AND | TS USE IN THE CONVERSI ON-GF--OXYGENATES TO OLEEI(NG)4 !@!“l LA.?
invention relates to an al umg ilicate form of chabazite havi igh
silica to alum na nol ar rat[ ﬂﬂ’wmmmmlhesi s and its use in the conversion
of oxygen¥PdO7832 ¢ cul arl to ol efins, partiBGI/EPPPS¥hyl ene
and propyl ene. [0002] The conve&sision of nethanol to olefins (MO is
currently the subject of intense research because it has the potential for
repl aci ng the | ong-standing steam cracking technology that is today the

i ndustry-standard for producing world scale quantities of ethylene and

propyl ene. The vgjyn §ige A eHNBLZITKOIPEIYNIESR ANPITS UREI AN P al
econoni c i ncentives ﬁ$§o o 1O %iégéﬁ q £ (t)ﬂ@'l?wgan del i ver high

t hroughputs of ligh reas steam
cracking relies on non-selective thermal reactions of naphtha range
hydrocar bons a000dgry Mrighinventipgféites ®an aMhheMatdi fbrsn 68dhabazite Bavaiyd i cr o-
architectural properties of acidic _nolecular sieves under m |l der
tenperature @GR Hl@AQ alumingraRlardatiailgsysthesisad is ugrinfhessqavession of opyl ene
from et hanol . n r L LGS i suggests
a conpl ex se(ﬁ)l)j)é e@%@%haﬁ{d&ﬁyt e#l%%ﬂ%}oﬁ#ﬂ%ﬁ%ﬁ%ﬁ%ﬁﬂ@%%%em I @éyg%é (1) an

i nducti on per i[02] | eadThegoheerdibreoff roethatol twrolefins M TAY tis coerenthy the sutjed|

(al kyl -aromati cs {Zf} al. kyl ati on- deal kyl at.i on.reacti pns of these active

i nt er medi at es o?gééd}s% SF90° 8‘3’15%’35?5 'g‘_ﬁa%%}a?ﬁ” r%"rlaa%'?ﬁa#“? %ﬁﬁsﬁpﬁ‘ﬂg of condensed
ring aronati cSiealMtiackmoiQBAQDSS BardftodRyI Bk itubtyy-sthiBRBiof Plod eI NvEAd
transformation in Whl.(_:ﬁ t he cat;lmyst is in a continuous state of change.
The ability ofscalhguaatities of sthylene and mopdilenehiThn verl ddrggvolimesdsvdlvad pr ol onged
periods of ti |4 [ t n l.at i ve rates at
whi ch the abggv%éegtrdéaggg%%ga?lggédogﬁgglggﬂfﬁggﬁ%lr%%aat 1 %’ﬁteté%%%%lg%l%t t:hﬁte nol ecul es
i s of singul arcan deliver igin theoughpasisilighh efiefinsin Gleobtefiidiand miatiiedr Weas Wit h t he
desired reacti on seguence in a nllmb,er of ways. In_particular, coke renders

f
the carbon podfeamiq vyelies pppup-selqafize thepmaal rgetionsrof paibi3 r8#eer eact ant s and

Ior od ;Jct s, t i Inc ﬂl?@l?)_@?b&rﬁ%t vRPhRRkdRerdtles, WIBG 2k p161%: SEEHANRIRN WidrsAact i ons and
imts catalys ife.
Y architectural properties of acidic molecular sieves under milder temperature

WO 03/ 078324 PCT/ US03/ 05082 *166166* H GH SI LI CA CHABAZITE, I TS ql\n' SIS
—hl

conditions to produce high yields of ethylene and propylene from methanol.
[0003] Current understanding of the MTO reactions suggests a complex
sequence in which three major steps can be identified: (1) an induction period
leading to the formation of an active carbon pool (alkyl-aromatics), (2) alkylation-
dealkylation reactions of these active intermediates leading to products, and (3) a
gradual build-up of condensed ring aromatics. MTO is therefore an inherently
transient chemical transformation in which the catalyst is in a continuous state of
change. The ability of the catalyst to maintain high olefin yields for prolonged
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 limits catalyst life.

[0004] Over the last two decades, many catalytic materials have been
identified as being useful for carrying out the MTO reactions. Crystalline

A,
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[ 0004] Over the last two decades,

and nor phol ogi cal
material s X3t - menbered ring
t he chabazite franework type, and
and SAPO 18. These nol ecul ar
to accommpdate aromatic
transport of

nmor phol ogi cal

many catalytic materials have been
*ACTI ON* WO 03/ 078324 PCT/ US03/ 05082

preferred catal ysts today because they
requi renents for the

-2 mcroporous materials are the
si mul t aneously address the acidity
reactions. Particul arl referred
al umi nosi li cates, sucﬁcyysqs%é‘g’é havi ng
si |l i coal um nophosphates, such as SAPO 34

si eves have cages that are sufficiently large
internedi ates -phile still
reactants and products into and out of the crystals through

| | i nt er -
regularly In ﬁ{l: géﬁggﬁrrﬁiﬁj{g}[ﬂllgag@%e Pﬂé}%@d@aﬁfysts@&da?%u '

al l owi ng the diffusional

i ng such

propriate “levels of acid strength and

acid density, sinmitkneogsly addrtssshesacaity apd oduetbgicekeguisimentsrfestear ch in this

area indicates that sil. coal h tes.
MTO cat al yst SRR PEHEAIGL PR ERELAter S g sigiepbered e

cburrently nore effective
© control of the

silica to al upiuRfnd¥Ricafes, 'sBdH & thole Rakifythé EkHBLTI R ewoRl tybhl@nd@ise of

alum nosilicates in MIO'reacti ons,

since materials with lowsilicato

al um na ol asilicealyrimopliosphatss, weh ai TARPd4 pad BAPATISo dhese molespdart hel ess,

al um nosilicaf.e ol Lt ant | | in MO and appear
to have yet Wiate |Sé%‘é%/‘léatggstsjth%oa?ée%@#cg?n&@[%gféEi%@ré%g%%t%em%g&% naturally
occurring zeolsrtérmediated while stpgloovinghé diffusionaiutaaspoamhichean@44d7Y. Three

synthetic forns of chabazite_are described i "Zeolite Mol ecul ar Sieves",
by D. W BrecRrodpgpinie LR A @9?@%&7 g rwwqéf% lgter@aﬂgcredt%eg%nm ete

di scl osure of ;ubiel By oRERIRAAY Sh BRFRbLIbRY SReekfikiks WiklBhepsR. The
t hree synt het iac for rrslstr gg%rtedugg; Br ecfkﬁarg Zeol i tgl" K—SG'I, aﬁgegﬁaﬁ? bed in J.

Chem Soc., plevelB2faqid 9&8)th 2Bd aeid demsity aborkipgohialyetsBre edioed-bed in  British
Patent No. 86% 456 vér]é%ga:rL ;in%s(;I axgagl%ld{.cgt%s éﬁat 31‘19030C uimtl)r?odhi)snh'é%' s ePat ent No.
3,030, 181 (19631 phbsbhatesir

currently more effective MTO catalysts than aluminosilicates. In particular, the -
control of the silica to alumina molar ratio is a key requirement for the use of
aluminosilicates in MTO reactions, since materials with low silica to alumina
molar ratios are too acidic and perform poorly. Nevertheless, aluminosilicate
zeolites continue to be explored for use in MTO and appear to have yet
undiscovered potential.

