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CENTRALI ZED CATALYST RETURN FI ELD OF THE | NVENTI ON 100011 The present

i nvention r¥PR¥03E0, reactor useful in hydrocarbon conPET&ISM3MRHERsSes
-and particularly in oxygenate to olefin conversion reactions. BACKGROUND OF
THE | NVENTI ON [ 00021 When converting a fegdstock containing a hydrocarbon to
a product in an industrial reactor, it is desirable to maxim ze the
production of a desired product or products, and to control, typically to

m ni m ze, the production of MBLHIIIRISERRBAGI@RAVITHact or useful for
conducti ng hydrocarbon conv 1CL j i dized bed reactor,
wherein solid catal yst part?ﬁﬁggﬂé#éﬁjﬁ%Ggﬁagh§siﬂ&é¥kﬂﬁﬁdized state during
contact with the feedstock and other vapor materials. These types of

reactors usually have a cylindrical reactor geonetry. One nethod for
reduci ng the pleBhBOBrTHEIW’BHDNts in a fluidized bed reactor involves

operating in a odyna cflowrei.rre uch that the erficial gas

vgl oci tyg obt allﬂiﬂ(ﬁ v)e/I 0 FPI%F%}HHE‘%’(S‘G@H&WSS E%%’?@C‘PHBS%&P‘“#‘WE}WCB@OE%M al yst
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in the reactor cBRvexélbx?&o%:ﬁkgE@%géfﬁmﬂ I}Pﬁ aﬂxg?er?a%e ofefidd Qchﬁx/éImérh%ﬁt%‘ﬁg.s oc

and ot her vapors, 1.e her vapors essentially carry
the catal yst particles along with them These flow regines are known to

t hose skilled i } S < - idized bed and riser reginmes, nore
generally as t ! referred in reaction systens in
which a nore p'[em)zll ow reﬁﬁélpéonwmg aneaﬁﬁicL%gnta{rQlQ@éhydrecﬁsa&{oad for a

given reactor cross sectional area ina cylindrical reactor geonetry
is proporti onalprcbdmct inemdndusmé:reacmdlt mﬁwr@ﬂﬂmmhismlz@the@rmuenbéa| stic

w dth), the catal. ncentration in a fluidiz bed. r.eact cr.eases
with i)ncr easi n§Y Fg tP3 P:ma ctyangde F?Ptmiﬁt(}j el?ygg’sm%’ﬁézref }Cﬁg,pgp UCHRR oci t i es

general |y requighgyipfddusfs, r(ﬁﬁ%}?é’ of RhABL $ehlp f&Y d&%&l@hﬁﬁ%%%nﬁmon

feedstock to cont act a required anount of catalyst ese higher gas
superficial vetastiped ies fhediesbbadaracter, whgtesr S(dsipaéﬂlyst@aﬂmle(smheesusmndodof a

reactor height to ter or_ char eri of the re ctor.
Furt her, i Ingma é‘i@ed a%ggurnbge%qqaé:a thtﬁqﬁ%fgga CIT %ﬂdg?tgérd VaPRLRAFAR  t h a
very large cr O%e&en%émaba&d@asaaqu%a@h eyl rRA0KAS3Y PRI & T/ QIR2ReB6827452

for reducing the production of by-products in a fluidized bed reactor involves

operating in a hydrodynamic flow regime such that the superficial gas velocity
obtains a velocity high enough to cause the net flow of catalyst in the reactor to
flow in the same direction as the flow of the feedstock and other vapors, i.e., the
feedstock and other vapors essentially carry the catalyst particles along with them.
These flow regimes are known to those skilled in the art as the fast-fluidized bed
and riser regimes, more generally as the transport regime, and are preferred in
reaction systems in which a more plug flow reactor type is desired.
[0003] In general, for a given reactor cross sectional area (which in a
cylindrical reactor geometry is proportional to the diameter, aud more generally to
a characteristic width), the catalyst concentration in a fluidized bed reactor

" decreases with increasing gas superficial velocity. Higher gas superficial
velocities generally require taller reactor heights to allow a given amount of
feedstock to contact a required amount of catalyst. These higher gas superficial
velocities necessitate a higher aspect ratio (the ratio of a reactor height to its
diameter or characteristic width) of the reactor. Further, in many cases it is

desired to make a fluidized reactor with a very large cross-sectional area to enable



-2 very large throughputs of feedstock in a single reactor facility.

However, increasing fluid bed dianeter, particularly in the transport

regi me, al NP 2940&Y80 t at es i ncreased reactor hei ght. Thi sPCHESzWse+iei ght

is required because a certain mnimmreactor height, in ternms of a m ninm
aspect ratio, is required to achieve a f_lé|_| y devel oped flow pattern, which
approxi mates plug flow reactor behavior. "At the exit and, particularly, at
the entrance of a transport regine fluidized bed reactor, unsteady state

moment um ef f ectgy tape Babez e TdyaRGCR in beidgld redcidrefaglity. t Hewewngr gy required
for the feedstock vapaors to pick up and accelerate the solid catal yst

agai nst the foiewagns dluxd/beddiamates nagialyrisihe EynBeR regmealsbt ai ni ng
approxi mat e pl : i iy . re
danpened out b§&5§%§¥¥82‘§$§3\g&§F‘*&r‘i’{g}&??‘ﬁ‘éﬁre?%%% {o}lr%§ e?cgiﬁ{Ewa%lfgq%%g%%ﬁ%u%e%aved,

approxi mat el y pirtagh i teackos Abight, il enhpef 4 pidineiesgect ridifdk tegniredtooul d
the use of |lower activity catalysts be desired in the transport regine,
aspect rati osaghigye adfully deyrle W Batigrayviieh apprisptes Ring floFdederoc k

conver si on. [ 00Q41; nisoui i Sloy oo b ARIPSPRR! oAbl oot d AISPOK fc byl d bed

reactors are Icu expensive construact an nt ai They are

expensi ve becafg@izetvey réndtdr, iavedaktatd@omemu ofeicys dontigate yaadynagigar at i on
vessel, often filled with heavy equidomant, to capture and nanage the

f1 owi ng cat al ybehagid (¢-8atheomepgyogaeired fopghetfpedstask vepersitppickaweadi n hei ght

t ti [ t t : fred. |
Coriain orens BOOPREe BNt Aenat PR e B BB MLt her occur s

routinely, evetornthti®esdd bb@innighpgoppekd plug floadishadds. Hotumidthaen aspect
ratios are not econonmic, Miltiple, conplete and. i ndependent reactor _ systens
Wi th i ndependefomsapin stEen atp cgepe WY SDSTERINE Ahpns themeactorhgighf pild,

conplete and i { - q‘gggn L. pon of
costs. [0005] Q%ﬁﬂ?ﬂg@éé@ﬂgﬁllﬂ&@yﬁl@%&g{rlﬁl%?)@q% r agﬁg%ﬁlt% %gt %g{glnl?’provi de
the desired ashmid theatse of luvienautivityecagstt bt desiredim thewraabpbyrt fegingd)bspekor ci ng
awdth in which the desired, fully, devel oped fl ow regi ne may never be

obt ai ned, or WS IHHUSt psQ ticrFasg iq Woﬁiﬂeﬁeﬁ}'@ﬁngﬁﬂéﬁgﬁ@&ﬁ@?@éﬁ Br systems. WO
2004/ 037950 PCTédd§§003/ Oyﬁ%na'tél?, oy rifio E‘a{%gbw bEN 08RGk The

present invention provides a solutionh to the currently existing
difficult and expensive to construct and maintain. They 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 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 multiplication of costs.
[0005] Thus, a need exists in the art for a reactor that can provide the
desired aspect ratio without necessitating an unwieldy height, forcing a width in
which the desired, fully developed flow regime may never be obtained, or without

resulting to multiple, independent reactor systems.



need in the art by providing a shorter hydrocarbon conversi on apparatus
while maintaining a high aspect ratio in the riser reactors. The

hydr ocar borwoanesg3geson apparatus includes a plurality of pcraserosezabors,
each of which is in fluid comunication with a respective deviating nenber,
whi ch deviates the flow of product, unreagted feed, and catalyst fromthe
top of the riser reactor to a plurality o6f side inlets on a separation
zone. Preferably, the inlets are forned in the upper section of the

separati on zonGURMMARY 6F TAE INVENPYORT material fromthe top of the
riser reactors tThrough intets oriented In the upper section of the

g
separation zorf800&he ovelrigl predent giventh privadssepsolatidnon tzonerentdpdxisting t he
hei ght of the overal drocarbon conversi on .apparatus, nay be .
advant ageousl| yqﬁg‘éiH’c a.anf{ﬂdﬁ‘?‘fldﬂ@cﬁ SﬁlfaFéFX%?caW%(fPP}é‘?f?Pﬂﬁpﬁ%%mF While reactors
adj acent the vepdihGalihya hpht-RPct PioSh #eSr et rdbRrs SRR Bl QA AN®nvé&bher than
orienting the riser reactors ~beneath the separation Zone, the present

i nventi on pr oviagparatus énchaidtistai pdwality afdisenteagersoéach o i ingn fitid nunber of
possi bl e riser react Orag' in g z(?;i ven . h\ﬁdr.ocar bon conyer sjon apgaﬁattr@. By

i ncreasi ng t he SOTPBEHCASER Wilhd 1gSpectiv g AeViptngmegbera i sRiEshgh ey Ner si on
apparatus, the gGyaft idnYesfedtEQUHEA chiySEELR e BPbF thelrsEBrehGo

[ 0008] In one eFHnbodi men?f gf t he prgsterslft ir%ver?ttign, tﬁheS h?drgfé:%rcz{%ﬂl%ﬁg’
conver si on apparfaidednietsrara separatiopzenealRreferably, thesiplety @adtrored, in éwoipphavi ng a

first end into whic catalyst may_ be fed eco end t.hroygh which the
catal yst can exfion ‘%ﬁg‘? gepégaﬁl)égrzogg(%/%y g?‘”i”:@&‘?‘ﬁiﬁ“’l qr}dﬁ’éatgkat] o I top Of
therebetween. AnsRRSTSIGD tHOMNE: inhAVhiichté B @hfet Yectibn bPltsSparg@sh 1 nl et

preferably not being oriented along the center axes of the riser reactors,
is provided to zepdhaoecralhbeight ofl the sepharation pond aod thus dlfic keight af thearverdinduct ed

in the hydrocar,bon cgnversi on apparat us. luralit f .deyiating nenbers
is also provi ddtydrs n&&e‘(%flf’ﬂ68%%8%@*33?‘13393{’?%&%?%?@ rediituni cat | on

bet ween the seqgogrjend of A@ditiSSARCHY Y¥Bektinglhe FiSR¢éRtoraRdladnt fIRSRAAIYE | nl et
of the separation zone. The apparatus also includes a catalyst retention

zone provided textandingcidesoathe spperatiompase. rather ean drisatingthelser fegetorsy eact or s,
o 2 catelySC 0 Bl GRTTOL 6280 RRkGDsIF, Sasao ' on zore ond
The invention igvahisge 6 iheehssl tHe nhHoPSAEBRITILOIBAEHS 1A given
hydrocarbon conversion apparatus. By increasing the number of riser reactors in a
given hydrocarbon conversion apparatus, the quantity of product formed per unit
time is increased.
[0008] In one embodiment of the present invention, the hydrocarbon
conversion apparatus comprises a plurality of riser reactors, each having a first
end into which a catalyst may be fed, a second end through which the catalyst can
exit, and a center axis or centroid line extending therebetween. A separation zone
having a plurality of inlets, each inlet preferably not being oriented along the
center axes of the riser reactors, 1s provided to separate the catalyst from products
of a reaction conducted in the hydrocarbon conversion apparatus. A plurality of
: deviating members is also provided, each deviating member being in fluid
communication between the second end of a respective riser reactor and a
respective inlet of the separation zone. The apparatus also includes a catalyst
retention zone provided to contain catalyst, which is then fed to the riser reactors,
and a catalyst return in fluid communication between the separation zone and the

catalyst retention zone.



apparatus including a plurality of riser reactors, each having a first end
into which_ a catalyst is fed and a second end through which the catal yst
can exit tHEOREBT9Peactor. A separation zone is provi de@CTAISepPaRAG2 t he
catal yst from products of a reaction conducted in the hydrocarbon

conversi on apparatus, the separation zone, including a plurality of inlets.
The apparatus also includes a plurality of deviating nenbers, each

devi ating nenber being oriented to deviate a flow of material fromthe
second end of MWO00Bkspecti Vke investion alsbdircttotiver gl hpdmvespes tomerdiord et . At

| east one catalyst return is in fl u(iétg_ conmruni cation with_the separation zone
and the first2BRERUORCugings Rlraliteafdisst ©acioRe sech having 2 fisst epchingephish

provided to tr : r i ot e first
nds of the riSgriRS i I afe® SRHH cld BRMENSIRPRE bR SBNRIR R, '
hydr ocar bon coregetosifOofeparaoassne isprobvidedy: sepapteabat@altystfgora ptdduct ofabl e
catalyst with a fluidizing agent to fluidize .the fluidizable catalyst; (b)
feedi ng the cafeaFtat coRquctad freidg hygrogatspy pelversyotbfPRar s, the RaiabPs Zoithe

plurality of rin%ﬁfdér%:fﬁhgaﬁiﬁ%gﬂfrﬁ@s p?ﬂeteﬁa?)tgﬁﬁlssglsr&}\auaysdz{ B&gzgﬁgpfd&ﬁﬁ sion

apparatus; (c) con eed wt e catalyst 1nt urall of

ri ser reactor smembers, ehdicviadng nefrfbee beiug otiented nvdsviatt hdlofeafimherial pr oduct ;
(d) directing the product and the catal yst through a plurality of deviating
menbers each HeUIHE ssrgneend et 2 BEpery VR SEFT PRdoPErdRissBE@IVE MIFbvitbf t he
product and th . - Ay i LSer. or to a
Cepar ati on zongesi(Ly i i AR U Bhuihi b FIRRR ¥eld SR oh R 0

separ ati on zonthe firliende pfithatrisenreacos, theehtatyst retdrh bethggeovided catrargferwhd h t he
plurality of deviating menbers; (f) returning the catalyst fromthe
separat i on zonéat?'éfSttﬁﬁ“ﬁI‘eLﬁeﬁﬁﬁa??“ G‘Pl?ertpéléerﬁlrsé%ﬂs&gél,‘e NERECHFSr epeat i ng st eps
(a) to (f). [Ogﬂtﬁhhl n an%gﬁ{veﬁﬂmg'a@%recfeﬁ% h%ﬁ%%hx%@n'cﬁnée?si@n EK&E%@” bon
conversion apparatus including a plurality of riser reactors, ea aving a
first end forinchekng (agonticahy s tfluadichbée catadpa dvidnafltidiznghgenhtochiuitiize

catal yst and a_product. = can exif. pl yrali of /devi.ati ng nenbers are

provi ded, eachﬂ%et@flg’lz?lﬂﬁ caalysi (b) fiﬁ%‘ﬁ%%&@i%&?%a ?ﬁepﬁoap?lgglbtg&?ir\;gr riser
reactor. A sepfRlorhZA0R1RAYT HGr AlacloPaiSd; B4 dRplehyBiR¥IHEd L0 separate
t he catal yst frélm&);rﬁzh p@odb@?‘? vlvhér eicr? themglgée}ggr at| %r? ggne I ncludes a
plurality of i nbmtessioreapraritnd;de) deaiangngtsdeddavetl tivi dakalpst in tepdaalityecf

devi ati ng nmenber et re ori n the s
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directing the product and the catalyst through a plurality of deviating members

each deviating member being positioned to deviate a flow of the product and the
catalyst from an outlet of a respective riser reactor to a separation zone; (e)
separating the catalyst from the product in the separation zone, the separation zone
being in fluid communication with the plurality of deviating members; (f)
returning the catalyst from the separation zone to the plurality of riser reactors;
and (g) repeating steps (a) to (f).

[0011] In another embodiment, the invention is to a hydrocarbon
conversion apparatus including a plurality of riser reactors, each having a first end
for receiving catalyst and a second end through which the catalyst and a product
can exit. A plurality of deviating members are provided, each deviating member
being associated with a respective riser reactor. A separation zone having at least
one side is provided to separate the catalyst from the product, wherein the
separation zone includes a plurality of inlets, each inlet being associated with a

respective deviating member, and wherein the inlets are oriented on the side of the



"separation zone. The apparatus also includes a catalyst return coupled to a
plurality of arms, the catalyst return and arnms being in fluid comunication
bet ween t he WaPAVEI¥n zone and the first ends of the pl urBT/¥sR0e¥027453er
reactors. BRIEF DESCRI PTION OF THE DRAW NGS [0012] This invention will be
better understood by reference to the Detailed Description of the Invention
when taken together with the attached draw ngs, wherein: Fig. 1 presents a
partial cross sectional view of a hydrocarbon conversion apparatus of the
present i nvent iseparafipyzok. phhesywnarstus apann¢ladeser witdys edvinoreapleditew of anot her

enbodi nent of the, hydrocarbon conversion,apparatus of .the present
i.nvention; Fi gspluﬁak%@rms@ﬁtcatﬁ&sﬁe @%@gsg%eé?g 'Pdf OBf three
embodi nents of FyGEACRE RGArARAVRLE bANIRERA MUY SLhe NG TFiskOrehdiBrsPr €sent
invention; Fig. 4 presents a cut-away side view of "an el bow devi ati ng nenber

according to one enbodi nent of the present invention; Fig. 5 presents a

cut - awa arti [ j j [ i ser reactor
cl osed-goﬁpl eda#v@*.ﬂfﬁ§éﬁt%’®ﬁwbﬂw%resents a partial cross

P AN AL ASS SA=y) O, LIS I O

sectional view pp1# devi aThiRhVERIBE Wil BE Btk uRderdiod@ Wy défeRc@dthe Of | ess
than 90 degrees; and Fig. 7 presents a partial cross sectional view of a

"J-Bend" cat al yBetailedeDasaniptios p&thedneantidn vdhendakendogesher eviiolie atimthedf t he
present i nventi%n. . DETQI LED DESCRI PTI ON OF THE | NVENTI ON [ 0013] The present
i nvention provi F@FhYdF6ar bon conversion apparatus including a plurality

of riser reactors, eac riT%.fl WBdeBls d Sarlid) chdddisbction@MibRiof alhly@fbckitoR @
respective deviating nmenber. Each deviating menber deviates the flow of
product, unr eactwyefsamppartisedthe yresenf myenti¢re t op of a respective riser

reactor to one of a pluyraljty of inlets on the separation.zone. .. Preferably
the inlets are formed (L)iilig't §6P£5ea %q‘ﬁ?lﬁéoﬁﬁﬁﬁ‘g}ongg@ﬂ"c% aB?thF%%?E%%QP%(}%On
zone. By devi at th@%%rﬂf&aﬁbbﬁ%ﬂferéi&i@ﬁ addtud 6OME bRBertafvedtiohe riser reactors
t hrough WD 2004/ 037950 PCT/ US2003/ 027452 -6 inlets oriented in the upper

section of the separ at ifogs. 20m¥C prasentpagiad crosh sgciipnal dop vigws of three

embodiments of hydrocarbon conversion apparatuses according to the present
invention;

Fig. 4 presents a cut-away side view of an elbow deviating member
according to one embodiment of the present invention;

Fig. 5 presents a cut-away partial cross sectional side view of a riser
reactor closed-coupled with a cyclone separator;

Fig. 6 presents a partial cross secticnal view of a deviating member
providing a deviation angle of less than 90 degrees; and

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

return system according to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention provides a hydrocarbon conversion

. apparatus including a plurality of riser reactors, each of which is in fluid
communication with a respective deviating member. Each deviating member
deviates the flow of product, unreacted feed, and catalyst from the top of a
respective riser reactor to one of a plurality of inlets on the separation zone.
Preferably the inlets are formed on the side of the upper section of the separation

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



‘separation zone, and thus the overall height of the hydrocarbon conversion
appar atus, may be advantageously reduced. The present invention provides the
addi ti onal vea@verodggeoof all owi ng the size of the separati @ETUSI@BI021462 be
reduced because the top of the riser reactors are not required to extend
inside the separation vessel. [0014] Figure 1 presents a partial cross
sectional view of a hydrocarbon conversi on apparatus (HCA), generally
designated 110, in accordance with one enbodi nent of the present invention.

