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RI SERS AND CONSOLI DATED TRANSPORT FI ELD OF THE | NVENTI ON %20 %‘h

present WAVEH 2818 el ates to a reactor useful in hydr oddrBHt™¥ Vérm on
processes and particularly in oxygenate to ol efin conversion reactions.
BACKGROUND COF THE | NVENTI ON (0002] en converting a feedstock containing a
hydrocarbon to a product in an induStrial reactor, it is desirable to

maxi m ze the production of desired product or products, and to control,
typically to mnim ze, e ' - or . One type of reactor
useful for conducting %%ﬁé%b%&@gm&ﬁ%hﬁ%%ns is a fluidized bed
reactor, wherein solid gRbharGNSOIIDATESSTRANSORENded in a fluidized
state during contact with the feedstock and ot her vapor nmaterials. These
types of reactors usually have a cylindrical reactor geometry. One nethod
for reducy *@:ﬂ[ﬁ by-products in a fluidized bed reactor

i nvol ves Bperat+hn a——rerodynam ¢ fl ow regi ne such that the superficial
gas vel ocjopyyobt @H&%r@seﬂﬁh@@dtfo&iref&t&hoﬁ@@é&ﬂds@ﬁa?ﬁﬁ%&d&ﬂad’iﬁt flow of
catalyst In the reactor to flowin the sane direction as the flow of the

f eedst ockcamversismpgocasagsand paiticylarlytinexygengién toclkefzmepnversinarreoetipos s
essentially carry the catalyst particles along with them These flow

regi mes are known to those skilled in the art as the fast-fluidized bed and
riser regAISGROVEDIOFIHE INVENTIONt ransport regine, and are preferred in
reaction ¥Stems in which a nore plug flow reactor type is desired. [0003]
| n gener al0002]or anm@cmvmmtﬁpedﬁt@écscmmng &y depcakop ik produgt i

cyllndrlc L& r d nore
unpral 1 v gHERRR0E B0 TN BB R RRRANAL ploBpbllh AR Ehroaf

concent r agt frBdhdls, andl kel tehitbe dypiealy fo&ﬁﬁﬁﬂzed@ﬁrpﬁaﬁleﬁoﬁ\bfby@fwue&& ng gas
superficial velocity. H gher gas_superficial .velocities generally require

taller rel8ebpcwireisia v UFGWI@CB%@HWH? c%‘?versﬂ‘é‘éﬁ@?%‘éﬂ@ 8 contact a
required I ities
require a hi i%%grbggg%g%o? ‘}régétrflg-g? %atﬂh@hﬁz{m gimréga tor el g%ﬁﬁﬁkz%ﬁl ts di aneter
or char acsteteidating centdtthyittofhe tfealstoek @ahd otheFuapdnexateriats. MRmse tameofit i s '

desirabl ereta((:)to}s qu,1E1 y7 =(1)v7e a cylindrical reactor geometry. One method for reducing the

production of by-products in a fluidized bed reactor involves operating in a
hydrodynamic flow regime such that the superficial gas velocity obtains a velocity
high enough to cause the net flow of catalyst in the reactor to flow in the same
direction as the flow of the feedstock and other vapors, i.e., the feedstock and
other vapors essentially carry the catalyst particles along with them. These flow
) regimes are knoWn to those skilled in the art as the fast-fluidized bed and riser
regimes, more generally as the transport regime, and are preferred in reaction
systems in which a more plug flow reactor type is desired.
[6003} In general, for a given reactor cross sectional area (whichina
cylindrical reactor geometry is proportional to the diameter, and more generaliy to
a characteristic width or diameter), the catalyst concentration in a fluidized bed
reactor decreases with increasing gas superficial velocity. Higher gas superficial
velocities generally require taller reactor heights to allow a given amount of
feedstock to contact a required amount of catalyst. These higher gas superficial
velocities require a higher aspect ratio (the ratio of a reactor height to its diameter

or characteristic width) of the reactor. Further, in many cases it is desirable to



WD 2004/ 029178 PCT/US2 03/017121 -2 nake a fluidized reactor with a very

| arge cross sectional area to enable very |arge throughputs ggffggezg@]t ock in
a singl e WaaBHIR9Y8ci | ity. However, increasing fluid beBCUUSI®S/@ITI21
particularly in the transport regine, also requires increased reactor

hei ght. This increased height is neeged because a certain m ni mrum reactor
height, in terns of a mninum aspect ratio, is required to achieve a fully
devel oped miksa flpilizedrmaator wjghrosrntarge phugetiowl awado enaliderayilage At t he
exit and, particul acly,. at. .the. entrance.of. a {;ransport regine.fluidized bed
react or, u&?‘@mﬁ?ﬂc £‘¥e«§“ﬁﬁlﬁé‘hi‘ ﬁlr‘ﬁgpeerﬁ‘gg’i @C‘E‘Efﬁ ﬁgﬁ' V%yﬂ’rc&f?ﬁ’ﬁgf“éé behavi or

(e. 9., thepol@a@Y¥tef §ARIduRAL Bthe mnsﬁoﬁqemmswa?rmmcreas% réaBtognd
accelerate the solid catal yst against the force of gravity) in a manner not *
conduci ve hegltbTisinargasgsidredghtrianeedefl bgcausoncerdgiamiomumeacterdeight,t hese

t ffect .d d out. h ing al h tor hei ght
Wl a vl 18 GRS L Pt 2D SRRt S e Sop A Flont Bk cern o ¢
emer ge. Fi patey o spppisifhatedup SR weabtB¥Bhadioh. Wit the &at My phdicargesi red in

the transport reginme, aspect ratios nust also increase to provi de desired
hi gher f ethg¢sntatcesdmianspert regime duidizgst bedireariere hpsteadyyitate spmeantymt i o

transport fl.uid, bed actors are .difficult and expensi to construct and
mai nt ai n. RS g?@naﬁsggﬁg?@@%%a?}ga&?r{%gﬁhﬁfgﬁ%}{g@g%ﬁ%ﬁﬂhﬁ arge, heavy
separ at i onfes8f6&H vaplord 13Giélotp afd heRlckatk HRGonti chtalyre aydinfidhe R®Yf, to capture
and manage the flow ng catalyst and reactor product. As the reactor

i ncreases Emvitel igliminnep aet conduriyy to abfeiminsarpretinatesplypdlow behavier.ur es may

be requireg; . ln. ai reas of the I L Ne nt,, especially w ndy
weat her ch{?lt’ gﬁ%lgﬁ{s% r%?r}g/l%me“\%’eeﬁeﬁgr%e g%@@%g}@fﬁ@%&%ﬁ%ﬁﬁ%s@%@?r ed, and )
certain agqewk héighi Wil axelNRhavAOARFoGmatdly bligRow ifuidbdinBowa number of

i ndependent reactor systens w.th inde?endent separation vessels nay be

required. DteR emees Fanalty, phanld tisse of owes aotivibepringais bedetieddr syst ens
come 1 engan it LBULEALLED ol 670 HOIASlo FlSse AsEFT R 512 10 Lhe
ac e the rat i

art for are ch’can provi esi red aspec a W t hout
necessi t at feegstack ecommesstialy hei ght, forcing a width in which the desired,

fully devel fl regi never be obtained, or wthout requiring
mul tipl e, i[ﬁﬁggen%rﬁ%%oﬁ%ﬁPmﬁoﬂ% gb‘!fl?be‘{reacmfs are

difficult and expensive to construct and maintain. They are expensive because

they must have a very large, heavy separation vessel at the top, often filled with
heavy equipment, to capture and manage the flowing catalyst and reactor product.
As the reactor increases in height (aspect ratio), more expensive support structures
may be required. In certain areas of the world where inclement, especially windy
weather occurs routinely, even more structural support is required, and certain
aspect ratios are not economic. In these situations, a number of independent
reactor systems with independent separation vessels may be required. With these
multiple, complete and independent reactor systems come attendant multiplication
of costs.

[0005] Thus, a need exists in the art for a reactor which can provide the
desired aspect ratio without necessitating an unwieldy height, forcing a width in
which the desired, fully developed flow regime may never be obtained, or without

requiring multiple, independent reactor systems.



~3_ SUMVARY OF THE | NVENTI ON (0006] The present invention provides a
solution to the currently existing need in the art by providid f&B 2007

hydr ocar bon conversi on apparatus which conprises a plurality of riser
.reactors fromwhich the output is consolidated in one or nore conduits for
transport to a separation zone. By provi-di-ng a plurality of riser reactors,
the width or dé gi“ob ,ﬂg flﬁ%ﬁ@ Nconversi on reactor can be reduced,
and thus a deﬁm%—mm mai ntained with its attendant cl oser
approach to a [#686])r ed Thé pitekgnt doenti@pmdvidboasalatiinte theaturentl g ekistég r@gd nor e
manageabl e reactor ight.. Further, the invention provjides the proper aspect
ratio for a glp\}}é%arpg%gﬁpv ding4 Wde}%af‘%%ﬁonfﬂgoﬂéwfﬁﬁwh\ﬁﬁf?‘ﬂ?%?egiandependent
reactor syst egfraliBYofGRBSRhdt68 ifoRgwhith teddudpiit i9éonbsIRiabadlih bfé & hbers in
fewer, and ) preferably a single, transport_conduit, the output can be
directed to a @nﬁ'glﬁ%forﬁm%ﬁ% PPAr IgA B0 rBY Providg apjuraliyorfrisetone aspect of
the present | nugnblofle bWdlliof 8GhRREr bPuR fE@&g{oeﬁ%rRr%ionCrQ{bY&fc.%h%Qr%B ,atus.
The hydrocarbon conVersi on apparatus conprises the followmng: a plurality
of riser reactaxdshusaddsired asphd raticcean hegaanwited Mathiitsgttendant gdoseend i nt o whi ch

a catal yst can_be f and. a ond end.t.hr ough ich.the catal yst can exit
the riser reac‘fpgf?mg?%%a%ﬂ"ﬁg’tsﬁﬁ%a%vﬁfquﬂhfgnrggiﬂ}e\g@iaﬁ%“ th§ a%‘gﬁ'toé n catal yst
whi ch can be eghgesblé Factor Beghtl Faaher tie iavedtpaprdtidenths prgpepaspettdato t o
separate the Cﬁ)%al' st . from products of reaction (ffgnd cted in the

hydr ocar bon coiyé ‘ieBﬁls?fdﬁaa"t‘&t"G loub e‘\e%‘gg)ﬂ' AP, iy teaHefli t having a
first end in fiydiethsC ORIRLSHAGY bh#uE bahe SRARPISKiRAGH Serl iR i Ser reactors

and a second end extending into the Separation zone, wherein the snall est
crogs sect i onaPreferably aingleelranspers pRIAUILCHAGUIPY! GAROF Stresledin 2 EiRgle sum of the

smal | est crosss3&GHLORMe 1B 5188esShg! he plurality of riser reactors by no
nore than 20 pse cer%t; ar?cfg{i catal%st return in fluid conmunication with the

separ ati on zonWUHTRd t Knec@spest gishe prgsent iniventionois directérbtoggdpydrasatbonopt i onal |y
includes a fe |.SLri [ +0C ' t | : e sitioned

adj acent to ea‘g(ﬁwg’lf% R %'PtI%IS'S Beiﬁ’ggb%?b%%hcgnf‘%glé? gé}’gaé%ﬁsor éﬁ%g%%g] Anot her
aspect of the follesdng: aiphuraity obrisdr seadiarg eaecofitie dseotdaetors Hayihpaciinstomid
conver si on apparat us. The, appar,at C rises the followng: |urality of
ri ser reactor s',“t%‘gg‘ﬁh&fa?WéP‘fﬁné’gfé‘f%‘bdgqn%F%n‘ﬁWi ugh Wﬁ’}"m‘h%??&?mgﬁn which a
cat al yst can bexif € reedefices easlyanetehtionoiofb pidvidet 1o bentéintaalysttwigial exit the
riser

can be fed to the riser reactors; a separation zone provided to separate the catalyst
from products of a reaction conducted in the hydrocarbon conversion apparatus; at
least one transport conduit having a first end in fluid communication with the
second ends of the riser reactors and a second end extending into the separation
zone, wherein the smallest cross sectional area of the transport conduit varies from
) the sum of the smallest cross sectional areas of the plurality of riser reactors by no
more than 20 percent; and a catalyst retum in fluid communication with the
separation zone and the catalyst retention zone. The apparatus optionally includes
a feed distributor including at least one feed head positioned adjacent to each of
the first ends of the riser reactors.
[0008] Another aspect of the present invention is directed to another
hydrocarbon conversion apparatus. The apparatus compnises the following: a
plurality of riser reactors, each of the riser reactors having a first end into which a

catalyst can be fed and a second end through which the catalyst can exit the riser



21 FEB 2007 3A reactor; a separation zone provided to separate the catal yst
fromproducts of a reaction conducted in the hydrocarbon conversi
apparatus; at |east one transport Z 1 FEB 2007 -4 conduit th‘hé gﬁ}irst
-end in fluid comunication with the secopnd ends of the riser reactors and a
second end extending intg the separation zone; and at | east one_ catalyst
return in fl uFRECOBAMFARENDN FnepreYidedie sepsale dhs ental vy Aompmpdu¢taof 2 r st ends

of the riser G&%ﬁ&&éaﬁrdu&t@@nﬁﬁ&% ArkarbGh E&{% RedMhpRERIE ?ﬁg t Bnd GrARBLET the
catalyst from the separation zone to the Flr st T8Ads of the Tiserrreactors.
10009] Yet another aspect of the present invention is directed to a

hydr ocarbon conversi on process. The process conprises the follow ng steps:
(a) feeding a fluidizable catalyst and a feed to a plurality of riser
reactors, the plurality of riser reactors being part of a single '

hydr ocar bon conversi on apparatus; (b) contacting the feed with the catal yst
inthe plurality of riser reactors under conditions effective to convert
the feed to a product; (c) consolidating the catalyst and product exiting
the riser reactors in one or nore conduits for transport to a separation
zone, wherein the snallest cross sectional area of the conduit varies from
the sumof the smallest cross sectional areas of the plurality of riser
reactors by no nore than 20 percent; (d) separating the catalyst fromthe
product in a separation zone, the separation zone being in fluid

communi cation with the plurality of riser reactors; and (e) returning the
catalyst fromthe separation zone to the plurality of riser reactors. These
and-.ot her advantages of the present invention shall becone apparent from
theJhoIIomjng detail ed description of the invention, and the appended

drawi ngs and cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS 100111 Figure 1
presents a partial cross sectional view of a hydrocarbon conversion
apparatus of the present invention. [00121 Figure 2 presents a partial cross
sectional view of another enbodi nent of the hydrocarbon conversion
apparatus of the present invention. [00131 Figure 3 presents a partial cross
sectional view of yet another enbodi nent of the hydrocarbon conversion
apparatus of the present invention.



[0014) Figure 4 presents a partial cross sectional view of still. another
embodi ment of the hydrocarbon conversion apparatus of the presegntFEgrpginti on.
[0015] Figure 5 presents cross sectional views of representative
.arrangenents and configurations of the riser reactors and catal yst returns.
2 1 FEB 2007 WO 2004/ 029178 PCT/ US2003/ Q17121 -5 DETAI LED DESCRI PTI ON CF

THE | NVENTI ON [ Q0161 Figure 1 presents a partial, K cross sectiopal view of a
hydr ocar bon %ﬁ‘&‘ég%‘il%ggbsﬁﬁil%ﬂgm GoBFIuRFALQS @gléfche SF?‘RFg_r?Pfi%ﬂFtﬁTﬁéﬁappar at us
10 conpri ses @actdisuhdh séon@fend b2CAdiRERRS MeSepiPatiod o8O UndLlchityt or 30, a
transport conduit 40, a catalyst refurn 50 and a shell 12 including a

separ ati on zo¥éalyst retprpon Apidyompmumeationnyifthe ssparatine doncardithe fisst endse shel | 12
fornms a separgtj ' | Q ) - r onver si on
reaction is s(gftﬁgér)g %é&gﬁrr%?nh%%y@%tg a ysb?fn%ﬂ# gﬁdécyatto tetl ysifg%s/&lf %gﬁhegé]%lgar bon
conver si on r ethe képaratioblashd toltRe firsnehdscd sheanider reattomnd 16 and a second end 18.
The separatio ne 14 may. additiponally contain one or, nore sepgration

devi ces, not @ﬂé?cfin k’ﬁ E‘#‘éﬁré‘smbﬂfotgﬁpr%%&}vﬁ{‘%oqlﬁglr tﬁ‘hiﬁ’cﬁgy‘ﬁ? 1%he _
catal yst. UsefdilerSRR@rctiebO MTHEDHLERS cathiftisds B YSIERAng BepHV(a) feedimg@ci ation with
the di scussion of other enbodinents of the present invention.

Al ter nat i vel yfluidizabls egalystandrs fged/tocepfuralily afe@isprorseatorsfbeipluxaléy abrisey to the
separation zopg.l4d ’being%bm OEE%%Q%%O&%%&%“&@%@%&%% g@éﬁﬁpféﬁgﬂ%on

conversi on apparatus a conbination
i nternal |y pothetfeedvath the egtalvat inoine plesaliGes rrayrebaomsmpliayedditicf)18] Ri ser

Condut 140 exTIRREE IieBVahbeRDor siSiE by chasalh e BTy 5y ° *°

ext gndi ng t heprodidiexiting € rier fdadtdfs ihda€ bomereddnauid foomshspodri4Dai nto shel | 12

and the separatiqn zone 14,.the hejght required to obtain the desired
aspect ratio ¥PAIUYH A “’%ﬁ"@@r‘g? é‘&E‘ﬂ‘%F CTOR SEOHEE! 4rC @‘Q‘gﬁﬁﬂfq‘\‘&t‘i"ﬂﬁs i s

concurrent W gBmahe @96t the sRAlldsk BdsOfectibtal hrehE RS plufliey 6 Bisket Rlaclole shel |

12, separation zone 14, and ot her assocj ated spaces, reducing the total

hei ght of thebhyeimgrethin peracar &) separabing thercatadyshfromyihe prodyetin a j nventi on.
[00191 EAch T i 8em5eatlOhe 20l MirUBES béing I Hlia 8fnRAichPwithigh the cat al yst
and feed are E?E% to co’ndﬁcgp tﬂe rlhygr oca% bon lconver sion r eactllﬁ%gn. Each ri ser
reactor 20 plurality of riser reactors; and {¢) returning the catalyst from the separation zone

to the plurality of riser reactors. These and other advantages of the present

invention shall become apparent from the following detailed description of the

invention, and the appended drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

) [0011]  Figure 1 presents a partial cross sectional view of a hydrocarbon
conversion apparatus of the present invention.
[0012} Figure 2 presents a partial cross sectional view of another embodiment
of the hydrocarbon conversion apparatus of the present invention.
{0013} Figure 3 presents a partial cross sectional view of yet another
embodiment of the hydrocarbon conversion apparatus of the present invention.
[0014) Figure 4 presents a partial cross sectional view of still another
embodiment of the hydrocarbon conversion apparatus of the present invention.
[0015]  Figure 5 presents cross sectional views of representative arrangements

and configurations of the riser reactors and catalyst returms.



unr eact edybeg6lyobf-sany, exit the riser reactor 20. Thef each
riser reactor 20 termnates in a nouth 26 through WhICh e ca aI yst and
-feed are fed into the riser reactor 20. The nunber of riser reactors 20
enpl oyed in the hydrocarbon conversison apparatus 10 vari es depending on the
hydr ocar bon WD 2004/ 029178 PCT/ US2b03/ Ohl | 3F -6 conversion process to be
conducted in the apparatus 10. The apparatus 10 may i nclude two or nore
riser reacDE’EAHCEDdBESﬁR[[BTIOUﬁ(ﬂE TREINVENTXOMIch reactors. [00201 The

size of th eactors 20 de s on_par ame ters.suc superfici al
.gas vel oci &ﬂlﬁiol |%’¥‘1Fﬁlﬁ Eﬁf'g ‘HP%%%BEP%M (ol ﬁf’%%[&?‘faﬁhorbapam ty of
the desi re@oﬁ%‘i‘él ﬁgl rabf‘?@\-ﬁ?ﬁﬁ eﬁtr G&stRom. [ TheldpPaRh 896 Pi\éé‘é“é' on, each

ri ser reactor has helg t from10 ters to 7 neters and a
«swidth (or phlralmtgt@msemrfea@ms 2t Eredtdisttibutes 3 Ot tearsporfbdnduit 40he ri ser reactors

20 have a SI Iar heir first ends 22 their second ends 24.
Pr ef er abl y ©8 étﬁgpﬂﬁpg“éﬁSL?lﬂpH ing @é?ﬁa&?tg’nﬁ?ne;?y by no nore than 20
per cent , " of @iahlofRGiodBESrent O ATFEO1 RGE SR 1 AREMTRSEpaRdEer aDI Y 1o
nore than pe cent, from on riser reactor 20 to another. [00211 In the

present i nzemt 14 Whahta mtbduchef th::ilgdmceﬂmh@mv@@ona@c’aomsmepa'atedcr 0SS -
secti onal ea.al o ntire h ht, Preferabl each. of i ser
react ors %5’ E’%F i“cg’e%%ql ﬁnegl}ygéo%b%%v lonTEgFtpD- r%h]itl&l ts

smal | est C’hﬁbﬁﬁde%%%rb@éhdl%ﬂ%ﬁ&@ﬁtﬁémg’ Tlf‘eaéébaﬁhoﬁﬁﬁnerl'ﬁﬁé reactors 20 has
a cross sectional area no greater than 7 n2 and, nost eferably of no

great er t haddigiogaligpcoriinoae abmp;e seperacpndsvw@ec;m thown, o sharobsedte ri ser

reac)tors 20 var, an .2 fro e. riser. reacior 20 to
R T I L R A R R U ST S
pr ef er abl y beliyv ihtaskavigidnRaith fhel@l@efcﬁ@ﬁén of dtheenbYdimBite of thePregegiCt or s 20
have both a | argest and a snallest cross sectional area at different points

al ong the imemgpe. odtematsely,besensrafionolevines may disippsitipeed Wg@@ltly & oss
sectional ee?eim%o@'%sn%ﬁ% oﬁﬁfa%to%ﬁe o Vﬁ%tﬁyhﬁ} 5%’5 per cent
an es Ccr OS S S ec

fromone riser-reac he snma I onal
areas of t apparasern(r Facthat s c@fibinatiyn bglextanmiy and haernalROpgsétiomedt from one
riser reactor 20 to anot her Mor. em%r eferably, the variations in cross

sectional AFREaAN dryices maybeanpleysd- 20 vari es by no nore than 10 percent,
and,  nost [P er aRkskr rddCtofIFednilt WHPRLEHBH cohdRd A SEH collBetfdR! | est.

device 46. Conduit 40 extends into shell 12 and into the separation zone 14. By

“further includes a second end 24 through which the catalyst, prgg%t@?and

extending the combination of riser reactors 20 and conduit 40 into shell 12 and the
separation zone 14, the height required to obtain the desired aspect ratio of a given
riser reactor 20/conduit 40 combination 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
nvention.

