; €3e8<M6T8wXW 0112/ 11;91 ...- y PCT/USII1/22112-1 | MPROVED SYSTEM FOR
FLUI DI ZED CATALYTI C CRACKI NG OF HYDROCARBON MOLECULES FI ELD OF THE
| NVENTI OWThE039aenti on rel ates generally to a system for PETAERI/AY?24

hydr ocar bon nol ecul es. Mire p by Nm%\t he invention provides a
fluidized catal ytic cracking %&\g \\m a ‘riser equipped with contoured
ribs. The contoured ribs enhan m xi,ng of the catalyst and the hydrocarbon
feedstock that flow through the riser. 10 BACKGROUND OF THE | NVENTI ON The
nost conmon met hod for d MVEDcS ¥ SHEY BORFRUIDIZEDse in the oil

refining i ndusCATALYTIC GRACKENG OF H YDROCARBONMIOTRCHELEr ocess is
utilized to crack hydrocarbon materials such as oil. Cracking refers to the

- conver si OrFI(ELﬁe(t)E _ I{I%Tﬁg&rhavi ng a high boiling point into products

havi ng 15 =atowetr—bott+t+ng—pornt. —The cracking process is usually perforned

in a verticaliyrgy irﬁ/@hﬁgn‘i'ﬂﬁfé'éigtenef%l'llyrtib%esrystetntﬂ%r érﬁélﬁﬁg’?‘f?r;df-ocﬁfrb@rp FCC

" system Typically, hot catalyst particles”in an aerate ui di zed) state

are i ntroducledulest Mareb;&trtiommtﬂgy thednveritidhgrovidedra flaidized eathlptoeestiigg f | ow
upward. A hydrocarbon feedstock is injected into the catalyst flow as the
cat al yst tsystes! bavihgeugserteqeinped avith ThetoReedsibs.oThe bontoueadtidbe chharice
general, is, significant]y cooler than the catalyst and rapidly vaporizes
upon cont dBEIRE ok thaeatalyphanssthe hygrosasbor f%e@ﬁmé thainide withraighitha sispoc
process require a substantially inmedi ate and honogenous m xi ng of the
catal yst and the hydrocarbon feedstock. Such mixing is difficult to

achi eyg, he ROGVANBIORTHEAAVRAPISNCf hot catalyst 25 and cold
hydr ocar bo%nmrrym'cﬁpm T hin t he catal yst-hydrocarbon
fl ow.  Over-cr acKidwhosnebrhhwnmatthodaok cadlyaic drb@kihg?ﬁ@%ﬁﬂ?@ﬂ us®liethd 618
typically occur in the catalyst-rich areas of the flow Conversely,

i nconpl et eeinigkindgsioy it fleidgedr ataytioeravkiieg (FEES).uskia FECarocess is n
hydr ocarbon-rich flow regions. These factors can substantially reduce the
overal | yiusiligedtocre Ipeaseen Materialgoualas oo raskisgrefess (o Hy, t her mal

ki ng, d | I Ki V4', 0,112/11s9-1 1 .2 .
pCTi Usi 11 (291550 Hhner DihnEiey sl Tug o g ROUDE ol RicposeCtbavine
tal ygt wiithi : ' ? ] ' : tal yst
W hi 10t e T0RE RSP PO THE LSl B By e ISR R R e N o

the produiepfedordiitTFiriser, anTUdEms Part STBY FOOI dyksitgh.r TpPRallpsinUs reaction
products, e.g., propane and butane gases. Hence, effective nethods for

m xi ng t heatdystipssticlasdn ahectayall (tuidized) Setalsieantrodnedd inte hdottoser are
critical to the cracking process. R(zdi %I -feed-injection of hydrocarhon
f eedst ock HO&tian &b iReHBSL a8 are weHeed treflovr upwidoh My drosarbenfesgstockdat al yst

d hyd bon, f k. 1 N ECC sl hni ' h
of rath al kBRI S nasories T il bl IR R S LR er cnce o
the rbBer nakaamhos ARGl by pdidariedohficdify R0aR il MARHITL 4t e

atom zatio ocaf bon feedsto eed nozzles; in general,

pr oduce a rApidey uapé@ze@@mmnpmtxﬁmtmcdmggpcar bon feedstock than ot her
i njection techni ques. Common radi al -feed nozzles forma flat, fan-shape

spray jet that @ptimabesckingeonaliijors ini arhF QG precessmgquist akBbsipptially mat el y 40
i A A RN
d i t he. i al t i .ay  jet. 1o N th
"oner - sur rSRat ftcinkcisPRUER B aehfive ARvEY sl BRRes sEhigh® pLBR! ARRNET on®

is thegzpr i élg)@d@ DL ] j cul ar,
t he a‘r‘?al e?ﬁgi‘&oﬁ? ﬁgd%?a%?%%ﬁféﬁggtgﬁgﬁg%ﬁ gélgfg | et@ﬂﬁ)‘?gﬁﬁ)?gg%&g%’!&‘fhﬁﬁ ﬁ%ﬂ spr ay
pattern pripw n@eridigckinpendsheiad eradkingef theslgydrodatben pheleoes ypicslly
+illustrated in Figure 8. Figure Sis a cross-sectional view of a comon

ri ser 200 deaui imythercatalyet-richupfeas of 200HowA @orvexbélyyinobmplett atadkéeg of

atom zi ng nozzles 202 are positioned around the cjrcuntference of the inner

+ 25 sur f acdhobydrocprompBwleadessainlly asqusdndy drorir bornieh Q¥ &5eipaS. 204a of
hydr ocar b f eedst ock. The. spr i 4a cal |l ectivel rma spray
pattern 28[216\%'6 ﬂ?tﬂrs[ﬁ;]aélwqaééarr%égér%gﬁcse t% overaiyle?& of ﬁmé’Fé& process.” In
30 addition, over-cracking, thermal cracking, and incomplete cracking have

AR

*G0o001*




WO (12/(1S'1-41 PCT/USIII122i12~ -3 A plurality of gaps 204b appear in the
spray pattern 204, as shown in Figure 3. The gaps 204b are a result of the
f an- shapado prePil es of the jets 204a, and the plug-flow nECUABIHE202he
catalyst as it travels upward through the spray region of the riser 200.
The conbi ned area of the gaps 204b can be,as large as 5 fifty percent or
nore of the cross-sectional area of the r17‘ser 200. Furthernore, the unm xed
regi on of catal yst downstream of the gaps 204b can persist for twentyfive
feet or nore in the riser of a typical FCC system Various techniques for

i npr ovi ng uitdesiriidesidetfeatsauypk s dractiuation cdribo nathbed stithik tharif@dueytset ens
have been devel oped. For exanple, the use of venturi 10 tubes, draft tubes,
“and vort eXCHEARPWD 1&%@’@%330{1I‘Péﬂé"af?%ﬂl}@‘tWﬁhw}}%@gelﬂ%é’fo@(ﬁuﬁﬁo@He| nj ection

4, 523, 987, B GPHO A1 AyRaEeoiGeT o %ﬁc“Sciuctanhféﬁewwaam@eﬁw.cefues

“include i i

catal yst - “‘5%’%2?&?‘%“%Pﬁ%ﬁ#ﬁbﬂ%@%‘iﬁﬁé%@%ﬁ# o P hTld ases. oy
4, 753, 580)Hamt, kitektivd ndtho@stol nikbhgStheRatal ymnd&héﬁ%dﬁi%b&{ fcd@dck 0 the
inner surface of the riser. Various other confi gurations, including
f eed- i nj ecwithm thonscaaseedilica o the Gackaig priloessd, 554, 341) and arcuate mi xi ng

el enents (European Pat. No. 832, 95}52 have al so been proposed. Furthernore,
non- st andard i ifediel-Geedainegitpaneiie rpgareon deadstankge ot eagmanly-wedpat . Nos.

d d .
The above. ROURLHIS IR PSER SN 0B SNl Y BRTGRar i (roditogbin UEG n
el M nat | g AR YRR A8 B U8t P AR oS Rre Do

currently em conprisin geonetric
feat urgs tsﬁlﬁﬁtlcﬁ{edraraah& tI%éJ&Ii‘cﬂﬁfb?cnéé“@F ﬁexlsephS@eéh{lg @@fc%n?fdl&eﬁedw@ thk xi ng
of catal yst 25 hydrocarbon feedstock wthin the riser. V40

112/ 11359- 4dozztes _to akIibMiRhe afbmidtion IMNNENYiONaffonTletdstddld/ RAd&4edsh obj ect
of the present invention is to provide a fluidized catalytic cracking (FCC
syst em t hatozaldsen gengrgl, praduce mosewniforasprayatigial Oﬁhmdwarmn f eedst ock.

the i nvent IGRStR %&a&ﬂéthéﬂiée%? e beBhmt puimgn B pEbEa ez o8s ahas an
t f tral

8355292“[ hfi%ega"ﬁ“é}@% DIRClo SRR Grac] Bl BRAE SHBHIRE ARG ACS 2 TR0 Pser

The cq %@MW@O tbsesidbgrebg aﬁép&ramrﬁgnemﬁ&ﬁ%ﬁgﬂomeqﬁﬁ@ B¢ a

cat al ytlc erial. "The 1 nner surface of riser has an elongated rib

di sposed thayveons floy “shlayraxgled of tiee hyziiex SBdray ahgled abovk appbxirhetetn6al yt i c
material. The rib has an inner wall that faces the central passage. The rib
has a thi cdegsees idefdane thopotgntinkfanribe crasiveewnay ja to impingeaen thgdanehe out er
surface of tP rls r.. The thickness of the rib varies along at |east a
portion ofSuafacgsy, the gisethe rib. Accor di ng to another aspect of the

i nvention, a préhs 5t SHTROSURYE 1BfiaPRckBn KBRS IR GAURI SRR 16 R8T

havi ng an outer 480 ace and an’inner sur rsurf ines a
centraly pagrREcaBsh Py Satfiths TAPat@d I, ﬁ{@ﬂﬁ%lé‘d fotdlietofdhd aldivadual §fray he
riser. The 'FCC syste%m i ncl u?es a plurality gf atom zi ng nozzl%fs y
coupl ed t gietsysrodusey gapkhia the epiayi pujteno prdxamate theadagat adface afithecisera

hydr ocarbon feedstock into a fliw of catal t| c material within the central
passage. THeis2henomenghngilhisiratedin Fgueny. Figured isprapspaeational vievt aka

hyd bon feed h h f h
CXW{J?FSQS"&%&%@E&E? offs taabr@gé%?@ﬁp%%@ca&@@%a%dplaﬁﬁﬁa%‘%C@cf%fteeeﬁ“ e
S ear e AR EREAARA oo S FBARE e kBN B indfhr T o7 O 1 €

enbodi nent an outer surface and

L an 25 jsne urfie el R08: ﬁﬁeend)zm&fea%wﬁraaﬁcéiﬁ{ h{h%d@apgﬂhyiét JARsEge extending

substantl ally along a longitudinal” axis of the ris he central passage
_ i's used tohydrapabontfeaddiyck. oThe bprayfiesdtadolleotvely datralaydpray patterni2dld.