The HCA 110 coiféts $8entdd ﬁhﬁﬂe!up%@%ecti&?@ﬁﬂh@tséﬁéfht?oﬁ%néaﬂe overfll Héight dnthf
riser reactors 114, a feed distributor 154, and a catalyst return 130. Wth

cont i nui ng r ef sgparaientzongiagd thys thh evernd heighbof thehydresarbpe consepsagrat i on zone
124 in which a_product of, t he hydrocarbgn conversion .reaction li. epar at ed
from the catal JEREREBeY ReRyRRE TRy o B BEFeRORVE ISP RO vidssBF on.
Shel'l 160 and §@cﬁﬁ6ﬁ’él'aﬂﬂaﬂé’%&%f@ﬁx&liﬁgih@@&e%ffHers%barﬁﬁ'@h H&delah e fediR&PNd end
128. The separation zone 124 preferably includes one or nore separation

devi ces 126, Wbgatke thedopgbdhetrsesmpeiomtase noigegritedue extend ompideatbe cat al yst. The
separation devices . 126 ngy be cyclonic separators, filters, screens,
i mpi ngenent  dedfREFIOTESYEs,  cones or any other device, which woul d

separate the cag@lyst fr@qairhe RERAHE pahal IS sERAOUENGEW B b B@dlokABon The
separation devices 126 shown in Figure 1 are cyclonic separators. In other

embodi nents, neonyersios apparaids (HE4).zepenally dovigniéed Lldk in aacerdanss with noel
externally to the separatj,on zone. 124, outsi f.the shell .defiping the
separati on zongn'%faﬂn?eéﬂloghf%eﬁtaﬁvgwio& %&#ﬁ‘ﬁﬁﬂp;ﬁ(’%ﬂsﬁsrﬁﬂ?ﬁépﬁy .
positioned sepaatioHzofe\DE splutdity 5f rifdr s&kctore B4, Qrfsedldidridiior 94, aliacent to
shell 160 and the separation zone 124. Each riser reactor 114 includes a

first end 116 icatabystwetwh 18fe With eonimingaaterdnse do Bige 11 thd shall tfhdniimes thee
i eact,or 1 Lindrical

hyd b ion.. Lf the ri 14 j. :
form as shown SPREId 20pE 13 S pish aefolysh B RSt coianBpReht & ena

116 and the segemfateftrodlBe chialyisheviitls dtalk 23ehOhydragdfborfcoreftidndleadivhs ,
e.g., is not cylindrical, conical, etc., centroid |ine perpendicular to a

cr oss- sect i onalShgl 448 apd sengeationgepe ﬂ%éﬁbﬁe@ﬁr@rﬂ!@. Ipetand arseeand enfrigg. and
cocond ende. TRl IR AR IE AR S SN BRL e T
158 of riser reddtlioae ubddho 8EuRAG0HE QoD R (HIS20034 02H« Eeparatidn devices

126 may be cyclonic separators, filters, screens, impingement devices, plates,

cones or any other device, which would separate the catalyst from the product of

the conversion reaction. The separation devices 126 shown in Figure 1 are

cyclonic separators. In_ other embodiments, not illustrated, the separation devices

are positioned externally to the separation zone 124, outside of the shell defining

the separation zone 124, or a combination of externally and internally positioned

separation devices.

[0015] Riser reactors 114 extend adjacent to shell 160 and the separation

zone 124. Each riser reactor 114 includes a first end 116 into which the catalyst

and feed are fed to conduct the hydrocarbon conversion reaction. If the riser

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

between the first end 116 and the second end 118. If the niser reactor lacks a

central axis, e.g., is not cylindrical, conical, etc., a centroid line perpendicular to a

cross-sectional plane of the riser reactor extends between the first and second

ends. Preferably, the separation zone 124 is a cylindrical form having a center

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



- Each riser reactor 114 further includes a second end 118 through which the
catal yst, products and unreacted feed, if any, exit the riser reactor 114.
The first WAAUWB'HP each riser reactor 114 termninates i RCHUSDWBM27U6A

t hrough which the catalyst is fed into the riser reactor 114. The nunber of
riser reactors 114 enployed in the HCA 110 vari es depending on the

hydr ocar bon conversion process to be conducted in the apparatus 110. The
apparatus 110 can contain two, three, four, five, six or even nore than six

riser react or sEdcldisel BE6F 1 TheaurgroRhvdgs 8kedone ehd $ €8 Hre@dd Whish #k4 may vary
widely. In the enbodinment in Figs. 1 and 2, the geonetry is conprised of a
cylindrical mesfs@yst progu¢tsard preadierblegddhinyh gxipther s reasior | Hbalhohisti s
conprised of a_sj bl t f. cone h SUl e onetric
shapes i ncl ude?édoft}%’l ngreg&#lggérlr?grﬁgq%édH{‘%r%m%si lgln%grai)%lwé# it%%é}g%lcpgﬁ%t a of

pyram ds, rectgigybtds faiidtosHe ake reRaseas 4a e hupdkiof @fer Pi4cRE sy and
pent agonal , hexagonal , septagonal and octagonal prismatoids and frusta

t her eof gener a¢tmpleyed ingthe HGA A 1 heariasslepending emithedydraspdonicayassien vari ous
pol yhedrons, such_a tetrahedron.. an oct.ohedton. a_ do ahedron or an

i cosahedron, a 80‘553;(? g%fzo%%ﬁ%?ég%‘a%a@pg%ﬁl rliqgal 538?%?%1??%881} @i ﬁ’?ﬁ%l’
barrels in thgige EhurCllakix dtlehbpinotdthafsixienRatioss fiar ns, and frusta .
t hereof, general and right. Miltiple occurrences of any of these geonetric

shapes defini nfpOlBk ri sedhe seamary oftheirisar rearsorad ddaantvaty wisdshy- alniten zone are
also within t h%mﬁ?icglgmgeppfn ﬁgs_a}pa%grzahl%rsgegégtr% Es:c LRl hs hgvﬁz?%gzgfrgcﬁlglg%l‘?] In

accordance wt esent i nventror St 'one ri se 14,

preferably a pbgtishdilyy tefgebines of 8RGIsef feadtb isbempfibaINifekinpié,afghal |y to the
shell 160. If shell 160 is substantially cylindrical, riser reactors 114
are positi onedffugsi® qone. Fibar suitably senmesnic shapehigludy. kyiarq notdigniteditaer

reactors 114 I : I.Llone I r tion
one. 194 i oRaeSPBRmENR A BRI AN ANL04) s (IR OGN RRRAEL 00
to separation abpgarhidk, and pentdpiosalchbadomatdepiabbial 266 oodgemlipridrhoRls each
riser reactor 114 enter separation .zone 124 above the second end 128 of
separ ati on zon@and fasta fiepend] cenerabard Bl Fyghernaalmitecsampies diclade) 14

preferably is lz&ién%?oﬁrheﬁ%*:ﬁ%é%aﬂé&r@n, ndo%vah%mo@lgaasa@sﬂedlﬁgorafnhe

devi ating nenber 1 pre y 1s a curved plpe, elbow, or ofher conduit
devi ce adapt edidosaliedrs wed caatahbpyietes gadaphaical saatbrsirnindacednd eerkls inf any,
that exits ri Sﬁlreirrc?r%%fa?,relljfl}tﬁ;af grrpoagzg)%li\é\’i)or%los(,)gllléj ﬂﬁg%e?g \ gUe%%ga 31/1 121;}411‘(52
Multiple occurrences of any of these geometric shapes defining the riser reactor
and/or the associated separation zone are also within the scope of an apparatus of
the present invention.
{0017} In accordance with the present invention, at least one riser reactor
114, preferably a plurality of riser reactors 114 are oriented externally to the shell
160. If shell 160 is substantially cylindrical, niser reactors 114 are positioned
beyond the maximum diameter defined by shell 160. Riser reactors 114
preferably are not positioned directly underneath separation zone 124. In one
embodiment, the riser reactors 114 are positioned adjacent to separation zone 124.
In this embodiment, the second ends 118 of each riser reactor 114 enter separation
zone 124 above the second end 128 of separation zone 124.
[0018] Second end 118 of each riser reactor 114 preferably is in fluid
communication with a deviating member 120. The deviating member 120

preferably is a curved pipe, elbow, or other conduit device adapted to receive

catalyst, products and unreacted feed, if any, that exits riser reactor 114 through



"-8- second end 118. The devi ating nenber 120 deviates the flow of the

catal yst, products and unreacted feed fromthe second end of the riser
reactor 112VQ P50 niet 122 on the side wall (s) of shel PCUES2008p2HEr abl v,
‘the inlet 122 is not oriented along the center axis 158 (or centroid line
of a riser reactor lacking a center axis) riser reactor 114. Preferably,
t he devi ati ng menber provides a deviating angle of greater than O degrees.
Preferably, at |east one of the deviating nenbers has a deviation angle of

at |least 10, adecdriagid A8, Te deginsihg 3ener 120 Hedsts de HRY6LHS catalee
preferably at |east 60, at |east 80 or at |east ?0 degrees. The deviation
angle is def i pedndseand yirsacted ieed frgmethe segond jgad p g\ﬁlfﬁﬁf eagtar Y towsrdduct s

and unr eact ed 1156922 oh IhAe wb (G RN 980 DR HBRS HIGITPIDAS nbPuliom ¢t he

second end 11 riser Teac oln iation

angl e is il usdlomttbd coetl@us A58 (rﬁrceﬂmﬂeneofwﬂnsaheaaoﬂeﬂnﬂgd chtecagidler axis
158 of a riser reactor (or corresponding . centroid |line of a riser reactor
| acki ng a cent%frflsﬁm'@ytoaﬂlb“tﬂ”é’f@ﬁl@lb’y"hﬁ ﬂ@)‘%ﬂ% membgrprpmides a deviainelangle | n Fig.

1, t he devi ati @a@&l 1 lag @?@rﬂ)éfe%l}ﬁ a¥ Le%gt doqx%%rf?l‘fesdewa[t&%b]rgém@rgh%q

i
illustrates anotheéer e Ogl

general |y desi ¢gaitied ahgleaffraolldaﬁtom, aﬂéﬁﬁﬂ%l@sﬂﬁybﬁdﬂlmt w\aégeeesofnofeess t han
90 degrees. As shown in i ser reactor 602 having a center axis

612 (or centronGferﬁhlﬂéa"i lpa%t%é atulgfeﬁ 8@ engttlenst PO drarees. c i é@w%mns@nglesm n f1 uid

ggmglsf?tl gpo uct an% unreac %15%5%? ﬁ%bg%h&&g&\é}]&%gg%hgg ﬁt‘t#\)e ’by shel |

610. Shell 610if afy, 99 detdhted g deeiangeatber MERr6hdhe ssofli 86d1$ 580 Hdepve.
However, unlike the Egr evj ous| y-descri bed enbodi nents, the devjiation angle
is |ess than oageylkete inleh 127 In Fig, 1=tth%d~‘aféanoaltqnaw i Mlpseaidydsvieen by

center axis 6128 o3l ¥adEe8 0RO ss A RETRARING GERLAGIgh] T of

ri ser reactor I'ng a center axis e entry
arrow 606. |n &ngoidlind dfen ey irerciod tackirgl EceXtdr axappidthe reatretﬂy)w pebh,degr ees

Erosion i s advant ageously _reduced by, providi ng devi ati ng mber whi ch
defines a devi %ho“eﬂbya%% 85 ﬁbg - {4fhRd @@a&eg%@’s 15@9{%&@?@&&%

one enbodi rren;y flpe devv;%; quuﬁfégés%nbﬁefé ek “%Qﬁirpth@taewaug degrees

nore preferab om abo to about 90 degree$ and nost preferably from
about 45 to abembeS8seebiyeesnerally dﬂsimateébb(amomeﬁsﬁospravhbsdei.eivatibmmgmgl eis

2682; 8 {”375 ggn Pg% %@é%g;@g%g%n &so giow%rin%rige%t, grrisgrh r%gct%rz 6())0?dhaq711(1§ge§ center
axis 612 (or centroid line if the riser reactor lacks a center axis) is in fluid
communication with a deviating member 604, which deviates the flow of catalyst,
product and unreacted feed, if any, to inlet 608 defined by shell 610. Shell 610
also defines separation zone 614, as discussed above. However, unlike the
previously-described embodiments, the deviation angle is less than 90 degrees. In
Fig. 6, the deviation angle A is defined by center axis 612 of a riser reactor 602 (or
corresponding centroid line of a riser reactor lacking a center axis) and the entry
flow path, shown by arrow 606. In Fig. 6, the deviation angle % is approximately
45 degrees. Erosion is advantageously reduced by providing a deviating member,
which defines a deviation angle of less than 90 degrees. In terms of ranges, in one
embodiment, the deviation angle is from about 10 to about 90 degrees, more
preferably from about 30 to about 90 degrees and most preferably from about 45
to about 90 degrees. In other embodiments, the deviation angle is greater than 90,

greater than 100, or greater than 120 degrees.



-9 [0020] One enbodi ment of the present invention, not shown, includes a
second plurality of riser reactors oriented underneath the separation zone.
Each of tH¥0§@§6HEEBIuraIity of riser reactors includes PCTAS2My0298c0ond
ends and a second center axis extending therebetween. The separation zone
includes a plurality of second inlets, eggh second inlet being oriented

al ong a respective second center axis. Each of the second plurality of
riser reactors optionally extends inside the separation zone. In this
enbodi ment, th@oopber oDneiegdbdiheRcbOIhs pfdentdnginten, n&epavnltihdlidegene may be
greatly increased. Accordingly, the amount of product fornmed in_a single
hydr ocar bon coffferd phalip phriatraeacteim onrenied wedesnaghl the separation Joner Eagheef,

[0021] Revertipg 0,0 mfai]igr. dfMeSleAGio fmélpﬁesrﬁéﬁeefngrs%go%g% s kd'a GERBGQdS on
parameters such as superficial ‘gas velocity, 'sol1ds hydrodynam CS, pressure,
and product i ofert@RXeN dxyerding therebasicee dThy sbhaedbh etncbaest plrdgitpeess. | n
the present invention, each riser reactor 114 desirably has a_height from
10 neters to 7ECop@imets, eapkysecons enlel hedie dicatpstalong respRflverscepd £Nlenr ee
meters. Al of _j.hegLlis ; L m.J: I r hei r
first ends 116a)f1ET gé%%ggtﬁglg’%%ﬁ%g@?\%&} égp%%%i%t&&%él%agpé&gp Ese{nﬁ%glélﬁﬁ s of the
riser react or sseépbfatioarzyndyInniseaibddinian, the Bimbérsnreereatiosrfof #asenr 114 to
anot her riser reactor 114. Mre desirably, the heights vary by no nore than
10% and, nost &RPEFAILBIZONE Max DA EresHy snayeasyd b censdinglys theramagund 08 Ppde22] | n one
enbodi nent of I ' L1on, f [ r 4 has a
simlar cross ?ggfﬁ6§§?H§FQ§%§?%Q§BfP§%%§P?Fgﬁﬂg?éﬁ%f&ﬁéégggﬁﬁ§?m;each of
the riser reacimreiséhs a cross sectional area of no greater than 12 nR.

Mbre desirably, each of the riser_reactors has a cross sectional area of no

greater than W09 nost Rexetipa st fig. badbesige Ofﬂ’_é WSF"S’@PC‘?P@&J&‘&@E@W%’“a_ Cross
sectional areangh ;A0 YRR §ﬁ%etrﬁ85‘lb§as Seltti ’%P%% %%%xia?ﬁ&s}?é%sﬁné Qg4! onal

areas of the rifser reactors ary no not’e ne ri’'ser reactor
t o anot her ri seroduetiat epacildbsfthe desied diptisocarbbe comessos priceandh tterppaenof t he
riser reactors_varty by no nore than 10% _and, nost esirabI%/, the cross
sectional ar ea¥VERUQh&ach ey reackordl o desirpbly I adsighdiom {mstervie 1% one or

nore riser rea : Cr i onal area
gﬁ{@ﬂtﬁ%&}ﬂ&@ cﬁaﬁl EGRTbneRilid 1S TRLd BRlers dgﬁ%ft%ﬁgy

at different p ong t el ght of riser reactors, sirably the

| ar gest cr oss- sactorohbd haveeasmdér Heght fiosetheirdastemds 1 Varhrough ther seeoed t han 20%
from ends 118. Desirably, the heights of the riser reactors 114 vary by no more than
20% from one riser reactor 114 to another riser reactor 114. More desirably, the
heights vary by no more than 10% and, most desirably, the heights vary by no
more than 1%.

[0022] In one embodiment of the present invention, each of the riser
reactors 114 has a similar cross sectional area along its entire height. Desirably,
each of the riser reactors has a cross sectional area of no greater than 12 m2.
More desirably, each of the riser reactors has a cross sectional area of no greater
than 7 m2. Most desirably, each of the riser reactors has a cross sectional area of
no greater than 3.5 m2. Desirably, the cross sectional areas of the riser reactors
vary by no more than 20% from one riser reactor to another riser reactor. More
desirably, the cross sectional areas of the riser reactors vary by no more than 10%
and, most desirably, the cross sectional areas of the riser reactors vary by no more
than 1%. If one or more riser reactors have both a largest and a smallest cross-

sectional area at different points along the height of riser reactors, desirably the

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



WO 2004/ 037950 PCT/US2 003/02 745 2 -10 one riser reactor to another riser
reactor, and the snall est cross-sectional areas of the riser reactors vary
by no nore woameleeHr om one riser reactor to another riseicT/i€86i@RH1s2MIre
desirably, the |argest cross sectional area of one riser reactor varies by
no nore than 10% fromthe | argest cross sectional area of another riser
reactor and the snallest cross sectional-l8rea varies by no nore than 10%
fromthe small est cross sectional area of another riser reactor. Mst
desirably, the |ar.ges Cr ctional. are f iser_r tor _varies b
no nore %/han 196'F Flge : %?%OI t?%ﬁ%tggrtrgsce T Beggmg’ea@ it%en%'ﬁﬂgers t(ra‘é{o sf-segﬁgﬁzg%%eais Pger d

reactor and thenesigt bslorLvaap by 20Ghdre Migdn 2086 GanVétel ri®r R3acide te@icthdriirer 1 %
fromthe small est cross sectional area of another riser reactor. Preferably

each of the ri seactareddaredesimbly, thepraept qress sestianat aieg obene Ryeppragtar yagesret er s.
00231 Dest T ably ol fie A2508 R t?lgﬂrggﬁ[%t%&s%ecglgg%l afd SR anb BB 18k RGeS BY

no nore than ong rts 'entrre he f sitably, e Cross

sectional areaaffl theaatdliestics®s se@RBLDITed Mdrke@ Dy here MBArE1 (Sh Fon3Hd al ong its
entire height and, nost desirably, the cross sectional area of each riser

reactor vari es stoplles crass eectipmg) arepsf asptheyriser seastari Moshdparbly, Us0arest n one

enbodi nent, to pr.ovi feed- to. the ri.ser reactor | east one feed
di stri butor 152?95#?)0%@? iaé%ae(%oﬁgé}séfﬁg&tﬁw {es§&d§r§%é{€§n ﬁ%gmr g‘eer reacftors
114. The feed qirgbdtickish sdctidhal ak@Cst anBtheRrif@ @ehctdriaaa hef srPdNlest dreshecis@yi di ng
line 150 and directs the feed to one or nore of the riser reactors 114. In

anot her enbodi mEs#tvarigpby shawere theprl&e fmanthe sealiest grogs sackiphal tasra afzmother
enpl oyed adj acent fa.r . i Sy: 0.-.provi de
LYo oSl AR SRl Dl 4 SR B2

feed in various s oVl eed in a
vapor form whi lfeyne 13€8amters.f eed di stributor may provide feed in a liquid
form Each feed distributor 154 includes a body fromwhich a plurality of

necks 152 exted8023ach rilissirablgglbe gFoss saudiopglared ofj cagh fiseyBaciersvticabE@oneck
152. Each neck I 4f o 1 C ead Jdl . k 152
i s positioned é%‘?ééﬁea%tﬁto/ggﬁjﬁ%ﬂ% ??@?q%g.rﬁ?{l%r%&@sg%@ﬁ" ﬁlgi ser ngéet}fcag%}eﬁﬁﬁ.
Desirably, eacleatiesiskridatoevugedsy tipuateiiyn 50Voalegcits edtise heigheas!, afosfl14. More
desirably, each head 112 is positioned at or above the uth 164 at the
first end 116 desEaly, the @aps seeinab arep P4 caghadssr ERASEOF VERRSHY NSMOMYAan i nel ude

an optional floggopht Qk edg¥hefgnt. N0t shown, positioned on feed distributor

[0024] In one emhodiment, to provide a feed to the riser reactors 114, at
least one feed distributor 154 is positioned near the first ends 116 of the niser
reactors 114, The feed distributor 154 receives a feed stream from a feed
providing line 150 and directs the feed to one or more of the riser reactors 114. In
E another embodiment, not shown, more than one feed distributor 154 is employed
adjacent the first ends 116 of the riser reactors 114 to provide feed in various
states, e.g., one feed distributor may provide feed in a vapor form while a second
feed distributor may provide feed in a liquid form. Each feed distributor 154
includes a body from which a plurality of necks 152 extend. Each riser reactor
114 has at least one associated neck 152. Each neck 152 terminates in a head 112.
Each head 112 of each neck 152 is positioned adjacent to the first end 116 of each
riser reactor 114. Desirably, each head 112 extends upwardly into each riser
reactor 114. More desirably, each head 112 is positioned at or above the mouth
164 at the first end 116 of each riser reactor 114. Feed distributor 154 may
include an optional flow control device, not shown, positioned on feed distributor

