WO 2007/ 021382 PCT/ US2006/ 025297 -1 METHOD FOR STABI LI ZI NG CATALYST

ACTIMI TY DURING MITO UNI T OPERATION FI ELD OF THE | NVENTI ON [ 0001] Thi s

i nvention relates to methods for preserving the activity of nolecul ar sieve
catal ysts used during oxygenate-to-ol efin conversion processes. In

particul ar, M2907/034382ti on rel ates to methods for preservimgudhgoeashi vity of
si |l i coal um nophosphat e nol ecul ar sieve catal ysts. ( BACKGROUND OF THE

| NVENTI ON [ 0002] Oxygenate to ol efin conversion reactions typically involve
contacting an oxygenate feedstock with a fornul ated nol ecul ar si eve
catalyst. As the reaction proceeds, coke (a carbonaceous material) builds
up on the nol ecular sieve catalyst. This coke is renoved by passing the
catal yst through a regenerator. .[000 During the conversion reaction the
nol ecul ar si eve serves C | vs n fore. s not directly consuned
by the oxygenate conver%ﬁﬂ@?@%ﬁﬂﬁ%@‘}@ eve, however, can
becone damaged or degrmW%UBHWTGMQO&ﬁNﬂFQS%TI%mged or degraded

nol ecul ar sieve is |less effective at catalyzing an oxygenate to olefin

reaction. Dugmkppide 1apsINVENTGPNeCI Nng degraded catal yst, reducing or
el i mnating t{d&%adat 1 on _of nolecular sieve wWithin an oxygenate to olefin

reaction sys 1s d@us rimyantion [1Blea ] tounsthofy tfesh torospiying the eetivitlibef cat i on
2003/ 0163010 ) ri . %& 10 r ' ygenate to
ol efin react inéoﬁ%éuﬁ-] Sf%heéﬁagﬁﬁ,dsgﬁ?ﬁ“%m E&%qar?o%lﬁer c%%’e%}(@ rﬁ%gér)le)é'rret al is
added to the @ ggivalagt ihis ifvofitn| refidsl iocaikthods Y ARSGWiNG 4B Actihigr sens et al .)
descri bes a ngthqd for intaining.a parficle size distribution in a
reaction sysgg‘ﬁ?ﬁ‘é'aﬂ‘?l’]&%ggg e&%@ﬁ%‘ e cgi3lygiPer i n reactor, by addition of
co-catalyst particles. In Martens et at., particles of a conbustion

prqﬁbti ng comml}mropqmplmmnaw eaction system- such as particles
conposed of platinumor another Goup VIII netal suppqorted on al um num

oxi de. WO 2089908b 1362 yesengie & oisBr gouystion reactions typically mvolve contacting

an oxygenate feedstock with a formulated molecular sieve catalyst. As the

reaction proceeds, coke (a carbonaceous material) builds up on the molecular
sieve catalyst. This coke is removed by passing the catalyst through a regenerator.
[0003]  During the conversion reaction the molecular sieve serves as a catalyst
and therefore 1s not directly consumed by the oxygenate conversion reaction. The
molecular sieve, however, can become damaged or degraded for a Variety of
reasons. Damaged or degraded molecular sieve is less effective at catalyzing an
okygenate to olefin reaction. Due to the cost of replacing degraded catalyst,

" reducing or eliminating degradation of molecular sieve within an oxygenate to

olefin reaction system is desirable.

- [0004]  U.S. Patent Application Publication 2003/0163010 (Xu et al.) d;ascribes
amethod for performing an oxygenate to olefin reaction. In Xu et al., platinum or
another CO oxidation metal is added to the regenerator. _

[0005]  Publication WO 2005/017073 (Martens et al.) describes a method for
maintaining a particle size distribution in a reaction system, such as an oxygenate
to olefin reactor, by addition of co-catalyst particles. In Martens et al., parficles of
a combustion promoting co-catalyst can be added to a reaction system, such ag
particles composed of platinum or another Group VIII mefal supported on

aluminum oxide.



-2 [00061 What is desired are nethods that allow for nore efficient
rconversion of oxygenates to olefins. In particular, nethods are desired
that allow for protection of catalyst used in such conversions during
.periods of @y RePsyse. SUMMARY OF THE | NVENTI ON [ 0007 ]pchrissaghe8isaedi ment ,
“the invention provi es a nethod for regenerating nolecular sieve catalyst.
The net hod includes receiving SAPO catal yst, having at |[|east 5 w % coke
relative to the weight of nolecular sieve in the catalyst, froma reactor
in an oxygenate to olefin reaction system The received SAPO catalyst is
regenerated in a regenerator at a tenperature of 730C or |ess to. produce
regenerated catal yst having at | east 022 wt % coke rel ative to the wei ght of
nol ecul ar sieve in the regenerated catalyst. Preferably the regenerated
catal yst haf0086] | ed¥hat @ desivedire methods aimlleWdombbe effidenirotvention ofel ati ve to

the wei ght of nmol.ecul sieve [.n.the regenerated.catal Durj ng '
regener at i on 9XYSTBAFH inl Erf e gtho ‘%?f’ 8%?8‘;93&33?‘30‘%??&%% 200C or
|l ess and a Sbﬁ@d&a\l @hﬁd@nﬁ@hcﬁ@%&ﬁsr@hh??edoﬁsaﬁx@@ﬂ%tor flue gas of

10, 000 ppnv or less. Preferably, the erburn is 100C or | ess. Preferably,

t he COconcentratlon I n the regenerator flue gas is 1000 ppnmv or |ess. As
the reacti onSUMMARVOEBHEIJNVENIION o5  cont ai ni ng a COoxidation metal are

added to the ti Hﬂ:ﬁ | E%@M] n netal per

total weight ﬂ@?%m ?‘Péuzta 38/st %“I:;l\%él:l o%&%ﬁ&ﬂdﬁ F eac |on {s)e?s em ger day or

| ess. Pref er aivlogylat sieve@Batysi. dﬁ‘telmwthmhnelnd@dchefwmgsmgatalyst Bavisg gspmw or

| ess. The conc dat me I n_the particles is at

| east 1 ppm/P %:}Vg)f’g efe%pv? an fe‘i‘%‘b%?"el]ﬂtg%%ﬁ?ﬂw ¥B8di ment, the

i nvention prgutideh @ oxmbaat tBQﬁeﬁnf@ﬂﬂﬂaﬁrs?dtdlﬁl@IH@fe@@i%@SAPOQ‘éﬁl}@ﬁisa' yst. The
fhod I ncl udes recei,ving SAPO catal yst, havi n at |l east 5 wt % coke

re

hative to FasenspEipdy AR ofeaspiraien tsmpgEatyry oft @a?’éll"ﬁtto Pedieea react or

i n an oxygen FrQed! PR t2e o £ egener at ed
in a regenergéﬁg% 2t a %Igrrpe at rae 0 roﬁt{g &% a‘%%g gﬁe&%&t} pressure of
from5 to 10Gwsilgr siFve B e segenestod egalyst. aPmﬂamiﬂy ahwsagemmmgatalystom 0.4 Wm%

ke to 2.2 % ke, rel to t th
caralyst. pr Bk 40 04 il of ong PRGN E ARV poREie s Bt B8R e ot ve 1o

the molecular sieve in the regenerated catalyst. During regcnerahon, the regenerator

produces a steady state afterburn of 200°C or less and a steady state CO
concentration in a regenerator flue gas of 10,000 ppmv or less. Preferably, the
afterburn is 100°C or less. Preferably, the CO concentration in the regenerator
flue gas is 1000 ppmv or less. As the reaction system operates, particles
containing a CO oxidation metal are added to the reaction system at a rate of 10
ppmw of CO oxidation metal per total weight of unit catalyst inventory in the
reaction system per day or less. Preferably, the CO oxidation metal addiﬁon rate

~

is 0.35 ppmw or less. The concentration of CO oxidation metal in the added
particles is at least 1 ppmv, preferably at least 10 ppmv.

[0008] In apother embodiment, the invention provides a method for
.regenerating molecular sieve catalyst. The method includes receiving SAPO
catalyst, having at least 5 wt% coke relative to the weight of molecular sieve in
the catalyst, from a reactor in an oxygenate to olefin reaction system. The SAPO
catalyst is regenerated in a regenerator at a temperature of from 540°C to 730°C
and at a pressure of from 5 to 100 psig. This produces regenerated catalyst having
from 0.4 wi% coke td 2.2 wi% coke relative to the weight of molecular sieve in
the catalyst. Preferably, the regenerated catalyst has 0.6 wi% coke relative to the



WO 2007/ 021382 PCT/ US2006/ 025297 -3 wei ght of nol ecul ar sieve in the
catalyst. During regeneration, the regenerator produces a steady state

af terbum of 200C or |l ess, a steady state CO concentration in a regenerator
flue gas of 10,000 ppnv or less, and a steady state of 02 in the
regener at or WOZ807®AL8Hf at | east 2.0 vol % Preferably, tRETASRWH/HFRY is 100C
or less. Preferably, the CO concentration in the regenerator flue gas is
1000 ppnv or less. As the reaction system operates, particles containing a
CO oxidation nmetal are added to the reaction systemat a rate of 10 ppnw of
CO oxidation nmetal per total weight of catalyst in the reaction system per
day or less. Preferably, the CO oxidat3on netal is added to the reaction
systemat a rate of 0.35 ppnw or |less. [00091 In another enbodi nent, the

i nvention prQyi.-gdes . for. e atd n . | lyst in a
cont i nuous. orSaiboraiTB SR i AERIRLT DORLTRGEE, &t UG EREE

conpri sing: (producecstvidygtatifefiact 200e€ or s laateydy stath @O cogeatiratienst 50% of

a pre-determ ned average_ coke %evel I n an nat e-t o- ol e]{ijé n reaction
system rel atilRdeegneraty s gno

),

0xXyg

b9:U0R PRy ok fess a8 @ steady st offtaiyBe | wherein
t he reaction cfggp%' I 0 aagh ¢, r, and
wher ei n, at ar% e%gﬁi;;ﬂén ti abﬁfﬁhggﬁtg?%lrﬁhgs anﬂﬁn@g%tﬁ?ﬂ)‘;ﬁ?ﬁ&?)@ (%PP nol ecul ar
si eve cat al ydessaRdeferablyythe E0montaptrafiasindbe regererntarine(gRyis)1000 ppot ecul ar

sieve catalyst; (ji) _regenerating the nol.ecul ar .siev atal yst_ip,the

r egener at or tslsgs‘ B Eéeeag&%@ﬁ%ma‘?pgﬁat%sap fcﬂgwlﬁé-agqé Ioﬁggﬁmb’.nfp%w % coke
relative to tdeadkt 3 theGbactibB kptom ﬁaﬁt@&ﬁldﬁpﬁﬁﬁfmﬁtﬁheﬁtﬂé}kﬂ yst, the
regenerator producing a steady L state afterbum of 20QC or | ess and a steady

state CO condetal weightonf catelyat in the)reaetion syptem nes dgner lgys. Poclopblyphm-Gr | ess,
wherein the rati | t@ ot I nvent or

(Rl /Rxl) is Edg%o%@gta?ﬁ&ﬁ%&?gﬁ%%%og ?%?“‘?%%‘?%?P?P)-”'gia ?ﬁ‘%“%%n leles
contai ning a [®%xi diat iapothere teedbodiment) e thee dovtention syrsviden st methadatfor of 10 ppnw

of CO oxi datign rreh[alll e%‘hot al weight of unit catalyst inventory in the
reaction syst'&Hpe %Ia’g0 Ut SEVE + RRIYSE nle it Fﬁ?t}nélﬂusoforcﬁnﬂﬁ’ﬁ%?‘ﬁ%ﬁ nmetal in
the particl esxbgina®-taloldfahotibn HyEtsm, bomprisihief &) redtieidb adideenrt sievde st eady

state activi tébOf t he reaction ,System cat al yst inventory is naintained at
great er than 8@t dravingedtnleasit 3% of & re-deteningde Avarader srRkeulsvelattafy st f or

inventory catglystiel B3GR reaction system, relative to the weight of molecular sieve in

the catalyst, wherein the reaction system comprises at least a reactor and a

regenerator, and wherein, at any given tiﬁxe, the reactor has an inventory (RxT) of
molecular sieve catalyst and the regenerator has an inventory (Rgl) of molecular
sieve catalyst; (ii) regenerating the molecular sieve catalyst in the regenerator to
produce regenerated catalyst having at least 0.1 wt% coke relative to the weight of
molecular sieve in the regenerated catalyst, the regenerator producing a steady
. state afterburn of 200°C or less and a steady state CO concentration in a
regenerator flue gas of 10,000 ppmv or less, wherein the ratio of the regenerator
inventory to the reactor inventory (Rgl/RxI) is from about 0.1 to about 0.8; and
(iif) adding particles containing a CO oxidation metal to the reaction system at a
rate of 10 ppmw of CO oxidation metal per total Weight of unit catalyst inventory
in the reaction system per day or less, the concentration of CQ oxidation metal in
the particles being at least 1 ppmw. In a preferred embodiment, the steady state
activity of the reaction system catalyst inventory is maintained at greater than 50%

of fresh catalyst activity when making up catalyst for inventory catalyst losses.



D 2007/ 021382 PCT/ US2006/ 025297 -4 BRI EF DESCRI PTI ON OF THE FI GURES [ 0010]
,FIG1 depicts data nodeling a regeneration process under several
conditions. [0011] FIG 2 depicts data nodeling a regeneration process under
several conditions. [0012] FIG 3 depicts data nodeling a regeneration
-process undWP 286021382 conditions. [0013] FIG 4 depi ct s PERUS2NGBASPII'Ng a
regenerati on process under several conditions. [0014] FIG 5 depicts data
nodel i ng a regeneration process under several conditions. [0015] FIG 6
depicts data nodeling a regeneration process under several - conditions.
[0016] FIG 7 depicts data for platinumaddition to a regeneration process
according to an enbodi nent of the inveption. [0017] FIG 8.depicts data for
pl ati num addition to a regeneration process according to an enbodi nent of
t he |nvent|on 0018 FIG 9 dEIICtS data nodel ing a regeneratlon process
under sever ak - TONJO¥ i3S

egener ot ovpnigic Zﬁ{%%fm i ?"é\c‘%ﬁv. rip e R TREERRET O O T

Mol ecul ar  Si ewuditioh020) This invention is directed to net hods for pr ot ecting

nol ecul ar si Y, nate to olefin reaction s In an
embodi ment, ﬁ‘{rﬁ] i ra{ba f@ﬁpl ‘istaii;*ad@éggmﬁe‘i FesFRerghion Bﬁ’@?ﬁér'ﬁid% ‘yﬁﬁi ecul ar

si eve catal Yéhdiighd)d conditions that reduce or mininize damage to the

nol ecul ar sieve while providin a sustainabl e steady state process. This is
achi eved by [P8tner BG ny depiets plata meflding u meisneratioraprpsessdindemepyersl  oper at i ng
condi tions. c'gﬁ‘?mg&g alyst is regenerated at a B

[0013] FIG 4 depicts data modeling a regeneration process under several
4 conditions. R
““““ [0014] FIG 5 depicis data modeling a regeneration process under several
conditions. | R
[0015]° FIG 6 depicts data modeling a regeneration process undér ‘several
conditions. _
[0016} FIG 7 depicts data for platinum addition to a regeneration pﬁmess
according to an embodiment of the invention, S
[0017] FIG 8 depicts data for platihnum addition {o a regeneration process
according to an embodiment of the invention. '
[0018] FIG. 9 depicts data modeling a regeneration process under several
conditions. R
[0019}]  FIG 10 depicts data modeling a regeneration process under several
L conditions.

DETAILED DESCRIPTION OF THE EMBODEMENTS
L Protecting Catalytic Activity of a Silicoahuninophosphate Molecular Sieve

[0020] This invention is dir_ected to methods for protecting moleéular sieve
catalyst in an oxygenate to olefin reaction system. In an embodiment, the
invention provides a method for regenerating molecular sieve catalyst using
conditions that reduce or minimize damage to the molecular sieve while providing -
a sustainable steady state process. This is achieved by regenerating the particles
under a targeted range of operating conditions. The catalyst is regenerated at a



WO 2007/ 021382 PCT/ US2006/ 025297 -5 tenperature of |ess than 730C,
~preferably I ess than 700C, for exanple |less than 650C, in the presence of a
CO oxidation nmetal while maintaining a coke | evel on the regenerated
catal yst of at |least 0.4 weight percent relative to the weight of nvolecular
seive after lon. Preferably, the coke | evel on ted
cat al yst igwg?&ﬁggéggo.G wei ght percent. The anount of qﬁ%%@@ﬁ%%gain t he
gas streamexiting the regenerator is also controlled, as is the afterburn
tenperature of the gas streamexiting the regenerator. The afterburn
tenperature refers to the change in the tenperature of the gas stream
“relative to the tenperature of the fluidized bed, as the gas streamenters
t he vol une above the regenerator flui-dzed bed and flows into the cycl ones
or other flue gas piping. In the discussion below, afterburn will be used

to refer t0t&%e?at%'o&fﬂé%sﬁﬁﬁ%cooﬁétrp?éfaﬂm?fles%i&ﬁ 00°C ThF Aol lefthal YSt as wel |

as additional conbustion of er regenerator flue gas |eaves the
regener at or 660%j, @i the gresencalof ¢ Chexidation meatal avhilednaieiaming heokedevgbored

condi ti ons | | ow t he, actii vi ty qQf total catalyst inventory ijp a reaction
cyotem o bdf® rarisralrh St 4 drast OFetelns b ltve oB BF il o, 2o,
cat al yst i ny@iécalay seivdafdratgdkiation. nBrefeitly, ithy colfe 16¥ed ohah@tegtmhAdd/ St _
inventory is nmintained at greater than 60%of the activity of fresh

cat al yst i neaalysl iy at Jeasl Q6 tweight persentc Jlihg) amount of, 6R; smpiningincthe geH a
bl ' { i c t]
Tote tor cosiah biiind e fefelirabol s il Blkitled iE MYt flhuRak e T 22011 O7

to ol efin product
enbodi nent , timpgmcirean cxitingethe atgehyrsior.i The afjerhemateegeratnmd eefexsandhd | ons wher e

platinumis jntraoduced into the regenerator.at ntrolled rate. By
ont 1ol 11 ng Cliee e GRSTRE i i 6oh Sieah TETE 0o it \Poerige st et he co
dation nghalized®ed,tde (B4 fdsistre®n en@kslthd v1@NE abHeadid fabiotorBiidikeCan be

oxi
p?gvi ded for a sustaj nab%e steady state reaction while reducing or
i ni ni zi ng bR ardbiews irila Cyclepes coobRy B g26 PiniRs- ofn the disewssion pelo®) | n anot her

nbodi t, | i ' ' |
enbodi nent, .§ gérny&m tedy@f t‘f)iéeg’&?g?}oglf &lﬂué’lgﬁs% gﬁénﬁl%c]cgfogyge oﬁye%{rﬁﬁédiuie or

regenerat ed un a control con er tore

el i m nate dasalyet assrwadleay akiétionelnconibustiva ddiQlafiet regérickatomiley gedileayesn

