WD 2004/ 029178 PCT/ US2003/ 017121 -1 REACTOR W TH
MULTI PLE RI SERS AND CONSCLI DATED TRANSPORT FI ELD OF

wWQa blib4odENTI ON [ 0001] The present invention rebPel/@s2008017121
a reactor useful in hydrocarbon conversion processes
and particularly in oxygenate to ol efin conversion
reacti ons. BACKGROUND OF1FHE | NVENTI ON [ 0002] Wen
converting a feedstock containing a hydrocarbon to a

product in an industrial reactor, it is desirable to
maxi m ze t he REACTOR MG MULTIRLFHRESERS or

products, and ' LNim ze, the
production of%%@t@h%%mgg?mactor usef ul
for conducting hydrocarbon conversion reactions is a

fluidized bed reactor, wherein solid catalyst
12 dinafluidized state during

@ﬂﬁ;ad Th ép:s e %g 198k t%rﬁqugétﬁe&seﬁﬁ?r?{wdl}rﬁé r Oiégl s.

e type reactors usua ave a C

cofeation pgResset hyd pdiculamy moskylsenaté edslefigordtveion reactions.
production of by-products in a fluidized bed reactor
i-nvol ves operating in a hydrodynanmi c flow regi ne such

H}K@K(ﬁlﬁgggﬁ@@ﬁTQﬁNgﬁﬁﬂ@h@m ty obtains a velocity

flow of catalyst in the
[6@023t or Wlenfcboverting 4 feedstackecondainingtal lydrazartioheo f Ipm«iuof in

the,fe sto and, o r vapars, i.e.,. the f dst

ol s S o e o AP e iy ey e roduct

oﬁ’%f&duﬁiseﬁl@ﬂoféﬁﬁtrw { 1ctaﬁ§3 B miliRsS, Eﬂe%dlfcﬁgh BB By-Btdducts.
known to t hose sk in the art as

Quediypd pliedéteresehs dormdduqtmrhydrc@gihmgonmmn trantomlib g

S tyans or d ar referred ctl o
RS RRORY e BRI PRt PhBofs et i £
sties gt cc{n%@&]th i fgedsesckl andfoftier &a dﬂcbr\&ﬁzﬁeﬂieﬁac'fﬂése ey RS Of
sectional area (which in a cylindrical reactor

repcinte tpyplly hage éﬁﬂiftdiﬂs?\leﬂea‘tt%f gaemely aRneancthehor pesduging the
p@@dlﬁpéh by b§ ﬁrodﬁc{s‘ 2y ﬁﬁiﬂe‘d‘cbtep Ge Cfgtlﬂvcf)qgesgﬂp x ea 1) 2 the

catalyst concentration in a flui
hydordgazer flav tegime siehshatghgapesio ighs cela¢1tyv<ﬂjtmns a yelocrcy

PGB B PP B GERRY oSSR FL G RoRE il S
diResist £ake Hewqq@ﬁ@&&ds@odk%woﬂ%@ vﬁﬁ%‘ Nle., ke feBERASInd

These hi gher qas superficial velocities require a
a

offfiey ivapora sprentiallyznaimy ﬂm eesalysitpagicdds adongawith themh efhghe flow
%i%[ g r‘g{o &8%058 5K g@& r{tlille élt’tl&g él?e fg%thiim?l e%d an%ar?ste? r
re0s, Qﬁ&rbé%n&ﬁﬂ'y‘ §SBO03hpbrikddime, dnd are preferred in reaction
systems in which a more plug flow reactor type is desired.
[0003] In general, for a given reactor cross sectional area (which in a
cylindrical reactor geometry is proportional to the diameter, and more generally to
a characteristic width or diameter), the catalyst concentration in a fluidized bed
reactor decreases with increasing gas superficial velocity. Higher gas superficial
velocities generally require taller reactor heights to allow a given amount of
feedstock to contact a required amount of catalyst. These higher gas superficial
velocities require a higher aspect ratio (the ratio of a reactor height to its diameter

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



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

requiring multiple, independent reactor systems.



[ 0006] The present invention provides a solution to

the currently existing need in the art by providing a
whyanozarvon conversi on apparatus whi ch conpri BEEFUS2003/017121

plurality of riser reactors fromwhich the output is

consol idated in one or nnrs conduits for transport to

a separation zone. By providing a plurality of riser
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[0008] Another aspect of the present invention is directed to another

(o

hydrocarbon conversion apparatus. The apparatus comprises the following: a
plurality of riser reactors, each of the riser reactors having a first end into which a
catalyst can be fed and a second end through which the catalyst can exit the riser
reactor; a separation zone provided to separate the catalyst from products of a

reaction conducted in the hydrocarbon conversion apparatus; at least one transport



conduit having a first end in fluid conmunication wth
the second ends of the riser reactors and a second
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[0012] Figure 2 presents a partial cross sectional view of another embodiment

of the hydrocarbon conversion apparatus of the present invention.
[0013] Figure 3 presents a partial cross sectional view of yet another

| embodiment of the hydrocarbon conversion apparatus 6f the present invention.
[0014] Figure 4 presents a partial cross sectional view of still another
embodiment of the hydrocarbon conversion apparatus of the present invention.
[0015] Figure 5 presents cross sectional views of representative arrangements

and configurations of the riser reactors and catalyst returns.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0016] Figure 1

presents a partial cross sectional view of a
whyanozarvon conversi on apparatus 10 of the pPEF®EH1003/017121

i nvention. The apparatus 10 conprises a plurality of

riser reactors 20, a feed distributor 30, a transport

conduit 40, a catalyst return 50 and a shell 12

i ncludi ng a separation zone 14. [0017] Wth conti nuing
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[0019] Each riser reactor 20 includes a first end 22 into which the catalyst and

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

hydrocarbon conversion apparatus 10 varies depending on the hydrocarbon



conversion process to be conducted in the apparatus
10. The apparatus 10 nmay include two or nore riser
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reactors. [0020] The size of the riser reactors 20
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more than 50 percent along its height. More preferably, the cross sectional area of
each riser reactor 20 varies by no more than 30 percent along its height and, most
preferably, no more than 10 percent along its height.

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

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

|



-7 second end 44 extending into the separation zone 14

formed by shell 12. Catal yst, product and feed, if
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collected in collection device 46 and directed to the

first end 42 of conduit 40_,before it enters

separati on zone 14. Wi | e {he second end 42 of conduit
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di stributor may provide feed in a liquid form Feed
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each riser reactor 20. Additignal I&/ each, head 36 can
wesitiprgdal ofabeye the mouth 26 at the first end 22 of each riser reactor 20.

Feed distributor 30 may include an optional flow control device, not shown,
positioned on feed distributor 30 to control the amount of feed to each neck 34 or
a flow control device may be positioned on each neck 34, The flow control device
can also be employed to measure flow as well as control it. Further, a nozzle, not
shown, optionally is positioned on each head 36 to further control the distribution

of the feed to each riser reactor 20. Additionally, each head 36 can be fitted with
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devi ce, not shown, to prevent back flow of catal yst

wo paoa/0201y8 of necks 34 of feed distributor 30 BETPS2003/017121
subsequently, into body 32 of feed distributor 30.
[00261 At | east one catalyst return 50 provides fluid
comuni cation between thé "separati on zone of 14 of
Shdechink Yeditd, idichswaad pravant teck {I80; ofRatdlyst itaahy of weakh

e e e Pofaes b o THP kST e 3
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thé sdlda&tloatzaheyef 14 eff shell 13Gnd ferrisei reactors He Rartiodalpgach
18 of sh | t d 54 of t
TR I8 S TRS e AR TP SetveeB et GP YRt zqus 14

