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I NVENTI ON 100011 This invention relates to a nmethod of

treating chabazite framework- type nol ecul ar sieves

and to the use of the treated sieves in the conversion

of oxygenates to ol efi ns. BACKGROUND OF THE | NVENTI ON

[ 00021 The conversi on of oxygenates to olefins (OTQ

iIs currently the subject of intense research because
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| ncenTRIEATMENT 08 CHATYEEMQLEGIIoARSIEYES AND,

JEHEI& USEGIN (THE (GONNERSION @ OX¥6 TESSTELEFINS

efficient manner. \Wereas steamcracking relies on

nqn-sel ' eactions of - napht ha range

§ gh tenperatures, OTO exploits
qebed]yt i Thanthvehtsd relates b taemiethod| ofptredtidit dhabazife framework-
aci di ¢ _nol ecul ar si.eve under | der tenper.at

SHPRIFIIBHLT TS AR B g€ AT hedreated ieFs dR e, fgnversion of

m@gyﬁae&qofoqémqsnet hanol . [00031 Current understandi ng
OTO reactions suggests a conplex sequence in

mhlch three najor steps can be identified: (1) an
. : AT [ONhe fornatlon of an

e c bon ooI ; onat
éi’%ﬁw C3HRBp A9 GR IV HRTE et (@B} b B subicc
| sFoigtenge reseprich hechsse i@nds (thg patenﬂhlaﬂjt&{ephullngdhel fond-standing
condensed ring aromatics. OTO is therefore an

i SkeeEr erackipe technplopy that attodpy the industorsippdard &y aredugipg yyorld

té&@lecg\faﬂhﬁéé of %tﬂ)ner@ &Qf‘ i' SThE Qe largé" %Eﬁnes-rﬂﬁolved
bili of the cataly rralntaln hi g efin yield

fsagggat @lnas rsybstantd repmmsfmwnww exiseﬁorcﬁitemadetqcmlegles that

03 055 AT SL Aol 55y e et i

rsvéam udreeking 1@ﬁe§ldng mbasselectiveonthanet teactions eof hm'phtha range

accumul ation inte res wwth th sired reac

JWGIRSABIODS rat Vb G RRERFares ?’%ﬁr% Iajfs, Fatalypjg ond micro-
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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: .(l) 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. OTO 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
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the rates of diffusion of reactants and products,

wo bsraaIes the potential for undesired secondgdyus2007/010746
reactions and limts catalyst life. 100041 Over the
| ast two decades, many catal ytic materials have been
identified as being useful for carrying out the OTO
reactions. Crystalline nolecular sieves are the
preferred catal ysts today because they sinmultaneously
address the acidity and norphol ogi cal requirenents for
the reactions. Particularly preferred materials are
8-menbered ring alumnosilicates, such as those having
the chabazite (CHA) franemo?k type, as well as
si | i coal um nophosphates of t franemork type

such. as,SAPO-34. 100 fr ecul
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[00061 Chabazite is a naturally occurring zeolite with
tl0905ippr &H Ara framicwionicrtype @m@mlazssxzu@?zppmrtse be particularly

synt f bazj.te are descri hed '
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Barrer et al; Zeolite D, described in British Patent
MarMSeqssmtqwlmlqpna@ tevelsifiacd strengtixand peid density, /orking
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ratios of l 11§ :1 to 3.65:1,

ré%’ﬂ%‘ﬁ?‘i ?/a “‘I‘H'éoﬁ’ SRy r %‘?ﬁ ica to alunina

NpoBs) I AidHAbALite B asaAnFELdcatring zeolite with the approximate formula
CagAl3SizsO7;. Three synthetic forms of chabazite are described in "Zeolite
Molecular Sieves", by D. W. Breck, published in 1973 by John Wiley & Sons, the

complete disclosure of which is fully incorporated herein by reference. The three
synthetic forms reported by Breck are Zeolite "K-G", described in J. Chem. Soc.,
pg. 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). Zeolite K-
G zeolite has a silica:alumina mole ratio of 2.3:1 to 4.15:1, whereas zeolites D and
R have silica:alumina mole ratios of 4.5:1 to 4.9:1 and 3.45:1 to 3.65:1,
respectively. The relatively low silica to alumina molar ratio of these materals

makes them less than optimal as catalysts for OTO reactions.



makes them | ess than optiml as catal ysts for OTO

reactions. WO 2007/ 145724 PCT/ US2007/ 010746 -3 [00071
waonsigepabl e work has therefore been conduct egcnosiod®oi0746

synthesis of CHA franework-type alum nosilicate

nol ecul ar sieves having high silica to alumna nolar

ratios and in particular with silica to alum na nol ar

ratios greater than 15:1, preferably greater than

100: 1. [00081 For exanple, U S. Patent No. 4,544,538

descri bes the synthesis of a synthetic form of

chabazite-type alum nosilicate, SSZ-13, using

N-al kyl - 3- qui nuclidi nol,

N, N, N-tri-alkyl-I-adamantyl agnoni um cations and/ or

N, N, N- trialkyl exoaninonorbornane as a directing
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Mor eover, increasing the silica to, alumna nolar
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ze0|tethat |S|dent|f|ed as and has a
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I N excess O excess
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with a silica to alumn 2 nt hesi s
| Howeyer atiempts, to,s zﬁa}isﬁ ﬁn?‘Hé at) fﬂﬁs@ H{ glugyna molar
Naflod\in &cEERS ¥viod hﬁr@%@ﬂhﬁ&ﬂ%@@ésﬂﬁ‘aﬁé%ﬁ@@pﬂﬁu&&ﬁﬁQ 1 or SSZ-

structure directing agent. The zeolite can
2x depehdinzion dret dlaly metalivatipn prespitt i Mereoner, moymsaigl thaeilica
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tséjr %g!{ %é?m#ﬁﬁ% L & cr;}étali gl)éle %? OfSOéxggrgﬁc’s cEr ess. SSZ-
62 is said to have a silica to alumina molar ratio in excess of 10, such as in excess
of 30, but the only synthesis example produces a material with a silica to alumina
molar ratio of 22. Synthesis is effected in a hydroxyl medium in the presence of
N,N,N-trimethyl-1-adamantammonium cation as the structure directing agent.
The zeolite can be steamed, purportedly to help stabilize the crystalline lattice to
attack from acids. .
[0010] An all silica crystalline molecular sieve having the CHA framework
type has been hydrothermally synthesized using N,N,N-
trimethyladamantylammonium in hydroxide form as the structure-directing agent,
but the synthesis requires the presence of concentrated hydrofluoric acid. See
Diaz-Cabanas, M-J, Barrett, P. A., and Camblor, M. A. "Synthesis and Structure



but the synthesis requires the presence of
concentrated hydrofluoric acid. See D az-Cabanas,

woheb71Bapsett, P. A, and Canblor, M A "Syntherus208m6ho746
Structure WD 2007/ 145724 PCT/ US2007/ 010746 -4 of Pure
Si 02 Chabazite: the Si 02 Polynmorph with the Lowest
Framework Density", Chem Commun. 1881 (1998). [0011]
More recently, an alumnosilicate with the CHA
framework type and having a silica to alum na nol ar
ratio in excess of 100, such as from 150 to 2000, has
been synthesized in the presence of fluoride ions. See
U.S. Patent Application Publication No. 2003/0176751,
publi shed Septenber 18, 2003, Structure directing
agents enployed i ncl ude N-al Kyl - 3- qU|nucIidino

PRI S10F Iebasi i Ron o SRR Iop Db 1 Rg BOWest Framework

RodHsitsh &he PR COMmARNIBRE 21998). No 2005/ 0154244,
publlshed July 14, 2005, discloses a crystalline
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element, Y is a tetravalent element and nis fromO to
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capable of formng said crystalline material, wherein

tthisalertaelement, Y g atetravelept elseeng and nyistfrgna Qm ghaut Q5. The
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atikiyl-tradaspantytathmonium  compound N ,N-diethyl-2,6-

dimethylpiperidinium compound, normally in the presence of fluoride ions.

[0013] In pending United States Patent Application Serial No. 60/731,846,
filed October 31, 2005, we have described a method of synthesizing a crystalline
material comprising a CHA framework-type molecular sieve, the method
comprising: a) forming a reaction mixture capable of forming said crystalline
material, wherein the reaction mixture comprises a structure directing agent
having the formula:
[R'R*R’N-RYT" Q@

wherein R! and R? are independently selected from hydrocarbyl alkyl groups and
hydroxy-substituted hydrocarbyl groups having from 1 to 3 carbon atoms,
provided that R' and R? may be joined to form a nitrogeh—containing heterocyclic

structure, R? is an alkyl group having 2 to 4 carbon atoms and R* is selected from



hydr oxy-substi tuted hydrocarbyl groups having from1l

to 3 carbon atons, provided that Rl and R2 nay be
wQ 2donags7eo form a nitrogen-contai ni ng het er ocyed1/0$2007/010746

structure, R3 is an alkyl group having 2 to 4 carbon

atonms and R4 is selected from WO 2007/ 145724

PCT/ US2007/ 010746 -5 a 4- to 8-nenbered cycl oal kyl

group, optionally, substituted by 1 to 3 al kyl groups

each having from1 to 3 carbon atons, and a 4- to

8- menbered heterocyclic group having from1l to 3

het eroat ons, said heterocyclic group being,

optionally, substituted by 1 to 3 al kyl groups each

having from1l to 3 carbon atgms and each heteroatom

in said heterocyclic group being selected fromthe
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1D reiieRpe et Tepofan YKo 3o AL fatlenel Shyhrising a
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0. 0005 to about 0.007, the nethod conprising
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i?errent X, wWher ej nltheq(leacﬁ nliam ture is :

BEEA RIS BROIE Ry B P BM ded as HF; (b)
mai ntai ning said reacti gyxaOxi@£ under condi ti ons
sufficient to formcrystals of said crystallin

rretegeindf is mityalent clemeay o ismytelrayalent eament; anden 1 is from 0 to less
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many of " the resultant ca CHA framework-t{ype
rmbmmgaa reaatiops mixipee gapable u:lfafolnynrtgw odid mgteriab s§aid dnixture
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ce, SUCh as ‘an unexp ect e
optlonally, a source of an oxide of a tnvalent element X, wherein the reaction

mixture is substantially free of fluoride ions added as HF; (b) maintaining said
reaction mixture under conditions sufficient to form crystals of said crystalline
material; and (c) recovering said crystalline material.

