TREATMENT OF CHA- TYPE MOLECULAR SI EVES AND THEI R USE | N THE CONVERSI ON OF
OXYGENATES TO OLEFINS FI ELD OF THE I NVENTION [0001] This invention rel ates
to a net ting chabazite framework- type nol ec ' nd to

t he use g?gfﬁgngéggted sieves in the conversion of oxygghzbgé&ﬁé?ﬁ?gfins.
BACKGROUND OF THE | NVENTI ON [ 0002] The conversi on of oxygenates to ol efins
(OTO is currently the subject of intense research because it has the
potential for replacing the |ong-standing steamcracking technology that is
today the industry-standard for producing world scale quantities of ethylene
and propyl ene. The very large vol unes invol ved suggest that substantial
econom c incentives exist for alternate technol ogi es that can deliver high
t hroughputs of light olefins in a cost efficient manner. \Wereas steam
cracking relies on non-selective thermal reactions of naphtha range

hydr ocarbons at very high tenperatures,l -OTO exploits catalytic and

m cro-architectural properties of acidic nolecular sieves under m | der

tenperatur e Conqigy A¥MERPOIEEEAFPPEMOLECHL RROYIEVR SARRTP OPY! ene from
h | .
retheno ” LoRRIEACEA THECOERSION Ot TR T DIFELS,

I nduction period |l eading to the formati on of an active carbon pool
(al kyl - ar orHHEL3 DF THE BNWENEIONdeal | cyl ation reactions of these active

internmedi ates [ eading to products, and (3) atgr adual buil d-up of condensed
ring ar omatlPe@l] ordhissinveatier mlates fo janmethed: ofytreatingsehahaziten pmewprk-
transformatt'l ﬁf'n | | G2 I S | chqange. The
ability of erd&!‘ c%gtﬁe‘{egear?gﬁ%ﬁg?ﬁ&ﬁioghdl?)I%P%ﬁ%%%ggﬂpg%g%%ﬁoﬂg@ peri ods
of -~ ti me reldxggemesao didfinsat e bal ance between the relative rates at which the
(,a_bove processes take place. The formation of coke-like nolecules is of

si ngul ar i nportance because their accunulation interferes with the desired
reaction s : : AL &N NEIONn particul ar, coke renders the
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products, incr he potentlﬁfy%%g undesire on y ns and
limts cat alfyiatenke tesearchM2édSedt hadiehd potentidiofodtaeplieing thalyng etandiygi C
mat eri al s have been identified as being useful for carrying out the OTO
reacti ons. SERASEraFIpg plogy it istodgy thejp us(qyestﬁpdé\(cgfqrégo yetld ¢ oday

because t hgyysi (Bahiiee8r Sty 1R SrophRnaC| gﬁé YeR thr PO Bl A0inGBlved

requirements for the reactifons. Particularly prefierred materials are
8- menber ed snggest thatsibstaitial ceomemic Jucshtises ehistsforadtemate teobnalhgibathate ( CHA)

I ;ggta\/\/(s)lrjléhtcélg %‘ﬁ%‘é‘% a&gh%iu{si octol?gl'.hlt' r(w)ilerl{)n%f}g%p&egg g&c?ént wa%ngmre?ergsamr k
steamm cracking relies on non-selective thermal reactions of naphtha range
hydrocarbons at very high temperatures, OTO exploits catalytic and micro-
architectural properties of acidic rﬁolecular sieves under milder temperature
conditions to produce high yields of ethylene and propylene from methanol.

[0003] Current understanding of the OTO reactions suggests a complex
sequence in which three major steps can be identified: tl) 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



[ 00051CHA franmewor k-type nol ecul ar sieves appear to be particularly suitable
catal ysts for the OTO reaction since they have cages that are sufficiently -
| arge to acconmmdate aronmatic internediates while still allow ng the
diffusive‘Y&éﬂgﬂé§? of reactants and products into and oﬁ@T%$ﬂEﬁ@HH#ystals

t hrough regularly interconnected w ndow apertures. By conpl enenting such

nor phol ogi cal characteristics with appropriate levels of acid strength and
acid density, working catalysts are produced. Extensive research in this
area indicates that increasing the silica to alum na nolar ratio seens to be
a key requirenent in the use of CHA framework-type alumnosilicates in OTO
reactions. [0006] Chabazite is a naturally occurring zeolite with the
approximate forrmul a CasAl112Si 24072. Three synthetic fornms of chabazite are
described in "Zeolite Ml ecular Sieves", by DD W Brecic, published in 1973
by John Wley & Solis, the conplete disgl-osure of which is fully

i ncor por at ed herein by reference. The three synthetic fornms reported by

Breck are Z gl 8 5
13arrer et Eiﬁ&&%@ | te Ishggﬁgcro?ebigg{lﬂn'; Igrt-%tg%enqrgﬁ%(:@gég ﬁ%%% @J‘f%l)
and Zeolite ﬁ;emlmlsfon-mhdchmcd setodafyatamioniand Bmit8@athBat ifek062) . Zeolite KG

zeolite has i.lica:alu mole ratio of 2.3:1 tq 4.15:1, whereas zeolrtes
D and R havel%gﬁﬂ]i ca~rlni Fla ah | oy %@§s’ofna&y5°§a%°4m9tefa};§n@a§°

3.65: 1, respgohined! ¥s bERf uekil IfYe!hmliRY Shtl HER OO AHBIdIR, rrlz’s%grgmte'o of
these materials makes themless than Optinmal as catalysts f reactions.
- 3 - [0007]Iﬁ3dngilatesiab¢sealmﬂllc praﬁmtcdeaam‘iyataetd;bgrbwaummcgcbxmnlmm“iynt hesi s

of CHA fra | und nos cate nol ecul ar. sjeves .havi hi silica
Co alumi na EHG Pie RRIBLHE Prheloarel ramGReS Gof e SR5oar R Ry ar
ratios gr eat;ﬁéfehbemaié;ais arB BehemBed rigg QRinGihotilladtesl Qs as thOQOGMGRY thexanpl e,
U S. Patent No. 4,544,538 describes the synthesis of a synthetic form of

chabazi t e- tﬂbéﬁﬂ%ﬁcmm‘ﬁma’!’@k tasz 23 wellpsisiligonjumineghps at@ﬂﬁﬁih@qub‘hnol

N, N, N-tri - rgm cations and/ or

N, N, Nt ri al ky e?%oar?h ohor oar%nane gg‘ a directing agent in a conventional OW
nmedi um Accqoods]g t CHAefrarthdWorkatypet mofetulad Fsiévepi appday daasseapaiibhlaﬂyto
alumina nolar ratio of 8 tg 50 but it is stated that higher nolar ratios can
be obt ai ned sHifaklg cyterlygtstioe theePA() traction sinee ey have eagest tase pufficieatlyynt hesi s

m xt ure. and/jgxk &E&ﬁﬁi t s to
renove al um n&et{%‘romt gﬁgtg %Sm%ﬁ ét%ﬁ%%ul&gksb&g@g?émgtg{]gg sﬁlteg&lg?rgr';v esi ze
SSZ- 13 i n Otramsphrbofiteastahtscandt prodictsrinta andlomt of she cqsiats ﬁmu@smgnﬁlaﬂljbo have

been unsuccessful and hayv roduced | T or SS723, dependi ng,o0 al kal i
metal cati ordM§FQ I\’H"gfﬁ'era PEIYES- 0 a yn eraenting, Bhaﬁnﬂﬁihﬁg’ﬂ‘r‘iﬁ?ar ratio

of SSZ-13 by Qx%@ﬂeHEﬁd%%tﬁ'&p nﬂﬁtlerélﬁ bf Qcifl'stiéRpthlUiridCatid dEQOROy obking Pat ent
No. 6,709, 644 describes a zeolite that is identified as SSZ62" and has a CHA
f ramewor k t ypalystirepradiceds| Exfensivares@ueh i thisauen mdlch@sshatm%mgsthsar dto
have a sili G M ex S ess of
30, but the Oc%:;loga%_ ?gg?%%tﬁ%?éé&r%%%gg(%i '{"eer“rgat QF% x sr Ica to _

al um na nol d@raniesdrl-tgie aAldminogilichres ixs0TO ehdtkesed in a hydroxyl nmediumin the
presence of N N N-trinethyl-1-adanantanunoni um catr&g as the structure ‘

directing ad@Mf6l ThEh3bazste asa patyrally acpumag geolify APPropEmHE fmayla i | | ‘e
the crystallgdng, L@%Jd,ge TRt Atk rfeﬁ?)@sr féﬁabiz%%ﬁ&s@ﬁﬁedsiﬂ hzaome

crystalline ol ecufar: si eve havi ng t framework type been

hydr ot her maMglesuylan $iewds/ ey Ds WL@INFIN mbhshcétlmmalﬂ bminhly MéllﬁryoﬁuS@m,r the

hydr oxi de form str ctin re res
the' or esenc B RsfiEaR i g LT b Re e et birrelirlf, q”'

Barrett, P. sfnthetfd\fbrina r8buredd, b}MBreﬁk arsSLEd e SKSG ibs&HibddCinly. e:hem Soc., of Pure
Si 02 Chabazr e: the Si02 Polynorph with the Lovvest Fr amewor k Densi tz Chem
Conunun. 18%g. ga_zgzg@p_ss), Barrer ¢t al; Zeolite D, described in British Patent No. 868,84

(1961); and Zeolite R, described in U.S. Patent No. 3,030,181 (1962). Zeolite K-

G zeolite has a silica:alumina mole ratioc 0of 2.3:1 to 4.15:1, whereas zeolites D and

R have silica:alumina mole ratios of 4.5:1 to 49:1 and 3.45:1 to 3.65:1,

respectively. The relatively low silica to alumina molar ratio of these materials

makes them less than optimal as catalysts for OTO reactions.



(0011] More recently, an alumnosilicate with the CHA framework type and

- having a silica to alumna nolar ratio in excess of 100, such as from 150 to
2000, ha hesi zed in the presence of fluoride ign . Pat ent

_ Appl i cat WO RUAL I 2R 1 0%y 0176751, publ i shed Septpg@%%ﬁ?@g{l%fgo&

Structure directing agents enpl oyed include N al kyl -3-qui nuclidinol,

N, N NNtri-allcyl-1- adamantarrunoni um cations and

N, N, N-triallcyl-exoam nonorbomane. [0012] U.S. Published Patent Application

No 2005/ 0154244, published July 14, 2005, discloses a crystalline materi al

conprising a CHA framewor k-type nol ecul ar sieve with stacking faults or at

| east one intergrown phase of a CHA franmework-type nol ecul ar sieve and an AM

framewor k-t ype nol ecul ar sieve, wherein the material is substantially free

of framework phosphorus and has a conposition involving the nol ar

rel ati onship (n)X203: YO2 wherein X is -&84trivalent elenent, Y is a

tetravalent elenent and nis fromO to about 0.5. The material can be

synt hesi zed[gedyNg A dHsiREhLIE Wk IHAS tR&EBfdre GREP boduREtddn thé\syithesis of

trial kyl -1 -adanmant yl anunoni unconpoundandanN, N-di et hy1- 2, 6-

di et hyl pi p€HiAdifrimawarkriyrsu aliimingsitiedte ympleculae sievss cmyvang thigh wididadee i ons.

