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LINKED WTH A PLURALITY OF REACTORS FI ELD OF THE | NVENTI ON (0001} MERe€007
present i nyobPizel ates to a nethod and system useful g fusekisRGeHPON
conversion processes and particularly in oxygenate to olefin conversion
reactions. More particularly, the nethbd and system of the present

invention is to a plurality of reaction units, each reaction unit preferably
containing multiple riser reactors, and an integrated catal yst regeneration
system BACKGROUND OF THE | NVENTI ON [ 0002] Light ol efins, defined herein as
et hyl ene and qarapysenecuseiver asnimensrs fosLurREIRr 68ughtfdksOf nuner ous
chemcals. Aefins traditionally are produced by petrol eum cracking.
Because of the limted supply and/or the high cost of petrol eum sources,
the cost of producing olefins from petrol eum sources has i ncreased

steadi ly. [ OR8] D OFIFHRINVENPRSSt 0Cks for the production of Iight olefins
are oxygenates, sucthras—atcohots, particularly nethanol, dinethyl ether,
and et hanol . 0081} ohdlls pregenbavantoauelates iy a resthoeidndtsy stem wefuf mom synt hesi s
gas derived fré)m Eatural gas, petroleum]i quli ds, carbonacequs materi al s,

i ncl udi ng coBRYdrogarBoR FRYyeTSHINIPEesses anf RRticHLar Y up ex¥enats to glgiinor gani ¢

mat eri al . Beg&m,s . i ks ol
derivatives, an Fstl)ﬁree%a&?\éﬂggﬁoégg%&lﬁg%ely’g%%%&g{e&%dgﬂ&&g% g#‘g r*?%:sgﬁp

non- pet r ol euinvsrtivrcis té o pluwldy ofirqactiahinatiispeach[réfidh uiirerefatblyyst s used to
pronote the conversio .o{s oxygenates 1o ol efi n[f alre nol ecul ar si eve

catal ysts. B‘é‘%’é"ﬁ?élgé{‘ﬂyp e Wﬁ“ﬁ‘fsofﬂﬂtaéh’é‘teﬁ%e traalyg degeneBHEh Y St er
products of such a reaction, research has focused on what catal ysts are
nost sel ective to ethyl ene and/ or propyl ene, and on nmethods for increasing
the |ife anBAGKEROUNDVOBTHRINYVENTIANs to et hyl ene and/ or propyl ene.

[ 0005] The c siqn of ~oxyg t to olefins in a hydrocarbon_conversion
appar at us (H@&}S‘g‘gen Igﬁtégeé%dg‘{}aglﬁgi]ie’feén ﬁsa?tgﬂﬁﬁ%@%kg"??ﬁf@’ Fare i‘sc%ﬁ‘% on the
mol ecul ar ~si ﬁ%%h&%%ﬁhdt%%f%ﬁﬁ@rdu@ cR@hRhMZOIdNS EMMBBAIH RO pRIdASRSH: Excessive
accurmul ation of these carbonaceous deposits will interfere with the

catal yst's 2petiumoGEkingOB2oD%¢ 08the 2imirGHUDSYGD8/00 Iediigh cost of

petroleurn sources, the cost of producing olefins from petroleum sources has

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 fermentation, or from synthesis gas derived from
natural gas, petroleum liquids, carbonaceous materials, including coal, recycled
plastics, municipal wastes, or any organic material. Because of the wide variety
of sources, alcohol, alcohol derivatives, and other oxygenates have promise as an
economical, non-petroleum source for olefin production.

[0004] The catalysts used to promote the conversion of oxygenates to olefins
are molecular 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 1o 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 in a hydrocarbon conversion
ap;ﬁaratus (HCA) 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



-2 ability to pronote the reaction. In order to avoid unwanted buil d-up of
coke on nolecul ar sieve catalysts, the oxygenate to ol efin progessp 07

i ncor por at ewvoeevggeENBITY st ep conprising catal yst regener at iy@ruddbiiigo7s
regeneration, the coke is at least partially renoved fromthe catalyst by
conmbustion with oxygen, which restores the catalytic activity of the
catal yst. The regenerated catal yst then'?ray be reused to catalyze the
conversi on of oxygenates to olefins. (00061 Typically, oxygenate to olefin
conversi on angh;figas %ﬁ&{eq&a RBtionC af ek @flavdid SRRA%EA BullEES BF Soke HhE Coked
catalyst is continuously withdrawn from the reaction vessel used fo

conver si on t omalacelgesievatataystychs exygganate ﬁQag]@ﬁa PR EeESs lnc@i.lpataysta sesond

conti nuously %{aFthdrawn fromthe re ner i.on _vesse turn d to the

reaction vesstfP FUPPLYRE Satelvsyesssol? W@ﬁ?geﬁlﬁﬁlf”j}’r}g? FO 1515? €% produce
an increased ¥gtiliPre{ovd@Hdnthe cQtraBQH%I céthbilsBioh With ShybER Haléh REPAUCT S,

mul ti ple, conplet€ and i ndependent reactor systens wth i ndependent

separati on ve‘é!s@mglmraetwmx]uf trhedatalﬂatc Hhegeganerat¢dhcatdlpst than mapbereusaipl et e
and i ndepende{ne%% act stems)? ‘Ifﬂ?f (% 5 gener ation system and/or
stripping sys XAFt ¢ Vtefsb(f“bo EYEELY H“é‘ d/ or stripping systems cones
an at t endant mahs Pl iTghdaf), SyeeRsd & 01dD8G etsion snd BeEREM0R aplesi rable to

reduce nunber  of generatl on unlts and/or stripping units in order to
reduce the treménde & sapatade vessdiei Blecebked caialyishisicon@mitously vethdirawmfromy of

mul ti pl e, co lete.and in dent reac

TNVENT! O [ 00BSTEoFHPE vEiToEe o et ae LS &b B HerS T  GTEsC Rl 1 pl e
reactor — syst gmiyafis EaMMALEINOiRIAWA RS IRORaGeedtich aich biBlendrledde Or nmore
products while gr(edum ng theilnurrber of regener ation units and/or stripping
uni ts i npl enethe sepctiph essehfor pynversitiei ng t he nunber of regeneration units

and/ or St r 1 DPluTET S bhGenaf93) B ROR AL bRV AR 8 g

operating the i pl'é rEact emc signi r'educed. [ 0010]

I n one enbodi pmdiict of efdrivdiffeieanprotdeats, G&asnple,rampletre a§ﬁ$ﬁcﬁptnd&ﬁi ieaity a
plurality of hydrocarbon conversion_apparatuses 1% ., .reactors or
reaction unit SteEfaVith fndgrendenit ssparpeen ‘t&zsﬁﬁ}‘fewmeffgqalﬁedat 40ba%ﬁct05a¢ theal | y

rerudee. o 11 PRlEIShrb R Syl CRARBHALT G Bk ohe w0 R b BB 55 >

system and/or stripping system. With multiple regeneration and/or stripping

systems comes an attendant multiplication of costs.
(0008} It is therefore desirable to reduce number of regeneration units and/or
stripping units in order to reduce the tremendous costs associated with

implementing a plurality of multiple, complete and independent reactor systems.

SUMMARY OF THE INVENTION

[0009]  This invention provides a method and integrated multiple reactor

system for converting a hydrocarbon over a catalyst to one or more products while
reducing the number of regeneration units and/or stripping units implemented
therein. By reducing the number of regeneration units and/or stripping units, the
costs associated with manufacturing and operating the multiple reactor system can
be significantly reduced.

[0010]  In one embodiment, the invention provides a reactor system including
a plurality of hydrocarbon conversion apparatuses (HCA'’s), e.g., reactors or
reaction units, and a regenerator for converting an at least partially deactivated

catalyst to a regenerated catalyst. The reactor system also includes a first conduit



systemfor transferring the at |east partially deactivated cazgﬁwst fromthe
HCA's to the regenerator, and a second conduit systemfor tr Fe £007 ng the
regener at ado 20&t@k323t from t he regenerator back to the pPOTAISRAPYODITRCA' S.
The first conduit systemoptionally includes a first stripping unit for
stripping the at |least partially deac;_i;\_/ated catalyst with a first
stripping nmedium Also, the first conduit system optionally includes a
second stripping unit for stripping the at |east partially deactivated

cat al yst wi tdystamstor trausfatrinigpii atdeastpiirtiably deaeti sexbeedalgstriqupthedICASioum can be

th di f f t f the first strippi di ldeal.ly, th
st and dBbHECHRIEnAG SAPHLCoDEY it fosRBr e i Fpeuaet vat cd
catal ysts fda@iﬁ@%&%@eé%ﬁ@fa@or)b%l@to%e itehr HoA RO s iRt 8SRhA0! y are

mul tiple-riser “reactors.”[0011) In another enmbodi ment, the invention
provi des a rsyatetoeptemsiiynclwionp firs stmppagfunitdor stapping dre aidéast patigty si ng a

first pluraljty.of si t .and i it i Si
Second pl ur dpsgasd st W B ariBiife PRt abfo! B HvdSpiibiystift sccond
reaction unidmpioRAsy Aichidesh s&BFd Eg?ﬁinpﬁﬂgﬁffoﬁnﬁﬁﬁif}%ﬂﬁtat%@t mgtialfyed and a

second end through which the cat S an exi't e reaction unit. The

react or systdsactidases! ¢atedysncnath asec ipping oedivm.t Theaseconyd strippiggner at i on i nl et
and a regeneration qutlet, and g.te eraf,i | i ne.havi a.plyrality of
FIrst 11 ne. cRUGoPrFan BE s amsan AU TBA O T (PR aeiBntpednas Beibhe 1 r o
and second rigagitdt @Rd Setohd stripPrhgdints S@ipGt ldafteafiiilyah &RGtddtatayske
regeneration inlet. Areturn line is also provided having a first return
end in flui draosenanate AGAR. Mnetor niose peige FKF/Asipseferabln dremuldpleeisend return
end directinrg qxfirst portion of the catalyst to the first reaction unit,
and a third F&UPn end directi ng a second portion of the catalyst to the
second reactjgomjuni in afdihek 2k bodindnt, &h BiveMeoneiTooidenE Adact sydi@n i nvention is a
method for formng olefins in a nethanol to olefin reactor system The

met hod i ncl ROBWPTiCHR:Aafdnst Fegetion urkt qompsisingeadlerst Rinralify ef rasef rqastorpapganat e wit h
a first cat t LEd f t] : a portion
o the firstebgonaRl 5k RR oSelgi PRl & LGRSt el

deact i vat i ngftthefifst fufd secahiditedstiont wnit Ot firsdead ity ahéuth A ¢ataiystcan b yst. The
met hod al so includes contacting in a second reaction unit a second oxygenate

with a secdfdiardt atcpad cnghHepugdhopach thsratabyst e $Xrethe scactipapit- ke | east a
ortion of t 3 ; | : artiall
Fonct i vati ng e TR AMEROR €1t Ra SR RGP Lol SRR R T

regeneration outlet, and a regeneration line having a plurality of first line ends in

fluid communication with the second ends of the first and second reaction units
and a second line end extending to the regeneration inlet. A retum line is also
provided having a first return end in fluid communication with the regeneration
outlet, a second return end directing a first portion of the catalyst to the first
reaction unit, and a third return end directing a second portion of the catalyst to
the second reaction unit.

[0012]  An alternative embodiment of the invention is a method for forming
olefins in a methanol to olefin reactor system. The method includes contacting in
a first reaction unit a first oxygenate with a first catalyst under conditions effective
to convert at least a portion of the first oxygenate to a first olefin and at least
partially deactivating the first catalyst to form a deactivated first catalyst. The
method also includes contacting in a second reaction unit a second oxygenate with
a second catalyst under conditions effective to convert at least a portion of the

second oxygenate to a second olefin and at least partially deactivating the second



-4 catalyst to forma deactivated second catal yst. The deactivated first
catal yst and deactivated second catalyst are directed to a r2g¢iRri8illi on
unit and amemgemsented to formregenerated catal ysts. AcTiusstospmoti on of
the regenerated catalysts is directed to the first reaction unit, and a
second portion of the regenerated cataly % is directed to the second
reaction unit. The deactivated first catalyst optionally contacts a first
stripping nediumin a first stripping unit under conditions effective to

renove i nter shtatyiselo foydraotzasiband steanh dabiysleTaé Qeatiested fiktcatayseddast . Al so,
the deacti vat ed second catal yst optionally contacts a second stri pping
medi umin a dsedvAte ﬁ?@%ﬁ#@’sﬁﬁmt 1GRGE to éé‘?ﬁ?ﬂ?ﬁaﬁﬁ%%ﬁ%ﬁrﬁ\f%m@mve

interstitial ﬁ%{ﬁlr t @ﬁ{

Al ternati vel y, I%geac %tglgg% Sg?gg? cazf’ea%%tg rg%e@?%geaﬁ%m% act s the
first strippidigcte®eo thefirst ﬁeﬁlﬂloﬁluhﬁ,tarﬁltaréep@hmgortluﬂbfﬂﬂﬁd@’neﬁmﬂilawm
effective to renove interstitial  hydrocarbons fromthe deactivated second

catalyst. [ odmdiTeciiioribe secppdrrasiia Ut Theedeaptivated Bt %@W‘d’@ﬁm’aﬂh@dr ocar bon
conversi on Sysh.em %%%ugéﬂg%fﬂeﬁﬁb B’E?II' ; s%iﬂgﬁag t%%r' c%ﬁdf?lfong %ﬂ’fcrtwé eactors,

each of the riser reac aving a a ca can be

fed and a se¢orshowerititethitialighirydatisins fioen ﬂﬁtchhMNatdd&Hste}atdlysl’t halsol, gRr reactor.
The hydrocarbon _ conversion systeminpcludes first and second catal yst
retention zoﬁé%ctwﬁ@éusa@wdtwah@mt&m Iy spmipsis @ sErANGFIRpNDHRCHSR A the first

and second Pt alityortly (it Blact EARKALS cfrel FRPRGLIKRL dnerbilg i Onal Iy, the

systeminclu second separation zones 1nto Ich the second
ends of the ﬁwdm:alands femothel dgdctivatbd tecond oktalyiss eAlterastitvely, she denetipel | vel y,

di scharge the catal yst and oduct s react,ion gonducted in the riser
reactors. Th&eag &Péf SBHPQCBE‘QEC%?‘@C%M%%”PH“%E}? PuR W DRATASTANAE from

the  product $ndfutbidhBRH AR WRISSLelifhekiital hcsicahs SREoRA Pl uralities

of riser reactors. First an second catalyst returns are also provided in
fluid commrdaaxatvatedmaﬁddatviystl rst and second separation zones

respectively, th first se d. cat al ete ones,

respecti vel y[mﬁﬁ"i %?%qu@%@?@? ‘6‘?{3%%{1391‘”&}7 p‘y E?EH a regenerator
for regeneratcbﬁ'&r&lﬂﬁs@ﬁélﬁlc&fﬁlbnszﬁ@ﬁrstfah& §écoaaghﬁa%ya®fa@éaw&&rs%% gt lines,
each of the outlet |lines havin irst end into which a catalyst can be

fed from t he the mssyr rmu)rsb@\on@la grsmcad intd shialfa eatapst car he faskand a seewplect i vel vy,
and a second engFthro |ch t he cat. 2%& ca enerator. The

system al so ??&algséc?%&“ ésﬁéEeathfuﬁ] ﬁgji’cﬁgcsarre ach 2 2 MAR

2007 conversion system 1ncIudes first and second catalyst retention zones provided to
contain catalyst which can be fed to the first and second plurality of riser reactors,
respectively. Additionally, the system includes first and second separation zones
into which the second ends of the first and second pluralities of riser reactors,
respectively, discharge the catalyst and products of a reaction conducted in the
riser reactors. The separation zones are provided to separate the catalyst from the
products of the reaction conducted in the first and second pluralities of riser
reactors. First and second catalyst returns are also provided in fluid
communication with the first and second separation zones, respectively, and the
first and second catalyst retention zones, respectively. The hydrocarbon
conversion system also includes a regenerator for regenerating the catalyst, and
first and second catalyst outlet lines, each of the outlet lines having a first end into
which a catalyst can be fed from the first and second pluralities of riser reactors,
respectively, and a second end through which the catalyst can enter the

regenerator. The system also provides first and second catalyst return lines, each



WD 2004/ 031327 PCT/ US2003/ 016073 -5 of the return lines having a first end
into which a catalyst can be fed fromthe regenerator and a s@¢did 264d

t hr ough whiwedn260b@3at al yst can enter the first and secongcpustmbibisoms of
riser reactors, respectively. [0014] Yet another enbodi nent of the invention
provi des a catal yst regenerator system gorrpri sing a regeneration zone for
contacting an at least partially deacttvated catalyst with a regeneration
medi um under conditions effective to forma regenerated catal yst, a

plurality of gfakedepsh lineh ﬁ&»&hé Qfirsi e6&Invd MBichi\Qualstlcodbd feddtdrh dled Y
deactivated catalyst froma plurality of reactor units, and a plurality of

cat al yst out |regenefaser afsl 4 seepndwpdithough ydiady the eatalyst capyeater the filseandpl ural ity

of reactor unifs. ﬁﬁﬁ-.i gl optionally is provided for
contacting ?sﬁ‘téosnéit eaglfpg%?%gﬁ%ﬁ?rsgéeg %{h&g{yéd catalyst with a stripping
wedi um under [0014}i t i Ofes ansthére@ibodBném of GirtNeenkioh Prtiddsiadlatalysdr ocar bons from

t he deactivated catalyst. [0015] In one epbodi ment, the invention is a
net hod for r SEEINEFALRY TYSteEBEQMBrSINg TIGAPIT A anzone éen cpniaglinghanit leasast partial |y

deactivated catal - Luralhty o {{#It' e r Lon units,
heating the g%p%]%iéeaéﬁ%gﬁgg%t t%%] %ln%reéér%eéc |vﬂé&il§m dggﬁ{/cgp ? l%?)hse at | east
partial |y deagfetnwd Rdfotrataatyedbrated @talpgensualigdolatayy siets &decaiingct i ng t he
regenerated catalyst to the plurality of multiple riser reaction units.

[0016] Anot hehe aifbedpagislly gpactinated aatalyst Bomsrriviabibsolzeaniersitarasdm

conversion s 1S [ ' LS, uni t

corr\}:/)ri s: ng ayﬁ %ﬁgb;ﬁ{%ﬁ%# B‘?ﬁ]cgse?)klrd%gﬁr%%st? : Egﬁgﬁ%%ﬂe?gggggﬁﬁéhféégw r:at i on

uni t coupl ed dfeedche unitac i siippingidre. or hsesruptioasllyofs predddd foncemadtingi S gr eat er

than the nunber of regeneratiaon nits. Optionally, this enbodi nent al so
provi des at |tb%1§ttl%ma%1aﬁvgﬁ%mﬁﬁwalyefow 8 iR itgTReH WE Qe CoRditoss wher ei n

t he nunber of i 1 LS ripping units.
BRI EF DESCR PHF G OF TP by e s o o e A IR Bl PPt oss
sectional vi 018] a hydnoeabdlimentcthievevesiion isspmathat] fer referelatingreambint
invention. [0018]. Figure 2 presents a. Harti al cross seﬁti onalll Y’i}ﬁ\g of

anot her enmbodOMPHSINEIFCEIVBE AY At l58st PRTIRILY Jrrcdivated faabishiram P lvrlitd present

I nvention. [Q{gﬁiﬁgleﬁiﬁiﬂ'f&cﬁb&&ﬁé%ﬁaﬁnét%a%d]ﬁt uRiQSIndiG6hd GRRtiyYiew of yet
anot her enbodi nent of the hydrocarbon conversion apparatus of the present

i nvention. 2 c2nh&Rh2e0east partially deactivated catalyst to a regenerated catalyst, and

directing the regenerated catalyst to the plurality of multiple riser reaction units.
[0016] Another embodiment of the invention provides a hydrocarbon
conversion system comprising a plurality of reaction units, each unit comprising a
plurality of riser reactors, and at least one regeneration unit coupled to the reaction
units. The number of reaction units is greater than the number of regeneration
units. Optionally, this embodiment also provides at least one stripping unit
coupled to the reaction units, wherein the number of reaction units is greater than

the number of stripping units.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure I presents a partial cross sectional view of a hydrocarbon

conversion apparatus of the present invention.

[0018] Figure 2 presents a partial cross sectional view of another embodiment
of the hydrocarbon conversion apparatus of the present invention.

[0019] Figure 3 presents a partial cross sectional view of yet another

embodiment of the hydrocarbon conversion apparatus of the present invention.



WO 2004/ 031327 PCT/ US2003/ 016073 -6- [0020) Figure 4 presents a 93@5%'2%
cross sectional view of still another enbodi nent of the hydrocg 7
conver si onWAppw#/@3i27 of the present invention. [0021] Fi pOT@ASHOpDIESENt S
cross sectional views of representative arrangenents and configurations of
the riser reactors and catal yst returns. [0022] Figure 6 presents a parti al
cross-sectional view of two multiple riser reactors and an integrated
regeneration systemin accordance with the present invention. [0023] Figure
7 presents a [pead]i al Figiess piesits patialireves @btisy view ¢f silleanbibeer reactors
and an integrated, reg{ener ation systemincluding an_integrated stripping
system i n accsredrpenig the hydeocartion €ARVSTHEB ApPasetus pEtha PRESPNIRRROPT| ON OF THE
| NVENTION [ O The i j : t.des em f or
convert i ng. a 0T ockisghs Best it ok SRBER USRS SeeectBin Sl s Biehls ™

mul tipl e reachlkcosfigirandnsWiithesrisee thaciongaridnetahsrpeunef regeneration units
and/or stripping units inplemented therein. By reducing the nunber of
regeneration [ s aRuET o PrssentppPgalsrpssssectioral visyt & BOgBRitaleaipeni t h

(0025, Dur i nge g AP AF s Rechafith ol b BB B e el et .

e.g., the catimlentios. conversi on of oxygenates to light olefins (the OTO
process), carbonaceous deposits accupul ate on the catal yst used to pronote
the conversi dP02Y eactigsre 7 pesein pigRherosssrstional Vs pf 9o mEEBIE BEF bonaceous
deposits cau 1 ! : bdod : function
efficiently. §%§F&gfgﬁpg#gﬁé%qﬂea %H%%&ggg?g&sé*l‘lgang;%gggegﬁ%?%}m@%lﬁed"

cat al yst doesystamn ineactirtiance ovithathé piehent hovepngemat e feed to |ight ol efins. At
this point, the catalyst is partially deactivated. Wen a catalyst can no
| onger convert the hydrocarbon to the desired product, the catalyst is

consi dered t GPRATHEDDESERIPYROROFIAIRINVENRFGR dance with the present
i nvention, c r—rs—wm"r‘&mwvn—f'r‘mnzl—m-umirfy of hydrocarbon conversion
appar at uses ([(@2A4]s) , The gresent éaehiors povides e acttbahandrd systenafod cosvediingxt ed to

at | east one_regeneration unit. Preferably, at |east .one of the RCA's is a
met hanol 1o dVBRICATORPLS SERIEHP BR Spparerradicisritc: mpliplh wastor SSE (1 al 1y,
if not full y,wﬁiﬁ%ﬂ'ﬁdiﬁé e nufhbbher rééerle?a%ﬁﬁn &ﬂ?aﬁrﬁ%ﬂﬁfwﬁh}g%ﬂit@ 2 MAR 2007

implemented therein. By reducing the number of regeneration units and/or

stripping units, the costs associated with manufacturing and operating a multiple
reactor system can be reduced.

[0025) During the catalytic conversion of hydrocarbons to various products,
e.g., the catalytic conversion of oxygenates to light olefins (the OTO process),
carbonaceous deposits accumulate on the catalyst used to promote the conversion
reaction. At some point, the build up of these carbonaceous deposits causes a
reduction in the capability of the catalyst to function efficiently. For example, in
the OTO process, an excessively “coked” catalyst does not readily convert the
oxygenate feed to light olefins. At this point, the catalyst is partially deactivated.
When a catalyst can no longer convert the hydrocarbon to the desired product, the
catalyst is considered to be fuily deactivated.

[0026] In accordance with the present invention, catalyst is withdrawn from a
plurality of hydrocarbon conversion apparatuses (HCA’s), e.g., reactors or
reaction units, and is directed to at least one regeneration unit. Preferably, at least
one of the HCA’s is a methanol to olefin (MTO) conversion apparatus. The

catalyst is partially, if not fully, regenerated in the at least one regeneration



WO 2004/ 031327 PCT/ US2003/ 016073 -7- apparatus. By regeneration t is
nmeant that the carbonaceous deposits are at least partially renz)&/%? fl0dm
t he cat al y3%0 2088813abl y, the catal ysts w t hdrawn from t hepcHES0B3/80c673at

| east partially deactivated. The renaining portion of the catalyst in the
RCA's is re-circulated w thout regeneratjon, as discussed bel ow. The
regenerated catalyst, with or without codfing, is then returned to the
HCA's. Desirably, for each HCA, the rate of withdrawi ng the portion of the

catal yst for aph@QaRe Bt jepéherdioh! 018 Reaht Mat heQPoahedohedépiits &b af igstcat al yst
exiting the reactor. Mre desirably, the rate is fromO0.2%to 50% and,

‘nost desi r ablpartigdlygamovedsrem theoataly g0 Depirghly.ithe eatalysts vadideawn bemtthpartial |y

Gt ppi g unifRE A Y 8t e R, R e S TR gty T ™

‘contact s one thé HO(’S isteldiRpiafd withut fegehtitiedn, ¢98dbissebelowf Taetive to
recover adsorbed hydrocarbons fromthe at Ieast partially deactivated
catal yst. [Ocesnersed eatalrsit with apwifeoutcpeling: essthen ratypehta BaHGAGi rected to

conmbi ning a | ural i f ‘g W Peil30) rat k [ at.lon stem The
plurality of B ﬁ&glg’ %%5?%‘1 ﬁgﬁsgﬁe&%%%@gﬁkﬁg%@gﬁ%%oﬁg&q atglyﬁtrﬁyor

mul tiple riseegdefation isieml 0380l 90N0F thedaleaiflthddtAyst Wiithgted RagBEe 1O
Figures 1 through 5. The nunber of RCA's in fluid comunication with the

i ntegrat ed r deredesiatdy, the mteihithap datfs to 9% apdrmestegrabhy drogr 9.5% &

exanple, if 350/§peci fic formof HCA is particularly effective in a specific
hydr ocar bon conversion process, a plurality of those reactors optionally is

coupl ed to a[802ml e Ospgiendlyatheanleaytgiaaintlyldeadthiatedroatuygs frotrt@e phialitat  of
desired product produced can be increased because npre than one HCA is in
use. Additi orpm@,x st direcied togme PR ENOFR, EHRPING HPHs YhsReBbe ables® PaTteHY pr ocess

can_ be 1 eduGR]RRGAUSEH P EANIDSS: HmiEYRRLAlhORuRN ShEHRhgighRduCed. The

invention also provi r a reduction i regeneration systens
for a react oreffestied @rredvovet adyorbed iy drosarbbad frpmahktigtdealit phreinbintegetioatadt s from
one anot her, bu& whi ch use the sanme or very simlar catalysts. [0029] In

one enbodi nerf@t@¥she i nvention provi des a reactor systemincluding a

Geacti vat cd JO0Alyst s 4L AAENRYE B gl SR PR oAt 1 S0
i ncl udes a frlwstitycfHiGA s wijts sremtegoated regarsdration sygtetrheltat plhmkigtofparti al | y
deactivated %—?(Eﬁl’ csotulc{ bestlected from conventional HCAs and/or multiple riser HCA’s

disclosed in more detail below with reference to Figures 1 through 5. The number

of HCA’s in fluid communication with the integrated regeneration system depends

on a variety of factors. For example, if a specific form of HCA is particularly

effective in a specific hydrocarbon conversion process, a plurality of those

reactors optionally is coupled to a single regeneration system. In this manner, the

amount of desired product produced can be increased because more than one HCA

is in use. Additionally, the cost of the overall hydrocarbon conversion process can

be reduced because the number of regeneration systems is reduced. The invention

also provides for a reduction in number of regeneration systems for a reactor

system having reactors that produce different products from one another, but

which use the same or very similar catalysts.

