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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
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potential for undesired secondary reactions and limits catalyst life.
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[0006] U.S. Patent No. 4,544,538, incorporated herein by reference,

describes the synthesis of another synthetic form of chabazite, SSZ-13, using N-
alkyl-3-quinuclidinol, N,N,N-tri-alkyl-1-adamantylammonium 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 it is stated that higher molar ratios can be obtained by

varying the relative ratios of the reactants in the synthesis mixture and/or by
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[0010] Existing methods for synthesizing high silica aluminosilicates and
all silica molecular sieves with a CHA framework-type have tended to produce
materials with a large crystal size. However, small crystal materials are often
desirable for catalytic use, especially where a high catalyst surface area is
important, such as the conversion of oxygenates to olefins.

[0011] U.S. Patent No. 6,079,644, incorporated herein by reference,
describes a zeolite that is identified as SSZ-62 and that has a CHA framework-

type and a crystal size of 0.5 micron or less. SSZ-62 is said to have a silica to
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materi al and seeds of
material having a CHA framework-type said reaction mixture comprising 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, an organic directing agent for
directing the formation of said porous crystalline material and seeds of a
crystalline material having a framework-type other than CHA,

(b) maintaining said reaction mixture under conditions sufficient to
form crystals of said crystalline material having a CHA framework type; and

(©) recovering said crystalline material from (b).
[0014] Conveniently, said seeds comprise a crystalline material having an

AEI, LEV, CHA or OFF framework-type, and preferably an AEI framework-type.
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crystalline material having a CHA franmework type; and

(c) recovering said crystalline material from (b).
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wherein X is a trivalent element, Y is a tetravalent element and n is from 0 to less

than 0.01, and wherein the crystals of said material have an average diameter less
than or equal to 4 micron, such as from about 0.5 to about 4 micron.
[0020] In still yet a further aspect, the invention resides in a porous
crystalline material having a CHA framework type and having, in its calcined and
anhydrous form, a composition involving the molar relationship:

(M)X,03:YO,,
wherein X is a trivalent element, Y is a tetravalent element and n is from 0 to less

than 0.01, and wherein the crystals of said material are twinned.
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Exanples 1 to 6 respectively. [0027] Figures 2(a) to

2(f) are X-ray diffraction patterns of the
BREE PEIERIPEION OF THE DRAWINGS

[0026] Figures 1(a) to 1(f) are X-ray diffraction patterns of the as-

synthesized products of the seeded syntheses of Examples 1 to 6 respectively.
[0027] Figures 2(a) to 2(f) are X-ray diffraction patterns of the as-
synthesized products of the unseeded syntheses of Examples 1 to 6 respectively.
[0028] Figures 3(a) to 3(f) are SEM pictures of the products of the seeded
syntheses of Examples 1 to 6 respectively.

[0029] Figures 4(a) to 4(f) are SEM pictures of the products of the
unseeded syntheses of Examples 1 to 6 respectively.

[0030] Figure 5 is an SEM picture of the products of the Example 9.
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4(f) are SEM pictures of the products of the unseeded
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having the characteristic lines shown in Table 1 below:

TABLE 1
d(A) Relative Intensities

100 I/To
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
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0-10 4.28-4.20 20-60 3.94-3.87 0-10 3.83-3.76 0-10

waQ0 2005408349 5-40 3.41-3.36 5-40 3.14-3.10 PCT/US2004/042737
0-102. 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. 8285,G<dQ {8034 These Xkgy difiragction data
wer e coI_eeﬁég-%gﬁgra—F%+++ﬁs—g?m§ef—X—R&f

Di f fract pmetérd ipped with 2&%intillation detector
wi th graphi 2&52@énhr opat or, usi-hg copper K- al pha

radi ati of. igqogyiﬁyactlon dataym@re recor ded by

St ep- scapnt €grees o wo=theta; where
theta is z%é??n%“ann and .’-16 J*ant ing tiie of 1
second er 8Q4A-25128p. [The i nter®il@nar spacing, d's,

wer e cal"uIgmggzuwoAngstron1un|@$o and thelrel ative

i ntensitres;pkotip T TE (wherg ¢/ 70 Ts one- hundredth
of the |1LensLEy—9L—Lhe—sLLengesé—LLne}——above
backgr ound we8& 1ef8%r ni ned by i9t@grating {he peak
intensitiesl.84p-1s828ul d| be under®i®od that diffraction
data |isted for this sanple as single ines may
consist of nultiple

[0034] 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/T, 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
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.



over | apping |ines which under certain conditions, such

as differences in crystall ographi c changes, may appear
waorsassd2yed or partially resolved |ines. Typi eairfug2004/042737

crystal | ographi c changes can include m nor changes in

unit cell paraneters and/or a change in crystal

symetry, wi thout a change in the framework atom

@oBsECt i Vi the SHA ReaRwWIHAf peahd861s: sidvRfYkd ﬁ&seﬁﬁ #a86on

In relative intensities, can also occur as a result of
@Sf £ cqommestionn ie dts eslcinedhtandt antydsors o, davphusg tthormolar
LN 8 nd degree of pore filling, crystal size and

ape referred orientation and thernmal and/or

hydrothernal hlstory [OQ@BLoINEbCHA framewor k-t ype
npl ecul ar. si eve of ﬁresent |nvent|on has a )
Bkt %t (16 present); | ltssa éla‘r SR etlempRf. shHy 8% glynipwmyboron, iron,

1'118}(19&# %ﬁ‘lgmtl he a'@nﬂﬁn&%n%lm%@?hc calf 31@1%%’18 %&lfa%'afént

resent) is a trivalent
Gibmmnm Lsm:h kasr ©hcon, rtan, titamidiry ngerxyxajlllun'u T @r cambination thereof,

conb Jon t here t al | | um num is . a

FRRRLY Sehr: eGhErrom e Brsbaut Lo Enn fron 1t 00005 to
st '@W Jueh ad ﬁ‘éﬁmﬂidﬁ@b '0@08 W BRPD,006 YRineR! 4 Halﬁl'elcbﬁﬁﬁnng
and nis fromO to about 0.01, for exanple from about

@ngeeBdthes Bberupsed. m@h?e sml@hlsaé the xmtealbb the @@n@%fom of the
ﬂ%? l{tramewaorlé t W%E}%’ca magengf oorflt gl S%PP e%tjﬂ% 1S normally

been use he SY Hhedis

foahe itoednfa Maoé atﬂ@@nﬁﬂyﬁéamlyemmkatiompe t@ra}tﬁ)hﬁhb@ B@m, for
material of the present invention is nornally found to
P

SIS ﬁfomr ahautt 3B ARPYE 5@ PRme syahyastiFrgmabeyuk0 o abeubHdppm,

ut 5 to about 50 ppm
.%80 égﬁ?géﬁﬁﬂk%aﬁbﬁﬁ&%ﬂﬁt 20 ppm b y weight of
0each aI I deln pnetmbadiiment, |the dHe. fra{rﬁh@ﬁ:ﬁlﬁ-tm apsalline material
embodi nent,, the CHA fra k-type cryst ine
‘?Fg{t;% PesPItdRventian b %ﬁ’éﬁfﬁneln\% am%@r%wg%nh@m ly
fiobg® of fr @9@ ¥ fBOSR0 rﬂ%e&&f@%e IxRiafRk! MatehilCof the

CHA franmewo type crystalline material of the present
prasashinvsntips 1qop1@du@eeidasasystaly diawing anaaverage dimnzsierlaggethan or

ShALR SieRB sisBar Fmabfio-S fo el Srtithor” ediat b0Bme

d¥ed, patticarakly vWiHié thetrh@e@tie prodlicd SinRROHesRMe bhcdiliRdal LEV
presence of colloidal LEV seeds, the

e (GELL yiseme gidst tape ichetaliecmpterialpl heeprgpams dmention is
ﬁr%&&&td' a3 rErys%als having a twinned morphology.

