WD 2007/ 005250PCT/ US2006/ 023734 ENHANCEMENT OF MOLECULAR SI EVE
PERFORMANCE BACKGROUND OF THE | NVENTI ON [ 0001] This invention rel ates
to a processobmropszeduci ng an enhanced catal yst, the catrairstoosozssh
the use of this catalyst for converting oxygenates to |ight ol efins.
More particularly, the 5process of this invention is highly efficient
in converting nethanol to light olefins due to the use of catal ysts
havi ng a favorabl e catal%st. 00021 A efins are traditionally produced
from pet rol eum f eedSVHARCE ﬁfQFQﬂDEEGHIéﬁ%%ﬁ$@iEﬁﬂﬁ@@ﬁ@#&é@sses.
These cracking processes, especially steam cracking, produce |ight

ol efin(s) such as ethyl ene pieit GrOPMNIPYHEENE: INPENRIMAr i ety of

hydr ocar bon feedstocks. It has 10been known for sone tine that
oxygenat es, especially alcohols, e.g. nethanol, are convertible into

i ght ol ef4k) . Tewinkmdios rolales wnerniasest for piodaeing emendiraredsatalyst, the catalyst
general | y sh@fghikesk thd cét%iygpﬁopé’d}a%ﬁﬁlg'gﬁ%g?flét% t%)liegﬁ{\@i%sﬁ’fvﬂﬁ@éa?ﬁc §)]; ﬁxg

met hanol is converted to“ethylene and propyl ene in e presence

mol ecu ar pyiceszef tHinmes]tivmds highlyteélirient ppdopvertivg methaneldd tightadefins diie to the
crude oil ted. 15al ternative processes for

pr oduci nguge;%rcg{:a%c?ﬁg%éggﬁﬁoﬁ%ﬁg%ﬁﬁ?s&r‘portant type of alternate feed
for the prleM2rti dhieihis dre tinditiodally prsiueddefrox pereriaing edsockbyatabttical elesm
parti cul arly, .nmet hanol d ethanol , ethers such as dinethyl ether

ot hyl et FYFBE RRESSSha ohe ST TE BHArErSss. Ararery Fovn PRSRBEroGHa DBt hy |
formate. ThEse) axyae Bm?rﬁﬁe aRYoligopI e deats PaticesiBatahibon feedbtodlis Ol has
synt hesi s, gas derived fromnpatural gas, petroleum i quids

car botthc e SR ara forsome tpthaipxygenslss sapecially dlrohely, ¥ magthasl, are
muni ¢i pal oY, inf 1ight BRfin@l AMBpFerRlthd D] odMERFESS & Bilerdify

parti cul ar%y useful in producing olefins is the convérsion o
met hanol tefesdde ge metenel-tarpdelinéy EWTA) pyocess, wWhephmethaspl i sonvEtted to ethylene

COMTEr Ci alan&fﬁtggﬁlg%éin! eﬁg%nw&%%ﬁggrsge%based on the fact that

nmet hanol can tain romrea avallable raw materials such as
coal or n§eshl Jas lintitedsupple atd inekedhg asprfotuleilhar pluagitsd Haseanthi foh

is inturn, prqcessed to.produce hanpol . 2 0Q4].Oxygenat es .ar e
convol o0 R E GRS R SE e AT SRR Cor mATiery (R IR B of AliTnate focd
c (r)] nver si oforafe ?Oﬂlﬁﬁidfl @ﬁn‘gmiommg a&wg@illate%%uma%ﬁmblﬁypﬁﬁﬂﬂﬁs Bit ethintd] and
t he presence nmol ecul ar si eve catal yst t hou type

mol ecul ar eweéﬁ%wc ERmeBL stier. et s@a&f_setﬁdwnﬁég%é&%ydomﬁéﬂ
product i 0Qa@bnatd, 8hd ﬂz%thérf RAMAYDRBALEFenatds PR HoARed BY sRhakGidmtPRdm
mol ecul ar si eves have been found to 'be of particular value in this

cat al yti c syrkssisses dgbled 6o5) Sippkgss) peittlespHisilsatacbanetasusimaterigls dpelyding

are uf 8 : Ld g i chl .
B
2007/ 005 2 paEcitalseeta 0 pdd8edng olefins is the conversion of methanol to hydrocarbons and

especially to light olefins. The commercial interest in the MTO process is based on the fact

that methanol can be obtained from readily available raw materials such as coal or natural gas
which are treated to produce synthesis gas which is in turn processed to produce methanol.

25 [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.

30 [0005]  Silicoaluminophosphate molecular sieves are manufactured from sources of

silicon, such as a silica sol, aluminum, such as hydrated aluminum oxide and phosphorus,



such as orthophosphoric acid. In addition, an organic tenplate such
as tetraet hyl ammoni um hydr oxi de, isopropyl am ne or di-n-propyl am ne
is used. SAB@h@dhodrel ongs to the famly of nol ecul ar si eyegshaybigsst he
structure type of the zeolitic mneral chabs7ite (CHA). The CHA
framework type has a double six-ring structure in an ABC stacking
arrangenment when 5vi ewed perpendi cul ar to the rhonbohedral 3-fold

axi s. [0006] The preparati on and characterizati on of SAPO 34 has been
r epor t ed sheh aseviboptiospharieacid. nadlitidinreg oignit, t4mplagAclaadeiyStiy| 2dBodum,

of the mouoriB S Hlat i doh- OB e YA P RS o S RIR0UT
10di r ect abl¢onlat bievegrhading thieciruatiirel tighdf thd eblithsmitersd chab@hm‘ QOHSA.) The CHA
cont ai ni tp 4 bon atons, inclusi.y Accordi n . Lt 1S
o t antars gt S Besa AP R reia oh e rroRdR s

t heses pr @Mﬁ@erpelaﬁwl&r&omrﬁoﬁbcﬂiadﬁﬁwﬁ@aﬁﬁ conversion of the
starting gﬂet hanal , and oeg%got deactjvate rapi dly_ under the-process

condi t i o006} oddi Proparafine arhFpacEraiogf ﬁé?ﬁ’aﬁfolrl%tbsweawwén YR, 34

exhi bi ts E@h@ﬁﬂcﬁﬁhﬁg 16 8240RPOMEL US §L8G kY bbih 6f%h?éhhe¥n1: ﬁé}gn
propyl ené, and 15| ow product selectivity'to paraffin and ol &éfin with

four or mwoeaéwfe@@m ol efin). [0008] One desirable group of
S|I|coal g3pph

silicon ont gnt Qﬁg}?l co[HFJ ﬁﬁﬁdrﬁﬁ%@%@ %&tg Et{]ﬁl@ﬁg—&g}%@% Acl%&{ls

wi t h10 owdsgedtedtorihepntetion af Bglp atdﬁnsu]eaoleﬁnsimnmmbg #ofndl toub@rbon atdm
MIO proces on, cont ent the effect reduci

For nat | o i eaae PR BIPR ot Wit R ofeb Sk mavass it fagRanTor
20pr oven tighsé produtts, résaltmlgqugmﬂ@@hﬂ%en@momﬂm&m{m tHahels idadoss not
nmol ecul ar, sieves with low silica tg alumna ratio. [0009]1n the art,

various AF3ENe wriy Bodse ths mrerses qogditinpy mrpeseda in g ferystsiar @fm%han@l Or

SAPO nol %felﬁh@rspaicﬁy%(mmere@mpﬁigh pﬂﬁﬁct%%@mhﬂr% 2adicht o fbpReROsLe
of fluoride ions to the synthesis mxture. However, this approach has

t he Hf saél%ntoag@ selpefivitrdg paraffingnd oG vad farey %G?@’b@l@s@ﬁr"@ iy or
envi ron

SOl nt 1 fodo8)  C BleBR M hoPof Aok ibd e BRIERAR KERGTS 1B et have
avoi ds t rhtsvmhc@econtﬂst G;Imﬂp@@p&Sph@temﬁth@@HAtﬁmmk tfpeotithdow silicon
fluorine t.a These .C nds have two or e

