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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 obtaihed. 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 essentially complete

convetrsion.
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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
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[0013] The invention optionally 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 catalyst inlet of the first reaction stage. The
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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.
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Although high selectivities to 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
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umsal wi t hivitlt ¢ratinpimgaeieoamce takigs vide B, @ﬁ@datpplapmdy@ 1j08,

L 58 SRR g HAPREE 5y X B8y i
@dJJD FREioP Shel INMicGAkiLIN @rirkRehd Radity oM Shags) zone dos Cthﬁﬁﬂl a
in detail bel ow. EOOB I n an enmbodi nrent of th

mﬂé@@nmpm&@ﬁﬁee@ﬁ ock Fed & sqlid particalaissaatalyss atpuidhiake place.

Faadlop 2ot L BB oS ARl 83 sn8 s Alscgon

sﬂage)l 1 heTHe first renettont stape 1dRand seabaf reaetomstagh &l Dpren,

Cr oss-.sect.i ur f ace, aral | el rade,. for d at
fisangyghedin &ﬁt e fraﬁn?rﬂa ?A%rg?rsféle{amﬂg § With ahaplape ¢ he
?&g@ﬁdl&ﬁgr toQEMBRthANe 1hRr, raﬁé%fé ﬁ@vﬂ@d‘t‘%} alTWE e aNBSK,

dstock elenent is typically openly joined to or
prosiuctatidroghdr igasestthas nh pweughghe m‘acfaon zast10P te have an
but are no%

FTEARiEd 0 S Sty 28 Tegrisat ohatieR et
etk )fif@estoCRhd chictélttie ATMRST a kR tibA¥REe BOME gainy
g];rpteQdeicular 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 detail below.

[0033] In an embodiment of the present invention, there is a “lowest

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



geonetry of the first reaction stage. [0034] In
anot her enbodi nent of the invention, there is only one
wo ewds1nsk el enent (which will thus necessari | pCHES2008016483

t he | owest feedstock inl et% In ot her enbodi ment s,
there are two feedstock el énent one of which vv|II
define the |owest feedstock |nI et and the ot her
which will define another _inlet.

intmihe dirsteeacton stage.clelped ahthe aper, Icrqsg ﬁ%/c%ogrsu#h & a Parsl rallel to
g%%( Cfﬂn%d:? ﬁ% %)l;v%glc p% ﬁ{t of HREHRE QeforRbeARHIOL tl@d’l&ed’sftock

I ne t [ owest feedstock inlet, and the
elefnbet fhd Wi ehctivnl iondefﬂhﬂ tovatshfaedstodkeelementris Bpicatly openly

wﬁ%@ég o p%tt@ﬁt@gé%&faé Iasker EPHRE @ qesctighby Bkdinfles of
fefe? a# 8&56 'iudelﬁ@[ are hbY 10K tohbsea cfoﬁ&@lﬁi oridls wmhl d

rom stoc conduit 103 into first reaction
noizge The Iowess f@dﬂtodemleisietenglmﬁﬁw lowekandayiqld

surface I 1e]. rade, fornmed at the open joint
g%ﬁm?t@’e‘&@bggks%‘??ﬁ ?ﬁ‘ft g‘bS with reactor shell 106. The

[6@ . CrofSamfidriefibodithém 6 theanwntion, thareds aulg odef i ni ng
the' |l onest feedstock inlet 118 is cgg\gy?ewés Wic&%lt

ferdetobk dlement(whichheilkhus peegsaply daftmert EdRtoccRleD-
i nl et

In gthat e %@%ﬁtﬁ%@ SRBERTS efée@foéﬂ@erﬁflﬂ s,¥ne o?%@ﬁé}f)@ﬁl define

e are nuner ous er nati ve
fenBoditTeststock $616%8 and twmm vatieh will desfmeamethet uilﬂfér Im met

Figure 5 and Figure 6. gOSG(L ﬁ'ghe term” W,
otlred eﬁl@@@mleﬂtsaﬂlﬁrev@dﬁ thyge oF doWrsOn iy BT %frnéore }éffn et enced

g %d@f PR BE Wwedf fdehfodl @St ind the
f?%S%C %ﬁleﬁlt%ss ave Wﬁén%?[e}utahan one feedstock inlet, the

dtmmvhich\mﬂtdeﬁﬁeetﬂlst imddts.i Fileatmeng pEyasious otheninleliss  of

t he apE g}us cl osest to grade. [0037] Returning to
dFS%‘%SGd e'¥catal yst inlet conduit 121, that woul d

[6635}1' de a §Qld dnbdhbhtGHFase 1 88 ahy Sowest febistapalett s,

penly joined to reactor shel |. 106, which forns the
Mgh Mh}chd’ée@tmhamul‘é Aoy fepgstopls coppfugtn! 0 fé?afrEf?‘i on

SR s SRR R S bttt e
fo{%ﬁ&ﬂt thélopeh j6iiib ofties@nbclofontinie 10hwithtreantor shikdr 86 They
et S ot R
%lrfit CM}%&: 1g)hsr hth sﬁ?lp o ﬁn& ﬂﬁ%ﬂr&lﬁ bf a8 doaést fé&:dst@ﬂehﬂet 118

Ion surface havi ng mni num area that is
s enaenfaeskdtty the Engof feedstank qohéulé heB. oFhege aEetTBIYEOUS n| et

conduj t wWithin the f] react | st

Flieraative sPgAdiments, §3ps SgYVﬁl)?h 8Fe ust?ﬁecf fa?eg fn F%%u?éag ahy
g{ﬁr(ydl ng into the | ower port [ on of t he reactor

s]ﬁ The invention may hay

[0036] The term “low,” “up” and “down and various forms thereof, are

referenced relative to 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] Returning to Figs. 1A-B, a catalyst inlet conduit 121, that would

provide a solid, particulate catalyst to the apparatus is openly joined to 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.



nore than one catalyst inlet conduit and hence nore
than one catalyst inlet. Preferably, the catalyst

WO pioe126T s a part of the boundary of the geoPEL/D§2003/016483
the first reaction stage. 9[0039] In the enbodi nent in
Figs. 1A-B, catalyst inlet "conduit 121 is openly
joined to a lower portion of reactor shell 106 to

establish_a catalyst inlet. 124 as, anot her f» t he

[¥B8hdar i eénB‘Fe’i“ﬁ%é{lfr}e J&»?fltﬁggbvte’flté?{l’ AGE Jfffl.[a%?s#ql s
ghadly : t - Sliatl hRdulil FlowombmaLatdysirlét conduit

tlrﬁeact o?ﬁgtﬁesﬁﬁa’l%gﬂ%%{b?%rgﬁg no diosl ocaﬁ onsyi n t_hcgm "

inje dheefinsyreadtionesiageodefistedias theomenneross-estion ankace Haviag Hige
112, howeyer., ther.e,are, nuner is :

ol B b e R B FLPATR B Re G 6 GRAOE BN hani

vt Rkt reictRnlseae! iAoaitApAenlef contiait fy tgpieally dpandynjoired
the solid, particulate catalyst and the feedstock w ||

ob protwdingdntecthe lewespogtianefrby jegeior hello dhedRtenfigh H?Pf\é%ﬂﬁ?
a catal yst | I

n?ogg@} ro¥1§ gﬁfgwls? fnl«%[%gﬁﬁlel{ 1d {19& Rbfde8n bhE S4aYs3nlet

I'n reaction stage and end

PréfeSBIE tiganrayst ynled formbapary edibe thoyndeey f the gepmetre of the

i.e., the right end of a cylinder, the catalyst inlet
fixgfupastipe s€fi ned as the surface area of that open
hdof! © at &RBb i, | DS catdiyst i@ condhii€ 121 is
[g?ﬁ ion oflhtﬂt?%e cy@%ﬁ%ﬂgrﬁ% Sa;miqz’ oaat c}?tial /st inlet

openigl joihedid dlowet pertionrodreacts @h¢1b1065,1106€g@bi;ﬁ1u¢ eptplyst inlgk

(SR apanotbeiine oihs bufuarivrof e tF@kivtSegt [P ddfC, "

nfboR RALA Clat A3t 3h1¥S 124 Ebhtzubiaivith ¥édcistghelh@haidferms no
apparatus 1s in operation. The end_qof a catalyst_jnlet

didoitions inethe geaaraetangf regesonghel y 06 and fitd rongtioh 8fege { Hat

may be .conpli cat r ' : nts
R B PR B iR Y PR R TRA e (RASHURTC
IBOHRR! ehetrBust Bkdr ip@iifid thadin d feactemdzonevof the pesitiogengion
catal yst inlet. [0040] Another.e di ment. of . t he .
the é@éﬁﬂ/ P?litlﬁv]@m cagHyst ﬁgqli g@é‘gecgtog.g %nﬁ glp iCSHtactagv }rb%n alternative
%%U&Hléﬂt’ht%t ML ARTRt RERbANIORaf bRRAE shrvhdiCdreacoy
o Separate a soli1d,” particulate catalyst froma

¢hal éno shecfinsyeastiarstaggectd ehd ansbopogennisty. [fihabgsaapatgdvere

sl 1 trcgitand obaesipnT o15o8 Y ndiiet kBB AR BEHLS g
QREE: 4188 of Hatbydi cilcke AR &Fdhd Eylindeh eF@arRy@hspation of
product and unconverted feedstock, reaction |argel

theaplomler ek tva engelysinleorendsit wathin the fgstreaction ptage &etlfadwt
esired i,n th ' [
i G s bR P BRSO foud o
BeNds§iBleafod fdcdstosle padontdcotatall & vetitis thareylindef whin the ar e

di'scussed below A separati op eljéfment .S deﬁi rably in
anpatagisas imRpATaAn: okhegneef pcatabysbin(es conduiippy hansaay

geg);n%:elttﬁg]glnn%gddﬂh%% & RECAN LIBIESliAteddndRediretharyaa6Rd
measurements and calculations to determine the area of the surface connected to
all points of the end, which defines a catalyst inlet.