[0019]  Each riser reactor 20 includes a first end 22 into which the catalyst and
feed aie fed to conduct the hydrocarbon conversion reaction. Each riser reactor 20
further includes a second end 24 through which the catalyst, products and
unreacted feed, if any, exit the riser reactor 20. The first end 22 of each riser
reactor 20 terminates in a mouth 26 through which the catalyst and feed are fed
into the riser reactor 20. The number of riser reactors 20 employed in the

hydrocarbon conversion apparatus 10 varies depending on the hydrocarbon



[0022] Preferably, the cross sectional area of each riser reactor 20 varies

by no

along its

fluid conmmunication with_ the ecec;cgd nds 24 o
20 and a 2FOWEEIOHBPCNS 0§ AP0t

ext endi ng
and feed,

U1 8each riser reactor 20 varies by no noPETE

more than 50 percent along its height. More preferably,?1th pss
secti onal v r?é'é{ﬁ L{?&%‘W %’Ig'g

rcent

hei ght and, nost preferably, no nore than 10 percent along its
hei ght. [0023] At |east one transportg conduit 40 includes a first end 42 in
ri sers

f
Pﬂ@zﬁw%ﬁ%@ gppargtu
;&@wet% R IRAE sk PRaGORE0L Sk iTRCHiRY FRI 95 bixboch fak@ky/St

any, exiting second ends 24 of riser reactors 20 is collected

| east t r eact or
g@%é"tﬁﬂd end 44

pr oduct

in col | ec{0026] devlesids obihe riter mattors 2Modapends on paramettreidichfas dendui t 40

before it

separatio Wijle the sec

nd end 42 of. conduit 40

t . F 14.
'S pr ef er aBMRETHPIEL S BT I0cy S Y dFodiprImIcs. presSire, R0 BIOdUPROR APBSiBHbodi nent
e : _
of the R BRUbOEBOT ConeRiGH iRbed Ih it i8Rt invERAL fackl1e ©7 959

second end
secti onal

areas o urt 40 sho

i ts | engt hrisprefdosl) geshablyntmsa Heign fidfh pe nesars taflimetreandia width & y not

nore than
preferably
areas of
preferably

40

CHAIT LoD TR MERCRFe Al B T8 R 2L bR Bkt | onal

. / . . . A
'h%%g& Hémrth%g Zi?st%ﬁd& 92 td Wl s@&iﬁ%‘&ﬂﬂ& 8h1 PRAABRCMeR %111

t ma cross sectlonal area of condui'f 40 s

s
ou(f’d vary from

t he sum of thémeser semmtdre20 verydssnemots haa R0 perant, afore peederablyastmore 20 in fluid
lon . therewth by no re than 20 rcent and, nost preferably, no
i hoeciei shd L eRGRY s0 e SEERGEDt, RENrEaRe BatPhr o 20 ot
fped afbthéy 1 butor 30 is optionally positioned near the first ends
riser reactors 20. More than one feed distributor 30 may be
enpl oyed adP@didnt Intbefpresent ipmeidionpeash ofitlee risargeactore 3@ has asi@Glaro provi de
feed in varjous states . 0. ...one feed dist.ributor rovide feed in a
vapor for mT IS%C%la?nglgaES?'lgloﬁ%ga © &rgthrefggﬁ‘t gfetf% yp?%c\bi%gréhfflg BITHE 1 qui d
form Feed 2itsk bickisk Qctidal &6k HEl efeater Gy 2537 bt @ridlictcrassettigi.i ty of

necks 34 extend. Each riser reactor 20 has at |east one associ ated neck 34.
Each neck Marerapigtabh. €ach of the mearreagors2Adies Reaeps3ectipnabien 1A SE9IT4 i s

comruni cat
nore than
| east one
22 of the

posi ti oned
Desirably,

thﬁ'fj'f] f‘hﬁ gag%l, élg)slt ﬁ}gfeﬂﬂlﬁtof%'a%rgazcer%ar? 3% f}nr_ i ﬁ%ferﬁl:ﬁ?,%@ Eros®-

eac
sectional areas of the riser reactors 20 vary by no more than 20 percent from one

riser reactor 20 to an;)ﬂler. More preferably, they vary by no more than 10 percent
and, most preferably, by no more than 1 percent. If one or more riser reactors 20
have both a largest and a smallest cross sectional area at different points along the
height of riser reactors 20, preferably the largest cross sectional areas of the riser
reactors 20 vary by no more than 20 percent from one riser reactor 20 to another,
and the smallest cross sectional areas of the riser reactors 20 vary by no more than
20 percent from one riser reactor 20 to another. More preferably, the variations in
cross sectional area of one riser reactor 20 varies by no more than 10 percent, and,
most preferably, no more than 1 percent, from largest to smallest.

[0022]  Preferably, the cross sectional area of each riser reactor 20 varies by no
more than 50 percent along its height. More preferably, the cross sectional area of
each riser reactor 20 varies by no more than 30 percent along its height and, most
preferably, no more than 10 percent along its height.

[0023] At least one transport conduit 40 includes a first end 42 in fluid

communication with the second ends 24 of at least two reactor risers 20 and a

|

)

L]

50 percent along '



extends upwardly into each riser reactor 20. Mre desirably, eaz:thlg%h?SG S
posi ti oneghgoo9haeatmove the nouth 26 at the first end 22 pfreasiziisel
reactor 20. Feed distributor 30 may include an optional flow control

~devi ce, not shown, positioned on feed distributor 30 to control the anount
of feed to each neck 34 or a flow cohtrol device nmay be positioned on each
neck 34. ThechhPMENNERONIIALHILE he sepdtafidrSLonRel 4BRhEY BY shell TR aSHAIQstf | oW as
wel |l as control it. Further, a nozzle, not shown, optionally is positioned
on each heaprodectind fead; Hany continpiecombentisrafisiset ractops 2¢ iseolestadl ino each

ri ser reacton, 20. Additjonall. ch head 3 fitted with 2 1 FEB 2007
MO 2004/ ozgwcwﬂéfodcfg?‘@l‘%‘{dﬂe%a% @'éf%lé‘ﬁdi‘%gp‘é?e nirgb tfid LB 1o
prevent bacdphlafidh 8dnec B, alpihsle thd$c@omdndf2 sfehduit 34 i9prek@stly dispbgeddbut or 30
and, subsequently, into body 32 of feed distributor 30. [0026] At |east one
«catal yst r egxi¢eraalBy shelb#dagnfaltgingtivoembedimgnt. secandiend &3 cotlddedeqsdecht i on zone
of 14 of shegl %éfﬁ}r%ds&tege riser reactors 20. Particularly, each catalyst

S

return 50 plrne\ll'ﬂ1 *communi cati on between the separation zone 14 and

the first emdgd22 afhe@dss skitiil dre@cdfWond@t 468kdulg 8§l BySiot h@iréHan50 has a
first end 52 and a second end 54. The first end 52 of the catal yst return

50 opens i nf®pereens almgdtsderstl, preferbls petimorezbami0 pereeasdmprend 54 of
| ' ' |
PRI e R R M T S R I SR P

shel | 12 t 040 pefdrablg shanldeqdd cebxdde thd @i of theaaiallest c26ks sddti@ndlppedsat us 10
may i nclude one, two, three, four, five, six or npre catalyst returns 50.
Typical |y, of epgioihserpil nollwd commupicatins thegewih. More predgrolly the et ur ns 50

cor rjesponds Egggeg [ Bt dZVQﬂI]' epbgdsrent  shown in
Fig. 1, thesr%zg%etg ‘38 ret%‘%a('r?\fgmrg@%gé%dext eérh;?g? to F%g&?lﬁger rea{:rfors 20.
However, assmiilesncross ssothemeed aent bfjriske seacidre A0 émfowd cvenhenicdtioa cat al yst return
50 my be ﬁlontai ed within a_common shell or pe positioned internally in
relation totheteqathy ys‘@’rmf’éea@@%él’?@e‘&tr ORESIIFASTAPAY-I 9 P1e @ol;b Fl ow of
catal yst thpgugh the catalyst return(s) 50 optionally is controlled through
the use of a flow control device 56 positioned on each catalyst return 50.
The fl ow colR8) déka provisie acfeed tolthe wimsr reaabers @0, 4tlleast oonfecd disttdbmitare currently

|1 onpl oyed:d FrpROl Boi e TRk Bty s HEGRYER SRBED MARS. G bl g

val ve or a fhah@ge fd\@stributor 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 may
provide feed in a vapor form while a second feed distributor 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
shown, optionally is positioned on each head 36 to further control the distribution
of the feed to each riser reactor 20. Additionally, each head 36 can be fitted with



[0027] The apparatus 10 further includes a base 60. In the enb 7shown
in Fig. Iwodheyeasg 60, the catalyst returns 50 and the rrﬁ}sz gﬁggégﬂ of the
riser reactors 20 define a catalyst retention zone 62. e ca

retention zone 62 is provided to retain catal yst which |s used to catal yze
t he hydrocarbon conversion reactiongwhich is conducted in the apparatus 10.

The cataly I | | cat | h separati on
zone 14 angts‘t"rrﬁ%%&é& OPXI q’%f %twglgtnbga%g?d%%&(%ﬁgs&?&o $s%g(i?on5 ends 54 of
t he cat al yst of ﬂémﬂnﬁllﬁﬁommd GubdequertBl Aty 5bdy 82 enfdeddistab@tob20. As one of

skill in the art will appreciate, the boundarﬁ . .between the catal yst
retention 1UREl 62 Atileest Rae eatehist ttupSOurevides fluidropraunieriionbeRpEP007 WO

2004/ 02917%1&:%[ g&?%%{e%aaﬁfs el? 19%8 ﬁgsnsgg‘featz gss%?]'epacxg?'gl%ﬂgo&cﬁhe level of

catal yst cont he “c yst ur n retention

zone 62. [ O&xadBkt rétufd 50 plrcdnlaésrﬂlkidtcomnmmaaoﬁbsmamshé m’pamﬂxonrzoﬂas l4ear the
base 60 of the apparat us 10. The fluid distributor 70 includes a conduit 72
i nto whi chand theifisstends Ag of gaght rises reastori2f¢ @aelaﬁ%tﬁwreﬂtméﬂtha@ﬁ fir¥ne 62 to

fluidize a éggl y t %}! 2 and the
cat al yst H]J?ﬁng& §ﬁ%g€‘? g%aﬁthe St ggé %ﬁ%ﬁ%‘%&gg , as° %g\;\q%tgl n Fig. 1,
may al so balmsoﬂdlendacs cisheidah aﬁdtﬂ@é seabnd el 34 @f&ﬁalirﬁréﬁtﬂﬂ(ﬂépelﬁ fluidizable
catal yst contained n each of the catalyst returns 0029] The

hydr ocar boAdidgsng Bedissnreapioat 49-ukadpcatalyd refugn S0 ma\éldaﬁ’a tfbmnsa@rt 80 t hr ough
whi ch I h
lch cata tglhf s onrl %%grafnoﬁgﬂo 34 ?g% laltZ'ﬁtB u%ﬁﬁ-[@fi so%iu bleﬁlegig%fes shown as

bei ng positl e secon t can posi ti oned
at any posn-éactmmsiim T}teeamamusammayﬂnclifdlteomppmahm fo@r, e, ailkoo morel ude an

inlet 82 through whic aI an be plaged into.the, apparatus 10. )
Al t hough P s %pi tas%qS%qrﬁﬁetbe HobREoFlYStand 16 of

the shell  dgms tSb%ox‘r@s!é)%hd§% ﬂ;‘i]%%uﬁﬁoepeﬁxgéek PR b8 20 2NV 1R HddRAeRN t he

apparatus 10. A line SO provi to renmove hydrocarbon conversion
product s f showi hleﬁ’lgpbah@catalysﬂﬁturpﬂﬁ)@at]e eAtersd dovthe IﬁseF'regzctois 2@.he hydrocar bon

associ at ed FERFARG 8% Shoai e hrraibip per bt SmBtienl. e arabel < BBetter at | on

appar at us gyt doﬂta:fﬂeulvdiﬂﬁﬁfﬂ’ﬂb&hrﬁaﬁ 51N oMbk pokifi®ned internally in relation to
the riser reactors 20 or some combination thereof. Flow of catalyst through the
catalyst return(s) 50 optionally is controlled 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.
[0027] The apparatus 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 hydrocarbon 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 retention zone 62. As one of skill in the art will appreciate, the boundary
between the catalyst retention zone 62 and the catalyst return 50 is fluid and



} includegoaogaddidst regenerator 92, which is in fluid SabiAn with
the hydrocarbon conversion apparatus 10, and an optiona yst stripper
94, which is in fluid comunication with the catal yst regenerator 92 and
which is in fluid comrunication w t¥-the hydrocarbon conversi on apparat us
10. Afirs | QAL | Mlil'@f I; ; | yst

stri pper 9?%%%%3226 agﬁltlh ﬁj\érgglgtﬂéolﬁbégﬁgﬁl 2.6%%%(?0%?]%?%21 yg%%gjrigéigdes fluid
conmuni cat iapd theetavede ratérdiopatonb Y8t stri pper 94 and the catal yst regenerator

92. Athir jhe 1 vides fluid, conmunication between the. catalyst
«regener at oﬂ?@f?anqggh‘gé ﬁﬁhﬂ:{u%%rjoglﬁ a%sﬂéﬁoﬁltlfﬁ‘?‘fmﬁrfqea’{/\}%fg’ﬁﬁ @¢° f86i ce 102
opti onal I'y ahgarB@S 10| TRE AuRidibtribBior|703fclksta® ot 72lintbReéhicli how of cat al yst
between the " shell 12 and the catalyst stripper 94. A flow control 21 FEB

+2007 WO 200Uidiziag AgerrGT fedsponait@y Ftratention goned@todlidigd adhidisatde | y i s

posi tioned opn,secaopnd line 98 t.o control e flow of catal ..between the
cat al yst stcf‘gbﬁg]r“ tgﬁc%{?}agttrﬁgnég? 5?%420?15%%58?%& reg.g_ns ‘néﬁﬁg}‘,‘mﬁ f1 ow
control devjig@dikRbufdd 70 s RASWE OPRA 1 0Ray Bish Be pbsiBoAlDod Sachtalyat the flow
of catalyst between the catal yst regenerator 92 and the shell "12. The flow
control  deetures0 tdidize s fhidiza06 caalystyontained: ip gach of the catalysbrstrns  devi ces
currently inn use in the art to control catalyst flow through catal yst
transfer |lines. Useful flow control devices include ball valves, plug

val ves and [gb19je VEhyRfdrodrbAipesvetsich appatadhd/Bl alsé fiap Redtu@dar sutkbown on Fi g.

| as being separate fromthe catalyst Tregenerator 92, one skilled in the

art .will afSrtawugk whidhpatal ¥ ictgmuvpd frosy the gpparang 10c Ihewatletildgral |y f or ned

with the c . .at or 9 i | ' il also

appr eci at e%ﬁ‘ﬁ,ﬁggﬁgﬁﬁﬁﬁ&@g@ ess%\%g%mil?%gﬁen%ggqga%%c?%\%éurni ng the

cat al yst t gpobitienskEpangpbsitior oneheldppatunaudh Thewpliitud HemantBb yistudery al so be
returned to the catal yst return 50, the cat alqv:,st retention _zone 62 and

conbi nat i orf® inlgt 83 thgough,yelich thsratalyst camgbe plagediptoibg spparatusf- 50 and t he
catal yst r ' ZiAR . : s ' rbon
conve%/si on%lg?él a!tih us 18,@%58110%%3&\%#}[1%?5{.09?@%E%E:%L?g%ns& ﬁo{tﬁggﬁﬁal OW ng
manner . Thd2apeanlat 3Bmap be pofitibhetiat any phsition ap freoppestes HhoMitine 84 a cat al yst
suitable ta carry out, .the desired _hydrocarbon conversi reaction. The
catalyst sHOARD PGS 1N By QGRrian CoRpEFsRARDTRSTS o) ths SRPREAR 1 on of

the catalysfp.is contained in the catalyst retention

"hydrocar bon conversion apparatus 10. The catal yst regenerati _Fgg)z%at us 90
i cata|

[0030]  As shown in Fig. 1, the hydrocarbon conversion apparatus 10 of the
present invention optionally includes an associated catalyst regeneration apparatus
90. The catalyst regeneration apparatus 90 is in fluid communication with the
hydrocarbon conversion apparatus 10. The catalyst regeneration apparatus 90
includes a catalyst regenerator 92, which is in fluid communication with the
hydrocarbon conversion apparatus 10, and an optional catalyst stripper 94, which
is in fluid communication with the catalyst regenerator 92 and which is in fluid
communication with the hydrocarbon conversion apparatus 10. A first line 96
provides fluid communication between the catalyst stripper 94 and the outlet 80
on shell 12. 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 optionally is positioned on first line 96 to contro] the