[0038] In its as-synthesized form, the CHA framework-type molecular
sieve of the present invention has a composition involving the molar relationship:
(n)X,05:YO,:(m)R:(x)F:z H,0,

wherein X, Y and n are as defined in the preceding paragraph, R is at least one
organic directing agent and wherein m ranges from about 0.01 to about 2, such as
from about 0.1 to about 1, z ranges from about 0.5 to about 100, such as from
about 2 to about 20 and x ranges from about 0 to about 2, such as from about 0.01
to about 1. The R and F components, which are associated with the material as a

result of their presence during crystallization, are at least partly removed by post-



produced as crystals having a tw nned nor phol ogy.
[0038] In its as-synthesized form the CHA
wonemmesnk-t ype nol ecul ar sieve of the present PCT/US2004/042737

i nvention has a conposition involving the nolar

relationship: (n)X203: YO2: (MR (x)F:z H2O wherein X

Y and n are as defined in the precedi ng paragraph, R
crysthBiz&forl ﬁ%ﬁoﬁ%ré?ﬁ%? nforéli bﬁl@l@ﬁl'aﬂ deeeibed AMYp1HRY, §hdlagh

ranges from about 0.01 to about 2, such as trom about
syntl@sized CHdo @tanﬂewozkmwgels'sﬂaﬂmm lattéml of Hhet preadnd unvendion

such .a from about s |
coniBE RIS JorfRgs ot Hsat e g S ah T ncd B
of an¥ poldd§i R AR sbdieNRABRhS 50%I FHhaKeOass @qnatalewbsw tior
the material as a result of their presence durin

this wepspst affter remaveho! the erganiq digesting agent (R}, élihﬁ;%@nbg/generally

t
cxn B LEAUPE MR ARG O DBEP P Bl B b, ey
alkalChL%taﬂ baﬁerm)rk type crystalline nmaterial of the pr esent
invention contains only | ow |l evels of al met_al
l003alener al |T;9 BecHienh desTeAEnd P it 5395%%91101% ratio
of th@qfl grbq tisRdiHRe! -4 s1Eé@@H§Q%aﬁfe\&Ioﬂ€-t Batefia1
nmol ar aS| For t he

this re after renoval _
can log gﬁ@hpcddnraecwndmg:eagéhttec(hﬁjque$ el inkertommi @l thgelnfela‘alelagt in
xhibits catal ytjic acti reli

t
part T5p o enligec Vit B aligud SridRed Bp iR R frotuae
metaﬂ 01@??9] h rdg'éﬁ xRk em tydﬂ)?éh rsdoaist, de ertﬂxhrﬁgmﬁﬂl A, and

nol ar ratlo the materia cations in

mlxttmpe ﬂ@se@ii/ it dyaeu b PR S cafte bR 1hapg évfn%h @ilpgihe eafglybie
aCtIthtﬁprOIag gpta l’ltnhf(ﬁ‘g(?atrg&{] 881’1‘)’%1‘ glgllb E‘ga%ﬁglllsq u %ﬁes\éﬁilnkluhg El‘ﬁ)@]ioggr},

on - exc

rare @ath fRSals l%mafrﬁétalsobﬂ@fdugg mg Iﬂa\t B VA,C[BJ,d[éBnﬂ]R,I IVB,
i ons, hydr ﬁgn i ons hydr recursor, e.dg.

VB, éfrﬁDWIlﬁrﬂ’il 11 of the Rariad the Slemeus-t i cul arl y

f | o ty
eferr %@ﬁj«%&é\mﬁy ocaq\%h&? steRk [Pl d G erfRfnAaY tHeC

a tivit or certain on conversion reactions.
prepa'ﬂeé demng Irea:dﬂoh ydixdge reontaarieg @easourcenef alatr.amdouree alfsm

. of | PA, (I VA,. V. EB,1I1B, .111B
oxidgpg e Rav el et of. RGN FSUlrES Yol &g of s bivalen
elemBhERER! Rast[#RAPEaniO 8irbdihof dRABRYI dte?x'diﬂ)emblew lsédds of a

S|eve of the invention can e prep are froma reaction
molqeitler siceycdwming sfrageaodotpe othst theat @A, andpigfeseblppn AF]

e of the.tetrayale I n y
framgga {Cté/pe m tﬁn gaja(zy}éoﬁca?]l){ a1 ar?llrdrg a% a 1{1118@p E&%Ql%lﬂg co?npound
such as a ﬂuonde or a fluoride-containing compound, said reaction mixture
having a composition, in terms of mole ratios of oxides, within the following

ranges:

Reactants Useful Typical
H>,0/YO, 0.1 t0 20 2t0 10
Halide/YO, O0to2 0.01to1l
R/YO, 0.01to2 0.1tol
X203/YO, 0to 0.1 0 to 0.01
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el enent X, at |east one organic directing agent (R) as
descri bed bel ow, seeds of a nol ecul ar sieve having a
wonemmesnk-t ype ot her than CHA, and pref er abl yramulkio4/042737

framewor k-type material, and typically a halide or a
hal i de- cont ai ni ng conpound, such as a fluoride or a
fI uori de-cont ai ni ng conpound, said reaction m xture

d]ng a _C Sithd Q&rav'aféni Aen®lY B! BlidoAl is@8a¥ soyrces of
OXI in the followmng ranges: Reactants Us etur
Sﬂqun: amcl&lie GlilvaRs) eig.t tetRalkyl tomthDSlhleubs démyd -sﬂlcﬁ), twh2as

to Y, Olt 2.0 .1t AYQ2 0 to.0.1 Q
Reo1 éa‘t%'a@fq%ag%eguf% <Fd PR SHIOTREARrsiprs f e, or
eSdaﬂrin@ rthatswlaagl B IS Pe% & Nednhde® MndBC kitédBadename Ludox.
ilicates, e.g., tetraal kyl orthosilicates, faned

thq:téie t@u@hntaeéewﬁaém alyaipain, sbitedble peeBafiuainmaneiude
I S e I
SO| %1?40 eg%e%?zhly dxﬁ?t%ﬁ%?lh@l@%ﬁgémsﬁ?lg h§ %I rlgltll’ﬁerﬁég{g, 8% well
dsﬂ@xdleitadjraldmidﬁm ox¥s| suchhe Hoehmiék and peélﬁlﬁ‘emmﬁitd SWhere the
al.um num .suitabl e sources_of. al um numjncl ude

halidgiis Hrodds. suitalde peurpes 9fylungide i pie ydsoges f{l%ondgu%rbough
RSt &lstorf @lﬁl@ﬁd@&C‘I@s 183 rﬁé(tg cﬁr?de@ L HE AR e s ts of
oxi des,” suc boehmte an pseudo ere
th@brgheuq élrédtmgragcm arspiicfatzde sour ces of fluoride

ude hy en fl yor | de, alt nor e beni i
BEREes of The SorisetSaRE 2t R apT hew corr BPTaeserapiies
4 hv@iicy81is aldife of aldhorPing adbintpotthd € CtdR@nRABNL thdMBulti-cyclic
preferred. [0042] The organic directing agent R used
Enei ¢f emmse mqnypmqumes ammovph@pcltﬁféa@nhm @mge or
ammni um u nye
Gl 18n1utr11} cgmn&?ncf] chcgnsp%n ﬁ]’ dglﬁ%lﬁ%q}lglgghgu %%ﬁ?l\c{ ‘fn—alkyl 1-

ddeﬁfaac;y@xhnmam n@) ouadmani NN, mmﬂ@m@xombn@ﬁo@ane or a
N al kyl - 3- qui nucl [ | nol, an

QR NGt - Hiekaptts | BiehneAst yataniehNtHRgRoLrAdamagylammonium
étélﬁrgkrd}tngf S %1% &g@ﬁﬁmﬂa{l@@ﬁy&%ﬁd% arfll SRIRLERE! Pffides.

suc
[M)ANI»]I\I- tri nEhh )atnoluﬂ’adfasmm yinployod icanmy arynlighyg buSgrneealily ¢he

ounds i ncl ude dr oxi des, and ,salt.s uch
R R s B e et (O PESdaY SRl BBA 00 qegn by
WeiERE, YuclP ¥ BRI 1H0 bPR by weight to about 5,000 by weight, of said

seeds. The seeds comprise a material having a framework-type other than CHA,

such as an LEV, OFF or AEI 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 and incorporated herein by reference. Preferably, the seeds are of the AEI
framework-type material and particularly a silicate or aluminosilicate of the AEI
structure.

[0044] Conveniently, the reaction mixture has a pH of about 4 to about 14,

such as about 4 to about 10, for example about 6 to about 8.

11



reaction m xture conprises fromabout 0.1 ppm by
wei ght to about 10, 000ppm by wei ght, such as from
weahoost06i2® ppm by wei ght to about 5,000 by wei garjusedo4/042737

sai d seeds. The seeds conprise a material having a

framewor k-type other than CHA, such as an LEV, OFF or

AEl framework-type nol ecul ar sieve. The seeds may be
[0048fided t@@&@u&@@&l | QR B XE44Hi8d aSut@al Yith@® dBltic or stirred

suspension in a liquid medium such as water. ﬁ
condsii@sun aisomtable R?@¢tDIOVQ$a¢1 swbdissos pvms:l@nmlmdpsﬂerm jersuse