St Al A e R e Al LR oo, b 8 Aok or HhE b SRS
allow the activity of the total catalyst invenmtory in a reaction system to be

maintained at greater than 50% of the activity of fresh catalyst inventory.
Preferably, the activity of the total catalyst inventory is maintained at greater than
60% of the activity of fresh catalyst inventory. The activity of catalyst inventory
refers to a measurdble reaction rate for the catalyst inventory, such as the reaction
rate for converting methanol to olefin produci.
[0021] 1n a preferred embddiment, molecular sieve catalyst is regenerated
(- under conditions where platinum is introduced into the regenerator at a controlled
l rate. By controlling the rate of platinum addition to account for losses of the co
oxidation metal due to atirition, sufficient CO oxidation metal can be provided for
a sustainable steady state reaction while reducing or minimizing the total amount
of CO oxidation metal needed.
{0022]  In another embodiment, catalyst in an oxygenate to olefin reaction
system is regenerated under a conirolled set of conditions in order to- réduce or
eliminate damage or degradation of the catalyst while providing a sustainable,
steady state process. In order to achieve the reduced degradation in a sustainable

process, the following conditions are simultaneously implemented in the



process, the follow ng conditions are sinultaneously inplenented in the WO
2007/021382 PCT/ US2006/ 025297 -6 regenerator: a regeneration tenperature of
from 500C to 650C, preferably at |east 590C, excess 02 in the range of 0.5%
to 2.5% by v atal yst hold-up tinme in the regenerator of | ess than
180 mi nut es, ‘?’8&8?7&2;36? less than 30 minutes, nore pref&TABPYPOREPRast 5
m nut es, and still nore preferably from20 to 25 mnutes; a‘coke |evel on
t he regenerated catalyst of at least 0.6 wM relative to the wei ght of

nol ecul ar sieve; a regenerator pressure of from20 to 30 psig; and a Pt
addition rate to the regenerator of up to 10 ppnw per unit weight of unit
catalyst inventory per day. Preferably. the Pt addition rate to the
regenerator is up to 0. 35 pprrw per unit wei ght of unit catalyst inventory

per day. These corn ons t t he r to 6 W%
of coke fronf® §e%eé fs{egf)nﬂat%\ H%mmg'f” Ifoﬁg 0 L #ﬁ@ﬁ‘%{? aj?lyogt 200C or

| ess and a Clag@90eMiekass 0Fir the tan ﬁe Bfms%gaa swtsywlﬁgetm'calmﬁmr@tor of
10000 ppnv or, | ess. Pr ef er abl éﬁ e con itions taken together: ggoduce an
afl erburn of timgdwthsregeastgtor pf lopwthan 130 mimgescoyedaspiin dess hanci) ! she flue gas

exiting the e

condi tlgons p@%gﬁg&?ﬁg altsiealspg | nientd sﬁﬁZm%xjg Igﬂ*}ﬁbgpﬁg% tﬁ téb ?gt al yst
overal |, t hmuaitéseabokedeveimxdﬂ:ﬁ@agmara&ﬂtcam;rsmf at teabttist M%leelg;a& toﬂre be '
mai nt ai ned at ate duri n er atio odr sel ection
of sone varlgﬁﬁ ple @hﬂﬂq"&\ﬂ?@ %@efsarﬂfﬁjfﬂﬂegh%?g@bﬂg aa‘# unst abl e
operating Coﬂﬂilﬁdmtettbaﬁe Rbénefiddr oﬁxg%alb' E&&inh'v}/ex Rf bifit @%tﬁl@&S' ve

afterburn, inability to maintain esire | evel on_the catal yst
part i cl es, omvenipyysier 86y. cRyaferably, 8t Beddition am tor the Frgeagratonis GO 038ad to

catal yst darggﬁxgjj’s i %‘%]ﬁﬁ%ﬁ g%%iveno nger%raff %%SQQ: ofiIRGH kAL . Lhe

i nvention p nera ecular sreve ca alyst in a
cont i nuous otogstheas albenfor panouval of)ngy@emm% -df @okod ﬁrbmra cabryst pmclewdmem

conprisin r.ecei v nol i eve havi | east 50% of
SO et o i 80 AhaP Bl Tt pr oS H 2 20 Bekatriarton o 5k Ve Fact i on
system rel aé;nyﬁg% iR ﬁﬁh%e:\&ﬁh%tlogéo PRheerias. Prausbiy the tbRtifeHsabient . Wherein

the reaction s em conpri ses at | east a reactor and a _regenerator, and

wherein, at Wagihe wredice mpefierbhm ofdH0 @ pr less Rinferablie thedr§ comeniyation

in the flue gas exiting the regenerator is 1000 ppmv or less. In the regeneration

conditions provided for this embodiment, the coke level on the catalyst overail,
the afterburn, and CO concentraﬁon in the flue gas can be maintained'at:steady
state during operation. In this embodiment, selection of some variables while
allowing others to vary can result in an unstable operating condition that are not
operable, possibly due to excessive afterburn, inability to maintain a desired coke
level on the catalyst particles, or a loss of control of other. factors which wor_ild
- lead to catalyst damage or deactivation.
[0023] In a preferred embodiment, the invention provides a method for
regenerating molecular sieve catalyst in a continuous or semi-continuous
oxygenate-to-olefin reaction syster:n, comprising: (i) receiving molecular sieve
catalyst, having at least 50% of a pre-determuned average coke level In an
oxygenate-to-olefin reaction system, relative to the weight of molecular sieve in
the catalyst, wherein the reaction system comprises at least a reactor and a
regenerator, and wherein, at any given time, the reactor has an inventory (RxI) of
molecular sieve catalyst and the regenerator has an inventory (Rgl) of molecular

sieve catalyst; (ii) regenerating the molecular sieve catalyst in the regenerator to



-mol ecul ar si eve catalyst and the regenerator has an inventory (Rgl) of

« nmol ecul ar sieve catalyst; (ii) regenerating the nol ecul ar sieve catalyst in
the regenerator to WO 2007/021382 PCT/ US2006/ 025297 -7 produce regenerat ed
catal yst hayj ast 0.1 wt % coke relativetothe Iecular
“sieve in t?\‘gbr}&g%%]h’éfat ed catal yst, the regenerator pro P‘ﬁﬁ&’g’ﬁ% 2ad

state afterburn of 200C or less and a steady state CO concentration |n a
regenerator flue gas of 10,000 ppnv or |less, wherein the ratio of the
regenerator inventory to the reactor inventory (Rgl/Rxl) is fromabout 0.1
to about 0.8; and (iii) adding particles containing a CO oxidation netal to
the reaction systemat a rate of 10 -gpnw of CO oxidation netal per total

wei ght of unit catal yst inventory in the reaction system per day or |ess,

t he concent t ' ' at least 1
pprmw. In a %)r?&g‘ugﬁ gg e%@ﬁlt%g& elgdtsggzty%%g%{a%teﬁélﬂ%y #lﬁtgft‘\e reaction
syst em cat ah:;cé@culan\smv'e dnythg. segnmrmath cate]d'stathegregateeaton pradudifa stehdy¥ r esh

catal yst actjyit cat st f i nhventory cat.al y.st | osses.
10094 a1 et eteeHagoRE 2O o ets & Hrgesd eGP SinbeliBn dRia. 7ot

i dentified a@eaamtme@tymwmmmﬂegﬁmaem% raﬁmwmeb@gemgtefstood t hat
the SAPCs are exanpl es of nol ecul ar si eve cat al ysts but that other

smal | - pore (@@vestory tgpbegeantoranysiiagy REVESA) ty frpraabout. ke playt §.8herdeen about

5A and about.. | . S ' hat es,
2l un noat |1 i adfhe plfRGRE Uofiip e o SELAYT kRl U s WRRRE D O e
t hereof ), amaté of 10ppraedfalO sxidetinn metalt et yﬁﬂswmgl:&roaumecatzlyﬂ im&ntbdy ri ng or

| ess (prefera y fr.om about 6- r|n t o about = 12-r re preferably of
bbout B 11 ndh BeGERTiRR BV Prtday b fesh he sapbptron of Y ealeten B Bt ot f or t he

S di 50'%:@&éﬁbéhgw&£kttlﬁﬁ )PP plefirfedaiveaini® the fifads e or nore of
t he-.process conditions, as would be known to those of skill 'n the art

and/ or woul @ctbatyraial tegetivasesiom pritlys inventouyis E@B@éﬁlﬁm%ﬂ(ﬂwﬂ J0&025)
Further, ‘as @gsgrd, ItP-ﬁ*fev?ngthehtnaiaﬁ %8@%‘&&%1! t%l'ﬁl%ﬁt é%gscr nts |isted

separately, even 1 n nt aspec I nven ed herein, may
be conbi nedondpet hfehthOMgh,hxmmmneremﬂﬂn@itﬂ;etheembbdﬂﬂesicse clafala*%t @d that the

embodi ment s hav ature al ]y, exc] usi

Regener at i OHQGHPEW{)P%EG} PRI ‘@Bﬁ {,@ﬁo 0“-{‘1 be un BIStOD\é that the
SAPOs are examples of molecular sieve catalysts but that other smali-pore (i.e.,
pore size of about 5A or less, preferably between about 5A and about 3.5A)

molecular sieve catalysts (such as aluminophosphates, aluminosilicates, and the
like, intergrowths thereof, and combinations thereof), and/or molecular sieve
catalysis characterized as 12-ring or less (preferably from about 6-ring to about
12-ring, more preferably of about 8-ring), whether zeolitic or non-zeolitic, can be
substituted for the SAPOs disclosed herein, with the appropriate adjustments to
Q— one or more of the process conditions, as would be known to those of skill in the
art and/or would be readily determinable through experimentation.
[0025]  Further, as described herein, it is contemplated that embodiments listed
separately, even in different aspects of the invention described herein, may be
combined together with one or more other embodiments, provided that the

embodiments do not have features that are mutunally exclusive.

Il Regeneration of Molecular Sieve Catalyst

[0026] In an embodiment, the invention provides & method for reducing or

minimizing the degradation of molecular sieve catalyst during regeneration.



[0026) In an enbodi ment the invention provides a nethod for reducing or

.m nimzing the degradation of nolecul ar sieve catal yst during regeneration.
WO 2007/ 021382 PCT/ US20061025297 -8 During an oxygenated to olefin
reaction, an oxygenate feedstock is contacted with a nolecul ar.siev

catal yst in WORBHERER2 This produces the ol efin product, PRHUSHOGES 29§epar at ed
fromthe catalyst in one or nore disengagi ng vessels. Durlng the conversion
reaction, coke is deposited on the catal yst as a by-product. The buil dup of
coke on the catalyst is controlled by passing the catal yst through a
regenerator. [0027] In an enbodi nent, at |east a portion of the.coked

catal yst conposition 1is mﬁthdramn frongone or nore of the di. sengagi ng
vessel s and introduced to the regeneration system The: regeneratlon

cont act od ui t Pl BHERHAE0 #Yé‘%ef o PRy Ear Bk isEaMRER M "y gen.
under convent i gidddculegeveadatilysoih £acon lmpmaucesﬁﬂmmtpm@ct mm&ure and

resi dence tine. a odi nent, a gas-solids flow eX|t| 151 a regenerator
may be passedSﬁPPﬁa@GggPIE{}g &ﬁ‘@b’%%f’?"gﬁ? T, ESPEASHE Yosdlhe Durmgahti on.

AL ernativel Yeorbishfi d8hotiyP 05l RadbeldlSnf Blebatifst AN Y. fdqued e bypass
t he regeneratlon system catal yst bypassi ng The regenerator can be

flowed to anbtildep ofieskes enl t]mcatalgst ipfcotthaled dycpassing sﬂ;estmdystshmhglas fl ow ng
the catal yst dlre(% |y into a catal yst cooler or allow ng the catalyst to
rejoin a flui P Ped in the reactor. Non-limting exanples of suitable

regeneration mega i HCAdélSbsiBe) at 16881 £pdtioP s He l&oké&%ataﬁ@ﬁéo:ﬁﬁ%%hoﬁdo NC2,
N205, air, air diluted with nltrogen or carbon di oxide, gen and wat er

(U.S. Pat ent Movithdresmsframpne of sase At e disengrgingsyrasely amlylatr@&é‘ﬁl to 28] |
S bl f th
Sokbd cat ol yor EaBtaOf ol The NpeRb A FRELIDRBNLE HopBihllr UheUE [ LPTLL "
conposition aa:ukeulrmdyste:dmbysmm is¢patattetwithe regmedagion mdmnpgrefammy&r om t he
conver si on process and determ ning its carbon content.. errbdﬁl ment, an
i ncreased | eV SPUEEERE [ OHEFTs PR hcé’ngﬂ"‘tbﬁflé\stm%‘?nf lop eﬁ%‘ﬁﬂ‘i‘%’t’?n

Mai nt ai Ni NG eribrafied, préyidte 208 réiefcdRinb. MM AH Gathokiiieent, @lpdsls8Hdy fgRNEr ation

time for catalyst to
exiting a regenerator may be passed through cyclones configured accordmg o the

‘invention. Alternatively, at least 2 portion of the catalyst can be flowed to bypass
the regeneration sysiem. The catalyst bypassing the regenerator can be flowed to
another desired portion of the reaction system, such as flowing _t,h.e. -'cat'alyst
direcily into a catalyst cooler or allowing the catalyst fo rejoin a fluidized bed in
the reactor, Non-limiting examples of suitable regeneration media im_:hide one or
more of oxygen, Oz, SO;, NzO, NO, NO;, N2Os, air, air diluted with ﬁit_ro_géq _br
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
e and/or hydrogen. :
[0028]  Suitable regeneration conditions are those capable of burning coke
from the coked catalyst composition to a desired level. Coke levels on the catalyst
composition are measured by withdrawing the catalyst composition from the
conversion process and determining its carbon content. In an éembodiment, an
increased level of coke remains on the catalyst after regeneration. Maintaining a
higher level of coke both reduces the required regeneration time for catalyst to
reach a desired coke level and increases the coke burning rate. Preferably, the
regeneraﬁon conditions remove coke to less than 1.0 weight percent based on the

total weight of the coked molecular sieve catalyst composition enfering the



reach a desired coke | evel and increases the coke burning rate. Preferably,
the regeneration conditions renove coke to | ess than 1.0 wei ght percent
based on the total weight of the coked nol ecul ar sieve catal yst conposition
entering the WO 2007/ 021382 PCT/ US2006/ 025297 9 regeneration system and

rore pref er abloobpoises than 0. 75 wei ght percent.  Pref ermlaigszodsheszer
regeneration conditions allow 0.3 weight percent or greater of coke to

remain on the catalyst relative to the total weight of catalyst after
regeneration, or at least 0.4 weight percent, or at |east 0.5 weight
percent, or at |least 0.6 weight percent. In another enbodi nent, the
regeneration conditions can allow 0.1 i ght percent or greater of coke to
remain on the catalyst relative to the"tdotal weight of catalyst after
regeneration, or 0.2 weight percent or greater. Note that allowng at | east
0.1 wei ght peregenstation sysiens @ndaﬁonsopcreferz%’ly dordess than (i seeight ypsteentpr ef er abl y

greater than Q. | ght_ percent d e ef erabl reater than 0.3 wei ght
percent, can g‘ie_fe&%ﬁ)f' efﬁﬁwﬁﬁggﬁmﬁ%&&?ﬁﬁ?ﬁégﬁ%@g#@ﬂgﬁ@a%ﬁ%fcg?%r and the
reactor. The yab@hih oafthe dtayd telgtiicab YifttoaBiveidBt 6l darilyapdfter @bgén@¥essed in
terms of the ampunt of nol ecul ar sieve present within the catalyst. The -

wei ght of  nofteat laast0.4 welght parent. 9 at leagt A)5yeighfinerceple onatfleast 0.6 sveigh t he tot al
catal yst wei T rgl}ﬁ r : | b ght of

mol ecul ar si gégécegginﬂebégME et eﬁoﬁéﬁﬁ?ﬁéﬁ%ﬁﬁasﬁvﬁ@é? "ﬁﬁegl\l/\ﬁ g%;%ﬁ IrEI cent of
coke rel ati vepdreent tegteaeradf cobie t estain eawethglbtalysindlatiheto the voteliwgghtpft he wei ght
fraction of nolecul ar sieve,. In pref.erred enbodi f, the.inyention,
the wer ght . f 1SRRI ESHBPate B 2GR et e rerohets BatalPyie o o a5
[00291 I n varieg#d.1ewbight peReHns or SREeADT Bkeab raMait ol R Sadlyse pRkferitly COke on
regenerated catalyst can |ead to reduced degradation of catalyst, in part

due(to a | ovEraterathan it weialt @eivert, endrangre proferablygerretetathep G- dweiglini ng a
desired coke C}].ve??eﬁt cahlORNE for RFERY! Qituiilio ehiRn e 'r@%a%kﬁto?fatnﬁ% on
al'ys q selection g

regenerated ca t requires of targeted regeneration conditions
so that the imarteadhd veighe of ekelonicatalysiaiantbeialtelativeinenpressalinittrghs@fcessi ve

e o et L E S SR Pt riac LoTRL Vpnd Do et
steady state qpRadMr @VeakithinQ daBdfst Wil be ShkfiHon iof She tdtd) LaBYRE A8Rht.
The weight percent of coke relative to the weight of molecular sieve can be
determined by starting with the weight percent of coke relative to the total catalyst
weight, and then dividing by the weight fraction of molecul_af sieve. Ina i:»referred
embodiment of the inveﬁtion, the weight fraction of molecular sieve within the
l SAPO catalyst is 0.45.
[0029} In various embodiments, operating at an increased level of coke on
regenerated catalyst can lead to reduced degradation of catalyst, in part due to a
lower catalyst residence time in the regenerator for burning a desired coke load.
However, operating at increased levels of coke on regenerated catalyst requires
selection of targeted regeneration conditions so that the increased coke level is
maintained withont causing excessive afterburn or other undesired side effects.
Additionally, the targeted regeneration conditions should maintain the desired
coke level during steady state operation of the reaction system, i.e., the average
coke level on catalyst in the reactor should sta)( at a desired level, and the amount
of coke remaining on catalyst particles exiting the regenerator should remain ata .
desired level. In an embodiment, the average coke level on catalyst in the reactor
is at least 2.25% by weight relative to the total weight of catalyst, or at least 3%



coke level on catalyst in the reactor should stay at a desired | evel, and
- theamount of coke remaining on catalyst particles exiting the regenerator
should remain at a desired level. In an enbodi nent, the average coke |evel

on cat al ystywhBed/Reisgeactor is at least 2.25% by wei ght o t he
“total wei ghtb calt fyst, or at |east 3% WO 2007/ 021382"5@41?@%’6@025297

