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ENHANCEMENT OF MOLECULAR SI EVE PERFORMANCE BACKGROUND
OF THE I NVENTI ON [0001] This invention relates to a
w@e@eesrsd or produci ng an enhanced catal yst, tP€I/US2006/023734
catal yst and the use of this catalyst for converting
oxygenates to light olefins. Mdire particularly, the
process of this invention is highly efficient in
converting nmethanol to light olefins due to the use of
cat al y SNHADNEMENTIQN MQLESUL ARSNSME PEBGORMANER ns
are traditionally produced from petrol eum f eedst ock by
catal ytic or st | I e cracking
processes, espgggmﬁ@@mgﬁﬁm,ﬁNgmgﬁce l'i ght
ol efin(s) such as ethyl ene and/ or propylene froma
[000¥Fr i éIthys inﬁrel’(titﬂmrxela&rsb@a pfc&vedsﬁ)@pﬂoﬂumhg ah ashdneed cdealgsinthe catalyst
or so enat es, c| al ohoI S,
andé e yse Eﬁaﬁar yst rézog B’ 9}F3tgegatp§1 1ght gi#ma p]l'erﬂagt)cularly, the
procayé of H’ﬁ?frﬁf@ﬁtﬁ% ﬁlf'ﬁét'lﬁﬁ @ﬁcfeﬁf‘ﬁlexfoﬁ B‘ﬁ g'ﬁ%l%%% 103 BRERL i¥e to the
referred to as hanol -t o- ?) (MIFrOQ) process,
useametabfstsdtahmgcﬂfawerabbma@btsed to et hyl ene and propyl ene
r_sieve.

000" XGafdiiR R iuRne i BRaSEH B BufolGim ettt by Salytic o steam

craclh® PRicBskes. h@le%@ﬁél«ﬁné Procédst$ éﬁ%ﬁiaﬂ? s&éﬁh“&m% fpi?tfduce light
produci ng h ocar bon products rrFortant ty
i@@ 0

olefig(s) aychaps ethfydang angfor pmytﬁne@n@ma tsarleéy higiwcaésb@r E’aﬁ@ﬁt%ké It has
|

beengzéxg '}ﬁlfasﬁo t?rlﬂg ﬂéar@xg%e%ﬁﬂ %;affcﬁ’a"i‘ o‘ﬁ e%; &?r{eh?ﬁ@%e

conveftibld ingd l‘igl{t olﬁmés)dﬂ“ﬁé lferﬁbtlhﬁéthardﬂ tmwaydmrcpmbmag Qenerally

and nmet hyl formate. ese_oxygenates ma be pr oduced
refergigl tp s mekiagel- tmoleﬁn(S) O3 priicREss Maersagethanql isepnipisd to ethylene

andﬁg@, r| angtﬁéP gtc(rﬁq,lfgqﬁglt ifigs, carbonaceous

coa recycled pl asti cs,

[00081ni Y h&tdimntmbﬁmpl,y amld mntrhmngxrog’a@ﬁ arudetdithasyremptadehe search for
rocess that artlgy%arl useful in producin

S A Reasbor RIPHNIH AT, BPIRFaRLAF BbAismate focd

for tROBHoBSARAI F |lfg}it S18fihd 8BbxPE@hielSsucH BEaleHBIE ﬁoﬁftﬁ:lularlty methanol and
interest in the MO process I s based on tRe fact

ethamads ¢thero sudhoas dimethiyt ethere thefhyd mthybettied, yndadigtblybether, damthyl

material s .sych a or natura as ' e .
carbBRE A e Flnfile, 08 P BB A Bttty efipgptation, or from
syntRdsRCES 988vddofrfh odHes daBifRabRIm iA@Y barb¥yAes@t BateAilS, including

converted to an ol efin product t rou h a catal ytic

coal gegycdessplastiss, m@mvmﬁlswemes@pr @thﬁrezraam@ maéﬁrwﬂSh @ne process that is

T T
espesially eslighidlefiReThereaeichil iféresdsn thﬁiylf[b)epm&ﬁsé if eused b the fact

production of olefins from OX¥ enat e
that GiefheBelgen e ‘@uUPaterigs sydsaspggkor natural gas

whlcgl‘fagg terfg@%‘ﬂ) hBafé s%th%é&& %hs%&hi%ﬁ i/l thh prBodsBdPto G5 Rlo¥ biethanol.

[0004] Oxygenates are converted to an olefin product through a catalytic process. The

conversion of a feed containing oxygenates is usually conducted in the presence of a
molecular sieve catalyst. Although ZSM-type molecular sieves and other molecular sieves
may be used for the production of olefins from oxygenates, silicoaluminophosphate (SAPO)
molecular sieves have been found to be of particular value in this catalytic process.

[0005] Silicoaluminophosphate molecular sieves are manufactured from sources of

silicon, such as a silica sol, aluminum, such as hydrated aluminum oxide and phosphorus,
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[ 0005] Silicoal um nophosphate nol ecul ar sieves are
manuf actured from sources of silicon, such as a silica
W@ i07/0ad2600M num such as hydrated al um num oxi deCEHOS2006/023734

phosphor us, such as orthophosphoric acid. In addition,
an organic tenplate such as tetraethyl ani noni um
hydr oxi de, isopropylam ne or di-n-propylamne is used.
SAPO- 34 belongs to the fami |y of nolecul ar sieves

suchfag vithgphosphagicragist. i additjere aprganis tewplate suchms tesragthylammonium

chabazite (CHA). The CHA. fr.amewor s;a doupl .
hyarGi30 Bk Sdomink or AR nr S B B R AP IR B Y ity of
mole¢iiansidvagaiapidiadhe sthaturt eygetf thdRohinh ehicahl chabaditd é@IQ.iA?.- The CHA

[ 0006] The preparation and characterization of SAPO 34
fralnﬁ\a@r%%haseqmw%@omwmg strastare ip ap &R (s stapldng afrargepsnt when

: 4 Y ..Oof which are herein
viewd BB e 18 E 8D 0007] “One of The
[0006pst Theposgasationent) charaetatizatioh of BAPKIFO! havwen semated in several

vaters gefiine 95 &40G Tena L oReERRT bt tomish s hbtsin il
inco@%%b}ifé?éré&%eye- Accordingly, it is inportant to

utilize a catal yst which maximzes the production of
{0007 hes Onpradducmest imperhntsnbodiméntgbl the A E@ cofiversiow prosessiis

. f,t startin nel . .and, does nat. deacti,vat,e
direcfegt b SioRikeioN b SR8t 1 BonlstRr Sl hingIREh 215  Seshon atoms,
inchgRRYAESor@ngBT itTeinhsaht foutidize b cAglysShitich %faxﬁiiﬁlepﬁfeg)roduction of
relatively high product selectivi ttztht o ethylene an

thesqprogydts mesults itla higly deetsd @€ consierseen ohthe gtartinggnethial andriges not

... W r re.. S +.0l efin). 0
sy BN oYY TR R R RTS8 ki R BRBnor
olefin®) ISRNO-34 eghibitefelitBely gl piddatt SR EvikOW @hylewOdhd propylene, and
content. Silicoal um nophosphates of the CHA franmework

low prpgictiplertivitifogrratin And ehtia Fth-lorr eraneiecarbomg (C4-+ olefin).

