WD 2009/ 097058PCT/ 1JS2008/ 087033 METHOD OF Cl RCULATI NG CATALYST BETWEEN A
CATALYST REGENERATOR AND AN EXTERNAL CATALYST COOLER FI ELD OF | RE | NVENTI ON
5[ 0001] The present invention relates to regenerating catalyst. Mre
particul ar|l the invention relates to controlling catal yst tenperature
during the¥ ﬁéﬁ@%@éﬁlon process. BACKGROUND OF THE | BYP8/087033 1 0002]
Light or prine olefins, defined herein as ethylene and propyl ene, serve as
feeds for 10 the production of nunmerous chemicals. Aefins traditionally
are produced by petrol eum cracki ng. Because of the limted supply and/ or
t he hi gh cost o etrol eum sources, the cost of producin flns from
%gf Teedstocks for

petrol eum sour o ww%% N AN X LB LA LS GO R e

particul arl t ha Eﬁﬁiiﬂg et her, and ethanol . Al cohol s nay be
produced b . r fron1synthe5|s gas derived from natural

gas, petrolf@gn I']‘Irquprd@nt merbmmae!etausto rregeacrbtiigs catlysc| udbrgpatalarlys éeycl ed
blast! o5, TNlh Rk PR L Syin Ly A RE QAN GBI L fhenREGAYUSS, O the Wi de

variety of sources, er oxygenates have
prom se as an econon1ca| non- petroleun1source for olefin production.
[ 0004] TheBaAA b ™ the conversion of oxygenates to

ol efins ar g ELq t%f 1%93 §1leﬁ}éedéﬁﬂéd5‘héf§£§s aﬁﬁ&f’élﬁﬁﬁpﬁbﬂ)ﬂeeﬁ@ve%%é% aRy! ene

are the nost sought ter products of such reacti on, research has focused
on whatl0cathgl gradusticry @f praasTous ccherpiedly e Qlefins tirpglitiarally i pEorugse dpypesaleumand on

net hods f Ofradiiy @ReduBDofithiSlirhiteli Su 2R} 8 high ichsY oPfetrbRem Settrdb Whd Sost 7
cethyl ene and/ or propylene. [000 The conversi gn of oxygenates to ol efins

1(010), par Progypngisfing frem p pRgpes hps increased steadily.
[0003] Alternative feedstocks for the production of light olefins are oxygenates, such as

alcohols, particularly methanol, dimethyl ether, and ethanol. Alcohols may be produced by
15  fermentation, or from synthesis gas derived from natural gas, petroleum liquids, carbonaceous
materials, inchuding coal, recycled plastics, municipal wastes, or any organic material.
Because of the wide variety of sources, alcohol, alcohol derivatives, and other oxygenaies have
promise as an economical, non-petroleum source for olefin production.
[6004] The catalysts used to promote the conversion of oxygenates to olefins are molecular
20 sieve catalysts. Because ethylene and propylene are the most sought after products of such a
reaction, research has focused on what catalysts are most selective to ethylene and/or
propylene, and on methods for increasing the life and selectivity of the catalysts to ethylene
and/or propylene.
[0005] The conversion of oxygenates to olefins (OTO), particularly the conversion of
25  methanol to olefins (MTQ), in a hydrocarbon conversion apparatus generates and deposits
carbonaceous material (coke) on the molecular sieve catalysts used to catalyze the conversion
process. Excessive accumulation of these carbonaceous deposits will interfere with the
catalyst’s ability to promote the reaction. In order to avoid unwanted build-up of coke on
molecular sieve catalysts, the OTO and MTO processes incorporate a sccond step comprising
30  catalyst regeneration. During regeneration, the coke is at least partially removed from the
catalyst by combustion with oxygen, which restores the catalytic activity of the catalyst and
forms a regenerated catalyst. The regenerated catalyst then may be reused to catalyze the
conversion of methanol to olefins,
[0006] The combustion of the carbonaceous deposits from molecular sieve catalyst

35 compositions during catalyst regeneration is an exothermic process. The exothermic nature of
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25 nethanol to olefins (MO, in a hydrocarbon conversion apparatus
gener ates and deposits carbonaceous material (coke) on the nol ecul ar sieve
catal ysts used to catal yze the conversion process. Excessive accunul ation
of these ¢ s deposits will interfere with the | yst' s ability
to pronot e@{)ﬁ@&fb&%@%’l on. In order to avoid unwant ed buf"?ﬁ&%xs@}m@%ke on
nol ecul ar sieve catalysts, the OTO and MIO processes incorporate a second
step conprising 30 catal yst regeneration. During regeneration, the coke is
at least partially renoved fromthe catal yst by conbustion with oxygen,

whi ch restar the ¢ tal ti act|V|t t he catal st .and forns a

Fegener at e ait argagaonntol Sitht B ofR o Rl h gt Pertuf of,

cat al yze t kekecformedrami tbmmfecmaaftsiaaﬂoitalysn cohpfsitions. utilized in[ @D Ehetibheygambust i on
of the Carg @&Eb%?‘é?naﬂa?a%ﬁ'a% RgHel ﬁ%r%mﬁlo?(feﬁ o%auﬁéﬁ‘é% ngghﬁ' ¥%ﬁn ie:”’ngfﬁ%%.s' tions

during cat regeneration-is ermc
nat ure of mlm 9@’1@9‘710‘5 8”@@?#@@2@@811@87@'3@13 llbmtai e the &JOnreelenuiaosieysr esent s

a probl em iR QRO LRIRDE Atk %) M‘S‘E%ﬂ%%?‘eﬁ. Zg, unt of coke forned on

t he nol ecul ar”"sieve cataly ngom trons u In OTO reaction systens
preferably WWhaTh%%ﬁ%@ummwmg heat Hieegted dusing theaegenerating) dfthapvly £okfdgh pri me

olefin (et Gﬂl?ﬂ?arﬁélé’s HIcHWJoﬁé!ﬁ)T@ 8tAGsk patidids; méYSexBeetl @RUhdial tdidMhcaIRHAL  Of
heat |iberated fromthe O nol ecul ar si eve b5catal yst corrp05| tions during

catal yst rS§EHEpskp bt o8 cgﬁa@ﬁﬁrfsee%m gertigalzsly of e eppdreonTREls egmeHdoNs amount

of heat |i b@a@foa@lccﬁwﬂemgaeiehﬁas rwegeme aéﬂd@l& wéd 16 @dkbbry reckRRld Gaild: Yk
partichﬁ #.C %s oked OTO cat al article xceed the netal
es'%

Lol era 00 OGN PEYEr TR EeHEP 4T St ghoh SROAY gp coteyst
particul ar l'egelmfatdiﬂ’lelscs pas atsngmﬁicmsm@:llm irethgt catalysc isodve repepddtat adiformigont ai ned
therein asielloffclRe conduils ypet.t ! LANRROL! LRoSackat ol calialyst back
10 to the f’u dFotar 5o Convers On appar AU aect il 8&a W?ed "hot
spots" in patlcaésyls.tmsciegenerat ors al so poses a significant problemin that
catal yst i t I one. The
heat al so @Oﬂﬁdgnggsgggrﬁl ggo—@eacﬁié\ﬁa%%ﬁ?%gdgg? %PO& gm%?’%?a%ﬁﬁgﬁs r]'méel ves.

p I riggner y. ¢ fivierftdn elp 0 re psugly
[ 00081 1{J. Sa pResst &ir reggnerating GF@lyg0 7 he finviersipn Velpteht 2fﬁc2@a5 geiiesatin @sl A
regenerati Qsalaegssye%ﬁmzmglﬁwafoﬂﬁ%ﬁso% o QHiizdd® YRR & f’@““ B C@hiPlyRb mThe
invention relates to efficiently regenerating ca particl es b
mi ni mi zi ngTeRHETHYY TpRe-i She cument displowd thahie inyprsios! moaﬁas mixgEpbetysti n g

regener at i ffin 2Q88tor A oRRGKIBINFontlh S/h10% 8Soldrhad ditdl8ngd tﬁé/ Ridell eall i e ﬂHQeS
m xi ng spent catalyst froma reactor,_and cold cataly from a, catal yst

cool er and&"FRaEY Fpge i Ipiflizedimangeray it ﬂl“é‘”ﬁ‘ﬁ@"ﬁ’é@‘e H%ﬂlitr?ﬁﬁﬂe@&ﬁe’-"’?% a
fluidi z2ed menmesd widlyst Foithodl i 2ky1@n-GBMILAG rdgdndrdtion IMRYRIAE hikdel @Bndivne, 20 the
m xed cat aI Sl contacts ]?n oxggan cont ai FF?" regenerati on nmedi um under
condi t i ons®h vagéqqeg@e{ag HEH LY e grb]’é’ cat al yst contained therein.
100091 U. 00084t &8 ]ﬁqﬁ:p{ iApplitation Publidati@t INon 26i66/012008/ AidcdBd08 slhsed @ses a

. process of convertin &s Lo o fins,wherein cata cooler is
“attached tB THEEBEE ates ?gﬁa‘goo etr%macataq fcoé’;aef éslam("thedoefﬂgrr%ac |°¥§° gofthe

reint roducsedlttaatafylstebetforemygeemﬁedﬁceédetfredamyg?m [faetdtiemat i Ore pulbeadoscl oses

Wi t hdr | |y, er from
the bory oraisip e APk GEh Ak b B Bl Bl b B B AR B

cat al yst dhotaalysygopler. Thppubligdtion glspdiscéaswres neptalysbessler with 4 plimglityiofiepoljas

di stri but qfandy bbbt QUL ik 0, | et

bei ng | ocat eeg’ atu’ﬁ% %‘Jg%ﬁtﬁo#\h{gf ﬁ{dhag‘gc}a‘llvtgtal ly%bsgiﬁ%yﬁys[%%%tg EIO%M\AB d al so be
desirabl e 19‘6“@@6&%@@@@%’&@%1?%90%1 d-up in this OTO system This 30 woul d

resul t i n gorfdtGouRMidobeldafrabR i@ beadEN Latdfst ﬁéﬂ@-ﬁ%‘%i 6 @m @siéﬁlt figquired in
the systemas well as reducing the time in he cataly is exposed to

deact i ¥t |"r‘f§‘ldcf6ﬂ’&f|1? P &fdaction i ﬁ% tqtaé é@ﬂ]g}t 9f gxpensive catalyst required in the system as

well as reducing the time in which the catalyst is exposed to deactivating conditions in the
regenerator.
[0011] Improved processes are sought for regenerating highly coked catalyst particles, such

as coked catalyst particles derived from OTO reaction systems, while maintaining desirable
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[ 0011] Inproved processes are sought for regenerating highly coked catal yst
particles, such as coked catalyst particles derived from OTO reaction
systens, while maintaining desirable -2- WD 20091097058PCT1US20081087033

t enper at ure, _char eristics in the OTO catal yst regene [ h

I npr oved rﬁ’inzﬂ'%m%gst he catal yst and hi gher catal yst cié@:ﬁ%ﬁ'és@ﬁ%ﬁgt es

bet ween the regenerator and the catalyst cooler. In particular there is a
need to reduce/ mnimze the anount of catalyst in the OTO reaction system
e.g., by decreasing the anount of catalyst that is held up in the system 5
BRI EF DESCRI PTI ON THE DRAW N 100121 This i.nvention wll.be_better
inder st 000 BPHPRRPBREETISS Pt CIPAPROG BECEPRpUPORn JPOPrE TROBAE(En ahen
t aken t ogetidystwid Highehartadyst dchiedbnDatestiervegrsn thaiegemerator and he @dBist édofpnr i |

i1 U.St rate aracuﬁrgﬁ F Iisegv.nQJd ﬁgr}e&)&/ﬁﬁﬂitﬂe rtl%g&{;b%?‘})to t% td gincﬁlg %’M? treagt(i)o(?ll er 10
configuration an The ¢irculation scheme between th regener at or and

ext ernal catsghyst., bodscrasingtheanmuntod pandlyst thagh beld wxintlegasiemat or system

10014] Eigure 2 illustrates an enbodi nent of the circul ati on schene between

the regeneppiPf pRRERPFIONGF oA BRXRINERO! er in a nethanol to ol efins

regener at o 2/ m_ ) “Fiqua rTTustrates a side view of an
enbodi ment [@12]; Hisdpyeationayilidis bstieyamdersiend ey apferpacet th dher Rejaled Dstcoiptionf
external cafkawsitonGReh Bken thocteh Rl BORlackd DOLAhENShdr&GENEr At Or System where
the cool ed catalyst is_returned to the regenerator at a height hi qher t han
that of tha’%ﬂbcfye&ufﬁeﬁtﬂlwaiﬂ? Guiide yiews B #1 FXIEing Fegeneraiqr 4pdy %gﬂﬂygsc er
per speadi Veonfip@vicafand theRIDIOSHoABEHemO bettvBd BEfb@Rrafl afd ERGRI e4taysd Eoddfst em
according to the inventt(.ﬁlir on. 20100171 Figures 5a-5e illustrate

S TR SN R bodi nent s of the design of
r egener at of00#4]s Feie: Ritlaanats agetiadinieat ofneatidculativn sEhegeibetvwoen horagesmumds
roughly to_the arrangenent .sho I n | i in Figure 4. In these
Fi gures, V\ﬁ'ldteétersnﬁézﬁ{élgmrcg%?re%gn © 8%({15 Ogéﬁ%?ge%de}e/afm}é Sfeﬁ's, bl ack shapes
represent [PatNl Fgurecoidheratesatidevsw ofanl emba@iyment oftht tieuietidn jcheuk isheges
repr esent il EhRnANdnPtblfh Sadifl chiGTh o leliibth  i0hs AonBRGAGh Gllertd L 2

cataly coo
the cooled catalyst is returned to the regenerator at a height higher than that of the embodiment

of Figure 2.
[0016] Figure 4 illustrates 2 perspective view of an embodiment of the design of a
regenerator system according to the invention.

20 [0017] Figures 5a-5e illustrate cross-sectionzl views of different embodiments of the design
of regenerator systems according to the invention; Figure 5a corresponds roughiy to the
arrangement shown in perspective view in Figure 4. In these Figures, white shapes represent
catalyst cooler inlets, black shapes represent catalyst cooler outlets, and gray or pattern-filled
shapes represent inlets and outlets for inert circulation not associated with a catalyst cooler. In

25  addition, in these Figures, circular geometries indicate flow out of the plane of the paper, and
rectangular geometries indicate flow within the plane of the paper along the direction of the

longer parallel sides.

SUMMARY OF THE INVENTION

30 [0018] One aspect of the invention relates to an MTO regenerator system having a (1)
regenerator vessel, containing a bed of MTO catalyst and an oxygen-containing regeneration
medium, the vessel having a catalyst circulation rate and a regenerator cfficiency, the bed
having a top and a bottom, (2) a catalyst cooler containing a catalyst cooler medium, (3) a first

conduit means for conducting MTO catalyst from the regenerator vessel to the catalyst cooler,
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25 addition, in these Figures, circular geonetries indicate flow out of the
pl ane of the paper, and rectangul ar geonetries indicate flowwthin the

pl ane of the paper along the direction of the |onger parallel sides.

