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Field of the Invention This invention rekates to converting an oxygenate
feedstock to an olefin product. In particular, this invention relates to"
converting an oxygenate feed to an olefin in a reaction apparatus in

which catalyst is 10 kept in ‘Pra@\éngO?tM’élﬁng%gﬁgm a reaction zone and
a recircul ation zone. Backgro mand for pol yol efins,
e.g., polyethylene and polypropylene, has been steadily increasing. It is
‘projected that the increased demand for 15 polyolefins wll outpace the

availability of rc’l'\imsrapplltaaiibﬂ claan'gs. priettndidns. provisiphapapeiicatiohryn whi ch
pol yol efi ns gﬁ&eh g whi ch are used to nmake pol yol ef ins have
*been traditi 2£% whighdsine WEPRAralRA Pléé‘%f@f%lq@slnbfﬁ entnedy. catal ytic
or steamgracking of the petrol eum The cost of petrol eum cracking has
steadily i ncreased, 20 however, nmaking it inportant to find alternative

f eedst ock soﬁ’i&jdﬁfﬁm Ima@ntibnns. Oxygenates are a promising alternative

f eedst ock for I_g% ol efins. Particularly prom sing oxygenate feedstocks
are al cohol s, suc iNviepiiAa RRIBtes\P eAVaRiNg 20) GwoRpRtetaesstogidoran et hy|

ether, diethy 5 t Many of
t hese oxygenat es caducﬁ '@%E‘Q’éh tﬁ?sri?\grgﬁr{éﬁ?r ?%nsr% M@hﬁ@ght hesi s gas
deri ved fromou;lgemaﬂe fegddo apedlefih wmréammdappamb@irawammatygt isal s such
as coal cled plastics, nunicip wastes, or any appropriate organic

mat erial’ Be gptio 36?0‘{'% Sﬁt%éh%ighé’t"ﬁlaﬁa%tdﬁﬂ gene apil pyesiculatinnzeng: oni se
as 'an economical 30 source for olefin production. One way in which

ol efins can be made fromthe alternative oxygenate feedstocks is by
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Demand for polyolefins, e.g., polyethylene and polypropylene, has

been steadily increasing. It is projected that the increased demand for -

15 polyolefins will outpace the availability of raw materials, e.g., ethylene and
propylene, from which polyolefins can be made.

Olefins which are used 1o make polyolefins have been traditionally
produced from petroleum feedstocks by either catalytic or steam cracking
of the petroleum. The cost of petroleum cracking has steadily increased,

20  however, making it important to find alternative feedstock sources for
olefins.

Oxygenates are a promising altemative feedstock for making
olefins. Particularly promising oxygenate feedstocks are alcohols, such as
methanol and ethanol, dimethy! ether, methyl ethyl ether, diethy! ether,

25  dimethyl carbonate, and methyl formate. Many of these oxygenates can
be produced by fermentation, or from synthesis gas derived from natural
gas, petroleum liquids, carbonaceous materials such as coal, recycled
plastics, municipal wastes, or any appropriate organic material. Because
of the wide variety of sources, oxygenates have promise as an economical

30  source for olefin production.

One way in which olefins can be made from the altemative

oxygenate feedstocks is by catalytic conversion, hereinafter called an



2 "oxygenate conversion reaction.” In U S. Patent No. 4, 499,327,0P§PV 2005
exanpl e, @%ﬁﬁ@ﬁtic process for converting nmethanol to ol eftPgsiRr9es
descri bed. € catal yst used in that process contains a

si li coal um nophosphate (SAPO nol ecular sieve. 5 O course it is highly
desirable to convert as nuch of the oxyg?enate feedst ock as possible into
as nuch ethyl ene and propyl ene as possible. US Patent 4,873,390 descri bes
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car bonaceous ifs on catal yst retur roma step of contacting

the cat al ystdesctibed. Meersiahist asedinlthangrocesstemainseaont acting t he :
regenerated catalyst with tbht%a&(ggenate feedstock. The catalyst that is
ate

used in thelsgﬂff@d@é!@'rwwsﬁ Q) oxplervisr sl@¥€ar si eve. US Pat ent
6, 023, 00 | A . | hyl
525 5B 1 S0 Genbrules e D e ST AR Bt ™

m c conversion O

feedstock, Fpelisibaklas passiblelintioths alidbesthyRiet and protsiiene ab(;fos@a@&é.r ol I'i ng
t he amount of carbonaceous deposits on the catal yst returne froma step

of cont acti rgStRatenhd A7psI0NWPescribeea amethedi Afrineregsing the amstepof
tacti h t ed t, Wwith th t tock. The 20
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m xture W th the oxygenat eedst oc The catalyst that is used in the
process 18l sccantrling thesamepat pbcabhynacesis deposits pattbatcatalysbretgmed

nthe: cat alfone Smel Eriaca B el Wi acdrietin it g8
conver si on tcdAfdctipg theFegehsratéd catdlystivity 81k 6RFharRA6 fedtstos STRE by
enpl oyi ng both a dense phase and a transition phase reaction zone,

operating atcafalyst that ighsed ipthe pacss\alseepniains aRAR fenoleaiar Have
again, s mde 1o (8 BERRE GBStk BbsG il APt hB RIS,
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2005 WO 02/092ML PCT/ US02/ 07998 3 .
of oxygenate feedstock, preferably in a fluidized bed reaction system, by
controlling the amount of carbonaceous deposits on the catalyst returned
from a step of contacting the catalyst with a regeneration medium to a step
recontacting the regenerated catalyst with the oxygenate feedstock. The
20 patent further discloses mixing the regenerated catalyst with portion of
catalyst flowing out of the reaction zone and‘contacting the catalyst
mixture with the oxygenate feedstock. The catalyst that is used in the
process also contains 2 SAPO molecular sieve.
US Patent 6,166,282 discloses a method of reducing the amount of
25 total catalyst required in the catalytic conversion of oxygenate feedstock
and enhancing conversion to desired products, in a fluidized bed reaction
system, by employing both 2 dense phase and a transition phase reaction
| zone, operating at distinct gas superficial velocities. Further, reference
again is made to returning a portion of catalyst flowing out of the reaction
30 zone to recontact with the oxygenate feedstock. Again, the catalyst used

in the process contains a SAPO molecular sieve.



In view of the inportance of how catalyst is managed in the_r UBiNDx s
SGERTIAY

systens a¥Y&B/WE¥A with conversion of oxygenate feedstocks

over SAPO nol ecul ar sieves, inproved processes are sought to obtain
desired conversion products while inhibiding the conversion to undesirable
5 byproducts. Mre specifically, inproved fluidized bed oxygenate
conversi on processes are sought which provide optinml catalyst

i nventori es wi t hi i veneelcthermaspianaew hay ealelist is Managedviartbe 6paetivon he

desi red ducts_and th ver si irabl e byproducts. 10
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‘the art by c]wéwsﬂpmnfbl@amapgteceé,oiﬁﬂjlmeéa bRstedBear80a0At feeBisipck to a

product including ethylene and propylene in a fluidized bed reactor. One
ermbodi ment odesired genverdiarf pradects whie inhibiing the soovensitrs tss undesinable

‘f ol | owi t : i di . at e f egdst , tal yst that

| ncor por ot esoUeAbE Srobors sRFCrale Marred TaHREd S FRYSHNR® netudi ng  at
| t a ' ' t.i ol t

east a'r eac&bﬁvrbréﬁri:fpni%%@gg%%sge% Egﬁ%ﬁt WHEh?pﬁ&ﬁde‘rggﬁngrﬁ&] aidgst enperature

in at |east one pol reaction zo therecircul ation .

zone is at ireestoridowithitbd Gactonspparatgs tchenliaregstheatornersioniie tiat al yst
in the 20 reactjon zone under conditions effective to convert th

feedst ock t 098SIre GARRYCES FPOLRUPREEST theCIUersiRg to undesFaRie PYRIVEHS| udi ng
a GSV of at least about 0.1 mis at at |east one point in the reaction
zone; having at least a portion of the catalyst in the reaction zone flow
to the rexi r Suinvhipnofthecinveation having a ratio of the mass of said
catalyst in the reaction zonpe tq that 25 of the sum of the ss of the

catalyst in both tlhe P@sent biyeniar saivesiihe currept PEgaKIn Bif 28MY of bet ween
at |east 0. Oi!:'rt‘;i\ﬂgingfa %{lﬁéﬁrfortél:ﬂ%e i@%ap dﬁ?@éﬂﬁl‘é 8BRS KRB floduke Present
ar so e of

I nvention is fec to a net onverting an oxygenate
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PCT/ US02/ 079%8corporates a SAPO molecular sieve, and a reactor apparatus including
at least a reaction zone and a recirculation zone, wherein the temperature
in at least one point in each of the reaction zone and the recirculation zone
is at least about 250°C: contacting the feedstock with the catalyst in the
.20 .reaclion zone under conditions effective to convert the feedstock to a
product including prime olefins, the conditions including a GSV of at least
! about 0.1 m/s at at least one point in the reaction zone; having at least a
portion of the catalyst in the reaction zone flow to the recirculation zone;
and having a ratio of the mass of said catalyst in the reaction zone to that
25 of the sum of the mass of the catalyst in both the reaction zone and the
recirculation zone of between at least 0.01 and no greater than 0.99.
Another embodiment of the present invention is also directed to a
method for converting an oxygenate feedstock to a product including
. ethylene and propylene in a fiuidized bed reactor. The method comprises
30 the following steps: providing an oxygenate feedstock, a catalyst that
incorporates a SAPQO molecular sieve, and a reactor apparatus including

at least a reaction zone and a recirculation zone, wherein the temperature



in at | east one point in each of the reaction zone and the reci8§0Ydhon
zone is3h el about 250C, contacting the feedstock w thpehgisgaiBby st
in the reaction zone under conditions effective to convert the feedstock
to a product including prinme olefins, thQe conditions including a GSV of
greater 5 than about 0.5 nms at at |east one point in said reaction zone;
recirculating the catalyst to establish a tenperature differential; and

having a ral ipabatiibne Pk iffeathld! 18 BEYURIN koné B #RGY t hat
of the sum o{ptﬂearrasg f tlﬁee cat al yst mﬁ%%tﬁntheoieagﬁeicggu%gﬁ@ zgaﬁr’]ig t he
recircul ati ois atdeasbdbdnatt 2EEC; atonkacisty hedtedstbchowifn daé eatdlpstinh®9. 10
Yet anot her enbodi nrent of the present invention is directed to a nethod

for converti FRAGIPNRGNFHATRM ‘F%‘%HB@%% ifestive in eoniart the fepAstgck a ayl ene and
| . o | ! t .
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SAPO nol egul tHarsabuet 0.8/t gblebet oap pairitin Saiddaddiongzdrie; abcradating
reaction zone and a recircul ation zone, wherein the tenperature_ in at

| east one polhf Ceialsidp establish g terope@iuresdiffersntialnend Sevinae setioaf thene

react i on zond i RS sARVRAE hPPeRtirL oGS b e st BRL R HRSse s
product incl ysk aetaiydtim betiethe feadtion Amrdand ais rddidulsliditzenédy of at
| east 20 about 0.1 nis at at |east one point in said reaction zone; having

an ACFE indbetween stieasif01 angpwr gragtectham0.88ast about 1.0; and havi ng
aratio t he of catal yst, jn,the reaction,zone to that of the
sumof (R mes oretnethElsipeRntEh ol ne e SPaCkVBRES i g Brteathe |
recircul ati omaepe fef coﬁ@él’{\iﬁgrhrﬁbxs}gﬁﬁte feédstanidtda fibaatehcidimig 0- 99. 25
These and ot her advantages of the present invention shall becone” apparant

from t he fol lethylage @dapropyianesiora fuidized ek reactas hdhefmeihogscamprisese
appended cl ai .02/ 41 5.0 B _NOQV 2005 CT/ 1JS02/ 0799 |_ef
pober i ot on e TellPRteRE Heofiing sh kvaSite e elbtadk ANt &
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and exposure of the nolecular sieve utillzed to various tenperatures.
15 at least a reaction zone and a recircuiation zone, wherein the temperature

in at least one point in each of the reaction zone and the recirculation zone
is at least about 250°C; contacting the feedstock with the catalyst in the
reaction zone under conditions effective to convert the feedstock to a
product including prime olefins, the conditions including a GSV of at least

20 about 0.1 m/s at at least one point in said reaction zone, having an ACFE
index in the reactor apparatus of at least about 1.0; and having a ratio of
the mass of the catalyst in the reaction zone to that of the sum of the mass
of the catalyst in both the reaction zone and the recirculation zone of
between at least 0.01 and no greater than 0.99.