within the riser 200,



1"4"0 112/ US9-11 PCT/L1SI 11/22112-t -5_ The FCC system further conprises an
el ongated rib disposed along the riser inner surface. The rib is used to

m x the myalhoeasbon feedstock and the catal ytic material . PORASPI/RORE
contoured so that a radial distance between the rib and the |ongitudinal
axis of the riser varies along at |east a_portion of a length of Sthe rib.
BRI EF DESCRI PTI ON OF THE DRAW NGS The for'é’goi ng summary, as well as the
foll owi ng detail ed description of a presently-preferred enbodinent, is
better understood when read in conjunction 10 with the appended draw ngs.
For the purposeAqgfluialityst papd Dot hepdanvetié spray phiverdrdA, agshswawh an

enbodi ment_that is presently preferred. The invention is not limted,

- however, t%guﬁelsb"é@igﬂp&20&%@@&&9@&1 of thedanishapaskpiofiles ofithedetalitdgs. | n

[ is a diagrammtjc il]ustration CC systemin

he d i X ) f
1étcgor (rjg\rllmcga%hg/:p?‘llp" :?"SB?%‘E%H ﬂ?en‘%i’éﬁiy?b?ﬁ it ﬁiaﬁ?lsﬁﬁwqrggﬁaog%géhﬁspﬁﬁgi t udi nal
; - t i i . i "E20 i Fig. 1; Fig.
o A T
L% ot e b e ey S e

Fig. 4B i suranfxedntgivhe) datalydteddvistedaevor it ffa;pg 204b caftip@rsiSffor Hversiyr at es a
| ongi tudi nal cross-section of a first alternative enbodi ment of thé riser

shown i n Figsfeet or moadghtise ris@S R typi&B FQC sptemt es a | ongi t udi nal
cross-section of a second alternative, enmbodi ment of the riser shown in
Figs. 1 throughVatioys gehpiques dok iaproaying fhedgixirgiphaatatyishand bydiacarbast a

L1 SRR R R By BEob BBl ol el MRl <o
Cross H@Eic ;t'uﬂgs, ﬁr?ﬂ hhds! 584 v%ﬂ@?e”i‘ni'xrﬁlg P distirb %&tgﬁpg?%ﬂr kep&ngop! F o

6; an ustrates a transverse cross sectl a prior-art riser.

5 DESCRI PTih{dNtigh oftthe RAEReRRD FVBSICNENT Scéh BEsesiRl lin {PBePar s, embodi ment

of the invention is shown in Figures 1 through 4B. The figures are each
r ef er enced,683 28¢ phedd, TG0k cli T8at &3 ; syslt B § 68 n Otthel mixing ¢échinidquestinaluidon.
The invention provides a fluidized catal ytic cracking (FCC)  system 10. The
FCC syst ennerrasing theasrmalypecairmgturhulege Hathin gie qagélyahhm%rhons@wle
{see Fi gurt%:ol\kgh the use of turbulence tips (U.S. Pat. No. 4,753,780) and kick-off rings
15 (U.S. Pat. No. 5,851,380) affixed to the inner surface of the riser. Various other
configurations, including feed-injection cone assemblies (U.S. Pat. No. 5,554,341)
and arcuate mixing elements (European Pat. No. 832,956) have also been
proposed. Furthermore, non-standard injection arrangements have been suggested
in U.S. Pat. Nos. 5,139,748, 4,883,583; and 5,348,644, and in European Pat. No.
20 911,379.
The above-noted mixing techniques have not proven entirely effective in
eliminating spray-pattern gaps such as the gaps 204b. Hence, a need currently

exists for an FCC system comprising a riser having geometric features that

climinate such gaps, thereby achieving more effective mixing of catalyst and

S8
(¥,

hydrocarbon feedstock within the riser.



The riser 16 is an elongated conduit conprising a netallic out-wall 11 and
a liner 13. The out-wall 11 has an outer circunferential surface 11 a and
an i nnerwa exndnflerential surface | Ib. The liner 13 has aRCHuter22024
circunferential surface 13a and an inner circunferential surface 13b. The
liner 13 is disposed within the outl5 wal|l 11. Mre particularly, the outer
circunferential surface 13a of the liner™3 is anchored to the inner
circunferential surface 1 Ib of the out-wall 11. The liner 13 is preferably
formed froma refractory material. The refractory material may be any

mat eri al tSEMMARYOF DH®E ESVENTEODUt -wal | 11 fromthe erosive and
thermal effects of the flowwthin the riser 16 (discussed bel ow). Such
refractory 20 rel ebjegt of reepussemionigntiomoisriopsovide seflwidizddechtalytic he art of

fluidized catal yti racki ng of drqcar,bons. Further details_ concerning
the Iiner q@@ﬁﬁ%@@iéﬁﬁt@@ retéégtwr@y et 3 SI0RE b Al Aad hEGRORARRON 3 of
“the liner efj nes. a ntral. e J17.. The central ~-passa J_extends

subst ant 1 ARk aRpEfBice S IR BEF ol AR G B BRET RBodtn See
Figures 1 - : Lal 7o ARG [ | ocat ed
pr oxi rrét e C?E% %epﬁ%ﬁg?%g?rapgﬁé%g:?ceﬁr.hcedrfg]gﬂﬁ%lﬁgl% Igsaelsr's;%hgzl%%?g%%gni ncl udes
a feed-i njoedrisonfacenad kabinhBesurdaje0i Tise inher burfficezdéthel Zocertiad passagact i on
zone 17c that adjoins the feed-injection zone 17b. Hot regenerate ~'4'0
02/ 11s’) - Ihat-cktRCUsHubiGhliallp 216012 ¢ larggigidyst] axis offtheathec.eThementralhe 1ift

zone 17a. The catalyst is routed to the Iift zone 17a via a standpi pe 18,
The fl ow rasAgEs UaRd tntranspart p Sydesarknn gdsipck apd jaatalytic maerigl. such as

"top," "bottom., "upper.”. "lower," "above,  "bel "..etc. . .,as _appearing
Lhr oughout  t he HSereT eifaesm oLl tises PR af slopedfed it dispored SRERAERES ne s
conpongnt k tl ' LA H Jih : I; ed
R R S e
Limting. Jwdil gaseies the Uéﬁkrﬂ%s?@e. STIe&#1b Uas Aehivknesd defindd Igha dieghicecar bon
gas is routed to the lift zone 17a via a line 22. The gaseous fluid is

i nt r oducedectwean theanherf walame thZaulbgyr sarfdics of itheitiesr. 2Phd deckreds pf theimtat e t he
bottomof the |ift zone 17a. 10 The gaseous fluid propels (drags) the

cat al yst paries slang alfersta pettionPlialenstmithe rfassage 17, i.e., the gaseous

fluid induces the catalyst to flow primatily in the ction.indjcated by
an arrow 45 i n ‘EFFYIFES adwh?.asfﬁ%tp%éégg§’§%%‘é L?ﬁ

0P B BF RS S BT mERL DR 7 ng

nozzl 2 1 7] . Iaf - t type
Commonty Biakiny 1 Enf bGPty Favie 8hputd uilopt BRE HOBESSufler; The
cracki ng. ifh& suifiticZicfighed aZehtal &saguek&ddmg Substanitially aléng Muiggitudinal
particularly, the atom zing nozzles 25 are circunferentially spaced within
a common hmais adtieatisep] e, F@Gdyatem alsontdddena phealitysedr atomizgiogmoaglea tip of
each nozzle 25 js substantjally fl,ush with the_ i nrher Cl rcu%’erentéﬁl
surface 13wupfediiodheitiver. The atempisingpesdedargpflapied (oriniect aRYSFOGHHROR ype of

Pt 2P GRS Re Tl SRR RSO A o w1
nos &0 pefoiihe sbzrlel Snétebl Tl SpraFpaifl IR bR fbBugleT 7,00
nore vert iwﬂhﬂnwheio%ﬁﬁapphs@hgﬁe%k FU®@ spdtentt fakthgr bompliess 2 phirdligcst

hydr ocar bon feedstock into e feed 25 injection zone 17b. The atom zi ng
nozzl es 25longatdripe dispeshg diagthisatser inner surface.
In accordance with a further aspect of the invention, a preferred
embodiment of an FCC system comprises a riser having an outer surface and an
25  inner surface. The inner surface defines a central passage extending substantially
along a longitudinal axis of the riser. The central passage is used to transport a

hydrocarbon feedstock and a catalytic material.



