i WD 01/23500 PCT/ US00/ 26004 -1- MAKI NG AN CLEFI N PRODUCT FROM AN
OXYGENATE 5 Field of the Invention This invention relates to a nmethod for *
converting woodrisgenate feedstock to an olefin product. PpoTossorzsanl ar,
this invention relates to a nethod for converting an oxygenate feedstock
to an olefin product by contacting the feedstock with a

silicoal um nophosphate catal yst at an avegage catal yst feedstock 10
exposure index of at |east 1.0. Background of the Invention A efins,
particul arly ethyl enﬁ{?ﬁﬁi r Peaik ' t'g{}a roduced from
petrol eum f eedst ocks by elgﬁé&sb(&:'a a mﬁgr ste(gﬁr?%l?a(?: méﬂl‘uﬁ Prom si ng
alternative feedstocks for making ethyl ene and propyl ene are oxygenates.
Particularly prom si ng oxygenate feedstocks are al cohols, such as nethanol
and et hanol, dinmethyl ether, nmethyl ethyl ether, diethyl ether, dinethyl
car bonat e, argd Irﬁtl%t hf 3r maiie. Many of these oxygenates can be produced by
fermentation,” o s gas derived fromnatural gas, petroleum

| i quids, 20 coke nafThisimvestionirelatesith augethodfor converyiag enl opygeaite feedstorkni ci pal
wast es, or any r | at rgani.c terial..Because of the.w de variety of
sources, al cohoe%?g’@?é’bi%ﬁucge 'R?ﬂﬁ’%%ﬁsHW&"Wﬁéae%s?fdgﬁé?‘g@rhave proni se
as Sn eponon1 calmnmmg_aawgzhﬂumeaamaaﬁelﬁﬁepwhahgcamdctmgawl ene
production. In verting Q nates tqQ et ene an ropy] ene progducts,
by- pr oduct s 25%@%‘?%’5‘9? Sﬁgﬂ%g{m'ﬂ@%f’é"g‘éﬁt"é y\“/‘é’tﬁ‘gﬂvﬁ}%ﬂﬁg‘%gﬂi’ﬁ@s{ﬂﬁg al kanes
(et hane, etltanexpospfeGfidtR@fatdédt 1.arger), aromatic conpounds, carbon oxides
and carbonaceous deposits on and wwthin the catalyst materials (al so
referred to as " 'coke"). During conversion of oxygenates to ethyl ene and
propyl enes, cokeBacliffaand bfthe Eoeemtibmt € on and/or within the catalyst. As the
amount of these coke eposi ts (ncreases, the catalyst begins to | ose
activity and, consquéﬁ%’L?‘F’)P?Rﬁc ygtk\y Pl"é"%é’é%i%&lb“%ﬁ’(%mw?gﬂ{;’to t he

et hyl ene and pr qpyduesEsdih peliildutn fellstaeREBy Eitheidatalytic /b steathlcehckingOf t hese coke

deposits causes .the catalyst to reduce its c bili tog WO 01/ 23500
PC'FI)'I usoq 2 60'%4 Promising alter%ative feedstogcs for mak?ng e%%?ene anc} B/ropylene are

oxygenates. Particularly promising oxygenate feedstocks are alcohols, such as
methanol and ethanol, dimethy! ether, methyl ethyl ether, diethyl ether, dimethyl
carbonate, and methyl formate. Many of these oxygenates can be produced by
fermentation, or from synthesis gas derived from natural gas, petroleum liquids,
20  coke materials, including coal, recycled plastics, municipal wastes, or any
appropriate organic material. Because of the wide variety of sources, alcohol,
alcohol derivatives, and other oxygenates have promise as an economical, non-
petroleum source for ethylene and propylene production.
In converting oxygenates to ethylene and propylene products, by-products
25  arealso formed. Representative by-products include alkanes (methane, ethane,
propane, and larger), aromatic compounds, carbon oxides and carbonaceous
deposits on and within the catalyst materials (also referred to as “coke”).
During conversion of oxygenates to ethylene and propylenes, coke
deposits accumulate on and/or within the catalyst. Asthe amount of these coke
30  deposits increases, the catalyst begins to lose activity and, consequently, less of
the feedstock is converted to the ethylene and propylene products. At some point,
the build up of these coke deposits causes the catalyst to reduce its capability to



-2 convert. the oxygenates to ethyl ene and propyl enes, and the catalyst is
considered deactivated. Once a catal yst becones deactivated, it nust be
removed fron™Of230¢acti on vessel and replaced with activoR@GHUSIREI4 st . To
reduce catal yst costs, activated catalyst is obtained by renoving the coke
deposits fromthe deactivated 5 catalyst. This process is typically
referred to as regeneration, and typicall+2-takes place in a vessel called
a regenerator. Catal yst regeneration is typically acconplished by renoving

t he de?C_t i vath edcdnbrathe oikydenstes folethylend ildpropydénes land hﬂb&lﬂ?&i@é&nsidbﬂ?wke ;
material in the  regenergtor to re-activate, or regenerate t catal yst, an
returni ng the re@@ﬁg‘fa&de@"fﬁ“Eﬁ%‘&’f@@“leBﬁ?aﬁ%“F@raE?‘ﬁ’l’t.beéﬁﬁ‘fQ ey, the
regener ated cat ajegstionivesselind réhdted Rith Ativated 8RAPE. To Pediibe LaMift calpar the
bottom quarter of fhe reactor. By returning the regenerated catalyst near

the inlet of theaftivated eralysticobiaiard by remeringthe cakpdleposithirom hasiepetivatey cont act
feed and begi & t RRaIGC@NYRIS BicREss IAFHEAIR TefelREDRAS FgbaRtioR! ARGy RRLE Deen
previously described in the |itefature. 15 For "exanples . S. " Patent No.
4,873,390 to Lewplgcadn ayessekcalledaregenegtascess for catal ytically converting a

feedstock into a prodggis 'twrggl}g&{@pifg?% is*‘&‘?gg&?ﬁ@ﬁéﬁ‘q with a

partially regenerated cata escribe at"a_ partially
regener at ed cat abeastivatednatalystfrorh thegesictor vesséli burning off thepobe materialin thehy| ene

and propyl ene pr H:fé-a? . , « St l,.
di scl oses the usg&o aorr%\pﬁ'%\%lg tg ﬁe?%%%tor?@%l@‘éﬁ@“ﬁ%@%mﬁﬁe
react or in al@maneatalyst beathe rescton riSonyentiodallyothio eegensrited catalyst isteturried tecthe g

conversion of fe . . ' | r%ﬂgﬁjp nversion to
by- product. Thi s%lqgt&g‘(’:%%?rrlp |§ﬁg§%b§&g‘q§§%¢%¢t§§%ﬂgo I 'men g%élfqng a radi al
fl ow react or desregeneraBed catajyst ndat thednletiof thegéactn thewepénemted-cafalystidan r eact or
with feed contact]

}?,ﬂ&;ﬁggéﬁg%@éﬁta%‘tc | tﬁé&q%%&i igrgréa nsverse to catal yst

fl ow. The patent "teac pro on Of propané by-product decreases as

the catal yst beconesRegesarstionpracdssed kave beenpoeviomslydiescribedhinghd literdiung, it i s
generally syggested that. n t | yst. that is recycled to the
react or shou;]'% bg&a%a'@ e’Ié#ﬁ“i?@é@ﬁ@?%&%ﬁ'&%ﬁea@ém Fent active
sites t o enhancecdtitytically convestiag a déedBckdito slpeodacidn evhijzh o/ feadstwckist hout

enhanci ng the pr?dgcie@&q@to ﬁra@ ?engeeﬁerggfca?atlysgll.éwié&dal. dlggc%begg(egn Res, 1995,

34, 3808-3806, d
partially regenerated catalyst improves the selectivity of the process to ethylene

=1

and propylene products.

20 U.S. Patent No. 5,157,181 to Stine et al. discloses the use of a moving bed
reactor. Catalyst is added to the reactor in a manner that is considered to be
effective in enhancing conversion of feed to the desired product without
enhancing conversion to by-product. This is accomplished in a preferred
embodiment using a radial flow reactor design, Catalyst flows through an annulus

25  inthe reactor, with feed contacting the catalyst in a direction transverse to catalyst
flow. The patent teaches that production of propane by-product decreases as the
catalyst becomes deactivated. In accordance with this finding, it is generally
suggested that regenerated catalyst that is recycled to the reactor should be added
at an effective rate to provide sufficient active sites to enhance the production of

30  ethylene and propylene without enhancing the production to propane.

Bos et al., Ind. Eng. Chem. Res., 1995, 34, 3808-3806, disclose computer

evaluations of commercial-scale reactor types that can be used in methanol-to-



eval uati ons of commrercial -scale reactor types that can be used in . E
met hanol - tWOW®BA 23500 PCT/ US00/ 26004 -3 ol ef i ns pr ocepcEBsookéoosnas found
that under certain conditions partially regenerated catalyst was.nore
desirable for ethylene selectivity conpared to a fully regenerated
catalyst. It was uncertain, however, whejher partially coked catalyst from
a reactor was conparable to .a partially decoked catal yst froma

or opyl ene. - pr ottt PRSI dmp oh0 Uk Bt S tonSpRoitaly FeesRemien” oo vy

f rom undesi r abéatalysy wapmosh desirablesfos éthyibneseledtivity doimpared pai fiillyul ar | y desi rabl e

to obtain product hi I n hyl ene and/ or propyl ene_ cont ent,, I le

rlgdgci ng thef agﬁb;ﬂ?lf“%]“?lxﬂ'%&w@m% _°3‘de€’2;€1{{§& er ; m’fﬁ?ﬁ?"’fig‘;\ég?‘products.
unmary o alreactottvas Bompirablé w\aSpattiatly efalyf fivnl@ied 6

converting gn oxygeﬁ?og#cont al ni ng ce%ﬁfngnstgcg t tqu lg!{%fi rpg%ﬂgt,

conpri sing tontacti "E)‘w re- _ cat al yst

conprising a splodGaMerer RRMINIGIO olefin pRARED). ay WdlRiBWwaY frof iidesiRbbYL 2

nol ecul ar si eve havi,ng,gn aver.age pore.si.ze of less th angstrons, at

n 5.
an average cat BIogue, is gtillmseded. 1pi3 partigelarly desireble pq.ohtain productbighin; 1. 0, in a

fluidized bed éﬁﬁl@ﬁ&indmi%ﬁf_mfeﬁaéﬁnkénﬂ Rwhile rédReink VIR dnfouRiSTaRY bnd SiGndreedst ock
to an olefin product. 2 e catal yst used may be fresh, i.e. not

previ ously useBfthe CrCe panaflindy-prpdustsess, or regenerated. As defined herein,
the ACFE inggex is the total weight of oxygenate plus hydrocarbon fed to
the reactor divided by the total weight of fresh and regenerated SAPO

nol ecul ar si evel of bi nder, inerts, etc., of the catalyst
conposition) sent to. the reactor, both total weights neasured over the 25
sanme period of time. In a.preferred enbodi nent, at |east a portion of the
catal yst has been @ﬁ?enerate before coptacting with the

oxygenat e- cont ai ni n HE’&%'@‘E‘J ates 19 a Me{ReGoF P%mel‘mg _
contacting t he f&aétatk/tdlan oltfih prddie, eompiising contédling @n oRydehdte chREAMEOCK 1S
~carried out,_wth continual catal ‘Xst .regeneration 0& 235)00

PCT/ US00/ 28804 feedstock with a catalys_t comprising a silicoaluminophosphate (SAPO) molecular
' sieve and/or a molecular sieve having an average pore size of less than §
angstroms, at an average catalyst feedstock exposure (ACFE) index of at least 1.0,
in a fluidized bed reactor under conditions effective to convert the feedstock to an

olefin product.

20 The catalyst used may be fresh, i.e. not previously used in a reaction
process, or regenerated. As defined herein, the ACFE index is the total weight of
oxygenate pius hydrocarbon fed to the reactor divided by the total weight of fresh
and regenerated SAPO molecular sieve (i.e., excluding binder, inerts, etc., of the
catalyst composition) sent to the reactor, both total weights measured over the

25  same period of time.

In a preferred embodiment, at least a portion of the catalyst has been
regenerated before contacting with the oxygena_te-containing feedstock. In
another preferred embodiment, contacting the catalyst with the oxygenate-

30 containing feedstock is carried out with continual catalyst regeneration.