[0029]  In one embodiment, the invention provides a reactor system including

a plurality of HCA’s and a regenerator for converting an at least partially

deactivated catalyst to a regenerated catalyst. The reactor system also includes a

first conduit system for transferring the at least partially deactivated catalyst from



2 2 MAR 2007 WD 2004/031327 PCT/ US2003/016073 the reactor units to the
regenerator, and a second conduit systemfor transferring the regkh¥AR{Bd
cat al yst fwnwwedreygenerator to the plurality of reactorPONWISH03T1ee73 fir st
conduit systemoptionally includes a first stripping unit for stripping the
at least partially deactivated catalyst_with a first stripping nmedium

Al so, the first conduit system opti onaTigy i ncl udes a second stripping unit
for stripping the at |least partially deactivated catalyst with a second
stripping rredhumacfﬁhanimamiregsnerhmp,i ang anecindrooadunt iyestent forteanmefesingor

different fromthe first str medi um eal | e first, and second
S![ ri ppi ng uni %regf’ﬁl‘?r%teg?at?b’ |§ F%F!Ilil;a@é@ctgi? PBF%‘HY Ogéffaﬁic’&g{l’ésf Them
separate reag,of ;i %stﬁ‘ég@?ﬂﬁiﬁﬁﬁﬁcl% st st xﬁ%ﬁm@?&fsﬁﬁ the St

mul tiple-riser reactor anot her @ the 1'n ntlon provi des
a reactor sysleﬂnpamahpd«tammgemcﬁta}ystwﬂbaﬂrst@mppmgmeahtmxr i Alsoighafifst r st
plurality of é FSreactors and .a, second reaction ‘{i’g‘lt conpri sing a second

plurality of CPP st pefianally fiarludes asgeond sETPDIEUR} Fo Strippipesthe ahlgasteact i on
units has a ‘;Pahﬁfﬁly%%gctwﬁ{e% MR v e%ﬁ/c?&n Hﬁdliﬁd'%‘_ﬁé;gec@m?econd end

t hrough whi c e catal yst can eX|t e reac uni t reactor system
al so i ncl udestrppieymedinat ¢ganrbetthe Barimars mgiiﬁenemg&amrartbﬁt ﬁmnsmppmgxmﬂmm

regeneration qut] et, and nerat.ion |ine havin rality. of first
line ends in 18%{1{;- Hlecfgﬁﬁmﬁ.segq%%éﬁlm%u@wgt%%ﬁ gﬂaeﬁzsﬁeﬁt%a%ﬂr st and
second react i QRN £Sm S@ﬁbgat@ ek ] Oﬁe Sf‘ﬂﬁoﬁé‘&fe{ﬂ@féagto}@%r%ﬁ?aﬁlfged‘er ation

infet. Areturn’line s also provided having a first return end in fluid
conmmuni cat i onnump]m-mdeeretaetgeneratl on outlet, a second return end directing a

f! t t th t t t { d third
A 1 T AL SRR A LS. R
reaction uni teonlyQ3dla f%%ﬁ&%mtaco&ﬂfrfsh%rh okt ﬁlﬁ?&h@}aéﬁllééﬁ 'E'eacﬁ)?{rﬁfl& al ng

mol ecul ar sieve and™ any other materials such ‘as binders, fil | érs, etc., is
renoved fromseewid TeiEAON @ngj compriemg tagecerd prlelabtyn ofiisanieactofs rwhlf:@gemhat i on and

recircul ation o the t 10, times, nore
Gost rabl y ¢ diite B} et dfordealionfhnifs 3 B HROTRG Wi A 5330% | rms ¢ e
total feed rab@amf a c¥8eBRd @Soligh Which evataljte6n exXifthe Sed2Bbh ahit. The t he

catal yst containing nol ecul ar sieve only, and do not include non-reactive

sol i ds. The meactorglystewtadio igelufessa regererationaynil Rayingaesepvaratioraiaiet ged 8ol i ds,

removed from 4 i bRfied SRPNREBAAROAIE K5y SHLALPE: BABYnd ke HOA il

fluid communication with the second ends of the first and second reaction units
and a second line end extending to the regeneration inlet. A return line is also
provided having a first return end in fluid communication with the regeneration
outlet, a second return end directing a first portion of the catalyst to the first
reaction unit, and a third return end directing a second portion of the catalyst to
the second reaction umnit.

[0031] Desirably, a portion of the catalyst, comprising molecular sieve and
any other materials such as binders, fillers, etc., is removed from each HCA, e.g.,
reactor or reaction unit, for regeneration and recirculation back to the HCA at a
rate of from 0.1 times to 10 times, more desirably from 0.2 to 5 times, and most
desirably from 0.3 to 3 times the total feed rate of oxygenates to the HCA, These
rates pertain to the catalyst containing molecular sieve only, and do not include
non-reactive solids. The rate of total solids, i.e., catalyst and non-reactive solids,

removed from the HCA for regeneration and recirculation back to the HCA will



WO 2004/ 031327 PCT/ US2003/ 016073 -9- vary these rates in direct proportion
to the content of non-reactive solids in the total solids. 1003&1M R 2007
Desi rabl y, WHEMABERYst regeneration is carried out in ONBCDUSIOS/@I6073
regenerating units or regenerators in the presence of a gas conprising
oxygen or other oxidants. Exanples of other oxidants include, but. are not
necessarily limted to, singlet 02, 03:9s803, N20, NO, N2, N2Ch, and

m xtures thereof. Air and air diluted with nitrogen or CO2 are desired
regenerati on \agsgese thER 19 ¥HER ProfoRiELRthetdent of nh-tedfve {fids @dweed to a
controlled level to m nimze overheating of, or creating hot spots in, the
'regener at or . tlabs@diiSal yst can al so be regenerated reductively wth

hydr ogen, m s ofy hvdrogen ban ..nonoxi de r. ot her suitable
reduci ng gasé@&ﬁOOB?fs%%g g@ﬁ %ﬁ?§git§§éfﬁgﬁgopésg%aﬁré?da?%én ?rrlf_’ @MY funber of
net hods -- batgdheratiBg Mnith HOKEenesABHs-16 Y prosidus of HEastorPMingayoh drher eof .
Conti nuous cat al yst I@e%eneratlon is a desired nethod. Desira fy, t he

d

catal yst is rodbpseaidantsd Bxemales of ether eidprtpiniohidegb@t gkendtmeesssardl wt % to 15

wt% nore preferahly .from0.01.t0 %o Af wej ght of .the.catal yst.
100341 The cJusr e yORr b sh5 g My De ek A ‘glé‘hr%%e%&ca{ro 7500,
and desi r abl yanfi @i R@RAGyitIOnit0én ofEO iRk FeRafRRichdadey. MBR Wi

preferably takes place_ at a tenperature considerably higher, e.g., 930Cto
150C hi gher ,con¢rairatipe inogdy eparhetreducsa ve p speirolieddetd! mminimizeovgdshiingl e t o
cool at |east I ne.r te t I r_lenperature
before it is osf’gthrt&%%%y{agggotts&g’ trh 82%%@?&‘&)&3%%?5%%@&8&:? Séﬁjyesr? %g{ﬂt[%dr? | ocat ed
external |y tgeditgvelgoattiehydrogen, maes af igdsgenimderbmatdotcxide 6bydesone heat
fromthe catal yst after it has been w thdrawn fromthe regeneration

appar at uses. Swighle faducinggastsr at ed catalyst is cooled, it is desirable to
cool it to a @gg‘iera L [ = NI A8 en ture of the
catal yst wt nga ftrﬂg%r]g%t%}gbt(rbgglg'téB%E.EB%%?%(%?@%%E%?%I ys{m%ss—ngﬁﬁlgn ret ur ned
to either somenthrousmemidcohfiriongath@ombititionelgeasi dldndnu@pratahtsus, or  bot h.

When the regenerated catal yst fro he regeneration apparatus i s returned
to the react GFECNPRALIER BReHE greog t&besgﬁlab G CRIGH SHIS TegracTatsddp drievefor

exanpl e, the of?é}ﬁﬂh%ﬁ%tecoﬁ Pro@eo.ro‘?t\ﬂ%‘ﬁ)dls%@’J}ﬁa&@%&@ﬁﬁly?&% Q. d)ggns area to

await contact wt eed, the separation zone to contact products of the
feed or a conlhaftterwaghtoditle caal@stMAR 2007

[0034] The catalyst regeneration temperature should be from 250°C to

750°C, and desirably from 500°C to 700°C. Because the regeneration reaction
preferably takes place at a temperature considerably higher, e.g., 93°C to 150°C
higher, than the oxygenate conversion reaction, it is desirable to cool at least a

\ portion of the regenerated catalyst to a lower temperature before it is sent back to
the reactor. One or more catalyst coolers located externally to the regeneration
apparatuses can be used to remove some heat from the catalyst after it has been
withdrawn fron the regeneration apparatuses. When the regenerated catalyst is
cooled, it is desirable to cool it 1o a temperature which is from 65°C higher to the
temperature of the catalyst withdrawn from the reactor. This cooled catalyst is
then returned to either some portion of the reactor, the regeneration apparatus, or
both. When the regenerated catalyst from the regeneration apparatus is returned
to the reactor, it can be returned to any portion of the reactor. For example, the
catalyst can be returned to the catalyst containment area to await contact with the

feed, the separation zone to contact products of the feed or a combination of both.



WO 2004/ 031327 PCT/ US2003/ 016073 -10- [00351 Desirably, catalyst
regeneration is carried out after the at |east partially deact i 4Ry 2007
cat al yst h¥W0 Y313t i pped of nost of the readily renovabPETHEY4HPLH073
materials (organics), e.g., hydrocarbons, in a stripper or stripping
chamber. This stripping can be achieved oy passing a stripping nmedium
e.g., a stripping gas over the spent catalyst at an el evated tenperature.
Gases suitable for stripping include steam nitrogen, helium argon,

met hane, C02,[0€X5] hy Desigahly, catadly shiegenaration is kewried fout #tqrthd afrleastipaptislly s st eam

Gas h I .vel.oci \, ] t | un f
catalyst  and GEoRiFEg st bES resiRprgasr ost ol adity ifovaBleseasip 1. 1
Accept abl e t gppenas %g%gfg)h e;ig.g F@Mb@sginfdaﬂpdgﬁgs&@pmmb&ndnﬁ@i rably

from400C to 690@. natlve_enbo nt o the_ i.nventl onis a
met hod for f ctmippmg canl lef dachieved by passingasthippiog gledhunn e(gVO)trippiag igas owyst em

Th thod i | ud tacti i first ti it f.irst t
with a first BatBePyealytLe s impraedr: Gar e dgrapRngndlssy o

portion of theah] hittogeXYIERA, Grddd, Mefhans (0,008, hpdrddeh,ahd hagakespartial Iy
deactivating the'first catalyst " to forma deacti vated first catalyst. The
met hod al so ithereofd e’ preferraitgasngsteama Geebourly speae véloeitu((TH S ¥, sasedonl

t ith I d djti ffecti t t at
Penst a  por toBnSS! ghdo BuGIRP selibenindRs) of 88 umre ar e iR T east
partially degcig ati-hdatdiptabRO@RPeRAIrd M%Eﬁ%ﬁndge f&Mdn dsaet to/ 56, second

catal yst. The deactivated fiorst catoal yst an activated second cat al yst
are direct ed and desirabltyfrawyr 400 6rioup@d’Cand are regenerated to form regenerated

catal ysts. A fifst ortion.of the.re ated catalysts | irected to the
P Tenetr hodal! . REeRag el RS RIS R BB P EERE st © | 6
directed to tJpiras anskth@Rttd 61Bfit MITO) rdRordoaehl Tk eskthdd mEluged al yst
optionally contacts a first strippi ng mediumin a first stripping unit

IS

under condi t iconigciang wa fisserepetionevmiteshowrasnteivth st eatalysomder rom the
deact | vat ed fc'oot;itctjiogf&?é&'i% 10 él@%rt d e 3SR gﬁﬁ? f&s%%&ﬂgen%@tﬁ'a%ﬁ optionally
ppl ng S S under

contacts a secC r nearumin a - secon rppi uni

condi tions efidfaciridv 1da6t ptimlveddaotiedtiipithe fitst bataly staa fhrons déachnated Grst
deacti vat ed second cat al %&%t .. Alternatively, the deactivated second catal yst
optional |y céatelist sThqyaetiod glsodpslndgsicaptactingiingserend 1sactiqnrut aseepidhi ng uni t

et O, BB kR 50t ) A5REPSB O 1
portion of the second oxygenate to a second olefin and at least partially
deactivating the second catalyst to form a deactivated second catalyst. The
deactivated first catalyst and deactivated second catalyst are directed to a
regeneration unit and are regenerated to form regenerated catalysts. A first
portion of the regenerated catalysts is directed to the first reaction unit, and a
second portion of the regenerated catalysts is directed to the second reaction unit.
The deactivated first catalyst optionally contacts a first stripping medium in a first
stripping unit under conditions effective to remove interstitial hydrocarbons from
the deactivated first catalyst. Also, the deactivated second catalyst optionally
contacts a second stripping medium in a second stripping unit under conditions
effective to remove interstitial hydrocarbons from the deactivated second catalyst.
Altemnatively, the deactivated second catalyst optionally contacts the first stripping

medium in the first stripping unit under conditions effective to remove interstitial

hydrocarbons from the deactivated second catalyst.



WO 2004/ 031327 PCTI US2003/ 016073 -11- [0037) Anot her enbodi ment of the

i nvention provides a hydrocarbon conversion system conpri si nngiMrAEtZUlHnd
second pl uMe@ PYH@31337 riser reactors, each of the riser PERUSINFOIAT Ng a
first end into which a catal yst can be fed and a second end through which
the catal yst can exit the riser reactor.,.The hydrocarbon conversion system

includes first and second catal yst reten lion zones provided to contain

catal yst which can be fed to the first and second plurality of riser
reactors, re@pEtti veinotheh@thbbimmat bfjthe ihensyspenidesahydesabist and second
separation zones jnto which the second ends ?f the first and second
pluralities ofenysIgion Sygﬁﬂwrﬁﬂﬁéﬁﬁ Seepmdinhyraliyes affiserrenetprs; $a5h of ones

bei ng provid e{‘iQera‘@m&"é‘thﬁviﬁmQ% ek wlﬁé}?é’%z%@gﬁ%ﬁaﬁ)fe@ o {8 1 on o

reacti ons conducted 1n the TFrst and secon ies of riser reactors.
‘First and secamddhaphmhidch the taalyst @nexitltsoriger esdcthe.d Then hydiotdrdoe ormuni cat i on
between the first and secqng ﬁegarati on zagnes resge,cti vely, and the first
and second caCAV§FSIOnSystEmIpelndesditaicand seeqnd Gatalyst (FICnH0R zaYes Irevidedie

conversi on SYShiR elagst DELNIEPHArRhTH BRANA! i bOind RARAE! Gl plrblifcat al yst

and first and second”catal yst out i nes, ea I'nés having
a first end imgpectivdly.c Additioatihy,yisd system ineluflexififst amd debend sepatatiandoecond
pluralities of ri ctively, andéﬁ‘,second end t hrough which

ser reactors, resp
t he catal yst lewlé‘ﬁ{‘é‘%e %eﬁ%‘l‘{?‘@@é?ﬁgﬁe prefyand-preondynlyr, _l%ﬁ%fdlsﬁi?@?ta@s first and
second cat al ye?&enﬁeltegé&tilvbﬂgg]e fsg@ﬁon%nw@eiﬁ%%meh't@EépaPagé/ {Ha%aRlyst F St end

into which a catalyst can omthe regenerator "and a second end
through whi chirérherahicts)yeita reastioant esactibves dondsdtedindhe fet and sgrondal i ti es of

riser reactors, respectively. 38] Yet apother enbodi nent of .{the invention
plr?)vi des a Céﬁg@{,g%& rréslﬁ’\éﬁé}lt_ﬁf%&qﬁé‘?%ﬁm‘&‘gﬁ‘ﬁﬁg?’girﬁ% a:“’eglé?@’?“é’t‘ & ﬁnlzo\rlle_ flor
contacting anggd c&rﬁ_ﬁﬁﬁnicaﬁéﬁ béﬁ\]elaﬁ{ tlﬂ%ﬁdnﬁ%@cﬂxd%@{aeﬁhﬁ{é{ zdﬁe%,*}e%elé@\g:%ﬂer ation

medi um under conditions effective to forma regenerated catalyst,” a
plurality of andtls first andhdesond fasalystacteitidmzpnes, respattivedn s (The diydioahrdbyn

deactivated catalyst froma plurality of reactor units, and plurality of
catal yat out IBPEeTigp SyPmBE IR Rt edurtbab et gt B ural i 1y
of reactor unfiksandAesdnd BRIV 0dQR2iNeS, cAENSSthe Bhil@NRkS Havife RS ief@thid O
contacting the at least partially deactivated catalyst with a stripping

medi um under Ewphin citelyst caaftieded fripm e firsand sedond phurelitidsaif risgireagiersbons from
e deact vt e g 90 ATROHL BRRLy S RPH L0, 300
deactivat ed Gageakiusdr. fTheRysteml ddoxprbiideofirst and second catalyst return lines, each

of the return lines having a first end into which a catalyst can be fed from the
- regenerator and a second end through which the catalyst can enter the first and

second pluralities of riser reactors, respectively.

[0038]  Yet another embodiment of the invention provides a catalyst

regenerator system, comprising a regeneration zone for contacting an at least

partially deactivated catalyst with a regeneration medium under conditions

effective to form a regenerated catalyst, a plurality of catalyst inlets for receiving

the at least partially deactivated catalyst from a plurality of reactor units, and a

plurality of catalyst outlets for delivering the regenerated catalyst to the plurality

of reactor units. A stripping zone or zones optionally is provided for contacting

the at least partially deactivated catalyst with a stripping medium under conditions

effective to remove interstitial hydrocarbons from the deactivated catalyst.

[0039]  Inone embodiment, the invention is a method for regenerating catalyst

comprising receiving an at least partially deactivated catalyst from a plurality of
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units, heating the catalyst under conditions effective to convéZtMiRHB0Tat

| east part wabbopssizset i vat ed catal yst to a regenerated cat BCyas200amch073
directing the regenerated catalyst to the plurality of nmultiple riser
reaction units. [0040] Another enbodi ment of the invention provides a

hydr ocarbon conversi on system conpri si'n]g' a plurality of reaction units,
each unit conprising a plurality of riser reactors, and at |east one

regener ati on muitipleiusp kedtibrouhibe hétiag theoeutalygtivngder chhaitiodsbffectiot t¢ eact i on
units is greater than the nunber of regeneration units. Optionally, this

embodi ment  al PVt BiFi &l depstpartiallcdeagiivated ¢atalyst fe a gegenerated atabist. @pdt he

reaction unit i ﬁﬁ%'- LSy r.than the
nunber of st rtlﬁrﬁﬁﬁﬁ%ﬂ%ﬁ ?%ésnré&&gctjémgaﬁgﬁt?{’/fﬂe |sh§&)ﬂgﬁ+lﬁ@ﬁt&g S g&%o‘r%ou\%ﬁ es at
| east one cgopd4fist capkier eadudihts: bixht eendacpiovites aihlyrocuben ei n t he nunber

of reaction wunits is greater than the nunber of catalyst coolers. 10041] In
anot her embofOREFEIOBSYSIAR GomPsisg 3 Myl fFeackiop | upits SaER, uejt couaprising & or

converting hy 11 G . r r t he
foa' s pr oduct gand) e kel fid fles P LRCE R fortnit MBI WsBaon 1 &
si ngl e r egenainitsi The MBbe B rédolion enitydslgroatet thian thanbmber drbgenefatiest i ve where

the catalysts inplenmented .in the various hydrocarbon conversi on processes
are the samaIgs. &RQP%HY’F}@!S embedigient dpeprovidgs pblsast 98e sEpREUsiton processes.

In one partigGulapky t}l%&@&&aﬁuﬁ%ﬁ%%‘i’éig‘ﬁﬁn&%k/hig?éécﬁé’n it i0Grdel a2’ € MIO

conversi on appar at uses. I'rst conver sion~apparatus can be
desi gned to the omnber of strippiig wiitsy |Givniidy, tiiie pybediendnk aldol providesiapleasthe i r st
ratio may be different froma second et hyl ene-to-propyl ene ratio provided
by a second MPOCA@EHYEUFIAOURISHAP Hhegeactipnaits, pvhersin thaviumebes of eastion

apparat us may; & oueser PR Homeitbtl gﬁalmiéogﬁgs_second MIO conver si on
Iy

apparatus nmay produce nost propyl ene; although the two MIO conversion
appar at uses dJhtdl a Ewamiher endgdnpem bi tre yseheimventdg 2 plutaity ofHE# 'ed above,

e T o Sl BRSBTS Bt e PSR RS o,
five, six, iﬁ%@d{hcir?g' Gferent bRfRucts $nPihe BRe? HKAYSSisicBupikd tdla GRPRLNI cation wi th
a | esser nunber of Tegeneration systens. Preferably,”a plurality of HCA's
are in fluid regenenmiooaystom. iihihermbaiimgitas patjenlerlpeifectivwyshazathe

catalysts implemented in the various hydrocarbon conversion processes are the

same or similar for the different hydrocarbon conversion processes. In one

particularly preferred embodiment a plurality of the HCA’s are MTO conversion
apparatuses. Optionally, a first MTO conversion apparatus can be designed to

provide a first ethylene-to-propylene product ratio. The first ratio may be

different from a second ethylene-to-propylene ratio provided by a second MTO

conversion apparatus. Thus, a first MTO conversion apparatus may produce

mostly ethylene while a second MTO conversion apparatus may produce mostly
propylene, although the two MTO conversion apparatuses share a common

regeneration system.

[0042} As indicated above, the number of HCA's that are coupled to a single
regeneration system varies. For example, the present invention provides for two,

three, four, five, six, seven, eight, nine, ten or more HCA’s in fluid

communication with a lesser number of regeneration systems. Preferably, a

plurality of HCA’s are in fluid communication with a single regeneration system.



2 2 MAR 2007 WD 2004/ 031327 PCT/ US20031016073 -13- [0043] As uz?% Eﬁ@}ﬁ
"regeneration systenf nmeans one or nore regeneration units, A

stri ppi ng woizossn3asd/ or one or nore catal yst coolers for Pccralqummhe
‘catalyst prior to recycling the regenerated catalyst to the HCA's. The
"regeneration systent optionally incl udf,; various conduits or lines coupling
these wunits, e.g., the HCA's, the stripper(s), the regeneration unit(s),
and/ or the catal yst cool er(s) [0044] Figure 6 illustrates one enbodi nent
of an integrH043] r eghmnesedtliecsin, “ssgsteratiorgeysent] hyand@se gnammlre@él&,ratiom
accordance w t.h one enbodinent of. the collIpr esent inve egr at ed

tion
. r egener at | on'&{is PRGPEEOTS LriRRinp Rl (Y o151 UATE P?fta@fst qelers (’662&1“1%028
Al though Fi gifeafdly20hiol ol ruatchﬁ% %r&%&eﬁ% Gtdl st td tHEIHE d&%me' cation wth

the integrated redgeneration system 6 in other enbodinents, the
.integrated r éxggewrfamnmysmm% toprionallydhaoddsrvafibud chndoimumnlirea touplingwhéde

addi ti onal dj d abov shown, the HCA 2A, 602B are
subst ant i al IV“ESr ﬁ'\gl’zli’e g?:‘b’t Eiéﬁ‘i %TEBWT&‘P? tﬁ‘?ﬁeﬁfn%ﬂf@r ft(?)v@Tc@O tgﬁﬁatﬂ@ﬁ@ s are
different frgym&agh other. As shown in Figure 6, in one enbodi nent, each HCA
602A, 602B includés nultiple riser reactors. The feedstock 630A, 630B is
shown ent er [0844} he H)gmtcﬁrﬂluﬁraeame@mbbﬁelaﬂmf an BorgtedbE2Boerdtiont he HCA' s,

the feedstock contact 1%atal %% nder d|t| ns ef f %I ve fg convert at
| east a port POIF™-&F PREY H‘EE‘F%T ‘&‘Eew‘ g‘r‘ B5R40Idhe | uent stream

634 is shownpregait trivRdtibi eTRE R pRdtbPRegd ATy sRACEDAE cbijftedteh S- The product
ef fl uent Ilnes from each HCA are conbined and then directed to a product

recovery uni plugaligt of HﬁdmﬁOZf[x,cﬁMB} Atthouph iges6 oﬁlytlliestramsetgfpéi@ﬂ’s in
r'egener ati on stem 600 w The

separ ati on z%'r‘i‘§§°8]fmlfnr\%a"|qw ith @F é‘fqggrﬁtﬁﬁ;;egﬂ’em gx'é?yst%gpéj 3P |° e§ epar at e

cat al yst frOéHlBJlﬁ‘mQﬁél!h@‘ﬂnt@@ﬁféﬁ%gen@iaubﬁ@y%‘texﬁ1§3eﬁ§d indMii@tombRinicadbal yst is
then withdrawn from each HCA. The wi thdrawn catalyst can include partially

deact i vat ed, withpiditigaal ¢ 4z é%idlaﬁmf@rabaﬂ i %SW@&hQﬁH@ﬁ $60%A.P02Bcont ai ni ng
cubot an, |00 S ARDREREN S RRRISE o SRR, PR BE o et nce, Fo
wi t hdrawn t haigfegnt GoRtetch DUk, Al RBGwS WP gu®) B oncldigbddimes:, eHAMCA04B
optionally | gOC lﬁy %(e)’)]%qgc]gcrlesnn%l?zp{elr?s\gr &ggtg;solfhg ?e\élds(,:tock 2300?5; 630B is shown

entering the bottom of each of the HCA’s 602A, 602B. In the HCA’s, the

feedstock contacts catalyst under conditions effective to convert at least a portion

of the feedstock to product. An HCA product effluent stream 634 is shown

exiting the separation zones of each of the HCA’s. The product effluent lines

from each HCA are combined and then directed to a product recovery unit (not

shown).

[0045] The process of the integrated regeneration system 600 will now be

described in more detail. The separation zones of the HCA’s preferably at least

partially separate catalyst from the desired product. At least a portion of the

catalyst is then withdrawn from each HCA. The withdrawn catalyst can include

partially deactivated, fully deactivated and/or activated catalysts, e.g., containing

substantially no carbonaceous deposits.

[0046]  With continuing reference to Figure 6, at least a portion of the catalyst

from the HCA’s 602A, 602B is withdrawn through conduits or lines 604A, 604B.

The lines 604A, 604B optionally include one or more flow control devices 606A,

606B. Each flow control device 606A, 606B can be of any type of flow control



6068. Each fl ow control device 606A, 606B can be of any type Ofezf'h@miﬂﬁﬁmml
2 2 MAR 2007 WD 2 0 04103 1 3 2 7 PCT/US2003/016073 - 14- devic2 tly
in use i nwbeao@aris112e control catal yst flow through the cacalysstosusEnst er

|l i nes. Useful non-limting exanples of flow control devices include ball

val ves, plug val ves and slide val ves ferably, the present invention

I ncl udes one or nore strippers or strli)‘& ng units 608A, 608B. As shown in
Figure 6, each HCA has its own respective stripping unit 608A, 608B. 10047]
In this enbodtvieerdurreiitl@ i€ adecih Yisd arf toawntrbEcaplystalov thr@fghREACHa1982A,  602B is
directed to the strlppl ng. units 608A, 608B. In the stripping unit, the at

| east parti aFimplcadiags, Vé@féhn%]ﬂl&ﬂ%texé%‘ﬁ{eé@f Slow eanirphgsvirgs isdiderhalinhi ch

enters. the DO N bR bR WES! PRRSAAR2Me 25 nbnRSh aRR | o0

effective to renb eas portion o rgani cs, e.g., IMterstitial

hydr ocar bonsenefgranoretseipgriedrisgi dppmgT:hﬁtssfiDBApﬁe@B ca&ahm irf hgﬁrel & emt hdr awn
t hrough |ines 610A and 610B an optionally passes through one or nore flow
control deviBed kil ovgarespectiye Ftﬂﬁﬂlﬂg U6¥tf68 4, 808Bans 636A 6368 conpri sing

the strippin i u exit the
top of the S@vaﬁgl nghtﬁll%\l%?@%gﬁ}é%w%%%ﬁﬁﬁ%%ﬁﬁg@? are |re(’ffi‘éd to and
conbi ned wi t 402 edliebtedftd tHeanippiigd @dm B34, 608B aln ﬂaalstrga'pn%tuniet}ﬁrﬁaodl ment
(not shown), stripper offgas streans 636A, 636B are irected to the FICA' s

602A, 602B, kag PaﬂtaHYtd@éct?étﬁéﬂatalYéhcma stwppagrmedipay whigh eaigrythe ned
catal yst Cat”sg{?@% ggpﬂgﬁqﬁﬁ&%ﬁﬂ%ggﬁpd’f@%%dér%m% o é@&%vé@& ~Re a%00481 The

stripped ca I's then |rected 0 a single

regener at i onleastiatpofitich ofGht btgaﬁicls,)e,glmttemtﬁlhﬁﬁoaﬂﬁoﬁlﬁﬁﬁ the osplyst. i ppi ng

units 608A nd Q08B S ectlvel can be conmbined into a single Iine (not
v gl ¢

shown) for eaﬁ‘i%PE‘?dr thends B weg b1 ang PR fdA s 602A and
602B into 4 ni recei ves
catal yst f roﬁg%ﬁagfgr anl ?’5&%}1%@{ @?F@ﬂé@gﬁ?@of%gﬁﬁgﬁﬁe%éﬂggpaﬁ%ﬁﬂe uni t
preferably icsff@ﬂam:mﬂs 686 he036Bacgepriditpthecaipent mediain, lighehelradarlmmsuni ts i n
order to acco the | arger of catalys ei received therein.
A regeneratl‘ﬂ'@r%é ﬁPrWFﬁﬁ’%tB}cé?lé?};“ge)?%énﬂo%‘éﬁ@82{:}?@&%‘5 such as air is
provided to 5&%&1@9%%&%9%9& éomlﬁ&é’d {vhﬁ?k'&fh& EfMREnG48am B3¢, legener ating

medi um contacts the stripped catalyst in he regeneration unit under
condi tions eflfeputive entbodanent ézs shoyanit stabpgr Qf@emacm?lﬂﬁe 636Brrgpped

catal yst. Regenglalde ACI280dA 2838 o SIRELR YRS fhellof! Werein

entrained catalyst can be separated from the product in the offgas streams.

[0048] The stripped catalyst from lines 610A, 610B is then directed to a single

‘regeneration unit 614. Optionally, lines 610A and 610B from stripping units
608A and 608B, respectively, can be combined into a single line (not shown) for
transferring the combined catalyst stream from HCA’s 602A and 6028 into
regeneration unit 614. Because the regeneration unit 614 receives catalyst from a
plurality of HCA's, the size of the regeneration unit preferably is adapted to be
larger than conventional regeneration untts in order to accomumodate the larger
volume of catalyst being received therein. A regenerating medium, which
preferably has been compressed, such as air is provided to the regeneration unit
614 through lines 628. The regenerating medium contacts the stripped catalyst in
the regeneration unit under conditions effective to at least partially regenerate the
stripped catalyst. Regenerator offgas line 638 removes byproducts of the
regeneration process, €.g., N3, CO,, and CO, from the regeneration unit 614.