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



zone 62. To fluidize the catalyst in the catalyst retention zone 62, a

flui dizig,g 2ﬂ ﬁ’QB 'hs fed into the fluid distributor(s) 70 _thrZou Zﬂﬁﬂl et 72.
The 1l ui dl 2i 8 gdRt is fed into the catalyst retention"GHHE282015A2Y e
hydr ocar bon conversion apparatus 10. Useful fluidizing agents include, but
are not limted to, inert gasses, nifgogen, steam carbon dioxide,

hydr ocar bons, ajir and mxtures. thereof The chqice of = flyidizing agent
depends udi}wlﬁﬁl&r%%@n% ‘éé’ﬁé‘é‘f’&?‘gﬂnﬁ%?ﬁ@ﬁggé? ﬁe,me%ﬁlai,ﬂﬁwzfi n the
hydr ocar bod&téé?ﬁ‘b%fv?éeﬁ@h@&?ﬁﬁrﬁts‘ﬁpﬂ& 94%a'ﬂ5@94ta4ysttr9%enfe}awrcbzz'malﬁq%nt s

unreactive, e.g.,.inert, in"the Teaction being conducted in the  hydrocarbon
conver si onflappanttlukevice 106 vawbb positionabon third Imeddito abhteoltthatlowhd f | ui di zi ng

t d t t. i.n the hyd [ bei
conduct ed SRR e T TeRPEreT P adb 8 LY O ARUCoRHED t o f I Ui di ze
the 11 ui di Gale 109210 3831106 2hn BETng ks WDHRANEAARPAA A RCRAISRDR @17121

-11- 100321 Once the catal yst has reached an acceptable fluidized state, a
feed i s feithaas to bentto) datelyat fiow throngk catalyst ppsérdines Weefthflowgh f eed

di stri but 30 The .f the b 32 ,0f. ,feed di I but 30,
Chr ough « HeTHEL deviess ity Gatvales phistvaress8d3fide E3Yes AHIREBIRR he hends 36
of T el sl RUboe?O TSRl o SE AL i B Che e 1 ser

reactors 20 throu their first ends 2 sirably, the f'eed is provided in
subst ant i ategyneratonp2,sne ekitted i thecarhwill apprecietmdhas thoGutalpst strippgb8¢ant i al |y

equal " it is .meant the f]low of feed provi 0 h,riser reactor 20
Chrough ¢ hiPy BaaRarLD AP Pth g% Sl The ReAoEt Ol BUREERL by vol ume
rate, and Wl k8§ apsrediRicehdthathotgh Fes. deiNowRhifd e POF £ERturhE tRBach conmponent
in the feed, fromone riser reactor 20 to another. Mre desirably, the flbw

of feed peasslysidd theseparation rene 14 thaeugdy e, Mreatyst mayfalsadbadi st ri but or 30

varies by p t 0 reaent b ol u rate d.yaries po nore than
10 percentregvﬁ%gostheg%rglgétnrfeg&%%se%lgﬁg@éls 56:{§nr%ltonizr?h?§ga9eg%f? ra{(;l?’r?sone riser
react or 20of ihe 36riti Aohé &4, the earlyst reflin Joasi thesdtilal r¥tenfie@dond 62¢i ded to

each riser reactor_20 Ihrou% the feed distributor 30 varies by no nore
than 1 per dd] by Whenieonesttion, thedydsecagkononversioa appyatus 19eftent by mass

Bnother . | SR ATETRERE oty 6 Tol e ekl T bRl LFREIRD OF (e cea

ent eri ng t tvéth an appropriate amount of a catalyst suitable to carry out the desired |

hydrocarbon conversion reaction. The catalyst should be of a type which is
fluidizable. At least a portion of the catalyst is contained in the catalyst retention
zone 62. To fluidize the catalyst in the catalyst retention zone 62, a fluidizing
agent is fed into the fluid distributor(s) 70 through inlet 72. The fluidizing agent
is fed into the catalyst retention zone 62 of the hydrocarbon conversion apparatus
10. Useful fluidizing agents incfude, but are not limited to, inert gasses, nitrogen,
steam, carbon dioxide, hydrocarbons, air and mixtures thereof. The choice of
fluidizing agent depends upon the type of conversion reaction being conducted in
the hydrocarbon conversion apparatus 10. Desirably, the fluidizing agent is
unreactive, e.g., inert, in the reaction being conducted in the hydrocarbon
conversion apparatus 10. In other words, it is desirable that the fluidizing agent
does not play a part in the hydrocarbon conversion process being conducted in the
hydrocarbon conversion apparatus 10 other than to fluidize the fluidizable

catalyst.



first ends 22 of the riser reactors 20 and the pressure of t ef tg gt of
fluidi za%gzogﬁ&ég;%st in the catalyst return(s) 50 and tlttﬁr/ﬁ %Eg
the 1] A

retention zone causes catalyst to be aspirated into ds 22 of
-the riser reactors 20. The catalyst is transported through the riser
reactors 20 under well known principles in which the kinetic energy of the
feed is us no e feed travel
fromthe f;f@s:%z?end?%Eéﬁ’t%ggéawgp}gaégg%%%é%éééel)t%;?be )Elﬁ@}z%%ﬂég#e F gge?[%r s 20. As

the catal y$¢d imnsltHedBdrdcarbot lcomvergiog Appdigtus 18 efronglafted disuutost 302 hydr ocar bon
conversion _reactjon occurs and a conversion producf is produced, [ 00341 By

.desi gni ng tike Tegremiers thsdhpdy o wE fegdshistabpier 40 rasaes tjopgh ks 3af ur es, each
i ndi vi dual gL : I : | tial: | ' manner .
Wih'thie TRoRarBEREsPand BRI Bk Shalls SURPRARIA bl SETHACRY 20
srates and i4 distribaite ty Shcl efahe risdr esactdrs LD eludagie theht st ¢mals @ac Depiralilire ri ser
reactors 20. In_this _way, the conversion of the feed and selectivity to the
desired pr &efideed isprovidsd in sibpiantaily; equalstregaisite eash mssa reagtor 20nBat  opti num
oper at i onalw Lt q w2l F A . 121 12

[ 0035] The %Lgo%%?éillggﬁbarlg%bscr%sgﬁgﬁme\é@:\tggg%fe gg’g&fﬁ?ﬁ%&égﬁ%ﬁé&cat al yst
exit the R0shroughded feed did@ibutor 00gariediBy no sete tichn@3derdddt Wheslemkhey are
consolidated through collectign device 46 into transport condujt 40 from
whi ch t hey TiFeans Ve g0 mose thap gé peessat it mess paernt for sgeh eppapenepbin | n second

end 16 of iﬁ@fe’ed%om‘oﬂ@@%?@%c@&r?% aBB@EHCMo@é‘Qedi'ﬁBmIe%& ﬁﬂgcdif any, are

separated fromthe cata separator, not sh , suc s cyclonic
separ at or s préviti¢dtossacls ciseeemstori2fphrgehein feed distretmgor 34 etres by comsse ot her

devijces which uld separate the catalyst fromth roduct of the
conver si on ﬂ?aé’at&) Pgﬁ‘?mg’gﬁ)d’oﬁlﬁ??d?ﬁaﬁ W‘%H@r’ﬁﬁ‘fﬁ%ﬂ& P%B?‘gf‘l’ytws conver si on

product angheHRheRf 86 écﬁ?ﬂmeﬁtfin HOVfeed fForh ©RA £i8ESadiyr 2 ®onbSr Aer CYCl ONi C
separators. Once the catal yst has been separated fromthe conversion

product andeacke 2hrMagstdesirablie deedifirovidyd ta ¢ashaisenesaeipn 0 troeghche fesdd

unreacted fee if.an are remopved, from.t.he shell .12 thr h the line 84
for furt herdls%ﬂglgeléég?’ﬁ%éssbgﬂ? rﬁ%rggléaﬁ’a]r BEiCEN bé’n‘fﬁ%? Faft?’cag%iivgﬁgsgnl%e cat al yst,

after bei ngn&epadal pétcerdtb9mdshperpéductahanehpenemdn tiedfebdtbm syves fromthe
shell 12 to the catalyst retention zone 62. The catalyst exits shell 12

t hr ough t hé1sex yegetop Ao awther. t he catal yst returns 50 and noves through the
catal yst ”[605“3]5 S%ﬁrgssﬁlrbediﬁ%ﬂﬁzﬂ SO by the velocity of the feed entering the

first ends 22 of the riser reactors 20 and the pressure of the height of fluidizable

catalyst in the catalyst return(s) 50 and the catalyst retention zone 62 causes
catalyst to be aspirated into the first ends 22 of the riser reactors 20. The catalyst
is transported through the riser reactors 20 under well known principles in which
the kinetic energy of the feed is used to move the fluidized catalyst. The catalyst
and feed travel from the first ends 22 to the second ends 24 of the riser reactors
20. As the catalyst and feed travel through the riser reactors 20, the hydrocarbon
conversion reaction occurs and a conversion product is produced. |

[0034] By designing the hydrocarbon conversion apparatus 10 with these
features, each individual riser reactor 20 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.



54 of the catalyst returns 50 fromwhich the catal yst noves to I;@e ﬁ]at al yst
retention zone 62. |If desired, the flow of catalyst through e’ E8a10 yst
returns 390 20HP2Hd8 control l ed by the flow control devi Ce%(ggg_szop:‘rlmt?p@ flow
control devices 56 are enployed, a height of fluidizable catalyst is

mai nt ai ned above each fl ow control_1 evice 56 in the catalyst return 50 to
all ow proper function of the flow cdntrol device 56. 100361 If necessary or

desired, d00BEhst Thegonvirsionprodust{sk antepsted ferdnifipoy. wid hakatebydt ¢xt t he

catal yst regeneration aratus .90, as s in BHg 1. Cataglyst to be

F egener at S FEe EGB A PRRAEb Heicrerf oSt B terafiidetdng 0 °
transpor t efirovigh cdisdticdtievice 46NgtoCRdnapors toriduit APREmMIShich KityGie &jb&edi rst |ine
96. The flow of catal yst between the hydrocarbon conversion apparatus 10

and t he caintl thesepasatiargznae 19ofshell b2 bosecend erdilhof shed ¥2 8w control devi ce

102. In the catalys tripper t.he. catal yst_ | ri d st of
readily re‘f%\/gﬁﬁ)g Pé%’%%cﬁ ialéd eé?tlgglfesed’ ?@ﬁ’a‘ﬁ? %gﬁa?‘a"%i‘ ﬁ”ﬁb@%&aWSEgﬁﬁr es and
condi t i onssehefatdr/iibit\éhewal sudl @5 O€cHHE BepLRBME ARERNsREQRERTRBgeMent W t hi n t he

skill of a_person of skill in the art.” The stripped catalyst is transferred
from t he cdavageysplates,raopps otiya deicesiwhigh mepwd sepatate-tire cagdyst ¥1wg 2904/ 029178

PCT/ US2003/ 01712 -13 regenerator_ 92 thr.ough the s n i ng 98. The fl ow
of catalys mgi H%‘Sﬁé‘}? %%lé’el%g) c%?f%lolnf %%d’z%ﬁﬂﬁéj&wg tﬁ%rﬁ?fr?glﬁ?sgt&“gy&lgpt ional flow
control dexirsersidprodiict ah@ unfeattadi Yedd, ifeagnae 3tmiratdd by aaehey@ceous deposits

formed on the catal yst duri gﬁla hydr ocarbon conversion reaction are at
| east par t $xlonjc sepaEiear. Oneptherratalatt Apybeen seppateddiun dregasyesiopal yst i s then

hrougn t Heopfetalf il Sircadhds B R CERERRS oo ARUE A ARk ARBEL ST 08, 10 1
may be confeed)if ady, aye epioved fond thewheld D2 febuglethedine BAGor Aurther ansport gas i s

typically provided to the third |ine_100 to facilitate transfer of the
catal yst fPIORPSSHIE Sueh at jropratiog end puiification. (Iherpialy.iifise heiBs semsemieR si on

appar s sdfl nTBRASERAN Shndiicd St RETed RoklRe A 12 Aot Biiaygh the 1l e

82. [0037] Ano I ment of the ocar bon conversion apparatus 110 of
t he pr esentetdmivezbn®62.i The basahysti axitpahdll 2 theowgdsths dicstiends Phofhgure 2. The
appar at us 0 co ralit 130,%4‘;\ tyansport

condur t - 1S AGEEES B S BU SRrork SR AT SR R ssenferd chel | 120
form ng a s£pphRchARsZRMEms 50 from which the catalyst moves to the catalyst .

retention zone 62. If desired, the flow of catalyst through the catalyst returns 50

can be controlled by the flow control devices 56. If the flow control devices 56

are employed, a height of fluidizable catalyst is maintained above each flow

control device 56 in the catalyst return 50 to allow proper function of the flow

control device 56. - )

[0036] If necessary or desired, at least a portion of the catalyst can be

circulated to the catalyst regeneration apparatus 90, as shown in Fig. 1. Catalyst

to be regenerated is removed from the shell 12 though the outlet 80 and

transported, if desired, to the catalyst stripper 94 through the first line 96. The

flow of catalyst between the hydrocarbon conversion apparatus 10 and the catalyst

stripper 94 can be controlied by the tlow control device 102. In the catalyst

stripper 94, the catalyst is stripped of most of readily removable organic materials

(organics). 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



122. [0038] Wth continuing reference to Fig. 2, the shell 1 Iﬁgm‘ﬂa
separ ati owo 20620122 i n which a product of the hydrocar bpﬁfﬁg}\“%ﬁ]ﬁn
reaction is separated fromthe catal yst which catal yzes e y(frocar bon
“conversion reaction. Shell 120 includes a first end 124 and a second end
126. Shell 120 optionally defines al3gui escent zone 128 from whi ch catal yst

can be w thdrawn.f § | 10. [00391
Ri ser reacft} %s 1309%%%15%1 ﬂ%%‘?@lﬁ;ﬁggﬁbﬂegﬁﬁ?ﬁ%§%%&ﬁzﬁsepar ation zone
122. Each sdcend lined® iy bt30niroldddigesptmntl iew cemtdol iigRiceriDd. Whibeh t he

catal yst and feed are fed to. conduct, the hydrocarhon conversion reaction.
o YT ol SPaermier 2, PO dARRSts [ BBED R T R QTREAGh ahi ch i he

catal yst, h%@%&éc&ﬂ@rsi&fﬁé&fo‘ﬁ%é £ dast bﬁﬂi@ﬁy rerfBidd 1B thd &¥diydeactor 130.
The exiting catalyst, products and feed, 1f any, fromnultiple riser
‘react or s 13he mgeneratod satalydbisdbiernt tansfegted ¢o tHeashiell d2 ofiéhd Inelrd@8dror del i very to

transport conduit 164. The. first. end 168 ansport cqonduit 164 is in

{1 uta" comrmemagmpsiers Lhrodgbcarigine 198, o Bbcet it tspugh a0t hr ough
col I ect i onydensitd Bne BGO map ik @ohtiGiled SnQTthw B6niRf] deVRBIPOr A conduit 164
extends into separation zone 122. Thus, conduit 164 transports the

consol i dat ranspait @hy sttypipallydprovided do thedbiird lifre 20§ to Bxilitate gragsidr ¢fER: 2007 WO
2004/ 029178 .PCT/US2003/ 017121 -14 rj,ser, reactors 130 into the separation
Zone 122, VTR ARt TCReEhi O e B IVAEArP PRSP URAPRAEES i n a nout h

136 t hr ougho Wih&hurkha i aedhys to MRAnIEEDIR6GH ®F inlki¥0 the riser reactor 130.
As descri bed above, "the nunber of riser reactors 130 enployed in the

hydbocar bolf088hv erAnashergphwdimens of e hydracetbapaqoanension appatahe 118pér ocar bon
conwver si ongprocess. to be .conducted in the apparatus 110, Th nber and

o 76 of ¢ nEBREErTipLhE i MEHT Pt otelf oA R B 2o Pl RGBTt ™ e
descri pti opi®onmhises & phirlIdGQF riker RaAMIsd802a fre@ghott@ohieit 164 arfeddeact ors 130,
at least one feed distributor 140 is positioned near the first ends 132 of
the riser @iskibutrd49aatalxyretumnsdii0and a shelb2Qfamingy senarafion zB§ be enpl oyed
to providejjfed in various states, e.g., one feed distributor may provide

feed in a vapor formwhile a second feed distributor may provide feed in a
| i qui d for [@038ped Withtcontimting refgenderto [Rigles thee dhetl\l 20 4&@rniy Dsaparation

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

from the catalyst which catalyzes the hydrocarbon conversion reaction. Shell 120
includes a first end 124 and a second end 126. Shell 120 optionally defines a
quiescent zone 128 from which catalyst can be withdrawn from the hydrocarbon
conversion apparatus 110.

[0039] Riser reactors 130 extend upwardly toward shell 120 and the
separation zone 122. Each riser reactor 130 includes a first end 132 into which the
catalyst and feed are fed to conduct the hydrocarbon conversion reaction. Each
riser reactor 130 further includes a second end 134 through which the catalyst,
products and unreacted feed, if any, exit the riser reactor 130. The exiting
catalyst, products and feed, if any, from multiple riser reactors 130 are
consolidated through collection device 138 for delivery to transport conduit 164.
The first end 168 of transport conduit 164 is in fluid communication with the
second ends 134 of riser reactors 130 through collection device 138, while the
second end 166 of transport conduit 164 extends into separation zone 122. Thus,

conduit 164 transports the consolidated catalyst, product and feed, if any, exiting



which a plurality of necks 144 extend. Each riser reactor 130 g%édﬁast
one assqﬁggbﬁg)zgﬁgk 144. Each head 146 of each neck 144Pé%8§%%§ EL

adj acent i'rst end 132 of each riser reactor 130. §71 each
head 146 extends wupwardly into each riser reactor 130. Mdre desirably, each -
head 146 is positioned at or above,ihe mouth 136 at the first end 132 of
each riser reactor 130. Feed distributor 140 may include an _optional flow
control ddiseeeactam L3gHplgribe sepasationoznag 188 flhe dirsfiend 3B wf 6rchABIt 0 provi de an
equal ano . C . [ y be

posi ti Oneg@%ﬁ@ggﬁ?@%@ﬁ@ﬁﬂ%ﬁgﬁ%%@ﬁ © onvt@i?%l}‘ Bﬁ‘yec\%?acégt%gqgﬁ\&sagggégenpl oyed

t 0 nmeasur dnfd tevriss retdr 139, dodesetibedrabiovbahe nuabepali®r rémtors 30w, nmay be ,
positioned on each head 146 to further control the distrjbution of the feed
to each risseployeddn thsyhydsocarbemeanvgrsion sppagen! Kbvaties depending othei tted with a

screeni ng ' ey I tial into any of
necks 144 %@Y‘#ceegnglgisn{%ggm?&gﬁ _%%@g&%ﬁ@%&%ﬁ‘?g&ﬁéﬁégta %/st return 150
provi des frushistr eddiipandfht irizer RatterelB0 & iscespdabdvedn cosjimcddPwith shel | 120

and the riser reactors 130. Each catalyst return 150 has a first end 152
and a secdhedessaptiouof Higelfirst end 152 of the catalyst return 150 opens

ad) acent 1i4§econy £adad 8o Mehler 213093 1 1SSF A E AR Co ol vt

return 15 pens to rrser reactors 150 is

provi ded tBiOtis posiaied neat thke Wit dndo B2 betheaisar adators Bnevdr2thad osdiel | 120 to
he riser reactors 130. The apparatus 110 may i ncl ude

the first ends, 132 of
one, |21. Fésefééletrimrzléémymemvlpm W@Wﬂﬁé@dﬁnfa??us St3155.t88h, Ofehr ee, four,
five, six féédt {é'ﬁaﬁtb?n%rzaltyy%?v{d@ d'& or M\?@%é ¥ sec@hdi stABhto

necessarily, catal yst returns corresponds to tﬁe nurrber”f&Jf
ri ser reanbhppwvidddeedinaiiafid f@atml el didiribogh 140 imchaies b potly 142 from( s) 150

optionally js, controll.ed . thrqugh the use of flow contr devi ces, not
shown, pos\”*“ICB ﬁ@ﬁ‘fﬁlﬁygéeﬁcmgﬁ%eﬁ%gﬁd' ?E@Fﬁ Fﬁerlr%?t_oﬁ' E}Sgﬂ%ll‘??ﬁmqeol devi ces can
be any typsQfiattd AMKCAAL Fakh hEKY I £88f Ladh ek 144 1srbdé§i%né@a&jQ&n@f6thEO control

catal yst flow through catalyst transfer lines. I'f enployed, the flow
control delistend 1S2dd chelnnsey readber! 130y dPasaably, pichdieed L4kextondsa sl i de val ve.

L0012), o AR5 ot RS Pl BB M e RS, T
132 of t heat 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 control. 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

any of necks 144 of feed distributor 140.

