel solid having the following molar composition allowing for the seeds:
Si0; : 0.00276AL0; : 0.5DEDMP : 0.6F : 3.0H,0
[0063] The resulting mixture of solids was transferred to a Teflon®-lined 5
ml pressure reactor and crystaliized at 150°C for 65 hours under slow rotation
(about 60 rpm). After cooling, the resultant solid was recovered by centnifuging,

washed with distilled water, and dried at 100°C to give 372 mg of a white
microcrystalline solid (32.6% yield based on the weight of the dry gel or 91.2%
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-

~quantitation of both carbon nonoxi de and carbon dioxide to determ ne the

anounts of coke deposition. [0060] Selectivities to a variety of hydrocarbon
products were calculated for these reactions and the results are shown in
Tabl e 3. TWO 0831/48624gi ven bel ow are averages of each i ndiG/HRAH/MEBctivity

' over the entire reaction. Each value represents an average of the

sel ectivities obtained from t he two individual repeats. Tabl e 3 Condition I
Cond|t|0n2Con|t|on305 3 20,6 CZOZgSOl 26.5 27,3 18.5 C3
0.2 0.2 0.2 Yedd bagedem$iGh).5 X1y qealypip qouiivmed s materga) fo dejaryesgergially coke
0.4 0.60.7 gezlmgsg O 2ORRL 0638244, £CTI US2004/ 042738 [ 0061] The
procedure of P npl eh%’égs repeat ed %ﬁ 4?\/léz)th the scale of preparation being
10 tinmes that in Exanple 1, otherwise all paranmeters being the essentially

the sanme. In_a first_preparation the hydrolysis of the ‘

t et raet hyl or Mm&%%ﬁ-@il LI n NN-di et hyl -2, 6- di met hy! pi peridi ni um hydr oxi de was

carried out f wo ho | ¥Si s was
4 e prdidhRe SMELmRED gigl of

for 16 hourg.%qa t he :‘i:rr trM\é(;gase tiﬂe ruglﬁu ?‘?%ngeg Bﬁ%mglg?%%lﬁxlgrgre of AEI

and SFF fr afeand3. ﬁ-mg/pﬂmtrmmrsohitmn mﬂrl@](ﬁé)s)gimqorimm;amad oggedue dry

essentially pure_ phas avj.ng th AE| framework pe. was produced. _-The pure
AEl phase ha(ge]aso@,dpipvmg s éﬂ% nB&i’I E‘I’t‘éﬁ?%%@sa{ﬁlﬁ?%g@“ RATeSeRYTi ok pl ate

nmor phol ogy A8 Rfcot Yr3e& mcron thick by about 1.0 micron w de
and about 1%6%‘%%%% ongSe s Tfl °3 4 100621 0.429 m of a 23.5 ng/m aqueous

sol ution of Al (NG3)3-9H20 was

Example 12
[0065] The as-synthesized materials from Examples 4 to 11 were calcined

B

as m Example 2 and the products were then contacted with a mixture of 80%
methanol in N, at 400°C, a methanol partial pressure of 40 psia (276 kPa) and a
weight hourly space velocity (WHSV) of about 50. The results are summarized in
Table 4, which also includes the results obtained i Example 21 of U.S. Patent No. -
5,958,370 when an SSZ-39 catalyst was used to convert methanol to olefins at

400°C.
Table 4
Example Si02/Al, O3 gel Ca=yield, wt% Cs= yield, wt%
4 362 13.33 50.35
5 | 518 13.66 51.15
( 6 660 13.91 51.06
7 790 14.19 51.65
8 1020 13.89 51.51
9 1122 14.23 51.93
10 - 1218 13.74 51.73
_ 11 1306 14.30 51.85
. Example 21 of US 20.76 35.15
5,958,370

