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[ pyﬁquhpcal reactor geometry is proportional to the diameter, and more generally to
a characteristic width), 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 necessitate 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

desired to make a fluidized reactor with a very large cross-sectional area to enable
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[0005] Thus, a need exists in the art for a reactor that 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

resulting to multiple, independent reactor systems.



[ 0006] The present invention provides a solution to
woeosssient |y existing need in the art by propctusgeso274s2

shorter hydrocarbon conversi on apparatus while

mai ntai ning a high aspect ratio_in the riser reactors.

The hydrocarbon conversion apparatus includes a
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separate the catalyst from products of  a reaction

condime sdinfigasede hydr ocar bon conversi on apparatus. A

pl ur ali of evi ati,ng. ne s is also provjded, each
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catal yst retention zone. WO 2004/037950
PCT/ $83389 3%3¢025 the niser_rgactors, is provided to separate the catalyst from products

of a reaction conducted in the hydrocarbon conversion apparatus. A plurality of
deviating members is also provided, each deviating member being in fluid
communication between the second end of a respective riser reactor and a
respective inlet of the separation zone. The apparatus also includes a catalyst
retention zone provided to contain catalyst, which is then fed to the riser reactors,
" and a catalyst return in fluid communication between the separation zone and the

catalyst retention zone.



[0009] The invention is also directed to a hydrocarbon
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reactors, each having a first end into which a

catalyst is fed and a second. epd through which the
catalyst can exit the riser réactor. A separation
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hydrocar conver si on apparatus including a
pl u rsaparatyng)fne chwbyst fremcthe pwduetds ithawepanatjomzéne; e sgpatation zone
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bei ng ass6ciated with a 'respective riser reactor. A
sepaargit(gbrepeating stepsi(agtodl)- | east one side is provi ded

to s ate t cat,al the. uc e
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si d efomfreqehmg/@ta@ﬂzmd 3recmdrat/tusego yhishthg catalyst and a product
can exit. A plurality of deviating members are provided, each deviating member
being associated with a respective riser reactor. A separation zone having at least
one side is provided to separate the catalyst from the product; wherein the
separation zone includes a plurality of inlets, each inlet being associated with a

respective deviating member, and wherein the inlets are oriented on the side of the -
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catalyst return and arns being in fluid comuni cation
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providing a deviation angle of less than 90 degrees; and

Fig. 7 presents a partial cross sectional view of a “J-Bend” catalyst

return system according to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention provides a hydrocarbon conversion
apparatus including a plurality of riser reactors, éach of which is in fluid
communication with a respective deviating member. Each deviating member
deviates the flow of product, unreacted feed, and catalyst from the top of a
respective riser reactor to one of a plurality of inlets on the separation zone.
Preferably the inlets are formed on the side of the upper section of the separation

zone. By deviating the flow of material from the top of the riser reactors through



inlets oriented in the upper section of the separation
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conversion reaction.” The separation devices 126 shown
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posileP S Pe Weloriatersiatad filters scipeiyy BapipgaRent devigespplates,
114

Zond 1S5 g SHRE Belich R boui R AR, AR RY R prgduct of
116 ﬂhmtamvmncmheadtmnc éiihal sgsaratiandevicee d2@ sleovireth Rigure 1 are

1 o Sopig SRRy riolhet cEpof ot AP BRI o seppiRup devices
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end 116 and the second end 118. If the'riser reactor

| ac ke sepatstinn pae 134, o1 agogbinatign nﬁ@xt@yaahlm gnd im¢gdrnally positioned
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bet jp@15]t he f iRisér refdloseq9rteneAdiscerkt 'f@ﬁ%‘llalkUO)émdtﬂﬂ;'eseparatlon
separation zone 124 is a cylindrical form having
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ce ntagg Eg%igaﬁa %e?itg%fon&ﬁc% e h}?d?gca%osr_l cbhiTersihQ e85 03 B2 Aser

PCT/
reactor 114 is a cylindrical form, as shown in Fig. 1, a center axis 158 extends

between the ﬁfst end 116 and the second end 118. If the riser reactor lacks a
central axis, e.g., is not cylindrical, conical, etc., a centroid line perpendicular to a
cross-sectional plane of the riser reactor extends between the first and second
ends. Preferably, the separation zone 124 is a cylindrical form having a center

axis 166, which is preferably parallel to the center axis 158 of riser reactors 114.



-7 Each riser reactor 114 further includes a second
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r eagbaf §sel 1éhctd TRl BB idbIddiE 2 A 20 d\ﬁlg Jgré %iﬁg{%gltﬂg‘%

on the hydrocarbon conversion “process 't
| n tdtelyatp paidatts and hfreactbd fea Pifl by, Wit HOri 6 e 34 NThe first

diﬂé\%’&e gour five, six or even nore than six
i og Gl nsyeaqierolid]ierphaatge Brremeytholodttheueh siich the
r ea@étﬁ’l?& il 4 ﬂﬁzytﬁg A b 45 1yl4 ﬁ)etnlﬂglbe? gP%§er 5eac¥ors P14

Fi. gs geonetry IS conp

cyl emp}uyc@in e @4 1 lO Qam&sd’epéﬂ(ilno blhﬂleg@@mtﬁfbbn%nﬁé}ﬁon
riser reac ors%ch,z caompri sed of a single,

f r uBTOGRISOP PG CERAHEIedCE My 2rparerusn1e. gds sepRrERdhA pacontain two,
' nc{}ﬁé’@fo&u{av@fs& %W dﬁ pdBd &En‘s&r seb fe'aé@% @ prisns
and frusta of pyram rectang ulsr AR sguar e wedges

and[00d6kt a oﬂ"hpgecamtcbsof thadsﬁeeicﬁ@@nahm agonily. In the
sept pri smat oi ds and rusta

agonal a V’gﬁ oct ag
t he?ré‘g? Rk 10%1H Hle EePMEH &F comtiser of & chigndrical member.
eXﬁ@B{]@&llynﬁ{el)éégmeﬁ—?()f Srlsgf)}e)é%}%%r 19@ ﬁkgdhoﬁssu?de right

t et rahedr on, an octoh e eca ron or aif
ic oﬁ'ﬂﬁé@er@ coapd Otlen ISmmbISgimlmc Mes plebrdeclalt are not limited to,

sec tor and barr e|r circul ar,
el | %r%%‘é Q?P a%‘&t% Rya?fﬁifis r&ﬁ@% ars%%@ aHEeadges and frusta
genef glraaitd, iﬂcﬁ;k&ntagoh&' héxabEnACePag SR 8Rd QEtaQ(SBéI ?flsmatoxds

~ these geonmetric shapes defining Phe riser reacto

andawst SH%ﬂ"ééf‘é)édeéiﬁféﬂals%@@rtaﬂ:lldhelzlmdnartmgaxamplm frilude
t he, t he present i
oSFER R SheARERR B et B YR

- | easbsawedron] aet congat tpieres hhd spipsrRbEdeatory, add Rdrus ald Bayrels in

reactors 114 are orlented externally to the

ser
s he{hl€II Cirsplar, slintical qr pegRpolis %’Hﬁs@%ﬁ?ﬁi‘l’ F‘W%’;ﬁl genenad and right.

ri SMulﬁ;ﬁé@&@frﬁné@sAof%ﬁ opfh%‘sé Tic Qgefﬁl{lgo jls%ctor
di aneter defined by s Rl ser eactors

pr efnd/eighe aﬁp@amtsemgtnqn mme@rmlalmwiﬂm thadespeedth apparatus of

sepak 124. In one enbodinent, the riser
rea@t %Eésg{jtlﬁgé\hﬁg positioned adjacent to separation

ZonfO12). | It Mcsrdan@oaitheid predeRCinS B0 2ERES oilléL Bs&@reactor
i ser reactor 114 enter separation zone 12

h
| Z‘B‘Swf PHac8By el vty afxssepreagioput bt aro nriznied emmally to the shell
00
brel & Jrhantorn bbbyl SIS RraERbR 113 dikpostiongd

nmenbeyond Ak mTvienuedianteion definsigy sh'bBQ 60P |l§§e@ kedetors | f4 @
cu1rve¥(}i§£1ti)l§ga)E el bow,. or, gther conduit device adapted to

r eckf <19} ppsitipnederieccdy andernentle senasttiongede 124. Inone

- anYembhifinefi tileridet RBEtoF LSRG BE pddifioddd M nt 1o separation zone 124.

In this embodiment, the second ends 118 of each riser reactor 114 enter separation
zone 124 above the second end 128 of separation zone 124.

[0018] Second end 118 of each riser reactor 114 preferably is in fluid
commumcatlon with a dev1atmg member 120. The deviating member 120
preferably 15 a curved pipe, elbow, or other conduit device adapted to receive

catalyst, products and unreacted feed, if any, that exits riser reactor 114 through
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WP a0de¥198¢ i ng menber 120 devi ates the fl ow of PO®US2003/027452
catal yst, products and unreacted feed fromthe second

end of the riser reactor 114 tgoward inlet 122 on the

side wall(s) of shell 160. Preferably, the inlet 122

is not oriented along the center aX|s 158 (or

cendebiddedd 1. Ofheidviaiil et @ﬁ £‘€he B EE catal st
axis) of riser reactor -114. Pre era y, t evi at|
menreduqts and desacedifeed dtonnthe aeging endbf tjfeer&bﬁfeattbﬁmléﬂtoward

oA 27,8 T SideuRs equhgﬂd|68°§?ef§r[abfygﬁeﬁr%§%? 12,8%0t oriented
| ea&BngZQre c@ﬁte} F§§ | 5§gorcbrenﬁ$1d|1§x§%§° ggéexdl%g& ?ngenter axis)

preferably at | east or at
degofoessr rephtor dé4i Hterfmblan@lle cdevmtmgjmfembedpxherdes a dewatifeangle

angl g t hat th flow o Iys roduct s, and
unr SEEEEE tlhé% degregs. ]%V% erg Y~d3é st NE %;}h%@qy,lag{qgﬁ@embers has a

e g8 hatibatin %feclﬂ‘att tb%stsﬁ? ‘aﬂféaﬁ ng, k185080 b7 HG¢ast ‘ifa%tr&[s, more
114 to inlet 122. In F’g. 1, the deviation an

i || prsferahilpdt logstd@y atdeasd B0 onageast B0 degreesdh The dlﬁfmtlmtbxﬂgy: is
cen s.158  of eac or corres

confited bt 2o me anpleahi TGP 5 SHalyRh iyt SRY Bpreaded feed,
axi ﬁ')an)'ﬂriﬁ' devVigted 'B)tyrchévfahﬁ@’nﬁ%{%r 1266 hO¥e R Qﬂ\ﬁ 17@0f fider
Fig. the devi ation angl IS approxi mtely

degreeetgr 1 1‘[ '@JOBQ?]t 182.gIn Bigi | Ithedmate:z;l angtetingltustr ated by deviation

he _devi at nenber enbl y, .
gen%rganﬁ higk; gngl Stb By® ‘F?%\? L‘%Ofap?%e\ﬂr% OIZOI Cortesponding
dev t@ttrbﬂmmm@ﬁ £riséd redctiJadkiti St RGIsFaSd theenth @Ry pdih,
Fig , .a riser _reactor 602 having a center axis 612

(or sftoew b)brraowﬂﬁ@ ¥ Fighé, the deviatienpanels 0 jsapreoximatein ¥ degrees.
axXl

R A R s

pr odlﬂulbeamemb]ye genezally designaiefl banyrow €00, ptevideS@8ieviation angle

defi 610 0O also defin )

Son oSS Bhkn 30 Seereds s S indie &y S LS ES R gving a center
unl ke 61 eor d@ﬁewdquﬁl iV tHd@REr e a6 1@81&041@35@&%5?:{5% fluid
deviation angle is |ess than 90 degrees

t he CofByNRicRREN Witlladexiatiag aembse é%wlaehrdeﬂatas(ths mOﬁﬁatalyst
ar orr.e h

of gﬁ)rﬁl{l%tg a?ﬁﬁfélg% c@eng é‘cg kf any, 1o 18%2?8‘(9 d&%le% slhg,l ?#& 8fel1 610
ent algo défimay spﬁirbtlomhmwﬁlﬂyaﬁﬁidn‘%eﬁ%ovd nHEWGverGImlikEQhe

devi atjion_ angle ? i sm£pr oxi mately. 45 degrees.