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



154 to control the anpbunt of feed to each neck 152 or a flow control device
may WO 2004/ 037950 PCT/ US2003/ 027452 -11 be positioned on each neck 152.
The flow cofG W% %e can al so be enployed to neasure FRGIHSRE03MRI452as
control it. Further, a nozzle, not shown, may be positioned on each head
112 to further control the distribution qof;the feed to each riser reactor
114. Additionally, each head 112 nay be fitted with a screening, plunger or
ot her device, not shown, to prevent back flow of catalyst into any of necks
152 of feed di $empobitiboed drbdachn6de5]2. Athel fbavs torare dewica barsdlse ¢ amployddto

provides fluid comunjcatio bet ween the separation zone 124 of shell 160
and the riser %&WB%%&W"&%CODHBE& g‘f‘ﬁ}%eri BOFAEy PPhEONEe TBREE two, three,

four, five, Six@hoRR &y ER-hALYPT1T BUHARS cord) thabishtdn Ve Re®{NALE
catalyst return 130 is illustrated in Figs. 1 and 2. If a plurality of

cat al yst r et ur nsearcectde §14. esijdigacly pfach head bl 2anpy be fitted with fpsoedemimabl y i s
adapted to deliyer catalyst fromthe separatiaon zaone diregt|ly to each of the
respective ris&UEELELL é’.‘}eﬂ?ﬁi12‘,‘5ISFW’éEPFFSG@ﬁ'%E%We@Ie‘?éﬁt?{V? agygeingl e
catal yst retura 3G Wb&hdibisivmepisal |y oriented with respect to the riser

reactors 114, is wused. In this enbodinent, the single catalyst return is in
fluid communi cd002H) wi t hAtdep! onadatdtystoftuaniI0sprogides Asidsivowmunirationg. 1, a

single catalyst return 130 i.s 0Sj.1i trally.in relatign.to the riser
reactors 114. %?E"eégttgef Wﬁ#@?&&w fféd’%ﬁg%?g&?‘? @Fr@ﬁrdrei%_@rsalﬂg' §econd end
142. The first agﬁﬁ'a&ﬁqwfma%hﬁclﬁ@é ey 8o, et 1Bur, 136, é?i?%f‘ﬁwké‘&a‘?algﬂ%tﬁﬁféond end
128 of shell 160 and the sécond end 142 of catalyst return 130 opens to a

se[‘E i es of arns 188paltagh elytacsingi¢ catadystaamead Y3 istibusttaeedfindggs. 1end8. 116 of
riser reactors 114. [Q026] The arns .136 extend fromthe catalyst.return 130
o each of ¢ he PIRRLNOT SERUELRCTE e ARt GUPE 1Y CARHYBORAR REMETBH Bot vean
the catal yst reijafiad tolddivanchtiiP® FonS ke sefA&IQ fonkMhrecliptdleRn B tiC! udes a
first end 168 adj'acent the catalyst retention zone 134 and catal yst return

130, and a secapsbeeting riseg readjose ehtipicalliicaltiosgh neerasessarily] 4 single catalyt | ows

t hrough each arm 13 rogm.the first end.168 to e,second end 8, The
nunber of arns ‘138 &%f@?%ﬁsﬁewaﬁf LSH egsvblg’rﬁs?egtt Pch%’e rﬁ%gﬁogfﬁ?{i 1Eer
reactors 114 wijshd eRChisidnSRdirh@RCthe kinfR\atilysBfethi®as in e coguRstiondi ng arm
136. Flow of catalyst through the catalyst return 130 optionally is

control | ed t hr ovigha phealits of gmst 136w Asohewslin Hig/ilce pippleiqpmplys setn ds
positioned centrally in relation to the riser reactors 114. The catalyst return 130
has a first end 140 and a second end 142. The first end 140 of the catalyst return
130 opens into the second end 128 of shell 160 and the second end 142 of catalyst
return 130 opens to a series of arms 136 adapted to deliver catalyst to the first
ends 116 of riser reactors 114.
[0026] The arms 136 extend from the catalyst return 130 to each of the
riser reactors 114 and provide fluid communication between the catalyst return
130 and the riser reactors 114. Each arm includes a first end 168 adjacent the
catalyst retention zone 134 and catalyst return 130, and a second end 148 adjacent
the riser reactor 114. Catalyst flows through each arm 136 from the first end 168
to the second end 148. The number of arms 136 preferably will correspond to the
number of riser reactors 114 with each riser reactor having at least one
corresponding arm 136. Flow of catalyst through the catalyst retum 130
optionally is controlled through the use of flow control device(s) 144 positioned
on the catalyst return 130 and/or on each arm 136. The flow control devices may

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



on the catalyst return 130 and/or on each arm 136. The flow control devices
may be any type of flow control devices currently in use in the art to
control cat¥WDy28e4/0A7959004/ 037950 PCT/ US2003/ 027452 -12 fl cgmiuszensghr4sat al yst
transfer lines. If enployed, the flow control device 144 is desirably a
ball valve, a plug valve or a slide valve, . [00271 In the enbodi nent shown in
Fig. 1, the second end 142 of the catal y‘%’lz' return 130 and the arns 136
define a catalyst retention zone 134. The arns 136 open to the catalyst

retention zonefld@4hrohBe caakad tyalsfdr et ifRmpkaRa, thd4low GnRbPIdvIRM 44GsT et ai n
catal yst, which is used to catal yze the hydrocarbon conversion reaction,

whi ch i s condudesgablyra hallevadyspamdugrvalygd or a gigdeorabveof skill in the art wll
appreciate, th ndary, bet ween .t he catal yst. retention.zo and the
cat al yst returﬁ’_oggg is f}rhﬁjﬁ eﬁrﬁé’d%ﬁgﬁﬁ%@é}}E’Igez’s‘ge?ef?oﬁgfz’#?%%hg | evel of
catal yst  cont gta9st retirt %0 Sif Gk Yabrns 1 96 8&fideONcEANG rdi3dkidbnE Ne4.aTHE 136.
100281 At | east one fluidizing agent distributor 132 is positioned beneath

the catal yst ramntitonpenordhd gralyTtreiehtion evng kig. ddereatatiistratention aene B3

includes a conduit..into which a fluidi.zing age is fed to . fluidize a

f1 ui di zabl e cafs_aﬂr%*fleé]ﬁ? r?%i“ ca@glygﬁ, Vi &%P@%ﬁ?%ﬁgb&ﬁihel@%%ﬁ%b%he catal yst
return 130. AdgidveioH rehétitirdivhidltis cB8@REeddh $he AfpataisS] 1B32As @S ofIRMINni N Fi g.
1, may al so be positioned on the catalyst return 130 and/or on one or nore

of the arns 13thetant Wilkappegcigiethe beendsat betysen theeatakiishetentine zeen] 340ptd onal |y,

the catal yst retention zon 34 .1 ncl s_a, di sperser not sh , sitioned
in the catalys ercg{al)ﬁsg f%‘ﬁm?g#és gﬁﬁf fﬁg‘%’ﬂ)%@ f‘tég%ﬁt gb%%g?l???elevg}%%fﬂﬁoa%skg
agent in the caémhived il BE ehfalyRNref@iRnz6nd 884 hnd @k afnd 134 di zation of the
catlal yst therein. For exanple, the disperser could be a device selected from

the group con$l38] ng of Adlepsi ene Buidizineedzeahdistaibytor 132 Hpogitipned beneath
Preferably, at_le di_sper tends .| l.a erpendicul ar to the
center axis 168130‘%%%53%3%%1 olngﬁgﬁ.zgﬁ%ﬁﬁﬁm{@?@%@mﬂr}%‘u " lijfg’lémilﬁdjets%e

separ ati on zongoddgtktoawkieh hdluidiking)agaids fedl to Auiidind £duRiDAYER catifysPin fHer e
fluidizing agent distributors 132. 100291 Figure 7 illustrates a "J-Bend"

catal yst ret ur ARatalystieientige Aereal 14anddbe pefplystagiusy 1Ak dditiorddluidiaingccor dance
W th another e %E% ?Mm%\}%@eﬁ%ﬁglﬁgﬁ Ficéb mﬁ% 'a%ﬂ:beﬁ%siﬁpﬁé’éf‘oﬂ e Chél s{ ’

catal yst retur I's'S i cation W an opt1ona
cat al yst . r et entdtamm 130ned/bi0On ovBiot Mdre ofthiiakmas 18610 fupbecthlidizy shtalyet ent i on

zone 134 il usggr%tai%gdlciﬂzrghgb 1. talyst return 712 also.is cf n ..

. Optionally, the catalyst retention zone 134 includes a disperser,
not shown, positioned in the catalyst retention zone and provided to disperse the
fluidizing agent in the catalyst retention zone to facilitated fluidization of the
catalyst therein. For example, the disperser could be a device selected from the
group consisting of a grid, a screen and a perforated plate. Preferably, at least one
disperser extends in a plane perpendicular to the center axis 166 of the separation
zone 124 (or centroid line if the separation zone lacks a center axis) and is
oriented above one or more fluidizing agent distributors 132.

[0029] Figure 7 illustrates a “J-Bend” catalyst return system, generally
designated by numeral 700, in accordance with another embodiment of the present
invention. As shown in Fig. 7, catalyst return 712 is shown in fluid
communication with an optional catalyst retention zone 710, which is similar to
the catalyst retention zone 134 illustrated in Fig. 1. Catalyst return 712 also is in
fluid communication with a plurality of standpipes or arms 708, each of which is

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

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



fluid communication wwth a plurality of standpipes or arns 708, each of
which is R&QW d({e(} to transfer catalyst, preferably in a fluidized manner,
fromthe cat A" 8t urn 712 and/or catal yst retenti on z&K&"UFIY3Hhe
first end of a respective riser WO 2004/ 037950 PCT/ US2003/ 027452 -13
reactor 706. More specifically, each of the arns 708 is adapted to deliver
catalyst to a U shaped nenber 714, which deviates the flow of catalyst from
the second end of a respective arm 708 toward the first end of a respective
ri ser reactor w@étor 70pt Momakpecifieiyheach of the aama B0 BRidapietl tuldsdivar ¢dtdystcont r ol

devi ce, not shown S i SCUSS ahove.with reference to Fig.,1l. Preferably,
one or nore fllﬂﬂpﬁ%ﬁ‘a‘f‘g@&ﬁéﬂ 2?43?’&?%1&38}3?5'}5% e ﬁ?@iﬁsﬂgﬂg’a}m %ﬁ?@’ﬁ‘f to ong
or nore of thee&ﬁ&ﬁéve%f)ed&%%&him 13008 the/fhSs eldd & AR P8riandedehte 75 shaped

menber 714, in order to provide a fluidizing agent to naintain the catalyst

tn a fluidi zedOptianaly, kactt ¢fi the embodISnpeltdestanow osntnd laviee f e deavor las
preferably is introduced into the sid f i ser reactor .Z06 through
Dl e T codat ook PREFGUARTeOR N SFRE 6% 1t AreRrblhann af orgduifzing epn
catal yst from hRgikeR 709 atd§rotidee adjh&R¢ fPdre drindtelof HIRSdatdl Gt ?éierﬁﬁbntzgge

presence of one or nore necks 152, “illustrated in Figs. 1 and 2. 100301
Reverting to Fi7t. the amie?Wyahddbea benpabmembei b, appdeatoysovid®a fimidiziag so

i nclude an outl et and out.l | ine 146 .t hrough whjch.the catalyst is renoved
from the-appar ¢ 1 mgttgnhe eqlioind iy ol dis SibohERBE  or | ne. 146
i's shown as beky\knRRSetds@RRDrORrdbNLis HAfRMEeEMh 1:38idRE of R rkbelehctdbbut may
be positioned at any position on the apparatus 110. Thus, the hydrocarbon

cogversi on app#raeglssidd eedstockh mtypdugimmtnozaieed4. dn thistanmat, [the flowbfides an
associ ated catal yst, fe eration, apparatyus,. not _sho The cat al yst
fegeneration  BRPLEERTRERRY B BRRERR P! ORIy E SR bpe
conver si on app@fg,to;;@neclc@,(jsg"ﬁngsﬁ;@é@ihﬁgs_n@ggaerati on apparatus includes a
catal yst regenerator, which is in fluid communication with the hydrocarbon

conversi on app#®0lis 110 Reyadingro Fegtli dadydwsdpy sonrsippperaratiot [0snamn,
which s in flylg;cqnuiy Filet Rl \é\{l)l/tﬁ E (1)1539?46 ﬁ%@p{)hy\%icﬁ RRCORNA B ,-eﬁxagia{g'_ 02 'S

in fluid communi"cati on W ar bon nversion apparatus

first line, shéwm ihe appsratus)l 10U¢.betorlchtal silAgendpirnd. dBf ovtietiigk B@iEUNI cat i on
bet ween the catal yst stripper and the outlet on shell 162. A second line,
not shown, provhaigsas being pearemad cuihe ssropdenb s ohikic shalhl §sbut ngyhiepper and

the catalyst rggangsal flany Aokilbh b idopa SRR ol THRE he RurbBliBdn || e 156,

conversion apparatus 110 of the present invention optionally includes an
associated catalyst regeneration apparatus, not shown. The catalyst regeneration
apparatus is in fluid communication with the hydrocarbon conversion apparatus
110. The catalyst regeneration apparatus includes a catalyst regenerator, which is
in fluid communication with the hydrocarbon conversion apparatus 110, and an
optional catalyst stripper, not shown, which is in fluid communication with the
catalyst regenerator and which is in fluid communication with the hydrocarbon
conversion apparatus 110. A first line, shown in part by outlet line 146, provides
fluid communication between the catalyst stripper and the outlet on shell 162. A
second line, not shown, provides fluid communication between the catalyst
stripper and the catalyst regenerator. A third line, shown in part as inlet line 156,
provides fluid communication between the catalyst regenerator and the inlet on
shell 160. A flow control device, not shown, optionally is positioned on first line
to control the flow of catalyst between the shell 160 and the catalyst stripper.

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



provides fluid conmuni cati on between the catal yst regenerator and the inlet
on shell 160. A flow control device, not shown, optionally is positioned on
first 1ineW@aMH@A1%®l the flow of catalyst between the sheFiUsi®GozmId2 t he
catal yst stripper. Additionally or alternatively, a flow control device,

not shown, is positioned on WO 2004/ 037950 PCT/ US2003/ 027452 -14 the second

line to control the flow of catal yst betweén the catal yst stripper and the

catal yst regenerator. Additionally or alternatively, a flow control device,

not shown, i sthp@&dohi PR EhtiloNehelfdw Of LdtAPsttRrERAtROLaING shiipyr afid gat al yst
between the catalyst regenerator and the shell 160. The fl ow contr ol

devi ces may becasglystrggsaeratoss Adduiengdyor diergmivielyes flowr sonirol geviee.msk in t he
art to control ,catal yst. flow thr h.. catal yst..transfer lLines,  Useful flow
cont r ol devi cedoe s sitaty o B S0 ugf B3 IR el Ry e e

catal yst stri pggilysdRédeabatdr¥ind theSiRR 18D e The AFWQontrbNdeR ey HeinFRpad th the
catal yst regenerator. The third line can return catalyst to any portion of

the HCA 110. Fefrflawaeritad devipesqurtestly ienisot ithesart t, coptrob¢agaly stiftow theoughned t o

th ti 12 Fi to th t al t { 130,
the catal yot rean s st SRR ol i B iYasl Bhe ey of
114, or any cofbdsnatisRasvAIher %-caﬁ@ﬁ?@ﬂi}pﬁ&%pﬁ@ﬁﬂ[ﬁk%@a}é@ fedmewp in Fig. 1

functions in the follow ng manner. [0032] The apparatus 1 10 is filled with
an appropri at eingggmlht fognet withitheseatalysiiregapkrataro Toa thiyd bag caniretuge sitelydt

hydr ocar bon copversion r o0, dhe-catal yst. should be..of type that is
(14 i zabie. AL T pertor G HER LIOTRE AR i PO EplFdin® kBRE Rt al vt
return 130 andrénitfed !Bl Yephardtioh©Bhé 04, 20 BeowBth FighE 16 leda¥dstiréturf 130, di zed
in‘the catalyst return 130 and the catalyst retention zone 134 by neans of

a fluidizing atesetalyshretgntion zppeold4d dler armstlRe. diyedtp éaribwaeastvnidrds poany
apparatus 110 Ctnhlgigytgor}lstﬂpe%e&ondui ts of the fluidizing agent distributors
132. Useful f1 &7G7sS ng- agents include, but are not limted to, inert

gasses, nitrog@u31pt eam ThaaiRfaitd DX swnly ¢ qafihaishs athedollowige choi ce of
fluidizing agent depends upon the type of conversion reaction being
conducted in t ABIRRTA 110. Desirably the fluidizing agent is unreactive,

ooy TS R ORI ORI i A e
t he hydr ocar bosuitblevercairg puphe dessedisidnagarhonduatesion feaction. HCAe ddkflysit her
should be of a type that is fluidizable. At least a portion of the catalyst is retained
in the catalyst return 130 and the catalyst retention zone 134. The catalyst 1s
fluidized in the catalyst retum 130 and the catalyst retention zone 134 by means of
a fluidizing agent, which is provided to the hydrocarbon conversion apparatus 110
through the conduits of the fluidizing agent distributors 132. Useful fluidizing
agents include, but are not limited to, inert gasses, nitrogen, steam, carbon
dioxide, hydrocarbons and air. The choice of fluidizing agent depends upon the
type of conversion reaction being conducted in the HCA 110. Desirably the
fluidizing agent is unreactive, e.g., inert, in the reaction being conducted in the
HCA 110. In other words, it is desirable that the fluidizing agent does not play a
part in the hydrocarbon conversion process being conducted in the HCA 110 other
than to fluidize the fluidizable catalyst.
[0033] Once the catalyst has reached an acceptable fluidized state, a feed
is fed into the HCA 110 through feed distributor 154. The feed enters the body of
feed distributor 154, passes through the necks 152 of feed distributor 154 and exits

through the heads 112 of feed distributor 154. The feed is distributed to each of



‘than to fluidize the fluidizable catalyst. [0033] Once the catal yst has
reached an_acceptable fluidized state, a feed is fed into the HCA 110

t hrough f e®P MHPFPHut or 154. The feed enters the body of PCTESWHS#32i but or

- 154, passes through the necks 152 of feed distributor 154 and exits through
the heads 112 of feed distributor 154. The feed is distributed to each of WO
2004/ 037950 PCT/ US2003/0 2 74 52 -15 thé riser reactors 114 through their
first ends 116. Desirably, the feed is provided in substantially equal
streans to eacdhe rises e¢actoeattothrdiibh thdy fir'ss edaistld 6t Dekiryblegihalféed is pravededeant

that the flow. of feed frov ed to each riser of 114 throygh the feed
.di stributor 15‘&5‘6]%%21“8% ‘-’r‘i’gswg 19 JagH %&J%ﬁm&ﬁ%néyré‘f@mn&ﬁﬂ?me’é no
more - than 25% R¥a R tPeeﬂ&@%rffceﬁ 08T toLAHPANS Mact 1t1heth{$%§g helefgn One

riser reactor to another riser actor. More desi ra feed
provi ded to eahshnbute]eIS4 vaemsbpmohio&etﬂm%ghby heluﬁmealtedamivartmmormdrm varies
by no nore th 10% vol une r and varies re than 10% by nass

percent for asﬁ@ﬁ% PeIRENt ée?@éﬁmmpe%laﬁae fﬁgfg&om QBE I85! TE %ot her
riser react or 10 %?%Be%tfe%@ﬂ&l X?@Qesu%l?"ﬂhg%u}&" fg@d:?ﬁ‘uan to kedciQr 114

through the fee I stributor varies'by no nore oby vol une rate,
and vari es no raamte ltlha]romghﬂgefm&smkbnmemﬁﬂzmes tyachmorehaméd®o iyn t he feed,
fromone riser reactor té)Hanot her riser 0[ gctor. 0034 ressure

differential w@a?%w%w aispdogreteyhagy Lk By masy perRend | %ﬁ@ac CREPPPFIE AN (s
116 of the risgL 8 35A one Liddk %ﬂtg%%@#ﬁﬁa@ort N/foshgé&labepfeedf | ui di zabl e

catalyst in the cata yst return(s) 130 an e catalyst retention zone 134
causes cat al ygirotidedi® easlpnsatxeaﬂ:torritlé thrioeg thedfeeddistsibtod 168 vehes by iser

reactors 114. The a]tco/a% 1|s transported through toh(r% riser reactors 114
under wel | kndWirehammi by dolume raif, ARd, Vries nRi M| &OYyRGF PEIFETF Ol d, i n

this case the Ja&?@omq_&leﬂﬁﬁ%é RcHDYSm oRB FsdtGEadibiib Gnothlr fifirSesdne the
fluidized catal yst he catal yst” and feed travel from the first ends 116 to

the second end803418 of theprasswedifferersiabersated by thisvalbdatyoefithe festd entendgf eed
travel through,the. ri reactors 114 rocarbon_.co vers i on reaction
occurs and a QB%SESF 5?%%& gzlefbx-tlseggeaﬁ}o&tﬂf@%ytgﬁgreﬁ%\,ogﬁ g‘ﬁ gt to the
riser react orffidiz4blacRas9ih ik &a@&yayethhﬁs)fﬂmvanaqméa@éiyﬁ@&ﬂeﬁﬁ@n Ak 1380035]
By designing the hydrocarbon conversion apparatus 110 with these features,

each i ndi vi dualausdssatalystedienspiratad D}ﬁ@ﬁ@tﬂe‘éﬁ ands 41 s obdeaiser whetpry déniliheal
manner. Wth thi s Wenkb@kd thioubf 1885t ARG P TRIGA dell 1B8HR LG fgact ant

feed rates
in which the kinetic energy of one fluid, in this case the feed, is used to move

another fluid, in this case the fluidized catalyst. The catalyst and feed travel from
the first ends 116 to the second ends 118 of the riser reactors 114. As ‘the catalyst
and feed travel] through the riser reactors 114, the hydrocarbon conversion reaction
occurs and a conversion product is produced. The flow of catalyst to the riser
reactors 114 are controlled by the flow control devices 144,

[0035] By designing the hydrocarbon conversion apparatus 110 with these
features, each individual riser reactor 114 operates in a substantially identical
manner. With this invention, it is desirable to maintain both the reactant feed rates
and the catalyst feed rates at the same rates to each of the riser reactors 114. In
this way, the conversion of the feed and selectivity to the desired products will be
substantially identical and can run at optimum operational conditions.

