; TUWWKYe3eg gT26T Rp Process for Making O efins This application clains ,
priority of U S. provisional application no. 60l 290,236, which is hereby /\7-)
i ncor por 20289254 kf erence in its entirety. 5 Field of the RAWESIRI0OT8Thi s -
i nvention relates to converting an oxygenate feedstock to an olefin

product. In particular, this invention telates to converting an oxygenate
feed to aﬂl\\ﬂ[\)%“lulmm ‘mmh reaction apparatus in which catalyst is 10 kept in a
novi ng st t a reaction zone and a recirculation zone.

Backgr ound of *cddee* | nvent i on [BRuesessifor MakingQlefins, e.g., pol yet hyl ene and
pol ypropyl ene, has been steadily increasing. It 1s projected that the
I ncreased demand for 15 polyolefins will outpace the availability of raw

‘materials, e.g., hyl d .ene, . framwhich pol yal efi ns can be
made.  d of i ne-whi THEPBIGRER ?'g{"gié'lég@‘éﬂ%gf P'i?é"%%”vf@ acpﬁﬁatt‘qrhﬂ?tiona! ly
.produced fr cg0/Re0236ewmidheie ¢ onkmcoiparaiduety fAér@NKEii it8'entifdpm cracki ng of
t he pet r%I eum The cost of petrol eumcracking has steadily iIncreased, 20
however, “making it inportant to find alternative feedstock sources for

ol efins. Oxy . prom sing alternative feedstock for making

ol ef i ns. Par'??%@f‘??ﬁ\ger@r%%si ng oxygenate feedstocks are al cohols, such as

met hanol and et haftib invintiehirglates teetonvesetiny bn okhyénateesdstdtietdigh et her, 25
di et hyl carcﬁo,ate, and nethyl formate. Many of these oxygenates can be

produced by @_"r‘rBFﬁ’dA{qtom pB’F"’PP@nﬂ“@y‘ﬁ_ﬁ’ﬁ@%‘P%yﬂj%t‘%d@lcpﬂé@'tmg(ﬁﬂ natural gas,
pet rol eum | | gyedhate HRABAPORN REFehaIch ahisatafls i GHicn CBEIFIGE Pl asti cs,

muni ci pal wast'é€s, or any appropriate organi the w de
vari ety 10f skaptdes,moxing atatedsrdugheupa tectivnasorenaret arecir@daticidzeealr ce for
ol efin production. One way in which olefins can be made fromthe

alternati ve oxygenate feedstocks is by catalytic conversion, hereinafter

called an  BMRA3LAD A he REEHISA2107998 2

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 to 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 alternative feedstock for making
olefins. Particularly promising oxygenate feedstocks are alcohols, such as
methanol and ethanol, dimethyl ether, methyl ethyl ether, diethyl 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
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"oxygenate conversion reaction.” In U S. Patent No. 4,499, 327, for exanple,
a catalytic process for converting nethanol to olefins is described. The
cat al yst wWOdd/0p2541 hat process contains a silicoal um nophosgpiEU2(03%80)

nol ecul ar sieve. 5 O course it is highly desirable to convert as nuch of
the oxygenate feedstock as possible intg as much ethylene and propyl ene as
possi ble. US Patent 4,873,390 describes a nethod of increasing the anount
of ethyl ene and propyl ene produced fromthe catal ytic conversion of

oxygenat e f desggendte conebmsiarbteactiond fr UiSliRstenbNg. 4@@ot3zm fgystem by 10
controlling the anount %f _car bonaceous deposits on the catal yst returned

froma step YRRYR ACAIHNGIE POCEES Hrycanvirting meianohte alefion isedi um to a step
oo 20| e RenERITHR hERSERL Kihal bidckleoftyAeR = [ eeiotork. e

catal yst that 1s use rocess al So contalns a SAPO nol ecul ar si eve.
.US Pat ent 6, Slikaddrhirephosplester (SHEF0 pmotddudal siéve.ncr easi ng the 15 anmount of
et hyl ene_and propyl ene pr.odyc fromthe catal yti c conversi on of oxygenate
feedst ocR, pref eréhf’?“risg 'tds;h'&ﬂ)ﬂidfétﬂa%'@dorcé’%?ﬂﬁ raych ehthexgxyesnatel i ng

the amount %e@@fe@R%%%ﬁ)tlﬁ‘ﬁﬂe%istrﬁumeiﬁ}ﬁer?@éﬁ&ﬁéq;{l)@@é‘é?@%séiﬁ%m a step of

contacting the cataly a regeneration nedi recontacting
t he regener 8P atenbd BI6, 380 desdnibesraymetradceof inedssigkthedmoatt giat ent

further discl I X] t d catal . Wi th ti f tal yst
1 owi ng out SPYERE FELBEPYSAETRIURRA OB RGNy lE RENYRBRNGL it ur e i th
the oxygenat@%fggﬁgg f&é‘@sto@k?p?e?éﬁdgyfn & Raidized b@&ﬁbdcﬂgﬁggfférn?cﬁiﬁs al so

contai ns _a SAPO nol ecul ar si eve. Patent 6, 166, 282 osés”a net hod of
r educi nd Ot hecantling e arsoumnt of cathonracesusraapasite dnithe catalystireluyhéd

i te f t ock hanci i op tq desired
o oduces i ot SER EanEaaPbdEE Al SDURLA Sl R, b B Sehense
phase and a rgcangEcting the FstfehararatdA8lys0NRh tIPBkAdre fedbitsdk. "Aie 0as

superticial velocities. Further, reference againis nmade to returning a
portion of ceatalygkthat isovsethindhie processealse gontains aBARAaMoleculac sievact wit h

e aypenat e oot SRRt B ABINEL oS ol b MiReBEBGRSE Con " °
i mport anGe cdmbaomt RétAlERE dri prapeee produesd fre@ctheWatalytic conversion
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 a 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 a 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.



systens associ ated with conversion of oxygenate feedstocks to ol efins over
SAPO nol ecul ar si eves, inproved processes are sought to obtain desired
conver si oWOIR&ARME s while inhibiting the conversion to undRESH/ES$I3/02998
byproducts. Mre specifically, inproved fluidized bed oxygenate conversion
processes are sought which provide opti&al catalyst inventories within a
reactor apparatus to enhance the conversion to the desired products and
suppress the conversion to undesirable byproducts. 10 Summary of the

| nvention The pr dBefigwichikeimpertange eihavhsatalyst immaneged in the remctioh by

i di . i . d d
Pl udi ng. orTTy1ne o5 aes T cBMy BRcH R el B s Bke of ofetie "embod ment
of the nethaeplSAPO molkselr sigveeNinBroveq PrR6Esees e sdBghtlo sthifg St eps:

provi di ng an, ox %enate f.eedst ock, a_cat al ¥_st t hat incorporates a SAPO
.ol ecul ar siRATEULANVErSian Prefucis whiladnfibitine thecagversiardesindesirabtet i on zone

and a reeir } ZQRhSre L, t r. i | east one point in
each of tghecklw acd'gl?(gﬁ' zone %ff@hgy,rle?é%l?%#ﬁ}()é#@ﬁgeg%% east about
250C, cont aawdnversite presstses are wbubht Which airabivs optim4] katal@str eact i on zone

under conditions effective to convert the feedstock to a product including
prime ol ef i fSVERRHEE YHUNIR AJRECIOhaPRAalds 19 extvanse the qopxersiemtathed. 1 m's at

at | east on ef%.‘?riet i i : Al . rtion of the
cat al yst ineq e ra argta }J%ﬂ%eazrgcﬁée\féqrggvs ﬁ?@ne@?%éﬁ?%%gégg%@%ﬁ@&% "having a
ratio of the mass of said catalyst in the reaction zone to that 25 of the
sum of t@e ﬁfs of %’F%Pf'gft alyst in both the reaction zone and the

reci rcul'at i SHH2BREY "WEEHORt | east 0.01 and no greater than 0.99.
Another enbodi mentndbrddat RveHAGH sbSETthé BOmbAt Abods ﬁ'.'tbgfﬁtrg@to a met hod

for converting an oxygenate feedstock to a produc nc et hyl ene and
propyl ene i rpraviding dimethodddr caraerting afflozygendtedeedstpek &ea pdédudie f ol | owi ng

steps: provi.ding an oxygenate feedstack, a, catalyst that jncorporates a
SAPO nol ecul"ﬁ#'_[@r&/%tﬁy %‘f@@@ﬁ'&”%ﬂﬁaﬂ%@ﬁ?d%ﬁg Gartes £N9 east a reaction
zone and a_réRbbEimeHtidIthe Aol BRI prebBt ih@é‘?ﬁ’tﬁfr?‘écﬂﬁﬁriseé’ﬂeoy 0925: 11
PCT/ US02/ 07998 4 in at | east one point in each of the reaction zone and the

reci rcull@t i dallowing stepsitprovisting ah ouygesicieedsioaltd catalysetHatedst ock wi t h

t he catal yst, | i zone under conditions effective tq convert the
f eedst ock td”%&;??’l?%&%{%aﬁhfﬁlmﬁ%c%ﬁﬁSH%V%| & EadlelAnparaius; 'Bﬂggi”ﬂcl udi ng a

GSV of gr eatatrledsttdhrsnctibAltione. dndd Fediicuiitioneie, WherélRitRS tdp&iger €act i on

zone; recirculating the catalyst to establish a tenperature differential;

and havi ng dN@hi§ast oneprinhineachiof dhe seaction apne and thegecisadationzenee t o
that of the; oc@f t ' ] zone and
the reci rcuIFgﬁmoér?Sygﬁgug?gge(?vC\eotgn%é @ltgégé%ét@cilp%ﬁ “ﬁ%%@gﬁ’? R{Enan 0. 99.
f10 Yet &fot _kreEIC’Eiamrbzdhemmdeot?mdﬁﬁom eEemttveitn\mmgéﬂﬂhd} %@lﬁm@d{tacb :1 0 met h'gd
or converting an .oxygenate feedstock to a.product including ethylene an
propyl ene i P! dppt ngluping B@@ercggfi}%fhe?qﬁ t%@@ﬁﬂmﬂ)?i@gg O?Iﬁ‘élqaﬂtl owi ng
st eps: IOrOVIéBdlﬂ_O@ﬂrﬁéw%ﬂ’éé%tBﬁé%ﬁrﬂ%theﬁréé%ﬁéhéﬁhgtIt?é\;irllg%g[gqggggi e: a

SAPO nol ecul ar sieve, and a reactor apparatus in i ng
reaction zorRoriad of the catatyst in therrezotien zohe flewrtotthe recirptatimnurome; N at | east

one point i Oof the r tion _zqgne.an he.recircul.ation zope is at

| east about %;g\”ggrﬁ %gﬁ ﬁgﬁ? Héaﬁ’seogcf?fcgﬁ%a&sfﬁ" éeé'ﬁ{"?ﬂ ¢ape tz%tl"ﬁtne

reacti o@5zons thedeim 6Pt a8 of fic enbiyyeint oth O pédctibR&oresid Pek to a
product i ncl udi nqagrl me ol efins, the conditions including a GSV of at | east

20 about 0. Fegireuigiionzonepfbebmeenal least G0 angl ne grrdtenthaok99.havi ng an

atio of the mee 5ot ehemAbH Sn e diHnRRI bt dredBT < h Sum

‘of the mass méthdukfor abalgingian nateefeeeiafickan azmradustificlulimg eci rcul ation
zone of bet V\ﬂ%ﬁn at least 0.01 and no greater than_0.99. 25 These and ot her

0
.advant ages df _Vlﬁ@epﬁ B‘Pﬁpya?rﬂ%ﬁta Mdi@ﬁglhedtf@@@‘@% dppdreihodraopinrises
fol I owi ng dehaibfslvi@stepe! diBlididdsh Bkigerd rdddisaS 2304 al,Bfnappended

cl ai nms.
incorporates a SAPO molecular sieve, and a reactor apparatus including

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



WO 02/ 092541 5 Brief Description of the Drawi ngs PCT/USU2/ 07998 Figure 1 is
a graph of the results of a thernogravimetric analysis of an oxygenate
conver si oWOrid4g8r¥bn at 250C and exposure of the nol ecul ar RIRUS20UIMI zed t o
various tenperatures. 5 Figure.2 is a graph of the results of a

thernogravi metric analysis of an oxygena& e conversion reaction at 350C and
exposure of the nolecular sieve utilized to various tenperatures. Figure 3

is a graph of the results of a thernogravinetric analysis of an oxygenate
conve?si gn r@aﬁgﬁﬁﬁt Qe pemEingachrbiheUeacten eaee gpddbereciradatidrerenait i | i zed

to various t neHr ' C i n enbodi ment of a
rea\étor appa’r%g? ﬁéé%t% ﬁ‘g %ngéﬁgrﬁﬁ%ﬁ/ﬂgﬁ%@%ﬁ%b&gr\@{rsﬁ‘]esc a@éL ati c of
"anot her enborkantioh Mewn@{;mmibnditi@ﬂpmgﬂi@eﬁfc?ﬁ\fémﬂ@@h @Hﬁ%dt&‘éq?tél\ ggj 15
Detail ed Description of the Invention Silicoal um nophosp _

ol Zl:ulear S?EK@%M@% PHEY Pletinsrthe coaditions|ircludingla/&iS\af ensatérs i n

. t FeS o hey.
partcul o)y EREARR 0.5 IS S EE T oo Bl i SER PG Zong BB ngne anc
propyl ene frie catalyshin estebligioatespersturesdificrential; mnd hevith g Braps iofend! ef i ns

refers to ethyl ene an r | ene. Waen ol efinic hydrocarbon or oxygenate
f eedst ocks a tsggfg%a&)s{m thedsgpelion rene fathal ok the sumpfiteapassafr e above

about 250G, feoshaRat IIRSIRUAE keactRACEdR A the/ ARIBLAIERBEREY O reaction to

between at least 0.01 and no greater than 0.99.

10 Yet another embodiment of the present invention is directed to a

| method for converting an oxygenate feedstock to a product including
ethylene and propylene in a fluidized bed reactor. The method comprises
the following steps: providing an oxygenate feedstock, a catalyst that
incorporates a SAPO molecular sieve, and a reactor apparatus including

15 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
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.



products, including prine olefins. During this reaction, carbonaceous
deposits, hereinafter synonynous with the term"coke," are also forned

wi t hi n t hw08rP@5#bl ecul ar si eve, which cause the SAPO nol eRCI/HS024(7298¢e

wei ght to increase continuously with tinme) and cause the SAPO nol ecul ar 30
sieve reaction performance to change wi gh tinme. Further, the SAPO nol ecul ar
sieve will, at points in tinme follow ng exposure to feedstock, contain
entrained within the m croporous structure of the sieve the WO 02/ 092541
PCT/ US02/ 07 RBrgefdD ésaripdivock thatrawingsd and product made as they nake their

T A o i 8 s BRRER R B b Shep S BaRe FaveaErse "
but whi ch i ngy smr%@%n%&ﬁc?d dedchiBh %@FB@"C %ﬁd%&gﬁaggfé @ﬁ(hb%ﬁb@%@fé?e“ S

i ncom ng and out'going material is quickly establi e inventors have
di scover ed tseve atilzErOondraus tampsiratuegs. af t er havi ng been exposed to

f eedst oclk and nov‘g.cont .ning ¢ rg naceoys (fleq sits and entrai Ped ffeedstock
and proddct, will 'QHB%?Q%%?%P@H %Wﬁﬁﬁ) E ﬁgr,mqg{@v S @8YSE fleedst ock
is reduced aing te WoRADerlbrerade e at 856°¢ %ﬁaeé@bsnﬁél Qﬂcth%rrﬁélb%blair]ha”

about 250C. This transformation manifests itself in a |loss of weight of the
SAPO nol ecul sigve Llzed tor aripustteenpgsaleires. i on of a product richer in

desirable b ts,than that gbtained wit t.o feedst ock.
oreinafter, ¢ hi o A3 e AT AT of i Bste ot s e eRVintettc anaBiny She
product obt aimegydeérmite Bansefiorirgtana @ a80%¢ landspealitesf theahalexslardecay

products."” The recognition_of this previously unknown phenonena has
i mport ard® i rgieYe Hiilizagsta wAriqus tepinesaiureéfanner i n whi ch t he oxygenate

e reactors. 1 n TRyl SRR ShlemBRHfurt By SIBEVER Sppsfiuie B o

(is 20 "fl uithezedsentintémtiora reacti on zone using the notive force of the
feedstock and products, and possibly diluents also flowing within the
reacfiion zone. AFiGHERSHS @ SsHEMatis Frnotherranoberiment ehaaeaelor may f | ow out
of the reactl el T tion zone, where it may becone :
separ at ed fr%rﬁg&r%g@%i%éﬁs%@g Yjécwog‘hd any unconverted feedstock and
di | uent 15col | ected, or 25 routed to various |ocations, and require the

establ i shme of e neasure of catalyst inventory in the recirculation
zone. The c%%ﬁ%?éhﬁcﬁpﬁof’ﬁgm%mvﬁé‘ﬂ? tion zone may be at suboptimum

conditions relat! SficbAubliRghddphale (SAPO) AAALLASr &1Q08s 3R duis subj ect to
the undesirabl e byproduct generation phenonena described above. In the
met hod of t Hearpedadydestableveatalyshmatarialgimscenyesting oxygenate texidsjodks t he

row of at 1840 TLoBBPRsBend EumpSe poicblet B edbPsl bone 1o the
reci rcul2et i girogdadipg digfhs BLLHY hs ity I@es and YR HAEAD RBHLoXgENdR2/ 07998 7

superficial velocity at at | east one point in the reaction zone should be
at | east abcﬁﬁm@Qlin%ﬁetéﬁ ysed heseipnthe feantpiisne ojefinsrefara e gthyleneandi on, t he
rati o of theprgpg%n%f catalyst in the reaction zone to that of sumof the
mass of the 'catalyst in both the reaction zone and the recircul ation zone
may be 5 w thin aMtentaefinicdiygieocdrbualonegygaiate feedyecky areadditacted from at

| east 0. 01, bifl oqu‘)élgi ch highly undesirable overall selectivities are

obt ai ned dueVda Q@Qﬂ%‘#‘é"ﬂtq'ﬁ‘fe gkRisrapetusrakoyeaRut Z80Ccqy thassduct s, to
no greabsr tf@éast‘%cﬂgun_@BP?@aH"E'J‘x%eﬁé@'o%!ﬁ%@FsicS‘r?ﬁé%ﬁ%nttBf&ﬁ?‘ééﬁ& uch a | ow
inventory of catalyst in The recfrculation zone beconme undesirably

expensi ve, duepltisaireiuding poimepelefins.obkiring thisakbetian, icarbdmacevasal yst t hat

is used in this invention.is one that ipncorporates a,silicoglum nophosphate
(SAPO) ol ecRASIS) BEinaiRY SYRPBKIOLS wiffig ter "Goke," Sre alsoTormed

within the SAPO molecular sieve, which cause the SAPO molecular sieve
weight to increase continuously with time, and cause the SAPO 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



conprises a three-di mensi onal m croporous crystal framework structure of
[ Si02], [A102] and [PO2] corner sharing tetrahedral units. The way Si is 15
i ncor por aW@2{0A2d1t he structure can be determ ned by 29SI NAFUMRR7998ee
Bl ackwel | and Patton, J. Phys. Chem, 92, 3965 (1988). The~desired SAPO
mol ecul ar sieves will exhibit one or norfe peaks in the 29Si MAS NMR, with a
chem cal shift ~(Si) in the range of -88 to -96 ppmand with a conbi ned

t |l.eas 0% of the total peak area of 20 all

peak area infth Eﬁrantﬂ_e of R i .
peaks with aeceﬁ’% FANTOAREed spaipoductmade g deevmakgdheismaydntoland ppm
wher e the b(8l oReHiGrbofdUs! dUKGEEITHO cBULE! BRlndELLATIPSRKLS! | ane (TME)

It is preferred that a silicoal um nophosphate nol'ecular s used in this
‘i nvent i on haBecuwansiove weighhvimsiediaizly fdibwing expgssiee ab fedditodiowet the S

ilAl 2 ratio, lower the C-: turates selectjvity, particularly
.propane 25 s&’fr‘g‘;f}'}‘gﬁaﬁe o FRPC@‘Yffﬁ?ﬁe@?@r afS@fE’se‘ﬂHHW'W@@PW%e@esi rable, with
a Sil Al 2 3 at jreopfing @hddigasipg rhb@Ralis4flide @Qtdwigﬁ&ﬁred’ and a Si/A 2 ratio
of not greater than 0.32 being particularly preferred. A SilA 2 ratio of

not greater than Ghednyentagshays diseevarad tisht 2 SAR @ molepiias pibas eafter ecul ar
sieves are g I cl.assifi 30 bei,ng m croporous materials having 8,
10, or 12 meﬁ%@bgcﬁ éré“n“léfpsqssﬁﬂéﬁg?éis.“’%haeﬂ ng?"’nﬁorét?{‘)\'ﬂﬁ GRIDONEESPYRve an

aver age por edspasity @i eAdainedfeadfbtk and g referred are the
smal | pore SAPIDO nol ecul ar si eves WO 82?%%%%‘%1@&%&@/307998 8. having an

aver age por etrangferrpatipe after thenexansure o teagistockns regueddeoratdasean wieer age
pore si r aggl 0 5.t0 5 angstrons, e preferably from3.5
to 4.2 ;@gst?%n@%e@e&ﬁggeat%ez%gﬁ?t@r% %%‘Pu"c%é%'e far sieves having 8
menber ed ri ngansfrhatige hedrifestsSitdalftiAa loas P ARASHRI 1S Leves
conprise a rm,lﬁsggl\ar framewor k of corner-shari ngrt[ﬁSi 02], ﬂ%g?l,%gnd [ PO2]

tetrahedral # ropgndhe geaemtionimepmduct gcherfissndesirableypredudtag

vari ous oxygﬁ%ttﬁ i i 95{34 P tetrahedral units within
t he framewor strétczt)gfragqo ﬁrlthe’éx% mqégﬁ?égsg*e\%%&%ﬁr’é '®rvention can be
provi ded by phemorheng vdll beaatied i"tatalyst dExayybhas tied pidtRREobtained from
phosphor osj tions include phosphoric acid, organic

1 -containi,ng co )

phosphat g’z STHGD %QhF?'PE’t wiiksselede cataiyst slegay mopdiedphat es. The

phosphor ous- cont arpé &ﬁﬂ%’r? ' ] ' ' ilicon and

al um num cont ai ni ﬁgéggcrrpom ti gﬁfgwugﬁiw g@gﬁé\\ﬂf) Eeéﬁl&ﬁ%bg?@%di tions to
form t he nol EtRArtaNt dinplieationseo[tihd optintat hraaimed irawhion the oxyybhatet he framewor k

structure ca rovided by.a variety of conposjtions. Exanples of these

al um nuntpntg?'ﬂ{%ﬁgogd’ﬁﬁﬁgﬁm %’Bﬁ? i n@ﬁ%@}'atﬁéﬁwﬁfmyqaaév%é_l@ eidlizegl al uni num
i sopr opoxi debedirewdtors IRTRANLES BEd rébetatd) whe BRI idShowadid i fisd! um nat e,
and pse:é oboehm te. The_ al um num contai ning conpositions are mfixed with

react i veUsi | TISHZRM Y Withiss 8 Rerclionazsmeaising dhe oratvsifoiceraf the fieedstdek

appropriate LA e ieve. . The [Si,02] tetrahedral
units within t g@drda&@n%v\%ﬁ&g{%g?ﬁyéwéa%g%ﬁgwmwm'ﬁ-{% r%aq}gr%;gr&g. of

conposi t i onsAt Eratplipestiar of thesfiidizéd eatalyh nsayntiaw HUof FRTeRlibh 9BSe i Nc! ude
silica sols .aFd silicium al koxi des such as tetra ethyl orthosilicate. The

si | i con- cont'BIhR AECESHBH ZomvhaTe Thinge dPespine separategdremdhe num and
phosphor us- bk {4 ri diti,ons to form
t he nol ecul g@gﬁ%@g’@%ﬂt‘ggﬁ :a'fé uﬁ%@ﬁ%&&%@é%@%@@?%ﬁ@uélgér?ﬁ, ﬁgﬁ]?ﬁt%d'i Hventi on.
These 3@5conisvitedito vaniouscloeativns akdrequins théeABSBsientsfadons®nt ai ni ng

b o e PRARRLE S BB 1SS REr b sovame ity
including  the recirculation zone may be at suboptimum conditions relative 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



WO 02/ 092541 PCT/ US02/07998 .9 the | anthanide el enments: |anthanum cerium
praseodym um neodym um samarium europium gadolinium terbium

dyspr osi uwmo i2ebr4um erbium thulium ytterbium and | utetiRrCH/USN2D7998andi um
or yttrium and the additional transition cations of Goups |IVB, VB, VIB,
VIIB, VI1IB) and IB. 5 Preferably, the Me represents atons such as Zn, My,
Mh, Co, N, G, Fe, Ti, Zr, G, Sn, and C. These atons can be |nserted ’

into the tet thyough a [Me02] tetrahedral unit. Th
o e et el (I APt B R Bl fhanedi sl it The
val ence st at ezt abbat oatrﬁbte‘iff}éﬁfsbwﬁ@t Fuktier if i iRt tu@ﬁ?@%ﬂe&gghas a

val ence 10 state of +2, +3 the net eis
‘bet ween -2 afetiowf thlermasqueatatyﬁtmftheheanb@rakon@tmtbmﬁf sum oPthe pRddsy

acconmpl hed nent durin nt he of the nol ecul ar
si eng IHEwevS% %%F@?ﬁt’h%%‘ﬁéh%% @M@a@ﬂ“% BC%lglt'a@éenesm G eu
il | Bri hps SAP
O 11 A o iR VoL s T By et s Al 4.
SAPO 36, SAPBEloW whikbdhighly Wlesirable wsarail selesiiieg dre SitadetdusSiPBeb6, the
t al t t Pr ef d
SAPo 16, sares e B TerstSt &R AR LRt BRI, B o ccerter INAp8, 1 and
SAPO- 34, i nchbdvawhith émfﬂﬁwbegi@ﬁb% Pro\ddé QUER allBRTiRMEntoANGF Wt n%fyﬂ{ es

t hereof. As used herein he termm xture i s synonynous w t'h co nation
and i s consi Eibﬁh@degr@ldﬁﬁféﬁZ@ﬂ@ﬁeﬁﬂmwm&smalylEngaenmepconmpheatedrmonents in

varying op of their physical state. An
al um no&?ospﬁg%ﬂa%? Ew%%gﬁfar sieve can also be included 25 in the
catal yst conposi t The.catblyst th@pu@%@dﬁiﬁ%.@h@&woﬁns %h%‘fﬁé”ﬁ&@rcp%é(@ts% line

m croporous oxi des whi ch can have an ALP04 franmework
addi tional ePdRRANDINGRIASPhel(SARRR mIRcUlEy sirva.l ﬂ'hehrmriecullr Simvm por e

di mensi ons. 1 89EAEel LAFRIerHRASHERTRrhG: BUSH A RI0R LRI cagd e

capabl e of maki Sl ze se I've separ s. Mre
than two doz@os]u m@z}laedt[l?@(a}scdraees!hmﬁ'fg reemeamlunitacrmélvw,z se%' ite

t opol Ogl1 ana re detail ed description t he background and
synt hesi g'aof [Hfﬂﬁfﬁ%‘@% Heuclre a5y dPFﬁrUJ'@d hﬁ? Si MA® NMRO9%8=-41

PCT/ US02/ 07988 igol X by reference
inits entiret gifgrwceé‘ngffaeﬁLé gts\r,\,t?gt%m e% ‘are A@%ggﬁseﬁa\%gsgﬁd ALPO- 18,

ALPO 31, AL MRl 36sieve@ilBexhibih ondldPGharé. peEke nALrE&J%"sc;MAsI so incl ude
a nmetal subs ingts fr Pr ef er the metal is selected
fromthe gr of&‘%’f%e‘@h &Shiggice! %ﬂ@ﬁ@é mrﬁ"enféﬁ‘gs %g to 19PN With 2nd

mi xtures t hec@abinethssdk aban iRdtTappe ot aalagt 26*70' é’f'the%t%‘i’h%k %Flaa of

i on- excgﬁ) pﬂgnd/or catal ytic ﬁh\lﬁertl es simlar to alum hosili cafe,

al uni no pealkhwithig chemiga SR dpithe eangs fc8B apns ievid Sooumpsi ti ons.