SIT I . ; g
(000855 S gkl 8l L Gy R OHESE RS S RR h ths have
low silicbrientend Silicpabahiabylsisphiaecafi tha CHA framowetketype withHaw silicon

roven difficylt to nake. pyr ase o
cont _ﬁﬁ%@éﬁlﬁﬂ%ﬁ%@ﬁa@@ﬁ?fgﬂ%ﬁ B0 essed gifjcgnygpntent has the
effect bf ticihg ﬁ?&ﬂéﬂk RAnfafibh Ond ﬁ&?&%ﬂng'cﬁtaﬁﬁ? déctivat¥ Ay }B‘é\?ver, it has

attenpt s have been nade to i nprove the synthesis o
proven fidficult toSNE® prot pask A A sidiced um@ophaspbatsandletidar sikven with low
i t&e addi tion of a source of fluoride ions to the
silicg {0 AWREALAYS -y t yre. However, this approach has the

[0009] Sady 3 @€ &/atibad attBRitts Rivelden fladOtd o Eahe 8y @RS of AIPO4 or
safety or environnental concerns due to their

SAPQonplerelgr sievnsr 98¢ ermearh han besndhaadditiey of 2 souer pldflunside ions to

| ghl. eS| I 0 I S VOj '
e S0 AE BRLE LR B BRE BRSSP e
fluofiddd@bnseeost) Bdfaiyror R viesHRadl dsncehediR t6 digiotRitsy hedtsiveness and
two or more fluorine substituents, as the source of
volatilityohtjvepild Behignly desiatls i avsiagregess that avoids their use. US 6,620,983

B1 describes the use of other fluorine containing compounds. These compounds have two or

more fluorine substituents, as the source of fluoride ion, in the synthesis of
aluminophosphates or silicoaluminophosphates. Although the molecular sieves produced are
described as having the desired chabazite crystal structure, they produce a lower than desired

yield of light olefins when used in a methanol to olefins process. Therefore, these other
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al um nophosphat es or silicoal um nophosphates. Although
t he nol ecul ar sieves produced are descri bed as havi ng
wao b@7adersr ed chabazite crystal structure, theyP@r/os2006023734
a lower than desired yield of |ight ol efins when used
in a nethanol to olefins process. Therefore, these
ot herfl uori ne containi ng conpounds are not the
sol ution sought. It would also be desirable to have a
fluorine centainimg¢cinngounds ateynst thersobution sought it woultbatgpelreadasizable to have
a cﬂ%iigs. &q&ﬁpﬁ [t is thﬁrefor% qgsir ble to find new
moff; FHeeH LG ertalE 1 RORYLSION QL PHIEE R} O NSy nt hesi s of
[00101D! egiik BersfoRVRSIrAEIY tdEnd Ay piddedsea FRUEH KrelsPREfic fr the synthesis
particular need is to find nethods of preparing | ow

of melpeylarsieyapbnving thefBA fneseask typisi Arpagticulastneed iup fiadipgshods of

I I [ e I
prepfifi B3 f O SRRR O BlE eR w e o S e A Egen
fluorlewe bthed flioriddéshe synt hesi s of metal |l oal um nophosphat e
nol ecul ar sieves that overconmes many of the problens

i nherent in the L Qr ar hesis. [0012]

Mor e speci ficall 5&‘&4@%9%@‘%%3‘@&@? ng

net al | oal um nophosphat e nol ecul ar si eves conpri ses
[0011] T StThBpHRsskE iRGerfiot PESVIGRM AEROD brthPfnthekR of0 W - %

met al oxide on a dry oxide basis and then formntlg a )
metaHealeminophedpheigmeoleaprsieyiesn that ayetcapesdyanyaofsbe probless inherent in

| um nu a source. of phosphorus, at |east one organic
1hepﬁ@ﬁ%%%?@?ﬂgﬂgﬁmlmﬁgUrce of netal, and then inducing

[001Z] Vs ik ispedificullyPthe idtadd £ brophiinphesibaluthinephespaty molecular
sieve fromthe reaction m xture, The source of net

|
sievep COMAPHERS TSt RsEHingoriceh eondeingig ferm e 8P vexo gl idgeon a dry
oridd B RPIp LT L MO AR kel dnd BROPEER: 4 1 A dumin
a souree @& phogfherusedt lead ode omahicaémplate, am @sbinea of hiveal paidahen

inducl;iag, ét{yltsizaﬁf;gg&ggf %E%ngﬁtgggnq%g)gpga{e% igcu ar s[ieQ/ce): 3(;m :tr}pel rgaction

it !TH&&JuPéQd}Qﬁ 9%5}8 {1€s ARIVRE UbRlenBARES AstalCRhd %h ti
i t ﬁat contain ti]‘?[n erg1 ?Sor conv!()ertelnng%r{rlet han%ﬁcé{lo ?6i gﬁ‘eac on
mixtaledhamis prdseitlid theleed. Fromnit-b on%df metaheride sypesestin these reaction

RSN R R TN ——

is Siopnpri ses a higher concentration of silica than does a

| arger second portion of the nolecular sieve. The
[0013] r s Thisoinyemsionailso ¢oenpriseeetingihess shieoabunippplasph@e pplecular
- W -9% sl and the larger second rti;Qn c rkSi ng
sievas Cllvads OBt i R eaP 0N E Baby g EBIREREL ", o,
[0014) | | Clhe idVe@itiph ElireHiel €OmPHbS QoRE]l Gy @Mtise BitivealamfEdphosphate

molefgr.l]irrrsei\g\?er il; vtvﬁ/lgl? a ﬁ'?\s% Ipo];tgo%rroefv‘éﬁer rl;o{e)églif sig\rf]e éorgllzi‘gsgeg g%g%eg f
concentration of silica than does a larger second portion of the molecular sieve. The first
portion of the molecular sieve comprises 5-20 wt-% silica and the larger second portion
comprising the remainder of the molecular sieve comprises 1-5 wt% silica. The preferred
molecular sieves have a CHA framework type, AEI framework type, an intergrowth of CHA

and AEI framework types or a mixture of at least two of said framework types.
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and AEl framework types or a mxture of at |east two
of said framework types. DETAI LED DESCRI PTI ON OF THE
WO DERT2EON [ 0015] The process of the instant |iPWVBENS10061023734
concerns the preparation of and the use of
si | i coal um nophosphat e nol ecul ar sieves which is a
type of ELAPO nol ecul ar sieve. O her types of
al um nophosphat es nay be prepared as well. ELAPGCs are
mol ecul ar SPEBVASLERLHSCRIVETANtOIf dEIEIINNIA THOR|
m croporous framework structure of AlO4, PO and ELO4

oS AR08 P o e
siliceablminbpltbsphaiemidieulir el¢pecwhish 3 4 yPe of EBAPIEMBlecular sieve. Other

nesj u zinc, iron, cobalt, nickel, manganese, . )
YD Gl RRPAFRENRFK Y B8 Drapiedgp welly ELAPCisites melegular sieves which
f r j 3 % !; EI Q po n yII
haweiastﬁtt%% ﬁﬂgﬁo%% acti 8(?1}%2 ﬁ# @'Jg#% ag Y {)/ﬁliqgéd"of 4a2?ﬂdl %Ié%
tetraled@al unitg."GénsrallyeherBLAPOsdave the eofpiftah ficintvdes a val ue of

at | east ) O.‘.Ol and x+y+z®€.4]\é\tv1§5bEL is a mxture of

metals, "x" represents amount  of the netal

wher@TEL} id hendhIeeRted f?dn@ﬁi%_r%r&% SBrksAtifg bFklicd, SaphtdieRNzinc, iron,
magnesi um and cobalt with silicon being especially

cobaliy mitlslyraanganess, lypmiurh and giiguees thereath® s dwenole fraction of EL and

s d VGV AR PR HAp SRR S plla Lt ppescor,

“z” isthReolp fiadtied of A hed Baedy A &t BastaROPANSLSyHz-0"Wheh BL is a
20 % netal and preferably 8 to 15 w % netal and nost

mixtpiecd gyeit.y X1 eontesents the tyataigrnt ofthe ksl mugiyed presenirdireferred
: (6] r.. g |21
metafAES i oo hEpostoh U QR Wil S PR b8kl P terre. The
moleotlaesievasgif ¢lth @aseht tvemionsare hradewlthtaosebd wiatering bﬁhighﬂdn?tal
referably 2. tq 4 % metal ., [0016] The preparation of

contdyi fiag jS Prebsin | r@%"gkﬁbﬁ"? Pffogh‘é- Ls Seodpsorial pgmprises from
5 to F-ARP IBhICRH RleRbBVER BT Rtof hiMd1 8l AR f%féﬁé(tﬁ? b RS 5o

crystallization froma reaction m xture contal ning
metat.eadowerdevel wf owgal ebnteht, is fbwndiin tim otrdsgiedicnss thatdraused to

tenpl atj ng_agent. Reaclive sources.of EL are the. netal,
prepf e Aol d S6Vk arofifto PiedE o Bt R RIS EUHEE Hind g0 %6 metal
and préfepdbly ¢ @04 wi%ihe@s of silicon include funed,

idal, precipitated or al koxide fornms of silica.

IOOI%EaC?ﬁh@@rm@@snfaﬁriwmmg@s swcvhsprionse ar ceneal, FLAPO
moldA T Ry S35 i Dt R MO P B AN 6icPThith ageagtign misture

contdlbidp @EaTaKY s@Tea BN, ahmdawndshosphdrieshieniehiplatiRthgent. Reactive
templ ati ng agent is tetraethyl anmoni um hydroxide =
sourgey pABH)are Theenoipkaltparcbeas i chipradromd piiate &lis Wéen Blps silicon,
ol SEBUARI0 0 5004, SUBELE RS AN PG R
sources @f afuntigh apd phbdgphbrustasy pseudd-bddh@ite alumina and phosphoric acid.