R R T i g e
30000/ 8&A93s aragoMD 18890669 4beutb l17sted fan aFeidiauficiéht for
2000 and I ncor porated herein by ref erence. Preferably,

crysieHizaieets ogew. oforpisEomer the evstaline-nrodict wan sakeainywhere

fronﬁ%{)%%féﬁ lg{ll%g Eﬁ]nL g&hsh Qo ﬁe;égg,%ﬁai L ﬁa@%bsﬁt A irales

nveni en e reaction mxX

to ativas 240 htlusf fabexainpe fromadbout 1040 abuaihl 20shabe lIthelHutemon
e€ﬁout 10, for exanple about 6. to about 8.[0045]
depepfls, qm the , ssmpsraturen ewlevedy i with obigher temperatiurest Anicallyr

mqﬁﬂﬂgﬂﬁﬁmQQQQbﬂhﬁﬂﬁﬂé&ﬁkﬁ#'tab'e reactor vessel, such

for exanple, polypropylene jars or Teflon(r)-lined
[0046} st ai Mypswllst thelcryatilbod pmeisgt stfoan¢demphdionr andafan be

about. 500C t o, about 3000C, ut 135C .t o0 ahgqut
reco Gt oy P TS PR RS Y £8P RIFOOH 71 SEHbR: {1
Sepa%&w] rod @ dHRALAI R b0k ashBE reéetal By ARt SMdntor GARati Rk d
%M%fre from around 30 mi nutes up to as nmuch as 2

driedye esxét?éﬁ raeduct rfpuibio copmprisepattisdestpitiatroacr zeerystal
size Eﬂg{;vsﬁt mic ? nggip gseb sl&gn@ rﬁ%%’r%s a%d%;g ?al ba%lcl)ht l;lm(?crhg urs.

dura epen e enp oye Wi th

[0047] gher Re na) e¢saltlofehe tiyptatipdatiyn pecds, itigresbedred® trystalline
hydr ot her mal_.treat nents. £0046 Typically, the
prodessty@s%am Wathin #8peresiat 1ast ARQriaR & atorrgﬂm%lae%laa aggnt

used:)lﬁ (%?é’ f‘;{i By & ?ﬁl%?ér%dr@:ﬁ%b% eS¢ gctﬁén@ﬁ{ ns‘:%?fsogﬂn%g gdan

ration. e separate product ca
a mavashéulf thee oogeauedirényingeazenit sugatoved fimm thd tobrilen sianel

e The .r esul t ant duct is fo
leavig, 157 S8ERIT o i BURPae BiyRA R P P gy molecular
sievéTopbPBSs cSUfdt amtiPal RVIR0IR. CrIRSadRatiby Prébd Ys akadilyl
mcron. [0047] As a result of the crystallization

accogmb@hﬁslsby chlgiries oy esweatiehly deating the mlmtsm@mommgmg
the tgﬁafp dht 'att%rrg%%at%ﬁre%tf fro%?gl%ou? 288‘[(‘;; lco aﬁ)o%I 86&% pre ence

ecting a
of an oxygen-containing gas. In some cases, it may be desirable to heat the

molecular sieve in an environment having a low or zero oxygen concentration.
This type of process can be used for partial or complete removal of the organic
directing agent from the intracrystalline pore system. In other cases, particularly
with smaller organic directing agents, complete or partial removal from the sieve
can be accomplished by conventional desorption processes.

[0048] Once the CHA framework-type material of the invention has been

synthesized, it cana be formulated into a catalyst composition by combination with
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used in the synthesis. In a preferred enbodi nent,

activation is perforned in such a nmanner that the
wongsicss2eli recti ng agent is renoved fromthe neCeE@sk@n/ 042737

sieve, leaving active catalytic sites within the

m croporous channel s of the nol ecul ar sieve open for

contact with a feedstock. The activation process is

dtHé%l rﬁaiemsaeﬁ&mé blaed f/drah&thiRi MAbterif, it ?f&vﬁcﬁ:‘ haditional
heating the nol ecul ar si eve conprising the tenplate at

hardnsaper eatalytc fectmtyctmﬂaebﬁmshmudysto about 8000C. in
(DBEILT "Ry el S5 bR, Pin RSl e

thiteBdl 6NV RVEBR#dn Bay fb@gva@lohﬁ\i\h@f oZ eaRl XYL Active materials.
concentration. This type of process can be used for

These iraptedpls daplyietcempepiions seeh eh &aeh@ &Rl cotherr elays, ngrious
f%gﬁm)f Hrg '%nttﬁ] %ﬂétzﬂ% r(ﬂﬁér ra)tnaéeo, &sq X@tolgéﬂts lgéoﬁ)tte I?:%falyst
1 C er 0 ni

cases, I réctl
c@gthsnts,c mlmahm er a]unpm tolatltammmabmﬁ r rartzhsilisa er/ ahcaeol

be acconpl | convent i onal or pti.on processes.
PHoBBIER Sere Chee TSR, &g aisonafgeecﬁwsug Gdicfng overall

dalYRR LN a&ﬁl% PR PESH 285t ih he#ARidREng Q{ereélt'ﬁ%s% Quring
Into a catal yst conposition by conbination wth

negdrerataing | dessidying sthbi qathdyst anddinsreasangr ¢atalprstt girangths, When
RO 0 B e AT BB S Bl e
el Rhemee hrovich ridies Gt fID as®ORKichy BercBmt & thalto@f c4thi§st,

i nventi on can be various inert or cat alytically active
mrafeeatily P9 to Thasehimesentaidhe total ga@lssbnposi ti ons such

PR020" 0, AR RSB AL BB d BT LAcsbASE AL

er non-zeol'i
adsad yte tdr}Z eaRenadliguids] forsaRctive mbla@ulaﬁ sq:ratatlohlﬁa&m @ size
zirconia, quartz, silica or_silica sol, and_m xtures
A PREY . DIRSEISSC Gip BheloneXahanesT:s 85 of FCHYIA fafrier; n gas

e Qﬂo%ﬂa Sgeﬁl‘fﬁ hsngﬁétgtﬁéts{? &1%31[110 c%ﬁ%r@ﬁn%%ac@ioh@eﬁ% les of

sin [ Ing the catal yst durin
uitgleln eragetlytonysed efishd CiHYY fihewoalt - ampsdrysiaiﬁm notems idegeribed
cat.al.yst .stre h. \When ended wi.th su ents, ..
ol HEAE P time e od RS Petthiin; RO doRRBe R ryelc
Gadka! M8t offe® diehkodr AKARS clhdr8Nsidks, OnSigh ﬁhihepﬁfeﬁ&ﬁé of a
of the total catalyst, prefe ably 20 to 70 wei

Ieregemetion com@ongtt apel@c&@ch[frygt Gr91m5@]an¢f$et%L{Aog the Periodic
S G N
1BloeE Létﬁﬁglﬁeﬂﬁfrﬁba@ﬁiﬂsaﬁreﬂl bydrsea®on feedstocks typically boiling
above 177°C, including raffinates and lubricating oil basestocks; (c) catalytic
cracking of hydrocarbon feedstocks, such as naphthas, gas oils and residual oils,
normally in the presence of a large pore cracking catalyst, such as zeoliteY; (d)
oligomerization of straight and branched chain olefins having from about 2 to 21,
preferably 2 to 5 carbon atoms, to produce medium to heavy olefins which are
useful for both fuels, i.e., gasoline or a gasoline blending stock, and chemicals; (e)

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

especially normal butene to produce iso-olefins; (f) upgrading of lower alkanes,
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and pol ar properties; as an ion-exchanger; as a
chem cal carrier; in gas chromatography; and as a
woav@logsd22i N or gani ¢ conversi on reacti ons. Exarpras2i/ 042737

suitabl e catal ytic uses of the CHA franmework-type

crystalline material described herein include (a)

hydr ocr acki ng of heavy petroleunrresidual f eedst ocks,
suchC¥C Lﬂealaié %k dr eedhask 1 SGRAKIP beARES(

normal Iy in t presence of " a hydrogenati on conponen
dispriopettimotteeh 6F mikaHWC&)aim@aﬁacm, gfbfas telaerRetd qutoduce

f El d |

dialk St e adastin Tigh £ oafRe: | OF YRy ofc promagie

hydr6&@béhsP icafdd Bénzfeﬁ@ Ny Ay dlFia SRR Jseeemﬁ&m&fd prophiead, ty
boi | i ng above 177C, |nclud|ng raf f nates and

prodper ¢thulbeignei [angasesiesekst) (isymertaiiopt jof ialkWpiomage
hydr?ée(agfi;cgrﬁ ZF‘?%{P%S; Q?l%igér‘s Ic)?ta?}ﬁ? eﬁﬁctﬂﬁp&l ﬁﬁ%g?rggflfigér !érgd éﬁd

presence

smltIEmrs&f@mmklkpgam@te@hrycsﬂl,all@lmﬂnne& zeol iteY; (d)
ol i goneri zation of straight and branched chajn ol efins

