OXYGENATE CONVERSI ON REACTOR CATALYST COOLERS BACKGROUND OF THE | NVENTI ON

[ 0001] This invention relates to a nmethod and apparatus for cooling catalyst
in a reactor wused in an oxygenate to olﬁfin conversi on process. 5
DESCRI PTI ON OF THE PRI OR ART 100021 Light ol efins have traditionally been
produced t hrough the process of steamor catalytic cracking. Because of the
limted availability and high cost of petroleum sources, the cost of
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i ncreasing. Light olefins serve as feeds for the production of numerous
chem cals. 10 [00031 The sear } | for light olefin
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known to pHesdon anOK¥gens @P&@P%Verémm%s to hydrocarbon m xtures in a
reactor. 15 [00041 Wien a catalyst is exposed to oxygenates, such as

nmet hanol,, to pronote the reagtj ' ous material (coke)
S gene?ated and deposited onq@%%e%gﬁgﬁégékﬁﬁﬂ%%ﬁ#ﬁﬁa 'on of coke deposits
interferes wwth the catalyst's ability to pronbte the reaction and results
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| oses activity and [ ess _of the_ feedstock is converted to the desired olefin
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light olefins is exotherm c. Excess heat fromthe exotherm c reaction can
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controlled by steadily renmoving heat fromthe reactor during the conversion

process. On@nduenraeplisic qataysis, particularly silivoaluminopbasphates(BAPEY, are knowpla shed
by cooling the catalyst used dn the cqonyersiop reaction. 2 iOOOG] Cat al yst
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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
( 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 broduction 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.



the heat renoval froma large catalyst circulation rate, the equilibrium
regenerator tenperature would be too high. Hence, sone external neans of
heat renoval is typically necessary. However, the reactor also heats up
during the exotherm c reaction of oxygen&tes 5 to light olefins. The
tenperature in the reactor also nust be controlled. [0007] What is needed is
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feedstream without undergoing regeneration or cooling.
[0009]  Inone 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



vessel. In one aspect, each one of the plurality of cooling tubes includes
an inner tube and an outer tube. In a further aspect, the catal yst cooler
includes an inlet manifold in fluid co nication with the inner tube and
an outlet manifold in fluid comrunication with the outer tubes and the

I nner tubes fluidly communicating wwth the outer tubes. 5 [0011] In a stil
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BRIEF DESCRIPTION OF THE DRAWINGS

20  {0012] Fig. 1 is a side view of a methanol to olefin reaction reactor and regenerator.
f0013]  Fig. 2 is an enlarged view of a methanol 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



C2 to C6 carbon range. In one aspect, the desired product preferably
contains light olefins having from2 to 4, nore preferably from2 to 3
carbon atons per nol ecule. The nmethanol to olefin conversion process my be
a vapor phase, fluid catalytic process tHat converts nethanol to ol efins,
primarily ethylene and propylene. 5 100151 A generally non-reactive dil uent
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conversion process, a portion of the coked catalyst is i
wt-% and more preferably between S and 30 wt-% water. The methanol in the feed stream

20  may comprise between 70 and 100 wt-% and more preferably between 75 and 95 wt-% of the
feedstream. The ethanol in the feedstream may comprise between 0.01 and 0.5 wt-% and
more typically between 0.1 and 0.2 wt-% of the feedstream although higher concentrations
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.

[0017]  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  number 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



wi thdrawn fromthe reactor and regenerated in a regenerator to renove at
| east a portion of 5 the coke. Preferably, the coke is renoved fromthe
catal yst by oxidative regeneration in regenerator. After the catalyst is
regenerated to renove coke deposit material, and thereby increase the
anount of active catalyst sites, the regenerated catalyst returns to the
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20  lowered to adjust to the heat from the exothermic reaction of the conversion of oxygenates to
light olefins. However, adjusting the temperature of the oxygenate feedstream does not
quickly change the temperature of the reaction. The catalyst within reactor is very massive
and voluminous. The catalyst is not responsive to changes in the temperature of the
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.