[0005]
formula Ca,Al,,Si,,0+,. Three synthetic forms of chabazite are described in
"Zeolite Molecular Sieves", by D. W. Breck, published in 1973 by John Wiley &

Chabazite is a naturally occurring zeolite with the approximate

Sons, the complete disclosure of which is incorporated herein by specific
reference. The three synthetic forms reported by Breck are Zeolite "K-G",
described in J. Chem. Soc., p. 2822 (1956), Barrer et al; Zeolite D, described in
British Patent No. 868,846 (1961); and Zeolite R, described in U.S. Patent No.
3,030,181 (1962).

[0006] U.S. Patent No. 4,544,538 describes the synthesis of another
synthetic form of chabazite, SSZ-13, using N-alkyl-3-quinuclidinol, N,N,N-tri-
alkyl-1-adamantammonium cations and/or N,N,N-trialkyl-exoaminonorbornane as
a directing agent in a conventional OH medium. According to the ‘538 patent,

SSZ-13 typically has a silica to alumina molar ratio of 8 to 50 but higher molar



[0006] U.S. Patent No. 4,544,538 describes the synthesis of another
synthetic formof chabazite, SSZ-13, using N al kyl-3-quinuclidinol,

N, N, N-tri- al kyl-1-adanmant ammoni um cati ons and/ or

N, N, N-trial If)yl - exoan nonor bonmane as a directing agent in_a conventional

o+ nedi umYOREEPH ng to the 538 patent, SSz-13 typicaPfY'Hd9 % 2silica to
alumna nolar ratio of 8 to 50 but higher nolar WO 03/078324 PCT/ US03/ 05082
-3 ratios can be obtained by varying the relative ratios of the reactants
in the synthesis mxture and/or by treating the zeolite with chelating
agents or acids to renove alumnumfromthe zeolite lattice. However,
attenpts to Syfobes Helobmmred byatyindhk rdlRRE 2tk oBihb k&@tah@ iRhkM na nol ar
ratios in excess of 100 have beén " unsuccessful and have produced I TQ 1 or
SSz- 23, dependyniepsisanixiee adklby tieating|the zegliteorithnheloting agemsoeanidsto | ncr easi ng

the silica to -ﬂ%‘HP ratio..of SZ- um nat.i as net

wth limted §%‘11:03’g1§ S ecrlégiré)én t?%]%eoéﬁric‘alﬁﬁc% iZI_ch()a‘gre(BJV r’tla ﬁ%lg%g&oe%’n&n%ﬁegésb al um num
extraction di fi8icOHt madid at dilécase iaminaymalér ralie ih eR@bE00 aye beeket ri ment al |y
affect the crystalline integrity of the materi al %40007 Si %ﬁr;ificant wor k

has been _condBEiué%Fs_%le?‘H aysrrogced B-1 gr §82723, depe ingen oetabact i ons.
However, i nveghimahdefs MQesat, tadiedi ﬁi&%mawahmgﬁ%n IREHQETRICH of SSZ-13
is always inferior to that of its siflicoalum nophosphate anal og, SAPO 34.
See, for exanpyde¢alumation hasThet with hiegted Sicc¢ss beddaser the small sixé of theGmkdsegos, E.
J., and Auroux, . A . "Product Selectivity in Methapol to dr ocar bon
Conver si on foPaF%So%WW?‘§?Ct]68 gyl gnd e%{"erﬁfl‘)?ﬁlﬁge@ﬁ& #Yecul ar Si eves",

M croporous MatigifdeaiaBy dffect @o-chAthllink9Rdgritp oelthDakbkerial.. M, Mostad, H.,
Akporiaye, D.., and Wendel bo, R_, "Structural and Chem cal Influences on

the MIO React i¢W7] A CoapliFans pArkdres beraisapducted pndhegmpof 897-43 2o Cat al yst s,
M cropor ous a@%gly%ﬁﬂpﬂm‘ééctiwﬁé. %E%@évgre éﬁeﬁ%ﬁ@ér&?@d&éP;%;%;)sho&@ﬁ)l%ﬁhe Recently,

a pure silica m of chabazite rot her na synt hesi zed usi ng
N, N, N- t ri met hykdatenzacet iSSFpl3i is aiwaps infegiootol e of ds siliesalinhieophosphate

structure-directin e t nearly.neutral in resence of fluoride.
See Di az- Cab&l %g,’%ﬁ?‘g),'ﬂga%ee@f ?Xaﬁ%leA%elhidTpCZ?ﬂfsowﬁﬁfm o T ynt hesi s and

Structure Gallegos, E. J., and Auroux, A., "Product Selectivity in Methanol to Hydrocarbon

Conversion for Isostructural Compositions of AFI and CHA Molecular Sieves",
‘Microporous Materials 2, 105-117 (1994) and Dahl, I. M., Mostad, H., Akporiaye,
D., and Wendelbo, R., "Structural and Chemical Influences on the MTO Reaction:
A Comparison of Chabazite and SAPO-34 as MTO Catalysts", Microporous and
Mesoporous Materials 29, 185-190 (1999).

[0008] Recently, a pure silica form of chabazite has been hydrothermally
synthesized using N,N,N-trimethyladamantammonium in hydroxide form as the
structure-directing agent at nearly neutral pH in the presence of fluoride. See
Diaz-Cabanas, M-J, Barrett, P. A., and Camblor, M. A. "Synthesis and Structure
of Pure SiO, Chabazite: the SiO, Polymorph with the Lowest Framework
Density", Chem. Commun. 1881 (1998).

[0009] By adding small amounts of aluminum to the synthesis mixture
employed by Camblor and his co-workers, the present inventors have for the first
time been able to synthesize a pure, highly crystalline aluminosiiicate material
having the chabazite structure with silica to alumina molar ratios significantly in

excess of 100, such as 265. The amount of Al present in such a material is



of Pure Si O Chabazite: the Si02 Polynorph with the Lowest Framework
Density", Chem Conmun. 1881 (1998). [0009] By adding small anmounts of
alumnumto the synthesis mxture enployed by Canbl or and his co-workers,
the present inventors have for the first tinme been able to synthesize a
pure, hi ghMP %P8l 1ine aluminosilicate material havi nBCVH@%’(?f’PéBazi te
structure with silica to alumna nolar ratios significantly in excess of
100, such as 265. The anpbunt of Al present in such a material is WO

03/ 078324 PCT/ US03/ 05082 -4 equivalent-4t0 only 0.045 Al atonfcage or 1 Al
atom per 22 cages. Mreover, the results of this novel synthesis suggest
that the Si/ AleqiohibQ t&8My D046 AMafod /B8 0PV &I atodd fie27 B¥EEMBEIveWaand above
265. [0010] MTE) experinments have now been conducted with this high silica-
chabazite at stshslefthisaondisyithests suggettbaidha Bi/Altratipeandegortrolladhdvespace

vel ocity and @nggnv%rbglowgngia%‘pegmg'esul ts. The performance of this catalyst
is clearly better $han any previ‘ods results on SSZ- 13 and is only
slightly inferoen]to tMISeexptrithéifts hdveabwlbes cvadutitddywiB R hogh silddaal yst s
currently avail abl e. Lif&ti e (_;urve§1 for this catgjlé‘%/st as_a_function of

tenper at ure siEBaPFG FistAngare conditions RERIEtSHIeotempRtafEe Aad SRapsVeloitiAPEh an early
i nduction peri LS f i BYF RV I event ual
deacti vati on Sg%g%ﬁgédn%ewggfs'?gsﬁﬂe% psg?‘?%@%ﬁtméﬁgﬁwq%?l%%Hﬁﬁ]&num in the
cat al yst, t he thatany ipteyidus regulits en $87gh3 andascily nigghtly8fenienty thwae 0fithe . t he

reaction. [0011] .1t i.s. t p cj at ed .t hat. | th h the chabazite of

t he present i]bﬁ%}é?w%ﬁ“!f SAE§F%{Q5'S§§W%1§ia¥@&b§SH‘éﬁ*@FﬁWﬁo@ tcate, the
framewor k al U@ as@aindtion Patehipaiatire HowcRRR!tRlied] Yea@idk aERAODY Ot her
trivalent elenents, such as boron, _iron and/or gallium and the framework

silicon can be&aglystimphichan eabnipfestion periqddpfollewad By 2 Bighaetivitgperehl ent

el ements such \ LQ : I Fon resides in
a porous crystaglﬁlﬂlg%g%ngu.lgg%cg{" %ﬁl’%ichgngﬁs ?"?@ﬁ’%‘?’tﬁ@h@ﬁ‘gﬁg. te and havi ng
a conposi ti on alnwiolmiimghe ichtalystpthaactivigyliagquierhsdh, praching 100% very early in

the reaction.