Templating agents that are used include amines and quaternary ammonium compounds. A
frequently used templating agent is tetraecthylammonium hydroxide (TEAOH). When the
molecular sieves are calcined, the resulting AIPO’s or SAPO’s have an x-ray diffraction
(XRD) pattern typical of the CHA framework type and are of high purity in terms of their
framework type. Seed crystals having higher silicon concentration than the desired molecular

sieve are used to produce the CHA framework type crystals. Without the use of the seed

-4 -
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framework type. Seed crystals having higher silicon

concentration than the desired nol ecul ar sieve are
wa@g@doo2spr oduce the CHA franmework type cryst aPGI/US2006/023734

Wthout the use of the seedcrystals of higher silicon

concentration than the remai nder of the reaction

m xture, the intergrowh content is higher. [0017] The

reaction m xture, consisting of a source of alum num
crystalsed bigher siticgrhensseigratiog thaprtbe tamanades of thepartiongnixture, the

. ed,crystals, and, one or nore netal
mtergl%ﬁftn%??ﬂtﬁlglggﬁé%ﬁ]nds is placed in a seal ed pressure
[001ES S élthe réqpiion Msikiuye, Icbngslingl dffa saiirck BEATumnAS] 4 ource of
mat eri al such as pol ytetrafl uoroeé}h}él ene and heat ed
2

phosphrpes, 8B¢ 9 MRERlemRIAtng daes spekarzsiple, and, ane eparenefpkeontaining

com}gchbggﬁ;bé%%gwg sgarfgcp}?i'fe@ﬁge v sgﬁ{lg ;%ﬁ&é%l}}?ﬁﬁé@ﬁ?@? éllq &e?ﬂﬂastic

I'ne sufficlie e cry
matefighsuchlal polytduafitomethykne ead heaved frefepably Ondwrant gamslis pressure at a

O L e R aen P COAMA R Rl L (et S
sufficRfttb iptdtHRE RRIald ybfcﬁltl}b, e Phe V2GRN to 190 £8rs HAE preferably

mol ecul ar si éves the 'present 1 nvention may be
fromcdntbi48durs. The desdred prodctisirenoveled by mgy agevenssnt sepafasiommethod

a nolecul ar si.eve catalyst conposition or a fornul ated
SuChr?ﬁF%IgUﬁ%aagl?’@ﬁat&%%fl%g%ﬁ%nposi tion. The fornul ating
[0018pENtTheFBYleRarE e bf még)@eseﬁctiﬁwr@bﬁ S RCoBebihddOMith BRe or more

group consi sting of binding Q%gi%s, matrix or filler

tce

formplgtiag nggnds, dafamya melgoplar sieve mipasitor ara frrruatedsmolecular
: f i . | ' | vst
siovd 818 bomfhl ot BB A LG LGS 5 s s

frompt@eé gtoub@sndiytinged flbikdieyigenes Matriiiersiilie eiuté@tal S@talytically active
drying, .pelletizi n%{h,or extrysign. Matrix materials, k6 .
mategels a0y prigaresthereek dhistermylated mpleowpr sirae sptelysheamppesition is
formE i P Ay PR B kb Rh (2RRlaBks b as spray drying
pelletizmgpbresx tuision Nylatregmaterials iacenty pideliys efffgativg i reduciag alvyiatl catalyst
conposi tion, increasing. catalyst strength such as "
cost R BPEts B Sk Bt Sif el Sl Bt edh thegatalyst Somposicion, or
exang 8 dubink 'ré’%n&ﬁﬁoﬁ %ﬁsi@ir&%ﬂﬁ%ﬁfaﬂs@&mﬁbsﬁi&@ [rdck&iding eatalyst
process. [0019] Upon conbini ng the nol ecular sieve and
strengHesueh as cxushatrengitlahnd gpitionmedistynagi ard ia contmolding thewate of
| i qt?ui.d to forma slurry, mxing, preferably rigorous
conversianig a Rarticllar LaCcesy; o oduce a substantial |y

[001%}; MO ggMRdbenbThing WhemeRBhla eVithndRBe MatrBCMbRFial bfliéhally with a
anpl es of suitable Iiquids include water, alcohol,

bindpie o Bguid 4¢ Suhyaidyrry anixéns prrerablyrigiorusinipeng ksaresesd to produce
Tho ESEETS | '
o B e B LR o B Syt R s Bt

liquids bdlicle vidis, sleshol sebtcdes) dldehiyded, Usters ad boabinhiiohsetheied e The most
and/ or sub-particle size distrjbution, [

i 0020] The )
preferdeiichis veatery dha pymmreay be Godlowt-mafed fany p@%} offime pufficient to
prodla&epﬁil@ rdesif@?iyshg?y fegltlfra%ub-particle size, and/or sub-particle size distribution.

[0020]  The molecular sieve and matrix material, and the optional binder, may be in the

same or different liquids, and may be combined in any order, either together, simultaneously,
sequentially, or a combination thereof. In the preferred embodiment, the same liquid,
preferably water is used. The molecular sieve, matrix material, and optional binder, are

combined in a liquid as solids, substantially dry or in a dried form, or as slurries, together or

-5-
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same or different liquids, and may be conbined in any

order, either together, sinultaneously, sequentially,
wW@eooad/0e2edi nati on thereof. In the preferred enbOOUS®NGE/(23734

the sane liquid, preferably water is used. The

nol ecul ar sieve, matrix material, and optional binder,

are conbined in a liquid as solids, substantially dry

or inadried form or as slurries, together

sepaggielp Jh palids|ape added segeiles andey caaubaﬁant@gmdned selidsgitys preferable to
add fﬂﬁ%@%&d/@d‘;&éﬂ%‘ﬁ?ﬂ@ﬁf Og%gn%l is preferable to add a

unt of liquid. [0021] In
[0026)]1 e éﬁbﬁd blmibﬁcﬂlmehh ghesdlumtiy yf e nidieculmsksv) lﬂﬁdéi‘laﬁ& @ﬁatnx materials

der . trix materials is mxed or m/ll ed
is mlé&@ eél 9 gahleeIﬁ wpifora sty ehamallsr paicles dhat & ﬁhﬁ&fedl tga

om0 8338 OLTLOIALL. SRS AT S o s
as tha $ethisg unihd ypoalty rthe doriting myplsammtyuneﬂ laka tanmpdrzrtgrewufﬁcient to

remayf oot O Jaidinr e S e o 1y resHipermolfet REeve catalys
comﬁc%ﬁiﬂnt ThE reﬁﬁiﬂﬁ? léhﬁ[ysﬁé&ﬂlﬁ)sﬁﬂﬁlaw%‘ﬁtfoﬁﬂém&hfs'v% taﬂ_éﬁhe form of

resul ting catalyst ‘conposition when formed in“this way
micrpspligeest he formof mcrospheres. [0022] Generally, the

rei z oft [ is,contr S
100286 & ooty e BorleE RO B0 po G BRERienBl g0 SulREene by e
solidk lentpsy dﬂtl@é ﬁuﬁry ZIQoWévdi' Rie patisle)ssle of ml?ét QBm@Bﬁtlbﬁ 8nd its
spherical characteri stics are al so contro

sphevﬁlyh#gct@ﬁgl%lam fl50 ceuipllabls hyrverydns ﬁlﬁél%ﬁ’rf@?‘ﬂ p@@grtms and
condf 75 bt Al Bl AEH a7 B ALV BB B R gon o

particlersivas Icyasslﬁeﬂ; droneepdiyatsed tohepirareabe fiheschhicARad then bbenilled to a
o a fine powder and recycled to the spray

i |
fine g]?‘V%‘?‘afl é‘?fyﬁ]ieﬁtt%];b@ SPP(XG’ES‘F fogd @ixtige ol ecul ar si eve
[0028 Pt 2l A (RONBRZ LA %@vé Satd194TBH b§1t16’n %ﬁh@d“{n Aub¥afliMly dry or

or dried state, eat treatrret suc as cal ci nati on,
driedagtateyn lsiae traatnmm mq:heas atlometions aU&ueibmtecb’fenfperamd ig msually

