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I nvention The present invention relates to a reactor useful in hydr r

S conver sS¥@ou/§s8Tcesses and particularly in oxygenate to olpeTiusociassser si on
reacti ons. Background of the Invention Wen converting a feedstock
containing a hydrocarbon to a product 10 in an industrial reactor, it is
desirable to nmaxi m ze the production of a desired product or products, and
to control, typically to mnimze, the production of by-products. One type

of reactor useful for conducg, rsion reactions is a
fluidized bed reactor, Mere@%Fpﬁ%ﬁAgiﬁﬁcl es are suspended in a
fluidized state during contact wwth the 15 feedstock and ot her vapor

materials. These types of reactors usually have a cylindrical reactor
geonet ry. Ofdeldeofibie Inventiotuci ng t he production of by-products in a
fluidized bed reactor involves.operati I n_a, hydrodynam.c fl ow regime such
that the superfi%Ip@ﬁgnva]"%m@y@%@ﬂﬁé ea I‘bs&?'ﬂyn%!y&ﬁo‘@%%h to cause
the net lo ' R j irection as
t he flowbof Wtoﬁge'f%gie sﬁ%ﬁégbné'qgﬁer Jﬁ%@i%ﬁgafgﬁhggﬁgﬁﬁgﬁognd ot her
vapors essemeactidng. carry the catal yst particles along with them These flow
regi mes are known to those skilled in the art as the fast-fluidized bed and
riser regimes, nore generally as the transport reginme, and are preferred in
reaction Sy%ﬁﬁrbﬂn%ﬁhe%%ﬁﬁoﬂ' ug flow 25 reactor type is desired. In
general, for—a grvem reactor-ctross sectional area (which'in a cylindrical
react or geonet ry Whempcopeerting rsafeedstddkecothitainiriges hydndanseto geppsdadtl y to a

characteristic v,viéit h%, t he catal yst concentratjon in a fluidized bed
react or decr2a8drdygtial rPﬁEfPé’a'%ﬁ%esg%?@’%ER)E}aP‘i’B!Z§Ith9€FI"6@'iJ‘thPn ¢igher gas 30

superfici al W I ' I f 7= s to allow a
gi \F/)en amuntd\ég'?@?g‘é@é%ﬁﬁf%&é%%téaﬁqtaaé??atfqﬁi {I)@Ef agﬁo‘i‘ﬁhﬁﬁb &%g{ﬁgl yst. These
hi gher gas gupdudtionicdibyverodacts. eSne éyes of tozictoraugeifgifer cangaatingr ati o (t he
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NO\éyc?irocarbon conversion reacc:tll-ons IQS a %Tun%?zed bed reactor, wherein solid

catalyst particles are suspended in a fluidized state during contact with the

15 feedstock and other vapor materials. These types of reactors usually have
a cylindrical reactor geometry. One method for reducing the production of
by-products in a fluidized bed reactor involves operating in a
hydrodynamic flow regime such that the superficial gas velocity obtains a
velocity high enough to cause the net flow of catalyst in the reactor to flow

20 in the same direction as the flow of the feedstock and other vapors, i.e.,
the feedstock and other vapors essentially carry the catalyst particles
along with them. These flow regimes are known to those skilled in the art
as the fast-fluidized bed and riser regimes, more generally as the transport
regime, and are preferred in reaction systems in which a more plug flow

25  reactor type is desired.

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), the catalyst concentration in a fluidized
bed reactor decreases with increasing gas superficial velocity. Higher gas

30 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



-2 of a reactor height to its diameter or characteristic w dth) of tgm 00k
reactor. Further, in many cases it is desired to nmake a fl uidi zedﬂr Vorz
with a weowi/gk@Emge cross-sectional area to enable very | apgenkhi;pigghput s of
feedstock in a single reactor facility. However, increasing fluid bed
dianeter, 5 particularly in the transport regine, also necessitates

I ncreased reactor height. This increanSﬁg hei ght is required because a
certain mninum reactor height, in ter of a m ninmum aspect ratio, is

d hi | whi ch t |
[ ow react opf & fetior Beiohhlo ¥ dRefEtaR ahafartE i iRty o dhe FREH8N f ance of o
t ransport tPgﬁﬁQ#’iﬁrﬁdW et Eﬁgélﬁé&&%aka'&%}m%ﬂéé&s{j% Y‘%‘? effects

dom nate rodynam c avi or energy require f eedst ock

vapors to targﬂ crgssasettiacatbmiocc hhble sty thrgattablighpagadffeéddtbek fipr ce of
gravity) in a rranner é&écondum ve to obtaini ng appr oxi mate plug fl ow
behavi or . l\Btsmgﬁﬂ'WCtPh ity OMEGMATeliNCERASINGI el iageteut by progreSS| ng

al ong t roxi na ug fl ow
f1uidl so Hlilgngatr%a r@% ﬂ%m@b'@é‘aaﬁeﬁ 4'?‘5%%%%38%0 é‘r%%séaﬂlo fler ~act i vi ty
cat al yst S bﬁelgHBSThi%dnd:r@atsbd HeligtSIB QB guiFDbEBausRSH 8B HalrAhiris 'fWSt al so

i ncrease to provide desired higher feedstock conversion. fuortunatel Y,

hi gh aspect reagterdraighai ptarmsiofia mipseumeaspect wtiar is rezmredfm iachleveaand

expensi ve t Lnta They are ex i ve because they nust
have at th R%'%S‘ei%oi)%fi et Bgﬁe%‘é’wr& XIateS P AOW reagtokn 1111 ed wit h
heavy equi ph@HHviort OAFthéH'tGaﬁ’dledTﬁB@Eﬁy,té't%é'é?l‘ﬁ‘aﬂﬁe d%‘aatﬁ'éalfd orfNd reactor
product. As the reactor increases in height (aspect ratlo nore expensi ve

suppor t10st riggimedksidizgd bedregcior, etmsteady:etattamorﬂénmEﬁeolfs ddmimats | d wher e
i ncl enent, W nd at her occurs rou even re structural
support is fﬁgﬁﬁﬁ%ﬂ}&a ‘é‘?‘y\@ ﬁg%ge@rgyrrggpggé fote tlhﬁcf edsioR r‘(\aeor%l tiple,
conpl ete ang ;adapmcen@r@fé e séwébmswaga.nbﬂmﬁaé@mﬂﬁﬁm%

ep den react or

vessel s are reqwred Wth these nulti lete and i
syst ens conBaaneengkernduzivanal @btplmoatapommmmmems ﬂdﬁhbehawonebkd)tem sts in

o oo O oo 08 Y R ST a5R58) oty e 1o
15 reactor height will a well behaved, approximately plug flow fluid/solid flow
pattern emerge. Finally, should the use of lower activity catalysts be
desired in the transport regime, aspect ratios must also increase to provide
desired higher feedstock conversion.
Unfortunately, high aspect ratio transport fluid bed reactors are
20  difficult and expensive to construct and maintain. Theay are expensive
because they must have at the top a very large, heavy separation vessel,
often filled with heavy equipment, to capture and manage the flowing
catalyst and reactor product. As the reactor increases in height (aspect
ratio), more expensive support structures may be required. In certain
25 areas of the world where inclement, especially windy weather occurs
routinely, even more structural support is required, and certain aspect
ratios are not economic. Multiple, complete and independent reactor
systems with independent separation vessels are required. With these
multiple, complete and independent reactor systems come attendant
30  muitiplication of costs.
Thus, a need exists in the art for a reactor which can provide the
desired aspect ratio without necessitating an unwieldy height, forcing a
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flow regi me may never be obtained, or without resulting to nultigr ,

i ndepend&ftilBagIet or systens. Summma of the Invention s ThP{GE¥EABEIInventi on
provides a solution to the currently existing need in the art by providing
a hydrocarbon conversi on apparatus which conprises a plurality of riser
reactors. By providing a plurality of -niser reactors, the wdth or dianeter
of the feedstock conversion reactor can be reduced, and thus a desired
aspect rat'widﬂagq |éFP{Hét&é§”'|%@l Mlﬁ(mév%%péa %&%@ﬁ@mﬁg%@éf peproach to a
desired, fully devel oped flow fegine, at reduted and nore manageabl e
react or heicg:hlalnelandrhaﬂlout mss.ulhmgpmmuhlplmriodepmﬂmheealﬂmps;stmpect ratio for
a given riser reactor without the need for multiple, independent reactor
systenms. One aspect of the present invention is directed to a hydrocarbon 15
conver si on SRRGhAR'D tHE fhibrligipar bon conversi on apparatus conprises the
fol | ow ng: uréﬁr#y—uﬁlrrser-reactors each of the riser reactors having

a first send int oThbiprasenttmteritivntprovideba $eldtiomtd mmmrdly%mksttdy ough which
the catalyst can exit the riser reactor: a catalyst retention zone provided

to contai n readinythe ambyiprevdings hydrocarhonconvassiopappesatys whioh separ at i on

Separat on HONRTHEF AFTIALG ARy o0l LbESIRUERIEPDY BEfeer oducts of a

reaction cqré@utar@dtnewrdheohmérnﬁmar bpthecferustosk @dnedRAIrAtsHEtoracancsé al yst
return in fluid communi cation with the separation zone and the catalyst

retention zieducednand thusea desised aspech ratincandimmaintainedsyitoite feed 25 head

Aot her o fRARGAt i3 FBBLATEN (R APPSR deipbHe 1Bk e o

conver si on RpPaEdtdR m‘BP@nﬁ?ﬁ@bﬁbl@Sr&%@fﬁ?rhéﬁﬁ thetHep) thevihvgntion pl ural ity of
riser reactors, each of the riser reactors having a first end into which a

cat al yst capronslesdhieprapar aspasidatioiprahgweagisehreactenwitioutihe seegan exit 30

the riser mhlch t he second ends of the riser
reactors ex@gﬁﬂ'ﬁ{'wﬁe'i@%bgéhg%a%gﬂ%ygel n " provided to separate the
(2:8:) Zl yst from progecdspert ofthegpresbaninvantive isdirddted keamydiaabden 02 NOV

15 conversion apparatus. The hydrocarbon conversion 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 catalyst retention zone
provided to contain catalyst which can be fed to the riser reactors; a

20 separation zone into which the second ends of the riser reactors extend,
the separation zone being provided to separate the catalyst from products
of a reaction conducted in the hydrocarbon conversion apparatus; a
catalyst return in fluid communication with the separation zone and the
catalyst retention zone; and a feed distributor including at least one feed

25 head positioned adjacent to each of the first ends of the riser reactors.

Another aspect of the present invention is directed to a 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

30 the riser reactor; a separation zone into which the second ends of the riser .
reactors extend, the separation zone being provided to separate the
catalyst from products of a reaction conducted in the hydrocarbon




WD 0118872 PCT/USO01/ 13802 -4 conversion apparatus; and at |east on

s
return in fluid communication with the separation zone and the fiﬁsfﬁé‘ﬁdgm
of the rwsarn/gsgRractors, the catal yst return being provi dedcrwsbr/aaseter the
catalyst fromthe separation zone to the first ends of the riser reactors.
S Yet another aspect of the present invention is directed to a hydrocarbon
conversi on process. The process conprisgs the followng steps: (a)
contacting a fluidizable catalyst with a fluidizing fluid to fluidize the

f1uidizable, &Wtﬁ%ﬁ:ﬁ{ éPé%t&§eﬁd% Li& &%t@ékégfst Pégﬁirnain fg’i&l to a plurality of

riser reactors y of riser reac el ng rt of a single to

hydr ocar boncmmmteamm Withathatoepardtion Zorecand thd firet ERES ofitidriddre cat al yst
in the pl urallty of riser reactors, the reaction of the feed and the

catal yst presEiRisn e caialyridetum BpINgRyavidecte ff&l@f@fatplaIOﬁﬁalySStrfmmtthe pr oduct )
the pfﬁfg{ségporgpéﬁ%é&e@g%@&ﬁd@é}tﬁg?@pﬁ?ﬁﬁ?ﬁg catalyet Tromehe

separation is zowetigmottis cFé’cﬂbfﬂﬁé ﬂéséhﬁﬁﬁeﬁ%fsq{n%ct@d‘ﬂaéf) repeating
steps (a) to (e). These and ot her advantages of e present invention shall

becone apphycb’ncarbmon'eeﬂsmn process. dEhalplreclessemnpmes)ﬂnedbllmdmgl nventi on,
and the appende s angd .cl a rief crip f the Draw ngs
Flgure 1 preaeBn; 42k cpiiactan % fudzabEisaraia wif amaszing auid de Ruigiae

conversi on gy {d‘gfs g part i al
cross sectional I@le‘éé\%/léén&aanott b??élégm ﬂtawkft aﬁﬁ%‘fe‘é %oc%@é ﬁ)Zonversi on

appar at us ofls&rh'eaptce!sethe p%ahtymérisemaciarglhemgﬁpmeﬁarumagle partial cross
sectional [

appar at I ohVARGaHa ATVe P RLARRASAISHIG PECNG MELEROSNE [t eFiaSE r ose
Sooerotee oPYEEi b RSe Reford e THR AT Bl US b anbtecstigen conversion

producing a product; (d) separating the catalyst from the product in a

separation zone, the separation zone being in fluid communication with the

plurality of riser reactors; (e) returning the catalyst from the separation

15 zone to the plurality of riser reactors; and (f) repeating steps (a) to (e).
These and other advantages of the present invention shali become
apparent from the foliowing detailed description of the invention, and the

appended drawings and claims.

20 Brief Description of the Drawings

Figure 1 presents a partial cross sectional view of a hydrocarbon
conversion apparatus of the present invention.

Figure 2 presents a partial cross sectional view of another
embodiment of the hydracarbon conversion apparatus of the present

25  invention.

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

Figure 4 presents a partial cross sectional view of still ancther

30 embodiment of the hydrocarbon conversion apparatus of the present
invention.




0 2 NOV 2004 PCT/US01/13802 Figure 5 presents cross sectional views of
representative arrangenents and configurations of the riser react Ord Mdznn‘!
cat al yst yW@h§9ss2 Detail ed Description of the Invention 5PETJiR0e/1880pr esent s
a partial cross sectional view of a hydrocarbon conversion apparatus 10 of
the present invention. The apparatus 10 conprises a shell 12, a plurality
of riser reactors 20, a feed di stributgF_30, and a catalyst return 50. Wth
continuing reference to Fig. 1, the she 12 fornms a separation io zone 14
in which a produ

|
the catal yst. whi dHIUER GIRSRRs AR RURLaRRs S P RERhBES . T Shell 12
includes a fdrfaﬁ{r%eﬁﬁént%ﬁarﬂﬁeb@g%%ﬁm SMHe HRer TMtoRaHT Sitaliat 7Sens4 MRy

additionally contain one or re separation devices, not shown, which are
used to separate the products fromthe is catalyst. Useful separation

devi ces are discussed bel qw i ssloci atti on wth the discussion of other
enbodi ment s M&iﬁﬁ&ﬂﬁm&éﬁ&%‘?“—'@rt her, the separation devices nay
be positioned ext@epnal H?pg%éﬁeﬁt%‘%rPagrﬁQ?&%Eé%cﬁ&{b‘?vﬂé%of %‘?‘:ygr&}étrﬁbﬁe of the

shell 127of the hy@roca ver si on apparatus 10, or conbi nati on of

external |y aiyhvendieh %glayatuﬁ(ﬁonﬁshe ipoesaht Seyemtiohi dfhecpparatus R ser reactors
20 extend into shell

] and into the separation zone 4. By extending the
riser react crosmpusesashehdRl a plurafity affises sppgtars dh aff“@éed'ﬁm?éufq’fef'ﬂ-ei ght
required to Qobf ai L1 aspect ratio of a given riser reactor 20 is
concurrent \Hr{%g#télgglsrgﬁih&??tion of the height required 25 for the shell
12, separation zopgthléontimbthgaeherenae so Figits the phekkd2 formesiaciepgratien t ot al

hei ght of the hydrocarbon conversion reactor 10 of the gresen,t I nventi on.
Each risér rzeae b inwhichca persdnc of theshydrggarben anyeRHeR Feagtiod 18at al yst and

feed are fed to [ j *h riser
reactor 20 fﬁ_ﬁﬁ%{éfgﬁdﬁ@ﬁ'ﬁhggagﬁ g{;g@@éﬁgﬁ@%‘éﬁﬁ%@%&@%@&bﬁ&gﬁgﬁgCat al yst,
product s andedsfi6Ac Sl e cludés anfrst end t16tdrel a seeond erdcBorTHR®. The first

end 22 of each riser reactor 20 termnpates in a nmouth 26 through which the
cat al yst andepasation @oped4imay agddionatis FORIAIN PRE 05 (NOrg SERAIAUITH 4

devices, not shown, which are used to separate the products from the

15 catalyst. Useful separation devices are discussed below in association
with the discussion of other embodiments of the present invention.
Further, the separation devices may be positioned externally to the
separation zone 14, i.e., outside of the shell 12 of the hydrocarbon
conversion apparatus 10, or a combination of externally and internally

20 positioned separation devices.

