| OXYGENATE CONVERS|I ON REACTOR CATALYST: COOLERS BACKGROUND OF THE

| NVENTI ON [ 0001) This invention relates to a nmethod and apparatus for
cooling catalyst in a reactor used in an oxygenate to olefin

conversi on process. 5DESCRI PTI ON OF THE PRI OR ART [0002] Li ght ol efins
have traditionally been produced through the process of steam or
catal ytic cracking. Because of the limted availability and high cost
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of met hanol , anol,. and .hi | cohol r their . .derivatives,.
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and non-zeolitic catalysts, particularly silicoaluminophosphates (SAPO), are known to

promote the conversion of oxygenates to hydrocarbon mixtures in a reactor.

15 [0004}  When a catalyst is exposed to oxygenates, such as methanol, to promote the
reaction to olefins, carbonaceous material (coke) is generated and deposited on the catalyst,
Accumulation of coke deposits interferes with the catalyst’s ability to promote the reaction
and results in a spent catalyst, As the amount of coke deposit increases, the catalyst loses

C activity and less of the feedstock is converted to the desired olefin product. The step of

20 regeneration removes the coke from the catalyst by combustion with oxygen, restoring the
catalytic activity of the catalyst. The regenerated catalyst may then be exposed again to
oxygenates to promote the conversion to olefins,

[0005]  The process of converting oxygenates to light olefins is exothermic. Excess heat
from the exothermic reaction can disrupt the conditions necessary for optimal conversion in

25  thereactor by raising the temperature too high. Controlling the temperature within the reactor
is needed to optimally convert oxygenates to light olefins and minimize the ﬁroduction of by-
products, The reactor temperature can be controlled by steadily removing heat from the
reactor during the conversion process, One method of removing heat from the reactor may be

accomplished by cooling the catalyst used in the conversion reaction.



25the reactor by raising the tenperature too high. Controlling the
tenperature within the reactor is needed to optinmally convert
oxygenates to light olefins and m nimze the production of by-
products. The reactor tenperature can b% controlled by steadily
removi ng heat fromthe reactor during the conversion process. One
met hod of renoving heat fromthe reactor may be acconpli shed by

cool i ng the mabe ysCaﬁE@@obErédﬂ@tyPRﬁNﬁﬁs%&?& ok§gnhte @Bnverston regenerators. Without
[ 0006] Cat al yst _cool ers_are typically used for oxygenate conversion
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[ 0008] Thi s i 1¢0@prineanvsesings @b axygepresde dightsfefsnver t i ng oxygenates to
light olefins in 10which an oxygenate feedstream contacts catal yst

and converts to light ol efins w hq@ge@plgw ﬁﬁ%@@bﬁ yst. A first
portion of the catalyst is regenerated and a second portion of the
catal yst is cooled wthout being regenerated. Both the regenerated
catal yst and{00f# co&hisinvention pravides anracess efsanvesting0xyssaates fulight olefins in
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Coal or 1 n° Pis3Beled B A8 reRheriit Fou B kea S REb et g B sneitheatetysy
the catal yst fieterd Rhtact ah cxpgenatpoddai e, Laoms dpdct, Y debetid pRktichAS Bhe/catalysbmay
returned to contact the oxygenate, feedstream w thout undergoing

r egener at i onPoFo0leddn p ALY FsO0IsY Phindirect hegh exchange. Mrpcfurtherasech  hegtigychange

D 1 AR BARRLA B Lo OBy SRLETG A g o o e

cont acti ng t éasalyst cooler. In one embodiment, a fluidizing medium may be introduced into the catalyst
cooler. In an embodiment, another portion of catalyst is refurned to contact the oxygenate
feedstream without undergoing regeneration or cooling.
{0009]  In one aspect of the invention, the process includes charging a lower region of a

20 reactor with catalyst, introducing the oxygenates into the lower region and contacting the
catalyst, converting the oxygenates into light olefins while spending the catalyst, transporting
the light olefins and spent catalyst into an upper region of the reactor, separating the spent
catalyst from the light olefins, splitting the spent catalyst into a first portion and a second
portion, regenerating the first portion in a regenerator and returning the first portion to the