Menbers of t r.e descri.bed S. Pat.
No 4 567, BOEEURIE S Eharifal oS RARPI SR MRS S ERE RS, The
met al cont ai ni ng KWiPPefoawe tl@attdlsmeealunﬁiwr@@phat@ RDRROR $Te & Y Pin
framewor k structure of M2, Al102 and P02 tetrahedral units. These as

manuf act ur ed & H”M@FU?%QaE\ﬁrfe@{'ng’n'Pw fildlefpliat b genesal, the lwerithat i on) 15
can be r epr egm Pgtion lce 0, 0 drous
TP 8 LS i o o) RO 1
t enpl at Qﬁg a@&ja@tlvgttyeslbﬁn/ﬁ«lzratlh@f |Ieﬁsrta¢n>0s$ﬁlid dmamw avifly & 1S, rafib of
represents t F R Ii ﬁ Br es per .no ? (MXAlyPZ) 02 and has a
val ue of fro 295?8 E{ra an 9; Q Raing pre erred and a Si/Al; ratlo 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



maxi mum val ue in each case dependi ng upon the nol ecul ar di nensions of the
tenpl ati ng agent and the avail able void volune of the pore system of the
parti cul aworeiads4al um nophosphate i nvol ved, "x", "y", and PcI/usoepresent the
nole fractions of the netal "M, (i.e. magnesi um manganese) zinc and 25
cobalt), al um num and phosphorus, respeBtively, present as tetrahedral

oxi des. The netal containing ALPGCs are sonetines referred to by the acronym

as MeAPO. AlisQ.in those cases wherF the{\ nmet ﬁl @%/E in the conposition is
magnesi um  t IRy NG PR RYRIGRRIPSZ AT ess than pRauk? apgaiseds: praieradiyienar | v

ZAPO  NNAPO ciella G 0B G126 raRdihdfbrt @hblies SOBRDSAGURIS bAYoRIGLRINT 21 nC.

manganese and co t respectively. To identify the various I
"speci es whi dFPMEk@ tafd. 2cangstiims.hEhesa\BoER 41288 Gre iypldal BETAISEAA07998

subgeneric ¢l . ZAPO APO and MhAPO each species is assigned a
nunber and %§&?8§2ﬁ?YW$$g@eW§Fr%‘gﬁﬂg§-e, as ZAPO-5, MAPO-11, ° GCoAPO 34 and
so forths The sillhermerl SiNEGRERTITS PSSy dhgsi zed by 5
hydr ot her nal crystg@iﬁi zation net ﬁo@dgg_ghgﬁé;wzle%rlﬁm Ié#ﬁrﬁ%ﬁ%‘ﬁ See, for
exanpl e, U. Snolpgular figeneworkal comer-shagieg, [3i3;], BAI09k 2684P ahtbt@hERfal308, t he
met hods of I.n i |1y dncorporated. herei.n by reference. A
reaction m gﬁﬁt‘rs ég[i-Hs?‘i' *%ﬂ@r%bgvﬁgﬂi 'ﬁge‘“ﬁ%gé? HEPORYELHRG yariQys E&Qﬁnaé%m num
and phosphorintd slefimprediicts. al ong with at |east one tenplate. Generally 10

the mfixture is seal ed and heated, preferably under autogenous pressure)
to a tenperature dte BO1]éelsahedyloinits withindbe jramemorkciresoe,of tinei | a

crystal hhne .S, Qfr, jon . of the crystalline product can

t ake anblaherng&% rgg%]}g‘reglﬁn t%ﬁ%ﬁ{@hﬁ?%{gﬂ%ﬁ&%n&d éyée\@{?ty Pﬁ sonme cases,
stirring or coegubsiitons. tExarnpylesalflthese préspHoris-vbhiaidiag cbhfisRion@e formation
of the 15 pr,odugt. . _Typically, the nolecular sieve product wll be forned
in sol utioningly %QHOB@XQF&B‘J& eapic Rhesinates sucinas triafbyl phosphate, '

centrifugati b j H 1 S recovered by
t he sane m;ﬁfg&g@%ﬁ%@ﬁ% A-Q?ea%g u Ogggpﬁlgﬁﬁpggpﬁﬁq@%(ﬂepr ocess)

t he recover enixedevith reactivé stican Enidnaliminupecestating @asipasitisistirierof  t he

t enpl atglf uszd i n_makj n%’:t hg, dnitial reaction mxture. The crystalline .
struct ul® edd@APPHAMAtGLaRditigns i foreviBeaalscyias sieved t he tenpl ate nmust be

removed so that t i s Car I i ciiVvity. Once
the tenplate is ;SP% rngn%@gg{,rgﬁﬁgﬂairﬁﬁgf%Pﬁﬁ@bﬁ%ﬂgﬁéﬂeﬁhﬁg?%%érpaF%s has what
i s typical | prewdeddyanvanety of costpaisitions. foeenEys betheseraluminungases,

d di : of the final duct f d, the tenplat b
fobTar ga + SoPiaRgRBldsiin B8 ke um Tt AR g BT such &
case, the t¢suprepexidealmin@iprRdphkted, BRMINGMH hydakidBNio@icess. For

exanpl e, .the tenplate can be cal cine or essentially conbusted, in the

! ned
pr esence0of aHMbaRantRsRUdaROsMites , The albbiipastsardaining cempositiens ont ai ni ng

ot ai ni ng. oe MIxe Ranteakte KT Eng plBs R RN COHRREN T s ore

cases, it mupndbettieapprabliete corfuiidng 1o farmahy iniclecEar sigagi ng a | ow oxygen
concentration. | rth S(S cases, however) the result will typically be a

br eakdown of the mﬂ% tldeiraredral units wihindbeftareework strugsiretsambey t he 5
conbustion prORES b Sri S . partial or

conpl ete re%oval8 %Pﬂ%&%ﬂ%ﬁg?@pﬁ%ﬁﬁ?h%m@g%gig‘%g%gﬂ Cgﬁ‘pore system In
ot her c2&8es contaiming el pasiticsphaluds  silivangaie tad ailichan ikoxidessushl ad rom t he

sieve can b cc li.she nvepti onal, desorpti on processes such as
t hose used ?%%‘rﬁ&]%&@?ﬁ'ﬂﬁ%gd%?'F?%?OQ@'WC&@E@FI“BHSrﬁ@frm(%d can contain

one or nor ewiigrmelaties a!u'ﬁﬁiiﬁgh'\aérﬁi_ﬂ;Pﬁggalﬁrﬁé%Hffniﬁg;c%?ﬁdddﬁidﬂs Hd ‘?CL i ng

agents, and typically contain ni en, phosphor Xygen, carbpon,
‘hydr ogen or the appisipigte eenditienstf forartiecanlealiosisvet ai n at | east one al kyl

or aryl group, w L baons bein resept. in the alkyl or aryl
group. M xtures ts\%h% %ﬁif(és g@ﬂﬁ?‘%ﬁ %g Ugggé'aﬂ"%m&néenm Y€8fes of
differedd scemgmbuptsRre denkrARtnowiSs MRS OB tréBRcoBRfRg € i s nore
strongly directing than another. Representative tenpl ates I nclude

tetraethyl &hreAMMINGENeIPhaiSS| She metabearnbe aliwlimoetal foris (Grouphi)ane,
bl per & di ne. alelifb B AThag) (S (GBI THIE ealth iR féloly i ey 2™ "

nmor phol i ne, dipro



20 (DPA), pyridine, isopropylam ne and conbinations thereof. Preferred
tenpl ates are triethylam ne, cycl ohexyl am ne, piperidine, pyridine,

i sopropyl| Wei03@2et raet hyl ammoni um sal ts, di propyl am ne, RETIUSH20798es

t hereof. The tetraethyl ammoni um salts include tetraethyl ammoni um hydroxide
(TEAOH), tetraethyl anmoni um phosphate, Stetraethyl 25 anmoni um fl uori de,
tetraethyl ammoni um bromni de, tetraethyl ammoni um chloride, tetraethyl

amoni um acgﬁ%t e . Pr eH{?erlr ed tet [ as t hyl ammonium salts are tetraethyl
anmoni um hy dFeXFdEas ‘?8{'@5@?-@'[‘ CERMPh REB$RAYYMitAL NesdyMiNecul ar

. " ; ’ . . iy . ¢
si eve StruCt$HrRaG@n, earcﬁf,umpgaa@lwumoférfa@lnt),ﬁg@f?ﬂgﬁqgggﬁﬁ’lﬁ’m WHLENS 2

tenpl ates. For exanple, in a parti cul ar odi ment e SAPO
nol ecul ar sitBubiums yiterigmcingr letetiven; ranchscandilmtar ytiviomi)reaid tie of TEAOH and

di | am Thi i i I [ 02/092 CT/ US02/ 07998
,1I3p|rogrp¥i gm gnga%f!@itfagbﬁ' @%%{&ﬁ@%@'lggfv&%%%& ﬁ'ﬁé g?d B'ézygenat7 es,

particul & |y nmet hprgbraig tHé WR Féﬁﬁe%rﬁ]@ratoh%lédcﬂrés 2 ﬁ\fllbnﬁllns%h NiS ethylene

and propyl ene. The silicoal um nophosphate nol ecular sieve 1$ typically

admi xed 5 (iGa. Fepbledaecdy, Snt andCneTheseatormisssantemserteddeid, thehe resul ting

comor si ng. R EHH et rkahictans iR BlFSeif Entc analblebanded w t b
the ol ecul aetrahedeal et d2friess inet &lddies &h@r@eqlittp@gnﬂirigcg‘g ke %IEHE?. material s,
u |

or various binder materials. 10 These materials inc conposi tions such
as kaol i n antiats elthednatal substitients Yhenghefmetat cormponéentiesasih valemeeal

i des, h i S, | i I
o umi ni O a1 A 2ol F5 L B, IO R shBliR s et LA T e,

quartz, sililesoqporaiidn ofther metdl icempiplent RN pEaly %Q&nfoﬁﬁﬁeﬁpéddiﬁ &_E
conponents are also effective in reduci ntg Inter 15 alia, overall catalyst
5

/ d .
cost, actingngtal gompanaat during syathests &fithemnoeleaulas RiewediHovever, pastal yst

during rege LOA . i t and increasing catal yst
strength. Iﬁ@%ﬂ?ﬁf%?@%@%%sﬁ?@gf%@ég the inert materials that are
used in the cat al §sitattle siicbaksniaophespredte sholsclhiay sicRed emilugaBAF (@, of from
about 0.,05 t oyt L./ g re preferably from 20 about 0.1 to about
0.8 cal /13 C)gﬁgg}'gpgéfbﬁaﬂl §%ﬁgﬁﬁa§§lﬁéﬁﬁ 0 A SuB AR B-20a15AP @:31, ,
Addi ti onal BhPeLbAY SAPRYBSTBAPIO-855 AR, B9, smgd%dsﬁ»@-ﬂaé%%- the SAPO

catal yst conposition or y can be used as separaté nolecul ar steve
catal ysts i MtadiRQutd, SAPR-4HeSAROEE6 athel petal contdiring orm Sthevedfur al 25 .

rbent fon' | it ARG R Rt ate APt o; YAl od ARSEE. chay o
DAC, DDR, EDBAPERU4, SRQ SAFFD-47L BYrtidu@fly Mﬁo-%a%o@ﬁ;m&t@w THO,

and substituted fornms thereof. Structural types of mnmedi umpore ecul ar
si eves #fat 'AP4N8ial captaining formsethereefhrad imixuies thersof. i e Liseid hirin,

L ot | U M bl Ryt cBRbindith SHERI ddliatab Yy o, Lher eof

These smal | um por e’ nol’ecul ar 'si eves

detai |l in thempositionbf Aemler havibiy et o mbrd geeponentélh §aHA8E 541
PCT/ US02/ 07998 14 WM Meier and D.H Q sen, Butterworth Heineman, 3rd ed.,
1997, the deR'QPPEIPNFeERIATPIESSPT Hreilahysicalstalenl i citly i ncorporated herein

by reference. Prepgr. i [ i be ¢ ined with a
silicoal um n.ophOS%ﬁEﬂ@qé@gﬁ%ﬁ%@r@LE@ﬁ%%!ér%%egp%’n %'rg:B(?% '88'}Jdgﬂd 5
gga(t;azi 28, ﬂhé?e@eﬁlyﬁt%mm?mxg&?;.i Atunmine{abgsm(l?te QmmthlafsieaéleaFe l%l % tg a:)out

nore prefera . abou at o apo and nmost preferably abou
20% 1 o anout TEBHITE RS o IRk cat hae, S AING: HReWsr dheud « hat
the catal ystcPRROS sHHRdNBAYBMERENWithH theStaReRbri HBRARWLveAMrdrh

pore dimensions ranging from about 3 angstroms to about 10 angstroms,

and are capable of making size selective separations of molecular

30  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.



10 3,000p, nore preferably about 30 Nto 20p N, nost preferably about 50 p
to 150 N. The catal yst can be subjected to a variety of treatnents to

achi eve tWe 0d#8tsaed physi cal and chem cal characteri stics.PCUG$02t0r®at nent s
i ncl ude, but are not necessarily limted to hydrothernal treatnent, 15

cal cination, acid treatment, base treatt®nt, nmilling, ball mlting,

grindi ng, spray drying, and conbi nati ons thereof. The oxygenate feedstock
of this inv ntiéﬁg §o ri ?_@ﬁ_'at, | east one organi c_conmpound whi ch contains at
| east one odYyehd 3’% I$dNCPTPRrRied befgin dygetereaen i ks eotiretyar bony |
conpounds (gb x| } (o r t esters and
the like). m%??ﬁﬁéfggﬁgt@@r‘?iggﬁ'@%’??ﬁ%’o’f“??htﬂz%%ﬁbﬁmg?é|: ude an
“al i phati c mARY-IBALROFIGHMALPO87] @ndakllRO-48. ons, nore preferably from 1

to 4 carbon atom;g_{ R§E ﬁent at %ve @I éohol s include but are not necessarily
linited to | ower S1% E S CAThR5PINTHES ahgtal sHbstikeant ip its feamewsrkand t hei r
unsat ur aged ErettEBAO#HE et f ' I conpounds

i ncl ude, but are ng!t?ﬁflﬁn}etégs%%ﬁgﬁgpélﬂé{jﬁgﬁgpgéﬁﬁgBﬁb%%?%m

i sopr opanol ;maaganeseQzina; chbak,; antbmingtlrest thgteoft Mbrese dharetib! et her; di et'hyl

ther: di-i | - formal dehyde: di met hyl bonate; di et hyl
tet one: mce T Breal S 2asaTaiEn S ExchrIOPRRADF coEbERatESCamaUnds
are net hanolsimdém@tﬁwnir@éshlﬂfate,Oéluﬁm,iﬁébriésghél{eeaﬁ&‘QﬁiSQEan{lgi@gpﬁﬁ%é}gagaOf maki ng

the preferred olefin product in this invention can 1nc i tional
step of makiMQIEEHIEE siayerfarpesiterns. f Members\of ¢ ORRS AhdRASIr PYRSF4raNeAs 15

Vet hode Dor REHERgMad Iy dzet Non Si72029 06 Phralnd harain Diretedones hode.

i ncl ude ferneits ahtipgtyt o al cohol or ether) making synthesis gas, then
converting the al)(/Tnt hesis gas to al cohol or ether. Synthesis gas can 5 be
produced by knowd h& Betal sestainion Al Qs bane reethoeerdingensionaltrhieraporonsf or ni ng

and parti al iy Qi I i t _dilyent e present in the
foedorock L TaRERA SPGe bl BRUD., AT0; it PtilebaRatralinfer T6REe based
on the tot alasruabefachiredstresturés avhichemtdindemplaie pHoLRBAGRARTGN) €d to the
reacti O{]§ 10 zo eecl%lor cat al ést . As defined herein, diluents are

conposi t¥ on§2 Pieeeryed Dy tgraprigalFhemisakbeqroposiiom s an mphednouar si eve
catal yst, apgspfigarily function to make the oxygenates in the feedstock

| ess concentrated. Typical diluents include, but are not necessarily
limted to helium argon, nitrogemR:qMB{R,)P®N0OXi de, carbon di oxi de, water,
essentially non-reactive,15 araLsfSiﬂs especi al |y the al kanes such as

met hane, et hane, ) &dﬁ@ eseplsanepsl Pe Amaniciamplaing peentenes,

essent i al |y preseritda e HraRHAERIHNG pERIBAUBHS mARSralatiAg ridel Pl The

preferred diluents are water and nitrogen. e rTnjected n either
liquid < vappwetteemnmaek @ WehbBnO.cnd kdsa vakie ofdtard edram pal theof t he

wih e 7 eliiBeRT el arbf SraaerBmb G sl Eelo B b efberens ot 1o
anot her chethe tdmplating gRRRNENYIGS agaIRiAS VBRI WItMeB7kISE BbA siitemercat al yst .

These hydrocarbons can include ol efins, reactive parﬁﬁpl ns,” reactive
al kyl ar omat th& PagtichiarinetahalyminppRosphate invelves, txiehdpand ' etpresedt 25

hydr ocar bon - i W& utyl ene entyl ene,, CA+

hydr ocar bont%ﬁoﬁ?g@?{l@ﬁﬁﬁg rﬁé%?b@nqﬁexrgﬁpég?'u%&%ﬁ BsZPR&Wor . More
pref err2fd asobalt) ebdsinaneaad Phosplystus crsspestively pressnt &Y {efrahBardrost
preferred bei Y%% CA+ hydrocarbon m xtures which are obtained from separation

and recycl e Sxygenat e conversion product. 30 The nethod of the present

Teactor appar af ae TEpCoRARAG LR GEBR ShitBumeS (RTRAELH P,y
‘reacti on zoBAeraity as MeAPOul Alsbdm thoseecasesWhéra/the Mretal MIFY iWBag/ 07998 16
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



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
appar at usWiO2{§A25dh t he oxygenate feedstock is contacted wikdr/usm/iocmsal yst
at conditions effective to convert the oxygenate portion of the feedstock 5
into a product conprising prine ol efinsllTand which conprises an inlet zone.
An "inlet zone" is the portion or portions of the reaction zone into which

f K.is._i i fi '
contact wi ﬁ@%@%ﬁ%{é Sasghs &3&35%%@4%5%%@&&%&?? on'wi th
the recircul absighed@ngumBber H5P R laégﬁﬁéh, f&rhéxérﬁbl@ 20 Zé{lﬁ(gléoﬁ\%l?b%ﬁ{;nzone

refers to the portion or portions a reactor’ appar t he
reaction zon@%?é?-@%%ﬂ%ﬁ?i@rth.s found, typically conprising a di sengagi ng

d | St ribut | _ " di i " is th
B ando oottt L The SRl Mbb SRS silSar ST en i Bvihbezsd it e ¢ he
cat al yst @ndhypdnptiesteidl iceysablliss|dro ofHeye %é;feerag&)e/gﬁdés\% g?(ﬂqgen%ﬁigggf Ztﬂ?n The

reaction product and an¥, unr eact ed oxyge
di sengagi ng 2¥#HEPIfaY-BePiah Nosii4i440 87 1ing 881 748; 6,096,684;2dr/d 590edH0H, i but i on

. The "c. i Lbut i " ti f th i [ ati
Zone i e cRiemEitodk ihaig of it Bre il hufteboiated Berain PracETOR & ane o
anot her, oneApaattiof mtumisrféﬁhé@ib?ﬁn&i?’@ﬂob@%lﬁi?%@@tfvel Gficdr® aﬁﬁgﬁ%{ her item
or exanple, a'€

of equi pnment o tBi de the reactor apparatus,
regener at or 889 #BSEPEEE aeEIRANENthtaleneWith, at desstionet tefrpdatet I@enrigraily cul ation

zone or 4o J : rat.us ,m e directed to an inlet -

zone. Désqrarfé;ﬁ] S{tﬂ% l%%%g[e%ﬁdgé%%%ﬁzpb%gq %ﬁ'@‘gerb%{t%%rﬂp%pﬁ%ﬁ!é&e,zone and

a di sengagi np a temapeRfiurerofat ledt d@oe | H}éié@%g, \t?ﬁﬁl. ﬁf&%@%‘%rﬁiﬁt he present
ou

invention, the reaction zone may have vari ree dirnmension geonetries,
i ncludi ng, feys@lineppredushbisdomneduFarmation ahtne aystatinegredactdpt 2RE

pol yhedral d i t hs, Those, ducts have varying cross
sectional shapes éﬁa f}éd';}'égg&iqé‘g EORSEAITY i %Nberg%ei'?‘ SPBWeaseSFur t her ,
those react i gtirizg e s36dimgovith BBtaNnORIatemR Wil ?édil}fa%[’tﬁﬁ’foﬁﬁé"ﬁcﬁ‘i 5@ W thin
them au |5I i ar%gel enents, including, for exanple, other pipes or ducts
carryi ng head™@HShsfer fluid. In other enbodi ments, the reaction zone may
be conpri sed WOr(i4é |||J§f()' re than one portion of

t he reactor appar a%sag'iz’%eg?%tﬁére %gggg"g%ﬁﬁ[ Rgﬁor 'ﬁ‘cﬁ‘ﬁ‘i‘[tﬂfﬁollt t he

reactor appatait be recoveredh by istandayd mdand, seds aey centiiftigaeNeed and where an
oxygenat e cofqver.si OE. reacéicgn t akes place at various conditions. For

exanpl e, t hel&atgy HBe preqdyudcanalse beyashed, rcaveeedsby tha stma raeans,wi t h a

| ar ge cross &etdtiegmal area and vol une, and other portions with smaller
cross sectional areas and volunes. This nmay be the case when using
oxygenat® feedst otk adesulhef thef erygtadiiziation pracesseths rgovesensgsys ed cat al yst

wer'e (o be 1ol Tansaukty S Bre A bRsy & BRI e femplas 1408 temetngt cool er

as may be sehe imtiahregxton Mikbrd. NEheAPRLREe 3 585! ol low 1In a
typi cal reactor apparatus of the present inv{e}ﬂgﬁgﬁ%gﬁ}%&t@gg% t he :

reci rcul at i GHOYBH&SIgMPIate. @ne! thettemplatanust becrenedvedodariet trey cl one

separators, |42l oL catal yst fromthe cycl opne separators,
15 conduits rt]gl%acﬁl(?vff%% %‘%ﬁl |]§'? gbwlcc%@véﬁcé%qb.ﬁ?%ﬁr‘?gteﬁ ri ppers,

cat al ys@5cooberyednthehegbtatinelengsire thanferhAAS Bia8 Whdt i tphidely SRq

t hensel ves, co.n&iw ts t]ﬁ%eaw prent ot her than the reactor "apparatus (e.g.,

cat al yst red@hBHacHsa ORLPHSIOMN. devi ces within those conduits (e.g.,

slide valves), anpRiganPtiss ML t LLled in the art. In
each of these types 2(}pof eﬁs’gﬁglﬁbg#ﬁ:&n anﬁ@gi%gﬁrleea%bﬁﬂ?%qo‘jyﬁ catal yst is
"at subopt i mdpreemdheitemplate sy be tom large s beidilted fidne tﬁ@ﬁ*ﬁr‘aic%télﬁﬁ@-
Certain ele have characteristics of both a disengagi'ng zone and a
catal yst di @?%%MSF%’FI ﬁbﬁ‘écﬁj ?Sﬁsﬁx@ﬁﬁﬁ@ﬁﬂe(?@ﬁchﬁ remeved Wa%e@m"runi cati on
wi th th8or earsatment prscessation axhf b pj,cal ly, conduits
comng froma re engr ator to the edgtﬁ%?élgg%g?g%ge Caaﬁn%é{' %gener at or

itsel f, whi @Fseately eorobustedsin theaqresercede arbexyjer-yortarminggas, Aygani ¢
content re i fl t hroygh. exposure to a regeneration nedi um at

hi gh tenpe pgpﬁ?aecg{ngrrl‘ﬁgﬁ%’b/@%‘%’tco?gqqmﬂ@eﬁﬁ)lewee'nétaﬁﬁ%iﬁrtQ? hHtheonugent eedst ock,
are not considered a part of the 30 recircul ation zone, and the catal yst
contained therein is not used in the calculation of the nmasses of catal yst
in the zones of the reactor apparatus. (As discussed bel ow, a conduit
coming froma regenerator may have