1 uor | ne SIRLAN R ESTRRURE: L HRIE cGT PR RaL T 1B Sl s e
SKnt he|5| 3ff|®cft oﬁfqdmmg)pﬂmpmmﬁﬁmd ioffand ié)idaciremgrfmlggaﬂaﬁy@ucm:a'OI h&bhﬂbm&-{]ovﬂgé@mhgm

t he ecul ar eves oduce ar e ripe as avl t he es

Chos] § Srayeh aRhiGR ke BHE PheRiHA SoGoaLn R ophBals Foaoelens evas Wi e

of |ight splgfd MsmivAeRioused in a nethanol to ol efins process.
Therefore these ot her WD 20071005250PCT1US20061023734 fl uori ne
cont ai ni MPO8brpdu s Faiosetemps baledernmadoiodmprove fhagynihesineid PRy or
desi r abl I

oxygenat S50 a“@% B8 SREE (il sBbtChal LA S haddbr B B Afridg ions o
pr ocesseshe syhihedis mpbaurs pdawdver ﬂru@ aprirbehdmsithi disadvantage that many of the

25  fluorides cause cost, safety or environmental concerns due to their toxicity, corrosiveness and
volatility. It would be highly desirable to have a process 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 silicoalnminophosphates. Although the molecular sieves produced are
30  described as having the desired chabazite crystal structure, they produce a lower than desired

yield of light olefins when used in a methano] to olefins process. Therefore, these other



of nol ecul ar sieves having the CHA franmework type. A particular need
is to find nmethods of 5preparing | ow silica SAPO nol ecul ar si eves,

whi ch do novorequiner t he use of hydrogen fluoride or ot ren/dskasenisdes.
SUMVARY OF THE | NVENTI ON [ 0011] The present invention provides a

nmet hod for the synthesis of met al | oal um nophosphat e nol ecul ar

si eves that overconmes many of the problens inherent in 10the prior
art nethods of synthesis. [0012] More specifically, the nethod for

pr epar i ngflRering coBainipaomneHedsFRRRE ﬂmoﬁ@en spugdi. & weuld glsp br desirable tehave
provi di ng : I Y | oxide on a dry
oxi de bas?gmgﬁﬁﬁ?ﬁga&%%ﬁﬁgggkgagggé%?%ﬁ%%ﬁ%ﬁqﬁPgﬁ%%nprising sai d
seeds, a W9dble dfis therafom dayirahledo find eew brosksssy mbiahsre siecifie dat thosymthesis
organic t | at and, . a.sour of_netal . and then 15i ndugi

croota 11 SEE B ROg o RGPS Rkt pbliEhar Rt B Fgmibori of
react ison piepdritpdow Filea SAPOCRoIeEulaiavks, phish ddamt feqhdyvhe WeOOLIBMIdg@h T On
of net al aﬁiQﬁé%o thﬁ rgﬁction m xture than is present in the seed.
From 1-5 WRYA%EE 8ebVfEes present in these reaction mixtures. In a.
preferred enbodi nent of the invention, the netal is silicon and the

metal oxide is Si Q2. 20[ 001FTWMIMARYVORTH®INVEBQIONNPri ses usi ng
t hese silicoal um nophosphat e nol ecul ar sieves as catal ysts that

contain bj rs r conyerting nethanol to light olefins. [0014] The
ivent | ontBEFE he B piiSY San i BRUISA peb o g svitss o 1©

si | i coal usiefOpd@aioph@phat BolHcdlhar SbRY ehat Hveitingdd ndankiof Ble REIEhOMNSEN in
the mol ecul ar, si eve _conprises _a higher concentration of silica than

does 1&_ I aﬁﬁ@ﬂ%@'&@ﬁ@‘oﬁ%‘?ﬂ%ﬁ@%ﬁ- the nol ecul ar sieve. The first

25por ti on[mza]t he Nl e sRh1P IRMA RO R b%gﬁri%; Iﬁgta%ﬂ%ﬁlh%ﬁ(ﬁ?heﬁé‘ﬂofepﬁar
| arger second portion conprising the remal nder of the l'ecul ar sieve
conpri sessigves coupsises s arovidies peasl epnteldingdione fitw?0 wi-Mamstahexide en OA

oo BIRL e O By B

framework types or a m of° sal r amewor
WO 2007/ 09 5258GREPhUISROMS, B 22T 3vhe DEgEAICLi&RpIDESERL PIdumdt b dNENTI ON

[ 0015].The. pracess of. t he ins t.invention concerns, th reparation
of arld  nECHOEE Gy iRttt S SRR SO PR Sievebed (eeons o
type of HEoAlfQeTDiea@uicahbf fietY rotdidaes Idwep eenclihtr-alod ¥ AR 68L& 1S rddBijonbe
prepared as well. ELAPGs, are npl ecul ar sieves which 5S5have a

t hr ee- di nEREHEBAn HPesah By B seed, Bvaw? RESrpeialaxide igprepens in theroreagtign
ELO4 mixtures. In a preferred embodiment of the invention, the metal is silicon and the metal oxide
is Si0,.

20 [0013]  This invention also comprises using these silicoaluminophosphate molecular
sieves as catalysts that contain binders for converting methanol 1o light olefins.
[0014] Thé invention further comprises a novel crystalline silicoaluminophosphate
molecular sieve in which a first portion of the molecular sieve comprises a higher
concentration of silica than does a larger second portion of the molecular sieve. The first

25  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 wi% 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.



tetrahedral units. Cenerally the ELAPGs have the enpirical formnula:
(ELx Aly P2)02 where EL is a netal selected fromthe group consisting
of siliconyoregnessam zinc, iron, cobalt, nickel, manga®ase0s/n23734
chrom um and m xtures thereof, "x" is the nole fraction of EL and 10
has a value of at |east 0.005, "y" is the nole fraction of Al and has
a value of at least 0.01, "z" is the nole fraction of P and has a

val ue of at least 0.01 and x+y+z=1. Wien EL is a m xture of netals,
"x" represents the totRETAMEMMPESERIFTEONDRTHE RVENTIONesent .
Preferred netals (EL) are silicon, nmagnesium and cobalt with silicon
being es |1 o

bo1 19, ESRRRSR! | 185l e R TR Al Y B LRI o
than i s prieeaduminpphasplete mnlabtﬂmmwef@mvhmhsa atype prHAE@md[hmlaemde Other

t I t % f %
rotal and P aRpR ey BortS AR S CREAPOS LSRG ol i o
cont e‘.ht ihsvefajilrad dlmaﬁshmahhimcrpordmg ﬁeﬂxe@nﬂ&tmhafe a0y sPd, ted PL@par e

the nol e |eve rod t her ingredients conprise froml
o 5wt og e 4 SRR G bie A I aﬁv; cHEERL 1508016] The
preparation of var| ous ELAPGs are y in the art. Cenerally,
ELAPO rml“%gul ar, sieves are_synthesi zed by hydr ot her mal

cryst al | PPgteildnis preitd selpeiad fpmihagepn pansisting off 998 Mesnssitezise dioses
of EL, abbuminubkelRRASRAQL, %ﬁﬂ%%&ﬁ[ﬂ&hﬁ% ggn

of EL are the rreet al salts such as the chloride gngs%??%g%%%go gﬁggﬁd
Wienl®EL has ayalyecadiat leas (98 s"ys s B mobofratins pfidbardime d valve bfdllcmt 0.01,
prect pi t abadq@im Al KMAAR /ol 08 nl s Hlitd 2 18630 1A 19204 Aa

al um num and phosphorus are pseudo-boehmte al'un na’an osp

aci d. Tempkiateiof glewgﬁ fix’5repreagntsathe taia echoumodf tiskemetal mesura p:tsqm&rreﬁeﬂad y

anmoni um ¢ Afre ently d. ten
et r aet nyTES G iRy Bl am e B TR Ron dYng e ol Pesfetdls o o
cal ci nedmoldeelar gewtk bf thg pAlsEID iBveltiorSAPGlage M Q 8 NateaM ot Elfgfhéﬂﬁéthio n