[0013] I n pending United.States Paj.ent | Lcation Serial,No..60/ 731, 846,

filed oot opapma motssaaick SEh saieds wB Wi brlumir Sk mig et

crystal |'i nemaRl 8111 plef&rabipigrdatétGhan {BdA1 f r anewor k-t ype nol ecul ar si eve, the
met hod conprising: a) form nﬂja reacti on m xture capable of formng said

crystal | i nel0888kr i dlor expmpls. V.6hBateati Moy 444338 descrbaspthesapthgsistofiict ur e
di recting hayi 1l g 1 R Rderherein | o R are
i ndependen?ﬁqéﬂfsegpec‘#gg 4¢§}r¥1{%gy(lt)@aer %&#"éﬁ%}@?y&ri)gusgls\@gngk%%?log%?lsubsti tuted
(hydr ocar by| quimeidind)a Vi MNE tricaticyi-1-addnaaylammatons caperey imdbrt NN and R2

may be joined to forma njitrogen-coptaining heterocycljc structure, R3 is an
al kyl gr oupTadvl-reeaningnorbemae As gidifesting g2eut 1n @ copyentiopg! PHomedium. _ 5 4.

to 8-nenber - lsagl, i ; | cyl
groups eac hﬁ%é’?/‘ix‘ﬁ% Qcf;‘llrﬂjlci)%r/nszls gtpgtb%t’cségfzb 2)% tl%%%', Iﬁg%?déé%qti%ﬁ%{a%% ?%EJ
het er ocycl iaf &tos bititiingtatedotimat! higber3mhkr eatost canthe ohtaided by eanayg thec gr oup

bei ng, optiogpally, .substjtute .1 1o 3 alkyl .groups.each having.from1l to
3 carbon atIS%vﬁﬁa“‘_ésag_ﬁ B mitlE\'e §4 eﬁﬂ%t”é‘%’iﬁ/@f‘fi{é’r}yo&ﬁa H¥ sel ect ed
from the grRQRteOn bﬁélhﬂﬁ% &entd orMciddnE rémow allfhimif fogn thetdeBlifeMditieear byl

groups having from1l to carbon atons joined to forma nitrogen-contai ni ng

het er ocycl iBowevescatiampts thsynthesizea$52% 3 dn OHirmediy at sidice &0 ahaning omlarai d
reaction mxture said ¢ |.li,ne mat erial . .conprising a f.ra rk-type
mol ecul ar JPFe%e™ ‘T"@Sﬁ‘i@@é‘?‘*"ﬁ!’ CERAUTHTG® lt"@%ﬁ’%i’?@“ﬁ%ﬁ@?’l&f “ation
Serial No. B0déhdaftbon ilid ARalDaickIRNatidd pra2ORS, MeRdvay endlesing hedilianet hod of

synthesizing a crystalline material conprising a CHA framework-type

nol ecul ar 4P &lnind malarpHe ofSEEnSdyy dealipminaten hastget Hbe #pnasuscessat i onshi p:
[0009] U.S. Patent No. 6,709,644 describes a zeolite that is identified as SSZ-

( 62 and has a CHA framework type and a crystal size of 0.5 microns or less. 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. .

[06010] An all silica crystalline molecular sieve having the CHA framework
type has been hydrothermally synthesized ﬁsing 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



(n) X203: YO2 wherein X is a trivalent element; Y is a tetraval ent el enent;
and nis fromO to less than 0.01, such as from about 0.0005 to about 0.007,
t he net hod corrprl sing: (a) preparing a reaction mxture capable of form ng
sai d mat e QPN i xt ure conprising a source of wat er PCHUSHWTRWT#F an
oxide of a tetravalent elenent Y and, optionally, a source of an oxide of a
trivalent elenent X, wherein the reacti on mxture is substantially free of
fluoride ions added as HF;, (b) maintaining said reaction m xture under
conditions sufficient to formcrystals of said crystalline material; and (c)
recovering said crystalline material. [0015] Despite these synthesis
advances, nmany of the resultant high silica CHA franmework-type nol ecul ar
sieves, and particularly those synthesized in the absence of BEF, exhibit
reduced MIO performance, such as an unexpectedly high selectivity to
undesirabl e coke and methane. Accordinggto the invention, it has now been
found that the MTO per f ormance, and m)st | rrportantly the prime olefin

selectivity, fr si e es can, be
enhanced by %O% S%(ﬁa@ylm s@mggé’q%gﬁr‘gg‘é wFf‘ﬁ “’r“é%"tﬁl‘ i s not
fully - 6 -DéiRfA¢T, therl Contm@nt1gep(iodgRs shown t hat many as-synt hesi zed hi gh
silica CHA zeolites exhibit franmework defects and it is believed that the

st eam t r eat ri8@t1)ser Mage trecentl an Hb@@n%h@éq with the XGHY, Sampwodntyprignd
4,326,994 sl 05e8ua EEA Shel RALSASDA LIS oBL ARG Y o’ 21

acid zeolit ermna e|n| VIt teri éd by a

silicato a|hd§bééh mtm.-srzaa immfpreéenbeasﬂuo}meaa@h BednSt Pateif Appistaxioni t hi n
the approximate range of 1 t e zeolite is selected fromthe group

consi sting dtublieaiion 1‘2’5!\/?9@"’1’%12 P“kBRh"SB Septsmbes 1§n309%\ Fgruchyet he O
activation % GRERE! &fiflo ch‘txﬂc%&é‘%l%ﬂ%‘ii bcrin ! @Iiﬁ?ggéu:ug a2

sufficient tinme, erature er partlal
said tinme, tﬁamemtaﬂmcenmn@amMﬁrMN,N-melﬂrybwahﬂdoﬂmboﬂmné ol | owi ng

003 POT- o ROJL2A0( pOihoPebtspesr Baisnb AppliekHon SOOI SISRac PRETLIIPY osur e,

at nosphere tI10e5] Acibsd®a HYWaRind ThERRASS 8bMpAsinf-a CHA framework-type
molecular sieve with stacking faults or at least one intergrown phase of a CHA
framework-type molecular sieve and an AEI ﬁ'a.rne\\;rork-type molecular sieve,
wherein the material is substantially free of framework phosphorus and has a
composition involving the molar relationship (n)X;0,:YO; wherein X is a
trivalent element, Y is a tetravalent element and n is from 0 to about 0.5. The
material can be synthesized using a mixed directing agent comprising an N,N,N-
trialkyl-1-adamantylammonium  compound and an  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'RRN-RYT Q@

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

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



[0017] U.S. Patent No. 5,095,163 discloses a nethod of hydrothernmal treatnent
of silicoal um nophosphate nol ecul ar sieves, such as SAPO 34, at tenperatures
i n excess 700C for periods sufficient to destr oportion
of their g@{%ﬁggﬁzg'mhile retaining at | east 80 percentq%yﬁpﬁﬁﬁﬂﬁog&
crystallinity. The hydrothermal treatnent is found to result in a catal yst
for converting nethanol to |lower ol efins having increased catalyst life,

i ncreased selectivity for C2 to C3 olefins and decreased selectivity for
paraffin production than the untreated SAPO-n starting conposition.

[0018] Steam ng is al so 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 anmoni um
formof zeolite - 7 - Yis heated in the presence of rapidly flow ng steam
and the resultant steanmed product is base-exchanged with an amoni um sal t
and then treated with a chel ati ng agent capabl e of conbining with al um num
at a pH bet yaef Fnihitbeded dytfoaliyl Froupd opesiallySsubBtifisdBEN o PhaIkyPRIcups Si l i cate
species to defect sites, which is only possible with relatively | arge pore

mol ecul ar stashdwvingdiomd techearben atonfspgubadio Sovsitesa/Bacnkydicgrdeges one
met hod f or Bivigg o 1 @ 9hps e'rdagamsm)éa‘?& 'e?érocs'c‘i‘i‘é?ﬁlg,%@; :'fig'g,g%ggé‘a zite

i ncludi ng formug an aquedus reaction m Xture havi foMents. WD
2005/ 06362 2subdtinitarby $ @5 3adlioflesupsadabo Hating fvnepas i3ngurborhitghs $nl ieGeh

nol ecul ar sjeve containing chabazite including formng a reactjion mxture
whi ch conpr hetergatop Hssaid hateeqcyglscagqnpnécmsghcqu Zomhe grovp comsisting of

framewor k- t $pR. adt SNGRG Qﬁ}%‘&ﬁgﬂ@ﬂb%&ﬁ?ﬂ%ﬁ%ﬁ%ﬂﬁ 96 BRGfbon bilgnr €SENT

invention resides Ih a net treating a crystalline nmaterial conprising
a CHA fr ameisared-to foren amitergehaontiimug hetsheyeiastawhoecands®ak lan seionparet | al has

a conpositign substantially,free of framework sphorus. and i nvol ving the
ol ar 1ol at POREATHINE Fy o td FES o mpiiR S CryP B paliriel Fompfitive s | < -

t et r aval ent CHlaefiRfbwoRk §p8 nicledul@¥iddel 0 | €ss than 0.07, preferably fromO to
| ess than 0.02, and rmre-preferabmgfromo to less than 0.01, the nethod

conpri si ng 10024} i ngAlsai dncpgeding | edraStatesa|Pagint h Applicationn dieriab oNdi t i ons
such that t ' | NiSe ¢ ty,of Jreate terial .an an
oxygenat e COvERef pf DeBLer s E 40t bl pits bterker ERERChphesleel i 1 o
t he untr eat@gstamiher nalerial coRprisHEE aPCHRE Framework-type molecular sieve and
having a composition involving the molar relationship: '
(n)X,01:YO,
wherein X is a trivalent element; Y is a tetravalent element; and n is from 0 to less

than 0.01, such as from about 0.0005 to about 0.007, the method comprising: (a)

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, wherein the reaction
mixture is substantially free of ﬂuoﬁde 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 steamn treatment. Whereas the reason for this result is not fully



[0020] In a further aspect, the present invention resides in a nethod of
synthesizing a crystalline material conprising a CHA franmework-type

nol ecul ar sieve and having a conposition involving the nolar
(n) X203: YOR2007A&Y4 n X is a trivalent el enent,

rel ati onshi p:
Y is a tBETHSH0FALO7HE enent ,

and nis fromO to less than 0.07, preferably fromO to |less than 0.02, and
nore preferably fromO to |l ess than 0.01, the nethod conpri sing:

preparing a reaction mxture capable of form ng said nmateri al,

conprising a source of water, a source of an oxide of a tetraval ent el enent

Y and, optionally, a source of an oxide of a trivalent elenent X
mai ntai ning said reaction m xture under conditions sufficient to form

crystals of said crystalline material; - 8 - (c) recovering said
crystalline material; and (d) contacting said crystalline materi al
with an atnosphere containing steamat g tenperature of about 400C to about

650C for a tinme of about 8 hours to about 170 hours.
partial pres

e, G0 o1 s g FiegY, BaSnfishind B s

psia (7 to

ere i s abqut

conpri ses a flifeaCexdibit framework defects and it is believed that the steam treatment

serves to heal these defects.
[0016] U.S. Patent No. 4,326,994 discloses a method for increasing the
catalytic activity of an acid zeolite having a determinable initial activity and
characterized by a silica to alumina mole ratio of at least 12 and a constraint index
within the approximate range of 1 to 12. The zeolite is selected from the group
consisting of ZSM-5, ZSM-11, ZSM-12, ZSM-23, ZSM-35, and ZSM-38 and the
activation method comprises contacting said zeolite with water for a sufficient
treating time, temperature, and water partial pressure wherein said time,
temperature and pressure is represented by the following relationship of treating
time and water pressure at constant temperatures:
0.01(Pt)r <(P)<10(Pt)r

where

(P)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
crystailinity. 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

(

[ 0021] Conveni ently,

25
al so

a)

said m xture

(b)

t he



al kali metal ions and the crystalline material recovered in (c) contains

al kali nmetal. [0023] Conveniently, the reaction mxture in (a) is
substantially free of fluoride ions. [0024] Preferably, the reaction m xture
in (a) also conprises an organic directing agent for directing the synthesis
of said CHA franmework-type nol ecul ar sieve and the nethod includes renoving
the directing agent fromthe crystalliné-material recovered in (c).
Conveniently, the directing agent is renoved fromthe crystalline materi al
recovered jn%%%? prior to contacting said crystalline material with said

at nos pheneis besaddn Hiermgessnce hiapjdhobaying stgant, apd Reresalipe seamedigodusiie hieseon
resides ka4 Q569 a%ﬂ{ nRﬁrngQh@&eﬁ{rgaftéd%ﬂﬁ%mfahgg%QtiQ P&B&kﬂ@%ﬂ&&bﬂx fheOF gani ¢
oxygenat e corfpoun er oxygenate conversion conditions a cat Iyst
conpri si mgthaluoriysi at 4 pfhbetwaﬁne?’rana@ Theetdeahgoresudty nt hesimeetbyobilheilioad hods
descri bed he SCRI.PTI ON, OF ure .1 provides
Xray i PR BReb e ar D TPt Ao Sy R R Pt et Exampl
| . [0027kligitye 2 is an SEM picture of product A of Exanple 1. [0028] Figure
3 provid phs onverS|on ctivit, selectivity to
ethyleneﬁﬁﬂ fprop§&%ﬁg%6¥?%$dﬁdgﬁ> Res PEmBFeddprPreer E@éﬂ?ﬁﬁmk§“f%e
process gkvdosaRigy habazite ichudiaE [dMnkifaldnHeREMR RIHN nkukhvEYBRIWENTS

[0029] The present |nvention relates to a method of treating a high sjilica
zeol it e components. WO 2005/063622 A2 discloses another method for preparing a high-silica molecular

sieve containing chabazite including forming a reaction mixture which comprises seeds of a

crystalline material comprising an AEI framework-type.

