C F E B 2007 WD 2004/013257 PCT/ US2003/ 016483 TWDO STAGE HYDROCARBON
CONVERSI ON REACTI ON  SYSTEM FI ELD OF THE | NVENTI ON [ 0001] THe! birfe&i8ht
invention yelates o a reaction systemuseful in hydroca};cq%ms,g@mg{gi on
processes. re particularly, this invention relates to a Tréaction System
whi ch uses two stages and having both gontinuous stirred tank (CSTR) and
plug flow reactor (PFR) hydrodynam c characteristics. BACKGROUND OF THE

| NVENTI ON 10002] When converting a feedstock containing a hydrocarbon to a
product in an industwelsTLEENPYDROCARBIRS ICORVERNIORRIEAEEIGRe production
of a 'desired product or products, and to control, typically to mnimze, '
the production of by-products. One SXPEEMF reactor useful for conducting
hydr ocar bon conversion reactions is a fluidized bed reactor, wherein solid
catal yst patticle - .. in a fluidized state during contact with

t he feedstoi‘:higgl?daw ill:i}gﬁﬁ? ?eri als. These types of reactors general])’
have a regulgoiy! i Ndritede@RORRNEY N rélBRE td Sreaci@IPsieRPudffdYh | nder of sone

| engt h having a constant "diameter along that length. In general, the

react or crobydroeabpneanyessienpreenstabdylerctpariaiddrlynthis inveuttcal ipkates tparti cl es and

vapors flow is .directly proportional to charagcteri.stic w d ~and

spec 1 faweafgwggvgﬁﬁi ch?f"é‘“c?f‘%fsﬁg%ﬁﬂﬁi?gh? @Emﬁi ;*S‘Es%@%[. (0003
.o, Fat. CSPR feaQSEP RN G yinbEendthicIchifableA Qs DEA 1 eact or IC
i s used inNg((:)nver}ti ng gxygenat gl?to'orefihg. l'(I:'ﬁe raeact ofs i ncludes a dense

phase zone, a transition zone, and a riser section. It is disclosed that by

using the BAMSKGIROIND HeTHAINYVENTIGNS| tion zone in the sanme reactor,

conbi ned wi initgal catalyst separation. or di sengagenent step,
signi ficant t[@c@ nt ages ‘\:'/ne‘rzomg%r}%ear{fsa ?d(%{ra?acﬁCBﬁ%Eﬁlr?%%h%cgo%rﬁ?ndﬁozaed bed reactors
can be obt aipp&fhct ibhé: HeAGE1REASER. it ZQMtCirdfe (@hasindte heSuRRENbEIBd Vel ocity of

| ess than | neter per second, and the transition zone operates at a
super fi ci al dogiresiaregueior praghstsiand Ao et stypispll s apignize Ade rodugtien e of
unreacted f t ENTReI N ' . ti .product s
enters the ;B ?gﬁ??{;ﬂhjc?ﬁg z%%bﬁggé%%gc%%@%g@g% ?{r\ﬁg@ ]ﬁg%éé%gﬁtcsjgﬁrsﬁ%onpl ete
conver si on. réacliohd 200 diz ¥ W0b2DIB4dt O] 3RBren KA ddG204) pakite4 8@ sudpended

in a fluidized state during contact with the feedstock and other vapor materials.

These types of reactors generally have a regular cylindrical geometry, that is,
comprise a cylinder of some length having a constant diameter along that length.
In general, the reactor cross-sectional area available through which catalyst
particles and vapors flow is directly proportional to a characteristic width, and
specifically for a cylinder directly proportional to the diameter.

{0003] U.S. Pat. No. 6,166,282 discloses one type of fluidized bed reactor
which is used in converting oxvgenates to olefins. The reactor includes a dense
phase zone, a transition zone, and a riser section. It is disclosed that by using the
dense phase zone and the transition zone in the same reactor, combined with an
initial catalyst separation or disengagement step, significant advantages over
conventional bubbling or fluidized bed reactors can be obtained. The dense phase
zone operates at a superficial velocity of less than 1 meter per second, and the
transition zone operates at a superficial velocity of from 1 to 4 meters per second.
As a mixture of unreacted feedstock, fluidized catalyst particles, and reaction
products enters the transition zone, the reaction continues to essentialiv complete

conversion.



10004] European Patent Application EP 1 046 695 di scl oses anot her type of
fluidized bed reactor which incorporates the use of nultipgg F zﬁ in a
fluidized éfed reactor. This patent publication is specifi gg lected to
the utili 28 FBHY3F°7 different feedstock and ot her vapor sPERUSRWROHH8E hese
zones to control reaction conditions such as tenperature in each of these
zones. and to increase secondary reactions and byproduct production. 100051
PCT Publication WDOOL/ 04079 di scl oses a fluidized bed reactor having a

f1ui di zat i qpo@ACt i on Bitdpcn P8 APPEEATRA.EPTNI0AE B8S BRREIoR b BRE bype | S
specifically a'reaction systeminvolving oxidation of propylene with a
vanadi um addlvidizadubdd reatian which ingoppaates dhease ¢f peltyde dondsdoadluidizedar ticle in

t he Chines eri odi cal Petrol eum.Processi and .Pefrochem cal s, Vol. 31,
No- 2. Febmilrteblod PRRIN AG SR depeat caly Oirectt i PE AR i nat i on o
Particl e VeligglehifeBistbdl RidtdiRe vaPord WP edthndshdk zBh&ab coM@@Gbattion di scusses an

auxiliary bed of a larger dianmeter in conjunction with a riser of smaller
di anet er. Toeedidions sich addgupirbare mivach ebthgse 2ames.culitd intreaspeatondaryy neans to

provi de a better pl flow,patfern in the riser. [0007] Additional systens
and met hodgeﬁqlgnﬁg’écgg@l?guﬁt%ﬁor SV he ef fectiveness of fluidized bed

hydr ocar borjpgggjver si OpCT @aBhi&fion WOOPBBDTEdiksdlboses aSUGDiz6d béPfactaf € needed to
i nprove product selectivity while maintaini %a hi gh conversion of feed.

Such syst ersivinze: fhadizagen sachipn dedé riags section. i patent piplipatigr issel ectivity to

et hyl ene and opyl ene products. in the enerai field of, ox nat e
conver si on S@S&ﬁﬁﬁé’x@be@ﬁgqrbsytsgen}ﬂné? Vﬁlﬁz%l)tlgﬁqﬂf%té}%]% R V4R T ON
100081 Thi saridnyvstith @BtaBisOM Slesucewsh@idcaid met hods for catal ytically
converting [%drocar bon feed to product at hi 2h selectivity and high

conver si on.[0086] one efbedichkeinthe Chwephnesindiash Fpr ok ogesipgapdar bon
conver si on par at us appay 0 ' tor shell .Lneluding at
| east one t%ggorﬂ%ﬁ]g”cgfsé\nféﬂ'?’ IHFU‘(J?@F&&% ‘g%’ g’ﬁts;ztl)lgﬁjémﬁﬁat%ﬁ%f e‘? ﬁ]g’ elnﬁlit/l%%t i on,

there is a ‘DaghinanstOOPargtia0&lociytibisributien e@cth®indheFRiseavi ng a first
volurme and a first average equivalent dianeter, the first reaction stage
havi ng a caReacips{ Gissuates &R RBXGRY WIS Of 2dareer dipipster Thegp)wirtigr Withide i nvent i on

2004/ 01326750 HEaIE 4 SN Te R e e O PR P R ent o1 s
wel | as a fmeafs irpieidesd bdireaphigtflow pattern in the riser.

[0007] Additional systems and methods are needed to improve the

effectiveness of fluidized bed hydrocarbon conversion reactors. In particular,

such systems are needed to improve product selectivity while maintaining a high

conversion of feed. Such systems are particularly desirable in maintaining high

selectivity to ethylene and propylene products in the emerging field of oxygenate

conversion using oxygenate to olefin catalysts.

SUMMARY OF THE INVENTION
[0008] This invention provides systems and methods for catalytically

converting hydrocarbon feed to product at high selectivity and high conversion.
In one embodiment, the invention provides a hydrocarbon conversion apparatus.
The apparatus comprises a reactor shell including at least one tapering element.
[0009] In one embodiment of the invention, there is a first reaction stage
within the reactor shell having a first volume and a first average equivalent
diameter, the first reaction stage having a catalyst inlet through which a catalyst

may enter. The invention can further include a lowest feedstock inlet through



t hrough which a catal yst, a hydrocarbon feedstock and a hydrocarbon
conversion product may exit. 10010] It one enbodinent, the fi r@t’ #ﬁ';ﬁ@l al
transit is ‘Q’B%Ejf'ﬂﬁeﬂ at a higher elevation relative to grade r'}a

| owest feedStock I'Rfét. The appar atus aspect of the inverntdus2eamnialsso

i nclude a second reaction stage within_the reactor shell. The second
reaction stage has a second volune, a fength and a second average .

equi val ent dianeter, and is desirably joined to the first material transit

of the first. reaction,st such that a catalyst, a hvdrocarbon feedstock
and a hydﬂ%ﬂg?%gﬁﬁggﬂ98?§%§ﬂ°§$BHﬁéTmﬁ&?\f%ﬁ@ﬁ?ﬁﬁ%@agéégﬁﬁmpeaction st age
can furtheryroupk Wiie PcASEansnpdbeirbed et apal ind PERBeLME] Cdhvarsioat al yst, a
hydr ocarbon feedstock and a hydrocarbon conversion product may exit. 10011]

A separ at i gnodisvineg esin be included in the apparatus. The separation device
is desirably,in fluid comupicati Lth the second material . transit of the
second r eacm?idﬂ zon e.qt The e@B‘f}%PﬁPﬁ @?F%ﬂ@ﬁieb@s Ib%ﬁi’ﬁ%?f“f%leg@ﬁ%r ate a

catal yst frppmed eltusharRIARR b eRds omkhaiva: raeaankenTROByRFHhon Product
in the hydrocarbon conversion apparatus. The separation device can further

i ncl ude a gspestiotiheaxventionhrcon glio winlede assehynit eetrdroviagsonitan sheamagieroduct and a
hydr ocar bon_feedst ock nma xit _and a cata t exit throygh whi,ch catal yst
may o ¢ e doeerpdEiachEn Bl e Y EuALY TRl oot BBHA SR o 2 hi gher
el evation rgbalbk ¥Quiviientdiagierct, han i ARieRy3bned 1ok tirst HRdrlal thafsiosre

enbodi ment, the first volune is at |east 20% and no greater than 90% of the

sum of t he the fisst reaeliomrstags suchibalgesanhst. eohidnecarhan fgpdstdas&rand@nbodi nent, t he

ratio of the length to the seccgncg %Yelrla‘?e equi valent .di gneter o 9 at | east
5.0: 1. In YOt EROEREPRUHS Rt TERE e r LE° Sverh Fe il ot St er s
desirably ahch8@stechndmdtbig srahfiethsQe@nchidy 8cagR sedbividlcabondi ameter. It is
also desirable that the first average equivalent dianmeter is at |least 0.3

met ers. 100egdstorkang garrgcerbopponveralbn produel WeBsxia cat al yst circul ation -
conduit th h whi c - : fl h at al krcul ati on conduit
gﬁﬁgﬂu d R fs??a'cs‘f?ﬁ@n%ﬁifit)ce% l‘5>|e éﬁ)c%de-g 16 15 %p%a%‘?ﬁs. e

desirably es a n comunicatfon W th the catal yst
exit of thescpapasmidore isdevirabdy irafhdld osenaicien dvijhabisdtoh® nialegiat at al yst
inlet of the first reactjon stage. The 01 FEB 2007. WO 2004/ 013257

PCT/ US2003/ trrsti g3 theseeepdiiegdionciongy il B¢ SR gRNAYd Periovister desepagte 1 ui d

communi cat i P 0t GRkRLYStrdchB8h £38SERA 2hi BB AHBY: ESkRidSrokidi §f Teaction

st age.
the hydrocarbon conversion apparatus. The separation device can further include

a product exit through which a hydrocarbon conversion product and a
hydrocarbon feedstock may exit and a catalyst exit through which catalyst may
exit. It is desirable that the product exit is positioned at a higher elevation relative
1o grade than the catalyst exit.

[0012] In one embodiment, the first volume is at least 20% and no greater
than 90% of the sum of the first volume and the second volume. In another
embodiment, the ratio of the length to the second average equivalent diameter is at
least 5.0:1. In yet another embodiment. the first average equivalent diameter is
desirably at least 1.05 tines the second average equivalent diameter. It is also
desirable that the first average equivalent diameter is at least 0.3 meters.

[0013] The invention opticnally includes a catalyst circulation conduit
through which a catalyst may flow. The catalyst circulation conduit desirably
includes a first end in fluid communication with the catalyst exit of the separation

device, and a second end joined to the catalvst inlet of the first reaction stage. The



[0014] The invention is also directed to a nmethod of converting hydrocarbon
feed to product. The nethod includes contacting hydrocarbon g(}%\é? ion
cat al ystnw th}w@x‘g&ocar bon feed in a first reaction stage to P r 0 product .
I'n one enBddi St he hydrocarbon feed is converted at BCFPPMP30¥¥Hr ocar bon
f eedst ock conversion of at |east 20.0% I|n another enbodinent, the

hydr ocarbon feed is converted at a hydrocarbon feedstock conversion of no
greater than 98.0% [0015] The produm any unconverted hydrocarbon feed, and
a hydr ocarRADsteHURESh @BndAL iR bYRiddasfol NauRGnimhemtil dfich@lyst gaft i on stage
to a second fteaction stage so that conversion of the hydrocarbon feed ,
cont i nues fha seprratscdndce wabelisoreastiaciggagd n one enbodi nent of the net hod of

the invent| the second r.eaction,.stage has an,average. gas superfici al

vel ocity (@@?] whi ch TP§ TeRUPR{S 3l5odirec e%a{?_aﬁﬂg‘f‘l%o "rornggﬁfﬁngacti on stage.

BRI EF DESCRI?04 4D CFecB i pRIBAMY NES 1 QRISnchides corkadind 1yRRadonect i onal -

el evati on of a hydrocarbon conversion apparatus of 'the present invention,
and a part caivetsemeataystevidiebydrosaripin febd irap frst sgagtion sthgmy farhane as

i ndi cat ed. %017] Fi gs. 2@-8 shomi]a sec io&al .el evat%f)n of anot her

enbodi ment P Uty dR OBE FBR ’_E?bfi%é]P% yerocasbn 1ed s Ve Prd¥Ent invention, and
a partial njdAOsyes RR6el LaRcRlon i RABAIRINS 1ALARRArlbAEnds, hidi cat ed.

10018] Figs. 3A-C show a sectional elevation of a third enbodi ment of a

hydr ocar bohydrocarboms faed iappacatdis aofydrémaripmdsedstodkrooentision of amd two parti al
transverse secti.on 0(5/0 t he apparatus along lines as indicated. [0019] Fig. 4
shows a seBEAERUIDEASN 4t i on of a fourth possible enbodi nent of a

hydr ocar bo[qoquverm qhe3PRACARKS ulonk B PERESQboIEEM dn@R. [0020] Figs. 5A-C
show a sectional elevatiron of an alternative enbodi ment of a hydrocarbon
conver si onhydrpearhom somfersitrecaalpy enflowed nmi b firstnehctivh stage tver seicahd t r ansver se

sections of the aratus along lines as indicated. 01 FEB, 2007

2004 013257285 TRBOI LT e of S aes o BAl ol B LESRtal

el evati on phcaRPhihes. B diRleapolidgent 6fRGhARA oPthedmRYHLRGRE RRBpLONVEr Si ON
apparatus of the present invention, and two partial transverse sections of

t he appar ateastien giage hasrocavamet gay sweditial voleny (68Y3 whith-icgrhsntinsect i onal
el evati on 81f t%f%%\fﬁ-gtt h E{nbo i ment of

a reaction stage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]) Figs. 1A-B show a sectional elevation of a hydrocarbon conversion

apparatus of the present invention, and a partial transverse section of the apparatus
along a hine as indicated.

[0017} Figs. 2A-B show a sectional elevation of another embodiment a
hydrocarbon conversion apparatus of the present invention, and a partial
transverse section of the apparatus along a line as indicated.

[0018] Figs. 3A-C show a sectional elevation of a third embodiment of a
hydrocarbon conversion apparatus of the present invention, and two partial
transverse sections of the apparatus along lines as indicated.

[0019] Fig. 4 shows a sectional elevation of a fourth possible embodiment
of a hydrocarbon conversion apparatus of the present invention.

|0020} Figs. 5A-C show a sectional elevation of an alternative
embodiment of a hydrocarbon conversion apparatus of the present invention, and

three partial transverse sections of the apparatus along lines as indicated.



a hydr.ocarbon conversi on apparatus of the present invention, and two parti al
transverse sections of the apparatus along |lines as indicated. JPpPRBJIFig. 8
shows a secg‘i ogql el evation of a yet another enbodi ment of a hydrocarbon
conver si on &) WHP1P& 0f the present invention. [0024] Fi gsPCHESINYMGS
sectional elevation of a still another senbodiment of a hydrocarbon

conversi on apparatus of the present invention, and three partial transverse
sections of the apparatus along lines as indicated. DETAILED DESCRI PTI ON OF
THE | NVENTI Opob@P25] This. EAVE MdwPR stiiKaIdes a8Ys beMotlfhlicabbeytical ly
converting ydrocarbon Teed to product so that high product selectivity is
achi eved, whéembodimenhoba hydigednbgheconyersicosmyeresised theliresenhinyantionand carri ed

out in a tw_sta reaction process. The reaction process s carried out in
the system sﬂﬁ%pgﬁﬁlttr?“ﬁﬁers? ?ercg?n%?ééﬁa%é?tg? ggn%ﬁn??gqﬁémgﬁaﬁ?‘#'nUOUS stirred
tank reactor [d@@jl'R) |1 eosC hAL@SHAY b Sédtiehial dAdtbRSS 8 85ehl hRE@emeRrefat es at

fore plug flow reactor (PFR) like characteristics. 100261 The inventors
have found thlydherben postersien apradtaneidhe pragend ninveton.@sd RvapdrtRER oper at i ng
characteristics in each st?g]e in O{udeLo tg. achi eve f? e desired product

sel ectivity HAT FEEA°CEREr SIFSRPHFESAIfE2cTEr &1 PUt8ifVer sion of feed to
product is cgyoepd out Fad. & AoGEhY¥eGOhR Gbakias beh et inbther BBbEImeRPBFL! Si ONsS
are nore easily achievable using smaller reactor volunes. However, CSTR
char act eri st hxgrogashen convgredaanpeesss ¢rtheipresens ehveotiovi ties, which is
particularly esirable LR gertain reactions sueh 0 enate to olefin
conver si on rgg@tq?ons. %ﬁst' %%L}g%h%‘faﬁe@éjlﬁé]c‘]F\’?'?lf)i]é’gaf@?%@ ed product can be
achi eved undembbdifgst ¥f LRiroedediAein®eisiinl @ﬁmaﬁiﬁ@iﬂﬁ@;ﬂéﬂeﬁi AventisihAdrequire a -
reactor desi gn t hat woul d have such a high reactor length to dianeter ratio
that it woul HrBRPITHAIEESYESE scBORsALItbe apnspTepE PRt bngstas inslieatedi al scal e.
Therefore. the invention balances the first and second stage reaction
characteri sti g?&% gg @ A pl_ot nd high 01 FEB 2007 WO
2004/ 013257 %%@?@ PIQNSE 198 RVENHIOR achi eved at the sane
time, and at [@2§jral | er Theachanion@ravidestdyasems daneesittialincofveariink zed bed
reaction systens. [0027] To provid he appropriate bal gnce fr nore CSTR
type charact E‘?WOSQILE% 5 '¢ HE‘PdPFtrsé’ttg?té’ééi PoRUAESsE Y Bt ewﬂa“@_irse
characteri st iyGenthiidegeh ﬁ%faqegveﬁ-ﬁa&t TROISEANS: is th%ied 860RG: fRAGLgON Stage has

an average gas superficia _ _ _
reaction process. The reaction process is carried out in the system such that the

first stage operates at more continuous stirred tank reactor (CSTR) like
characteristics, and the second stage operates at more plug flow reactor (PFR) like
characteristics.

[0026] The inventors have found that there must be a balance between the
CSTR and PFR operating characteristics in each stage in order to achieve the
desired product selectivity and feed conversion. If the overall conversion of feed
to product is carried out at largely CSTR characieristics, higher conversions are
more easily achievable using smaller reactor volumes. However, CSTR
characteristics tend 1o yield lower product selectivities, which is particularly
undesirable in certain reactions such as oxvgenate 10 olefin conversion reactions.
Although high selectivities 1o desired product can be achieved under largely PFR
characteristics. such conditions would require a reactor design that would have
such a high reactor length to diameter ratio that it would be impractical to build
and operate at commercial scale. Therefore. the invention balances the first and

second stage reaction characteristics so that high product selectivity and high



velocity (GSV) which is greater than that of the first stage. The systemis
further operated so that the conversion of the feed to produc[gﬂFEBt first
st age proggefey 32572 maxi mum w t hout negatively inpacti Eg s%l ectivity to
the desired product. That is, the reaction proceeds to a‘pdrat»WHeps

undesi rabl e side reactions or undesir@able by-products are kcpt,to a m ninum
inthe first reaction stage. Then the reaction process is shifted to a
second reaction stage where conversion of unreacted feed nay be slower or
oper at e acoavdsiog chivbaadiiévednetic samacimo andach amnalen redrudr wriade tian

selectivity is neverthel ess kept high and by-product formation is kept |ow.
[0028] The&onusptignal fiudsed Bk ©epi B PFY™i gh to achi eve more PFR |i ke

characterijghsfis in t 2he 551886 @ﬁ? Ijrent, the .
condi ti onslﬁg#‘go shou %r%gfeiﬁgﬁec t hat Iecor}ver sﬁré())lﬂngé}%t e g@%‘sl n the first
reacti on shageteristictin tleeiist red6idstagedo moorg PER pe chanctO8st%Gn thiet h furt her

conversion being carried out in the second reaction stage. The reactor unit  «
i's, ther efS6pend rgaiogFiagesbhe serand Feactpy plage hagan awsessas s3e¢fIEA!l st ages have

appr opr i at 1%0%8‘(6%%%9‘:}{ ﬁag?éa?%idtaiﬁgtﬁé% ge EY&&@E E Thi &3 i t both the

desired conversi on-con ch conditions an esigns result
in nore CYperdiédsd thahacoerersdi elthe feedhe ptadiet inrhaditst eragstpageedstd nore PFR
| i ke characteristics _in the secqond stage {_0_029] As used h reijlil[ and in the
claims, t e, vEHtoRt pegaively dpppgng Splertiviohe desites) Rreguct o fbat

“hydrocar tl@,”cB? %}fﬁ&gfgﬁgeeﬁigté@é ﬁg{nlt WGBS rab i B de F@F@%r&%r%%s%{a@leu sed

i nterchangeably to scr , tormulated catalyst particles capable of

bei ng f | uildi-peeduandredgpaioyt modnbyn enhahct getitrestagt. eTlemdthe secgat i vity of a

hydr ocar bon conversjon reaction. Al so as_.used herein,. the ter "product, "
: iR

"reacti on RIPHEUELS O'acSSFRPé]_rrg'?‘B‘rﬁ‘nﬁ}a@B ﬁ‘é’te_‘e FAVET Ol e and are
used i nt erEhABIABREY of BherlS SdoREnk 1Ea SRR At tibh HechS34h! b HAsBdLNe T eact i on

of a hydrocarbon feedstock with a catalyst. Finally, as used herein, the
ternms "f esthetivity bentvetiohess dept Higly shdoyaptodnct josustiacik kehalwe. t he sane neani ng

and are 0 E B 2007 2004/.013257 . PCT/.i.1.S2003/ 016- 453 7. used
interchangéggff]y to d ec&%eggglﬁﬂ 4r'g %’Eﬂﬁr}’%]’r’(élﬁgor?ci‘fevgﬁ?% IF(B]f]‘c?r conver si on
to producdiarameriitias inah@betsid rehO@B Ok Al In dife dnftfodihaur @8 cdh&ebasas herein are
intended to represent exanples of types of reactors which can be used in

the two stdguldrheasuchihas genversiar of thafesdiimenffisbieactorusgeds s1 gag not _
spec {1 cal Jyodlengtibed NSRal &b GANAR AR udad a8, vRRk caftfed dEPYEt om Of this
i nvention as 1ong a € apparatus’'is designed to

second reaction stage. The reactor umit is, therefore, designed so that the first and

second reaction stages have appropriate volumes and reactor length to diameter

ratios to meet both the desired GSV and conversion conditions. Such conditions

and designs result in more CSTR like characteristics in the first reaction stage and

more PFR like characteristics in the second stage.

3

[0029] As used herein and in the claims, the terms “catalyst,” “solid,
particulate catalyst” and “hydrocarbon conversion catalyst™ have the same
meaning and are used interchangeably to describe small, formulated catalyst
particles capable of being fluidized and catalytically enhancing the rate and
selectivity of a hydrocarbon conversion reaction. Also as used herein, the terms
“product,” “reaction product” and “conversion product” have the same meaning
and are used interchangeably to describe the materials that result from the reaction

of a hydrocarbon feedstock with a catalyst. Finally, as used herein. the terms

“feed,” “feedstock™ and “hvdrocarbon feedstock™ have the same meaning and are



mai ntain the appropriate first and second reaction stage conversions at the
appropriate GSVs in each reaction stage as al so described herlej pgp The

desi gns shgedspB82&uch that the first reaction stage exm(ta‘i,ﬁé{.{,@([lgggSTR

| i ke characteristics and the second reaction stage exhibits nore i ke
characteristics. [00311 Fig. | A presents a sectional elevation of a

hydr ocar bon conversion apparatus 100 of the present invention. Fig. 1 B
presents a partial transverse section of_ the apparatus, | ooking down on
Fig. |A al oriffcd ntgrghangeablyde descuhe a by Jecapagymgisrial arehiedonsayErsan@ wit h
reaction zo \fting separation device 151. [0032] Wth

conti nui ng ;}%Pé%z%\ggﬂtqoc(g@}g%. ] A-B, a feedstock conduit 103, that would
provi de a g&a@eddis or | Aluwi cthef epolst dickoded hetegn appateddadao régesgmenl y joined to
a reactor shell 106 which fornms the totality of a reaction zone 109, in
which a redCRMBIESOTBRGS OheeapwETehish eamheuseddp thedworrsdeireantel wstemr af yst
woul d t ake : Reaefi : I: ) . [ 115t 1on stage
172 and & sarorugEs PhA bRt o R RATI Borchh L O inERREAHPD 5
second r eactpanofshagetehi 61 hieindegicnrg dorghsdhée sppatebs skiesipoecder has a | arger

characteristic width in a pl g,ne per pendi cular to net flow than the latter,
and are proViNa®RR BEAPPIRRILEYSt BEISCCoNdIBTER SREE CORVET Ol t hat may fl ow

through the 5;%%}&13‘9@6%9@?1 44 rEé%tiBﬁ%ﬁrgé‘Qs als D GLLAB kG Z Tgl‘é%EiE%;sCi al

vel ocity as the ‘extent of reaction sappear ance o0 edst ock) i ncreases.
The char act eshiosid e smchlthat dfe fasreactdnoregs tahidits moth€SPRdfke chprepemiiscul ar to

the net flow of . the feedstock, prqduct an t her gases. that would occur
within that dge F%ﬁngf%ﬁmﬁﬁéﬁ 4 db”a?ﬂ’&%ﬁeg’t}:%sﬁkesc AHCHE8UES herei nafter

establ i shed ggsgn " averggea ot al.ablyHhAdelfibn (AFRYIRRBbL BRvdig¥h N9 a
subscript indicating the reaction stage)." discussed in detail below 10033]

| n an enbodi appatatgsf 100tnd the preeamt invevent. i fop, 1B hesents g partial wawytrse f eedst ock

inlet," throu which a feedstgck uld flow,from a,.feedstock .element Q1 F
£'B 2007 ool 5 38 Be IR o T g4 45T FNT R T IREE T cact | on
stage, defi npludsg bREIcARER asEIcRI&T WRE tdaBoS ik a09, ardedaihi®l sdpfratiff ade,
formed at the |owest point of the intersection of an end of the feedstock

el ement and €4vécordeti on zone. The | owest feedstock el enent is typically

openly join Lp or rudi-ng in t he loner ril .ar Qr shell.
Exanpl es of ﬁ’g g‘éﬁst ocrk)ﬁgfhecr?g% Igmlgﬁ%': {?8‘2‘? mth(J%t”S':gt‘rA(lEe)}g ’n% e%??I%]Y ‘god] dtleng,cib%’pen
condui ts, grikdswaild pr&vddeh gsseodher liqieibdheds tincipparited, ideiealyofied t he

| ower boundary of e . ) . . .
to a reactor shell 106 which forms the totality of a reaction zone 109, in which a
reaction among the feedstock and a solid, particulate catalyst would take place.
Reaction zone 109 is composed of a first reaction stage 112 and a second reaction
stage 115. The first reaction stage 112 and second reaction stage 115 are
distinguished in that the former has a larger characteristic width in a plane
perpendicular to net flow than the latter, and are provided to allow feedstock,
product and other gases that may flow through the reaction zone 109 to have an
increasing gas superficial velocity as the extent of reaction (disappearance of
feedstock) increases. The charactenstic width of a reaction stage in the plane
perpendicular to the net flow of the feedstock, product and other gases that would
occur within that reaction stage when the apparatus is in use is hereinafter
established as an “average equivalent diameter (AED; sometimes having a
subscript indicating the reaction stage).” discussed in detall below.
{0033] In an embodiment of the present invention. there is a “lowesi

feedstock inlet,” through which a feedsiock would flow from a feedstock element



geonetry of the first reaction stage. 100341 In anot her enbodi ment of the
invention, there is only one feedstock element (which will thygs mgpﬁﬁﬁarfly
defi ne th@KJEM@@grgeedstock inlet). 1In other enbodinments, there are two

f eedst ock el’ements, one of which will define the |owest PEEES2001648 et |
and the other which will define anothgr inlet. In yet other enbodiments,
there are three, or four, or five, or six, or nore than six feedstock

el enents, one of which will define the | owest feedstock inlet, and the
ot hers Whi;GR o 4 sl e D8t RUBe ofdneBlotB M 1i0h suALdOYarafibNgr i nlets is
di scussed ‘Iﬁat}‘gr lllfslte%e{:tlil. i(fOBglll n thee %};rlr-iglé I ms*ntC 1i rllsFi gs. B] -A—'Ig,e the "I ownest

f eedst ock gradeeformad 8t the taveesg homho£the fitedtsttankofamiend off tafebdsockf eedst ock
conduit 103 into first .reacti tage 112, is.defined as, the en,
cross-secf %Wnéﬁ?i@&é?acﬁﬁ? éP]Pee?fh%‘O&’%gcfl ?Cﬁtcf"birell%ﬁe”étls Eyﬁé"agﬁé’ﬂ-e'ﬂ int of

f eedst ock;Gandtd & [p]-&?’udﬁ‘h thté 8RALRE: ?Jf@hfﬁ oﬁQ@each?%helQpEﬂajnﬁwéﬁ' section

surface parallel to grade defining owest feedstock i'nlet 118 is
cont i guoudeadstobk slealehtsif@ndardt sdeamotlitiitedty, opkn chedlitnesds dndedst ock i nl et

118 is enconpassed by the end.aof feedstoc ondyit 103. .There are numerous
al t er nat i P&z gﬁﬁﬂ@ﬁ%%‘.fe%déwgdﬁe\/\éﬁt@ﬂnﬁ?se‘hf’ Q‘ﬁ?&o&?éﬂylogf@r in Figure 5 and
Figure 6. rgé%gg@;ofr&g ﬂrﬁ&@ﬂéii'oﬁ‘é‘tagg."‘lp" and "down, " -and various forns thereof,

are refe relative to grade. As an apparatus of the present invention
may have {[0634¢ t han lorectherdsbalikentiniidhs invhmtidane therd isowmdg dtte f eedst ock i nl et

refers to_that on of the a ratus cl gsest t rade. 03 turning to
Frge ) A deeaopEefpedt (TR PR BhBartesiat deing hedone rbAckentsol | o,
particul atig (R} ah¥sdinlepis! HereRbakafatsiosk GRARLY, bl PEEhich wiletigg  shel | 106
which fornms the totality of a reaction zone 109, in which a reaction

ani on-, t hke fosesisfeedskocknulen agd thedhtherawhick wild definmarithetinkgb ulnget ake pl ace. 01
FEO 2007th\0 2]?)0-.110%36%7 P |U820q3/ 016?183 9.100381 {h%ﬂan enmbodi nent of
the i nventiish SMPRAFMENTS thyre arg Baec, Gr ipyn, B IVE: oF §iX, REMORHIPER K ol i d,

parti cul atfeede@tRrEksientObh&lof WRith iR MeAnE Bleabyisd: fhddisRick ¢@BCuhd thei Nt o the
first reaction stage, defined as the open, cross-section surface having the

m ni mum arogers whichivglldefine ethetindeds.all feapaini 08 veousiiehesaletfisa cat al yst inl et
condui t, dﬂcwﬁieﬁlattgﬁxe];ééﬁﬁ reaction stage. A catalyst inlet conduit is

typi cal |y ‘openl’y ] oi ne or protruding into the |ower portion of the reactor
shel | . Thg6e3syent i onnmyerhiadment in Figs. 1A-B, the “lowest feedstock inlet” 118,

through which feedstock would flow from feedstock conduit 103 into first
reaction stage 112, 1s defined as the open, cross-section surface, parallel to grade,
_ formed at the open joint of feedstock conduit 103 with reactor shell 106. The
open, cross-section surface parallel to grade defining the lowest feedstock inlet
118 is contiguous with shell 106, and the entirety of the lowest feedstock inlet 118
is encompassed by the end of feedstock conduit 103. There are numerous
alternative embodiments, some of which are illustrated later in Figure 5 and
Figure 6.
[0036] The term “low.” “up” and “down,” and various {forms thereof, are
referenced relative 1o grade. As an apparatus of the present invention may have
more than one feedstock inlet, the term “lowest” feedstock inlet refers to that one
of the apparatus closest to grade.
[0037] Retuming to Figs. 1A-B, a catalyst inlet conduit 121, that would
provide a solid, paniiculate catalvst to the apparatus is openly joined to reactor
shell 106 which forms the 101ality of a reaction zone 109. i which a reaction

among the feedstock and a solid, particulate catalyst would take place.



nore than one catalyst inlet conduit and hence nore than one catal yst inlet.
Preferably. the catalyst inlet forms a part of the boundary o [F eonetry
of the fi{s) 00886 17on stage. 100391 In the enbodinent in Fi 1 16/

catal yst inlet conduit 121 is openly joined to a lower pBfT 5?1’06’?16r‘%ct or
shell 106 to establish a catalyst inletg 124 as another part of the
boundaries of the first reaction stage 112. In this enbodi nent, catal yst
inlet 124 is contiguous with reactor shell 106 and fornms no dislocations in

t he geonet rjooas)] r eact by aisbiehddidfat efittle iivestion, @ixet ison“tadge ifdt?, - however,
there are nunerous ot her enmbodi nents which can be used in this invention.

One nust bed¥ough whighia splid. napicalate saplysivowd dogt remea Gsradye mletcopdwt i on  t he
solid, pf"‘rtin%’%%tf%stcr@écqjoﬁssﬁaggn&ﬁlﬁﬁ ab B! d@{eﬁc({?o%@ %ec 15’1?51&%%%%13 thel N an

alternatlve oWn, a cat condur t may protrude

through a rgaginom asheldt id wnaedibetd Al péints@nachd emd S Agealgstdniencbnidoit,sone
geonetry. If that (f:[eometr were acircle, i.e., the right end of a

cylinder, tWéhidbe Wt reacHpB slagipu Aok atly 8P rroadwis is typicaldy ppepbiioiiieda of t hat
open circle, m{rﬁﬁng%go%e {o*(k%l {doﬁldo? e DG e, tﬁ)g Q\Pe;nhb%a Elta ¢ he

cyllndertha s a al'ys condui t Wrthin th I on stage
woul d not bﬁar@‘(hﬁﬁbﬂ@tﬁdly&&nh:&tbndlﬁt dnideheved mor: thhn bhecdtalystinleeact i on st age,
since it would not ossi bl e for feedstock to contact catal yst within
that cyl i ndBreteiplly. ‘ﬂlﬁéa abyshay & ifons apatholipe Parndsny ofthe Seppely © ﬁtheat al yst

inl et conduily mBY;hAYg.2Ny geonetry, including those that may be
conplicated and require many nore neasurenents and cal cul ations to

determ ne t (038} ea of Ii tie esahodanentdohigsct @B, tcatalal inlgga@ondsit 821 ishe end, whi ch-
defines a catal yst inlet. 100401 Anot her errbocgorrent of the gr esent i nvention

i ncl udes a SBYAY IiRedio adevrreortien ohFaasionghadhoge esigblshsapaialdstinlat el ement s
whi ch serve59,s8RaR %T%ft&q%dlﬂdar@&r&mﬁ@m{ fa ﬁzxgetnfzrq sgaseous

conversi on product and possi unconverted fee otk urther a
cat al yst exkembaditheat, paf@tj,uttnlﬁxh.ﬂ is tontggnm\aith réttoF skelBl 0 fon9o4/ 013257

PCT/ US2003/ 4 3 10 once the catalyst. is separated.fromt conver si on
product and lfﬁ]&@ﬁ%r”f'élbe E5C08Y3t cfﬁa‘t?%zﬁllli]@%a‘?(gf A FC e Sage P@I’I owi ng for
control of HbRe@X! BBk D¢ nilBaGhk other BRBLABRNISAVAIBE cAPRanREYS tidi | € 1 n use.
There are nunmerous possi bl e enbodi nents of the separation device and the

separation @heneq nfnﬁwyt lsfar whing'i! thatdngirsatios @gne pethewrespnigpysationi on
el enent s gesi Lﬁb}ﬁn&ﬂ %'&Sr“ a n'f&%%tto&? W L0 LG g tﬁ{alteﬁﬂﬂvé or €

€750
particul arly, e ELeon r ansi P86 6RY Y €act) on zone,
embodiment not shown, a catalyst inlet conduit may protrude through a reactor

shell into the first reaction stage and end in some geometry. 1f that geometry were
a circle, i.e., the right end of a cylinder, the catalyst inlet would be defined as the
surface area of that open circle at the end of the cylinder. Further, the portion of
the cylinder that is a catalyst inlet conduit within the first reaction stage would not
be considered as part of the volume of the first reaction stage, since it would not
be possible for feedstock to contact catalyst within that cylinder when the
apparatus is in operation. The end of a catalyst inlet conduit may have any
geometry, including those that may be complicated and require many more
measurements and calculations 1o determine the area of the swface connected to
all points of the end, which defines a catalyst inlet.

10040} Another embodiment of the present invention includes a separation
device, comprising one or more separation elements which serve to separate a
solid, particulate catalyst from a gaseous conversion product and possibly

unconveried feedstock, and further a catalyst exit and a product exit. In general,



described in detail later. [0041] As noted above, the optional separation:
device can include a product exit through which a conversion gﬂr OgECt and
possi bly converted feedstock may exit the device, and a cat 0071 t

t hr ough \RﬁBgH WIBYid, particulate catal yst may exit th’)eCTdE%“Bﬂ}.{“’f one
enbodi ment, the product exit is positijpned at a higher elevation relative
to grade than the catal yst exit. However, the absolute |ocation, geonetry
or nature of a catalyst exit or a product exit included with a separation
devi ce may onae yhevdatkdst.is baparmay/frembbdionesiston proéua andiuhtoheried need to use
t hese boundarjes in cal culations reguired to deieég@ne tha} one has an
appar at us dfedstRekpreasiach largrly Agdsen aﬁ%‘ﬁ’lnglf%r P OHES S igpb ol BRG® for a

catal yst i deehe P 1ile fa@ﬁé}ﬁltug%ife% %%e) 'Th-ghﬁaergglg?nre?i%tpg\tls\gg% e?ﬁgoﬁtl Wdifls @any form

to allow therr respective materials to fromthe separation
devi ce, by,offthe separaivnldeyvica andtitiseparatien dkinettisamains of effichraegldisdusssione cases,

noted below in determning the position of the second material transit
which i s | PITi & SCERRHGRICLEHET SoTaPlY Hbf?@éﬁafrg@%?ﬁt@éw@bthefﬁf?@tqromest or
hi ghest poi . I bl L . {0l comuni cati on
w h the seban Ao R tRRL AP By ek R e AR Ao DR ) a B

separ at i on dbsuriled ihDEtdiklateconpri sed of term nation vessel 127 (i.e., the

separation element), catalyst exit 136 and prodyct exit 142. Reactor shell
106 is operﬁ 4ﬂ§i ned f\a‘npb%drﬁtbﬁa%ﬂ%om@géleaeparmr,l Hmp%mlgg?aﬁ%aform of a

separation it b G L Shy ] Sheon parated from a
conver si on I%P%%E%“?F}Sﬁghmbﬁlﬂ’%aﬁéj“ﬁﬁ%;”g‘tgdéué%’g%ggﬁsg%% Bco?g%aﬁati on vessel
127 def i nesfeedst@kmmatiio thevdzlviceparki3Ocatdlyat iery) tiirbeglopkichta sohid, of t he

apparatus, the term nation vol 130, ,of greater characteristic width than
tﬁg second 1?353‘2}{‘?18ﬁa??ﬁé@aff%‘,#g\%@ﬂvb“all? BV\S?WEO‘S‘E?HVZ]IQ%BW??“SF“&%nver si on
product s anghRpde a5 khidiRr slkOMon TBlave lobrhdd than e Lalidyst ki OWBwE(g, sol i d.

particulate 01 F E B 2@7 WO 2004/ 013257 PCT/ US2003N116483 11 catalyst to
di sengage fthombsohatefldaaniongeepas:tyrmt nhaikd ofdosatalykttepitror alpgodust exinhat i on  vol une

130 while the gas continues tq proceed upward. .[ 0043] A catalyst exit

condu t | 133 R UHRLRTRALAGOERPD JeBAT Ry SRS B e e HELY T devi ce, | s
openly j oi ngdl bnd BéH tdalsk Hesy BEGRIaridsaA cadul@bal ¥ghireXid detdrdfine thRr ough whi ch
catal yst may flow out of the term nation volune 130 and into catalyst exit

condui t 1330nd has gh GRparatisicd ghegpresens invenioa (anklke ose desciibecationn fafa
catalyst inlet or a feedstock inlet). The fact that they exist in any form to allow
their respective materials 1o be camried away from the separation device, by, for
example, a conduit, 15 al] that 1s required. In some cases, noted below in
determining the position of the second material transit which is m fluid
communication with the separation device, the lowest or highest point of such
desirably ends in open or openly joined communication with the separation
device.
[0042] In the embodiment of Figure 1A-B, separation device 151 is
comprised of termination vessel 127 (i.e., the separation element), catalyst exit
136 and product exit 142. Reactor shell 106 is openly joined 1o termination vessel
127, which is one form of a separation element in which solid, particulate catalyst
is separated from a conversion product along with any unreacted feedstock.
Termination vessel 127 defines a termination volume 130. During the operation
of the apparatus, the termination volume 130, of greater characteristic width than
the second reaction stage 115, would allow the gas velocity of conversion

products and feedstock to stow. This. in turn. further allows the solid, particulate



term nation vessel 127 and catal yst exit conduit 136. Further, a product
exit conduit 139, which would carry reaction product and unredct €6B 2007

f eedst ock @ I the separation device. is openly joil;};e[q? term.nation
vessel 127@ 'g"rﬂz)] E{:ﬂ exit 142, through which catal yst ray %23%3/1@6{930]: t he
term nation volume 130 and into produdfl exit conduit 139. is shown as the
open surface area at the junction of termnation vessel 127 and product
exit conduit 139. In an alternative enbodiment not.shown, one end of the
cat al yst exicatalyshtudisergagt frenpthe duweingegdstand Eahdve within the cdrmdsiéionhr ough t he

term nation vesse nd.be in open comunication.with a termnation volune, '
with any tyﬁ'@? eg{gwgﬂemc%lﬁm?f%pm?@ WP catalyst exit or a product

exit. 10044%ghqnjone enRediieityir ddQuit DYERILION WM canddabities: #lva) £BRL ONe
"second material transit,”™ through which a solid, particulate catalyst,

conver si on phoshpatatioankvigesisiopknty ynowiteserneuhtfomedsiaddR7 maycafdlystexaut of t he
second reacti,gn_zon nd, into the_separation device, defi i,n various
erbod ment o L6, GO PRE Bl R bR GO Gbaubt rmnysime L ate | on
surface or sufi@gesi eiduieh % shREREHR JpeRchiPice S i thSjuaBsR of J oined to a
separation elenent. A partial list of such separation €lenments, discussed
in this and tbumieatidr yaspad27iand ketdiest axgroondat i n Fwdesa wodegtekibnes, and t he

open ends of "ra heads. " her separation devices i ncl udi ng but not
Pr e eq o ricrST L0, ACE syenith iy sReTar Probeud wr et oaHER eV bo_used
in the presefimiv@phiaObn dAvikenTbRal} BheUes &@mifidhveiss] MBLA Pwah&hed from

a sinple continuation of a reactor shell in that there is at [east one joint
of the two eheld?. dapdgcebicbicatalystamgt Boyrowhekthe téramndEn verwns tHoanda rapi d

expansi on in_vol u ving . he apparatus forom | owest. f eedstock inl et
Lo broduct  dRtimongs sy eohtfLE0R shon A B Bt Srdh et AaE BrSEmetac or
shel | end |rterrﬁﬂ@[ﬁbr?%liﬁé«lrll?_qaﬁlﬂ%E‘bd%tté%ita:oh@lﬁiﬂl3’91.'[lrﬂﬁh Aleknii®e (anot her,
particular formof C 1 FEB 2002 WD 2004/073257 PCT/ US2003/ 016483 12

separ ati on einehfsimynt ot showp.pae eehet B calbEl oxprwnduig estheiredighedhd ends in a

vol une defi ] rager i I r.m | vessel having a
cat al yst exi%%gﬁlg%f?’ ﬂﬁ&ﬁ%@é@ﬂ@%@?ﬁ% \Zeﬁ%eggﬁhng%iﬂ gﬁje surface is
det er mi ned asntlesgtitheowabavenfigition &ol@dealythtany myet of end @n,thdsb @omduiisnum

surface area_that enczgrrpas,_ses all points of the reactor shell end. [0047]
3. In the ablBREE AFAAYLEXHOAQPIALE R Hgni zabl e feat ures noted

[0044] . In one embodiment, the invention will include at least one “second
material transit,” through which a solid, particulate catalyst, conversion product
and possibly unconveried feedstock may flow out of the second reaction zone and
into the separation device, defined in various embodiments as one of the
following:

[0045] 1. The open, cross-section surface or surfaces defined by
where a reactor shell is openly joined to a separation element. A partial list of
such separation elements, discussed in this and later figures, includes termination
vessels, cyclones, and the open ends of “ram’s heads.” Other separation devices,
including but not limited 10 filters, and combinations of those listed or others may
be used in the present invention. A termination vessel shell s distinguished from
a simple continuation of a reactor shell in that there is at least one jomnt of the two
shell surfaces of an angie greater than 80°, providing a rapid expansion in volume
moving along the apparatus from Jowest feedstock inlet to product exit.

[0046] 2. The open, cross-section surface of a reactor shell end in

open communication with a termination volume (another, particular form of



above in this listing, the second material transit is defined as the open,
cross- section surface running parallel to grade through the |g @@g nt of
t he cat al exit, or the highest point of the product exit. WhIC ever

defi nes t%’é’ WISt vol une of The sum of the first andPEEASRMW3NEHES i ON
stages (discussed below). (0048] Continuing the discussion on the

enbodi nent in Figs. A-B, a second ABterial transit 145, through which a
solid, particulate catalyst, a conver5| on product and possi bly unreacted

feedstock may flow out of second ﬁctl on stage 115 and .into, term nation
vol une 136EPFAIBSILRFNSAEd theerdier %15 protredes drougl ndendsip e¥eBMMS med at t he

junction I vessel

127 1 00aBFERERY Elendh S SRRINH GFREA O kR S cpa BT PREAY 11
reaction pzaiuet exidilahhis &nttdintent.ahe sirfeee is ddternsined aodestiibed/abovedorof t he
first reaction stage and the second reac&jl on stage, is establjshed as the
vol une bo@saelyshiplgtpis. r'@é@ﬁla}m“l% Raitace argrethpiimsompresssal peIets oithe and t he
second materiglpiiiangit- is quantitatively calculated using standard
geonetric ornu?ae accordlng to the preval ent dinensions, noving al ong and
within th¢0sl s of 3the rlﬁahaetzmSemi&eﬁlsuéjetem&mdcbgnithE\Muréemted ock inlet to

t he second materjal transit. Giirl ous.inlets %pd ancillary elenents are
assumed t GOB¥ ighisligiing.dhesacand meterighiensit is Heliped %‘{]ﬁo%’eﬁ“@?mdwt ends

bounded b tends
bounded Dieds 05 QRSRIET RIA:0CHI N BUILASPLAACHHERRRRR 2! | Dol nts

0ses of Vol umet ric ca 1ons, and the
vol unme of eanyorabhaHighest tploadt ofrdy pfoedyet em wehiclgevientefinels ehe saadlesion zone i s not

counted as reactjon zone volune,. as scussed i n detail ove. Vari ous
anci | | arywbwrfgs SRR *fbaéldpﬁee o4t e Ko BV i ed 1o
condui ts usge dezidn\(&ﬁmio i Gs@abioRRndRS chiBo ANt f Mok |18, zati on of the

partlculate cgtalys anmpl ing ports, or Instrunmentation probes (e.g.. thei
owel | s andeMSmlmealgmgles}% tmomolmemzmhmmemmm%w FECT/ U520031016- 53

| [00501 In ane e f the i 0 heffirst
reaction SPAYESPYPH} uF'ezHg]tepcﬁﬁg/lo}’a%e&}‘fiF%d‘efe‘%ﬂ%&rP Nf sum of the
vol unes  efackibg stfabé ﬂs@ﬂ&j]rﬁ@f‘eﬁﬂﬂlaﬁ&@%lhﬁﬁ gtoag%%taﬁal:slﬁbd asttﬁ@oﬁ&t al reaction
zone). The sel ection of a value in that range miﬁl: e infl uenced by many

factors, icnessudéting prievafdringdat e dursiipe o€ Feagiomshel anglsleppinaiend wi t h
construct |vonsegIe E_E?Btl cuI]a{,, design, and the nature of the desired
cat al yst, FEsUSToER Blyg%fﬁ s? and operating conditions associated with the

use of thqoemar at ugnta@oteneisddiResITVBE Hiveht ot @ied vdlime dhithe reaction
‘zone, which is the total. 1.e., the sum, of the volume of the first reaction stage and
the second reaction stage, is established as the volume bounded by the reactor
shell, the lowest feedstock inlet and the second material transit. It is quantitatively
calculated using standard geometric formulae according to the prevalent
dimensions, moving along and within the walls of the reactor shell between the
lowest feedstock inlet to the second material transit.  Various inlets and ancillary
elements are assumed to be contiguous with the reactor shell, with open conduit
ends bounded by the minimum, open cross-section surface encompassing all
points of the open conduit end for the purposes of volumetric calculations, and the
volume of any conduit that may be protruding into the reaction zone is not
counted as reaction zone volume, as discussed n detail above. Various ancillary
elements that may be present include but are not limited to conduits used to
deliver fluidization gas 1o maintain fluidization of the particulate catalyst,

sampling ports, or instrumentation probes (e.g.. thermowells and pressure gauges).



selection of a value in that range nmay al so be influenced by the
desirability of certain AED for the first reaction stage and theffeg
reaction skaQgsfisssbher, nore than one value in that range g@ysaklsty the
requi renents of being an apparatus of the present invention on the sane
apparatus. 10051] In another enbodi menti3the invention further includes a
first material transit through which a fluidized, particulate catalyst, a

conver si on roduct and unreacted fg;;cﬁstock may f1 ow out Bf the first
reaction st @@ S0Iht o t hb ongesrBIRd I PEY Hgrioyenine, theyopmas ddhedsor the

proportion Oxfeattﬁ{b‘?l Yl Y5 lgzgst 56‘? g greét@jalglet e@%%f%ﬂ@ S b W8It he total

reacti on zone been: el ected, one can Fmne f he position of a first
mat eri al tr asfgh¢ firsThead k¢coad ramah@r stagest(n.a,rthetotalareacemha'bhtﬂsITéﬂ selsctidie open,
cross-section surface within the apparatuys, parall el é@%grade t hat

provi des t he®ldeyades Wthat raage p@nbe ndhicas BNy st e i ng REVPIGRE st
feedstock i c%homdcd}&%qsunaéstas A0 AlintdonR fﬁ&mﬁﬂhgahﬁufm&nm gﬁ&' ina

manner simlar to determning the volune o he reaction zone descri bed
above, usi ngthe geturedf the dedledubailysqrfsedachy piodgcett and deergirgva@ndniongi mensi ons,
noving along and w thin the |1's of the aﬁparatus startlng {l_gomthe

| onest f eeds¥ssRgated Math thape ofithe appanaipelq CanAPFtarOny e SoreEP @ a part of

the first reasidign -7hafe Pl A6EYERAScPhe ARORLALS dONAAR s DOLD the

first reaction stage an Thus, first
nmaterial traesiain AEICfonsiedesedadtimnixéagecindelk $auondmaastamnmger é%wﬂmnn st age.