feedstock in the direction denoted by the arrow 54 in Figure 2. Each nozzle
25 produces a fan-shaped jet 26a, as shown in Figure 3. Each jet 26a forns
a spray ar@hEo¥éhoted by the synbol "a" in Figure 3. The SpTaprHeE a is
preferably 'O 112/11;9 | PCT/USIil/22112.1 $ within the range of
approximately forty to sixty-five degrees in the exenplary enbodi nent.
Furthernore, the nozzles 2S preferably inPect the hydrocarbon feedstock at
an angle within the range of approxinmately thirty to sixty degrees in
relation to the horizontal, i.e., inrelation to the x-y plane. This angle

|5 denot ed by STREPCEYhakm HiEAEhAHIA & coSPRCUIIAUBHUERALAL e and! es

a and 'y are presented Tor exenplary purposes e’ |1 nven n can be

- used in cafijeutetdranrfacth Tteatb 14 ngdnozaixade ASdtdribox abdeRcrURABOt I al |y
different values for a and y. For exanple, nozzles 2S that produce spray
patterns heafdlpge amtoriglal Tlee tid ik coantaured suthas axadial dbtncedgtwesn theyrilal so be
“utilized, i.e., .the ngzz]es 25 can be pointed 10 downward at an angle as
great as sindthedengibidinglaxigof therssroariss alia sidsestia poriipa afadengibiell j et s
26a cold ect]% §)Iy forma spray pattern 26 of hydrocarbon feedstock within

t he cer’?tra E dsage 17 (see Figure 3). The spray pattern 26 is
substantially continuous (on a tine-averaged basis) proximate the center of
t he passage 17. The spray pattern 26 is broken, i.e., non-continuous,

proxi mat e BREEF BPESCRIPTIONUETHE DRAWINGSe 13b of the liner 13.
Specifically, the fan-shaped profile of the Jéts 26a produces a series of
gaps 26b bet weehhe fiwegpimzysunamaey, as 2@ basdtht Hellowieg detailed dtssréptionadf sur f ace
| 3b, as shown in Figqure 3. The gaps 26b extend radially inward fromthe

i nner cir d?IFr%*eéﬂ]é/nﬁlie%”%@JPff@@élmw; i bgiter andpwsteachwhien gead inecqiureiipn 17. The
f an- shaped met r f the jets 25a causes the.gaps.20,26b to, progressively
narr o&%as Wﬁﬁ%&%@%dé{}ﬂyﬁ%ﬁ' nﬁ%f?th? PERGCS: dllg%tgaté‘}& gﬁdg"?‘m&‘p Qnti |
reachi ng i i f j ﬁﬁg% I In
accor danc?I\Eﬂ%st%%g%tggﬁﬁdﬁégﬁ@%%plgg%ﬁ r-al Fﬁ%f%)ﬁ%ﬁwgéggb are
formed al angitbdehdwiaias, & thewpkeifRThb@himstfalities disol ihiBe bidd@hed.3In

proxi mate the atom zing nozzles 2S {see Figures 1 through 3). Tﬁe nunber of
m xi ng ri be deawidgpr ef erably equal s the nunber of atom zing nozzles 25.
Hence, the exenpl ary_enbaodi ngent preferably includes a total of eight m xing
ribs 29. The ribs 29Fl|gréri’étaéhﬁ%@ﬁﬁ@atéﬁﬂmﬁig'a?l@@@ﬁ@ﬂaﬁ%@ systenl psaccardancpe
hydr ocar baon..f eedst ock m thi.n the feed-injection zone 17b. An in-depth
descrﬁ%ti SHIREG RrsSERt Weei®and function - 4' O (12/1159.11 -9 PC T/ US|
i/22112-1 of the m Xk:ngsr:i L : e - : [NV er al
of the ribs 29 that )@\A%qug?tﬁ%r%\%\nhzg 1@&@15%1?%9% %%ﬁoﬁe&gggiﬁggg%lgﬁgg Vi ew
of Figure aec@desipRited"PY.inMNig. bf the ribs 29 utilized in the riser 16 are
depicted in Figure 3.) The m xing of the regenerated catal yst and the

hydr ocar bon feedst ockig. 8 iHustnates adhnismgree tiass-seotien bof theriectshesnanf | ui di zed

bed of catglyst particles and hydrocarbgn nmol ecul es. The fl uidi zed bed
flows intdighe phednken aloneg th}?i‘“ﬁﬁ%‘rﬁ@ Fig-dg the feed-injection zone 17b.

Th lyti [ d with the hyd 0| |
ori ey i n the eable 4 JREAGE Bogthital PRt RS DR M Be SEb nE e
chem cal r@&ggh%nﬁﬁgqﬁfl.gl?ﬂﬁgu%lpg; hydr ocar bon nol ecul es. The total 10

resi dence tine ocarbon nolecules in the riser 16 is preferably
within the range of RippuBxisnefiehtviéwloftithe BitsHRePRdFig, Mx;e preferably, the
residence time is within the range of approximately 1.5 to 2.2 seconds.
Most preferably, theFigeSidddhstratasrmelongitudingl croshraectiomef afirstppreoxitivet el y
1.75 to 2.0 seconds. .This residence tine provides the hydrocarbons with a
super f i ci @amiadigent 9f fhe Heer thowvmin Figaghttepughgs oxi nately forty to seventy
- feet r second (supgyfi-g) el ociity represents the quetient .of the

vol um%gri c flow rat gﬁ & Sﬁﬁfuﬁéa{eé&lf’%%‘ﬁu‘ﬁﬂP@&?F%‘?&W ?ﬁ%s%qoggs_ sect i onal

area of t ﬁgﬁcﬁﬂ . L.d] C nd hydr ocar bon
" nol ecul eshaﬁtsep%?[sc ar%é%"?%{(}%fit gh(rg%%%“??glﬂ%sb??@lg@éag’gtor 12. The reactor
12 includes a bal | i sfFigC 6SiflRgti O b 188 iBRIi A SRR oS-t Ronl of 2 tHiR! Afdrhdtiid C
separator 30 separates the gaseous effluents in the fluidized bed fromthe
deact i vat enbabikent optlegriatreshorat al igs. bdnoiigh8s. The reactor 12 al so
i ncludes a cyclonic separator 32 | ocated proximate the top of the reactor
12. The cyclonic separator 32 further separates the catalyst particles from
t he hydrocarbon products. The gaseous effluents produced by the separation
25 process {including the cracked hydrocarbon nol ecul es) flow out of the
reactor 12 via a line 34 located at the top of the cyclonic separator 32.

(Al'ternatively, the gaseous effluents and the catal yst particles may be
separated by cyclonic inertial separation at the top of the riser 15.)




~1' 0 02/11;0-11 -10_ PCT/Cl SOL/22112-t The catal yst particles separated in
t he above-noted manner drop to a |ower portion 12a of the reactor 12 (the
portion Waaoi/gsvgonBnonly referred to as a "catal yst stri pBef/USH/RI ri ppi ng
gas, e.g., steam is introduced into the lower portion 12a via a line 35
and a stripping-gas distributor 35. The ;éri pping gas 5 further separates
resi dual hydrocarbon nmaterial fromthe catal yst particles. The catal yst
particles subsequently flowto the regenerator 14 via a line 38, as

i ndicated by the arrow 39 shown in Figure 1. The flow rate of the catalyst
particles is controlFigd7hlusrated ¥ eaddverbd biodsisbetion 6Lth3&isel BRowa e Feg at or
14 includes a regeneration chanber 41. An oxidizing gas, 10 e.g., air, is
r out ed to&ﬂa&elﬂ@gmgem@tlil‘cﬂﬁﬁaﬁﬁéﬁ 64andy a line 45. The oxidizing gas is

i ntroduced info the ¢chanmher 41 via an air-distributor 44. The, deactivated,
cokei npregnat ed cat ah";l)%sg l’g'éﬁt‘fqt‘éﬂ LHABFVEISS GHOSS SeiIsPha PHOT-adaises i nto the
" chanber 41 via the line 3 8. The catal yst particles and the oxidizing gas
forma fluidized bed 42. The catalytic particles are regenerated by

combust | nyk e rOTHION R TTICPRE IR B INAESDIRERIN  on of the coke and
any entrai ithin the catal yst
particles restof peedehelycitadritslt erabbdividny of Gt AlhveatioR & dHovhEf Bipuked ned with
the resulting combustion-product gases are subsequently separated by a

cycl oni ¢ dlpaghtdB. TRedigiireesueraael referenvedftb u cimmonlwedrdifbte sysewhugt i on
gases exit the regeneration chanber 41 via a |ine 50. The 20 regenerated

catal yst, dfAPER inegchdbnstiaiianed Thy invrntiosnyeyides Pridinedscatalytie sracking
(see che. AFFGNSA%H 18] JHEFGE SEERTE IRIIGA tiflorde s Folipla ald P° 10

enbodi;gen t 1 ¥k rihbs 29 are as follows. The mxing ribs 29 are
nost épgaklrgegrygx%g%ﬁhé?&}l)és 4A and 4B. Each 25 rib 29 has an inner wall

29a that faces TherigasspBanldonddibs cahdanoePRisinigSa FRE411i6 loaaklat] Bhamd in
Figure 2. The ribs 29 of the exenplary enbodinent” are oriented so that a

| ongi t udi ndineaxi3s Tize ofit-vadinl Ir hds #ADoutsr sirbanderenthl sprfzeedllbaindtan inher axi s C
1 of the riser 16 g_see Fi gure 232‘. . WO 112/089-1 |, PCT/L1S| 11/22112-1 -11
The i nner citgpmipgatisl seefage |1y Phe hasr 43 prepsouser grcymipeensiabsirfagsst3a

clearly in Figures 2 and_.4A. .The L m- | 29a J.s. cpntoured.i.n a nmanner
Chat. causdsdafinies SRRt RaidaPraR db dedieh | iskEhedr samip R BBE "7 (o
fl ow iawar, t : ry . Lnnar I i '

cent rellF‘ pé@g%gy@%‘e ngra%)l é{-Hseec t%o%é?u%f:%%% sg %lﬁﬁ%i%e%ée{grgfﬁi S
feature enfianeRs thBe MrdrtdrcdinfeR@tiaY si@say Powof arAaioeK] andThdEneal 3 yst
within the central passage 17, as explained in detail bel ow.