25  lower reactor region, cooling a second portion in a catalyst cooler having a bottom,
withdrawing the second portion from the bottom of the catalyst cooler and returning the
second portion to the lower reactor region. In an embodiment, another portion of catalyst is
returned to contact the oxygenate feedstream without undergoing regeneration or cooling,
[0010]  In a further aspect of the invention, a catalyst cooler has a vessel having a bottom

30  and a catalyst inlet, a plurality of cooling tubes located within the vessel, a fluidizing gas
distributor located below the cooling tubes, and a catalyst outlet located at the bottom of the



catal yst,” converting the oxygenates into |ight ol efins while spending
the catal yst, transporting the light ol efins and spent catalyst into
an upper region of the reactor, separating the spent catal yst from

the light olefins, splitting the spent ?atalyst into a first portion
and a second portion, regenerating the first portion in a regenerator
and returning the first portion to the 25|l ower reactor region,
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t he bottom of the catal yst , r p he cat al yst
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are s{uspende&wféom bo¥e t he catalyst inlet. BRI EF DESCRI PTI ON OF THE
DRAW NGS 201813} Fi §=s i§ an eplargedvigy alp wethanakin Ylefinsteagtor catalyst ppoler as seen in

reaction reagfof and regenerator. (0013]Fig. 2 is an enlarged view of
a nethanol to olefin reactor catalyst cooler as seen in Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0014]  Light oxygenates comprising methanol, ethanol, dimethylether, diethylether, or
25 mixtures thereof, may be changed to light olefins such as ethylene or propylene in the
presence of silicoaluminophosphate (SAPO) catalyst in an exothermic reaction. Methanol and
dimethylether are particularly preferred oxygenate feed stocks. The light oxygenates are
introduced to the catalyst via a fluidized feedstream, which is preferably vaporized but may
be liquid. The product or products obtained from the conversion process will depend on the
30  feedstream, catalyst and conditions employed. Preferably products are hydrocarbons in the



DETAI LED "‘DESCRI PTI ON OF THE | NVENTI ON [ 0014] Li ght oxygenat es
conprising nmethanol, ethanol, dinethylether, diethylether, or

26m xtures thereof, may be changed to light ol efins such as ethyl ene
or propylene in the presence of silicoal uym nophosphate (SAPO
catalyst in an exotherm c reaction. Methanol and di nethyl ether are
particularly preferred oxygenate feed stocks. The |ight oxygenates
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preferably vaporized but nmay be |iquid. The product or products
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may be beneficial. When methanol is the primary component in the feedstream, the higher

alcohols in the feedstream may comprise between 200 and 2000 ppmw and more typically

25  between 500 and 1500 ppmw. Additionally, when methanol is the primary component in the
feedstream, dimethyl ether in the feedstream may comprise between 10 and 60 ppmw and
more typically between 20 and 50 ppmw. X
[00171  During the conversion of oxygenates to light olefins, a carbonaceous material, i.e.,
coke, is deposited on the catalyst, The coke deposit material has the effect of reducing the

30  pumber of active sites on the catalyst which thereby affects the extent of the conversion.
Thus, during the fluidized bed conversion process, a portion of the coked catalyst is

withdrawn from the reactor and regenerated in a regenerator to remove at least a portion of



25bet ween 500 and 1500 pprw. Additionally, when nethanol is the
primary conponent in the feedstream dinethyl ether in the feedstream
may conprise between 10 and 60 ppnw and nore typically between 20 and
50 ppnmw. [0017] During the conversion of oxygenates to | i ght ol efins,
a carbonaceous material, i.e., coke, is deposited on the catalyst.
The coke deposit material has the effect of reducing the 30nunber of
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feedstream. Moreover, if the catalyst cannot be directly cooled, the reaction can overheat