21



.added to 3.737 nil of a 0.7199 nolar aqueous sol ution of N, N-diethyl-2,6-

di met hyl pi peri di ni um hydroxi de (DEDhW+ OH) followed by 1.200 nil of

t et raet hyl Q{,bg&ﬁiol(%@ te. The resultant m xture was continuously stirred in a
seal ed contarnere 2 hours at roomtenperature until affT{3a004/042738
‘tetraethytorthosilicate was conpletely hydrolyzed. To the resultant clear
solution was added 0.117 m of a 48w % aqueous sol ution of hydrofluoric

acid which,j di at resulted. in.the .oduction o slurry. ,this slurry

was homggg{)@g_ by jl‘ix’flili gsefﬁgh%tx%lgscﬁyséﬁi%e ng%“%m?%?} g\%&’ﬁBkéa%?{%rﬂof wat er

and et han@hchiBhivd a SorisiiefdblS highéyratib &T?f@ﬂ@% 12418 2 B@Giene TRid Rt BRSUl tant

thick slurry was added wi th nmechanica mmgg %ngg 0.1 % based on the dry
ﬂa ! 22

5
gel sol i d)SSeF3QmatesababindSamplodd o WiliPatanh The AEI seeds had a
Si/A atomic ratio of 8.9 and Si/Na atomc ratio of 26.4. Extra water was
evaporated fromthe slurry m xture under static conditions to give 1141 ny

of a drymm%glﬂgd havi ng the foll ow ng nolar conposition allowing for the
seeds: SiQZ7 0.00276A12C3 : 0.5DEDWP : 0.6F : 3.01170 [0063] The resulting

m xt ure of{08&]i ds wasS4-BAmes prapertdtagcerdingftp 3AS- Paterd NG 5,9581370negur e r eact or
and. crys Lzed, gt 150C for 65 hours wunder slowrotation . (about 60 rpn).
Af t er cooh\lih%fhe&]ﬁkaﬁé et Py 1}%§3¢1r8§ eraédV}IB?/ EERRtTS ffl?é'lp%g?' washed

W th di stidHeadcaedRlysi@ndichéE that thd 09§78 Sinvle TOAtaMbA0D 53w e
m crocrystalline solid (32.6%vyield based on the weight of the dry gel or

91. 2% 20 32303 DeIB2VIHPCNaUTRe G4/ 42 738as YEwiate Bdsed on Si O2). X-ray

anal ysi s j.rmed the ial to be . ess ialkl.y .pure,phase having the
AE| f raneméggjp ype. %?aﬁ‘%#’gé BIPs Y'Es [C%'Pf&f% %@O&dﬁeﬁﬁr% %?‘OE’B?a le 4 was
repeat ed hehowd the h@arddReplal  TtHecA8ined e %Heﬁ!é%ezﬁ% Wi 0iw,0f

Al (NO3) 3. 9H20 being varied to produce dry gel solids having the Si02/A1203

mol ar conPpg3iNQoagqueoak Isoliitioy foee tih elisresonumivt ionisschaBpe.sEeelsdn-as set out
in Table 4. Exanple 12 [0065] The - synt hesi o er.als fr ampl es 4
Lo 13 wer EXEROER i o R s Rd S HaRE ERSObE S s i AR Bent bt od

with a m xiddfrfurler 83¥ent pressure) to attempt to effect framework dealunyination. 0.5

g of this steamed sample was further treated with 25 ml, IN hydrochloric acid at
60°C for 3 hours. The solid was filtered and washed thoroughly with deionized
water, and dried before elemental analysis was performed. The chemical analysis
indicated that the steamed and acid-leached samplc_ contained 2.92wi% Al
36.0wt% Si and 0.00% Na. The Si/Al ratio was therefore 11.8, which is
essentially unchanged from that of the original sample.
[0069] Thus this example illustrates that the conventional techmique of
( steaming and acid-leaching is ineffective for iﬁcreasing the Si/Al ratio of
aluminosilicate having the AEI framework type.
[0070] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.
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met hanol in N2 at 400C, a nethanol partial pressure of 40 psia (276 kPa) and
a weight hourly space velocity (WHSV) of about 50. The results are