(Di ar net r iic ptdfgrabyiyp bmaved fios 2 8cfeactoryapactiall Thetrbfradtogumateriabmay be
illustrative purposes on]y; enbodinents in which the ribs 29 aﬁe not

arranged iany thaigrighthes suplly pratscisi thaiont-wwadl thAswpiegesivecsddhemalne
invention.}.10 Further details regardi t he profi of the jnner wall 29a
are as folel}f%\‘fvgg. O%ilpgf?‘flﬁ’éﬁ ) tﬁ?é’lﬁgre{éjl@}g?%egE?ﬁgc}wmlf(’hﬁgmﬁtﬂy a first

i nclined i.: , Libs y e

vari od. sTSeHAR A2 oAl 13N B B e R T e e i n
Fi gure 4Adgikifg af hiydrocafbéns. Mathetalctai BAonebating fitd algs] Paregiresont@drti on
29e that adjoins the first concave portion 29d, and a 15 second concave
portion 2%kldwmat adjoins the convex portion 29e. The inner wall 29a further

i ncludes a secgnd jncliped porti,on 29g that jQins the second concave
portion 29f. ( naersirepdersutal uy ‘md§%V§%;el%ﬁ%ﬁ%éﬁﬁﬁﬁﬁﬁﬁﬁnﬁﬁ this
context through e specificati and . cl ai .are . used.in.ref.erence to
Che. out er BaRiHRen fr RE caRFE pifte DEaRhaf hEb il e S goRpbRRHC]

< inclined j Cof'AR i ahg I | j ross
sectidﬁ, g%ﬁ#%ﬂ@ gamonDsfﬁ%?ggi%gyfﬁﬁ%%%hégaiiZﬁ%ﬁégﬁghgﬁtﬁggaé

cross- sectijfaded a lifezoee 1 72Tbcald prokifhaRthe Bottareobite!riser N6 AltRideafral 0 t he
“the outer circunferential surface 13a of the liner 13. This angle is

denot ed byatdmgesyhblab ihi¢lddes a feedginjectivh zdeel ZntHa¢ ddminsethiedift sonol7a,he
inclined portion 29c causes the inner wall 29a to 25 extend inward, toward
the axis @nhd 4 ieacipagosn lie thatadivios thafredanigasion zongw A tihetregereratssk r al
passage 17.



The concave portion 29d causes the inner wall 29a to extend further inward
inrelation to the oncom ng catalyst flow. Mre specifically, the
curvil i neeam 02/03¢4t O 112/ 11a9-11 -12 PCT/ USOL/ 22112- 1 pr of PL&USH1/2%4@t concave
portion 29d gradually increases the rate at which the portion 29d extends
inward along the direction of flow. The convex profile of the convex
portion 29e causes the rate at which the-¥nner wall 29a extends inward to
gradual |y decrease along the direction of catalyst flow In addition, the
convex profile of the portion 29e causes the portion 29e to begin extendi ng
away from ' i : [ ' t 3 in the
direction Cgf lﬁ’g%vﬁl(tg%démg?dﬁﬂrbghg%ﬁ’?%é;%%Cg’ﬁg%?%Pl% ?n%eﬂgﬂgegﬁq tﬁﬁqﬁg&%as a
- subst ant i dl7byisbrseargipipd 089MThediovRlrae! GSBe LAty hs ESRFOIIIABY & vARk20The
| ongi tudi nal cross-section of the portion 29g 10 forns an dblique angle in
rel ati on derrhesech as “iopy cihdimafitupbestif tare, 1S ove, t HeldwNagtclas. This
“angle is denoted by the synbol "~" in Figure 4A. The profiles of the second
i ncl i ned BBPEFIERE Huguahertithe sped Baatien AndvRimes, areaised rithceafersneeito thener

11 2 ' . d . is,C1ii | ati h
oncom hg_FOBROPEOSERGHER: SRusBYHaiieRt Dand hr nercisripsiiie Saedfon v (or

cor hg f , . £ us_(or
the 11 rst MeiEUDRHPE FBkaind M el o Stk B inflagghy e “7hi «

feature causes A haséhiustfiigeublRby8RAnt HemRasRRYi APRERME, ROELHOR g491s and the
outer circunferential surface 13 a of the liner 137to “change ag a nore

gradual r abetetiianh¢ hid zbnet Blacdahdinge2d, The ghsemis fhdddaiarqiuced dmodfd and
the outer circunferential surface 13a. 20 The significance of this feature
i s expl ai Aidbizeng bi@ byaaistributond locagd preainatalihy baemenfshp diftaranieal Tay

31 g 1§ carlts Bheeoi GURCRIARED (B dus LB shEngIespRutisd b thhecmige 20
i acent - Broes; T HRoMF sRS IR nATES she Buckil &) AOSUMRBRAOARIRET )

each rib Z%ebBoRGadichRAq SPalrbR43 REFfuESd 1 gaMave portion 29d of the rib
29 is located proximate the point at I ch the adjacent atom zing nozzl es

25 di scharge i fifle FGE systen 4D ipeladageight atobhieifgmeizledd. Thgniomieance of
this feature is discussed bel ow WHO 112/ (1s9-11 -13 PCT/ USU1/22112-1
Funct i onahoghgs 2Staseiradipb-feasfnazatesmfithadyps eema®ndy knewn fothesgskilikimi xi ng

This Lot i O FinsronudizRt Staifie Brabhing, T Solkizmetontia Frwonyiianiion
f eedst ock,. ' : ' | i ' th
catalyst PG Gnath ot e RO ATE AR5k LRuIHI RIS iRl * "
pattern 2&viitiaRComidd Kdrbfonddl plans Gnd ave eduandd 8h defisdrele/sPthat Reiptatt al yst

flowto be brought into contact with the hydrocarbon feedstock wthin the

f eed- i nj echtlonozolee Sliglsubstantially Bnsh atitlpdrsiager divcurhfeeerdil @urface 13b of
circunferential surface 13a of the liner 13.) The ribs 29 performthe
above- not dke hner hy (sasdigrens Zhandi3}.eclha nenbehend typged msamizieg nezdes 25 i nner

Il's_29a, dth | ative, iti of the.ribs .29 and the atom zi
nozz 1 86 i B ertplaty FyiociBoR e Sac died SrulisdaertBuncapto O -

atom zi ng evi r . g Irs

radially éﬁ[}?%[ﬁ!ao c\:MﬁfI%e ?]ieedofé’a%d.sn %(Ibt%lng\%?t ﬁe%r@s(gjrlggg%@%t ‘g@?%e{/a‘g%{ %(%rtgf) §§6 (see

Figure 3) andhfiaaificour ek aﬁbﬁiiti'n? izzIdR@ . | ISa Rl 4Re hRIGIOMd MezA&E 24 VSt

wi thin the gaps 26b 15 inward, toward the spray pattern 26, as the catal yst

f1 ows t hr canlbetdrearfgeddnitwioentmonre watieally-disposedplaaes.jwor ds, the rib inner

wal s 29a inpart a radial vel ociztéy_ to the catalyst flow |located wthin the
| 1

spray- pattern gdpsatpstizinghwzzlegiZal injeqt dydrecachombasdstock infeshe ieedsat al yst
into the hydrocarbon r patter.n 26. Thi ction cayses a forced m xing
of ¢ hebcatkieGaon ZaaC ARB: raeiae el S Schart feiNarogbSha. | ni eot | on
zone 17a. s T i verti cal:l V. i4i d so t the
cat al yst ffF%Hv@tt?@‘ofnﬁf{h%edlg%g@Bé% ofegl %fﬁlgcﬁ%wﬁﬁtléﬁlgg&h%dg g@%\??}%é ? §edst ock
at produces a fan-shaped jet 26a, as shown in Figure 3. Each jet 26a forms a spray

angle denoted by the symbol “a” in Figure 3. The spray angle o is preferably



about the point where the j ets 26a have ful |y devel oped. This feature
further enhances the mxing of the catalyst and hydrocarbon streans. In
addi ti onwa tawar d ext ensi on of the portions 29c, 29d, BAHU39E228%4 t he 25
inner wall 29a causes the cross-sectional area of the central passage 17 to
decrease. This decrease causes a corresponding increase in the velocity of
the flowwithin the feed-injection zone B7b. The vel ocity increase further
enhances m xi ng of the catal yst and the hydrocarbon feedstock.
Specifically, the velocity 1'40 112/11s'1-41 PCT/ 115111/ 2202-~ -14
i ncrease kaildashd hedefelppedxiiatdlyl forg Qo isikty- T eCigabatsin-thy dkemprden flow,
and t hereby enhances mxing within the flow, Furthernore, the decreased
cr osssect eonaldiraceta Dirthdrmopasbagezizs 28direfesablgdnjvor tirdntdbedrboand y- axi s)
di stance that the hydrocarbon feedstock nust travel in order to radialiy
m x with ferdstopkatysrange widiydwrenge of pppradimatdly thigyrtosizthidegresalin 29a
“inhibits fl.ow s ration fromthe inner |1 29a. | articular, the
presence B?Ia&ﬂ%%?ﬁﬁa]?q{é@%@r l'F'OH’Sreiéﬁo%Fﬂ\;\ﬁ%yéﬁ@% Egg‘rsélnﬁ § \?‘é[eﬁilo%ll’}f ow
t aper of aye :penLi V. the fl o]
separ agt)e gr osr%ﬁl?t?@ i nr%g(r}:rlé\%%rb"g@%.&l?g#g@vﬁggeg%r%‘? i%ggﬁﬁgst‘f"ﬁ% agenﬂlréag‘?&s%l e
effect of fomneteaasihnOpliesey Qf§uhe ifvemiohcihBe LkQMMNES hﬂctf wifl passage
17; flow separation alsSo increases erosion of the innef walls 29a of the
ribs 29.) aftmizingmexaes?S tra psodimet subsaintipllpidiffercat valnes fods add vf Wgrher
inhibits erosion of the inner walls 29a of the ribs 29. In particular, the
ri b i nner ewample, roazlgs @5shaipwadyes siray papemsdrvingen jy staduegsalofiv esniimgs ngi ng

directly on t ibs 29. This 15 featyre is nost_clearly shown jn Figure 3.
As is evi gt ?‘%roéﬁl%‘f‘?ésfl?aé’u‘?l%? ?Hé‘?‘@ﬁ skantiedlqzgles 2o catebe podidedect i on of