25  because the reaction is exothermic. If the reaction overheats, apparatus parts of the reaction
system can be damaged,
[6020]  As depicted in Fig. 1, the present invention employs a fast-fluidized bed reactor
vessel 10 which comprises an upper disengaging chamber 50 and a lower reaction chamber
15. Lower reaction chamber 15 comprises a dense phase zone 20. Dense phase zone 20

30 operates within a superficial velocity range at typically between about 0.5 and 1.5 meters per
second. Superficial velocity is the velocity of the gas as it flows through the vessel,

determined by dividing the volumetric flow rate of the gas by the cross-sectional area of the



25because the reaction is exothermic. If the reaction overheats,
apparatus parts of the reaction system can be damaged. [0020)As
depicted in Fig. 1, the present invention enploys a fast-fluidized
bed reactor vessel 10 which conprises an, upper di sengagi ng chanber 50
and a |l ower reaction chanber 15. Lower reaction chanber 15 conprises
a dense phase zone 20. Dense phase zone 20 30operates within a
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Meters per SegGeth chhMBisReSRR (rdhd WiskRinoM B iynleld 48 teeddtodk(i§ EGAcKA with a
conditions is introduced into the |ower reaction chanber 15 via line
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of the oxygenate feedstock with respect to conversion to C2 and C3
ol efi ns. The olefins The sl epryession tfeyablyfat leass |90 mal-%6.anere p@derably at least
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catalyst sites into the transition zone 30. The gaseous reaction products and unreacted
feedstock lift the spent catalyst to the transition zone 30 at the bottom of a riser 40 section
and into the disengaging chamber 50. As the reaction product and the catalyst mixture move
upwardly through the lower reaction chamber into a riser section 40, the cross-sectional area

20 of the flow path through the fast-fluidized bed reactor 10 is reduced from the cross-sectional
area of the dense phase zone 20 by a cone section 35 1o the cross-sectional area of the riser
section 40. Riser section 40 discharges the reaction product stream and catalyst mixture
through a separation zone consisting of distributor arms 45. Distributor arms 45 discharge the
reaction product stream and catalyst mixture to the bottom of disengaging chamber 50. The

25  disengaged catalyst mixture falls to the bottom of disengaging chamber 50 by gravitational
force. The pressure in upper disengaging chamber is about 50 kPa (gauge) to 350 kPa (gauge)
and preferably between 50 kPa gauge and 300 kPa (gauge), which is 1-10 kPa lower than in
the lower reaction chamber 15. The catalyst that remains in the reaction product stream
continues upwardly to phase separators such as cyclones. Cyclones 60 separate catalyst from

30  product vapors. Product vapors are conveyed via conduits 70 to plenum chamber 75 and then
to product recovery. Catalyst separated in cyclones 60 drop through dip legs 65 into the

bottom of disengaging chamber 50. Valves at the bottom of cyclones 60 prevent backflow of



catal yst sites into the transition zone 30. The gaseous reaction
products and unreacted feedstock Iift the spent catalyst to the
transition zone 30 at the bottomof a riser 40 section and into the
di sengagi ng chanber 50. As the reaction product and the catal yst

m xture nove upwardly through the | ower reaction chanber into a riser
section 40, the cross-sectional area 20of the flow path through the

f ast - f :c ui ﬂ | Z estalpgtdip digpleg065. Acbzdéﬁmbﬂ ﬁdh&@%tfcﬁﬁl%ﬁsbﬂk%m%ﬁmtdfdn&igagmg
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directed i nt Qoglerc EhlystdoolePROREan 226 in SRS BERAIAO 64 the Bmbiintlof prodnerdesired.

catalyst in the bottom of the di sengagi ng chanber 50 is directed into

regener at or Toerably iegliamderalicatalysirooknisrivern b8 b %} my Gatalysinepling tubes
deposi t syar e 266 HYsdhkd if Ezﬂﬂgﬁlﬂgol la%g E?J?ﬂleccgtgfl)@trﬁefd% ﬁtri'etiln'ug to denss phase