() patter i cal of CHA framework type and are qof hig

pur i Fontent ﬁf@ncﬁ) preeat in %Ewémmlar BIGYRaPIO aflﬁﬁﬁ%dtrapf@nﬁavmﬁ@ses from
hi gher sslnb SOR% HEL RAA ﬁJeféP&bli Ra4 ﬁmﬁﬁ%ﬂa@dﬂmealp@&eﬂaary 19115 Y§ wike®
used to produce the CHA franework type crystals. hout the use of

t he seedleib 2007srdosbeiipety) wsirobis fopd i theothes mreshcmts thpighrenseditd i con
1 0
concen rgktehag ggt}g@{am& E@Qﬁf&&ﬂ@{ 'S%Jf?%{iﬂﬁr ﬁgl%ﬁfmfg%oﬁﬁ:%ﬁgelﬁ& 1458 vethgpetal

intergro eac xture,” consis
of a soupekproferablyudrioruiwi% anetdur ce of phosphorous, one or nore

te ti en r one nor e tal .containin
Scorgoun @188 ke pRBRRG 4ol mPRRQy 8 SrBlualPh S JBiof arrgif: RLA%o
\r/1v| th Sn mmh:n:f ﬁlaﬁilla&ts BIC? syaihedited| bydhiydivtigesmaladryst Al zadbh &@ﬁmfchk}tioﬁlmgxﬁfﬁj
eated prefera under aut nous, pressur.e terrperature et ween
500 and %%Ué@ﬂaﬁaevaﬁ%ef WPLht 9101%5@?%%‘83@ SR 206 ¢ Bhlaang farit. Reactive
suf fi ci epdurded oPER G Be Alekd bats SuchldRhEMIdrite ahfl Qitlatd ®R1tY AVKESEY, [sQfichn, to
120 hours and Ereferabla/ from24 to 48 hours. The desired product

r ecover eBPUsSEs ahsiliewsrien %ﬁ!ﬂeéeﬁ?ﬂpiéi@ia precipiiaing ar albexidhioams of silica. Reactive
centys f UgAtdQBf allibiduin®idd®ho htc)) %eﬁc%}f%ﬂ%#@h%n%ﬁég orit L QY ES

of the present Invention ‘na one ofr ormulating
agent s, HTemplotimg agentsitst ateaxsectlnehaée gratnad st queENMEOE ihinoniuer canpounds. A

f or mul at Sve cal nposi tio The

agent s rrgrgqlgg lgﬁ%dg?m@% e argﬁ }eﬁ gl %W?%@%@p Wnethe
cons: st i n@leofilabiievti a@ calp@fetSthe Pt AMRO ’fs loir BaPOr@EtifE halkSay diffraction
catal yti E}%E}!)}/pattern typzcal of the CHA framework type and are of high purity in terms of their

30  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
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15materials and m xtures thereof. This fornul ated nol ecul ar sieve
catal yst conposition is fonned into useful shape and sized particles
by wel | - knowp zéeetmsques such as spray drying, pelleti zipagiuserosn23734
extrusion. Matrix materials are typically effective in reducing
overall catalyst cost, in acting as thermal sinks that assist in
shiel ding heat fromthe catalyst conposition, for exanple, during

regeneration, densifying the catalyst conposition, increasing
catal yst Svstelsgf Gighersiligonaeneentigipnghansthy reamadndsr of the Faaicion mgiisithice,

and in co of conversion in a particul ar process.
i Pl RS kR ¢ Bl ! _ _

[ 0019] Upon nbi ni n ‘ecul ar sieve and the matrix material,
opt i onal | y00i7t h d“bblrmmn migiura, donsjsting dfe sbmcemﬁalsmmunyasmirxém@

preferably,ri QuUS 1M Xi n neede substanti a

hormgencottoHiEp R S ip e Bl st G Gol SHEDR iR tsBl dontsining

sui tald e 2&hpsuitisis pila‘thedi udaesemtl @fe,ssm ebd) aptib@illgﬂﬁ'&g va{hdﬁhu&eﬁastﬁst ers
Is water. The

and conbinati o her preferred |
slurry nayiaffélaﬂ%lﬁflmo rcr lep eﬁ@& L%?aedd:rw 1Ay Wider pEpaeApUSEessute ot a

produce t bgnRagit @Mkms@%ﬂ%b%& Zpiemraﬁgerﬂewéeﬁ 1902 £hd 20 Wy a time
sub-particle size distribution. 020] The "nol ecul ar sieve and matri x

mat eri al , SEfigiepide pEgHEOHE LD B@aally,rfh@tlmvarwsﬁr@ 5 e Odrouesi ool prederebly
[ i id
i qui ds, Qﬂzﬁw %%ﬁ@.ﬂﬁi@&ﬁémmtg 8 ered bﬁggf@er eol?r%éq;aﬁat{ofqglethod

si mul t aneou sequenti a or a conbl nat
pref et edswmadmmmatic{nhﬁlt@amotd@mtmg preferabl y water is used. The

nol ecul ar e, tr t.erial.....and
"ol SOV L IAHEY © . M bt BRLEL e e iite bR mdd BE S BET nAR TR SRore
sl urri es, fdrmgktihe bgents, to@xﬁ@&?&&ﬂﬁ%%&l&@&ﬁ HERRA OIS a&"emﬂﬁé@inyﬂemhlﬁr

solids are add t et her or .substanti dried soli,
pr ef er abl &Y% OB B A S Pl 2P0 A gt T pelected

[0021] In @om tﬁé@x@d? BRlsting BEbiBHME agen@sf mtam; dfﬂil!é@ia!ﬂat%haﬁ 'c@t‘é@rtm@ly’%éﬁ{re
and matrix materials is mxed or mlled to achieve a uniform shiny of

smal | By pawterialsgad prggures thopgpdn siormuplaigd siodgerian glerW{falY% CRmPRIQa 1§ he
mol ecul ar fcﬁha%&&t&ﬁéeﬁhléﬁ %ﬁﬁ@ﬁﬁd ﬁﬁaes i Eélovﬂ{éé%ma‘hta negﬁ Pﬁ?ﬁrﬁ?g

the formng unit. yplc rm unit 1s mal
t enper at updlogiging ereemsmro Maétrmmtmlstar@vpmﬁb/ dffeqm@nfrcdlm@mfemlluanayﬁt

df |
Fesul 11 no R RO ok AR R B a S P SRR AL SRS p W o
of nkr f)lspdb:emmﬂe dihﬂ{lg)&g@ieﬁimr ddnhﬁym@ﬂ?cmlyk‘d de@oSz;!:zzﬁ‘,hlﬁérealtshg qaoder i s
1 1 1 1 1 t
Pl | © R e b Srgafn i o Bl S b b 8 Pori i e 1ot

conversion in a particuiar Process.

[0019]  Upon combining the molecular sieve and the matrix material, optionally with a
binder, in a liquid to form a slurry, mixing, preferably rigorous mixing, is needed to produce
a substantially homogeneous mixture containing the molecular sieve. Examples of suitable
25 liquids include water, alcohol, ketones, aldehydes, esters and combinations thereof, The most
preferred liquid is water. The slurry may be colloid-milled for a period of time sufficient to
produce the desired slurry texture, sub-particle size, and/or sub-particle size distribution.
[0020]  The molecular sieve and matrix material, and the optional binder, may be in the
same ot different liquids, and may be combined in any order, either together, simultaneously,
30 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
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spherical characteristics are also controllable by varying the slurry
feed properties and conditions of atom zation. Al so, although spray
dryers progaegmok®ad distribution of particle sizes, pehra&ksSéokosF S
are normal ly used to separate the fines which can then be mlled to a
15fi ne powder and recycled to the spray dryer feed m xture.