25 These and other advantages of the present invention shall become
apparant from the following detailed description, the attached figures and

the appended claims.
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5 Figure.2 is aggraph of the results of a thernogravimetri 6§aadgyshedgof

an oxyge¥Pd28¥NErsi on reaction at 350C and exposure of the nol ecul ar
sieve utilized to various tenperatures. Figure 3 is a graph of the results
of a thermpgravimetric analysis of an &ygenate conversion reaction at
450C and exposure of the nolecular 10 sieve utilized to various
tenperatures. Figure 4 is a schematic of an enbodi nent of a reactor

appar at us ofBriafféesnriptiontofithe &ew#igs Figure 5 is a schematic of anot her

enbodi nent of a regactor . ap t r | ' [edai | ed
,Description of t e'gPFR/ﬁJﬁ? %cﬁgélﬁlolq2%%?%#‘%0‘%%@%@1@%@%&@r%‘%ggul ar
si eves serVeAsyyfaidib Sendetsionl RsdiRhl £ Z50°@l a1%d erposureadfthenmaoleouler t i ng
oxygenat e feedstocks to olefin conpositions. They nmake particul arly good

,catal ysts f mie@dufilizatito variolsetemperetirasas et hyl ene and propyl ene from
oxygenat conpoupnds. As used herein, | I rs to
et hyl enegand pr p‘,gl"’é%g.'s\ﬁl@ﬁpgl%Sbﬂirﬁé"ﬂﬁdéfg%m%%@?ﬂ@gg%g%gsgegdstocks

are contact ' b Feh@lorsateys0°d and exposut off teeaholeeulabout
250C, those%g%%%hdéte?c@;n?eﬁder go an oxygenate co%er sion reaction to

f or m var i oussipvedtitized to watious tegnperatwres! ef i ns. During this reaction,
carbonaceous depgsits, hereinafter syn us. With th ! e.f are
also formed wit hFIQ_Ucfﬂé” 'S%E\Pg‘l géb?éés'@?%%? ?Qﬂﬂb%fé\.!ﬁﬁ_lééﬁhrmgé‘a%o" f

mol ecul ar si gy %é&&%h%tcér%e'@ﬁﬁ?ééai&?ﬁ45@’@1&}1321 édbbbuld Etheandlezalme t he

SAPO nol ecul ar I eve reaction performance to change with tinme. Further,
t he SAP@Q notiecsailized ¢y earols femperatuness i n tinme fol | owi ng exposure to

f eedstock, contain entrained within.the nicr.oparo t e
sieve the 0 8 NOVFM5%%§¢WQ§B§.°63&@W%%,Q§§ r%étg)ztayg%ré}tﬁﬁogduced

and product d i?'ﬁt‘é fBke their way into and out of its mcroporous
structure. Tﬁlgsﬁrc%éggs ar';l l| ncrease in SAPO nol ecul ar sieve wei ght

i medi atel y fol | ofigngreezos sckeematic of dpother enpoediment of a reactor
apparatus of the present invention.
15
Detailed Description of the Invention
Silicoaluminophosphate (SAPO) molecular sieves serve as
particularly desirable catalyst materials in converting oxygenate feedstocks
to olefin compositions. They make particularly good catalysts for
20 producing olefins such as ethylene and propylene from oxygenate
compounds. As used herein, the term prime olefins refers to ethylene and
J propylene.
When olefinic hydrocarbon or oxygenate feedstocks are contacted
with 2 SAPO molecular sieve at a temperature above about 250°C, those
25 feedstocks undergo an oxygenate conversion reaction to form various
products, including prime olefins. During this reaction, carbonaceous
deposits, hereinafter synonymous with the term "coke," are also formed
within the SAPO molecular sieve, which cause the SAPO molecular sieve
weight to increase continuously with time, and cause the SAPQO molecular
30 sieve reaction performance to change with time. Further, the SAPO
molecular sieve will, at points in time following exposure to feedstock,

contain entrained within the microporous structure of the sieve the



whi ch increase stops shortly thereafter as an equilibrium bet w88N0¥ 2003
I ncom ng \gﬁqﬁmﬁg‘?i ng material is quickly established. The %E‘fﬁﬁoﬁhﬁt)&‘ave
edt k to

di scover at "a  SAPO nol ecul ar sieve, after having been expose
feedstock and now containing carbonaceoug deposits and entrained

feedst ock and product, will undergo a transformation after the exposure
to feedstock is reduced or ceased, when 10 exposed to a tenperature of

: , . . Lenper at ure
greater thanubeddoc Hichand bAISIA A4 98 FBPHIAR Mol 98} Inb by | 05

of wei ght of the SAPO nol ecul ar "sieve through generati o roduct

ri cher in undesbfdbhedctoporodestmictureaTHihabusdd ahnecreasthn SgRQUre to
f eedst ock. Herﬂi nafter, this phenonena will be called "catal yst decay,"”
and t he prodtR'eEPRRSIRE Weght inmadiaiely-lo)reirarexaosirne) tofeedsiockdbut

"cat al yst de | L f |.S:eRkevious| y _unknown
phenonena ha@?%ﬁ?gﬁ? S}cr’%%]lgtg%@?gﬁépettaﬁg? ﬁg a&ﬁf#‘ﬁ’ﬁ&“ﬁﬁn‘%@é{w%ﬁ‘ which the -
oxygenat & cioomisgand eabdoing nvateiaSARRicay dsysligheloul d be conducted in
fluidized bed reactors. In fluidized bed reactors, the catalyst is

all oned to flow (ilhemventeisdiaveqdiscoyararihat @ SR Odnoleswiargiévey afiee
ive f : d d ibly dil |
owi ng wi t nPAVITESeeTERPEIE 1a 0adbar dhk oy BEtRIRL Setosmeadatliod: Sed

catal yst maydbpositouhddéntriinet9e6d4t80k aAEProbNED will URBEFJ/Aat i on zone,
where it may becone separated fromthe reaction product "and any

unconvert ed tresgtaromticthaftar theeexposene tefaaststod Is r8ucediosdeased awhens

ovent oD | aSflRkERL0 B {eNpEEl R A TRER AL i BROE 28D TRig e 2 YS!
recircul ati o s#RRSTEIOP M aMifeSORRH IREM0Se M i eéiBRtof Bead APS ﬁ'@;/é

within the reaction zone and thus subject to th& undesirable byproduct
gener ati on pEigvsnineuga die geseratisnef. a product richehirdundesirablie byprducs)

ur i ciont 3797 diaiBee Wb s¥poRtis b tPobites Ao Misast & porti on
the gas 0 5 by o000 b Dor 050t 5 pel L eeDfy, SE e PreLan qnBmed NaNCE: 1)
at at | st sHehpophenomenaewilldeccalind "rotalystaeday predacts.”
The recognition of this previously unknown phenomena has
important implications to the optimal manner in which the oxygenate
conversion reaction with SAPO catalysts should be conducted in fluidized
bed reactors. In fluidized bed reactors, the catalyst is allowed to flow {is
20 “fluidized") within a reaction zone using the motive force of the feedstock
and products, and possibly diluents also flowing within the reaction zone.
At least a portion of the fluidized catalyst may flow out of the reaction zone
into a recirculation zone, where it may become separated from the
reaction product and any unconverted feedstock and diluent, collected, or
25 routed to various locations, and require the establishment of some
measure of catalyst inventory in the recirculation zone. The catalyst within
the recirculation zone may be at suboptimum conditions reiative to those
within the reaction zone and thus subject to the undesirable byproduct
generation phenomena described above. in the method of the preseht
30 invention, the gas superficial velocity in the reaction zone should be
sufficient to fluidize the catalyst and provide flow of at least a portion the

catalyst from the reaction zone to the recirculation zone. Typically, the gas
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| east about 0.1 neter per second. Further, in the instant invention, the
ratio of wo@zwems1 of catalyst in the reaction zone to that PSFI/USIH{O3198¢ he
mass of the catalyst in both the reaction zone and the recircul ati on zone
may be 5 within a certain range of valueg. This range of values is fromat
| east 0.01, bel ow which highly undesirable overall selectivities are
obt ai ned due to the substantialaﬁgeneration of catalyst decay products, to

no greater tReReBCED veloghyad ajlgast ARUPPRE thedsrEHan ZengsbpHisb@8Eh a | ow
! t f ; ! . _ :
expensi va, ol BtpLg 1 Metdpersiaddid ¥ et A edAEORRIHBRTe 1 Y ¢ ha

“i's used in thato bNMFRVNEES of SatilgsttiNahe resctidPEGie® at of sum of the mass
silicoal um nthosphat e (SAPO nol ecul ar sieve. The nol ecul ar sieve

conpri ses a Phtheecatalitstén bakl thei reasten aesecandthe recirawation kosemiay bee of

16 P ncor por attit! fisriare AR B vk Tt PR B Aet B ASma RrdHOR soe
Bl ackwel | angeRad Wiich AighRhiBdesifstiie.ov@Pall SERBLINIIESE)e obitndstedie @ theSAPO

mol ecul ar sieves will exhi'bit one or nore peaks in the 29Si MAS NWVR, with
a cheni cal shubstantisi peneratins of aairlyst decsy pwdugh, hpnv greatar thamC. 2 nbi ned

B i e R N T ST
where the b(§)inehseiceitionvdricsbesde drwéwasryr@s{pér@,we%amﬁibaiéca@e_ (TVB).

It is preferred that a silicoal um nophosphate "nol'ecul ar sieve used in
t hi s i nvidt i epehatsorsallyghrablersstic.| ow Si/ Al 2 ratio. In general, the |ower

the Si/A2 ratio,_th the Cl-C4 saturates sel ectivit ticularl
bropane. 25 sei ect VT gata el s USaE B8 ket & el Iicbmddidafe ')
with a Si/ Al%ilfc%%i&nﬁfoggpgﬁhﬂfee(@ﬁﬂjogg?{l)e -%Psb@é.ﬂqr{érmf:@du@,siw a

Si/AI2 ratio of not gr than O eing particularly preferred. A

Si/ Al 2 rati o asimprizesge dereerditemsicdnat niceoparops cpistdldraneework structure of
Silicoalumn p e, ol l.ar_sieves .ar neral l v, classjfi .as 30
bei ng micr opggm’ @bé’} ang ﬁgﬁ&ﬁ?q{ﬂeéf’ﬁﬁwﬁg g‘?‘@?@ﬁﬂﬁﬁed_ 5 W&yyr'gct ures.
These rifg SHREGHIFARAGARD PRVANMILRVEARBE dRIECNIAEE By BSIOVRS NMRN Seeut
3.5-15 angstrons. Preferred are the small Bore SAPO nol ecul ar sieves ON D

V 2005 WO 0Bleckeali apdi?aigur/ LI Chem. Bg, A6 (98 e Thwréesliede of | ess
than about 5 &REY A8 SEFLER)Y eRRibit one or more peaks in the Si MAS

NMR, with a chemical shift 5(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
20  all peaks with a chemical shift (Si) in the range of -88 ppm to -115 ppm,
where the 5(Si) chemical shifts refer to external tetramethylsilane (TMS).
) It is preferred that a silicoaluminophosphate molecular sieve used in
this invention has a relatively low Si/Al; ratio. In general, the lower the
Si/Al; ratio, the lower the C4-C4 saturates seleclivity, particularly propane
25  selectivity. A SilAl; ratio of less than 0.65 is desirable, with a Si/Al; ratio of
not greater than 0.40 being preferred, and a SifAl; ratio of not greater than
0.32 being particularly preferred. A Si/Al; ratio of not greater than 0.20 is
most preferred.
Silicoaluminophosphate molecular sieves are generally classified as
30 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. Preferred are the small pore SAPO molecular sieves



average pore size ranging fromabout 3.5 to 5 angstrons, nore pr%ﬁ@pggpﬂé

from 3.5&¢0§O%iﬂngstrom. These pore sizes are typical of ﬁ?"‘/ﬁgﬁlnﬁ%s
si eves having 8 nenbered rings. 5 In general, silicoal um nophosphaté

nol ecul ar sieves conprise a nolecul ar fg-anmework of corner-sharing
[ Si02] 1 [ A102], and [PO2] tetrahedral wunits. This type of framework is
effective in converting various oxygenates into olefin products. The

[PO2] tetraRedidy anBivbfagl bbids &Eeofflésaﬂg\’% e'ét\)/@fél'e %gbg&goﬁk ngf?r%tﬁy an

nol ecul ar sieve of this invention can var

conposi t i ongvelBgmporessiaé rengdyy fotvosatimut 5 ¢oft angstrgms omees iptéfersbly

I ncl ude phosphoric, acid, organi c _phosphates such as triethyl phosphate,
and al um i nﬁ'pﬁ%ééﬁ ‘gsz amgﬁﬁésﬂﬁ'@sﬁﬁor@o?%%ﬁ ATe Y RiGRIRS shlesklar ar e

m xed with [ S Il Il num cont ai ni ng conposi tions under 15
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| um hosphat ' ' . ' 20..al unm.nat e, d
soudoboehnirie: Tits ufts B AuRelt 5 eEeu a0l A edt VaHB0h R hetes
reactive si ihteaetmgred@gphor us- contai ni ng conpositions under the

appropriate conditions to formthe nol ecul ar sieve. The [Si02]
tetrahedral unitsThg IR tetiahedeatanis vithin the freeeworkostrugiure/dilbg by a

' f L . I .0f th |l I ni
conpos 17 ond ORER RIS PER BRI cer e pTHidrRBY B & a1 etra
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rare earth ions (Goup II11B, including O 8 NOV 200 02/ 092541 .9

PCT/ U508 07 dag appropriate conditions to form the molecular sieve.

The [AIO;] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these aluminum-
containing compositions include aluminum alkoxides such as aluminum
isopropoxide, aluminum phosphates, aluminum hydroxide, sodium

20  aluminate, and pseudoboehmite. The aluminum-containing compositions
are mixed with reactive silicon and phosphornus-containing compositions
under the appropriate conditions to form the molecular sieve. |

The [SiOz] tetrahedral units within the framework structure can be
provided by a variety of compositions. Examples of these silicon-

25  containing compositions include silica sols and silicium alkoxides such as
tetra ethyl orthosilicate. The silicon-containing compositions are mixed
with reactive aluminum and phosphorus-containing compositions under
the appropriate conditions to form the molecular sieve.

Substituted SAPOs can also be used in this invention. These

30 compounds are generally known as MeAPSOs or metal-containing
silicoaluminophosphates. The metal can be alkali metal ions {Group IA),

alkaline earth metal ions (Group llA), rare earth ions (Group 1B, including
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SAPO-34, SAPO-35, SAP0O-36, SAPO-37, SAPO-40, SAP0-41, SAPO-
42, SAPO-44, SAPO-47, SAP0-56, the metal containing forms thereof,
and mixtures thereof. Preferred are SAPO-18, SAP0-34, SAPO-35,
SAPO-44, and SAP0-47, particularly SAP0O-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 matier having two or more components in varying
proportions, regardless of their physical state.