-4 The regenerated catal yst may be obtained by (a) contacting an

oxygenat e- cont ai ni ngj feedstock with a silicoal um nophosphate nol ecul ar

si eve cat al y¥OPEN | i di zed bed reactor under conditi orRCEFYONM e o
convert the feedstock to an olefin product; 5 (b) separating the olefin
product fromthe catalyst; and (c) regenerating at |east a portion of the
separated catal yst. Accordingly, the nethdd may conprise contacting the
oxygenat e- containing feedstock with a silicoal um nophosphate nol ecul ar

sieve catalyst in a frigidbdpded@thiysERGY B obidifdg Wi th conti nual
regeneration under conditions 10 effective to convert the feedstock to an

ol efin product; separating the olefin product fromthe catalyst;
regenerating a porti 0235(91“’“ ‘F’f@g%B’é)fg&P%ﬂ%%lP%?F?s‘%ﬁlfd“&@ont acting the

regenerated cat a'sﬂféoalﬂn‘ﬂ%gﬁ&ieﬁ&é bRkl SIS BALIPa PORGHRE S rEREF ShAFK at an
ACFE index of at least 1.0._ The nmethod may alSo conprise contacting the

oxygenat e- cont ai riongjtians effeetivettoequveit the feedstpek te aa lehin RN phat e nol ecul ar
sieve catalyst in a fluidized bed reactor systemw th conti nual

regeneration under coisskpapitingSlief AHin pr&ducOfrot id\cafalyst: B f eedst ock to an
ol efin product; separating the olefin product fromthe catalyst, and

separating the catalyst, into a first cataly porti o d a second

catal yst portion; regZﬂéF@f‘?rﬁﬁ”gt%geaftiarpgfm&figﬁemﬂﬁaﬁgﬁt'under condi ti ons
effective 20 to obt ai AcBordRgh|he aetidd By bdpiisctontastigdhecaXyenatent ent of | ess
th 2 W . % d I nj t t.ed t al 1th th d

catal yst por i on CHBURAIPRIVOHAN I 8 LPeHT BRI oot B FESH S
average catal yst i tes feabisPSiteiPwit\ebntimi regdderdtidn Shdet chditioas anot her

enbodi nent, the hod uses a catalyst in which at |least a, 25 _ portion of
the catal yst ﬂ’as W%ﬁ@ﬁ&?ﬂlegﬂﬁé%ﬂ‘@épgl_?ﬁf‘\?&ld&ﬁ; frersting hepleiRting with

the oxygenat e- corﬁrada&ﬁ@nﬁﬁaﬂﬁtg@@kegeﬂé?aingalpeﬁfohwﬂxedepaﬁmldﬁtysma be
obt ai ned by WO 01/ 23500 PCT/ USa(&)ﬁ]‘]Z 004 -5 (a) contacting an,
oxygenat e- cont ai riPfgetingbrregrneraigd catalyst with addisiops] oxyasaMESPMANEE 0| ecul ar

sieve catal yst i rfesisfockihiclin26CFEindex TaCTesM 1 0Nder
The method may also comprise contacting the oxygenate-containing

15  feedstock with a silicoaluminophosphate molecular sieve catalyst in a fluidized
bed reactor system with continual regeneration under conditions effective to
convert the feedstock to an olefin product; separating the olefin product from the
catalyst, and separating the catalyst into a first catalyst portion and a second
catalyst portion; regenerating the first catalyst portion under conditions effective

20  to obtain a regenerated catalyst having a coke content of less than 2 wt.%; and
combining the regenerated catalyst with the second catalyst portion and additional
oxygenate-containing feedstock at an average catalyst feedstock exposure index of
at least 1.0,

In another embodiment, the method uses a catalyst in which at least a
25  portion of the catalyst has been regenerated and selectivated before contacting
with the oxygenate-containing feedstock. The selectivated catalyst may be
obtained by



conditions effective to convert the feedstock to an ol efin product; (b)

separ at i ngwoleezssbef i n product fromthe catalyst; 5 (c) repetaSipkdopg at
| east a portion of the separated catalyst; and (d) contacting the separated

- olefin product to obtain a selectivated catalyst. As in the case of
regenerated catalyst, the selectivated pgrtion of the catalyst may be
conbined with fresh or spent catal yst before contacting with the

oxygenat e- cont ai ni ng.f eedst ock. 10 The pr.esent .invention may thus al so be
practiced by cont ac?‘*)ﬁ%“ 8%9&5’@&?\%?‘89@%%?%"%5%@6&ock with a

si |'i coal um nophiicpdlahiopispitatd Mmolecuil\steve eathight)in b fluidized bedireditaedgndeed react or
systemw th contipuyal regeneration under condioﬁi ons effective to convert

the feedstock tegndifionseBiestiyeto eanyest the gk top alefie produeki n product from the
catal yst, and separating the catalyst into a first catalyst 15 portion and

a second catal yst pd)isepanating eigscolefinairotget from the ¢atdlysgat al yst porti on under
conditions effective to obtain a regenerated catal yst having a coke content

of less than 2 wt.j ' e e t.with the

separ at ed ol%efi n un@r’gg%g%rﬁﬁét#geﬁéﬁe‘fﬁ% Ve &g?@%é&a@‘g tional olefin
product and to obt ai(d) cantaetingthe separetid okkfia pprosiuct ta obiainarselentivated: datmlyst.

sel ectivated catal yst .V\%h t?og secor}d 8%% ﬁchbalgé@é #O{t iqc;n a,ﬁr}g%addi tional
ogé_gte_nat el-cont ai ;Liwr;g“f"émt scﬁmr?ﬁ"’iﬁeé?e% kpye; f ysfiaeto% peryan ¢ iﬂ(;rl;vert ht ge
addi tional oxygamhisemaypbd & ithefilssh ot Ocatal regomectitig. withthe et ho

may al so conpri se %ovi dj r}%ga%si ! | coal um nophosphate nol ecul ar sieve

catal yst; and cBBeRter 5&{ °€'st with the oxygenate 25 contai ning
feedstock 110 a fl ui dihepebséntthventiontmay thyssdlarbeyiridicaibyt dontasting thgener ati on  at
an average catal yst feedstock.exposure index of | east 1. an aver age
gas tsupte[] fi ciza?’x'miféﬁxz%‘?g iﬁ?(égﬁcg P";ﬁtﬁ' ‘cffﬁ’gnggﬁ:’gfgggﬁ‘sé%ﬁ@“ Pres ter abl'y
greater an 2 cafatyseina izetkted Pehcton Sybteanalith comingsl régencratidd et ve to

ot her mode. of ABREEH SRRV BT OIS IO P08 B ovi di ng
anot her node of ) oviding a
si | i coal um nophelefahproducefromahd cutalyst, avé sepaiatihy thie catalystiimota firgt datadysy\O 01123500
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conditions effective to obtain a regenerated catalyst having a coke content of less

than 2 wt.%; contacting the regenerated catalyst with the separated olefin under
conditions effective to produce additional olefin product and to obtain a
selectivated catalyst; and combining the selectivated catalyst with the second

20  catalyst portion and additional oxygenate-containihg feedstock under conditions
effective to convert the additional oxygenate-containing feedstock to olefin

- product. '
The method may also comprise providing a silicoaluminophosphate
molecular sieve catalyst; and contacting the catalyst with the oxygenate-

25  containing feedstock in a fluidized bed reactor system with continual regeneration
at an average catalyst feedstock exposure index of at least 1.0, an average gas
superficial velocity of greater than 1 meter per second, preferably greater than 2
meters per second, and under conditions effective to convert the oxygenate-
containing feedstock to olefin product.

30 In still another mode of practicing the invention, the method comprises

providing a silicoaluminophosphate molecular sieve catalyst; contacting the



contii nual -regeneration at an average catal yst feedstock exposure (ACFE)

I ndex of at weaghsed. 5, and under conditions effective to P?‘P/ngd'o;zsxfnpe
oxygenat e-containing feedstock to olefin product which contarns a rati o of
wt . % of propylene to wt,% of 5 propane of at |east 20. The nethod nay al so
conprise providing a silicoalum nophosphate nol ecul ar sieve catal yst;
contacting the catal yst with an oxygenate-containing feedstock in a
fluidized bed reactor systemw th continual regeneration at an average

catal yst feedst ockatalysh¥ith ap opygerats-containing Sedstock|iva Suidized bed reattomivitly 10

tenperature and p b ' .
oxybenat o cont ai hoinasd fogbfipMlch! libeyElapP il el Wfbdrd (MCEE) ey ot
ol efin product i n#tdeast1.5.and undepoondgions effectivertotconvest, thewxygematecatainiige

fractions contai nj 0 ﬁFﬁ S t 90% of the

pr opane cont ai ned elg%t éJ’@?g#F%ﬁg%%&g& n gﬁ%%%;‘%ﬁ” ge@??%‘r'ﬁ%"fhe
i nvention, theSoxprypametofardeast 20.ni ng 15 feedstock preferably conprises at
| east one conpound sel d.fromthe aro cansi st.i ng of t hanol ;
et hanol ; n- propanol ; i?@%ﬁs%‘sima °qq"pé§gp‘:’9|"@m$3ls§lfc° HEAOPROSBEHS | et her,
di net hyl ether; dimetetnlar sidvieestalyst] conopuignhy batslydo aiith an beygehiteebytslfing di met hyl

Si1i coal um nophooisritEETF aRBEE b B arieh yih SR evpepratonyan
si |'i coal uni nophospiesdge catalystfeddaoclséxpusirafACEE) hideslof at Idas 15, Michidaig’ ed
enbodi nent, tlf@ s* ' selected from

| coal um.nophosphate nplecul ar sieve is
the group consI st ehxagrgﬁnr%ﬂg@r Sur g‘f—%@,"s Byetp coryep the gxygengiqontaining
SAPO- 18, SAPO- 20, feEdsRiok3d olefii\p¥adidet; an®Adpatatifg thedREN PoductINB@: Rdst twaf\PO- 40,
SAPO- 41, SAPO-42, SAPO 47, . SAPQ 56, netal 25 substituted fornms

SAPO. 44
t hereof, and mi xt piiohs, Sith ope of the Fractions containing a5 do9stA5% propYlensiand ak eve

has a Si/Al 2 ratiRatD0VaFthelpicpane Ebnfuined i Bt 8fefiR prodh@Ss than 0.4. Typically,
t he oxygenat e- cont ai ni with the

g, feedstock |s contacted .
si | i coal ui ni nophosphat]g ﬂé’f‘%&?g pragticyig thepyrntion, the exygesete-containien - 600C. 30

The oxygenat e1f onfeadstdckPreferasly totfipriseSatIaisank ¥ompitnd sli€dedhdh) tHebPoup .
silicoal um nophosphate catal yst in a reactor at an average gas suSerflm al
1 89,@3@!\@[

velocity of grea methapply pthaniol; naprepanel; ispprepanpl Gy g than 2
meters per secondmetifd &yl &ibef dintethyl LIRED4ieP Mher; di-isopropyl ether;

formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures

thereof. The silicoaluminophosphate catalyst is preferably comprised of a
20  silicoaluminophosphate molecular sieve and a binder.

In a preferred embodiment, the silicoaluminophosphate molecular sieve is
selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16,
SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPD-41, SAPO-42, SAPO-44, SAP0O-47, SAPO-56, metal

25  substituted forms thereof, and mixtures thereof,

The silicoaluminophosphate molecular sieve has a Si/Al, ratio of less than
0.65, preferably less than 0.4, Typically, the oxygenate-containing feedstock is
contacted with the silicoaltminophosphate catalyst at 200-700°C, preferably at
400-600°C.

30 The oxygenate-containing feedstock is usually contacted with the
silicoatuminophosphate catalyst in a reactor at an average gas superficial velocity
of greater than 1 meter per second, preferably greater than 2 meters per second.