[ 0023] After the nol ecul ar sieve catal yst conposition is fornmed in a
substantially thy or dried state, a heat treatnent such as

cal ci nat iseparately. Iapolisds evecadded togetperraa oy e substangialy tisiedyalily inte grefaable to
further hag dami@BdEk: AtbIA SudlifohRLEpd catal yst composition, . A
conventional cal cination environment s air that typically includes a
smal | and0il]} of maheembatiment, fhg plucslof A aad]edulm sieos Himlapaidatiatiie snatrals

in the range from 0 t,o 1000 referably from500 to 800C,  and
most | pr crurgsh §f Pl atRes *agect SRay bl pRBHRE ! SRR o
gas sfich fagnifg tinit Biprédugethe nitdbdulisicld si@al@asorh S Il PRy -4l WCdfich @8
in oxygenéﬂng%%gg co mgﬁl oneaft her eof . . [ 0024] Cal ci nati on of the

f or nui at &4 MedPEens it diveipale Siedoaipe spihiseriitipad pis eappinate BUticP iy
nunber  OfreBle! mdsPOMRe HQYiH HR%n B ShubiY] £ Hoph ﬁl@)‘esﬁﬁfng'nﬂﬁéc%lmﬁe% g

cal ciners, batch 25ovens, and the [ike. Calcination tinme is typically

dependentcomrositia. dbarepdtingiedialay comporiicaterendomiedtin griswhe trlibsthe Sirened
cat al yst nﬁ%‘fﬂpﬂl@}etsj on and the tenperature. [0025]1n one enbodi nent,
t he nol ecul ar” si eve catal yst conposition is heated in nitrogen at
a tehper 40022k ofGednemity 30O particlz 6Cof te pdwiry is contratled edometexfentbyathe

period of tine tyvpi.cal from 30 pinutes to hour s referably. from
e hour ¢ 6ot RmtatEor sk, H sy 5 G st Ruteiaiat efthoattod s
nost pr efsphictibdl\chireapistich argragsotcontiol ablety.vary¥¥@ the slurry feed properties and

20071005250PCT1U520061023734 [0026] I n addition_to the nolecul ar sieve
of the prcﬁ%ﬂgﬁﬁ‘{ns#ﬁ@@ﬁ]ﬁa&ﬂ?' Alg ﬁgg%% VRIEY SEipdErducs Adresd disidbysioa 98 nt

i nvent i ORafY sERARIASRQRR RimSIBVetdto &%Qﬁﬂé tﬁ@ﬁﬁésﬁﬂiﬁ?&hﬁéﬁ%ilﬁﬁgdf toa

materials. [0027] The nol ecul ar sieve catal ysts and conpositions

t he bt esdie ppwdesapd seydedtojbesniey Gyer feedmixigey of processes

i ncl udi ngyg acky Gl i i I .ZatJ
ot of mi nd ] o s AR E LGS SRRESU GRS ithieas IRIHERL Ef or
absor pt i dried siktryd lent eriment anchadsicplcietion at aedévagddaemperature is usually

hydr odec I L, O i.Spropartionati on, .ol igonerizatio .
donyar ooy ey B R Rrnkt RRIRRL o ROR: M ot PTRSs Bom S Mom, 4 gropentional
pr epar ed calninaticansaomeendid dir dhineyjicaRandluddd uentall amoust dFavdidratpal Typical
10% ul in g, process directed to the c&yyera&qe of ,a_ feedstack .
co si ﬁg}cg}'ﬁ 1 jpmperatyres are in the range from 400° to 1000°C, preferably from 500° to 800°C,

and most preferably from 550° to 700°C. The calcination environment is a gas such as air,

nitrogen, helium, flue gas (combustion product lean in oxygen), or any combination thereof.
[0024]  Calcination of the formulated molecular sieve catalyst composition is carried out
in any number of well known devices including rotary calciners, fluid bed calciners, batch

25 ovens, and the like. Calcination time is {ypically dependent on the desired degree of
hardening of the molecular sieve catalyst composition and the temperature.
[0025] In one embodiment, the 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

30 hour to 5 hours, and most preferably from 2 hours to 4 hours.



oxygenates to one or nore olefin(s). Preferably, the oxygenate in the
feedst ock conpri ses one or nore al cohol (s), preferably aliphatic

al cohol (s) wahsmweodskse al i phatic noi ety of the al cohol (s)eptgsesfotduisibst O
20 carbon atons, preferably from1l to 10 carbon atons, and nost
preferably from1l to 4 carbon atons. The al cohol s useful as feedstock
in the process of the 15invention include | ower straight and branched
chain aliphatic al cohols and their uncaturated counterparts.

[ 0029] Noni0026li t i Frpddiciomyio & mdleaplar gismea vfibe preadnd iyentianh thesktalyst hanol |

I
T D OP ko A BEP AR TP S ol RIS B
ket one, ameteiigls.aci d, and mxtures thereof In the 20nost preferred
nbodi d K . d.f f,
et hanol . IRD: ny HECERIsP e N e cORPos o0t o] HRPI-Gr CHET O Re i
pr ef esabl # awRtibEvE broeedeLinoRbny crﬁﬂdft@’ hy®bdadkey, isphefigdtiah) polymirhane, .

[ 0030] The feedst prefer bly conp g. one or_ nore oxygenates, is
conver t ed™fqmitgeh #?I}%%eélﬁ%fél d¢ Yélr%sret?ar %W%rngv%vdé%ﬂear%e %5%%%11 st on

into one Qkylﬁ%@ﬁ%s@fkk/]&ﬁ& d'@ﬂl(ﬂrlﬁﬁor? h&cﬁo@eo@é%ﬁ&? ﬁ‘ﬁ)@ﬁﬁn&tﬂfn?f erably
2 to 4 carbon afons pr ef eraly, t eoer% al one or
q

conbi nat i @irgon‘@ﬂéat@@ndﬁévﬂlewcﬁlﬂmwﬂee@bmsm ni ng oxygenat e,
f bl |
preferab ys o el %80! B oA Moplack bR akatIR
met hdfol twefidied prosess dirgperetodhd gonvedion véd faedstexéc dbeﬂSing lone anmdEO
ted feed th '

P onponent SSEGHETE St fuS RS mafRtRbR, e SvehE 1 e BReBoR forsks one
nol gc ul ar mtSh@’é @lcﬁﬁdl@b ,}ﬁéfm&gl%@hﬁtic@ﬁblohﬂl(:g v@?? thé aﬁ?ﬁﬁc ﬂﬂgﬁ:{t}? itk ,

redom na ene an ene, .often referred to as
ol of i n(s)@ %&Sﬁ% i Lo 0 Ggfonh H{e ably Gamclelg 1 Qé’é@aﬁér?nish%nd]trﬁg
wei ght of @fé?dbacﬁézﬁqrro 4%&9%&%@&9&%&%&@9@ LR 131 M@%&tﬁé@ﬂ of $hedl

| east 50 vvt % preferably greater than 60 w-% nore Ere erab
gr eatlér tingentipo lwudﬁlowrgﬁerghw@rmmh@@ﬂ@e %mbwqﬁé@hp o greir unsamrated

| nprovene he operation of the process as known in the art.
[ 0032] The ee stock nmay contain at |east one or nore diluents,
typi cal | y[093¥d tNoné’nhjti@ atah@lascuﬁoeygenatsi inpludé methend] cetbimioh akprofeadl, i s

reactive %sgf)ll\%zr)aqu methn? T%ijetﬁ‘er & yl & er dlgﬁlgrl ether, di-isopropyl ether,
formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid, and mixtures thereof. In the
20 most preferred embodiment, the feedstock is selected from one or more of methanol, ethanol,
dimethyl ether, diethyl ether or a-combination thereof, more preferably methanol and
dimethy! ether, and most preferably methanol.
[0030] The feedstock, preferably comprising one or more oxygenates, is converted in the
presence of a molecular sieve catalyst composition into one or more olefin(s) having 2 to 6
25  carbons atoms, preferably 2 to 4 carbon atoms. Most preferably, the olefin(s), alone or
combination, are converted from a feedstock containing oxygenate, preferably an alcohol,
most preferably methanol, to the preferred olefin(s) ethylene and/or propylene.
[0631] 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
30  ofthe feedstock, is converted in the presence of 2 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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conposi tion. Exanples of diluents include helium argon, nitrogen,
car bon nonoxi de, carbon dioxide, water, essentially non-reactive

par af fi ns waspewbakl y al kanes such as met hane, ethane, padgisRiopanra) .
essentially non-reactive aromati ¢ conpounds, and m xtures thereof.
The preferred diluents are water and nitrogen, with water being
particularly preferred. Water, can 10be used either in a liquid or a
vapor form or a conbination thereof. The diluent is either added

di r ect | y prasiugedfie aidsasb 8k webi, prafergbly lgtaateatlmaéﬁm-%,onora@c&daldy gesatel than