[0020]  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



30 operates within a superficial velocity range at typically between about
0.5 and 1.5 neters per second. Superficial velocity is the velocity of the
gas as it flows through the vessel, determ ned by dividing the volunetric
flowrate of the gas by the cross-sectiofal area of the 6 vessel.
Transition phase zone 30 is di sposed above dense phase zone 20 and extends
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than in 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 to 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



the | ower reaction chanber 15. The catal yst that remains in the reaction
product stream continues upwardly to phase separators such as cycl ones.
Cycl ones 60 separate catal yst from 30 prqduct vapors. Product .vapors are
conveyed via conduits 70 to pl enum chanber 75 and then to product recovery.
Cat al yst separated in cyclones 60 drop through dip legs 65 into the bottom
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condui t 110.coplend B locpisd @t ty bettomins regraaratar 08 The regenerated paiplysicpasiicles are
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cooler 200 is provided to cool the catalyst transferre rom upper

di sengagi ng retisawiated ®ohe towesweactidn shambsird § dhrougle rezgcle sonduatssvhickare notshawnst

I f d. Catal I 0.sh [N Fig. 2.
row t niSogroR."" B5shamm TR fuat EREuRisat SRR Ay proviase o aflbn sralystn
t he( amount qia:ﬁfe%uq%ondgﬁédi ﬁfkengd@ixﬁ% &fadbey 56 fFlolieP d&Hse gh@‘e 2aé 2D YAL le&RAVET
is between 1.8 mand 2.5 m Catalyst cooli n%rtubes 15 220 are |located in

cat al yst cootatalyst@oolarsdnayolest prefesred aCatalyst coober 20@ shawn int Kign2 ist fl ol ribroughh ype
zone 20. Recircul ation slid al ve 260 control,s the, anpunt Qf catalyst  being
Eranst er red §opterCatalistales 300 can Vesy rpiee depengipe cndne Agownial oroBist desede (e
recovery andprefEbif thetiaBéersteatdlfd CodlePidbeRfeehal SinVanld X4HS iP5t EOling tubes

exotherm c reactions fromthe conversion of oxygenates to light olefins.
Pref erabby t2id4rare kocateldan vatelystidolar@00 a0d coal ithencatalydi dbefo?@ i rétmomstte dense phase
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t he anbunt of catalyst exiting and thuS entering the cata t cool er 200

from t he r eahtabfrof(the natalysieranbed Inyothe erodtherniie re¢aetipemy faomthe ¢conversant affoxy@enates
[0024] Catal yst .is, withdrawn from di sengagi er. 50 an ters catalyst
cool er 200 2% Yight alsgﬂ&?g?f?rw lopr e BeRyEeR 50 Aed A0 F001inG MBS 30 eAeiacp Caalyl
di sengagpng &RAF2R0 and ntR€ preferably between 75 and 200 cooling tubes 220. Heat is typically

removed from the catalyst to produce steam which can be used elsewhere in the complex.

Catalyst recirculation valve 260 controls the amount of catalyst exiting and thus entering the
catalyst cooler 200 from the reactor 10 and thereby controls the temperature in reactor 10.
[0024) Catalyst is withdrawn from disengaging chamber 50 and enters catalyst cooler 200
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  for return 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



under neat h an upper cool er portion 205 containing inlet nozzles 230 and 241.
Catal yst enters catalyst cooler 200 wherein catal yst contacts catal yst

cool ing tubes 220 containing boiler feed water acting as heat exchange
fluid. Catalyst drifts downwardly throdfgh catal yst cooler 200 into funnel
250 which directs catalyst through recirculation slide valve 260 into

conduit 2 30 for return to de a one 20 tal,yst travels
downwar i 107 BhEh B g Seulrs MlFeobi fuf CBe eyt Sl e S gepsen o
201. Ther ehade6,0R0 26 bRHRABIveZRAGST SRMRENS bPfeabiof@d. and conduit 8 270 in
whi ch catal yst can settle. Al catalyst that enters catal yst cooler is