-7 The silicoal um nophosphat e catal yst contacting the oxygenate feedstock
pr ef er abl yWOOKR2MINS an average | evel of 1.5-30 wt.% cokepomtissonéhs DBrief
Description of the Drawings 5 The present invention will be better
understood by reference to the Detailed Description of the Invention when
taken together with the attached draw ngs, wherein: FIG 1 is a graph

whi ch shows the effects of ACFE i ndex on propane selectivity, and the

rel ated effect 0 [ﬁ%i ' rent S 10 FIG 2 is
a graph which s eg‘h&taaL ‘?ﬁhés S 3PQ !X%Lﬁﬁ%&thgh{‘@eéméﬁghgé% ectivity, and
the rel ated ef beﬁdrsblyoﬁntammvatag@hwlioﬁlljp‘#ma%rcekeﬁht&xalB is a graph which

shows the effects of ACFE index on coke yield. FIG 4 is a graph which
shows the effects of ACFE index on ethylene selectivity. 15 FIG 5 is a

graph which shmfnbﬁ;r@'ﬁ,ﬁma‘eqigﬁ i ndex on propylene selectivity. FIG
6 is a schepatic of _a. reac.tor.s which can b usdacco ding to one
enbodi ment of the | b peseghinvension »i gg‘%%"r“%%‘f‘@‘ﬁ"é&m Qe i di zed bed
with a conti num&zlwuefeﬁpﬁ&wﬂhé\hbhﬂmhvhaﬂchkaﬂtdwma{MWkﬁd are fed to
20 reactor (2) ,at ,a raje ,of.100 I b/hr (45.36 kg/hr). A stream of catal yst
(3) is sent fOFWIRSeWPIEA; or t0 the. regenerator at a flow rate of 40

| b/'hr (18.14 kg/hr)H@Aqﬁagiabﬁummmwmedﬁwxs5ﬂm1na&maﬁeopinecat alyst (4)
i s sent fromthe re enerator tQ actor, at tg sang rate as catal yst
stream (3). FI Electivity, and therelated; Efe‘EW “Fagfi@tlﬁ?”“gﬂ EERt RMAkTaU0Sn pe used

according ti9 25 anﬂ@ezr;se@%ﬁwmtshmsm@eﬁe&y@ncmmdéh&mﬁ&kor system
conprises a fluidized bed wthin a reactor .. A stream of C4+
hydr ocar bon ( 3)selpeivity,andthe related effects. aﬁryethwa gl prepure.3| so within the

reactor system andm@.asgﬁpsmm,&ﬁ&wi&eﬁmmémmueibﬁc&@sfem?rat or (6)
to the auxiliary reactor

Cat al romthe auxiliary™ reactor is
then sent to the rem&‘s(’ﬂa}’hwhl"ﬂSE?‘BﬂS}EFﬁWfM%E‘@@EmTGMﬂFB) bei ng 30
removed from t hgeaivity! i ary reactor (4). WO 01123500 PCT/ MJ 26004 -8

W

15 FIG. 5 is a graph which shows the effects of ACFE index on propylene
selectivity.

FIG. 6 is a schematic of a reactor system which can be used according to
one embodiment of the invention. The reactor system comprises a fluidized bed
with a continuous regenerator. Methanol and C, hydrocarbon (1) are fed to

20 reactor (2) at a rate of 100 1b/hr (45.36 kg/hr). A stream of catalyst (3) is sent
from the reactor to the regenerator at a flow rate of 40 Ib/hr (18.14 kg/hr). Over
the same period of time a stream of catalyst (4) is sent from the regenerator to the
reactor at the same rate as catalyst stream (3).

FIG. 7 is a schematic of a reactor system which can be used according to

25  another embodiment of the invention. The reactor system comprises a fluidized
bed within a reactor (2). A stream of C4* hydrocarbon (3) is sent to an auxiliary
reactor (4), also within the reactor system, and contacts catalyst (5) coming from
the regenerator (6) to the auxiliary reactor (4). Catalyst (7) from the auxiliary
reactor is then sent to the reactor (2), with product and unreacted feed (8) being

30 removed from the auxiliary reactor (4).



Detai | ed Description of the Invention This invention is capable of

provi di ng anwa @fagde Product which is very low in C-CA papefbéniréedt ent,
and which produces | ess coke. It is particularly effective in converting

oxygenat e feedstock into olefin product having a very |ow 5 propane content
using a silicoal um nophosphate catalyst. The oxygenate feedstock of this
I nvention conprises at | east one organic conmpound which contains at | east

one oxygen atom suc;lh s al |phat|c al cohol's, ethers, carbonyl conpounds

(al dehydes, ketomgﬁg’&@#—ﬂé’—%!&‘Mr bonates, esters and the like).

Wien the oxygenate i STHRinvbRiAGS capﬁﬁl@o@ﬁrﬁﬂbﬂhaﬁ@l&ﬁhBﬁdﬁ&%ﬂ&:lgen?llb\i?hat Ic
noi ety having from1 to 10 carbon atons, nore prefera y from1l

carbon atons. ReptSsEnpaaiiipsonentnd vedichpeoduges Iessicoks: dt i partisulad® sar i | y _
limted to | omereﬁsscrvawéunv&aﬁh We&t&k m&&mh&bmgﬁ@%lﬁggy their

unsaturated counterparts. 'es of sultabl e oxygenat
i ncl ude, but érepmpnnqntwtwstwlwn@ummhowumma n- pr opanal ;

i sopr opanol ; C4 G20 %&8{;@&& f@&fs
di et hyl et her -isopro Ser &)}éor rraFSﬁ‘%xéimp Bseslghg?&car %‘%&mge
di met hyl ket one; cammund vdmhwonma arieast meex:yzénatmmfsuch%sahphm dlcolwly,genat e
conpounds are megeaf'agi r J.eof e net hod of
maki ng the preferre %@?@W%wﬂhy i Eﬁ?ﬂé% nlcgg claﬁ’gf‘%?e t he
addi tional step ettersahd thy llkt)e%emhqmwg&namuﬁ alcohol) yieratoobollvan inchidean 20 as
oil, coal, tagp s r.al 0 ki ng the
conposi tions alar eqaﬁi ati3 %Ee%f %Rtng%ﬁhes e aﬁms?ﬁ@ﬁeﬁg%ér?@f% gﬁ%n to
al cohol or et her cabak atops.sReprisestativegdohols ivelude bubare tidt neceksarilydimitddasi s gas
to alcohol or e | ﬁ\é th a 0 kno ocesses such
as steamrefor m%r}g%r au Eﬁllﬁﬁ‘flg?gfag? ﬂlpﬁéﬂ ﬂ’%ﬁﬁ q&-\xnr ion. 25 One
or nore inert di Icumterparmﬁxmplps afsaitdble oxypératef compeinds hwluﬂe,rbuemmb{ e, in an
amount of from1l ﬁ’ﬁ egi nol.a egt based. on the E.:ot‘::‘glé quer 0{1 nol es of
all feed and dil (GHE oﬂﬁhﬁe‘h‘ §10ly ingopanel. jsaprepangh, Co o ‘RB ol methylst) . As
defined herdisn, ethyl ether] dmﬂthgl ahapdiethyliethes disopropyl refhe@ if&ﬁﬂ]deﬁjrdey
non-reactive acr ul.ar ve cat al nction to
make t he oxygenat%sggetﬁﬂ °fr‘r'ﬁ %d’f"éeé%ﬁ?}%% X@'@rr‘?ﬂgﬁ’c‘?&eég’% 9p‘|"€§f‘°‘bi | uent s
i nclbude but gr e oﬂsagegﬁteeﬁﬁﬁwhdé ate mlethEhdlAdimbthyliuitiet, Whnﬁ&tﬁﬁ&herébft rbgeh, c
car bon nonoxi de, car i OX es Lal Ly nop. reactive paraffins
(especially the al kan ﬁtgﬂé a@nﬂ%‘ta@ﬁgﬁe@?ﬁaﬁ@ product in this invention can
include the additional step of making these compositions from hydrocarbons such
20  asoil, coal, tar sand, shale, biomass and natural gas. Methods for making the
compositions are known in the art. These methods include fermentation to
alcohol or ether, making synthesis gas, then converting the synthesis gas to
alcohol or ether. Synthesis gas can be produced by known processes such as
steam reforming, autothermal reforming and partial oxidization.
25 One or more inert diluents may be present in the feedstock, for example, in
an amount of from 1 to 99 molar percent, based on the total number of moles of
all feed and diluent components fed to the reaction zone (or catalyst). As defined
herein, diluents are compositionts which are essentially non-reactive across a
molecular sieve catalyst, and primatily function to make the oxygenates in the
30  feedstock less concentrated. Typical diluents include, but are not necessarily
limited to helium, argon, nitrogeh, carbon monoxide, carbon dioxide, water,
essentially non-reactive paraffins (especially the alkanes such as methane, ethane,



WO 01/ 23500 PCT/ US00/ 26004 -9 and propane), essentially non-reactive

al kyl eneswoaapssodi al |y non-reactive aromati ¢ conpounds pcusooneataur S
thereof. The preferred diluents are water and nitrogen. Water can be
injected in either liquid or vapor form Hydrocarbons can al so be included
as part of the feedstock, i.e., as co-.9_feed. As defined herein,

hydr ocar bons included with the feedst ock are hydrocarbon conpositions

whi ch are conv ted to another che o ed with
nol ecul ar sie E&P“&‘F&ﬁ“ “l‘ﬂ&'gn'ﬁ éneg’%gsaeﬁg{lhc'fo\ﬂhdg&" ?E'Ifo mr?E' reactive
par af fins, rea&hpotm@l:;kdrhﬁm%mef ’rheqmefe:mi éhmﬂahrmatarandmttogems

thereof. Preferred hydrocarbon co: fegds I nclude, propylene, butylene,

pentyl ene, 10 “Y8ier a0 Be wuected dp either Bapd oF vapeLIoty o carbon ni xt ures, and
m xtures thereof. NydRcarbomiced slesibeincladed gdr ofithe feedslbdk, i gdanaar bon

m xtures, with the nost preferred ein h ogarbon m xtures which are
obt ai ned fPomf%eépésé‘FB’Eﬁﬁl 5‘8@9&4’8" ﬁl‘ﬁggé‘f'%% M A he catal yst that
is used in th'hﬁdﬂoﬂ&&m okifioy \Whit @t coriveREPR anbher ¢heifcal arangement

si |l i coal um nophosphat e APO) mol ecul ar si ey -EH nol ecul-ar,  si eve
conprises a tWheEéoﬁ W‘bﬁﬁl“‘!\‘?"&'ﬂﬁ&“ﬁ'ﬁé‘ Jﬁ‘?%‘t rqcﬁraﬁm&f' ucture of

[SiG2], [AlO2]geffad %&c?@imaﬁhé,@E&d&@dlkﬂ&bﬁﬁmﬁ&ctmmmc& of MRAIAOr at ed
|ntothe structure can deter m ned ‘ﬂsfe I\/g ee Bl a vveII and
Patton, J. Msmfeﬂeyéiydrosgb@ %%@8@)‘“"1 P@Q!‘FP% uty EBWBW Bl ar si eves
will exhi blot QL hiMroSitich MIRRKE, ép Hyarowson RixtddSahiMRixtires theof; IMBlecal shi ft

Q(Si) in the range of -88 to - and vmthaconblned eak area in

that range of H#WMC@%W&%W P&ﬂfb%‘éﬂ'?\"‘“&?sey't &he mest p with a
chem cal shift, "g(é." dﬁc&%ﬁ:ﬁﬁ%vﬁﬁchﬁ@oﬁﬂ%dﬂom%&pﬁrﬂ%md%ﬂl@ the Q

(Si) chem cal |fts Yeter to external tetramethyl silane (TMS). IS
preferred thatOftl’mprqu@al um nophosphat e nol ecul ar sieve used i n this 25

i nvention have a re"h@ Lt*hit%’ﬁsﬁ‘ﬁh&nﬂﬁﬁﬁ&nsbﬂe@ﬁﬂﬁé&bamﬁ@@ | over the

Si/A 2 ratio, the saturates selectivity, particularly
pr opane selﬁect#lmmlvnpbpwh&tz (SAR®) molggular sigye. tﬂe&me‘eeéanssevaegmn’m e, wWith a

Sl/A12rat|o @)/ Al2 ratio
thE%ﬁd 185 {chipBrdds &Y staliPdmiavark &f‘tﬁ:ﬁft@gf [S

of not greater e|n part|cularly preferred |/AI ratlo of

not greater thed [Bomeﬁfeb‘tmtpr Theswsye3j is mgorpprated iatp the sﬁHﬂH’Efsﬁ%
mol ecul ar si evggerfiifed 8§ MAY NMBE SSde Bisttwalk altEPdion, J. Phys. Chem., 92,

3965 (1988). The desired SAPO molecular sieves will exhibit one or more peaks
20  inthe 2Si MAS NMR, with a chemical shift § (Si) in the range of -88 to -96 ppm
and with a combined peak area in that range of at least 20% of the total peak area
of all peaks with a chemical shift § (Si) in the range of -88 ppm to -115 ppm,
where the ¢ (Si) chemical shifts refer to external tetramethylsilane (TMS).
It is preferred that the silicoaluminophosphate molecular sieve used in this
25 invention have a relatively low Si/Al; ratio. In general, the lower the Si/Al; ratio,
the lower the C,;-C, saturates selectivity, particularly propane selectivity. A Si/Al;
ratio of less than 0.65 is desirable, with a Si/Al, ratio of not greater than 0.40
being preferred, and a Si/Al, ratio of not greater than 0.32 being particularly
preferred. A Si/Al, ratio of not greater than 0.20 is most preferred.
30 Silicoaluminophosphate molecular sieves are generally classified as being
microporous materials having 8, 10, or 12 membered ring structures. These ring

structures can have an average pore size ranging from about 3.5-15 angstroms.