sumari zed in Table 4, which also includes the results obtained in Exanple
21 of U.S. Patent No. 5,958,370 when an SSZ-39 catal yst was used to convert
met hanol to olefins at 400C. Table 4 Exanple Si 02/ Al 203 gel C2= yield, W%
C3=yield, Wt% 4 362 13.33 50.35 5 518 13.66 51.15 6 660 13.91 51.06 7
790 14.19 51.65 8 1020 13.89 51.51 9 1122 14.23 51.93 10 1218 13.74 51.73
11 1306 1§ %E%§§.85 Exanpl e 21 of US 20.76 35.15 5,958,370 21 WO

2005/ 0636 & /1 US2004/ 042738 [0066] It will be seen that the crystalline
mat eri al swafeldianpl e 4 to 11 each gave a considerabl e higher ratio of

propyl ene yield to ethylene yield that the SSzZ-39 material of in Exanple 21
of U S. Patent No. 5,958, 370. Exanple 13 [0067] SSZ-39 was prepared
accordingyto : i 0 cal ol i

N Nl et nyl 2, oot v ABEOPERBH e, Whersin sld materigh i o

Cheni cal ecahahgds ashyidrmlis fertre dag deagmpdsiios $rvaddng thephdarcelatianshgd 2. 53w % Al
32.2wmt % Si and 0.28m¢@6§b ;g‘ i/A ratio was therefore 12.2. [0068] The
SSZ- 39 sanpl e was cal ci EEQ ' Cin air for 3 hours to renove the organic
t enpl at e. widieinCalsal theglesaiamhent A& SteeRARACEl einbnt LAY iNFbND todeydeipms sol ution
twice to effect anmoni um i on-exchange. The ion- exchanged sanple was then
subj ect ed?Pb st eaning (700C for 5 hours in 100%

2. The crystalline material of claim 1 wherein said material is substantially free of
framework phosphorus.

3. The crystalline material of claim 1 wherein n is from about 0.001 to less than 0.01,
4, The crystalline material of claim 1 wherein n is from about (.0025 to about 0.008.
5. The crystalline material of claim 1 wherein n is from about 0.003 to about 0.007.
6. The crystalline material of claim | wherein X is aluminum, boron, iron, indium,

gallium or a combination thereof.

7. The crystalline material of claim 1 wherein Y is silicon, tin, titanium, germanium

or a combination thereof,

8. The crystalline material of claim 1 wherein X is aluminum, boron, iron, indium,
gallium or a combination thereof, and Y is silicon, tin, titanium, ermanium or a
combination thereof.

9. The crystalline material of claim 1 wherein Y is silicon.

10.  The crystalline material of claim 1 wherein X is aluminum.
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steam under anbient pressure) to attenpt to effect franmework deal um nation
0.5 g of this steaned sanple was further treated with 25 m, IN
hydrochl oric .acid at 60C for 3 hours. The solid was filtered and washed

t horoughly with deionized water, and dried before el enental analysis was
perfornmed. The chemical analysis indicated that the steanmed and

aci d-1 eached sanple contained 2. 92wt % Al, 36.0M % Si and 0. 00% Na. The
Si/Al ratio was therefore 11.8, which is essentially unchanged from that of
t he ori gi nal P 0069 Th S..thi.s exan e illustrates that the
conventldﬂal ?@%ﬁrs Hne?“*“ ﬁpﬁﬁgﬁ@?f & 1%€%ching is ineffective for
increasing the Si/A ratio of alun1n05|llcate havi ng the AEl franmework

type. [0070] Wile the present .invention has been described and il lustrated
by referbnce 46ry|§fautnpé%ﬂt%al SRR R SamewerkdyRes WoPEIhaMd materipl NI  he art

