11 JAN 2005 | MPROVED SYSTEM FOR FLUI DI ZED CATALYTI C CRACKI NG OF
HYDROCARBON MOLECULES FI ELD OF THE I NVENTI ON 5 The invention rel at es1 AN 7005
generally to a system for cracking hydrocarbon nolecules. Mre Lonm e
particularly, the invention provides a fluidized catalytic cracking system
having a riser equipped with contoured ribs. The contoured ribs enhance

m xi ng of the catal yst and the hydrocarbon feedstock that flow through the
riser. 10 BACKGROUND OF THE | NVENTI ON The nobst comon nethod for catal ytic
cracking presently in Y\epPR Ty EXf FORSIGEYEZED 1 S f! ui di zed
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hydr ocar bon feedstock. Such mxing is difficult to achieve, however, and
stratified regions of hot catalyst 25 and col d hydrocarbon feedstock
typi ciéd | y BYOEGROUNDNORERR INVENTBIN ocar bon flow. Over-cracking and
thermal cracking of the hydrocarbon nolecules typically occur in the
catal yst-rich él‘%éaeosifcomon msthodbencstalpliy crackgpresenslyimaadei inghepil t he

hydr ocar bon | ecul es usual occyrs in dr bopn-rich fl ow regi ons.
Y reﬁlgtnolg?nﬁlusn'y is uaid{z%d cata ytfc cracl%/lg (%%%). The F(?C process isg

utilized to crack hydrocarbon materials such as oil. Cracking refers to the
conversion of petroleum fractions having a high boiling point into products having
15  alower boiling point. The cracking process is usually performed in a vertically-
oriented conduit, or riser, that forms part of an FCC system. Typically, hot
catalyst particles in an aerated (fluidized) state are introduced into a bottom
portion of the riser, and are induced to flow upward. A hydrocarbon feedstock is
injected into the catalyst flow as the catalyst travels through the riser. The
20  hydrocarbon feedstock, in general, is significantly cooler than the catalyst and
rapidly vaporizes upon contact with the catalyst.
Optimal cracking conditions in an FCC process require a substantially
immediate and homogenous mixing of the catalyst and the hydrocarbon feedstock.
Such mixing is difficult to achieve, however, and stratified regions of hot catalyst
25 and cold hydrocarbon feedstock typically appear within the catalyst-hydrocarbon
flow. Over-cracking and thermal cracking of the hydrocarbon molecules typically
occur in the catalyst-rich areas of the flow. Conversely, incomplete cracking of
the hydrocarbon molecules usually occurs in hydrocarbon-rich flow regions.
These factors can substantially reduce the overall yield of the FCC process. In

30  addition, over-cracking, thermal cracking, and incomplete cracking have



These factors can substantially reduce the overall yield of the FCC
process. In 30 addition, over-cracking, thermal cracking, and incongletﬁ‘wﬁ
cracking have 1 1 JAN 2005 -2 undesirabl e side-effects such as deactiVéﬂiﬁH
of the catalyst within the riser due to coke |aydown, regeneration of the
catalyst within the regenerator due to the conbustion of air and residual
coke, and the production of excessive amdunts of | ower-boiling-range
gaseous reaction products, e.g., propane and butane gases. 5 Hence,
effective nethods for m xing the catal yst and the hydrocarbon feedstock
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FCC systens. This technique involves the use of radial-feed atom zi ng
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hydr ocar biswerdwiingdrngerganeans resstion pooducs, e. g prepanend ntankugases. nor e
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t hat dive s at an angle.wthin the, range of 15 approximtely 40 to 65
degr ees aﬁq@?n ﬁ@ﬁ%f?ﬁ’é‘“&?‘&ﬂ#ﬁ? ﬁ'&ch&gzﬁr@cﬁshi s angle is known as the
"spray angl e” R )Z.7: ' | 5 degrees
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presence of gaps int hydr ocarbon spray pattern. In particular, the
angl ed pr eysttmas.oThiswechnigjueiinvelvestheayse dfetdiapfestistemigimgnozaleshe spray
pattern proximate the inner surface of the riser. This phenonenon is
i |1 usi® at pasitianed groundsthe Rirgumdergnie ofi the Biser. S¥earman gipicallyidiodeted tacthenon
riser 200 S5t Astist In the atomization of fie hydsochrbon fedstock. Radial. focd
nozzles, in general, produce a more uniform spray pattern of hydrocarbon
feedstock than other injection techniques. Common radial-feed nozzles form a
flat, fan-shape spray jet that diverges at an angle within the range of
15  approximately 40 to 65 degrees after leaving the atomizing nozzle (this angle is
known as the “spray angle” of the nozzle). Spray angles above approximately 65
degrees increase the potential for the erostve spray jet to impinge on the inner
surface of the riser.
One of the drawbacks of radial-feed injection is the presence of gaps in the
20  hydrocarbon spray pattern. In particular, the angled profile of the individual spray
jets produces gaps in the spray pattern proximate the inner surface of the riser.
This phenomenon is illustrated in Figure 8. Figure 8 is a cross-sectional view of a
common riser 200 having an inner surface 200a. A plurality of radial-feed
atomizing nozzles 202 are positioned around the circumference of the inner
25  surface 202a. The nozzles each produce an individual spray jet 204a of
hydrocarbon feedstock. The spray jets 204a collectively form a spray pattern 204