Er oSTeaIPUsl-degerabrcgabriamgnis dhe dedatign qsrglms dgshéham 90 degrees. In
devi nﬂle@% fibn an%l’@ 'qu]déjfﬁfeﬁ %9 ﬁ'tegﬂﬁlls @ﬁ*’ 8Pa ﬂgé}l r8ac¥dr 602 (or
| ess 1 han egree Inte

e nbcodnre:spnndmg centded liat oba naesrgha&:tarslacﬂmgm ahueﬁaxlcg ah@ the entry

aboﬁ) 90 degree nor e refer 2EI y from about .30 to
abo OV SHP R OY 2R IR i & 5145V PG ABEI6 dels approignately

abo Ufg dgé‘egse. Ot foston 1%1 Qd\%g-r{}i%Eod‘:%l[}bx%ghé@%ro&@ﬁugdae&ﬁﬁtin%'}mmber

angle 13 greater t ter
gr eathich ddfmas 4 26videgn ewzde of less than 90 degrees. In terms of ranges, in one

embodiment, the deviation angle is from about 10 to about 90 degrees, more
preferably from about 30 to about 90 degrees and most preferably from about 45
to about 90 degrees. In other embodiments, the deviation angle is greater than 90,

greater than 100, or greater than 120 degrees.
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i-ncludes a second plurality of riser reactors

oriented underneath the separation zone. Each of the
second plurality of riser reacPors includes first and
second ends and a second center axis ext endi ng

e['b@ t ween. I@@mﬁ&ﬂ eﬁ%dfocﬂe gﬂ&?%c@sm:’\ﬂf Acides a
ond in ets, eac secon el ng oriented
aI osegomi plasgieg bf Neer mmmlommiamdemeam th&seplaravibn tzhee. Each of

second pluyrality riser rea tors. optionally xt ends
. nsthgeeqond phgéwapgﬂserf%% inqlyles Rirs 2B BERATAERES  andigesecond

nfgag{er Qg(lsrelx QH&EE’J edrO/ TI %*) ngfy %ﬁ%@lh&e@rﬁ }?lgr;aﬁty of

e great ficreased. Accor e anount
pr o:dauoﬂid infes, nsach secord Biley @hmgmyxénted atdngra regpeegvesseoond center

Rovetie| BaEG) T gpoond PRTRURGpL S Feacifes PRGIBAT EHewbyBade the
114, g&&fﬁeﬂ 501?{' Js Rﬁl[sg g@ﬁﬁen? Y n@fbe YR st r%b&!)rs 985a given

vel oCity, ynam’cs, pressure,
pr oskpatation zowepmay by grehtly herehsead. r,eeboln@adglqcﬁle kamount of product

conyersi on process. In the present inventio
¢ slbrmee e B2l Stnsatbonspy raan BPHER R £ g g Reantly
met Bkseakey. 70 neters and a wdth (or dianeter) of one

"nmeter to three neters. Al of the riser reactors 114

hav B021ki i | aRewaigito lFigohnthdn size of the siseramaiiors 144 depends on

hei r, second r t he he|
o SreelReiicp 28 SRR ci RS yaIptity, ORey TRy rifiice, BlsBe and
f r OpRoR&idH GPhcifyedah®teskrdd hi/@rosaBbA Gén\rek§@{ prog&s! o the present
114, More desirably, the hei ghts vary no nore than

10%ragationyeagh mrqaawwm derarahlyi lgﬂﬁtaélexg&if opyl hpetergpe 0
th 9
aH]e% {g axgcpg) g@%}h 6{3} ét‘?ﬂ'ﬁetgm? thfﬁfé¥er Qé thtr&eiTg{eﬁszgﬁgof the riser

i nvention, I'ser reactors
si nidaatorct bElsavsecimiadieight fanathemdirstteadeht6 theodphithéit second

Desirably, _each o he riser reactors a cross
ceoFImuE: RSTety e hejebisicd i R epaiorpl 1 Ny &Y B more than
desbp&kdm ofd elerdbadtBiel 14118 Bhoth€AGde fuclon s 1 41 Mo?@ 8esirably, the
sectional area of no greater than 7 nR

des nhclabtswarmb)cho ofore then A 0%eands eaaeﬁdﬁsgahiﬁshah@gbtéyary by no
sect.| ong@ngeﬁa of no greater than 3.5 nR2. Desirably,
t he % &tional areas of the riser reactors vary

by 1pe022pr e t han odOmbédMe S the BREert @A&h6n,teaclfodihb eiser
riser reactor. More desirably, the cross sectiognal . -

ar eZeackrs { Hehas supilpegesscestion grepplons lmleret Deaght Bgirably,
AN eodPSH B3R realuyrs 18541§c1’8550§e%t1§xfahta{e% ho Q& thin 112,

ri ser reactors va one or

nmor Mmﬂeslemra“bmmadr sf thameerbeddnoxa hbas gess s@ndnai amaaif Inesgireater
Ccross- sectiognal area at d| fferent poi n%s al ong

hei élpﬁn o2, Mest deirabhp gach fdhe p%peach;é as a Cross sectlonal areé of

no greater than 3.5 m2. Desirably, the cross sectional areas of the riser reactors
vary by no more than 20% from one riser reactor to another riser reactor. More
desirably, the cross sectional areas of the riser reactors vary by no more than 10%
and, most desirably, the cross sectional areas of the riser reactors vary by no more
than 1%. If one or more riser reactors have both a largest and a smallest cross-
sectional area at different points along the height of riser reactors, desirably the

largest cross-sectional areas of the riser reactors vary by no more than 20% from



| argest cross-sectional areas of the riser reactors
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PCT/ US2003/ 027452 -10 one riser reactor to another

riser reactor, and the small est cross-secti onal areas

of the riser reactors vary byl%o nore than 20% from

one riser reactor to another riser. reactor. More

desi r abl e f

Ciaane pseeé&ag?)r \t/claé;taﬁcg}z&trggf I%anrc‘ %ﬁﬁ 'tk%%ail%%%%?os@ ns}e-?[ i al areas of
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not her o t
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ar eamglest ewspsecionalgred of wasther naer FessiornMoshassirably, the largest
Cross._s r1o

Cr o PR Yo BN Aot te Hse ARAUO fariet b 5 e Bl 196 from the
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r eac{sgfll%%?lt ggre%{:éﬁh%ea;chf% anersoa/o arl oaﬁ:g&l its grﬁt ir ee er) ©

hei gtim &ndl3 nratess.  desirably, the cross sectional area

of each riser reactor_ varies by no nore than 10% . '
al or[ﬂo%:"(]s ent iLHSSTRRY gibe crc{s%?g%n%ﬁr?r%%t%g%gaqrﬁgﬁ{or yagies by no
pr 0\{-#1 él?aén ﬁf%ialbﬁ 8 @nfileIRIoHt ERfOrO8&sirhBY, thetcrods @8&tonal area of
one |str|bu or 154 is posi tioned near the first
endseadH fisefreachns vnansseby n@ gwre Bap 39%alongiés ¢rdisg height and, most
distri 154 rece f stre

pr O\f{ alir%%y’lql?}%mi%ﬁc qa 3‘r 1T eoéct% ggi} he t e%mé)fr t(, gﬁ%sﬁb@r I?oreﬁilrcr)tr)ert(le] an

of ties hlosghtsemaeteight 114. I n  anot her enbodi ment, not
shown, nore than one feed distribytor 154 .is.enp

i SO0 ¢ he. 111056 SEROATITS BFITREF § Feebio {hsgisEbRe SR 14, a
L0 LoV e AfbtkidledA] 440 Ezosﬁl)ﬁéde&ar fheJirst €R0€ 1{@6fkhe riser

di stribut or may provi in a vapor formwhile a -
secomlctofselea d’lhs 1f¢adtd1$tnbumail54bre@vlweﬁa3 fegd gtr¢am fropy qfﬁed
form t i butor

| ud bod
whi c]PFogl fdlrﬁgté e %gtg | nc%drlilo E§£ ﬁle r(i)se¥ reac&)@g 114. In

I eaciRfiher %ﬁﬂsoﬂ‘lﬁﬁn@tnok SRS, Dite BRSO QnE iiédﬂd:hﬂﬁbktoi 594 is employed
Each neck 152 ternminates in a head 112. Each head 112

of eadjicentibk firg2nis1 foef the mercremigvradéﬁﬁo P9 videfeed ynsyarious

end 116 of eac eactor [ Y/

o b e B e AR Ao e B 3l o soond
114. rhhuestsiasbrmd) yrovmqhedwmlqﬂafam fEwsh tfehdistridtitonn 54
above the nouth 164 at the first end 116 of each .

ri seinclusigs 2 bpdylfram whigh 2 plurekitynf peeks154 e?ﬁﬂ‘d Each riser reactor
114 has at least one associated neck 152. Each neck 152 tenmnates in a head 112.

Each head 112 of each neck 152 is positioned adjacent to the first end 116 of each
riser reactor 114. Desirably, each head 112 extends upwardly into each riser
reactor 114. More desirably, each head 112 is positioned at or above the mouth
164 at the first end 116 of each riser reabtor 114. Feed distributor 154 may
include an optional flow control device, not shown, positioned on feed distributor

154 to control the amount of feed to each neck 152 or a flow control device may



i nclude an optional flow control device, not shown,
woiniosrred on feed distributor 154 to control PERES2003/027452

amount of feed to each neck 152 or a flow control

devi ce may WO 2004/ 037950 PCT/,US2003/ 027452 -11 be

positioned on each neck 152. e flow control device

can al so be enployed to neasure flow as well as

congd ?&sﬁi&ned BHlehélekeck a 5PO0TRE BowtBhtrshd¥Mue daBldoebe employed to

posi'tioned on each head 112 to further control the

di steasut flow asfwellhee corteal it Fustien 2 norglernat shewermay be

'SAS (rjlgés:ﬁtl? nal | %Fﬂa aﬁ‘ﬁdqg?q%%ﬁé} en\;rog élIel &élfxgutl\gﬁﬁ Qf t"ﬁe feed to each

pr e;ﬂ?é?treeil?d‘r‘q 1hl dafonemy, 2bdtSheadntiQ rﬁdf}ybd)ﬁttedﬁﬁﬂks s&x‘éémng
eed distributor 154. [0025] At |east one cataw%zéwof

r et plungdr30 ophepvievies bt showne npravens kacloRowpé caghist

~ separ n ell 160 and the riser
reaE?%Féggfi%wgﬁg%ﬁggﬁé atus 110 may i ncl ude one, two,

thr ﬁﬁns our, fAtY&st &'le&aﬁ[ysﬂftﬁlﬂnqat) @kcy\ﬁﬁesrfhhdl commubBation
al t onlyasmle cat al return 130 i

i's
il bsﬂweand(t SeparefigsZong laﬁ@f g/ell ¥60andghe, Figgrireqcteys 114. The

cat al yst rns.ar t ret

ot apiaes £ ORE s SR AR B Ihac v, O GRB Glatst reumms
fromsp fh@ﬂ@@@%ﬁyla@mgmm@mautd M0tie ﬂea;cxlatedﬁntpm land 2. Ifa
respective riser reactors. pi cal I aéhou

nec @buality|of catalysy igEymRs %ﬁflﬁﬂlvgt eac]a@if Yt r%m—rg H)rerfgrably is
cent {igpthy 1o (]:‘IQ’Q]II Ledqjﬁtl#t tﬁ%n{n%é g@lgagaﬁo‘?x 50%@ dirk &Y 10" @8k bPihe

114, use the single catal yst
r et wespettdvel lmsef teactdrsc dl?ylmnally,aetlﬂmngh mmh:caspﬂﬂm alsingle qatalyst
arms 136, As own

130 e i Be AR BNy e TR b BVt P

r eaqsgé Sindthit- endddRirkddk, "ﬂlé’ Shgle@btslyt deddn ib asfladfdofrSturiition
140 and a second end %he first end 140 of the

cat a*ﬂylsa plruealw of ari30! a@pmhpwon Fige 1seeipale wakdyst pguigr130 is
hel | d.t
?_38 RS Wge genér lelr? I8 gtg e Js %gbe%fztg ¢t 21 Ve ¢ ?q%’ﬂ rdturn 130

eSO ar ns atedto lver
cat glay¥ stfirktentin@ofahd skeconddad 145 The ﬁrss end i4Gof thlesamllydit return

0026] Th 136 ext {
130 1 apagningd theineconieodn 28 b 00 png (i dpeppd G2 of catalys
f1ui rgﬁﬁf?r | se#&g% QReARIMEARS i%acfaﬁ%e@'%%%h{?&tcﬁfa'[yst o3e first

and t reactors 114. Each armincludes a first
end &fds 1a6joficeertredchrs 1tat al yst retention zone 134 and

cata ret r 130 d a (o]0 148
e lob3h b e B SR PSRN R PR o
136 xf1§e9 %Jctlﬁs f114 §:¥d ﬁredldé @8id é&mhhﬁcmweadth%&alyfhmum

nber of arnms 136 preferably will correspond to
nurrbla30 aifd the siser n:msdﬂé, Each aum includena firs epd ﬂé&éil]a?em the

Cat PSS FDO Rd 3ATA D TSP At beoRhPHLLAS agjacen
the riser reactor 114. Catalyst flows through each arm 136 from the first end 168
to the second end 148. The number of arms 136 preferably will correspond to the
number of riser reactors 114 with each riser reactor having at least one
corresponding arm 136. Flow of catalyst through the catalyst return 130
optionally is controlled through the use of flow control device(s) 144 positioned
‘on the catalyst return 130 and/or on each arm 136. The flow control devices may

be any type of flow control devices currently in use in the art to control catalyst



optionally is controlled through the use of flow

Vo HeB793evi ce(s) 144 positioned on the catal §§T/US2003/027452
return 130 and/or on each arm 136. The flow control

devices may be any type of fl_?%_/ control devices

currently in use in the art to control catal yst W

2004/ 037950 PCT/ US2003/ 027452 -12 flow through

cat ﬂ&%%ohg@@ﬁ@&t thdnRRS linkd. 1Eepipysed, tht fiewfdoatolcdevidedld4 is
device 144"is desirably a ball valve, a plug valve or

a sélésttebly al hedl, va[l@ozp}ug yelvher ashissdiahtent shown in Fi g.

. econd, e of th cat Jy
hel 76 °156 BoResertefrl vt Bl Fi gk Sehd e ine
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catal y5t retention zone 134 is provided to retain
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di stcphtRine@lin ﬁﬁ%at@yslﬂ%éﬁtidﬁ%ﬁe heh end the ahlnelf&:@t al yst
retention zone 134. The fluidi zi na gl stri butor
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S et éention zone 1 and t at al yst return
130.coAdidt int®walchfd ﬂllnldizmg@enelg dedt toofhgtlize b dluadizable3talyss in the

shown in Fig. | s S|t|on
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L (e

Wi t h AR Rl IBRAm&AE V0, 3 adBt@inkE QithZ@abter érﬁbod&ﬁb@tl‘bﬂtbe present

st lmellrenttlc?n As shown in Fig. 7, catalyst return 712 is shown in fluid
communication with an optional catalyst retention zone 710, which is similar to
the catalyst retention zone 134 illustrated in F1g 1. Catalyst return 712 also is in
fluid communication with a plurality of standpipes or arms 708, each of which is

provided to transfer catalyst, pfeferably in a fluidized manner, from the catalyst

return 712 and/or catalyst retention zone 710 to the first end of a respective riser



the catalyst retention zone 134 illustrated in Fig. 1.