SUMVARY O: |ON 30 100181 One aspect of the lates to
an Mro rege]réggngfogl?/gs\;rstem having a (1) regenerator vesg@f,ﬁg@gsg@g%%l ng a bed
of MIO catal yst and an oxygen-containi ng regeneration nmedium the vessel
having a catalyst circulation rate and a regenerator efficiency, the bed
having a top and a bottom (2) a catal yst cool er cont ai ning a catal yst

cool er medi_u 3 uit Sl from

t he regenera{l%p'(‘l 95%% Onc[mt (Q,r('t ﬁhﬂfs"fg 00818‘f Ao g\% %IYS?COOH

2009/ 09705 8RG¥¢cpS2100 8488 Wﬂ@@lnahdﬁ(sﬂx)onwlsremmbmmm doligngamgonf docatedimduct i ng
cool ed MIro C I r t sel ;

wher a1 n t Pl ot b B KEbodBr e o e SIS B BT e
catal yst beendyit myatserghiets thelroolﬂ} Mﬁptqq@yyd@ ap e focaterbat @ deighty Ht, abevd theand

wher ei n st Ng,RGE oNGle Gamwbad ARG Eb o (GRALER M @rt bR Seads© AN
inlet located at a hei g above the 5 bottom of the catal yst bed; the
i mpr ovenment¥i@a@iEd cngg W@PWH%@ optigs frpm the regeaerafoy ‘teswbla?ﬁéed\m #beightt hi r d
condui t neanSfr&@mrtso‘&blﬂgafm Qllysebedt amubhﬁ.;t{nng&é@{d%nmslﬁ&hs Wagated at a
hei ght , froﬂ@&he bottom of the catal yst bed; and substituting the
second conéﬂﬁﬁp HTGRAY FPTPUiFiBe AR ARIE 3 ‘Fg‘?‘?éréﬁév?ﬁéqlrﬁ?‘ia@ﬁbaé'ﬁ‘g?tnﬁet to the
regener at ofwhich SsSgtatdr @R TR 0HAnEHA @1 @dr o iéreasetthetiatalyst @ @@icrmatt hamtell, H2,

and H3; .in order. to cr.ease th talyst circul ati nrate nd t

o v g oSt deeat BT TR S nif i s b BN Pe PRt eS8V ne overal
“r egener at of00e4]f i Aviothac wspedt O 118¢ uﬁmttdnenelaas pect mehod fie ¢ontrallitig esgeneedtat es to a
met hod for l.lin n [ rature in.an ooleflns
system corr%lg’f:rgl r%:’g'Il Qxyggﬁ%s ?O'gé&fﬂs(?egp%?@é mgthe Ste? Oto)acsgbrrprl s?ntgg an
oxygenat e rompising am:owewa@omeremtwa zore &€ twctwvtlﬂl agaphyticdly effedbd amamhfafct i ve
anount of I sl i ndi tions
effective F‘gireagéo}r?%g? ?c%nng sgc %h% 1933%0 g)%gf?de)/%ndfnﬂnsaefg& %tfcocr?#%ﬁn ngg ght

ol ef i nd? afrreensterid pgroduct edatainieslicht glshins, %nﬂfommkqdmgtahrstp@a £ondpctiog at he at

| east part b@{ul,nyof%ka% thadi @sﬁmsfsaok&r&mygmn{ ﬁ@?éabtﬂﬁ Z6RI8 a%geaer&&%wﬁg ator
havi ng a cata bed, catal yst coéol er, a catal yst coo Iinlet, a

catal yst ceHAls bfeslutl |°@ﬁ1yst§0@@rt aicgtalystiseleraleyy Htcafebqﬁ)coolahmﬁla@ alcyalysthed| er
i nl et hei ghdight (H,), anadatdlyst ooleAlnys ﬂlelglﬁQHQran@ &t da@lysh@oRP butlebiBeidtit (£3) (3)

contacting a portion of the coked cataly in a regeneration zone of the

r egener at of°RFTIE Lppragy Qf%%@lfe% eARNAE M ﬁ@?g%’ﬁ’é‘ﬂlé F‘H’Fl‘% pherregRnerAton it 20 st

t ﬁrrper ?(D gr @;ygmﬁl rami:n@riggeheram negfuﬁmz b Vit feﬁlpéﬁitufeﬁﬁﬂ?r dbﬂdhhblﬁkﬁ'lc’cnﬁr@@?ﬂer at ﬁ

t he coked cata ;an conducti n on of the catalyst.fromthe
Fogener at ot Rl eEee b PR Bl e W Riohducfl { bt I Sehibie Tt o
for rr} a cootlheﬂhgmratdr dnowgh tlmaiaalyytsi)olewniecﬂo th&atalyenoolemddmhedcdohﬂ @uugibn t he

( catal yst cgo e. | DO & Nt ature in
“the regenerafnglfySt “éhrlttsalh%?g?nduaed e%ﬁa? ro“ﬁlgt[%]@f %re rTgrrg{oaspect of
t he |nventm@mmobieapemnte(mthemeeﬂmcbrfwjrereodMsgtiﬁiternlgpnri-hgenerator t enper at ure
" 20 95 A0 °Ralifla LB 0P o Bl Gl SRR b Ml LSRRIBL sefaion AC1 1 N0

a feed co ing an oxygenate with a catalytically ti've  anount of a
mol ecul ar tenpsyaure shangixpgangeciatoaips sysiem, epmpeigiog thepielzsmfe(a) n@réfrctlmfml ons
suffici entco&:?nﬁﬂi‘éﬁ%x&ge%@tb iR VARDAL By LRcive R o GRN-AbMidY chdtilibe Of ef i ns,

and thereby formng an at |least partially coked catal yst; (b) conducting
catalyst in a reaction zone under conditions sufficient to convert said oxygenate to a product

containing light olefins, and thereby forming an at least partially coked catalyst; (b) conducting
30  aportion of the at ieast partially coked catalyst from the reaction zone to a regenerator having a
regenerator height (H.), a catalyst bed, a catalyst bed height (H.), at least two catalyst cooler
inlets, and at least two catalyst cooler outlets; (c) contacting a portion of the at least partially
coked catalyst in the regenerator with an oxygen-containing regeneration medium at a first

temperature, under conditions effective to at least partially regenerate the at least partially
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30 a portion of the at |least partially coked catalyst fromthe reaction
zone to a regenerator having a regenerator height (HO a catalyst bed, a
catal yst bed height (H ), at least two catal yst cooler inlets, and at |east
two catal yst cooler outlets; (c) contacting a portion of the at |east
partial |y YORRYWRH4 yst in the regenerator with an oxVgEHSROSHBIRA ng
regeneration nediumat a first tenperature, under conditions effective to
at least partially regenerate the at least partially WO

2009/ 097058PCT/ US2008/ 087033 coked catal yst; and (d) conducting a portion
of the catalﬁlﬁt fro_mtIE regener at or tP ough gge 3{: nore of the at |east
two cat al ySPREEHrET 3ol (Greendigingogign g f@%fa DEbIUR e S ersTaT e 9B or t i on
of cat al ystmorewfitdut isttthe Batalgn cadldr @tdets fortiaughlysin@oler to farme @bletl pertiad ofl east
two catal yst, cqool.er. .outl et into the regeneratqor to control

tenper at ur SpSHEen Slten STy Hohdl B Rt FAEETIRH Ao el it has a
center; (i ibdcktino theregenergtontb cote! wmptre@stin theegendrdtat wikesit: efi seacinullet ére at
east two 60k Bl oG i B & rord GO 18!k DGt deeh: ahdo BYedPRE cBller e a1

| east two cooler inlet*“centers an e regenerator hel gﬁ f6rm She or nore
i nl et pl andet centery defing aokinenfiietwof ortrhare af the @hksest thwp cendry lidet autetsend thent er s
and the reg%&%ﬁﬁ&r%igﬂ@ﬂoﬂﬁ%n@&% € it plalls; (AP thyo QH bRl of PleB Get 1R Todidy) @'t

| east one of the one or nore inlet planes and at |east one of the one or
nor e out | ePulst eantess and theTepeaeraien height dafing onporr maspeutlptaniancy; gndyiya didpasRierent  of

this aspeckf @le dd€ori AMBNEOPlands Bk 1k8RSEe §MBe CRO!RmdrD ol f1AB B
positioned at fjrst positions along.the regenerator height_ at a common

‘inl et H8i gpitbsteyally nqtigaplanar.| 1g.0a¢ embgsliraeyp plcthis gipeet of the typntign. healleasdHed at

second posktdoid ifictodaaBE pbsiRnéEd EAE paitRhs 16igGhY reg@dnerdtoE RO B adinhh k@i ght

Ho), and th | east. two first sitions can he above the at, | east two
oo pos ety 3. SRl ke o R, base o8 poSiorad ot Fapou OGRS BB R ment . 15
of this aspgeieraal htible ak Qe tytlet hedghf (1), a8 thetaizast &0 Gist pdsltidhscagéda be

thi's aspgets avaminoom 3 _ '
et o oo b bR R Sufroptidel S5 G Bblke o Bubo BepfiRie o

second 1positt this agpeatlob thg ntviemtioncthestdeant o0 chaergiiets edn ba poviomadatdiritipetitidnei ght

(Ho), and f i 1100 , east two
Second posy PuesaLgfRlor sl b BhmBiEincl Qg 655 0% B R b Ghoeant
aspect of bapositionedat feemdmesidane slong tha repencirdet hiight at & pemmer Gutiet heighelek at or
tenper at ur g qigll R ¥R H S Ros QarleDrioRInesY £hE Wrq s‘éﬁdﬁﬂ'}abs?ﬁ s&ﬁﬁlafﬁﬁps of :
(a) contacting a teed conprising an oxygenate wth a catalytically
effective iptiftandf a nol ecul ar si eve-containing catalyst in a reaction

zone ungler jpgandived Mathes kbid: oF ARlindeRtiGORKRE to 8 Rletho@ tHARNASIfng Redeliopduct
containing light olefins, and thereby form ng an at | east parfially coked

cat al yst; CHPCRWAFLYL xpgenatssstozplelins sysisaL empripnias te stepsdt (9 5p149cHps Yyiedked
cat al yst fdogititiiCan GEdnht@ Witk QREralyfically BEGENEMMRIuB of A MbldGlatsidveSaakiAg OF

£

{ hei ght (H. a catal yst bed, a catal yst_bed hei ght (Ho), one catal yst
ool midatanBURE B 5e0F st el B MRG0 (PRl P RE ) SOPEIR | ni ot

and at | eashtaining lightrotafihg hdtheretyt fomiing 4nca)t lcaw paraallyi cakpd@atplest] (bpeondictihde at

| east rtjall ked catalyst .in the regenerator with an oxygen-contai ning
Fegonebat i rieal % S Pafhatpore Lt o BRIl A B RARTRET L2 [
at | east 3fgeparntpr kwighy (. b genayabel,  healytt bbdimight §h), bicatatalysomkiedinabad yst ;  (d)
conductin ortj cat.al. fromt thro he
caral yst | SamprEblP Byt o M Gletintihdn 0, o o RETOR UBEbd OMENS 00
cat al yst, ophipging aportive nf Go atdeast prdtially coked lvatelyss i the adgymeratgyoothem wygehet back

o LN TBARRRE Hbherk B SAAREPk: & AEPERAICHEE Inded BRSFEASHEALAY 3 806 (©)

conducting at least a portion of the catalyst ] regenerator through
the at3Q edstiabniseeritedhent leas ppriplit cokegdratelyst ¢) pendprtingypportion of the catalyst

2009/ 0970%@@%@&%&%@h the catalyst cooler inlet to the catalyst cooler to form a cooled
portion of catalyst, which is then conducted through the catalyst cooler outlet back into the

regenerator 10 control temperature in the regenerator; and (e) conducting at least a portion of

the catalyst from the regenerator through the at least one circulation inlet, which is then
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conducted not through the catal yst cool er but through the at |east one

circulation outlet back into the regenerator. [ 0022] Each of the heights
di scl osed herein (e.g., H, H2, H3, E14, Ho, Ho, Hl, and Hr) should be
under stooq‘y & measured from a comon base at the bot @t&%
regener at oY O¢4PAPY} 5Sbed. DETAI LED DESCRI PTI ON OF ME [ 0023]

I n an enbodi nent, the i nvention is directed to controlling the tenperature
of catal yst regeneration, preferably in an OTO reacti on process.
Specifically, this invention is directed 10 toward a regeneration system

whi ch conpri ses regenerator . a t.CoO 00 It ~has _ been

i scover oq ctiiied sk FHGHRR R ot RLonfep A Aoty A Lonelslttor bl Bidkvoon ¢ he
regener at olintathel reighreraeat al yst cool er, | eadl ng to | ow catal yst AT, results in
o0, LT OV R BB BE R APl B3SOl OB Bl KB
m nus the ben@rsmpdlr«ebeameasw& &amal Opsmnoc(bmeet ﬂlgdppﬂtcem of @ eazetieratgyadlydtS5 ni xi ng

of the goojgd catalyst, and minim zing cold and hot spots, also can result
in an inproved process. [0025] It has al so been discovered that the nethod

of circul ab!Et}g ﬂ?ﬁcﬁ%ﬁaﬁﬁfﬁmmﬂ&ﬁﬁme the rate at which

catal yst cam be crrecurated and atrect thne ertrciency of catal yst

regener at i {823indn po¢retrdinadnt, datia\tey@qn isl digesteil watontyeilingThe empavert derallgscri bes
a preferre fak) f ﬁllg ‘%l rator
and its ex%g‘%}%aﬁ &ggt affrngbi coo Ogg% Sy?&’le?ﬁ%\gg s%eﬂﬁ'ﬁﬁﬁﬁ %

di scovdp edtopaeita regeneration gystem wegwmaﬁwgegemwwiawﬂlxsr eIoBE by m m m zi ng

(the format [mu]ofn ﬂa@ﬁééln'd?s&q’e el Hat ﬁﬂ%ﬁlevﬁwmgs edetlys® BiRbufitiol Rl RBvebFBENEr at or

“al so resul

P

S in an inproved process, as described herein. This mnimzation
may be accHRCIEER Wﬁﬁalvmpfaerg Ivadipg fonlgw srtalypeATo Sgshlsin g imppysd GR8n it i s
returned tRadtidf pfoBGE RS A@bMed hﬁnﬁ@ﬂ&hﬁhdﬂe@ éaam IAfrQy #efhQDA MRS tahfrature

tenperature and keep burnin {1|C|enc ate To O ef m Reaction
Syst ens ﬁé%‘iatailfw eé%%&‘gﬂﬁﬁ © ‘ef“ﬁ%‘a‘ﬁﬁ ﬂ%"lcﬁtﬁ%? glf*‘r e LYt r ol 1i ng
the t ermermtmﬂgeofoﬂhe cadled yadlyst,efhd N@inkiizing coldraad dionbposs, lalo aan @Gk ieast i on
process. The fi ést step in an OTO reaction process

improved process.

[0025] 1t has also been discovered that the method of circulating the catalyst can greatly

influence the rate at which catalyst can be circulated and affect the efficiency of catalyst

regeneration and potential catalyst deactivation. This invention describes a preferred method

20  of circulating catalyst between an MTO regenerator and its external catalyst cooler.

[0626] Additionally, it has been discovered that efficiently regenerating catalyst particles by

minimizing the formation of localized “hot spots” and “cold spots” in the regenerator also

results in an improved process, as described herein. This minimization may be accomplished

with thorough mixing of the cooled catalyst when it is returned to the regenerator to maintain a

25  uniform regenecrator temperature and keep burning efficiency high,

Oxvygenate To Olefin Reaction Systems

[6027} In an embodiment, the invention is directed to controlling the temperature of catalyst
regeneration, preferably in an OTO reaction process. The first step in an OTO reaction process
30 involves contacting a feed comprising an oxygenate in a reaction zone of a reactor with a
molecular sieve-containing catalyst in a reaction zone under conditions effective for converting
said oxygenate to a product containing light olefins, and forming a coked catalyst. In
conventional regeneration vessels, coked catalyst is directed from the reactor to a catalyst
regenerator. In a catalyst regenerator, a regeneration medium, usually oxygen, can enter the

35 regenerator, and coke can be removed from the coked catalyst, e.g., by combustion with the
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30 involves contacting a feed conprising an oxygenate in a reaction zone of
a reactor with a nol ecul ar sieve-containing catalyst in a reaction zone
under conditions effective for converting said oxygenate to a product
contai nin ight olefins, and form ng a coked catal yst vent i onal
regenerat?gkuégggﬁF , coked catalyst is directed fron1rh§U§é§%§§P3to a
catal yst regenerator. In a catalyst regenerator, a regeneration nmedi um
usual | y oxygen, can enter the 35 regenerator, and coke can be renoved from
the coked catalyst, e.g., by conbustion with the WO

2009/ 097058PCT/ US2008/ 087033 regenerat| on diu to formregeperated

catal yst antEHaTIER TR, Ko FEReT PR B s e B8 ke 1 r om
t he r egenenegemratabeutdsefiom cheardcagretousin thdnandvantageonsg bt octirhe! to dlectaror. The
gaseous by i.cal: h I iented in
Pho. Upper DL PHENS bt Bitcaly KLETE Rtk o BT Ok ploef OVt o
w | | nom/b@fﬂﬁsﬁﬂY%eﬁmFﬁmgreater detail. As used herein, "reaction systent
Teans assy @8 Corpitalicidadehe 3 Gow R &BLBLY H ofRB! Bl ORLI B2

catal yst regenerator, and optionally a catalyst “stripper. The reactor
conpri ses ArcRYQE SSEM” URRES, 2 SKHPTE RO HIgiageaston acetalysticaelerz emienallingaielyeti onal | y
a_di sengagirdygneribrt andvxﬂisu&m&%awrvﬁ%ﬁipaerdlﬁe RORA} BnFRRG: redbPBAD lwrit al ytic
OTO reaction systens use a catalytically effective amount of .a nolecul ar

si eve cat aFYBRISEhiTELIOR Feis: M4 wpiienalbat dissnepgingenit which cemprisgsondispeacig an
oxygenat e- ggfat ai ning feedstock to light olefins. In an enbodi nent, the

nol ecul ar sjeve cataly conposi tion conprises ope .or nore | norgani c oxides
of i 1 '0on 00 efeie iRy eRBE StrsBss B iyt Gciie pmount of & Toleulr
si | i coal unsisapiaetphadntpofibAPRYvingndaeatit activity fneconadradgy si Sxy@emtcusawining t he OTO

15 process cause. ha bot h. (]. chLivit or. ol efi.,n producti on and
i) oo oo el U5 dieh Reesy g sioddafbr et st for i Bodiitfon
cat al ysts comiragsnonegorSARE irpdgada logidess ofe vibeona plemiyame raad Ipftogph@her decdp any

fluidizabl Qm%o%hﬁén@ﬁic%%:ﬁ%jg@;@s%%é‘dnp@? ggoﬁc{ch(lhﬁ Yevk %le&%%r?%%dﬁg R gpgnat es to

ol efins can be usé u APO T ul'ar sieve conpositions
i ncl udds f procasy degebss, hSARG bath (SAREItY gor GAIAPradcti@NRO-(Bbseleeii@ farithe t he

substi t ut efhhQlA%s ERRERd p%pymd Whittl dfafSts CORSIRAS SAPO SaolREECHIA! arSi EVE
catal yst conposition can contain a nol ecular sieve selected fromthe group

consi st i ngsWerelgnperyl, agAbddizble sppigst havinggapadytie getivia fpcqupertignpryeamtes SAPO- 20,

SAPO- 31, SERPE cadbe ed SuriOs 200 niddides fieve BRI (Hbmpediéad InciabPer 42,
SAPO- 44, SAPO 47, SAPO-56, AElI/CHA inte cont ai ni ng forns

rgrowt hs, netal .
t her eof . i FEEPEr SRR HSAEOr §eAR ‘,34’agrﬁf%?§(tsépgs44t‘Iliéls‘é’é?mtﬂ‘éi&"iﬂf teseh y or
al It er nla.m [ vai_dynixmﬁ)t@?omhgﬁiﬁ{e%ﬁéax&heieywdllm@@ﬁﬁo@m RbridTh F%mm@w (ALPO
nol ecul ar S| eve. r erre . r eye can | u , t are not
limted tos,eleﬂtﬁ‘gé&"%‘, ‘%%ﬁ%? Cﬂi‘ﬁm}&&g%%b‘%ﬁi‘%lorél?“@bb%o'%ﬁé%elﬂ ALPO- 37,

ALPO- 46, ASAPGIHE SABDE30gS ARO-AE SAPOXIAS £BO BHESAPOE 36, SAHOIR) SHP@EG O SAPOL ng f or s

(thereof. T §§8ﬁ%%%éﬁﬁmfﬂﬁsﬂﬁéﬁq%?%&ﬁ%f#%gﬁﬁﬁﬁgggﬁﬁgﬁgﬁ%akgﬁg?ﬁéﬁ?ﬂgféof,

ZSM 34, ZS contar ni ng eof
AEl / CHA zetbéredgfeintergrown forms thereof, and mixtures thereof. Additionally or aiternatively, the

25  molecular sieve comprises an aluminophosphate (ALPQ) molecular sieve. Preferred ALPO
molecular sieves can include, but are not limited to, ALPO-5, ALPO-11, ALPO-18, ALPO -31,
ALPQ-34, ALPO-36, ALPO-37, ALPO-46, AEI/CHA intergrowths, mixtures thereof, and
metal containing forms thereof. The catalyst can also contain one or more zeolites, such as,
ZSM-34, ZSM-5, metal containing forms thereof, intergrown forms thercof, AEI/CHA zeolite

30  intergrowths, and mixtures thereof.