After the catalyst has been regenerated, it is withdrawn from regeneration unit 614



regeneration process, e.g., N2, CO2, and CO fromthe regeneration unit 614.
After the catalyst has been regenerated, it is withdrawn from rleg8he?8ti on
unit 614 WQ@OWE3120D7 WO 2004/ 031327 PCT/ US2110 3 /111 BOT/YR200¥816073) g

catal yst outlet line 616 and optionally passes through a flow control device
618. At dividing point 620, the regenerated catalyst streamis divided
between a plurality of lines adapted to carry the regenerated catalyst to
one or nore catalyst coolers 640A, 640B (two are illustrated), wherein the
r egener at ed veaeadlystoutlehlimaé o and apbionallygpassasitbnengle 2 flow aeatrek deyicest eam under

diti tive.t | th t tal yst,, . | t ti
embodi nont, 8t AR soh e reERERa SR Db R R A ur a1y of
catal yst outghghlilyl Tfned dfapt@Beiagy thdvegdheldted éﬁtél?éftttﬁ dné 6r AofeaRRgh i Ve

catal yst cooler. Each of the plurality of lines that directs the

- r egener at ed coalezd 6NA,1640BHEVe arsplhustiated), dvdtezgin she rgercarted en@pst cOnRBs
preferably i nci.udﬁlseda fl ow cotnt roIt devi ge 62@%@ 6%&8.. A fi rﬁﬁ ortion of

t he cool ed @actog% MR B2 %’?’UE B BPEERD ,ecéwsgnﬁ%o di rected
through |i ngggebdrifed GABPstbaEkn altedndtive ehRBaRSHA AR Bhotm, thdkdede@dtidnur t her
regeneration. A second portion of the cooled catalyst is directed through

| i nes 622A, ugitdi4can inpludeyaspluralinesicagdehontdstdides 616, cadpefovhickisHCA' s 602A,

602B. Preferab each of.|lin 22A a 2 Lncl.udes. a |l ow control
Sorice banndgshatd B itpSlieiRfebef® Bl R 8 Re ALBEHY SN faf it 0001
Figure 7 il likstepaidsted 0athaljes tohOREpITENE cRhlybhRoRIS640H, G40BGMfeRBly Wher ei n
catalyst froma plurality of HCA's is directed to a single stripping unit

goz and a 3 iimﬂju@sl@aﬂcav gentral devies 67445, 624Be ot firg aprtion ofithe eaplad gatatystal : y
70an and 7odg R Ay Sl DA Ba0d BB A e R LA, BIZE BULE, ) 0

devi ce 706A;o #GBeenerativn untUAA fantkrthedBgemidtion! Pesabnd pationpatte al | y
deactivated catalyst fromthe HCA's to _the single strippi ng unit 702. As
shown in Fi gaplked atapyseisshireried thropgh kines|62¢A, 6 iq qalalky iRlge $20481 6268 om t he

HCA's are di . t ' : I 1 Dk unit 702.
However, i nogg%bﬁg}é%‘ggﬁ &r}ie;%'f’%?%%q P%?TIE@? féaa{cég]f} IEFS??%%A g %and 704B are
conbi ned i ntincladesiarfigve cémad devioe 64 dd34Brfor oahindlking fhe floeosfivataddtcat al yst
streamfromthe HCA's into stripping unit 702. Once in the stripping unit

702, the catﬂéﬂr%t contacts a stripping medium which enters the stripping
unit throughpddofe 7EZurdNdRksROMIhQUnHRHIRGH bY thelRedeRMMVENLIRL €7 St L 2l

wherein catalyst from a plurality of HCA’s is directed to a single stripping unit
702 and a single catalyst cooler 716. Specifically, at least partially deactivated
catalyst is withdrawn from the HCA’s 602A and 602B via lines 704A and 704B.
Each of these lines optionally includes a flow control device 706A, 706B. Lines
704A and 704B carry the at Jeast partially deactivated catalyst from the HCA’s to
the single stripping unit 702. As shown in Figure 7, the at least partially
deactivated catalysts from the HCA’s are directed separately from the HCA’s to
the stripping unit 702. However, in another embodiment (not illustrated), tines
704A and 704B are combined into a single feed line which introduces the
combined catalyst stream from the HCA'’s into stripping unit 702. Once in the
stripping unit 702, the catalyst contacts a stripping medium, which enters the
stripping unit through line 712, under conditions effective to remove interstitial
hydrocarbons therefrom. Stripper offgas stream 714 comprising the stripping
medium, light hydrocarbons and desirable product, exits the top of the stripping

unit 702 and optionally is directed to and combined with product effluent stream



hydr ocarbons therefrom Stripper offgas stream 714 conpri sing 292‘? ﬁtZrHéJppi ng
medi um |ight hydrocarbons and desirabl e product, exits the to ARt

st ri ppi ngwoimio/e¥027 and optionally is directed to and corGTA8M 1de7Ir oduct
ef fluent stream 2 2 MAR 2007 WD 2004/ 031327 PCT/ US2003/ 016073 -16- 634. In
an alternative enbodi nent (not shown),_ 1sst_ri pper offgas stream 714 is
directed to the RCA's 602A, 602B, e.g., to the separation zones thereof,
wherein entrained catal yst can be separated fromthe product in the offgas
streans. 10581 Ivab hltémativesmbodieeioet showhj, gtrippe offgdstseeam 784 ¢at al yst has

been strippe in.unit LAt ithdrawn fromstrippin nit 702 via line
708 and OBP i gﬁ.eB)}o %Eagégszs Q%égﬁae'g'k . 6?1?3’%{0"(?89?@%6‘%98 YI§T$Bute to the
regenerati onupifinkd fe‘&t_ﬂwsi &n A)_%Qﬁ?a{r%ﬁ iRt Yodilt I tht Bﬁge%t dleppgd catal yst

g nmediu h  ha

contacts a regenerati whi ¢ een 1 ntroduced 1nto the
regener at i orf00F0]t 6Witlt furthengplefdrenvego GFRBire @afer thecmatadyst henisceafstripeiive t o

agenor at | o BRIt DBh i WA OHE) S NG 404 L4 egiOB B ARHOMRY ough | i ne
616, passes &alfagg;eg WerBugh 5 hgw c%ﬁﬂ&lrd@vi&e)‘diogﬁé@ﬂtgto e Sjeagiteﬁer‘é{i&?ﬁﬁi?@l&olna

catal yst co 716.7In the catal yst co , the catalyst contacts a cooling
medi um undehe Egacirafiemenit tHessttipped datilysb odntadiea cegentry8ng madiunr, sthighor t i on of

the cooled ,catalyst is redirected through line 718 back to the regeneration
unit 614 forha?_ F‘T’%‘é‘ Od‘r‘@géwgti%ﬂeg?f?er§é¥’o‘ﬂﬂt éalr%‘cfg{qll‘g gn &%BH €Tof the cool ed
catal yst ar ofiifipas iﬁectivé ggﬂ}%&ﬁéré‘t@ai’lea&tw}fb‘ﬂﬂ& b thE 2atQI52A. %%6225, flow

control devices 624A and and back to the HCA s 602A, 602B via inlets

626A, 626B. r¢@asEkioRhe regabatiorenmit @ 4 theoseeherated-tagalys iy whdramaes t he
addi ti onal st avi advant age of, stripping.c | yst. .roma plurality of
fon s i n e Sye iRE T B Haeonbl ik BB SRS R ¢ 614, t e
size of stricaRiyigcatled 71603n tRlatANAkhbdet, thd @RS cbMais @ cEOMEREHARA]
stripping unit associated with a single reactor systemin order to

acconmopdat e unher jonditioas efesiive dereodfthe eatalysis tA fisst poied of theeoeled. The

enbodi nent dis¢losed.in FH gure. 7. al r,ovides the cost .savi dvant age of
cool i ng cat zf?f?g’fs‘?*srrg%r%:t$detg%ﬁ@ llpisgigg%fli toatggfer%a?eéatéod}lg}@@]td t‘éggfrg}e'r Thus,
as W th regesgmetdtion. $8tdndahd thitdporfoaLothe codlad yathlysiont @irectdds optionally is
| arger than a conventjonal catalyst cooler associated with a single reactor

|
system in GPIREPtiely.dbiobahrtinrs 22 mnd (RePe douropspldnyicss 6&%@9@?2?%& ved
therein. |0 anBBRUORI1ETRICLBBIA, REPbidifflels'op6R! 626821 ySt coolers i

i npl enented 1N accor
[0051]} The embodiment disclosed in Figure 7 provides the additional cost

saving advantage of stripping catalyst from a plurality of HCA’s in a single
stripping unit. Thus, as with regeneration unit 614, the size of stripping unit 702
optionally is larger than a conventional stripping unit associated with a single
reactor system in order to accommodate the increased volume of catalyst received
therein. The embodiment disclosed in Figure 7 also provides the cost saving
advantage of cooling catalyst from a regeneration unit a single catalyst cooler.
Thus, as with regeneration unit 614, the size of catalyst cooler 716 optionally is
larger than a conventional catalyst cooler associated with a single reactor system
in order to accommodate the increased volume of catalyst received therein. In
another embodiment, a plurality of catalyst coolers is implemented in accordance
with the present invention for cooling each respective stream of regenerated
catalysts prior fo its introduction to each respective HCA.

[0052])  As shown in Figures 6 and 7, the catalyst is withdrawn from

regeneration unit 614 via a single line 616. However, in an alternative



with the present invention for cooling each respective stream of rﬁ%gﬂ]g at ed
catalysts prior to its introduction to each respective HCA 100@’:7] ““Shown
i n Fi guresw6 2moud0343271 he catalyst is withdrawmn from regemreTatsi2oni/ouei’s 614
via a single line 616. However, in an alternative 2 2 MAR 7007 WO

2004/ 031327 PCT/ US2003/ 016073 -17- enbogj{ ment (not shown), the regenerated
catalyst is withdrawmm fromthe regeneration unit via a plurality of lines,
each of which carries the regenerated catalyst to a respective catal yst

cool er and/ oembGlimexe ren sheigsthe regehéreted whialyst isogdnkaeh &dnctheal ysts from a
single line is preferred in accgrdance with the present invention so that a
.single cat al JREENEFHPR PO 417 aRIBiRlIby R ey EAEh w@cﬁa@aaewerssqr@mtqdo its

rei ntroducti 1 . i S, 10 Fi - ] 0053]

Addi t i onal | y?*&% ?ﬂgua;’}%gpteﬁ{e‘%@é@%é{n59§]ﬁ‘\?‘gﬁ{?%o}%@%a§%§§ﬁ%érlgaﬁs1 e§fﬂ’i‘f1e%"r‘{“Igolescri bed
-as dir ect i ngrepahahiedtcafalysm feorn kgingld line io prefiSAedsintaoca@daiceglith the pregpatng uni t
and/or a single regenerati.on unit and/or a single catal yst cooler, benefits
can al so belVERtion sojthat psingle calalystrpolencan goql the sgeneraled catplyShPIOF tRCA' s to a

plurality of g ?éiﬁ&&&?]cflgn Hﬁ&h&ylﬁrﬁ%%ﬁfkﬁ%%f‘aé@ﬂo% i, 97 catalyst coolers.
a e enpno

For exanple, 1h an ternati iment’” of the present invention,
catal ysts fr [(i053] pl uAdditibyallyf altieGgh thegresedli ineeritingh Has gamerhldabdenone

regeneration unif coupled thereto, whereipn t unber, of RCA's, e.g.,
reaction uni fl%SFni’%‘fgﬁ* cupg CatabistFRm ﬁ@ﬁ%@ﬂwd;l%%géﬁ%ﬁéﬂg&ﬁtf‘%% ynit
Simlarly, c ; : 4 oS ! t ast one
stripping un?‘%@ﬁgpg{e;}%eﬁgﬁhgm# B%ygﬁci%e?gﬁgrsgg{%%’ ?ﬂlgﬁ%t‘%iej ajr%ﬁnber of
stri ppi ng unb¢ sealizethfromolimbling catalpdt fmmaphwaity of HEgEn&r aphakltabfl ysts is

directed to _at Jeast one catal yst cogler wherein the nyrrbqr .of RCA's is
gr eat er thanStf‘HBmgr’rE’ﬁtB’eng?ﬂera@ﬁPéF%?n YA %STC?@%A?OWGC%% f or

convert! N9 aalehilileVelinodsan of tllpfednl SodSIACkualg A0 kR Brdiipop’ oI e

oxygenates, In the presence of a nolecular sieve cata conposition of
t he i nventi oHCA’s arzadirdcted toat lehst one regandragon wribcmpded theratop el thy of HCA' s

where the processe .preferaply selected from,the follow ng types of
processes: an?fflégoosfﬂz(r&gﬁr B€e §esa,°g‘§¥'1"?1§$i’ Hi gZ%ﬁerﬂéﬂ‘n%‘Fmgr ‘Ef‘ﬁ'@?’%&?%g‘ a

turbul ent  beghitdrIaR7AY, cailBh BoALd MumliPst HOWOY R difedicditd deledndr ocess, and
most preferably a continuous high velocity fluidized bed process. In

accor dance whtrihpingamyly whemin the nymbericfHCAds greaten thanrtbamumber ofr ocesses, t hat
I's, the Sanestlc‘)l}r)pﬁllgfugq?tg.e%idi%roggl?ysgr%%tmatively, regenerated catalysts 1s directed to

at least one catalyst cooler wherein the number of HCA’s is greater than the
number of catalyst coolers.

[0054] The process for converting a feedstock, especially a feedstock
containing one or more oxygenates, in the presence of a molecular sieve catalyst
composition of the invention, 1s carried out by a reaction process in a plurality of
HCA’s where the processes are preferably selected from the following types of
processes: a fixed bed process, a fluidized bed process (including a turbulent bed
process), preferably a continuous fluidized bed process, and most preferably a
continuous high velocity fluidized bed process. In accordance with the present
invention, one or more reaction processes, that is, the same or different processes,
occurs in a plurality of HCA's.

]0055] The types of individual HCA’s that can be implemented in the present
invention will now be described in more detail. The reaction processes can take
place in a variety of catalytic reactors such as hybrid reactors that have dense bed

or fixed bed reaction zones and/or fast fluidized bed reaction zones coupled



occurs in a plurality of RCA's. [0055] The types of individual E&? s _t hat
can be inplenented in the present invention will now be descri MARK Wb e
detail, Theormegeiidy processes can take place in a vari eRGT/B$206818073t | C
‘reactors such as hybrid reactors that have dense bed or fixed bed reaction
zones and/or fast fluidized bed reacti 9? zones coupled 2 2 MAR 2007 WO
2004/ 031327 PCT/ US2003/ 016073 - 18- toge ﬁér, circulating fluidized bed
reactors, riser reactors, and the like. Suitable conventional reactor types
ar e descr i betbgethef,@irceletingflaidize8.bePatastrs, Mzer redctdrs aidte llde SSultailent No.

6, 287,522 (dual ri.ser), and Fluidjzatiaon Engi neeri D. Kunii and O
Levenspi el , POBERIORE] TE4CIoz fypes qsglﬁ}?%dngfrfﬁ‘éﬁ?}e Q&NPWPR, O New York 1977.

[0056] The pa%syg&%!sePs&ﬁ{m%@%ﬁ,ﬂmhmﬁg, M@ﬁhﬁ&??&t{ohﬁﬁfgg{e@ﬁﬁé,or S

generally described in R ser Reactor, Fluidi'zation and Fluid-Particle

Syst ens, pag®s Kdiiitand (b %.evénspiel, Rotertdn Krizger Pdvlishing, CaRepanyoNdwPridki shi ng
Cor por ati on, NNe Y?{r:?) 1960, and U. S. Patent No. 6,166,282 (fast-fluidized
bed react or) NeRb&®™KJPdferably, at |east one HCA includes a plurality of

riser reacto S dnﬁclg i j i i '
00/ 564. 61 f 1ol May By rEREd kéholdr BrpdiataRkicd @?ﬂ%@g&&ﬂg?%gggﬁ% mor e

det ai | bel owdesgubedimaRissr, Rezatmn, Idhidizatioki@nd EhiidPhunttesSwtennd, pagdsidSytoof ri ser
reactors, as in Fi and 7..[0 dn t referred odi nent, a
f1 ui di zed beéggﬁgée‘? %}dqﬁfgﬁt%?foéwg‘d%f%ﬁha@?ﬁe a‘f%i@é’%% el udes a
reactor syst @ogo, and SOS TokH; NB%,%&QSE‘(@E&dﬂﬂdiz_EEBgdé gerab!to%)\/ N6 preibfablyeact or

system preferabl'y includes a plurality of fluid ~ reactor ‘systemns, each
havi ng a fi r stleastant HOA mohuesva phirality of riser reantersy asghisciosed aiw s, (Pejentind a

‘ d tion. i t hi t di jagi l f er abl
corr i na orSPIRG SEAR Rlse SR RESD SPHEM CokE e Bhor o 71 Ler
reactor(s) agcassel HANSRARH BegHSLOPLidsnARNEAMUTALMHOA DR lvdefd! € HCA. Fresh

f eedstock, preferably containing one or nore oxygenates, optionally with one
or nore di | phwality pf riser reastprs.@sshewn ieFigs. qande7.r i ser reactor(s) in a given

HCA in which eold tic or nan-zealiti.c l.ecyl.ar sieve gat.al yst.
conposition !)q'(%gf)kec}n\}ié? grfgergeﬁteﬁébrogﬁeqt,sa ﬁﬁl{i}zg SEQBFOCF% ocfr%%glé‘ﬁ%%%fynent , the
nol ecul ar si gvRlifedtbal psdcesCiABINAE 4 FeabioP Eystdk ke eieritin sybemealid 4 s cont act ed
with a liquid or gas, or _conbination thereof, prior to bei ng introduced to
the riser relRePWIY Systerpr dihereastay system preferably includes a plurality of fluid bed

reactor systems, each having a first reaction zone within one or more riser
reactor(s) and a second reaction zone within at least one disengaging vessel,
preferably comprising one or more cyclones. In one embodiment, the one or more
riser reactor(s) and a disengaging vessel is contained within a single HCA. Fresh
feedstock, preferably containing one or more oXygenates, optionally with one or
more diluent(s), is fed to the one or more riser reactor(s) in a given HCA in which
a zeolitic or non-zeolitic molecular sieve catalyst composition or coked version
thereof is introduced. In one embodiment, the molecular sieve catalyst
composition or coked version thereof is contacted with a liquid or gas, or
combination thereof, prior to being introduced to the riser reactor(s), preferably
the liquid is water or methanol, and the gas is an inert gas such as nitrogen.

[0058]  In one embodiment, the amount of liquid feedstock fed separately or
jointly with a vapor feedstock, to a reactor system is in the range of from 0.1
weight percent to 95 weight percent, preferably from 10 weight percent to 90
weight percent, more preferably from 50 weight percent to 85 weight percent

based on the total weight of the feedstock including oxygenate recycle and any



the liquid is water or nethanol, and the gas is an inert gas such as
nitrogen. 10058] In one embodi ment, the ampunt of |iquid feedst@gkiAReq?
separat el y V@ 20H@B3H2FYy with a vapor feedstock, to a react BETAgHN®MMS i n t he
range of fromO0.1 weight percent to 95 weight percent, preferably from 10
wei ght percent to 90 weight percent, (£ pr eferably from 50 wei ght percent
to 85 wei ght percent based on the tot aI ght of the feedstock including
oxygenate recycle and any 2 Z MAR 2007 V\D 2004/ 031327 PCT/ US2003/ 016073 -
19 dil uent caliantnechtdiitethérsin. The lqueliad wpdr fepascieedsefestdy gree preferably
the same conposition, or contajn Val’él ng proport| ons of t%% sanme or

di fferent fe*é%tcaewowl% O KENEHNATHPE B qRosistof dha SFEIGOT TSRS The

f eedst ock entfgéq Pﬁk%ﬂ{m %-PQUﬁélffe?éﬁﬁﬁﬁexﬁys" emis preferably converted,
partially or int Irst reactor zone into a gaseous effluent that
enters the dij#esfjagi e Veedsiotk erterimg av indivadicad kendtorsy st isspreferable cat al yst

conposition which is at. | east partjally deactivated. In the _preferred
enbodi ment,  OPEFHepjially o wﬁéh#%%wa@r RENS B PASEYS %‘@E#rg#@a to

separate the RS ap %égng%\?esgél ?d%%&qﬂ?%&?e%ﬂh:hbl@&ﬂm%&fe‘?{amd a coked

nol ecul ar si eve catalys nposi ti romthe gaseous e ent contai ni ng
one or nore aoafpositioh whidhhis at lehst partiadlgnigagivatedz dn the @fefreahembaﬂhmeﬂf eferred,

e cat al yst SelBES! bTERSDY PORRSBDE RSt a6 CEnFd e P ioe TABNGES for
separati ng ! Nee bl plofRIRRH! blefilabi amwﬁlgmspgiéve ehdilyent i nclude the

use of plates, caps, i ke I n one ehbodi nent of a
di sengagi ng s:pmpemtuon,fmmﬁhecgazeaiualfﬂlhmpomthmmgcbmmgage nipfings wathin thel udes a

dlsengaglng vessel .. In o iment, a.l.ower portion. of the di sengagi ng
vessel is a giﬂ%z‘}“&n?ycﬁ%&% & @??Fﬁfnl}?@”’?%g%"% g‘f"’ts I“@@é'{‘dhﬁar_tl al'ly
coked nol eCU'cﬁéenéégﬂﬂ@vé‘s@él%ﬂd%‘lso%ﬁﬁﬁ&' thé e&talyst ébﬁiﬂo@i’%ﬁéjfrﬂmttﬁe aseStid | PPI NG
medi um which Is a gas, preferably one or a Conbination of steam nethane,

car bon di oxi cedfluengr @dwr metteds de, sehyrdting the, cataﬂysammp@mongefmm; thetgassus ar gon,

preferably st ver rbed interstiti drocarbons fromthe at
| east parti ale%@r%% %‘&ﬁ?lo rp?fg S V&S glﬁ’&?” ’sat“dégeh]b%%l tion that is then
introduced tipoda)e rﬁg@wﬂaaddﬁﬂexﬁmtameng tenfl {4 iAdivadubP HOM fiee
preferably 2 to 6, and nost preferably

ounds of stri p?l ng medi um
e.g., steam GI@H%M%GI’Q@CKW@Sa@tsﬁnﬁﬁiﬂrﬂg"%ﬁﬁlt 1 ore @nlqdimenfod lgyinds of

cat aI yst. In %ﬂ? nhcﬁ’r m?&?&@aﬁﬁ%sstepf‘s a stripping zone. In the stripping zone the at

least partially coked molecular sieve catalyst composition is contacted with a
stripping medium which is a gas, preferably one or a combination of steam,
methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed interstitial hydrocarbons from the at
least partially coked molecular sieve catalyst composition that is then introduced
to the regeneration system. Ideally, from 2 to 10, more preferably 2 to 6, and
most preferably 3 to 5 pounds of stripping medium, e.g., steam, is provided to the
stripping unit for every 1000 pounds of catalyst. In another embodiment, the
stripping zone is in a separate vessel from the disengaging vessel and the stripping
medium is passed at a gas hourly superficial velocity (GHSV) of from 1 hr! to
20,000 hr™' based on the volume of gas to volume of coked molecular sieve
catalyst composition, preferably at an elevated temperature from 250°C to 750°C,

preferably from 350°C to 650°C, over the coked molecular sieve catalyst

composition.



stripping zone is in a separate vessel fromthe disengagi ng vessel and the
stripping nmediumis passed at a gas hourly superficial velocity A ST of
from1l hr ™0 2009/08087hr" based on the volunme of gas to volPGRASR3IHES

nol ecul ar sieve catalyst conposition, preferably at an el evated tenperature
from 250C to 750C, preferably from 350G to0 650C, over the coked nol ecul ar
sieve catalyst conposition. 2 2 MAR 200 WO 2004/ 031327 PCT/ US2003/ 1116073
-20- [0061] In one enbodi nent, catalyst fromnore than one di sengagi ng
system e. g.[006 jom dopee chndioreat, ld@Aalyst Somimerettlemh are dsengaging systan,

stripping zone. (0062] In one prefert.ed odi.ment qf the process for
converting ane'g'oﬁgﬂbﬂé{eeﬂ%o%?%(ssén éﬁ%ﬁg aﬁllgFgria@géfrmﬂl‘?%fﬂ%sphat e

mol ecul arsi ejogeHjat aly she pfé?éfpé?ﬁérﬁbdaﬁmeﬂtfb?tlfkrdp?éé‘e%§fdr?‘coﬁ@&ﬁﬁ%‘a’ﬂ at a WHSV of
at least 20 hr-1"and a Tenperature Corrected Normalized Methane Sel ectivity

(TCNVB) of | eswzemateiio 0leHa®) upngheilizbilymimophosphaie meleadardievecatlZl. See, for
exanple, U S. Patent . 5,952 538, 00 lqure 1 esents a parti al
Cross sect i on%ﬂmRPrS’gW_ngﬁje&’r?—‘Eﬁ\s If_(ﬁ)pF’f?éefd aqﬁgﬂ{§§la‘%!u%tl?qa§t ﬁﬁb’rﬁﬁ%ﬁ? ed with the
integrated r eﬂﬁigﬁrﬁhfeo@oéyéécﬁﬂbhﬂm%&%éiﬁd}ﬁ%elé&imy ITENM B8 Mss kiyent i on.
The apparatus 10 conprises a shell 12, a plurality of riser reactors 20, a
feed di stri bud.@16, pocferably lassthambyetual ot bln S8, fopesfwplabl)yS. Pateat Npr esent

i nvention cou bﬁ fﬁpl urality of RCA's to an integrated regeneration
system [ 00647 ? ‘continuing reference to Fig. 1, the shell 12 forms a

separation 7Z@0§3}14 Figwbi PhesRnRaGaRedl cRiss 8o i@ af HOIT L P0YIRK S ON
reaction is separated fromthe catal yst which catal yzes t he hydrocarbon

conver si on r eentiohally isShgpldmenged Witk thedategratdd negenepatipn sgstamdnacemdard end 18.

The separation..zane 14 addit.i onal | ntain._one.o re,separation

devi cos. not B bresen L e i PReratis B e R Rl ddee BpRR e "
catal yst. Usedgét reaead 20, adBedi@iirtRtor 0eardl SE€A8 detuBSDVPreferatig otk at i on wi th
the discussion of other enbodinents of the present invention. Further, the

separ ati on devFeEasmyaRtiaecoypldsta pvraltyesftie Azl tp pniyegnated reggngrasionon zone 14,
I.e., outsi deS ggemt he shell 12 of the HCA 10, or a conbination of externally
and internall )y posi ti oned separation devices. [0065] Optionally, the riser
reactors 20 ipp0edle oWitlpeenthiuidghefdriéi¥eso Fy 1, the shell 12 forms a separation

zone 14 in which a product of the hydrocarbon conversion reaction is separated
from the catalyst which catalyzes the hydrocarbon conversion reaction. Sheil 12
includes a first end 16 and a second end 18. The separation zone 14 may
additionally contain one or more separation devices, not shown, which are used to
separate the products from the catalyst. Useful separation devices are discussed
below in association with the discussion of other embodiments of the present
invention. Further, the separation devices may be positioned externally to the
separation zone 14, i.e., outside of the shell 12 of the HCA 10, or a combination of
externally and internally positioned separation devices.

[0065] Optionally, the riser reactors 20 in one or more of the HCA’s may
extend into shell 12 and into the separation zone 14. By extending the riser
reactors 20 into shell 12 and the separation zone 14, the height required to obtain
the desired aspect ratio of a given riser reactor 20 is concurrent with at least a
portion of the height required for the shell 12, separation zone 14, and other
associated spaces, reducing the total height of the hydrocarbon conversion reactor
10 of the present invention. Each riser reactor 20 includes a first end 22 into

which the catalyst and feed are fed to conduct the hydrocarbon conversion



extend into shell 12 and into the separation zone 14. By extending the riser
reactors 20 into shell 12 and the separation zone 14, the hei ghezg‘é&dﬂlﬁed to
obtain thWad§#PBEd2%aspect ratio of a given riser react orPQAMWS290@EENII I ent
with at least a portion of the height required for the shell 12, separation
zone 14, and other associated spaces, rzduci ng the total height of the

hydr ocar bon conversion reactor 10 of £H “present invention. Each riser
reactor 20 includes a first end 22 into which the catalyst and feed are fed
t o conduct t heachyadr Badt fien reevr @0 fiutker 2ncPudBR s2éihd en\24 200400 the

PCT/ US2003/ 016073 -21- reaction. Each riser reactor 20 furtg@re i ncludes a

"second end 24&atakish RERusHiadd unFracted decdh 1fapy. SRthe HE reator sty JREHEY feed, if
, it th i : i t: i t 20
any, exit thgnfh5ef e{]&g-gsteﬁ]ea@t%r %H \Eﬁ;ﬂf&é}a‘i& in a8Rli2 26 G{rog%g\b *gielﬁ r reactor

term nates in a nout roug the catalyst e fed into
‘the riser reastabyst 20 feddarerfadims thefriser eactor 2ACThersnt@r ofriger esaetbrs 20 each HCA
10 varies depen(ili n 'an;:hhe hydr ocar gon a_onversi on rocess or, processes to
be conduct ed SMPIRFE BprashAls Ayl Uovarigp pereating o8 thohydraarboneamaFmaios 10 can

conduct e e Corariapp L5 :
20, [0066] | R oot marocsgss  HE poRluticllin BRGIARG o ipiaflols 11 Sk Lo e

include a tappapms 10 cancoitdinfrey, thesesfour,dbie] sig oaaeendhoeahamgx tiber out put of
mul tiple reactors ‘k‘g t he separation zone, as disclosed in U S. Patent
Appl i cation SeAtdF 2. 09/564,613 to Lattner et al. (nultiple riser

reactor). LOQYds) Merrsing e bmbBfinieh Glot SEAGACUR AOhdfEREHTIOR ARKARE! o7 S

Th

such as the sup(lrfi cial gas velocity, solli rodynam cs, pressure, and
producti on capeamsport canfduit ier cbasolidatng gt dicetibg mhecmnmerod madtiple oeess | n t he
present invention, each riser,.reactor desi rabl.y .has, a ight from 10
meters to 70 ‘PriESFRArANNN 2pnG; 3R qisose "Hﬁ\SPEDBABPh%‘HQn%’éF%‘HS?'O three meters.
Al'l of the ri0§?64r6ng(;ggﬁleggt jﬂ[](rﬂﬂlg:b}éq er fdedfiohiave a simlar height from
their first ends 22 to their second ends 24. ‘Desirably, the heights of the
ri ser reactof8067) vafhe Hige efvhevise reaaors 20 Yependson parametgesuchaddheor 20 to

ISR A AT RN TEIRY: MR = RN TS
than 1% [ 00@8ihel desirdiEhRi6etn dodvERIdnPeceSACH thE pichéht inveation @agt ors 20 in
an individual HCA has a simlar cross sectional area along its entire
hei ght. Desi riaei ipacteradthdesfrably has a height from 10 meters to 70 meters and a width (or

diameter) of one meter to three meters. All of the riser reactors 20 in a given

HCA have a similar height from their first ends 22 to their second ends 24.