An aluminophosphate (ALPO) molecular sieve can aiso be included
in the catalyst composition. Aluminophosphate molecular sieves are
crystalline microporous oxides which can have an AlPO4 framework. They
can have additional elements within the framework, typically have uniform
pore dimensions ranging from about 3 angstroms to about 10 angsiroms,
and are capable of making size selective separations of molecular
species. More than two dozen structure types have been reported,
including zeolite topological analogues. A more detailed description of the

background and synthesis of aluminophosphates are found _in U.S. Pat.

SAMO- 17,

B k2, Tuioth, SR8 47 @Apoai%msf’”%é?zﬁe?‘@%ﬁwi? g rorm

be used. Suitable silicoal um nophosphat e
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In those cases where the netal "Me" in the conposition is nmagnesium the
acronym MAPO i s api8 mﬁlalt@mtamlmﬂd.rﬂ@mbam @nthrée-girhensivngidropbritle and

CoAPO are a 0si t| ch contain zinc, nanganese and
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15 can be represented by empirical chemical composition, on an anhydrous
basis, as:

S
t

mR: (MAlP;)0O,

wherein "R” represents at least one organic templating agent

present in the intracrystalfine pore system: “m” represents the moles of “‘R”

20 present per mole of (MxAlP2)O, and has a value of from zero to 0.3, the
maximum value in each case depending upon the molecular dimensions of
the templating agent and the available void volume of the pore system of
the particular metal aluminophosphate involved, "x”, 'y, and "Z" represent
the mole fractions of the meta| ‘M, (i.e. magnesium, manganese, zinc and

25  cobalt), aluminum and phosphorus, respectively, present as tetrahedral
oxides.

The metal containing ALPOs are sometimes referred to by the
acronym as MeAPQ. Also in those cases where the metal *Me” in the
composition is magnesium, the acronym MAPO is applied to the

30 composition. Similarly ZAPO, MnAPO and CoAPO are applied to the
compositions which contain zinc, manganese and cobalt respectively, To

identify the various structural species which make up each of the
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speci es iywo @nob@ped a nunber and is identified, for exanplecT %m Er’)
MAPO- 11, CoAPO- 34 and so forth. The silicoal um nophosphat e nol ecul ar
sieves are synthesized by hydrothermal ¢fystallization nethods generally
known in the art. See, for exanple, U S. Pat. Nos. 4,440,871; 4,861, 743;
5,096, 684; and 5,126,308, the nethods of making of which are fully

i ncor por at ed shbgeneridylasebeMAPS, ZAP O BUARD dhdMAA® O SeddH BBECIBY idn Xi ng
toget her reactive silicon, alumnum and phosphorus congonent s, along with
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-preferably u U S, pressure, to a tenperature of at |east 100C,
preferably fro %@géggggos%uf 'hl' a crystalline product is formned.
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The product ¢3a nfdipedEf Wl hWgféﬂmgMné&?o?éiBE HE &by réldferide! ed.
20 As a result of the crystalTization procéss, the recovered sieve

cont ai ns wi t A redationpoixbsreas formasd by mxing togetiiertreactiesrplliabn, siserdnim

ki the initial ti i xture. The crystalli truct
essenti al |y WSHRIOSHHY COMPT SR, &lend will asarisans ieplaii: Geaeralhioved
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tenplate is 25 renove e crysta ure t enal as What is

typi cal | y caltbedtengpenanireasfraf sezst 1002 Cp prefemisy from 100+BH0Y C avtiba
dependi ng upon the nature of the final product fornmed, the tenplate may
be too | arge Aystaling RregHck isdamed Fermatiop of the chvstallies pregunt 6an tekesuch

a case, the tq“rgﬁiprfégﬁ frt r??guﬁc?ﬁlﬂﬁ‘?ﬂs agrrﬁ'ﬁ as® %ﬁ%”ﬁ—g%ﬁ’é%&?@ For

exanpl e, the e cal cined, essentra uste In the

presence of atirxy geseedingavitt ooystalkine byatedainivilldacititaté e formation of the

t enpl at e;]gontpariOHL&Q sieve in the presence of the oxygen WO 02/09254 1 12

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.

20 As a result of the crystallization process, the recovered sieve
contains within its pores at least a portion of the teniplate 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 activity. Once the template is

25 removed, the crystaliine structure that remains has what is typically called
an intracrystalline pore system.

In many cases, depending upon the nature of the finai product
formed, the template may be too large to be eluted from the intracrystalline
pore system. In such a case, the template can be removed by a heat

30 treatment process. For example, the tempiate can be calcined, or
essentially combusted, in the presence of an oxygen-containing gas, by

contacting the template-containing sieve in the presence of the oxygen-
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one template is more strongly directing than another.

Representative templates include tetraethy! ammonium salts,
cyclopentylamine, aminomethyi cyclohexane, piperidine, triethylamine,
cyclohexylamine, tri-ethyl hydroxyethylamine, morpholine, dipropylamine

20  (DPA), pyridine, isopropylamine and combinations thereof. Preferred
templates are triethylamine, cyclohexylamine, piperidine, pyridine,
isopropylamine, tetraethyl ammonium salts, dipropylamine, and mixtures
thereof. The tetraethylammonium salts include tetraethyl ammonium
hydroxide (TEAOH), tetraethyl ammonium phosphate, tetraethy)

25 ammonium fluoride, tetraethyl ammonium bromide, tetraethyl ammonium
chloride, tetraethyl ammonium acetate. Preferred tetraethyl ammonium
saits are tetraethyl ammonium hydroxide and tetraethy! ammonium
phosphate.

The SAPO molecular sieve structure can be effectively controlied

30  using combinations of templates. For example, in a particularly preferred
embodiment, the SAPO molecular sieve is manufactured using a template

combination of TEAOH and dipropylamine. This combination results in a
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shielding the catalyst during regeneration, densifying the catalyst and
increasing catalyst strength. It is particularly desirable that the inert
materials that are used in the catalyst to act as a thermal sink have a heat
capacity of from about 0.05 to about 1 cal/g-°C, more preferably from
about 0.1 to about 0.8 cal/g-°C, most preferably from about 0.1 to about
0.5 cal/g-°C.

Additional molecular sieve materials can be inciuded as a part of
the SAPQ catalyst composition or they can be used as separate molecular
sieve catalysts in admixture with the SAPO catalyst if desired. Structural
types of small pore molecular sieves that are suitable for use in this
invention include AEI, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,
CH!, DAC, DDR, ED|, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI,
RHO, ROG, THO, and substituted forms thereof. Structural types of
medium pore molecular sieves that are suitable for use in this invention
include MFI, MEL, MTW, EUOQ, MTT, HEU, FER, AFO, AEL, TON, and
substituted forms thereof. These small and medium pore molecuiar sieves

are described in greater dejail in the Atlas of Zeolite Structural Types,
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But t er woryy giigbsxgen, 3rd ed., 1997, the detailed descri pt ip@h; %jgg S
explicitly incorporated herei n by ref erence. Preferred nol ecul ar sieves
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preferably conprises about 1 %to about 99 % nore preferably about 5 %
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treatments basgbdzigatnent, mlling, ball mliling, grinding, spray drying,
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15 calcination, acid treatment, base treatment, milling, ball milling, grinding,
spray drying, and combinations thereof.

The oxygenate feedstock of this invention comprises at least one
organic compound which contains at least one oxygen alom, such as
aliphatic alcohols, ethers, or carbonyl compounds (aldehydes, ketones,

20  carboxylic acids, carbonates, esters and the like). When the oxygenate is
an alcohol, the alcohol can include an aliphétic moiety having from 1 10 10
carbon atoms, more preferably from 1 to 4 carbon atoms. Representative
alcohols include but are not necessarily limited to lower straight and
branched chain aliphatic alcohols and their unsaturated counterparts.

25 Examples of suitable oxygenate compounds include, but are not limited to:
methanol; ethanol; n-propanol; isopropanol; C,4 - Cyp alcohols; methy! ethyl
ether; dimethyl ether; diethyl ether, di-isopropyl ether; formaldehyde;
dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures thereof.
Preferred oxygenate compounds are methanol, dimethyl ether, or a

30  mixture thereof.

The method of making the preferred olefin product in this invention

can include the additional step of making these compositions from



can include the additional step of making these conpositions frod§¥By 2009
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tar sand, shale, biomass and natural gas. Methods for making the
conpositions are known in the art. Thesgg nmethods include fermentation to
al cohol or ether, making synthesis gas, then converting the synthesis
gas to al cohol or ether. Synthesis gas can 5 be produced by known
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limted to he}i u %rgﬁjon, . Pi trogen, carbon nonoxi de, carbon di oxi de,
wat er, essertIUMN R Pt 9dizetiopar af fi ns (especial Iy the al kanes such

as net hane, etha o : ' n-reactiyv | kyl enes,
essentially non- [Béggt | veggéﬁig%gtﬁ'!:ue@%ﬁb%ﬁ%bwsfm "?Thﬁa%e(gé?qq%e‘f of . The
preferred digxaemle, iv anemeuntaidromiftio@EmolMicrte st Babed idﬁgﬁgtﬁ%ii n
either liquid or vapor form Hydrocarbons can also be included as part of

the feedstodMperol males oipall tredeaid dildeniaonieenants o thereactiohons

i ncl udeqgw tahrc@rf c . r offposi tions which are
converted to anot I’I;ec% cﬁ%ﬁi ?‘éfdqu‘réraﬁég@ﬁﬁ@%ﬂ@ﬁ%&ﬂ”&%‘?ﬂﬁf’w l"ﬁ%"%‘?'@cul ar
si eve cat al yesisentials ponfrgdciaab@ss amdlddifdrisleve bafdiyst, and phlrarfy
paraffins, reactiv al kyl aromati cs, reactive aromati’cs or m xtures

t hereof. Pr J?B?W%FQB‘WSGBW%H&@iﬂéaaéeﬁ?dﬁipdﬁlﬁssmm@phératad.but yl ene, |
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m xtures thereof. efred as co-fe
mi xtures, wirioger, carbbn morbxide ecarbeh nlinXide, Watdr 06 @RI InshLHas v Ch

are obt %ned frﬁ).m se ar.ailcw and recycl e of oxygenate conversion
pr oduct . parafiins (especially the alkanes such as methane, ethane, and propane),

essentially non-reactive alkylenes, essentially non-reactive aromatic
compounds, and mixtures thereof. The preferred diluents are water and
nitrogen. Water can be injected in either liquid or vapor form,
Hydrocarbons can also be inciuded as part of the feedstock, i.e., as

20 co-feed. As defined herein, hydrocarbons included with the feedstock are
hydrocarbon compositions which are converted to another chemical
arrangement when contacted with molecular sieve catalyst. These
hydrocarbons can include olefins, reactive paraffins, reactive
alkylaromatics, reactive aromatics or mixtures thereof. Preferred

25  hydrocarbon co-feeds inciude, propylene, butylene, pentyiene, C4’
hydrocarbon mixtures, Cs* hydrocarbon mixtures, and mixtures thereof.
More preferred as co-feeds are a C4* hydrocarbon mixtures. with the most
preferred being C4* hydrocarbon mixtures which are obtained from
separation and recycle of oxygenate conversion product.

30 The method of the present invention is conducted in a reacior
apparatus. As used herein, the term "reactor apparatus” refers to an

apparatus that includes at least a reaction zone and a recirculation zone.



30 The method of the present invention is conducted in a reactor08NOV 2003
appar at uswoAguzad herein, the term "reactor apparatus" refpCsUS02/60998
apparatus that includes at |east a reaction zone and a recircul ation
zone. WO 02/092541 16 08NOV2005 PCT/USQ@/ 07998 As further used herein,
the term"reaction zone" is used synonynously wth the term"reactor,"
and refers to the portion or portions of a reactor apparatus in which
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item of equi pnent outside the reactor appafatus, for “exanple, tal yst
regener at or HSERRAFPDIFSNELRND @, Catply stodisiributionzaaniey sthe fdisempaging

Lo an i il erorhd Ui obhh 6MbaiERs Ghhd AT IaRCABL P e B ebucon an
inlet zone sepdratedireetstalishandeiy- additidibl S dip e tHe Bkyhamstebed

apparatus of the present invention, the reaction zone nay have vari ous
three dimensiosivarsigadractior proqyunt jandi any unfeactaskaxygenate feedsioel angr |

(et o, RN ARG RE MBI SIBTI bor LA EAOh BAR Those
catalyst distribution zone. The “catalyst distribution zone” is a portion of
the recirculation zone in which catalyst is transported from one part of a
reaction zone to another, one part of a recirculation zone to another, or to

20 another item of equipment outside the reactor apparatus, for example, a
cataiyst regenerator as described below. Optionally, catalyst from the
recirculation zone or from outside the reactor apparatus may be directed to
an inlet zone. Desirably, the reaction zone is positioned between an inlet
zone and a disengaging zone,

25 In a typical fluidized bed apparatus of the present invention, the
reaction zone may have various three dimensional geometries, including,
for example, open circular, friangular, square and other polyhedral ducts of
various lengths. Those ducts may have varying cross sectional shapes or
areas at various places along their length. Further, those reaction zone

30  ducts may be only partially open, containing within them auxiliary
elements, including, for example, other pipes or ducts carrying heat

transfer fluid. In other embodiments, the reaction zone may be comprised



areas at various places along their length. Further, those react igcmN@p
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el enents, including, for exanple, other pipes or ducts carrying heat
transfer fluid. In other enbodinents, thgrreaction zone nmay be conprised
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fromthe cydifofEesagarcatalyst from themegensrator tmthef reactarapparas 8eii ces
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wi t hin those conduits_(e.q., e valves), anon ers "We own to
thdse skil | €@Mingswhieh follaw.each of these types 20 of elenents in a

recircul ation zon lyst_is at s timal conditions relative to
those within the Eve%té{/]@g%ﬁ;%ﬁﬁ& W&uﬁ 0338 esendpvertips, elements of
char act er i sttheseairchiatibnazomes by agiiide 2QBAnMfioR Vertal \Yc?ﬂrr@h%%fohgt on

zone, for exanple, a conduit in fluid communication w e'reaction
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or nodifi ed adulesgEnd heat exchangers, and those auxiliary devices themselves,
conduits to equipment other than the reactor apparatus (e.g., a catalyst
regenerator), and control devices within those conduits (e.g., slide valves),
among others well known to those skilled in the art. In each of these types

20 of elements in a recirculation zone, the catalyst is at suboptimal conditions
relative to those within the reaction zone. Certain elements may have
characteristics of both a disengaging zone and a catalyst distribution zone,
for example, a conduit in fluid communication with the reaction zone
leading to a catalyst cooler.