[0015] Despite these synthesis advances, many of the resultant high silica
CHA framework-type molecular sieves, and particularly those synthesized in the
absence of HF, exhibit reduced MTO performance, such as an unexpectedly high
selectivity to undesirable coke and methane. According to the invention, it has
now been found that the MTO performance, and most importantly the prime olefin

selectivity, of high silica CHA framework-type molecular sieves can be enhanced

by mild steam treatment. Whereas the reason for this result is not fully



selectivity to undesirable coke and net hane. According
to the invention, it has now been found that the MIO
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selectivity, of high silica CHA franmework-type

nol ecul ar sieves can be enhanced by mld steam
treatnment. \Wiereas the reason for this result is not
fully WO 2007/ 145724 PCT/ US2007/ 010746 -6 under st ood,
recent work has shown that many as-synthesized high
silica CHA zeolites exhibit framework defects and it
is believed that the steamtreatnent serves to hea
these defects. [0016] U. S. Patent No. 4, 326, 994

di scloses a method for incregsing the catalytic
activity of an acid zeolite having a determ nable
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zeolite is selected fromthe group consisting of
75rxes to peplithese defegts1 2, zSm 23, ZSM 35, and ZSM 38 and
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HQU Stion] THERIRE EGthpfises dontdcBifg Shidzealit® Mt ivalde -for a sufficient
5,095,163 di scl oses a nmethod of hydrot hermal

t repinge timeo f tegipleratongl Lanidnoysters plattiad  prsissure| whergine\said time,
such a APQ- 34 t. ' 0 .
o R g S R
ptimp ahd warer preskiireiat carstaht sanipesatulkeis] e r et ai ni ng at

| east 80 percent of thei cryst inity. The
hydr ot her nal treatmen{)l'%ilé>t 6ﬁ%§<?@&m€sult in a
Cahaeyst for converting nethanol to | ower ol efins

having increased catal yst life, increased
(Pt)r =2.6x10~ ¢ 16000/T

P=Water Partial Pressure, atmosphere

t=Treating Time, Hours

T=Temperature, °K.
[0017] U.S. Patent No. 5,095,163 discloses a method of hydrothermal
treatment of silicoaluminophosphate molecular sieves, such as SAPO-34, at
temperatures in excess of about 700°C for periods sufficient to destroy a large
proportion of their acid sites while retaining at least 80 percent of their
crystallinity. The hydrothermal treatment is found to result in a catalyst for
converting methanol to lower olefins having increased catalyst life, increased
selectivity for C; to C; olefins and decreased selectivity for paraffin production
than the untreated SAPO-n starting composition.
[0018) Steaming is also known to be effective in the stabilization of large pore
zeolites, such as zeolite Y. For example, U.S. Patent No. 3,493,519 teaches a

method of preparing ultrastable zeolite Y in which an ammonium form of zeolite



selectivity for C2 to C3 ol efins and decreased
selectivity for paraffin production than the
waolnsoraadefd SAPO-n starting conposition. [0018]p&t/estvof@hords
is also known to be effective in the stabilization of
| arge pore zeolites, such as zeolite Y. For exanple,
U S. Patent No. 3,493,519 teaches a nethod of
preparing ultrastable zeolite Y in which an ammoni um
formof zeolite WO 2007/ 145724 PCT/ US2007/010746 -7 'Y
IS heated in the presence of rapidly flow ng steam
and the resultant steaned product is base-exchanged
with an ammonium salt and then treated with a
chel ating agent capable of cgnbining with alum num at
a pH betvveen 7 and 9. The steam ng results in
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sieve, whérein said crystalline material has a
dsepbypiassible with salatinelwlarge foremodgcuiar sipvapsuch as zeolite Y.
phosphor us and involving the nolar relationship:
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selectivity of the treated material in an” oxygenate

adwsphaieandinyelying the ngﬂ@aleblﬂonm the prine olefin
selectivity of the untrflﬁ er|al in the sane
process. [0020] In a fur ébt t he present
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i ender gonditiens suek ghat ﬂmrnoe olefinselectiviap pltherteneied magerial in an
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untreated material in the same process.

[0020] In a further aspect, the present invention resides in a method of
synthesizing a crystalline material comprising a CHA framework-type molecular
sieve and having a composition involving the molar relationship:

(n)X>03:YO,,
wherein X is a trivalent element, Y is a tetravalent élement, and n is from O to less
than 0.07, preferably from O to less than 0.02, and more preferably from 0 to less
than 0.01, the method comprising:

(@ preparing a reaction mixture capable of forming said material, said
mixture comprising a source of water, a source of an oxide of a tetravalent element
Y and, optionally, a source of an oxide of a trivalent element X;

(b) maintaining said reaction mixture under conditions sufficient to

form crystals of said crystalline material;



than 0.01, the nethod conprising: (a) preparing a
reaction m xture capable of formng said materi al,

WG 200014372t Ure conprising a source of water, apSDUSHBIN10746
of an oxide of a tetraval ent elenent Y. and,
optionally, a source of an oxide of a trival ent
el ement X; (b) maintaining said reaction m xture under
conditions sufficient to formcrystals of said
crystalline material; WO 2007/145724 PCT/ US2007/ 010746
-8 (c) recovering said crystalline material; and (d)
contacting said crystalline material with an
at nrosphere containing steamat a tenperature of about
400C to about 650C for a ting of about 8 hours to
about 170 hours. [00211 Cbnveniently, the partia

press of _ste e i, about 1 psia

to abg@f 25reﬁ%‘f65m§7sa't cqs%lﬂ??’ aPerf’E?d’?Ql Conveni ent |y,

the reaypti odontdckibprsaid drystallind nsdierid) Wpith aﬁ&uﬁomufec@mimmg
al kali nmetal ions and the crystalline materi

rséRa8Y at 2temperatere ofaheul 40 R abput RK0ZE for &@ezesqf about 8 hours

GRRKER B0tHYirs. t he reaction mixture in (a) is
substantla Iy ‘free of fluoride ions. [00241

R062Hr ablCpnverienthys alot patialprrssureeofi steana jn sdid etrgosppeiege gbout

n_organic ire t for directing the
a&/ q’§u6?§jg%f g‘}kﬂ—&]?&g:}emrk type nol ecul ar sieve
8[0022]he Rhhetenth [thel ecactionunixnge tif e(a)dalwmbmpglsesge Rburce of
fromthe crystsl line nmaterial recove

Pty ang e ybes Rt agbeorSof Bhis) S ihins lkghanctal

qousda! | iQeavamERlY, 3the! RAGHGH SHixhite (i?n) @ isorsulssQantlally free of
contacting said crystal line miterial wth said

dlupsighense cont ai ning steam [00251 In a further
‘S@ %ﬁ tP'Pé?e aB}SE "t ORabift! BRR0d i 59&&?‘ R0 g‘hses an organic
ci ng a

NS coRprlsing con i'ng an organi
alpegtng hgent (fd?imim’d:ﬁng nhiesynthegefahd CHANframework-type molecular

conditions with, a ca st co risin crystallin
i 4 g aeghods gl J%syy 76 Fgoito 95 g the crystalline

desefihREo VLI (c) B@oﬁ%e:@é?t@'ﬂﬂh&&t@ﬁ bt RIS rom the
100261 Figure 1 provides X-ray diffraction patterns of

tdnystaline ynmtep@nggzyercd in (c) prior to contacting said crystalline material

with said atmosphere containing steam.

[0025] In a further aspect, the invention resides in a process for producing
olefins comprising contacting an organic oxygenate compound under oxygenate
conversion conditions with a catalyst comprising a crystalline material treated or

synthesized by the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figure 1 provides X-ray diffraction pattems of the as-synthesized
products A to D of Example 1.

[0027] Figure 2 is an SEM picture of product A of Example 1.

[0028] Figure 3 provides graphs of the methanol conversion activity and the
selectivity to ethylene plus propylene of product A, before and after steaming by

the process of Example 3.



products A to D of Exanple 1. [00271 Figure 2 is an
SEM pi cture of product A of Exanple 1. [00281 Figure 3
wobvi1§e34 gr aphs of the methanol conversion acgdwiut’07/010746
and the selectivity to ethylene plus propyl ene of
product A, before and after steaming by the process
of Exanple 3. WD 2007/ 145724 PCT/ US2007/010746 -9
DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0029] The
present invention relates to a nmethod of treating a
high silica zeolite conprising a chabazite (CHA)
framewor k-type nol ecul ar sieve so as to enhance its
prime olefin selectivity. In this respect the term
"prinme olefin selectivity” (ROS) is intended to nean

t he total select|V|ty to ethflene and propylene in the

nol ecul ar e is used as
¥ H Q%—Biéﬂ&ﬂgitﬁﬁ§VerS|on
p[b@fﬁs s- Thg %résEﬁqBV&iﬁbn '?851}39 th & ReknodesT n%ﬁﬁﬁéﬁ b %ﬁ@hlﬁé&ezeolite
mol ecul ar sieve wth steamunder relatively
mnmrtsmgmschabezxtes(OéM) fearaewerkdypea meoleghlay SIQYfeams to enhance its
e h t
R 58 PP o B0 el B s, SEATRIREIAE 0 i
ahwmiemm nicam thiagotfal aeleotivity. toThthyleae rand f propydener in the product

ot B Pl 0 8 3.8 BP0 ot
V@8I rédesd. Oxhid hﬁ&tﬁiéﬂﬁm’éﬂlbmlﬁkﬁﬁ&stobﬁtabﬁﬂé(ﬂm nisl8ditar sieve
as pictorially illustrated belo -OSI-0SI-0S -0
~oitlsisteany yades relatively snﬂ‘bcowrl%m & lssbfé\?@ect g dhe mild steam
t

Sl MR R T Wit I S BB oRE L by
Zexﬂllmtt FeTASW0g |ahummmna&morth¢ lﬁgmewotlheThc teéres *“fodmevnark defects”

| UPAC .Conmi S 1 on Zeo ture. Accordin

FIFADS TRk Jatoe s TR weSaBRes Y ot fioptsc A teihe bPsuc
Ofdd@iicid Mydrakyli feups fhARRtotR biokée bohdd, Bi sivRsally Mlustrated
whi ch a structure has been established, are assigned a
thel@¥ | etter code and are described in the Atlas of

Zeol i t & Bf egperdi dypes. bR stidvhihcy )f%%% er,

London, Engl and (2001). Chabazite is Ohe of the

nDIecuIar sieves for which a structure has been

edblohlag Bieteand materials of this framework type are

[0030] It is to be appreciated that molecular sieves are classified by the

Structure Commission of the International Zeolite Association according to the
rules of the JIUPAC 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 describéd in the Atlas of Zeolite Framework Types, 5th edition,
Elsevier, London, England (2001). Chabazite is one of the molecular sieves for
which a structure has been established and materials of this framework type are
designated as CHA.