- [0011] It is to be appreciated that, although the chabazite of the present
invention is normally synthesized as an aluminosilicate, the framework aluminum
can be partially or completely replaced by other trivalent elements, such as boron,
iron and/or gallium, and the framework silicon can be partially or completely
replaced by other tetravalent elements such as germanium.

[0012] In one aspect, the invention resides in a porous crystalline material
having the structure of chabazite and having a composition involving the molar
relationship:

X,05:(m)YO,,
wherein X is a trivalent element, such as aluminum, boron, iron, indium, and/or
gallium; Y is a tetravalent element such as silicon, tin, titanium and/or
germanium; and n is greater than 100 and typically greater than 200, for example
from 300 to 4000, such as from 400 to 1200.
[0013] In a further aspect, the invention resides in a method of synthesizing
the material of said one aspect of the invention in a fluoride-containing medium.
[0014] In still a further aspect, the invention resides in a process for

producing olefins comprising the step of contacting an organic oxygenate



X203: (n)YOQ2, wherein Xis a trivalent elenment, such as al um num boron,
iron, indium and/or gallium Y is a tetravalent elenent such as silicon,
tin, titanium and/or gerrrani um and n is greater than 100 and typically
greater than 200, for rrple from 300 to 4000, such as from 400 to 1200.
[0013] In XOrP7sies aspec the invention resides in a nmBtHYH3@p82
synthesizing the materi al of said one aspect of the invention in a
fluoride-containing medium [0014] In still a further aspect, the
invention resides in a process for produdcing olefins conprising the step
of contacting an organi c oxygenate WO 03/078324 PCT/ US03/ 05082 -5 conpound
under OXygenatc%mﬁ%\d%aémygé?ﬁfi'cbh%?ﬁoﬂ‘&&n'&ufén?@rhﬁh¥§t51y§t%'€§91&3h§h@9 a porous
crystalline material having the structure of chabazité and having a
conposition i m@muepwgtatlhenmﬂrlakhavgigah‘t simmr@@f ckpeitq apdaging anherein X is a
trival ent el enent §uch ‘ﬂ = t 1 OaInI]elapfc)) iron, indium and/or gallium
Yis a tetravé:f)glﬁ?mé?%lﬁﬁ { g 1hcrﬂ as si h, tin, titanium and/or
germanium and n is greater than 1005(2(}’3@;{)1(@ The present invention relates
to a novel formof chabazite and to its manufacture in a fluoride medi um
In addition, tHENkdh? tRlepblepey, Jugh ayalumigameboron, jfog, AdvE 21e5m of

chabazite in o6 958 o hfardiBR SATMELRIOR oD KORBALGSmgRRT LT CUl a7 |y

nmet hanol , to Ins, partic ene an ene. [0016] In its
cal cined for mgetdmnmh,adndmmgreaérthhnel(m esent invent| on has an X- ray

TABLE 1 d(n) A ve ThbrerorGatoraptybatel BT St st . oo 2060
6. 33- 6. 15 0- 1Gpanfaethrein 3$lubridtGnedium. In addition, the invention relates to the use of

this novel from of chabazite in a process for the conversion of oxygenates,

particularly methanol, to olefins, particularly ethylene and propylene.

[0016] In its calcined form, the chabazite of the present invention has an X-

ray diffraction pattern having the characteristic lines shown in Table 1 below:

TABLE 1
d(A) Relative Intensities (1%)
9.36-8.98 80-100
6.86-6.66 20-60
6.33-6.15 0-10
5.51-5.38 5-40
4.97-4.86 5-50
4.63-4.54 0-10
4.28-4.20 20-60
3.94-3.87 0-10
3.83-3.76 0-10
3.54-3.49 5-40
3.41-3.36 5-40
3.14-3.10 0-10
2.889-2.853 5-50
2.850-2.815 5-40
2.650-2.620 0-10
2.570-2.542 0-10
2.467-2.441 0-10
2.244-2.223 0-10
2.088-2.070 0-10
2.059-2.041 0-10
1.883-1.869 0-10
1.842-1.828 0-10




4.97-4.86 5-50 4.63-4.54 0-10 4.28-4.20 20-60 3.94-3.87 0-10 3.83-3.76
0-10 3.54-3.49 5-40 3.41-3.36 5-40 3.14-3.10 0-10 2.889-2.853 5-50
2.850-2.815 5-40 2.650-2.620 0-10 2.570-2.542 0-10 2.467-2.441 0-10
2.244-2.223 0-10 2.088-2.070 0-10 2.059-2.041 0-10 1.883-1.869 0-10
1.842- 1. 828 WEB*D 03/ 078324 PCT/ US03/ 05082 -6 [0017] FTHEYE0M48Zy
diffraction data were collected with a Sienens powder X-Ray
Diffractoneter, equipped with a scintillation detector with graphite
nmonochr omat or, using copper K-al pha radkation. The diffraction data were
recorded by step-scanning at 0.02 degrees of two-theta, where theta is the
Bragg angle, and a counting time of 1 second for each step. The interplanar
spacing, d's, were calculated in Angstromunits, and the relative
intensities of00IAE | i ridsse Xy dlffsactlgtnéathwnmceﬂwpddfﬂﬂt hBiemanepeyidey of t he

oLrongeet |ing SRS HAEKE UG SHt o SELBUMIBARY ool 10 Lhe peak

effects. It shpabchrbiBator)deans taper thﬁihadadizfti’oﬁc Thedifkatian ddth seed for this

sample as si n?el:c?)rdleld 25 itegas%/ang&g%lc 8 E)Z %gr&g lo% !cwcl t%egvgﬁérg eré’lcaqg thle IBrll'ggsg '
angle, and a counting time of 1 second for each step. The interplanar spacing, d’s,
were calculated in Angstrom units, and the relative intensities of the lines, I/1; is
one-hundredth of the intensity of the strongest line, above background were
determined by integrating the peak intensities. The intensities are uncorrected for
Lorentz and polarization effects. It should be understood that diffraction data
listed for this sample as single lines may consist of multiple overlapping lines
which under certain conditions, such as differences in crystallographic changes,
may appear as resolved or partially resolved lines. Typically, crystallographic
changes can include minor changes in unit cell parameters and/or a change in
crystal symmetry, without a change in the framework atom connectivities. These
minor effects, including changes in relative intensities, can also occur as a result
of differences in cation content, framework composition, nature and degree of
pore filling, crystal size and shape, preferred orientation and thermal and/or
hydrothermal history.
[0018] The chabazite of the present invention has a composition involving
the molar relationship:

X,0;:(n)YO,,

wherein X is a trivalent element, such as aluminum, boron, iron, indium, and/or
gallium, typically aluminum; Y is a tetravalent element, such as silicon, tin,
titanium and/or germanium, typically silicon; and n is greater than 100 and
typically greater than 200, for example from 300 to 4000, such as from 400 to
1200.
[0019] The high silica chabazite of the present invention is believed to have
a window size that is slightly smaller than that of SAPO-34.



whi ch under certain conditions, such as differences in crystall ographic
changes, nmy appear as resolved or partially resolved lines. Typically,
crystal |l ographic changes can include mnor changes in unit cell paraneters
and/or a change in crystal symretry, without a change in the franework

at om conne¥PIWOTHES. These minor effects, including chaRgEYSEHS BRI ati ve
intensities, can also occur as a result of differences in cation content,
framewor k conposition, nature and degree of pore filling, crystal size and
shape, preferred orientation and thermat7-and/ or hydrothermal history.

