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A PROCESS AND APPARATUS FOR THE REGENERATI ON OF SPENT
FCC CATALYST This invention relates to an inproved

w@r@om3s1and apparatus or system for the regenPCHUSZING/062221

of spent catalyst in the Fluid catalytic cracking
(FCC) process. Fluid catalytic cracking (FCC)
processes are known processes used for the conversion
of heavy hydrocarbon feedstock such as heavy crude oi
distillate to | ower nol ecul ar wei ght hydrocarbon
products such as gasoline and mddle distillate. An
FCC PrCERseeys WD hYBARALY #OJf I SeBelth Rl O
a stripper and a re%%gy : Regyy hydrocarbon _
feedstock is introduced into the riser reactor wherein
it is contacted with hot catal ytic cracking catal yst
par t iToliesifvermidme reégeaer ab can ifipeovext precess tarel

| d f.eed K : ' ki .
aE) A% );g%é %Pf{\f%%gms fg% %ESCﬁ?%adegﬁia%:l%WEkcs M1 yst in

a asses u e riser reactor
bhlee Féundt betzidtiledrpeddugt (FEC)sgpacatsed from t he

Spe”hg%awéélféict %eaaig%gg gﬁE@ *‘r%.c%‘?,BgEaéPQ Gl [gked
product “passes 't 0o a downstream fractionation system
randetskesspead fTat ahestopasseson hrfolghva BYdrpparigpn

REEL00, Lheh 10, r898?8%‘}_?%”!%%&%#“61;8%& er
deposi ted-0n' the Spent —catal yst diring the cracking
mogactilen wsidng raydirothrbvnapreactisonsich b oxygeime and

cont.ai ni. ng. tq.r nerate the n a st._Th
HPES&FtEﬁag%g%%ﬁ%r%PegggaP5$§%?si%?%ﬁ%%dagél%%%y§ tnclfies a
rdfserrementtoned hatr ipgtal yhica cregddargtoat akyls¢éavy

}ﬁ%’rt icctrgénaﬁg Asstorgkxeg Wﬁ%@o Lgce c[]ea\g) rﬁxgrgfgerponeactor
eedstocK 't 5% 'S |nﬁroéuce Ilﬁ()ﬁ e riser reactor
whereSn, iPaientorPudltiedawion i 2803/19148126adk snd osdslyst

gageneLat Pron 5 el hat o§“izfr?eb'mel QLo h%d:he heav,
regeneration o speﬁt FEC-%at a yst "of "an pf OCESS.
IRaovicdetton fdedsttdok and catalytic cracking catalyst
particles passes through the riser reactor wherein the
cracked product is separated from the spent catalyst at the
riser end. The separated cracked product passes to a
downstream fractionation system and the spent catalyst passes
through a stripping section, then to the regenerator where
the coke deposited on the spent catalyst during the cracking
reaction is burned off, via reactions with oxygen containing
gas, to regenerate the spent catalyst. The resulting
regenerated catalyst is used as the aforementioned hot
catalytic cracking catalyst particles and is mixed with the
heavy hydrocarbon feedstock that is introduced into the riser
reactor.

U. S. Patent Publication US 2003/0143126 discloses a
regenerator vessel that is suitable for the regeneration of
spent FCC catalyst of an FCC process. Provided within the
single regenerator vessel is a vertical partition that
divides the fluidized bed zone at the lower end of the

regenerator into an outer, fast fluidized bed zone of low
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single regenerator vessel is a vertical partition that
di vides the fluidized bed zone at the | ower end of the
WO e@afnagat or into an outer, fast fluidized bedpeDng2008/062221
| owdensity and an inner, dehse fluidized bed zone of
hi gh density. Openings in the partition provide for
the flow of catalyst fromone zone to another zone.
When the regenerator is in operation, the spent
catalyst is introduced in the inner dense fluidized
bed zone and regenerated catalyst is mﬁthdramn from
t fast, £l uid T I t he
B B A e AR B P & o e
dbnaetyzmnwgs Sn tﬁatmtmonsmgsl@@?f@h §d1@o§é9waof
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18 cormandiLuhe phase [ 2dhony Jhe. Spelt Rl akyst o

e firs age reg nera
thenunaérrE@m®n and overfloms via overflow wi ndows in

Lhe orss SPhedRl ! 8ol N LR 880000, S AR oo ana

regenérator in ouf er &°t fie regener at ed
ap@aahys$ fsrmmdﬂuhpamﬁstagezﬁﬂhﬂduzed beQeneq%ﬁ&yﬁtlon of

taI s al so dr f u g i.a
AEALGLE P56 G000 LIS BULEL OB 2 B
ppmtkenpaz@n@nbﬂﬁmﬂepentemmn@uﬂheh@eﬂbwat p@xﬂxnn @ﬁlﬂhelng

%egeraior ft?;szt o Lhag) n\?]i&e e%%%ergéwéﬂtéc‘?%ﬁﬂs%” hase

f=Spen i i the T1Tst Stage regeneration
fRa&ﬁﬂte&pBedéA03ﬁ|aim1169 fﬂﬁhdﬂzaﬂl@sesoadctaqngmidiSposed

cracking unit | udes a reg erator. v
BB ogottion, diiet PRRPS Red P EL BhBhr el e e
i@k odustdi ppi e SHace anaha zfeemrwraabh:ngnspla@e:e/murmln

Eggiogoékgnéégr%fgas, via overflow windows in the vertical

partition, into the second stage regenerator in the outer
region where the regenerated catalyst is withdrawn. In
addition, regenerated catalyst is also drawn from the outer
region, via a standpipe, and discharged into the spent
catalyst pick-up zone before entering the central region of
the regenerator for initiating the regeneration reaction of
spent catalyst in the first stage regeneration.

GB Patent Specification 769,818 discloses a catalytic
cracking unit that includes a regenerator vessel equipped
with a centrally built-in partition providing for a stripping
space and a regenerating space within the bottom of the
regenerator vessel. Catalyst flows from the stripping space
into the surrounding regeneration space via openings in the
bottom of the partition.

One object of the instant invention is to provide an

improved process and apparatus for regenerating a spent
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regenerator vessel. Catalyst flows fromthe stripping
space into the surroundi ng regenerati on space via

wop@niongs7 i n t he bottom of the partition. One PUJ/E61000662221

the instant invention is to provide an inproved
process and apparatus for regenerating a

spentcatal ytic cracking catalyst in an FCC process
wi thin an open section of a regenerator vessel and
wi t hout the use of vertical baffling or partitioning
structural elenments. Accordingly, provided is a

o%rtglci9§§cf@faémg egeneLati on aqu RS B@Btgelg%f@{ﬁ% AN qoen

utilizing a regenerator vessel having ower end an

RFTaPPePT end; cURNETEItAT SEPUS Pk Gk wiEHAPEI Sbe use of
Je TR, pdk £ Y $3 dategensyal rst_\f%%%ﬁka&a&&ﬁé& hase

catal yst zone, containing catalytic cracking cat alyst
par t RBeFesdinghich drovpdsit i orredraicesai dokohke erubrselgwon

i | s . OS] t,i ' per .
2,4 SRR PRISS AR 200800 RRd B NG P Sving
hilghevepnéi yd canturslerr egd orvleaneia lsewdverocésy comprises:

A0ULar LLghon Oy d RLpafueing. 3, gl SUPRLELET Mase
vel oci'ty fluidizat I on"gas stream contai ning oxygen
GRCERYAT sapele hi gintadingent 9ateettial cregkdngofasalwbstdense
RAR38 681 AP, 2NN, Bfed MY UG 90,8:' U pelow a
superficial velocity fluidization gas stream
Edntai Rhage oxgigaly Stheensapesioenesl e¢i sypianvppber end;
Ao 98 Qitﬁfr'l dséi%ﬂ%l%n@l% l@aé:@t&{t)éi?s;{ogghel Qgﬁ O%qy(ﬁ‘z'erigcity
a spent catalytic crackihg catalyst into sai h gh
apeitaeilt yegeon rald regoonvel edity sandldensegpbasey
ﬂﬁ%&@hﬁé&n&oQG?Lﬁ?QQ*%QQi@ié gﬁﬁﬁﬁﬁ%gdf9§£§£¥£ Lfon gas
cracking catalyst fromsaid | ow vel ocity annular
Ftegieoncant i mixpickyvdens vl pivas esadat aligt vebneitwanmbntral
e ¥ B4 Qaiélﬁ% Spé%%§1%%EJH§Et§%erUERSr rE¥é¥od%%H9g a
regenerator vessel. IS a schematl C agram
liaw gsreafinpt eatpodsyof laidiordiddinmegats ef rédre containing
JLNRAL LB T SHRNEI RS Yo1BEOLESH AN ARRBEBLYSE saia dense
phase catalyst zone; introducing a spent catalytic cracking
catalyst into said high wvelocity central region within said
dense phase catalyst zone; removing a regenerated catalytic
cracking catalyst from said low velocity annular region
within said dense phase catalyst zone; and removing a flue
gas from within said upper end of said regenerator vessel.

FIG. 1 is a schematic diagram illustrating features of
an embodiment of the inventive regenerator process and
apparatus.

FIG. 2 is a sectional view along section 2-2 as shown in
FIG. 1.