[0040] Another embodiment of the present invention includes a separation
device, comprising one or more separation elements which serve to s;eparate a

solid, particulate catalyst from a gaseous conversion product and possibly

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



described in detail later. [0041] As noted above, the
opti onal separation device can include a product exit

wa beogiogi2swhi ch a conversi on product and possi bP@T/US2003/016483

unconverted feedstock may e it the device, and a

catal yst exit through which a solid, particulate

catalyst may exit the device. In one enbodinent, the
sl

BACEE sl ST EARE Ul O, 10

fdedstadls abadtien lagellyicomses,gHowitg fpr omntrtﬂtotﬁ tle extendiof reaction

gg%rglflﬁt}&?axpééﬁ?%e alﬁ%,l%\c}l]gg ; e)ﬂa téqeyiu%%gmded §Wlbfe emabodlments
%ﬁﬁl@gbﬁﬁaﬁ& dém eﬁld the & gaﬁﬁoﬁ‘ BleRRAE, hany eEwhiBSEe dlscussed

boun Ies 1 n calculations reqU|red to determ ne that
belewh as sgrarajppariatners iodestrhidy pr ﬁmeimommmacﬁtloonw(hjﬂnb rdagtor

e descrlbe 0 i nlet or

bl B Ritinnptlys e epond o el B ssdteadondgns: or m
HBscRbtPW ddtfi€iaierr €SPECtive materials to be carried
away fromthe separation device, by, for exanple, a
&Qin]Ji t, i Ssedted shave)the m@tqma} separafion deviee exsiasludnot ed
beI det n

PG et oy W%\rﬂlb g‘ﬁ e anrP “69?888%?;@ i ."g%edw th
FérasioElp Blaftlek RAhSI@®iS and Heatdlowealt thlouh Ghesita fpoidnt  of
such desirably ends in open or openly joined

eaisatecertalyy Mgy axitthe d%"é‘ii‘a laopg ﬁmbaéwe@é thg prodygt exig is
T

sleprbsalitedlocati omprpednetrycatmatuys df @xatalystile%& axacreduet exdt
exit 142. Reactor shell 106 is op oi ned t.0
@lwﬂeégmﬂbﬁswg%@rl deyisg mayjypiy v} nfér#l diments, there

SENAE abineB] &) @ERMdse 'bBuIYHM@J‘mS&ldu@btloﬁ@féqhﬁ% & &termine that
catalyst 1s separated froma conversion product al ong

mnc hasamyappara@mféue prseans inyehtion (D@hhﬁ: thest descuiberbadiovd &7 a

termnatlo theoeralon
SibREi oL FrReRRtt e S Ted PR e R pAE RO B
it SectiD@matdrald t6 be Cattledbtvay fidf the RepaatNitviceaAst, fan
stage 115, would_allow the gas velocity of caonversion
SrBRIe: Bty ’éé‘&é’flﬁékreﬂélf%qg diysomgicgses; poted,pelowRyr t her

BeletiRatio e 30 PR SRR P AR R e
comwiunirages wathdhé sdparatdiondevicd, thenlowlest drdrighenpdintof such

vol.u 130.whil e the gas. continues to ceed upward.
deyues]y onds 4 gpSrser apenly IR Eﬁl?mfélgaﬂm% RoTPHES ry

Qgatigd yst away from the separation device, is openly
joined to termnation vessel 127. A catalyst exit
10¥B12] t hr oudh thehdnaodimentiof EigunmA{B, mpmﬂiomdevndrnelﬂ is
term.n n v.olu ondui, t
pefHfe oS R yedek8 120 6t et B YimeBL S BT

Q86 and product exit 142. Reactor shell 106 is openly joined to 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 slow. 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
weamnp1enct i on product and unreacted feedst oCRCEUS3003/016483

fromthe separation device, js openly joined to

term nation vessel 127. A pybduct exit 142, through

whi ch catal yst may flow out of the term nati on vol une

1 d N .as.
Aty S8 s iRa o oI kB g aytete BRMABRion
Va1e@e1130 2vhirBe ngmsﬂmﬁue@m progedtupward39. I n an

alternative odi rent not shown, one end of
Loaﬂé] yst eR qataé:tﬁﬁ gxit congiuitt13a, whishequldsarsy caé%lm @W@y S
R QLE S, t&"v%égﬁ o,g,@ﬁyg Shed &%ﬁf?ﬂat‘f&ﬁ&kel%?. % catdly 9 BER
nication wth a’term nation volunme, wWth any type

D36 ﬁﬁduglﬂwhfdh&ﬁta@&n dia'y flow dud bﬁ"thegemlmaﬂcai vycﬂilmeXB(D amt i 1n£o
roduct exit. £ In one enbodi nt, ﬁ lnventl

P

gatalystiexiticopening 33, éSasbpwaﬁé thesoneg syriaceATEs ?fé © fungihen ?
fRhAUAE, YRisEl a?ﬁlc'aﬂl Pait édﬂd 121186 .C RhAhHSE product exit
conver si on product aRﬁ possi bly unconverieg f eedst ock
oanduft| 169 whtch wodd]earaeeamm)nrm@(bmt and woeectethfedstorkawaye

%ﬁglafgg tselm%gatyosv e]%l%% 1% g{)ér{fg?%%ﬂ% t\é atlérlﬁaﬁlgg’%)%g%gse T’ZZ‘Pt i p?dc’duct

ELPEE, ﬁ%ﬁgmhﬁ;wcfa%et Rhy Sleh At 88 tHdabiniagidiyvolhe 1 30 and

reactor shell is o ly Joined to a separation

itepeduct eAltpfandmlhﬂ 9, |1‘s&h0(v)m as éhﬂ:@peeépefﬁ%ﬁ arematghe atien of
scussed and 18 I C

fééfﬁl}ﬂ Sﬁ’?enl ws"?é‘ I p§°du°y c’i‘%%"él éi o éﬁ% H]gh A‘%gﬁasﬁe’ﬁ ds of

emﬁéﬂlﬁlehﬁﬁﬁ%howﬁ} diRlend opthicahtabyt eaveq@iait or ihechrodion gxit
but not limted to filters, and conbinations of those

ponsiuganast ProtrHes Srengh theyermingtion MeStSﬂémBrbé dppapen
&Mﬁﬂfﬂcgpon &ilt QAR ONERS %ﬁhsihzj tklt) L of & d | {HGU4 c%ﬁ@l;ﬂts

ron1 a Si e continuation of ar int
ﬂhﬁmmgasmaMSﬂenmnraqmthOMGt of the two sheII surfaces

f I ter .than_ 80 i id .
BlngdheTon FrSirortusitnah i g ik BB A Fethone  gond
havwes! wheadsharishivilit a §&1d95&¥€ib'ﬁlbte%ta‘lyst [BR¢&Ei0R probiaet

open, cross-section surface of a reactor shell end in
ambpossibinurionseitadfeedstask anaveflaw aut ofghe sespodreeagtionstone end
i cul ar..f orm. of Q04/ 003/ 483
1%3 @gﬁgpgﬁl%deéflmeeﬁg\#%e% il vm@&%%%?bodgg%{végs (91% 0{%21?
plRbvkges t hrough and ends in a volune defined by a

| arger shell which is a term nation vessel havin
Tyst edit adéeqpenergsreectionisiriaqeprisyifaces dpbieg