[0036] The conversion product(s), unreacted feed, if any, and the catalyst
exit the riser reactors 114 through their second ends 118 and enter the deviating

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



‘and the catalyst feed rates at the sane rates to each of the riser reactors
114. In this may, t he conversion of the feed and selectivity to the desired
products wY® 2We3%hst antial Iy i dentical and can run at 8fTiUsaes 6Pt i onal
conditions. [0036] The conversion product(s), unreacted feed, if any, and
the catalyst exit the riser reactors 114 through their second ends 118 and
enter the deviating nenber 120. The devf%“ing menber preferably is a curved
pi pe, el bow, or other WD 2004/ 037950 PCT/ US2003/ 027452 -16 conduit device

adapted to recph¥Et aied HuptedRb PebdbleScatileht, b @ats 8d -eelted feediffany, t hat
exits riser reactor 114 througlh second end 118. The devi ating nmenber 120
devi at es t he fthewxis risgraeacs@ral dhrough serpsd $nddds uhhedetiging member 1gf t he

second end of 4 r 4 i i | (s) of
separation z ondee];"%gei .théﬁhvev ‘%@%‘%ﬁ%@%‘h"‘lﬁrﬁé\%ﬁ g?‘% g#,%gcﬁ%dgfé%gg?r gwgé%ﬁ’gfl\#‘yﬁgny, and
cat al yst then @nkefiser réRtordepaswirddnlet DIor 8 side wAIEE) ofkeParatich dne 124,

separation zone 124, the conversion product and unreacted feed, if any, are

separ at ed fr ondherfonkersionpsedusi(sh usepaied feegh il anx\andeatalysg theg gaigrside cycl oni c
t , fil i pi i , oth
dov cas 1 hat | visbEat S shAP LA UTRL s ons BB Bo e RO Ol el i on

reaction, and wealk aad irescted fle@Oif anpese satated BSmINOYMalyst Yyl dkepdration he
conversion product and unreacted feed, if any, are separated by a series of
cycl oni ¢ separdvises | 2@ fueh enheyclanasepstaprsstilicse forena aP@EeheHcyiees,

conver st on P AR LA oE IS IS hardd iRVl P RGO RSO T 00uCt

and unreact ed , are renove rom rough the

product exit |theeorh@sidwreactiotl, ahétopbatsss theresf) Cheskable paghaianon Fand,
pufification. 100371 Product exit conduit or_ conduits 176 from separation
devi ce(s) 126 the somsEnes Pjoghetanduprencisddpriniiany are soperated Bpasenesi dime 174 i s

formed within . Le I EQI . 32 section
of the shell 1%%3&?%#?1%8&51 %89{ %lg c%@%%g%ﬂa%epﬁﬁﬁﬁ%hgwg%@% l@lnum shel |
172 and pl enunpredhatard ihsdimeaetedpfieed; iiflady, the @abtmivh prehets ad upreadiedt and
possi bly unreacted_feedstock exitin separation_devices 126 vi r.oduct
exit conduit ofeeddhay L remeved famd, Féhﬁle Oth%?Prﬁfi“‘étc?XBrl’éaaégf@'xi t line
138. The prod i ' 138,24 $2R68H ¥nd RIHES: separation zone 124 in
the vicinity 3‘?‘“8 nrtdcnﬁl's\g/f(;)ll Snéﬁﬁgf}? andh?hsldg{rng@?aé%g' to convey reaction
product and po93H y unrPBPadtecdxiteoeddtio okcandaits i V@fimmseparappadatiesss) 136G¢ch

plenum desi gns; ar e 1DaLEEH Ahtesut Shell1 72, P RIBAVTER P74M 3 mia within the
boundaries of plenum shell 172 as joined to the section of the shell 160 defining
the top of separation zone 124. The plenum shell 172 and plenum volume 174 are
provided to collect reaction product and possibly unreacted feedstock exiting
separation devices 126 via product exit conduit or conduits 176, and direct that
material to product exit line 138. The product exit line 138 is openly joined to
separation zone 124 in the vicinity of plenum volume 174, and is provided to
convey reaction product and possibly unreacted feedstock away from the
apparatus. Such plenum designs are particularly useful in embodiments when a
plurality of separation devices are utilized, for example as disclosed in Figs. 1 and
2. As shown, the product exit conduits 176 from the separation devices 126 are
openly joined to the plenum shell 172, and a single, secondary product exit line
138 may be used to carry product away from the hydrocarbon conversion
apparatus.

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

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



‘plurality of separation devices are utilized, for exanple as disclosed in
Figs. 1 and 2. As shown, the product exit conduits 176 fromthe separation
devi ces 126WA2804/3¥MHI y joined to the plenum shell 172, amdTarssisgb®isz
secondary product exit line 138 may be used to carry product away fromthe
hydr ocar bon conversi on appar at us. 10038]1The catal yst, after being
separated fromthe products and unreacted ' feed, noves fromthe shell 160 to
catal yst return 130 and the catal yst retenti on WD 2004/ 037950

PCT/ US2003/ 027432 1341 Th& efgiykBdiis 5l ¢60 dboigh tBxXfifst esdedd ofifO cihkough the

first end 140 of the catalyst return 130 and noves through the catal yst
return 130 to Tehundaeendimengs thagughfthe emalygaetminy 510 togheisarond 8ad 140f thhi ch t he

cat al yst noves t.he opt.i | catalyst  retention.zone 134. |f desired, the
flow of catal y%a%ﬁm%t&aﬁ 13dTem PR PE sl oy O e sl ety by the flow
control devi cegtehfidn zbie 1312 TFleN-A0MNE TRl SlRMia0RS thEddaAthe caRi @MBAs 130 hei ght

of fluidizable catalyst is maintained above each flow control device 144 in
the catal yst rigtconoliaidon the dlomosongrobgeices dA¢t Iighe 8pwidestrpl dswicspé4 ate  devi ce

144. [00391 As discussed. above. ..if necessary or desired, at Jeast a,portion
of the catal yerPREEATEBL fuidiap REEREI S hielRRbp s o5 defpSinblL.

Cat al yst to bedevi®Uemaah Weehtdl§streimy 230 haQbwigiepss Tehdtioh®F tHeMieMabnttdie out | et
and outlet line 146 and transSported, if desired, to the catal yst stripper.

Opti onal |y, théevideolgdof catal yst between the hydrocarbon conversion

apparatus 110 he cat,alyst str er- s control.l ed 3 flow control
dovi o, "not snBYT It nac EhrppbRRY eaisthss Sy b b8ttt bR i o
most of readi | yatAlg5Qy alpdBated Godhe @aﬁgtsﬁreFaiesat(dﬂr@@@ﬂaaﬁ) Catabjst kB N9
procedures and conditions for individual hydrocarbon conversion grocesses

are within theregrparptedis gmeved famothe shall 16G thraugh the eutietnd autlet Bpeddeat al yst
is t f . ' t.0 th |
o anS" o1 el b SEAGIE o LR Bl ARL B e RERSREIANE

| i ne optional | yetixgen theydalchdnRynodision appipatas 11 mdhatamlysdanpsess | n the
catal yst regenerator, carbonaceous deposits fornmed on the catal yst during a
hydr ocar bon cofEiodled By aftoye eomsipl dpdcamol gwsn. Jaths eatalystsgmpeedld r om t he

O o GAHSIOL SRl ALy SR SR b bl 160 o

cat al yst t hr ougtippirg prbéadirdsiand copditionsafor ndivddual hydrocarbon conversion
processes are within the skill of a person of skill in the art. The stripped catalyst 1s
transferred from the catalyst stripper to the catalyst regenerator through a second
line, not shown. The flow of catalyst through the second line optionally is
controlled by one or more flow control devices. In the catalyst regenerator,
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 160 of the hydrocarbon conversion apparatus 110
through a third line. The flow of catalyst through the third line optionally is
controlled by one or more flow control device. A transport gas is typically
provided to the third line to facilitate transfer of the catalyst from the catalyst
regenerator to the hydrocarbon conversion apparatus 110. The catalyst is returned
to the shell 160 through the inlet 156.
[0040] Figure 2 illustrates a hydrocarbon conversion apparatus similar to
the one shown in Fig. 1 having a quiescent zone 204 to facilitate catalyst removal.

In this embodiment, the catalyst return 130 includes a wall extension 202, which

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



controll ed by one or nore flow control device. A transport gas is typically
provided to the third line to facilitate transfer of the catalyst fromthe
catal yst rWHHEYEIHY to t he hydrocarbon conversi on appar aarsuskddo2Tise
catalyst is returned to the shell 160 through the inlet 156. 100401 Figure
2 illustrates a hydrocarbon conversion apfgrat us simlar to the one shown
in Fig. 1 having a quiescent zone 204 to cilitate catalyst renoval. In
this enbodi ment, the catalyst return 130 includes a wall extension 202,

whi ch  ext endsTHOWAN Skiniiph 001 Bl HEGRHR ﬁ&@ioﬁaﬁs qéﬁﬁdﬂ@ ﬁl&é&ﬁt zcﬁae@oa if unnel
portion 208. WD 2004/ 037950 PCT/US2003/0 2 7 4 he wal | extension

202 and the fuwheh apmrmmmf tho gatalyhi 1ﬁeetancﬂ1pn@cterheuzcmm02@chfrpm thewlieth a

t f the catal t to. bei d t hel |
750 via out | ot 14048 BB SRRt Rttt e Bt EeER A0 B 1502 up o
the edge of wgd &Wa‘?lrbidté?ﬂlo%%Q, SAERTRAR %hb!%%ﬂlVU[dégz%i]é'd'\:ﬁes@éh& ze Sd2e

qui escent zone 4 and into catalyst return 13 igure 2 also
illustrates anamimwmaﬁdmtrcﬁlmlﬁﬁ present invention wherein the first ends

168 of arns 13 as e ca retenti o this .embadi ment, the
plurality of aﬁwgﬁl% opti8Far %Xﬁéﬁfmﬁf‘ a%\ﬁm %%%t?‘ﬁpﬁ%‘Fnﬁlﬂmt‘oﬂeetl ng in
a separate andw‘ﬁbﬁﬂﬂh@tﬁ:ﬁ%héé Y68 of #8156 Q& %Qﬂ@cé§l§strbt|ehﬁk§{£&ke@ntﬂ?s Fig. 1
In the enbodi nent shown in Fig. 2, catalyst flowto the riser reactors 114

is controll edemtaochm@m mlumlht)d@iﬂrme%@lmwrmllgcu@edaram@%mhanbm
f1uidizing agent dlstrlbut al | I‘OVI d.,.a nt..t he apex
206 1o fagi | ¢ BegiteEA aret i o ehe G ispfo ARG nikRER Bk 21
be appreci at edjg ﬂ@fenibhﬁnﬁ@smwfirﬂhé 2&@%@1&6& tblfhean@i fdakfoks NMEyREr to the
HCA descri bed above with regard to Fig [ 0042] Representative

embodi ment s of comszdien by flovneanyiol deviensd 46fdls¢t§@frd atozac Aorapen Adidsapgagent on

Fros. sa s ArCRoDH 20k SRS e Eertlof pi SRR ool BT g

four riser reagb@riftolakths 135, AS%hb@nlaeFunthsmqsé dppadcidibbmat e Md A uf Bigh ons
could be nodified to prOV|de 2, 3, 4 or even nore than 6 riser

reactors sim PAPFRAESAR 8 Staidhr Abamaer t@éb%HQtA describerbabpyg wiftosamf teFig. 13A shows
¢, posei Bl e confggital | oDty o FRRLA Bt of Pl ey B O Show
external |y andradjoacei sehorafiepasmk i0fcconiadcd ddhded praetht yvestied dre thdam

by top views in Figs. 3A-3C. Although each of Figs. 3A-3C illustrates an HCA

110 having four riser reactors 114, it is to be understood that these configurations

could be modified to provide 2, 3, 4, 5, 6 or even more than 6 riser reactors

similarly oriented about separation zone 124.

[0043] Fig. 3A shows a possible configuration for the riser reactors 114

for the HCA 110 shown in Fig. 1. As shown in Fig. 3A, the riser reactors 114 are
oriented externally and adjacent to separation zone 124 defined by shell 160.

Each niser reactor 114 is coupled 1o a deviating member 120, which is adapted to

deviate the flow of catalyst, product and unreacted feed, if any, from the top of

riser reactors 114 toward an inlet 122 on the side wall of the shell 160 defining the
separation zone 124. Each of the deviating members 120 deviates the flow of

catalyst, product and unreacted feed, if any, from the top of the riser reactors 114

toward the separation zone 124, preferably toward the center axis 166 (or centroid

line), as shown in Fig. 1, of the separation zone 124. Optionally, each deviating

member is a tubular member arcuously curved about a single plane, which

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



‘Each riser reactor 114 is coupled to a deviating nmenber 120, which is
adapted to deviate the flow of catal yst, product and unreacted feed, if
any, from tW® 2004033950 riser reactors 114 toward an inlet »23/@nuishershde
wal | of the shell 160 defining the separation zone 124. Each of the

devi ating nenbers 120 deviates the flow of catalyst, product and unreacted
feed, if any, fromthe top of the riser ractors 114 toward the separati on
zone 124, preferably toward the center axis 166 (or centroid line), as
shown in Fig. ki : i L refaGH @EYd ating
menber is a tu%ot?leg%%ﬁbﬂ%%gg{egh}ggg%?@ﬁcﬁ %ﬁdéﬁ%ﬂgégﬂg%&?e pl lalglégé whi ch
pref erably passhesntihfoudh Thedlovenf mateaxi Sorh 6l opof demiseoractornid4 isf t he
separati on WD 2004/ 0379541 PCT/ US2003/027452 .-19, zone 124 and the center
axis 158 (or c oy iy ¥ 819Pre§sfablwéae&wequpewu YHBWA in Fig. 1.
The fl ow of b ] : [AT=T ( hLustrated
by arrow 300, ig}:ﬁk}b{raggﬁtg F;‘/’h?bge %ﬁlfﬂgﬂtg%léi ug%f%%%ﬁ%fﬁi%&gigh@?e%ﬁggi nary

t angent |i ne oseptfagow ydrienkddi aclpdcenuthe cergerdfaoeintdt 12helfshetielllB@ def i ni ng
separation zone 124 adjacent the center Pf the inlet 122. |If tt}e shel | and
separati on zon¥PaRHOMNCHE BRk pnfsd 1 aqylindricthe Tomeofmagerialis prterably) s

preferably orj 3 | : i r.f he shel |
160 adj acent i!r)l ﬁﬁggﬁﬁ%%%é%}?%o ?ﬁeﬂﬁts,ﬁ}i%%redtég? %3111%95]?? agfagglgg{ﬂegnd any
unr eact ed f eedl2. dmthis smxbodineat tthe satalystompdsdttaad snylesreadted feedSamariatri on zone
124 may collide with each other, . or nore likely with separation devices
126, shown in FERYOISLON ‘{PRQ?‘?@S?SéﬁiﬂP‘? TRETRHGD Z?ﬁ&?/%ﬁ"d“@f cctslh‘g%‘é’“i?c?ﬁ%bﬁgﬁ‘ts and
provi ding i ncr gaggr HI@RRGHIR Serlat ol R¥ickh 26 RNSLPEARRON tﬁé}@y}}efa%ﬁiﬁﬁ'th{geapt ion,
which may continue to occur i'nside the separation Zone 124. [0044]" Fig. 3B
shows anot her mmwboglphtbase ainponenty aed pritviding entdasad repdtemdime feplbe at i on of t he
products of thg (ﬂédrocar bon conversi on rgacti on.from the %ﬁt | yst is
facilitated byRYREHRIHARVEI09 3NN VBISE MY RIHOYSG SEUAPSIEF B zone. 1n
this enbodi mengepatahien Gyed prye is formed by the flow of material entering the
separation zone at relatively high superficial gas velocities fromthe riser
reactors via Hiddbus deﬁigaﬁgﬁbowemgg.enﬁ@dmfﬂwIﬁ:%nt BEentidne ri ser
reactors 310 ars orient{a

(21015 S50, e SIS STOSTRALY, 208 LSRN 8 SRR LAY g 121
devi ati ng nmenbegje caf@bist Whdtated byatia Béatibe ofe ¥y dée dhkinfthoveratatioatzahy/st ,
product and u n{net?l%te%jbofd(iamegﬁt, tIh];: c?cnl)c/)ﬁe Isrfgrng}ed by the flow of material entering the
separation zone at relatively high superficial gas velocities from the riser reactors

via arcuous deviating members. As shown in Fig. 3B, the riser reactors 310 are
oriented externally and adjacent to separation zone 124 defined by shell 160.

Each riser reactor 310 is coupled to an arcuous deviating member 306, which is
adapted to deviate the flow of catalyst, product and unreacted feed, if any, from

the top of riser reactors 310 toward the separation zone 124. Optionally, each
deviating member 306 is a tubular member arcuously curved about a plurality of
planes. The flow of material from the top of the niser reactors 310 is illustrated by
arrow 302, which preferably is oriented at an oblique angle, e.g., not

perpendicular, to an imaginary tangent line on the cylindrical outer surface of the
shell 160 defining separation zone 124 at the inlet 314. Accordingly, each inlet

314 1s offset from its respective riser reactor 310. Each of the arcuous deviating
members 306 deviates the flow of catalyst, product and unreacted feed, if any,
illustrated by arrow 302, from the top of the riser reactors 310 toward a peripheral

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



the top of riser reactors 310 toward the separation zone 124. Optionally,
each deviating nenber 306 is a tubular nenber arcuously curved about a
plurality oWo phanzsso The flow of material fromthe top ofpdPestbH®His2
reactors 310 is illustrated by arrow 302, which preferably is oriented at
an oblique angle, e.g., not perpendicular, to an inmaginary tangent |ine on
the cylindrical outer surface of the sheP§- 160 defining separation zone 124
at the inlet 314. Accordingly, each inlet 314 is offset fromits respective

[iser reactor Bln SAGDShidkile BHCLOUS AOK Al TRUREL S 306 05K Bles e

fl ow of catal yst, product an edct ed feed, a i y arrow

302, fromthe 168 sBdwh ReFigl 5.8t ceR@dl trogion HikbedfOWadferaBlyp eddhpi@ioak deviggngon of
the separation zone 124 via inlet 314. "Peripheral region" neans a WO

2004/ 037950 PCORewBe0HY) dixcrysipe floprfronadisapspestivorases e9atoadi i yemdlanly4 ot her

004/ 037950 POPEUSE o s pionsi Ofp o |
reai on ther aof Joprararastye PABRERLIENTE GeccktPuicd WAE BLAbYinedhe oo < The

flow fromits gRslipacpiodactiand&hrdacRé feud 13 Einilalasifiatid radpestiveSpetipaéral
respective peripheral region of the separation zone. By directing the
catal yst, prodtrgtonsed thirreecien e gy¢lensiistiormedwithin the sepaasion goretifecthee

Ceparati on zoniggof biA SRR REne FefalFt SRRl Hatiipl GBI,

separation in 3od@iNeal 8V dlbhedephtios QME Mlustatd a8 ¥ejpndbnSRPREAI2ZOM UNi ts,
illustrated as_separation devices 126 in _Figs. 1 and 2. By form n(% a

cycl one wit hi nFigsel aehar By ifomnipg acsyclope withirpBe segaratiniyanatthe augber des 126
within the sep i ) ! i

i 0t i it ng- o1 AL R IRE LR s AUARIRONS: thay WML L on .