10052] In another enbodi.nent. of the inven the first. material transit is
posi tioned alO¥ HAYABE VRARe PR JASHRAY o8 o1y Bihseh e e et However

the, absol ut Ep}ﬁ?&?ﬁstbﬂﬂe 9f'eséﬂ??ndeﬂﬁ@§Enft]%eﬁ%eoé}:}ﬁafamset and the first material

transit may ‘vary wdely, as noted in other figures and di scussed bel ow, and
t he sel ecti 0[0051;] 01 FEB apter embodidieht he a5 EntaTfulthe20oBel6A88 14

i nfluenced b ors.simlar.t esc sel ectian of the vol une
of the firs {e tttr?rbsht tb%oé{%l%w}l}fgltae@ §b7‘88 rﬁﬂ’gégfat?{%ét AERGFS'9 r eact i on
stage of thepRagsent unf4sRE irQAsiosk ;quvv §ﬁlﬁﬁ‘thé’\ﬁ¥shrera@tﬁ«ﬁ{§£§eeinf<ﬂh€y| i nder,
i.e., it |sacharacter|st|c w dth of a volune of eonetry calculated

as the equi vefcerd reficapmestage. dPncg arvadig Br theyproperden Pﬁ‘dle mejof thafiestt he same
vol ume and charact ﬁ{aée rela?we f’b”t%f! ?otglfr E\c%ﬁ)tn 258 %$ Béé s¢ eﬁ%id O(%sr{?rc%ght forward

par aneter serves we e condi Red ers, in
charact eri zi 8gefnhife thek®sitioh \odl & iyt madtealftmwitr The fiest efaicgRs esngrigd parti cul ates

that established as the open, cross-section surface within the apparatus, parallel to
grade, that provides the selected first reaction stage volume between the lowest
feedstock inlet and the first material transit. This is determined in a manner
similar to determining the volume of the reaction zone described above, using
geometric calculations according to the prevalent dimensions, moving along and
within the walls of the apparatus, starting from the lowest feedstock inlet. The
first material transit is considered a part of the first reaction stage, but serves as a
geometric boundary of both the first reaction stage and the second reaction stage.
Thus, the first material transit is considered to be joined to the second reaction
slage.
[0052] In another embodiment of the invention, the first material transit is
positioned at a higher elevation than the lowest feedstock inlet. However. the

absolute position of the lowest feedstock inlet and the first material transit may

vary widely, as noted in other figures and discussed below, and the selection is



woul d occur wthin the reaction zone of the apparatus when it is in use,
over a very large range of possibilities for the exact geonetr§1dFptg
reaction 6\96'?(1 10054] In one enbodi nent, the AED of the first reaction stage
is both at*° F&4dt20’ 3 meters and at |east 1.05 times thePREHSBH30KI8Eecond
reaction-stage. Below a first reacti oy stage AED of 0.3 nmeters, when the
apparatus is being used to conduct a hydrocarbon conversion reacti.on, the
fl ow of vapors and solid, particulate catalyst through the first reaction

stage may ngflu@Re@bl Fadirs@nhiddb Shbse deeptalreceSR hvHs oebrGfehdehavi or .
For a first_reaction stage AED below 1.05 tines the AED of the second

reaction stigercaciiversagempotadebiie. a sufficient difference in AED between the

first and d reactjon es available to initiate. a s i.ci ent change
in hydr odyﬁﬁ ¢ flow ﬂéegf*ﬁ@t Aot i, esgf‘fé]bee}%r_es if%’&?‘i’%h‘f’&%“ﬂﬁi’&gfi rst
reaction stwigierdiéRRed i @Mnd&ypadit ihosiaryadriseis viadaiTds oURROof &yoNng ot her
things, the nature of the particul ar hydrocarbon conversion reaction to be

conduct ed viephierry chlsulgiphisahe squiraerichametenpisa meulanedinder thatwousldpe
conduct ed, ,the,, degree,of CS behavi.or, desired, and.corkel ation with the
desired jsec}l?ﬁﬁ_ﬂ}ees elxéor{umg?gtgg1%?%%6?1[09%1‘}@?oﬁ%@%@ﬂ}g&g. rk‘_lsappar atus of the
present i nvgnRidheRrwhiieatiidtertferidiavdll, bSitself A@GTh@NosTAER Wwith egeR! i ned as
foll ows: 10056'1 1. Obtain the average equival ent cross-sectional area

( AECSA 1) othardsterizingsthe fikely thydrrdsnagic figw regkinp@f 2esss oyl particelaigs thati ding it
by the difference hetween the.val ue i.n_elevati of.. the | owest feedstock
et and DRSS TTHE IR AT AR BF of he SR b MheB s i psBRe (7T

per pendi cul iy 100 Ofpde bf pdRitslitichi{bf BkeRER gbdmelre¥hthk @¢hclbn bwge.f i r st reaction
stage is herein terned "the length of the first reaction stage (LI)." 01

FEB 200/ WA08884/ 0132bvorremirodmoes; thegdd of s firsgesrtion stageps bath at he AEDI by
the ol | oW iog (O MR and d i PEETAIL ufe AEDior BOREMIRILAG dgterm ned the

geonetry of e first reaction’'s geonetr entire
reaction zoBéowia first refabiorsstimeoAEDRE 003 meter@ndies eleonpparaands being usdédages) , the
geonetry of the second reaction stage is thus_established, Its volune is
the differ dREENSIC EHAATASATIORCOBYRIFIPB reasHen-itbmntlQwed vanars entheolis the first

a0 SR RO B B iy ST B s eact o

det er m nat i nembble IS TAEDRY dradchadie behavior. For a first reaction stage AED below
1.05 times the AED of the second reaction stage, there may not be a sufficient
difference in AED between the first and second reaction stages available to initiate
a sufficient change in hydrodynamic flow regime between the stages. Selection of
the first reaction stage proportion beyond those values depends upon, among other
things, the nature of the particular hydrocarbon conversion reaction to be
conducted within the apparatus and conditions at which it is to be conducted, the
degree of CSTR behavior desired, and correlation with the desired second reaction
stage proportions.
[0055] For an apparatus of the present invention, the AED; of the first
reaction stage is determined as follows:
[0056] 1. Obtain the average equivalent cross-sectional area
(AECSA,)) of the first reaction stage by taking its volume and dividing it by the
difference between the value in elevation of the lowest feedstock inlet and the
value in elevation of the first material transit (i.e., perpendicular to grade). This

difference in elevation of the firsi reaction stage is herein termed “the length of the

first reaction stage (L,).”



ratio-of length to AED. of the second reaction stage. [0059] |In another
enbodi nent, the ratio of the length of the second reaction staﬁ to the AED
of the sec [Bj '7on stage is at least 5.0:1. Belowthis val LeEB WBkn t he
S

{ %Jﬁfﬁg}zk | BCT/U 16
apparat us | el Used to conduct a hydrocarbon conversi BrT/UP24301683 t here

may not be sufficient distance for thejgapors and solid, particul ate
catal yst flowi ng through the second reaction stage to establish adequate PFR
hydrodynam ¢ flow characteristics. Selection of a ratio of the Iength of the

second reag§isy) stage.to thgaAER AED, e iRerMBdieRehiRAVEE&Ie beyond this
val ue depends upon, anong other things, the nature of the particular

hydr ocar bon AdievApNgmhn reaction to be conducted within the apparatus and
conditions at which it is to be. corgduct ed, tfhe gesgree .0of PFR bg avi or
desired, and?®Sr el at TV Rg deterpiRedyibe gpemetry ohlhe TFR seactoh stegsg8d thsopor t i ons.

| general, skifeh AEOGE it AR Aoh0R SRONM of GRFHIORASLARR ToddBy 0" ©

desirable a“larger ratio of the | e secon reaction stage to the
AED of the segendtheg@amhetonofihagecdnd réatioh istaat & thet dserblialhgat. descvoluthe PFR
behavi or. 100?01_}§or an pparﬁt us of the preseﬁé i nvention, the AED2 of the
second readt gAlierae of thy of fhe sntirs tagiion 2ng R that KlEBe figst reacionecond

reaction stagge (LaedERks i EVELH. M Aifh iRRacb O A beveen @i a1 0. L he

h
average equiv nt cross-sectiona rea (AECSA2) of t second reaction
st age by t aKirsigandtsscondmeteiadndnsdisviTinglavs deyertimatioh engichABD, érdtheecond

reaction sta%e. Qs uEed reig}. therfd}en th of the second reaction stage
(L2) is def "HEYOLENERLN - ChEe SRR IRGTa%C0f a |ine segment totally
wi thin the §g¢d reagh LORhSt GFEoNALHTBHHANSMNEe fehoth dfiGe bddord Mt eri al

transit to the Second material transif. In the event there is nore than one
second 01 F réacioRB@ge WOhR04) 01 8R57cPCTLA¢8200BL004 &3ist 3.0:1. Bdlewitlis transit,

use the Ionq{e t OTL t@e | engt hs l():letéamri qed %\{Jghﬁsq? cr%\teria_fromthe first
mat erial trafsi% e BEERPBIE e B2 U3ed RGP YT QRIPQLCOYEBR 2. oot ain
the AED2 by rtdigiohQhb@Waithdt 86 RbtfRient Blstahcx for HRG2PEIs dnd Gblid, fap@fddte 3. bt ain
the L2/ AED2 by dividing the length determned in step | of this paragraph

by the AED detabyshilpeingithroyglphexseednd iepetigpaitaggtaptiabljsbedaquateqP Ry i ous
orboct 1ot 5l 0SSR "SRk B, Bl ] o 8 f S8, o
reaction stage to the AED of the second reaction stage beyond this value depends
upon, among other things, the nature of the particular hydrocarbon conversion
reaction 10 be conducted within the apparatus and conditions at which it is to be
conducted, the degree of PFR behavior desired. and correlation with the desired
first reaction stage proportions. In general, the larger the AED of the second
reaction stage, the more desirable a larger ratio of the length of the second
reaction stage to the AED of the second reaction stage to facilitate better approach
to PFR behavior.
10060] For an apparatus of the present immvention, the AED» of the second
reaction stage, and the ratio of length to AED; of the second reaction stage
(L2/AED;) is determined as follows:
[0061] 1. Obtain the average equivalent cross-sectional area
(AECSA,) of the second reaction stage by taking its volume and dividing it by the
length of the second reaction stage. As used herein, the length of the second
reaction stage (L) is defined as that of the minimum length of a line segment

totally within the second reaction stage volume running from the first material

transit 1o the second material transit. In the event there is more than one second



or at |east 25% or at least 30% or at |least 35% or at |east 40% or at .
| east 45% or at |east 50% or at |east 55% or at |east 60% [b‘rfpgzdgast
65% or a&vé?@% &%Q]% or at least 75% or at |east 80% or at |east g%

and; no gre IHah 25% or no greater than 30% or noP§TEREUR/ KSR 3504
or no greater than 40% or no greater 1than 45% or no greater than 50% or
no greater than 55% or no greater than 60% or no greater than 65% or no
greater than 70% or no greater than 75% or no greater than 80% or no

great er t hama@®n trasitngsegheatngesitdfaite 180holeteingingd by tieesokriterfadranm of t he
first and second reaction stages. [0065] As used herein, the phrase "any

| ogi cal ranB® g meaea] rangihiq each of dha srpRpmalgriabarsitsne to sel ect a

conbi nati on ne "at | eas}” . u n 11nQ.: r n" value, from
an i medi at gﬁ?zgubseqﬁent ﬁbgatll\{ge /gg%ﬁ%gl&ﬁfgls]g&ﬁé{‘)%i%éﬁ'b dtz'ﬁ( a range and is
possi bl e, apg@ppyrj.t to the specification being discussed. In some

i nstances, a portion of the pertinent specification to which the range is to
be applied[@6B] be pBovi dedbtas tize pasEDaby dinedingrthellcagthl detguisement | i st .

For example, in_.the inmmed]atel eceedi.ng, paragraph, one is being told
Chat var buStep dEber FIRRGPh e et Bl e Pt PO SRAGE s o east 20%
and no greajgssf Nan  BDVArRfus bhfboaHRRS of 1€ pldsEitliniMioR SHRRBINRAES thON

stages," or "the first reaction stage is at |east 25% and no greater than
90% of the Swirattivthgags ssihy dogicseswedelerd ficonthesfollgemg: atlesst 20846 t hey are

| ogi cal ranges ,pr rly applied . to the ificati ein d ssed.
However , fogr %‘)Jgar?g?@%’ %{rnatﬁ%ét ?ﬁiﬁeﬁﬁ %F%ﬁsigﬁge%@a??@?%‘gga%{r33;3??.3{ @ nust not
construe thgr ;3 @al 6841 16ERNISS 8 RURHE0% 0P 4t Meast §3%08 NeasBI@heMENt as
sayi ng that various enbodi nents include "the first reaction stage is at .

| east 80% anak least §¥%aerat 1¢dsuB0200s afleash@S ‘s ando hotghetdrithan 2¥aoorswcond

reaction stages, . or. . 'the first reaction sta is at.least 25% and no

or et er |t had IBsAER 3Pke L AnebteHST s Rt et e 3t Pora 88

PCTI US2003/ iah@3%, b7 nd igféuter Ah SB6 Ao Badkér 1B SRI6n0 ghRhfer thad%otdley are
not |ogical ranges; the former is not possible, and the latter is not a

range. [ 00667 n¢ gregigt thanhéte. onbe direpiaitthanofl’e.e norgreeiat thapvaly pPoae t he vol une

of the fir [eTa) i 0 % 9 ’y 9 0% or 45%
or 50% or Eéeﬁgoﬁ%%l 8%/%%&%?%%&/?%%?{9 %%ﬁ' °t%%§£‘$‘§ tj{?]mgeé?&tﬁﬁge\@&ﬁ%%&fqthe
first and seégoueh ofithafitdt@nd sdcageseacliOfbidgesAccordi ng to vari ous enbodi ments
of an apparatus of the present. invention, the second reaction stage has a

ratio of | e,[,@ﬁﬁé] t o AEPSSIedherpiy die phrggeany logical range selected from the
following" directs one to select a combination of one "at least" value and one "no

greater than" value, from an immediately subsequent list of such values, that is
both a range and is possible. and apply it to the specification being discussed. In
some instances, a portion of the pertinent specification to which the range is to be
applied will be provided as a part of the immediately subsequent list. For
example, in the immediately preceeding paragraph, one 1s being told that various
embodiments include “the first reaction stage is at least 20% and no greater than
80% of the sum of the first and second reaction stages,” or “the first reaction stage
is at least 25% and no greater than 90% of the sum of the {irst and second reaction
stages," etc., as they are logical ranges properly applied to the specification being
discussed. However, for example, in the immediately preceding paragraph. one
must not construe the "any logical range selected from the following” statement as
saying that various embodiments include "the first reaction stage is at least 80%
and no greater than 20% of the sum of the first and second reaction stages,” or

“the first reaction stage is at least 25% and no greater than 25% of the sum of the



or at least 6.0:1. or at least 7.0:1, or at least 9.0:1, or at |east 10.0:1.
or at least 12.0:1, or at least. 15.0:1. or at Ieast 17 0: 1. r P};IB ZﬂﬁfSt
20.0: 1. orwgt <=22.0:1, or at least 25.0:1, or at

| east 35.0:?,20%@2%“ east 40.0:1, or at least 45.0: 1 o?@%zg%‘f”’ﬁ‘é 0: 1.
In yet other enbodi nents, the second r¥action stage has a ratio of length
to AED of no greater than 20.0;1, or no greater than 22.0:1, or no (greater
than 25.0:1. or no greater than 30.0:1, or no greater than 40.0:1, or no

gr eat er t hafrsbhdGedondoracioorgness £retd. hranhegbard nat, logicahangese diecforrhdran  100. 0: 1.
In still other rroodl s t he second reaction stage has a ratio of |ength
to AED sel e’&(ftéﬁss(ﬁ? {Tﬁ‘é FET1SAM AGANESt | east 5.0:1; or at least 6.0:1, or

at | east 7.([jodes) or atlnl)ﬁe@%{her gmgaé-lme‘ﬂfs Althd ﬁ%%nt gipweg‘ﬂén tHé vé‘lﬁmle%?St 12.0:1,

or at least 15.0:1. or at least 17.0:1, or at |east .0:1, or at |east
22.0:1. or thtfirstasactiOhsdgd is Zi}%,amr A5&a st 38D, Or 15%p0r ﬁi%lcar%% B50%,. 1, or at
| east 40.0: 1, east . 45.0 t | east .0: 1, d reater than
20.0:1, or ?fo609?’ bgé'f’f‘ﬁ Qoo 5r ?)00% 0@#\’?%?83&&“%@??%33 5&P%Mo greater
than 30.0: lJeact%S@,egreat er than 40.0:1, or no greater than 50.0:1, or no
greater than .0"1. or no greater than 100.0: 1. [0068] In a number of
enmbodi ment s[0@67]t he i nteerridmg, 1ot\heods amdiodrmaus Df)zm applaseges #EDe pesatt | east 0. 3
neters, and.is at | ea

|
| east 120, Breniony 'é‘ﬁé?co_f]]af%ac“(??] Séﬁgelh@%%fanf }Fi%gtﬁpe‘gi@tttli %%&?or O;t | east

1.40, or at ol #8skt d0450r &M@l 710eA%k alle? 9.0°1, cﬁ‘tatieﬁﬁslto@lqgat%rastat | east
5.00, or at least 1000 tines the second reaction stage AED. In a number of

ot her enbodidnt e, at ledsel §.0ristr atdeast i bA:1spagdedERD .0, at af leat £20:13onet er s, and
is no greater

re r than r no greater
than 2000« gt 2o 8P ke 8 0: Uon AR S U ok MR 40 lElieadhan 18 00
tines. or ngsgneatRiedshsmoas. IQQzeibtﬂ@zserﬁmlm&%qn@séc@ﬁ@}éa@ﬂoﬁﬁ AED. In
still other enbodi ments the firfst reaction stage WO 2004/013257 | f 2007

PCT/ US2003 # titigaSlergth tsAERED niosareater thas20.0: laom gregter awa 220y nPogi cal
range sel ecgr%gtergaﬁbs%e] ff‘%'f'a%"%a?é’m oé?a{it rggier{hgj ﬁp %ﬂi; 1.1 Q or at

| east 1.15 éast east’ eas’ or at

| east 1. 35, gehtepthah €03k 1,br 40 .gré@teraharl G, dr. tbgreser dbn 1 609t1. JJnEﬁ’ll or at
| east 2. 00, or at least 5.00, or at _|east 10.00, and; no %éeater than 1.20

times, or n@thegrahadimentsdhe secenyl fepptian siage Ivs agrunpengthdn AEIDErledses, or no
greater thag ﬁtﬂ@folfg‘r\]ﬂﬁﬁ atq)eracmoqr%t%as{@ﬁrl gapatqgasrtw@els’or%f 1eB@ greater than

25.00 tinmes t sec reaction stage AED. 1 Vari ous nani festations of

t he i nventi 8M0:lnar atledasn 100ak, ot hielehidtr1810:1, or at least 15.0:1. or at least 17.0:1, or at
least 20.0:1, or at least 22.0:1, or at least 25.0:1, or at least 30.0:1, or at least
35.0:1, or at least 40.0:1, or at least 45.0, or at least 50.0:1, and; no greater than
20.0:1, or no greater than 22.0:1, or no greater than 25.0:1, or no greater than
30.0:1, or no greater than 40.0:1, or no greater than 50.0:1, or no greater than
75.0:1, or no greater than 100.0:1.
[0068] In a number of embodiments of the invention, the first reaction
stage AED is at least 0.3 meters, and 1s at least 1.05, or at least 1.10, or at least
1.15, or at least 1.20, or at least 1.25, or at least 1.30, or at least 1.35, or at least
1.40, or at least 1.45, or at least 1.50, or at least 2.00, or at least 5.00, or at least
10.00 times the second reaction stage AED. In a number of other embodiments,
the first reaction stage AED is at least 0.3 meters. and is no greater than 1.20
times, or no greater than 1.50 times, or no greater than 2.00 1imes. or no greater

than 5.00 times, or no greater than 10.00 times. or no greater than 25.00 times the

second reaction stage AED. In still other embodiments the first reaction stage



reaction stage AED is at least 1.05 tinmes the second reaction stage AED, and
is at least 0.3 neters. or at least 0.5 neters, or at |east 1. ers or
at | east or at least 2.0 neters, or at |east at
| east 4. ijrrétz{e‘rﬁgﬁ%? at least 5.0 neters, or at |east GPﬁﬁgstz 5016'83?' at
|l east 7.0 nmeters, or at least 9.0 neteit%, or at |least 12.0 neters. O her
mani f est at i ons naintainthat the first reaction stage AED is at least 1.05
times the second reaction stage AED, and is no greater than 0.5 neters, or
no greater ARBns 6t 2astdl @nsterarandags g’ryelagleal mhem%lecmectrﬁd)ranh@ delllOW[IIg @t eat er

trgtagrg ° rre erﬁé)é %ﬁ %ﬁiﬁbggﬁ}tﬁwaég Obra BS‘g]r (gitoéfl“t% ﬂt 6" a'?ersz or no

greater that&astq 19, oFBE RES1.9H, P& Igés?@%roxié?@éhstl?@ PR Rast 1.90, 0P OF €ater
than 15.0 neters, or no greater than 20.0 meters, or no greater than 25.0

meters. Sti ]ehstét(]ﬁbm releadtSstlaor ansast M DOt aidnno lgaetatetr teanf i 2@ timeg achoon st age

AED i s at Ieast nes the secon i.on sta AED, a i's any

| ogi cal ran gatgreti ﬁe%d PGt Y HE & Uﬁ?ttﬁlrg%“e’agé Ett'wFéﬁéjP eaégth@qﬂ&g t he second
reaction st gaes, OERo ﬁé@eﬂtﬁa@ﬁob@ﬁ%s Qar%o@éa%rsthaxpﬁs b 1ihRashe eohg Meters, or
at least 1.0 meters, or at least 1.5 neters, or at least 2.0 neters, or at
| east 3.0 meheira, stageAEDl east 4. 0 rreters or at Ieast 5.0 neters, or at

| east 6.0 | east or ne or

| ast 12,0 THPRES,  and2rinS Rbiffsuion pEfisr Sl anat CagheBitt o than 0.7
neters, or ﬂ:‘ﬁct‘ilfnes%.%r A}Zhﬁa@ aﬂ-legstWB@‘Eﬁlﬁestﬁé sEDndFERWOE StabONELS, and fB4t€r s, or no
greater than 2.0 ers. no greater than 2.5 nmeters, or no greater than
5.0 neters, least Orﬁ)mgteeatoerat idaatrﬂ Yr@tempoeadeasyd . hoegreat atleast h&metexsp rreters
or no greater

gr eat er tha‘ﬁraég ﬁ'ét'@gtgrs ta‘ﬁ%asgégéteé e efé‘hga e?eé ai%ﬁé}él Accordl ng

to differenpeBiof 86keatt M Eetis, tott@ubmem)tma@rs bh& 1@@@9@%etéaa&taton stage AED
is at least 0.3 neters, or at least 0.5 meters, or at |east 0701 FEB :

7007 WO 20Ba3028bsriepCTP s 0RST ot8ims megainghairthe fipy reactipdage AED net ers,

or at |east r h ifestations,

t he second ]rs(]aaage ﬁ]ﬁé ]egﬂEE%C#]g&%tgaéornéa& }%lﬁand(r)}J %B ?aé?rgﬁlma?no greater
than 1.0 mhﬁfeﬁs 0P o PegEraniied. 7inhasrs lormoret fR&Sthaw 1 . Onpetgiseat i grédian 2. 0
meters, or reater than 2.5 nmeters, or no greater th,an 3.0 neters, or no
greater t hﬁ't‘f}“ SOMREEF 108 1O gFealts threhl B1eiarhA¥ 15 goeatthans2. 5 etes,iqrnogt her

Tani festat | ot fifn SEGRM: | FA6laRShA0R0 ARRA Sordilerlfg! ) 19GN0C Sel ect ed
fromthe fofFlowm ng | 'edst neters, or lTeast™ 0.5 neters, or at |east
0.7 neters, rrmtersator heasé¢atdr. tBanrid. Gmters@matgretaeasharitlﬁo met@ssyrnor at | east 2.0

meters, and: reagter than 0.5 neters,
greater 81 a” (5 meters, or no greater than ”% 0 meters Still other manifestations

maintain that the first reaction stage AED i1s at least 1.05 times the second reaction
stage AED, and is any logical range selected from the following: at least 1.05
times the second reaction stage AED, and 1s at least 0.3 meters, or at Jeast 0.5
meters, or at least 1.0 meters, or at least 1.5 meters, or at least 2.0 meters, or at
least 3.0 meters, or at least 4.0 meters, or at Jeast 5.0 meters, or at least 6.0 meters,
or at least 7.0 meters, or at least 9.0 meters, or at least 12.0 meters, and; no greater
than 0.5 meters, or no greater than (.7 meters, or no greater than 1.0 meters, or no
greater than 1.5 meters, or no greater than 2.0 meters, or no greater than 2.5
meters, or no greater than 5.0 meters, or no greater than 7.0 meters, or no greater
than 10.0 meters, or no greater than 12.0 meters. or no greater than 15.0 meters, or
no greater than 20.0 meters, or no greater than 25.0 meters.

[0070] According to different manifestations of the invention, the second

reaction stage AED is at least 0.3 meters, or at least 0.5 meters, or at Jeast 0.7



greater than 1.0 neters, or no greater than 1.5 neters, or no greater than
2.0 neters, or no greater than 2.5 neters, or no greater t han }U@]s
or no greaway00ihmnsA. 0 nmeters. or no greater than 5.0 /QS Eﬂg‘ﬁﬁe €
aspect of the invention involves its unique capability to P aquRee OIS
overal |l reaction zone volune, and hence decrease materials needed to define
t hat vol unme and associ ated construction costs. while achieving superior
selectivity to desired products during operation in a hydrocarbon .

conver si on meexst o10a JeaFhl® métarsobiree tearhb fresdratdrankastt’hembtegh datotlpei nt of t he

first reaction.stage and the_second i.on sta rpendi cular to and
measur ed f PBMREFSEHENS: the 35607 ERFMn ﬁ“’i‘%&nﬂg}éés negtea §thaﬁ% ﬁ%‘e@ﬁeﬁf B? than 110

meters, or Ho.or @l ¢ hiieR. d00 PRAES fan 915 IHQteﬂsr 6% & breatelffAn 9% MELEr'S, Or no

greater than 80 neters,. of no greater than 70 netefs, or no greater than
60 neters, mﬂemoogmcegtteener thhar?. Sheres, er 8o 01Iemestha|nl3 (bniee:rs wano geateat i ons, the
hi ghest poi t of the first reac sta second reactl on st age,

per pendi cultg"i‘D &9 Iﬁ?{ﬁrsn%rd%g%ﬁltefﬁlﬁ?rgé)ﬁa 0&’5 lri} .or at |east
20 met ers,se@énﬁeaét%%‘ta%%l@ﬁtlﬁ& logfcaﬁranéee@éctéiofr%ttﬁéﬁ)llo{ﬁh&sﬁf |1 ot her
mani f est ati ons t he hi ghest poi o6f the first reaction stage and the

second r eadtasdf.>ohetges, or qndcq;seﬁcﬁ mmbmronabl@nw hrewsers.odt af leash 10 meters,i s any

| ogi cal ran el ected fromt f Iovvln at | eas neters,. or at |east
20 neters, Cgra 3%6511 ]eélé"}et%@ et Eﬁ"’ét 2 {81”35?(5 rEde grﬁﬂerﬂﬁé‘f"éBé MELErs; 19 gr eat er
than 120 medefisy (m@h 1 MnSERALLHo bRAR: hhf 1TBhEkR, oPho BRatefiBAbYy than 100
meters. or ho greater than 90 neters, or no greater than 80 nmeters, or no

great er t hane®6. nenegsateothand. igmearsem tlttngna@ﬂmtae@ Bietens, onpo gregerer t han 50

teeters. In,these manifestation e hest point is the difference
bet ween valthﬁngzrf“ﬁﬁrs ?rrfﬁjl%reatr‘?fgﬁ'égb th ation within the fi rst reaction

stage and [Sﬁﬁﬂnd r eaghé Q{Aﬁoﬁﬁﬁgﬁe mﬂéﬁtﬂﬁﬂﬁb&uésﬂﬁs ﬂjrﬁ? 5) BUbeeddceom gr ade,
with grade 0 1 FEB 2007 2 0104/0 1 3 2 5 7 PCT/1J5 003/ 07 6483 20

havi ng a rdhepEeeB reaghoezefe \z@u@e@é\}@nmﬂfcre@se vslerigls needndip dafindns of any
or all of ndi i t | [ | ges of
specificati 6%@0]}“? 935%9%?%@9‘% ‘Tﬁ%’ﬁté%?g%ockj&ﬁteen gg‘gggga‘#eg%r\%}% tw?tgt he scope
of the pres@rlesirdivedtn@nduriddOpedtioniig a hyddcpibes edhgrdos aatii@namel evati on of
a hydrocarbon conver SI on ggar atus 200 of the present invention. Fig. 2B
presents a pa&therapanitegagonss the highsst pant offthg Hist la?ﬁﬁ)‘a?“a%t@%e andghgsesgidiown on
Fig. 2A al Sg}gun ed with
reaction z%ﬁgc %ﬁ%ﬁﬂﬁ%ﬂ%}?ﬁﬁgﬁgﬁgﬁaﬁﬁgﬁd ﬁge ce éliatgls gﬁ?%é:k condui t
203, that waeilees, provpdetcatlgasidiusctes, dringrebter than 100 meters, or. no greater

than 90 meters, or no greater than 80 meters, or no greater than 70 meters, or no
greater than 60 meters, or no greater than 50 meters. in sull other manifestations,
the highest point of the first reaction stage and the second reaction stage,
perpendicular to and measured from grade, is at Jeast 10 meters, or at least 20
meters, or at least 30 meters, or at least 40 meters. In still other manifestations,
the highest point of the first reaction stage and the second reaction stage,
perpendicular to and measured from grade, is any logical range selected from the
following: at least 10 meters, or at least 20 meters, or at least 30 meters, or at least
40 meters, and: no greater than 120 meters. or no greater than 110 meters, or no
greater than 100 meters, or no greater than 90 meters, or no greater than 80
meters, or no greater than 70 meters, or no greater than 60 meters, or no greater
than 50 meters. In these manifesiations, the hughest point 1s the difference
between value of the single, highest elevation within the first reaction stage and

second reaction stage. perpendicular 1o and measured from grade, with grade



feedstock to the apparatus, is openly joined to a base 206, on which the
apparatus may rest. Base 206 and the bottom plane of feedstogh ,rti@sztﬂﬂﬂ buti on

grid 212 dstock receiver volume 209, in which |
resi de du?‘?‘é\ga“gfgle%gfi on. Feedstock distribution grid 215E?§g?§)"§§}t"'e4§$w thin

base 206, and contains many perforati@f6s 215 of a size significantly
smal l er than the grid 212. Those perforations 215 are forned by om ssions
of grid 212 material at various |ocations, and are provided to allow
f eedst ock t baypuss réfemnrd haud efeatst elekatat ddf/arursey obuhpa@@® dfhmpuwghllt he grid

212. Feedstogk distribution grid_ 212 provides an even anmpunt of_ feedstock
exiting eac 1 ‘é‘%&%ﬁ)’f‘&ﬁ S(Pﬁ%]ﬁﬁit?)orgr’fm HRsie! Jangss g%*?etc maF‘@’&se‘?f\)gP vol ume

209. 100731 i o 294 it et fornms the
Coral 11y of o B O s PR bt PR P 2edst ock and

a solid, pHHOTRLul at e Femt2al presenwousedtiond elgyhtceof Reptrocohorzcneeddn i s

conposed of a fir reaction stage 224.a a second reaction stage 227,
di sti ngui shBePF#HuS ﬁéﬁo tﬁgprqsg}tﬁlé‘fe%ﬁgg- lﬂ'ggd%rfeseﬂ@[??% HREVETK ter, and

provi ded t Os&kibﬂwmﬁgaﬁ&?gﬁﬁlg; 1oBkAE ol @008 AGlorgaSInR: dshAdicaey, 1 ow through

t he reaction zone 22 have an~increasing gas superficial velocity as the:
reacti on prtmesdg ohelannd ssioaed Mgt reaftioneane 327 ashehitti2d 8cpasatmnr i ght

frustum havi,n ngle fromthe.perpendicular t rade of degrees (apart
from a o afPet 37 aitredstsehetuii oA BRA BomgaY Bsrsmns phiar s sousand
bel ow) . 100f&hsibclt RYBS bppRRHS 96K Pl BhedddQ basbPOSIGR \)M]Elﬁhefa%ﬁgﬁhgc‘( woul d

flow fromthe exit of ?éue perforations 215 of feedstock distribution grid
212 into fi may resteBeosd A sdghe botzum planedé feadsidch distritmtiopend MR2desn gect i on

surface, partal,lel, to grad med .al.opg,the t surface of feedstock
ai st 1 but | ofregpek s Fiupe 2P SharRebitaat b breil B55a Poyasey

PCT/ US2003/ @d&iihdk d2strib@RAradid A0 ik lodahtQ Wilifn bdd 18t WREbiAnestan§ eedst ock
inlet 230 and the top of feedstock distribution grid 212 is for

i |l ustrati veerereposses! Sorflagize sigrehaeanitlysmallar ian theogral 712, 2B®set hat  wouil d
provi de a sqli pariicul at e talyst. toth pparatus, is_openly joined to
react or shePFrf%ilggnSe’sltSSaﬁF i?%ﬂ‘leﬁg‘yé’é‘ %?V%stoﬁ%ﬁeﬁ“ﬁ%l,e 11%,ha’rt (‘)ﬂré "Which a soli d,

particul at e]satiehsy std weyravifiddrw alibanfebditockab physSfrom hefee dR0cketeided3 | nt o
first reaction stage 224, as_another part of the boundary of first reaction

stage 224. VvegrsX09hrpughie gid i Heredspeligtribepan aofl 6A2 8BNS 2278 which i s
conpri sed ob,GERARER: 0P FecBbEIPALSnESah A% peafRaii D13 8% & BLidbYdsigx1 t 254

and
receiver volume 209.

[{0073] Base 206 is openly joined to reactor shell 218 which forms the
totality of a reaction zone 221, in which a reaction among the feedstock and a
solid, particulate catalyst would take place. Reaction zone 221 is composed of a
first reaction stage 224 and a second reaction stage 227, distinguished in that the
former has a larger AED than the latier, and provided to allow feedstock, product
and other gases that may flow through the reaction zone 227 to have an increasing
gas superficial velocity as the reaction proceeds to completion. Most of reactor
shell 218 is a right frustum having an angle from the perpendicular to grade of 5
degrees (apart from a relatively small open surface enabling a catalyst inlet,
discussed below).

[0074] A Jowest feedstock inlet 230, through which feedstock would flow
from the exit of the perforations 215 of feedstock distribution grid 212 into first
reaction stage 224, is defined as the open, cross-section surface, parallel to grade,

formed along the top surface of feedsiock distribution grid 212 (the very small



product exit 260. One end of reactor shell 218 is in open conmunication with
term nation volume 239, forned by term nation vessel shell 24p1rf Po@ ed in
term nati owowoh44me2:239 is another separation el ement, pl gi&Zéa0 ,(ﬁg&ged
above one end of reactor shell 218, provided to abruptly stop upwar
inertial notion of catalyst exiting odle end of reactor shell 218. Another
separation elenent, series cyclone separators 248, is provided to change
inertial notion of catalyst that may still be entrained in gaseous '
mat eri al s egpaalieyinthe Mg éinhenuesrolewes fapdstizBInken23 andohpierd helix in a

R e e e N N

oper ati on Qfonduit 253,ah& SENEPRY e, a 6HAOpartiB@Ele camlyl AAUE hppgdrstus]is eact ed
feedstock, if any, would proceed up t he cycl one separator and out the top,

whil e the agnbijpmedipigagiopplsdietld, eveklishing ceipdy b ndeidpathseush wikelbagh

st andpi pe pgrtion. gt the, bott exkting int erm naf i e |, vol unme
236, 10076 o captir e aRhe RN el B bR | BT ORI 3 1ERES vy
from the sepaictstor dayicRothéSpart 5T @RRDUNIAr o Gekt tctie Sgedlqon vessel
shell 242. A catalyst exit 254, through which catalyst may flow out of the

t er mi nati on00dflune  2B@saieBithrtbecshon y/sapawiipe devrdlaid WhBhisis formed as the
open surface_area,at the. juncti f r4p-nat sel el 242 and
cgt al yst ex‘fotn?pcrbsﬁgiﬂ%fe Eaf.()hgumcﬁlgspz,@aﬂ%r“o U%{dl %‘% E,(sﬁ%l gtaetf?tt%ﬁg?a whi ch woul d

cane react i gadpdteiidCh0 e pAS 6f Rhaytor thWEAGLEth hredsinakicaay wiflom t he
separation device. is openly joined to the top of series cyclone separator

248. A prodaEringken voleoie By lsuged fnteminsinyaesebibellgiédlecatehin possi bl y
unrieact ed ft%ﬁwqisrltaﬁﬁxlﬁ(ygﬁgﬁaflefs?i‘é z%%bﬁtl}feggefghgﬁtiﬁ]}]%)ééﬂﬁc?@%tesﬂg%@attéhr abogd8 and into

product exit con _ rface area at the
junction oforadides reactdranell SERpF@tided B348nanls sprpoahedrd enerfial eonidnidf 257. 0 1 F
E a 2007 WD 20041073257 PCTI 1i S2003/ 076483 77 [0077] Product exit conduit
257 i s opentdalygicnimermesndpbisarios shall 2186 gAnotisr SERAFHAN SIGRRCBEETICS f or ned

TN the Boundac)eal 2l EMREREId 0208, B8l PR0EH LPckSAlAR

é .
term nati on vesse enunts 266 and pl énum voji une 263
are provi dedill be aofairecitin perots mateprisduciingritbnp Gssiitstipn ynhewc23¥do af eedst ock

exitin roduct exit_.conduit 257, .and direct that terial to a secondar
ey o SN TS 908 bistrbathe SBPER N g S P o SReEUpTs 3For | 245 | n

the vicini Yo iotheRwm kel iR #63cc R e¥ufRd 11.9. BARK 6. 58A8loen pr oduct and
possi bly unreacted feedstock away fromthe apparatus. Such pl enum desi gns
are the operation of a cyclone separator, vapor reaction product and unreacted

feedstock, if any, would proceed up the cyclone separator and out the top, while

the catalyst would proceed down the cyclone separator through standpipe portion

at the bottom, exiting into termination vessel volume 239.

" [0076] A catalyst exit conduit 251, which would carry catalyst away from

the separation device 278. is openly joined to ternunation vessel shell 242. A

catalyst exit 254, through which catalyst may flow out of the termination volume

239 and into catalyst exit conduit 251, 15 formed as the open surface area at the

junction of termination vessel shell 242 and catalyst exit conduit 251, Further, a

product exit conduit 257, which would carry reaction product and possibly

unreacted feedstock away from the separation device. is openly joined to the top

of series cyclone separator 248. A product exit 260, through which conversion

product and possibly unreacted feedstock may flow out of series cyclone separator

248 and into product exit conduit 257, 1s formed as the open surface area at the

junction of series cyclone separator 248 and product exit conduit 257.



particularly useful in enbodi nents when nore separation elenents are .
utilized, for exanple as disclosed in Figs. 3A-Cdi scussell beB dW] where
anot her ies cyclone separators |ocated el se re int

t er mi nat 3@%2@%@%@55 volune are joined to another pr odumcgﬂstz"‘%ﬂﬁﬁﬁt The
product exit conduits may all be openby joined to the plenum and a single,
secondary product exit conduit nay be wused to carry product away fromthe
apparatus. [0078] In accordance with an enbodi nent of the invention as

exenpl i fief077n Fi gSch@ﬁcBemltdlﬁdﬁﬂQﬁmﬂs omindy johtledtts ansdrun?stie]l 268r ough whi ch a
solid, particulate cataly a conversion_product and possibly unreacted

f eedst ock Hﬁmﬂ WhiraggoHis fO@’é%WHW’éﬁ%PPW@F&@%PIEWHéi}ﬁ‘ﬂl £6ft & Jowedi nat i on
vol ume 239, cﬁ?@@rgxln% E’EH?&] Ssd1Rfel] ?ﬁ’f"nThgﬁf@ﬁ&niﬁgﬁ '(7: a{? 1§&’n151feﬁ\§iﬁ formed at end

of reactor S ers I'nto open conmuni term nati on

vol une 239vorﬁhﬁ zéglmpro@fdeﬂe@cém@nreaeﬁ@a proliuct anlipoksibly unhecrdt ra of the
vol umes of first reaction stage 224 and second reaction stage 227, is

est abl i sheéeeévoglé@ﬁﬁtxg produgl exifl conieih 25 hand diesighatonetaaal 3p é\ﬁa@ﬁtﬂry

di mensi ons I bet ween t he
| owest feeBst oC 1Ikerl e?‘rﬁgggy’%ﬁgﬂneﬂg%gﬁ%g@% 81?&%%5% rhgﬁéela%% . 100791
Referring mmt;mfﬁjl@ﬂm Bdufie J6B gprodiiep i@ s@te réaction prodned andl yeblyon of a

hydr ocar bon conversi on apparatus_ 300 of the present invention. Fig. 3B
presents aupuptirdfeediaplsyuarsBondbe pprrrens Rechplppimadesgny ®eki ng down on Fig.

2021270 SRnLAE L0 520 050 80 SLERELSI SRR T ot on

trng separa SO presénts a

partial tr forsxempk asSi@SZ:ﬁds@dTIJmFJg‘S e dppiatakeshelbhwokharg ad@ﬂmr @nofi g. 3A al ong
a line indicated that sl i htI hi_gher %han that for q 3B, focusing on
further el é%ﬂcag%wa@ﬂ@alwatwe%ﬁ o %Eﬁ@@l@mnagssrﬁkvq 4mgginected to a

Iggl'; bggoggiﬁ%%b&ggﬁ% Fb‘gg%ﬁ% 8?:%} é}“ﬁ%ﬁt{o@@% ag\gog%grgé;%gggdst ock conduit
302. that wpedlygjginaldodike plegmeafruisa angle] spebukidre pasincickitcontiienappar at us, is

openly join 0 a basge 304, ich the apparatus may in part rest. Base
304 and thé‘seglc}tjtcﬂm’ﬁf%ﬁ‘é‘ Byay fl"‘é‘@d BRREHPSt ri bution grid 306 forma receiver

vol une 308 g¢78) Whi chf eedsd-aek wiyidnl enamarﬁ@mdmmvaﬁ%%IeQanﬁﬁﬁédhe
apparatus. Feedstock distribution grid 306 is |ocated within base 304. and
cont ai ns manyigeelA-Gt, e seoend3metentl warsit 252 sthgmighivelaeh b yolgdyphitisnlatchan the grid
ELC R RTINSO ERE T s EL SR TR R

second reaction stage 227 and into termination volume 239, 1s established as the

open, cross-section surface formed at end of reactor shell 218 that enters into open

communication with termination volume 239. The volume of reaction zone 221,

which is the sum of the volumes of first reaction stage 224 and second reaction

stage 227, is established by geometric calculations according to the prevalent

dimensions, moving along and within the walls of the apparatus between the

lowest feedstock inlet 230 and the second material transit 272.

10079} Referring now to Figs. 3A-C, Fig. 3A presents a sectional elevation

of a hydrocarbon conversion apparatus 300 of the present invention. Fig. 3B

presents a partial transverse section of the apparatus, looking down on Fig. 3A

along the line indicated, focusing on elements associated with reaction zone 314

and omitting separation device 334. Fig. 3C also presents a partial transverse

section of the apparatus, locking down on Fig. 3A along a line indicated that is

shightly higher than that for Fig. 3B, focusing on further elements associated with

reaction zone 314 as it is connected 10 a portion of separation device 334,



feedstock to pass fromthe feedstock receiver volune 308 througB f eedst ock
di stribution grid 306. Feedstock distribution grid 306 providesVdrdE8viii
anount of , exiting each of the perforations 310 on the side
opposi te Pegcgﬁs\@ﬁﬁ%ol ume 308. [0081] Base 304 is openl yP§BURWE3H1§4%3eact or
shell 312 that forns the totality of,a reaction zone 314, in which a
reaction anong the feedstock and a solid, particulate catal yst woul d take
pl ace. Reaction zone 314 is conposed of a first reaction stage 316 and a

second reagdgso] St agacddBingdtbFisNgU-ehettelifiod@indbi®02/1MAMRbuIAas a | arger
AED than the latter, and provided to allow feedstock, product and other

gasses t haPravide & gasepustor dygid fFepestockae theoapramtes, Blapenty jhined taa basancr easi ng

superficia as velogity as. the reactio oceeds onpl eti on.. The

react or shépg’ Q\?ﬁmf}éﬁ]&%ﬁ 1ia;su3dm@’fmtﬁ?péfss_r1(: fiaf @‘ﬁ‘gﬂé“tﬁégr’ﬁ? iR @1.3_05 ri ght
frustum afecdgiobk giatribadbh BEEB 0GR RREIVZPISIBMe BRI MARKich ThRasthEight frustum
and vertical_ cylinder are openly joined at a point in the bottom section of -

react or shatill reside during operatipe af thergpiierisz Faedstockyhstibetion g3 is
substantially the.sape digneter, and wholl.y and rightly intersect, and are
openly j oi & tegtmgmbg?esﬁt” Olaha]}dﬁcednttadlﬁs T&t Pﬁgﬁyrg Onsr%g%?grsythel | 312. 10082] A
| owest f ee@diphifntynégilledZhn hbEAIGD6 WMThed feeRAsions k10l frhédyy from the
exits of the perforations 310 of feedstock distribution grid 306 into first

reaction stoEysi@EE! giid 306 meaieriahadvanus rabprsand g psogéed iogilosur f ace,
parallel t I aC f onned 0 e, 10 faceo.of e.f t ock
di stributi g%edgtro?lg? > E}Pﬁ]eth\%g?eggtghgﬁ&@g%g@g i 8@8?%0&&9&%%9 t ween | owest

f eedst ock idinetutidd @riande! Feedsepkafistrib@tdsiad 0ot idebatt i Shduht 306 i s for
illustrative purposes only). A catalyst inlet conduit 322, that would

provi de a deadsteck peppg sahaifdheperiargidqnse3d Oronrthe sife SPRISHA TOHEI F E B 2007 WO
2004/013252,0ﬁm,|’ll61 :P@T/ US2003/ 016483 24 316 of the apparatus, is openly joined
to reactor she 12, establishing catalyst inlet 324, through which a
solid, part0gsl]ate cB®asd y34 iswpuhlg jbinedud reacot deliGdahatforms theet condui t 322

into first reaction stage 316. as a. portion of the boundary of first
reaction stelghtypfg reacionzpnas lys n ‘S’ﬂ‘ﬁgafrﬁ?‘%"r?éra“%\fiﬁ%&?@ﬁa?l%ﬂ% devi ce 334

which is %Qﬁmgpjaﬁﬁ:qm@ca%%gﬁrvﬁ}uh@{hkglp%@.nhﬁaéi%ﬁ’zoﬁgﬁﬁﬁ%o%ed:@ff‘l yst exit

338 and produc exits One end of reactor s 312 1's openly joined to
t er m nat i omMfirstesagbn stage B16 32883 scfendraaatidpostagedlsSe dissihghibhe3Ri8 thaotins
term nati Or}or\ﬁ?elr hasa ?a:;)goer jﬂhﬁs}(ha%rtﬁe latter, and provided to allow feedstock, product
and other gasses that may flow through the reaction zone 314 to have an
increasing superficial gas velocity as the reaction proceeds to completion. The
reactor shell 312 1s comprised of three contiguous geometries: a right frustum, a
vertical cylinder and a horizontal cylinder. The right frustum and vertical cylinder
are openly joined at a point in the bottom section of reactor shell 312. The

vertical and horizontal cylinders are of substantially the same diameter, and
wholly and rightly intersect, and are openly joined at a point in the top section of
reactor shell 312.

[0082] A lowest feedstock inlet 320, through which feedstock would flow
from the exits of the perforations 310 of feedstock distribution grid 306 into first
reaction stage 316, is determined as the open, cross-section surface, paralle] to
grade, formed along the 1op surface of the feedstock distribution grid 306 (the

very small separation in Iig. 3A between lowest feedstock inlet 320 and the 1op of

feedstock distribution grid 306 is for illustrative purposes only). A catalyst mnlet

conduit 322, that would provide a solid, particulate catalyst to first reaction zone



provi ded as a separation elenment. Located within term nation volune 330 are
nore separation elenents, two series cyclone separators 332. A ﬁ?tg yst exit
condui t 38® 20whigks-woul d carry catal yst away fromthe separatio (E 2608 - 334,
is openly joined to term nation vessel shell 328. A cat EF%I?N@%’P%M%&

t hrough which catalyst may flow out ,f the term nation volume 330 and into
catal yst exit conduit 336, is forned as the open surface area at the
junction of term nation vessel shell 328 and catalyst exit conduit 336.
Further, prodtst ap¥drhtuOBdREbAIS jSHed tRh&br shepWid, esdtihingastalydn . product and
possi bly unreacted feedstock away fromthe separation device 334, are

openl y | oimeid2dghrdughtvapchi sobdi pastiaiaie oxielysieparidilomsfrogdhe cavalystuct exits

342, th h whi ti d i bl t f eedst ock | d
Flow out SR ECES RN RN BTt ehiel 358 50 A Remvdh o B B o SE Lonaui T o
340, are tQci®fstas 1 open surfaces at the junction of series cyclone

separators 332 and E_roduct exit conduits 340. 10084] In one enbodi nent of
the inven{0$3] a cafidsysh-Cifpshgrshpor separaiign devieehiBughichis ch a cat al yst may

flow, is provi.ded.to enable flujd..go ni.cati on of ¢ | yst froma

separ at i ohCAEIRLT cepaion Semeliscrion Lidge S SalitR i ds™ &1 ci ent
in certai Bxt£RE! IR &SRR 31238 opedBSfoirdRe idrnffatith vebiR] gllal yst
entering a separation device is suitable for reuse in the first reaction
zone, pos$iBl $3W41W653€1ﬁh?leE&ﬁtrmsywl@mto@r\iqlﬂgngve@j ihelc¥eas regeneration,
di scussed later, herein. . A catalyst circul.ation conduit rovide for a
direot - paPluEar dveruaiof SERRt bl R I iR e BkCe To the
first reagidr®fepafatiof eld¥nt tHBREAes B)lonbetmdathfi 332d A eatalysiadxiter el ements but
a catalyst exit at one end and a catalyst inlet at another end. 7

Al t er nat i wendpit 336¢c whighyseuldicamiicatalshawonaemtthersgpardiopisnicy 33biiked to ot her

el enent s he.appar.at us, ..pr ovi i Le t.h, t of the 01
PR 2007 OB BGuRh B bR B Bt 8P 3a0eh SRR o0t PE ol wBREL ot o yor
from a sepatbiifiy few @r of thd tbaninatish veleme 350and trageatalysxadipdogduidf such

el ements include, hut are not limted to, co_ntrgl val ves that woul d control
the rate SPodatampde s hRoRG PHRERENG 8 watucyer otterinatepgpsselobglli t,  heat

exchange SayLRIERLL LAY dndlth 3882PGRNE ol RITREN bR a0l Bfichat al yst pri of

to its introduction to t Irst reaction stage.. recel ver volunmes that
m ght colWeid caeatrabgisin groduetand pobsdibis uneacted feddstonk eway fiom thad ot her

sources and provide far the comhined catalyst to be delivered to the first
reaction §F%@‘.°nﬁ‘?¥’cﬁ1§3ﬁv@e OPERYdOMS “T‘%SW%?IIS(?EF%FX%‘?HQW%%@FF a catal yst

ci rcul ati anrCORAUELL xRS 4D EmHInH Wifich ﬁéacﬁ@rsﬂy;%h&ranwpbbsi@ym&eappr opriately

introduced to the conduit, or "any other _ _
feedstock would flow out of series cyclone separators 332 and into product exit

conduits 340, are formed as the open surfaces at the junction of series cyclone
separators 332 and product exit conduits 340.

|0084] In one embodiment of the invention, a catalyst circulation conduit,
through which a catalyst may flow, is provided to enable fluid communication of
catalyst from a separation device to a first reaction stage. This feature may be
efficient in certain reaction systems wherein at ieast a portion of the catalyst
entering a separation device is suitable for reuse in the first reaction zone, possibly
without a major catalyst altering step such as regeneration, discussed later herein.
A catalyst circulation conduit may provide for a direct path of travel of the
catalyst from the separation device to the first reaction stage, for example, by
being joined 10 no other elements but a catalyst exit at one end and a catalyst inlet

at another end. Alternatively. a catalyst circulation conduit may be openly joined

1o other elements of the apparatus, providing a more complex path, or part of the



met hod suitable to providing notive force for catalyst flowthrough a
conduit. Further, ancillary elenents may be joined to a catal i3 Eﬂalzqﬂé
S r

circul ati o e@@disks such as instrunmentation taps or
pi pes that may supply fluidization gas or eduction gas '?Qﬁkﬂof‘f@’s‘" H¥hown to

those skilled in the art as "lift gas»y to facilitate novenent of the
catalyst within the conduit. 10085] In the enbodi nent of Figs. 3A-C
catalyst circulation conduit 326, through which a catalyst nay flow, has a

first end, p@tat@ﬂtytﬁztel ekiht caahduirom33&parajion dedcd © tBe it Maytibn s¥gd. 338 and a
second end, cat al y inlet conduit 322, joined to a catalyst 1nlet 324.
Catal yst cErampls Pf)ﬁ“@(ﬁﬁﬁﬁ?‘its gpdpdesbi R Pl dimiics terrmirel Yﬁllﬁsdhatcommnl cation

between a Gah dtrof Helrad it Aol koS iERGE 0 Uad 306G ion p&d%t S

enbodi nment , cat circ con provi or Catalyst to

flow frorrhaameci&mgé eqmpohexi tat ﬁl&’gfhtdhzrr@etlteytem@ematraby&k catal;at prg4. (0086] In
t he enbodi nent , depi ct ed |n Figs. 3A-C, product, exit conduits. 340 are openly
joined to i V% BHOANGH 10 AheTiEs Eﬁ?‘F\)‘%ﬂ ﬂﬁ%e subTecevVEYHwaeihatmight t he boundari es

of plenum 344 Ofmtlgwﬁgtntaocamg  bfRuBord GhLATHS Bihel GRAEL AR pHdvidi28:  The

pl enum 346 an um vol unme are pr OVI 0 co ction product
and possi blfyr th:ﬂt‘tﬁﬁbltnedl chiehdsiodekdetixered ngthp fostueictiexistage.oMHe odvg40, and
di rect that mat e aI to.a como se ondaryaéproduct exit conduit 348, used

to convey Ioreaiaritlonw pf eraplyst thioueh asatalyst ciifviaioacendyivaay BERVENeSF from the
appar at us. I ch a solid,
pp edﬂtqgﬁéfl)t}ﬂg‘% %%gﬁ%gﬁf\;ﬁg%@feﬁ trt)ﬂt?dgg hd 1338nalifl g#@h }

particul ate cat product and possi unr eact ed feedst ock
may flow omteﬂcutfd suteblend preading amwist dgee 8B4 amhdt lowdhweglan abnduit. devi ce 334.

i St establl as t Cro s ion surface forned ,at the end of
| eacton Shimres anqifly SRRGise ey Boisaot ey B HEsopgH such as

PCT/ US20034 43R 1aRf chflch St & B 1L B 88 881 A2 aizkhen y ume of

reacti on zone 314, which is the sum of he vol umes of first reaction stage
316 and semn@hcmea@tas Gonetiage kBe8n to thesedtld ingheart by lgegad ti ¢ cal cul ati ons

accordi ng eva di mensi o v .along and within the walls of
the appar atef ‘B‘&ﬁ% Einﬁ8¥ ysf@’%g'[tgoﬁ et 320 to the second nateri al
transit 35Q90d5§088] Fhéhe dnBiRMRENEIT FRF) @Al ORdMal v alrcilicH donldait 326, that in
Fig. 3A, except that the location of a first naterial transit 452 differs.