Riser reactors 20 extend into shell 12 and into the separation zone

14. By extending the riser reactors 20 into shell 12 and the separation
zone 14, the height required to obtain the desired aspect ratio of a given
riser reactor 20 is concurrent with at least a portion of the height required

25 for the shell 12, separation zone 14, and other associated spaces,
reducing the total height of the hydracarbon conversion reactor 10 of the
present invention. Each riser reactor 20 includes a first end 22 into which
the catalyst and feed are fed to conduct the hydrocarbon conversion
reaction. Each riser reactor 20 further includes a second end 24 through

30 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.
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the hydrocarbon conversion apparatus 10 varies depending on the hydrocarbon
conver si Bi® Qar86¢E8ss to be conducted in the apparatus 10. Pognappasgpus 10
can contain two, three, four, five, six and even nore than six riser
reactors 20. 5 The size of the riser reactors 20 depends on paraneters such
as the superficial gas velocity, solids.hydrodynanics, pressure, and
production capacity of the desired hydrocarbon conversion process. In the

h ht .f 0
present | VB b gt ARl SR BB pEnEBtsA o
meters. Al lapfarhhis wsaresaepéﬁam%e hﬂééﬁy@ro&hfﬂdnadorﬂ@kﬁﬁﬁ frgééaétae” first
sira

ends 22 to their second ends 24 |y, the heights of 'the riser
react ors 200&aeRdusteddn the éppW@rﬁUQd% thmapmratUMa@ cap@ontain 2ot 0 anot her

b d th ht th 10% d,
st dest 1 A0TSE Touk NG SNy BlPTRAN AR dsettedotadSin the prosent

| nventign, each pe she 6f'tﬁérns(e??ééél6ﬁs 20 depengs ohiBdrafetge@enaag! | onal ar ea

along its entire height. Desirably, each e riser 0 has a
cross sect |tbaeauparferaakgamueIQCIQatsmlldsrh@rdrdrﬂmﬁmcﬁ/tpresswbhdm y, each of the

ri ser reactor has a o) sectio area of no reater than 7 n2. Most
desirably, FE&@H‘%QR“ pﬂgaqtfysgfstﬁgé%argpg-\ymo% %WVGFQ%?,%PE%SISOHQIWW ea of no
great er thgj}egeﬁt enfii? R dsertr gg%b?%sdeﬁ%wﬁgég cg%z e riser

reactors 20 vary no nore than fom one riser to anot her
ri ser reactroete2to IVBrmetﬁsnandtd widthi{er dramster)sm‘ainmeterdqu‘e@f the riser

reactors 20 v nore than 109 nmost desirably, the cross

secti on4l %g %‘t‘ﬂgh?lré“éf ’9%3%@0@/@%%3\%$'W|99hﬁghhﬂoﬁbﬁ@l&ﬂlféh i% If one
or nore ri r | |

cross-sect %ﬁg@%ﬁ%?ﬁﬁ%&?@éﬁ%ﬁ%oﬂ%%ag h@ﬁ%ghﬂs af]ﬁe ]’g{érl’l ser reactors

20, desi r abeactohe 2Dareayp by ey mese $Imn Povafronr ens rieér téaetdrlmfo angperors 20
reactor 20 to another riser reactor

\2/8r yalrol)d/ Pﬁé‘%’lﬁ?%&g’? 60&&%@%53? It ﬁﬁrr@&%htéf"amﬁy medepresanc¥eor s 20 vary
Nor o desi r 4515 MR TAEDH e hefs AR P hp Mol BRI [ er reactor 20
vari es 1By no norla thapres@vifventiom eachrafdbé risepssactors 20 has a similar
cross sectional area along its entire height. Desirably, each of the riser
reactors 20 has a cross sectional area of no greater than 12 m*. More
desirably, each of the riser reactors 20 has a cross sectional area of no
greater than 7 m?. Most desirably, each of the riser reactors 20 has a
20 cross sectional area of no greater than 3.5 m®. Desirably, the cross
sectional areas of the riser reactors 20 vary by no more than 20% from
one riser reactor 20 to another riser reactor 20. More desirably, the cross
sectional areas of the riser reactors 20 vary by no more than 10% and,
most desirably, the cross sectional areas of the riser reactors 20 vary by
25 no more than 1%. If one or more riser reactors 20 have both a largest and
a smallest cross-sectional area at different points along the height of riser
reactors 20, desirably the largest cross-sectional areas of the riser
reactors 20 vary by no more than 20% from one riser reactor 20 to another
riser reactor 20, and the smaliest cross-sectional areas of the riser
30 reactors 20 vary by no more than 20% from one riser reactor 20 to another
riser reactor 20. More desirably, the largest cross sectional area of one

fiser reactor 20 varies by no more than 10% from the largest cross
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reactor 20 and the smallest cross sectional area varies by no nore han 10%
from t hewsnaldsemt cross sectional area of another riser PEHUBBI13BO2 Most

- desirably, the |l argest cross sectional area of one riser reactor 20 varies

by no nore than 1 % fromthe |argest cross 5 sectional area of another riser
reactor 20 and the small est cross sectsimonal area varies by no nore than 1%
fromthe snall est cross sectional area of another riser reactor 20_

Desi rabl y, %gﬁ AFes BELhORE! r.géﬁ@a@iorwand IREEMaleRiPbsLlediindtS Dy no

nore than 5 ong Its entire More desirably, the cross to
sectional aarsa wdrieabh noirsemr than flmnﬁmsmllest anossrseetiomdiareé)%’ along its
entire height and, nost desjrably n%s sect Lonal Fa of each riser

reactor 20 QBPHEE TiEGT FRAGKYY20.1 Mgt :dL@S/({ ejlagestpross sestigprl a8 provi de a

feed to the r

posi tioned fe gﬁg{'ﬁéF?%&éézozga t%b%ﬁaﬁ‘hgf@:ﬁlg@ﬂggﬁ gﬁrés@géa Cré%gre t han one
feed disfri b@étiﬁna?@r@@mfbﬁotﬁéphwe@a@tbra‘&dett’ﬂﬁsnhraH@Ett ceosissedorefl the riser
reactors 20 to provide feed in varlous state ., one feed distributor

30 nay provaw w@s by na meisdhandinfigm the smaliesh flobeectiona ereaef or 30 may
provi de feed {1 qﬂ qﬁéro%dn Feed distributor 30 includes a body 32 from
which a pl U?QPW%@ oo extend. Each riser 20 reactor 20 has at | east
one associ at ed neglesHablyEad\cross sedtonArdrea af each iideprdiet Bbvafiéeh head 36
of each neck 34 is p05|t|oned adj acent to the first end 22 of each riser

reactor 20. bpewi matﬂ! jhanca@h alengitsendie length. Makedesablyt thecronsr i ser

oat h ok a SeRiSnA Aee BRbden ABE edERs 2tbyartes B RO VAR AR 0% ARHLY, | Dt o
30 may incl ydenfife RBIghPAAY, bevdExnibIp the deydssactionhl aieaver caupsiigaroned on
feed distributor 30 to control the anobunt of feed to each neck 34 or a flow

control devrerstand0 veripe by mognete Bian HRiéraineg s satirerheight.ow control devi ce
o e oo AR B ks pordeld R b P LT 2
the di stri buistesutef 30he pbsiighédneacthd firstends eadfde Afer wddidrsatal |y, each
head 36 may be fitted wth screeni n8 be employed adjacent the first ends
15 ~ More than one feed dlstnbutor 30 may be employ i
22 of the riser reactors 20 to provide feed in various states, e.g., one feed
distributor 30 may provide feed in a vapor form while a second feed
distributor 30 may provide feed in a liquid form. Feed distributor 30
includes a body 32 from which a plurality of necks 34 extend. Each riser
20 reactor 20 has at least one associated neck 34. Each neck 34 terminates
in a head 36. Each head 36 of each neck 34 is positioned adjacent to the
first end 22 of each riser reactor 20. Desirably, each head 36 extends
upwardly into each riser reactor 20. More desirably, each head 36 is
positioned at or above the mouth 26 at the first end 22 of each tiser
25 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 controf 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, may be positioned
30 on each head 36 to further control the distribution of the feed to each riser

reactor 20. Additionally, each head 36 may be fitted with screening
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flow of catalyst into any of necks 34 of feed distributor 30 and,
subsequeM® §1/85BT 0 body 32 of feed distributor 30. At Iem/qu/]mtzal yst
return 50 provides fluid comuni cati on between the separation zone of 14 of
shell 12 and the riser reactors 20. s Particularly, each catalyst return 50
provides fluid communication between e separation zone 14 and the first
ends 22 of each riser reactor 20. Each catalyst return 50 has a first end 52

and a secon felr return 50 opens into
t he second geﬁegﬁéﬁsg% tbfié" Hgia,:ﬁ@ﬂ 8&)%'[3%&%%%&‘#03 S‘"t4 ‘P‘gturn 50
opens adj acteed dib@ibuitee30 20d) Suisiceeniy), m@ﬁbd?%%ﬁééd H%&hﬁlﬁoﬁgo' S provided
to transport catalyst from the separatlon zone 14 of shell 12 to the first

ends 22 of the rid Srf@aétf‘@i%'ySfZ@tUmﬁOarﬁpadeﬁﬂwdmmmymcauoude one, two,
th f 0..T | | lth h t
o ecsar 1y beesy it e Son B X4 s L7 B iiheSord 20ne nomaer "of
riser r eact Paiciarly, Ralchealdiyarendins Fm@ﬂusg thgBuﬂncaﬁGﬁb%ﬁkgéHStl

returns 50 are external to t eact or s wever, as s
subsequent | fecaparation Zoaaﬁéchnﬂaﬂrtesﬁrstehds @ataflessh riser neactbP20Ry be

t ai ned t dint | 1 | at t
The riser rEach BeBisg e gRlas afestrnd BA At seronckmistoti TR Byt ¢ br ough
th t al th f
a1 ow contTal 55?5?@‘2*"‘%%2’%?“??‘5‘92% SN AT 18 crah@ 2y 0% 150 ©

cont r ol devambti‘%semnd)end ﬁﬂpftopmelysf rdthmﬁ@opén@hdmmhtmecnﬁérent ly in use
fl ow t hrough catal yst transfer lines. I|f

h
ool ool ieBchBAc S Batiiist et B8 S 1s RiGGAPa LD Yanspem PatRlySidrom i ug
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t he enbodi nent "shown in 1, the base e ca 50 and
the first e2isThe apgaratue 1r{] may indladearse, Modireadoar, fReatixdr mefeent i on zone
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so, thds embodiment shown in Fig. 1, the catalyst returns 50 are external to the -
riser reactors 20. However, as shown in subsequently described
embodiments, the catalyst return 50 may be contained within a common
shell or be positioned internally in relation to the riser reactors 20 or some
combination thereof. Flow of catalyst through the catalyst return(s) 50
20  may optionally be controlied through the use of a flow control device 56
positioned on each catalyst return 50. The flow control device 56 can be
any type of flow control device currently in use in the art to control catalyst
flow through catalyst transfer lines. If employed, the flow contro! device 56
is desirably a ball valve, a plug valve or a slide valve.
25 The apparatus 10 further includes a base 60. in the embodiment
shown in Fig. 1, the base 80, the catalyst returns 50 and the first ends 22
of the riser reactors 20 define a catalyst retention zone 62. The catalyst
retentiocn zone 62 is provided to retain catalyst which is used to catalyze
the hydrocarbon conversion reaction which is conducted in the apparatus
30 10. The catalyst return 50 provides fluid communication between the
separation zone 14 and the catalyst retention zone 62. To do so, the
second ends 54 of the catalyst returns 50 open to the catalyst retention




second ends 54 of the catalyst returns 50 open to the catal yst ret nﬁi on \aﬁ
01/ 85872 -9 02 NOV 2004 PCT/USO1/ 1382 zone 62. As one of skill i b 004
will appxeai@tez the boundary between the catal yst retent@CBHS§GI80B2 and
the catalyst return 50 is fluid and depends, at least in part, on the |evel
of catalyst contained in the catalyst return 50 and the catal yst retention
zone 62. 5 A fluid distributor 70 is algo positioned in or near the base 60
of the apparat us 10. The fluid distributor 70 includes a conduit 72 into

uhich a ! &br ga}éyéyég%gg.ﬁ.ﬁﬂwétawg%pgkya te] BB Uiy BREwE2n t O T ul dli ze

a fluidizab e ca enti on zone and e catal yst
returns 50. theAsthlyisp Rgtbnién Qbh@ﬁaaand/mefdcatatysﬂranm §uiscituid ahd as shown in
Fig. 1, may also 10 be positioned on each cataly return 50 to fluidize a

f1 ui di zabl edemmyat Ieaﬁim pafeanithe ieveh Oiaﬁatarw@an@nw inteeratalysb. The

hydr ocar bon onv apparat.u i nclude an outlet 80 through
whi ch the c%t ‘érIWS{J gﬁhﬁé%?%‘%vgﬁéqquﬁqr%eégppar atus 10. The outlet 80 is
shown as; bei ng pasfiid g G- t709s a0RPpesiboted fh of ndr thd©asBE0 oflfhebut my be
positioned at any position on the apparatus 10. The ?)ajarat us 10 may al so

i ncl ude an appmtmmhﬂ'mgmlmmrabwm 78analwgsam¢ua nh:cumicrhao t he

10.. Al th h h h
eroar e bRl 0 S i RO o e AR Ry
posi i on onchlRARPHLABIOrelnlibf 20hd Mn@mﬁﬂalygﬁ‘ét%stsn renove

hydrocarbon co version ucts fromthe a_%)arat us 10. As shown in Fig. 1,
t he hydr ocaAUdmlomameaﬂemattaeprﬂamdlatﬂmmo@f ras shovesierftigi hyvewayi alao nay

optionally jnclude an assocj at (il at al lb r nerm 90. The
cat al ysi0 r eBemosiiongd %Eﬁ?'&?ﬁéﬁg @"%/r?? tpﬁﬁﬁ@zgg ?%@E awsfh t he
hydrocar bo”cﬁ%Yx%@er@a&P@@ﬂh%té&aI}Qt reTLh‘r‘hszfﬁ) catal yst regeneration apparatus

90 includes a catalyst regeneratoi 92, which is in fluid communication with
t he hydrocarbon dtevlydsocarboapqmevarsien apparatys 48 roay Alsedncludeanyst stri pper
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apparatus 14g Atd bsflet 808 shown as being positioned on the second end 18 of
15 the shell 12 but may be positioned at any position on the apparatus 10.
The apparatus 10 may also include an iniet 82 through which the catalyst
may be placed into the apparatus 10. Although the inlet 82 is shown as
being positioned on the first end 16 of the shell 12, the inlet 82 may be
positioned at any position on the apparatus 10. A line 84 may be provided
20 to remove hydrocarbon conversion products from the apparatus 10.

As shown in Fig. 1, the hydrocarbon conversion apparatus 10 of the
present invention may optionally include an associated catalyst
regeneration apparatus 90. The catalyst regeneration apparatus 90 is in
fluid communication with the hydrocarbon conversion apparatus 10. The

25  catalyst regeneration apparatus 90 includes a catalyst regenerator 82,
which is in fluid communication with the hydrocarbon conversion
apparatus 10, and an optiona! catalyst stripper 94, which is in fluid
communication with the catalyst regenerator 82 and which may be in fluid
communication with the hydrocarbon conversion apparatus 10, A first line

30° 96 provides fluid communication batween the catalyst stripper 84 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




30" 96 provides fluid comunication between the catal yst stripper mahndd tzhﬁ
outlet 80 on shell 12. A second fine 98 provides fluid comunicati v

bet ween twe ogeisatyst stripper 94 and the catal yst regenerqi(qrmgﬁmﬁ,zthi rd 2
NOV 2004 WD 01/85872 PCT/ US01/13802 -10 line 100 provides flui

comuni cati on between the catal yst regenerator 92 and the inlet 82 on shell
12. Aflow control device 102 nay optionally be positioned on first line 96
to control the flow of catal yst bet ween'the shell 12 and the catal yst
stripper 94, A w control, device 104 may optionally 5 be positioned on
second |ine 19§ {@)E%Eﬁvf‘i’%ﬁ ﬁ‘t“ﬂ§°f‘?rBWf9?“9'a fwaen hie atalyst regenesatonfd

stripper 94 zpc e I: . flow trol device
106 oy be Hae T EaReh 82 Shell, FREACHh BontoL SURENOF iy pbfihAl b y st ;
bet ween t he peaitiingst on figeline A6 Ghtahthd fewdiehialys? beh8eh tiVshe@nt r ol

devi ces 102, 104, and 10? can_ be any pes of flow control devices 10

t
currently i 2 the ealalyst strinpes 8d: A owaaitiod device i Odimay giptioatty y st

t f | i A fl devi i | | | , |
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1 as being catgipstaitdppeoda bha t@catalyst reger m&% ﬁ%au}g,n&nawdrﬁﬁ:i n the
er my e ln

art will appreciate that the catalyst stripp egrally forned
with the 15 dexics 104 mayces pesitioned2n taird ligki100¢d domtiohtheaflowwifl | al so

[ , .0 h hi | i 00 ' h
caralyst tocomyet ABRAe chlih ;30REAla OF ant e 2. dhe Gk Ty ol so
be 1 et urned coatrof ievieed 2025104 BhUITDEan bEBNGHAYSENSFLBAKLPAaziR0e 62 and

conbi nations of the separation zone 14, the yst return t he
cat al ystl0r eCEAENHY in pge jivie &1 to vhstiol catalyst How througheatyigsoieansfen

i h i Fig. 1, f ti i the foll ]
e S She TREET Bk Hh Bntr QLA byt paih valNEs PRIGvalNgBARdsTIdE ot ol yst
sui tabl e t ovalesy AltHoughahe desdiy€dsth Sévog:ﬁfsbﬁb_\ﬁr?gﬁfﬁi@ipfﬁﬁr% ion. The
e.

catal yst should be of a type 25 which is fluidiza east~ a portion of
the cat al ys&eparata fiioa thaicatalysheegenaratoy &2, veeskiliedrin tiomarifl To f1 ui di ze

into the 11 EPBResiaE iRt s eitsh St hpBLaA Y be Miegraivlamednaiuineg r1 ui d i s
fed intost heatalytsdrygéndrat®@el, oOneWkdic?inand ahRill also appreciate that,
although Fig. 1 shows third line 100 as returning the catalyst to the
separation zone 14 through line 82, the catalyst may also be returned to
the catalyst return 50, the catalyst retention zone 82 and combinations of
the separation zone 14, the catalyst return 50 and the catalyst retention
20 zone 62.