WO RMEYEIYS9 et urn 712 also is in fluid comuni cBET/BH003/027452
with a plurality of standpipes or arns 708, each of

which is provided to transfer, catalyst, preferably in

a fluidized manner, fromthe catalyst return 712

and/ or catalyst retention zone 710 to the first end of

a rRsREEY 0 eMoks §lecPaRP) R440 RS IrRCHISUS 043¢ Db (kB er catalyst

-13 reactor 706. Mre specifically, each of the arns
708oiasU sstiaprtdedemberdBl4; whichalgviatey she flew ofi catalyptafperd the second

nber 714, whi ch deyj at he. fl f catalyst f
TR e S
firehtigdliyotach JreRPRGIs 708 ifdlSRE alfRAEERtrol @6vice, not shown, as

- Optionally, each of the arns 708 includes a flow

condisaissatbatioye withotefestroano Figs | Brefergblyeonagrovereijuidizing agent

reference t ig. 1...Preferaply, one or re .
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710, the anus 708 and the U shaped nenber 714, in

or dagent tp paintdin thescatdlydtah z flngized geate. Indhigembodiment.ribe
catalyst in a fluidized state.. |n .thi . F e

oy GeviRateedipinel ot Bifigut il o SRS M her ffor 706
si dgsowhh dilefdeii a6tk mBaat@ion AOgzled T040Ughis ntenés edslovcsf

i ntroduction nozzles 704. In this manner, the_ flow of

cat eAtglyst rom the AP RS T FIREI0FS Is &Pt Feslictesity the Prrgence of one
restricte H - Of or nore necks 152,

il hlg 1?’%5 Igecfa%/r%g‘lfﬁgggneaigd;ﬁgﬁ% : %@%0] Reverting to Fig.

1, {0030hydr oc Relveningao¥éy. 4 tha hagipazrddn sonveiHomeyparaphsid 0 may

i ncl ude an outl et and outlet |jine 146 t.hrqugh ich

t healsainalydg an s ﬁ%@%ﬂrﬁt o4 fﬂl@%&a&mg@ ihe cf?gfst & rgmoved
for ool AkYphahREQN6r 8L R cathiS: @pEdRitidnl MehelBet Bne 146 is
shown as bel ng positioned on'the second end 128 of the

shekhoviis@s being pesitipeed quobe secondendai 2&efyihp skdlt 1 &hbus may be
th 110....Th th '
D RRRAL St nh Pl eRHLLOBoHRD  ERINEL b

| NCleuhassian appasas il 20 efithe prabytdhventigr bptiadallgrincludes an
appar at us, . not shown. The cat al yst regenerﬁtioq .
appabReigied catalystregangratioRARRATEEY NGhShAW { Aecatalyst regeneration

hydr, éﬁﬁtlﬁg s HME rcélinﬂ{hn?og{}% gﬁtﬂ StheQn;ld:l'QTarﬂ—(t}Pc&ﬁEﬁidﬁ%paratus

regefnerati on apparatus i ncludes a catal yst
r egdn@r Thercatalyst xeigenesation apphiatisdndodenamatayst oegenetator, which is.

t he _hydrocar bon conversi o aratus 110, and an
opt i”&)ﬁﬁ}d %P%?U(gt WftB ngﬂay% rbgﬂ(ﬁm\’/er%ﬂp @Hpqrgtu§ r]110’ and an

f ”io%tiﬁﬁéﬂwﬁﬁyﬁ@_&tirﬁﬁeﬂvhbﬁhb%, whigh ¥ ¥Sluifd e8RRRMALA6N T the
which is in fluid comunication with the hydrocarbon

converatysb regepgraroatang whidh is i fluid spminiynécationoviih the hpérogarbon
by outlet. line 146, .prqvide fluid. co ni k-0n ey o
ot ieBErEiRR abarars Ja 0L & isEire, it B RY QRS R g provices
162.114d c6RaRMsEatibABetwteh tifh@lyst BiripyeiteR the dindet on shell 162. A
conmmuni cati on between the catal yst o
second line, not shown, provides fluid communication between the catalyst
stripper and the catalyst regenerator. A third line, shown in part as inlet line 156,
provides fluid communication between the catalyst regenerator and the inlet on
shell 160. A flow control device, not shown, optionally is positioned on first line

to control the flow of catalyst between the shell 160 and the catalyst stripper.

Additionally or alternatively, a flow control device, not shown, is positioned on



stripper and the catal yst regenerator. A third Iine,
wahomoizesgpart as inlet line 156, provides fl wak/us2003/027452

communi cati on between the catal yst regenerator and the

inlet on shell 160. A flow control device, not shown,

optionally is positioned on filfst line to control the

fl ow of catal yst between the shell 160 and the

h .
;:la 4 g CR?(? 1Pé gwg \%/)rn}:rgl fﬁg (ﬂotv& ﬁpﬁ Alyst gEtw%ﬁ ﬁ{eg‘%{e Oys% gﬂf’{RB@r and the
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control the flow of catal ﬁSt bet ween the cata
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For ‘exanp vari ous engodi nent s,

ret tlfemetilyst)retdmaos epas B34, oire @ozd 35,2direcﬂ§s t@hmMeacmrH 14, or any
1, to the. catal ‘?#s return 130, the catalyst retention
zon@oq@ﬂami‘ﬁéheég 136, directly to riser reactor 114,

conbi pgg hﬁﬁathmf@mwﬂlgﬁgh fh&i R PR AR SR oWy

sho |]n Fig. 1 functions in the follow ng manner.
[ 008&phnekhe apparatus 110 is filled with an appropriate

f cat st sw G
hyd:f@)égfbon cg’w air%mns r eagﬁlgg ‘%hgry%?gty "Ilaqr betarggﬁh ﬂ?gatalyﬂ
be @hitadld toRAmY bat the Aeditdd iWidzadatten o@\hvéraaﬁ‘ﬁreaaupmr Thenpatalyst
of the catalyst is retained in_the catalyﬁé\ret

1303 bhet ehparipes akaabicon dote 13T cafalyy igretained
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cat a’lgyst ention zone means | ur di zi hg
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appar s. 110 tho h the of the fl ui.di
ager?tf?‘H&W@ﬁﬁﬁtoW pm% g‘F’ {:ﬂc?fbﬁﬁ CORYEHPE appa(i{atus 110
i nclidgh BdtcothBtstTithd fliidizch dgém dl@@l’bﬁtogﬁﬁﬁesblseful fluidizing
nit rogen steam carbon di oxi hydr ocar bons and air.

" The aghmts velule, but@rfdncztulmglt@gt@nmerd@p@n@lsutmﬂ@n, leam, Ctaylz%l

of ¢ nr actl con

s RS HARCABPE Rt RGP TRiahng ehUR dEphdbton the

I nert& e bfednb&siof 3&dction b@mb@gn@wwﬁttwﬂcm 11oe Deksl@%bly the
?n other words, it is desirable that_ the

f | u| ﬂmélizm@ @g@ns m@{r@@cgmq:o@ -8p pr@yt 1 the reaction being conducted in the
' HCA 110. In other words, it is desirable that the fluidizing agent does not play a

part in the hydrocarbon conversion process being conducted in the HCA 110 other
than to fluidize the fluidizable catalyst.

[0033] Once the catalyst has reached an acceptable fluidized state, a feed
is fed into the HCA 110 through feed distributor 154. The feed enters the body of
feed distributor 154, passes through the necks 152 of feed distributor 154 and exits
through the heads 112 of feed distributor 154. The feed is distributed to each of



part in the hydrocarbon conversion process being
WQRAMWIHB®WA i n the HCA 110 other than to fl uidi per/ubmosn27452
fluidizable catal yst. [0033] Once the catal yst has

reached an acceptable fluidized state, a feed is fed

into the HCA 110 through feedldistributor 154. The

feed enters the body of feed distributor 154, passes
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one riser reactor to another riser réactor.
desvyolube jate, ahe vitiepmoohofeghah tﬁ%\bv ahescts pcrcelatdhr eacheqomponent in
re 114 t hrouy e feed.distri bu 54 varies .by
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t hatoidéd tyeadR siSerteick6 1 4 thfougR et EEIBOR®Rtori134 vfahgs by no
feed, fromone riser reactor. to another riser reactor.
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11 rj 154 va
mi‘esE? FEBohsn] 1 hE R S dnB YL redtth 3%y B Wohenor.

| %[0934fss pe&@&mkurﬁ differegizin cﬁ@ﬁﬂ oRahd vdlocityher the €td entering
fro ne riser reactor to another riser reactor.

[ 0088 firshepdse Lo pfdheyriser gqasiars h]4 anddhe peespye ohthesigitof y
of ﬂd’l@lzg‘tﬁg Qatﬁﬁtsteiﬁ'tf‘cgcatélpﬁ rgt'uﬁﬁg) leﬁﬁdaﬁd Wc%ﬁ]y&?@teﬁﬁérﬁone 134

reactors 114 and the préessure of
f | datibesgBlaly stiet kel ¥9tratﬁ¢h ity éled'asfadn;ﬂs tl 16 ef llmerr(s@ reiG(@rsaHd The

the 0L Zone 134 SES8 catal.yst to b

aspi raz?}%si?dgy I}S%&%erﬁl%fc’%lg s re‘fitborso & pder pel fnown prifciples
r eaatvafich the 4inefib@nerg oAby fluidSint thRtaROtht Eskdl hraudko mee
riser reactors 114 under wel| known principles _in

whi @Rthen Buid, Hethiscashbe dpidredyagaly sty Tae catalyshangd feed travel from
t hethg ﬁﬁé ndsS1 L1638 qhé[ &c@&’%ds%@tolﬁﬁ e rpewegafoggldw As &g%%anyst

t he |ze cat al yst cata trav

f r cand fedietrdviet dirowgidhe 136 reartoreé 1$ehehyﬁremsod&&\@f51dd‘lﬁactlon
riser reagtors 114. As the catal dfeedtravel

{ hr GG 3@ CPRLIon geRdughs progyced. 1 96 SaiBlyAt 10 the riser

Confé%t&sqmrafea&)tn‘n%ﬂed W%rﬁov@%tﬂ)l aevrlx%rﬁuon product
is produced. The flow of catalyst to the riser

r eal®035ls 114 Ry designing thellydrdsgrboheofiversion apparatus 110 with these

dev ces 144 0 By desi t he hydrocarh
P Tesor o SP A TFLOR0T b4 PRSECs PP gata Byidkrica
| n deIth:H akvith BRint&Aoh O isldedirNE fhBRtdiR bth the reactant feed rates
substantial 'y identical
and the catalyst feed rates at the same rates to each of the riser reactors 114. In
thls way, the conversion of the feed and selectivity to the desired products will be
substantially identical and can run at optimum operational conditions.
[0036] - The conversion product(s), unreacted feed, if any, and the catalyst
exit the riser reactors 114 through their second ends 118 and enter the deviating

member 120. The deviating member preferably is a curved pipe, elbow, or other



manner. Wth this invention, it is desirable to

wmenyasmsbot h the reactant feed rates and t hepCcT/uS2003/027452

catal yst feed rates at the sane rates to each of the

riser reactors 114. In this wa t he conversion of

the feed and selectivity to tHéydeS|red products wl |
substantially identical and can run at optinmum

oper
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condepices 06, LI aCEyconic s@m@t efiltére adreend, impingeradt devices,
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16(Rlateh CORES, §t=hsaii%1\tl?e@ﬁhaza¥@1€l separgie the caiplist ppiihe product of
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s erv)éwf&néc Rt P Trca S o oSt SeRerre phie Sonversion
CONyBRSdt @Rd fRARERRbA ﬁ@dj 1P5H5b 't}{haédn‘)&%loh@%cﬁﬁfs and unreacted

Desirably, as shown in Fig. he conversi on product
andfeaditanyt, etk femoned ﬁt)rrathy sh@l} bé(ls‘élpfarghtth@pr@ﬂug ex@ringd 38 for

cl oni ¢ separ.at or s al yst has been
sep%‘?'g‘ ted°f esshﬁtsﬁ(éh conv %rraga oR" é Bun calttltonand t he

unr pagyed . f eedroduét smyconﬁm of dhaRItS Il PH frpiadparh o Bebice(s) 126
unreacted .  feed, if an are renoved fron1the shel
160IS{RPRINGPnERE ppisawmisheliv2 | Pleavmamiveg |74 i foResd within the

P OG&HRAAL SHALAS sRAPARA! Qﬁe@WthQ(%E#tfoh%ﬁﬂeoﬂmll 180 3éfining

Product exit conduit or condul rom separation
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Pl enum vql u d wi.thin the darjes af.

ol GRdEeP Polereaeton Poltct il Breariog fesnioct rifipe
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t o owtariebto predeatiesit lipe d38.c Theprhdpeissiitding 138 ieapandyjoined to
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mat esival réfetioh ebdukt & poskibReunkésbtedfzedstsskdivdy feoch the
line 138 is openly joined to separation zone 124 in

t he appAr@Phi Sycharleie designsoira particylerly aseful i gmbodimens when a
Convg%%}ggag%é)%: 1o ocf%gﬁ:tes q.ltﬁ’%é(ilfgr gxaﬂbﬁeefscélgcqosed in Figs. 1 and

feed F1°0mt
2. As shown, the product exit conduits 176 from the separation devices 126 are

openly joined to the plenum shell 172, and a single, secondary product exit line
138 may be used to carry product away from the hydrocarbon conversion
apparatus.