within the riser 200,



atom zi ng nozzles 202 are positioned around the circunference of the inner
25 surface 202a. The nozzl es each produce an individual spray jet 204a;0f7m;
hydr ocar bon feedstock. The spray jets 204a collectively forma spray
pattern 204 wthin the riser 200. 1 I JAN 2005 -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 fan-shaped profiles of thd-jets 204a, and the plug-flow
nature of the 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
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system Various techniques for inproving the xing of catalyst and

hydr ocar bnd the plagsfl owinaturefsEEhe g atatyss ab iveaveteopwardihemgh theapraxanpl e, the
use of venturi 10 tubes, draft tubes, and vortex mxing to disturb the

cat al yst régionvoh the riseré2(tbi Fe edémbinedeares ofi thef gaps® Odpdrandwer dsdardesasdst ock has
been des%ri bed in U S Pat. Nos. 4,523,987; 5,622,677, 4,578,183; and
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832,956) have al so been ‘“proposed. Furthernore, non- ction
ar r angendet¢dstdukvia BEEysitpudsdvecheennicveBpeBator Maample, HOuseddf vent883, 583;

and 5, 348,644, and in European Pat. No. 20 911,379. The above-noted m xing
t echilqudsbéradeafhtubepy avbvortex mixing tofdistuth the datalyst flow near the point of
injection of the hydrocarbon feedstock has been described in U.S. Pat. Nos.
4,523,987, 5,622,677, 4,578,183; and 5,318,691. Other mixing techniques include
increasing the normally-occurring turbulence within the catalyst-hydrocarbon flow
through 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
eliminate such gaps, thereby achieving more effective mixing of catalyst and

25  hydrocarbon feedstock within the riser.



elimnating spray-pattern gaps such as the gaps 204b. Hence, a need
currently exists for an FCC system conprising a riser having geonefni gy 700"
features that elimnate such gaps, thereby achieving nore effective m xing
of catal yst and 25 hydrocarbon feedstock within the riser. 11 JAN 2005 -4
SUMVARY OF THE | NVENTI ON An object of the present invention is to provide a
fluidized catalytic cracking (FCC) sysyemthat effectively mxes a flow of
catal yst and hydrocarbon feedstock. In accordance with the this object, a
presentl|ly-preferred enbodiment 5 of the invention provides an FCC system
conprisig e he i Sel-has, 2 outer surface and an inner surface.
The i nnePte passage that extends substantially
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wall that faces the central passage. The rib has a thickness defined by a distance

between the inner wall and the outer surface of the riser. The thickness of the rib
varies along at least a portion of a length of the rib.
According to another aspect of the invention, a preferred embodiment of an
15 FCC system comprises a riser having an outer surface and an inner surface. The
inner surface defines a central passage extending substantially along a longitudinal
axis of the riser. The FCC system also includes a plurality of atomizing nozzles
coupled 1o the riser. The atomizing nozzles are adapted to inject a hydrocarbon
feedstock into a flow of catalytic material within the central passage. The
20  atomizing nozzles thereby form a spray pattern of the hydrocarbon feedstock
within the central passage. The FCC system further comprises a piurality of
elongated ribs disposed along the riser 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.



el ongated ri bs disposed along the riser inner surface. In accordance with a
further aspect of the invention, a preferred enbodinent of an FCC §ys&ﬁmmm
conprises a riser having an outer surface and an 25 inner surface.