()Jgg%el‘c&]fegﬂ&e Heft 1§j|815eqﬂﬂoﬂﬁq t8'8 s glﬁaggt{dnk@%naﬁoﬁepefrﬂél 11s’taof

ni-mum surface area that
el[tﬂmmpﬁa’sm elainlentppdlsrtussedﬁn tlheand letee fignres hietludestermination

f’gﬂgélg,r%’glqﬁll(a? é\%lg eheac?pserel réﬁgs c?tf “rs h% rheag Idt%errsggz?r o Zc?ewces

including but not limited to filters, and combinations of those listed or others may

be used in the present invention. A termination vessel shell is distinguished from
a simple continuation of a reactor shell in that there is at least one joint of the two
shell surfaces of an angle greater than 80°, providing a rapid expansion in volume
moving along the apparatus from lowest 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
w@aralokebs7t o grade through the | owest point of P€TES2003/016483
catalyst exit, or the highest point of the product
exit, whichever defines tH& smallest volune of the
sumof the first and second reaction stages (discussed
bel ow). [0048] Continuing the discussion on the
separbibel ctement),i. eEltbGreadbtAr shellprotedes tlrongh ard ends in g Kefume

acfpry bt idtEreuiverthd Spadar R Y bR Rt pa

pré@et EXRWOMEs ibodasaithe s@d@deiiodetsinaiged dslSesaibbd above for
term nation vol une 130 is established as the OP r}
a catalyst ielet 1. P ofhegninimue spHpereteathat sneompasses gl pejts of the
acto shell 106 and ternination vessel termn nation
re@cggrs@rs fﬁ‘} [ 00491 In anot her enbodi nent of the

[0D4ment i on3, t heIthhé amen«:a‘oﬂsheh readidy Iremngmzmhde feaprecioted
the total, i.e., gsum of the v g d(;nag the first
ahoga it thisnlistinggiee &‘?ﬁﬂ’n mpderial Bt s dehRed3s 10 QR cross-

BT, 9 . B oot

embeﬂkaﬁghegwmmofthd pmducq @am,twllmahcme ﬂyﬁr:jaséhwmdbéfd

usi ng andar onet I Mul.ae ,acCcol, n 0,t

volyurg Rf e B HRRCUE SRR B G Sed G0

[OP@ ] s of &bk Lﬁﬁ’%ﬂl@ 'Eilséﬁ'é%idn diethweaiboliieent iOMRS1A-B, a
e et

edst ock i nl he second material transit.
sevand meriahtratsy Hﬁdthmghlwlmlya salice peyticylaty @idgstihed to

R S4RSn)g EL RS e 0B cons

reﬁétﬁﬁﬁst&g%cltllstmd?nﬁtbft@ﬁﬁn&meﬁmﬁﬁs i3 md:sltabhphndrEtsst.h@épemh e
open conduit end for the purposes 0

crogd-sagtian pwise fameedia dhe JpattipRerlspacker ;ﬁhelg Afieed eraination,
Vggelggrg{lflé{gdnqgmée@tl@t he reaction zone is not counted

ion zone vol ume, as discussed in detail above.
[0¢d9] ous ahcaﬂdﬂmrymbedimtmnbﬁthb luzstentiey, the velnms @fithe reaction
i ncl ude byt ar notI|mt to,cond
2oy PR if T Bl a5 B of hengiibaptine eEe bR spea s
tHeec i tadidhatge, Q§E§£M§;hed aSRBERbLIUREE BRIMEd bPthe reactor

I nstrunentati on probes (e.g., thernowells and pressure

sty gedpwesnteRionak s 26 tMEPQJSt@@WlellWE liig qpaggitsively

t of th f th
cH1FpgRa v SR s el Sl FE LR yp REREBINRRCT 1
dinhRio%0 % &¥ing BRNE Wi Wﬁthin”tﬁe vialls oethe raictdirh;hell bdstsﬂeemthé

second reaction stages (i. the total, reacti o qlea}y
loprest feeflsteqk; iplst tothe seapad @éat“ﬁf%ﬁl fian8it.  Yagen ‘“b@l anci

equen%earllg S&uﬁ%\éd [ anﬁ%ﬁ&EsS\wﬂﬁ ﬁfelr%@t&%ﬁgﬂ a¥id bpddGbonduit

conom ¢ CI rcunstanceS associ at ed construction of
eﬁdsﬂﬂiﬁhd@ﬂbﬁfhedﬁ&h@nn @red craskaecimnuueacet erchmpasgigradl

CEAC) ol SaNe ks RURHS s RGER B BRARL e
VSRﬂYelesa'@ Roh &AL QRay BdErotruding into the reactlon zone is not
counted as reaction zone volume, as discussed in detail above. Various ancillary
elements that may be present include but are not limited to conduits used to
deliver fluidization gas to maintain fluidization of the particulate catalyst,

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



selection of a value in that range may al so be
i nfl uenced by the desirability of certain AED for the

w0 2eogM1NERCt i on st age and the second reacti on BCEHYS2003/016483
Further, nore than one val in that range may
satisfy the requirenents of being an apparatus of the
present invention on the sane apparatus. [0051] In

er e ' . ' .08 ' a
fosgrer o A ShfEbodiffic SUEehRor, the it BEkrUdeS:
pesction wagé & at ddasd 2084 andne gredrer HianH0%poditie sim atfithe volumes
unreacted feedstock may floqw Qut of the first reactign
of Q‘tj’gﬁﬁh‘i@ rend reation d1ages e e te IFactionrogely Thasglsction
oE% YpIRE IPUDRARLE By Bo iMerk el Ay ihdiiding provailing
bemmnsie crctrasianwes essociated vetlecanisiractidneofpgmitidutan defiga and

first material.transit. . The first. material transit.is
e R S e desined gl fecd ol PEABET gAY QRSTAIREQRIAnS
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f t ock iypl T | LSt i it i
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reacti on stage d, the second re i Qn stage. Thus,
P mu%cmafg?dsmcgﬁm 7% obtolane Bredeer Oh¥ALLNHEe
k& dnl8eREORRME. CORLd LPalus FRdke %1&)99151%11 o TheBRALDEDT the first
enbodi ment of "the invention, the first materi al

reagtion stagerelgivsite therietd] reactiorhiapedwas béamsglecisd, ereanant he
l.owest feedstock inlet. However e bsol u -
98 ing PR St on ARG TE Grt A fapsiis,
RELBlidhal at fRIVPEM, AERE-sedt@iTYsutfab@lvithindtlie aﬁqsa@ﬂué, Pai1bled
figures and di scussed bel ow, and the selection is WO

200l habpoyideethe seloded ot gepsyion sage welnmedeepep fhe lowest
gy - od 1 |
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[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 within the reaction zone of the apparatus
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reaction stage is both at east 0.3 neters and at
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[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 first reaction stage is herein termed “the length of the

first reaction stage (L1).”
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[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 to the second material transit. In the event there is more than one second
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[0074] A lowest 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 feedstock distribution grid 212 (the very small



product exit 260. One end of reactor shell 218 is in
open conmuni cation with term nation volune 239,
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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, is formed as the open surface area at the

junction of series cyclone separator 248 and product exit conduit 257.
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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, looking down on Fig. 3A along a line indicated that is
slightly higher than that for Fig. 3B, focusing on further elements associated with

reaction zone 314 as it is connected to a portion of separation device 334.



feedstock to pass fromthe feedstock receiver vol une
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[dig3) nat i OR ¥QkUTBd3RRk it1BEY (Rlifough 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, parallel to
grade, formed along the top surface of the feedstock distribution grid 306 (the
very small separation in Fig. 3A between lowest feedstock inlet 320 and the top of
feedstock distribution grid 306 is for illustrative purposes only). A catalyst inlet

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



provi ded as a separation elenent. Located within
termnation volunme 330 are nore separation el enents,
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catalyst from the separation device to the first reaction stage, for example, by
being joined to 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

to other elements of the apparatus, providing a more complex path, or part of the
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material to a common, secondary product exit conduit 348, used to convey
reaction product and possibly unreacted feedstock away from the apparatus.
[0087] A second material transit 350, through which a solid, particulate
catalyst, 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 shell 312 that is openly
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catal yst near the top end of feedstock ¢ '
a prusie] rensyers section o€ tha APBRPRY leREme 4O °r?§qg;§é% g e
1if& ir{gl'i&gedt ?c%‘i!@ﬁlg ok FAM dssPded FitH rédctioh RenecHliledngst up
Wi It urifig operation of the apparatus. VO .
0RO QARREToIRIEIdeS200 310 $646® prosenfscorpriial BRagvesis sostion

ly joinedt t Qf. I W - .
of Beawady st opisB PR i s tond § g tfters PhEELs gy

Phah RiSat ff&qﬁigt I8 Koantheat ctharsfeaturea yssoalatedphisteraction

eacti on zone 510 is conposed of .a first_yreacti
zet@fH) HlipisavanectedioanEtionsAEPYALR %Véc%:azrg; Fig' s presents
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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.
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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 to 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 to first catalyst exit



separation device 520, is openly joined to the second
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[0096] A catalyst circulation conduit 538, through whic

a geﬂr.gl'yst may
flow, has a first end, first catalyst exit conduit 528, and a second end 540 openly
joined to base 506. Catalyst circulation conduit 538 is provided to enable fluid
communication between 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 catalyst exit 524 to catalyst inlet 518. The firstis a flow
control device 542, provided to control the rate of flow of catalyst through the

catalyst circulation conduit 538. The second element is a receiver volume 506,
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hydrocarbon conversion reaction in hydrocarbon conversion apparatus 500.

et

Catalyst regenerator 548 is openly joined to a fourth catalyst conduit 552, to
provide fluid communication of catalyst from catalyst regenerator 548 to 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
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used to increase the heat content of the catal yst
47l within it. [01021 The geonetry of the first
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omitted, providing only a catalyst regenerator 543. Similarly, it may be useful to
provide catalyst 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 catalyst conduit that provides catalyst from a regenerator
apparatus directly to the first reaction stage through another catalyst inlet at an

open joining to a reactor shell, or to a catalyst circulation conduit via an open

joining, or to a termination vessel volume by an open joining to a termination
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single point in the reaction zone and is not normalized to any particular geometry.