Desirably, the heights of the riser reactors 20 vary by no more than 20% from one

riser reactor 20 to another riser reactor 20 in an individual HCA. More desirably,

the heights vary by no more than 10% and, most desirably, the heights vary by no

more than 1%.

[0068]  Inthe present invention, each of the riser reactors 20 in an individual

HCA has a similar cross sectional area along its entire height. Desirably, each of

the riser reactors 20 has a cross sectional area of no greater than 12 m’. More

desirably, each of the riser reactors 20 has a cross sectional area of no greater than

7 m®. Most desirably, each of the riser reactors 20 has a cross sectional area of no

greater than 3.5 m°. Desirably, the cross sectional areas of the riser reactors 20

vary by no more than 20% from one riser reactor 20 to another riser reactor 20,

More desirably, the cross sectional areas of the riser reactors 20 vary by no more

than 10% and, most desirably, the cross sectional areas of the riser reactors 20

vary by no more than 1%. If one or more riser reactors 20 have both a largest and



the riser reactors 20 has a cross sectional area of no greater n 12 n2.
More desirably, each of the riser reactors 20 has a cross se(thl alllar ea of

no great erwigmsnzizp2. Mst desirably, each of the riser pepetansorgihas a
cross sectional area of no greater than 3.5 n2. Desirably, the cross

sectional areas of the riser reactors 20 vary by no nore than 20% from one
riser reactor 20 to another riser react@2-20. Mre desirably, the cross
sectional areas of the riser reactors 20 vary by no nore than 10% and, nost

desirably, tRhanfanesraesbiial argd fAEHReni Rintsiafifly th@BGRRN 6 I?S@r re}d@bds by no
nore than 1 % |If one or nore riser reactors 20 have both a largest and 2 2

MAR 2007 WO 200desiyshlig2ite RERsUSROORLOAE) 2@ as oDthe risesteattbrssi varpbgasect i onal

t diff I .th 0, d bl
The 1 ar gest  EigetB20% Frd ke eartor ALty fotier FBErERRS! 2 3af by no o

than 20% f r ogn&st bio38kedtBAGH LEas thOriRP RlalRLs D0 &Y UyaRGhEYe 1REh 2@Rd the
smal | est cross-sectional areas of the riser reactors 20 vary by no nore than

20% fr om ondroni e rises agactn 2200 anotheraiseereactos 20. h’&a@dcﬂnabbz theargestesi r abl vy,
the |l argest cross se tion area of ong I‘ISE([!} react or 6//ar|es by no nore
X it

t han lo%froﬁﬂsﬁﬁemloﬁ FEA 0 §§ers’§€TtP’bn%YaIéFrs ooty piom Meeact or 20

and the smal h&sdst 8fo§§&ct1§§£lta'r&rtﬁ1an§ih€1ané@'i-éa%ﬁ>r@Y) a8 tHDERalld8Pdodk0% T rom t he
smal | est cross sectional area anot her riser reactor 20. Mst desirably,

t he | ar gest se@@sals@mvmlbymoeaoroﬁh@nw% fnomeﬁhersmﬂessrcr@esmndsax@y no rmre
than 1% from the J argest cro e anoth riser reactor

e e ol PE A T BE eafor 20 oSt A any e TasBost RS ST ofioPf ot
smal | est Cr O$iSery84dtd101BYarRk ®9 ndfmdi MaberYs HobEihe186itRbosd QectibBNORdn dfesi rabl y,
tthe cross sectional area of each riser reactor 20 in an individual HCA

vari es by noaneher nsﬁamasmwalaodxgleuwlléﬁtcmse seadtingehareaarees byawimeisl y, t he

Cross sectiona 18 ac ser by no nore
Chan: 30% al ohgmi17e S8p{ e SRRUeG RS s ORl HeCl APl B et onad
area of eacgmr per Desiebby, therydise@foralar8PoN®dch risepreadidpe@logg its entire
hei ght. (0070] To provide a feed to the riser reactors 20 of an HCA, at

| east one fedfividpaltHGHyares wone moppdipg PBKeionis entive IangistMereds 22 of the

[1oer of €act sl W Soss DAoL SPChc AL P50 APTRL e BB) Yo

adj acent the TIrs riser reactors rovi eed in
various st at @sye thag 30%0dleng Eedntﬁ'bﬁéfghb&ﬁ@fno@ﬂdeﬂi&yblypﬂﬁ\crcdﬁ sécftﬁ;dallaﬂeaa vapor
form\/\hlleasecondfeed distributor 30 may provide feed nallqwdform
Feed di stri b@i eachaiser 5eartgrdQ vangsduynoznorethan Livealong it entisg heightos

{0070] To provide a feed to the riser reactors 20 of an HCA, at least one feed
distributor 30 is positioned near the first ends 22 of the riser reactors 20. More
than one feed distributor 30 may be employed adjacent the first ends 22 of the
riser reactors 20 to provide feed in various states, e.g., one feed distributor 30 may
provide feed in a vapor form while a second feed distributor 30 may provide feed
in a liquid form. Feed distributor 30 includes a body 32 from which a plurality of
necks 34 extend. Each riser reactor 20 has at least one associated neck 34. Each
neck 34 terminates in a head 36. Each head 36 of each neck 34 is positioned
adjacent to the first end 22 of each riser reactor 20. Desirably, each head 36
extends upwardly into each riser reactor 20. More desirably, each head 36 is
positioned at or above the mouth 26 at the first end 22 of each riser reactor 20.
Feed distributor 30 may include an optional flow control device, not shown,
positioned on feed distributor 30 to control the amount of feed to each neck 34 or
a flow control device may be positioned on each neck 34. The flow control device

can also be employed to measure flow as well as control it. Further, a nozzle, not



necks 34 extend. Each riser reactor 20 has at | east one associ Zt e@%neﬁk 34.
Each neck 34 termnates in a head 36. Each head 36 of each nedK 1087
posi ti onedWA8EHR7 t o the first end 22 of each riser reRCI/UB2008016073
Desirably, each head 36 extends upwardly into each riser reactor 20. Mre
desirably, each head 36 is positioned or above the nouth 26 at the first
end 22 of each riser reactor 20. Feed di’stributor 30 may include an
optional flow control device, not shown, positioned on feed distributor 30
to control thhoampmay bepofitenkdan erals heatdeidkto Fdrthur coatrdll thevdistrittutioh oflevi ce nmay
be positioned, o ach neck 34. The flow cantrol device can_also, be enpl oyed
't 0 measure fItBQ\/Pe& 18990 8T FSRIOF 36 ﬁfi_glflﬁ{}%[}hg?qh I%Faﬁd'gﬂl@”, beftedwish \nR 2007
WD 2004/ 0313 : Lt each
%breelih l&%@ﬁ@%foq %ﬁ&zﬁ; to f?c%ent bﬁ@l@%y c%}%éta.ggste 5‘9? %\)ﬁ)’e@faciﬂegkspﬂi

head 36 to further “contr e distribution o riser
‘reactor 20. Addedd distabltpr 36and shbseduaslymaye bedy 32 vEedilistribus@r3d®eni ng devi ce,

not shown, t vent, back flow of catalyst .into any of necks 34 of feed
i stributor 3804 éﬁ%ééfq%ﬁ@ra}/xst F%%Qd’a?/‘”é% ridecbmmumication bewvsen 30.

0071] At le | | £h. AL ' bet ween
Ehe s]epar ati gﬁé %@%t%?aﬁélgﬁlﬁﬁ%#ﬁﬂllgggﬁ{ t Sg?%iaéﬂgirvg %éact or sh‘%%b&n

Parti cul ar | y,cashehretaatsdl pretideefluidromihynrcationl betwiekn itk sepamtion eatei idn bet ween
t he separation zong 14 dthe first en 2 of each ris react or 20. Each
catal yst ret fof Wégndéazgiqfﬁ&%?ﬁﬂr@?toégé' a%‘éﬁ%%éf’;téﬁﬁl“%%h%ﬁl‘shst end 52
of the catal ks sHEhHhReAhaRRAa, Ik First N 53 BEARC R Hufll sl int@ and the
second end 54 of5 cat gl gst return 50 (;pens adj acgnt the ri seéﬁrgg%%ors 20.
Each cat al ystthe steandiersD18 of greii2diad theosevomingiioid of aat st yettrnf S0oopenbie

separation zone 14 of .shell 12,to_the first ends, 22 of .the riser reactors
20. One or nmoPECEH tﬁ%aseﬁéﬁecf@rﬁa@-_ A AL ST s Feeices OABRTPO | ve, six
or nore cat alyflyst Bol A sefhratibhonal b ¥f siRITINGY P AL NRCESSTARE fider the number

of catalyst returns 50 in an HCA corresponds to the nunber of riser
reactors 20 ireactars 20n@ingiod oedre pOAe HGA sheayeinblude mpettwohtbyee, fowrHingg, six, t he

catal yst returns 50 are xte t.o.lhe.riser reactaor. 0. wever, as

shown’ 1 n subdedEneraresEIToRt Taenlr ulER nel 2GR, B RS0 may be
cont ai ned W tchialystret@iEo0 i AeHIC A0orrd3forid@ 3 tHeGit@tbek B SEdtatdcyork DO LAt i ON to
the riser reactors 20 or sone conbination thereof. Flow of catal yst through

t he cat al yst ipdivigua(B§Asdn ikgerabrdimaat shgwpén Figoht theicpalyst rawng 0 aige use of a
fl | I L h . fl
ow cont ro eg?e\é%ﬁ S0 rﬁ&sf-eta&t?{}gfeb. f)i?ox?%%r. as §f)% fﬁ %Jgéigc@.\ééhﬁy ascriblf f1ow

control devic can be any W con
embodiments, the catalyst return 50 may be contained within a common shell or

be positioned internally in relation to the riser reactors 20 or some combination
thereof. Flow of catalyst through the catalyst return(s) 50 may optionally be
controtled through the use of a flow control device 56 positioned on each catalyst
return' 50. The flow control device 56 can be any type of flow control device
currently in use in the art to control catalyst flow through catalyst transfer lines, If
employed, the flow control device 56 is desirably a ball valve, a plug valve or a
slide valve.

[0072] The HCA 10 further includes a base 60. In the embodiment shown in
Fig. 1, the base 60, the catalyst returns 50 and the first ends 22 of the riser reactors
20 define a catalyst retention zone 62. The catalyst retention zone 62 is provided
to retain catalyst which is used to catalyze the hydrocarben conversion reaction
which is conducted in the apparatus 10. The catalyst return 50 provides fluid
communication between the separation zone 14 and the catalyst retention zone 62.

To do so, the second ends 54 of the catalyst returns 50 open to the catalyst



currently in use in the art to control catalyst flow through catal yst
transfer lines. If enployed, the flow control device 56 is desizrza%lﬁyz%? bal |
val ve, a pMRYZW&P¥E2Dr a  slide valve. [0072] The HCA 10 POFUREWmmotudes a
base 60. In the enbodi nrent shown in Fig. 1, the base 60, the catalyst
returns 50 and the first ends 22 of the.niser reactors 20 define a catalyst
retention zone 62. The catal yst retention zone 62 is provided to retain
catal yst which is used to catalyze the hydrocarbon conversion reaction

whi ch i s condetentéeh zonetdle Apmearcdiskidl in Ohe Fhwild apprbgiste, the bonndaGObgimwewn des

fluid j cat i bet th ti 4 t | yst
Fetenti on 20N GSAVHFEGHOR fonetine G IR N G RS (O ARAGeRPLs ) ot ur ns 50
0pen 10 the e, an e R0 Uialy WRORARAPR 82T BICK, HSRDOPLANGOT3 - 24-

retention zone 62.” As one of ski inthe art will appreciate, the boundary
bet ween t he cetalyat yed¢ntioatzente 62n zone 62 and the catalyst return 50 is fluid

and depends, | east ,i. art, an the level of. catal yst contained in the
catal yst ret L@Lﬁi};o az‘uﬂ‘flﬁé]?s“_&%ﬁt%ﬂib_s'f aﬁ@t"@ﬂ?‘f’ﬁ# Mé‘eﬁ‘éﬁe bass PEofAg | i o
di stributor éBpérM'l%pT@@%hﬁdﬁ@ﬁf&u{o??Q’indi‘ﬁ'@ega_td%ﬁdﬁl@?ﬁirﬁgv@ﬁch}] ¢ apparatus

10. The fluid distributor 70 includes a conduit 72 into whic fluidizing

fluid is fed flundizingdtuad jssfied o eatalysireteonen schet 6@ thifhiidize @ flaidizabledi zabl e
catalyst in the cat st retenti.on zong 6 nd the catal yst t.urns 50.
Addit ] onal | CRANGTth OF FRBLRLELTYEN 20 GHETF uEpg el AfGEOH

posi tioned oRnEPGRtrARtdH 78] as shewHiFRO1 ! Aay hidb €k gssiﬁoﬁédtuxﬂeaé@@it@lyg@t al yst
contained in each of the catal yst returns ™ 50. [0074] One or noré of the
RCA's may al seuim) tedBuidize aftuidizal@®catilystughtaingdiin hathhef thacablystremans be

renmoved from tohe apparatus 10. The outlet 80 is shown as being positioned
on the second’end 18 of the shell 12 but may be positioned at any position

on the appar 390/&)} 10. OhB®r aRPa6Rhe $ICLD s iy AdcRchuae bt datlarsoitoggh 82 through
whi ch the catalyst may be placed into thé apparatus 10. Al though the inlet

82 i s shown ashigdetbagaishist caobrogmoncd fremfthe sppasaitis 18 The owidet SAed shorm, t he
oL 22, Tt RESESRANES, B BT R0 Beb 12 BERRE B bt 7
appar at us 10.any po§itibh oAshésdppuianisi OFi The apparahie 10mRHEd1 0 indles bh @iletB2ef er abl y
includes an associ ated catal yst regeneration apparatus 90. The catal yst
regener at i on through which the catalyst may be placed into the apparatus 10. Although the

inlet 82 is shown as being positioned on the first end 16 of the shell 12, the inlet

82 may be positioned at any position on the apparatus 10. A line 84 may be

provided to remove hydrocarbon conversion products from the apparatus 10.

[0075] As shown in Fig. 1, the present invention preferably includes an

associated catalyst regeneration apparatus 90. The catalyst regeneration

apparatus 90 is in fluid communication with the HCA 10. The catalyst

regeneration apparatus 90 includes a catalyst regenerator 92, which is in fluid
communication with the HCA 10, and, optionally catalyst stripper 94, which is in

fluid communication with the catalyst regenerator 92 and which may be in fluid
communication with one or more of the HCA’s. A first line 96 provides fluid
communication between the outlet 80 on shell 12 and the catalyst stripper 94. A

second line 98 provides fluid communication between the catalyst stripper 94 and

the catalyst regenerator 92. A third line 100 provides fluid communication

between the catalyst regenerator 92 and the inlet 82 on shell 12. A flow control

device 102 may optionally be positioned on first line 96 to control the flow of

catalyst between the shell 12 and the catalyst stripper 94. A flow control device



apparatus 90 is in fluid comunication with the HCA 10. The cat al yst
regeneration apparatus 90 includes a catalyst regenerator 92, whpefARizsn7i n
fluid comyRi2&&H#7with the HCA 10, and, optionally cat aﬁcywszeasrmgper 94,
which is in fluid communication with the catal yst regenerator 92 and which
may be in fluid conmmunication with one gf nore of the RCA's. Afirst l|ine
96 provides fluid comunication betweenthe outlet 80 on shell 12 and the
catal yst stripper 94. A second |line 98 provides fluid comuni cati on between
the catal yst B4rmppepti@uhliyrie positiencbemsepend }img%mrcamtml@@ﬂom dffvatatiysk i ne 100

rovides fluid co ni cati on . bet t he cat al t or 2andthe
!Onl et 82 on sPRYV F%e cat XSB\?F‘@B‘Ht9\QFcﬁ“H 53 nﬁfé@%& ?‘Efﬁ%‘?ﬂhyt

posi tioned onggditststrdd tHiel1 &4 t etvveen t he
el 1 S0t e neer? @gstgrh?b"%?rﬁ a5 %“géwﬁg%ﬂer%ﬁﬁé@évﬁ%yﬁo 2004/ 031327

PCT/ 1152003 Oﬂe’gﬁierateﬂmmlﬁ skill28 i1 0 antewillappicoiasd thyt the cpﬂalgnststnmm 9n second
line 98 to contr t he w of cC betvveent . Stri per 94
and the catal ’§‘§¥ g&%ﬁ@ ‘é? ﬂ%{ﬁ? ﬁgalgﬁtrgg@era&%rt g‘fﬁ?c{iﬁ i s shown
on Fig. 1 as {ajdleh waél%%étramohgﬁr«%aﬁ @ﬁmthuaqsﬁn@b%& Péuu%?ngbtﬁéle skilled

inthe art will appreciate that the catal yst stripper e integrally
formed with tdatalysitathesseparatiemeonatldrth®pgh ine 82 khe baidlystnna)hdscabe will also

appreciate tha 0 ird line 100 as retu nln t he
cgf alyst to tq’?h"ggptg:}g? E%ﬂgfgrﬁgmli&ttﬁﬁﬁﬁaﬁﬁlrﬁﬁ%“(E’Zzor’tet@ g cambuati al so be
returned to tlansadpakativh Zo8L P4 NhoCataly ekt 80 Y& th@%aﬁnlst RAerdion %or%zand

conbi nations of the separation zone 14, the cat al}/ return 50 and the

cat al yst ret ei@07@n zoMbersi opefansIncH@rore nfﬁpé'l(éxﬁlsons shorven wpFigrds e of t he
HCA' s, as sho functlo n the f ner. The appar at us
1015 i1 ed Wrethdp de flisrbbEhnd TR abuge® 10 AR VRS hirdbiefEor 1y ou
the desired Mﬂé@ﬁ@fﬁ@ﬂtaﬁ@ﬂé‘tﬁfa‘éle&ﬂ cmﬁeaﬁtth@aesnwﬁye@c@db&sﬁfcoﬁ&aﬂ%ﬂ be of a
type which is fluidizable. | east portion of the catalyst is contained

in the cat al ys@ctioa éﬂﬁ‘-‘@?ﬂlﬁéﬁ@‘-@@be le)a\‘YP@iMdlﬁCilelS flwedizabg. aﬂybﬁtﬁmﬂﬁm cat al yst

retention zon | f tributor(s)
70 through i n‘%tﬁg‘ﬁ%y%éng ?’I]téilnglg?% {%’g %Iaiﬁ’?tdre%%n{‘m gg & T?’n glézfe%€/st
retention Zo%taﬁ?st@lmmetda&lmﬁ'aéMﬁﬁl 208t 62 rh(ﬁl)ldﬁﬁlg(ﬂmﬁ hefetiGito the fikigef ul
fluidizing fluids include are not limted i nert gasses, nitrogen,

st eam car bordigiribwioss) 70 gﬁﬂ“&ﬁ/’@l“‘éé’&r Ebﬁﬂuﬂm& ﬂw& 1&@‘34)*#11(?’1119 celplhg f1 ui d
depends upon LRGGLY D662 and the catalyst return(s) 50 of the HCA 10. Useful fluidizing

fluids include, but are not limited to, inert gasses, nitrogen, steam, carbon dioxide,
and hydrocarbons. The choice of fluidizing fluid depends upon the type of
conversion reaction being conducted in the HCA 10. Desirably, the fluidizing
fiuid is unreactive (i.e. inert) in the reaction being conducted in the HCA 10. In
other words, it is desirable that the fluidizing fluid does not play a part in the
hydrocarbon conversion process being conducted in the HCA 10 other than to
fluidize the fluidizable catalyst.

16077] Once the catalysf has reached an acceptable fluidized state, a feed is
fed into the HCA 10 through feed distributor 30. The feed enters the body 32 of
feed distributor 30, passes through the necks 34 of feed distributor 30 and exits
through the heads 36 of feed distributor 30. The feed is distributed to each of the
riser reactors 20 through their first ends 22. Desirably, the feed is provided in
substantially equal strearns to each riser reactor 20. By "substantially equal” it is
meant that the flow of feed provided to each riser reactor 20 through the feed

distributor 30 varies by no more than 25% by volume rate, and varies no more



conversion reaction being conducted in the HCA 10. Desirably, the fluidizing
fluid is unreactive (i.e. inert) in the reaction being conducted i&? AR 2HTA
10. In otWer20apy827 it is desirable that the fluidizi ng FdTUSROODES0TIOL pl ay
a part in the hydrocarbon conversion process being conducted in the HCA 10
other than to fluidize the fluidizabl ?oé‘?‘t alyst. [0077] Once the catal yst
has reached an acceptable fluidized state, a feed is fed into the HCA 10

t hrough feed distributor 30. The feed enters the body 32 of feed

di stributor BGn 2586 bemashiparugh foteacnedpobit 0f the ded, fomtonelriseread0r and exits

t hrough t he ads 36 of feed distrjbutor 30. T fe s distributed to each
of thg T seIESrt‘éé?ﬁ ‘i’@"‘?{)“@ﬁ%é@h he qsnpgllysfhegﬁa’goggség@g]q%gm%ch he feed
i's provided fige éwﬁfqﬂ«{x@gwh@ﬁuahisﬁmﬁm Gq?ie@@g?o?hcﬁ'@'ihaiﬁ@%&f 20. By

"substantial [y equa meant that the flow eed provided to each
ri ser react ovolfnetateomghvaries nbewate thhinst0’ byheass Bércerdforemnchyompomant & t han 25%

by volune rate,,.apd. varies no nore 2 2 R 2007 WD_2004/031.3 2 7

PCT/ Us2003/olftﬁof*?%‘?ﬂt?tsf-l 0?%%1??‘”2@%%?%‘&&%0‘ rIEeheaEor 2§a stdesaEnt in the
feed, fromo r] : a | r 02%51'

desirably, t%d r%ﬂﬁﬂ;}?&%&%hﬁ%{gﬁ%@- to dglﬁértlﬁé %E&sg%%gdc}tg’or 8%%§8ugh t he

feed di stri butooe th2@ 19&by esluime rate, aulearichan nid@&dhay 1% by unss patent fand vari es
' the feed, fromone

no nore than 1Q0% by nass percent. for each co ent i

riser react oF’a°%08°E’%/P°é‘ﬁ%ttlﬁgli‘e tr%F‘gé:F‘mP S\ S il r%%%]?st?aa Frrléﬁ?ﬂ?e_,ac"ofg@d provi ded

to each ri 56!){%7%2“ Of sﬁljard@ﬁ&gnﬁﬂ@réaﬁcﬁq)thﬁgﬂb?y gfthg’@eeﬁ%{e‘?ﬁngliﬂe no nore
0

than 1% by v raté, and varies no noré t y nmass percent for each

conponent i nfirdiendsZHof the ciserarectors 26 and dxcpressuOofttbe heighthudifluidigahie r eact or

20. [0078] A pressuyre differenti created by the.vel oci of the feed
nieri ng. thecothyRan i ety SHEM(E0 feife FRal¥grERssr 4t Ceiseosur o of ¢ he
hei ght of fl yidiyzelBItR aspigdiéd ¥8d the FirdtHRds 2t BF WelriselfcdéBisD. AherBMAIJsEE
catal yst retention zone 62 causes catalyst to be aspirated into ‘the first
ends 22 of t setranisperted tbensighithe 2@r 1éphtore 20 whdes well kpowmamingiplesed t hr ough t he

ri ser reactor 0 under Il. known pripciples of,. educti on,i.n whjch the

ki netic ener§€}’° ‘Pndﬁg‘?‘fﬁf{,ﬁﬁg"ﬁf C tHE 8@%@%‘?@ lpég‘a,caﬁesthﬁgegg"%lse ve anot her
fluid, in thipveanshbn@uill] withiszed hanaldisd.catthgt. Cahataaystand féeaashvel avel
fromthe first ends 22 to the second ends 24 of the riser reactors 20. As

the cat al ystroandefisei@nds 2%t the hecond kndn2d off theriseragasters $02@ys thhe hydr ocar bon
conversion Leagll O RGAHL 3RS GOPNE Qs POOAY By alRaRbl dhiERtion

reaction occurs and a conversion product is produced.

[0079] By designing one or more HCA’s with these features, each individual
riser reactor 20 in a given HCA operates in a substantially identical manner. With
this invention, it is desirable to maintain both the reactant feed rates and the
catalyst feed rates at the same rates to each of the riser reactors 20. In this way,
the conversion of the feed and selectivity to the desired products will be
substantially identical and can run at optimum operational conditions.

[0080]  The conversion product(s}), unreacted feed, if any, and the catalyst exit
the riser reactors 20 through their second ends 24 and enter into the separation
zone 14 of shell 12. In second end 16 of shell 12, the conversion product and
unreacted feed, if any, are se;ﬁarated from the catalyst by a separator, not shown,
such as cyclonic separators, filters, screens, impingement devices, plates, cones,
other devices which would separate the catalyst from the product of the
conversion reaction, and combinations thereof. Desirably, the conversion product

and unreacted feed, if any, are separated by a series of cyclonic separators. Once



[0079] By designing one or nore HCA's with these features, eag&h&ggﬂ\ﬁ dual
riser reactor 20 in a given HCA operates in a substantially i

manner . W WO 2000132 hvention, it is desirable to maintai NnPEBUS2DNeI6HBact ant
feed rates and the catalyst feed rates at the sane rates to each of the
riser reactors 20. In this way, the coa\ﬁerm on of the feed and selectivity
to the desired products will be substantially identical and can run at
opti mum operational conditions. [0080] The conversion product(s), unreacted
feed, if anythacaalybtchashbal septratediftom theeconiversion peatticbarsl tho unieactedh t hei r

second ends nd enter inta the s tion ne .14 of shell . I'n second
'end 16 of shé-?qda Za“ytwgceﬂwgf’g?{ﬂq"tg @Wﬁéﬂ&g?ﬁﬁf A& o e&%'f’many are
separated frqm {Hafl ©AhAINS thd¥neB4SRP AlrtHeP procBRingShENEs separ4ibn asd Cyc! oni ¢
separators, filters, screens, inpingenent” devices, plates, cones, other

"devi ces V\:hl c nvumﬁuhtdom e"ﬁwrcaxtaéyslt haétex:h@mg yqiardtcd)ﬁvml‘tbe pIrOddustand)ﬁmBhrEtettonver sion
reaction, conblna |on th sirably, the co er,si on _product and
unr eact ed f e féf’d P?O"ﬁﬁgf lé‘?ilp BethecaRlys %@Pﬁ‘%“szoélf: SHF‘@R@Efﬁfsat ors.
Once 22 MAR 204712 Woor&iPdie Qﬁ&%ﬁ&s £ SRR RRHS50 a%h&é?&?«, t&%hg YRt has

been separated fromthe conversion product "and the unreacted i f any,
t he conversi omtabasbmtlmns Sanwthedirs zodeid 6Ebd cahafysenwlmtai(éfmmelﬂtﬁer om the
as se ration and

shell 12 throu i ne, 84 for further pr i n C

U £ cat i on st By (ane oot barl il TF desif ghe Aad 528880 ana
unr eact ed fﬂ%u%mmﬂys@f@rmgsgba{be dohitioPed B A ¥Shtrdl AbGiBLY S8 Fone 62.
The catal yst exi shell 12 through the first”  ends 52 of the catal yst

returns 50 abiee ﬂW@QntrﬁriﬂNghS Phere 9@311@365?15@hﬁﬁhmfdbn@@ahlocathﬂastfmrst ends 54
of the catal yst_ret ps., omwh ch.the es cat al yst

retention zoﬁéa%lﬁmeﬁ s‘?rarc OV %8 f’f% 1céef % %@%‘Yg?%w aﬁ@ Yat al yst

returns 50 cgfbﬁagmﬁbﬁ@k{}@mcwcgmlﬁé\qw §@ntrol devi ces 56. the flow
control devices 56 are enpl oyed, a height of fluidizable cat aI is

mai nt ai ned al{ﬁﬁﬁé]eaclﬂ gacerdaneenwitly thepseseakinsention, atdeast apartipntof ur n 50 to
allow  proper fHACELO! n:}ﬁurathpy ?ffH@ 1‘3'?: rc19[ eﬁ%" %gt Eﬁtre%gn ?H | n accordance

with the preg’ I nven |ono yst froma

plurality of apfihates I98, awh@uha;ﬁ Bk, ﬂocatmaiy‘siegémaa@rsa*emned Bopahéet us 90,
as shown in Fi yst to be regenerated is renoved fromthe shell 12

. 1.
t hough t he oﬁlﬂfﬁbl? Q@ugh@qqugﬁg%@qdé@mmrt@esf degiged, torthecatalyst striprer %t ri pper
94 through tt}%géﬁ fiRteirkd 1R 520-0fRhaahd Yatall AQufpePbY fay ShdibdPecda MY

include a seco
input line (not shown) from a second HCA (not shown). In this manner, catalyst

from the second HCA can be transported by the second input line to the catalyst
stripper 94. The flow of catalyst from the HCA 10 to the catalyst stripper 94 can
be controlled by the flow control device 102, In the catalyst stripper 94, the
catalyst is stripped of most of readily removable organic materials (organics), e.g.,
hydrocarbons. Stripping procedures and conditions for individual hydrocarbon
conversion processes are within the skill of a person of skill in the art. The
stripped catalyst is transferred from the catalyst stripper 94 to the catalyst
regenerator or regeneration unit 92 through the second line 98. The flow of
catalyst through the second line 98 may optionally be controlled by the optional
flow control device 104. In the catalyst regenerator 92, carbonaceous deposits
(coke) formed on the catalyst during a hydrocarbon conversion reaction are at
least partially removed from the catalyst.