i nner surface defines a central passage extending substantially along a

| ongi tudi nal axis of the riser. The central passage is used to transport a
hydr ocar bon feedstock and a catalytic ngterial. 11 JAN 2005 -5 The FCC
system further conprises an elongated rib di sposed along the riser inner
surface. The rib is used to mx the hydrocarbon feedstock and the
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The invention is not [limted, however, to the specific instrunentalities
di scl bsedbdé ribt he drawings. In the dr awi ngs: Fig. | is a diagrammtic
illustration of an FCC systemin accordance 15 with the present invention;
Fig. 2ill ustrates a | ongi t udi naI cross-section of a riser shown in the
area desig ' rates a transverse

Cross-se 57 and 2 taken along the line A-A

of Fig. 2, 20 ﬁiegforélg%lhélsﬂﬁﬁﬁeés ﬁvch%@%é Sl Weing detaife S E&bhiplloflorg ' b for

use in the
presently-preferred embodiment, is better understood when read in conjunction

10  with the appended drawings. For the purpose of illustrating the invention, the
drawings show an embodiment that is presently preferred. The invention is not
limited, however, to the specific instrumentalities disclosed in the drawings. In
the drawings: |

Fig. 1 is a diagrammatic illustration of an FCC system in accordance

15  with the present invention;

Fig. 2 illustrates a longitudinal cross-section of a riser shown in the
area designated “F2" in Fig. 1;

Fig. 3 illustrates a transverse cross-section of the riser shown in
Figs. 1 and 2 taken along the line A-A of Fig. 2;

20 Fig. 4A illustrates a longitudinal cross-section of a rib for use in the

riser shown in Figs. 1 through 3;
Fig. 4B is a front view of the rib shown in Fig. 4A;
Fig. 5A illustrates a longitudinal cross-section of a first alternative
embodiment of the riser shown in Figs. 1 through 3;
25 Fig. 5B illustrates a longitudinal cross-section of a second
alternative embodiment of the riser shown in Figs. 1 through 3;
Fig. 6 illustrates a longitudinal cross-section of a third alternative

embodiment of the riser shown in Figs. 1 through 3;



riser shown in Figs. | through 3; Fig. 4Bis a front view of the rib shown
in Fig. 4A; Fig. 5A illustrates a |ongitudi nal cross-section of a fiir*s T
alternative enbodinent of the riser shown in Figs. 1 through 3; 25~P‘iiﬁ.h‘ ?Eﬂﬁ
illustrates a |longitudinal cross-section of a second alternative

enbodi nent of the riser shown in Figs. 1 through 3; Fig. 6 illustrates a
| ongi tudi nal cross-section of a third alg-ernative enbodiment of the riser
shown in Figs. 1 through 3; -6 Fig. 7 illustrates a transverse

cross-section of the riser shown in Fig. 6 taken along the |ine B-B of
Fig. 6; d Fig. 8Ll [ f Ror -
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embodi metaRén hitigl th¥Qiie BIB 5§F§é](5wgﬂan Figures | through 4B. The figures
are each referenced to a cormmon coordinate system 8 denoted in each

iIlustration. The iFigeBtllasiraey trdasveisd trosssetidbncdtapbi-ertgiseeki ng  (FCO)
system 10. The FCC system 10 includes a reactor 12, a regenerator 14, and
10 a riser 16 (see Figure 1). The riser 16 is an el ongated conduit

conprising.a netallic out-wall 1 1 and a liner 13. The out-wall 11 has an
outer Jcir nt1QN QF THEPREEERRER EMBODIMENI S erenti al surface 1

ci rount or ent 1 db Peen Ry Pre i rBboditint o8 The e diiba havemin Fidhedol: 15
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The refractory material may be any material that suitably protects the

out -wal | (FCQYgystdnd OerTini FECasysteth €0 tidludes 4 eicsordf2, ahegérneputoniitthamd t he
riser 16 (discussed bel OV\?. Such refractory
10 ariser 16 (see Figure 1).