%ﬂ%ﬂé ﬁﬁ,{ AR OF €abh FiSerRERYIrd6d Haeh E4tal ?Mﬁﬁn 50 hhah Hist
omthe separation zone 14 of shell 12 to the first

ande 23 acsécmtdeendl SerTherfasiomd 58 of the cwéyﬁ @ﬁarrai Q@pepg into

y in ree Vv
Eateroplend 0t BF et and it Sond SHLo4 o iy fiuttl SRR
DBEBROME kikot reddi6rsPONIRE Odtal ?ﬁtraﬂlMSSO isrRbvided tob@ansport
corresponds to the nunber riser reactors 20, In the
eatdiysd ifipemthe seproglirn zpngilg of ihellt Retodhe Hrsj epds 24 ofr the Tisgy

&l %%,?)goe gl gérgra{ulg 9 Orrh%ﬁglglﬁllﬁﬁ&gﬁo 'E\?zr% gtgree fd‘&&“@}%f 31x @F more

h subBRGieRt Ty nent s,
f'z’ét Yé&tirn 60U My pRilly raithobigh o meedsserily vihe hulmbar Qfmambrst
she

e 50 RSBoD U EERe oL BB araRDs Helgamboimiyl oy
- GRLA ﬁ{%‘i tlh{ %&é@ tuﬁ1§t5@|a¥eséxtérﬁ£1% McSpiseB Realiid mal | y

1'S Cont 1o roug use of a flow control
Hewtos, d‘s&‘shpwmm lsuivsequemlyelambcétmby@mqn@s therpatadyst weign 50
ro contr(%i vi ce 56 ca

e G5 meiagn 2aiF Farmtrh el o Y HBE bl retaion to

ﬁﬁ%ﬁbﬂ’&ﬁc‘toﬁs'ZQVMrtsBﬁl@légﬁlbﬁﬁhah ﬂfeiredf r 8RsY ef cdtalngshrolifh the
enpl oyed, the flow control device 56 is deS| rably

ba;alet\rauuvés) X qutiegaliniscentelled through theysgof afftoyosoritrph e
1 t ‘
GG R B8 h SR g 4 o, OG0 Rce 3 ooy
betmwyge bPflandohtrel devicetcuaranly idZisoin theartrto sentrol catalyst
reactors 20 define_a catglyst re(ﬁ 5 tlon y4s ele‘f §%
Bawahspugh paiplesk raafer bines- 65 cmplovedhdhy Ry eBrPkdsyiqs 20is
SEHALNH balf Vit b1 d & £@akyike. the hydrocarbon

conve sion reaction ich iIs conducted in the
#0241 at UEhekPparihes 10abehgsnclndasarbass60.phothi gebodiment ghown

cop ' i on .bet e 0 on

Golm Tubehat By el Bh SR e Bt W M o B AN
PéhcRks 30 &Rt oYy st k&biiohSzond 62PEhe tAalyeretetib@ENRI62 is
retention zone 62. As one of skill in the art wll

@pplﬂ@dltat@alntch‘glmmly usadde prialyze the hydrqgpshop conversion -
| SR MBI O BB T8 kB iAh.R 1Y S b BhelfyR: rRftch S0 bhdVidbs
fluid communication between the separation zone 14 and the catalyst retention
zone 62. To do so, the second ends 54 of the catalyst returns 50 open to the
catalyst retention zone 62. As one of skill in the art will appreciate, the boundary
between the catalyst retention zone 62 and the catalyst return 50 is fluid and
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in part, on the |level of catalyst contained in the

we aioaloyars return 50 and the catal yst retenti oPCROA®03/017121
62. [0028] A fluid distributor 70 is al so positioned
in or near the base 60 of the apparatus 10. The fluid
di stributor 70 includes a €onduit 72 into which a
i¢pends, 21 legst aigpart, anghé tavel off aatadyt adnytsined it tha chtalystxwhen 50
62.to fluidize.a fluigdjzable catalyst in the catalyst
?%ﬂ&ﬁf@@ﬁ“&@ﬁ@“%%z ‘he catal yst returns 50.

oo} i onakuidf distiiBu@dt 50 id B84 PEsHiokd iPSr FRAPWMR HaBe B0 Bf thé.

may al so be positioned on each catalyst return 50 to

apnaicatiny B). allfel fluid idistmbwo 2 miclpdes @ emndait@dniorwkigep of

IBRARE Rt i s DR st e REr(HB R gt o

t4rhIgHah thihdatdly st adtadtiohl zons 62 @AB iR atalyRitdti@s 3P Additlohal
10. The outlet 80 is _  shown as bei ng positioned on the

Suidtisiribwarsiiy, af showe g, 1. maymlio keanpsiione os ppqhoistadyst
.1 0 . .

R0 By kB RS Bbit o dtin R o TR B AR st
gat al yst can be placed into the apparatus 10.
Al t hough the inlet 82 is shown as bei nhg positiqgned o
{0029} i r skhegydrorgrion copyersiqappparays 1§ phpapcinde ﬁ%xwgeé

3 | r ne
B S R e et i
prcoviuat wifg msitioned ap plzr secorsd ertdOlLS ¢fab3sHellAL ttcambé n

Fig. 1,  the h [ t 10 of .t
B o AER 8% GPOERBTYS 1ot DR aa s L Bey afednelide
aR (AL HERthicRgIE RBNch the BatdlBEdaabe Dlac@ intd AR Hphmkssto.
regeneration apparatus 90 is in fluid conmunication

wilthrugihibe i¢tdf20s shoyom at beive pasitoncd ppahaficss end 16 phihe shell

t i . ' .
520118 SHES BH ARGy RS Fo. A e 5
eoaisanovided @rewiolvl hiy @ calbyal comardisprodmste fiointhe apparatus
apparatus 10, and an optional catal yst stripper 94,

ich is in fluid comunication with the catal yst
) or . : e i ' . .
g s 1 e SR o bR PR T e
prasent3Bventiomuptitemlly lindledes amasrociatedi cotaltse tageneratidreapparatus

t t stri 94 d th tlet. .80 .shell .12. A
58 o et BBt b rarek or s i o B p g fine
‘gg&o@ﬁﬂbéﬂ Yéibversednl df)gﬁﬁrtus%. ard dafa®ysE doaherstiod SGRARMEISIOT

Athird |line 0 5?rovi des fluid comruni cati on

MWOﬁeﬁlcambst@g@ngpr %gféﬁieh iéti@ﬂu@lzoamurti%ionﬁfi& thg2
PPt s B Cond B b G Bl Y i

is in fluid communication with the catalyst regenerator 92 and which is in fluid

communication with the hydrocarbon conversion apparatus 10. A first line 96
provides fluid communication between the catalyst stripper 94 and the outlet 80
on shell 12. A second line 98 provides fluid communication between the catalyst
stripper 94 and the catalyst regenerator 92. A third line 100 provides fluid
communication between the catalyst regenerator 92 and the inlet 82 on shell 12.
A flow control device 102 optionally is positioned on first line 96 to control the

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



flow of catal yst between the shell 12 and the catal yst
stripper 94. A flow control WO 2004/029178

woeAAE8ACH3/ 017121 -10 device 104 optional |y PGI/US2003/017121
positioned on second line 98 to control the flow of
cat al yst between the catakgst stripper 94 and the
catal yst regenerator 92."F'nally, a flow control
dtide94 bpfioeAly ibpogidaictiomsedorminefi8rtd contna thdQowmf

PR B iegR (5 S BEPE ) FciBE SHRGS P ERISER 1o T inally,
Al 'c(rﬁgrfol ﬁlg%ce 166tc vt ﬁ&lﬁidﬁ@@ oR€hiMind MRS cBhirdll tA¥flow of

cont vices currently inuse inthe art to
atalyst betveah Heymtalyst mgenénaton §B apdtld spell 12+ Ahe flow donirek .

oL o S0 8158 S50 M SR b g it

iBlthd BRES ciiffol SatAPQHdvPIhr&igh calalys tagifedires P Ekafufflbwom
the catalyst regenerator 92, one skilled in the art

cuintrio] dgypeas dickuds haHawnlveneplog valvosandsyide pplaes. odltheugh the

i nteqral | rnmed With.the I 2.
A efinebe T ety B¢ RSPl A e
Rbthtonenotioge skillehnvge bitiwill appreialdBatahe catblysttiigper B4
catal yst to the separation zone 14 through || nf, 8%,
eanebedntearaly dormeg vattsbeisatalysbragerraaior d2-t Hae gitlad oo art