[0045] Fig. 3Crahosbswhilomhiitaiitgathii@dr beftert daealyst eganitionwentdneentiodakr ei n
separation of the products of the hydrocarbon conversion reaction from the
catal yst is fatiGA®ated, as with Fi g. 3B, by the formation of a cycl one

within the se i on urtf 4l ' . : mat eri al
entering the @g{‘)‘g’i ati onlﬁ:izé')r?((a"ql ngétﬁ&?lgﬁe%dtl?(i/&éﬂ%%ﬁﬁﬁg é’%‘tﬁgeglrtﬁ‘%ﬁfé gas
vel ociti es fromhbetein sdpasition € detpoduced of tte ity diocabomesbersorB3@8ctiodsfrachown i n

Separ at | on zondeTHFIGER HEHUBYE SRS 1160 D. YAHF (9rGHHPP 91 = EYROH CBRA Bt or s

312 are of fset (Lo A&, %etcgaoﬁ@%%ﬁfxed By &l f¥Bv bPmhlRfial SHOQG BN S

illustrated in Figs. 3A and 3B. Each riser  reactor 312 is coupled to a
separation zone 124 at relatively high superficial gas velocities from the riser
reactors via deviating members 308. As shown in Fig. 3C, the riser reactors 312
are oriented externally and adjacent to separation zone 124 defined by shell 160.
Additionally, the niser reactors 312 are offset to a side of the reactor relative to the

, embodiments illustrated in Figs. 3A and 3B. Each riser reactor 312 is coupled to a

deviating member 308, which is adapted to deviate the flow of catalyst, product
and unreacted feed, if any, from the top of riser reactors 312 toward the separation
zone 124. Optionally, each deviating member 308 is a tubular member curved
about a single plane, which is preferably parallel to a second plane passing
through the axis of the separation zone 124. The flow of material from the top of
the riser reactors 312 1s illustrated by arrow 304, which preferably is oriented at an
oblique angle, e.g., not perpendicular, to an imaginary tangent line on the
cylindrical outer surface of the shell 160 defining separation zone 124 at inlet 316.
Each of the deviating members 308 deviates the flow of catalyst, product and

unreacted feed, if any, illustrated by arrow 304, from the top of the riser reactors

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



~devi ati ng nmenber 308, which is adapted to deviate the flow of catalyst,

pr oduct aqgotm(m' )tigd feed, if any, fromthe top of riser reactors 312
toward the separation zone 124. Optionally, each deviati R§THEAIEN2EHB is a
t ubul ar nenber curved about a single plane, which is preferably parallel to
a second pl ane passing through the axis.pf- the separation zone 124. The
flow of material fromthe top of the riser reactors 312 is illustrated by
arrow 304, which preferably is oriented at an oblique angle, e.g., not

per pendi cul ar , deviatiag mevplfr diegs thamiden from nerespective riseyEagielriiddp aout er

The dovi ati ng. TNg St Bttt eS BTN PP RE sl s Tee By = 7

unreact ed feedgirdcting@ B catdlystSirodict dndynRbdteivedB4bo siffiafly isheattdRespdctivbe ri ser
reactors 312 toward a peripheral region of the separation zone 124.

Preferably, eapHiPh@aboammedyysoresty. Bsyelosy oAvassd wikinithe fapgratienBene direct s
the flow from P‘i respective riser reactor 312 to a simlarly situated
respective peripheral region of the separation zone 124. By directing the

catal yst, prodgatéand unapp&igdribeads tituskhidiHEA IshavinoURVRENS afReetd Ve _
peri pheral regions of the reactor, a cyclone is forned within the separation

zone 124. [ 00fehedpf woulghmempsrs, engor mpresafithe deviatng membssk agn dewvbat i ng

menbers formegd of . tubul.ar nenhers ne..or re. of .t he devi ating nenbers can
5o be 1 or motpred A BLHBRw RABST oL Pty T Fistipolindi b o0 BT Lo,
each riser reagdDikin B dosnrhimitationdvielp airibbealehRnPhichrA ehhiawy devi at i ng
menber, generally designated 400, which includes a contacting plate 408, a
catal yst cont adesignetgd R0, whizh arddudes agioniasting plaes8, a oatalyaf qastacs segiany st |

B02 it enters A aAISERTRERS e, Pt5alRE L ONE) B MedRR fepfbsy o'

relatively higff agahasuaesibd ap e ek aaictor 482 Wenterd iallysinontactiggioa@@2410 of
contacting plate 405. Ideally, the gas superficial velocity is high enough
so that an anofieme eftalystetijdes af elativieholigh gpssuperiiial vglochies 3t the inngbnt act
region 412. As r £ ri S, I . . L \st
contacts the ?Jg?agigﬁglgbgg%ﬁcﬁlg%ﬁﬁne '? Qge' Ld%@g,ﬁf@%%@%@? ra} gg?%lﬁalﬁ?‘gﬁand is

devi at ed t her ebyouighto thatleh hietnt dfeatadyst £04mpdetilyvetaynsdanteralyd0dontsct adapt ed
to receive catal yst product and unreacted feedstock, if any, fromthe
cat al yst cont ategigneiloisaporepatplyyflows upiriver reastar §&t hesatrlvstcontaets tifr eact ed

‘;Sf?i 1o lkyt io‘é"agegarﬂﬁéggcaiggkgﬁ% ﬁ%ﬁcaf)a?yrﬁgﬁ%grregﬁﬁhkz,%ﬁﬁ is ddARatBP ity YndgEMTDET 404
delivery member 404. Delivery member 404 1s adapted to receive catalyst,
product and unreacted feedstock, if any, from the catalyst contact region 412 and
direct the catalyst, product and unreacted feedstock toward the inlet 414 formed in
shell 160. The delivery member 404 optionally is formed of a pipe or tubular
member, or any other suitable shape for delivering catalyst, product and unreacted
feed, if any, from the catalyst contact region 412 to inlet 414. By contacting
retained catalyst particles in the catalyst contact region 412, rather than contacting
a wall of the deviating member, erosion in the deviating member 400 is
advantageously minimized. The angle formed by the center axis of riser reactor
402 and the axis of delivery member 404 is preferably about 90 degrees, although
other angles are possible.

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

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

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



imenber, or any other suitable shape for delivering catalyst, product and
unreacted feed, if any, fromthe catal yst contact region 412 to inlet 414.
By cont act iwg 20egi3atwed catal yst particles in the catal ystecganbagiyzfi€gi on
412, rather than contacting a wall of the deviating nenber, erosion in the
devi ating nenber 400 is advantageously mnimzed. The angle formed by the
center axis of riser reactor 402 and the2axis of delivery nmember 404 is
pref erably about 90 degrees, although other angles are possible. [0047] As
shown in Figs. , LAk i st ,
product and unzroégg? g’d%r%}ggl,?orﬁgﬂgﬁ@w? rgtgggt’ gédﬁ%gg?ﬁrgg%ﬁ%rﬁﬁ%ogg&gﬁgi nl et

122 in the si d inkt kn oe driigors o€ kie skpfladed davicwg 196 pdieddin de cacabgst 4241, That i s,
the catalyst, product and unreacted feed are introduced djrectly into the
separati on WO oGt grrssearatedre- gsdpaptiuestion. Axscondportonof the £talyst norti on

of the catalysgy,py &Qé“l?% a0t W\ggﬁﬁ geltngﬁg?%éﬁggggﬁ%’ g{pﬁra igﬂ d-E‘m:%t 160 one or

nore of the separation devices 1 ere art1 product are
separated, e.g0048ly centFighteghilivotatesarmaiooathbpdirténonf thie prdsentdatvadtipat falls
to catalyst return_130 wi thout bein rocessed _by the separation devices
126. [00481 Feeygrdysicsignajed Péﬂﬁ@eﬁgéé)@wéﬂ’heé‘?%éﬂioﬁéhﬁmétﬁn%lr@%Fl'tﬁsent

i nvention, generall i . Lo qald zoaf mat eri al
fromthe devi de;btqf;’laﬁigrl gﬁne%rﬁgérg?%kgglﬁ?&lg% reag % %mt%gé)%eggﬁgpﬁ rqlg)‘flgéssse(% aﬂ[ri %{F iﬁyo n

devi ces 506 t haisafiyg effividnt sdpgraiohiof canlysse@apadduenodihe dadmbybon f r om pr oduct
of the hydrocarbon _conversion reaction. That is, one or nore riser_reactors
504 are cl osel §uyeisInggactigng Fhat isenerames rgeiicaeos 84w Hpsely-epunlgd hout |

separati on zong; : ' ' il Ser C 441 Sl ui d
communi cat i onn‘\?ﬁt%%%gpﬁétﬁgﬁ%r:cge %‘Egr?@e@n’ %&Fﬂo\?\lﬁisgéﬁ |(;rng%()tn§qég't a ﬁg?\ul pr oduct
and unreact ed indég, 5,irfsermeyctot $0doig g flafladommicationhvitha defiatirgsmsmper at i on

zone 124. Hovveve,)r, unl i ke the previously-described ignbodi megﬁ s, .the
devi at i ng menbe2. 3ouctudrsctiratalystaredid and Harearied Fredgis pay. 4oy shelllé01 24 and

0oL, L b e eash ol s ety 500 o
in fluid comembaoditeots, the idbvitiing smbeni@2 gejvanly oxwendsinside thesecpamyorof t he
embodi ment | EOeHBRAREE Dif GV 606! SEALRIEYEES feedof FRETeRtFy epar at ed
from the produgl sQlardidf deP¥d5062ARBuAORY SS il RBatkE el deMtinSRichMRAbYm each
respective riser reactor and

fluid commmunication with two cyclonic separators in series, any of the types of

catalyst separators described above may be implemented in this embodiment. In

the separation device 506, catalyst is efficiently separated from the product of the
hydrocarbon conversion reaction. Optionally, each respective riser reactor and

deviating member combination is equipped with its own separation device.

Alternatively, a plurality of deviating members from a plurality of associated riser
reactors can direct catalyst, product and unreacted feedstock, if any, to a single

separation device. Optionally, because the riser reactor of this embodiment is
closely-coupled with one or more separation devices, the separation device may

be external to separation zone 124. If the separation device is external to the

separation zone, then a separation zone may be advantageously reduced in size.
Additionally, more cyclones may be incorporated in the present invention if they

are oriented externally to the separation zone, without having to enlarge the size of

the separation zone.

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

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



‘devi ati ng nmenber conbination is equipped with its own separation devi ce.
Al ternati ve‘lvy), blfal ity of deviating nmenbers froma pluralit

I of
associ ated Tl sgf?m%tje‘“&ctors can direct catalyst, product aﬁETUFﬁzé‘Hﬂ'?@éz

-feedstock, if any, to a single separation device. Optionally, because the
riser reactor of this enbodinent is closeiy-coupled with one or nore
separation devices, the separation device may be external to separation
zone 124. |f the separation device is external to the separation zone, then
a separati on zehinsmayhevaavasroarseiien whiddwedd faqilivieaperating@iftheonal |y, nore

cycl ones may incorporated.in_ the. pr nt i ntion..if th .are oriented
external ly Fobﬁ)hch'o %%f ‘é(fqv(?ﬁ“?p?@?r e ﬁ%ﬁ? %86‘:(%6’5% %ecgﬂPsaioég}étrﬁsgrsi ze of
the separati onreaees anHGA4 8dtalbi letirhii@ckulis eNipti€A ERE Sectidls, GREyoMSltcréBt Ur ns
are shown in the various Figures as havi ngl a circular cross section, the

€

ri ser react or ssegtidncandadrgsstsevzod 4¢ctiong 5Dl oSS asd 003 £ 07 4%Birable3rgset ur ns

may have any craoss sgction, which woul d . facilitat eration of .the

hydr ocar bon co?“ﬁ(fg‘f’gﬁ g’ﬁrﬂéeprb%?? 5?aﬁ§).rs ad;@?alﬂsgé?wsd?cg%%p%% iaBﬁ?%u&F the riser
reactors and tpHglygardsahins bideLbtequa) leRghsdBy elesuRb, @3k nfehMStBatIRE SHAPB DL

pol ygonal cross “Sections and cross sections of sections of ellipses and

pol ygons. Desi thatsresscseetian hasaotlingrssgments whlk vieitires, insde therboundrdies af diey st
returns include circles and regul Jyagons with.sjdes of equal |engths.
By "t oqul ar - Py g e maben Rk SR otk e BhE ResturdibiaE no i i ne

segments with i A d i af o0 i angl es
: (R aae s betelarigsinladde ahanepiathag 00

greater than 180. The nopst ge
triangl es, squmeess ofaletermeniagonss-sedtiongli ales fof amourads-deemgt shapd sebaseeans  of

detlernmi ni ng crpss-sect.ional areas for  an ross-section.shapeg i s based on
ong. est abli ShEBEGSBRHIR 2pRE R RE ot KON Dot HBUEISR I &H | n t he
art.  Simlarl gimiies), dedtlCi08Sse386s BPthelsBarktil RAPMRdeQcERNBd! Ncl ude
circles and regular polygons with sides of ‘equal |engths. The nost
desirable cr osse-gslbt:tpbg'rggns with sties of egual Engdihsr Theglogsdeswghlacmss-senidnhexagons
wi th sides of equal . length. [0050] While the position of the riser reactors
relative to t hgr%scérﬁgﬁsa tﬁlanélS?‘iéq%?gs’ §H§Waigﬁl%t Wgﬁ i aﬁ?f;%qug@eg% i di stant and
symretrical, ajgosopate opmiid GEpatitien o MeQisw deldiBrstrBiti $ERABe patARnPr esent
invention. For exanple, the riser reactors may be positioned on one side of
the separ at i onzomwase shown ithibaifieresias eamdisteapband symsmenealhdieregianpl e, when the
separation Zongoﬁ}?g%re?tions are within the scope of the present invention. For example, the
riser reactors may be positioned on one side of the separation zone in 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 invention.

[0051 The hydrocarbon conversion apparatus of the present invention is
useful to conduct most any hydrocarbon conversion process in which a fluidized
catalyst is employed. Typical reactions include, for example, olefin
interconversion reactions, oxygenate to olefin conversion reactions, oxygenate to
gasoline conversion reactions, malaeic anhydride formulation, vapor phase
methanol synthesis, phthalic anhydride formulation, Fischer Tropsch reactions,
and acrylonitrile formulation.

[0052] The hydrocarbon conversion apparatus of the present invention is

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



circular or approximtely circular cross-section, the riser reactors nmay be

posi tioned | I ..along the dianeter the separation zone. One skilled in
W Fholh D
i .

the art wil° Appreciate that a wide variety of configuratRCHUSHEINHE | sers

relative to the separation zone may be utilized in the present invention.
[0051] The hydrocarbon conversion apparatuys of the present invention is
useful to conduct nost any hydrocarbon conversion process in which a
fluidized catalyst is enployed. Typical reactions include, for exanple,

ol efin intercamuseshanla elgbniconersiox jrgelien. en Py gsnete) 15 conyeried 4¢ amoleiact i ons,

oxygenate to asol.ine conversion.reaction | aei ¢ hydr i formul ati on,
vapor phase ﬁ(gﬁ%‘ﬁnngfﬁtoﬁgg?@,e%ﬁ?ﬁghaccagamﬁ?‘%éé:o?%pﬂ%ﬁ %ﬁfgglﬁl}t ®i scher
Tropsch reacti gitvert tiR\ekygehatk @nind blefig. fornul ation. [0052] The hydrocarbon
conversi on apparatus of the present invention is particularly suited for

conducting an B0p3kenat e The pastisforenmyertivgonygertasito ight odlefins auplay 987950
PCT/ US2003/ 027452 . -24 an oxygenate to ol efin.convession reaction n
oxygenate is cﬁeﬁéépr“_ﬂ‘éd_dn¥ @gﬁ%ﬂgﬁ 2\5 bl i&%ﬁ?’a@???f&“ a%ygﬁ%%nlgtdgﬁfl%de@ with a
cat al yst under jeaid fit 9ot et dss &9 Mmited to ANAMRAELONE Bo¥aRN\Gly@eh Qudhsol ef i n.
[ 0053] The process for converting oxygenates to |ight ol efins enploys a

f eed i ncl udi ngtherfoldxyipenatiphatissalenbels, ¢thersi earbanybcomponnds taldendes” i s defi ned
to include, byt is not necessarily |imt¢ t 0, \hydyocarbons cantaini ng
oxygen such’ as P FEPPEE Rarriimald ety b R o MR R e ™ "0
conpounds (al delmAes moik§idesibly SulPeonkdif irihk dingeITRANIBARS 1- Achdbdie |1 ke),
and m xtures thereof. The aliphatic noi et%/r desirably should contain in the
range of from atomstand nige dasitibhy indhorapgantiiramrabodelfcathon atoms.he range of

frodm about 1-4_carbon atons. Representative oxygenates incl]ude, but are not
necessarily Ii %GP@aeq%fvelom?nat%P‘gB%I’ %Pt %YEP&W%E%S?%#@HP“%‘% ﬂovgqr br anched
al i phatic al c0hﬁil&umwg}mgﬁﬁighw}%ﬁi&m&ﬁe@@ﬁwaﬁ&fa&bh&_s, dndalipir es of

sui t abl e oxygenates include, but are not necessarily |imted to the

fol | owi ng: net Haysirated chamerparts-Lxappiasoif suitabipexiegnsks incloge, butare sdtcohol s;
I BN (AT D ETRE L e
acet one; and mCqt-\C EEaltdiRi€ ofethiDesdivi alby dihdaylotygediatts] vdhed di-fsophpy!
conversion reaction is selected fromthe group consisting of nethanol,
di net hyl - ether; methyl formate; formaldehyde; di-methyl carbonate; methyl ethyl
carbonate; acetone; and mixtures thereof. Desirably, the oxygenate used in the
conversion reaction is selected from the group consisting of methanol, dimethy!
ether and mixtures thereof. More desirably the oxygenate is methanol. The total
charge of feed to the riser reactors may contain additional components, such as
diluents.
[0054] One or more diluents may be fed to the riser reactors with the
oxygenates, such that the total feed mixture comprises diluent in a range of from
about 1 mol% and about 99 mol%. Diluents that may be employed in the process
include, but are not necessarily limited to, helium, argon, nitrogen, carbon
monoxide, carbon dioxide, hydrogen, water, paraffins, other hydrocarbons (such
as methane), aromatic compounds, and mixtures thereof. Desired diluents
include, but are not necessarily limited to, water and nitrogen.
[0055] A portion of the feed may be provided to the reactor in liquid form.
When a portion of the feed is provided in a liquid form, the liquid portion of the
feed may be either oxygenate, diluent or a mixture of both. The liquid portion of

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



‘ether and m xtures thereof. Mre desirably the oxygenate is nmethanol. The
total charge of feed to the riser reactors nay contain additional
conponent s, WOREN/B3950di | uents. [ 00541 One or nore dil uent cmas2isbedzto the
riser reactors with the oxygenates, such that the total feed m xture
conprises diluent in a range of from abqyt 1 nol% and about 99 nol %
Diluents that may be enployed in the process include, but are not
necessarily limted to, helium argon, nitrogen, carbon nonoxide, carbon

di oxi de, hydr ogR&wideagied iRRY BE HsdrSea®brd HithKEVASAHBANY dfSHEfeed 88a et hane) ,
aromati c conmpounds, and m xtures thereof. Desired diluents include, but are

not necessar i | spithblricamigr ges/dilvgnt r By ptpviding @ gertion jof dssked\(poeenaomamglort he f eed
may be provided, to.the reactar in. liquid. for When artion t he feed
12 orovhded | riien) gt g HEahashdns <ot il St eriaRF sedRbe el ¢ her

oxygenate, di | pRNdxoHenficdHest Mlﬁa&fonhﬁ‘bﬂ?rgéﬁ'a@ doh Qs dnROprtiaNy Msordeddyf eed may
be directly injected into the individual riser reactors, or entrainéd or WO

2004/ 037950 PNt bshobgiohess of vampsizatidneeithe Bqadpertenm dfibofeede Conellingeact or s

wi th the vapor_ portion of..the fe or a itable carrier gas/.diluent. B
provi di ng appo PEﬂPOBtron_tﬁél@&%#?g&‘m&&ea%%’&/‘b? reaa{oﬂlse?ﬁe) c1Sﬂgllt‘:’he i qui )d/
phase, the te ar@%gféa& o1& ohfRolliAB thd 8fpefa886 LIPS rétt RN P pABRLIEF in (RO Bser

exot herm c he reaction of oxygenate conversion is partially absorbed by
t he endot her mi watterst of vaporization of the liquid portion of the feed.