Y T R
calcihSticH énvirbﬁheﬁtyl@ b Ahdt Yy ity UAQRIR SRl arfdTRK BF w‘afer ‘O%(ﬁ"rTypmal
vapor. Typical calcination tenperatures are in

calcm@mgvetemp@natmwrp i heoanse, fGCTl éf)@°rtakil()90°ﬂ’ @mf@tablytfmm 500° to 800°C,

and 1%%)[ é)cf:;% {%%g’n % ﬁ) @rg@@ ’lghe ca éréa 138 gh\%gcgr%gf? is a gas such as air,

mtrogbﬁ rh@ﬁ@rﬁ, ﬂﬁkegast(%mﬁﬁsﬂ@ngﬁ@hﬁ;ﬂl@ﬁﬂﬂﬁﬁdw@@n)p bﬂMonhlﬁﬁﬁldnﬁhereof
or a f\&lcorrbl nation thereof. [0024]

00265/ ¢ .Q?é@ln@wnd? %@rm@}m mpleenlaptiee fataly s cempogtemisyarried out
in an qgﬁ?o%% Bf R81 'kgo&ﬁ BE{H 18&1{1d1:ng| td &@;fi’eﬁl& &ﬁ%cé g@& Lalgiﬂgr\gpbatch

evices 1 ncluding rotary cCa

overxs,adm‘.li theliks. Qaldindtionvansis tapicaltyndepbhdent oiCdieaiesiaéd degréd dre
S tyﬁl cal | uge pendent on the desired degree of
hardppipg EhibR N Fe NIt calIShF RS HOR R NS STIRSEIBS | t i on

[0028)d th %n& @ﬁ%@ﬁlﬁ{e'ﬁf, &he molecular sieve catalyst composition is heated in nitrogen
at a temperature of from 600° to 700°C. Heating is carried out for a period of time typically
from 30 minutes to 15 hours, preferably from 1 hour to 10 hours, more preferably from 1

hour to 5 hours, and most preferably from 2 hours to 4 hours.
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[0025] In one enbodi nent, the nol ecul ar sieve catal yst
conposition is heated in nitrogen at a tenperature of

WO e@m@28 t o 7000C. Heating is carried out forPEI/psoneeR3734
of time typically from30 mnutes to 15 hours,
preferably from1 hour to 10 hours, nore preferably
from1l hour to 5 hours, and nost preferably from2
hours to 4 hours.[0026] In addition to the nol ecul ar

[0026] evdn odditibe tqoﬂaesmiccular\séwe obthe prérenttiaveritioss the catalyst

conposi t.i,ons the present inventiaon
comRIRES of i Hvehat gy Rcorm B St JEsGHRaLpRET EeciSil active
matehggz?] The nol ecul ar sieve catal ysts and conpositions

of present invention are useful in a variety of
10025} oc J@@olp%mmmgatabﬁm&wgmpwmm f4b& prggent invention are useful

ina J}qasr%r oY %ésgé% 1n§8{1]1¥g95rh<§3ﬁ£ (l)lgdrorc f?ﬁlg} 1gcgmenzat10n polymerization,

I on rogen

refoﬂmidg Oﬁdmnrﬂgm, dél@drqgenat[tm ad:\kaoimg, Ihg:drodewaxmg, absorption,
transalk tion, ?alkyl ti,o dr ode ycllzatlon
a ky]@P%‘bl’t@B salkylation. idg kylg 101y gcaic iggiion, 1sproport10nat10n
ohgdiﬁé}&qﬁ&? xaehj(&e&ycﬂe AQUTRILIH bfmefeeﬁr eof . [0028]
cat dl yst preepared 1n accor dance wi th the pr esent
[002Bhv eriElieantalyst peeptied ih acdoydanse frith theprasept owvestordispedicatinly

usefiidn & RRE GRAIEREB bV B Kot e TSRSy EPRF BRaRa gl for
oxyéeh@ce@?éycgﬁrlﬁ“r&ré Q1 B@s)f%f&é&ﬁ Kh& QORENSE $n M8 FeddstodR LEmprises one
al cohol § ), preferably allphatlc al cohol (s) where the

or mate gh¢rdrol(e), prsiferablysfliphiiec aleahol(s) Whore Hpsaltphati motaty ofthe

alcolgﬁé;?ﬁ% ? :Igtpez% a% ornaé? i)rei%?a lycfg H%g 16 fi %%pﬁ%ﬁc{eﬁ%, and most

prefehis19 Hiins 1 ltt$$f:alﬂboﬁ§t(fn@$ Usé elekhdluddhisl 49 rfendes)sk o thefeocess of the
i nvention include | ower strai ght and branched chain

invepiierpinelude loyyes shaight andcbrancied chais aliphasic slpobelssnd theii ynsaturated
comﬁ&?%% Non-limting exanpl es of oxygenates include

anol, ethanol, n-propanol, isopropanol, nethyl
[0026] hyIN@i—hﬁﬁhngﬂéMﬂh@sl ofMSZ@’nated lirefidel methineod, ethanol, n-propanol,

di-i opr et her, for ehyde, .dinet car at e,
isoppARALA YA %wﬁ%%ﬁleeth%{cmeéﬁni@? digtl et 1é§°PEf?¥é/&€ % ln
forn{'a.m:‘ehﬁﬂkS Hlf%tﬁf/letfaﬂﬁglaﬁzngﬁﬁ?étﬁﬁ ‘iHs‘eonE NRehieRds taﬁa lim'xﬁlres thereof. In the

sel ectéd from one or nore of nethanol, ethanol
mostipreterted lemboHianent dhe faeditodt isselected &rounoms aranéreret methanol, ethanol,

. _thereof, .nor ref erabl.y nethanol. and d| r
dimegh e P uRa S RRRAER S Geap e e el dnd
dim@h Al @i bind Iﬁ@ﬁ?f‘éf&{aﬁg’ A&Baf]. NOre oxygenates, is

converted in the presence of a nol ecul ar sieve

[003@ht al I/lﬁfe@dﬂﬁqsxks pmﬁu ably sompLisiag one pomereteRERgtes) isrppyerged in the

presmcgtof g I}%ﬁg&g 51e cﬁ?alyg? £ of ﬁo(sﬂ} n%n*%oor?g, og‘ rn%o%% g 1ngs{) %%ng 2t06

carb@ﬁﬁat@ﬂi@,vlﬁéfeﬁﬂ)l}f @1t 2aibeadmings Kosppreferatilnghe slegasat one or
Ereferably an al cohol
combination, are converted from a feedstock containing oxygenate, preferably an alcohol,

most preferably methanol, to the preferred olefin(s) ethylene and/or propylene.

[0031] The process of converting methanol to olefins is generally referred to as “MTO”.
In an MTO process, an oxygenated feedstock, containing methanol as a primary component
of the feedstock, is converted in the presence of a molecular sieve catalyst composition into
one or more olefin(s), predominantly, ethylene and/or propylene, often referred to as light

olefin(s). The amount of light olefin(s) produced based on the total weight of hydrocarbon
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nost preferably nethanol, to the preferred ol efn(s)

et hyl ene and/ or propyl ene. [0031] The process of
w@owreesmg net hanol to olefins is generally re¢EUS®A6/023734

to as "MIO'. In an MIO process, an oxygenated

f eedst ock, containing nethanol as a primary conponent

of the feedstock, is converted in the presence of a

mol ecul ar sieve catal yst conposition into one or nore
produgedfis af(lsyst SPmadenpratembly greatehthian08 veirld/ worqprefeydbdy gteater than