SUMMARY OF THE INVENTION

[0019] In one aspect, the present invention resides in a method of treating a crystalline

material comprising a CHA framework-type molecular sieve, wherein said crystalline material has
a composition substantially free of framework phosphorus and involving the molar relationship:
(m)X;05:YO,,
wherein X is a trivalent element, Y is a tetravalent element, and n is from 0 to less than 0.07,
preferably from 0 to less than 0.02, and more preferably from 0 to less than 0.01, the method
comprising treating said crystalline material with steam under conditions such that the prime olefin
selectivity of the treated material in an oxygenate conversion process is greater than the prime
olefin selectivity of the 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:
(M)X701:YO,,
wherein X is a trivalent element, Y is a tetravalent element, and n is from O to less than .07,
preferably from 0 to less than (.02, and more preferably from 0 to less than 0.01, the method
cornprising:
(a) 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;



conprising a chabazite (CHA) franmework-type nol ecul ar sieve so as to enhance
its prime olefin selectivity. In this respect the term"prinme olefin
selectivity"” éPCS is intended to nmean the total selectivity to ethylene and
propyl ene WA 2¢Hd4552bduct obt ai ned when the nol ecul ar si eDETU§200FBY74s 2 ‘
catal yst in an oxygenate-to-ol efins conversion process_ The treatnent nethod

I ncl udes contacting the nol ecular sieve with steamunder relatively mld
conditions. It is believed that the mld steamtreatnent heals defects in
the crystal framework of the nol ecul ar sieve substantially w thout renoving
alum num fromthe framework. The term "framewor k defects” means franmework

| attice sites that are vacated by silicon atons. As a result of such
vacanci es hydroxyl groups term nate the broken bonds, as pictorially
illustrated below. -0-Si-OSi-OSi-0- -- -0-Si-0H vacancy)HO Si -0- Ml ecul ar
Sieve (0030)It is to be appreciated thgt nolecular sieves are classified by
the Structure Comm ssion of the International Zeolite Association according

to the rul es of t@ﬁl%{_ﬁ@&&gg&.ﬁ?ﬁﬂﬁg é[g{e%!giiaf_ &Iomancl ature. According to

this classificati ranewo Zeort | and ot her crystalline

m croporous nol equd) ar cvneacdfg shidrcrvdtallife aatdridl it &n hafAodphere amitdbingshed,
are assigned a three letter code and are described in the Atlas of Zeolite
Framewor k Tystrag ats fempgratrs of aputA(0SE to pbopt S30°E e aHime ofrbont 8 bautsazite i s
one of the @'ﬁ&ﬂ'l%hﬁhﬁs‘.’es for which a structure has been established and

materials of £A'S framework type are designated as CHA. [00311lIn its

cal ci ned for{092 hi Gonedrienthy, (hd padriisipremiecef shdans incsaid athedpha® is Abdutenpl oyed
in a treatnment nethod of the E{esent i nvention, has an X-ray diffraction
pattern havilRfid bRt aetaf] & 12 ¥ades shown in Table 1. - 10 - TABLE 1

d(A) RelativgodZ)t engohlGaentfl th¥ réhcfbhi $niBrdh t80also comprises a source of
alkali metal ions and the crystalline material recovered in (c) contains alkali metal.
[0023]) Conveniently, the reaction mixture in (a) is substantially free of
fluoride ions.

[0024]  Preferably, 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}). Conveniently, the directing agent is removed from the
crystalline material recovered 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.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0029] The present invention relates to a method of treating a high silica zeolite

comprising a chabazite (CHA) framework-type molecular sieve so as to enhance its
prime olefin selectivity. In this respect the term “prime olefin selectivity” (POS) is
intended to mean the total selectivity to ethylene and propylene in the product
obtained when the molecular sieve is used as a catalyst in an oxygenate-to-olefins
( conversion process. The treatment method includes contacting the molecular sieve
with steam under relatively mild conditions. It is believed that the mild steam
treatment heals defects in the crystal framework of the molecular sieve substantially
without removing aluminum from the framework. The term “framework defects”
means framework lattice sites that are vacated by silicon atoms. As a result of such
vacgncies hydroxyl groups terminate the broken bonds, as pictorially illustrated
below:
-0-8i-0-8i-0-8i-O- ~  -0O-Si-OH(vacancy)HO-Si-O-

Molecular Sieve

[0030] It is to bc'appreciated that molecular sieves are classified by the
Structure Commission of the International Zeolite Association according to the
rules of the IUPAC 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 describt‘;d 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.
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TABLE 1
a(A) Relative Intensities
100 I/1,
9.36-8.98 £0-100
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
31.83-3.76 0-10
3.54-3.49 5-40
3.41-3.36 5-40
314310 ¢-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-t0
2.244-2223 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’L, 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



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 coll ected

with a Pmbizﬁ&lﬂgﬁger X- Ray Diffractoneter, equipped WS@’&&@%‘W&H a’EI_ihgn

~detector wth graphite nonochromator, using copper K-al

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 Angstrom
units, and the relative intensities of the lines, (where 1/10 is
one-hundredth of the intensity of the strongest |line), above background were
determ ned by integrating the peak intensities. It should be understood that
diffraction data listed for this sanple as single |lines nay consi st of

mul tiple overlapping |ines which under certain conditions, such as

di fferences in crystall ographic changed]l-may appear as resolved or partially
resolved |ines. Typically, crystallographic changes can include m nor

changes in fiahtwe! dtoadorfBithiitesa Mhesd minctit#ReRn, indludingSdhahg&difFelative W t hout

a change | ninier:gities, can also occur as a result of differences in cation content, framework
compostition, nature and degree of pore filling, crystal size and shape, preferred
orientation and thermal and/or hydrothermal history.
[0033] CHA framework-type molecular sieves and other regular crystalline
solids are built from structurally invariant building units, called Periodic Building

( Units, and are periodically ordered in three dimensions. Structurally disordered
structures are also known and show periodic ordering in dimensions less than
three, i.e., in two, one, or zero dimensions. This phenomenon is called stacking
disorder of structurally invariant Periodic Building Units. Crystal structures built
from Periodic Building Units are called end-member structures if periodic
ordering is achieved in all three dimensions. Disordered structures are those
where the stacking sequence of the Periodic Building Units deviates from periodic
ordering up to statistical stacking sequences.
[0034] Intergrown molecular sieve phases are disordered planar intergrowths
of molecular sieve frameworks. Reference is directed to the "Catalog of
Disordered Zeolite Structures”, 2000 Edition, published by the Structure
Commission of the International Zeolite Association and to the "Collection of
Simulated XRD Powder Patterns 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 ﬁ'ar;xework-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, ie., 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



framewor k at om connectivities. These mnor effects, including changes in
relative intensities, can also occur as a result of differences in cation
content, franmework conposition, nature and degree of pore filling, crystal
size and AW erred orientation and thermal and/ or PE/HBYWONBI0S

hi story. [0033] CHA franework-type nol ecul ar sieves and ot her regul ar
crystalline solids are built fromstructurally invariant building units,
called Periodic Building Units, and are periodically ordered in three

di rensions. Structurally disordered structures are al so known and show
periodic ordering in dinmensions less than three, i.e., in two, one, or zero
di nensi ons. This phenonenon is called stacking disorder of structurally
invariant Periodic Building Units. Crystal structures built from Periodic
Building Units are called end-nmenber structures if periodic ordering is
achieved in all three dinmensions. D sargered structures are those where the
st acki ng sequence of the Periodic Building Units deviates from periodic

ordering up LSl i Nees ]1 r cul ar
o eve phasesaiahal bl HERn ALK MnIEIERGS soohBlils] U HiaUE ol &

f ramewor ks. (E¢AabancRE] framiework-Bfe sequehes resaltainog statkibg Tauldereaiddgon,i t e
Structures”, 2000 Edition, published by the Structure Comm ssion of the

| nt er nat i onatacking fapls panseequein arPuap $HA Phate metsripbwben i SAUCHCRMAfONEd XxRD
Powder Patter; : LS . B H oaLns, 01
it on, - pubrpeiadpinsifitrecc’s ughce Jf GROHANE olimdp imbp HEYES, il

| nt er nat i onais, fde exdampe Ansagaaabbbbbf or a det ail ed expl anati on on intergrown

nol ecul ar | si pha . J0O035]In the case of. a regylar CHA franeyork-type
nol ecul ar si[&xiﬁ,] thé%iierﬁi[awwelﬂﬁ@med' UL Sie¥eh %‘g‘ﬂﬁﬂ e® 64Tt | Ay . There
are two typesaktibRyitem Frond NAHAD Fran¥Wdrktiie riAQ9l1901 TRUY, YarkBaR ifal '~

except "b" is the mrror imge of "a". Wen |ayers of the sanme type stack on
top of one dntergiewn moleculamyiReinsiuchos ABHEHY intengrewthsaeanbe kifested brHA i s

generated. When lLayers "a-.and "b" alternate .i. a _different
f ramewor k t;\/%pg?y @a thosn %ré?fe{r}laf’ %%.c uﬁﬁt% ﬁrg}é‘\ﬁna%%%ﬁ%gan%?%}%ﬁg s‘l‘"e"('/es
conpri se regakahted pdiemsf generied isihy ARorithmeto sigfdate b effadts of egtlng of AEl

framewor k-t ype sequences. .Each change froma CHA to an AEl, framework-type
sequence r edutorder; nNDIFERX, bk A rfkpmnuigr: prograny dased; om 2 mrtematigal modelsfosan” occur

ina pure Odyahase ﬂ%gﬁ%ﬁo@&ggﬂas%89&&{%@;,@@5@&%11@3&%%. MIBOGrddyer o

intersects a sequence o site mrr I mage ers, such as,
exanpl e, i n enahaBmicbdatiigs. of B8 FdyaEIChEmivsk Societyt, \oadon| Aqubat], Medv43s, exhi bi t

a different X-r jff ion pattern.from CHA fra rk- terials.
Thus, - anal y#Ps 3570k cPtan B8 erivaion PEReEm selreRaLy e ARRERRUETS ovi hs,
can be eff eGhetbpharfonAVZe&dlitd ARSdciRbnedsintulate ahé XERDAFowESt FARRAT ford t he
observed patterns wth cal cul ated patterns generated using algorithns to

si mul at e t heamsfoldy t intesgrosnaphaseg eofi genlites (seB1TCallection aof Smputated KRIYr am

based on a t henmgt i cal el. fp I ing. in ities f al s
cont ai ni ng ﬁ’&’%&ﬁ?‘iﬁi‘l‘% goq%egbtﬁ E’X/ﬁi‘]ﬁu&hﬁ;@ %I{J E{Eﬁlﬁ%’@e% ngrg t he _
Royal Cheni Galitics) Qublishedl 61 d@half Af] thd Bhtucti¥e | Cordmissidiof 4RO iheé@atiodadi FFaX is |
t he sinul ation program se] ectel_gsb% and avai] able fromthe | nternational

i et

Zeolite AssdEPH ocEtigni, | I 20 Regy Yerdade thearetnally study AniREERwY

i ntergrown ZeQ AL " | gNpOot 51 er
Pat t er ns fo?ﬂ%ggﬁf?gisl“ by MﬁﬁMﬁg%%att:egoggn% \IJ, . i"éﬁ’wggﬁg“ @gg%?wlﬂéourth
Edi tion, pulSurfseeScioncemoddlatalysis't A895iValcd4ipe- BBAFGsi on of the