[0031] In its calcined form, a high silica CHA-type molecular sieve, such as
that employed in a treatment method of the present invention, has an X-ray

diffraction pattern having the characteristic lines shown in Table 1.



designated as CHA. [0031] In its calcined form a high
silica CHA-type nol ecul ar sieve, such as that

webphaysdi in a treatnent net hod of the presentpcT/US2007/010746
invention, has an X-ray diffraction pattern having
the characteristic lines shown in Table 1. WO
2007/ 145724 PCT/ US2007/ 010746 -10 TABLE 1 d(A)
Rel ative Intensities 100 I/L 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 2.650-2.62¢90-10 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"§§3L]9-110
d(A) Relative Intensities
100 VL,

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

' {0032] These X-ray diffraction data were collected with a Philips powder X-
Ray Diffractometer, equipped with a scintillation detector with graphite
monochromator, using copper K-alpha radiation. 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 Angstrom units, and the relative intensities of the lines, (where
I/1, is one-hundredth of the intensity of the strongest line), above background were
determined by integrating the peak intensities. 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



1.842-1.828 0-10 [00321 These X-ray diffraction data
were collected with a Philips powder X- Ray
wordobfigetpomet er, equi pped with a scintill ati onpEBteotDE10746
wi th graphite nonochromator, using copper K-al pha
radi ation. The diffraction data were recorded by
step-scanning at 0.02 degrees of two-theta, where
theta is the Bragg angle, and a counting tinme of 1
second for each step. The interplanar spacing, d's,
were calculated in Angstromunits, and the relative
intensities of the lines, (where I/)ais
one- hundredth of the intensity of the strongest line),
above background were detejgiped by integrating the
peak intensities. It should be understood that
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di sorder of structurally invariant Periodic Building
U034, Cisterenows malecularesievsuphases preogisqdeted dilanar intergrowths

Bol‘fi ;‘n%gézrﬂlavngl Ve aﬂ'a?n%rkcgd %Q%E@&b ?{ d?xtektléﬁt o Gve i"E:atalog of
periodic ordering is achieved in all three
dbiserdsredn Zeobies Btoetads"st 200 UEditomr ublisied byhdéhe Stnecture

S5 s AU bl 5510 e R B Eptetion o
KinklidtE XRIS PEWAESPatterns for Zeolites”, M. M. J. Treacy and J. B. Higgins,
2001 Edition, published on behalf of the Structure Commission of the
International Zeolite Association for a detailed explanation on intergrown
molecular sieve phases.

[0035] In the case of a regular CHA frarﬁework—type molecular sieve, the
Periodic Building Unit is a double 6-ring layer. There are two types of layers "a"
and "b", which are topologically identical except "b" is the mirror image of "a".
When layers of the same type stack on top of one another, i.e., aaaaaaaa or
bbbbbbbb, the framework-type CHA is generated. When layers "a" and "b"
alternate, i.e., abababab, a different framework type, AEIL is generated.

Intergrown CHA/AEI molecular sieves comprise regions of CHA framework-type



[0034] Intergrown nol ecul ar sieve phases are
di sordered planar intergrowths of nolecul ar sieve
wo bRy KkS. Reference is directed to the "Catpdtpgs®bzoiorde
Di sordered Zeolite Structures”, 2000 Edition,
publ i shed by the Structure Conm ssion of the
I nternational Zeolite Association and to the
"Col l ection of Sinulated XRD Powder Patterns for
Zeolites", M M J. Treacy and J. B. Higgins, 2001
Edi tion, published on behalf of the Structure
Comm ssion of the International Zeolite Association
for a detail ed explanation on intergrown nolecul ar
sieve phases. [0035] In the gase of a regular CHA
f ramewor k- type nol ecul ar sieve, the Periodic Building
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i se &gions of e 2007/, 724
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an AEl frarr kt que ults in.a stagki
AB{EFEFOwp gl B9 ASUCHA feteRR i 670 br efiSeted by
PXIr8y @H%raehéﬁs anarahe rpaalcumeay acoiﬂﬁﬁggc&e Qibseﬁ@d pattefriRr with
i mage | ayers |ntersects a sequence of the opposite

maiquéafted Rettfans goneraed ygioR al%@thmé to émr}ﬁqeéhe PFfCCtS of stacking
b 3
a(ﬂ?tﬁ'a@xb aX[lggi @ bl en% O%EEF‘}QK}; af %?r N Itl?e‘frwti%ﬁl model for

st eves exhi 2 di FT Ion patte
f cabowl 4fing 1hteasmw frlont gnystalsedoatdimihg plahian faulta(sdeyMl M. o]f Tracey

iy Srespaiees BE o RiERuGAHY I Lipdars A UoPH Yol 433

3 49015200 DIEPAR s tHeYsisamgpioh Im@grhxhesewaeeﬁrwﬁhdaa%labmsmm
with calcul ated patterns generated usi g al gorithns

tthe dntemnagionalt Aeolite tAsspciatign &o sipylalg the; Bowden) patiesns for
[ %rrp‘ﬂ oY TA=Iny g@folnc XRD
f%lrl@mﬁ | cu %‘%‘?‘ﬁé I nt engft%l% glét(e?r gerﬁTgFggt al s ?tn%@?ﬁ%ter?g

Prewder Patterns @t(%@éltM" byl MIM. T Aeeapy and JaB. Higgins, 2001, Fourth

Fﬁ(ﬁé?? L@gﬁhg g&ht?ehgﬁ‘ygtl thg1§mxc%%]e é&%’lﬁLSYOn IO? Qﬁjg ITﬂteézmonal
Zeolite Association). It has also been used to theoretically study intergrown
phases of AEI, CHA, and KFI, as reported by K. P. Lillerud et al. in "Studies in
Surface Science and Catalysis", 1994, Vol. 84, pp. 543-550.

[0037] The crystalline material employed in the treatment method of the
present invention comprises a CHA framework-type molecular sieve, either alone
as a pure phase material, or in the presence of stacking faults or including at least
one intergrown phase of a CHA framework-type molecular sieve with a different
phase, such as an AEI framework-type molecular sieve. In its calcined and
anhydrous form, the material preferably does not comprise a
silicoaluminophosphate and/or is substantially free of framework phosphorus and

has a composition involving the following molar relationship:



pp. 499-520). DI FFaX is the sinulation program

sel ected by and available from the Internationa
wdembitigaAssoci ation to sinulate the XRD powdepCT/us2007/010746

patterns for randomy intergrown phases of zeolites

(see "Collection of Sinulated XRD Powder Patterns for

Zeolites" by M M J. Treacy and J. B. Higgins, 2001,

Fourth Edition, published on behalf of the Structure

Conmi ssion of the International Zeolite Association).

It has al so been used to theoretically study

intergrowmn phases of AElI, CHA, and KFl, as reported

by K P. Lillerud et al. in "Studies in Surface

Sci ence and Catal ysis", 19945 Vol. 84, pp. 543-550.

[0037] The crystalline material enployed in the

treatnment met hod of the 6589 |nvent| on conprises a
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I S subst free of mewor k phosphor us
gﬂ(gz aﬂ%é,noée Bﬁgga@ytt%’%ﬁlt%\i/eg PV ng ?ﬁe foll owi ng nol ar
rieb38]i onRi fpsedV\GerdiH) 7¢tht 45ihase Pﬁ]ﬂsmeny/@aeo'?%th 1dghrd to a
(n) X203: YO2, wherein |tb% ent) is at ent
SORIRSRET 8 GLEPrERDe i PHRHI bEBPGRS O R iy i omposition
Q3htainsMe& than SSUHRISNRHY% Fefchdlf Riss tHanRbe@ 1 Wi9a| Hidkdpreterably

Y is a tetraval ent elemant such as silicon, tin,

tlessatham @pogfe?. et Yanfor sxamploless itan ehout 9e)5%ewt%, or completely
I%Pll coqlttl)%( gljfl#&&g cand nis fromO to less than 0.07,
y

prefera to less than 0.02, and nore
[oe3%r ably its @srsghthesizeds fortr) athe Ocidtallin@OB@terial treated by the
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trelaffBAdhip:nat the conposition contains |ess than about
5 w% preferably | ess than about 1 wt% nore

preferably | ess@iKa@s: X8 @)MeG)F: Fﬂzoaexan'pl e |less

IRSARLY. o 1 1 ATt Wt bt ne
arrgatialirestingragent anel Mtis eatabichliopetahand wherein m ranges from about
0.01 to about 2, such as from about 0.1 to about 1, y ranges from about 0 to about
0.07, such as from about 0 to about 0.02, z ranges from about 0.5 to about 100,
such as from about 2 to about 20 and x ranges from about O to about 2, such as
from about 0 to about 1. Preferably, x is zero. The R and M components and, if
present, the F component are associated with the material as a result of their
presence during crystallization and can be at least partly removed by post-

crystallization methods hereinafter more particularly described.

Molecular Sieve Synthesis

[0040] High silica CHA-containing zeolites 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, and at least

one organic directing agent (R) as described below. Preferably, the reaction



met hod of the present invention has a conposition
involving the nolar relationship: (n)X203: YO2: (MR
wd Yooha%d F: zH20, wherein X, Y, and n are as pef/u8897/010746
in the preceding paragraph, Ris at least one organic
directing agent and Mis an alkali nmetal and wherein m
ranges fromabout 0.01 to about 2, such as from about
0.1 to about 1, y ranges from about 0 to about 0.07,
such as from about 0 to about 0.02, z ranges from
about 0.5 to about 100, such as from about 2 to about
20 and x ranges from about O to about 2, such as from
about O to about 1. Preferably, x is zero. The R and M
conmponents and, if present_,li_he F conponent are
associated with the material as a result of their

presence dquring.cCr lJlization n be at
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m xture are given in Table 2. TABLE 2 Reactants Usef ul
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[0042] Where the tetravalent element Y is silicon, suitable sources of silicon

in

include silicates, e.g., tetraalkyl orthosilicates, fumed silica, such as Aerosil
(available from Degussa), and aqueous colloidal suspensions of silica, for
example, that sold by E.I. du Pont de Nemours under 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 aluminum oxides, such as boehmite and pseudoboehmite. Where the
halide is fluoride, suitable sources of fluoride include hydrogen fluoride, althougﬁ
more benign sources of fluoride such as alkali metal fluorides and fluoride salts of
the organic directing agent are preferred. |