Rather, it is a straightforward calculation according to the exact geometry of the

cross-section in the plane perpendicular to net flow at the specific point of interest.
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stage or the second reaction stage, as appropriate to the location of the penetrating

mass) of 1 meter; anything less will not provide a sufficient reduction over a
practical length scale to be considered a tapering element, although 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,
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tapering element, reaction systems that have a high rate of undesirable secondary
reactions may find lower positions more useful, as they may, in consideration with

other factors such as desired average equivalent diameters, provide for a higher
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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 solids 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
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i ndi cated, focusing on el ements associated with the
i por t {HsoBsse, 1t 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 artisan will understand that combinations of any or all of the
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In this enbodinment, a catalyst inlet 620, through

lazes A BD dhanithe 1asr. end proidsd i akow eedsiok.doredusivand osher

gasses that may flow through the reaction zone 612 to 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 at the top, a right

cylinder, a right frustum of a cone with the base at the bottom, another right
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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 cyclone 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 exit conduits 636, are formed as the
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a partial transverse section of the apparatus, looking down on Fig. 7A along the
line indicated, focusing on elements associated 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.



circular section of torus 704 when the apparatus is in
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'ﬂ%LVetBrough the reaction zone 708 to 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 8 contiguous, openly joined geometries,
starting from the bottom 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



conduit 710 into first reaction stage 714, is
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[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.



out of series cyclone separators 728 and into product
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because in operation, the flow of feedstock out of the feedstock conduits 712 will



The second is a second flow control device 750,
provided to control the rate of flow of catalyst
wo eavion2sTi rst catal yst cool er 752 and ent er i nBCT/URSEIN3/016483
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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 conduit openly joined near the bottom

of catalyst stripper 756, and contact the catalyst that is passing downward,



conmuni cation of catalyst from catal yst regenerator
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[0142] Fig. 8 shows another embodiment that is similar to that in Fig. 3A,
except that a portion of a reactor shell 812 is extended downward into the frusto-
conical section. However, the location of a first material transit 852, and the

volumes, heights, lengths and AEDs of first reaction stage 816 and second



slightly higher than that for Fig. 9B, focusing of
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[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 catalyst 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 latter, and provided to allow feedstock, product



fromthe exits of the perforations 910 of feedstock
distribution grid 906 into first reaction stage 916,
WO g00d®1esni ned as the open, cross-section surfBCEDS2003/016483
parallel to grade, formed ghong the top surface of
the feedstock distribution grid 906 (the very snall
separation in Fig. 9A between |owest feedstock inlet
gﬁ@oﬁh@fj o4:36; thaPma) ﬂomﬁféagpﬁié réa&lkﬁlzgﬂé Pﬁf‘toq{akl agd®® s
for il Iustratlve pur poses” onl cata yst
onehging sap@rficiah gas webadity ap rtlmmedcstlcm motdeds tqomrmplemdrat"ﬂle
cat i rst 16 of the apparatus,
i‘f%a‘:@)ﬁéﬁ@@f?oﬁsr?samflﬁ 0 S ShErpis 2eometiani & 3ich god in
padadely 8 bottbrl v%hlo%?é‘yhntd&r Qléﬁltkri’&il §‘elat(fi‘ aﬁ@ |f6L9 garallel vertical

particul ate catal yst woul fromth tal yst
eylinderss dNey rtlue logttni section pf @actpedmlh 94, ﬁleagpeoigthé botiema

b d f t t
PR St SR R sfbnard Sheapl e, Sy Bgtom
wéuitioh ofseaemmlsm tHeftop &8 Iof theOipheri QIIBE: S 2dBhe BA8s of
930 and 932, catalyst exit 938 and product exits 942.

thecoutppyalisl cxlinders are openly Jqinechfexespt &1 the QE?IBI oindlags witlethe
I
PRIy TERG the PTG A oo dRE e B R BETCL o
dmﬁamn&ﬁeoﬁher@cnm zmiemn) of the "ranms head
&i‘@%ﬂssed i erf%% se one sjde of the ducts
pen ( “fS’BTt PIFOCk] ”’t‘le thyeuehawhich feedstogk svoull flow
£6RAMA LRIt SO POHH8o R 0l oF £ @é@l@ﬁ)'fgﬁi QL %Lﬂioﬁgﬁﬂr%%' first

el ement rather than a portion e reac she
(@gtmmgagdq%l & &@tﬂrmr@drds itley opbas cnossp$actxnn saffaca, pantie] to

head) cur ct r du ts 929 extend
BERE ool wafe Bl o Mt oS Potnel iy Bedmaricuibuire

Ve 3elalisbpirhtiGP R ik HRY batveem| ovRsPfefddt8@AnRS 920 and the top of
separatlon elenent. Located within term nation vol une

Gedstasledisisibution gad 806 rowillsestive purnases enlyk sA wdalyst inlet

L
Sl ST RO oy ST IR
21 of the hppefmmy, i$ blfmﬂ}t jmm?lep aéeiﬁtdr@helﬂglél l@?taﬂgsgnsngl é‘Xtalyst
0|n erni natjion ves she
Bl 8 oo ST, DRl s e ook 1 satelst
ﬁlﬁettcﬁﬁdﬁlﬁgm FALas! ﬁﬁf‘reaé’tRJn e D38, %sgagpdsrgélg of B do ﬁﬁcﬁar? St first

conduit 936, is formed as the o ace area
repetiqnusiege V6. of terni nation vessel shell 928 and

St exit it 936. Further ct .exit .
FARELY TS ohte SGPehirintivas scniraner sl 344 Srudtis compeioed
Pophatiyn bll%frﬁﬁfé@@@ J2oed%) Qﬁi@%iftafy’é@éﬁlﬂm SRR ALt 8Ats
device 934, are o enly oined to the top of Series

47| Biseengs Qéﬁ%ﬁhdh%fogsrzara l@orhndere rearshewp of réactughell 912

S CH TR Rl Rp e RO RS 00 R Rusth - ot o
@8@nguidr dutt0929r el ¥ Vhrigtiont ofel it Sh&AO disetiRed e4dieg bas

the open urfac&sﬂ: at the guncti on of series cyclone
RecguseAns sidegs shednstsre gpen (tasbattompn i pre'ddes 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 vessel shell 928; they are also provided as a separation element.

Located within termination volume 930 are more separation elements, two series



940. [0148] A catalyst circulation conduit 926,
t hrough which a catalyst may flow, has a first end,

W@ 210al0yR67 exit conduit 936, joined to a catal yBCT/€%2003/016483
938 and a second end, catalgyst inlet conduit 922,
joined to a catal yst inlet 3%4. Catalyst circulation
conduit 926 is provided to enable fluid comunication
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pg@ction stage 918 and into separation device 934, are
established as the open, cross-section surface forned
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0 f reacto hell] 912 th re.in, open .
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I nvention includes a given reaction stage conprised of
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be constructed of a wide variety of materials,

pigairoded)torastlagtgeactipn pyaduet 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 catalyst, a conversion product and possibly 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 opeh communication



nmetals and refractory materials. Metals may include

various types of steel, including carbon and nunerous
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known to those skilled in the art. Refractory

materials include such itens as clay or silica bricks,
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1s i1l 15 theart thet 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 to 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
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hour for volune, and a difggrence of no nore than 10%

in vapor content for quality. Conditions, such as

tenperature, pressure and WHSV, within reaction zone
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through the small feedstock conduit 702 may disrupt the flow of solid, particulate
catalyst through catalyst inlet 720.