The invention includes the use of a regenerator vessel.
This regenerator vessel is generally cylindrical in shape,
having a nominal length-to-diameter ratio in the range of
from 0.5 to 10. In its upright position, the regenerator

vessel has an upper end and a lower end with the regenerator
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FIG 2 is a sectional view along section 2-2 as shown
in FIG 1 . The invention includes the use of a

w0 e@anagal or vessel. This regenerator vessel iBCT/US2006/062221

generally cylindrical in shape, having a nom na

| ength-to-diameter ratio in the range of fromO0.5 to
10. In its upright position, the regenerator vesse

has an upper end and a lower end with the
regener at orvessel walls defining an open space or zone
including or defining a dense phase catal yst zone and

e sBleh Ul;81 Phaser iGaLR! ¥st oﬁ@ﬂespa-trd’ée erQ»%ﬁe phase.salployst

zone is positioned at the | ower end of the regenerator
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£ ense ph 5

transiti on boundary, between the ase cat
Ped Lanar acei |t &heargbgser s erasfseithandi hay eb$)hm"@ned by

alak st a2 apar hataehsPRELLL Anad, g%tt Requpper and (o

the regenerator vessel above the dense phase catal yst
SPEREceTher (i |tteesphiase bavedamt, reteeconthe ndersalidhatse

d&ﬂd@bX%tb&faﬁﬁi%P@Hﬁh%bngagéfggglﬂﬂasgfoEegﬁggiﬁﬁﬁgpphase

ef fl uent gases, resultin om t he burni ng of
PEFSIPE BAn R Ratte l§p@ﬁﬁlm%taa1 9&@1@ Wopar nerdec dmse

a@a@%@rseg@lvégsezlog%ovanghsrﬁé@géﬂ Egccgé‘éf%é’ét one.

particles fromthe dense phase ¢ ta yst zon
d|Iu?éec%%@“%%ﬂmﬁﬁsséapa%z%% #qnﬁnCphéadnbuaedphase

c%%@!y)é%tpﬁé’é‘@ é&@gﬁggnﬁeg%ﬂﬂﬁ% %'::‘Eagé eﬁé’f@tagérhaeffluent

cycl one or several cycfones in series ar any
BEREr i Fagaltisepdrarochdehiering of sopar depagitimn on the

s@%tnﬁ:at‘a@dcgtcﬁﬁt %I:LXﬁg_np@ﬂé I&ér?s% %ﬁg@et Qgtgfﬁg&qezro%tel,ognd

effl uent gases and for returning e separ at
earalpsd EﬁﬁtqaﬂaéystopﬁhGl@bnsékaaseecaea$qsmh&mme at

é&%%lbgweﬁo THEh%ﬁQEkgt aéﬁﬁ tyikagga gsé #ﬁ]

the Sense t as a ns
da«lelftagﬁh@l@]sqatt;alo’fstt hendi tmcelgiatsapysatpmgeear;qm (Ballclhyas

é %yEBSnEQQQE%éUé ﬁogkglggégnf%(ééfées or any other

centrifugal separator device, for separating the entrained
FCC catalyst particles from the regeneration effluent gases
and for returning the separated catalyst particles to the
dense phase catalyst zone at the lower end. The dilute
catalyst phase is dilute in the sense that it has a low
catalyst density with the average density of the dilute
catalyst phase typically in the range of from 8 kg/m® (0.5
1b/ft®) to 160 kg/m® (10 1b/ft3).

The dense phase catalyst zone contains a dense catalyst
phase comprising a mixture of spent catalyst, regenerated
catalyst, and partially regenerated catalyst, oxygen
containing gas and regeneration effluent gases resulting from
the burning of coke deposition on the spent FCC catalyst
within the dense phase catalyst zone. The dense catalyst
phase is dense in the sense that it has a high catalyst

density with the average density of the dense catalyst phase
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I b/ft 3) to 160 kg/m3 (10 Ib/ft 3). The dense phase
catal yst zone contains a dense catal yst phase
w@ompniasing a m xture of spent catal yst, regenPCHUSI06/062221

catalyst, and partially regenerated catal yst, oxygen
contai ning gas and regeneration effluent gases

resulting fromthe burning of coke deposition on the
spent FCC catalyst within the dense phase catal yst

zone. The dense catal yst phase is dense in the sense

that it has a high catal yst density with the average

16eRaL! Yafe (1€ rdBRSBs G AL @IS 1BN RS LEMP) ]
lfronglG%‘pi R R A A RS

18y f5md an;slnepéﬁﬁ%lrayblyrrr cﬁrﬁozu@4!agkqﬂn(155l bbfftf)) te 800

kK@M S 9@ /kRAft3). It is a significant aspect of the
invention that in the operation of the regenerator

syst éfn hore siwaiféaent | skl Fatdfosheeghoentiionf ¢hmsdinnthe
ob@?agﬁﬁeo@%eregéﬁéﬁ’ﬂogoé}%t‘@mt heut s, us of

structural elenents such as "a verti cal partltl on or a
fput i eatfen h@giophés depseedHas dheatahystplranate dagadpeh

z%ﬁgfﬁﬁﬁncﬂﬁ absenee 8£ é’@&%t‘ﬁﬁ]alp@ﬁgfné?gg RANS, O

|l e means or other sim es of structura
VeFEirBat SPFBitdeparat & mgp ke dé"iﬁstéepha‘s]@e caraley phagene

c'aBEQyE@ezcmH g st Bﬁ@nogﬁdfﬂé’g dj,ZakjsQn.k egf ]

neverthel ess, the invention provides for e formati on
PREE R HOR Hee aden 98 patEke deaaly it poher o$1rantlalreaszpetsmf
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structural el enent separati ng separ at
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di fferent 1'ocations the dense phase catalyst zone
tha depemidrassocasaivst ozong tnd mtl fepbe thQJlaﬂapzsa'arten

fEFQ&Qﬁﬁkloﬂl}e an%PQQghﬂﬁﬂ% gve&@ﬁcéfvgﬂ&i%? ele nt

[ustrated i h velocity ce
sgpar@timgvanghogppgrate fluidization regions, by the

controlled and directed introduction of multiple fluidization
gas streams into different locations of the dense phase
catalyst zone in a manner so as to form the multiple
fluidization regions.

In one embodiment of the invention, as illustrated in
FIG. 1, a high velocity central region and a low velocity
annular region are formed within the dense phase catalyst
zone by introducing in a controlled and directed manner a
high superficial velocity fluidization gas stream within the
central portion of the dense phase catalyst zone and by
introducing in a controlled and directed manner a low
superficial velocity fluidization gas stream into the annular
portion of the dense phase catalyst zone. Each of the
fluidization gas streams (i.e., the high superficial velocity
fluidization gas stream and the low superficial velocity
fluidization gas stream) is controlled or adjusted or affixed

so as to provide for the formation of the fluidization
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annul ar region are formed within the dense phase

catal yst zone by introducing in a controlled and
walkegot@ad? manner a hi gh superficial velocity PCT/US2006/062221

fluidization gas streamw thin the central portion of

t he dense phase catal yst zone and by introducing in a

controll ed and directed manner a | ow superficia

velocity fluidization gas streaminto the annul ar

portion of the dense phase catal yst zone . Each of the

fluidization gas streans (i.e., the high superficia
r%%ﬁ@ﬁthfféqiq#@@%ﬂ9819930§ﬁ{f%¥“r%@q ohhey | central
superfici al ocity fluidization gas strea 'S

POSHEPBI PR %@jsaspéélsgrca’ﬁfﬂy@éd zopeagnd o2 praow ivee ofdEy
@1 ber PBEd QN 10f thBe fh di Zg%ftﬂ%rnegkogﬁe o&er%ehgglgse

velocity Central region i1n the central portion
G@éﬁéésbhé§§hcatalyst zone and a | ow vel ocity annul ar

region imd he,anayl ﬁ&t@@rt’&l&p gicattll%ndggsﬁhlwsa%d et od

catal yst zone, As earlier note the | ocation at IC
azfdTABERACRY aid creahs Byuihi 23t dtdre oBlsubdi eans airegas

lslttn.»@aﬁ@e@rﬁlecn%%de@ﬁfér%ﬂtﬁoﬁ & rcentr al @Pﬂ ZpQ%:é:q_gg of

annul ar portion of the dense phase catal yst
GhpErLant Pafe GRS 24F St heoneaxtt ilowoirhanhatsndmeys of the

iRbeUEdenf o8 the ft%pﬁ# o & dde t%%p%?e’n&ﬂrwo% £8k! on

conditions of the elOcity central Teégion an
Sﬁéﬂm@éﬁoéiwadkﬂﬂtaparC@@@;tﬂanHﬂi ﬁhghhs@@evéhqnxiw central

r\é%heﬁl ¥ fdud q'oara%%?géieﬁ £ap 'rhgaeﬁfoduced into

the central portion o ense phase catal yst zone
by hirgh dEJlocupprgasiaht yothwttivord lngdhsat om pessisigean is

lfntc%ghg@almog%el aggt@af ang. Ato A B QH%S&’&%J i gial

vel ocity. This high velocity gas introduction Freans
cesnlpet apgns tivt abbb W@éﬁ@tmaﬁaqorﬂ@\mrdéscifmn tig@ns for

paggaﬁalgeﬂlﬁraqz%gs sfi%%{q A5 %ysjt Zong%r 081 a1

central portion o dense ase ca 0Se
éOphEYboThxﬂnn;thhelveg©meg&ﬂ(mntvessetlwaMeanExaaplbe

a9§ §H§Qaﬂﬁ9QEa5gC£HQ§ provides for the controlled and
directed flow of a gas stream into the central portion of the
dense phase catalyst zone close to the bottom of the
regenerator vessel wall. Examples of such means include
conduits for directing the flow of a fluid, fluid
distribution grids, having, for example, pipes with lateral
conduits extending therefrom, pipes with nozzles, manifold
systems, and fluid distribution rings. A preferred high
velocity gas introduction means includes one or multiple
fluidization gas rings, comprising conduits or pipes provided
with nozzles or apertures and surrounding an area within the
central portion of the dense phase catalyst zone, that
provides for the directed introduction of the high
superficial velocity fluidization gas stream. The high
velocity central region further includes a bottom end and a

top end wherein the bottom end is in the vicinity of the high
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conduits for directing the flow of a fluid, fluid
distribution grids, having, for exanple, pipes with

wo adgognad3itondui ts extendi ng therefrom pipes wWe€TUS2006/062221

nozzl es, manifold systens, &and fluid distribution
rings. A preferred high velocity gas introduction
means i ncludes one or nultiple fluidization gas rings,
conprising conduits or pipes provided with nozzles or
apertures and surrounding an area within the centra
portion of the dense phase catal yst zone, that

mg\ew?sgégrlﬁ%dﬁcrcgeheﬁem raUGHOoR Bf ot de; Nisgh e

superficial velocity fluidization gas stream The high
WeladtyyoE erlte alensegipbase ued ey Sthdeddespaswoiaasm end

and @h&oﬂoﬁn ﬁgy¥fﬁlgltOglg%§§§”9ﬁﬂyalz§tignt stream is

vicinity of t hi ghvel ocity das introduction nmeans
1and ofHeed opnend-liss anpuihe RPN plothehdedensEasiease
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[ ui di zat1 on gas stream i s introduce into the annu
H?@rstlpgnaofl@i@mﬂr@@ phaséntatalame 2one bgwlwerflual