-10 by weight, or at |least 5% by weight, or at |east 6% by weight. In
preferred enbodinents, the coke content of the catalyst at the point where
the (oxygenate) feedstock contacts/mxes with the regenerated catalyst is
at |least about 0.5 W% as neasured on the nol ecul ar sieve, and/or at ‘| east
about I w% as neasured on the cataligst conposition (e.g., including

bi nder, matrix, etc.). In other preferred enbodinents, the coke content of

the cat al yStyyajeiphe Pt Mast Ry %fghgq,wqeﬁt 8% bf SRABLOTK hOmaDt S/ mi xes

with the regenerat éd catal yst ray additional ernately be no greater
t han about 2migodiments ﬂ'@)@&hpc@tmogﬂsaaa@iyst hfathe abmtjwhqwzhe (axygenate) neasur ed on

t he nol ecul ar ve [Qr reater xanpl e no
greater tha%eegg@glfc%t%t%%{'%e %%@5@8‘3 g EISTS;{/W E@Mé’r% (e.qg.,
i ncl udi ng binfkdewred BB tHeinfoledl® sieve, 20080 At 1&’&5%15@@@@@%@&@ msasu&dmmwct ed at
tenperatures that are designed to effectively renove coke-in an

i ndust ri al | paiahat compesitionol¢@. Beludingebipfgn magtay 6 g I ofheT |rsdEredhood of
oot ot ur o PSRt bl bE gRNBROE 0F Rl G deRRABAL O
625C or | esdeedktockamonhsts/maxdsodithetite, rdgaecrated) eratalyst i roay taddiﬁmﬂlyuoe‘ can be
500C or gre r. 540C or greate 90C or reat

gr eater, ° a& g'beg"r"e%f?ag‘?” g “ﬁ%o eé‘?ﬂ%‘ﬁﬁ q’%‘ggrc?er ation

fss ure rraywtw;as meada@dro@rtﬂ@melfecmaﬂ He0e2 R o gasdtd t&a@%lsﬁwt% Goplbout 60
(828 kPaa). Preferably, the generatlon pressure is-at Ieast 15 psig

(207 kPaa) , €5¥ple o gaeater Synabpyt 1.4 378 & pyBipasuregrongthe patalyst comppsitiop (275 kPaa) .
Preferably, éég %} %uﬁrg&gure is 30 psig (414 kPaa) or |ess. The

precise reg fat|on preséure 's denerally dictated by the -pressure in the
reaction systﬂﬁﬁlﬂi Hi Eiwenegmemsm nesomhmteﬂyzni teaﬂpblyhlpsseﬁhw aredichigned foowering

equi pment s ' Ective \s r%x%%% %ﬁe 111I arﬁvﬁgus%éﬁy practlcaleaxﬁoun{ &hame \%J?e 1o &c?ns al so
the likelihood of catalyst damage or degradation. In an embodiment, the
regeneration temperature is 730°C or less, or 700°C or less, or 675°C or less, or
650°C, or 625°C or less. In another embodiment, the regeneration temperature

can be 500°C or greater, or 540°C or greater, or 590°C or greater, or 600°C or
greater, or 625°C or greater. | |

[0031] Inone embodiment, the regeneration pressure may be in tﬁé’ range of

from about 5 psig (69 kPaa) to about 60 psig (828 kPaa). Preferébly, the

— regeneration pressure is at least 15 psig (207 kPaa), or at Ieast 20 psig (242 kPaa),

-

or at least 25 psig (275 kPaa), Preferably, the regeneration pressure is 30 psig
(414 kPasa) or less. The precise regeneration pressure is generally dictated by the
pressure in the reaction system. Higher pressures are typically preferred for
lowering equipment size and catalyst inventory; however, higher pressures also
increase air blower power and cost. Nevertheless, the regeneration pressure may
additionally or alternately be in the range from about 30 psig (414 kPaa) to about
150 psig (2.08 MPaa), for example from about 45 psig (621 kPaa) to about 120
psig (1.65 MPaa) or from about 60 psig (828 kPaa) to about 120 psig (1.65 MPaa).



.increase air blower power and cost. Neverthel ess, the regeneration pressure
may additionally or alternately be in the range from about 30 psig (414

" kPaa) to about 150 psig (2.08 MPaa), for exanple from about 45 psig (621
kPaa) to about 120 psig (1.65 MPaa) or from about 60 psig (828 kPaa) to

-about 120 peogoirh2682 MPaa) .
anot her enbodi ment,

in the regenerator is at |least 10 minutes, or at |east 15 m nutes
| east 20 mnutes. Alternatively, the residence tinme in the regenerator can
be 30 mnutes or less, or 25 mnutes or less. [00331 In one enbodi nent, the
rate of catal yst, conprising nolecular,_sieve and any other mater
as matrix materials, binders, fill ers“,llétc.), recirculated to recontact the

feed within the reactor systemis fromabout 1 to

WO 2007/ 021382 PCT/ US2006/ 0REPBR2006/02529700321 I n
the residence tinme (or catal yst hol dup) of the catalyst

, or at

lals (such

about 100 tinmes, nore

desirably fri80321boukn anothenerabrsiimers,che tesidence sime (aeatalystbelidupiof thef r om  about
~10 to about 5 ' { | f b ' o 0f t
reactor. | oo3mbet s btk 8rts stFRE N Aletoss el Bt mifires HTEEC

nol ecul ar
fillers,

goeriauRdARaidiehe the iRidRhd e e gitordt dah be BRI

es to the
conpri sing
s, binders,

etc.) can__be renmpbved fromthe reactor systemfor regeneration and

for recircuaasson2s SReLFUEsi on back to the reactor at a rate (catalyst

wei ght / hour )iggd; om AbGHY erfib bt "ES ched o R8kTys® chinBfisine RGP otd

about 0. 025

s to about ti'nmes or rom-about tines to a

bly from
out 0.5

times, and randt awje Sitheabimptefinlsn(sueb st mdtrik mmtadata)t bifdeds,t fittes, eked, t ot al feed
rate (oxygenate 1. ght / hour f xygenates to the reagtor system These
rates pert airﬁcchi'ﬁqugtofrgpqﬂlfT%t@%feﬁxg|%@m &F’ Toaqten, Sstem & é%’? a(‘?B%p]to tion,

i ncl udi ng NQeBoHCEEY tikes, SAbledSesirdfP Iln Bh&H 1024y Ybout 130 @ARLRKd MosPXygen in

| e

the.regeneration fl ue
gst 0. 5%

| east 2.2%
in the regen

Spsicabit o Ghows 10, Gadhons 36 dhmss o Gpalagord Gtea by LS. of
09-& @te'sﬁ:?@%rgacé%_ | n anot her = enbodi nent, the anount
e go\ I on

ue gas is not greater than 6.0% by vol une,

whi ch | eaves the regenerator) is at

0 % or at
of oxygen
or not

greater tharj0084p% hin auotherenbodimentta pyrtant ofithe dutalys, @%phiying wolesnler The anount
of oxygen 11 L 0SndaSy SR8 mhtrints YR8 b8 trd ats i i Bk, ete) can

be removed from the reactor system for regeneration and for
recirculation/reintroduction back to the reactor at a rate (catalyst weight/hour)
from about 0.01 times to about 5 times, more desirably from about 0.025 times to
about 2 times or from about 0.1 times to about 0.5 times, and most desirably from
about 0.1 to about 0.3 times the total feed rate (oxygenate weight/hour) of
oxygenates fo the reactor system. These rates pertain to the formulated molecular

sieve catalyst composition, including non-reactive solids.

[0035]  Preferably, the amount of oxygen in the regeneration flue gas (i.e, gas

which leaves the regenerator) is at least 0.5% by volume, or af least 1.5% by
volume, or af least 2.0 %, or at least 2.2%, or at least 2.5%. In another
embodiment, the amount of oxygen in the regeneration flue gas is not greater than
6.0% by volume, or not greater than 4.0% by volume, or not greater than 3.0% by
volume. The amount of oxygen in the gas used to regenerate the coked catalyst
(i.e., fresh or feed gas) is typically af least about 15 mole percent, preferably at
least about 20 mole percent, and more preferably from about 20 mole percent o
about 30 mole percent, based on total amount of regeneration gas fed to the
regenerator. Note that an excess of oxygen in the regenerator is desirable when

regenerating SAPO type catalysts in order to prevent degradation of the catalyst.



(i.e., fresh or feed gas) is typically at |east about 15 nole percent,
preferably at |east about 20 nole percent, and nore preferably f
20 nol e percent to about 30 nole percent, based on total anount . of
regeneration gas fed to the regenerator. Note that an excess of oxygen in

-t he regenervad eov7oB38kesi r abl e when
to prevent degradation of the catalyst.

-12 1t is believed that coke on catalyst will react with oxygen i
sieve at high tenperatures if no other source of oxygen is

nol ecul ar

present.

Such a reaction

[0036] In an enbodi ment, a CO oxidation metal is present inthe r

during regeneration.

rom about

regenerating SAPO typeT/osioadystos i n or der
WO 2007/ 021382 PCT/ US2006/ 025297

n the SAPO

| eads to degradation of the nol ecular sieve.

egener at or

Preferably the O oxidation nmetal is pI ati-num but

other metals such as palladium vanadium rhenium iridium ruthenium
oXinis hefieveth thatreake onovatatysh yilhemet widinoxizen ithihe $ARD nvleeul@O oxi dat i on

| d d
it 11 o ar SstRartiaGRREAbee AP ot ShE e ShRbRIs R ok B St o

r hodi um

or “6THE

metal is ad%dsﬁ,tdegﬁaﬁimd@‘qidﬂab&ghlsiévgo the reaction system Periodically
or continually adding the CO oxidation netal to the reaction-system all ows

| osses of t 036D oxn@aembadimenkia ¢Q mqslémre@ﬁal:@d)reswclﬁ the rageRese due t o
attrition OI’

n | t 3 oxi dati on
metal such a‘an%a?%g%e?%dog d%j etaetr{bgy age) pgirst I'C e{aﬂéﬁé{% igéj latLﬁ%ﬂ 1 cé}lgloum na
carrier par tetdle such ed pullatinm] eanadim, i besinmo rirdinbARGhesiun), Yhddiuty any
conveni ent nmanper. , For, exarr}:q){ t he CO ox dat nrge?ﬁ an be %g]ged by
i mpr egnat i nGXE SRFTREm, 0 a&ﬁ”ﬁ%&@ugs% pRAp i ning the
desired COnyi flidt heOpresi & an Difdized Stake, %ﬁ&wad ﬁnmpsmablsmﬁaalaitbtﬁexc acid or
pI tinum acetyl acetonate I'n an enbodinent, Pt can be selected as the CO

m@trm Duing eneersiontof theyesgensipiore £5) oxidationtmetaltis eddedrat &8I0 cat al yst

dati on

pamclesn SRSSAARY R LU el Palt P TR AR RS SRTER

Pt inthe S icles can eas ppmw, or

| east 50 ppmm,datmn métal to dlsd reddifdn sypien,allows hissdsed'sie GOGxjativn metal ot

2850, ppm 0P el S8R E ki O el 503 Rl
metal.

[0037] A CO oxidation mefal such as Pt can be added to a particle, siich asa
silica/alumina carrier patticle, a clay carrier particle, or a SAPO catalyst, by a.ﬁy
convenient manner. For example, the CO oxidation metal can be addéd by
impregnating a particle with an aqueous or organic solution containing the desired
CO oxidation metal, such as a solution of chloroplatinic acid o_f pi-aﬁnum
acetylacetonate. In an embodiment, Pt can be selected as the CO oxidaﬁo_n -inétal
and added to the regenerator in the form of SAPQO catalyst particles impfcgnated
with Pt. In such an embodiment, the concentration of Pt in the SAPO particles
can be at least 1 ppmiw, or at least 10 ppmw, or at least 50 ppmw, or at least 100
ppmw, or at least 500 ppmw, or at least 1000 ppmw. Alternatively, the
concentration of Pt in the SAPO particles can be 5000 ppmw or less, or 1000
ppmw or less, or 500 ppmw or less. In a preferred embodiment, only a fraction of
SAPO catalyst particles are impregnated with Pt. In such an embodiment, the
concentration of Pt in the SAPO particles can be at Jeast 700 ppmw;, or at least 750
ppmw, or at least 800 ppmw. Alternatively, the concentration of Pt in the SAPO
particles can be 5000 ppmw or less, or 1000 ppmw or less.

tration of

ppmw, or at
| east 1000

es cah be



ppmw or |ess, or 500 ppnw or less. In a preferred enbodinent, only a
fraction of SAPO catalyst particles are inpregnated with Pt. In such an
enbodi nent, the concentration of Pt in the SAPO particles can be at |east
700 ppnmw, or at |east 750 ppnw, or at |east 800 ppnw. Alternatively, the
concentr at i Gpoodo7igbizen t he SAPO particles can be 5000 ppewussook/essey or 1000
pprw or |ess. WD 2007/021382 PCT/ US20061025297 -13 [0038] Due to the high
attrition resistance of SAPO particles, relatively few SAPO particles
containing Pt will be lost. This allows the Pt addition rate to be 0.1 ppmw
or less per unit of catalyst in the catalyst inventory per day of the
overall reaction system or 0.05 ppnw or. |l ess. In another. enbodi nent, the Pt
can be added as a separate carrier par1t3i'cl e, such as Intercat COP-850,
Grace Davison CP-3, or any other simlar commercial Pt additive. These,
particl es ha[@038]ghePue &t theitigloatiritmnassisthae EAAPQ@ poicles,trslativaly devbodi nent s

where the attyjition.rate aof. th L -cqntaipin articles.is higher, the Pt
addi tion rat é{%%@"%ﬁ GB%WW%&':I“@PEQGBW' Llﬁ?ﬁa?log’ﬁtmoﬂ 6‘5@3 “H%%Fg‘? se per day,
or 1 ppnw or ¢ £$dmwobr %s@?%@bfbﬁﬁl?st B the - ARlysP RIVeSFy p@Sdy &ITth®. 25 ppnw
or less, or 0.20 ppnmw or [ess. [0039] The burni ng of coke in the

regener at i on oyexafl rpastign syskem. o P95 ppreget letsn In eghptimenb thePtean coke

renains on the galelysLaafielAS A% L, LORRSE MM eso Hidirgeflarat al yst

bed. by entrainment, il € can be consune regiron above the
regener at or fCRBdbrzay cthéradigildr doatheadihlePt dddétiventBHeyes particles/Rave tHigher

regenerator bed. f excess en is present. This cagn be referr to as
dilute phaséttﬂﬂf%f%ﬁ' tham $§€(¥ 3@ .SfS-s_ﬁmqlW?nt%w erpiyeAtEan fatg ﬁﬁg‘he gas
| eaving the Pft-'clslhtgin&%m a?@&esqﬁﬂig[%r,ﬁi@ﬁt' M&H@a&%ﬁ&ﬂ@ﬁ@?ﬁﬁm&&ﬁ Ipep under go

conmpustion to for . These Two processes causi ng additional "conbustion
out si de of t it catalishiyventory ifear dayiior doppsaw &k Jess, dreliS ppiaw drdesseded.Bed to as
afterbum The_addj t{i onal t] [or CO after |eaving the
regener at or &DP{?%JI)}ZIS%’ %a({'%f‘%%éﬁi&%Pgé'aﬁgéﬁﬁﬁoqiﬁgitional heati ng of the
catal yst, cr4e039ng tTie poiiesof ake iwtheadghntiatombiep thatagethetinicl egeigat i on. | n
various enbodgjnents, the copbined tenperature rise duye to afterburn is
mai nt ai ned at™ OO 2HQUIE of gpke femaipg en dhe ?%?3&8} ot 1gAVIR e SFEETTAIOR.

fluidized catalyst bed by entrainment, additional coke can be consumed in the

region above the regenerator fluidized catalyst bed after the catalyst leaves the
regenerator bed if excess oxygen is present. This can be referred to.as dilute
phase burning of the coke. Similarly, any CO present fn the gas leaving the
fluidized bed and/or exitiﬁg the regenerator can also undergo corabustion to form
CQ;. These two processes causing additional combustion outside of the
regenerator fluidized catalyst bed will be referred to as afterburn. The additional
combustion of coke and/or CO afier leaving the regenerator fluidized catalyst bed
- results in additional heating of the catalyst, creating the potential for additional
damage or degradation. In various embodiments, the combined temperature rise
due to afterburn is maintained at 200°C or less, or-at 100°C or less, or at 50°C or
less.
[0040]  Regenerating particles to leave coke on the surface of 0.4 wi% or more
can also lead to excess CO remaining in the regenerator flue gas. If the level of
excess CO is too great, the flue gas will require additional processing before being
allowed to exit the reaction system. In various embodiments, the level of CO in
the regenerator flue gas is 10,000 ppmv or less, or 1000 ppmv or less, or 500

ppmy or less, or 200 ppmv or less, or 100 ppmv or less.



]/ 0040] Regenerating particles to |l eave coke on the surface of 0.4 w % or
nore can also lead to excess COrenmaining in the regenerator flue gas. If
the 'l evel of excess COis too great, the flue gas will require additional
processing before being allowed to exit the reaction system 1In various
-enbodi ment swobhgohgye!l of COin the regenerator flue g Th%mﬁemﬂﬁﬂ'ppnv or
| ess, or 1000 ppnmv or less, or 500 ppnv or |less, or ppnmv-or less

100 ppnv or |ess. WD 2007/021382 PCT1US20061025297 -14 [0041] In an

enbodi ment, the tenperature within the regeneration systemcan be Rather
controlled by various techniques in the art including feeding.a cooled gas
to the regenerator vessel, operated either in a batch, continuous, or sem -
continuous node, or a combination ther®¥of. A preferred technique involves
wi t hdrawi ng the regenerated catal yst conposition fromthe regeneration
system and {84t ngli tn eibodigknt, the dantpperatere vothad the regenération systemodand

regenerated catalyst . c sition he cat St €9 LN an emjodi nent, is
a heat exchaﬁ@g\r&gﬁﬁqntﬁoﬁnggﬁgﬂ%ﬁt FS 18 é B‘b’m feeding 3icoplsd; e

regeneration a%yt%tmmre ﬁforr%&éap cfalid GtHRP @tua&gl, JoftBRIGRC bRbMAR System are
di scl osed | n ent No. 6,290,916 (controlling noi st ure) [ 0042] The

reg;anerzg]t edfmu%tmééwmisﬂtcpmhmmwm(ﬂh@wf f Aopreferred rteqhaique dnvabyes sylstem
D eve cat ol yfeieclb athlrafcd ol (bRt ttitn the Rafherdii brflBn 0| U0

conposi tion maldlsmmgeied&bma andlystr cdoleestd foan aocodlecntagd&ratahehtﬂﬁtur ned to
the reactor(s). In on enb iment,, the re nerate cata:ﬂ%1 onp05| tion
e s =

wi thdrawn fYBHRosHigny ﬁ%ﬂ?leéylgta@rﬁql@ eRleHC 4381 (s)
directly, pr I%Eﬁ&@@i'tﬁér%it&ﬁﬁl orRARRAA Eﬂérr@g@ngraﬁoﬁ %}s@én\( Sbﬂﬁ?ﬁie%ds ﬁ‘arc arrier,
such as an inert gas, feedstock vapor, Steam or l'i ke, ‘may be used,

sefr - cont i nuwtgﬂgoa regemeiation system are dispdosed tlatHSt tﬂ@tﬂllt Mo: SRHA16n of t he

regenerated ga sition to the reactor system preferably to the
one or rore Y ﬁtg? m5%%%%043) By controlling the flow of the regenerated

cat al yst conjoogijt i orj‘hetegemﬁtbwbwlyﬂenmpadim Wﬁhc&hwﬁﬂomahmmgéﬂemimf romthe
regenerati on system to the react system the o vel of. coke on the
mol ecul ar si'%éme Preft 131:9 ly from the cata(iyst cooler, is combine a fres ‘molecular |
sieve catalyst composition and/or re-circulated molecular sieve catalyst
composition and/or feedstock and/or fresh gas or liquids, and returhed"to.the
reactor(s). In one embodiment, the regenerated catalyst composition withdrawn
from the regeneration system is returned to the reactor(s) directly, preferably after
passing through a catalyst cooler. A carrier, such as an inert gas, feedstﬁck vapor,
steam or the like, may be used, semi-continuously or continuously, torfaqi]itate the
introduction of the regenerated catalyst composition to the reactér. system,
Q preferably to the one or more reactor(s). . _ |
[0043] By controlling the flow of the regenerated catalyst composition or
cooled regenerated catalyst composition from the regeneration system to the
reactor system, the optimum level of coke on the molecular sieve catalyst
composition entering the reactor is maintained. There are many techniques for
controlling the flow of a catalyst composition described in Michael Louge,
Experimental Techniques, Circulating Fluidized Beds, Grace, Avidan and
Knowlton, eds., Blackie, 1997 (336-337).
[0044] In one embodiment, the catalyst regenerator can have certain design
paraméters that facilitate the regeneration of catalyst particles in the catalyst

- regenerator, in addition to providing desirable flow characteristics in the



conposition entering the reactor is naintained. There are many techniques
for controlling the flow of a catal yst conposition described in M chael
Louge, Experinmental Techniques, Circulating Fluidized Beds, G ace, Avidan
and Know ton, eds., Blackie, 1997 (336-337). [0044] In one enbodi nent, the

cat al yst regﬁp?ﬁ,%ﬁgszcan have certain design paraneter spdpgéodasibhtate the
regeneration of catalyst particles in the catalyst regenerator, in addition

to providing desirable flow characteristics in the WO 2007/ 021382

PCT/ US2006/ 025297 - 15- separation zone for increasing entrained catalyst
retention. The catal yst regenerator can preferably include a regeneration
zone into which a regeneration nediumand an at |east partially coked
catalyst froma reactor can be fed. Thé&5-regeneration zone typically has a
first lower end, a first upper end, and a first major |length therebetween.