[0038] The catalyst, after being separated from the products and unreacted

feed, nﬁoves from the shell 160 to catalyst return 130 and the catalyst retention



apparatus. Such plenum designs are particularly useful

wa2esdisShent s when a plurality of separati onPEBUSZWS/027452

are utilized, for exanple as disclosed in Figs. 1 and

2. As shown, the product exit gonduits 176 fromthe

separation devices 126 are op@ﬁl y joined to the

pI enum shell 172, and a single, secondary product exit
}fone 138 TRY ch) g%‘lségtsfsﬁelp 2.0 ﬂﬁr&fgﬁ%’&ﬁrs@&ﬂyl A0 Ghd balyst
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through the catal ySt returns 130 ‘is controlled by the
f | odevdant44dol devices 144. If the flow control devices
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flow control device 144 scussed above
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t hebstekh tfﬂe@@ld&&ﬂaﬁh@fbohh&smufabﬁratamd 1 @aﬁd Bie clatat}et dtdipper is
and transported, if desjred, to the ca st St“p%Petﬁé

Opt P@Iﬁéﬂlleﬁ bytH@ow [cemird rderige- 1oy ghowr, rtglist Strip
hydr.g g{ lbl? gtr By GF og{bfq"@&ﬁfyqteﬁﬁgvgblg o@gglctrﬂﬁeﬁzﬁg Bdr¥sdics).

strlpp ontrolled by a flow control device, not
shotripding plveedraessdndstonditionp freindividual l'oaltqﬂayg)p cogversion

stripped of no r.e r.enp :
mat SFFEPES f”ffr‘ﬁgl?fflgéﬁj sKift f?iéﬁrﬁ?‘hﬁfv%% u%gts Tg’ﬁ giripped catalystis
congizhifenrsd fem the @ht‘ély@ﬂﬁhp{a‘% Qﬁ&hﬁ%t fspen@a®r tiough a second
processes are within the s of a person_of skil] in
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t hr ou not s T | ow 0
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160 c%fntrE)Hed Qy grrxeograr;lgr%rho(w g(\)/netrro Idg\plcea pR%rra%tsﬁlosﬂ gas 1s typically
provided to the third line to facilitate transfer of the catalyst from the catalyst
regenerator to the hydrocarbon conversion apparatus 110. The catalyst is returned
to the shell 160 through the inlet 156.
[0040] Figure 2 illustrates a hydrocarbon conversion apparatus similar to
the one shown in Fig. 1 having a quiescent zone 204 to facilitate catalyst removal.
In this. embodiment, the catalyst return 130 includes a wall extension 202, which

extends upwardly into the second end 128 of shell 160, and a funnel portion 208.



through a third line. The flow of catalyst thro
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provided to the third line to %aC|I|tate transfer of
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dlstrl Ator 210 optlonally is provided adjacent the

apexem@smd feperdtionapresdngedoydance idyihe ﬁ{eéer&r“h’{se“fﬂg’é are shown
HCAStB' t0p: VbeQNSFIIE %&feﬁél He V\Mtf'lo@g“l e%BF LEFiRL B sENBhsHAR IPEA_ICA

tes In a manner to the

des criighfdinpTomeriwr tdactorgbr4d 1tt1§)td3ﬂ>egundhrstoc[d10412t}lese configurations
Represent ative enbodi nents of_ possi ura

of " rdouistbe medidied i PEede gat b PO SYEHELTS Tab SHPCrERaE™

W th.t fe $fPWn by top views in
Fi gs “ng%lg&lqglﬁp@ ﬁ%cgl\é eacﬁ %P fl::| gs. 3A-3C illustrates
an - H9643j110 haEﬂgngAfshu\WS a pewsible eerdigwrationfar thetrisesregejors 114

maci o R gk vpaemzs £ T4 Masons gp PR 2" B dheP Raops 114 ar

ris eBriéjﬁé&%ﬁéﬁal]l%m écﬂ&dext @rsbpﬁh@&q Aheub4skeaasdby drell 160.

zone 0043]" Fig. "3A shows a possible
conf Egelr dder mcfomrl 14 recoupled to p dgwiating member {3}, whigh isedapted to

}éacts:lg\?lgt@ | n eflow gf cgialy'%s pr olgiugw andrhanéa ted%d ﬁ%yf frafa'the top of

riser reactors 114 toward an inlet 122 on the side wall of the shell 160 defining the
separation zone 124. Each of the deviating members 120 deviates the flow of
catalyét, product and unreacted feed, if any, from the top of the riser reactors 114
toward the separation zone 124, preférably toward the center axis 166 (or centroid
| line), as shown in Fig. 1, of the separation zone 124. Optionally, each deviating
member is a tubular member arcuously curved about a single plane, which

preferably passes through the center axis 166 (or centroid line) of the separation



oriented externally and adjacent to separation zone
WiRZoodlesofted by shell 160. Each riser reactor PCIIU203/027452
coupled to a deviating nenber 120, which is adapted to
devi ate the fl ow of catalyst, groduct and unreact ed

feed, if any, fromthe top of 1’Tiser reactors 114

t owar d an inI et 122 on the side wall of the shell 160
def, | ét 551'?@}" Ald 23'8 (%Q%trl)%hn € khealset fctor 114 as
devi |ng enbers 120 deviates the flow of cat al yst
Pr QHoAH irBid. UnThafbedcdfesekial ififonathy torf eldhe rifes reanioistl 14 is
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cent] g%%y ) 1111 niifcatblter durfadé of he shelpas@tiefiriing
zone ona ch deviating nenber is a

tu tsuiﬁzaﬁ tidrezoner! 2mad}aomt Itlye canter ©f tmtml@t 122.§lif ﬁgq sheljande,
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ch;&rt e dRab At g? peﬁﬂegdl%ﬁﬁ_@ tolihé sarfisbetofi€hecshibll @60 adjasent inlet
or centrol

the riser reactor 114, as
sho2. iln tiis gmbddiniEng t}ﬁd caalpst, pradeatipnd amy wrreadied feéé frgpm riser
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&Y B bepat 4@ n PevicBe1 Ty khdvl incEib. Quhkereby facilitating
aceeo?&% shngII 160 defining separatjon ZOF? 124

ad j mbang of thesecontronenis atl<ﬂ1 praviflieg IHEEZSedI reaqiion tupefar the g

71 on Greirerar 1D ol ABE) ) Bafe Rflih T PR

perp&gﬁk,gﬂbaﬂe txu. t he surface of the shell 160 adj acent

inlet 122. In this enbodi nent, the ca roduct
and[¥M$] unr eabigedBrsbeys RSt gnakadiment %fal eﬁ?ﬁgmvemmﬂ

OppogLl e 5368?%3019 br il %ré@\ﬂ:?sr @th@ﬂycﬁ@&@b&%nﬂgﬁélcﬁu@ebdt% from

wi t R each or ‘nore ly Wi th separation
devileaataly®bis Bhitivated by ﬁﬁg"onliatlopwéa@bglongmthmtgp PeRyration zone.
m Xxi ng.of these nents nd th
X op e e BERC 5 G5 e ot B RaeErin e

r eagliLhonWohé Bt rERYivERTHiEH bli:‘pefﬁblﬂ(gauwlbnsesjﬁomhhe riser reactors
separation zone 124. [00441 Fig. 3B.s

he
enboit arewaus gevigtieg PICEDSH: $§1§})@mn| 1g41g. a,% arnﬁae} reactors 310 are
sepay at | gnx %I'nah Gnlh ? dust: $o Ee&:afalﬁ%n byl PLAIdIRRd by shell 160.

con\f’é\egﬁe FERCt 70N Trom catalyst is facilitated.

by tHueh tieerreidt&rs 10fis aoupled torem ancydus de‘hh@ngmpmbalt $Qfn which is
zone. In this enbodi rreg the cyclone is ftoﬁirfre ?én from
t he ardamd tsf devaate edfoveat eatalys), PREuCt 280 PEarish 1SFGnE 2Ry

rel %é% of AL Ol GHREN bitGhald tHaSepaRlion izbhe 524, r@ﬂﬂldrﬁﬁy each
rise actors via arcuous deviating nenbers.
shoveviatingingmt2B306 s tubslar meedwet grcroBhocuyed ahmt aplusgity of

by arenes. Too HOMEaRRFRU o SRaoD P! S70FEaBU 1y it T Efered by

ar CUQUS, §6Y Wit Sre FRENG s @Guedttiabdbligue angle, e.g., not
perpendicular, to an imaginary tangent line on the cylindrical outer surface of the
shell 160 defining separation zone 124 at the inlet 314. Accordingly, each inlet
314 is offset from its respective riser reactor 310. Each of the arcuous deviating
members 306 deviates the flow of catalyst, product and unreacted feed, if any,
illustrated by arrow 302, from the top of the riser reactors 31 0 toward a peripheral

region of the separation zone 124 via inlet 314. “Peripheral region” means a



adapted to deviate the flow of catal yst, product and
wheeaosmdofeed, if any, from the top of riserPCT/US2003/027452
reactors 310 toward the separation zone 124.

Optionally, each deviating msnger 306 is a tubul ar

menber arcuously curved about™d plurality of planes.

The flow of material fromthe top of the riser

r eagct,igﬁ éf Bk QepRatdd 267k 124 StheP Yhan@he RYicHRefinéllbg the center axis
pré ®rably is oriented at an oblique angle, e.g., not . .
perigenstioa iaFig.t10 oacenitrabgigivar hereah gimferabineacmancheus deviating
cylindrical outer surface of the . shell 1 O_dﬂﬁfi %isﬂgﬂaﬂ
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306cag2yst atreduct bed fieacted feed tabiyslarlysitoatad respentive peripheral
unreacted feed, if any, .illustrated by arrow 302,

f ieE1onB of B8 TEACtaThR Y Idng S ForHAor s 157 Y BaPgh 201 124. The
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.m%?%ﬁ‘i‘“%@??"gﬁé?%i‘ e R o D 2004/ 037950 _
PCT¢daS2RiaaDamlin2 sepabtioregnitsn ilbistrated as sqparasion gavigesi6 in

124 _oth th t he . i def i by the t '
126 80001028, L8, 0, T B Bl R P s o
Pr ege&:ra%\l,&vlo%i deRiae B wHRH ShdephatioR Gond TETOREY BO&dwintagessly

t he romits respectivée riser reactor 310 to a )

si niddacddywhidé memtauing sbpidartar pettgreoatabysb FEHaratiog oy el grventional
t he aration zone. By directing the catalyst, :
pro Sand unreacted feed to simlarly situated

respRisi Ve perifhersbwsheghenamieddimbst ofehe present fvention
cyclone is formed within the separation zone 124. The _

f Or meiereim separation pf fhersodugss of tha fixdrocarbah TV eELLtEast QG from

I n g MBAReL i Sk; HOY O RN f&UEHBASS a cyclone within the
sepg}?ea‘iaitag#tﬁ%{fafglglfmql&}’ltag\éﬁl{rﬁgﬁé as “separ at i on _daé\c/hl/cccg)er;e .
126 skphratiingmit. IThengcne Byfofmedrby gheaflay of waterial ertigring the

separation zone, the nu r.of s ration I ;

oh L RERR D 48R 2 AR B BN B RS A e s B s A

r edyced, i & vidinp hinbeRo36d. NAL gHoved inlfah 3T, thedisdr yedctors 312
separation over conventional HCA's. [0045] Fig. 3C

showse anetébextemplixiantbadiacsnt torfepgrateRAene Hjelkstipghby shell 160.
wher el p.separation of th r ] ;

o KSR B Re hothfi 12/ W 18D SHaP Bt (HEHERAG BBV to the
as Vdrhhdnsnts ARstrbiéd ik Bigh 3 Arahd 8B. Fachrisgrabamte JiRtiheoupled to a
the separation unit. The cyclqgne.is fa

. d by th
f I owlentatimamerter 36k whirh e aBie0de ARTAEITBNTIOY 76 A2y st product

rel at idvu%%a(g&ydqgeds ﬁ'ipa‘?ny fifinthe gcﬂysn% P fdabiofs3 2 t8Watd e separation

ri se ors Via dévratin ers 308. As shown in
Fi 9. z03e,128h©ptibaally, eedcdevising TRemiard081is @ hibatkr member curved

external |y and adjacent, to separati gg zone 1%4 def i ned
by s#hsnfa segle planed Mhichria Praferaplypapalicl o 3 setepd plang passing

are ﬁlfrc];ég%tthé il of {hg%cﬁiraﬁJ}Fan%q(??hp FThE §loA bfVBatkRaltfidn the top of
" the riser reactors 312 is illustrated by arrow 304, which preferably is oriented at an
oblique angle, e.g., not perpendicular, to an imaginary tangent line on the
cylindrical outer surface of the shell 160 defining separation zone 124 at inlet 316.
Each of the deviating members 308 deviates the flow of catalyst, product and
unreacted feed, if any, illustrated by arrow 304, from the top of the riser reactors

312 toward a peripheral region of the separation zone 124. Preferably, each



~ convEiné

412

dinments illustrated in Figs. 3A and 3B. Each riser

‘V@&@H@P”@&z is coupled to a deviating menber BOBUS2003/027452
which is adapted to deviate the flow of catalyst,
product and unreacted feed, if; any, fromthe top of
riser reactors 312 toward the separatlon zone 124.
Optionally, each deviating nmenber 308 is a tubul ar

me ndesiating mvenber directt tie Sown Gloen jod &lﬁp}actmh'n@di réstor 3hl.2 to ah

referably parallel to a second p ane passing throu
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sur Hece of t he shel | 160 defining separation zone 124
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ep ationz 24. . By irectjng the ‘
e Hof BBy Re ARG oA At barePish 3ot apactea feeastock,
si tifahethat GERIED 1Y the rREF feBDBF 302 ft%ﬁie%rb%ta‘?ﬁsttcgﬁact region 412.
reactor, a cyclone is forned wthin the separation

z on@chzﬂalw@@ﬂqes Al refediyghy Hglygas superficlal velpeitiee witGAhesinner

hav f tubul a
on eél%@ce(rjr%i/%gf o C% ngvat%t (l)gn gfdrml?% gj?esgaé §W’e§f glgF ggo‘“tsy is high
f or evedglaso that &l ﬁﬁw,lntaf{ chialydsisiéhpstatily rElaghed4n chtblybidontact

enbodj ne each riser reactor, 402 is in fluid

402) &% Tpeicaialyseanesa EFFIeRaiey Hgntisrcatalyst contacts the
ge nx%fa%e'd)éataqi}es? LR eI AP Ltk Chod B8 ﬁg@% &v%‘?&f tﬁgxte'b? thto
pl ate 40 a catal yst "contact region
del de\he'mw m‘enb@T40404DelMEtyememhexa4(y4% adq]mIUlD(rtcea{vmlcatalyst

d feedsto rave

TOEPEIE o BREEHSS foedalopio iy, A b 2GS Ceatack fibion 412 ana

412girecEm@ratafifs|psducet ohd indesctad fe@@it@éld 8k Ak GleOas formed in
superficial velocities with the inner surface 410 of

conthsllpfg The deliverp srembge 404 9pﬂQn@By daformepef 4 pipeair tubular
Ygl ﬁgfngé(r bisalw cgmer a neghgp% ftoh?élf g ngtl’c{grg prodglat al unreacted

tenpobrari N Ca con
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4(?2 and the axis of delivery member 404 is preferably about 90 degrees, although
other angles are possible.