When in operation, the hydrocarbon conversion apparatus 10, as
shown in Fig. 1, functions in the following manner. The apparatus 10 is
filled with an appropriate amount of a catalyst suitable to carry out the
desired hydrocarbon conversion reaction. The c-:atalyst should be of a type

25  which is fluidizabie. At least a portion of the catalyst is contained in the
catalyst retention zone 62. To fluidize the catalyst in the catalyst retention
zone 62, a fluidizing fluid is fed into the fluid distributor(s) 70 through inlet
72. The fluidizing fiuid is fed into the catalyst retention zone 62 and the
catalyst return(s) 50 of the hydrocarbon conversion apparatus 10. Useful

30 flidizing fluids include, but are not limited to, inert gasses, nitfrogen,
steam, carbon dioxide, hydrocarbons, and air. The choice of fluidizing
fluid depends upon the type of conversion reaction being conducteq in the




catal yst return(s) 50 of the hydrocarbon conversion apparatus 10. Ugez‘ WCV?’?UU‘I
fluidizing fluids include, but are not limted to, inert gasses, nitrogen,
steam cw@owsssioxi de, hydrocarbons, and air. The choi ce ®€TfUsoi/diset ng

fluid depends upon the type of conversion reaction being conducted in the 0

2 NOV 2004 WO 01/85872 PCT/US01/13802 - Il hydrocarbon conversion apparatus
10. Desirably, the fluidizing fluid is unreactive (i.e. inert) in the
reaction being conducted in the hydrocarbon conversion apparatus 10. In

"h the " hyar Sedlasio@E shardsBr Htarals 10, RESEY oAl R RN, bt ovarbon |
conver si on SRR, 80nehkt iheheaction vblny dlecidiein !k abdreopal al st

Once the catal yst has reached an acceptabl'e fluidized state, a feed is fed
into the hy@ﬂawlsmar@@afam%w}nhapﬁwmnés livistdesinagie thesdhe duisizingut or  30.

The feed 2 b 30 h h th
necks 34 of TREUOH aorRRnRaisln RS taBH BnyRob RS BiNdor Toed
di stribugor c38Rdudibg 1ﬁ%@@hg§rdébﬂ$dd @éﬁ\%ﬂ&bﬁ a%?‘é?at% 10'6ther gﬁ'éop {gactors 20

through their first ends . Desirably, the'feed is provi

subst anti al Iﬂyldmauthe ﬂuideabie catalyath ri ser reactor 20. By ' subst antially

equal' it is nea flowof fe rowgaetﬂ6 ach riser reactor 20
,f\én

15 through the f ?'O'Pa%@q}:gﬁ 766 S8, 3 eS| une
rate, and V‘i"éfeﬁﬁnf@tﬁ@ﬁﬁrb&@f’ﬁoa%@rﬁérmépﬁﬁa‘f@é‘ﬁOftﬁ’rro GI% gomponent  in the

feed, fromone riser reactor 20 to anothet riser react Mor e
desi rably, distributon3of Tﬂ\eefeepr&uuemdtjetb@dga&?mfrfeedrdtstebutcrrr3(2©asbesugh t he

feed di strl utor var thap.10% b voI u rate, and varies 20
no nore®ha %%@89 ﬁ‘&gés 3@@%5 d H%Ffeté‘%%gg sthiavgnteeheads 36 om  one
riser react of fedfdl 4iRtrMURSR. The $&ed fsa&gmbu?éh td\@sdh eﬁmgﬁééryreaéﬁg provi ded

to each riser reactor 20 through the feed distributor 30 varies by no nore
than 1 %byNdhmhﬂi\EEframhdﬁaﬂ -eDesvablyr thetfead i4 ploigedirss percent for

Feact or 20, SHPHPBLEl oG sAENT ICPacl BStidaaB ehe Bel SIS o feed
ﬁgit SL 1ng t REuhl Sk rREAIR tRat Bl floW of fee@ proPRElb each e rkBgioPessure of the
15 through the feed distributor 30 varies by no more than 25% by volume
rate, and varies no more than 25% by mass percent for each component
in the feed, from one riser reactor 20 to another riser reactor 20. More
desirably, the flow of feed provided to each riser reactor 20 through the
feed distributor 30 varies by no more than 10% by volume rate, and varies
20 no more than 10% by mass percent for each component in the feed, from
one riser reactor 20 to another riser reactor 20. Most desirably, feed
provided to each riser reactor 20 through the feed distributor 30 varies by
no more than 1% by volume rate, and varies no more than 1% by mass
percent for each component in the feed, from one riser reactor 20 to
25  another riser reactor 20.
A pressure differential created by the velocity of the feed entering
the first ends 22 of the riser reactors 20 and the pressure of the height of
fluidizable catalyst in the catalyst return(s) 50 and the catalyst retention
Zone 62 causes catalyst to be aspirated into the first ends 22 of the riser
30 reactors 20. The catalyst is transported through the riser reactors 20
under well known principles of eduction in which the kinetic energy of one
fluid, in this case the feed, is used to move another fluid, in this case the




fluidizable catalyst in the catalyst return(s) 50 and the catal yst 0 BNV 12004
zone 62 causes catalyst to be aspirated into the first ends 22 of the riser
30 react ws0143872The catal yst is transported through the ripggrudoeasdoers 20
under well known principles of eduction in which the kinetic energy of one
fluid, inthis case the feed, is used to nove another fluid, in this case
the 0 2 NOV 2004 WO 01/85872 PCT/ USOl/_lr”QS_OZ -12 fluidized catalyst. The

catal yst and feed travel fromthe first "ends 22 to the second ends 24 of

the riser r [ 0. As.the catalyst . and fe travel. through the riser
reactors Zojﬁﬁ%ﬁ@é&’y@&r Bﬁ?ﬁ ‘Ttagﬁ_tyg é’f‘%ﬁ?%‘&i@‘(&&?"&?’&ﬁ@t A48 4 todheer si on
product 1S Bbeshe 8Rds 247 HETIMBEctbRC20Y Asthe ARy GNPl Paitpar at us 10
with these features, each individual riser reactor operates in a

subst ant i al tyougbéhe irser reastors 20 \thethydnosarbon eohversion tedctiofesicuabl e to
mai ntain both ,the reactant feed rates and the catalyst feed rates at the

same rates £09E&GIVETSIONRIOALGEIS RTedEeRF-s 20. In this way, the conversion of

the feed;and sel gctAddd:ty: gy | : stantially
i dentical and ca%grduéng'%%{mbgg%?’rﬁ??ng%éggégtcﬁgﬁgﬁsﬂg%ﬁ %ﬁg%%ésw%ﬂ@%?@ﬁ%r si on
product (s), featomsceadhfindididual riseyresetut J0epemitad insd subXtantiaie riser

reactors 20. hr,oug_rlll their second ends 24 and enter into the 'separation zone
14 of shel | '9epticakmaapshqV\eHYthis inventipa, it isidesitakle tesmadntain kotorthpr oduct  and

unreacted fgeds idf t al yst a separator, not
shown, such as %rjg}gF%ﬁ?fgté}’;%%?Q?%??aﬁgﬁ Iff%egdrqsaftgggﬁ'%e%%irﬁ%ysn@&?éﬁp devi ces,
pl ates, conts risgrireacttesi2tesinthiscapahbEonversiombetHd Retad il Yabcfiigm t he
product of the conversion reaction, conbi nati ons thereof. Desirabl

/ . and conbi na
t he coner sfdtiefiesiias productiwdbhe substentielbtidenticalmnd earrweptir ated by a
series of C¥gfirﬂﬂh’f3%€§m{oﬂép{:§ndi%ﬁ§ the catalyst has been separated from
ct an €

the conversion pro Unreacted feed, if any, the conversion

products and unr €hetostiveesidn prodactis), usveactemeeddif BhgMahliens katdiyst2 t hr ough
the line 84 for further E&gcessi ng such as separati on and purification. The

catal yst, af¥ibiheyisaigeastus A%iroul thew seronsrensscd4 andenier istethed f eed,
moves from g‘%tgﬂft%ﬂ&t' 'zoﬁ%t’t]ée)oﬁ Igi‘r?%ll 30 &l ¥8LoAFLAGUBUR A& Pine The catalyst

exits shell Iroug
15 conversion product and unreacted feed, if any, are separated from the

catalyst by a separator, not shown, such as cyclonic separators, filters,
screens, impingement devices, plates, cones, other devices which would
separate the catalyst from the product of the conversion reaction, and
combinations thereof. Desirably, the conversion product and unreacted

20 feed, if any, are separated by a series of cyclonic separators. Once the
catalyst has been separated from the conversion product and the
unreacted feed, if any, the conversion products and unreacted feed, if any,
are removed from the shell 12 through the line 84 for further processing '
such as separation and purification. The catalyst, after being separated

25 from the products and unreacted feed, moves from the shell 12 to the
catalyst retention zone 62. The catalyst exits shell 12 through the first
ends 52 of the catalyst returns 50 and moves through the catalyst returns
90 to the first ends 54 of the catalyst returns 50 from which the catalyst
moves to the catalyst retention zone 62. (f desired, the flow of catalyst

30 through the catalyst returns 50 can be controlied by the flow control
devices 56. If the flow control devices §6 are employed, a height of




ends 52 of the catalyst returns 50 and noves through the catal yst rne?wms 2004
50 to the first ends 54 of the catalyst returns 50 fromwhich the ca a‘ilst
noves towha/ssgzal yst retention zone 62_ |f desired, the PCODWS@f1386x al yst 30
t hrough the catalyst returns 50 can be controlled by the flow control

devices 56. If the flow control devices 56 are enployed, a height of 0 2 NOV
2004 WD 01/85872 PCT/US01/ 13802 fl uidijgabl e catal yst is maintai ned above
each flow control device 56 in the <catalyst return 50 to allow proper

function of lidfable RNk i diftalifed Abovd EadlPAGRBIoPHeRES 5B the! | east a

portion of catal yst® can circulated to the catalyst regeneration
appar at us 90atahst sdtowmm SDrtofligw proper Gaidionsif the flow cordmi eesiceds. s renoved
fromthe shell 12 though the outlet 80 and t,ran?g}()ﬁr?ted i f desired, to the

catal yst strippel neceshaBiQhdesieed: at igast pinastiens of thecatalyst san bst al yst

bet ween t he | t NSt stripper 94
can be cont FE%/LF‘%%%% Ee@@ggﬁé@%ﬁ? ?%Wd@#z% %O@]%Sng}ﬁ]vgﬁk%'ﬁr 5t stripper
94, the cat datsiystite = rdgepredatel is romanet frofn treashely12 emmugbthe qutRani ¢
materials (organics). Stripping procedures and conditions for individual

hydr ocar bon 88 @Addransnortask fdasired. 1o tharatalyat stHepskBa ithisuoh thefisstn of skil |

0 to the ciNag0s BT or eadyetHenReh iR Ryl Blha BOWatEioBE. e (i ow of
catal yst thhpmtmém%dsm@malginﬁri@gem cARbeodBttiaielncmatiion | ed by the

optional flow control device 1 In the catal yst regenerator 92,

car bonaceousorfepisisvice 102 nin theypatatyst stiinpey 9¢, the catglyst isysiripeed bbn

conversi on reaction ar t | eas artiallv rempved, fQm t.he catal yst. The
regener éé)ed "?:05? éf 6%%06"" ?eﬁhoe\’r?%?g &%‘%H@%@iﬁ(?ﬁ%n&%@l 5?’1%0'% t he hydrocar bon
conver si on arpedaresafd cdfditivheehindiad dlihydrddaiBod @8nvdfdforf | ow of cat al yst
through the third line 100 may optionally be controlled by the fl ow control

devi ce 106. prcessas gee withimthg kit phadarsen et ekill inetherartt Abetstipred i ne 100 to

facilitate A | yst erator 92 to the
hydr ocar bonEé%ﬁ%g?gsFgﬁs{eg%gafggiﬁbg%@gfﬁgt%afﬁfo tIY% c?a(ratgﬁgﬂed to the shell

12 through tdyenenaielr 922hralighithet seforehireddgreThe dlowt dfecdtiyspgwoligh conver si on
apparatus 110 of the present invention is shown in partial cross section in

Fi gure 25 THe seganstling,98 may eatipnallyce gortrelied bythe eptianal Apwigprdml ri ser
reactors 13Q.ifs 104. In the catalyst regenerator 92, carbonaceous deposits formed |
on the catalyst during a hydrocarbon conversion reaction are at least
partially removed from the catalyst. The regenerated catalyst is then
transferred to the shell 12 of the hydrocarbon conversion apparatus 10
20 through the third line 100. The flow of catal}st through the third line 100
may optionally be controlled by the flow control device 106. A transport
gas is typically provided to the third line 100 to facilitate transfer of the
catalyst from the catalyst regenerator 92 to the hydrocarbon conversion
apparatus 10. The catalyst is returned to the shell 12 through the inlet 82.
25 Another embodiment of the hydrocarbon conversion apparatus 110
of the present invention is shown in partial cross section in Figure 2. The
apparatus 110 comprises a shell 120, a plurality of niser reactors 130, a
feed distributor 140, and a catalyst return 150. |
With continuing reference to Fig. 2, the shell 120 forms a separation
30 zone 122 in which a product of the hydrocarbon conversion reaction is
‘separated from the catalyst which catalyzes the hydrocarbon conversion
reaction. Shell 120 includes a first end 124 and a second end 126. Shell



feed distributor 140, and a catalyst return 150. Wth continuing refgrgd¢e)((h
to Fig. 2, the shell 120 forms a separation 30 zone 122 in which a product
of the hm@pﬁsbpn conversion reaction is separated frompdeusaiigsgpmst which
catal yzes the hydrocarbon conversion reaction. Shell 120 includes a first
end 124 and a second end 126. Shell 0 2 NOV 2004 WO 01/85872 PCT/ US01/ 13802
-14 120 defines a quiescent zone 128 fr whi ch catal yst can be w t hdrawn
fromthe hydrocarbon conver5| on apparatus 110. Riser reactors 130 extend

into shell Fach riser react r 130 incl udes
a first endl@g% izgﬁ?gt};égffomy ﬁ’W@&@tQPe bfee‘éf”t" &hduct t he
hydr ocar bon fpd}ﬁ\(ﬁéhygfbdaqgghldyhve%q@maf) Setud ¢agtor 130 further includes a

second end 134 through which the cata products and unreacted feed, if
any, exit the ri Jeser ezattors 130 extefdkinfa shaall mamm@éepammrnme reactor

130 term nat iéa_ﬂrmuth 1?{ %@ro whi_ch &6@ %talyst and feed are fed
into the riseré riaach Hreq aclag Pt ane B2 inlWhighuibe catalyster
reactorss13 V. C Y/ 0 varies
dependi ng O%rﬁl@b@ ﬁgrfggeatérlg%ﬁd@éﬁ(/%rly oﬁ&rrsggecg)@%&%ﬁ%%{@hcf%#h n the
appar at us 1Xer ramonaaﬁénrtaedmfmscﬁ sécfmdeﬁ@%ﬂ,@l&@u?hfwﬁiéﬁthé di scussed

above in corgftunctlon with the description of Fi 5 To provide a feed
to the risercat@lygt praducts ang unreastedfeed;siéaay, @H!%ﬂ‘ﬁlfkﬁﬂfdeaqmme posi ti oned

near the {1 e NSNS0k LIS, FLSFIeakRRS R Bl (08 R RS, o0

di stri butor rovi tes,

one feed di anmdgntwmchétaermalgsmm@ﬁeédeaé fed iAto théﬁ@érﬁ‘éﬁd’(bMBG.eA% Second
feed distributor, 140 nmay provide feed in a liquid 20 form Feed distributor

140 i ncll@dedescHed abayes Wiibe ok rigerreartary 18P emmeloed imtheext end. Each

ri ser react ach head 146 of
each neck 13{1 @gﬁggﬁuhﬁ%ﬁ@f@@ %ﬁ?%p%@?‘éﬁ Q{é?ghg% g‘eof each riser
react or 130 hyBesdarbbh yoneemdioh pactesbbobe curtfuctstdinethe! apparariserp) ri ser
reactor 130._More desirably, each head 146 is 25 positioned at or above the

nmouth 136 at!henam ?Eﬁnﬂrﬂze&gﬁmﬁ”%%[d’ﬁa@tP%ﬂ30r'-°e6'§§@$sqcbeb0¥%§d di stri but or
140 may i ncluidfrRBoRREMPRE abSAMtRAGIHEY. 1.