. .r e . .
e e T S e
¢apdlystno B sapdatidiezomatldltiough Ehe B2 itbeicaayst 164y, alsg BO31]
Wien | n operation, t drqcar bon.conversi o .
s b BE ot S ey g re g ARG 50,08 emppetions
Stk QWiaRGioABBRE T4, HlhGAPRAERINSO Al 1he chialyseftentibh Ro@d62.
appropriate amount of a catalyst suitable to carry out
00311 esi Wheh intopdration.rthe hy droparbess teryerseancapperatusTife as

a3 gl Amsioninfie Puloiie Mphid. rhe el FOR s
athahpprobite AinoGft ofZ0faeal B suildblé foaty 2at thealesiaddal yst

in the catalyst retention zone 62, a flujdizing . agent
hydrpeagbomeanvensionreantigng Toe eatlysioyhould bP(PftaHYEﬁﬁjﬁwPﬁ? et
. 1wl di 7 : L b ot .
AR, L EAIRor e sl iR B gt shion
aprag2at Tsfluidize tHosafalyst in thie dbhtalysyresapinn gonan@l, adbiidiping

S Bloatsp st e RS B e 03P AR A gen
1s8d GRb the BBIEPRIGRI0AZond 621bEHHE ihgﬂr_o@ﬁ%ﬁﬁ cEBREAGS apHaeus

the type of conversion reaction being conducted in

1 e Uksfd! Baidizingrrgents vealedes hutgyp aptlimied ©, inpeEapsep) nptrogen,
the fluidizin nt_L.s__uareactive , Lnent
st alteen irtie i ieattRnn i e PPt g oiee of
ﬂﬁfdﬂﬁﬁ% bt AdHRAdSIPOR tﬁ@grple f QbR sivFedstion Beingconducted in
desirable that the fluidizing agent does not play a

therhydrosartien coyraemApRsFRtES i ePes Ry tredydizing aggnt is

con ed i h ' tafoys 10
BEREHNer G Pty i e YEEAGRRART AR L e 19RRR

conversion apparatus 10. In other words, it is desirable that the fluidizing agent
does not play a part in the hydrocarbon conversion process being conducted in the
hydrocarbon conversion apparatus 10 other than to fluidize the fluidizable

catalyst.
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Once the catal yst has reached an acceptable fluidized
wat@um91as feed is fed into the hydrocarbon coP@BDS10081017121

apparatus 10 through feed distributor 30. The feed

enters the body 32 of feeq di stri butor 30, passes

t hrough the necks 34 of -fléed distributor 30 and exits

[0082Ligh Oine theedsyS haofeatieichndicseptatle flordiad. staithy e ek

R iBlaghe BREPRATpiTT o B appaeisa stagh T st Ber 3%
PhO¥ded fltelths BBSF F0bf BEA HishfiAdr 3 pARBSthicgB W ndcks ﬁar of

reactor 20. By ™substantially equal™ it is meant that
felad distobutor 3¢ mwlexis twowghdthe bealsdo ofifesst disteihutond0. The feed

t hr.qugh the feed,.di stributor vari.£s no re.th

i Pel IS par R h et feato® 2 ey b e A2 Tt
BRITE&INs phyviaRsin sistafAlly tal 8864 SRR ERr rédttort20e By
feed, fromone riser reactor 20 to another. Mbre

Crabstentinlly equald ifis swantfthatdbel flopraffeaderrovided cgach rigerreactor
{ 0.t i.stri i
AE BT BF el G 0D VAT oL oS ertt b Softie

fid, @ndl Rafiesltd perfeaha 2pero@s dy nes pemeentifor et cbmponent in
conponent in the feed, fromone_riser reactor_20 H)
gﬁ(nfg of feed

offrom g riscr gaeion 20 soanatkst Meredesigly, thedlew
g{og%’dreﬁgg te%ér?l 1@%? Reabior 6 g{;&%{ @E f&ld (ﬁ?cfigﬁ'tgp?,é b&ids %2310 more

vari es nore than 1 percent
thah UGeperaheby aeldme aateemdvariesme morditian 10 percestrity thgss
mass percent for each c?%go ent in.the f eeg fr om one
PSISER TPREACh GPIPPReh LIRS {§5dy TTOPRNSISChIeriQL £, josanother riser
fizbfoepenthiddk d&igBly eled YrdvitRdus leBH fiser 8dacton @0 11860gh the feed
entering the first ends 22 of the riser reactors 20

disttititer J¥resiss benomorsibandinghaenbby volymgiratgang varies no

cat al,yst, in t cat al yst t S . | yst
PRSI PesnE e SRR FE e e qtinind REq SRR HE
tiBdrGeddier 10 toshoBrls 22 of the riser reactors 20. The
catalyst is transported thro reactors

ugh the rise 0

(881~ wel pressgreiifrenial preatsd Py it e fegd epiering the
r ; i t Ldi . qs

AT Efile 27 ot rib iyl ty 26 20 WP JHEN LT Bt o Pligiratle
entdlystia thecdtilgstsetamis) SOreid tRlcasilysthretentimezone @ chutes
20.. As the catalyst_ and feed.,trayel. throygh.the.rise
P Bl e Ab b P Gt eBne? ENE st tsretia D, o catlyst
ACEMsPorRkhfoue R WS 3t RACIRECINM R del Svel kWA Peinciplds @ 3hich
By desi gni ng the hydrocarbon conversi on apparatus 10

thet kinetiveenergyf afdhafeed is used tp mawe thedhadized eptalyste dbe srtabyst
0 at.es i.n.a substant,i gLl vy, denti.cal . W

R LT Tt B AR 2 00 i TR Wbl
peARsané cdtflgst ahadfRd trageicthidugh aied Adey sdactoreD, iled legiradarbon

the sane rates to each of the riser reactors 20. In
epversion reaction occurs and a conversion product is produced.

[0034] By designing the hydrocarbon conversion apparatus 10 with these
features, each individual riser reactor 20 operates in a substantially identical
manner. With this invention, it is desirable to maintain both the reactant feed rates
and the catalyst feed rates at the same rates to each of the riser reactors 20. In this
way, the conversion of the feed and selectivity to the desired products will be

substantially identical and can run at optimum operational conditions.



way, the conversion of the feed and selectivity to the
desired products will be substantially identical and

W@ 2004029178t opti mum operati onal conditions. WPCT/US2003/017121
2004/ 029178 PCT/ US2003/ 017121 -12 [0035] The
conversion product(s), unreacted feed, if any, and the
catal yst exit the riser-teactors 20 thr ough their

[0633]nd TR SoRANBEpRINAEY, WicichATEE, D@t gednd B rc@t‘dEth exit
collection device 46 into transport conduit 40 from

thirisas reacéqrs 2P dhuepgl thelr SeQQﬂti@nti?n waprgrthey ae convedidatad of
f ongh céﬁe(g:ﬁlbﬂ deti %9 ﬁ@ énﬁg ﬂﬁr%s oLt co e # (}}%m \évﬁ%h they re, ejected

isephe deafhtlfthmlé me ofdict!1gsTn Bacoad ea pabatial], lmﬂie
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i ldr R L ea.r,@ésecymﬁmfs@gaigegg% RN BEs AR en?"

conver si ol reactron i natrons
doeies, pidtys, cotms, othendevices wihlth\mh]d sepminate ﬂrer@&(tise trofrethd,
are separated by Jes of ni,c

sl 4 (58 onpgtan ferciiem Hag ST PRERoR B YL ar b, e om

doRPer&ion pesdicPhd RirOAHM! fe@N i dnYCaldRERAGHE By a‘%@fies dff
an the conversion products and unreacted feed, if

caplpnicaseparatonn vQucefthe patallyst ek bbén scparatedoingh thehmniénsieng 4

et AL 5581 D60 R R0 s

e iff dnyearerel édSfran She ¥heR A iQubie 6, lin¥B4cHr fur@es t he
shell 12 to the catalyst _ retention zone 62. The