[005khyi ng frRamtapigntthe GHA ﬁffmewpélr bpgnafersalidgsesibed heig is
usef@! (?1 el &t gug Vgrsgéﬂ" st 8)&&%&% oioefohgsmw'?h&@ Bfefins,

use for gaso ine or a gasoline
partrbrllleﬂyileﬂgflenb oalkd pmpdfle:me rrAs aissd h(em)n i therfemi Zaxygenated" is

ol.efins rt cula olefl ving,.4 to ar bo
cefizelcios melyh Toh o pal PYesReie TBb o i RotegRls shers
carbbi$R-@hffolBds (dictiRIgs, akibibs OtarbO¥Elc AdilaNQhonUEh, &/l the

nmet hane, to hi gher hydrocarbons such as etherne and

like)p et else cofpyu %@ﬂiﬂ@@nmgrmtmﬁmmwu@ #gy halidavamiceeaptans,
sulﬁgé(s Fui%%}aerg,?a%ﬁ,ﬁux urﬁs { %%eotfo IIJﬁg thatt% &518%/“&‘?1 normall¥ ﬁ3nta1n

roca bons

fromadtopk attb ABowd 1@b@ﬂmt1l aorhy, ok a5 Imﬁs ab&u clhtoaaaohemmfben
with ol efins, such as ethyl ene and propyl ene, to
atongr oduce ethylbenzene and cunene; (i) isonerization of

[ooséga' Kyl @t ﬁ%?%l tQt&B’@E;%%ﬁﬁtQ@ﬁ%lud@ Y erBratoht gﬁh?%)r biadched

talytic reduction nitrogen oxi des an
ahp]rmjzrn talhvedbls, thEimomsealrkyd anmimepads)chndithéik ypitengenegsloged Ghd)

rticular, the CHA framework-type terl
sulfiysB el THETBPIES o8 SHGE X HTE SORROAPGR IE'CB RS b
ethafd]; ﬁ)@r&g%@rt ?§oﬂr9pﬁf@)@ Of - U0) SlcOhSs; I sthyPahill &Hératinyethyl
et hyl'ene and opyl ene. As used herein, the term

ethet; o&q@drfahee,sdl 1sgpx!>e6'1 nféz@r tr@ethﬂdnameptamuneﬁhyl sidfide; methyl

nece r|I atr cahol her
ami §X€ ﬁ%%ﬂhd ? déH dkaﬁ né@nnéar%§&y Ebnde
forrrf&l‘deﬂ?de GafRematashonatk di- fh%tﬂyl ker)one afeetiahsio; mrmpamdﬁs

cont ai ni ng_hetero-atons, such as, halides,  nercaptans
n-alkyl halides, n-alky1 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 zone
may contain additional compounds, such as diluents.

[0053] In the present oxygenate conversion process, a feedstock

comprising an organic oxygenate, optionally with one or more diluents, is
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sul fides, am nes, and m xtures thereof. The aliphatic
nmoiety will normally contain fromabout 1 to about 10
woaodimad@at ons, such as from about 1 to about 4pcamisem4/042737
atons. [0052] Representative oxygenates include | ower
strai ght chain or branched aliphatic alcohols, their
unsaturated counterparts, and their nitrogen, hal ogen

@ehcid| hlthe %‘%\?ybp PUES. inFX 38aUi6H 2Ohe SHill AR XORDALRS the
conpounds i ncludé net hanol ; ethanol; n-propanol;

melsprlepsing! of G presuy iaveiNG| a efisetiveyprogessydonditieas so as to

SLERUTHL 0T R, o) SR
lirid apd ﬁﬂxeddka:@i‘/iﬁylhld%ﬁaﬁé dWheﬂ itheeproydss adatgied Gﬁtfﬂd |the 11qu1d

chl oride; formal dehyde; -met hyl car bonat e; - hyl
s P ma@étwaawé(@ﬂal nha%& L@}ﬁfera% Gea¥ersiongptey th @ﬁlwré@les of

d’slt&)’c' toj}x‘&{d o n?@%étptgd % %{ chElB/QPHH& lif8d Rehotion

Re rang out carbon at ons
mmdltmnxt ures thereof. Partl cularly suitable oxygenat e

@ﬁ ounds e net hanol dchg‘[% 'Zé et her m Xt ut es h

eof , np PEsetialhy R%HolS gﬁgeralé%dn‘ﬁ’eﬁéﬁhve fhehe
feedémckqam&e@&ﬁr sides b&ﬁ@ﬁte&) s&tm%d% gﬁnbawﬁgea Ith duce
used as the feed. The total charge of feed to

the aon¢eptrazan of thy ospgrnateninaidi feedstrk. anpdlmmtisg esamhles of

as, di l yents. .[] 0053], I.n_the resnt 00X nat e

bl ERBRR, h0EE Ut BB ief YERRR' Sonariganeirbon
dsyidenaater, @@édnﬁﬁﬂtjl | nonWebdtivenar@ffid¥o(eepétidiie AliGnes such as
i scontacted in the vapor phase in a reaction zone wth

methano ethape, amdaTPRMNFY ISHRLIRBY deniregctiyp ayaanasic qopgpounds, and
1Bf)§1?1§§”rt;)hre% ugg[tﬂteoxﬂo% é)g?liefgg& td?lﬁ?l}tg él%c\gjﬁée? ?ftltog‘gl?is\ﬂll water

lpmmg: essicuiayy k;&eﬁaafeldl eDiloert(s) may torgpuist fomaaiut €dmol % to
ligquid ase. \Wen the process is carried out in

%‘%’i’ t 4 ﬁ%’ ﬁh&é"@rfﬁdﬁgﬂ’i‘é‘&e vapor/liquid phase,

E)'Ogﬂer ent BRNEhSE RS %hﬁﬁoy%ﬁdmsﬁllee&@g\éh&tb &dn9&rsion process

eedst ock-to-product may réesult dependi upon the
way aksysoveared witle ramgee tsivgn as droain tabQWSZOTODEn}abQM e00°C, for

Bk iRt 5500 o ek B o it 20 SEGH 25U hogoou

mﬂ"c scdmam@ﬁﬂ&yfmﬁ%oh@ 306WES abbet 6507Ce ruy;maauw&om ébout
t he oxygenate 1 n the feedstock. Non- Limti ngﬁgg&g‘g

H0°6up ﬂ‘@smtéoau ¢ aud particulerly deonnh abeui HOOHr Horboy
ﬁ)%gg’]on mnl?l)éhgeoleﬁﬁr&%aucts will form, although not necessanly n

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

ethylene still may form.
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di oxi de, water, essentially non-reactive paraffins
(especi al |y al kanes such as net hane, ethane, and
wonopaaeR? essentially non-reactive aromati c ceapwsmdg/ 42737

and m xtures thereof. The nost preferred diluents are

wat er and nitrogen, with water being particularly

preferred. Diluent(s) may conprise fromabout 1 nol %
[0057p aboutrh®Pr&®dss ¥hafld bBeohwirl heeaderbd tofitiene iFB5Rht to

The tenperature enployed in the oxygenate conversion

prodyeg) &@(;siesm@/ ob%ﬁryprgpég'ff\é-a ThegeagtigndBne sipyhvagy fromp e
sccof B0 = 5B e G o RhesES NS 1 LERO ke

reacfi€l) tebgpevativiepiiid prebsuoen thbcatal 80O ted) thd owdlight HOQLTy space
typically from ahqut 3500C to about 60Q0C and )
velogiay.t itheu| Biiesy il asuvanmsbotd o'habseecE 0BEQoCH 0d6]en
charkdtgtdiic@! efin products will form although not
necessarily in opti numanounts, at a w de range of
[0058t essur éswidencingdi ofgwhight hotrly sprce elacaticsuVHENQ Usr the

reedPpRR YT BRe s 1 IRaR R mbRs oS V5 Aine Aoty ot
(excldighg @NGAt)Aerl B RPHight dFRAtA rehaidn wIMR8. of SHElBcas
intrie range of from about 50 kPa to about 1 MPa. The

sieve grtalysli (gxclpdiosdneesany e dies)usiheeWsES \dgenpsaty, shopldpg/in
' t efer, t sl r

the 1l gBE PRGN oD IR o ol S0P RE el B BB S oh B

aboutiod b ‘et abber 800 hr'l, dwesxaarple e ragyctofeies abbutp. pasltoe

adyersely affect selectivity, conversion, coking

aboyt DR I and/ or “reaction rate; however, light ol efins

[005?#0 h as sethyene eé\%h?iméﬁ@yoff PrE %??}Zslen]_ h8r REO©&§Senate

ould be continu or a perio ime sufficient to
conpracupmcessas desicokting ifieid bedoreactoc with chbhnumagtgaparatione

- vary, fromtenths of secands . .tqg a nunber of hours.
simifido F B0ErHOI SRS Prapbily Pt RER FIRcEP By gt proferred
for 1R@3HFbERY bEORET Alydbfate OB 8SMfetsion e adabilYs&lothermic

sel ected, the weight hourly space velocity, the phase

process which requinaspisyyrahaigseshwith dntermoetsrp poeldss coriigydevices.
The Crggcrti%ﬁta [ Pe‘éilﬁ% gn %%&prégﬁe?ﬁrgﬁ acﬂ%etoo{he\iz&:cl)\n@%ttioﬁo&r l|o¥v

space Vel ocCl feedst ocC
presbwrBdbivaiensity gie present process. WHSV is defined as

wei ght of feed (excluding diluent) per_hour per weight
[00691 a t oBsFaussaldei GHRlYS I OHE R regsneaisraliequently, 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 about 0.5 wt %. At least a portion of the
regenerated catalyst should be returned to the reactor.