WO 02/ 0925t1 PCTI US02/ 07998 18 introduced to it oxygenate feedstock as a
lift gas, under which circunstances such conduit is then a portion of the
reacti on WONI2S¥ypically, all products generated in the rREAEUR/0ZgIPar at us,
whet her oxygenate conversion products fromthe reaction zone or catalyst
decay 5 products fromthe recircul ati opozone, are conbined within the
reactor apparatus and exit the reactor apparatus as a mxture. In sone
enbodi ments,  products nmay be captured separately from various el ements of

t he appar at ysntaifing @aeandENedtiiry ABLRIJcAEIr&LHSMB RPN Gibegl gFENt such as
the catal yst stripper may be captured apart fromother 10 elenents such as
t he cycl oneSa@geares: 8 raayibeaidestakle todeat i &h eneinonpeatikaving subsequent

| ing. d d 1l el f th
Peactor anngRugdt BhRcetldh, s S haes, honiiRE e toailvll vakaly Boi < those
total mater halreaNdeWe of FRERMpIAt At afsn%@irwﬁ'\[p%h%ﬁv?éﬁleima?{‘@gp?e“ by the
I he present i nventi on,

met hod of this invention. 15 In the method of t he
t enper atr ecombaistior REacasse s pe of pracesotan be useddor partiabore and t he

i | ati : i d
above. about CITEE BuBmeARg PRTRRARRRRT I il e bin Sislorm BT Pact i on
of regener abgbreaisabwith ishallef Rniplieds, cBimlplath Wr PartidlPem@hl fithahkon of the

reactor apparatus 20 and the el enents co_npri:qsil ng the reactor apparatus, and
t he desiredSEvesErhin astamplishashhi sonvaniionstiesasplien pranesses ssh asd
proportions rd i i.rabl e byproducts. Lower tenperatures
generally rgrg%leplélér;aalﬂﬂhg%‘bga%#g%%iﬁegs of the oxygenate conversion

reactiof) and th&hboesaetioromixtateecar comgirdenéd bemhde itémprited.i n products in
the reacti og zone 25 beconmes nmarkedly sl ower. Additionally, below about 250
C the rate GPMPIRAtES AL SHEEUYe SiesiiRg Ohaffeaingagariacandibypidaly cgatainat i on of
cat al yst de 0 0, f r mbodi nent - of the
present i nv@ﬁétbig%rﬁ],’ Sh ﬁéeﬁ?@ﬁn%’er t eﬁe"?'ﬁ%& hﬁg@?tghorbr{eé g%'ﬁﬁﬁaiﬁﬂng%%rﬁogf t he

reaction zoapdaad dlsecoetin etlasi ome alkyboi aryhyrdupaatithabaus caisdps | n 30 -
vari ous ot hﬁr. enbodi nent Eéra@g'? tergger ature in at |east one point in each of
the reacti oRCYGHICSAT P | PEANASTWHP- Midures oftwpidnorgdemplatesc, or at
| east at®ut c3RProdie pasiestdtUiferdAPS i :

051 0920y pety Brad 07998 16 Howeeveﬁ?gae'y e S‘Erét@?p"e‘?ﬂﬁﬁﬁﬁéﬁ%%ewg?f??ess ey
not for m anco@templateimmere stropglydirecsting timarpanadthet.s, and the rate at which

b depps; : irabl.e byproducts, ticularly Iight
saturates. for m BrPRETSENA BRI ARR RebHB tAeth iR Bioniit salba vt decay
may becone @u@péﬁwmﬁihé,eém_iﬁﬁrﬁéthyl é&cﬁﬁ?ﬁé)@ﬁ%?ﬁid&‘iﬂtne?ftriéthﬁiaﬁﬁﬁéem

invention, the tenperature in at [edst one point In each of the reaction
zone and t heY§leexyaming, direffun Bydexysthylarine; manaholixisy diprapgiemine ot her

enbodi ts i ] i in.each of the reaction
zone a?t hseDl?'ggiF; C%,?%éﬁrggwgmﬁe %ﬁ%@é@[“'@?‘%&heﬁﬁ&?’%@&éﬁ or no
greater thateraplates 4@ tfisHlaminenoygokratygamin pigdidiie, @8dinedr no greater

t han about 550C. In alt?rnat've enbodi nents of the present invention, the
t enper at ur e'SPRIORYI2ONG, IRfFREthK) afpMaRiwg saltsfdiprapylaraipei aRd MiNaresd t he

rect 1 oul al| girdaneryEtet b nti FAS 1nAlagRirinl NimayRigges contai ned

in this paragraph, for exa etween at Teas d no greater
than about BBYOXidES(TIEAQHY teraetwbadinmeritmaihdsplate, ¢steaéthiynvent i on, the

t t al.l ints i f th t] dth
Fecr rodih | Bmaim et sl omaghen Brmises 1 RPlar rRmBisGi rrent s,
the tenper aghbAde! tetiabttl afifionibnfasitafd Mb?efr@&&%tré?éihﬁgegﬁmt%ﬂ he

recircul ation zone is at” | east about 300C, or at feast C, or |east
about 400C, S@ts afe lerasthyd ssunoniom hgdroxiderandietraethyhammeabiodi ment of t he
“present inv§|%%t the tenperature in at |east one point in each of the
reaction zohe &nd the recircul ation zone is no greater than about 750C. In

still other enboThetSARO rhbRcuRNBRAR stfikt@e ctr b@@ﬁa&twél)ﬂcsﬁ?aléﬁ t he
reacti gﬁezone and the recirculation zone is no greater than about 700C, or
r

no gre ygng [cambiBatirnssbiemRirteso Fr example.liam parbouladgPefeoedno gr eat er

t han about i Y Lve. Eent f. resent

i nventi on, iéﬁ@@? gtrg%tr‘ g’ﬁeurgglpg? nﬁ'%&%gﬁé# \slgi'sﬁggﬁg%wetsdhlgs"})iggﬂ%g‘f?st?one and
t he recir cutembinativored TEAObkanhdiptopylamineg €Thie icofibingtiort RBURY I anges
contained in this paragraph, for exanple, between of |east about 350C



30 and no greater than about 650C. Prine olefins will form although not
necessarily in opti mum anounts, at a w de range of pressures including, but
not |im tW® RH9I2541 WO 02/ 0925: 41 PCT/ US02/ 07998 20 aut ogeneiBUSRAIWEr es and
pressures fromabout 0.1 kPa to about 5 MPa. A desired pressure is from
about 5 kPa to about 1 MPa and nost desi®ably from about 20 kPa to about
500 kPa. The foregoing pressures do not include that of a diluent, if any,

and refer to rtjal e re of 5 the feed as it relates to oxygenate
f eedst ock an%%@?u%mtdﬂsgégknéagg ?tr‘#ﬁ:té&{;?‘ége SADYPIGIONHPT Xygepatased ranges
may be used gadicalflyHbthare| 468 Aichs® %ﬂiﬁ%r fﬁgesdcﬁ;’%nétbglgvgl‘omr and

upper extrenes of pressure nmay adversSely dfs@g@?‘tg!ﬁ ecti1v rsion,
coki ng rat e, aRgharanyleracti on rate; however, prine olefins will still form
and, for that reagon,.these .10 extrenes qof pressure wthin a reactor
apparatus are coﬁgﬁ%&"gagﬁ‘ﬁ?'POB'fWR#@r{%F@@ﬁ@af RIG¥R1S bipically\admixednge of

wei ght  ha&ur | (. espsaerde® with bhdr WEXalsonnhi c%‘q' sion reaction
wi thin the ree(acti on z(?ne, _defined als vae\{\@hts bg%r){to '%g(r)é%l@te feedstock to
the reacti oncoBpesien intypicallyrefasiaghto ax a BARD|catalyst; withewe cafalydte cat al yst

in the react|] rone,., | ion wWwith the present invention. The total
oxygenat e fe%%@?@%?stt%emﬁ(:)éﬂglﬁ%lﬁrfﬁ’{g- i ncl udes all oxygenate and any
hydr ocar bon co-fem@tériw@gmibﬁb@:{,Eg%@éwﬁlthqh@g%&tgﬂggzsigé%%gﬁtb% are not

included in a determ nation of _ \'t hou a may contain
ot her mat er i WOURHNEH of catalwticalyractive roaterialse psvarious biddesmatdrizls\HSV i s

cal cul at i ; i lar _sieve in the catalyst in the
reacti oH%’Soﬁ?%@%{‘)@(@ﬁﬁ%@?@@ﬁ?%l‘%%@ﬁ@&}?% %%Bﬁf Hay$e cat al yst
n afluf di aeiouisdfoems nifeare! duritt wiadls OMoeNeslidesoBieR Horitidditd chlafyst cact or
configuration and design. GCenerally, the WHSV is from about 1 hr™ to about

5000 hr'', dEETPARRRES ZRglite gatalRicOmpanents alwvina Goaloming solntitamialesi r abl y

from about 5ifsni : hy n s desirably from gbout 10
hr' to abouiSZ I%Sbé'ﬁ?gé. ihae']@%@ﬁ I(5:%1 {I% ﬁg%ég&li@%@@l&a P‘hﬁlw%ﬁglr épaon of the
oxygenat e t anttereisithersnieThiese cormirents ate AsWERYcaVE R RIdUEHANiAEr hr' '
reducesﬂtsherélet hane IIceféo)egtent in the product slate of the conveérsion

- T

reactio &, oypraligRtalyst el arlinaas itbermal sirlsta assist iofheett ed at a WHSV
of at |east sHdinghe¥atalyE0turth RRI B |aRLhyl ether,
or m xtures ther e_c?fz, V\%yOZ/%QZ%@P%n% Jsg’?%?@@é@?g‘ﬁ@aﬁév i's ,
desi rabl y atineregstingagaiatysk stramgthadtisrpartculady debirgblé tiean tbdngrt 20 hr ~ to
about 300 hr,.= ' jcular referred that the reaction conditions
for maki ng orl‘éﬁrf?%é M%F% S%Q%Lﬁ/?a{? a;Vé{eﬁ%%aé 2 thermal sikavera beat
conprise a capacity of from about 0.05 to about 1 cal/g-°C, more preferably from

20  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 included as a part of
the SAPO catalyst composition or they can be used as separate molecular
sieve catalysts in admixture with the SAPO catalyst if desired. Structural

25 types of small pore molecular sieves that are suitable for use in this
invention include AEl, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,
CHI, DAC, DDR, EDI, 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

30 include MFI, MEL,-MTW, EUO, MTT, HEU, FER, AFO, AEL, TON, and
substituted forms thereof. These small and medium pore molecular sieves

are described in greater deﬁail in the Atlas of Zeolite Structural Types,



5 WHSV of at |east about 20 hr ~ and a Tenperature Corrected Normalized
Met hane Sel ectivity (TCNVS) of |ess than about 0.016. As used herein, r
TCNVS i s Wéx02(08264hs t he Nornal i zed Met hane Sel ectivity { NNEJT/UsRH7998e
tenperature is |l ess than 400C. The NM5S is defined as the nethane ' product
yield divided by the ethylene product yil4ld wherein each yield is 10
nmeasured on or is converted to a weight %basis. Wen the tenperature is
400 C or.gr Y\L the TCNMS is defined by the followi ng equation, in which
T is the aveV'a¥e MeinpandiiHe QlsemiButtanyortbddeioemian, Brd SCNVBOZ 5 15 . 1

T 2000, 80 s o B BREBE SRBRY B EPBe BEEATR are oo bor

co-f eed, shoBfeierbedmﬁmlebaIEhetéverWm@h eah e durabinkq vayead the need for

comercially . ceptable | evel s of ox genate f eedstock recycling. Wile
100% 20 oxyg%' é 'M?ngrosﬁpbﬁtq catglyst | debZSché £5MA eerisinitepardt i al | y

conpl et elsy amoiliiig oxygenate feedstock recycle, a reduction in undesirable
byproducts is o served frequently when the conversion is about 99% or | ess,

and increnental eTheaatalystrqonopeitor rdf@r)abﬁcﬁérhpﬁé‘@é‘aﬁélﬂ 10’)@'?8% oLpn 1s
about 98% or9¢jsmofurthe o0 about 96% or less, and still 25 further to
)

about 94% or K Rraienabiy abpouip pta ebaig 9A.%h and r&@simremablpf the feed
can be_commegsyalf0u.35cepl ebbe, LSAMMEHELARIALER S AT FRCHka SO 2000

98% are desire nat e conve SI o rates
of about SO%thmmI}&Q%mmmgloa hampanfcle@tb(wlﬁroﬁﬂabéuﬁ!odfb persons of

or di nar Ki n the art | es_include, 30 but are not necessaril
li i tedytots) %szb‘s't FW(jeGﬁ%feEﬁ%ingBQ“'tﬁo e 300 W.onPRgprefasably awut SRper at u?/e

pressure; fltqug@pe (wei ght hourly space velocity and/or gas superticial
vel ocity); catalyst recirculation rate; reactor apparatus configuration;
reactor configur aTh@@at&ﬂwd:a@dvms'sbjecm toavarety of mmmgwa&meve

PCT/ US02/ 07 rel t| ve to.vapor_t amount of
recircul at ea%g cgegﬁlr)egtphygéc&ﬁlgggﬁeg}j{? |Gperacterst %htr CEMENSS her
paranet er s whtkideablieaite ﬁél&wé‘d@%!ﬁf‘l?'lﬁﬂted:@r gid? n%f the present
i nvention, oxygenate conversion ure ase on t'he t ot al

measur ed Sof %lgg@h@meam@ér@@tm@m tb@sarnrceatmeat neiflinguleall mifingrdriredireg,ef i ns,
undesi rabl e stock fromthe reactor apparatus,
regardl ess O#Bf?g%\%‘ﬁéh '@‘5; ?W@W‘fgﬂ%ﬁ ? zones such oxygenate feedstock
may be introducedTle okygematbifebdsiock obfHis RBhtioRXoRISRBAS 8t IeasPohd t he
present invention, undesirable byproducts conprise anything that is not

prime ol ef i Y938 EOBPBHAWEIED eprataing al leard eaieranygentatom, sucieas ar e. _
Exanpl es of 51 hta'tlﬁ‘glé’éd] LERHSI% 'bf‘g‘lar%c}ﬂ%%cﬂﬂ%%@q%%egﬂ%g %tﬁgen and |1 ght

sat ur at es, as net et han pane; Psobut ane,
and car 86n mmbmyltc agids cmrbormatéspastdfs arfdhereeliked. Welhén tHe exygenatsipsi rabl e
me ol efin and other olefin products

b duct t, b d f

u}slﬂlg gipéngﬁ@'c‘a’ﬁfifzﬁ ?ﬁoh?éﬁg%%q 8 RHPlalsMeifty, having frasy dritpcl 0
fractionati agarBonRES | préfg h ei
concentration lPt h'e norlrﬁga@gg? Féﬁhﬁ§°gfgg?ﬁt%{é§%&*o?%g‘e§sl BSE e%légﬁt{)ﬁg ol efin
and ot her ol d€phplprineude Hut armnnmemsarllguinatdq/twuwesstrasgheaﬂ@ byproduct is

coke, whi ch ed fromthe catalyst in a catalyst
regenera!tor gg%r‘?ﬁbé"ﬁ%ﬁg\ﬁ C&' @Eg e atyRted %95'?%6‘@!1% i ncl>lude c4
and hi gear cafa\mple@wﬂwmaleecﬁxy%newcmbaaﬁwﬁwctuUée%% Qbéoﬁ@tqmi

undesi rabl e because t hey gener y have a substanti al | ower e211ue in. the
mar ket pl ace MRKIENGY; sthadeleniprepanphisepropare!; t@seyCmraécom:ﬂs meitwbethgbl e t han

those mater e, Ams Tl el HihRARHRE: LROpRYS 8RRF GrriceBiudence Trom t e
‘prime ol ef rdnmeuuwcnasboﬁate dintethyisietores; aceit @@t Emdwhixtlres fiserBbes ent
I nvention sel§re?erred 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



suppress are conprised of a higher content of undesirable byproducts 30
than the oxygenate conversion products emanating fromthe reaction zone. In
one aspecwoOdR/0ptse1 present invention, the concentration of rEITyUsm@7998r all,
of the undesirable byproducts in the catal yst decay products W O

02/ 092541 23 PCT/ US02/ 07998 may be abou§51.1 to as nmuch as about 10 tines
that found in the products fromthe reaction zone. One inportant process
condition of the nmethod of the present invention is the gas superficial

vel ocity in Bxdroeaduarnisosuchaaseoil, Awalidedsand)sheie) biordass ahti eiatlral gas. t he
term "gas s defined as the conbi ned

vol umetric fM% dasfté’?éfﬂa’t}%%m g@ap 58@?8@(&”?‘9{6”” §@tdilihesat V\/m ch can be

present in thetheRIBcRRIS feANENEHBHES

cross-sectional area of tﬁe rgactﬁon%l%@wbgﬁgﬁg@aghét%% é%%rted to a
_product i ncl i@npnyertinghthecsysthesisvgas ¢o tlashiohgr abet. h&gntiiesishgag eact i on
zone, and:-th different | ocations th| n the reaction zone
dependi ng-J ons? ﬁé@% Hﬁﬁﬁ%‘@ﬁ pach%pgssug% a&age%me@ ming Auteterpak s
sectional aredormiingricaparigl oxdiepsey.e and other rel evant reaction

paranmeters at a particular |location in the reaction zone. In the nethod of
the present invenPNEr Meke ipag cthylgétamaydne mresent ingthe feddstodie foreact i on zone

houl d b t and de flow of at |east
2 oorti on ¢ nexatrin o gl of fobll 6 8ok pRferbSasstion thedefn " zone.
Typical Iy, thempesobmpigs ofcilpleededreCdilverttomipohatifeans ttﬁ’é"ré'%crti;pﬂ the

reacti OEISéone sh uI d be at |east about 0.1 neter per second 20 In
the net oFONG@Or sakalksl). Assiinedhereine ditsintaeye b@mlpnsrtleasammbetsa about
0.1 neter peg C [,0d ch wreglrreln
the reaction %s?ﬁtgﬂl?ﬂnhﬂ%@?&etﬁ/c écfg’é %’éa@%&g%ﬁg e@? %ﬁqﬁlésg Prigaan Yle SV -

i ncreases abformetl@mtmmakelihmygelpatesmmfbed@tddkddﬁ tofcdritraAgd al  di ffusion,
or backm'X| &{Q’ ?Sag rovvln 25 through the reactor results from a-
reduction in YFH'P en g But %rﬁ it Wﬁﬁ%r”ymlféﬁ tedeliymgasgan,t h t hem
(Ideal plug filrBgehebabbaYH s eneoys 1 ui d
reactant and prgéuct nove ?rﬁ?g%%ﬁca reg?ixaﬁtgazﬁagfuségm@&@&bﬁaﬁ to the
react or 18xi sgaratﬂnsl (espeeoiglly the dlhekes such ag m)éthtahe §gthams, amd plpahed ct or

i ncreases t gs ht olefins in the oxygenate

S%?‘ %ﬁ,&;hw tré t.0 t 30 deswe 8

conversi on reac P ﬂ‘gt"ﬁ" ﬁﬂ%ﬂl‘?ﬁ?ﬁf‘ Y beRrreRctyemromadient i on, t he
gas superti ccarhpo@hdys; idnd mktabs tBasbs.a | e IOOi nt in
the reaction zo’?te WO 02/ 092§a1 PCT/ E@g?}%$§8gioglzege5|rrea\§%% aﬁﬁe gas
superti ci al WEP%“thrﬂ@rﬁan beagjectasbinteitheo liquid artvapor farast one point in the

reacti on zone. r i the s supe city is at |east
about 2.0 nis at cﬁ’ﬁe)ggrt&%% (irea%b%pigﬂtbe IHC F{chtlh?(fﬁ@gs@?'éri §ofe

desi r abRg, tdfcefe@ais Astueﬁrhe@hetewatmo@a/rbbﬁsmclu@eiftwtﬁ'a%tee?ds?oéﬂ g° at at

| east one pqrycé?l n the reaction zone. Myst desirably, the GSV is at | east

about 4.0 cafponcaBIPgsitionsovhichiare craverted ta alnotbenehennmadmot her
enbodi nent SEhe ocity in the
reaction zo%r%@g?éﬁeastnbeqt%%ésoo\gphwe%g?rn "éesr?falaﬁ)éq e'%&ﬁpon zone.

Pref erabl y, hysogribossgenfindudé olefinscidactive parafiiheashcaput 0.5 ni's at al |
points 10 in ctlon %one Mor.e preferabl t he superfici al
¢ t“@r t @fert@cg

vel ocity is 3 "fﬁ%@a’% FUCHH [RACY e ArpMatigs of Mixtypasthereof. tion zone. Yet
nore preber dyldrecdrben tasresdp [ eut 2.0 ms at
all points ?‘tr? t?tce lfr egctl on zgﬁldcelwg:ésJ ﬁﬁ%ﬁg %%gﬁr ak?b&@é(ééas superfici al
velocity is haar m@ﬂb@nmtwes. Gs hysiracarbbh npiriunes, amdl mbeuresahefcf zone. Most

referably, ast ab all points in the
Peacti on )z/orm&%l é%{% ({9855Fﬁ%aéfﬁgyﬁw‘ﬁ%@ﬂm&wm% hath tegeest ure and
‘pressure wi tmefmrrtdaﬂoénﬁg@d MydEEFhon RfXTUAS WAhAeUbI&ABE fRjRd the various

el ements of each may differ substantially. In one aspect, the | owest
t enper at ur e SFHPEMHA FP"t‘H’éd FRYYElDeT exygenataiconnersion prbdhdtn about 300C, in 20

anot her agspect ot her aspect within
about 1880 of the ft g@‘%&]?gnp%%ﬁﬁtgglgﬁn@%'s C@’é’%‘ﬁ d;Bp%eft I n anot her
enbodi ment m‘pptatmtupr eﬂsalnst;ed hefmittIthe,terfrﬂﬂereb@m%fppafétﬁgltre?er\ytb@n“ the reactor
appar atus nma RI n_a kPa, and in anot her enbodi nent within
about 500 k p&rattiﬁé &5 'gh g%ﬁﬁﬁereﬁptwnommnga resieulationgpneat us. |
Typically, the pressures of cat al yst and products usually vary only by
about the static head required to cause each to flowto the the desired

pl aces within and out of the reactor apparatus. The tenperatures usually
only vary as a result of the exotherm c heat of the oxygenate conversion
reaction and the inpact of the heat capacity of the 30 catalyst within and
returned fromoutside the reactor apparatus, for



exanple, fromthe regenerator. Also within the scope of the present

i nvention, enbodi nents may i nclude neans or configurations to change WO
02/ 0925d1WPQOR/0EB3R/ 07998 25 the conditions within the rea®@rusppayst us
substantially. This may include use of a catal yst cooler, or providing for
return of very hot catalyst froma catalgst regenerator to a part of the
reactor apparatus containing only a small anount of catalyst, or use of a
j et eductor designed to substantially 5 increase the pressure of a catal yst
stream or ot%hﬂ%@[@ﬁedlf‘@r@ei the teowd deaotionnzbrie is hsed epsdnypbHNe Of

recircul ati . I n_anot her enbodi t of the present inventlion, the GSV
is greater Sﬂgﬁ%gﬁgﬂp 59.@? ,Sagfr%{grq £ RORHoper EPfthﬂstQ’ﬁ@ resgieri on zone,

| t ti ; i : | t ti
or alterna lap@JIaVatGéQ@Mgﬂ%H %@oﬁ@éﬁbtéf&d&é‘ck ﬁé‘?*‘%@%@%‘ {togcafaggsf} lve

greater 10 than about 2.0 ml's, "or in yet anot er than
‘about 2.5 . ahcandigiensefiestiveineenwdrt thenatyigematy pattion df ilae fedeticid. 0 N s,

d is recirculated. t trol the t at
Gt 1 or o an e pRIES chprERY g i, ahgartidbromprises andaet goner at ed by
the conver Siz@her@aﬂ'ihl@lﬂzoﬁé‘eisttﬁgﬁféh%dl%le?&@ti%@%?mé %ag%iéa%}%i%l ed by

controlling the rate at which 15 catalyst is recirc er s
"reci r cul at Witch Rsyeenateyeedstankiis' introduged ta thei reaotian zome fo fisedoina t he

cont ext of L.shi ntrolling. a tenperature differential, both
mean t hat aﬁﬁbg@@&é{} \@g}%tgﬁ}%& &Bﬁée%&%%q@mﬁyt%”rm%t or is entrained
with the gasoguhmgictifon fharblrtirqiatdiPzéRacAS LsedFRAGIAL Bb FA™ the from

t he gasggnd routed within the recirculation zone 20 back to e inlet zone.