[0047] " As shown in Figs. 1 and 2, the deviating member 120 directs the
catalyst, product and unreacted feed, if any from the riser reactor 114 to an inlet

122 in the side wall of the shell 160 defining separation zone 124. That is, the

catalyst, product and unreacted feed are introduced directly into the separation



direct the catal yst, product and unreacted feedstock

WO E3VRe inlet 414 forned in shell 160. ThePCT/US2003/027452
delivery nmenber 404 optionally is formed of a pipe or

tubul ar. O nmenber, or any othgz sui tabl e shape for
delivering catal yst, product d unreacted feed, if

any, fromthe catal yst contact region 412 to inlet
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deVivERE déBfes sebA@dSi zdried @i e Howdver) sinliké the pwmnqr described
enbodi nent of the present invention,

des¢ghedimgntsythy GRERERE momben 2 %gtwnayly g)&FnC*SHgSIﬁ%@’l& Sepgration
from1he, dgwald g cﬁ%ﬂm rb&uc%gm ulleh&Ed FetdliP a1 o Bliet 508

nore separation devices 5 t hereby ensuring
ef f b bepatatvepaviat 506 Aﬂthcwghaﬂ’lgsl ilfustatep thedigetating memder 502 in
hydr.ocar bon converi}on re '
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Sepgita btosré A8k £ &eseiifedMbobé fhay(b% itpietiated if eigedbodiment. In
zone 1 Rs shown in Fig riser reactor 504 is in

f | uthst scpmmn dutcesiponranlyst ig éfﬁcs&rnﬂﬁgen%ﬁvsé fronshe product {of the
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Ines s par ation zone

124 deviativey #embeinddnkiginativh ip equippadsiith tie somisbpatation device.
enbodi nents, the devi ating. nenber 5(%2 og or’ial lﬁ ) .
ext é*dtfglﬁtlﬂghydé phusality ep deaating-mempers Trop 2 RFRLEY PEasseciated riser

the «?a%gogéngf dirdt Qegﬁ'l%tr gﬂ)qH&%ﬁ %ﬁfe%gteﬁqgéilstobf( 1?5}Yy td 9 single

i nl on separ at evice 506. Al'though F
i |1 geparaticasdevive. d};moaalily]@emm% ris@Praantor Hf thnscbmbodlment s
conmmuni catlo&swlth two ¢ cI oni c. se(farato [s.in ser

any CUOUPlEASK Iy pne QX PG FeR A P e g EVice may
aboyg Rnd %o sdplRTR2LRE134) 1EMSsepHRAGh EBALe isleRternal to the

separation zone, then a separation zone may be advantageously reduced In size.
Additionally, more cyclones may be incorporated in the present invention if they
are oriented externé_lly to the separation zone, without having to enlarge the size of
‘the separation zone. |

[0049] While the risér reactors and catalyst returns are shown in the

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



t he separation device 506, catalyst is efficiently
VERAMWHAEEAY f rom t he product of the hydrocar bonPCT/US2003/027452
conversion reaction. Optionally, each respective riser
reactor and deviating menber gonbination is equipped
with its own separation devic&” Aternatively, a
plurality of deviating nmenbers froma plurality of

as sORtRBEy hdvkehy cE@86EH0n, Whlth $idubTiactigdtaby&htion of the
product and unreacted feedstock, if any, to a single
sepadracathondenyersion @ppdramal Oyher besialusesstshetionss Serrthe riser
react or_ of ,t;hi s odi nent .i z1.0 -C | ed w
ondeistors o M ST AR Mot i RRF SRR b cha cross

MaYsectitths @t RFdt8 kedtidns 6PMcBbhSIT eligizes dnd¥polydonk NBesirable cross-
separation device is external to the separation zone,

t heactipnsdpaibariseorreadpes ang ywatgly shigtuang aghde sirgles el iegalar
in _skze. di.tional | v, e LV S ony.
| naBt e R Bl el Y GRS, DRy g shape of
or 1ROt RAs-SedtdhMas hy 1ih® sédntenscwnk aértioes, AR thavbéiduties of the
having to enlarge the size of the separation zone.
[ OGherte, Waving angles gfester thaadd0dr Shamgsteesiaable eropesaghams are
are.shown jn. the various,Figures avi a, circul-ar
or G Setnd BirherstPieS AR BRI SRR E B e TR
2004413 03 9Lt REHINMSRBEBRB dr dreak edrin Sro¥B¥edtidM8h@ARYis based on
cross section, which would facilitate operation of the
hy deog astblished aeamneirio priapiptes ataligknownie thase slfiljpd dy the grt.
sect.ions, for.t riser .. .
et QiR S S 1 8L Seritoh A RERat il an
Cr oggulaf pélly poxswitinsidey oqjusklendths sTigf megaaletitaide abss-sections
~ellipses and pqlﬁgons. Desi rabl e cross-,aections for
t heap cHelesaad dratelesapriaces: &1/ Apagns yifssifiehqtifgual length.
cir fé)bﬁﬁ] and r Wﬂeatﬁe p@s‘?ﬂié/rg%e YhdhehSIE e12iveas i separation
lengths. By "regular®™, 1t is neant that the shape of
t hezaeessslewat inghe figeren s ¢qumdisisrigmd sy mnvittidal vadietriates,
i nsi de. t he. boundar..es, of the. ,shape.. .havi.n ngl es
or cSEERERS HS00 R 3588y OHBE PR IEPLEE. Eitvihmle. the
ar eriseziré4ehd@s magd gokitidned 65 onssldabfibe sepachtioar@geiita
with sides of equal Ieng&h. The 0 neans of determ ning

cr obeynispharicehkayouty fcanpBier g¥amrle.o¥hendae ssPaFRtioRZPRe has a
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riser reactors ‘may be positioned on one side of the
separterconversion ecactions, oxygenate to olefin conversion reactions, oxygenate to
gasoline conversion reactions, malaeic anhydride formulation, vapor phase
methanol synthesis, phthalic anhydride formulation, Fischer Tropsch reactions,
and acrylonitrile formulation.
[0052] The hydrocarbon conversion apparatus of the present invention is

particularly suited for conducting an oxygenate to olefin conversion reaction. In



hem spherical |ayout. As another exanple, when the
WOpaHaBT®H zone has a circul ar or approxi mat ePgT/US2003/027452
circular cross-section, the riser reactors may be 0
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"oxygenat e" efined to inc [

ude, but £ _
nec 88sasarily 1‘11’11 fethedgll OWSr‘Bﬁ'%‘P‘bcg h%tgglboﬁ;lt ’gpﬂ’%ﬁﬂc’lb i8ggropanol;

suc I@4asﬁll ¢ 1&oHoW; P 1 GthyR b thBH Alrh&hFll &RdObisthyEEdheF, Hi-isopropyl
car bony conpounds (al dehydes, ketones, carboxylic

aC| dher;auethyrfatmate; farmaldehydei dapethshearbanete; meshy! ethyl

The _ al
et e e S o

and cBRVeRsifhe sdatabi ¥ slerécteb Erdhﬂﬂtﬁﬁgr@fp doneistinofitethadol, dimethyl
carbon atons. Representative oxygenates | ncl ude

ar e ethsr apdbERgyEss ,tlpe}yeqfr AMlers (gleglbablx (ygengieds meépanop u{"he total
We' %?%:g? LE AR i 1eP C]&Etopgrﬂgf E@rﬁalﬁla'dgmhélccoﬁlﬁbﬂgx% Ssuch as

unsat urated counterparts. Exanpl es of
SUI tdkhkstsoxygenat es i ncl ude, but are not necessarl |y
limted to the foll owi n

n-p r[BQy%fﬂ i s%?_ﬁ AN Cgluer@ja mayggfd'éqi?t @ﬁ &S%I’ reﬁ%’[{)ﬁ \ivnh the

et hydx géﬁ?é's sdi:'hrfﬁithb{é tofdl 'f&rd mikingt BY¥mpftdiatiluent in a range of from
di -isopropyl ether; methyl formate; formal deh

di - rabohy] moikhodabeyt %noﬁy& Eﬂhgnts thetrey hap@plcagétm)ﬂ@ process

ta Rg 1Tcl)ééeu rb%? artehneort gggessa nily 1mated ¥d heﬂ?moar\égr? ggeli’ls Sﬂbbﬁ]
monoxide, carbon dioxide, hydrogen, water, paraffins, other hydrocaxbons (such
as methane), aromatic compounds, and mixtures thereof. Desired diluents
include, but are not necessarily limited to, water and nitrogen.
[0055] A portion of the feed may be provided to the reactor in 1iquid form.
When a portion of the feed is provided in a liquid form, the liquid portion of the
feed may be either oxygenate, diluent or a mixture of both. The liquid portion of

the feed may be directly injected into the individual riser reactors, or entrained or



conversion reaction is selected fromthe group

wonggrysg of net hanol, dinmethyl ether and m »eE®ig%003/027452

thereof. Mre desirably the oxygenate is nethanol. The

total charge of feed to the riser reactors my

contai n additional conponents:25such as O dil uents.

[0054] One or nore diluents may be fed to the riser
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abcumitaﬂle a4 gawidikoutB P Providilg a Phitive Ff thet foed (oXgyertage and/or

enpl.oyed.in the process include, but are not

necHEERY i (heiliayid Rhese. dhe wapeatre 3 thsAisericestatsdn controllable.
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ar atretndoticeipobiad sf va;mhzamod ofitesligia penifon dPeld feed. Controlling
di l uents |nclude, tb are nQt necessarily limted to,
wattbﬁ PrORQrtin:of diguid epotrPonissied Grihereas élsr@@dwﬁﬁpe

por F)ge\éé gl?céohﬂol ch}{ E)rg{)a;[/dfrg 1erl d’éhlg Eéagtc{r%mn %Qg the riser
| i gedctogorti on of the feed may be eit her oxygenat e,
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ri segaé%ew bl 1ﬂ?ﬁfer Pﬂﬁée@ﬁs ¥On2804¢ @ﬁmﬁ%tﬁ about 85 wt.

PCT/ 274 -25 0 rwse carried int
ri s¥rofitleeatotad Dsymnaﬂa cohtenyplpedilymt ini the fedd. (Merefdesidatdy, the

sui table carrier s{ ent a portion .

of RGP bt SRS velodtaTs o b SoRRoReBSit g gituent
phaged, ahbeldsem%mtyuherdﬂge imorhlase&t I RAOL & $Hdub65 wt. %. The
controll able. The exotherm c heat of reaction of

oxylkfendeed vanev ppgionhof Sedeadimay by/thatseme isewpbsition,ns may

d
A
f eedifﬁerrnvaﬂxmnts‘. otk I:Sadcularl)t éféedtleahqm dileniie m@a,sahﬁl 1@ its
Rt BPL P Rat i sbS P GRbo hy ef b Fcctor
amoigly efbfm.rE QEELr BN RY k»ﬁlﬁch l'elhn@elly'sﬂiéll%tfeo mer%eﬁlh @lludn®hare

separate or jointly wwth the vapor feed, 1s from
abodescibed above.oF topendedestios sf thie tempgrature arel prossare of any

oxygenat e cont ent _

o g Priehie RSy dityent g Bt O g, Ralor P Spspg at east a
75 értioftdsih thé’lﬁ%ﬁl@bﬁése%)i%ﬁﬁ thelRbatsortind g Rbmek 86l contact with -
and nost desirably the range is fromabout 5 w. %to

abothe cgBlyat or a’/UaPPhEOﬂIOquf it fepdianddgroilusatt i ons of the
f be t
V:?g) ngypr gpop | §’ﬁ%ﬁ ﬁl%qﬁ;gl?‘d g%cgﬁgro?'i e;ﬁgd m%?%%%bﬁt into portlons

oxy gehiatreducddo sisdreeattors dinhilepkdity dfilbssiohsalofl ehe length of the

particularly effective liquid diluent is water, due to
i t gTiser reactors. This may be done witheither the oxygenate feed, the dlluent 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
appropriate size distribution, which, when entrained with the gas and solids
introduced to the riser reactors, vaporize gradually along the length of the riser
reactors. Either of these arrangements or a combination thereof may be used to

better control the temperature differential in the riser reactors. The means of



relatively high heat of vaporization, which allows for
“aogh,g,n”bg(pac.t on the reactor tenperature diffgepatinbozrss
with a relatively small rate. Other useful diluents

are described above. Proper selection of the
tenperature and pressure of ardp- appropriate oxygenate
and/or diluent being fed to the reactor will ensure at

| east .portign.is in.th i gui.d phase as it enters, .
¢ nenrederB kbt RGOS el Rt R R R R of et Fiquia
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di luent. [0057] Optionally, the liquid faction of the
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ei tdyaterkiof réxeyiof Nedheiek agfblebillfr sliveuatmiQfurestitRolecular sieves.
Typically, this is done with the diluent portion of

t heMblsedar sigvasheay egzeotitic (zelites) pr wan-zhelitic frurrieslites). Useful

whi ch.introduces the total l.iguid fraction of the.fee
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di stribution, which, when entrained with the gas and
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ra b l.on he | f rdcSer; . rea rS. .