Spr ay ot A0RsEd & SEURER ditehMSdiod et B R IR Ha iotigbtial L5,
| npi ngenent  of 'Imlaqnhﬁﬁéuaa?f@ts%afclaﬁe&iibely%hﬁ a%ﬁa}aﬁén&ﬁ%@%cﬁhg%%eﬁsem

i nvention provides nunerods advantages In relation to 20 co
systens. FEasdseocknpithin theecatrhbpaseagdl Xi(s@ Pigaws 8pdThy spiag pattes 28 is
substantially inproves the overall yield of the FCC process. In particular,
t he i npr ovebstansialbeeaminuets {orea diameday stagad dbasis pproximeteathisaenteredshe ck
alleviates the qger-crackin

r

an hermal cracking that typicall ccur in
cat al yst - PREE& A dasl SHfﬂ)éPg‘é?fgﬁ%é{S%fg’gﬁ%da%bW' PRI PWWG¥%E €t he

i nproyed ¢q AN | ' s I  Zat Fonof the
B ofed, BARG A65LRRGRH YRR £3h AP IR, SR ABIN, BRL ESToRheh
regi ons. gfbﬁﬁc&ﬁm@ fots DBE phbdiRes hakiRs %ﬂf%ﬁ{a@ﬁé@%ﬁvéﬁn ﬂh@%gpagl SitRerAD¥i N,
e.g., deactivation of the catalyst wthin the riser 16 due to coke | aydown,
r egener at and thé irnee cratmifgprehtial dusfacet 1, heghoenah Giguré JWUEhe gaphzob VVO
i12/11S9-41 PC T/ USI 11 /22112.1 conbustion of air and residual coke, and

t he produexiasd rediaflydawsrd &oanihennseneirpwngsrenidal supigce dahetayerddhe reaction
products, are suyhstanti al dyced. b he use of, the mixing rihs 29. The

P vent | oncakir BUBE eaisatibye o i habuh SSBeuot Hisuiethin fgises the gaps
substanti : r 0 LLy: h For
oxamprn,  CheaplodidSTE Butoug BE Incha I, Bbhd Rlar KA 20 Btes 10

exi sting hfasygitARadting a'Rlifl WHEI/thEGER 62 BMARaRnt 941882 TRbRverkhe

m xing ribs 29 function W thout the usé of any support equi pnent, €.g.,
conpr essed- ai r Inactyrdaacd ivithsis peesent Avseatiohhe pligelinf of iéxinglvibs2® arequi r es

no substantial 10 exgenditures of labor or noney after the ribs 29 have
been i nst &bineet! plonghbe inngscircemipieaitiol swance ] 3k dbtheilbwerdd, prodmaee theni mal

%;ﬁ?_ﬁ;{ ® ST GROEA S F o D2 o, i ab8 ) CBE P BRE" ShEr BEELRPS 2P os of
char o1 o PEURE Bvds thSubp e ek M P 8 2 AR S R, et
forth in LhbdEROhRlrdBECHkRIdeR ol AGFENA: Ml fB 20! THRfribiigy struct ure

and function o i nven , the disclos ustrative only, and

changes mpyorpetemileingfdlé addencesed caalysy ahd tiehy@osarbonsbedstocls within and
arrangenment of the parts, within the principles of the invention to the
full ext ethe feedHojotidnimpneHd bbrardn-geptr déscriptinh g thé straetureand functi2d whi ch
t he appended cl ains are expressed. For exanple, a preferred enbodi nent of
the ribs 29 has been described in



detail for illustrative purposes. Nunerous variations in the geonetric
configuration of the ribs 29, and particularly in the shape of the inner
wal | s 29ay0 8&9W t hi n t he contenpl ated scope of the preseRETIUWERRbN.
Furthernore, the riser 25 16 of the exenplary FCC system 10 is
substantially straight, i.e., a substantiﬁl entirety of the riser 16 is
vertically-oriented. FCC systens within the contenpl ated scope of the
invention may conprise risers having portions that are not
vertically-oriented {the ribs 29 would preferably be | ocated in a | owner,
VI' O 112/ lafghe mixip@TikisR 9 14 pesedted bel®vy€Foi clatity sevérahb€thepds 29ehaf such
risers). Also, the ribs 29 may be forned separately fromthe liner 13,
i.e., the WoWd atheragsebe viiblesadhe cyosspeetionaluew siffigures? are nottshgmal. par t

of the lingf as. in.the. exenpl ary enpbodi pent. Fi gure illustrates

anot her pd@é ioﬁﬂ%e by ragtqqﬁ}?eaﬂgﬁbwlg?fef%%%?%?tﬁ@é‘a EBWE of the

“invention. Fi : | j 0 fines entral
passage 10 i guFAt?e p%lggﬁvf?hgf é%ﬂeﬁ%a&éﬁ)gﬁ%&i&gﬁ% %ﬁ‘gﬁ%g@&é‘%‘éﬁﬁ%‘é fhner
surface 1Q - 1 } X FRGdik g 1) so t hat

a longit ud?ﬁgfgdaﬁw?tgﬁﬁndeg?hpﬁdgc%ga I slrzg(?i%g%t% ggagdltl}%att%%gtﬁl?sgét}ggangl e i

in rel ati diydtacaabdwngilecudenalhaxiugdizdd bed floevy insetheliR@ctidmeond B¢ upd, the

central passage 101, and 10 the mixing ribs 102a are otherw se
subst ant i &xityng thenteeddnjectionreneildbr Tiw, cataiptic patticies paszadretdd/withritiet he

1 Xi i 29, i ly).. The, | ed i i h j bs 102
M uegs & TRaFotarhe REeoNcs HAMAELY B Eicannon orts Line TRIS oHTaling Eives. Thi s
irli i i all i h t of t al fl t hat i
1 R B R bl 15K E7RES s B BTSSP 1
swirlipg eineRcd @ndorttie f[llggftfc%r%}mﬂé?&u‘?@atiﬂlt}iétris@y‘%’ i% ﬁ{bﬁ‘%ﬁaﬂl{? WG

surface 100a, and toward e hydrocarbon-rich center o passage 101.

Al ternat i B¢ yangel dfSapi@@hintaylyble0 us 8d) bevopldac digk ﬁrb&rﬁfbl?ﬁhﬂ}%ﬁideﬁ@e shown i n
Figure SB. The ribs 102b are angled in relation to the longitudinal axis C4
of the ri dbme 10Githin thedlangappeppurdmataly .5 ton2.3tsheondsorMost preferablye the
portions of .the rLbs,lozq{ZO ext end ubstgntiélly garallel to the,

| ongi t udi A&HIERsSHBE 1S XHitHB tb%@%a&f&pﬁmmﬂt ydh7% He2{ ss8ondoplBist end at

2" Furc ner TPt Mok hERdRehibiiul CupB SRS Bifin e R 60 os
6 and;¥ deph&d oPaphroRimatdy f&ﬂﬁtdée‘i}%ﬁgffe'et géxd&fcbﬁ& ﬁﬂ{/&ﬂkfaﬂfﬁgﬁ?age 11 1.

Regener at ed Catal’yst enters the centr passage 11 way o i ne 25
114, as i ndpeséms thy qhbgersrafahe Ydhamdibie floweatelofGhée hetirutasbenh mblecaldst y of
axi al -feed atom zi ng nozzles 112 positioned within the central passage 111.
A pl ural i tapdghe grossrigctippal aredofithe pisspeséd.on an inner surface 1 |1 Oa of

bt vt af 1 Bl o3 bl o PO RBAG b Bl ™ o
PCTIUSI 1/ -4 - I ; [v-el. f

exenpl ary ﬁgor%r%(])t%? ?rié%%# ﬁﬁgitg{g ??agcgcﬁl %zgﬁgzé%g%hﬂ%?cﬂ cze%ﬁagéézl}’lgtéé'i%qrgbge
conmoipy mMPUREEHiAfte Ve THRANERstid §Hardt88 98 scPRhtes IR¥BAscolRRINAGAS &S the | 2

and the correspondi ng bases are positioned entirely wthin the central
passage l1Yhidiedibednodbmdhordenttiigediraokedemragndted chfabystpatiodss. 1M i nhi bits
conplete mxing of the catalyst and the hydrocarbon feedstock within the
central pasacgeldalso inglysige @iayglanis seprsator 3v loeated preoximaty she topef thee

nozzles 112 and. the. correspondi ng nqQzzl e bases di scour gges .

cat al yst - B8t éé-b ﬁerﬁb'&f%ﬁc 8?9%%@35220‘%5%‘& PGS %lg%%a%%blgnggcl,es foomh; g

di sadvant e b h 1.X} I .
Specificaﬁﬁ%bﬁéﬂggﬁ¥&}ﬁ%ﬁ@?ESYQ&§§¥§§ﬁ%§HH#$¥%E@Eﬂkéapggﬁégéx%%ﬁp}on of the
- cat al yst f ' I g f ; VWO
EETEb eI Rt R U S S e SR

conpri si ngiia RGeS Iobatsd dt3hd 1@ 6f 8RY cylRdoniogepuiamn3er (S\Utdragitvetyidhan i nner
surface, the inner surface defining a central passage extending

subst ant i adabgous efifigeats angthewdiaipdt paxiieles mayhke sopesated by cychmgpimertialy a
hydr ocar bon feedst ock and catal ytic material, the inner surface having an
eIongatedSPP@£HP§&@§@H“EH@%@§§”P6 6ni xi ng the hydrocarbon feedstock and the
catalytic material, the rib having an inner wall that faces the central
passage, the rib having a thickness defined by a di stance behveen the inner
10 wall and the outer surface of the riser, the thickness varying along at

| east a portion of a length of the rib.