[0030] In a preferred embodiment of the process of the invention, the feedstock contains one
or more organic compounds containing at least one oxygen atom. In an embodiment, the
oxygenate-containing feedstock used in the OTO reaction system can contain one or more

aliphatic-containing compounds such as alcohols, amines, carbonyl compounds (for example,
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30 intergrom hs, and m xtures thereof. [0030] In a preferred enbodi nent of
the process of the invention, the feedstock contains one or nore organic
conpounds containing at |east one oxygen atom In an enbodi ment, the

oxygenat e- i N feedstock used in the OTO reactio contain
one or @8%@6’?%@??0 cont ai ni ng conpounds such as al cg‘ﬁﬁ% Esﬁﬁf“ﬁgs
car bonyl conpounds (for exanple, -7- WO 2009/ 097058PCT/ US2008/ 087033

al dehydes, ketones, and carboxylic acids), ethers, halides, nercaptans,
sulfides, and the like. The aliphatic noiety of the aliphatic- containing

combounds LRhaRl gerk R M e R i i T o AR
even nore [heblihatid poity (ofnh& aliphatic-coataindig campormds vpplpmwfcm:md&dme@b abomt ai Nns 5
me t hanol . Sbgg'l%g atﬁl‘ﬂ E)I% r&llr G lt 6%0 Qarbo?Il Gﬁgho e g?egiﬁ' H&H 9 tg ?6%%‘ rﬁds

i nclude, for exa s such as rre anol

al kyl - mer cap)tna,ngldsmh !m;e wesfdmbly fremchpa dreatboul sy | Armqff@ath @ﬁl, containg

al kyl - syl figdes,guch as nethyl sulfide, alkyl-amnes such as nmethyl am ne,
al kyl -ethers such as DVE, diethyl ether and methyl ethyl ether,

al kyl - hal | §031]s feiable exempley pf aliphasieicemainiog eqmepoands yacludp for xample:ablrghiolsk et ones

such as di gRhhM mé@bQP€and adiknbr AGERYLSRanS Uakh 35 h@iyTBhdehyd adntny

acet al dehyde, and vari ous acj ds such as acetic_acid, inter alja. [0032] The

various f e alof-wifides sigh an v slfidscallodnipines agh g Myt 19ing. plks-one or
nmor e ol ef i Bfiers filtk adIBBIE! @ethplctibl A8 MRS Skhérl OXpIhARICS @adﬁstr@éﬂbl tnlgdgeal |y

have from?2 to_3 r.bon ons, referab 8 ca ns, pnore
prefer algl y sl t"'@’g cﬁlg?‘%ona@ftl olf‘F’éo“e SPehy a?rrd‘% ‘%‘:1) %ﬂ@%rﬁ[ﬁf fgd‘%y‘%é %k Ahons

“at orr:s, andfdmﬂﬂehpdelafnéhéﬂﬁilqehjrd’epdnﬂdﬁlcﬁt hydsengh aamtﬁoicmpfwyhene [ 0033] »
Non-limti X €s o imt to,
Syl ene. - [y R febictl scREEHRYS canhe cliBred Wimadly Tub Phe pifik e,
octene-1, defisndhé desirad|okafinstmodpsedt fven the ffisedpockiteially avetfiop 2e30 qarbopy| ene,
but ene-1, - - - n S
t her eof aﬁgﬁm?ﬂ)% 6@‘%‘% 42t ﬁgé g%‘#’?lpgaﬁg’r Sgr%é)fr %}ﬁré]ﬁg%oéeﬁr gﬁéﬁ gtﬁtés |grt\1§I [H%E but
are not5| i piefesblyt2go 4 garbers atows.cadd mostorefuradly idéledeathylege dndior pgpyleneo 18 car bon
atoms, conjofi! K QiniRNGAMINIR R HABESs iR IS nif1ileg IDRADERS . CYCl i C

ol efins such as nal ei ¢ "anhyd e, m xt ures 't hereo
pref erred EABGAEERHEe-1, h@enfee%&sﬁé%qthylmteenh degns-y. eornsrl stesengdt wakhol , can

be convertggnir® tfhé}%ofp RESIHL cthflerd, BBbﬁ@dé' %ﬁte&?%ﬁn@%ﬁ'ﬂﬁ&ﬁﬁ%@ﬁ%ﬂ“ on into
one or nore ol efins 2 havi na}Z to car bons atoms, preferably 2 4

carbon at offSeneNp SCteps- bf Bt ere@ﬁeﬂﬂén%lxwfes niBgreet, IQ?htheﬂ%\I%ﬁ'émHP car.

conbi nag i Oiclud ButGeMee lilnRél ) @Ratgatke ﬁidﬁdrﬁ&d( dibmhsamingg tams eafw@editﬂﬁse,
preferably an alcohol referabl tai ni ng ol referred

ol efins et $HIU&EHed Agnepp ?%@T"éﬁé"’lyf 3’§]y }nﬂ“"é’ﬁrseﬁ%f EIP S"Cht‘ff’ Addunt of

l'i quid feeﬂsﬁ@ﬂ&aﬁemmmh@éoel y or j oi ntIy with a 30 vapor feedstock to a

' t f % f bl
from about My 57 eeBmk{ el 8 Ao el bl % PR pEe s S BE £ o bout
65 Wt % bawmedkrtedint the plesihed ofwen@}bmxlaometdmtaiwe@bmpomkqn mm@heudn moreaiefindi | uent
contai faed ﬁabﬁé?'tcp(ﬁ ca%s Ltbxﬂ:? %fe?zﬁ%r 4 %Qlocrarbor?gtglgl.% Ot s?pl%fe?abﬁfr §ﬁ%a$ln¥oré he same

conpositio tions erent
f eedst ock akfimb alens @acrenlxmtlm,fafr@ r:@m:rtqsil frere et feedstock contammg an oxygenate,

preferably an alcohol, most preferably containing methanol, to preferred olefins ethylene

and/or propylene.

[0035] In an embodiment, the amount of liquid feedstock fed separately or jointly with a
30 vapor feedstock to a reactor system can be in the range from 0.1 wi% to about 85 wt%,

preferably from about 1 wt% to about 75 wit%, more preferably from about 5 wt% to about 65

wt%, based on the total weight of the feedstock, including any diluent contained therein. The

liquid and vapor feedstocks are preferably the same composition, or contain varying

proportions of the same or different feedstock with the same or different difuent.
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WO 2009/ 097058PCl M52008/ 087033 100361 The feedstock, in one enbodi nent,
contains one or nore diluents, typically used to reduce the concentration
of the feedstock. The diluents are generally non-reactive to the feedstock

or nol ecul catal yst conposition. Sonme exanpl es %28 ent $ i ncl ude,
but are no \%OI ?@Fﬂ%‘ﬁ’as to, helium argon, nitrogen, car boﬁ&ﬁm 3 car bon

di oxi de, water, essentially 5 non-reactive paraffins (especi aI I y al kanes
such as net hane, et hane, and propane), essentially non-reactive aromatic
conpounds, and m xtures thereof. Especially preferred diluents i ncI ude

wat er and nitrogen,. with water bei.ng particul arl erred. her
enbodi mont 03Pl ettbel. B ieg et PR 2hg or ol bt Gisal REST | Len
may be usededecd therconcanteatibn gfiiid feedstacky afibe dilwerm aro genaratip mba-reattiveno tieer eof .

10 The dl ! ?e%gsgocg%pmgfe&{fﬁrsm‘pe %ﬂ%ﬁi}ggé%m (L.){lt?o%t lSXm(L, gxaﬁlg (fgg%ilfﬁlgl'{q{'mﬁnéeeg g I nto a

reactor or a he” ol ecul ar
si eve cat ab9tsltm1eedn@d®lmm,cmgonl nitroges, @nbmdmmnﬂe catpen diomidntwatdr, eidntidlit i n t he

feedst ogk e eRGivk paraﬂﬁge ’#‘L i %@%@H% élean 5‘@1] eam%o e)neggdg ayPased on

t he total mber o toc ent refera y from
about 1 rmp% FeertigOarapmptig, commdw@i Bixapsesyhareod nEspedielly mefersdodiluentsipdbisie 50

ol % nost wekehid ab enl%lﬁrﬂﬂé%lﬁt atiHRHYO (Pr&'el?éaouin 8@31”911%{1111]163150%

embodi ment . ot her hydrocar bons, can e added to the feedstock, either
directly ofeedsigk max petyontaipanycdibentnc| ude, but may not necessarily be |inited

to, ol efl n(ure,’n] PRk afifehiths) be @m&ﬂlﬁ@s:llulﬁ@eewaﬁopfmﬁmmb@bm&ﬁo&thePeafent No.

4,677, t|on I CcS xtures. t hereof ref
“propyl F‘E N5 e‘%@?ﬁ“?ﬂ%ﬁé‘“" III%? feﬁ%ﬁﬂ’F}éEﬂ?ﬂ’@ﬁ‘g" ﬁé"(??tﬂ'g" d‘f?fi%ffﬁ%ﬁ car bon
‘at ons, or mo@ teices, drive addefl with ﬂzelﬂﬂé&mr di¢ve aitalgsrioodposriod., Intone cBddinmcess can

R e G T G P (e
pr ef er abl ymal%g daseil 0t sgtal membdriof adbles bif thhfevdstook idydifnbn pﬂefmlmly ffrexl apowwcess.
100391 The, Bﬁﬁfcid %@%&ﬁéﬁe ap‘? er%’} tﬁh kaﬁ?]l[?'sarffcﬁ% B‘af?ouY ‘81‘)4);’ H%Et )pg%%rgé %’t e

reactors suc ors ave A 'deAde
reacti éh ziseregbauhlingi” teaboutfASumadiez drjongechbpdimenti @her hztﬁoczrhtresscao beapdded

together, gihe %ea’s&dcﬁgelihwa@ec&yegr B@ﬁ’ecﬁ?%ﬁ%§ mcmdg ut gq{fopﬁ&ess@rﬁg bk he llke

Sui t abl e conventi onal reactor or exanple, are descri bed
Pat ent No.limitg7tg, qlgig(s)Upazatiimis), éf?@aﬂﬁ_{s) e &7 652‘21316 du& Pytpng dyo) | 4.63hed2,

Fl ui di zat | QRit6h 9 BReRGAHRY or Rixttihbret) eférabl;veyr%sﬁ@b e&utylé%ebﬁeemﬂeﬁe dfifct eger

Publ i shi ng Conpany i\ New Yor New Yor ich are all incorporated by
ref erence YHTOF?'TE‘?IF &Y 4 Umere esppp 6D, OSTRHUE there9fser reactors are general iy
descri bed o8N SCin BaBaifint, thl OTOI gradebOfnath Fkddl bd RRbdedsC b Glufdiel @88, pages

48 to 59, and D. F. hrner, Re|nhol d. Pub rporation, New
U PO AT A NS O M W T R A
U.'S. Pat erthoré\p@fem@tdh@ﬂtuﬁelﬁst ftla_tiNoymgQ#&cﬁé}é ﬂilal,ze(fbeﬂ@d)c%y 4, ﬁooo (multiple
friser rea ich are a i rate rence in their entirety.
1o ey 08B THEis e boRiss PR TS B o R G LR e o
enpl oyed i reactonethatdnves demn bl adesd pedspatiofh o bgd/wftshﬂmdtzbrbbedeamlomn zone
of the,qe h o0 about
Ta32r 10000 et Shohnl b 4385 bURM ARG, ai6E i Rliug 0
more pref e:pa@m}onhlr @mttabmpﬂs 78 2rRn(pks OC) deseribgd ou .S Form U65®®6,79§',eU Snor e
pref er abl M’aﬁefnol% HRY52P aggl%'l(';%fg ? %l&ﬁbﬁp%neél% E 5 Slenfpign nore
ork 1

preferably from about to about 1112 or from about 662F
(3500) t o ReobertitE. 180 (ngl@@lg Company, New York, New 77, which are all

incorporated by reference in their entirety,

30 [0040] Suitable riser reactors are generally described in Riser Reactor, Fluidization and
Fluid-Particle Systems, pages 48 to 59, F.A. Zenz and D.F. Othmer, Reinhold Publishing
Corporation, New York, 1960; U.S. Patent No. 6,166,282 (fast-fluidized bed reactor); and U.S.
Patent Application Serial No. 09/564,613, filed May 4, 2000 (multiple riser reactor), which are

all incorporated by reference in their entirety.
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100421 The pressure enployed in the conversion process, specifically within
the different parts of the reactor system can vary over a w de range
including autogenous pressure. The conversion pressure i s based on the
parti al t he feedstock, exclusive of any diluent 10 therein
Typical ly ﬁﬁﬁﬂ@%ﬁag§5|on pressure enployed in the procgégv§ﬁwmﬁgm?n t he
range from about 0.1 IcPaa to about 5 MPaa, preferably fromabout 5 |IcPaa
to about 1 MPaa, and nore preferably from about 20lcPaa to about 5001cPaa.
100431 The superficial gas velocity (SGV) of the feedstock including

di | uent duct s wi t hi t t f
cut 11 0f ent WS GonBRdEnBriir PapossBo 28 B GRB%. pRpBery v A thi n

reacti on zdimgedchion fvee v teantor sydem, Sﬁ/bel in the g from@bayt 3923F (200t0)as dbgutni t hi n
the reactor t [ i I y can be
at | east O. fﬂrrit(g@o @?p%gég&‘i ﬁ%}d 4#1; 2%5% éé?b\% abé’?ea ﬁ? )0}1‘3 “m sec,
nmore pref emaﬁﬁtrgbhgfr@aa@mt 4333N(230°M) 's)@bout éS/E’éIPF (ov°€).peehar albfeyabgrrfam ghoutt han 2
m sec, Stilshyd M@o@ftstﬁctu@t&ogof%@w of Jt@ﬁumgmryéer Gty B0 68 Bg%?g%gﬂi;ef erably

greater than 4 or exa 53 filed
Novenber 8 to 80w0 1 13AKE° Gor frem abquos t’%@%;@weﬁbetftéﬂ%?élr (54$07®s entirety.