[0061] In one embodiment, the catalyst is pretreated with dimethyl ether, a
C,-C4 aldehyde composition and/or a C4-C; olefin composition to form an

integrated hydrocarbon co-catalyst within the porous framework of the CHA
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sieve catal yst (excluding inerts and/or fillers). The
VWHSV generally should be in the range of from about

w0 206/0a8621 t o about 500 hr 1, such as in the raagasedo4/042737
fromabout 0.5 hr 1 to about 300 hr 1, for exanple in
the range of fromabout 0.1 hr 1 to about 20ChT1.
[ 0059] A practical enbodi nent of a reactor systemfor

ﬂdmeevm%kg%ﬁahﬁﬂ&%y &JisOHrivr ORe s kitaBsEibefilgl atddne convert
fluid be eactor with continuous regeneration,

oxyaeriatg tordefznsnbpsirab 1o medvr@tmaémymﬁ ig cenduekaskat apterperature of
BIE8L30%, 0EREL oS5 P Bl 8 SECT g fan e

tempéﬂa@l&msedpfo@ gigssxydenate feaction mleSzmdefsadrr@tge@as pwidube at
intercoolers or other cogling devices, The reacti

lgast @) hvelgy| ueh jag 24 l?ﬂséh %tr/@sgoareéaaw aiairast abaewile of the

1H{e V&itlh Qoo E%P'Bgsgedl MER %&%B{t Sfe hAQRR sieve.
ause t e cata ys St be regenerated frequent ,

Sdah prelaciheany tsdatng b aldrease eIﬁg/arbmmmﬁbntaff the po¢cubm sifre is

OB B Dt R ARt e e RrRLed dfaeral Nos

19PNRGES, 10971295B &MY 16,0M 295RRP bEwRidh wére ﬂlbﬁ Nooéhb&ake 2003
fromthe catal yst, which restores the catal yst

a@dtamntcgrporarf@i heeniel by iTefesense. t errper ature, oxygen

re e]' al prﬁssﬁnve %&gd FI?SI den{g:e ére ﬁcﬁl@ﬁy d?(scribed with
deénerator s eVSel'ect et {107 achi'eve “5” coke

reRRineBto M f51RFENE FahAihl&aindltySiccomphspiag ididvinghout 0.5

w % At |east a portion of the regenerated catal yst

shoul d be returned to the reactor. [0061] In one

qm%qent the catalyst is pretreated with di nmethyl

Ter, a C2-C4 al dehyde conposition and/or a C4-C7

[OD@]l n corfpfis ml ofa 238. 3‘mgfmhaqwenm$gﬂamcaﬁomm@mr%@ was

e Tt et e O D BRS Sg Fiton £5 N Rg-rimethyt 1

atahtyHnBaling 458dxlige COMAN' @NICRUNSVIL 1) f0MSml of
Desirably, the pretreatnent is conducted at a

teferfqﬂe}rlalmnsélcetfe é&helrealsltanlmmur@weh calsilraltouislmﬁrreQﬂoa:sealed
exann | e | east. 5Q0C, hi an_th r

ol SR R e B PP BT AU B DR R Bly Fas
dognplételgusarayzel © %t tHe desbiltant SWah selatiah wae aﬁﬂed WB%) rhlosf a
exarrpl e at | east about 5wt % of the integrate

m/@we@w@@u%@fahy@&oﬂue% @aldowhlcatlmmmtalbrtrewtefl Ha the

i 0

RARGNR #RHG, P SRES) Wb d8fer RORLLAMLIOb) RARARS nd
exposure to air for evaporation of water and ethanol until a thick slurry mixture

was obtained. Extra water was further evaporated from the slurry mixture under
static conditions to give 4650 mg of a dry gel solid having the following molar
composition:

SiO; : 0.00143A1,05 : 0.5TMAA : 0.6F : 5.0H,O
[0064] The resultant solid was divided into 2 approximately equal parts.
To one part was added with mechanical mixing 4mg (0.2wt% based on the dry gel
solid) of a seeding material, AEI having a Si/Al atomic ratio of 8.9 and Si/Na

atomic ratio of 26.4, whereas no seeds were added to the other part. Each solid
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known as "pre-pooling” and i s further described in

U.S. Application Serial Nos. 10/712668, 10/712952 and
waQ008088B3 all of which were filed Novenber 12pCc2a83004/042737

and are incorporated herein by reference. [0062] The

invention will now be nore particularly described wth

reference to the foll ow ng Exanpl es and the

was ahie0 iRAsIred t6r 2vbspeciveETafipi®lided G063 prossBaB reubiodfand
23.5 qg/n1 agyeous sol uti on of Ad(bKBég - 9H20 was
crystadiired at o S95C g 63 hayes andersslow roiation Ghavhbo0 B®)-utAbH

coolfle, Pl Rpdfch R B¥op R Pt AR R Hlslfed MR
and dhed atelHOPE anfivei 508 ung ofia svhite mhicrosoyssd inessdlidrfed tHerseeded
om0 AT LT RN B LG ARSI,
[006‘3]/ g r 8' yzgd %as—gﬁhﬁlgﬁzé'de@‘éhﬁég‘ bf E}ee&!édépérﬂf h&@ed@fpr@%é?&

0.390 M o 8wt % aqueous sol ution of hydrofluoric
had dlod &-nalyi diffractme diadterisyshosguin Ergures t(ak apd Xectdspertivelya

| urry. .Thi | f h ' b :
cempdfififi el p L R e b F SriaRorhe Oifade Sl
mol@N@tietdtadieh paedidt vast ffudll 16! BY Aol 200Ur Fh¥assuGtdtcti ST

Extra water was further evaporated fromthe slurgy
analpis prgrsbowpde Figira (2 fobHwi scpdadssynbhicgis\vad 43soe ) dpr e

o ST P HO T e AR
gavelf prodasiuitiaatsubsthhtth] Wasi fhirivi steticle Rize of abppr Dxiiceheahy a

equal parts. To one part. was added with chani ca
cubigimorppolagy 3lfrongh somssdiecsh ang érr%ﬁ%lglargﬁélystg& Velp Qseryed.

: " | . P . v

o ARG R ) R0,y By ROt vt

sizewpte2@ddedns, @s wedl astpheducpey bimodakpargdE isthaassttiheions.
transferred to a respective Teflon(r)-lined 5 m
pressure reactor and crystallized at 1500C for 65

Exaﬁﬁﬂ%@ under slow rotation (about 60 rpm. After

coolrng, each product was recovered by pentrifugin?,
[0068hshed wibe praviess pf Examplatlewas reneatert belavidh theomogut of the

23.Sgéé@?@géﬁ%g?tzon;Q%W%%gd zate\%l%! (%e(r;c?eaégd itodO.fﬁg ntxlh1%
givelthfedr@@hpEhiadd dM@atsphndlethaol 4RISUNg 6L A dely S8lRbHE BaEng the
following molar composition:
Si0O; : 0.00125A1,05 : 0.5TMA : 0.6F : 5.0H,0

[0067] After dividing the dry gel solid into 2 equal parts and adding
0.2wt% of the AFEI seeds to only one part, the solids were crystallized as in
Example 1 to give, after washing and drying, 686 mg of a white microcrystalline
solid for the seeded synthesis and 566 mg of a white microcrystalline solid for the
unseeded synthesis.

[0068] The as-synthesized products of the seeded and unseeded processes
had the X-ray diffraction patterns shown in Figures 1(b) and 2(b) respectively
demonstrating that both products had a CHA structure. The silica to alumina

molar ratio of each product was found to be about 800. The results of SEM
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[ 0065] The as-synthesized products of the seeded and
unseeded processes had the X-ray diffraction patterns
wehowvesa2 Fi gures | (a) and 2(a) respectively PCT/US2004/042737

denonstrating that both products had a CHA structure.