Thi s neans tiieagh which agsitalye snayhidewHias a ﬁrﬁﬁgﬁt@wé}‘ﬁﬂ entEpRndyit 336k st reaction
stage 416 é&gﬁ? R O@aqah gte&ﬁt"'”%ncmata%g@onﬁjeﬁd ddataflf’&t uﬁé d"&&ﬂ? 8% ﬁ&%@t nFig. 3A

Contrastin
a catalyst inlet 324. Catalyst circulation conduit 326 1s provided to enable fhud

communication between a catalyst exit 338 and first reaction stage 316. In this
embodiment, catalyst circulation conduit 326 would provide for catalyst to flow
from a separation device 334 directly to catalyst inlet 324.

[0086] In the embodiment depicted in Figs. 3A-C, product exit conduits
340 are openly joined to a plenum 344. A plenum volume 346 is formed within
the boundaries of plenum 344 as joined to the top of termination vessel shell 328.
The plenum 346 and plenum volume 346 are provided to collect reaction product
and possibly unreacted feedstock exiting product exit conduits 340, and direct that
material 10 a common, secondary product exit conduit 348, used to convey
reaction product and possibly unreacted feedsiock away from the apparatus.
[0087] A second material transit 350, through which a solid, particulate
catalvst, a conversion product and possibly unreacted feedstock may flow out of
second reaction stage 318 and into separation device 334, is established as the

open. cross-section surface formed at the end of reactor sheli 312 that is openly



enbodinment in Fig. 3BAwith that in Fig. 4. this denonstrates that nore than
one value may satisfy the nunerical requirenents for L2/ AED2 gngﬁ / AED2
on the see@ppasatus. [0089] In Figs. 5A-D. Fig. 5A presents i onal
el evation of a hydrocarbon conversion apparatus 500 of PhEUS?E&/BHuS3
invention. Fig. 513 presents a parthal transverse section of the apparatus,
| ooki ng down on Fig. 5A along the Iine indicated, focusing on elenents
associated with reaction zone 510 and omtting separation device 520. Fig.

5C al so piofsAntith RrlffatibAledERNRY N8 0RREE bORRactitn Zdpe 33BP@Rdh Us. | ooki ng
down on Fig. 5A along a line indicated that is slightly higher than that

for Fig. ®Bsumfddhsielymenobiitsereatizant stagess ldandcieeaneldendtidn stagaStiBon  zone 510
as it is con ed.to a portion of separation.device 520. Fig. 5D presents
% par t1 al SERGTEH by ReBel it nes A5kt Fooe bl e B g 5A from ¢ he
or t hogonanokingord! AAGNHIA thd WA TdhE AfRcthtud BRUSLNEhIOWEL HddsRek associ at ed
wth reaction zone 510 and omtting separation device 520. [0090] Wth

cont i nui nilett32eme thersecandrhafsrial3anpt 256.eedst ock conduit 502, which provides

aliquid seous_feedstock to. the apparatus asses through an opening
in base 5 Aj,sggn_ whi E}P'?ﬁgo‘é{ﬁﬁ%?lﬂpﬂgn &%F lsﬁé{?ftlarrqgil?a?l% %93‘64 and _

f eedst ockegRpohi the Bz ation BT A fif R AR draf SCAINVE e I THIEmMe AR thifhahi ch sol i d,
particul ate catal yst would reside. Receiver volune 506 is provided to bring

cat al yst welames.heighty lengthseihd fAdddseideikt reaettm stageoyl 6fandseidow i t. t hus
allowing the. flow .eedst ock exiting feedstock conduit 502 to draft the
cat al yst [FSCWH%&%%@% %ﬁ?’i ’?H&“]dﬁ%ﬁgé‘%’?‘%%ﬁ‘% ﬁé 3%%’?5‘3‘6‘%5“01 F E B 2007 WO
2004/ 0132 5rhbbkiebS200 2/ U 6483hat3d Fid. Q08 dBasRiraRd tlias nRRPeHay ohei ned to

reactor shell 508. that forns the totality of reaction _zone 510, in which a
reacti on nbegaylvetise distuwedticahigaezgrasysior LntAEPated HERG@ERertt i on zone 510

IS conposg f afir reaction stage 512 and a second reaction stage 514,
di stingui §%e5§mf:%p?£ﬁ3utst he former has a larger AED than the latter, and

provi ded {0088] | ow f BeHipk0TAD, O dUchresonts Oidedibng)@ksatot b4 may flow through
the react_ion zone 510 to have an increasing gas superficial velocity as the
reacti on Pré&eexsbep ¢nvervRn anpreis SROcd fa yeseahByventrg §ig. (B RpseRiad of ~f our

cont! guoug pgRAMELIVESe séctti%ﬁtoifﬁﬂta&égl%hﬁoglg%tagﬁ%gncﬁ?igggkia%@qgg"ar ds: a

cylinder, “aTrig ustum ano rcylin tan ar duct. The
bot t om cylinefidicated, foapaing ynjeleiniead dssodihied dithtreavtiof zbhe5 T amgk um the top of
the frust lcjnnl;litiﬁggg p%rr]alt%nj doeivﬂ:g%ﬁo. Fig. 5C also presents a partial transverse section

of the apparatus, looking down on Fig. SA along a line indicated that is slightly

higher than that for Fig. 5B, focusing on other features associated with reaction

zone 510 as it is connected to a portion of separation device 520. Fig. 5D presents

a partial transverse section of the apparatus, looking into Fig. SA from the

orthogonal right along the line indicated. focusing on features associated with

reaction zone 510 and omitting separation device 520.

[0090] With continuing attention to Figs. 5A-D a feedstock conduit 502,

which provides a liquid or gaseous feedstock to the apparatus, passes through an

opening in base 504, on which the apparatus may in part rest. Base 504 and

feedstock conduit 502 form a (annular) receiver volume 506, in which solid,

particulate catalyst would reside. Receiver volume 506 is provided to bring

catalyst near the top end of feedstock conduit 502 from below it, thus allowing the

flowing feedstock exiting feedstock conduit 502 to draft the catalyst up with it,

during operation of the apparatus.



to the bottomof the top cylinder, and the rectangul ar duct is openly joined

to near the top of the top cylinder. 100921 A | owest feedstoc f 16,

t hrough Wiy @& hwofi@edst ock woul d flow out the top end of fgﬁjﬁ’%?‘ggﬁg‘éﬁwt 502
into first reaction stage 512, is determined as the open, Cross-section
surface, parallel to grade, fornmed al@ig the top end of feedstock conduit
502 A catalyst inlet 518, through which a solid, particulate catalyst would
flow fromreceiver volune 506 into first reaction stage 512, is established

as the opef)0Hinul ar Rases$84 semtehbn osud tacacoo sidlBFGER, thar fdrnishke | owest '
f eedst ock inl et 6, .and represents_a portion of th oundary of first
reaction stt tyé%%‘?ac[“@@@gﬁ‘e @pé‘? }i{“lcgr‘? 1{%@%}]0&@1‘%}2@ ti"%?‘??gﬁﬁ‘f | %‘@%‘766?13'%1epar ation

el ement 522,y GRE Ala¥St REIHILS 2018 NG codPose@E air@NE i B Xkdoc 336 ankit What s
known to those skilled in the art as a "closed cyclone" configuration. By

"cl osed cyctand'reacgiomstaze 5d4. distoleosbed epthrthe forner bpenlyggraiiedhdano a react or
shell, with np open,volu bef.ween ., those two el epgents (althou t here may
e a Smal | D BAEGPMHEMRHEFIAT dydsionEa TR b 880 AT Bt CLEPEY HPYh 1 hel
sur roundi NGgroupR 1HeBa@iaMont B0 fNEhe @ﬁ%é@ﬂingpg%rstshﬂfr?t:iafg%%ﬁ%hget he

reactor shell are enclosed in a |arger volume vessel).
r ect angul arreghtion psaetdote campident dpreattor datht B8 1s henpris@fifsur openl y j oi ned

to series cycl.one separator 522. _A first catalyst,exit conduit,.528. which
woul d car r yOBUEUHY SEORRRI ST NG S bt PENCRADT SPkiBR UMt AdE ned t o

the first siggf RknseEn8Gher¥imabardoPRERhSIaPRAt. FAELAudh ESlindeall YSt exit
524. through “which catal yst” may fl ow out of the series cyclone separator to

first cat alopsnlydrined odtteEBRE0Y thaiuston4fe 1e2 sithpdmstnszepsniy jeasd 28

conduit 52 i s forned.as the. apen rface area, at.the .junction of the first
ctage of seEroRpTRORE ul S dPo eSS B PR ity OB BhBhaut sos.
A second cahatapsdf thewpteytigagui t 530, which woul d also carry catal yst away
fromseparation device 520, is openly joined to the second stage of series
cycl one sep@Plor 5224 laviest feedsiegloindetdd pathyangheshich Ezdsiogkweuglawi ch

catal yst may, bl o ol Pl hSSERUES 105 YRh 808 1S2RAR LA sp23 L0 the second
catal yst exit conddi §°S T 0rhed as € open Surfaceé area at the

junction ofdetdimiseicanhe spengeroed-sedbh esrfayecpanlitel se priat ormedbAdngiit second
catal yst exit congg@t 530. Fu,rthgr, product exi t con:ggi t. 532, .. which would
carry reactPBEIdPbEGETONIEBL LBl § i e aled IBe S okhighayo ¥ dom

separat i on gleyhige 22Qiyst HoQBGRW bR &N Qohlife SEFRRAST RIGIH st | €S

cycl one
512, is established as the open, annular cross-section surface co-planar with the

lowest feedstock inlet 516, and represents a portion of the boundary of first
reaction stage 512.

[0093] Separation device 520 is comprised of separation element 522,
catalyst exits 524 and 525. and product exit 526, in what is known to those skilled
in the art as a “closed cyclone” configuration. By “closed cyclone™ is meant a
cvclone separator is openly joined to a reactor shell, with no open volume between
those two elements (although there may be a small opening where they are joined
to equalize pressure with their surroundings, in the event the cvclones and
pertinent section of the reactor shell are enclosed in a larger volume vessel).
[0094] The rectangular duct section at the top of reactor shell 508 is
openly joined 1o series cyclone separator 522. A first catalyst exit conduit 528,
which would carry catalyst away from separation device 520, is openly joined to
the first stage of series cyclone separator 522, and a first catalyst exit 524, through

which catalyst may flow out of the series cyclone separator 1o first catalyst exit



separator 522. Product exit 526, through which reaction product and possibly
unreact ed feedstock would fl ow out of series cyclone separator @??E@'ﬁﬂ?i nt o
product ewptoe@ngui-t 532, is formed as the open surface the junction of
series cyclone separator 522 and product exit conduit 5 T/UF@BQ%‘&‘“? second
material transit 534, through which axgolid particulate catalyst, a
conversi on product and possi bly unreacted feedstock may flow out of second
reaction stage 514 and into separation device 520, is established as the
open, croxendeict2nalormudfade dmmmadasd atehet ®euation eAtiedirststedelof508 havi ng
the rectangular duct that is openly joined to the first stage of series
cycl one 5ZSNesRlongsepawt@r2L @ne firg catabe et eonduii:ZR. Assecprd GadlYS: ¢ he

vol ures Ofe&ﬁti donuit §§§,txm@h ‘ﬁ%g?&é%’ﬁ?%%%@%%&%ﬁgﬁﬁg% 'aP:eRio%td%Qfég.E’M’ | s

est abl i shed by geonetric cal cul ati e preval'ent di nensions

movi ng al diRg, andbenlytjbinedtth ehewrtbdisl aigd dfseriappat@ieuspdratond2?) ania | owest
feedstock inlet 516 and the second materjal transit 534. 10096] A catal yst
ci rcul at i oRcAuheAlY stRg S20ntheriph ck Ratalystanay {ew qphpl theiseues has a first

end, first I eXich~ j e; 4 ly joined to
base 506. Cégf"té’?ig‘?“t’%lﬁfgm gof’uﬂgEééc:oé’ﬁf?fg}atl’%ggﬁ’?@%g@g@iod‘gg"‘?%&e‘%gﬁ?e f1uid
comuni catdapen shehsweana aathaliystior st theS2Gominthgeatfabystcytlonesepatdtor I n thi s
enbodi nment, there are t\/}g ot her el.epents incl udgd in the pasth of catal yst

‘that  woul Baardvesond qalyTtest cenduil 330 TButher.pradychenbeondpiti>32nl et 518. The
first is a\\?ﬂilcﬁ‘é\(f?u?cﬁ%}p}eagféﬂ dé&%nfl26%5]9%%%9}6??%%&E#%2&% faLe of flow of

catal yst throu e Tcataly circul ation” condu econd el enent
i S a receiseparatioh deecdH0B), 190enRERIZE0E MO 200d 1A S25:AriBXdYclers?003/ 076483 29

di scussed previoysly. anpl.es, of catal yst flow control devigces include but
are not be ¥ ed%t gr‘gxch_gxwi%@?élypug}méwéngpmnﬁ “Sb"l“?ddk’/%ﬁs E% optionally
further  copplth&d REIABEINABAA Wby dERl deidaR esRabr sT 0L catal yst

regeneration apparatus 568 is shown in Fig. SAin fluid comunication with
hydr ocar bammodea ekt icondpad it usfo50ed aTthe opab alnyate at tegemsroatdfseriesppar at us 568

is conprised of a catalyst stripper.542, a.catalyst regenerator 548 and a
catal yst cO61%F S%%aﬂﬁ?mfﬁﬁggljﬁwogggto%& C@Q?’éﬂ?%ﬁ exit conduit 530 further

provi des floydpsf comMAniceatd Biefhl ®asRISPa! hiqRMWaaERE alidpardaiaee 520 to a
catal yst stripper 542. Second catalyst exit conduit 530 is openly joined to

a pl ace nectalyfiea ewpyepfiorprodhsignd possibly unreacted feedstock may flow out of

second reaction stage 514 and into separation device 320, is established as the
open, cross-sectional surface formed at the end of reactor shell 508 having the
rectangular duct that is openly joined to the first stage of series cyclone 522. The
volume of reaction zone 510, which is the sum of the volumes of first reaction
stage 512 and second reaction stage 514, is established by geometric calculations
according to the prevalent dimensions moving along and within the walls of the
apparatus between the lowest feedstock inlet 516 and the second material transit
534.

[0096] A catalyst circulation conduit 538, through which a catalyst may
flow, has a first end, first catalyst exit conduit 528, and a second end 540 openly
joined 1o base 506. Catalyst circulation conduit 538 is provided to enable fluid
communication berween catalyst exit 528 and catalyst inlet 518. In this
embodiment. there are two other elements included in the path of catalyst that
would travel from first catalvst exit 524 10 catalvst injet 518. The first is a flow
control device 542, provided 1o control the rate of flow of catalyst through the

catalyst circulation conduit 538. The second element is a receiver volume 506,



stripper 542, and has located in its length a first regenerator flow control
device 544, provided to control the rate of flow of catal ysty rgslz
separatioa,(pﬂ{j/&gzézo to catalyst stripper 542. Catal yst strl pp gUZZ is
provi ded o renove at |east a portion of volatile or entGEPHEE Y6Mustibl e
materials froma catalyst in a strippiT®g vapor streamthat will exit
through a conduit openly joined near the top of the catalyst stripper 542.
The stripping vapor will be provided through a conduit openly |oined near

t he bott omdifcussdairyabussy.r EppepleSdPlcatapd font@ami] dhdcsahdbdestiutakat i s

passi ng downward, .typically using mass transfer enhancing _devices known to
t hose ski l |f@am%F§n%1Wé‘ tg plpde wlvas. Bl&g yavies Apd Brll valwgpsoptemall  firthey st wi 11t hen
exit the i . hird catal yst conduit 546 openly
j oi ned neaf&%&gﬁﬁ%&ﬁ%}rﬁ@g é?ﬁ@%éél?g%g?ﬂg%@i pper 542. Third catal yst conduit
546 provi def@097r fl ui 4 cambneneeatianagfaraed $48)is thdwom Kipes A &t Ahidst stri pper
542 to catal yst regenerator 548, and has located in its length a second .

r egener at or*PIBYREFH Bth E‘éq;?‘_i?éb%@?cmb%@ﬁr%ﬂ % Hsferdystt he rate of flow
of catal ystyf& f%tﬁ)%ta‘?skﬁﬁ%%us%%g Hcp&%%gs%a oFQ caﬁ%ggéﬁﬁ%errﬁg,eﬁ%ﬁgﬁr 548. [0099]

In Fig. 5A, catalyst ‘fegenerator 548 i1s prov restore reactive
activity taegerendtoddS4§pandta cutdlydt eoclat 854/st t hat nmay have been lost during a

hydr ocar bo version reaction in hydroc on_conver.si on .apparatus 500.
Cat al yst rz@&?o@_r at or ééBC_(P ‘8 i §x 8?9@&48{35 é“?%ﬂ?ﬂgﬁﬁ‘ﬁgyst conduit 552,
to provi deanl:Hhﬁc&tWhéfaé%{ Hﬂmosfegﬁ'%’éi@ﬁ Ysticd 5%%%@3']%@%1&%}?&%( ator 548 to

a catalyst cooler 5b4. tal yst cool er 554 1s provide o renove heat from
and reduceSdched taalysratinoedaf 5S@atsalpesly jbmedteaplatby star tlegepef adtalyst48. A
fifth catal yst Oql F E,.B 2002, .\\D %00&/}0%3257 PCT/ US2003/ 016483 10 conduit
556 provid ’Eﬂeﬁi'ézc%’ﬁl%ﬂﬁ'%ﬁ‘teflélﬁné englivt ST LT TPVt davisg: cool er

554 back t osmabahyddd tbeSRnRaR Qe dGw aNeatlRst fAE aehiion delRes8p@t h a third
regenerator fiow control device 558, providéd to control the rate of flow of

cat al yst f retalysistippst S0 dtaaly85aripned St aisaprywiled wyemerasoeag4@ori@yen| y
joined to ff\}‘ﬁq cat alnyﬁte can uLt.b]556 irs afl i ftca?a?stconqui t. 5%0 t hat

provi des a TP axd%gr Forent Paﬁg SriolE APk %ﬁ rﬁIB FPF URt %WB’PECSR‘%fui t 556 and
back into cafeahmybht WRBOSNAhAUGK a cofduit fpilXfoinadateal 16 torComBetdtal9&2 splits of f
fromfifth catalyst conduit 556 and is openly joined to base 504. Sixth

catal yst covideper 5482 Tpe siipaiag vepen Will bopritied Arpeh oeondaitaPgaly from cat al yst
cool er 554 jtoﬁea%%%' t\ég"bo %%?Em?@@re%ﬂf%er sﬁégaedgoct%gﬁ‘éﬂhb RathfyS h&Ngth a fourth

regener at or ow contro evi ce rovi
passing downward, typically using mass transfer enhancing devices known to

those skilled in the art, such as packing or trays. The catalyst will then exit the
catalyst stripper 542 through a third catalyst conduit 546 openly joined near the
bottom of the catalyst stnipper 542. Third catalyst conduit 546 provides for fluid
communication of catalyst from the catalyst stripper 542 to catalyst regenerator
548, and has located in its Jength a second regenerator flow control device 550,
provided to control the rate of flow of catalyst from catalyst stripper 542 to
catalyst regenerator 548.

[0099] In Fig. 5A, catalyst regenerator 548 is provided to restore reactive
activity to a solid, particulate catalyst that may have been lost during a
hydrocarbon conversion reaction in hydrocarbon conversion apparatus 500.
Catalyst regenerator 548 is openly joined to a fourth catalvst conduit 552, 1o
provide fluid communication of catalyst from catalyst regenerator 548 10 a
catalyst cooler 554. Catalyst cooler 554 is provided to remove heat from and

reduce the temperature of catalyst from catalyst regenerator 548. A fifth catalyst



control the rate of flow of catalyst fromcatal yst cool er 554 to receiver.
vol unme 506. 101001 Designs of a catal yst regenerator 548 may j]r*chIEg%Ua

r egener at Wenueg@sz2inl et conduit, receiver volune and di sl;é'.tlggfoiugfﬁ'mgéié near
the bottom of the catalyst regenerator 548, and a catal yst separation

el ement and a gas exit conduit near 3he top. In some enbodi nents, a
regenerator will provide for conbustion of at |east a portion of -

car bonaceous deposits that may be present on the catalyst, and the catalyst
cool er wi Icongeneiapreveiefmd dExanpliegionfofceged eatatyst Bomrdtalyatabelet - cool er s

are found j.n. U.S Patents No. 4,595 7, \No, 4,615,992 and, No. 4, 780, 195.
101011 meslsa/iblaf’ka%aﬁ)atl%ﬁ‘?géﬁ?ré{(’é 5?%34“%3%)1/0“\?5@3?? i‘ﬂ’@%ﬂ ) configuration
of the regenskaldAIHABRRIARHES oS, FREVildB1ocRRNEHhE 88 oMIbW gy dr ocar bon
reactor apparatus 500 are possibl'e, and within the scope of the present

i nvent i on.cafdyst freweenpdlest codler T3t aiid/estalyst régsperatcs 428 0 Opehly jomeditoyst cool er

554, or b , be ,omtt.ed,.providin ly . a catal yst regenerator 548.
Simlarl y%{iﬂl ca@%‘ﬁ@“‘ﬂ}gg%ls‘ladlfp%a}scf\?f’@@gég@é?{%}?fovf“?e(? Iy 885®ar bon conversion
appar at us (pQpdrPcAfYsRRIifidataly 8 SBARNES 2 arPRRK &t Safafift re@Endth@yi de catal yst
fromregenerator apparatus 568 to any 1lgT)art of hydrocarbon conversion

appar at us 380 A sintherrbddit pewhugt J93tsphtseihiront fifilscatalysticopfluitieSGandisal yst

conduit that pr.ovides catalyst fr regen tor.. a atus directly to the
first readiPeByIYPSHL }faﬁFté%hgg‘ﬁbfﬁgyg‘t&ﬁ]g\’@g?ﬂﬁw&%@Eﬁgn open joining to a
react or shehlmuféation of c&alel fsth calalysubaf 075400 Reliver VORNARSOEERY | 0 ning, or
to a term nation vessel volunme by an open joi ni n% to a termnation 01 FEB

7007 WO 2004 @2Rd57 itPENEbSeshgesusRtorFlow yexd bewhe 64, rapvided teany ot her
possibilities., Finall i n.one._empodi t, . 2.C l.yst heate havi ng a very
B m | ar | iarpeche Adse! Pk R PARNSERPRS TR gfbf5 ] Vst ehmt or i o uced
to increassyet he heat content of the catalyst flowwng within it. 10102] The
geonetry of the first or second reaction stage, as defined by a reactor
shel | and [03%0Qlous i NPesignsof akaialyshrrgersiriorp4Smey acdade awggensrationni del y. I n

the enbodjment. in.Fig. | A OfTRLAL. Y- | IQ—% angul ar and
square p%agl1 rﬁé‘] égaldf)]é g(fe]\lerrlvf) @i‘e ee%@o%ﬁﬁé%fénls%? I g.;lu%ﬁ% ‘E%&%B‘S@%net ry is
conpri sed dafalystreggh&iglo 548, iagbta chtalyst sepanfhion etpreat anda pheexdtdmduitent s in
Figures 3A, 4, and 5A the _geonetry is conprised of % right frustumof a
cone and rqegmheé%.i]flpd@p@_ent@oﬁgpems,aregenerator will provide for combustion of

at least a portion of carbonaceous deposits that may be present on the catalyst, and
the catalyst cooler will generate steam. Examples of regenerators and catalyst
coolers are found in U.S. Patents No. 4,595,567, No. 4,615,992 and No.
4,780,195.

[0101] One will also appreciate that many variations in the configuration
of the regeneration apparatus 568 and its connections with hydrocarbon reactor
apparatus 500 are possible, and within the scope of the present invention. For
example, the catalyst stripper 542 or the catalyst cooler 554, or both, may be
omitted, providing only a catalyst regenerator 548. Similarly, it may be useful to
provide catalvst from hydrocarbon conversion apparatus 500 to any part of
regenerator apparatus 568. or provide catalyst from regenerator apparatus 568 to
any part of hydrocarbon conversion apparatus 500. In embodiments not shown,
this may include a catalvst conduit that provides catalyst from a regenerator
apparatus directly 10 the first reaction stage through another catalyst inlet at an
open joining 1o a reactor shell, or to a catalyst circuiation conduit via an open

joining, or 1o a fermination vessel volume by an open joining to a termination



sui t abl e geonetric shapes include, but are not Iimted to, triangular prisns
and frusta of pyram ds, rectangular and square wedges and frtgsﬁpfg)ﬁﬂw

pyram ds, waneh, tagonal , hexagonal, septagonal and octagonal prismnatoids
and frusta t 'e#/g%?,ﬁ general and right. Further non-Ii m%‘?‘f{ﬂss’é&ﬁ%i@s

i ncl ude various pol yhedrons, such as3a tetrahedron, an octohedron, a
dodecahedron or an icosahedron, and conical spheres and spherical sectors,
and torus and barrels in their circular, elliptical or parabolic forms, and

frusta theneskl stginanalg aady bihghpossiilities pFhalioCigwie entbedimdntany of these
geonetric shaggs defining the first or second reactions, stages are al so

wi thin t he c8@bjsehegter dinvagrmyar symibr ibdieccphes dnpsiprieie dssienteao3] A
Cross-sect 'cgﬁﬁls} Aok 3, ifsQJrseJ]Ifc‘)tinEJe?%’gttﬁgMezR%orqgﬁte(ff%@@ﬁalggnt_ﬁ%gl/in g\}[l&ﬁ.l‘f in the

reacti on zone "of an apparatus o present 1 nventi ow i s neant
the overal lit. integrated feedstock, product and other gas flow noving al ong a
path wthin a reaction zone towards the second material transit (as opposed

to the flolM1%H a spg@iefgleﬁmﬁm’ﬁﬂhe\ﬁfﬁ@ﬁ Sﬁﬁi}'ldb'éa%‘@ﬁﬁ&gi?anasﬂ?@ﬂ%ﬂhééti on due to
turbul ent fréag‘éﬁr.sﬁaﬁhﬁsvaq{ou%ﬂ%f a4 ndfo%ﬁgtosru?f)acesmﬁgr%;a@ﬁ%ﬁ%ﬁf;I'nﬁ.ﬁgl area for

net flowis ined as the actual cross-sectiona e reaction
zone in a hiodinpet peRigi CAl te ceometrhés dnfpectd of reofangiiiar el squlew of

f eedst ock, product and any ot her gases that may flow through the reaction
zone if thd2miskpipeds WdbeemRodiaent Wig ket dhe LEectel GrRrast of a

Cross- sectignal BheRuGhOT HRE ONRLAL AR InTSLyL! W § SnShepyi ned at a

single poin e reaction zone and is not norna t'o any particul ar
geonetry. geatbey js doinpirgedofh righigihshon wé e doxadciut diticolindecoDtheng to t he
exact geonetry of the. cross-section in the plane perpendicular, to net flow
at the spec,si’*tg@e BEmRIi6FhAPAS HCBIde, by Arengt gpitRgge. e etisTs e

PCT/ USZOO?”fﬁ:]s i ramids, rgéiéﬂ%}ﬂipan@%f;@d’r@h’%@ﬁés%d%usﬁaﬂﬁ‘%&?ﬁ%ieﬁ‘l@ of net flow

of feedstoc uct and an other gases that may fl rough the
reacti on zqgmstagbnd Hexappal, acpisgonsl and ortagoeali wismatsidaanghirhsa therabfexer ci se

well known to those.skilled in the .art. Far ex le,, in 'Fig. |A the

i rect | on oA TR of U B JOPQER B INRES SHA RAGIORTRAVHEERS { hat - voul d
f1 ow t hr oughick eactir@d2e) an LOBhedran At ddtlebaR@tdi & anUb¥RKEERSMAENdI cul ar to
grade. 101041 In one enbodinent. the invention has a second reaction st age

of a smal |cenicalsphergeardsibgard sectdisanmst wrusiand barrplatn greinfiwulary st reacti on
Zt age. A Ceglri]%icg%r are{b%fic FGA%! 2fd ﬁ’{;&% h-ere%?.%ée%x*ér%? a} oﬁt?%ﬁlﬁ]ﬂﬁﬁf} zone 't her eby
efi ned, an ence dt least ‘one 0 € T€ 'on St ages thefeby defined,

wi Il have ajcchie@Rts @M@y of these geometric shapes defining the first or second reactions

stages are also within the scope of an apparatus of the present invention.

[0103] A cross-sectional area for net flow may be determined at any point

in the reaction zone of an apparatus of the present invention. By net flow is meant

the overall, integrated feedstock, product and other gas flow moving along a path

within a reaction zone towards the second material transit (as opposed to the flow

at a specific point, which may be going in any direction due to turbulent flow

eddies or other Jocal factors). The cross-sectional area for net flow is defined as

the actual cross-sectional area within the reaction zone in a plane perpendicular to

the direction of the net flow of feedstock, product and any other gases that may

flow through the reaction zone if the apparatus were in use. Unlike average

equivalent cross-sectional area, cross-sectional area for net flow is determined at a

single point in the reaction zone and is not normalized 1o any particular geometry.

Rather. 1t is a straightforward calculation according 1o the exact geometry of the

cross-section in the plane perpendicular 10 net flow at the specific point of interest.



tapering el enment having a tapering elenment angle of at |east 1 1 degree in
its geonetry when traversing its length. A tapering el enent gtri but e

to provigigw@egeseduction in the cross-sectional area foﬁcﬂ%&zmﬂw vi ng
fromthe |owest feedstock inlet to the second material transit, hence

provide a reduction in average equivalent dianeter fromthe fi rst reaction
stage to the second reaction stage. A portion of the reaction zone having a
tapering el enent angle or angles of 1.0 degree or less will not

suf fi ci ent [Rurtbéradgferminetion oﬁ‘élesi@@t?ﬁl@h‘aﬂ neaflew dfdeedstrcks productend any pr actl cal

I th le to b d t th Il it
consi der od THRARERE T8 Mo TR SHOAPCINRgEBTERERte LS Bt MHEBPY Mot ol

bel ow) .  Bey@RfihifbAtardRQURKEvell BRVEEOTRSS® Sk Aedan HRPA | Pa &LAPRMy Of the
first or secon reacti on stage, or both, may vary widely, ‘and incl ude many

of the shapeég Idotheidiredtionef net fidne ofifasdstadh, prodstct anbargedther gagesghatt he reacti on
stages. [0l eri enent le ig defined h reln val ue of
the el | aiqutd o aReiual skt Pt st ual o oG R BuRbRl R ar to

grade and drgpgential to any point on a reaction stage cr 0SS section

perinmeter (as defined by the reactor shell) nmade in a plane parallel to
grade, to tlAHM4Int eri dn onaembeodinadnt.ghe ygutiay hasiedecond wagisarosdgeiaflaet or

catal yst |nIe defi ni co tio stages. By this
definition. Srr%il]fsra%’glr'qgﬁge%&‘@%&g]aﬁ ggadlatﬁﬂoag%ﬁ%ﬁsgbeéafﬁw grees and cannot
exceed 90 de@bRBsslyHR¥RMRIor sBell. esﬂmumh@}ea@fﬁfﬁz@ﬁgh@feaﬁdaﬁ{ednﬁﬂ herein nmay
or may not be assom ated with a tapering elenent. 10106] The Fi gures

di scussed thenes dtdgaspers/eidhe S@@E@@Bta@@@dhvﬁ@s efined, “yéhwe:aill@ast engpe of
tapering el msnt in_an "i eg E B 2007 WO
2084/ 01%25 RE&?% 5%2&%’%%6&@%%?]3%@0 mem g%)ggg‘glﬁl S&ﬁg geh“étém t apering

el ement” i speomamy \Aﬂ]ﬁﬁ&ra&el‘éﬁh@u@tlbmhl ma}gerrﬁ@%iaﬁ@ﬁmmmaion&m@e tbor net flow of
the reaction zone is_obtained in noving through the reaction zone fromthe

| onest f eedSPVUEIRE AFE@HCUOR B Hie GewoRation aich é@r net flgnemeving frgsetheashi on of a
di aph t
iris diap gg@g@lt gggpg@cgﬁlﬁ%&ﬁg ?&aﬁco% ﬁaa‘ré?lhl 198{?; J Qﬁ& hé?fe rﬁmﬁd% greaﬁam%ec ion

peri neter ngi ng wor ki ng of
the iris Ofmamer@ﬁﬁeqmlivabéntﬂlmﬁomlﬁﬂﬂﬁﬂ:ﬁéﬂmmﬁagémphe sdcohdpactisiyg el enent
whi ch can be used in thi invention is a "sudden eonetrlc shift tapering
el ement . " BjPges A 0@86%@??%1%2% bavingeapRgne Flefhett angle LIS of hat ¢ hor

is, in addlltd)H{Fréeooﬂé@\%'ﬁ{dlQﬂfﬂcrh‘ﬁ@ls’%%gestﬁ@Efc@%@éct%ﬁ@laaréé)for Retadvh oW a

sudden shi ft the cross-sectional “perineter ape o
over a practical length scale to be considered a tapering element. (Neither will it

be considered indicative of an enlarging element, discussed in more detail below).
Beyond that, however, the geometry of a tapering element of the first or second
reaction stage, or both, may vary widely, and include many of the shapes noted
above in the discussion of the geometry of the reaction stages.

[0105} A tapering element angle is defined herein as the value of the
smallest angle, measured from a plane that is both perpendicular to grade and
tangential to any point on a reaction stage cross section perimeter (as defined by
the reactor shell) made in a plane parallel to grade, to the interior surface of a
reactor shell, feedstock inlet or catalyst inlet defining the first and second reaction
stages. By this definition. a tapering element angle cannot fall below 0 degrees
and cannot exceed 90 degrees. However, a tapering element angle as defined
herein may or may not be associated with a tapering element.

[0106} The Figures discussed thus far provide several examples of a

particular type of tapering element termed herein an “iris diaphragm tapering



the reactor shell formng the reaction zone. The sudden geonetric shift
tapering elenent can also be characterized by causing a chandef Frg e

di recti onw@f 2008k13h4-0w of feedstock, product and any ot hﬁfT/ﬁ%@ﬁﬁmtﬁmt may

flow through the reaction zone, in this instance from upwar perpendi cul ar
to grade to rightwards parallel to gr#de. [01081 Note that a tapering
element will provide a reduction cross- sectional area for net flow noving

along the apparatus fromthe | owest feedstock inlet to the second naterial
transit. WalememgabBy “irés @pphiragn tanehiag ekgpeant nig redaahthat a reglngfias inf  t he ri ght

cylinder portions..of or .shel | 508 t{;at ar.e rpendicular to grade is '
zero degreecggésssieé “imaa} Ft%%\(;fmgrt'he@ﬁ@ (Ff|1 hEceEYT Ades gg‘!ﬁ'?’i‘f@hﬂ BPVPRact or shel | 312
in Fig. 3A)througH thereeidiame fiodh tHedpseR feddd®ck @a6L bR 2OHRI AiBriAot tapering
el enents, as they cannot provide a reduction in cross-sectional area for net

flow novi rigansitonthefhshioppbs Aisulaghragm.rwidh k sudden o geadseloorirkaticatofao t he

second nmaterial .ransit. A tapering. element must, by definition herein,
have a tapecrIP%QS%{l%nn%?ﬂmetgﬁ%fltSél?’@f” %{%r %“3@?’ ci]gxlgna%al}agé,_ S“Rlléro?h?ﬁ th regard to
Figs. 3A angorking fh€irisSofan eyaPebf Aeaféranent angl e of 90 degrees associ ated
with the lateral cylindrical portion of the reaction zone 314 adjacent to
second mat el0il8T] t r anspnosotypy af tapprieseclemant Whigh eambe eseriiméhis cal porti on

does not contri.but.e_t. I i i 0SS- i-onal._ area r..net flow, it
is not a ta%‘e’%t%é 2 e?ruea%]ep%ggurg% %E I,n waﬁérn?ge%%gg%t'to?’FlsLéésd.%ngig%mcdi scussed
in detail bslifowipetingeRnieat as ba@er haghalasEntdditigh & ofeddSiondegrres for the
right frustum,portion of reactor shell 610 adjacent to base 604. but since
that partitqghenal pregher pet §iopy mspédanishit Hobs criss-segivpelinstimeter shaperadduct i on i n

cross WO 20R8rGing3hePichnnfinP 20, BRI HRANAIIPIRAR . sl BREK PN af ea
for net flow noving al ong The appar afUs fromthe rowest Tee oC i nlet

from the | ostementfaedBbaelkchhntetizédbit fisiecodidngairethe drediivanshét,flove is not a
tapering elenent. Rather, the tapering elenent angle of 45 degrees for the
right frusPhiRsqsbnck Biedest and aeY ophes pases tipt oray dloye Breush dhe HaeioBT@ e ncr eases

the cross- HaeHAlcoH AR dS BLrbhUIEPY AN D8s ARAI & uS Trom L he

| owest feedstock 1nlet tot econd mater transit, I's herein termed
an "enl argi grgdel ement . " [0109] Also note that in order for an apparatus of
be characteri zed,as having nore than one tapering

el omont . aslPE Us s oaNahabd BRI G FERah P SULERE PR g SA, - each
nust be sepatatef al¥ f8r S&HMORoPhelalfig (h€aslaris ZeRRKE RRtesi Bedi@icka tapering
element, i.e., a section of the réaction zone that

inlet to the second material transit. With regard to Fig. 5A, the tapering element

angle of the right cylinder portions of reactor shell 508 that are perpendicular to

grade is zero degrees (similarly with the right cylinder portion of reactor shell 312

in Fig. 3A), and hence those portions of the reaction zone are not tapering

elements, as they cannot provide a reduction in cross-sectional area for net flow

moving along the apparatus from the lowest feedstock inlet 1o the second material

transit. A tapering element musi, by definition herein. have a tapering element

angle of at least 1.1 degree. Also, with regard to Figs. 3A and 4, there is a

tapering element angle of 90 degrees associated with the lateral cylindrical portion

of the reaction zone 314 adjacent to second matenal transit 350, but since that

lateral cylindrical portion does not contribute to a reduction in cross-sectional area

for net flow, it is not a tapering element. Further, with respect to Figs. 6A-C.

discussed in detail below, there is a tapering element angle of 45 degrees for the

right frustum portion of reactor shell 610 adjacent to base 604, but since that

particular nght frustum portion does not contribute to a reduction in cross-



does not have a tapering elenent angle of at |east 1.1 degrees, -or does not
change the cross-sectional area for net flow noving fromthe q)\pg t

f eedst ock waobetuist he second material transit accordi n% to t e ef2 |Z|i tions
herein. 101101 In alternative enbodi nents not shown, thef&TTE2YFNSE ¢ ype
of tapering elenment herein termed a igenetrati ng mass taperl ng element." By
"penetrating nmass" is neant that there is a nass of sone type penetrating

t hrough or otherw se positioned within (e.g., by hanging froma portion of
a separ at iseftiondPates 8 riet PO hOVing hlodg HiRAgiraranssebm thaRevdshiésdstsekoci ated with
determ ning the eorretr vol ume and cross- sectional area for net flow of

t he react iiBl§t Fome eﬂé’?‘?shéfdﬁtﬁ@r@ﬂﬁ}to teSeparandgtiplipneast ISHMt R serve to

reduce a qgl e El et > ﬁ%%her n[ﬁa tagglru?%el&%r ?tna% lef (Lfo Z}’gbé)elcﬁee? Z’%lr tﬁ? §ﬁh £ zone (and

hence the SVers age equi valent e or bo st.ages), and

i ncrease tmt@ﬂﬁaﬁfmmfakamhmlﬁwhajyce@li td baRwi60g indr@eelstheeloser conversi on
product, or bot as they flow fromthe | owest feedstock inlet to the

product exseetionalargaforneg feutmpying algpe s snperatgs femdhe layest feedstocknent  nust
al so pr OV'LHE:‘[ 4} t%e @ecro%gglgét r?ﬁ 1 afnsl‘?1 !:l?safetrelg Te7rr4?ed L ‘Qﬁlaﬁ ﬁégl' @gﬁf o _onal area

for net flow ovéer a as’ previous ei ther the

first reacqoigy) stagzels@rnotdmaﬁ@m fdjﬁapdpp@ﬁnﬁsttﬂgﬁe% RScAfpleffitn i € to the
| ocation of the penetrating mass) of | neter; anything less wll not
provi de a bagharasiesized pebviang BIToian obe taperaee ¢lement andisenssedabeve ome

const der ed; 8 HAREHIAPEL AR pig 3 BOHUNLL be bt by 8 cclBRag that will be

consi dere e ca average equi val ent

di anet er. dadohizthé t}mglsamr:mh;&smgfelmdneﬁet hakititth sfaks reatageioneghf/l enent are
a tube. baffle tpI ate, or_nmultiples and conbinations thereof, 0 1 FEB 2007
VO 200- 1/ 003989t aee alen o) dersers angle of aulsast il Jrsgrees. AHioep EOLFDERES | ow for t he

feedst ock 8 cRRONEShONBERIUE! SoDBINGSNSohA: IdEScdRadshRply bl o and the

second matérial transi eonetry orientation of a penéetrating mass
may ‘vary Wed@i@ﬂnal[eﬂﬁﬂﬁz]nsﬁmcaqnﬁmgabuﬁdmﬁntthm:shement i nvention may function

with the r tion zone having or nore tapering elerrents and with a
wi de rangemgfcl taperﬁ"‘r?g‘eéffaé‘hﬁﬁf"%a ents nqt Shoyvint RS {SARothe) e °§“peC| fic

positions., é}ﬁlgse%rﬁ&{t'}ﬁﬂen\f\‘tér%edQeggmgnpﬂlagsaﬁb%@ assemiapgd with the

conver si on ess to be conducte he apparatus, discusSsed bel ow.
101121 The' pauﬂiyemgoﬁass’épsenealgﬂmlﬁwmg masploﬁytsde typeamnapqmmgahmsgbf t he

ng:‘? In E)nl gven}gér\%ri]secp%rs]in%neg within eNOg bymrareigfng from h portlon ofsa s)épgrratlomr e. The

device) a portion of a reactor shell, and thus associated with determining the
geometry, volume and cross-sectional area for net flow of the reaction zone
defined thereby. The penetrating mass will serve to reduce a given cross-sectional
area for net flow of the reaction zone (and hence the average equivalent diameter
of one or both reaction stages), and increase the superficial gas velocity of flowing
feedstock or conversion product, or both, as they flow from the lowest feedstock
mlet to the product exit. As defined herein. a penetrating mass tapering element
must aiso provide for a reduction of at least 0.7% in the cross-sectional area for
net flow over a reactor length (as previously defined for either the first reaction
stage or the second reaction stage, as appropriate 1o the location of the penetrating
mass) of } meter; anvthing less will not provide a sufficient reduction over a
practical length scale 10 be considered a tapering element, ajthough it is still a
feature that will be considered in the calculations of geometry. volume and
average equivalent diameter. Non-limiting examples of a penetrating mass

tapering element are a tube, baffle plate, or multiples and combinations thereof,



tapering elenment or elenents in an apparatus of the present inyvention can be
any part of the reactor shell, and hence any pan of the react ¥ orf E2 g

t her eby defphngely;3a3d apportioned in anymanner to the fir action stage
and second reacJtAPg%Q stage. A single tapering el enent caﬁ%if@go%@l'gﬁsﬁuat ed

so as to be a part of both the first 3®action stage and second reaction
stage. See, for exanple, Fig. 1A where the single iris diaphragmtapering
el enent of a tapering elenent angle of 90 degrees is found at the first
mat eri al trposdidned 48 thegrath sffovfog thSRedubell @ doheersicngk®lucisbeswetinaphr agm
tapering element of a right frustumof a cone having a taperin el enent

“angl e of 30thadgretiesdaek ime aﬂéfww magEabansHe Te gamelry 8l es the first
mat eri al tr&@&}ﬁg{t-{oﬁﬁgfap%htgﬁétg%gﬁéghyagt\lgggwg%gr| ng el enment or el enents can be

present only i e firs not the second reaction stage,

or be pres@iilpnly i Antdpearaeeoftheeaehi BResicgeapfitciat withehd i rst reaction
stage. 101131 Wth further regard to the |ocation of a tapering el enent or
el ements, g HPetgving BRBOIPIFEARPCIEIE ¢laBchtaABHWigha Wile 1RRge9f one t aperi ng

el enent or : i : : Jspwest poi nt
of the | O\A%g%ﬁ’#gg@ﬁé]? %I(r:%%liersﬂ ]gtamg? e I%(Qaﬁs%@toﬁg%@%@?%ﬁ@ﬁeﬁ?@%%ﬁce et ween
t he el evat i bnbakd ohiecibguestiapdiwith Ok coheerkionpsdcefcedscondudted iatthand t he

hi ghest point of the first _reaction stage and the second reaction stage. By
"portion t heRREETYS. dcEHsES DelgHt ext i s meant that some portion of a single

tapering el Es} Ty b5, SRAKE JHARESILER, RUBYE hoR sPfutERlorile o bel ow

it, in the el aborated on I'n the preceding pa regardi ng the

| ocat i on of pasd¢maperentign elrelremnte, wid, thregdperx Hivecsimoginesn Thedacdtionmf at age.
1FEB1001 WO 200-1/013257 PCT/ US2003/ 1176483 | 36 ﬁ:&?llﬂ . Vari %us enbodi nent s
of an appar ZPERNHECIGRt OF LIRS N RDSRPVBIISI IR PrETFR WENARLAn BSABY t aper i ng

el ement or Py bf QR [LREIEALN 184 BERSSRY pah AMEEMAIN Qhc ARAMS defifed, OVESt POI Nt

of the lowest feedstock inlet of no greater than 90% or n0 greater than
85% or no grkegipertidrednn 8Q9mamer tothgdastreactionatag? @9 swondhecagtieomt er  than -
60% or no greater.than 50% ,or no _greater.than 40% .or ng greater than 30%
or o gr oat SPES HATAABT RS oy BRE S SUTRLI T2 ErEIhREREUE  he | ovest
poi nt  of thetlawesh sheedst @ednd reh@ionandet fec TbahesiplgFigtl MfwHehe first
reaction stage and the second reaction stage. Alternative enbodi nents hol d

that at | eate sgrede rpbanhagem speprmelcoenipdra epringreaer anglewf8@ent at an
c lye"at on aﬁ%gestfg&dn%%ﬁ{e fﬁ?ti ﬂ?éte@%&‘a%git 1!45;"53%% PRISAOGKede kit at | east
5 or at le 5 or at Teas 9 or at’ l'eas

iris diaphragm tapering element of a right frustum of a cone having a tapering

element angle of 30 degrees near the bottom of reactor shell 312 straddles the first

maternial transit 352. Alternatively, the tapering element or elements can be

present only in the first reaction stage and not the second reaction stage, or be

present only in the second reaction stage and not the first reaction stage.

[0113] With further regard to the location of a tapering element or

elements, according to an embodiment of the invention, at least one tapering

element or portion thereof is present at an elevation above the lowest point of the

lowest feedstock inlet of less than 90% of the difference between the elevation of

the lowest point of the Jowest feedstock inlet and the highest point of the first

reaction stage and the second reaction stage. By “portion thereof” in this context

is meant that some portion of a single tapering element may be above the specified

elevation as well at or below 1t, 1n the manner elaborated on in the preceding

paragraph regarding the location of a tapering element with respect to a given

Teaction stage.



20% or at least 25% or at least 30% or at |east 40%of the difference -
between the elevation of the | owest point of the | owest feedﬁt1 k inlet and
14

the hi ghegip RfjM2s0f the first reaction stage and the sgeonds i@(tfgpﬂén
stage. Still other enbodinents hold that at |east one tapering eléhent or

portion thereof is present at an el evai on above the |owest point of the

| onest feedstock inlet of any |ogical range selected fromthe foll ow ng: at
| east 5% or at |least 10% or at |least 15% or at |least 20% or at |east
25% or at [0H4$t 30%Vaiovaembedistend08hanaapparans afitbapesentt haven808hpoldr no
greater than 85% or no greater than 80%. or no greater than.70./0, or no
great er t?}adaﬁa%]@%gtogpt% YR & 15'1“% PhRRTUER dhet lﬁB‘geé‘?’Eé‘f & e@ﬁ&ﬁ’MO% or no
greater thapo30He lo@ést?gin%ﬁﬁ%%wésﬁ‘%bdgt@%ﬁ et dTodrE 187 BRG S0RetMREN the

el evation of the lowest point of the |owest feedstock inlet and the highest

poi nt of t Igeeatdritisan $¥actr orgrsstagbamBt®s, bheo gwatm thanedét, omogreasger. 101151
O her aspects of  an apparatus the present invention provide that only o
one taperi ﬁ%a“e‘fbé/ﬁeq{tno e?ﬂ?fr'#fubgé%’hgrr% grepier H'fa@s“érgf] Oéf‘oﬁgeaé?ré'gﬂ"(‘? % above the

| owest poi pf n8hrddts thVEPh of BRIBIEGK d PR EkePihePeVvaliBRbEIheIDRRt PO Or no
greater than 85% or no greater than 80% . or no greater than 70% or no

gr eat er t hafi tiedosvestdeedstocgndat ard thhhrghsgyoidrof tle fseraetion stage 0% or no

greater th 30% . or no reater than 20% of the difference between the
Ol evati on gFe e Biaelt piench e eroorrs Bolihecl 1o She BrRITEne. hi ghest

poi nt of tRerhdnt 8f pbRAGIARELISE ARSeANak BRvatfRCHe HRAGMe M potl1RPEhe Yot ot her
aspects provide that only one tapering elenent or portion thereof is

present at lowestifepdatock mlellyd e leasied Yb.owent teapiol U0, wfat idast 1 Gaeartat lepgtedst ock

i nl f %, Qb I 0% % | 20%
01 P 2007 WD BO0RHI T30k BT LRgT0s) B0 S bt dihele by "o Y cast

30% or at thedebatitR6fhe fohesidididterfeRERwRET feeditodiTRlet %@m@tﬂig&sﬂﬁoh&me | owest
poi nt of the | owest feedstock inlet and the highest point o the first

reaction stodife fnstreapeonsdegsriadtensacond reachoestagt.i $ll otheeembedimens provi de
that only qﬁ%@? éetr]!se{]sgf)g% %rjr?erantéq eﬁémgl%rotrl %ﬂgat&h@éﬁ‘%gf is:pz?s%%fg‘tearﬁtele%ﬁan el evation

above the poin oneSt  Fee In a | ogi cal range

sel ect ed frapovd the loWwedt lpith BOthe ddw Asddsdh iMlét tank ¢eEEal 10 @lec@ll | east 15%
or at least 20% or at least 25% or at |east 30% or at |east 40% and; no

greater t hdrpmthg follpwing: gvleat 8vo. ORanleag 4850, 6F ahlsagydag 6F at law 289 or no
greater thag,/ %%/Et 226, NQ 20158566 b Q{‘legsg%?)%)rand;% E;?(@Jtt%ﬁnblq%r.‘oﬁlgoq or no
an 40% "or no ¢ % O6r no 2

greater th reater "than eater than %o of the

di f f er ence gretterahan 85, el revatitonthaf S0%e of novestatep diant 7086, drimve dreanerst
than 60%, or no greater than 50%, or no greater than 40%, or no greater than 30%,
or no greater than 20% of the difference between the elevation of the lowest point
of the lowest feedstock inlet and the highest point of the first reaction stage and
the second reaction stage.