The riser 16 is an elongated conduit comprising a metallic out-wall 11 and

a liner 13. The out-wall 11 has an outer circumferential surface 11a and an inner
circumferential surface 11b. The liner 13 has an outer circumferential surface 13a
and an inner circumferential surface 13b. The liner 13 is disposed within the out-

15  wall 11. More particularly, the outer circumferential surface 13a of the liner 13 is
anchored to the inner circomferential surface 11b of the out-wall 11. The liner 13
is preferably formed from a refractory material. The refractory material may be
any material that suitably protects the out-wall 11 from the erosive and thermal
effects of the flow within the riser 16 (discussed below). Such refractory

20 materials are commonly known to those skilled in the art of fluidized catalytic
cracking of hydrocarbons. Further details concerning the liner 13 are presented
below.

The inner circumferential surface 13b of the liner 13 defines a central

passage 17. The central passage 17 extends substantially along a longitudinal

25  centerline C1 of the riser 16 (see Figures 1 and 2). The central passage 17
includes a lift zone 17a located proximate the bottom of the riser 16. The central
passage 17 also includes a feed-injection zone 17b that adjoins the lift zone 174,

and a reaction zone 17¢ that adjoins the feed-injection zone 17b. Hot regenerated



20 materials are comonly known to those skilled in the art of fluidized
catalytic cracking of hydrocarbons. Further details concerning the L;ng{ ae
13 are presented below. The inner circunferential surface 13b of th LY
13 defines a central passage 17. The central passage 17 extends
‘substantially along a longitudinal 25 centerline C 1 of the riser 16 (see
Figures 1 and 2). The central passage 17" includes a lift zone 17a | ocated
proxi mate the bottom of the riser 16. The central passage 17 al so includes
a feed-injection zone 17b that adjoins the |lift zone 17a, and a reaction

zone 17c cabdystddimirodudetiantoeddifingartli7an Aenatdl vt is Hited egereliRzege - 7
catalyst is introduced into the lift zone 17a. The catalyst is routed to
the |ift IZenga alstandpiipe 48 stThadjvivpeate 81 thkheatdllystis catoldéd bhe vadtea®§st is
controlled by a valve 20 (Terps such as "top " "upper,"
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zone 17a by a distributor 24 |ocated proximate the bottomof the lift zone
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direction indicated by an arrow 45 in Figures 1 and 2.
The FCC system 10 includes eight atomizing nozzles 25. The atomizing
nozzles 25 are radial-feed nozzles of the type commonly known to those skilled in
15 the art of flmdized catalytic cracking. The atomizing nozzles 25 mounted on the
riser 16. More particularly, the atomizing nozzles 25 are circumferentially spaced
within a common horizontal plane, and are mounted on the riser 16 so that a tip of
each nozzle 25 is substantially flush with the inner circumferential surface 13b of
the liner 13 (see Figures 2 and 3). (The number and type of atomizing nozzles 25
20  in the exemplary embodiment are specified for illustrative purposes only; the
invention can be used in conjunction with embodiments that utilize different types
and gquantities of the atomizing nozzles 25. In addition, the atomizing nozzles 25
can be arranged in two or more vertically-disposed planes.)
The atomizing nozzles 25 inject hydrocarbon feedstock 23 into the feed-
25  injection zone 17b. The atomizing nozzles 25 discharge the hydrocarbon
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 forms a spray

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



each nozzle 25 is substantially flush with the inner circunferenti al
surface 13b of the liner 13 (see Figures 2 and 3). (The nunber and 1typgh afs
atom zing nozzles 25 20 in the exenplary enbodi nent are specified for
illustrative purposes only; the invention can be used in conjunction with
enbodi nents that utilize different types and quantities of the atom zing
nozzles 25. In addition, the atonizing'ﬁbzzles 25 can be arranged in two
or nore vertically-disposed planes.) The atom zing nozzles 25 inject

hydr ocar bon feedstock 23 into the feed- 25 injection zone 17b. The

at om zi ngithinztheaangé oflapproximeatetyhfortydy ity fron degreesl i trkeemplag di rection
denoted by the arrow 54 1n Figure 2. Each nozzle 25 produces a fan-shaped
j et 26a,embodiment. Furtheguoze, the faastey 25 ptderably igect thphypgrocartgine denot ed by
the synmbol "a" in Figure 3. The spray angle a is preferably 11 JAN 2005 -8
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i .e., non-continuous,
feedstock within the central passage 17 (see Figure 3). The spray pattern 26 is

substantially continuous (on a time-averaged basis) proximate the center of the
passage 17. The spray pattern 26 is broken, i.e., non-continuous, proximate the

15 inner circumferential surface 13b of the liner 13. Specifically, the fan-shaped
profile of the jets 26a produces a series of gaps 26b between the spray pattern 26
and the inner circumferential surface 13b, as shown in Figure 3. The gaps 26b
extend radially inward from the inner circumferential surface 13b, toward the
center of the passage 17. The fan-shaped geometry of the jets 26a causes the gaps

20  26b to progressively narrow as the gaps 26b extend inward. Each gap 26b extends
inward until reaching a point where the jets 26a of adjacent nozzles 25 converge.