& etlofof (RRET o EROMCh B U8 ¢ ShEl ookt RO BR B gpres wre

mayddided aethole@ulab sieley with pbired hatifg atdeaipeécdfUés than about 5.0

differential _in the riser reactors. The neans of WO
2004ng5TPOS50  Plediunspote3 megieomiar sieves ajedefigadas mglegular sieves
cul tboLici of Lo . : ) )

sl IR DR oG SRR b ol Topog g
si z@0f9]st r i buUsefnl ieslivie hiolsautamsieivas inklida) hut arednat dinmited to,

di scussed here. .[0058] The cat t ' le for

R T R T STV (R AR

I NCMéBRAs af MRkiRg Whedk n$d1ENBardisheshrel oS iR the Rt AfdHed not be
sieves. Ml ecular sieves may be zeolitic (zeolites)

or fisrssaddiere.i rycienal rees ot wsll pags ataleculas sicary hebargwyitable
al sgy B SRS B ABINd ARE AFr28% 1ATK, A0¢ ATV, AWW, BIK,
non-zeol I't1°C nol'ecul’ar sieves. siraply, "the

cat @agsCHA) CHICdBA G, DDR; EBd) BRI, GOO) KELLBV,IIGVETA, MON,
-Desj.red | ecul ar sieves for use wi th an oxygenate to

ol ePfrHs? P RO anehsupsiitpteddormssthgiept.” 3fgptural types of

" megletiiin RRE WeRks fifaf ita LusP S s iMOLARM i

Si eg%s ngr%& ?‘ec?]wrlllg% aeg 1o ae%%lssglr a@%eug \?\rn{ {t:?lﬁs 1por e?ﬁ_ i#lude

hav Mg, MEL, MEVe EUSH, MEF sHERR FERY RO, A KL, TN sardomubstituted
" Medi um oref" nol ecul ar sieves are defined as

mol S EC™eves with pores having a dianeter from

aboyjoey O 10 8HRYEIAINGHOBEIREQISAPDRIORE oM EoUp of non-zeolitic

zeolitic nolecular sieves include, but are nat Timted

t o, motrsnlde sieves, thatrmrb usdfulein aprdxyeeitats LZGKIB, CORBMERA, Teaction.

ZSM’S%O% I?:gm?)]ri)s(é laJEhergc-EiPrr%nes%ﬁal microporous crystal framework structure of

[Si02], [AlO2] and [PO?2] tetrahedral units. The way Si is incorporated into the
structure is determined by 29Si MAS NMR.: See Blackwell and Patton, J. Phys.
Chem., 92, 3965 (1988). The desired SAPO molecular siev=s will exhibit one or
more peaks in the 29Si MAS NMR, with a chemical shift (Si)] in the range of -88
t0 -96 ppm and with a combined peak area in that range of at least 20% of the total



Met hods of maki ng these nol ecul ar sieves are known in

woen@al79amd need not be discussed here. Strucp@f/@g 003/027452
types of snmall pore nol ecul ar sieves that are suitable

for use in this invention include AEl, AFT, APC, ATN,

ATT, ATV, AWN BIK, CAS, CHAZ27CHI, DAC DDR, EDI

ERI, GOO, KFI, LEV, LOvV, LTA, MON, PAU, PH,

?}%\S@T%% Oﬁgg bStﬂlt ut.ed f%s’g&‘ @hﬁ\rfg 1fetr‘H§J icégéjlgp% 0115
N ﬁgk‘u%efﬁ?r sif éﬂbl@m%%'ll? §hl§?§ \é@felt ﬂoQ:&térﬁHI kaﬁéﬁxeﬂl\ﬁénané/ﬁtm)
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oX YNt &RId, thedb®ES the COONY S4tGHAY seRBEVity0 ParticPAPPropane
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fr anbm‘rlw SA Suddrasiost less drayX).65 [s syzz}bleamﬂ'{ a:@@}lZ ratio of not
h
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andg aﬂﬁmgﬁgrgfenamys Chem, 92, 3965 (1988). The
desired O nol ecul ar sieves will exhibit one or

rmr[@O%aks i rSiliepalugigophrghalpmiclegulas sieveharaigergralbhelpgsified

I_%]be 113? o%g%m%nailﬁg%vi}rlgﬁélgf 9 P%Hn%ﬁx%eygdt g'sé%tru tures.

|ne area In

t heTHesd ﬁhg h’iﬁl&lﬁ%éﬁﬂ?ﬁ@%ﬁ@éﬁ{a@é@&@&dz@&%@ﬂg fro@Abpeeks-15
area of all_peaks with a chemcal shift (Si)] in.the
r arfg@sterms. gyefspied eee the small fors SHREraoleHEar sV having an

rsnal
( T%g)efa%le Fgﬁ% %esrlaﬁﬁflglf gg?tfc?é%gtaﬁg 5 a%%&tf&}ﬁ@ﬁlmﬂe Sief@98ly from
si 14.6 omb Omhmmims piesepore|sees ke typica\od nud eahlarisievesbdvizg 8
proc ve a relatively low Si/A12 ratio. In
geﬂ@?lﬁ'gere?ﬁ’é‘g? ower the Si/A -2 ratio, the |ower the

Cl-[6deHat ur at RSyep&rak GllicvhlhindiMobpiakd ﬁbieifulﬂﬂr Q@@B @omprise a
selectivit A Si/A12 ratio of |ess than iS

desmplgpplar %éwnt:worés @ucpms}imngo[so@h o102y @ét[Bmi tedahedral
el B B BRI B NS Ll SR

Si | olefirbroduowphosphat e rml ecul ar sieves are generally
S0l 5 ool S R PRSP bl i
St r Wg@ﬁaﬁé 1EaRAR @é(x?ve?é?ox@i{ﬁrc@é%%&%@sﬁPées IS8 ?SAPQUT 1,

about” 3. 5-15 angstrons. Preferred are the snal ore
SAPS}\H@I-kﬁ; SIARO-37, 84RO HAY BAF Cr20, SARD-3(eSARDS4s SAQO 35,

209LBE-1Y SAPRYS 206 oS ARIGE Y AR TOLBORLE 5

LY PEARD-5Y, tHDhEEUERaifing 88N d h¥te0f 28d nTRMURA tBétesf. P4Sferred are
SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47, particularly SAPO-18
and SAPO-34, including the metal containing forms thereof, and mixtures thereof.
As used herein, the term mixture is synonymous with combination and is
considered a composition of matter having two or more components in varying
proportions, regardless of their physical state.
[0065) Additional olefin-forming molecular sieve materials may be mixed
with the silicoaluminophosphate catalyst if desired. Several types of molecular

sieves exist, each of which exhibit different properties. Structural types of small



[0063] In general, silicoal urni nophosphate nol ecul ar

wio fMesseenprise a nolecul ar framework of PCT/US2003/027452
corner-sharing [Si02], [A102], and [P02] tetrahedral

units. This type of framework is effective in
converting various oxygenates2fnto ol efin products.
[ 0064] Suitable silicoalum nophosphate nol ecul ar

o DbEcmo s ey AR e B T o R 1S ey B R At AFT,
SARGA TA TRARPTIRTVSARPW2 BIKSARAR, SHA SAROTSAC, ISBROEBS, ERI,
SAPO- 36, SAPO 37. SAPO- 40, BAPO-41, SAPO 42. SAPO 44
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si 1 j0866) uni noPrisypred BARQS éq»rygq clasgs Qfég@lp@gar Sigg KRpWN as
t yplel%[ ¢ g_{)ggo’f é’¥ yl a{re aRb LY ei%l ﬁ)xthéiares ur a%{m}(\hi’folge%ses for making

exhi roper i es

s meMe AN RAURLARVPRAh PG/ s&mam&emﬁmen@,&upb aeMeAPSOs,
nol ecul ar sieves-that are suitable for i?e in thi.s

i nvalae men berseitahlefonmee invthy presppanventiqn. AgHablagpstinggis. “Me,”
Bl K, oatfEL . 7

Uy imef 8 o7 nlkes Al 1R oot Rl inc

s ubsgitantudh etrofithtimpmagdresmaf, baﬁnmumdmdxtiumy fféls solfstitaegisumay be
pore nol ecul ar .si eves that [ r . use.in

Chi SxPRvered gfrfapas SRfhe %@Eﬁw ‘PMtfe Yefjuents may
FERpbe %F@g;o%led aflENynihBds SEPAPOL ¥t E&Amsilhahaqf methods.
Preferred nol ecul ar sieves that nay be_conbined with

a smhcmetqumplhé@,m'@t@ neanedessrily Rerigde Jafshange, incipient
é AI\PAC%%IPCS? :%r%ml ag’s o &nfgg ltxaqnca %Q@g a%(ﬂ%iﬂbtlﬁéttx%gs thereof.

ar Si eves-known as
"MeAGSHg, " WhiDddired Me@lPFS@SUBeﬁmhll poretMeAP8Os baning pore size

i nventi on. Processes for maki a
t he smaller thaPEROURD ANESHBHE PIIS tP§re %@éﬁ E§§ WZ‘A‘ES%%‘ are ot
ghsﬁlgg%@éar gtl)lzltdlieh%"ﬁsmfo §§9C6SJA15©—%4PN?§@P© 17NE89APOR1 7, and

tuents , i ncludé, but aré not
necasixaired theteofri ted to, nickel, cobalt, manganese,

Y AL N R 0 TR AR W
“MeAPOQs,” are another group of molecular sieves that may be suitable for use in
an oxygenate to olefin conversion reaction, with desired MeAPOs being small
pore MeAPOs. Processes for making MeAPOs are known in the art. Suitable
substituents include, but are not necessarily limited to, nickel, cobalt, manganese,
zinc, titanium, strontium, magnesium, barium, and calcium. The substituents may
be incorporated during synthesis of the MeAPOs. Alternately, the substituents
may be incorporated after synthesis of ALPOs or MeAPOs using many methods.
The methods include, but are not necessarily limited to, ion-exchange, incipient

wetness, dry mixing, wet mixing, mechanical mixing, and combinations thereof.



i ncorporated during synthesis of the MeAPSGCs.

whbennaieby, the substituents may be incorporgtEasinesniiesa
after synthesis of SAPGs or MeAPSGs usi ng nany

nmet hods. These nethods include, but are not
necessarily limted to, ion- e->2¢9hange, I nci pi ent
wet ness, dry m xi ng, wet m xing, mschani caI m Xxi ng,

anGRBIE) 2 LS e et LOOGLL DeRL e MEARSCR 1 ©
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not necessarily limted to, N SAPO 34, CoSAPO
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to olefin conversion reaction, with desired MAPGCs
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purerapan At el B oo™ { e Gaichy Sk e Rl ofien to
Mar@aRestnt péiols in hidthrd Ahd Bftes hﬁ\@gohw’ﬁon%%ﬁfé icHRlytic activity
barium and cal cium The substituents my

be
i ndeppuReiedhr Mumpien of undpsidreductrndyampgsnay not be effective
Al ttg Pﬁﬁ&JeXhe a£§e¢ gﬁ%%&é%%ﬁlz%é gugxgmﬁig(:(oé %Srf"illte{ %nd binder,

aft'ed synthesis 0

Th emaretidle iixhidec fdr(éﬁamblldl syattetioahd nm@arcmhmng Isﬁbsltaeﬂes metal
xcha, , | nci pi ent  wetness,. dry m xing
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mol ecul ar “sfeve e |ncorporat Into a’so
comjmmrlammvmap; aﬁémaumy:s ebhthesk patetialsl es, in which the

ar SI present 1n .an a effective tq,
T EFTE" b s TR e Ry Srmerisch Fhepit 196 to
parataoﬁ{ BB/ BYrel prefettihdy boudbB ttabeadd I0e. el 861 nYRe prERsAbly
of the mol ecul ar sieve and matrix materi al ,

pr eFhonhHI% teabqus 88%6, by avessht of molqcalar meyerang jan ameuat of about
bi npﬁ o BB E 99@' mdr® prefds 9%51 qg & 5d ?d %ﬁqlt ?6‘%’%& Hil%hore
. dBsire ca?alyst I 1ut1 oh,

properties,
e cpraferabdy abcmt rl G%gblmbautcBOthéayl wéight dfondtiie mitdriatl

tion uch matri x rials are often to ne .
ex?@ﬂ?i]por ousﬁ%prﬁﬁ‘ifa?@‘%{%’ gf‘:@@ ShSQrBPISEHARS €-8-» solid particles,
nongehRitdouBe aRfleduYdrisfevaGhd Mabx mhRril, M @nSekifal and,well
f or mati on of undesired products and may or may not be
ef flowwnia the art pndmhﬁzrefotehes uigsiiscesked e detedhereonver si on.