[ 0018] The chabazite of the present invention has a conposition involving
the nmol ar rel gho@pshi pi 1&%@%y&tﬁés¥z@3 formMIRcRAYAZite 6ﬁh@pr%£ehb’ﬁlr§ﬁ%n ghenent,

such as al um num "boron, ironh, indium and/or gallium typically alum num
Y is a tetravalcompostiemmnolvingibdmalr latipesbip: tin, titani um and/ or

germanium typically silicon; n 100 and typically
greater than 200, for exanple g d@%@‘?’%ﬁ%g& ’ggch as from400 to 1200.
[0019] The hi ghhegdih KCH smbabeeistdfindd ihfie jaécesiap patagiapiiddomhdrén Bel | eved to

have a w ndow size that is slightly smaller than that of SAPO 34. WO
03/ 078324 PCT/H8s3fiom0odre 356 SP@D"‘E@PH} #1008, aEngsrrftared fo i apbr Mngeshe

chabazite of tfig, PEEFANLLLAYEBEI Bohas a conposition involving the nol ar
rel ationship: X203: (N)Y®R: (MR (X)F:Z H2O, wherein X, Y and n are as

defined in the[OQ)?fldacedlTﬁ@ecpmbagpaﬁthemnWmmaebmprepared&ngeasregicnomn 15 to 350,

such as from 30. zra rom0 ta.10, and x ran fro to 175,
such as from f%xf“ ° %tm’flﬁg)ﬂ?cefﬁtwétﬁ%%%@)eo% mtvglgnt'eﬁw OW %(ﬂ; Ye
prepared fromaetfakhi démedtTyX kbl bfpasie Qfrédtink BEns QU6 Sscllbed W&, an@n 0xi de of
atrivalent elenent X, an oxide of a tetravalent elenent Y, an organic

di recting agerfiuopify ioas saiddeactiprEiERE bayingsepmpqsiign; iaderms R§molegptipsr eact i on
m Xt ure havi n%f%xﬁ@%&t‘h@fbllo%gtrﬁﬁé@. of nole ratios

Reactants Useful Typical
H,0/YO, 2-40 2-5
F/YO, 02-1.0 03-0.7
R/YO, 02-2.0 03-1.0
X,0,/YO, 0.00025 - 0.02 0.0005 -0.01
[0022] The organic directing agent R used herein is conveniently selected

from N-alkyl-3-quinuclidinol, N,N,N-tri-alkyl-1-adamantammonium cations,
N,N,N-trialkyl-exoaminonorbornane and mixtures thereof and typically is a
N,N,N-tri-methyl-1-adamantammonium cation.

[0023] Crystallization can be carried out at either static or stirred conditions
in a suitable reactor vessel, such as for example, polypropylene jars or Teflon®-
lined or stainless steel autoclaves, at a temperature of 100°C to 225°C for a time
sufficient for crystallization to occur at the temperature used, e.g., from 16 hours
to 7 days. Synthesis of the new crystals may be facilitated by the presence of at
least 0.01 percent, such as at least 0.10 percent, for example at least 1 percent,
seed crystals (based on total weight) of the crystalline product.

[0024] After crystallization is complete, the crystals are separated from the

mother liquor, washed and calcined to remove the organic directing agent.



of oxides, within the follow ng ranges: Reactants Useful Typical H20/Y02
2-40 2-5 F/Y02 0.2-1.0 0.3-0.7 R Y02 0.2-2.0 0.3-1.0 X203/YQ2 0.00025 -
0.02 0.0005 - 0.01 [0022] The organic directing agent R used herein is
convenient]y selected from N-alkyl-3 -quinuclidinol,
N, N, N-tri -ﬁyﬂ&ﬂozfpyadarrant ammoni um cat i ons, PCT/US03/05082

N, N, N-trial kyl - exoam nonor bornane and m xtures thereof and typically is a

N, NN N-tri-methyl- 1 -adanmantamoni um cation. [0023] Crystallization can be
carried out at either static or stirred8econditions in a suitable reactor
vessel, such as for exanple, polypropylene jars or Teflon(r)- lined or

stai nl ess st eqlyguthidh kY fitally¥onduck AP S tedlpefafir®bs FRPE S 022836 4 Rastd i me
sufficient for crystallizati'on to occur at the tenperature used, e.g., from
16 hours to 7 miayt.andgererlyimot bhgertmnR@hounsyi€ heddsd, mdditibral fictpiatiént at ed by
the presence of..at. |east 01 .percent, such as at |east 0.10 percent, for
exanpl e at | ea?&hefleﬁfgf%sl?ﬁ%fecéges clb@s;}gtcgﬁ?%n e("ﬁ@%ﬁ%%‘ﬁﬁf%’lon\/vei ght) of the
crystal line prigspsgt. [A9Rrhe &st 6f madyyGtadlsts|  adaly 0B deSrabRAPLRbPoratche crystal s
are separated fromthe nother Iiquor, washed and cal cined to renove the

or gani ¢ di r ectthtigsuligatghabazgte with Anaterip) 98iBNYS e tempgatugs addhat i on i s
typically con t o C ligast 1 mnute
and general | y%lri#o&% Q&S%Oél?e%ﬁg;g%% OE aﬁl}cs .0“%’? Q%Ie%rgce%,géaggﬁ?%%?gacti vation
of the sieve datludesamifticaliyeattive archnasvibmaedsls aml sxdietiogenatralgei di fi cati on.
[0025] As in the case of ma}r%% catal ysts, it. may be desilrabltﬁ t o incorporate
the resul t ant CREBAZFI tefiet ]allﬁi)lflﬂ Frﬁ].tatfflia-]ﬁlsu !cLaP'?;trﬂ 1cg gnq/rmetalper at ur es
and other congidel QRS a8 BRLENE Thé RuQ T8 Ye&itE@ MUREFIyQRcREAE BSiH Ao forpk!Ch
materials include catalytically active and inactive materials and
synthetic or redgeetnduy presipifates praslsiedndingmiduesefsilicagnd metaberides. mat eri al s
SUCh. as cl ayS’Us%'ok'a%ﬁalgage{l ractr'matr’ﬁl:lteria? ﬁ:‘nﬁlsat% cﬁéiu%@ tl?esco%l/éfﬁbggﬁd/c;l;he latter may
be either naturally occurrrng or 1n e torm

selectivity of the catalyst in the oxygenate conversion process. Inactive materials

suitably serve as diluents to control the amount of conversion in the process so
that products can be obtained in an economic and orderly manner 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.