m cr.oporous nmaterials having 8, 10, or 12 nenbered ring structures. These

ring struct have an average pore size ranging fr .5-15
angstrons. v%bg’iﬁ@‘goo PCT/ US00126004 -10 Preferred are W*(ﬁpore
SAPO nol ecul ar si eves having an average pore size ranging fromabout 3.5
to 5 angstrons, nore preferably from3.5-t0 4.2 angstrons. These pore
sizes are typical of nolecular sieves havilﬂg 8 nenbered rings. In general,
si |l i coal um nophosphat e nol ecul ar sieves conprise a nolecular 5 franework
of cor ner - shar i nBrefdpic@apelthé idNjore SAPIO [miedéthlat sievea haxdngdn aweiage porklsize  t ype

of framework is effgctive.in verting vari ous. 0 n L,ato ol efin
products. The [P&?F‘“gﬁ%#gﬁtrzgfg AeIRRRS Mo Rrﬁgraﬁl?{'ms;o g‘?l"ﬂ%s%ﬂﬁ'é of the
mol ecul ar Sievelgﬁeéi;bbﬁlﬁﬂ&yﬁ?lﬁpﬁdﬂSﬁﬂcgb@laﬁ&sﬁvésdﬁﬁnbﬂ_n&mb@fédeﬁgs.of _

conposi tions. anpl es of _.thes osphor us- cont.ai ni ng ¢conposi tjons
in(r:rlpude phosphori c acﬂ&e“ﬁf?’gélh‘?(@f“;?ﬁb‘g’ﬁﬁﬁaé@“Qi%’ﬂlaﬁi‘e‘fersf’%‘ﬁ?me%%‘ te, and
al um nophosphat e graméWsrk JTRHMBOMERETSIOY)[AITS], M (RO isahéded] nité, T Xed wi th
reactive silicon and__al um num contai ni ng conpg@sitions under %ue

appropri ate condityresf Samgwerkissffegtive i gonverting vadous pxysenaesrinto olofinp)

t et rahedr al Unit?rd/&u&t@.i n the framework structure can be provided by a
vari ety of conpoSitions. Exanples of these al um num contai ning

conposi tions i ncl ude AheitRQs]etreheiaknitsvithinthe FamewerkisHusmre s6Hopoxi de,
al um num phosphaT eecg‘%t SEY UM IERiIOh € %eéﬁ%ﬂéﬂ@%i@@%?cpﬁﬁ%iﬁqns.h

pseudoboehm t e. m num cont al ni ng _conposi tions are m xed Wt
reactive 20 di0l i dxamplesiofshess phesphorus-eqntaining prmrosiipessineipdaehosphesic agide
appropriate condi i‘ﬂ@ Hafe. SidS¥fninddh8sdhaiet2Thd €t r ahedr al
units within the (ﬁa %#%tgf%%%%{@ﬂia‘ﬁﬁﬁﬁe _e’pr ovi delﬁajg’ys.dggvar?‘ety of
conposi tions. Exahpipberous-cantpining eampogitianscase mined wity reastiversliconiasés i ncl ude

si17ca sol s and SofilsHThASAE cHRBosk AR ufifr I uprtofital bondiioff ofRi b cat €.
The silicon-containing conposftiohs are m xe th reactive alum num and
phosphor us- cont aimdlemylag sieyosi t i ons under the appropriate conditions to

form the ol epul ar Si Giera SUHIHLHAAINSOR fuibai BuchRE S 1 S

I nvention. Thése conpdun
provided by a variety of compositions. Examples of these aluminum-containing

compositions include aluminum alkoxides such as aluminum isopropoxide,
aluminum phosphates, aluminum hydroxide, sodium aluminate, and
pseudoboehmite, The aluminum-containing compositions are mixed with reactive

20  silicon and phosphorus-containing compositions under the appropriate conditions
to form the molecular sieve.

The [Si0,] tetrahedral units within the framework structure canbe
provided by a variety of compositions. Examples of these silicon-containing
compositions include silica sols and silicium alkoxides such as tetra ethyl

25 orthosilicate.. The silicon-containing compositions are mixed with reactive
aluminum and phosphorus-containing compositions under the appropriate
conditions to form the moleculir sieve.

Substituted SAPOs can &lso be used in this invention. These compounds
are generafly known as MeAPSOs or metal-containing silicoaluminophosphates.

30  The metal can be alkali metal ions (Group 1A), alkaline earth metal ions (Group
IIA), rare earth ions (Group 1B, including the lanthanoid elements: lanthanum,

cerium, praseodymium, neodymium, samarium, europium, gadolinium, terbium,



are generally known as MeAPSGCs or netal -containing silicoalum nophosphat es.
30 The nekalessate Pe al kali nmetal lons (Goup |A), alkal pofrusnrédis metal ions
(Goup IlA), rare earth ions (Goup fiB, including the |anthanoid el enents:
| ant hanum  cerium praseodym um neodym um sanarium europi um

gadol i nium terbium WO 01/23500 PCT/ U§QQ/ 26004 -11 dysprosium hol m um
erbium thulium ytterbiumand [utetium and scandiumor yttriun) and the

additional transitjon_cations,.of ups .| VB, VB B, VH [11B, and |IB.
Preferably, t%PWE‘“%b?‘é@‘@ﬁt’éb‘g%'%ﬁ'gﬁc’ﬁ‘eg%ﬁ?ﬁf‘d kig’,““f% ,a“&fa“%“,n %a, Fe, 5

Ti, Zr, Ge, Shtrivdd)hn@the aflitiofal HafvitoncationofiGroeysIVES, VB, ¥IB/MIIBet r ahedr al
framewor k through 'a [ Me02] tetrahedral unit. The [ Me02] tetrahedral unit

carries a ne and B charge dependi ng on the val ence state of the netal
substituent. \WenpiRepiiE il M6 pipReaRditoia such a¥ ZneMEEMa] G6,NipGa, 12, +3, +4,

+5, or +6, the net  electric _charge is between -2 and +2. |ncorporation. of
the netal %oﬁp%i%@@yﬁh@&l"&?‘sgféﬁ ﬁﬂ!"‘?’éﬁéw&ﬁﬁeﬁﬂ‘% metal conponent
during synt he&kﬁeaéﬂétﬂ%u b\%@@&?%&&ﬂ%ﬂ.@ﬂ@ﬂﬁé@ﬂmﬁm%ﬁwﬁsl on

0 ul

exchange can al's e used. table silicoal um nophosphate nol ecul ar

si eves i ncl ude ngybetris chagadepegding aptheVvalencpytate phthe gyetasybstitueptoo. 18,

SAPO- 20, SAP 9680 vaRABOAS of $ARD, 54,+356°03, R neBAPO- 41,
SAPC- 42, SAPO- 44, tﬁ%@%" , SA%CXaSG, theone%al cont ai ning forns thereof,
and m xt ures eleetrigsharge Bhbetween andri2. Ipgoeporgionofthe.metal compenentis SAPO- 44,

and SAPO- 44, gu P ' LtR&ki tal

cont ai ni ngaf o?%&“? %g%é‘l(# ?@ﬁ?‘ﬁ&@%@éﬁﬁgﬁ% a&%u&ggﬁﬁﬁﬁ the term
mxture i s symigoubam sieveri Howeyen post-aynthasisdomiexchangs ¢an alse beusgd.conposi ti on of
matter having two Q[ : Wﬁﬂ | Wala AlpoRg§ls, regardl ess
of their physical ?Pg{ﬂ@éﬁl’&%&g u ﬁﬁ%ﬁ@%ﬁ“ﬁﬁgﬁ‘ﬂnﬁgm a?’ si_eve
structure can SARO>8HSAPQ-11 SARQ-16,SARQ-1, SARO POAAPD-3L SARD:

can have an ATROSRTPEREArR-IS. SHESS7 Sato D A e A 4 thin the
f r amewor k,15t y (SAROG-4Y, SARG:56,thd wetal @Btainingfotnstherspf prd mituresthereebm about 3
2ggst roms to. %%{re&gr %[L%t.{é’gkpo?%@gsﬂi’&ﬁc@ﬂi’@-@, afd mg, size selecti ve
par ati ons of ecul’ar speci es. re thah two
particularly SAPO-18 and SAPO-34, including the metal containing forms
thereof, and mixtures thereof. As used herein, the term mixture is synonymous
with combination and is considered a composition of matter having two or more
20 components in varying proportions, regardless of their physical state.
An aluminophosphate (ALPO) molecular sieve structure can also be
interspersed with the SAPO molecular sieves. Aluminophosphate molecular
sieves are crystalline microporous oxides which can have an AIPO, framework.
They can have additional elements within the framework, typically have uniform
25  pore dimensions ranging from about 3 angstroms to about 10 angstroms, and are
capable of making size selective separations of molecular sp_ecies. More than two
dozen structure types have been reported, including zeolite topological analogues.
A more detailed description of the background and synthesis of
aluminophosphates is found in U.S. Pat. No. 4,310,440, which is incorporated
30 herein by reference in its entirety. Preferred ALPO structures are ALPO-5,
ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, and ALPO-46.



dozen structure types have been reported, including zeolite topological

anal ogues.  Avodpsseplet ai | ed description of the background ?(EF}U ¥ sis of
al um nophosphates is found in U S. Pat. No. 4,310,440, whic SUROP

i ncorporated 30 herein by reference in its entirety. Preferred ALPO
structures are ALPO-5, ALPO 11, ALPO 18, ,ALPO 31, ALPO 34, ALPO 36,
ALPO- 37, and ALPO-46. W) 01/23500 PCT/ USOCf 26004 -12 The ALPGCs can al so
include a nmetal substituent in its, framework. Preferably, the netal is
sel ected from the groths Adsican alsyinshedea getal pubstituentihigeliamaeworki nc, cobal t,

and mi xtures t heprfably) 8RandRiSildled fREHE bRl Fl‘mﬁi&ﬂh bt maghdsi@nPt | ON,

i on-exchange and/or catal yti ca{;ropert les simlar toalummnosilicate, 5
al uni nophosphat e%ﬂgﬁ #incg cobialtand swikyzes thereof nEhese miaterialy prefiesahlp pdkit ¢ i ons

Mermbers of this \?ﬁelg'?ﬂmeéﬂﬁir{ggQﬁ?@?%ﬁi@h&@rﬁeﬁlegﬁﬁﬂﬁ @%xﬂxﬂosﬁh&e Pat

4,567,029, incorpor rein I'n 1ts entiret
cont ai ni ng ALPCs ahmpbps:)hat@mdmlm aluminaphosphate mlchassw\@ropmpedmdnsa n”ewo rk

structure of I\/DZ of%éf&??ﬁ(fﬁ,&?P&g{rgtEon%é &erib P?ﬂsﬁs”‘?% manuf act ur ed

structures (WhIC con alnte 0 ca crnation) c e represented
by enpirical cheﬂ;’56'é,029;omwsrated<harenrhymferandmpdts&melyam s as: nR

(MKAlyPP) @2 wherein "ﬁem?qﬂr ek %@Pds ?‘rﬁ" rﬁomglg %DI atlgng agent

present in the intracrysta |ne ore sy nol es of
"R' present per mytstelfdrnew}aﬁc(mmreﬂ'gv)tozAﬂﬁﬂaﬂd@ﬁzaetwﬁbdtdtmitszmisEro to

0.3, the maxi vI ndi upon the | ecul.ar

di mensi ons oflaum*n %ﬁ@f"‘g&éﬁﬁﬂ' '°5ﬁ8"q? eng{;agﬂng%{}%c{kwgpo&gm of the
pore system of tI'@rqsentedWﬂ&b&lﬁhxcaﬁbdﬂiﬁd@ﬂﬁ&ﬁﬂhﬁﬁl@d&dﬁ%ﬂ@d& Xty
and "z" represent the nole fracti ons&mbp "M, (i.e. magnesi um
manganese, zinc and cobalt), alumnu ’B sphorus respectivel Y,
present as tetrahedraivhmihdk%mpﬁb&%ﬂﬁktdh@ﬁtgﬁhnﬁtéi@lﬂh@@bm sﬁ@mhérres
TNES 1 the comp SRy BANPOR, EIRgt T PrREnt B B Sk AECHFSILR RIS ot he
conposi tion. 1Si m‘(Mgmym)czmaas AYARRGS fofh £f100.3athe nﬁﬁm\dnedalﬁ&nteaéhcase

conposi tions whi nt ain ane and cqbalt respectively. To
i dgﬁt ify the var? ggpmt Qpleguﬁg(ﬁagn xonso the templating agent and the

avanlable void volume of the pore system of the particular metal
aluminophosphate involved, “x”, “y”, and “z” represent the mole fractions of the
metal “M”, (i.e. magnesium, manganese, zinc and cobalt), aluminum and

20 phosphorus, respectively, present as tetrahedral oxides.

The metal containing ALPOs are sometimes referred to by the acronym as
MeAPO. Also in those cases where the metal “Me” in the composition is |
magnesium, the acronym MAPO is applied to the composition. Similarly ZAPO,
MnAPO and CoAPO are applied to the compositions which contain zinc,

25  manganese and cobalt respectively. To identify the various structural species
which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and -
MnAPO, each species is assigned a number and is identified, for example, as
ZAPO-5, MAPO-11, CoAPO-34 and so forth.