100441 The [§49C eRR §Restid e %I&T'e%rfﬁ theDEonG QRG] o!:ésﬁg;pécﬁ'[m @ehih Gnd Badremal al yst
regenerator accordl ng to the present invention wll now be described in

great er dePts| of s i5pEE sxeng Gpn t%hpveé|a|w%rat$temqié%%%?a§v@s PissSurfg M4t al yst
Regener at | Qbhverdion pROAR]is BAsEd HiPtht Pm:ﬂq;t@wa bGh&ERBIRES icRtlusdfe JRYAY &tﬁ@ﬁtbons to
vari ous /p duct g’ the catalytic c on of ox%genat es t i ght

ol ef ms 1t h SE'PB‘E] sy concYEfF‘B’E)Hrﬁ SRy b‘g SPIAERLGHPE b e FAngt, OIBat al yst .
At sone poalht 0.1 kPadisiaboht SpVP4a, pﬂ@&%lycﬁadrb@mce@:ﬂ& WeposiltgPaaandcanse a
reductlonlnth a of th alyst to function efficiently,
creating a P E"fcolry%g?ttwg?ﬁ}o tboélﬁto(a%}é?aal yst. For purposes of the present
speci fi cat [&BHB}arwe aypditie dascleicits (SGWeof 3k feedstnck sipiding chilbadt wsd readfttafier s to a
catal yst compasi h rtial act t ed

usual I'y t08a poi ntﬂaﬁ%rgs%%}aﬁ%etg%qppﬁlﬁdb?m h t‘#% Ir(tiyze ie?:lg ale;‘/st |s 50%
or | esd5of catdlest gompagitioy wfhif pesshrtion zpeegenéleateecdbrcatfh&t )SﬁtV) lrbyhet precess,

accunul ati fwuéatmg %Jﬂmﬁ& RAUS 391999 %&g Paéljga{l%rwm e s rtattﬁ)r(gf S?mpr{x%?es s, an

eXCGSSIveléﬂtg cat al yst IS ess e n convertlng
2009/ 09705 /1 |1ty DErSeeray Gniec pyeferntly ercptercthan 5 nysghtmast prefersbly apptn a

catal yst cagn NehdeOIE! m6e @y&értbht Fteat&%ﬁlinozsﬁrsao Bill RofeRefieR) LRGePRHANYCE , the
catal yst is considered t ent. 100 Si nce the rocess of

regeneratlﬁ‘i{je‘éﬁ%Fve&dtl%{Fyéefe“tb& sratt?ﬁ ¥y b Ateat e‘taecfatmte SeEH A 1y an
exot hepgri coPro8TeSHied Nb&ntbamlglgmt whieh i@ﬁncbrb@rafé@-ﬁﬁfeﬁénlcfﬁ% amﬂ@g in ]
regenerat| rease otentl a y exceeal ng t he p0|nt
at which ¢ B @a&gff yee S%’ﬂﬁ ﬁsﬁyt/t oﬁ?ﬁt@@s@ PREPUER Nc A SRR ESREPPE ¢

deact i, vat i oordilfi@rief @ésent mvtentmmllbﬁo‘:daﬂeﬁcahbmtg&a@ﬂa&aﬂol the tenperature of

{the catalyst within the regeneration system This can be acconplished, for

“exanpl e, bBroB@ies Fad om;m iR MR npeasure Bufihi Calajysi Rieddation. as | ow as
possi ble) f fi, CI oke bur ni n giapé%om mat.el y 1300F or about 7000,
yet ab Lpﬁr{é] }Elgf:()rbfal?lﬁ{lﬂ ydrocarbons to various pro ucts, e.g., the catalytic

conversion of oxygenates to light olefins (the OTO process), carbonaceous deposits
accumulate on the catalyst. At some point, the build up of these carbonaceous deposits can
cause a reduction in the capability of the catalyst to function efficiently, creating a spent or
partiaily spent catalyst. For purposes of the present specification and appended claims, the
30  term “spent catalyst” refers to a catalyst composition that has been at least partially deactivated
(e.g., usually to a point where at least the activity of the spent catalyst is 50% or less of the
activity of fresh or regenerated catalyst) by the accumulation of carbonaceous deposits. For

example, in the OTO process, an excessively spent catalyst is less effective in converting the
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~cooler to

10 tenperature (approximately 700F or about 370C). It can also by desirable
to keep the tenperatures within the regeneration system as uni form as
possible, e.g., by mnimzing the formation of "hot spots and "col d
spots.” acconpl i shed by neans of relativel | rcul ation
rates amhhfﬁszg@(w 'ﬁ% of the system and t horough m xi ng¥8¥mg¥?g tﬂé"déner ation
medi um As used herein, the term"hot spot" neans any regi on where the

| ocal tenperature is 15 hot enough to danage the regenerator itself (e.g.,
t he regenerator vessel or vessel and associ ated equi pnment which m ght be

torper at ur S3yen 657 Rt AR Pon s SR i onss] GREBGE MRESHELAYS egi on
wher e t he |desimil produrp erearalyet is @nsidged tb be fully bpenbel ow t he bul k aver age

t t i h
hydr ocar Eéﬁ%‘wﬁt Pe SIS AielerbBlid St % ol RERRES B8 S s
produce ex&wdies lqaraﬁrxt)thﬁmmepretfesaz dﬁtebmpem@jefshe aatpbyist wzsta@@i inkgepdratipa@ortehen
under go 5o rt;%xc%f?ﬁﬂb&éa@es ”Hide%h JBJ“ exc%etﬂng e pbifke 2 S ARH Sthe S%% ﬁ{“ﬂ%p e

regenerator, thereby a to equi prrent damage. ecrfically,
the regenefgaomgpses glsteévmleﬁ@ e%bzsm feactivgijonh dherpfates tspanétg dpsjrablgjopontral ghet he

t enper at ur enkrabiteofCAt 3ht¥i$it vaMiehE Rehddfioh %ﬁh@éﬁ?r @hik @ BY E&Qﬂbhsﬁ&f sgxanpl e,
through the use of 25 one or nore catal yst® coolers. We cat al yst cool er

i s used, r EfaEPley By PIapiiNng LemRpRYTes (Ei’li“tifﬁllyé?t" dher ay oy %e&owe‘e?? fohefticigener at or
and the CabakySimifOGhpXERRIDENAT GNURAGEONSCS QoMo Sidvder SRACHAO!

+(

t enper e from apout t diti rel atively
.t hor ough mi PGB af’?tgmﬁlﬁt?ly %9@ L %}’ ?&Q%Aﬂ @EP %yy‘éf“aibﬁ toreer Bgener at or
‘can al so bemekuafds agthinutie regergration @spmeasemtfomndqmssﬂﬂble%r Ibyqathhﬁﬂﬁig that al yst

hydr ot her eact.i. B. L0 ace
circul ati gﬁ)r%l logé’%aosgq(’% it cﬁtdSP?)tht i [ IP?Yr n%ng’%@?%%% & Bﬁlaélt”gyl n one
enbodi nent high nigcubttiomatas ag@h@begtidns ©6 Gle syssenc anl theoughanixing of ﬁmd@&nmﬁoh one or

nore (rela y » 1 I o) |.ish
enhanced t%%@%a?&?@?%ﬁ%%?te%% %%)9#} %@%@gg@éﬁ%%ﬁ%%@%@%ﬁﬂgﬁﬁ& The
cat al ydf rlkqjemenght ioodrmage tthortegensthtqyritselé de@s thef repdneraor osesplt of meseshtandn ar e
part1 cul ar dodiiddl gk RAIGH mighPod GARRST SHLLO% %tnett%@rXéé ¥ SoffTGarRloR! VSt
particles derived fromOIO reaction systens an speciTically, can
al | ow for TCEEIF BOPAgRFah\Alpeascisrdliereats the| tgrm “cpld spat’ cmeslsmteeowhw ol ling

the tenper@twed @hpdrdire (EABNRLAYY Bl HRARESaverdgd £ &ttmlenwﬁtas nfRfkadi nent,
t he cat al yst regenerati on process can COTTEI’I se a S Of contacti ng a

portion of o} Bardy dHningqfhe, eqke jop ofhrphydmearhens hwdpe (%P@Wl%éﬁ%‘% Bhichavi ng a
catal ys¢ begian6urgiil maki@us p&)dﬁ@%ﬁkbé@ buaBtids OF cdrbunexidag is@htas (), )whwﬁﬁ:@n an
catal yst cpol er,  outl et he| t &50%30 wWth, a%o%%%gﬂ contajnin qenerati on
medi um at ‘@%¥ P‘?df’fgot%%é’f’ﬁl? T ecomBAtPR €%t He i SRS FEFMYntF ¢ 98 “¥f fecti ve,
to at Ieasmerpmzratqoadaﬂiygtoegejpﬁémtianéghe spent catal yst, and a step of
conductin ar, n,of th fromthe. regen

i PR Bg s E A e e o RPER R ngnd
optional | ytemmautlrb of the rmﬁttyst@ﬁtenﬂrmthacbgmtag:esystdmsﬁr|ehmd>1ef tlnd}dghnhehee ef n.
[ 0050] ,A ¢ \ e on C ion can
i ncl udegb\an(?)lte ;a)tlrrorg(gerg scgt EO%QG%I m‘@%tg Iae%aalgm tlste Ite%%;gr gih c?'fS t he
car bonac e cirsvlgiiop ogtes betmemht: h‘egee@rkteld amhﬂ]aloy@brstcmo st bo radtaotag@nsma
regener at ghiGah akdserfQTRAR A o vity
over the colied cé‘%égleysttg conp osnlgtﬂ?ﬁgﬁ]\“{éd{l%1 @wa%gét?tgoﬁr@ggﬂrmgl ﬁ%ﬁ%yed in any
nunber of tRSPHEE MRXHE A1 th%???o‘ﬂ@ coid pertiens dizaetalyst wothe irpagaIRor epandlsockmt i nuous,

or a conblaaaatntagébut ttegr qe?rev&;@ tttdett%teslo&ﬁtealcxstystr@%ﬁternﬁt U&QBaBo? PELT er T ed
met hod, I n an enbodi nen he catal yst can bé régenerated such that the

level ¥ JBRdo esemPlishriys i broygh eatuéﬁt%tof et thou s QO G1o%h t 0 about

15 wt % | Rog@0tiiehe eﬁmﬂmdﬁerate oxtﬂa&e Lamed c&ﬂer&@ﬂﬁ%erum&hmdnaen ith bieorcat al yst
20 conposi ti on can be from abou 01 .to about % based on the total

wei ght  of %6 UFEYEHePRPRHCHUF %tlrcalawolgms 8 ecor ifhhnbangeg femperpte

enbodi menteonticl. 1S preferable that the catalyst to be regenerated has a

| evel of coke of at |east about 6 WMt % preferably fromabout 6 wt% to about
13 wt% for exanple formabout 6.5 wt%to about 10 wt % based on the wei ght
either of the nolecular sieve only oripf the fornul ated catal yst
conposition. Alternately, 25 especially but not restricted to circunstances
when used in processes other than OTQ MIO conversion, the catalyst to be
regenerated can have a |l evel of coke of at |east about 2 w% preferably
fromabout 2 wt%to about 30 wt % based on the weight either of the

nol ecul ar sieve only or of the fornulated catal yst conposition. [0051] The
st ‘regenerator of the present |nvent| on can |ncI ude a regener at| on

cat al yst




30 a separation zone. In the regeneration zone, the spent catal yst can
contact the regeneration nmedium preferably as a turbul ent dense bed or
phase, under conditions (e.g., at a tenperature and pressure) effective to

at | east p@rtio@lolgyﬂfgegenerate t he spent catal yst. Speck{:*@géﬁ/vg‘isg 4 th
and t he

conditions are preferably effective to convert the spe
regeneration nediumto regenerated catal yst and gaseous byproducts of the

regenerati on process. The regenerated - 12 - WO

2009/ 097058PCT/ US2008/ 087033 catal yst may be fully or partially
I ned .cat al yst

regenerate a products, opti

and/ or unrj%%gga&m%ec%q F%l FERE PR %m(fetss)é? A @%r%%se LR, §< can form
adilute pmasieuiaﬂwhwdhsw@fcexlteengbnéramm ttﬂieavslu rchiedeatiyst fadicthe deriveplimee t o t he
top of the epar at e
t he entraine cat +§7wlt&$r ofn g{%%peé ggﬁéggg%‘%rp%ggegg%ﬁtgﬁh%@%ﬁ% %afély% ase,

and to ret mﬁlﬁclﬁmhlbw@m@llwe@eémmm@ ofithe repracRéE@neest i on zone. [0052] A

maj ority Ofigdsbf mali! dSoalnRECNRE %5151% ey eégaﬁpio@é;@%'c\smgﬁ%ua st &

regeneration zone, the tenperature of can preferabl e mal ntai ned
fr om about °Barting & DekeRLef trowent camlyst in ﬂhea*e&eéfrra%@leéﬁsyew ingfarcatlyetbout

600C t 0 ab@e held G1.), Ea%mecaonelm@g@igﬁr(ﬁt)l M ahQataBaCobieNodi¥iPhefdt (Hy))t akes
pl ace at a t‘ﬁﬁgerat ure significantly h| her, t han the OTO conversi gn

reaction i %A OPEFELENIS REeneratiqy me %b‘&]ta @%@WPB”&%&W‘TS)@E“’H?"Q‘W@?‘ it can

of ten be desiditiat @febtivecoat leat pdrﬁ@@treg%n@ﬁé thie @;ﬁbnﬂ(fatdlﬁﬁ aﬁ@agﬂé;%fabﬂﬂctﬁlgt al yst
nore

catal yab CoBrERLo R GrrewbhER Rt briarry© NFAGPNET PTG Mot h to

“t he cat al ysdtalyse Erigpradesycan a@tiondlly resske th thamy o€ wdvalteges déstrdbed tﬁhﬁexﬂﬁgﬁﬂer at ed

catal yst a[OtOg(S] ]}\5 cqjit;lysq %geggrg tion pr%&gsr lal'élg?ulfi{lqgé E)pegeng a&v%‘rllt}()n cah SR e:r aLor.
process that efficiently removes at least a portion of the carbonaceous deposits from the coked
catalyst composition to form a regenerated catalyst composition having increased catalytic

15  activity over the coked catalyst composition. The catalyst can be regenerated in any number of
conventional methods, such as batch, continyous, semi-continuous, or a combination thereof.
Continuous catalyst regeneration is a preferred method. In an embodiment, the catalyst can be
regenerated such that the level of coke remaining on the catalyst can be from about 0.01 wit%
to about I5 wit%. In another embodiment, the level of coke remaining on the catalyst

20  composition can be from about 0.01 to about 5 wi%, based on the total weight of the
regenerated catalyst composition. In this particular embodiment, it is preferable that the
catalyst to be regenerated has a level of coke of at least about 6 wt%, preferably from about 6
wi% to about 13 wt%, for example form about 6.5 wt% to about 10 wt%, based on the weight

o

either of the molecular sieve only or of the formulated catalyst composition. Alternately,
25  especially but not restricted to circumstances when used in processes other than OTO[MTO
conversion, the catalyst to be regenerated can have a level of coke of at least about 2 wt%,
preferably from about 2 wt% to about 30 wt%, based on the weight either of the molecular
sieve only or of the formulated catalyst composition.
[0051] The catalyst regenerator of the present invention can include a regeneration zone and
30  a separation zone. In the regemeration zone, the spent catalyst can contact the regeneration
medium, preferably as a turbulent dense bed or phase, under conditions (e.g., at a temperature
and pressure) effective to at least partially regenerate the spent catalyst. Specifically, the
conditions are preferably effective to convert the spent catalyst and the regeneration medium to

regenerated catalyst and gaseous byproducts of the regeneration process. The regenerated
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react orl¥( grgetio ﬂCP1

[ 0053] The particular type of catalyst cooler inplenented in the present
invention may vary widely, and nay not be critical, provided that adequate
cooling of the catalyst can be attained. In an enbodi nent, the catal yst
cool er co i hel | and tube type heat exchanging deV|ce or a jacketed
pi pe heatnB&Eﬁéﬁﬁgwgevice I ncluded in the category of PSHEPIMEY3? ube type
heat 20 exchange devi ces are bayonet tube (tube-inside-tube) exchangers and
U-t ube exchangers. [0054] Desirably, catalyst regeneration can be carried
out after the spent catalyst has been stripped of nDst of the readily

renmovabl e or terjials ani c i nt e titial hydrocarbons, in
a stripper 1%"%,[ ‘F‘?YEE‘? %‘ﬂfyc?‘fa??% 19 %’%tgq r f%ﬁ Ryo¥a (éju%f%h‘?p Y B¥thassi ng
a stri ppi ngntnahckd wmalyet. agd/or anrsdcteld ppdengatipa Imedowe reart ket maeiaise adsalaystanat an

i t1 ogen, RO Ly fhesc B3Pl Bt B sifecE bt BEBHRODEE T OF PR o1 cor
A preferr edergmon @nst’ﬁampamhen pas cdndog piapted prassparate the enttajned @EBW frorlh thehe _

From aboat B g e MG R 4 RpkPhE Rk CALRL SR BeGRKS, 1 ©
stripping &% from about 250C to about 750C, and desirably from about 400C

to about 6@y A@%ﬁﬁh@%fﬂhﬂ:&t&lﬁ@k e%oi%ﬁzséﬂérﬁégeétfs% dcE@Th %br@géheénoﬂ& g
(about 34 kPag) to about bout 340 |cPag), m)rel@ptre er abl from

about 10 p&PY LalseREraEy Opiwa@ catnc?f Wb%alb‘éﬁ“@l f(@&bﬁw 216 Ry 700%nd nost

pref erablyakd, m aeb@wt e[aﬁdmhg oMbt d:éﬂ@ agdut 1792°8D O3caidd tlﬁ&bﬁnémﬂhﬁm 170
WagQ) . T e stri ‘%Hgt re is |ar de en&kﬂt upon t ressure in the

{48 g1 2 sepmeshcusy RS ER o) i OTG GABRRID: | VIO

*2009/ 09705%]&62%&1@&3&3@[%‘5&93@ ReaboROISOEY IagHeF, itk biéh eaksitablel ude one

or nore ca aI inl et recei nt catalyst froma re

reaction uffl Xlsa%"ﬁ ﬂé%e&rﬁegfgegvg?cg‘%@gﬁoﬁll%“f)er FerTaE b8gf1ée s ﬁ@baé:f‘cat al yst
cool er inl Eﬁtthe fe@ctoxcdmhmtmdngca:thgst amoléreaﬁﬁchpan be &dchtyd exagediyy mteadllgatral yst
fromthe r enbodi e spent
cat al yst cgﬁﬁg(g{h? trcéa%hgsE %Férﬁ%t&%%wm% ‘gvte hgiﬁp%ﬁ y C ere%eé‘em{t fagalﬁsm a tubul ar
menber JL5f r Biestbieen W!&dmﬁomthmwﬁmt@gmoat e vessel (e.g., a catalyst
stripper) fO@Sj]hQ'hE i ﬂ{ﬁ) of cafalyt eoo epf by ﬁ‘le egéﬁ ﬁl%n(aoﬁﬁltaﬁl/*gz 6rA

conduit can then d e coked catalyst to t ata yst regene
[ 0056] | n wiselanind aaprastbe criieal proyiiss et a wp@lm]sroéﬂleuc@tbw cgihirecattgingdr e

regenerat i Hrhnéﬁﬂﬂé‘dlﬁéntttﬂ@ca@ﬁyts%déﬁlr cdﬁlﬂﬁ&%rsﬂél%ndf%ﬁﬂé &&%&%&&ﬁﬁﬁ% &giccoked
catalyst into he reg eneration zone for 10 car bonaceous de renoval .