15 To provide a feed to the riser reactors 130, at least one feed
distributor 140 is positioned near the first ends 132 of the riser reactors
130. More than one feed distributor 140.may be employed to provide feed
in various states, e.g., one feed distributor 140 may provide feed in a
vapor form while a second feed distributor 140 may provide feed in a liquid

20 form. Feed distributor 140 includes a body 142 from which a plurality of
necks 144 extend. Each riser reactor 130 has at ieast one associated
neck 144. Each head 146 of each neck 144 is positioned adjacent to the
first end 132 of each riser reactor 130. Desirably, each head 146 extends
upwardly into each riser reactor 130. More desirably, each head 146 is

25  positioned at or above the mouth 136 at the first end 132 of each riser
reactor 130. Feed distributor 140 may inciude an optional flow control
device, not shown, positioned on feed distributor 140 to provide an equal
amount of feed to each neck 144 or a flow control device may be
positioned on each neck 144. The flow control device may also be

50 employed to measure flow as well as control, Further, a nozzie, not
shown, may be positioned on each head 146 to further control the
distribution of the feed to each riser reactor 130. Additionally, each head




devi ce, not shown, positioned on feed distributor 140 to provide aggfqqu 04
amount of feed to each neck 144 or a flow control device may be p t't é@
on each werlysidn. The flow control device may al so be 30 poplusyesson neasure
flow as well as control. Further, a nozzle, not shown, may be positioned on
each head 146 to further control the distribution of the feed to each riser
reactor 130. Additionally, each head Q1 _NCV 2004 WO 01/85872

PCT/ US01/ 13802 15 146 may be fitted with a screening device, not shown, to
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15 may optionally be controlled through the use of flow control devices, not
shown, positioned on each catalyst return 150. The flow control devices
can be any type of flow control devices currently in use in the art to control
catalyst flow through catalyst transfer lines. If employed, the flow control
device is desirably a ball valve, a plug valve or a slide valve.

20 The apparatus 110 further includes a base 160. In the embodiment
shown in Fig. 2, the base 160, the catalyst returns 150 and the first ends
132 of the riser reactors 130 define a catalyst retention zone 162. The
second ends 154 of the catalyst returns 150 open to the catalyst retention
zone 162. The catalyst retention zone 162 is provided to retain catalyst

25  which is used to catalyze the hydrocarbon conversion reaction which is
conducted in the apparatus 110. As one of skill in the art will appreciate,
the boundary between the catalyst retention zone 162 and the catalyst
return 150 is fitid and depends, at least in part, on the level of catalyst
contained in the catalyst retention zone 162 and the catalyst return 150.

30 A fluid distributar 170 is also positioned in or near the base 160 of
the apparatus 110, The fluid distributor 170 includes a conduit 172 into
which a fluidizing fluid is fed into catalyst retention zone 162 to fluidize a



conducted in the apparatus 110. As one of skill in the art will apfr2dGt <04
t he boundary between the catal yst retention zone 162 and the catal yst

return 19® t145872ui d and depends, at least in part, on thepteuanifigogat al yst
contained in the catal yst retention zone 162 and the catal yst return 150. 30
A fluid distributor 170 is also positioned in or near the base 160 of the
apparatus 110, The fluid distributor 17Q _includes a conduit 172 into which
a fluidizing fluid is fed into catalyst retention zone 162 to fluidize a 0 2
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cat al yst refaylsd begmsitoridbon jhie catalysd netvomie1$0da papyide additichsd may al so
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t hr ough whi e C lyst. may be placed into the apparatus 110. Al though
the inlet 1@52] ﬁgeﬁgfﬁ?'@ I8 B054'0ps e adianred tha apirsceBtzpre 428 in IS of t he
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any; from tpesitiepd aucto thatamtalySPcarf bé hembydd damn bign sESINY 20 Hh@ghappar at us
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134 of the dppe@atus 110. Lines 184 are provided to remove products and unfeacted
15 feed, if any, from the separation zone 122 of the Hydrocarbon conversion
apparatus 110.
A series of separation devices 186 are shown as being positioned
in the separation 2zone 122 of shell 120. The separation devices 186 may
be cyclonic separators, filters, screens, impingement devices, plates,
20 cones or any other devices which would separate the catatyst from the
product of the conversion reaction.
An impingement device 190 is pos‘itioned in the first end 124 of the
shell 120. The impingement device 190 is provided to direct catalyst
leaving the riser reactors 130 away from the second ends 134 of the riser
25 reactors 130 and to limit the amount of catalyst falling back into the riser
reactors 130. Desirably, the impingement device 190 is positioned
opposite the second ends 134 of the riser reactors 130.
A series of supports 192 are also shown in Fig. 2. The supports
192 are merely shown to be illustrative of one possible means for
30 supporting the hydrocarbon conversion apparatus 110.
As one of skill in the art will appreciate, the hydrocarbon conversion
apparatus shown in Fig. 2 functions similarly to that shown in Fig. 1 and



25 reactors 130 and to limt the anmount of catalyst falling back iftp NI 2004
riser reactors 130 _ Desirably, the inpingenent device 190 is positioned
opposi t ewpla/ssgeond ends 134 of the riser reactors 130. APEBMUSBE1NEH2 support s
192 are also shown in Fig. 2. The supports 192 are nerely shown to be

Il lustrative of one possible neans for 30 supporting the hydrocarbon
conversion apparatus 110. As one of ski¢l in the art wll appreciate, the
hydr ocar bon conversion apparatus shown in Fig. 2 functions simlarly to

that shown j ' : i i i< L/ 17 will
not be di sc\{‘f s@&%enaﬁgpg?ggéxceSﬁggée?[l\QIstt rtg%gzltg%%éjgfeat un?eé?ﬂﬁg{n shown in
Fig. 1. Wt Figference to Fig. 2, catalyst is provided to the catal yst
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retention zone 162 and is fluidized in the catalyst, retention zone 162 and

the 5 catal yst r¥ith refetewedy hige reatalyptisRyoviderdo the Gatrlyst atestigh ¢ he

fluid distribu 170. Jh d.is | . ' regactors 130
- through thezoqee(iﬁécﬂrécf)ﬂsif%‘ﬁﬁégﬁmwe ﬁé@\é{n@ﬁ%?ﬁ@? 25@%353%‘%@% to each of
the risey gaaRkPrStLHE 150 bythe TRIHzIAG flulthpraldded tredgiatieyBuidn conj unction
with the description of Fig. 1. The catalyst and feed flow upwardly through

the riser 1distriatond01Tthe feadispravigad iatheciseideactors # Bedhranehdhe n

cont i nui ng Tesrasiaten o TRe it i d biSUg R R Bdal ca r cea,
if any, exifoddisRUED IhBesame ds enaisdebfibell dbvRerih $ORjunctos dthsth&30 into the
separation zone 122 of the shell 120. At |east a 15 portion, and desirably

nost, of thdeseripioysof Cigndadthe catalyshpndh iredflew upwardly thowidhrife risedef | ect ed

bor i on iy HActers, KGdt the sameEaprota: FRSERNA Abaud FRePRRRGRIWER | Cont, @
and unr eact gl GESHiAIdh 6B RS Hedors! ABireR H. 120 of the hydr ocar bon

conversi on device through the lines 20 184. The catal yst, which is
separat ed by theV¥idpaoatioving 18ieremes tosFignRotheneatalyst, eseduet ashe 128. The
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zone 128 capfors 130 into the separation zone 122 of the shell 120. Atleast a
15 portion, and desirably most, of the catalyst contacts the impingement
device 190 and is defiected toward the sides of the shell 120. The
separators 186 separate at least a portion of the catalyst from the product
and unreacted feed. The product and unreacted feed are removed from
the shell 120 of the hydrocarbon conversion devic_e 10 through the lines
20 184. The catalyst, which is separated by the separators 186, fails into the
quiescent zone 128. The remainder of the catalyst is returned to contact
the feed through the catalyst returns 150.
A portion of the catalyst contained in the quiescent zone 128 can be
removed from the hydrocarbon conversion apparatus 10 and be sentto a
25 catalyst regeneration apparatus via outlet 180, such as catalyst
regeneration apparatus 90 shown in Fig. 1, or removed from the
hydrocarbon conversion apparatus 110 for further processing.
Additionally, catalyst in the quiescent zone 128 may spill over into the
catalyst returns 150 and be returmed to contact the feed.
30 Another embodiment .of the hydrocarbon conversion apparatus of

the present invention is shown in Fig. 3. The apparatus 200 comprises a



removed from the hydrocarbon conversion apparatus 10 and be sent t§ 2NC5 72004
catal yst regeneration apparatus via outlet 180, such as catal yst

regener aly@oyspparatus 90 shown in Fig. 1, or renoved frogcirRRg;f4ghocar bon
conversion apparatus 110 for further processing. Additionally, catalyst in
t he qui escent zone 128 may spill over into the catalyst returns 150 and be
returned to contact the feed 30 Anot her 8e_nbodi ment of the hydrocarbon
conversion apparatus of the present invention is shown in Fig. 3_ The
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cat al yst retstalyst2BturdVAsn. continuing reference to Fig. 3, the shell 212
defines a separation zone 214 in which a product of the hydrocarbon
conversion s reX¥ithcontisuingpaference ta big. Shthecsheall 962 definediacat al yzes t he

hydr ocar bon _conversion r tion. Shell,h 212 jnc) udes first end 216 and a
second end S?E%ﬁa%ﬁi"s@nergi%f%wg'%pé?&@i]&fhﬁ éy‘grﬁéﬁlab%@'h’ﬁﬁs‘ﬂﬂe separati on
zone 214. I3 i ; ' ' ich the
cat al ystglto an © éé?’egagé\?ggfgrﬁ%@%g%@é*ﬁ?ﬁ\é&h%gag%zar qﬁ%@ﬁ@%ﬁ@?% reaction.
Each ri ser comarsiamn aatibnr tStell 2 1R Inetiaiesa st end XiidakP4 sebopdehdwhi ch t he

cat al yst, prgguct, and unreacted feed, if any, exit the riser reactor 220.
The first eRdB222 of each riser reactor 220 terninates in a nouth 226

through whi ch t Neica Rlakidrs 33 LAEHY MG hER 13! dhd i LdiphidPagher 220, The

i s nunber and di nensSi ons 0 rirser reactors bove in

conj unct i on204t EddheriserseactiriZ0 intiubdieg a first Md 2200010 whichdhé ehggice to
Fig. 3, to prgvid a feed to the riser reactors 220, at |east one feed
di st ri bdf or 208deed afR &4 [ peudyrdhe hydracarlan cenversimporegetiomeEater reactors

220. More th %%regfb ﬂjrﬁ{ériipaggé%%g%%ﬁggﬂgg.’\re %%%LS%%‘F@Q@ ovi de feed

I n various states, one fee y feed in a
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Ithrough which the catalyst and feed are fed into the riser reactor 220. The
15 number and dimensions of the riser reactors 220 is discussed above in
conjunction with the description of Fig. 1.
With continuing reference to Fig. 3, to provide a feed to the riser
reactors 220, at least one feed distributor 230 is positioned near the first
ends 222 of the riser reactors 220. More than one feed distributor 230
20 may be employed to provide feed in various states, e.g., one feed
~ distributor 230 may provide feed in a vapor form while a second feed
distributor 230 may provide feed in a liquid form. Each feed distributor
includes a body, not shown, from which at least one neck 232 extends.
Each riser reactor 220 has at least one associated neck 232. Each feed
25  distributor 230 terminates in a head 234. Each head 234 is positioned
adjacent to the first end 222 of each riser reactor 220. Desirably, each
head 234 extends upwardly into each riser reactor 220. More desirably,
each head 234 is positioned at or above the mouth 226 of the first end 222
of each riser reactor 220. Feed distributor 230 may include an optional
30 flow control device, not shown, positioned on feed distributor 230 to
provide an equal amount of feed to each head 234. The flow control

device can also be employed to measure flow as well. Further, a nozzle,



Each riser reactor 220 has at |east one associated neck 232. Each f@nggg 2004
distributor 230 term nates in a head 234. Each head 234 is positione

adj acent wioo1tsigs2f i r st end 222 of each riser reactor 220. 't%@W‘HbP?Qz each

head 234 extends upwardly into each riser reactor 220. Mre desirably, each
head 234 is positioned at or above the mouth 226 of the first end 222 of
each riser reactor 220_ Feed distributo¥-230 may i nclude an optional 30 flow
control device, not shown, positioned on feed distributor 230 to provide an

equal anoun dnbg LRASEstGRAG @8dactTheali2d4 toduither comteolitihe can al so be
enpl oyed toh?rgahscﬂvfﬁg' flgw as well. Further, a nozzle, 02 NOV 2004 WO

01/ 85872 PCHistybation3sftbe feed toeashdoer, reaatornth oAdditienally. éackh Aeddhead 234 to
furth trol the distribution. of the f ] 220.
Al 1 onal | 354 h bR ded with Sereannd d9kEs Gl PRRCE RER BT RadREN L o 2O oun.
to prevent BackasPihodhy it 18dd GRirbuags 280 the feed distributors 230. 5

I n the hydrocarbon conversion apparatus 200 shown in Fig. 3, a single
catal ystsreturn Bbthd bydrosatbomeshveesion appgratus 280shiowm ndighd, ai ser
reactors 220. The catal yst retyrn 250 provides flujd c ni.cati on between
t he separ at sipglezealalyst ielyn ?ﬁé ‘%HQ?‘EOQQ‘%C%WG%‘?W@ '"?'ag'gpc{ggﬁ%f%?% 220. The
catalyst re a ' AdidesSREPBSmBNfhigstdn 10 The first
end 252 of %é%c?%é?ﬁa?@S?h?é&:&éli&tiggﬂ%%@ﬁﬁl nltost he first elnd ?14 of shell
212 and t hepsrpsutltirnsePiratioh zone 21l the sheth 222@ndgbagises reandors ser

reactors 220. A series of arns_256 are. positianed on the sec end 254 of
t he catal ysﬂ29etTmmCQt§U5tWH”h2mh9§@fb’%% 2g2cﬂﬂdt§1§e%9ﬂczﬁgl§§gﬁeturn 250
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the catd e riser reactors . _The nunber of arnms 256
will corresgpagi2tg dritetheusdnondand 25kof catalysbratuap@SGopensiethe risarer react or

230 having at | east : di 256, T tal yst 250 i
or ovi ded Lo r€adREaR0. Aeraliae! AT hareosInaned An Sim o5ane 698 20l | 212" o
the first e%?'ﬁwe%@&a gé‘t%rﬁ LI 358 2%end i dhe eataystsettA t hrough

t he catal yst arn may optionally be controlled through the use of a
f | ow cont r ol250awiexh2dFthpoiser reavtorsa2( ard pravade Suidreomymwin@alioBr on  each

arm 258, TN e GO0 L Gy LS 950 aRainE HaeP Fedtlrs' 2R The Hliber of

arms 256 wiil 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 transport catalyst from the separation zone 214 of
shell 212 to the first ends 222 of the riser reactors 220. Flow of catalyst

20 through the catalyst return 250 may optionaily be controlled through the
use of a flow contro! device 258 positioned on the catalyst retum 250 or on
each arm 256. The flow control device(s) 258 can be any type of flow
control devices currently in use in the art to control catalyst flow through
catalyst transfer lines. If employed, the flow control device 258 is desirably

25 a ball valve, a plug valve or a sfide valve.