intoar Q ul.ar sieve ition.
The  anourtd "B raEiEd b o Sal G bghiiali BalhemEoRBERE  of
fromb5 t@rcﬁa@ssrmkn%qbﬁﬁh@lamn the total nunber of m)l es of the

f eedst oc di ue referably from5 t 25 ol ;% 15[.0033] The
react i onﬁ%@gg @9 ﬁtogl PR &y Iﬁglsé"%?riné?r? en&“aﬁ&’!%?i?&“hé%ﬁqd
such ;s hydohebntiB@sH F1iBe febdtockale istreAlBRe &:vﬁ?@th@rmf)l'e&ﬁﬁ‘ SR8 chig@&t 1 on
zones and/or fast_fluidized bed, reaction zones coupl ed togethei,

ci rcul at |°ﬁ‘§P?ﬁﬁEﬂndE§%P eef dilaenis welide heliy, ayaonciiBpesn, easbpn Randxjdeecarbon
[0034]1n dﬁcﬂﬁiepﬁr@t@: Bds 1&%89 'réﬁ%ﬁ@e (ﬁ' hé’dagﬂ;e%ﬁﬁ%r Qﬂné%rsﬁtﬁ?asﬁné?ﬁm@ Shhne,
velocity fluidized mﬁ)r ocess | nc es reactor syst

r egener arhdpropgisi, escatiallyaopreshtive aopety emmypepds, end m@ﬂ@@@ﬂﬁjeﬂiﬁ &he
fluidize r e. Wt hi

rore. 1 G PR DE S AR Wity b B R RNT oo n R s
di selyagiba gsed@ﬂ:ha'lm a;hqmﬂexr abvhgordamp ot 8 bcﬁlgblﬂaitﬁ)ndhermﬂ Ehecdiblentniesithef he

riser rea r{s nd di sengagi n .vssel are ined, wwthin a si e
Toact o Bt 0 SR EHLR TR R Frltd BB il artilad pPaddd
r eact or ( Sithiamateduld: sﬁvérad.tﬂgwoamp&mwe Tﬁ@&rﬂbﬁ&ﬁ bf ﬁlmm thd £BdRdckgpked
version thereof is introduced. I n one 25enbodi nent, the nol ecul ar

si eve caleneally ipiepanrgetionyy toc 5 awl-Vehasedhon ﬂlﬁ&t@é@l}@f elonelateidbe wi t h

a |iqui df&estgacsandqnu&@%a@%fbﬁmytﬂmm‘zs RAbi-Qr to being introduced to
the riser reactor(s), preferably the liquid is water or nethanol, and

the Yas i(¥3dh | e reagtien Broedssessam fake gkgefnm Al ariplypd oatalytic oracioss such as
requiredp g A8 gk %AVQ a%ﬂ&%ﬁ %?hﬁ%cf‘%d%éé'u% 2He§ \éﬁd@aﬁaﬁ'ﬁﬁ?&mé&j@%d be

cont i nuou% le |ntro uced as a generati'on "zone
it can beeap‘ecgmwcmoeﬂledmﬂmh casulatlirrgﬂwdaaﬂmied reda;ors eiseveagors, and the hlce.

o mospnef e n of ey drd SR aaer R0 RO St ¥ e

wll be %btbpleedss tmkﬂesf £Haner aisican aségeﬁerbtyoﬂnyﬁtemmgdafpiocmam@cnaﬁﬁ@gtsm

dep during reactions,

2007543 s tlgskT) 9%93’6‘63‘ gﬂea[)‘@b% emlhaé@rfvgrrfﬁcﬁan ARACHPEFER ORLPIARQIP FiRY
usi ng t heeae@k(@) Aala SCMARSICEbPAsheAfithiDIS 1edav&retd1§aﬁ a%ut%eve%e@ GRSEraby
preferably carried out in the vapor phase such he f'éedstock is
cont act eeomprl%ngmw@z mskaeelqngs. e sigertrpastprisy Ared @Lﬁetnﬁaﬂng vessel are contained
si |'i coal ypg.nopd r f

conditions s 8%:‘9%&3%? %ﬁbr od%‘g}grls% faﬁ({ﬁ%\é% IS?EE%E) 1{1881114' %%&%g;g@gg%%g) "

t enper at sshigh apn@sgﬂmexevsmyst(mpgﬁﬁoﬂmrwokgd mmetheebﬁxsumty@dueaddm one

opti aII n ecti,ve, anpu f di correl ated

Por ol ehbpdhel PEmAFUERRYE by PopbSiong SR B uliSabt S i
l'iquid phahe ligiiiedst ghd)@r psakiastison ther6dl] fricdo Bethg infrotihRdltd BdirfleABRSR(S),

t he proces el\cg,ﬁ%am Yy involves the separation of products forned in
a i qui d PreEcERlY S Yok 4 ke %%‘ﬁthﬁlé%mn@ e 228 1 FPEh B4 U BT R1eSRS. A

sel ecti Viddefgatth if REEREDHe diiRoRREMHhod¥hhiiR HASRRE Eleﬂzr@cattzﬂfst cel @i ve

ratios of the 10light olefin products as conpared to that forned
t he vapo poxﬁmag@lmbg@ggd as a moving bed to a regeneration zone where it can be regenerated,

30 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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[ 0037] The tenperatures which may be enployed in the process may vary
over a wi de range depending, at least in part, on the selected
si |l i coal ut vmnephospdeat e catal yst. I n general, the processrosdes 4
conducted at an effective tenperature between 200 and 700C,
preferably between 250 and 600C, and nost preferably between 300 and
500C. Tenperatures 15outside the stated range are not excluded from
the scope of this invention. At the |lower end of the tenperature
range and 100153ﬁ(1§1 ésé , Ig nggi@za;pg@ Oflzfm nsm&ﬂrétcaﬂlysfe@@moaﬁpn&Qféhi:iélzentlon,
ormation : : :
7t 0 and s 153y LA 0B I L AAUS! Sl BRI TGl n
&r) 1(:)c gats ﬁ Pawgm u:hfsc kgl ﬁacm?t A0HTE] m&lﬂﬁ.rmdmbalu{mﬂopb@}p}mb efoliawular sieheect sgfecf[nr\]re
wi t hst apdi n se factaqrs .reaction w St.i occur _an e
Feedst ook Rr FaldfoHR hBEito Biogh Ot BRERS Lo oSkl mBEba Rl
%Sfc [ rﬁ[ g(r) ggimrf]Waghttt@nﬂyesﬁuyd&@q@hﬁ,@ﬁéﬂ%ﬁﬂ%@ﬁg@&taﬁﬁﬁm it ; uaitd
: e, process i s eCfve carried out qver a W erar:)?de
of pr essuPRLCIRLRIGSS gw&gjwa tesnatveliy e progess e pemiedisit i
0. 001 at nprRBEWES: B8 HrobSGs GhARSRAS @S ﬁ%lélhg,h&seml@fﬁoeeggrn@éaﬁeﬁﬁy Wivblves

not necessarily format all pressures. The preferred pressure is

bet ween 291 serprationsd predpets faimad oolignidrspiieyeedia akcap resylf dn digferent
referred E@v@f%{o%h Ond QlecliPifePEORERR EEoe?rsm{n]mws Ol 14 B8 r19elratios of the
I refc o the par%3 i t he

di | uent, any I's present, an er Ial pressure o
f eedstlock light dlefinrpeddictssis compatdh tntbht folared Sy ihewpoupisiseproctss. st at ed

range are excluded fromithe,scope of .this invention, although.
Gaon do’ A7 b Snet AR Hn GRSRE sBplova Bobf Rt BB BV ice

i Invfent i Onraé]@b déﬁ&ﬁdﬂl@,\émleaﬁ?ﬁipm(rﬁmghmr?&ﬂ sﬂh&almhﬁﬁ}?}ilklisphfﬁaﬂﬂﬂystl In@leheral,
ol efin prqducts can be 30f orne t .the process w not timr