The silicoaluminophosphate molecular sieves are synthesized by

30  hydrothermal crystallization methods generally known in the art. See, for
example, U.S. Pat. Nos. 4,440,871; 4,861,743; 5,096,684; and 5,126,308, the
methods of making of which are fully incorporated herein by reference. A
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nol ecul ar sieves are synthesized by 30 hydrothermal crystallization

met hods generally known in the art. See,jsf.or exanple, U S Pat. Nos.
4,440, 871; 4,861,743; 5,096, 684; and 5 126, 308, the nethods of making of

whi ch are fuII i.ncor. h YA
PCTI US00126004 %W‘gﬁ'& ﬁsgﬂ“ﬁ?f?w ng 4 © é,r‘é‘{n%g‘g% Sﬁc&ghﬁ%ge R | eactive
silicon, alum mmc@mamgnmmmmmetmm Gerternllytthé mixgure one

;E?B'gihiuseﬁfiisis'ahédm{@t et bl e et prSeors S e el P sty ' r om
100- 250C, unti keadt 10036 ipfefbrubl fRAOHOCISOPG, ‘ﬁmrmstaﬁnsproaaemmﬂaéd t he

crystal line product can take anywher e from ar oynd hour s t much as 2
weeks. | n s&ne Formation of the crysialling proguet fan takg AR Li@ﬁ/ omarqungd 2 P’@l“?%ﬂ will
facilitate the ;.Iu.‘% 4133 wsksofm §dife dasQUitirfing d\ediMPwith OFy stilak wiater@PRIIC ONt i N
one or nore tenplates. | ates are structure directing agents, and
typically cont dwlt#ﬁﬁhﬂfgmtloplﬁﬁﬁ'plﬁtﬂdag oxygen, 10 carbon, hydrogen or a
‘combi nation thereof p %Qctfd?ﬁb 1%?@&9%&3&%1@&*? f‘ﬁEmﬂQfes a*l‘léﬁﬂ)lateﬁ)ﬁrear yl
group, with 1 to 8 car ons bel ngeci)resent I'n aryl group. -

M xt ures of tvvcstmcmmrecttngmptm, tynisalpy mremﬁwmmpb@pmmmon@ﬂent si eves
or predom,y %a”t%ogz g br r 3 CnibfnatiBf Fé&?'aﬂ&@aﬂaﬁs&&ﬁﬁuﬁ&tﬁ&@ﬂ&ﬁéaﬂdﬁec“ ng
t han anot her entative tenplates 1 nclude. tetraethyl ammnium
salts, cycl opamiapt gtmn,ewlﬂalrtqﬁ)mm peing prepashindhe alkylar s igequge

I et hyl am I ) ve hol i ne,
Ly et by A . RN oA emblites SifiFbad 5 ks LB e L 1 e

di propyl am ne pyridine am ne and conbi nati ons t her eof
Preferred tenplmedominantiy one sletdwhmméemﬂw limeseystrapgly direqiing diandi ne,
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thereof. The tery ‘Ehyl anmoni um salts include tetraet hyI anmoni um

hydr oxi de (IBEACH), tkdpraattitwletmmiacﬁ!ﬂdﬂhﬂh@%ﬁﬂﬂéb@m@@m%@&hyl anmoni um
fluoride, tetraet
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cyclohexylamine, tn-ethyl hydroxyethylamine, morpholme dipropylamine
(DPA), pyridine, isopropylamine and combinations thereof. Preferred templates
are triethylamine, cyclohexylamine, piperidine, pyridine, isopropylamine,

20 tetraethyl ammonium salts, and mixtures thereof. The tetracthylammonium salts
include tetraethyl ammonium hydroxide (TEAOH), tetracthyl ammonium
phosphate, tetraethyl ammonium fluoride, tetracthyl ammonium bromide,
tetraethyl ammonium chloride, tetraethyl ammonium acetate. Preferred tetraethyl
ammonium salts are tetraethyl ammonium hydroxide and tetraethyl ammonium

25 phosphate.

Typically, the molecular sieve product will be formed in solution. It can
be recovered by standard means, such as by centrifugation or filtration. The
product can also be washed, recovered by the same means and dried.

As a result of the crystallization process, the recovered sieve contains

30  within its pores at least a portion of the template used in making the initial
reaction mixture. The crystalline structure essentially wraps around the template,

and the template must be removed so that the molecular sieve can exhibit catalytic
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standard zeolites.

The silicoaluminophosphate molecular sieve is typically admixed (i.e.,
blended) with other materials. When blended, the resulting composition is
typically referred to as a SAPO catalyst, with the catalyst comprising the SAPO

20  molecular sieve.

Materials which can be blended with the molecular sieve can be various
inert or catalytically active materfals, or various binder materials. These materials
include compositions such as kaolin and other clays, various forms of rare earth
metals, other non-zeolite catalyst components, zeolite catalyst components,

25 alumina or alumina sol, titania, zirconia, quartz, silica or silica or silica sol, and
mixtures thereof. These components are also effective in reducing overall catalyst
cost, acting as a thermal sink to assist in heat shielding the catalyst during
regeneration, densifying the catalyst and increasing catalyst strength. The amount
of molecular sieve which is contained in the final molecular sieve catalyst product

30 ranges from 10 to 90 weight percent of the total catalyst, preferably 30 to 70
weight percent of the total cataiyst.
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i nvention, a fe on a|n|n an oxygenate, 0 tlona a_ . hydrocarbon
ei t her addda seqbawémhswphnsphatm@lm mhludhasuxgzgéhr&% enpmta;emt chabaite. With a

o produce ol of | na TS thisnliHl K Somanil Ba Sy s BANRIEACTS Fo e el n
termed 20 the ‘hydsacarbon eithesrndded separately-ormixdd with theazs!gwatapp sordacted’ or
"reaction syst gy o Jatalyst containing a SAPO molecular sieve at process conditions effective

‘to produce olefins. The volume in which such contact takes place is herein termed
20 the “reactor,” which is a part of a “reactor apparatus” or “reaction system” or
“reactor system.” Another part of the reaction system can be a “regenerator,”
which comprises. a volume wherein coke deposits (or coke) on the catalyst
resulting from the olefin conversion reaction are removed by contacting the
catalyst with regeneration medium.
25 In the process of this invention, part of the coked catalyst within the
reactor is wiihdrawn from the reactor and continually regenerated by contact with
a regeneration medium to remove all or part of such coke deposits. The
regenerated catalyst is sﬁbsequently reintroduced to the reactor. Such continual
regeneration occurs at times and conditions needed to maintain a level of activity
30 ofthe entire catalyst within the reactor. While the regeneration step in this
process is continual, when viewing the process over long enough period of time to

effect many regeneration and/or reaction steps, the overall process for catalyst
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of ways. In the §g&Riddthe Rbera &k@%@eﬁﬂﬁ?&al . st between
t he reactor and re%ﬁg’er%tor?b the cata ysﬁ%?‘gmhg?%%gtﬁﬂ%teh%%?gem ned
gi ven the coK® prekrievel en catalyss lsaving the regeperstos In anleperatingrunitewitioke | evel on
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. eratfng uni uous ¢
flow, a variety durchtechniguesaredescrihe forexsmplenby Micheblomhge, MExperimantai

techni ques are d s | I " ri.ment al
Techni ques, " G r?ﬁ?at‘%ﬁgv EI’%IW@%‘%&"&I%’%ET?A W@%,"“&%‘g\ﬁﬁm, eds. ,
Bl acki e, 1997 (3Hacki7)9971(Bi6-358), ¢hei desriptionsodf whitthaire expeesdy pncopetayed

I ncor por at ed 445 ' Pﬁ erence. Catal yst that has been contacted with
feed in a reél(?toIr]lgxIegIII(I'e | el;‘gé'herei n as "feedstock exposed." Feedstock

exposed cat al yst wi | | Cptalystitbit had betn contaetedovithi foed in a reactor is defined herein as
“feedstock exposed.” Feedstock exposed catalyst will provide olefin conversion
reaction products having substantially Jower propane and coke yield than a
catalyst which is fresh or regenerated. A catalyst will typically provide lower
20  amounts of light alkanes, especially propane, as it is exposed to more feed, either
through increasing time at a given feed rate or increasing feed rate over a given
time, |
At any given instant in time, some of the catalyst in the reactor may be
fresh, some will be newly regenerated as a result of having just been introduced
25  from the regenerator, and the balance will be coked or partially coked as a result
of having been in the reactor for a variety of times after having been introduced
from the regenerator. Therefore, various portions of the catalyst in the reactor will
have been feedstock exposed for different periods of time. Also, since the rate at
which feed flows to the reactor can vary, the amount of feed to which various
30  portions of the catalyst have been exposed can vary. To account for this variation,
the “average catalyst feedstock exposure index (ACFE index)” is used to
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may be used in the determination of ACFE index. The catalyst sent to the reactor,
however, can be either fresh or regenerated or a combination of both. Molecular
sieve which may be recirculated to and from the reactor within the reactor
20 apparatus (i.e., via ducts, pipes or annular regions), and which has not been
regenerated or does not contain fresh catalyst, is not to be used in the
determination of ACFE index.
In the process of this invention, a feed containing an oxygenate, and
optionally a hydrocarbon, either separately or mixed with the oxygenate, is
25  contacted with a catalyst containing a SAPO molecular sieve at process conditions
effective to produce olefins in a reactor where the catalyst has an ACFE index of
at least about 1.0, preferably' at least 1.5, more preferably about 2.0, and most
preferably about 3.0. An ACFE index in the range of about 1.0 to 50 is effective,
with a range of about 1.5-20 being desirable. A range of about 2-12 is particularly
30  preferred. The invention substantially reduces the yield of coke, propane and
other low value saturated by-products from an oxygenate conversion process

compared to previously disclosed processes.



In t-his invention, only the nolecular sieve in the catal yst sent to the
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conbi nati on of both. Ml ecular sieve which nay be recirculated to and from
the reactor within the reactor 20 apparatﬂf .e., via ducts, pipes or
annul ar regions), and which has not been “%egenerated or does not contain
fresh catalyst, is not to be used in the determ nation of ACFE index. In
the process of this ilmthisinyestion, s feadcqnteisinganioxygenats ivsoptpsted ina reastion
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25 contacted with a catal containing a Broces s process
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range of about Icobrelated3@producefolefios,iparticulashy ethylaneaﬂ@eopgfenadpbul ethlyléne20 bei ng
desirabl e. Ara rti referred. The
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val ue saturated @ygma&dhﬂnscdntatﬁaﬁthdhq@ﬁlﬁ@h&ﬂlh&%ﬁeﬁﬂeBr‘ﬂﬁeﬁﬁr conpar ed

to previously di clos ses 1/ 23500 PCT/USQ0/26Q04. -18 In this
i nvention, a fe ﬁ%‘ﬁ@%ﬁ’%‘ﬁﬁd@w © gé’BHf‘&c!'ﬂ ¥amxXedoaction  zone

of g react or aPpmpwlmnwpmk w\ﬂmltﬁelspt?edssﬁlcﬁmdaﬁtxﬁlhﬁ liid phase oP§ Mbked

condi tions ective t e olefins, i | ve tenperature,
pressure, V\F@{/ do‘m% %ﬂb@é‘?‘ﬂﬁ?‘tws‘é}ﬁ‘a‘m&ﬁ i.gﬁ‘id %mé!’fect i ve
anount of dil uenhszm‘fdesafdh@lu@bxeﬁebm §tQHaIRacttnebhdifionsPar ti cul ar |y et hyl ene

and propyl enes, i. et hyl ene and 0 rQpyl ene. These conditions are
described in detai I - e BEp: (’Fe a4 wide page pitempRTMERS-ed Wi t h

the catal yst \Ahemnemwmag&mp&rameﬁng@wrbemahmmﬁbt@m%y the
process may be car Pg& out a I¢ ui m xed vapor/ 8UI d phase When
the process is cpd' fm&tahoﬂf%mi’ g?ﬁ% %Hﬁ%’épﬁf“'fﬂ’ll‘rﬁﬁ@dbm! SO%8r /1i quid
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result dependi ng he catal yst and reaction conditions. The process can
general Iy be car® @’cp’e‘inﬂsa?ayaﬂewww&?ﬁbslew P& theawper gne of the smpemiuse t | ve

operating tenperrage] the pRIRES niad RoDBrrh bP BptARAY EmARHP 6F 8 OC.
The conversion of oxygenates to produce ethylene and propylenes should
be carried out in a fluidized bed reactor with continual regeneration. These types

20  of reactors include fluid bed reactors and concurrent riser reactors as described in
“Free Fall Reactor,” Fluidization Engineering, D. Kunii and Q. Levenspiel,
Robert E. Krieger Publishing Co. NY, 1977, expressly incorporated herein by
reference. Additionally, countercurrent free fall reactors may be used in the
conversion process as described in US-A-4,068,136 and “Riser Reactor”,

25  Fhddization and Fluid-Particle Systems, pages 48-59, F.A. Zenz and D. F.
Othmo, Reinhold Publishing Corp., NY 1960, the detailed descriptions of which
are also expressly incorporated herein by reference. It is well understood by those
skilled in the art that each type of reactor will have advantages and disadvantages
in any particular application.