~The catal yst semgationr asmer fod ScréaeiisC shitainddn ehivlyels rétenti@par dhd @atalyene provi ded
to separate entrai ned catal yst_ from gaseous conpgnents, e.g., conbustion
products of &°gcBEfaiREFaR PsEerably inclde agpgenerghon zeneintonwhigh a regepgationc at al yst to

the regenera é&ﬂnﬁ%@mlﬁ%ﬁ%‘aﬁfaﬁ icBgedzn%?igngE%ﬁghPQ#a%éwgr%g%gﬁ;&én_ hLO""er

end, a second upper end, and®a seton ngt
separ ati on zaegeneration zaleugpically hasge first dgwvarnenddp frgnippeh end endndfissower end of

the separation zone nd the second | ower end, can advant.agequsly be in
fluid comurf®%t Bﬁh\ﬁﬁ?rgbepﬁﬁenfi & cﬁﬁlg\gfregw tefhgs‘tgfpé‘? £t &rfer at or al so
typically i nelddfRs zenE@oddtdio defiritcRnirsth&d WilFP foROBRGNS LaEpGRARB] YSt can be

fed fromthe Tregeneration_zone and from which the regenerated catal yst can
be directed te@ tdeabustivacireductyels regeraation maeess 8 dP netnm theisatraingd o of the

second nmj or ! | (g 1.0, ,
greater than °§&% ,{;Bg%rhgaI %(rﬁe’iaﬁg’%%&?%%ﬁ% rséjaajtigeaitrt’ﬁtz%g% t@’?‘ﬁ’%g@%gt SeerE an 3.0,
gr éat er than léw@ end, gsemhdupptraemds afdl 2\Sbemd majodlengtheitlersbetwéomn, These rati os
are exclusive of the swaged.region. |f not so indicated, then these ratios
are i nol s vETBHation g0 R aue h SifecFrekin HaRphe sebad BFELEIRI LN he second
maj or | engt hsefdvatidh Oxonell BAA 3h& Fbd¥nY Sowk GRd el Avaktaddolly B85 Anid
characteristics, desirable reg;nerat ion characteristics that nminimze
entrained capmmysicationswit fhe Bt vepe endd Thasataiysargaettorfalio wpigMil e, in U. S.
Patent Appli GRkfl catalyst retwrn into which regenerated catalyst can be fed from the '

regeneration zone and from which the regenerated catalyst can be directed to the

reactor. According to one embodiment, the ratio of the second major length to the

first major length can be greater than 1.0, greater than 1.25, greater than 1.5,

greater than 2.0, greater than 3.0, greater than 4.0 or greater than 5.0. Where -

indicated herein, these ratios are exclusive of the swaged region. If not so

indicated, then these ratios are inclusive of the swaged region, which will be

factored into the second major length. By providing a catalyst regenerator having

S

these characteristics, desirable regeneration characteristics that minimize entrained
catalyst loss can be achieved, as disclosed, for example, in U.S. Patent Application
Publication No. 2005-0043577 Al, the entire disclosure of which is fully
incorporated by reference herein.

[0045] In an embodiment, the separation zone can advantageously include a
swaged region and an upper separation region. The swaged region can typically
include a narrow end and a broad end and can increase in lateral cross-sectional
area from the narrow end to the broad end. The natrow end is generally oriented
at the proximal end of the swaged region, while the broad end. is generally
oriented adjacent the distal end of the swaged region. The broad end of the



“Publication No. 2005-0043577 Al, the entire disclosure of which is fully

1

I ncorporated by reference herein. (0045) In an enbodi nent, the separation
zoné can advant ageously include a swaged region and an upper separation
regi on, The swaged region can typically include a narrow end and a broad
end and caryd b@reRSe i N | ateral cross-sectional area fpomubisesaasosow end to
the broad end. The narrow end is generally oriented at the proxinmal end of
t he swaged region, while the broad end is generally oriented adjacent the
distal end of the swaged region. The broad end of the WO 20071021382

PCTI US2006/ 025297 -16 swaged region is generally adjacent. to, and in fluid
communi cation with, the upper separatlon region. The narrow end is
generally oriented adjacent to, and rd6-in fluid communi cation with, the
regeneration zone. The increase incross- sectional area in swaged region can
be provi ded swagat degiont i3 geockalye atliacent upeardd i Hbid 'mmcwonfmﬂntthal ned

catal yst as the catalys s fromthe narrow end ta. ad end of
swaged regi GRPETHY %‘b‘%’eﬁeglg %P?JBCHVP P& ?ig?‘%ﬁ%} e‘&?’ a hol | ow
cylinder, e.;jg. ﬂm@ obﬂﬂ&naﬁnéﬁemr the peblefi@ratfortl BbrieO qh@fm@edﬁgtlﬁr&b@l I y uniform
| ateral cross-sectional area, to provi de uniform superficial velocity (

char act er i stsPeionakareaiswagHliegion can he provisied in prder torreduse fe supedisiel | n one
enbodi nment , t [ € t hei ght of
t he regener é’%ﬁgr&zone %ed érlgaéll ?ﬂ%aﬁé%l%ﬁ?ﬁs%gﬂo ther 5@?& gnlr!lggttgere t han

about 1.25, bgmaﬂadndrofmmdaégrm Thebupper spt@tion f@mnqbefeﬁab@ iOformkd of nat el y

greater than reateyr .than about 4.0, r eat ‘about 5.0.
[0047] Opti &ng‘ﬁf GYIHEIGF ég%nértﬁg‘flﬁrn & |“Pg?r%h9éﬁﬁéféanﬂ ter, and
the separ atuhﬁﬂnﬂqa&ab%soﬁ.smﬁﬂdaﬁxe&@gﬁoﬁa@rﬁiﬁﬁn sﬁpaﬁ&at hiogity t he second

Frage dianeter to the first average aneter can be at |l east ‘about 1.1,
| east abeharadteristios for epteainad catabiist contaimeddherrisast about 2.0, at | east about

2 3, at lea out I her ei n;

these rati 036%%2 exI{:ll%agFr\r/lg&o th@%%/\ntg’ éﬁ%ﬁh\éﬁ éjtogggﬁ% Tat ed, then

these rati o&eghéof the| raganemtiof zbﬂnﬂssgmgadthmgbmn 1, pedferablyvgrtdterbiard act ored in

det er m ni ng cond a rreter 0048 n ter of - .cross-sectional
rag ag{eafﬁr ﬁs@ﬂag@gﬂ Si t];qu agnp 1‘.]26 temat ely greater tg

areas, the

about 3.0, greater than about 4.0, or greater than about 5.0.

[0047]  Optionally, the regeneration zone has a first average diameter, and the
separation zone has a second average diameter. The ratio of the second.‘average '
diameter to the first average diameter can be at least about 1.1, at least }iboutj 1.4,
at least about 1.7, at least about 2.0, at least about 2.3, at least about 2.6, or at least
about 2.9. Where indicated herein, these ratios are exclusive of ’thé swaged
region, If not so indicated, then these ratios are inclusive of the swaged regio_xi,
which will be factored in determining the second average diameter.

(“ [0048]  In terms of cross-sectional areas, the regeneration zone can have a first
average cross-sectional area, and the separation zone can have a second average
cross-sectional area, and the ratio of the second average cross-sectional area tb the
first average cross-sectional area optionally can be at least about 1.2, at least about
2.0, at least about 3.0, at least about 4.0, at least about 5.3, at least about 6.8, or at
least about 8.5. In one embodiment, the ratio of the average cross sectional area
of the separation zone to the average cross sectional area of the regeneration zone
is from about 1 to about 8.0, preferably from about 1.5 to about 3.0, and most
preferably from about 2.0 to about 2.5. Where indicated herein, these ratios are

exclusive of the swaged region. If not s6 indicated, then these ratios are inclusive



-average cross-sectional area, and the separation zone can have a second
average cross-sectional area, and the ratio of the second average
cross-sectional area to the first average cross-sectional area optionally
can be at |east about 1.2, at |east about 2.0, at |east about 3.0, at |east

about 4.O,wgt204,m§§82about 5.3, at least about 6.8, or aicriieasingbout 8.5.
In one enbodi nent, the ratio of the average cross sectional area of the

separation zone to the average cross sectional area of the regeneration zone
is fromabout 1 to about 8.0, preferably fromabout 1.5 to about 3.0, and
nost preferably fromabout 2.0 to about 2.5. Where indicated herein, these
~ratios are exclusive of the swaged region. |If not so indicated, then these
rati os are inclusive WO 2007/ 021382 POT{US20061025297 -17 of the swaged
region, which will be factored in determ ning the second average

cross-sect i ofithe sswaged répias evhphrwitidiecthstosddn piatermimirgahé geoond laveraget ed f or

receiving at |least partially coked catalyst from a .methanol -to-olefin
reactor. [ OB8YSe o%ﬁére@nﬁ‘h@%ﬁmetef%ep#p\gar&wg 'é“"%é%%e‘&?‘@n%?t cat al yst
entering thregstgﬁ&ﬁh ThkdRBRRRE B6A2 nidthdnbEtol S1BGH Ra@hy, t € regeneration zone

and/ or the ngth of the séparation zone is greater than about 0.3
| b/ sec/ ft ([0048] kg/lseve smbodipenty thel atio of theaflasy ratt afcai@ipaitenteriog e/ sec/ft (1.5

kg/seclm, a ptional | reat er an about 6.0 |bs/sec/f . 0 kg/sec/m,
based on § hengtatapRBtc e B iaidiot B felpaition s RS kst Bt nes. 100801
I n anot her gspaedbiedhe i§ leeafti ahANEboud \OB1H/60/ft 0.48 kektdd),t eptiondllyocess  for
regenerating catal yst. The pro&ﬁ s_can includethe steps of (a) receiving a

coked cat al g&sater Hiag 30gBteh@ Mytecohllzkeg/seeminaad optienaly sty thambaet i ng t he
coked . cat agsm_hs/}t.\ecﬁ(ﬁor@&gaglg,gﬁdswom 6 ihklleor GO SIRhELEQ akON At 2

first superticial velocit under conditi ectlve to convert at
Ie(@st a por ¢dparation zodes- coked catal yst to regenerated catal yst and form ng

rom the r oLuRAF & B AeGRES s ithdnl Sy HRPER BT HigiBr B BRE R ot noa
catal yst fl fingegenetalifg Setalysiat THApracse c@i inthide ¢laNsepsSfp k) tedkidingve! ocity; (d)
separating a_mgjority. of the gaseous products in the separation zone froma
maj ority of cQed catalyshim aJegeRem@iign gone, frppen seastoratt) santaging; the cgked et ur ni ng
the maj orit yuQlettith £MgeRARA HHidh S he'1BednBftibf S416HE 3l drQ buf @i and (1)
velocity and under conditions effective to convert at least a portion of the coked

catalyst to regenerated catalyst and forming gaseous products; (c) directing the

gaseous products and entrained catalyst from the regeneration zone to a separation

zone, wherein the entrained catalyst flows in the separation zone at a second

superficial velocity; (d) separating a majority of the gaseous products in the

separation zone from a majority of the entrained catalyst in the separation zone;

(e) returning the majority of the entrained catalyst to the regeneration zone; and (f)

direciing the regenerated catalyst from the regeneration zone to the reactor,

wherein the ratio of the first superficial velocity to the second superficial velocity

is at least about 1.2, at least about 2.0, at least about 3.0, at Ieast about 4.0, at least

about 5.3, at least about 6.8, or at least about 8.5. Where indicated herein, these

ratios are exclusive of the superficial velocity of the swaged region. If not so

indicated, then these ratios are inclusive of the superficial velocity in the swaged

region, which will be factored into determining the second superficial velocity.

The second superficial velocity optionally is less than about 1.0 meters per

second, less than about 0.5, less than about 0.25, or less than about 0.1 meters per



.directing the regenerated catal yst fromthe regeneration zone to the
reactor, wherein the ratio of the first superficial velocity to the second
superficial velocity is at |east about 1.2, at |east about 2.0, at |east
about 3.0, at |east about 4.0, at |east about 5.3, at |east about 6.8, or
-at | east akgyionBobssiNhere indicated herein, these ratiperasmosiesioasi ve of
the superficial velocity of the swaged region. If not so. .indicated, then
these ratios are inclusive of the superficial velocity in the swaged
region, which will be factored into determ ning the second superficial
velocity. The second superficial velocity optionally is |ess-than about 1.0
meters per second, |ess than about 0.5, |ess than about 0.25, or l|ess than
about 0.1 neters per WD 2007/021382 PCI/US2006/ 025297 -18'second. If so

i ndi cated, these velaocities are exclusive of the superficiial velocity in
the swaged rsegmnén If fogndicated, thase velemtiesaphodivsivao! therppgfieislevelocitiient i on i s
directed tod%é%%%&&%iﬁ(” regenerating catalyst, which cqnpriSes t he steps
of . (a) recelrving a tRed catalyst in a regeneration zone froma reactor
(b) cont act ijegs1] he mainether abbdiment, thistpfesantriegmbion & diesttedeidiawptoéass t he

regeneration zone at.a first s rficial velocity nd under congditions
effective t dOCHBIUTHINg cailuty Wﬁﬁﬁdaoﬁpaﬁpso%e 678 biclad TEOHANg _§'t'°_°§®f |
regener at ed gail ¥54 rRfrhtinMdng HRP 6§ R M%ﬁﬁéﬁgg%e %ﬁe‘aféahg@t the gaseous

( products and’entrained catal yst fromthe régenerafion zone tJ a separation

zone, Wher ovith 4 tegenemtionimeslirmg at i yegendraiiwmszonn at & first eyparficial onlogigne at a
second superfihcial veloci .1 he second, superf.icial, vel ocity ing | ess
Chan tho 1 ot Sl codditfhl doterive 1€ pER BB B RobeR of e ST bl .1, e
gaseous pr Odb%h&aieﬂ dahdys epar Himhiap s Prodittsy (BPHRédtiby thé ghsouent r ai ned

ca}pal yst in the separation, zone; (e) returning the majority of the
ent r ai ned c&Fedugtsrand snirpined exielye om Bis rpgmeratipn wonc:io-s SPAFHAN £910%e gas

ST eam ComD b3}l iifab Dby Hows B IIBEMMRNILAUNE] ScbiMiplRgpepar ati on

zone, whereint gas streamcontains | ess than out 0.5, less than
about 0. 05, velocity, ethe sebend aipstficial oved®Hy vexinghflesp ethawe itite dmdt i superfidiat at al yst

based on the total .weight. of the flue gas stream .apd (q) directing the
r egener at ed VE@P%‘F}Q SPPigHTE ﬁénaqugbgtgﬂﬂﬁ“?egﬂs Q@ﬁ&cr%bn{ﬁﬁéé&%fl&fme Optional ly,
the ratio offrohh@nddjdrity of tRembriitbdtatalylip Gid sepidtidhfonse@prehmatpand i ci al

velocity is at | east about 1.2, at | east abqut 2.0 o
majority of the entrained catalyst to the regeneration zone; (f) releasing a flue gas

stream comprising the majority of the gaseous products from the separation zone,
wherein the fiue gas stream containg less than about 0.5, less than aboﬁt' 0.05, or
less than about 0.005 weight percent entrained catalyst; based on the total weight
of the flue gas stream; and (g) directing the regenerated catalyst from the
regeneration zone fo the reactor. Optionally, the ratio of the first superficial
velocity to the second superficial velocity is at least about 1.2, at least about 2;0,
~— at least about 3.0, at least about 4.0, at least about 5.3, at least about 6.8, or at least
about 8.5. The second superficial velocity can be less than about 1.0 meters per
second, less than about 0.5, less than about 0.25, or less than about 0.1 m_etersvper
second. Preferably, the reactor is a methanol-to-olefin reacior, and the Iirocess
includes the step of contacting methanol in the reactor with a molecular sieve
catalyst under conditions effective to convert at least a portion of the methanol to
light olefins and to form the coked catalyst.
[0052]  In another embodiment, the regenerator conditions in an oxygenate-to-
olefin reactor system can be described by a dimensionless variable, termed

Rgl/Rx1, which represents the ratio of the catalyst inventory of the regenerator to



- at | east about 3.0, at |east about 4.0, at |east about 5.3, at |east about
6.8, or at least about 8.5. The second superficial velocity can be |ess
than about 1.0 neters. per second, |ess than about 0.5, |ess than about
0.25, or less than about 0.1 neters per second. Preferabl t he react or is
" a met hanol WOROGYEAI8A reactor, and the process incl udesP(’Wi%ég

contacting nethanol in the reactor with a nol ecul ar sieve cat aI yst under
condi.tions effective to convert at |least a portion of the nethanol to |[ight
olefins and to formthe coked catal yst. [0052] In another enbodi nent, the
regenerator conditions in an oxygenate-to- olefin reactor systemcan be
descri bed by a dinensionless variabl ejgtermed RglRxl, which represents the
ratio of the catalyst inventory of the regenerator to V\D 2007/ 021382

PCT/ US2006/ D used

her ei n, the(ellgn'?z/azai}(%ry rag%fctﬁ%?‘aef#% #mgggﬁrﬁég{eg‘gﬁ ?Rﬁ]ﬂéaat o (W /w)
orda t] i me r akn ﬁep(r@é:ﬁ)a,hwdghttrbﬁo @e{wﬂ)mhfﬁm&eﬁl (s, asahe hrfhﬁlpstt:im&nlltoe}generﬁt or

and the reactqor are changi ng at, known ow rates. | / Rxl, unl ess otherw se
speci fi ed h@fehqth the; regeperatos dpid othe Jeagienadty changieg,a %ﬂowera@eS; as

measured on Qfnledy &ﬁeﬁﬁs@s@@éﬂ@d hé@big, 8 PGP 8 A HEad st &é

conti nuous .'g. . oxygenat es fins) process, alt houg the | nvent ory
rati o can a&gsoashmeasyred droaverggeesen tanrapproprietzdiampleaperiodesft time /onegyener at or

condi tions hereln 0053 In ne, enbodi nent ., Rgl/ RxlL can range from about
0.1 to about“CByous gr%f(@ﬁykﬁl}ayes’????]ﬁ Owgcﬁs,fltpglggi;btgétnvsnatgry?aﬁ “anpl e from
about 0.15 takodBasdd tb tepResentdod italp sthieQeadtor@egpberaior Eonditiod hére@m about 0. 25
to about 0.7, In alternate _enbodi nents, RgLIRxl can range from about 0.1 to

about 0.6, fPO8H abdnrong embodineng RelfRxy can rangg Fromabeut.Bia gbowb8% 0.9, from
ut 0. 35 4‘"]?%? r about 0.4 to
ut 0. 75. tp%é%?%? %091 %’Eut %ggﬁb%? gg ttbgu,at g??‘@l%)gg[rgﬁ vsa@fbéxlﬁhtb? 5 inter alias

cat al yst  adtonvisbguthd to eented.ds or ftcmmabmutmzia to abowtel.V. al altenmtelesi r ed ‘

| evel of coke,o exiti n er 005 instance, FIG

0 ehove o pgboRmnR RelEH. oo se g dat B B 6. e Bk ) “r e

regenerat or ab&i¥oes, ﬁhﬁf&oﬁiOB@@&E@IﬁD%ﬁamtdbbﬁt E356, abol0.85, Ginabiout St eady

state activi t4y in a methanol -to-olefin reaction system Fromthis
to about 0.8, or from about 0.4 to about 0.75.