For t hi &Y enbGHTRERIOBIZONRE refeEStortheinprtien poportionsof erreacice appafatuenti al ' i s

defined as ' fromthe [nlet zone to the
out] ot of o aneh e el R bERS A8 UG P RehechianfEse & wni ch
the react antisengegihg zeneabydta caidlyst disttibutibnpans. qWe ‘Hsdnd@gitly r eaction
zone into the fjr el epent of the disengagi ng zone that éevéntually |eads
to pr oductsZPB%vFﬁbetﬂ%{'TgféSEPBFwaﬁ&&m L@Ir@ut&%gatme.wmgzbiseme ¥, that first
el ement of &BBaris PAYRHIAN ZPRG FaREN WAL ol PRl BeRLRICt S | eaving

the reactor apparatus altogether “is a termna a cycl one

separatt®. COhversidr tedstion produtt andaryansaciercsgaenafRPReAERckignd here 30
are at |eas .lt\/\q clycl gnes in series, ort') one of the primary cyclones if
there are patafTiel FI&HiISeppaging 29nedNay, bedn flid commeinicatioaritiae of t he

inlet zone catahaheidtabatbrPYoha! FAEH a%g?%%%ﬁﬁg\go%@’ ifé pbﬂ%j&*a'

catal yst plus non WO 02/ 092541 PCT/ U reactrve soltds and the
total " vapor tfeteairsutation;zanetinxdtieh catalyst émabsmortesfromfdrecpart of at he |i qui d

feed itself are | ' | ion of the t t f the inlet
vone or of Sy ehiAes afbihat of® i 6t PEuiRinadi soPRdorathess Sutor i zat i on

i s cons2@er edothee éteht ofad@ipmdnt Suisids iHY reatcfbrafiabat0s nsi bl e
heat inpacts fromthe vapors produced fromthe iquid 1?ggg“?"tnw:eé%'a‘issurrpti on

i s made t haPa@IsbEeoearator asrdascsiped befowxyQptienallypcataiyst from theence,

negligi bl e heatcufti j | eis ner at ed, .an onver si on
and heat of re_agﬁng[rl] on| y%é@hrél{ﬂgdggbg&%ﬁ%ﬁ‘?%%ﬁ{gte%ﬁ@)@ei directRe i act or
when the oxgppemiat zohas Desirably, thev@petion 6nd epbsiiBesdbefviedh & prent i al

est abl i shed_ma in a wde range of tenperatures by controlling the

be wi,th

rate of cat&aPy Fnﬁéc?'FEUQ%Q'PSrEO”Fn one aspect, the tenperature differenti al
i s desizmbly no @ gaysie i78 a&iﬁ oot t enperature
differential is no g*@a?mm?lﬁaﬁgéégo t %tblgbfm@%%egﬁgﬂ%@boréstﬂgct, t he

t enper at ur e'RAGIPBIZONE MRY havavatibug threeatimenaionabgesmefigs, metlidimg sti | |

anot her aspgct enperature di.fferential is no greater than about 20C
It is desira !eé(taﬂﬁjl%’_aﬁ?%f“ﬁmﬁaﬁ"&ﬁ@%eﬁgi‘ﬁrreea Pﬂ'@l‘”@ﬁbﬁ"@ﬁrﬁwl@ﬁ@ﬂ to
‘create condiaricusiengti) TheseuGMEy havé FaNA ﬁ%‘ss%cﬁ%ﬁéﬁtsh%ggs'o the .

ely ete

reaction zone, and thus be able to nobre preci set erature at
whi ch the oRRFsSrRitv@riossRiacesoalongdlaeir amgho Festher thasedresictidn zbnean opt i onal

‘aspect, t r i ial i i nt ai ned estahlishing the rate
of cat a?fo;}‘stag@grﬁ%ﬂpgtﬁ%@ﬁ@grogg& g?ﬁ&%m }Q’E}E@ ‘?1%51 aitdYdes a catal yst
cool er and elehesntsniticiuelirig, feabxamples biter PiEsCaSIRs %Brr?in@"lﬁ%t of the
react or app&r at us gﬂelﬁr ate of catal yst, conprising nofeCular sieve and any
1 C

other 25 rmtapsfarfu ofgenemedinents, therrepciiarczone meyrbaitempdsed
recontact the feed .



may vary over a wide range in the nethod of the present invention.
Desirably, this rate of recirculation is fromabout 1 to about 100 tines,
nore desi W&A2PI2¥dm about 10 to about 80 tines, and nost deGT/URI07I%r om
about 10 to about 50 tines the total feed rate of oxygenates to the
reactor. 30 Desirably, the catalyst, coitfrising nol ecul ar sieve and any
other materials such as binders, fillers, etc. should have a heat capacity
of from V\Dp 0??9&%41 PCT/ USOZf[ 7998 27 about 0.1 to about 1 cal/g-C
more preferably BB POHID fithgssacton apparatys g.-ec, therel maysbe prazéer abl y
from about Oth&nt®haé 7 el nmet hods for .control ling
t he heat generated E?@@%Qﬁ?ﬁég‘?g%%@}é@?ﬁ@%ﬁ&{g{g\&e %Fﬁe?‘{ﬁ,to‘ﬁhe

t enper at ur e §ilPredverd and where Bnpmegentte ouRRirsion reBXtdMEKEdHIARE 0T MTOT €

or all of t | ow steps: provjding a portion of the oxygenate portion
of the feed %ﬁ%ﬁ@@%ﬁ- Fﬂr %?PEWB iH‘qg%r"ﬂgy Be&/ﬁirat;rﬁ@aiatpqréégof mqoorpti on
of the dif uemactiontzZaBergits bargetrass s8&tichdl %I;é(;gna@?qpﬁfg?%ie%w%non-reacti ve

solids to the reactor apparatus. Wien a port e5rovi ded in
a |iquid forPRMiPAS Withyenallarocrpes sectiorsl ardas &ee dolumyedeThisthay bexygenat e;

di luent or ] f th. The_ligui ortion of the feed may be
d: rgct ly i n?%é(;gte)é\wléﬁtl’%'qd;&)?%eé@%F‘?elcghj‘!’&h% H}%@‘gg% fottFﬁé'Iﬁﬁ?EEiégcgr ried into
t he reactor ndgehetﬁed\lq@mystﬁﬂfrﬁ itl@é‘ r@éeﬁ%?ﬁgrggqu@re@tﬂr@%gggﬁg% {fi Sirl sent)

gasl diluent. By providi n? a portion of (oxyge
in the |iqui YSIFRSE feadstednyeretobe iniodusedio izal aubdiarp ldrRetusidhess

control l4ed. ' f..reaction of. oxygenate conversion is
parti al |$’ ab%gg%@ﬁqtﬁ&%!%‘eg%mtféﬁﬁ?’&“ﬁ'@&e’fﬂmvgt%ﬁgwﬁﬁweéﬁnﬂhe l'i qui d
portion of tdrawirgswhi@mfotiowl i ng t he proportion of liquid feed to vapor
feed fed to the react or thus allows control of the tenperature
differential. IntPGINERIFFeastor pper@tysetithererentrioventon, staments afoncer t

wi th 20 the theGkg d ; on:-reactiye solids, providing
anot her i ndependelﬁétdlgg?'?ggﬁée@ 'ﬁhp@%v%{égvﬂé?% qn Y:WYWIUW' tCM%loF‘Errper ature
di f f er ent i alsepanetopsytbediplegs edsfendng dathlyse fioketHeaidHe é@pa}a{drgui d form
whet her fsed S8 rtaéel%pofr }i_loi ntl,l gyvm th the vapor feed, I's fromabout 0.1
W, %t4°25 S 88 ) Tropn AUxtligly deyiges s4ehy o8 setalyeratrippers) catalyist uent i n
the feed. Mymisedrihbat exd ' bout . 1. wt ... %to about 75 wt. %
of the total oxygenate pIeushgppﬁt%nngé%)%%ﬁ%&sqévé%eﬁtpﬁm%?"{eﬁe range is
from about ZARCUIsHe equipmentaBher thathth@neattonapparends (E@oa dpalysens of the
feed may be C sition, .or contaln varyl ng propoitions of the
30 sane or élégégé%g&)’ %@gﬂ%tf@sd]é%ﬁ?ss‘g%”dho%ﬁ PPRAWIS (eel.| Slide valveme

parti cul ar | yanebfigotriare wellktcvrilid #est d u ' Lyely high
heat of éapori ation, which allows for kgle}q?gﬁﬁ? ﬁgag?%§ﬁhﬁéﬁ%§§&b§§

t enper atHr e Of BRls0a A eCirPURtios@ene7hescatalydt isfatrseibbptitnantomdidonie! at i vel y
smal | rate. i t escrjbed. above. . Proper sel ection of
t he tenper atr%fggggg%ﬁéegsgﬂbﬂéﬂﬁg ra%@‘@b%‘?’i rbﬁﬁ@'rb CRGRLE @EANAVEr di | uent

bei ng fed tchahactedstisoof hoth la dissngyiag zbAdsnde IsPBistributidnt i qui d
phase as it _enters |the react or an%gﬁﬁ%oms 5 in?%bygﬁtalas?:'?o%%tnh{bﬁﬁé

catal yst or 'Y PEHBPEHEIqBNItdR fitidecaraawnigaiioorwith theeacti@pzonaal |y, t he

l'iquid fraciésdingto eh@th§ededBiy, be split into portions and introduced to
the reactor at a_nultiplicity of locations along its Iength. This may be
done wi #% eit her Tiyicallyy gemdits dareidg ftdme acielgemstater tohs feadiypi cal | y) this

is d it Ll i he feed. Anoth t 10 t

oy ovi de b napbAtetlE: 458k rBbherRl sel Watdh contain cately stanEbRas T t he feed to

the inlet zdefiberatélgaridmosNoRafR\GHtefiieh Né\?\.#]o,lrﬂgd@%a@%h@ﬁr ms |iquid
ch, e

droplets of an appropriate size distribution I ained with the
‘gas and sol PYBOPYE 9 Ergenesatianemieniusn at bigh temperattires and #Roeinee yer adual |y

conbi nat | on L Rr SorReaif Bidtnate aitoPk SRTKE COPRESEhp PP atee

di f f er e i areciatiorezsne®fandthe el stcohtamMel ithérei ishdtlusklygy ik f eed points
in a reactor_pr esigfn' ng a liquid yeed_ nozzle to contr(l)'ll Hropl et size

di stributi oﬁaféé" | Qh@&ﬂaﬁesﬁ@%ﬁ!lvﬁdﬁdhe gones ofithecresstt dppaeatus.

Non-reactiv 1 i I Q- | ar _sieve may be m xed 20 with

t he catal ys'sEA igfﬁcggsﬁﬁg%l}g’%&%&qlﬂ%@gg@ﬁ?a %Q&nP@;PTr%l@yjiaé@ to the
reactor and regenerator. These non-reactive solids have the sane capability
as the catalyst to provide inertial nmass to control the heat generated by
the conversion reaction, but are substantially inert for the purposes of
oxygenat e conversion. Suitable materials for use as non 25 reactive solids
are netals, netal oxides) and m xtures thereof. Particularly suitable
~materials are those used as matrices for the catalyst fornulation, e.g.,



WO 02/ 092541 PCT/ US02/ 07998 29 reactive solids to catalyst is from about
0.01 to about 10, nore desirably from about 0.05 to about 5. Desirably, the
rate of cWOAM92S41conpri sing nol ecul ar si eve and any ot herPCEUR2I04998 such
as binders, fillers, etc., plus non-reactive solids, 5 recirculated to
recontact the feed is fromabout 1 to ahBut 200 times, nore desirably from
about 10 to about 160 tines) and nost desirably from about 10 to about 100

tirrestheto te of o ena he reactor. One skilled in the

art will app ecF&ngtt(Pli\tO)iyﬂ@nﬁ%%PEQM\Pé% itigas, wageravkishbe regener at ed

with the cat airmsﬂancéél%uﬁ%ﬂﬁauﬁ’%Sﬁfehb%go%'n%ﬁh&?e% Cfgo&%bjy“ W thin the
u

recircul ati on zone may be present at s t1 mum reac itions, that
is, conditions di Tyeicaly, allrmmduhtsmrfauamdi innthé headtepapparatus0 Mhethd € t he

berause’ t he SNSETIFEE BRndinil SEEeR uhd he seaction ég%é&rﬁéat%'y&i&m@ti ot her
Lhan what5 mprddRicknk o HEdedBouhlih ol SHARACAYRNT [HAHER,Of the i eve

or the mesoporous structure of the fillers an ﬁprlse t he
catal yst, or2BR¥EtUSAR eXE the reaciayapreraivs as aedixome.sirdeomee cat al yst

th h dth t ect f
Soparati ont STbORkferey Bickilci BRI Cohufrest tearaaameyarausconver t ed
feedstock.  Feletitan ohth bppaielud. R elarfpleeiiie HRIRCLERMARL B r0Ne, the

oxygenate feedstock may have been |argely consune ent rai ned
material s, r%'&med] éé'Eh(ﬁS thﬁ&atalmﬁta@pervmay blee:apwrpduamm fooredhémnant |y of

t I f A t [ 1 th
ot oyt Oy S STHS Subth 3 b BybBhe et TR rected o Sferasteipce i
f1ows withi nlmsté)sequenbpﬂo@bsahgzR@arafésﬁoﬂr@ﬁbiaﬁlbhﬁd&é’ g@ﬁer%?éﬂqb{/ afgely

separ at ed fro th bHﬂﬁ %@ses conpri sed of genat e and oxygen

conver si on p?@ qﬂnawﬁtumc(@mmse arhtjltzatmmqféh@faad;t@mosed to
some tenper agyd f i9thdle t at al yst and
smal | vol une of elnthr ain tlo?r%rﬁé?%ﬁgglvgﬁ?n &PAE aﬁzg\é%SEn&H %@s"‘é%@e a |l ow

space vel 00|@iyham@ldb)bﬁdamethmiottmsndenmﬁo opti mum as found in the
i in this condition tends to convert any

reacti ongzone. at al yst, i , ,
oxygenat or pri n'g' ﬁ?é’f‘?%@dt‘?fgherﬂﬁ%% invedient thedempresaturali at Iegpt oduct s.

Addi tional | yon®bh a Il 2541
PCT/ US02/ 07998 Eo‘?ﬁéﬁeﬁﬁ'i‘y’ﬁ““ fgcllo Eénég’ﬁgltﬁg r@%tﬁ%nnam&vg Forhe subopt i mum

condi ti on, f@aC&(aﬁﬁﬂaéatugenaugvamy @lvdmagwme naagpe!b@t/erabduhasot@ed in the

reaction zo re to v returned froma

r egener at or ngoﬁgjrgdéﬁi aeigeg%tfn&%tr 0{13{%8?%'!?3 th@tfé??“ﬁ@éﬁr%e'ﬂq@tqdeacti on zone
due to bei ngcavtelybtm@cétmmnmmcmelcﬁnﬂg&rm%n dfttl?é AdtBO4S {ad gn the
nmet hod @f, the present invention 'to have a ratio t he mas catalyst in

the reacdi orPoHe elemanys C@mm’@@%@mF@ﬁcﬁoh@ppaaumfandﬁheaias&bgiivr in both

the reactio f ast to enhance

t he conver S|nao %@g%SXQE?étEQF%ﬁ%gk&gEvé% l%vsffs‘@a\gﬁmgpg ip §Lﬂ§pr ess
conversi on tprimadisfim abd enbgsiraisle typrodusts. NDogeehtierbi#8s Jedralgbove whi ch
equi prent desi %s togérow dmuch alow. inventory of catalyst Tn the -

reci rcul at i JfSZ6HE UBEEVRPIIRYLERtea S hepigrsiale corwrsionoeastibrorand

oper ati onal | f e _mass of

cgt al yst in ?ﬁgbﬁgiw?ﬁgzoémb %Qﬁ%}d ?ﬁﬁ]% 13fin E&?{L{??st fﬁggg r?[éé}lﬂn THE cat al yst

in bot hZ6he bm%mazbe@yarmwmdwmmmanﬂ belwnah@n@505°(athd &fsbf 0. 01, or

at | east abo | east about .0.05, or at |east about 0.10, or

| east about %ﬁ@spé?c%bsé%?sﬁwg?&ﬁ %@Nerﬁnfgthe@e&qramgtc@aw@t or at

| east about dbda. Pr@fidctsrﬁécﬁ)hﬁ?@éélflow@:?'&oﬂc&% IR n@%rﬂﬁ@@ﬁ%ﬁ&b\hﬂ% about 0. 98,
n ou

or no greater than about 0.95, or no greater tha or no 20
"greater tharPrgsentingestion,dhe mgeaun@rmtatdeaamtpdmtaa each dfithgr eat er than

about 0. 70, r 0. a e subrange
‘subsuned t her‘réélcﬁé’n %ﬁl\gta%déégﬁgc'gﬁﬁm ?n%ﬁ agﬂ%agéﬁ%@éf ggar% l’he mass of
cat al ys80i n \aarious 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.



zone of a reactor apparatus of the present invention are well known to 25
those skilled in the art. One sinple neans conprises a determ nation of the
pressure WOfR&PEHLi al between two different heights in thdPGEu28/¥8ent of
a given zone in the sane direction as gravity while the apparatus is
operational in the nethod of the present9invention. The pressure
differential is then divided by the difference in the height, which

provi des 30 ,_a|n averaa]gze,densi ty within the elenent. This average density is
then nul ti pl TRYWEN§T @i ighviamperatures.dhelrsaeess mayaot fams adaptitivon, whi ch is

known t hrou Lohtfar tri | cul atiaons based on the design
WO 02/ 09254%@?%@%%%’?3&%?@@%tabgltﬁﬁéét?uﬁgﬁlgﬁﬁ§aa?°riaﬁ'§°lé§errent or
el ement s wi t dgposisearnbondesitibt bpsrodldes parielal Migh ShAlla@S, fEfepy L he
el enent . Dug?qptﬁ the large difference in the density between the oxygenate

f eedst ock, ERYIeNgiCRpGRIRA T eactinnand catalyst datey may bedame zone under

consi der & | qihAfdcti idlens| t gl | thin that elenment, it is
perm ssible to coﬁﬁsﬁ%?lﬁaﬁl cS@ﬁe’et g&%bﬁg'nd&ﬁaoggﬁébr%ﬂgw%v%%, cat al yst
within that tengraratureTinat lemstese pbirtae baeh effe redctibh 2oRe ZpRAahERY be added
to determne the ¢ S wthin the zone._ |l n the nethod of the present

t al

i nvention, tMREMEY E{Pf}lépﬁgis RB\EERLEF NATHERAHNP Y fe IDAtherembpdimants, i n a

d f ashi i . t,al yst i
o or o orao efpsatiné ot BRsEERE BB i Cad?OPIE Lt e8he BBY B por tfon
of nol ecul arresirevigtianaoberisiaogreatdr thdr absut 70096, bhao Qréster Rircabdt no need
t i | ti f sl d bind d fill inth
catalystS n SRS WoRalthan Bt o0 E e Woergatir Toa BRMSSEC 1 the
reaction zonk einativel Sbbeini &k of WS blABnE PRENtSY SRetbmBErEie et

proportions are added to the reactor apparatus at fer
enpl oyi ng t HB2HERMROROKH in Aaeh phihermeaction zome antléhe recirmlationvsons may i n t he

event that r g mass,_ of cataglyst .in certain elenments
during oper ﬁ%%@%ﬁé_&rg@%ﬁo@ﬂgss b%rp%e[su%orgg efdp t v kerageen, fosr
exanpl e, t hrexsghpleNbetwasrsaoBast atRR BERFC R MY §RtéhbARDb P 6808y C! one or
cycl onedgl pl egs in the desi gn and construction of the reactor apparatus,

d

one sho uti | i 18 anpihexpmbedimentof the peseat inventien gheiteepesturmat at i ng

desi gn condi tj . Cl i the construction ar utilizatjon of the
react or appaér]g?@@t%@ eI err%ffntb Sgﬁéggn&%e%%?&‘ecmg?@ﬁ% 20BP\S @U_eap; no such
design or catstut@S0°0n Isveciohs otHerembadiments: thatdmperattie f\Allipgiklse, then
one shoul d as%luagﬁré‘fgéat he recircul ation zone that the entire volune of an

el enent, as ' reaclianzons and theassseyripionzaseisatieast abeutf ul | of
catal yst at agem by Ryl I { i i nt roduced
to the reactor abgggieuagaggbg%d fdlr&lt' eﬂ%ggg{%(%@dz%ét?%%aﬁg% of the
vol une 8P arftad)’Enelityet @notharemiveonioheht ofthesprieseht ingestioe, the neasur enent s,
contai ns cat ! 02/092y41 PCT/ US02/ 07998 32 nor mal ,
uncal ci ned ﬁg{r%)%é%@i?f@abpﬁ\é&@%pﬁ'@ﬁbe??ﬁ ?{)@'@d@adﬂ%" Z%ee pEad®r appar at us.
Met hods of estitlilatibh RBneMndRréREF Mar Ebd IS 508 ] ‘?n%l#h{lﬁrmiss of catalyst
in the reaction zone to that of the sumof the mass o e catalyst 5 in
both the refPPedimasis thedemperaters atcall peintsinzach afthe geactiondmere of net hods
wel | known t PSRkl LRt art. anpl.e inclyde, but are not

dhd cff UH'SHZBH R%ﬁ%QB?at%%no?quﬁgﬁpo | BWRgreqi8bnet ry of

limted to, proper selectron o
the var2bus tbéaermbout 660°C her regeiater tRaAbBLLE00ICIWriHY Geatdiahasact or

vessel , cycl gnes, . diLRl egs). conduits and transfer 1ines, and auxiliar

equi prrentyl@%ﬁﬁgﬁ5§gec§8é?leﬁlgﬁ‘eé@BP%@'VEW%lemﬁﬁtﬁr@f,thﬁﬁewmng in va)r/i ous
open vol une it e : 1 ght ..exi_st; arid design
and operati ﬁgﬁghﬁfttﬁ%ﬁiﬁpﬁ%g%@ é\?gﬂﬂooa@sgrﬁ%%%ﬁtﬁi ﬂi% '%%?gsﬁggb?&ndlappar at us,

‘i ncl udi ng pribeseciecudatigrszane ney leothe foll réngmicranyyofshé dabrargees requiring
nore or | ess c?t.al %St i.n the conduits feeding the val ves, desired GSV, rate

and type of SPERGRN HYS PaFRAAPMCE Bxamiples betwaem pYleast pbPwWi38Q°Con) i n

vari ous 3@l ergiit So ghsktel {Hard@solt Bsphaei ous conduits, and levels of catalyst
in various elenents; and base activity of the catalyst prior to

i ntroduction to tRMmesdeling wilfpam aaltroughchdtreeceksartly irpbptimkm on t he
catalyst in act i zone during use.in the reactqr apparatus, each of
whi ch” wi || iﬂ?@ﬁ%@né{hﬁﬂm@weﬁ{e{e gyres dncluaing, biif ot Timitddo,



20 needed in the reaction zone to achieve a desired conversion of oxygenate
feedst ock, and the desired |evel of conversion of oxygenate feedstock.
Duri ng t hWOc@M9E4si on of oxygenates to prine ol efins, car REBUYRBNWIIEeposits
accurnul ate on the catal yst used to pronote the conversion reaction. At sone
point, the build up of these carbonaceo28@ 25 deposits causes a reduction in
the capability of the catalyst to convert the oxygenate feed to |ight
olefins. At this point, the catalyst is partially deactivated. Wen a
cat al yst can@WOJEDRgWs PEeadkees and possayses fromt abeut (1 &Partoabodtist , t he

lyst i i dered to pe fully deactivated | h
embodh ment - ofPench SEGUE P PR BRI S Kon o Fbove! MitRGYMTY 30
wi thdrann | 1 @eRitdinty FOAPEBOUEPRP LY Bb3UA50G KPA! Tl ieadif BRlssld V.

regenerated in a regenerator. By regeneration, it is n
car bonaceousd@apbisiclugeathat af aldiient, f-any, antyefesto thalpartiahptdssumsmofl yst .

WO 02/ 0925: RCT/,USQ 33 Desirabl t he rti.on of the catalyst

wi t hdr avm%Sf Ir_‘(Jg'l% f?%gté;e'ﬁé%q%éggﬁ%y g§ﬂ§te?f§eé§t0f:€§§ﬂ? Oﬁzﬁ?'f({]"g?‘l; Wd%aﬁt i vated. The
regenerat ed Prisauyed outsiddioDhevthlediinge9ridydbe USed BRA dré et BREULSdt he
reactor apparatus. Desirably, a portion of the catalyst, conprising

nol ecul ar si 9@ thAECOPEBf the ventiane Liowes anddipnes extramesxf presswes, etc.

the roactor TeNAEres EHEEs RBANAY, SoUrsioi 008 e RoeRbr iiadliohio i e,

nor e desi r abtafe;f oweadroptime@. dlefires adlbstill forrhiaiels forahst r@sbn d@ekeabl y from
about 0.3 to about 3 tines the total feed rate of oxygenates to the

react i on & on@xtrerpes gl peessyre withisr @ spactenapprratiun aeyesnsideredipartraf thel ecul ar
sieve only, ; J.nclude any non-reactive solids which may be present
for tenper at%eggwghpbfgur poses. The rate of total solids, i.e., catalyst

and non-reactive Aotiddsange wbweihHt hourly space aetovity HS W) e ther
regenerati on_and rafd rcul ation the reactor will vary these rates in

back to. \
di rect propo? % %C'?L’Bv?rﬁ@”cr@ﬁf’@ﬁgﬁ W@B'%@?—rﬁ@%‘?ﬁ' vene dlefingdias waght ot al
sol i ds. a Desf toflokygbR&tetbasioek 16 BELRRIAbh PBnbper Aol E%a Gr?r/%[gh‘t 3 L he

presence of a gas conprising oxygen or other oxi es of ot her
oxi dant 18 ncinetesuldngieve in thetcatalyskipdhe Irgadtiom zae, functishngitrethed2, 03, S03,

N20) NO NO2, N20 i th f. Al dair diluted with nit
or )CI)Z 20 ar%reaggfpﬂé{atqﬁggeﬁb%gfaéngéegr(?@_e-fqﬁ%t%@ghééség&ﬁ;%\% on |mn ;io?en
can be reduciggiidesalc@iigepbteand 9M9|hyHde§rr]%ﬁrb6$?éH’ ﬁf@&ﬂtth?ggﬁére afd

creating hot spots in, the regeneratdor. The catal yst may a

regener at ed iaddehesel Pilents angdn@daciuded in adeterofinatial oftbe \WhS\tar bon

nonoxi de, or ' ' . The catal yst. be
regener at ed 'ﬁﬁﬁé}? hf#.ln%%?ly% h%&?@g@%n%@i?ﬁmagei@lﬁ va? cft%sséﬂ?n&%onti nuous,
or a cordfi nafillens ot bavdzps, thEAWHSW sUsaledaRIMEing @g@nﬁéaﬁéi?ﬁt &fs a desired

met hod. Desi ra%‘«%ﬂ t he cat&l@yst is r eﬁener ated to a_l evel of remaining coke
from about OM@EIHEr YBY& INhgRatalEstIn thegeactionezang. gie ¥YH8Mds cat al yst, nore

desirably fr@&g-,aatypfy i in %0 n Lrably
from about 0.2 lWt ) F‘% oé%%ﬁog&t%gn\%wﬁégﬁ;%%ﬁé%r%%tm éeﬂsnﬁar'%%)#? érgaggﬁtorl&t 0.3
wt. % to abowactomtcongitions\abdogitliia 2y rédctorSAFIQrARH S4d dbsignat al yst
regeneration.te ragur uld be from abgout 300C_to about 800C, desirably
from about 5%6&%) Iya&}ﬁjﬁ@g@@ gaﬁha%étm 'aresil{l? é‘gpyt $QQ9ThEigO SiE to about
720C.  Bemausfomhibdit ZeRET Bt ALRiut BOBOHI O Nmbofk 88siPARE froft aBoGtSTREY & Ur €

consi der abl y tglzj‘gher thgn the 5 oxygenate conversion reaction, it may be

desirabl e t 02k@8I1590 hieaendevesrmdendesirabiyefrorgabat 40t datablops 1000 a | over

t enperat ure LE g t Q t eactor. A heat exchanger | ocated
i nternal or Qﬂgﬁﬁ%?bph@ﬂg%gg@ﬁsﬁgﬁf Aﬁ%&go%r%@@d’fl‘%e Pé}ﬁ%?/baq%ﬁ%e heat
‘from the catalefistconlémsion fedtlion e VMS\VgremBr fHaPd Re' FRIRBS KR or . Wien
the regenerated catalyst 10 is cooled externally, it is desirable to cool

it to a tenp®eihanecomeshin befmrodvcimiaie afdoecanyersionreastont Thos,heower

th th - he. i f t t us.
Vore dosi anty o tiof 8acitEis et obrblkd U8V ST i s Sg Bbely BREr o
about 200C | fuilerForamfeddheomprising maéthiarob fdithBehys athar st miditredtiaaack r om t he
reactor apparatus. This _



15 cool ed catal yst then may be returned to either some portion of the
reactor apparatus, the catal yst regenerator or both. Wen the regenerated
cat al yst WOd0828dl r egenerator is returned to a reactor apmRIBEUMKR/0799%8 nay be
returned to the di sengagi ng zone, the reaction zone, the catalyst
distribution zone and/or the inlet zoneyqPreferably the regenerated
catalyst 20 fromthe regenerator is returned to the recircul ation zone,
nost preferably to the disengaging zone. Direct or indirect introduction of
the cool ed cthied\WHSV indesitdity BERSISOELON! ZCEEﬁhQﬁ@h%resc%sYr%%II)If?or‘heduce the
average tenperature in the reactor or regenerator. Desirably, catalyst

r egener at i on2PUtee} by el BRRUtGR0Ar | east partial |y 25 deactivated cat al yst

t hat has been strj i remmvabl e qQrgani c terials

(organics) in a slt??g%@%%%@f%bﬁg‘%éM%F@%PH&P”P@"%&&PF g{éﬁtr}ge r eact or

appar at us. Taliefins fronpah yygenatedeadsioek @ty re2RE6h 28n8 cHipidy 49 gas over

t he spent caw_l'%st at an elevated yenperature. Gases suitable for stripping
ea

i ncl ude st Y of ghlaast gerutA9 her god 2 hempearaiuresGogesteddprnglizenigen, and

m xtures th : i yaspace vel.ocity
(GHSV, bas e%ﬂ{%noﬁ?m@%gﬁ%ggz@g&%ﬁd%@e@ Cagfo t%f{l‘réar{as é’&ﬁg)hef)?mt he

strippi ng gaECNM$ isdefirimdias thel Norializediietiiane $6128(iBPAMNS) RFEHURR2/ 07998
35 20,000 hr, ~ cce ures of stripping are from about 250C to