The silica to alum na nolar ratio of each product was
found to be about 700. The results of SEM anal ysis are
SO 4r8 SE(B\QN fr?F %(11%)3 (bytort ﬂﬁ@ s§&féq %?nﬂi}étﬁ& hes F?gu?é'd(b) for the

Fi gure 4(a) he non-seeded synthesis. Fromthese
r@ssidetded |SYntthI1d Beaiseknwilhde sase thatethedsesgerd Iamih@ngaa@ a

BrBLTOHE 1 Yhbke DR RB B Bt P B iy gf € cuvic

SfFholifyetic ioatdedetl s RGEhRproahyesl s fiveirl 1@1@@@@/@1@@ with a
However , the non-seeded system produced significantly

$lé¢%'¥0 fareflses, with a size up to 20 microns, as

wel | as produ0|ng bi rodal particle size di stributions.
Exanpl e 2 [0066] The process of Exanple 1 was repeated
Emimwlesbtbhie amount of the 23.5 ng/m aqueous sol ution

3 9H2q .hei ng .decreased tQ to
@W@' af t eI 1%9@5%%59? Eéﬁnﬁ’fle Maérre%?ﬁ&dé% érﬁgh themn?@f the
95 5 an gt &%%o&okdlﬁln&haxfn&l )3 'cp\%ﬁig Rk &ked to 0.636 ml
conposition: SIO2 : 0.001 2(}32: 0.5TMA : 0. 6F :
(‘E)@h@@ [30.065]72 Afud E(Exdnpil&j|4r),g 0t328 ol y(EyempdolS) daidit0at78 ml

BRI T mEE R Relaructh{ biler 83 e b TR s e

1@140hY and abhe ﬁlg\/\@e‘éﬁécﬁgei’}n Gy bBlGs01id8 GaviHg Hhe fIWNIAEmO]lar
m crocrystalline solid for the seeded synthesis an
GBEFHIHE: a white nicrocrystalline solid for the
unseeded s h 8] A8 n zed S
of the see%l?&'g)ﬁdﬁik‘lélgggeé) %-E:lgcezoség %Bgls? @{aﬁég’%

di ffracti ogiGgatotten 0GAlsQ@awWo.3TMAI .guses5. 0D andE2fiple 4
respectively denonstrating that both gﬂrgoduct s had a

CHA st ruct 9iQs.: O bk Csa BT MAGAR O #8HaP 1 atlismyre 5
each produgio, Wasoh3gd,0 Obﬁflﬁ%qu(.%]fpgmﬂbe r el J&)Ze

SEManal ysis are shown"in Figur or 'the see
[sDﬁﬁiOhem s Antlefergeach difybgel Solid vae dnodedsemd2dqual parts and the

th Agai n. i i || t hat d
S regn ey Selion exfireriie o SRt it Dty OtnpF Beers
St dihiek @ . BitZ8oOfhe 2F0 Wbeds. TS RBUIAGE tBe §j§dﬁh§ses are summarized
in Table 2.

Table 2

Seeded Synthesis Non-seeded Synthesis
Example Yield (mg) S1/Al, Yield (mg) Si/Al,

3 669 900 594 900

4 647 1000 601 1000

5 643 1100 645 1100

6 650 1200 605 1200

[0071] X-ray diffraction patterns for the products of the seeded syntheses

of Examples 3 to 6 are shown in Figures 1(c) to 1(f) respectively and for the
products of the unseeded syntheses are shown in Figures 2(c) to 2(f) respectively.

SEM results for the products of the seeded syntheses of Examples 3 to 6 are
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nor phol ogy, the non-seeded system produced

significantly larger particles, with a size up to 20
wonersmass22 Exanpl es 3 to 6 [0069] The process oPCENSnk®@42737

1 was repeated but with the anmount of the 23.5 ng/m

aqueous solution of A (Ng 3)3 -9H2q bei ng decreased to

0.636 M (Exanple 3), 0.572 m (Exanmple 4), 0.520 m

shoWrEXR PRueesD(c A6l 30F) 4éspebliveliPsaambe ) pro@uds e thebhRbded
evapg%gti on(c%lf wgtt)erﬁ)and et hanol , 46p46 ng, 4646 ny

synthesgsanggheiel i Eigirefst(ch ©siBaesnestivelyof dry gel solids
having the foll owi ng nolar conpositions: Si Q2 :
0.00111AI20 3 : 0.5TMA : 0.6F : 5. 0H20 Exanmple 3 Si Q2

Exainple PO100AI 20 3 : 0.5TMA : 0.6F : 5. 0H20 Exanple 4
SIO2 @ 0.00091A20 3. : O0.5TVA : 0.6F : 5.0H20 Exanpl e

[0073] si o :The agGoyntiapized materigl Goppthe sgedsg synHiegispdExample

- c r
L AR o R A A PP AR R bt Bl sl oved
to betwest B0 det2 aguesiwo Isemhrata sEnpigs| & thewdized mateyialowere

.of .th arts c ai ni ng, 0..2W % of the AEl _seeds he
weighed ieFeBB 2 pad O e Bl mired ety el 00 G & i
silicdRPdaghide. SeEHBEE BYREAES veerdNaPackRedrd Bialfe Sii. SinEX aiih &l

Yield (mg) Si/A2 Yield (ng) SiIM 3 669 900 594 900 4

diangAer tulpeGeded at deobdtopn yith ROP1api25Tit. 1 Ghe 81665 et erRle@dato
00 J0071] X- diffractio at.t erns -t he .
hearR et Sks Pl B AT el B ERS s R M goyine

air fof € e dffectFrgatieserhflale fetoval ) The spRGicd idkalystNdrere
for the products of the unseeded syntheses are shown

then; sybierigdie g mpeyretef 8504 methanobét Noaf p40°C, approximately 100
weight hourly space velocity (WHSV), and 40 psia (276 kPa) methanol partial
pressure for 6 minutes. During the methanol reaction, the reactor effluents were
collected and stored at timed intervals for analysis by gas chromatography.
Following the methanol reaction the catalysts were subjected to a flow of 50%
oxygen in nitrogen at 550°C for approximately 90 minutes to burn off deposited
coke. The reactor effluents were analyzed by infrared spectroscopy with
quantitation of both carbon monoxide and carbon dioxide to determine the
amounts of coke deposition.

[0073] Selectivities to hydrocarbon products were calculated. The values
given below are averages of each individual selectivity over the entire reaction.
Each value represents an average of the selectivities obtained from the two

individual repeats.

Product Selectivity
Cy 4.2

C;’ 04
Cy 39.5
cy’ 0.3
Cs~ 34.6
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SEM results for the products of the seeded syntheses

of Exanples 3 to 6 areshown in Figures 3(c) to 3(f)
woespactdizzel y and for the products of the unseedeas2004/042737
synt heses are shown in Figures 4(c) to 4(f)
respectively. Exanple 7 [0072] The as- synthesized
material fromthe seeded synthesis of Exanple 1 was
pressed to a pegllet at 30000 psi 2.07x10 5 kPa) and

t hen ground and“si eved to between”80 and 125 nm Two
separate sanpl €s" of the sized ma#dedi al were wei ghed

bet ween 21 andGZE ng and m xed s rately with 90 ng

of 100 nm silit8f€carbide. These xtures were | oaded
into separate 1.9mminternal dianeter tubes seal ed at
ERgnpRigomwith a quartz frit. The tubes were seal ed
Into heated reactor bl ocks and the catal ysts were then
[08T74]i ned aThs406@nthasieed hiatamialyy feri bothothe2seeded end amseeded

ffect ic t late . . Th | ci :
eeSryuReThaampRon Su; eivaiAlly woeiforaBR sg3goo0 psie
%mm@@%kPhﬁaMﬂ&h SH0RCan@RRNVEA 1Bl 818D @138t ym. Two

ourly space velocity (VWHSV), and 40 g;;lwa (276 kPa)

waemEnmyay of te fredsnaicdal wereoveaihet bewepn 2l wgd 2Remg and

.}10 I r.effl r )
N e I T
loydeglaimitec bemurae Og9amphinterha| diaweteg tibee serledandhe betagi ivath a
the catalysts were subjected to g flow B&CSO% xygen

i o g Bbes stmaseed Hpp HsgiereRaiyF Blochs ARA s aalyst
WeEenner foH8RA8 It 8doGOKRder! ABWIEAGHOfor &F RN eBdt Sorganic

anal yzed by i nfrared spectroscopy wth quantitation of
tewiptatc eenboval nbheo xildaecd natakyats lyomre theoxsbbiected tale nexmiael 85%

t he anoun 0 ke depositi.on. 073]. Selectivities, .
PG B Vo ah TD5G EPB R el b Sk R bt FRlocity
OVMSW) DRI D0 Bki8 (2VEKRYaHeBind 3ahtidl PeisvidYat 6 minutes. During
selectivity over the entire reaction. Each val ue )
the pretbanerl sreagticay dhaagracior affiecndeweee collectek abstgrededt timed

i%fe%g gc?el" 4£1gf)é§1gg§églag %B}orﬁa%gger%ﬁy. Eroﬂg\”ﬁmtg t%glrs&flil%il t¥actfon
the catalysts were subjected to a flow of 50% oxygen in nitrogen at 550°C for
approximately 90 minutes to burn off deposited coke. The reactor effluents were
analyzed by infrared spectroscopy with quantitation of both carbon monoxide and
carbon dioxide to determine the amounts of coke deposition.

[0075] Selectivities to hydrocarbon products were calculated for each
reaction. The values given below are averages of each individual selectivity over
the entire reaction. Each value represents an average of the selectivities obtained

from the two individual repeats.