50xygen-cont al ni ng gas. Regenerated catal yst particles ma e coo
by a back- m %one2feReawulation flitle|vatya 260l ceutrotsitee dnunbolf cafalystbpimgptransierred to

100. The re [ t artigle [ urned to reagtor 1

Ehr ough: cond drge Phid SRR Bt pRebding huilh 220 Slodh Wepdeoly G nfhoviPo excess
(rj epresents t ﬂ\ﬁat fijroth i% ggta.lgit camed by _&ateallamerhﬁé feaétiaﬁs ﬁlomtmaﬁrcxﬁ@ﬁ of oxygenates

i sengagi ng ¢ e e recirculated to the | ower reaction_,
chanber 15t i BBY RlsfBe FEritrab: s s OAmicehS0etd 290 CouBinbes 54 omiad insatalyst
shown i nodri g codler D ah8 ke HBRrdbA BtW&h 78084 860 3fing fib&y 220! Hed i§tg€\%£r18'l

the catal yst transferred from upper di sengagi ng chanber SO to |

dense phase zomeved@ronythe patalyst to producetstdamnswhichoesinde usade)scvbersrin thecompliex.
Cat al fyst cool | D | flo I LyYpe ler, .
L2t oo AP BBy NE e B byl Sl S e
product desi reaglystioolee2@bfrym theeresbitardtaag thefebe adridofsthe RAPeRturé & reactor 10.
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phase 25  through catalyst inlet 201 located at the bottom of the disengaging chamber 50 and
underneath an upper cooler portion 205 containing inlet nozzles 230 and 241, Catalyst enters
catalyst cooler 200 wherein catalyst contacts catalyst cooling tubes 220 containing boiler feed
water acting as heat exchange fluid. Catalyst drifts downwardly through catalyst cooler 200
into funnel 250 which directs catalyst through recirculation slide valve 260 into conduit 270

30  forreturn to dense phase zone 20, Catalyst travels downwardly through catalyst cooler 200 as

soon as it enters through inlet 201. There are no stagnant zones between inlet 201 and conduit



zone 20. Recirculation slide valve 260 controls the anount of

catal yst being transferred to dense phase zone 20. The use of cooling
tubes 220 allows the recovery and renoval of excess heat fromthe
catal yst caused by the exotherm c reacfyions fromthe conversion of
oxygenates to light olefins. Preferably there are between 50 and 250
cool ing tubes 220 | ocated in catal yst 20cool er 200 and nore

pref erabl y 2@einWageh caeal e Can@fle CAR katAgstitht? %ﬁter%_%gﬁlyﬁec%%le} & r&tﬁﬁic& & detise

renoved fromthe catalyst to produce”steam which ' can be use
el sewher e phase penecfmfb thedowageactorshamberil § efiteagtptol). val ve 260 control s
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200 fromthe actor co erature
react or 10walléil)2datiathal the tetabshells bfteavtor 10randcablaraiQ agi of ghecsamwingatalitegy

and enters_catal yst cpol.er 200 25t hrou catalyst inlet 201 |10 e
1t he ot PO Bal e BRUEH BRI RaREaHosD ob R SRS PIS B Bt e
cool er por gheld ma§ e GAeH Wit b Bshl RirefRiF) HaicB 3corbiderdd LoolddbBddrst
enters catal yst cool er 200 wherein catal yst contacts cat%st cool i ng

tubes 220 édhttignaliynpartsoif theredcias d 0 wpd eqoles@0P avg paefenablained with Ay abrasien d.
Cat al yst drd WI f%hq% ' f

250 whi ch Ei%sgssaa%% ‘gﬁca ‘a ysstﬁelHWHr oug Ogg%ﬂ%aﬁ%{%éﬂﬁoﬁgg ‘%/era}fl@g Ogglgﬁliers] o]
conduit 276tedof or return to dense phase zone 20. Catal yst travels
downway dl y r.ough cat t ol.er.200 as soon.as it ters.thro
oot 1P o BRSBb e BRIRE 506 vBleraBR Rets 3B eanbir e e
S £70 i n webmbmplated intRidirgaratéatitt ditided toaBed (NSBoilinpaoif BF Bl iR Baflast
cooler is returned to dense phase zone 20 of the | ower reactor

chanber 15 fesd wages entgss inlot mamitoid2 33 thegughs eooding mediupomzzig ¢3Get or near the top of
"hot - wal | ed; t 1 - Led.