returned t[twlﬁnis eCatglyasepolerr2®020aycte ‘ﬂh&r\:\taﬁe@? tlolrm%ch taacon éﬁiﬁ'ﬂle tesn Shotr eact ﬁr
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However, in an enbodi nent, one or ‘both“of the shells nmay be lined wth an
i nsul at i vesheldsf mayboligedvwith lan insulative refeactoty Whadhdis wondidated “cadidiwalleddl | y, parts

of the reactor 10 and cqal er 200 are preferably |in ith ap abrasion
est st ant Aoy Hs ol et teadtor 1§ et daotar 200 e prsfrin S i oP b5SHRy be
made of stgyinlfS3ating. Chhe sht €LdoleP 2@ arft RO L @Eﬂ?tmn*%éj Shadesitidifieat er
but ot her rt@%}pes o?u%éat ceicﬁ%gl’g@ f%ﬂllbd (gj;le contaenpl ate t%nc udi ng vvgter
wi t h addi tsteebs to affect the boiling point of the fluid. Boiler feed water

Cop of0" cobbagler Lot arbodment KOst (GsHis AN bt QLB Srpehofk irelicachenge A | med
bet ween an, yonen Deaudntwaler G&B'aggig%gsgtygﬂfaéﬁﬂ% %pﬂﬁgtﬁogﬁg,f%%%id AQler

Preferably catal yst coolihg tubes an outlet at or

near the tfopd ohtee entbsrini2Omhanifold231 aloygle edaling shedinm nongje 280 atordizar thedop of
bayonet -styl e tubes whi ch each conpri se an inner tube 215 and an outer tube

220. | nnercatalys oolon 200, {n amembodiment snletyganifald 33 b solefingd betwgen an uppes hgad

suspended | I.dly
comuni cat iejz\(/)\n&qtcﬁgllcg ?@‘? &%ﬁfﬁ@{%g %%ﬁ&écz) i1 {).(';ﬁrgﬁegaé@; \(/:\é/a@g gtrcoéﬁﬁg ?‘}bﬁé §‘|F)'6n ete%l
mani f @bd 2idlet and ah 6witst @tloikantheno of édold 200 5Peferatsip cataly st codting fubids 2B hteer
feed 20 water travel s down Iength of inner tube 215 and exits outlets of

i nner  t ubeayones-style fubgs which each semprise-an inperrfube Y b andsanputerciube,22G: Aeper fubgs up

outer sur 2 AR Sl H0 U ekt afid Buopdilfed S S UM Qidct 276
di amet er onlétoofihnértabs AT uidlyoainfuniddte/ with infeemadifdld 201, Boiler f¢8datdernor e

preferably between 2.5 and 4 cm The dianeter of outer_ tubes 216 is
pr ef er abl yenseringialet magifald23. ig dirpgted down inner tube 215 of cooling tubes 220. Boiler feed

20  water travels down length of inner tube 215 and exits outlets of inner tubes 215. The boiler

feed water then reverses direction and flows up outer tube 216 which surrounds inner tube
( 215. The catalyst contacts an outer surface of outer tubes 216 of catalyst cooling tubes 220.
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  heated 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



25 and nore preferably between 5 and 7 cm [00271 Heat fromthe catalyst is
I ndirectly exchanged with boiler feed water in outer tubes 216. The

i ndirect heat exchange raises the terrperagture 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 |owers the tenperature of the catal yst being

transported TAO8, . ‘ft%ﬂ e r
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secured to 2 lgtegﬁyﬁalafl%am WhsTRshe Fangs agﬁéatefgﬁ%ler%ﬁqlmde #re sgparaled.t lisess
216 fluidly GO, ﬁ@{ ' j [nd..l ' d
240 is then cl?)r ansporte e%@?“&éﬁtg?%{%égg#gpaég%b%%(&a%@lz&z e c|i"€ldto

a circulsati @70drum where the vapor and heated boiler feed liquid are
separated. The _cool ed catalyst then travels down catal yst coaler 200 an

d
back to readP®8li0 Adfuidigineddasdyalso disectedupwandlydn catakyst fagpler208 by listributer 245

di rected upwg ' t ' ' It | es
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cooler 200 inproves_ the heat transfer between catal yst and cool j na t ubes
220 by generaseomplish fldizatiereof th catalysh The fuidizing gercused in eatalystcoplss £09 ci ent

bet ween t he . 00l | Oy T . I
the. t onper at TEOsY e R - bt T o Cipd Byt 22035 lbRudnfBIbA,
of catal yst Wwhielenlgantéy te Bibataringfey Sbefficiehtictwéidh thy catalysd andlithé e6ulingulisdsi200.
val ve 260 or__ to vary the fluidizing gas in catalyst cooler 200. (0029]