[ 0039] Thea‘ﬁrpé??é?s"apé’e Pemlouﬁ%ii aharb@fchw GrbpEe W?qnaogﬂ%nd? ﬁoﬁadera-@gbly
the desi r ggtwheérdB0° AEE00PC RARSEL Prefekdbl PBARES 300 AR 5EPCICHEFerithE

enpl oyed to produce the desired product can WO i
2007/ 052 8usids thasttrigregesranohexelided fom tessoneolilys vanfiave At Be lowgaend of

It will b, ' ' [ .4 : :

resi dence ﬁ;{ei térr@s{il\/rvl %eq%gegg?’g%lﬁnsg %%r%?%%gagilgdvni&? ?ﬂg gﬁ%éa%(?{é ﬁ%etfg‘sﬁa{“h@ of the
reaction deswpéHghtiefin products thiclrabmaimadphilysiivat/e tholmgpenbn ofshetemperature
sel ect e, il P NS 5ol SR b B B RS ShAc
5char act eNostithsndih§ @8] fiberp teaession sileflbaicinvelyhehedsial, aiéasovenrta
wi de yr.ange aof VWHSV for the .feedstaock and i s generally beftween 0.01
ond” 70 HPabes T b teraiy SRS e PR e R etiret oRP Y SedBbie. 100
hr-1 may bgwesioyeasd amcare i ntended to be covered by the instant

process, although such are not preferred. 10[0041] The instant process
i s nost pllB8k abiTie pracessayeifrstivels garied pulcvesa wislsdangesy gressures including

autogenous pressures, At pressures between 0.001 attmospheres and 1000 atmospheres, light

olefin products will not necessarily form at all pressures. The preferred pressure is between
25 0.01 atmospheres and 100 atmospheres. 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

feedstock as it relates to methanol. Pressures outside the stated range are not excluded from

the scope of this invention, although such do not fall within certain desirable embodiments of

the invention. At the Jower and upper end of the pressure range, light olefin products can be
30  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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conprising a tenperature between 300 and 500C, a pressure between 0.1
at nosphere and 100 at nospheres, utilizing a WHSV expressed in hr-1

for each cgapanensof the feedstock having a val ue bet weemsgodoand
40. The tenperature, pressure, and WHSV are each sel ected such that

the effective process conditions, i.e., the effective tenperature,
pressure, and 15WHSV are enployed in conjunction, i.e., correlated,
with the selected silicoal um nophosphate nol ecul ar sieve and sel ected
f eedst ocRayfeim sdsends|td ghvmberaftbauns: lowilt bereadily appredistddby o[neeldﬂqcﬂmahe

amount  of, ft%a‘? ﬁ{% rgsgc?egtgé G Wi ﬁggﬁ{tgédqo%lth%rmﬂcgnt etx t ﬁ %cq_(?r{)o 85

feedstock he reac or systemis range o
-% pr eefrqread:bﬂn‘gz the mhtohlmmnalﬂwapha% maolptigar e eéleate‘d} khe vfre’tthBuﬂ}OSp@&

- % base ht of the f to k i.nclu n | uent
cont ai neadlﬁﬂgt@?ﬁs{’gﬁﬂ Qﬁavwﬁf’ga . HEREDS; 5 e‘ﬁ\g %%%Ftde?gtl he
sanme T onphghdtér@ecs. Or cont ai n varying proportions of the sanme or

i me or .different dilue

di ff d k th t
[|004g]r ﬁgﬁ%f%ﬁ af C@tf\émesstﬁe ‘P?F%fglt’ﬁ%‘ﬁ@ PYrPVRLR Widg rtltﬁﬁg)ﬁwi%éqréhrgm ar

paral | el eRlipeck G Yl ya b1y TOFREP 99 ¥nd®l0d mtlegxﬂ éﬂ%ﬂbgfbeﬁ%éﬂ Bl 1Yand 40 hr-1.
rect angul ar paralle epj ped crystal norphol o s or m xture thereof.

Thi's incl @b@ga@wyéﬂféhrs Wiy bR caployedigidoare int ed:w begl doverad byl thednstanb ns

are the h S q@ep Penxgelch the aspect ratio is less than
or equal referab ess than or equal to two. It is also

necelkar @Q‘lﬂtht tTIhe irgtent piIgeess mhbﬂetefe:rat;b t:ahmﬂmut&mﬂmqmdees anditieast 50

nanonet ers_and prefera t 1 nonet er 4

expl ai neﬁom%rlst"?é t%%ﬁ%%é%b %YVF@ %(gg%pé a}ﬁrestsng ng %ﬂﬁ’h?rﬁ

152 it syl o, st iy
mol ecul ar _si eve us scannlng

el ect ronlh?ﬁ'%g ¥ Ety %%@Pg??o‘}%igtﬁn}mﬁ‘“{rﬁé’r@?V&%ﬁ% Vorgach ggected

obt ai N aguck\Rd: Ak RS rbREs sdMRitRAR e He HePRRILMPerathR) fldid hapt

wi shing to be bound by ‘any one partl cul ar theory, it appears that a
m ni Fum (AR ¥ sesapleyed dyeoniestien ieh serelsied, dritrthe sdestadat h f or

desor Dt i G/hoii il oSARANGIOREARKS NP sl LS Gl Ak b Ak i s

differentiation e two nol ecul es
parti cul arelpyoduceie si | i coal umi nophosphat es which are synt hesi zed using

the proc es b j taln. one, of t r gani_c
R L e e e D e
cat al yst she redveortsystgh &itih rig: mﬁf fiom 0.Meo mwe%, ttsirable So@NMDWETS Wiy%s, more
hea gth O p r ong a at a
0 BRETTIE o000 g Wb ERtCr T Rl P %ﬁtﬁegfegétﬁeﬁ@%%ﬁl fognta
f ew hour gent§iDQAALBINPTRS @%ﬁﬂ@@ﬂfa%k@&etptﬁequm daB1e dofhpBdiforl, Br
which the netal (EL) content
contain varymg proportxons of the same or different feedstock with the same or different
diluent.
[0043]  Molecular sieves of this invention have a roughly rectangular parallelepiped
25  crystal morphology or intergrowth of 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
Jeast 50 nanometers and preferably at least 100 nanometers.

30 [0044]  Asisexplained 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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varies from0.005 to 0.05 nole fraction. An especially preferred
enbodiment is one in which EL is silicon (usually referred to as
SAPO) . ThewwsAR@go0skdoch can be used in the instant inventaposmaicdny
of those described in US 4,440,871. O the specific crystall ographic
15structures described in the '871 patent, the SAPO 34, i.e.,
structure type 34, is preferred. SAPO-34 is a silica-al um nophosphate
material with the chabazite (CHA) framework structure. The structure
i s r homboBraBRiag elapftrrosisrasecnyd SEM) Bad messusing theakystads iwforddrée plfainlap ayerage

<100> di rgﬁﬁéf&?%&sﬁmﬁ&‘?dﬁﬁ%ﬁoﬁ' structure. The sheets contain slanted
doubl e six rings. I'n'succesSive sheets all double six rings are

s: ant edhi [ﬂﬂﬁﬁ}ﬁbséfﬁﬁmdlt wisbing 106mggbwndg>yanyémmﬂml / dledoiry) @t a@pe]a:cmthia‘ea .
al ong the_rho edral . < > di ecki . irectio slant is
ovelsed TUMPURIERRSS isianarea S BEF R M onmais e hERin oF el Al
t he ALPO- fdpglendis sulffieichiNClong teslltv siffeRatidtiodlof tHeaso nidlédnlds UTIe: RIABGs and
consi st of the sa stli&?(gﬁiﬂstlrupt re, stachlf1 d with a.different
sequence, T8¢ HEH galigpiy _}E%&?f'l")(. C Péy@hiﬁzf%i‘lﬁlﬁ% EPIRRees
basi s for ddsaihddiaBevd Wi BEARL doﬂ&i@soaﬂeef@ﬁeeor%%ﬁ@feg%ggag a8&H HERCSRes. In

y

i nternmedi ate between these 25end nenbers. -34 materials show
at | east @pploythgEdATGs tp hapetivegatalystsethe trammidingageinthgdareagustbex- r ay

diffracti I i : ' I .
G111 act | SoRERtTaffs B0 dollier il g hdiRof b iMlo ot g tmppire
Si / ( AIt+P) of 2008 to 'HI08@ cmtikthe templathis regvedeusuhlly atevt iongs.can be

i nfluence t he iL.s;a trend such .that. high Si/ +P L al
show | essﬂ)gggfauﬁérgfgfr%%ﬁlg%@ﬁ%?t #?bet@%&%? 158’;9%&%@&-}% ﬂbe)elfl%%f@abjﬁ?nﬁem
;I'hi Is is featied ﬁ'_EerO.@IJS\/fB!Ol(?fStmoleffraétﬂfrIMh&E;beﬁ?ﬂ? pfd@%&d@fnbgﬁh@@ﬁgmem which

aul tin .quji.te sensitive to a.n actors a exceptions to
the trendCbirihison umaly teferrad as ?éﬁggﬁﬁhegﬁﬂﬁé’%@ s b et g insiAe
of Si/ (Al mRntiodtkdany MO BHAORAE QRCTAMISA06F R 353! Q9481 MMk g

conposi tions can al so influence particle norphology. In general for
SAPO-134 psiBlsaIesdestitbed in §p bt qatenh e HARR-39, is.ofrvetarertiiee 34, frapreferred.