25 Typically, conduits coming from a regenerator to the reactor
apparatus, and a regenerator itself, which contain catalyst that has
deliberately had most organic content removed or modified through
exposure to a regeneration medium at high temperatures and have not yet
been re-exposed to oxygenate feedstock, are not considered a part of the

30  recirculation zone, and the catalyst contained therein is not used in the
calculation of the masses of catalyst in the zones of the reacior apparatus.

(As discussed below, a conduit coming from a regenerator may have
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one point in each of the reaction zone and the recirculation zone of the
reactor apparatus may vary over a wide range above about 250°C
depending, at least in part, on the catalyst, the fraction of regenerated
catalyst in a catalyst mixture, the configuration of the reactor apparatus

20  and the elements comprising the reactor apparatus, and the desired or
acceptable oxygenate feedstock conversion levels and proportions of
prime olefin and undesirable byproducts. Lower temperatures generally
result in undesirably low rates of the oxygenate conversion reaction, and
the formation rate of the desired prime olefin products in the reaction zone

25 becomes markedly slower. Additionally, below about 250 °C the rate of
catalyst decay becomes markedly slower and the generation of catalyst
decay products becomes of lower concem. In one embodiment of the
present invention, the temperature in at least one point in each of the
reaction zone and the recirculation zone is at least about 250°C. in

30 various other embodiments, the temperature in at least one point in each
of the reaction zone and the recirculation zone is at least about 300°C, or
at least about 350°C, or least about 400°C, or at least about 450°C.
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ot her enbodi nents, the tenperature in atyd east one point in each of the
reaction zone and the recirculation zone is at |east about 300C, or at

| east about 350C, or | east about 400C, or at |east about 450C. WO
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350C, or | eadeasiRng pawdd eaeh af thetaactigngepeandhgdecirgulalionZaheaaY

enbodi ment of,_t | ' ' e
point 1 cactPeof & il TREGe, EARLL! B siftfngb BBRIEMCN ) s Boragiaph, &F
greater than sakmuple/befvedmasiciast abobied50°Ebod noegrestertthan tabopke 680tCe at
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greater fikan about Invanedhepemidynent erthepresent IRNBRYOES0E IeTPeRIUET 8kt er
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about 250°C. In various other embodiments, the temperature at all points
in each of the reaction zone and the recirculation zone is at least about
300°C, or at least about 350°C, or least about 400°C, or at least about
20 -450°C. in yet another embodiment of the present invention, the
temperature in at least one point in each of the reaction zone and the
recircuiation zone is no greater than about 750°C. In still other
embodiments, the temperature at all points in each of the reaction zone
and the recirculation zone is no greater than about 700°C, or no greater
25 than about 650°C, or no greater than about 600°C, or no greater than
about 550°C. In yet other alternative embodiments of the present
invention, the temperature al all points in each of the reaction zone and
the recirculation zone may be the full range, or any of the subranges
contained in this paragraph, for example, between at least about 350°C
30 and no greater than about 650°C.
Prime olefins will form, although not necessarily in optimum

amounts, at a wide range of pressures including, but not limited to,
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in both the yaient #ifntigndui d phase. Diluents are not included in a
determ nation of the WHSV. Al though the catal yst cont ai n ot her

mat eri al s whi ch aétwa.'!e fange of weight hpu6y§pacebdeﬂm &) fersthe s
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hr " to 1éi)oumcsecm]ahsleve indbe icatalyst in the reaction zéne function wnth the
present invention. The total oxygenate feedstock to the reaction zone
includes all oxygenate and any hydrocarbon co-feed in both the vapor and
liguid phase. Diluents are not included in a determination of the WHSV.
Although the catalyst may contain other materials which act as inerts,

20 fillers or binders, the WHSV is calculated using only the weight of
molecular sieve in the catalyst in the reaction zone. The WHSV is
desirably high enough to maintain the catalyst in a fluidized state under the
reaction conditions and within the reactor configuration and design.
Generally, the WHSV is from about 1 hr ! to about 5000 hr **, desirably

25 from about 2 hr! to about 3000 hr”', mare desirably from about 5 hr™' to
about 1500 hr™*, and even more desirably from about 10 hr” to about 1000
hr'. The applicants have discovered that operation of the oxygenate to
olefin conversion reaction at a WHSV greater than 20 hr' reduces the
methane content in the product slate of the conversion reaction. Thus, the

30 conversion reaction is desirably operated at a WHSV of at least about 20

hr'. For a feed comprising methanol, dimethyl ether, or mixtures thereof,
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+(((T-400)1400) x 14.84). In the present invention, oxygenate conversion,

referring t o praductosigigedisidedsietiecethylaneserogiigt yigld whereiai gid is

hyd -feed. . shoul i ot Al fif i | id th
nbed tor Momieesaiprert ih i EuiferL Y 2aTehts basis clineh Hlprerpiited the
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of potentially conpletely avoiding oxygenate feedstock recycle, a
reduction i nwihnidbsh isathiecaverppe dempesatuse Wﬂbé’rv&feﬁcgﬁd@ngy. when the

conversion is about 99%or less, and i r&g@gm&nt al econom c i nprovenents
may occur when the comf_%rﬁriw%n_is about Yoor less, further to about 96%

| .
or |ess, 1gnq still 1+{((T-400)/400) x 14.84).

In the present invention, oxygenate conversion, referring to the

oxygenate species per se and not including any hydrocarbon co-feed,
should be maintained sufficiently high to avoid the need for commercially
unacceptable levels of oxygenate feedstock recycling. While 100%

20 oxygenate conversion is desired for the purpose of potentially completely
avoiding oxygenate feedstock recycle, a reduction in undesirable
pyproducts is observed frequently when the conversion is about 99% or
less, and incremental economic improvements may occur when the
conversion is about 98% or less, further to about 96% or less, and siill

25  further to about 94% or less. Since recycling up to as much as about 50%
of the feed can be commercially acceptable, conversion rates from about
50% to about 98% are desired. Oxygenate conversion rates may be
maintained in the range of about 50% to about 99% using a number of
methods familiar to persons of ordinary skill in the art. Examples inciude,

30 but are not necessarily limited to, adjusting one or more of the following:
reaction temperature; pressure; flow rate (weight hourly space velocity
and/or gas superficial velocity); catalyst recirculation rate; reactor

apparatus configuration; reactor configuration; feed composition; amount
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feed rel atl\@rtvgr’élﬁﬁor feed; amount of recirculated catal yst; degree of
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fromthe reat®iotabgiuaniiel Primgaolafinssundesiwbi byprqsucts andaxygenate or

zones such be .introduced or. . frgm which such

ef f | uent miﬁééggﬂ%ﬁﬁrglﬁgﬂér{g%ﬁgngﬁggéiﬁtys‘ Fﬁﬂ?ﬁéféﬁ Of i udueh paricuWRnr oduct s
conpri se anyidhengr zémed siich B e
undesi rabl e than r;(Z)t herg are. 9%§Qéﬁrtpmgghgi;ddgzpta?cul nﬁ?ﬂ@ﬁgﬁggﬁ;ﬁ grgﬁzH?a{
byproduct s iFHahueiluent maygemaante.| | ght saturat es, such as nethane, ethane,
propane, normal u@g e _and, i sobut ane, .and bon noxi de and carbon

di oxi de. OThese 15Rb cHESEL I"gYeGﬁBBsP'P‘A%?'Eabg9 s RREYPTIFE ABHANSL ed
from pri me abe ivhofpiimeldieing! sbhik BB 4R %r@iﬁﬂ@@éfré!ﬁie"’mg ener gy

i ntensi ve techniques such as cryogeni’c fractionation or e

menbr anes, aPtBerea. aEkamplesef pa@iwiartyrmdemmhrbebypmdtmts inotudeore costly

o1, PO B PR el B0 b i3S ShBSE, Shoprec Bocout
e e S o R e
nunber dPef i PRtigdtaryamsdesinable byproducts must be separated from prime olefin
and other olefin products using expensive and energy intensive techniques
such as cryogenic fractionation or permeable membranes, and generally,
the higher their concentration the more costly is the production of desirable
prime olefin and other olefin products. Another particularly undesirable
20  byproduct is coke, which eventually must be removed from the catalyst in
a catalyst regenerator, described below. Other less undesirable
byproducts include C4 and higher carbon number olefins and paraffins.
These byproducts are undesirable because they generally have a
substantially lower value in the marketpiace than prime olefins. However,
25 they are less undesirable than the other materials mentioned because they
are generally more valuable than those materials, and generally easier
and less costly to separate from the prime olefin products.
The catalyst decay products which the present invention seeks to
suppress are comprised of a higher content of undesirable byproducts
30  than the oxygenate conversion products emanating from the reaction
zone. In one aspect of the present invention, the concentration of any

one, or all, of the undesirable byproducts in the catalyst decay products
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they are generally nore val uabl e than #%se materials, and general ly
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velocity in e reaction zone. ein an h-the Cla t he

term "gas sgefhéd@sahe\Bntisined voiphetdtYiow fatd&fivapdriaed féedsioani ned
volumetric flow rate of vaporized feedstock, including diluent which can

be present i mau@dngablgenbwkicheean bepreseitdn theferfrdoek, and/ FaRErBPNt he

o product i nBTaHurS: PG bRRTDRSReE e ARE oy MY REAR s Sne Mt on
zone, and { hex@hateyis\@hveAbd tb irbantt heraii@asighroldfinwhite oerel | on

zone depending  on the total nunber of noles of gas present and the cross
sect i onal0 ar 8arougbriperaachien zene ang Wesx§Vomeyrvary @t giftarent lagetionm

paranmeters at .a. ticular ation j. h Lo i t t hod of
Phe orecent iR e FEatRh AdtR¥erthdifa bing TP hBfhee M mdiBsot Bale: o

zone shoul d peeseHifard Bl cro8s fskbiishal aréd Stepfierbiie, predspi®undathdr ow of at
| east a portion the catalyst fromthe reaction zone to the recirculation

zone. Typi carelpvanheeagiionfgsameiersat aeadeuley leqation indbgreaslion st in
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about 0. {5neties regcticreeems shoulieesieigieat 1o ABIERARR datalyst and provide
flow of at least a porlion the catalyst from the reaction zone to the
recirculation zone. Typically, the gas superficial velocity at at least one
point in the reaction zone should be at least about 0.1 meter per second
{m/s).
20 in the method of the present invention, the GSV may be increased
above about 0.1 meter per second to more closely approach a
hydrodynamic flow regime in the reaction zone that more closely
approximates plug flow. As the GSV increases above about 0.1 meter per
second, a reduction in axial diffusion, or backmixing, of the gases flowing
25 through the reactor results from a reduction in intemal recirculation of
solids, which carry gas with them. (ldea! plug flow behaviour occurs when
elements of the homogeneous fluid reactant and product move through a
reactor as plugs moving paralle! to the reactor axis). Minimizing the
backmixing of the gases in the reactor increases the selectivity to the
30 desired light olefins in the oxygenate conversion reaction.
In another embodiment of the present invention, the gas superficial

velocity is at least about 0.5 m/s at at least one point in the reaction zone.
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pressure within the reaction zone, the recirculation zone and the various
elements of each may differ substantially. In one aspect, the lowest
temperature within the reactor apparatus may be within about 300°C, in
20 another aspect may be within about 150°C, and in yet another aspect
within about 100°C of the highest iemperature in the reactor apparatus. In
another embodiment of the present invention, the lowest pressure within
ihe reactor apparatus may be within about 700 kPa, and in another
embodiment within about 500 kPa of the highest pressure within the
25 reactor apparatus. Typically, the pressures of catalyst and products
usually vary only by about the static head required to cause each to flow to
the the desired places within and out of the reactor apparatus. The
temperatures usually only vary as a resuit of the exolhermic heat of the
oxygenate conversion reaction and the impact of the heat capacity of the
30 catalyst within and returned from outside the reactor apparatus, for
example, from the regenerator. Also within the scope of the present

invention, embodiments may include means or configurations to change
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which 15 catalyst is recirculated. The teins "recircul ati n%the catal yst"
and "cat al ystl herteginaratuieiddferentialda coptrohed by roakolling gl pSWhisg or

control ljng raf. L4f f L.alw t "
portion 10 tggtatéggg§§§{:'%ﬁagth heﬂ{e:{aél(i#%r r?@'%té%ﬂ@ﬁﬁgd&s\% Ilyﬁ{ t%@a’?géé %ti ng
to the outl ereéifculdigon tastolin theseprateat eldesdtablisHinmg of conmrofieggas and rout ed

within the recircul ation zone . .
: temperature differential, both mean that at least a portion of the catalyst in

‘ the reactor is entrained with the gas going to the outlet of the reactor,
separated from the from the gas and routed within the recirculation zone
20  back to the inlet zone.