I nternation ol i i-afi <1 L has al.so,been used tao thearetically
study int ergé%ﬁ. phﬁ%?ﬁ#ﬁkﬁé ‘@k““a%’ap %ﬂffag_ﬁhgp%ﬁf@gﬂ‘gy‘%d;,&cﬁﬁ erud et
al . in "Stugdident ilvértiohaeenprizes B CHA Franfedork-A5ieSmolet SRf sieVe) eithéf aloRe -
543-550. [0037] The crystalline material enployed in the treatnent nethod of

t he present 2 gnre phase sosignialsersinghepmsence of slocking\fadtsen imclnding atileast, eit her

al one as a a ri i . i faul ts or
i ncl udi ng a!t% H% Z’gmgﬁﬁ%&% gm% gﬁg‘s"’{é‘g g?'%gégﬂ%%{%\%%e?%b%@fﬁ%ﬁ"écul ar
sieve w th phskef fseclens NAF, frameworkstype midleciilamgiever Kii Yigecalgih@r dhdr si eve.

In its calcined and anhydrous form the material preferably does not
conpri se a &nhydrenf urfoRBphobphamatesial/ oprefarablypsdaet | gty Kewmprise f2anewor k

phosphor us gfilolAfidbph8SmRR Aidbr is BBty fe SOfiRY Ok MRsBhorkEhdli Onshi p:

has a composition involving the following molar relationship:




- 13 - (n)X203: Y02, wherein X (if present) is a trivalent elenent, such as
al um num boron, iron, indium galliumor a conbination thereof, typically

al um numw}s ioﬁwﬁs’iﬁt raval ent el enent, such as silicon, tﬂd’rfuéz'oﬁ'ﬁ(ﬁ wm
germani um or a conbination thereof, typically silicon; and nisTtTromO to

| ess than 0.07, preferably fromO to | ess than 0.02, and nore preferably
fromO to less than 0.01. [0038] As used herein, the phrase "substantially
free," with regard to a conponent in a conposition, should be understood to
mean that the conposition contains |ess than about 5 wt% preferably |ess
than about 1 wt% nore preferably I ess than about 0.1 wt% for exanple |ess
t han about 0.05 W% or conpletely none, of the conponent. [0039]In its
as-synthesi zed form the crystalline material treated by the nmethod of the
present invention has a conposition involving the nolar rel ationship:

(n) X203: YO2: (MR (y)M (x) F: zH20, whereild-X, Y, and n are as defined in the
precedi ng paragraph, R is at |east one organic directing agent and Mis an
al kali netal and wherein mranges (XyOsxay, 0.01 to about 2, such as from
about 0.1 to about 1, y ranges fromabout 0 to about 0,07, such as from
about 0 to Whergr & (F Presepini§ed tivalataglsmenty sych @s Apminummoborenc iHols fr om

about 2 to BRW : poruleice : B8 47 ; om about
0 to about f% r’eéﬁel}gﬁl%ﬁaé |sg§tleJr[{). IE?%?&?%‘ con%%‘h?nfszyg%,@ﬁlle%{ present,
t he F conpoglementarsectass adliaing dingi tithniihe geninaniual, @sSa aconetdnationotherded] r
presence during_ crystallizatign and can be at_|I east Eartly renoved by

post - cryst ayPically siligonsandory & { tafess thand) 87, pue Fom, 0 de dess itharg
Mol ecul ar S 8Y Gind¥iibrd péferablyPRGRloHoqbsShid 681 CHA- cont ai ni ng zeol ites can be

arepared from'a reaction mxXture containing a source of water, a source of
an oxi de of [0038] t etAsawsdd hiereit,ethenphidse distbdatally, free,¥ owithereghrdat axi de of
the trivalent el ement X, and

MR R IERCIEE i
contains less than about 5 wt%, preferably less than about 1 wt%, more preferably -
less than about 0.1 wi%, for example less tilan about 0.05 wt%, or completely
none, of the component.

[0039] In its as-synthesized form, the crystalline matenial treated by the
method of the present invention has a composition involving the molar
relationship:

(M)X203:YO:(m)R:(y)M:(x)F:zH,0,

wherein X, Y, and n are as defined in the preceding paragraph, R is at least one
organic directing agent and M is an alkali imetal and wherein m ranges from about
0.01 to about 2, such as from about 0.1 to about 1, y ranges from about ( 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 0 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. Pfeferably, the reaction



- 14 - mxture is substantially free of fluoride ions, although in sone
cases fluoride ions may be present particularly where added as neutral

fluoride salts, for exanple, of the directing agent (R). Useful

and typi cal

ranges forY®RWdéHpbsition, in terms of nole ratios of oREFHES2008P107He

reaction mxture are given in Table 2. TABLE 2 Reactants Useful

H20/Y02 0.1 to 40 5 to 30 Fluoride/Y02 O to 2 0 to 1 R1YO2

-14 -

Typi cal

mixture is substantially free of fluoride ions, although in some cases fluoride ions

may be present particularly where added as neutral fluoride salts, for example, of

the directing agent (R). Useful and typical ranges for the composition, in terms of

mole ratios of oxides, of the reaction mixture are given in Table 2.

TABLE 2
Reactants Useful Typical
H0/Y 0, 0.1t0 40 51030
Fluoride/YO, Oto2 Otol
R/YO, 0.01t02 0.1t01
X0/YO, 0t00.02 0.0005 to 0.007

{0041} In addition, the reaction mixture will normally also contain alkali metal

(M) cations added as part of the sources of the oxides X;0; and/or YQO,.

Typically, the molar ratio of M;0/YO; is between about 0 and about 0.07.

[0042] Where the tetravalent element Y is silicon, suitable sources of silicon

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, although

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-



0.01 to 2 0.1 to 1 X203/Y02 O to 0.02 0.0005 to 0.007 [00411lln addition,
- the reaction mxture will normally also contain alkali netal (M cations
added as e sources of the oxides X203 and/or Y ' y, the
_nol ar raif@?%wﬂkg%PYOZ I s between about 0 and about 0.0fggfg%%gyﬁﬁ%¢e t he
tetravalent elenent Y is silicon, suitable sources of silicon include
silicates, e.g., tetraallcyl orthosilicates, filnmed silica, such as Aerosi
(avai |l abl e from Degussa), and aqueous col | oi dal suspensions of silica, for
exanple, that sold by E.I. du Pont de Nemours under the tradenane Ludox.
Where the trivalent element X is alum num suitable sources of al um num
I ncl ude alum num salts, especially water-soluble salts, such as al um num
nitrate, as well as hydrated al um num oxi des, such as boelunite and
pseudoboel unite. Where the halide is fluoride, suitable sources of fluoride
i ncl ude hydrogen fluoride, although nerlé-beni gn sources of fluoride such as
al kali metal fluorides and fluoride salts of the organic directing agent are

preferred. fm@ @%ﬁdiﬁhhe or gan¢eingbunds,! i Ng adenB%,8-peritineMyl-6%kLbmie- t he
synt hesis of a framewor k-type materjal include adamant anunoni um

conpounds, igrHoEs2. Nagtaveqompspds; N Nadimethylayalohswylamias nanduthg di- and
Nj Nj x tr : xﬁ%géalﬁﬁ%ﬁ%g%ﬁ?h co%@g,& citfin: (1) Zeolites and Related
N, N- di met hyMi@oportiusedhigrialsp Stateiofi then Ao r99dnSeudidy, OF Surface Science and
ety ethY e Satvsts, Vol B4, Bp 5536 B) Rove) Wisrerials in Hatérogeneos Catalysis (6.
Terry K. Baker & Larry L. Murrell), Chapter 2, pp. 14-24, May 1990; (3) J. Am.
( Chem. Soc., 2000, 122, pp. 263-273; and (4) U.S. Patent Nos. 4,544,538 and
6,709,644. Suitable compounds include hydroxides and salts, such as neutral
halides, for example, chlorides and fluorides.
[0044] Alternatively, the organic directing agent R used herein to direct the
formation of a CHA framework-type molecular sieve is a cyclic ammonium
compound having the formula:
[R'IR’R’N-RY* @
wherein
R' and R? are independently selected from hydrocarbyl groups and
hydroxy-substitﬁted hydrocarbyl groups having from 1 to 3 carbon atoms,
provided that R' and R? may be joined to form a nitrogen-containing heterocyclic
structure,
R? 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 hydrocarby! 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.



met hyl pi peri di ni unconpounds, 1, 3, 3, 6, 6- pent anet hy1l- 6- azoni o-

bi cycl o(3. 2. 1) oct ane conpounds, N, N-di net hyl cycl ohexyl am ne, and the bi- and
tri-cyclic nitrogen containing organic conpounds cited in: (1) Zeolites and
Rel at ed M‘W?ﬁ%’ﬂ%ﬂ%“ Materials: State of the Art 1994, StRI/B8208709044 ace

Sci ence and Catalysis, Vol. 84, pp. 29-36; (2) Novel Materials in

Het erogeneous Catalysis (ed. Terry K Baker & Larry L. Murrell), Chapter 2,
pp. 14-24, May 1990; (3) J. Am Chem Soc., 2000, 122, pp. 263-273; and (4)
U. S. Patent Nos. 4,544,538 and 6, 709, 644. Suitabl e conpounds i ncl ude

hydr oxi des and salts, such as neutral halides, for exanple, chlorides and
fluorides. [00441Alternatively, the organic directing agent R used herein to
direct the formation of a CHA framework-type nol ecular sieve is a cyclic
anunoni um conpound having the fornula: [RIRRRSN-R41t Q' wherein Rl and
R2 are independently selected from hydrpgar byl groups and

hydr oxy-substituted hydrocarbyl groups having from1l to 3 carbon atons,
provided thapokd) ans Fndndd@irh@ e 0 4 blofeti! ndl R2Nre

gﬂﬂﬁn- D
het er ocycli c striucture, I's an al kyl “group havi §:§ to 4 carbon atons
and R4 is sdhéependerftlyselegted-from aSmethybgroep angd ah @yl gyoupgamluR’ iscnt éthyylal |y,
substituted by Itq 3. alk roups each hay froqunl to 3, carpo ns; and
e o B BT o A bE gt Pt BN Ol Ctorns HEMAEORIINE  sai o
het erocycl i cdig,@%ﬂmémheggmw,m@@m)yt ed by 1 to 3 alkyl groups
each having froml to ™3 carbon atons and each heteroatomin said

het erocyclic group being selected fromthe group consisting of 0, N, and S,
or 123 and R4 are hydrocarbyl grou aving from1 to 3 carbon atons
joined to forma nitrogen-containing-hetjeroCyclic structure; and Qis aq

ani on, such as hydroxide or halidey,— = (QQ45] I n one enbodiment, R4 i's a
cycl ohexyl group, R and R2 are independently selected froma nethyl group

and an ethyl group and R3 is an ethyl up. In this enbodi nent, preferred
[ RIR2ZR3N- R4] cations include N, N, Ndi t hyl cycl ohexyl ar nnoni um ( DVECHA) :
CH2CH3