[0156] Once the solid, particulate catalyst has reached an acceptable
fluidized state within first reaction stage 714, the flowing vapors will transport a
first stream including a first remaining hydrocarbon feedstock (an unreacted

portion of the feedstock provided to the first reaction stage), solid, particulate



t hrough second material transits 744 and into

separation device 721. [0158] The gas superfici al
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conversion of the feedstock_as the flow ng vapors nove

t hrough reaction zone 708 tsgwards the second materi al
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é e vaI ues%qEOlGO] Fu as used herein,
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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



any specific point in the reaction zone according to
the actual volunetric flow rate of feedstock,
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cross-sectional area for net flow, at that specific
point in the reaction zone.>The actual volunetric flow
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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



nmeters per second, at least 0.6 neters per second, or

at least 0.8 neters per second, or at least 1.0
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second. Above this value, the amount of solid, particulate catalyst in the second
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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

is well known to those skilled in the art from calculations, given knowledge of



than 98.0% or no greater than 95.0% or no greater
than 90.0% or no greater than 80.0% or no greater
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m ni nu
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 hydrocarbon 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%. Still other

manifestations maintain that the second hydrocarbon feedstock conversion is both



reacti on zone volunme, mninmum catal yst inventory in

the reaction zone or a given reaction stage, etc., or
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surfaces of term nation vessel 724,
[0171] At least a portion 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 into catalyst cooler 752 may be

controlled by first flow control device 748. Catalyst cooler 752 would reduce the



the entire length of catalyst circulation conduit 747

and on first catalyst cooler 752, there may be openly
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flow may be controlled using second regenerator flow control device 766.
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solid, particulate catalyst does not flow back into catalyst cooler 760 through that

conduit,



conduit). Specifically, sixth catalyst conduit 776 is
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WGe@owHe325T egener at ed solid, particul ate cat al yBCT/US2003/016483

flowi ng through that conduit is provided to

term nation volunme 726. At [“éast a portion of the

cool ed, regenerated solid, partl cul ate cat al yst

f | i nt t
TERD | RS PRl eosE. fpentlegsplia Pl
rcea@tst Bowhigabifughfifth datilysl boddw@f 70 i§ hitbAbZRkd ﬁiathaéa%lyst

ift gasses include, but are not limted to, 1inert

ga%d}ws TentheTaiser whitlommy be spienileditbsougl the use of fourth
t t h Th
HRGRRI BRPeortlel nefibe FH8( N LER o181 e 1T B ENGHS S

ccamalyef sindoit 776 &t dpenlyeineg ligognd %Ghdiﬁt 780 lsél@w fourth
drocar hbon conversi.on _ggparat us 700, or ty

Befatox tiogncontuol deniee 7 Hreiodacilisie Gaspert pﬁtheégbd»mamcaiate
%Q@@E@ﬁa}lﬁlgﬁﬁﬂa‘c g@ﬁ@tﬁf‘%a\ﬁ;\iﬁt ol %?%Bafv@tﬁ 1§ ﬁ%@{og%go

being fluidized or to ere 1t is
Rewiersitn gpparathe 760, tivdi coatplaingahe J:1tddatgﬁhﬂo(o;5&£bdl¥d§ h the

BRSO g e de bt ambyreion 7ohe (FeserBApion
belehre aEGIsag of folid, biidhzal e s‘i?'is és'te{b'hslge‘et‘ls\mthm sixth

introduced to a reacfion stage O present
icafekysit qonduit 376 abovgfounsh sigdneratr ﬂnwuaintml Stviiar &8 to ensure

A8 ] R RS 95 B
Sbtm‘mitb i Spcﬁ:hﬁcéﬂillypﬁkﬂﬁbatdpist E@{dultdF%% giééﬁli'llﬁ)nﬁb'ﬂrtb t@nination

pressures of varjous materials. resent

W?ﬁ?@rﬁ%ﬁnd the gopled regenegaedispid, wﬁﬁulawamm Sewitgdhrough
%'ﬂ&ﬁ{d%itq va?cfeﬁ%é tééﬂltlmloﬁl%ﬁm?e%iéd A@%gstt %éll"tlaotneof the

cata ySt enp oye 0O conver
tedeth h‘cgdnetad)ad‘iwﬁdr edttiulatd gathly st ﬂdﬂ@mgﬁﬂiﬁﬁéﬂnﬁﬁaticﬁl volume 726

%@Erz;“i C%‘3%‘1@&%@9E%%‘g?‘f\@oﬁgﬂﬁg8@%&%&%@3@@%«%@6 ftage 714.

@9} i ons URetul BlilihatibR bn@ KATRLRs ifdRlel But (2 not limited to,
I nt erconversi on reactions, oxygenate to ol

HISH\2EBSSB.OHrpEe ﬁﬁe@tnscarbxxy@emde,enmm hydras@boms air, or mixtures

r t he ackj f he ol eum
R T AR 1 B L g Lo B Ghyfon
t@éﬁfﬂdaenlfg cordluClat ah lshéthy@fo@ﬁﬂﬁoﬁ @onvedkion apfdeaths 70RRPype of
phase catal ytjc OX|dat|on of butane to naleic

LSRRt ePTOGRER beipg Reréormed iva FRgienerpior ppAratus P alepending
I

SAIGe TR LN B FAERAE TR R 58y

ﬂEﬁMdlmtw t hfagmi used with ol hydwéwbmmmhaaﬁmn%ppe?rbﬁs €00 is

reac% S tend to be ﬁ@SItlve to se ndary reacti ons

yreggiy 'efsa i§ReLt §F IS@oﬁﬁ PRy thegpzrtioa bemgicopdustsdrrr

ﬂ@iﬁ&‘éh@ﬁ offift ?btgﬂl@t’bdu@e)ﬂttg Bt-Sclbn Qﬁgé’ &f %’e :ibpese% XH{’&]%OH is to

hydr ocar bon teedstocks to be convérte
beeansidered in galculdtion laffolmng thy lowadvbpors 1hrahg1pﬂhatr¢actlon

carbon dr ocar bon enat e
6 BERBERE: n0dr Bl e aptiher s sopea XBRBAS Bas o
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[0178] The present invention is useful to 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



or naphtha, synthesis gas (e.g., mxtures conprising
carbon nonoxi de and hydrogen), and m xtures thereof.
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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 thereof, such as vanadium pentoxide, and
mixtures thereof. In some cases, a metal or metal oxide is 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
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[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 in the present invention. For example, synthesis
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 in U.S.
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structures can have an average pore size ranging from 3.5-15 angstroms.

[0188] Suitable silicoaluminopﬁosphate molecular sieves include SAPO-5,
SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-
34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof,
Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,
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[0192] In one embodiment, an aluminophosphate (ALPO) molecular sieve
can also be included in the solid, particulate catalyst useful in the present
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oxides which can have an AIPOy framework, and are considered non-zeolitic
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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

SAPO 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.
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include solid, particulate catalysts having a Geldart A or a Geldhart B
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sufficient conditions to convert the oxygenated hydrocarbon to light olefins. Light
olefins comprise ethylene and propylene, and optionally C4 olefins.
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monoxide, 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
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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 to a product at appropriate conditions using a solid, particulate
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% to 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. % to 75 wt. % 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. % to 30 wt. %. One particularly effective liquid is water, due to its

relatively high heat of vaporization, which allows for a relatively high impact on
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[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 catalyst 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
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be in a given reaction stage during the course of operation, it may be different

individual particles at any point in time, since the solid, particulate catalyst is
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[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
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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 to olefin conversion

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,
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In particular, for an oxygenate to olefin conversion reaction, the solid, particulate
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the weight of the solid, particulate catalyst.
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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™! to 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 invention further includes separation and

purification of the conversion products to produce high purity olefins. High purity
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Eﬂzbﬁ di scr Eg\% 1&&?86&9@%1% &1 thedd &%Qcaﬁe?si&ﬂ?m@&ts can

epar ati on device IS I n co-pendi ng paten
BpEnicat bgna vatiets.of pescesdds, incledifig hy8b@enation reactions to

saturate certain hydrocarbons; acid-base reactions, e.g. caustic washes to remove

Yol

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



[0230] A useful alternative enbodi nent of the present
i nvention involves enploying nore than one discrete
Wwo eaaen2sshel | joined to a conmmon separation PBEVUSHE03/016483
In one enbodi nent, one would replace the riser shells
with a plurality of reactof2shells including a
tapering el enent and ot her features as discl osed
earlier _herein, particul ar enbodi nents of .
EARIeBYPRRY frﬁﬁﬂlqnabﬁlétﬂé@twrfs%}énwwr SOJKE ConveRtionaly
GO b %R?arcﬁ&:l 8{m‘3ﬁ%&eﬁ1% se#&raﬁ(ﬁisusef ul to conduct an
oxygenate to reaction as detailed herein
0220 n eathe vepgEnote te bidfin rgatien ataybegrartelalyedfiartive at

A S SR R R e

g&ﬁﬁfeﬁgurﬁtg @Hm%ﬁﬁefﬂpﬁroﬁ%tﬁﬁfes 4R readiBfla O%fara{tﬁsaﬁluﬂlég v@géh
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BRbY SRR 8RSrinfdI¥ER t(étﬁyl@lhe 151&9 pﬁﬁ‘as?l%ﬁe)qﬂﬁdm gbifRted using
Catal ytic processes are erred. Particularl

Preeteeensir @radefiremgthod ©f ﬁlee P@%lf’é’fﬂlﬁtm}t is gny AR efcing

SPLBHE o 3 5B0R s pF o, ableq GRS g ety % 065500

kg @59612@85’5 ledkt @mome ,kgﬁ:xeﬁé@ ADRast4, R02006&; peaddy; at least
4,243,691. In

510 200 kgt hy: SR s 24000 e oy S8R ofiype of
% Afd ﬁ%ﬁn&?ﬂt@?gp QR3/RLH48 gl%elﬁ %vlfhcﬂﬁﬂr&g ré’a%ﬁ@ﬁ X&{es at

ressure a erature effective to formt
ptl!dlqheﬂ ¢d 2 commoondearatidn0RIRie infqumndfireco-pending patent apphcat1on

yol ef i n-.f 1.ng catalyst is a netall ocene catal yst.
@ﬁ% %‘:&J%@ég“{gelﬁ‘per ature range of operationis