For this embodiment of the present invention, “temperature
differential” is defined as a measurable change in temperature from the
inlet zone o the outlet of the reactor. The "outlet” is the portion of the
reactor at which the reactants (feed, catalyst and products) pass out of the

25 reaction zone into the first element of the disengaging zone that eventually
leads to products leaving the reactor apparatus altogether. Typically, that
first element of the disengaging zone that eventually leads to products
leaving the reactor apparatus altogether is a termination vessel or a
cyclone separator. (This will be a first, "primary” cyclone separator if there

30 are at least two cyclones in series, or one of the primary cyclones if there
are parallel sets of cyclones in series). The temperature of the inlet zone

is calculated by balancing the heat content of the total catalyst plus non-
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reaction temperature differential in order to create conditions which are as close to
isothermal as practical in the reaction zone, and thus be able to more
precisely set the temperature at which the oxygenate conversion reaction
20 may be conducted. In an optional aspect, a temperature differential is
maintained by establishing the rate of catalyst recirculation in a reactor
apparatus that excludes a catalyst cooler and other indirect heat transfer
devices as an element of the reactor apparatus.
The rate of catalyst, comprising molecular sieve and any other
25 materials such as binders, fillers, etc., recirculated to recontact the feed
may vary over a wide range in the method of the present invention.
Desirably, this rate of recirculation is from about 1 to about 100 times,
more desirably from about 10 to about 80 times, and most desirably from
about 10 to about 50 times the total feed rate of oxygenates to the reactor.
30 Desirably, the catalyst, comprising molecular sieve and any cther

materials such as binders, fillers, etc. should have a heat capacity of from
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the liquid portion of the feed Controlling the proportion of liquid feed to

vapor feed fed to the reactor thus allows control of the temperature

differential. Introduction of liquid feed to the reactor acts in concert with
20 the reci‘rculation of catalyst and non-reactive solids, providing another

independent variable to improve overall control of the temperature

differential.

The amount of feed provided to the reactor in a liquid form, whether

fed separately or jointly with the vapor feed, is from about 0.1 wi. % to
25  about 85 wt. % of the total oxygenate content plus diluent in the feed.

More desirably, tHe range is from about 1 wt. % to about 75 wt. % of the

total oxygenate plus diluent feed, and most desirably the range is from

about 5 wi. % to about 65 wt. %. The liquid and vapor portions of the feed

may be the same composition, or may contain varying proportions of the
30 same or different oxygenates and same or different diluents. One

particularly effective liquid diluent is water, due to its relatively high heat of

vaporization, which allows for a high impact on the reactor temperature
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a reactor or designing a liguid feed nozzle to control droplet size

distribution is well known in the art and is not discussed here.
Non-reactive solids which contain no molecular sieve may be mixed

20  with the catalyst solids; and used in the reactor, and recirculated to the
reactor and regenerator. These non-reactive solids have the same
capability as the catalyst to provide inertial mass to contro! the heat
generated by the conversion reaction, but are substantially inert for the
purposes of oxygenate conversion. Suitable materials for use as non-

25  reactive solids are metals, meta! oxides, and mixtures thereof. Particularly
suitable materials are those used as matrices for the catalyst formulation,
e.g., fillers and binders such as silicas and aluminas, among others, and
mixtures thereof. Desirably, the non-reactive solids shouid have a heat
capacity of from about 0.05 to about 1 cal/g-°C, more preferably from

30  about 0.1 to about 0.8 cal/ g-°C, and most preferably from about 0.1 to
about 0.5 cal/ g-°C. Further, desirably, the mass proportion of non-
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may be entrained outside the catalyst through macroscopic physical
phenomena and the imperfect means of separation from the oxygenaie
conversion products and any unconverted feedstock. Further, at the point

20 it enters the recirculation zone, the oxygenate feedstoclé may have been
largely consumed, and thus the entrained materials, regardless of their
source, will be comprised predominantly of oxygenate conversion products
including prime olefins. Additionally, the catalyst may be in a dense state
(relative to the reaction zone) as it flows within the recirculation zone,

25 potentially having been largely separated from the buik gases comprised
of oxygenate and oxygenate conversion products including prime olefins.
Thus, while being exposed to some temperature of at least about 250°C,
the large volume catalyst and smail volume of entrained materials interact
at what is in essence a low space velocity, well below that considered

30 optimum as found in the reaction zone. The catalyst in this condition tends
to convert any oxygenate or prime ciefins that may be present to

undesirable byproducts. Additionally, other factors within the recirculation
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catalyst in both the reaction zone and the recirculation zone is at | east
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0.10, or 1 €L, 309K} 8: 2Prea aBbul 65! o 2PIac0 a0t Blosr £t BB O 40,
0.10, or least about 0.20, or at least about 0.30, or at least about 0.40, or
at least about 0.50, and; no greater than 0.99, or no greater than about
0.98, or no greater than about 0.95, or no greater than about 0.90, or no

20 greater than about 0.85, or no grealer than about 0.80, or no greater than
about 0.70, or no greater than about 0.60, and; every possible subrange
subsumed therein. '

Many means of measuring and calculating the mass of catalyst in a
zone of a reactor apparatus of the present invention are well known to

25 those skilled in the art. One simple means comprises a determination of
the pressure differential between two different heights in the same element
of a given zone in the same direction as gravity while the apparatus is
operational in the method of the present invention. The pressure
differential is then divided by the difference in the height, which provides

30 an average density within the element. This average density is then
multiplied by the volume of the element under consideration, which is

known through straightforward geometric calculations based on the design
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In the present invention, in the event that means to determine the

mass of catalyst in certain elements during operation of the reactor

20  apparatus are not available, for example, through the omission of
appropriate pressure taps in a cyclone or cyclone diplegs in the design
and construction of the reactor apparatus, one should utilize the expected
mass of catalyst determined at operating design conditions as specified for
the construction or utilization of the reactor apparatus or element iﬁ

25  oxygenate conversion service. If no such design or construction
specifications or calculations are available, then one should assume for
the recirculation zone that the entire volume of an element, as determined
from as-buiit geometric measurements, is full of catalyst at its normal,
uncalcined bulk density prior to being introduced to the reactor apparatus,

30  and for the reaction zone that 15% of the volume of an element, as

determined from as-built geometric Mmeasurements, contains catalyst at its
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el ements; a”ﬁh gas in various conduits, and levels of catalyst in various elements; and
base activity of the catalyst prior to introduction to the reactor apparatus
and the level of coke on the catalyst in the reaction zone during use in the
reactor apparatus, each of which will determine how much catalyst is
20 needed in the reaction zone 1o achieve a desired conversion of oxygenate
feedstock, and the desired level of conversion of oxygenate feedstock.
During the conversion of oxygenates tc prime olefins,
carpbonaceous deposits accumulate on the catalyst used to promote the
conversion reaction. At some point, the build up of these carbonaceous
25 deposits causes a reduction in the capability of the catalyst to converi the
oxygenate feed to light olefins. At this point, the catalyst is partially
deactivated. When a catalyst can no longer convert an oxygenéte toan
olefin product, the catalyst is considered io be fully deactivated. According
to another embodiment of the present invention, a portion of the catalyst is
30  withdrawn from the reactor apparatus and is partially, if not fully, |
regeneraled in a regenerator. By regeneration, it is meant that the

carbonaceous deposits are at least partially removed from the catalyst.
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solids. a gas comprising oxygen or other oxidants. Examples of other oxidants
include, but are not necessarily limited to, singlet Oz, O3, SO3, N2O, NO,
NO-, N»Os, and mixtures thereof. Air and air diluled with nitrogen or CO»
20 are desired regeneration gases. The oxygen concentration in air can be
reduced to a controlied level to minimize overheating of, or creating hot
" spots in, the regenerator. The catalyst may also be regenerated
reductively with hydrogen, mixiures of hydrogen and carbon monoxide, or
other suitable reducing gases.
25 The catalyst may be regenerated in any number of methods: batch,
continuous, semi-continuous, or a combination thereof. Continuous
catalyst regeneration is a desired method. Desirably, the catalyst is
regenerated to a level of remaining coke from about 0.01 wt. % to about
15 wit. % of the weight of the catalyst, more desirably from about 0.1 wt. %
30 1o about 10 wt. %, still more desirably from about 0.2 wt. % to about 5 wt.

%, and most desirably from about 0,3 wil. % to about 2 wt. %.
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catalyst from the regenerator is returned to a reactor apparatus, it may be
réturned to the disengaging zone, the reaction zone, the catalyst
distribution zone and/or the inlet zone. Preferably the regenerated catalyst

20  from the regenerator is returned to the recirculation zone, most preferably
to the disengaging zone. Direct or indirect introduction of the cooled
catalyst into the reactor or regenerator serves to reduce the average
temperature in the reactor or regenerator.

Desirably, catalyst regeneration is carried out on at least partially

25 deactivated catalyst that has been stripped of most of readily removable
organic materials (organics) in a stripper or stripping chamber that is part
of the reactor apparatus. This stripping can be achieved by passing a
stripping gas over the spent catalyst at an elevated temperature. Gases
suitable for stripping include steam, nitrogen, helium, argon, methane,

30  COg, CO, hydrogen, and mixtures thereof. A preferred gas is steam. Gas
hourly space velocity (GHSV, based on volume of gas to volume of |
catalyst and coke) of the stripping gas is from about 0.1 hr! to about
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apparatus, the catal yst regenerator or both. \Wen the regenerated
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di stribution zone and/or the inlet zone.3%referably the regenerated
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exposed 61 aliyslealing imeRi @/4iden e [ReHMERILPR FEBGHILH S SdNRKS having
substantially [ower ™ propane  and coke content than a catal yst ichis

fresh or regdimeated. By "fresh catalyst" is neant catal yst that has not
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exposed for different periods of time. Since the rate at which oxygenate
feedstock and catalyst flows to the reactor apparatus can vary, the amount
of feed to which various portions of the catalyst have been exposed can
also vary. To account for this variation, the “average catalyst feedstock

20 exposure index (ACFE index)” is used to quantitatively define the exient to
which the entire catalyst in the reactor apparatus has been feedstock
exposed.

As used herein, ACFE index is the total weight of oxygenate

feedstock plus optional hydrocarbon feed sent to the reactor apparatus

25 divided by the iotal weight of fresh and regenerated molecular sieve (i.e.,
excluding binder, inerts, etc., of the catalyst composition) sent to the
reactor apparatus, both total weights measured over the same period of
time. The measurement should be made over an equivalent time interval,
and the time interval should be long enough to smooth out fluctuations in

30 catalyst or feedstock rates according to the reactor apparatus and
regeneration process step selected to allow the system to be viewed as

essentially continuous. In the case of reactor systems with periodic
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feedstock exposed for different periods of tine. Since the rate at which
oxygenat O PEEY¥Stbck and catalyst flows to the reactor appdrat/HO%Y¥ary,
t he ambunt of feed to which various portions of the catalyst have been
exposed can also vary. To account for t#¥ s variation, the " aver age

catal yst feedstock 20 exposure index (ACFE index)" is used to
guantitatively defipne the extent to which the entire catalyst in the
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regener at ed molrsanbabessicient.. By, rexabey steniigdfsant the icofabiBhfion opf the
catal yst conposition) sent to the reactor apparatus, both total weights
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enough t§ sn%%t (t')-h%é(%l?‘uct uations in 30 catalyst or feedstock rats
according to the FRA¢TAe GRRASIPEUSaABE mESSSHRR Al Paridly ¥f SvsySieR sel ected
to allow the systemto be viewed as essentially contihuous.” I n the case

of reactor skrewRiodhese pkileddn thoas. Nothe designeiihe aRiEMmENPGTedS62/ 07998
36 regeneratio this,c range .from hours up.to days or |qgn . In the
case Sof °r eacay g Se Bt heiogG e BReia Pt fle shRagtnitariBg, | i nutes
or hours nmeyaf@ystbi GHteRbn HY delePRHEY gREhitARIcoke ﬁfééﬂ&t]jéﬁ?at%qm?hé‘at I on
of at |east a reactor apparatus and a regenerator, wt | ow of catal yst
5 bet wedf ealstacien apparatus, dhe exeragescokmievieb oneataly stdeaving tharrieatiorof way's