In accordance with the present invention, a plurality of mixing ribs 29 are

formed along the inner circumferential surface 13b of the liner 13, proximate the
atomizing nozzles 25 (see Figures 1 through 3). The number of mixing ribs 29

25  preferably equals the number of atomizing nozzles 25. Hence, the exemplary
embodiment preferably includes a total of eight mixing ribs 29. The ribs 29
promote mixing of the regenerated catalyst and the hydrocarbon feedstock within

the feed-injection zone 17b. An in-depth description of the structure and function



15 inner circunferential surface 13b of the liner 13. Specifically, the
fan-shaped profile of the jets 26a produces a series of gaps 26b betwesn)ns
the spray pattern 26 and the inner circunferential surface 13b, as shown
in Figure 3. The gaps 26b extend radially inward fromthe inner
circunferential surface 13b, toward the _center of the passage 17. The

fan- shaped geonetry of the jets 26a caudss the gaps 20 26b to progressively
narrow as the gaps 26b extend i nward. Each gap 26b extends inward until
reaching a point where the jets 26a of adjacent nozzles 25 converge. In
accor danof the mixinpeibsr 2E siresentedhbelons. @ aplolarity] soveed] ofitke ribs2%ha9 are
formed along the inner circunferential surface 13b of the liner 13,

proxi mat evmﬂfé otharvnse beyisiie 1n g aBs-sexsianay wieaw of Figure Qcgre 3ot sidwnnunber

of mxin [ 29 referahly . equal s the, nupber. of atom zi ng nozzl es 25.
Hence, t iéggw%ég@%aesﬁawwagfl r8a5|d9m%%€rgu@£uae§at al of gei ght ni xi ng
ribs 29. The ribs I te mxin f,. the neyated catal yst .and the
hyar ooar bon. f daienBane N P teecRkit il S AR IRERALEE08 Boisici 00 1
descrkpti . r ' : m Xin

i be 36 MBETERd- il AR 7 BMuEIEIuAad bed BPeAR3Y piictls d°, [T 1O
woul d ot hgdrécebdiemaledlee The FRedigédbed flotlsi iattpthe teeM s zdedlTEuporfl € not

shown. Al'l of the ribs 29 utilized in the riser 16 are depicted in Figure
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time is within the range of approximately 1.5 to 2.2 seconds. Most preferably, the
residence time is within the range of approximately 1.75 to 2.0 seconds. This
residence time provides the hydrocarbons with a superficial velocity within the
15 range of approximately forty to seventy feet per second (superficial velocity
represents the quotient of the volumetric flow rate of the hydrocarbon molecules
and the cross-sectional area of the passage 17).
The fluidized bed of catalyst and hydrocarbon molecules is discharged
from the riser 16 into the reactor 12. The reactor 12 includes a ballistic separator
20 30 (see Figure 1). The ballistic separator 30 separates the gaseous effluents in the
fluidized bed from the deactivated, coke-impregnated catalyst particles. The
reactor 12 also includes a cyclonic separator 32 located proximate the top of the
reactor 12. The cyclonic separator 32 further separates the catalyst particles from
the hydrocarbon products. The gaseous effluents produced by the separation
25  process (including the cracked hydrocarbon molecules) flow out of the reactor 12
via a line 34 Jocated at the top of the cyclonic separator 32. (Alternatively, the

gaseous effluents and the catalyst particles may be separated by cyclonic inertial

separation at the top of the riser 16.)



time is within the range of approximately 1.5 to 2.2 seconds. Most
preferably, the residence tine is within the range of approxi matel y 1167305
to 2.0 seconds. This residence tine provides the hydrocarbons with a
superficial velocity within the 15 range of approximately forty to seventy
feet per second (superficial velocity i presents the quotient of the
volunmetric flow rate of the hydrocarbon Tl ecul es and the cross-sectional
area of the passage 17). The fluidized bed of catal yst and hydrocarbon
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41. An oxidi zi ng gas,

impregnated catalyst particles are simultaneously introduced into the chamber 41
via the line 38. The catalyst particles and the oxidizing gas form a fluidized bed
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).