[0041] At least one catalyst return 150 provides fluid communication between

the separation zone 122 of shell 120 and the riser reactors 130. Each catalyst

return 150 has a first end 152 and a second end 154. The first end 152 of the

catalyst return 150 opens adjacent the second end 126 of shell 120 and the second

end 154 of catalyst return 150 opens to the riser reactors 130. Each catalyst return

150 is provided to transport catalyst from the separation zone 122 of shell 120 to

the first ends 132 of the riser reactors 130. The apparatus 110 may include one,



riser reactors 130 define a catalyst retention zone 162. The second ends 154
of the C@Wo}ff/&m'i'?sturns 150 open to the catal yst retention zon@ 1%68.200lhe
catal yst retention zone 162 is provided to retain catal JSVURMAII3! used to
“catal yze the hydrocarbon conversion reaction which is conducted in the
apparatus 110. As one of skill in the art will appreciate, the boundary

bet ween the catal yst retention zoré>162 and the catal yst return 150 is

fl ui d andivde plene Sourafive,ssor tnrepantdlyst ostutiisd S0eTgpically, clthahgtshot cont ai ned i n

the catalyst retention _ zone 162 and the_ catal yst, return 150. .10043] A fluid
di stri but > eis'?@}ﬂ g*'elé_F‘E’E}’ZeﬁBgF?tPéﬁter&t‘ﬁnﬁF &‘0 ‘r‘%‘%\eﬁ\’/?srﬁ'é t%ﬁ%& rof e ! appar glt us
+110. The il tigs tm(?»ggre&tal%z&hm{gmﬂ@éa@gmeﬁm@ 60Uy ch a

fluidizing agent 1s Intdo catalyst reténtion Zone 162 to fluidize a
f1 ui di zabtentrotlad tirgegh thoms@oihfial icnnirdlelevides ngs shavet, ensitionedzameach62 and t he

.catal yst returns 150, j__Additional fluid distributors. 170, as shown in Fig.
2, may al SHRIBE pYY &Oon'@@ P cppfzol QF%‘E“IP%WrW%?tsﬂ%W CPB“‘ar ovi de

addi ti onajieyilddichhZhMOind@EM tHehrd tB%o%ﬁ‘Bla(%/al’a‘i%st 106l JeataPrst rhdg#] The

hydr ocar bon conversi‘on apparatus 110 nay al so include one or nore outlets
180 t hr oulifeswhif eshplohed, dlat by sbniwalndcvizerie desnabllyf o o tdhee, aghag wtlus  10. The

outlet 180 is.posjtioned adjacent the quiescent zone 128 in the second end
126 of th%"%%gﬁlv 0. It is desirable for the outlet 180 to positioned such

that catpolst cameippkarRMed hinPikfBashobdse 169 HOuABolRRAALI escent zone

128. The "apparat us O may also include an inlet 182 through which the
cat al yst stmyibie Figl2) thecbasa 60,tthe caplysiratunss 1300andAh¢ ficnghds 1 ofithet 182 i s

shown as hein ositioned on .the second e 1 of the sh 0, the inlet
182 may bESssaeE S ey re S coreo 581 Thepesrndesgobbe Bl 16
any posit ;2ayaRetullR I%P%Eﬁw?ejeﬁglysk-f&&ﬁio]a%n@ﬁ@.pTRyJiézigﬁstH@tehﬁGPVe product s

and unreacted feed, if any, fromthe separation zone of the hydrocarbon
conver si oporgpi$disiproyided 3o ret@io4blalyst whidhds nedd tospadyaeitbmhybodacban 186 are

Shoun 2 RShR OBt BB SRR BG83 R o g 120, T
| NPi Ngenmette Ml IGprechitd RS boe@BAShedwvedithe @hfABIst reft@itibf @6nd6 T dhavoul d
separate the catalyst fromthe product of the conversion reaction.
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.
[0043) A fluid distribuior 170 is also positioned in or near the base 160 of the
apparatus 110. The fluid distributor 170 includes a conduit 172 into which a
fluidizing agent 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
the catalyst return(s) 150 to provide additional fluidizing agent in the catalyst
return(s) 150.
[0044]  The hydrocarbon conversion apparatus 110 may also include one or
more outlets 180 through which the catalyst can be removed from the apparatus
10. The outlet 180 is positioned adjacent the quiescent zone 128 in the second end
126 of the shell 120. It is desirable for the outlet 180 fo positioned such that
catalyst can be removed from the shell 120 through the quiescent zone 128. The
apparatus 110 may also include an inlet 182 through which the catalyst may be
placed into the apparatus 110. Although the inlet 182 is shown as being
positioned on the second end 126 of the shell 120, the inlet 182 may be positioned



[ 0046] An inpingenment device 190 is positioned in the first end 124 of the
shel | 120, The inpingenment device 190 is provided to direct catZal bt 200avi ng
transpor t o8P 11%4 away from the second ends 166 of cE®GAWR0BEA7TERN] t O
limt the anmount of catalyst falling back into the conduit 164 and ri ser
reactors 130. Desirably, the inpi ngiaéCTent device 190 is positioned opposite
the second end 166 of the transport tonduit 164. [0047] A series of
support s l182anymesdiosenshospparatusl ). RineThé4 sngppovided tbaemoxegroductd y shown to

be illustratjve of e.pessi bl e neans for su ti h hydr ocar bon
conversi on 'ﬂfHF%Ctt?fg%ﬂ’d?a‘Pb%%‘]‘ CRHEUER 25§42 qfﬁgfi#\%&éﬁ: Il appreciate,
t he hydr ocasReRiGPapHarahisoN 0. appar atus shown in Fig. 2 functions simlarly to
that shown in Fig. T and will not be discussed in detail except to

i 1l ustrate[0dEbe fAaenases seprratitnodayicas 18p gre shown[a3(bedng pwisitionedfimthence to-
Fig. 2, catalyst is vided, t.q.t cat al yst .retentjon _zone 162 and is

[l 0 di zeq arenarbl SLe FENdAP) dheSra-dmad et The S slome U ns ) 150
by the fl uithazidlg, RSN scRERY itlBHobMeRt@VidiSplhtslicdndl Sldnyth@ 170. The feed
is provided'to the riser reactors 130 through the feed distributor 140. The
amount of déviess whiclvivauld separatedhe odtalylstfroingbe productiafitbe ¢@verson he same as

t hat described above in conjunction with the description of Fig. 1. The
cat al yst AFE¥LG 1 ow upwardly through the riser reactors 130, in the sane

manner as (RG] | beAnaﬁﬂngerhémmwcu@bii@ﬁogiﬁd&dmﬁleci%@éﬂdou'm@é the riser
reactors 20 in Fig. 1. [0050] Wth continuing reference to Fig. 2, the
cat al yst, grddid: Thedmpmgementedevigeekiy) isipfovadsd toelidect qatplpstdeaving second ends

134 of the_riser, reac 130.where the r sol,i d rough
ool oct | onspRlgoRaEt el EiRIRE sodoh snl Fost @RI IET At B BER", oo e
separ at i ontheQipthuhef @kalyd Faltilg bhcllifio thdtcoh@ds | 6RaiDiiddr @act@Bd 3P0 2004/ 029178
21 FEB 2007 PCT/US2003/01712 -17 desirably nost, of the catalgst contacts

t he i npi ngPasirRblvidhe Erpingrment devige 19@ 45 rasitioned oppgesite thresespad endidg he shel |
120. The s [ ate at least a portion of the catalyst from
t he produc‘? aﬁ?aﬁgr{’?)é%c%gg%??g%d. The product and unreacted feed are renoved

from the sfosdl] 1204 eéridshe siyysire 192 henaleo s@us iroFig. 2leThe eugrbristiogugh t he
| ines 184. The catal yst, \MﬂiCh s separated by the separatortg 186, falls
into the cifcdaeelishowRdo boglustralive ehenenpssiblsrmeans feufuppgEing e r ot urned t o

hydrocarbon conversion apparatus 110.

[0048]  As one of skill in the art will appreciate, the hydrocarbon conversion
apparatus 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.
[0049] 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 agent provided through the fluid distributor 170. The feed is
provided to the riser reactors 130 through the feed distributor 140. The amount of
feed provided to each of the riser reactors 130 is the same as that described above
in conjunction with the description of Fig. 1. The catalyst and feed flow upwardly
through the riser reactors 130, in the same manner as described above in
conjunction with the description of the riser reactors 20 in Fig. 1.

[0050]  With continuing reference to Fig. 2, the catalyst, product and unreacted
feed, if any, exit through the second ends 134 of the riser reactors 130 where they
are consolidated through collection device 138 and directed through transport
conduit 164 into the separation zone 122 of the shell 120. At least a portion, and



contact the feed t hrough the catal yst returns 150. [00511 A portion of the
cat al yst C\Qﬁtzﬂﬁﬂﬁgnkn t he qui escent zone 128 can be renoved f2r1QﬁEBt'f]ﬁﬁe'7

hydr ocar bon conversi on apparatus 10 and be sent to a cat dlG/é¥S20838YéRar ati on
apparatus via outlet 180, such as catal yst regeneration apparatus 90 shown
in Fig. 1', or renoved fromthe hydregarbon conversion apparatus 110 for
further processing. Additionally, catalyst_ in the quiescent zone 128 may

spi | | over desigatdy p}g)@t,@g@mcg@?ys; evipvs thedapypgmsat ﬁi%’tl‘ifrlr?@dmfidscont act the
feed. [005%Ladnek TR th el 120 e QEAEABR BBRKELS ratus of

t he preseﬁitjc #r}gerﬁwabrg 1S S ownleiognelﬂi g. 3. Tﬂ%&appalﬁgat ggrg%%@}:e%grrtgfi ses a
plurality qiortion sigthe caalysiaren 230prodddand anplacied feady Tafe prodamspood t condui t's
240, feed distributors 230, catal yst. .return 250 and a shel] 212 including
2 separat | OfreASHd oadiarepispaved ﬁhec%ﬁbilaﬁif’ﬁ&wr@rdé? ©JVEREYn 3, the shel |
212 definesied; 1844ThO e wRidh 99 t rbon
conver si on Fglgggpgﬁl%ﬁlg slalgplgiragtgﬁ Iflrgm ?rhé cat éﬁy%}ﬂ%%h%zftg%@g% t he
hydr ocar borl 8éofalle istd dine queescentanne $B&| Th@dknainder lofitesat!fst issietienell 816 and a

second end 218. [0054] Riser reactors 220, .220a are in fluid conmunication
with transﬁSPtaCt%’S%ﬁigtpmﬂﬂgﬂF’rﬁaﬁ?gmr%msgépi on devi ce 246 which optionally
extends int el ol h thOiZ4BB SuRdédnt Fafeh 28 reactor 220
i ncl udes alp?agt erflx 22(2) ?ﬁ?% %\%ﬁﬁgﬁaﬁe cat al sst arrlld feeg arcaglbfed to
conduct t heeigdedframitbe hydinvabsi comverseacapperatusEibdndrbesent toeagtalysi220 f urt her
i ncl udes a second. end 224 t hr ough ict]} t{gf catal yst .. product, ﬁmd

unr eact ed frg%iﬂerthpnélﬁpgr.a@ﬁmaq. t 15 spch asy %?’Stﬁgf’%ﬁﬁgij apli’ﬁ%@?‘sg e

consol i dat eflo if Bld 9Chi RMoVEY 68 tRE Rydidbartieh k¥ @VeYsibiPa j%_?a‘tﬁé {F0 fgnd 242 of
tran)sport conduit 240 before exiting via second end 2 into the separation

zone 214 dhrthérgirpeedding. Additionall, cetatyspimthe fluissesmt roneeh28maagcspal 02€0

term nates.i h 26 rough ilch the catal yst and feed are fed into
the riser H’é@ctﬁ%?%’té’ét.m%ﬁ%s %aﬁé%eiﬁ e\%“fﬁ’éﬁ%%@\feﬁg' PCT/ US2003/ 017121 - 18
nunber and [dosHNS| QDR ehBEdieSE6f the BeERESrb3R Qohverslbs Spifsfds abdee in
conjunction wth the description of Fig. 1. [0055] Wth continuing

ref erence thsesepginventiangs show Bd'is. 3-ddw apparefts 200semprisesaplyraditpod "at | east
one feed di | 3thS L - of the riser
Feact ors 2300t MR 72208 apREM R EARER e A e MUiBBRs

230, a catalyst return 250 and a shell 212 including a separation zone 214.

[0053] 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. Shell 212
includes a first end 216 and a second end 218.

: ) [0054] Riser reactors 220, 220a are in fluid communication with transport
conduit 240 through collection device 246 which optionally extends 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 unreacted feed, if any, exit the riser reactor 220 where
they are consolidated in collection device 246 for delivery to the first end 242 of
transport conduit 240 before exiting via second end 244 into the separation zone
214 of shell 212. The first end 222 of each riser reactor 220 terminates in a mouth

226 through which the catalyst and feed are fed into the riser reactor 220. The



provide feed in various states, e.g., one feed distributor 230 na provide
feed in a vapor formwhile a second feed distributor 230 ma {gr teed
in a Ilqd’FQZf"B‘r‘W”sEach feed distributor includes a bodyPCHYB2 P/SWd”from
whi ch at | east one neck 232 extends. Each riser reactor 220 has at | east

one associ
234. Each

ated neck 232. Each feed %lstrlbutor 230 termnates in
head 234 is positioned adjacent to the first end 222 of

a head
each

ri ser reactonbepagd dme@lsmislogf theerzach rdaetos 23Yis disquesrdsabapaar einjurictivn each

ri ser react

t he nouth

positione
each head
as well.

to further®
Addi ti onal
to prevent
[ 0056] In

I h
eactors 2ot bR o8R8 Bt el FrShatBatiuh Pk on bet ween

_ ! 222 of each riser reactor 220. Feed
di stribut goo?ﬁo Neyith B6htidEnBRfQBideqD Fig [, @WVpFovildd Diced @)ihefisenOt S

on feed distributor 230 to provide an equal anount of f
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s 230.
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t he separ alipsteRre E%@Hns&freﬁdﬁﬁ' Biaiak a’?ﬂeastaﬂfé defiRidiédrdckrsackatls 220. The

catal yst return 250 has a first end 254 and a second end 252. The first end

254 of thefeeési@trymtorrmipﬁnm@@s tpehead J3do Eachdicad edhis nosiiionsd of shel | 212
d th
0. R o RO B dha 2 B Yo G GO 90 PRERSI Ll A

] are S|t|one

cat al yst r@heﬁds mdlyﬁﬁo@amnﬁﬁ&a@mx@m M@l@debﬁatﬂﬁ,teabh'héadrm%n
each of the riser reactors 220 and provide fluid comunjcation between the

cat al yst rEQSEHWCQ%Oh‘I‘hPVFH@ @P%@rzzﬁéﬁé@%ﬁﬁt ondh 222rpleach mser reaftondds 256 wil |

correspondg
havi ng at

catal yst f
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ably, each head 234 is positioned at or above
g e |

privide Fedy mh/%ﬁ@u@éﬁteﬂ%y% Déhef febd BRtrtbr 230 AN hRATIdGYETR a NOt  shown,
maysprevde Stedvin ailiquid prm3, a singl e

)

250 to

Onibi &by Cﬂbt!ﬁﬁﬁg reactor 230

eas one corre pon 01%%he cataly return 250 is

provi ded tposiidr2d@s/fBabdi¢@ibitot 200 ?o fa‘ro@?deranTequamomﬁmf %d te t&cht iemds por t

ég‘{;i’h separatl n. zone 214 of shell 212 tocfg{le f|r t ends 222 of
iR

Loy santred drxicscap 2lsg Py MRl pyed 1g Ao

V%?@%? ‘return 250

optional | yryhtRer CORSZAN, 'n%ﬂsﬁohh%ﬁ?b%%sﬁ%ﬁe@fm 8adH 19d 290%d Alrthdevi ce 258
positioned on the

control the distribution of the feed to each riser reactor 220. Additionally, each
head 234 may be fiited with screening device, not shown, o prevent back flow of
catalyst into any of the feed distributors 930

[0056] In the hydrocarbon conversion apparatus 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
254 and a second end 252. The first end 254 of the catalyst return 250 opens into
the second end 218 of shell 212 and the second end 252 of catalyst retarn 250
opens to the riser reactors 220. A series of arms 256 are positioned on the second
end 252 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
correspond to the number of riser reactors 220 with each riser reactor 230 having

at least one corresponding arm 256. The catalyst return 250 is provided to

»



cat al yst return 250 or on each arm 256. The flow control device(s) 258 can
be any t AT control devices currently in use in_the FEB 28®nt r ol
cat al yst ?“IE%W ?%Jrlgélljvgh catalyst transfer lines. If enpl o!}EB’,US%g/“F"I%\N
-control device 258 is desirably a ball valve, a plug valve or a slide
valve. [0057] In the enbodinent shqowg.in Fig. 3, the arns 256 of the

catal yst return, 250 open to the catal retentj.an zong 262, e_.cat al yst
retention 'g%goxég%tag@t ﬁ?’o’i‘?&@??mtt’gﬁmrzg’f’%?# Qﬁ%“iw thwecﬁr_sf ?%égé—g ofo catal yze
the hydr ocaebrsr £eA¥RMBI0 rPlova%@Eétbl?E‘t t}’if‘ngﬂ theScAAPGUtLd2 500 t{b%aﬂli)par atus

200. As one of skill in the art will appreciate, the boundary between the

cat al yst ristcentrdliad thoovehabused atfloov cattenll device 268 ppsitiosl ansthé | ui d and
depends, at l.east _in rt, on.the lev f catal yst .contained, in the

cat al yst r%att@ﬂ%ir T S LD E Hd’@@éga&hﬁ%?B’6°°5'%0¥a8"18%(%sﬁantl’8?ﬁ¥n 250.
«[0058] At hpast fleRohirbl &m&e%tomzra&ﬂ hu%gﬁlﬁléal?lot%icbhﬁﬂﬁéhtfggsgﬂéw or adj acent

the catalyst retention zone 262. The fluid distributor includes a
condui t 27tréugheatalyst transfef lingsd [fdmpjopagk the flew fcentreloleviagi2dB8ie a f 1 ui di zabl e

.catalyst int catalyst retention zone 262. Additional fluid distributors
270, as shg‘?ﬂfgﬁﬁ_%a@.y%‘;e’ﬁdgugﬂ% Ortf”es(f Gt Foned on the catalyst return 250
to further gosy di 28 thd sthBbdARhEshHEFnah ¥FED. 3, ARMHrASPSE of the AR BRFRpAST return

250. [0059] The hydrocarbon conversion apparatus 200 al so includes an outl et
280 -t hr oug$ egeingh thewatadystabipstiorczome B62+ dho vatalyst vaention zappabZaisus 200. The
outlet 280 is, shown .as I n sitigned on the second end 218. of the shell
212 but oSSl R AR LAERG b Paan e DRERR T Get086R 1he

appar at us ?e@&i(_ﬁﬁ%hi@hS@coﬂdﬁ@icddﬁth%&gbﬂb&% 2862 Alshureudhkiltihele drb@iltat al yst nmay
be ijntroduced into the apparatus 200. Although the inlet 282 is shown as _
bei ng posi errEerdetedhe bRundasy. befovecrethy catalysbreteriiongione 262 apd theivatalyist et 282 may
be positio NQSI4t 4 . a 0 | y be

provi ded t%%%eg%wgg%gtdﬁﬁd&nﬁt?%gt 1n ppaég%%ézleggoqfc%yggfo seedrr?es of
separ at i onincthy catelysP@tendon zehodl Al theame I5sef the eadlyistretune 25Gepar at i on zone

2 f shell 212. Th ' . [ . 286, | ' ,
filtors. <liosBhs ATk gonond Geubeas 2 GisnostiondREeall ohAcortiBt 21 PED
2001 VIO 200441922 ELTSAO YRR isrithbrdonifERaMY ShaiR9hSiigpar ate the

catal yst fronithe product of conversi on
which a fluidizing agent is fed to fluidize a fluidizable catalyst in the catalyst

retention zone 262. 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 return 250.

[0059] The hydrocarbon conversion apparatus 200 also includes 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 introduced 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.