Suc trix, o fid bi nder, . maLerials .
o098 " or Eaclms g A6 PG binely ity orother material
OCCidgrbvife Beths aRGAR, peﬂﬁﬁﬁénceodﬂrﬂﬁﬁq re§ibtayce, re%bﬁér&lﬁﬁty, and
al uminas, silica-alunmnas, silica- magnesi as,

si | ptber desiredbpioperties.s Desitably, hhﬁr ¢atalystds fliigigableryndes the reaction

st (I:oCn 1t}o|nté arﬂl atalsys% houldahave pg 1cIehs?zr'es%%’fro%1| ellbou?20 u to about
3,000y, desirably from about 30p to about 200y, and more desirably from about
50y to about 150y. The catalyst may be subjected to é variety of treatments to
achieve the desired physical and chemical characteristics. Such treatments
include, but are not necessarily limited to, calcination, ball milling, milling,
grinding, spray drying, hydrothermal treatment, acid treétrnent, base treatment,

and combinations thereof.



al um nazirconi as, and m xtures of these materials.
WOQP0)03T¥® sol i d catal yst conposition preferablpCcT/us2003/027452
conprises about 1% to about 99% nore preferably

about 5% to about 90% and sti nore preferably

about 10% to about 80% by weighit of nol ecul ar sieve;

and an anmount of about 1% to about 99% nore .

pr eﬁO@W‘{gl y abpulirap¥ 9 aRBRHenHEYD ofBE BhidrbioPERtion conducted
preferably about 10% to about 80% by weight of matrix
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conpositiqns, e.qg., solid particles, .conprising the
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(M gpofd) any PRINEY tHebak BEpdrfAGE Wiocity approaches 1m/s or higher, a
substantial portion of the catalyst in the reactor may be entrained with the gas
exiting the niser reactors. At least a portion of the catalyst exiting the riser
reactors is recirculated to recontact the feed through the catalyst retum.

[0076] Desirably, the rate of catalyst, comprising molecular sieve and any
other materials such as binders, fillers, etc., recirculated to recontact the feed is

from about 1 to about 100 times, more desirably from about 10 to about 80 times,



Desirably, the gas superficial velocity is greater
woaamiaboitd 2 ms. More desirably, the gas supecfivse@Bio27452
velocity is greater than about 2.5 m's. Even nore

"~ desirably, the gas superfi ci§ velocity is greater

than about 4 m's. Most desirably, the gas superficial
velocity is greater than about 8 mi's. [0074]
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PCT. USZ 03/ 027452 -31 and nost desirably from about
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[0079] 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 éatalyst 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



greater than 700C, the process nmay not form an optinmum
wanmaph3©ko | i ght olefin products, and the rat ep@tus2003/027452
whi ch coke and |ight saturates formon the catal yst

may becone too high. [0078] Light olefins will form

-- although not necessarily i-B2-opti nrum anounts --at a
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in a fm di zed stat'e under the reaction conditions

andyiwidtihmeasired peaTiSEONERIHR tg @M ElE 7o hads- d&\eﬁ the temperature is

| Lhe \QHST\& Otwhich T i
500%6@;3/?6 eelsflra lM%ro %W& #lmm% %ﬁt ?YV o
hr - the aa8@ Bfﬁrﬁpe(ﬂe&ﬁﬂerv@ﬁhytﬁdmmtahm?c 5 hr-1 to about
1500 hr-1. The - applicants haNg’ﬁgl scovered that
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operation of the oxygenate t fin conversion
reaction at aT@PENSGr eater THan 20 hr- 1 reduces the

net hane content in the 1pt(EBd08)/400Ked4a¥4)t he

con on reagtion. Thu I 1Sk
desX(ﬁfﬁb y operSv&da ecg]nvm]s% ﬁrﬁleﬁ{é%isl%ﬂlég%ﬂfﬁdé&ﬁly}ﬁ hto
hr - byoiff@he RecligBcafpiciatyn@acorptablrievels of feed l'qclyclatg‘l eWhile
or m xtures thereof, the WHSV | s _desirably at

abouPOBPNYEeIRIReRIVETSICR 18 485iFeAPY the PYFROSH BLIEC B‘eﬁfy voiding
aboL% d?’rggycli]& a]reductxon in unwanted by- preducts is observed frequently when the -

conversion is about 98% or less. Since recycling up to as much as about 50% of
the feed is commercially acceptable, conversion rates from about 50% to about
98% are desired. Conversion rates may be maintained in this range -- 50% to
about 98% -- 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 hourly

space velocity and/or gas superficial velocity); catalyst recirculation rate; reactor



[00801 It is particularly preferred that the reaction

w6nhifisarg for making ol efins froman oxygenaper/us2003/027452
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Tenmperature Corrected Normalized. Methane Selectivity
(TCNVB) of |ess than about 03816. As used herein,
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[0083] 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 about 0.1 times
to about 10 times, more desirably from about 0.2 to about 5 times, and most
desirably from about 0.3 to about 3 times the total 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, 1.e., catalyst and non-

reactive solids, removed from the reactor for regeneration and recirculation back
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°f e?htellggenggtedsga%}l}%st Ilsn cooled to a temperature from about 100C to about
2000C 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



the regenerator. The catal yst may al so be regenerated
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st emud 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

the catalyst and process descriptions of each being expressly incorporated herein
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by reference. In general, these processes involve contacting the olefin product
with a polyolefin-forming catalyst at a pressure and temperature effective to form
the polyolefin product.

[0090] A preferred polyoleﬁn—forming catalyst is a metallocene catalyst.

The preferred temperature range of operation is between 50°C and 240°C and the



Gas hourly space velocity (GHSV, based on vol une of
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to about 6750C. [0088] The process of neking the
preferred ol efin product in this. invention can

| niSReiRR BireTIdAYE Pblod medRpn Bt high preTaTER R dRy s om 1

co 1S: . .
CoUERSURS. g A SLARansy HERcR Syl Aok ptaay
maksedgarichihe poefprsd bparaingpressireomangt 13 betvecearl0.an@68 dars, with
processes_ include fernentation to al cohol or ether,

mak Prejerssthiempstaiuig bstweeRdR0 o A £30°hg Fom&as RRAsE RERSESSes, it is

I her . ' ' d
o B Bel e (G Bk BE oy BO. 1o 65 C OatEif ke
{ﬁﬁﬁéﬁ%ﬁ@?ﬁ%ﬁﬁrﬁé Floa 5 Bk & B@ba@n. [0089] One skilled

e ar al so appreciate that the olefins
pr (109dpd by Inkdditiry trepelyelefins, ohakerays othey elefingigrivatives may

react.i on .of the present .i nuentjon optignal l re ..
oPs fumteadierh i B REBPYMRURS b PisdRised B prfspntifention or
PObLKEhE Y@V ereaierBRbMP MR iBtiRde, Hit Ra®S Hfitked to,f0deh de,
pol yolefins fromolefins are known in the art

Caglepholiscacefie seidskivasr alpha pledinaripy aceaier ethyleng dighloride and

preferr are [ e o

Cad ) iR bl SR e GUSEADRYE 823 ufhe tsopropy!
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reference. [ngeneral, these processes iInvolve
conheaart,iang thérefoot afeinot grsoghsed herav t h a

pol yol efmform ng catal yst at a pressure and

tenperature effective to form the polyol efin product.
[0090] A preferred polyolefin-formng catalyst is a

net al | ocene catal yst. The preferred tenperature range
of operation is between 50C and 240C and the WO

2004/ 037950 PCT/ US2003/ 027452 -36 reaction is carried
out at |ow, nediumor high pressure, being anywhere
from1l bar to 200 bars. For processes carried out in
solution, an inert diluent optionally is wused, and

the preferred operating pressure range is between 10

and 150 bars, with a preferred tenperature between
120C and 230C. For gas phase processes, it is

preferred that the tenperature generally be from 60C

to 160C, and that the operating pressure be from5

bars to 50 bars. [00911 In addition to polyol efns,

nuner ous ot her ol efin derivatives my
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be formed fromthe ol efins produced by the process of
the present invention or olefins recovered therefrom
These include, but are not [3hmited to, aldehydes,

. al cohol s, acetic acid, |inear alpha olefins, vinyl

acetate, ethylene dichloride and vinyl chloride,
IMBnzene, ethyl ene oxide, ethylene glycol, cunene,
i sopropyl alcohol, acrolein, allyl chloride,
Eropylene oxi de, acrylic acid. ethyl ene-propyl ene
ubbershydipeprbett ganyafsion apparafsd comprising and di mers of

et hyl ene, pr - - or _buty|l enes, The processes of

manuf ?Qt ur i g‘%@;@ rgsa; Feose %8%3";}%’“}5& 5“??1‘56\%?@ ngthﬁe
art, eadlyshemafefee and @ sétindEnd euda R whRthehe bataldd i
CLAI M5, 1)‘;S A hydrocar bgn conve?%?o%dggpasg?%?g?l%tcmexlt

conpr i Begr reegiota plurality of riser reactors, each
havi ngya fir ad. I nt ,ch a ca st, can.be fe

and a%b econd %é:%g{e&h#%hﬁ 3“%?&? %eﬁara@%%kﬁfcfg?mm ucts of
the riagedction@chdicted in)h@hFdDedrBoA SohvERIE: @;;%h%eﬂ]et 0
separate the catal yst from products of a“feactfon

condu&tRagatioR Zope infleting a phuelitymfvetsi on appar at us, the
separ atyi on me‘f' i urality,of inlets: (c) a
pl ur al?‘lt')t y gﬁ ge\}l at idr‘%g{aﬁgﬁ‘%éer%?cr egg%}y%eé’%ﬁt%i%ﬂnmr?ﬁ?gf‘ted

or i entedevitte adbowi af matribl frstmahe sRbed efd of 4 ABpEIEDe riser
second eg)d Of?@t r%%‘%ect ive ri ?ler, reactor toward a
r espelTAPE IHMEA FoRRfENET Hich Whersiaat drst oe afibe deviating

devi aliditherd BHstises § 90RIcEReSIKbwidngegr ee el bow, and
(d) at least one catalyst returd in fluid

commuid)cat iableastionle catalyst styrana fluhconomeniaatibnt wigh fHer St
ends Qf e riser actors,. t catal yst return_ being
pr ovi geepoa&&outzrogggpéﬁucttf{é{%gg TiseF E%‘Ftpfﬁeﬂéeéi%ﬂlﬁt TEWD
zone beinghpeofitlédlo trRES Y catdifst HotPihe SRS z0ne to fHSrst
hydr oca(g)cgt{%czqnver sion apparatus of claim1, wherein

the afp QIISETIPRURIF- conprises: (e) a catal yst
retention zone provided to contain catal yst which can
be fed to the riser reactors. CO 3, The apparatus of
any ofThe hatresarbon conversibm pppanatesioficlaitn 1,ehdpbinrtad hyparihs

riser eactors includes a center axis extending
betvveg’r{{}fe%éoﬂ)ﬁ% -and second ends

(¢)  acatalyst retention zone provided to contain catalyst which can be
fed to the riser reactors.

3. The apparatus of any of claims 1 or 2, wherein each of the plurality of riser
reactors includes a center axis extending between the first and second ends

thereof, and wherein the plurality of inlets aré not oriented along the center

axes of the riser reactors.

4. The hydrocarbon conversion apparatus of any of the preceding claims,
wherein the apparatus further comprises:
$3)] a plurality of amms, each arm in fluid communication between the

catalyst tetention zone and the first end of a respective riser reactor.



'reactorsadJaéent'I*H eh 5t erds

t hereof, and wherein the plurality of inlets are not
|2@m0§§j),@l ong the center axes of the riser r?é‘fﬁ@%&»smzusz

4. The hydrocarbon conversion apparatus of any o

preceding clains, wherein the apparatus further

conprises: (f) a plurality of-3dfrns, each armin fluid

communi cati on between the catal yst retenti on zone and

the first of a respective riser
2000/ 05 SOVPRE I BA00 HTDn SISt & SHIGE FirATER FBeR
conver si.on. aRRAL A& AARY: Qndidiss:pr ecedi ng” cl ai ns,
wherei n the appardatus further conprises: (g) a feed
di stri bugpr |a@b@dlsn@lmrphdu@bga;phu’ahtbfeaédedddmdés positioned
positi oned adJ t to troggl}gl rst ends of the riser
EEhIEF9Tdn appar at us of

any of the preceding clains, wherein the hydrocarbon
conversi on apparatus includes at |east two,
pr ef.er abiThe Iatdroasisin ddnversionrappaaus ef myadﬂﬂye priec¢damg claims,
four riser re 7. The h drocarb rsion
appar at USPGFIE FHETECe A F VAT PR 165 8R4 B o) Vo
provi de pfdf&@blyl £ #aEOfodr h&:r reactors.
subst anﬁ%ﬁ?%lggtuggﬁ%éf éélﬁg tfﬁpr oug the feed heads.
8. The hydrocarbon conversi on apparatus of any of the
pre edi erei n the appar.atus furt
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fluidizing agent distributor being provided to feed a
f1ui di zi sitpamgdhnough therfeedbgadbyst retention zone to
fluidize catalyst contained in the catalyst retention
zone. 9. The hydrocarbon conversion apparatus of claim
8, ®her eThe hy®oedbeé &Snwﬁrsmfnﬂpiphﬁtusaﬁ amy ofths preceding claims,
di sperser positioned in _the catal retention zone,
the di sp@’?‘%@iﬂthﬁ@i’ﬂﬁa‘b‘?wlﬁéao?gl sper se the

fluidizipg ag A RIS (L THEDEH AR unRREh Wah th
fluidi zeﬂghe gg&g@%%& Tﬁe hryldr ocar bonugonver si on ©

appar at u satah‘ystaiemntm@ Zo1wh Mmdlmg agemiplytgbntor being PrOVlded to
device s

ct d,fromthe group.consistin f
screen a eif% g‘rzfri?raﬁtegtatog %%Agalysiieteqiﬁoél %ygrt%@g s Cata?yst
conver si @ontapdidileTaniystftyendon tbee. precedi ng cl ai rrs,

9. The hydrocarbon conversion apparatus of claim 8, wherein the apparatus

further comprises:

6y a disperser positioned in the catalyst retention zone, the disperser
being provided to disperse the fluidizing agent in the catalyst retention

zone to fluidize the catalyst.

10.  The hydrocarbon conversion apparatus of claim 9, wherein the disperser is
a device selected from the group consisting of a grid, a screen and a

'perforated plate.