[0043] Suitable organic directing agents R for directing the synthesis of a
CHA framework-type material include adamantammonium compounds, such as
N,N,N-trimethyl- 1-adamantammonium compounds, N,N,N-trimethyl-2-
adamantammonium compounds, and N,N,N-trimethylcyclohexylammonium
compounds,  N,N-dimethyl-3,3-dimethylpiperidinium  compounds, ~ N,N-
methylethyl-3,3-dimethylpiperidinium compounds, N,N-dimethyl-2-



(M cations added as part of the sources of the oxides
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Mal¥iel, Wéﬂm% \éﬂoﬁQWM&ﬂieE’Cﬂ US2007/ 010746 - 15

net hyl pi peri di ni um conpounds,
10844 5 Alisenatizply e ongamis ghrestingjaggn B (used hesein to, digect the
%ﬁﬂ&mdsf NHUAN FEROVSRAGO B Beve 0% LYicPhmmonium
and tri-cyclic nitrogen Contal ning organi c conpounds
wiotrgpebuindh ha¥ifiy ttiecfotmules and Rel ated M croporous
Materials: State of th t udi es of Surface
Sci ence and CataIyS|sTR€%%i%§gﬁrég 29-36; (2) Nove
Netiegéinal S | n Het er ogeneous CataIyS|s (ed. Terry K
Baker & Larry,L. NUrreII) ter 2 pp 14- 24
1990 Ies)ang Argre mdgpand 98& ted, fromp hygdpocariyh ws?s and
xél)-quséuteBaB%PocM?l géoé)édfh?\%ﬁ aﬂgm g, (9 93 &4fbon atoms,
Sui tabl e conpouggs I nc Aydr oxi es and salts, such
azsowéerl that R' had Rienay bojoirsdatepiorn acttifrogémieantainig heterocyclic
I des. [00441 Alternatively, the organic directing
agen ch used herein to direct the
R3 is an alkyl group having 2 to 4 carbon atoms and R* is selected from a

4- to 8-membered cycloalkyl group, optionally, substituted by 1 to 3 alkyl groups
each having from 1 to 3 carbon atoms; and a 4- to 8-membered heterocyclic group
having from 1 to 3 heteroatoms, said heterocyclic group being, optionally,
substituted by 1 to 3 alkyl groups each having from 1 to 3 carbon atoms and each
heteroatom in said heterocyclic group being selected from the group consisting of
O, N, and S, or

R> and R* are hydrocarbyl groups having from 1 to 3 carbon atoms joined
to form a nitrogen-containing heterocyclic structure; and

Q' is an anion, such as hydroxide or halide.



formation of a CHA franmework-type nol ecular sieve is a
cyclic amoni um conpound having the fornul a:

wo RoRZEIMk R4 + Q wherein R and R2 are i ndepepdeatioyroro4e
sel ected from hydrocarbyl groups and
hydr oxy-substi tuted hydrocarbyl groups having from1l
to 3 carbon atons, provided that R and R2 nay be
joined to forma nitrogen-containing heterocyclic
structure, R3 is an alkyl group having 2 to 4 carbon
atons and R4 is selected froma 4- to 8-nenbered
cycl oal kyl group, optionally, substituted by 1 to 3
al kyl groups each having from1l to 3 carbon atonmns;
and a 4- to 8-menbered heterpgyclic group having from
1 to 3 heteroatons, said heterocyclic group bei ng,
ophi,onal | sub titu 1o hp2
h@%% f rh)c{) ? d%:rgr bn&z\t ot §1(§’% g%ﬁlgt er oaa%(c‘l R® are
| ind&fendett wlm&ﬁbm gmethyl p@up gnd aheme @réupoand Reis an ethyl
group consi sting of 0, N, anﬂ$§2 R3.and R4 are
hgraRRc alhifis grbeAEment,, preferred, é‘daroaaﬂnsamlwie N,N,N-
J&Jh{é&@letﬁﬁcwéﬁexmamwaﬁqmﬁtml ng heterocyclic
structure; and is an anion, such as hydroxide or
hal i de. WO 2007/145724 PCT/ US2007/ 010746 - 16 [ 00451
In one enbodiment, R4 is a cypl@exyl group, R and R2
are |ndependently sel ect ed qron1a nmet hyl group and an
ethyl group and R3 is anhepmw——immyp. In this
enbodi nent, preferred [R RRRIN-R4] + cati ons i ncl ude
N, N, N- dinethylethylcyclohe fhammoni um ( DVMECHA)
CH2CH3 CH3 N CH3
N, N, N- et hyl di et hyl cycl ohg
CH2CH3 CH2CH3 N 6

pni um ( MDECHA) : CH2CH3

N,N,N-methyldiethylcyclohexylammonium (MDECHA):

CH,CH,

CH,CH;—— N— CH,CH,

and N,N,N-triethylcyclohexylammonium (TECHA):

CH,

+
CH2CH3 N— CHzCH-_;

[0046] In another embodiment, R! and R? are joined to form a substituted or
unsubstituted 5-membered nitrogen-containing heterocyclic ring. Conveniently,

R? and R* are hydrocarbyl groups joined to form a substituted or unsubstituted 6-



and N, N, N-triethyl cycl ohexyl ammoni um (TECHA): CH3 +
CH2CH3 N CH2CH3 [0046] In another enbodinent, R and
wd2ooangs7ppi ned to forma substituted or unsubgdi/isieddoro746
5- menber ed ni trogen-containing heterocyclic ring.
Conveniently, R3 and R4 are hydrocarbyl groups joined
to forma substituted or unsubstituted 6 WO
2007/ 145724 PCT/ US2007/ 010746 -17 nmenbered
ni trogen-contai ning heterocyclic ring. In this
enbodi nent, a preferred [R R2ZR3N-R4]+ cation includes
2, 7-di et hyl -1 -azoniun| 5, 4] decane (DM27AD): H3C N +
CH3 [0047] In addition to the organic directing agent
for directing the formation. pf. a CHA franework-type
nol ecul ar sieve, the reaction m xture may al so
mﬁéé& nfir cBHﬁfmﬁ) #o% gﬁJ Efé' A0tAOER oélﬂ{ent a preferred
rectlng t fornatl Z framewor
REIRMBREi |oatxen inchided 257 duaw;ymhaonamusmmecane (DM27AD)
crystalllne material will tend to contain either
stacking faults or at |east one intergrown phase of a -
CHA franmework-type nol ecul eve and an AEl
framewor k-t ype nol ecul ar sfeve. \Conveniently, said
further organic di te€t ent _eonprises a nonocyclic
am ne or ammoni um conpound, N§ a§»€ substituted
pi peri di ne or piperidinium /o . ror exanple, a
tetraal kyl pi peridiniumco ypically an N, N-
di et hyl - 2, 6-di net hyl pi peridi ni um ¢onpound. [ 0048]
Typically, the reaction m SO contains seeds to
facilitate the crystallizatl process The anount of
e can r | .
A8GED, o S fioE R tartl Sfvctime b, REUFelngpt rmation of
vieCHIA frﬁxﬁe‘&brkwtype ihib,léiﬂ!hr Bieve e tectibh migtuedmag afsb(l:mnprlse a-

about 100 .ppm ht. to about_ 5,000 b
%ﬁ% &t iFSr, 3’1{%@%&%?@@%@]’ iof éﬂﬁﬁ fraework-

Jurthersergaric diss
Ctlﬁ_%((cs hiiddull® sfRkerthahis a8y thE rédhldR erybihitine thifterifiRVill tend to

or OFF framework-type nol ecul ar “si eve. The seeds
reeptdie cithde dtackingh daulisaor iabnleastx pue antesgrawoophasedef a CHA

Stlfla.n?eeﬁdc’rk%pe Mlecular sieve and an AEI framework-type molecular sieve.
Conveniently, said further organic directing agent comprises a monocyclic amine
or ammonium compound, such- as a substituted piperidine or piperidinium
compound, for example, a tetraalkylpiperidinium compound, typically an N,N-
diethyl-2,6-dimethylpiperidinium compound.

[0048] Typically, the reaction mixture also contains seeds to facilitate the
crystallization process. The amount of seeds employed can vary widely, but
generally the reaction mixture comprises from about 0.1 ppm by weight to about
10,000 ppm by weight, such as from about 100 ppm by weight to about 5,000 by
weight, of said seeds. Conveniently, the seeds comprise a crystalline material
having an AEI, LEV, CHA, ERI, AFX, or OFF framework-type molecular sieve.
The seeds may be added to the reaction mixture as a colloidal suspension in a
liquid medium, such as water. The production of colloidal seed suspensions and
their use in the synthesis of molecular sieves are disclosed in, for example,
International Publication Nos. WO 00/06493 and WO 00/06494 published on
February 10, 2000, which are fully incorporated herein by reference.



l'iquid nedium such as water. The production of
col |l oi dal seed suspensions and their use in the
woynrhesbs of nol ecul ar sieves are di scl osed ipcT/691007/010746
exanpl e, International Publication Nos. WO 00/ 06493
and WO 00/ 06494 published on February 10, 2000, which
are fully incorporated herein by reference. WO
2007/ 145724 PCT/ US2007/ 010746 -18 [00491
Conveniently, the reaction m xture has a pH of about 4
to about 14, such as about 5 to about 13, for
exanpl e, about 6 to about 12. [00501 Crystallization
can be carried out at either static or stirred
conditions in a suitable repgtor vessel, such as, for
exanpl e, polypropylene jars or Teflon(r)-lined or

0Bk o° GohlvEiony BE kS sk hETRGAT ot Bofl 4 W3 14,

fsmch as hboue S0 fabowti 180 forfeaampreysﬁcait bita abowar12t 0 occur.