ﬁé¥0%9£§y S iJH'G&i%%&£9”gQ?@ﬂﬁxf ucQﬁ%ﬁ'H@ Cﬁn be any

[ ui di zati on gas I1nto a zone at a OMISUper |m
spditgileymeane thak webyéfey fas tihet codgspl ded mrahslicanted

f%wagx §U%£§b%szoév£v&g sicbhat e PLAvides oeelﬁﬁeof‘qnfer o.led

and directed a gas streami to t he annu
persei 6atelvihezdensésphate the dlit vedneitAsgad th t he

Highauel o6h ty. gas iRLr egwceép& {TRANR &nsr%&pertvi%no LY s

gas I ntroduction neans also can sel ecte omt hose
glisat cenachadeckordd tfsoforhabe ddtdtng nichede| owmafite for

diledidiobl bhd €I 5 10Ul o, gri sy, haulng, phoroe ;ﬁar'lf&' Sos

pl pes w't ateral con UItS ext endi ng £h ere
hmtllmgmoi@r esxamard f oligdesyst enslatard1f Icundudtstexttmﬁuog

aﬂe@%% %g;ee; rad ggﬁgfégmﬁym%ad %&EQQIHS“ | on, Eans

I ncl u nor e ui di zation g, ‘conprising
dm@ﬁdubUS1@m plpEs pﬂoprdédrnwdIﬂcmom3ﬂ931by(@ﬁertures

NG RHEE PYRARNGL AN A0 GRS Mot DS AN YL RE; POT L 0N s
ring, comprising conduits or pipes provided with nozzles or
apertures and surrounding an area within the annular portion
of the dense phase catalyst zone close to the bottom of the
regenerator vessel wall, that provides for the directed
introduction of the low superficial velocity fluidization gas
steam. The low velocity annular region further includes a
bottom end and a top end wherein the bottom end is in the
vicinity of the low velocity gas introduction means and the
top end is in the vicinity of the dense phase catalyst bed
top surface.

The rate at which the high superficial velocity
fluidization gas stream is introduced into the central
portion of the dense phase catalyst zone is such that it has
a high superficial gas velocity in the range of from 2 feet
per second (2 ft/s) to 20 ft/s, and more preferably from 3
ft/s to 10 ft/s, and the rate at which the low superficial
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of the dense phase catal yst zone close to the bottom
of the regenerator vessel wall, that provides for the

walreogotad? i ntroducti on of the | ow superficial RPE/O8100§062221

fluidization gas steam The8|ow vel ocity annul ar
region further includes a bottomend and a top end
wherein the bottomend is in the vicinity of the | ow
vel ocity gas introduction neans and the top end is in
the vicinity of the dense phase catal yst bed top
surface. The rate at which the high superficial
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niganiyashe Volumsipdard ifdical rgbs Qlfeltdtﬂ thuviidizheiommgps eftream

41 Woledslbhfat dhd (12:2Nd- IPLE DReLeLARLY fLom 0.3

As the'term Rerei n
wmmperbioral agdsl o lodivdyospatisc tihee Seoir@iretii vddd gw the
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tlons . €., regenera ense be eratu
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region or t annul ar regi on
qﬂﬁ clirehe i$U|whrezimlq'a@rlygasns@xmmosmltann@dqc:@@:eaﬁhe such

$d ujdi zatjo ?&?serg_jlc%%@ Ls, preferably, an

oxygen-containi ng stream Such as air or
oxyg€heedensheavhadq cafhéydengsupﬁageacataby3$eqtﬂuadﬂa9rea

5% %@%ﬁﬁe?eﬁ§l§ﬂgﬂ 5¥'%%ea§e?g£ér§%%§n6efggﬁ QE ltsr%gyer

enera véssel he dense

Eﬁataﬁystdzmme phircdaides abgbh tdme hirgllwdekobbtly thﬁuhu@h
Jé%@é%@yaggnéﬁgiléé%féﬁ %%Etyhgnﬂ%$Q&ﬂi%gkgnannular regilon
each of which is defined by the characteristic velocities
(rate and direction) of the catalyst particles and
fluidization gas that pass through the particular region of
the dense phase catalyst bed. In the high velocity central
region, the bulk flow of the catalyst particles is generally
in the upwardly direction and in the same direction as the
fluidization gas flow. What is meant as the flow being in the
upwardly direction is that it is in the direction opposite to
gravity. In the low velocity annular region, the bulk flow of
the catalyst particles is generally in the downwardly
direction and in the direction opposite to that of the
fluidization gas flow. The term downwardly direction means
flow that is in the same direction as gravity.

The boundary between the high velocity central region

and the low velocity annular regilon of the dense phase

catalyst bed is set by the geometry and placement of the
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each of which is defined by the characteristic
velocities (rate and direction) of the catalyst

w@asoriozd3es and fluidi zati on gas that pass thropgihusives/062221

particul ar region of the dehse phase catal yst bed. In
the high velocity central region, the bulk flow of the
catal yst particles is generally in the upwardly
direction and in the sane direction as the
fluidization gas flow Wat is neant as the flow being
in the upwardly direction is that it is in the
| P PRROSI R av the Lew el pcity
‘gir%ﬁggr 9?%% on, he %a E Jfow oelfl%tchle!?cat yst&%ﬁ
qomEtrlf@beel [ ‘selgmmlfllyldmzaheordmmitdwmdu arettiton and
dj t.nat t I
AR e R A S R R R
stthmarm S Innt e eporseieer reidr embo@xmas: gfavheyinTaet boundaey
loci c gi; t
SRR O A e R BB REa e bt
m&dtuos sed bytd kenydemeppyt o pleaperehvedy, twuewaare ods
Iy a Al [ .
P B oL R E R, SR O o o M B i e
fce:lno@ft ynefor h@ﬂeowm@pethatlzaﬁoweieometmf for diatadoreing
r ref.err 0 he .
| nve %C%% %1%]#1% agé't%?loﬁgs as sdarn{ergﬁéoa%%él At 1o¢ L}clef
pmit@.omhef cem régngzo rhicce aadalyﬂto zzmeu| ahepmmmd)afry
Y, f Ltibple flyidi 9@%
con%ﬁ%@sg%t W(gafc %el‘%r?é‘mlgn ﬁ%% 'St %ofﬁégﬁéggnrl
lcwaqsedt bat tipe ovidtE evpaistf betwern ddeci ggs odmmzemu:wgl
i di zation gas re nto_ t r.esp Lye_ portion
R A
Hovrdaeaydefi gamgsttfrwnt \m thelllmllglat\jedmcriem oastr&sl region
appr, X|rratel Ioc dat t he ddl int _hetween the
agfgcg st PRBUT T OR T nlofno%:m%t]?%ducn%r&%uﬁé‘nﬁ E%e Tow
emfﬁic&hal v@/l%@my )flfdmmdazam ogasga&retameam tioe t ey
h| %h e glgmt a]_g:ernt rlal region and the gas distribution
]hgc roduc %gont he | ow

The dense phase catalyst bed, including the high
veloclty central region and the low velocity annular region,
will adjust itself such that it is hydraulically balanced.
When the system is in balance, the relative gas-to-solids
velocities in the high wvelocity central region and the low
velocity annular region are substantially equivalent and the
dense phase catalyst bed density is relatively uniform.
Provided in the following Table 1 are numbers for

illustrating this phenomenon.
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superficial velocity fluidization gas streamto the

| ow vel ocity annul ar regi on. The dense phase cat al yst
whea;7/or3et udi ng the high velocity central regiPCT/a806/062221

the low velocity annular réagion, will adjust itself

such that it is hydraulically bal anced. Wen the

systemis in balance, the relative gas-to-solids

velocities in the high velocity central region and the

| ow vel ocity annul ar region are substantially

equi val ent and the dense phase catal yst bed density is

hativel I r I

e oers Frtif oft FUHED A BRI AR, b

rRgiexanpf etlof d@@lsedshaﬂd gasalfylsctv\gowethf ntidhelrtwemtive

regiqens of the dense phase catal yst zone of the

©9L.Q0s \ .
p|rnvgn ive process . In this example, the ratio of the

high velocity centrgl regitaalcressosecti orfalnudrearegion
the cross sectional jareawflocheidense phase vedbaliyses
zone i s approxi mat elly (0e88. pdis smppnide sedFedt opert heecond)
sonfiosnmalewn presentgd in Tabldes51l , the|solids-ta-.gas
q=el &llbwe velocities|in the two5regi ons |that nmake.ap

ddieadepsegphase cat gl yst zonesare equi val ent andzst he
@ansity eé1ddiedense phase catal yst zone in the two
(gl answi segel ativeljy uniform The solijds flow in the
seRAkak1ewgi on is in the positive (upwardly) direction

and the solids flowin the annular region is in the
ative (downwardly) direction. The t%as flows in hoth

Irne Pofis SHTEP ositev E2Eupwat diY) Pl VEhRG Haveentral

@ddfibar epbss ad@siohhe kebatiyeneleeiski escofodde area of
solids-to-gas in each of the regions are determ ned by

TRt B@ai%é:aéﬁlV 45 erocht yHPFom PAES §4asC vl odi% Vay

bEN@ cehOE S0k etd ARdlorakeasn Obrdfteitloa0 iheghpns Bf e:rguch
that the anmpunt. of catalyst circulating fromw thin

SHEIEehPTARS reiddr VRnV 8L P fet it ditar PRe o nt $htPthdhat
RURL Ohe dense phase catalyst zone are equivalent and the

density of the dense phase catalyst zone in the two regions
is relatively uniform. The solids flow in the central region
is in the positive (upwardly) direction and the solids flow
in the annular region is in the negative (downwardly)
direction. The gas flows in both regions are positive
(upwardly), but they have different rates. The relative
velocities of the solids-to—-gas in each of the regions are
determined by subtracting the solids velocity from the gas
velocity. The cross sectional areas of the two regions are
such that the amount of catalyst circulating from within the
central region into the annular region and the amount of
catalyst circulating from within the annular region into the
central region are substantially equal.