11.  The hydrocarbon conversion apparatus of any of the preceding claims,

wherein the catalyst return is positioned centrally to the riser reactors.



wherein the catalyst return is positioned centrally to
WekL2004/6806s50r eact ors. WO 2004/ 037950 PCT/ US2003/ @&445%32003/027452
-39 .12. The hydrocarbon conversi on apparatus of any

of the precedi ng clainms, wherein the hydrocarbon
conversion apparatus i ncI udes-¥-plurality of catalyst
returns. 13. The hydrocarbon conversi on apparatus of
claim 12, wherein the apparatus further conprises:

(j) a flow control device positioned on at |east one

of {he cahahydbearb&i sonRersiochbppdiatishysiyosfaidpreceding claims,
conversi on apparatus of claim 13, wherein a flow

contr ol wdiemm:@e hydnoearben ePRMETSHPR ARREFRMUSTinglHdes A RipEalitt of

of cat al returns 15. The hydrocarbon conversion

appar at u 61?" RVt the preceding clainms, wherein the
separation zone further conprises a quiescent zone in

whi ch catal yst can be retained until the catal yst

novés. fr ahf:hhd;osgb@n eanversionoapparatys of §taimdiapierein the apparatus
return. 16.. The drocarbon conver si on appar atus of

any of t hﬁf@%@ sr? clains, wherein the apparatus
further @?rrpr laFRW cc(nkrbl @e 6@ @sitidned eg enlesabae of thefchtalydt
conmuni cation with the hydrocarbon conversion

appar at ugeturmg. The hydr ocarbon conversi on apparatus of
claim 16, wherein the apparatus further conpri ses:

(1) a catalyst stripper in fluid comunication with

t he 1ydr mmbdfbcaﬂbom\t@i\&'rsim aasdtad mfscleém:ﬂl Iv\élem&m alflpstcontrol
regenerator. 18. The hydrocar bon conver aratus -

of any ofdet’lﬁélsri?oéﬁ’@&f“ﬁ@n Bak; qfhe PIRFALNLD Cai‘ }és ¥at us
further conprises: (m at |east one separation device
positioned in the separation zone. -40- 19, The

hydridcar biie hydrocerbsh oonapgian appesatos of@hs pﬁthﬁ@reqmﬁmgeqlmms
the at | east .one se aratlon ice sse ect ed

group conSEEPHY BP &“%?/%?Ignggyerscé)ﬁn PRESot TR %Oélg],m which
an i npi ngamBt cAed I‘éfanﬁﬂdnﬁ@fﬂéldaﬁﬂywﬁﬁ)véstﬁdjxﬁoﬁe sepafhtion zone
The hydrocarbon conversi on apparatus of any of the

pr ecedi ngodhesaidyst i#eiei n each of the riser reactors

has a cross sectional area of no greater :

16.  The hydrocarbon conversion apparatus of any of the preceding claims,
wherein the apparatus further comprises:

k) a catalyst regenerator in fluid communication with the hydrocarbon

conversion apparatus. -

17.  The hydrocarbon conversion apparatus of claim 16, wherein the apparatus
further comprises:
)] a catalyst stripper in fluid communication with the hydrocarbon

conversion apparatus and the catalyst regenerator.

18.  The hydrocarbon conversion apparatus of any of the preceding claims,
wherein the apparatus further comprises:

(m) atleast one separation device positioned in the separation zone.



than 12 n2, preferably of no greater than 7 nR2, nore
preferably of no greater than 3.5 n2. 21. The

" hydrocarbon conversi on appatgj.us of any of the

preceding clains, wherein each of the riser reactors
has a hei ght of from 10 neters to 70 (-_" J neters.
49, T@W@mmnﬁmmwpwmwaband@ vheeinthefat tdast
precedi n wher g ch of the rlser reactors
P AR AFRP RO diels nerRr RgmuSinub Spasstig of pirgelonic
hydr 0GapdeidrCORNG! & bR BAALR deDict tnd BYmBhatitR thereot
precedi ng clains, where each e riser react ors
has a cross sectional area and the cross sectional

the riser r Or s _vari no nore
Phan S0 B RptarthanyS Rion B Gt 0ok (e Blbeoaing Slaims
pr ef erva}mrﬁn%ﬁéh D8 risBvRadordhak ra‘?:%s% REctichhPR8a of no %reater

sectional area of another of the riser reactors.

24, Tﬁbam%rrbcmpf@@arblzoﬁn@mam t}mmpmétmsreqirefmjahocﬁfﬁdwe
prece 2 Wherein the 90 degree el bow
inclug%&gm%%m%?§éPlng pl ate, a catal yst contact

region and a delivery nenber. 25. The hydrocarbon
conversi gn apparatus of any of the preceding clains,
wer ei Hhahdregapansaopyersiontpparabis wpan sefithe precbdiag tlaime
separ i.n_the ration zo

whor e agnIE SRk RGN 18 o bR PP S LBeRda an,
coupl adetaist h 't he separati on deV|ce -41- 26, The

hydr ocar bon conversi on apparatus of any of the
preceding cl ai ms,” wherein the apparatus further

QONPr i{RSy dQ&)a:lﬂm%%ﬁ%l‘émnglpHMur é’? ax% i{) q;lé ?fec&ﬁ clims,

wherei n each of the secon

r eact ovkereinciachiesthe iriset reawtdrsshas evddthnafSrand meteee Gndeters.
center axis extending therebetween, wherein the
separation zone includes a plurality of second

i28 et sThedadiocatimananiversidh Pppiraths OF i d e ﬁe%lﬂn claims,
center axis, 27. hydr ocar bo

respect.ive se%b%’g

conver St BHI 5 the riggs ToactpIsdies aickpss ﬁeCéppa!ra;camd the cross
accor Wefigbnal &eaBY

the steps ngf Qt(el ) 8@%?21@?{%%&%&%? € ca° %?hgk’g

Wit h @referdabiy re merathentl 0% nfdstjplﬁéfwlymbﬁn‘fol‘&mhdn 19) i®m the

cat al yc%ss sectional area of another of the riser reactors.

24.  The hydrocarbon conversion apparatus of dny of the preceding claims,
wherein the 90 degree elbow includes a contacting plate a catalyst contact

region and a delivery member.

25.  The hydrocarbon conversion apparatus of any of the preceding clairﬁs, _
- wherein the apparatus further comprises:
at least one separation device positione& in the separation zone, wherein
one or more of the riser reactors are closely coupled with the separation

device.



(ii) feeding the catalyst and a feed to the plurality
of riser reactors (a); (iii) contacting the feed with
the catalyst in the pluralitg.of riser reactors (a)
under conditions effective to convert the feed to a
roduct (iv) directing. the product and the catal yst
tr ou@he idroghten couxersbn apparitus piegyred threprecéding clains,
separatin e cat al y, fromthe product in separation
zone {V@S’)eec‘l?h\? L}SMW?B}P@B%IHQ influid -
commu EH)C at Ia%ecdﬂdtﬂluﬁaney & 1R kdabdord fvhelaN eAH SXOLOSIRGHS

(c); (vi) returning tHe catal yst from separation zone
(b) t plurdlityeif msed riepsforsfinclndesefirst mmictcoon! ¢rals andndedanidi )

28_ Th f
Gl o oy e et Rt etvecb hirefiitne seberhon frne includes «
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feed to each reactor varies by no m)re t han

pr ef eFeEpESHveSepandecenteraxi50% nor e preferably no nore
than 1 % by volune rate, fromone riser reactor to
anot her riser reactor. 29. The process of claim 27,

pher eianhydiecdib@dcdiefsesh ﬁ@c@@@ikl FaE‘&rMﬂH;?al’Ms :Q:fcordmg
riser reactors such that the flow of feed t

r eact 8t ALe4 188 PEPeHBE sinims, qompaiszeothe sieps ef abl y no

2004/ &§795%9'é%ﬁ1?%’s§88@?%§‘fa‘%¥‘ﬁ? B Gy et to idize

per cette fidizeblelvatabysponent in the feed, fromone riser
reactor. to _another riser reactaor. 30. The process of
any o )| aiforsingthe satalyst apds faed twﬂ@prlmhm off isgr zegetors (a);

is  sehigct ednfab @R fh@?eélf ‘ﬁﬁgr te vt 5 Expﬁleg)flurgh{yr %%senﬁ?gctors

st eam- car bon di oxi de, ons and air
proceéd l@tﬁelamnd@ionaleﬁﬁemezw cbnvé‘f)l;hevﬂaﬁ tel arprs&@cn, (v)

further,co I Ses dlr the cat romthe
separ gt on%z)%ﬁtén e g c:a%'tc R}g?' F%tlaﬁ’rs CP’é“a]}tﬁOf
flui ddeﬂmimglnﬁaiblem'(cy;nth t he separatl on zone and a
plurality of arns . _The process of claim 31,

wher eff st éﬁpﬂef%t)n& the Fﬁ‘é}yskéﬁﬁﬂhgE@dGFTrlacfr@migtlQMne (b), the
cat al I t o n

on oanf A REONES bl RN Comlm B BRE P BN

any ofievietihgmenibetsolc§2, wherein the catalyst is

cont a%t,l?d retuming the catalyst from separation zone (b) to the plurality of

riser reactors (a); and

(vif) repeating steps (i) through (vi).

28,  Theprocess of c_}aim 27, wherein the feed is fed to each of the plurality of

riser reactors such that the flow of feed to each reactor varies by no more
than 25%, preferably no more than 10%, more preferably no more than

1%, by volume rate, from one riser reactor to another riser reactor.

29, The process of claim 27 , wherein the feed is fed to each of the plurality of

riser reactors such that the flow of feed to each reactor varies by no more

than 25%, preferably no more than 10%, more preferably no more than



with the fluidizing agent to fluidize the fluidizable
W& 2hy6ex7930n a catal yst return, in a catal yst
retention zone or a conbination of the catal ystPCT/l{Sa?or?/ozu’z :
and the catalyst retention zone. 34. The process of
any of clainms 27 to 33, wherei-#the process further
conprises the steps of: (viii) regenerati ng at |least a

portion of ' cat al nerat or |
Bt er sepd B Bt bAEMY oL R e S BeHT b R s iser
produce a:acﬂbeg:eaﬁiﬂ&?dleﬁelcﬁhcﬁbﬁ/ﬁ and (ix) returning
the regenerated catalyst to at |east one of the
separation zone, a catalyst return, and a catal yst

retanti opy 5811[2) %%an N RIQCES éh"_@f gv?xlé%i nt}hsél}lu eé glgennt is

the process thef onprl

stri ppi ngplédnsl fibml thagioup c@ﬂsﬁétinﬁrbf%trégﬁﬁ s‘fé’%}@lc&%ton%d)g&e
to regener ati ng the at least a portion of

cat al yst! hydrgearboyes anttadr. process of any of cl a| ms 27 to
35, wherein the hydrocarbon conversion process is a
reaction selected fromthe group consisting of an

ol €3li.n i Thepooessafahpof clemed 1708,30aWhOHOREANS furkiR comprises
ol efin cgnversion reaction, an oxygenate to gasoline

conver si 988 dhg etalyshdomeihe separgiitin 2dme td o catalyat ietmy, which is
vapor phﬁsf?mgﬁ&gﬁg% aﬁX Wi&Sh SelpEratnBﬁ la?]r,xe aéﬁd}/ ﬁmaﬂty of arms.

formul ation ro sC eac
acryl onitrile formul ation. 37, The process of any of

g’ns 2? to 36, ﬁ%{gl n the hydrocarbon conversion
pro ess 18 BROCERPEE elt‘dhﬁF’élfﬁtffP @dfivthes fonprissa diregting the
38. The QRAGAIBroQkh & pRirfid bf éh%' tg 5}1 tﬁﬁﬁtco%t L%c}é éesgeg’t*ve riser

si li coal t nni nophosphate Cata

any of clea¢tprs. 37 or 38, wherei n the feed is selected
from the group of nethanol; ethanol; n-propanol;

i sopropanol; C4 - ClO alcohols; nethyl ethyl ether;

di st hy| Ted ;Bmcessweﬁﬁyf cl@i&ﬁkw,to@” WEQEanHé’ LatSBSE contacted
met hyl forgeﬁ e%&for mal dehyde; di -nmet hyl carbonat e;

met hyl e¥H AlsHzeRgent taé@#ds#ethe ipAbke catalyst in a catalyst
t her eof . returffdn a-@ﬂ%.l)@i P&&ﬁ% ?hré@&)éae gcfm 1nz§1 nsn%fﬁg%f;agalyst return

wherein the orientation o Vi a
forms a adcheoaalyst teientibieoreepar at i on zone |1

34. The process of any of claims 27 to 33, wherein the process further
eomprises the steps of:
(viil) regenerating at least a portion of the catalyst in a catalyst
regenerator after separating the catalyst from the products to produce a
regenerated catalyst; and
(ix)  returning the regenerated catalyst to at least one of the separation

zone, a catalyst return, and a catalyst retention zone.

35. The process of claim 34, wherein the process further comprises the step of:

) stripping the at least a portion of the catalyst prior to regenerating
the at least a portion of the catalyst.



36.

37.

38.

39.

40.

43

The process of any of claims 27 to 35, wherein the hydrocarbon
conversion process is a reaction selected from the group comsisting of an
olefin interconversion reaction, an oxygenate to olefin conversion reaction,
an oxygenate to gasoline conversion reaction, malaeic anhydride
formulation, vapor phase methanol synthesis, phthalic anhydride

formulation, a Fischer Tropsch reaction, and acrylonitrile formulation.

The process of any of claims 27 to 36, wherein the hydrocarbon

conversion process is an oxygenate to olefin conversion reaction.

The process of claim 37, wherein the catalyst is a silicoaluminophosphate

catalyst,

The process of any of claims 37 or 38, wherein the feed is selected fiom
the group of methanol; ethanol; n-propanol; isopropanol; Cq - Cyg alcohols;
methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether;
methy! formate; formaldehyde; di-methyl carbonate; methyl ethyl

carbonate; acetone; and mixtures thereof,

The process of any of claims 27 to 39, wherein the orientation of the

deviating members forms a cyclone within the separation zone.