10 e.g., air, is routed to the regeneration chanber 41 by a line 46. The
oxidizing gas is introduced into the chanber 41 via an air-distributiogsdags
The deactivated, coke- inpregnated catal yst particles are simultaneously

i ntroduced into the chanber 41 via the line 38. The catal yst particles and
t he oxidizing gas forma fluidized bed i 2. The catalytic particles are
regenerated by conbusting the coke within"the 15 flui di zed bed. Conbustion
of the coke and any entrai ned hydrocarbon material still present on or
within the catalyst particles restores the catalyst activity. Catalyst
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t he centrRefdeagag®idure 45, thy phredrivesl! 29a has a first inclined portion 29¢ and an
adjoining first concave portion 29d (the various slopes and contours of the inner
wall 29a have been exaggerated in Figure 4A for clarity). The inner wall 29a also
includes a convex portion 29¢ that adjoins the first concave portion 29d, and a
15 second concave portion 29f that adjoins the convex portion 29¢. 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 29c¢ has a substantially straight longitudinal cross-
section, as is shown most clearly in Figure 4A. The longitudinal cross-section of
the portion 29c 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



in detail below (D anetrically-opposed ribs 29 are depicted in the figures
for illustrative purposes only; enbodinments in which the ribs 29 are! nay 7005
arranged in this manner are also within the contenpl ated scope of the
invention.) 10 Further details regarding the profile of the inner wall 29a
are as follows. Referring to Figure 4Aqethe inner wall 29a has a first

i nclined portion 29¢c and an adjoining first concave portion 29d (the

vari ous slopes and contours of the inner wall 29a have been exaggerated in
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extends inward along the direction of flow

liner 13. This angle is denoted by the symbol “6™ 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.



The convex profile of the convex portion 29e causes the rate at which the
inner wall 29a extends inward to gradually decrease along the direct{eonsafiy
catalyst 5 flow In addition, the convex profile of the portion 29e causes
the portion 29e to begin extending away fromthe axis C1 as the convex
portion 29e continues to extend in the direction of flow (see Figure 4A).
The second inclined portion 29g has a sbbstantially straight |ongitudinal
cross-section (see Figure 4A). The | ongitudinal cross-section of the
portion 29g 10 fornms an oblique angle in relation to the outer
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atomizing nozzles 25, as previously described. Hence, the ribs 29 are radially
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aligned with the gaps 26b in the hydrocarbon spray pattem 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-pattem 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 17b. 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 29c, 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



-13 Functional characteristics of the mxing ribs 29 are as follows. The
mxing ribs 29 direct the flow of catalyst inward within the centrqlql JAN 7905
passage 17. This action inproves m xi ng between the catal yst and the

hydr ocar bon feedstock, as noted previously. Mre particularly, the ribs 29
direct the catalyst flow away from5 thg4.spray- pattern gaps 26b and into
the spray pattern 26. Hence, the ribs 29 cause a substantial entirety of
the catalyst flowto be brought into contact with the hydrocarbon

feedstock within, tgﬁffeed-i%gégction zone 17h of the central passage 17.
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26a have fully devel oped, This further” enhances the m xing of the
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portions 29c¢c, 29d, and 29e of the 25 inner wall 29a causes the
cross-sedibsoh) area of the central passage 17 to decrease. This decrease
causes a corr Qfﬁé) Prgllls? cr.i.engrrogg-ssgctgor}la 2?0?(1%'0‘%%@ ¥ib(s)]:?9t1!|}$thcr inhibits erosion
of the inner walls 29a of the ribs 29. In particular, the rib inner walls 29a are
shaped so 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, €.g., deactivation of the catalyst within the riser 16 due to coke

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



flowwithin the feed-injection zone | 7b. The velocity increase further
enhances m xing of the catalyst and the hydrocarbon feedstock. 11 JAN 7005
Specifically, the velocity 1 1 JAN 2005 -14 increase raises the |evel of
turbul ence in the catal yst-hydrocarbon flow, and thereby enhances m xi ng
within the flow Furthernore, the decr ed cross- sectional area of the
passage 17 reduces the horizontal (x and y-axis) distance that the

hydr ocar bon feedstock nust travel in order to radially mx with the
catalyst. 5 The geonetric profile of the rib inner wall 29a inhibits flow
separ at | 69mbpstinn ehair apd sesiduall cokgaand theproduetiomef exdessiveaswounts of t he
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al | evi at eAddh®natlyetheaitac2? popdared mindémabpressuae kosses ihtie daygliystal | y occur in
catal yst-rich areas of
hydrocarbon flow, and are subject to minimal amounts of erosion due to the
above-described characteristics of the inner wall 29a.