The relative cross sectional areas of the high velocity
central region cross sectional area and the low velocity
annular region cross sectional area are important to the

proper combustion of coke that is deposited on the spent FCC
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catalyst circulating fromw thin the annul ar region
into the central region are substantially equal. The

WO edoaniese7 cr oss sectional areas of the high veP@DUB3006/062221

central region cross sectidhal area and the | ow

vel ocity annul ar region cross sectional area are

i nportant to the proper conbustion of coke that is
deposited on the spent FCCcatal yst of the dense phase
catal yst bed and the reduction of NOx conmbustion
products in the flue gas. In general, the ratio of the

daicghyvel gei tie Qfe'?lts%abh5§8| @Jtérlry%scs béacgﬁ&n@%e akre%cttQOn of

the cross sectional area of thé dense ase catal yst
Nppnecmiaus H arh@rpdnges dfn frhemtduesoes. OIr5 gepregkdy abhy,

eRES Bﬁttﬂe'ﬁ&dﬂ1GEﬁ%c£@99§agﬁxﬁf9%b$ﬁé L0805 s%éy¥§nal

nost preferably, fromO. 2 ratio
arew el beet gramlegtiredl orry ofs thectennal Plagssa dagalyst

ARe §50S5 SELILNAl o8r eARTo Idie t%erdsg pgéégr %&;@J Yshis

zone is i n the range of fron10 ibl7y,
reffile fatie fke inangkeof afgen di- f tom0046 &ond0.rystand,

ﬁg%r%@{/erﬁkw 0 fzr ey ﬁ $5 t9,0.8.1g thtﬁ’é/elcgqufe]loca.ty

desired Superfici al ocities within the particu
annyilar zaeveen r@@8§n§ecth@n%lam ttioc the owr o s e cAridnal

a&@% b@tEHQU§§H§HW§ﬂ%sbnb§§$i§§£liﬁ%%thggnoéhérE%q?e of from

| 'ui di zati on gas streans are contro SO as t
Opﬁovpd@ Por Runforabhut i ol vfratie gl thptlee frangd zdt ifonm

01 80LNG . HAVADG LR CEELALILDANNGalY, BT choundard es t hat
demark or’ define suc luidizdation regrons . 1n on
enbodPrepblieie the davened ornnedticdeill Vzégcmueesga&thln the

3-8t Bl R AN TdiNgBon Loty aducing b*a%uﬂ%gmveél%%} Wites

fluidization gas streaminto the central portion an
apfe thasiatsedudiuoinonrr ingedwion doceduchagot hehd ow

f‘i%lla,cl.kgylglll L{%:ﬂé Zs@i: glﬂf__?%s S(!Jnec%@lllgho éhgs E&Pﬂ é%r%VLde for

portion, fhe boun
t@@r‘rﬁpk@ath@n Hifg rthﬁetnott tlyl@ efitriali zae oo nrag;udartsh elahrc’qu the

PErEEh Yo RO AT 6008 fd WAL ARL KNS, WAL BYlR
tween ner rin ositlon an e oute
fluldlzatlon regions. In one embodiment of the 1nvention that
utilizes one gas distribution ring for introducing the high
velocity fluidization gas stream into the central portion and
one gas distribution ring for introducing the low velocity
fluidization gas stream into the annular portion, as shown in
FIG. 2, the boundary that demarks the high velocity central
region and the low velocity annular region is located at the
middle point between the inner ring position and the outer
ring position. The volumetric flow rate of the high
superficial velocity fluidization gas stream may be higher or
lower than the volumetric flow rate of the low superficial
velocity fluidization gas stream. However, it is understood
that in the operation of the inventive process, the
superficial velocity of the high superficial velocity
fluidization gas stream introduced into the high velocity

central region is greater than the superficial velocity of
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ring position. The volunetric flow rate of the high

superficial velocity fluidization gas stream may be
whe@heredor | ower than the volunetric flow rat ePCf/US1906/062221

| ow superficial velocity fliidization gas stream

However, it is understood that in the operation of the

i nventive process, the superficial velocity of the

hi gh superficial velocity fluidization gas stream

i ntroduced into the high velocity central region is

greater than the superficial velocity ofthe | ow

ﬁﬁ%p§6§|§h§érﬂf%£5&t@eﬁlcﬂhg|Efﬁldﬂ%éﬁ%%nsbegag%ream
introduced into the low velocity annular region. In

T¥r& cdhbedi Ak %ﬁethﬂy vAveativrrvderusesiomo gas
di st ghbuhs 0BnkdDIEntORe Phe Wt iSnf Eak”&EQQLﬁyéuﬁas

the high velocity fluidization gas strean1and
Bkl LBELORi B IS fane pﬁtv@dﬂtﬂﬁgfpﬁelhbmp@e¢:mgt§he high

Jéﬂ&c@t%afi@fhfﬁgkfgdﬁ%%g]sEP@é&‘éﬂ$a%%bogkh r CEPLY ch is

regi on cross sectional area is t area flne
i%ﬁbéﬁﬁé@@@@l%@1@HeJﬁwu@Eéoimﬁynfﬂmeﬁmeenlphega$nﬂnraamngthe

rﬁ% be@oeyﬁyrcéﬂmp%bmnémae s%ts%%ngm ﬂ% 2y thme

| ow vel ocity annular cross sectional area is that area
F$adeeet iR edr BRadiragstieberide bdddéenpphet chatsseen the

1%%%&' 99@5 arganf cm%rdemﬁg fhase gat ag¥8%h5melrm% 2.

gh veI00|tycentra regi on cross sec I onal "ar ea
Ihﬁ tRE spieatiornhdes chesgaediiorelbateenis i rigs rmyea as

d&%@&aéhgatﬁyytﬁgfdfﬁ@é%éﬁ@ée§%éﬁééﬁm%h8'EEES {} diane area

rlng can be represented as aving a centra
thdense ePhainFatanybe rapr esentbd asghavelqpxny

c%%@kllal’ﬁ'sre%e M AR A sheri BN ti]:%ade&%etgga?ft& 1%1'}/%‘;nere

zone can represented as having a vesse
t@ﬁvpasTﬁesﬁi%hnﬁﬂqﬂmrnngbenmeenxnhelmnneiyrbemyepnkaeneed

a%uE%B EiPQlQ@S BhdMy %9E§ point, a?J“%eé %n%%l as %5 ving a
equa to the SUﬁ]O he cen ra radlu e annu
eatiras daddwed Ry, t%be(quie; fle)¢2&.baNndpﬂewewtedges
s bt adhue Af Lha. i ddle aghnt g% of the dens

phasg cat al yst zone, a)ch e ﬁl Vel %?e cagalYSt
zone can be represented as having a vessel radlus (Ry) . The
middle point between the inner ring and the outer ring has a
middle point radius (R,), which is equal to the sum of the
central radius and the annulus radius divided by two ((R, +
Re)/2) . With knowledge of the radius of the middle point and
of the dense phase catalyst zone, each of the high velocity

central region cross sectional area (= % R, 2), the low

velocity annular region cross sectional area (= ® (R,® — Ry 2)),

and the dense phase catalyst zone cross sectional area

(= ® Ry ?) can be determined. The desired ranges for the
relative cross sectional areas of the high velocity central
region and the low velocity annular region are those as
discussed above. In the embodiment of the invention that uses
multiple gas distribution rings in each of the high velocity
central region and the low velocity annular region,

respectively, the central radius (R.) should be the radius of
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central region cross sectional area (= p Rm2), the
| ow vel ocity annul ar region cross sectional area (= p
w@ Rw7A7631Rm 2) ), and the dense phase catal yst ROI®ES2006/062221
cross sectional area (= p BR¥ 2) can be determ ned. The
desired ranges for the relative cross sectional areas
of the high velocity central region and the | ow
vel ocity annul ar region are those as di scussed above.
In the enbodi nent of the invention that uses multiple
gas distribution rings in each of the high velocity

@RNtibabeseWORANGILNe; L
reséec%?vely, the éént%a?yﬂﬁﬁéSgkk%daBEHggﬁ?%q%% the

Vied@icdsY of Yl izatgest gaf shecan rwneurﬁgg toe amnulotugiadgus
e @%@hkkaoghEYrgéﬁﬁgHﬁagh%nsg §l§§{g§@1£?§%%§erQ§s

annul us radi us (R shoul e radi us
o pesedetinthd he ﬁOW|ﬁgé0¢xﬂy|ﬁﬂﬂ@dd@@tngnt¢&§Iaﬁmeam

| ty.f d t hat
vel ogit yg lhrﬁ{ieq.‘szt%to'doﬂhggs%ﬁstrl%b'@elrfénlcsofmgf%vé 0 a

the placenment of the g ution rings thin the
¥e§enbraton niexelishenstich tdusnerheopevénrtleramt sond

©@fatt B dbst i @7 BhpOse | 40%&'5%99891& lﬂirn# hl%

perimeter of another distribution ring o
P@Siélpﬁ?@éﬁthﬂm tthe pasemeirr @©f heoghsr disttriButtiom ring

Jrl REs ABY: havg q ;ggRuet £y {hatedsg aﬂg£8 lli@tgeiy

circular, it is not a requirement t
ddﬁ§FFPBE%QQN¥%ﬂ9@g@aﬁehé@ﬁo%n#rm@@twytb@s|i$(ﬁﬁﬂrom1mhtely

dihem havi ng & GIMN,.G ﬁﬁifgme€¥WQPeEhHﬁe 5§§%E1butlon rings

di stribution ring may have a rent ce
Deesareengrianlitive pdisdtiPhed it Ir ithgs bevn@goéfQHMmonor

deRe¥r Em'é(n&'avtq’llg Cgmndggﬂjﬁ{utloqﬁ !c.smgt ﬁg%%Q & Z’at togd

that the gas distribution rings are n qU|re
dRAferantyeesntary refat tisgcin dideard;i sbuibthieyn neyndsaveian

offset, or they may have a common center. It is also
understood that the gas distribution rings are not required
to have a geometry that is circular, but they may have an
elongated shape such as that of an ellipse or an oval or even
a square.