3 ef erred to as, Li ol.efm(s) . The. unt of
70 v el it el Bo Fhiellsd Mol oibephm CHF i R APeyaBln ot the
procéie @ REavDaNME@etuced is at | east 50 wt-% preferably

reater than 60 wt-% nore preferably greater than 70
[0033} - o5 hejfegsistock maycronipiy atdeash preeriaerctdilugnigiypically used to reduce

the pARLMESER e (Bab0E, ARELALARIC Rl SrePhfkARr Sove MGt

composgionr Erampleslbf dibrents, intludé haliluny, argoadnitoges darbentoheoxide, carbon
. concentratign, of the feedstqQck that .is.reactiye toward

diox iR eWHigH SRiePARLISR R Sactie AL o R ially A ge aastaae, ethane,

and ﬂjoi)édﬁﬁ‘,tésejnﬁﬁllhgigﬁn-ﬁ%t:ﬁ%‘oﬁiﬁﬂé’ BomPodnd9 38R mi&&i&OBereof. The

monoxi'de, car di oxi de, water, essentially
prefaned-diluenss aveevgtar axfdfnitregene with ovaddr] being peatimdarkuprefeaed. Water, can

t hane t hane, and propane ssent | al | . -
be uffB BB TRl 0 B0E PAeBRBER heroSRERE toikebtl e cimeptispither
addedA@regityefors feedhbtstkl en€diing iAo A6 oraidde iikdcAgehto aehdlor, or added
wat er being particularly preferred. Water, can be used

with@imelequlatpicyelcpiplisticampesitianp dhe popwt afdilient dnherfaedstsk is
senc 80 o TRE S, o5 HEEr SPTBR l b Bl ot e

feedstodkoand dik@od, afid peferalsid s td2amabbecul ar si eve
catal yst conposition. The anmount of diluent in the
[0038L ¢ o skhgdRaction peesepses cgn take plage Fumpsiet of Gagytic xegeigrs such as

hvb ) t r . f . qe
B AR 0 R kol B B 1 o
reactnan zokes QPRI toFether; ematlatiry fhridiced babreectorst dker rgdctors and the like.

o SR SO o DL g i
bed ]?1%@@§ iRk réR%dr s&kt@fn?h #8Rnb8tor SAkH A ZPRBRCGOIERLystem.

ogether, circulating fluidized bed reactors, riser ]
[003Fk ac tlhedluidier! betkrepitesysfedoizas]a finst tehetioprashe withih one or more riser
errbodi ment fl.uidized.pbed process..or high vel ocit
reac iR b e B e A SR g e sl Pafrbrably
compr@GeNEneddr rAbre Ty SloBER. TRE ridere /AN ah& AR¥LE AT Fds§Nare contained
001%] The fl u?]di zed bed reactor systemﬁ%a\ags@gz\ first

withinemgingle reagtsvi @ eqtiel: Wireshdprslstack irvfied to thsene o morerigeryeagtai(s) in
which asxﬁgll(g@lﬁaxr ﬁ?&et éagﬁ & 20& &i{i&{ & c%tkec!l g@r&ton%e%egfl i? FRAYLIE In one
vessel, prefera % conBr|S|ng oné or "nore cycl ones.

embddithent, $#& moRaglhogiéw) catiight doBPOGAGH crcokes sekioartBereof is contacted
contained within.a siR&!e react or vessel, Fresh
T

withradioad efotes; & qogrpipasiopriberepferer thbperintseduced icthe risg)reactor(s),
Ay VG e o PP Scos 1
regeneration is required, the silicoaluminophosphate molecular sieve catalyst can be
continuously introduced as a moving bed to a regeneration zone where it can be regenerated,
such as, for example, by removing carbonaceous materials by oxidation in an oxygen-
containing atmosphere. In the preferred practice of the invention, the catalyst will be subject

to a regeneration step by burning off carbonaceous deposits accumulated during reactions.
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enbodi nent, the nol ecul ar sieve catal yst conposition
or coked version thereof is contacted with a liquid or
w@am®y/oan2sconbi nati on thereof, prior to being i PCT/UM0E0R3734

to the riser reactor(s), preferably the liquid is

wat er or nethanol, and the gas is an inert gas such as

nitrogen. If regeneration is required, the

si l'i coal um nophosphat e nol ecul ar_ si eve catal yst can be
[0036bnt iIngoneariing meﬂxaaqﬂdg @qums asimg Wheagptaded compasitions of the invention,
the prgc%g{'l% %flel%ﬁﬁ; oaﬁllgi‘% the Vaégrc%"%g e Suiel Thiat 1k nﬁ?dst&c is c%ntacted in

onaceous

a vagotiphiadd i@ redctian z@ﬁcy@ﬁhQ@ﬂio@hﬂhﬁ@o@b@&tﬁlﬁb&culbﬂsﬁ%%t effective
preferred practice of the invention, the catalyst wll

procgs@ condifien such a3 to pigdnes light gletias.ds- 5 eﬁfﬁ?ﬁh\fqﬁm@fmature pressure,

I‘
WHES(RENACRSH SRRO T GnASaN Btiahat), dibeRive amoupt of diluent,
correlstedi¢p produczalighit pifine. omwmattuetm $heqﬁo¢dssa maly\be ru;arrmd out frea liquid
process is referabl arri out in the vapor ase,
phasg, WheR FerPrp¢rss {Seath i e H{dax@%ed theprgess 88‘?3%%’3% involves
the geparaﬂ&?@{%b@amzmﬁemﬁ 21iGuid rédcGORIeaIaARRAS Rk §n different

nol ecul ar sieve at effective process conditions such
convgssions apd selectevitiesydfifeesistaick e produes witharespsct tacthi velative ratios of the

t ht h
light FFREP R9§ S e EoraRR L iy oo B P e aie iREES,
[0031’ | ueTHe, teﬁ@él’faﬁir@d ®Hich %d?%%ﬁﬂo;‘ddgﬂ theQhrBédsB nay vary over a wide
ternatively, the process be carried out in

rangp idgpandingh alsleast whpat, ondhes iliepalumippphpsplpte Pzﬁalvﬁeln general,
the ﬂgké&gg g rf’%ﬁé gqpu&e 89‘{% e%iéxr/?m gn%%?a?ﬁﬂe 'bXt&e%g%r g dt '?8000 preferably

bemmeﬂ R&0°aind 60atrC, raad whdst prefedalily @ewveen GO(DP\emdsfs e, "ﬁﬂdperatures
sel ectivities of feedstock to product with respect

outsidedhe gptad range sy lilqs§xe}fld%<1q%0mﬂwcoap e¥ thes igveniom; 4t ﬁ@ Iower end of
e GARANAS bty WS Bodls 1P 40P R AL BE 5By or e
des1mddrghssleﬁnprodm‘§s majebecameintiekediy gewd Ap ﬂredlppgr et ofl thaeimperature

on the selected.silicoal umn 0S
range pd B i e Y "oorth D G CEUBLAT B b e pioducts
Not@th$iddatd th¥se fheoRe ﬂﬁtrh'éi&ioﬁ SHNGEN 0dAR a8l theROREock, at least in part,
preferably between 250 and 6000C, and nost preferably
can becamyerieB®0the desigd0ight oeEnperdutisnattempgtatinds ovtiide sheatange

range.ar t .excluded fromthe scope of this
bewﬁﬁ@%ﬁ?'?ﬁ%’&ﬂ‘lthe | oner end of the tenperature range

[OOQE d, Tihgisrocd MesfBdctivelgicatritd duOWRE alveitie raige € pEss R8s including

e formation of the desired |ight ol efi n roducts may
autogeraydrasaR® dibypressuigs baiveen 8.00pgenospheredang HW0 atmospheres, light
oleffn§ r#}‘&?{c?st \%ﬁf“n({t%ggﬁ%sﬁp9 Ifgrﬁ%%r&?l] pr%slgﬁreg Mk 3 l}ﬁ?fe%a ppe%urg ¥ BBtween

I’ mum anoun In pro

0. OlNQﬁl\UsﬁH&ﬁsaaﬂd 1100 atrimﬁer‘eﬁdtm [pBesstberdfeast todrrein Fdr 1B plokess are
occur _and the feedstock, at |east _in art

exclyging ef the dnardifyeat, deanyris grosenjrandge i fathg @ip%ewe of the
feed%%ggg Rsl:éf']lﬁt%§ tPRESLAR, H?—:g% Wi %\%ﬂad%glq%ut A n6000%ded from

e process i1s effectively carrie over a
the svopeof thisgavaftiops ddsupk sudhrdol ned lfailgjwrchm certain desirable embodiments of

the invention. At the lower and upper end of the pressure range, light olefin products can be

formed but the process will not be optimum.
[0039] The process is run for a period of time sufficient to produce the desired light

olefin products. In general, the residence time employed to produce the desired product can
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aut ogenous pressures. At pressures between 0.001
at nospheres and 1000 at nospheres, light olefin

w@e@doe2so wi | | not necessarily format all preBSUUERN6/023734
The preferred pressure is between 0.01 atnospheres and
100 at nospheres. The pressures referred to herein for
the process are exclusive of the inert diluent, if any
is present, and refer to the partial pressure of the

vary firogtisacords ta& Humbes phhass. thWﬂb&h@ﬂdillY afipresiated by obel slsll@dam the

art tl{agﬁle%s%e%g EI%{?:%I q{ehdet gr meﬁctﬂ 4 %?g%ltfl)c{ag#‘n %t?n%\}ayt%ﬁg ﬁeactlon

nven

temp@ﬁitﬁra,l the %&bﬂ@hﬁ@pﬁﬁéﬁhﬁte@&b@l@f sﬁvb%elleﬂt‘é@ rthe %1gh9~hoﬁd}ﬁspace
wer and upper end of the pressure ran