Wil appiegieat fn Eyhf%tus i, h&vﬁ%ﬁﬁgltlloﬁﬁﬂ%bhﬁgﬁlefm&lﬁ r¥@fibdhipens not

necessarily Il1lustrated herein s reason, then, reference should be
made solely to the apperfdedO:;3Gy ms for purposes of det er i ni ng the true

matori ol WRTRGRA beAtey ERmshb Sy pea iR ot Bls Gpmd G him, 1 0°

cal ci ned, 0.enimackikisin 9 Matdtas, iR itS @aPipsd forANcdnfa frori @bblia BRbAI 100
rel ati onshi p: (n)X203: YO2, wherein X is a trivalent element, Yis a

t et raval eifim by wgght olleplidei s from 0 to less than 0.01. 2. The crystalline
material of claiml1 wherein said material is substantially free of

framewor k phosphorus. 3. The crystalline nmaterial of claiml1l wherein nis
from about3.0. Oﬂabcrystdlﬁimnathﬁai dfcmm 12 4vheiklivesaid yateaibl, imies euldimad fatm,of cl aim 1
wherein n is.fr oug 0. 0023 bout 0 gog 5. The crystalline materia
of cl ai m oSt ‘? t PRAE 2B B by Wrehtieh2 Bt 0. 007. "6. The crystalline
mat eri al of clai m 1 wherein X is al um num boron, iron, indium galliumor

a conbination thereof. 7. The crystalline material of claim1l wherein Y is
silicon, t.n, Thetcaysalkine materiglmif glmm 12 wherein said material, in its calcined form,

contains from about 10 to about 20 ppm, by weight of a halide.
15.  The crystalline material of claim 12 wherein said halide comprises fluoride.

16.  The crystalline material of claim 12 wherein n is from about 0.001 to less than
0.01.

17.  The crystalline material of claim 12 wherein n is from about 0.0025 to about
0.008.

18.  The crystalline material of claim 12 wherein n is from about 0.003 to about 0.007.

19. A method of synthesizing a crystalline material having an AEI framework type
and comprising YO, and optionally X,0; wherein X is a trivalent element and Y is a
tetravalent element, the method comprising:

(a) preparing a reaction mixture capable of forming said material, said mixture

comprising a source of water, a source an oxide of the tetravalent element Y, optionally a
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or a conbination thereof. 8. The crystalline material of claiml1l wherein X
is alum num boron, iron, indium galliumor a conbination thereof, and Y
is silicon, tin, titanium ermaniumor a conbination thereof. 9. The
crystalline material of claim1l wherein Y is silicon. 10. The crystalline
material of claim1 wherein Xis alumnum 23 11. The crystalline materi al
of claim9 wherein nis zero. 12. A crystalline material having an AEI
framework type, wherein said material, inits calcined, anhydrous form has

t I sh wh X
2 COMDOSt a0 AL UE A0 BBl L RLL OISR e O GO il n X Lo
0.01 and mﬁ%@h@fgaaadrygﬁnﬁlelnﬁteﬂaqn its calcined form contains from about |

to about 100 é*)) pm by weight of a halide. 13. The crystalline material of
claim12 wher ﬁlaﬁmem&é@lérr?a&rwn mixtpredinder conisigng %luﬁ%{wlemé@)ﬁﬁran HES@EF om about 5

to about o?galﬁgg)s&nm%haq alg{ylm 14:'1@%5? %(}sf}lo{lgg\%lﬁh%ﬁ;e%élhﬂ% ABh&E: .al of claim

12 wherein said materi a I ont al ns rom yout 10 to
about 20 ppm by wéi)dhOs: hﬂOza hal i de. 15. The crystalline material of claim
12 wher e| sai d s fluoride. 16. The crystalline material of

eco i
claim12 % é‘?%fs cﬁng Bgﬁt‘biOOItolessthan 0.01. IT The

crystalline n'%)q&g@lgnﬁ)%Sé}d@dygﬁhﬁﬁem&l’rﬁ[ﬂoﬁ@ﬁ from about 0.0025 to about
0.008. 18. The crystallTine material of claim 12 wherein n is from about