Ik to th killed in the art. In the design of th i t
Used to  car PHPPIRISATH Y18 SYRPRBERKEHEVE S ERRNETRAUNG & ROSTRRIBIR at or

the catalysfy &hweraifg GAR Wi Q&{tﬁd&ﬁ%t@kgﬂw,@ v%ﬂléf? ¢y oduction rate

in the 10 reactor apparatus, the average co evel on catal yst |eaving
t he reactor mEgasaremest teahiques carebagsedokdang sath tectvaguey stre | eavi ng t he

egener 2 o el 0300 SRPLEARAR, Wil DGRt R RA PR 2, o
descri bad, foyrceKdme SuidiyedBeh8! Gt A vid& P KT, <HRC ENagKRS 1597
(336-337), the descriptions of which are expressly incorporated herein by
reference.
In this invention, only the molecular sieve in the catalyst sent to the
reactor apparatus may be used in the determination of ACFE index. The
20  catalyst sent to the reactor apparatus, however, can be either fresh or
regenerated or a combination of both. Molecular sieve which may be
moved around within the reactor apparatus, for example via the
recirculation zone, and which has not been regenerated or does not
contain fresh catalyst, is not to be used in the determination of ACFE
25 index. Inone embodiment, fresh catalyst may be introduced to the
regenerator rather than directly to the reactor apparatus, in which case it
becomes indistinguishable from regenerated catalyst from the regenerator,
and measurements of rates of catalyst from the regenerator to the reacior
apparatus may be sufficient to determine ACFE index along with
30 measurements of rates of oxygenate feedstock and optional hydrocarbon
feed. In yet another embodiment, a regenerator may not be employed,

and only fresh catalyst may be sent to the reactor apparatus, and thus only
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herein by reference. In this invention, only the nol ecular sieve in the
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ACFE index along with asure fer ye8atteadredstogn and
opt i onal hydrb@aPEﬁfﬁr?tgg&??qq‘?r{%g%ﬁé?‘esr‘ rngﬁfezpnr%gecqla%né? of this jnvention, an
oxygenat g b fRe¢E pidex iANHe PRl BREDYLAT Dtdraboat BOris BHealivai wilep range
separately or mxed wth the oxygenate, is contacte W'ﬁtg?ﬁtgaéb%uﬁb

cont ai ni ng a GAREDUIThBdoEbaut dbRaingdesiablies A R P Bt PRV E t'6
produce olefins in a reactor apparatus where the catal yst has an ACFE

i ndex of at | SRINIGHIRGY PRI eferably at | east about 1.5, nore

preferably at |eastripboijgehdte cOnvéRiokFdadtion exodurts helongwgiéh 8fY about 1. 0
to about 20 is effective,”with a range of about 1.5t ?Hﬁu&é_’ ng
desirabl e. A catajgstaiecayoernodects, meybe Sepgrate gnggﬂrﬁﬂggltgﬁ g preF@r od.
The oxygenat ep%(r)iw/ elefing" I-rli%ﬁcptuin N oAUk SerRt ARG evbhhizRAYby those skilled
in the art to contain at least about 80 wt. % olefin of a single carbon
number, preferably at least about 90 wt. %, more preferably at least about
95 wt, %, and most desirably at least about 99 wt. %. High purity olefins
are also generally recognized' as meeting further requirements around
20  what type of components may be present with the desired olefin of a single
carbon number. For example, in various embodiments of the present
invention one or more products such as high purity ethylene, high purity
propylene or high purity butylenes may be produced. In another
embodiment of the present invention the high purity butylene product may
25  be further processed to form products comprised of very high
concentrations of particular butylene isomers, for example, high purity
butene-1 comprising at least about 80 wt. % butene-1, or alternatively at
least about 90 wi. % butene-1.
Purification to make high purity olefins traditionally requires removal
30 | of low level impurities which interfere with the use of high purity olefins in
subsequent derivalive manufacture, particularly in the polymerization of

ethylene and propylene. Low level contaminants generally comprise polar
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using conventional fractional distillation techniques, or also using
conventional absorbtion, extraction or membrane separations.
Regardless of the purity of high purity olefins desired, the method of
20  the present invention may be particularly effective at scales (oxygenate
feed and prime olefin product rates, with commensurate reactor apparatus
volumes) significantly above typical laboratory or bench scale. At scales
greater than typical laboratory or bench scale, recovery of high purity
olefins, which will benefit from the enhanced conversion of oxygenate
25 feedstock to desired products and the suppression of conversion to
undesirable byproducts, may be more desirable. In one embodiment, the
prime olefin product generated using the method of the present invention
is at least about 5 kg per day. In alternative embodiments, the prime olefin
product generated using the method of the present invention is any one of
30  the following: at least about 4,500 kg per day; at least about 500,000 kg
per day; at least about 1,000,000 kg per-day; at least about 1,300,000 kg
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The preferred temperature range of operation is between 50 and 240°C
and the reaction can be carried out at low, medium or high pressure, being
anywhere within the range of about 1 to 200 bars. For processes carried

20  out in solution, an inert diluent can be used, and the preferred operating
pressure range is between 10 and 150 bars, with a preferred temperature
range of between 120 and 230°C. For gas phase processes, it is
preferred that the temperature generally be within a range of 80 to 160°C,
and that the operating pressure be between 5 and 50 bars,

25 In addition to polyolefins, numerous other olefin derivatives may be
formed from the olefins recovered therefrom, including high purity olefins.
These include, but are not limited to, aldehydes, alcohols, acetic acid,
linear alpha olefins, vinyl acetate, ethylene dicholoride and vinyl chloride,
ethylbenzene, ethylene oxide, cumene, isopropy! alcohol, acrolein, aliyl

30 chloride, propylene oxide, acrylic acid, ethylene-propylene rubbers, and

acrylonitrile, and trimers and dimers of ethylene, propylene or butylenes.
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15 atmosphere and under controllable temperatures within the devics,
indicaled by the thick line according to the scale on the left hand side of
the figures. The thin line indicates the temperature of the catalyst and the
environment inside the TGA according to the scale on the right hand side
of the figures. The weight and temperature conditions are shown for the
20  same point in time according to the scale at the bottom of the figures, and
the changes are shown across the time.period of the experiment.
In each example, the SAPO-34 molecular sieve was ramped up
from ambient to a temperature of about 450°C in the presence of 50
standard cubic centimeters per minute (scc/min) of flowing pure helium in
25  about 10 minutes, and then lefi at that temperature under the same flow of
helium for another approximately 40 minutes to drive off any previously
adsqrbed species from the molecular sieve and to activate it for oxygenate
conversion. The drop in the weight of the molecular sieve during the start
of the experiment shows the removal of the adsorbed materials from the
30  molecular sieve. The temperature was then changed to that desired to

conduct an oxygenate conversion reaction.
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the desired ﬁeeqimoak%eoxygéﬂﬂef@ewewm prodtts at ke ixpuenétepgr e hel i um
was ceased and replaced with a ble of net hanol vapor and helium

generated by URRSQHEBY S INE Womm@rnﬁ*em%mbﬁoalW&%H@napewd |
containi pg b o%ﬁs36"@@@h%’?%o%%@Sr’n?ttHéeme@%goﬁ%k.9 ﬁﬁﬂ%ﬁs %R\%f;ﬁ' on

react i on conflnence at ure urren

cont i nued forrepmedtwnﬁﬂom@bomhenmrﬁlam@saté ndled tahevephadyhar sieve
gai ns wei ght due to absorption of the oxygenate f eedst ock (or oxygenate
conversi on pr swgt% ¥ It BldpgeiRne lqve! af widghoinfeexyaanate cop¥erRirecul ar

sieve) and frg W&y Q4For %%Tg?%ﬁabt‘ﬁ tﬁﬁ TRen rAfe898% l?sR;e the

met hanol fee |s erm-nated and with oW ng pure he uma the
rate noted abovenotrsl getiod didimper atdifinaliysrddeicedadadkite rsametér&p@iatme whi ch
t he oxygggate conversjon, reaction was conduc} ed. for sorre peri od of tinme,

then rai $8d t'8" EYRBVREFRY SxXpEination: fidpe apiesH a5 1§y seln %ﬁ’ﬁi" ex#apley the
reduced back ¢, 42202 L BIRES #4N9S Grade AA methanol, the partial pressure of

methanol was about 19.8 kPa and the total reactor pressure was about
110 kPa..
Figure 4 is 2 schematic diagram representing an embodiment of a
20 reactor apparatus 100 utilizing the method of the present invention in
conjunction with a catalyst regenerator 200. Oxygenate feedstock,
comprising at least some in a vaporized form, is supplied through line 103
to a reactor vessel 108, the reactor vessel including a reaction zone 108
comprising an inlet zone 104, containing fluidizable SAPO bearing catalyst
25 | particles. An oxygenate conversion reaction takes place in and products
including prime olefins are formed in the reaction zone 109, and a portion
of the fluidizable particles are carried into the cyclone separator device
112, which comprises one element of the recirculation zone, and is the first
element of the disengaging zone that eventually leads to products leaving
30 the reactor apparatus altogether (through line 151). In cyclone separator
device 112, catalyst is largely separated from the oxygenate conversion

products, and any diluent or unconverted oxygenate feedstock that may be



15 for renoval and exam nation of the nolecular sieve. In eachoﬁﬂgwp[ﬁ,

t he oxyw@fﬁéy}]i lized was US G ade AA nethanol, the part i%_ﬁg@ﬁﬁwf of

nmet hanol was about 19.8 kPa and the total reactor pressure 110
kPa. Figure 4 is a schematic di agram r4e£resenti ng an enbodi nent of a 20
reactor apparatus 100 utilizing the netdod of the present invention in
conjunction with a catal yst regenerator 200. Oxygenate feedstock,
conprising at |east in g vaporized form is supplied through line
103 to a r&&se0h AR MG 18aehsre a5 yensiatad bprg noreadiaron
zone 109 cgépy Habn | ] | di~zabl e SAPO
beari ng catal yst ZSQZ%ha%r?Fgfaé}iﬁ%i%&ﬁévag%Ee}égéﬁ%é%éﬁ%ﬂ eqtt fon takes

pl ace in ancatplystbess exchahgeli 148 aypitallp befdrasitpuR 4 GREER 1 NCEy deact i on
zone 109, and 3 portion of the flulidizable particles are carried into

the cycl oneM&¥PEMafTeIM H6dt e¥chanaer 11 tpicadiyp grevityripiced dineM4ointohe

recirculagatiQp: P L LSt nt_of fhe di sengagi ng zone

t hat evesﬁt u@ﬁli‘?ﬁgﬁ 'S ';ﬁ)trr%gﬁgéé B?é'&\?i C3Re f%%%&?y%g%ﬁ%{t us

al t oget her é@éﬁnwmuiymd@m}o rédbtiphCaHEe1 5GP TR Il dé’g:b?l?rowglv catal yst
Is largely separated fromthe oxygenate conversion I\S’ro ucts, ang any

di l uent or U3RomMkpbedsesk pgemey begpldsed befareatr aftar the iIBrBINNG2O0F WO
02/ 092541 P [ Q7998 42 npresent falls into dipleg 115, where it
o O onat or 54 BEIER WY B Feadlifisitie 108 et crliiis By el fow ATae. 11 ows
fromreact i eactioRecHO109 oo I ' i b
act o cﬁﬂﬁt%ﬁpMQSEW%WE&éﬁ%{%\%ﬁg fi@l'éy y

gravity via a line 121. Catalyst ‘may flow from'heat” e
typi call® bi3%r Satalyst striprer13Femag £ontain vaSiowkisdémants fot egaendssthe -

i ntroduced by Line. 127 t the catal yst to fl i nst i t
back i nto. rEhpPIRRaohn SeE el SruPRaly Sheditas SutelEr depents el
used, and nMeyows teltBESs sREIEENS 19E 2Af t@%tr%%?%&ﬁ%g}egﬂtr?ﬁ%%é Lig 9as on

the way to reaction zone 109. Further, c rom
reaction zobee 188 inte theacatatyst pirippst ri3gpererteBicetrepioval by ebiragieavi ty vi a

[ i 10 1 | Ny 33 t ai i | ts t :
anhance t neo g R VaTePh ARG Al SuBlAded B o5 R dariagk and
ot her alsemefibm el datakowhiok & E‘.B@éiﬁg&itﬁé |cb?é1¥§tr\0téé?al?§f repgéérr%i%téppi ng gas

may be introduced via line 139 into the catal yst strip to enhance

renoval of ¥PE5eAiddd tyRISSeRR 062G iskdr Zor Oglionalhg redcamtyolumhent 4 d
oxygenat e fgedStOtKed in line 142. Gaseous materials from catalyst stripper 133
may be returned to reaction zone 109 via line 148. Regenerated catalyst
may be returned to reaction zone 109 via a line 203, utilizing lift gas from a
20 line 206. Oxygenate conversion products from the oxygenate conversion
reaction in reaction zone 109, and any catalyst decay products from the
recirculation zone, and any unconverted oxygenate feedstock are removed
from the reactor apparatus in line 151. Some small measure of such
materials may be introduced into the regenerator 200 due to the imperfect
25 nature of stripping in catalyst stripper 133.
In the embodiment shown in Figure 4, the recirculation zone of the
reactor apparatus would comprise elements 112, 115, 118, 121, 124, 130,
133, 136, 142 and 145, catalyst decay would occur in those elements and
catalyst decay products would emanate from those elements into the
30  reaction zone. A determination of the mass of catalyst within those

elements would be made, in order 1o develop the appropriate ratio



15 fromthe catalyst prior to sending the catalyst to catalyst{ 8dg#rigihat or

vessel 20Wwo dmpbsgl |y by gravity via line 142. Optionally, g(f.i;@@&r/@;g%val ve
145 wmay be used in line 142. Gaseous materials fromcatal yst stripper 133

may be returned to reaction zone 109 vi ahsline 148. Regenerated cat al yst
may be returned to reaction zone 109 via a line 203, utilizing lift gas
froma 20 line 206. Oxygenate conversion products fromthe oxygenate

conversion IMeAiingihe maeA6t ¢AB)SPREINEIRachDA ARE A3 Puisl i (gGaY. Pr oduct s

fromthe recirculation zone, and any unconverted oxyg ock are
renoved froMl¢heoneaBdor apparatus in line 151. Some snal| measure of
'such materials roduced into the regenerator 200 due to the

be int
i mper f ect 25 nat H?ig%% Fsr'? Spigatia diagram, et aBethessaibadiment of &meactor

enbodi nent sh di)s R ' t e of the reactor
-appar at us MUFE@EOW%:@:D?;U @Fgwrgeihtg ?%@J@l{ba ﬂf%g?ﬁfi%ﬁmi%,m fyUNCHAT 136,
142 and $45, withtatgttysleeggnevatdrdtGm: cOxyHnateoRe del RREBEMpRRfhg Sakaly st
decay products woul d emanate fromthose el ements into the 30 rgeactlon

zone. A det erAM AN BN¥EBPIZecET0REs & SPRledHthyewghvingi303tthaseactdreressts woul d

be made, i iate rat] 8 NOV 2005 = WD
051 092541 PCIPoRDs HrAEH sSR! BB BPkbBln £8be Aoh arjepsing anvieisteact  on
zone 109, whizohe i30d]| udatininglfeidizasie SARO fbAHH c§tail)&|t?.‘;aﬁ%?§§mﬁhc di agram

of anot her enbodi nent of a reactor aEparat us 300 ut’ilizing the nethod of
the present PRI¥EIFIEPANCEIAN teratiosriakes wiade i and atgditcts ewhrdingtpeimet00.