[0026] Naturally occurring clays which can be employed include the
montmorillonite and kaolin family, which families include the subbentonites, and
the kaolins commonly known as Dixie, McNamee, Georgia and Florida clays or
others in which the main mineral constituent is halloysite, kaolinite, dickite,
nacrite, or anauxite. Such clays can be used in the raw state as originally mined or
initially subjected to calcination, acid treatment or chemical modification. Other
useful binders include inorganic oxides, such as silica, zirconia, titania, magnesia,

beryllia, alumina, and mixtures thereof.



of gelatinous precipitates or gels including mxtures of silica and netal
oxides. Use of a catalytically active material tends to change the
conversion and/or selectivity of the catalyst in the oxygenate conversion
process. Inactive materials suitably serve as diluents to control the
anount of POHE/S?on in the process so that products caRCHESGB%?ned in an
econom ¢ and orderly manner w thout enploying other neans for controlling
the rate of reaction. These naterials may be incorporated into naturally
occurring clays, e.g., bentonite and kaekin, to inprove the crush strength
of the catal yst under commercial operating conditions. Said materials,
i.e., clays, queZgs. effCadditioHR hk etegbindhnAERLS thlhabd¥RecAf@ yst. It is
desirable to provide a catal yst having good crush strength because in
commerci al  usemppsifed vdthsi poadyis enatrix prisuastclt dssilicatabinging, silicamagresiaki ng down

into powder-like materials. [0026] .Naturally.occurrin | ays_whi ch can be
e oyed i nol (UGBS S R AT SR a1 | o

i nclude the suwehbiifehsisaeh asailita-alungnk otih NHlice Almin-Yirdoanysilies Di xi e,
McNanee, Georgia and Florida clays or.  others in which the nain m neral
constituent i SlHBNAHAENesE aol sdice-HiagResiagiicRYife, nacrite, or anauxite. Such
cl ays can be int : m -1 b ast 1 glly

subj ected to g[g ci]natigﬁ?{egﬁgﬁlﬁkgg?ﬁseﬁ{&%r C ﬁ%&?%%?ﬁ%g%%g%& Q her
usef ul bi nder svaryneldalyewith dregadlite canténd emgingfoim ho ¥ perceat by weightrand, tit ani a,

magnesia, beryllia, alumna, and m xtures thereof \r%) 3/ 078324 .
bCt Us03) 050820 iRty Hhep Ml OB Riscs FEPRYbIE R of PES in  he
chabazite can @@rmg@mi%%igﬂtb&céhtl@ﬂih@%mﬁ@sﬁté.i x material such as
silica-alum na, silica-nmagnesia, silica-zirconia, silica-thoria,

silica-beryl|il8020d si Theehabaziteef te presonsinvention ie prrsieylarlcwiiplis farivghs such as
silica-alum n%ﬁ%@?&c‘e&fo%o'nkr@rﬁﬁ?%rg%?ﬁip@gﬁéﬁ%}b%leﬁﬁé LEE R enRhdiTL AR magnesi a

and silica-magnesli a-zi rconi a. el at'ive proportions of chabazite
and i nor gani ¢ mupydenemaisrused eegin, theatesm Moxgednatesthistdafifiddeto irebide ttat Gaot ent

ranging from1l to 9 ercent by weight and nore uysually, i cul arly when
Lo st b ety S I s iols fliess BRbSoyi SoiRpouhiss (Rlehydes) &Y

ketones, carboxylic acids, carbonates, and the like), and also compounds

containing hetero-atoms, such as, halides, mercaptans, sulfides, amines, and
mixtures thereof. The aliphatic moiety will normally contain from about 1 to
about 10 carbon atoms, such as from 1 to 4 carbon atoms. Representative
oxygenates include lower straight chain or branched aliphatic alcohols, their
unsaturated counterparts, and their nitrogen, halogen and sulfur analogues.
Examples of suitable oxygenate compounds include methanol; ethanol; n-
propanol; isopropanol; C, - C,, alcohols; methyl ethy! ether; dimethy] 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-methyl 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 preferably
methanol. As used herein, the term "oxygenate" designates only the organic
material used as the feed. The total charge of feed to the reaction rzone may

contain additional compounds, such as diluents.



the range of 2 to 80 weight percent of the conposite. [0029] The chabazite
of the present invention is particularly suitable for use in a process for
converting organi c oxygenates to olefins rich in ethylene and propyl ene.

As used herei n/ the term "oxygenates"” is defined to incl udeU but is not
necessari | VAP to aliphatic al cohols, ethers, carboR§GTVEBHPEENds
(al dehydes, ketones, carboxylic acids, carbonates, and the like), and al so

conpounds contai ning hetero-atons, such as, halides, nercaptans, sulfides,
amnes, and mxtures thereof. The aliph@tic moiety will normally contain
fromabout 1 to about 10 carbon atoms, such as from1 to 4 carbon atons.

Represent at i vqoo3ofy 9eNRUBS prefiat S48 eha\nvekioa piRbssCdRE Rk chpiahed

al i phatic alcohols, their “unsaturated counterparts, and their nitrogen,
hal ogen and suinforganiernxly aepatesoptiopadnysitiea didyens g eoatsicted dxipg seper shaseipounds

i ncl ude net hanal; .. < N-_ Pr nol i | : - Gl | cQhol s;
net hyl et hyl endtrﬁaecrt1 ‘8}1 gﬁ?ﬂr%g{qﬁly?ca&?%%?(?m& %ﬁ' “&‘ﬁ%{a@?‘ﬁ{e&?’;mé %ﬁsg%%v%ﬁ@ o agt her ;
met hyl mer captedfiectivegirdugss duditibmieso ages pryiuce nhedesiredadléfitls. mietagiely), di - et hyl
sul fide; di-ethyl am ne; ethyl chlorjde; fornmaldehyde;. di- nethyl

carbonat e; di -AEPRGESS Ray S eartighutina dayid or ymared yppdrdiaidPhass. MW  hal i des,

n-al kyl sul fi %égx@@éé'b RGaficdotidih 11 aﬁlﬁ@e &Oimkaébﬁﬁr/hgﬁd Eﬁdgge of from

about 3 to about 10 carbon atons; 1d m xtures thereof. articularly
sui t abl e oxygetiditrent conveprionmtss amdesetestivitieof feafistoek-toyproduch eay result i xt ur es
t hereof , nost preferabl ed herein, the term "oxygenate"

... As
desi gnat es onl p?qﬁiglgol}pﬁéme(r:g%aﬁ'%?%ﬂdit%reﬁcgg’acgré WHE feed. The total char ge of

feed to the rgee3ljon zURetemByratueddpipbyedasn thelpre3ialpracesip@andsy ovetigh as
di l uents. WD 03/ 078324 PCT/ US03/05082 -10 [0030] In the present oxygenate
conver si on pr oddegnge Althayeh geidinitndie p prrtigulantgmppratig, beshreygts vatlde

P LOTEL " S 0Bt SANAE S, i R e
ef fective prock83C,coritastin dregange ofiomE 5070 tuald°€ Her desipleda thelradgerns .
A Lernatt vl ). ok OS5, TN BB R BT o2 e o
a m xed vapor /rkadtigh,dinfl fi@SfBrmation of the desired light olefin products may become

markedly slow. However, at higher temperatures, the process may not form an

optimum amount of light olefin products, and the coking rate may become too

high.

[0032] Light olefin products will form, although not necessarily in optimum

amounts, at a wide range of pressures, including but not limited to autogeneous

pressures and pressures in the range of from 0.1 kPa to 100 MPa. Conveniently,

the pressure is in the range of from 6.9 kPa to 34 MPa, such as in the range of

from 48 kPa to 0.34 MPa. The foregoing pressures are exclusive of diluent, if any

is present, and refer to the partial pressure of the feedstock as it relates to

oxygenate compounds and/or mixtures thereof. Lower and upper extremes of

pressure may adversely affect selectivity, conversion, coking rate, and/or reaction

rate; however, light olefins such as ethylene still may form.

[0033] The process should be continued for a period of time sufficient to

produce the desired olefin products. The reaction time may vary from tenths of

seconds to a number of hours. The reaction time is largely determined by the

reaction temperature, the pressure, the catalyst selected, the weight hourly space



different conversion rates and selectivities of feedstock-to-product may
result dependi ng upon the catal yst and the reaction conditions. [0031] The
tenperature enployed in the present process may vary over a W de range.