0.003 to about 0.007. 19. A nethod of synthesizing a crystalline materi al
havi ng a El Afr r . I 03 wherein
(VL™ 2oL SRR o A PELSH Q6 300 sBRbHATAH RO

conpri si ndialijayopiaiparcomgoand. eact i on nmi xture capabl e of form ng said

material, said m xture conprising a source of water, a source an oxi de of
the tetravalent elenent Y, optionally a 24 source an oxide of the trival ent

el ement %jand 1@ ARG 1OGH RGN 808 Rlacth S miirs Glsb REmpASes a fluoride

or a fluoride-containing compound.

22, The method of claim 19 wherein said organic directing agent comprises a cyclic

amine or ammonium compound.

23.  The method of claim 19 wherein said organic directing agent comprises a

substituted piperidinium compound.

24,  The method of claim 19 wherein said organic directing agent comprises a

tetraalkylpiperidinium compound.

25.  The method of claim 19 wherein said organic directing agent comprises an N,N-

diethyl-2,6-dimethylpiperidinium compound.

26.  The method of claim 19 wherein said reaction mixture has a pH of about 4 to

about 10.

27.  The method of claim 19 wherein said reaction mixture has the following molar

composition
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formation of said crystalline material; b) maintaining said reaction m xture
under conditions sufficient to formcrystals of said crystalline materi al
conprising a conposition involving the nolar relationship: (n)X203:YQ2,
where n is fromO to less than 0.01; and (c) recovering said crystalline
material from (b). 20. The nethod of claim 19 wherein said reaction m xture
al so conprises a halide or a halide-containing conpound. 21. The nethod of
claim19 wherein said reaction m xture also conprises a fluoride or a

fl uori de-contai ni ng COITPP&% 22. The (ﬂat[oh%i of claim 19 wherein said

organi ¢ directing agent éonprises a cyclic  anmine or ammoni um conpound. 23.
The nethod of claim19 Wakd&€vm,said or@ad c directing agent conprises a
substituted piperidiniumconpound. 24. The nethod of claim19 wherein said
organi c directing agent Ré‘g rises a t%ﬂ%ﬁ’aq;kyl pi peri di ni um conpound. 25.
The nmethod of claim 19 whel&ig) said organi g directing agent conprises an

N, N- di et hyl -2, 6-di net hyl pi peri di ni um conpound. 26. The nethod of claim 19
wher ei n sdietk R ésat orgmieiliceating apag. a pH of about 4 to about 10. 27. The

met hod of claim 19 wherein said reaction m xture has the follow ng nol ar
conposition 25 H2OYO2 0.1 to 20 Halide/YO2 0 to 2 R YOQ2 0.01 to 2;

X2QB/ Y2 2. t 0 The MethodT R 19SvIRfi EG@ Habtich hBGirk Agk RE Esllowikd8mollpe nmet hod of
claim 19 wherein said reaction mxture has the follow ng nolar conposition
H2Q Y02 Zomgosigen

H,O0/Y O, 2to 10;
Halide/YO;, 0.01 to ;
R/YO, 0.1t01;
X205/YO, 0to 0.1,

where R is an organic directing agent.

29, The method of claim 19 wherein X is aluminum and Y is silicon.

30.  The method of claim 19 wherein said reaction mixture also comprises seed

crystals.

31.  The method of claim 30 wherein said seed crystals are added to said reaction

mixture as a colloidal suspension in a liquid medium.

32.  The method of claim 30 wherein said seed crystals comprise a crystalline material

having an AEI, LEV, CHA or OFF framework type.

33.  The method of claim 30 wherein said seed crystals comprise a crystalline material

having an AEI framework type.