The inventive regenerator system and process further
provides for the introduction of the spent FCC catalyst into
the dense phase catalyst zone wherein it is contacted under
combustion conditions with the fluidization gas streams
containing oxygen so as to burn therefrom the coke or
hydrocarbon that is deposited on the spent FCC catalyst.
Various suitable spent catalyst introduction means at the end
of either a spent catalyst riser or a spent catalyst
standpipe for introducing a spent FCC catalyst into the dense
phase catalyst zone can be used. It is, however, a preferred
embodiment of the invention for the spent catalyst
introduction means to provide for the introduction of the
spent catalyst into the high velocity central region of the

dense phase catalyst zone. It is a further preferred feature
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el ongat ed shape such as that of an ellipse or an oval
or even a square . The inventive regenerator system

war@7preaeess further provides for the introducP@CDOSWN6/062221

the spent FCC catal yst intd4the dense phase catal yst
zone wherein it is contacted under conbustion
conditions with the fluidization gas streans
cont ai ni ng oxygen so as to burn therefromthe coke or
hydrocarbon that is deposited on the spent FCC

catal yst. Various suitable spent catal yst introduction

oFeans ah.dde £ng.of ﬁé%‘ﬁ%n@ Esche%‘a %Q‘!:y’éé ¥d Sﬁlrtﬁgéu@ed

spent cat al yst sand pi pe int rod ng a spent
i@apatygtb¢¢nqm1ané dénS@eﬂhaﬁeV@apahystcszwakxﬂ$9m@n of

th8elankl ‘Q‘%\ﬁ st & 8¢ % gdirent, Qf g5,
P P AR, B 5

inventio ent r odu n neans
wpriowi de &lweadyenpn9dodﬂc$lthﬁnﬁh senspeatabattalryiser or a

E‘%‘h? Lhe %@ s‘é%ln8g££>1¥ t C}?ﬂfr?g# orpt%%agﬁ_‘vgi thg fenss

Rase cat yst zone: er erre
theattpreaf ¢k disvenbibhoh gredrie fope nbnﬁéﬁrwtaaddyst to

C n t d veI
ecbaLpeycatloier Debollon et L Lheel el ot ter
Z@healnaaaggﬁaraijwdhptlzommaﬂ1dm;e@tneadyam®tmmibesmlxed

w%'t%hggtgle?@ﬁrglr%ﬂﬁgt:¥§gt% th%r l%wsggg&t: e}% az{ lar

stan avi ng oper el y connect € 0 an end
r@@ébnlbgttmﬂ1hng@nseﬂoc1tmrmegnHa; ardipntr oduci ng spent

FCC ga [ h nse. p | yst |n a
genega%ﬁé%iéﬁ#%oﬁF%Igaggﬁc ik %% %ﬁﬁg b% %%& Mﬁth
recavalysy i@r(nheabpngetanqet¢ﬁadpmmtvét@cca@akyﬁuﬂﬂmom

gl ﬁysﬁ? - L hhiv%tIOXEch %%(trael””%:naurgpon 3 fr

cata ris 'S, gen t prOV|
dmne1denvnganﬂgene&aspenVeéiﬁlAxﬂnﬂ ﬁst thenimnncdumalbheof

o LELOL Y SS0L 8L K01 A0y (BOEC LEVLRL: Lo O B
IirhehspepenFCKat@awaitylesem otktehélla)rwg bfvehee)cs;pe}mtcmm al
ca%%lyst is in a generally upwardly direction against gravity
and the spent FCC catalyst is moved or conveyed usually by
the use of a lifting gas. A spent catalyst standpipe, on the
other hand, provides for the conveyance and introduction of
spent FCC catalyst into the high velocity central region by
use of gravity flow instead of a 1lift gas. Thus, in the spent
catalyst standpipe, the spent FCC catalyst flows in the
generally downwardly direction of gravity from outside the
regenerator and it is introduced into the high velocity
central region. The spent catalyst riser may be operated with
a lift gas air rate that provides a significant fraction of
the total amount of combustion air for the regeneration of
the spent FCC catalyst. In one embodiment of the invention
in which the spent catalyst riser delivers spent FCC catalyst
and air into the high wvelocity central region, the total

amount of air introduced into the high velocity central

region is the sum of the amounts introduced by way of the
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In the spent catalyst riser, the flow of the spent FCC
catalyst is in a generally upwardly direction agai nst

w@e@viotepiand t he spent FCC catal yst is noved oPCT/US2006/062221

conveyed usually by the usd5of a lifting gas. A spent

cat al yst standpi pe, on the other hand, provides for

t he conveyance and introduction of spent FCC cat al yst

into the high velocity central region by use of

gravity flowinstead of a lift gas. Thus, in the spent

catal yst standpipe, the spent FCC catalyst flows in
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I
2F6F51$%é§ ggtgkgs £§h presents schematic

diagram that illustrates various features of one embodiment
of the inventive regenerator system 1 and process. The
inventive regenerator system 1 includes a regenerator vessel
10 having an upper end 12 and a lower end 14. The regenerator
vessel 10 defines an open zone, which includes a dilute phase
catalyst zone 16 and a dense phase catalyst zone 18. The
dense phase catalyst zone 18 is positioned within the

regenerator vessel 10 at its lower end 14 with the dilute

phase catalyst zone 16 being positioned at the upper end 12

of regenerator vessel 10 directly above the dense phase
catalyst zone 18.

For purposes of illustration, the dense phase catalyst
zone 18 coincides with a dense phase catalyst bed and is
treated in the description herein as being one and the same
and the dilute phase catalyst zone 16 coincides with a dilute

catalyst phase. The dense phase catalyst zone (dense phase
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provi des for the renoval of regeneration gases or
effluent fromthe upper end of the regenerator vessel

W o00a/0Feeat i on that is external to the regenere€DUS2006/062221

vessel . Referring nowto FllG 1 that presents a
schematic diagramthat illustrates various features of
one enbodi nent of the inventive regenerator system1
and process. The inventive regenerator system1

i ncl udes a regenerator vessel 10 having an upper end
12 and a | ower end 14. The regenerator vessel 10
debigee 804 PPAN ZONS, SubE Ll INE] Ydasya; di Lil & RNASE: on
catalyst zone 16 and a dense phase catalyst zone .
bhveddenseephese et deyse ploare k&tad yposeononkdl and lha

NG cLePRASL AL A, egSEL, A0, At &t'i | oyer ;end #)‘&"! R ﬁhﬁ
dilut egpﬁase cat §/I%yst Zone 1({’6 lelerig poéltl% ed at the
Figped , enlde 12unfageegéneératioovwivess &einh@ di déstinctabode
Lhe ;dense  PhAs %%&%lcﬁ% 2006 18 FOF RUEPOFES: &
519 &strgtl on, ?edhe ense§7bha3ee catalyét zone ]s;%a =S an
igoliiscirdes Whttdarydehse phaselicatra ygbmbele atehdes phase
r ' h SGF I Ptk ' ' t he
383460 LB, L hes desehiPhi R NEneln a5,.86l,0g one. and
s?amag/and ?ﬂe %I ute Shase ca&ggyst zone!ygg ol nci des
Runirttheamdigut ®s cit dlsyprepbasel Fhé'Idende phassucical ¢ot is
NG tdep has C.a:bﬁlcy§% P§§R A8 f]%%l FHEL AG8 Q¢
s@m chrs ?ﬁré&traanél i'on~boun aory be vvegn t{%ea’%éense ace
Phasenoht abystezge f18tadde the thid utid fphaseesatraltyst
éﬁ?%?f%giaxm?£§’Xéf%éikié HE G658 gﬁfﬁﬂ&lekg% 1 ast§¥§eﬁms
surtace S shown as eltng a distinc an %remsey
idefriodedeBoindaryhe meneel pkety , catrd ysir Lace 18. an
| ndi sgre S?Qé’upr}?aasrey ctfggg%&% aznén:jet hons fhomthe dJIee%Ss% two
phase catal yst™ zone he di I'ut e phase cat al yst
segaeat6. fFuidheriniome regsons tlsatpreesentiedinguHiable from
the surfac Ztgisso.as ei nhg. fl at t it is.nore
TR By RaEY Ch S AR o5 85 P kA<, ey ot RS -
The tdeasdi f))_‘l&a_@eenmljyrstt hed sUpetd iddpdlctgasinef DEI tli es
fﬁéi%%%sfguhgéﬁaééfgéi %chgggggu%egion 22 and a low velocity
annular region 24. The high velocity central region 22 is
located in the central portion 26 of the dense phase catalyst
zone 18 and the low velocity annular region 24 is located in
the annular portion 28 of the dense phase catalyst zone 18.
It is a significant aspect of the invention that the
high velocity central region 22 and the low velocity annular
region 24 are formed within the dense phase catalyst zone 18
without the use of a structural element such as a vertical
baffle or a partition for the purpose of maintaining the
separation of the two fluidization regions. The two
fluidization regions are instead formed within the dense
phase catalyst zone 18 by the introduction into the dense
phase catalyst zone 18 of more than one fluidization gas
stream, each of which is directed and controlled in such a
manner as to cause the formation of the multiple fluidization

regions. Thus, introduced into the central portion 26 of the
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i ntroduced into the dense phase catal yst zone 18 . The
dense phase catal yst zone 18 includes at |east two

waepaiatde7 f | ui di zati on regions that are di sti npui/Fhzié/e62221

from each other by having distinctly different flow
conditions. The dense phase catal yst bed 18 as
depicted in FIG 1 includes a high velocity centra
region 22 and a | ow vel ocityannul ar regi on 24. The
hi gh velocity central region 22 is |located in the
central portion 26 of the dense phase catal yst zone 18

Aot Beakov Mel 19t &oﬁ@nyé o5 raegh% %ﬂpé:?fi@fgf[ %llolalty

t he annul ar portion 28 of the dense phase cat
Hogizgtion g3 $igiegh ﬁh@bn@afesae@e@w oByt hé q:cpmamu 8f to

#hatsithes bi gghsv%l%@rwue% radnd egi Q a22t @%54;% QY

vel oci ty annul ar regi on are torne I nt dense
nsieeserehpal y3asedond - 1@haﬁflmnﬂlqaﬂ;oasga@fdassxxbuﬂm@maklng

ﬁl %@%Q&déé‘cﬁfﬁ‘ v%l\’)%ﬂ:&zceés bﬁ'wrlo%lu%q:lgnpﬂég#é iﬁﬂ: tp ss:Lng

the purpose of maintaining the separation o
& [hdiodi 2apeoi Hiedi owdocthe fiwldizsitdopahenstregimnstar ehe

de@ﬁtr@@dpépﬁ@@ oM t Rinn %Bﬁlﬁﬂ%ﬁnsh%ﬁgagétg%@ azl%(i €. h8

by the introduction into t ¥z8ne
Ry I6N-ABRE2HHAY cRe ﬁPGhd&%aﬂmr@rg@gygtaneaml@m agfe .