30 When the reactor is a fluidized bed reactor, the reactor may optionally
have a riser region and a dense fluid bed section. In this embodiment, the
regenerated catalyst can be returned to the portion of the reactor above the dense



preferably from about 300C to 600C, nore preferably from about 350C to 15
550C. At tWweolmsey end of the tenperature range, the forgathigiangbst Ne
desired olefin products nay beconme narkedly slow. At the upper end of the
tenperature range, the process nmay not form an optinum anount of product.
The conversion of oxygenates to producgdﬁghylene and propyl enes should be
carried out in a fluidized bed reactor th continual regeneration. These
types 20 of reactors include fluid bed reactors, and concurrent riser
reactors as dephass iegion; immediately below therdensephase region; eriapywhese betgemeer i ng, D.
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expressly incorpora erern refefFence. Additiona count ercurrent
free fall reacphaseregiop. be used in the conversion process as described in
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i n any parti cubptionaiiypbe inahe feed, p&iChouhper welight pfthe mmiecular sieve conttnrefithded
reactor, the rez%gltﬁr P%e@%cﬁ@?&%éo—c@%ﬁ?ﬁ&r%r &ﬁ%?ﬂ? aﬂi&&ﬁ dense fluid
bed section. | ETH s 8 i Q, e  regehera e Cara y‘s’? Can™e returned
to the porti oncaintdriigrentfred-fall reasotorsan whichthanxpgdniteFéddArobk CantEe tohiatred 26004
-19 phase regiQ [ di at el | t Lagi.on ranywhere

bet ween al&gut W?‘Hé'?n%[%“ 5‘#%%#%‘“%@%&2’2%%25&8@3‘%pﬁf%a?)%f om one
fourth of the denrasge afffemaboatP0odn” to40p0ht ™Y iand mest fdreferablydn therampeifem Wi t h
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oxygenat e, and otherlinateislb evhichiaticas ineety or dihiehis)the WHSM is calculacedfomalle per hour
per wei ght of the | ecyl.ar sieve cantent of .the, cat.al yst, Preferred
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count er cur nént ahd the nickchlar siavd contained indhe edtalgst. oxygenat e f eedst ock can be
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hr', preferably in IRRBEFESSHTRAlsoIpaYNAry Over g Wadesgnge, SYptem PRRSsirks are imLthe ) ¢
preferably in tringeofifigm abbut 0.1 psia (0.69 kPa) to about 1,000 psia (6894.9 kPa).

Preferred pressures are in the range of about 10 psia (68.949 kPa) to about 500
psia (3447.45 kPa), with the most preferred range being of from about 15 psia

20  (103.42 kPa) to about 200 psia (1378.98 kPa). The foregoing pressures are
exclusive of any inert diluent.

The residence time of the feed may vary from fractions of a second to a
number of hours, determined largely by the reaction temperature, the pressure, the
molecular sieve catalyst selected, the WHSYV, the phase (liquid or vapor), and the

25  process design characteristics.

In a preferred embodiment of the continuous operation, only a portion of
the catalyst is removed from the reactor and sent to the regenerator to remove the
accumulated coke deposits that result during the catalytic reaction. Inthe
regenerator, the catalyst is contacted with a regeneration medium containing

30 oxygen or other oxidants. Examples of other oxidants include O, SO3, N2O, NO,
NO-, N;0s, and mixtures thereof. It is preferred to supply O, in the form of air.
The air can be diluted with nitrogen, CO,, or flue gas, and steam may be added.



from about- 20 hr' to 500 hr'. Because the catal yst or the feedstock may
contain other materials which act as inerts or diluents, the WHSV i s

cal cul at ed onV@M&#3588ei ght basis of the oxygenate feed, andPERPSNEMscar bon
whi ch may be present, 15 and the nol ecul ar sieve contained in the catal yst.
The pressure also may vary over a wide range. System pressures are in the
range of from about 0.1 psia (0.69 kPa) togmbout 1,000 psia (6894.9 kPa).
Preferred pressures are in the range of about 10 psia (68.949 kPa) to about

500 psia (3447. RN . ed' %ﬂt f about
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catal yst sel ect edCOJ hixtifédShéredfhar otiiea suitable irghucilg agentsa focombimation bfie 25
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and m xtures thereof. It is preferred to squI gi&gifilnn the formaof air. The

air can be di | ut AMRPEITEIarep ismangech25G,700F Shfraagedirid§0%e added.
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steam, nitrogen, helium, argon, methane, CO, CO, flue gas, and hydrogen.
It may be desirable to cool at least a portion of the regenerated catalyst to a
lower temperature before it is sent back to the reactor. A heat exchanger located
20  externally to the regenerator may be used to remove some heat from the catalyst
after it has been withdrawn from the regenerator. When the regenerated catalyst is
cooled, it is desirable to cool it to a temperature which is from about 200°C higher
to about 200°C lower than the temperature of the catalyst withdrawn from the
reactor. More desirably, it is cooled to a temperature from about 10-200°C lower
25  than the temperature of the catalyst withdrawn from the reactor. This cooled
catalyst then may be returned to either some portion of the reactor, the
regenerator, or both. When the regenerated catalyst from the regenerator is
returned to the reactor, it may be returned to the reactor’s catalyst disengaging
zone, the reaction zone, and/or the inlet zone. Introducing the cooled catalyst into
30  the reactor or regenerator serves to reduce the average temperature in the reactor

or regenerator.



10 Preferably, regeneration is carried out at a tenperature range of.

450- 700C. hSpdesirable to strip at |east sone of th | organi c -
conmponent gvde]\ﬁlhs(?:’Fl may be adsorbed onto the catal yst or ﬁ‘g\é‘g-{sg& 6\bvl‘ﬁthi nits

m croporous structure prior to entering the regenerator. This can be
acconpl i shed by passing a stripping ggﬁ over the catalyst in a stripper or
stri ppi ng chanber, which can be 15 locdted within the reactor or in a
separate vessel. The strigg'ipng as can be any substantially inert medium
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In one enbodi ﬁBﬂF%t"ﬁ%r@fé‘E‘%P Qﬁ'gm?’b'&gr?&'&?%i?vgl”gc%ﬁrﬂ"ic Y8H3ch t hat

the feed cont aﬁﬁﬁ?mb&fémmngﬁgpﬁﬁr&uw?cwaﬂyabbnioaofmnaﬁ to the
reactor. In an terpati ve e ILment, the_.reactor and regenerator are
confi gur ed su&ﬂtaﬁyﬁ%‘grgﬁ‘imqﬁ’éwtg%fm@“?%ﬁ‘b‘d@?@i‘éf@gel’ﬁ&w& after it
is returnad t GithérGntemalidr@kterdahtoithé reactom (the@ortivniod coken Rhtalystte bbeed stream

can be split such that feed, contacts , regener.ated talyst before it is
returned to t TEEEMted 15 prefeesd frf%?“efafedl’l'&gg'tfg'é “°'P§P§%~Y8&X p react or-.

According to Qqegenevatet kstalystciaving @ dokedontbntisfiiéss tiah 2twi.%, prefesably les, t he
than 1.5 wt.%, and most preferably less than 1.0 wt.%, with the preferred ACFE

index also being met.

20 In another preferred embodiment of this invention, at least a portion of the
olefin product stream is contacted with at least a portion of the regenerated
catalyst. This exposure can occur either in the reactor or in a vessel separate from
the reactor. It is preferable that lighter olefin products (i.e., ethylene and
propylene) be separated from the higher boiling point by-products, and the higher

25 boiling point by-products (i.e., higher than the boiling point of propylene) be
contacted with the regenérated catalyst. These higher boiling point by-products
include C4" olefins as well as the higher boiling point j)araﬁ‘ins. When the olefin
product stream or the separated higher boiling point by-product stream is
contacted with the catalyst under typical reactor conditions, a significant portion

30  of'the by-products will be converted to lower olefins, increasing the overall lower
olefin product yield. In another embodiment, the initial contact is achieved by

sending the regenerated catalyst to a location within the reactor in which there are




catalyst within the reactor has an average |evel of coke effective for
selectivity t hyl ene and/ or propylene. Preferably, the average coke
| evel on the@e?tlé%f/‘gt will be fromabout 2 wt.%to about FETHSOUHN4,, o
preferably fromabout 2 wt.%to about 20 wt.% In order to maintain this
average | evel of coke on catalyst, and maintain preferred ACFE, it is
preferred to recycle only a portion of thé?toked catal yst for feed contact
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hi gher 25 boiling point hy-products (i.e,, |%herdlshan the boiling point of
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reaction parameters. .
Maintaining the gas superficial velocity at these rates increases the
20  approach to plug flow behavior of the gases flowing in the reactor. As the gas
superficial velocity increases above about 1 m/s, a reduction in axial diffusion or
backmixing of the gases results from a reduction in internal recirculation of solids,
which carry gas with them, (Ideal plug flow behavior occurs when elements of
the homogeneous fluid reactant move through a reactor as plugs moving paraliel
25  to the reactor axis). Minimizing the backmixing of the gases in the reactor
increases the selectivity to the desired ethylene and propylenes in the oxygenate
conversion reaction.
The process of this invention will provide an olefin product low in C1-C,
paraffin content, particularly one low in propane content. Generally, increases in
30  ACFE of the catalyst decrease the production of propane generated in the
oxygenate conversion reaction. In another embodiment of this invention, the

ACEFE of the catalyst to which oxygenate feedstock is converted to olefin product



Desirably, the gas superficial velocity is greater than about 2 m's. Mre

desirabl y,wobl)Rsgas superficial velocity is greater thanp@hQithneo M S-
Even nore desirably, the gas superficial velocity is greater than about 4

ms. Most desirably, the gas 10 superficial velocity is greater than about
8 m's. As used herein and in the clains,,the term "gas superficial
velocity," is defined as the volunetrrg3flom/rate of vaporized feedstock,
and any vapor diluent, divided by the reactor cross-sectional area.
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The extent of ACEE required will vary,according to the.exact catalyst
utilized, and PYfBIcE %q%?-sé‘fay' ﬁgﬁp% B%F‘d‘g'?ﬁb‘gﬁﬁf'g'ﬁ%?‘“yc%ﬁi elydeg such as

tenperature, OB fov-RVEl doftaivimintsROEISHOXFgerads W iobtylendordidaes,s, but
and other fractionation steps may be employed, such as those to separate C, and

lighter components from the C; and heavier molecules. However, the propylene
20  product stream of this embodiment of the present invention typically comes as the
product of a fractionation device separating C; from Cj or one separating C; from
C., and not one involved in separating propylene from propane. In practicing this
embodiment, a propylene product stream of sufficiently high purity may be
produced for use in the manufacture of various propylene derivative products
25  without performing a separation of propylene from propane. Optionally, the
propylene product stream may subsequently be sent to another separation device
to separate propylene from propane to generate a second propylene product stream
having an increased content of propylene.
One skilled in the art will also appreciate that the olefins produced by the
30 oxygenate-to-olefin conversion reaction of the present invention can be
polymerized to form polyolefins, particularly polyethylene and polypropylene.

Processes for forming polyolefins from olefins are known in the art. Catalytic



5 in general, an ACFE of at least 1.5 will be selected. In yet another
enbodi nent of this invention, an ol efin product produced at an ACFE of at
|l east 1.5 wi MOW@38ent to an ol efin recovery facility, wheRGHWSIYEPe4 ol
streans of ol efins of predom nantly one carbon nunber, for exanple,
ethylene or ethane or a m xture thereof, and propyl ene or propane or a

m xture thereof, wll be 10 produced by-g¢nventional fractional
distillation techniques (fractionation). Preferably, fractionation is such

t hat f th ' | t | trs 2 |
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and at |east 90 ropane cohtain i product com ng
from the react or acidcatilpticatystpms.t Hes, for sxamiple; UsS.Patent Nes. 3258483 3808,538;
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heavi er nol ecul es.- ver,, the propylene 20 product streamof this
enbodi nent ofthepﬁ‘yléggﬁi”qd SFent i on typically conmes as the product of a

fractionation device aqpefeméd pliyofefintfomiing Catalyst inemeteifuvend catadyst3THer om  C4,
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this enmbodi ment Preferrdsprmpesataresinga Eopegtion lhepyeen P pad 20N Cpd the g purity
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second propyl ene product stream having an increased content of propylene.
One skilled in ttaodd5Q bass, witha prefermgstiemperature ranggof between 120;a0d 230°Cq Fekd by
the 30 oxygenate- ﬁxig o} | ' tgg&, }q,cee;ﬂih-,;gvention
can be polyneri dea%B{xaglz orm %’o‘?%@?e ’?%éﬁﬁ%%%‘?ﬁbﬁﬁﬁ y pgf yet hyllene and

pol ypropyl enels Rangafses [66PC fand thatthe ppérating préssuse be batwednat andS0%ars. known i n

the art. Catalytic 3i WD 0123500 PCJ/ 1JS00/ 26004 , =2 [ QCEeSS are
preferred. Particul ar 1additiande pelyolefing, pmetoys 81@?#38‘13% %é tS°§ and

formed from the olefins produced by the process of the present invention or
olefins recovered therefrom. These include, but are not limited to, aldehydes, _
alcohols, acetic acid, linear alpha olefins, vinyl acetate, ethylene dichloride and

20  vinyl chloride, ethylbenzene, ethylene oxide, cumene, isopropyl alcohol, acrolein,
allyl chloride, propylene oxide, acrylic acid, ethylene-propylene rubbers, and
acrylonitrile, and oligomers of ethylene, propylene or butylenes. The methods of
manufacturing these derivatives are well known in the art, and therefore are not
discussed here.