[0082]  The catalyst regenerator 92 preferably receives catalyst from a

plurality of HCA’s as illustrated in Fig. 6, and as discussed in more detail below.



input line (not shown) froma second HCA (not shown). In this manner,
catalyst fromthe second HCA can be transported by the second?? NpRgI07i ne to
t he cat al ysto 28m3ipper 94. The fl ow of catal yst fromthe HOKUSHOI/O1601BE

catal yst stripper 94 can be controlled by the flow control device 102. In
the catal yst stripper 94, the catalyst 2’35 stripped of nost of readily
renovabl e organic materials (organics), “8.g. hydr ocar bons. Stri ppi ng
procedures and conditions for individual hydrocarbon conversion processes
are W thin the shkivnlin ig. 4, hercatatysofegetdrktor P opienally tmayThesivestatalpsiada cat al yst

is transferred froqmthe catalysi stripper 94 to the ca t regenerator or
regeneration Sﬁ?ﬂnﬁlﬁ 98128 Yihlinenkd s ¥ s poIHIsClsd to ?ﬁ"ecopb gﬁ%ﬁ“""éﬁ?‘é{ﬂ/st

through the Ssaan0) 1S 18P e URIcbARa) LYeARASONEED LubYaliie: Rt ona!

fl ow control Vi ce he catal yst regene car bonaceous

deposits (caka)fldfidcomehunivatibe withtthd yesbndHIGA glngthisyetrbodandincacadyster si on
reaction are at Iqe??st partially renoved fromth catalﬁﬁt:. 0082}Ei The
cat al yst regdRrRgtdsiiversd iy thesal S}/“@é&@f“\?é%’z@%ﬁﬁﬁcq’g 4 thrgngh Hpe ty of

VAR 2001 iS00S BT o5 R TRty Bty R HEA G e e e lothe P O
cat al yst regenthyat siripS2 9dptAdditadnally oaglteraabiclse catalyat fraih mdra thaeeond | i ne 98

and via line which is connected to a seco HCA (not shown).

Optional |y, Il'f’q?(%’si’@aiy WT%@ddPF@c?aé%yﬁtée%ng@&%% -stripping unit (not shown)
which is ingj 'dc?ﬁgr}égfﬁ%;' Patdivt Rdd I i ment,
cat al yst ma} ‘Lseslldel I verg tgb?h%%a?g%tt&?gfggeneFgﬁgﬁbﬁg%i?Pg%%t e‘qsecond
HCA t hr ough l1dnkrougiDdutlebiine 1 at hyd thidtlaleyid0. Regenamedcdtilgst mapalREBes may be

directed to the atal yst stripper 94. Additjonally or alternative]y,
Catalyer frofreed & At DEceRR oraipsHeC e e e BRI B R

r egener at or t ‘ B ; ed to the
Shal 1 12 of TR R R R 1L R P TR L s5

Regener at ed diat A0§ &t fandyatatrgusitieof thié catalystdfranp thet dataly st yepeoeratdr 68 tap:iﬁar at uses
coupled to t ener.ation te A transport, gas | piGal.l,y provided
to the outl e?&FﬁK‘ﬁg a‘E“ﬁh,e Sfﬁ%ldﬁﬁéfﬁ\cfg]m ﬂ'@%ﬁ“ dadd%?‘ﬂ’é‘l %@ygéﬁééc%t itate
transfer of tfieheahadh Pl 1fhevhhlier Bab@intdto RN Atidbu@2theqnleng2. HCA 10 and
t he second HCA (not shown) and any additional RCA s ( 'S). As shown in

Fig. 1, the {ed8]ystThescatadysiregsnetatoriiRan sppardante withrtbe presenidnyention 82.
[0084] The C%}s%lpxl(?\}idé’s% %rﬁgﬁi?gy(!)srterg %ori G E%Qﬁ%a%ah? régna%el%lieedsc%Patlysitnvem hon
to the second hydrocarbon conversion reactor (not shown). This objective may be
realized as shown in Fig. 1 whereby regenerated catalyst exits the catalyst
regenerator in line outlet line 111 and is divided between two lines, third line 100
and line 105, at dividing point 109. The flow of catalyst through the outlet line

111, the third line 100, and line 105 may optionally be controlled by flow control
devices 106, 103 and 107, respectively. The flow control devices 102, 103, 104,
106, and 107 can be any types of flow control devices currently in use in the art to
control catalyst flow through catalyst transfer lines. Useful non-limiting flow
control devices include ball valves, pilug valves and slide valves.

[0085] One or more of the HCA’s may be adapted as shown in Fig. 2. In this
alternative embodiment, HCA 110, shown in partial cross section, comprises a

shell 120, a plurality of riser reactors 130, a feed distributor 140, and a catalyst
return 150.

[0086] With continuing reference to Fig. 2, the shell 120 forms a separation

zone 122 in which a product of the hydrocarbon conversion reaction is separated



al so provides a conduit systemfor returning at |east partially regenerated
catalyst to the second hydrocarbon conversion reactor (not s&&b)m @Zl S
obj ecti ve W@y20p80318¥al i zed as shown in Fig. 1 whereby regamw ﬁs | yst
‘exits the catalyst regenerator in line outlet line 111 and is divided
between two lines, third line 100 and gbne 105, at dividing point 109. The
fl ow of catalyst through the outlet Iiné” 111, the third line 100, and line
105 may optionally be controlled by flow control devices 106, 103 and 107,
respecti vel y frobhthefchtalysc ohichehtatiows tehyliftkarbbd 3ondddon reh@fion. S0 can be
any types of _fl ow caontrol devices currthlgr ih use in the art to control
catal yst fl owaq*ﬁeé@d-ﬁmc?&fjdlzgﬁd?rs%@fiép 1PRreshel Uk datings A apiesrent Zaer | ow

control devi i I . | i de val ves. [0085]
One or nore g?§ﬁ?é}?h%%ﬁ§%ny§t%% Baég\g%ltlde} %gg%&%\%ﬁ(?ﬁq&?g. 2. In this

-al ternative ¢0087§i neRiser deliAors 130 ,in s lyowen HOA patend alto chedb R2(agitthon, conpri ses
a shell 120, a plurality of riser reactors 130, feed distributor 140, and
a catal yst FeERARIPNEZGHE I%%)O%"l‘ﬂh RAEE FRagiond P hiicHgler afiETi&RE 43¢ Btggichithe ¢ he

conver st on + SAEbR AARBLEE Y "Gl e B BnBbRRiiacbn’ BEMY 40 oo
the cat al yst righirefcteal 38l fusthe ihdledénakeoomt donl ahroaes iwbich hacstalgst, Shel | 120

includes a first end 124 and_a second end 126. Shel | 120 defines a qui escent
zone 128 fr BFAARAiS@Rd dateaftsd fecdald 2B% sxtitheipsarmeactys hoPh el hadistierd. 132008 7]

Ri ser reacto -l 1 (Rt j aration
zone 122. Ea%ﬁe%clﬁg]es%&eg‘ggt }é@fgﬁancflﬁgg]sdu{aﬁ ﬁ?@ﬁ%ﬁﬁ@?ﬁ%@ﬁﬁh ch the
cat al yst andfdedete fadentbabe tiser cenrthrdi3 0t e deyatited abbron) tieaninebes bbrisereact i on.

Each riser reacto 30 furfher incl s a second end. 134 t hrough which the
catal yst, pFOdeEs boi‘?{ﬂplﬂﬁ Eég‘%%gg‘fvarrfesé]ﬁ%“%&& ¢n the Yii‘i_o%'&ﬁgeact or 130.
The first endod32ioPhroas o bi SGdutRAGH e abpBrahBMTN1HE SuiBeandie bl 36

t hrough whi chothel%a rgl yst and fueed areen;:gdai nto the r}'d;leﬁ reactorf 130. As
descri bed abthegiset reactonidris discussed abovedn cowrsctibBOvithnihe dgsmliption bfie HCA 110
varies depengi ng on the hydrocarbon conversion process to be conducted in
the apparatu ! 0. The number and size of the riser reactors 130 is

di scussed abpysjn CRNpravdeiaGBedMd the & rERI65118D, A Meadf oneffedl didtribhf288] To
provide a feed to the riser reactors 130, at |east one feed distributor 140
i s positi oned4hsagrositiened neas thecfrgterds 138 of theaiser maetorekift dvlerellzm ombr e t han
one

feed distributor 140 may be employed to provide feed in various states, e.g., one
feed distributor 140 may provide feed in a vapor form while a second feed
distributor 140 may provide feed in a liquid form. Feed distributor 140 inciudes a
body 142 from which a plurality of necks 144 extend. Each riser reactor 130 has
at least one associated neck 144. Each head 146 of each neck 144 is positioned
adjacent to the first end 132 of each riser reactor 130. Desirably, each head 146
extends upwardly into each riser reactor 130. More desirably, each head 146 is
positioned at or above the mouth 136 at the first end 132 of each riser reactor 130.
Feed distributor 140 may include an optional flow control device, not shown,
positioned on feed distributor 140 to provide an equal amount of feed to each neck
144 or a flow control device may be positioned on each neck 144. The flow
control device may also be employed to measure flow as well as contro]. Further,
a nozzle, not shown, may be positioned on each head 146 to further control the
distribution of the feed to each riser reactor 130. Additionally, each head 146 may

be fitted with a screening device, not shown, to prevent back flow of catalyst into



feed distributor 140 may be enployed to provide feed in various states,
e.g., one feed distributor 140 may provide feed in a vapor fggorgtwm#g@] a
second feeWO HW40313BUt or 140 may provide feed in a |iqui dPEDHURZO0BBEE7S
distributor 140 includes a body 142 fromwhich a plurality of necks 144
extend. Each riser reactor 130 has at Iﬁast one associ ated neck 144. Each
head 146 of each neck 144 is positioned "adjacent to the first end 132 of
each riser reactor 130. Desirably, each head 146 extends upwardly into each
ri ser react orany3fneqisrig4 oé seadabistribuient4) dnasubbaguenty, iptshbadydd@didtedor above
the nmouth 13 at the ZL(Lrst end 132 of each riser reactor 130. Feed

di stri butor t | ude an optional flow control device, not shown,

posi ti oned ozotawd dmtéabtmﬂewatalfs@rér&nnbg\ﬁr@tﬁd@smtﬁauaqtmﬁtm%n Blevleegd to

each neck 4 or a flow control” device may be positioned on each neck 144.
The flow cornhe sspacition cenaii? of shell 180 engtheyrisdr teactrrsaldly dakch oatalyst wel | as

control. Furthe 0zzl e p ch head 146
to further cd ﬁ[f“%p(fl??é %?ts‘?q‘{%f}"gr‘?%fzo %‘dqgéd(ﬁ’gﬁkg grlsgé?fﬁ’t"eactor 130.
Addi tional Iy cafehrddgad 5b4peradjadat the kéR@dd vhd Itz@oﬁﬂfeﬁqmo%d@?e@ee&m not
shown, to prevent back flow of cat alyst into WO 2004/ 03132

PCT/ US2bb3/ / ué0$40fcatalget ratwn &50 apaisdo theaisef reheters 1B0s thach uaralysummmnd
subsequently, ..nto b 142 of fe i stributor. 140. 8 ast one
catal yst ret dPh%’G"%ﬁé&? H@’%SPPFLﬁa )@E)ﬁ:ﬂﬁlr#l%éffpaﬁmﬁgp% Qé) ?;R?ﬁééb Qation
zone 122 of sRefilst drdd 130G ieridelr $&ctdre 830, orrﬁcab?Qranﬁalqt) R} Ackgk oné,et urn 150
has a first end 152 and a second end 154. Th irst end 152 of the catal yst
return 150 orﬁﬁn,sthW} ‘ép@e,rﬁvesh:e:osewn@atetyatrmmsOtSOSﬁlétmcallzoaIMghnet second
end 154 of catal return, 15 to t riser ctors 1

catal yst ret PR @5‘6 15 & BB %‘C(?Pﬁ%&ﬁ%g P"%‘”Pat“i%%? tﬁ g é’fg‘éf)rar ation
zone 122 of séRtdrs 120 Flow ctmtaﬂystsltmegtdﬁlek&a Ty@tretthﬁ(syts@fnay%@ﬁbMISz 130. The

apparatus 110 nay i ncl ude one, hr ee five, six or nore catalyst

returns 150. gm&liqdﬂmagb ﬂaﬂ@@ qfcﬂow W@Lé@quwotts}a@wnmémed oRat al yst

returns 150 e I f
cat al yst thr%u‘g%{t"t wéSI gttlgﬂ yst retur n @icfegﬁ%%/c%lp ﬁt??el&% con 0(r?ol | ed
through the eeiced curtently ¢wuie @l thelan ite esntroh Ozttalybmmw tposdi ¢a‘mﬂpﬂ tafisfeeach
catal yst ret ur n 150. The flow control devices can be any of flow
control devil@es Iéﬁmp&wﬂythmﬂoaé@qwl tiﬁ‘écealistdetlt?bbbﬁb?lbl"alc‘,’étaaﬂl%t’alt’? ow
t hrough cat alo¥?tsl ?z{ﬁé er lines. If enployed, the flow control device is
desirably a ball ve, a plug valve or a slide valve.

[0090] The apparatus 110 further includes a base 160. In the embodiment

shown in Fig. 2, the base 160, the catalyst returns 150 and the first ends 132 of the

riser reactors 130 define a catalyst retention zone 162. The second ends 154 of the
catalyst retums 150 open to the catalyst retention zone 162. The catalyst retention
zone 162 is provided to retain catalyst which is used to catalyze the hydrocarbon
conversion reaction which is conducted in the apparatus 110. As one of skill in
the art will appreciate, the boundary between the catalyst retention zone 162 and
the catalyst return 150 is fluid and depends, at least in part, on the level of catalyst
contained in the catalyst retention zone 162 and the catalyst return 150.

[0091] A fluid distributor 170 is also positioned 1n or near the base 160 of the
apparatus 110. The fluid distributor 170 includes a conduit 172 into which a
fluidizing fluid is fed into catalyst retention zone 162 to fluidize a fluidizable
catalyst contained in the catalyst retention zone 162 and the catalyst returns 150.

Additional fluid distributors 170, as shown in Fig. 2, may also be positioned on



[ 0090] The apparatus 110 further includes a base 160. In the enbodi nent
shown in Fig. 2, the base 160, the catalyst returns 150 and the Ri7riR xiilds
132 of theWQppdP3dgactors 130 define a catal yst retenti oRCHUSRIOLGBOT3The
second ends 154 of the catalyst returns 150 open to the catalyst retention
zone 162. The catalyst retention zone 162 is provided to retain catalyst
which is used to catal yze the hydrocar bon ~ conversion reaction which is
conducted in the apparatus 110. As one of skill in the art will appreciate,
t he boundary tiretared pst rethe(s)al 54l ty provide siditiconl fuideidbRuidn thetdamlysat al yst
return 150 is f|L€ gltsgnd depends, at least in part, on the |evel of catalyst
“cont ai ned |nr? ? tyst retention zone 162 and the catal yst return 150.

[0091] A flui @lstﬁr éJHQTA if@m‘aﬁ‘aﬁzb%&hﬂﬁsdntdﬂ@?%(]ﬂﬂrdﬂ hRéaeh fige base 160 of
t he apparat 1 e fluid distributor 170 includesa conduit 172 into

‘which a fl wcdiat}lshgpnfbmnhowsd frenh thnapparaual%tThee:ttelmlwlsmsmoﬂﬁﬂ to
fluidize a fluyidi catal ys o ai ned,in a tention zone
165 and t he a3 quierrcons 826 SRt snd f ro s RbdT Il i 190, “on
shown in Figgeg bﬁ@%r%e’iﬁltféﬁl eﬁdsﬁi&ﬁ@d Qith3haA cMAR s2OR%he M@ QPALR31327

PCT/ U82003/016073 t he cat al yst turn(s) 150 to provide additiona
f1ui di zi ng f lthe shelld 20 trough dﬂeymescmmmm(?ss) ’ﬂh&@pp@l@@@ﬂ]lﬂm dHOANntlb@e nay al so

| ud tl th h whi h b f th
appar at e 1160 MFET G bR PN Besaehis BAGA Pty LiEin e PRMATR dbent zone 128
in the Secon%l%qgﬁrﬂ-ﬂﬁ: iffet 1 §8isSA6Wh ad Béing bbsm&]ed%sthé ahogd bRY IQ@Sf futlet 180

to positioned such that catalyst can be renmpved from the shell 120 through
t he qui escentsheddbhiz), ixGnleTHS2 E@p&e@@won@atmay pasiton Dmﬁielmarams 1Al et 182

through whi ¢ at aI Iac d,into the Al t hough
the Lol 183 S8 APt TR B ol BBEH B T aBine ¢ e

shel | 120, drﬁ{&tZOJ@szyﬁ,lgq-I@gqqt)I oned at any position on the apparatus
110. Llnes 1 4 are provided to remove products and unreacted feed, if any,

fromthe sef@l%3i onAseries afzepasetiethdevidea 184 ore shown 3 bainggosidionesd lr@bpar ation

d h d f
chel | 120, TRE SRR ApP TR2BLORIDED, R s R TRORELERAARRE 1T Ter

screens, i NpisggeseR] filay, Lh®ns ﬁh@i@@meﬁm&/&e@rpiﬂ&x cOhd¥Ir angl@ttieees whi ch
woul d separate the catalyst from t he product of the caonversion reaction.

[0094] An i nPevigesiuhich yopidserante the cyabyist remdbe predugof the convession1 24 of the
reactlon.

[0094]  Animpingement device 190 is positioned in the first end 124 of the
shell 120. The impingement device 190 is provided to direct catalyst leaving the
riser reactors 130 away from the second ends 134 of the riser reactors 130 and to
limit the amount of catalyst falling back into the riser reactors 130. Desirably, the
impingement device 190 is positioned opposite the second ends 134 of the riser
reactors 130.

[0095] A series of supports 192 are also shown in Fig. 2. The supports 192
are merely shown to be illustrative of one possible means for supporting the HCA
110.

[0096]  As one of skill in the art will appreciate, the HCA shown in Fig. 2
functions similarly to that shown in Fig. 1 and will not be discussed in detail
except to illustrate those features not shown in Fig. 1.

J0097}  With reference to Fig. 2, catalyst is provided to the catalyst retention
zone 162 and is fluidized in the catalyst retention zone 162 and the catalyst returns

150 by the fluidizing fluid provided through the fluid distributor 170. The feed is



shel | 120. The inpingenent device 190 is provided to direct catalyst |eaving
the riser reactors 130 away fromthe second ends 134 of the ri s&g}ygf?@qors
130 and t o WORMHIHRE amount of catalyst falling back i nt ®OTHE20038a607
reactors 130. Desirably, the inpingenent device 190 is positioned opposite
the second ends 134 of the riser reacto s_.130. [ 0095] A series of supports
192 are also shown in Fig. 2. The supports 192 are nerely shown to be
illustrative of one possible neans for supporting the HCA 110. [0096] As
one of skill pnovided tathte et teagiopy B¢ thtough thecfepiCdisgitoer 140. Ahg amdunfafnct i ons

simlarly to that sh in Fi . and will _pot . be discyssed i. tail
except t5 1 1 1iS prvatedle shor ol isd Tt nalli R SePp SSYRT feubd otn
reference to fHi@njidctiGRWAMAL désSripidVofdRe. £ oThd\Catagdtahd FedrRiveBhhAQly ZONe
162 and is fluidized in the catalyst retention zone 162 and the catglyst
returns 150 thyougheh¢ tisgrdeadtory 180,un dhawamei rdahet ks desghbedwboivedn d di st ri but or
170. The feed is V\%) 2004/ 323327. .CT/TU 20037011607 11%. -.32 provided to the
ri ser reactor¥M%Y ’Pﬂ%ﬂbﬁge AETPEEY O LIS PSP GREPTS XG0 H41d- anpunt of  feed
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above in conjunction with the i pti

i escription of Fig. 1. The catalyst and feed
f1 ow upwar dl yfeed,hif anglexitlerongls the seemdtends1300K the miserreactonsd 3fentodhe as
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and unr eact edsarfIpR Goniabts I imENEdmdnd HOHENT I dSiE GeNeLi&NPvalBthe Ridel BE 1i ser

reactors 130 into the separation zone 122 of the shell 120. At |east a
portion, and theshelhblQ; Husseparsfors hdd separatd aideast » porionof theccatalyst fpament

devi ce 190 i | d i.d f the.shell 120. Th
sg\éla(r:gtt ors igtg‘eégﬂfpé"er‘ ?Igdcltﬁ%erearci%dg%gcg tigerelfr?)g'ﬁ&%flgtuﬂreetagggz?e?safe fe%orﬁegt ﬁe pr oduct

and unr eact edfré:aeKe sheflie] 20" T hy ROEhrbEY @A0ELTdnfROteaNahibagRHRinek 164N t he
shell 120 of the hydrocarbon conversion device 10 through the |ines 184.

The cat al yst , ThigatHystswhichas saperatasi byt the sepastiest i§psTallgdnto the quiescento t he

The T oed thr g teke ThESeAREt Y s Mt SR et Bt el BB RN

cont ai ned in damtysuet@ARer’0. zone 128 can be renoved fromone or nore of the
HCAes and be sent to a catal regeneration, apparatus via qutlet 180, such

st ) .
as catal yst r@8&Ner ath B@ﬁlﬁﬁﬁiﬁlﬁt% o cafeired imthgiagiescent zone 128 can be

removed from one or more of the HCAes and be sent to a catalyst regeneration
apparatus via outlet 180, such as catalyst regeneration apparatus 90 shown in Fig.
1, or removed from the HCA 110 for further processing. Additionally, catalyst in
the quiescent zone 128 may spill over into the catalyst returns 150 and be returned
to contact the feed.

[0100] Another embodiment of one or more of the HCA’s of the present
invention is shown in Fig. 3. The apparatus 200 comprises a shell 212, a plurality
of riser reactors 220, feed distributors 230, and a catalyst return 250.

{0101} With continuing reference to Fig. 3, the shell 212 defines a separation
zone 214 in which a product of the hydrocarbon conversion reaction is separated
from the catalyst which catalyzes the hydrocarbon conversion reaction. Sheil 212
incJudes a first end 216 and a second end 218.

[0102] Riser reactors 220 extend into shell 212 and the separation zone 214.
Each riser reactor 220 includes a first end 222 into which the catalyst and feed are
fed to conduct the hydrocarbon conversion reaction. Each riser reactor 220

further includes a second end 224 through which the catalyst, product, and



1, or renoved fromthe HCA 110 for further processing. Additionally,
catalyst in the quiescent zone 128 may spill over into the catgygip figt urns
150 and be W@e¢HM&H27t 0 contact the feed. [01001 Anot her BaBaSReNI60DS One
or nore of the HCA's of the present invention is shown in Fig. 3. The
apparatus 200 conprises a shell 212, a_p’{.,u_rality of riser reactors 220,
feed distributors 230, and a catalyst return 250. [0101] Wth continuing

reference to Fig. 3, the shell 212 defines a separation zone 214 in which a
product of t heréngthddeed, bbanyc exivdresisenreaetacidorThestiseosal 2ad eadhrisert he

cat al yst which cat zes. the. hydro conversi on reactio hel | 212
‘i ncl uée; a fiPAGoTrAY 8HRINALGY "éz meuﬁB&”%b@Bﬂm&%@}dan%‘g@?6‘?‘% 220
extend into shglthe Al RAGol 1B, SERNBHePEFZARRNGI s oftﬁé‘?i@errrbﬁ%rs?ggﬁt gr 220

includes a first end 222 into which the catalyst and feed are
‘conduct t he hiistussedrabove osonprstiom witbdls deseriptieacdf igsler reactor 220 furt her

includes a s en 24 t hrough.whi ch the.cat al yst roduct, and 2 2 MAR
2007 VIO 2004/ 8508, 7 S‘ﬁ%}wﬁ’b‘%%i%fﬁ@efq §:308?6%%a%éf¥ééﬂg‘%ffseény, exit the
riser reactorg 230eatfliddspbnefRdl d3aiioreaohs dﬁdsﬁﬁfned h@ﬁ%@ﬁrs?@x@dstﬁ‘-’m nates

in a nouth 226 through which the catal yst and feed are fed into the riser
react or 220. ofitlke nseribeactand2@li Monsthen onofeed dstriwer 230aasy be emplpfed ®

di scussed above .i.n.cqnjunction with the_descri.ptio f Fig. .1l. 103] Wth
cont I mui ng. r ¥V Gedoh Venes e, bk o f4rd GotHELG 3 PG PR Tt Bkt or <
220, at | eastyaphefob@ashif Sidcbhd!fe@l dA8butsr msfh%! Proofic T8 inlaNRuid fozh. ends 222
of the riser reactors 220. Mdire than one feed distributor 230 naybe enpl oyed

to provide fEash féad distribuies includes ¢ body.qof showe, fropuwhichtat ldgsttome 280 nay
provi de feed . j,§ a, vaper.formwjl second, feed di.stribut.or may

D ovi de feed 278 epigurErt SR < tos R0 pACE M Lo o] ek tes F2%ody, not
shown, from whiddisibulo? 230 té@iendeck a Bad 29Kt Eihsheafagh i psfione@act or 220 has
at | east one associated neck 232. Each feed distributor 230 termnates in a

head 234. Eacdjaserido Bgafiistenshid ofmacirisadgastas @20t Hesinebly.each head?3422 of each
i ser react or. 228 oREAIA ca GG et 2 MENLARGRYBIRE s e cach

ri ser reactor eslira eac ioned at or above

t he nout h 226&ositichétatidriabbvethd n7adth 026 efithb firit @ad 202 af tavh rd2Preactbe®.
di stributor 230 nay.i ncl,)ude an._ optional flow control device, not shown,
posi ti oned orfeeddBlriiden 3 Wynay insindeap optienal HeWH9nHLEEViE Bt RIOWE. feed to

each head positioned on feed distributor 230 to provide an equal amount of feed to each head
234. The flow control device can also be employed to measure flow as well.
Further, a nozzle, not shown, may be positioned on each head 234 to further
control the distribution of the feed to each riser reactor 220. Additionally, each
head 234 may be fitted with screening device, not shown, to prevent back flow of
catalyst into any of the feed distributors 230.

[0104] In the HCA 200 shown in Fig. 3, a single catalyst return 250 is
positioned centrally in relation to the riser reactors 220. The catalyst return 250
provides fluid communication between the separation zone 214 of the shell 212
and the riser reactors 220. The catalyst return 250 has a first end 252 and a second
end 254. The first end 252 of the catalyst return 250 opens into the first end 214
of shell 212 and the second end 254 of catalyst return 250 opens to the riser
reactors 220. A series of arms 256 or standpipes are positioned on the second end
254 of the catalyst return 250, The arms 256 extend from the catalyst return 250
to each of the riser reactors 220 and provide fluid communication between the

catalyst return 250 and the riser reactors 220. The number of arms 256 will



234. The flow control device can al so be enployed to neasure flow as well.
Further, a nozzle, not shown, nay be positioned on each head 2347 MR 20t her
control tweodomtsifaati on of the feed to each riser react ®TABR003/016073
Additionally, each head 234 may be fitted with screening device, not shown,
to prevent back flow of catalyst int 0 gny of the feed distributors 230.
[0104] In the HCA 200 shown in Fig. 3, @ single catalyst return 250 is
positioned centrally in relation to the riser reactors 220. The catal yst
return 250 qooevpaEsofthanwnicemfviseraaddtan 2B widesach hiservemastedl0davizgne 214 of
the shell 212. and the riser reac %rthZ?ZO. The catal yst refyrn 250 has a
first end 259 legsyone Wdll&ﬁjﬂ?ﬁé - Higeafalyss retamd o939 proMideddo cat al yst
return 250 j i f A end 254
Q&E&@gﬁ e%tgggmo&, tﬁ{%ep,%ﬂog 36he A4 G¥LRER 273 %2135' @bi\ét RfaseoP

of catal yst opens the riser reactors series of ants

256 or st andheé fies rasstoR@I0! Flvvedf camlyhehreaglotd catudlyst RAdnQb0mhey cat al yst
return 250. The arns 256 extend fromthe_ catal yst return 250 to each of the

riser react céiopsly hegomrodled duorgh ihg usteda Hewsenisel deatoredh pesiionedht al yst
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ri ser react Gesanz20psbf flow acitrdlidedices @mehty 1286 ihaké &gto @hntrobegilystne

correspondi g%arm 256. The catal yst return 250 is provided to__transport
catal yst frdiw Heouglpeatalysidansisnbness Af gnpleyed. thofiowcanirgldeyice 268 dnds 222 of

the riser r . (o] | : gh the catalyst return 250 may
optionally g%g%%ﬂ?ﬁé%ﬁg ﬁfh%%@éfﬁ h?réégd% ng.f | ow control device 258
positioned Jon03lhe datial ensodiméntshoRbth Big. dthefich ead B52b6the Thralylst ow contr ol
devi ce(s) 258 can__ be_ any tyBe of . flow control devices currently in use in

the art to dewrn PO and theyems 259 delineh Giajyst Eelentiqpstone 28hs 1 Be amps1a3p of 1

enpl oyed, t 9 j L i | g} e, a plug
val ve or a Eﬁ? é%ﬂygf@gﬁﬁrg%gﬁ%ﬂﬁ%ﬁhfﬁgalg%ﬁgtg?ﬁn%% se)k?g%mq:ﬁlralc# .S{/S, the first
end 252 of traentiad adnes262 is etavided2d detaincatabyest avhitd iR beeddeichtabyza tikat al yst
retenti on zqone 262. The arms 256 of _the catal yst return 250 open to the

catal yst retl¥RIQBFPOPSREVEBIPN Ieachor 48 conqustedinitesapparigis . iAS Picovi ded to
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catalyst return 250.

i0106] At least one fluid distributor 270 is positioned beneath the catalyst
retention zone 262. The fluid distributor 270 includes a conduit 272 into which a
fluidizing fluid is fed to fluidize a fluidizable catalyst in the catalyst retention zone
262 and the catalyst return 250. Additional fluid distributors 270, as shown in
Fig. 3, may also be positioned on the catalyst return 250 to further fluidize
fluidizable catalyst contained in the catalyst retum 250.