REQResips puchastsgpagpiiqn anﬂzmﬂﬁﬁ@ugh Theecatqlysttafien being sepsfated
ﬁ'(ﬂﬁ t e;jgr%)ﬁ\!@fsc‘ztmcf ﬁ{r t a %k ?r(b%é*ﬁ\é e & gé&g?tgftﬂg ﬁaetalyst

cata returns e Secon
ret@htadryzinerc2t rhescatalyst examshéll ¢ tHrbeglcihe dirstehdnsd elthé o

L hpt S0 anf Bisg ek SRS RystrBGRAY ohe teapmdRads
RYF RO APt R¥ bR ot AR the Eatgl%t' ﬂi§§es5t§ thé cfataﬂ%% f ' ow

control devices 56 are enployed, a hei ght
retentieli zansl62. dadesitgd;ithé Jowmif aetalyseiireuginke wdhstfrbtums 50

<A B ePhrel e Gne B RebF BB 1o Kol BaeaigTient

akd enplogsd ml%ﬁ ofifigidizaBle catalysea&halatan@ﬂtarb@vc &ch 136/
catal yst can be circul at ed to the cataly

Pl éﬁeﬁéﬁn hsmiadysh eterm, 5048 alpwasopes fmgmnpf the flow

%&ah 560 be regenerated is renoved fromthe shell
oug h the outlet 80 and transported, if desired,

[OQB&] he Ifatead:s;ssny sidesirpdeat 184t 4 bomiog lof theecatdlyss tarl bene 96.

fI o at al yst between t he hydrocayrhgn
CEB gistidp %&E&Sﬁ REGECr IO FRPATAS b5 PRRIYD Indfig lpp%atalgat
1688 rég%n&aﬁanpiélme@ymhhtﬁe kha 23@1%%1?{ heQRMECE) A2 I N
the catalyst stripper 94, the cat I'S strlpped of
trapsporisfl, if éasirddytqthwwabstestrmmaﬂﬂ dmmgleﬂle dirst line 96. The
flow of catalyst between the hydrocarbon conversion apparatus 10 and the catalyst
stripper 94 can be controlled by the flow control device 102. In the catalyst
stripper 94, the catalyst is stripped of most of readily removable organic materials
(organics). Stripping procedures and conditions for individual hydrocarbon

conversion processes are within the skill of a person of skill in the art. The

stripped catalyst is transferred from the catalyst stripper 94 to the catalyst



(organics). Stripping procedures and conditions for

i ndi vi dual hydrocarbon conversion processes are
wowvaohiogeirhe skill of a person of skill in the BET/USH®017121

stripped catalyst is transferred fromthe catal yst

stripper 94 to the catalyst WO 2004/029178

PCT/ US2003/ 017121 -13 re]g3eher ator 92 through the
r&Ra6Mathr o2 ﬁ!l&oﬂ@h th'EmeccﬁﬂdJMech Ciedlops bf ¢dnzrlpsighrouglethe

second line 9 be control Lﬁd by o onal :fW

seeond lige aéwd@ olled, by gpfiona awg{l‘ff éffFérIQf‘o

%ﬁl&gg{:&g&geg%r g Qgﬁdofnﬁcefo% si‘?@foﬁﬁ@d 6ﬁ‘tl?é edly sl le!lﬁhﬂ@

n cOfversion reaction are at |east partially
hyemamedn tooversibe ranation yrs tat leaXipartiaflyeempwtdefiomahatajayst.

it e b B 1
H@erglbf?\rﬁ%ﬁ: tg@tl 8knrdhigtt e e lind 109, tTHerfibvl bheatdIP4 thrdygh

e cont optional flow control device 106. A
the thirslimet1 00 axgayi Ix ctoppplied by omtrcmal flew contrellsvickilPl A ne

100 to f litate t
e b ¥ bl S50 Tk Bl JoB Rk B O
ARBRE fbiSthe sBalyihRg6@kaby S tolthe hﬁdrbéeﬁb@h tanvetsorsdpphiatus

12 through the inlet 82. [0037] Another enbodi ment of
100 &l hisyeatalyshisyerreasiio dhesshe 18@@1:1&1@&@ met8sf  t he

t
BEFET" SRl BN phoBREt) BlnehASFpsSRALon gt
tgé §@\§e1g S@GInfi6S 1slshiOwndn pamiab¢rosst sectivrdini ngﬂlﬁ& "J?shefappztatus
i stributor 140,

| 150 d [1.120
Horoarnagises ey pbfices rrctors B asoaat SHASHitd Bied e ng
Jl?tilgﬁt?g 3@0 tcgge\ﬁ Cﬁet&ns § Beaeite114129 tHRKAB adeSARES I N

zone product of the hydrocarbon
IX2nversion reaction is separated fromthe catalyst

[ ch I th d LR
A 136 e utnaselpeP ST Fng SSRT B EPubE g RtpeBlen
Fof 1228 lvhich20rr0@iidt @R ey deiRhibag SoRversionh esicod iszepeeated
128 fromwhich catal yst can be withdrawn fromthe

fnymrtbﬁce@ﬁﬁmﬁ whigheatelyresthehyshipearben qoll(yers[c@ggg]tmm §E?11 120
@g%sa% fir 1303 px4 %gg ! L’é&g@ig{dy 1260 150 %&){1%%4% Hest Je

n-zone riser reactor 'nc udes a

?ﬂlé@bnmﬂe 122 fiont whishicatalystxen beatitdidyawn fooh the dgidracarbon
ed to conduct the hydrocarbon conversion reaction.

eopoprsion apprrafisddfor 130 further includes a second end

ﬂ(ﬁﬁ%]; gﬁgéf?eée%k&g ) 8 ExteRd @%@/ﬁ&ly toRERkREH 20864 the

any, t the riser reactor 130.
Seperacin zomgl 22 dahyistr reprtodiétisclaries 4 Gwstiend ¥32a1n§0 whiel the

HHEEFICERE SRR e
e dector 468 further includes a second end 134 through which the catalyst,
products and unreacted feed, if any, exit the riser reactor 130. The exiting
catalyst, products and feed, if any, from multiple riser reactors 130 are
consolidated through collection device 138 for delivery to transport conduit 164.
The first end 168 of transport conduit 164 is in fluid communication with the
second ends 134 of riser reactors 130 through collection device 138, while the
second end 166 of transport conduit 164 extends into separation zone 122. Thus,

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



The first end 168 of transport conduit 164 is in fluid
communi cation with the second ends 134 of riser
wo e@atorigs 130 t hrough col |l ection device 138, waCT/@St00®017121

second end 166 of transport conduit 164 extends into

separation zone 122. Thus, conduit 164 transports the

consol i dated catal yst, prbbHuct and feed, if any,
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riser reactors 130. Each catal yst
[0041] At least one catalyst return 150 provides fluid communication between

the separation zone 122 of shell 120 and the riser reactors 130. Each catalyst
return 150 has a first end 152 and a second end 154. The first end 152 of the
catalyst return 150 opens adjacent the second end 126 of shell 120 and the second
end 154 of catalyst return 150 opens to the riser reactors 130. Each catalyst return
150 is provided to transport catalyst from the separation zone 122 of shell 120 to
the first ends 132 of the riser reactors 130. The apparatus 110 may include one,



return 150 has a first end 152 and a second end 154.

The first end 152 of the catalyst return 150 opens
wadjraoeaivs t he second end 126 of shell 120 and P&EUS2003/017121

second end 154 of catalyst return 150 opens to the

riser reactors 130. Each catalyst return 150 is
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10. The outlet 180 is positioned adjacent the quiescent zone 128 in the second end
126 of the shell 120. It is desirable for the outlet 180 to positioned such that
catalyst can be removed from the shell 120 through the quiescent zone 128. T he
apparatus 110 may also include an inlet 182 through which the catalyst may be
placed into the apparatus 110. Although the inlet 182 is shown as being

positioned on the second end 126 of the shell 120, the inlet 182 may be positioned



10. The outlet 180 is positioned adjacent the
gui escent zone 128 in the second end 126 of the shell
WA 2@4/024178 s desirable for the outlet 180 to poRCT/US2V63017121
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feed provided to each of the riser reactors 130 is the same as that described above
in conjunction with the description of Fig. 1. The catalyst and feed flow upwardly
through the riser reactors 130, in the same manner as described above in
conjunction with the description of the riser reactors 20 in Fig. 1.