Oxygenatgy f e ] kS| . S ome,in a.va ized form is
su%gl i edﬁ?t hr gﬁ:ﬁgﬁ?ﬁgﬁgﬁgﬂ {@h%ﬁ}@ééo é}%gsaé-fd 2 ggstion Eg{r}eefi‘é,‘f’@?b{}fessel
i ncl udi ng a peditiésarezomeiedqftocerirationd/clel 8k gt corﬁBﬂﬁng%erﬁx%tﬂn”i ng

fl ui di zabl e SAPO bearing catalyst particles. An  oxgyenate conversion
reaction tak¥eS$hl¥OLME 3Hdd Whicuiscane plemertiofdhe redieclation ebheisarat & f or med

in reaction gRNE: zTate 8 -4 £l ui di zabl rticles are
carried into ter r?li;%%rpon Jggge 'gé'%},g?%%%r%%&‘%geve?r}?‘é?lﬁﬁ 'ﬁgaﬁéﬂpr Y
vol ume 315, lsavety fre et e aypniefalidiiadiiieubal e rerffidaich the
first el nt of thF di sengagi ng zone that eventually | éads to products

| eavi ng ¥he Y@SR& ¥P ‘PRt ! sHbeigatinby larger oiegs sectiengiapa thanmiaat i on
15 vessel voleumiohliore? thls SRfARY Adwink IS i9B5IE5HI2ah Bhea than
and allowing a large portion of the catalyst to settle downward with gravity
and become largely separated from the oxygenate conversion products,
and any diluent or unconverted oxygenate conversion feedstock that may
20 be present. Another portion of the fiuidizable catalyst particles are carried
into a cyclone separator device 318, where catalyst is also largely
separated from the oxygenate conversion products, and any diluent or
unconverted oxygenate conversion feedstock that may be present, and
falls into dipleg 321, where it is transferred into termination vessel volume
25 315, A portion of the catalyst from termination vesse! volume 315 may
flow into catalyst recirculation line 324, and subsequently into line 327
where it joins catalyst coming from the regenerator 400, and both types of
catalyst are lifted against gravity with lift gas 403 to enter inlet zone 304,
Optionally, a control valve 330 may be used on catalyst recirculation line
30 324. Another portion of the catalyst from termination vessel volume 315
may flow into a catalyst stripper 333, which in this example is also

contained within termination vessel 312, Catalyst stripper 333 may



reaction zone, thus significantly slowing the GSV in that ternj$a0Vaib
space a t(fldzb')g#dr]]g a large portion of the catalyst to sett | AauBRNRsd

with grav beconme | argely separated fromthe oxygenate conversion
products, and any diluent or unconverted oxygenate conversion feedstock
that may 20 be present. Another portion‘d the fluidizable catalyst
particles are carried into a cyclone separator device 318, where catal yst
is also largely  separated fromthe oxygenate conversion products, and any
di | uent or IGHY ¥etiags @f%}@@ﬂté’t"@ %ﬂ?@%s‘ih@rﬁ‘f@@tﬂ@t%@@%whrﬁsyﬁ%ﬁ
present, ands,,f ' L pl yﬁ§ﬂ Lin i At

term nation 9’g§%$%$gﬁtﬁ%9§%ng%§ﬁgigfhr ﬁgﬁb%”kﬁ%%hggﬁéﬁééggwﬁgﬁﬁthe

term nation gasyektrigRingRadihaybye infrboucedtia haé 3BBShio BRi catrlyat i on fine
324, and subsequently into line 327 where it joins catalyst com ng from

t he regener aS6iPPE0G33oceBrANce (Eheeval of epdiedigd oxygendtefeanyesgannst

arve Yo oo 8RR LBaeRlod B RerfoR e R8iton Bbh 92l
portion of theseqdinghple ddtanst & C4tBRE PEQarRSERdr WlseM03 1Epidaly Hy ow into

a catalyst stripper 333, which in this exanple is also coéntained wthin
term nati on geadlyl vidlibe I8.aOpdionstly.i ppentrgBalveB4A0neg/tEoesed in e 0 8 NOV

fl / i.n. ' | har; I ppi
2ction,  such 49 (Gasesss pPERI AL ol B Hp SRt G SRR TEOwel | known
to those ski kdBdnbfioh Wessarl foluMeSt( 5.pR'e@@n§?§teﬂ%t§Iglsi Meyaskieadrmedid | ne

336 into the catalyst stripper 333 to enhance renov of “entrai ned
oxygenat t0 coimlet zomd 384pirothis exammie afigr baciogueraredooigyge catalgstfaosdat ock

o Ak b R o S L K Pl R el L
valve 342 M1 aHaalinifl Withhe Tialy SPOEALS cBREGIIEY frdBinithew up from

catal yst stripper 3 term nation vessel volune Regener at ed
cat al yst may téeninetionnvessebvdOmenindinezde  Sptionally 1 dicontehvalve 4t reay

havi ng b | ed,in,.cat { | 406, . i.ng, t h a line, 409 i
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Optionally, a control valve 415 may be used in [ine 412. Oxygenate
conver si on prfozodhe récioenletien erygesdnrd any unconverted oxygenate feedstock are

removed from the reactor apparatus in line 345. Some small measure of
such materials may be introduced into the regenerator 400 due to the
imperfect nature of stripping in catalyst stripper 333.

20 In the embodiment shown in figure 5, the recirculation zone
comprises elements 315, 318, 321, 324, 327, 330, 333, 339 and 341, and
a determination of the mass of catalyst within those elements would be
made, in order to develop the appropriate ratio including the mass of
catalyst in the reaction zone 308, which includes inlet zone 304.

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

within the overall scope of the invention as claimed.

Example 1
30 Referring to Figure 1, the methanol conversion reaction is
conducted at 250°C beginning at about 1:00 hours into the experiment and

is continued for approximately 30 minutes. In the first roughly 5 minutes,



15 conversion reaction in reaction zone 309, and any catal yst Q@M 2005
products woomhg recircul ation zone, and any unconverted @xyggoaliBos
feedstock are renoved fromthe reactor apparatus in line 345. Sone smal |
measure of such materials may be introdéjged into the regenerator 400 due
to the inperfect nature of stripping in'€atalyst stripper 333. 20 In the
enbodi nent shown in figure 5 the recirculation zone conprises elenents

315, 318, 32 . 0,..333, .339 d 341, d . i i f
The’ mase of - due Here sievE baBE eigl R oty e iUt lssarshon o
devel op the appi@fsddrteck, airiddtheRsanedidiong %i@ﬁﬁ.ﬂ@;ssloﬁrﬂ{ ﬁ%%é@h ke t he

reaction zone 309, which includes inlet zone™ 3 S rnvention wll
be better undeiatspuoiraiboneteres deposits whichadcars sigwdx atthemiativeirch are

intended to illustrat LEI [ ithin th |1 f
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. P , S BCFFgRRening ee mo

‘o the oxper namertemeR IR FoeReg e fertad Mo Sobmu e "r T

first roughl yngintaimngebe dmMaroNDér?@Ohd\sAh@ 250°C09 2PdblgMabEYSBRIRENAS 45
t he nol ecul ar._si eve ggi ns weia%h uite quickly primarily through

absorption dPMadateletnieueR Qltalbgmetﬁ@éfﬁt 8t WHKhROIRk] rongigiet lokow y
o bk ! SIS
e ral at § verioWy TS Bbd AN SREE BNl Sich he ot BUbCagiad, ¥

commenci ng t hiee weightribgaimenat whitebsianaxposesttopnethaanl AeBbaGES oI t
fl ow ng liym whil e mﬂLnt aining the environnent at the same 250C. Wi ght
| oss comhencd9UTs. whils tlbvgdeiowige helibm. thedempatature it quipkly haisetdno
further weig k@S . l.ecul ar si eye has
| ost over 80%5&@' téﬂgqhg?g%ltg @;élta ?ggq{%e%%?ﬁgtlﬁgfggbé @)%80 %'QRP U%St’r?é‘:gol . At

about 2:00 1@:3dbosrs,\divacss polrit ittnabelost bowd 98rchef the Weibheit lgaireey ature is
qui ckly raised to, 450C, and the nol ecul ar sieve mq%:i n continues to | ose

wei ght unt i | YaHE0ENe X ¥ernalg convaEsiomreartivn nthe T Giais thestcasled ts5% of t he
wei ght it gaiaﬂqgeny%%e@mepxygenate conversion reaction. The TGA is then
te

cool ed t;)5 anbi ent erature. 15
Example 2
Referring to Figure 2, the experiment described in Example 1 is
repeated, except that the oxygenate conversion reaction is conducted at
350°C. The catalyst gains about 10.7 mg of weight over the half hour the
20  catalyst is exposed to methanol. It then loses about 7% of that weight gain
over the next half hour exposed to flowing helium at the oxygenate
conversion reaction temperature, and loses an additional 30% when the

temperature is increased to 450°C.

25 Example 3
Referring to Figure 3, the experiment described in Example 1 is
repeated, except that the oxygenate conversion reaction is conducted at
450°C, and the temperature is increased-to 650°C at the 2:00 hour mark.
The catalyst gains about 5.3 mg of weight over the thirty minutes the
30 catalyst is exposed to methanol. After termination of methanol flow and
establishing the pure helium flow, it then loses over 10% of that weight

gain over the next half hour exposed to flowing helium at the oxygenate



Exanple 2 Referring to Figure 2, the experinment described in EQﬁrﬂglvéu% IS
repeat ed,wexe®pissi hat the oxygenate conversion reaction is pepgeledeat
350C. The catal yst gains about 10.7 ng of weight over the half hour the 20
catal yst is exposed to nethanol. It the oses about 7% of that wei ght
gain over the next half hour exposed to Tlow ng heliumat the oxygenate
conversion reaction tenperature, and | oses an additional 30% when the

Lenper at ur o convarsioraeRtion 4HPEraRR BRTREE LAEUSIENLAR Fhaue 5. (he

experinment described in Exanple 1 Is repeate exc (y}?genate
conver si on ri&mpergtnesisioereéasedto 860°@50C, and t he tenperature is

I ncreased-to 650C-at t The catal yst gains about 5.3 ny
of wei ght over th XPH?F%%%Ag %@ﬁ%vg@lﬁim?@}pﬂsyawmmm net hanol .

After term rm”g;t@\pbrga t ab, t he e heliumfl ow,
it then | oses over 10% r?ﬁﬁﬁgt Bm gh% gp{f@ (? e‘f?e?"f‘t%r}ﬁﬂ hane
exposed Po flresn nghm lruama)b(ygématemﬁr@ﬁélﬁn@e&tw @‘Pﬂa\r’ (21092541 46
PCT/ USQz/ 07398 onveéghorcgmr eaction tenperature, %s an addl tional
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clearly denmqys} vered henonena of how a SAPO
nol ecul ar si evei teﬁglﬁé‘??é}fsh %j? gﬂ"gg t1'CI’” &% 35 ilendess of
conversi on ne t gt thadﬁt €iSa eto
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tenperature in fhe subst ant | al a sence eedstocCk. This
t r ansf or mat i"GRCHAR) Hofesthgr §hgwr5fhomamatIIcmmobWe]gmmhmreMd bpe catal yst

fhat 1083 of "eshe RRHBERRIE SRNETNE 8 Wl diie Griasmste Genversimve t hat
at whi ch t heeaxligeimbagkrily ebadGttedr €action is originally conducted.
Exanple 4 A fluidized bed reactor apparatus resenbling that described as
15 Figure 5, further conprising a regenerator as shown in Figure 5, is
enpl oyed in %r%péggnat e conversion reaction process of the present
A fluidized bed reactor apparatus resembling that described as
15 Figure 5, further comprising a regenerator as shown in Figure 5, is
employed in an oxygenate conversion reaction process of the present
invention, with the exception that there is no line 324, catalyst heat
exchanger 406 or line 409. Thus all catalyst flows from catalyst stripper
333 1o the regenerator vessel 401 and is returned from there to injet zone
20 304. In this apparatus is placed 1.5 kg of catalyst comprising 25% SAPO-
34 molecular sieve prepared according to the method of US Patent
4,440,871 to Lok, et. al. The reactor apparatus is designed and operated
such that about about 50 grams of catalyst is contained within the reaction
zone during an oxygenate conversion reaction, and the balance in the
25 recirculation zone. Thus, the ratio of the mass of catalyst in the reaction
zone to that of the sum of the mass of catalyst in both the reaction zone
| and the recirculation zone is about 0.03. 0.8 ka/hr of 100% vaporized US
Grade AA methano! is introduced to inlet zone 304 at a temperature of
about 160°C. An oxygenate conversion reaction is conducted at a WHSV
30 inthe reaction zone of about 15 hi?, a temperature of about 450°C, and a
pressure of about 240 kPa. The GSV in the reéction zone is about 3 m/s, -

and the conversion of oxygenate across the reactor apparatus is about



invention, with the exception that there is no line 324, cat all/&N0ha@b
exchanger w@02;02s41 ne 409. Thus all catalyst flows from cat | pper
333 to the regenerator vessel 401 and is returned fromthergJICtS&ZlE§0r$#0f5:'5f)g
zone 20 304. In this apparatus is pl aced4 .5 kg of catal yst conprising
25% SAPO- 34 nol ecul ar sieve prepared according to the method of US
Patent 4,440,871 to Lok, et. at, The reactor apparatus is designed and
operated sucd0%harhahtiordWHra &R talyst is contained wthin
the reaction zone during an oxyg%n%te C(r)%@g‘rﬁs %?%W@a%‘?mﬂtsél’?@ t he
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catalyst in ttH§ reacgl on one to that of the sum of the mass of cCatal yst
e

in both the resacd™¥n %H@fa%léfﬁcﬁﬁmef@@itipamm. ohfhe catalys iabegdndlad O. 8
kg/ hr of 100%Wwapssd t ol .i.sdpatroduced to inlet zone
304 at a terrpe))r/<';1J5%Jt§£!e'"?rg1Ei Dgﬁbac}u%%ﬁ%%ﬁﬁno o@rlgfﬂ‘@r@;ﬁeecaﬁ dhgregeneratariion i s
conduct edSat desiHeNd aﬁdiapetehtedrs@@hﬂh@ﬂﬂ@ﬂé%e%%r@@?HBgﬁi&ot@ﬁ gbaut, |

a. in

t enperature OfB%OUt 450C, and a pressure of about

the reaction z8h8 lalysb(ibus thedotal amputief catalpsisn dotivtheregasat e acr oss
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are kept at about the sane tenperature as t reaction z

catal yst is RYEORBRY Eedsinrkarpdaiser one Supeln pettcom)®@BB0e of about
625C, angipt hepy Myl i gned.and operated such that the

r egener at or corﬁ‘?@?@rghﬁt%ﬁréb@ﬁ%&&.pg"ﬁﬁ' %)alg'él before exligg theeeeeticn
amount of cazahngs30d andenteririeihesaehMHatioRRRA t erator is
about 3.0 kg). S?rrpl es. of t'hﬁgetgaseous oxyger?a% g%c'o \C:aért@lgéésg)?@-d%%t"?f any
di | uents and ShRF Ao SEiPPesdRATe made) fevealing thekreattortaheimais ia [iSupel co
petrocol DB-35@ * togr .1 ifferent points: a) just

bef ore exiting th‘?fgc |oa(r%g p?@‘ﬂggéd@t%ﬁge gn gfcihn?j‘ct‘ PRy Waiex ao@ vessel
315, b) at tkidueols tbht timy heepmdsendf catal yst within stripper 333, and c)
exiting ,}ge reactor apparatus in .line 345. The results are provided in
Tabl e 1, Which exclude any water and diluents that nay be present. 15