F tion, of the cryst aI lin roduct can, take anywhgre
BORFLar oG aliZion AHBe O &t il iiic o7 SBERL Cordiigps in
aSsulifaBl® ﬁm&t vél;%l NdueH a8 Sfok Qxéﬂﬂﬂtp(ﬁ%&oﬁﬂ%@)aﬁ & Teflon®-lined
exanple, froma bout 1.0 to about 120 hours

durrstainless eq) antoslayes.aha temmﬁefeeafmbeutehwwg@bow 429°C, such

?%%Phﬁw{ota%%??rgmtg'ﬁfhgﬁ%%%{eég ﬁr}slm{t‘%lghﬁon to occur.

chrataabh ioff ¢h¢o crystatlinei profiwat el take andw]te’reo froangaroond) 30 eminutes

recovered b tan ard .nmea uc ntr|f i on
O B R .2 S sugth &y PO b 4G Brimiiss, oty A0 hol, for
VXS FrSROMSER 01 DY toC Bt f208buRN e hidatibAtdependdn the
dri ed. The resul tant product is found to, conprise
ﬁampp@nes erployeth Ay dughe  (empsratures sypisallyyreguiring shorter
rﬂ yaFRfASmmat Q,]ngmsbel ow 2 mcrons and typically about

m crons. 00521 As a result of the
c[|0951]al | iTyptcally, fheocwystsllint hpodwat dis doeded rip ssohitionnand can be

product, cont ai svvlthnlt Les. & p ti.on

RpEtEed, DR andaie okt e off b selrifgadn, oD RlatiSh he
N gépaafeaqfr@ddce darealee 8t KRBlied, trehevéﬂe@ 8 icentéiifiiga€ibh BY ikGRidh and
is renoved fromthe mol ecul ar si eve, |eaving the

d%ﬂealr ykhearesyltagt prgdpet;is found to cprpE s Patisles Maﬁm ayegage crystal
+\9 Q%ﬁbr&' §36R a2 BefowW PiniGont AR typichlly §bélﬁ®d§ﬁ1ﬂ95ns
ennva the organic is typically acconplished by
c[@DiZ]m ng\s arressls @rﬁtthaldrystalheatqnngropm, e eeqpivaredsemystalline
B 3B GBI BBt e BE e Bk hcting s
leydem-tlﬁ:d)ﬂjrﬂhd’ﬁsﬂ ghga preférfeds @fibodiment, the organic directing agent is

removed from the molecular sieve, leaving the catalytic sites within the
microporous channels of the molecular sieve open for contact with a feedstock.
Removal of the organic 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,



cases, it may be desirable to heat the nol ecul ar sieve
in an environnent having a |ow or zero oxygen

wa onermmati on. This type of process can be uspcr/i91007/010746
partial or conplete renoval of the organic directing
agent fromthe intracrystalline pore system In other
cases, particularly with smaller organic directing
agents, WO 2007/ 145724 PCT/ US2007/ 010746 -19 conplete
or partial renoval fromthe sieve can be acconpli shed
by conventional desorption processes. [00531 To the
extent desired and dependi ng on the X203/ Y02 nol ar
ratio of the material, any cations, particularly
al kali metal cations, in thej@as-synthesized CHA
framewor k-type material can be replaced in accordance
b ORHaRT Rt B SRR gl PIE e coniigh &P BY opfventiona
rdgsbptionprax@ésesns i ncl ude netal ions, hydrogen ions,

SR B e AR RS PR o o

WAL GRatbiddl] @hy tieorBapadtichiafly aakdly ideyal f@tioRsg lih ahd) as-synthesized
hydr ocar bon conversi on reacti ons. These incl ude

HAoGamewerkrype myateriahearpbeareglagedhint apcerdgpcayvish pechnjgues well
\V/ \Y/

ke fn e ort e Jeeky ik oot cxtlihgg ien S i, Pibftrred
Geplacingecabidns fln@lnétwmmétalt que byxirbacm o1y, Mydwgemlpredursdige.g.,
i nvention. has been s f pr at ed
 APGkuRD jorts Bpd FERnEM TR Pt Bretnd ) oS! € those
nﬁhﬁhltﬁilﬁz thglmiraollg& Iactﬁkdlqr ﬁoradﬁﬂdad (1§ hym'béarhoﬂmbﬁdrﬁbﬁ reactions.
t hat rovi de addi ti onal hardpess, or tic
a&qse.neslu@f‘ow%gw ArgHRthanetalsad t&ffs%fa G{%Pé% A, IVA,
wiaChBCaB iABDIeRded Wit Vis, %\\frmaapmr#eﬁam@ Table of the

confaining material of the invention can be various
i Blementsy catalytically active materials. These

S 2 B SRR s e oo

Olid3€bednO @ymﬁéﬂmdde i€ &iaa| bst foei6sde Mit6 , a Z&edlyst ecomposition by
catalyst component s, %lor alun1na sol , tltanla

ombipation yih qther @ﬂerle as pindgrssyd/ormatryy matgrials, that

tﬁ}s{,ﬁefaddlmﬁﬁqla&ﬁ{ée&mg Sctit§ o a{efﬁﬁgueue:atanyst
reducing overall catalyst cost, acting as_a thernal

SI0ARS) o Adatemals| whisharcarm Hhe|biendgdt withc calGHA  framemiogk-typ
C%?lgzﬁrgi%?tﬁlﬁgnaldgﬂﬁ{ef MBGidEaf BL Fa¥iShs BRG LNELERTLAR active

stren
materials. These materials include compositions such as kaolin and other clays,

various forms of rare earth metals, other non-zeolite catalyst componénts, zeolite
catalyst components, alumina or alumina sol, titania, zirconia, quartz, silica or
silica sol, and mixtures thereof. These components are also effective in reducing
overall catalyst cost, acting as a thermal sink to assist in heat shielding the catalyst
during regeneration, densifying the catalyst and increasing catalyst strength.
When blended with such components, the amount of zeolitic material contained in |
the final catalyst product ranges from 10 to 90 weight percent of the total catalyst,
preferably 20 to 70 weight percent of the total catalyst.



When bl ended wi th such conmponents, the anount of
zeolitic material contained in the final catalyst
wonradugi72s anges from 10 to 90 wei ght percent ofctis2007/010746
total catalyst, preferably 20 to 70 wei ght percent of
the total catalyst. WO 2007/ 145724 PCT/ US2007/ 010746
-20- Steam ng of the Mol ecular Sieve [0056] In
accordance with the invention, the high silica CHA
framewor k-type nol ecul ar sieve descri bed above is
subjected to a mld steamng treatnent so as to
enhance its selectivity for the production of prine
ol efins when used in an oxygenate-to-olefin
conversion process. In one eppodi ment, the enhancenent
in prime olefin selectivity can be an increase of at
Tﬁéﬂmm‘ ef@@leoﬂiaﬁfs‘?é\%b' y at least about 4% [00571
he Stea S typically conducted at a tenperature
oﬁ0056)]o ut le@@@rdfmce addtuthedBod@tiopy élbehlgtb sijicabdlA fiase@otiotype
t 600C, to _abg 170
FBalFsuisp ey ebrifed 1itre % gt B £ Pl Sarhing et (o as o

UgiihBfceats sRITHSIN EDE thO Prédudtion it peffleablefinpaviidnalised in an
pressure of about 1 psia to about 25 pS| a 7 to 172

kPREenais-torRleAn Icpnyassion Pogsss: aln eng ‘1‘?“& | e{“l@"?‘Bem in
1&%}1 §§&,, t a

hea ég%h?e%t%g I n %%neb??gﬁrrg\k;\%% @92%1!:%%?[# guﬁ% ??ﬁgegably at least
nablogt4ffoar sieve, but it is inportant that the steaning

[ t ff t o
L RS o R AR Eng et SohibssSL Bt iR iRl foec to
tdiRdus Bsxmg.‘l @g?bﬁgt;eﬂﬂﬁm AS09CStd dboiue gemt ,tfora kg dfrﬁgout 8 hours
er ends the ran ven_above, jt is to be .
Bhiout oD Rowse PEHERED it GF hone. & abgtni2d Paws e an
Sﬁtﬁﬁ%ﬂé‘?& Eérﬁbmﬁ{ges‘i@éiﬁ 8t 8 PAHaflpREsIE 6F 8GR O;Ss‘i’#‘ﬁi gbouh®5 psia

| ower” ends of their respectlve ranges.

st7earti7A §Peh praferabbyrabout 2psiato abirut 48 psipri e 1@ )

I an, 8 [ { d
{'ﬁi’gggfkal 2 b%rgYed(tﬁ?t:%gg{%%.@ﬂl 1{1%1 &e;f&% h{}g ¢ AW oR Sructure
syfithb @sdledulatsievepbeat i ieimpatany thacme fteamimgds abesb severras to
on bpot h of the directin agent and the al kal i
lfest sigatticaneTemaya! gb i aluminugt Fiom e GamEe siucture. Thus,
I 2 ededing ROmberaiité 18 Shctedsb® WWRAL She Wpp& &ldstdtethe ranges

Treated Ml ecul ar Sieve
given above, it is to be appreciated that one or both of the steaming time and

steam partial pressure should be decreased toward the lower ends of their
respective ranges.

[0059] The steaming can be conducted on the as-synthesized molecular sieve
(containing the directing agent and the alkali metal cations remaining from the
synthesis) or, more preferably, can be conducted after one or both of the directing
agent and the alkali metal cations have been partially or completely removed by

post-synthesis treatments.

Uses of the Treated Molecular Sieve

[0060] The crystalline material treated by the method of the invention can 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



[0060] The crystalline material treated by the nethod
of the invention can be used to dry gases and

wo b@pwirgkd4 f or sel ective nol ecul ar separati on bpspdsmoroi0746
size and polar properties; as an ion-exchanger; as a
chem cal carrier; in gas chromatography; and as a
catal yst in organic conversion reactions. Exanples of
WO 2007/ 145724 PCT/ US2007/ 010746 -21 suitable
catal ytic uses of the crystalline material produced by
the nethod of the invention include: (a)
hydr ocracki ng of heavy petrol eumresidual feedstocks,
cyclic stocks and other hydrocrackate charge stocks,
normally in the presence of_-ga)-hydrogenati on conponent
is elected from Goups 6 and 8 to 10 of the Periodic
T : ) . . .
e R T e Faterld profebg by fhe method of the
sinventipmt irchaden (phhyfifdcreskingonf hedvy petrblenmf eesiiditab dkedstocks,

typi.cal ly bojl| b 77C, i ncl.udi ffinat

BIE Sl B8 e RSBl et RBLAC RSB b BEbSence or
Chyledgengtiod cOmponit i elecledefilsi 0GHoups Susd 30 NI tha Periodic
gas oils and residual .oils, ..normally in the presence .

of able phElanents ) deararingy inchnding somegzatipnlewagy)s, fsojectively
(Qhnove! dMIR dmfl bAARls HohAhIMocABEn %@J&%&gy&g@%ﬂg‘y 5boiling

ol efins having fromabout 2 to 21, preferabl )
czhoyenl % Enéncleding rreffinatesnandl Iyhricating ®ily besestorkss (ghicetalytic

o e

| sormaily Zattheo preséncel offd lasge peretdrackingy tatalgste fuchsashzeoliregY'; (d)

4 to 6 carbon_.atqmns, d spegci.al |y nqrmal but epne t
smetzAlien B Sran andibraned S i avae Spangut S o 21,
Spreterably PRl 8 R8rboh CatGinS e praié arRaRRN%e hesNoREins which are
et hyl ene and benzene; (g) disproportionation of

alrseful derobath ifecihyi ¢ @aselinsres 2 gaselinelending stoek, and chemicals; (e)
pirs?rqgquatiogl ?} KYeE@‘F’O 'E&lalmj/ dJlQﬁt?sr R%ﬁ% S I% bon atoms, and
Xy h) al'ky i

enes; atlon of aromati c hydrocarbons,
sesphcially lnemaa rimitensi tohprolledd ise-olsfirsh (8 uipetddyngnf lowmt alkanes,

propyl ene,, to rodquc t hyl.benzene and.cunene; . (i .
gk e, oF W dyPiaRE R Sy B SERBEnEd Bitapne: @
adisprpp&itidRatidnl bf Gltylrbinaic 'AdEsHaltdns Ofudhi Y @8lféhe, to produce
oxi des; and (k). synthesis of nonoal kyl am nes_ and .
dfiatkiaremetife ydresaBPPDs) Fupltr 35 cteaes: Kbhellptlatiqm et aromatic
. CRYRS QIR sUBR! & bzehd, SAtE DR, 2h BldMerf and Bl?‘opylene, to

invention is useful in'the catalytic conversion o )
oxpdeseat etbylbenzgne @nd nenmene| di) nisompmzatiogu|afr |dpalkylaromatic

eﬁ}lﬂ&%on@pglcﬂra%p:wlg{ég; (j)“%atHﬁ:ﬁQ rgﬁfcﬁbﬂ 'of ‘i'ﬂ?oéeﬁr@ides; and (k)

synthesis of monoalkylamines and dialkylamines.