The trans p‘efraua%fﬁéiaﬁp? hespexchngs Firlqeném%@%mathf'pﬁﬁgatmoﬁﬁheafan% @ 8efis f or
evePI yz@lgI séx@hda%a d@@@ﬂdﬂ@oa&&%%b@@wl?éﬁ% ﬁwa) éxbﬁmF@QﬁﬂQ}[ @b @d&h@@&@d M one
prererre nen on or nore of the |ty 0 seco nas can
extend i nt@ﬁgﬁ F%’@é}lﬁ’e‘faﬁasbﬁg%ﬁﬁon Wéﬁﬁéﬁ%ﬁ%ﬂﬂ #i5igthe JeFnh A ¥/St &H'?Fe? espect
to the catsarhgpsdl olfegsnef aﬁeoreadng;nftmmlqoafgsmb higdtgR @rgahiad)ee.al litereidaendi nQ)
di stri but

St ant age iR it Ao S ot b B S 75 D5 A oy oo o

enbodi nentstngphlg m&dmnoregnw ﬁnm‘ingtgm qnleumlapﬁy caxhlysen(amdleeﬂdsteﬁ@eraﬂu&l ease the
spent t [ QR NE. e p&r ahLon, 200 t pesy tj,an above
theai S RO TENPIY bRl hflal WReh “BEOFRCbLAR, B0F, BhnihclET L6

pr ef er abl yhydogen snd mmttum therkedt |A/er@erxstér$sfempm@e TJ'J% gahéomb'gﬁ@mr\atw@n zone.

On a volu - [ 2 20

Vol 56t o anout Thar e HOFbAFRS JoRdiaS Bl of B2 b YlfATY RS Bl 2,20

t he regenabeitdrhrzisribout BQQQSHHonAFQ?UaIEI@tCHIPW@Wﬁl prestrrfpingiace fr@g@%’r%@‘i% n zone.

On a wei gh a‘B@zﬁ'ﬁO"d Qﬁd Q@éﬁ%ﬁ%;m%bcﬁﬂi abgtapl éﬁoﬁtogﬂé%s%cé @Hﬁ 45 wt %
to about 98 wt % glona rom about 85 wt % to about % sed on the
[4)

t ot al %ﬁe. FFRSSHFs arh Bom pbeitySssig (3beuh 84 kB rie rhaut SH Pﬁ‘ér@f’“‘[ @)@5@1&%@% ed

herein, | qR@éhu ﬁaﬂlabma0§)s1g>séb@mchgn@ag)no abélit B@ghg @am,oﬂ%o%pég) Caill @hiost O gr ade
25 (e.g means extend mgﬁln a direction araIIeI to

rtIC
gr ade (e @re %Q%rﬂbaw)m wgs@b% 142 kRagh &o abqyt 27 peis §phow Q) kEagky

object is sﬁ-ipplngcpfetssums mﬁgdw@apefmeﬁqtpoﬁ R tprdssurd) Bioth€ SactbrO(e @/, aflthe raalaﬁbnt he
distal end o e oinel S portion of the object that is furthest
8} L1y gle catalyst regenerator

b-

renoved f 8
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[ 0059] In sone enbodi nents, the regeneration zone al so preferably includes
one or nore 30 regeneration nmediuminlets for receiving a regeneration
medi um preferably air, nolecul ar oxygen, or a mxture thereof. The

regenerati i conduits can carry the regenerati op %9
regeneratiwec;)@zlarr&\;9 |9tur;:1§source, such as a pressurized regen %ﬁg ogﬂﬂs{;];é |um

contai nnent vessel in which the regeneration nediumis stored, to the one
or nore regeneration nediuminlets. In one enbodi nent, at |east one nozzle
i ntroduces the WD 2009/ 097058PCT/ 1352008/ 087033 regener ation nmediuminto

t he regener, b e regener at Am LS. .lnt roduced
into the CJ@S’;B”}'& eé‘?\%f’ g%y%{e%‘!t almtlhgltg P aBsut’ aE' fr{F abo {Tfmvsl%s $Mfandar d
cubic feet cetsmt)flt)hba wadte op mracted ubidb Ghy re@ﬂiratoosyaibmtmn 840 clgdeaomgar chorubi

meters ( scmggou%ﬁ AeTul '}&d%)ondﬁgﬁgg £ &f %maaaxlaﬁjbgig% %%Qd Eigg.@sl?oﬁ%n 40 scf/lb

coke burned (a 4to a scrn/ rne even nore
pr ef er abl y regseRtoro the cejalygh sepler35p Og%ﬁmhoém@@tk@e HeRtraElystapo b trangpoged @ about

21.9 scnl kg cﬁﬁi&@t shbﬁlf'@diﬂimt 7Y %b\ﬁ&%e@ﬁlﬁﬁlﬁbm i ?ea&@;k&%(iﬁ&ﬁlebﬁ%{e v‘es%el

comuni cated to the regenerator through transport conduit, a p| pe
or tubing. (e RSt HTITHED g 1o RRST B P 6 AT i poldh syt Benurit

vary, but pﬁﬁﬁ@{@l@éty}w@kddaggygth@meEmyslt@tga{eﬁ{orcross sectional area of the
regenerat i ?&, 38 thogq% in an alte glﬁe enbodi nent, it cqgﬁll d al so
be greater ! %]0 1 ey Jrenspps cRdwLpriferd teﬁ'f"rﬁlﬂ}?greg‘%ﬁ@}?&zﬁ‘fei eredi um
can be addeddalght rre@héxytot Rhd chil @eléaRg Qe Eékel ClatalyON thio fiiRt Rénctdiam zoie fire

t fro eactor to

t ranspqpt duit that.co muni-cat es 't the r
‘the regéner a?(lmgcr? O%So‘{qngosnlf%m(fvra at;[ﬁl y%a%sﬁ%’p?"&@'&ﬁ)é’?aﬂaﬁﬁﬁw i ey 8?55? ly a
“gas, conpr esleSomeriesly ulisnibutng ¢erspant cetlygrin akd nbgmmnolExmpIIesonefprafededant S
sui table i o) nel u necessarlly
i ed t ol oh SR b TR bl 3 s O i it he RbGiln PR
al one or dpteferadly Inngitadiniliyr wije nespact @Othe catalysqoag@ﬁmspr,aanldwaul@sssrmh@ a
regenerati i rC i i i e (eg ,
reduced oregﬁrglﬁgh%}fngg@quﬁgb y Q&Cjuceog?& t‘gﬂ%{i (r:}géﬁt{e%{ﬁ?&d&l en\?ég bl é.ln

M ni m 2& oYdatrEspysygbedtroduged e Fegenerien zanet 1 thinembadiment thelope er more

regener at o tthkl@rar;@foa&ex&{a A@LaR kI Qs DB SROCIBIRICBAPIRBH Gltd 6 ropeidrdiln 20
hydr ogen, m xtures  of hydrogen and carbon nonoxide, or other suitable

reduci ng g%?é‘%%taPOE‘BWP"elthe HELWIHSHEH ment, the catal yst cool er has an

entrance sfeaswWpiTREbulld 6f thdl@géﬁ@z%ﬁmtﬂﬂ&eﬁ%}e?ér%‘i} ocBirk ﬁlbthéiklaﬁfhbf &h& fagdeween the
regener at ‘El‘&and t he cata st C00 trance ?tan i pe.can preferably

be cyl i ndr ﬁgeﬁef?“&fhé‘*ﬂ& ha veline b?%ﬁf i e P PRl SPRTEPFIT heBhE t ant
di anmet 20 . vhiifeSo aoef 45 voitd, meferablg &orbod 20 vald Wbid 65 helss of M6 tegbitation f | ow
between t hz%né Based Sh 31 WYtard mee o?the regeneration zone. On a weight basis, the dense phase
preferably comprises from about 45 wt% to about 98 wt%, optionally from about 85 wt% to
about 95 wi%, based on the total weight of the catalyst in the regeneration zone,
[0038] As used herein, longitudinal means extending in a direction perpendicular to grade
25  (e.g., vertical), and lateral means extending in a direction paraliel to grade (e.g., horizontal).
Also as used herein, the proximal end of an object is the portion of the object that is nearest to
grade, and the distal end of the object is the portion of the object that is furthest removed from
grade.
{0059] In some embodiments, the regeneration zone also preferably includes one or more
30  regeneration medium inlets for receiving a regeneration medium, preferably air, molecular
oxygen, or a mixture thereof. The regeneration medium conduits can carry the regeneration
medium from a regeneration medium source, such as a pressurized regeneration medium
containment vessel in which the regeneration medium is stored, to the one or more

regeneration medium inlets. In one embodiment, at least one nozzle introduces the
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25cat al yst cooler. [0063] In one enbodi nent of the invention, the
regenerator has one or nore catal yst cooler inlets and one or nore catal yst
cooler outlets, with at |east one of the catal yst cooler outlets being

pr ef er abl y, bove at |east one of the catalyst (?Qk r s, while
still bei n‘gb\(/}\n&?ﬁ?ﬂsfhe catal yst bed of the regeneratorf; izoﬁ@{(@]ﬁos;e 2). In
anot her enbodi nent, at |east one of the 30 catalyst outlets is |ocated

above the catal yst bed of the regenerator, e.g., in the separation zone of

the regenerator (See Figure 3), also referred to herein as the "dilute
phase.” In the regenerator, .the |arger sol ich can b

; regeneratioy medium ot the r enerat%n ZOh iﬁ fgat}‘ltitﬁl ?S nergtion  medn ISe
proj ected albove tThe Hed by eruﬁ%l on of g%is IRIRES 'fhefgSuéaf'n t e tdat 3 yst bed
surface or inneilwhd odnthb eatgpst regeaeedorian a rdweofpboutSOne syt $0Ppitanddrd yutiiafebt ( back)
into the flukgi ' r \Y in a
more cven (R 688 g6 (LG DRSOt aRg T SRR AR IR, [
entrai ned 86t weferably #bgus t15¢ tot aboutiB0 5efdb cekepurned iabouifirt torabouty28100wsakgi pl egs)

or by nen- gikhgnB8 g Qpénqgor@?‘lreﬁl'aﬁﬁrtab&ﬁ bbd BAbd? 350 8 1/BRMIe BubHds (BN S2RY
relatively thor ough m xi ng of the catal yst. 100641 In yet another

enbodi nent to 2kput2b I sem/smeokepusfld cat al yst™ cool er outlets conducts catal yst 5

fromthe choa(b]y Fre GRS, The doRECcataBt ik BSRNGTiGIA o Ak rdefcHS RObgha thasport
per pendi cul ar, angle, .relative to the regenerator. o%l'g{es positionjng of the
at | east off8dBb “Bhe RiRk A Rite: ¢ b laPraberefsapdiondl @ropiof fredenipadicatd iy ng,

whi ch can V#adou Qrof@shihe s REY ik kil [@Rfal Ofdsdectivngledts abthe reghéhtisatzohQt spots
) and COllg Sﬁgltm?g'h, in an aiternate embodiment, it could also be greater.
| [0061] Preferably, the oxygen-containing regeneration medium can be added directly into the
regeneration zone, rather than in the transport conduit that communicates the coked catalyst
from the reactor to the regeneration zone. Desirably, the regeneration medium, preferably a
gas, comprises molecular oxygen or other oxidants. Examples of oxidants suitable in the
I5  regeneration medium can include, but are not necessarily limited to, Oz, Os, 8Os, Nz0, NO,
NO», N2Os, and mixtures thereof, Air, alone or diluted with nitrogen or CQ,, are particularly
desirable regeneration media. The oxygen concentration in air can be altered (e.g., reduced or
enriched, preferably reduced) to a controlled level, e.g., to minimize overheating of, or creating
hot spots in, the catalyst regenerator. The catalyst can also be regenerated reductively with
20  hydrogen, mixtures of hydrogen and carbon monoxide, or other suitable reducing gases.
[0062] In one embodiment, the catalyst cooler has an entrance standpipe. To increase the
catalyst circulation rate between the regenerator and the catalyst cooler, the entrance standpipe
{ _ can preferably be cylindrical in shape and can preferably be of substantially constant diameter.
This preferred arrangement can allow for less restricted flow between the regenerator and the
25  catalyst cooler.
[0063] In one embodiment of the invention, the regenerator has one or more catalyst cooler
inlets and one or more catalyst cooler outiets, with at least one of the catalyst cooler outlets
being preferably located above at least one of the catalyst cooler inlets, while still being within
the catalyst bed of the regenerator (see Figure 2). In another embodiment, at least one of the
30  catalyst outlets is located above the catalyst bed of the regenerator, e.g., in the separation zone
of the regenerator (See Figure 3), also referred to herein as the "dilute phase." In the
regenerator, the larger solid particles, which can be projected above the bed by eruption of gas
bubbles through the catalyst bed surface or which can be entrained in the gas stream, typically

fall (back) into the fluidized bed. This arrangement can advantageously result in a more even
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100651 I n one enbodi nent, the process further conprises the step of
conducting the cooled 10 catal yst through a conduit and a |ift air nozzle
before entering the regenerator, the lift air nozzle having a dianmeter so
as not be ' to block catalyst flowall by its |1 air
nozzl e didﬁéﬁgkggﬁg%referably sized to provi de about i%é?ﬂ#gﬂﬁfggég(about
3-6.1 msec) gas flowin the lift line, and there should preferably be
enough annul ar space around the nozzle for a catalyst flux of |ess than
about 100 | b/ft2sec (less than about 500 kg/ nRsec). In another 15

enbodi ment ,,.the.lif i1 .n0z i S of .t r.eqe . at al yst
et todiskbter s YbaBieuR, tap R NIShE BRD: bl WEISHELAALFR 2 10 o
measuri ng bheorentraingdtookT ciyelysidadimgt th éreded, [tbastusmg eclgvels ithosqugh outieg ofi nl et
and the cog&gagggding catal yst cooler outlet. In one enbodinent, the

catal yst AT can’be from above 0C to about 350C, for exanple from above 0C
to about 30W6H flp yehanetker embaiment. ablsest oo the catplystconisrapdrieconductssatabygut 20

150C. |13 apghhed caMROEHOIE Mo the RGekeRhiaY £ bubfntGf)) phfenticAM ABRULIEAG. 0 about
350C, for exanple fromabout 25C to about 300C, From about 50C to about

200C, fr omftgBesseeraion CThibPierns o5t at g vpapbilie catyt sodeautiety Ssititatesr £ r om
about 10C tQiz0k@ddg, WEekcanlii6d tede@ BRI SithidaQondfivadesidble dABGENRS Gfuts dnlle
process of the present invention can al so advantageously result in a
reducti on FHYEARE- catal yst hol d-up, thereby reducing the total anmount 25 of
cat al yst r @g63)r @l ohdeditodin®ys the Procas fitlet comspried AbeCdtepQofichRiuttingahd cvowhdi ch t he

cataly is expgsed. to deactivating conditions i.n the regenerat . As used
, %b atma¥s§§}ro%la dgoagmt ?%g 2 Ht ajt nozz her;lflgre Oernteléuég Eal‘llefggen%lajtgru &I‘% lgé

herein, " "c ahs the a #asur ed
in mass) wadzhke hadngsedismaer soks 1dibe shig pnerblock catalgs fev alrby itseift Thealifikir t he
reaction s [ oget h Typi.cal |y LS
reasur od, - SRR RRM Ry SATTE brol QORIP 020 W BT Boly ¢ 1R TS Rol

cat al yst cokibe lithdind, nngd the® siewdd prafesdblyshe dnolgli-anpuisrrspach @rqundythn@pzdeofor bed can

al ternat el W7V . i n bet ween
t he bottomyao Eﬁgﬁﬁgr?gsgtg%?%ﬁi gdnocrjqb{}ﬁg&d'itl#ﬁttﬂgﬁg ggess? g%/gfgéﬁag%\?&ed%ﬁe bed.
The catlal yapbogdianegh the |igal npggledndpwmatragatcs theirepsuprfiorsatalystanletp and cross

sectional pbGR PO dulbbSimehtHhE BFBRLE &irinboWphidds theGRb ;%g ﬁéasuh@gdméem &Y

(cal culable froman internal bed AP across a known | ength), can then be
used to caftheuee b leagh o ¢aRlvY cerlerdpigind the cpgespongmg catalyst cooler outlet.