{0115] Other aspects of an apparatus of the present invention provide that
only one tapering element or portion thereof is present at an elevation above the
lowest point of the lowest feedstock inlet of no greater than 90%, or no greater
than 85%, or no greater than 80%, or no greater than 70%, or no greater than 60%.,
or no greater than 50%, or no greater than 40%, or no greater than 30%, or no
greater than 20% of the difference between the elevation of the lowest point of the
lowest feedstock inlet and the highest point of the first reaction stage and the
second reaction stage. Yet other aspects provide that only one tapering element or
portion thereof is present at an elevation above the lowest point of the lowest

feedstock inlet of at least 5%. or at least 10%, or at least 15%, or at least 20%, or



feedstock inlet and the highest point of the first reaction stage and the
second reaction stage. 10116] Certain enbodi nents of the inventsijgg pjovi de
t hat any awé2eddo1325apering el enents or portions thereof %’r&/lﬁrzﬁlﬁ‘fo?&ts?t an
el evation above the | owest point of the | owest feedstock inlet of no
greater than 90% or no greater than 8%% or no greater than SO% or no
greater than 70% or no greater than 60% or no greater than 50% or no
greater than 40% or no greater than 30% or no greater than 20% of the

di f f er enceatBeast@En, oha ledseltn] amtdéast Aol cdwesdiffprened baveehthel owest

feedstock i.nlet and the highest. point o he f.irst action st and the
second r eHEYSHON Oggéfg@.we é?”"gtﬁéﬁe fKQWB eﬁ‘éﬁﬁ‘?%" ‘B{ﬁb@?%e&%‘? é’ﬁyﬁgﬁd al |
tapering efheRHMSactidh sRQE bhPIR LB ERhc RISV SeNlotddr a8FecRl BYEHEON above the
| owest point of the |owsst feedstock inlet of at |east” 5% or at |east 10%

or at | easthatl&8ly ooe taperihedemeaes pagtion tterdod aspre2Bo4t anrelematipeabeve30% or at

| east 40% of .the difference b e h |l evati,on of the .l owest point of
the | ovest TEARNEE BRI PHITEIO AT FREIORK GHEST BRie! RS SEifetet gk Behct | on
stage and tRwiRE ADaleRE dr aIeatkelRe, Pt tdasOl 396 or BMRRAIIRN b at IR4RQVI de t hat
any and all tapering elenments or portions thereof are present at an

el evati on affover 4t heast dWesar ap tdant 4B, arte nb graty thad¥st, oc koigmagar than a | ogi cal

range selggied fromthe fgllow ng: at |east 5% or at |east 10% or at
| onat 185 Sois gnd PR TaoSbopt Y erdlsceSBlR ot e RerbEBA W ot | east
40% and; RBE gfaRAtRh J00aR: ng%%at&rthﬂM@%?@Irﬁf%Eﬁé‘inth%%%%r RPg@heat er than
80% or no greater than 70% or no greater than 60% or no greater than

50% or nothgn@Qtee! thhdrfes0ms botwaep the elavaion afiibmlos@spomt ofthegowaster t han 20%
of ‘the difference. t n.the elevation.of the o1 FE 007 2004/ 1113257
RCT! Lez005  Sarae S ehf B e sth@it it AR 58 il et AR B8Rt et and 11

hi ghest potgatcti®f sttdre first reaction stage and the second reaction stage.
[0117] In one enbodi nent of the invention, a taperi ng el enent_will be
present. THH16hperi n§eapiacaodiesits abiby imgaugn peyideithef 2y epgal angl e or

angl es of . r east 2.0
degr ees, o}a%g?h? §§§6ﬁ§%698%g§§§§§?5f§?é %I{egﬁqugts%i é?%%géggé%"s‘?ié %&%4 | east 7.0
degrees, opoit of hasdwddi@ddedt #ds . of ab gratterlteasl0% orGodeetaakan 85%at | east
20.0 degrees. In yet different enbodjments, there il (ﬁ’? g)r esent at | east
one taperi AHNeEEAERHIIARDVRET Bo EEHE Y d%enime LriFTehan 0WB Otdi%at er than 2.0
degrees, Op A0 WRAHRL, ok REBréhtd HEPIRRSor iR orBRHNERALGY,, bV eBally degrees, or

no greater “than 8.0 dé€greeS, or no greater than 10.0 degrees, or no
than 20% of the difference between the elevation of the lowest point of the lowest
feedstock inlet and the highest point of the first reaction stage and the second
reaction stage. Yet other embodiments provide that any and all tapering elements
or portions thereof are present at an elevation above the Jowest point of the lowest
feedstock inlet of at least 5%, or at least 10%, or at least 15%, or at least 20%, or
at least 25%. or at least 30%, or at least 40% of the difference between the
elevation of the lowest point of the lowest feedstock inlet and the highest point of
the first reaction stage and the second reaction stage. Still other embodiments
provide that any and all tapering elements or portions thereof are present at an
elevation above the lowest point of the lowest feedstock inlet of a logical range
selected from the following: at least 5%. or at least 10%. or at least 15%, or at
least 20%. or at least 25%, or at least 30%, or at least 40%, and; no greater than
90%. or no greater than 8§5%, or no greater than 80%, or ne greater than 70%, or
no greater than 60%. or no greater than 50%, or no greater than 40%. or no greater

than 30%. or no greater than 20% of the difference between the elevation of the



greater than 15.0 degrees, or no greater than 30.0 degrees, or no greater.
than 60.0 degrees, or no greater than 80.0 degrees. In still different
enbodi nenﬁ%m;)j}@rﬁﬂvw |1 be present at |east one taperi ng el e r‘JtFEfBaKBHTng a
tapering el ement angle of any |ogical range sel ected frbafURNSBIHE ng: at
| east 1.2 degrees, or at least 1.5 degrees, or at |east 2.0 degrees, or at
| east 3.0 degrees, or at least 5.0 degrees, or at |east 7.0 degrees, or at
| east 10.0 degrees, or at |least 15.0 degrees, or at |least 20.0 degrees,
and; no grigdeQpdinidf e RO 88%ockahled ndihe Adestigodnl F1kk HROFRBSon OF NO
greater than 6.0 degrees, or no greater than 8.0 degrees, or no greater than
10.0 degrsags andrthesecgn@agaghion kage.-15. 0 degrees, or no greater than 30.0

;
degrees, o greater than 60.0 rees,.or no greater th 80. 0 degrees.
101181 _'I'helroggﬁecti on Tothef a@@‘?’ﬁﬂl‘ﬂﬁﬁmﬁﬂg}oﬁ %i}ﬂ?&ﬁ%%ﬂ@f’} Vﬁgh‘a position of
a taperingpeifeThe ﬁb«lzﬁhg?é‘l%ﬂlteﬁb dandh1y s M?dpﬁﬁn@éle?ﬁﬁﬂﬁ]gq’é oVagiasff or a

tapering ‘elenent angle present in ah apparatus of the present invention may ..

be i nfl uenadehst by degreys.faact terst. 1. THewees, acatlehst pOHaldptees.mrmeteastyidd odynar ni ¢

flow characteristi of .the gas a salids in ea re i,on stage and
i ough o e fr st ege e S afiead S, SR ISTED 4Rt 0P rg
tapered el ganept moaggf_ee@w at REstMBL AR k. Dget defdrdhethbodipeatsgek and
.reactants to be used in the apparatus, including prevalent reaction

chemi st ry writb&presant ssleastone ¢apgnipk elemenehavanga tipesee olgogniangdaefnions t hat
may consune desj.rable. broducts once forped Wth respect to the position of
o aper | nEeREEERC IR Gt GRRERLRE At Rttht R R E B uhdesi r abl o
secondary ddp@@Gl brfbSerEM¥r i@ ( QNREesPASId dredisr RN €0.OSREMks, R%iot hey may, in
consideration with other factors such as desired average equival ent :

di aret er s, gigeteyihge 1§ Srdegress ghiaro Geaterbm 200 Aegnees 1 04 20epg28lFan 60.0

PCT/ US2003H16483 . =9 secpnd action st Yol upe. ternpakhivel reaction
systens th i%r%egv%r 1o O%erlter 16 8b% &L‘%F}e&é‘sﬁ} %gfdlﬁgrenp%abéaélm%n&. {hleren\grﬁha

rates of I e Secohdary reactio y find

hi gher posbd et BDESst WHe tapering Wellent Bgaida taetitieelbmdhedngdd ot ager i ng
el ements present at anyﬁgi ven paosition or positions, consideration should
be gi ven t@gtoabrange spiected rpmeahe frljyiptad deasthh Y degrosrant 8t le2%W egi mes in each

part of th ctJ : t Gld QN reest Q.G QBRI ot her
factors. F@erére%é#pﬁqgfaéwﬁidte% gs’s? ? Eé{egﬁﬁf(}o?%ereg’ @Joa(f E]éua ﬁggpg%é arr?ggpa%ggt control
t he hydr odieastii.@ déddrens, ehanast &0.0slkeiess, of adesse df Videpreey sirameastrBledl nost

conditions, an increased nunber of tapering el enents be useful. On the
? grirs

ot her handdegrees; #il: RO FHF A €8 IGEEHET PRETRIH N8 & °EBfpl ex and
sensi tive ng§aér 1ah 8% dEFRA! o0fo £3GHPTn $B EFRlek &r HOUWTRAE: @ihn 18RET T NG

el ement s
degrees, or no greater than 15.0 degrees, or no greater than 30.0 degrees, or ne

greater than 60.0 degrees, or no greater than 80.0 degrees.

[0118] The selection of a particular number, type, geometry and position
of a tapering element or elements, and the value or range of values for a tapering
element angle present in an apparatus of the present invention may be influenced
by many factors. These include predetermined hydrodynamic flow characteristics
of the gas and solids in each reaction stage and through a tapering element or
portion of the reaction stage having a tapered element angle, and the nature of the
catalyst, feedstock and reactants to be used in the apparatus, including prevalent
reaction chemistry and kinetics, for example, the rate of secondary reactions that
may consume desirable products once formed. With respect 1o the position of a
tapering element, reaction systems that have a high rate of undesirable secondary
reactions may find lower positions more useful, as thev may, in consideration with

other factors such as desired average equivalent diameters, provide for a higher



be useful to better control the system In considering reaction
stoi chiometry, a systemin which noles of species decline wi th! Figiigasi ng

extent ofwegeamioha; may find a higher nunber of taperi ngc§}l%gm3;',§64gpre
useful, while a systemin which noles of reactants increase may f a

| ower nunber of tapering elenments is mdre wuseful. [0119] Anot her part| cul ar
consideration in the selection of a particular nunber, type, geonetry and
position of a éﬁéﬂ%“ ng el enent or, el epents, and the al ue or range of

val ues for S&op 1o Stage reimmea iiEnaiivelyn grastion suens ehhays loviginar at us of
the presen&ategﬁmfdhafhbnéséchﬁdaggfréach@%@r fHahAIRs postakaiheLiall cs of the

catal yst to be used, and the sire rtron that may result from
a given ch¥diticeegafd tbabfenumgere:ifewmlg eMatendpriebart apant diced positansi deration is

the attrition.or hardness cteristics to be used.i.n conjunction with
the desir e@OHHPRS Pafpsedegptio E{dr Ivghiedhe pRErepiAF a84Epatethd t he accept abl e

evel s Of . ShARIORARNCDAYne AN Bhi? oPlheGORTORUGHL AR MSBadBUSe: FOT he

af orenent i articul ar © consi , er val ues an ranges of
val ues of atdidpeEnetng aalcnyenierdngbes Foaexanmie.af itsiseﬁtuﬂlghtfwwaﬁbqarrpl e, no

greater than 45 d ater fhan or reater than
15 degrees uné?rstﬁﬂgglacg‘aw;o flﬁg??/d%‘@ieéi‘é@ﬂ‘eé%w CB?Iaﬁ@“@ érreacluﬂéﬁys%rﬂegr ees.
Gne ot her %a&ﬂxﬁ&r%mﬁaaﬁg 4R 5,k RB M?%ﬁtﬁﬁerﬁﬁg'ééﬁéﬁﬁﬁay BORLAqt eri ze and
control the hydrodynamc flow reginme of the Pas and solids Iin the reaction
st ages. ForOn thawotipahtnd of de hgdm@wntnmas pbibe reactigesgstah .ard comggdex araber i ng

el emrent angl es.are re useful ..as the ﬁan no ?bru change the gas
Flow ' at o RRENRA SUREeabBRrAPLE oA S aoRre o pkine BeREidRs 10
degr ees; Orbeafseﬁ]%%engllccﬁm%l ﬁn?&%m\/\@n%@9&6&%&&&&@@4&&%9&%@1a6483 40 20

degrees; or at |east 30 degrees, or at |east degrees. Al'so for that
consi der at ispstemni giich mgbamgme&r%tdaﬁmwgh a‘lcmmmgghtﬁnébimeﬂum ma&s they tend
to render éllae II.Iowc rac%erlstl s simlar cng 3 any gl ven ?1 Ss section
of the firdRdGNghT BREBEESLEPYINSTEPENS BOgRESeIPl SAHG &SP AR &Ny el enent s
include ri ghbled blushdtab m&&@@ﬁna@ﬂﬁ;dtaﬂbﬁr@ﬂhﬁhrﬂber dfagiehing ¢lemendrisi nfgiar e
pyram ds, anong others, that have the sane tapering element angle at all

poi nts al or§efl.gi ven cross-section perineter of a reaction stage. (0120] A
oot Set gD, NGRS oy OSSR BESULLER o RRRgIL L1 0 eSS
consi der at immmbef, type, ptormstry ol @ﬁpﬁmﬁa tepdring dlempiitaw lerémeatsg adikhei on in

value or range of values for a tapering element angle or angles present in an

apparatus of the present invention is the attrition or hardness characteristics of the

catalyst to be used, and the desired level of attrition that may result from a given

choice of tapering element. Yet another particular consideration is the attrition or

hardness characteristics to be used in conjunction with the desired materials of

construction of the apparatus, and the acceptable levels of erosion for those

materials of construction when in use. For the aforementioned particular

considerations, smaller values and ranges of values of a tapering element angles

are more useful, for example, no greater than 45 degrees, or no greater than 30

degrees, or no greater than 15 degrees, or no greater than 10 degrees, or no greater

than 7 degrees. One other particular consideration may be the ability to

characterize and control the hydrodynamic flow regime of the gas and sohds in

the reaction stages. For that particular consideration, in general. larger tapering

element angles are more useful. as they can more abruptly change the gas flow

rate through the apparatus when in use. for example at least 10 degrees, or at least



cross-sectional area, or if it is coincidentally being provided for a
different purpose than a reduction in cross-sectional area. For exanple,
the penetrating nass may primarily be provided as an inlet &1 Bt 1007 ary

el ement WQUWBEY Barlier, e.g. a secondary feedstock PRTAIS2003/08¢483 di zati on
gas conduit or an instrunentation profge, and thus while still a tapering

el enent, may be configured so as to mnimze any change to a given
cross-sectional area at any part of the reaction zone, and not be tapering
el ement . | r2(adzgidesrorex dapl ¥) dédnespernmildagtd Ndegiess Alk@firrnhalg el ement may be a
series of heat, exchanger tubes whose caincident, purpose is _to renove heat
fromthe rcRBRAFALIDARNLAMANEHIE tapaNbBeerls GHedsey. achpuiad teadex r ansf er
characteri st.i Si:td on- : ' ransit than it
s o the 1Dnasy thaBeRPSlis ARG ASEs dh gl FES AR s ot "0t er i me how
to sel ect, sdesidgvaciod gl Right. Rosnhite tapgeagelemantsinclude tighefrusigof el ement .
For exanple, the sudden geonetric shift may be primarily intended to nmake
condi ti ons SPBFEANEGRANEY ¥R rectangytas ARG sauaTeBamEds: anops others, thahbavehus be

rater ol 1 ranse ORI B A o HE S % i ALloh ekl ST

in the art dfzatactivanbigeati ons of any or all of the features and ranges of
the aforenentigqned enbodi nents regarding the particul ar nunber, type,
geonet ry and1#lsi t i onAdpctar derpuping dog) te selaet: g7s1@h BRSO t he val ue or
range of v r t apegl el | &8, e i thi-n the scope of
an appar at La}gséﬂg[?at{r%em%rségle%? r{%%\e}téﬁ‘f @gﬁﬂ %p%&%teﬁ%nr]eﬁtf ﬁ@%%%é% liz%rti san w | |
under st and urpdsecicarbbnmsddératian of if &ny there spetifioflly treprovile REBIRGORE in WO ‘
2004/ 013257 PCT/ US2003/ 016483 .41 . f eat bes .and ra 963 of..the aforenentioned
enbodi ment sSTPEFEFETRY A4ReOTFANIF EAPSFentAbidrine Pﬂ)’b‘g&, ged Bt and position of
a tapering BharCd rehERE M Sro Q0o I8 ark! HEr Qlanf MU Pineitaiges for a
t apering el}gdrl;g(gngtg aarlllglléa, af@r}g vv?th %ny oarr aI1j of tr@g prlgeglnieous not ed
f eat ur es anuassamgyesimagrigi prgvifledhevaresleandarati ey ebineme dissussedearhiétso wit hin
the scope of an a%%ar a&ga of_tt]1e zg{le ent. invent idon. 101221 Now.| ooking to
Figs. 6A-C *¥iQg. " € - - on

i A- C, & BifgecRapy egtipsk Wikt idrarionrvanath O 8 s THpSPBEH b
conversi on gpRALA4 %s%]éﬁtilﬁi’@ﬁ&i@sﬁé}ﬁedtm&@jﬂbb@Bx_aﬁéﬂr@d s@ftoPr esents a
partial transverse section of the apparatus, |ooking down on Fig. 6A along
the Iine i netinmizednychengsitng wvenedressessetionabsaisaiphewopant efthe mactipsper porti on
B]; es;ﬁ?gt grzosnre],eilnld n%}ge ta%réldmg rér]e'%ﬁ[elng InRBRER é}!’a%ﬂalg,el%é %gne?r%ging ﬁl'ags 6C al so

tapering element may be a series of heat exchanger tubes whose coincident

purpose is to remove heat from the reaction zone, and thus may be designed to
enhance heat transfer characteristics at a position closer 1o the second material
transit than it is to the lowest feedstock inlet. Similar considerations will
determine how to select, design and position a sudden geometric shift tapering
element. For example, the sudden geometric shift may be primarily intended to
make conditions more conducive 1o entering a separauon device, and thus be
configured to change net flow direction as well as velocity near the second
material transit.

[0121] Of course, it will be appreciated by one of skill in the art that
combinations of any or all of the features and ranges of the aforementioned
embodiments regarding the particular number, type, geometry and position of a
tapering element or elements, and the value or range of values for a tapering
element angle, are also within the scope of an apparatus of the present invention.

Further, the skilled anisan will understand that combinations of any or all of the



partial transverse section of the apparatus, |ooking down on Fig. 6A al ong
the line indi cated that is lower than that for Fig. 6B, focusihgfFep @2

el errents sociated wth the |lower portion of reactor ?gi‘tﬁzﬂf’%‘% %&%f 11n
Fi gs. 2?‘{/\6' 138édst ock conduits 602, that woul d provi &’ Y

gaseous feedstock to the apparatus, pags through an opening in base 604,
provided to form (partially coni cal) recei ver volunme 606, in which a solid,
particul ate catal yst may resi de. Feedstock conduits 602 are right cylinders
havi ng an fepersend rangss df thg afuredhemionbd embodimeptriegodingfthe pa?rtitlilmn' zone 612
at an angle of, 45 de I ees. chat f}“e%l i nl et ondwt 608, adit woul d provide
a solid, pélﬂ“‘fl?b(?{rlt?ﬁ’%f’ QLY §9q PRSP & HRTIIES Wté’ﬁélewse the hr ovi ded to

bring cat alvgle drGatdieoANRS For PRpaneerblif PBMIBAT A Tanl FHPLORE.

conduits
602, thus allow ng the flow ng stock exiting Teedstock conduits 602 to
draft the queabydy noted dearires tnd rﬁmg@srrggardmgde&tumaaud othheelampsis ateus. Base 604

is openly j Inedlar,lo react or. shell 610fb rms .the totality of reaction
zone 612, 1he SCORE OF A 2BRAHES 91t eP@éﬂEf'&@Pm’énd cat al yst may take

pl ace. Reaqu] zone Qs 1bSkiFOPPRed AL, Riol bA esreﬁﬁ%tae&ﬁbnafé io§l4 and a
second reaction stage 616, distinguished in that the former has a |arger

AEA than thd 4 }a’ﬁtm,rbfmmd)npcrewndpﬂamws a00 ofuht pextstookentionodig 6Band ot her

doperti ci alPEBs By S PRET IR Giint SEREEh (HAPLARBR O PR ORoact or Shel |

610 is compsised 1Rk n§d12§at§d3rf&d1ﬁﬂfgl4§pe1é?@§ﬂé Nssb&ﬁl@@%ﬂﬁﬁ@ﬁﬁﬁér%@ruoﬁtﬁrt' ng from
the bottom and worki ng upwards: a right frustumof a cone with the base at

the top, a rlea(ghrtshelﬂ)ﬁllﬂn@j”eiromlﬁlrrg gherafionudeviaen @X1. digofealad ptesutﬁsaa base at the

b he ht 0 1. FE 007 /.01 257 P 03/016483 42
cgltltg?eramt "gﬁ ?etr§etsre§ Phe %88?%?5 lvik 2‘?0 ‘??'%‘“éﬂ’agmgic% B&t angul ar

ducts. Not enbiRafedtha iCOWer eHanalkd 96r 198, 6FGbERMmoBiCHhe e]eméhtwhsmla@cd:urved duct
as part of a reactor shell is what I's termed herein as a "raml's head."'

Anot her exa\ﬁﬁhéledf)w&rPﬂlﬁlaﬁpgretﬁé@d?aheélaﬁdobe found in U S. Patent No.

6, 166, 282, .[(@EE'#]I oned ﬁ)iifl.ﬂ_g eE{A Ee el ﬁédsh{&%ﬂiwﬁ (Jf(P’Wﬁ'ﬁatt woﬁ?&?ﬁg\%ﬁg?l 2} et 618,

t hr ough V\/m eedst o ow - ou owest ope orn

f eedst ock clgqddibt gadas feﬁdsﬁbcﬂdtb i dppaatisopass ttagech &idpening ﬂebhﬁ:rmed as the
open, cross-section surface, parallel to grade, forned alcﬁng t he | owest
open poi nt Hpvﬁééﬁéf%@k@é’aﬁaﬁFP%“@?)‘Z’CCIV?F ‘f‘ﬂ?@e B Jdaivthish a solid, ¢ at a yst inlet

620, t hr ougl i) BiaRQ nly rARUL KRR SARRIIRD RS il hiha T el ver

vol une. 606 into rst reac Ion stage 614, Is est as t € open, Cross-
an open end residing within the lower portion of reaction zone 612 at an angle of

45 degrees. A catalyst inlet conduit 608, that would provide a solid, particulate
catalyst to receiver volune 606, which is provided to bring catalyst to the lowest
point of the open ends of feedstock conduits 602, thus allowing the flowing
feedstock exiting feedstock conduits 602 to draft the catalyst up with it, during
operation of the apparatus. Base 604 is openly joined to reactor shell 610 that
forms the totality of reaction zone 612, in which a reaction among the feedstock
and catalyst may take place. Reaction zone 612 1s composed of a first reaction
stage 614 and a second reaction stage 616, distinguished in that the former has a
larger AED than the latier, and provided to allow feedstock. product and other
gasses that may flow through the reaction zone 612 10 have an increasing gas
superficial velocity as the extent of reaction increases. The reactor shell 610 is
comprised of six contiguous. openly joined geometries, starting from the bottom
and working upwards: a right frustum of a cone with the base a1 the top, a right

cyvlinder, a right frustum of a cone with the base at the bottom. another right



section surface co-planar with the | owest feedstock inlet 618. and .
represents a portion of the boundary of first reaction stage_[BMlEB 161 25]

Fig. 6A fwphhalesiews a separation device 621, which is f
separation el enents 622. 624, 626 and 628, catal yst exi t%gigﬁﬁqﬁ?@duct

exits 632. The "ram s head" end of réactor shell 610 is in open

comuni cation with termnation volunme 626, forned by term nation vessel
shell 624. Located with termnation volune 626 is a cylinder 622, open on
bot h ends, cdinden twd ishert.tstreight watasghlenducts andiyer atrvahrectangulendedty st exi ti ng

the ram s he | d rike the, cyljnder 622 at a ta nt toits internal
perineter, ﬁﬁgj’%’)‘ﬁ e E‘E}ﬁﬁuﬁa&{qn Sl&‘?“%fdé‘C}Sdﬂ?lggmﬁé‘ai’ﬂf_r‘@gr#ﬁ%g?ﬁl?ftq i and cyl i nder
622 will aghedl Mcas What B @il TeRRE af 8 PAITE Gbad.” URANSSREMPl0US! y. More
conventional series cyclone separators 628 are provided as anot her

separ at i on“reimésegad’” can b 6jund ix &t KiBes¢nt Md. 6, 1661280) mesidehedwhilehhweid.d carry
catal yst a rom the separatipn deyj 621, is enly. joi to ot
term nati onﬁé@fssel s P]W_eﬁfg‘_? 53&096%1?5%/@%“89%# WE%%?CE}%E)@W@E%W a catal yst

may flow ot dFhhd RebEsPTh PR 8Nfek abdBE corfidfs 808 irltH 11Pst GedcRbY $agXi t condui t

634, is formed as the open surface area at the junction of term nation
vessel shebl4,62detemuinedhasathy opere ridss-seetotmi surfads) paraliel toegrade, foroddct exi t

conduits 636, through which a which would ca reacti.on. product and
possi bl y u%@ﬂ%v@ri‘?‘é’gﬁfo@g‘&lQ’E”é‘&ﬁ%@\éﬂ}"%ﬁ%gg’é%g@%t dAts EQHOQBB%%@; are openly
joined to Eeﬁ@lz&t%le%ﬂﬁ_@lﬁrbﬁgh G&iﬁh%&%liﬁ?ﬁéﬁéﬁl@&%a@?ﬁt WRLROUGK iRl ts 632,

t hrough which a reaction product and possibly unreacted feedstock would

f1 ow out ofeceiver vadumepop e fs@ peactipoistags 284 andstablishep pothesiperxdrosseondui t s
636, are formed as the Q1 FEB,2007 WO 20Q4/ 013257 .PCT/ US2003/0164S3 43
open sur f atEE REUEHE PN H‘chége Zoé’ﬁségeeg?ggﬁ}?i‘géé a%%??si%ﬁ%a and product
exit  condpbiion 6Bthe BHREAG of Gt e HDAWIaLE 6PH6 are openly joined to a pl enum
638. A plenum volunme 640 is formed within the boundaries of plenum 638 as

joined to IH&Stop of Fige i ahershove aseparahen devdeeo2 IThdigh is sompBS8 and pl enum
vol ume 640

i d col | e i i bl d
{eedst ook ekRpRafol R 2P B3k aliFBE IBPE B B0 B pBRAIR R o T "F o'

common, se63MNdBle/ “rapy Ol eBXbiireeabthell 63435 iseni dadntificiviweyh r eact i on
product and possibly unreacted feedstock away fromthe apparatus. [0127] A
second mat Emilation yabme g formed by dermipitim vessdphell 03hrkoq@ladayth catal yst, a

conver si on, r.adush \BRSARTSL BV 8351 §iln S RS, TRYoubbal Qut of

ram's head. In operation, the catalyst exiting the ram's head would strike the
cylinder 622 at a tangent 1o its internal perimeter, and the combination of the ram's
head configuration and cylinder 622 will act similarly to a cyclone separator,
discussed previously. More conventional series cyclone separators 628 are
provided as another separation element.

[0126] A catalyst exit conduit 634, which would carry catalyst away from
the separation device 621, is openly joined to termination vessel shell 624. A
catalyst exit 630, through which a catalyst may flow out of the termination volume
626 and into catalyst exit conduit 634, is formed as the open surface area at the
junction of termination vessel shell 624 and catalyst exit conduit 634. Further,
product exit conduits 636, through which a which would carry a reaction product
and possibly unconverted feedstock away from separation device 621, are openly
joined to the top of series cyvclone separators 628. Product exits 632, through
which a reaction product and possibly unreacted feedstock would flow out of

series cyclone separators 628 and into product exijt conduits 636, are formed as the



second reaction stage 616 and into separation device 621, is dgtﬁrﬁ:@ﬁd as
the open, cross-section surface fornmed at the open ends of the ré head
at the topyv@hooshig@tor shell 610 that is in open communi Gatrh@Buidotdiss
term nation vessel volume 626. The voI ume of reaction zone 612, which is
the sumof the volunes of first reacti*ns stage 614 and second reaction
stage 616, is established by geonetric calculations according to the
preval ent di nensigns nmoving along and within the walls of the appar at us

bet ween t he oPghREtacELaldhE BE'R’“‘?%P ”8&%3’%?1‘%? %W@%%éé%%anqquéﬁlqtg}ﬂ transits
644. 1t sho t ofy reaction
zone 612, t E{)ﬁd@[‘?&?& ﬁ?ﬂaﬁéy t%%ﬁj@c%% eltﬂ J ‘6‘%&) dpl\é@lu\&}g%? o&est

f eedst ock i pleauwﬁcﬂumeé-‘mm foheeld wiﬁh]rsthe bohmd}mesef plenopeéBatas guinedttbe f1 ow of

f eedst ock out he f.eedst ock. co be of sufficient force to
prevent caft ferfBWP‘?é’r?Pé’ﬁ?Sﬁ S}wﬁé% fféa uehﬁ?ﬁ iR Yoy ¥8ndui t s

602, and a ,fd ?ﬁ%ﬁd@fi t&P&ﬁe@t 1%9&1&}1 Sdlmt%gt?g&& 1§ unredd e feelibofit YStind A C _Fi 0.
TA shovvs a sectliona evation of carbon conversion apparatus 700 of
t he present proﬂnefmlomndﬁng63678n@descamhzﬂ maenpaEntd aabnim@nsacendey sect i on of the

apparatus, |oo0 ig. 7A,along the |ine jindicated, focusing on
el enents as® ua&edtw neﬁg Rippesd Bﬁo‘%qrs%swwl%aadafﬂ andpessiblyos, and

omtting SeBﬂfe%Eﬂeﬁ@e&ﬁchE%wZ?é-omFﬂhgaa%zgaﬁg50 presents a partial transverse

section of the apparatus, |ooking do on Fig. 7A along the line indicated
that is | owg@127han f orA Béagnd AibB:rial teusi Gvgt, dtrongiewhlcéame;nhd astsmidtat ed with

the | ower portbgn of reactor dsheII 706.,.0 1 FEB? 8 004/ 013257

PCT/ US2003/ 638%85 2 cervepw 2edugy 1 Rasghhquirgagieqieegsiockmpy HREQU 9he is shown
in the reackgionghedtion! sEaO'e%lﬁ911&31?116’5%‘3}33%9%“0'3%‘9@\/1@rdeteHi‘}%Ed bgeappar at us

wi |l use a reactor shell I'S in fact, solid wthout a break. [0130] In

t he enbodi rr@pt:n croisgstioariare forsadki tlrb@edstmofctbnmmihewzix thettbnaof woul d
provide an at ast i | 1. aseous feedstock .to.the apparatus, is openly
Porned to t ReetBarthblp el it oB b eEidt Rl fmietearRE Bk ¢ hi o

enbodi ment, 3BRIThe WBRAS SGKati@NIbhd 6120 2vHih Hané SRRGS iR RhAYds@efeal y a snal |
anount of feedstock to the apparatus relative to the total that would be

provi ded to reatcnensaﬁpe@r atdend samdah@mogemgesﬁléslsfelstabhlshzébmnorg@tgccondm t to
provide a g S , 0 o fl ui e.t he catal yst
g?l&gfag %a%:(){cﬁ & 1}1% pre\ al%gp ﬁ? RS lgg%l oy r?&aH?n(%an \%B

that may re & 56 crrcu enthe

appar at us i svdlB off §ie: appatugttwécUhélowest feedstock inlet 618 and the second
material transits 644. It should be noted that in determining this total volume of
reaction zone 612, the volume within feedstock conduits 602 and above lowest
feedstock inlet 618 are omitied. This is because in operation, the flow of
feedstock out of the feedstock conduits 602 will be of sufficient force to prevent
catalyst from entering the volume within the feedstock conduits 602, and a
reaction could not take place there.
[0128] In Figs. 7A-C, Fig. 7A shows a sectional elevation of a
hydrocarbon conversion apparatus 700 of the present invention. Fig. 7B presents
a partial transverse section of the apparatus, looking down on Fig. 7A along the
line indicated, focusing on eiements assoclated with the upper portion of reactor
shell 706, and omitting separation device 721. Fig. 7C also presents a partial
transverse section of the apparatus, looking down on Fig. 7A along the line

indicated that is lower than for Fig. 7B. focusing on the elements associated with

the lower portion of reactor shell 706.



enbodi mrent may allow for a reduction in the cost of a utility that may

otherwise typically be used as a fluidization gas, e.g., ste i frogen.
[0131] Thﬁzooﬁh of the sem -circular section of a torpsrih ﬂgﬁ%gﬂ y

above and to t'}{g]g?'\e-}ft of small feedstock conduit 702 is a pog%l on of reactor
shell 706 that forns the totality of #reaction zone 708, in which a
reaction anong the feedstock and a solid, particulate catalyst would take
pl ace. The portion of the sem -circular section of a torus 704 directly to
the right d012%al | fe¥d8tiegkddolti?A, abddending ig dtoammyigtthé reastor sheldui t 710,

t hat | d provid | i ticul at t al t ian. 708 (i
hi's onbodi e bepnaepmert hafaier it Bt frEs ¥ohuss e SRe el ftiba oy the

portion of &8sl GithGikhdfeageCction of a torus 704 directly above and to
the left of smail feedstock conduit 702). Two mai n feedstock conduits 712,
that woul d 9130} de a It Gaieshbodingas ebbitgsf bed5 tacolklltfeedstekappduit?@2;, pass

t hrough an

ing i t hel |. 706 trude int ti
708, 01.32) BEREO} BRER VS S5 Grevcr D oLy EBmoU i Upp oo P SEPFRMERS on st age 714
and  a secOopetnl\eREIIRD 1R AR dfa sédhiSditGH SRR df A 16804 dhsy mer has a

| arger AED “thdn the latter, and provided to allow feedstock. product and
ot her gassesnbétimentymall fepdstobk oerghuitt HE 15 detgriedrio porvedes7@8y asmatlve an

i ncreasing gas superficial yelocit s.the extent of r tion.jncreases.
The T eact orHBRETIO! HsgSoship HE AR PRAEEFET oofe 0w st PMiECEF PREERSP | <
conpri sed OfeapfR Rtk SHHAUSso RRRBIAY flufi ARidn RO BB Jubt®S provided fdsth iiOm t he

bott om and V\DI’EI ng upwards: a one quarter section OP_ a torus; a short,

ri ght cyl i nekse, thafeedsflock fiseld teifuahizethe ontel vai thht minerepwisaramdithesensip (whose 01

FEB 2007 WD.2004/013257. PCTLUS2003/ (116483 .45 volume st, be di scounted by
the pr ot r udFG HhF I FEEdeToal SoRAcs BPramysis I pind B PREFHEEY | | nder

anot her ri gihbbdishehiimaPblldw @neredhétibntilehdaseod uilte tRAMHBtherde anot her,

| onger right cylinder; and two straight rectangul ar ducts and two curved

rect angul ar tygieells be Thed astpollyidizgtiompeh e cantbamedttmaiRastar duct configuration is

anot her exa of a “tams h tdi.scussed i.n d i Jously. [0133] A
| onest feed@é& i nl eiﬂl'?lio%.ont%ﬁ%usgfﬂ“v%bgﬁr%&%’8@ g%’: O%m‘g&ﬁc@&/ fromsmall
f eedst ock cgmfidiahd 1Oheile of fmalbteciaact taduitiages 7 pdrtioh of ekionekklps t he

open, cross-section surface, parallel to %rad,e, formed at the open joint of
smal | f eed$0oER! Lomadhaorbly of 2 Fwagtiaiciode /Shah Wirdea reaptigmango di nent, a

catalvot ) b2 QUAMLET AP 0 BB phsul Piseaiglyat, vould f1on

est abl i shedsasi-tilvalao penjonmif aitomun7o4 daectly to the right of small feedstock conduit
702 is a catalyst inlet conduit 710, that would provide a solid, particulate catalyst
to reaction zone 708 (in this embodiment, the particular part of reaction zone 708
defined by the portion of the semi-circular section of a torus 704 directly above
and to the left of small feedstock conduit 702). Two main feedstock conduits 712,
that would provide a liquid or gaseous feedstock to the apparatus, pass through an
opening in reactor shell 706 and protrude into reaction zone 708.
[(0132] The reaction zone 708 is composed of a first reaction stage 714 and
a second reaction stage 716, distinguished in that the former has a larger AED
than the latter, and provided to allow feedstock. product and other gasses that may
flow through the reaction zone 708 1o have an increasing gas superficial velocity
as the extent of reaction increases. The reactor shell 706, and hence reaction zone
708 formed thereby, is comprised of § contiguous, openly joined geometries,

starting from the hotiom and working upwards: a one quarter section of a torus; a

short, right cylinder; a right frustum of a cone with the base at the top (whose



cross-section surface at the point where small feedstock conduit 702 and
catalyst inlet conduit 710 join (in this instance. within th&kiféBysal ong a

vertical planesoperspendi cular to the page). The point whepesigbkloidgpdst ock
conduit 702 and catalyst inlet conduit 710 join is the first point the
catal yst could be exposed to feedstockl and thus catalyst inlet 720
represents a portion of the boundary of first reaction stage 714. [0134]
Fig. 7A further shows a separation devigce 721, whic rised of

separ ati on ¥EmE ARt b?élscwaed e RirupE m%‘étfﬁ‘?‘%??@ké%@?#p 8:&nd 731, and

product exi y/ n open
conmuni cat i %%gﬁhtzgr m %fgaﬂﬂ(ﬁ)lﬁh@'éﬁ H%gh? %@1‘} g%ht%é%%tﬁg?{)%%mmssel
shel |  724.ydtaaather] lmngtehnglhttcehndeiaﬁnmmamr&%ghl&x duaty hndhisher 722, open on

bot h ends, surroundl ng the ram s head. In operation, the icat al yst exiting
the rams heaae mtﬁmau lag dycke Threshet ttﬁtﬂ@t and tectangular dpg SATIEWAALIS| nt er nal

per i et er @iy SRTLR Aheal - ey ATl SachrgeoR0bL U at L on and cyl i nder
act sim |

722 wil | a cycl one separator scus ed previously. More
conventi ona0138} i es cx&dbwaﬂ feskpak atlor 3l §7280@hevigcivedadclasoaiddidver

separation el enent 135] A fir 1. ca aI st .exit nduif 734, which woul d
carry catal g@tﬂ %&/{eg‘%‘ﬁi\c@ﬁ@%e %/ed&‘/‘?‘b%ag)ez 14, sdefipedhrstheoi ned t o

term nati onogs ks 38bh stdde. tiém&}g;afa@tfa & atfd boch3im bAGRRPN whi ch a

cat al yst ma ow out o the t rm nat into first catalyst
exit condui feeaﬁdck candho 76 dvidisedther dpBM06ulf heemisdenerds a thaystunket i on of
term nation esse g IE] 724 and .c taI éﬁg exit ond it 734. 01 FEB 2007 WO
201) 41 0132572 baRPERb BB PG TSP UG R SHak sl D opsrom,catalysh iRl t 735, whi ch

woul d Carryc&ﬁmlmtme\myt rtm%htstt%e 7%@995@&51eﬂedﬂ§svthee it hininfur?BRAl ¥ J oi ned
to term nation vessel shel . A second catalyst eX|t 731, throlgh which

a catal yst omys- ﬁdoumeurtfac@fat tm@otaerwhemtm:dhfeaddtmkeconamﬁ 78t dnd cﬁtdySecond
catal yst ex

it con forned as,.th en ace.afea at the
unet ) on of skeanag ToTkak it GERre. Sl 8E ahbe e FLfRas condui
735. [ 01361p&peshielanyithe SRHUTESoiBOWhdrb kRN fecatoeincovilicdrooahgy a reaction
pr oduct and possi bl'y unconvert ed feedstock away from separation device 721,

are openl ny}telb’&Ieldlet eondié 7118 poipfis Bedirapony dhanutalvd sawldiberegpdsed to Pr oduct
fe)eledgt Z)gi i ng‘!fi?c?\rflvmdﬁtcmg ysggﬁtf& S Osgﬁgtagg)péorrg or SB%@%I gﬁcrﬁfo pr oduct
exit condui teactigbstagd B 4f or ned

[0134) Fig. 7A further shows a separation device 721, which is comprised

of separation elements 722, 724, 726 and 728, catalyst.exits 730 and 731, and

product exits 732. The "ram's head" end of reactor shell 706 is in open

communication with termination volume 726, formed by termination vessel shell

724. Located within termination volume 726 1s a cylinder 722, open on both ends,

surrounding the ram's head. In operation, the catalyst exiting the ram's head

would strike the cylinder 722 at a tangent 1o its intermal perimeter, and the

combination of the ram's head configuration and cylinder 722 will act similarly to

a cyclone separator, discussed previously. More conventional series cyclone

separators 728 are provided as another separation element.

[0135] A first catalyst exit conduit 734, which would carry catalyst away

from the separation device 721, is openly joined to termination vessel shell 724.

A first catalyst exit 730, through which a catalyst may flow out of the termination

volume 726 and into first catalyst exit conduit 734, is formed as the open surface

area at the junction of termination vessel shell 724 and catalyst exit conduit 734.



as the open surfaces at the junction of series cyclone separators 728 and .
product exit conduits 736. Product exit conduits 736 are open[@/ ]f:é)l Fed to a
pl enum 738“,0?0@0 ggr(;n volune 740 is fornmed within the boundarie JS @ Wnum
738 as joined to ‘the top of termnation vessel shell 728CTHBMVUAIEH 738
and pl enum vol une 740 are provided tqgecollect reaction product and possibly
unreacted feedstock exiting product exit conduits 736, and direct that
material to a common, secondary product exit conduit 742, provided to

convey reac sQRnPEALYELexANInBES B! Whick Wdﬁ@eﬁéﬁn} deadatask MMaYhd rom t he
apparatus. 101371 A Second material transit 744, through which a solid,

parti cul at eepwaial deyice 72 1 cropenlyi jomep tothwrinatind vpeskshsiy72dnrAesesond f eedst ock
may flow out of secaond reaction stage 716 and into.separation device 721,
12 det o m rreteTisteRh e deRet bhGhel s R abloRf RS AET e ends o
the ram s hegdindinth B&oh@RaRlyst E6aEERRItSAS! Is (4AGd fahe bferl SurPRBArea _
comuni cation with term nati'on vessel volunme 726. The vol une of reaction

zone 708, \itleiugionlod tgmimaiontvessel shalhsd! ofd stcorst catalggi exitmonduit age 714 and
second reac} ison stage 716, is established by geonetric calcul ations
accordi ng t’5°t he preval ent di mensions noving along and wthin the walls of

the appar atjggszfiet weerprbiet koMRshafiReds! Brdugdhitifth b8lPRE MRadtiGPnd
material transits 744. It should be noted that in determning the total

vol ume of predust rshposeibly TEnvertes feeltionk avwaytrom sepaiaiardedenli. axe 712 i s
omtted. This is . b se in.operati,on. the fl f.eedstock out of the
Feedst ock CURENIPETEA G0 S BRI PETO G R79955 Se 02003 016183
47 be of syfdiok @it f Re&e FrolHEQ\MBA possb 1@ hifhctbd PedeRR Mdild fibe Vol ume
within the feedstock conduits 712, and a reaction could not take place

t here. [ 01381 ofbrsicepydenaseparagirs F2§end inte profduetteratreondeiiydits are formed yst
circul ation ndui t 747 rough. which.a solid, parti catal yst may
AR s o e TRt ey SR P2 0l

fl ow that Bhas a second

end, cat al ys#t doalhats 7360 Pelsthict &30 cordmital7gs tireCdpeilil jatrieano 6 @lehuint 7387 i s
provided to enable fluid conmunication between first catal yst exit 730 and
catal yst i nf@lenmmorolyme 740 & foanedwithuvibe bpwrdagenpepiepwad 38tas éoined nent s

i ncl uded i H"i’% n . r f al yst exit
730 to cat gllhig/gcf% I'n elr?g}lf&?‘;e%%glﬁlfrz‘?&'igﬂﬁi%ﬁé?%%%@eg%&% %IZ@‘? ce 748,
provi ded t careprivided ¢ bsllgcateacén plodueraindpabsbly sinrdaeadifagistdokremitingt i on vol une

726 via catalyst exit 730_and entering first catalyst cooler 752. The
second s cPERESRYT FNSHHte SAe0R CHeGt R mMEigTIalgp SFOPERCTE: SSCBWEROl the rate of

product exii conduit 742, provided to convey reaction product and possibly
unreacted feedstock away from the apparatus.

[0137) A second material transit 744, through which a solid, particulate
catalyst, a conversion product and possibly unreacted feedstock may flow out of
second reaction stage 716 and into separation device 721, is determined as the
open, cross-section surface formed at the open ends of the ram's head at the top of
reactor shell 706 that is in open communication with termination vessel volume
726. The volume of reaction zone 708, which 1s the sum of the volumes of first
reactions stage 714 and second reaction stage 716, is established by geometric
calculations according to the prevalent dimensions moving along and within the
walls of the apparatus between the lowest feedstock inlet 718 and the second
material transits 744. 1t should be noted that in determining the total volume of
reaction zone 708, the volume within feedstock conduits 712 is omitted. This is

because in operation, the flow of feedstock out of the feedstock conduits 712 will



flow of catalyst leaving first catalyst cooler 752 and entering first
reaction stage 714 via catalyst inlet 720. The third is a fi ret r Z #yst
3

cool er 75ZyoRERXhsRd to renove heat fromcatal yst that weghdédia rom
first catalyst exit 730 to catalyst inlet 720. 101391 Also included in the

enbodi ment of Figs. 7A-C is an enbodi néht further including an optional,
associ ated catal yst regeneration apparatus 754 in fluid conmunication with

hydr ocar bon reactor apparatus 700. The catal yst regeneratjon apparatus 754
conprises a B&f apNient{rpHepreyay caglyshbramraiermedhe Reumegyitusthe and a second

cat al yst cogkef RQudtil. B, PERaRdCaNA Yl eXilbe il t 735 shown in Fig.

7A further ‘“provi communi cation of catalyst from separation device
721 vi a secdOm8]cat al yElie @exbddimadidt dfdFigs. GAt@lfyslier sheliyzercatdhyst Second exit

catal yst exit conduit 735 is . openly. join to.a_ place near the top of
catal yst st rivigplaron sgnduiihif Ty oy ’c‘é{g’éii aisﬂﬁg:t@nlq%ﬁﬁﬁ‘ags?m% %IOY’e her at or

1 ow cont I0ln,d8 ir&i%nd ey BRANLARS c}oﬂdﬁ?‘?‘i{%ﬂndEﬂg%c%@tﬁld%at?lgit?ﬂyepf cat al yst

from separation device catal yst stri pper Cata stripper 756
i s provi ded doaduiebi.eCathlyseastul @iopavhdn74F 1syodatied & amblefiuidi ned

conmbustible materials froma catal yst in strippj ng vaj treamthat wll
exi t throug‘}‘i’“’é‘]‘%?ﬁlﬂntbeb‘ﬁ%eﬂi’lfc?ﬁ Qﬁtaﬁéﬁ eﬁ%gﬁoﬁﬂ‘icﬁ%squ ﬁifgcé’t Syst stripper
756. ' ¢’ hat enfbold BB heHARO thetd {yﬂhepaeﬂéﬂ\!'im%igﬁ%@&tﬁ‘o?@ﬂ&i?&tt penly

j oi ned near t ottom of catalyst stripper , and contac e catal yst
that is passwangd deweviarnd firdtafaBBt 2G0730/0 200vst ) 82ZED. FUE/flu82008+916483 48

typically using nmass transfer enhanci ng. deyi ces own to those skilled in
the art.” SRR deviig T6F mPRgel iRt rEE ol Ao od RV LY e he cat al yst
stripper 756¢finaudhv@uinlizng v%@a?%%%xﬁqg@ﬁh@ erd®AnO BN o Yalydl QR N6Ar the

bottom of the catal yst stripper Third catal yst conduit 764 provides

for fluid cohmseieatisarscoind idew abytsyl devioen/f hieprevitied ystongrol ihepale 0756 t o
catal yst regenerator. 758 .and has Jlocated. in its l.ength a second

regener at or W)ﬁf‘ %agﬁ]tyﬁtgFé‘d%%ﬁEécaf% St CﬁP@‘*\Wée&“‘i‘ SmSBH%%bsltr?al‘iﬁongagee of flow
of catal yst fam sahRkyisle $L0.1 PREMHird36 a st GataRlsy SdolbLTRNBFoARE t/58. [ 0141]
The catal yst regenerator 758 is provided to restore reactive activity to a

solid, partiweEnPbue beatdtcan gaalystihet weyld rave fhwe dirft ggtal st exih s Gtorpgahst ar bon
conver si on r]s%gtm?n i n hydrocarbon conversion apparatus 700. Catal yst
regener at or 'S openly joined to a fourth catalyst conduit 768, to

provi de fl ui@3gommuni aabiindluddd iaahatnsédibenmidagalAssC is agembodiment 758 to a

second cat al %% ) ) ) X ) )
er including an optional, associated catalyst regeneration apparatus 754 in
fluid communication with hydrocarbon reactor apparatus 700. The catalyst
regeneration apparatus 754 comprises a catalyst stripper 756, a catalyst
regenerator 758, and a second catalyst cooler 760.
10140] A second catalyst exit conduit 735 shown in Fig. 7A further
provides fluid communication of catalyst from separation device 721 via second
catalyst exit 731 to a catalyst stripper 756. Second exit catalyst exit conduit 735 is
openly joined to a place near the top of catalyst stripper 756, and has located in its
length a first regenerator flow control device 762, provided to control the rate of
flow of catalyst from separation device 721 to catalyst stripper 756. Catalyst
stripper 756 is provided to remove at least a portion of volatile or entrained
combustible materials from a catalyst in a stripping vapor stream that will exit
through a conduit openly joined near the top of the catalyst stripper 756. That
stripping vapor will be provided through a conduii openiy joined near the bottom

of catalyst stripper 756, and contact the catalyst that is passing downward,



cool er 760. Second catal yst cooler 760 is provided to renove heat from and

reduce the tenperature of catal yst from catal yst regenerator E%
cat al yst 70 provides fluid conmunication of ¢ from
cat al yst coggag‘%lt%éo back to catal yst regenerator 758, g‘ﬁ%ﬁﬂaﬁ / %d in

its length a third regenerator flow céhtrol device 772, provi ded to control
the rate of flow of catalyst fromcatalyst cooler 760 to catal yst
regenerator 758. Qpenly joined to fifth catalyst conduit 770 is a lift gas
condui t 774ypikaty qmiug{ nohes trandferf anhegasng devides knspuoite theat sltilled inupe fuitf t h

catal yst conduit 7 and bac nt o cat ener tor 758 si xth
cat al gst caft u:"‘ﬁp 1gs?fltfal3§ gfhlf? cpiabist ‘val‘ ﬁn%‘? b%ﬁ‘&l?ﬂ?? 0 aln)c(l i's

openly ter i ghanhﬂa%aaiysi&éhdufmhfapaﬁﬁwar n@a@ﬂ%&ﬂoyéﬁﬂ%é@a\‘tbﬁﬁs fluid
comuni cation oOf catal yst fromcatal yst” Cooler 760 to term nati on vol une

726, and rmsppeo&%eﬁfhlrdcatassltemgiuh7a4fpuundd$fneﬁmdematxmm¢atmwafontroI devi ce
778, provided ta control the rate of flow of cat st cool er
760 to” "t erda PoR T G S e g palisbiseeao gL e cai aes B el aur ¢ 776
is alift gags lﬁfg‘ﬂﬁﬂ'séco@(}eéé}ﬁ}at&f 1R Q&ﬁr@dbhﬁé 79@2)r$\9dé5 RNoRgLimeat al yst up

si xth catal yst conduit 76 and into termnation v 26. 101421 Fig. 8
shows anot hete émmDﬁmalysttMm|csta151smthp}vert766ttchemalwst Egeperfdey. 758except that a

portion of acto ell 812 is ext rd into the frusto- conical
Pocti on. AR Phe TS tasearebetor TR0 pietainth feddth e bBe s EG e

vol unes, hetb&%ﬁd Shaiiae Aty NHBP Y hbild Klen16aGLHAR a Bl @YRaBd® and second 0
1 F E B 2007 WO 20041013257 PCT/ US2003/ 016483 49 reaction stage 818. which

ar e i ncl udewniersiopaectdton inbydr@abon servesudrstpparatas 190. tGatalystane as t hose

shovvnlnFl rasti enbodj ne in Fjg. with.that, in Fig.
o < aeriretrup el R R DR TS Rleb P o bel BBl b0 ot Pon
may provi decontifidibaddn SRAMBYI RS ERLlyU3EdBbStdr BB hSecdnd ch@Bit | cal
nunerical results for L2/A and AED1/ AED2 0143] In Figs. 9A-D. Fig. 9A

presents a @etwri’6falScednsheptd! v cg‘ﬁlea?ﬁ%?@rm AeBow/kgat flom @dpar at us 900 of
the pr esentredu eetﬂé 'tedn%atu ?_Ig alal?jési tcsata]?sn‘?ggeﬁ"e%kortﬁ nivﬁft%ga‘(?lgc“ on of the

appar at us, 100 e |n i ca usi ng on

el enent s asamamat?ed pm\tuﬂesrfaadt:mmumaﬁo:%ﬂcoam cadlydt fiongcagiparcablepn devi ce
934. Fig. 9C al so presents a partial transverse section of the apparatus,

| ooki ng dom]ﬁoa]?aéhgo Fiﬂ@hsmgam%ﬁgr tHe and hys Ipgied ipiddlengthe thigd 51 j ghtly hi gher
than that fl%éeﬂ:eﬁ'aﬂor 88w LREUSIARCF720h36 ded RALIHRT 1RSSRUFFHRHM th

catalyst from catalyst cooler 760 to catalyst regenerator 758. Openly joined to
fifth catalyst conduit 770 is a lift gas conduit 774 that provides a lift gas to
transport catalyst up fifth catalyst conduit 770 and back into catalyst regenerator
758. A sixth catalyst conduit 776 splits off from fifth catalyst conduit 770 and is
openly termination vessel 724. Sixth catalyst conduit 776 provides fluid
communication of catalyst from catalyst cooler 760 to termination volume 726,
and has located in its length a fourth regenerator flow control device 778,
provided to control the rate of flow of catalyst from catalyst cooler 760 to
termination volume 726. Openly joined to sixth catalyst conduit 776 is a lift gas
conduit 780 that provides a lift gas to transport catalyst up sixth catalyst conduit
776 and into termination volume 726.