Upper cd8l er Throwo waysto sontrplith tempepitits of theirculatas naraly s ivteithercantol te
Tani £ ol ds 299 obGEAVE ARk dhidfel SeiGk B1eR20E by ERRYEredR s AN 01"

catal yst set ol vapgthefluidizing gas irfcdtalpet coblee200.No catalyst will settle on a
tube sheet in catalyst cooler 200 because the bottom of the catal yst |

cool er is defl0R% b mpenerslerzputions? @S ivrhieh eompriseoinkes manifold 23k and/@let manifold
particles dowsr l%cét@& Reat I;'.he top of catalyst cooler 200. Locating the manifolds 231 and 240 near

20  the bottom of catalyst cooler 200 may foster catalyst settling on parts of a tube sheet. No

catalyst will settle on a tube sheet in catalyst cooler 200 because the bottom of the catalyst
( cooler is defined by funnel 250. Gravitational force pulls catalyst particles downward through

catalyst cooler 200, and funnel 250 will facilitate keeping all of the catalyst moving
downwardly out of cooler 200. No stagnant area in cooler 200 is provided where catalyst and

25  feed can remain without being returned to reactor 10 for an undesirably long period of time.
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 lower 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



catal yst cooler 200, and funnel 250 will facilitate keeping all of the

catal yst noving downwardly out of cooler 200. No stagnant area in cooler
200 i s provided where catal yst and 25 feed can remain without being returned
to reactor 10 for an undesirably |long périod of time. Upper tube sheet 210
I's bolted between a flange at the | ower end of head 231 of cooler 200 and
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top ofl5cat priesesit inventicr avddds staginaginaints Bpassaring eapdirs weahiing oh br edthahy edtalgstol er
200. The 15 present invention avoids stagnant zones by assuring vapors

remai ni ng Gavedydamn or qui of thercatalyst coqler: ) te refymtogeacier: 1 0on atpaely fashiopst

cool er 20 A . . ' f i Ther ef or e,

accunul at %%&8¢?%%%8%%ﬁﬁd& aag"%%gs.%lésl af:@m#gugﬁh%glsl?ﬁnf]%&'y. 100321 The
benefits ofgoBRE PriedRehefits b€ el pReseal @védtith di¢ OREHDCES ROAIDNGISs aredmipfavedbgd by
st eam generation. The production of usuallﬁ hi gh pressure steam can be

i ncreased #gam genaratian. The pradustien of wsuplly highpsesaiey steany candisdneressed by dagjeat
cat al kﬁﬁt C%?Ao%lsfrgr%qhe §aet&99tqrangﬁ&?e%§.ﬁroﬁgﬂ E&tﬂysﬂ cdolers 200. Second, process control is

improved because cooling catalyst will provide much more responsive control of the

( temperature, as opposed to merely controlling the temperature of the feedstock introduced via
line 16 into reactor 10. There are also safety implications in more responsive temperature
control of the catalyst because the reaction is exothermic and reactor 10 can overheat, leading