[0061] In particular, however, the crystalline material treated by the method of
the invention is useful in the catalytic conversion of oxygenates to one or more
olefins, pa&icularly ethylene and propylene. As used herein, the term
"oxygenates" is defined to include, but is not necessarily limited to aliphatic
alcohols, ethers, carbonyl compounds (aldéhydes, 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



'oxygenates" is defined to include, but is not
necessarily limted to aliphatic alcohols, ethers,
w6 ddobamrhe conpounds (al dehydes, ketones, car boxyt/us2007/010746
acids, carbonates, and the like), and al so conmpounds
cont ai ni ng hetero-atons, such as, halides,
mer capt ans, sulfides, am nes, and m xtures thereof.
The aliphatic noiety WO 2007/ 145724 PCT/ US2007/ 010746
-22 will normally contain fromabout 1 to about 10
carbon atons, such as fromabout 1 to about 4 carbon
atons. [0062] Representative oxygenates include | ower
straight chain or branched aliphatic alcohols, their
unsaturated counterparts, ambtheir nitrogen, hal ogen
and sul fur anal ogues. Exanples of suitabl e oxygenate

ﬁggg?&gg%ﬁxlcgﬁwgigleéq% abﬁth% ?]tgfng pﬁ%ﬂlas from about

di toetboyit 4 cabhentond. et hyl| et her; di -|sopropyl et her;

t t hyl [.f d
E@i’gépt a e 'Ztir‘]h‘gﬂ °§M¥eﬁ?§g m"a‘PS%tlﬂyf:r §Wﬁ€tmclanp] S Whched
CJﬂpﬁEﬁéj Slcohél@rﬁgir%BMd&teddémﬁ%xﬁ%b ﬁﬁdl lﬂﬁkl"laﬁi&ogen, halogen and

di - net hyl ketone; acetic acid; am nes,
reulfiug pnalpgyesd dixamples RS/$““§DH9’WG§“‘1%VP‘P?§°W"&I iRgipde methanol;

SR, AT B4t CAE Sl AP 208 i

Rathdri diettayt Ie;hcs,udnt-la@repyloeﬂyegemtle/l ooarpaptang snathyl sulfide; methyl

net hanol . .di net hyl ethe .€ her eof ,

ey cy” et ety o e di SRpfo pk, <SP chtoride;
"foxgldetalide; didgethgNairBsnfe di-rhéthyl mw laCetitbdctd; inalk stifines,
as the feed. The total charge of feed to t he reaﬁhlon
Anaky! halidesorrelivh sulfides hayng neadop ezonrs of sempriging the range of

O b HEBbS 3 &%@gﬁ %% girs&@ afOIRS S mPXUEES MKrEo f€ PAKTLTr R buitable

pr ocess, conpriding an organic oxygenate,
aptyggraad: Icympmcts angemethanel; dimethyk pther, orsmaxsureacthergof, rmost

RSP BT AL G, B GRRT bl R only whe

&leve § presen
| srgaiit midlerdd]l éd s the/ &:eﬂr Onﬁﬁ&taﬂ @haigeiofrféed @ @R reaction zone
produce the desired olefins. ternatlvely, t he

gntaipadditional.gompoynds, such-asdijuentsi g or a mi xed

V@ﬁ&f}/ e ﬂ}g&%?oxwéﬁgtetchﬁve%lgﬁ %ﬁﬁ:ekss aG8ddsioRll cBMprikilg an
i qui d phase or a m xed vapor/liqui d phase,

dorgiuec enygenatey eptsoratlyr with one orimose didudnis, is eontasted in the vapor

Pl L L BB e e oo
mremn tmvetnhen dit| effativs Jprocesy enmdlabh.y so 13- toeprotlireee tHeodesired
f‘le fee ematlvely, the process may be carried out in a liquid or a mixed
vapor/liquid phase. When the process is carried out in the liquid phase or a mixed
vapor/liquid phase, different conversion rates and selectivities of feedstock-to-
product may result depending upon the catalyst and the reaction conditions.
[0064]) When present, the diluent(s) is generally non-reactive to the feedstock
or molecular sieve catalyst composition and is typically used to reduce the
concentration of the oxygenate in the feedstock. Non-limiting examples of
suitable diluents include helium, argon, nitrogen, carbon monoxide, carbon
dioxide, water, essentially non-reactive paraffins (especially alkanes such as

methane, ethane, and propane), essentially non-reactive aromatic compounds, and



or nol ecul ar sieve catal yst conposition and is
typically used to reduce the concentration of the
wosgRsMabLEe in the feedstock. Non-limting exanptess®b7/010746
sui tabl e diluents include helium argon, nitrogen,
car bon nonoxi de, carbon dioxide, water, essentially
non-reactive paraffins (especially al kanes such as
net hane, ethane, and propane), essentially
non-reactive aromati ¢ conpounds, and WO 2007/ 145724
PCT/ US2007/ 010746 -23 m xtures thereof. The nobst
preferred diluents are water and nitrogen, with water
being particularly preferred. Diluent(s) may conprise
fromabout 1 nmol %to about,99 nol % of the total
feed m xture. [00651 The tenperature enployed in the

o) ' ) ; .
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ebmnmlpemcufarlgmrafemeﬂ 2B Gerit(s) ahawboﬁiﬁﬂ@ frionc hbialitnly mol % to
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pressures an pressures In t ange o rom abou
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| $boeh 8005, Ba pi SRRV Hiom el hBC RO E vea “The
f POBEPI NQightr A6 hesdudfsewiK €drif iatto@gh Hot heBisarily inddhtimum
is present, and refer to the partij al pressure of the :

f WM A R Wide range Hf pressyres, g bRloRefolimited 4o gpiggenous
;@égéﬁ{'e%sar{dqgfegﬁfrcs 1&%2\::{1?9 Q)fuﬁ)&ﬁ abxt 08 RPa b about 10 MPa.

essure nm ver se ect selectivity,
c@mmnmndm, thcqiressgrer mtie the matigsr off feerot dbont 7 d¢Pa;to about 5 MPa,

VS 5piroreE B AR A P SO RRY A uldpe R foregoing

pﬁﬂ’éssﬁf’esQﬁ'e btonmsivdbf diliet) if 4y is pregeiie end feferd6 Se'Retial pressure
efin products, The reaction tine may vary fram

efnthesfeggstockeaso i slates 1o weweseﬁtecﬁommwés ar Pg’a@r%wereof
tmeﬂ S.mliahﬂﬁéry eHRLAES @@%r@ééu?é“ ! a)r eﬁﬁ&i‘s@ﬂ/ affect selectivity,

tenperature, the pressure, the catalyst selected, the
veainy prsicng Lpokings e e and/er @eaqun raiRe hyveeyer, (hgltfumﬁm such as

V&Rﬁ%ﬂe &ﬁijm'ép?orﬁ{?l ected process design

[0067] 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
velocity, the phase (liquid or vapor) and the selected process design
characteristics.

[0068] A wide range of weight hourly space velocities (WHSV) for the
feedstock will function in the present process. WHSYV is defined as weigﬁt of feed
(excluding diluent) per hour per weight of a total reaction volume of molecular
sieve catalyst (excluding inerts and/or fillers). The WHSV generally should be in
the range of from about 0.01 hr' to about 500 hr', such as in the range of from



characteristics. [00681 A wi de range of weight hourly
space velocities (WHSV) for the feedstock w |

wo dwetiyome i n the present process. WHSV i s def i petus®07/010746
wei ght of feed (excluding diluent) per hour per
wei ght of a total reaction volune of nolecular sieve
catal yst (excluding inerts and/or fillers). The WHSV
generally should be in the range of from about 0.01
hi1 to about 500 hr- 1, such as in the range of from
WO 2007/ 145724 PCT/ US2007/ 010746 -24 about 0.5 hf' to
about 300 hf', for exanple, in the range of from about
0.1 hf' to about 200 hf-' . [00691 A practica
enbodi ment of a reactor systemfor the oxygenate
conversion process is a circulating fluid-bed reactor

h ar S -

Fiealy 63 AR RN, A cRlmplep e Tong- AR 0 e o
pateezd@hr'.f or t he process because oxygenate-to-olefin
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renova e ca yst to a regene
vrecess twidch aeqadlm tseveral sagqsemﬂemtemoalersegeotheracoatmg dev1ces
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I BetrE Jow ldengigigkyst activity. The conditions of
te erature, ox gen artial pressure, and residence

0f n thsansegha ertaber musid seerated Bemuentyothsaraciarshould
a%lo ! %9%&%0510&{5 ﬁcﬁ'g&rﬂ of ﬁk%talﬁ‘?&@h¥ en@xfatdre§'ﬁerte|'iﬁ@catalyst

ast a portl on of he regener at ed
ciat subyested heutegensrationt mediauah,t suchias 2 egas tapmprisoE7odygen, for