25 This invention will be better understood with reference to the following
examples, which are intended to illustrate specific embodiments within the overall

scope of the invention as claimed.

General Experimental Procedure
30

In Examples 1-2, the effect of average catalyst feedstock exposure index
on propane selectivity was determined using SAPO-34 catalyst having a particle



acid catalytic systens. See, for exanple, U S. Patent Nos. 3,258, 455;

3, 305, 53 g e123s0h4 190; 5,892,079; 4,659,685, 4,076, 698 pcinfRitneial;

4,302, 565; and 4,243, 691, t he catal yst and process descriptions of each
bei ng expressly incorporated herein 5 by reference. In general, these

met hods involve contacting the olefin pgoduct with a polyolefn-forning
catal yst at a pressure and tenperature effective to formthe polyolefin
product. A preferred onoI fin- forn1ngP§$ta i a netal ocene catal yst.
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operating pre 58C fi e ndut, Pet ween 10 and 150 bars, with a preferred
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derivatives are nown in the.ar. and r scussed
here, 25 This ﬁ?%ﬂf%Hf'P%ﬁsW'ﬁngB@pbﬁ?%Fdwﬂso%# F%géﬁvtﬁ ‘*F‘gi%‘r?}é to the
fol Il ow ng eXaimieﬁiimaWbeﬁheemenngthefedadrto illustrate specific enbodinments
wi thin the overall e i nventi.o cl.ai med. peri ment al
Procedure 30 In Ei%ﬁﬁ‘f"géesol %t & fyErage Fataly R&eﬁ 3‘38“5%1’6‘3 @ifé)e(dstock
exposur e irsdexndex)was catcultutedsss weiyht kourly space velletity (WHEY) timesithe Hiile©n34

catalyst havi "treamn. p%é\? sedetvl\o edoa%/thzegigtgpwexg of B Yo fed 16 the reactor on

a per hour basis divided by the weight of silicoaluminophosphate molecular sieve
in the reactor. Time on stream is the total amount of time (in hours) that methanol
has been fed to the reactor at any point during the test.

20

Exam_ple 1

Methanol was reacted using samples of SAPO-34 as the catalyst. The

samples had Si/Al, ratios of 0.05, 0.2, 0.3, and 0.4. The reactions were carried out

25  at 25 psig (272 kPa) and 450°C. WHSV was set at 25 hr''. Wt.% propane in the
product was ﬁxeasured, and selectivity was calculated as wt.% yield divided by the
fractional conversion of methanol. Average catalyst feedstock exposure index
was calculated and the results were plotted. The results are shown in Fig. 1. Fig.
1 shows that the higher the average catalyst feedstock exposure index, the lower

30 the propane selectivity. An average catalyst feedstock exposure index of less than
1.0 at any of the given Si/Al, ratios is unde'si.rable.
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80720
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The reactions were carried out using SAPO-34 catalyst having a SV/Al;
ratio of 0.3. The temperature was maintained at 475°C. Wt.% propane in the
product was measured, and selectivity was calculated as wt.% yield divided by the
fractional conversion of methanol. Average catalyst feedstock exposure index
was calculated and the results were plotted. The results are shown in Fig. 2. Fig.
2 shows that lower methanol partial pressure and high weight hourly space

velocity favor lower propane formation. An average catalyst feedstock exposure

index of less than 1.0 at any of the given variable conditions is undesirable.



Exanple 2 The foll ow ng process conditions were eval uated for effect.on

aver age Wlﬁ}ﬁﬂb f eedst ock exposure index: (a) water c%trmg?o,ﬂgmnet hanol
to simulate cru 5 met hanol (nethanol/water weight ratio of 80:20); (b)

total pressure; and (c) WHSV. The process conditions are sunmmarized in
Table 1. Table 1 Designator Total Pr es%ure Met hanol | H2O WHSV (hr ) (psi Q)
(weight ratio) Standard w o H20 25 100 “Z5 Standard w H20 25 90/ 20 25 Hi

space velocity 25 80/20 38 Low Pressure 15 80/20 25 High space/low 15
80/20 38 Pr e*AﬁMﬁ)w space/l ow 15 80/ 20 17 Pressure Hi gher space/low 15
80/20 92 Pr essure 10 The reactions were carried out using SAPO 34 cat al yst

havi Si/A 2 t 475C. W, %
aving a Si o B dd widindd-titch:reciRlat ﬁggﬁg(}etruxc@mvmcﬂmmamﬁg a 0

propane in the was rreasure selectivity was cal cul ated as w %
yiel d divi dedrwuwmﬂdmamﬁmnw wasrsed o1 aoalyzs coke v feedinghege cat al yst

f eedst ock §Xp?r§ ol'tgg%n%mgreg@oﬁlﬁkﬁgﬁq}%ﬁ%gt éoE 5’6")&% g tﬂ% otted.

The resultsS are a’ho parti al
pressure and Itergimdve bejhg bindemhgtemqba&éS gragis of catglyﬁa\rm IOIa@bdem a;baskpane

o700 ) A Sl 5 BRI gl £330 1
PCTI US00/ 2 6004:1rculﬁti in Emamer o fluidiz¢ theicatalystdn thetbasket.c The neadtert wasdirgtFBR)
it Cg‘; '603, STHER e A0 in (4F2581 R5h) SR Urddn Y, 'l ibéitel WaStume®S uSed to
on, and the gas cxrculated for 10 seconds to allow the catalyst to reach a fluidized
state. 0.2 cc of methanol was injected into the circulating gas at 450-500C
achieving a partial pressure of methanol was 40-42.8 psia (275 to 294 kPa). The
reaction time (gas residence time) was computer controlled. In this experiment,
the reaction time was 12.8 seconds. Product was removed from the reactor to a
15  vacuum vessel through an automated valve. An on-line GC was used to analyze
the reaction products. Coke on catalyst was analyzed by TPO. Percent coke yield
was calculated by dividing the weight of coke on the catalyst by the amount of
methanol introduced into the reactor as CHa, (not as CH4OH) since one mole of
water is generated from one mole of methanol in the MTO reaction and the water
20 does not contribute to the hydrocarbon product or the coke on the catalyst. The
coked catalyst could be regenerated in its fluidized state with a gas stream
containing oxygen at a temperature range of 450-650°C. The regenerated catalyst
was re-exposed to the same amount of methanol at the same reaction condition to
provide continuous reaction-regeneration cycles. The ACFE under this reaction-
25 regeneration scheme is calculated as
(0.2 cm*)*(0.7914 g/cm’)/[(0.75 )*0.5] = 0.42.
If after the product analysis of the 1* methanol injection, no regeneration
was carried out on the catalyst, but a second methanol injection was introduced
into the reactor, the ACFE under this reaction-regeneration scheme is calculated
30 as
2%(0.2 cm*)*(0.7914 g/cm)/[(0.75 g)*0.5] = 0.84.



5 nethanol to olefins (MO reaction using a catalyst containing 50%
SAPCB4, the gemai nder being binder material. 0.75 grans cl,f b t were

| oaded in a gsoyﬁs?o each end of the basket being covered W porous net al
disks to allow gas to circulate in a manner to fluidize the catalyst in

t he basket. The reactor was first pressurized to 60-70 psia (412-481 kPa)
with argon gas, an inpeller was turned 102%n, and the gas circulated for 10
seconds to allow the catal yst to reach a fluidized: state. 0.2 cc of

met hanol was i nj ect edIfienweragdwke yiekiafiat fwognesbanobinjedtians Sn@isulated with theg a

partial pressure_of t hanol. 40 A I t?]l)yst

reaction tine (gglgaspg‘éichgenggnm)to ﬁ%@“ﬁnﬁéﬁ‘é&ﬁfn‘{“&%ﬁé‘& Iﬁ) tJhlltl?l

experi nent, thehdsbeerd éxposaditoravonethdnd] Bjestiosnaiel theoatismounheEmethanmled from
the reactor to a.15 . vacuum.vessel through an automated valve An on-line GC
was used to anal md“‘i"'ﬁé‘“?g’ﬁéﬁ%ﬁaﬁ%ﬁﬁ%&” o %gﬁ"a’?‘ﬁ"?’%ﬁs anal yzed
by TPO. Percept gRitandliigedion beforeCoatatyst R@dratiyn the Yordiutagot ACFRas ght of coke
on the catal yst by the anoynt_of NP| 4. yeed into the reactor as
CH2, (not as CH4OH) since ’%maz F\’B:i)'é(a%wfsé’?@ﬂw‘isoée(ﬁgié{"g%nfrom one nol e of
nmet hanol in the MO rgigarlei3Ghowsifhe eif@ts SHATFE HldeamthdHieragd bbkd yielddt t o t he
hydr ocar bon product or the coke on.the cat t he pked catal yst coul d
be regenerated iﬁevmlstmaﬂaw:‘&?%%%xec%ew?%@é@-gf?“e%@?ééffﬁ%&'ﬁv@ oxygen
at a tenperat ur e 198 siphiftal dRpAFcokEyReld egener at ed catal yst  was
re-exposed to the sane anmount of nethanol at the sane reaction condition to

provi de contilBuous reaction-regeneration cycles. The ACFE under this
reaction- 25 reg fe £N schenme is calculated as (0.2 cm*(0.7914
g/cnB)/[(0.75 Q) *U. = 0.42. |If after the product analysis. of the 1

met hanol injection, no regeneration was carried out on the catalyst, but a

second methanol i nj ecihofolts fréth itRGEAGhs ik BXBagid'S weRASAIgTed thidagiar E under

this reaction-regeneration schene is calculate 30 as 2*(Q.2 cnB)*(0.7914

g/ cB) /[ (0. 75 g) *oa-lnp GE @lem fopghplencsisaiviyc ThessdlsanpsownipFig g Bger age
Doke yi el d afjer 4tsﬁ9wmméne'sab&ﬁfttﬁrﬁgﬂ ﬁaﬁ%%&tﬂ?st%&?ﬁo&@&po&ﬁ@sur ed

coke, using O to deter the anount Oof coke on thé catal yst 'which has
been exposed to timtexoEl.Bandpredtal.ecti ons, and the total anount of nethanol

Example 5§
20 The products from the reactions in Example 3 were analyzed through an

on-line GC column for propylene selectivity. The results are shown in Fig. 5.
Fig. 5 shows that propylene selectivity is largely unaffected by average catalyst
feedstock exposure index.