the notal SHaDREBBEFI00L SO dibodlinend el k|81 s Wil oo BB upb Head

met al | ur gy 23%pf doolet 2@(haridraneppértehel shedt 280, Redfemblyatalyist acvbling tubes/220dnayve an

in an odi n 0 or both, of the sh e J]ined with, a

oo ol oo R up 81 B or e lop hE fosler 300 DeER bR Sty Colthé Hib&b20 are

T e e e v e TR RN I
200 and t naty et_g“@%a@fst &Wliﬁgylbsﬁ%%sweggﬁm sugpendeddfam an pprso ibeshpet 240.
enbodi nent 1n|BQbof BhertORY 21§ MMRALEEommiHicatd WY inlef BaifAll 28 £ oi @9@@

fluid are contenplated including water wth additives to affect the
boi | i ng poientering inden manifold @31 Baliteeted devenlinnerttabe 2dtof ceolinglteies 32 Boderfeed

231 thgpoug ' i nezzl e 2 at ,or.. near. the t of al yst
cool or 2800 o Ul A RHEHEh B AR Tl Rhe B 525 bE Raliited 1 B bl
an upper hde vate tieh revepdes dirédfion andifl@ws wpRfér thheDd 6 Wed suddbhds inner tube
Pref er abl yzﬁﬁﬁ#yst cool i ng tubes 220 have an 15inl et and an outl et

at or near Spialyst oBBFE AN oker sutkaes efonT jubes 2 1 qf satalysigopling fubesa0.

220 are The diameter of inner tubes 215 is preferably between 1.9 and 5.1 cm and more preferably
between 2.5 and 4 cm. The diameter of outer tubes 216 is preferably between 3.8 and 8.9 cm
25  and more preferably between 5 and 7 ¢cm.
{0027}  Heat from the catalyst is indirectly exchanged with boiler feed water in outer
tubes 216. The indirect heat exchange raises the temperature of the boiler feed water in outer
tubes 216 and converts at least a portion of it to steam. This contact with outer tubes 216
lowers the temperature of the catalyst being transported to lower dense phase zone 20, The

30  beated boiler feed water and steam from outer tubes 216 are directed out of outlets of outer
tubes 216 and into outlet manifold 240 defined between upper tube sheet 210, a lower tube
sheet 212 and a cylindrical upper shell 242, Outer tubes 216 are secured to and suspend from



bayonet -styl e tubes which each conprise an inner tube 215 and an
outer tube 220. Inner tubes 215 of catal yst cooling tubes 220 are
secured to and suspended from an upper tubesheet 210. Inlets of inner
tubes 215 fluidly comunicate with inletgmanifold 231. Boiler feed
water entering inlet manifold 231 is directed down inner tube 215 of
cooling tubes 220. Boiler feed 20 water travels down | ength of inner

t ube 215 andlcwver tube sheet Zit2s Oaflets nhHi@nerttelize 21 @flGidly Comnhmicherwifteedletvaidfold

| nner tube 2180 FRiemeaReitol b ek i pen e it S dph g seeate
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preferably between 1.9 and 5.1 cm and nore preferabl %égetween .5 and
4 cm The di seRledsatabyst hep Eﬂvetliﬂﬂé’ﬁl catalyst coolr aP@anskhagk ineanter ﬁwugh\@ndmt

8.9 cm 25andofpre preferably between 5 and 7 cm 100271Heat fromthe
catalyst is indirectly exchanged with boiler feed water in outer
t ubes 216. TIERH2Bhdi idizag igaeis@alsadiectedhipyesdly hecatabyspevoddr(20@ by flistdbetor 245
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mani f ol dj240 ¢4 fygt@s@lefbmb%%ﬂgﬂl&wstwaem he&im &%&e ee P becaliRGt WHEE!