In the embodiment shown in Fig. 3, the first end 252 of the catalyst
return 250 and the arms 256 deﬂr;e a catalyst retention zone 262. The
arms 256 of the catalyst return 250 open to the catalyst retention zone
262. The catalyst retention zone 262 is provided to retain catalyst which is

30 used to catalyze the hydrocarbon conversion reaction which is conducted
in the apparatus 200. As one of skill in the art will appreciate, the
boundary between the catalyst refention zone 262 and the catalyst return




control devices currently in use in the art to control catalyst fl o2t NGOuith
catal yst transfer lines. If enployed, the flow control device 258 is

desi r abl waf/ssghal | val ve, a. plug valve or a slide val vepchiyshigssagbodi ment
shown in Fig. 3, the first end 252 of the catalyst return 250 and the arns

256 define a catal yst retention zone 262. The arns 256 of the catal yst
return 250 open to the catal yst retent_'?g)r) zone 262. The catalyst retention
zone 262 is provided to retain catalyst which is 30 used to catalyze the

hyd b Si i ich i d i 200. As
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of catal yst28bntained in the catalyst retention zone 262 and the arns 256
of the catal yst re}urn 250. At | east g&e fluid distributor 270 is
posi ti oned beneafhlaast opgifiliq distribytee? Epis BasHiened Peneathitbercatalystdi st ri but or

270 include ' 2 4 Ay |l i 2 fluid i d.to fluidize
2 1 uf aisaneiudhe 2827 1R Ruldialool 2Pl B Bl Y ERe catal yor
return 250. wAidtid floisiing fluidlisded te flbldizy & ﬂu?&@ablé&:amgymn the Ehfhlyst, may al so
be positioned on the catalyst return 250 to further tluidize fluidizable

catal yst coreteitipfizone 28 anst theyeatalyst etwrm290. Additiesahfidd disiribotorsonver si on

tus 2 1 nel tlet 280 thrqugh which the catalyst
apparat s 20R TR 1A PR S a8 i SheifBhet Do Bl lehbi 8B 2 Vot oon
posi tioned @futther farhasisiamabkScatalyst bentiiedd irtthe duthlysBsnig BRpi tioned at

any position on the apparatus 200. The apparatus 200 fmay al so include an
i nl et 282 t hr oughh@tiysihocarbon sopversionsappanatbe 260 maylalsotinclutke aappar at us

200. Althou I al et . 1S4 .S ! si,tioned on the second end
218 of the S0 B Soait Wit e FUVREiart BByt The SRS 1 on on
the appar at250.208e dltlet 2680 i@ 8RoWR ashiseing POisHRfhadCon MDY IRUQHE$af rom the

apparatus 200. A series of separation devices 286 are*shown as being

posi ti oned ofADeishell kylanay ibsrpositienezhat any phsition onXhe Bppasatpar at i on
devi ces Zg%@gThQ%p‘i}é‘Fé&E%oﬁ%B% Slrdiudd bhhidt 285 1F805n wHith fgement
15 catalyst may be placed into the apparatus 200. Although the inlet 282 is
shown as being positioned on the second end 218 of the shell 212, the
inlet 282 may be positioned at any position on the apparatus 200. A line
284 may be provided to remove products from the apparatus 200.
' A series of separation devices 286 are shown as being positioned
20 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 devices which would separate 'the_ catalyst from the
product of the conversion reaction. The separation devices 286 are shown
in Fig. 3 as cyclonic separators 288. ‘
25 A series of supports 292 are also shown in Fig. 3. The supports
292 are merely shown to be illustrative of one possibie means for
supporting the hydrocarbon conversion apparatus 200.
The hydrocarbon conversion apparatus 200 which is shown in Fig.
3 functions similarly to that shown in Figs. 1 and 2. The apparatus 200
30 shown in Fig. 3 functions in the following manner.
The apparatus 200 is filled with an appropriate amount of catalyst
which is retained in the catalyst return 250 and the catalyst retention zone




cones or any other devices which woul d separate the. catalyst from@@ekCV 2004
product of the conversion reaction. The separation devices 286 are shown i
Fig. 3 agooygisoni c separators 288. 25 A series of suppor tPETZOWIE¥23] so

shown in Fig. 3. The supports 292 are nerely shown to be illustrative of

one possi ble neans for supporting the hydrocarbon conversion apparatus 200.
The hydrocarbon conversion apparatus 200 which is shown in Fig. 3 functions
simlarly to that shown in Figs_ | and 2. The apparatus 200 30 shown in

Fig. 3 fungti,0 e foll ow illed with
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-21 262. Tﬁg@?&?gyzﬁr}éﬁflﬂ l??%hlzed in thigﬁ%/at al retﬁurn 250 and the

catal yst rrgtiestarbonzonyerden bppatsdus 280 throughit egongums ard othen is

298“5??&"1‘1#4"3&@%? s 200c dretovpor SBnRP BRI Merdaoft 28 kA I Sort
reactors 2%%@@%3@%%% ebhtedl diiddae24s, OPeEas pRividkeMioope 8. Feed s

provi ded to't reactors 220 t hrough the feed distributors 230. The
anount of freaetoryRvitdashgothetfeed idistributess 280s Trecamsunttef feade as t hat

di scussed above in conjunction \&éd] Ee descri t|o of Fi %’é’ 1. .The feed and
the catal ysﬁFOVlId@ﬂ todb%sﬁryeaqms IsJBf sAmR A lga FFUSFeArAPAYEI i pl e of
eduction whj I oye: ganaliMs catdiyfdsd and

unr eact ed f%o@buﬁ(ﬁ*o?\ with tiéip?@?rﬁftfo‘ﬁ selﬁg !egg}g@g 220 th rgu % their second
ends 224. Turmmwirmb risergepetoat 280 biytbenprineipbe oﬂedmctmdwhnp is@atssact ed f eed

by the separation devices 286. The separated catalyst is fed to the second
end 218!00f dassribedaDAMe | e the 15 product and any unreacted feed are renpved
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The separated catalyst is fed to the second end 218 of shell 212 while the
15 product and any unreacted feed are removed from the apparatus through
the line 284. _

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

20 returned to the apparatus 200 through the inlet 282.

The separated catalyst enters the first end 252 of the catalyst return
250 and is recycled to be reused in the hydrocarbon conversion reaction.
The catalyst is returned through the catalyst return 250 to the catalyst
containment area 262 where the catalyst is maintained in a fluidized state

25 by the fluidizing fluid provided through the fluid distributors 270,
Another embodiment of the hydrocarbon conversion apparatus 300
" is shown in Fig. 4. The apparatus 300 comprises a shell 310, a plurality of
riser reactors 330, a feed distributor 340 and a fluid distributor 350.
With continued reference to Fig. 4, the shell 310 is formed by a wall
30 312 and is hollow. Shell 310 has a first end 314 and a second end 316.
The first end 314 of shell 310 defines a separation zone 318 in which the
gatalyst is separated from the product of the hydrocarboh conversion



The separated catalyst enters the first end 252 of the catalyst ret@InNG252004

and is recycled to be reused in the hydrocarbon conversion reaction. The
cat al ystWiD18887ar ned t hrough the catal yst return 250 to tbheragbgligst

contai nment area 262 where the catalyst is maintained in a fluidized state
25 by the fluidizing fluid provided through the fluid distributors 270.

Anot her enbodi nent of the hydrocarbon-gpnaversi on apparatus 300 is shown in
Fig 4. The apparatus 300 conprises a shell 310, a plurality of riser
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ext ensi on 320 aq h funnel portiaon 322 define a quiescent zone 324 in
whi ch a portion '‘BithermBodiment showpdf fig. 4ca @luiahtym?maer teadhans380 enoved
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the cataly feed are fed into the riser reactor 330. Although t he
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refer erllg © tcgn\'lzér%lon apparatus 13%0 ISf Sﬁg\flklln ?:1:8 2 gg cvc\Jlantalnlng 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.
With continuing reference to Fig. 4, wall 312 of shell 310 and wall
20 331 of each of the riser reactors 330 define a catalyst retention zone 336.
The catalyst retention zone 336 contains the catalyst utilized to catalyze
the hydrocarbon conversion reaction. When the apparatus 300 is in
operation, catalyst retention zone 336 contains the catalyst in a fluidized
state, as will be described in detail below. Wall extension 320, wall 312 of
25  the shell 310 and the walis 331 of each of the riser reactors 330 also
define a catalyst return 338. The catalyst return 338 directs catalyst which
has been used in a conversion reaction from the separation zone 318 in
the first end 314 of the sheil 310 to the catalyst retention zone 338, As
one of skill in the art will appreciate, the boundary between the catalyst
30  retention zone 336 and the catalyst return 338 is fluid and depends, at

least in part, on the level of catalyst contained in the catalyst retention
zone 336.
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336. The catalyst retention zone 336 contains the catalyst utilized to

cat al yzewvothvesdiydr ocar bon conversion reacti on. Wien the aifjpEP8NIS8B00 is in
operation, catalyst retention zone 336 contains the catalyst in a fluidized
state, as wll be described in detail below Wll extension 320, wall 312 of
25 the shell 310 and the walls 331 of-gmeh of the riser reactors 330 al so
define a catalyst return 338. The catalyst return 338 directs catal yst which
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first end 314 of the shell 310 to the catalyst retention zone 336. As one
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termnates in a hea 46. Each hegd 346.0 ach n 44 | s. positioned
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head 34f, ex g.eﬂo? Sﬁ.ogééﬁ&lk'éﬂh It‘uﬁé&%% ex38fks Mas BadiesiséARlattoreach head 346

is positioned at or above the nou 335 at the first end 332 of each riser
react or 33033(Fehtbrdidasirably, eactsheadZdp isrpdaitinnesratartabeval the moutbont r ol

devi ce 348 positjoned, on feed . di stributor, 34Q.t | | t of
foed Lo eachamabinestit B 332 of schulnerdciol b SR VRIS A ough each
neck 344. %aghﬁmdb%fbamrﬂm floWt it Wet Rl 348 pesitibrsd 8A%eéd a val ve 350.

Useful types of valves are described above. Further, a nozzle, not shown,
may be fi t tdigtrioutor 34Q to pravide 31 equal amswurit pfifeed teccacharpginids aadhif ri ser

reactor 1533odeé6i‘rde%,ttc') %]é':‘éswe the flow through each neck 344. As shown in Fig. 4,

the flow control device 348 is a valve 350. Useful types of valves are
described above. Further, a nozzle, not shown, may be fitted onto each
head 346 to distribute the feed into each riser reactor 330. Additionally,
each head 346 may be fitted with screening device, not shown, to prevent

20  back flow of catalyst into any of necks 344 of feed distributor 340 and,
subsequently into body 342 of feed distributor 340. |

A fluid distributor 350 is also positioned in second end 316 of shell

310. The fluid distributor 350 includes a conduit 352 into which a fluidizing
fluid is fed to fluidize a fluidizable catalyst in the catalyst retention zone

25 336 and the catalyst return 338. An optional disperser 354 may be
positioned between the fluid distributor 350 and the catalyst retention zone
336 to disperse the fluidizing fluid about the catalyst retention zone 336
and the catalyst return 338. Disperser 354 is desirably positioned
perpendicular to the longitudinal axis of sheli 310 in the second end 316 of

30 shell 310. Disperser 354 may be a screen, a grid, a perforated plate or
similar device through which the fluidizing fluid is fed to provide even
distribution of the fluidizing fluid to the catalyst retention zone 336.



each head 346 may be fitted with screening device, not shown, to pr@ﬁ?dt\QQUgﬁ
back flow of catalyst into any of necks 344 of feed dlstrlbutor 340 and
subsequewd gi/#sst20 body 342 of feed distributor 340. A fl updrmsamgdngtor 350
is also positioned in second end 316 of shell 310. The fluid distributor

350 includes a conduit 352 into which a fluidizing fluid is fed to fluidize
a fluidizable catalyst in the catal yst.;petention zone 25 336 and the

catal yst return 338. An optional disperser 354 nay be positioned between

the fluid distrift t to di sperse
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| ongi tudinal axis of shell 310 in the second end 316 of 30 shell 310.

Di sperser 3B9SiaNe®d Hrsd endeil 4 %fsd'}qﬂom% boe separaders 6 aresshowi i | ar  devi ce

t hrough wh r.ovi de. even ribution of
t he :‘Jlgw di szﬁgkﬁsu %Mlg é%bjé en{)ﬂ-b% t¥%¢ﬁa°fﬁg@ argier ‘Nébdzo&l WO
01/ 8587 P@ddﬂﬁ@ék&é@%m&ﬁsﬁngm@amrﬂ devRBdChRtdd, %hé@%nhy&he?ar bon

conversion reaction fromthe catal yst, a separator 360 or series of
separat or s d®dcesnhigiewoplsksepasataithienpiodusts feom tee¢ata1ysst medy aktObe The
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as, for exanple, separation and purification. The apparatus may further
i ncl ude an RAMIification7o t hrough which catalyst nay be renoved fromthe shell

The posi t1oni ng bhe SEPRLRUS 30 Ak & gulSla Biliet B REsiion Whisster ., 11 1%
desirabl e faitalyseneiytbetedded ﬂohﬁthmmwaﬂd%'ﬁfihlei B2b thhughyst can be
renmoved fromthe shell 310 throu
15 which catalyst may be placeg into shell 310. The positioning of outlet 370
and inlet 372 is not critical. However, it is desirable for the outlet 370 to be
positioned such that catalyst can be removed from the shell 310 through
the quiescent zone 324.
An impingement device 380 is positioned in the first end 314 of the
20 shell 310. The impingement device 380 is provided to direct catalyst
leaving the riser reactors 330 away from the second ends 334 of the riser
reactors 330 and to {imit the amount of catalyst falling back into the riser
reactors 330.
A support 392 is also shownl in Fig. 4. The support 392 is merely
25 shown to be illustrative of one possible means for supporting the
hydrocarbon conversion apparatus 300.
As shown in 'Fig. 4, the hydrocarbon conversion apparatus 300
may optionally include an associated catalyst regeneration apparatus 90
which is in fluid communication with the hydrocarbon conversion
30 apparatus 300. The catalyst regeneration apparatus 90 includes a catalyst
regenerator 92, which is in fluid communication with the hydrocarbon

conversion apparatus 300 and an optional catalyst stripper 94, which s in




the quiescent zone 324. An inpingenent device 380 is positioned in f{fheNdyragng
end 314 of the 20 shell 310. The i npingenent device 380 is provided to
direct owoalgsrz |eaving the riser reactors 330 away fromGIHESHEEHHd ends
334 of the riser reactors 330 and to limt the amount of catalyst falling
back into the riser reactors 330 A support 392 is also showmn in Fig. 4. The
support 392 is nerely 25 shown to be-jsldustrative of one possible neans for
supporting the hydrocarbon conversion apparatus 300. As shown in Fig. 4,
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whi ch mgy hemmunidatios wetnitisa thtayshistipgeradnynlt theacdtalystonver si on
apparatus 300. A first line 96 Brovi des fluid conmuni ¢catjon between the
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id flui ' ' | ' 4 dth
Prtal yor | RNS: HATeRA6R Ro MG RE STAHro AT, R B ol S0C o

bet ween t hejevicd f2 Fhay epteeillity pSZtionsd bheirstriinet 96H2cantrailiebIflodd 0. A fl ow
control device 102 may optionally be Fositioned on first line 96 to control
the flow oif mlusmmwmeﬁmuéésm he catalyst siigpenP4) YsHowigantiel, 04, A

flow control_to [ ' line 98 to
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catal yst raeoeeatalyst DetwEemehd yatadyst ktrippeo Sdrad theviatalydD6 may be
positioned on third line 100 to control the f|ow of cat ahgst bet ween the

cat al yst regopBeeater 982 Féﬁ'ﬁiw’i Rdloyhepntre deviceni0g Mk RORPIEPNEAAtes 102, 104
oo L0ufaTpee an A ReoR crBusa sy chtyyte | 7 the art Lo
devi ces regenerator 82 and the shell 310. The flow control devices 102, 104 and
15 106 can be any flow controi device currently in use in the art to control
catalyst flow through catalyst transfer lines. Useful flow control devices
include ball valves, plug valves and slide valves. Although the catalyst
stripper 94 is shown on Fig. 4 as being separate from the catalyst
regenerator 92, one skilled in the art will appreciate that the catalyst
20 stripper 94 may be integrally formed with the catalyst regenerator 92. One
skilled in the art will also appreciate that, although Fig. 4 shows third line
100 as returning the catalyst to the separation zone 318 through line 372,
the catalyst may also be returned to the catalyst r'eturn 338, the catalyst
retention zone 336 and combinations of the separation zone 318, the
25  catalyst return 338 and the catalyst retention zone 336.