25 Exampleé6

A reactor system as schematically shown in Fig. 6 can be used according
to the invention. The reactor system comprises a fluidized bed with a continuous
regenerator, Methanol and C, hydrocarbon (1) is feed to reactor (2) at a rate of

30 100 Ib/hr. A stream of catalyst (3) is sent from the reactor to the regenerator at a
flow rate of 40 Ib/hr. Over the same period of time a stream of catalyst (4) is sent
from the regenerator to the reactor at the same rate as catalyst stream (3). The



I ntroduced into the reactor as CH2. Therefore, when "n" is the nunber of 5.
met hanol w9 agbéepn before catal yst regeneration the for Bgrushfico@dCFE | S
n*(0.2 cnmB)*(0.7914 g/cmI[(0.75 g)*0.51 = 0.42 n. Figure 3 shows the
effects of ACFE index on the average coke yield. It reveals that, at |ow
ACFE index, coke yield is high. At an AfFFE greater than 1.0, there is a
significant drop in coke yield. 10 Exanple 4 The products fromthe

reactions in Ex le 3 e t hr ough. an .on:-Line GC. columm for

et hyl ene sel e&ft cynta‘?\é\g{i?’"é%‘{]ﬁ‘%é&%rqé"@ s‘Fﬁe'FTl&.Aéif'gﬂdﬁ’.“s 15 4 shows
that ethyl ene cgighiged hs! (100 Ib/ir (Pheitfanal + Rydrocaetion))y (30 bMr\atalyseedstwck exposure
I ndex of 1.0 and greater., Exanple 5 20 The products fromthe reactions in

Exanmpl e 3 wer AR fi‘éb’s"ﬂﬁrscﬁjgh an on-line GC colum for propyl ene
selectivity. The results are shown in Fig. 5. Fig. 5 shows that propylene
selectivity is largely unaffected by average catal yst feedstock exposure

I ndex. 25 Exalﬁﬂm&l\ reactor systemas schematically shown in Fig. 6 can
be used according to the invention. The reactor system conprises a
fluidized bed with a continuous regenerator. Methanol and C4 hydrocarbon
(1) is feed to readirgactorsystem agsohgmaticelly showrgio Fiig, 7ieen bpused agenrding cat al yst
(3) is sent fr, s : # ESiptRE ; f 40

| b/ hr. Over tﬁgmge{pn%n%@?%rﬁf%% st rea%{g?ld%g?a y%ittﬂ%/gf?ﬁ?ngo‘gent from
t he regener at degeneratonePyre methanolds fedjata mtmef 108 dfhrdirectly to rgagtord®) eam (3). The

oi eve. - TheiaoptiedRaciE Yeny 38 pSaG A skedn B O Ridrahytln G eipiard o1 ccular
hydrocar bon) ) rate(@f@0 Ibfirite axwaxiiagereasto(4) alsp withirile reactonsystepsend = 5. 0. 5
Cranm o A e RS SRR bl OBty kb 5o
with a conti nuCasalyst (7) from the auxiliary reactor is then sent to the reactor (2) Product and
any unreacted feed (8) is removed from the auxiliary reactor (4). The flow rate of
15  catalyst stream (9) to the regenerator (6) is essentially the same as the flow rate of
stream (7) and stream (5) over a given period of time at 50 Ib/hr. At one short
period during the interval of operation, a batch of 10 Ib of fresh catalyst is
introduced into the regenerator to make up for attrition losses. The catalyst
contains 40 wt.% SAPO-18 molecular sieve. From this information it is
20  determined that the ACFE index of the catalyst is: (120 Ib/hr (methanol +
hydrocarbon)) / (50 Ib/hr catalyst x 0.4 1b SAPO/Ib catalyst) = 6.0. In this
example, because the fresh catalyst is introduced to add inventory to the
regenerator, it cannot be distinguished from the catalyst coming from the
regenerator, and did not figure into the determination of ACFE index. However,
25  the C," hydrocarbon feed served to provide feed exposure to the catalyst coming
from the regenerator, even though the feed material and any reaction products
therefrom were never introduced to the reactor where oxygenate conversion was
taking place. Therefore, the rate of C4” hydrocarbon will figure into the
determination of ACFE index. '
30
Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be performed within a wide range of




regenerator. Pure nethanol is fed at a rate of 100 I b/hr directly to
reactor (2) LLOLn a reactor system In addition, a strgam, +

hydr ocar bon %83M¢@Rgent at a rate of 20 Ib/hr to an auxillarfa@ggg%or (4),
also within the reactor system and contacts catalyst (5) comng fromthe
regenerator (6) to the auxiliary reactor gﬁ). Catalyst (7) fromthe
auxiliary reactor is then sent to the reactor (2) Product and any
unreacted feed (8) is renoved fromthe auxiliary reactor (4). The flowrate
of 15 catal yst sparemteHRithitowhiiés sleimedayithont depyling Fomshespiritand jeopret sane as
the flowrate ofths§6§§%ﬁ(7) and stream (5) over a given period of time at
50 I b/hr. At one “§HOY period during the interval of operation, a batch of
10 I b of fresh catalyst is introduced into the regenerator to nmake up for
attrition | osses. The catalyst contains 40 w. % SAPO 18 nol ecul ar si eve.
Fromthis information it is 20 determ ned that the ACFE i ndex of the
catalyst is: (120 I b/hr (methanol + hydrocarbon)) / (50 Ib/hr catalyst x
0.4 Ib SAPQ I b catalyst) = 6.0. In this exanple, because the fresh
catalyst is introduced to add inventory to the regenerator, it cannot be
di stingui shed fromthe catalyst comng fromthe regenerator, and did not
figure into the determ nation of ACFE index. However, 25 the C4+

hydr ocarbon feed served to provide feed exposure to the catal yst com ng
fromthe regenerator, even though the feed material and any reaction
products therefromwere never introduced to the reactor where oxygenate
conversion was taking place. Therefore, the rate of C4+ hydrocarbon w ||
figure into the determ nation of ACFE index. 30 Having now fully described
this invention, it will be appreciated by those skilled in the art that
the invention can be perfornmed within a wi de range of WO 01! 23500

PCTI USOQx 26004 -30 paraneters within *hat is clainmed, wthout departing
fromthe spirit and scope of the invention. WO 01/ 23500 PCT/ US00/ 26004
-31- Cainms 1. A nethod for converting an oxygenate-containing feedstock to
an olefin



product, conprising contacting an oxygenate-containing feedstock with a
catal yst woammoei sing a silicoal um nophosphat e nol ecul aicTaissysmegnd/ or a
nol ecul ar sieve having an average pore size of less than 5 angstrons, at an
average catal yst feedstock exposure index of at least 1.0, in a fluidized
bed reactor under conditions effectivesfo convert the feedstock to an

ol efin product. 2. The nethod of claim1l, wherein at |east a portion of the
catal yst has 0, been regenerated before contacting with the

oxygenat e- cont g feedstock. 3. The method of clains 1 or 2, wherein
contacting the catalyst wth the oxygenate-containing feedstock is carried
out with continual catalyst regeneration. 4. The nethod of claim 2,

wherei n the regener.ated | yst i.s obtained by..(.a) .contactin n
oxygenat e- cont gi ni ﬂg%ﬁ@ﬁﬁé’%’f‘ﬂgyi’g’ﬁﬁq‘f’ﬁ%ﬁ?{?ﬂ% %g%@b‘ﬂ&[‘gl‘%ﬁl ecul ar
si eve cat al yStproducf chompiishg citadting dncngperate-cofitaining feedbtdckavith edatatyst i ve to
convert the feedstoock to an o] efin product; (b) separatinhg.the olefin
product from t99EMPRSING pFLEicoalumigop *B%‘g'@ﬁ&?‘ﬂ?’iséeé?ﬁ?@dg?]e%ﬂﬂ&ﬁwon of the
separ at ed cat Haying anaverdgepor@dizet 165 thah 3iangsiromstian averageccatahgener at ed

catal yst has a coke, 20 content _of |ess .than, % 6. The nethod of claim
1, wherein at feedstock sxposyreiindex of atieast i@rt'&P%é‘{dZ"r?gi’ FFRCIRT WEE ner at ed and

sel ectivat ed h@hgifien<acivd toREnvéttithe febRtdRk YO \Glbfin prodicdi ni ng feedstock. 7.
The nethod of claim®6, wherein the selectivated catal yst is obtained by WO

01/ 23500 PCT/ US00/ 26Q04 -3 . contac.A .an oxygenate: contai ni ng feedstock
with a silicoalum 38%5%59@%\ %M“%‘?@é‘ea%‘g?%‘ﬁ?eﬁﬁh%ﬁtﬁﬁi di zed bed
reactor unper beeR fébiehdrated befblethtacting ivithaheweigkndtdicorkainidg feeddtodlo an ol ef i n
product; (b) separating the olefin product fromthe catalyst; 5 (c)

regenerating at le a rti .of .t S r ﬁgl X d)
contacting the sep?gpgﬂp%éPFﬂm%rséc?B?twﬁ%gg%%al n%gtﬂzée%z%’(slt%ge cat al yst.
8. The net hod efygedats-contdiningfeédstoukds earmied dut with gontamalicathlyst regericeationy at ed
portion of catalyst is conbined with fresh or spent catal yst before

contacting with the xR bPasR Y, WHdhPthk PELRLReK catalyst is obtained by

(a) contacting an oxygenate-containing feedstock with a
15 silicoaluminophosphate molecular sieve catalyst in a fluidized bed reactor under

conditions effective to convert the feedstock to an olefin product;
(b) separating the olefin product from the catalyst; and
(c) regenerating at least a portion of the separated catalyst.

5. The method of claim 4, wherein the regenerated catalyst has a coke
20 content of less than 2 wt %.

6. The method of claim 1, wherein at least a portion of the catalyst has
been regenerated and selectivated before contacting with the oxygenate-containing
feedstock.

7. The method of claim 6, wherein the selectivated catalyst is obtained by

///

L




10 9. The. nethod of any of the preceding clains, wherein the oxygenate-

cont ai ni ng f@aYssReK conprises at |east one conmpound sel eggg&lng% t he

group consisting of nethanol; ethanol; n-propanol; isopr C20

al cohols; nethyl ethyl ether; dinmethyl ether; diethyl ether; di-isopropyl
ether, formal dehyde; dinethyl carbonate; dinethyl ketone; acetic acid; and
m xtures 15 thereof. 10. The nmethod of =¥ of the preceding clains,
wherein the nolecular sieve catalyst conprises a silicoal unm nophosphate
nol ecul ar sieve and fa)Romadiis an dilygeildie comiihing fefistodkaiitn 40, wherein the

si | i coal um nophogphat e. noJ ecul ar sieve,is selected fromthe grou

consi sting of S@%° um@appesghate Qelsegﬁggeﬂ Fat§X?5@i ‘,“dgﬂg&‘i}ﬁggﬁg&‘l&
SAPO- 20, SAPO- 3lsonifibie e¥ctive 36 \Bsavare the BSIoaBt0 s AREN ProduSAPO- 40, SAPO- 41,
SAPC- 42, SAPO- 44, SAPO 47, SAPO 56, netal containing fornms thereof, and

m xtures thereof. 12., .The nethod claim10, wherein the
si |'i coal um nophosphat® semﬁtgrg%ﬁ?eaqlgig‘g@cﬂljgméhesqa 5 ratio of less than
0.65. 25 13. The nethod of claim 10, wherein the oxygenate-contai ni ng

f eedst ock i s5 cont act{e)degdntratingat leastla poetivniofithecpparstehaitalystahd| yst at 200
700C. WD 01/ 23500 PCT/ US00/ 26004 -33 14. The nethod of claim 10, wherein

the oxygenat e-cont ai B%{a&ﬁ%?{x@%ﬁma{e& o Fé\f&%&% Whehifl a'sBEctivated catalys

si | i coal um nophospha a reac an average gas s pt“erf i ci al
velocity of greater than 1 neter per second. 15. The method of clainms 1 to

9, wherein the nol ecd Zhe mpthodoficiaims § ¢ 7,5vhemipthe segenegatad prsslettivated eve
havi ng an avera | i®Eonh Hede y&tg Eh&: -od of
claim 15, mhere?ﬁo‘?ﬁ‘;&ﬁo%gtdfg?r bgt?eg\ﬁé‘ I'S sggf cte rol?ﬁfértgﬁ%ngrg p y

consi sting of notheexygspatetenainingfepdstacky uct ure types CHA, LEV, KPl, ERI,
AFX, PAU, LTA, EAB, FER, HEU, and m xtures thereof. 17. The method of any

of the preceggng cl aigihe Wb anY Bme{p?efcwnmﬁghwher&%&eméaﬁﬂ-i s

contacted with a polyolefin-formng catalyst” under conditions effective to
form a pol yol ef | epntaining feedstack comprises at jeastione tompaund selected from the group

consisting of methanol; ethanol; n-propanol; isopropanoci; C4~ Cy alcohols;

methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether;

formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures
15  thereof. '

10. The method of any of the preceding claims, wherein the molecular

sieve catalyst comprises a silicoaluminophosphate molecular sieve and a binder.

11, The method of claim 10, wherein the silicoaluminophosphate
molecular sieve is selected from the group consisting of SAPO-5, SAPO-8,
20 SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34,
SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, metal containing forms thereof, and mixtures thereof.

12. The method of claim 10, wherein the silicoaluminophosphate

molecular sieve has a Si/Al, ratio of less than 0.65.

25 13. The method of claim 10, wherein the oxygenate-containing feedstock
is contacted with the silicoaluminophosphate catalyst at 200-700°C.

LA
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14. The method of claim 10, wherein the oxygenate-containing feedstock
is contacted with the silicoaluminophosphate catalyst in a reactor at an average
gas superficial velocity of greater than 1 meter per second.

15. The method of claims 1 to 9, wherein the molecular sieve catalyst

5  comprises a molecular sieve having an average pore size of less than 5 angstroms.

16. The method of claim 15, wherein the molecular sieve is selected from
the group consisting of molecular sieves with structure types CHA, LEV, KFI,
ERI, AFX, PAU, LTA, EAB, FER, HEU, and mixtures thereof.

17. The method of any of the preceding claims, wherein the olefin product
10  obtained is contacted with a polyolefin-forming catalyst under conditions effective
to form a polyolefin.