25  to apparatus damage. Third, cooling the catalyst adds process flexibility. In response to
process changes such as desired 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 nmuch nore responsive contr ol
of the tenperature, as opposed to nerely controlling the tenperature of the
feedstock introduced via line 16 into reactor 10. There are al so safety
inplications in nore responsive tenperatlre control of the catal yst because
t he reaction is exotherm c and reactor 10 can. overheat, leading 25 to
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standard heat renoval technique of internal cooling tubes wthin reactor
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11 by gr avgramatmnall fofaes c’Hte détniysa wbhckntactxoolmgatubesﬂm in acbach-tmmtcoobohnﬁ thefo

woul d be vertica a e bottomo ctor ne tr| tor 18
o e Bt ¢k flidizibe gas WG byt corler 20p i iresf e catalysf piitiales ek 1& foc

phase 20 so I %?ﬂ] I%rﬁ | er
due to nat u?%%%?%ﬁk%%%%fcf?%%l nﬁ part Q@a&l%e ui |ze‘§é cata %t
particl es Sthredgh typd doolers becaubmthk catakystdoes aot aintdcheodiiligttuhescﬁZOrasmIohr Sdrfle due
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tubes 220 as much., Sonme 10 catalyst particles can drift into the hack- ntx
type cool er cnifiang the flow-threughoples gan pontect colingtnbestior themtitn lee&sthﬁghq Gogling
cool i ng tubﬁﬁn 20 for the entire length of the back-m x cooler. A flow

t hrough coo I's much nore effective at renoving heat because the catal yst

particligs 4] i narHidmvEAtM is ldirected td:@ptoeéssmao dxypenatedp lighpekfihor
the entire length of the cooling tubes. &&34 This invention is
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contact\ 19 A IRERYB bERIE AP Th f BURL AMReSERLE bl Bk
regener at i ngpent Eatalgst andrrémﬁﬁng)thetﬂm poitieito contadt the Tox?g&i)ateefebklsmeﬁlg, Arfdcdolifig t
portion to contact the oxygenate feedstream and coolIng,

a second portion of the spent catalyst and returning the second portion to contact the

20  oxygenate feedstream. In a further aspect, the second aspect is cooled in a catalyst cooler by

indirect heat exchange. In a further aspect, a heat exchange fluid is introduced into the

( catalyst cooler from near a top of the catalyst cooler. In a further aspect, spent catalyst exits
the catalyst cooler from near the bottom of the catalyst cooler. In yet a further aspect, a
fluidizing medium is introduced into the catalyst cooler.

25 [0035]  This invention is also directed to a process of converting oxygenates to light
olefins including charging a lower region of a reactor with catalyst, introducing the
oxygenates into the lower region and contacting the catalyst, converting the oxygenates into
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 first 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



a second portion of the spent catal yst and returning the second portion to
contact the 20 oxygenate feedstream In a further aspect, the second aspect
is cooled in a catal yst cooler by indirect heat exchange. In a further
aspect, a heat exchange fluid is introddced into the catalyst cooler from
near a top of the catalyst cooler. In a further aspect, spent catal yst exits
the catal yst, cooler, fromnear the bottomof the catalyst cooler. In yet a

further a®pgion from the hottgm andreturping the second postior tathe Aoweritpgionqlng fptherc ool er |
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whi | e spe%&ﬁ Gtalyst coelsr and spent ¢atalyst Suis ga%%ét *qug«tfrqsn aprige holtom osgwt i on of
spent cat ?g%ﬁ{s %d?)tlﬁf} an upper region of the reactor, separating the spent
catal yst fro * e l'ight 30 olefins in the upper region, splitting the spent

catal yst i[@03s6]a fThistinvention (sdifsetbdao acanhdt guidrihaning avegsehavihg adotid ahdr st
portion in a reg_enerator and returning the first portiaon to, the | ower

regi on, céonialyst inlefet pveply of peplingtubesdesatad withindhy wesseled flnizing gas om
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aspect, a heat exchange fluid is introduced into the catalyst cooler from
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near H t ogneffurtheraspest,dhseatalysisiopler havensislat manifold ipdluideommunisatiomwith

oler fraomnear the bottqm of. e 5.catalyst cooler.. 100361, This,.invention
00T cor JBebes af ab Shu Thatlicold o foifl BOBmpBloalip® b cne SREP Bpd g the g
cat ?' yst itﬂﬁé%tﬂui@lylébhhhﬁhﬁéaﬁngfwiﬂﬂﬁb biidr ubeeIn h?&@i&@sﬁ&cﬁ,hﬁé‘in‘l&%ﬂiﬁ%ﬁﬁk, a
fluidizing gas distributor located bel ow the cooling tubes, and a catal yst