34.  The method of claim 33 wherein the crystalline material having an AEI

framework type is an aluminosilicate.
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Halide/YO2 0.01 to 1;, R YOQ2 0.1to 1; X23/YOXR 0 to 0.1, where Ris an
organic directing agent. 29. The nethod of claim 19 wherein Xis al um num and
Y is silicon. 30. The nethod of claim 19 wherein said reaction mxture al so
conprises seed crystals. 31. The nethod of claim 30 wherein said seed
crystals are added to said reaction mxture as a colloidal suspension in a
liquid medium 32. The nmethod of claim 30 wherein said seed crystals
conprise a crystalline material having an AEl, LEV, CHA or OFF franework

type. 33.,.The.npet had of. cl ai 0 wherein.said seed crystals co ise a
Y yerai | e maPErediod St i Savhertt Teanifigien 16 eci St fomert Rba of ol ai m
33 wher eiffbnt AuE st @labbmsopeteri al having an AEI  framework type is an
alum nosilicate. 26 35. The nethod of claim 19 wherein the conditions in (b)

include a tenperature of fromabout 50C to about 300C. 36. The nethod of

claim 19 er g 3E‘Gﬁ ki [ )il : e r f rom about
135C to a?’\g/f(;ut ng : gs})?ra%lrl]&'olrggghﬁlkégng:hgr?\?}é&rlgll)ﬂt;sﬂgé@()‘%@g%E((:(Pﬁe Fﬁgﬁfﬁafcont acting
an or ganifoni geds { 2K talabdutd 85%at al yst conprising a crystalline materi al
havi ng an AEl framework type and conprises a conposition involving the

mol ar rel ationship: (n)X203: YO2, wherein Xis a trivalent element, Yis a

tetraval ent elgpini@Bthversich frbQ SonhiRistRSBntab@: arlornic BR2dsiJdkewiy pcess of

claim 37 wherein said feedstock conprises an oxygenate and the process
conpri sesaebvemirsgmesairystdlipgmatial haning aa | fegmawopk tpeend c@opristhe pr ocess

of claim37 wherein i teriagl.is.substantially free of framework
phosphor&5’.“1321%&5%%"%?1&&2%%0@ re@?@ﬁ%@? wherein said material, inits
cal cined form contai ns(f)Ke03:YO,,

wherein X is a trivalent element, Y is a tetravalent element and n is from 0 to less than

0.01.

38.  The process of claim 37 wherein said feedstock comprises an oxygenate and the

process comprises converting said oxygenate into an olefin product.

39.  The process of claim 37 wherein said material is substantially free of framework

phosphorus.

40. The process of claim 37 wherein said material, in its calcined form, contains from

about 1 to about 100 ppm by weight of a halide.

41.  The process of claim 37 wherein said material, in its calcined form, contains from

about 5 to about 50 ppm by weight of a halide.

42.  The process of claim 37 wherein said material, in its calcined form, contains from

about 10 to about 20 ppm, by weight of a halide.
43. The process of claim 37 wherein said halide comprises fluoride.

44,  The process of claim 37 wherein n is from about 0.001 to less than 0.01.
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about 1 to about 100 ppm by weight of a halide. 41. The process of claim 37

wherein said material, inits calcined form contains from about 5 to about
50 ppm by wei ght of a halide. 42. The process of claim 37 wherein said
material, in its calcined form contains from about 10 to about 20 ppm by

wei ght of a halide. 43. The process of claim 37 wherein said halide
conprises fluoride. 44. The process of claim37 wherein n is from about
0.001 to less than 0.01. 27 45. The process of claim37 wherein nis from
about 0. Q025 . - T I i erein nis from
about O. 883 ttgﬁ%@%g%&ts(g?ﬁlg%gSZyﬁgchnelb%rfgo@gglg&gP %g%%%oﬁbgbgd\ﬁg%gr)ei n said organic
oxygenat e conpound conprises nethanol, dinmethyl ether or a m xture thereof.

28
46.  The process of claim 37 wherein n is from about 0.003 to about 0.007.

47.  The process of claim 38 wherein said organic oxygenate compound comprises

methanol, dimethyl ether or a mixture thereof.
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