212 and a cylindrical upper Shell”242. Quter tu 16 ‘are secured to
and &uspend’ censikensegut prodrims geﬂ#eeTthﬂ@v ra@uofithet Buidizing gaeis suﬂﬁb@atl)?mgh to

fluidl ' d | ui d
i £ of - 240 i MGl Bhe (ABRSL 31 pindleak i ifl el Shoter 209,
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feed |iquid are, separat d The ooIe catal yst .then travel s dgwn
catal yst cool&¥ f@@’nﬁ Igientpshiesn B gatalystandithe @Qi;)l@g tubes 220.
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200 by distributor 245 with nozzl'es 246. Preferably distributor
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fluidizing ggs$ I 0. 200. An inert gas such as
ni trogen, steaﬁwg@fﬂk carg%)n gas 'S used to fluidize the

catal yst par {8029ks éfpperruon@r pértiat 205, sthichooinprised Aflett thardfobi 0 3d aind oyiddt manifold
e pr ot “gBORISBYe Pl LR STRURT ot SRR 5t ind L e
sufficiepdly i dhom@f oR&I9SIRLbIEN2G0 HayHosier dawlyseéetdxhgf ot Eé:&' of Bitube R6:t. No

fluidizing gas used in catalyst cooler 200 inproves t heat transfer

bet ween cat alcHtabstall setepn a leﬁlﬁlé@é “Q@@lﬁyc@éﬁﬁ 89%?%@66@1# bftosrridhe gatatyst
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Upper tube sheet 210 is bolted between a flange at the lower end of head 231of cooler 200
and an upper flange at an upper end of the upper cylindrical shell 242. Lower tube sheet 212
is welded to the Jower end of cylindrical shell 242 and bolted to a flange at an upper end of a
lower shell 244 that defines the lower portion of cooler 200. The lower tube sheet preferably

30 hasalayer of insulative refractory adhered to the lower surface thereof to keep the upper

cooler portion 205 cooler than the rest of the catalyst cooler 200. Grates 235 extend
horizontally in the catalyst cooler 200 to stiffen the bundle of cooling tubes 220 vertically



240, is located near the top of catal yst cooler 200. Locating the
mani f ol ds 231 and 240 near 20the bottom of catal yst cool er 200 may
foster catalyst settling on parts of a tube sheet. No catalyst wll
settle on a tube sheet in catal yst cool er 200 because the bottom of
the catal yst cooler is defined by funndl 250. Gravitational force
pull s catal yst particles downward through catal yst cooler 200, and

funnel 250 algdeld ik @eﬁél&éttc@&@r meﬁi‘a% 285 biefille obplﬁné‘sq&%hgl?ﬁhﬁﬂ\é&&ﬂ‘g tubes

downwardly out of cooler 20 stag@ant area in cooler 20
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conponent E‘f?";”! e Tobefitdof B frdSent ARG Rn SR SRR R0 Mo BRC RN
suscept i bl ¢tep gengratingy The produrtian ef isvaliychigh pivésute steahetanrhemdraakel B3he heat
and ougl et 4 ol er 5 |l ocate
o R0t RN B0l o B Bhbonkl RS ocitny SO0\ 200, Moty pep RS ieieplis
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likely. [0032] The benefits of the present I nvention ar ocess
economi cs &pgtrglep ﬂ!@\ﬂe@ybybesmsamegmaoms|emtherimeaqdrreamm*tm@an m?erhwu Halling

caral Y2t ¢ Rkt ER ARk SARA G pli R Sise BBl et

cont rol i s process changes such as desned conversion levels heat removal from catalyst coolers can be

varied over a much wider range than the standard heat removal technique of internal cooling

tubes within reactor 10.