[0060] A series of separation devices 286 are shown as being positioned in the
separation zone 214 of shell 212. The separation devices 286 may be cyclonic

separators, filters, screens, impingement devices, plates, cones or any other



reaction. The separation devices 286 are shown in Fig. 3 as cycl OEEC
separatorﬁv 288, 9[10061] A series of supports 292 are al so show | 3:?@? 3.
The suppolt&*MY8291% ¢ herely shown to be illustrative of PSAIBBENIBIZ neans
for supporting the hydrocarbon conversion apparatus 200. [0062] The
hydrocarbon conversion apparatus 2005phich is shown in Fig. 3 functions

simlarly to that shown in Figs. 1 and 2. The apparatys 200 showmn in Fig. 3
functi ons @%VFH%WPBRWﬁ!’@% Réhe ca b?é%‘fmrﬂ@lggfg%g% e PBYesiont | | ed with
an appr opr 'r@éc%oﬁ.”?ﬁ@%erﬁ}at&ﬁ[@éﬁc%k 288kGhoblR iﬁﬁ@.'ﬁ%dcgﬂtcfbing@fepﬁti%gﬁéys'[ return

250 and the catal yst retention zone 262. The cataly zed in the
catal yst ré88rn 250 and the catal yst retention zone 262 by neans of a

fluidizing t which is.provid to the. hydr.ocarhbho conversj appar at us
200 t hr ougt{ﬁ‘& coﬁoFGPF%O%s‘?PBﬁS&g%aE@FrOth&. lpi(i:ab%’tb%r SSHPPOTSIEE £ | ow of
catal yst t | ; : ow contr ol

devi ces 25%.Ié eléey @%%ﬁ&g&aﬁ@ﬁéﬁﬁggﬁﬂggﬁ% g&fg%p%rﬂ?%ﬁﬂgh the feed

di stri but orlyyd&Rerboii kenesmsiontappdrafie@f0pr ovi ded to the riser reactors 220 is

t he same 33 @Qat %sgu sed_ above in conj unct'? 3 vﬁ\ln] h the description of
Fig. 1. Thd'Pedd ahte PHUOEHPAP jeRvrtionA 220 pichis ShOwRI Figadt or s 220 by
the princi phagidesmiilgdo RRUESwn Pigka] #hy/3! Thek 5200 shiegct ed feed,

if any, exit the riser “reactors 220, - 220a through thelr second ends 224,
passi ng t hrEigghfupofidmsdnitifollowingn@dgerwhere they are consolidated in

transport it 240 before Lt] t 0, separati.on zone 14 of shell 212.
The cgt al yglgﬂglﬂl se%ﬁ?ﬁ?@&a“waﬁﬂﬁéﬁ%ﬁﬁ}ﬁﬁ %W&Pllaﬂﬂ? aﬁ’rﬂ“@&e @WelYHeed by t he
separ ati on gk %@ta%%@-mﬁ{@ca%ﬁ?ﬁrréﬁlﬁﬂzm ﬂ‘néTcatfaBJs{ fetdrliohBnseeond end 218

of shell 212 while the product”and any unreacted feed are renoved fromthe}
appar at us tTrecatplyst ksefluidized 28the dacded tetunRS0tandriho tatallyet retentivly gonemay be

renmoved fr t.he apparatus..200 through.the qutle 8Q and sent to a
regenerat i abﬁ’p‘ﬁ?%&? l?g a fﬁlbglz@ﬁ(?\ﬁﬁ',ﬁ ‘gl?’gh f‘sé?’f:B‘\’/@ﬁa é%fheﬁ“g%l?%dbé’& t he appar at us
200. Regenedoat&dios apparifis 206 tl@uph HREohAuits 72 FhefalddsZdEtord2T0Igh t he
inlet 282. [0065] The separated catal yst enters the first end 254 of the

catal yst rethafiovpgbeatalyst tpshe desfarpactprs 82pean kyewdrallyd biihaflaw seatrelon
conver si on eael hap. rdiiGs GRhAAR B ReARRY 2YPaR004 8234P

PCT/ US2003/
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 220 by the principles described
above. The catalyst, product and unreacted feed, if any, exit the riser reactors 220,
220a through their second ends 224, passing through collection device 246 where
they are consolidated in transport conduit 240 before exiting to separation zone
214 of shell 212, The catalyst is separated from the product and any unreacted
feed by the separation devices 286. The separated catalyst falls to the second end
218 of shell 212 while the product and any unreacted feed are removed from the
apparatus through the line 284.

[0064) 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. Regenerated catalyst is returned to the
apparatus 200 through the inlet 282.

[0065]  The separated catalyst enters the first end 254 of the catalyst return 250

and is recycled to be reused in the hydrocarbon conversion reaction. The catalyst



"-21- is returned through the catalyst return 250 to the catal ysp 1¢ehtedinnment

area 262 | catalyst is maintained in a fluidi zeg-stahesAy14he
fluidizi nvgwgg%ﬁ({bgéow ded through the fluid distributors 270. [00661 Another

- enbodi nent of the hydrocarbon conversion apparatus 300 is shown in Fig. 4.
The apparatus 300 conprises a plural2ty of riser reactors 330, a transport

SORIUL STds b L4 0L A oS0 LLAL QoL LU P3G, 306 o1l

310 i ncluding separa erence to Fig.

4, the shekdhegelBeicstalyet Wwphibyirrdiaklfluidied sdtd bi shdfbidosag Sheak | 310 has a
first end 314 and a second end 316. The first end 314 of shell 310 defines
.a separ at i HFPvidsthmppgh ithe fhmid dstribatorssd 4} yst is separated fromthe product

of the hydr bon imcl udes a
wal | extension 320Aﬁ@ﬁ%§ﬁﬁ5&# @&ﬁh§§¥3§§ﬁPﬁ?&iﬁﬁé&? éﬂ¥4§%9m§§4 of shel
»310 from t BRowe&oFig. £nTha ﬂtﬁpe@i’m§ Bebd tordpdses amﬂi.uahtfwaﬁsler RactorsB80322. The

wal | extension 320 and_the f portiaon 322 define a_quiescent zone 324 in

which a poF‘tﬁpﬁ?rkﬂon@%%‘étaaﬁeﬁﬂlsgﬁ?ﬁ“?f@@e% ﬂPWéHStﬁ‘ibP@F 3p@apersbel enoved from

the shell . diment shown in Fig. 4, a plurality of
riser react%fagﬂ 0 %rge}ga}aglgéptgflo%ggc){ i nside shell 310, as shown in Fi g. 4.

Each ri ser [0@67t or WathQoakhanbeferende3d &y, dathe\shelh 8 40 iscforthed by havagli t udi nal
axis of shell 310 and has a wal.l ri ser reactaor 33 as a first

o 392 and! aag@asomogfnosrg@zﬁlomi%ﬁgepﬁéﬂ,aas@zseqondeeaéﬁlﬁ, ¢ Bat o' 350
s positi ongdaihct hgysaeonnend - Sfeh Al s BlhicTaR oagand ond 334 of

each riser reactor exten ere it Isin conmuni cati on
with the fisesdrated froBifthe pfoduc’amfsqhehydmomﬂiun toiB/dsiomreacigin. cbhd getli3dd  devi ce

328.3 The second.end. 376 trans t conduit 374 extends . into aration
zone} 318 |ﬁ:‘1&*€”¥ql‘?‘?§ éﬁaa %’f‘tﬁ?’sb‘? ! Gglle@“eﬂ'flﬁé‘pm‘ﬁi’ “’é?lglesé’?t Ioeach ri ser
reactor 3%@4%@51‘1@11@@%01&1%@5&9&&@?%&ﬁHhQHQWOVmid%BH&M&Jmt and feed

are fed into the riser reactor 330. Although t’he hydrocarbon conversion
appar at us 30@ wadl ettengion 329 afdghe finasl protiem3 2y dﬂjinem@eesccsteaonc éattors 330,

apparatus 3Q0 .desi rabI ser react 0. The nunber
and st ze. ot st prrian of HEAR San b e R sh e RERFOEEPRIRS, (1t e
descripti oghelf 3/0.9. 1. [0069] Wth continuing reference to Fig. 4, wall 312

of shell 310 and wall 331 of each of the riser reactors 330 define a
catal yst rdP@#i onlnthpembadimens shewi i §igt 4, a plurality of riser reactors 330 are

positioned inside shell 310, as shown in Fig. 4. Each riser reactor 330 extends
substantially parallel 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 is positioned in the second end 316 of shell 310. The

‘ second end 334 of each riser reactor 330 extends upwardly where it is in fluid

) communication with the first end 378 of transport conduit 374 through collection
device 328. The second end 376 of transport conduit 374 extends into separation
zone 318 in 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 hydrocarbon conversion apparatus 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. '
[0069] 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



Z 1 FEB 2007 WD 2004/029178 PCT/ US2003/017121 -22 retention zone 336
contains the catalyst utilized to catal yze the hydrocarbon cHhVER 2008n
react i on WQRBHH/O2HI8 appar at us 300 is in operation, catal ystT/ustoenti7on zone
336 contains the catalyst in a fluidized state, as will be described in
detail below Wall extension 320, gll 312 of the shell 310 and the walls
331 of each of the riser reactors 330 al so define a catalyst return 338.
The cat al ystentiet sone B8 onthinsabe satabishhiyistedvibicetalyza shddgeinoeasbah i N a

conversion reaction fro he separatj o zone 318 in the first end 314 of
Che shel | CPRUGRIonARRSERT ROF BPRMEEA00 S oPERRa RS GFeRRTT | i n t he art
W 'l appregiatige cbitgind @G st@ﬁh‘@ﬁﬁdlzé&ﬁat‘dé%}iﬁﬁe ddselibet inQRtgONe 336 and

the catalyst return 338 is fluid and depends, at least 1n part, on the
| evel of deiavyNalbomtmionsdR0 watlldd 2editlad stell 316tandthowaltoddl 6B36chpf070] To

rovide a feed to the_riser reactors, 330, at | east one feed dj,stributor 340
P hos t§ dheaerraaciois 3% Ao deBRt & Yl rerpRoss dde Pt SIS Nore than

one feed @i&td dabi @ WhtdthaTBEeR BsIMRlatbedersRneaitio &rdnd Bk JeParkfibh OUS States,
e.g., one feed distributor 340 may provide feed in a vapor formwhile a

second f eezbnedil 8 tin thefirstrend 404 mdyhepshelli 3@ tb disdcatalyst rétentivrdzdne!336. Feed

di stributor 340 jncludes Jhody 342 fro ich a pluralit f necks 344
ext end. Ea‘éﬁ 0?‘? géeﬁl‘ﬁh E’atg"F 8& “@g@pﬁﬁla%%ttﬂ? g]ﬂ'\é\l{ﬁa E’%etgg%‘bﬂjﬁﬁ@é” eck 344. Each
neck 344 tQfdHibaLes 376 zﬁadhﬁ@&'at%@t refedf 38 Readid3ng d_@faerﬁl@,caﬂ 108€1h p%f't‘l I'S

positioned adjacent to the first end 332 of each riser "reactor 330.
Desi r abl y, orethcietebalicagalgst erniaimetd in thaocataipst reteniparcringsd3bi ser reactor  330.

More desi h head 346 i i i oned the. mouth 335 at th
fret ond D938 S ARhoRaE i P Al lgt o3h. S1eRPRSHERTHNSH o 240 ry
i ncl ude amqipkipesidbndd R GRHrEndd 89D G tR4%eP Bictdr O3] VMord @as ofié St ri but or’

340 to provide an e%ggl amount of feed to each neck 344 and, if desired, to
neasur e t hieed gissybutor ¥l gnaycbacemployrd Bvprovids fegtbinrvarigusstgtes£.g. ore f | ow
control deyiga. ' . I I scri bed above.
Fur ther , ot R SRt ® et bioc SR Mo tERE R R i A BRecRlIRERCT

di stri but edisitidutcr 840 nily preddd feedsta lgaatfopn. F20d disAdislitéd Iaihtipdessach head
346 may be fitted with_ a screeni ng devi ce, not to prevent back flow
8

hown,
of cat al ysbodht4s By whichreplzaly of Becks 8éd cutesd, 'Sﬁﬁghmg?effi_ﬁ@t%{rﬁp hagybsequent I y
| nto body ¢@bnd RE6iAEI hEUOA Bt theck 801 tenfndidthd a8 BU6PBEGL 350 15

al so positioned in second end 31
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 each respective riser reactor
330. More desirably, each head 346 is positioned at or above the mouth 335 at the
first end 332 of each respective riser 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. As shown in Fig. 4, the flow control device 348 is a
valve. 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 a 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.

[0071] 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

agent is fed to fluidize a fluidizable catalyst in the catalyst retention zone 336 and



"310. The fluid distributor 350 includes a conduit 352 into Whm? @2
flui dizingv ﬂ@ent Is fed to fluidize a fluidizable catal yst i ﬁ @gltal yst
retenti on"/OAEY888nd 2 1 FEB 2007 WO 2004/ 029178 PCT/ USSEB3AWEI1H - 23
-the catalyst return 338. An optional disperser 354 maybe positioned between
the fluid distributor 350 and the cptalyst retention zone 336 to disperse
the fluidizing agent the catalyst rétention zone 336 and_the catal yst

return 338thema sdpm3s8. An optiodpt dispsrsss 3t mayedrqsitoped hpvsenibe o t he
L el ] . 10,
ongi tuai n@kjftﬂtﬁbﬂ{or 55¢hid t’fl%%a{agrrs}t gb?enéﬁ)geczggg?gfg) dﬁﬁ}%rgg the Peddiziag O

Di sperser ybé a"screen, a ate Or sinrlar device
I hrough whigdmt theecatdlwt citentivn ae 386 aad thedataby 9o radwind¥S 8e [BiBpershr $64 iput i on of
the fluidizing agent to_ the catalyst reteption zone 336. h(_)O?Z] To separate
product s fAesablyerasitinned Betperdicdal/torthe innerudingl axis ofr gl 3R gt al yst, a

Separ at or %@9&%@%@ 68sHeli 3%??%?;%8%& 338 0hay TRY% &&eﬁf%gﬁg,%;gﬁg&ﬁe&i rst  end

314 of she e separators are shown 1n eing cyclonic

separ at or spRfor sihiiar davideakroagh syelr tht Guddid0Q agent s fed t ipkdv@deSevencr eens,
I mpi ngenent, devi ces, plates, cones and other deyices which would separate

the produdistibutigmof He thudizingazentto the eaalyel rplgation gd30n the first end 314
f shell 3 Th | red
or she g‘?’f?ti eﬁl‘é‘ SHREke @{ogﬁ&[@ flof &%@y?xﬁ%m@%ﬂ %@3@@8{2 I?leécHSn fQRI €

operati ng cy, = par e size o cata e gas superfici al
vel ocity, firecdtatysicnsepaprei3b) or asriks ol tséyaratpar3dipmay e pdhidopedinifotts ar e

renoved fro 1] .3 hrough a line 364 or .a_plurality of |lines 364 for
further pr%niggﬁeﬁés@ﬁgﬁba e g‘?ﬂm@% &re %B‘Q‘rl&tlz&%rni%ﬁﬁlg%wqqlﬁat i on.
[0073] Thes?ﬁ?ﬁéﬁ%‘éi %Q&fr@ﬁsesfo%&ﬁ%ﬂs%hgq& AARMS] @leedd0 through whi ch

cata) yst nay be rémpved fromthe shell 310 and an inlet 372 through which
cat al yst nmaypingepbutcledices phitesh ednes 3na othEh deyiossi whiohiwogld$epawtd e 370 and

inlet 372 i t. critical. Ho it irable fqr ,t let 370 t

be. posi {1 oREIEREITE st cSsE Ry SO PO GV G o oL Rt 670 ¢ ougn

the qui escqnt namBer é’f%ﬁarﬁt@%@\ﬂo chdPiRASHE BEside bpeatidg fficierR9si ti oned i n
e

the first end 314 of t shel1310. The i npi ngenent device 380 is provided
to direct partiglesize ofdbs/eaigystt thapep suncrRaaliplacitzyarodugtion ¢apasithendecond end

570 o conilpalhe 48 okl £ ey Shar i iatol SUbL SR ECK T 00
in Fig. 2.apheabiyriidinks 30Pfor Suntet pkocessing such as, for example, separation and
purification.

[0073] The apparatus 300 may further include an outlet 370 through which
catalyst may be removed from the shell 310 and an inlet 372 through which
catalyst may be placed into shell 310. The positioning of outiet 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.

[0074]  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
transport conduit 374 away from the second end 376 of conduit 374 and to limit
the amount of catalyst falling back into the conduit 374 and riser reactors 330.
[0075] A support 392 is also shown in Fig. 2. The support 392 is merely
shown to be illustrative of one possible means for supporting the hydrocarbon
conversion apparatus 300.

[0076]  As shown in Fig. 4, the hydrocarbon conversion apparatus 300

optionally includes an associated catalyst regeneration apparatus 90 which is in



shown to be illustrative of one possible neans for supporting the

hydr ocarbon conversi on apparatus 300. [0076] As shown in Fig. ul FRBna07
hydr ocar DS 28604#28178i on apparatus 300 optionally incl udeBCENS23HETIAL ed
catal yst regeneration apparatus 90 which is in 21 FEB 2007 WD 2004/ 029178
PCT/ US2003/ 017121 -24 fluid comunication wth the hydrocarbon conversion
apparatus 300. The catal yst regenérzét'i on apparatus 90 includes a catal yst
r egener at dhiid 2omwhinidatios with thé hydcarbomooneation apperstos 86@ Tirelr ocar bon

conver si on apparatus 300 and an.. optional catal yst stripper. 94, .which is in
FIUL 0 comfArPEAFSSSHO PR ApiEe 25 P PYedes At espedr SARVHishehitkan be | n
fluid CO"'ﬁiﬂagéﬁ]eshﬁﬁuiél’&éifoﬁ v&iih%@lﬁ?&%%%%@on&?ﬁ&?%@ba?&u@ ORhAd 5 300. A first

l'ine 96 provi comuni cati on between catal yst stripper 94 and
shel | 310 dpfiooalgiatabystlstaippd7®, whistezdndluid cem®8nicptiav imithshd ¢atalgtstconmuni cat i on

bet ween the cat al stripper 94.apd the catalyst .r neratqr 92. A third
| i ne 100 ﬂF%‘?ﬂcﬂeégy ﬁ ﬁ‘?‘ijwbﬁﬁﬁﬂﬂgﬁéﬂﬁm QLR FAL qpevwﬂ&g%i}yﬁgqca; nerator 92
and the i : I 3 10 : R : LARinid | 1y is
posi ti one3J o%ﬁe%@saﬁﬁf@ﬁ% 388 tqét)ﬁrcsﬁh%% gwp t hé G{S%u®@g¥mgat al é‘s’?%ﬂé"{%en t he }

shel | 310 thedatalyst steippdrypdtand shelppEd tiRdughforftleo d7@.oAtsecdnddenei e 104 optional |y
I s positioned on_second |li.ne, 98 to control the flo tal yst between the

f
cat al yst Ig_f"r”idﬁsp@Pl %anaﬁ@ SHEf _e_f’%télé'ﬁ%?tﬁ??)‘?rg %.nd_ PeAYSt a £l ow
control d%g&f&é@@zﬂgiﬂﬂ&'ﬁhé YO(?}EroQﬂi%'sfﬂuﬁﬂ%ﬂl@nchﬁ&gbét%% #{0 to control

the flow of "catal yst between t catal yst regenerator 92 and the shell 310.
The fl ow cwrlysiregbaeiateD2k0d the et 373dn k061 340 Blamyodttawerioatlfdl devi ce
currently

i n. in th t | t t fl h h catal yst
Craneter 1By ihdsitonRl i Son S0 06 e op Bt bl SHalytl BB R" 1 g
val ves andhgl1izde akakiesatalNt shppehod hR i 8bitsdl detick ROL bpBdhally is Shown on Fig.