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 reaétion. The catalyst should be of a type which

30 s fluidizable. To fiuidize the catalyst in the catalyst retention zone 336 and
the catalyst return 338, a fluidizing fluid is fed into the fluid distributor 350
through conduit 352. The fluidizing fluid is dispersed within the shell 310
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stripper 94 is showmn on Fig. 4 as being separate fromthe catal yst
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stripper 94 may be integrally formed with the catal yst regenerator 92. One
skilled in the art will also appreciate that, although Fig. 4 shows third
line 100 as returning the catal yst tQ,ghe separation zone 318 through |ine
372, the catalyst may also be returned to the catalyst return 338, the
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15 of fluidizable catalyst in the catalyst retention zone 336 causes catalyst to
be aspirated into the first ends 332 of the riser reactors 330. The catalyst
is transported through the riser reactors 330 under welil known principles of
eduction in which the kinetic energy of one fluid, in this case the feed, is
used to move another fluid, in this case the fluidized catalys;c-. The c'ata{yst
20  and feed travel from the first ends 332 to the second ends 334 of the riser
reactors 330. As the catalyst and feed travel through the fiser reactors
330, the hydrocarbon conversion reaction occurs and a conversion
product is produced.
The conversion product(s), unreacted feed, if any, and the catalyst
25 exit the riser reactors 330 through their second ends 334 and enter the
catalyst separation zone 318 in the first end 314 of shell 310. In the
catalyst separation zone 318, the conversion product and unreacted feed,
if any, are separated from ’Ehe catalyst by the separator 360. Desirably,
the conversion product and unreacted feed, if any, are separated by a
30 series of cyclonic separators 362 as shown in Fig. 4. Further, at least a

portion of the catalyst exiting the riser reactors 330 contacts the
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Returning t ehdfded.4. the remaining portion of the catalyst, after being
15 Returning to Fig. 4, the remaining portion of the catalyst, after being
separated from the products and unreacted feed, falls from the first end
314 of shell 310 through the catalyst return-338 to the catalyst retention
zone 336. From the catalyst retention zone 3386, the catalyst is recycled
for use in the hydrocarbon conversion reaction.
20 Representative embodiments of possible configurations of riser
. reactors and catalyst returns are shown in cross section in Fig. 5. Fig. 5A
shows a possible configuration for the riser reactors 20 for the
hydrocarbon conversion apparatus 10 shown in Fig. 1. As shown in Fig.
5A, the riser reactors 20 are contained within a shell 26. If contained
25 within a shell 26, the area between the riser reactors and the shell 26 is
filled with refractory material 28. Useful refractory materials 28 include
sand, cement, ceramic materials, high alumina bricks containing muttite or
corundum, high silica bricks, magnesite bricks, insulating firebrick of clay
or kaolin or any other high temperature resistant material.
30 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 sheil 26 is
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zone 336wdopsesthe catal yst retention zone 336, the catal pgtraisaimgeycl ed

for use in the hydrocarbon conversion reaction. 20 Representative

enbodi ments of possible configurations of riser reactors and catal yst
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configuration for the riser reactors 20 for the hydrocarbon conversion

apparatus 1 | ' L. ELg. , e riser.reactors 20
are cont ai nggégm% %é?ng':c'gﬂ'glrfratfgl.%l ?P%gohr#%nﬁgg a?g\?én Jrﬁgﬂﬁsgnimlmeg , the area
bet ween t he the satalystaeturns asndisoreorgsipled withih she §héll 26 anbtdurfdRigaat or y
material 28. Useful refractory materials 28 include sand, cenment, ceramc

materials, KYJhedetiactosy mated®L&ontaining mullite or corundum high silica
bricks, magnesitechri | ' figrebrick of clay or kaolin or an

ot her hi ghgt errperIz:a@l]b@%%%’géilﬁ%gwégppﬁggraﬁﬁnIi?rgtheé'@%§ FRIRos ééQ)ss sec%/i on

of a hydsocghban iATKYE3 SirPthe GRDBHRhESt SHdWn FhOsEPY é’étag(silfétﬁﬁPm in Fig.

1, In this enbodiment, the riser reactors 20 aPe agaln contained within a
shel | 26. TR80Imshpwrms being auotrallp positoned/is 5aizloPe theSseria@oRrs 28 fil | ed

ith ref terial 2 j, bed L hi nmbodi t, th

catal yat olaPnd i BoeiTeacist 2l aut RTRANSH BRGS0 2% Gane ounded by

the refr act aithirTBleiliaoe? Orhd hiba BERH e 38A0bR SANTIOAL o for the
220 5 g. 3 odi ment shown

riser reactors . shown in Fig. 3. Inthe e 'n” Fig. 5C,
t he.cat al ysis filleduwith refsactosy statewala22 & elsgfut eaftactdyymaesials amed i n rel ation

to th ' t 220. The (i t 220 and th tal yst t
250 ar e ' onBEPALEY PRV 1T SoUHERFOb BN thildesPapiafcatidanohne ri ser react o s
and the shel | 22igi5D shble® MbddiblelditghPdto Bt 81d Merd@lcidibahyl refractory

materials are io described above in conjunction escription of Fig.
5A. Fig. 5DsBowndn figoksAblisbownihifggr D| the figar rehetors 380 areeehtally 330  shown

005 [RAE MRl Syl B8 e ibet BT ot L he
descri pti ondescriptibn df Fighs, thelwalis3331 ok td'Rsér REEtr§38H Yy tRAQ AT the shel |
15 310 define the catalyst return 338. The area between the riser reactors
330 can optionally be filled with a first refractory material 382. The shell
310 may aiso be optionally filled with a second refractory material 384.
Useful refractory materials are described above in conjunction with the
description of Fig. 5A. With continuing reference to Fig. 5D, a person of
20  skill in the art will appreciate that the first refractory material 382 and the
second refractory material 384 can be the same or different material.
Fig. 5E shows another possible configuration for the riser reactors
330 shown in Fig. 4. As shown in Fig. 5E, the riser reactors 330 are
centrally located within the shell 310. In this embodiment, the riser
25 reactors 330 are contained within a second shell 386 which has a wall
388. The catalyst return 338 is defined by the wall 388 of the second shell
386 and the shell 310. The areas between the walls 331 of the riser
reactors 330 and the wall 388 of the second shell 386 are filled with a first
refractory material 390. The shell 310 may also be filled with a second
30 refractory material 392. Useful refractory materials are described above in
conjunction with the description of Fig. 5A. With continuing reference to
Fig. SE, a person of skill in the art will appreciate that the first refractory




15 310 define the catalyst return 338. The area between the riser r{ﬁgg\tgm‘{lzﬁph
330 can optionally be filled with a first refractory material 382. hS

310 nmay aveovgks7pptionally filled with a second refract or PCHEISOH1#02384.,
Useful refractory materials are described above in conjunction with the
description of Fig. 5A. Wth continuing reference to Fig. 5D, a person of 20
skill in the art will appreciate that the-first refractory material 382 and
the second refractory material 384 can be the sanme or different material.
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conver si on appa use cross sections for the riser reactors
and the cat adepgths: eBy'regulart;|itigeneant that thel shapeosfdhe extssesectiqmohggyonal cross

sections and cross sections,k of secti on f ellipses d pol ygons. Desirable
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1800. The nost desirabl e cross-sectiogns are C# rcles, . .
15 means of determining cross-sectional areas for any cross-section shape is

based on long established geometric principles well known to those skilled

in the art. Similarly, desirable cross-sections for the separation zene

include circles and regular polygons with sides of equal lengths. The most

desirable cross-sections are circles, and triangles, squares, and hexagons
20  with sides of equal length.

While the position of the riser reactors relative to the separation
zone are shown in the figures as equidistant and symmetrical, alternate
configurations are within the scope of the present invention. For example,
the riser reactors may be positioned on one side of the separation zone in

25 a hemispherical layout, As another example, when the separation zone
has a circular or approximately circular cross-section, the riser reactors
may be positioned in a line along the diameter the separation zone. One
skilled in the art will appreciate that a wide variety of configurations of the
risers relative to the separation zone may be utilized in the present

30 invention.

One skilled in the art will further appreciate that the multiple riser

reactors of the hydrocarbon conversion apparatus of the present invention
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anhydri de The hydrocarbon conversion apparatus of the present invention is
15 particularly suited for conducting an oxygenate to olefin conversion
reaction. In an oxygenate to olefin conversion reaction, an oxygenate is
converted to an olefin by contacting an oxygenate feed with a catalyst
under conditions sufficient to convert the oxygenate to an olefin.
The process for converting oxygenates to light olefins employs a
20 feedincluding an oxygenate. As used herein, the term “oxygenate” is
defined to include, but is not necessarily limited to, hydrocarbons ‘
containing oxygen such as the following: aliphatic alcohols, ethers, :
carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates,
and the like), and mixtures thereof. The aliphatic moiety desirably should
25  contain in the range of from about 1-10 carbon atoms and more desirably
in the range of from about 1-4 carbon atoms. Representative oxygenates
include, but are not necessarily limited to, lower molecular weight straight
chain or branched aliphatic alcohols, and their unsaturated counterparts.
Examples of suitabie oxygenates include, but are not necessarily limited to
30 the following: methanol; éthanol; n-propanol; isopropanol; C4 - Cyg
alcohals; methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropyl
ether; methyl formate; formaldehyde; di-methy! carbonate; methyl ethyl
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15 When a portion of the feed is provaded 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 otherwise carried into the riser reactors with the
vapor portion of the feed or a suitable carrier gas/diluent. By providing a

20  portion of the feed (oxygenate and/or diluent) in the liquid phase, the
temperature in the riser reactors can be controlled. The exothermic heat
of reaction of oxygenate conversion is partially absorbed py the
endothermic heat of vaporization of the liquid portion of the feed.
Controlling the proporstion of liquid feed to vapor feed fed to the reactor 1s

25 one possible method for controliing the temperature in the reactor and in
particular in the riser reactors.

The amount of feed provided in a liquid form, whether fed

separately or jointly with the vapor feed, is from about 0.1 wi. % to about
85 wt. % of the total oxygenate content plus diluent in the feed. More

30  desirably, the range is from about 1 wt. % to about 75 wt. % of the total
oxygenate plus diluent feed, and most desirably the range is from about 5
wt. % to about 65 wt. %. The liquid and vapor portions of the feed may be
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15 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 contro| the

20 temperature differential in the riser reactors. The means of introducing a
multiplicity of liquid feed points in a reactor or designing a liquid feed
nozzle to control droplet size distribution is well known in the art and is not
discussed here. '

The catalyst cuitabie for catalyzing an oxyasnats-to-alsfin

35 conversion reaction includes 3 molecular sigve and mixtures of maleaular
sieves. Molecular sieves can be zeolitic (zeolites) or non-zeolitic (non-
zeolites). Useful catalysts may also be formed from mixtures of zeolitic
and non-zeolitic molecular sieves. Desirably, the catalyst includes a non-
zeolitic molecular sieve. Desired molecular sieves for use with an

30 oxygenate to olefins conversion reaction include “small” and “medium”

pore molecular sieves. “Small pore” molecular sieves are defined as

molecular sieves with pores having a diameter of less than about 5.0
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ZSM5, ZSM 34, ZSM 48 and m xtures thereof. Methods of naking these
nol ecul ar sisetiaiedpeuse dnthis invemdioarinclude dMinle MEL &6 TVE EllE@cMIJed here.

LU TR, A AR FoRE R B AR Bl S i Sl e
CH, DAC, DDR EBllicdaitimirfdgBosphates (“SAPOs”) are one group of non-zeolitic
15 molecular sieves that are useful in an oxygenate to olefins conversion
reaction. SAPOs comprise a three-dimensional microporous crystal
framework structure of [SiO2], [AIO,] and [PO;] tetrahedral units. The way
Si is incorporated into the structure can be determined by #°Si MAS NMR.
See Blackwell and Patton, J. Phys. Chem., 92, 3965 (1988). The desired
20 SAPO molecular sieves will exhibit one or moré peaks in the °Si MAS
NMR, with a chemical shift {{5i)] in the range of -88 to -86 ppm and with a
combined peak area in that range of at least 20% of the total peak area of
all peaks with a chemical shift [(S)] in the range of -88 ppm to =115 ppm,
where the [(Si)] chemical shifts refer to exterrial'tetramethylsilane (TMS).
25 It is desired that the silicoaluminophosphate molecular sieve used
in such a process have a relatively low Si/Al; ratio. In general, the fower
the SifAl, ratio, the lower the C,-C, saturates selectivity, particularly
propane selectivity. A Si/Al, ratio of less than 0.65 is desirable, with a
SifAl; ratio of not greater than 0.40 being preferred, and a SiAlz ratio of not
30  greater than 0.32 being particularly preferred.
Silicoaluminophosphate molecular sieves are generally classified ag

being microporous materials having 8, 10, or 12 mémbered ring structures.
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average pore Size rangi ng from about to 5 angstrohs, nmoré  preferably
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15 ereof. 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,
20 regardless of their physical state.
Additional olefin-forming molecular sieve materials can be mixed
with the silicoaluminophosphate catalyst if desired. Several types of
molecular sieves exist, each of which exhibit different properties.
Structural types of small pore molecular sieves that are suitable for use in
25 this invention include AE], AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS,
CHA, CHI, DAC, DDR, EDI, ERI, GOQ, KFI, LEV, LOV, LTA, MON, PAU,
PHI, RHO, ROG, THO, and substituted forms théreof. Structural types of
medium pore molecular sieves that are suitable for use in this invention
include MFI, MEL, MTW, EUO, MTT, HEU, FER, AFO, AEL, TON, and
30  substituted forms thereof. Preferred molecular sieves which can be
combined with a silicoaluminophosphate catalyst include ZSM-5, ZSM-34,

erionite, and chabazite.




into olefin products. to Suitable silicoal um nophosphate nol ecul ar [EQEIWVB 004
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SAPO- 8, WwoRfPssshkd, SAPO- 16, SAPO- 17, SAPO 18, SAPO 20, SAPREBRLS0IBARD 34,
SAPO- 35, SAPO 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO- 44, SAPO- 47,
SAPO- 56, the metal containing forns thereof, and m xtures 15 thereof.
Preferred are SAPO 18, SAPO 34, SAPO 33¢.SAPO 44, and SAPO 47, particularly
SAPC- 18 and SAPO 34, including the net a? containing forns thereof, and
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In the pres nt 1 on. bl'e 5 substituents, "M, " include, but are
not necessarily DeslredeleAPSﬁ)a:m@I smalt poes MePrFHi@aMmg ;ztbﬂﬁcslzel tani um

;stnggpltolotrjgl e&"%ﬂ r&ﬁhgﬁbg% omﬁegmalvﬁnorewleeﬁf’%g s S‘nurp-’lz%e be
not necessarily limited to, NiSAPO-34, CoSAPO-34, NISAPO-17,_ :
15 CoSAPO-17, and mixtures thereof.

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 MeAPQOs are known in

20 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 incorperated after
synthesis of ALPOs or MeAPOs using many methods. The methods

25 include, but are not necessarily limited to, ion-exchange, incipient wetnesé.
dry mixing, wet mixing, mechanical mixing, and combinations thereof.

The molecular sieve may also be incorporated into a solid
composition, preferably solid particles, in which the molecular sieve is
present in an amount effective to catalyze the desired conversion reaction.

30 The solid particles may include a catalyticaily effective amount of the
molecular sieve and matrix material, preferably at least one of a filler
material and a binder material, to provide a desired propenty or properties,



MeAPSCs. Alternately, the substituents may be incorporated after %Qt h\,eél.h
of SAPGs or MeAPSGs using many nethods. These nethods to include, h&r 2604
not neceds@P18873 i mted to, ion-exchange, incipient wetnesT/ushiysgozXi ng,

wet m xing, mechanical m xing, and conbinations thereof. Desired MeAPSGs
are small pore MeAPSGCs having pore size smaller than about 5 Angstrons.

Smal | pore MeAPSGs include, but are nofgnecessarily limted to, N SAPO 34,
CoSAPC 34, N SAPO 17, 15 CoSAPO- 17, and m xtures thereof. Al um nophosphates
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i on- exchang®indehrcimaterialsptiude Jor enampi, synthetiseandmaturally omolvéng cal i xi ng,
and conbi nat.j r The nmolecul ar sieve.nn | so be.incorporated into
a solid CO%%%S}?PIE%% ﬁ%&%’fc’é’%ﬁ’fk?&r F@Cf’r&%ﬁqv%\"&% slﬁﬁavﬂpquhé'“ﬁﬁ’r ecul ar
sieve is pn@ﬂetsiésw, silitaaAPdbMias siiRGL thBfAas Osif@-BbNWAiRast §f4digd conversion
reaction. 30 The solid particles may i n(_:?u'de' a ca@%ﬁt‘ ?@g?ﬁ%ﬁe'?gective
anount of t Blica-abpaina-thorigse siicaraluminazirconaseandimixfures ef tigsg at | east one

of a fi llbermeﬂaﬁééi al and a binder material, to provide a desired property
or properties, NOV 2004 WD 01/85872 PCT/US01/138[12 -36 e.g., desired

catal yst dil uti ofhersstibcataRkt corhposBibR FRdralld dontiscsBdif 1501d g i

conposition. Such l)matrix materials are often t0 sonme extent porou n
nat ure and 8PeWEHNAy EnarerRrefrrablylalaut vés taaboyt 98%aand stillyndre pronot e t he
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15 90%, and stili more preferably about 10% to about 80%, by weight of
matrix material.

The preparation of solid cétalyst compositions, e.qg., solid particies;
comprising the molecular sieve and matrix material, is conventional and
well known in the art and, therefore, is not discussed in detail here.

20 The catalyst may further contain binders, fillers, or other material to
provide better catalytic performance, attrition resistance, regenerability,
and other desired properties. Desirably, the catalyst is fluidizabie under
the reaction conditions. The catalyst should have particle sizes of from
about 20p to about 3,000y, desirably from about 30 to about 200y, and

25 more desirably from about 50p to about 150u. 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, bail milling, milling, grinding, spray drying,
hydrothermal treatment, acid treatment, base treatment, and combinations

30 thereof.