[0142] Fig. 8 shows another embodiment that is similar to that in Fig. 3A.
except that a portion of a reactor shell 8§12 is extended downward into the frusto-
conical section. However, the location of a first material transit 852, and the

volumes, heights, Jengths and AEDs of firsi reaction stage 816 and second



reaction zone 914 as it is connected to a portionof separation device 934.
Fig. 9D presents a partial transverse section of the apparatugjy FlEﬁ '7ng
pcusi ng
4

into Fig. w8d:0Mm,s3 he orthogonal right along the line ipgigatfRsoral
on features associated with reaction zone 914 and separation device 934.

[0144] A feedstock conduit 902, that witl d provi de a gaseous or liquid
feedstock to the apparatus, is openly joined to a base 904, on which the

apparatus may .in part_rest. Base 904 and the bottom pl ane of feedstock

di st ri but i ofca§HPHS1E8% 81 $:0¥ i hatcapdndrdrin (Ractif zonssd 14 arevimbuantialydas ock wil |
resi de duri ' - the 1 ap eedsiy L std hRut rid 906
is |located %&ngﬁ{}@%gﬁbﬁm ]gﬁdj‘%og'?] Eat?atr?{s{ﬁ%ﬂr?ey per? g?’a‘? #ﬁi’sg‘%}ﬂg& ag si ze

si gni fi cant iy Figr8| ihéy ddrhantrbfee tlansiofOfian ofdiype opriatior alislonafifh@tiasi e f or med
by omi ssions of grid 906 material at various .locatjons, and .are provided to
al | ow f eedsDFYKPPYdp dtclFrOPREICH ddRIgrkIranseis AYeentied] gHBeem ¢ hr ough

f eedst ock di L Bty [ | dstock distribution grid 906 provides
rednith ?(_H‘fl_ézg‘g.gt@g) gﬁd A% /7860

an even anount o exi ting ‘each of the perforations 910 on the
si de opposi f@l43¢cei verln\Foguaa-D08Bg. 90 prS¢ntBasectidfdl dlsvanpenfy j oi ned to

reactor shell /912 that forms the tg& aéétj f‘%’/ of a.reacti og_ zgge 914, in which
a reaction atbRB CPRYISPD ARPAEHYS U0 AT BreselApyentiPht 818 4B ISR Swoul d t ake
pl ace. Reacti.gn: IS¢ A i 16 and a
second reac:ail%{r:lhag?ﬂggse %8#&(]1@{5)@%%%%%@}0@\ Er{%toﬁgﬁ%ggrgﬁzd?&%ggga | ar ger

AED t han t héinkandiexted, dochspreoni dedertoasabdiond Metdstamk, zope 8tkietd 01FEB2001 WO

2004/ 013257 PCT/ US2003/.016483 50 nd ot her gasses that may flow through the
reacti on zof8EHE SFB‘”HH%S ce ?‘ﬁl r}aé%écn%‘ls%ﬁrﬁg‘?q’? ‘?:Pﬂ?’ag‘é SYEFoXEtY as t he

reaction prog phRnGO RIKGD ®Fn Al Fi@.e@&tagfngstﬂ@iiﬁe %ﬂil‘?ca'}e'ﬁ' thARPri sed of

mul tiple contiguous geonetries in seriés and i'n parallel: a bottomvertical
cylinder, a skpidyrhightr thew thar fadde. PBufocpsingbf ethey fatiresadssocsatéd widkr s. Near t he

bottom section,.of re r shell 912, the to f the bottom., Cyl.i r and
base of "t ne repfign b S L8t TR apetunirlhaler i te fei e el
section of reaehRh pahkedlralddrsetBQidnQiT theagHafiud RROKERNAI Eigl 958ehpr and the
bases of the four 'parallel cylinders are openly joined (except for the open

j oi ni ngs wi tthe emtkogosaleighs el angithnlirg indicetnd. foepsinmeeieafuresssepmed wehl  sect or
550 L, PhRY e SEILRL ARl flohlidcact oo, zone o10), 1oLdo AT oveet
the perforatjopag 910 oA fécledsk oakiuiionD rthbikbwld pgivide §P8sebid & liguidst

feedstock to the apparatus, is openly joined to a base 904, on which the apparatus

may in part rest. Base 904 and the botiom plane of feedstock distribution grid 906

form a recezver volume 908. in which feedstock will reside during operation of the

apparatus. Feedstock distribution grid 906 is located within base 904, and

contains many perforations 910 of a size significantly smaller than the grid 906.

Those perforations 910 are formed by omissions of grid 906 material at various

locations, and are provided to allow feedstock to pass from the feedstock receiver

volume 908 through feedstock distribution grid 906. Feedstock distribution grnid

906 provides an even amount of feedstock exiting each of the perforations 910 on

the side opposite receiver volume 908.

[0145] Base 904 is openly joined to reactor shell 912 that forms the

totality of a reaction zone 914, in which a reaction among the feedstock and a

solid, particulate catalvst would take place. Reaction zone 914 is composed of a

first reaction stage 916 and a second reaction stage 918, distinguished in that the

former has a larger AED than the ]atter, and provided to allow feedsiock, product



reaction stage 916, is determ ned as the open, cross-section surface,
parallel to grade, forned along the top surface of the feedstolk FEp 2007

di stribut Q.9 /blg 906 (the very small separation in Fig. p8fyReinsResiss OWest
f eedst ock |n? 50 and the top of feedstock distribution grid 906 is for

illustrative purposes only). A catal ySt'OI nlet conduit 922, that would
provide a solid, particulate catalyst to f| rst reaction zone 916 of the
apparatus, is %genl y joined to reactor she 912, establ i shing catal yst -
inl et 924, ghedrpishatanaoliowy thrgyeh ﬂ‘éd?%&@nczgpaﬁ%fo |9a fl'ow from the

he- boundar o or T Ereperie @ Bty e Mo RS 0o PR ectifents, T0E°Cone o

separation f&\zioceheQBQll:3/\19icoimpnsecbcﬁnnullt@hrbonngump@roatetm inlserieseng 1028, 929,
930 and 932, c talﬁ exit 9? ra uct exits 942. The .ends of each the
four paral | Biralel a hadem visgigal gyl %658 nericah saclpr add pyr rerallel yericben| y j oi ned

o 0pen, cuUEReleotanaY Rk BaRePreal RO IelPHINSHL 5Lk BBRg duct S 929

are a vari at of t di scussed earlter ecause one side
of the duct sylaider mmiahas(etolﬁd]elmhtmni sedtdr e opeﬂpg;ox&e@x@&lsb@&agﬁ& bbtiomsepar at e

fromsolids and | con5|d separation el enent rath n a portion of
the reactor S%QE‘QPIO (%Ic\ﬁ/ég ﬁ& g"&étép?‘?‘f:eégr‘{]? ghhegsedse Ftﬁf? B’Pseé ofans head).
The open, vol ume 930,
formed by for et pimEh eI Nty done R [HE0s HEhD, dh Difitey Buig
separation emell@rdylinddroaat eg fmddsﬁthe spliaricaldecon ivailidme pg3adar e nor e

separation el enents é ser.i es 01 FEB 2007 WD 2004/ 013257 PCT/ US2003/ 016983
51 cycl one SS¥REMERbpkthg seaction gopef Mt exit conduit 936, which woul d carry

catalyst a rom t
16046] O™ | DFIRREACRIAAR HRY096 B3eb s PRILOAONORE Ay

term nation vessel shell 928. A catalyst exit 938, through
may fl ow oufroof theksits efﬂﬂtrpalfomnona/%]Qmﬂﬁe@c&ﬁbcé{r[ﬂstribtl@omeP%tnt@ﬁrat condui t

936, is forned.as the en ea_at the unction of t nation
vessel "shol P set 280 & SRiuiSe bR anrt okt sk Raes nptafalia et 1
condui ts 94@radehfosiedvaldh Qﬂﬁ%atbﬁXuﬁfﬁ%‘ﬁf‘t@@fe@ﬂQQ&J&&s@Mtnoﬂgﬁa'Q%XthﬁnreaCt ed
feedstock away fromthe Separation device 934, are open oined to the top

of series cwetytﬂﬁéalb?@p@r@a@@rﬁlgii@f% bmud@w@stﬁeslsmﬂ 1D1€flﬂ-&ﬂ31|d thevtapadf react i on
pr oduct and cycl one

Ceparator o $59sahk it R kA CoSTE AGTal atont il (OhndERiER e Cpon
surfaces at cbﬁ‘tﬁnl 907¢ tHad Woafd evides seNe, |;ﬁﬁﬂ:u$eﬂ@@ét@ly@ﬁ% B Zeadiibnopduct exit
conduits 9%?6 of the apparatus, is openly joined to reactor shell 912, establishing catalyst

inlet 924, through which a solid, particulate catalyst would flow from the catalyst

inlet conduit 922 into first reaction stage 916, as a portion of the boundary of first

reaction stage 916.

[0147] Fig. 9A further shows a separation device 934 which is comprised

of separation elements 928, 929, 930 and 932. catalyst exit 938 and product exits

942. The ends of each the four parallel cylinders near the top of reactor shell 912

are openly joined to open, curved rectangular ducts 929. Open, curved

rectangular ducts 929 are a variation of the “ram’s head” discussed earlier, but

because one side of the ducts are open (the bottom), it provides a way for gas to

separate from solids and is considered a separation element rather than a portion

of the reactor shell (as was the case in earlier descriptions of a rams head). The

open. curved rectangular ducts 929 extend into termination volume 930, formed

by termination vesse] shell 928; they are also provided as a separation element.

Located within termination volume 930 are more separation elements, two series



[0148] A catalyst circulation conduit 926, through which a catal yst may
flow, has a first end, catalyst exit conduit 936, joined to a cal &Fygypexit

938 and a ywgegendsaRd, catalyst inlet conduit 922, joinegcoyossahalsyst
inlet 924. Cat a(yst circulation conduit 926 is provided to enable fluid

conmmuni cation between a catal yst exit Y38 and first reaction stage 916. In
this enbodi nent, catalyst circulation conduit 926 has |located within it a

flow control dgevice 927, at. would provide_for cantrol. of catal yst flow
from separ atioIBSG Lo & EaarysR CHPSE 96 HicH o M Gatatist o ¢
condui ts 940,aerQReR dphRtibsdetife B3RLEHNRM PidnedAo tRhEMHBNURkIBHENA6 S
formed within the boundaries of plenum 944 as joined to the top of

t er m nat i on 928s skkatslyel dxit38, thitughpivkink eat@l6t may fpiventiof theltenminticg:  ar e

i ded to coll ti duct i bl ted feedstock
xiting  protiipe B30 pEEBhEn Sy confht aFY ot rekaR RSP RAMIRg B omon,

secondary  pitQihcar &f CRMHMIdn V4] sHEPGE ML OMISN kR 36AGRINOIY, 0duct and
possi bly unreact'ed feedstock away fromthe apparatus. 101501 Four second

mat eri al tr anwgtites, 96dct et ougivitab# ¢ hwhicls sloull carpyacsdtionlproduct andal yst, a
conversi on product and sibly unreaci ed feedstock .may.., fl ow out of second
reaction staﬂgs‘g@SmHﬁ%ft‘%gItséSésg%%fr%yi ngé%?egéraggﬁﬁe‘a?eegﬂeﬂea?ﬁ shed as the
open, cross-Rakki9hebp bpcsick Q%él@ﬁe ?etplautalflﬁs endspRidutasits 942 thfughour

cylinders néar the top of reactor shell 912 that are in open communication D
1 F E B 2007whipraa0an O1@RE7anB@nsBrooss0eeelsi@k winlhlowrait nhsdriss vessel

vol ume 930. The vol une of,+f.eagt.ion _zone 914 all is ~the.,sumof the

Vol s of {1t ek b0 Brag G Reb Gt Eandits Qe Fo frdRage tspen s
est abl i shed Qyf:0e0BEd jubch@ Gukatd @RForrGepHEiong93DarldRodice ¥Rt Bhridusts TENSi ons
noving along and within the walls of the apparatus between the | owest

feedstock i¥&kt 920 to the second material transits 950. [0151] The

enbodi nent. pigsgnt ed i 1, Bl g5 ARIALINIRH @45, AL ROR » SHRRAENT Of the

e
; . . . 6. .
Invention iIn S a given reaction stage conpri NUNEr-ous di screte

el enents. ThBowohdsnEfiref erguchalas egithodiuient s, ijsine@ies catdles exhyo3§ianPhy
conbi ning the volune of each discrete el enent. [0152] The parts and el enents

of an appar ate§8nGend: Ryalysesish ORI inedigy? BElesomdetiét &tadysta wi de
A L
. catalyst exit 938 and first reaction stage 916. In this embodi,ment, catalyst
circulation conduit 926 has located within it a flow control device 927, that would
provide for control of catalyst flow from separation device 934 to catalyst inlet
924.
{0149] Product exit conduits 940 are openly joined to a plenum 944. A
plenum volume 946 is formed within the boundaries of plenum 944 as joined to
the top of termination vessel shell 928. The plenum 946 and plenum volume 946
are provided to collect reaction product and possibly unreacted feedstock exiting
product exit conduits 940, and direct that material to a common, secondary
product exit conduit 948, used to convey reaction product and possibly unreacted
feedstock away from the apparatus.
[0150] Four second material transits 950, through which a solid,
particulate catalvst, a conversion product and possiblv unreacted feedstock may
flow out of second reaction stage 918 and into separation device 934, are
established as the open, cross-section surface formed at the ends of each of the

four cylinders near the top of reactor shell 912 that are in open communication



i ncl udi ng carbon and nunerous types of stainless steel, and nore exotic
al l oys such as Hastelloy, N nonic and Inconel. anong others w8lilfHgnggm to

t hose Sk'W(?me(/hf}z he art. Refractory materials include ng;/{ﬂ]giaﬁ,g# a5 clay

or silica bric anong others also well known to the ski I san.
Al so, a shell or conduit of the presef invention may be constructed of a
netal exterior, Iinedinteriorly wth a refractory material in a

configuration regul arly used |n fjl;w di zed bed react or pﬂﬂé' cations, and any
el ement or PathrierRipatRn Yairel HeRIRUPF buhkfetplBRpe ok sarten nC Hdt whichs common

t hr oughout Eﬁeﬁuﬂ?ﬁf&%%m&@%‘ﬁ?ﬁ%&% n%@&@?éa Qééﬁﬁcﬂe%énon @ ess, for

an appar at us e present 1 nventlon e Interior surface’ of such

shel I s (whi dhesmyisheal byfg@nmghcecmulamcmc@dlrrmbem pesalan diaygsia)s t hat form
the basis for the determ natjon of the various volunes, stages and zones

defined by MQydpg %ﬁ@gP&dWﬁhmsth%mallﬁafthﬁ@m@ﬁmbpwgﬂﬁrlewe aﬁdﬁm}. n. [0153]
One aspect ?Iflletté}% BrEsS&Rbnd ?1‘5%%5’ ﬁ?né:t% gqbrect ed to a nethod of conducting a

hydr ocar bon conversi on reac W I'T "be appreciated by one of skill in
the art thaf0E1y enbodiheentbodfman pagrpatedinBigef A Mrdgnesentesitaventi on will .

in conducting a hydrogﬁ@bon conversion reaction, generally functlon
simlarly t&mbednent of the 1BYRBEAR h‘iecr#‘t“ies(?lcé\‘ﬂno@éﬁlq‘ié agesompyieshet one exanpl e of

the method %mtegt! gﬂ&i’ﬁ?é‘él'ef?]’énfss Tfi"lr %Mc*u%ln gfn%% Ped R dellemaRRar at us

shown in Figs e appar at us an appropriate anount
of solid, paytsimpllyabomboatalhestohane bﬁbdch dmre:tealdmht the desired 01 FEB 2007
WO 2004/013 @ 2iCT/ ) 03/01%}@3 53 hydrocar bon ﬁ nver si on reaction. The
solid, parti W8t e cat! Eemepts 05@@1?9‘%%3 Pﬁ%ﬁe{‘ﬁl&ﬁ?né‘toé general |y

char act er 2 el b Girkfudisy G RICtvafle o fnoiBhiIROHENin HEN Sl gSofTeY funct on.

At least a portion o patlcu at e cat in first
reacti on st agmaly add réhactony tiastalst H‘deﬂaiﬁdn@cmchxdn vanmsemsasmf steeBct i on and
fluidize the

ol.id, particul ate catal\éf’ nflr reactloln stage 714, a
feodst ook ahiding caboy ndiinpyes ity UT Sblest s Bttt Ao
feedstock cqpeliidHAGE]oy! mrﬁzs&gb ah@mﬁnexf eRdas ok »Oél%mm&o tﬁ&fé skilfegai N

feedstock conduits 712 In one node of operation, simlar volunes and
qual i ties ofin t@@d@t%ﬁfr@cmmamrmcbdemch itenothasclayt ¢resiliaai bricke edsmec k

conduL L= 0 BB BN ILSONTAM ST, AL Bpel BEbuRTbEOEECL o0 71200
one feedst OGfesel ierfiRh Vhdydhd @nb@udRObS & MR1E eit@ﬁﬂi&hhwm@énorlyhﬁtﬁ guest
feedstock inlet i's one enbodi nent of a nethod of the present invention.
refractory material in a configuration regularly used in fluidized bed reactor
applications, and any element or part may be further surrounded by insulation
materials common throughout the petroleum and chemical process industries.
Regardless, for an apparatus of the present invention, it is the intenior surface of
such shells (which may be of single or composite matenals or layers) that form the
basis for the determination of the various volumnes, stages and zones defined by
such shells, pursuant to the definitions provided herein.
[0153] One aspect of the present mvention is directed to a method of
conducting a hydrocarbon conversion reaction. It will be appreciated by one of
skill in the art that any embodiment of an apparatus of the present invention will,
in conducting a hydrocarbon conversion reaction, generally function similarly to
any of the embodiments disclosed herein.
[0154] One example of the method of this invention is presented with

regard 1o the apparatus shown in Figs. 7A-C. The apparatus 700 is filled with an

appropriate amount of solid, particulate catalyst suitable to conduct the desired



By "simlar" is neant a difference of no nore than 10%in nol es per hour for
volunme. and a difference of no nore than 10% in vapor content (;rr uﬁdf ty.
Condi tions, such as tenperature, pressure and VWHSV, Witry'd&.jﬁﬁ gféj%g ne 708
are thoseW@r ettlPiAe to convert the selected feedstock to déesired products
using the selected solid, particulatesxatal yst. [0155] One aspect of a

nmet hod of the present invention calls for introducing all of the feedstock
into the first reaction stage. Other aspects call for introducing at |east
90 Wt . A, orhwalrodagiasicodOension réaction. dhe kelddtratimulste chblpdt shdbkldbba feedstock

into the figst. reaction stage. Another manifestation includes introducing
al| of the Hudirablserrtichlati ghnera PhAtaced drises X CPRpR A Otighérlﬁougﬂ

mani f est at i ] i o) ! . : 80 wt. %
or at Ieast&gé Sl\/\%era%ﬁ%&g?n&a%{' ,g#ﬁ%%sﬁgp? Iénedélgjt?g}téﬁ(&?lr?f %&%Igg{ ct%arh}osﬁgﬁit he | owest
f eedst ock il mtfirstikasten sreei/flds flatinmne thawpdrecarbordt tenvesvwesteadtimadatiock i nl et

are best pegfarmed in an .enbodiment other than that shown_in Fig. 7A, where
i nt roduci ngﬁ’élﬁ}zetthﬁesoli‘geﬂfﬁ’ﬁ Rte C@%‘jﬁ&%&{’h@'s‘kﬁﬁ?wo“fsé%%ﬁ-’s{]gc?(f?aﬁﬂ‘i}?t 702 may
di srupt thegh is%‘("leﬁét p%ﬂlz{lllgwa 8f its!iﬂtk%cﬁzrc@d vi%%h%hféédﬁ{o*&fc‘a ! ifégfza' yst inlet

720. [0156] Once the‘'so articulate catalyst has re an accept abl e
fluidized sthatwehibwbt feddstosk 1nletdtit8l amnd wit agen &edstotlheoridhnsw 1) namers wi | |

transport a first streaminpcluding a first r i,ni hydr ocar pon feedst ock
(an unr eact’_é“(??de Bg?Rﬁr%Wno?‘”ilﬁé"P]@Eﬁgtaﬁéﬂu‘ﬂfn&?iog%df%c #e ll?tf‘?‘ﬁ"ﬁecf@acti on
stage), sol igdy pafdhayireddRiodh ERmikA0 froffdie HOdbatRame sPihlekiyftpg 076483 54

catal yst, and a first hydrocarbon conversion” product (as a fesult of the
conver si on the fastpeadtionstagé 71 heliftrddsing simipar ovludhenst and qublétidsiof st r eact i on
stage), away fromthe |owest feedstock and through the first. material
transit 746¥qeﬂ§t8° QNG tbaé‘aﬂei%?fggoscﬁ(d’égt S’Fﬂ%pvi_ ors 3"5&15‘?‘?@_0%’ ction stage
716, the hygi0eRERERIGOEY RISIOBnd 88BSdiRRNT FAThERBE ST thE PeesthOdiiodapor s wil |
transport a second streamincluding a second drocar bon conversi on product

h
(as a resul Bydsimilae' is orpant s ildierafce of np gwse than r}@&t ingnolepperthiour fosedst ock

provi ded to_the secon eactipn sta t.her fromt first reaction

D age o angog FECEIERRET PRy PoPeEee 405 ket P Brelidl, "o
optional 'y Cen&@6&)dudheiFaimpagtuiy,drasaehnd WesUshahia eanionogartged portion
of the feedstock provided to the second reaction stage), away fromthe
first materprgltheseghlsptiveragonverhihg selscisd ésdatogatodasiapd prognets ugngthe and into

separation gqu(.jt&?soﬁagpaﬂicu]ate catalyst.

[0155] One aspect of a method of the present invention calls for
introducing all of the feedstock into the first reaction stage. Other aspects call for
introducing at least 90 wt.%, or at least 80 wt. %, or at least 75 wt. % of all the
feedstock into the first reaction stage. Another manifestation includes introducing
all of the feedstock through the lowest feedstock inlet. Other manifestations
include introducing at least 90 wt.%, or at least 80 wt. %, or at least 75 wt. % of
al] of the feedstock introduced through the lowest feedstock inlet. These
manifestations involving the lowest feedstock inlet are best performed in an
embodiment other than that shown in Fig. 7A, where introducing all the feedstock
through the small feedstock conduit 702 may disrupt the flow of solid, particulate
catalyst through catalvst inlet 720.

[0156] Once the solid, particulate catalyst has reached an acceptable
flutdized state within {irst reaction stage 714, the flowing vapors will transport a
first stream including a first remaining hydrocarbon feedstiock (an unreacted

portion of the feedstock provided 10 the first reaction stage). solid, particulate



101581 The gas superficial velocity will increase with increasing extent 'of
conversi on of the feedstock as the flow ng vapors nove throughl t €aggijen zone
708 towards the second material transits, due to the S‘éﬁtlj/ ookhg reactor
shel | 708Y02¥H{%323§ reaction zone 708) that is an iris diaphragm tapering

el enment of a right frustumof a cone ©f 10 degrees. The increase in gas
superficial velocity as the feedstock, reaction product and solid,

particul ate catal yst nove through the first reaction stage 714, past first
mat eri al t rcaradyst, and @ fasichvidnsanighh cecenthnpeadict ¢as a istdgef tht@ohceraesond

mat eri al tr%nsits 744 serves to inpart a Iosertép%ggro%ch to. plug flow
behavi or asPierRertian iibe Hreditagk piagifedie thedddiskreagiiprsgage) evigy BaBds nent of a

method of 'BcRteasiy LAY 8RbLAhe RS hithdd uhSR946 Bflo SLAYR HRToA NI gher
average gas superficial velocity than that of the secon reaction stage. |
t hi s enbodiset7iéwhi | e the gas superficial velocity may be different at al
points in th(f {eacti n zone, especially if i\hg@hy rocarbon conversion L
reacti on ha@l¥lst oi cHPSREAMIyCHHIONS1325  frothe LYEFOCHIOOR GODETHPR IEHCHRr ent  t han

t he nol es : t BN o) g SRk r S, ] nﬁgﬁ soetry of

the react ?‘%‘R{@%e?ﬂ%ﬁlgwé%?%g&ggg@?@ glﬁ%sgk’a ﬂ\}%:ag}??’ff;/ﬁ} t eg second
reacti on stlagleocartion cobreerkiog ipesditchéas atrhmliafehagengasorsofariéasca pbriioal ocity in

the first reactjon stage.. efined herein, the average gas superfici al
vel oci ty ofofiﬁ@fe_%%wﬁ%r%emd@ﬁ T%ﬁlsg%scqn_% IEHEONABGTEPAPE FIBATS I of
feedstock, @ndioflistdet andtfleraf@é(dstcwkq}ﬂe@?%lfcf?P%@uﬁfgda’laﬂ}rstrzﬁtﬁrc]& feHalRP e,

di vi ded by the average equival ent cross sectional area” of gl ven 1 FEB
2007 W O 200gkcoridBi2biaiRad hiiBR00B8h0 {48 ck G unremtxdd pmtich afjthe fdddstovdl unetri c

flowrate of feedstock, and diluent, .if any, should be determnined using the
Lol nadt” ( PBEORIEY By B8 St 0 UL it s e D LR e Thent - 17 ey,

provi ded t optdigh 88tohA $ndi&34 tiaR 12 RMACandaRg s@p&ﬁﬁ&?ﬂ&i%@l@nd pressure_ found.
within the reaction zone while conducting a hydrocarbon conversion

reaction, a¥d68li ng al Theofastshperfiewdistlociky witlindrdagewith tiocrbasingasdensf 1f - t here
are nunerous val ues _of tenperatuyre.and pressure within the reacti zone,
oo cal cureRaHe of e el P G e e e i sehriad et Afiet ai | e

i nf or mat i ongoRlard¥ithd eRbd PRIcHaBridit] ducltbend RaGoH 8Mhe s8R MEhEIR7¢oNduUct i ng a
hydr ocar bon conversi on reaction, use the single highest tenperature and

singl e | owdennipg esstipezanolg) tebiseanigs duphragonepanmmelement ofagighted her ei n,
a gas superfj ¢l al i i S det I; - jy L] i in the
reaction zoﬁgﬁ‘é‘gg (f)%{g%”ﬁegbﬁ %O #%éggbﬁ{l}g}&%gﬁsgﬁ%gr I'C p? Ilrh‘(;b\s/:\ell1 rVl 5@5%) althe

feedstock, reaction product and solid, particulate catalyst move through the first

n
I

reaction stage 714, past first material transit 746 and through second reaction
stage 716 to second material transits 744 serves to impart a closer approach to
plug flow behavior as the extent of reaction increases.

f0159] In an embodiment of a method of the present invention, the first
reaction stage has a higher average gas superficial velocity than that of the second
reaction stage. In this embodiment, while the gas superficial velocity may be
different at all points in the reaction zone, especially 1f the hydrocarbon
conversion reaction has a stoichiometry where the moles of products are different
than the moles of reactants. or there are numerous changes in the geometry of the
reaction zone, the average gas superficial velocity in the second reaction stage will
be higher than the average gas superficial velocity in the first reaction stage. As
defined herein, the average gas superficial velocity of a given reaction stage is the
volumetric flow rate of feedstock, and diluent. if any. provided to the entire

reaction zone, divided by the average equivalent cross sectional area of the given



of feedstock, products, and diluent, if any, divided by the cross-sectional
area for net flow, at that specific point in the reaction zon ‘[!' ct ual
vol unet ri ayhlawnisadt;e of feedstock, products, and dil uentpcf'ﬂﬁsz% F%m
determ ned at the prevailing tenperature, pressure, comnposition an state
at that specific point. While nmethods 450 determ ne the gas superficial
velocity at any point in a reactor are well known, average gas superfici al
velocity as defined herein is typically a nore straightforward value to

det er mi ne i meaddsn gagagThe hyldheodr Hon raepy feditock, aadpdauattUs anf, shindd pr esent ,
invention and using it to conduct a hydrocarbon conversign reaction. [0161]
In one enbo®FMskImBrRAMSIE hY epmbigad ( r@%@quaggci) Cr“é&@ﬁ’it@ﬁ of pll deedsiock.oper at ed so

as to have %ﬁdﬂﬂﬁé 9% ?ﬁpr%b‘iﬂ@& Td&lf%u:r\é%a% ﬁ&oﬁ% ﬂ:}l} ahGAdraldraEt ers per

second. At s value, e vapors Tl ow ng t rou st reaction stage
may provi d@rasmrfeuml witha, the rdacaomashefWidly umhdscninoda, hmmdaﬂmnﬂ ate catal yst

through the first. material trans ility and rate of trai ned
solid, particeBYaten E%'{CEP%"“LSS%Vgé R F}Eafg%‘? I?‘t dé‘\‘/‘%‘?‘é@@eﬁa%eo%plgrfi ci al
vel ocl 1Y LS O LRARGkrohl LIRSS o AAROLNTN FeockyfiiShe FEARK AR St 20C has
an average gas superficral velocit eas meters per second, or
at | east 0. & gptabmiativer osmeanﬂembﬁiﬁﬁ]unldmmmthprovedﬂmdrerrmmﬂedf t he

i nvention, and cat al YSt flow .through the fir reaction stage at an

aver age gas 1%‘%’5@?@‘?%&&1’“\91@ RAIRY “fj‘ihé‘é@élre?tcﬁ%m‘le b ‘E%&d P Second.. or at

|l east 1.5 I 2002 WO
2004 013357 TRGraEEhAf 8%%%3@&%5 dﬁg?ﬁ]é‘?g OB fié tﬁtél%oédrcries’? t's per

second, or dbwksastssdre@mmeipdhasepaiuesecond, or at Ieast 4.5 neters per
second, or ast 5. ers r second, neters. per
second. In ihb‘%(ﬁer er‘r‘ol'Q ‘H’Hﬁérﬁsué Bererae hed SBPetha?] ﬁ?‘@%}émsq%ﬁwmef‘&h t he
average gas aa?@ﬁéd’iﬁ@bailm ¥ehesddchoRtordeNRcdilindtto wg&ﬁﬂ@oﬁﬁm 16w e Or eat er
than 10.0 nmeters per second. Above this value, the first reaction stage may

have | ess tmirfeedd*@gk,r}arbﬁ@dhwdﬁddyﬂumf any. [divideshby the tcerss seétipmal grea fpet ot her
enbodi nent s, e fir t iQn.s as_an ficial
Veloci ty of TebigweiBr PREAS Fogt bR rEcbR b iR H5 YRRmB B * han 3.0
meters per aﬁmﬂ@eed@focraopr@ﬂmé @hd Ghadht 5f9n)”ﬁtcﬂfe$rmxﬁﬁrat ﬂﬁq:@é\duhr%r no greater
than 7.0 nmeters per second, or no greater than 9.0 nmeters__per second. In

still other temBo@lmRressuicheonpession adstaton Balsgeciiapomn WMhae aepthagss
superfi ci al tX%H%ﬁhh% tﬁé gcongkﬂﬁ;a%lalolé‘?}ﬂ%eag%%eﬁﬁﬂﬁgréarc&ma}é\%%ﬁ RidvM ng: at

| east 0.5 neters second, “Or at | east

0.8 neters rmréragegﬁ)sﬂdjpelﬁcml velocity as defined herein is typlcally a more
straightforward value to determine in designing a hydrocarbon conversion
apparatus of the present invention and using it to conduct a hydrocarbon
conversion reaction.
[0161] In one embodiment of the invention, the first reaction stage is
operated so as to have an average gas superficial velocity of at least 0.5 meters per
second. At this value, the vapors flowing through the first reaction stage may
provide a more stable, entrained flow of solid, particulate catalyst through the first
material transit; the stability and rate of entrained selid, particulate catalyst may
increase as the average gas superficial velocity is increased. In other
embodiments, the first reaction stage has an average gas superficial velocity of at
least 0.6 meters per second, or at least 0.8 meters per second.
[0162] In another embodiment of the invention, vapor and catalyst flow

through the first reaction stage at an average gas superficial velocity greater than

1.0 meter per second, or at least 1.5 meters per second, or at least 2.0 meters per



or at least 1.0 neters per second, or at least 1.5 neters per second; or ‘at
|l east 2.0 neters per second, or at |least 3.0 neters per seconqj Ieast
4.0 meters_per second or at least 4.5 neters per seco T‘(Bré ﬁe@@
meters peY 0BT or at 1east 7.0 neters per second, an eater than
1.0 neters per second, or no greater $éhan 2.0 neters per second or no
greater than 3.0 neters per second, or no greater than 5.0 neters per
second, or no greater than 7.0 meters per second, or no greater than 9.0
neters per secahdr adkeans.Himeakepertsbamd]16r 4 lemt £0an@ers peeeeood, ork91631

Anot her aspect of a nethod of the present invention maintains that the
second r eackrBA-smg§Es IPFéée%{-WdaQb‘i‘téﬁ’ét GHLES FEY PRS- oy éf kastA0 Bretegd | east

Feoct o € B SEecRBC M thodhty dltbuitBita thlfod BPAEDSCAM0GdY N Lhe second

reaction age nay provi oser approach to'pl'ug Iow avi or,

particul arlg/vead@e\ges soerfidbvaedons thehnt fantiat agge ARD, gréaer thand®be, at or
above 0.9 neters; the approach may increase as the average gas superfici al

vel ocity i STEISEYREASERON( @1‘%’4’? thog yalbe. 459 SEY Eeaghph sREh RN Have kkEs therond
reaction St&%ﬁaﬂgiyor g@ﬁ%ﬁ%ﬁ”gﬁ%ﬁ&%cg' £ A ovih o HBX%a?Jntsaﬁ} s t 2 0

neters per secon neters per secon

meters per seciimctagerhaitanlaeasape gaﬁsupatﬁem vplemty sén@gﬁl:atemhaaa OﬂﬁeedrsS 0
neters per second. or at |east 0 neters second, or | east 9.0
meters per BESEAL phes &’@?‘eég]ﬁé@t WEIeR B 6000t recr]ef-‘@@&sna Sfbmeteron st age

has an averég %@S,V%&Fcﬁg{ehﬁﬁ-lan"ﬁiﬁ%{e}é’ eqof&%dgpart gat{epﬁﬁngﬁ)%c@g ers per

second. e anmount of" s ulate catalyst in the
second 0 1 EerEecBmZOOﬁ stiN\GtH20 erbodid b, PETESRAARMO134 3ids 5 avaragecgdson st age

may becone very W, necessit ti.n unde ira y | ar vaol une ot her
di mensi ons SHPeHf qé’@@&ﬁéo 83t ng?ﬁ‘ Egges e‘itﬁfg Bﬁ’o@‘ﬁ?%@fw@@l fftieastp%ﬁt. culate -

catal yst na}ﬁeie?ﬁ%e@%é&m‘ﬁ' Etheéjs@@r@xﬂ&bﬁg)eﬁilﬁlbﬁ@eor%?ea%qp@He‘t&k Q‘l” SEEHREI LY. Yet

ot her aspects Intain that the second reaction stage h n aver age gas
super fi ci al or atddast] .fynaérsmper gaeend.er at Jean 122meieropersecapdeat gdeash2 20. 0
neters per second,

8! t an 17.0 er or no greater
Thar 0670 nEErasssrialoardl 158 50 meter oat selolfan 225 4 CEERt b cooond
Still other ;@R ek at BN BhRtdrHpdr swfm S 0841 § 0aRbbPes RBAd,HRRt an aver age
gas superfici al ‘vel oci ty of any logical range selectéd fromthe follow ng:

at |east 1. ttaﬁét(émtepepe@e@mﬁdamhmmmr tharel frmeiers ppesecord®dhd, or at | east
2.0 neters

meters per ter §’CO or- At {e]rs 9 se%ong - Oe(;’rrrggt%%r Ez:oor?llet%log& g?gqneasrtﬁcgagt ngt 2r S
per second, oﬁéteathaheasmet?erﬁpmte@dxﬂ ®eio geeenthan JI0 @btet LRGlse@nl, dBIEr s per
second, greater than 9.0 meters per second, or no greater than 10.0 meters per second.
[0163] Another aspect of a method of the present invention maintains that
the second reaction stage has an average gas superficial velocity of at least 1.0
meters per second. At this value, the vapors flowing through the second reaction
stage may provide a closer approach to plug flow behavior, particularly above
certain second reaction stage AED, for example, at or above 0.9 meters; the
approach may increase as the average gas superficial velocity 1s increased.
[0164] Other aspects maintain that the second reaction stage has an
average gas superficial velocity of at least 2.0 meters per second, or at least 3.0
meters per second. or at least 4.0 meters per second, or at least 4.5 meters per
_second, or at Jeast 5.0 meters per second. or at least 7.0 meters per second, or at
Jeast 9.0 meters per second. Another aspect maintains that the second reaction

stage has an average gas superficial velocity of no greater than 25.0 meters per

second. Above this value, the amount of solid, particulate catalyst in the second



and; no greater than 25.0, no greater than 22.0, or no greater than 20.0
neters per second. or no greater than 17.0 nmeters per second. f ﬁ@eater
than 15. OuEs.61/832P€r second, or no greater than 12.0 ne S E’o EEJJ .
101651 As defined herein, the first hydrocarbon feedstock conversion (or
extent of conversion) of the first reaflion stage is the weight of feedstock
provided to the first reaction stage via a feedstock inlet or inlets, mnus
the weight of feedstock flowing through the first material -transit (or
first renmaimactipnyabireanay bannmefeedkingokdgssimite tndatirathiyf faegecrohanes ori ded by t he
wei ght of fegd%}ock_prov'%ed to the. first Beaction stage via a feedstock
inlet or in?BFIMERFiPRRPL e Seqqnd FeRSHOMERRTHIC EHEUNSE Sahid) PAHSRIESr bon

f eedstock c QN : : QN l: : } Of

f eedst ock p%%?%%@g@%g%%ﬁtﬁg@??%ér{ga.gﬁgdg?hbg§E cofr]1‘3§lr\;eég&(;tlﬁygﬁreglta gggs via a

f eedst ock i @wpetts oraintainahat, thevsacusd teactiomestgdt hasfanfavechge gaksuperfivialg t hr ough t he
second material. transit gor sgggnd r emai ni ﬁ%ggﬁ rocar bon feegstock), wth
that diffef@ACE AP HEHHIPaR he Uulh hereaier {GBKLRSY FeROBIAY Mot h t he

first and t ate§ﬁﬁﬁnd.dﬁ@ﬁ4§;9@@séctoas,eoﬁioagr@mépﬁ%ﬁ%Knét@ﬁgh Qcondlgzt s Note

that feedstock provided to the second reaction stage through the first
mat eri al t r amgieater thandt2.G metevdeed seqontih Etilldeberagpavét imaintan thahthesecond

hydr ocar bon feedst ock conversi on. The maxi num. extent .of conversion is thus
Y00 £ esisPed Ban a B8 P ARt o rnp e bty of o BRRERES of t he

extent of CQNMRESHOR (BL fAIRARS:IaE 1l PRlchs bf} RchHRAGHEM 19 B6Rrs ped Vel |

known to those skilled in the art fromcal cul ati ons, given knowedge of 01
FEB 2007 Wr2004d,/0 28REF PLicys2p03£01h8483at 1681 3 Jovetetsipgr seaceadtarah t ype and

operating cpnditions, or utilij zi t procur enent and nalysis, of a sanple
OoT g ey Bostd Rt P sibtnd Pl Sl PhSER T Fapnl ot AR S Preds

enbodi ment  pér RedRE BPS 184t 7 emAERTRAtecHNY Hal RAst §.0et3 €& cdhadr ocar bon

f eedst ock conversion is higher than the first hydrocarbon feedstock

conver si on. and notgnesterdhiyod?- R greatetibag 8 Hndr pry girea'en oo A0 f0anelsrsask =
conversion is_at |least 1,09 at least 2 0% or at_ | t % or at |east
T0r00h or " Seofl a0 ke PLo B EPSas gl op B0 sleics IBH 1 B ghar ¢ nan
the first pydeosalr bpro beats ek 2aomeRfSpedRecdnd167] In alternative aspects
of a nmethod of the present invention, the second %édrocar bon feedstock
conversi on {8681 gher valstiipprbhereinsthediidiiydmasaen feedstrsk GeRVEEARY 89%si on, and

e S USSR 81 O SRR PR AR L AR e o 1o
to the first reaction stage via a feedstock inlet or inlets, minus the weight of
feedstock flowing through the first material transit (or first remaining hydrocarbon
feedstock), with that difference divided by the weight of feedstock provided to the
first reaction stage via a feedstock inlet or inlets. Further, as defined herein, the
second hydrocarbon feedstock conversion of the second reaction stage is the
weight of feedstock provided to both the first and the second reaction stages via a
feedstock inlet or inlets, minus the weight of feedstock flowing through the
second material transit {or second remaining hydrocarbon feedstock), with that
difference divided by the weight of feedstock provided to both the first and the
second reaction stage via a feedstock inlet or infets. Note that feedstock provided
to the second reaction stage through the first material transit is not included in the
determination of the second hydrocarbon feedstock conversion. The maximum
extent of conversion is thus 1.000, if expressed as a fraction, or 100.0 percent.
Determination of the extent of conversion at a particular point in a reaction stage

1s well known 10 those skilled in the art from calculations, given knowledge of



80.0% or no greater than 70.0% or no greater than _60.0% In different °
?spectﬁ t he secon](ctl h)édroczgr bon feedstock gon\éerfsl on is hjghep ihan tge y
irst hy eedst ock conversion, and the first ee st oc

converm%e’%@r'@ﬁgf east 20.0% or at Ieast 25.0% or at h?((g,gggﬁégg or at

| east 35.0% or at |least 40.0% or atsgeast 50.0% or at |east 65.0% or at
| east 80.0% In still other aspects, the second hydrocarbon feedstock
conversion is higher than the first hydrocarbon feedstock conversion, and
the first hydaeed! eotideegdshas kpaainetaidifionss otulizihOge @dcutage asel ect ed
fromthe foIIovm ngi_ at least 20.0% or at |east 25.0% or at |east 30.0%
or at |east SG% aovangle g onenatem, apf 150t disgussed Oirtiws hese- at | east  65. 0%
or at Ieast % an 0 rothan 95. 0% or
no greater ha 90. 0(%? ! %IEE %rggoga%ég{ﬂeéﬂtalﬂa%gg’ ;H r%gr%&nl%grﬁg)glf teh% than 70. 0%

or no greadeednd MpdtobldbOfecl 1d@8 orfelttun ivtiigHee SiaatthoNst Bidracarbcbxhod of the
present invention maintain_that the second hydrocarbon feedstock conversion
i s both hi gi¢edsteckesprivarsign. I8 pthepgmbedunesth thetcgerdbbydrewnbay ispdodind is at

| east 50. O(ygonYelisﬁ)tjjtlh%?FetastGl /O(V erea% 901’/e%§%1t 1%99&%9% a? eg tel c( 8(9r 0% or at _

| east 90.0 ITB.I’II t'hat’ hydr ocar bon

f eedst ock canest $5.0M,i08 ablekd 2bjog’s1e:rr at g 3% lﬁglresthahyl@krﬁﬁar bon f eedst ock
conversion and is no _greater than 99.5% or no greater than 99.0% or no
greater thahydsecagbgn fedsiaclyraaension han 90. 0% Still other manifestations

2001 w0 200103207 BETIEAN0a by Bauef s RaE PR B8, " G, Ccar bon
f eedst ock cswusd Bydrocabdn fedangk ¢@gicesddn isdngier I.hanSEd! fet Beldrbeabad he

following: at |east 50.0% or at.|east 60.0% | east 70.0% or at |east
80. 0% or aee%%@%ccgb’ewen aithe fssighdaecarbanis issitns kg cipion s R ¥&FEF t han

99. 0% Of NigafoRhElor ARG B 0000 0r A5 SRLRL thiasd B O%o &iGAGhafonduct i ng

t he hydroca on conversion reaction Wt conversi oh ranges is
parti cul arl| §0.894 ecteé geeatdr tthnni Hdl6 asi Irtgcmat_e_pthan |66m)§/e ofr differeds bepekitst 0 t he

first reactijon , nor ifically.the | opest feedstock_ inlet,

rel ative toﬁ‘Fﬁécoé‘agB’ﬁ anfeigﬁ%ggé:@gvergg dehigher t gg”’ﬁ’ﬁ@?%@@r“@?@ﬁ for a
gi ven reaCfeeaaoaé@&ﬁefﬁo@aﬁm@tﬂr% Qi odaPSorPREA SR Rhvdr§idRtd ANetystem and
the desired objective for the co |ned reaction system and/ or appar at us,

f or exanpl e20.0%mpi atlrast AWEs. oF @weaﬂéﬁlﬂ%mrﬁﬂmmwefoyma1@1’@‘64(}@% pr oduct s,
N mum T eaGLLpR, NS Ol TS o U LS AHALS In WY BRIl e Teaction

Zone or a g
second hydrocarbon feedstock conversion 1s higher than the first hydrocarbon

feedstock conversion, and the first hydrocarbon feedstock conversion is any
logical range selected from the following: at least 20.0%, or at least 25.0%, or at
least 30.0%, or at least 35.0%, or at least 40.0%, or at least 50.0%, or at least
65.0%, or at Jeast 80.0%, and. no greater than 98.0%, or no greater than 95.0%, or
no greater than 90.0%, or no greater than 80.0%, or no greater than 70.0%, or no
greater than 60.0%.

[0168] Other manifestations of a method of the present invention maintain
that the second hydrocarbon feedstock conversion is both higher than the first
hydrocarbon feedstock conversion and is at least 50.0%, or at least 60.0%, or at
least 70.0%, or at least 80.0%, or at least 90.0%. Yet other manifestations
maintain that the second hvdrocarbon feedstock conversion is both higher than the
first hydrocarbon feedstock conversion and is no greater than 99.5%, or no greater
than 99.0%. or no greater than 95.0%, or no greater than 90.0%. Stili other

manifestations maintain that the second hvdrocarbon feedstock conversion is both



reaction stage, etc., or conbinations and specific optim zations thereof
Desi gning a hydrocarbon conversion apparatus of the present i nven 1 R8P h

these fealy anyoeovi des the best performance in convertpggyuthesheegst ock at
a selected lower extent of conversion in the first reaction stage, and the

best conditions for converting the fi®8t remmining feedstock in the second
reaction stage. [0170] Returning to the discussion of the nethod of the
present invention conducted in the apparatus shown in Fig. 7A-C, the second
stream exi t igherthag the BisthydncabeyEedsterkt qmnyergionsad onenyeespitange ransit s 744,
i nto separat] Vi C - Wh nts._.and gtion qh gen _descri bed
i detant ool Ry the it W EIPObTrIRE: 540 bEBIPRY P BRet The

reaction praglaét SN, Wire Babed). §eedslt a6 kreatd thadimg. 5% dilnoexkdted they separ ati on
device 721 via secondary product exit conduit 742. The majority of the

solid, part28#"atas negredtg dhanp3.p%f a1 no gisatehtap0tlm section of termi nation
| 726, igch sh J ) Fd, L cul at
Vol une (!)W]ﬁ S O%oq&dﬁéﬂ%gﬂpgih %ro%%]\ﬂ?rﬂé@ﬂs%fsﬁ%a, xse%ﬁcﬁ \gﬁﬁiﬁ%e%%' at €

catal yst. | At | eas par ate "Ccatalyst in
the bottom cegedrsion rafeet BiparthaldrBreffeolivewitk 26crédsidg frapdrtivhaofyr avi ty through
first catalyst, exjt 730, first catalyst exit _conduit 734, and the higher
portion of deadslopkto Biedutiraation stagssranere srecifipally the lostestieedsigdt cool er 752.

1 desir . e LA A0l Bentl At MRl ik IR o1

vol une 726 an |A

control deviresttidd StagEad afuystiorcefthe partiodlanteat ort 8d1tae ahdh ehellesiddB 2007 WO
2004/ 013257 PCT/.US2003/016483, 60  tenperature of the solid, particulate
catal yst by abifstivefar theeambiRedhisageonvelrmeandsy) apagrafusyiog examplene embodi ment |
t he solid, ] ] - kO ) el l. .si of a catal yst
cool er 752, %%We@%nggrlg?%ghﬁﬁ?%??@&gltvgtpéggtgalgg t‘?%ﬁ%f}yjmﬂﬁg’g?d wat er, which
i s transfor megttiontzons vdame anitilent ety s ientofh @ the o¢zedos abnethr a ghemit | cul at e
catal yst | eaves. catal yst cool er. 752 and prqceeds .via gravi ty_through the

;
bal ance of TERRPY Stagg; E?I%U(FraftG_Fl 13&’8?16_@1’? PRI P UEHERIOY therepfePeighagi ¢ 702.
I'f desired,; fatodahil @hvasbh QR%EH ; Eb?ﬂis%&@seﬁﬁh%ﬁiﬁ)ﬁ WA thefe eahAkYyst cool er

752 may be controlled by seco flow control device 750. Solid, particulate
cat al yst f| gmevidesthobgit pedombanst i gingertmgniblufeedtiodk atrdetehteddgiercat al yst

JRIRITORITC N S N R
724, the enbht@tihefd M<Obmeaidd kelstedl BUhatdcond faBey dtagtd7 and on first
catalyst Coo[lﬂf’;r’(]] Returming to the discussion of the method of the present invention

conducted in the apparatus shown in Fig. 7A-C, the second stream exits second

reaction stage 716 through second material transits 744 into separation device 721,

whose elements and function have been described in detail previously herein, and

which will not be repeated here. The reaction product and unreacted feedstock, if

any, will exit the separation device 721 via secondary product exit conduit 742,

The majority of the solid, particulate catalyst will fall to the bottom section of

termination volume 726, which should contain an inventory of solid, particulate

catalyst.

[0171] At least a portien of the solid, particulate catalyst in the bottom

section of termination volume 726 will fall via gravity through first catalyst exit

730, first catalyst exit conduit 734, and the higher portion of catalyst circulation

conduit 747 into first catalyst cooler 752. If desired, the flow of solid. particulate

catalyst out of termination volume 726 and mnto catalyst cooler 732 may be

controlled by first flow contro] device 748. Catalyst cooler 752 would reduce the



752, there may be openly joined any nunber of fluidization conduits (not
shown) which provide for an injection of a fluidization gas to/(dndl B0F I ow

of the soligheoyPdsdsi cul ate catalyst. This may be especi apbyukbiohiags in the
| ower portions of catalyst circulation conduit 747. where the pressure nmay

be significantly increased due to the6éBtatic head of the solid, particulate
catalyst in the termnation volune 726 and circulation conduit 746, and
thus additional fluidization gas is required reduce |ocal density and
prevent t hetesipkiathre phtheisold gtagti@date leytsly s homdpeacakicagexcbanget wighal y to fl ow
properly. 10173] lf. desired t least a.portjon.of the soli: rticulate
cat al yst ca‘?POE‘leI ﬂb‘?%ﬂ@é’@@&“’?ﬁﬁ%—* @ﬁé‘i&gﬁﬂaﬂ%@ter%féﬁﬁmﬁeéﬁﬁfaﬁghr atus 754.
At least a ﬁ@rsBéIPQd@Bfa%%ﬁyﬁﬂobﬁ? 7BEr didGhY Efting hid %St 1dd3t pdrGalppt t OM secti on
Wi

of term nation volunme 7 l ow via gravity through second cat al yst
exit 731 andquésard, whithisytsinséonineddotodtbam o3 tilwt 9de at led gastledsdalidpper 756.

I f desired, the flow of solid, particulate catal yst out .of the,term nation
vol ums. 726 BAHCHIFE GHERIERE S ERFIEr/Bg HigP b doNSTYBULRPEb e use. of
first regenpnaf@iofbhiaWsCORUI@on IBHAGE7F PR caldhit AD& RhbGHR 708, jfhe catal yst
stripper 756 has been”described previously herein, and is not recounted

here. The detsmeppbdilewlafdoligaatticnldtatsalysttadt pEeatilystmooker 53 ssaydter i pper 756
will flow down vi ravi t hr ou t.hi C | yst. conduit 764 into catal yst
r egener at or C%@?{]e‘ghﬂg‘?‘:@d %Pb%"%&@gﬁ‘@%@ﬁ} r%thl%eéa"ﬂg‘i%ﬁﬁ’ ce?éatcl%ﬁ"igl"?”égener at or y
f1ow cont r ot 6ei GRIEBHIcQbnuiEr B ZR0FroPH200M:0 335D 0RMY HSARA3RA16- 183 61

101741 The solid, pdarticulate catalyst inside catalyst regenerator 758 will
be exposed stoga’ Fegenmplaid onatakydi aroulationdeltrced t hrough a conduit openly

joined nea bottom of catalyst regenerator 758 .which pa into a
recei vi ng qulhzﬁ and h?b%ﬁﬁoyt%glﬁag?%yegfﬂa}lﬁ iogg.‘:r%ﬁl'\églo _c}’eg%i?%@t t he

solid, partielénBicSesah af Yailystdi@ulafidh UbRiudf 74 dIROBREEAdly SitobRET UM and :
exposure conditions may vary widely in providing for the solid, particulate

cat al yst to7dadkaramay beeagnly aoipedt anonuraher o datdigon gepdwils (ot y have

been | ost wihl & SORANELTNG8 NALOCALRON GOONGE Sl AbSASIEORSI N

hydr ocar bon 'Conver sion apparat us ow Of Treégeneration “nmedi um and

regenerati Oﬁazﬂbl(ﬂd!dféta&lysi.fTIﬁEIM]abeid dspedadllyyingofensialthdlovaapbitimsaf e cat al yst
up withip the catalyst regenerator_ 758 into a set _of_ regenerator series
cycl one sep&dtalygrearcubaipr ponslatt 7. wheterks prepspre may ?ﬁﬁ@“ﬁﬂgﬁ?ﬁﬂy ingzeaseht

descri bed 1 8he s eI aROANGANKAihaN PRAI A M5 IBa B difencrat on

medi um and regeneration pro w out catal yst regenerator
758 via a c@pdland circulation conduit 746, and thus additional fluidization gas is required

reduce local density and prevent the solid, particulate catalyst from packing too
tightly 10 flow properly.