4 as being separate fromthe Catalyst regenerator 92, one skilled in the
art will dppitesiedos seerad lingd8da cantyelithe flowpd eatabyst betivepe theratadysil | y f or ned

with the catal yst. r.egenernator 92. L14.ed 4 Ik Wi al so

appr eci at esqrflﬂ%etr?éa aélfit %&ag?‘l? ir%g_enﬁraé?{ m%tlﬁﬂﬁlbdglqon%e‘g%?gévﬁé@em? ning the

cat al yst t?ﬂdﬂﬂlﬁﬁ)ﬁsﬁwn@@omﬂﬂf&ﬁ]&‘lﬂ)ﬁﬂ&r{ﬁnﬁm thie oWl O:atdl{x bestezhyst nmay al so
be returned to the catalyst return. 338, the catal yst retention zone 336 and

conbi nat i o#§ caplysheesapairal? ard thewbel380. TheBow-goairghdeviess JPA H¥8 and t he
catal yst rgteid Qi ULy fRePeontrol device currently in use in the art to control

catalyst flow through catalyst transfer lines. Useful flow control devices include
ball valves, plug valves and slide valves.- Although the catalyst stripper 94 is
shown on Fig. 4 as being separate from the catalyst regenerator 92, one skilled in
the art will appreciate that the catalyst stripper 94 can be integrally formed with
the catalyst regenerator 92. One skilled in the art will also appreciate that,
although Fig. 4 shows third line 100 as returning the catalyst to the separation
zone 3 18 through line 100, the catalyst may also be returned to the catalyst refumn
338, the catalyst retention zone 336 and combinations of the separation zone 318,
the catalyst return 338 and the catalyst retention zone 336.

[0077] When in operation, the hydrocarbon conversion apparatus 300, 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 agent is fed into the fluid distributor 350 through conduit 352. The
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riser reactqgrs 330._[0079 pressure_differential created by the velocity

of “the. T ool dmdairHghiR 40 pny SFfsahauEh S btk RS of G6q ARIRIOTM0350 and t he
pressur e OfTﬁquedH%'cﬂ%ﬁib ed td WleHIof AR Seer gé%&:?dré/ §§q]{h?m* enhgﬂ}o%gﬁé%‘?g%l‘?t enti on
yS to Into the rst ends

zone 336 causes cata e aspirate of the

ri ser reactthe frsBafds FFeoftihe Aberseactars BB@Ansported through the riser reactors
330 under known principles . in wi the kinetic eper of one fluid,
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fluidi zed mmatayass of iR et Aol PhrieRE pickae s e UmgHR6r fiidaplbRNds 332 to
the second ends 334 of the riser reactors” 330. As the catalyst and feed
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occurs and conv [ roduct | r-qduced. . [ 0080 he,,con Si on
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the first dhdd3nahisrassibe feedlig usadiormevaanohey dhid dpthineasstheBeidizads, t he
CONVErsSlON catalyst. The catalyst and feed travel from the first ends 332 to the second ends

334 of the riser reactors 330. As the catalyst and feed travel through the riser
reactors 330, the hydrocarbon conversion reaction occurs and a conversion
product is produced.

[0080] T"he conversion product(s), unreacted feed, if any, and the catalyst exit
the riser reactors 330 through their second ends 334, pass through collection
device 328 and transport conduit 374 and enter the catalyst 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 376 of transport conduit

374 to the quiescent zone 324.
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of possi bl e configurations of riser reag ors and catal'yst returhs are shown
in cross seafarated fromfheg praductsiagd vhreasted dseds falsdsen bheefirsoerdd Jdralt | on for the

ri ser reactor 0 for_ the hydrocarb conversjon apparatu shown in Fig.
1 “ho. shoniiih B rough i rRAYHIER S e cHBLRT ETRBRCAN S35 O n a shel |
26. 1f conyipi RedyaritbidbrP-on28hb, tRE cathli8t RITEG R WP RS fhBe hdrS&irbégact ors and
the shell 26 is Tilled with refractory material 28. Useful refractory

mat eri al s e@nversidbwurkacBemd, cenment, ceramic materials, high alumina } bricks
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resi stant reactors and catalyst returns are shown in cross section in Fig. 5. Fig. 5A shows a

possible configuration for the riser reactors 20 for the hydrocarbon conversion
apparatus 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.

[0084]  Fig. 5B shows a cross section of a hydrocarbon conversion apparatus
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 are also
contained within the shell 26 and surrounded by the refractory material 28.

[0085]  Fig. 5C shows a possible configuration for the riser reactors 220 shown
in Fig. 3. In the embodiment shown in Fig. 5C, the catalyst return 250 is shown as
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5A. [0086] Fi % 5D shows a possible configuration for the riser reactors 330
shown i n F[0986k. AdgsHwkowna poygibleemiigneationder thegiset ispetom3Blare central ly
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Fig. 5D, afipersitedd nukéridl 382 Thestallt3 10ithhy alpp beopudmelly flledtwith 4 i r st
refriactory material 382 and_the second refracto_r}/ mat eri al 384 can be the
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fill ed w t#hownin Fig. 4. As shown in Fig. 5E, 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 arcas 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. SE,

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.

[0088] While the riser reactors and catalyst returns are shown in the various

Figures as having a circular cross section, the riser reactors and catalyst returns

may have any cross section which would facilitate operation of the hydrocarbon

conversion apparatus. Other useful cross sections for the riser reactors and the

catalyst returns include elliptical cross sections, polygonal cross sections and cross

sections of sections of ellipses and polygons. Desirable cross sections for the riser
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the riser geatertign 2807 Vi mosiujesrahly groseyyotispd axg/aiieiesand triaggles,r eact or s and

catal yst returns i.nclude circl.es dr | ar | vaons.wi.th sides of equal ,
angt he. oAb S R RS RS SrErREEeR  on has
no |ine sREH®M Sredk Fbr a06Tdrb%eSctidnshhpteistHageddon vigles@blisHed!de6mekipe, havi ng
angles greater than 180. The nost desirable cross sections are circles, and
tri angl es, prinsgles well kapunie fwge plsllod irhihs iatte Sidiladyu desirpdagedss The neans of

detern nin [0S sect ] onpal eas, for.. anvy cross,; section s i Sobased on
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circles and regu pol ygons with sides of equal |engths. The nost
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relative t separa zone ‘are s S as equi di st ant ajhd
symet r i cadre sidving imnfticdigieey dsganilistan and symetridal,altehatsaoiguakiohyie present

I nvention. For, exanple, the riser reactors my be posjtioned on one side of
t he separ aF At HiE ScAPGOTBRPESARtINYeRtiona For eXample, he Siseilicagio %, when t he

separati O”begé&ﬁicth%ﬁ o dtle’shid cﬁ*thé)§eﬁarélﬁgﬁﬁébﬁ@{qei Hemi%hfé&wg?fgggﬁtp% section, the

riser reactors nmay be positioned I ne along t ter the
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further apgiagetediif: ddpatatibheone!| Ghdii8l1éd Bahe art will appreciate that a wide
variety of configurations of the risers relative to the separation zone may be
utilized in the present invention.
[0090] One skilied in the art will further appreciate that the multiple riser
reactors of the hydrocarbon conversion apparatus of the present invention may be
formed by dividing a single riser reactor into a plurality of smaller riser reactors. R
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.
[0091} The hydrocarbon conversion apparatus of the present inventionis
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, oxygenate to

gasoline conversion reactions, malaeic anhydride formulation, vapor phase
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di vided int | t Jser raeactor Vi I+ her . rectangul ar or
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of the presedtciyivtemilé hrationsef ul to conduct npst any hydrocarbon
conversion process in which a fluidized catalyst is enployed. Typical
.reactions iW92lde, The hydsesaghpe comyieesiomapparatey e eresprlinyaiiet ions, oxygenat e

to olefin jon..r ' . ' . i reactions,
mal aei ¢ anigEORbARiGE R ot SERR0RE 6 o ERECRR:GRREIY 3801 73

PCT/ U52003/aﬁb?:?]t§énate 0Dlefie tharediosieaithes is oxphdnarl ik cohdtd deoléfin mul at i on,
Fi scher Tropsch reactions, and acrylonitrile fornulation. [0092] The

hydr ocar borPycoRtpsting am oxygrantetfiaed with aisatalyistadnr cppdiipns Bifisient tparticul arly
suited for °§8{§%§@H‘f g%%té)%y&e&%g to olefin conversion reaction. In an

oxygenate t Nver St on reacti on, an oxygenate is converted to an

ol efin by [0e9B]act Thg peotessfivd odlettingand gehdtes @ lipht aleyint empldes a Gaxddi ti ons
sufficient tqo convert the oxygenate to an olefin. [QQ93] The process for
convert i ng 1BYYdEE ah oFyeRpals. oht Ussd bereins tasisrgy oxygenated 1s d6fedde ng an
oxygenate. : | BEY ¢ 0 Tl g’}&‘} i ncl ude, but
isygot necéﬁ%‘é‘?%;%;ﬁ/t #?{%??gccf S%Egﬁyhglgfg%goé?%gﬁggggﬁ% g@%ﬁﬁg{ oxyé%lﬁsughc as the
fol | owi ng: tht fodloating: aliphatiolakohelt, ethiess, cadobghydmpmmde (ridishy(ed, dehydes,

ket ones, carboxyli ¢ acj.ds,..carhonates, .and.the |jke), and m.xtures thereof
T al phatt e%@ém’h%g?lﬁa o8I Pgd Drnd s &Qf-offhﬁfrom 1-10
carbon at 0rﬁphﬂ%ﬂﬁffd&%bfy%kﬂlg'cﬂmtaﬂﬁn&ﬁé‘% ehof h‘bﬁm-lt),‘&al%ﬁ %ﬁhsat ons.

Representative oxygenates i'nclude, but are not necessarily limted to,
| ower nol ecotl anoradesjtably ot thairgige of frainnl -4 cathoaratdresl Beprpseatativeal cohol s, and

their unsaturated counterparts.  Exa es of .sui.t abl e oxvgenates i ncl ude,
but are not°*i€ esgé‘P‘%iPée’l P tP‘i‘?eﬁ%Eiy ﬁ%‘?%i‘ﬁ’@wﬂrﬁ?ﬁgﬁgﬁ ?Velgﬁthanol ;
N- propanol ;sirhipBPEIRR@ BPbiantked aliphticPdI6HD, Snd MRiMMsatueitey bowitdigdris. di met hyl

et her; diethyl ether; di-i sopropy[ et her; methyl formate;.
Examples of suitable oxygenates include, but are not necessarily limited to the

following: methanol; ethanol; n-propanol; isopropanol; C4 - C1¢ 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.

[0094] 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 percent and 99 mol percent. 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), aromatic compounds, and mixtures thereof. Desired diluents

include, but are not necessarily limited to, water and nitrogen.
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m xtures thereof More desirably the oxygenate is nmethanol. The total charge -
of feed to the riser reactors may contain additional conponents, such as
di luents. [00941 One or nore diluemio‘may be fed to the riser reactors with

the oxygef#dsls, Apbrtichaif thdiéeet oiayl befeedidad 1d theeeantoriniligai] fdithuent in a
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hel ium ar Mg . N3 I des | @1 : n, water,
par af fins, ﬁg?ﬁnea? tf?yeg@gfgg}?)%hgl%( gi% I%Pélla%ﬁrrlr}g'\ta%;ne tﬂa?gérg@g %@fr?%gﬁnds, and

m xt ur es t fierfeqlf mapbs directlydinjecestt into the dddirddvallyider sguetonior estesssicori [y |imted
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phase, the tenperature 1nt riser reactors can be controll ed.

exot her m ctieqadparfion efiliquidfeaf tooeporeieed fedatonhercacionis ecnepgmstiblal | y absor bed by
t he endot her m eat of vaporization of the liquid portion of the feed. ]
Cont roi 11 N Rodop bR PP b (apis™ Gl op PRBLHST ioabs B he r oact of
IS one posgdablogs, Method for controlling the tenperature in the reactor and
in particular in the riser reactors. [0096] The anobunt of feed provided in

a liquid f{096] whetheeaméwn of &rdrmuodisd ingr iguwd dotny, wiether febsoparataly f eed, is

fromO.1 weight, percent to 85 wei.ght .percent of hg.total oxygenate content
bl us. di I ueRt oA Aoty dete B 0 aB RS incRoom by LoisP sRTOFIGET .

percent t othEotebgenpRIcofithi plus iiGer M file foud JoMRs @eshribly, thehagidtis feed, and
nost desirably the range is from5 weight percent to 65 wei aﬂt percent. The

li qui d andfipapbrveisbi mesat i 73 weight parcalofihe toiel wgeenatepiys diltsén, or may
feed, and most desirably the range is from 5 weight percent to 65 weight percent.

The liquid and vapor portions of the feed may be the same composition, or may

contain \‘rarying 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 diluent 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.

[0097] Optionally, the liquid fraction of the feed may be split into portions

and introduced to riser reactors a muliiplicity of locations along the length of the

riser reactors. This may be done with either the oxygenate feéd, the dilvent or

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

is to provide a nozzle which introduces the total liquid fraction of the feed to the

riser reactors in a manner such that the nozzle forms liquid droplets of an
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of the feed and/or diluent. 10097] Optionally, the liquid fraction of the
feed may besaeprs Either of hose arangemantd or Acpabinetdn theredfsesy hewsed iy s a

mul tiplici of l.ogations along.the |en f the riser reactors. This may
be. done. v bateEpor B BRTheB S S AP P g Ry fiee o PR T cal .,
this is domgodiidifg b heulEplidiSNdf IRRE feed pOintsiie ka6 orAlReighRic aqp?ﬁ@n is to
provide a nozzle which introduces the total liquid fraction of the feed to
the riserfeedaetde v ¢antrel deopins size distriuion iy well kpewndn therarkandiigopd dr opl et s
of an WD 2 pﬁﬁggﬂ#}g 1 FEB 2007 PCT/US20 3/017121 -31 appropriate size

di stributi6n i'ch, "when entrained with the gas and solids introduced to
the riser [(D88] Or SThe\taROyst Z€itlefby akhthlyzlgRndxlyBendtenrgblfidlcofivtgsion ser
reactors. Either of these arrangenents_or a conbination thereof may be used
to bett erreagianigrludesa molgsalaasigre aed pidues of moleoylar sieves. Mplepdlaet ors. The
means of  |. | . LRI CI LT AU ' | 4 reactor or
desi gni ng %ilg}te{sg:g#gé Q&e@%f@%@??% 0? gg%'gg({hrdgl(ﬂg{rl%f)@gt? éjjs {iggﬁ%?% S]S ution is well
known i n t iy alsb bademicl fioh mithselsedlifieae ndd2ditic rsleaddraleyss. suitabl e

for katalyzi ng, an oxygenate-to-ol efin gonversi on _reagtion includes a
nol ecul ar QF%V@%H‘EP lyshindudss amomereglitls Molecylas sieypy DesiFesmoler@des can be

zeol i tic (geplihesk wih BPDxARAkkkd 61c6AOBoRRRd] RadiorpEhuk “GRI! YSts  may

! i e 65
al so be formeg rom m xt ur e€s” of zeo1|t|c and non-zeolitic nol ecul ar sieves.
Desi r abl y, andiémetigmal’ pete mnkbuidesiewesn 68mak pbid’ingolsuilacsitws asd deviged Desi r ed

nmol ecul ar _sieyes, far use. w th an.oxygenate t.0 ol.efi conver sion reaction
i ncl ude " S?Faﬁnpllccu ah%}e“%‘ﬁ‘i%ﬂ?fei)ﬁ?"é%%ﬁ@&lﬂ%%[Pfi?Sémﬁaéﬁ'&ﬁr"%r e" nol ecul ar
si eves ar e«yigdiufifsbre2moldRuRE Hledts &k Q¥@FedMstolBANASiBRE vAth gorél aneter of |ess

than 5.0 Angstrons. "Medium pore" nolecular sieves are defined as nol ecul ar
si eves wi t haypeg @diameter from 5.0 to 10.0 Angstroms.

[0099} 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 AEIL, AFT, APC, ATN, ATT, ATV, AWW, BIK,
CAS, CHA, CHI, DAC, DDR, EDI, ERI, 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
MFI, MEL, MTW, EUO, MTT, HEU, FER, AFO, AEL, TON, and substituted
forms thereof.

[0100]  Silicoaluminophosphates (“SAPOs™) are one group of non-zeolitic
molecular sieves that are useful in an oxygenate 1o olefins conversion reaction.
SAPOs comprise a three-dimensional microporous crystal framework structure of
[Si04]), [A10,] and [PO,] tetrahedral units. The way Si is incorporated into the
structure can be determined by 2*Si MAS NMR. See Blackwell and Patton, J.



having a dianeter from5.0 to 10.0 Angstrons. [00991 Useful zeolitic

nol ecul ar sieves include, but are not limted to, nordenite, chhbEEie,
erioni t eW(ZBIuB91Z6M 34, ZSM 48 and mixtures thereof. NETHEIENTHAKI ng

t hese nol ecul ar sieves are known in the art and need not be discussed here.
Structural types of small pore nolecul ar sieves that are suitable for use
in this invention include AEl, AFT,‘3APC, ATN, ATT, ATV, AWN BI K, CAS, CHA,

CHI , DACCi:, PIBEBRCW %E]Ifa%swhS)KE”h? dedivéd SARO rhdléculm‘ik?ves I?AléJ,exErdit, RHO, ROG,
THO, and substitute Qrns fhereof Structural types. Jedium pore
mol ecul ar °8F & B¢ Refks AR ahes i M SNVt Vﬂ%apﬁerp ShiR(SY e TS e VFI

MEL, MIW L hE, Hﬁé}] e | forns thereof.

[ 01001 Si Ioft@afomgﬁgp osdpﬁgﬁgﬁg&%%ﬁggryem?ﬁ%r%ﬁ%%#%‘ﬁgg- zeolitic )
mol ecul ar peteenesf thb adtakpeakuseaf aflalli peakawitk aghomieal shifio ()] in sheaanger si on
reaction. SAPGs conprise a fhree-di, si Qnal . m croporous crystal franmework
struct ur e %t PMG?TIS[REEEQ‘]"h%Yﬁ@e[ ﬁbg]ec E%l?aiﬁgg%sﬁ?eﬁm gxdernghe way Si s

i ncor pora %?E cture can be determ ned by 29Si MAS NMR See
Bl ackwel | ttan %%?P%%Fe (}ﬂ%}{ FEB 2007 WD 2004/ 029178 PCT/ US2003/ 017121 -32

Phys. Cherf01092, BR96de{id<d38it thd siicedamirephS#iiatembieculansiced weddnwi | | exhi bi t
one or nore peaks in the 295 MAS ., Wth a chenjcal shift (Si)] in the
range of SB@BaPEPc-e@?Gh%YSrﬂr&ﬁ&"?@ytl‘l’iwgl}@dhﬁnﬁeénﬁéﬁﬁr hedopisr e M Alange of at
| east 20 ] ; ' chepi cal shift
(Si)] int e&,ﬁgﬂfgog% 3?41%59%%%??%%2‘%?%‘%3%%”%‘%?@?@&%# ca‘(’ﬁ%mmcal shifts
refer to eSitAds maido oftletsrthane016y lisddsaaiele( Wby, SifA11 tdtjo dftnot gredezsthamd t hat t he

silicoal um hosphat e | ecul. sieve used in. s a. proces ave a

Tl s o PAEbHRE Priteredang s Ak sk Eact Hensct Hon b S e R atar | o the |
| ower the pg‘éfeggd_sat urates selectivity, particularly propane selectivity. A
Si/A2 ratio of less than 0.65 is desirable, with a Si/Al12 ratio of not

great er t HAh02]0. 4G8ilmiahynipopticsphate molevlay sigives arergenemllp tlassfiedaeat er t han
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10, or 12 #mpiéiRicRifed tdhthaverH Gleth@Sporé BRSGanging 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.
[0103) In general, silicoaluminophosphate molecular sieves comprise a
molecular framework of corner-sharing [S105], {A1O;], and [PO,] tetrahedral
units. This type of framework is effective in converting various oxygenates into
olefin products.
[0104] 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, SAPO-35,
SAPO-36, SAPO-37, SAPO;40, SAPO-41, SAPO-42, SAPO-44, SAPO-47,
SAPO-56, the metal containj;g forms thereof, and mixtures thereof. Preferred are
SAPQ-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
considered a composition of matter having two or more components in varying

proportions, regardless of their physical state.
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‘ring structures can have an average pore size ranging from 3.5-2’L§3Fgﬂ19@zrorrs.