Al though not limted to a particular tenperature, best results will be
obt ai ned i VAREYtbcess is conducted at tenperatures in PhEUSNYE2 of from
200C to 700C, such as in the range of from 250C to 600C, for exanple in
the range of from 300C to 550C. Lower tenperatures generally result in

| ower rates of reaction, and the fornatllon of the desired light olefin
products may beconme markedly slow However, at higher tenperatures, the
process may noteldeity thaphasoiquidonvapsa)mid thé sdldcgidpratefdesigr oducts, and the
coking rate nmay becaone too high. [0032] Light olefin products will form
al t hough not n 4Py in opti num anpunts, at a wide range of pressures,

including but foe34)l i m hagat pan%gp‘g%gﬁq,gﬁﬂy talgi%c?%gmgq@qmg es in the

range of from0.1kPa to 100 veni'e pressure Is in the
range of from Bedstoklpavili fingdor\ipahe ryescht rascesn WHES Vriadefened ks weightof4&dk Pa t o

0.34 MPa. The Legoi essures are.exclusive of diluent, if_any is
present, and’ r% %‘r“g?%&?ﬁgtsﬁﬁrr 9 Per&egjgﬁfaeto TRRROTFY bﬁ%et‘gldwlﬁéﬂairt rel at es
to oxygenate sogRaAERESCRNHIRY inditsdnd/or fillEp 'BRIWHEVWRAerARhHRRSE Xt I enes
of pressure may adver sel m%;_ptct selectivity, conversion, coking rate,

6]

and/ or reacti ofi rangs et from 1508 ", S iisthe ange akfram Ayibente 300i | | may
form [0033] The tpF SGfpk in tﬁ%%.ﬁke gﬁgfﬁrﬁi A6 20 Ph,12 O%.‘f}f‘_hfe 2re bl

sufficient to produce the desite ef1n products reactron tinme may
vary from t entthay beffed ethoredstidnozoae withitheroxggenhiesirssch thitahe ot feedn tine i s

|l argely determ ned by the .reaction tenperature the pressure, the catalyst
sel ected, the ‘F\f(}lmtfﬁ Q}E%B%Béf%eﬁgﬁel?gﬁ%%@r ?%Bgfsﬁoi%le@ts -11

vel ocity, the phidsgayf bé eibldyddin iRREdesANBluld) Bushl £GInEELsRHBCRRRA§S! 9N
characteristics. [0034] A w de range of we ourly space velocities

ight h
(WHSV) for t hehelipedigemh @RTogen:(catbomgoneFidd, ﬁargwedipxiéséwdmgmm@s. WHSV i s
defined as wei &mfﬁ&t otfhgrerg'drocarbons (such as methane), aromatic compounds, and

mixtures thereof. Typical diluents are water and nitrogen.

[0035] A practical embodiment of a reactor system for the present process is
a circulating fluid bed reactor with continuous regenerétion, similar to a modern
fluid catalytic cracker. Fixed beds are generally not preferred for the process
because oxygenate to olefin conversion is a 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.
-[0036] 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 burn off coke from the catalyst, which restores the catalyst
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 0.5 wt %. At least a portion of the regenerated catalyst should
be returned to the reactor.



(excluding diluent) per hour per weight of a total reaction volunme of
nol ecul ar sieve catal yst (excluding inerts and/or fillers). The WHSV

generally should be in the range of from0.01 hr"' to 500 hr"', such as in
the range of from0.5 hr-" to 300 hr"', for exanple in the range of from
0.1 hr'" t¥O0B49787* . one or nore diluents may be fed t BCVHE3P2%eti on zone

with the oxygenates, such that the total feed mxture conprises diluent in
a range of from1l nmol %to 99 nol % Diluents which may be enployed in the
process include, but are not necessarily2dimted to, helium argon,

ni trogen, carbon nonoxi de, carbon dioxide, hydrogen, water, paraffins,

ot her hydrocarp63 (suthe msentivhlvwinl@adpw baiEparticul:eeEubed with gefer@hoet Ur €S

t hereof . Typi cal d'ﬁue.nt are water and nitrogen. [0035] A practical

enbodi ment " of 8§ eetjﬁ QWP EFaPRISTf or the present process is a circul ating
fluid bed reactor with continuous regeneration, simlar to a nodern fluid
catal ytic cracker. Fixed beds are generally not preferred for the process
because oxyger¥amplelol efin conversion is a highly exothernic process which
requires sever t age A | K cool.ers.or other cooling .devices. The
reacti on al so[mrBeszul tsgf‘@‘%nﬁ?%#%%fg%gﬁ%%‘1@?‘883‘88%1’?88%% 8uction of 1ow
pressure, | ow mitensof37.9asf 0.825038 ROHBE a b5e,N-itnctiall aAlainshtamfohivke  egener at ed
frequently, the r_eactcg{)BS?shoul d all ow ea_stgllrem)val of a portion of the

catal yst to a SPBijenar 4 8 Qhal O A Q with 138 of JEOShj ected to a

regeneration LR oSSR AR gmgﬁied 1S Hﬁfﬁ : air, to
bum of f coke Rfégﬂ% 'ﬁ]g cat lal y)st, I g)ﬁgﬂieta%ér?g% t gg%'gtugpf;%?%%g?é@i ty. The
condi tions of thefopeedge vas rayean 1pAet Thd gedmes then grountdith s @siddewite tine in
the regenerator _should he sel.ected t chieve a coke. content on regenerated
catal yst of |es¥ atrﬁ‘%\c{npeffagan pl@foedAT°Fg%zfnli]E%BB'#IP?%?WW“FR@‘CP&QGZ%%ﬁ at ed

cat al yst shoul49% HE agedous setidnOvdsREmréERc T8¢ resM@nDBh-Ai8 324 hRETi D3/ 05082
-12 [0037] The invention will now be nore particularly described wth

reference to A& ©BIPOHHPHG Exanpl es. Exanple 1
0.6 HF : 0.5 ROH : 0.002 ALO, : SiO, : 3.7 H,0

{0039] The mixture was crystallized in an autoclave at 150°C for 65 hours
on the shelf of a tumbling oven at 20 rpm. After cooling, the mixture was filtered,
washed with water, and dried to constant weight to give 4 g of a white solid. The
resultant product was then calcined at 650 °C for 3 hours. The calcined product
had the X-ray diffraction pattern of Table 2 demonstrating the material has the
chabazite framework type. Analysis of the product showed the silica/alumina
molar ratio to be 530. * Al NMR confirmed that the aluminum was in the zeolite

framework.



[0038] An alumnosilicate reaction m xture was prepared by stirring a
m xture of 37.5 g of 0.823M RCH (R = N, N, N-tri nmet hyl adamant anmoni un
solution and 0.094 g of Al (NG3)3.9H20 with 13.0 g of TECS

(tetraethylorthosilicate)

in a tared plastic beaker for three days until

t he wei ght W3/ t8 forned gel was reduced to 12.7 g. ThePgEPSW4%E hen
nortar and pestle and placed into a 125 ni

ground to a powder with
tefl on-1ined autocl ave.
in.

Then 1.6 g of
The resultant m xture had the folloWng nolar conposition:

49% HF aqueous solution was stirred
0.