Mh'CHnt§o&ﬂééﬂnfﬂ%oa@ﬁecggﬂﬁﬁ%4E%m%goﬁugg 8¢ B 33

to cause the formation I e flurdization
RhegicoRgtahgis, zanet Adddged 1ont Gimefeemiiavewmyon 26
ﬂﬂhlﬁﬂ%ggféﬁgﬂﬂ@%%r%ghakﬂéﬁ GNR 18, I§a2tgfg£b??Pﬁt 36 to

superficial velocity fI Ui di'zati on ream
fdas sésabjomegpoflicondaitian tind |3@| dpzatedrwigdsin the

ﬁr]%tlgkbgéf%r{ 1259 n%%rngﬁé gcﬂ?copno %Og]e?r%nég%&Prxﬁets%r% 10.

vessel 10. The fluidization gas distrrbution r|ng
Theovilgéditatgleny elasc duytgalsutl:amrr adogt Bénpn@m@a‘ drow

RAS3LRY Pyitll C%L_L%%rrnleghé laalshngl LUl 6 zabl ol 038,
streaminto the central porti h di zation
ﬁ;midﬁsabi@ieﬁabB¢raﬁmoxygenﬂﬁowmamﬁangpgaslsmchzaghalr

porlgggggg%@rgasgﬁgd 3hEor A0 NERIGLAL oA 8 ANMIAL suen
as air or oxygen-enriched air. The middle point between
fluidization gas distribution ring 32 and fluidization gas
distribution ring 38 is the vertical boundary 39 of the
central portion 26 and the annular portion 28.

In the operation of the regenerator system 1, the
fluidization gas streams are introduced into the central
portion 26 and the annular portion 24 in such a manner and at
such a location and flow rate as to induce the formation of
the multiple fluidization regions. The high superficial
velocity fluidization gas stream is introduced into the
central portion 26 at a flow rate that provides for a high
superficial gas velocity, as defined elsewhere herein, in the
range of from 2 feet per second (2 ft/s) to 20 ft/s, and more
preferably from 3 ft/s to 10 ft/s, and the low superficial
velocity fluidization gas stream is introduced into the

annular portion 28 at a flow rate that provides for a low
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phase catal yst zone 18 is a | ow superficial velocity
fluidization gas streamthat passes by way of conduit

w@eooro7d3iui di zation gas distribution ring 38 | PCHUS06/062221

within the annular portion128 near the bottom of
regenerator vessel 10. The fluidization gas
distribution ring 38 provides | ow velocity

i ntroduction neans for passing a | ow superficia
fluidization gas streaminto the annul ar portion 28.
The fluidization gas is preferably an

PGSR EQNT @ il (GasySUE N RS laar{ge%f%l&ﬁno eﬁrftc/hse% 3
air. The mddl e point between fl uidization
/St BPBUFPEM BUGTGT3RLENETPR U} of Zdt/isohogast %tﬁﬂhmtlon

ddrit@o38eli Si A& ekt bRab s PONDAALY: 32 Qﬁu%&fzéﬁﬁgﬂzaas

portion 26 and the annul ar portion 28
OFECRE| 8h Bie tHd feasgahef bt myisittenods, £iore rates along

Jilcwi dhzati on.gas l%usaa@t@&@ df‘ttrh%d&‘ﬁﬁgdigé@l&h% 28,ch

central portion 26 and the annular portion 24
Sk rifaRfieF O ivP idteds deRahipope art wndendor| bherdasinesi t o

dinduaacibe SoOrmt i-ep eétsbfse[’ﬂu ttlhalnetflle U{a%&%@ Z;ih%%e

regions. The high superficia ocity f at1on
G4 186FeaPR sL8-ntroduced into the central portion 26

at aTEEOMﬂféﬁféﬁigﬁt Ergﬂégfﬁjﬁﬁire Ekgﬁss&gﬁﬁééﬁg Q% the

as velocity, as defined erein, 1nt
Figngé BY $hMCidt asroper4&edord Showl the) gere20 fdiksction

a%@dcﬁ?Eﬁl@Eﬁﬁ?Q@bkﬁeff@aq%%géf L Qi1 ht{g. fndd E%ase

| ow superficial velocity atlon gas stream
Jerrervabceens ftto PReshanullay Por tiodd 28raws 4G, ewteavet

debat cpEgVides.d anga Lovsy fde :81,1988, Y&k 98l Jo 40t he
o Aoy

range of fromO.1 Ft/s to s and re prefera
JeneHPOLB wRYard digeftien, T&nﬁcn&ﬂ@dabteyartnqkﬁhunn @he low

WRlLobhie varhous Lol hzation03s SLeart, Alodfitea |

different tluldization gas ow-ates aton
ddirecttied- |rﬁaﬁ&iuﬁtl@nomftm¢u£dﬂt@mdezatébnm@asmsﬂkmans

e B T S e
central region 22 and most of catalyst from the top end 44 of
the high velocity central region 22 flows into the low
velocity annular region 24 thereby forming the catalyst
circulation within the dense phase catalyst zone 18. This
catalyst circulation is an important feature of the operation
of the regenerator system 1 and provides for some of the
advantages of the invention.

As it is shown in FIG. 1, the vertical boundary 39
between the high velocity central region 22 and the low
velocity annular region 24 is located at the middle point
between the fluidization gas distribution ring 32 and the
fluidization gas distribution ring 38.

FIG. 2 presents a cross sectional view taken along the
plane shown in FIG. 1 as section 2-2 of a cylindrically
shaped regenerator vessel 10, and it illustrates an

embodiment of the invention that provides for the formation



catal yst zone 18. The circulation of the FCC catal yst
is depicted in the FIG 1 by the bold arrows 40 that

W@ b@wotdse7 general direction and circul ati on of PCTeSHE062221
catalyst within the dense pghase catal yst zone 18. A s
shown by the bold arrows 40, catalyst particles in the
hi gh velocity central region nove in a generally
upward direction, and catalyst particles in the | ow
vel ocity annul ar region nove in a generally downward
direction. Catalyst fromthe bottomend 42 of the | ow

cMehQQtiﬁl@nﬂMhQﬁz%%gbﬁnrgg éﬁén%§|uggo Eh€WQ|§thdlzatlon
velocity central region 2 nost o? catal yst from

Fife it b ERe p 6f1n9ﬁe ﬁh@%nwem dd%y 2cént tad waldi of 2Bssel
1ol ewsti Bh&odhe |e%WaV§J:8§ét§/e<§ﬁrHHa§r g9i 9 2%3‘_11*}1@ €R¥%e

formng the catal yst circulation Mﬁt I'n the
Hfrgseleard sz she densahpasatcaltpdysti zend atd-.oiitdin

tal@ cPBest st fpatuLec9f awetr%?%ﬁ% QQaQIOA'b%f

%enerator Sy stem 1 and prOVI or sone
dranbageen d?lntghézl ﬁb@ﬁti@mlm@hatr i shawm ami Fﬁna@lng a

rad&ﬁg NekhhCahe @Hﬂ%rz)ét?dganQW £1¢hi gh J\_[fljl(?%é ¥nat

central region 22 and the | ow vel ocity annular Tegion
ig4cigcpiratied skerehandi laviengpsi madhesween Thikehigh

vehdtdt ¢ a&émaga% 18hTBULS Ahdy %gegzdéﬁé&% YoreSent s

fluidization gas distribution rin
VETELE3E Remdaswalvi @W@@k@?@}@ﬂ@tﬁhe’cm anglcslRowe inh

okkfFeed @ﬁe3ﬁ££k08f2f2u£élfhé§6d @%r'8§gtyiﬁﬁgy§ﬁjrlng 32

regener at or vessel 10, and [ ustrates
3BfRHBHE MU ﬁéuilﬁ%miqm qafﬁatdlptgwbd@sorf cmrtghé8 The

hﬁ@ﬁn@élé%Egy'EQnEEQher£$i%ﬂ“i§ﬂﬁa fﬁ§9h89%§%¥%ﬁﬁ%t8

two fluidization gas distributi n rings
haviggt &g apRyoxgmayesdeimaioen et t@nton@a@&&%yaxtamass

baﬁﬁaapyaég area apgd defings, ght?\)@a%%eg oyndar y of,the

dense phase catal yst zone he cross
aggeitomaicaarcediaed bhetlid lidifeakeinon gasthe total cross

sectional area defined by the wall of the vessel 10 and the
area defined by the vertical boundary 39.