Controlling the_proportion of liguid feed t.0 vapor.feed.fed t he reactor
is one possi bl @ﬁaﬁr oce;sfg%?'m%%togg?eﬂipﬁ%w& mtaelf'fg]é(i fqrtiy &hether reactor and
in particular idpatabtsy b paftly wigRtHeOlapor 60 FSAomdoNP YR, B tofa86Et 3rwii ded in
a lliquid form whether fed separatelly or jointly with the vapor feed, is

1

from about 0. 1%@f thesotad oxpermateg®nignt plusgldeent Fethedeed. Maregtesaaldy.dbat ent pl us

diluent in the_feed.. M Sir t a i s fromabgut. 1 . %to
about 75 wt. %OF° {s}fgong 8?‘31%0%@&%@811{;%&{[‘%] gﬁ“ﬁts[ Ot# SoE" n%ﬁgluﬁlfl\éﬁm&esi rably
the range is ffead)anBandst Besivably%hé eanab @diro/8abvdt. 5 $4. 9T Reabdut G8iA. ANdhéapor
portions of the feed may be the sane conposition, or nmay contain varying

proportions of liquié aadmeposiporions ef Bstfeashpge hathe samsgommation, ormaf er ent
O uents; One ARSI HoRLAOR! bR oA Bl R bl L (5,
reactor - different diluents. One particularly effective liquid diluent is water, due to its
relatively high heat of vaporization, which allows for a high impact on the reactor
temperature differential with a relatively small rate. Other useful diluents are
described above. Proper selection of the temperature and pressure of any
appropriate oxygenate and/or diluent being fed to the reactor will ensure at least a
portion is in the liquid phase as it enters the reactor and/or comes into contact with
the catalyst or a vapor portion of the feed and/or diluent.

[0057] Optionally, the liquid fraction of the feed may be split into portions
and introduced to riser reactors a multiplicity of locations along the length of the
riser reactors. This may be done with either the oxygenate feed, the diluent or
both. Typically, this is done with the diluent portion of the feed. Another option
is to provide a nozzle, which introduces the total liquid fraction of the feed to the
riser reactors in a manner such that the nozzle forms liquid droplets of an
appropriate size distribution, which, when entrained with the gas and solids
introduced to the riser reactors, vaporize gradually along the length of the riser
reactors. Either of these arrangements or a combination thereof may be used to

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



‘tenperature differential with a relatively small rate. O her useful diluents
are described above. Proper selection of the tenperature and pressure of

any approRihahgagw¥genate and/ or diluent being fed to thectraRgst@k2ikd |
ensure at least a portion is in the liquid phase as it enters the reactor

and/or comes into contact with the catalyst or a vapor portion of the feed
and/or diluent, [0057] Optionally, the Iké%id fraction of the feed may be
split into portions and introduced to riser reactors a nultiplicity of
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reactors in a #gewsead heieh that the nozzle forms liquid droplets of an
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riser react or sonvEisiddgeadtiontingaesal haRGEIEENE S &id MixeaebbNableatlat sievesof may
be used to better control the tenperature differentjial in the riser

reactors. The Nelssylapsieyy maphe earinsqzebitysispoosrerditiespon-zeditesi: Hsefuki ng a
S e e 1 iein Are ' o e o e
ol 0 GRS AL R el SRR Ao

not  di scussedsibeise DekR413] thd Betalyat iabliges Shbd-a8d1Bicisle@adrdlisrel Miksided
oxygenate-to-olefin conversion reaction includes a nol ecul ar sieve and
m xtures of nometeghlar sisyesertse wish ag grygenaied eleling yopversiapraagtion ingde i t es)
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catal yst i ncl udefed ab aivlddrisidves Withgordsaiaviigevdaméesof lesk thadblesau 5@ si eves
for use with an oxygengte to ol efins conversion reaction include "small"
and "medi unt pdnestipmse c iMediumnoge gnolegular sieyssage defpied as mplecdiarsisyeyr e
defined as nol geul ' j 1 | ' ess than about
5.0 Angstr omsWﬁggﬁszfr%g%lgrsdecﬂ%ngﬁeggéﬁgarb%gﬁégg%g%&éqg?;ﬁ Sg)foglsf) "nol ecul ar
sieves W th p@is9] havi nUsefull rariiic @nolbcudm sebew inchude, bat aadpottlidiledXoAngst r ons.
[ 0059] Usef ul Eza_gb%itic rTBI ecul ar sieyes_include, but are not limted to,

nor deni te, chaB@sdenge, chabagate; %‘,‘C’“Z‘Sl’@él,\d'%ﬁ@zﬁ“nﬁhﬂﬁﬁa& BIRES 80k her eof |
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discussed here. Structural types of small pore molecular sieves that are suitabje
for use in this invention include AEIL, AFT, APC, ATN, ATT, ATV, AWW, BIK,
CAS, CHA, CHI, DAC, DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON,
PAU, PHI, RHO, ROG, THO, and substituted forms thereof. Structural types of
medium pore molecular sieves that are suitable for use in this invention include
MFI, MEL, MTW, EUO, MTT, HEU, FER, AFO, AEL, TON, and substituted
forms thereof.

[0060] Silicoaluminophosphates (“SAPOs™) are one group of non-zeolitic
molecular sieves that are useful in an oxygenate to olefins conversion reaction.
SAPOs comprise a three-dimensional microporous crystal framework structure of
[8i02], [AlO2] and [PO2] tetrahedral units. The way Si is incorporated into the
structure is determined by 2953 MAS NMR. See Blackwell and Patton, J. Phys.
Chem., 92, 3965 (1988). The desired SAPO molecular sievzs will exhibit one or
more peaks 1n the 2981 MAS NMR, with a chemical shift (Si)] in the range of -88

to -96 ppm and with a combined peak area in that range of at least 20% of the total



di scussed here. Structural types of small pore nol ecul ar sieves that are
suitable for use in this invention include AElI, AFT, APC, ATN, ATT, ATV,
AWN BI K, WAS0EHSIS0CHI, DAC, DDR, EDI, ERI, GO0 KFI, LBP¢TAM3/d2TA2 MON,
PAU, PH , RHO ROG THO, and substituted forms thereof. Structural types of
medi um pore nol ecul ar sieves that are suitable for use in this invention
include M, MEL, MIW EUO MIT, HEU, FER~ AFO, AEL, TON, and substituted
forms thereof. [00601 Silicoal um nophosphates ("SAPGOs") are one group of

non-zeolitic pakeedd Fallfeainesith Baherd{cal s&ﬁﬂf(slig] inAIheRANGX ¥ BB Fpeh 00105 ef i ns
conversion reaction. SAPGCs conprise a three-dinensional m cref)ﬁ%_or ous crystal
f.ramewor k st r upRmy Ehese the[(§)Deemia) shiffs gfad t9 pognal istrpapdisiana (AiM3). The way

Si is incorpor into {he e 1 t.erm i . See
Bl ackwel | and @?g ﬁon, J.ﬁ%%‘%ﬁ%& @iaé%{?s%%{aﬁ%ggéﬁpp%@%gﬁmﬁe%@aa%@%% SAPO
nol ecul ar  si evigssudh b lprekl live a QeI Gdly 160 IS¢ ADERIES. 1 gérteal 28S1oMASHAMR, with a

chem cal shift '(Si,)] in the range of -88 to -96 ppmand with a conbined
peak area in théfdiZrmngdholover thedabCa2ammraks sdlectivey aparilabOPp8rI50

PCT/ US2003/ 027452 .. - 27 ~area pof I ks .wi.th a cherg. hi f Si)] in
the range of - ecﬁlﬁfftr?”_t é‘pﬁ%@ ratbopﬂfle\slﬁ'naréﬂat%ﬁés _flglr Fepwgﬁa?é@ﬁﬁzﬁﬂ%ftnro fer to
external tetragRhfdyttaihl0a0ebeinbMrrferrel O46Ia S1A12 k&ticdSHiot Sfateh 8an (0B being
si |l i coal um nophosphat e nol ecul ar sieve used in such a process have a

rel atively | onpstiewandy pegféreed. | n general, the lower the Si/Al2 ratio, the

| ower the Cl- ur at eg;;sel,ecti vi articul ar.l [opane,.selectivity. A
Si/Al2 ratio gf[) Ui%gts tha%ﬂ%S%lgﬁlll%‘)plg&eﬁs(thageblﬁléi,eg%mt {%e%%s %fe/ %%EI&PX,{C?&SS%%IF dnot
greater than Oaﬂ&ib%hxﬁ]ﬁoﬁﬁ@ﬁﬁhﬁﬁdals&ﬁgigg il Blat INahémbetd ring swicater than

ul

0.32 being particularly preferred. [ 21 Silicoal um nophosphat e nol ecul ar
si eves are genéheseiripesiasiyresicany havsahaiengeioss sppreaane fianeabant 3-5nb¥i ng 8,

10, or 12 nenb i.n S N I : ave an

aver age pore s?ﬁz%q?){élrslg?ﬁeg%%%ga Oslﬁalgﬁ'%_ﬁ%x P@%&E%?%ﬁ%%%&é@%%r%d are the
smal | pore SAP&yvdradeqant sive gingit@Srdiaubog Fafito fusdsagmsnaoe mefeabhafighng from
about 3.5 to 5 angstrons, nore preferably from 4.0 to 5.0 angstrons. These
pore sizes ar eHOBP<ANEsEORY| Bhefe PrSTIskFase RplGehel molepelandswd haviggd 100631
In general, si Heﬁ%{édrgl{égphosphate nol ecul ar si eves conprise a

- {0063} In general, silicoaluminophosphate molecular sieves comprise a
molecular framework of corner-sharing [S102], [AlO2], and {PO2] tetrahedral
units. This type of framework is effective in converting various oxygenates into
olefin products.

[0064]} Suitable silicoaluminophosphate molecular sieves for use in an
oxygenate to olefin conversion process include SAPO-5, SAPO-8, SAPO-11,
SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35,
SAPO-36, SAPO-37, SAPO-40, SAPC-41, SAPO-42, SAPO-44, SAPO-47,
SAPO-56, the metal containing forms thereof, and mixtures thereof. Preferred are
SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47, particularly SAPO-18
and SAPO-34, including the metal containing forms thereof, and mixtures thereof.
As used herein, the term mixture is synonymous with combination and is
considered a composition of matter having two or more components in varying
proportions, regardless of their physical state.

[0065] Additional olefin-forming molecular sieve materials may be mixed
with the silicoaluminophosphate catalyst if desired. Several types of molecular

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



nmol ecul ar framework of corner-sharing [Si02], [A102], and [P0O2] tetrahedral
units. This type of framework is effective in converting various oxygenates
into ol efi papidushs [00641 Suitable silicoal um nophosphate, dan {,ﬁggjg
sieves for use in an oxygenate to olefin conversion process Inc APO- 5,
SAPO- 8, SAPO-1 1, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34,
SAPO- 35, SAPO 36, SAPO 37, SAPO 40, SAPGQSH, SAPO 42, SAPO 44, SAPO 47,
SAPO- 56, the metal containing forns thereof, and m xtures thereof. Preferred
are SAPO 18, SAPO- 34, .SAPO- 3 SAPO- and SAPO 47 Cc PO 18
and SAPO- 34, i RETCUBPHAHFHE R M e omiahihfst Hor S TS PR lesy Barnciie R RAT e
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of small WO 2004/ 037950 PCT/ US2003/ 027452 -28- pore nol ecul ar sieves that
are suitabl e fFERYSFQ, ARLITON randrsubgitutied fdrodeheenf. aEfErred ARG culervjevad T,

ATV, AWN BIK, CAS DAC .. EDl, . ERl, LoV, LTA
VO PAU PH . CHRbae R somRiRg v SRRSO e St Bishide SNy or a
types of medi upqpgng dRideUWdichab8yes that are suitable for use in this
invention include MFl, MEL, MW EUO, MIT, HEU, FER AFO, AEL, TON, and

substituted foritdod hereofSUPstéﬁtedrSe’d)(BmﬂbHomlmssglfmné@ularhiavesrm“m—:asconbi ned
with a silicoal, Qs cat al yst. .i ncl ude ZSM 5 M 34 ite, and
Chabasite. | 006SIeAREes PREhGrEstiduser bl ol mibRin SbfeiresdPLpakinknom,
as "MeAPSGs, " MEARSOAAR kabA i BRI M. smp@@warsaﬁﬁﬂ&enltm@dhtammﬁsg@esses for
maki ng IVEAPSCB are known in the art. SAPGs with substituents, such as
MeAPSCs, al so aiﬁ@yna)ebe;mmhlblfer Ysgrin theepresent invenitas &ntabh\ﬁebﬁtitmnts Svlet’abl e
substituents but necessar ed AQ ni ckel ,
cobal t, rranganégl\%ude Pﬁ{gare By qeﬁﬁﬁsaﬂﬁ’ 1@’?%41‘9 ﬁﬁahﬁc’bﬁk ﬁﬂ‘fanﬁsa A and
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MeAPSGs. Alternately, the substituents may
incorporated during synthesis of the MeAPSOs. Alternately, the substituents may

. be incorporated after synthesis of SAPOs or MeAPSOs using many methods.
These methods include, but are not necessarily limited to, ion-exchange, incipient
wetness, dry mixing, wet mixing, mechanical mixing, and combinations thereof.
[0067) Desired MeAPSOs are small pore MeAPSOs having pore size
smaller than about 5 Angstroms. Small pore MeAPSOs include, but are not

{ necessarily limited to, NiISAPO-34, CoSAPO-34, NiSAPO-17, CoSAPO-17, and
mixtures thereof.
[0068] Aluminophosphates (ALPOs) with substituents, also known as
“MeAPOs,” are another group of molecular sieves that may be suitable for use in
an oxygenate to olefin conversion reaction, with desired MeAPOs being small
pore MeAPOs. Processes for making MeAPOs are known in the art. Suitable
substituents include, but are not necessarily limited to, nickel, cobalt, manganese,
zine, titanium, strontium, magnesium, barium, and calcium. The substituents may
be incorporated during synthesis of the MeAPOs. Alternately, the substituents
may be incorporated after synthesis of ALPOs or MeAPOs using many methods.
The methods include, but are not necessarily limited to, 1on-exchange, incipient

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



‘be incorporated after synthesis of SAPGCs or MeAPSGs using many net hods.
These net hods include, but are not necessarily limted to, ion-exchange,

i nci pi ent Weneds795ery m xi ng, wet m xi ng, nmechani cal mM kENYs2B8027452

.conbi nations thereof. [00671 Desired MeAPSCs are snall pore MeAPSGs havi ng
pore size smaller than about 5 Angstrons, Small pore MAPSCH include, but
are not necessarily limted to, N SAPO@Q,‘ CoSAPO- 34, Ni SAPO 17, CoSAPO- 17,
and m xtures thereof. [00681 Al um nophosphates (ALPGs) with substituents,

al so known as 10085APCs, "THY R0 RAALNGEveThAHRsObe MRbARM:A! intd £YAR t hat may be
suitable for use i'n an oxygenate to ol efin conversion reaction, wth
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synthesis of the MeAPGs. Alternately,” the substituents nay be incorporated
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incorporated into a soll conposition, preferably solid particles, in which
t he nol ecul ar meextdans pposs armatime and pftembave sopfd mostlvaivecarbitialagieity he

desired conversion reactjon. .The.saoli.d articles may include i

catal yiically GPFIUEPEIE GRBHD oAt SRB S OP R AT TSR Wt or | al
preferably at {heashoteme dsirdd thdrhigsl FRV&SIoal SameinAub BAemIFRLS bigber, t O
provi de a desiréd property or properties, e.g., desired catal yst dilution,

mechani cal  stmatagalhinghee; for ekakple, syothetic asd hpgrabrgsewiringsnbsi®eeh meialr i x
materials are of.é‘en 1to i.ome fxt.ent por ous .i n n?.tureoand of.#.en have sone
nonsel ective CHRIATYEFE: FCERH AT P%ﬁﬁ?@n?%@ FEMREITI B tiRg e e d
products and rglcaOthoA®RY siheh-bBA/1Iedsf héd-Meiniak siRELMmatherigesiiced chem cal
conversion. Such matrix, e.g., fi [ler and binder, materials include, for
exanpl e, synt hHBwnmagineptyas: andmixiuge efithesqgasuplst ances, netal oxi des, clays,

o1 icas, iy, L1 Cppelum Ba ShbLSS AR RRMERRH ISP 2

silica al um nagdohc@It asioreditefefibly atiows SUf totHESEI0YAL LBist]]l Snore preferably
about 10% to about 80%, by weight of molecular sieve; and an amount of about
1% to about 99%, more preferably about 5% to about 90%, and still more
preferably about 10% to about 80%, by weight of matrix material.
{0071] “The preparation of solid catalyst compositions, e.g., solid particles,
comprising the molecular sieve and matrix material, i1s conventional and well
known in the art and, therefore, is not discussed in detail here.
[0072] 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 fiuidizable under the reaction
conditions. The catalyst should have particle sizes of from about 20u to about
3,000y, desirably from about 30p to about 200u, and more desirably from about
50u to about 150. The catalyst may be subjected to a variety of treatments to
achieve the desired physical and chemical characteristics. Such treatments
include, but are not necessarily limited to, calcination, ball milling, milling,

grinding, spray drying, hydrothermal treatment, acid treatment, base treatment,

and combinations thereof.



[0070] The solid catal yst conposition preferably conprises about 1%to

about 99% mre preferably about 5% to about 90% and still nore preferably
about 10% t8O3BYIE880% by weight of nolecul ar sieve; and PA&T/UERHIARTSE about
‘1% to about 99% nore preferably about 5% to about 90% and still nore
preferably about 10%to about 80% by weight of matrix material. [0071] The
preparation of solid catal yst conpositions, e.g., solid particles,
conprising the nol ecular sieve and matrix material, is conventional and well
known in the dP073nd, t hesfablyein irsoxygenalt swoksfadonyersien agdctibreeanduf©®d72] The
catal yst may further. contain binders, fillers, or other .nmaterjial to provide
bot ter  cat al ytP A pEIETHRTLENV SR APPA ST (0 Bt MG IRPS 2§55 and

ot her desired s!%?_@ﬂr%iaq WeRcitPaSthe #Rbyreadthd o(f%&@kefsﬁaﬂ Prietedipgf ZaEmyRyler the
reaction conditions. The catal yst should have particle sizes of from about

20R t o about A5 08d hetas andiby the Clapms,dboterm3eas supdsbonl wogityahid dafnes as
desirably fromabout 50.to about 150. .The cat al yst e.subjected to a
Vari ety of i1 elf NemeTBoR SR deriteren e s ERk e e B PR e
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to, calcination, ball mlling, mlling, grinding, spray dryi'ng,
hydr ot her mal  timelatdinegret light olefintwhilet flewing thraugh theggagienthe gaavaper nations

t hereof . WO 2004/ Q37950 PCT/ 003/ 027452 . -3 0073] ,Desi,rably, [n.an
oxygenate to oYei‘?Ci’W eEhVAY & é&tzef f‘é”zé‘ﬁagf’?‘sc%ﬁla'ﬂgb%ff“ﬁo}u d‘fl??éldﬁlﬁc?f‘d%%ioﬁ?}n_
conversi on appaiabdtsf Aol Ak BRI andIRNrb & BTN OV SpAtiodsr lo84RAMh i al
velocity in the riser reactors of greater than 1 neter per second (ms). As

used herei n anutagtar, ti¢repeyhtareypressire, andraver rejgvans ugastibn phrametass. obhe gas” i s

deflined as the vol umetric flaow.rate af vaporized f.eedstock,. and an

G | uent, i vi aREeR R locfre doflipig gy bl Piesétn ECEEER, s THORAMY, genat o
is converted tg saaffgeut6r than NEhdieh pod setohd @hls) at &fy poidinlike feh@wt. ng t hr ough
the reactor, the gas superficial “velocity may vary at different |ocations
wi thin the reaPegrablisfemghsigpoficieheclogityils crenigriibin affoupdinys. Morgdesingblys ent
and the cross ction . [kl r.l t | p_the e Of..: ature,
ressure.  and Geer Sheio RN 3y el 25 PR AT i ce s RS ey TR

vel ocity, incl pgh sugerdinial delbtigniserut@sam abont Bhe'sf daeks dexilablyl thergas nt ai ned  at
a rate greater than_ 1 neter per second (nfs) at any point in the reactor.
Desirably, thesupsshddyekacityisgresier Bepaoytd Bfseat er than about 2 mi's. Mre

desirably, [0074] Maintaining the gas superficial velocity at these rates increases the
approach to plug flow behavior of the gases flowing in the riser reactors. As the
gas superficial velocity increases above 1 m/s, a reduction in axial diffusion or
back mixing of the gases results from a reduction in internal recirculation of
solids, which carry gas with them. (Ideal plug flow behavior occurs when
elements of the homogeneous fluid reactant move through a reactor as plugs
moving parallel to the reactor axis). Minimizing the back mixing of the gases in
the reactor increases the selectivity to the desired light olefins in the oxygenate
conversion reaction.

[0075] When the gas superficial velocity approaches 1m/s or higher, a
substantial portion of the catalyst in the reactor may be entrained with the gas
exiting the riser reactors. At least a portion of the catalyst exiting the riser
reactors is recirculated to recontact the feed through the catalyst return.