6 HF :

0.5 ROH : 0.002 A1203 : Si02 : 3.7 H20[0039] The m xture was crystallized
in an autoclave at 150C for 65 hours on the shelf of a tunbling oven at 20
rpm After cooli ng, t he—mxture was filtered, washed with water, and dried
to constant weight to give 4 g of a WiABBEsol id. The resultant product was
t hen cal cined at 650 C|f L410UT S. caj ci neg_product— had the X-ra
diffraction pattern of Tg%Fgﬂg J;nnﬁggfating tpgﬁﬁgyeg'al has t he g
chabazite framework type—Anratysis—ofthe r&ﬁfg?'@%&ﬁbd he silicalal unina
molar ratio to be 530. ["AP-OMAR clonfilfhed that t W0 unmi num was in the
zeolite framework. WO|031908%324 PETH8E03/ 05082 30.83 TABLE 2 2-Theta d(A)
Relative Intensities (|%4.187 646 9623811 100.0 48.089 6.}7584 30.8 14.187
6.2375 4.8 16.274 5.442014.8746 |(185Q320 4. 9140 221635 19.34p 4.5842 2.7
20. 943 4.2383 37.6 22./3468.83P 791 39840 723

19.346 4.5842 27

20.943 4.2383 37.6

22.346 3.9751 1.8

22.771 3.9020 2.2

23.427 3.7941 2.4

25.321 3.5145 17.8

26.345 3.3802 10.0

28.115 3.1712 1.9

28.600 3.1186 2.6

30.038 2.9724 1.2

31.129 2.8707 25.2

31.564 2.8322 11.3

32.889 2.7210 1.2

34.000 2.6346 2.1

35.083 2.5557 44

36.582 2.4543 4.5

39.270 2.2923 13

40.353 2.2332 34

43.487 2.0793 4.1

44.148 2.0497 2.7

48.482 1.8761 2.6

49.644 1.8349 3.6

Example 2
[0040]

MTO experiments in which methanol was contacted with the catalyst at a WHSV

of 100 h, a pressure of 40 psia (274 kPa) and various temperatures from 400-

500°C. Tables 3 and 4 summarize the product distribution for the experiments.

Table 3 summarizes the results at 100 WHSV and shows high prime olefin yields,

high ethylene/propylene ratios, and low propane. In particular, the

The calcined product from Example 1 was used to conduct a series of



22.771 3.9020 2.2 23.427 3.7941 2.4 25.321 3.5145 17.8- 26.345 3.3802
10.0 28.115 3.1712 1.9 28.600 3.1186 2.6 30.038 2.9724 1.2 31.129
2.8707 25.2 31.564 2.8322 11.3 32.889 2.7210 1.2 34.000 2.6346 2.1
35.083 2.5557 4.4 36.582 2.4543 4.5 39.270 2.2923 1.3 40.35/352.22332 3.4
43.487 2. 0VEPIR7824 44 148 2.0497 2.7 48.482 1.8761 2.6 PUYUEAASH28349 3.6
Exanpl e 2 [0040] The cal cined product from Exanple 1 was used to conduct a
series of MIO experinments in which nethanol was contacted with the _
catalyst at a WHSV of 100 h-', a pressiute of 40 psia (274 kPa) and various
tenperatures from 400- 500C. Tables 3 and 4 sumarize the product

di stribution fethyldnkrepypee ratents signifbhtty Bﬁmﬁmﬁm@?mﬁ?ﬂy E)BtﬁjlﬁEa s at t 100
VWHSV and shows_.hi rine ol ef] i el ds, i.gh et hyl ene/ propyl ene rati os,
and | ow pr opar?’%".t}1 ?‘%P @ﬁf‘tcfit@ﬁ'ls% ?H?%FWSPB%%@YF@PP{?SGSWGEOBZ -14

et hyl ene/ pr opytBpRati@ioRSindédhs OF Srdtifid: S8k My i §B8Ls hhdRiidose nornal Iy
obt gi ned pvm' {)ﬁ SAP%} 34ocal'glal ysst S.EI%The perlf%)f%lmance ol&hl?ﬂe catal yst i nproves

with
TABLE 3
Temperature 400°C 438°C 475°C 500°C
Gms MeOH converted at 3.68 5.83 9.20 12.32
10% MeOH conversion
CH, 2.88 2.56 3.01 3.28
C= 31.07 32.75 35.81 37.61
G, 0.23 0.33 0.41 0.44
Cy= : 38.80 38.03 36.94 36.04
(0N 1.19 1.19 0.74 0.53
C,+ 22.24 21.88 19.46 18.28
C=+Cy= 69.87 70.78 72.75 73.65
C=/C= 0.80 0.86 0.97 1.04
[0041] Table 4 lists average selectivities of the butene isomers as a function

of temperature. The most abundant isomer is trans-2-butene, followed by much
smaller amounts of 1-butene and cis-2-butene. In particular, the ratio of trans-2-
butene to cis-2-butene and the ratio of trans-2-butene to 1-butene are significantly

higher than those normally obtained with SAPO-34 catalysts.

TABLE 4
Temperature 1-C4= t-2-C4= c-2-C4=
400 4.00 12.22 1.58
438 4.77 11.05 2.14
475 4.61 9.59 2.04
500 4.46 9.19 1.95
[0042] The preceding Examples suggest that aluminosilicates of similar or

superior performance than silicoaluminophosphates in MTO reactions are possible



tenperature both in terns of product selectivity as well as in lifetine.
TABLE 3 Tenperature 400C 438C 475C 500C Grs MeOH converted at 3.68 5.83
9.20 12.32 10% MeOH conversion CH4 2.88 2.56 3.01 3.28 (2= 31.07 32.75
35.81 37.61 C2 0.23 0.33 0.41 0.44 (C3= 38.80 38.03 36.94 36.04 C3 1.19
1.19 0.74 WOPI78H 22 24 21.88 19.46 18.28 C2= + C3= 6BCBYSHRESPE 72, 75
73.65 CZ /C3 0.80 0.86 0.97 1.04 [0041] Table 4 |ists average
selectivities of the butene isomers as a function of tenperature. The nopst
abundant isoner is trans-2-butene, foll#d%ed by nuch smaller anmounts of
1-butene and cis-2-butene. In particular, the ratio of trans-2- butene to
ci s- 2- but ene &wdailoniag peitlity arsf windew sizés th optinal [evels] ThelinerBalabethsi gni fi cantly

hi gher than t nor nal | bt ai ned wit h. SAPO- 34 catal ysts. TABLE 4
Tenper at ur e 19) %%gnttlgvf%:%éﬂ?%‘edﬁfg Sp&ffﬁlyzﬁ.l%éb“i%i. sieong acid Siteg 3¢itha very 11. 05 2. 14
475 4.61 9. 59 precdé coftfH) of 848z HiddwlsiRo d@l%ﬂgjlgh;ﬁfdsgﬁ'gﬁ??h@&daa”pl es

suggest that alum nosi]icates of simlar or supérior pefformnce than
si |1 coal um noPHIYsR&tIES belevit tat g penfermeneerof thyse sitdly s w0 @ Furiz8 324

Covel's. The marBer ol & apfsdt MRl £ A SO E¥0ehie Eptrecel y
di stributed stofGadnseead df Al) @8l cnystah siae. VEsnyperature, in particular, is a very
important optimization variable because, in addition to the standard Arrhenius
dependence of the reactions, the diffusion processes are activated, and the unit cell
size changes. The present catalysts should also have better hydrothermal stability
and be easier to regenerate than aluminosilicates with higher acidity (lower Si/Al

ratios) and/or silicoaluminophosphates typically used in MTO processes.



preci se control of 8-ring wi ndow size to deliver high yields of ethylene
and propylene. It is believed that the performance of these catal ysts can
be further inproved by changes in acid site density (i.e., Si/Al ratio),
acid strength {qe. ., use of G instead of Al), and crystal size.