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



in conjunction with the description of Fig. 1. The
catal yst and feed flow upwardly through the riser
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conjunction with the description of the riser reactors
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riser reac?’or 220 includes a first end 222 into .
reaction. Each riser reactor 220 further includes a second end 224 through which
the catalyst, product, and unreacted feed, if any, exit the riser reactor 220 where
they are consolidated in collection device 246 for delivery to the first end 242 of
transport conduit 240 before exiting via second end 244 into the separation zone

214 of shell 212. The first end 222 of each riser reactor 220 terminates in a mouth
226 through which the catalyst and feed are fed into the riser reactor 220. The



whi ch the catal yst and feed are fed to conduct the
hydr ocar bon conversion reaction. Each riser reactor
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of the shell 212 and the riser reactors 220.

thasexbyd end él Si0fsh2B 01D awd thefsegontd epd@52 of catalyst return 250
opens to the riser reactors 220. A series of arms 256 are positioned on the second
end 252 of the catalyst return 250. The arms 256 extend from the catalyst return
250 to each of the riser reactors 220 and provide fluid communication between the
catalyst return 250 and the riser reactors 220. The number of arms 256 will
correspond to the number of riser reactors 220 with each riser reactor 230 having

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



254 and a second end 252. The first end 254 of the
catal yst return 250 opens into the second end 218 of
wgebh@ilo2a1® and the second end 252 of catal yst PEL/USIW03/017121
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e outl et 80 is shown as being positioned on
fperaecifd Alttbughshoinlet A82 isrsbpwn2s Peingmopiipned on the second

end 218 of the shell 212, the inlet 282 may be positioned at any position on the

apparatus 200. A line 284 may be provided to remove products from the
apparatus 200.

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

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



be positioned at any position on the apparatus 200.
The apparatus 200 may al so include an inlet 282
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apparatus 200. Although the inlet 282 is shown as
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gﬁéitioned in the separation zone 214 of shell 212.
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218 of shell 212 while the product and any unreacted feed are removed from the
apparatus through the line 284.

[0064] A portion of the catalyst may be removed from the apparatus 200
through the outlet 280 and sent to a regeneration apparatus, not shown, or
removed entirely from the apparatus 200. Regenerated catalyst is returned to the
apparatus 200 through the inlet 282.

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

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



214 of shell 212. The catalyst is separated fromthe
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gﬁﬂa |1 12 nd is _hollow _Shell 310 has a first
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zone 318 in the first end 314 of shell 310. The first end 332 of each riser reactor
330 terminates in a mouth 335 through which the catalyst and feed are fed into the
riser reactor 330. Although the hydrocarbon conversion apparatus 300 is shown
in Fig. 4 as containing three riser reactors 330, apparatus 300 desirably contains
two or more riser reactors 330. The number and size of the riser reactors 330 is
described in conjunction with the description of Fig. 1. '
[0069]  With continuing reference to Fig. 4, wall 312 of shell 310 and wall 331

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



second end 334 of each riser reactor 330 extends
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prevent back flow of catalyst into any of necks 344 of feed distributor 340 and,
subsequently into body 342 of feed distributor 340.

[0071] A fluid distributor 350 is also positioned in second end 316 of shell
310. The fluid distributor 350 includes a conduit 352 into which a fluidizing

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



first end 332 of each respective riser reactor 330.
Feed distributor 340 may include an optional flow
wa eonedi7glevi ce 348 positioned on feed di stri beeDUSBEIN017121
to provide an equal anount of feed to each neck 344
and, if desired, to neasure the flow through each
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transport conduit 374 away from the second end 376 of conduit 374 and to limit

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

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

optionally includes an associated catalyst regeneration apparatus 90 which is in



catal yst may be renoved fromthe shell 310 and an
inlet 372 through which catalyst maybe placed into
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the catalyst return 338 and the catalyst retention zone 336.

[0077] When in operation, the hydrocarbon conversion apparatus 300, as

shown in Fig, 4, functions in the following manner. The catalyst retention zone

336 is filled with a catalyst suitable to carry out the desired hydrocarbon

conversion reaction. The catalyst should be of a type which is fluidizable. To

fluidize the catalyst in the catalyst retention zone 336 and the catalyst return 338,

a fluidizing agent is fed into the fluid distributor 350 through conduit 352. The
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glagsil.section in Fig. 5. Fig. 5A shows a

[0084] Fig. 5B shows a cross section of a hydrocarbon conversion apparatus
similar to apparatus 10 shown in Fig. 1. In this embodiment, the riser reactors 20
are again contained within a shell 26. The shell 26 is filled with refractory
material 28 as described above. In this embodiment, the catalyst returns are also
contained within the shell 26 and surrounded by the refractory material 28.

[0085] Fig. 5C shows a possible configuration for the riser reactors 220 shown

in Fig. 3. In the embodiment shown in Fig. 5C, the catalyst return 250 is shown as
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[0088] While the riser reactors and catalyst returns are shown in the various
Figures as having a circular cross section, the riser reactors and catalyst returns
may have any cross section which would facilitate operation of the hydrocarbon
conversion apparatus. Other useful cross sections for the riser reactors and the
catalyst returns include elliptical cross sections, polygonal cross sections and cross

sections of sections of ellipses and polygons. Desirable cross sections for the riser



shown in Fig. 4. As shown in Fig. 5E the riser

reactors 330 are centrally located wthin the shell
w@i@4/0b9178 hi s enbodi nent, the riser reactors 3BOT/@R®03/017121

contained wthin a second shell 386 which has a wal

388. The catalyst return 338 is defined by the wal

388 of the second shell 388-and the shell 310. The

REGES a8 CHRBRL feh*lﬁns Yi@ldd% cidlbs 8hd iegala!e gélggoﬁse@ﬁﬁ 91"d§s 5130

and the wall" 388 of the second sh are
suehlengths.r By "ragulaalt o penntrtbatithe sh;m@ of ﬂfteecrgs’.s@mtl@ll(as no

iBeBeR el bbb il e RERES S B BRI el E

dreatecthan U8 | Thie mbéthleilfabldiﬁﬁsis@e@tﬁdrﬂ Rr®¢irdiég andianykt,h
contan|ng reference to Fig a person of skill in

HEregrand erpgons prthcsidasof F%ﬂl lftnlgﬂl f Thesmegnstof detegpiping cross
&L'l Qxle g?og g%gQrosE g&?&?g ?I%ﬁ)g i ﬁz{sggsg ff&}/g[ %@%ﬁ% ?rgl%tnc

prhmpiesswell kmn ¢ thogeskilbealtia thysart.r Siimitanly, dsstrablo@ysdsi n
the v i rcul ar cross

ures as _having a ey
Sget&?f}sgﬁrt ﬁqurﬁ Zqng gl sclrgﬂ-‘a aegf%ﬂ%tpobaom With sidgy of
QRACIeREMs. CTRS fhosEfdsiritle WAL MOM He EREES 12h@ 1 angles
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[Gom]l ar One seRRH iR HeRrGHSErth&epblRRSe faf the Aultiple riser
separation zone include circles and regul ar pol ygons
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useful to conduct most any hydrocarbon conversion process in which a fluidized
catalyst is employed. Typical reactions include, for example, olefin
interconversion reactions, oxygenate to olefin conversion reactions, oxygenate to

gasoline conversion reactions, malaeic anhydride formulation, vapor phase



circular cross section, the riser reactors may be
positioned in a line along the dianeter the
wa@epanzdiron zone. One skilled in the art w Il PCT/US2003/017121
appreciate that a wide variety of configurations of
the risers relative to the _separation zone may be
utilized in the present i -#ent i on. [ 0090] One skilled
inethiahel synthewis) phthalictanbydridefomilatien, thisvhet Tiepsahl itaqtioss,
riser reactors of the hydrocarbon conversion
ppitrisiforpalationsent “ i nvention may be formed by
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reactions include, for exanpl e, olefin
inw usleclohie nat nesessanly lingteg to JRifRaartans cantgindsg xygen such as
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pliRkaRE mofey .cs% SFnE b lbsrtait i 1 XS P 114 Carbon atoms
LRd Makeddsfaplylif @82bndd 6t EN QL@ BGatbRRY Rr tcQéhtative
apparatus of "the present invention is particularly
smygeadtes orclusten butcre net neeessacily dimzited to.dowkeemofecular weight

conv on r.eac t.e 10, 0l &

é%‘ﬂ%@ Frfro T Ahe sffhdird Ref o f ey
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cata yst under conditions sufficient to convert the