broduct . SRPoip A oH00Nubind UG IRSE! bhEhASEHRE(LILS rlbRERES

nost but not a mat er i al e range 102 in
t he fi nal stpichee dhe swafure ds fhamboledprl avdedn Healesmibph ad oetyokingofishedts along

Snor phol og I f ' r 0 | he
faults br egq?@{lﬁ: 5 r?%‘é?}‘g%‘%é’ﬁjrs%rk%‘%u%}% %%ée?slc#b&al&nnsgi%ﬁ%cg?%% ?eo%éﬁggs' ﬁne
ot her wi seswecessivaklents ai HoGble plxaings areciansdddh thegamwdirestianreiihglhy AKLAA he
unf aul.ted di.rections and pl ate-l ik tphol o nds to r | f.
[ 0adH ¢ - e e Aoy st e ot ol RGeS o B et st et e
and C3 ol givem&al dvlryt oG, 68l AMBARABSSackimg REfiRheY BleyATFPAGt ed
by large fault densities_(as determ ned by x-ra%/
structure (AEI) results. Both of these structure types consist of the same sheet structure,
stacked with a different sequence, either AAAA (CHA) or ABAB (AEI). This similarity is

the basis for faulting representing a mixture of stacking sequences intermediate between these

25  end members. Many SAPO-34 materials show at least some degree of faulting, as evidenced
by broadening of x-ray diffraction peaks and streaking of reflections in electron diffraction
patterns.

[0047] By varying the composition, specifically Si/(Al4+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

30  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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diffraction of cal cined SAPO 34 conpounds). [0050]1t has further been
found that a nore three-di nensional norphol ogy, being either

cube-1i ke Wwo2612n6d28¢ i ng of intersecting plates (wth fagrigs20beness

di stinct <100> planes) is beneficial to selectivity in the MIO
reaction. 15[ 0051] These factors indicate that a high ratio of

Si/(A +P) would be desirable in SAPO 34 for use in the MIO process.
Unfortunately, it has been found that increasing the silica |evel

rai ses t H@048ti di Yapyigs cemppositiona Fysalsainfludncerpgrtiole cedrphclegy. beagenprakfor

7S e R A RS Lg

di scover eeughifhdescrihed hochbediks wixirtas ntet b aseall mieriAEprddacddtin thensigey

wi t hout i eas] 1he gverall silicon level . 11 also.increases the
flegr oo of SHREFFLIRIONT R efic kER T b8P Marslid o Bey R 3T

rrlolr phiol ngwrg{omgyhlnéﬂegs?oﬁadh tiﬁ@wie&sflsmdmibeabxka?ulaa.altr@—féﬂlﬂsg@rﬁkm h and
all ows t ol ogy of the crystals tqg pe jnfluenced w thout

i ncr easi ﬁlgonﬂr%é‘gcﬂ@l\ﬁér%w@ Ic}il%ﬁ%?mng i ErPIHAR ?ntfép%BI@?ﬁlshe
key to t ke steihes ndhe RERIDAMAhS GiFadtied [dRScHIRL 54 AltteNIR\EtphdlodytEnds to
present invention is the use of seeds that have a relatively high

Si / (Al +PyesByel . The high silicon level in the seeds results in
SAPO- 34 al ' : - ' te. WSl 0
be. bound T h partt ey ot Eatt Kkl b epfon dCd U C Gtk .
of tHe séé& rﬁianﬂqnwowhismesﬂt@egﬁn@m‘t&ffllar&sfalﬂt &ensitieSAP et 8Anihadtiyngrag
| ower fa ' . t.al ned w thout 30the use of the seeds. The
seeds thg#%rg v§§5f§%i‘é15‘£%€%?§r ewlelll%aurbérsgsent surfaces for nucl eation of
subsequeri®056} owtihhas furdtlel bédnrfeendihitechome s ee-d@smkibndl gndrphalodiD bR L@y

which is three-di | , . 1 I ml .ubes. Th ds
Used i n° U PSS GG Bhich o TERE AT Tl Hone Gttt <100° planes 3
20071005 254¥ACih 145200%/iR383 fAiTontationf rom 5 to 20 wt-% Si 02, nore
preferably contain to 15 wt-% Si 02 and nost preferably contain 10

8
to 15 wt [858] 02 Thesedasions indipaigjthatambieh wtigws St/ (s Pivvewd be derirabls i 8ARDNg
| ess tha W 9 l; bWt : | ..t he
dosi red ot o B D e Wt LC e Bled 10,
in the déﬁéfﬁz@ﬂe&féﬁg@diﬁa@fq e sasdlystivthichsaterrceloiateycatedisst 8HeiivigatopleactNation
Si 02, wt-bgj/ocglaﬁgti le free Selectivity for

[0052] A method of producing SAPO-34 catalyst having the desired morphology has now

20 been discovered. This method measurably decreases the AEI fault density without increasing
the overall silicon level. It also increases the degree of desirable roughly rectangular
parallelepiped crystal morphology growth as opposed to less desirable plate-like growth and
allows the morphology of the crystals to be influenced without increasing the level of silicon
in the SAPO-34 crystal.

25 [0053]  The key to the method of preparation of the molecular sieves in the present
invention is the use of seeds that have a relatively high Si/(Al+P) level. The high 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

30 theuse 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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et hyl ene and propyl ene wt-% Seed quantity as wt-% of dry product Seed
Si02 volatile free 1 3.2 81 0.4 2.8 2 3.2 84.9 4.0 14.7 3 2.7 84.7
4.0 12.1 4w £607/0605250 PCT/US2006/023734

10

15

20

contain from 5 to 20 wt-% SiOy, more preferably contain 8 to 15 wi-% Si0O9 and most
preferably contain 10 to 15 wt-% SiO9. The following table shows that when seeds
containing less than 3 wt-% SiQ are used, the selectivity to production of the desired
ethylene and propylene was 81% and when the seeds having SiO5 in the desired range was
used, the selectivity was 85%.