2. The fluidized catalytic cracking systemof claim1, further conprising a
plurality of atom zing nozzles coupled to the riser, the atom zi ng nozzl es
bei ng 15vaelepted to i nject the hydrocarbon feedstock intoP&TUS8UR2HE+ t he
catalytic material within the central passage so that the atom zi ng nozzl es
forma spray pattern of the hydrocarbon feedstock within the central
passage. 3. The fluidized catalytic crack]iong systemof claiml|, wherein the
inner 20 wall of the rib fornms a portion of the inner surface of the riser.
4. The fluidized catalytic cracking systemof claim2, wherein at |east a
portion of the Thbcatalysopaitiesddparaled g dbdvehotedhannpaticy t-a Bwde. The
fluidized catal ytic cracking systemof claim1, wherein the thickness of a
- first portpationfl2ated the bedoter Eaébs paridog | 2a i cantionty ndfefredwo s bhi n t he
central passage. WO, /11;9-11 PC T/USO 1 /22112-i -19 6. The fluidized
catal ytic K3t SRRt IPPUIENGAs, S ikFaanns inEoduhediintasthedpwsr second
" portion of the ri.b decrea along.a .directiqn,of fl.owwthin the central
passage. SP%IO?Hgaleﬁﬁdfrkezﬁsﬁl&% Q|S&fﬁ%n§7g§§ﬂﬂsﬁab§{?§§ém%e URPHEE3Swher ei n
the firsst I he.:hia i r ion. 8.
The 10 ci ek Sbafiich BB R QL A At SAl A O LRI BEAIeS PTH
portion of cdtfI9stridetiaids @uBsequltls T €o ek OReradd? 19 vidhdidd 38 diszed
catal ytic cracki'ng systemof claim2, wheréin the atom zing nozzles are
radi al - f eeddivaral Bsthelftrowt’® sHowniBigucal alThe ffowrackofithe exmlysin of cl ai m

2, wherein the 15 atom zing nozzles are axial-feed nozzles. 11. The
f1ui di zed Retigleyis eontraldsd gx_)as}@bﬁbﬁw grithin thading 3herein a transverse cross

section of the rjb inner wall .has,a substant; all rcuat e: shaped profil e.
50 10 e 11 RS e REraP 14 inhad S acaa iR e rd: AN AREFONE £20.

| i ) yrit ; ‘ Lonai tudi nal
oo ot nEk, B, B Rdd f dleibebSyeith SflibBen 41 BFRANCle | nbUSidioNg ) 12
1, wherei nigghtrb@a®l iatPMHel dmRd 4 Yianal dindistdbu@dxiud, ahdtd@ctiVReliScokeli que
to the longitudinal axis of the riser. WHO 112/ 0s~)-tl -20

PC T/ LI Sl linip2gdaed cathlystipartidles arezdmhuttahedysly inteodackd ngtosths chambeér 61 ai m 1,

wherein the rib L
via the line 38. The catalyst particles and the oxidizing gas form a fluidized bed

11
2

42. The catalytic particles are regenerated by combusting the coke within the
15  fluidized bed. Combustion of the coke and any entrained hydrocarbon material
still present on or within the catalyst particles restores the catalyst activity.
Catalyst particles entrained with the resulting combustion-product gases are
subsequently separated by a cyclonic separator 48 and returned to the fluidized
bed. The combustion gases exit the regeneration chamber 41 via a line 50. The
20 regenerated catalyst, which has been heated by the combustion process, exits the
regeneration chamber 41 and is routed to the riser 16 via the standpipe 18 (see the
arrow 52 in Figure 1).
Structural details of a preferred embodiment of the mixing ribs 29 are as
follows. The mixing ribs 29 are most clearly shown in Figures 4A and 4B. Each
25  rib 29 has an inner wall 29a that faces the passage 17. This arrangement is most
clearly shown in Figure 2. The ribs 29 of the exemplary embodiment are oriented
so that a longitudinal axis C2 of each rib 29 is substantially parallel to the axis C1

of the riser 16 (see Figure 2).



inner wall includes a first inclined portion, a first concave portion
adjoining the first inclined portion, and a convex portion adjoining the
first com@aueopertion. 5 15. The fluidized catal ytic cracREhS8Y20&m of
claim14, wherein the rib inner wall further includes a second concave
portion adjoining the convex portion, and a second inclined portion

adj oi ni ng the second concave portion, 161The 1 ui di zed cat al ytic cracking
system of claim 15, wherein where a 10 radius of curvature of the first
concave portion is less than a radius of curvature of the second concave
portion. 17. Thaefihnérdival@oeasfadaghirth 29 Bakh pecfemeigiviilc samndst wher ei n
the atom zi ng nozzles are spaced apart along a circunference of the riser
- inner surtkedyin Fagureat? dreb44. dllpoinnieowadlf2%ahie contouired dih 8 pomsdr Hettween a
first and an adjacent second of the atom zing nozzles. 18. The fl uidized
cat al yti cceysse Rinsgtiey of dhe gatalyshiflow wither i entrpd passage 7o e dnward,
out-wal | and i ner chor.ed.t 0. t he out -wal |. he liner form t he 20

i nner sur?oa%aé%ékef:ﬁ%te?ﬁgeégl'clighe ST A S&%&iv%gfea?%tfajp@?%ﬁil?ahgystem of
claim3s, HASKELModdIprblileihdvin LPTIRA bf OMig AT AGHRRLI/Shlhe of il A
fluidized catalytic cracki ng syste conprising: a riser having %n out er
surface apgdiRaibonclecastotRead thdeatahRevitiih e eerfleflipakfideal T e ekplai@s sage
exrtendi ng substantially along a |longitudinal axis of the riser; W O
1121 0; 9. 1in d&ail BeTowSI(DidP2t k2 1¢-eppuisad albst2p at depioted imthendgzke $orcoupl ed

to the riser, the atom zing nozzles being adapted to inject a hydrocarbon
f eedst ock iliustigtize Pusppsss cugy;aﬁlpbwmmﬁ%m whicky theiribs: Hbarsamt asianged émge so

that th t.om zi | es. f. tt f. the hyd b

f eedst ock HiF (T AEE ot dhinhe Sagentilatidscdpp phihg IGINPNAl ongat ed i bs
feedst ock BencranTgas At ki _
crackihg ayst ohebpek HERls sPRRGRLARBRIAL WRGnE Wl ZREH BIOKE o apar

al ong a CREEIS8TGEuRS 4 ANthe inBeF wall s Hld'f 868 idlthedipdrBaR o8 aB@'ahi on of
each rib is disposed behveen adjacent atom zi ng nozzles. 10 22. The

f1 ui di zedadmiminhgtfirst comeRiengrags P8 (tie vdraoun LOpesvhrel edmoeaaf thé irrfee

el ongated ribs includes an inner wall that faces the central passage, a

first por Wad2f haveebeamexaggeraipd ibBigige ddr faclanibar dhednperavelhddaalso
o e St Sttt Db RO ot PRr P28 s 2/ VUT €

15 second concave portion 29f that adjoins the convex portion 2%9¢. The inner wall
29a further includes a second inclined portion 29g that adjoins the second concave
portion 29f. (The terms “concave” and “convex,” when appearing in this context
throughout the specification and claims, are used in reference to the outer
circumferential surface 13a of the liner 13.)

20 The first inclined portion 29¢ has a substantially straight longitudinal cross-
section, as is shown most clearly in Figure 4A. The longitudinal cross-section of
the portion 29¢ forms an oblique angle in relation to the the outer circumferential
surface 13a of the liner 13. This angle is denoted by the symbol “B” in Figure 4A.

The angled orientation of the inclined portion 29¢ causes the inner wall 29a to

25 extend inward, toward the axis C1, in relation to the oncoming catalyst flow
within the central passage 17.

The concave portion 29d causes the inner wall 29a to extend further inward

in relation to the oncoming catalyst flow. More specifically, the curvilinear



15 longi tudinal axis. 23. The fluidized catalytic cracking systemof claim
22, wherein the inner wall of the rib forns a portion of the inner surface
of the rMgen2/020 24, The fluidized catal ytic cracking sysPEMUSHI/EH m 22,

wherein a second portion of the rib inner wall is cur<<ed outward away from
the longitudinal axis of the riser. 25. The fluidized catal ytic cracking
system of claim24, wherein the first 2513ortion of the rib inner wall is

| ocat ed upstream of the second portion. 2~. The fluidized catal ytic
cracki ng system of claim20, wherein at |east a portion of each rib is

| ocat ed W})hﬁfﬁl@ oF tﬂ@l@oh@axﬁé‘?o@i!@h%d hEedlly incréised teald a%whith tRE portion
PCT/USIi1722i12-1 27. The Tluidized catal'ytic cracking system of “cl aim 20,

* wher ei n a2Pdryidnddiinedardaiongdhe direbtion bf flswsubst antial ly parallel to the
| ongi tudi nal axis of the riser, 5 28. The fluidized catalytic cracking
system of cl ai hhgaonygsneptileael thegonvex pertiano?Potauses tregiateiai whichahes  of
"each rib is Obliﬁ?@ to tEe.Ion i tudinal, axis of the riser. 10 29. The
f1 ui di zed TSE AY3J 7o gxiea ﬁh@“’%‘gjstf’e%ff%@al& desrpass, alope ths dirediionnigatalysig
nozzles a i f. 0 . flu.dized catalytic. cr i ng
syst em§of h@l‘ii?ﬂln %Hl{l\ﬁﬁgtrhgi c’f\oatk’ E%pg%gl%o}ﬂﬁ% Pﬂg%%é © 3?1@359¥%P9¢1@§3~ﬂ:?0‘£z| es.
15 31. ThgefinWxg ' I ' fo il N a
transverse %IIP(L)Bsxgé @ggﬁﬁlﬁi%gmﬁgﬁea?%m@aﬂgs ﬁé%@k@rqlﬁ{lﬁg? 9%@3@2?%%& ally
ar cuat e sbgad iptied directid® oBAowlfsee Figirdidzed catal ytic cracking system of
claim 22, wherein the inner wall of each rib includes a first inclined
portion, a firdhesencadnginedipontion B iiang substahtially siraight hexgimditalon, and
a convex portion,adjoining the fjirst cqoncave portion. 25 33. The fluidized
catal yti cCHISEEREBRN ESpeidainy 4§D-ah‘;ﬁ> 1gifikinal; Giosseectigne thapertian 28&h rib
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liner 13. This angle is denoted by the symbol “c” in Figure 4A. The profiles of
the second inclined portion 29g and the second concave portion 29f cause the
inner wall 29a to continue to extend away from the axis C1 in relation to the
oncoming flow. The second concave portion 29f preferably has a radius (or radii)

15  of curvature greater than the radius (or radii) of curvature of the first concave
portion 29d, as is most clearly shown in Figure 4A. This feature causes the
distance between the second concave portion 29f and the outer circumferential
surface 13a of the liner 13 to change at a more gradual rate than the distance
between the first concave portion 29d and the outer circumferential surface 13a.