[{0107] The HCA 200 may also include an outlet 280 through which the
catalyst can be removed from the apparatus 200. The outlet 280 is shown as being
positioned on the second end 218 of the shell 212 but may be positioned at any
position on the apparatus 200. The apparatus 200 may also include an inlet 282
through which the catalyst may be placed into the apparatus 200. Although the
inlet 282 is shown as being positioned on the second end 218 of the shell 212, the
inlet 282 may be positioned at any position on the apparatus 200. A line 284 may

be provided to remove products from the apparatus 200.



catal yst contained in the catal yst retention zone 262 and the arnms 256 of
the catalyst return 250. [0106] At |east one fluid distributor 722M\Rix07

posi ti onedwibeaseHo32’he catal yst retention zone 262. The H¢TUsRoeh/atemBbut or
270 includes a conduit 272 into which a fluidizing fluidis fed to fluidize
a fluidizable catalyst in the catal yst tention zone 262 and the catal yst
return 250. Additional fluid distributdors 270, as shown in Fig. 3, nmay also
be positioned on the catalyst return 250 to further fluidize fluidizable
catal yst con{@i08pd i A seles sfakpdrytidn devides 288 2R shbOhQE betha@okiidnedOn thny al so
include an outlet_ 280 through which_the catalyst can be renoved fromthe
.appar at us ZOQQPWWPQMQg@qUS?Ith separg N g vice»3$Q Mgy &8 cyonipe second

end 218 of t I o ey on the
appar at us 203&%‘2‘%%‘3%‘%%5 ngg%lpﬁlgﬁﬁgﬁﬂs&glvgégﬁﬁ%es’gﬁ%sn g@ B@g{ﬂ t hr ough
‘whi ch t he catiediystwhigh vamldicpart thatatalybefraned plodsct2Pthe dnvéisiegh the inlet
282 is shown as being positjioned on the second end 218 of the shell 212, the
inl et 282 nmieapionobhe ppartiondevrss 3564¢ shipwinin higed ayRysloniqsspae®rs A | i ne 284
may be provihgied to renove products fromthe apparatus 200. 2 2 MAR 2007 WO
2004/ 031327 / US2003/ 016073 -35- [01081 A series of separation devices
286 are show0189] bei AGepesiflsuppet 290 ardflso Wi@%g@%@ﬁ&tﬂ%hell 212.
The separation devices 286 may be cyclonic _separatqrs, filters, screens,
i mpi ngenent a@@vneraly shopartede 1’1‘5#@%“’0?1- ang\postiblemesas fasypatitiehthgdif4 separat e
t he cat al yst266 omthe product of the conversion reaction. The separation
devi ces 286 are shown in Fig. 3 as cyclonic separators 288. [01091 A series
of supports RAA0pr e ThesHCHTMWhith [ showd.in Fire 3supdivht Sind@ely tatlitmer el y shown
to be illustrative of one possible nmeans for supporting the HCA 200. [01101
The HCA 200 SHIVERD Eesnod 3. nThe apparatus 290 shews s Fig P Amdjioppinithet  shown i n
Figs. 1 and apRaLat us 200 shown in Fig. 3 functions in the follow ng
manner . [Oll%iloﬁgappa%gt us 200 is filled with an appropriate anount of
catal yst wh[ali] s rEheappachtus200hefiled adtisain applopriate2baidbuanef dahdystat al yst
retention zone, 262. Th _cgtal yFt IS flgli di z?d in the catalyst_return 250
P"‘?&Cﬁl yst t

and the cata 15 ggtained ghths gafalyst return 230 and the catalyst retention zOne 262.
The catalyst is fluidized in the catalyst return 250 and the catalyst retention zone
262 by means of a fluidizing fluid which is provided to the HCA 200 through the

conduits 272 of the fluid distributors 270. The flow of catalyst to the riser reactors

220 can be controlled by the flow control devices 258. Feed is provided to the
riser reactors 220 through the feed distributors 230. The amount of feed provided
to the riser reactors 220 is the same as that discussed above in conjunction with
the description of Fig. 1. The feed and the catalyst flow upwardly in the riser
reactors 230 by the principle of eduction which is also described above.

[0112] The catalyst, product and unreacted feed, if any, exit the riser reactors
220 through their second ends 224. The catalyst is separated from the product and
any unreacted feed by the separation devices 286. The separated catalyst is fed to
the second end 218 of shell 212 while the product and any unreacted feed are
removed from the apparatus through the line 284.

10113} A portion of the catalyst may be removed from the apparatus 200
through the outlet 280 and sent to a regeneration apparatus, not shown, or
removed entirely from the apparatus 200. The regenerated catalyst is returned to

the apparatus 200 through the inlet 282.



262 by nmeans of a fluidizing fluid which is provided to the HCA 200 through
the conduits 272 of the fluid distributors 270. The flow of cagalWwgtpo the
ri ser reachyp2004@3B2¢an be controlled by the flow control pdewisemsnidsds Feed
is provided to the riser reactors 220 through the feed distributors 230.
The anobunt of feed provided to the risef reactors 220 is the sane as that
di scussed above in conjunction with t He'Srescri ption of Fig. 1. The feed and
the catalyst flow upwardly in the riser reactors 230 by the principle of

eduction whi qo1i4 al 98e dgneatdedaiphianers (R A2 lendP82 oaitR Htilyst RS0 and
unreacted feed, if any, exit the riser_reactors 220 through their second

ends 224. Theandas mcyeled tosbesespsadindlis hydsesarben ¢anyension regetionadhe gatelyatt ed f eed
by the separation deuice 86.. .Th e ed catalyst . i.s fed to he second
ond 218" of sorumdS ki B Rael ERER IS the SRRl SndiBime Baetn e " enoved
from the appagiadretheldatadpt@ s hhiiftdinedsn 4Frhidizetlsad bA tRofitidRheOfluithe cat al yst
may be renoved fromthe apparatus 200 through the outlet 280 and sent to a

regener at i on rapydedthasughibe flotdodigiribators 28koved entirely from the apparatus
200. The reg ted ,capal yst i.s returned to e arafus 200 t hrough the
Foiet 252, 3 EIElR D005 et eatat e i G sh B SR A0S ey The

separ at ed cat@pyst TiRMppastds B0 dohiprisewsieP 3 10f a bRealRpbatises redcIryB80,250 and

is recycled to be reuséd in the hydrocarbon conversion reaction. The

catal yst is radfeed disttibutordd§tand adlueddistribstor380ur n 250 to the catal yst '
cont ai nnent 262,where. th at al yst-.i s intained in a fluidi.zed state
by the f1ui di2iiy 1 il e i i PeT A GRdpppelind 70, (01151
Anot her embodjineml iPhole ThellPIha8t firfieenBGA49n8@Qedond SH@MMG.] The Bird. 4. The
apparatus 300 conprises a shell 310, a plurality of riser reactors 330, a

feed distribuwndd13a6shellB1® definesia sepsratioprone 3 B5m whioh the]calyshicont i nued
i o056 hocEhued bl bl AR SalhAE bRt el 00,

Shell 310 has S I'rs 14 of

shel | 310 deffunke iAcladgparwill exteddne3 A Svhich shém ubhardivingd yetfirssendsepar at ed
fromthe product of the hydrocarbon conversion reaction. The shell 310

further incl déofshelhdi0 Gomahesesandond 31tholghel 2d 8rnpd afporgl @pTHANN28-t he fi r st
o 314 01 B AT B0 iy s e
qui escent zonehid24 pbhiion of the catalyst can be retained prior to being removed from the

shell 310.

[0117] In the embodiment shown in Fig. 4, a plurality of riser reactors 330 are

positioned inside shell 310, as shown in Fig. 4. Each riser reactor 330 extends

substantially paralle] to a longitudinal axis of shell 310 and has a wall 331. Each

riser reactor 330 has a first end 332 and a second end 334. The first end 332 of

each riser reactor 330 1s positioned in the second end 316 of shell 310. The

second end 334 of each riser reactor 330 extends into the first end 314 of shell

310. The first end 332 of each riser reactor 330 terminates in a mouth 335

through which the catalyst and feed are fed into the riser reactor 330. Although

the HCA 300 is shown in Fig. 4 as containing three riser reactors 330, apparatus

300 desirably contains two or more riser reactors 330. The number and size of the

riser reactors 330 is described in conjunction with the description of Fig. 1.

[0118]  With continuing reference to Fig. 4, wall 312 of shell 310 and wall 331

of each of the riser reactors 330 define a catalyst retention zone 336. The catalyst

retention zone 336 contains the catalyst utilized to catalyze the hydrocarbon

conversion reaction. When the apparatus 300 is in operation, catalyst retention



whi ch a portion of the catalyst can be retained prior to being renmoved from
the shell 310. 101171 In the enbodi ment shown in Fig. 4, a plurabivy;

ri ser reacwWorX0g8803%re positioned inside shell 310, as HGWE2008/06073 4
Each riser reactor 330 extends substantially parallel to a |ongitudinal
axis of shell 310 and has a wall 331. Each riser reactor 330 has a first
end 332 and a second end 334. The first~énd 332 of each riser reactor 330
is positioned in the second end 316 of shell 310. The second end 334 of
each ri ser reamﬂ)% &ﬁﬂainxﬁxemekaly'shn(a fithdizéd state, anwlilBdeddestritsidan Beta®10. The

first end 33 riser r t r 3 r ates . i.n a uth 335 through
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appar at us 300 g?%gﬁi%%ﬁ%ﬁ?@etm%%%mejrzlsser rceagts{)l(r%gﬁ%ggss The nunber

rand si ze of threctscatabyst whﬂhihanrlxeﬁ&@edmaimlacnsimadeacmonémmmnelsepmamnt h the
descri ption 0 i.auin rence to Fi 4, wall 312
of “shel || 310%0mR Heinthe Fist ¢ 3@@%&4%@1‘6 ALY FPRioagenEab ne

catal yst retant PANIE] %%6&11 1Y Ske b HePRedORE ontains the
catal yst uti %@ d IE)tfo ca?a yze t roca?%olﬁltd%?gnve?%ll onc%egcs:ttcl on. Wen the
appar at us 30fbtemlanrzompéﬁaahcbthg cmatyaﬂ et 888 enfluid lan&\ﬁb;&(ﬂﬁéslaﬂﬁ:hﬁﬂ part,

PCT/ 0S2003/ O1 Q73 2Q07. - 36 cont |ns t he cataly ina fluidized
state, as w PPisleyelafen at?%taa@%dmthe mrewvcrn%wéﬁé.on 320, wall 312

of the shell gﬁa@ andrg pfovmuﬁeééltheﬁsé@e&t&g 33@%1&515(% E&PHLRbEopS0 al so

define a cat Iys retu . The catalyst refurn directs catal yst
whi ch has bea#0 isspditioned neaiheefirst mderé&ofﬁmmsbrmacttae?»%er)&mmtthmnezone 318

i'n the first _end, 314 of shell 310,to th atal yst. retenti on zone 336. As
one. of Sk 11 TR istabut 340" Pey BS ey Io bro e SRR ot es h 2 REe aat ol vt

retention Zofk%dfiﬁﬁnﬁlﬂﬂr Bi@mﬁ?bfb‘vﬁﬁtfeé@ﬁa%% d8forimswhildd écandifedgpends, at
| east in part, on the |evel cat al yst cont ained in the catal yst retention

zone 336. | OmgjbuT@I %ﬂtocua)dyoaldf: éezd in e lighisl formpe Feeddistributor 330 includes @ast one

feed distribyt 0 |s ne e firs 332 of, riser
reactors 330bj ‘%b?‘gfé Fuéﬂg f‘é?ﬁ?ﬁs B%?S?te étoé?’fgv“ 5ETEHSF 6?/@@%0 provi de
feed in vari gugasiboaé S%oci%teﬁ neclont, ERAGeE S44 iebulmfes34 @ hoRY349, QcHe feed in
a vapor formwhile a second feed distributor 340 may provide feed in a

li quid form heaskit6dfeaeh herkaid4 Suppsitinped dédigcent g Bwyfirsendi3da wf aadbaisen

IR TR N O S
desirably, each head 346 is positioned at or above the mouth 335 at the first end
332 of each niser reactor 330. Feed distributor 340 may include an optional flow
control device 348 positioned on feed distributor 340 to provide an equal amount
of feed to each neck 344 and, if desired, to measure the flow through each neck
344. Asshown in Fig. 4, the flow control device 348 is a valve 350. Useful types
of valves are described above. Further, a nozzle, not shown, may be fitted onto
each head 346 to distribute the feed into each riser reactor 330. Additionally, each
head 346 may be fitted with screening device, not shown, to prevent back flow of
catalyst into any of necks 344 of feed distributor 340 and, subsequently into body
342 of feed distributor 340.
[0120] A fluid distributor 350 is also positioned in second end 316 of shell
310. The fluid distributor 350 includes a conduit 352 into which a fluidizing fluid
is fed to fluidize a fluidizable catalyst in the catalyst retention zone 336 and the
catalyst return 338. An optional disperser 354 may be positioned between the

fluid distributor 350 and the catalyst retention zone 336 to disperse the fluidizing



head 346 of each neck 344 is positioned adjacent to the first end 332 of
each riser reactor 330. Desirably, each head 346 extends into gaghpnyEer
react or 330v¥ONMbr@3l1xtesi rably, each head 346 is positionedpatrnsroshesest he
mouth 335 at the first end 332 of each riser reactor 330. Feed distributor
340 may include an optional flow contro]_device 348 positioned on feed
distributor 340 to provide an equal anoutit™ of feed to each neck 344 and, if
desired, to neasure the flow through each neck 344. As shown in Fig. 4, the

fl ow control figidi the c3hB st @tcntivabkyvee 3andise tathlvkyptsn 398, DispeRsr 346
descri bed above. Further, a nozzle, not  shown, may be fitted onto each head

. . n, nmay . :
346 to di stri#astrablyesitiens pespendicanar tp thedpngigidingd axig 96 shedizi G indbaal |y, each

Flow of | cat alggd PES el ST PLREERH Aifiy BOhGRANR erldda BEANERY P2
subsequent |y plate@rhayar d3dide airofgewhithshd flbidizig 840 is fedt3@rovidd dvend
distributor 350 is also pasitioned in second end 316 of shell 310. The

fluid distribéisebutiemof the flyiizing flugh@dhe caialystrgieatighzang 336 | ui di zing fluid

is fed to fl u"}%%}e af"'s%%]éé?}?éﬁmgp %%ﬁ%h%d}oéagﬁonc@&g%%#ar%%gﬂt. on zone 336

and the catalyst’ return I ona I sperser %'t i oned

between the fheghtdlydi, atsepddatbOB6BMseaivsof tpaifiraB §G mayet ittoned 8frsB36 tO
di sperse the fluidizin 2007 WD 2004/ 031327 "PCT/ US2003/ 016073 3s

2 2 MAR
fluid the catenddt qfé%l%h%lfbnﬂf-‘owea@%s aplljarersbowninmligs ¢ ap being §y988ic Di sper ser

354 is desir g4 ' R L ang| [hal axis of shell
310 in the S%@%%g?%%%ﬁﬁ@%gp‘ﬂg{]gj‘e%gg%wré‘hﬁés%g%%grﬁ k%%llkérngé}{sbe a screen, a
grid, a perf oimggiggbment dévdces] plaies] doaks aelvither delvices ohiohhivedld tsbigardte thedi zi ng
fluid is fed to progi de even distribution of the f|ui drigizin fluid to the
catal yst ret ebfefiesis Hamdhasyalysionay yisqbe peiienaddn tredirses sl 310.

hydr ocar bon ceQyelSha g,g 8&5%&&619 Reh rd@@%nd% Iﬁﬁo:? Hete¥ida oﬂra@ﬁ%@ﬁ%@% 60 or

series of separators may be poSitioned In Tirst >shel | 310.
The separ at or garfi€le size ef tewatalysn the gas shipadici velgeity prahicton sgpaitptands 362.

O her types of separators, 360 such as filters, screens, inpingenqent devices,
pl at es, cones"tg?fcppaﬁﬁrﬂ‘g?rsqg}ﬁi: BH%duﬁﬁiaEWe\mﬂYleg f@é‘b;qeilﬁégtthré’ugrag’&ﬁggé °Fromt he
catal yst may a I%Palf@ﬁopl‘?r?ést%@@&dfuhﬁeﬂﬂ%c{]sbiﬁlgtsu_@{‘éjs ?G%X%P&bgéﬁa?ﬁi%ﬂmd The

nunber of sepatators 360 depends upon the desired operating efficiency,
particl e sizepwificatien.cat al yst, the gas superficial velocity, production

capaci ty, -andy, bt aLAIELSL Soo HIS RSSO R L ok RIDI b Al | 310
catalyst may be removed from the shell 310 and an inlet 372 through which
catalyst may be placed into shell 310. The positioning of outlet 370 and inlet 372
is not critical. However, it is desirable for the outlet 370 to be positioned such that
catalyst can be removed from the shell 310 through the quiescent zone 324.

[0123]  An impingement device 380 is positioned in the first end 314 of the
shell 310. The impingement device 380 is provided to direct catalyst leaving the
riser reactors 330 away from the second ends 334 of the riser reactors 330 and to
limit the amount of catalyst falling back into the riser reactors 330.

[0124] A support 392 is also shown in Fig. 4. The support 392 1s merely
shown to be illustrative of one possible means for supporting the HCA 300.

[0125)  Asshown in Fig. 4, one or more of the HCA’s includes an associated
catalyst regeneration apparatus 90 which 1s in fluid communication with the HCA
300. The catalyst regeneration apparatus 90 includes a catalyst regenerator 92,

which is in fluid communication with the HCA 300 and an optional catalyst

stripper 94, which 1s in fluid communication with the catalyst regenerator 92 and



a plurality of lines 364 for further processing such as, for exanple,
separation and purification. 10122] The apparatus 300 may furtllz rydan hjjde
an outl et 3WO 20m@3Y which catal yst may be renoved fromachais ZU(M#Q@ and
an inlet 372 through which catalyst may be placed into shell 310. The
positioning of outlet 370 and inlet 372 _is not critical. However, it is
desirable for the outlet 370 to be posi t#8ned such that catal yst can be
renoved fromthe shell 310 through the qui escent zone 324. [0123] An

i mpi ngenent  dewkichemay Be isfhAsbinhantdtibn withahé HCH 360 da Jitd 1Rk 96heoviehel | 310.
The i npi ngenment device 380 is provjded to direct catal | eaving the riser

reactors 330 Huicompunicaitonditweran theeajalysistipper A4 apd lsil&tbrto@glgom and to
limt th . t i i i : 330.
01281 A suppalt: SSRAR, K bRl WS Bl i RIES st inhEREL BT SO0

shown to be i khgied)fRirh d@eeind HICA PEShEWE). MRANE nidhers vRplEst friif thd@cbiad 300.
10125] As shown in Fig. 4, one or nore of the RCA s includes an associ at ed

catal yst regeH&ncarobe Bppsaeded iy the segandnnpu ling tq theicatapshttippe £di‘on with the

HCA 300. The_cat ak. regenerat i on arat u | hcl .cat al,ys
regener at or gfcgn%%gﬁs ipgoq’?%%fﬁ# gor%% C'ﬁﬁ% ??t%%m%/\n&% ﬁ&gﬁét ﬁ@?"é%ﬁ aﬁhd an
optional cat athésdatalyst kdgeRehtoD92. WihizB ling 100 pfdvided o EaHmaRthtgh W th t he
catal yst regenerator 92 and WD 2004/031 3 2 7 PCT/US243/ (W' 407 -39 which

may be in fl ubtiweemihsmatays sgengrater PR andits i8lep3 72001 shedlt310; deflos cpnoeli des
fluid i gati . . ' th h
(] S o SabO ML SRR e bE Bl S HLPREE PR ARtoFREon R0 LhrOUO0

line (not sheatlystfeoweeh e simlidl 1HEE the odtalybstripper b4, Bhilew oBmng devieat al yst
fromthe second HCA can be transported by the second input line to the

catal yst stri pffbmayepuonallysmesitionsd gtgsqyp)é@iia@QS fo eandrob Bierimy efsatadystbet ween
the catalyst gétweglpﬁ{e.t%f]alfs?gtrip%a'@flceﬂltdq:b%§5ta1§§tgrﬁé\§'{e?r}[&r9292' Athird line 100
on - between the catal§s

provi des fluid comuni cat regenerator 92 and the
inlet 372 on HN2b] 31Althowghltiecataipdt soipperl@d iscshob@2nfiy. doptbeipadepyratee
positi oned on fir‘gt line 96 to cor12trol t,ne fl ow of _catal yst belgween t he
shel | 12 and fA@ s caplystregenergipie??. one shilled gihe srevilieppresiatsethatitta may

opti onal |y becaskisnfRs of ay Hqnala) Todid Qiik BN RAst Raehdiaibr 08, cat al yst

bet ween the catalyst I ppe a he catal yst redenerator 92. [0126]
Al t hough t he Oat akijlsd irstheiappet] absd dppresimethagmlthoggh Rigabshyavsibird Bparate  from

the catalyst §g0enRl b0k heasdfs 1 fhe sefiration tiE A8 mangh iAPPILFAL € that the
catalyst may also be returned to the catalyst return 338, the catalyst retention zone
336 and combinations of the separation zone 318, the catalyst return 338 and the
catalyst retention zone 336.
[0127] When in operation, one or more of the HCA’s, as shown in Fig. 4,
functions in the following manner. The catalyst retention zone 336 is filled with a
catalyst suitable to carry out the desired hydrocarbon conversion reaction. The
catalyst should be of a type which is fluidizable. To fluidize the catalyst in the
catalyst retention zone 336 and the catalyst return 338, a fluidizing fluid is fed into
the fluid distributor 350 through conduit 352. The fluidizing fluid is dispersed
within the shell 310 of the HCA 300 by the disperser 354. Useful fluidizing fluids
include, but are not limited to, nitrogen, steam, carbon dioxide and hydrocarbons.
The choice of fluidizing fluid depends upon the type of conversion reaction being
conducted in the hydrocarbon conversion apparatus 300.
[0128] Once the catalyst has reached an acceptable fluidized state, a feed is
fed into the HCA 300 through feed distributor 340. The feed enters the body 342



catal yst stripper 94 may be integrally formed with the catal yst regenerator
92. One skilled in the art will also appreciate that, although F BAR #)phows
third | i newdg®4masizeet urning the catal yst to the separati paTasom38i@73 hr ough
line 372, the <catalyst nay also be returned to the catalyst return 338, the
catal yst retention zone 336 and conbin ‘td ons of the separation zone 318,
the catal yst return 338 and the catalyst tetention zone 336. [0127] Wen in
operation, one or nore of the RCA's, as shown in Fig. 4, functions in the
foll ow ng marofdged dihteibuairéh@,sﬁasseetmufglomemcia BBefife=d diktribdtonBihamd cat al yst

catalyst shoumis Beoush theend e teodinrtyar 345! Bhe gt FY drapaiedineasbat al yst
in the cat a'&f%ﬁ 5 ?%*&9329%%@6‘?’5. ugt;%ss Eﬁlle»ﬁgt ngg f'o?t%%’ns@r

fluidi zi ng AN I nto stributor 3 rou condui t 352.
The fl uidi zi ngachémwi3d0i s di spersed within the sheII 310 of the HCA 300 by

e e o ko S s AR el ke ™
fluidizing f 'fﬂhtdenﬁggﬁé‘@?ﬂ%%@r Loty R® a%t YU @BE ﬁ?]g@zgﬂ%g €he

conducted in't rocarbon conversion app atus
catal yst has cﬁﬁ&&hﬂﬂthamaﬁmemmbﬁ zbhe 334 mshss:taaﬂysi taabd sxpitaied mtbeh‘le into the

HCA 300 thro g% h)SI but or 340, Tbl‘ enters the body 342 2 2 MAR
2007 WO 2004 @f@ y ? JHeBIEaeIgE 230 ileca yst s dgmapasicdithiongh the40, passes
through the Qlkr%a B $o Jrﬁ%fiwgllik%nf)\'vglﬂhﬂ& R40f no ’fﬁmlc‘mh@k&?tlé he heads

346 of feed strl utor 340. The |str| to eac the riser
reactors 330 ehhnggwg“ lone flaidydnthiscad3d hedked, heuded ncsmoeadnotB&ZHmﬂ 1hhhs rcasner

reactors 330. 9 e differential create t ty of the
feed enteri ng}h‘{ﬂé‘% ziep,cgfaiyéﬁdg’ﬂ%%aéalgqtapﬁgee,dltgagpl %‘8&?%%“9@%3& e pressure
of the hei ghtse&a‘udfénag 9328Pie nsglafeaétxﬁtssnn sife &AL bl f&@&@%;]&aomne 336
causes catalyst to be aspirate nto the |rst e ds 332 o e riser

react ors 330.theTtiger ceactiry $80, |the hydiegbont emhveisiapugictioneccuissied ar eact ors 330

under wel |l known §r| nc%jol es eduction in which the kinetic energy of one
fluid, in thi®STEI8NPH "FE’équ"E:e sed to nmove another fluid, in this case

the fiuidi zeqor3d)al YThe cc'ﬁk\%rmi BloviadtsINchréReA f&é@vf%nyf élmhfefaﬁtat}lsf &tit ends 332

to the second ends 334 of the tiser reactors 330. he catal'yst and feed
travel throudhe risengeactorep39 éaemgirtbeBS@OnﬂIﬁedﬁhaﬁdl'r@@anllwmhf&:@ﬁﬁﬂEﬁm on reaction

occurs and a separation zone 318 in the first end 314 of shell 310. In the catalyst separation

zone 318, the conversion product and unreacted feed, if any, are separated from
the catalyst by the separator 360. Desirably, the conversion product and unreacted
feed, if any, are separated by a series of cyclonic separators 362 as shown in Fig.
4. Further, at least a portion of the catalyst exiting the riser reactors 330 contacts
the impingement device 380 and is deflected away from the second ends 334 of
the riser reactors 330 to the quiescent zone 324.

[0131} Once the catalyst has been separated from the conversion product and
the unreacted feed, if any, are removed from the shell 310 through the lines 364
for further processing such as separation and purification. A portion of the
catalyst falls to the quiescent zone 324 in which the catalyst 1s retained until it is
removed from the shell 310. The catalyst is removed from the quiescent zone 324
through outlet 370 and can be sent for regeneration in the catalyst regeneration
apparatus 90.

[0132]  The catalyst regenerator 92 preferably receives catalyst from a

plurality of HCA’s as illustrated in Fig. 6, and as described in more detail below.



conversion product is produced. [0130] The conversion product(s), unreacted
feed, if any, and the catalyst exit the riser reactors 330 throughsf h@fr
second ende@adsendzenter the catal yst separation zoneiﬁhinmmthGWBrst end
314 of shell 310. In the catal yst separation zone 318, the conversion
product and unreacted feed, if any, are ?eparated from the catal yst by the
separator 360. Desirably, the conver si 6ff product and unreacted feed, if

any, are separated by a series of cyclonic separators 362 as shown in Fig.

4. Further, &isdhgastin ngmmle@atatyfst tepenceatbrdy sitiodxily hiag rédefve datidyst WRACE OF S
330 cont acts t he i mpi ngenent device 380 and is deflected away fromthe
.second ends §Swﬂéfllnet9ﬁ@n¢ﬂ1§%r10} el iscoangstedgomrsecond HS Adnet %H@) 324. [0131]

Once the cat r d the
anr eact od ooy Tne ST nRSRAIAEERA 1 £ RRahE S AR B IO oo 364
for further @fmacmmanasmma@bomam Inuliis inbadintumt, cAtappe t i on of the
catalyst falls to the quiescent zone 324 in which the catalyst is retained

until it is mhayrhsdeliveredia thesatahist regenaatonbtremythe jacond 5@%%@@@1 lincom t he

gui escent zo 3 lﬁ%;s]&n neration in
t he catal yst qfﬁ%géﬁ%ﬂla{y 8&919%5%@@@@8%%@] e cafefC? ]?eggener ator 92
preferably reaalysesripgir iy fidditionallpor ﬂkemaivbtyycmlyki%nﬁ nfsre tﬂahltﬁrbrat ed in

Fig. 6, and as_described in nore detail below 2 Z MAR 2007 WO 2004/031327
PCT/ US2003/ 0 1dy¥'s maysbe dixstedrip i qatrlyst gegencrator 82 ¢ 4 pa fynsiiop efthsesatayst 92

opti onal | v Myyecheaghy 95 dflcs ea%s%\%ﬁ On@ﬁfaﬁorﬁoﬂh el grrg&mggh;;?egfed

connected t second I ne
to a second sng@omlandwnﬂmbtlﬁermsclsmlm)fumﬁurdbtmlhsm mbbmoddmumljmtl on with

tthhe second HCA. In.this enbadi nen st el.ivered to the
catal yst r egé‘hg’teélﬂltﬁscﬂé‘éz?r}eo}%‘lt‘g’zl ég@BhﬂfalL%ﬁ“‘F?ﬁeBﬁ@?elﬁﬁémoimca‘@’?h larly,

catalyst fro regtdhaet SontRN ogirected to the catalyst stripper
94. Additionatfﬁl}'l or a?tgrnatlve y(,) catalyst fromnore than two RCA s may be

directed to tilhBS]: at aRgmnungetgdhgréauhfrreﬁﬁmﬂ'gmorhumof ihercatatyst, leftec being y st
Gescr pti on SGFRFGLOR ERBFAS SO ATISea GE=ELtEPR ParFieR Lt 81 her .
portion of tREICAAhMHEN uaerbam?stqahﬁﬁm% tHOOal 3t Fetéhdidn Jodk 1336V Erh the
qui escent zone 324 into the catalyst return 338 and be returned to contact
t he feed. the catalyst retention zone 336, the catalyst is recycled for use in the hydrocarbon

conversion reaction.