[0173) If desired, at least a portion of the solid, particulate catalyst can be
processed through the catalyst regeneration apparatus 754. At least a portion of
the solid, particulate catalyst in the bottom section of termination volume 726 will
flow via gravity through second catalyst exit 731 and second catalyst exit conduit
735 into catalyst stripper 756. If desired, the flow of solid. particulate catalyst out
of the termination volume 726 and into catalyst stripper 756 may be controlled by
the use of first regenerator flow control device 762. The operation of the catalyst
stripper 756 has been described previously herein, and is not recounted here. The
stripped solid, particulate catalyst from catalyst stripper 756 will flow down via
gravity through third catalyst conduit 764 into catalyst regenerator 758, and its

flow may be controlled using second regenerator flow control device 766.



-openly joined near the top of catalyst regenerator 758. |In one enbodinent,
the regeneration mediumis air used to renpve carbonaceous detobrE 187 f rom
the soli C\wo Hidssl ate catal yst via a conbustion react ipmyudzinesnaiugs
restoring catalytic activity and generating a regeneration product
conprising carbon di oxi de and water. ‘?bl?S] Regenerated solid, particulate
catal yst fromcatal yst regenerator 758 flows via gravity through fourth

catal yst conduit 768 jnto second cat al cool er 760. The qperation of
second cat aﬂh}g‘f] cool efhegdid: E%’FWF‘%@“&“!%@F Falys zgegngeiordédMalls descri bed

earlier hergl ., S 'asregé‘hteldftﬁ)‘ﬁ'rg&gmﬂq ﬁodu@@hﬁ hf%g&ﬁﬂg V@Ei\?g 6}{&1?1[3(’] d,

particul ate ca a m second cat yst cool er gravity into
fifth cat al year thedndiont of7/ca€] v eedeyerjatuir (68, \bldchppdsasmtmemoeivim battem of

second cat al | er nd fl o t hrou fth Qat al yst_condquit 770
back into %‘ﬁf‘&ﬂ% arVé‘B%“r\‘gﬁ%?g’BPm?Sr %quﬁla&ﬁg’ﬁcﬁok‘ddi’am?? ?te)éé’é Ysk vided to
Fifth catal yghee of binefdfhnM Ih?d gﬂea',i]lh}éx F'aegoﬂfdlltﬁchsgﬁ'%t%?%aél fif 4 bel ow

third regenerator floWw contro evi ce ransport of the
solid, partpwuldigeforsdicadojid] pathdnlglaatatyhato regain at leasiggparsen vheadtamce of

gravity to cafal yst enerator 758, Sufficient .inventory and density of
sol i d, partF‘E’tYI‘téi t(?%?cyg? E‘e‘?nsloé%‘f’}éﬂiﬂ ?@qéﬁl%%quo‘l"qr??‘hco%’ﬁfsﬁr&/st condui t

770 above t hakh W@é&&bgﬂ &}9{\1&913) aﬂﬁﬁ'?@)@ Flg ffo%@ﬂ% Rragl 1 d,

particul ate cata not flow |nto cat al yst cool r 760 through
t hat conduntedmﬁﬂarEEBga&@aTnon\m&mMm&Zﬁﬂlmﬂy 4482043048 Hate62 [ 01761 At
| east a portion of t cool e r egener at eg sol i d rt| cul ate catal yst

flowi ng t hr CRIBHSURY 18 heg QSté?i’r?BEIiaforf? itg aqfet Sﬁ’qrﬁf’bseé‘ieit h catal yst
conduit 776¢ JI&H% dephr to?§ WAL Wss&ﬁ;a@?@ﬁé é%illﬁeel‘ilaﬁﬁ'hrr%'%t hberidspref fourth

regener at or Iow control device 778. A fransport or ft gas is provided to
sixth cat aﬂgpslwdmndmntcomswn apmmms y0g. oThﬁa@gtlnefratlcgagedﬂmnmldt 780 bel ow
fourth regenerator

778 to faci e transport of the
Sol T par e raedrion pafts dFHbh ol Phed e Bert iyl et PRENEY ce of
gravity to BY ﬁﬁﬁéﬂ%arﬁa@ﬁ&;ﬁéﬁéa@ﬂv@?@g&h%ﬁ 7680 In bhdIsmB&ITRIeRL kieg t he
circulation Toop of solid, particulate catalyst through the regenerator

appar at us 785eenqries Medignyisagiused to rﬁmﬁ@@bynmqu&j@p@mﬁs}/ﬁ@ﬂ thosdld
parti cul at eﬁé%‘?lg%st amt %natcogfb%é (ginrea(t:hl nlfe're nsatgg ?E,ngntd‘p t 776 above

fourth rege At BT |cuI ate
cat al yst doesd gaferdiing\w rba@lermmh@arm&a&uﬁlﬁns@x@&aeboﬂ@ﬁxmra@ugmetrhat condui t).

Speci fircal ly, sixth catalyst eonduit 710 S ohenly 10ined Lo term nation
758 flows via gravity through fourth catalyst conduit 768 into second catalyst
cooler 760. The operation of second catalyst cooler 760 is similar to that of
catalyst coolers described earlier herein, and 1s not recited here. Cooled,
regenerated solid, particulate catalyst from second catalyst cooler 760 flows via
gravity into fifth catalyst conduit 770 openly joined to a place near the bottorn of
secand catalyst cooler 760, and flows through fifth catalyst conduit 770 back mto
catalyst regenerator 758. A transport or lift gas is provided to fifth catalyst
conduit 770 via openly joined lift gas conduit 774 below third regenerator flow
control device 772 to facilitate transport of the solid, particulate catalyst through
that conduit against the force of gravity to catalyst regenerator 758. Sufficient
inventory and density of solid. particulate catalyst 1s established within fifth
catalyst conduit 770 zbove third regenerator flow control device 772 to ensure
solid, particulate cataiyst does not flow back into catalyst cooler 760 through that

conduit.



vessel 724, and the cool ed, regenerated solid, particulate catalyst flow'ng
through that conduit is provided to term nation volune 726.) AEg F@St a
portion of the cooled, regenerated solid, particulate Gt Q’Z%::‘Igilﬁ%’i ng into
term nat iR HOYUMRE7726 will flow out through first catalyst exi Oonits
way to first reaction stage 714. 10174} Useful fluidization and |lift gasses
include, but are not limited to, inert gasses, nitrogen, steam carbon

di oxi de, inert hydrocarbons, air, or mxtures thereof. The.choice of

fluidizatiomies) |ift gagasdepsiidsn vpaR dobRdl dRendthieq WIUE paitRilatd eact i on bei ng
conducted in the hydrocarbon conversion apparatus 700, or type of

r egener at i otatglys dlesing thyengiyfiftke catelvseepnidmt 7ég endirertesy ntoppsthaatalysy 54,
d di wh h t is,bei flui di tp.wh it is bei
P rod. " BosRdBiy 76, thif B At tmrE he Somtirien tyBUEE edapf 4o hy dr ocar bon

conver si on ﬁ@&ﬁe&é’t&flﬁo%(}gn{r& dedideeAl | A Bahdpoft-or Hfﬁgds@?ﬁﬁowid@ﬂ tb Sixgy di luent) in
the reaction being conducted. A fluidization or Tift gas introduced to a

reacti on steaaysfcondiet preesiampenlyyemed bift das conduib éSclmhew deurdd i n cal cul ati ons
involving the flow t hr h the.reaction

f L f . le, i
det er mi ni ngreﬁ?}ﬁa&@’éﬁﬁ‘ﬁ\s/c%ggrﬁ]:‘?efv?ccﬁ 18 19 dpgliiagetransport 8? h‘%gg rﬂﬁor?ﬁeui?éaggasti Ialn
pr essures oLl SATIPEL Rl ochTAL TTRE oPERARGL iSRG |5 Uselul (o

conduct nost ahy drocarbon conversion process’ in which a solid,
parti cul at ecaat@iopstppasinesfillothed compbomg ehd cieculdtyirlogmofxmlidf eedst ock to

desired products., The invention is particul arl ffective .FEB 2007 WD
20041 01355 7PBE SSGALIDBAE} e 5 EePEI G P SELF ot LoFbr SRR Heact | ons
| ncl udi ng, fn%nt&é@fﬁgl(ﬁnsﬂl’ 6f ddlidl PLEERARVELHN LT EeAHthRANShiHgenat e to
ol efin conversion reactions, oxygenate to gasol I ne conversion reacti ons,

t he cracki neptadfstienduit Ped alsive dowstly chgenartvo flowf comtrpl dnvicet 178 toghsire ones
(historically termed "Fluid t al acking," or " ' vapor phase
catalytic o ’daP‘_?JBﬁ‘ﬂB‘F OB‘E?_tI)étsﬁ Ot " Oé“l%ac Hﬁg‘?cﬁafae%s,t 39%15%%8%8%t hanol
synthesis, pifaahi coRRIYANL A HRAHARE bo Rt 77656 BEEMY | RSB tefnBRfidnONS, vapor
phase catal ytic oxidation of propylene to acrylic acid, and acrylonitrile
manuf act ur evesf#gsé. andabe covlsd tregeheratechelsle paiticilate datal st flomuleg througbact i ons at

hi gh extents of [ benefi t R, bghavi or . at hj gh t ent
of conver Si DAL ORI oo R SL B PBeBLEBL P (¢ Be eanvimedhfn {nose

reactions i pslidideegRh&hidal ©liRyshesaieeBslysebRhdtihfo B¥HHASH Billme 706 0MaL i C
hydr ocar bons, oxygenat ed hydrocarbons, various refinery streans such as gas

oi | or naphilhBowophtthewdhstitgheatglystgxit TFhanisesaxonipst rsacipnctagedi4nonoxi de

and [0177) - Useful fluidization and Dift gasses include, but are not limited to,
inert gasses, nitrogen, steam, carbon dioxide, inert hydrocarbons, air, or mixtures
thereof. The choice of fluidization or lift gas depends upon the type of conversion
reaction being conducted in the hydrocarbon conversion apparatus 700, or type of
regeneration procedure being performed in regenerator apparatus 754, depending
on where the catalyst is being fluidized or 10 where it 1s being lifted. Desirably,
the fluidization or lift gas used with the hydrocarbon conversion apparatus 700 is
unreactive (i.e., 1s inert, or is a diluent) in the reaction being conducted. A
fluidization or lift gas introduced 1o a reaction stage of the present invention is to
be considered in calculations involving the flow of vapors through the reaction
stage, for example, in determining average gas superficial velocity, or for
determining partial pressures of various materials.
10178] The present invention is useful 10 conduct most any hydrocarbon

conversion process in which a solid, particulate catalyst is employed to convert a

hydrocarbon feedstock to desired products. The invention is particularly effective



hydrogen), and m xtures thereof. 101791 In one enbodi nent of conducting a
hydr ocarbon conversion reaction, the solid particulate conpr igqeﬁaam;acti ve
catal ytic ig)o onent. In another enbodinent, the solid particul ate catal yst
conpri sesVQf'HEUPYE catal ytic component and a formul at iRST/YRMYVOHEAt er i al .
In yet another enbodinent, the solid fpjarti cul ate catal yst conprises an

active catalytic conponent, a fornulation matrix nmaterial and a

facilitating material. As used herein, a facilitating naterial 1is one that
does not di [ L ‘ I 5 r to desired
product s, bféltel%ér %aﬁ?c%%ﬁr}v%és{?g?%%tf nglr“%gueogllfl?’gfg %" a p%é)? of the present

i nvention. inttbB0drsibyiptaalongaixygenataioalisfin corvermnenitionpyaygdiiatd o t he solid
particulate catalyst suitable to facilitate conversion of the hydrocarbon
feedst ock tESUBEICOBYETSIIGEA08S i the Fraeldngrat heayy peEplenmdyidmearboneol i t e

nol ecul ar sg R Lt Ular: ;S . : Xf ures thereof.
101811 EXx arsrﬁpq%}eégﬁso@q%éﬁ%:‘brgg @Iﬂ gtrrlta)%l g?llyg%]ﬁgj ac nfi\?%a?ééggtaq rg{lﬁq%élt S‘frp onents

i ncl ude vartgdry vaot yhade ramlytitoxidation of bitngst BaleiccdRpdide, vipgon, cobalt,

rut henium and palladium_ and oxi des thereof. such_as vanadi um pent oxi de,
and i xt uribgsamethepsl syrthssivertbalicanhydridrepanufaetuifeFirhasdrgeschs not an active
catal ytic 7 i : - Fltatl rial. For exanple, the
active cat gﬁ%@ﬁ?qggﬁg@%aesht% at%gftrng%%h@%%?ﬁg’gljg&ﬁlfhgg)czgc?%lgcnéc daaae:si red products
may be a nodcegeniile darkBRnd@0 Thi¥e réifiond 4326 Be RGH VS0 Svofiddey 183 64

sieve, as discussed below, but the solid particulate catalyst nmay conprise a

particul ar Tedtieps akhigh expngofsanpydsiopand herielitfrophBkR delyigrathigheti | i tate the

hydr ocar bon_conv i act. | on; r [l . ] ronot i ng

combusti on Bro e e TR pibed R oSl AR AR il doft

parti cul at ereat@balmstdd dlefinic &géneidbny aligppR M3 dtg artodd &2dmddel ecul ar si eve

active catal ytic conponents include natural, mneral or synthetic,

cheni cal | y D@reratbasy@iygenataé hydroerpeliss vVabs relsnesy sasamseych aygasil j ca and

~alum na, or_al r oL Sl Lea d phosphorous.
Currently, ?rﬁgﬂﬂ%gﬁxﬁg%ag%?g%%f gllrilﬁglleg\%%ﬁg{:l%]ﬁﬁg%g{lgr}ob%g%fa@(%@(?rponent s in the

pet r ol eum andr@eh).cnlienixoats ihagostri es are known as zeolites. A zeolite is

an alum nosj | icate having ar\? open frarreqv}\if)r,k sthrﬁuct ure that ysually carries

negative chdd§¥s. ~Thi ¥ flege W‘é‘“&{ﬁé’if(j%“ CHRg A EHOCRIBRR CORVEFRR f r amewor k is
a result of ani A e HEAAAAIEcahfes SRR G GhifddtRN efaddizie negative

embodiment, the solid particulate catalyst comprises an active catalytic

component and a formulation matrix material. In yet another embodiment, the
solid particulate catalyst comprises an active catalytic component, a formulation
matrix material and a facilitating material. As used herein, a facilitating material
is one that does not directly facilitate conversion of a hyvdrocarbon to desired
products, but will facilitate another desirable aspect of the present invention.
[0180] Typical active catalytic components present in the solid particulate
catalyst suitable 1o facilitate conversion of the hydrocarbon feedstock to desired
products include metals, metal oxides, zeolite molecular sieves and non-zeolitic
molecular sieves, and mixtures thereof.

[0181] Examples of metal and metal oxide active catalytic components
include vanadium, molybdenum, strontium, tungsten. copper, iron, cobalt,
ruthenium, and palladium, and oxides thereod, such as vanadium pentoxide, and
mixtures thereof. 1n some cases, a metal or metal oxide 1s not an active catalytic
component but is rather a facilitating material. For example, the active catalytic

component for converting a hydrocarbon to desired products may be a molecular



charges preserving the electroneutrality of the framework, and these cations
are exchangeable with other cations and/or protons. A zeoI i t f ically
HE

f ormed &[cgéngmggr sharing the oxygen atons of [Sl 04] apgﬁ&ﬁ 53 i'( ahedr a

or octa dlites in general have a one-, si onal
crystalline pore structure having unigiormy si zed pores of nol ecul ar

di nensi ons that selectively adsorb nol ecules that can enter the pores, and
excl ude those nolecules that are too |large. The pore size, pore shape,

interstitigleveRadisdset behanbel Ge solwgmamhteceatalﬁ& wib abmipeikehol ogy and
structure are a few characteristics o nol ecul ar si eves that determ ne

their use parbenler ogtalhe gl pletinbomr paldkiwn bat doed notnileate tlhen processes.

0183] Th di f.f t t f I ' I
ool ites weBORBIRCV it et egE N oh Betl A PR s r e pr oduct s

that are genbadlon JfRariéngecols R HAlSBAMe hRRVARLh R sdifAGlagidge f auj asi te,
nmordenite, clinoptilote, chabazite, erionite and offretite. 101841 There

are al so rmailyl}iﬂi ihfaaregeneraypeappafatusynt heti c, chemically fornmed zeolites well |

k t t h bon feedstock .into d du t hat
ui tabl o { Mhe ' DHERRRERaR FRVERTEH: rapoRRiypr P B iesi s of Zom 5

i s descri bednbi & SntHeaE NerMNA 1y Jorbd 88Qalliay H‘Ialfh%ﬁa'lﬁcﬁ’ffl r§§¥ dlida bf
described in U S. Patent” No. 3, )7 979, " synt hesi s of §M2 I's described in

U. S. D1FEB20®7 au@mmna @IBQ!BTIDP@T? MS@DE?DOSL@AS}(BIC&G@ alRgtmmendNo. 4, 076, 842,
and synt hesj 8 SSZQ}‘ ﬂ gescrtl be 0 U S.. Pat 1 4,544, 538
Zeolites aP8® BTO&‘51 (PrERY-HES OB mrﬁ%“h’é S’seafﬁra(étévs“@ AyStumina and silica
in a st ron%ﬁﬁ Bﬁéhscnﬁﬂb'g@t&b‘leﬁfﬁ%@ ettfchemidal iddigrRE 829%eemads Bolgks.uct ure
directing tenpl ating agen The s ructure of the nol ecular sieve fornmed.is

det er m ned A reobige is abyehwoinadilibite haohg alheprmafmwwomc@sﬁ thet hdugHy t o- al um na
ratio, nature of the cation. .S ntheS| rat ur.e, der of ddi tion,
type of teﬁﬁ?’&???@tlvﬁﬁg?@es 2#6' Y?%aulvleﬁ gpég] pgl*ﬂgn%%pdl%% to convert
net hanol i i preahiebi Bk ) rSplAEELE sﬁédcwonstéoﬁme%bﬁﬂée ese r@g&lo&? 100, and
the use of naturally occurring zeolites and ot her w%nt hetic ZSMtype

cat al yst's ichargenesarying ﬂg%l@le@rqneuroalnmétherﬁﬁmmrhra hgﬂﬁtcatlpmscﬁmcts is
described in,U S

er t active
catal ytic 86%8%6%& wetﬂgther C?Udélo dﬁ%lﬁmt %h%? %falfy%]l%ggu? ar sieve,
tradi ti onalffotn Edhéeshafing @ie-oxygen atoms of [SiO4) and [AIO4] tetrahedra or

octahedra. Zeolites in general have a one-, two- or three- dimensional crystalline
pore structure having uniformly sized pores of molecular dimensions that
selectively adsorb molecules that can enter the pores, and exclude those molecules
that are too large. The pore size, pore shape, interstitial spacing or channels,
composition, crystal morphology and structure are a few characteristics of
molecular steves that determine their use in various hydrocarbon adsorption and
CONVersion processes.

[0183] There are many different types of naturally occurring, mineral
zeolites well known to convert a hydrocarbon feedstock into desired products that
are suitable for use in the present invention, including faujasite, mordenite,
clinoptilote, chabazite, eriomite and offretite.

[0184] There are also many different types of synthetic. chemically
formed zeolites well known to convert a hydrocarbon feedstock into desired
products that are suitable for use 1n the present invention. For example, synthests
of ZSM-5 is described in U.S. Patent No. 3,702,886, synthesis of ZSM-11 is
described in U.S. Patent No. 3,700,979, synthesis of ZSM-23 is described m U.S.



zeolitic nol ecular sieve. The SAPO nol ecul ar sieve conprises ah thr ee-
di mensi onal m croporous crystal framework structure of [Si02], ‘[M&)@W and

[ PQ2] g tetrahedral units. The way Si is i ﬁantothe
structur %é%‘ﬁnﬁ@ zet erm ned by 29Si MAS NVR. See Bl ack\?\gﬂug%'d& Pa?ton

Phys. dient., 92, 3965 (1988). The désired SAPO nol ecul ar sieves wil I

exhi bit one or nore peaks in the 29Si MAS NVR, with a chem cal shift 6(Si)
in the range of -88 to -96 ppm and with a conbined peak area in that range
of at | eastPap@Nof 4106, Sﬂbt@ﬂ spahksiaeke3SZ-4f intitscpbalis WSt Patentd¥eni cal shift

R T e o s e S e

si licoal Umsﬂ%hﬁ%@ﬂ@h@ 'wh@‘éd;{le@ﬁs ﬁie@ié%ﬁ&?imhb gf‘esé}ace%@k%ﬁ-\i&tﬁk framework of
coner-sharing [Si Q2 By A1021, and [P tetrahedral unit

Silicoal umdmphm@haﬂﬁmgcﬂ ewuTae sEru@umsofaherrgﬁéaw}aalslleye theedif i ed as bei ng
m cr opor ous teri.als hav .12 menbered ring structures. These
ring stru c94R pﬁ’&&'@ S&ﬂbﬁ@ePgﬁé VBEPES 3UIees, sibgiAe q‘FWBﬁ]@“‘S 15
angstromns. I{agl}ggfthgﬂahélpls%tﬁééé ﬁﬂﬁkﬁ%eoﬁa&sm&iﬁmﬂoﬁ@%k i !1 s include

SAPO-5, SAPO-8, SAPO- 11.° SAPO-16. SAPO-17. SAPO-18 APO- 2 O 31. SAPG
34, SAPO- 35&36&@@ 38. hleAPO 37. SAPO 40. SAPO-41. SAPO 42. SAPO 44, SAPO- 47,

SAPO- 56. t tal t her eof her.eof .
Proferred AP HAR. o Mithe) 49 SApes BEr bt S GBIHRIOG i FeB 2007
VO 2004/ 11%385PaeMi&S2903( B1aAE3e ug@oﬂ?sﬁﬁﬂaﬂ'# loBuninSARfhds Adafk SAPO- 34,

i ncluding the netal containing forns thereo and M xtures thereof. As used
herein, theynéetr @SM-trre celysipnongmrsugng gdstdil wdobemmoliconanwdighs consi dered a

conposition of matter havin c onents in varying proportions,
regardl ess p&?é‘f“‘ﬁse’isrd%fﬂ&g%ggwﬁe 1]\@0{%91 t another type of active

catal ytic gopgpgnent 'ﬁn@th&r”cbﬁééﬁa‘éﬁ@@cat%?@cﬂﬁb@ﬁéﬁ't afa sieve, also
traditionally considered a non-zeolitic nolecular sieve. These conpounds

are gener alﬂlwdah@mnoﬁwsw(@rmﬁbﬂdm %@Vﬂ, alamtlngall}s@ﬂﬂﬁd ealonni nophosphat es.

The netal can,.be_al ka kal ine. earth netal ions
(&oup 11 2ot musRlah P8 e e RO T Piltan e BT 3t hant de

el ements: |dnRgBENMICRPbLIE cRE@PRAGY WO BIrURAREYNTSI0Y], PRAITR] ke [P@Yr opi um
gadol i nium terbium dysprosium holmum_ erbium thulium ytterbium and

[utetium oaneschainatsiraiedyal upiiundheayiay Phis InepIperpisa st thesisiciureparcat i ons of
Goups | VB MBumfhdd by P8Bua¥hlil®. &%ikddvell and Patton, J. Phys. Chem., 92,

3965 (1988). The desired SAPO molecular sieves will exhibit one or more peaks
in the °Si MAS NMR, with a chemical shift 8(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 peak area
of all peaks with a chemical shift 6(Si) in the range of -§8 ppm to -115 ppm,
where the 8(Si) chemical shifts refer to external tetramethylsilane (TMS).

{0187} in general, silicoaluminophosphate molecular sieves comprise a
molecular framework of comer-sharing [SiO»], [AlO-], and [PO-] tetrahedral
units. Silicoaluminophosphate molecular sieves are generally classified as being
microperous maternals having 8, 10, or 12 membered ring structures. These ring
structures can have an average pore size ranging from 3.5-15 angstroms.

[0188] Suitable si]icoa]uminopflosphate molecular sieves include SAPO-S,
SAPO-8, SAPO-11, SAPO-16, SAPO-17. SAPO-18. SAPQ-20, SAPO-31, SAPO-
34. SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41. SAPQ-42, SAPO-44,
SAPQO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.
Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,



101901 Preferably, the Me represents atons such as Zn, My, Wi, Co, N, .Ga. .
Fe, Ti, Zr, Ge, Sn, and Cr. These atons can be inserted into ¢£§ %ﬁéﬂ ahedr al
framework through a [ Me021 tetrahedral unit. The [1\4e02] tet 3 uni t
carri es W8 iexv1815&ct ri ¢ charge dependi ng on the val encePSHIWOHI648Fc net al
substituent. Wen the netal conponeng has a val ence state of 4-2, +1 +4.

+5, or +6, the net electric charge is between and +2. Incorporatl on of the
metal component is typically acconplished adding the nmetal conponent during

synihest's Skl SREPCH Als SABYS:s BRUSHEL 1 RStr YNGR SN exchange can

al so be u |ve ca trc conponent is a

netal  al utitreofhad plisfuees ﬂ@asreoivem dh’ﬁﬁélﬂcthb Bd’rrrﬁhﬁi‘ﬁﬁe iagaonyeiy ent i onal |y
termed a non-zeolitic nolecular sieve. A MAPOis a class of

f r amewor k- @ﬂbgwnbwean m?fh?@ﬁﬂﬂ?rﬁé AFOBIE PGP 98 DHET FAVERHIWELPITEO®s havi ng a

truct Me t
The desi r e HERERS S he BO00 0k L EhERICH By MG MR S B £ oPim et ude
iron (FeAP[fD)189]ZI nc ( ZéR@bther eafeadftactiCo ARytic aptpaemRMHE siibs(teedPO . [0192] In

one enbodi nent, an al um nophosphate (ALPO) nol ecul ar sieve can also he
i ncl uded i APRanelseular sigysr alse traditionally senpideredsenan- zqofitie eolprdarent

| nvent  on. & U IePOOSANANE DL SEHhRMSLRYEEL S 6L YSE L LG ey oPor ous

oxi des mhlc ¢can have are consi ere norr-zeolitic 01

F E B 2007siM€aR0RhopPHE3hate PCTRAIN2 00 34108641831 nfetal idml(SesupplA)salkilse typically
havi ng pore di nensions ran%&%k from3 an%strons to 10 _angstrons. Sone ALPO

nol ecul ar eArevBEakhgne (Grepn earaéﬁﬁtmcw @B?UPCI&BE aichuding iherlanthanide
' ALPO
conver si onyLeagliy %‘t%a@g? c%lfltﬁnfﬁds\é&‘ dén%ﬁleééjﬁé fum,t n§ﬁ1 SOne

nmol ecul ar S|eves are |ca Iy ac conponent's si gni ficant
extent, bugadeiifivgspabluen, dlysprekiupg hehamng eﬂﬁmh; melisepanablumsndf  nol ecul ar
speci es, and hence are considered a facilitating material. Nbre than two

dozen st r ubHEEY: tapééganﬁa%%w%m%héadda‘tlﬁeaﬂaamﬁlgoa saionsotypEPD g cal
anal ogues. I\'/:iﬁ %ar/% \ﬁklﬁqé?%%q?es are ALPO5. ALPO I 1. ALPO 18, ALPO
an

31, -ALPO 34, A ALPO- 46. 10193) The ALPO MAPO, MeAPSO
and SAPO ny@ligéopl ar sPefesblnothedie hgresentsarensyinhheFnze, bm,l@odl\b,t her nal

crystalllztlonnehds general Iy known in the ar e, anple, U S.
Pat . gl 14 %Ta@n %e%ai‘oﬁ'égan b%”é@iedtw@ ‘%& @Bﬂgleifei; 5, 096, 684;

and 5. 126 ﬁgﬁe\w&}\rtﬁ?&fgh%rﬂ\@@ﬁ Hﬁx%h'e:& af QiBPhdPieO,] tetrahedral unit carries
a net electric charge depending on the valence state of the metal substituent.
When the metal component has a valence state of +2, +3, +4, +5, or +6, the net
electric charge is between -2 and +2. Incorporation of the metal component is
typically accomplished adding the metal component during synthesis of the
molecular sieve. However, post-synthesis ion exchange can also be used.
[0191] Still another type of active catalytic component is a metal
aluminophosphate, or “MeAPO.” molecular sieve, again conventionally termed a
non-zeolitic molecular sieve. A MeAPO is a class of framework-substituted
crystalline microporous aluminophosphates having a structure of Me0,?, AlO;?
and PO-" tetrahedral units, where Me represents the desired metal. Examples of
metals and corresponding MeAPO forms include iron (FeAPQO), zinc (ZAPO),
cobalt (CoAPO), and germanium (GeAPQ).
[0192] In one embodiment, an aluminophosphate (ALPO) molecular sieve
can also be included in the solid, particulate catalyst useful in the present
invention. Alunnnophosphate melecular sieves are crystalline microporous

oxides which can have an AIPQO4 framework. and are considered non-zeolitic



m Xi ng together reactive silicon, alum num and phosphorus conponents, along
"Wth at | east one structure directing tenplate. Generally theﬁﬂ
seal ed and heated, preferably under autogenous pressure, a ature
of at | eash 2000G3257pr ef erably from 100-250C, until a cr PSTAHPBO1683duct i s
fornmed. Formation of the crystalline pgroduct can take anywhere from around

2 hours to as nmuch as 2 weeks. In sone cases, stirring or seeding with
crystalline material will facilitate the formation of the product. .
Typically, feconksewsar p?daﬁy%apirng%ﬁ:é dlmeh]&m&emgﬂ%%w% &k;s'p I't can
be recovered by standargfneans such centrifugation or tration.
The product 1¢amgstibse. Bemeashird mcr]anﬂ)are;neefds byvetdaelytszae vite forcertaind dri ed.
10194) The g of , the ALPO,  MAPO, l\gAPSO .and SAPO nol e ub?RWﬁYSi eves noted
herein as aBYQerrRUt CORYEISIOIISATIINE ARS AGactEs FAtRNHE (PalRaars- ®n the art.
For exanpl egob ﬁLPBaﬁ]81%111%?3164354«34911&?&13@1\@(%9 Qﬁ?\/etcll‘)ﬂ'fﬁéﬁgntg’{o O materials,
and U.S. Patent No. 4,524234 the use of materi a Int conversi on of
oxygenat es significefitiensnt. Fut tfearapatile 8 nﬁhmgmizemdect&vmﬁmﬁﬁdnaﬁscri bes the use

of SAPO and AL naterlaldzl.éegn t he mtera 3 #‘smn of s olefins, and
U.S. pat enfOl§ e Seepbszadienss pisEonpifgref gdagitadppmatriial  Morethen pet r ol eum
cracking PracEsASrulute S0k 1Bne00 0,300 4GRS Z-RRTIoPSRANA 016183 68
[0195] In one enbodi nent o? the invention, an aciive catalytic conponent
conpri si ng, aglegyes.aPreétradd AhBOatruoniraeye A510-3.6APOSIL ﬁw@t -i8riAldDosphat e,

or conbi na re ra other formulation matrix
materials i %1 0;{'1&]3@%4 ‘83“136%?? ‘@ﬁllggtg 6%493@"9?‘% n which the catalytically
active corrpﬂn@@l IS PR ANPQ,iNle APOANRAPS (RA{ESA PUend I8 SR sfvEg Rotbde desired:

conversion reaction. The solid, particul ate catalyst may include a
cat.al yti cal hszremfafreeyntb@wdmydwdmthmrhal anftsiauaan@mmﬁwéﬂgemlydﬁ@m nor e

formul ation. matrix mat rials ool 1] I der material,
or both, tobPEH IS 8%%’?%%69‘?&)%%9 %J%lroo f 4§§87g’u4c?1 @djsolid,

parti cul at e4%8l Fhyss sSL16 N i5t006,q%ar hidh E26BER AeRdbh nbk@rSisZemicdnge, heat
capacity, mechanical strength, attrition resistance, mesoporosity and the
like, to tnémgé|1¢g§:thepgsramlwna@@ @b(mpy@tandpﬂi@srﬂv@mﬁﬁoamoawtmqngx material s
A e Aok LS 4Reb (HGnR! ANGIRL HLAREEH Ak N

f eedst ock or o 'somne ex porous in
nature and Raaed, %@é’f&ab]jﬂﬂﬁl@} ﬁﬁbbat@ugﬁfeaéw& 116 a@@hparhtinye dfut PagipeCt he
formati on of undésired products, or

preferably from 100-250°C, unti} a crystalline product is formed. Formation of

the crystalline product can take anywhere from around 2 hours to as much as 2
weeks. In some cases, stirring or seeding with crystalline material will facilitate
the formation of the product. Typically, the molecular sieve product will be
formed in solution. It can be recovered by standard means, such as by
centrifugation or filtration. The product can also be washed, recovered by the
same means, and dried.

[0194) The use of the ALPG, MeAPO, MeAPSO and SAPO molecular
sieves noted herein as active catalytic components are similarly well known in the
arl. For example, U.S. Patent No. 4,449,327 describes the use of SAPO matenals,
and U.S. Patent No. 4,524,234 the use of ALPO materials, in the conversion of
oxygenates to olefins. Further, U.S. Patent No. 4,527.001 describes the use of
SAPQO and ALPO materials in the interconversion of small olefins, and U.S.
patent No. 4,512,875 describes the use of SAPO materials in petroleum cracking

Processes.



in other instances have desirable properties other than catal ytic conversion -
of a hydrocarbon feedstock to desired products and al so be c '§%$@d a
facilitatin material. Such fornulation matrix nateriqkﬁ%ugﬁﬁggl r
exanple)”@?ﬁ%ﬁ%?ﬁ& and naturally occurring substances,” TR
silicas. alumnas, alum na- hal ogen cggrpounds, silica-al um nas,
silica-magnesias, silica-zirconias, silica- thorias, silica-beryllias,
silica-titanias, silica-alumna-thorias, silica- alum nazirconias, and
m xtures qf198)ese maheafeahtbodinierd BEHRITHQSIBE M aclive paalyitictbapohédder
material utilized is the al um na-hal ogen conpound al um num chlorhydril,
al so knowtoE¥risingnt-Bu ihhstalk Bxia enilei zrelitely 3B paaypeRisisphate.loe sol i d,

parti cul at 1 i l.ul di le - .eaction._condit.ions, i.e.,
Phe. sol 1 o copteDethertds, kol GopARFHN AL Bl BRRIM N o RGBS AR5 |
suspended dwoli@] paaculieGaal@osh which tetdiytuatipfachieesshsstent Rpedest and ot her

vapors through the reaction zone of the hydrocarbon conversion apparatus of:
t he preseri® an@ayenni icctiye peerdalnee tha dpsred convargiengesstusnpdhe sdical  vel ocity of

t he vapor fI| Th lid, .particulate ga I thus has a characteristic
si ze rel atﬁa\r/tgeﬁg%e f%%@gterﬁg}/ f@ﬁ{dﬁa Call‘?@né:f'i ﬁﬁeéﬁ%‘z’ef%'}"%ﬂ aila%]fzaﬁ?‘f%n under

reaction caifdhéit@nd ond e nicse femiRtion efdiNmatesly, 8o, Pafilldrgrth@ig ogat al yst.
Enbodi ments i nclude solid, particulate catalysts having a Geldart A or a

Gel dhart B gndermatenzmlpguiotinge povidoa dea7d POPETIS20 0B/POIBA8ICh 89

cl assificati.qn,. S . £3): .Of s.fluidization, Powder
Technol og;g(‘hg’,p %%?%%MB%{ ‘J\ilcc:ti]rV ?Blﬂgsa%g%lﬁélrz Jéﬁﬁ%ﬂ?lﬁes%ﬁ%é a't’é égéstol id particul ate
cat al yst hagadtypaethaahl siraginfattiess rdshauncd ésopoiosity and thelike, 100 |, 000, or
from20 to 500, or  from30Oto _20Q. In other enbodinents, the solid ;
par ti cul atthe selida pgrticulatgaeataly ha die dpranulpsiog majris materiks 315 dssiabdis/ cubi ¢ foot to
200 pounds ! _ r S } { - phounds per cubic
oot or - SECplsait Bk @inet oA LSRRI KELON of Be Bt " 0571 “The
sol i d par tgroduicad) bt ateab it 1o sbmevatenopsrond inaraneshand hawndotne conprises 1% to
99% or 5%to 90% or 10%to 80% by weight of active, K catalyst conponent;
and an andigmgelegtivesptaly tggugivigy t%ﬁ}@mt@b@/(?owt@a% ppdesgedpraductsnon t o 79% by
wei ght of .fak j [ bakies by j t.hg yments, the
solid par t1|f1&"5 akrgtdgg%a y%tdeﬁéi%a Ogglltne%gtggﬂé@%eo ]y?r gmﬁ\éérggp t8 gbl cal / g-C,
or from O.Hydtaafhod feaistagk @ demirefimood®isiant @ls0.He wakibigred.a fAGIR8hg Any

conventi onal t ho f preparing solid, particul ate catal yst.s
material. uccjh omPu]atPon mattix ateridls I%%Ude, ilcjlr exam}:()ie, synﬁlenc and

naturally occurring substances, metal oxides, clays, silicas, aluminas, alumina-

His, cl ays,

halogen compounds, silica-aluminas, silica-magnesias, silica-zirconias, silica-
thorias, silica-beryllias, silica-titamias, silica-alumina-thorias, silica-
aluminazirconias, and mixtures of these materials. In one embodiment, a
particular binder material utilized is the alumina-halogen compound aluminum
chlorhydril, also known as aluminum hydroxychloride.

(6196} Desirably, the solid, particulate catalyst is fluidizable under the
reaction conditions, i.e., the solid, particulate catalyst will. to some extent, be
dynamically suspended by or carried along with the flow of feedstock, product
and other vapors through the reaction zone of the hydrocarbon conversion
apparatus of the present invention, depending in part on the gas superficial
velocity of the vapor flow. The solid, particulate catalyst thus has a characteristic
size relative to its denstty that is effective for fluidization under reaction
conditions, and is termed herein a solid, particulate catalyst. Embodiments

include solid, particulate catalysts having a Geldart A or a Geldhart B



conprising the active conponent and fornul ation matrix material can be used.
One may enploy a variety of nethods to achieve the desired phgﬁiF%gl H’}nd
chem cal wwsmghepristics. Such net hods include. but are ﬂ%/ugﬁ?ﬁ@%ﬁs |y
limted to hydrothermal treatnent, calcination, acid treatnment, base
treatnment, mlling, ball mlling, grgading, spray drying, and conbi nations
thereof. Exanples include U S. Patent Nos. 3,464,929; 3,542,670; 3,562.148;
4.443,553; and 4,542,118. One enbodi nent of the method of the present
invention kchedific@sn/MS¥t Gekthaff DA{1078Y Byfes of 04d Muidatiéon, Quhadep cat al ysts

havi ng di fferent conpositions, for exanple, two solid, particulate
cat al yst s, Zeeltmlogunt-diSail9g. an yameusratiar empedinggnta dhe selidnartigujale mat eri al .

0199] The h bon. i f : '
nvont i on FAUBSIER edPRids et st vBr 2A0huaE e REC T (DgBhatrare 2BRT | ¢
conver si ony, 5%96} £8m 40}, @@OQFY%BﬁfeﬁeﬁaQod?}n%Mdsﬁvlaﬁ ?ﬁﬂgﬁﬁﬁ@ﬂla%%%&ﬁ?i” , an

oxygenated h ocarbon feedstock 1's contacte sui tabl e so
parti cul at acapatiyistdensidest frewbipoinedstcubanidot io@i$ poonddankds foot,lie oxygenat ed
hydrocarbon to_light olefins. Light olefins conpri et hyl ene .and

propy! ene, %ﬁh%b?‘%”&ﬁéﬂ"{rf‘éﬁ‘%ﬂégi’ﬂ%‘?dsf@z c é%rgiﬁ%@ ST erti ng
oxygenat es f&&t@lﬂf%&ﬁad@?@n‘% f,tfeedstock including an oxygenate. The teens
"oxygenate, " "oxygenated 01 EEjB 1001 WD 2004/013257 PCT/ US20031016483 70

hydr ocar bof@197and " oXhgeold parooulpreuath]yst. andafiarsnshdrrarttedimertsve t he sane
meani ng and are usgd i rchangabl v. The o0x afe feedstock of this
i nvention CB@HB?‘?Ssﬁg’ ta%?g%agt% b%§%{°g°&nf(?:2’é%gr§%a Wi I‘?%Egh‘feai ns at | east

one 0Xxygen ca@hOMonimine ndhl ABkhGFabERNMYS or 4RE D0%Lbr q@b/pgﬁyl conpounds
(al dehydes, etones, carboxylic acids, carbonates, esters and the |ike).

Wien the oX¥tenatéd% ® 7%hbrheainlbf farmelatsioo afrdlix orteriahcInrdeicss otter phat i ¢

noi ety having from1l to’ car bon tons, r ref er ahl raml to 4 carbon
at ons. RepFEE’S&WFS\?@%O@ﬁaﬂgyﬁf%ﬁ?ﬂ%ﬁa%%egf%%bw q??'i#'i‘ ét?gtt%!l | ower

strai ght anghranghrd, ohabm. ediRhat it frod] 69RObS @E-<cheir unsaturated
counterparts.” Exanpl es of suitable oxygenates include, but are not limted

to: met hand0198¢t hanolAnynecprepamel methed pf pramoig sobd, parG2@lat aatdlysts ; et hyl
ethyl ether; di.methyl ether; dieth et her.; di-isopropyl ether:

For yal dehy GETPLEEE AEAHyRECR0RGt Yl oEHH GO Rn Pl CCHLC R By | ket one:
acetic acighe RISy WhaRelMEHRAModshb BEREVAHe QXIREMRY Seata@ Met hanol ,

di net hyl ether, "or " a mxture thereof. [0201] The invention can include the

addi ti onal chemalotharrkérisycoxSugbmegtheds include, but are not necessarily limited to

hydrothermal treatment, calcination, acid treatment, base treatment, milling, ball

milling, grinding. spray drying, and combinations thereof. Examples include U.S.
Patent Nos. 3,464.929; 3,542,670; 3,562.148; 4,443,553; and 4.542,118. One
embodiment of the method of the present invention includes mixtures of different
solid, particulate catalysts having different compositions, for example, two solid,
particulate catalysts. each containing a different type of active catalyst material.
[0199] The hydrocarbon conversion method and apparatus of the present
invention is particularly suited for conducting an oxygenate to olefin conversion
reaction. In an oxygenate to olefin conversion reaction, an oxygenated
hydrocarbon feedstock is contacted with a suitable solid, particulate catalyst under
sufficient conditions io convert the oxygenated hydrocarbon to light olefins. Light
olefins comprise ethvlene and propvlene, and optionally C4 olefins.

10200] The process for converting oxygenates to olefins employs a

feedstock including an oxvgenate. The terms “oxygenate,” “oxygenated



from ot her hydrocarbons such as oil, coal, tar sand, shale, bionmass and
natural gas. Methods for maki ng oxygenates are known in the @HTFEB'ﬁb”ﬂ?se

met hws,}{’,@ﬁ{"‘ﬁ&%’f&ermm ation to al cohol or ether, mkiﬂ@ﬁ%ﬁﬂ&ﬂﬁﬁlé gas,

then co e synthesis gas to al cohol or ether. esl's gas can be
produced by known processes such as ® eamreform ng, autothernmal reform ng
and partial oxidization. 10202] In one enbodi nent of the invention, a

di luent may be introduced to the reactor apparatus. In a particul ar

enmbodi menthydueerhon, namde ‘axyegertatai¢dnyeningd, "raand fotmas thesoénitave thessamiext ure with an

oxygenate, for ex le,.in an anpunt.of from 1t 9 l.ar _percent of the'
m xture, éﬂwq?ea@%ﬁé’ﬁ%c{ lé“efrggﬁg%ékﬂ?esmﬁgfﬁ}f: é‘?egftoéﬁo%?@é % and a

di luent. AsnfefskdfdeliebRE Brpaficl UBHSn@MBIGRATAS 41005 W 6fygahe essentially -
non-reactive across a nol ecul ar sieve catalyst, and primarily function to

make t he oXgimgenwbas aliphatitaaléabelss tthels. dressbayhcempoatdsdaldglypicsal di | uent s
include, RQut are not necessari,l imted t hel i argon, nitrogen, carbon' ’
monoxi de, q@iﬂ“ﬁ&pca 0&%;}83?%“[3@%?{?81 e Bnqc‘)@Fr]r‘kai‘u%egtt nYeEdeRtial Iy non-
reactive paraddhoNshé SIEPRSIah Iiﬂemdaeeanad1i@@@csnﬁm,hh§«§nmhﬁﬂeo 1REHBRE, and
propane), essential Ify non-reacti ve al kenes, essentially non-reactive

&

aromati ¢ cgemaunars prefaralnfrrmulr st ¢aeonedtpms] Reareseitetiveatbdwinent, a di | uent

is introduced,t he 01..FEB.20Q07 WD 2004/ 013257, PCT/ US2003/.4) 16483 71
hydr ocar bolﬁaB%&’éﬁ ﬁed’r?%gﬁ'ﬁgfjg?‘ﬁgw@i Stfaff’g#ﬁpégmh?gf)@rﬁ? % a separate
stream f r oRGMAICHNARAALBsF@a’a ot erANg Efafples 8f Bhitbl &ydbetidlesan OXygenat e,
for exanple, by using a diluent as a fluidization gas or a lift gas. In

gener al , iinclade, bapprermmt lisnited toeeneibenadf ethirolpr-pepanoli eprepenel; Ca- di | uent, per

se, or a diluen tre hat.contains no reactive material (e .d., that ‘does
not fur ¢ hermabrpaRheETLshaEhnge SR hd sl TR UPel 8 Frehim o8 ony . | <
not to be feghadderRdacidlegaddt alilethy0288dnA00lcbRhe fdiRRATy] REtoh&laickiyent i on

mai ntai ns that an additional _reactive hydrocarbon is introduced to at | east

one of t heacidged pyntusasdiesol. Ayefegefionrgeatasarhmetyark donethylrethesiorve
hydr ocar bops..ar carbon conpositions which do not include an oxygen
atom and E\[/1\%}‘(f:l"fllr%adrqeégg(;:tgnverted to another chem cal arrangenent when

contact ed [0201] t he SThd thvepiortdagihdtde thatadlishalusgloftmakihgokydehakse t he
oxygenate to ol efins reaction, Further, -additional reactive hydrocarbons
are provi deemther hydiosadenyiiciag §dscaal.dm Sufsshale. broeasy apdparBbaas- conver si on

system . 8§(i&ﬁ'irﬁéjd1(11é ﬁxfgggﬂﬁtééﬁlfe MobA ih BACH VEndY %é{’}?&:‘(s.tiﬂﬂﬁet hat may be
produced by t he desiTe rocarbon conversion reaction within one of the

fermentation to alcohol or ether, making synthesis gas, then converting the

synthesis gas to alcohol or ether. Synthesis gas can be produced by known

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

10202] In one embodiment of the invention, a diluent may be introduced to

the reactor apparatus. In a particular embodiment, one or more inert diluents may

be present in a mixture with an oxygenate, for example, in an amount of from 1 to

99 molar percent of the mixture, and the oxygenate feedstock is mixture of an

oxygenate and a diluent. As defined herein, diluents are compositions which are

essentially non-reactive across a molecular sieve catalyst, and primarily function

to make the oxygenates in the feedstock less concentrated. Typical diluents

include, but are not necessarily limited to, helium, argon, nitrogen, carbon

monox:de, carbon dioxide, water in liquid form or as steam, essentially non-

reactive paraffins (especially the alkanes such as methane, ethane, and propane),

essentially non-reactive alkenes, essentially non-reactive aromatic compounds,

and mixtures thereof. In another embodiment. a diluent is introduced to the



reaction stages (e.g., propylene produced by an oxygenate to olefin
conversion reaction within a reaction stage in situ is not tq pefgoppi dered

addi ti on@b{ug Ghvwe hydrocarbon introduced at |east onawisihfiteaction
stages). 10204] One or nore additional reactive hydrocarbons may be present

ina nixture with an oxygenate, for &anple, in an amount of from| to 99
nol ar percent of the mxture, and the oxygenate feedstock is m xture of an
oxygenate . and an additional reactive hydrocarbon. Additional reactive

hydr ocar bo}i%dfi)‘??é QUUEPNVETSET FrBarafis A theRECTERF HVERGRN In e paplPsrg@®at i cs and

al kyl ar onBfb s A aBhatl ReSiocl! BT RAor o il bl SADOdIERLS, additional

reacti ve hydrocarbons include, propylene, butylene; “pentylene, C4+
hydr ocar boexampté, lryassingGbdildepdasceciwidaatiomiast arrad e g@arinigendral; inyarC44 or C5+

hydr ocar bon m xtures Tgni ch _are obt.ai ned frg.m separat i ora, and recycl e of
oxygenat e FEHATSTIRCEPG AL e Presart TRYSHIQReR S YREEdIST S€. 108 2 AR ABRaTR nbodi ment

an addi ti ofg| dieand he(s%ealaﬁ\deraa@ﬁm@.g,%?Atabé@%%ﬂhér%oﬁ%aiJJfgg%@ (e)CeE? of the

reaction stages in a separate stream from an oxygenate An
addi t i onal or mexiditum Reydhedadiroarbon) idetitmbe ochsideded o faadstogdart of a reaction

stage. (O In general. any reactive, hydrocarbon which w |l undergo
conver si onﬁﬁgéh pr od@é’flﬁ’&f a%’ﬁéroéﬂ?fi Qi’@‘@&ﬁﬁ?@fa&?stﬁ?}s@r?&g‘émgﬂl id, particulate

01 FEB 200%5c400 |200ALOH A2 S BEHAS2003 a4 e lRcifd alast a5 t0 be

considered a fee term ning manifestations of pr esent
i nvent i on. déffineg heramn.geldBoak] resdiee py dsemrbonnare iy looarbay clraposechst 0 r eact

nore than ope. type of terial, or to conduct nore than one type of

hydr ocar boﬁ’_p“c c?%\fé’?é‘?% Pr@a‘l?‘_t%ﬂh@“ﬁo?”“ﬁ‘%ﬁﬁglaé? c‘g’r’(e’aﬁ_ E&?Qﬁ‘?f may be provi ded
Lo one por tledfical YrrahBEmER AFHeh @BnEMEY S/th tRESLHIRL Pﬁ@i@hkk&d&@dlyé& gaditbve

hydr ocarbon may be provided to another; one of the feedstock el enents

provi di ng facilhae thof oxypesse tmelehnsaicaction. thether, edditipoal reacsvem nmay serve to
define the | pwest feedstock .inl.et, with the.alternat bei ng, anot her
feedstock MHEETbarih Bty feddntEotaetioh dineft Om A AR e HbtER R ne 1 he

vol une of pdifefRardisRin. @nex aid if eagtdsORith re@dse hllosaBiMs tha thdiebgdef i ni ti ons
and expl anati ons provided herein. 10206] Returning to the discussion of an

oxygenat e Produtast e derivasilyidnarboa seryeasion seagben Withinmergfdhoxygenat e
hydr ocar bortact Saisk E8e P AS pu Lt bn Bhee RS bRIBcREABEA P o <t eam
or porti onfeadfioreadthin dreactjonCdyeiim itu 3ot talye dmsidenadi adiddional readtiyei d form
These 11 quil)gdrggarr%ér? inngtrorcrlegedba? ]e%islro%%tolf ¥hei rrt]zjausacc;[nes?acjeg)t. 0 a reaction ‘St age,
2

[0204] One or more additional reactive hydrocarbons may be present in a

mixture with an oxygenate, for example, in an amount of from 1 to 99 molar

percent of the mixture, and the oxygenate feedstock is mixture of an oxygenate

and an additional reactive hydrocarbon. Additional reactive hydrocarbons include

olefins, reactive paraffins, reactive aromatics and alkylaromatics, or mixtures

thereof. In various embodiments, additional reactive hydrocarbons include,

propylene, butylene, pentylene, C;~ hydrocarbon mixtures, Cs* hydrocarbon

mixtures, particularly Cstor G5’ hydrocarbon mixtures which are obtained from

separation and recycle of oxygenate conversion product, and mixtures thereof. In

another embodiment, an additional reactive hydrocarbon is introduced to at least

one of the reaction stages in a separate stream from an oxygenate feedstock. An

additional reactive hydrocarbon may be introduced to any part of a reaction stage.