20091 09705647 bhSARAS., A 100l £08Rbe omaBGRORATRI"C| 1 o 554 ol d- up
I N e re ner r on | ONS a rdi.n e nve | Qn_can e
doct oased Tva ) babpn ARt Hampabp EPAT ke ppd pRe GG, ok ghova AC i @bowt

pr ef er 2d| y158tC.| mambthdQ4sbodimeinathe datilgst Wiea bé Abnd abouln 00°C-tt @bdun 350°Cefgener at or

[l et Cand GANYS G BUBPLE SHTRL0 S h0s0% P GABTRaI CrbB B he

process f upbber 25980 Fronsabsut t5HE toseap 125°Cpaddiontabautp 01G/0lakdut h759€.0duct

( conpri si ng[f]@%@%?ﬁrﬁﬁﬁédn% 511110? zlrlj. %eﬁ elg,?{hia rrgc%%db’tc E’het (r)esg;?ikig\r']e?iti%? IC%OL@J in

“product .

sone” enbod I regerer a € regenerator
can pr oducdvartageaysiy yesult st aercdifctien ip uirarcatstys2@biaimo theteby rducingdholotal omaint y a

st eady,st i L 2eld : : ppnv
N i s e L e L R A R YR S S
can be 100Cdeactiyaigg conditiopeinght (epenerptor.CAs s kaitin, aratelyst ihpldtupe meangdher at or

flue gas CaRuRSS LM RREMy HeashRE T mas) Wil RERADF FRRGEpmdnt, FBmelfcfI€CESSArY
to pronote oxidation of carbon nonoxide to _carbon di oxi de under catal yst

r egener at i "Gk 8l dhe regrtion Sypiems FrapiPREnt quEmed deecthie i TyRicHEn dden gt der bur n.

U S Pat etbeadipdl icaaldt Ql_BidRiﬁb&d:d@@thﬂdey threa?&%&pﬂa@_%&ﬂé_ SiabBel &5k8 JodiRlzal S .
useful _in the re%g@t i nvention fog dDro ti n% %XI dat i orl{ o‘{? car pbon nonoxi de
to carifon TP cafplystigld up i ithegregsnpratoy 8¢d ¢an FEFMBFEY 6 Meadrdi Wi 5HEmielR %l ude
those des @&éshﬁddiff?e@x,(ﬁi))ﬂ;ebbmeﬁp tidetiogto oRl@ise. regondids ﬁﬂ&ﬁeaﬂidl_télplgﬁé)wék&if t he
entire contents .o C Ni ei ng.i ncor por,at e ei.n ref er ence.
Soch rer sk Bt TR Aoty Rubtn e v dERREa Fomtnet5E fobuny sl

iridium @sa)andthis, o cimbinatiorutie o caratyst bétedensity (caduthbedrva auaihiconakbddhdr eof . The

| it ' | 0.01
;ggﬁ . yi}) 0%%%}%”%%%\!51?@@&8 %{%f’n P lsed o;)cl:cl]m%t%% Gralylb ALYt ppmw 10

-16 -




20 wei ght) oxidation pronmoter, usually from about 0.01 ppnmw to about 50
ppmw or from about 0.01 ppnw to about 5 ppmw. [0071] In one enbodi nent,
regeneration pronoters, typically nmetal containing conpounds such as

pl ati num | and the like, are added to the regenerator directly, or
i ndi rectly&gzgﬂ%%«gﬁ) le with the coked catal yst corrposf T/gﬁzoos&sgoas in

anot her enbodi nent, a fresh nol ecul ar 25 sieve catal yst conposition can be
added to the regenerator contai ning a regeneration nmedi um of oxygen and
water, as described in U S. Patent No. 6,245,703, which is herein fully

| nvent  on d0eeY ergenbEe WAEar b o Sarra e HOAHEH 208 | ons.
30 [0073] HErthodrveetiin chn bé deméasaicbyf @rleasio20s, ahdré pGierablyen deast 25%, taﬂdlrmstat ure in
an Oy 9CNALASLE P L Do S KGRI (L AEBLLS P b, SEERSB conbBlufiRASL L 1O 2

feed conprising an 0OX a ca arount of a
mol ecul ar smelvextcruﬂtcatalmtngalﬁéwang/@ﬂy do ceplwreldﬁtand)rpnl)zmaowlﬂdmﬂetcondl tions

suffici ent ol efins,
Sd e ony PO AR der iUkl At REBUYS IneB LA b0 BT 1S
portion of Prodect attmnféﬁlgPOIYWZE@GWIEEQW@H@H“QS}QWWWOBQH padedtal |y coked

catal yst f jgpat hﬁs&ﬁ@&ﬁﬂo@iﬁteﬁtﬁ) %ﬁé}e&néﬁﬁﬁnﬁé ?Jga{erattﬁ\étmo&c&@ttéédy%mbed a
catal yst cooler, a catal ?/st cooler inlet, a catal yst cool er out
(>

catal yst bakerphsn gh20074gs lessy pndcoptionally p steady) séate CRIcaReepEAtigh in srogencgtarat al yst
cool er out higd g eF ai1b00( gpeiv. (7 &Pfakt® P&l hilliod by vBIbAERIradk. YPﬁfeEa%@eﬂﬁ Athban zone,

and optional | ef I separation zo tactin ortion
cof 5t HQ fan|'}é(al§‘§%ﬁ§5€?%- gqrr?afb a%&M‘@&?"&?%’t“’"i iy Ht"ﬁ%g%’?‘)éﬁ%” atsen aQQB
' oxygen- conpminnbngsst cpenRe ambmnem@l |1tum}abe ﬁ?ecéssdrﬁ tto peAPRI&iddtfie, oﬂh’adﬁﬁ

condi tions effeettlve to at1 ai"ﬁ] re eﬁrate thetat easgil
partial |y BSREHCIREEPSRTiox %teh‘ﬂl frd‘j 4] {?ﬁ%’te B PP BrorgF 9 fer st BPyst from
t he regeneineitiore tdfirafteryinnt h€.Sc Rbtadtyspplicooh d’mbilaahm Nbozmmlmmld;sslbsesool er to

forma Co%ﬁﬁlel%)erf&i gq[e%geg%@tn?!ﬁ% {ﬁhﬁ@ ez dind %xﬁ{l‘gy? f?a%’oﬁt I{&Sflﬁil‘{?o plhe

cat al yst cool er out . reg e era 6 con Teperature
i n t he 1§ egdipddamdile capglipst reganetpidoni conditianp eanamh}deghoeadeeq:ribstham i U.S| B |

Enbodi ment g 46?@66@5%5'9@?]6)8149@9%9?&%&’of@Qﬁ ofkhich Faﬁgfa]t%td dﬁé?é?:!. er

outlet is located such I's greater than nt 3. The
met hod of Rhipfeemee. h@cbm@wsmas be Ardwiorprameters fyeh @ Matym, pallgdipray isdgm, has a

regener at ofspfiieh, Hiddidnk) rtherddm, | B 8im, LHP cSRLRLEYS GRS qtle LdiRk SompRdoRt | east
two 15 catal yst coaler outlets, and wherein: (i) each inlet and outlet has

a center: T® §onfaifl 15 exsrple fiom hour 091 pruy fo 3hRpt WRMPEW @wifsRer SilPHbY he at

| east oo wagH LéxidafbLpromeni, @uallel @b RBovR 0101 Peraw (td hholt 30/SnSF oMBEL aWfut t he at
| east two cool er mk\et centers and the regenerator height formone or nore

inlet plarfb&PPEIN RS BIMrre of the at | east two cool er outlet centers
and the r qgemr il afe dadogdiltentd 2fémation prombteAPypicllit methl dhanes; cofmﬁﬁim(is/) at
{ l-east one of

‘nore out | 6P o iratltta"s1 atrpeliaéjtr}rl%l;at%glbgl %’Ia%l aﬁ@et%st% n??%flf TR, & m%lre"ﬂy’ f one o
example with the coked catalyst composition. Also, in another embodiment, a fresh molecular

25  sieve catalyst composition can be added to the regenerator containing a regeneration medium
of oxygen and water, as described in U.S. Patent No. 6,245,703, which is herein fully
incorporated by reference.
f0072} Additionally or alternately, the present invention can include one or more of the
following embodiments as follows.

30 [6073] Embodiment 1. A method for controlling regenerator temperature in an oxygenates-
to-olefins system, comprising the steps of: (a) contacting a feed comprising an oxygenate with
a catalytically effective amount of a molecular sieve-containing catalyst in a reaction zone
under conditions sufficient to convert said oxygenate to a product containing light olefins, and

thereby forming an at least partially coked catalyst; (b) conducting a portion of the at least
17 -
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[0076] Enbodi nent 4. The nethod of enbodinment 3, further conprising
recirculating catalyst fromthe catal yst cooler through the at | east two
cooler outlets into the regenerator, wherein the at |least two cooler inlets
are positi ﬁ" % rst positions along the regenerat _QE @ t he
comon i nl p% 3@%@4(H,), the at | east two cooler outlé‘f %9 Soﬁ%é?ti oned at
second 25 positions along the regenerator height at the conmon outl et

hei ght (Ho), and the at least two first positions are below the at |east

two second positions such that Ho is pref erably greater than [0077]

Enbodi nment D ntr in en r ture in

oxygenat esFE% ﬁ’ecigFfﬁj %Vg%{’?ﬂ tg%f? ek %?“% %éengfa Oﬁgavéq‘ga (“‘ﬁgya‘ bS?litaﬁ%yﬁg a feed
conpri si ngcenterox yaypdyr teplesiinlel, 3Catalyst abc&érymtlaai katalest b@:bheughe (B rhtalygt a

nmol ecul ar 9,6 y r nger Qgﬂ; i ons
sufficient gé ??3%82%1 trm’jd Oc)%ﬁ etngt%ogr{bgﬁeatt 1%%% &ﬁ? ?aélym né’rﬁ? taoI efins,
and therebyeger@raﬁmmgmamndtow@albtb%arefer@m eysewktem zongt @y@ﬂactuegy) pqmmmfctl ng a

porti onsof wlehe1edl phBAR! coRQ dalafid i tl%%feﬂer%% auy 8t o;Iyl’géHJEoBQﬁunrgE}gg%ér{&fbn zone to

a regenerator having a regenerator heig (HO, a cat a catal yst
bed hei ght mediymyat a Fst 1e@a§rﬁm{evwldéra<t0a1hy@rts eéfefall\féfo gt ﬁﬂa@tpgmalé)h@g@?rawéh%%t - 18 -
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a portion of the at |east parti al coked cataly in the regenerator W th
an oxygen- BEHEYL i %@lyﬁbﬁ’éﬁéfﬂé‘tﬁ% Fperf%félyﬁltrﬁoaler Y %’F”P §t°°f>1€‘1‘rﬁ‘é‘|““%.‘t Bf etalishder
condi ti onswhith QQﬁdn\(ﬂndlﬁte&EhrdL@HHie cRakyiticablenoutledRiicinntie ffierior loastol

partially coked cat and ondugt i n of the catalyst from
t he redéne@??g?mfeﬁ? é\ge'gﬁéor ‘?ﬂgef%[} Bpre %E’gagreﬁtepﬁ'ﬁ’h‘ 5 two catal yst cool er

inlets to toh'm]cmbgimbntczoorlﬁrmdthmdfaﬁrembahmﬂmIledhqmﬂnthecmtatyﬁt coaleadwlstis whi ch

is then copdy act eg]tw QN8 Of nore of the at |east two catal yst cooler
outlets bacﬁ % %enerfﬂof to control tenperature in the

regener at oi0975Ahéln$Dd1mel(t|3 dae meathvidedf mpdofob¢ Ipetviohs smbodireemtse whergini thet wo or
nore of t ten I i nlet
centers dg% F%%m%? nelte °‘%§ hﬁ%&)‘iﬁ? o Iém%? tngStactOOIF ﬁl%& %n%t gegég It‘gé i nlet
center $5 an@taﬂmbcml@g@nl@tsaqwmhh@mg HD each ifilgt and onidet bes wnfer |(1ri|two opmemes: (iv)

two or norge Gfiedst¥odhidt 84Rks %Wefa@%ﬁ twtlole? In)éf @é?ﬁé?sf &ﬁﬁé‘ﬂhﬁehﬁu)r pgeperat or
hei ght define one or nore outlet planes; and (V) | east one ‘of the one or

mor e i nl et™PF 8hW8 skt Bito qoplgsiplebiratepsrang e regsaergpr Wtefoaﬁpmeqr MIraiEs ar e
subst ant i glidags; TRY t6O B ABRIof e TRk FaReslEr®At: Gnterf RBd MRUHRFerabr RiEAOdI NENt

5, wherein the at least two cooler inlets are positioned at first POSItlonS
al ong t he JeEBRPREr AR pEleypiEnegtand (OatIrsH ophPkthe KRG gHRore st plages a“ﬂ% at | east
two com erleaawnbefﬁleaﬁea)rmaduuarpﬁdes&ke@B@ﬁﬂﬁilmtdplaﬁﬂs al ong t he regenerat or
hei ght at m utl et | east .two first. positions
are above [ﬁwg?agglp%‘@??m t"\/\oq-g"eg"ﬁh‘(?& ﬁ(gselmtbf’ :gciﬁ“}feﬁaf?mﬁlsuigsmﬁlf"é‘%f t han

H. . catalyst from the catalyst cooler through the at least two cooler outiets into the regenerator,

wherein the at least two cooler inlets are positioned at first positions along the regenerator
height at the common inlet height (H;), the at least two cooler outlets are positioned at second
25  positions along the regenerator height at the commeon outlet height (H,), and the at least two
first positions are below the at least two second positions such that H,, is preferably greater than
Hi.
[0077] Embodiment 5. A method for controiling regenerator temperature in an oxygenates-
to-olefins system, comprising the steps of: (a) contacting a feed comprising an oxygenate with
30  a catalytically effective amount of a melecular sieve-contamning catalyst in a reaction zone
under conditions sufficient to convert said oxygenate to a product containing light olefins, and
thereby forming an at least partially coked catalyst; (b} conducting a portion of the at least
partially coked catalyst from the reaction zone to a regenerator having a regenerator height

(Hy), a catalyst bed, a catalyst bed height (H,), at least two catalyst cooler inlets, and at least
.18 -




[ 0079] Enbodi nent 7. The nmethod of any of the previous enbodi ments, wherein
t he regenerator further conprises at |east one circulation inlet and
at | east one circulation outlet in 20fluid conmunication with the at | east

one circul at.i ' t to format |least one circulatio oes not
enconpass §53§@§P@§ cool er therewi thin. [0080] Enbodrﬁéﬁﬁ?%&%%}o thod for
controlling regenerator tenperature in an oxygenates- to-olefins system

conprising the steps of: (a) contacting a feed conprising an oxygenate with
a catalytically effective armunt of a rml ecul ar sieve-containing catalyst

t t t
oxygenate {80 S RPEeralT oHBRTE) ARRGErgoB bt HUSnt P SR iRy an a
| east part |r@h¢eyatwrok1eld ag akygdey-sontaifiby repemedation inmgiven prox tfirso nengferapng waitlerl east
tiall
oSN S o R B SOPE R, CHRRLRLRA ) "0 2,
cat al yst cG@ldecrtmg ﬁlp@mon@ﬁ@e@atglamf@m o oizeteratartthrough cae of marstof divest diastc ul at i on
inlet, gndyaf i §£oo%?%l&%({o%g awlﬁnc&}é} koeform G SdallP Mtdf%r?ﬁp‘%&ﬂ gn 30 of

the at least partiall cata}/ In the regenerator w
oxygen- conhsh ﬁﬁmgct@de@wéb ang gringre gl tenahleass twq pasalyst egpls oatlaty back ipte phe

condi ti ons rdabdeRedr ity SonkrBl t@ﬁlpérﬁﬁ‘@ in ﬁi@ "régbliblrzitéf WRSSRE[iRtaeh iR afd ciliBARE a
partially coked cataly conducti ng portion of the catalyst fromthe

r egener at of ¥R EUFR of ﬁ@reé’é&‘%W?ﬁt e QP C?“Fﬂfseaﬁd ths ot kst PepreapleipletlSBF®sr t o
forrnI a COOHﬁTile ROhd; l(llgptwag)r ﬁlﬁfe&iﬁhstat Iheam“@)rtomsr 1hl|aﬁjant61@ﬁﬁhlﬁé RerlchfRYHgEtt he
cataly ol er outlet c 0o the re

5000103905 BB BTG (B0 frd GimreRta s} fpoleh SebisaBAa BF, and

"(e) conductegengrati heiglasiefive qmardr nore aftlet plenesahd (Yt lehst@me bhthe bagenasat or
through the, | eas ulation in en co ducted not
through t he g%fma&f ys at c?,ggsgfme Of?hﬁtonfﬂ r&ﬂ“ﬁ%‘“&f i 5ub§tf'mtgﬁ Uiati on outl et
back into [6®8]r Egbpdmettdr .Thi GRSdA oEmdwdmrcam véherefhithe atéeabtodomolamylet@f t he

pr evi ous eﬁ@g&&tﬁ%ﬁé’ﬁrs‘f‘@&ﬁtﬁh a1§%%he51% %%%?Ee:%ﬁ’gl Cu fli@ke h%%ﬂf@lﬁa@ catal yst

|ntothereg nerator at a su ntiafly perpen angl €, ve to
t he red&nestatagirtwo cad@dnteter pehitinaerd atBecond hesitivns Horg tbtf regenpratof heiplg app evi ous

embodi Ment GmAehd ﬂelgﬁwﬁq%@{w%ﬁe&s@mo%tP@s%noapar@%av@ﬁﬁqt S4PRRMRERGRs Whi ch

is cylindrical in shape and of substantially constant dianmeter. 10 100831
Enbodi nent Positionspueh tht Hnisgreaer thaHof t he previ ous enbodi ments, further

conpri si ng[om? $1BfiMEnt CONGUE tieNDd tdFQng AJr ahe/ Blevibhy aﬁmm@enaoaﬂweﬁl @od a lift

air nozzle before_entering the regenerat.or,
regenerator further comprises at least one circulation inlet and at least one circulation outlet in

20  fluid communication with the at least one circulation inlet to form at least one circulation loop
that does not encompass 2 catalyst cooler therewithin.
[0080] Embodiment 8. A method for controlling regenerator temperature in an oxygenates-
to-olefins system, comprising the steps of: (a) contacting a feed comprising an oxygenate with
a catalytically effective amount of a molecuiar sieve-containing catalyst in a reaction zone