Selectivity Seeded Unseeded
C; 4.6 5.6
Cc’ 0.5 0.8
C, 38.2 38.5
(ol 0.1 0.4
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C300.3c334.6C4 13.9 C + 4.3 Coke 2.7 Exanple 8
[0074] The as-synthesized materials for both the
woeeed@di@nd unseeded preparati ons of Exanpl e 4P®EMUS2004/042737
i ndividually pressed to pellets at 30000 psig
(2.07x105 kPa) and then ground and sieved to between
80 and 125 mm Two separate sanples of the sized
mat eri al- were wei ghed tyveen 21 a 2 mg and m xed
separa@ely with 90 ng §§ :y’lvce)o nm Si :?’l(éc%n car bi de. These
m xtur@s were | oaded i Atte3 separat e 18:@mm i nt er nal
di ametgr tubes seal ed aj gthe bottomwi th a quartz
frit. e tubes were seal ed into heated reactor bl ocks
and t Heoksat al ysts were Z8en cal ci ne#8at 5400C under
flowng air for 2 hours to effect organic tenpl ate
removal . The cal ci ned catal ysts were then subjected to
Exampli%t ure of 85% net hanol in N2 at 5400C,

r oxi r i
10078FE" 35 I Brobsodt MBLIHIL 1 P R RneR i BE bR
reagéi‘lftﬂmb&asedfbly larfgctonef ﬁrEtAthiﬂ @Ivapceamcm ofgthidod ané awisoof the
e ents were coll nd stored at_.tined. i r S
watef, g cAlRL Sy o2 LY S77Ab Fereg Accaginslh g D6IS,
pubnfgﬁw ?‘Qﬂjua ca9! 2800t 178ryC RLFhS (BnieRl [ 15 SM% esmi:ﬁ) OinBthe

% oXygen in°nitfogen at
amompp:fdbdwﬁ% dLEV 9 ﬂnerhalmsaftdrykgq:i mvaefaﬂdcibp@tbl ttiedng okipon

Th Al ff b f :
T
mola2EmB SRR d| oxide to determ ne the anmounts of coke
' deposi tion. 0075£ Sel ectivities to hydrocarbon

product s Siehe ((dPBONdi@d G- BFMeachoF eadtlbh. The val ues
[0079Lven b’? ov}%e“’f%&as ird%@‘? tootfw p%gﬁo dufz&ch ere sealed
lecti Vit PoOVEr PRECEATO Y re ifon. I'ie

into E@PR8IBINTS1an-liave rPagechﬁbst hel &ehac:ém \hichitic@ So A8 élCnfed 65

fromthe two individyal repeats
hours. X-ray diffraction indicated that the solid product was pure chabazite, and

elemental analysis showed that the chabazite had Si/Al atomic ratio of 228.

[0078] The scanning electron micrograph (SEM) of the resultant product
is shown in Figure micrograph show that a majority of the high silica chabazite
crystals were twinned.While the present invention has been described and
illustrated by reference to particular embodiments, those of ordinary skill in the art
will appreciate that the invention lends itself to variations not necessarily
illustrated herein. For this reason, then, reference should be made solely to the
appended claims for purposes of determining the true scope of the present

invention.
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Selectivity Seeded Unseeded Ci 4.6 5.6 C2 0 0.5 0.8
c2 =38.238.5C00.10.4c3 =35.332.9C4 14.3 13.0
WG20065/0836324. 3 Coke 2.6 4.8 Exanple 9 [0076] Thecpusemss42737

of Exanple 1 was repeated but with the anmount of the
reagents increased b y a factor of 5. After

evaporation of ethanol and nost of the water, a

cplAmiagal suspension of LEV seeds prepared according

to WO 00/ 06494, published February 10, 2000 (dry
WefSlaime content 11 w% Si/A =7) in the amount of
0.2wm % LEV on the basis of dry gel was added with
stirring. Upon further evaporation of water a dry gel
kol i dAvmstImﬁtodisynﬁﬂeéﬁafnfg agristedlifcombievibligviny aCHA framework-
conp03|t| S 2 1/1200)AI2(13: 0.5TMA : 0. 6F :

5. OH2EYPP C‘ij’éli’ W& divided into two equal

porti ons ‘5!5” ch 1§%b§a¥e%gt16 L QIR %@dﬁle of fo mg said

Teflon-lined Parr s and en wer e ated to 50C
for 65 hours. X-crsesyalhimEf fmateruabnha\ndg cat e(bHAhaﬁrarndﬂmrk-type

solid product chabazi t e, | enent a
anal yslos showed “f%r‘?g eere@ﬁfg%?fli‘ FF%HPQ’EﬁrﬁeEdS of a

ratio of 228. [Q%gdlhﬂ_é"%a‘fbé‘r@ﬂ' nédi‘ﬂ)r%h@gCtaﬁoﬁlEm SRV ERRype;
(SEM of the resul tant product is shown in Figure

m crograph showapthat a majority of the high sili ca

chabazite %;y st %C%Vgﬁé% rifr%ﬂq n Qa%g re\ell\g]ﬁ& hGR" 58N crystallme

i nvention has béen
material comprising a CHA framework-type.

2. A method of synthesizing a crystalline material having a CHA framework-
type and having, in its calcined and anhydrous form, a composition
involving the molar relationship:

(n)X,03:YO,,
wherein X is a trivalent element; Y is a tetravalent element, and n is from 0
to less than 0.01, the method comprising:

(a) preparing a reaction mixture capable of forming said
crystalline material having a CHA framework-type, said
reaction mixture comprising 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, an organic directing
agent for directing the formation of said crystalline material
having a CHA framework-type and seeds of a crystalline
material having a framework-type other than CHA,

(b) maintaining said reaction mixture under conditions
sufficient to form crystals of said crystalline material
having a CHA framework-type; and

(©) recovering said crystalline material from (b).
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illustrated by reference to particul ar enbodi nents,

those of ordinary skill in the art will appreciate
woOheis/o6h2i nvention | ends itself to variati onsPaoiUS2004/042737
necessarily illustrated herein. For this reason, then,

ref erence should be nade solely to the appended cl ai ns
for purposes of determ ning the true scope of the
present invention.CLAIMS W Claim 1. A nethod of
synt hesi zing a crystalllne mat erial_having a CHA
f r akhswaethog e, claife? (feieRB seidnpierr difecting dasnhrergpses a

reqﬁﬁmg{s, ﬁg)&{.ﬂlﬁe or%%@ﬂ\gl#lﬁmoéorﬁ ng said crystalline

mat erl rame -type, wherein the
reaction m xture further conprises seeds of a
crystalli terial conprising an A f ramewor k-t ype;
and 1) mﬂ&&sk/gfra chint + orhgen dihe SRR G IRty o apgotibm

cr %%B%Jguhﬁle ek & #RYRLd %FrnQuQc}g"@\ £rf1ﬁﬁe\ﬁprifnﬁ1?{1ﬂﬁm

hod synt hesi 2| ng a crystalline materia
ha\qongnoana)HA framewor kt ype and having, in its cal ci ned
and anhydrous form a conposition involving the nol ar
relationshi p: Cn) X203: YO2, wherein X is a trival ent
el ermeNinethbdi & & @ﬂd a8y alaghé 2990%%%r61@@ﬁdfb1g§m$ Idpakithg
to |l ess than O. t he nmethod conprising: ( 3
pr éA88RY ngisa rd&ct Nrﬁlkfﬁ Rtapmichdingbl e agf  f DhNGl-aliyldl-
cry,
; eaaidt‘aﬂw!oh Wﬁéﬁﬁc gJ)mE?ﬁéﬂcph %ngNgéﬁ thaﬂcgf!s?({a@lﬁéﬁf’o‘?borﬁﬁ{e
sommcaeco@iblﬁa'nomhﬂeobf the tetraval ent el enent Y,
optionally a source of an oxide of the trival ent
el enent X, an organic directing agent for directing

g&r@&ﬁféﬁfoﬁ <{<¥ Ay SR Qf 9fa¥rﬁ§ 9' ﬂo' NGRS fséuﬁ' Qrgﬁ}{& W& eSing

ramewor k-t ype and seed a crystal
agent comprises an N,N. N-trlmethyl 1 adamantylammomum compound.

The method of any one of claims 2 to 6 wherein n is from about 0.0005 to

about 0.007.

The method of any one of claims 2 to 7 wherein n is from about 0.0008 to

about 0.005.