Interposed in conduit 36 is a control valve 46 that
provides control means for controlling the flow rate of the
low velocity fluidization gas stream to the annular portion
28 of the dense phase catalyst zone 18. Interposed in conduit
30 is a control valve 48 that provides control means for
controlling the flow rate of the high velocity fluidization
gas stream to the central portion 26 of the dense phase
catalyst zone 18. In addition to using control means, such as
control valves and the like, for controlling the rate of
introduction of fluidization gas streams into the dense phase
catalyst zone 18, the fluidization gas distribution ring 32,
fluidization gas distribution ring 38, and any other gas
distribution means known to those skilled in the art can
provide further control of the distribution of the

fluidization gas streams.
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distribution ring 32 that is circular in shape and
having a radius Rc and the fluidization gas

wale@oiordsuti on ring 38 that is circular in shaprCHOS2006/062221

having a radius Ra. The high velocity central region
22 is that area defined by the vertical boundary 39,
whi ch approxi mates the m ddl e poi nt between the | ocus
of fluidization gas distribution ring 32 and the | ocus
of fluidization gas distribution ring 38. The high
velocity central region 22 may further be depicted as

havi Bgean SPRLONIMReadl aF el dlyckhal ofcLNeer Lhedl cne

boundary 39. The low velocity annular region 24 is
deRuascatea eRfinsdd regione difronehc eonduithebG.offalile a
9le8S i seshbpnaly gea def| t 0 V&3S

10 and t he areéld§%$ngd §§Sﬁ%¥$éF%F§§FL%d%ﬁgarf gé.%gn’
Iisesppbieely n komdgitendpires natostionh) vah vet agidilpat is a

Rhauk desn Ot F Al SHRaRS - f of  LOM SRl RY - B8 géé%@%#:kﬁe

of the low velocity fluidization gas streamto t
CeRRbRar PPt Q28ndf at hecalekwe gitaseatatal yagermgagor

vE8seh Nt §r POsathdd £00dUit ﬁg%Jf&éi QO&Fg!fiﬁﬁ\G% %?ent
that provides control neans tor controlfing the ow
P&PEYBE 1Mo Hilifh opeitoailt porftinrdiZeat Coargasvety emmeoted

foheneephs abs RYI4AR 26 9F e ﬂ%@%ﬁbﬁ@%ﬁ &b A St L hat

zone 18. In addition to using control neans, such as
PEGNEFRP TRl Vierraddcine bpket dadalytAcr ofdéind etedvet

ok o i R ARTINeT i .gasstr {.nt
eRsobnasd caraer Pone Tn % el aFEa oy se 8
PSPt | h Fliengngentidwi ditratandn dgasr thatdrbutdaos 52
o : - g i i 1,0 nown to
E{Eoggégkfﬁ$gﬁﬁ?%ugﬁgggftéﬁéﬁ(%%%§igg&fﬁ?t %gﬁfghtro
défecheodi stpdrutdagrlyt i herddkiingi zatrdpsigasnist re@nmbotton

pent t [ r [ al . 1.S,bN uced i nt
R s e P TR
cB0a 1wt | elcyliaddmgl $rehowme itpHEoB. ehd, 42 hef sfientlow

v%§5@k¥§taﬁﬁﬂﬁgg Ee%goﬁa54.

Combustion of the coke or carbon that has been deposited
on the spent FCC catalyst occurs within the dense phase
catalyst zone 18 to thereby provide a regenerated catalytic
cracking catalyst and regeneration effluent gases. This
regenerated catalytic cracking catalyst is removed from the
low velocity annular region 24 by way of conduit 54, which
provides regenerated catalyst removal means for removing a
regenerated catalytic cracking catalyst from the annular
portion 28 of the dense phase catalyst zone 18.

The regeneration effluent gases resulting from the
combustion of the coke deposited on the spent FCC catalyst
pass from the dense phase catalyst zone 18 and into the
dilute phase catalyst zone 16. Flue gas is removed from the
regenerator vessel 10 by way of conduit 56, which provides
flue gas removal means for removing a flue gas from the

regenerator vessel 10. The conduit 56 is operatively
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alternatively, be a standpi pe (not shown) . A
standpipe is a conduit that provides for fluid
W@ oomoni3eat i on between the central portion 26 BOTUS2006/062221
| ocation external to regenétator vessel 10 arranged so
as to provide gravity flow of spent catalyst into the
central portion 26 . Qperatively connected to the end
of conduit 50 is end distribution neans 52 that
provi des for introducing spent catalytic cracking
catalyst into the high velocity central region 22 . In
BnRESLEL oMl ANRAALIRRL, OLad NG LAKANL! Obad i BN eans sucn
I'stribution means provides for discharging, In a
ageaecytlondhdrd, zont abvdrakotyadmnespént seated ydr @eny other
cracking catalyst into the hotto e .hi gh
c\%?ﬁ%#‘f%%esn rz%%lattrO ég%i%%l%ez' %ﬁl&%ﬂ%?ggd%t%&catt Al yst
sepecat adn ngf fanamatinedbBCC gramwemiad142 of the dicwbteelpbeséy
annul ar reqiqn 24.. nbustion _of -th r .
AR RhL AL BRI R el R 4Pl g8Rurnang
thecuesavatdu parid cdenseo ptias eleag@eabiiste zome 138t gone 18
hereby provide a regenerated catal ytic cracking
t?:qgf)lé%s?g%cgu 5 gsg?e‘ner ation effluent gases. This
r egedes atdchroateg wifi cher ackemyg.cratial ysat i she gnowveded
fromthe | ow.vel.ocit nnul ar region,_24 y..of
ESRNTT B TR pPes TR Tegengrd: s o e taryst
imémbval theanshd drighemsionita qegeadr atgtor a2l frtomc the
crackin atal yst .fromthe nu| portion 28.of th
GoRee P R PR M e RGBT i hSuar
rebfibnent, gases gresuldtingga fpromddse foonbost | oommdfettehe -
coke deposited on the nt. FCC. cat S ass fromthe
G’ phace oyt SaBRE y an MRBYRhe PR Mt 2Bhace
statakb ysél zanenckf.s Bludk gasa ixweuntdmevnetaf foen dthepartition as

regenerat or_vessel 10 gy W% of caonduit 56 i ch .
“SEOITRBT | U gaa Vebual SRAE FOPoFBABS N & AgenEion
igashht othé heattgigane ratrotl yesselpat@erfhef come uirtvent iba
operativel yconnected in.flujd camunication Mth a
Rﬂ%ﬁéaﬁ?igﬁyﬂgﬁh§“§ﬂ€ﬁ with incoming spent catalyst and the
initiation of catalyst regeneration reactions, but without
the use of an external recycle loop via an additional
standpipe, as disclosed in U. S. Patent No. 5,198,397. Yet
another advantage is that the catalyst circulation pattern
distributes partially regenerated spent catalyst to the
proximity of the surface 20, which results in reducing NO4

emissions in the regeneration of spent FCC catalyst.
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as a cyclone 58, or several cyclones in series or any
ot her centrifugal separator device, that provides for

wo b@7segar ati on of entrained FCC particles of PEEUS2006/062221

di l ute phase catal yst from2ehe dil ute phase catal yst
zone 16 and returning the separated particles to the
dense phase catal yst zone 18 through conduit 60. One
advant age of the invention is that the provided
catalyst circulation pattern separates the spent
catalyst inlet wwthin the high velocity central region
22 fromthe regenerated-catalyst outlet within the | ow
vel ocity annul ar regi on—2#Z,~thus Pprovi ding a process
for nore conpl ete regenerati on of spent catal yst, but
W hhaut Lhe sse 9fe St ﬁgyéeioﬁhﬁﬁ%ﬁ%ﬁeggcpcéscffalyst
vertical baffle or partition as requifred by the prior
Writl 1zingod heegenbraicagyeabel heaTimmperat iLonet setndhaand fpe

I ' [ p 0 @ﬂq i.avention provides
Igg%ﬁf%é&h$§%§%#%§t%?%dh%%hgégs§%% t gg?élyst and the
i ni t ifaringng of wicdtial ywetidr cgemeematicon vieeael i oasderms phase

' us ; l.e.l Qo i
T onal 2t adn e s car SRy AR SR AT
M tislens, @9ich Vet pawdttheneddvartage Loger hand thwlow a
: Ly Lr jQn patt . i j hut es. partiall .
e e S D N e St
sur f &0emR0y wiHiltin rsedgl tenpa plhthscioagaNOrt endsiris.gin
rege ' - I C 1.
el S el e S e e e o
inﬁﬂoﬁzphggaarhﬂﬁénemaﬂayﬁiyésse¢elﬂﬂﬂtwgféuﬂdﬁsatinnjgﬂ$d
e n i n> @b 0CE ! 0 ng,
e ea P D Rer o) Co bl PRRSF SREVL B8R ey Xt
agien ebnsaididrpscaralapei catrlcki rpneakaflysy introducing a

BA UL SEL 0L S RGP Loge sl 2] LEvel S0 helot,
@ygen into said low velocity annular region of said dense
phase catalyst zone;

introducing a spent catalytic cracking catalyst into
said high velocity central region within said dense phase
catalyst =zone;

removing a regenerated catalytic cracking catalyst from
said low velocity annular region within said dense phase
catalyst zone; and

removing a flue gas from within said upper end of said

regenerator vessel.

2. A process as recited in claim 1, further comprising:
controlling both the introduction of said high superficial
velocity fluidization gas stream into said central region to
provide a high superficial velocity and the introduction of
said low superficial velocity fluidization gas stream into
said annular region to provide a low superficial wvelocity in

a manner so as to form said high velocity central region and
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formng within said dense phase catal yst zone a high
velocity central region and a | ow velocity annul ar

WO e@iom3lby i ntroduci ng a high superficial vel oRCT/¥S2006/062221

fluidization gas stream coni8ai ni ng oxygen within said
hi gh velocity central region of said dense phase

catal yst zone and by introducing a | ow superfici al

vel ocity fluidization gas stream contai ni ng oxygen

into said | ow velocity annul ar region of said dense
phase catal yst zone; introducing a spent catalytic
SH1RCKbRGy SR @ S it 8 SRE G dY mt%%koggia &ML HPnase
region within said dense phase catal yst zone; renoving
Gtedyeheraited catal ytic cracking catal yst fromsaid

| ow vel ocity annul ar region wthin said dense phase

catal yst zone; and renoving a flue gas fromw thin
Saifdruppess errd rsfcigaddinegemir di.omhegssel saxl demse phase
JUQGGSE ASnd &G (RS 1hBACHA My il LRING" regs
cont ?ol 1 ng both tﬁe int?odu%% ih& O%Q%F%Qg?%%ﬂ& regton
apgpepffcier wadlasdittyy afihul-gf zzgdiom ,gabeseieamidtioghai d
wARERL £&G.0N LQALAVHEE: A N epLLL] kY 5
and thg I ntroduct iggn o? Sal W%lﬁge%#g%%e%e Oggn yln &
Jangirdil 24t Worergaslicecsanmmi ned sdiedednnabadd Fegimidoty
Frevide, a.d uperf i.cl l.acity. i f SO as

th)1 ffa)r mrggiﬂwr%gh \?ellc%lcczlg!t%%g nt rta)élregglagn a snaisad | ow
gpglegeilly deimnnaand dégeohion twieredyi didensatidrase the
LALALYSL 20085 3, - S18CHLE B 4 Ns £1 A :
V\,hergi n said é%séla'g gggggg%% f;cslte%zlg%ggfé sd%]f(?n&e%ljsgyphase
cgdiad YRE ghoneeliociiinglucedt ral regi on and said | ow

vel ocity annul ar region, wherein said high velocity
central region having catalyst particles noving in a
“gehepabFysupwargcdicerdcinonlaiand ,wbeepin ssa it [howh
%%'&’?EEW%MGI 1258 8hORa Y1 09,5803k YEE P& &% ctional
area such as to provide a high superficial gas velocity in

the range of from 3 feet/sec to 15 feet/sec to said high
velocity central region, and said low velocity annular region
has an annular region cross sectional area such as to provide
a low superficial gas velocity in the range of from 0.3

feet/sec to 2 feet/sec to said the annular region.