30pen 50 psndfid4Q6manee &MBodiin@aCHfitRNpresdht RR/effdH in@8lves
out at |ow, nediumor high pressure, being anywhere

wimphiying merertharyenepdisarete seantw shell pingddp agpBeRasEeparation
%@Vlaé.e%n 31%: H{eb%dﬁ&#nlftén%:}voﬁﬁ] réé)?fcretthe I%ek s Wita Eﬁrahty of

used, erre pressure rang
beicwe %ﬁelllsan&lﬁding 1 5%4behiap $:1enWln’t lalncaothéletéanreedts thsmmeechftm:he&

range of between 1 0 and(éf(ZPSOﬁ JFor ? Ri
Betsie sleggrticuiar embgdigeants femmaying prily ‘Frﬂ’éFT&feJFéCtOf shells
gﬁﬁes[ @clrﬁﬁ{mp Whoidh e ick qp&‘:ﬁsé’[ful to%nﬁﬁbt %.ﬁQ)g’y AR bRddfin

e operati n pressure bet ween ars.
f@28an ad detaibbdilteram Wherqnmbgohl reetqtmhelh gmajefspmmh elefin

f ' f | fi
Pubeiot 5 pioay P PR aRatar o s Gtk ap B C
56960 kPGS anB o gRéRertRin ’vsmd(ﬂgg pe@ dag ﬁa&y 128§:450,000

al cohol 8, acétic acid, |inear alpha olefins, vinyl

kg penday, andirioygresier thﬁm:ﬁ@@ 6@0 keperidyvi nyl chl ori de,
i{){é\éh penze ??18 Ple%tng )& ﬁi ng n%{]e-fg 61?1919 E&Rﬂ‘étsmn

reaction can be polymerized to form polyoleﬁns partlcularly 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 pSlyoleﬁn—



oxi de, acrylic acid, ethylene-propyl ene rubbers, and

acrylonitrile, and trinmers and diners of ethylene,
w@e@pplese or butyl enes. The nmet hods of nmanuf ap€TIUB29G3/016483

these derivatives are well §nomn in the art, and

t herefore, are not dlSCUSSEg herein. [0234] This

invention is further described in the follow ng
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%‘8} 4418 32 tq 290 pars Fappigcesses carried @itén sqlhiéon, o linare
Bfludnp EarSIRCEYRE, drRARE gfé@e ral'ﬂlg p&éﬁs&'e 9%1#% EQWE% 19 and

meters, and the tof reacti

050 bets, veittba prqf@t@rtsmp&'ﬂaené\%@é\oﬁf)etbdaen 20 &dd 2302€C FoPBas
uare neters (0.0229 cubic neters

112 0. 0707
PhEEBbeRet o pycicrted it the tmraﬂret gﬁéelfaﬂb’ be veithica Fange of

st aomore SeuEERSakoh byl RGN IR,
KR2383A of t hmdslﬁmrtd pblg@d:dﬂrﬁj’hﬁﬁéi@@ dtﬁéf dléﬁrpdé}%aves may
0916 cubic npeters 1.4288 neters),

@%ﬁ’%ﬁ%f SPI‘*t(ﬁﬁ‘é ICQ¥eRd ﬂ?eé%fé(tmdﬁ‘ﬂuémﬁ deéehi mry pBSRS.
TR Erﬁ:h(de[ bk 2fe Qo@ﬁﬂ@ecﬁguﬂﬁgn yaES %!c%ho{s cte 1?: aﬁf}’s %}ersfa%ﬂhga

of the length of the secon edction

ﬂEﬁ;ls@fvmvh@ceéeé@mﬂcylcrr@abchomncamgenﬂyl5hlosld5 Bhy1Berd 2883
t he AED of

57 t t f
Ty 080 TG SR b sk
terglic a¢ -
ekl e g, IR YRl Bl

e, OfteHLN H6} H‘iﬁ’éyl@ﬂe Ph]éutf’ cpes Theauntthods ofsmagﬁacmmgu these

he vqu of the first

Qe ot e RE0GR1n S BLrok At FeRoetiigein o
[93341 al cul dfteslinvantoweinyineher Aeschibed #othy m@lovﬂﬁ%éﬁﬁnzﬁléi st

tlon S erefore, equal to
%f € ﬁ%%‘ﬁf‘glgte oﬂ%tr%te S@ealrilla sm&oeémenrﬁew@hlg)the qvezalf sqope of

tH@Irﬁémﬁjndisrc%ﬁﬁlle& 148, through which a solid,
particul ate catal yst, a conversion product and

unreacted feedstock flow out of first reaction stage
into the second reaction st age 115, is thus

B2 or ora FomphS SRR PEneR) shiekis obfincdrah 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 is 0.0916 cubic meters, and the total
volume of reaction zone 109 is 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 meters (V{4 x 0.0707 square



hei ght of 0.3239 neters above the | owest feedstock
inlet (as that height provides the chosen first
WO e@e1nn7 st age vol une of 0.0229 cubic neters POI/BFHB3/016483
meters x 0.2532 nmeters x 0,.3239 nmeters] within the
reactor shel|l 106 between tR& | owest feedstock inl et
118 and the first nmaterial transit 148). Exarrpl e 1C
023 [ he errb dinment in Fi | A-B, the
@]gtffiﬁ A@%Sf%e% thespeond reaction siaEs { byl Q% Teare
. OPRCLIbR SR {
the :ﬂ gest poi nt of t%fgg?ﬁ Ir %{Sy]ragggﬁ %ﬁDs(?atg%gg&G{g&)}egcmn

stage)rsd) 2859ahetors (S {@ge0. 0642H§quafe metesY dbd] O MTiafrafio 65A¢ length
gwfaters (first,  reaction sta 112 havi ng a hei ght of

%ﬁ%onééﬁw@némeééé&@e of the sseangareactionistage g5 is
PRl 2087 hRIED, Bldthe A oheRY) T Picion

giagelkl 2 tobke dyHlRx ofl e [s€R8 redetibe stape1 @15 & 1.0% 1 €0 agkitarent
'?852%@4 | A-B, the Cross secti onal ar ea f_or net fl ow
L fﬁf')ned In this exanple, the direction of net
fl ow of feedstock, WD 2004/013257 PCT/ US2003/ 016483

&%ﬁpg@ly@t and any ot her gases that flow through

reaction zone 109 is, at all points, upwards
H23pkndi culmthetemnhypdipdent imHigs. Ld-Bhithe vdleme efitheifust rz@mien

$23 B2 ARSI 8bE s Hin O FR P SR ie SPBY SxlelrctiOp Siake

fi1Dwmd ﬂsle Qeddn fesifion mgamfas%aa&naaw& BRiep1s 14, OFé33kme
nmeters). Within reaction zone 109 at an el evation of

o1 tho Bstreaction sige v &2 o fsraforeeeatial (k0220 @ibic megra R x
I
00252 BE D, e Giyufienal s 165, b BB JRAP ©
Ratlemlatlemgtalxst teheoneedotoadi preduct and @rg&tedl%e&todkfth)w out of first
tt he first
FEBE e bt intojthe feond et e L it ssapdSheders

HR\G WS- sBctl GSAnkd) %ﬁhﬁéﬁ&hr #R0196%hd %Ql'all%%ga&er}ﬁwm
di mensj ons of Exa anple 1A the tapering elenent th

heightad Oei?é‘\‘)atlfft@lﬁ abpveothe 2seshisedsteck inkes (arethgititeigift ptdvales

felehbsen B8R UARTHIEREHDODD ABAERLER T o Rinerargx

0.2p%T inkgprek GIBQBQ rr&iteréi_n)vﬁlhlﬁ% fe@torsHRYE b bRt RWaRd lowest
E)OI nt of the |l owest feedstock inlet that is 18% of

estofly infst d h8 and e fagimatedal draggisd #Hn of the | owest

point of the |owest feedstock inlet and the highest

PRifpiecfct he first reaction stage and the second

stage (which is 1.7527 neters). Exanple 2A
[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
elevation 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 to the embodiment in Figs. 1A-B, the cross sectional area

for net flow is determined. In this example, the direction of net flow of feedstock,



[0240] Referring to the enbodinent in Figs. 2A-B, the
vol une of reaction zone 221, which is the sumof the

wao oloerspdf first reaction stage 224 and seconBCT/US2003/016483
reaction stage 227, is established by geonetric
calcul ations noving along afdl within the walls of the
appar at us between the | owest feedstock inlet 230 and

the second material transjt 272. For this errbodi ment ,
PREUGARE oRY Sihepisars th e}sélpw thrpugh reactign zenesk091g,7¢ ail gatnts,

ﬁéi E§ Egt?) {ﬁﬁt?ul%% fwﬁur?&%@eeﬂiﬁ%ﬁ CSne Y49 & réf‘evation

t an econd reaction stages (from
bh@aZd)@I)/\mstersf aeds tthmllowestl fedds8R inlet ¥ 18¢hs ewosreectiontl@rdéasfor