25  under conditions sufficient to convert said oxygenate to a product containing light olefins, and
thereby forming an at least partially coked catalyst; (b) conducting a portion of the at least
partially coked catalyst from the reaction zone to a regenerator having a regenerator height
(H.), a catalyst bed, a catalyst bed height (H.), one catalyst cooler inlet, one catalyst cooler
outlet, at least one circulation inlet, and at least one circulation outlet; (¢) contacting a portion

30 of the at least partially coked catalyst in the regenerator with an oxygen-containing
regeneration medium at a first temperature, under conditions effective to at Ieast partially
regenerate the at least partially coked catalyst; (d) conducting a portion of the catalyst from the
regenerator through the catalyst cooler inlet to the catalyst cooler to form a cooled portion of
catalyst, which is then conducted through the catalyst cooler outlet back into the regenerator to

-19 -




100841 Enbodi nent 12. The nmet hod of enbodi nent 11, wherein the lift air
nozzle is downstream of the catalyst return line inlet. 15 10085]

Enbodi ment 13. The nethod of any of the previous enbodi nents, further
conpri si NGy of neasuring a catal yst AT, which ture at
t he cat al yqugog)lt)@fgsl nlet mnus a tenperature at the ckéﬁs@m%

outlet, and wherein the catalyst AT is about 0C to about 350C [0086]
Enbodi ment 14. A nethod of mmki ng an ol efin product from an oxygenate- 20
containing feed conprising performng the method accordi ng to any of the
previous e r e nducti ng
o cast o ot (Bt the bl ST ch e bIEeeP) S el SR

reacti on zdhearegeaeratol Byouils e at lieqtsg ongrrircgpion anetl Wbﬂclpmrthqhwpn@cim eotphroehct

cont ai ni ng ld @q@fyst%a&abmmhaptﬁgé 1%99&1%13&0&&1@&%@911 ggenémkﬂ ng a

pol yol efin product conprising contacting the 2 n product

produced ad®i8tliFmpodisnenh8. nhhehsethesk O%hﬂj’o@lﬁ he rreviops emb?¢1@ﬂa$, whegdiothg wi t h
one or gor %atﬁl?slt)éﬂﬁéﬂ AR SnERIECRRNES Hio ¥k rréfge@e&lawrrut A s«ass@ernnanynpeuﬁ}ﬁdlaﬁﬁsence of
a catal yst, bot h, under condi tions sufficient to forma polyolefin
product . SGHWI‘_’EQ PREFPPE-1 [ 0088] The regenerator and catal yst cool er
system ut i [0088d Hubotiitiesit €XaMRS encthsd %hamﬁ o'f theFir@lse elnbddifhesle SeHetdAe theas

fol | ows. Proquct fr m t he OTO reactor %ﬂl ﬁ'zﬁ’f’d’i“écrl bed herei nabove
(Cypi oai 1y CHAGY ppples i A enignes seniging edienor fOMOHGL in WehBriaie o ol
cat al yst 3bonseantghmeten t he reactor/regener at or system for exarrpl e less than
20 wt % h Wt % ener at or
{vessel l? 1 Of@?#‘,r %mgbﬁélmeﬁ Pr%e [aellﬁe}%ﬁodm% gnyv%fglse é)|rev P m/gcﬂﬁlen%s ﬁlﬁher compnsx%

2009/ 097058@@5}5 I 82008 8i£2Blys oipeghrd cogduir abldd ltﬁf aiiiozle htfateyesterifdthy and an
oxygen- con}al regeneration nediuminlet (16). At |east a portion of the
at | east pa t| ally regenerated catal yst then enters a first conduit (22)
means for B88HudmbadimkmO 2 ailbd ywsthod rof wmbertimens dénahereiorthy é§s@t n¢zEB)ist o t he

catal yst C@Rhfkeald?ineComl gl dndinkat al yst cool er nedium such as
stean wat er, V\/rﬁac er?t er at]:"lvclalfé{a1 cool 5 (through line 32) and exits

rel ati Vel y0Rgsit @@beﬁlmﬁdéhmq Tagthod Af ¢ anyrcﬁ ths pecyions eigpodiments ey eamprisiag ng
t hrough t h@e 6@} o nicaburzgQlc@blyét 4) wmup@rataﬁﬁe%ré agnhéﬁawfysﬁdobﬂﬁm}éaﬂﬁ%sé%) the

catal yst, preferably assjsted in di zat.i onﬁ%/ di zation medi um
such as aj FmBfrte ﬁﬁecﬁta Bt GORker ?lﬁ'@f %Bwh%rﬁ%ﬁhe abyEsA T frpbgutdBE g @b ndui t
nmeans (24)3soer. conducting cooled MO cat al yst fromthe catal yst cooler (20)
}g atS'[] € ar gg@pfb{])ﬁ %%oﬁr?lgnstef (:lkoznethox of Cn?'alkl g I 1 proadt 3l f\{'grg atl?le(()jxy gh%?el Al

20  containing feed comprising performing the method according to any of the previous

embodiments, and further comprising the steps of: (1) conducting at least a portion of the
catalyst from the regenerator back to the reaction zone; and (2) isolating and optionally
\ purifying the product containing light olefins.
[0087] Embodiment 15. A method of making a polyolefin product comprising contacting the
25  light olefin product produced according to the method of embodiment 14, optionally along
with one or more polymerizable comonomers, with an initiator, in the presence of a catalyst, or

both, under conditions sufficient to form a polyolefin product,

EXAMPLES

Example 1
[0088] The regenerator and catalyst cooler system utilized in this example is shown in Figure

30

1 and described as follows. Product from the OTO reactor (not shown), as described

hereinabove (typically a slip stream, e.g., representing less than 25 wt% of the total catalyst

35  weight in the reactor/regenerator system, for cxample less than 20 wt%, less than 15 wt%, or

not more than 10 wt%), enters the regenerator vessel (10) through a line (12), the vessel (10)
-20-




10 of the regenerated and/or cooled catalyst in the catalyst bed (14) is
then sent back to the OTO reactor (e.g., through line 18). Cooler vent |ine
(30) optionally allows for venting of volatile conponents, such as gases,
fromthe oler (20) to the regenerator (10), I o the
dilute ph;‘gé%w'%% t?regenerator (15) above the catal ysfé%@%z%%i %3;

Exanple 2 [0089] In this particular exanple, the regenerator and cat al yst
cool er systemwould be simlar to that of Exanple 1, with the exception

that the follow ng changes were made (see Figure 2): a. the internal
catal yst col l.ect| 0 I bow caoll ectivel cat al yst
cooter i ni Spuiiabh 2ot 8Piror bl 38 er sp Syl Ronsfhe KEeverton aBup e Sobed

wal | conne€ltedAt Easdt h@om:m af bjas bt lm‘dpa(*tmy ;regbnera:tdmle:aiab'stahemtetsfa finreconduital yst

return 11 ek fidins 3Bt GRS okl Ssof (181084 o 1&%9 Lng near
t he bottom e regener &t or catﬁ e tf rt t he

cat al yst bé%ﬂ)) quammahéatalyﬁ copler mﬁbunarsgﬂeasoﬁteapﬁeatﬂeg@nlepm@r@relmcmlcyﬁt i nl et
entrance (aﬂaougqﬁae@hﬁﬁdehﬁ@aﬁ@e rh@ﬂédZ(t_’iﬁ‘é ghﬁaéu)a@mmg@ﬂg%a&fya%w rizontal

(typically as nmuch as approxi na vertical 'rect1on counter to
r egener at ofrqued fe °9‘61Y§f;‘}ﬁ?16‘><(?%t13109 agteAtion ohi dide vplpoGo), thercralstreferblzat i ons

bet ween t hgssfsR@eNMidb-aion 8Pd MHiRtAlMShe&@R) 8h éya&t&rﬁwge@fﬁmhﬁ 2%) %ﬂ of
Exanpl e 2 can additionally. or alternately.include one or pore o

fol | owi ng: S8 2nd igeqnd candyid mmerns {43 for; qopduietingoospled MTG gatelystirom %Fatéﬁﬁl er (20)
can have aculth 81000 thatekdheLn $és861(100]l (ITRALIG o thabekdigsi b&d (1@ IAtfletastalprortm@zzl e

“Gatal ydd T o B e bS5 e Sy e BTl RS bidiOte) . vo
~2009/ 097 058RGEH (52 008D 8O BD. Exalapieat e (30) optionally allows for venting of volatile

components, such as gases, from the catalyst cooler (20) to the regenerator (10), typically to

the dilute phase of the regenerator (15) above the catalyst bed (14).

15  Example 2
[0089] In this particular example, the regenerator and catalyst cooler system would be similar

to that of Example I, with the exception that the following changes were made (see Figure 2):

a. the internal catalyst collection cone, line, and elbow (collectively 36) on the
catalyst cooler inlet (22) were removed in favor of an opening in the catalyst

20 bed wall connected to the catalyst bed (14);

b. the location of the catalyst return line (24) from the catalyst cooler (20} was
changed from being near the bottom of the regenerator catalyst bed (14) to near
the top of the catalyst bed (14}; and

c. the angle of the regenerator catalyst inlet entrance (24) was also changed from

25 at least about 45° past the horizontal (typically as much as approximately
vertical, in the direction counter to regenerator flow) to approximately
horizontal.

[0090] Other modifications between the regenerator and catalyst cooler system of Example 1

and of Example 2 can additionally or alternately include one or more of the following:

30 d. the catalyst cooler inlet (22) for the catalyst cooler (20) can have a substantially
constant diameter; and/or
e. a lift air nozzle (not shown) having a relatively smaller diameter can be used in

the catalyst return line (24) and/or in the fluidization supply line (28).

-21 -




[0091] In this particular exanple, the regenerator and catal yst cooler
systemare simlar to that of Exanple 2, with the exception that the
catal yst cooler return line (24) is noved so that the catal yst re-enters

t he regen tzg@g’é?j’g% in the location of the dilute pha??’f/‘l&%%ﬁsé‘%z‘}g?i de of

the 5 catalyst 14), as shown in Figure 3. Optiona al yst
cooler return line (24) introduces the cooled catalyst into the dilute
phase (15) of the regenerator (10) in an approximately vertical orientation
in the direction of the regenerator flow, also optionally, this concurrent
fl ow of co tal yst can be di srupted by one or nore baffles (e.g., such
as 38) di %"g’g‘ﬂﬁ%tm n the dilute phase (15) of the regenerator (10). 10
Exanpl es 4{91] 0logk} pEsicwiqyleasmple, 8ha wpmeston tnd ¢uhyseerolealsystem are similar to

regenerato rtl‘a? @fﬁlaﬁﬁﬁfe ZCQQIL Bk eg&ptfldngc tﬁ{e cgtgﬁ'st(g)olglj T 1§1@ éﬁﬁ is I‘B(ﬁl%ﬁ) g&ﬁl!l vely,

with Fig. 5a and Fig bei ng orlente
confi gurat |ﬂ(§r9atajy§tﬁe—p1§grpéﬁtreae@prqt@rél a@ﬁxpmtm@éﬂmumn Dhﬂss(léh@twqfétes I n

one enbadi gRAYst HeMQSH, QSSSh@,Qﬂf.h i B ONGprhankX ﬁa@maﬁ@sﬂco%lé %}m}H ehnU S(gﬂl t hough

tandemw th one or. nore of the systens describ

the repres&fdroits saoledi olyst it ghes il Hhasy (&)o%fsthgéégqﬂ%fﬁf@f éWd ipeAnat i ve
ori ent at i OBgproximitél® virtice Briditatibin B (RAAREsoni of tHe Seddh@E&T RIV; 815 BfonQEhRr NOT €
(rmore preferabl st or c@) of the circ %‘fa geonetries are of fset from
one or nor 80”(3?%%‘5 P &f &0 5’3 b Sn By lér“PtS"y onerfE moge bafflese-&r SUGBBHEDr i es out
of the pl adBpméd wikhén apitite phase (35)@ffhe rdgethtdricy). 4 for the configuration in
Fig. 540 Nevertheless, the relative orientations of one or nore of the

cinlets andEmamplesd8in Figs. 5a-5e may alternately (but |ess preferably) be
‘subst ant i al0092]c Fsrmples4-§rapresent th centlabiggengtator/éatelyshpnsier cgrdigadiionBatEigs.on sone

conput ati ogake, rlegﬁwwa%mm G (& Rla Figmy @ga&% 4)66&& %‘ d@aamEL%ﬁ@

i ndi cat ed suEerlor ‘al'yst cooling results, as conp
conf i gur at FURSUTHIONI Wit TEWES) (e Gpielysd seckryaiets ausbiuets.i hfl @le embedimen, theseal yst

cool er 19ut ¢dtigurktiéhi B ExarRAGeAs @ bb@sddAP SideM | Al GRSor HIRBIES sRtefhs | N
whi ch the gatal st _cooler inlets are offset fromthe catal yst cool er

outl ets i ntSHEeHMFRAmpestIvh  AdBaeh the, repsesgistions i8 Fres. farpe shop ady cioss-set  at
appr oxi mat &ktjon®@)d re&h@a/\ad:nﬁﬁm rm Qj’e ;ﬁaﬁf&: R Y tpaped Ok | ﬁsﬁﬁeﬁ:ﬁslu lta$ oneASt :ﬁ&émar ed
wththecnflgr% 1 9 ﬁﬁ |nwh|chth§ %@ st cool inlets
are of f set M ¥R r‘%y & gt c‘fﬁc‘él?r FOMERES HhSEret T e ?rget in 30
t he pl ane méfeﬂabig npaipe all) diderpdteguiss g”e’a’metb&ﬂﬁﬂﬂ)f tE(Iﬂmloeﬂle%ﬁeZ ak sipasent

st _cool er confi ations

of Fi g8 o0 8l g dobfloh rip SR R ol B Rt RO arBTpO A (o
4) 35bei ngh@ml@mlauouthtsansﬁlgm Babe mmfailtguactaw(hn lpsis tpneferetsipeind subetaritially cat al yst
cool er inl c%f)lﬁna?%hiﬁlﬂ{el p%?, of the paper.
[0093] Based on some computational fluid dynamics (CFD) simulations, each of Examples
4-8 indicated superior catalyst cooling results, as compared with configurations having only
25  one catalyst cooler inlet and one catalyst cooler outlet. Further, based on the CFD simulations,
Examples 5-8, in which the catalyst cooler inlets are offset from the catalyst cooler outlets in
the piane of the paper (in Examples 5-7, this offset is set at approximately 90°), showed
superior catalyst cooling results, as compared with the configuration of Example 4, in which
the catalyst cooler inlets are offset in the plane perpendicular to the paper but are not offset in
30  the plane of the paper.
Examples 9-12
[0094] Examples 9-12 represent modifications of the central regenerator/catalyst cooler
configurations of Figs. 5a, 5a, 5b, and 5d, respectively, with Fig. 5a and Fig. 4 (Example 4)
35  being oriented in a similar configuration with respect to the catalyst cooler inlets and outlets.