[0205] In general, any reactive hydrocarbon which will undergo

conversion 1o a product at appropriate conditions using a solid. particulate



or entrained or otherwise carried into at | east one of the reaction stages
with any vapor portions of the oxygenate feedstock. diluent @r fEddisi onal
reactive 61)59({4%?{1?% By providing a liquid to at | east _ogne of the reaction
stages, th enpérat ure can be reduced over providing dYTYHOFUEP3s a
vapor. The exotherm c heat of reactiem of oxygenate conversion is partially
absorbed by the endotherm c heat of vaporization of the liquid portion of
the feed. Controlling the proportion of liquid to vapor provided to a

reaction s¢AQes S 19BE cPRSErbl £ 1Rk eE whtRte €ARILSY InhResifiRnt 6Ffer at ure of
the reaction. [0207] The anount of oxygenate feedst ock optionally’

conpr i si ngprsaiit invention.ofheddi ganered) the emt:nmavmmmn@rlhmmedm reaefpar at e

di l uent or_addjti onal re ctive drocarbon stream aliquid
form o o POHCS RN a5 0T Fiate bSO pOUCtIgyS BB mba edy Grarados a
oxygenat e, ccﬁ%&sﬁdxﬂ%&n&ﬁ%'eX&aﬁ%d&PSﬂU&Rﬂe%ﬁ‘é{lz i hr6iakd t&&%p&rﬁoﬁ he reaction

stage in any form 1In another odinent, the range is froml w. %to 75
W . % of thﬁtl]ﬁﬂaa]lomxygenaalﬁ anadditiinehehctneduidrvariondngcbe povideddo  di | uent

sent toare tion form and. other a C t he range
is from 53R er%rfeooégg%eds éﬁ%’eﬁﬁrﬂr‘?ﬁ ]Inﬁrell%e%‘? etsi %eli”iﬁgfeﬂﬁ? i s wat erg
due to itsSreaf@bdyisieh Mlab's%e*ﬂ@aéﬁ&fthw&%t Z2H500 it Gh Ad Mesnakor a

relatively high i rrpact on B 2007 WD 2004/ 013257 PCTI US20031016483 73
the reacti bﬂngemihcla&eadseocdxtmbt raed@t)th/ﬁbcjstmkeﬂlemﬁm ere Bedpedeterplinet i on of the

t enper at ur an f t he oxygenat e feedstock op conprising a
di | uent or ?‘HE‘) gﬁ"er"éaé P%@%@ﬁ%&%ﬂ&%ﬁge&rﬂgaﬁa}‘&% g%ﬂ{é%f

addi ti onal aﬁ@@ﬁﬂén\égoﬁyﬁ,roqp@ﬂlg&@lﬁt reamw || ensure at |east a portl onis in
the Iiquid phase as enters a reaction stage and cones into contact with

t he catal yBR2061 vapoRsturningrteths.dija@eog) of an oxikegeast delplefing cafversian i nvent i on,

all of the_oxygenate.feedstock t ISI a di

200 41 onal TRHEL PR 5 SBUErR R A aa PPORATL SR HERLEE! bon, i 1
any. in anyddigsdm kSacHiOMI E8ehrbén, bh@eﬂa!rd@ﬁﬂﬁ@ﬂ@rh@dltl&ﬁaig@zctﬂr@ ot her

_enbodi nents, at least 90 wt. % or at least 80 w. % or at |east 75 wt. %

of all of hydiecuRemsireans of pedions ekeashtin SRAFPRLEGHHR iayrly Rrowdedignt or

addi ti onal \Y; t ar bon
oy 1o o lighRag Pt dIRRRIHER: AR B MR IR SRR O™ 1]
t he oxygenai entfaedsiragerwidetcagirdlihty o doapr drs dfgharddtﬂlwﬁﬂigsémﬁﬁﬁiﬁ [ onal

reactive hydrocarbon, and additignal reactive hydrocarbon, if any, in any
formis prdpdeEimsSHgl PreenRiissdstpee dlpener additional reactive

hydrocarbon. By providing a liquid to at Jeast one of the reaction stages, the
temperature can be reduced over providing all the feed as a vapor. The
exothermic heat of reaction of oxygenate conversion is partially absorbed by the
endothermic heat of vaporization of the liquid portion of the feed. Controlling the
proportion of liquid to vapor provided to a reaction stage is one possible method
for controlling the temperature of the reaction.

[0207] The amount of oxygenate feedstock optionally comprising a diluent
or additional reactive hydrocarbon, or separate diluent or additional reactive
hydrocarbon stream, provided in a liquid form to a reaction stage is from 0.1 wt.
% 1o 85 wt. % of the total oxygenate, additional reactive hydrocarbon and diluent
sent to the reaction stage in any form. In another embodiment, the range is from 1
wt. % 10 75 wi. % of the total oxygenate, additional reactive hydrocarbon and
diluent sent to a reaction stage in any form, and in yet another aspect, the range is
from 5 wt. % 10 30 wt. %. One particularly effective liquid is water, due to its

relatively high heat of vaporization, which allows for a relatively high impact on



~inlet. OQther enbodinents nmaintain that at least 90 wt. % or at |east 80 wt.
% or at least 75 wt. % of all of the oxygenate feedstock pptrfgralsl y
conpri si §@ odwizdent or additional reactive hydrocar bopgT/asmhoneidisgs onal
reactive hydrocarbon, if any, provi d%cgl in any formto the first reaction
stage is provided through the | owest ‘feedstock inlet. (0209] In one

enbodi ment of conducting an oxygenate to olefins reaction, a solid,

particul ate catal yst conpri si n a "smal |." pore nol ecul ar eve is utilized.
I n anot herﬁ]@ﬁﬁ?fﬂ]io ?ﬂlpergpugeo”ftl ]aﬂé{?xg'iséllﬂ”artaé gé?%%?%‘?“%’nﬁf i ng a SAPO i s

utilized ot her
enbodi mentis, ;{%ﬁé;&%%g%@%s??&}é%gggé%;;@gﬂbﬁéd%cﬁ6?& daﬂ@coﬂ‘lg an 0.65, or a

Si/ Al 2 rat diduef on@dldlgoMVthwehhyﬂromrh@;_ oo sepr8e Adahéht Daadcbtlm'fal not greater
t han 032, or %ﬂb\l ﬁatio of rh(;t grea er_ than. 0"20h {}n g gt her aspect,
the SAPO i 25U EHRYGrOEPA SHSAECHI BT SBICA c P hAPOHAE 19R YA PRAESEe size of

| ess than { caRgsh fQPBen 95@&ﬁ{daéanyesqmo%afa%g@,m%@caﬁwor{;ﬂm ng from3.5 to
5 angstrons, nore preferab y from3.5 to 4.2 angstrons yet ot her

aspects, tﬁEr@APO utilized is selected fromthe group of SAPO- 17, SAPO | 8,

SAPC- 34. 44 and,SAPO-47. ..t he cont ai PS for t her eof .
and m xturﬁdo(as 1 her eof? Oﬁielﬁbc@@eﬁb‘g@hewe%@hﬁgl %?70 é?’ﬁ%&@ 6483 74
[0210] An%ﬁﬁéna@mampm%mg afilubhor! damﬁmabpl@a&wemy@mﬁrbbhaéndtéaanﬁm | pore

mol ecul ar sieve Utilized'is an intergrowh nateri al haV|ng two or nore
di stinct maseeshxﬁmwb@t aﬂanlynm @tvrfucnw povidetihd thedivet readtionistage. i eve
conposi tion ot her

sieve util P%BGH’BB }eingseg i ?ht“gr Gr 8?1? eﬁ@k@p ;gralélr]éf% %@%\/%PED!L sggls?r For

exanpl e, ARG Xy feBdanek &M&h&ﬁy bavpriang Akt areadtikndt ype, and
SAPO- 34 has a CHA tranmewor k- é% In particular, the small pore intergrowh

mol ecul ar Tesicevehydrp¢drberd apda éo@gwnwehydr@cwbsx iPgve it prapiged at i on Seri al
ND. 091524,016.. [LLeth AIRUSH Lo 2000 85,1 PO, 901 1040, puil | shed A i

16, 1998. conduc ocar bon: conversion re i on according

to this lB}ﬁﬁ@ﬁdll@monﬁﬂsir@lamlEl@ﬁﬂlbrrhaiﬂimﬁ\ﬁl ehcipasydurerbnciml addiloaai ty and
average gas superficial velocity (and.in direct proportion to |ncreaS|ng
vel oci ty), reastive briipersben ilstye in 1y ToRm Isprovified pliopel te dpwest fredpipek

(et eelypRRERan) il P enai s 0 P Sk sl b gpioe,
with the gas]efad;td\ﬂnﬂg% dslifa(bug‘hhé hﬁygeaa&etfemmz:bm@noaaﬂj dohmmshigramgiant
or additional reactive hydrocarbon, and additional reactive hydrocarbon, if any,
provided in any form 1o the first reaction stage is provided through the lowest
feedstock inlet.
[0209] In one embodiment of conducting an oxygenate to olefins reaction,
a solid, particulate catalyst comprising a “small” pore molecular sieve is utilized.
In another embodiment. a solid, particulate catalyst comprising a SAPO is utilized
to conduct an oxygenate to olefins reaction. In still other embodiments, the SAPO
utilized has a Si/Al, ratio of less than 0.65, or a Si/Al, ratio of not greater than '
0.40, or a Si/Al, ratio of not greater than 0.32, or a 8i/Al, ratio of not greater than
0.20. In another aspect, the SAPO is a small pore molecular sieve that has an
average pore size of Jess than 5 angstroms, preferably an average pore size
ranging from 3.5 to 5 angstroms, more preferably from 3.5 to 4.2 angstroms. In
yet other aspects, the SAPO utilized is selected from the group of SAPO-17,
SAPO-18, SAPO-34, SAPO-44 and SAPO-47, the metal containing (MeAPSO)

forms thereof, and mixnures thereof.



the second material transit into the separation device. In one enbodi ment of

the invention, at least a portion of the solid, particulate qt IBy 67
flow ng throu e second material transit and into t giét%léﬁ devi ce
u\Rgtng&P%ﬁ t he 'nﬁjﬁ% s [

is circ separation device to the reactionh zone to again
contact feedstock and facilitate a coaversion reaction. In various aspects
of this, at least a portion of the solid, particulate catalyst is
circulated to the first reaction zone, or at |least a portion of the solid
particul at 92¢6k al yst Ansther sabbddihedt d0the hvepgaomdintaacthaothezoabl.pokd a
particul ar aspect,, at |east one portion of the solid, particulate catalyst '
fromthe OSPIE Pighe WeAcEds MsinteTerqyth frateria) haviae £ve 8f Mogadisief st age, and

at | east 3&9‘{3 A : i rtd - t s circulated to -
t he secon reggg‘%fu%ﬁﬁéliﬂéég)g‘.r ﬁ{t%&gﬁgt earn,g: r?rgire éﬁl%%'&rlﬁegcl?ﬁg%oi‘g}sb%éé of this, at
| east a poaditloer enfbotimeens,ahé emalp potd iatdr@berth malealipptievsutlizedul ated to the

first reaction, stage and none is circulated to the second reaction stage.
In one ot hEAMPIHSE &0 Hﬁ?rtgf%ﬁtﬂléi_f A%I_ﬁ‘é@tc%f‘ Trampegvorktyneg ok pr &9l on of the
solid, parshebl il ocRdakkah el § filleahotel fahBifoREGA0dnG 800098 stage and
none is circulated to'the first reaction stage. For®dn oxygenate to olefin
conver si onhasrz2@HA Pamewbnk-typd. elnopard allid theparailipon At poatth nydécutarr cul at ed
fromthe se,paratiog.devi e _to_tﬁj reaction_zone, or refg[ablé to the first
reacti on s¥SYRUIZd deQnerdmsebeadipl B Pgem Anpisatm0Eriah3op 881 693957 |
PCT/ US2003 406 hst 79080 %rlih BRSh w5 o8 906! e BOA LIRS 1098, 1 om 10 to S0
times the total Tat€ of *~ oxygenate feedstock and any additional reactive
hydr ocar bof02aipvi ded Wientdeaduatmgct hyeinoczda. coh @ 4idh réactian acooydiepad e to ol efin
conversion_reaction, light o) efin products,_.i.e . et hgl ene and propyl ene,

wi 'l for m BURRVENtGTyeeriam e gipatiepnd eat shreeficilefstitty Agd 24t2pe®& in part, on
the solid, sxﬂiéfﬁdiﬁbUe?écﬁB%{daiﬁﬁéﬁxtect@*& oI W incRhsing veRcityPahd i cul ate catal yst

circulated fromthe separation device to the reaction Zone, the anmount of

r egener at echaattaisyss optho volid gatiecui die catelysit(iorrselymeoperhienslovigh dprsagsure  and
partial pressures within.the reaction zone nd the specific configuration
bf the e BATCIESEEACUY CatE PEEPIS RODRE TR SYLT PAUE AL S REN S, ¢ he
oxygenat e {dhe i@iied vahebal ﬂﬂ\vﬁlﬁc,al%}dl.\gﬁ theSree@RAUGHE hrdtficw {esmar at ure of
from 200C to 700C, or from 300C to 600C, or from400C to 520C.~ Lower

t enper at ur 8 sgeandhasteral tragsiy o ithe sepaietion devder. dh onegmbodimenintithene f or mat i on
of 1ight ol gblig: T BEGNE FABESHLY pRlNRLe Ve YELn 2l N ANGE

t enper at ures e processp may” f'orma dhat tract v y | OW ano of
ol ef i n pr ogkiohd matdith] trassieddunio taé sepaetdidhidabice s circulated from the

separation device to the reaction zone to again contact feedstock and facilitate a

i ght

conversion reaction. In various aspects of this, at least a portion of the solid,
particulate catalyst is circulated to the first reaction zone, or at least a portion of
the solid particulate catalyst 1s circulated to the second reaction zone. Ina
particular aspect, at least one portion of the sohid, particulate catalyst from the
separation device is circulated to the first reaction stage, and at least another
portion of the solid particulate catalyst is circulated to the second reaction stage.
In another, more particular aspect of this, at least a portion of the solid, particulate
catalyst is circulated to the first reaction stage and none is circulated to the second
reaction stage. In one other, more particular aspect of this, at least a portion of the
solid, particulate catalyst i1s circulated to the second reaction stage and none is
circulated to the first reaction stage. For an oxygenate 1o olefin conversion
reaction, the rate of solid, particulate catalyst circulated from the separation device

to the reaction zone, or preferably to the first reaction stage, is desirably from 1 to



byproducts such as carbonaceous deposits (or coke) and |ight saturates
(e.g., nethane and propane) fornmed may be unattractively hi gh.1 F%%Zﬂiﬁ)fl Li ght

ol efin prpgdyslmivsh! also formover a wide range of pregsyfRSuoso}dlsseveral
aspects, the initiral partial pressure of oxygenate and any ado‘fl t1onal

reactive hydrocarbons present in the r#action zone is fromO0.1 kPa to 5 MPa,
or from5 kPa to | MPa, or from20 kPa to 500 kPa. By initial partial
pressure is nmneant the partial pressure within the reaction zone of the
conbi ned (rl@aimesy er figed) 1o Sopiasist erdnomfl 0ad b0 tihes dheytigahadtesf and optionally

additional reactiv hydr ocar bons. .as .provided.to fhe reaction zone, prior to
reaction (t%gﬁ}iﬁt‘?ﬂ%@@%‘% and-Any iaaamﬁ?@srgﬁﬁné{%ﬁb‘ih@(}?"g?‘harot" dtathsl pressure

wi thin the 8aghi-8h.zone may cone fromany diluents present). 102141 A wide
range of weight hourly space velocity (WHSV) for the oxygenate conversion
reaction, dé2lled as Inhe dxgtalateweiodiin afnvealsiontrbetioryljEn alefs pracduttgpt i onal |y

addi ti onal .reagi}% ve hydroc?r bon rovi ded t‘? t he rgacti on zone per hour per
wei ght of rish&Etilene ApggPyienc, WE! Lopi QYer pArds RHLSPECEREIYES in the reaction

zone, functde Qnda\h%mt Rabing PEHY&%& ofid, PhRichRteanpii Ot aRfoudd 4t SBE&, oxygenat es

and optionally additional reactive hydrocarbons” provided to the reaction
zone i ncl udestidilatEEBalROCTcVIARIXDO HIEIBRHALACT US20B¢ frh6U@Bz0M8, thehat

rovided in both the vapor and |iqui,d. form Although.the catal yst ma
bontai n ot HEFOUMLPLIESHANEn cHANS PTG & HA I aTE. hedo Rl BHEE i n- t he

VHSV is  def@riidied-Lsi-BowRRhthe REc] SRk, 8l (hh e EGrkghrBbeYLHeN t he

solid, particulate” catalyst in the reaction zone. In various aspects, the
VHSV i s fr omactol apparatus ab@@6actinn rorie, lovafipemandbddiments. thO0xygenateaw from 5 hr'

to 200 hr', ot from10 hr' ta 100 hf ', or from hr-' ¢t hr', or from
18 hr' to ks O TR ge RALTd AR HEISHITIO EToA00 G 200005 ar 6 use ul
IT there 'Sor‘?rorﬁggﬁdq {o%088E Aoty FEsJobE. E%%Pfe#qﬂa'eraftﬁ%é/gé& fify unreacted
nmet hanol separate romthe conversion products. a part cutar obj ective
i s to incressdt miygenates of eanver. ahdtheyfoahaicarofdgheslkeiing inpy becdmeght ol ef i ns,

particularly ethylene and propylene, a first hydrocarbon_ feedstock
conver si on %?Ikﬁ%lyéﬁé’t’ﬁreﬁof‘f?é{?ffg }181@;;; IIPPHEN S &t Woces Y 5G9 or no

reater th Yt ~si.pn of no
g %ﬂlagzga_c%ly gzgw aﬂaoamqngh?ﬁgﬁﬂgg@gg}o@, {iReHs bRbknt FARUES SR

greater than nogr eat e or no greater than 96.0% or
no greater ypaodueE 0eh ascasefantqus depesitd ¢ntcobiplomd lepm sguratdsée.gt hi ngs, the
choice of opetating tenperature; Pronortion ang fype of ml ecular ‘sieve in

[0213] Light olefin products will also form over a wide range of pressures.

In several aspects, the nitial partial pressure of oxygenate and any additional

reactive hydrocarbons present in the reaction zone 1s from 0.1 kPa to 5 MPa, or

from 5 kPato 1 MPa, or from 20 kPa to 500 kPa. By initial partial pressure is

meant the partial pressure within the reaction zone of the combined (rate

averaged) composition of all the oxygenates and optionally additional reactive

hydrocarbons as provided to the reaction zone, prior to reaction (the balance of

partial pressures providing the total pressure within the reaction zone may come

from any diluents present).

[0214] A wide range of weight hourly space velocity (WHSV) for the

oxygenate conversion reaction, defined as the total weight of all the oxygenates

and optionally additional reactive hydrocarbons provided to the reaction zone per

hour per weight of molecular sieve in the solid, particulate catalvst in the reaction

zone, function within the invention. The total weight of all the oxygenates and

optionally additional reactive hydrocarbons provided to the reaction zone includes



solid, particulate catal yst, and anount of regenerated solid, particulate
catalyst provided to the reaction zone. |If a particular objective is to
reduce reaction zone volune, a first hydrocarbon feedstock cohV&EBRij of at
| east 40n¥0%p0iom32T | east 50.0% or at |east 60.0% or RET/UVREEY016830% or at
| east 70.0% and a second hydrocarboxs feedstock conversion of no greater
than 98.5% or no greater than 96.0% or no greater than 95.0% or no
greater than 94.0%is useful. O course, these last two factors may be
correlate iLh ke i:al:Ly. rec ' ted oxygenate
feedstockdtth %Vpéc&%{kfma pgglg%@?gﬁiﬁ@% yo&khtxggé@taggéggggé%ﬁati on. 102161
\\ Thi | e coswaiteiat vther mateplsganiatefiion\ved dinderst sadet dieradil, the VIS Esent
invention, one . may utilize the operatin para_mat_er% of .the reaction process,
such as cifaeminegrysyig @y ghe yegh %ﬁﬂl@mogemar sgMainthesolifyparticpldle csvs. to
provi de a difif ; s@l |.d; J al L4 bl ihagach
reaction s%gglg?grﬁ@fgée#ﬁgﬁ Zt8 &% ﬁla‘éagmug?{ p«s%%tﬁﬁh@t'\?glél?ﬁ lglg OZI% (la\ﬂtr:atya ygt in a
reaction shdger fram dyrdnd 6a0 hy’ e Sioth Hort foer08i 1), opdrbhowdiy ' tth@08 ke anount  of
solid, parficulate catal éstﬂ W th respect_to mass, may be in a given
reaction st&gBoBUSiHg toRE Eourdom i 8dbelcatin; it nmay be different

catalyor 1929 e R St R Bt shASE s RED e A SR S84 P 0L S
t hrough t hepetifiaatédm mnimize thepotestisieedyoleprfamrebeted réthimn] eeparateds of sol i d,

particulate catalyst in a reactjon stage relative to the total mass in both
the first §ﬂla tl&fe%ﬁarsrcglararpﬂw-skf&g@glwg% OBEECHVE P INCTEIE OV EHAE t he desi gn

of an appagatus;-afi; t.i L] ] RenBL ucting a
hydr ocar boén&c%rgl]\?g é‘?lgﬁ?sgéﬁi‘?ﬁgﬁ}@ﬁgﬁ P ﬁq@g]ra??usﬁggrﬁg‘%}d%%@g&%f t he
i nventi on & fiwohywdrogrbmm feeyigociat@vesstonvensi geatercthat iS00, toh@ogeenterof sol i d,

particulate catalyst in the second reaction stage is at |egst 10.0 wt.% or
at | east 2%?@7%%/? BY gEptgr é]a%k?%g%o E‘.%C"Wﬁﬁcﬁgi:@é%’f %eﬁﬁf." W . % or at

| east 50. Ocph,erdoRforhB@rSHiR Bhn 691694185 fo BfcaRPhilath 09Xl biGH EeRer @ 8l ySt i
the first and second reaction stages. Ih other enbodinents involving an
oxygenat e 2ofkeorsicogrenientian ®n;0% Freuseiid slepéndeol tphn, paong otheatlengsat al yst i n

t he second rgacti n stg&e IS _nglb_greater{)i tha(P 80.? Wt].(V(i or no greater than
70.0 wt . o TGFIRER OLRELFURE ENRAAESTPTRROEN 879 NES ST BREIARINC MG w0 or
no great er sdifdaphrdéulfte cilaly Ahd bhRuSHAR efeneNRed IR, PhriisQlatebatddpi t i cul at e
catalyst in the first and second reaction stages. In yet other enbodi ments

i nvol vi ng previdry ethareactionvensldm particular objective is to reduce reaction zone

volume, a first hydrocarbon feedstock conversion of at least 40.0%, or at least
50.0%, or at least 60.0%, or at least 65.0%, or at least 70.0%, and a second
hydrocarbon feedstock conversion of no greater than 98.5%, or no greater than
96.0%, or no greater than 95.0%, or no greater than 94.0% is useful. Of course,
these last two factors may be correlated with the cost of potentially recycling
unconverted oxygenate feedstock to select a particular embodiment for a given
situation.

{0216] While conducting an oxygenate conversion reaction of the present
invention, one may utilize the operating parameters of the reaction process, such
as characteristics of the solid, particulate catalyst and GSVs, to provide a different
mass of solid, particulate catalyst within each reaction stage. Note that the mass
of solid, particulate catalyst in a reaction stage is dynamically residing therein,
although the same amount of solid, particulate cataiyst. with respect to mass, may
be in a given reaction stage during the course of operation. 1t may be different

individual particles al any point in time. since the solid, particulate catalyst is



‘reaction, the mass of solid, particulate catalyst in the second reaction
stage is any |logical range selected fromthe followi ng: at DdatB . 0 wt. %

or at |e%§(§2(?09/0932‘4’§ % or at least 30.0 wt.% or at |eastriABson4s96 or at
| east 50.0 w.% and; no greater than 80.0 w.% or no greater than 70.0 A

t.% or no greater than 60.0 W../% of/ no greater than 50.0 wt.% or no
greater than 40.0 wt. % of the sum of the mass of solid particul ate

cat al yst the first and second reaction stages, 0218] In particular, if
the obj ectl F%t%rﬁuglh@ﬁé%%céloé%?@‘én]él}eedeéﬁﬁ%P%qVéﬁ? @lﬁéxeatmassSceﬂseb@.v.ty to

i gh_t ol efi Ricu tglgllsﬂgj ayregétmﬁs € raGvdo9R cﬁgﬁ%?s@afgﬁlﬁ ﬂ?f{ ﬁrf olid,

particul at e catal yst he "'secon reac I on s age o eas 0% or at
| east  20. Gl sedondtredc@iantstazbs 086 Inf a tdedulyinerif intthedestigsofan Hphraths olﬁarti cul ate
cat al yst |n both the first and secqnd reaction stages is useful, dependent
upon, ~ anpndhPIERNt IYHES andrbe Eﬁ%ﬁoéé’féf’n%gP&talhiféfctc@f?ﬁérca{i‘{ﬁ%On proportion
and type of . mmlecular sieve in the solid, particulate catalyst. and desired
extent of conversion in each reaction stage. 102191 Many neans of neasuring
and cal cul 4021y t he niasariots sbodimenpafthecmbeaittontiavaligtan oxygenagact i on st age
of the present invention are well known to tho? skilled in the art. One

si npl e nearfONEIRGRITSREOE, e masiPhelidopargpulpiscatn ‘ZLStF"IiEeBe%@é?’eWIQOOM 01325 7

PCT/ US2003) 48 Zfk 101R%SHL 5: AELEIGNLHAL BofBerd ¥ dL Tt sregy hel ghts in

t he sane st in the same  direction as gravit I ng operation. The
pressure did0@Ewedd,ioakt lessttbhenwdiwiideesiby of theematisfof esléd) particnlatene hei ght

whi ch provide an ver age denS|t wthin the s This average density is
then nulti i@ %ﬁrféswri&ﬁ@@r ‘ﬁ‘é’“éi%&%h@rﬂ}éﬁ‘f SIS ch i s

known thr OLIE‘? é&a&@b&h&fs@éﬂ‘ﬁ%@:&?%ﬁaéds% §@1|1d3Hﬂaﬁﬁdu%écaﬁl%ﬁﬁ’ﬂﬁ%e&ﬂﬂ desi gn or
actual neasu grrents of the stage, which provides a detérmnation of mass in

t he stage. Baiohctagkes hag@ated n}ia‘ne%%‘@fe% or nhgr@mshetry 70 l@em\%en mbhe

hydr ocar bon feed toc uents, and_con roducts st age
ey aona EE S TaR SH N i ShaR el grey KOS S et B0ty e

within thag, %I&rm@@um bF tHeSnARITLSRI, %Eﬁlchﬁt&%ﬁgﬁ% tHehfkt dRlsesdpaned mass to
be the mass of solid, particulate catalyst within that el ement. The masses

of each porreawionsfagss. 151m})@thmymbedlamﬂﬁdﬂt"d\fmEéirQﬂysenaﬂheOIt\’@tSm mass Wit hin
e e A .
various el egpiblsrahge @Ié@ém@@mftﬁéfm]@mw@hldaﬂaﬁo @m %i@lﬁﬁﬂ}éﬁs!t aoe va@rpl e vol unme
of solid, particulate catalyst in any St age or portion

or at least 30.0 wt.%, orat least 40.0 wt.%, or at least 50.0 wt.%. and; no greater

than 80.0 wt.%, or no greater than 70.0 wt.%, or no greater than 60.0 wt.%, or no

greater than 50.0 wi.%, or no greater than 40.0 wt.% of the sum of the mass of

solid, particulate catalyst in the first and second reaction stages.

{ [0218] In particular, if the objective is to increase oxygenate conversion

yield or selectivity to light olefins, particularly ethylene and propylene, a mass of

solid, particulate catalyst in the second reaction stage of at least 15.0%, or at least

20.0%, or at least 25.0% of the sum of the mass of solid, particulate catalyst in

both the first and second reaction stages is useful, dependent upon, among other

things. the choice of operating temperature, proportion and type of molecular

sieve in the solid, particulate catalyst. and desired extent of conversion in each

reaction stage.

[0219] Many means of measuring and calculating the mass of solid,

particulate catalyst in a reaction stage of the present invention are well known to

those skilled in the art. One simple means comprises a determination of the



thereof will be very simlar, in teens of the proportion of nol ecul ar sieve
and binders and fillers. Thus, there is typically no need. tgjﬂ ﬁ’/" t he
03/ 6483

act ual R 9_[§| of sieve and bi nders and fillers in ]'Q(IEI-FI 3
parti cul atogmca{'t a%qst in making the determ nation of the mla]ss 0 e solid,

particul ate catalyst in a reaction st&ge, even if different proport| ons are
added to the reaction stages at different tinmes. 102201 During the
conversion of oxygenates to light ol efins, carbonaceous deposits (or coke)
accunul at epressutdrh'ffendﬁtiﬂl bfﬂ&iﬂtlil owd differemabaklyistn dEesdntecstqgedﬂﬂiesathe

conver si on..reacti on. oint, the build._l hese ar ponaceous
deposits QEsEeR a%gwé’g}pj 18ﬁ OPRFap P -béepﬁﬁﬁui"et ‘}15{1@?‘3“% 15§]Eﬁq dggBYi cul ate
catal yst tgaomuesde ihhife hagtgwa]jn&ﬁsgsatn%%r Wwﬁiuﬁfth@&a%e’“ this

point, the solid, particulatée catalyst iIs deactTvat®d. Wien a
sol id, parTlmsaizfaage datsabrysthenamulnphdddnyghe voknnweafttheastaomn;dyenat e to an olefin

product, the solid, | at e cat st sidered t e, fully
deact i vat efPnsideratign %ﬁlc ARk %‘F’éﬂ‘r?‘l‘g b@% gegeP@eH}céﬁ*’?W?%WH%er si on
reaction, ghsB@bhiRI&Se nt(t}edcﬁf?i brasup aafédtg:wmte ‘§ta§@tv@l|u¥§brdv§dé§‘at hdrawn froma

reaction stage and at | east parti I not “fully, regenerated. By
regenerati dmcmnnancm ofaaads in ultmtagehéllmao himiargecmﬁ”exdaqmmlthsdmsﬂy at | east

partially renove mt e soljd,. 01 FEB 2007 V\02004/0135
PCTI US20037316esHe hygr rL‘Pﬂ“c‘p ?%{Oékcé fusPisnd qomyFrsIan Ryodyay % on of the

sol i d, par&hg&l&@feﬁc&%@érmﬂ anll thOGLAWD oF (HRBolAS A ek CRalsedfininS at | east

parti aI | y deactivated. The regenerated solid, particulaté catalyst, with or
Wi t hout cotbki elgpentsittikh permrietiblene dortsler dtat igestinahmast totheshe smst 6fon st ages.

The solid, rticulate catal hdr awn fro ei ther.reaction stage
at any Iocﬁﬁ%oﬂarﬁﬁ‘d] affe’ %BZ}W "ﬁmﬁ ﬂayelpgﬁ'étwgb%fnﬁfses PhehPuRN e drent , t he
catal yst i §a0d hRdpawdddd ®BcidRirRaRaidl nPis vil &R shak] fidnd EavRl A&t t hr ough
the second material transit. In this enbodinent, the rate of w thdraw ng

the porti ow ctpmbteh@ugbwldmes pbnithﬁ @Lﬁsamen‘@mlawb@ sqlish partisylateesatalysiis i s from
0.1%to 99%9f thecg] h}tv oLj Igart é:n atlg c]%tal%ls t hrough the
second mat & %ﬁar{) gm{mg < %”ﬁ)g ggﬂ’ﬁ? th A | C&MORBY %gﬁni cularly, the
rate is frgpréprdde §zﬁn151@9(q)hmw@fsasnatpﬁl@@mabmﬂysthm Qtap@tok podivm [0221] In
anot her enbodinment, a portion of the solid, particulate catalyst is renoved

from a r eatkereghwalt bgéewwnmlégewﬂaﬁ phthe areporaen eirealepdangieyeanst one of the
reac“ on S@iﬁ@%@ aﬁ‘&ﬁ eF fthL{qu}y% cfjaug'nH‘&%%& {%Oéogm‘ak%%’aﬁilﬁgf e desirably from

to 5 times esira trmes e total feedstock
r at e of proportion of sieve and binders and fillers in the solid. particulate catalyst in

making the determination of the mass of the solid, particulate catalyst in a reaction
stage. even if different proportions are added to the reaction stages at different
times. |

[0220} During the conversion of oxygenates to light olefins, carbonaceous
deposits (or coke) accumulate on the solid, particulate catalyst used to promote the
conversion reaction. At some point, the build up of these carbonaceous deposits
causes a reduction in the capability of the solid. particulate catalyst to convert the
oxygenate feedstock to light olefins. At this point, the solid, particulate catalyst is
partially deactivated. When a solid, particulate catalyst can no longer convert an
oxygenate to an olefin product. the solid, particulate catalyst is considered to be
fully deactivated. As an optional step in an oxygenate 1o olefin converston
reaction, a portion of the solid, particulate catalyst is withdrawn from a reaction
stage and at least partially, if not fully, regenerated. By regeneration, it is meant

that the carbonaceous deposits are at least partially removed from the solid,



oxygenat es and additional reactive hydrocarbon to the reacti O[ﬂ stage. [ 0222]
Regeneration is carried out in the presence of a gas conpri si bFEB) §den or

ot her oxi\mg‘;ogmlﬁ(@npl es of other oxidants include, butpatgspmboigagsessarily
limted to, "singl’et 02, 03, 503, N2O, _NO, N02, N205, and mni xtures thereof

Air, air enriched with oxygen, and air?diluted with nitrogen or C2 are
desired regenerati on gases. The oxygen concentration in air can be reduced

to a controlleg | evel t(%?m' i m'fe ov_erh$ati nﬁ; of , .or creating hot spots in,
the regendfHicyfate eqtalygolPegiratinthe portigh of thersobgspariigjatgcaglyse r egener at ed

reductivel y,imed g80ctit ALY S arf@n nonoxi de, or

ot her sui tab} le re?ég{tﬁg gz"a:slét;ﬂsg.i %1325%5?‘%52%%@“9%% s’ﬂgﬂgi d, particul ate
cat al yst neggcherateigohdr parad:late catalyst, muthize rwidfoureddimgsis-therbratughed ont i nuous,
sem - conti nupus, conbi nati on _thereof. Continuous solid, particulate

s, or
catal yst réb ﬁ%‘r"é‘_tei%ﬂ‘q r§’a%ﬂOé?é@gF%dTlﬂ%i%de‘FWﬂ‘}&aW)@hW bes or an oxygenate
to olefin Qﬂfh‘ﬂ%v@x? %rer{ 8(3%? QB ort WS la*?dlocgfi‘(’}ﬁ L b 2Lt }octﬁ& alyst is

regenerated to a lev remal ning coke fromO0.01 v/i%to 15 w% of the
wei ght of tégenspitard Inpae tinbodimest, Gatatayst is Withdrakn Brod0the sepirat2fiD 41013257

PCT/ US20031016483 . $0 [ 02 The solid articul ate catal yst. regeneration
{ enper at ur SURE AR VF F T 2EGaIS seepabebicain igad aiiy PPOHPRC to- 700G
Because t hepe [206NG1ALLR M BaFHOR of A1cES1A) ;ﬁ?@cﬂéte%at&@%? ature considerably

hi gher than the oxygenate conversion reaction, it may be desirable to cool
at | east arppmeiadionas fromed. 1% eq89féredttiedratrodti the sq@lat, prcighlateecatdystl yst to a

| ower tenperatu before it .is sent back to.the reactor shell that houses .
t he r_eacti6 Oélggé&s.ec?we‘@éﬁa?]ﬁa}]ﬁéﬁﬁo %rsegq{an%g(%vé%ﬁgogedmm%%r >conver si on
reaction, aneahdlsMidm 029 & 5095Uml, AdstcRERMNPITGRO B 1o S84 shown in Fig. S5A
| ocated external to the regenerator nay be used to renove sone heat from

the solid, [p22k]i cul at & et geibodifitent, ajporthersofibe nold, phmicalate datadystt he
regenerator.. \Wen the regenerated.solid articulate catalyst is cooled, it
o2 des r atih ER HaB P AEL bR Reeelival G &t B R Sreger “to- Nor

| ower thanhd hacti@MREsRYE @xobf frfia 0SPlilds (DB filnes! Inddre dedfablyyeémwin ch exits
fromthe reactor shell that houses the reaction stages. Mre desirably, the

regener at ede S8mes; angaost deghaitwirem &F Yo umes theolotd faegstack @il at ure from 10C
(5,200 | OURS,IAD Loy BIRSLANE bl REbbGrgtBgpul ot o cata ot Trom
returned tqoetajher soREpeperatioon cafriedl@t in the presence of a gas comprising

oxygen or other oxidants. Examples of other oxidants include, but are not

necessarily limited to, singlet O,, O3, SO3, N>O, NO, NO», N,Os, and mixtures

thereof. Air, air enriched with oxygen, and air diluted with nitrogen or CO; are

desired regeneration gases. The oxygen concentration in air can be reduced to a

{ controlled level to minimize overheating of, or creating hot spots in, the

regenerator. The solid, particulate catalyst may also be regenerated reductively

with hydrogen, mixtures of hydrogen and carbon monoxide, or other suitable

reducing gases.

[0223] In general, the solid, particulate catalyst may be regenerated in any

number of methods -- batch, continuous, semi-continuous, or a combination

thereof. Continuous solid, particulate catalyst regeneration is a desired method.

In particular, for an oxygenate to olefin conversion reaction, the solid, particulate

catalyst is regenerated to a Jevel of remaining coke from 0.01 wi% to 15 wt% of

the weight of the solid, partuculate catalyst.



reactor shell, the regenerator, or both. Wen the regenerated solid,
particul ate catalyst fromthe regenerator is returned to thejfeagtymy shell,

it may R%}{(,%Mg led to any portion of the reactor shel perd@203414483 one
enbodi nent’, soli'd, particul ate cat al gst regeneration is carried out on an

at least partially deactivated solid89particul ate catal yst that has been
stripped of nost of readily renovable organic materials (organics) in a

stripper or _strippi n? chanber first. This stripping can be achieved by

p?ssi tngda["z%ﬂi ppi ndhgelidopaiicplae iﬁ%ﬁé%&ﬂﬁe&mpéﬁﬂﬁp@aﬁﬁ @m@hibfr yst at an
el evate f 0 ) ' [ e steam nitrogen,
hel i um a%rgl([i)nr?,% O%?%Z%%.C%‘?ﬁ%@afjﬁy"ﬁ?oge%,&} Z(?]dgem@%tc %&%stﬂ?her eof. A

pr ef er r edregaserhtforsieaaivn t8as phadrat ¥ tappeaeury ehaidetaply HiSV: thaasied on vol une of
gas to volunme of solid, particulate catalyst and coke) of the stripping gas
i's from 004ygsnate convessigpipaguen. ARk be dehikble lopsel alteast 8 pertiosaithgi ng are

from 250 Creﬁgg%ez?tg?fs%lzd; %alqﬁﬁkaw&ggt 8 @lé\%gﬁefl@ era@u]r@ GFfo[rQ ft%? Ler!%‘?anﬁnb odi ment of

t he i nvent includes séparation and puriftication of the

conver si ot the eshoir Shélbthpr ladiweethbirglttiph siabys. dnadenaal, ahldgbr purity WO

2004/ 013257 1 FEB 20Q7 PCT/LS2003/016483 81 olefins are generally

recogni zeBXYAPNRMR & lediRcPPEEsipM TeagHOm A CAYE SAPIKT. U ay eatalystggolet .~ 9 ol ef i n

of a sing (o} en I | .0 preferably at
| east 95 ; 4%%5%51 gror% ]Oof:eagt{dre%%{rggat%h e%eé?‘?e@é“’aﬁ’.a%%e (Ié% Sglrol\ y olefins
are al so genehadt fiyni the agiid, pardicakiareatlysgaffen it besregithden@framaliound what

type of conponents_nay be present wth the desired olefin . of a single carbon
number . FHECRSIaRDI &hephaasesnstded pubipaRrlatoratalig ipredethtit nventi on one or

more prodygt i.gh i k Jqﬂg?zb'cgﬁh- 1Y 0B¥E ne or high
purity buﬁégﬁgggﬁétﬁeﬂg?@%@e%ﬁ ﬁylasmot erbenialgg§lrre)r?togo(¥) t Eg pr esent
i nvent i onthahéhe feinglarapure of theluliy) pangcybato datatystravhichexits fiohethe peaetwssed to form

roducts co ised of very high concentr.ations of particu).ar butyl ene
ommr s, T BRI pgr oy e SRt b reeh g s Sase 8D Wt
Ybut ene- 1pm95u1§{e_tc‘§fa’f'}as?isvc%bbéd% ah&RpdraiPe ¥k 1CANLEOR: Towdr Qdiihe Puri fication

to make high purity olefins traditionally requires renoval of |ow |evel
i mpur i ti esmperatuetcdevmht sparhiwteicatabrst frm the renctdnghelseThis coblegh purity

gloleillrrg?i Izg?lisd;%g’g@g@?etrﬁ??agfé ahﬁ%’r%%%&ﬁ%& I%Ir_%wef)g%éf g%%ﬁll i "‘—‘Qnt gegener ally
reactor shell, the regenerator, or both. When the regenerated solid, particulate
catalyst from the regenerator is returned to the reactor shell, it may be retarmed to
any portion of the reactor sheil.
[0225] In one embodiment, solid, particulate catalyst regeneration is
carried out on an at least partially deactivated solid, particulate catalyst that has
been stripped of most of readily removable organic materials (organics) in a
stripper or stripping chamber first. This stripping can be achieved by passing a
stripping gas over the spent solid, particulate catalyst at an elevated temperature.
Gases suitable for stripping include steam, nitrogen, helium, argon, methane, CO-,
CO, hydrogen, and mixtures thereof. A preferred gas is steam. Gas hourly space
velocity (GHSV, based on volume of gas to volume of solid, particulate catalyst
and coke) of the stripping gas is from 0.1 h™ t0 20,000 h™. Acceptable
temperatures of stripping are from 250°C to 750°C, and desirably from 350°C to
675°C.
[0226] An embodiment of the mvention further includes separation and

purification of the conversion products to produce high punity olefins. High purity



conprise polar nolecul es. including oxygenates such as water, alcohols,
carboxylic acids, aldehydes, ethers, ketones, esters and carb q i EF;
sul fur compauneis2such as hydrogen sul fide, carbonyl 5”'$bﬁﬁa§ﬂ JiRfeapt ans;
ammoni a and ot her nitrogen conpounds; arsine, phosphine; and c 1or|des.
O her contam nants can be hydrocarbogs such as acetyl ene, nethyl acetyl ene,

pr opadi ene, butadi ene and butyne. anong others. Hydrogen is anot her
contam nant of high purity olefin streams. [0228] Low | evel contam nants in

t he oxygenalefin€ afvginsialll redopdized By aladte shidled eimhicast tb)omiakpdtil@lsys®f processes,
including hydrogenation reactions to saturate certain hydrocarbons;
aci d- base Wattalefisof asiggle catpeningmbss peaferably & deask90 wartamaresul f ur conpounds

and car bon, g} e, 1R B 21, A, SELLA R PO AL, o6 GRPRURLS, Wi var T ous

mat eri al s, id nol'€ular sieves; bon i i ous

sol vents; oRifilas arealpesdmRAllivasiogaiddiat asktiog alrtidr sdgulreah@around vagddi ti on,
the desired olefin of a given boili n%’éfoi nt. naybe separated froma m x of
ol efins ahtPedcanpopgntpmay e Prssniov e hestssrshefepirhe singlef@rhgdi ng paraffins

done si ng 0 SEed 0P Bb R0 £ 1B SR BB B o e T onal
fractional nehirs ptdduaisisach a6 patgssthdéncahid pigitygropgevedt highalrinabsor bt i on,
extraction_or nenbrane separations. [0229]. The oxygenate to olefin reaction

may be par OPEiangs maydremsedycge Hy angihqembediraent opthipgupsneinvedvaitbek and
. osha . l . re N et
fotes ana PEARkY SubXH A RIB0 Ry H i SRR St BE bbbl O e

cost of thefappdiigh vendentrang ofipaitionlanbithlehb tsonend) dncadmpin shsi on of
oxygenat e feedstock to desired prodﬁctsli In alterngtive enbodi nents, the
prime ol ef PHIDERHIAGhEBPUENRIBHT SRSV 'Hristense | e rFReRvelY &l Ifgst “Phe
oxygenate tg olgfip.ethod of the present invention is any one of the

foll owi ng: at Jeast 4,500 kg per day; at |east 250.000 kg per day, at |east

500, 000 kg0225] day; Rariflcetist toIn@ahiglhpukty ghefinsdeaditicaially eagiired . 300, 000 kg
A excanmpl o PO oF BV el gl s BECR P Fiepicee B OARSEE o Ser shel | &
Wi th di scretd HiRaGLIAHs ZPARSeqRhl d5heHVE MafuGeRD DasRARLGLL @ device is
found in co-pendihg patent application U 'S. Ser. No. 09/564.613. [02301 A
usef ul al t gohyadrizatiembbethylent arsf prohelepe. esewideviehvenamonnisrpentralds

comprise polar molecules, including oxygenates such as water, alcohols,

carboxylic acids, aldehydes, ethers, ketones, esters and carbon oxides; sulfur

compounds such as hydrogen sulfide, carbonyl sulfide and mercaptans; amimonia

and other nitrogen compounds; arsine, phosphine; and chlorides. Other

contaminants can be hydrocarbons such as acetylene, methyl acetylene,

propadiene, butadiene and butyne, among others. Hydrogen js another

contaminant of high purity olefin streams.

[0228] Low level contaminants in the oxygenate conversion products can

be removed by a variety of processes, including hydrogenation reacitons 10

saturate certain hydrocarbons; acid-base reactions, e.g. caustic washes to remove

certain sulfur compounds and carbon dioxide; absorption of certain polar

compounds with various materials, such as solid molecular sieves; extraction with

various solvents; membrane permeation; and fractional distillation. In addition,

the desired olefin of a given boiling point may be separated from a mix of olefins

and paraffins of various other boiling points. including paraffins having the same

number of carbon atoms as the desired olefin. This can be done using



enpl oyi ng nore than one discrete reactor shell joined to a commpn separation
device. In one enbodi nent, one would replace the riser shells \ﬁ”tﬁBagﬂg?
atures

plural ity PlogyhBaet or shells including a tapering el ene % : &

as disclosed earlier herein. In particular enbodinentsp'P%g & |ﬁb

mul tiple discrete reactor shells wtlra commopn separation device, it is
useful to conduct an oxygenate to olefin reaction as detailed herein

wherein each reactor shell generates prinme olefin (ethylene plus propyl ene)

product atcoaRyntRal Rictichs! di@t'il'léiWnﬁGc}{r@é&&loratso|u§ﬁxgtcon€t’e§ﬁioggp kg per day and
no greater than 750,000 kg per day, and at |east 450,000 kg per day and no

great er t hehsodBONOOUakispTpeT MEARPraneGeBTdtionse ol efi ns produced by the
oxygenat e-t g5l efi n gconversion. tion can_he pol ized . to form

pol vol ef i n@?zgarti cuﬁéer‘?v %B?t)e/é? R%%@ﬁsa%‘ﬁa nlag%eﬁpb%ﬁbné%e%ﬁ%nti onal
processes Kigh sbfesUdLebensidtfobdstdck A20QAETSES rddcEive BY@beirbef, widar ticul arly
preferred are netall ocene; Ziegler/Natta and acid catalytic systens. See,

for exanpl @mikBurdRpBRE oNgi Predp@gaiesand Bagosarpesiusyyagmes)oghich

5,892. 079. 4, Q. : 076, 698: 1645. 992:  4,302.565: and 4,243,691. In
conerar i HilEeneRl Rmdot FonEeReos il B RG et e SrarRon Sat e "t b 2

POl yol €f i NexbhndoctboBv@0RY of VR, ZAREHRAERG fo BET/USRANRO 16 ARGV Or M ng

catal yst at a pressure and tenperature effective to foramthe polyolefin
product . 19RBRImMANstbE primedliglan (ethdenaplpoprioprigeatrapdust gereratedriising | ocene

catalyst. . The preferr t enper.at.ure range of.operation is between 50 and
230C and’ e SSyRRle AUy BRoE o e Gar me eSS et B "hi oh- pressure,
bei ng anywgloingdiat Rhdl 4560 kapeedsf al lehst 220000RE per &1 afle 886,060 carri ed out
in solution, aninert diluent can be used, and the preferred operating.

pressure rkapey day; $deanebR09.008 ke ren doy; Bleast 1wi0PR0] kgrier day:edileastnper at ur e

range of b 0 . 230C. h ro, S it ] ef erred
that the tougaods b bR ARl b o0 PR RO TR SR L A6 SoE e P4 bBeRE G ¢ P

t he oper at Api@radtiLaBimg Hehhet deasteTincheDo widrdiscrdtd 23dlion Borddi tion to

pol yol efi ns, numerous other olefin derivatives may_  be fornmed fromthe

ol ef i ns r e@AFBYEE & WELBOR SRR dFHIcsds Tuph hei-Penfimg rateapplicatiese i ncl ude.
but are nobé isrg} tI@OdO?BM%I]gehydes, al cohol s, acetic acid, |inear alpha

ol efins, vinyl acetaté, ethylene dicholoride and vinyl chloride,

et hyl benze[0230} et hyl ansefux ali@naiun@neodihsmyf dpypresdne divehtiomwolves n, al | y]
chl ol o BBl e Phvos e ghprete réactt shet fomed 16 3 Common separation o 1 AN

device. In one embodiment, one would replace the riser shells with a plurality of
reactor shells including a tapering element and other features as disclosed earlier
herein. In particular embodiments of employing multiple discrete reactor shells
with a common separation device, it is useful to conduct an oxygenate to olefin
reaction as detailed herein wherein each reactor shell generates prime olefin
(ethylene plus propylene) product at any one of the following rates: at least
250,000 kg per day and no greater than 750,000 kg per day, and at least 450,000
kg per day and no greater than 650,000 kg per day.

[0231] The olefins produced by the oxygenate-to-olefin conversion
reaction can be polymerized to form polyelefins, particularly polyethylene and
polypropylene. Conventional processes can be used. Catalytic processes are
preferred. Particularly preferred are metallocene, Ziegler/Natta and acid catalytic
systems. See, for example, U.S. Patent Nos. 3.258,455; 3,305.538; 3,364,190,
5,892,079: 4,659.685; 4,076.698; 3,645.992: 4,302,565; and 4,243,691, In

general, these methods involve contacting the olefin product with a pélyolefm-



di rers of ethylene, propylene or butylenes. The nethods of manufacturing
these derivatives are well known in the art, and therefore, aié Faptu);

di scusse%gg{’&iﬂﬁﬁ;?10234] This invention is further deseogitiagdodsnidiss
foll owi ng exanpl'es, which are intended to illustrate specific enbodi nents

within the overall scope of the invention as clainmed. Exanple 1A 102351 An
exanpl e of volunes of reaction stages is obtained with regard to Figs | A-B.
The first reaction stage 112 has a length of 0,2792 neters, width of 0.2532
net ers and BURBEgAEIGE 302 BESYTeaRGemperhEe sHBGHE tp daren thepoo 115 has a
length of Q,2 meters, a wdth of 0.2532 neters, and a height of 1.4288
meters. Therefore, the volume of the first reaction stage 112 is 0.0229
cubi c neter@231lhe volyrefeatd bbgor@adbehingaetalyanisstragaiidckhe caafst0916 cubic
neters, and the total volunme of reaction zone 109 is O. J 145 cubic meters.
The AECSA ofhe prefefried demperatuge rapge of eppsationds petween 79 and 44iCeandgher s (0. 0229
cubic netergs /.0.3239 net

) rs and the AED of the first reaction stage is
0.3 et er o ER1IOK F e g5 Fah 4t B0 et A RaR bl o §BEE 7 S
PCT/ US2003/ Q#Rth88e raBde ofBUEDLS() birs.TFD proddicesAlabRA it it Stutsdif; @R thefteact i on
stage 115 is 0.0642 square neters (0.0916 cubic neters / 1.4285 neters), and

the AED of dilugnseapdircisedarsditbtpreivreegdeopenuog pesurpeangess betwp¢ml Gamsl 0642
square nete /n]).. The ratio of the |len of ) action stage
19510 the REET e BRGHY Pebteiirurageoaen e O BT R or s
0.2857 met e proRElskiI8t f53hdfBrred e AERD Phrut nfn‘aﬂ?tbervﬁﬁﬁﬁ hPihgedtage 112 to
the AED of the second reaction stage 115 is 1.05:1 (0.3 neters/ 0.2857 :

met ers). Ex&impl 016, {#10RB60tht nptiagnepiessiraenbetivaer gsd 50 BarB, t he vol une of

the first reaction stage.112 is chosen to be 20% qf _the,.sum of the vol une
of the firsothot | onefkien PEPINARI B SEEbHANFAER FHEHAgmas as

cal cul at ed {0sfXadBlofh ff-olcif YRR th@bidhEint bRl Hi%?ﬁﬁriitg%lé’frﬁge 112 1,
to 0.0 0.2 x 0.11325 cu

t herefore, equa . 0229 cubic nmeters (0.2 ic neters). The
first materThesetncdmis bulas not Imnoedyto, aldelnhies adahbly, acepamtidcimer elpbat al yst, a

conversion praduct and unreacted,feedstock flaw put. of . first reaction stage
192 and i nt Belfs vwel Gt F bt pordbaGRIoTY vind YpfidectbubiPeneg "as  the
Cross-secti &Iﬂg@h@eﬁde,vuu&amne, k&3 hAralAB], herd o, andl A6, lopyRngr ade having a
hei ght of 0.3239 neters above the | owest feedstock inlet (as that height
provi des oxide, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and trimers and

dimers of ethylene, propylene or butylenes. The methods of manufacturing these

derivatives are well known 1n the art, and therefore, are not discussed herein.

[0234] This invention is further described in the following examples,

which are intended to illustrate specific embodiments within the overall scope of

the invention as claimed.