27 b 17. wal
PeisCIET A Tt hALoL etk D Ag wmeirerh, Wilbife of
%aff‘t‘i(ﬁf%& 8 09&k b ERVatioh YT 1LCIPO Mhdlets BbSVEIRIveSEBedsRIcR ‘i’r_lllgﬁ '

referred to as an iris diaphragmtapering el ement.
hEdihetcrgss séctidnel aremfdrSlowf is 41 sqeare oreters ((b23B21m¢tersex. |

gggél ogqrs)hell 218) provides a nore gradual change in
ér ¥h cial velocity than the 90 shift found in

t he enbodi nent in WO 2004/ 013257 PCT/ US2003/ 016483 86

Exgmple /& From t hese neasurenents, the total vol une of
fthe reaction zone 221 is 99.6436 cubic neters

[23fh! e 2BRetzung tq the epbodimsatinidas. 1A<TBFr1§§apezmgBlentq%ls
g@hgg@bcg; w%lgrg thé Fitd ;Jagﬁog{ ' uuﬁ@ag;th%%éc SEhRALEk 1 5,

sum o t he rst reaction
hivigea Zapériap dleaenoankle 6PNl Qisingtthg dlni’él’lil,onwa Ekample 1A, the
29. 8931 cubi ters terial transit. 275,
m%%ﬂemmc en hagym ﬂeVﬁyaprééﬁg? mefers Qb@@%lgﬁfaof the' Rist

§h abQ'{'Ié)@lH%W@s‘ﬂ 901%1{‘6181@%&‘}"6&%&@%1&6#1 19, OMMiOHkther
of e fi reaction stage 224 and into the second

phacst the tamnag eleAR Tt ati s eldvatiorshavislthsloaestppintod thy lomst

4 hi ctor hel | nd
SypRlaterdttin 1o e G EBERSY S P SRy A PApRlowRst
b@l‘f@& tht eewled: Bldstoblk Bilet %ﬁ@ tHedt ésﬂpdlﬁﬁéf the@¥itsd geadtion stage
di aneter of 3.6247 neters) ch provides the

gid @@tséwqdlTﬁéqtloﬁé&tgﬁ|(Wh1°§ﬂ5ab@53/7om9’i‘?§) The vol ume of
the second reaction stage 227, based on the | ocation

%@@3—'@ Aprst material transit 275 is by difference
ubic nmeters. Exanple 2C [0242] Referring to

8] 2A- BReﬁm:{ngm thg etribedldlamEnlelgmﬁA B, theaminesofXaction

and fi rst e sta as an

e Wi e Ee affimes A s P h ke g sgbond
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meters, and so its AECS s 4.6500 square neters and
m@ma@@ vialls of fix3pparatusrbstweentglopygst ﬁeed&mkonlet B¥ and the

lée_e ! atterlal ran@é) fForhl%s 3mbO& gneﬁne IO Bxa\glf“degt% rtich of

the ﬁrst 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



and the ratio of the AED of the first reaction stage
224 to the AED of the second reaction stage 227 is
wa 23083237 Exanpl e 3A [0243] Referring to the PCT/US2003/016483
enbodi ment in Figs. 3A-C %g vol une of the total
reacti on zone 314, which is®he sum of the vol unes of
first reaction stage 316 and second reaction stage
est bl i shed b e | & cal cul.ati ons novi
B0 AR QR e PEThR fubfa ppuitietdopdovettt
ohe4BevEsit mgggdst ock inl et 320 and the second
material transit 350. The height of the first reaction
stage 316 is 2.3798 neters above the | owest feedstock
, Wth a top dianmeter of 3.8706 neters and a

tom di f.th
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AL Eriies e BPeBRu? it wae 1Ry She KRl sPisond

raat@oisstagel Dbhded onpRelocayd dfake ﬁfst itrReaamet 17836 by on
agﬁge 318. The total volunme of the reaction zone 314

efice GP 08 culic Iplers. 714 cubic meters. [0245] The
right frustrurn of reactor shell 312 has an angle from
fRempReieendi cul ar to grade of 30. Such an enbodi nent
_TB_I%E§“a nore gradual change in gas superficial
Fﬂ%@bu ty i Refeming toaltigs. @d-Bomel wsivegthe dfflershink in Ekamples DA

o BB 0P GRS B S8R A s, an
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[ 0246] Referrl ng to the enbodi nent of Fi C,
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geaﬂm%“%iﬁeaﬂé@éﬁat al yst, a conversion product and

unr eact ed feedstock
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



flow out of the first reaction stage 316 and into the

second reaction stage 318, is thus established as the
wee@s®1retrti on plane, within reactor shell 312PErusS2003/016483

paral l el to grade, having S hei ght of 2.3798 neters

above the |owest feedstock Phlet 320 (and further

havi ng a di aneter of 3.8706 neters), which provides

t he ected first st age volunme. The voI ume
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reacti on stage 416 and second reaction stage 41
Rig ¢4, while @rommrxg g ssition ofreomstant CMaracptq:lsstlcrmd‘é]rasatbund in Fig.
a t hus ..est at a height of 4.5757
%ét%?%&c §%0%§¥ 99 X 0# @dggbck inlet (and further
alocatloninthe right cylindrical portion of the
Eeampbs3Bhel | with a diameter of 2.0000 neters), which
selected first reactign stage vol une.

d
%456 olea rrte Eﬁfe”tl%t% cemaodimsat oidies Byl argisingihged on
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AECSA of 14.3663 square
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
further 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.



neters, and an AED of 4.2769 neters. Second reaction

stage 418 has a length of 18.2731 neters [(20.5000 in
WO 284000287 i n - 0.5000m) + 0.8488 in - (4.5757 POT/US2003/016483

4.0000 m], an AECSA of 3.5%54 square neters and an

AED of 2.1402 neters. Thus, the ratio of the length

to the AED of the second reaction stage is 8.5380, and

E}gn{‘gég@ of the first reaction stage AED to the

action stage AED is 1.9984. WD 2004/ 013257
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I {4 vin nd wihin. the l1s.of the
B AR e R s AP T B e Pdionmes s o
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288kt ock Reterinesodic 4 anghpsing thegomesnanding dimensiensdn
LR85BS & f rtical  .extendin
RRGHL B, SLIRIT (RO RIS of ho rlSich filk 11 ARF RS
fepetem stagecdl B anl . 4itld @bk meterss Ih higis esanslechovRaet, N
t.age 4. The taper] el enent n also be referred
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firgt fehetidn dtpedil 8RAA 6Pt FRRKbA Jtabl 8TE Rhich 188.7357 cubic
enbodi nent 1 ncl udes a sudden geonetric shift tapering

1aetetre Ay fifsh matqripl warnit$2 is Huissetablishedat 4 byight afah. £156 mestérs
' rtien.of the.reactor. shell 50
RS 0B 1pRet TR IR Rl e IR RUG TSR Sl
fioingorgeditive teayton biielpiitl aldimetéer ofYd000dEters)) vihich provides the
rect ar}%ul ar duct ext endi g[gle_t he second reaction stage
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section of the secon eaction stage

cabigrmgeters. of 1. 5000 neters, and the second reaction
stage 514 has a height of 31.0000 neters. The

FHahaagy ar conduit connecting the second reaction
M_ 14 to the separation elenent 522 is 1.0000
[0249r  hi gIReféiARROTiERY SindWMsHf: the BfnerBiond BPEREAFIE 3A°HGng
T,g_}e total volunme of the reaction zone 510 is
vath) thgichessy leggtion of the first material transit 352 in Example 4A, 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 neters. Exanple 5B [0253] Referring to
t he enbodi nent of Figs. 5A-D, and using the
walomiosizons of Exanpl e 5A, the vol une of the fPEBHUS2003/016483
reacti on stage 512 is sel ectogd WO 2004/ 013257
PCT/ US2003/ 016483 90 as 65% of the sum of the vol unes
of first reaction stage 512 and second reaction st age
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paral l el to grade, aV|ng a
HBY abnarud. onest feedstock inlet 516 (and further
having a diameter of 1.5000 neters), which provides

E;miﬁiggted first reaction stage volune. The vol une

reacti on stage 514, based on the chosen

[0254} i on oRefeéngd iorthé eRBbERel int g SALDS 3R vol
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fe?é?tgﬁtﬂ sﬁ% rll4g1s%{§%gﬁ§sﬁeﬁ b%%%oﬁi@&%i aH}F g%‘gli%l%vﬂgeatlorfgl gnd;

wéhintthowalls afjéae apparhias bamleen dietlowtst ¥ded2RRBR iA1BE R6Sind Fk
and an AED of 3.4379

??5%@ @%Ieégkﬁ%%éégg&%%gge%ﬁ@dm&i sption:pf thesfiegt reagtion stage
S 5L9% aBtightof d &8sd0A8rsiaBove l%“g%tglggasto E%m%? 9 €6 %ql@&lcﬂ

AECSA of 1.8124 square neters

Ppainiethere oFburs atidpering element angie of 20%gkdm veaichlh exiEBng for an
C n stage is 20,0777, and the ratio of

%‘ﬁ “‘%‘ﬁaf@%lghf i 4003 elegrhagheysirectionctizs Sidaeins e

s&b@ﬁﬁre&ﬁﬁnl shage. 5463 31“ he BRARL Slebftnd 8dd @glffgerrfedqg ad §h iris

Fﬁg 6A-C, the volunme of Teaction zone
agrg tppering elementrHa additiomdo die ifis dmphragﬁcthpﬁmgsdlag@t

i B SERRRHeL lh Bppe oY Pl v

the setif QOﬁtéﬁerlﬂgmﬁﬂ@’ﬁ aﬂ@lleﬁh the %Ebérg)ortﬁﬁf 4 tﬁé’fé'%t%r shell 508
cat al a conversi on pr oduct an unr eact

adiasgy 8@?@ FrOH Baieriar irarsit 984 changing thegeagv@tramr@ﬂg from a
A0 M DS 1

as the cross-section 610
[Q?-ﬁil] par aI I"Ehe first rgaciiba, stdga\ﬁllﬁ haga betdhUidetad 38388

e.l t feedstock inlet 618 (and further
TR0 Ge Beh St sreSnon o seeond wpetirtass Sdess ponds

difeter 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
157.9343 cubic meters.