. Selectivity for | Seed quantity | Seed 8i0p
0
Sample No. \Szé(lja%i’lzrit’re/g ethylene and as wt-% of wit-%,
propylene wi-% | dry product | volatile free
1 3.2 81 0.4 2.8
2 32 84.9 4.0 14.7
3 2.7 84.7 4.0 12.1
4 3.6 84.3 4.0 9.0

An increase of yield in this amount is considered significant in improving the efficiency and
profitability of an MTO plant. Sample 1 is of a prior art material made without use of the
seeds having a higher level of SiO9 while Samples 2-4 are samples within the scope of the
present invention that were prepared in accordance with the method described in the

following Example.
EXAMPLE

[0054] A quantity of catalyst prepared in accordance with the present invention was
made. In a container, 345 grams of orthophosphoric acid (85%) was combined with 403
grams of water. To this mixture was added 30 grams of a silica suspension (Ludox LS,
Aldrich Chemicals) and 628 grams of a 35 wt-% aqueous solution of tetraethylammonium
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 SAPQ-34 seed material
containing 9 wt-% silica were added and blended in. . In addition, a quantity of catalyst was
made without the higher silica seeds that are used in the present invention for purposes of
cormparison

[0055] The mixtures were then placed in a steel pressure reactor equipped with a turbine
stirrer. The mixfures 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
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84.3 4.0 9.0 An increase of yield in this anmount is considered
significant in inmproving the efficiency and profitability of an MIO
pl ant. Sanpbeankohss@f a prior art material nmade w t houpcysoizha
seeds having a higher level of Si02 while Sanples 2-4 are sanpl es
within the scope of the present invention that were prepared in
accordance with the nethod described in the 10fol | ow ng Exanpl e.
EXAMPLE [ 0054] A quantity of catal yst prepared in accordance with the
present howeriisally, thascanierenixiure wae crvlei tn @mbisBuBogrtemperature over a period of

ort hophosphori.c acj. 50 s conbined,w.th. r s fer. ,To
Ot 2oPOSRORs T il bt B SO PLY Stttk Mgt Bt ARke MBS en
15Al dri ﬁ lea@bee m‘yimaizasarha(rjsdri@aﬂ tlgé?_ﬁ&litﬁinal&eﬁﬁryﬁciﬁﬁiﬁrgﬂému ﬁ;acmnfc nepsgfmsz]ed
tetraety noni u roxJ qe o n rans al um.,n In the
o e e R e s e P TBAED D5 e A SRR S B R Wit
wat ers angsei8o g¥aitEe fopRARIIMe S8tk MRIRigahe RORUaARY (8-18y WF24tishY, | ca

were added and blended in._ . In addition, a quantity of catalyst was
made wi t RoRhojagy (IFFngmassionielachan DR ORI SpBingedePlion MiFrRsqOPRIADR

| nvent i 0y gk BHIDISESnhis B QURALI FRRSIAPRS] The i xtur es vere then

placed in a steel” preéssure reactor equippeéd with a turbine stirrer.
The m xt (#086] weBemples 2rod 3 shuwddehrauifftecion@tisiws wit lakvely webdomspd

hour's. anded el g MeR R ERlfE A b8 TP RUEE e RELAE b By
L oer at (g o o o Tne Sol el pr ot e enbver ed
by cont r PR 6 ALBORIOR PR pHiR T elhs PoPos o PRt e R o, A
seri es OffailtiHpe Purdad il Pl s theeddidonfirmeEtdel cotigadioen, decant steps
foll owed and then the product, was drjed over nlr%lrtphgl%gyggfcsm%%/sezr al

char act ef9023t i orchmMLecting pEcroscopy showed that the and 3
were consistent with cubes or thick, intergrown plates, while the morphology of Sample 1

15  was best described as thin plates. Transmission electron microscopy confirmed this
comparison of the morphology of the samples.
[0058] Further analysis of the samples disclosed that there were often areas of elevated
silicon content, typically in the center of particles, which are plausibly explained as particles

of seed. Material at the edges of the particles tended to contain lower levels of silicon.
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5 used to exam ne properties of the product including the fault
density (X-ray diffraction), norphology (transm ssion el ectron

m croscopy and scanni ng el ectron m croscopy) and chem cal analysis
(transm ssion el ectron m croscopy). [0056] Sanples 2 and 3 showed
X-ray diff@ggiign patterns with relatively well-formed and sharp
peaks i ndi “of crystallites with the CHA structure type and only
smal | anmobunts 10of AEl faulting. Sanple 1, exhibited broadeni ng of

some peaks and.t he #ppearaEeeingAeHetPIRAKSniRophBSpHatd thbREkhOHeve
pattern, indicating the presence of significant anmounts of AEl

faul ting. 9UHYKEE: anal ysi s of the data confi rrred these concl usi ons.

0057] Scanni n I : of
[Sanpl ]es 2 andg:fs %\?\%&)g&é@ﬁ &(mﬁ%ﬁ Bﬁéﬂﬂ nrgat Hﬁ{yp%ée%%or'om
plates, while t heamlpdfl’!)ﬂoqg‘mt@s‘ee&cfﬁmkaémﬂ;g Honas tcb%fwt%ﬁﬁfaﬂ beide as at hi n

pl ates. Transm SSI on el ectron m croscopy confirmed this conparison of
t he norphol ogy of 9DHILEPASISed SOYrEDSiEY R Rb 2 SaHiE vE PROPhoRat daFtATES

di scl osed that thefg%nf&élﬁPaé%m%@ﬁ@e%anto%'v@tV%trﬁ@lFﬁaﬁlaﬁon content,

typically in the center o articles, which are plausiBly expl ai ned
as particles ofb)s anidcmg/ﬁ@m:atzah odtrystals (Efdgxdsnetﬁllm hlempasihosplas: t ended

to contain | ower E’ﬁgf sh_ icon. CLAIMS: process for
preparing a netal P’(? 5pHb %t‘@cm@&n% eve conprising: a)

first providi ng:%asép%?a@ﬁg@ﬁid@k%&é!ﬁﬁed%éfﬁ’l‘lééluﬁﬁn%h%ﬁﬁ%d f¥ieBilar sieve.
met al | oal um nopho Ehat e seeds containing from wt - % et al

oxi de on a dry- oxik @pmgﬂss)fcatlrsduwh@elofsalallmﬂalrmmlelaSs@gurce of
phosphorus, at |east one organic tenplate, and, between 1 to 5 Wm-%

netal oxide; B) i ABRBTOSESSISLirans Mf%fo@F%}%ﬂ!ﬂ ngetao-ghgnophosphate
net al | o- a'ﬂ-}&b&ﬂ%@é@?ﬁg & CTRA e@rogéfgggemfi Evb&krtgﬁ%%%e%rmro?;

and c) separating sa crystallize t’al T o- al’ unm no sphat

nol ecul ar Gilawed ARITrenqwak eges of a oligiur df afesteivo cfabid fretedorbxypde i s
51 02. 3. The grocegss of clains 1 ere

metal | o al U HophoSpARFESAEPREARSS! SABTd Hab Merdd sedseriaipyige
AEl framewonk wyRenetaibxida ergrowt h of CHA and AElI framework types or

a mxture of at least two of said framework types.
5. A hydrocarbon conversion process comprising:

a) introducing a feedstock to a reactor system in the presence of the
molecular sieve prepared in accordance with any one of claims 1 to 4;

b) withdrawing an effluent stream from the reactor system; and

c) passing the effluent stream through a recovery system and recovering at
least one or more conversion products.

6.  The process as claimed in claim 5 wherein the feedstock comprises one or
more oxygenates.

7. 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.

8. The catalyst of claim 7 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,
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4. The process of any one of clains 1 to 3 wherein said seeds contain
from8 to 15 w-% nmetal oxide. 5.A hydrocarbon conversion process
conprising: a) introducing a feedstock to a reactor systemin the
presence of the nol ecul ar sieve prepared in accordance with any one
of claims 1 to 4;_b) wthdraw ng a e{lfl,ue t streamfromthe reactor
system and céj' @?i%%ﬁlxsﬁ%%g?lmsﬁe?f{%‘é’ FERE AYEEgHe s very system
and r eCOV%hhﬁ&ﬁbgﬂh%%ol@&ﬁa@ﬁe%a?ﬂfe%?%s@e[l%lrﬁ&ufér&cﬁ%ﬁés453- The
process as claimed in claim5 wherein the feedstock conprises one or
nor e oxygenates. 7. A catalyst conprising a crystalline

met al | o- al um nophosphat e nol ecul ar sieve wherein a first portion of
said crystalline netall o-al um nophosphate nol ecul ar sieve conprises 5
to 20 wt-% silica and wherein a second portion of said crystalline
met al | o- al um nophosphate conprises 1 to 5 w-%silica. 8.The catal yst
of claim7 wherein a first portion of said crystalline netall o-

al um nophosphat e nol ecul ar sieve conprises 8 to 15 wt-%silica and
wherein a second portion of said crystalline netall o-al um nophosphate
conprises 2 to 4 wt-%silica. 9.The catalyst of clains 7 or 8
wherein the crystalline netallo- alum nophosphate nol ecul ar sieve has
the crystal structure of SAPO 34.
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