&ollpyengitraethanclnetbnol; mpropamdgporrpranoldeessioplsohols; methyl
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acids,” carbonates, and t he ke), m xt ures

tdberabbf the Dhpgenald ip mhauolrm"ﬂ@ttytah elwgta@f iged trothe giser reactors
cont alg1 %C%F a:l Ig froin 121110 arbon atons and

MY ECHELT FEBYPY O B(énepgnﬂlg 8F ‘18I 1- 4 carbon atons.

[R04$ S eNOA¢ b RorPdNRER XM R 88 kothe risbritcadtbfs Wi the
necessarily limted to, |ower nol ecul ar wei ght
oxygenates, such that the total feed mixture comprises diluent in a range of from 1

mol percent and 99 mol percent. Diluents which may be employed in the process
include, but are not necessarily limited to, helium, argon, nitrogen, carbon
monoxide, carbon dioxide, hydrogen, water, paraffins, other hydrocarbons (such
as methane), aromatic compounds, and mixtures thereof. Desired diluents

include, but are not necessarily limited to, water and nitrogen.



strai ght chain or branched aliphatic al cohols, and

their unsaturated counterparts. Exanples of suitable
we@ygerares i ncl ude, but are not necessarily |PoT/USTNOS/@17121

the follow ng: nethanol; ethanol; n-propanol;

i sopropanol; C4 - Cl10 al cohols; nethyl ethyl ether;

di met hyl ether; diethyl eBfier; di-isopropyl ether;
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met hyl ethyl carbonate; acetone; and m xtures
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-30 [0095] A portion of the feed may be provided to
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[0097] Optionally, the liquid fraction of the feed may be split into portions
and introduced to riser reactors a multiplicity of locations along the length of the
riser reactors. This may be done with either the oxygenate feéd, the diluent 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



from1l weight percent to 75 weight percent of the

total oxygenate plus diluent feed, and nost desirably
wo b@40201ge is from5 wei ght percent to 65 wei ghtT/US2003/017121

percent. The liquid and vapor portions of the feed

may be the sanme conposition, or may contain varying
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[0100] Silicoaluminophosphates (“SAPOs™) are one group of non-zeolitic
molecular sieves that are useful in an oxygenate to olefins conversion reaction.
SAPOs comprise a three-dimensional microporous crystal framework structure of
[Si0;], [AlO-,] and [PO,] tetrahedral units. The way Si is incorporated into the

structure can be determined by *’Si MAS NMR. See Blackwell and Patton, J.



as nol ecul ar sieves with pores having a di aneter of

| ess than 5.0 Angstrons. "Medi um pore"” nol ecul ar
wGe2@um9128 e defi ned as nol ecul ar sieves with pPCEES2003/017121

having a dianmeter from5.0 to 10.0 Angstrons. [0099]

Useful zeolitic nolecular sieves include, but are not

limited to, nordenite, cBhabazite, erionite, ZSM 5,
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tetranet hyl sil ané (TVB) . I's desired that t he
Tdieps pwralsizas mptms@iwéml aewlvas h@lﬂ@/&mﬂ:ﬂﬁx&radmngsuch a
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rﬁckle@laxffﬂarﬁaﬁ@ﬂ(aif QSmaﬁhmfhg\[SiK)ﬁg [P201]i &idl [@Uz}’teﬁﬁﬁéme
sel ec JVIty A Si/A 2 ratio of less than 0.65 is

s Lhisitene of framemask isgffectize incapveriipe vgrieus @ genpigs into

@ﬁﬁp g preferred, and a SIAl2 ratio of not greater
Oteha %&%2 being particularly preferred. [0102]

[®104]co aBuitihle giliosghivatnepinspbate harlecsi e siRseafor ugeneanal | y
o%lygesnséltef fo o(iiefa In conversion process include SAPO-5, SAPO-8, SAPO-11,
SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35,
SAPO-36, SAPO-37, SAPO;40, SAPO-41, SAPO-42, SAPO-44, SAPO-47,
SAPO-56, the metal containing forms thereof, and mixtures thereof. Preferred are
SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47, particularly SAPO-18
and SAPO-34, including the metal containing forms thereof, and mixtures thereof.
As used herein, the term mixture is synonymous with combination and is
considered a composition of matter having two or more components in varying

proportions, regardless of their physical state.



bei ng m croporous materials having 8, 10, or 12

menbered ring structures. These ring structures can
whawe/o2917@ver age pore size ranging from 3. 5- 15PCT/US2003/017121

angstronms. Preferred are the small pore SAPO

nol ecul ar sieves having an average pore size ranging

from3.5 to 5 angstrons,-33ore preferably from4.0 to
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[0108] Aluminophosphates (ALPOs) with substituents, also known as

“MeAPOs,” are another group of molecular sieves that may be suitable for use in
an oxygenate to olefin conversion reaction, with desired 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.
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al so may be suitable for use in the present invention.
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microns to 150 microns. The catalyst may be subjected to a variety of treatments
to achieve the desired physical and chemical characteristics. Such treatments

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



to pronote the desired chem cal conversion. Such
matrix, e.g., filler and binder, materials include,
wo eoo4@xEmpl e, synthetic and natural ly occurri nBCT/US2003/017121
substances, netal oxides, clays, silicas, alum nas,
silica-alum nas, silica-magnesias, silica-zirconias,
silica-thorias, silica-beBylrlias, silica-titanias,
giindieg -spirayl”ﬂrﬁﬁg,tﬂjz@fdﬂ@éirmaﬁ tredtf@nt, ablurﬁea@ﬁdnlt G5 @&m@ﬁ@l
m xtures of these materials. [0110] The solid cat al yst
1¥mﬁﬁsﬁﬁém@rably conprises 1 percent to 99
nt rcent
@ﬂf}e rmDréegﬂgﬁg’f aang Fggéi%teStog)?%fgln ntvgr(gggl Tedc 18n andu[gytedm
ﬂme hg&ﬁocﬂfooﬂbbmtdm’f applaeites ofahelpberd I‘ﬂiﬁxéﬁﬁo@émﬁlopg hgadt
%99 percent, nore preferably 5 percent to 90
19! veloghy & the FISWP%C‘[%S@f SF%Eﬂr)T/ fend mgler perFecenst (8us).
R@ﬁé‘eﬂrﬂerelﬁﬁn tﬁ@Fla ettt n‘dJef'iJi 1a1[vgﬂo]cgtg,"-@ﬁeﬁned as
preparation o éata ositions, ¥.4¢.,
tho vobhnpedwi¢ floweste of vapupized feegsmhle amd ey dilwent,sfieided Byithe
mat ri x mat er. rta#] i s,conventional and well known jn
RO FPSLegUonahdeas Bpeause thefayeenale i SomFrics teyaprpduct
1hs1mamg[aQ1g11£]o1eﬁh%ﬁﬁtfﬁJvMﬁg ﬂﬁaugﬁ ﬂ'l%tr@a%forctﬂg %g@é SipRHIGAT S
illers, or other material to provid
‘ce‘émcatlyymscvm et dfferent locatignsrwitliio ntherresqtstt @lpcmhng on the total

en and ot h desired pr.operti
@glgclaerr g)g?&))’lést(ﬁ hs %rte%eing g {hg CFOsY;S et R paﬂa:élfar il(i).Fé’ltlon in the
1e8A61, itdfiper@aglpickRRs and Behet adla}ahﬁfea&mwaﬁiaﬂ&m The gas
particle SI zes of from20 mcrons to 3,000 mcrons,
weexficih vylopin ncluling anpdiduens mewnhindhe fedstagld ismpeintained
53RO Bl BLECSER 0/ SR o e
Desimblyi, theegat h@ed[émalh&tbcﬂbys grealer dad ZQthM(&b desirably, the

char ac i ¢S.. Such treat ts_ incl ude t are not
o3 SRBEHFR| JPipditiis Bt g e B m?f5| P 1Y, thig

SibbrficRy velbElty? Rt WeAts RIS/ M3tk & ?erﬁmal
grindi ng, spr ayggn/yl ng, hydrot her mal rea aci d
@

\tql@afwnégteatebti@e atment, and conbi nati ons t her eof .