out | et | odecate raar akep ¢fthe catakyst qaeder. Incafiether aspecs, 4 catalissroutiepis @t thedatbmone
of the coold t ybes s ap inner, .t and, an quter .tube. 10 In a further
aspect, t hoéltﬁ%?aﬁiygtcoa@w@a ﬁé}ghyﬁtﬁ eﬁg‘é vcgg%aﬁ%yg 9uHe% | Ui d" comuni cat i on
with the [oosgr t UBRSnAiionTs Sdc&l toMppatasls ok donvérting @ lafedtd ﬁguvw' th the

outer tubes and the inner tubes fluidly conmunicating w t he oufer tubes.

In a furt helefinsdpering a rehetor foir gontaeting a1 ekygenats feedsteeamnwith catalyspangkconierting
catal yst cgol.er. In fuct her, aspect, a catalyst outlet (s at the ttom of
Che oat al 06 egree & letin piuR R SSorp:dh o8 b Gottinn Sbent et Bom P pltPhg
10037] Thi sroliht e felOiibratdr fr rr@ééh@ﬁﬁh? adst3RRMAIRe St CAAVE! A baglyseserpat es
to light ‘olefins having a reactor Tor contacting an oxygenate féedstream
wi t h cat al fos coaling acsenorel partign of the spent catalyst and the catalyst cooler including an inlet for
20  heat exchange fluid near the top of the catalyst cooler. In a further aspect, the catalyst cooler
includes an inlet manifold for distributing heat exchange fluid, the inlet manifold in fluid
( communication with inner tubes and an outlet manifold in fluid communication with outer
tubes and the inner tubes fluidly communicating with the outer tubes. In a further aspect, the
inlet manifold is located near a top of the catalyst cooler. In a further aspect, the catalyst
25  cooler includes a catalyst outlet at the bottom of the catalyst cooler. In a further aspect, the
catalyst cooler includes a catalyst inlet above the catalyst outlet. In a further aspect, a
distributor for distributing fluidizing medium is located below the outer tubes. In a further

aspect, the inlet tubes are suspended from above the catalyst inlet.



the feedstreamto olefin product, a separator for separating spent catalyst
fromthe olefin product, a regenerator for regenerating a first portion of
the spent catalyst, a catalyst cooler for cooling a second portion of the
spent catal yst and the catal yst cool er18ncluding an inlet for 20 heat
exchange fluid near the top of the catalyst cooler. In a further aspect, the
catal yst cooler includes an inlet manifold for distributing heat exchange
fluid, theL®M& manifold in fluid commnication with inner tubes and an
outlet manifold in fluid communication with outer tubes and the inner tubes

fluidly Comni-C%hMewm°§%ﬁ8£5%5%§§ l;é#O&ﬂ%‘Féégsﬁ%ﬂg’D%t , the inlet

mani fold is | oCatel near a co further aspect,
the catalyst Z&mmhgraniditﬁjﬁétﬁ%feadmm|(YS)wﬂhlbht@Iysﬁ(QO)ﬁlﬁi&ﬁivbﬁiﬂg%ﬁidt he
catal yst cooler. In a further aspect, the catalyst cooler includes a

catal yst inlet apuysenatefeedsteerindto saidilight olefins while spanding-saisbentalyst to spent

di strgbutor for dcl faﬁrs. buting fluidizing mediumis | ocated bel ow the outer
tubes’ In a furt H&AY spect, the inlet tubes are suspended from above the

catal yst inl et regbferafiigh NEst pdrtiofh d@%ﬁﬁ%ﬁ&t@ﬁmﬁ@ﬂ&ﬂfeﬁﬂﬁn?&m%ﬁﬁﬁéﬂd i ght
ol efins conprising: contacting an oxygenate feedstream (16) w th catal yst
(20) and conver t icogtash$aid oxygepatadeasistremntsandeam t o said |ight olefins while