20  The significance of this feature is explained below.

The inner wall 29a preferably has a substantially arcuate transverse cross-
section as shown in Figure 3. The functional significance of this feature is
discussed below. Preferably, the ribs 29 are positioned so that a portion of each
rib 29 is disposed between adjacent atomizing nozzles 25 (see Figures 2 and 3).

25  Most preferably, each rib 29 is positioned so that the first concave portion 29d of
the rib 29 is located proximate the point at which the adjacent atomizing nozzles
25 discharge into the central passage 17. The functional significance of this

feature is discussed below.



~1'"0 ()2/11;9-11 -23 PCT/11S(11/22112-4 34. The fluidized catal ytic
cracki ng system of claim 33, wherein where a radius of curvature of the
first comsan2pbrtion is |less than a radius of curvature BfTAUR/ZREZ0ond
concave portion. 35. The fluidized catalytic cracking systemof claim 32,
wherein the atom zing nozzles are spaced apart along a circunference of the
riser inner surface and the first concav&-portion of each rib inner wall is
di sposed between adj acent atom zing nozzles. 10 36. The fluidized catal ytic
cracki ng system of claim20, wherein the riser includes an out-wall and a

l'iner anchor edFufcti bl Qubradedristict BE thd MBKinkGiEE 1Waldhd foNBSs, SEHd AtEnp’ the

riser. 15 37. A fluidized catal ytic cracking system conprising: a rrser

* havi ng anribsiR8rdiseet trecfownst analystriawasd mitde thd bentidl passagieri7acEhidef i ni ng a
central passage extendi ng substantially along a |ongitudinal axis of the
ri ser foragiihdppLOVieh gnixingy/bietiiean bloe chiabist and kheamalracarhbalfpedstockatasr i al ;
“and an el ontggt ed rib disposed al f)ngtthe ,Li aer . nner surface for mxing the
20 hydr ocBPHEP FEieYs o Mok particulas bt s 1ips Ziwtivect Hie catalust flowsayaygfrom

d di al, di ! b h [ d.t he,l i tudi nal
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38. The fé%Hétﬁﬁﬁ’al%&ﬁ&gtdﬁh%%&?@lﬂﬁ s@b&iua%} %Jmc%ﬁ ok Wilhgle 2°
conprising a plurality of ‘atom zi‘ng nozzl es cotpled to %ahe riser for

I nj ect i nghydrecimpdnoeadhock heeds tieckecdiinfectidg 2a8t17al ofRBs %@ﬂ@alﬁﬁhs& the
atom zing nozzles forma spray pattern of the hydrocarbon feedstock within

t he cent r &F. thassitgrecircumigradtial 2ntfhe®134 of the IBEE/139) | 1/ 221i 2-4 39. The
fluidized cat algét i ¢ cracki ng system of claim 38, wherein the atom zing
nozzl es are sp

edibspt perdpiam theakaviecneied meixéns Bmeting asiagssult ke sur f ace
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atomizing nozzles 25, as previously described. Hence, the ribs 29 are radially
aligned with the gaps 26b in the hydrocarbon spray pattern 26 (see Figure 3). The
contoured profile of the ribs 29 thus forces the catalyst within the gaps 26b
15  inward, toward the spray pattern 26, as the catalyst flows through the feed-
injection zone 17b. In other words, the rib inner walls 29a impart a radial velocity
to the catalyst flow located within the spray-pattern gaps 26b. The radial velocity
component urges the catalyst into the hydrocarbon spray pattern 26. This action
causes a forced mixing of the catalyst and the hydrocarbon feedstock within the
20  feed-injection zone 17a. Furthermore, the ribs 29 are vertically positioned so that
the catalyst flow from the gaps 26b is directed into the hydrocarbon feedstock at
about the point where the jets 26a have fully developed. This feature further
enhances the mixing of the catalyst and hydrocarbon streams.
In addition, the inward extension of the portions 29¢, 29d, and 29¢ of the
25  inner wall 29a causes the cross-sectional area of the central passage 17 to
decrease. This decrease causes a corresponding increase in the velocity of the

flow within the feed-injection zone 17b. The velocity increase further enhances

mixing of the catalyst and the hydrocarbon feedstock. Specifically, the velocity



to the longitudinal axis of the riser so that a radial distance between the
first portion of the inner wall and the | ongitudinal axis of the riser

decr ease@iuitg+la 10 direction of flow within the central PRESSEGRI2Y1. The
fluidized catal ytic cracking systemof claim40, wherein a second portion
of the rib inner wall is curved in relatign to the longitudinal axis of the
riser so that a radial distance between the second portion of the inner

wal | and 15 the longitudinal axis of the riser increases along the
direction of flowwithin the central passage. 42. The fluidized catalytic
cracki ng dyaeasn wisesthe kavel of brlenge iméher ¢atalysipbydiooarboh figw, arib i nner

Il is | ted t 0 of the. d tion. 20 43. The f| uidi zed
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ribis located within a gap between the spray patt I nner surface

of thesriser. The gedindiditiprofi)e-df RETHHBINEL A0y inhilds A6w sEperaiioni di zed
catal ytic cracking systemof claim40, wherein a tr ansverse cross section

of the ri Bramules inger walb29a kupartigntar athie presenge vé tixhmptideg poftidms. 2% 46. The

fluidized catal ytic, crackin ystem of cl aim 37, wherein_a |aongitudinal
axi s of tﬁ@g%%lg gngd @asgl@amﬂglaﬂ%@flowaﬁam ef thegangave pergianffrgduessitheof t he

St el S AP R VR B T B
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The floi dipagshgedl7alfiow Sepuiraide AlgoSHEicasRsArosibaioNtES inndd evismdaher thkoni zi ng
nozzl es are axi al-feed nozzles. 50. The fluidized catalytic cracking system

of claim4ibs3herein the 20 atom zi ng nozzles are spaced apart along a
circunference of the riser inner surface _and the first ﬁortion of therib

i s di sposed betkhfd&mnsyersercspssastetionahpyoitie f thetbndd drrthereinkilyts eropign
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liner fornaged {8 as to prevent the jets 26a from impinging directly on the ribs 29. This
15  feature is most clearly shown in Figure 3. As is evident from the figure, the
substantially arcuate cross-section of the inner wall 29a causes the inner walls 29a
to remain within the spray-pattern gaps 26b. Hence, the erosive effects caused by
direct impingement of the jets 26a on the rib walls 29a are avoided.
The present invention provides numerous advantages in relation to
20 common FCC systems. For example, the enhanced mixing provided by the ribs 29
substantially improves the overall yield of the FCC process. In particular, the
improved contacting of the catalyst and the hydrocarbon feedstock alleviates the
over-cracking and thermal cracking that typically occur in catalyst-rich areas of
the catalyst-hydrocarbon flow. Furthermore, the improved contacting alleviates
25  the incomplete vaporization of the hydrocarbon feedstock that is characteristic of
hydrocarbon-rich flow regions. In addition, the undesirable side-effects of
incomplete mixing, e.g., deactivation of the catalyst within the riser 16 due to coke

laydown, regeneration of the catalyst within the regenerator 14 due to the



i nner surface of the riser. ~4'01i2/li;~)-11 -26 PCT/IISIl1/22112-t
52, The fluidized catalytic cracking systemof claima42, wherein a radius
of curvawnwgre/epiit he first portion of the rib inner wall iBCHUSBKEH2H han a
radi us of curvature of the second portion of the rib inner wall. 53. The
fluidized catal ytic cracking system of claim40, wherein the inner wall of
the rib forns a portion of the inner surfldce of the riser.
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detail for illustrative purposes. Numerous variations in the geometric

configuration of the ribs 29, and particularly in the shape of the inner walls 29a,

are within the contemplated scope of the present invention. Furthermore, the riser

25 16 of the exemplary FCC system 10 is substantially straight, i.e., a substantial
entirety of the riser 16 is vertically-oriented. FCC systems within the

contemplated scope of the invention may comprise risers having portions that are

not vertically-oriented (the ribs 29 would preferably be located in a lower,
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5  scope of the invention. Figure SA shows a riser 100. The riser 100 defines a

central passage 101. A plurality of mixing ribs 102a are disposed on an inner
surface 100a of the riser 100. The mixing ribs 102a are positioned so that a
longitudinal axis C3 of each rib 102a is oriented at an oblique angle 7 in relation to
a longitudinal axis C4 of the riser 100 (the riser 100, the central passage 101, and

10 the mixing ribs 102a are otherwise substantially identical to the riser 16, the
central passage 17, and the mixing ribs 29, respectively).

The angled orientation of the ribs 102 induces a swirling motion in the flow
within the central passage 101. This swirling motion potentially increases the
amount of catalyst flow that is urged inward, toward the center of the passage 101.

15  In particular, the swirling motion tends to induce unmixed catalyst away from the
inner surface 100a, and toward the hydrocarbon-rich center of the passage 101.
Alternatively, ribs 102b may be used in place of the ribs 102a, as shown in Figure
5B. The ribs 102b are angled in relation to the longitudinal axis C4 of the riser
100 at their upper ends only. In other words, the lower portions of the ribs 102b

20  extend substantially parallel to the longitudinal axis C4, while the upper portions
of the ribs 102b extend at the oblique angle T in relation to the axis C4.