[0054] It has been noted that RgI/RxI can vary with, inter alia, catalyst

activity and regenerator temperature, as well as with desired level of coke on
catalyst exiting the regenerator. '
[0055]  For instance, FIG 9 shows a plot modeling the variation of inventory
ratio (Rg/RxT) with regenerator temperature at constant (in this case, 50%)
catalyst steady state activity in a methanol-to-olefin reaction system. From ‘this
plot, a relationship of regenerator temperafure, inventory ratio, and steady state
. catalyst activity was determined. Such relationship can be expressed generally
with steady state catalyst activity (Acug) being exponentially related to
temperature (T), with the pre-exponent “constant” (K) being a linear fonction of
inventory ratio (RgURxI), as follows: Agugs = K*exp(-E*T); where K =
((M*Rgl/RxIy+b). Under the conditions of about 0.3% per day of inventory
catalyst loss (e.g., due to atirition, catalyst withdrawal, or the like, or corabinations
thereof), approximately 2.5% flue gas oxygen content, and about 4 psia
regenerator water/moisture partial pressure, the constants E, M, and b above fit to
about 0.0037, about -17.7, and about 25.7, respectively, when temperature is
expressed in degrees Kelvin. In FIG 9, it is believed that higher activities yield



.plot, a relationship of regenerator tenperature, inventory ratio, and steady
state <catalyst activity was determ ned. Such relationship can be expressed
generally with steady state catalyst activity (Aat,,,) being exponentially
related to tenperature (T), with the pre-exponent "constant" (K) being a
-linear fungidam7eiizsd nventory ratio (RglRxl), as foll owseT/saceaRsnr
K*exp(-E*T); where K = ((MRgT/Rx1)+b). Under the conditions of about 0.3%
per day of inventory catalyst loss (e.g., due to attrition; catalyst

wi t hdrawal , or the like, or conbinations thereof), approximtely 2.5%fl ue
gas oxygen content, and about 4 psia regenerator water/npisture partial
pressure, the constants E, M and b afgve fit to about 0.0037, about -17.7,
.and about 25.7, respectively, when téggérature is expressed in degrees
Kelvin. In FIG 9, it is believed that higher activities yield WO

20071021382 cpvFa WsXbenlobbeloy the 50%cantivity corve; mhile dower astividigs vield 50%
activity cur | PANA jeld curves on the plot above the
50% act i vi tf}i@ﬁ? é@ﬂe&b%%@e&ﬁﬁ%é?&d@@ “shows overl ai d plots of nodeling
done on stedoBsept atFurtheq FHE M 6ishawed dverlhid, plota b inodelingeneomsteadytsemgper at ure and
inventory ratio (Rgl/Rx]).. The sanme nethanol -tq-ol efin, reactigQn system
condi ti ons \Réﬁajéfshéfg’d“ "0 regeRaEeT FFQ“HGF?“FF@“@,‘%@WEY Ea“&s@&f’hﬁﬁﬂ G 10 to
gener at e MibeDlanch fhttinOilto G Hbtion BYREhOLAARML GréritalsBX sy i | € varying
(normalized) steady state catalyst actiVity and regenerator tenperature.
The nodel i ngnddetingwl B 9 rewefearsed 00F1CR 1 ky generatemiltiple,plots of ForGiagt was used

for each of .t he, mul t. .ot s.0f constant .inventory ratio-, cR.n. M
- Mol ecul ar Sil%vfg.toﬁéfaéf' R%&%Q@T l%fﬁg%éngwlggﬁﬁsspegg%gtatﬁg gt&f)yﬁtnacﬁwg pr esent
i nvention amfd fygeiestebletnpersiurd. CTIR! tiddcliog Aocdhadtel obAPOcatBsicRiiey Si eves,
al um nophosphat enéAl PO _nol ecul ar_sieves, alum nosilicates (e.qg., high
sifica C A iy BEGna s teed yior sach 0t the gawiple plefy of sfoustaSnyenlarE gatio and/ or
conbi nationm%mlz_of. In an enbodiment, the netal is an albkali metal of
G oup I A of 'the Periodic Table of Elenments, an alkaline earth netal of
G oup HA of the Periodic Table of Elenments, a rare earth netal of G oup

RI B, includiiig t Molécatur Bieme NMagerial ant hanum cerium praseodym um

[0057]  The molecular sieves nsed in the present invention are prefer_abl_y
silicoaluminophosphate (SAPO) molecular sieves, aluminophosphaté (AIPO)
molecular sieves, aluminosilicates (e.g., high-silica CHA-type materials), metal
substituted versions thereof, and/or combinations thereof. In an embodjinent, the
metal is an alkali metal of Group IA of the Periodic Table of Elements, ‘aﬁ- alkaline
earth metal of Groﬁp TIA of the Periadic Table of Elements, a rare earth metai of
Group IIB, including the Lanthanides: lanthanum, cerium, prasedd_'jemium,
neodymium, samarium, europium, gadolinium, terbium, dysprosium, holrﬁiﬁm,

¢ _ erbium, thulivm, yiterbium and Iutetivm; and scandium or yttrium of the Periodic
Table of Elements, a iransition metal of Groups IVB, VB, VIB, VIIB, VIIIB, and
IB of the Periodic Table of Elements, or mixtures of any of these metal species. In
one preferred embodiment, the metal is selected from the group consisting of Co,
Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Y, Zn, and Zs, and mixtures thereof. Tn
another preferred ‘embodiment, these metal atoms discussed above are inserted
into the framework of a molecular sieve through a tetrahedral umit, such as
[MeQ,], and carry a net charge depending on the valence state of the metal
substituent. For example, in one embodiment, when the metal substituent has a
valence state of +2, +3, +4, +5, or +6, the net charge of the fetrahedral unit is
between -2 and +2.



neodym um samarium europium gadolinium terbium dysprosium hohnium
“erbium thulium ytterbiumand lutetium and scandiumor yttriumof the.
Periodic Table of Elenents, a transition netal of G oups |IVB, VB, VIB,
VIIB, VIIIB, and 1B of the Periodic Table of Elenments, or mxtures of any
-of these Nauhos$haSES- | N one preferred enbodi nent, tper8ivadnismrsel ected
fromthe group consisting of Co, C, Cu, Fe, G2, Ge, My, Mh, Ni, Sn, Ti, Y,
Zn, and Zr, and m xtures thereof. In another preferred enbodi nent, these
metal atons di scussed above are inserted into the framework of a nol ecul ar
sieve through a tetrahedral unit, such as [MeQ2], and carry a net charge
dependi ng on the val ence state of the netal substituent. For exanple, in
one enbodi ment, when the netal substi-®dent has a valence state of +2, +3,
+4, +5, or +6, the net charge of the tetrahedral unit is between -2 and +2.
WO 2007/ 02136@58] PAR bis? embodigeR) The sifitodl@BmBphdsphaten enodsvhiadistesatis t he
silicoal um no hos%aate nol ecul ar sieve i.s epresented, on an anhydrous
basi s, by tFEPTPEFITH ¥ ahR o}l%i’a\?}w?)t&fo ein R represents at |east one-
tenpl ati ng agent, prefer abhﬁ{:%_pﬂ%i c tenplating agent; mis the nunber
of noles of R per nole of (Si I and rm has a value fromO to 1,
preferably Ovherein. B represeme ot lpgstfameatsmplating negont, cprefemblyx an grgandieid 2

represent t . ' R d Si r I xides. In an
errgodi ment , q%‘ﬂg&lggr;eéeﬁgﬁ?%%L%rﬁi’%c?géqaoﬁlﬁso&&g% %‘ﬁé ogfﬁ%@ﬁ}ggzﬂn e greater
tBan or1 equas atvalue;ﬁfbh0Itml@gefeﬁblybmm%iaggmﬁostpmf@abwﬁamartotctﬂamf 0];1 to0 .
about 1, x is reater than to abou 25, .y is in the range o rom O.
to 0.5, and ¥z} Zif?i?rﬁsr?étg’ﬁdﬂ‘bléﬁi?F“‘fl’r%éﬁb.Pz@_dt% %.tstnh%ﬂkwsﬁ%sr&awy mis
fromo0. 15 t%nﬁ);oaime}':t,smfiggl‘%hetgrﬂgnbpec%lﬁl%o.i ind of O Q. ofe %%at@r andpd z is from

0.3 to 0.5. [0059] I'n on mbodi nen the 'silicoal um nophospbate nol ecul ar
sifeves have cqual 16i0.. Haehothef emipdigentameis greater BbnGtl ®. houplekdsabl y not

gréater than 0 0 preferably naq e I atchan, about., 0.2, still
Tor e pr ef or B o R ahdlF 02R% & Sigehe” Bt EF AR o BRLAB A o
greater thapageefifroth 0.25 to0.8N0b18 Ecferabip sl istnh 0.1606 03] ¥ & frdna 0i0Q th S

sufficiently high to allow for increased catalytic
0.2, yis from 0.4 to 0.5, and z 1s from 0.3 to 0.5.

[0059] In one embodiment, the silicoaluminophosphate molecular sieves have .

an Si/Al ratio of not greater than about 0.5, preferably not greater than about 0.3,
more preferably not greater than about 0.2, still more preferably not greater than
about 0.15, and most preferably not 'greater than about 0.1. In another
embodiment, the S/Al ratio is sufficiently high to allow for increased catalytic
activity of the molecular sieve, Preferably, the silicoaluminophosphate molecular
sieves contain Si and Al at a ratio of at least about 0.005, more preferably at least
about 0.01, and most preferably at least about 0.02. '

L [0060]  Non-limiting examples of SAPO molecular sieves useful herein
include one or a combination of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-
17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36, SAPO-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, and metal
containing molecular sieves thereof. Particularly usefi! molecular sieves include,
but are not limited to, one or a combination of SAPO-18, SAPO-34, SAPO-35,
SAPO-44, SAPO-56, AIPO-18, AIPO-34, and metal containing derivatives
thereof, such as one or a combination of SAPO-18, SAPO-34, AIPO-34, AIPO-18,
and metal containing derivatives thereof, and especially one or a combination of
SAPQ-34, AIPO-18, and metal containing derivatives thereof.



activity of the nolecular sieve. Preferably, the silicoal um nophosphate

nol ecul ar sieves contain Si and Al at a ratio of at |east about 0.005, nore
prefeerably at |east about 0.01, and nost preferably at |east about 0.02.

[ 00601 Non-limting exanples of SAPO nol ecul ar sieves useful herein include
one or a cowy mayeAas0f SAPO-5, SAPO- 8, SAPO 11, SAPO- 16pcB&iowsickize7 SAPO- 18,
SAPO- 20, SAPO- 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPO-40, .SAPO 41,
SAPO 42, SAPO 44, SAPO 47, SAPO-56, and netal containing nolecular sieves
thereof. Particularly useful nolecular sieves include, but.rare not limted
to, one or a conbination of SAPO 18, SAPO 34, SAPO 35, SAPO44 SAPO- 56,

Al PO 18, ALPO 34, and netal containing derivatives thereof “such as one or
a conbi nation of SAPO 18, SAPO 34, Al P& 34, ALPO 18, and rre_t al containing
derivatives thereof, and especially one or a conbination of- SAPO 34,

Al PO- 18, and [éasdhl dﬂtheral'lm~linyitﬂgr exaniplosesf zcolilieahd MBz20l 0Rlk8E2r

PCT[ 1JS2006/ 02529.7 0061 | [it d
non[ zeol i ti cSi¥o¥s e@ﬁ‘& on s‘?@v%%%‘ﬂ%roag‘gn%ﬁg%l i C%NE‘IJ?@ IeBtfzﬁIf)’ e an
fol | owi ng: B@taes@lsb zsﬁps gtms Parent 13083950Q§@14 75@%’5&&5 783 5241) %EMJ\DS
3,702,886, 4,797 267 and 5 783,321) Pat ent No” 3. 709, 979)

ZSM 12 (U.S. 1P£Ue§1t1’ﬂmt No. 8599.979), ZSMeEANUS. Paimt Es;va,@sz,w)szsmawem No.
3 076 gas). SEATIHES. BabA o &%94857%2%#@%% ARSI s BRI N
4,016, 245, Z3KML33 (I[USS’atEiﬂﬂ\mtﬂfomﬁ,M » BIVL-BP(T).S. Dathdt BS. 4,086, EG),%MN No.
46982000 MM (G Nl R zéwé%i@%ﬁ#am%%ﬂé Bnegout “stNON"

4, 664, 897 ; ;
4, 880, 611% m%&%ﬁ’s%@q MR @@% ﬁal’:tgﬂt)N‘W\ﬂ?’9 3% 3&5 Pg'tment No.

4,619, 818), REprtdo. %§78,55Ph MEM- MJ S4P@@1t1\®25)632mjm 4. (©/S.Pateght No.
2 000 9000 Mtk PR Bl 0E A L B SRR %,
5,362, 697), ASBO61I), MLCM-10PEUSn Patsat Né, 3,603,820) MCM: BN (WIS, Patei Nosi | i cates
(TASCS) SUCh a8 0 S MM P Bt oS A5 308\ MG AL 70 8 Patent R O
5,098,684), M-41S (U.S. Patent No. 5,102,643), MCM-48 (U.S. Patent No.
5,198,203), MCM-49 (U.S. Patent No. 5,236,575), MCM-56 (U.S. Patent No.
5,362,697), ALPO-11 (US. Patent No. 4,310,440), fitanium aluminosilicates
(TASOs) such as TASO-45 (European Patent No. EP-A-0 229 295), boron
silicates (U.S. Patent No. 4,254,297), titaninm aluminophosphates (TAPOs) (U.S.
Patent No. 4,500,651), mixtures of ZSM-5 and ZSM-11 (U.S. Patent No.
4,229,424), BCR-18 (U.S. Patent No. 5,278,345), SAPO-34 bound ALPO-5 (U.S.

¢ Patent No. 5,972,203), those disclosed in Iniernational Publication No. WO
98/57743 published Dec. 23, 1988 (molecular sieve and Fischer-Tropsch), those
disclosed in U.S. Patent No. 6,300,535 (MFI-bound zeolites), mesoporous-
molecular sieves (U.S. Patent Nos. 6,284,696, 5,098,684, 5,102,‘643 and

5,108,725), and the like, and intergrowths and/or combinations thereof. The entire

disclosure of each of the references in this paragraph is hereby fully incorporated
by reference herein. '

[6062] In an embodiment, the molecular sieve is an intergrowth material
baving two or more distinct crystalline phases within one molecular sieve
composition, such as a molecular sieve composition containing SAPO-18, which-
has an AFI framework-type, and SAPO-34, which has a CHA framework-type.



silicates (U. S. Patent No. 4, 254,297), titanium al um nophosphates (TAPQGs)
(U S.. Patent No. 4,500,651), mxtures of ZSM5 and ZSM 11 (U.S. Patent No.
4,229,424), ECR-18 (U.S. Patent No. 5,278, 345), SAPO 34 bound ALPO-5 (U. S.
Patent No. 5,972,203), those disclosed in International Publication No. WO
08/ 57743 puwbDi28ivédiBec. 23, 1988 (nol ecul ar sieve and FiRJWe200p/08338Th)
those disclosed in U S. Patent No. 6,300,535 (MDI-bound zeolites),

mesopor ous nol ecul ar sieves (U. S. Patent Nos. 6,284,696, 5,098, 684,
5,102,643 and - 5,108,725), and the |ike, and intergrowths and/or

conbi nations thereof. The entire disclosure of each of the references in
this paragraph is hereby fully incorpospted by reference herein. [0062] In
an enbodi ment, the nolecular sieve is an intergrowh material having two or

nore distinct, crystalline phases within one nol,ecul ar siewve, conposition,

Such a6 a moFul RejesnEr BEHe e hRnEAY SPRPHG GBSt 256 SRR has an’ AEI
framewor k- t ypigiee RAEIARIE SHA HRInERoASpe? offdtially 3RO e fa¥iB cof ¢PA2007/ 021382
PCTI US2006/ 025297 -23 Thus, the nol eCul ar 'si eve used herein may conprise at

| east one i nframewarkitype ohAEE framewgrk-tane aSHistetmingd lyrthe DBEaX methodci al | y

where the ragiq of, . K- 1. El W fr ~bLy Pe, det erm ned
byt he. D Fredeiefidl U ERRIEARI SR 2ublafioh N, STFAIGIBN B et on. o
2002- 016508%%hah $:1greater than 1:1. [0063] The nol ecul ar sieves are nade or
formul ated into catalysts b conbi ni ng the synthesi zed nol ecul ar si eves

with a bi ndet0083a/ ofhé mealeyilar sigves g mads oofoRmlated duinl SHalks Y cat al yst
conposi tion ﬁm@gmpﬁﬁﬁs@zﬁ%@%&lﬁsi&b%aﬁﬁﬁﬁj Mhdfor § biefAl:  This
nol ecul ar sreve cata

f or mul at ed yst conposition 1s forned into useful shape
and si zed patotfoohesmblecdansierst ¢atalpst compbsiiicuesa forpinlagsl melocwlsr sievei ng,

el leti zi ng, trusion...and 4 he.lik 00p64]. I n _an dinent... a. ol ecul ar
gi e cat a?y%a?ﬁxséﬁ ogmgo%ﬁ a rfoﬁﬁtegg@ggﬂbﬂgm?vg %?E‘H%?t"P’PPP%‘F'P%& e | ndex
(ARI). The ARkme®idie dsdfilofapsail sizddoparticles by corvamional festidduePandhsan | ndex

net hod. The smaller the ARt, the nore resistant to attrition; hence, the
harder the c#¥ay drying, peletizipg, exGusigh end B¢ 9. addi ng 6. 0 :