[0134])  Representative embodiments of possible configurations of riser

reactors and catalyst returns are shown in cross section in Fig. 5. Fig. SA shows a

possible configuration for the riser reactors 20 for the HCA 10 shown in Fig. 1.

As shown in Fig. 5A, the riser reactors 20 are contained within a shell 26. If

contained within a shell 26, the area between the riser reactors and the shell 26 is

filled with refractory material 28. Useful refractory materials 28 include sand,

cement, ceramic materials, high alumina bricks containing mullite or corundum,

high silica bricks, magnesite bricks, insulating firebrick of clay or kaolin or any

other high temperature resistant material.

[0135])  Fig. 5B shows a cross section of a HCA similar to apparatus 10 shown

in Fig. 1. In this embodiment, the riser reactors 20 are again contained within a

shell 26. The shell 26 is filled with refractory material 28 as described above. In

this embodiment, the catalyst returns 50 are also contained within the shell 26 and

surrounded by the refractory material 28.



[0133] Returning to Fig. 4, the remaining portion of the catalyst, after
being separated fromthe products and unreacted feed, falls fro@ZtMi& M07r st

end 314 of wehmbAs3i330 through the catalyst return 338 to pheiSfodhVedls
retention zone 336. From the catalyst retention zone 336, the catalyst is

recycled for use in the hydrocarbon conversion reaction. [0134]
Repr esent ati ve enbodi ments of possible-d@8nfigurations of riser reactors and
catal yst returns are shown in cross section in Fig. 5. Fig. 5A shows a

possi bl e confipmsg)at i pg.gershbaea b&:BHle £ORELRAtForer HRY rideh feabiofs 19 shBeyn i n
Fig. 1. As shown in Fig. 5A the riser reactors 20 are contained wthin a
shel | 26. |f inFigiBailndat embadiment sbhwhlin Pig. SChtheaatady sb eatwrseld Otihsghomrssr
reactors and.the shell 26.is .filled with refractor ri.al 28, Usef ul
et actory Bt ERE L e & it oot it LS R0 S iy afiors o

al um na bri cksGaatR! ditdlfst Ttlin 30 £ c6REiABAWithin 25N 6 iR 4l cks, _
magnesite bricks, insulating firebrick of clay or kaolin or any other high
t enper at ur e esveenadhe risaxtreactans and e 36311 B is fiRdsridwefmcorpsstesieb?3%n of a
HCA sim | ar atus 10 shown . in. Fi 1..In this enbodi ment, the riser
reactors 20 ;?58‘%‘38%%5%r'n’i‘a&?fr‘f’é%%dﬁﬁf}?eégb%‘ﬁe‘?’l°°E%‘?‘°‘f%wé‘ﬁg’?q 26 is filled
wi th refract geyeripbflof #ig 4@ as described above. In this enbodi ment, the
catal yst returns 50 are al so contained within the shell 26 and surrounded
by the refraddB3d nufig SBIshows a possiaroRfiBrationFop (B4R 1e3RPrs 330 shown

PCT/ US2003/ 016073 ,- 42- ,101361. Fi.g. .5C. shows, a sible figuration for the
riser reactor3Fi®4 ﬁf&%ﬂ“i’%%ﬁ- 8& §1:e TfSST feRgto gﬁrﬁﬁfﬂ?"gﬁ'gﬂﬁ?“fi}wﬁﬂ 5C, the
catal yst ret yhdsigfi310S ASNRYGHIRE abb@ MEoGRMEASH WithRRS EdskApEsch émg.ed, ation to
the riser reactors 220. The riser reactors 220 and the catalyst return 250

are cont ai nedhswallg 33 laofsthe riserzeastory 30 and thetshelhd &6 defive the satalystagtror s and

the shell 226.Ls-{ille i th . refracto erial. 228 eful.,refractory
materials ar g 3%@%@? Fﬁgg)eﬁ%eg\rl'éﬁ? e %a]ciﬁy{%??(g)ﬁmb\ﬂt}?"fﬁ%be @S@?‘?‘Btﬁ{ﬁt of Fig.
SA. 10137] Firgfraceddy Shasal33R0ThE bhedl TItha@slsa b optibmillytfiledrwiged seceast or s 330

shown in Fig. 4. As shown in Fig. 5D, the riser reactors 330 are centrally
| ocat ed wi t hirgfracters raHemal 3840 Uselyl epdeasiony eateaisls e desceibeg abrMeidn with t he

deser 21 Byl YErBb B T gl N AR e,
react ors 330 50pa pepohofiskillyin ki dri Wilkappaédidte shat thesfirst refractory material 382
and the second refractory material 384 can be the same or different material.
[0138] Fig. SE shows another possible configuration for the riser reactors 330
shown in Fig. 4. As shown in Fig. SE, the riser reactors 330 are centrally located
within the shell 310. In this embodiment, the riser reactors 330 are contained
within a second shell 386 which has a wall 388. The catalyst return 338 is defined
by the wall 388 of the second shell 386 and the shell 310. The areas between the
walls 331 of the riser reactors 330 and the wall 388 of the second shell 386 are
filled with a first refractory material 390. The shell 310 may also be filled with a
second refractory material 392. Useful refractory materials are described above in
conjunction with the description of Fig. 5A. With continuing reference to Fig. 5E,
a person of skill in the art will appreciate that the first refractory material 390 and
the second refractory material 392 can be the same or different material.

[0139]  While the riser reactors and catalyst returns are shown in the various
Figures as having a circular cross section, the riser reactors and catalyst retums
may have any cross section which would facilitate operation of the HCA. Other

useful cross sections for the riser reactors and the catalyst returns include elliptical



‘refractory material 382. The shell 310 may al so be optionally filled with a
second refractory material 384. Useful refractory materials ard2d¥clilbed
above in WENO#HEHBTZN with the description of Fig. 5A WRGT/Usmbi/aai13g

‘reference to Fig. 5D, a person of skill in the art will appreciate that the
first refractory material 382 and the ﬁgcond refractory material 384 can be
the sane or different material. 101381I°Fig. 5E shows anot her possible

configuration for the riser reactors 330 shown in Fig. 4. As shown in Fig.
5E, the ri sekrosesamions pdBoaslcreantotidns yund owas edtiond dfhvemtidgiief shiphés 310. I n

this enbodi nent, the riser reactors 330 artg cont ai ned ithin a second shell
-386 whi ch ha@népolyepnsydaesirghle cxossaetians f¥ithe Hsersgaciars aad r#alyst iBjmshe wal |

388 of the secqnd l;nd$ ls; B3 S phe nthe walls
331 of the riser r%é}gétsoa?s %ﬁwﬁgoﬁmglsf %ggetﬂaﬂeﬁgﬁgéﬁnd eI’Ilp386 are
filled with & fessthatelie shapoofthewtwsisadtioBI@s nd hiee sdpghdntSdih vayiced, so be

filled with a second refractory material 392. Useful refractory materials
are descri bednsigsdhe bpyndagisspiithe shang. having angdespseaten than b0 ofTheimost 5A. Wt h

continuing reference 1o Fi E.. f i in,the art .will

appreci ate tﬁé‘?{agﬁe&? %Srss?tc h(gnesfarsr%télg%l%eﬁgﬁg#fg%ﬁ’ %E@legnagﬁ hteﬁ%gogg(% d refractory
material 392 siganoeuahRnghThemeling bed@eiminmbeidsalsect(ddaBBkaMbt kigy t he riser
reactors and catalyst returns are shown in the various Figures as having a

circul ar cr oSEssakatiopshanes basedam lppgestalishedhgpomeinis principles welknoway have

SEERD Ip enet veRdnow o
o oss secti ofe P MIERARLLA, e BitoBRRIA POl S B e g

el l'iptical 2zendARudeCifcleyYerPre@lat e WitlPEdés S52003/ 10480 SThedmbostCr 0SS
sections, polygonal cross . sections and_cross sections of sectiogns of

el lipses andepableganss-seoaansasp riscles aad irippgles.criyamsrand hexzgoge witheact or s and

catal yst ret | circles and regul ar polygons with sides of equal
| engt hs. By H{d@%ﬁé&bﬁ!féﬁgﬂz.is nmeant that the shape of the cross-section has

no |ine segmiitdd] wi t While tite prasfijon afnisd deer rdretdvoreimiprite theafepadasorshisee, havi ng
angl es greater Si}han .1§hoo The nost,. desirabl e cross-secti ong are circles,
and triangl e&® BaWRR e Dgesaseqgutitantiapf syrapguicah altermais copiggeionsThe neans

o ot L B I ESh! 0Tl LSSl o s PSS REHARL IR 0
art. Siml ar by posjesiedatn eecsidesy-tbesipastion zone intrehesmippireaicaldayoutoAs i ncl ude
CLLeh oD, a0 LGhl L Relyagns ot L, She5 o SOl el TR St e
with circular cross-section, the riser reactors may be positioned in a line along the

diameter the separation zone. One skilled in the art will appreciate that a wide

variety of configurations of the risers relative to the separation zone may be

utilized in the present invention.

[0141} One skilled in the art will further appreciate that the optional multiple

riser reactors in a given HCA of the present invention may be formed by dividing

a single riser reactor into a plurality of smaller riser reactors. For example, a

larger, reactor having a circular cross section could be divided into several pie-

shaped riser reactors. As another example, a riser reactor having a square cross

section could be divided into a plurality of riser reactors having either rectangular

or smaller square cross sections.

[0142]  The optional multiple riser HCA’s of the present invention are useful

to conduct most any hydrocarbon conversion process in which a fluidized catalyst

is employed. Typical reactions include, for example, olefin interconversion

reactions, oxygenate to olefin conversion reactions (e.g.. MTO reactions),



sides of equal length. [0140] Wile the position of the riser reactors
relative to the separation zone are shown in the figures as equi} staniy7and
symetri cawo addumsrsate configurations are within the scoperafs:ddifidmesent

i nvention. For exanple, the riser reactors may be positioned on one side of
the separation zone in a hem spherical |ayout. As another exanple, when the
separation zone has a circular or appro‘x‘f%’atel y circular cross-section, the
riser reactors nay be positioned in a line along the dianeter the

separati on zofiggefdi€icSidsblicdrRelsitR réddtion, thaladie heky dHde féMallafnW ARy, variety
of configurations of the risers relative to the separati on zone may be

utilized in tphaspmethanel synthssisi mhthalicemhydridefermidatipe disoher Fropsaht Wi | |

further apprecia%te th%t t?ﬁvgﬁtifona nul 'r%Ie risctar reﬁlc ors, in a given HCA
of the presenfaS PRI HE'T lcfimb§j i TP Gt eSS %P%m?qnser react or
into a pluraldghyeRfonTiBdesels thiySIRY couBRALS So., Oflui8%8MRIBicafion WhJEs . react or
having a circular cross section could be diVided into several pi e- shaped

ri ser react origtegratedentalfigiregsuarapipe system i egcordrace withibe/ pregent insqoidee cr oss
section coul d.be divjded int . pl urali riser ,feactars _having either
rectangul ar ‘0¥ e§?‘?ﬂ?18e’rn %‘Efé?q%o%gﬁgg’sa bg&ﬁ%g{*o 6?(541@??{‘? g e mul tiple
riser HCA's offT{RaficSbéess WIHR 4 QRoRd HOMSBérfdrmstad SaMintdrcdiRetsicany

hydr ocar bon conversi on process in which a fluidized catalyst is enployed.

Typi cat reactproesss.i Bethiie first@nd sscan HE: A'sInedyi seni satelysbioaeristegratedr eact i ons,
oxygenate to i | ef {?r'; convt%si on reactions (e.g., ALTO reactions), 2 2 MAR
2007 WO 2004/ 6FSPHOBEY 2003/ 016073 - 44- oxygenate to gasoline conversion

reactions, ngQe43jC Ay ehrdcdss fwemﬂaiﬂm¥ggmwto dfaseniBéRaRed synt hesi s,
pht hal i ¢ anhydride fornulation, Fischer Tropsch reactions, and

acryl oni tri | eneldinglaniongeenati A vvserberinthe rsnd onyemeieditdafined snver si on
processes My, B‘ﬁdé PPty hcesSirly limiddd i, .%Hﬂm% DLGRELRE o gé}] 4l
system’i e Fe pr e&&nt

integrated catalyet tegeneratt o accordance w

i nvention. Hb¢ fddoawing ealiphatio aRoksibaAhe¥s arboayf edmmpoun@A(apdcbgdees |1 ght
ol efins through an MrIO reaction _process, while a second HCA perforns an

olefin inter d@ﬁﬂi@ﬁsﬁaﬂ??xym 6%1§§§?Ib|98{“ﬁsstaﬁé the kka). apemisEenibersen Themmy send
oL LYot L PSRl B 100 Aitond o
and more desirably in the range of from 1-4 carbon atoms. Representative
oxygenates include, but are not necessarily limited to, lower molecular weight
straight chain or branched aliphatic alcohols, and their unsaturated counterparts.
Examples of suitable oxygenates include, but are not necessarily limited to the
following: methanol; ethanol; n-propanol; isopropanol; Cs4 - Cyo alcohols; methyl
ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether; methyl formate;
formaldehyde; di-methyl carbonate; methyl ethyl carbonate; acetone; and mixtures
thereof. Desirably, the oxygenate used in the conversion reaction is selected from
the group consisting of methanol, dimethyl ether and mixtures thereof. More
desirably the oxygenate is methanol. The total charge of feed to the riser reactors
may contain additional components, such as diluents.

[0144] One or more diluents may be fed to the riser reactors with the
oxygenates, such that the total feed mixture comprises diluent in a range of from

1 mol% to 99 mol%. Diluents which may be employed in the process include, but

are not necessarily limited to, helium, argon, nitrogen, carbon monoxide, carbon

- dioxide, hydrogen, water, paraffins, other hydrocarbons (such as methane),



i ncludi ng an oxygenate. As used herein, the term "oxygenate" is ﬂﬁ@hﬁﬁﬁ to
i nclude, but is not necessarily limted to, hydrocarbons contali ;n gen
such as t WO R Ng: al i phatic al cohols, ethers, carborgl/uspnposnts

(al dehydes, ketones, carboxylic acids, carbonates, and the |like), and

m xtures thereof. The aliphatic noi ety_ge_si rably should contain in the
range of from 1-10 carbon atons and nor€ desirably in the range of from1l-4
carbon atons. Representative oxygenates include, but are not necessarily
limted to, |aomaticrodreperras, andingbituressherapfyHbesitedidiluents bichnichad asd iqphat i ¢

al cohols, and their, unsatprated counterparts. Exanples of suitable
‘oxygenat es i ﬁ?F?Fﬁ%‘,ﬂyaﬂ?ﬁ - BaEr ﬁ‘é‘g%' 88ty limited to the following:

met hanol ; et L[slf'ﬁgéhnlﬂpﬁ&%ﬂgﬁheifé’%%o@é‘ﬁﬂovic@ﬁtéﬂfé‘r&&éﬁﬁhﬁgﬁfo thyl ethyl

et her; dinmet er; diethyl ether;” di-isopropyl ether; thyl fornate;
f or mal dehyde; Wten apbitidn afdhdiend isgyrovidedin a kg fforog thwoliqtié posicatoftte; and

m xtures therepf. sirably, the .gxygenate used.in t onver sj on reaction
is selected ft{egfﬁnay & SYrd _’é%}}?é‘?@ﬁ?%@%? %ﬁ“ﬁ%?&ofﬁ"d?ﬁ%ﬁﬂwﬁ PEFRBO g
m xtures thergofeed I}@aﬁ? g&g@uﬁgka&efs 1o MENBEORIE diser FBERRL O FnJJﬁ?edtd}t al

charge of feed to th reactors may contain additional conponents,

such as di | verthewijeGharddd iGtoethe ris¢roesctats Madiuths vapoy postidned thofeether ai ser

reactors with t oxygenat.es ch that the total, feed m xture conprises

diluent in a SPQ%@E CBIFYE?SE%*&%?% P’ES’VE@"%P%“_O&Q?H&%% WﬁYSWaFFa%“_dgg enpl oyed

in the pr Ocescﬁmbﬂgkﬁlﬁﬂagﬁm phadé,8héRnpRRERSE SR fHel ket teltibRhah®e Bt argon,
e

ni trogen, carbon fnonoxi carbon dioxide, hydrogen, water, paraffins,

ot her hydr oc dftisexethesmistheatofreadimne) oxgecpatsARN2OGPN Wparaely §8082¢ by

PCT/ US2003/ 016073, .- 45~ aromatic _compouynds.. and mi xt ures.thepeof .. .Desired
di luents i ncl'iGERdoMRRIS @eaﬁgf vapr?@’@@?é’a#?ﬁ?hwlﬁipf)g{?ntogﬁﬁ?l\gfg‘r &BB‘HDIHP% rogen.
[0145] A portﬂa@ﬁro@imtd%ffl?am By 1dD@pBf foél daTholtRe FdAbtok BAGTeYosdiRle! | quid form
When a portion of the feed is provided in a liquid form the liquid portion
of the feed mehodbiorgiontielling hejemaeraturelin the seactnr agd i partiedanih thotiser The
liquid porti onacgg; the feed may be directly injected into the individual
riser reactorg 8P entrained or otherwise carried into the riser reactors

with the vapqoi4g)rti Qhe efnotcofifeetprovidad irsaliq@biferns arkelasr fabspaiateent . By
providing a portion of the feed (oxygenate aond/ or diol uent) in the liquid
phase, the t @FpEpHY With the vapes feqdsisrirena bt yis’edardSowt. dont eitetad.  The

exotherm ¢ Neglogfard &R BlshuBXiA ANALEe. CORYEESABY! TheRBfideidkbi, qbsorbed by
wt. % to 75 wt. % of the total oxygenate plus diluent feed, and most desirably the
range is from 5 wt. % to 65 wt. %. The liquid and vapor portions of the feed
may be the same composition, or may contain varying proportions of the same or
different oxygenates and same or different diluents. One particularly effective
liquid diluent is water, due to its relatively high heat of vaporization, which allows
for a high impact on the reactor temperature differential with a relatively small
rate. Other useful diluents are described above. Proper selection of the
temperature and pressure of any appropriate oxygenate and/or dijuent being fed to
the reactor will ensure at least a portion is in the liquid phase as it enters the
reactor and/or comes into contact with the catalyst or a vapor portion of the feed
and/or diluent.

[0147]  Optionally, the liquid fraction of the feed may be split into portions
and introduced to riser reactors a multiplicity of locations along the length of the
riser reactors. This may be done with either the oxygenate feed, the diluent or

both. Typically, this is done with the diluent portion of the feed. Another option



t he endot herm ¢ heat of vaporization of the liquid portion of the feed.
Controlling the proportion of liquid feed to vapor feed fed to)4ep Q[gquctor
i s one posWhrm+/oasehod for controlling the tenperature |ncrlmsztme/am0m and
‘in particular in the riser reactors. [0146] The anount of feed provided in
aliquid form whether fed separately 9 jointly with the vapor feed, is
from0.1 wt. %to 8 w. %of the total %xygenate content plus dlluent I n
the feed. More desirably, the range is from1l w. %to 75 w. % of the
total oxygenaseo plovideti harehiwhielethtrodncksrhws total dRjufddbiction o ther faedye the from 5
w. %to 65 w. % The liquid anqvg portions of the feed may be the
sane CcoNnposi trpqgﬁrea@?orw@gmeap ?‘{}f‘ﬁﬁo e pomsilignid deplelsot aane” or

di fferent oxy, ngtlg f yﬁgf‘ﬁ &ularly
effective "g’g %%@?é?@%\t}\grt{ ‘évgicfhdﬁieﬁ?%mﬁdé re aﬁe\%&? aRﬁE&I heat of
vapori zati on intwbdhwded ab Hewiser feactoss, hamginze rgpaimhllpalohgd:erleﬁg:th@ftﬁeeﬁmer ature

differential with a_r Iat' ely smal | rate. O her tieful diluents are
descri bed abd§&tons; Figer ¢ %@t?@ﬂgweﬁtﬁ@a?%&?%% éreaﬁﬂlabﬂ’éé‘é‘?ﬂ@ of any

appropriat e Qeugenghfl m%gerﬁfdaﬁlﬁgfeaﬁﬂaf'ﬂ] thEBislFeadtB}s. ﬁ'ﬁ@ﬁ{e% ensure

at least a portionisint ase as it enters reac or and/ or
cones into cadntradicing & multiysicitgiofiliyeid feed poina poa rgpotor iopdesidnihd e ligeidd and/ or
diluent. [0147] Optionally, the liquid fraction of the feed may be split
into porti onsfee‘iaﬁ‘b”h%@r%ée]e oplst size distribufiep &y wel glﬂPﬁJ’Iﬂl Indhe axt@pd é¥nqtocat i ons
al ong the Ier}g %f (fP'Ie riser reactors. This may be done with either the
oxygenate fee t uent or both. Typically, this is done with the

di | uent port |[Oih483f t Mthefcetatyst svimblector capalyzing An xRa2A0-OlefiNT RSN 1327

PCT/ US20( 13/ 016073 s t rovi de nozzl e i ch introdu t he total
i quid 1 act (RGN infladeaamo Re e teve maaP O ot PP SRS g STOISTRA ¢ har t he

nozzle forms diysn ge Qé}llﬁfcizébfhteéﬁor RRRE Ik thh-2d (ﬁt S tﬁ%éﬂ:ﬁé{ﬁdl s Whi ch,

when entrained wth the gas and solids 1ntroduce e riser reactors
vapori ze gr adoay algo bt dernedifeonh engutesof zedldicrandaon-zeelitit mpkcullr sikvess. of t hese

Ferperature doTEb IR aHT PRAET B Rai e oML S e B Tt uci ng o
nul tiplicity @dvekiferiisd wigesh BSlghlate torblaﬁﬁse@%@;rmdﬂrre&%h GRIeE ‘Bndatiqui d  f eed
nozzle to control droplet size d| stribution is well known in the art and is
not di scusseddiaragium” pore molecular sieves. “Small pore™ molecular sieves are defined

as molecular sieves with pores having a diameter of less than 5.0 Angstroms.

“Medium pore” molecular sieves are defined as molecular sieves with pores

having a diameter from 5.0to 10.0 Angstroms.

[0149] Useful zeolitic molecular sieves include, but are not limited to,

mordenite, chabazite, erionite, ZSM-5, ZSM-34, ZSM-48 and mixtures thereof.

Methods of making these molecular sieves are known in the art and need not be

discussed here. Structural types of small pore molecular sieves that are suitable

for use in this invention include AEI, AFT, APC, ATN, ATT, ATV, AWW, BIK,

CAS, CHA, CHI, DAC, DDR, EDI, ER1, GOO, KFI, LEV, LOV,LTA, MON,

PAU, PHI, RHO, ROG, THO, and substituted forms thereof. Structural types of

medium pore molecular sieves that are suitable for use in this invention include

MFL, MEL, MTW, EUO, MTT, HEU, FER, AFO, AEL, TON, and substituted

forms thereof.

[0150] Silicoaluminophosphates (“SAPOs™) are one group of non-zeolitic

molecular sieves that are useful in an oxygenate to olefins conversion reaction.

SAPOs comprise a three-dimensional microporous crystal framework structure of



10148) The catal yst suitable for catalyzing an oxygenate-to-ol efin
conversion reaction includes a nolecular sieve and m xtures of #3IMEUWI&Hr
si eves. MblveQah@wo313i7eves can be zeolitic (zeolites) or n8ATASHBOIHT3
(non-zeolites). Useful catalysts may also be formed from mi xtures of
zeolitic and non-zeolitic nol ecul ar si evgﬁ;e Desirably, the catalyst

i ncludes a non-zeolitic nol ecul ar sieve. "Desired nolecular sieves for use
wi th an oxygenate to ol efins conversion reaction include "snmall" and
“medi unt' por e{STOLE¢AL@Y] asd ER@SH tettaBadrhl uir §he madyeliud mcorpbmueisnarthedef i ned

T U por e SRS PR L dreTaaes by SMASNME. She Blackurl snbbgotndt n vor e
having a di anphey cieoimd, Q%éusguar 0 MRORiITAPO HABhILARM wiralit C

nol ecul ar si eves inc not [imt enite
erionite, ZShg orZrSMeazhaksZiﬁl\ihé SaNA SINMRyrweish & bberaiohl, shlﬂ\/E(Si)])dsthe‘i‘angaki ng

t hese nol ecul a |ev are in.the art and need not . b cussed here.
St ruct ur al y‘b‘le§ rpaag%t oobinespea éV@énﬂﬁéfm&?éf?ﬁFﬁségﬁé’ofor use

|nth|S|nve , T, , 0 AV L S, CHA,
CH , DAG, DDElth 'e%%lal P %‘él%ga g ﬁW@@?@.@«%ﬁ ]ﬁjﬁsﬁ%}\;ﬂ 'hepg%@,é ng#% Pﬁﬁé ROG,

THO and substoi -1 U5 gnd, where thtf(SBpEhenBtalshiftsirefer to/paemalftetrarmethyisilper e

nol ecul ar S@ﬁﬁ’t hat are suitable for use in this invention include M1,
MEL, MIW E )I' HEU, FER, AFO AEL, TON, and substituted forns thereof.

10150] Silico noqpm §€i'f’€§a" a8 Pe :{rsﬂﬂr@ uwé&Pinl ti C

nol ecul ar si e@es hat are use uI In an oxyggha etoo I NS conversion
reaction. SARCh aguopess baveaa tefhatwelydowen/@iloratb. ﬂngerma:lrﬂméowmth& Si/AIzI’ arrevvork
structure of 2.2 R 200 gx)q?OOM 031327 .PCT/ U 2093{}{016073 -47-

[A102] and [ PBYP- TSIOREIAE Sn-Cyfpipetesprlectily. sprtjcularly ppenage selagivi d’*the

structure Canslbmzc}sﬁ@bme@seﬁaw%zmesmeNMaqaiée@,] aﬂelsmbﬂorea&tﬁ%ton J.
Phys. Chem, 92, 3965 (1988). The desired SAPO nol ecul'ar sieves w |l exhibit

one or nore p@aéﬂbemg préferre@Bind RISEA MVRO of nch geeatdidhanchB2 being paificgayly in the
range of -88 tﬁe 6 ppmand wth a conbi ned peak area in that range of at
| east 20% of PEHEFot al peak area of all peaks with a chemcal shift [(Si)]

in the range pfi52P8 Militoal@nmdpiios TE/BM moRURr bR Ged 4rSbdder@leshgledsli fts refer

to external t et ramet hyl si | ane
being microporous rnatena.ls havmg 8, 10, or 12 membered ring structures. These
ring structures can have an average pore size ranging from 3.5-15 angstroms.
Preferred are the small pore SAPO molecular sieves having an average pore size
ranging from 3.5 to 5 angstroms, more preferably from 4.0 to 5.0 angstroms.
These pore sizes are typical of molecular sieves having 8 membered rings.
[0153]  In general, silicoaluminophosphate molecular sieves comprise a
molecular framework of corner-sharing [SiO;], [AlO:], and [PO-] tetrahedral
units. This type of framework is effective in converting various oxygenates into
olefin products.
[0154] Suitable silicoaluminophosphate molecular sieves for use in an
oxygenate to olefin conversion process include SAPO-5, SAPO-8, SAPO-11,
SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPQ-35,
SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47,
SAPO-56, the metal containing forms thereof, and mixtures thereof. Preferred are
SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47, particularly SAPO-18
and SAPO-34, including the metal containing forms thereof, and mixtures thereof.

As used herein, the term mixture is synonymous with combination and is



[0151) It is desired that the silicoal um nophosphate nol ecul ar sieve used in
such a process have a relatively low Si/A 2 ratio. In general, tXfeMARIET the
Si/Al2 raw®@ooshB3tDwer the ¢ -C4 saturates sel ectivity, PEEAUSR@AI0HONY
propane selectivity. A Si/Al2 ratio of less than 0.65 is desirable, with a
Si/Al2 ratio of not greater than 0.40 b&i ng preferred, and a Si Al2 ratio of
not greater than 0.32 being particularly™ preferred. [0152]

Si | i coal um nophosphat e nol ecul ar sieves are generally classified as being
M cropor ous rgvhsidéred a composigon of matteidiaviig tdrdreneed compgndaits incladyiag. These
ring structures can have an average pore size ranging from 3.5-15 angstrons.
Preferred ar reprstiontarsgaptes °§ﬁﬁ€§§h¥ls@élﬂt§?- si eves having an average pore
size 1angi ngel4hm Sadakfind) GOSR HEBH, nficfIR SRIEHARKMAIL LB nided Gick, O
angstrons. €se pore sizes are typital of nolecular sieves having 8
menber ed ri ngke silibddhdhinophesphete ahtalyst ifidesisddurfenemphypphaf molwoliactibass Si eves
conprise a nolecul ar _franmewor corner-sharing [Si02], [A1021, and [PQ2]

: Ik
tetrahedral SfHteach %W@@F%_bﬁﬂ? FIERERIBP RIS Sé‘f'F@Efli tYRCS ¢f sEBdhRae i ng
various OxygggﬁEﬁﬁ%x’as{i‘éé\%s t}ﬁlt Glel SitRIQ FMOLsS in I8 dntiidl ihARbE AT, AFT,

silicoalumn osp nmol ecul ar srIeves r-use 1n an oxygenate to olefin
conver si on praAREsATNNATTIATSARWS, HAPCQAS, CPARCHI, DASABDRLEDISERD- 17,
SAPO- 18, SAPO. 20, SAPQ-31, SAPO 34. SAPO- 35, SAPQ- 36, SAPO 37, SAPO- 40,
SAPO- 41, SAPAUY; KEAAE Vil O¥abHA 4 MONGAS, BHL RIAQ, ROGITHG M ni ng f or ms

t hereof . and Jj.x r %ﬁg O 35,
SAPO- 44, and Sgk%%g%%gﬁl%%ﬁ aﬁf@%ﬁ@fgﬁ&% gﬁ@’jﬁ éﬁ%ﬁé‘éﬁsﬁgﬁt he net al
Sﬁont ai ni ng f aremitablerfeofise iankis ventioe mchide MEBE, MEIAMUTYEEOr MTT, HEE ter m

I Xture is sy y S, W th _conbj nati.on dig 2 R 2.007 2004/ 031327
PCTI US2003/ 011;%3{?6’4%&5@9@% e S%‘“F&%H%ﬁ @F@H%oﬁﬁ#ﬂqdépéﬁavgﬁhﬁ?‘f% or
mor e _conponentigict Sy dninedHAR Q511 BRRmMiIAGHRE RSS2t iflGhde POV cal state.