[0033]  There are two possible embodiments of reactor catalyst coolers to use on reactor
30 10, a flow-through cooler and a back-mix cooler. For a flow-through cooler, catalyst cooler

200 is situated on the side of reactor 10, as indicated in Fig. 2. Catalyst is directed into

catalyst coolers 200 through catalyst inlet 201 and the catalyst flows down catalyst cooler 200



| nproved because cooling catalyst will provide much nore responsive
control of the tenperature, as opposed to nerely controlling the
tenperature of the feedstock introduced via |line 16 into reactor 10.
There are also safety inplications in ngie responsi ve tenperature
control of the catal yst because the reaction is exotherm c and
reactor 10 carkoverheat, |eading 25to apparatus damage. Third,

cool i ng the wakAhtSdnaPfs®. POrAReRalix 8%k Bodld:! dhtalysd cb IGO0 RLIdLeVRREHS
changes such”as desired conversion | evels heat renoval from catal yst
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[ 0033] There ar poss nent's of reactor catalyst coolers
to use on r eatatystrcodlet Gye o nhtucalcirtulatioglof Boidized paticles Tha €lididesd catalyitearticles
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cool ers becdubes. t he catal yst does not contact cooling tubes 220 as

much. S al yst. particles ¢ drift into the back-mx ty.
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1510034) This invention is directed to a process of converting
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i ght olefins S egenerating a
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contact the oxygenat e .feedstream, .and cool i a second portion of the
spem(.31 cat al y@{‘ab{’ghﬂmieélﬁﬁm%a topet theca SH@P{;?'JW’ Bi‘ﬁp&%ttsl’?ﬁéa‘ahs‘ exits

20oxygenat e theeffyst 8dler ftdin fedr Wel HoROMAITBR Chtalys @ ofef AR Fet AHRBG asfedt, a
cooled in a catal yst cooler by indirect heat "'exchange.” In a further

aspect, a heflitidiging mediyen isjintraduced inteheatabisticqoltro t he catal yst cool er

f f . ;
catal ot exi BERID, THPUfEUE G BRcRto L BroBess B Lol bnilp B flopnBG Hohe
cat al yst coodlefins inaludimg ctarging ¢ losver egipacf a reactot withicatalyst, medducing the

i ntroduced i nto the.catalyst caol er, 25[00 Thi,s .i nvent.ion i s al so.
i oot ager o QRS 8 bR Rt rERn g s RBheIRe gy (YFing fhe oygbndlds nto
the light olefins while spending the catalyst, transporting the light olefins and a portion of

spent catalyst into an upper region of the reactor, separating the spent catalyst from the light
30  olefins in the upper region, splitting the spent catalyst into a first portion and a second portion,
regenerating the fisst portion in a regenerator and returning the first portion to the lower

region, cooling a second portion in a catalyst cooler having a bottom, withdrawing the second



ol efins including charging a | ower region of a reactor with catalyst,
i ntroduci ng the oxygenates into the | ower region and contacting the
catal yst, converting the oxygenates into the light olefins while
spendi ng the catal yst, transporting the Iight olefins and a portion
of spent catalyst into an upper reglon:%f the reactor, separating the
spent catalyst fromthe light 300l efins in the upper region

splitting phios RBMIhEBEtRNY Sid refiAndink sécohd p&ﬁ&d f&%@fa%ﬁre@?o&%% further

portion, regenerating the first portion in a regenerator -an
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cooler fromnear the bottom of the 5catal yst cool er
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1. A process of converting oxygenates to |light ol efins conprising:
contacting an oxygenate feedstreamw th catal yst and converting said
oxygenate feedstreamto said |ight olefins while spending said

catal yst to spent catalyst; regenerating a first portion of said
spent catalyst and returning said fir portion to contact said
oxygenate feedstream and cooling a second portion of said spent
catalyst in a catalyst cooler; introducing a heat exchange fluid into
the cat al ygtamgol er near a top of the catal yst cool er; wthdraw ng
said second portion of said spent catalyst froma bottom of said

catal yst cool er;£nd retyr ni ng sai d second portion of said spent
catal yst to cort dEPrOSSH 6 WRYYER PRSIl & kel pletins comprisingiThe process

according to ckaitmibs hnisdyReNarcRERNESH Rih Eﬂ&l_fiv_é? dhtCédnderfing dail &élygéda&
mediuminto said catal yst cool er. 3 he