A7 spant cat Sty SAraoRLRAERR apsudRertt KRB TRV blelabll s B "
oxygenate f eec'%itfdﬂﬁ@ihg%_’lﬁaﬁ@&h%%% fRi® GfE6 Hé danilyst Q&l@in&?h%f@ﬁﬂé caglysd yst in

a catal yst cool er (200) I ntr cing a heat exchange fluid into thé
gat allf)st cool er neelerpantdop of the catalyst 10 cooler; and returning said

e Bekeod il b B A e ke R LR oo T
of said spent cageaid@byfroma bottom of said catalyst cooler. 15 3. The
process according to claiml or 2 further conprising introducing a
fluidizing nmeadiuThe processaif dlaimtldlythér comprising withdiivingrsaidesssornsk portian off shid 2
o 3 et SR R ot Pl 155} 201 07 ©f @ reactor with
cat al yst;
15 3. The process according to claim lor 2 further comprising introducing a fluidizing
medium into said catalyst cooler.
4. The process of claim 1, 2 or 3 further comprising:
charging a lower region of a reactor with catalyst;
introducing said oxygenate feedstream into said lower region and contacting said
20  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
25 returning said second portion to said lower region after cooling.
5. An apparatus for converting oxygenates to light olefins comprising:
a reactor (10) for contacting an oxygenate feed stream (16) with catalyst (20) and
converting said feed stream to olefin product and spending said catalyst to spent catalyst;
a separator (45) for separating spent catalyst from said olefin product;
30 a regenerator (100) for regenerating a first portion of said spent catalyst; and
a catalyst cooler (200) for cooling a second portion of said spent catalyst, said catalyst

cooler including an inlet (230) for heat exchange fluid near the top of said catalyst cooler.



i ntroduci ng sai d oxygenate feedstreaminto said | ower region and contacting
said 20 catalyst; transporting said |ight olefins and a spent catal yst into
an upper region of said reactor; separating said spent catalyst fromsaid
light olefins in said upper region; splidting said spent catalyst into a
first portion and a second portion; returning said first portion to said

| ower region after_ regeneration, and 25 returning said second portion to

said | over red onThecatalystxsioles§200) of claim §farthernclading asetabyst inlet (SQ1)pbexe 25

to light o sing: a reactor (10) for contacting an oxygenate feed
stream (léa&vis?ﬁutgéétqg?@‘st (20) and converting said feed streamto olefin

product ‘and spendiThe apgrstug of dlainéd 5 6106 WReiin Sid edadlétincludessd@linlel dhifol>) f or
separati ng S{)ent catal yst fromsaid olefin product; 30 a regenerator (100)

for regend?a )ﬁﬁgdatﬁbwnsg hpﬁrmmhanggﬂushsdds@emamﬁﬂémyﬁmd cominunicationl with

catal yat - gbetabes LN R4 SRR S it pido By Bhion gt e REL 210
top of sal&d@iﬁhﬁ&tms&qhﬁd?c%ﬂmlﬁmaﬁh “ﬁﬁmicv&nexctaeéser (200) of claimb

further including a catalyst inlet above a catalyst outlet (250). 7.
The appar at us &f éIlhmapparEtuelofelaxmémkwhdemcmidanletmalmfdk‘snsémcamdmaramp

mani f ol d sﬁ3ﬂaz ;gr di Sltl’l buti ng heat exchange fluid, said inlet manifold in
fluid co §PR'A™5 i nner tubes (215) and an outlet manifold (240) in
fluid communi aati q'he%g atafild bEElalhd$ %, 67%}@)ﬂmﬁé}qnaaaﬂ 'arH"ﬁﬁbﬁﬂd ng&sj fosi d| Y
communi cating with said outer tubes. 8. The appar at us of clal or

wher eilfi sadldmbumﬂuﬂmmwmtdlumlooatadbdomd eut¢rdpbesof sai d cat al yst cool er.

9. The apparatus of clainms 5, 6, 7 or 8 further including a distributor
(245) for 10 distributing fluidizing medium ]l ocated bel ow said outer tubes.