{0064] In an embodiment, a molecular sieve catalyst can be characterized
according to an Atirition Rate Index (ARI). The ARI methodology is similar to
the conventional Davison Index method. The smaller the ARI, the more resistant

to attrition; hence, the harder the catalyst. The ARI is measured by adding 6.0 £

0.1 g of catalyst, having a particle size ranging from 53 to 125 microns, into a
hardened steel attrition cup. Approximately 23,700 scc/min of nitrogen gas is
bubbled through a water-containing bubbler to humidify the nitrogen. ‘The wet
nitrogen is passed through the attrition cup, and exits the attrition apparatus
C through a porous fiber thimble. The flowing nitrogen removes the finer particles,
with the larger particles being retained in the cup. The porous fiber thimble
separates the fine catalyst particles from the nitrogen that exits through the
thimble. The fine particles remaining in the thimble represent catalyst that has
broken apart through attrition.
[0065]  The nitrogen flow passing through the atirition cup fs maintained for 1
hour. Fines collected in the thimble are removed from the unit, and a new thimble
installed. The catalyst left in the attrition unit is atirited for an additional 3 hours,
under the same gas flow and moisture levels. The fines collected in the thimble
are recovered. The collection of fine catalyst particles separated by the thimble
after the first hour are weighed. The amount in grams of fine particles divided by



0.1 g of catalyst, having a particle size ranging from53 to 125 m crons,
‘into a hardened steel attrition cup. Approximtely 23,700 scc/ mn of
nitrogen gas is bubbled through a water-containing bubbler to humdify the
nitrogen. The wet nitrogen is passed through the attrition cup, and exits
the attrition apparatus C through a porous fiber thinble, The flow_ng
nitrogen r HBSWIVRE i ner particles, with the Iarger PSTPHESHEi ng
retained in the cup. The porous fiber thinble separates the fine catalyst
particles fromthe nitrogen that exits through the thinble. The fine
particles remaining in the thinble represent catal yst that has * broken apart
t hrough attrition. [0065] The nitrogen flow passing through-the attriti-on
cup is maintained for 1 hour. Fines €#4ected in the thinble-are renoved
fromthe unit, and a new thinble installed. The catalyst left in the
attrition uniye original hﬁxbﬁlﬂ@ff:&m?@m@sd td 108 atriforh Qi skpresseidprpet Boursame gas
flow and noisture levels. The fines collected in the thinble  are recovered.
The col | ect i basisds theiAdd, Bawble{bst particles separated by the thinble after
the first hour are weighed. a ' r.a f fine particles divided by
WO 2007/ 021382 PCTI US2006/ 02 7‘@@#@@3?& g.ﬁﬂgﬂ anount of cat al yst
charged to t®Beintriti on cup expressed on per. hour basis is the AR, in w
“Yo/hr. ARl = [T (B+CO) /D x 100% wherein B = weight of catalyst left in the
cup after the attBriwadghtodeatalyst left indhe,eiip affer thejaptaBensigsti i ne cat al yst

particles after the fyEsiorhoNued e Bhbihk bR LRB!ME R ngRGEC = duration of
treatment in hours aft®r the first hour attrition treatnment--1n an

enbodi nent , sthitiontdteetmangrndi eve catal yst of this invention has an ARl of not
greater than about 0,6 w %.hr. Preferabl he mol ecyl.ar sieve catal yst has
an ARl of not gr a'tdé'ra‘}%é’rﬁgaﬂﬁ’ﬁ?“ﬁ.g%‘“ﬁféﬁfﬁﬁ? g’f?gﬁc@uﬁgﬁtﬁ%tﬁeﬁﬁ?qtrot gr eat er
than about . #h emifdtiihient, the mOkydanadve chilysl ¢fthig ifveatdd 128 aPARI @fRot[ 0066] An

exanpl e of a reaction systemthat benefits fromthis invention: s an
greater than about 0.6 wt%/hr. Preferably, the molecular sieve catalyst has an ARI

of not greater than about 0.5 wt%/hr, more preferably not greater _than_about
0.4 wt%/hr. e

IV. Oxygenate to Olefin Reaction Systems _

[0066]  An example of a reaction system fhat benefits from this invention is an
oxygenate-to-olefin process. Conventionally, oxygenate-to-olefin processes are
carried out in a fluidized bed, fast fluidized bed, or 'risér reactér conﬁghration
where .a finid (gas) flow of a feedstock is passed through a bed of soli_d'caialyst
particles. More generally, the processes of this invention are applidable to gas-

solids reaction systems where the solids are separated from the gas flow __atéome

!/“\

point during the reaction process, including systems where the gas is mert The
“ examplés below describe an oxygenate to olefin reaction system that can be
improved using the separation process of the invention.
[0067}]  Oxygenates used in this invention include one or more organic
compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preférably from 1 to 10 carbon atoms,
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in
the process of the invention include ldwer straight and branched chain aliphatic
alcohols and their unsaturated counterparts. Non-limiting examples of oxygenates



oxygenat e-to-ol efin process. Conventionally, oxygenate-to-olefin processes
are. carried out in a fluidized bed, fast fluidized bed, or riser reactor
configuration where a fluid (gas) flow of a feedstock is passed through a
bed of solid catalyst particles. Mre generally, the processes of this
invention aMO BHPA1Abl e to gas- solids reaction systensP@lEs20¢/4262950! i ds
are separated fromthe gas flow at sonme point during the reaction process,
i ncludi ng systens where the gas is inert. The exanples bel ow describe an
oxygenate to olefin reaction systemthat can be inproved using the
separation process of the invention. [0067] Oxygenates used in this

I nvention include one or nore organi c.2gonpound(s) containing at | east one
oxygen atom In the nost preferred enbodinment of the process of invention,

t he oxygenate | EI&%] I h py-&f bly

al i phatic al glgh{g]e S ;\I}\ﬁg(rj%ﬁaﬁﬁg nalﬁ ?l%ﬁglf ?S(r?pm | eﬁyﬁ%@ﬂ%él%%oé%%ﬁ%gﬁ has from
1 to 20 car bethegt disthyl pethdre rdididoprdpyb rathier,t dorddaldehyde) ndiaicthys , cartsondieTOSt
preferably from1 to 4 carbon atons, The al cohol s useful as feedsfock in

the process @melipd ketousniacslir ipidy Fad mixhpes diFeafonin e masheHE@eChai n,
aliphatic al, ' t - ldtig 41l Ng

exanpl es of %‘)%%%#113?122& V\%&g%c%%%fgg%@P %%%g%goggggg]?ﬂm%alhr% 1”ude

met hanol , et Hioweshyl ethegrdigthylather ios o pompimation thereof) yhore preftratdy meathandl et hy|

et her, diethyl, ether -1 sppr |. et.her . farnmal dehyde, dinethyl carbonate,
di met hyl ket m&mﬁﬁﬁ?@m&ﬁ ,053%*'?# Yme&m&hereof. In the nost preferred
enbodi nent, [(0esf eedhbaekdstotk SRl @kt @sbJdiént Ofdiads 68 & Mbrendit |, ethanol,

di met hyl ether, diethyl ether or a combination_ thereof, nmore preferably
met hanol anwptﬁa%wﬁﬂ%f’é?%? thegrpcenaiionnidkefeadorknandiamsmerdlyoes] The

feedst ock, ip.Qne L JABR Ly Al : [ . st ypically
usgd to redutf:ke thet%cr%ﬁg%nt r{':il% Pg%a%e?mtgﬁg e?a S%Q@P%ﬁpgg‘gﬁlﬁ%?ﬁﬁﬂ y non-
reacti ve to tiempleseafSdibekisanclndd kalinig rrgong virogart, alagbeh nomiwpils) ¢droon

Non-limting, examples of diluents include helium .argo ni trogen, carbon
rmonoxi de, ca%ﬁﬁe’n&a i §ENRYe ?n"?gé}'é’ﬁtﬁ’aé?ig?’* 4@?@%&8?&9@6%3‘?‘% Mns
(especi al |y alcltane etiaHs ind propiBé)haRsetiaRy ham foaciRtrfhARARdpoueds et 1 al |y
non-reactive aromatic conpounds, and_ m xtures thereof. The nost preferred
di | uents ar emjgues thereinThe srpshprefgrred dilkangs are water and nitrogen, with water

being particularly preferred.
[0069]  The diluent is either added directly to a feedstock entering into a

reactor or added directiy into a reactor, or added with a molecular sieve catalyst

composition. In one embodiment, the amount of diluent in the feedstock is i the
range of from about 1 to about 99 mole percent based on the total number of
moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, most preferably from about 5 to about
- 25. In another embodirent, other hydrocarbons are added to a feedstock either
directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for
example U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof,
preferably propyiene, butylene, pentylene, and other hydrocarbons bhaving 4 or
more carbon atoms, or mixtures thereof.
[0070] In a conventional oxygenate fo olefin reaction, a feed containing an
oxygenate is contacted in a reaction zone of a reactor apparatus with a molecular-
sieve catalyst at process conditions effective to produce light olefins, i.c., an
effective temperature, pressuwre, WHSV (weight hour space velocity) and,
optionally, an effective amount of diluent, correlated to produce light olefins.



-being particularly preferred. [0069] The diluent is either added directly to
a f.eedstock entering into a reactor or added directly into-a reactor, or
added with a nol ecul ar sieve catalyst conposition. In one enbodinent, the
anount of di i.n the feedstock is in the range of n. ] t o about
"99 nole peggiﬁﬁgﬁﬁggh on the total nunber of noles of %ﬁ@&%@@@@%ﬁ'k and

di luent, preferably fromabout 1 to 80 nole percent, nore preferably from
about 5 to about 50, nost preferably fromabout 5 to about -25. ‘I n anot her
enbodi nent, other hydrocarbons are added to a feedstock either directly or .
indirectly, and include ol efin(s), paraffins), aromatic(s) (see for exanple
U S. Patent No. 4,677,242, addition afgaromatics) or m xtures thereof,

pref erably propyl ene, butyl ene, pentylene, and ot her hydraocarbons having 4
or nore carhg ' r gfﬁﬁg l-onal
oxygenate to OFE?IH rggﬁaﬁm%§iﬁ contg?ﬁ%nﬁgg&manh@agﬁ£¥&g%§ﬂcontacted
in a reacti awvaponphast. Aiterrmﬂy,(the pmpensaﬁaysbmarﬂmdaaum edigbidrdr a mixede cat al yst

at process conditions ef roduce I| | efi

effective téh @M asgy %‘}G@ ?Q"q'gﬁ E‘ESWIW"F@) and,
-opti onal | y, ﬂaﬁ@ @ﬂ@}bﬁttcoﬁ&erﬂbﬁstmtselemﬁel FHB-{oDrodiREHES | | ght

ol efins. 21382 PCTI US2006/ 025297 -26 Usual |y, the oxygenate feed

i s contact edeﬁttW@n@&wm {hetcatplish andh ecapbigryeonditions.cAs psedzheyeipdthe phase
Alternately,. q?eaglrog’ Sﬁrﬁ&deg%t Q)%l&ﬁ ggxﬁfn%gla? L&:ale gﬁtclr% %IH#I %sg ﬁt @&éphase or a

vapor /| |qurd ph ess Is carri
m xed vaporrédctoqmnnh midds&beﬂh%&aﬁmﬁtonnﬂder sions and sel ect | vities of

feed-to-pro may.., result. dependin on st an ‘reaction
condi ti ons. cﬁi@lljse HOLVSTSiOR 19€ OXygER FrE’aE‘Pé‘r‘cer]WgT g]G ﬁi“"y’*‘e omer ci al
SC l'e react Qupipliiarid 1t QdaleSdatRtic fe5A6s hclHBhl HuRAst ﬂrﬁ:‘%kdtté rﬁﬁdscal e

ctor units. [00711 The conversion of oxygenatés to prod uce -I:ight ol efins

rray be carribed regeiors nmé vencuwent afser aneapors cas edeseriteetly tin cFluistization s |

0zt or o2 LlnBBing, BB 0 Tl SRR A BPIbBRE L R o1 >

Levenspi el , 1BRvhedditionally, bagﬁefrcrﬁtdﬁt fistfallgedotors MY b8 dised iAGE donosteibh Y,
countercurrent fr e fall re %E)t?rs miéq be used in_the conversion process.

See, for exMSPE,; Sep. gor pegm S4 Pee o1 405446 end iFndizationnangdriuidy i d-
Particle Systems, pages 48-59, F. A. Zenz and D. F. Othmer, Reinhold Publlshmg

Corp., NY 1960. _
[6072] 1In one vembodiment of this invention, the gas and solid _parﬁGIES’_are'
flowed through the gas-solids reactor system at a Weight lourly sp'ec'e velocity
(WHSV) of from about 1 hr'! to about 5,000 hr !, preferably from abetiij 5hr’ to
about 3,000 hr, more preferably from about 10 hr” to about 1,500 hr?, and most
- preferably from about 20 hr' to about 1,000 hr™. In one preferred embod:ment
( the WHSV is greater than 25 hr’', and up to about 500 kr’’. In this invention,
WHSYV is defined as the total weight per hour of the gas flowing between feactor
walls divided by the total weight of the solids flowing between the same segment -

of reactor walls, The WHSV is maintained at a level sufficient to keep the catalyst
composition in a fluidized state within a reactor. | _

[0073) " In mother embodiment of the invention directed toward use of -
cyclones in conjunction with a riser reactor, the gas and solid particles are flowed
through the gas-solids reactor system at a gas ‘superﬁcial velocity (GSV) at least 1
meter per second (m/sec), preferably greater than 2 m/sec, more preferably greater
than 3 m/sec, and most preferably greater than 4 m/sec. The GSV should be



Particle Systens, pages 48-59, F. A Zenz and D. F. O hner, Reinhold

Publ ishing Corp., NY 1960. [00721 In one enbodi nent of this invention, the
gas and solid particles are flowed through the gas-solids reactor system at
a weight hourly space velocity (WHSV) of fromabout 1 br-i to about 5, 000
-hr "1, prefapabyozissem about 5 hf' to about 3,000 hfl, wawespreebeoeably from
about 10 hf' to about 1,500 hr" and. nost preferably fromabout 20 hr' to
about 1,000 hf'. In one preferred enbodinent, the WHSV is greater than 25
hf', and up to about 500 hf'. In this invention, WHSV is defined as the
total weight per hour of the gas flow ng between reactor walls divided by
the total weight of the solids flow ng fetween the sanme segnent of reactor
wal I's. The WHSV is nmai ntained at a Iev% sufficient to keep the catal yst
conposition in a fluidized state within a reactor. [0073] In anot her

embodi ment  ofuffipient o ewintawng ithe selids Mondiidizadestate, Patienlahedn ianfaslonj unct i on
with a riserg }iQfate. t he gas and solid particles are flowed through the
.gas-solids reactor systemat a gas superficial velocity (GSV) at |east |
nmeter per segmm] (rrﬂne;u)l anpthef erbbinegt, agtionest bmlﬁgﬁrerﬂa:earmngotoethm ef erably

greater thap 3 m sec st er.abl reat er_th sec. . The GSV
shoul d be WOEEHIFR DS El%(?ﬁ%lﬁfge‘g}]ﬁ‘ﬂgfé¥ rege,togl;pfsp ‘?m HiREnt ai ni ng
the solids i &1 @gwwgﬁ%ﬁgg@l@ggnp@rt icularly in a fast fluidized state.
[0074] In sti anot her enbodi nent, cyclones configured according to this

i nventi on caﬂJ(Hé] us dul yetianpiher ebodiment of the imventinsg thesalidsartioles andighs an
nmbodi t, 3 h
embodi nent e, CoVueAB, B A5 N A5l 83 s WhBRESE o RaltSh AR T

embodi ment  of ot HE |nven he so S par gas  are ,

E hr gugh/ Lg)e g/«nP) b at baﬁttOOfil“ gﬁ [ mh?)gisr itdedt DO mlrft"’ 416 kg'ﬁg), log/atfl | l()/ gr 3
1. t at | east t (1

kg/(rrs)g or aeasﬁze%’t’ %%Wmv) 3123%5&7%%%"8?‘4 Q‘“ﬁg&%s}t a‘i“fﬁbf’ﬂle@& %5(nB) .
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practi cal enﬁd@’@ﬁkg/mweleﬁsr ocess is conduct ed as a fluidi zed
[0076] In one practical embodiment, the process is conducted as a fluidized

bed process or high velocity fluidized bed process ufilizing a reactor system, a
regeneration system and a recovery system. In such a process the reactor system

- conveniently includes a fluid bed reacior system having a first reaction region

~ consisting of various fast fluid or dense fluid beds in series or parallel and a
second reaction region within at least one disengaging vessel, comprising two or
more cyclones configured and/or operated according to various embodiments of
the invention. In one embodiment, the fast fluid or dense fluid beds and

disengaging vessel are contained within a single reactor vessel. Fresh feedstock,

N

preferably containing one or more oxygenates, optionally with one or more
diluent(s), is fed to the one or more fast fluid or dense fluid beds reactor(s) into
which a molecular sieve catalyst composition .or coked version thereof is
introduced. In one embodiment, prior to being infroduced to the reactor(s), the
molecular sieve catalyst composition or coked version thereof is contacted with a
liquid and/or vapor, preferably water and methanol, and a gas, for example, an
inert gas such as nitrogen.