[ 0155] Additional ol efin-formng nol ecular "'sieve materials can be nmxed with
t he silicoal UMeghasphtet endetabhziet i f desired. Several types of nol ecul ar

sieves exi st ch gf, whic ihit different properties. Structural types
of small por émﬁl ec P%‘@F€§§§%ﬁﬁ%@ SFL’S%J?BISEQB’?%?V%S‘QOW Fhis invention
:Egld U(éeRI AEL, “NrAPSO,)CwhithMre A3d usehlMn thYMésdat Kaveftton. Biofessédfor nladRing DDR,

1 1 MeAPSOs are known in the art. SAPOs with substituents, such as MeAPSOs,

also may be suitable for use in the present invention. Suitable substituents, “Me,”
include, but are not necessarily limited to, nickel, cobalt, manganese, zinc,
titanium, strontium, magnesium, barium, and calcium. The substituents may be.
incorporated during synthesis of the MeAPSOs. Alternately, the substituents may
be incorporated after synthesis of SAPOs or MeAPSOs using many methods.
These methods include, but are not necessarily limited to, ion-exchange, incipient
wetness, dry mixing, wet mixing, mechanical mixing, and combinations thereof.
[0157] Desired MeAPSOs are small pore MeAPSOs having pore size smaller
than 5 Angstroms. Small pore MeAPSOs include, but are not necessarily limited |
to, NiSAPQO-34, CoSAPO-34, NiSAPO-17, CoSAPO-17, and mixtures thereof.
[0158]  Aluminophosphates (ALPOs) with substituents, also known as
“MeAPOs,” are another group of molecular sieves that may be suitable for use in
an oxygenate to olefin conversion reaction, with desired MeAPOs being small
pore MeAPOs. Processes for making MeAPOs are known in the art. Suitable
substituents include, but are not necessarily limited to, nickel, cobalt, manganese,

zine, titanium, strontium, magnesium, barium, and calcium. The substitvents may



@00, KFI, LEV, LOv, LTA, M, PAU, PH, RHO ROG THO and substituted
forms thereof Structural types of nedi um pore nol ecul ar sieves thaMAR gile

sui tabl e fwo uwe@/081321hi s i nvention include M, MEL, MIW p&ERIGs20b8id16014EY,
'FER, AFO, AEL, TON, and substituted fornms thereof. Preferred nol ecul ar
sieves which can be conbined with a silicoal um nophosphate catal yst include
ZSM5, ZSM 34, erionite, and chabazite‘.49[0156] Substituted SAPGs form a

cl ass of nol ecul ar sieves known as "MAPSGCs," which are al so useful in the
present i nvenpd RRorpBfRGEESRS shRthedB kT thg MMPESOA ltametels) W bubitithéifs art .  SAPCs
with substituents, such as MeAPSCs, ~also may be suitable for use in the
present i nvenmaphe iggrpoatedaiiasynthesienf ALPOxsor MeAR{2Y g mbui methedsiot

e onrom o bR e ek R bl SRR ekl AR
'i ncor por at ed kR dSHRHNES Wet AlixihfamdMbARSEEmI M d, ahd séBbinatidtiqh&adst i t uent s

may be incorporated after synthesis of SAPGs or MeAPSGs using nany net hods.
These net hodsl0itA?) uddhemalecatas sigye mpycdsoshe inperpbiaadiiat 4 splidicompesithange,

i nci pient wetngs dr.y, m xi;n t,mxin chanical mxin an

conbi nat i ons FRETASY SOHd GBI s 8ficbdbqmabeply SeE ke smoRB50s havi ng
pore size snmadfftive td\ctalPreARddiRazonveFEibh rddeficn. VN SEE pganedlétdfay but are not
necessarily limted to, N SAPO 34, CoSAPO 34, N SAPO-17, CoSAPO-17, and

m xt ures t heriselude acatabsically ¢ffictivp Amophtaridhe maleeday sighe andsmBiKi t uents, al so
known as " MAPOs, . [ f | lave hat, may be

Ui tabl o for HaEEn PRy At Rk e PR o FRleRE vl a BBk RatY R " ¢
desired MeAPGsrobide agiesifal gropddtyr & pvBpurfiss, e Bl desissctdlpst difekon) mdvhAlEE ar e
known in the art. Suitable substituents include, but are not necessarily

limted to, niteREth anddbglike, to/fhg gakid semposition: | Suchmaginy mategialsoare plieq to
( bt Liir. ) . _ s
2004/ 031307 POH AR i sfeg S8 oReR b 4 Rl ta MBI Y0, e

MeAPGs. Al t erioairehyte thdformatiat 6f welesised prejudieandiway pomay act taf dffsctisy nt hesi s
of ALPGCs or McAPGs usj ng many nmet hods. The nmethods include, but are not
necessari |y |Phrewgtethe dssypd eheapigplFonversionpSeph majips sdadillcgand Binderag  wet
m Xxi ng, mechani I X4 Ng j i cul ar
ol ove may a) ShrEAsls Roldlor 3Rt e g B o B H® o1
particles, i noxidiésctiaydeilicad, elualiaas, siliea-elunsngy, eidieadnagnedas, silivarairconias,

silica-thorias, silica-beryllias, silica-titanias, silica-alumina-thorias, silica-
aluminazirconias, and mixtures of these materials.

[0160] The solid catalyst composition preferably comprises from 1% to 99%,
more preferably from 5% to 90%, and still more preferably from 10% to 80%, by
weight of molecular sieve; and an amount of from 1% to 99%, more preferably
from 5% to 90%, and still more preferably from 10% to 80%, by weight of matrix
material.

[0161] The preparation of solid catalyst compositions, e.g., solid particles,
comprising the molecular sieve and matrix material, is conventional and well
known in the art and, therefore, is not discussed in detail here.

[0162) The catalyst may further contain binders, fillers, or other material to
provide better catalytic performance, attrition resistance, regenerability, and other
desired properties. Desirably, the catalyst is fluidizable under the reaction
conditions. The catalyst should have particle sizes of from 5u to 3,000y,
desirably from 10u to 200y, and more desirably from 20u to 150p. The

catalyst may be subjected to a variety of treatments to achieve the desired physical



effective to catal yze the desired conversion reaction. The solid particl es
may include a catalytically effective anmount of the nol ecul ar

matri x natveoalospref erably at | east one of a filler mat @timjsz%gnan@?nder
material, to provide a desired property or properties, e.g., desired

catal yst dilution, nechanical strength and the like, to the solid
conposition. Such matrix materials are effen to sone extent porous in
nature and often have sone nonsel ective catalytic activity to pronote the
formation of WGRhnlied REAGATes e BlafionfHiCIRR, bQ@ar@anFﬁédcééﬁ ijf 0 promote
the desired c mca conversion. Such matrix, e.g. | 'er Bi'nd er,

mat eri al s i nclimdted td, aalcmaanp,l tmall m;lhmglemﬂlmgagmmag ispraly| drying chyrdrothgrmal

subst ances, netal oxuﬁ clays, silicas, | i ca-al um nas,
silica- rragnesF%%megF RFIQATeAIReTinass treatmept, 83 %mSEOBSQ?fFeﬁ beryl | i as,
silica-titani gespi! 'ﬁésnapg%@ls%%emé to Sbhih EdtrveRitioagtdd chRhasy nd

m xtures of these materia The solid catal yst conposition
preferably commorsnerefHGm’sl%ﬁl@p%%t mvm‘nen puplogs algh:ysﬁperﬁmﬁ%eﬂamt@@ﬂb and
still nore pr erablg frorP 10% t @%éﬂ})f nol ec ar si eye; and an
amount of fr offeIEE% 52g r%?"’éerﬁ%‘* P%befr}’er?erc 10A§)B% Gngpd M  nore
preferably fr A3 i e he
preparation 0?@(:1]3 1 d t@%’%sg%cgﬁpolsafa% ?‘%ﬂ@&l S)a.ef,m%%rt(}i@lgglrt | cl éeqsloa;

conpri sing t hmtewi epotized feedsteckannd amyt dilventydivaddday, theseacmw\cemﬁmsemtajnahnd wel |
known in the art ﬁnd, therefore, is not eﬂ scussdeejld mwget ai ei, [0162] The
catal yst may 6t HEFUED &xggmqﬁqjgrcgnwﬂ '@ P SIOGYFL IBEWEIE Ay %l?t olfiin 5 provi de
better catal yihile BEWIAY MRAGH th@icabiol, 1B g4 s%apéﬁameelo&%gﬁﬂa%aﬁl dity, and

ot her desired roperties. Desirabl Y, %e catalyst is fluidi Zabl e under the
reaction condf re@nb)catrm \E&hlaltbmeasﬂqommnﬂmg@npbﬁrmaihlenﬂ)ﬁzeﬁmoIBSbf om 511 to

3,000, d bI d bly. f 20 to 150. Th
cat al yst (ran?yrg"leg gﬁdlet&eﬁ)osﬁs?/cgﬁp?l@??p {C?]Pé Sclﬁjcré?aﬂgytp re eveot he desi (raed

physi cal 2007tem‘ﬁ@a%9f@4161@35113@ &nd othe Ml REATYebGRAGAr A 6rE3 ThZ%as siRrifdisl

chenical characteristics. Such treatnents include, but are not necessarily
linmited to, cetleditvainchilingany ditvents presentinithe fegdstoek, inaiptaingst aty? retey i ng,

nydr ot her mal o Lk @AKIEN e @6 bdt bl EBN et PSSt 3L FBBor. BRG-AGYTRRDAL i ONS

t her eof .

gas superficial velocity is greater than 2 m/s. More desirably, the gas superficial
velocity is greater than 2.5 m/s. Even more-desirably, the gas superficial velocity
is greater than 4 m/s. Most desirably, the gas superficial velocity is greater than
8 nv/s.
[0164] Maintaining the gas superficial velocity at these rates increases the

{ approach to plug flow behavior of the gases flowing in the riser reactors. As the
gas superficial velocity increases above 1 mys, a reduction in axial diffusion or
back mixing of the gases results from a reduction in internal recirculation of
solids, which carry gas with them. (Ideal plug flow behavior occurs when
elements of the homogeneous fluid reactant move through a reactor as plugs
moving parallel to the reactor axis). Minimizing the back mixing of the gases in
the reactor increases the selectivity to the desired light olefins in the oxygenate
conversion reaction.
[0165]  When the gas superficial velocity approaches 1m/s or higher, a
substantial portion of the catalyst in the reactor may be entrained with the gas
exiting the riser reactors. At least a portion of the catalyst exiting the riser

reactors is recirculated to recontact the feed through the catalyst retumn.



10163] Desirably, in an oxygenate to olefin conversion reaction conduc% ed in
one or nore HCA's of the present invention enploys a gas superfiZHif 100
velocity i WORWe03E383r reactors of greater than 1 nmeter pRETHEWOHOIGPTH s). As
used herein and in the clains, the term "gas superficial velocity," is
defined as the volunetric flow rate of Maporized feedstock, and any

di luent, divided by the reactor cross-sectional area. Because the oxygenate
is converted to a product -including a light olefin while flow ng through

t he react or, [0hé6]gas Dssipahly.itht wate ofdatedystycompyisingrmpolaculantiéveemdany | ocat i ons

ithin th tor dependi the total number of nol : t
ahd 't he. cr os SIS HETASTI B ATHLUUFS] Statieuriricd tnBepaheiths feeddS per at ur e,
pressure, andyghhefo 166 a¥REImbRELTBY RANANERIE RS timt Cariafiost WBGHbYF | 2l

velocity, including any diluents present in the feedstock, is nmai'ntained at
‘a rate greatfeomtHate 30 eethegetal feed vatel hynweaghtaof eygepsesto thareabter.r eact or .

Desirably, t ficial ity | ter t . .\b
dosirabl 3.+ HGAS s TBERrmefaite WERE dahvrd oBFERRER 14 HER BB 3ie Even mor e
desirably, thgepaviddRaEd &ieRlinYCAto6dst ¥ pah§oﬂﬂﬁ%&uyst,hﬁéf§4ctmxlsof Most

desirably, the gas superficial velocity'is greater 'than ms. [0164]
Mai nt ai ni ng trhgengradedsentaly Stile a shtalyel miiterg, and thhewdigusition of tior wagtes t he

approach to plug fl ow,hehavior th ases flowing ip the riser. reactors.
A’ the: gas ABERNsERAMRUERIE. Slmonth a8 Brosbtt bR hel BT BEHicHRTT o
di ffusion or tehpeknie, besidedltsaheoAREPIfIRSHOESS id Rdacted dsiehPRratitel Nt er nal
recirculation o solids, which carr as vmththem_wﬁ)ldeal plug flow

bﬁhavi or occurun wWERC te| IORBHE.9nere preferablyfogye rS0S 16 | 1008C r desisably frompy e

t hrough a reaghok.,as,Ré noyi;n ral | t reactor axis). M nimzing
the back m x?zﬁg %110 t%Rg élgg%gsmcl’sxdeﬁ%ﬁgg' r e%’%teJch)rO ¢rt\(é E@gs@si? it %&pé%ﬁnfrﬁ ty to
the desired |degbrallpkehiit s ldwerkiies OX¥E@dAl £nd 1HO MrETalibA Raté BAtheideRiredl01651 Wien
the gas superficial velocity approaches 1 mis or_higher, a substantial
portion of tHightalelinpsaducts maebecemetarkealy slower ntpwpyesdatipmpereiiesyas

exiting the rj 8844 [ f W S, Eiing the
riser react ga?%rstﬁremdranghae:t%g%éeg %&%%ggﬁ@g%taﬁg ﬁg ee%ngﬁ%tg’lltj‘éﬁ&t éﬁl](i:at al yst
return. 2 2 ARIuEG)Znd¥Re2804t QBB 0kEEHd KR QRBdId:G0AB on-theleatflPdtahdy
Desirably, the rate qf catalyst, conprising nolecular sieve and any ot her
material s sudKeHBEMOHUBs, fillers, etc., recirculated to recontact the feed

I's {0168] Light olefins will form -- although not necessarily in optimum amounts

--at 2 wide range of pressures including, but not limited to, pressures from 0.1
kPato 5 MPa. A desired pressure is from 5 kPato 1 MPa and most ciesirably
from 20 kPato 500 kPa. The foregoing pressures do not include that of a
diluent, if any, and refer to the partial pressure of the feed as it relates to
oxygenate compounds and/or mixtures thereof. Pressures outside of the stated
ranges may be used and are not excluded from the scope of the invention. Lower
and upper extremes of pressure may adversely affect selectivity, conversion,
coking rate, and/or reaction rate; however, light olefins will still form and, for that
reason, these extremes of pressure are considered part of the present invention.
[0169] A wide range of WHSV’s for the oxygenate conversion reaction,
defined as weight of total oxygenate fed to the riser reactors per hour per weight
of molecular sieve in the catalyst in the riser reactors, function with the present
invention. The total oxygenate fed to the riser reactors includes all oxygenate in
both the vapor and liquid phase. Although the catalyst may contain other

materials which act as inerts, fillers or binders, the WHSYV 1s calculated using only



fromlto 100 tines, nore desirably from10 to 80 tinmes, and nost desirably
from10 to 50 tinmes the total feed rate, by weight, of oxygenatZMAR &l he
reactor. MOQBGNYOFIRE7t enperature useful to convert oxygenaCeast@slonghs
ol'efins varies over a w de range depending, at least in part, on the
catalyst, the fraction of regenerated cagtalyst in a catalyst m xture, and
the configuration of the reactor apparatus and the reactor. Although these
processes are not limted to a particular tenperature, best results are

obtai ned if t{he weigt o$mol&ul®RRVE (el 3ital st RIRE Hisdrubastork! THe RAISB/ 9 1000C,
nore preferably from 200C to 700C, desirably from _ 250C to 600C, and nost

desi rabl y fr odasBaUr high gvuch tq mastaie iesatadystins fluidizedrsidte yndesghel t i n | ower

rates of reactiqn Lihe formation rat fethe.desired |ight glefin
products may FS%@QF}EC%%H?QE F%é)gﬁgl\}\letﬁ? rﬁﬂgt\f\)g\(?er?f,lgué? Kinear?g_er g‘tgﬁr néraﬁ%at er than
700C, the proge¥SHB®Yis fdin f1GirM NS00ty desirmduntronl 2 ikt 300k nandr oduct s,
and the rate at which coke and Ilqht safurates formon the catalyst may

f

become too higpst desitady fromAthr ot flPA@ hiy. (The mpplisants have Hisagverebthahecessari | y

i n optimum anpunt - At Wi ran Ielg I | | ut, _not
limted to, p?Pee?sﬁzJPeog tger %)ﬁggsp%gkq@eﬁlg c%"l@?’%‘%%ﬁ @%Il %%We‘}s] gﬁ?@r from5
kPa to | MPa 20 'redices @8 hethhne conteniinBe pRalucosI2@df kiRsconThgioh 9eRE60.NT
pressures do not include that of a diluent, if ané,,éﬁand refer to the

partial presshius. B coneersign geagon s desirahly sperated g% g JEHEVeof @blees LRk 'and/ or
i xt th f. : ' - d and
Tt o ot excr Jig PR SR Aliahor aitiedy] Sl S AT BER OERE RIIP FC| 2OC

of pressure ndugirsklyat Rasty2@hi eoid meleektirably fronc Q0T &5 @00 hrkoki ng rate,
and/or reactign rate; however, light olefins wll still_formand, for that

reason, thesel0&l enddesmethedafonaling the rrefaaedaledin nraduct gy thisjaventieBent

i nvention. 1 ' £ f Ver si on
reaction, de%ﬁ@éuﬁmﬁg?%‘? H%:‘% ' o%f\ﬁﬁéﬁ%éﬁgyggﬁeeg tg t"ﬁ{gﬁ? ?rgglr reactors
per hour per hwlrgdatborefsustodsasilylceal, tar eand, shald, béomas ahy saturah gadieMeihsdy
reactors, function.with the present, invenfion. _JThe total oxygenate fed to
the riser redl B}agmgrfia? a%r@g(}ﬁﬁlqm@&ﬁ‘y@mm@tfiﬁmb ‘Flset’H%tE‘()%BF%gﬁd li quid
phase. Altho ; [ ' act as

Uﬁﬁnéﬂ?ﬁuiﬁrﬂ@%ﬁéb%l ﬂ?ﬂ\ﬁ%ﬁ %a@ﬁféﬁ _cahw?eﬂﬁ’]% 8
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inerts, fillers or b ers, t Vaiﬁggcglicula ed using only 2 2 MAR 2007

WO 2004/ 0313 25ynfheTis ge2 08¢ dhbb 07&her: Bynthiesis\ges glut baoprodudeddryl laxowai eve in t he

catalyst in tlg'gcgslsess%lﬁc gsa gt:[ea% %éfo;lx_ltl]i%g,vgﬁ tl)tgé/rngaﬁ reforming and partial oxidization.
[0171] One skilled in the art will also appreciate that the olefins produced by
the oxygenate-to-olefin conversion reaction of the present invention can be
polymerized to form polyolefins, particularly polyethylene and polypropylene.
Processes for forming polyolefins from olefins are known in the art. Catalytic
processes are preferred. Particularly preferred are metallocene, Ziegler/Natta and
acid catalytic systems. See, for example, U.S. Patent Nos. 3,258.455; 3,305,538;
3,364,190; 5,892,079; 4,659,685; 4,076,698; 3,645,992; 4,302,565; and 4,243,691.
In general, these methods involve contacting the olefin product with a polyolefin-
forming catalyst at a pressure and temperature effective to form the polyolefin
product.
[0172] A preferred polyolefin-forming catalyst is a metallocene catalyst. The
preferred temperature range of operation is from 50°C to 240°C and the reaction
can be carried out at low, medium or high pressure, being anywhere from 1 bar to

200 bars. For processes carried out in solution, an inert diluent can be used, and

the preferred operating pressure range is from 10 to 150 bars, with a preferred



desirably high enough to maintain the catalyst in a fluidized stﬁtm ﬁr
the reaction conditions and within the reactor configuration a .
Ceneral ly, WORWHMIKY is from1 hr " to 5000 hr "1, desiraBCy/USz¢0poRF to
3000 hr-1, and nost desirably from5 hr-1 to 1500 hf'. The applicants have
di scovered that operation of the oxygenate to olefin conversion reaction at
a WHSV greater than 20 hr" reduces the Tet hane content in the product slate
of the conversion reaction. Thus, the conversion reaction is desirably
operated at ateM¥gerdnat raigihehsin PO°GRd 230°EDrFa ghephnse propesses,igisnet hanol |

di met hyl ether, or mxtures thereof, the WHSV is desirably at |least 20 hfl
‘and nore desi praferigdfiha theowmperature gengellfibe from @FEGP 190K, mpd tpt thef  nmki ng t he

preferred ol efin product i, this.nventi,on can include the additional step
of making t he®R5%3} rﬁi‘fséuléeo%%g‘?}t%l%aﬁ%m]grdobr?irs'hydr ocarbons such as oil, coal,

tar sand, shajpgyspi onRagdisibg t@g&'f-»bl@fmg@amewsBq%plehﬁrdemisﬁ\% nidVebe
conpositions are known in the art. These nethods include fernentation to

al cohol or etfoemned fraki thg ofsfimsipeedusedsby thetiesest ofthe presenf inventiognt hesi s gas
to al cohol or _.ether. n{ hesi can be, produced .by. kno rocesses such
as steam ref p?lﬁﬁf’gr,ec%v%%c_t ﬁ‘gferioPgmeg? r"rlfc_iugdea L&aﬁea?&ilﬁlt%i:ﬁogggﬁﬁ%ﬁ [0171]
One skilled ifcdHdgs, aédticicld, liabaQlFRrieRisatiayl Atetatd, Reydinefdidgoicogdced by

t he oxygenate-to-olefin conversion reaction of the present invention can be

pol yneri zed twnylohiarpisi ¢tblyBenzene, efhylenceniae. ejhyleseyedtae)| cameneyisopropyl

pol ypr opyl ene,, .Pro S r.formn | yol.ef ins,.fr olefns _are, known in
Phe ar e car stk RISl A onlofa® MEp BB 05 6P, AU TP EpRieTIciear «

net al | ocene, bB&k.emdNatilanifild, andatithetsadnd|dithers of yaiykswe, propglend & exanpl e,

U S. Patent Nos. 3,258,455: 3,305,538; _3,364,190; 5,892, 079; 4,659, 685;
4,076, 698; 3, BEYenwy The methodswef: mawdaciuringghesg derivativeg areveall knew sutheet hods

i nvol ve cont i i ith a polyolefm formng catal yst at
a pressure an ’ta{g%f)}}ee?%o%r%regﬁ@%@g\y/égl%e\gé'formthe pol yol efin product. [0172]
A preferred polyolefin-formng catalyst is a netallocene catal yst. The
preferred tenperature range of operation is from50C to 240C and the
reaction can be carried out at |ow, nediumor high pressure, being anywhere
froml bar to 200 bars. For processes carried out in solution, an inert

di luent can be used, and the preferred operating pressure range is from 10
to 150 bars, with a preferred 2 2 MAR 2007 WD 2004/ 1131327 PCT/ US2003/ 016073
-53-



tenperature ranging from 120C to 230C. For gas phase processes, it is
preferred that the tenperature generally be from60C to 160C, and?tMA&t7087he
operating pressure be from5 bars to 50 bars. [01731 In addition to

pol yol ef ns, numerous other olefin deriyatives my be formed fromthe

ol efins produced by the process of the present invention or olefins
recovered therefrom These include, but are not limted to, aldehydes,

al cohol s, acetic acid, |inear al phacggives, vinyl acetate, ethylene
dichloride and vinyl chloride, ethylbenzene, ethylene oxide, ethylene

gl ycol, cunene, isopropyl alcohol, acrolein, allyl chloride, propylene
oxi de, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and
tri mer$. and Adteastossyafeng icoyipeisiag: propyl ene or  butyl enes. The net hods of
manuf act uri adiritMTO ddaverdidhiutsompeising lal Arkipludalityoftriver reaétbrs; and therefore
are not di squs&nd MPODonversioliRit 28R prising4 s Nurality of dsea@hétbrssy st em
COMPI i Si NG: whelif BhcHMIIHE CH iR B NAT ST Vetshr dhif as afirsPbdt ﬁx':d Whichfa

of 11 < FEAaRbeTod HRER 'M&’ﬂ*’fﬁ&*“ﬁfﬁiﬁg’gﬁ’ pif e caliPle Eﬁé”ﬁg&%@conver Si'on uni ts
Eo

has a first 2&mRFOF WPB” gﬁwg & CQF%( %‘A agg “5 nd end t ough
whi ch the cZtTEESRSTAUOY{IME,GAVINgAD b T%EHH“ S JR H GOmImPRicaty %g a
r egeneFeRoPe sndpidhe it and secgad MEQ icoryeruen PRits ang 3 segenkling qvérpxmr#@a%a@h%g a
pl ur al Feggnesttion det; Mdhe ends in fluid communication with the second ends of
the first amdewschmohavii@ zrsyestineend im flid cominunicaivnrwitlh thegegendragion entlétng t o
t he ragesmdativem endliztctingradfirat peation nf theatalysy iathe dirétiMTO comvensionamdt, amd
fluid edfirdirinaatenddiretiny 4 fecondgation af theaalyist wtthe sondMTO coedendion aiie)
directing a first portion of the catalyst to the first MIO conversion unit,

and ast hi r §peQdiEm oFORid I ﬁ_ﬁ-ﬁlcpa) fgend portion of the catalyst to the
fs ?fg?d MTO QHR H Hﬂftrhawﬁ %ﬁr@?:kﬁ tﬁét 1ﬁ| tm:c"mmfl ﬁk&( wﬁﬂnperéeﬁb a
Fhd Bt st AN et ol flu“ LE R

th t
out e i n?ragranls rﬁe q%ﬁ SFPRE et Y‘éﬁ ae%rrﬁ'"wﬁ? i Sh o b lr”’é’t
st ri ppPhtheisgeend SPNVEIFIN Wilsmuni cation with the second end of the second

MTO conver5|a8¢1f1§ﬁ1°!'°°1&ﬂﬂ$1ﬂ3rrt her corH)rl sing: a first stripping return |ine
having a fi mdirstatripping rejumdinehaviega firal suipping eswmend dm flnigreomragnication with
the first stripping outlet, and a second stripping return end in fluid communication with the

regeneration inlet.

3. The system of claim 1 or claim 2, wherein at least one of the MTO conversion units
includes a catalyst retention zone provided to contain catalyst which can be fed to the plurality of
riser reactors of the umit.

4, The system of claim 3, wherein said at least one MTO conversion unit includes a
separation zone into which the second ends of the riser reactors discharge the catalyst and
products of the MTO reaction conducted said at least one MTO conversion unit, the separation
zone being provided to separate the catalyst from the products;

wherein said at least one MTO conversion unit includes at least one catalyst return in
fluid communication with the separation zone thereof and the catalyst retention zone thereof;

wherein said at least one MTO conversion unit includes a feed distributor including at
least one feed head positioned adjacent to each of the first ends of the plurality of riser reactors
therein; and

wherein the plurality of riser reactors in said at least one MTO conversion unit is
contained within a common shell having a wall.

5. The system of claim 4, wherein said at least one catalyst return is positioned externally to
the plurality of riser reactors in said at least one MTO conversion unit.



the first stripping outlet, and a second stripping return end in fluid
communi cation with the regeneration inlet. 3. The system of cl aZ'TMAR%D?
claim2, wherein at | east one of the MIO conversion units includes a

catal yst retention zone provided to cogfain catalyst which can be fed to the
plurality of riser reactors of the unit. 4. The systemof claim 3, wherein
said at | east one MIO conversion unit includes a separation zone into which
t he second ends of the riser reactors discharge the catalyst and products
of the MIO reaction conducted said at | east one MIO conversion unit, the
separ afi on The mysigmi Pigcbirﬂ\ﬁ’d\? et Safh At dewst iane MEQ cpayersipp it inchidssdct s
wher ei plugitylofeatalystgetulgide MIO conversion unit includes at |east one catal yst
return in fluid communication with the separation zone thereof and the

cat al y3t reTheEysen zdrdaith6r whirein the emeiber sfiithe edtalystasturnnm didat teastesizi on
uni t i MO dBhversibe elittiqablki the inGmbenef Ul plarality beaiskr RActotLROsd® ad ldagsidel oned
adj acepTd Qoaediofinit.he first ends of the plurality of riser reactors
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