Table 1
Sample Point a b c
Rale Hydrocabon plus 0.298 0.040 0.3
Unconveried Methano) 8
(ka/hn)
Hydrocarbon Composition
(selectivity wi. %)
Ethylene 18.9 6.58 18.1
Propylene 423 11.5 36.7
Methane + Ethane 319 4.47 3.57
FPropane 3.15 284 8.11
Cds 16.8 23.3 16.8
Co+ 15.6 251 16.6

Example 5

A fluidized bed reactor apparatus similar to that described as Figure
20 5, further comprising a regenerator as shown in Figure 5, is employed in
an oxygenate conversion reaction process of the present invention, with
the exception that there is no catalyst heat exchanger 406 or line 409.

Thus some catalyst flows from catalyst stripper 333 to the regenerator



Tabl e 1 Sanpl e Poi ntabc Rate Hydrocabon pl us0.2980. 0400. 338 %ﬁfﬁ&Y?r§Ed
Met hanol (kg/ hr) Hydrocarbon Conposition (selectivity w. 9 Uq

Et hyl ene M0 8%Y8848° 1 Propyl ene42. 311. 5367 Met hane + Et hane3.WgYS%#3*8y;
Propane3. 1528. 48. 11 Cos16. 823. 316. 8 C5+15. 625.116.6 Exanple 5 A fluidi zed
bed reactor apparatus simlar to that dé8cribed as Figure 20 5, further
conprising a regenerator as shown in Figure 5, is enployed in an

oxygenat e conversion reaction process of the present invention, with the
exception t WeESehdPt ang ingetaned {romMm Heie tejolehrgee 34ds wWitle sereeflow's  Thus
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pressure of about
10  and the recirculation zone is about 0.36. 550 kg/hr of about 85%

vaporized US Grade AA methanaol is introduced to inlet zone 304 at a
temperature of about 110°C, and a pressure of about 450 kPa. An
oxygenate conversion reaction is conducted at a WHSV in the reaction
zone of 15 hr’1, a temperature of about 480°C, and a pressure of about

15 275 kPa. The GSV in the reaction zone is about 6.5 m/s, and the
conversion of oxygenate across the reactor apparatus is about 98%. The
reactor apparatus is covered with heating elements and insulation such
that all elements of the recirculation zone are kept at about the same
temperature as the reaction zone. About 96% of the catalyst flowing

20 through reaction zone 309 and intc termination vessel volume 315 is sent
through lines 324 and 327 back into inlet zone 304, and the balance is
sent to the regenerator vessel 401 via line 339, regenerated and returned
to inlet zone 304 via lines 412 and 327. The catalyst is regenerated by
exposure to air at a temperature of 685°C, and the regenerator is deSigned

25 and operated such that the regenerator contains another about 200 kg
catalyst (thus, the total amount of catalyst in both the reactor apparatus
and the regenerator is about 300 kg). Samples of the gaseous oxygenate
conversion product, any diluents and any unconverted oxygenate
feedstock are taken on a Supelco petrocol DB-150 chromatograph column

30 to determine gas phase hydrocarbon and oxygenate compositions at three
different points: a) jusi before exiting the reaction zone 308 and entering

the termination vessel 315, b) at the top of the level of catalyst within
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ysts in the

process of conducting an oxygenate conversion reaction in a fluidized bed

10 apparatus. It is evident that the weight loss of the catalyst shown in
Examples 1 through 3 above is manifested in the production of gaseous
catalyst decay products of a substantially inferior composition to that
obtained in the reaction zone under desired oxygenate conversion reaction
conditions, viewed through the data obtained for the composition from

15 sample point (b) relative to the composition from sample point (a) in
Examples 4 and 5 above, Additicnally, it is shown that increasing the ratio
of the mass of catalyst in the reaction zone to that of the sum of the mass
of catalyst in both the reaction zone and the recirculation zone may
improve the product quality and prime olefin yleld of the overall production

20 from an oxygenate conversion reaction in 3 fluidized bed reactor
apparatus,
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Exanples 4 and 5 clearly show the detrinmental inpact of the catalyst
decay phenomena which occurs with SAPIdg catalysts in the process of
conducti ng an oxygenate conversion reaction in a fluidized bed 10

apparatus. |t |s. evident that the weight |oss of the catalyst shown in
Exanpl es 19l_-lﬁ_kﬂ§‘qh 3 above is manifested in the production of gaseous

cat al yst d@g€\5|aq1rrr‘oducts of a substantially inferior conposition to that
obtained in the reaction zone under desired oxygenate conversion reaction
condi ti onsj.vi evedhettod toyhrcdrideictiag anabtygienate Eonveare®ncregotientm an from 15
sanpl e point (b) relatjve to the conposition fromsanple point (a) in
Exanpl es 4 and HuidigrdbeddgreiocsRAMAFSNG i s shown that increasing the
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production 20 from an oxygenate conversion reaction in a fluidized bed
reactor appar at'8actiqn gongandgpecygulatianveneywharainihetemMresgiUiR e  or

conducting an OXN G to%ecﬁ&}ﬁ?fnsé 5@%2?%%4(&‘ Sond EHP@a?t?d- bed reactor

conprising 5 providing an oxygenate fee , a catalyst that
i ncorporates a reARSuiandreceohars at xast alodt 260°€3ct or appar at us i ncl udi ng at
| east a_ reaction zone and a recirculation zone, wherein the tenperature

in at1Peast oneosdading sRidderdypck wih seuQ cpiadyst B gaichigactigh gone
recirculation zqpeyd % Abitl PR R to 28R%ert said feedstock to a product

including prime olefins, said conditions including a GSV of at least
about 0.1 m/s at at least one point in said reaction zone;
recirculating at least-a portion of said catalyst in said reaction zone
15 flow through said recirculation zone such that a ratio of the mass of
said catalyst in said reaction zone to that of the sum of the mass of
said catalyst in both said reaction zone and said recirculation zone

of between at least 0.01 and no greater than 0.99.

20 2. The method of claim 1 wherein said conditions include a gas
superficial velocity of greater than about 0.5 m/s.
3. The method of claim 1 further having an ACFE index in said reactor
apparatus of at least about 1.0.
4. The method of claims 1, 2 or 3 wherein the ratio of the mass of
25 catalyst in said reaction zone to that of the sum of the mass of
catalyst in both said reaction zone and said recirculation zcne of

between at least about 0.05 and no greater than 0.95.

5. The method of claims 1, 2 or 3 wherein the ratio of the mass of
30 catalyst in said reaction zone to that of the sum of the mass of

catalyst in both said reaction zone and said recirculation zone of
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10 contacting said feedstock with said catalyst in said reaction zone

under conditions effective to convert said feedstock to a product
including prime olefins, said conditions including a GSV of at |east

about 0.1 ms at at |east one point in_said reaction zone; recirculating
at least-a portion of said catalyst in°ai d reaction zone 15 flow t hr ough
said recirculation zone such that a ratio of the nass of said catalyst
in said reactiorbetogental leasttabofut OhE0 sothraf gtedatenties @B9. said catal yst in
both said reaction zone and said recircul ation zone of between at | east
0.01 and no greater than 0.99. 20 2. The nethod of claim1 wherein said
condi tions g ncl i4Ci i f t n.about 0.5
o, 3 The et ot 1R o HRRRE 1 e YRR n R e
reactor appar atastalybt bt sdid assctatvozdnd tdthaA of The sort bogieahagt @fns 1, 2 or
3 wherein the ratio of the mascf of .25 catalyst in said reaction zone to
that of °t he sumHaYARIMRRIL s3id reagtionzang andgeist wsirguladiontiasie one and

said recircul ati 0 . and no greater
than 0.99. 5. Th%}mné%ﬁ?dq%?ﬂgfg;{%@el@ g}%é%tﬁe%?lﬁ C?ﬁ% ratio of the
mass of 30 catalyst in said reaction zone to that of the sumof the nass

of catalyst_in hoth said reaction zone and said recirculation zone of 0 B

NOV 2005 517-bet mgthed 95 clatpe ik 2003 Whedeindhgrratie &f thevaress. 9. 6. The
thod of cl ai ' i talyst i
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sai d rd8ction zormahstirshotth gait reanticaticie avmeaf rechetsgien zne grast 0. 01
and no greater than about 0.98. 7. The nmethod of clainms 1, 2 or 3 wherein
the ratio of thdHHeENAt leastiaqd 0.3k a84ine greatern thanaheat O8.hat of the
sum of the mass of 10 catalyst in both said reaction zone and said
recircul ation zone of between at |east about 0.30 and no greater than
about 0.98.8.8. Thee metthod obtlairhaiin® dr, 3 ¥hereid thbeatd of thentaasial of t he

mass of catal yst | ai d reaction zone to . that of the sum of {he mass of
15 catal yst in b?ﬂtﬁ[}§§m5?’@é‘é??t!5’rﬁ‘ %Qﬂﬁatoamt%ﬁ?ﬁ PR it 4Pashokone of

bet weensat | eastchtadt ARG FH@on 22 80P YhidOredRculation zone of

between at least 0.01 and no greater than about 0.95.

0. The method of claims 1, 2 or 3 wherein the ratio of the mass of
catalyst in said reaction zZone to that of the sum of the mass of
20 catalyst in both said reaction zone and said recirculation zone of

between at least about 0.30 and no greater than about 0.95.

10.  The method of claims 1, 2 or 3 further wherein said temperature in
at least one point in each of said reaction zone and said

25 recirculation zone is no greater than about 750°C.

11.  The method of claim 1, 2 or 3 wherein said temperature in at least
one point in each of said reaction zone and said recirculation zone
is at least about 300°C.

30



9. The nethod of clains 1, 2 or 3 wherein the ratio of the nass B’f v 2005
catalyst in said reaction zone to that of the sum of the nass OQ 98
catalyst in both said reaction zone and said recircul ati on zone of

bet ween at | east about 0.30 and no greater than about 0.95. 10. The net hod
of claims 1, 2 or 3 further wherein said tenperature in at |east one
point in each of said reaction zone and said 25 recircul ation zone is no
gr eat er t hahZabolihe7setbodidf cldies er Rodhefeinlsaidcdnditons iIBlweaebiVsai d
tenperature in at | east ne int in each of said.reaction, zone and said
recircul ati on zoREa! e'?sé?gﬁ)'é‘agﬁ g o%'ta@@@?io@%pﬁ'rg’ dtz%"@@ ZPH€. The

met hod of clainms 1 or 3 wherein said conditions include a GSV of at |east
about 1,0 ms at at |east one point in said reaction zone. 13. The net hod
of clainms 118r 3Thkeaenethvdsefi daicentliorilonbeiait lsadkcenditvhs hafidat G8&st
about 2.0 m's at ?t | east one_ point in said reaction zone. 14. The net hod
of clai 1, 2 of' 8t §ashaborLASIMS APIHEARIRNG ROERIRYSAILEACHBA 2P6ke from
about | hr-1 to about 5000 hr-1. 10 15. The nethod of clainms 1, 2 or 3
further conprising an oxygenate conversion in the reactor apparatus of
about 98% on4| esThelbethidicoineaine 102 ocl3sfunthiel coghpoisirly & WHSY ircsaipr i si ng
recirculating said catalyst through the recircul atiopn zone to establish a
tenperature 15 dif¢3@heens Tam 3@l bhr ¢ iabawRROUBO™C. 17, The method of
claim16 wherein said tenperature differential is no greater than about 1
O0OC. 20 18. The nmethod of claim 16 wherein said tenperature differential
is no teatiér tMae @methdd 0CIGIML9, 2 the fuetheodopfprsirey anbxggelafeur t her

conprising having an ACFE of at |east about 1.5. 0., The met hod of
claim1 or 2 fur BV @\eﬂﬁaﬁg\?iarﬁ’@aéﬂt”ﬁ(ﬁf@boi”ﬁég%’zaf le$S- | east about
2. 0.

16. The method of claims 1, 2 or 3 further comprising recirculating said
catalyst through the recirculation zone to establish a temperature

15 differential no greater than about 150°C.

17.  The method of claim 18 wherein said temperature differential is no

greater than about 100°C.

20 18. The method of claim 16 wherein said temperature differential is no

greater than about 20°C.

19.  The method of claim 1 or 2 further comprising having an ACFE of at
least about 1.5.
25
20.  The method of claim 1 or 2 further comprising having an ACFE

index of at least about 2.0.