N,N,N-methyldiethylcyclohexylammonium (MDECHA):

CH,CH,

+
CH2CH3'—_“N_ CH2CH3

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

CHs

+
CH2CH3_N— CHzCI‘I3

[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-



1+ CH3 -11-CH3 N, N, N-net hyl di et hyl cycl ohexyl anunoni um ( VMDECHA) : CH2
- CH2CH3--N- CH2CH3 and N, N, N-tri et hyl cycl ohexyl anmoni um (TECHA): CH3

004611 n anot her enbodi nent, Rl and |.Q
~a substitute %sﬁﬁﬁsubstitut ed 5- nmenbered nitrogen-con%@@ﬁh‘ﬁéﬁgﬁg

ring. Conveniently,

CH2CH3- N-

w

-17 -

membered nitrogen-containing heterocyclic ring. In this embodiment, a preferred

[R'R’R’N-R*]" cation includes 2,7-dimethyl-1-azonium[5,4] decane (DM27AD):

HsC

[0047} In addition to the organic directing agent for directing the formation of

CH3 1+
1+

to form
cyclic

a CHA framework-type molecular sieve, the reaction mixture may also comprise a -

further organic directing agent for directing the formation of an AEI framework-
type molecular sieve. In this case, the resultant crystalline material will tend to
contain either stacking faults or at least one intergrown phase of a CHA
framework-type molecular 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.



R3 and R4 are hydrocarbyl groups joined to forma substituted or
unsubstituted 6- - 17 - nenbered nitrogen-containing heterocyclic ring. In
this enbodinment, a preferred [ RIRZR3AN-R4i cation incl udes

2, 7- di met NYA 200733384 uni 5, 4] decane (DMR7AD): FI3C N + - . RCNUSZ0PHON0GH47] | n
addition to the organic directing agent for directing the formation of a CHA
framewor k-type nol ecul ar sieve, the reaction m xture nmay al so conprise a
further organic directing agent for directing the formation of an AEl
framewor k-t ype nol ecul ar sieve. In this case, the resultant crystalline
material will tend to contain either stacking faults or at |east one

I ntergrown phase of a CHA framework-type nol ecul ar sieve and an AEI
framewor k-t ype nol ecul ar sieve. Conveniently, said further organic directing
agent conprises a nonocyclic am ne or amoni um conpound, such- as a
substituted piperidine or piperidiniumgnpound, for exanple, a

tetraal |l cyl pi peridi ni um conpound, typically an

N, Ndi et hy1- i me : | gi. i . ' Ly, e feaction
mxture ol sgOBidh a7 CORVBLBRY, Ihe kBl ERRHALhas 2 M bEMBUECH i apbilCd 22C1 0
anount of seqdsacifuogad aban 13afor exbrmpleyabolttib tgab@ntall y the reaction mxture
conprises from about 0.1 ppm by weight to about 10,000 ppm by wei ght, such
as from abodf03Uo plEyBsllizetionfanths %ﬁt?dt"“&?b@@‘%?‘aﬂéio@ﬁgl,'re‘i)fm@éﬁ“ﬁlssl@eds.

Conveni ent |y, ..& e rd [ ?"pﬁ‘@ﬁ @4r ;hg.' an: Akl , LEV,
CHA, ER', A)Iéiuhg@ EE-% r‘éegnﬁbgr"ﬁﬁtaspfg{?m é{'}ldg’r Sl eﬂ%ﬁ e \g;eg%g prg‘;%gbe added
t o t he reactdraminiesststeed aatochves)lat otatgderatorepdabownl 209Cao0 labouti 220A@ 8w such
as water. The production of collojdal seed suyspensions gnd their use in the
aynthest s orspEcGE @ put 30T, de Rieca S B cdasiBrasion toractihar | onal
Publ | cat i on ARaidiDoP UOEASHRBRAR D A LehWhlic oM, RBAEH0 Wklied 0. 2000,

which are fully incorporated herein by reference. -
[ 0049] Convenipetatasynuchias 2 weks, suchndsxdrom abbutsd ampnutes tosdhout 240 hourspfont 14,

[ 0050] Cr yt ArPPRlt i B cahp ol Boi, PR o0 BEwHS) e, S8R clegfods, pp g
condi ti ons itémperature employed, with higher temperatures typically requiring shorter
hydrothermal treatments.
[0051] Typically, the crystalline product is. formed in solution and can be
recovered by standard means, such as by centrifugation or filtration. The
. separated product can also be washed, recovered by centrifugation or filtration and
dried. The resultant product is found to comprise particles with an average crystal
size below 4 microns, such as below 2 microns and typically about 0.5 microms.
[0052] As a result of the crystallization process, the recovered crystalline
product contains within its pores at least a portion of the organic directing agent
used in the synthesis. In a preferred embodiment, 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,



a suitable reactor vessel, such as, for exanple, polypropylene jars or
Tefions-lined or stainless steel autoclaves, at a tenperature of about 120C
to about as about 140C to about 200C, for a tj j.cient for
crystall i%é%g%%ﬁ?@boccur. Formation of the crystalline gr%%w%dalﬁlhsake
anywhere fromaround 30 mnutes up to as nuch as 2 weeks, such as from about
45 m nutes to about 240 hours, for exanple, fromabout 1.0 to about 120
hours. The duration depends on the tenperature enpl oyed, wth higher
tenperatures typically requiring shorter hydrothei mal treatnents.

[ 0051] Typically, the crystalline product is fornmed in solution and can be
recovered by standard neans, such as by centrifiigation or filtration. The
separated product can al so be washed, recovered by centrifugation or
filtration and dried. The resultant product is found to conprise particles
with an average crystal size below 4 mil@rons, such as bel ow 2 nicrons and
typically about 0.5 mcrons. [0052] As a result of the crystallization
process, theompletevar padtigl resioah] from the gthvetcan detagcomplishediby canvemtéonat at

| east a portion of the organic directing agent used in the synthesis. In a
preferred eABTERAUPBRAIOCESHRS: or ganic directing agent is renoved fromthe

nol ecul ar sj I i b i it 1 channel s
of the mol ol ol of oy SRaskiR &l Khd Bepirdiny S K RO O R ER BT e
organi c i s thgpnatatibly any cetiprs, pagitularlycalkali matgl, cationssinethei atsyythesiaed ng t he
nmol ecul ar sjeve.conpri,sjng the.te ate.at ate ratur.e of from ahQout 200C
to about 809%“* ﬁ"’?‘%@"ﬂ?é@g r‘?&agcrbaﬁ cgﬁ Lﬁi?é%cﬁg o)) ﬁ?%?&ﬂnﬁﬁ “ﬁﬁ’st."clpﬁq‘éﬁﬂ @PC ases,

it may be dpsiwmi thelf1,Rakast e paR)] BF WrPéxch ith clRerS¥ibh® N PRIFErrélAVi Ng a
| ow or zero oxygen concentration. This type of process can be used for
partial or repksing: eatioaspipaludefmetab iensgdiyirogen riees,  gregsanprecursen. ek,
intracrystalljne: por C rii r ] | er
organi c directl ﬁlﬁggé@ls?éﬁ&%fggs (ﬁ](i:%%)f[ e?%ﬁg‘?l”gg#{'%%%‘?e‘]ﬁg%}% L’?r%ﬁ% he sieve
can be accowhichstafier the enslytatactiviey foleeatai ihgdroparbon soasers{ofORadtionst he
extent desired an ependi ng on the X203/Y0R2 nolar _ratio of mat eri al ,
any cati onsTheﬁEr"E“ﬂHg? qu'f;?gawa{q eﬂ?&’t’é’l"t"i‘aﬁ%ﬁ?@’f af ﬁﬁ%“ﬂisﬁéyh?ﬁey Sed CHA
framewor k-t yae 1ARIg, i, 308, Rep! V%P@%,'a&d@ﬁ%ﬁ%?dﬁ%&iﬁ iﬁ:@mr%@s wel |
known in the art, at least In part, by ion exchange wth other cations.

Preferred rEBehatsng cations include netal ions, hydrogen ions, hydrogen
precursor, i.cularly preferred

, anponi um igns, and i xtures thereof. .Par
ot i ons. ar cloPRAk e \HceHbe S RAr Eamegwork-pg ontaitip matgritopt tr pappon
hydr ocar bon £opyg! SiARedifRC ik 0BS be Rl S Q%Ht%%ﬂ”coﬁ:ﬁﬁﬁﬁ&?rﬁag metal s
and metals of Goups ER, DA WA VA 113, BB, MB, 1VB, VB, VD3, VDB, and
VDT of the ¢embination with| atherf matesials, sneinas bindgebandipr mattie n@Gitrisls,athatwor k- t ype
cont ai ni ng materi al..of .t.he,inventiaqn.has. n.syat.hesi z it can be -
formul at ed BRYY eé’g%'é'f’% yhs (?3?755%3@?% a‘%&)}‘)@gﬂf}? n@???)eﬁl%%g#tbt her material s,
such as bi ndess] an@aerisBt whichmehe! bl endefatvifr @ ABHA drdmewtiak-thay dness or
catalytic activity to the finished catalyst 100551Materials which can be
bl 'ended wi teentaipingimaterigl el heiinvention st B HeRguiinesl parcaglyticaldy aei¥ent i on can

be various dnefilisOrrHedt ?Aa\féﬁaﬁéglc!ud%cédrﬂllf‘osﬁﬁin@rshaﬁ 3s kIQl%?ﬁn&r%P%ic@al , i ncl ude

conposi tions such as kaolin and other clays, various fornms of rarée earth
met al's, ot hvarions formsodfi taee earthaimgtals, otheymosrresliteatilyst covmoaents,t zeobteponent s,

alumna or aluym.na sol, .titani.a, zitconia vyartz..sil.ica or silica sol, and
mixtur st HADGY CompRREnts ANBYE of 'smin ol WApiar #irSonin Qpatle, Siliea K, or al |
catal yst caslica 08, dnddmpdures theestnl Tiese komporénd sie dlsd Effedtivelih eédlictig t he

catal yst during regeneration, densifying the catalyst and increasing

catal yst staveralksatalyst epstppetingeas aghermal sk tedssistiaheat shigldingthepatalyst zeolitic

terial [ in & ' . | _ : t 0. 90 wei ght
per cent. of dipde; pshtalolt, belfisilhR SRR AHHCIncbARRES el Hoedety,”, 1C'
total cat alwhén blendéPwithShelsbmgomintd, e dAvhdiar b aéolfticamaterial 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.