Veloewe(f\’r’ﬂsw dbe,phage &laqw% 8r yanorkwlasied apfep @@es%eom reaqheyt design
char:Q:?erf%HEé mum [0039] The process is run for a period of

tinme sufficient to produce the desired |ight olefin
[0040} odUdeprodess gefifectately tdreed ostidens eidd rrgeap WS d fdrdhe

el R BTG RO R 0B ) g 40

Valu%i‘hﬁdv@ d00 Ar-dheayebd ethplBled b1 &€ ﬁit&ﬁl@& %o Bé B&ve¥dd by 6 instant
determined to a signi f| cant extent by the react’ion

processrpioughisush arhieotgirefeodl um nophosphat e nol ecul ar

00sF RS L B B TR B porcitons

com Iiga@fem £1tee R Evde@ 300D AndIST0°CNa flRAURE b&tivest 0 Qsatmosphere and
The pr ocess IS effectlveI%{ carried out over

100 Wéphea%gw ingpSHP Y rexpressedp st dekeash GPOIH@O’@QW% ef ﬁxmfyedstock
havn:?ﬁi%y}%gghé{“g%g{igaéé Q@b%e f@ %paﬁ&?’ ém%sgge enp oye%r ea%a h selected

suchahat thedffsot eel ptogesseondiviens d.ehyhet difectinsteatperanirocmsssure, and
t houg such are not preferred. [0041] The i nstant
§Y P‘ée sCPn%‘P%t#@r» &6+ gorselrted.otithothe sglsefed process

sﬂmééa‘?tﬂﬂinbbﬁ’&éh&@ ?}Rﬂéc% A ieTe b é&éd"fe@d%@ék"ﬁ@ﬂ Jég ggﬁﬂﬁeﬁn products

ressure etvveen .1 atnosphere an
are paddwospheres, utilizing a WHSV expressed in hr for each

[004gﬁgp ent Of éﬂ%@%@écﬁ&ecﬂaw s 1}5;1 8]}’/}](?)'1 b%‘é\é\gg}gogogﬁedstock to

the r%k&%gfﬁgmsiy ahth hadgeldreronf §.26 BY %itidk Clﬁ@t%ﬁab“r‘}oﬁgintl Q&nﬁ wt-%, more
e., the effective tenperature, pressure, and

prefeaalféy éwpi Dyeed wir’e based votthatetal weight OEtherfeftdatoeH ;nq)wctmg any diluent

contffish BgieGE 26 Rl AR AROLBERIEHEAR igfPaesy the Hmd eBiiesiton. o
cont#ih &apf poktiohOOAAE sdhie opaiBiRint Bledbtbes With EiRdehCds diffskent

dil separately or jointly with a vapor feedstock, to the
dilugngact or systemis in the range of fromO0.1 to 85 wt-

100481, 8B 50035 bELs fvoonfn R WAIT}E1A Eh%aé%@?%%&ﬂped

crystahmbipthology af ynteligherethtof roughly rectangular parallelepiped crystal morphologies

or a mixture thereof. This includes crystals which are cubic in which all the dimensions are
the same, but also those in which the aspect ratio is less than or equal to 5 and preferably less
than or equal to two. It is also necessary that the average smallest crystal dimension be at
least 50 nanometers and preferably at least 100 nanometers.

[0044] As is explained in the examples, the morphology of the crystals and the average

smallest crystal dimension is determined by examining the ELAPO molecular sieve using
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contai ned therein. The |liquid and vapor feedstocks are
preferably the same conposition, or contain varying
w@e@poesons of the same or different feedstoCRCTS1906/023734

the same or different diluent. [0043] Ml ecul ar sieves
of this invention have a roughly rectangul ar
paral | el epi ped crystal morphology or intergrowh of
roughly rectangul ar _paral | el epi ped crystal

scanmng stesiroy imdsrostops (FEM)ané nidasuringfthe Fysiglsi inokded és obtain an average

h ar.e cubic in which all the di nensions
Vmugﬁé%@%%nggﬁgﬁngagoglSo those in which the aspect ratio
[0045F | e\&’&h&tﬁtaﬁslﬁﬁg esibéboind by 2aR@np peftrtuRPhtoly Siaphbas tHf a

equal .to two. is al so necessary that the avera%lle q
Be an

minigipg %&@%@ mqapre@ sorthas thedlifbiesion path fydesmpremeheth
propgg(éqf Eys%? ﬁé td ﬁ?o%f dﬂ‘gp ﬁg{]&{f@f tﬁé Bwo LnQ)(i) L}:ﬁeﬁ Q‘fhé ELAPOs and

ai ne e exa e nor phol ogy
mor@pqrﬂttdhﬁy,ahnjsmI:Imhﬂnmbp]gfspBﬂed whtth aey mﬂ&lﬂzdd 03ing theprocess
det erm ned by am n|n t he ELAPOm)I ecul.ar sieye
descgg?q?

govanl lﬁau Y ORISR P TJBE BRAPICIRp atiAg AgRR SLits PRyes. In
ordet ﬂﬁ' thd BEARDS té Pe AR catal sROHRI 1B rdtlﬁ'% Eéﬁgs 1%1&%5)8{%8 It be

the small est di nension. | 0045]
remdyed iyt hiogting e Mﬂﬁpowdﬂl iman t)hmly:oniatning) pearsphdrb at a wmperature

10N hi ess ks re so.th t.he diffusion
of 2@a3?1 L}W)Qé ggﬁep%fné’#%%fs rglpﬂy? KUy ¢ 5P dVsene i s
[0048pf fig ;pfﬁifél’réd dridlisentd feNndérdtfonris bhd ﬁtdvl‘ﬁeh eHe rh@tﬁl (B89 content
nol ecu The ELAPGs and nore particul ar

variesifrqne 8808 e AP aalp raetéan. vim esheciglly myfmqé §né@dmmt tfpne in which
EL i} Piﬁ{::ﬁt{ &%ﬁzﬁ 1%?3 ed tg EQ §§P6\5 gléﬁégnéAPéﬁ 9@ lhycgfl 212 tugs?cﬂmstﬁ dgltstant

e org nIC

invehtion drb anijNH&e &@cﬁ‘ﬁedﬁﬁﬂﬂ@& 4¢@82] . \Giithe slid&ﬁid @vRhidddrathic
agent in thetﬁores must be renoved by heating the

struqirapdessbgion the ' nglepgdbe 20RP14i-Ag Stawq%@m%l iy praferred.
SAPOREP R filaCal n?o?)ﬂo ‘ﬁat%qggeﬁ'eﬁw gjot%g?h%%pr At ggamework

renove usua y ew hours
structurb GHhengtnictuoé 1strhembul\miml|and carsbodesctibedrdsi a:shactkllleg ofishadts along

E onten varies from 5to 0.05 mole ctian.
<10 éﬁi gy iyt %fﬁ@f SFychyge ﬁtfo%ﬁ?fé fPNtp slaned 49% $hTipgs- In
succksyivel shb&® Qll (191?61@ Eﬁx%ufg@ BRS d18fed @ BS s §ectibAGiveATSB AAAA
whi ch can be used he instant invention are any of

stackihg sesjugiecsoal origettie whpml®h¢dmhs 1@0P1 direotionsh df thpdirie¢tian of slant is

revefil B SPRTBpE, S5t KB aFAE bt by, veldrro-is

struddire {(BENAEsul BABGM3A thése @trﬁéthﬂeQ%)_lA| a3l o RQATTIRS AR Breet structure,
material with the chabazite framewor k structure.

stackpidevidh ¢ didfegens seqenery ﬁﬁbﬂe‘&i\él!\ ):@rrABéBo(é‘id} i hégsimlarity is
the lﬁsﬁ tf@%ﬁhl@]%‘g S%Rrégégﬁﬁéﬁ %lgwgee?s(?acﬁ di e ﬁ& e&maélﬁgel beetween these

con
end ﬁiembeltsnmny SA PGS antdriats shbeeit Seast éonﬂ@dﬂ%ﬂr& A R¥ulfihgs evidenced

by b?ora?ler?llng g% g—%ayll dnlfit'rgc@uo?l%ggksdal.nrcles%rgélgrrl]g g% r\Qﬂre]guo%r; 1r¢§1@§cron diffraction
patterns.