The method of any one of claims 2 to 8 wherein said reaction mixture has

the following molar composition

H,0/YO, 1to0 20
Halide/Y O, Oto2
R/YO, 0.01 to 2;
X205/YO, 0to 0.1,

where R is an organic directing agent.
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mat eri al having a framework-type other than CHA, (Db)

mai ntai ning said reaction m xture under conditions
weubdsiceseemnt to formcrystals of said crystalli ReT/US2004/042737

mat eri al having a CHA franmework-type; and (c)

recovering said crystalline material from(b).3. The

nmet hod of claim 2 wherein said organic directing agent

t@npr Fae sethddbit dnyayrel df clams Ado Orwlarminrsaidneedivnanintire has

4. The method of claim 3 wherein the nmulti-cyclic

ani nethsroHawg AL SMIRTHP conpri ses a tricyclic or

tetracyclic am Fﬁ@yogmmni um eqgpeund. 5. The method

of any one of clains to 4 wherein said organic

di recti ng agent HadidefYQ4 al kyl - ®-Qubducl i di nol, an

N, N, NNtri-al kyl - amant yl amoni.um conpound, an

N, N, N-trial kyl - &%&F’h nonor bor ng)r%etoo]r a conbi nation

thereof. 6. ThexyeLhag, of any ongoafi,clainse 2 to 5

wherein said organic directing agent conprises

anN, Nwlierer R isearhgriganic glitgeftngtagestrnoni um conpound. 7. The

nmet hod of any one of clains 2 to 6 wherein nis from

about 0.0005 to about 0.007. 8. The nethod of any one

0f. cl ahesnadhdédof amhetfiecoNclbiniss2 to donwdlearin XOisGiBintm, boron,

about (0. 005, 9. The nethod of any one _of clains_2 tq.8
wher eifRNs B2 B P A sqrpbipatipasthereef ppd MERreHYy Ynis) stlicon,

1t an: -1t js O to 2 RTYOR
g.oggotag’ ﬂé%%@% Ogéé,gmwgpéﬁgl%%&an o?gani c

directing agent.10. The nethod of any one of clains 2

ﬁr& gr g%@qc{s %%y{g&%%%leﬁpr%% )éat %\,%hgr%lsh §('r1]se si{ic(:)olnl. ow ng

13. The method of any one of claims 2 to 12 wherein X is aluminum.
14. The method of any one of claims 2 to 12 wherein n is zero.
15.  The method of any one of claims 2 to 14 wherein seeds comprise a

crystalline material having an AEL, LEV or OFF framework-type.

16. The method of any preceding claim wherein said seeds comprise an

aluminosilicate or silicate having an AEI framework-type.

17. The method of any preceding claim wherein said seeds are added to said

reaction mixture as a colloidal suspension in a liquid medium.
18.  The method of any preceding claim wherein said reaction mixture

comprises from about 0.01 ppm by weight to about 10,000 ppm by weight

of said seeds.
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Halide/YO 2 0.01 to 1; RRYQ2 0.1 to 1; X2@3/YQ2 O to
0.01, where Ris an organic directing agent. 11. The

woridswd3iaat any one of clainms 2 to 10 wherei n XPCE/US2004/042737

19.

20.

21.

22.

23.

24,

25.

al um num boron, iron, indium galliumor a
conbi nati on thereof and wherein Y is silicon, tin,
titanium germani umor a conbination thereof. 12. The

metTied nedth@nyofongy Precdiigsladn t Whdrkinkgide 'téacﬁ'oﬂ Smixture
silicon, 13. The nethod of a one of clains to 12
wheoaisss framabgni Hidprm by WFH%H XL CTIRR Y hﬁyve@gm ofaid
cl aj.pk 2 to 12 wherein n is zero. 15. The nethod of
any one of clains 2 to 14 wherein seeds conprise a
crystalline materi al having an AEl, LEV or OFF

y The t hod of. any ecedi ng claim
@gflocp %@d@feeifﬂw "@gnaweaﬁlarﬁa%%apﬁ%paxw also

Si 'doﬁﬂﬁﬁei‘ﬁﬂélﬂﬂ o@méﬁhe E&ﬁé‘iﬁﬁ‘{%fc% mdp¥Bgd. 17 The met hod
of any precedi ng clal mwhere sald seeds are added to

sald reaction m xture as a col | oi dal suspension in a

i d_nedi f di | ai
i ORGP BTN el o i LS A gER oo

0 %n@@mmﬂwmr flidriabRuhtaihéh RnfRAEDY wei ght of
sai d seeds.19. The nmethod of any preceding claim

wherein said reaction m xture conprlses fron1about 100

PP nf“% mMcahbr 4O apqgéjetdl %e g eg gglﬁd s?aef nge irlne Senal

€ net hod “of any p ng c i whe
r eaxamnrgra G friimewbkotype ipdongRSedonalybiele }ﬁf/mg an average
géde cont aj ni ng conPound 21. The nethod of any
Aigleds hrmPlprBtabiof BT r eact i on mi xture al so
conprlses a fluoride or fluoride-containing conpound.
22. The nmethod of any preceding claimwherein said
cr yﬁmamethmd ol tey ippbcddmg plgina vaidbeifir saide woyskalliyg endtarial

osed Gﬁélcﬁ%/rﬁg\%lo tgf%%; if,nc%map%sg&/ gtr crgsetalglh%\rfrl%tgeagl alvgrsasge

dlameter of 0.5 to 4 micron.

The method of any preceding claim wherein said crystalline material
having a CHA framework type is substantially free of framework

phosphorus.

A crystalline material having a CHA framework type and having, in its
calcined and anhydrous form, a composition involving the molar
relationship:

(n)X,03:YO,,
wherein X is a trivalent element, Y is a tetravalent element and n is from 0
to less than 0.01, and wherein the crystals of said material have an average

diameter less than or equal to 4 micron.
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23. The nethod of any preceding claimwherein said
crystalline material having a CHA franework-type is
woanpassd2 of crystal s having an average di anet ecTwl204/H42737

to 4 micron. 24. The nethod of any preceding claim
wherein said crystalline material having a CHA
framework type is substantially free of framework
RBOSPROEHBtalIER: m&ceﬁayﬁatmg b CEHABAhébrkNgyd Bad dakhl in its
framework type an avin inits calcined and
anhydrcalginefl o png @ﬂb@ﬁﬁésgl N2 pRIBPRALGAG tiREolFBEafhe molar
rel atl QtSh'ﬁ (n) X203: YO2, wherein X is a trivalent

el emeR? YD 5 tetraval ent elenment and nis fromO to

| ess than 0.01, and mhem@xgogwﬁbgrystals of said

mat eri al have an .average di aneter |ess than or g ua

to 4 fﬁ}@Feélh Xoig a tpivele fammtan% 153 fediay alpntipiemeny apd gyijatrom 0

{1 QMeYOISs (RS AN 1d BrAbS Giabiling laqa@ twinned.

anhydrous nposi tion-involving the nolar
relatlonshlp (n)XZCB YO2, wherein X is a trivalent

.atetra n | enment is fro
Bace” thasrpdite Bairal ot Ship nor e o) Bhgrinhighon diout
nater@quggogwhﬁgq@7 27. The crystalline material of
claim?25 or claim?26 wherein nis fromabout 0.0005 to

about 0.007. 28. The crystalli ne materi al of any one

cl nnis.from u
Boun eosTals: Sicl PR Pt SLOREILET i 2 P g fom
of cl absm ZE0URG0 aBownaresi n X is al um num boron, | ron,
indium galliumor a conbination thereof and wherein Y
is silicon, tin, titanium germaniumor a conbi nation

Per ec‘lf 5&9%(31-2{%8 V\lﬁ&%ﬁ&lab% hﬁ]f OTBLSH Li@imsChs ac8y28o efdin )% is

ai ns erein said naterial, Ini1ts calcine
form adeniham) okernival) dudiud, tgallaimo uir d@@mﬁ)pmlbly thereghtnd
of a haﬂ i de,

erein Y is silicon, tin, titanium, germanium or a combination thereof.

30.  The crystalline material of any one of claims 25 to 29 wherein said
material, in its calcined form, contains from about 1 to about 100 ppm by

weight of a halide.
31.  The crystalline material of any one of claims 25 to 30 wherein said
material, in its calcined form, contains from about 5 to about 50 ppm by

weight of a halide.

32.  The crystalline material of any one of claims 25 to 31 wherein said halide

comprises fluoride.

33.  The crystalline material of any one of claims 25 to 32 wherein the crystals

of said material have an average diameter of about 0.5 to about 4 micron.
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31. The crystalline material of any one of clainms 25
to 30 wherein said material, inits calcined form

woanisaics2f rom about 5 to about 50 ppm by wei ghCTaS2@4/042737

34,

35.

hal i de. 32. The crystalline material of any one of
claims 25 to 31 wherein said halide conprises
fluoride. 33. The crystalline material of any one of
cl ai Mprod&st Por3ProMiemei Bldie Ednisrisths Phtsang Mt abha
have ‘an averagé di aneter of about 0.5 to about 4

M EXYBESIBIE cAmppuk SBdE oXpEale icAgvesied | spnddmpr wihng
contacting an. .or ' ;

gt SoByR &on B R TR e Blhod of any
compkioscngmal & yatal line material produced by the

met hod of any one of clains 1 to 24. 35. A process for
produci ng ol efins conprising contacting an organic
oxyge c d y : oYy \VA=T R =T e ]y :
cord PissEs T MHASeHs BlerY BTG ARRICARE Py prponic
matetygalatofcoampund andkaioxyg@fatd @oB&rsion conditions with a

catalyst comprising the crystalline material of any one claims 25 to 33.
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