Tenper at ur ¥9 % 7Xﬁg4rti cular, is a very important optim zBtTVEN302B? abl e
because, in addition to the standard Arifeni us dependence of the
reactions, the diffusion processes are activated, and the unit cell size
changes. The present catal ysts should al so have better hydrothernal
stability andcihgigesi er to regenerate than alum nosilicates w th higher
acidity (lower SITAIT ratios) and/or silicoal um nophosphates typically used
in MIO processes. WD 03/078324 PCT/ US03/ 05082 -16--CLAIMS: 1. A porous
crystalline terial [ : of habazite and having a
conposi ti on imrall\'/ol vi%n%d?t e&%%a?lg%é%%g%@ﬁ%ggm%ﬁg?ypf YOR, wherein X is a
trival ent el enent, chabezitesant! dbviay at@ngositos irvotvi e Moiad raitRAigs: t han 100.

2. A porous crystalline materi al ha?%gg t)he framework type of chabazite and
havi ng a conposition involving the af¥@rat i onshi p:

X203: (n) YO2: (M R (hbres X126 rivhedi@idhetst, vSis @ tdtfal Malt SR ek da?x%rl% redtel S 2
tetravalent elenent and n is greater than 100, Ris a direc %ng agent, m
ranges from 15 to 880109 ranges from0O to 10, and x ranges from7 to 175.
3. The porous crystalline nol ecular sieve of claim2 wherein mranges from
30 to 50. 4. The porous crystalline nolecular sieve of claim2 or claim3
wherein x rafdges ArmmousSrisnllRb maberialinpakofismeiis ke b AgbmMeagal ar sieve
of any one of claiﬁrB.Z to 4 wherein the directing agent (R) is a

N, N, N-tri-al kyl - 123 eInnesien Myl v thomolagrelatingshiior ous crystal | i ne

material of any preceding cl aim@gq@z:@nm:tﬁFzg@g@’t er
wherein X is a trivalent element, Y is a tetravalent element and n is greater
than 100, R is a directing agent, m ranges from 15 to 350, z ranges from 0

to 10, and x ranges from 7 to 175.

3. The porous crystalline molecular sieve of claim 2 wherein m ranges from
30 to 50.
4, The porous crystalline molecular sieve of claim 2 or claim 3 wherein x

ranges from 15 to 25.

5. The porous crystalline molecular sieve of any one of claims 2 to 4 wherein

the directing agent (R) is a N,N,N-tri-alkyl-1-adamantammonium cation.

6. The porous crystalline material of any preceding claim wherein n is greater
than 200.
7. The porous crystalline material of any preceding claim wherein n is from

300 to 4000.



than 200. 7. The porous crystalline material of any preceding claimwherein
nis from 300 to 4000. WO 03/078324 PCT/ US03/05082 -17 8. The porous
crystalline material of any preceding claim wherein nis from40 to 1200.
9. The porous crystalline material of any preceding claim_ wherein Xis

sel ected fIMOM4A/HM num boron, iron, indium and/or gal | PFGHUEREShherein Y
is selected fromsilicon, tin, titanium and/or germanium 10. The porous
crystalline material of any preceding claim wherein X includes al unm num
and Y includes silicon. 11. A nethod ofl’synt hesi zing the porous crystalline
material of any of clains | to 10, the nethod conprising: (a) preparing a
m xture capable of formng said material, said mxture conprising sources
of water, an oxide of the trjvalent ele oxi de ..of .t.he tetraval ent

X, .
elenent Y, fluoride ion, aﬁ@e£°HWFéﬁf?ﬁggéﬁgﬂfﬂ?ﬁfyp§ﬁ%*%§?PWQi s selected

from group consisid N8 sk & Rlikwb- 3- qui nuclidinol, N, N N-tri-alkyl-I-
adamant ammoni um cations and N, N, N-trial kyl - exoam nonor bor nane, (b)

mai nt ai ni ng said m xture under sufficient conditions including a

tenperature of from 100 tosé}%igro%'tc{?gﬁaﬁfnma@f &fmﬁg%e?%({ragésagi}@ are

formed; and (c) recoveri'ng crys Ine materia tep (b). 12. The
met hod of cl aiyRerkin ¥WhedeRicitd SRndaln@ i, Borofj ixdnyindivg andlor gatiimpoaidt i on, in
terms of nole ratios, within the follow ng ranges: H20/YO2 2 to 40 F/ Y02
0.2 to 1.0 RMherimY 3s selpeted dromysilignmyitn tiAnHR 85/t REFE D 03/ 078324

PCT/ US03/ 05082

10. The porous crystalline material of any preceding claim

wherein X includes aluminum and Y includes silicon.

11. A method of synthesizing the porous crystalline material of

any of claims 1 to 10, the method comprising:

(a) preparing a mixture capable of forming said material, said
mixture comprising sources of water, an oxide of the trivalent element X, an oxide
of the tetravalent element Y, fluoride ions, and a directing agent (R), wherein R is
selected from group consisting of N-alkyl-3-quinuclidinol, N,N,N-tri-alkyl-1-
adamantammonium cations and N,N,N-trialkyl-exoaminonorbornane,

(b) maintaining said mixture under sufficient conditions
including a temperature of from 100°C to 225°C until crystals of said material are
formed; and

(c) recovering said crystalline material from step (b).

12. The method of claim 11 wherein said reaction mixture has a

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

H,0/YO, 2 to 40
F/YO, 02to0 1.0
R/YO, 02102.0
X,0,/YO, 0.00025 to 0.02




-18- 13. The nethod of claim 11 wherein said reaction mxture has a
conposition, in terns of nole ratios, within the follow ng ranges: H2Q YO2
2to5 F/Y02 0.3to0o 0.7 RY02 0.3to 1.0 X203/Y02 0.0005 to 0.005 14.
The met hod_of any one of clains 11 to 13 wherein the directin a(%ent (R

is a NN, I\I-Wtorq:’f"é% 41 -1 - adamant ammoni um cation. 15. The nﬁ?ﬁHé“%@f’ Any one of
clains 11 to 14 wherein X includes al ufti8&um and Y includes silicon. 16.
The net hod of any one of clainms 10 to 15 further conprising calcining the
crystalline material obtained in (c). 17. A process for producing ol efins
conpri si ng t hes st ephedhethONbfatdiinng viereiPsAadfadionyigRAEkR aCoRMPeitish, under
oxygenat e conversion conditions with a catalyst conprising a porous
crystal | i ne mat er i @lteras of mgleyatios, Withimheotoloyme ranessns 1 to 10. 18. A
process for producing olefins conprising the step of contacting an organic
oxygenat e conpound under oxygenate conversion conditions with a catalyst
conprising a porous ¢rystaijo/ye,material praidsed by a nethod as clained
in any one of clainsti—tot6;—19—Theproc ctarmt7jor 18 wherein
sai d organi c oxygenatLe co?r_{( Ad is sel nctp??? i et hanol | di et hyl et her,
and m xtures thereof R/YO, 0310 1.0

X,0,/YO, "~ 0.0005 to 0.005

14.  The method of any one of claims 11 to 13 wherein the directing agent (R)

is a N,N,N-tri-alkyl-1-adamantammonium cation.

15. The method of any one of claims 11 to 14 wherein X includes aluminum

and Y includes silicon.

16. The method of any one of claims 10 to 15 further comprising calcining the

crystalline material obtained in (c).

17. A process for producing olefins comprising the step of contacting an
organic oxygenate compound under oxygenate conversion conditions with
a catalyst comprising a porous crystalline material as claimed in any one of

claims 1 to 10.

18. A process for producing olefins comprising the step of contacting an
organic oxygenate compound under oxygenate conversion conditions with
a catalyst comprising a porous crystalline material produced by a method

as claimed in any one of claims 11 to 16.

19.  The process of claim 17 or 18 wherein said organic oxygenate compound is

selected from methanol, dimethyl ether, and mixtures thereof.