[0077]  In an embodiment, the amount of fresh feedstock fed as a liquid and/or
a vapor to the reactor system is in the range of from 0.1 weight percent io about

99.9 weight percent, such as from about 1 weight percent to aboui 99 weight



_ bed process or high velocity fluidized bed process utilizing a reactor
system a regeneration systemand a recovery system |In such a process the
react or system conveniently includes a fluid bed reactor system having a
first reaction region consisting of various fast fluid or dense fluid beds
.in series @oRM@Rhise! and a second reaction regi on W tpiHushocasss one
di sengagi ng vessel, conprising two or nore cyclones configured and/or
operated according to various enbodi nents of the invention. In one
enbodi ment, the fast fluid or dense fluid beds and disengagi ng vessel are
contained within a single reactor vessel. Fresh feedstock;  preferably
contai ning one or nore oxygenates, optionally wth one or ‘more  diluent(s),
is fed to the one or nore fast fluid-28-dense fluid beds reactor(s) into
whi ch a nol ecul ar si eve catal yst conposi tion or coked version thereof is

i ntroduced. ?éreexﬁnﬁom%ﬁmseﬂbm ADot0S Wekhb Bérbeht th ah Gl WEekkikiR geh@nt eact or (s)

the nolecu sieve catalyst conposition or coked version thereof is

cont a]E:t ed wbasad gn the tgtal weightipighe feagrtock ipsleding et s}almtc@ntamd th@mh?rtr;old and a
, P |
Phe’ amount 5P 1R e bolRRiS HED W b UaRoos b & ol BRERTTC! T0c o

systemis i varying préprgorsioffiticasing ok differ@ fespeoel@ Wit the ashﬂzubr differefi Vi ght
percent, such as from about | weight percent to about 99 wei ght WO

2007/ 021382d‘ﬂi@11'FSU820061025297 -28 percent, nore. typically fromabout 5
wei ght per Cﬁﬁ‘?%f’n '#‘oc%és YR hvdABbE B8H be E@:ﬁﬁ@te@%v&#‘fwﬁd%tﬁﬁ%é"@fnght of the

f eedst ock i y. diluent contained therein The 11-qui d vapor
f eedst ocks tmgpemxemeuslane i threprasget of)&pnl)abmﬂo@’&tcaabvut d&@@fﬂ;ldorpr oportions

of the same or ferent e c n dlluents
[0078] The f,’f»%‘}?% O abPH %5% ﬂg%otf ugﬁ(%g! Eﬁg]@ﬁ%ﬁ?é‘?ﬂﬂééﬁfﬁ e range of
t énper at ur e$50 SOC borvenienly: fienr #50ge 300°C fooabob 650°CQRkcdlly: B&aUbok000. C, f or
exanpl e from about 250C to about 800 i ncl udi_ng from about. 250C to about
750 C, convaHl® @ﬁ?ﬁ?oﬂﬁg%(bﬁ%fOTSWl?%O@ﬁbﬁﬂt3@@%@:‘ o 2bpwhi PAM¢y f r om about

350C. 0, abojiyrb00C; s Bfe HEAIPLEO ARANA U BIUnchBiAlON o SEAC | 100791

Simlarly, rocess I'nvention can conducte over a w de
range of pressures mcludmg autogenous pressure. For instance, light oleﬁns will

form, though not necessarily in optimal amounts, at a wide range of pressures
including, but not limited to, pressures from about 0.1 kPaa to about 5 MPaa, such
as from about 5 kPaa to about 1 MPaa, and conveniently from about. 20 kPaa to
about 500 kPaa. The foregoing pressures do not include that of a dlluent 1f any,
and refer to the partial pressure of the feed as it relates to oxygenate compounds
and/or mixtures thereof. Pressures outside of the stated ranges may be used and
are not excluded from the scope of the invention. Lower and upper extremes of

pressure may adversely affect selectivity, conversion, coking rate, and/or reaction

o
i |
i g

rate; however, light olefins will still form and, for that reason, these extremes of
pressure are considered part of the present invention. |

[0080] In embodiments mvolvmg a tiser reacior, the solids parucles and gas
are flowed through the gas-solids reactor at a solids to gas mass ratio of about
0.5:1 to about 75:1. Preferably, the solids particles and gas are flowed through the
gas-solids reactor at a solids to gas mass ratio of about 8:1 to about 50:1, more
preferably from about 10:1 to about 40:1.

[0081) During the conversion of a hydrocarbon feedstock; preferably a
feedstock containing one or more oxygenates, the amount of olefin(s) produced

based on the total weight of hydrocarbon produced is greater than 50 weight



- range of pressures including autogenous pressure. For instance, |ight
olefins will form though not necessarily in optiml anpbunts, at a w de
range of pressures including, but not limted to, pressures fromabout 0.1
kPaa to about 5 WAs, such as from about 5 kPaa to about 1 s, .an

- conveni ent WP 00388 out 20 kPaa to about 500 kPaa. Thepcfwgz\g‘lﬂ"ﬁ%%ressures
do not include that of a diluent, if any, and refer to the partial pressure
of the feed as it relates to oxygenate conmpounds and/or m xtures thereof.
Pressures outside of the stated ranges nmay be used and are not excluded
fromthe scope of the invention. Lower and upper extrenes of pressure may
adversely affect selectivity, converspmn, coking rate, and/or reaction
rate; however, light olefins will still formand for that reason, these

extrenes of ure.are co red ar.t e _pre vent jon. [00801

oK eEe O BB e R o, gl e R Tl A SRACT (12002,
~ flowed t hr oggherithedgasfefubly g%atelemaﬁqs walight peRbhtd Sintode @Rfbotifest, kit | 0 of about
0.5:1 to about 75:1. Preferably, the solids E,artlcles and gas are fl owed

through t heamgus-efosthyigng anden propylers gwoduged basedaan dhes iotelaweighiost about 8: 1
to about 50j, te51 %, 40 081] During -
t he COﬂVGI’SI%[g %5?60% %rgéi&ft?%g% %g%ge?g%‘s #h %b?éﬁ?téhcq %'e%t%rgk

cont ai ni ng timn m wmghi pery@m,nﬁresxammee Wmnthanf'?i)lvﬁlght(parcqnt ogshiced based
on the total ht of h arh ro ater th ght WO
2007/ 021382P¥8 0‘%%‘28 wel I%’é‘?“eg efg’l’lﬁw § gpo %‘gﬁ]@gﬁf‘%n 60 wei ght
percent, sugldasedShombight péradht HlsedeDtte toR® kgt of iydrdea®be pakiu Or eat er
than 75 wei ght percent. In one enbodi nent, the anount of ethylene and/or

propyl ene pPodnvedd is) geeater dhan A8 Weighi| perRentyuckfas gmi@ro&:an &5nwsngbfduct
duced 70 h
produce ;zP&E&Etﬁ ek eg?e Y&'ﬂ%ﬁt@p\%\kgﬁgfje{ceﬁvcﬂl oub'8f wei ght

ér cent, exafrrp e greatwe han percent, pre erably greater
than 78 wei plopylprs pmdhcedTmpvmghtIQercenﬂﬁmsethmm tite tofal @tdrg}jt (alﬁhydrpcamhhmc ed in

wei ght percent, hase t he tat al t of .h ocar bon pr oduced,
is greater PREHF @M?&&?%‘ﬁ O pﬁfgmﬁ’r%‘g{‘@?gﬁ# g‘S%@P’@h“t per cent ,
for exanpl epgt@mtRF ekdtiple @&awlt%tsop@élgmsemhﬂ 288 Prdftiably gréiferapmunt of
propyl ene produced i n wei ght percent based on the total melght of

hydr ocar bon35 weight percent.
[0082) The feedstock entering the reactor system is preferably converted,

“partially or fully, in a reaction region into a gaseous effluent. In an embodiment,
the reaction region is closely coupled to a plurality of separation devices, such as
-cyclone separators. In another embodiment, the gaseous effluent enters a
disengaging vessel along with the coked catalyst composition. In such an
embodiment, the disengaging vessel includes cyclone separators configured
. and/or operated according to the invention. In still another embodiment, the
Q disengaging vessel also includes a stripping zone, typically in a lower portion of
the disengaging vessel. In the siripping zone the coked catalyst composition is
contacted with a gas, preferably one or a combination of steam, methane, carbon
dioxide, carbon monoxide, hydrogen, or an inert gas such as argon, preferably
steam, to recover adsorbed hydrocarbons from the coked catalyst compositidn.
Afier exiting the separation devices and/or disengaging vessels, some or all of the
catalyst can then be introduced to the regeneration system.
[0083]  The gaseous reactor effluent is withdrawn from the disengaging system
and is passed through a recovery system. There are many well known recovery

systems, techniques and sequences that are useful in separating olefin(s) and



product produced is greater than 20 wei ght percent, such as greater than 25
wei ght percent, for exanple greater than 30 wei ght percent, and preferably
greater than 35 weight percent. [0082] The feedstock entering the reactor
systemis prﬁj &a} converted partially or fully, in a reaction region
into a gaseo In an enbodi ment, the reaction PEHIEN6/QS29V osel y
coupled to a_plurallty of separation deV|ces such as cycl one separators.

I n anot her enbodi nent, the gaseous effluent enters a disengaging vessel
along with the coked catalyst conposition. In such an enbodinent, the

di sengagi ng vessel includes cyclone separators configured and/or operated
according to the invention. In still aqﬂther enbodi ment, the - disengaging
vessel also includes a stripping zone, typically in a Iomer portlon of the

di sengagi ng vessel e .strippin zon t he ked ca st composition is
Cont act ad i R G 89t i g Bl FEDTSSH, HEBCRHFE: hane,
carbon di oxiddg, ngatﬂwhﬂaee%w@mb;mtﬁtwmoarsega HhotMatGMIRS ar gon,
preferably stegnt to recover adsorbed hydrocarbo rom t he:coked catal yst

conposi ti on. digkillatien grwetsngolummnss eplitters, on ring cl@sctmdfsyﬁtemﬂ sutlya8i ng

¢ cgener at | on ptebinel bfenri it bblr SR E St SR RSB cun 11 o

the di sengagike@nsy ahémsted Mthnufaciing SAd bikEO uGbciated eRpipaiant, SHE teganplEhere are
many wel | known recovery Ylstems t echni ques and sequences - that ar e usef ul

i n separ at i ngaEPes icardensehd begd 216@?3113?2313 @@FP@S%@HJSO?!SZ@# g0s puri fyi ng
ol efin(s) frq:g]ng ﬁg&émﬁ%flﬁ‘@&&p seﬁﬂdt‘ﬁ}!ﬁf:@ns general | y conprise
or I ol

one or nore | nati on ﬁar ation, fractionation and/or
distillation [ﬂ@ﬁﬂér s , Nowlioutivg, exapiplﬂ;steﬁﬁ;eseotovtersalmhumseapltttemosymh:errs such as

et hyl benzene facture a ther. derivati ve ro esses. suc +as ;al dehydes,
ket ones and é@ma% %?{dflé‘g{"B’P@gO%Wﬁl fBt ora@g't? ﬁﬁﬂtz Sttl P exanpl e
various condeigeiepefiftiad d@i&hﬁﬁmradethﬁﬁidr@ed@ zayatvmﬁt@cﬁerc‘ctﬂehl trains,

conpressors knock-out druns or pots, punps, the |ike. [0Q084]
Non- | i mi ti ng TeRERHEEas afcatltt@s‘@aahowg an%’@t auﬁngh t%‘*}fﬁfut wheprbepy afsoshbess  C used

al one or i n- GomblRAL] AL GHANC Dy IR @ PlpliRelGABLAAR (ES tptidk 7 €7 abl y 2
[0085] Generally accompanying most recovery systems is the _prcductiqn,

‘generation or accumulation of additional products, by-products and/or
contaminants along with the preferred prime products. The preferred prime
products, the light olefins, such as ethylene and propylene, are typic_ally'puriﬁed
for use in derivative manufacturing processes such as. polymerization’ processes.
Therefore, in the most preferred embodiment of the recovery system, the recovery
system also includes a purification system. For example, the light. olefin(s)
( produced particularly in a MTO process are passed througl‘t a purification System
that removes low levels of by-products or contaminants. Typically, in converting
one or more oxygenates to olefin(s) having 2 or 3 carbon atoms, a minor amoumt
of hydrocarbons, particularly olefin(s), having 4 or more carbon atoms is also
produced. The amount of C4t+ hydrocarbons is normally less than 20 weight
percent, such as less than 10 weight percent, for example less than 5 weight
percent, and particularly less than 2 weight percent, based on the total weight of
the effluent gas withdrawn from the process, excluding water. Typically, therefore
the recovery system may include one or more reaction systems for converting the

Cy+ impurities to useful products.

V. Examples



hi gh tenperature denethani zer, a dethanizer, a depropanizer, a wash tower
often referred to as a caustic wash tower and/or quench tower, absorbers,
adsorbers, nenbranes, ethylene (C2) splitter, propylene (C3) splitter and
butene (C4) splitter. [0085] Generally acconpanying nost recovery systens
i's the produ¥Q8W0212neration or accunul ation of additi oPGI/USAEEREIT,
by-products and/or contam nants along with the preferred prine products.
The preferred prine products, the light olefins, such as ethylene and
propyl ene, are typically purified for use in derivative manufacturing
processes such as polynerization processes. Therefore, in the nost
preferred enmbodi nent of the recovery system the recovery system also
includes a purification system For exanple, the light. olefin(s) produced

particularly j M. C are ssed t hrough purificatian, system that
removes | ow I[@}}éﬁls oﬁ%qﬁf‘lﬁsﬂ%ﬂﬂ’t 2 °n&Gﬁ?ﬁﬁ?rﬁg’ﬂﬁo%eh’t?jfﬁee’ﬁﬁaf%n%}%%o_nverti ng
one or 1ore QUNEPBALRS o0 efibBliidE) of AUL Nelaite! inVeRfIPAR REPNE, ofle M NOT
anount - of hydrocarbons, particularly olefin(s), having 4 or nore carbon

atomsi's al so compgrative gxarmie ouiide of the clgitnednipsientions Hhesrepeneratarrtaede) | ess t han

20 wei ght percent . s . h | r L r anpl e | ess:
Chan 5owei gnives dadar s Fatatitin & B0 ol Voo tbolE SEGmen b BRK © L202
on the total aneO@burfkated/kifetis idtaitoimaiel Mithdwsilod phanf Experimbsts, XSS,

excl udi ng wat er therefore the recover stem may i ncl ude one

Typically
or nmore reactrBlys %@%W%P%WL’FF#%WF%tﬂWP gg-ities to usef ul

products. V. (GATP! o HEuAPGKHAZAIABS PCT6UUSR00R 0258 sons herk ORRBY FI CS. 1 -

6 show data from a regenerator nod several conditions corresponding
to enbodi nenwyt tof model & lcamstrnt] colrevwinidi @moast efetdkedsmmadeper amittime)s ave exanpl e

outside of the cla ned iny Lo, .The regenerator . nod devel| oped using
data-froma priot aﬁIWP%@%38&&0@%%"03%6%“6%{%? % ga;)@t ﬁ@?ﬁp oggii CO burn
rates/idneti egniteé & 3 W% MeBetoke (Rgédieat tht cdlenl caRXREMitR RégeneratoSAPO

catal yst - was used with a nol ecul.ar. sieve weight fraction of 0.45. [00871 In
the data shofBt¢tcoken catalysty SimpleHensawere BN tERpeAEIsscraagiagFI%d out to

model  a conskagc ¢okBoyt Slvith (BIAHNIatRns CRYEMPLARARE P50 fnd ofBler AN

corresponding to embodiments of the invention. The amount of CO in the flue gas
was controlled by controlling the addition rate of new Pt to the reaction system.
Note that temperatures in the model were based on an adiabatic regenerator that
did not lose heat to its surroundings. This approximates the low heat loss (2 — 5%
of heat generated) that would be expected for a regenerator that is part of a
commercial scale reaction system. A catalyst cooler was used to control the
regenerator catalyst bed temperature. A CO level of less than 200 ppm CO was
( produced by using an add rate of 0.33 ppmw Pt per total weight of unit catalyst
inventory per day, while a CO level of less than 1000 ppm was achieved using an
add rate of 0.15 ppmw Pt per total weight of unit catalyst inventory per day. Note
that the Pt add rates are based on using a separate carrier particle for the Pt that
has an attrition resistance similar to the resistance for an FCC catalyst particle,
[0088]) FIG 1 shows the results for 6 different combinations of Pt addition
rates and bed temperatures in the regenerator. For Pt addition rates of 0.33 ppmw
Pt per total weight of unit catalyst inveniory per day, all of the operating o
conditions produced an afterburn of 150°F (80°C) or less. By contrast, when a
fluidized bed temperature of 575°C was used at a Pt add rate of 0.15 ppmw, a
substantially higher afterburn of more than about 500°F (or more than about



-excess 02 anmount of 2.3 vol % and a constant regenerator catalyst hol dup of
21. mnutes at 5 wt% delta coke (regenerator inlet coke on catal yst m nus
regenerator outlet coke on catalyst). Simulations were run-at tenperatures
ranging from 575C to 650C, with the sinulations at te I f. 590C and
‘greater cHYQWHBHIE g to enbodi ments of the inventionwgi@tsgwﬁ%?wof CO in
the flue gas was controlled by controlling the addition rate of new Pt to
the reaction system Note that tenperatures in the nodel were based on an
adi abatic regenerator that did not |lose heat to its surroundings. This
approximates the |l ow heat loss (2 - 5% of heat generated). that woul d be
expected for a regenerator that is pargp.of a comercial scale reaction
system A catalyst cooler was used to control the regenerator catalyst bed

t enper at ur e. .Of r, cefl using an
add rate of nggas@O B%G%%é’tlgp%% %%%#amt\%b%glﬁf Wﬁ%ﬁ%@g‘? gi?eﬁ@le{'ﬂt ory per
day, while gefsprhiavelat Hedl Rapetdnaes HORE PRIPCNAES andti expectedihangl an add rate

of 0.15 ppnw Pt per total wejight of unit catalyst inventory per day. Note
that the Pt caBYPnigealsuudestading, of Mey sseseeraiBepiocetse daHS POVIdeHOBPci e for the

Pt that ha (WP TR i he | r an FCC
catal'yst partiupRdiigly AihaiR Finf R omi b &0 clfifed EVLATET 108

conbi nat i ondo @ithét amdudesirarie pravesylagaatebich emiBgn COr insflingisher megener at or .
For Pt addition rates of. 0.33. per_total i ght  of ~uni{ ,cat al yst
ovent ory ity Briess 6o fsiBl BPks kel Sushier it G e SBoh PRt or bur n of
150F (80C) Ghaihigimed). BYRIGO Dt slivws, thi eideR thé |shineli copditibas] the paMladdase of 575C
was used at a Pt add rate of 0.15 pprw, a substantjally hi.gher afterbum of
more than atsemespeuding (o thepimedHavrution ptodved by lozisyapthpargeusatede/ 025297
327 2750 ' ) t | S - | alschangeqin the

af -er burn '% g%éf g?uﬁjf)gl gtb' %@%&?gﬁp@/@t Sﬁro g%b?%ﬁ@%@%%tﬁggggect ed based
on convent itempdraturedef S730(H resgltaf int 4 eokeelprelesial.B omt®pronctbe segedtrated pr ovi des
one exanpl emg{ how departing fromthe conditions of the clainmed invention
can lead td& °feﬁer an undesirabl e process (large afterbumor ‘high COin
flue gas) oroésd] UNSKED|Eafd ACHEH ddta Gom GRSIahRsifRietiohs \tat wath thegener at or
tenperature cannot be rmaintained). FIG 2 shows_that under the same

condi ti ons, ameanise{fOqin thegegenerator flue gas being used as an axis instead of the

afterburn temperature. As shown, the embodiments according to the:,'in'ventioh

produce CO flue gas contents corresponding to the desired levels of less than 200
ppm and less than 1000 ppm, respectively, based on the add rate of Pt. :'Note that
for the comparative example having a bed temperature of 575“(3','i the CO
concentration is greatly reduced from the expected level near 1000 ppm CO, due
to the additional afterburn converting CO into CO,. : ; | _ |
[0090] FIGS. 5 and 6 show data from the same simulations regarding the

catalyst activity. In various embodiment, the invention provides a method for
maintaining the activity of SAPO catalyst in a reaction system relative to the
reactivity of fresh catalyst. FIGS. 5 and 6 show catalyst activity that is maintained
at from 60% to 75% of fresh catalyst activity. As shown in the figures, the higher
the bed temperature, the greater the deactivation of the catalyst due to
regeneration. I a preferred embodiment, the regenerator is operated using
conditions that maintain the reactivity of the reaction system catalyst inventory at
greater than 50% of the reactivity of fresh catalyst inventory, or at greater than
60%.