Desirably, in an oxygenate to olefin conversion reaction conducted
in the hydrocarbon conversion apparatus of the present invention employs



substances, netal oxides, clays, silicas, alumnas, silica-alum naﬁ, ﬂ”l'j %ﬁlﬂ
magnesi as, silica-zirconias, silica-thorias, silica-beryllias, 2 NG 4
silica-tywhaigész Silica-alum na-thorias, silica-alum naz#@rbsitasgozand

. mxtures of these 10 materials. The solid catal yst conposition preferably
conprises about 1% to about 99% nore preferably about 5% to about 90% and
still nore preferably about 10%to abgui 80% by weight of nolecular sieve,
and an amount of about 1 %to about 99% nore preferably about 5% to about
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matrix mate? cat al osSitio e.g., solid
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conventlonal and  we known in the art and, therefore is not discussed in
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particle siz from about 20 to about 3,000., desirably from about 30j .
to about 20toughdtissreanter, dbsgaabhgeﬁfn@kval@ﬂtvnwvw&idtﬁe@ab The cat al yst

may be subjected to,a arlet I red physi cal
and cheni cié’Faté‘H%ﬁ’ %tlhé‘? 0'&? ﬁp"@a?rﬂg?ﬁ t"??'ﬂl‘pn‘g"e' fbﬂsleg ggﬁét
necessari | Y relseﬁ{ had th&cr&é’é SeARhi J)é}ﬂbulaﬁ‘ldddtlbﬁ intd tdaitior, 9r i ndi ng, spray
dryi ng, rot er freatnent, acid treatnent, base treatnment, and

conbi nat i onhem;ﬂ{iatmer posSSUDRSANOthe[ relavam reay@maazameieﬁs eTh@gesnver si on

reacti on conduc t.he. h rocarb nver5| n of. the present
i nventi &h eft gla\ll\beg»f)tgggg Wg %@%@53@02 a gas
super fici al ‘éﬁ{té’ﬁéd’aﬂ é‘rét@%réb&@&hérﬁ@@ﬁé&éﬁ p@f’ s8EG®l @h/s) Beany poRites per
second (nissn used hereinh and in the clains, the term "gas superficial

vel ocity," fhe reethTecDaswanyé. the lgassupedicialoielecityds greatgpdranvaPuteedst ock,
and any di] mis nkﬂorgl e's(ilre %beXhé BSS sﬁs&tf%falgefbsc?ty%&éa?&aﬂhawa%%ut Begause t he

mfs. Even more desirably, the gas superficial velocity is greater than
15 about 4 m/s. Most desirably, the gas superficial velocity is gréater than
about 8 m/s.

Maintaining the gas superficial velocity at these rates increases the
epproach to piug flow behavior of the gases flowing in the riser reactors..
As the gas superficial velocity increases above 1 m/s, a reduction in axial

20 diffusion or back mixing of the gases results from a reduction in internal
recirculation of solids, which carry gas with them. (Ideal plug flow behavior
occurs when elements of the homogeneous fluid reactant move through .a
reactor as plugs moving parallel td the reactor axis). Minimizing the back
mixing of the gases in the reactor increases the selectivity to the desired

25 light olefins in the oxygenate conversion reaction,

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

30 return.

Desirably, the rate of catalyst, comprising molecular sieve and any

other materiais such as hinders, fillers, etc., recirculated to recontact the



5 oxygenate is converted to a product including a light olefin while flow n
through the reactor, the gas superficial velocity may vary at diff§ 2NV Zﬂlﬂ
| ocat i onWOMIt#IBT2 t he reactor depending on the total nunbepcwiUsoni®me2of gas
present and the cross section of a particular location in the reactor,
tenperature, pressure, and other relevant reaction paraneters. The gas io
superficial velocity, including any di-ls3gents present in the feedstock, is

mai ntained at a rate greater than 1 nmeter per second (nm's) at any point in

the react or feeBasiffdthl abouit Mo GBS Y00 i, Rhorkeddiabyy f han about 2
ms. Mre desirably, the gas sggfici al velocity ia?yygfrférg%lﬁra{tﬁgntbabout 2.5

m's. Even naheutdddiimes, andtrestgiesireblydrdincataiut iél tocbiopt 56 tgnesther t han 15
about 4 rn/gs st, desirably, the gas superficial velocity is greater than
about 8 rdstpt%ﬁgd'ﬁfﬁ’rl?d Wﬂ’é%&g°§g%%'?$tf3gi€€%|th¢/€ff%9&-y at these rates
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the process may not form an optimum amount of light olefin products, and
15 the rate at which coke and light saturates form on the catalyst may
become too high.
Light olefins will form - although not necessarily in optimum
amounts --at a wide range of pressures including, but not limited to,
pressures from about 0.1 kPa to about 5 MPa. A desired pressure is from
20 about 5 kPa to about 1 MPa and most desirably from about 20 kPa to
about 500 kPa. The foregoing pressures do not include that of a diluent, if
any, and refer to the partial pressure of the feed as it relates to oxygenate
compounds and/or mixtures thereof. Pressures outside of the stated
ranges may be used and are not excluded from the scope of the invention.
25  Lower and upper extremes of pressure may adversely affect selectivity,
conversion, coking rate, and/or reaction rate; however, light olefins will still
form and, for that reason, these extremes of pressure are considered part
of the present invention.
A wide range of WHSV's for the oxygenate conversion reaction,
30 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



useful to convert oxygenates to light olefins varies 5 over a W de range
dependi mgO omsssreast in part, on the catalyst, the fracti &CTN1M2ner at ed
catalyst in a catalyst mxture, and the configuration of the reactor
apparatus and the reactor. Although these processes are not |limted to a
particul ar tenperature, best results at%e-obtained if the process is
conducted at a tenperature from about 200C to about 700C, desirably 1o from

about 250Ciﬁ(9%|6‘89‘ét1l cﬁ%gn %“iﬂHﬂﬁﬂhéi_eébbﬁbhdliémdrpr@lseutAiﬁﬁQ%tthe about 500C.
u genérally

Lower tenperatures result in lower rates of reaction, and the
formation ratatysf mdyecattainratber mgtarials wihich pelrafipessntiiers BebBe Far kedl y

Forman opineuNHEimeaBH e e e epbint el duief PRS2 uni cn
coke and | iq%tfélggﬁfn?{h%;ﬁ%frgéﬁb&q the veRty isdesifally Mgk @fBugeeo hi gh. Li ght

olefins wl ough not necessarily in optInmum anounts -at a w de
range ofs pragmeEiasthieneltalyshio.a tuidizedtstatenindgr the reaglicaseanditionsrand about 0. 1

kPa to about 5 MPa. A desired pressure, is fr 20 .abqut Pa bout 1 MPa
and nost desithinghe rea@tw%aﬁsurébcﬂP&%Q?S'%%ogg@@@k&he.“%‘ﬁ f’%f’@Hﬁi ng

d t, iLnal i frd th
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partial pr as It'relates to oxygenate conpounds and/ or
m xtures t hgreghd Mbesaetirblpiom alsout’s hiibteabowd 500dmgeIhemy be used and

are not excluded fromthe scope of the inve 'bon. 25 LlovtverFﬁ?nd upper
extrenes of agplieants bavediscovereddnat gpeationa the oxygetate ta g si on, coki ng

rate, and of teact on raLe e AONRE qrddt@hinghl S8 hitrebtcbs #id fethdgs m and, Tor

that refson®OYREEEN f'pressure are considered part of the present
i nvention. Aobfein teosroalich#SNé of thercanversiay geaciioa. clmsethsi on reaction, 30

defined as weight of total oxygenate ffpﬂ to.t. ,$e eact qrs hour per
wei ght of nodrMAarsaN astien isdesiath, prplated at atnﬁ/é[ér‘fgfe?{'%ﬁcf%%%ﬁ unct i on
with the ppese i t] : | OV RR ARt eRhéE€ &r hilxtuhes tHesesf, r eactors 0
2 NOv 2004 bxb-o%’é%%%ﬁ%%%@@%g‘ iqc?ludes all oxygenate in both the
vapor and | jaNvHBYas eleshhblyaiddast labout 20 hr'' and more desirably from
15 about 20 hr'* to about 300 hr.
It is particularly preferred that the reaction conditions for making

total feed rate, by weight, of oxygenates to the reactor. The tenpefgt NO|¥ 2004
d

olefins from an oxygenate comprise a WHSV of at least about 20 he' and
a Temperature Corrected Normalized Methane Selectivity (TCNMS) of
less than about 0.016. As used herein, TCNMS is defined as the

20 Normalized Methane Selectivity (NMS) when the temperature is less than
400°C. The NMS is defined as the meth'ahe broduct yield divided by the
ethylene product yield wherein each yield is me'asured on or is converted
to a weight % basis. When the temperature is 400°C or greater, the
TCNMS is defined by the following equation, in which T is the average

25  temperature within the reactor inr °C: '

NMS

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

Oxygenate conversion should be maintained sufficiently high to
;0 avoid the need for commercially unacceptable levels of feed recycling.
While 100% oxygenate conversion is desired for the purpose of completely
' avoiding feed recycle, a reduction in unwanted by-products is observed
frequently when the conversion is about 98% or less. Since recycling up




catal yst may contain other materials which act as inerts, fi IIerséfQ m!emﬂl'
bi nders, the WHSV is cal cul ated using only the wei ght of nol ecul

the catWGQeW8BW the riser reactors. The WHSV i s desirabl ycriginiemorgh to 5
maintain the catalyst in a fluidized state under the reaction conditions and
within the reactor configuration and design. CGenerally, the WHSV is from
about 1 hr " to about 5000 hr"', desitagply fromabout 2 hr' to about 3000
hr', and nost desirably fromabout 5 hr to about 1500 W The applicants have
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reaction. At some point, the buiid up of these carbonaceous deposits
15 causes a reduction in the capability of the catalyst to convert the
oxygenate feed to light olefins. At this point, the catalyst is partiaily
deactivated. When a catalyst can no longer convert an oxygenate to an
olefin product, the catalyst is considered to be fully deactivated. As an

optional step in an oxygenate to olefin conversion reaction, a portion of the

20  catalyst is withdrawn from the reactor and at least a portion of the portion
removed from the reactor is partially, if not fully, regenerated in a
regeneration apparatus, such as regeneration apparatus 80 as shown in
Fig. 4. By regeneration, it is meant that the carbonaceous deposits are at
least partially removed from the catalyst. Desirably, the portion of the

25  catalyst withdrawn from the reactor is at least partially deactivated. The
remaining portion of the catalyst in the reactor is re-circulated without
regeneration, as described above. The regenerated catalyst, with or
without cooling, is then returned to the reactor. Desirably, the rate of
withdrawing the portion of the catalyst for regeneration is from about 0.1%

30 to about 99% of the rate of the catalyst exiting the reactor. More desirably,

the rate is from about 0.2% to about 50%, and, most desirably, from about
0.5% to about 5%.




-40 to as nuch as about 50% of the feed can be commercially accept gl & 2004
conversion rates from about 50%to about 98% are desired. Conversion rates
may be pgyovgxgned in this range -- 50%to about 98% - usPAf/l@0/bisftber of

met hods famliar to persons of ordinary skill in the art. 5 Exanpl es

i nclude, but are not necessarily |limted to, adjusting one or nore of the
follow ng: reaction tenperature; pressyre; flow rate (weight hourly space
vel ocity and/or gas superficial velocity); catalyst recirculation rate;

react or appar at confi qurati on: [e4C ' tion: 0, sition;
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i 0 amount  gfny StREF RidIEHAE stah aktindedetiae, efc. Gerémpeéd frewtes ati on; and

ot her paraméters which affect the conversion During the conversion of

oxygenat es reactor fpriregesttation ardrigsifaelabion bagkgedhe secagteiata sate n t he
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the catalyst is partially deactivated. Wen a catalyst can no |onger
convert an feed gateatfeoxygenatesdb e reagtodudhese hates penbisto the adalystiered to be
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not fully, regenerated 1n a regenéeration apparatus, such as regeneration
appar at us 8Be asastbofer regenéiation andBgcireglation dack o the réactoraititvarpat t he
car bonaceOL{E deposits are, at Ieastt tﬁart i ?I It%/ rrenoved..from.t he tgat al yst.
Desi rabldy, IhRES FRIESiIRATSFt RIRROBONIL DL FONtGHt of IOASaFiVR PR MRt or i s at
| east partisgidi¥ofigacti vated. The remaining portion of the catalyst in the
reactor is re-circulated without regeneration, as described above. The
regener at ed cat dDgsitgblwithe catalystiregeneradion) is wgrrigdsottinm regeneratibn o t he

Fegener at | PRLBMEIMIEE SRR o iy BORblEhoufBR el fostfer R " M yar
exi ting theyfaglkesof dREECo¥EHIts adlvde, Bilteareaic? Netedsly AfGtel 16, 2% t o about
50% and, nost desirably, fromabout 0.5%to about 5% 02 NOV 2004
15 singlet Oz, Qa, SO3, N0, NO, NO2, N2Os, and mixtures thereof. Air and
air diluted with nitrogen or CO; are desired regeneration gases. The
oxygen concentration in air can be reduced to a controlled level to
minimize overheating of, or creating hot spots in, the regenerator. The
catalyst may also be regenerated reductively with hydrogen, mixtures of
20 hydrogen and carbon monoxide, or other suitable reducing gases.

The cata!yst may be regenerated in any number of methods —
batch, continuous, semi-continuous, or a combination thereof. Continuqus
catalyst regeneration is a desired method. Desirably, the catalyst is
regenerated to a level of remaining coke from about 0.01 wt% to about 15

25  wt% of the weight of the catalyst.

The catalyst regeneration temperature should be from about 250°C
to about 750°C, and desirably from about 500°C to about 700°C. Because
the regeneration reaction takei pl’ace at a temperature considerably higher
than the oxygenate conversion reaction, it may be desirable to cool at

30 least a portion of the regenerated catalyst to a lower temperature before it
is sent back to the reactor. A hea;t exchanger, not shown, located external
to the regeneration apparatus may be used to remove some heat from the




WO 01/85872 -41 PCT/US01/13802 Desirably, a portion of the catalyg§t) NOV 2004
conprising nol ecul ar sieve and any other materials such as binders,

fill ers,“g?'?:l.’qi’ms removed fromthe reactor for regener at iPaTAm0e 13802
recirculation back to the reactor at a rate of fromabout 0.1 tines to
about 10 tinmes, nore desirably fromabout 0.2 to 5 about 5 tines, and nost
desirably fromabout 0.3 to about 3 ti-mes the total feed rate of oxygenates
to the reactor. These rates pertain to the catal yst containing nolecul ar
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gases. The %@ =AY pegthan, the tenipgrabireraf dbe eatalystavithanawol | ed | evel
to m ni M ZgoAAeheation! , ' in, (the.regenerator. The
catal yst may al so bgbirdgggﬁ%rcg? ree(?: ?@%E})g'? %V%W@a&n%§%vnﬁﬁgégﬁ'thﬁ?§?ﬁ@es of 20
hydrlogen argprtian iod therseastod ¢he mgm&raﬂ%mapp?tatgs'L@cb&d h'ngvg@?]ﬁ% The
cat al yst [ ner at I n any nunber of methods - batch, continuous,
senmi - cont Fﬁ"'ésgﬁe’ag%&a@)@% (3% regrniation @pparatus isretemeditpdhe r egener at i on
is a dggir qeas®irhpen [ ' e ted to a |l evel of
a ayPBé iré@Phed td Qﬁ)[r gﬁg?oryu (?fttli'?%eaét%\?\k !}ﬁ{ﬁvﬁ

remai ni ng coke from about 0.01 w % fie wei ght of the

catal yst. TRHWroed4e jhe catajystcontaioment aypss it await sbatdct wite the agegbout 250C
t o about 7%) about 500C to about 700C. Because the

esirab fro
regener at i ongﬁgggﬁtgﬂ] f%&ee@/‘b‘?rg@g% Riodycispftbe feed or anembliaation ¢f hi gher  t han
t he oxygendioth.conversion reaction, it may be desirable to cool at 30 | east a
portion of the regenerated catalyst to a |ower tenperature before it 1is
sent back to t h¢Heahprcatalyplregesecationgisrcaried oahatieast psibiyl ext er nal

15 deactivated catalyst that has been stripped of most of readily removable
organic materials (organics) in a stripper or stripping chamber first. This
stripping can be achieved by passing a stripping gas over the spent
catalyst at an elevated temperature. Gases suitable for stripping include
steam, nitrogen, helium, argon, methane, CO,, CO, hydrogen, and

20 mixtures thereof. A preferred gas is steam. Gas hourly space velocity
(GHSV, based on volume of gas to volume of catalyst and coke) of the
stripping gas is from about 0.7 h™! to about 20,000 h™'. Acceptable
temperatures of stripping are from about 250°C to about 750°C, and
desirably from about 350°C to about 675°C.