[ 0056] I n accordance with the invention, the high silica CHA framework-type
nol ecul ar si eve descri bed above is subjected to a mld steam ng treatnent so
as to enhance its selectivity for the production of prime ol efi ns when used
in an oxyJEh20&14¥2%| ef i n conversion process. In one enbBel/HEH07/0107¢ _
enhancenment in prine olefin selectivity can be an increase of at |east about
2% preferably at | east about 4% [0057] The steam ng is typically conducted
at a tenperature of about 400C to about 650C, preferably about 450C to about
600C, for a tine of about 8 hours to about 170 hours, preferably about 10
hours to about 120 hours using an atnosphere containing steamat a parti al
pressure of about 1 psia to about 25 psia (7 to 1721cPa), preferably about 2
psia to about 15 psia (14 to 103 1c2a). [0058]It is believed that the

steam ng heal s defects in the framework structure of the nol ecul ar sieve,
but it is inportant that the steam ng i20nhot so severe as to effect
significant renoval of the alum numfromthe framework structure. Thus, as
the steam ngytHRE bRIH MolesulaP8lf@sed towards the upper ends of the ranges
gi ven above, 1T 15 T0 be appreciated that one or both of the steam ng tine
and st eam pdfesadl phesxordanséwiithdth invtetiomdbe tighoilkicadCHAefrhmewprietyge of

their respectiyve,ranges 059], The. st ean can.,he conducted on th

aa synt heo! FERISTHTRUGIR et pUS i PO o MR FeaRrH, AIREl S Phe

al kal i met alenRaHck Ofi$ selRBINITY Har tHeo Etichy R R&hé ) olefins WHef &eBf B aRl Y. can
be conducted after one or both of the directing agent and the al kali netal

cati ons hav@xygenategarolefin P?n\@rsi@bn’lﬁ’lcéﬂsel Ip onenembotinpgnty dha ersl}an@mﬂtsin
. TIT- i T i
rmterial v SPEoBEn SEcOAR et e o 1 OGO, WeRFY B R0 o o

| i qui ds; forabe&l4e6ti ve nol ecul ar separati on based on size and pol ar L B
properties; as_an ion-exchanger; .as a chemcal carrier; in gas

chr omat ogr agA957} and The stgamings fxpically condpstadat adempemetugp of ahouti4995C teyanpl es
of - 21 - j C A1 SbY P(ﬁjp | ki Ne: 4 ced by

t he met hod C?Pb{uﬁéegoie%/g}r?ﬁ ons’i nc?ﬁ?eqab(tg;&sﬂ‘g/{ r ocréégrcrhletrl\lggtc?? ahglgvsgﬁ%gtyr ol eum
resi dual f eadstbookd70 dyoirs,cpreferaily about d0 hisourhytdrabouadi28t kowrbasge ahocks,

nornally in the presence .,of a hydrogenation co nent is elected from G oups
5 mnd 8t o PGPSR PIB AT PGP eHa L AY08] | BRI BGN THEPRA g
I sonmeri zati QR t&'ﬁ?ﬁ?eﬂgprefé?atﬁ?:aﬁ&&t'zv;ﬁlﬁé’toraﬁﬂﬁé’?s ﬁ§i£ lng_tlU?»h&’aﬂ paraffins from

hydr ocar bon feedstocks typically boiling above 177C, including raffinates
and | ubri catiP®Bloi | Ithabeived tlsat tecsteaming hpals defectsdhithyframewprk sumhison

f eedst ocks, ch a ht ha S .0 | residual. oils,, normally.in the
presence of 02 °a?‘3§e°§@$é‘°éf?=§%‘ﬁﬁ{j‘ ’8’&’9?1“@5[}?@ t§83 FAOUNG 15 JIqY5Q SGVETE gy to
ol i goner i zateffest sfnifitatirafbvanst the anekigemChidhthe fRhicvmrkarhédrd r vmsabout 2

to 21, preferably 2 to 5 carbon atons, to produce nediumto heavy ol efins
whi ch are u#gfthe Steamingtemperainge is ingreasegatomardsicthsr uppey £8ds jof dhg) ranggs ng

stock, and 1 s e () 180 ] ! ol.ef 1 rdd r fins
having 4 to ?aaﬁ%'(\)rﬁ, %tlgg%,b%aérﬁﬁ%‘é%%%i at%en%r%%@s%u@gn%%gr%gg& -
i So- ol ef i nsste@fn) papigt guessgreofshbuddebe alebasd, tovml the hvtdraawds oD theigher !
hydr ocar bons, such as ethyl ene and benzene; (g) disproportionation of

al | cyl ar onafFRHPE BREFbons, such as tol uene, to produce dial kyl aromatic

hydr ocar bo nqoosti)ﬁc h ke ¥teh@ABRScan(Y catldbiedionQie A-sPritABIEddCmBILLRE 8iebens, such
W

as benzene, 1 ol efins, such as et %I ene _and propyl ene, to produce
et hyl benzendéconpiniagthe direcling asgieand Ahe jadmliometl splignsaremaining frgmthear bons,

such as xyl iy i e i LELO q?jﬂg : .

synt hesi s o? plr?}lﬁt;%%s( I%yﬁgﬁrégérgbr{ %Ik{yﬁ c%@?‘gér#&néé& %gcg 1Tl ngf)glretaq} %ﬁf‘é%

however, thagedt\aatiahé alkalinaetal tationk haat dderbpartially o cbmpletély 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 camer; in gas

chromatography; and as a catalyst in organic conversion reactions. Examples of



the invention is useful in the catal ytic conversion of oxygenates to one or
nore ol efins, particularly ethylene and propylene. As used herein, the term
oxygena ined to include, but is not necessari L m o]
allphatléﬁgfcoadﬂﬁj et hers, carbonyl conpounds (aldehydg§¥nk%@%h§@?é

car boxylic acids, carbonates and the like), and al so conpounds cont ai ni ng
het er o- at ons, such as, halides, nmer capt ans, sulfides, am nes, and m xtures

thereof. The aliphatic noiety - 22 - will normally contain fromabout Ito
about 10 carbon atonms, such as from about 1 to about 4 carbon atons.

(0062] Represent ati ve oxygenates include | ower straight chain or branched
aliphatic alcohols, their unsaturated counterparts, and their nitrogen,

hal ogen and sul fur anal ogues. Exanpl es of suitabl e oxygenate conpounds

i ncl ude net hanol ; ethanol; n-propanol; isopropanol; C4-Cl0 al cohols; nethyl
ethyl ether; dinmethyl ether; diethyl ether; di-isopropyl ether; nethyl

nmer captan; nethyl sulfide; nethyl am ne; ethyl nercaptan; di-ethyl sulfide;
di - et hyl arﬁuﬁtableeiatquftimhtasrdfdhc ciystatbhel efayetzn] pdoduced fbyl the anéthodiio€ thedi - net hyl

ket one; acetic acid; n-alk m | kyl hal i Ky ul fides

havi ng n- al RYFAt9RoHsluds; @ﬁﬁefﬁw Sﬂrtshs? BEAGE Ftrolengtr iAot oc&sout 10
carbon at ongycli@Bdckd #d'bder Bﬁﬁﬁ@rﬁékat?@l‘iégé’ baks, Yxoﬁﬂéliyaf?x' lﬁe?i(éﬁ

conpounds are met hanol, dinmethyl ether, or m xfures thereo nost preferably

met hanol . Asydoegsdatiery emmpomm is e!emddo&glgefﬁmues 6dagi grtatl@sOE)ﬂieyPetriodlmr gani ¢
material u Jhe t ot al %e of. feed,to the re ctloB,zone may
A2 "’3 t

Contal o adarERCERehES b EWarirth Beddifd BimpriAdiiad it st

oxygenat e Gemé6et ShafhprchaRs parafiinisc G ag&oegﬁaﬁlﬁedwoo&a t?]&ﬁaﬂy Goflippgenat e,
(optlonally, with one or nore diluents, 1s contacted in the vapor phase in a

eaction zdveveik’{°G, inpludips raffingssi %%Q‘Wé‘lwl%hwt%k%v@ sRtalftic present
I nvention gl &hd %eﬁfhynﬁ-o%ﬁfiﬁ%éed%%ﬂé,tshmgsﬁ aPBﬂQ‘Aﬁ& ré%?@u Ued
olefins. Alternatively, t ecrrle qU|

€ process nay out In a ‘or a
m xed vaporroringlly in ﬂkﬁm@smﬁb@f a haegeppare esxcking caalysteshabuas zaolitd¥; (d)qui d

Cer act vi £ DEOBrPRB PR AR AEGICh i S0 GRS JBN IR BRU R cat al ysi

and the reaﬁéfe%]%?ﬁg' $ aibon AGRRAOVHIBELGY RRAfn 1§ Heav] bI4RAL Gitict Aradener ally

non-reactive to the teedstock or nolecul ar sieve catal’yst conposition and is
typi cal |y usefil for bothl fiwds, ke gasnlmernir agasaimedilending stoylgcametchemicals) ée)

i trogen, | GSBBTPHER Gl AERRE PTBR e ates B Bettet HP o rionct | ve
paraf fins (caseesliydhdrmalbudRSto peluckSiseRIdFHIE(f) %E?dﬂﬁ'lg 81 thwr (iR,

essentially non-reactive aromati c conpounds, and -23 - m xtures t her eof .

The nost prséFtérqse@e@lPF%em blgme hydrosprbang ﬁcbr@fgéﬁlylmct wd/vkmense g)g
articul arl e o] to about
89 mol % ofdﬁ&eﬁﬁ{' i%%ln ee %‘?‘éﬁg% h§t se"Ir‘r:ri)le'J?pa?tﬁ {riéeﬁeé ]to | n the

oxygenat e Gm:lkﬂnmzmlcpmtydmarbmy, sacly BYayleaesy @ raﬂqga;oxsmfhamdncom about

200C to ab 10 l e, f.ro bout 250C t abou; 800 i ncl udi ng
f rom about B AR 5 AEenEy N PIERRTAFIER o CIEHE SEhPOPHEAEAY . 650C

typically fp‘i'&HﬁchMyllgé&Qlé om@d)ouﬁm@mc(:)aneorﬁ@ﬁahsm rl )ﬂ:élkﬂmt 400C to
about 600Chydrocarbons, such as xylenes; (j) catalytic reduction of nitrogen oxides; 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, parﬁcular[y 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



100661Li ght ol efin products will form although not necessarily in optinmm
anounts, at a w de range of pressures, including but not limted to

aut ogenous pressures and pressures in the range of fromabout 0.1 IcPa to
about 10 20008#V&hi ent |y, the pressure is in the rangePGFUBNOHIWAHUtL 7
lcPa to about 5 MPa, such as in the range of from about 50 1cPa 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
oxygenat e conpounds and/or m xtures thereof. Lower and upper extremes of
pressure may adversely affect selectivity, conversion, coking rate, and/or
reaction rate; however, |ight olefins such as ethylene still may form

[ 0067] The process should be continued for a period of time sufficient to
produce the desired olefin products. The reaction time may vary fromtenths
of seconds to a nunmber of hours. The rexxtion tine is largely determ ned by
the reaction tenperature, the pressure, the catal yst sel ected, the weight
hourly spaceyiGldemiajty coﬁt?ﬁ» RERASHohL 1 Whsbuen ovcﬁ{-w])%am, §u|3F a8 Hoff bEstPr 0cess
design characteristitcs. [0068] A w de range of weight hourly space velocities
(" WHSV) for Lteabbetcticarbokataiisl function in the present process. WHSV is

def i ned h ght f eed | udi ng_di.l yent h . weight of a total
react s on’ voll ot *RepERTIAe PRt irdfSde toli erively (e ¢F drpran ©
fillers). Tfmﬁ)é!}fﬂﬁvale&w,qhéiy ufifititafbdRRuhieri @, LR BRIOhitbE AN BRZeR aﬂldogohi t

to about 500 , such as in the range of from - 24 - about 0.5 hi
about 300 hisulfuf gmalegugsp [Examplest dfcsuitablg @xygerfater eorppasnds Ondludg methangbhout 200

hr-1. 00691 ti | mhodi t t t f t he,. t
Comver st oy EhuRal 3-pERan il IRRrRRRG G G Rt VBT bl kb rifieiBi ™ ©
regener at i Oftheli dibtht efher; AiTRHRERY letied Hah3l erapenastetiyl skifdegmbeads aré .