. A t apl
about 750C, &A¥PEid rgé%%?%ffﬁgﬁw%bgét ThsoNMS is deaibed s theanethansl yst t hat

has been conpaetedyvield divieedy d [ S e rein as

"f eedst ock 2F>5<posed}.”" Fet\a/dstocykmgi%tgg%gbg?g‘?@zﬁé@m%érélrggéqrﬁgld;ﬁgefi n
conver siléh rmgesied gn odiscecanveatedtg sswbightft bakisy Whes th@temparataed coke
content than | yst whigh I resh or regenerated. By "fresh catal yst”
i s nmeant cat'ﬁwaﬂégrﬁgrrﬁ%? mgdﬁﬁhﬁﬁgg’y thﬂﬂ‘?'@dﬂ@@éqyéti@n,riéact ory _
appar at us. - Aviiha Kstheiverad Rirbiaraitiing puGoafiognt s of propane as it
is exposed to nore feed, eilher rough increasing t1'me at a given feed
rate or increasing feed rate over a giNBl tine. At any given instant in
time, sone of the catalgbM$m the—reactor—apparatds may be fresh, sone

regener dbed, and sone coked or Pa+{({RUDD)/30Kedd 12843 result of having not
yet been regenera]t ﬁg? Therefore,. various 15 portions of the catalyst in the

react or apparat us'" mswtuewt%aéywtewas@@iqw el@rfingteie peri ods of
time. Since dfypehatespboiubipehsarastA iRl GRY UM HyROchrBh Uotiabal | ows to the

reactor apparatus can vary, the anount o various' portions of
the cat al ystsheué bedeaintaiped suffictantly ligh taayoid Toe aceddot cdmmertiatly

iati , t y t t feedst 0 i.nd ACFE ind "
' heed o diecEPEROE G Ploenale Btbinck scupingn WNSIT0M o catalyst i n
the rea@oor cHypenateiSomassidRes deeRes Ftake PUPOSRIof PisteHEST, B&hﬁlie:t}alﬁACFE
y

index is the total weight of oxygenate feedstock plus optiona rocar bon
feed sent t AMHENEOXYPBRateIBaASiOGk recyde.\a trstiiction imundesiedbleei ght of fresh

The catalysi Ehnaad sty RerdeR ey wik i Lptudl Baoabi¥l oral “uai gh s

neasur ed ovdesss,rmcsimmﬁerpemﬂad)dc@IﬁomidTmpra'Mnmsmé?me@rﬁ/héH'tlﬁ'e be made over
an equivalent tine int ervali ;md the tinme interval should be | ong enough to
(1]

smooth out fIARVELRIPR &habyl Sy Ofdess, further toaheut 86 prlessaardstling to t he
t 1 J . o h
[ eact or 28pPILAREAABLIPAY KL SREBFESIRG U, BULHUER de ol 2ol e

systemto be viewed as essentially conti
systens wi t (Pfibeilertl can ba@anesdsiacueptalse 2caMadsion Gateadfemaradiouens, this

f days .or, | _In th f t t
orTn Suhet ardh e dbbuh Bad e S SR fhEriate Rahussiin Tates B e o
suf fi cient. (Baintdinad M thesHgR b d5oursant ?tﬁotﬁ@ﬁ’/ fﬂ%ﬁrlgé' n?ﬁ‘fgb%% greast a

0 yS

‘reactor apparatus and a regenerator, with w of ca et ween each.
Fl ow rate ofmethcssfamiliagrio persanssofrardiriany akillam the srtoExaayslesvriduda)own t o

t hose skpl | i I h Si f the equipne used to carry the
‘cat al ysthbbetig\léeaﬁebﬁgnrgé%%%a&w g%ﬁﬁaz?’téwléﬁmgr%HEF??%P?EQ%ED%E’M%5yst flow
rate can be réatﬁmmﬁempb@tmenFtés@uﬁézlf@wpfaaéw«bi 'E‘hb_@ﬂ?st:ﬁcé'?/@lo%ﬁ react or
apparatus, the average coke |evel on catal yst 1eaving the react%r

appar at us) HW/PHEASTUPFeiat yrlecityy sptalist cagietujation redeinegctane r egener at or .
| t ety £ £ iety of
macur enent. S ban e coMglrR: feuBdcafiotiain bedoRpbStioRdmBlet  bed, for

exanple, by Mchel Louge, "Experinental Techniques,"



15 Circul ating Fluidized Beds, G ace, Avidan, & Know ton, eds., Bl ackie,
1997 (336-337), the descriptions of which are expressly incorporated herein
by ref er ew®02/0264thi s i nventi on, only the nol ecul ar sieve PCI/USKR/00%48al ySt
sent to the reactor apparatus may be used in the determ nation of ACFE

i ndex. The 20 catal yst sent to the reacf@r apparatus, however, can be
either fresh or regenerated or a conbination of both. Ml ecular sieve which
may be noved %ou_nd wi thin the reactor apparatus, for exanple via the
recircul ati oR' J@we fead deiative to Maronfeedpameunt gbresiraulatedcatalyast degresont ai n

fresh catal ygf qaf S | rmnatio f, ACFE 25 index. In
one enbodi menI Famggﬁé%%@%—?gg#’ %.Ibyb@‘é*IIsﬁI%IﬁﬁIe?é%&’W%‘ ?Iﬁ%‘grﬂéﬁener at or rather
t han direct| gonheersion.r eact or apparatus, in which case it becones

i ndi sti ngui shabl egf rgm regenerated catal yst fromthe regenerator, and
reasurenents of rak h%P”%’é—‘ﬁ?ﬁﬁﬁ“@ PEIReNk inviealienceytaenate comersieact or

t o t ] | I i th 3
monour emeat ot P4 edsEh &l bakld B R SRR o BsRar FeeRktBon 1 eed.
I n yet anot handdatabeffluemt of primegsiefns) updesRibleWyPPEd I aPasky ganseon! II\o

fresh catal yst be sent to the reactor apparatus, and thuS Only
02/ 0925t 1 PC%?&%@%@@SIP@TGPPIO&éEB?'@I%t@Q@IdI@WeOffIBé@NCB@Bﬁloy@r to the

react or appagghdor B3 Thd/6i ] i I with

measur enent s of rgt e;g?”gg%gﬁ%ﬁ%@g@?%%ﬁg‘&%ﬁéﬁ%ﬁ%&b&@%n f eed.
In a preferré&dckefbgintemy efmanhies i nvention, an oxygenate 5 feedstock, and
opti onal a hydrocarbon feed, ej.ther sepafatel r mxed wth the '
oxygenat L(X i's conI)%ﬁIeeaf%ef‘ﬁ"B{ee P wﬁﬁaﬁ@@ﬁﬁéﬁsmmrmm@g si eve
at” process celii hepprigkiGBfiny e 168 [t ;gL appar at us
where the catal yst hgg an ACIII:E ?%@g%)g?aggdﬁggésI’I‘I}g’BCI‘EIG%fIr%@%pIﬁé?er ably at

| east about Pthess aier Expryfles abpartiaulariy asideaiabie Bpfoduits HEIETE i ndex in

t he range of . bout .20 is effective, with a range of about 1.5
to about 15 BQIIII’EIS&%%'III h@?tgs_a?%[a}%ggcgias%gﬁangl EIIIIaBBaBBlRanFQnPEmaI

par ti cul ar |y bptarfecarie thoblifene) araaszaben ARUNGXIGYH Sfd b83fh &IBXIB?PGI'II'\%ISE’ al ong
with any, catal yst decay products, may be separated and purified to produce

hi gh 15 buri PRiteudarynandegigblebyproguetsanusteseparatest fadmyprines otgfinzed by

t hose skill edp} : j |.east_about 80 wt.. %olefin of a

single car bo%nIrIIIJrIItI)geIIE?IgIIIII gI%?%‘%IIIfQIAI@ %gg?w%b%mb e%gwr_\te%wﬁ%?gwrﬁggg%r ably

at |east abostclaswryogéniafdctimmtionest pelenbis meAftsrhnad BHd gﬁ»éﬁany% H gh

purity olefips ar ag%}o eneral |y recogni zed as neeting further '

requi r enent s%ﬂ&?ﬁ&r ‘MIQIHPCQW@QOBﬁh%BI%Eﬁ@ﬁI% istg pyedyetinneoft daginaile he

desired ol ef| i ingl pIFcBISIIEL‘? : i [l QUS

enbodi nent s (I;II nﬁ]%@gﬁgshgnc?hieﬁégﬂﬁi on on%a' é‘I’:‘%III)e?QI’a"EI?‘Io urI:\I Qnéﬁsjﬁ%ﬁ%. hi gh

pur id ty gz@m ByRrodvicyis gake, whigh e‘p?ntaﬁw mushbghemovéd irohuthdh@mﬁWsﬂw be

produced. In i,ment of, t resent i nvention e high purity

but yl ene pr Og?ﬁélggt;re%%%ggat%rc{eﬁgpb%q S‘c’:@&’seﬁm% 8% Whdns@kia s conpri sed of

very high cobgprdietd pRRidef Cpand hHeR callérvhifiBet SRARS Snd/RfaffikaP! €) i gn
0

purity buteng-1 conprising at |east about 80 w. 9 ene-1,
al t er nat i vel yhgge bypEadusioate ondegirable betasrse they Renefallydidvera t o make hi gh

purity ol efi b i | I equi.r emoval, 30 of |ow,]ev i mpurities’

whi ch i nt ert(eagbeét\%mﬂﬁ%ﬁII %e lﬂsvé II‘IOF‘I ﬂ#b%ﬁ?{&?@ve‘dh@ﬂ RiEne FIY%@SSS'I]C%‘?\‘IG“

derivati2® nthrayf aretlese unpesitaisieifan the SthehmsiAEPdiRha beRbuss Iﬂgéfne and

propyl ene. Low | evel contam nants generally COIT‘&;I se pol ar WO 02/°092541
2

PCT/ Us02/ 07988° 8NFallk cipresvaliale terrhiosrybetesialss apd genasallyeaasior al cohol s,
carboxyl i c aghdess 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. Inone aspect of the present invention, the concentration of any
one, or all, of the undesirable byproducts in the catalyst decay products



et hers, and carbon oxi des; sulfur conpounds such as hydrogen sul fide,
carbonyl sul fide and nercaptans; ammoni a and ot her nitrogen conpounds;

arsi ne, pWOIRKP241 and chlorides. Qther contam nants can RCTUD2/07998

hydr ocar bons such as acetyl ene, nethyl 2§etylene, pr opadi ene, butadi ene and
butyne, anong others. Hydrogen is anoth contam nant of high purity olefin
streans. Low | evel contam nants can be renoved by a variety of processes,

base renct | ey 2 oty 118Ek AR 8 apBLENB 1R Sheldinilinihs peomsaands and

car bon di oxifdem theseaptioropoeé. certai n pol ar conpounds with vari ous
materials, such as salid nolecular sieves; extraction with various
sol vents; nenbr an®NSPRASHENbRFOCESE conditionmidine diethod bétheopresent addi t i on,

the desired ; i [V, j.nt, may he separajed froma mx of
ol efins and @gggg%ﬁﬁh%s& osfﬁ'\E}Jae?ﬁ %EQ‘P%?%&'HBBP |’¥%"§'°&&<ﬁles, Pyeeddi ng
par af fi n$ hawnen ahd in theactaing| the terof, 'gak @Qﬂeﬂfcme%%'tg,h%r@@,rl d ol efin.
Thi s can be %ﬁ:&&ﬁjsi H% conventional fractional distil Ila'ti on techni ques, or
al so using ¢ ADHE CpRBIeshvabmetia flaye fate of yeperized teesistagkar at i ons.
Regar dl ess gfe | ]l I ' si,red, the nethod of 20
t he present in&/@mq)gi?]dén'%y '%ﬁgg'?f’ ?tqukg%{rl]@h@% E%et Cka BN CHNVETSIFXy genat e
feed and pripf@dobist divigecbythe crasesectiohdl areadr isd feiclioh S¥/EOMTHYPPAr at us

| aboratory or bench scale. At scales

ST L W Lk b o i
oL i gieseln ine SRyl M R ot © =

feedstock to desired products an Sl 0 to
undesi r abl e VBN dbe ceactiomezorsedeperaing shithdtatal huimbBBEoBRBRA , the prine

| ef i d d using th thod of th to is at
Peast about Herg haid i otk Melclia| Hes dowrseuiie mressumanstother o of i n-
product genaeRivasht H@@ﬂntd&amié}g%t%‘apoérﬂ&élgf Bgsgéé? id;%%ﬁle'gﬁﬁ?@gga”y one of

30 the followin : at |east about _ Be3bout
500, 000 kg per ddf;thametbagiof dimpresendde00on khepms simerficial Jetesity igbout |

1, 300, 048 k PCT/USQ2/.07998 3 r day: at |east about
1. 900, 008 éﬁ‘%é‘%&%@féﬁ% Si58] C'Q?fﬁeg!‘*ﬁgégﬁzf galelyshgndenevidri | | ed in
the art wil ffloat ebatalpasbabattﬁartthétca‘tél?sm&ﬁiﬂﬁ réA AR thie

e

oxygenate-to-ol efin conversion reaction of the present invention, 5
parti cul ar | yeEHHIRIYhZenR.i dyPisaly.ithe gassupbdicialivetosity zt dt teast one

pol yol ef i ns, rityi e n Q yl epe. Processes for
form ng pol fgﬁgflf]%ggkﬁér%%g%ﬁén%@r@Bgﬁgdﬁaﬁ?ﬁhﬁﬁg}ﬁrm? SERCASEEPRI pr ocesses
are preferréo/sParticularly preferred are nmetall ocene, ZieglerlNatta and
aci d cagél ytic s%stﬁén;. tgeg, 1:{or exan‘lpj e, U S Patent Nos. 3,258,455, 10 3,
305, 5387 3, 364, 1905 MEN@esf theresent pwentiargshe £S\h ey Bodcreasans, 992;
4, 302, 565; abdvé,ahbls t i_ptions of each

v t OLm etérepraleRbhalio ?\ye@&%‘yﬁ?ﬁﬁg%%h e#)

bei ng expr e;sl %/ i ncor porated herein by erence. al, these nethods
i nvol ve conf¥efedupanie flemeragime inthecreastion zane thataherfe clo§elym ng cat al yst at

oot ot ed paryar ST B E WS BV b s hdieod & bagdel pertne.

preferred t sepend;areductiondn ehiad BEFLEIO Br b§cmm ’bg r%g% g%gggﬂ%n Sdaw\%ﬂ oo

reacti 02 caﬂ_gbe ﬁ%ri ed out at |ow, medi um or

within the FARYENINE zeRRIET HesUls S Baeductiny inpntemealisesiradatioredk 20 out i n
sol ution, aggjidekhidh! t - e the preferred operating
pressure rangé i’s\kkﬁlg?\fégﬂ gf% 'a;'ﬁlgﬁ]fg@' glgﬁgng‘b{?F'H"@b’g?%@%rr%ﬂ’uf%%%ature
range of beelareentsad thetohdRfenebas flokbraabRie aPHFESFE ol 5”6@%@5 gf erred
that the ten%aerature@enerajly be within a range of 60 to , and t hat

‘the oper at i hFPeEs plUsHaCKBgRAsAlel ta the mmcknrraxis)2 Minimizing theon t o
ol yol ef i NS paBKRe efy i |\ be f.ol fromthe

gl e1¥i ns recgse‘r ed |f%§1; efr n’?égl Iﬁébﬁﬁgb%ﬂéﬁa&%ﬁ? S8%§$'Y'h§n&dtﬁ*ﬁese i ncl ude,

‘but ar e3Got desied dght olefias irethedmygenbteotoriversies eéadiopci d, | i near al pha

ol efins) vinyl aﬁﬁt at etng%ldene di chol ori de and vinyl chloride,

et hyl benzene, et yPBR@‘e{»ﬁ AINEREREhe; %fzﬁrﬁpwerumoi/m gassuperéicia] al |yl 30
hl ori de, i i [ - bb : d

oh ort de,  PYePIhp teaDisadeana i f o odh} L 508 Y ER8oh UBRET S, 204

acrylonitrile, and trimers and dinmers o



WO 02/ 092y41 PCT/ US02/ 07998 40 The net hods of manufacturing these
derivatives are well known in the art, and therefore, are not discussed
her ei n. D&0A2(082p4Descri ption of the Drawi ngs 5 Figures 1 tPETUSH2/03998r ovi de
the results of three exanples (Exanples 1 - 3 below) of thernogravinetric
analysis (TGA) of a catalyst while condB4ti ng an oxygenate conversion
reaction at various tenperatures, and then subsequently ceasing the
oxygenat e copversion reaction and | eaving the catal yst exposed at various
subopt i mum 18€gbaBl: thenaas seperficiebvelosity isoft lesstsabatidsd nud at b hgasat e

cont ai ni ng SRSk : J re di,n the net hod of US Pat ent
4, 440, 871 toéﬁol?,‘g"ﬂ?atﬁﬁtﬂz‘lr V%C&@bgzﬁﬁga%egﬁﬁﬁ{eod%gﬁtbi\hdﬁ?@aéa%?em%@l 121 TGA,
whi ch neasur eslothe isgl Ighst afouttPe0 edt &t vs less ohk ;idiﬂﬂ%ﬂ@@?eé‘dﬁeﬁ%n% to any
desired 15 afnosphere, and Fnder control | abl e tenperatures wthin the

devi ce, . ingVEarRYeResROIM: the gas sHpedickl velasily inat leastabout 26 mise | ef t

hand si deg of L ; i g i ndi es. the t ure of the

cat al ystesandaft eeéﬁe?ﬁ%ﬁ?rlgﬂ}? }Hnegr:e 8{'4’&2"%"@%@8@8!@@% ﬁ’?ﬁge}s'ééﬁe on the

ri ght hand sledst abouhOfthiguateat.leddtonaspaht inane réaﬁmfférs&elrﬁMhéions are
in time according to the scale at the bottom of

shown for thegﬁ% sane %oi nt . e

the figures, SP@HREN M IRG Preserd iRyaRtioNatheaas superficiab velocityih thie t he

experi ment. r._si was tanped up from
anbient to aiétbe&rr'gg?gﬁé?g%ﬁeaa%@ﬁ't %&gﬁﬁﬂiwp&@%g@g@p% standard cubic

centi net ers Peaferablythe gesciperficial vﬂodilydmaﬂﬁeawEbobﬁd).iﬂméQté‘ﬁp@ihﬂ#t 10 m
i nut es, d %{(}l]%n | eft at thaMte%e attire under the sane flow of heliumfor
anot her appr Ox1 mdE8FYPHEONE-n 1B eggpbly.dhgigassypericial wlesity ia@or bed

speci es fromebléﬁaﬁﬁbteﬁghﬁfﬁ étiéib’%‘cﬁﬁi'%g?ttﬁ%gééndg%@t el ¢&rm§?%€%?%é%{yhe start

conversion. The drop in the wel cular siev
of the experiheepas stprrficisheeloeitpisadt lofsttdboLa @sdrize at alpelritgirstHer om t he 30

nol ecul ar si gve,. The te:ﬁjverature S Ejhen changed to that desired to

conduct an o%f%é‘ﬂﬁt%’“@o CilStleli P&gﬁﬁ oh the oap) oppOisial yelqatyissb2/ 07998 41

After activaleaenapogt Z.Q&ﬁl%'étgbllt;ftﬁnt@‘flﬁ'tﬁ@%é&i%ﬁ%o?’n&%\ﬂo%t&bé a
an ced w

instrument, the flow of pure heliumwas cease rep h héa bl end of
met hanol 1% ap@S\alsetreastiahayd el aveat bl ppindsimthes@astion monehel i um t hr ough a

met hanol liquid c i ni | er nbi ent tenperature, and 5 an

oxygenat e conver sP.gfrr\%r@g@ﬁcg%ﬁggm%g?\é%ﬁpﬂeh%@eﬁ@%ain the TGA

i nstrunent, presshrewithinthedehotiors 2ofe, the®eciffulfp¥brd andisiv&sols 3. the

nol ecul ar si eve ins weight due to absorption of the oxygenate feedstock
msts cL g b

(or oxygenat8® DuFEE sukstantialtyy Vg anet aspest tthaewestred wi t hi n-

01l Lhe m P e TR P S BB o pure

poi nt, the nethano is term nat dnpure
hel i um &0 t hanothee aspectdnayp beayitimabbbe] Seq et inryet apoleitaspéct he same

| evel at whi the oxvgenat e conversion reaction was conducted for sanme
period of tiﬁ‘gb'r‘t%%?ﬁsr@:as@o&tt'aeg St isreperairedn theachely srreratust ilfe, and
finally reduastnenelntdimenrof BERAEaiifvetiohothd BIRF braudreyaRimati on of

the nol ecul ar sieve. In each exanple, the oxygenate utllized was US G ade
AA et hanol , theneagtarapparaiue sray be withineabawtai 00NeRa sdrmiin d%btBekPa and t he

total reacto . kPa, . Figure 4 is a .schematic diagram
representi ngégﬁhgﬁﬁ%ﬁdﬁ%@ﬁﬁ a%%%gggék?@agﬁg? hé%%éﬁ Bﬁ?é%w'*ﬁm ‘F’iezi ng the

met hod &S t hegutersspparatiee Mypkially thePtesasres O citdifst airkasdbysts regener at or
200. Oxygenate feedstock, conprising at |east sone in a vaporized form is

suppl i ed t hr deialY Ya04 onbaby gbgut thastatic head erquires tocaeise eachdo floesteel
:‘lnﬁ: 3?'22& 2 fg%ggb'b&e%ruléﬁ %%%ng@iﬁpédd%&%f"me FOA S ESS st TNt &l i ng
' temperatures usually only vary as a result of the exothermic 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



25 , particles. An oxygenate conversion reaction takes place in and
products including prine olefins are forned in the reaction zone 109, and a
porti on oWORR&2MYi di zabl e particles are carried into the REIHUSN2TSpar at or
device 112, which conprises one element of the recirculation zone, and is
the first el ement of the disengaging zoA® that eventually |leads to products
| eaving 30 the reactor apparatus altogether (through line 151 ). In cyclone

. i 112 | is | | d f h
conver st on’ plEiutods Bk babRr BPa(HLs aybs Btk y GeRHnaY Inbitk ok
that may be us¥\6f Q?déi’&?ytléod?@!' IoP P GiAGI8r ALY &ﬁ%?%hfgggt% k@n{r gto dipleg

115, where it is transferred back into reaction zon e cat al yst
al so flows fFaiMYstsegenaTaiasie ayodt phithe reacttr aippatathe abniminingrngty a118,

B! caLly. ISR Sh o aod ke of 318 del Pt If SR IEgiaEr oo

i ntroducedl bincrease tHdlpreesurusie EaRINVGAERbYS ol AhE} ' Fr]ggrrn vhhy back
into reaction zone 109? Optional |y, )?icontro? vgl {/@‘é‘tl%?%g)% e g‘s’% , and

may be pl ace8WEPdhe reagtiasr zenaor Fecirodiation@onef 1ift gas on the way to

ti 109 - al | 1 ow f [ 109
nto a catalyst ot eHgher binRlfaEls B eBs SR nvaion e 64V deateso.
Cat al yst st rthapeabdBD. brmy/scant fast YARIMIHR iRlIRe R GiohdpRNapce the stripping
action, such ytf%i[cally shed trays and other el énments well known

s trays, t
to those ski ?'l?%ﬂ‘ai'ﬁglb’@eﬁ than gbeutyhPmey'sgas imaryotber altemative greaterm | i ne 139

into th at r+ : | nt rajne xygenat e
conver sie]oGr:1 p?{géaéc?@tazhgﬂglﬁy&ﬁﬁr}eeggﬁ gﬁ%ﬁéﬁ%&éﬁ@%@&%ﬂa ?,U?-?-gm t he
catal yst primovs,tay inemei othet Sikernativd yraatéothatadNg 4.0 RIS G Ph Phasegse! 201,
typically by %rglv'%t via III;]%f 142. (ptionally, a control valve 145 may be
used in | inetdBYSUISELHGYIaRE i centeol the taroperatystdidenrenbpkin the 3eastyr be

returned to i i i r t _may be
Feturned 1o PEaEpEing S1rR o I hedtReh e HEIRRE Bh e bt T m s 20
| i ne 206. OxVigetemperaturecdifecantiat Bl toiibd by dontroliingafeahte SORMRHSI ON
reacti on, cat al yst decay products fromthe

i t 09, ,.Ca :
recircul §t ?oéaetg@ﬁt%n'ﬁzqgggﬁ%cgnzlg%\tdféﬁ{]%(ﬂe@wmté‘eff@é%lyﬁﬂcﬁﬂde{b@ta*}éﬂﬁrwed
fromthe reaoreLREBArased ihitnt cBickbar oStRBReHiAG bf cRASHAG 2°F such

materials may be introduced into e regenerat u o0 the inperfect

25 nature oflesipergpiragliffereptialabotit meanitpateat 1¢88.a partivheof ehb adiatgitin shown i n

Figure 4, t reci i e of the reagtor a r s woul d conprise
Gl oot o 11251670 15,8hl8heBRDh e 6258 The SRS kS rH8ctonar ol pet
decay woul d seperatddifromabe feine i bas aRe réatedl wihin 966 AdcirLAlidht nweul d
emanate fromthose elenents into the 30 reaction zone. A determ nation of

the mas€%f *@f%aOthbe iRiet BPRet hose el ements woul d be made, in order to

devel op the appropg} i r‘rﬁa‘dd' / ; 7 43 i ncl udi ng
the mass of catal yéiﬁ‘flfet e @%%‘W&ﬁg?g%ﬁ&@%ﬁiﬁgé‘%é?%ﬁé% inlet zone
104. Fi gure Gifferendiaddheiefined adi agremsucblechahgs inctehgsbiraRre o thg eact or

apparatus 300, utili éi nﬁ thﬁ mefl od of the present invention in conjunction
5with a cat'Q@?P”P gdiie Pyilet olins reestop e hhe cowtitvis theroortienst thsi ng at | east
SoMe in a varac ' a?‘zﬂ'ﬂ [ t j t.or vessel
306, the react oiﬁ\%s\i@?mmécfeu I ngg Pe(régag%t%?}%??hp\gﬁ%@@&%ﬁ%% é'i?tﬁoat R inlet
zone 3022 coieeatian zgnelintodhe dissteel@nBat bithi diseriggiy 20N thdtisveetualhn

oxgyenate CORMEL§h BPRod s Eei-a(wngt AS2a go?%%pgpatgsn gltggr}gt?\lé?.t SI’yLigglllf%gtg pri me
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-