25 The method of making the preferred olefin product in this invention
can include the additional step of making the oxygenate compositions from
hydrocarbons such as oil, coal, tar sand, shale, biomass and natural gas.
Methods for making the compositions are known in the art. These
methods include fermentation to alcohol or ether, making synthesis gas,

30 then converting the synthesis gas to alcohol or ether. Synthesis gas can

be produced by known processes such as steam reforming, autothermal
reforming and partial oxidization.



to the regeneration apparatus may be used to renpve sone heat from grgfhgyzzugq
NOV 2004 WD 01/85872 PCT/ US01/ 13802 -42 catalyst after it has been withdrawn
from t hevoegessez ati on apparatus. Wien the regenerated c&CAVYSH1/13882 cool ed,
it is desirable to cool it to a tenperature which is from about 200C hi gher
to about 200C | ower than the tenperature of the catalyst withdrawn fromthe
reactor. More 5 desirably, the regeneraied catalyst is cooled to a
tenperature fromabout 10C to about 200C | ower than the tenperature of the

catal yst wit hdr ape iR hhthe RPRiICiiso Bppfediaeltrst halaefisd piodeeegray be
returned to either some portion of the reactor, the regenerati on apparatus,

or bot h. Wiepnthehexygegatetadodefinceomieysionfresotiorhef theguesenttinventigmearat us i s
returned to the 1o,reactor, i be retyrned to,a ortion of the
reactor. | tb‘i’r&?wﬁ‘ée"qeéﬁ?rfﬁélﬂ Roiqu%ﬁn%ﬁaﬁ?}ﬂ?r%%lyﬁthﬂ aﬁﬁt] ea to await

tact wit ' f the feed
contact Wt golherfi, Pldiesserfsabfgaifolkind RBIASIEAAS B khswA! the fee

or a conbin sirably, yst regeneration Is carried out
at | easts paintthaldry Catalgticpiocesses as plefetred h Rartiatarlyeprefetred pped of nost of

readily renovable organic materials (organjics) in a_stripper or stripping
chanber fi r@etalipgese, Segigrhiatia é‘ﬁa%‘@( 5%‘%?56'\9 si?ym$a§§ﬁnt?e§x§ml%pi ng gas
over the sp t I t r I S ' le for
stripping |ﬁ£:$ u%getghgbl égmsﬁtr?isﬁs o%eﬁ#@%'gﬁﬁugﬂ@egf%,s%r?ef a%’e%’ég%'?agm
hydrogen, afn@78B98;8,645992 4 362{565A apiries, 248 601 gthe ¢atalysbam pfasshour | y
space velocity tﬂgGHSV based on vol ung of '%as to vol une of cat al é’\St and
coke) of thdesiptioppioh gaghdaing expresalydocopoiatad hergin Dyoigferenceon ne .

oot rabty rPeiTaRdfipss Etfoqs oRR QouAbtng BBRE oty T 0 he o
preferred OEGWbl&ﬁntfod“niﬁg catalyst at a pveseure mnddemperaturedeffettivestddotmonal st ep

of maki ng the oxygenate conpositions from hydrocarbons such as oil, coal,
tar sand, sHuROYOlEARPEQdYGtd natural gas. Methods for making the

el " e ST e orFlReg S B¥htban GgmLL o on 10
to al cohol The préferredIeniperaiuse gange ahoperation is between 50°C and 240°C

15 and the reaction can be carried out at low, medium or high pressure, being
anywhere from 1 bar to 200 bars. For processes carried out in solution, an
inert diluent can be used, and the preferred operating preséure range is
between 10 and 150 bars, with a preferred temperature between 120°C
and 230°C. For gas phase processes, it is preferred that the temperature

20 generally be from 60°C to 160°C, and that the operating pressure be from
5 bars to 50 bars.

In addition to polyolefins, numerous other olefin derivatives may be
formed from the olefins produced by the process of the present invention
or olefins recovered therefrom. These include, but are not limited to,

25  aldehydes, alcohols, acetic acid, linear alpha olefins, vinyl acetate,
ethylene dichloride and vinyl chloride, ethylbenzene, ethylene oxide,
ethylene glycol, cumene, isopropyl! alcohol, acrolein, allyl chloride,
propylene oxide, acrylic acid, ethylene-propylene rubbers, and
acrylonitrile, and trimers and dimers of ethylene, propylene or butylenes.

30 The methods of manufacturing these derivatives are well known in the art,

and therefore are not discussed here.




be produced by known processes such as steamreforning, autothermalf? NGV 2004
reform ng and partial oxidization. 02 NOV 2004 WO 01/85872 PCT/ US01/ 13802 -
43 One WOMIEd72 n the art will al so appreciate that the elefisassweeduced

by the oxygenate-to-ol efin conversion reaction of the present invention can
be pol ynerized to form pol yol efins, particularly polyethyl ene and

pol ypropyl ene. Processes for form ng polyol efins fromolefins are knowmn 5 in
the art. Catalytic processes are preferred. Particularly preferred are

net al | ocene, Zie fie o i for exanpl e,
U S. Patent Nos.gisé,?%% 9L Brei @gég,"g'?gﬁé?f%w?f%?ﬁ%,gggiﬁg‘%@?’ 4, 659, 685;
4,076, 698; BnadificiRinis Mag ke, Mmabe tatie predédt FvEntibhevititdldepiart réfnOCESS

descri pti ong_ of e?ch being expressly incorporated herein by reference. In
to general, %I?Ghée'é' ABLIRGER iorw& peesshiinientiag. (e embpdimentsdlescribgdh a

Phe” polyol el re s [z tAS bl frafyeoaly BndhoFERGE A Wertos B, © '™

net al | ocgnetlaiskption, whith ipdefined &Y the THRWihy clifnge of operation. is
bet ween 50C and 240C 15 and the reaction can be carried out at | ow nmedi um

or high pressure, being anywhere from1 bar to 200 bars. For processes
carried out in solution, an inert diluent can be used, 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 20 generally be from 60C to 160C, and that the
operating pressure be from 5 bars to 50 bars. In addition to polyol efins,
nunerous other olefin derivatives may be formed fromthe ol efins produced
by the process of the present invention or olefins recovered therefrom
These include, but are not limted to, 25 al dehydes, al cohols, acetic acid,
| i near al pha olefins, vinyl acetate, ethylene dichloride and vinyl

chl oride, ethyl benzene, ethylene oxide, ethylene glycol, cunene, isopropyl
al cohol, acrolein, allyl chloride, propylene oxide, acrylic acid,

et hyl ene- propyl ene rubbers, and . acrylonitrile, and triners and diners of
et hyl ene, propyl ene or butyl enes.



30 The met hods of manufacturing these derivatives are well known ilnfme"\farﬁlﬂ‘i
and therefore are not discussed here. 0 2 NOV 2004 WO 01/ 85872 v

PCT/ US01/ 13802 -44 Persons of ordinary skill in the art will recognize that
many nodifications may be made to the pr esent invention w thout departing
from the spirit and scope of the preag i nvention. The enbodi nents
described herein are neant to be illuStrative only and should not be taken
as limting 5 the invention, which is defined by the following clains. 02
NOvV 2004 . AIMS: 1. An oxygenate to ol efin conversion process

conpri si n&& *containing a non-zeolitic nolecular sieve catalyst with a
fluidizing fluid to fluidize said catalyst; (b) feeding said catalyst and a

feed to a1pl ur I|t oft eirreactors sai d %gurallty of riser reactors
bei ng part "ﬁx %W%&?%ﬁrswﬂg?eﬁs(?ﬂ ApAPatus; (c) reacting said

feed by cont aC(a ng \Abﬁthlni?n@l aIn6mEedING mdletuRistbvilcatyst With of fluidizisg fluideact or s
at a gas su erf|C|aI vel ocity of greater than 1 neter per second at any
point in {htidiga5IHSPRYShppar at us, the reaction of said feed producing

a
light olefin w)odwféedu(gdéa@%a@w laRg =Sreled t6 & pluyity b AsBraiétoR) edidct in a
separation zone, said separation zone bein n fluid comuni cation with
sai d pl ur RIlurdify efriser Eeé'Ptqf%Q%'f‘%Pg”O %f'nﬂleﬁggtf@fh%w&v?ia%a@ﬁa@fussa| d

catalyst fromggid %h@fsh@%é@'&? doﬂta%tmd R4R RAIPERAlyRNA Vo paialignet ()
nmoving a portion of said catalyst fromsalid separation zone to a catalyst

r et ent i onNgeffeactRER ati s gansyneificp! vslesiinPterestsh t'wnt hmeigrpes spernsk 3tFMYzone. 2.
The procegginfin fheadomvérsinesparatdsitie r&Rdoh of 551 féé’d ?_?&i&ciﬂb Sha opdfir al i ty of

riser reactors in a substantially equal amount. he process of claim?2
wherein s@rduekd is fed to each of said pl urallty of riser reactors such

that the flow gi) f eQod@nSRehalcaRisPiroPidie prdic ISegarbitlzcHesally Vol urre

rate, from one said pluralrty of riser reactors to another of said
pl ur al i t yseparatigrszanerheing igflyid communication with said plurality of riser reactors;

(e) transporting a portion of said catalyst from said separation zone to a
regenerator apparatus; and

" moving a portion of said catalyst from said separation zone to a
catalyst retention zone that is in fluid communication with said separation zone.

2. The process of claim 1 wherein said feed is fed to each of said plurality of

riser reactors in a substantially equal amount.

3. The process of claim 2 wherein said fed is fed to each of said plurality of riser
reactors such that the flow of feed to each reactor varies by no more than 25%, by
volume rate, from one of said plurality of riser reactors to another of said plurality of

riser reactors.

4. The process of claim 3 wherein said fed is fed to each of said plurality of riser
reactors such that the flow of feed 10 each reactor varies by no more than 10%, by
volume rate, from one of said plurality of riser reactors to another of said plurality of
riser reactors.

5. The process of claim 4 wherein said fed is fed to each of said plurality of riser
reactors such that the flow of feed to each reactor varies by no more than 1%, by
volume rate, from one of said plurality of riser reactors to another of said plurality of
riser reactors.




4. The process of claim3 wherein said fed is fed to each of said @IUBaVi@mh
of riser reactors such that the flow of feed to each reactor vari ; 9 n
nore than 10% by volune rate, fromone of said plurality of riser reactors
to another of said plurality of riser reactors. 5. The process of claim4
wherein said fed is fed to each of sghg_plurality of riser reactors such
that the flow of feed to each reactor varies by no nore than 1 % by volune
rate, fromone of said plurality of riser reactors to another of said

plurality,of l.ser. r S A - . The LOf im 2
wherein sgi d fghéﬁ’gocieggst(gg'é"a%%ggﬁslaiﬁg?%q 'ﬁ?%f &’t%/acgfc’frg%@ﬁ&rglr' éj{:ﬁéoe?s such
t hat the fdantorpbudreticit tre fave bf feeddb @ach aedcts Vayies by morreotehthan 25%, byy  nmass

percent for each c onent in the feed from ogne of ;sai lurality of riser
Fenctors PESRRGorey 10 e soBpdelt it e, el B Pud of SRl pBrthPL! ferCess, o
cl ai m 6 wreactrs tecanathdredd said pluerdlity of isee heagtorsai d plurality of riser reactors
such that the flow of feed to each reactor varies by no nore than 10% by

mass percent for each conponent in the feed, fromone of said plurality of
riser reactor Ihé pravess beclaief 6 sheckipbald fdd isYedfo edchaf saidgiurality of BserThe

process of claim?7 reip sajd fed is fed to each of sai | yral ity of
riser refRac SE%WE’?H&HQ%Q# P‘%ES\?P@PC‘P é%qi:tqrovaggﬁqu,rgarg?@?thggﬁpgos b¥y no nore
than 1% lmass iescendscesdh Erpaami i tie eRen fromohd of fsardplufdiignobhiserof sai d
plurality of riser reac;to_rs to, an I];her of said plurality of riser reactors.

9. The pr ERASIS Ig anqthgr il saidiphyality oknges '¢3CtATs zing fluid is selected fromthe
group consisting of nitrogen, steam carbon dioxide, hydrocarbons and air.

10. The process, of clainmp wherein said catalyst is separated from said
product i th dNe®mGess 8f claig) uheteiq ?%%??41'8 fé‘f Cédﬁﬁ@tﬁt"l’fa"%f’?ﬁﬁél oni ¢

separ at or pgactdrs lsBES that 356 BEWDf fdeiPicERIERBCBE VAGRShy Rb M@ th&PNSs bgnd
conbi nations thereof. 11. process of claiml1l wherein said catalyst is

The >
returned fM9sgRegcant ferapagh, coipponanidp thes fradefrom Ape @ sais PIVERlBt ohbHEe cat al yst

return whigdatdrs td ndthaH di sGiaIpIHEILE Bf fistin récidis, Sai d separation zone and said
plurality of riser reactors. 12. The process of claim 11 wherein said

catalyst is contacted with said fluidizing fluid to fluidize said catal yst

n said catalyThe pRSdEE of bibind1 et ShiaMRIdRAMd Mlid 106Mechid flomdRiTBidigt | on of
said catalyst return and said catgﬁ%st retention zone. 13. The process of

clai m 12 rorsistiag of pirogen ridearncastaniioxide, hydogarans agd ar- | east a

10.  The process of claim1 wherein said catalyst is separated from said product
with a separator selected from the group consisting of cyclonic separators, filters,
screens, impingement devices, plates, cones and combinations thereof.

11.  The process of claim 1 wherein said catalyst is returned to said plurality of
riser reactors through at least one catalyst return which is in fluid communication with

said separation zone and said plurality of riser reactors.

12. The process of claim 11 wherein said catalyst is contacted with said fluidizing
fluid to fluidize said catalyst in said catalyst return, in a catalyst retention zone or a
combination of said catalyst return and said catalyst retention zone.

13.  The process of claim 12 further including the steps of regenerating at least a
portion of said catalyst in a catalyst regenerator after separating said catalyst from
said products to produce regenerated catalyst; and

returning said catalyst to at least one of said separation zone, said catalyst
return, and said catalyst retention zone.

o




portion of said catalyst in a catal yst regenerator after separati@g EaJd
catalyst from said products to produce regenerated catal yst; and”re anﬂW&
said catalyst to at | east one of said separation zone, said catalyst

return, and said catalyst retention zone. 02 NOV 2004 -47 14. The process of
claim13 further including the step Qm7§tripping said at least a portion of
said catalyst prior to regenerating said at |east a portion of said

catal yst. 15. The hydrocarbon conversion apparatus of claim1 wherein each

f d h
o ocase ool aThE2EOHE ot Rt JaTuBfEr fdvding Rer e Bl fpuhg s AR A o ® ¢ oo,

one et er pbAioh f e4id watadfss pridk fo refeperiting eaid adfeast Apontidn vhedie catayarh of sai d
riser reactors has a cross sectional area of no greater than 12 nR. 18. The
process of claim 17 wherein each of said riser reactors has a cross

sectional 18reaTak H?arcﬁamhafonoéramn%pﬁaratd&of claig PwpersHs eath 6f sidriddr wherein
each of said riser reactors has a cross_  sectional area or no greater than

3.5 ne. 2@9301%haﬁaé@@tefffwapmqtem%mm?%rach of said riser reactors has a
cross sectional area and said cross sectional area of one of said riser
reactors varies by no nore than 20% fromthe cross sectional area of

anot her of6sai dheirsesessefaimstS whereineagly efcwaid riser w@agions bes el ¢ sai d

Cross seckladde ,ﬁé@atd){hréa’}ﬁe@f-s said riser reactors varies by no nore than
10% fromthe cross sectional area of another of said riser reactors. 22.

The process of claim21 wherein said cross sectional area of one of said

riser reagtor j’ h¥%3broEessD¥f EQIn‘i’DIr @vh%aﬁé?ﬁ‘ ench Idf hid 'ﬁﬁ?rCFéé%ﬁaé%"s' ONBhssdr €a of

anot her of sai riser reactors. he process of claim1 wherein said
hydr ocar bsactiapalaresiobno grestesdkan 82 @°. reacti on sel ected fromthe group
consisting of an olefin interconversion reaction, an oxygenate to olefin
conversion reaction, an oxygenate to gasoline conversion reaction, nalaeic
anhydr i de 18or mThat processvefpdainp & sweherginheanhl ofs gaid iser seaqhorsHdsi @ cregshydri de

}‘\IoOr\/rnZJl)gzl %Qﬁt@%a@lﬁg%‘?ﬁoa&?&ciﬁarffﬁ?? ion, and acrylonitrile formulation. 02

19. The process of claim 18 wherein each of said riser reactors has a cross

sectional area or no greater than 3.5 m?.

20. The process of claim 1 wherein each of said riser reactors has a cross
sectional area and said cross sectional area of one of said riser reactors varies by no
more than 20% from the cross sectional area of another of said riser reactors.

21, The process of claim 20 wherein said cross sectional area of one of said riser
reactors varies by no more than 10% from the cross sectional area of another of said

riser reactors.

22.  The process of claim 21 wherein said cross sectional area of ane of said riser
reactors varies by no moere than 1% from the cross sectional area of another of said

riser reactors.

23.  The process of claim 1 wherein said hydrocarbon conversion process is a
reaction selected from the group consisting of an olefin interconversion reaction, an
oxygenate to olefin conversion reaction, an oxygenate to gasoline conversion
reaction, malaeic anhydride formulation, vapor phase methanot synthesis, phthalic
anhydride formuiation, a Fischer Tropsch reaction, and acrylonitrile formulation.




24. The process of claim1l wherein said catalyst is a silicoaluniogqggﬁghQMﬂ
nol ecul ar sieve. 25. The process of claim1l wherein said feed is sel d
fromthe group of nethanol; ethanol; n-propanol; isopropanol; C4 - CO

al cohol s; nethyl ethyl ether; dinmethyl ether; diethyl ether; di-isopropyl
ether; methyl formate; formal dehyde; 4ginethyl carbonat e; nethyl ethyl

carbonate; acetone; and m xtures thereof.
24. The process of claim 1 wherein said catalyst is a silicoalumionphosphate

molecular sieve.

25.  The process of claim 1 wherein said feed is selected from the group of
methanol; ethanol; n-propanol; isopropanol; C; — Cy, alcohois; methyl ethyl ether;
dimethyl ether; diethyl ether; di-isopropyl ether; methyl formate; formaldehyde;
dimethyl carbonate; methyl ethyl carbonate, acetone; and mixtures thereof.