generally not preferred for the process because oxygenate-to-olefin

conver si on ianiBehicgil y mexerpask nitethyb cuddein digthyb gemings  ebykrdiloddeiges with
i nter cool er Sfoﬂﬁdadgémo&t:ﬁ%kﬁxggﬁgtﬁﬁaﬁ&ﬁ-rﬁrﬁﬁ%ﬁg 2012 o f; g@ﬁkﬁ'(lta?nihgs a high

pressure drop e pr pressure, low'density gas.
[ 00701Becausealkyichatides Inysikyhsidfidéschavegemelkyl erbubs efj cemphyingtthe rangacifor

shoul d al |l ow easy renoval of. a portion of the catal yst _to. a, regener.ator,
where the oATom glqutBdo aRBnth Cabam,ams g TBPes fckai BATtcBlRc Sdable g a
conpri sing Qxyg&ite EQhpSURITPAE méhinol! Qiddihf &hér, Rt thdiBo Fhadty St .

which restoreS the catalyst activity. The conditions of tenperature, oxygen
partial pregpseferablyamgthansel. d iscused ibeeein,rthe term Egxygenate’ desipnatesionly thel ect ed

to achieve a_coke content on regenerated catalyst .of less than about 0.5 w
% At I oast dEEgts mROm e pod s PESERE: ThEdoBEbBrEEbr Hied RiBsatRBeR AR Co t he
react or. 10Qqd dohthi® BEdi6RALLAPBInds, ARhGaldAupss. 1S pretreated with dimethyl
et her, a C2- al dehyde conposition and/or a C4-C7 ol efin conposition to

forman int dgfeHed MtéeprueporygenalacenvpsionproRess, 2 fredgioel parmprisinganr k of
e ort b SRR DR U ARHARY, SHUENR gl SRAC AR I o0 L

convert oxyg sita reatnent 1s con ed at_ a
t enper at ur e phhseain 4 eastion Hone Svith aastalyst| coagirisifgGhefl mbleenlanpicee oftthkeast! }

50C, higher than the tenperature used for the oxygenate reaction zope and is
arranged t o PEPERuinyention at cficgfivg, prcess eqpdifions, s gﬁé‘f’ progies, 'S‘Fo&s“:f%rrpl e, at

| east about oRuink0 omtbﬂaﬁbas«,eﬁfea%@dedayﬂaf%rmﬁe@@,ut:ﬁ a3l N&qlid d2s eMlixed total

wei ght of the nolecul ar sieve. Such prelimnary treating to increase the
car bon cont #apordiquidiphasg| S¥hgnothe preages issaringaut i thediquid phase 9ga naixad i s

further desQLLOAtud pHask, AfBlchf BbAUicH thidl ahScelckbifibe FOReastSli/dh2 952

and
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



- 25 - 10/712,953; all of which were filed Novenber 12, 2003, and are fully
I ncorporated herein by reference. EXAMPLES [0072] The invention will now be

nore par t"\,@%@m%ngescri bed with reference to the foll ovij @5%@80 In the

Exanpl es, X-ray Powder Diffractograns were recorded on a Sienens
diffractometer with voltage of 40 kV and current of 30 inA using a Cu
target and Ni-filter (X41.154nm. Elenental analysis of A, Si, and P was
performed using Inductively Coupled Plasna (1 CP) spectroscopy. Exanple 1:
Synt hesis of high-silica chabazite (w thout the use of fluoride)
[0073]42.72 g of a 11.9 wt % aqueous sol ution of N, N, N

tri met hyl adamant anmoni um hydr oxi de ( TMAACH) was added to 9.24 g deioni zed
water and then 8.04 g of H -Sil(r) 233 silica (PPG Industries, USA) was
added to the m xture. The m xture was stirred until a uniformgel was
produced. The H -Sil(r) 233 silica contidisned 0.53 wt % Na, 0.01 wt% K, 0.42
wt% alum na, and 82.2 wt%silica (Si/Al ratio of the material is 164) and
hence t he guiixtwaspbereof. ofhewwstipreferrddodiiuent. @e Patek and(rifrogdn), NadOwater

(1/328) Al 203:. 1. 0Si.02: . 221120 [0074] T el into.four equal .porfipons,

oo gnat ed g R, Fevares *Th (Bl A3y comishatom, oph i Robed 18

foll ows. [ O8Wduk B9 mid10n ofitherStad €ed mixnireOMm t enperature for 2 hours before 200
PPM col | oi dal LEV seeds (14 wt% solid content, Si/Al = 6 for the sieve)

based on t hH0#8] ghtThef tegrperatareceraployed imithe prxygenatgreonversian progess mayl ed in a

23, 1! Ll 16 SI58 bl 145 U B AEPERH b LB BY Ry RL e
room t enper fibutl sbouwn 250°C lie apdhitBOH°C, including from about 250°C to about 750°C,
( & conveniently from about 300°C to about 650°C, typically from about 350°C to
about 600°C, and particularly from about 400°C to about 600°C.

[0066] Light olefin products will form, although not necessarily in optimum
amounts, at a2 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 exchisive 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 an& upper extremes of pressure may adversely affect selectivity,
conversion, coking rate, and/or reaction rate; however, light olefins such as
ethylene still may form.

[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. WHSV is defined as weigl;t of feed
(excluding diluent) per hour per weight of a total reaction volume of molecular
steve 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



dropped from 13 to 11. The sanme anmount of seeds as used with portion A was
added with thorough m xing. The uniformgel was sealed in a 23-nL
Teflon-lined - 26 - Parr autoclave and was heated in a 170C oven for three
days whi | &Q&1033437¢%bl ed at 40 rpm [0077] Porti ons C andPEX8HE7/AW46aged,

nor were seeds added thereto. They were individually sealed in 23-m.
Teflon-1ined Parr autoclaves and were heated in a 170C oven for 5 and 9
days, respectively, with no agitation. [0078] The solid products were

i sol ated and cl eaned by centrifugati on and washing w th dei oni zed wat er

until the conductivity of the washings was |ower than 50 nB/cm The solid
products were dried in a 50C vacuum oven .overni ght. [0079] The XRD patterns
of the products are shown in Figure 1. It can be seen that product A appears
to be pure chabazite (1.65 g product recovered, 11.8%yield based on the

wei ght of the gel), while product B hadyf-trace anount of unidentified
crystalline inpurity. Products C and D were anmorphous and nearly anorphous,

respect i vel YupohPB3GTRS oS 0 21 Ol karble S0 Whek e ol 0.1 A 21 1 9

that no inpurity hases were visib the ¢ ite crystal's were nostly
tw nned cubenboufzmplpn’om mately ‘0.5 pmi n Si ze. 10081] El emrental anal ysi s

yi el ded the follow ng data for Prqduct éln wt % g &7@ Al 203, 0.42;
Si02, 72.1, WRYn coF rrRpnnlcembeslimant 93 1Tegerar 1€’V:§te“Ex Fpihe 9XYEERREI nat i on

?2;’ erarlrg ex%%'i}@&om%@tis? i P8 UirbuiftingPiuid Hell rBALor ARt Sohttfiok® kdgahbadoR) Ot Ocol
similar to 2 modern fluid catalytic cracker. Fixed beds are generally not preferred
for the process because oxygenate-to-olefin conversion is a highly exothermic
process which requires several stages with intercoolers or other cooling devices.
The reaction also results in a high pressure drop due to the production of low
pressure, low density gas,

[0070] Because the catalyst must be regenerated frequently, the reactor should
allow easy removal of a portion of the catalyst to a regenerator, where the catalyst
is subjected to a regeneration medium, such as a gas comprising oxygen, for
example, air, to bum off coke from the catalyst, which restores the catalyst
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 retumed to the reactor.

[0071] In one embodiment, the catalyst is pretreated with dimethyl ether, a C,- L
C,4 aldehyde composition and/or a C4-C5 olefin composition to form an integrated
hydrocarbon co-catalyst 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 Swt% 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



10C¢ mn to 400C under flowi ng nitrogen and dwell for 30 mnutes; (b) switch
to flowng air and resune tenperature ranp at 10C mn to 650C and dwel | at
650C for he cal ci ned sanpl e was i on-exchanged i ] wt %
anmoni um‘gﬁlr}gw g’%—ol ution. Elenental analysis yielded t@@?&é@m&ﬁg dat a
for the calcined and exchanged sanple (in wt%: Na, 0.0125; Al 203, 0.531;
and Si 02, 84.4, which corresponded to NaO.05Al | 00Si 134. - 27 - Exanple 3:
M | d- st eami ng 10083] The cal ci ned and NH4- exchanged sanpl e from Exanple 2 was
| oaded into two fit-bottonmed quartz tubes. The tubes were placed on the fit
of a larger dianeter quartz tube, with the fit located at the m ddle of the
tube. The large tube, along with the two smaller tubes was vertically
positioned inside a tube furnace. Fromthe bottom of the |arge tube,
nitrogen alone or nitrogen with steamin 660: 100 nolar ratio was fed into
the tube. The total pressure was at rms;?ﬁe‘ri c. The tenperature was ranped to
500C at 10C/ mn rate while the nitrogen feed was continued. After the

t enper at ur e 1A42,95 3l ofrehichweso 68d Nexesitrey 1312003t amdjane fully incotposated
commenced. The. fli)rsg_ sanple was retrieved after steamng for 48 hours and

t he second g?rf”é\‘r Y REUFs. These sanples, along with the unsteaned sanple
made in Exanple 2, were tested for MIO perfornmance. Exanple 4. MIO testing
f 0084] The MphapEkP- O efins reaction was carried out in a fixed-bed

m croreactor. Nethanol was fed at a preset pressure and rate to a stainless
st eel react f072ibe Treuswention will nowt beemoed particelatiy dlesaited Witk refeotor t ube

cont ai ned apout i ghed d.si.zed gragul es, of .t at al yst sanpl e
(20- 20" mes henpe ple Thg it i et X piRaider IRAERENRR G Tor 30
inutes at RQAfdel Bnfd Siehitgs DI0AHFrackRh@ECwRRVORARY of\BG k¥ dudfént dhe
roduct effluent was sanpled, at different tines_during the run, wth a

t wel ve- por.t 3G EbIUsHE 3 G pargsl and NhBlterpa0.} sénmh sElemental gaalysiy ofiddcti vat i ng.
The effluen i %I&pé)ﬂ]ﬁil YRS }g/' I t ograph

equi pped w%’h‘ﬁg%ﬁg get ectore The a%gﬁpy%?g‘(]:o e%ﬁpﬁgcﬁg@l%sts at the
end of the MIO test was determ ned by neasuring the weight |oss of the

sanpl e i n aExarhpled : Montheistof hRiNAEIEBa Sibasins(vitHdut (hkQfse Bf Aubddg) rate) .
10085] The testing conditions were as_ fol Ioovvs: t he terTRle_r ature was 540C and
t he pressurl0033] metRaffol Brasf408 psiled THES f casmepu e sphutigi gt ABMENy space

2e grains. oA aitinobidh RldSGeET CHPRLOM ol RIAN toyRRg T °2°¢

On- stream deéiénized water and then 8.04 g of Hi-Sil® 233 silica (PPG Industries, USA) was

added to the mixture. The mixture was stirred until a uniform ge! was produced.
The Hi-Sil® 233 silica contained 0.53 wt% Na, 0.01 wt% K, 0.42 wt% alumina,
and 82.2 wt% silica (Si/Al ratio of the material is 164) and hence the gel
composition was as follows:

(- 0.2 TMAA : (1/120)Na;0 : (1/328)AL,05 : 1.0SiO; : 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
turnbled 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



lifetime 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 WRAWH&E M ¢ summari zed in Figure 3, from whi chPEFUBZOFIWE#6 t hat
both the on-streamlifetine and the prine olefin selectivity inproved with
I ncreasing tinme of steam ng. There was no indication that steam ng had
caused decrease in activity. Table 3 shows selectivity of key MIO products.
TABLE 3 Catal yst Parent Hi Si-CHA Steaned 2 days Steaned 4 days Total MeOH
converted, g MeOH g Sieve 6.42 8.92 9.57 Initial Conversion, %99.1 99.5

-726 -

Parr autoclave and was heated in a 170°C oven for three days while being tumbled
at 40 rpm.