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

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



‘the gas superficial velocity is greater than about 2.5 nfs. Even nore
desirably, the gas superficial velocity is greater than about 4 m's. Most
desirably, VREWdS78uperficial velocity is greater than &EFUIS2@30LT52 [ 0074]
‘Mai ntaining the gas superficial velocity at these rates increases the
approach to plug flow behavior of the gasgs flowwng in the riser reactors.
As the gas superficial velocity increases above 1 m's, a reduction in axial
di ffusion or back m xing of the gases results froma reduction in internal
recircul ati on afd msaldesisablywfrombaboat Y(ytogbsud t fimehidwntottl fdedtat@lbygvdiglaw

behavi or occurs_when elenents of the honbgeneous fluid reactant nove
through a reacio*ygengiesigdhe 19a¢!Phg parallel to the reactor axis). M nim zing
t he back m xin the g .. t i [RVAE to
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exiting the ri%S8Fsrasd FYrst n@ qataaest MEx e ﬁv%weﬁpnga@a%@a thegeagilit i ng t he

riser Teactol i e RLIALEH ARnEAAONLAGHoLAG e HOLAR S IRGRR! YS!

return. [0076] sira rate of- catal'yst, conprising nolécular sieve
and any ot her terfpeeiira) esstesiiitsase bbtatted $f the ipkdoessis cehducted e aiteapiramed t o
recontact the feed is _from apout 1%}81§ab ut 100 tines, nore desirably from

about 10 to abbom Beut 1EE ok geds. clsrerbly fiemratoub aus/Crie2pauA00°61 And
most desirabl ygfd ﬁ%t%gi‘r'ébl%ﬁmhloab%ﬁp%o@%%?g?%OTOB'@. f 8kt teEﬁar%fiatﬁxéé e, by

wei ght, of oxygenates to e reactor. The tenperature useful to
convert oxygengtresallyaehilgintiowtrefiies of vaectias and visr foanwiaerateasfiybe despeddi ng, at

| east in part, _.on catal yst, the fracti,on of regenerated catalyst in a
catalyst it U@ i BRECS Y Geroms BRTGHDL O™ e d TG oh G RS and ¢ he
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about 600C, apd nost ge@ier ably from about 300C to about 500C. Lower
tenperatures QEREPPYE%sult in | ower rates of reaction, and the formation

rate of the degjgr8fl |1 gltgHR bREMD waN SSHEL S HBY AR GRBesERNK e bMinhaver .

However, at tenperatures reater than 700C, the process may not form an

opt i mum anount ampunts giat 2 plids jange of pressures including, but not limited to, pressures
from about 0.1 kPa to about 5 MPa. A desired pressure is from 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. 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.
{0079] A wide range of WHSV's for the oxygenate conversion reaction,
defined as weight of total oxygenate fed to the riser reactors per hour per weight
of molecular sieve in the catalyst in the riser reactors, function with the present
invention. The total oxygenate fed to the riser reactors includes all oxygenate in
both the vapor and liguid phase. Although the catalyst may contain other

materials, which act as inerts, fillers or binders, the WHSV is calculated using

only the weight of molecular sieve in the catalyst in the riser reactors. The WHSV



products, and the rate at which coke and |light saturates formon the

catal yst may becone too high. [0078] Light olefins will form-- although
not necessawidlypods7gipt i nUM  anounts --at a w de range of RPEREYERRH27452
including, but not Iimted to, pressures fromabout 0.1 kPa to about 5 MPa.
A desired pressure is fromabout 5 kPa to about 1 MPa and nost desirably
from about 20 kPa to about 500 kPa. The -3Reregoi ng pressures do not include
that of a diluent, if any, and refer to the partial pressure of the feed as

it relates to.o enat.e .conpounds and/ m xt ur.es t hereof. Pressures
outside of thd® STHEEN PENFELUM B8 e R HEE D UauE i ¢ ne
scope of the !r@g\é@i@h'c@ﬂ(ﬁﬁb@é"ﬁfd @i&!ﬂn@m@éct%dﬁﬁﬁﬁlﬁ% aRd @éﬁgﬁ.e(}&&l‘alﬁgversa y
affect selectivity, conversion, coking rate, and/or reaction rate; however,

li ght ol ef i nghewNHIS¥ s frpmfabem hh:] tﬁgbomtrﬁézﬂohealsd@iratbhe@em@bpwe}@sl of

pressure are _copsi art, of the esent i nvention, A wi.de range
of WHSV' s for ﬁgo%g'@ggﬁg?eangorﬁgsetrd&sl Eﬁ’ﬁ}r éﬁ%‘tqb(?ﬁt, éaﬂrd.l?? ﬁ%og‘?gégd/\gﬁbmheof tot al
oxygenat e fed dopliédhes Kdve @lischeaed Has op@hti i the 6Ly eRhtghs oleBh coRV@Gbh ar si eve
in the catalyst in the riser reactors, function wth the present invention.

The total oxygessios at e VHE Vigieater thany 20 bat restusey the madkanegbnteniipdenat e i n
both the vapor_and,|li gui hase. . Al t hqugh+t he .catal yst nay .contai n ot her
mat erials, Migﬁg%ﬁ?fagsoﬁgg??@? T840 1 ‘?kogomen‘ﬁ%F?}%f%@ '\?\%fé\?ni 13 ca! cul ated
using only th&sieilgbberafedi®h SCURRIof St BYG abBui MECRt BdrYsfeed Borhfiesifig ser
reactors. The WHSV 2004/ 037950 PCT/ US2003/ 027452 -32 is desirably high

enough to nai rnethanalhdimegiyheist, of migturasihdeolethesVESY yelgerablnat leastact i on

condi ti ons and,w {4 he. react or fi gurati esi, nerally, the
VHSV is from aﬁlggﬂ{ﬂlﬂrﬁt ag Oge %‘%86@%6’6’83%035‘?ﬁfﬁ"gggiag%@ﬁgﬁih%@; about 2 hr-|
to about 3000 [posd], and MisSparesardppreferied oliat akothctbordonditions &l eudkidb00 hr- 1.
The applicants have di scovered that_ operation of the oxygenate to olefin

conversion r edefitisdfoman oxygeoetegiomurise atWHR Vool 4k feast ghoy -1 wed #ret hane
tent i th t i . i
content i n eT%rRﬂe?ﬁirﬂfe Cordt& ﬁ%rrﬁﬂﬁe& m@%&glﬁgc(}ﬁW’%Mﬁwﬁs {hgﬁou ¢ 20

conversion reaction Is esirabl'y opera I"eas

hr-1. For a fefduc@Ops.i 8k0nged HepdinadNONMSisriefihyd aseth Bormelizedi Métiues t her eof
the WHSV is desirably at |east about 20 hr-1 and nore desirably from about

20 hr-1 to aboeRlecsysyRNMS) Wisndha iepperafuisat testbpa ALY (or heMMenisidstieed he
reaction condi idi0§ chfdhe deﬁh@tgyield divided by the ethylene product yield wherein each

yield is measured 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 temperature within the reactor in °C:

NMS
f TCNMS =
\ 1+(((T-400)/400) x 14.84).
[0081] Oxygenate conversion should be maintained sufficiently high to

avoid the need for commercially unacceptable levels of feed recycling. While
100% oxygenate conversion is desijred 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 to as much as about 50% of
the feed is commercially acceptable, conversion rates from about 50% to about
98% are desired. Conversion rates may be maintained in this range -- 50% to
about 98% -- using a number of methods familiar to persons of ordinary skill in
the art. Examples include, but are not necessarily limited to, adjusting one or
more of the following: reaction temperature; pressure; flow rate (weight hourly

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



‘ol efins froman oxygenate conprise a WHSV of at |east about 20 hr-1 and a
Tenperature Corrected Normalized Met hane Sel ectivity (TCNMS) of |ess than
about 0. 016WOAgMuseeFtherei n, TCNMS i s defined as the Nor mpbiragehobleihane

-Sel ectivity (NM5) when the tenperature is |less than 400C. The NWMS is defined
as the nmethane product yield divided by tge et hyl ene product yield wherein
each vyield is neasured on or is converted to a wei ght % basis. Wen the
tenperature is 400C or greater, the TCNVS is defined by the follow ng

equation, in &tk cloﬁﬁ ﬁx‘ﬂﬁor@‘f&fc@&%oﬁﬁéﬂ?ﬁﬁ&ﬁ W Whnigdsfiohhendiae! Htﬁmtl” C.
NVS TCNMS = ((T-40 400 x 14.84).°10081) Oxygenate conversion shoul d

be mai nt ai ned fsed fellanvem wgrpdmfgfhﬂ tapwilhbodidcushes eled); faoroucbofitecitivddted

unaccept able le fe d clin il 100% ox t rsion is
desired for tk@agﬁ‘p%’séee {?ﬁﬁﬁ&g@? ath‘\?o?lbff%‘efl?aé@l&e % E{E %é E%Iucti on in
unwant ed by- prgdueksni S observed frequently when the conversion is about

98% or less. Since recycling up to as nmuch as about 50%of the feed is
conmer ci al |y a60834t abl e, Duongthesboversiar efoxyzonatabiolight0bing caionaceo88% ar e

desired. Conversian rates nt ai ed in this e -- 50%t about
0556 - < st g, ARINBA TR HLE A VA 1 oSl BR COBrTOPRTSARG ol 1| o n
the art. Exanplsgs ﬁd?ﬁt' Hﬂ%uﬂ@lﬁb o@ﬁlﬁes@@&b&ﬁ@@&%ﬂfebbéits‘daﬁ@e&%‘i‘e&d&tmﬁﬁi #eting one
or nore of the follow ng: reaction tenperature; pressure; flowrate (weight

hourly space caphlitityt of theddtalysigasosepiethé pxygenatedbesciotiight olcﬁnal Asthis
recirculation rate; re /13 CT/U 003/ 02745 - 33 appar at us
configuration;P %taglecﬁa?g’ggfsip\é%aﬁ’ ATy Q’gﬁ%%gz} %‘P’Etrf‘mﬂﬁi?ﬂﬁer 61 FFE& d
feed relative ipoMappie ieatoleAs pdubt, Bﬂcdta%umqma@ﬂee\fa be AMRUNt  of

recirculated catalyst; degree of cata yst ‘regenerati on; and” ot her
par aneters, whdeshtivdteds chs amepticehstey B @rphygmtp q:baﬁm ﬁ@mﬁ@mwémsa on of

oxygenates to |i e nace de 9 cunul at e

catal yst used 1?6%8]? 8%%:3@?}@ vﬁ@ P Olf“eﬂé r?ra %atclgasﬁ%pﬁgioﬁtor%ﬂfehe build
up of these Caﬁ&ﬁﬂﬁ?@ﬁtﬂ&dﬁﬁﬂ@ﬁie&éa&&%?&ﬁ@lw eﬂmtmw regenkhed iaa@pabi | ity of

the catal yst to convert the oxygenate teed to light olefins. At this point,

the catal yst ixepearation dppamaisciuchas scRenyineon apnazatas $bes awnne FimAgddy conver t

regeneration, it is meant that the carbonaceous deposits are at least partially

- removed from the catalyst. Desirably, the portion of the catalyst withdrawn from
the reactor 1s 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% 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%.
[0083] Desirably, a portion of the catalyst, comprising molecular sieve and
any other materials such as binders, fillers, etc., is removed from the reactor for
regeneration and recirculation back to the reactor at a rate of from about 0.1 times
to about 10 times, more desirably from about 0.2 to about 5 times, and most
desirably from about 0.3 to about 3 times the total feed rate of oxygenates to the
reactor. These rates pertain to the catalyst containing molecular sieve only, and
do not include non-reactive solids. The rate of total solids, 1.e., catalyst and non-

reactive solids, removed from the reactor for regeneration and recirculation back



‘an oxygenate to an olefin product, the catalyst is considered to be fully
deactivated. As an optional step in an oxygenate to ol efin conversion
reaction, avoperiBomoof the catalyst is withdrawn from thecragsél:arg at
-l east a portion of the portion renoved fromthe reactor is partially, if
not fully, regenerated in a regeneration apparatus, such as regeneration
apparatus 80 as shown in Fig. 4. By reg‘éﬁération, it is nmeant that the
carbonaceous deposits are at |least partially renoved fromthe catal yst.

Desirably, the, pRITEARS Wil dheieal Atessh dnkdhals § {OME cbient or is at
| east parti al I?g%gact(?}vat eda?)etl'he remai ni ngtrbgoﬁe?%n ogtf tcéle Icl:a(?gllg;;st in the

reactor is re+eictigebaidsdn dietthlisolidegener ati on, as descri bed above. The
regener at ed c:ﬁ)@(ﬁ‘st, wi.t h. or 'thouh cool i ngq, i.S th.eE returned to.the
reactor. Desi y, t he’FHRRY o GRANG LRFIfEAHTds SHFEH OH' B2 TPRENSEHO yst for
regeneration izSnarhifuQin Ng?gﬁ’ésgﬁce_jt%’at%hs%Ql?l#isi%%k%eﬁ&%ﬂ'i&to%j&éﬁntst. *E%caﬁl?ﬁe%' yst

exiting the reactor. esirably, erate fs fromabout 0.2%to about
50% and, nostofdéer pxighyts ifahwln betlsotinotmesesstrntydinitad t696inglo083] ODBOY.abl y, a

ortion of th rising nolecular sieve.a ny, other material s
guch as bi nde&f@h\%?ﬁb&ﬁg% qnsﬂixggqng%&g@o?réllﬁatq:}énrrcgﬁ.gchﬁtpg}trogen or
regeneration ér%fi:leéﬁ-éﬂ ﬁ&&r&?at%‘éésés@_ﬁH&%x&Eé}Pécﬁ{ceﬂ}atféngﬁtaﬁ xﬁ’zfy g Om about

0.1 times to about 10 tines, nore desirably fromabout 0.2 to about 5
times, and nostducdési a atmtzolied devebtvonini@iZ® averhabing of3 ot ¢neeting hat spats al, f eed
rate of oxygenates to the_ reactor. These rates pertain to th at al yst
Cont ai ni o olBe GRERSTeio8y LAY SRy Sl CsEe T R SHOrEY S OB B! | ds.
The rate of tqhghyrsobt mmgen%nd c&BbRERbxRAR L filer sLRAAL &‘é&cﬁ%‘ogggé‘sz renoved
frodmthe reactor for regeneration and recircul ati on back WO 4/ 037950
PCT/ US2003/ 0274685] - 34 tDhetdatalyst aay e regdneraieal m anhi esmbeaobmeibadgi-r ect
proportion to th% content of non-. reactive sgliﬁs hn t he to{.al sol i ds.
[00841 Desi r afiaF: cTRIAUADS, SR CGRUBRALS, OF ¢ §ppnapan thegepl o GPIRUNS o aner at i on
apparatus in tdagipt esRA6aHe isa @eFeCRBMOHS DRErabY RO cAhlyol 19 Egcf¥iafidnb S
Exanpl es of other oxidants include, but are not necessarily % imted to,

singl et 02, 03 lesd3f rempgigingoke fom abpd® 01 avith wwiabour swithed dif weightrofand ai r
diluted with q}]trqglgn or CO2 are desired regeneration gases. The oxygen
concentration Th'& Str‘ray be reduced to a controlled level to mnimze

over heating of[po8g] creat Tigcak0yst $f@hératifn tenifteatiROBOEHaAFom BBSutQ3DELYSt may
al'so be egenq{ro?l%glg 7r5%g(%?£ri1dv(§e|51¥al¥1m}./ %rgmhglgoru?gggdc to about 7000C. Because the
regeneration reaction takes place at a temperature considerably higher than the
oxygenate conversion reaction, 1t may be desirable to cool at least a portion of the
regenerated catalyst to a Ic;wer temperature before it is sent back to the reactor. A
heat exchanger, not shown, located external to the regeneration apparatus may be
used to remove some heat from the catalyst after it has been withdrawn from the
regeneration apparatus. When the regenerated catalyst 1s cooled, it is desirable to
cool it to a temperature, which is from about 2000C higher to about 2000C lower
than the temperature of the catalyst withdrawn from the reactor. More desirably,
the regenerated catalyst is cooled to a temperature from about 100C to about
2000C lower than the temperature of the catalyst withdrawn from the reactor. This
cooled catalyst then may be returned to either some portion of the reactor, the
regeneration apparatus, or both. When the regenerated catalyst from the

regeneration apparatus is returned to the reactor, it may be returned to any portion

of the reactor. It may be retumed to the catalyst containment area to await contact



"m xtures of hydrogen and carbon nonoxi de, or other suitable reducing gases.
[ 0085] The catal yst may be regenerated in any nunber of nethods -- batch,
cont i nuous WQaMH8WA i nuous, or a conbination thereof. CoR€CI/mamO3N27¢s: al yst
-regeneration is a desired nethod. Desirably, the catalyst is regenerated to
a level of remaining coke fromabout 0.0l .w%to about 15 wt % of the weight
of the catalyst. [0086] The catal yst égnerati on tenperature should be
from about 2500C to about 7500C, and deS| rably from about 5000C to about

7000C. Becauseyithe fécdgeReepirattrh 7086 téadt p@Rch eige fkd ar & esmbihatied e
consi derabl y hi gher than the oxygenate conversion reaction, it may be
desirable to ®8&pthat l east a portion of the regenerated catalyst to a |ower

emperature DG, . HARMI A I EtERR e iRy SuRRRgaer N0t

shown, | ocate ter nal LheFat T on  appar a d to renove

sone heat fr Ofehdifvatedtoatayyst thaf harbekh sﬂﬂ@?ed’@ﬂiﬁow dfhéh’cﬁl\ydﬁeﬁb@emlé figanic
regenerati on apparatus. \Wen the regenerated catal is cooled, it is

desirable to Teaeals forganies) irpaippen i Srippngehamper lbﬁ*n ABBSIPOEOE hi gher t o

ohout 2000C | s OPELA (L RIAPLISeBhe By S Bt rom e

tenperature frtékﬁﬁﬁ’aﬁwé Gas@@ﬁntableatbeutnppi&;@(iﬁ@uﬂ@mam;ﬁi&agémﬁelﬁmpﬁg@i, ure of
the catal yst withdrawmn fromthe reactor. This cooled catalyst then my be
returned to eimeibinesGH2, 6 hydneer andmixuemstthereok He preferreh@asat steamappar at us,

or, Dot h.  When & b, B0RPRLAL A0 RAXE bl diine LPERNGTARLALARRIIFT US 1S

returned to the reac ét ur ne i on r eact or.

It may be ret undedké)ofthestbpping gﬁdls(fmm abdiimr‘ith-arteabdilﬁ 20y@0th-Lont act WO
2004/ 037950 PCT/ US2_ 003/ 02 745 -35 with the feed, the segar ation zone to
contact producheenpb kﬂ@np@émf@rofétrmﬂﬁ 8 {108habaK 2peathto 39871006 8¢ abl v,

cat al yst reger}ﬁgigé%gﬂobsa%ﬂ{ gj(g, @%%0%67%?@8'[ partially deactivated

catal yst that trippe nost of readily renovabl e organic
materials (ord@088js) i n Ehesproégspef makingtthd ppfamdaﬂd’nbpmdﬁctmsthm Thi s
stripping is .achieved b a55| n i as, over the spent .catal yst at

an el evated tBYJEIACHR dicl farahiteb P hE s P EPFHE caUBOS gk
Lot e s B, G B B,
of gas to vol Utrecobesdat malmg the compositions are known in the art. These processes
include fermentation to alcohol or ether, making synthesis gas, then converting the
synthesis gas to alcohol or ether. Synthesis gas is produced by known processes
such as steam reforming, autothermal reforming and partial oxidization.

[0089] One skilled in the art will also appreciate that the olefins produced
by the oxygenate-to-olefin conversion reaction of the present invention optionally
are polymerized to form polyolefins, particularly polyethylene and polypropylene.
Processes for forming polyolefins from olefins are known in the art. Catalytic
processes are preferred. Particularly preferred are metallocene, Ziegler/Natta and
acid catalytic systems. See, for example, U.S. Patent Nos. 3,258,455; 3,305,538;
3,364,190; 5,892,079, 4,659,685; 4,076,698; 3,645,992, 4,302,565; and 4,243,691,
the catalyst and process descriptions of each being expressly incorporated herein
by reference. In general, these processes involve contacting the olefin product
with a polyolefin-forming catalyst at a pressure and temperature effective to form
the polyolefin product.