.corresponding to the clainmed invention produced coke | evels on the
regenerated catalyst of from0.4 wt%to 0.7 wt% However, the simulation
having the bed tenperature of 575C resulted in a coke level of 1.3 w % on
the regenerated particles. [00891 FIGS. 3 and 4 show data fromthe sane
-si mul at i onsyo bast/exizsh the anount of CO in the regener atP@m/UiskMenzfas’ bei ng
used as an axis instead of the afterbumtenperature. As shown, the
enbodi ments according to the invention produce CO flue gas contents
corresponding to the desired levels of less than 20t} ppmand |ess than
1000 ppm respectively, based on the add rate of Pt. Note that for the
conpar ati ve exanpl e having a bed terrpejréature of 575C the CO concentration
is greatly reduced fromthe expected 17e&vel near 1000 ppm CO, due to the
addi tional afterburn converting COinto CO2. [0090} FIGS. 5 and 6 show data
fromthe sani0%iInul BIiG ohdenidydowi iny an embodiment dtha | ppyedia cdidiionyof Bin vari ous

enbodi nent, the.i j Vi a nod. for LNt ak.ni L activity of
SAPO cat al ys onﬁ:rphg\éftgtg{gg ﬁbﬁﬁt@??‘gﬁ?"r %]{Ta:ﬁllc{?/é) latugrqgﬁlg&ﬁt%)feggﬁia\%%{lgagefi fresh
catalyst. FI@S.lebelan®hé pilbbylatitidateywis abained thy bhedbtingsa fepdiibatoreid at from
- 60%to 75% of fresh catal yst activi;ég‘.H As shown 1n the figures, the higher
the bed tenpérlnghen with an gxvgsnals o ¢lefiypresess, Abe mperparatonwagenemisdkat due to

regeneratio [ b ted using
Condi t1 ons. TR0 BleBlak 6 STRAE, R kpas) Vil B0 ERERALES SHC OPRPNR, 21yt

i nvent ory atregapendirdluctgha iTie0ikolevelm themgenerited caidlyst mes matutsindd/= t
inventory, o t greater .than. 60% 2007/.02138 [ US2006/ 025297 - 33
[0091] FIG P-sfuso8t B st Mot t8r¥%%\é‘l>%¥¥$&"§’e‘fg’ﬁe%§?$%% iFeH of Pt
contribut ed ¢.33 ¥hea Py patalabweiphl GtlunRRa@fysBinPédter pot @it resB@ENEEMI9r W th a
controlled CO level. The@gl | ot plant data was obtained by operating a

regener at or State opBHionRr P daysavith af0 &ng@méo@ &rpret PimilgppeeliaddThe
dnen oLt AR Pl HALOR GOl U il K0
t he regener atsady stateaipgmtiomfts 1irdaystvaitine@Odevel belb® 100@ wppm. wei ght rel ative to
the catalyst i 0Nt ard B abliSis fe fRedisted dhnb it hmount of Pt that needs to be

 added to achieve a desired level of CO output in the flue gas based on the attrition

resistance of the particle containing the Pt. In FIG. 8, the separate additive particle

used in the examples for FIG 7 is compared with SAPO particles as the carriers

for the Pt. As shown in FIG. 8, the rate of Pt addition to achieve the same level of

CO in the regenerator flue gas is reduced by a factor of roughly 5 when using the

harder, SAPQO particle cartier.

{0093] The prinbiples and modes of operation of this invention have been

described above with reference to various exemplary and preferred embodiments.

As understood by those of skilt in the art, the overall invention, as defined by the

claims, encompasses other preferred embodiments not specifically enumerated

herein.



0.33 wopm Pt per total weight of unit catalyst inventory per day resulted in
steady ( state operation for 5 days with a CO |l evel below 100 wppm
Simlarly, a Pt add rate of 0.15 wppm Pt per total weight of unit catalyst
inventory per day produced steady state operation for 11 days with a CO

| evel bel ow 1000 wppm [0092] FIG 8 depicts the predicted change in the
anount of Pt that needs to be added tq achieve a desired | evel of CO output
in the flue gas based on the attrition34esistance of the particle
containing the Pt. In FIG 8, the separate additive particle wused in the
exanples for FIG 7 is conpared with SAPO particles as the carriers for the
Pt. As sho@rAmMS$! G 8, the rate of Pt addition to achieve the sane | evel of
COin the regenerator flue gas is reduced by a factor of roughly 5 when

usi ng the Mgt 8rlainsd@o particle carrier. [0093] The principles and nodes of
operation of this invention have been described above with reference to
vari ous exénpl afymethefl 1o efssneratingemploet! aresinve catalyst, geriprisiagod by t hose of
skill in the ar . ||l .l 0wention, ) | ai
enconpasses ot h%e;:e%{ﬁ%%%f(é?a%a%@&a&fé%% Iﬁ%f 52‘%‘3&?& |ecg¥?t§/‘}é§tﬁt}§reér@§fr%a ther ein.
-34- CLAI M5 What |s fabRiifedsikse inlthe AatiBlsh) debnt arredct@einamadiygenatdiesleliar si eve
catal yst, conprising: receiving SAPO catal yst, having at |east 5 wt % coke
rel ative to the wei gifeCtEM SyffgMecul ar sieve in the catal yst, froma reactor
in an oxygenate i I ' ' al yst
in a regenerat ofetggrtle%g éﬁ%g‘ﬁ\g%%agﬂ%bft ﬁ%%B%%%rétﬁggg%?gkﬁ%%Ef?eﬁfggé%g% at ed
catal yst havi ng at |®gstdldedegehétmedkeatalyel lmbingat teasttOnewtdeokhtelatiVe tahecul ar

sieve in the regenerated catalyst, the regenerator ., producipng a steady state
afterburn of 200C orWP’ég% Ogﬁaolécuiﬁre%ﬂg? 6y B ereeesriitsh CHAD PG egeReraior

regenerator flue gas,@fiucdfe Q9aBPiie AttetBiSor ARECRY lé%@][ahéi g'd%%d)%’c%@gg ng a

CO oxidation netal to the Teacti'on systemat a rate o ppnw of

oxi dation netal per tacedirafiondhs regnagatpt lesagaaloy $8,000 pprevitoless;i n t he reacti on

system per day gcidilllge S.’:lsrticltesg1 gon%e%ﬂ&g nat (rlstoix%gtigr]; m%gl to the reaction system at a rate
of 10 ppmw of CO oxidation metal per total weight of unit catalyst
inventory in the reaction system per day or less, the concentration of CO

oxidation metal in the particles being at least 1 ppmw.

2. The method of claim 1, wherein the particles containing the CO oxidation metal

comprise SAPQO particles containing Pt.

3. The method of claim 1 or claim 2, wherein the particles containing Pt are added to
the reaction system at a rate of 0.35 ppmw of Pt per total weight of catalyst in the

reaction system per day or less.

4, The method of any of the preceding claims, wherein the temperature of the

regenerator is at [east 590°C.

5. The method of any of the preceding claims, wherein a residence time of the

catalyst in the regenerator is from 1 minute to 180 minutes.

6. The method of any of the preceding claims, wherein the afterburn is 100°C or

less.



oxidation netal in the particles being at least 1 ppmw. 2. The nethod of
claim1, wherein the particles containing the CO oxidation netal conprise
SAPO particles containing Pt. 3. The method of claim1l or claim2, wherein
the particles containing Pt are added to the reaction systemat a rate of
0.35 ppmw of Pt per total weight of catalyst in the reaction system per day
or less. 4. The nethod of any of the preceding clains, wherein the
tenperature of the regenerator is at 1¥hst 590C. 5. The method of any of
the preceding clains, wherein a residence tinme of the catalyst in the
regenerator is froml1l mnute to 180 mnutes. 6. The nmethod of any of the

precedi ng gl ai N¥he WeHAI oF &?%f@ﬁ%ﬁfe@é&iﬁ‘g E19ind) @BeRin tHeSB%ount 8Pcoké - onlfe Met hod
of any of the preceding clains, erein the anmount of coke on the catal yst

after regener at Foplystsafigt ragengretion i§ adopst &b atfovislative ththewesigtitof afolemlaecul ar
sieve in the regjtgﬂee{n%eepeﬁg&trﬁgélgﬁtgﬂy&: The nethod of any of the preceding
e anpbunt o €

clainms, wherein no co on the catalyst after regeneration is
2.2 M%or less relative to the weight of nolecular sieve in the

regener at e@. cat hy sfethdd. of Tdng afehdrptcalingelyingf wheirpthecatbung of telient, theher ei n
the regenerator flue gas contains a steady state concentratigon of 02 of at
| east 0.5 vol % SHHYSUHNST FRECATANST 1528 Whto Qrﬂésde]éE%Fonéeé’f%gW,f PEHET N t he

regenerator flug.gas e IN15q Gatsit.gady state concentration of CO of 1,000
ppnv or |ess. 11T e rr%?%géé oci1 c?ﬁglﬁm 10, wherein the regenerator flue gas

contains a steady state concentration of CO of 200 pﬁrrv or less. 12. The
met hod of &l ai mlhg methsk ef any bé tiropresting tiaons, ofhe@in dhé degenemtondlual gakn t he
particles is at | east 10 13, A nmethod for, r ner,ati ng nol ecul ar si eve
catal yst, conpr F?ﬁﬂﬂ?a%Tg%cgﬁoggﬁﬁo%ﬁ%né’ﬁtogﬁfrgf?t lﬁasgﬁ-ﬁa"% | east 5 wt % coke
relative to the weight of nolecular sieve in the catalyst, froma reactor
in an oxygenat eThe nyiedd 6f afidE theOPreSatine Blaims, wherein the regenerator flue gas

contains a steady state concentration of CO of 1,000 ppmv or less.

11.  The method of claim 10, wherein the regenerator flue gas contains a steady state

concentration of CO of 200 ppmv or less.

12.  The method of claim 11, wherein the concentration of CO oxidation metal in the

particles is at least 10 ppmw.

13. A method for regenerating molecular sieve catalyst, comprising:

receiving SAPO catalyst, having at least 5 wt% coke relative to the weight of
molecular sieve in the catalyst, from a reactor in an oxygenate to olefin
reaction system;

regenerating the SAPO catalyst in a regenerator at a temperature of from 540°C to
730°C and at a pressure of from 5 to 100 psig, to produce regenerated
catalyst having from 0.4 wt% coke to 2.2 wt% coke relative to the weight
of molecular sieve in the catalyst, the regenerator producing a steady state
afterburn of less than 200°C, a steady state CO concentration in a
regenerator flue gas of 10,000 ppmv or less, and a steady state of O, in the

regenerator flue gas of at least 2.0 vol%;



regenerating the SAPO catalyst in a regenerator at a tenperature of from
540C to 730C and at a pressure of from5 to 100 psig, to produce
regenerated catalyst having fromO0.4 w% coke to 2.2 wm% coke relative to
the weight of nolecular sieve in the catalyst, the regenerator producing a
steady state afterburn of less than 200C, a steady state CO concentration
in a regenerator flue gas of 10,000 ppnv or less, and a steady state of 02
in the regenerator flue gas of at | eas$62. 0 vol % -36- addi ng particles
containing a CO oxidation netal to the reaction systemat a rate of 10 ppnmw
of CO oxidation netal per total weight of catalyst in the reaction system
per day or |ess.addidg pdiR]IRbhAIMY a COPROMakRn MARINBItRe fRSidAElR /% rate
containing the CO oxidation netal conprise SAPO particles containing Pt.
15. The method of cl &f i01Pnew of| GP raxidptiopivestel; pertthial pesight of estabshimthei ng t he
CO oxidation netal ' [ ontaining Pt that have an Attrition
Rate I ndex (ARl) of Qt%’aggéﬁ?)ﬁge%?é%r&%ﬁgl'e&rhe nmet hod of any of clains 13-15,
wherein the particles containing Pt are added to the reaction systemat a
rate of 0. 38. pprikeofiethid arlaimotX wherigthit paftickatcahtgiming the Qhexidghatmas Syst em
per day or less. 17., ng?ﬁﬁthpg§0f any %; clainms 13-16, wherein a residence
time of the cat &PYEESG P SAMPINE T s from 5 minutes to 60 ninutes.
18. The method of any of clains 13-17, wherein the amount of coke on the
catal yst  afst er TH@ARARSALE @MirhSI38br LIERS 14 OwRerdinYhE SaricldéeohRitife metoht  of
nol ecul ar sieve in the regenerated catalyst. 19. The nethod of  any of
clains 13-18, wesidation mistal edmpnidsparficles coo@®ingy Ptithaidiavean AftntomBatedudesf any
of clainms 13-19, egﬁéntt krllel(?egenerator flue gas contains a steady state
concentration o# of “ 3. 8™Vol'% or | ess. 21. The nethod of any of clains
13-20, wherein the regenerator flue gas contains a steady state
concentratii@n ofTheGhaliodl®Qny PMaias 13-¢5 Swheteln thEyRirtigésatiadiing Pedreadded

wherein the regenerator flue gas contains a steady state concentratjon of
CO of 200 ppnv df theggaction systemm at a rate of 0.35 ppmw of Pt per total weight of catalyst in

the reaction system per day or less.

17.  The method of any of claims 13-16, wherein a residence time of the catalyst in the

regenerator is from 5 minutes to 60 minutes.

18.  The method of any of claims 13-17, wherein the amount of coke on the catalyst
after regeneration is at least 0.6 wt% relative to the weight of molecular sieve in

the regenerated catalyst.
19.  The method of any of claims 13-18, wherein the afterburn is 100°C or less.

20.  The method of any of claims 13-19, wherein the regenerator flue gas contains a

steady state concentration of O, of 3.0 vol% or less.

21.  The method of any of claims 13-20, wherein the regenerator flue gas contains a

steady state concentration of CO of 1000 ppmv or less.

22.  The method of claim 21, wherein the regenerator flue gas contains a steady state

concentration of CO of 200 ppmv or less.



-37- 23. The nethod of claim 22, wherein the steady state activity of the
reaction systemcatalyst inventory is nmaintained at greater than 50% of
fresh catalyst activity when naking up catalyst for inventory catal yst

| osses. 24. A nethod for regenerating nol ecul ar sieve catal yst, conprising:
recei ving SAPO catal yst, having at least 5 wt % coke relative to the wei ght
of nolecular sieve in the catalyst, frggla reactor in an oxygenate to
olefin reaction system regenerating tfAe~SAPO catalyst in a regenerator at
a tenperature of 730C or |less to produce regenerated catal yst having at

| east 0.2 wt% coke relative to the weight of nolecular sieve in the

regener at ecp3cat aihgshethdd6f ¢1SGETE VHeMdin Y QEHdGishlle ActSAt9 ¥ YheSteadtRnakiembur n of
| ess than 100C and a steady state CO concentration in a regenerafor flue

gas of 1000 ppmeaighyst Ewentoft i mgintanad &l greaten Heai W @f drasiD cotelstastontynet al
to the reaction t of . CO oxi dation nmetal per
total weight of ‘%%??acrﬂa@aqpﬁggaﬁsﬁE(J\fgl];l]‘fegtroﬁfa‘rgﬁg\#éosrs%sacti on system per day or
| ess, the concentration of CO oxidation nmetal in the particles being at

| east 10 p@dw. 2Smethodddhogenemting egdstahatiengeabyseashprisgeve catal yst in an

oxygenate-to-olefin, r tion _system copprising: recejving the nolecul ar
si eve catal yst, r?FﬁW‘i‘f’gggg 9 %%%1?3{55%1’63 afa{%tei H’é%‘e‘i"#? Aelgtivefrethsgecigiid | evel

in the oxygenate-to- oldpddyhr BRI LA AR SHALR Mok AhbYRIL B okNRn¥Ei9 el

nol ecul ar sieve in the catalyst, wherein the reaction syste conprises at
| east a reactor and acacbgesisteat;or, and wherein, at any given tine, the

reactor has an inventory.of ecul ar. sieve catalyst and th £gener at or
has an invent orfewerﬁﬁ?%gﬁlsﬁ%f’@@é’s dﬁPéF%PSFTF%FéL%?Fé?P&f%HQ 0?336 ﬁg?r &8l ar

si eve catalyst in the pRgeRataRFatddcaRiREHSEg 412ERNED FhekokatahUlo BRVI Ng at
| east 0.2 Wm % coke relative to the weight of ~nolecular sieve in the

regenerat ed catal yst weight afegjelseylar sieveindi iragnerated t eatadyst,sthat iegereragorbur n - of
20 oo SEER G FSPITERAL R wh B RDTALSY 025
CO concentration in a regenerator flue gas of 1000 ppmv or less;
adding particles containing a CO oxidation metal to the reaction system at a rate
of 0.35 ppmw of CO oxidation metal per total weight of unit catalyst
inventory in the reaction system per day or less, the concentration of CO

oxidation metal in the particles being at least 10 ppmw.

25. A method for regenerating molecular sieve catalyst in an oxygenate-to-olefin
reaction system, comprising:
receiving the molecular sieve catalyst, having at least 50% of a pre-determined
average coke level in the oxygenate-to-olefin reaction system, relative to
the weight of molecular sieve in the catalyst, wherein the reaction system
comprises at least a reactor and a regenerator, and wherein, at any given
time, the reactor has an inventory of molecular sieve catalyst and the
regenerator has an inventory of molecular sieve catalyst;
regenerating the molecular sieve catalyst in the regenerator to produce
regenerated catalyst having at least 0.2 wit% coke relative to the weight of
molecular sieve in the regenerated catalyst, the regenerator producing a
steady state afterburn of 200°C or less and a steady state CO concentration

in a regenerator flue gas of 10,000 ppmv or less, wherein the ratio of the



regenerator inventory to the reactor inventory is fromabout 0.1 to about
0.8; and adding particles containing a CO oxidation netal to the reaction
systemat a rate of 10 pprmw of CO oxidation netal per total weight of unit
catalyst inventory in the reaction system per day or |less, the
concentration of CO oxidation netal in the particles being at |east 1 ppnmw,
wherein the steady state activity of the reaction system catal yst inventory
is maintained at greater than 50% of fP8sh cat al yst activity when maki ng up
catalyst for inventory catalyst |osses. 26. The nethod of claim25, wherein
the ratio of the regenerator inventory to the reactor inventory is from
about 0.2 to about O.rdgenérbtor IR&nfRY AP theQbactdlYin®dntdrias PoBYhius 09! 181 MBut
wherein the tenperature of the regenerator is between 590C and 650C. 28.
The method of any of G%iengrevi ous clai ns, wherein adding particles
containing a X1 | l. e ner.at.or .ra between 0. 15
pprmw and 0.5 pé:%?v%ég’ %]é%?egxﬁ%gg |n%é1grrdg] g’fld%g)‘r% rﬁe&?latﬁ ﬂ\}\eg%e& Ono%ygtl%nl %t %Al yst
inventory in the reaefil@nppaysbLDPekiddiyh metal per total weight of unit catalyst

inventory in the reaction system per day or less, the concentration of CO
oxidation metal in the particles being at least 1 ppmw,

wherein the steady state activity of the reaction system catalyst inventory is
maintained at greater than 50% of fresh catalyst activity when making up

catalyst for inventory catalyst losses.

26.  The method of claim 25, wherein the ratio of the regenerator inventory to the

reactor inventory is from about 0.2 to about 0.7.

27.  The method of any of the previous claims, wherein the temperature of the

regenerator is between 590°C and 650°C.

28.  The method of any of the previous claims, wherein adding particles containing a
CO oxidation metal to the regenerator at a rate between 0.15 ppmw and 0.5 ppmw
of CO oxidation metal per total weight of unit catalyst inventory in the reaction

system per day.