[0077] Portions C and D were not aged, nor were seeds added thereto. They
were individually sealed in 23-mL Teflon-lined Parr autoclaves and were heated in
2 170°C oven for 5 and 9 days, respectively, with no agitation.

[0078] The solid products were isolated and cleaned by centrifugation and
washing with deionized water until the conductivity of the washings was lower _
than 50 mS/cm. The solid products were dried in a 50°C vacuum oven overnight.

[0079] The XRD patterns of the products are shown in Figure 1. It can be

seen that product A appears to be pure chabazite (1.65 g product recovered, 11.8%

yield based on the weight of the gel), while product B had a trace amount of
unidentified crystalline impurity. Products C and D were amorphous and nearly
amorphous, respectively.

[0080] The SEM of Product A is shown in Figure 2, indicating that no
impurity phases were visible and the chabazite crystals were 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; Al;Os, 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,O;, 0.531; and SiO,,
84.4, which corresponded to Nag gsAl; goSitas.



99.4 C2= + Or=64.7 66.2 67.8 C2--4 C3= 1.11 1.16 1.16 CH4 7.65 7.36 6.51
C3114 0. 44

WO 2007/145724 PCT/US2007/010746

-27.

Example 3: Mild-steaming
[0083] The calcined and NHs-exchanged sample from Example 2 was loaded

into two frit-bottomed quartz tubes. The tubes were placed on the frit of a larger

diameter quartz tube, with the frit located at the middle of the tube. The large

tube, along with the two smaller tubes was vertically positioned inside a tube

furnace. From the bottom of the large tube, nitrogen alone or nitrogen with steam

( in 660:100 molar ratio was fed into the tube. The total pressure was atmospheric.
| The temperature was ramped to 500°C at 10°C/min rate while the nitrogen feed
was continued. Afier the temperature had stabilized at 500°C, feeding of nitrogen

with steam commenced. The first sample was retrieved after steaming for 48

hours and the second after 96 hours. These samples, along with the unsteamed

sample made in Example 2, were tested for MTO performance.

Example 4: MTO testing
[0084] The Methanol-To-Olefins reaction was carried out in a fixed-bed

microreactor. Methanol was fed at a preset pressure and rate to a stainless steel
reactor tube housed in an isothermally heated zone. The reacior tube 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



0.44 0.42 End of Run Coke 9.3% on sieve 6.3%on sieve [00871Table 3
clearly shows that mld steam ng caused MIO performance to inprove in al nost

every nmeasure, including an increase in the selectivity to ethylene plus
propyl ene VP &0dd#Yéhses in the selectivity for nethane aReT/ESKA7/0100688] Wil e

t he present invention has been described and illustrated by reference to
particul ar enbodi nents, 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 nade solely to the
appended cl ai ns for purposes of determning the true scope of the present
I nvention. - 29 - CLAIMS What Is Clained Is: 1. A nethod of treating a
crystalline material conprising a CHA franmework-type nol ecul ar si eve,
wherein said crystalline material was formed using an organic directing
agent and has a conposition involving 18- nol ar rel ati onshi p:

lifetime refers to the CMCPS when methanol conversion has dropped to 10%.

The product selectivities are reported as averages over the entire conversion range,

rather than from a single point in effluent composition.

[0086] The results are summarized in Figure 3, from which it is clear that both

the on-stream lifetime and the prime olefin selectivity improved with increasing

time of steaming. There was no indication that steaming had caused decrease in

activity. Table 3 shows selectivity of key MTO products. .

TABLE 3
Catalyst Parent HiSi-CHA Stecamed 2 days | Stcamed 4 days
Total MeOH converted, g 6.42 3.92 9.57
MeOH/g Sieve
Initial Conversion, % 99.1 99.5 99.4
C=+Cy= 64.7 66.2 67.8
Cy=/ Cy= 1.11 1.16 1.16
CH;, 7.65 7.36 6.51
C;H, 0.44 0.44 0.42
End of Run Coke 9.3% on sieve 6.3% on sieve

[0087] Table 3 clearly shows that mild steaming caused MTO performance to _
improve in almost every measure, including an increase in the selectivity to
ethylene plus propylene and decreases in the selectivity for methane and coke.

[0088] 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.



(n) X203: Y02, where X is a trivalent elenent, Y is a tetraval ent el enent, and
nis less than 0.07, the nethod conpri sing: after said organic
directing agent has been partially or conpletely renoved by a post-synthesis
treatment, treating said crystalline material with steamat a tenperature of
400C to 650C, for a tinme of 8 hours to L7®-hours, and at a steam parti al
pressure of 1 psia to 25 psia (7 to 172 kPa), to forma treated crystalline
material having a first prinme olefin selectivity in an oxygenate conversion
process, wherein the untreated material has a second prine olefin

sel ecti \ﬁIeéIMﬁ t he sane oxygenate conversi on process, such that the first

prime olﬂ&tr}sgﬁﬁg&wity is greater than the second prinme ol efin
selectivity, and " wherein said crystalline material does not conprise a

si | i coallum nophashbatdt, tregingubsdranilliaé liyatbrisecahpisigrawoHkA pikasehskigpe Or
both. 2. The nethod of claim1, wherein the first prinme olefin selectivity
is at | endleclmosieveonhpreintsaid eryatgllingematsdahwap domredopsng gnsupane iditeeing 3,

The net | ¢l a [0 Dd Spf0m 0. 0005 to 0.007. 4. A
ot hod. Rot e R BrheStndi Bliire DR B oRub T & 0072 G

framewor k-type nol ecul ar si eve and@ixyORy, conposi tion involving the nolar
rel ationship: (n)X203:Y02, wherein Xis a trivalent elenment, Yis a

t et r avalvdisre &l s gerivalenfeiementsY ea tctranalantoelements and mistlpssdheamBr i e mpthod
(a)prep%ri ng.a reaction mxture capable of formng said material, said

m xture glénr?pfi &i ng a source of water, a source of an oxide of a tetraval ent

el ement Y anQfiePitid 6RRhicydireatiS@UEehe hef b parialle odfcomplatdly dfotededyedpak- X, -
30 - (b) maintaining said reaction m xture under conditions sufficient

t o for msynthesinireatments deating spat enybtalhiae meatestal ayith steam at a temperature of 400°C to
650°C, for a time of 8 hours to 170 hours, and at a steam partial pressure of 1 psia to 25 psia

(7 to 172 kPa), to form a treated crystalline material having a first prime olefin selectivity in
an oxygenate CONversion process,

wherein the untreated material has a second prime olefin selectivity 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 first prime olefin selectivity is at least about 2%

greater than the second prime olefin selectivity.
3. The method of claim 1 or claim 2, wherein n is from 0.0005 to 0.007.

4, A method of synthesizing a crystalline material comprising a CHA framework-type
molecular sieve and having a composition involving the molar relationship:
(1)X30;3:YO,,
wherein X is a trivalent element, Y is a tetravalent element, and n is less than 0.07, the
method comprising:
(a)  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



(c) recovering said crystalline materi al; (d) renoving an organic
directing agent fromsaid recovered crystalline material; and (e)
separately fromsaid renoving, contacting said crystalline material with an
at nosphere containing steamat a tenperature of 400C to 650C for a tine of 8
hours to 170 hours. 5. The nmethod of claBfh4, said atnosphere conprises a
steam partial pressure of 1 psia to 25 psia (7 to 172 kPa). 6. The nethod
of claim4 or claimb5, wherein the reaction mxture in (a) is substantially
free of all fluoride.ions. 7, The nethod of, any one of .clains_.4 to 6,
wherein the &3t i GRPAIRHIE @ Fraplign Tiute gy randiions SRt &Y falmepiilse: a
i ons and0¥ggﬂgﬁggm c§Hatefiystal line material in step (d) contains alkal
nmetal. 8. The 'nethod of any one of clains 4 to 7, wherein the directing

agent is renoyed f renovermeg sataystebinemapatall | i ne material in step (d) prior
to contacting said crystalline ma&.eri.al w th said.at nosphere (‘lgnt ai ni ,ng
steamin step{Pe). Te18OViH an prganicdiggeting aget g Tegoxpied GRRtelEnG materialy| ogs
than 0.03,qpreferably Iess than 0.01. 10. The nethod of any one of clains 4
to 9, wherein nis fromO0.0005 to 0.007. 11. The nethod of any preceding
clai m wherei e)Y i semardtelyofiomtsaid rémdvamg, wontagengramiduerystaliine matedial neith an

t hereof , and erein X is alumnum boron, jron, jndium .gallium or

conbi nat iaBWSPﬁ%Péelﬁt@m ngstear 8t A {AHSERTYE 03&95‘%?@@&@&50%? it fSHwE 1 190 s
silicon fﬁ?ﬁ’rs?(i s alum num 13. The use of steam ng at a tenperature of 400C
to 650C, tor a tine of 8 hours to 170 hours, and at a steam partial pressure

of 1 psiato 25 psia (7 to 172 kPa) to enhance the prime -31 - olefin
sel ectiviSty i Thamethydyehelain 4osmikatgiosphare oorepesesfa sheam pattial piessureraf b psial

conprisin % fr k-type nol ecul ar sieve and having a conposition
i nvol vi né‘ggﬁgﬂ% E’rﬁ&%'i onshi p:

6. The method of claim 4 or claim 5, wherein the reaction mixture in () is substantially

free of all fluoride ions.

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 recovered crystalline material in step (d)

contains alkali metal.

8. The method of any one of claims 4 to 7, wherein the directing agent is removed from
the recovered crystalline material in step (d) prior to contacting said crystalline material with

said atmosphere containing steam in step {e).

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

10.  The method of any one of claims 4 to 9, wherein n is from 0.0005 to 0.007.

11.  The method of any preceding claim, wherein Y is silicon, tin, titanium, germanium, or
a combination thereof, and wherein X is aluminum, boron, iron, indium, gallium, or a

combination thereof.
12. The method of any preceding claim, wherein Y is silicon and X is aluminum.

13.  The use of steaming at a temperature of 400°C to 650°C, for a time of 8 hours to 170
hours, and at a steam partial pressure of 1 psia to 25 psia (7 to 172 kPa) to enhance the prime



(n) X203: Y02, where X is a trivalent elenent, Y is a tetraval ent el enent, and
nis less than 0.07, and wherein said crystalline material does not conprise
.a silicoal um nophosphate, is substantially free of franmework phosphorus, or
both. 14. A crystalline material conprising a CHA framework-type nol ecul ar
. Sieve treated or synthesized by the nethedl ef any preceding claim 15. A
"process for producing olefins conprising contacting an organi ¢ oxygenate
conpound under oxygenate conversion conditions with a catal yst conprising
t he crystla%ilinle material of claim14., . . .

olefin selectivity 1n an oxygenate conversion process of a crystalline material comprising a

CHA framework-type molecular sieve and having a composition involving the molar

relationship:

(n)X505: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.

14. A crystalline material comprising a CHA framework-type molecular sieve treated or

synthesized by the method of any preceding claim.

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

material of claim 14.