CPRBT e R o O S84 B RO hE, ol s, cgatvt

Gﬁctﬁ?tyorrﬂéldandﬂiasa@svfttempeﬁaaué obXpgen pantiflgsrassack, and residence
h dr ocar bon co- Catal[VS‘eb wi thin the porous framework of

e anfherregepetaipkshoylsibe selactad te arhisyed soks gogtent gn peggnerated

C@Jtzﬁ&éf%f 1881theh AR 0ISOWE QN VAT fea/ S5t 08A %f 1R Rb&letdiad catalyst
Desitably, the pretreatnment is conducted at a

t shopld ba 1¢twned togthe reagtor. 10C, such as
[0071] In one embodiment, the catalyst is pretreated with dimethyl ether, a C,-

C, aldehyde composition and/or a C;-C7 olefin composition to form an integrated
hydrocarbon co-qatalyst within the porous framework of the CHA framework-type
molecular sieve prior to the catalyst being used to convert oxygenate to olefins.
Desirably, the pretreatment is 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 least 0.1wt%, such as at
least 1wt%, for example, at least about 5wt% of the integrated hydrocarbon co-
catalyst, based on total weight of the molecular sieve. Such preliminafy treating to
increase the carbon content of the molecular sieve is known as "pre-pooling” and
is further described in U.S. Application Serial Nos. 10/712,668; 10/712,952; and



at least 25C, for exanple, at |east 50C, higher than

the tenperature used for the oxygenate reaction zone
wa@pg7iiss7a4 ranged to produce at least 0.1w % spchus®oabiorse

| east Iwt% for exanple, at |east about 5w % of the

I ntegrated hydrocarbon co- catal yst, based on total

wei ght of the nol ecul ar sieve. Such prelimnary

treating to increase the carbon content of the

nol ecul ar sieve is known as "pre-pooling” and is

further described in U S. Application Serial Nos.

10/ 712, 668; 10/712,952; and WD 2007/ 145724

PCT/ US2007/ 010746 -25 10/712,953; all of which were

filed Novenmber 12, 2003, andpgce fully incorporated

herein by reference. EXAMPLES [0072] The invention

I t

Moy 5938, ﬁomlgc@x@g%p fiidh Ndvémfbes %Enggg,l agg e ﬁﬂgﬁh%}ﬁ&ated

PosrdierbyDefeferget ogr ans were recorded on a Slenens D500

diffractometer with voltage of 40 kV and current of

%ﬁgﬁ@ﬂxﬁ&igg a Cu target and Ni-filter (X=0 154m).
S nalysis of Al, Si, and P was perforned
lgmﬂg‘ | nclihet 1hV§{th6nG9ilph@\d e ﬁSi@pﬁlQﬁhlﬁ Bedekibed Ay reference

e 1: Synthesis of high-silica chabazite (w thout

t wethe é@llwmm%mpé@) Ingby ﬁ‘mplwzxgrabﬂ’oa'dﬂl)gfﬁ%wms were
B 1 S POl S AR QT A e o

W3 mA, alsillgtah@m t@gﬂlhng Nof filkér(8F0.1 p4nrz)3 3ELQMentahaI(a1>ﬁ® of Al, Si,

| ndyst d the i xt Th

oA e et sl BTy Gtts ElRe ik spramecey
The H -Sil(r) 233 silica contained 0.53 w% Na, 0.01
WERarple Q: 43mMe¥s dlf UiBhOdlica éHiBaRte (itkole thie is€ 3f {1 FbrdY)

ratio of the material Is 164) and hence the ge

cl0933ki t B 2vag asffdt | dh? ovtde TweouS( 1F(11299‘Na2‘l§ N,N,N-

[ fou 24
equd%ﬁ%ortlons gﬁﬁlgnéﬁgggge D re pectlve &&B tg 5. g
eddbnipat waten ammanrg/eu @l dfiHiegil%a33 eilica (BPG [Iﬁtﬂﬂs'&ies USA) was

Porfi.on A was age roomte erature fo
ks 30 Sy mprRie. DN BTIRNe A AEELMY 5 Amafosthoghl pgs produced.

Cm! ﬁltsn@Szdﬂmca Borftfined 085 35W8% Ma, IPGLAANK! D22 W Aléimina,
of gel were added. The resultant n1xture was sealed in
aam3 8312 w¥d silica (Sl/Al ratio of the material is 164) and hence the gel

composition was as follows:

0.2 TMAA : (1/120)Na,O : (1/328)Al,03: 1.0S10, : 22H,0
[0074] The gel into four equal portions, designated A to D respectively, and
each portion was crystallized as follows.
[0075] Portion A was aged at room temperature for 2 hours before 200 PPM
colloidal LEV seeds (14 wt% splid content, Si/Al = 6 for the sieve) based on the
weight of gel were added. The resultant mixture was sealed in a 23-mL Teflon-
lined Parr autoclave and was heated in a 170°C oven for three days while being
tumbled at 40 rpm.
[0076] Portion B was aged for two days at room temperature until the pH had
dropped from 13 to 11. The same amount of seeds as used with portion A was

added with thorough mixing. The uniform gel was sealed in a 23-mL Teflon-lined



l'ined Parr autoclave and was heated in a 170C oven for

three days while being tunbled at 40 rpm [0076]
wFNi1928 was aged for two days at room t enpep@i/usRo7/010746

until the pH had dropped from 13 to 11. The sane

anount of seeds as used with portion A was added wth

t horough m xi ng. The uniformgel was sealed in a 23-nL

Tefl on-1ined WD 2007/ 145724 PCT/ US2007/ 010746 - 26

Parr autoclave and was heated in a 170C oven for three

days while being tunbled at 40 rpm [00771 Portions C

and D were not aged, nor were seeds added thereto.

They were individually sealed in 23-nL Teflon-Iined

Parr autoclaves and were heagged in a 170C oven for 5

and 9 days, respectively, with no agitation. [0078]

centrlg?%lg\éétol on gagnﬁ vvalgr?‘l ng %to?ﬁ g&qg%!ezeg@%ah{ié}mﬂﬁmbbd

tdhdOcpmduct i vity of the washings was | ower than 50

ggéi ove ?ﬁf%ﬁ’lts | éj aF(E) g)?&ggé?%m&g{bd‘%te‘?fg ;‘3 Eg dﬁﬁ% Biereto, They

RE&E iediSidahBy SARMNN 28kl Atéh1Bn Yinel 1Paﬁ6aﬁ1t$&ave§ afNwehAHeated in
product A appears to be pure chabazite (1.65 g product

reebtieoven farls 8w 9 gays) wespretizelyovithime agitatign: of t he

wh
1807, T PACHBls 5 D08 A ATy gentrifyagion and
mashimwitpmmmnmddwaeamhyl mmnmw oéﬁpewaslmgsywas lower

R G mgms e St RS Mepe draline sl et En aygmight

t[bomh aqulbtmrp'aﬁieﬁ{ssomeq)rm&ké Yire! $HoWRETh BighRS1. Qf can be
appr oxi mat el 5 min size. [00811 El enental anal ysis

JoER theLPRRCE AISPBEAH IS RS CbAbapIE 61 BRI VAo, 11.8%

NAeld ChalEd on%2%¢1§ﬂ Aﬂmesgéq? »whife godﬁm thé‘cpar@a%eoaﬁlmt of
t’o NaO. 35A11. 00SI 143 [ ci nation and

Nisdd eatifiled mgsesta{lmmrsﬁilpmd erodtmtS/\@sandaDcwme cimphayustand nearly
follovwngel%P lo (a) ranp at 10C/ m n to 400C under
FARREPAY NI SHFand dwel | for 30 minutes: (b) switch

t[0080])| OWTheg SEM 3PPro@sci® {sesHoRvm in/MMgiran®, #idickéifs Nthit no
to 650C and dwel |l at .650C for 4 hours. The cal ci ned
Jewprity mheses wereasighigagd dhg chabazitg eystals\yegg mostly twinned cubes

of approximately 0.5 um in size.
[0081] Elemental analysis yielded the following data for Product A (in wt%): .
Na, 0.067; AlO3, 0.42; SiO;, 72.1, which corresponded to Nag 3sAl; 00Si143.

Example 2: Calcination and NH4-exchange

[0082] Product A was calcined using the following protocol: (a) ramp at
10°C/min to 400°C under flowing nitrogen and dwell for 30 minutes; (b) switch to
flowing air and resume temperature ramp at 10°C/min to 650°C and dwell at
650°C for 4 hours. The calcined sample was ion-exchanged twice with 5 wt%
ammonium chloride solution. Elemental analysis yielded the following data for
the calcined and exchanged sample (in wt%): Na, 0.0125; Al,03, 0.531; and SiO,,
84.4, which corresponded to Nag gsAl; 0oSi134.



amoni um chl ori de solution. Elenental analysis yielded

the following data for the cal cined and exchanged
weamphes76d N1 W% Na, 0.0125; A1203, 0.531; angcBuSRor/010746

84.4, which corresponded to NaO. o5Al 1. 00Si 134 WO

2007/ 145724 PCT/ US2007/ 010746 -27- Exanple 3:

M | d-steam ng [ 0083] The cal ci ned and NH4- exchanged

sanple from Exanple 2 was |oaded into two

frit-bottonmed quartz tubes. The tubes were placed on

the frit of a larger dianmeter quartz tube, wth the

frit located at the m ddle of the tube. The | arge

tube, along with the two snaller tubes was vertically

positioned inside a tube fuppace. Fromthe bottom of

the large tube, nitrogen alone or nitrogen with steam

| 5y D8 30 iiRkRhmi@ | 0 Was fed into the tube. The

total pressure was atnospheric. The tenperature was

ri9o83)d t AhbGRKimd Ar@IOVHLexclngedvsarhpletfioam dixampipe? Wasddaded

was conginued. After the t rature had stabili.zed. a

SO UGS WALE SR Ve HOG, LR hROL R pA larger

f difmbted JURHE tubRs withi theefrit docaktddest Gk qaiddRgof e tdBe. The large

hours and the second after 96 hours. These sa

| es,
dibagrlong ity they e smatler tubshpyas Yﬁatis‘ealkww%eﬂgﬁei%%fie a tube

Weihfack. € ¥l tlPbottIhPoP el 195, > ni kdhebr niffégen with steam
testing [0084] The Methanol - To-d efins reaction was g
ciar660d@O0anelar ratip Wasced-itedhe hiber dihedetabpressuse Was otmespberic.
f a_pres r e (=T S. .