A -I . ' . [
further conprisi fgedsEssaygistig lightolsfias whilgsnspdipg said sataist iorspeut eafalyst;

process of clfaimlor 2

catal yst; rege i@ UG Yoaidh U QXY GeRNAUGLEERH Hh BRT iR R §a&ipn #opwer
regi on and contacting said catalyst; "transporting sard [ight olefins
and a spent cat alopstectisgid gxyaenaipfredsticayiasd of said reactor; separating
satd spent cat gbofinka L adtich b Sillsp@ IS il Doty oathier T egi on;
splitting said spent catalyst Into g Irst portion and a second
portion; retur Hitrguorg abepi exchange fluid anto ths catalyst doolwencar eipp ofithatatalyst
regenerati on; an%mgl%t urning said second portion to said | ower region
after cooling. . A apparatus for converting oxygenates to |ight
ol efi ns conpri sithégrawmgradstcond patiorcafivhid cpénn gatapst feyrgatibm of eddl st r eam
wi th catal yst anqat% EEVc%{;lteLnlgd said feed streamto ol efin product and
. : 1; 8 .
spendi ng said cata @st 0’spent catalyst; a separator for separating
spent cat al yst refurning sad stcotdyfortionprfedd spent eatalwsy@renattenidfo@ygenate
regenerating a fifr St _eporti on of said spent catalyst; and
eedstream.
2. The process according to claim 1 further comprising introducing a fluidizing
medium into said catalyst cooler.
3. The process of claim lor 2 further comprising;
charging a lower region of a reactor with catalyst;
introducing said oxygenate feedstream into said lower region and contacting said
catalyst;
transporting said light olefins and a spent catalyst into an upper region of said
reactor;
separating said spent catalyst from said light olefins in said upper region;
splitting said spent catalyst into a first portion and a second portion;
returning said first portion to said lower region after regeneration; and

returning said second portion to said lower region after cooling.

4, An apparatus for converting oxygenates to light olefins comprising:

a reactor for contacting an oxygenate feed stream with catalyst and converting
said feed stream to olefin product and spending said catalyst to spent catalyst;

a separator for separating spent catalyst from said olefin product;

a regenerator for regenerating a first portion of said spent catalyst; and



14 a catal yst cooler for cooling a second portion of said spent
catal yst, said catalyst cooler including an inlet for heat exchange
fluid near the top of said catal yst cooler, and including a catal yst
i nl et above the catalyst outlet. 5. The apparatus of claim4
wherein said cooler includes an inlet nlfold for distributing heat
exchange fluid, said inlet manifold |h fluid conmuni cation with inner
tubes and an outlet manifold in fluid communication with outer tubes

and sai d inner atuth &cf)J)IbH 22 éboﬁagmaabﬁaﬁdrﬁkgl d@‘sﬁlbsﬁsﬁ{ ShtaDRE, @ﬁldwa?a
6. The apparatus of clains or 5 wherein said inlet manifold

| ocat ed négpleninglydingpn inlet EF’T &gt ﬁ%‘%hé{‘geéb’éq gar the top of saidprtalys ﬁ%ﬁlﬁt %}'51 of

clainms 4, 1§1ﬁngﬁaéa%)tshglqethmg%lcggh@t&ﬂgtt ributor for distributing

fluidizing medium | ocated bel ow sai"d outer tubes.
5. The apparatus of claim 4 wherein said cooler includes an inlet manifold for

distributing heat exchange fluid, said inlet manifold in fluid communication with inner
tubes and an outlet manifold in fluid communication with outer tubes and said inner tubes
fluidly communicating with said outer tubes.

6. The apparatus of claims 4 or 5 wherein said inlet manifold is Iocated near a
top of said catalyst cooler.

7.  The apparatus of claims 4, 5 or 6 further including a distributor for

distributing fluidizing medium located below said outer tubes.