Preferred are bhe smal | pore SAPO nol ecul ar si eves havi ?,%T i@(,}ljﬁgﬂg re

si ze ra%(?ﬁ%w fOff3.5 to 5 angstrons, nore preferably from 0 5.0

.angstrons. These pore sizes are typical of nolecular sieves having 8

menbered rings. [0103] In general ,_3<3j_l I coal um nophosphat e nol ecul ar si eves
conprise a nolecul ar framework of Toner-sharing [Si02], [A102], and [P02]
t et r ahedr §1105ini tAddifiana olsfpefosning mpsmalaksipee wafedaksiopn be muiseshvaht i ng

vari ous o An |.ef.] r. i S. ' I .

o1 coal uiERRbERHPE ep s P HHEIEY; SeIdChpRitROItuasiees (o ol efin
conver si ogxigt, s wiiich bddbPaRRrént pAfeidd, StAcfirdl tipes o3ARfal ore SAPO- 17,
SAPO- 18, SAPO 20,  SAPO 31, SAPO 34, SAPO-35, SAPO 36, SAPQ- 37, SAPO 40,
SAPO 41, Sriouley siespribabare sgpghts fpr use i ipEentiondngtsdaprEEAM Bi ni ng f or ns
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mat t er haGsgtaedbiosms digrecte Siyened txpes of madium goregrolseiley 87¢s thatgar dl ess of
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[ 0105] Additiona ormng” nol ecu sireve mat’erials can b€ m xed with
t he sili cBERY ARG S IGN cartlatubititated ifbmtiethiereet]. PiSéredaholeyiassiofes nol ecul ar

sieves exist, each of which exhibit different properties._Structural types
of small P& °3H&eé@mbé‘?eds‘i*”él¥/%§111f3ﬂ3é‘t‘m§%‘§’h§%ﬁh@?oqa@?§%Fn"é%% Zﬁ\’lt—qni s invention

i ncl ude A AT, T, ATV, AWN BIK, CAS, CHA, CH, DAC, DDR,
EDI ) ERi 15&%55 ’ ?H“ﬁgtﬁq SBWILTA, MON, PAU, PHI, RHO, ROG THO, and

substi t ut f06dr neSubizanaat SABOs fiorirua elast gfiaslecilanseias knpenasnol ecul ar si eves
that are,sui g, for . use . in this invention inclu VEI L, MI'W EUG
M e, MO st s oot gn LRISTH<PE PR AR opHet T Tabg or  ed

mol ecul ar ppd PRI ardiinGin GREhelet, CUPDHEG4th Whbdtitder®d, shaPa MRAPQDROSphat e

catal yst include ZSM5, ZSM 34, erionite, and chabazite. [01061 Substituted
SAPCs f or plsa mayaesssuithbledbrese i thegiresgot inkprfion. é¥nitable 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.
[0107}  Desired MeAPSOs are small pore MeAPSOs having pore size smaller
than 5 Angstroms. Small pore MeAPSOs include, but are not necessarily limited
to, NiISAPO-34, CoSAPO-34, NiSAPO-17, CoSAP(O-17, and mixtures thereof.
[0108]  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 MeAPOQOs 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 substituents may
be incorporated during synthesis of the MeAPQOs. Alternately, the substituenis
may be incorporated after synthesis of ALPOs or MeAPOs using many methods.



"MeAPSGs, " which are also useful in the present invention. Proce?sys% @@f
maki ng. MeAPSGCs are known in the art. SAPGs with substituents, “suc
MeAPSCs, WQREH/EEl8be suitable for use in the present i nREHUSHN/01SIZL abl e
substituents, "Me," include, but are not necessarily limted to, nickel,
cobal t, manganese, zinc, titanium strontium magnesium barium and

cal cium The substituents may be i'%orporat ed during synthesis of the
MeAPSGs. 7Hht eietiddl ifclulld) ®ubategiot heeniasilyHinitel@o,l iba-@kENAt dcipleher synthesis
of SAPGCs or MeAPSGs usi ng many methods. .~ These net hods 1.ncl ude, but are not
necessar i Wetnessidee aikiae, velmesieg anicaldnixig and gempasgonsihorenf. xi ng, wet

m xi ng, I ca ] X : j | ; L.red MeAPSGCs
o ool | TORBE! R TEINRAter 300 SRTULN ROSpPGSP R0 o sl bl °G a1~
por e MeAPHfdeiabBl dadid, paltitlespirewhich theseksalar bigve isprest id o atbAPO- 34,
CoSAPG- 34, N SAPO- 17, CoSAPO- 17, and m xtures thereof. [0108]

Al uni nophé&Epetiteds cembzodhe dsird somearsipnErcyon.al e selidnmtidles mayeAPCs, " are
anot her ge 0 |+ i .use in an

oy genat o sk ARl Gt MteBlicy Bobits P oRE B IR AR D of Ny Sl
por e MeAPGrterl Osrefatsly hleastake 06 a MitlaPaatetiabakdhabindenmifeeiaftd . Sui t abl e
substituents include, but are not necessarily limted to, nickel, cobalt,

manganes e Providea desifed pronarty ortprenertieine-gralgriead eatalysaiiuting. merbanisalci um  The

substitue kC é 3 LS of & aM‘B%E

Al t er nat e?é‘?n#ﬁén%u SIEHI}{ ﬁ’(r'-:t?\l é&ﬂ%ﬂg@éllﬂﬁ% ?r'%%lﬁg?ﬂé% ngﬁlt l]:(‘agrlgsynt %? s of ALPGCs
or MeAPGs susiRrgter@pyron®inneatise akd o ha00sbnWha 30kt 0Ot yiCadtionz003/ 017121
-34 The nethods incl ude, but_are .not ngcessa ily limted to, ion-exchange,._

i nci pi ent to REARRIE he arpatianeippdesigd RPARGTyAnchBiaK oF MR MORP PHTRFtVANd )
combi nat ! 9 Bk B desuL PRHCINEnIBLRAY ISt SR (YA SAdMRdeRCO POT at ed

into a sol1d conposition, preferab solid particles, 1n whi _
nmol ecul ar nsiteniads irehplegfe ekampleasyndimbicrand nefufraltyt occaring shstahgesemetab desi red

conversion reaction...The sol.id rticles may. include a.catalytically

of foct | ve S SR HRuReh Shceriipay Aisaisrcs SRR CUNES or 4bl y at
| east one sgfcaahbliad, SllicABESTIR! siBOSltinRisNEREa-AMhfhd-BHoriab,Qilidat ovi de a desired
property or, properties, €.g., desired catalyst dilution, mechanical

strengt h aheninkeir¢anias, andonidteres of thesewefsvigist i on. Such matrix materials are
of ten 10 aofif eXtEnt POLONS.-RAkGE pAlSko8ly ElmHALE 1 32MaNBYBE! ecti Ve

catal ytic
percent, more preferably 5 percent to 90 percent, and still more preferably 10

percent to 80 percent, by weight of molecular sieve; and an amount of 1 percent to

99 percent, more preferably 5 percent to 90 percent, and still more preferably 10 |

percent to 80 percent, by weight of matrix material. _

[0111] 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.

[0112] 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 20 microns to 3,000

microns, desirably from 30 microns to 200 microns, and more desirably from 50

microns to 150 microns. The catalyst may be subjected to a variety of treatments

to achieve the desired physical and chemical characteristics. Such treatments

include, but are not necessarily limited to, calcination, ball milling, milling,



‘to pronote the formati on of undesired products and nay or may noj 1 PER 2007

effective ({)ﬂ)ﬁ%ﬁﬂﬂ% e the desired chem cal conversion. Sﬁéﬂu@ﬁfoﬁlbi‘mle- g.
I'nder’,

filler angl materials include, for exanple, synthetic and naturally
.occurring substances, netal oxides, clays, silicas, alumnas,

silica-alum nas, silica-magnesias, shkica-zirconias, silica-thorias,
silica-beryllias, silica-titanias | lica-alum na-thorias, silica-
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chemi cal chaingy ef heldsad gasSheberlt bAd TS sebtitd] aftepartitillardbeativntingecessari |y
limyed to, calcination, ball mlling, mlling, ,21FEB2007 WD) 2004/ 029178
PCT/"US2003/708¢ta® fempesajurey presaire gind offea yelgyapt pegction paramgterhal e 2a8at nent, aci d

treatment, kg 1c§a!’1 SBlotR inciAdfle Sﬂ?’ﬁ{lﬂ&ﬁé Igt%%%ﬁ ﬂ?{hg‘ﬁlf;erﬁls{o?%}ﬁ]m kgl y. 1n an

oxygenate to ol efi n conVersion-reacti on ucte e hydrocar bon
conver si on @ppateafreserdhart hmefer @sesdcondaf) dtamyqrjitay shearegasr. superfi ci al
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i s conver t etipemicial yelodilx is greater than 4 m/s. Most desirably, the gas superficial ,
velocity is greater than 8 m/s.

f0114j 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 m/s, 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.

[0115] When the gas superficial velocity approaches 1ny/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 return.
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reactor —-at a wide range of pressures including, but not limited to, pressures from 0.1 kPa
to 5 MPa. A desired pressure is from 5 kPa to 1 MPa and most desirably from 20
kPa to 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.
[0119] 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 is calculated using only

the weight of molecular sieve in the catalyst in the riser reactors. The WHSV is
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ol efin products nmay becone markedly sl ower. However, at tenperatures

gr eat er tifkﬁirqlﬁﬁé,ighfﬁ@“&b twamtain e eataly s ipe tadigadistate undardbdit of 1 ght _
olefin pr . : - ' : ' . S formon the
cat al yslto %@&{@nggﬁtoggﬁﬁgﬁ&n[%gﬁ%cfo?icgﬁfggg@g}l Ar{{sdq%/}hgﬁgfl %e?&%npaﬁlsr’sal t hough not

.necessar i | the IWHSRik fivm hhotne 000 hat, desisille froang ar ofo 30064styasi i ncl udi ng,

but not limted tq, pressures fr 0.1 kPa,. to 5 MPa. A desjred pressure is
from5 kPaPg esigabty B iﬂ%’_tetoclé@?a& ﬁlerqpahfw hageliscgveyee thata. The

f oregoi ng qHeEaRHFSIOryABhatt RFGIMAR cofireiBh réuctlbd HEDWHIY ofdler mld Tefer to

the partial® pressure as It relates to oxygendte conpounds
and/ or mi x20ime'setives éwf metRaessmtar imthcgirdducy Blatehd thd adnwersiangastiomy be used

and are t excluded fromthe, scope of the invention.. Lower d, upper
extrenes ofUSpFESEOHYLSIABJEaGHOR S{}a‘a}vp@e@@@é%i t‘gﬁatg‘?ﬁ‘ﬁ'gl%(?gﬁ“lon, coki ng
rate, and/gg 4 @&Eéxﬁﬁltisri%%gmgpﬁ’ﬂ‘ﬁﬁﬁéth{lﬂ iyt oﬂhﬁ&&r@?tb‘é‘l‘égk‘, thd Wii?*v?%m and, for

that reason, these e presslre are considered part o e present
i nvent i on. dekralIQ Bt ReastiXehrt and encvé AW sfbmr20te toRQ@hriat e conver si on

e hour HOTERLT S el B bhih ey S AR S tAE T Lo 'S
reactors, $IHﬂﬁ§ﬁ&ﬁaWoB(Pgéﬂ&?eéUn%§r%taWﬁ{WB?ﬁﬂ@asti@ﬁr'tQ{@éT%ﬁ%ﬂﬁEe fed to
the jiser reactors includes all” oxygenate in both the vapor and |iquid

phase. Al t Gouepied Nermalizad Methang\Sedetivity (TONMS) ofiess ¢handd.@1hAsisekt as

I nerts, fijllers L nders, .th SV i.s ul a usin t he wei ght of
nol ecul ar %?I%TME‘ gP%ﬁl %&e?ﬁ?} Z?cf@}e@&‘apgggggr“é@ Wgwwis‘ 2 1 FEB
2007 VWO 200¢@ &nSek18reRSTdsE2R0000¢ 7 T84 NMS 1s defied abine Mbtiinepoedah to nai ntain

the catalyst in a fluidized state under the reaction conditions and within
t he react oYiekglividgdibuthesihydene rreduneyieldsvherein p3eh vield ds memspredon pobm 1 hr "1

to 5000 hr;- i r = 0, _ t ,rably fromb5
1 to 1508 chpv R A netet @b B Whed iheloqunills 40RE ortBUEC Y,
oxygenat e the TWINHISris definedrtsi the folkarihg eguaionainWitvh §rie tieavetdgan
temperature within the reactor in °C:
TCNMS = NMS

1-+(((T-400)/400) x 14.84).

[0121]  Oxygenate conversion should be maintained sufficiently high to avoid
) the need for commercially unacceptable levels of feed recycling. While 100
percent oxygenate conversion is desired for the purpose of completely avoiding
feed recycle, a reduction in unwanted by-products is observed frequently when the
conversion is 98 percent or less. Since recycling up to as much as 50 percent of
the feed can be commercially acceptable, conversion rates from 50 percent to 98
percent are desired. Conversion rates may be maintained in this range -- 50
percent to 98 percent -- using a number of methods familiar to persons of ordinary
skill in the art. Examples include, but are not necessarily limited to, adjusting one
or more of the following: reaction temperature; pressure; flow rate (weight howrly
space velocity and/or gas superficial velocity); catalyst recirculation rate; reactor

apparatus configuration; reactor configuration; feed composition; amount of liquid



20 hf 1 reduces the nethane content in the product slate of the%f?@/mzi on
reaction. Thus, the conversion reaction is desirably operated V of
at | east VO 2me4/029178For a feed conprising nethanol, di et R§T/UEREPI713Y

m xtures thereof, the WHSV is desirably at least 20 hr -1 and nore
desirably from20 hf' to 300 hi'. [0%501 It is particularly preferred that
the reaction conditions for making "dféfins froman oxygenate conprise a
WHSV of at feslastatiz®tdaponfgddasTeiibbe distussed Belowdcnaahniof reelricalattdMet hane

Sel ectivity of .l ess than 0.016. As_used herei TCNVS. i s defined as
Che Nor mal 12l Shiebesh of SERR St eGP oA SIERDRREET NP ATREENES | 055 ¢ han
400C. The NVBydrsiofefined as the nethane product yield divided by the

et hyl ene product yield wherein each yield is neasured on or is converted to
a weight p t basi: t h: r..ar t he TCNMS
s defi nedquﬁhe ?ﬁ%ﬁ%’%@%ﬁl io?rﬁ%%%{a\%?ﬁ%glﬁqf‘ggﬁ:?ﬁgmg’eggéaegés tenperature |
Wi t hi n t he depédits @bcunfuliie oh@VEataiyM\Mised 10-plopdotd ) dohOksion rédetidf) At[ 01211
Oxygenat e conversi on shoul d be naintained sufficiently high to avoid the
need for cérmEPeIN thy buildiep epthgss earperaspauseppaitiapasyadeingionipithe 100
percent ox : vV, ' ' ' t etely

avoi di ng %gg%ﬁﬁtggg%e&%%?g%h@‘%@lé ﬁg{’é}e\%étﬁtfggd %;ﬁ%?%&g@% s%?gm (L)bserved :
frequent | y pofxgntht betalysnin parniailo deactiv@tdp eWheani cathlybes®. noSongsr doaestel i ng up to
as nmuch as 50 percent of  the feed can be commercially acceptable,

conver si on 3 X¥ERkdMas@lefEr preguct; hegatalysbisconsidgied t@lég fwbt. Cconversion

B T e T b S

nunber of ods fam rsons ordinary s ,
Exanpl es i rpotitheof theitataly st inotithdevasfami thy rdactor aad at leastadjontién afthene or norle
of the follow. ng: reaction tenperature; pr.ess . flow rate (weight hourly
space vel O&Wna‘ﬁﬁlpﬁ?géa@ the practar 43 a%rﬂeléﬁd&?fﬁ)ﬁﬁwam%? He&ircul ation

rate; react ' ' o ' Lo 4 feed
Commos! £ onebene R B A B o o e o O 4 P 017101

-35- feed megeaeiaientibiswagant tHat8ut qaslsonacédus idepetiits arsatdeasbpatially anount  of
ol UL e T SR Dy B KRk IR L S AR S

the reactor is at least partially deactivated. The remaining portion of the catalyst

in the reactor is re-circulated without regeneration, as described above. The

regenerated catalyst, with or without cooling, is then returned to the reactor.

Desirably, the rate of withdrawing the portion of the catalyst for regeneration is

from 0.1 percent to 99 percent of the rate of the catalyst exiting the reactor. More

desirably, the rate is from 0.2 percent to 50 percent, and, most desirably, from 0.5

percent to 5 percent. }

[0123]  Desirably, a portion of the catalyst, comprising molecular sieve and
any other materials such as binders, fillers, etc., is removed from the reactor for
regeneration and recirculation back to the reactor 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 tota] feed rate of oxygenates to the reactor. 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 reactor for
regeneraﬁon and recirculation back to the reactor will vary these rates in direct

proportion to the content of non-reactive solids in the total solids.



[0122] During the conversion of oxygenates to light olefins, car bghrbragﬁi
deposits accunul ate on the catal yst used to pronote the conver s tion.
At some WOIHEOWHE build up of these carbonaceous deposht¥UVRIEYIIH
-reduction in the capability of the catalyst to convert the oxygenate feed
to light olefins. At this point, h_} catalyst Is partially deactivated.
When a catal yst can no | onger conver an oxygenate to an ol efin product,

t he cat al yE124E cd)rsualdyeﬂtetcetab}est faﬂehqratﬂraaistcmxr'wd@dlt hﬁar@encretibmnal step in
an oxygenate t(%? f| n _conver.si on react.ion, ortion. f %S ca aI yst is
wi t hdrawn FHRSHEH, 1?%@8?%\“8}‘?8 g4t C‘P‘B%%‘n%"ﬂéﬁﬂf‘u gﬁﬂlﬁf o Sremoved

Jfromthe rgaghar O)ﬁcﬁan&%élhée It abe ndtAbedsstrli gluﬂiea%@esi@act)g@gasog egener ati on
‘apparatus, such as regeneration apparatus 90 as showl in 4.

r egener at i NeQ, NO, NO> D4, andh atixtunes theneblh nic end sir didptedi with am@gam of east
Jpartially emoved. fromthe.catalys Desirab the portion of the catalyst
Nt har aven FPBAR Gieed BREIGRiTLeaes; SR tRan CPen OB AP The ot i ng
portion of reﬂﬁé‘edctﬁta%ﬁﬁélled RvéiRg n'il%ﬁﬁ'fz@ bdrfedtRp O SlbredtBg HMt shsteiin,
regeneration, as described above. regenerated cat al yst,” with or w thout
cooling, i thetrbgsneratary The datalyst myw@dieaﬂgencm reditivelst wethhadeoges,

w t hdrawi ng.the p on of the catal for ati.on is from0.1

per cent to%é@lﬁéPgmo%‘?n %ca?l&qrbm{geg 1 oég}hﬁf gé‘{%% efiP‘ﬂﬁ Ef%¥5y eactor. More
desirably, rat romO0.2 percent, to 50 r cept t desirably,
fromO0.5 B’éagb CBta;)@FE@ﬁt erf’%ﬁf‘??jteqjé‘sainﬁ’%@ef ﬁf%‘SFhP Bh‘hﬂi’b he catal yst,
conpr i si ”gcéﬂ%in%ﬁﬁH HrniSL B or ARYmBIdAbn HREGE! BLATMAR AR nders,

fillers, etc., Is rem)ve romthe reactor regenerati o

reciy cul at ragnné:ratwin it @ dekieed metdivdr IZE‘slrebly,athecaiﬁlymrlemg&n&ratadrte:aIewel 10 tines,
nmore desiraply from and t desir f 3to 3 tinmes
the total P af”é’f‘%“ﬁ?%@(?&iﬂ ‘FEECIF?PtF$E§TDP’ZQE’F8?t Ofﬁ%é@g&’g%@ ®pertain to the
catal yst gankai ning nol ecul ar sieve only, and do not include non-reactive
solids. The rate of total solids, i.e., catalyst and non-reactive solids,
renoved fr [ ha to the
reroved 1 RIREe RSkl Mrent ISR AR AR AR, T

non-r eact i wsl desiraloly fiom 6O tot 7N0°C IBécdsse mardgeeemﬁmrm@mmmgqe? 8

PCT/ U82003/017121 - 39 2 the c taI rat on is
carried ouft? {EREEEY %‘L%%qréhy%g%ﬁﬁﬂ‘é‘fl@e PR ECREe ‘\é éﬂeﬁ WF gs conpri si ng
oxygen or @afahek d@éifa@&llb%oofﬁﬂ%lt &9ortion of the regenerated catalyst to a lower

temperature before it is sent back to the reactor. A heat exchanger, not shown,

located external to the regeneration apparatus may be used to remove some heat
from the catalyst after it has been withdrawn from the regeneration apparatus.