Example 5B
[0253] Referring to 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 volune. The right

frustumof the cone at the bottom of the reaction
wQ@omve/063227 has a conti nuous, constant taperi ng PCEOS2U3/016483

angl e of 45 degrees, as melb as a continuous,

constant tapering el enent angl e of 10 WO 2004/013257

PCT/U82003/016483 91 degrees which converges toward
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&fé&rs_v\m ch IS 686.1416 cubic neters. A first materi al
transit 746, through which a solid, particulate

Eat al kgstE a conversion product and unreacted

flow out of first reaction stage 714 and
0Pk9 seco us_ det ernpined
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theta el ement, right frustumof the cone | ust

152419 & thewecond apactipn slege ARIBISRRH34. cont i nuous,
const ant tapering el ement angle of 10 degrees.
f@?gqgk conduits 712 are shown as being right

C , and they have an open end residing within

[Dﬁislappar Raferiag tabigsabi@ t]mac vdlﬁmd efreeton fonmbes 7B
rr the first reaction

1[2953%1, 17r_f12 eﬁsa ’héng,ftg}lraﬁ 109 gfst reactlon 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 WD 2004/013257 PCT/ US2003/016483 92
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purpose of sinplicity in this discussion of Fig. 8

EsdmplevBAto Figs. 3A-C, and described in Exanples
alculation is omtted by the immedi ate

3. thig g tte
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tipbeing elent Ondlé 6545 ABIrESsi Ad thé shihe cRRR
reaction_ st agéle 318 Fﬁé Exanpl e g%)%.l S¢ né?&h?ﬁﬁ&ﬁ}ﬂ 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
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3C. Thus, nore than one typ react or shell
configuration may provide identical geonetries for

u sults
{812 Ry e S MUk S S o
A 382 squart hwtere,mhdrad IARD bh8.0054 mmethid. Cﬂ'lusstﬁé?fa!tl@ Ibf tkféflength
i Igﬁ? at[c{hor sh i.nto the frusto-conical section as
% gpeFon: f%ﬁCHOle: FHagrys 23t5ﬂ§4n%1ddh@ ragio afitles firspreaction
8laBEREHD ty zone as descri bed
[ r?gExanpﬁyzth%%é%%% %{ngs‘:g curs N %%é definition of

cross-sectional area for net flow as while a
bet ween a feedst ock and a solid particulate

yst V. t.ak Iac I,.N | o-frustuln

E‘?‘é@ j on of eﬁeér”f’%g)ct{ﬁ? Gt %Wéené Igilgn FRartien gfjhe pylingrical
tdeeioh oY EftreA@EED 8K bxtbEds 1. 0000 e RRCRNG W ﬁﬁq_ﬂle lower
é{ﬁa;ny t. may take place through that section

BuPRsAL segtien apgd ewssum@kmpalmcsmaﬁg‘e tosths valume within the
IR .08, O el A8 S i Ggh oS a0 {nd

a constant aperi ng

#esgribel 1ntE)&nt}ﬂ¢Isa’A—B@ %Irﬁ[@fa&uéafﬁ apysi¥aBoR) Ql'nts ‘n?a? H&facﬁllg%d

roma

rustum culmnating in a shif
BY gﬁgstg@%? gramsigns of #lérfrwstércerm@:alvswhpmshghttm abeansit fim

e.bortom o
“?3 et of B Ay S B ety Bl P e
m@t@ﬁtﬂnﬂjﬁManmall%ﬁgm rﬁa&nﬁ;mh@ ﬁlefsaﬁﬁtnghe a0ith@nasdrage
sect.or I ng a constant radius of

h
%‘%IBE‘% Q%Htc ﬁflit‘l’féecuﬁg dﬁa{ the Cykindsical segtion; er thet t om
BitboRAE rs1rﬁ‘1§ho¥tyhﬁ klﬁ@ﬂlséﬁssr%n%@@% gELRE §e ﬁhﬂﬁ? 3Ao@e§r¥d

feedstock inlet 920, grow ding are ductio
deperabeddn Epminis 34ra6, t @rcalvstatmnmmmw. ‘heirasdistc

n | OOOO t its top face
PR B BB poR 8 806 e 6 B it shbleghpaes (e
ida[timali/(dmnblasdés@&be&ﬂlq};x&ﬁﬂé 3ajea for net flowis
culmnated by the joint wwth the four parallel

‘ Iinld i~ (each cylinder having a dianeter of 1.5000
m The joint is located at a height of 4.2361
[0B6HrS  abRyBrrnWe e d gﬁ%%f@ ? 5 a%&%slng%%‘?? lnensmns

spherl cal sector as joined to t
ﬁxﬁﬁl@@r%‘\ﬂ the valnoterd theefiaehetiof st@etapsaf belerie] SMBOL of

N ey e S N
vﬂﬁdhlscﬁﬂ .‘I886 cﬁBiéfmést B QLR RfTlI3RA A3 (0048 3artier
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 parallel 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).



94 parallel cylinders is 38.0000 neters to the open

slot, with the distance fromthe open slot to the top
wotoohes26ur ved rectangul ar ducts 929 bei ng 2. OPOI/US2003/016483

nmeters. Exanple 9B [ 0266] gferri ng to the enbodi nent

of Figs. 9A-D, the volune of“reaction =zone 914 is

390. 8082 cubic neters. The volunme of the first

ESAGI108cst age 916 is  selected as 30% of the vol une
gggré%ttron zone 914, which is 117.2425 cubic neters.
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AED of the second reaction  stage

f the length tg the A :
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Lnl et for receiving hydrocarbon feedstock into the
m&»ﬂ)pn conversion apparatus, the first reaction
PREar 05 Naelhe BB TR oS0 dF Bt eefimstoee
Xehap e sphayicaksvetor having hkofidtatitdadius 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 is
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 of 4.2361 meters
above lowest feedstock inlet 920.

[0265] The spherical sector as joined to the four parallel cylinders is

another example of a tapering element, in this instance a combination of an iris

diaphragm type and a sudden geometric shift type. The height of each of the four
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further conprising a catalyst circulation conduit

connected to the hydrocarbon conversion apparatus to
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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 to grade than the feedstock inlet.
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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 80.0°.

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 8, further comprising
a flow control 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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11.  The hydrocarbon conversion apparatus of claim 10, further comprising a

catalyst stripper between the catalyst exit and the catalyst regenerator.

12. A method of converting hydrocarbon feed to product, comprising:
a) contacting hydrocarbon conversion catalyst with hydrocarbon feed
in a first reaction stage 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
hydrocarbon conversion catalyst from the first reaction stage to a second .
redction stage so that conversion of the hydrocarbon feed continues in the
second reaction stage, wherein the second reaction stage has an average
gas superficial velocity (GSV) which is greater than that of the first

reaction stage.

13.  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%.

14. The method of claim 12 or 13, wherein the conversion in the second
reaction stage is carried out at a second hydrocarbon feedstock conversion
of least 5.0% higher than the first hydrocarbon feedstock conversion,
preferably at least 10.0% higher than the first hydrocarbon feedstock
conversion, and more preferably at least 20.0% higher than the first

hydrocarbon feedstock conversion.

15.  The method of any one of the preceding claims, further comprising
separating the catalyst from the product and any unreacted feed in the
second stage, wherein the second reaction stage has a second hydrocarbon

feedstock conversion of no greater than 99.5%.
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The method of any one of the preceding claims, wherein the first reaction
stage has a GSV of at least 0.5 meter per second, preferably at least 2.0

meters per second, and more preferably at least 3.0 meters per second.

The method of claim 16, wherein the second reaction stage has a GSV of
at least 1.0 meter per second, preferably at least 3.0 meters per second, and

more 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 is 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.

The method of any one of the preceding claims, wherein the first and

second reaction stages are at a temperature of from 200°C to 700°C.