[0047] By varying the composition, specifically Si/(Al+P), over broad ranges, the degree
of faulting can be influenced and there is a trend such that high Si/(Al+P) materials show less
faulting, all other factors of synthesis being equal. This is found for a variety of formulations.
However, the degree of faulting is quite sensitive to a number of factors and exceptions to the

trend can be expected for different syntheses in a narrow range of Si/(Al+P) ratio.
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st acki ng sequence al ong the rhonbohedral <100>

directions. If the direction of slant is reversed
wer@rporscond pl ane, creating an ABABAB st acki PQI/US2006/023734

sequence, the ALPO 18 structure (AEl) results. Both

of these structure types consist of the same sheet

structure, stacked with a different sequence, either

AAAA\Z@CHA) or ABAB (AEl). This simlarity is the basis
[0048hr f\Vauying sgmpegitersesanialng inflwinee prdiclsimenphologygn general for

Jdnter | t.hese rs. n .
SAsEEMSIEE I L A S50 VESR, SR TR ol
roughBudebdritgd aa sulsalikis mdeebabyndst Bacenalhthatsrials-gréduced in the range

diffr(?c lon peaks  and stre$ki ng of ref|lections in

below4ett b Ogitp leatiRal SFP Gyt fead Frshave gaate-liky mespiolpgy dméact,
morfHORYSint ld@Bree SP %'ltiﬂog?\@%ﬂg X‘?llcﬂc{ oA 'Egl)rgla&}ﬁ.e??@fa‘aﬂg Breglﬁ ahe

rangés, the degree ul'ting can be I nfluence

thontHobedral synemetryebpldistiogvithineg orel aflth<Spthérvisddquiredl gt i<dD@> planes;
show |l ess faulting, all _ other factors of nt hesi

erys B ERa PP 8 g iR Atert S o5 7 afye-BI mmotbhiotogy tends o

resulk.or mul ati ons. However, the degree of faulting is quite
sensitive to a nunber of factors and exceptions to the

[0049} endt kasrbepe fasnddbatdle sedactinity pEtheneactipnthEg @ad (U3 cdefins in the

I nge.of 9. +P) .ratio. Var vi.n .
MR PREAS i el ol i Brast R e Miel i gmynea by xoray
diffrhdtiog@ifeslainedl SAPOARDcSApPURIPRr at i ons at greater than 5

W-%Siq 2 in _the fina{J product, the norphology is =
[005Ph, g At Yasdueherbsen fopmd thas @ memk él,lrewﬁén@@somb@prpgmogﬁobemg either

el SR PABRUESHL el (L AORE L i ol 165 1
benefioiaptocdetrgiivity in thadMTO nercibel ogy and degr ge o{( fﬁul ting
o0 e e s g A3 v by St n -
34 fRRE g%"ﬂh@ f1P0 Eﬁ'&%h@ MnforhB% P itRR Heert f'&nﬁgﬁ gllle&p lilg{rée’%é?r{ﬁﬁcég silica

rapidly 1n the unfaulted diTections a
levelmaisphibE egidity efitie datalyst shlich mfy0aetelerdte cdtalystzensitivigutodieactivation
b t.hat the selectivity of the reaction to C2 and C3
YeYiB%ins in the MO reaction process is negatively

[0052[PacA Bt dfphatRic AP@%@Qafaﬂg%? hivse BRIREIEIRErPRY¥logy has now
x-ray diffraction of cal ci ned SAPO 34" conpounds). . _
been[diopsred. Thamethedimeasutablyrdetisasas thhAEL Saultotessity without increasing

hr e di ' I hol bei i,t.h be-]ik
e

Belepigedirgstangd '  gé li
sl g sace phesgss ssalekon e gt

allows e sarhalogst ofthe prystalsdpibe lefluesped withyt ingseasingibe level of silicon

: (%) 411 SAPO- 34 for use in the MIO process.
mth%ﬁ?xgrc?%g?%%, it has been found that increasing the

[0053] | i CEhelkeyead theahsthsd bfyereparbuort of thé nioheutadkizhysin thdrpebent
inverrlrt}lac}/n i%%}(l:eellls% ro tseeedg %ﬁa? lhgiet a rse ar’gls{fleltyI h\géltl gi/EAolJrld’)e e(\:/teli. \"fﬁcte Ihlog?l silicon level
in the seeds results in SAPO-34 crystals that are relatively fault-free. Without wishing to be
bound by a particular theory as to the mechanism involved, the use of the seeds in the
synthesis of SAPO-34 results in SAPO-34 having a lower fault density than obtained without
the use of the seeds. The seeds themselves are cube-like and present surfaces for nucleation
of subsequent growth in all three directions, resulting in a morphology which is three-

dimensional, as opposed to simple cubes. The seeds used in the present invention preferably
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[0052] A nethod of produci ng SAPO 34
catal yst having the desired norphol ogy has now been

ty w thout

t angul ar

i ncreasing t

he overal l

W t hout WIShI ng to be bound by a

waele@covesed. This net hod neasurably decreases PEEUSHD6/023734
silicon
It also increases the degree of desirable

par al | el epi ped cryst al
growt h_as opposed to | ess desirable

conteindroan § Gna0 W SV p e gyeterblyisenisinytoal Svt-46 55 and most

Jdlp).e S on_i,n
1005 bR GEE hoRe Rk phEE st
contgihigdesatthans ot-% RO mt ased, de ssleetieisy ioprbfe:tioh@$ eiet desired
se of seeds that have a relatlvel
8¢ and yheniheyipeds having,SiQs iaithe @Pserﬁ@ range was
W& 899, SAPO- 34 crystals that are relatively

nor phol ogy
| ate-1i ke growth

artTcutar

gletlb&
n SA O 34

thout__the

hreory—as o
$ef0s, Wh% he
nayldiide fred QWe

use of thd

ﬁ TIBEEE”

Y.ERA %ndd
p,rawi%ne %%e

hsAE VA8

ﬁ"i‘l@fﬁ"’%‘ eS8 u?‘lf%oz

obt a

e AYPIPdT | mla;ﬂg frge

ube-11ke a

nd priedent

surfaﬁés for

nucl%étlon

of 2.8

bsegyent
%r pho

oW T4
I ogy 3|V\li‘i)ﬁi ch

II I dll
|st edi me

.,L;l I

NS on%p as ;L;Jgggd

o SI nple c
vention p

ibes.) The S
ef er abl ycg

eeds g4375d I'n
ntain fromb5s

the p_oesent
to 20 wt-%

o121
Siq 2

pr e p4eferab| y3c@nt ailn 8 t84.315 wt { % Si 402 and nos?.0
eferabty—contarn—16-—to15w=S%St¢2—The—fotH+owng——
tabl e shovvs t hat when seeds containing |less than 3
[
An 1*‘% 1e¥d ﬂle ?}?L%%‘?qut ISang?iﬁérS& Flg}{ fchnt if él%}o cét%\lﬁ @ff?clency and

red ene and prop

profitibeh@e)é ds MﬂB@Ipﬂ@t Sanpe i fis éﬁ@rﬁﬁ'&w rﬁ@telﬁﬂﬁﬂ:&ie\hﬁﬁhm &@é of the
An increase of vyield in this

secds iR  FAEnEt eyt U Sl SRBIARC-4 AiSABPIAS AP fis soope of the
pres&{tflﬁ\%hﬁ&?%hlag{r}/grae[’;{ Qém@m dcl 5&{1313;6 A t%%&h&f‘&esgé?ﬁ%@h%el

I's of p teri a ut use o
folloswegiExdrapleng a hi gher | evel of S1Q2 while Sanples 2-4
are sanples within the scope of the present invention
that were prepared in ac wi th the net hod
described in the foll ow %&&ﬂﬁ%e. EXAMPLE [ 0054] A
quantity of catalyst prepared in accordance with the