10 olefins are forned in reaction zone 309, and a portion of the
fluidizable particles are carried into term nation vessel 312) conprising a
term nat i W@ 0288341 vol une 315, which is one el enent of thePGRESRHAIEL i on
zone, and is the first elenent of the disengaging zone that eventually

| eads to products |eaving the reactor apgaratus altogether (through Iine-
345). Term nation 15 vessel volune 315 is of substantially |arger cross
sectional area than the reaction zone, thus significantly slow ng the GSV
in that ternf¢rRativersodigaenddhe teial vapaerged to dhgnlgiardrieondny sehsbledigdtyst to

ttle d i avi t d | ted f th
oxygenat e codterdiasing Bl bedNeal 850 Brer st BhinkoraiBilahon of they oxygenat e
conversi on f eafpéeblretdfahe Wit 26hd8r F &ﬁﬁeﬂ'\erﬁaﬂtd?%e r@éét&o 3@

he
fluidizable catal yst particles are carried into a cyclone éeparal)(l)r devi ce
318, where cHiahgatofivapgrizationisgansidarpdrancedt énters tHeerearioyeinaddaitimver si on

Phat may Do o HetseHele Heabim bR RER ST (8PS Fro0actiom the Tapisher or o
into tern nafden Ties agbumption®s Aaddihat AnBgligibR cdHvel16n 6%?*%éﬁatéf om

termnation vessel volume 315 may flow into Catal yst recirculation fine
324, and sub8eeli&mndy henee, negligitde heahef waiction et the indatalopstisconi ng from t he

regener at or I re f ifted against gravity

with Iift gaégﬁ%r d%{rﬁg?ﬁ‘?eggéP%f{‘gﬁﬁé%&ﬁ?é%ﬁiWo%YPﬁ?”ram trol val ve 330

may be used significaat gstent #ciheaebetor whdr the 38gsR4te Iﬁ@bé\%m@%ﬁﬁdﬁb’r‘ of the
y

cat al yst_l(grom terg nati on vessel volune 315 max flowinto a cat st

stripper'333, whi ¢ReiteMpgratus diffgrential egiablsheshmayrkaiwithinna wideerarigeat i on

vessel 312. i PCI/ USPD2/ 07998 44
contain vari gﬁ{se%é?( éertarr%ﬁ%é b?/%}lrﬁgﬁggﬁ %ﬁ%te}s/%?rclo% l?%éggﬁwlgﬁ?n‘sﬁkﬂn%s trays,
typi cal |y shaspectatie tembearatuee differemtidlds debirathy aorgreater iesabbit | ed in the

art. A strippj gas _may be introduced via line 336 into the catal yst
stri pper 333%@%&5%8‘#&@69% ehnaratvee difeygeliritie ne aneales than 5

products andgghyt HOPeNVEY WY f f .catalyst prior to
sendi ng the gat al yst toﬁ]c%ét?a ysté}?%?gﬁgrﬂz?ge:ﬁé%%é%r%%%éﬂp%g%g‘ﬁyI y by
gravity M a greatestben apsit 564C) snd in stilhamathevaspect 342 termpyeraturgsed in | i ne

339. Ga i al £ f ta) tr 333 int
Cor i nat  on JLELEM niSrents et REG. dhiElerieblel Thamiana ki (o 10
inlet zone 3fmpératireiEifeeanal if Griéelo &i@éi@@orkﬁfdhﬁﬁicﬁ%ré%s%ﬁ%ﬁ cool er

406, passing, through a line 409 in fluid comunication with another |ine
412, and j oi §CHErma pstriactical in thetrepetion zeee, andihwsdie abledaghorehe

term nation L . ional | a control valve 415 may
be used in Ipne %Mgg@%gh@teéé@g%gﬁ\z@lcm}“ﬁro&‘éi%‘i{%tef%wm%" Ba8Rat e 15
conver sizih remytbeooonductedcin an optioRalRahech ngl réRiréldiffdredpm1ay Products
fromthe recircylation zone, and any unconverte _OXé%ena_te feedstock are

renoved fro aneghy, psigblishing the rate|of gatalyst re arein|a rasstar e of such
materi al s may ati ' : : L per f ect
nat ure of st r?gﬁ nLgl; ?%@?g? g‘F?E:ao%%t??S{)‘g‘?ﬁggéﬁd g@#%%ﬁ@%ﬁ%{&?ﬁ%ﬁmshom in
figure 5, thdeyiees esw@ragleorent ohthecmaotorappaedtesent s 315, 318, 321, 324,

327, 330, 333, 339, and 34 nd a determ natiop of the mass of catal yst
within those el errin?sra’iﬁo?ﬂl%?t%] Strrﬁﬁg‘,p”isﬁ‘gdpﬂiﬂcup% SigUPeARshany etheipr opri at e

rati o i g udigeridle Ssi i | [ ich _
includes inlet zone Sggﬁ. S%ngrﬁi%?"ﬁ%’e%t?i’gﬁéﬁlﬁlegygeemgcﬁﬁ%g?éﬁood with
reference t oM@yevarplovenavgdexamgs isthewthethiodaofdhe presehd ihvemtioh) ust r at e
speci fic enbgdi saW thin.the overal.l .sco of  the invention as clained.
Exanple 1 308.%5%[?'& ﬁ%éﬁq?&fﬁ?ﬂ{ﬁuﬁ{ﬁn '?ﬁfé’"hggﬂ%bﬁo abantet tMefeact i on i s
‘conduct ed at m2ip® Gebirgbiidig abboubPO¥s abolOBM OES, HRd ﬁ']déi‘@le%ffﬂﬂgifmﬁ'i‘t and is
continued for approxi nat e%&%gm nutes. In the first rough\ﬁg m nut es,

WD 02/ 0925- 130@TYQkspabeyr s the totl leedirate &fi aygepgatasstovtbe geactqui t e

‘qui ckly imarily h i . & feedst ock, and thereafter gains
wei ght qgt}ifte sl omP%g{rﬁggutg'ﬂeb‘?ﬁé%%%%a |rt§ﬁft§?‘°§e§r"%&?§%"eeoﬁ%g GEYGY's (whi ch
occurs sl ow materialssucklastbingdrg, fillers t etepshiaiidhavets RERCapabty 8bpol 1: 30
hours after commencing the 5 experinent, nethanol is stoppedy and repl aced
with flowing heliumwhile nmaintaining the environnent at the sane 250C.

Wi ght | oss commences i mmedi ately through about 2:00 hours, at which point
further weight |oss slows has about stopped, and the nol ecul ar sieve has

| ost over 80% of



the weight it gained while being exposed to nethanol. At about 2:00 10
hours, while still under flowing helium the tenperature is quickly raised
to 450C, WOP2{0M2S+4hol ecul ar si eve again continues to | ose VREEHE02(9M298 about
2:30 hours, at which point it has |ost over 95% of the weight it gained
under the oxygenate conversion reaction2/The TGA is then cool ed to ambient
tenperature. 15 Exanple 2 Referring to Figure 2, the experinent described

in Example 1 at t, fhat the_oxygenate conversion reaction is
conduct ed at aé%%té?ﬁﬂ %é’yf @ |n?’f%red¥f8fﬁraé Tfrom@gbett Qi tgrabas €r8 t he hal f
hour the 20 @alygl%tado%@ém%f&abw%%&% 02 fo 45 d #3287 apout 76 of that

wei ght gain over the next half hour exposed to flow ng at the
oxygenat e conversi“xéradddztaa:lnal(ma’tltlecd:'pmrwumltrelImgr'ttleIh@ﬁegenﬁdéra@é'tﬂib$''ti"?é‘al 30% when

the expori nedt S TBERRH EaschHhRedueily, 15 damparatareaerariial, tiee
oxygenat & Copriest Wehﬁ@ﬁfrﬁé(}gmbﬁld%%@t ﬁ%ﬂeba é@gﬁhe‘%ﬂofvﬂ'@ %ggger ature is

i ncreased-to 650C at the 2 hour t 5.3 ng of
wei ght over PrYiding latgprhm@f the omesfate:poalomf the f@a’dmﬁﬂ?\é reactgiimanol .

After t | £l h th hel fl
A hen’ T o otadid Borth Bl L 1en 8t ABMicE o 6 i UeRdorBa roRGPr iMur  expotsd
to flow ng hiduidfore: édwp@vm@abﬁ-reameogmgaég@ef &ﬁé’%@} 8 46

1 onal

conversion reaction tenperature, and |oses an a en the
tenperature is i ndharsa@ortioresithe fEa@t&psDr@srldBctlhra)hrghd Borahydke liqligar | y

denonst rigf e nmena_of ow a SAPO nol ecul ar si eve
cat al yst, @t aé&%OH ttlpe{eegé%f&\éﬁ elﬁ%?}%ygﬁpatgn ‘ée'?;cﬂ{\PeintHrr? ofhaih on)

under goes a Thalhqtfudrpmrtm@bf the fced rﬁé@béltl'l%ch?r |ﬁj@é‘i€8ﬁ%%§ rb8ctbP %r

substanti al absence of oxygenate feedstock transformation 1 ncl udes a

significant $UE’INg Okﬁ/@it|'g‘;"=ﬂ"t"’'~°e5h§€t"”telf?|ém@athaIr9%€13t06tw<[ﬂ]|tl’le(!h':\[mlrptrJlgt;onhnEEthl@)(ygenat e
conversi on rgagt at 1 0SS _0 i s, increased
by 10 i ncr eafg%ﬁ dr%su1e§rball% E%Fertég 3?7@ n{] g&’ iding;sRo 99@@%&? feeSonver si on

reaction is (@xygemﬂel andfondiluengin tﬁéiﬁquid?ﬁ’asé fHéJtéﬁhﬁé?Qtd?@@lﬁtﬁéﬁﬁQr
appar at rese i.ng that described as ure 5, further conprising a
$2or S By

regener ator & ¢rrantrlipd. é’he@wéhmgé@at of reactiy gbasyaeradaver si on
reacti on pr t hat there is
T o by e Erabn i8 paichy 8ol IR endibelniihes G TRbRatitgbor) ot
flows from ctﬁlﬁdlqylgi/ pertionpidhe 33, t60nmelllng¢tmpranwtnorvefsmﬁhdﬂééb @nd is
returned fr nJ et zoe203 . In t aratu5|s | aced 1.5
kg of catal %%F}dgg%? rf%!l,gthfg@a W GPRtro qéﬁéﬁ% SRRAtEa agcor ding to
t he net hod odiffeienbal. emtroﬂuéﬂ&h 87 hquiig fééﬂ(to e reél:tor-gﬁf‘s |‘b%?1t08ft v ar atus is

desi gneggand operated such that about about 50 grans of catalys
contain V\ntbﬁlrﬁc'f%aﬁ'%@f P@tﬁ'}@bﬁ@dd@ﬂrrﬁgcm &)dy@epmwdlngrametfmron reactl on,

and the bal QHBS érﬂ%a@gbf %ﬁl{)\% %ﬁ%rtaﬁone rﬂlgg%%ﬁ]t%l?l%?r tul o of the mass

of catalyst In e feact ron 2o fFass of catal yst
in both the dlﬁamlah zone and the recirculation zone is about 0.03. 0.8
kg/ hr of 100% vapgri zed US ade AA nethanol is introduced to inlet zone
304 at a tenperat gpunto ed provided to the reactor in a liquid form, whether

fed separately or jointly with the vapor feed, is from about 0.1 wt. % 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 wt. % 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



about 160C. An oxygenate conversion reaction is conducted at a WHSV 30 in
the reaction zone of about 15 hr's, a tenperature of about 450C, and a
pressure WO @91 240 kPa. The GSV in the reaction zone i sP@hos02/039981 s, and
t he conversion of oxygenate across the reactor apparatus is about WO

02/ 092541 PCT/ US02/ 07998 47 90% The r&8ctor apparatus is covered wi'th
heating el ements and insulation such that all elenents of the recircul ation
zone are ke t he sane tenPerature as the reaction zone. The

% at @blou. . !
catal yst is JEERtelWityagslabivelysmall iede.a Qthar usefubdijuenis aredeoscrideniit 625G,

and the re t } i h_that the regenerator
contai ns ag(?t&ﬁg?' ggggfr %Ig@tﬁdgrgé‘gtﬁ gﬁg&ip%?%ﬁégﬂgﬁ%%{rﬁlotfé’l%unt gf cat al yst
in both the aPprenrtate appaeratesaraior diluent egmeatt@rthéaie@é}eﬂwilﬁec{%dfsh Sanpl es
of the gaseQus. nate. conversion prodyct, any diluents and any
unconvert ed ox§%ﬁ§ﬁ8nf%%@?d@w PRaze,re it esHers gpenreior padiascomess- 150 10
chr omat o§r ajptoajont il i : i iti,ng the
odontdt §fittihe @ﬁﬁl%thé}oé V5Sor rgr%mbH%r tr?éagé’écgﬁrg@(/'owmgq

reaction zone 309 and entering the term i'on vess Nt he top of
the level of cat &Btionaliythiediosid iragten cfiBie fead nedy béisﬁiilﬂiﬂtd Pértippact or
apparatus in, Li. 45 The results are provided in Table 1, which exclude
any wat er a%&ddﬁ?ﬂiﬁesd pﬂﬁ? FPAGer Béaﬂr‘lélg@k'ﬁ't.y afdogatians alosgitpllengtbi nt abcRat e
Hydr ocabon mhismelyeRnuied fitnRHBRRRI offftiats ¥ed 3R9 G 3R dr ocar bon

Conposition_(selectivity .
9% Et hyl ene1dYypEaligBisiisrdong wite . iklers portivebhthededd. Another option

Et h 31d494: 4. .. 1528. 45, 11C4s16. 823, 316. 8C 5+15. 625. 116. 6

Sanpl o' A o3V e BEEp 3a0ch imiqghiceS fo 1R Hiquld Testionf theciesdt bed as

Fi gur e 20 5to ther nletizoperepiratiogirra FRERTRR SR Ttnactha @ﬁﬁggﬁgﬁeﬂ s
e presen

enpl oyed in _an oxygenate conversion reaction process 0
i nvention, SRS LeRFOPHAte: size distridwionewhishcwhehyestiraliresd with ¢henger 406

or line 40945d i te f fromcatal yst stripper 333 to the
r egener at or g8 %aos;ﬁggggﬂ}qd%gﬁ Lth%ﬁﬁtﬁﬁ? QA eyaﬂ?ﬁzpeagf@dl@uy et ur ned
from there angthetiengthef30d reador, eE esreofitheys atrBngemlntd iea 324 and is
returnegd. to _inlet zonﬁe304 W t hout regeneration. In this apparatus is

pl aced ouPOT@_@q%’”d o Mapske gsapite betigr covssAROtempetatael ar si eve
oo e ol O e Bek e o

The reactor apparatus 1s desi era B" kg of
cat al yst i sadenetar pedesignitign tiquidread norrlezormentrotitMdpidt sire Oxygenat e
conver si on ot .on,._and, .t he bal ance in,the recirculati on zone. Thus, the
ratio of thégmlg%g‘f'sﬁﬁ Lirpn innt%?t?é" aRd is nefdiserseddarpat of the sum of
the mass of cat aNpstrebBtiROEHlidshghicRashts | LW ation
zone i s _about 0.36. 550 kg/ hr of about 9@00 vagl)egcglzég%'wé]@agg% '{Rke t hanol
i s int ridtiuc¥dhitBe catalyst solids;3me usedhin thepenatonrandfecirsalated idBe and a

pressure of r@a@bpandds%d%%@ratép These non-reactive solids have the same

capability as the catalyst to provide inertial mass to control 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, metal 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 should 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-



oxygenat e conversion reaction is conducted at a WHSV in the reaction zone
of 15 hr', a tenperature of about 490C, and a pressure of about 15 275 kPa.
The GSV i Wa@d92sacti on zone is about 6.5 m's, and the conRer/Fs@N7948
oxygenat e across the reactor apparatus is about 98% The reactor apparatus
is covered with heating el enents and i ngglation such that all elenents of
the recircul ati on zone are kept at about the sane tenperature as the
reaction zone. About 96% of the catalyst flowi ng 20 through reaction zone
309 and i nt oreastiviersalidsto cetyt is bmmab@it .0 te abbutt 10,0nefe ddswedn324 and
327 back intﬁ inlet @Qg 304 égd the bal ance is sent to the regéenerator
vessel 401 vi'8M ?%%Ut ; t?@BQH ated and returned to inlet zone 304 via

Tines 412 and 327 i ir at a
t enper at ure of 68SDSanﬁggErﬂéebé?éeSgﬁggﬁ’ﬁ@bﬁggénﬁé@épéﬁgg%Sgré:ﬂyed such
that the regethermaerietlssuchras binders: fillatso etc. 2610s konaatatives solidshus, t he
total a nt_of catalyst in bqgth the reactor apparatus and the regenerator
i s about Oorqgéf)cy%g%%? g%coyaﬁﬁgegg%&@orgﬂp@gﬁﬁttg dPQitipiespmsiect , any
di | uent s anddegiyabip Ry ebbat Py SBOR! B RS Aidknfiis? dﬁém%%n?ﬁggﬂﬁl co

petrocol DB-150 chromat o%r aph colum 30 to determ ne gas phase rocar bon
and oxygenat €0 t@@best 100 imes theHotad fabid fate eh oxygenates tajhe nesitideef or e
erm nation vessel 315, b)

iti th ti 3 t ing,t
ot L he2topof & ne O Aet ABe 20w Sirfie Baphibneoseadivesnidsoz 07008 49
stripper 333mz§ndlse bearbbhogtéd®ithaRe calalPRnAaNwe Harindr HFE@ri%ﬂé{ﬂF results

are provided in Table 2, which exclude any water and diluents t may be 5
present .10rapl e 2 Shamatalpe within drerecitauiptivnaane paybelpresentatt ed Met hanol
(kg/ hr) 23514

69 Bt byl encas: o0 AaTCEPEITN eRBd0Rs thdls! SRaffatbisbraffrom those

Et hane2. 045. U the peactidon/ZohedRerkiBéshajopilytofdoh\@FSish of Bkpg&itatad

Exanples 4 and 5 clearly show the detrinental” inpact of the catalyst decay
phenonena whitdRtesEedrte take plasapd hisisPgeauss; theatalystanag bedargebnduct i ng an
oxygenate co i l J i Gy ratus. Jt is
evi dent that Wﬁiﬁv%agtﬁt Eggtoe:‘fg’?ﬁéﬁ?ﬁtﬁ*%@ﬂ%ﬁ%@%%ﬁ@f F&edl t hrough 3
above i domanwiteisttbe micropmrops ettuctureof tHe siaseonthemegbpsioudat@isteoduct s of

a substanti al ihferior copposition tp that obtained In the reaction zone
under desi re(a# %ﬁfﬂ'@ﬁ%@@%’ﬂ?ﬁ? ?i‘%r?qné‘?ﬂﬁq 'g'ﬁ RISt Poaall\anequss thetough t he
dat a obt ai neg iREARRS L I 1 ; elative to the
conposition f Eg%jesgﬁng?@epoi n%lad(zg'?bFﬁ%@%ﬁr\pﬁggﬂﬁ&aﬁgééﬁpﬁgbéﬁ Iddi tionally,

it I's shown PeROMEDa @nsithg imperfeat means of keparation dlont tHeabyyajeniate t he
reaction. zon hat of the sum of the mass of catalyst in,hoth the
reaction zon(goi\}r)]e&glt%ﬁeo rggﬁi&tPaﬂdaﬁf?yoH”%W&rmje?ﬂi}Pg%ekpﬁéerp@é PORhal ity
and pri 20 ol iebntergited fecifculdtproasiiciithe BipshiEé aeRlE REY HavRpEERNat e
conversion reaction in a fluidized bed reactor apparatus: Having now fully

descri bed t h’?@‘?'ﬁ\?@_ﬁﬁl@ﬁ,d, ARd fiyg theeenifined materdalsyregacdiess f theerd i n t he
W thin what ToTspor sk AR pRSeR RRASHTRRYY b bRy S Bob g Brtrat e« "o
t he inventi oncluding 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 bulk 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 small 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 olefins that may be present to

undesirable byproducts. Additionally, other factors within the recirculation



W O 02/092541 50 CLAIMS We claim PCT/US02/07998 1. A nethod for conducting
an oxygenate conversion reaction in a 5 fluidized bed reactor conprising:
provi di ngwamessgenat e f eedst ock) a catal yst that i ncor porEtesa/o03M0
nol ecul ar sieve, and a reactor apparatus including at |east a reaction zone
and a recircul ation zone, wherein the tggperature in at |east one point in
each of said reaction zone and said 10 recircul ation zone is at |east about
250C, contacting said feedstock with said catalyst in said reaction zone.
under condi t #BA8 MY editodhe catalysi deing piedeht atistibaptiniumaapeifiBrCcfori ncl udi ng
rime ol efin i Lt Lons 1ncludi a GSV of, at | east about 0.1 nls at
gt | east oneéggi %{gib%?lﬁphéﬁgﬁrﬁgwpgﬁ&e N used ip the reagionrzanedue a
‘portion of s& dxpesurkystveryhswrd i i
recirculatio zoﬁ? such t%t étzdérigl ?ﬁ?%ﬁﬁ%i&%&%g@?%EPE%F‘?S?‘? n said
reaction zon®We teRperaiure farsusacdin thaeeaetion péne due t beirigwithinm bot h sai d
reaction %ong %t%ébg recircul ati on zone of between at |east 0.01 and no
greater than 8 3 > The method of claim 1 wherein the ratio of the

mass of catal yst iThusait ¢ ingsottdrein mw’%dbﬁhecﬁreééllﬂ iVt tbrﬂ%@ass of

catal yst in both said reacti on zone and said recirculation zone of between
at | east abo@tratio @bthemass ofcatalyst in theregction zohedo tHateofitae bomh offthel ai m 1

wherein the i talyst in sai eact.ion zone to that of
the sum of t esatahe pAEITEN Bln i Bekiln eind B0l the FedtibbRdons of
recircul ati oat east0d, ketnkencathe eftierabr o oy Genat88 i thIigasr than 0.99.
30 4. Th@methog gsf claiml1l wherein the ratio of the mass of catalyst in

sai d reatti o' £ SHRPress QonWeEsien t5t Undiesiralia bytrodacts, petnon both WO
o AL Sode OB Al o e
. Inventory of catalyst in the recirculation zone become undesirably
expensive, complicated or operationally problematic. In other aspects, the
ratio of the mass of catalyst in the reaction zone to that of sum of the mass
15 of the catalyst in both the reaction zone and the recirculation zone is at
least 0.01, or at least about 0.02, or at least about 0.05, or at least about
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 greater 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 provfdes

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



hod of claim1 wherein the ratio of the mass of catalyst in 5
géi ghseggtion zone to that of the sumof the mass of catalyst in both said
reacti on WOB/0aidl said recircul ation zone of between at | erEWUSRO09980. 20
and no greater than 0.99. 6. The nethod_of claim 1l wherein the ratio of thfe
mass of catalyst in 10 said reaction zoRd to that of the sumof the mass o
catalyst in both said reaction zone and said recirculati on zone of between

0.99. 7. The nethod of claim1
therorn t ho_Ph Al rRRRAI &R Ha et oriviadenl; w'ﬂﬂ'@ébe.zgnezwlg@ht 0 tha
of the sum opravidesrasistermigatiod Maéé‘lrbﬂfeheléﬁfiéﬂltr%fe b3Re 443& and sal

0. 99.
culatio one of between at | east about 0.40 an no g ater than
zraeCITLe met hoa'f e'lqeamrﬂ'@ deneity batwern ﬂtﬁ@xygﬁnatmfeammﬁllamtal a4 in 20

f of the nass of catal in both said
Taneti o pord et Boh{isid pibdficR S & Jihd Brdeonsidaratior andshe 0.50
and no grieat éensltyanf tﬂe%talﬁst wittin testhsdmeht Gi @'ﬂ@rﬁﬂlé@lﬁ %'&oﬁg'iﬁ{eFﬁ'L 40 of the

f t al 5 said reaction zone to mass of
ggts Z| §stc?naﬁ ‘Fﬂﬂglﬁfémﬁém PBAhe Fiasseiccatalyst w@mnrtbaﬂ @Iem@rmt Zfive of bet ween

han.. 98.. 10 e method of claim1l
%elrgﬁflttgeoéagtg ?%S gfegﬁﬁ@negé%ﬁt Vﬂ{hl@%ﬁ%ﬁr&%@qay rpes‘%fj%d]@ q%ﬁﬂ?i“@ﬁhﬁgne tg t hat
fotalneasswithivf theatomey Sh the nsthBd 9tk praeht PReh pga sal
?femt ?gulsg{nl gn z&ﬁ?ﬁ;f bet ween a%/ | east WO 02/ 0825 419@?5 8&85 and no

greater thanCHBYGH iSong¥ed erayndsapopgdoe vanious elements dnlacandbmifashionher ei n

f zone to that of the sum
E)P et Lgt Irr?sg %%d?gtgggléésaﬁpraﬁ%%%)égbds‘%lvgmpg%gﬁg%ﬁ‘yfgHba%aoré%PHe 8’? Clljlzat 1|_ (ﬁg
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actual proportion of sieve and binders and fillers in the catalyst in making
the determination of the mass of the catalyst in the reaction zone and in

15 the recirculation zone, even if different proportions are added to the
reactor apparatus at different times while employing the method of this
invention. .

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 in

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-built 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 measurements, contains catalyst at its



10 said reaction zone and said recircul ation zone of between at |east about
0.10 and no greater than about 0.98. 13. The nethod of claim 1l wherein the
rati o of Wee02/@2s1of catal yst in said reaction zone to thaeCDUS@20g9sum of
the mass of catalyst in both 15 said reaction zone and said recirculation
zone of between at |east about 0.20 and3Bo greater than about 0.98. 14. The
met hod of claim1 wherein the ratio of -the mass of catalyst in said

reacti on zon h um of the s of cata n both 20 said
reaction zon@ogrﬁats"gﬂ%a%ﬁ%écﬁ%lg §P§6¥1P£'85 '”Eénm%ftol ﬁé’?a%f_ﬁbut 0.30
and no great eppbkmasabout 0.98. 15. The nethod of claim1l wherein the ratio

of the mass of catal in said reaction zone to that of the sum of the
‘mass of catal yst iMﬁ%@dﬁoﬁgs@@“d’"ﬂgm manlpulaixr@rtdesailmiofﬂm mews afi on zone

f bet and _no ter than about 98. 16. The
method of ol SRR EREeatid keBete Wakrife Shm oiheluass gting oetabist
reaction &onin botr thetreattiérhgons Bh@thd P&lﬁé@ﬁa‘iloﬁfzcﬁ‘@@él ?Ta Admb&ty 30 said
reaction zone and said recircul ati on zone of between at | east about 0.50

and no gr eat E¥etPRES Walldinown toghose wislled imtmesart. EXBMI%MCM@&)LEE&? The

f cl I n sai
eaction zontot iR HrepRESabiGP of b HE B Rr Bin NG meomeiRiet «
reaction zonéhanaricus dlen&;ntﬁ oﬂtk@ne@&to?@ib@a@étubeﬁéﬁ@mﬁg?‘he| 1@8gfor Yelde@nd no
greater than ablout 0, 18. The et hod claim1 wherein the ratio of

the mass of C¥¢ 8P9§td'P|ﬁ9§aﬁ3Qﬂql@§cﬂﬂdﬁﬁaﬁﬁfﬁé|ITEQ'S @ngtawdliarheqeipmerit t he mass
(t;fet \‘;\géﬁ' 'tgt I gggﬁ%&'&a%éty& SRAGK MY ARPFeR st it |F1evcalr{o(f1l§loz%)te'nov%lgr%gg of

of the elements into which catalyst might exist; and design and operating
conditions in the various elements of the reactor apparatus, including
pressure drops across control (typically slide) valves requiring more or less
catalyst in the conduits feeding the valves, desired GSV, rate and type of

15 fluffing vapor (which assists catalyst fluidization) in various elements and
lift 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 to achieve a desired conversion of oxygenate
feedstock, and the desired level of conversion of oxygenate feedstock.