3] sirab n an to,ol efin.conversion
I0R84°] o ety A AP e pEbbead ety e
@pﬁﬁbﬁtdlplu?fﬂow&hﬂﬁeﬁwﬂhe IgAyES |'ﬂok@ﬁg RITRE AYS réaclRS. As the
superf|C|a velgcity in the riser reactors of greater

&aﬁéhpei figial wlogiyrineeasshabqverls/s, an@iugwwraéd X
Hgt?g Qﬁ’thet Sest r@ s £ B3 r{c‘ﬁeﬁ’&{ ntlh Y SR lk¥on of S
|ne e vo umetric OF VApGP T 284
sobids) stlndkcar@rghs avith therhu €ldeal phigy ﬂd@d)ebamél’ftﬁscufseﬂlﬁno r
area, Because the oxygenate is

t |
CLE5Er LS POMAE RO Lt ARG aING o gNEacioB s Flugh | ¢
Iﬁbﬂﬁg Braflflrt8 Wt ed G SxBHC 'lenmltz{f% tH@ﬁa&lfﬂﬁMg{ Cﬁt‘ Rl gases in

velocity may vary at different [ocations w
theteatior ingegaessdhasplastivithido thetdabired light olefins in the oxygenate

conversion reaction.

[0115] When the gas superficial velocity approaches 1m/s or higher, a
substantial portion of the catalyst in the reactor may be entrained with the gas
exiting the riser reactors. At least a portion of the catalyst exiting the riser

reactors is recirculated to recontact the feed through the catalyst return.
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[0119] A wide range of WHSV's for the oxygenate conversion reaction,

defined as weight of total oxygenate fed to the riser reactors per hour per weight
of molecular sieve in the catalyst in the riser reactors, function with the present
invention. The total oxygenate fed to the riser reactors includes all oxygenate in
both the vapor and liquid phase. Although the catalyst may contain other
materials which act as inerts, fillers or binders, the WHSYV is calculated using only

the weight of molecular sieve in the catalyst in the riser reactors. The WHSYV is
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percent are desired. Conversion rates may be maintained in this range -- 50
percent to 98 percent -- using a number of methods familiar to persons of ordinary
skill in the art. Examples include, but are not necessarily limited to, adjusting one
or more of the following: reaction temperature; pressure; flow rate (weight hourly
space velocity and/or gas superficial velocity); catalyst recirculation rate; reactor

apparatus configuration; reactor configuration; feed composition; amount of liquid
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regeneration and recirculation back to the reactor at a rate of from 0.1 times to 10
times, more desirably from 0.2 to 5 times, and most desirably from 0.3 to 3 times
the 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, i.e., catalyst and non-reactive solids, removed from the reactor for
regeneraﬁon and recirculation back to the reactor will vary these rates in direct

proportion to the content of non-reactive solids in the total solids.
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-3 0124 sirably..the catal yst re eration is '
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regenerated catalyst from the regeneration apparatus is returned to the reactor, it
may be returned to any portion of the reactor. It may be returned to the catalyst
containment area to await contact with the feed, the separation zone to contact

products of the feed or a combination of both.



[0125] The catal yst nay be regenerated in any nunber

of methods -- batch, continuous, sem -continuous, or
w@2oankiimat i on t hereof. Conti nuous cat al yst PCT/US2003/017121

regeneration is a desired nethod., Desirably, the

catalyst is regenerated to a Ievel of remaining coke

fromO0.01 wt percent to 130wt percent of the weight of
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the catal yst hdrawn from the reactor

@ZﬁsCrably the regenerated catalyst is cooled to a
tenperature from 10C to 200C | ower than the

[0d2Pler atlhe med)}ﬂod difenaiangﬂy:qirefemed bldfiawhoducoin thisdnvention

react.o Th| Ied st then may be returned to
Anyipgpde @8&6 %ﬁ‘é‘ﬁ%&&’%ﬁnatet%@ﬂoé‘&@ﬁ%ﬁaﬁ on
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fromthe regener ation apparatus is returne
foe seking, the eompesitidns areknovrein th@mangvhmrrnetbwdsaﬁclu&@

be returned t
ARG on bR e BRRE shtndo e T fahvering the e
SefrEidighotd dael boethetSythesi g@sdwht& Fgﬁf)dﬁ&é@b &adwar a
conbi nation of both. WD 2004/ 029178 PCT/ US2003/017121
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42055691218 cefsihl, aeky nfeltRal #RBelBntacting the olefin product with a

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

polyolefin product.

[0130] A preferred polyolefin-forming catalyst is a metallocene catalyst. The
preferred temperature range of operation is between 50°C and 240°C and the
reaction can be carried out at low, medium or high pressure, being anywhere from

1 bar to 200 bars. For processes carried out in solution, an inert diluent can be



675C. [0128] The nethod of making the preferred olefin

product in this invention can include the additiona
wa@t@p/ozf17sraki ng t he oxygenate conpositions froP€T/US2003/017121

hydr ocar bons such as oil, coal, tar sand, shale,

bi omass and natural gas. thods for making the

conpositions are known in~“the art. These net hods

uged) andehe preferesdt gicratimgtpoesailre odge iobeteebe i ) anth[ksmgars with
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i nvol ve cont acting the olefin product with a
pibbgrs) aidi mwlonlmllngarxdéﬂme;@tndahmarsmf sthylane, Hﬁﬁ}’leﬂe or

er at el f 8§ e I
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et al iegefoec s@tnat distussddigere.pr ef erred tenperature range
of operation is between 50C and 240C and the reaction

gﬁ@zpe CRHe! dnftshddHbntd HedcfWed HER6th Wi Mearttit@ Be ANBESENSonly
anywhere from 1 bar to 200 bars. Forggrocesses

ead srhoglgi tmﬂae itakes @ dimitng thgnventen, vihiclyisrleliaghbytheno
ggpPnga;%%;PCT/U82003/017121 -41 used, and the
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 from60C to 160C
and that the operating pressure be from5 bars to 50
bars. [0131] In addition to polyol efins, nunerous
other olefin derivatives may be forned fromthe
ol efi ns produced by the process of the present
invention or olefins recovered therefrom These
i nclude, but are not |limted to, aldehydes, alcohols,
acetic acid, linear alpha olefins, vinyl acetate,
et hyl ene dichloride and vinyl chloride, ethylbenzene,
et hyl ene oxi de, ethylene glycol, cunene, isopropyl




al cohol, acrolein, allyl chloride, propylene oxide,
acrylic acid, ethylene-propylene rubbers, and
waceongloonirgé ril e, and trinmers and di nmers of et hyP@n®es2003/017121
propyl ene or butyl enes. The net hods of manufacturing
t hese derivatives are well known in the art, and
therefore are not discus$@d here. [0132] The
gent s described herein are neant to be
ative only and should not be taken as limting
the invention, which is defined by the follow ng
clains. WO 2004/ 02917 Q17121 -42 CLAI M5
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reactors having a first end into ich a.catalyst. can