In one embodiment, these configurations of Exampies 9-12 can be used in tandem with one or
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I n one enbodi nent, these configurations of Exanples 9-12 can be used in
tandemw th one or WD 20091097058PClI M52008/ 087033 nore of the systens
described in Exanples 1-3. In each of Figs. 5a, 5b, and 5d, one of the
catal yst c i ts and one of the catal yst cooler be
substitute vﬁ%@%@g”r?g circulation inlet and one circul a %Eztoogw%@s
respectively (i.e., only one catal yst cooling |oop, involving one cool er
inlet and one cooler outlet, remains). Exanples 11 and 12 correspond 5
with the substitution nodifications to Figs. 5b and 5d, respectively, since
it does not i l.er - nlet d.outlet_.ar bstituted wth the
circul ati or%ndl;[%%)%e@é g\g%mgl@?ﬁ%gl%dil?\]af{ﬁn&g%s ]Iaéiﬂggl. C%&%\T}%Sr' sa%‘éa%‘%ﬁté" @ecogr eesponds
t o t he nodichirlystt gooler afletfiond ola ofvher @talyisie capdan | cwtlets whrebe anivitiotet |veith pmst

proxi mal t Qa6H Hilieha bR lferihy! (8T oRPLRe bdifse 8oRPid3p! T 9N )
are substi t_gt ed Wi tﬁ t%e_ cflrcgu}“gﬁﬁglﬁ’lkegﬁttl a#n@ bat?e% l:ar e}ssf)gtcgzotlggﬂlggf, and
Exanpl e 10 ¥ohingsqse sedertigletimdtone copiriopiletaremains) o Exmngjes Haandtdreerreshendc ool er
inlet and QuhlRd sdb@Bson RERMHCRIs IOFBAGH afd BE resh QAVAPRARE it Qosd AR Shangne | ef t
and one ri ght}1 are substituted with the circulation inlet and outl et

respect i velpichpgergnletand quley pre sehstipied wask diorcareyleion inlet apd gilet mahosgBigs.and 5d
show onl %/ go%&r,?@@ﬁ]' l@@c;oﬁf@?)oﬁcﬁ'tattﬂevlﬁod?ﬁda?éﬂ @ftﬁig.rﬁf&}&ret dlﬁe c?&%&ﬂﬁlefindt hel N
paper, it is preferable that one or re (nore_ prefer y nost or a

of the ci r8\’,1tfegrm°§‘e6rﬁ’é‘f“r'ﬂi ¥s® }P@H'B’f ?oéle'ggis%err? ?16"“@?’ tf?ﬂ‘rgg(?fotf"éh pEY} 8Fabl y
most or al kybseitlited héth tiRCdiraulgHivh dfiletgR0 Wedet, reéspedditiély, abhd ERemidd ameorbponlietopaper ,
as sho in Fig..4.for..the confiqurati.on in Fj.g. 5a. Neverthel ess, the
relating oftedbadificrion ot Bje o §hGE o eripiet d ouiistdoolt Dol o PST OB (oB: . 5a,
5b, and 5dopmmyiteadidesr onatleft ynd et righ@sge pubstiteted olit )thdeircalatiet miet iaad bytlegopl anar

within the %‘%3{3%1 of the paper. 20[0096] Wiile the present invention has

been descrl nd illustrated by reference to particular enbodi nents,

t hose of olPFHarAlthawgh|the fepresdntationstin iids| SaaFpr andiSdtsbow lvaly drdwe-séctivrsraniion | ends
itself to waglatd [ i rei Xaaml e,

addi ti onal %é%lg%é#egﬁg?ng?etggﬁ%%}zﬁe %ly eé’ilt}%/g'%%ga? %ﬁ%&?ﬁ coghg%es tlyeogﬁs ca% i ncl ude
one or lfror Bogonal) ofpheccingnlan seamettiessare pifseb b wag plomore Aeerie toraferalily fpogror

al ternat el ¥y drtimeVebthngdRr BRBIEERE 84S RYpIARCr e Qéfbgl, Retbwhan Bl Ul fod Acthe art
that, while this nethod s disclosed with specific reference to OTQ Mo

reaction sSPeHSHEIORIFIgeRL gertheless e reletivsateratont ofione enaure of Beinkgend cabl e to
any processtldsiingiga sk sH, dndRUmiCARRRIBL Bt 1ER rprdf&ﬂﬂ&ﬁ%%%s&ﬁtiﬂlzt&blmk havi ng
formed theregaon/therein an appropriately high | evel of coke. For these
reasons, t‘ﬁ‘gﬂ?thFB ?@ﬁt"é’a%%oul d be nmade to the appended clains for purposes
of det 20 m 0096 Wisie phe pesdnt \IBremtiapitas eert [eschbedSmat illudnaR0tbyofefererce- Ab MS What

:))S(ygleﬁ‘larggga%%plgﬁ' gﬁ@erﬁt%?th%ger ofC 0?'(%%1’)9 lsfdll r}g tﬂeegtegfﬁlr %E)I%Eiageetﬁg% %caltn%n%oﬂ n an

lends itself to variations not necessarily illustrated herein. For example, additionally

. conternplated molecular sieve catalyst compositions can include one or more other molecular
sieves in combination. Additionally or alternately, it will be appreciated by one of ordinary

25 skill in the art that, while this method is disclosed with specific reference to OTO/MTO

reaction systems and methods, the disclosure herein should be applicable to any process using

a fluid bed regenerator for regenerating catalyst having formed thereon/therein an

appropriately high level of coke. For these reasons, then, reference should be made to the

appended claims for purposes of determining the protective scope of the present invention.
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system conprising the steps of: (a) contacting a feed conprising an
oxygenate with a catalytically effective anmount of a nol ecul ar
sieve-containing catalyst in a reaction zone under conditions sufficient to
convert said oxygenate to a product containing |ight olefins, and thereby
form ng agrdIvisast partially coked catal yst; (b) conducting a
portion of the at least partially coked catalyst fromthe reaction zone to
a regenerator having a catal yst bed, a catal yst cooler, a catalyst cooler
inlet, a Bdatisclaimedaber outlet, a catal yst bed height (Ho), an catal yst
cooler inlet height (H), and a catal yst cooler outlet height (HO);

(c) cont att i ngAampibed ifencantrolling mgeresator tepwpetatureliy ap ekygenatasetbyodefinisn t he
regeneratortvvi th an ox eq-cor}; ai ni ng regeneration nmediumat a first

t enper at uPE Ry SPGB AP T8 ef f ect i ve to at | east partially regenerate

the at |east pgatdodtabtingakfes eahplidag anaiXggenate withtd caaRdbally BfediveOr tion
of the catalyst fromthe regenerator through the catalyst cooler inlet to

t he cat al 3Beuntsd|acmolesulpp pigvercensainig ¢atalyston aoteadfipnatopstundgheanditionst hen
duct ed_ fhr. . al ok . ' h f
conuct echiHBHD coifer A oS8R 3 el Ehe BB ORI Ghd MO 2SS ©

greater tfoaminklah at Zeadhmrtiglyhadtedtatalysf; m 1, wherein the regenerator
conprises a regeneration zone and _ a sefzration, zone. 3. The nethod of claim

1, wherein t hel(b} Ronfycting . gogion, of the af deash partially senked t9alystidrom Yeeat er
th Ho. i . 1 t
an lﬁa&g)? z{agg Et?g%'e%%n&'h@i' Fﬂn;'mg %gtfigrsf‘l?%ﬂ:'ﬁ cﬁtﬁ%ﬁgfogl%r?{ ca§stobfgener at or

hei ght ( catalyst~co ets, "a east two catal yst
cool er ounlettascataipd cabler eutiet, 4 catalgstdied iheight (Hy)damoestdlpdt chaler mlatdright; (i)

two or no of . the at | east out | centers and the at | east two cool er
1104 e fnd g Aeiaat cpafer qutied hefegt ()
(c) contacting a portion of the at least partially coked catalyst in the

regenerator with an oxygen-containing regeneration medium at a first temperature,
under conditions effective to at least partially regenerate the at least partially coked
catalyst; and

(d) conducting a portion of the catalyst from the regenerator through the
catalyst cooler inlet to the catalyst cooler to form a cooled portion of catalyst, which is
then conducted through the catalyst cooler outlet back into the dilute phase of the
regenerator to control temperature in the regenerator,

wherein H, is greater than H;.

2. The method of claim 1, wherein the regenerator comprises a regeneration zone

and a separation zone.

3. The method of claim 1, wherein the catalyst cooler outlet is located such that
H, is greater than H..
4, The method of claim 1, wherein the regenerator has a regenerator height (H,),

at least two catalyst cooler inlets, and at least two catalyst cooler outlets, and wherein:
(i) each inlet and outlet has a center;
(ii) two or more of the at least two outlet centers and the at least two cooler
=24 -




(iii) two or nore of the at | east two cooler inlet centers and the

regenerator height formone or nore inlet planes; (iv) two or nore of
the at | east two cooler outlet centers and the regenerator hei ght define
one or nore outlet planes; and (v) at |east one of the one or nore

i nl et pl aRRS caneksWefih®afihe;one of the one or nore outlet planes are
substantially not coplanar. 5. The nethod of claim4, wherein the at |east

two cool er i nl@ikstver er pwse of drecdf lgast ftwesqoolesdnlet eenters land ghe regenergtoner at or
hei ght at n.inl hej ght (HO, the at |east two cooler outlets are
positionel%??%q?%%%mprgéﬁetllgjgﬁ@agésong t he regenerator height at a conmon
outl et hei ght @¥jojwo @nlofdef thk ak Gaast toVBodlér Giitlep Géritrs QRA the fegeherd@rt he at
| east two second positions such that Ho is greater than H. 6. The nethod
of cl ai mheighidehng ona eranoregutlel pianss; #dk t her conprises at | east one

circulation i Wt%%%tg% e GRS bnOBF okl filldr P1AmA aBIHtr# fdast Shel dth€ one or

comruni cati on e at | east one circulation et to form at Ioeast one

ci r cul at imorelontpt fillasis ackoadbsnaotialgnowrpplasara cat al yst cool er therewithin. 7.
The nethod of claim 1, wherein the regenerator further conprises at |east
one circulation inlet and at | east one circulation outlet in fluid

conmmuni cgf i on Tﬁetﬂi'e_lthﬁt? ofblalB ASWhERE fhie'af Wadt twd oot &iets Ard ﬁﬁsﬁﬂ(ﬁ{ed lhpast one
circulation loop that does not enconpass a catal yst cooler therewithin. 8.
The net hdustgfositions mlohg thieegeneraton beight atl 3 sommoo linlet heightdHi)c thecat deast cat al yst

SRR L0k B R e R it A
the rege . . X ol er has
an entr aRgAmsdrof R m?ghwgiicg,haﬂcﬁthewt &uaf tveRfirst PosiioReard Mo theurséaant i al |y

constant dianmeter. he nethod of claim1, further conprising the step
of condudwpsecond@ositions such thatdbugbregtec8wadlit and a 1ift air nozzle before
entering the regenerator. - 25 -

6. The method of claim 4, wherein the regenerator further comprises at least one
circulation inlet and at least one circulation outlet in fluid communication with the at
least one circulation inlet to form at least one circulation loop that does not encompass

a catalyst cooler therewithin.

7. The method of claim 1, wherein the regenerator further comprises at least one
circulation inlet and at least one circulation outlet in fluid communication with the at
least one circulation inlet to form at least one circulation loop that does not encompass

a catalyst cooler therewithin.

8. The method of claim 1, wherein the catalyst cooler outlet conducts catalyst

into the regenerator at a substantially perpendicular angle, relative to the regenerator.

9. The method of claim 1, wherein the catalyst cooler has an entrance standpipe,

which is cylindrical in shape and of substantially constant diameter.

10.  The method of claim 1, further comprising the step of conducting the catalyst
through a conduit and a lift air nozzle before entering the regenerator.
-25-
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11. The nethod of claim 10, wherein the lift air nozzle is downstream of the
catalyst return line inlet. 12. The nethod of claim1, further conprising

the step of nmeasuring a catal yst AT, which is a tenperature at the catal yst
cooler inlet mnus a tenperature at the catal yst cooler outlet, and wherein

the catalyst Afhd mefoaust BiGint O 0akuHeteid MEIif Air AoBlehie Hodinstredeh g @6 ol ef i n

product from an oxygenate-contai ning feed conprising performng the nethod
accor di ngeafadysé refpmm e ipl§t f urt her conprising the steps of: (e)
conducting at |east a portion of the catalyst fromthe regenerator back to
t he reaction zone; and (f) isolating and optionally purifying the
product ciant ai Thengethiod hif cddigf | Nfurthdd cdnpising theoftepaif imighsarimo b \oatadfst n
product conprjsjng contacting the light olefin product produced according

to the methowhish it pglempersture s ithe, sptalysteemler iBletHmine actempsratug it yher i zabl e
COMDNONETc3ral ik E&bl%ﬂﬂ@%%@%&e‘ fhelcBBIRE @??{gﬁu‘?b@t&éﬁoﬁk Sgtg;c or both,

under condi t1 ons lent to forma-polyo n product. . A nethod for
controlling regenerator tenperature in an oxygenates-to-ol efins system
conpri si t he, steps, of.: .. ( contacting a feed conprisi.n n

wybenat i ¢ H L] craking g0 ei4fsE PIRYBCL B SR A GBS food

Sl eve- CO%%HH&@ peffo lthé thethd bt #PBgink 198Rd Eﬁ-ﬂﬁk%ﬁi}ﬁsiﬁgftﬁé cient to
convert sai d oxygenate to a product containing [ight olefins, and thereby
form ng atepapfl| east partially coked catal yst; (b) conducting a

portion of the .at l.east rtially.cok g}ﬁ:a I fromthe reacti.on zone to
Bt egener at or arHicire SgkstARdHoRar e Aiddyst Hom 1 repdferh @R 5okt ol y o
bed hei ghfie feli@tionddontamdt two catal yst cooler inlets, and at |east two
catal yst cool er outlets; (c) contacting a portion of the at |east

partial |y cokéb isodatingand optondlly pusiddns tha edygt cantainingdjghe elefivat ai ni ng

regeneration nediumat a first tenperature, under conditions effective to

at least partially regenerate the at |east partially coked catal yst; and
14. A method of making a polyolefin product comprising contacting the light

olefin product produced according to the method of claim 13, optionally along with
one or more polymerizable comonomers, with an initiator, in the presence of a

catalyst, or both, under conditions sufficient to form a polyolefin product.

15. A method for controlling regenerator temperature in an oxygenates-to-oclefins
system, comprising the steps of:

(a) contacting a feed comprising an oxygenate with a catalytically effective
amount of a molecular sieve-containing catalyst in a reaction zone under conditions
sufficient to convert said oxygenate to a product containing light olefins, and thereby
forming an at least partially coked catalyst;

(b) conducting a portion of the at least partially coked catalyst from the

reaction zone to a regenerator having a regenerator height (H;), a catalyst bed, a
catalyst bed height (H.), at least two catalyst cooler inlets, and at least two catalyst
cooler outlets;

(c) contacting a portion of the at least partially coked catalyst in the i
regenerator with an oxygen-containing regeneration medium at a first temperature, |
under conditions effective to at least partially regenerate the at least partially coked
catalyst; and
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(d) conducting a portion of the catalyst fromthe regenerator through one
or nore of the at least two catalyst cooler inlets to the catal yst cool er
to forma cooled portion of catalyst, which is then conducted through one
or nore of the at |east two catal yst cooler outlets back into the

regenerator 1 qdy@Bhditink AREAAS UF thel dIR HEHUC HARLaRP trblifh 67E 8L YS!

hol d-up in the regenera configuratio according to the i on is
decr easednprg oftthe etileast 3Goccataiysticenert anletsdo dlag citalypst cooler taiforimna acaledjenat or

configuration wth.a single external catalyst cool er haying only one cool er
i nl et ancpo%?‘b\é\%ﬁag"]é’go]wg&ho‘ﬁt% @r\%ﬁgp@iﬂ?{p@h one oy P’Preeﬁgweiaﬁl?"é"ﬁy% out | et

has a cendagllyst cooler (dutdets! BEKOintHOthe &geﬂe?ﬁoﬁtto | Rakbl teipRititeLln GOt €rs and
the at least two cooler inlet centers define a line; (ri1) two or

nmore of trRgengratoreandithe gatalysidiodd-up in the regeneratar canfigurationsageordingttorthdrei ght

form one . I e. i nes, (1yv) 1t or .nor e .of at .|l east two
cooler ou e&%{éelﬁt@%cgéag%d%y hét’ }eéaateag%at%'?npﬁr\éﬁg tth(?efﬁ?ilémohgﬁb?p re outl et
pl anes; aegkmator confighratibn lveitksi siﬁ?]e eferbdl @afARt Bdolefhaving bty ol eddler and at
| east one of the one or nore outlet planes are substantially not copl anar.

16. The raehad oy enegaplersutigherein the at | east two cooler inlets are

posi tioned at Jidrst. positions along the regenerator height at a common
inlet height ( e; the at |least two cooler outlets are positioned at second
posi tions al ol ehdleintet gmd eutlet has heémgdrt at a comon outl et height (Ho). 17.
The net hod of ¢l aim 16, wherein_the regenerat or furé}her conprises at |east

one circul ati &% ¥R & mopgioLthe) at least fyyo, optlet centers AW et dast tva eonler

conmuni CatibQianithd definQ Iffe; | €ast one circulation inlet to format |east one
circulation | oop that does not enconpass a catal yst cool er therew thin.

18. The net hodiipftweloimeref thirat hast twovecoodereinket @butersfandt the regenpatorses at

| east ong i%{fm ation i nll%ﬁ a&% at | east one circulation outlet in fluid
comuni c3PEBHOHPORE PRBOLG L RANCY ne circul ation inlet to format |east one

circulation | goptw(!pair 08 Sf Y atGBHO RS THoler 6| cksiersCAR BE rEhakANLt hi n.
19. A net hod of making an ol efin product from an oxygenate-contai ning feed

conpr i si hejehicdefige enegr mhee quslehpldnesc et di ng to claim 15, and further

conprising thg.s X conductd ng at, | east a tion of the
catal yst fr onﬁ) haé%r)a%tg(g%ee?%qlgro nt’g%?‘cer ﬁtepl?lé%cﬁdo"’rﬁ%fmg?e gﬁ eoneor )
i sol at i ngiognélitlepplabedrt YulistintibNy A6 dopRnkf. oduct contai ning |ight ol efins.

16.  The method of claim 15, wherein the at least two cooler inlets are positioned
at first positions along the regenerator height at a common inlet height (H;), the at
least two cooler outlets are positioned at second positions along the regenerator height

at a common outlet height (H,).

17.  The method of claim 16, wherein the regenerator further comprises at least
one circulation inlet and at least one circulation outlet in fluid communication with
the at least one circulation inlet to form at least one circulation loop that does not

encompass a catalyst cooler therewithin,

18.  The method of claim 15, wherein the regenerator further comprises at least
one circulation inlet and at least one circulation outlet in fluid communication with
the at least one circulation inlet to form at least one circulation loop that does not
encompass a catalyst cooler therewithin.
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20. A met hod of making a pol yol efin product conprising contacting the |ight
ol efin product produced according to the nethod of claim19, optionally
along with one or nore pol ynerizabl e conmononers, with an initiator, in the
presence of a catalyst, or both, under conditions sufficient to forma

pol yol ef i1, pr oflusitthod of making an olefin product from an oxygenate-containing feed
comprising performing the method according to claim 15, and further comprising the

steps of:
(g) conducting at least a portion of the catalyst from the regenerator back to

the reaction zone; and

(h) isolating and optionally purifying the product containing light olefins.

20. A method of making a polyolefin product comprising contacting the light
olefin product produced according to the method of claim 19, optionally along with
one or more polymerizable comonomers, with an initiator, in the presence of a

catalyst, or both, under conditions sufficient to form a polyolefin product.
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