Figures 6 and 7 illustrate a further variation within the contemplated scope
of the invention. Figures 6 and 7 depict a riser 110. The riser 110 defies a central
passage 111. Regenerated catalyst enters the central passage 111 by way of a line

25 114, as indicated by the arrow 116. The riser 110 includes a plurality of axial-feed
atomizing nozzles 112 positioned within the central passage 111. A plurality of
mixing ribs 113 are disposed on an inner surface 110a of the riser 110 (the riser

110 and the central passage 111 are otherwise substantially identical to the riser 16
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and the central passage 17, respectively, of the exemplary embodiment). Axial-
feed nozzles such as the nozzles 112 are commonly mounted on wye-shaped riser
bases (not shown). The nozzles 112 and the corresponding bases are positioned
entirely within the central passage 111.
5 The noted mounting arrangement for the nozzles 112 inhibits complete

mixing of the catalyst and the hydrocarbon feedstock within the central passage
111. In particular, the flow of the catalyst over the nozzles 112 and the
corresponding nozzle bases discourages catalyst-hydrocarbon mixing directly
downstream of the nozzles 112. This disadvantage can be reduced by the use of

10 the mixing ribs 113. Specifically, the mixing ribs 113 can be utilized to force a

portion of the catalyst flow into the areas directly downstream of the nozzles 112,
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10%}| & () - &10%}| & () ri36y haying an outer surface and an inner surface, the inner
5  surface defining a central passage extending substantially along a longitudinal axis
of the riser for transporting a hydrocarbon feedstock and a catalytic material, the
inner surface having an elongated rib disposed thereon for mixing the hydrocarbon
feedstock and the catalytic material, the rib having an inner wall that faces the
central passage, the rib having a thickness defined by a distance between the inner
10 wall and the outer surface of the riser, the thickness varying along at least a

portion of a length of the rib.

2. The fluidized catalytic cracking system of claim 1, further comprising
a plurality of atomizing nozzles coupled to the riser, the atomizing nozzles being
15 adapted to inject the hydrocarbon feedstock into a flow of the catalytic material
within the central passage so that the atomizing nozzles form a spray pattern of the

hydrocarbon feedstock within the central passage.

3. The fluidized catalytic cracking system of claim 1, wherein the inner

20  wall of the rib forms a portion of the inner surface of the riser.

4. The fluidized catalytic cracking system of claim 2, wherein at least a

portion of the rib is located within a gap in the spray pattern.

25 5. The fluidized catalytic cracking system of claim 1, wherein the
thickness of a first portion of the rib increases along a direction of flow within the

central passage.
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portion of the rib is located upstream of the second portion.

8. The fluidized catalytic cracking system of claim 7, wherein the first
portion of the rib adjoins the second portion.
10
9. The fluidized catalytic cracking system of claim 2, wherein the

atomizing nozzles are radial-feed nozzles.

10.  The fluidized catalytic cracking system of claim 2, wherein the

15  atomizing nozzles are axial-feed nozzles.

11. The fluidized catalytic cracking system of claim 1, wherein a

transverse cross section of the rib inner wall has a substantially arcuate-shaped

profile.
20
12.  The fluidized catalytic cracking system of claim 1, wherein a
longitudinal axis of the rib is substantially parallel to the longitudinal axis of the
riser.
25 13.  The fluidized catalytic cracking system of claim 1, wherein at least a

portion of a longitudinal axis of the rib is oblique to the longitudinal axis of the

riser.
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5 15.  The fluidized catalytic cracking system of claim 14, wherein the rib
inner wall further includes a second concave portion adjoining the convex portion,

and a second inclined portion adjoining the second concave portion.

16. The fluidized catalytic cracking system of claim 15, wherein where a
10  radius of curvature of the first concave portion is less than a radius of curvature of

the second concave portion.

17.  The fluidized catalytic cracking system of claim 2, wherein the
atomizing nozzles are spaced apart along a circumference of the riser inner surface
15 and at least a portion of the rib is disposed between a first and an adjacent second

of the atomizing nozzies.

18. The fluidized catalytic cracking system of claim 1, wherein the riser
includes an out-wall and a liner anchored to the out-wall, the liner forming the

20  inner surface of the riser.

19. The fluidized catalytic cracking system of claim 18, wherein the liner

is formed from a refractory material.

25 20. A fluidized catalytic cracking system, comprising:
a riser having an outer surface and an inner surface, the inner
surface defining a central passage extending substantially along a longitudinal axis

of the riser;
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a plurality of atomizing nozzles coupled to the riser, the atomizing
nozzles being adapted to inject a hydrocarbon feedstock into a flow of catalytic
material within the central passage so that the atomizing nozzles form a spray
pattern of the hydrocarbon feedstock within the central passage; and

a plurality of elongated ribs disposed along the riser inner surface.

21.  The fluidized catalytic cracking system of claim 20, wherein the
atomizing nozzles are spaced apart along a circumference of the riser inner surface

and at least a portion of each rib is disposed between adjacent atomizing nozzles.

22.  The fluidized catalytic cracking system of claim 20, wherein each of
the elongated ribs includes an inner wall that faces the central passage, a first
portion of the inner wall being curved inward toward the longitudinal axis of the
riser so that a portion of the flow of catalytic material is directed toward the

longitudinal axis.

23.  The fluidized catalytic cracking system of claim 22, wherein the

inner wall of the rib forms a portion of the inner surface of the riser.

24. The fluidized catalytic cracking system of claim 22, wherein a
second portion of the rib inner wall is curved outward away from the longitudinal

axis of the riser.

25. The fluidized catalytic cracking system of claim 24, wherein the first

portion of the rib inner wall is located upstream of the second portion.

26. The fluidized catalytic cracking system of claim 20, wherein al least

a portion of each rib is located within a gap in the spray pattern.
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longitudinal axis of each rib is substantially parallel to the longitudinal axis of the

riser.

28. The fluidized catalytic cracking system of claim 20, wherein at least
a portion of a longitudinal axis of each rib is oblique to the longitudinal axis of the

riser.

10 29. The fluidized catalytic cracking system of claim 20, wherein the

atomizing nozzles are radial-feed nozzles.

30. The fluidized catalytic cracking system of claim 20, wherein the
atomizing nozzles are axial-feed nozzles.
15
31. The fluidized catalytic cracking system of claim 22, wherein a
transverse cross section the inner wall of each rib has a substantially arcuate-

shaped profile.

20 32. The fluidized catalytic cracking system of claim 22, wherein the
inner wall of each rib includes a first inclined portion, a first concave portion
adjoining the first inclined portion, and a convex portion adjoining the first

concave portion.

25 33. The fluidized catalytic cracking system of claim 32, wherein the
inner wall of each rib further includes a second concave portion adjoining the
convex portion, and a second inclined portion adjoining the second concave

portion.
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34. The fluidized catalytic cracking system of claim 33, wherein where a
radius of curvature of the first concave portion is less than a radius of curvature of

the second concave portion.

35. The fluidized catalytic cracking system of claim 32, wherein the
atomizing nozzles are spaced apart along a circumference of the riser inner surface
and the first concave portion of each rib inner wall is disposed between adjacent
atomizing nozzles.

10

36. The fluidized catalytic cracking system of claim 20, wherein the riser

includes an out-wall and a liner anchored to the out-wall, the liner forming the

inner surface of the riser.

15 37. A fluidized catalytic cracking system, comprising:

a riser having an outer surface and an inner surface, the inner
surface defining a central passage extending substantially along a longitudinal axis
of the riser for transporting a hydrocarbon feedstock and a catalytic material; and

an elongated rib disposed along the riser inner surface for mixing the

20  hydrocarbon feedstock and the catalytic material, the rib being contoured so that a
radial distance between the rib and the longitudinal axis of the riser varies along at

least a portion of a length of the rib.

38. The fluidized catalytic cracking system of claim 37, further
25  comprising a plurality of atomizing nozzles coupled to the riser for injecting the
hydrocarbon feedstock into the central passage so that the atomizing nozzles form

a spray pattern of the hydrocarbon feedstock within the central passage.
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atomizing nozzles are spaced apart along a circumference of the riser inner surface
and at least a portion of the rib is disposed between a first and an adjacent second

of the atomizing nozzles.

40, The fluidized catalytic cracking system of claim 37, wherein the rib
includes an inner wall, a first portion of the rib inner wall being curved in relation
to the longitudinal axis of the riser so that a radial distance between the first
portion of the inner wall and the longitudinal axis of the riser decreases along a

10  direction of flow within the central passage.

41. The fluidized catalytic cracking system of claim 40, wherein a
second portion of the rib inner wall is curved in relation to the longitudinal axis of
the riser so that a radial distance between the second portion of the inner wall and

15 the longitudinal axis of the riser increases along the direction of flow within the

central passage.

42.  The fluidized catalytic cracking system of claim 41, wherein the first

portion of the rib inner wall is located upstream of the second portion.

20
43, The fluidized catalytic cracking system of claim 41, wherein where a
radius of curvature of the first portion of the rib inner wall is less than a radius of
curvature of the second portion of the rib inner wall.
25 44, The fluidized catalytic cracking system of claim 38, wherein at least

a portion of the rib is located within a gap between the spray pattern and the inner

surface of the riser.
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transverse cross section of the rib inner wall has a substantially arcuate-shaped

profile.

5 46. The fluidized catalytic cracking system of claim 37, wherein a
longitudinal axis of the rib is substantially parallel to the longitudinal axis of the

riser.

47, The fluidized catalytic cracking system of claim 37, wherein at least
10 a portion of a longitudinal axis of the rib is oblique to the longitudinal axis of the

riser.

48. The fluidized catalytic cracking system of claim 37, wherein the
atomizing nozzles are radial-feed nozzles.
15
49.  The fluidized catalytic cracking system of claim 38, wherein the

atomizing nozzles are axial-feed nozzles.

50. The fluidized catalytic cracking system of claim 40, wherein the
20  atomizing nozzles are spaced apart along a circumference of the riser inner surface
and the first portion of the rib is disposed between a first and an adjacent second

of the atomizing nozzles.

51. The fluidized catalytic cracking system of claim 37, wherein the riser
25 includes an out-wall and a liner anchored to the out-wall, the liner forming the

inner surface of the riser.
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5 53. The fluidized catalytic cracking system of claim 40, wherein the

inner wall of the rib forms a portion of the inner surface of the riser.