(Bt et R, BR300 of Mt Fo e B 5iBEEH foca
Thes continted. Afbetheaainperaade had stabilized a5 0ECgTeedingrod nitrogen

sized granul es of the catal yst sanple.(20-40 nesh b

pVER Sty %@F@@ﬁ%@&d@ﬁt ﬁya‘apleg‘t' §F_§‘E“g allgr YigRmpiny for 48
f 1R urs’ EndriiURSnd b fteP 96 Holirs. f TIRE REmPids! ABRY WART BleCunsteamed
net hanol was adnmitted. The groduct ef fl uenf was

samplemadein Bxgmple 2nwerd teeted SurVIRG nenfermance. wi th A
twel ve-port sanpling |oop while the catalyst was

nt i uqu I qg%ctivati ng. The effluent sanple in each
M—ﬁ@& with a Gas Chromat ograph equi pped
wioog4jan Ahe NRitlembBTo-Okfinereattion whs caktedowdut lie a fixed-bed
catalysts at the end of . the MIO test was, determ ned b
reiesereRqiey-  Methanel yias Trd aka prespiRressyrnpRd raie ko g Sf%glﬁssy steel

Tictettube HRANGELTh 20 KoM mARY Heated Q60T ThEGBRt6r3%uBe contained
about 20 mg weighed and sized granules of the catalyst sample (20-40 mesh by

press-and-screen method). The catalyst was activated for 30 minutes at 500°C in
flowing nitrogen before methanol was admitted. The product effluent was
sampled, at different times during the run, with a twelve-port sampling loop while
the catalyst was continuously deactivating. The effluent sample in each port was
analyzed with a Gas Chromatograph equipped with an FID detector. The amount
of coke on the catalysts at the end of the MTO test was determined by measuring
the weight loss of the sample in air in a TGA unit between 300 and 650°C
(10°C/min ramp rate).

[0085] The testing conditions were as follows: the temperature was 540°C and
the pressure of methanol was 40 psia. The feed rate in weight hourly space
velocity (WHSV) was 100/h. Cumulative conversion of methanol was expressed

as grams of methanol converted per gram of sieve catalyst (CMCPS). On-stream



(0085] The testing conditions were as follows: the
tenperature was 540C and the pressure of nethanol was
wdopaisaz2s The feed rate in weight hourly spacepcT/us2007/010746
velocity (WHSV) was 100/ h. Cunul ative conversion of
met hanol was expressed as grans of nethanol converted
per gram of sieve catalyst (CMCPS). On-stream WD
2007/ 145724 PCT/ US2007/ 010746 -28 lifetine refers to
the CMCPS when net hanol conversion has dropped to 10%
The product selectivities are reported as averages
over the entire conversion range, rather than froma
single point in effluent conposition. [0086] The
results are sunmarized in Fi2&re 3, fromwhich it is
clear that both the on-streamlifetinme and the prine
ol fefiine 2EIre e ithd CMCPBIWNEHImbtHalol Béiveasoi Bas d e@fto 10%.
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[0087]

improve in almost every measure, including an increase in the selectivity to

Table 3 clearly shows that mild steaming caused MTO performance to

ethylene plus propylene and decreases in the selectivity for methane and coke.
[0088]

reference to particular embodiments, those of ordinary skill in the art will

While the present invention has been described and illustrated by

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.



clainms for purposes of determ ning the true scope of
the present invention. WO 2007/ 145724

WS uB207/ 010746 -29- CLAIMS What |s C ai mepci/852007/010746
A nmethod of treating a crystalline material conprising
a CHA framework- type nol ecul ar sieve, wherein said
crystalline material has a conposition involving the
nol ar relationship: (n)X203: YO2, where X is a
trivalent element, Y is a tetravalent elenment, and n
is less than 0.07, the nmethod conprising: treating
said crystalline material with steam under conditions
to forma treated crystalline material having a first
prime olefin selectivity in-2%m-oxygenate conversion
process, wherein the untreated material has a second
pcLAaMS ef in selectivity in the sanme oxygenate
conver si on process such that the first prine olefin
ke iGfeimedils:  greater than the second prime ol efin

sgl ect A\\hithod BPtedtif §*:&st§ﬂ fd it u{EaJ éﬁﬁ@k‘ramework—

does not conprise a si |coa um nop osp
stybs t mnlecallat y51¢\ree ewbéreinr aawvorystalinss pmtmsl h@$ P groimposition
| ai,m 1, wherein the conditions of

2. TQe qﬁt hogar 1a5ih
Javelvinetie melarTRIBAGRIE " { enperat ure of 400C to 650G,
atinme of 8 hours to 170(ﬁ)xgosmd a steam parti al

pressure of |1 psia to 25.psia (7 to 172 kP% TB%E
nuhers K by a Ervg,l%t flearena%ﬂw tetrayplepbrlpmente apd pds less thap 0.07,
Ahehldtoflonirsid:y 1S at least about 2% greater than
the second prine olefin selectivity 4. A nmethod of

synt hets¢atingcsazd cmsgatllahd materahvath steamourpier sondjtianCiAform a

f a%e WSKS%%ano gglﬁlgavﬁ%g Iﬂ?ﬁ\( gm%?e oﬁﬁ%ﬁ:sg%gﬁvia{ in an oxygenate
(doh){&@ﬁm\{ﬁcessvwmr ein Xis atrivalent elenent, Yis a
tmi Lg\év% o enegztlted %]a%ryal Ih?ts I'a.esgcsontdhparpme oﬁ:ﬁn seiecthty in the
same oxygenate conversion process, such that the first prime olefin selectivity is
greater than the second prime olefin selectivity, and
wherein said crystalline material does not comprise a silicoaluminophosphate, is

substantially free of framework phosphorus, or both.

2. The method of claim 1, wherein the conditions of said treating include a
temperature of 400°C to 650°C, a time of 8 hours to 170 hours and a steam partial
pressure of 1 psia to 25 psia (7 to 172 kPa).

3. The method of claim 1 or claim 2, wherein the first prime olefin selec.tivity

is at least about 2% greater than the second prime olefin selectivity

4. A method of synthesizing a crystalline material comprising a CHA
framework-type molecular sieve and having a composition involving the molar
relationship:

(n)X203:YO,,
wherein X is a trivalent element, Y is a tetravalent element, and n is less than 0.07,

the method comprising:



WD 2007/ 145724 PCT/ US2007/ 010746 -30 (a) preparing a
reaction m xture capable of formng said materi al,

WG 200014372t Ure conprising a source of water, apSDUSHBIN10746
of an oxide of a tetravalent elenent Y and,
optionally, a source of an oxide of a trival ent
el ement X; (b) maintaining said reaction m xture under
conditions sufficient to formcrystals of said
crystalline material; (e) recovering said crystalline
material; and (f) contacting said crystalline materi al
with an atnosphere containing steamat a tenperature
of 400C to 650C for a tinme of 8 hours to 170 hours$. 5.
The nethod of claim4, said- & nosphere conprises a
st eam partial pressure of 1 psia to 25 psia (7 to 172
kPa) . \én;gf
reacti o mhgrt E&iﬂ?&j I&E i6n ﬁhmgﬂe bés){pgﬁitel%aflrf}) 135}mfnr ee de;lhatgfllgp said
frhixturie ¢emiponimg a7soufme)f rvmtd:rod smfrcangmmvedebf zlefiamslent element

» Wher he reacti.on m r a ) conprises
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The nmet hod of any one of clains 4 to 7, wherein the

rfSBEthGF?Iﬁ?QWH%"YFtﬁ lingymategialy conpri ses an organic

di rectieng ageiering'safd Jr?éi&l'hﬁgn{a%&,yﬁhhes' s of said

CHA framework-type nol ecul ar sieve and the nethod

i ncl udés r eenmbactigstsaid erystalding paterag) emith fin @fmegphere containing

Lo t

%té(a%%! %{ﬁ&%e' cl alf?rlgof Fo&?% l-e?gﬁn%)dtfr% é’I gg’c@nﬂé’%

agent is renoved fromthe crystalline material
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eria t phere containing steam 10.

1%?1 ?‘Féﬁ?o%g %?a dlg?ekgiﬂ ng claim wherein n is |ess

than 0.02, preferably Iess than 0.01. WD 2007/ 145724
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7. The method of any one of claims 4 to 6, wherein the reaction mixture in (a)

also comprises a source of alkali metal ions and the crystalline material recovered

in (c) contains alkali metal.

8. The method of any one of claims 4 to 7, wherein the reaction mixture in (a)
also comprises an organic directing agent for directing the synthesis of said CHA
framework-type molecular sieve and the method includes removing the directing

agent from the crystalline material recovered in (c).

9. The method of any one of claims 4 to 8, wherein the directing agent is
removed from the crystalline material recovered in (c) prior to contacting said

crystalline material with said atmosphere containing steam.

10. The method of any preceding claim, wherein n is less than 0.02, preferably
less than 0.01.



12. The nmethod of any preceding claim wherein Y is

silicon. 13. The nethod of any preceding claim
wobRrgiks24< is alumi num boron, iron, indium gel/k¥010746

or a conbination thereof. 14. The nethod of any

preceding claim wherein X is alumnum 15. The use of

steam ng to enhance the prinme olefin selectivity in an

oxygenate conversion process of a crystalline

material conprising a CHA framework-type nol ecul ar

sieve and having a conposition involving the nol ar

relationship: (n)X203: YO2, where X is a trivalent

element, Y is a tetravalent elenment, and n is |ess

than 0.07, and wherein saidsgrystalline material does

not conprise a silicoalum nophosphate, is

st - bat he:. -

1hE A7 ThS Biood BESnp proce B AR, RARSBHOY 45 gilRon, 6h, dtanium,

fgmmmnkotymembniaﬁonltlaare(m eve treated or synthesized

by the nethod of any preceding claim 17. A process

oy p ‘B}?é%%'eﬁ%dm %%& procedil] LR P&%{H 964 &[‘9019” organi c

oXygenat € cormpoun Xygehat € conversion

conditions with a catalyst conprising the crystalline

nild.er i The ofetlxldad franlypreceding claim, wherein X is aluminum, boron, iron,

indium, gallium, or a combination thereof.
14. The method of any preceding claim, wherein X 1s aluminum.

15. The use of steaming to enhance the prime olefin selectivity in an oxygenate

conversion process of a crystalline material comprising a CHA framework-type

molecular sieve and having a composition involving the molar relationship:
M)X305:YO,,

where X is a trivalent element, Y is a tetravalent element, and n is less than 0.07,

and wherein said crystalline material does not comprise a silicoaluminophosphate,

is substantially free of framework phosphorus, or both.

16. A crystalline material comprising a CHA framework-type molecular sieve

treated or synthesized by the method of any preceding claim.

17. A process for producing olefins comprising contacting an organic
oxygenate compound under oxygenate conversion conditions with a catalyst

comprising the crystalline material of claim 16.