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

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



‘and coke) of the stripping gas is fromabout 0.1 h-1 to about 20,000 h-1.
Accept abl e tenperatures of stripping are from about 2500C to about 7500C,
and desi rwe apof/exsssabout 3500C to about 6750C. [0088] Therpuseesse7eh maki ng
-the preferred olefin product in this invention can include the additional
step of making the oxygenate conpositions_ from hydrocarbons such as oil,
coal, tar sand, shale, bionmass and nat uraf- gas. Processes for making the
conpositions are known in the art. These processes include fernentation to
al cohol or et gt RIL ARSI LNIBH, frelfiSn of ER pRANKE Hel ersiffthiesi s gas
to al cohol or ether. Synthesis gas is prodiiced by known processes such as
st eam r ef or m ey to 200 dbhise Fioapracedses marngd amdn pakutipml anarért et optiofallp89] One

skilled in the grt will gl so. appreciate that the ol efins pr ced . by the
xygenat et o Bear i1 e SR PR e b DGl Ol A0 P, WIS onal 1 y
are polyneriz NS, i | :

pol ypr opyl eneg.aegr el%;ér%%:d;%{sﬂgg&#ﬁg?}b ﬁ%ﬁﬁégg%ﬁ%ﬁe?ith?o? g%%ﬁ)a%#) ﬁ%gssggr]g“ﬁnovm in
the art. Catapyfdrfed tREIGRERpRSeranR dehedhiy bedonPe0 0 ouleard yanarikitehd ed are

met al | ocene, Ziegler/Natta and acid catalytic systens. See, for exanple,

U S. Patent Neperatliepessaassbe Bonoshags 50 Barge4, 190; 5, 892, 079; 4, 659, 685;
4,076, 698; 3, 92; 4,302..565; and .4.243 691 he catal yst.. and process
descri ptions @ﬁﬁéﬁch be%&@ﬁ%‘? g)s%Q%OIFWOPBIQF?P%a%mé?lgﬁﬂ%e ‘ﬂat}vgfg)ra nce. In
general, thesge RirRRATRES tHeDIfinSre@iea bl tIprlobess oF Bfel pleRhORWEAtion¥rt h a

pol yol efin-form ng catal yst at a pressure and tenperature effective to form
t he pol yol ef i plefnstasovered togefforn. Fhefednelude. byt grenet himitedtarialighydesal yst is a
net al | ocene catal yst. __.The,prefernred t rature r of .. ration is

bet ween 50C a?ilﬁg}ﬁ‘ﬁﬁ’écgtr\%a?%@l% %‘B@%?lﬁg%g’glyﬁ%ﬁfﬁﬁg%g%?ﬁd}%“ E reaction
is carried ouyingt cihieMide, vadilbenzede, binglenb beRIS UsiByleREE IR0 AEMHARY, Qo{)ﬂ’o@fn| bar
to 200 bars. For processes carried out in solution, an inert diluent

optional | y i salcoladdacralsin, eHel gileides piogyspe psidemsrpicasid; etiviensguopdenset ween

10 and 150 ba i .er : 230C. For
gas phase pr o@gg}gé,mq ?&Y@Bﬁ%feé gﬁréﬁﬁrgﬁﬁ% ?@%?‘%ﬁ t%’rgo}%eglﬁgrr ally be from
60C to 160C, baingldneat Thdiprocepes off magifpdtedisgithesdderivatvesardart khowhn bar s.

100911 In addition to polyol efins, nunerous other olefin derivatives may be
f or med fromtFh?%ﬁ’éﬁﬁﬂ?rﬁ%f?ﬂééat‘h%‘{sﬁé”ﬁf%cess of the present invention or



ol efins recovered therefrom These include, but are not limted to,

al dehydes, al cohols, acetic acid, |inear al pha olefins, vinyl acetate,

et hyl ene dichloride and vinyl chloride, ethylbenzene, ethylene oxide,

et hyl ene gl ycol, cunene, isopropyl al&bhol, acrolein, allyl chloride,
propyl ene oxide, acrylic acid. ethyl ene-propylene rubbers, and
acrylonitrile, and trinmers and di ners of ethylene, propylene or butylenes.
The proces§§hé&£ﬁhanufacturing t hese derivatives are well known in the art,
and therefore are not discussed here. -37- CLAIMS 1. A hydrocarbon

conver si on appar at .S, 06 | yrality.of riser reactors, each
having a fi¥rst e‘ﬁ&&?‘m‘%ﬁ) icgﬁ%%&ogg@?gtgg,%é@rgg ed and a second end

t hrough whi ch t hg)cat abysilirg afi rieetirkactbrepedch daving adtrstomd ifdd)whickepar at i on
zone provided to separate the catal yst fromproducts of _a reaction
conduct ed in t hecdialastsenbpdes axshatacend and fisenehy Waich thecatal st samexibn zone

i ncluding a plurali inlets; (c) a plurality of deviating nenbers, each
devi ati ng nenberg'grr%%rn%é’gbet o deviate a flow of material fromthe second end

of a respective (g)ser 3 séppdtioarzohepesvided toaspraicitiecatalyatfromvpeidacr oft | east
one of the deviating nenbers conprises a 90 degree el bow, and (d) at |east
one catal yst ret arspction ponsugted snthehydaegaghpn gonKersioa appagiisaiieon zone and t he

first ends of the ri r t return being provided to
transfer the cat iqpﬁﬁﬁﬁ%ﬁ?ﬁﬁg{dz]%éﬁ@{@g%%gﬁ%ts%o the first ends of the
riser reactors. %) Thephyaityedidooiating meaibeis)Bachfeaiatibg medibes lotiefed, wher ein
the apparatus further conprises: _(e%oa catal yst retention zone provided to
contai n cat al yst taggvaste 8 dlovpef mategal from the s5cend enduofs ropReCt¥E T¢e appar at us

©f any of cl ai M yofl hvantiGk el Fiilb hndrf PhdssAbrelof (B advigflg 1 eact ors

i ncludes a center axis extendi'ng between the first and secon S thereof,
and wherein the plemters dommises ab8dsgreeltoot; andi ent ed al ong the center axes

of the riser reactors. 4. The hydrocarbon_conversian aratus of any of the
precedi ng cl ai ms%é) at least one cat%ijst fefumn In flid communication with the y
separation zone and the first ends of the riser reactors, the catalyst return
being provided to transfer the catalyst from the separation zone to the first

cnds of the riser reactors.

2. The hydrocarbon conversion apparatus of claim 1, wherein the apparatus
further comprises:
(¢)  acatalyst retention zone provided to contain catalyst which ¢an be

fed to the riser reactors.

3, The apparatus of any of claims 1 or 2, wherein each of the plurality of riser
reactors inciudes a center axis extending between the first and second ends
thereof, and wherein the plurality of inlets are not oriented along the center

axes of the niser reactors.

4. The hydrocarbon conversion apparatus of any of the preceding claims,
wherein the apparatus further comprises:
(f) a plurality of arms, each arm in fluid communication between the

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



wherein the apparatus thither conprises: (fl a plurality of arnms, each arm
in fluid comruni cati on between the catalyst retention zone and the first
end of a rewpeytd/asgszni ser reactor. WO 2004/ 037950 PCT/ US2QQ3/102d¢kad 745238 5.
-The hydrocarbon conversi on apparatus of any of the preceding clains,
wherein the apparatus further conprises: ) a feed distributor including a
plurality of feed heads positioned adjacent to the first ends of the riser
reactors. 6. The hydrocarbon conversion apparatus of any of the preceding

claims, wheresn thﬁlé‘%ﬁﬁ@&%&?&bn@&@iﬁ%&ﬂ&ﬁm@%@@ﬁyﬁ&%eip%e&ﬁl@%ia%hs,' east two,
preferably at |east three, nore preferably at |east tfour risér reactors. 7.

The hydrocar bon conwhbersinghe apyrastat isthef cahprises’5, wherein the feed

di stributor provides,feed.tq each of. the. riser reactors in substantially
equal streans thro&h t%Eeeaé’éﬂ&ﬂ%%@?lug%ngfr@%mthcfg?%la??ﬁéBﬂ%?%qr&on
apparatus of any of,4henPiaaeaRidInds & thSriser MHRIRLN the apparatus further
conprises: (h) a fluidizing agent distributor in fluid comrunication with

the catalyst retention zone, the fluidizing agent distributor being
provided to feed fluigdizi agent .to the catal yst. retention zone to
Il g catalGat  Eom BRI e IR RPYRS PNl B PEGHURE S e
hydrocarbon conver si,ag#PR8hdliéearBbn Cbdlemich apfARig Mclbés ANRAL &¥d)S  further
conprises: (i) a disperser positioned in the catalyst retention zone, the

di sperser being prpefaddy titledstslree gporeipeetedablydit i¢aspfomgendr reacterhe cat al yst
retention zone to fluidize the catalyst. 10. The hydrocarbon conversion
apparatus of claim9, wherein the disperser is a device selected fromthe

group consi sting of TRe BydrfcarBord SR ERIA hpRanRITHAIL WIRIRY e fddg The
hydr ocar bon conversi on apparatus of any of the preceding clains, wherein

t he catal yst ret ur ndisgibptgiprodaesdeediotaagh bijihe gisehsagtprsan snlestaottioly equab

2004/ 037950 PCT/ US2003) 031452, 39 cats

8. The hydrocarbon conversion apparatus of any of the preceding claims,
wherein the apparatus further comprises:
(h) a fluidizing agent distributor in fluid communication with the
catalyst retention zone, the fluidizing agent distributor being provided to
feed a fluidizing agent to the catalyst retention zone to fluidize catalyst

contained in the catalyst retention zone.

9. The hydrocarbon conversion apparatus of claim 8, wherein the apparatus
further comprises:
() a disperser positioned in the catalyst retention zone, the disperser
being provided to disperse the fluidizing agent in the catalyst retention

zone to fluidize the catalyst.

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

perforated plate.

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

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



12. The hydrocarbon conversi on apparatus of any of the preceding clains,
wherei n the hydrocarbon conversion apparatus includes a plurality of

cat al yst r e a¥H03®50 The hydrocarbon conversi on appar at uspfuSloadsnr12,
wherein the apparatus further conprises: (j) a flow control device
positioned on at |east one of the catal ysg returns. 14. The hydrocarbon
conversi on apparatus of claim 13, wherein Y flow control device is
positioned on each of the plurality of catalyst returns. 15. The hydrocarbon
conversi on apparatus of any of the preceding clains, wherein the separation
zone further conprises_a quiescent zone in which catalyst can be retained
until the catallyst rbebydoecahen penvewsar APRGINSEARY of the Prrsediag alayms. ret urn.

16. The hydrocar bon_ganversi aratus._of an 1 eced] | ai s,
wherei n the apparatus % ﬁl}{}ﬁgg&é’g%%ﬂlgé%‘:’ers(lﬂri g%}%(%%{‘% ?/@ltdgr%ﬁ@%élﬁgf)gr influid
comuni cation w th thalysytesar bon conversion apparatus. 17. The

hydr ocar bon conversi on apparatus of claim 16, wherein the apparatus further
conprises: (1) a catalyst stripper in fluid communication with the

hydr ocarbon cqgrversio atus and the catalyst reg ratgr. 18 . The
hydr ocar bon coﬁ er sis%'ﬁ %thlg’g%é Itljgorglfrsé?{lyapggat%ﬁseo%?aeu@el P ﬁ'g]g%er‘%ﬁ’ﬁsa?p AEr ei n
the apparatus furtheartiepapnbsas: (n) at | east one separation device
positioned in the separati on zone. -40- 19, The hydrocarbon conversion
apparatus of claim {8, wadlayepniebdeiticq easittongd @nsblsat ME of thectptadest i s
selected from grouprgtglq_l isting of a cyclonic separator, a filter, an

i npi ngenent devi ce ahd Conbi nati ons thereof. 20. The hydrocarbon conversion
apparatus of any of the preceding clains, wherein each of the riser reactors
had a cross sectional area of no greater than 12 nR2, preferahly of no
greater than 7Mp, rdedyprosubpnpenyesiongpagptaneiciaiimih Wheripp floycontab

hydrocarbon conver sigpi 2RRRKARNS: 8 caorHe pBRY SEEHINA :GhlsT™S.

15.  The hydrocarbon conversion apparatus of any of the preceding claims,
wherein the separation zone further comprises a quiescent zone in which
catalyst can be retained until the catalyst moves from the separation zone

to the catalyst return.

16.  The hydrocarbon conversion apparatus of any of the preceding claims,
wherein the apparatus further comprises:
(k) a catalyst regenerator in fluid communication with the hydrocarbon

conversion apparatus.

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

conversion apparatus and the catalyst regenerator.

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

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



wherein each of the riser reactors has a height of from10 neters to 70
nmeters. 22. The hydrocarbon conversion apparatus of any of the preceding
clains, wherein each of the riser reactors has a width of from1l neter to 3
neters. 23. The hydrocarbon conversi Gﬂoappar atus of any of the preceding
clainms, wherein each of the riser reactors has a cross sectional area and

the cross cti i : 1 no nore
than 20% Dref of apryREad skt Sihof oBEPE Wik @R o 10 TP1 ©
fromthe cross secidpafatibn dedae if sebiaidfosm grovphmnsisiisy of eagdedis. 24. The
hydr ocar bon conversi on apparatus of any of the preceding clains, wherein
the 90 degree el BRAoRP Hiltes aalmmgawnh@vm%@,cow%éwP@&e@Jnt act region
and a delivery nmenber. 25. The hydrocarbon conversion apparatus of any of
the preceding clains, wherein the apparatus further conprises: at |east one
separ ati on 2®vi cThphgdrotabes converdien sgeatad éfany of te, prodeding ¢laingne or nore of

the riser reactor(sb are closely.coupl ed illvl th the separation device. -41- 26,

The hydrocar bon P&FTE $308/9T A aseR fRASITT 1ags C19pS ?q”fg‘)?frléﬁeé‘(ﬂfﬁ@_%?"é?rns, wher ei n
t he appar at us f“ﬁ}aﬂeﬁrﬁb dgﬁ%?fé,rotﬁpt%}@‘ggme}nqi H{o?% féfcr%lgro'g g reactors,

wherei n each of e secd a riser reactors 1ncludes first and
second ends and greagede 3.8erft er axi s extending therebetween, wherein the
separation zone includes a plurality of second inlets, each second inlet
being oriented along a respective second center axis, 27. A hydrocarbon

conver si on oce 1 J i y of the
pr ecedi ng c?!ii mﬁ%?ﬁ%&?@?ﬁ%%ﬁ?@?ﬁ%ﬂg@% %ﬂ?ﬁ%ﬁ%@n&g '%1 ltjl?sgi zabl e
catal yst with a fwherain eechepfdberiterireactdrahes z beighhef frdmildimadds ¢o Eat al yst; (ii)
feeding the catalyst and a feed to the plurality of riser reactors (a);
(i) contacti ng“%/q’i“ers'feed with the catalyst in the plurality of riser
reactors (a) under conditions effective to convert the feed to a product;
(iv) directing. the product and the catalyst through the plurality of

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

wherein each of the riser reactors has a width of from 1| meter to 3 meters.

23.  The hydrocarbon conversion apparatus of any of the preceding ¢laims,
wherein each of the riser reactors has a cross sectional area and the cross
sectional area of one of the riser reactors varies by no more than 20%,
preferably no more than 10%, most preferably nor more than 1%, from the

cross sectional area of another of the riser reactors.

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

region and a delivery member.

25, The hydrocarbon conversion apparatus of any of the preceding claims,
wherein the apparatus further comprises:
at least one separation device positioned in the separation zone, wherein
one or more of the riser reactors are closely coupled with the separation

device,



devi ating nenbers (c); (v) separating the catalyst fromthe product in
separation zone (b), the separation zone being in fluid conmunication with
the plurality of deviating nenbers (c); (vi) returning the catalyst from
separation zone (b) to the plurality o I- riser reactors (a); and (vii)
repeating steps (i) through (vi). 28, The process of claim27, wherein the

feed is fe é; gheﬁge}%oéﬂ@orpé&%g}fi%ap%mﬁsio?gﬁy bEARIpPEcRd aiffzat the flow

of feed to rvaries re than 25% preférably no nore than
10% nore pref erghéninthe appaatub anthier Yompyiseasol ume rate, fromone riser
reactor to another riser reactor. 29, The tgrocgss.of fxl %i m 27, erein the

feed is fed to e@@h ot ssoqad plusaliflyiof yisgrreagtpiSe Phrgeash oI b 3retidt the f1ow

of feed to each [ ' : I B3k ond %ad &hy no nore than
10% nore pref er%@?@ﬂﬁéfﬁrgg%ﬁ%%1%%86&?5%7956%%6@11?UESJO%%/ 027452 -42 1%
by mass percent §gereathextenihgbaicbitwdehewherent, thé separaiive zons énrcludesact or to

another riser reactor. 30. The process of any of clains,27 to 29, wherein
the fluidizing aplrality of sesend diles, ?@Bﬁ?@ﬁé"@?b‘%@%%@}tg‘i 219984 nitrogen,

steam carbon di Qx| I and air. 31. The process of any of
reiéﬂg%?ige sgé'oqld%%%? %Eﬁ

clainms 27 to 30, I'n step urther conprises directing the catalyst
fromthe separation zone to a catalyst return, whichis in fluid

comuni cation with the separation zone and.,a plurality of arns. .32. The
process of &1-ai nA3draiaghaen ?P“é’f’@f?“(Rf?“fsﬁF&Wﬁew@é?aﬁlﬂ?sﬁf?rﬂﬂ‘gt he

cat al yst throught@w%tgg'B%%ggé%@ﬁgﬁs,%gﬁ@% alé offN each respective

riser reactors. any ns 27 to 32, wherein the
catal yst is cont &3t edcostatting dAuidizabbhi catatgst agtra flvidizidgiagkng & fidizel ui di zabl e
catalyst in a catalyst. return, in a catalyst retention zone or a

combi nation of tﬂ?%‘ﬁf“&iﬂé@t""‘?"g’ﬁﬁrn and the catalyst retention zone. 34. The

ngCgfgpgf abd otiif! 2By tHeQafyst WiPE &lell 1 BR PHRABSSF Adék tdiBlors @GPPI i Ses
(i)  contacting the feed with the catalyst in the plurality of riser reactors
(a) under conditions effective to convert the feed to a product;
(iv)  directing the product and the catalyst through the plurality of
deviating members (c);
(v)  separating the catalyst from the product in separation zone (b), the
separation zone being in fluid communication with the plurality of
deviating members (c);
(vi) retuming the catalyst from separation zone (b) to the plurality of
riser reactors (a); and

(vii) repesating steps (i) through (vi).

28,  The process of claim 27, wherein the feed is fed to each of the plurality of
riser reactors such that the flow of feed to each reactor varies by no more
than 25%, preferably no more than 10%, more preferably no more than

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

29,  The process of claim 27, wherein the feed is fed to each of the plurality of
riser reactors such that the flow of feed to each reactor varies by no more

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



(viii) regenerating at |east a portion of the catalyst in a catalyst
regenerator. after separating the catalyst fromthe products to produce a
regener at eb"%é"t"é’i"&?ﬁ and (ix) returning the regenerat ed RBEIHFIPEI0L7d52at
"l east one of the separation zone, a catalyst return, and a catal yst
retention zone. 35. The process of claimg34, wherein the process further
conprises the step of. (x) stripping the at |least a portion of the catalyst
prior to regenerating the at |least a portion of the catalyst. -43- 36. The
process of any of dPaityem2ss peoce8bior whdr @imponbe ihyierfeed rftvom onoriseer si on
process is a reaction sel ect %d_f.romthe group consisting of an olefin
i nt erconversi on redBASYHO BAEENFERFEL ™t 0 ol efi n conversion reaction, an
oxygenat e to gasoline conversion reaction, nalaeic anhydride fornulation,
vapor phase nethanol synthesis, phthalic anhydride formnulation, a Fischer
Tropsch reacti30n, dfie moeegt ohantyr ofl cdaifne 2iud 9, velerei8 The Thidigmgagessisof any of
clainms 27 to 36, wheyein the hydrocarbon cponversion process. s, an oxygenate
lepted A parhon gieaide

to ol efin conversi ofi dr9my the's59up qopsispg, REUEogsn, sfeampfarpon in the

catalyst is a sili taeigegphesRipat e catalyst. 39. The process of any of
clainms 37 or 38, whérein the feed is selected from the group of nethanol;
et hanol ; n-propanol; isopropanol; C4 - Cl10 al cohols; nethyl ethyl ether;

di met hyl ether, diethyl ether; dizisoprap ether, nethyl formate,

For mal Hehyde: i - el AT BbH o IRERATS DRVl S atibe L BHITEs and

m xtures thereof AQrelfifs HeQaRIst FonflY sQarfilodiZBhe B/a éé%al?&reﬁ(ﬁ%‘érvﬁiiéh ishe
orientation of the deviating nenbers forns a cyclone wthin the separation
zone. in fluid communication with the separation zone and a plurality of arms.

32.  The process of claim 31, wherein step (v) further comprises directing the
catalyst through a plurality of arms and to an inlet on each respective riser

reaciors.

33, The process of any of claims 27 to 32, wherein the catalyst is contacted
with the fluidizing agent to fluidize the fluidizable catalyst in a catalyst
return, in a catalyst retention zone or a combination of the catalyst return

and the catalyst retention zone.

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

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

35.  The process of claim 34, wherein the process further comprises the step of:
(x)  stripping the at least a portion of the catalyst prior to regenerating
the at least a portion of the catalyst.



36‘

37.

38.

39.

40.

-43-

The process of any of claims 27 to 35, wherein the hydrocarbon
gonversion 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 methanol synthesis, phthalic anhydride

formulation, & Fischer Tropsch reaction, and acrylonitrile formulation,

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

conversion process is an oxygenate to olefin conversion reaction.

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

The process of any of claims 37 or 38, wherein the feed is selected from
the group of methanol; ethanol; n-propanol; 1sopropanol; Cs - Cyy alcohols;
methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropy) ether;
methyl formate; formaldehyde; di-methyl carbonate; methyl ethyt

carbonate; acetone; and mixtures thereof.

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

deviating members forms a cyclone within the separation zone.