During the conversion of oxygenates to prime olefins,

carbonaceous 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 convert the
oxygenate feed to light olefins. At this point, the catalyst is part_ially
deactivated. When a catalyst can no longer convert an oxygenate to an
olefin product, the catalyst is considered to 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, |
regenerated in a regenerator. By regeneration, it is meant that the

carbonaceous deposits are at least partially removed from the catalyst.



about 0.02 and no greater than about 0.95. 10 19. The nethod of claim1
wherein the ratio of the mass of catalyst in said reaction zone to that of
the sum oW RAEEs of catalyst in both said reaction zonePEruS®aI7ohs
recircul ation zone of between at |east about 0.05 and no greater than about
0.95. 15 20. The nethod of claim 1 wher8Bn the ratio of the mass of
catalyst in said reaction zone to that of tlhe sum of thef mgsts of cai a: ystt
in both said_reactjon zone and said recirculation zone o et ween a eas
about 0. 10 aF?&SHBE"i}{r the eeriioR.at the satalvetaethdsgwn from e FRaChy RRplaratusi hmll f
wherein the i f t ' ' [ one tq that o
the sum of t ke nead! parlETBEacRarc) ShETean il e8RSt b driaddty

Teci rcul ati 0p0Qlng: intheneteteraedds the ssactabappardt®d) and no greater than about
0.95. 25 22. The ﬁEt ho cl wherejn the ratio of the mass of

f [ at )
catal yst in said PESEE B(r)\a ‘I’rEth"l?a‘fatB\‘ysﬁ FOMRIIHING MolRcUlalssievs aadt al yst

in both i d | | [ Lo f en at | east
Jbout 0. 30 acnt og s Hateraf fith 40 bideEsJLers, Fho o SRR a8 i WiF 0 & m 2
wher ei n t he regdter agparatusiios segeneratian gad retuns badk tethetie@dtorone to t hat of

h f th f catalyst i b . WO 02/ 0925N1 PCT/ US02/ 07998 54
tsa?dSlrJ(ranagt i oﬂg%nf%i&%ﬁha §%1eo°f%§:lff' @gevgbﬁoh'm%ﬁ%a pult lies, wore east about

0.40 and no gesipdtsly flohPBLARICYIL t8-abut 5 times, and most desirably from about
0.3 to about 3 times the total feed rate of oxygenates to the reaction zone.

10 These rates pertain to the catalyst containing molecular sieve only, and do
not include any non-reactive solids which may be present for temperature
control purposes. The rate of total solids, i.e., catalyst and non-reactive
solids, removed from the reactor apparatus for regeneration and
recirculation back to the reactor will vary these rates in direct proportion to

15 the content of non-reactive solids in the total solids. '

Desirably, the catalyst regene}ation is carried out in the presence of
a gas comprising oxygen or other oxidants. Examples of other oxidants
include, but are not necessarily limited to, singlet O,, O3, SOs, N2O, NO,
NOz2, N2Os, and mixtures thereof. Air and air diluted with nitrogen or CO,

20 are desired regeneration gases. The oxygen concentration in air can be
reduced to a controlled level to minimize overheating of, or creating hot
spots in, the regenerator. The catalyst may also be regenerated
reductively with hydrogen, mixtures 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 wt. % of the weight of the catalyst, more desirably from about 0.1 wt. %

30  to about 10 wt. %, still more desirably from about 0.2 wt. % to about 5 wt.
%, and most desirably from about 0.3 wt. % to about 2 wt. %.



24. The nethod of claim 1l wherein the ratio of the nass of catalyst in 5
said reaction zone to that of the sumof the mass of catalyst in both said
reacti on Wh&/@Ra¥1sai d recircul ati on zone of between at | eB€T/Us2NTHIS0. 50
and no greater than about 0,95. 25. The method of claim1l further wherein
said tenperature in at |east 10 one poird4 in each of said reaction zone and
said recirculation zone is no greater than about 750C. 26. .The nethod of
claim1l1 wherein s 'd erature in at | east one point in each of said

reaction zone and St FRAANSIALAN tesmreraturaishosld ke Fronasbout 30W6C. 27

The met hod of t I t oi nt- ,
each of sai dt?gﬁuﬁgoﬁﬁ%&éﬁgﬁ% %r?&?@%@ﬁ@“ﬁﬁ aé"idnmegist about
350C. 20 28. dasgabmfmu afout 6EDTE 29 about N20°CMBE®RILREtHE réGams T’i’ér\”e in at

| east one p0|nt L N said reaction zone and said recirc tion zone
i's no great e SRR %gﬁﬁtp?@%% a ﬁ“@@ratqfﬁec%ﬂﬂf@b'&fh@heilthanmé urt her

wherei n tBe tRypehalelschvielsih ré4dph, ﬂ'?ﬁgf%%sfrﬁﬁgﬁgg&g%# %ai %ﬂ reaction

zone and said recirculation zone 1s'no eater 30. The
met hod of cl &ORtian ﬂhﬁwed’egeoenmleatoatﬁlystmﬁ lowet teteperateby befforatit @.Oselrﬁast

about 0.5 m in said reaction zone. WO 02/0925:11
PCT/ US02/ 0793’§‘%E§8§1é { 8¥Cf@%%'%t%wéfn@| saeyesado thens

include a GS‘v’e@én@btdr&ﬁéy bébﬁéﬂ tQ rém'&(/é heafisth tﬁé“éa%ﬂﬁftgﬁ étsa' d

reaction zone. 32. The nethod of claim?29 V%EI‘EII’I sald co i ncl ude a
GSV of at 5 hagdeamuitidravs from the regenaratyr. dlbep thetegenerdtod cagapsti on

zone. 33 Th 1 Wne n said.conditions include a GSV of at
| east about is ggéTFa%X?ém%hféglgtd%H@ tPrﬁoqlﬂ 19 & tgmRerRture Whighvis froro 34. The
met hod of cl abwﬂﬂomh@h@rwasoaomwo BWer kHKH H%eteﬁwpggéiu% fine east about

1.0 mMs at at ai)?St one point in said reaction zone rret hod of
cl ai m 29 whef@l %é[Y'HTQEGWHleQ%HEGTWQF@QEFM d¥lorst dd sirably, absubolhoo ms at

t | t h d laim1
wher o n sai d S o Gmpefa®R fofh a5 g Hond o T 200 Ios Reatas ot 1 cast
one poi nt i nteyapdraterscefitha catalgst vidthdrawe freh ies! redcted a?op’éraﬁjs""‘i'ﬁirse' n said

conditio |ncIH%§Qﬂz§ GSV of at 20 | east about 2.0 ms at at Least one point
in said reacfPBifdssialystienthay Rerabaned te pithen smenertionrofdbe deadadi t i ons

et o oneb el el o BT BB ot

a GSV of at D@@é}tsteﬁmthére@embsatat isattureedtto aeapior apparatsdiitma§ase | on

ZOne. returned 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



40. The nethod of claim 25 wherein said conditions include a GSV of at

| east about 2.5 mMs at at | east one point in said reaction zone. 30 WO
02/ 0925: AWOR2IORBO2/ 07998 56 41. The met hod of cl ai m 29 whprEUS2AE)9S
conditions include a GSV of at |east about 2.5 ms at at |east one point in
said reaction zone. 42. The nmethod of cl3g m 1 further conprising a WHSV in
said reaction 5 zone fromabout 1 hr' to about 5000 hr' . 43. The nethod of
claim1 further conprising an oxygenate conversion in the reactor apparatus
of about 99%<F09QBE . Accepabletemperatoresotf sttippimglar Uirdmesbk®IBOPSI Ng an

' | b 98% | . 45. Th
ot bod o of o BbBLPPe0 e deBRR nARDAIGRORC 5B %iGn one from |
about 1 hr' to ab@#tay80Babhas beehTohbactd®ithEEREaGH %frﬁg&tﬁkgbé%%%ﬁéther

conprising a VWHSV in said reaction zone from about 5000 hr'
. 47. The nefRibedhersinian trpdstackexpasedir Feedstoak Bkisdsedicatalydt welact i on 20

f | ; - 50Q0 .hr. ~. 48. The_ nethod of claim43
forther o PRoVidEBRt corVersib @Rl ttBdcS having Sunslagialy ladsu: 1 he - 1o
about 5000 hpropar5ard coRdeontent tthrod calal shwhicH wﬁ&&g%rg%@ghhﬁétgg a WHSV in

o

sai d reactioE zone of at |east about 1 hr  ~ to about 50. The
met hod of cl &¥Ymi"88N Catalvr IscvrpRt catalyshthatibasinet baid predouslgn zone of at

| east about e e met hpd for conducting an
oxygenat e corﬂ;’]\}lllevrdsu icgﬁ‘?? %gr%t'a\ Ft()oﬁ%?;%agg s, |Ad$ éﬁéﬁﬁk‘&@ WB'&@E&PFWM\%WF ng: WO
02/ 092541 PCENMISDLS O repabe gsrivis epugedo moredBed eifRedisiopgk. a catal yst
that i ncoy pog&%es .a SAPO nol ecul ar  sieve, and a reactor apparatus including
at |east a reSCYiung Inicatagiven feed ratg ofiingrgasivadeedmaiecver argivernper at ur e
in at |east gme point in each of said reaction zone and said 5

recircul ation zone is at |east about 250C, contacting said feedstock with

sai d catal yst in AhRdygiatinstant immendemeasintioé thisst ¢ fiRCidaggyrt 0 convert
' sai d conditions

el udi ng-a (MRS HER ot vl bt Alaecaey sa st ot i n sai
; gﬁgt |t gn1 %g ?QEZIEEE:% ?ggjr@glgta??%\?gg 3\;%]! gfgéleyil g%enfgﬁ%t;gagh'htepgfol:ee, Q/'a'?i%‘dls ation
yst in the reactor apparatus may have been feedstock
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 extent 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 total 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



maintaining a ratio of the mass of said catalyst in said reaction zone to
that of the sumof the nass of said catalyst in both said reaction zone and
sai d reci WOu2a9rwh zone of between at |east 0.01 and no 15p@r/Esaar79dshan
0.99. 52. The nethod of claim51 wherein said tenperature differential is
no greater than about 150C. 20 53. The @6t hod of claim51 wherein said
tenperature differential is no greater than about 100C. 54. The nethod of
claim51 wherein said tenperature differential is no greater than about
50C. 25 55. Tegenmsatiers,dhiscan range fiane heiurs spitd dagsrpefaager e InitHd easntial i s

t t - d of glaim51.wh ' id
(r:]gngir'ta ?oﬁ; i %ﬁﬁjﬂggéyé%%gf“ﬁgbsgr =4 %ll}?‘?ﬁﬂ%tﬂﬁcﬁééﬁ?r@t'ﬂ?:rrng{’lt”q%ﬁs %If east one
poi nt in sai tiousamiayde sufficient. B "AHAGS slerRCE dj%ﬁtﬁgé%ﬁﬁaﬁgn off Ne
0

met hod of clajm51 wherein said conditions include a greater than

about 2.0 mi &t §3she reaslor apRaralys andiaregenaratenavithdiow ofi eatalysss. The met hod
of claim#gl | bd conditions include a GSV of greater than about 2.5
ms at at Ieggﬁ%lrge%gq"nt in said reaction zone. 59. The nethod of claim51

wher ei n sai d condFlownatel sfdatalpstecaide afedblrad Rps Qarishast vauyef- 0 M's at
at | east onerkgoi nt in said reaction zone. 60. The nethod of” claim51

wherei n the KEPYD tBthesrsivlied invtheait.alythe designphithecequipment usedte t hat of
the sum of t rRge ' Hé%fclfb We s i e.and said
recircul atio%grzone 8?{%@&%ﬁégﬁl Itl'Peeas a@ﬁéﬁéﬁ@@%@eﬁﬁwﬁ? t han 0. 99.

61. The net hedtaltst flow raté cantver deétarminedrgiverothef cokecproanstion ratatighyst in

sai d rea@?ion zgne to tg%t of the sum of tr\e mass, of cajtaltést in both 20

sai d reatti ohPFONERPRIALE e BYeIagR Cokedavel arecaiplysbleaxing the reaglor about

0.05 and no hs t . y » i he ratio
gPQQﬁa%s, artte 82rade co @%@BH%@%&?%@{IH@% ﬁ%eé’sneéﬁ]gtgﬁ'.

of the mass of catalyst in said reaction zone t u t he
mass of cat allyan operagnchumibwithiapntivacus oatatyst doand vesiety ofeci r cul ati on zone

of between a t.0.10 and ,no greater thap , 0.99. 63. The net hod of

claimb51 whebe%a%%f%gﬁgﬁcggweﬁW@”r%gg%f‘ E’%”é(lss}’&gt??h@ﬁ‘i‘%s ABxction zone to

that of the suserifed, fer sramplel by Mishdatolige, bEkﬁbrﬁﬁeﬁ@gﬁeé@ﬂﬁﬂéQm zone and
an

said recjrcul ation zone of between at |east about 0.2 0 dreater than
0. 99. 05/169/84ng FPaiiaes0Beds, SoRCceoABidanT ReKmuitany edls.,Blackie519iher ei n

L et o 2R e etk r ot SRR E8EB 8 Bl B, o, o
zone of bet wesfaraaicel east .
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. In one 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 reactor
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



about 0.30 and no greater than 0.99. 5 65. The nethod of claim51 wherein
the ratio of the nass of catalyst in said reaction zone to that of the sum
of the ma¥&0 eF0%gHdal yst in both said reaction zone and sai BCT/@&Sozoredsat i on
zone of between at | east about 0.40 and no greater than 0.99. 10 66. The
met hod of claim51 wherein the ratio of 3rhe nmass of catalyst in said
reaction zone to that of the sumof the mass of catalyst in both said
reaction zone and said recircul ation zone of between at |east about 0.50
and no gr eat BleashemenisRf the ieeh cetelystetotbd refctot appatushriaa the ratio

of the mass Qf. lyst in said reaction zone to that of the sumof the

mass of cat a?lf/fg'fg %}ﬁdégetrﬁ""%%?@r%eﬁqxﬂmﬂ%M@thamﬁa%ﬁeﬂ"eﬂ%Pf eaipaof on zone of

between at | orgderftidioatloneand eptishal HigoehiBth 18edS. 20 68. The method of
a

claim 51 wherein the ratio of the mass ‘of catal yst 'in said reaction zone to
that of the sum ofn aipseienes embedimentsef thia imeriosaad oxggenaten zone and sai d

recirculatio 0 st 0,02 and.no greater than about O0.98.
25 60, The My DRI VB CarRon fodd 5 Rr BreSinian o5Miged al yst i n
sai d react i owithdhe okgabhats, 1fcdrhtactetWiet alcafaPRbriinpRiAipPo | N both said
reaction zone and sald recircul ation zone of between a east about 0.05

and no great BYoleqvdar sipweiat proyess gondiionsteffective taiprdduckailefirslinder ei n t he
(o' st o TSR Al AR e BAASIRA SRR iRl bl >
1.0, preferably at least about 1.5, more preferably at least about 2.0. An
10 ACFE index in the range of about 1.0 to about 20 is effective, with a range
of about 1.5 to about 15 being desirable. A range of about 2.0 to about 12
is particularly preferred.
The oxygenate conversion reaction products, along with any
catalyst decay products, may be separated and purified to produce high -
15 purity olefins. High purity olefins are generally recognized by 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  Dbe 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 wt. % 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 derivative manufacture, particularly in the polymerization of

ethylene and propylene. Low level contaminants generally comprise polar



said reaction zone and said recircul ation zone of between at |east about
0.10 and no greater than about 0.98. 71. The nethod of claim51 wherein the
rati o of MHROMY3E4Of catalyst in 5 said reaction zone to tRar/usd2azags sum of
the mass of catalyst in both said reaction zone and said recircul ati on zone
of between at |east about 0.20 and no gB8ater than about 0.98. 72. The

met hod of claim51 wherein the ratio of the mass of catalyst in 10 said
reaction zone to that of the sumof the mass of catalyst in both said
reaction zon&AREMISE iBClusing exygenates surteasivaier, winahol, daessiyliebelds, 0. 30

d A, hqd of clgim51 wh ' h
ati 0 of the s and cattiqreries; Sy 5HRELARE sfiin Zstyrodemadior. « ho- sum

of the nmass cﬁrmeyabuBiUeiandmtchmé,ﬁh;rmbh@rbﬁ@a@,e}\mr@brp recirculation
zone of between at | east about 0.40 and no greater than Qabout 0.98. 74. The

et hod of cl SPHRPSUNARCRESING, tiesphineoapd chigsidess Otber cantanyinantsicaptbs ai d

reaction gong, t ss of catalyst.in poth said
reaction zoneygﬁb(ffa E@éndé) %’%%r?]rg%épgwgor}? E’ﬁeﬁgﬁoﬁceg\g?% 'O%ij'qn@ag%‘taﬂﬁﬂﬁ 0. 50
and no great andtkhaynezmong ofiers.7 bydidwernetdreshé cotafa ophggiel n t he
rati o of the mass OF catalyst in 25 said reaction zone to that” of the sum

of the mass BHMBRIS)SfreAfISot h said reaction zone and said recircul ation

zone of el neen aLohash B SR LRA oy, AV A Red B e

met hod of claimb51 wherein the ratio o

reaction zonédudinglyduigaratiosueadtiorshe satwste tetaihdyisdcarioR®dtigai d
tion zopne of between at | east WO 02/ 092y1

reacti on,}%on gg?e%gi d recircul

PCT/ US02/ 07958 B0E: §: DS WESEPR I meYRrerdaB aulfor gemprendThe net hod
of claim51 wRarcarbord BRxidy: i ; ' i.d reaction zone
to that of the sum of tr)l((la r'nategbssBF ftb@g%f;%i%{rpé%ﬁﬁgﬁ’h}s@hggg&ﬁﬁe\’f&q“ﬁn zone and
sai d reci r culMAteGRISz84N 8¢ sblid medecular siewsd; extractio® with \amidus Goliepdd er t han

caral yst in CemORReREr iR B, o idhfendiistfielotninpdkien shesksiredat al yst
o A it ot T A
, g paraffins having the -
same number of carbon atoms as the desired olefin. This can be done
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 laboratary 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 altemative 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



said reaction zone to that of the sumof the mass of catalyst in both 15
said reaction zone and said recircul ation zone of between at |east about

0. 20 and WO 0g/0&2pder t han about 0.95. 80. The nethod of cl HGWEW2HM9Bei n t he
ratio of the mass of catalyst in said reaction zone to that of the sum of
the mass of catalyst in both 20 said re2®tion zone and said recirculation
zone of between at |east about 0.30 and no greater than about 0.95. 81. The
nmet hod of claim51 wherein the ratio of the nass of catalyst in said
reaction zorREMRY mhieast abput $, 9904300 ke/daysandat leashalysut 2, iOBE00 K25 sai d
reaction zon&era%ﬂ, said recircul ation zone of between at |east about O0.40
and no great'er an about 0.95. 82. . The nethod of claimb51 wherein the
'ratio of the massOnk skilkealibidhe bft wiltiglsd 8asiccRite HRhE BidiiRtprefiutdle sum of
the mass of catalyst in both 30 said reaction zone and sal oFrem rcul ation
zone of bet W ea%lxwme-&belﬁfmm%weéﬁ@ FRAGjIPBAfdhe presendioentionos. WO

‘02/ 09254k P ] : | ai wh ' i d

conditi or%l)s ﬁ%rﬁéglé‘lnggéﬁlgﬁpgﬁg&ée)fﬁ’ls?ﬁéﬁ%%b%cmlﬁje_ﬁ%éar?cimémeéﬁ/&gﬁs%, one
poi nt in saipartiealatly polysimgens afd.polymopyiehed R?bc@ésﬁsrfbﬁﬁ)rwﬁ}?q ein said
condi tions |nﬁl ude a_GSV of ngreater than about 1.0 mis at at Teast one

poi nt in saikPYYREPS HAMy elglinS ge knawnra the artoCatplytiepsacagsesaire sai d
diti [ t . t | t
pornt i sl o PGy R Sfe MSRIRBAY, ZbohuNaidbnd oy O

condi ti ons icatbiytie sysieB\s. 08eg/ foneeamipls ). &b Patert. Nog35258 486: | east one
poi nt inasai I ) T bd of claimb52 wherein said
condi ti QIQS |%§p§%§8|a%(r§§% Bﬁg@%%? 9 a%&geaéﬁﬁg}@Sﬁ?is?’éﬂ%&%[ east one
poi nt in saigl30e3e5: BRdZOPE3 . Wea h.n said
condi ti ons include a gSV'of 'S?Q'al?%rca% ﬁgﬁpﬁﬁﬁﬁ%gaqﬁggﬁg@aswéea?t one
poi nt i n saikPing&xpressly incerparstegicherginebyresfarahce! Iolgeherdidtheker ei n sai d

conditions i . \V of , greater an about 2.0 m s af at | east one
point in sai 'ﬁ%t@g&'ﬁ%v?&ﬁ@?&éﬁg tﬁ‘ﬂé’ﬁ%&w uﬁtfwﬁil" éiﬁﬁlﬁ?jeﬁm%?rﬁ?'ﬂg sai d
condi ti ons ig¢HibNEEabs fe 3 . it | east one
point in said rlggc?i og%éongg ﬂd%ﬁg%ﬁgggé;%%pl/@ﬁggr/@%éoggleéh The net hod
of clai P52 RMELE.n sai d conditions include a GSV of greater than about 2.5
ms at at least o i ' k [ zone. 5 92. The hod of claim
53 wherein said c’gﬁélgﬁr%trqsﬂ @%@%’g’é&ﬁﬂ&\?gg%'y ﬁﬂ%éﬁ@?taﬁﬂ%\?{?eaﬁggiys .5 nls at
at | east oneTim®préfeirad IG@nPerRard igp@eZTHperation 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  outin 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 60 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 chioride,
ethylbenzene, ethylene oxide, cumene, isopropyl alcohol, acrolein, allyl

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

acrylonitrile, and trimers and dimers of ethylene, propylene or butylenes.



93. The nmethod of claimb54 wherein said conditions include a GSV of 10
greater than about 2.5 nls at at |east one point in said reaction zone. 94.
The net howooR2/0¢t5d1 m 55 wherein said conditions include a Gei/ofo2grest er
than about 2.5 nms at at | east one point in said reaction 15 zone. 95. The
met hod of claim52 wherein said conditigms include a GSV of greater than
about 4.0 nls at at |east one point in said reaction zone. 20 96. The

met hod of cl_ﬂjm 53 wherein said conditions include a GSV of greater than
about 4.0 ni $hamethods & maswéagiviing thesesddrivativas erewetidmowr?h tAé.arilThe

met hod of cIQﬁg}%}_{e¥4}§rg;eqaﬁgéig%¢s%{gg:r{$i ons include a GSV of greater than

about 4.0 s at a ast '@ d reaction zone. 98. The nethod
‘of claim55 wherein said conditions include a GSV of 30 greater than about
4.0 ns at aé | east_one point in said reaction zone. WO 02/ 092541

PCT/ Us02/ 07998t&edddesckiptien b dhe Brawisgduct i ng an oxygenate conver si on

reactiongn a fl ugg . copmpri siRg. . provi di ng ., an oxygenate

feedstocl?, a cata @g@?%gﬁrﬁu@@g @:Vﬁee@%aﬂegkg%OR@]rggaxg $®ve, and a

react or appaffatansplesd! U8 bepvatof tiearsiograbinietAe BhalYsETGANSF Ach@fjstcul ation
|

zone, wherein the tgn&erature in at feast one point in each of said
reaction zonWNimHORGHEINGRN pPYYIeNate FopuRIsiansreactive &t varbusit 250C,

contacting sgi 1 i . jn sald reaction zone under
condi ti ons e??ﬁej%%rlg@gét&gg@omer ﬁ;gﬁﬂgg@gééﬁ%eh?'P%%gy%?"b%ﬁ&’n!%fsf%| udi ng
prime ol ef i negactian éincldadving dine catatysidixposed E6Vamdusubdpiumbout 0.1 ms at

at Ieast1 one cﬁ?'m in said reaction zone; having an Ag—% index in said
react or gppa‘f WON% at | east about 1.0, and; having a ratio of .the mass of

said catal yst in sai ' PoT .SUm mass of
said catalyst in b%?ﬁ%??ﬁﬁqlrs(eﬁgca? %t@%ﬁ%&aﬁgﬂgﬁé C&Bﬁﬂ"ﬁ'ﬁ&%ﬁ’é?&%one of
bet ween at | egislysbptpaned ancomgireptcethetrhetiod. FUS Feentha4omhag Lok cl ai m 99

havi ng an ACEE_j ndex pf at .|l east about 1, 5. 20 101._The nethod of claim 99
having an ACRER| nifgte B inl2 e Cahd Madel 12fiEGAe witeh BRaskissm 09

wher ei n sai dheapsight 8Nhel dithlySeadit { irad’ S at at | east
one point in sai dgreacti on zgne. IZSGﬁ}i{ngO h%)!pﬁ)%tﬁh%gab%w ggg:f_’e 99 wherein
sai d cod@ t | ¥APSPhere @pd angsy contraltabie tesn peratwres vithimrittse dévieg, | east one

DO s SRR BI04 64 o 5t e o
in said reacmbd'rgweme]'he 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 SAP0O-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 left 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.