be f sdichrecaialyscanbe &idrandirrsserd %ﬁiv%ﬁ’i?“ﬁh which B iéfit?ly“

can exit.. ' actors; a separation zone

provFﬁ%ﬁ‘#@ggégégéiéﬁ%he catal yst from products of a

I eac hisephravitiont edovided thecpuyate theanakadyst domv progueis of a

apparatus; a transport conduit extending into the

separerction consieteddr thshydras &nf’PﬁYe&Slc’ESﬁ%ﬁﬁucﬁ’at i on

bet ween L 0et é&ﬁﬁﬁ@x&ﬁéﬁ oo Ate dep@atioh YonDAndtpr6viting dluid

reactors "and the separa?lon zone; and at | east one

cat alkysimunétation betweeh thecsecandrands efiet lozst five pi thegiser

separati on zc?ne and.the first ends of the riser

r eac FeActors and WeSCR BN 98% WSnver si on appar atus,

CONPlLt RlafiGneRafelifstleteh il fh@itoh@uennbeitivehe sepdnion zone

catal yst return and the first end of the riser

r eactaod ghe finsbendged theyisgr 18@oFS ui d conmuni cati on

bet ween the catalyst return and the first end of the

riser reactors and contain catalyst. 3. The

?A%dr qq;ﬁy&ﬁaarﬁ@;:ﬂv@[\[&:rmn@ppmf et cemprdisicg:ai ns 1 or I2
erein the plurality of riser reactors i.s,i uj

conm#rgatyst SFieRHiqnZoRe éF‘ﬂ‘feﬁ? Fwa?ﬁys f ‘?t%‘saﬁg?[{le @{)sg 8%4 (?fs:[ he

4. T'}%&%@E@gﬁgﬁm&ﬁe\mmmm SRRALAcHSorObet @b B cdtalgst

2 whereint urality of riser reactors is in fluid
comusiembhdtheirstrend of thegiser repetarspmdicontggmepialyst. 5. The
hydr ocar bon conversi on apparatus of clains.1 or 2
wherein the transport conduit further conprises a

%0l | epfd BRarsl@vbdirconQbrsdaAPSthtul of ¢laiens 1 or 2 wherein the

plurality of riser reactors is in fluid communication with a plurality of

transport conduits.

4. The hydrocarbon conversion apparatus of claims 1 or 2 wherein the

plurality of riser reactors is in fluid communication with a single transport

conduit.

5. The hydrocarbon conversion apparatus of claims 1 or 2 wherein the
transport conduit further comprises a collection device for connecting the
second ends of at least two of the riser reactors with the first end of the

conduit.



second ends of at least two of the riser reactors with

the first end of the conduit. WO 2004/029178
weEOABAeO3/ 017121 - 43 6. The hydrocarbon chPOEs®0O®6M7121

apparatus of clainms 1 or 2 wherein the smallest cross

sectional area of the transport conduit is at |east

equal to the sum of t he-4}ml | est cross sectional

Gir easTK¥ hyldhccakbonedont&sioh @pparatis b claiing t orPwhiersdd then
therewith. 7. The_ hydrocarbon conversi.on,
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10 percen rom sum o he sma est Cross

sect | @n@huicstim théretvith. ri ser reactors in fluid
conmuni cation therewith. 8 The hydrocarbon conversion
apparatus of claiml1l wherein the hydrocarbon

£0Nnvefpl WHr@M@(E%dﬁ%ﬂsf&ﬁl Abr bRARS 1 LPYRvHetet®the

reactors e hydrocarbon conversion apparatus of
cl ai nsndllest cr@ssecti@miaharca g fthe traasnast @D@iﬂé V@U@ﬂlm neigiore

Wi t hi ommon, shel.l havi
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retention zone. 10. The hydrocarbon conversion

apparatus of claims 1 or 2 wherein the catalyst
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hydr ocar bon conversi on apparatus of clains 1 or 2
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13. Thehdine ga hellys aameionizane.apparatus of claim1
further conprising: WO 2004/ 029178 PCT/ US2003/ 017121

-44 a feed distributor including at | east one feed

ad one
1 oo PPE AP ES R BERM i Barsh el s PRI IR .
fl ow eqaysabheis Imltiohectdsxtamlw thethe iriser basorst 0 t he
riser reactors through

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

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

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

heads.

13. The hydrocarbon conversion apparatus of claim 1 further comprising:



the feed heads. 14. The hydrocarbon conversion
apparatus of clains 1 or 2 further conprising a
w@bamabdiry of catal yst returns and a fl ow contP@I/US2003/017121

devi ce positioned on each of the catal yst returns.
15. The hydrocarbon conversi on apparatus of clainms 1
or 2 further conprising 'ﬁ*tatalyst regenerator in
fl ui d feedaignitddriitiludihg bt lelse ohy freddead positiemd\adjasentrio
apparatus. 16. The hydrocarbon conversjan . ara of
cl ai rtha first gpdsfrthe dses rsastosg W, er%‘#lﬁ&%”t cﬁ%{lﬁ&%ﬁ@}ﬂh Sa
flui ql(%%) m&% O Whiho¥ilEs ¥ HRG8 RO RALRESthEShgh
apparatus and the catal'yst regenerator. 17. The
hydr aherfdedmeadsaver si on apparatus of clains 1 or 2
wherein the separation zone includes at |east one
separator selected fromgroup consisting of a

cl ofy ibh! EIARhD 6B Airthe ¥oréprisin
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riser ﬁeactors as a cross sectional area of no
gr eat &rihe FREAYEFEWS: 19 The hydr ocar bon conver si on
apparatus of claim1 wherein each of the riser

reactors has a height of from10 neters to 70 neters..
0. THee hydtocschoneonversionappatais ap plarms L er dfurthe comprising
wherei n . t.he sl t. 1] . one
R

per cegdnvbfsiom dpperafidpl | est cross sectional area of any
other of the riser reactors. WO 2004/ 029178
PCT/ US2003/ 017121 -45 21. A hydrocarbon conversion

g oc e’?ﬁ’? ﬁ%d}?%drg&?%vél??gnﬁagﬁéﬁﬁfs 0P G1afin i1l idhet B Prising a

catal ys agent to fluidize the ‘
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feed to a plurali riser reactors, the plurality

ity of
of ri Gt %c%%Wﬂﬂe%ﬁ??ﬁ%¥ a singl e hydrocarbon

conversion apparatus; (c) contacting the feed with
the catalyst in the plurality of riser reactors _under
tbndi Thohwdre¢drben ¢aprersoneppgiaius of flaime s @r £ Whergin Hisuct ;

() consolibdahhifciies RYLRHonlepRaids SBELiel nPhrobh®
consisting of a cyclonic separator, a filter, an impingement device and

combinations thereof.

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

. 2
reactors has a cross sectional area of no greater than 12 m”.

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

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

20. The hydrocarbon conversion apparatus of claim 1 wherein the smallest
cross sectional area of any one of the riser reactors varies by no more than
20 percent from the smallest cross sectional area of any other of the riser

reactors.



conduit for transport into a separation zone; (e)

separating the catalyst fromthe product in the
wa@e@anzdiron zone, the separation zone bei ng iPCT/US2063/017121

conmuni cation with at least two of the riser reactors

t hrough the conduit; (f) rgturni ng the catalyst from

the separation zone to t hé plurality of riser

reactors; and (g) repeating steps (a) to (f).

21. A hydrocarbon conversion process comprising:
(a) contacting a fluidizable catalyst with a fluidizing agent to fluidize
the fluidizable catalyst;
(b) feeding the catalyst and a feed to a plurality of riser reactors, the
plurality of riser reactors being part of a single hydrocarbon conversion
apparatus;
(c) contacting the feed with the catalyst in the plurality of riser reactors
under conditions effective to convert the feed to a product;
(6} consolidating the output of at least two of the riser reactors in a
conduit for transport into a separation zone;
(e) separating the catalyst from the product in the separation zone, the
separation zone being in fluid communication with at least two of the riser
reactors through the conduit;
® returning the catalyst from the separation zone to the plurality of

riser reactors; and

(2) repeating steps (a) to (f).