5. A process as recited in claim 1, wherein said dense phase
catalyst zone has a dense phase catalyst zone cross sectional
area as defined by said regenerator vessel, and wherein the
ratio of said high velocity central region cross sectional
area to said dense phase catalyst zone cross sectional area
is in the range of from 0.1 to 0.5, and wherein the ratio of
said low velocity annular region cross sectional area to said
dense phase catalyst zone cross sectional area is in the

range of from 0.5 to 0.9.
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general |y downward direction whereby circul ati on of
the catalytic cracking catalyst particles within said

waelenws®7ghase catal yst zone is induced. 4 . A pPODESHI@B62221

recited in claiml , wherei2th said high velocity

central region has a central region cross sectiona

area such as to provide a high superficial gas

velocity in the range of from3 feet/sec to 15

feet/sec to said high velocity central region, and

said | ow velocity annular region has an annul ar region
6Gr ASr886Ls 0NAl - R @BaSUE N BSiff O, PrLAVLES a5k OW i on
superficial gas velocity in the range of ?ron10ﬁ%
VeeRELE¥CCeB Y denfisecireludd a4 hotaanubad amdisonopsend,
aMAPHAELESn 852 I LHTRE EQEI A LraWhBLCLY: {?}}sdc d6ns8: g
phase catal yst zone has a ‘dense Shase cat al yst zone
18f698useRyi vFRat igr datagddedd ded by ssaildbeegenemat of said
nigaSebioandy ihahel) LOg: faldey ofs. 28l d1 bl oboyel adi ty
central regdion cross sectional area to said nse
ChRaYeaBARaAl Hzam AoAE EpUsee kutittivopahuapear ¢sidm ifre said
hri%_ﬁgee@&:{{}f)rﬁé?rtl:aﬁ_orgaiq?on and wherein 08 L .aggﬂa%e()fcatalyst
said low velocity annular region cross sectional area
ZPgesai d dense phase catal yst zone cross sectional area
isinthe range of from0.5 to 0.9.6 . A process as
recited in claiml , wherein said high velocity

Tcefit PEPCR2Yi B Hegéladesn oot dm ehdrahd themp iendp
8adnuber el SaidSRent td K 89 G ~
asaia [ntroduciﬁb step ?g£%%%¥éﬁ%€%8§?n%%giéﬁéq%%ﬁggﬁg
Péﬁalé¥0§am%ﬁﬂﬁ éﬁrvéEE@¥@§inﬁen$xhﬂ hieli vel erid- ymiceatiral
r¥igt Bncahal yela aloybabing, famsal doboyyvelocity
annul ar region into sard |éh vel ocity central region
W thin said dense phase catalyst zone . 7 . A process
saSAheChb e il Gl wherel | s a0, absence
mﬁth[nb%aidlgknéé g%é%%?catéﬁbgtgggﬁg % CV%%E%ggF’
vhareini onldremrsrbbns seprapaitdasg sai d hi gh velocity
central

a regenerator vessel having a lower end and an upper end and
defining a regeneration zone which is capable of including a
dense phase catalyst zone positioned toward said lower end

below a dilute phase catalyst zone positioned toward said

upper end;

high velocity fluidization means for introducing a high
superficial velocity gas stream into a central region of said

dense phase catalyst zone;

low velocity fluidization means for introducing a low
superficial velocity gas stream into an annular region of

said dense phase catalyst zone;
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region and said | ow velocity annular region. 8 . An
apparatus for regenerating a spent FCC catal yst,

wob@rerastsai d apparatus conprises : a regener aPCr/US2006/062221

vessel having a | ower end &mhd an upper end and
defining a regeneration zone which is capable of

i ncl udi ng a dense phase catal yst zone positioned
toward said | ower end bel ow a dilute phase catal yst
zone positioned toward said upper end; high velocity
fluidization neans for introducing a high superficial

gﬂn@.c thYa0@st Std@Ru-Rt On an&aid rf%lr 1%95:8?];8In$aé Cgpent

ense phase catal yst zone; |ow velocity ul di zat1on
Qﬁ§éﬁ§t#6rC¥%ﬁ¥%ﬁﬁuﬂ%¢glaSFOM}%hﬂﬂﬂﬁalélQEHVeabCEQQAqyan

§ggaeaghg@t§h§§3qgﬁ%h§gtr§gﬁ@n of said dense phase
catal yst Zone; spent cCatal yst introduction nmeans for

i ntroduci ng a spent catalytic cracking catalyst within

Y TR N1} 9 ] aéa{aejg)s%n rBhoval qréiﬁgs %Eh 28R.5aL 3! EY Sﬁ};eag%%%%éted

regener at ed cat al yst renoval neans for reno
Goggerbt at esreutng yEitelyshckiay seddabpsular ommml of said

d@%@glgﬁagggégghf¢ﬂ§qbgedgg§§ phase catal yst zone; and
| ue gas renoval” nmeans for renoving a flue gas from

sald di l ute phase catal yst zone of said regenerator

MeesSehs 9emo¢¥h.%&%%raEU§ gk}%pfiﬂe r%f%ﬂlggiger

conprising: high velocity zation
dééHFPoPhﬁ@%n%aE%ﬁY&§oﬁpﬁél¢ﬁrﬁfhﬁam@ghnghaSQpevésaahﬂ
velocity gas streaminto said central region of said
dense phase catal yst zone. 10. An apparatus as recited
%-nRg| aPRRORtUS A% recicedpin silegm Bowtvetber tgomprising:

HfilbMi ghzatiop @laﬁdfllzgwlsgnsgso'flraeﬁ@anﬁgglC&Qgrysoléorng

said | ow superficral oclty gas streaminto sa
CeRREP At 1 poridich hofohs ahbedthsi@lpvadectay apgstsizeme ibto

AR GARRAE AL VS &5 e Blrt 841 4 A M8 WheLeL N sai d, spent

10. An apparatus as recited in claim 9, further comprising:
low velocity fluidization gas flow control means for
controlling said low superficial velocity gas stream into

said annular portion of said dense phase catalyst zone.

11. An apparatus as recited in claim 8, wherein said spent

catalyst introduction means is a spent catalyst riser.

12. An apparatus as recited in claim 8, wherein said spent

catalyst introduction means is a spent catalyst standpipe.

13. An apparatus as recited in claim 11, wherein said spent
catalyst introduction means further provides means for
discharging spent catalyst in a generally horizontal
direction within said central region of said dense phase

catalyst zone.
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catal yst introduction nmeans is a spent catal yst riser.
12. An apparatus as recited in claim8 , wherein said

wap@nn7eat al yst i ntroduction neans i s a spent BEr/ab3096/062221

standpi pe. 13. An apparatugéas recited in claim1l,
wherei n said spent catal yst introduction nmeans further
provi des neans for discharging spent catalyst in a
general ly horizontal direction within said centra
region of said dense phase catal yst zone.14. An
apparatus as recited in claim12, wherein said spent
1931 by sho Ll UGt Q. DEANS, fairLhen J0r ouLAgS, TBANS f0he
i schargi ng spent catalyst in a generally horizonta
ditpdyst ohnwiadigtisai deeent Fattheeyiporvofies anehuense
@@%ﬁ&gfﬁ&&%&éntz%%mgéa A ARRYUZLYS aﬁo£§%$€ad1 I n
claim 8, erein sai ense asé catal yst zone has a
dderseiphasitiviat alaist ceohealross ogectti opall demse ghase
Cg%ghggg by said regenerator vessel, and wherein the
rat1o of said central region cross sectional area to
sai d dense phase catal yst zone cross sectional area is
15N kﬁea{ﬁ%&t&% arsr %@cgtg‘d.tlon Ocl5aq.’m %ndwﬁggéf nsz}tin:? dtense
ratio of said annular region cross sectronal area to
raise dehsty phasee deal pstezomelerses sasety sonadnareasiss
sle%tg.gg Lange ozIs fdéa‘%'l‘n%d% té)aiod %‘e .%(élierégogp@g%saetlus Bote)
recited in claimg . further conp9i3|ng. an abseérice
whietrkiin she drdleiseplradd cat@atalstrezdne ofoversecalonal area
BAGELLT 00, [BA05 oo Ll M) APPARIUS S LeciLed in ol akm
, efein sald centrar regi on includes a centTal
thegirengbotf om@nd .dndoalcedit radd mégirennupperramnib afdsaid
éﬁyu a p%Q%%gglé“égg !e%%rgggftéégé oag%i%uﬁégeé.phase
provi des ans Tor discharging spent catalyst in said
ceRilvat rege o det tsemcéndabfarss dscént tak regyorpHffrom
(ﬁ%bdtgegsg phase catal yst zone.

16. An apparatus as recited in claim 8, further comprising:
an absence within said dense phase catalyst zone of vertical

partition means.

17. An apparatus as recited in claim 8, wherein said central
region includes a central region bottom end and a central
region upper end and said spent catalyst introduction means
further provides means for discharging spent catalyst in said
central region bottom end of said central region of said

dense phase catalyst zone.