_ When the regenerated catalyst is cooled, it is desirable to cool it to a temperature

) which is from 200°C higher to 200°C lower than the temperature of the catalyst
withdrawn from the reactor. More desirably, the regenerated catalyst is cooled to
a temperature from 10°C to 200°C lower than the temperature of the catalyst
withdrawn from the reactor. This cooled catalyst then may be 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
may be returned to any portion of the reactor. It may 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.



of other oxidants include, but are not necessarily Ilmted to, sin lﬁﬁ; 02,
d with
R

air can be reduced to a controlled level to mnimze overheating of, or :

creating hot spots in, the regeneragfé)r The catal yst may al so be
regener at ed reductlvel wth hé rogen, mxtures of hydrogen and carbon

03, 503, N20, N(O NO2, N20G5, and m xtures thereof.
nltrogen‘%‘?z"'&ﬁﬁ“&?e desired regeneration gases. The ox

nmonoxi de, $M231 herPesinabhs catalys

Pmﬁgatg:aslégame@mgtﬂew@aw&l& yst may be

regener at el iy R0Y MRehe Pl TRERQHBre o PALSIe ro SO EMUB B 0T | MuoUS,

or a conbi nation ntlnuou

eration | a desired

met hod. - B&sdda&t{byganid@nmstﬁwsﬁorlsm;rp&meﬂemajeecﬁrsto Thid gMpping @hn bemai ni ng
coke fromO0.01 w percent to 15 w percent of the weight of the catalyst.

[ 0126] Thea@a@‘@ﬂ}mpwgéﬁéﬁra%pﬂlaﬁnng@ﬂvﬁtsnelé catpdyt at seeleydad 250C to 750G,
and desi ra'Péu%( A R Eﬂta%Pe or s@@ﬂ‘gﬁﬁﬂhh‘@gﬁ @g{ogéﬁ 31 a&lg' gn takes

pl ace enperat ure consi

ydgenat e conver si on

reaction, infethaf®yCOg Grtashyrda@g@ m&lm@ﬁhreathdrﬁﬁstApremfédguals)étemhe regener at ed
catal yst to a_l ower erature before it is sent back to {he reactor. A

heat exchaft#é hourhbﬁp%ﬁé’ city (GHzVe baredoarwolume of eadorvolune pheatdistappar at us
may be usegn I\teﬁgﬂﬁ% s %‘géstls ﬁo&?ﬂ‘ltﬂmeto%@(yﬁt ﬂf:ér gfab'lé has been

wi t hdr awn e rege on apparatus t'he

generated catalyst is

cooled, it térfpegitaies @Iﬁlsmppmgtmet&om 2305Cao t76 0% rant Wesirabih frolh 330°Ciem 200C

hi gher to 200C | ower than the tenperature of the catalyst

wi t hdrawn from

the reactoP’>fbre desi rably, the regenerated catalyst is cooled to a

tenperature from 10C to 200C | ower than the tenperature of the catalyst :
wi t hdrawn 988 t helhemethod ofmﬁl@g:tb@miem@t @lbt}gtprwm@hlmth;s ipeertiotur ned to !

o 2O BRLEL 9 Sleifliny (RS BaplEs EERRRLALERARASERLS; O Dot

When the regenerat TR

eratio apparatus I's returned

to the rea@iy@ocarbbns SRY abeﬂ[ aiaagrmﬁdnamhanybia@idssaﬁﬂﬂiuﬁamgag edethods It may be
returned tg the catalyst containnment area to await contact with the feed,
the separ afPigpaking theqcomnesitivns aremenindn shesart+ hhesedasthods BCkgbhi nat i on of

both. 21 FEAn00oNe) 20000248 ATHSARUOKLI AL cofshPBRT] Dosiably

catalyst regeneration Is carried out

ctivated catal yst

t hat has begmhestis ggspedlcwhohmrstthaxf Syathdsit gasy endwaprbéun@ddgrkmwn

processes such as steam reforming, autothermal reforming and partial oxidization.

[0129] 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 olefm product with a

polyolefin-forming catalyst at a pressure and temperature effective to form the

polyolefin product.

[0130] A preferred polyolefin-forming catalyst is a metallocene catalyst. The

preferred temperature range of operation is between 50°C and 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

’



materials (organics) in a stripper or stripping chanmber first. gw; 2007
‘?%21

strippi ng w@nehRe@ghi eved by passing a stripping gas oveerhhgs
catal yst at an elevated tenperature. Gases suitable for stripping include

-steam nitrogen, helium argon, nethane, C02, CO hydrogen, and m xtures
thereof. A preferred gas is steam -@&s hourly space velocity (GHSV, based
on vol une ofi.gasqtf fgfﬁ%’d &aﬁ br ,-aﬁ%p-@,%ﬁa Af10lAR8 15hbaRPWRY 9as 1S
fromO0.1 h' 'Set’o 20,%%0 -1.&6A?éce ar%%ee te lerat uerees of stripping are from
250C t 0 750&preferkddempembiry bétvarn 330 aml 2W7E6CFof @aodiinsd peocamehdtisof nmaki ng

the preferred_ol ef] roduct in this ipventi can.pncl t he additi onal
step of mkPW&rﬁeﬁéﬁ%}&g@Wé&t@@ﬁ%ﬁaw f OW%EJ\C tﬂ%poga?‘ﬁgﬁgtgﬁch as oil,
coal, tar Sgﬁ@aﬁrx@l}ﬁéﬁur%%%@ﬁgtdﬁﬁj%ﬁl gas. Methods for nmaking the

conpositions are Known in the art. These nethods include fernentation to

al cohol or , i ! i . hesi s gas
to al cohol @irll‘a’g hermlég@%f) Eé@#sﬁgg‘mg’m%%%%%ﬁh{g&%ﬁg?ﬁ m%?/?)%:esses guch
as st eam r efemed frgm thelodéfhisipraduded be the progcaan df firrpreseht dvestionhadri on. [ 0129]

One skilled jn the art_will also appreciate that fhe ol efns, produced by the
oxygenat e- t 8leBpererovesertherafiam. dbaserindpde butaie npt bndad to. gldehydesn can be

pol yneri zed I 0, lyef.l i I
pol ypr opyl eﬁltgghgl%ra géctfe&sal's%cg’ lﬁg?n?ﬁg?%a%gﬁ%g#§'yf%:ft #ﬁ’sé@l% @P@P ﬁsﬁgg}(le known in
the art. Cavayyéhleride)ethyiienesneneynebride adhylBer gliycall eurhgnepiseppyed ar e
nmet al | ocene,, Ziegler/Natta and,  acid catalytic systens.. See, for, exanple,
U S. Patent alﬁééo? agroleig, a@é;c%éizfs’-l?5¥’@381?ﬂe 9’,(1%&,0@3@; acyl, gfylepepropylesy 685,

4, 07)6’ 698, ABdR; eﬁl%%%ﬁoﬁ:e tefni %‘%{i}gs mf&d%ﬁl%rsq%jethj}l%}regﬁ e ofhese nethods

invo) ve contacting t 0 ih pr t wth a poly “formng catal yst at
a pressure bhuptlenenpBreancthededf matifaguting fhesenderhativesoirg stedifinowprindhect . [ 01301

A preferred polyal efin-form cat st is a netall ocene catal yst. The
preferred t@‘ﬁﬁé‘ﬁ%ﬂ%?%@r?gﬁd’é’tagc‘bﬁﬁﬁ%?on i s between 50C and 240C and the
reacti on ca carried out at |ow,, di um or high pressure, bejng anywhere
from 1 bar ﬁ{]g%]zoo Theregmbadypents dewcsid h%’%’l‘W%H‘eégtttoi%ﬁ IQE?WEFVBH{‘IYan i nert

di | uent canaleudlihisB e 0ken W1 R0AML BRINAREMHERAORMEA LIy - 41~ used, - and

the preferred operating pressure range 1s between 10 an 50 bars, with
following claims.



a preferred tenperature between 120C and 230C. For gas phase processes, it
is preferred that the tenperature generally be from60C to 160C, 2 hhtB 204t
the operating pressure be from5 bars to 50 bars. [0131] In addition to

-pol yol ef n, nunerous other olefin derivadkves nmay be forned fromthe ol ef ns

produced by t >ss of the present invention or olefins recovered
therefrom Th%ude, but are not limted to, aldehydes, alcohols,

acetic acid, linear alpha olefins, vinyl acetate, ethylene dichloride and

vinyl chloride, ethylbgnzene, ethylene oxide, ethylene glycol, cunene,
i sopropyl al 3oho I}yl}‘é‘f‘?)‘fagﬁ’?ﬁ CO&’I"F%P"“CWSW‘H@P“PP i ene oxide, acrylic acid,

et hyl ene- propyl ene g pluBlg cF riseF@a@6Fsy k&Rl dffitid Bser AfAltord haARASa AR ehld 6 S Of
et hyl ene, propylene or Dbutylenes. The nethods of manufacturing these
derivatives are wewhidoeaalyst cande fed and assgondendethmughawhicinthe cdialystissed

here. [01321 The enbodi.nents _described herein are nmeant to be illustrative
only and shoul d n&t? %épﬁgl?esﬁngesz’fsn‘iti ng the invention, which is defined by

the follow ng cl aiageparionFidhe200ided d sehAhiyBhe catalPstiTyshi proalubRBfGONVer si on
apparatus conprising: .a plurality of riser reactors, each of the riser
reactors having a f¢actien gepsucieddn thghydrocarhoscanyarsiop app¥atused and a second

end through whi ch_tidgealalordbic ck@afilibioldesdhain LEALARI froviginaRAd 2t | o

zone provided to separate t cataly romp ucts of a” reacfion
conduct ed i n t he hydmouaidabnn between sheosecanphendaplist; least twanf hertsecondui t

extending into the separatjon zone.and proyidi fluld comupication
between the second r%afsfgcgs ?ﬁ‘dglf’ SPRayon} 260 b?’l\{?rﬁlélq%r %‘8‘%&6# 8% %“Fﬁo%ﬁﬁmﬁhe
separation zone, WREHR thankp&t soMthuitetics fromShs Sih bOHR snRE crosdlsedtidfal
transport conduit varies fromthe sumof the smallest cross sectional areas

of the plurality ofreas stheplyralityraf nispr reacipmty nofapretban 2 paeent; add at | east
one catal yst returnicfibi W@dg'h A LR oM R nSSRMHALL and t he
first ends of the Elt!ser regg[tagfrgs. .q@ﬁ%fahfm%@ééﬁloHgﬁonvg%bs%&ogppg?at us of
claim 1l further compditlsifirgt erals ofithel ry®t raactoent i on zone bet ween the catal yst
return and the first end of the
2. The hydrocarbon conversion apparatus of claim 1 further comprising:
a catalyst retention zone between the catalyst return and the ﬁrst end of the

riser reactors, provided to allow fluid communication between the catalyst

return and the first end of the riser reactors and contain catalyst.

3. The hydrocarbon conversion apparatus of claim 1 or 2 wherein the
plurality of riser reactors is in fluid communication with a plurality of

transport conduits.

4. The hydrocarbon conversion apparatus of claim 1 or 2 wherein the
plurality of riser reactors is in fluid communication with a single transport

conduit.

5. The hydrocarbon conversion apparatus of claim 1 or 2 wherein the

transport conduit further comprises a collection device for connecting the



riser reactors, provided to allow fluid conmuni cation between the catal yst
return and the first end of the riser reactors and contain catal ysi]FEB 20 e
hydr ocar bon conversi on apparatus of claiml or 2 wherein the plurality of
.riser reactors is in fluid comunicationddth a plurality of transport
conduits. 4. The hygHoag 3hdHT 2¢ RAYIERR JTThARRA Téktbys MthGhefif énddsf e Wher ei n
the plurality of riser reactors is in fluid communication with a single
transport conduit coBluitThe hydrocar bon conversion apparatus of claim1 or 2
wherein the transport conduit further conprises a collection device for
connecting the 21 FEB 2007 -43 second ends of at |east two of the riser
reactors w thethe flheaydeoatbed corhersiaoappatdtus f claiimel twy2iwheminthe conver si on
apparatus of claim1l ﬁéstz wherein the smallest cross sectional area of the

transport conduit %2 F@é%%ecga%l“wfﬁ%“%mﬁ?n “H%‘_sé‘hl&ﬁ‘ég‘fa]é‘? 'S
sectional areas of sm%fméﬁﬁau@a%ﬁrs%cddﬁg[éreas%lftﬁeﬂgzemd‘c@&rs pnadier ewith. 7.

The hydrocar bon conversi on apparatus of aim1l or wherein the small est
cross sectional ar eampfunidation tharespth.t conduit varies by no nore than 10
percent fromthe sumof the smallest cross sectional areas of the riser
reactors in fluid communi cation therewith. 8. The hydrocarbon conversion

apparatus of gl ai MThe Wp@ioearbon bénvehyish Spard@ofeMiner 64 Piwhaieathat us i ncl udes
at least four riser reactors. 9. The hydrocarbon conversi on apparatus of

claim 2 wherein t hémallegerosegsstipnal aggacof thmiranspeid comduii Yarigs BHRPBII hel |
having a wal |l and f4 t j rd reactors
and the vail of ¢ he EoRRcnt REFAG. T t Rt R Rl s I 10
The. hydr ocar bon comserrsadorsapfJaidatonsnaficationitmerdwish. 2 wherei n t he cat al yst
ret_@rn is positioned externally to the riser reactors. 11. The hydrocarbon
conversion apparatus of claim1l or 2 wherein the nunber of the catalyst

returns equal 8. t he Thempaioc@boih bnversiér appRewtisufelaih’l wheeidgidr ocar bon

conversion apparatus of claiml1l or 2 further conprisinpg: .
hydrocarbon conversion apparatus includes at least four riser reactors.

9, The hydrocarbon conversion apparatus of claim 2 wherein the riser
reactors are contained within a common shell having a wall and first and
second ends, and the wherein the riser reactors and the wall of the commeon

shell define the catalyst retention zone.

10. The hydrocarbon conversion apparatus of claim 1 or 2 wherein the catalyst

return is positioned externally to the riser reactors.

11. The hydrocarbon conversion apparatus of claim 1 or 2 wherein the number

of the catalyst returns equals the number of the riser reactors.

12.  The hydrocarbon conversion apparatus of claim 1 or 2 further comprising:
a feed distributor including at least one feed head positioned adjacent to
the first ends of the riser reactors wherein the feed distributor provides
feed to the riser reactors in substantially equal streams through the feed
heads.



a feed distributor including at |east one feed head positioned adjacent to
the first ends of the riser reactors wherein the feed distributqgr [pggomppes
feed to the riser reactors in substanti a%{y equal streans through the feed
-heads. 21 FEB 2007 -44 13. The hydrocarbon conversion apparatus of claim1l
further conprising: a feed di stributor |ncI udi ng at | east one feed head
positioned a bace_ i rst ends h_g |S&r @ actors wherein the
[

feed distrib ﬂ?’gé‘mﬁ °“fﬁ°8m?réiﬁ’ﬁtaﬂ’8?"a \Pfée"‘%}l FOgh TS he feed to

the riser reactors febd @idghbutdritciheing ahﬁ;%@itsonejféed Hdad payitionedhdiasene RNVer si on
apparatus of claim1 or 2 further conprising plurality of catalyst

returns and a fl ovth@:ﬁmt eedls efdhe eéerggmt@rsoﬁmemﬂl@f'&@%dlsmbtﬁmm@mm /st
t 15. Th furth
Comprisi g a cat A1 O] MR PorBPi AR ARBE e e Riipp fhmpfigh " "

hydr ocarbon convehéfeed heapar at us. 16. The hydrocarbon conversi on appar at us
of claim15 further conprising a catalyst stripper in fluid comrunication
with the hydrocarbon conversion apparatus and the catalyst regenerator. 17.

The hydrocar Han ConuSr AR ARNBLILNRn AbpEhls Vel Por IR odligiaifePar 2L o

zone includes at |'east’ one separator s romgroup consi

cycl oni ¢ separ at ora plarality dfatalgsn retopisragdrefidw demtal devicd positioiedat ¢aehs

t hereof. 18. The hydrocar bon conversion apparatus of claim1 wherein each of

the riser reactord theetaly#IgQESsect i onal area of no greater than 12 n2. 19.

The hydrocarbon conversion apparatus of claim1 wherein each of the riser

reactors has a height of from1l0 neters to 70 neters. 20. The hydrocarbon

coné ersi on appar atThe hyfdrmﬂadiqn@nmiwiappmmsmfwldimsltorZ:ﬁmémmptiiain@l area
n

50 percent from ¢ ek BRReRE Y HesEorhuftabRL Suh BRI, (ne 11 cer

conversion apparatus.

16.  The hydrocarbon conversion apparatus of claim 15 further comprising a
catalyst stripper in fluid communication with the hydrocarbon conversion

apparatus and the catalyst regenerator.

17.  The hydrocarbon conversion apparatus of c¢laim 1 or 2 wherein the
separation zone includes at least one separator selected from group
consisting of a cyclonic separator, a filter, an impingement device and

combinations thereof.

18. The hydrocarbon conversion apparatus of claim 1 wherein each of the riser

reactors has a cross sectional area of no greater than 12 m®.

19, The hydrocarbon conversion apparatus of claim 1 wherein each of the riser

_reactors has a height of from 10 meters to 70 meters.

20.  The hydrocarbon conversion apparatué of claim 1 wherein the smallest

cross sectional area of any one of the niser reactors varies by no more than



reactors. 21. A hydrocarbon conversion process conprising: (a) fe?dli‘%g 2?!07
fluidizable catalyst and a feed to a plurality of riser reactors®t
plurality of riser reactors being part ofysa single hydrocarbon conversion

~appar at us; (b) confactin he feed with the catglyst in the plurality of
riser reactors uné@ﬂ’e‘%ﬁ@%‘f’]‘%%S@?weé&fﬁ%s?ﬂmé‘gﬁ%%&qfapﬁé’t e Q8 teFISET pr oduct
(c) consolidating theigeutput of at [east two of the riser reactors in a

conduit for transport into a separation zone, wherein the smallest cross
sectional area of the conduit varies fromthe sumof the snmallest cross

sectional aregs of ,the plurality of riser reactors by no nore than 20
percent; (d) Qz'epar”‘ali“{dﬁ‘gﬂaf%"él°c°é¥8{5§/°§'tpff’?%§ﬁm°?’ﬁ’8“fﬁ‘§duct in the separation

zone, the separatign z@ndidged NGidizhbid datdlyst QR Teddrbi alumlityofisekeast two of
the riser reactors through the conduit; and (e) returning the catalyst from
t he separati on zongesciors flee puraliay pf psesfreactors being partodasinglohydraearhgitir ocar bon

conversi on process _of cl.al rther conprising: (f) regenerating a
portion of the cat §?I§/vse sidh) EB&P%%% %?I yst regenerator to formregenerated
catal yst, which is(tet ucoegcting thededty it dar dacilyst dmiRptirality GiHser ffabis and

$ Qéeﬁ,gfg[ ?glnét ‘"9 turhlgerrcgrrlrc%ltig;lsn gffggirvteltc? Qoxg\rel'tt tgg fge?lttg laﬁ'tt)duvc\;ﬂt;t hout

(¢)  consolidating the output of at least two of the riser reactors in a
conduit for transport into a separation zone, wherein the smallest cross
sectional area of the conduit varies from the sum of the smailest cross

) sectional areas of the plurality of riser reactors by no more than 20 percent;
(d) separating the catalyst from the product in the separation zone, the
separation zone being in fluid communication with at least two of the riser
reactors through the conduit; and
(e) returning the catalyst from the separation zone to the plurality of

riser reactors.

22.  The hydrocarbon conversion process of claim 21 further comprising:
£3) regenerating a portion of the catalyst in a catalyst regenerator to
form regenerated catalyst, which is returned to the hydrocarbon conversion

apparatus; and

[N

(h)  recirculating the remaining portion of the catalyst without

regeneration.