[005A] es entuartite Bf EQdly e}ﬁ?&ﬁin ab&braarc@RiieH e hresSdtInHn@oE was
o¥ ort hopho ﬁgorl Cybggl d (85% was conbi neg with 403

madgyTg gecoptaingst 340 erams ehemshapheinhetc aeid (B@rwaseombiaad with 403

gra Zog'\%a{rtér?Té glfl? ﬁﬁ%tlgfy]w A a826 3625 X ats?lwcaqglsﬁgngi%h%iums,

queo
Aldricht Cloeribalbeeamd 28 wiams of a 35 wt-% aqueous solution of tetracthylammonium

hydroxide (TEAOH). Then 212 grams alumina in the form of pseudo-boehmite, (sold by
UOP LLC as Versal 250) along with water and 18 grams of SAPO-34 seed material

containing 9 wt-% silica were added and blended in. . In addition, a quantity of catalyst was

o 3 —'-*—'cn o= £

made without the higher silica seeds that are used in the present invention for purposes of
comparison

[0055]
stirrer. The mixtures were stirred and heated to 100°C over a 6-hour period, then held at

100°C for 9 hours, heated to 175°C over a period of 5 hours and then held at 175°C for 48

The mixtures were then placed in a steel pressure reactor equipped with a turbine
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15

hydr oxi de (TEAOH). Then 212 granms alumina in the form
of pseudo-boehmte, (sold by UOP LLC as Versal 250)
wa@bk@ngoszse h water and 18 grans of SAPO 34 seedP@HUS2006023734

containing 9 w-%silica were added and bl ended i n.
In addition, a quantity of catalyst was nmade w t hout
the higher silica seeds that are used in the present
invention for purposes of conparison [0055] The

hoursyiBaaliy etheweaction riktups wasepolad ta agibisalt renme tesapesatigyeb period of

L8 X
s no PRGN el P bl Sl b STl g, and
washae I\Aﬂth&irat&@ QGekies oBthi‘&Lu’daltlohﬁlabsidrry CcehitFGpgaioar decapestémdollowed
of hours and then held at 175C for 48hours. Fln%1|¥,
and tbmathﬁ Pseduchiantisied o eright & 887G Peverahehsrasiirizatignmethods were
used i BREAEL HhpeiS be fioRibdRintludtha it bt SRGHEPLLE diffaction),
mor;ﬂﬁldgiyr(umnpmémdactmlﬁnmhew anidt doanven g electtorsmidrescopy) and
t.hree additi onal ‘§ centrifugation, decant
chemigal Bgaly gf K%%é’@]“sém ‘f?grﬁntnﬂ%m IRl bjct was dri ed
[0056) €7 Haples? andioshowRY S{-Rly diff?d’cﬁGﬁ sttt A WRR rdBEROESell-formed
were used to exam ne pertles of the product
and shar peaknipdidative aﬂ(crvstdgnﬁ@ wigh thx Giby srgtinedzpd @ni)only small amounts

o AEDRPHC S BRIl BB A BRSARSR apce ot v

peak 'ir[ e %mﬁ%ﬁ RleBE ihdeatit Qh@ﬁ@%é of §i Qﬁlﬁ%nt%ﬁimhfﬁof AEI
and 3 showed ray diffraction patterns with

faulting Bwithes|apalygis pff@ﬂ&woaﬁﬁn%@ﬁfﬁ GBglusionsdi cat i ve of
[0059%“@'&#&% 1emré£]wg}8§cggkﬁ§ﬁc}\ﬁéﬂctgwtﬁ? ﬁ%@?ﬂ EP(%} CE"gtaﬁla)les 2 and 3

werddopgideni wigh ofibes@iehiple éﬁtﬁrg@dﬂ\dn plae:sawhﬁaﬁmnn@‘phcﬁlogﬁmf Sample 1
eaks in the diffraction pattern, |nd|cat|n?l{fhe \
was est deseeibedns inyplates CHARSTiNBomelectEm Meroscapy Fergmed this
confirnmed these
com %&%P§£P%EQ&¥Fg%%2%f%%§%ﬁ'%S el ectron m croscopy
[0058h O\A/d%hrthbaanaﬂyms ofithe beohyrd gy disdlosSd rtipdt dlser@ warsdofBenvmreas of elevated

consi st ent ubes or wn .
siliog PR AP LB G5 L PhigherEoBr bR og gorticte
of sdell! Maﬁhﬁi &he JJgQE‘ SR Pkt 1! t8ifcletl 9 cHRt5H ASWA¥vels of silicon.

confirmed this conparison of the norphol ogy of the

sanpl es. [0058] Furt her analysis of the sanples

di scl osed that there were often areas of el evated

silicon content, typically in the center of particles,

whi ch are plausibly explained as particles of seed.

Material at the edges of the particles tended to

contain lower |evels of silicon.CLAIMS: 1. A process

for preparing a netall o-al um nophosphate nol ecul ar

sieve conprising: a) first providing a reaction

m xture conprising a quantity of seeds containing from

5to 20 wt-% netal oxide on a dry oxide basis, a

source of alum num a source of
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phosphorus, at |east one organic tenplate, and, a
source of nmetal; b) inducing formation of crystals of
wa anod/ooes@l | o- al um nophosphat e nol ecul ar si evePdT/OR20061623734
reaction m xture; and c) separating said crystallized
nmet al | o- al um nophosphat e nol ecul ar sieve. 2. The
process of claim1 wherein said netal oxide is Siq 2
3. The process of clains 1 or 2 wherein the
CLA®MSI | 0- al uni nophosphate nol ecul ar si eve has a CHA
framework type, AEl framework type, an intergrowth of

a L xture of at | east .
T Rl b ABISAL TR AR eh OGS Rle o fpporisne
\tl)vha) efinst saiidinped m?bt@@ﬂnﬁre gﬂiﬂgﬁﬁhgh@lumﬁp l‘o? S@l‘as _contiining from

etween lto W - SI, 11 Ca. .. rocess of clalm
wher o o A unealonsnonn iy st esit a pguigg ObplygRYm, a source of
Ox1 d%hoSphafiud) ¥eleRt 1P BilARAVAL AL n BTABARE P AIBRAL S1 NG

a) introduci ng eedstoc a reactor systemih the
pr b} eindecing formetiombBerystals of sad engtel bpdumithophosphatermelaadar sieve

wth claiml: b) wthdrawing an effluent streamfrom
t he rig(getﬂbei’reg?}g{"e"ﬁixthﬁﬁnang passing the effluent stream
t hepu@hardtif @6 Bfy¥talliSl AHBLARMAlLRGRY 6 IPAGteFholb&AR siQRe
or nore conversion products. 7. The process as cl ai ned

i & cl Biernarecesh ef elpim  yédhefaie srid oustal o5idgis 883.one or nore

o5 9o L SR BRL R SSRIEO B SRR o

sievé hassd CHev frardewerk t§6d, ARIMfyseiedvdrk Bpe, an intergrowth of CHA and AEI
nmet al | o- al um nophosphat e nol ecul ar sieve conprises 5

framegyotiotyes op asmixtesg oA ableagidvaiohsaid Semsmepives-on of sai d
. oo :
e A e R DR R

betwleen $tto povttdoailicaf sai d crystalline

tal ].oal um nophosphat e nol ecul ar si eve conprises 8 to .
B TR EEprest 8T SR diee 54 e REMIBETFPmB Y toflo '@ metal oxide.

6y St R iidgagh BbhRrablHloaRhgnBhahe. conbrises 2 to 4
0. T cl al

vvt-%S|P|ca. 10. The catalyst o nms 8 or 9 wherein
t he) dniredusing nfeedsoch loa rmbciod sysiehouisghapesenck ef theanolecular sieve
i eveprgga%eé ﬂleacggl)ég}l(%l wi | crzlléltﬁltq lf,r e of SAPO-34.
b) withdrawing an effluent stream from the reactor system; and
¢) passing the effluent stream through a recovery system and recovering at least one
or more conversion products.

7. The process as claimed in claim 6 wherein the feedstock comprises one or more
oxygenates.

8. A catalyst comprising a crystalline metallo-aluminophosphate molecular sieve
wherein a first portion of said crystalline metallo-aluminophosphate molecular sieve
comprises 5 to 20 wt-% silica and wherein a second portion of said crystalline metallo-
aluminophosphate comprises 1 to 5 wt-% silica.

9.  The catalyst of claim 9 wherein a first portion of said crystalline metallo-
aluminophosphate molecular sieve comprises 8 to 15 wt-% silica and wherein a second
portion of said crystalline metallo-aluminophosphate comprises 2 to 4 wt-% silica.

10.  The catalyst of claims 8 or 9 wherein the crystalline metallo-aluminophosphate

molecular sieve has the crystal structure of SAPO-34,
-15 -