Example 1A

[0235] An example of volumes of reaction stages is obtained with regard
to Figs 1A-B. The first reaction stage 112 has a length of 0.2792 meters, width of
0.2532 meters and a height of 0.3239 meters. The second reaction stage 115 has a
length of 0.2532 meters, a width of 0.2532 meters, and a height of 1.4288 meters.
Therefore, the volume of the first reaction stage 112 is 0.0229 cubic meters, the
volume of the second reaction stage 115 1s 0.0916 cubic meters, and the total
volume of reaction zone 109 15 0.1145 cubic meters. The AECSA of the first

reaction stage 112 is 0.0707 square meters (0.0229 cubic meters / 0.3239 meters),

and the AED of the first reaction stage is 0.3 meiers (V[{4 x 0.0707 square



the chosen first reaction stage volunme of 0.0229 cubic neters [0.2792 neters -
X 0.2532 neters x 0.3239 neters] wthin the reactor shell 1066) %ﬁ the
n

| owest inlet 118 and the first naterial tra e 1C
[ 02371 Reﬁég(r?ﬁ"ﬁgﬂgo the enbodinent in Figs. | A-B, the W]tmg'.{}p@mm of the

first reaction stage and the second rgaction stage is determ ned In this
exanpl e, the highest point of the first reaction stage and second reaction
stage is at an elevation of 1.7527 neters (first reaction stage 112 havi ng

a hei ght chebisPPaP. TIRIEESSANS (5E&RbEH feaasd Bes1 BUE oldedoNguiag a height of
1.4288 neters) Bl us the elevation of the | owest point of the | owest

f eedst ock meiewst(0.0986 ovkie mpierdé 1428 aepare), aml e oRéfestecomireadiane

et or m nod!8ef i V837 miers WY oALOGE et aipiar? feb) AMsPe o LelSEdbk, 0 1 F E
B 2007 V\o(gqgez&gegmﬁew Salbih2 WEQH@A%% offhe Féo‘?tEi'x'QatctJGHQtagQXIﬂSher gases

that flow through reaction zone poi nts
per pendi cu.@fl 4238911&(&31/ OrBRSS metetsi).rant lee radaac:tﬂthmAEWthé)ﬂrﬁteaaﬁoml evation

of 0.2000 rret a owest feedstock fhe cross-sectional
area for rT“éalge b@e E@@?‘]’ll‘%%ﬁﬁﬁ?‘er it Yagep! f}? idﬁh 29%“3?‘?55 532 net ers).
Wt hin @_%5 Clﬁeté% e 1 09 at an elevation of 1.0000 neters above | owest
feedstock I'n the cross sectional area for flowis 0.0641 square

meters (O. 2532 neters X 0.2532 neters). Exanple |E (0239] Referring to the
enbodi nentExampled8 1 A-B, the tapering element is at the region where the

first reac zone t he, ction zo havi ng a
t aperi ng lé nt angli%etg%% g Img8f g%bnﬁ’r‘? ‘ng SFSﬁiréWﬂFimfﬁ t he
tapering efigamnb i @}%eﬁ?{%@ﬂo%l&‘ﬂ?ﬁtﬂuﬁﬂoﬂheQ’oﬁg@egoﬁﬁé%Eﬁréefch@n bgkght of the
first reaction stage) above the |owest point of |owest feedsto€k inlet 11

S. This f uri2tzed thep$eaord reapieon ape&lhgasetab?nmd mt Exampdé édatThervohbove the
| owest poi 18% of e difference

bot veen' ¢ e ek FRalioh REke, b1 R B o 50 e Rl i oek 1 nror - and

t he hi ghesg 1 @i dibicOhedehRg. The Fivst heAGdl @anst MBS thdtsh Whechsewdad reaction stage
(which is 1.7527 neters Exanpl e 2A [ 02401 Referri ng to the embodi nent in

Fi gs. 2A- Bartidudate satalyst. BicoReeIsEn prpduct and unreacted feedstock flow out of first

reaction stage 112 and into the second reaction stage 115, is thus established as
the cross-section plane, within reactor shell 106 and paralle! to grade having a
height of 0.3239 meters above the lowest feedstock inlet (as that height provides
the chosen first reaction stage volume of 0.0229 cubic meters [0.2792 meters x
0.2532 meters x 0.3239 meters] within the reactor shell 106 between the lowest
feedstock inlet 118 and the first material transit 148).

Example 1C
[0237] Referring to the embodiment in Figs. 1A-B, the highest point of the

first reaction stage and the second reaction stage is determined. In this example,
the highest point of the first reaction stage and second reaction stage is at an
clevation of 1.7527 meters (first reaction stage 112 having a height of 0.2532
meters and second reaction stage 115 having a height of 1.4288 meters) plus the

elevation of the lowest point of the lowest feedstock inlet 118 over grade.

Example 1D
0238] Referring 10 the embodiment in Figs. 1A-B. the cross sectional arca

for net flow is determined. In this example, the direction of net flow of feedstock,



zone 221, which is the sumof the volunes of first reaction stage 224 and
second reaction stage 227, is established by geonetric cal cul g1 pmmpw ng
al ong andvowsdisthe wal I's of the apparatus between thechRigedkoigesst ock
inlet 230 and the second material transit 272. For this enbodinent. the
bottom or wi dest portion of the firs85reaction stage 224 has a di aneter of
4.0736 nmeters. with the height of the first and second reaction stages
(fromthe | owest feedstock inlet 230 to the second material transit 272)
bei ng 17. 5p®ducteindragy odmal gakes thvlflosy tbfoutgheeerce'antzbmlQ%iseat'aﬂboiﬂtsé,s a tapering

elenent angle qf 5 fraomthe verti aI.. he .t aper al so be
e e n e B A TR it iR ien Lomn 0% A ama e ptign e
val I's of thegbe@ehkRRs FR tBlbvfekt f@edswcﬁque{ o8 Rl dss2d&ionhl R¥4 flgS @ nore
gradual change in gas superficial velocity than the 90 shift found in the

enbodi nent netfldv ik mmare NDe 2027 PLB2ETS PW*@SM@SDIW&B& 86 Fig. I|A
From t hese neasure t ot al me of eactjion.zone, 221 is

99. 6436 cubfiae“l?f’e%‘%’resl% éfa‘é%’ ‘[fdz@f’p q’ﬂe’is h%ﬁ‘f‘s ook glels. 2A-B, the
vol une of §henfeicksds sé@a?cﬁ]tal fRa féim&els%%zmssgﬁﬁleeﬁa&@ (6.959Pm3dpe0f the sum of

the volunes of the first reaction stage 224 and second reaction stage 227,
which is 20.2883metarki.c neters. A first material transit 275, through Wmch
a solid, particulate catalyst, a conversion product and unreacted feedstock
fl ow out o& the!fmst reaction stage 224 and into the second reaction stage
227, is th i shed as the cross section plane, within reactor shell

218 and pa msb t 0 QeFeEnbayinRGEnboliehahin piosaﬁf@?hér@gai diféntlifie | owest.
f eedst ock |nI e 230 é’and further havi ng a di anmeter 47 meters), which
8

provi des t Beths edgeen erqthstﬁrsrté%tmlbwr@tlééeoméﬂwcowamrxmcdﬂS,t he second

reaction s 7, .bas t a f theflrs ransit 275
is by di f%’%\g%éi F{?gn$§ nem%n‘gg ?tgr ?51%({%6 fme?&)rfd)ggg%%‘geflg tf‘%g to Figs.
2A-B, and wugenfg tlRmhedi flﬁﬁfhbeﬁh$ellef?auﬁﬁ®ﬁpl3939%&tex@@ﬂhe%&cht bEthé Gkt reactl on
stage 224 has an AECSA of 11.6511 square neters, and _an AED of 3.8516

net ers. ThEasBebHAZEROYT B lé‘f‘fﬁﬁé@l@?qf Ieassiiepdstepkiinist 11%. Boobuthest ers, and
its AE Th th
S0 115 AECHA o0t A0SR B SR, DI B Lo o el = T10e

the ratio @éedmbe}\ AED thiit it hRYHf dfiibd diffeeatd brtwstiadge 234tibo of the a3t of ¢ he
second i . .
point of the lowest feedstock inlet and the highest point of the first reaction stage

and the second reaction stage (which is 1.7527 meters).

Example 2A
[0240] Referring to the embodiment in Figs. 2A-B, the volume of reaction

zone 221, which is the sum of the volumes of first reaction stage 224 and second
reaction stage 227, 1s established by geometric calculations moving along and
within the walls of the apparatus between the lowest feedstock inlet 230 and the
second material transit 272. For this embodiment, the bottom or widest portion of
the firsi reaction stage 224 has a diameter of 4.0736 meters, with the height of the
first and second reaction stages (from the lowest feedstock inlet 230 to the second
material transit 272) being 17.5657 meters, and the walls of the reaction zone 221
has a tapering element angle of 5° from the vertical. The tapering element can
also be referred to as an iris diaphragm tapering element. The geometry of the
walls of the reaction zone 221 (i.e., reaction shell 218) provides a more gradual

change in gas superficial velocity than the 90° shift found in the embodiment in



reaction stage 227 is 1.5829:1. Exanple 3A [02431 Referring to the

enbodi nen
is the
st age 3%%

t in Figs. 3A-C, the volune of the total reaction zofd FEB4p0whi ch
P uSHEEONd gseact i on

85&LKﬁ 2 vol umes of first reaction stage 316
I's €es abllshed by geonetric cal cul ati ons novi ng al ong

and within

the walls of the apparatus between thg | owest feedstock inlet 320 and the
second material transit 350. The height of the first reaction stage 316 is
2.3798 neters above the | owest feedstock inlet 320, with a top dianmeter of
3. 8706 mRigriA.aRfbnatieet hemudéraemt ahe oflaltofibiBoindt edastiod benevidilis of the

first react| on 01 FEB 2007 WD 2004/ 013257 PCT/ US2003/ 016483 87

t apering
be referr
t he secon
section o
4.0000 ne

ISR UBGNEEEF 30 fromvertical . The tapering el ement
ed to as an iris diaphragmtapering element. [0244] The

i{ﬁg@y,@ stage 318 is 22.1202 neters, and the right c

nd reaction stage 31 IS, whi ch begins at a hei
t[e241]above Inahesibbéiadst ockigs.(HeB, §ik0ohlias obthd fasreéRtionf

nmeters. The conduit connecti t he second reactl on _stage 318 to t
e 4

separatio
and join
angl e of

blagei2é as sgdertedstoph ohthespm qidhevelpmes pf ﬁlﬁ 16} rgardion et
gs@afg*a‘igﬁ%ﬁEi@g'an%arSéchBH s&ggaggﬂﬁcﬁ %uilﬁt.‘si)i ur f}hé@f} %eﬁ €

ortron e con [OC& ed

stage 316°
can also
hei ght of
ylindrical
i ght of
2. 0000
he
ers | ong,
334 at an
at a

di st ance Qﬁatenﬁﬁﬂihsﬂevsnﬂmubbmﬂcn heolid) perticplatet datily0fa ¢diwesimond reaction

st age 318.

131. 4714 dqsaql@tﬁ%@w@act[ﬂ@ﬁwéitoqlhﬂowwhp the Jastreastion slagadedandie | 312 has an
ffh% Q&OH@%%SQH'S&U& 347 E& 5%& @95 th§léi>6}s @ﬁﬁﬂ&?ﬂen&ﬂh provides a

eaction zone than a

angle fro
nore grad
90 shift

character
Fig. 2A

using the .
316 is se
316 and s
mat eri al

conversio
stage 316

The total volume of the reaction zone 314 is cal cul at

ua ange I'n-gas super ICIa ocit

Shaser slhﬂll QEB @nd haﬁra}hzmb I geacrerlmmr@l algei @hts»éat%ém neefers onatihat
|st|c wi d as, found in and | ackin |n the enb

%[ﬁfﬁl @e@@cbe@l&tﬁméﬂéﬁmh?@ hfﬂang ReiammeR e Taretpisys. 3
V 7
I ect R:ﬁ;]él)égjléé)/g EI%‘%SE{%%O'# 42%w\%\]/ rrgée JE)(?Ejfnl rdsf?ﬁ ers'reg
aeanidnrsedet?22@nbassd ageheIbBationhuf ¢l fist MAtcH8BBarGiUtlI76 inky er s.
t sit 35 rqugh which a solid, particul ate catal yst,
ré%nﬁﬁﬂ‘ﬁfcg 'ﬁ%@qf}ﬁ?%’%‘tﬂéﬁ f eedstock flow out of the first
and into the second reaction stage 318, is
Example 2C
[0242] . Referring to Figs. 2A-B, and using the dimensions in Examples 2A

and 2B, the first reaction stage 224 has an AECSA of 11.6511 square meters, and
an AED of 3.8516 meters. The second reaction stage 227 has a length of 15.0000
meters, and so its AECSA is 4.6500 square meters and its AED is 2.4332 meters.
Thus the ratio of the length to the AED of the second reaction stage 227 1s 6.2,
and the ratio of the AED of the first reaction stage 224 to the AED of the second

reaction stage 227 is 1.5829:1.

Example 3A
[0243] Referring to the embodiment in Figs. 3A-C, the volume of the total

reaction zone 314, which is the sum of the volumes of first reaction stage 316 and
second reaction stage 318, is established by geometric calculations moving along
and within the walls of the apparatus between the lowest feedstock inlet 320 and
the second material transit 350. The height of the first reaction stage 316 is
2.3798 meters above the lowest feedstock inlet 320, with a top diameter of 3.8706

meters and a bottom diameter of 6.6188 meters. The walls of the first reaction

ed as

odi rrent of
A-C, and
i on stage
I on stage
A first
a
reaction

I’



t hus established as the cross-section plane, within reactor shell 312 and
parallel to grade, having a height of 2.3798 neters above tHel FidBntigt

f eedst ocwoi 08138220 (and further having a di anmeter of &E1BIQGwMELAES), which
provi des the selected first reaction stage volune. The volunme of the second
reaction stage 31 S, based on the chbsen |ocation of the first materi al
transit 352, is by difference 78.8828 cubic neters. 01 FEB 2007 WO

2004/ 013257 PCT/ US2003/ 016483 88 Exanple 3C [0247] Referring to Figs.

3A-C, and stageriy 6tthperiicredanednd pisele pf Bl afrphevegival aThngpoiindelementcdaosen | ocati on

of the firgt material transit..392 in Exanple 3B, the first reaction stage
316 has a %Olléefﬁe? ¢ _0§§glglrﬁe@%]ﬁg?clgﬁépggggﬁg}enﬁz_0979 square neters, and
an AED of [928943 net eksSheiSae0NE Jeeasd et age B18s hagre netigtahg of 20. 4690
meters [(22.1202 in - 2.0000 in - 0.5000 in) + 0.8488 in], and so it has an

AECSA of 3hgsight exjindriealisettong! thmspcand rECiof stage3 B whithdpeginsBhas the ratio

of the length . tg,t AED of, t he se d, I eact.i age.is 9. 2407, and the
Fati o of CoReEhteR 4B e T R R EB s R R A a5 il ot mge AED | s
2.3946: 1. 2 6060 RkRr4A LA RefRtfihdGiesécdndGeactionide U$E ROthkhe
correspondi ng dinensions in Exanple 3A. the sure of the volunes of the

first reactcpamtiondgecatls ard 088 cariers m dmmeiasang a8 8 ategers dong3andi 714 cubi ¢
neters. In this exanpl e, .however,,, t vol ume ,of. fi,rst. reacti tage 416 is
el o6t ed dSBABE SHEOREGUAH HTES S Dol REaTPT PYies 5% B Tl SMe 916 and
second reagfd Wbe? 888n bt ehe RGN RrBer 1683REd Mégli‘étgl%é';éﬁ.%oﬁn&hfsﬂ mat eri al

transit 452 is thl&js establi shed at a hei ght of neters above the

| owest f ecbidowdke ippeepoxtiandf fharsebard madtymetiagerd 1i8n Thheotal ‘gHume ¢f thedr i cal
portion of_the reactor .shel i th j.gnmeter of 2.0000 neters), which

provi des tﬁ‘?@alc’é’ezfoé'&*’iﬁ lsf‘faf%‘ha‘%ﬂeaascl[ﬁo‘ﬂhgtc Eﬂf NBflime. The vol ume of the second
reaction SFO@S]f 418, Thasest MRhRef rREAd $R1IGA2 hasad hddd fioRiMEI al transit

452, is by difference 65.7357 cubic neters. Exanple 4B [0249] Referring to

Fig. 4, anpkerpeidignlarie giidewh 300 rSuabfanEosmplimeAravidesp maid gradisd chosen
| ocation of the first terial .transit 352 in Exanple 4A, the first
reaction stHHEc MIEASHYRETHCIREYGITYIP the rpstomgang than 330 #hoym 14 3663 square

meters, anfiapAAGRIObrotidil SR sITRbA 0F comdBhiR arh RG] AaH A%Gufdf Higs a | ength

of
1A, and lacking in the embodiment of Fig. 2A.

Example 3B
[0246] Referring to the embodiment of Figs. 3A-C, and using the

dimensions of Example 3A, the volume of the first reaction stage 316 is selected
as 40% of the sum of the volumes of first reaction stage 316 and second reaction

{ stage 318, which is 52.5886 cubic meters. A first material transit 352 through
which a solid, particulate catalyst. a conversion product and unreacted feedstock
flow out of the first reaction stage 316 and into the second reaction stage 318, is
thus established as the cross-section plane, within reactor shell 312 and parallel to
grade, having a height of 2.3798 meters above the lowest feedstock inlet 320 (and
farther having a diameter of 3.8706 meters), which provides the selected first
reaction stage volume. The volume of the second reaction stage 318, based on the
chosen location of the first material transit 352, is by difference 78.8828 cubic

meters,



18. 2731 neters [(20.5000 in - 2.0000 in - 0.5000m) + 0.8488 m- (4.5757 in -
4.0000 m], anAECSA of 3.5974 square neters and an AED of 2. D40 gmber S.

Thus, tlw r‘ﬁ‘td[“%’ Q]; the length to the AED of the second pgagdb6¥184s30e i S
8. 5380, QR NE Fatio of the first reaction stage AED to the second

reaction stage AED is 1.9984. 01 FEB®007 WD 2004/013257 PCT/ US2003/ 016483
89 [0250] From Exanples 3 and 4, it can be seen that nore than one value in
the required range of values for the volunetric propor tion of the first
reacti on Examdep€l ative to the sumof the volume of the first and second

reaction S may tisf he.qt her .nunerical reguir nts, f.or L2/ AED2
and AED1/ %o.n th§6%5% ‘éﬁtﬂ)%f'r 3&@%&% t@? QWT%%EP?%%P%% to the
enbodi Mentaldnp Wit she BOsda lobARNVETHHEBr P nal @Rt it 3200 Exbikdple 3Btk | S the sum
of the volunes of first reaction stage 512 and second reaction stage 514,

i s est abl ifstgeadtipngeagretl pihes s hbight af 7.0728 meterngn AEHA @hd2.08/2 hin the wall's
of the apparatus_ between I feedstock inlet 516 the second

mat eri al pt%ﬂ'ézﬁgmetgf%%f&%'ﬁﬁé&?ﬁd:ﬁg%ilﬂ%ﬁsc§Iec%néjcrfe?c ] agFﬁggihﬁ? &t reaction
stage 51%:{@%1@ 8620.96%0 Melecaf(22h 262 A588.008% &1 S 0300y i) o588 MEamat ock inl et

516, at whic point there occurs a tapering el enent an?l e of 20 from
vertical , sextkasdnrmyEEBA oA -85addnnaremasicrheingtan AFD 3{0Q06! matess.sThuher e t he

first reaciion s e 5 Loin h second reaction s 514. . The tapering
el ement ¢ e’éf’lngé’_tfg}_ge Irﬁgéérl{)glf‘figbaogt RSP }eaﬁﬁ%'bﬂ?%eg‘rsntgta%@grfﬁgmﬁl ement. In
addi tion tgid Bethkfirs rédclipRSBGNATID &5 tHRGe&RiMeRition stage AR s84y:1.1 ncl udes a
sudden geonetric shift tapering elenent that is around the set of 90

tapering el enment angles in the upper portion of the reactor shell 508
adj acent tExampleddeond naterial transit 534, changing the geometry abruptly

: _ . | changi et
s1a. [oosdPRle ¢ 7 SerbARRIBTIR Y oSBT Bo0E, SREAMRC ' S s0an

meters, tIRxanipBht Acthkistigirifald velagies oftheffiritheaceacnge teaahd sgtos age 514 has a
di aneter of 1.5000 neters. and the second reaction stage 514 has a hei ght of
31. 0000 ndeaten stage 4 8 éy BHoh Idreubiiaciers- B iue sxampjethnaveysbdhfd reaction stage

and 0. 5008 0y oD e En e PSR o O Tt o aef P YERIRSRE £ 1 e
cal cul at ediraisreaction stage 416 and second reaction stage 418, which is 65.7357 cubic

meters. A first material transit 452 is thus established at a height of 4.5757 meters

above the lowest feedstock inlet (and further a location in the right cylindrical

portion of the reactor shell with a diameter of 2.0000 meters), which provides the

selected first reaction stage volume. The volume of the second reaction stage 418,

based on the Jocation of the first material transit 452, is by difference 65.7357

cubic meters.

Example 4B
10249] Referring to Fig. 4, and using the dimensions of Example 3A along

with the chosen Jocation of the first materiai transit 352 in Example 4 A, the first
reaction stage 416 has a height of 4.5757 meters, an AECSA of 14.3663 square
meters, and an AED of 4.2769 meters. Second reaction stage 418 has a length of
18.2731 meters [(20.5000 m - 2.0000 m - 0.5000m) + 0.8488 m - (4.5757 m -
4.0000 m)], an AECSA of 3.5974 square meters and an AED of 2.1402 meters.
Thus, the ratio of the length to the AED of the second reaction stage is 8.5380,
and the ratio of the first reaction stage AED to the second reaction stage AED is
1.9984.



157.9343 cubic nmeters. Exanple 5B 102531 Referring to the enbﬁgigﬁp@wpf
Figs. 5A-D, and using the dinensions of Exanple 5A, the volu ) e first
reacti onywgi@degeRd2 i s sel ected 01FEB2007 WO 2004/ 01 3 2PUF/US2003/016483

PCT/ US2003/ 016483 90 as 65% of the §¥n1of t he volunes of first reaction
stage 512 and second reaction stage 4, which is 102.6573 cubic neters. A
first mterial transit 536, through which a solid, particulate catalyst, a

conver si on uct apd unreacted fegdstoc fl Q first,reaction stage
030 o | mOBSEELC] PREARLERRLED B8ETH AP He sich I re M anl ey

Cr oss- sect iheReqliRagang¥ dfhialick ERGhOVolahRlrc rélofl optiedirkEreadtiongr ade, havi ng
a height of 11.0588 neters above the | owest feedstock inlet 516 (and

further hatiperyelptioe sordesunod! the Solomerns e larst andhiceppdyicadtianesiagenmaye| ect ed
first reagti vol . The Vv f R Lon age 514, based
on the ch%agfgﬁjlﬁhgég%?gwngﬂﬁﬁeeq ]i%Fls? {SlrfirrmgEj{é"?‘lﬂl gﬁ%ﬁ%%ﬁfﬁ?%gw}l eDy di fference
55. 2770 cukinge appateliss. Exanple 5SC [0254] Referring to Figs. 5A-D, and using
t he di nensions of Exanple 5A along with the chosen |ocation of the first
material transit 352 in Exanple 513, the first reaction stage 512 has a

hei ght of ¥xamplSdpters, an AECSA of 9.2829 square meters, and an AED of

3.4379 net 11 Secon i : t X nmet ers
[ (31. 0000 fizsn 3 000%&{6@%@3@88@?&%&@%@5’?& %8‘rlbéﬁ£%§€1§r§§%?flet ers, and
an AED of o]0, whicdris thelsuwsoftthe volahied odfirst Facti@nghge 5¥20aridisecoddD of t he

second reaction stage is 20,0777, and the ratio of the first reaction stage
AED to t heredebghtiageedlct ioFiablighd bXpasopstr cridations mgying a0 8¥65] Referring
to Figs. 64 Yol jon ' { ers. The

vol ume-of - fifin SPGRLIR BhaRAEhAR B Ridel Suock iRy SRR S Y
reacti on zesmendhi2terishirahsii $3466he6GAT cditircaletdmrsof the first s¢action stagal transit

oo R Rl BB AL S oL PRI 2 3™
et Lo PP S e S s i e sprggthage, 1
above | owesddifiereddtigbkof 3.00@t metks, phad thafitdieractiaysiag 3 doaseher of - 3. 0000
meters), Vw;leic%Qd (r:cgii:trigxf Etgge(:j § 1 A{ OThe tapering element can also be referred to as an iris

diaphragm tapering element. ln addition to the iris diaphragm tapering element,

the embodiment includes a sudden geometric shift tapering element that is around

the set of 90° tapering element angles in the upper portion of the reactor shell 508

adjacent to the second matenal transit 534, changing the geometry abruptly from a

cyhinder to a rectangular duct extending the second reaction stage 514.

[0252] The first reaction stage 512 has a bottom diameter of 3.6838

meters, the right cylindrical section of the second reaction stage 514 has a

diameter of 1.5000 meters, and the second reaction stage 514 has a height of

31.0000 meters. The rectangular conduit connecting the second reaction stage

514 to the separation element 522 is 1.0000 meter high, 0.7500 meter wide, and

0.5000 meter long. The total volume of the reaction zone 510 is calculated as

157.9345 cubic meters.

Example 3B
[0253] Referring 1o the embodiment of Figs. 5A-D, and using the

dimensions of Example 5A. the volume of the first reaction stage 512 is selected



the selected first reaction stage volume. The right frustum of the cone at
the bottomof the reaction zone 612 has a continuous, constgntpgaggring

el ement _angle of 45 decrees, as well as a continuous. W%,E ering

ol enont WAMOERII0 01 FEB 2007 VO 2004/ 013257 PCT/ U208/ Orensd degr ees
whi ch converges toward the first mategi al transit 646. The vol une of the
second reaction stage 616 is by difference 547.0934 cubic neters. Exanple 6B
102561 Referring to Figs. 6A-C, the first reaction stage 614 has a hei ght of
31. 5078 nab 6f%,of @ ARCSAhefvolima2d4irsieanidnredgersd? andde@ndA&ltoh 5. 1982
meters. Second reaction stage 616 has a | ength of 73.6566 neters, an AECSA'
of 7. 4276‘%&%& vingh w102 6&%& cHRICAPFIRIST A Sﬁﬁg%&‘ﬁﬂ gRRst J3udrerdh ratio of the
|l ength t t C ratio of the -
firet reactiare Sid BERRRE AL ARl olered Hkerg ibcklofi £ 50

Exanpl e 7/§1cfvﬂélﬁ?>fﬁmfr&rcnbngtagaSmen@mnmﬁcnnmeacﬁofstgge 5YAi€Ghushe vol une of

reaction zone. 708 is 1225.2529 cubic neters. The_volune of first reaction -~

stage 714 eseblisheq asthefrons-sseoproplang, &vithin 1paelop shelba S snshpardlifl tr08, which is
686.1416 i Qdechavﬁi?:i heﬁghr%ff 11 &g sTBLES a%vettg'l@'}é\hrgstyé%’smw dﬂﬁgﬂ whi ch a solid,
a ee

particul at®e cat conversi on produc unreacte stock fl ow out
of first r(emtmrther lstvirgea dibdhetaaindl 115600 neecondhidaebiides deaglectédGirsti s t hus
determ ned as, the cross-section plape, wthin reactor shell 706 and

paral | el {&AgPRdEge Nakimsy a\’eﬁ’é’ﬂ‘aﬂ% obecal rraetiohEegs 314 hpws¢onthiest f eedst ock
inlet 718 Cfgz %kglﬂtfa :BH% Ry xgaéngi MRI2E69E b ?&ﬂ%ﬂ{@aﬁ‘%ﬁpcvb%' ch

correspon e se ecte Irst reaction s age vo he vol unme of the
second reantteron stage 716 is, by difference, 539.1113 cubic neters. [0253]
Wth further regard to Fig. 7A, the expanding el enent, right frustumof the

cone at the bo tg of the apparatus has a continuous, constant tapering
el enent an degrees, and the tapering elenent, right frustumof the

cone just [petqw the }iéfér%g"{@‘} sl 8A- mraeae%eﬁqgm@dmsﬁngmmﬁﬁne% const ant
t aperi ng eI enent angl e of 10 degrees. FeedStock conduits 712 are shown as

bei ng ri ghengoyith ﬂ)de:hgsendﬁdattoneaf tiealinst mateopkimanseicd S2 e iEgiamgleniB.lher t he
appar at us £ e 7B 1 ing to Figs.
e the Prrtuedafef o2 beSe BRI SEr G A ECIA o T2

square meters, and an AED of 3.4379 meters. Second reaction stage 514 has a

length of 30.5000 meters [(31.0000 m - 1.0000m) + 0.5000 m], an AECSA of

1.8124 square meters, and an AED of 1.519] meters. Thus the ratio of the length

to the AED of the second reaction stage is 20.0777, and the ratio of the first
reaction stage AED to the second reaction stage AED is 2.2631.

Example 6A
[0255] Referring to Figs. 6A-C, the volume of reaction zone 612 is

1215.7631 meters. The volume of first reaction stage 614 is selected as 55% of
the volume of reaction zone 612, which is 668.6697 cubic meters. A first material
transit 646, through which a solid, particulate catalyst, a conversion product and
unreacted feedstock flow out of first reaction stage 614 and into second reactions
stage 616, is thus determined as the cross-section plane, within reactor shell 610
and parallel to grade, having a height of 31.5078 meters above lowest feedstock
inlet 618 (and further having a diameter of 3.0000 meters), which corresponds to
the selected first reaction stage volume. The right frustum of the cone at the
bottom of the reaction zone 612 has a continuous, constant tapering element angle

of 45 degrees, as well as a continuous. constant tapering element angle of 10



39. 0199 neters, an AECSA of 17.5844 square neters, and an AED of 4.7317 01
FEB 2007 WO 2004/ 013257 PCT/ US2003/016483 92 neters. Second{ngagtypen stage
716 has a length of 72.5274 neters, an AECSA of 7.433%&9{&%&/@;{8?5, and
an AED oVORBA2Yieters.' Thus the ratio of the length to of the second
reaction stage is 23.5754, and the ragjo of the first reaction stage AED to
the second reaction stage AED is 1.5381. Exanple 8A [0260] Referring to the
enbodinment in Fig. S. a portion of the cylindrical section of the reactor

shel | 812 gugkeahthich &erd¥e i@t sddeveesdterial @adses4boie volinséfahe oni cal
section, and is assunmed to nmake no change to the volume within the |ower
f r ust o- consesend BagqnoTagedt 1t iF b diféerense %ﬁ&%ﬁ FEPIC T8RN in Fi gs 3A-C and
described in Exanples 3A-3C. (In a practical application, this may be

achi eved ' ing the dinmensions of the frusto-conical section slightly
to accountgéggﬂkﬁﬁi t hi ckness of the protruding cylindrical section, say by

slightly ejesédi ng tReferfied @iigafeA-Oetht firsttroactioniscaak 63¢das oheipht ¢ft ai ni ng t he’
sanme right _frustum taperiE%g} el enment angl e and pojnt of i nterg}ecti on with
the cyl i ndfl-e%i® melets an ARG phél 2 hif 593 metess; s 3eAED 9fr-1982s di scussi on

of Fig. 8 i ' : i i I -3C, this

cal cul ati Ogﬁegst. o%%?%ﬁﬁgg&i ﬁ;e%é] %%%@gtlgﬁgggzéﬁfgs ?%negﬁ%ﬁsg‘ﬁg i on zone
814 has a VdRmSmejuafe thaitkrd Zddlac AT ofifed B 2smétetre Thudelnd jadalof Wellemgeh as

described in Exanple 3A), Exanple 813 10261] Referri to the enbodi nent of
Fig. 8, al*bSiddhetreond rrariisroiase lago-éga%ﬁné t@sq{atlpwg%aﬁoﬁ?ﬁh@aﬁwnt he first

reaction stagesfifoise sebastatarsdARD ishhggaum of the volunes of first

reacti on stage 816 and second reaction stage 818, which is 52.5886 cubic
meters (identical to that selected and determ ned earlier for first
reacti on sEagmpBlHA and second reaction stage 31 8 in Exanple 3B). A first

material t it 852,i.s thus establi.shed. t ss-sectipn plane, within
react or sL@Eﬂ 812 aﬁﬁfeﬁ%?%ﬂt& epge P?Bgfnalﬁg%penbﬁ%a e‘iOZ)‘HP'_: 8&3?&??98 net ers
above the bewesi is | B84 0Ckbidthelers. amd VoUrhO6F fiftesdabignpstdammtier of 3.8706
meters, which provides the selected first reaction stage volunme. The vol une

of the secsdlertedrscit®ont theapbimoal wecys 18 70havkigh P86kt 16vukien | ocati on of
e TS TRGL Al TR 58 748 o BloBb IR IERE g e (e
318 i n Exaegiverséd® product and unreacted feedstock flow out of first reaction stage 714

and into second reaction stage 716, is thus determined as the cross-section plane,

within reactor shell 706 and parallel to grade, having a height of 39.0199 meters

above lowest feedstock inlet 718 (and further having a diameter of 3.0000 meters),

which corresponds to the selected first reaction stage volume. The volume of the

second reaction stage 716 is, by difference, 539.1113 cubic meters.

: [0258] With further regard to Fig. 7A, the expanding element, right

frustum of the cone at the bottom of the apparatus has a continuous, constant

tapering element angle of 45 degrees, and the tapering element, right frustum of

the cone just below the first material transit 746 has a continuous, constant

tapering element angle of 10 degrees. Feedstock conduits 712 are shown as being

right cylinders, and they have an open end residing within the apparatus at an

angle of 45 degrees.

Example 7B
[0259] Referring to Figs. 7A-C, the first reaction stage 714 has a height of

39.0199 meters, an AECSA of 17.5844 square meters, and an AED of 4.7317



01 FEB 2007 WD 2004/ 013257 PCT/ US2003/016483 93 Exanple 8C [0262]
Referring to Fig. 8, the AECSA and AED of the first and second | Fehei on
stage, and their various ratios, are identical to those described |n Exanple
3C. Thuwo mus/e13gfian one type of reactor shell configurgg?%ﬁmWﬁ@“ﬁﬁ%vide
identical geonetries for various trapsits and identical nunerical results
for L2/ AED2 and AED1/ AED2. [0263] It should be noted, however, that
extending the cylindrical section of the reactor shell into the

frust o- COReh. SQ&%hHIBackBn RN 15 Rafh Broth 6 10 S11aREGers! REARERW 6 Of the
tapering el enent associated with the reaction zone as described in Exanples

3A-3C. Thi7#332 squase neterheandehi AERiod A.(504 erabers- Thet thematio efitbalength net  f 1 ow,
as while reaction between a feedst nd sol id rti cul ate catal yst may -
foke pl ack PEEFMBE sRopE TR Se RS R AT SR i B TS BE I BtER L no e

flow fromapbaHPwRSk stedstRsknistigeARD 4 hesgecond material transit may
t ake place “through that section. ‘Fhe enbodi nent described in Exanples 3A-3C -

uses a tapering elenent having a right frustumof a cone with a constant
t aperi ng &xemple 8Aangl e of 30 degrees. In Fig. 8, the tapering element is

now a porti of th ame . right, frustum..cyl mnating.,n hift froma
cro_ss-secﬁ?%ml ar ejiefjs mﬁé?ﬂfe?em%?ﬁ?tﬂ%f%g’Ffﬁ‘gltoﬂrﬁqtﬂbeﬁyﬁﬁﬁnﬁﬁlt hin a right
cylinder adiohRe thofehodt sell 10 &Ydride dri00a a6 db@hwardExa e oWl 102641
Referring to the enbodinent in Figs. 9A-D, the first reaction stage 916 has

a spheri céiussewmigal Bepfiongar i esrimedtto medie ge chang® 10 Qipovateme wathin the ¢ he

eometric,center_ of t.he botto i nder_at .a_hei ght ofr.2, ters above
Povest  { MEEEBiC anien SO R I8 aogfudTisdin B miBs S8l onal “ar ea
for net fliewrfoe@m Ekifiplasa-ibagad @hctiabifiehiin, Ofis HaPB0QcHBlar S) to its
top face (based on a dianeter of 4.0000 neters), where the reduction in

cr oss- sectyaAnistiag 8 digensiers ¢f thoiiusto-conica seatier slightlyre apeouptfoRi t h t he four

aral |l el i r |+ . i i . >0 neters). The
Point 1o VECLRRRESIRE BeunddSingte Sufy, SRR GudidiPther S0F) et
.920. 1026%kighhef thp feistcadni &t céwionasaipaineditegamb eighoftistipandglekidpg cyl i nders is
anot her exanple of a tapering elenent, in this instance _a conbination of an

iris di aﬁiﬁ“&?\@‘ﬁ?lﬁ%‘ﬁé”‘éﬁ&lméogﬁ‘éf’d%ﬁ?“@%@ﬁ@ttb? evliinee! segtien; fondle nei ght of each
of the fougrfce bf EnfpiRitd ADhis discussion of Fig. 8 relative to Figs. 3A-C, and

described in Examples 3A-3C, this calculation 1s omitted by the immediate

assumption). Thus, reaction zone 814 has a volume of 131.4714 cubic meters (the

identical volume as described in Example 3A).

Example 8B
[0261] Referring to the embodiment of Fig. 8 , and using the dimensions

of Exampie 3A, the volume of the first reaction stage 816 is selected as 40% of
the sum of the volumes of first reaction stage 816 and second reaction stage 818,
which is 52.5886 cubic meters (identical to that selected and determined earlier
for first reaction stage 316 and second reaction stage 318 in Example 3B). A first
material transit 852 is thus established as the cross-section plane, within reactor
shell 812 and paralle] to grade, having a height of 2.3798 meters above the lowest
feedstock inlet, and further having a diameter of 3.8706 meters, which provides
the selected first reaction stage volume. The volume of the second reaction
reaction stage 818, based on the chosen location of the first material transit 852, is
by difference 78.8828 cubic meters. (Yet again, identical to first material transit

352 and second reaction stage 318 in Example 3B).



WO 2004/ 013257 PCT/ US2003/016483 94 parallel cylinders is 38.0000 neters
to the open slot, with the distance fromthe open slot to the t mﬁe
curved rectangul ar ducts 929 being 2.000 neters. Exanp#,&@gmgﬁgés

Ref erri n§Q ¥4AB2&hbodi ment of Figs. 9A-D, the volunme o ction zone 914
is 390.8082 cubic neters. The volune @B the first reaction stage 916 is

sel ected as 30% of the volunme of reaction zone 914, which is 117.2425 cubic
nmeters. Afirst material transit 952, through which a solid, particulate

catal yst, Exa%yscsi on product and unreacted feedstock flow out of first |
reaction sta and into second reaction stage 918, is thus established

as the cr oi%zgééct i on Feifermag to higt Ri the Adictdand K& obthe isfangsscandel to grade,
havi hej . et . t _f i.al 920,
Rou i 2 Ll 0L cE ST OIS AT [tiEORE LR 0,

second reagU. ofms] Age: B ondGpe of Aacioh ehednRnEiBuratiof ala Prodile idegtidal r st
material transit 952, is by difference 273.5657 cubic neters. Exanple 9C -
102671 Ref &epmpgies doryieonpbansithrapd idsnue! gymenpalpesultafer leéb B2 ek di nensi ons
of Exanpl e Q@TJ}E first reaction stage 916 has a height of 5.5345 neters,
an AECSA ofA I § square neters, and an AED of 5.1935 nmeters. Second

reaction steap3)918 hdsslkoulEbhgidiedfhodevaiQitat satedifg (38y0HGkal fectiod. 2361 in -
5.5345 m), and so it has an AECSA of2 1.1839 square_neters, and an AED of
5.1935 net &f & repgier sl pigithgirprocpaichlesgliop aoshona InED. §fdid prengecond

he. seoond D¢ Buieettle Bhdtne Bldeh0sdcBhePuBh fedealddhabnl BGRBE) 095,550 1
PCTI US2003 /0 EGdiiple9 3 A- 8L ATMS: ocdurA bl Ykl it ihamoftmossesesi ol afpp &sratets

conprising:, a) a reactor shell includjng at |east one tapering elenent; b) a
first reactloshaspdyls a iGraien Rebrien adsedsyick shd pisolid pitipgats C@é@bﬁ? P&y inlet for

recel ving. sataluatinl Syt aRcarGAN EORENS] A0 AR UTIANd 2

f eedst ock i t for recelving stock into the hydrocarbon
conver si on fampédredbwsst fedustdek iiget to elactacomd sitgrl transitnopyankaplecage equi val ent
diamet er Ofﬂnr%%.g}ll ﬁa%% tsec(t)ibg. [ﬁ% gﬁq%é\dimem described in Examples 3A-3C usesa

tapering element having a right frustum of a cone with a constant tapering element

angle of 30 _degrees. In Fig. 8. the tapering element is now a portion of that same

right frustum, culminating in a shift from a cross-sectional area for net flow within

the frustum to that within a right cylinder (at the bottom of the cvlindrical section.

Example 9A
[0264]} Referring 10 the embodiment in Figs. 9A-D, the first reaction stage

916 has a spherical sector having a constant radius of 3.0000 meters from the
geometric center of the bottom cylinder at a height of 2.0000 meters above lowest
feedstock inlet 920, providing a reduction in cross-sectional area for net flow from
its base (based on a diameter of 6.0000 meters) to its top face (based on a diameter
of 4.0000 meters), where the reduction in cross-sectional area for net flow 1s
culminated by the joint with the four parallel cylinders (each cylinder having a
diameter of 1.5000 meters). The joint is located at a height 0f 4.2361 meters
above lowest feedstock inlet 920.

[0265] The spherical sector as joined 1o the four paralle] cylinders is
another example of a tapering element, in this instance a combination of an iris

diaphragm type and a sudden geometric shift 1type. The height of each of the four



c) a second reaction stage within the reactor shell and in fluid connection
}Mtg the first reacti OB stage to recei vedt he ](c:at al yﬁt fhydrocar WFEB 007
eedst oc rocarbon conversion product fromthe st age,
t he secoﬁ“&?ﬂgﬂ@/}?on stage having a length to average eqtél}\?/;gl‘é(ﬁ?mg& anet er
ratio of at least 5.0:1;, and d) a sepgfation device in fluid communication
with the second reaction stage to receive the catal yst, hydrocarbon

feedst ock and hydrocarbon conversion product fromthe second reaction -

st age, t heparsitpaylaideayis dBVD0En@Uaptethe opes elpamadthehé Histanat dloysthef rom t he
hydrocarbon feedstock and conversion ;lz)r oduct, .the s rati on device further
i ncl udi ng el iohsteR el the SHIES sRctandla sheie P3P Sring 26@]?’6%‘3@% t, and a

catal yst exit; wherein the first reaction stage and the second reaction
stage havepyghujmgp such that the volume of the first reaction stage is at

| east ZO%W&"HU—-great er than 90%than a total of the first reaction stage
and the selfdf6] reacRefemingtiagiee smbaodiesn alitdgt. 9 -By theagiumelof reattiot  di anet er

f f t t t | 1.05 t t th hat of th
sccond r eattr it ot SuBYS subieieetriiar eano: ebHe 81 reore apSREROHS Bor ol & m L
sher ei 1 U NgJd sk 800t GECONM BIEKIEN SHAGEE i) $977eAbS Dbl UG 2

material transit osi tione elevation relative to
gr ade t hanmetees. /0 idks troddeial trbnm 91’21 theEip1200i1ch a\Aﬁhd’,QM@ﬂéiEEﬁtalyst, a

PCT/ US2003/ 016483 96. 3. The h rbqn_conve on apparatus of claim1 or
2, wher ei nCAMESIRNRIPGIEAFILIT P@% L{es ROt oW S 2 ESoragiddiege Bbi t are
posi ti oned,af iy sePbl1RlciPh&YRkI0q], fs%l%tésiﬁ%hgl%dg@ ﬂ@cr%g?%cﬁgﬁ Lakal yst exit.

4. The hydrocarbon conversi on appar at us one o e pr ced’ I ng clains,
wher ei n t heitbimgesudorsaelt 1 Dandspagkéeltagrasn. lmmeaghae g}qwf\saﬂ%ﬁtmetemrret er of at.

| east 0.3 ers .and n.5.0 neter car bon

conver si on%ﬁg"reéfjﬁ?tg?wg Eb‘ﬁgt Jba‘Wédlﬁ?lgblgﬁﬁ ﬁ'{j %p%ﬁeg{grst PBl n the first
reacti on siagevdiase. amh@V&ﬁl%g%fﬁ%e\é&l:@ﬁEctﬂhﬁﬁﬁe@f]8015as€$] ontE@&osth 5 Meters
~and no greater than 25.0 neters. 6. The hydrocarbon conversion apparatus of

any one of lochigonpfdbefiishgatsrial wansit %ieﬁé:lyrdlﬁ‘tren@a%ﬁ ¢ qubpometers. el enent i s
tapered at an angle of at least 2.0 and no greater than 80.0.
Example 9C

|0267] Referring to the embodiment of Figs. 9A-D , and using the

dimensions of Example 9A, the first reaction stage 216 has a height of 5.5345
meters. an AECSA of 21.1839 square meters. and an AED of 5.1935 meters.

. Second reaction stage 918 has a length of 36.7016 meters (38.0000 m + 4.2361 m
— 5.5345 m), and s0 1t has an AECSA of 21.1839 square meters, and an AED of
5.1935 meters. Thus the ratio of the length to the AED of the second reaction
stage is 11.9134, and the ratio of the first reaction stage AED to the second
reaction stage AED is 1.6858.



7. The hydrocarbon conversi on apparatus of any one of the precedi onfd ﬁ”‘ns
further conprising a catalyst circulation conduit connected to the 0
hydr ocar beo 20emuerssi on apparatus to enable flow of catalpatud2o6mitiss
catalyst exit to the first reaction s% ge. 8. The hydrocarbon conversion
apparatus of claim?7, further includi 8 a catalyst cooler positioned to
renove heat fromcatalyst flowing through the catalyst circulation conduit.
9. The hydﬁcalrzgg_n conversion apparatus of claim7 or S. further ‘conprising
a fl ow cont=rF vice positioned to control the flow of catalyst fromthe
catalyst exit to the first reaction stage. 10. The hydrocarbon conversion
apparatus Qf cl alidfecaBh@f codvelsithtppirahRebimtisgg: a catal yst regenerator in
fluid communication with the catalyst exit. 0 1 FEB 2007 97 11, The

hydr ocar bon conver si 8h appaceastershell insjedig atdeast ope taperiepelpmesiing a cat al yst
stripper between, the talyst exit and the catalyst.regenerator., 12. A

nmet hod of conve }i ngaﬁgﬁfrrg%czﬁ}&}?g?’e‘g lpéhepllgg ﬁﬁf%ﬁcg%gg gfﬁtafysé’)“leéont acting
hydr ocar bon cony&eidfing ahtalyssintMhe hybyda06R coMeriieR dppdritudand £St reaction
stage at an average gas superficial velocity (GSV) of at I|east 0.5 neters
per second and irsdgipdaindet fohreseivinediydracerbon fegdstnst dmid thmblydragarbon enper at ur e
of from200C to ZOVO%' to form ﬁl&eoﬁofj“‘:tf at taaef iarwsr} h%,drapcarg.%n f,ieedstock
conversi on of af’T'ELde" MPHeHS S r&la%éot]esr gti‘pan e8! 52855 f'lef' ow ng the
product, any ungemeastgd: hysir@saehen feed, and a hydrocarbon conversion
catalyst fromthe first reaction stage to a second reaction stage operated
at a GSV of at [east arc@nggeeqionsiage Setohde aeasioioheld epdinefluighan 25. 0 neters
per second and . - L0 conversi on of
t he hydrocar bon%g’%n%a{l@onﬁ] g%éejfsﬁsltggaf{%gen és&e‘%gggeée?\éeatg? i%(%ﬁ]}gggggl?}tcﬁggei n the
first reaction sédgecianst hidosgbancbnveRiin @odisdt &@en thavfrstwehdisas such t hat
the volune of the first reaction stage iis at |east 20% and no greater than
90% t han a t ot alsta8¢. thheecpnd EactipnsiagohnvateenghdorNerage sguvalenteact i on st age
vol unes, and the; - ty] t has a GSV which is greater than that
of the first regg:at%fegér){qgttl%gg%l%‘[%?s%lg%rr%t hod of claim 12, wherein the product
is formed in the firsh reackpantion device in fluid communication with the second

reaction stage to receive the catalyst, hydrocarbon feedstock and
hydrocarbon conversion product from the second reaction stage, the
separation device adapted to separate the catalyst from the hydrocarbon
feedstock and conversion product, the separation device further including a
hydrocarbon feedstock and conversion product exit, and a catalyst exit;
wherein the first reaction stage and the second reaction stage have volumes
i such that the volume of the first reaction stage is at least 20% and no
greater than 90% than a total of the first reaction stage and the second
reaction stage volumes. and the average equivalent diameter of first
reaction stage is at least 1.05 times greater than that of the second reaction

stage.

2

The hydrocarbon conversion apparatus of claim 1, wherein the first and
second reaction stages are connected through a material transit, which is

positioned at a higher elevation relative 1o grade than the feedstock inlet.



stage at a first hydrocarbon feedstock conversion of no greater than 90. 0%
preferably no greater than 70.0% and nore preferably of no greatlet FEhagy
60. 0% 1o 2hbHedei-hod of claim 12 or 13, wherein the copgﬁ)gb@?m]ﬁasg he
second reaction stage is carried out at a second hydrocarbon feedstock
conversion of |east 5.0% higher tha®éthe first hydrocarbon feedstock
conversion, preferably at |east 10.0% higher than the first hydrocarbon
feedstock 0 1 FEB 2007 98 conversion, and nore preferably at |east 20.0%
hi gher thadn t hdhfibydiocatbpr conee bon aprasaiys ot klavadverswbarenihe The met hod of

any one of the,precedin |_Ai ftirther c ri.sin sgparating the

catal yst from Pﬁ%mﬁ?gjaﬂg?e%gﬁﬁﬂgﬂ?/ C%fhvreésé%q %lﬁaggteéﬁti ath?lSé%g%egcaﬁ)ﬂd st age,
wher ei n the seqpidr ERAgIdORISHB9L NS tinIRE OAslyletiiocar bon  feedst ock
conversion of no greater than 99.5% 16. The nethod of any one of the

preceding clains, wherein the first reaction stage has a GSV of at | east

2.0 neterg per -second referably at least.3. 0 rs_per._second. 17. The -~
method of Joi a FrresayicaRef sSpRe-tadbrt Rt Eorr T PrdlondBEH: ot | east

3.0 neters per viResthe ReeiEFaablioh aigd IRa%h aSe@gphvAcineliataeostht 18. The
met hod of any one of the preceding clainms, wherein the hydrocarbon feed is
oxygenat e and f¢sst @amagigrstand gogrcaisryhanafanatersol efi n conversion catal yst.
19. The method of claim 18, wherein the hydrocarbon feed is nethanol and

t he oxygenate to olefin catalyst is a silicoal um nophosphate nol ecul ar

si eve cat &l yst The hydrocarbon conversion apparatus of any one of the preceding claims,
wherein the first reaction stage has an average equivalent diameter of at

least 0.5 meters and no greater than 25.0 meters.

6. The hydrocarbon conversion apparatus of any one of the preceding claims,
wherein at least one tapering element is tapered at an angle of at least 2.0°

and no greater than §0.0°.

7. The hydrocarbon conversion apparatus of any one of the preceding claims,
further comprising a catalyst circulation conduit connected to the
hydrocarbon conversion apparatus to enable flow of catalyst from the

catalyst exit to the first reaction stage.

8. The hydrocarbon conversion apparatus of claim 7, further including a
catalyst cooler positioned to remove heat from catalyst flowing through the

catalyst circulation conduit.

9. The hydrocarbon conversion apparatus of claim 7 or §, further comprising
a flow contro] device positioned to control the flow of catalyst from the

catalyst exit to the first reaction stage.

10.  The hydrocarbon conversion apparatus of claim 7, 8 or 9, further including

a catalyst regenerator in fluid communication with the catalyst exit.
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The hydrocarbon conversion apparatus of claim 10, further comprising a

catalyst stripper between the catalyst exit and the catalyst regenerator.

A method of converting hydrocarbon feed to product, comprising:

a) contacting hydrocarbon conversion catalyst with hydrocarbon feed
1n a first reaction stage at an average gas superficial velocity (GSV) of at
least 0.5 meters per second and no greater than 10.0 meters per second and
at a temperaturc of from 200°C to 700°C, to form a product at a first
hydrocarbon feedstock conversion of at least 20.0% and no greater than
98.0%, and

b) flowing the product, any unconverted hydrocarbon feed, and a
hiydrocarbon conversion catalyst from the first reaction stage to a second
reaction stage operated at a GSV of at least 1.0 meters per second and no
greater than 25.0 meters per second and at a temperature of from 200°C to
700°C, so that conversion of the hydrocarbon feed continues in the second
reaction stage,

wherein the first reaction stage and the second reaction stagc have volumes
such that the volume of the first rcaction stage is at least 20% and no
greater than 90% than a total of the first reaction stage and the second
reaction stage volumes, and the second rcaction stage has a GSV which is

greater than that of the first reaction stape.

The method of claim 12, wherein the product is formed in the first reaction
stage at a first hydrocarbon feedstock conversion of no greater than 90.0%,
preferably no greater than 70.0%, and more preferably of no greater than
60.0%.

The method of claim 12 or 13, wherein the conversion in the second
veaction stage 18 carried out at a second hydrocarbon feedstock conversion
of lcast 5.0% higher than the first hydrocarbon feedstock conversion,

preferably at least 10.0% higher than the first hydrocarbon feedstock



15.

16.

17.

18,

19,
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conversion, and more preferably at least 20.0% higher than the first

hydrocarbon feedstock conversion.

The method of any one of the preceding claims, further comprising
separating the catalyst from the product and any unreacted fecd in the
second stage, wherein the second reaction stage has a second hydrocarbon

feedstock conversion of no greater than 99.5%.

The method of any one of the preceding claims, wherein the first reaction
stage has a GSV of at least 2.0 meters per second, preferably at least 3.0

meters per second.

The method of claim 16, wherein the second reaction stage has a GSV of

at least 3.0 meters per second, preferably at least 5.0 meters per second.

The method of any one of the preceding claims, wherein the hydrocarbon
feed is oxygenate and the catalyst 1s an oxygenate to olefin conversion

catalyst.

The method of claim 18, wherein the hydrocarbon feed is methanol and
the oxygenate to olefin catalyst is a silicoaluminophosphate molecular

sieve catalyst.