WO 021092541 PCT/ US02/ 07998 65 105. The nethod of claim 99 wherein sai d _
conditions include a GSV of at |east about 2.5 ms at at | east one point in
sai d reacwioon/o9zsde. 106. The net hod of claim99 wherein sali'(drlum_dmglso_ns
include a GSV of at 5 |east about 4.0 mMs at at | east one point in said
reaction zone. 107. The nethod of clai M99 wherein the ratio of the nass of
catalyst in said reaction zone to that of the sumof the mass of catalyst
in both said reaction zone and said recircul ati on zone of betw_een at Ieasft
10 about 0.02 andAfer getivation andhreaphiyy theodesirkdctempanattirein tHeal G199 wher ei n

h ti fi SqQf thdin said reaction zone to that of the sum
E)f et LZ Imca)sg @%h@g@'ﬁ ytsl}% f!"ﬁ“?éﬁbﬁ’ses%'&‘”s Qa5 seRved A replpced With @dlerdl at i on
'zone of bet webmetiaristagpod anabelitimlgéierartd B\ passiag 80 dcbpRinthellm 109- The
met hod of claim99 wherein the ratio of the 'nass of catalyst 1n said

reacti on zonE"PHIR RaMelanchbawd soptaining bibbierat arabient/temperahoeharsai d

) i j L [G ' tween, at | east .20 about 0.10
ind o’ groat o RRaeAg LGt BB AimBhodd 2l BCsRamplin e ot o o
the mass of E&aingtrunientsehichreeatinlied farstime antd)ahs @howAen Fignres 1the mass

of catalyst pn both said reaction zone and said recircul ati on zone of
bet ween gt Iéa@@ melegiarsieyergring waighifuatocabsaiptionobihe aygenatee net hod of

im99 wh ' ' n said reaction zone to
Chat ot t ho eadRiddkof 8 derite ey aRIM Blodt B RY He bdRite 5 s one and. <ai 4
reci rcul at i ottansfoemet! ithinwren matledgarssie®s) @pitbmthd Camshareogkeat er t han

. 99. 02/0925:t1 PCT/ US02/ 07998 66 112. The met hod of claim 99 wherein
'(t)he rati'S of é?rﬁ%s' ngﬁgcbgtsmf’o‘m thgimetnanet fesd is tprminatediand of the sum

of the mass EiplsRvithoWindBlfe Réin B8 18 bR aBOL SRiftnkec! reul ation
zone of between at | east
temperature is left at the same level at which the oxygenate conversion
reaction was conducted for some period of time, then raised to some level
for another period of time, and finally reduced back to room temperatu‘re
15 for removal and examination of the molecular sieve. In each example, the
oxygenate utilized was US 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 a 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 106, the reactor vessel including a reaction zone 109
comprising an inlet zone 104, containing fluidizable SAPQ 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



about 0.40 and no greater than 0.99. 5 113. The nethod of claim 99 wherein
the ratio of the nass of catalyst in said reaction zone to that of the sum
of the naW® B9l al yst in both said reaction zone and saiRCTB2/08998at i on
zone of between at | east about 0.50 and no greater than 0.99. 10 114. The
met hod of claim99 wherein the ratio ofgx he mass of catalyst in said
reaction zone to that of the sumof the mass of catalyst in both said
reaction zone and said recircul ation zone of between at |east 0.01 and no
gr eat er t harprebent; add98lls bt dipeg The, whededtlisafaredferiren Backhirtoeesctidre rati o

f th f I ' d,reaciion_zone tg that of the sumof the
gass gf rrgzts aﬁ%ﬁlr@tcﬁsﬂ %ﬁ%‘lﬂéé]&;gwsééistq Ws §RE rastionizenedas st at i on zoRed'off
‘bet t | ; 1ok ; 11 net hod o

etween at |@aghsthéa éi(%ﬁaﬂg?ﬂ!ﬁ%tgglgéﬁ%?y ?%y@? 2ine?2 1L 16atalAf

claim99 wherein the ratio insaid reaction zone to
that of the reayflow frdre head sxolhangeardl \stypicallpby ravtydntceadinedi24z pite and sai d

reci i . .0f _bet. t 0.0 d t th bout
0°08. 55811 WhiER BTeRonc i BFSREd pETRRAZI D eating T riahon o fdwass of
catal yst in gpiitstigpagity @@cﬂm@réazz_tibh%n_eﬁdd)%ﬁﬂahél@hgfbgopﬂ%ﬁal% catal yst

in both said reaction zone and said recirculation z . bet ween at | east
about 0.10 aktP meydreciased, andanapibenlacedbefos® ot after thecntredibctibrodf liff ai m 99
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reaction zone 109 into a catalyst stripper 133, typically by gravity via a line

10  136. Catalyst stripper 133 may contain various elements to enhance the
stripping action, such as frays, typically shed trays and other elements well
known to those skilled in the art. A stripping gas may be introduced via
line 139 into the catalyst stripper 133 to enhance removal of entrained
oxygenate conversion products and any unreacted oxygenate feedstock

15 from the catalyst prior to sending the catalyst to catalyst regenerator
vessel 201, typically by gravity via line 142. Optionally, a control valve 145
may be used 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 to develop the appropriate ratio
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zone of between at |east about 0.20 and no greater than about 0.98. 119.
The net howoR2/92%itm 99 wherein the ratio of the mass of caeel/ysa/a79ws5 said
reaction zone to that of the sumof the mass of catalyst in both said
reaction zone and said recircul ati on zod2 of between at |east about 0.30
and no greater than about O. 98 120. The nethod of claim 99 wherein the

of cataly in 10 said reaction zone to that of the sum
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about 0.95. Ppérticlés0areQeRfI&d into termination vessel 312, comprising a termination

vessel volume 315, which is one element of the recirculation zone, and is
the first element of the disengaging zone that eventually leads to products
leaving the reactor apparatus altogether (through line 345). Termination

15 vessel volume 315 is of substantially larger cross sectional area than the
reaction zone, thus significantly slowing the GSV in that termination space
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 fluidizable catalyst particles are carried
into a cyclone separator device 318, where catalet is also largely
separated from the oxygenate conversion products, and any diluent or
unconverted okygenate 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 vessel volume 315 may
flow into catalyst recirculation line 324, and subsequently into fine 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



125. The nethod of claim99 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sumof the mass of catalyst in both 5

sai d reacwpan/02254e and said recircul ati on zone of between PIT/USIABTI9ADOUL
0.10 and no greater than about 0.95. 126. The nmethod of claim99 wherein
the ratio of the mass of catalyst in sajg reaction zone to that of the sum
of the mass of catalyst in both 10 said reaction zone and said

recircul ati on zone of between at | east about 0.20 and no greater than about

0.95. 127. Twntamtvesibusielemnants BSnMapceithe shepping betionh, sUte éga§§¥é3f catal yst
in said reag&ian zone to that OI‘Pthe sum of the mass of catalyst in both 15
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the ratio of the maSss In Sald reaction t of the sum

of the mass sifiopen 333 &1 entmarst tenitiyas af dniraineti oxygenar edflepsibe '
one of between at, | east about 0.40 and no greater than about

'recircul ation f

0.95 128, FHECHEEHRE BRY LRgemNaned @x/oenata fnedstackdram the sateiyst pobr cat al yst
in said reaghi r%ﬂ;’éh f f in both 25
said reacti gtr? Sz@gr?g@;?det %at?%gfr téﬁart%fgﬁgt i onggagégg%éﬁggto k@ﬁ’%ﬁ?’k’ ?bglast about
0.50 and no @Jeeiy ¥ia liread3%bOptionaldp.a ddtfirol VakverBthodydfe asad i [#0 wherei n

said conditi Lncl ude a GSV of ab@lveas about 0.5 ms at at |east one
poi nt i n sai g c2ECPONS SRIETAISHEY oy ol bmertalvetstioben 530080 69 131, The
method of cliaiintibnWeasel Mbishbh 1 ResdmasIddCAtRe mAFPe Rludled (BT about

0.5 ns at at |east one point in sai eaction od of
clai m 140 wHeleézane S04, dothis example aftéridwirg 1BSah cboledan catsipst colofart 1.0 nis

wherein-oa & BoRARe NorbreRd] &S 2084 Aukd G ritiatBouth anginer dnet at | east
one point i MERizhdeRfhd WithaReRatalyst being recirculated through the ’
termination vessel volume in line 327. Optionally, a control valve 415 may
be used in line 412. Oxygenate conversion products from the oxygenate
15 conversion reaction in reaction zone 309, and any catalyst decay products
from the recirculation zone, and 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 309, which includes inlet zone 304.
25 This invention will be better understood with reference to the
following examples, which are intended to illustrate specific embodiments
within the overall scope of the invention as claimed.

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,
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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
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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 kg/hr of 100% vaporized US
“Grade AA methanol is introduced to inlet zone 304 at a temperature of
about 160°C. An oxygenate conversion reaction is conducted at a WHSV
30 in the reaction zone of about 15 hr', a temperature of about 450°C, and a
pressure of about 240 kPa. The GSV in the reaction zone is about 3 m/s, -

and the conversion of oxygenate across the reactor apparatus is about
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oxygenate conversion product, any diluents and any unconverted
oxygenate feedstock are taken on a Supelco petrocol DB-150

10  chromatograph at three different points: a) just before exiting the reaction
zone 309 and entering the termination vessel 315, b) at the top of the level
of catalyst within stripper 333, and c) exiting the reactor apparatus in line
345. The results are provided in Table 1, which exclude any water and
diluents that may be present

15
Table 1
Sample Point a b - c
Rate Hydrocabon pius 0.298 0.040 0.238
Unconverted Methanol
(ka/hr)
Hydrocarbon Composition
(selectivity wt. %)
Ethylene 18.9 6.58 18.1
Propylene 42.3 11.5 36.7
Methane + Ethane 3.19 4.47 3.57
Propane 3.15 28.4 8.1
C4s 16.8 23.3 16.8
C5+ 15.6 25.1 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
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zone to that of the sum of the mass of catalyst in both the reaction zone

10 and the recirculation zone is about 0.36. 550 kg/hr of about 95%
vaporized US Grade AA methanol 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', a temperature of about 490°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 into 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) just before exiting the reaction zone 309 and entering
the termination vessel 315, b) at the top of the level of catalyst within
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Examples 4 and 5 clearly show the detrimental impact of the
catalyst decay phenomena which occurs with SAPO catalysts 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. Additionally, 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 yield of the overall production

20 from an oxygenate conversion reaction in a fluidized bed reactor
apparatus.

Having now fully described this invention, it will be appreciated by
those skilled in the art that the invention can be performed within a wide
range of parameters within what is claimed, without departing from the

25  scope and spirit of the invention.
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1. A method for conducting an oxygenate conversion reaction in a

5 fluidized bed reactor comprising:
providing an oxygenate feedstock, a catalyst that incorporates 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 said reaction zone and said

10 recirculation zone is at least about 250°C;
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 least
about 0.1 m/s at at least one point in said reaction zone:

156 recirculating at least a portion of said catalyst in said reaction zone
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 the ratio of the mass of 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 between at least
about 0.02 and no greater than 0.99.

25

3. The method of claim 1 wherein the ratio of the mass of 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 between at least
about 0.05 and no greater than 0.99.

30

4. The method of claim 1 wherein the ratio of the mass of catalyst in

said reaction zone to that of the sum of the mass of catalyst in both
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5. The method of claim 1 wherein the ratio of the mass of catalyst in
5 said reaction zone to that of the sum of the mass of catalyst in both

said reaction zone and said recirculation zone of between at least
about 0.20 and no greater than 0.99.

6. The method of claim 1 wherein the ratio of the mass of catalyst in
10 said reaction zone to that of the sum of the mass of catalyst in both
said reaction zone and said recirculation zone of between at least
about 0.30 and no greater than 0.99.

7. The method of claim 1 wherein the ratio of the mass of catalyst in
15 said reaction zone to that of the sum of the mass of catalyst in both
said reaction zone and said recirculation zone of between at least
about 0.40 and no greater than 0.99.

8. The method of claim 1 wherein the ratio of the mass of catalyst in
20 said reaction zone to that of the sum of the mass of catalyst in both
said reaction zone and said recirculation zone of between at least
about 0.50 and no greater than 0.99.

9. The method of claim 1 wherein the ratio of the mass of catalyst in
25 said reaction zone to that of the sum of the mass of catalyst in both
said reaction zone and said recirculation zone of between at least
0.01 and no greater than about 0.98.

10.  The method of claim 1 wherein the ratio of the mass of catalyst in
30 said reaction zone to that of the sum of the mass of catalyst in both

said reaction zone and said recirculation zone of between at least
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11.  The method of claim 1 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
5 said reaction zone and said recirculation zone of between at least
about 0.05 and no greater than about 0.98.

12.  The method of claim 1 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
10 said reaction zone and said recirculation zone of between at least
about 0.10 and no greater than about 0.98.

13.  The method of claim 1 wherein the ratio of the mass of catalyst in
said reaction zone to that df the sum of the mass of catalyst in both
16 said reaction zone and said recirculation zone of between at least
about 0.20 and no greater than about 0.98.

14.  The method of claim 1 wherein the ratio of the mass of catalyst in
| said reaction zone to that of the sum of the mass of catalyst in both
20 said reaction zone and said recirculation zone of between at least
about 0.30 and no greater than about 0.98.

15.  The method of claim 1 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
25 said reaction zone and said recirculation zone of between at least
about 0.40 and no greater than about 0.98.

16.  The method of claim 1 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
30 said reaction zone and said recirculation zone of between at least
about 0.50 and no greater than about 0.98.
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18.  The method of claim 1 wherein the ratio of the mass of 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 between at least
about 0.02 and no greater than about 0.95.

10

19.  The method of claim 1 wherein the ratio of the mass of 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 between at least
about 0.05 and no greater than about 0.95.

15

20.  The method of claim 1 wherein the ratio of the mass of 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 between at least
about 0.10 and no greater than about 0.95.

20

21.  The method of claim 1 wherein the ratio of the mass of 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 between at least
about 0.20 and no greater than about 0.95.

25 '

22.  The method of claim 1 wherein the ratio of the mass of 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 between at least
about 0.30 and no greater than about 0.95.

30

23.  The method of claim 1 wherein the ratio of the mass of catalyst in

said reaction zone to that of the sum of the mass of catalyst in both
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25.  The method of claim 1 further wherein said temperature in at [east
10 one point in each of said reaction zone and said recirculation zone

is no greater than about 750°C.

26. The method of claim 1 wherein said temperature in at least one
point in each of said reaction zone and said recirculation zone is at
15 least about 300°C.

27. The method of claim 1 wherein said temperature in at least one
point in each of said reaction zone and said recirculation zone is at
least about 350°C.

20

28. The method of claim 27 further wherein the temperature in at least

one point in each of said reaction zone and said recirculation zone

is no greater than about 750°C.

25 29. The method of claim 27 further wherein the temperature in at least
one point in each of ‘'said reaction zone and said recirculation zone
is no greater than about 650°C.

30. The method of claim 1 wherein said conditions include a GSV of at
30 least about 0.5 m/s at at least one point in said reaction zone.
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33. The method of claim 1 wherein said conditions include a GSV of at

least about 1.0 m/s at at least one point in said reaction zone.

10 34. The method of claim 25 wherein said conditions include a GSV of at
least about 1.0 m/s at at least one point in said reaction zone.

35. The method of claim 29 wherein said conditions include a GSV of at
least about 1.0 m/s at at least one point in said reaction zone.

15
36. The method of claim 1 wherein said conditions include a GSV of at
least about 2.0 m/s at at least one point in said reaction zone.
37. The method of claim 25 wherein said conditions include a GSV of at
20 least about 2.0 m/s at at least one point in said reaction zone.

38. The method of claim 29 wherein said conditions include a GSV of at

" least about 2.0 m/s at at least one point in said reaction zone.

25 39. The method of claim 1 wherein said conditions include a GSV of at
least about 2.5 m/s at at least one point in said reaction zone.

40. The method of claim 25 wherein said conditions include a GSV of at

least about 2.5 m/s at at least one point in said reaction zone.
30
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42.  The method of claim 1 further comprising a WHSV in said reaction
5 zone from about 1 hr to about 5000 hr',

43.  The method of claim 1 further comprising an oxygenate conversion

in the reactor apparatus of about 99% or less.

10 44. The method of claim 1 further comprising an oxygenate conversion

in the reactor apparatus of about 98% or less.

45.  The method of claim 25 further comprising a WHSV in said reaction
zone from about 1 hr'! to about 5000 hr'.

15
46.  The method of claim 29 further comprising a WHSV in said reaction
zone from about 1 hr' to about 5000 hr™'.
47.  The method of claim 30 further comprising a WHSV in said reaction
20 zone of at least about 1 hr to about 5000 hr.

48.  The method of claim 43 further comprising a WHSV in said reaction
zone of at least about 1 hr' to about 5000 hr'. -

25 49.  The method of claim 31 further comprising a WHSV in said reaction
zone of at least about 1 hr™! to about 5000 hr”

50.  The method of claim 32 further comprising a WHSV in said reaction
zone of at least about 1 hr'! to about 5000 hr™.
30
51. A method for conducting an oxygenate conversion reaction in a
fluidized bed reactor comprising:
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52.

53.

54.

55.

56.

at least one point in each of said reaction zone and said
recirculation zone is at least about 250°C;
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 greater
than about 0.5 m/s at at least one point in said reaction zone:
recirculating said catalyst through the recirculation zone to estabilish
a temperature differential, and;

maintaining 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.

The method of claim 51 wherein said temperature differential is no
greater than about 150°C.

The method of claim 51 wherein said temperature differential is no
greater than about 100°C.

The method of claim 51 wherein said temperature differential is no
greater than about 50°C.

The method of claim 51 wherein said temperature differential is no
greater than about 20°C.

The method of claim 51 wherein said conditions include a GSV of
greater than about 1.0 m/s at at least one point in said reaction
zone.
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5 58. The method of claim 51 wherein said conditions include a GSV of
greater than about 2.5 m/s at at least one point in said reaction

zZone.

59.  The method of claim 51 wherein said conditions include a GSV of
10 greater than about 4.0 m/s at at least one point in said reaction
zone.

60. The method of claim 51 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
15 said reaction zone and said recirculation zone of between at least
about 0.02 and no greater than 0.99.

61.  The method of claim 51 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
20 said reaction zone and said recirculation zone of between at least
about 0.05 and no greater than 0.99.

62, The method of claim 51 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
25 said reaction zone and said recirculation zone of between at least
about 0.10 and no greater than 0.99.

63. The method of claim 51 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
30 said reaction zone and said recirculation zone of between at least
about 0.20 and no greater than 0.99.
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said reaction zone and said recirculation zone of between at least
about 0.30 and no greater than 0.99.

65.  The method of claim 51 wherein the ratio of the mass of 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 between at least
about 0.40 and no greater than 0.99. |

10

66.  The method of claim 51 wherein the ratio of the mass of 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 between at least
about 0.50 and no greater than 0.99.

15

67. The method of claim 51 wherein the ratio of the mass of 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 between at least
0.01 and no greater than about 0.98.

20

68. The method of claim 51 wherein the ratio of the mass of 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 between at least
0.02 and no greater than about 0.98.

25

69.  The method of claim 51 wherein the ratio of the mass of 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 between at least
about 0.05 and no greater than about 0.98.

30
70.  The method of claim 51 wherein the ratio of the mass of cata]yst in

said reaction zone to that of the sum of the mass of catalyst in both
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72.  The method of claim 51 wherein the ratio of the mass of catalyst in

10 - said reaction zone to that of the sum of the mass of catalyst in both
said reaction zone and said recirculation zone of between at least
about 0.30 and no greater than about 0.98.

73.  The method of claim 51 wherein the ratio of the mass of catalyst in
15 said reaction zone to that of the sum of the mass of catalyst in both
said reaction zone and said recirculation zone of between at least
about 0.40 and no greater than about 0.98.

74.  The method of claim 51 wherein the ratio of the mass of catalyst in
20 said reaction zone to that of the sum of the mass of catalyst in both
said reaction zone and said recirculation zone of between at least
about 0.50 and no greater than about 0.98.

75.  The method of claim 51 wherein the ratio of the mass of catalyst in
25 said reaction zone to that of the sum of the mass of catalyst in both
said reaction zone and said recirculation zone of between at least
0.01 and no greater than about 0.95.

76.  The method of claim 51 wherein the ratio of the mass of catalyst in
30 said reaction zone to that of the sum of the mass of catalyst in both

said reaction zone and said recirculation zone of between at least
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about 0.02 and no greater than about 0.95.

The method of claim 51 wherein the ratio of the mass of 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 between at least
about 0.05 and no greater than about 0.95.

The method of claim 51 wherein the ratio of the mass of 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 between at least
about 0.10 and no greater than about 0.95.

The method of claim 51 wherein the ratio of the mass of 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 between at least
about 0.20 and no greater than about 0.95.

The method of claim 51 wherein the ratio of the mass of 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 between at least
about 0.30 and no greater than about 0.95.

The method of claim 51 wherein the ratio of the mass of 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 between at least
about 0.40 and no greater than about 0.95.

The method of claim 51 wherein the ratio of the mass of 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 between at least
about 0.50 and no greater than about 0.95.
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The method of claim 52 wherein said conditions include a GSV of
greater than about 1.0 m/s at at least one point in said reaction
zone.

The method of claim 53 wherein said conditions include a GSV of
greater than about 1.0 m/s at at least one point in said reaction
zone.

The method of claim 54 wherein said conditions include a GSV of
greater than about 1.0 m/s at at least one point in said reaction

zone.

The method of claim 55 wherein said conditions include a GSV of
greater than about 1.0 m/s at at least one point in said reaction

Zone.

The method of claim 52 wherein said conditions include a GSV of
greater than about 2.0 m/s at at least one point in said reaction

Zone,

- The method of claim 53 wherein said conditions include a GSV of

greater than about 2.0 m/s at at least one point in said reaction
zone.

The method of claim 54 wherein said conditions include a GSV of
greater than about 2.0 m/s at at least one point in said reaction

Zone.

The method of claim 55 wherein said conditions include a GSV of
greater than about 2.0 m/s at at least one point in said reaction
zone.
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greater than about 2.5 m/s at at least one point in said reaction

Zone.

93. The method of claim 54 wherein said conditions include a GSV of
10 greater than about 2.5 m/s at at least one point in said reaction

zone.

94. The method of claim 55 wherein said conditions include a GSV of
greater than about 2.5 m/s at at least one point in said reaction
'15 zone.

95. | The method of claim 52 wherein said conditions include a GSV of
greater than about 4.0 m/s at at least one point in said reaction
zone, |

20

96. The method of claim 53 wherein said conditions include a GSV of

greater than about 4.0 m/s at at least one point in said reaction

zone.

25 97. The method of claim 54 wherein said conditions include a GSV of
greater than about 4.0 m/s at at least one point in said reaction
zone.

98. The method of claim 55 wherein said conditions include a GSV of
30 greater than about 4.0 m/s at at least one point in said reaction
zone.
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@Y10%-80() - @ YIloé&ing primé BIEAnE, 6aid conditions including a GSV of at least
about 0.1 m/s at at least one point in said reaction zone;
having an ACFE index in said reactor apparatus of at least about
1.0, and;
having a ratio of the mass of said catalyst in said reaction zone to
15 | 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.

100. The method of claim 99 having an ACFE index of at least about 1.5.

20
101. The method of claim 99 having an ACFE index of at least about 2.0.
102. The method of claim 99 wherein said conditions include a GSV of at
least about 0.5 m/s at at least one point in said reaction zone.
25

103. The method of claim 99 wherein said conditions include a GSV of at

least about 1.0 m/s at at least one point in said reaction zone.

104. The method of claim 99 wherein said conditions include a GSV of at

30 least about 2.0 m/s at at least one point in said reaction zone.
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107.  The method of claim 99 wherein the ratio of the mass of 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 between at least

10 about 0.02 and no greater than 0.99.

108. The method of claim 99 wherein the ratio of the mass of 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 between at least

15 about 0.05 and no greater than 0.99.

109. The method of claim 99 wherein the ratio of the mass of 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 between at least

20 about 0.10 and no greater than 0.99.

110. The method of claim 99 wherein the ratio of the mass of 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 between at least

25 " about 0.20 and no greater than 0.99.

111.  The method of claim 99 wherein the ratio of the mass of 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 between at least

30 about 0.30 and no greater than 0.99.
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9y 10% & ()-113. The method of claim 99 wherein the ratio of the mass of 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 between at least
about 0.50 and no greater than 0.99.
10
114. The method of claim 99 wherein the ratio of the mass of 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 between at least
0.01 and no greater than about 0.98.
15
115.  The method of claim 99 wherein the ratio of the mass of 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 between at least
0.02 and no greater than about 0.98.
20 .
116. The method of claim 99 wherein the ratio of the mass of 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 between at least
about 0.05 and no greater than about 0.98.
25
117.  The method of claim 99 wherein the ratio of the mass of 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 between at least
about 0.10 and no greater than about 0.98.
30
118.  The method of claim S99 wherein the ratio of the mass of catalyst in

said reaction zone to that of the sum of the mass of catalyst in both
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about 0.30 and no greater than about 0.98.

The method of claim 99 wherein the ratio of the mass of 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 between at least
about 0.40 and no greater than about 0.98.

The method of claim 89 wherein the ratio of the mass of 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 between at least

about 0.50 and no greater than about 0.98.

The method of claim 99 wherein the ratio of the mass of 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 between at least
0.01 and no greater than about 0.95.

The method of claim 99 wherein the ratio of the mass of 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 between at least
about 0.02 and no greater than about 0.95.

The method of claim 99 wherein the ratio of the mass of catalyst in
said reaction zone fo that of the sum of the mass of catalyst in both

said reaction zone and said recirculation zone of between at least
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127. The method of claim 99 wherein the ratio of the mass of catalyst in

said reaction zone to that of the sum of the mass of catalyst in both
15 said reaction zone and said recirculation zone of between at least

about 0.30 and no greater than about 0.95.

128. The method of claim 99 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
20 said reaction zone and said recirculation zone of between at least
about 0.40 and no greater than about 0.95.

129. The method of claim 99 wherein the ratio of the mass of catalyst in
said reaction zone to that of the sum of the mass of catalyst in both
25 said reaction zone and said recirculation zone of between at least
about 0.50 and no greater than about 0.95.

130. The method of claim 100 wherein said conditions include a GSV of

at least about 0.5 m/s at at least one point in said reaction zone.
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131.

132.

133.

134.

135.

136.

137.

138.

138.

69

The method of claim 101 wherein said conditions include a GSV of

at least about 0.5 m/s at at least one point in said reaction zone.

The method of claim 100 wherein said conditions include a GSV of
at least about 1.0 m/s at at least one point in said reaction zone.

The method of claim 101 wherein said conditions include a GSV of
at least about 1.0 m/s at at least one point in said reaction zone.

The method of claim 100 wherein said conditions include a GSV of

at least about 2.0 m/s at at least one point in said reaction zone.

The method of claim 101 wherein said conditions include a GSV of

at least about 2.0 m/s at at least one point in said reaction zone.

The method of claim 100 wherein said conditions include a GSV of
at least about 2.5 m/s at at least one point in said reaction zone.

The method of claim 101 wherein said conditions include a GSV of

at least about 2.5 m/s at at least one point in said reaction zone.

The method of claim 100 wherein said conditions include a GSV of

at least about 4.0 m/s at at least one point in said reaction zone.

The method of claim 101 wherein said conditions include a GSV of

at least about 4.0 m/s at at least one point in said reaction zone.
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