It is to be understood that even though numerous characteristics and

15 advantages of the present invention have been set forth in the foregoing
description, together with details of the structure and function of the invention, the
disclosure 1s illustrative only, and changes may be made in detail, especially in
matters of shape, size, and arrangement of the parts, within the principies of the
invention to the full extent indicated by the broad general meaning of the terms in

20  which the appended claims are expressed.

For example, a preferred embodiment of the ribs 29 has been described in
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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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 7 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 ariser 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



For exanple, a preferred enbodi nent of the ribs 29 has been described in
detail for illustrative purposes. Numerous variations in the geonetrj ¢ JAN 7005
configuration of the ribs 29, and particularly in the shape of the inner
wal l's 29a, are within the contenpl ated scope of the present invention.
Furthernore, the riser 25 16 of the exepplary FCC system 10 is
substantially straight, i.e., a substantial entirety of the riser 16 is
vertically-oriented. FCC systens within the contenplated scope of the

i nvention may conprise risers having portions that are not
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m xing ribs 102a are positioned so that a |ongitudinal axis of each rib
102a is omix@ny efithatcatalysttdndohe hgdeicartor feetdsloak ivathihahe aentealPaksigienal axi s
C4 of the riser 100 (the riser 100, the central passage 101, and 10 the

m xi ng rildd. Inpariewanithe flonsef thelvatadyaticaier the nieariéschl? and thee riser 16, the
central passage 17, and the m xing ribs 29, respectively). The angl ed

or i ent at icgFregponRding mogzletmses digceirages atabyst-hydioserhon midrgdirecdyy wit hin

P e RSS9SOl 3 AR RO B e pESRET,
passafe il mRdArraia! Skaficahbons g s oinbenit ey ke vt xed,

center ofndrtign RAMNAERaNELE flow’ntGiHeadreNedirectly ASwASZeAnTBY tHeendpxess 112.pl ace

of the ri‘bs 102a, as shown in Figure



5B: The ribs 102b are angled in relation to the |ongitudinal axis C4 of the
riser 100 at their upper ends only. In other words, the | ower portilohgaofilh
the ribs 102b 20 extend substantially parallel to the |ongitudinal axis C4,
whil e the upper portions of the ribs 102b extend at the oblique angle z in
relation to the axis CA. Figures 6 ang 7 illustrate a further variation
within the contenpl ated scope of the invention. Figures 6 and 7 depict a
riser 110. The riser 110 defies a central passage 111. Regenerated

catal yst enters the central passage 111 by way of a line 25 114, as

i ndi cat edVh3 1t Hleigdisiv 116. The riser 110 inciudes a plurality of

axi al -feed atom zing nozzles 112 positioned wthin the central passage
11. A plurality of mxing ribs 113 are di sposed on an inner surface |

Ca of thd.ri sex fliidizegdtcamlyticorackinplgsnyg cotnprisiegt r al passage 111 are

ot herwi se substantjally identical to.the riser. 16 1.1 J N -17. and t he
central passagj’e“?’?l,haY‘B Bﬂ@ﬁ%é‘?@?cc@f’dtaﬂé“@%é%‘l‘%r Q‘eéﬁ%(ﬂ"ﬁé‘fﬁ%.ﬁn}ﬁ& al - feed

nozzl es sughy@s p;é]&ﬁ%ﬂeﬁeéh&ﬁ% LhBstR RGN b MorMHALRY 2R W BeShRPestH i ser

bases (not shown). e nozzlfes 112 anhd the cortespondi ng bases are
posi t i ongthnspmting ehydmicarhom fechgodemd atatgpscmgteriall the ibnékiserfactt Imyingount i ng

arrangenent, for the nozzle 12 inhibits conpl.et i Xi ng_of .t at al yst
Bnd-t ho T BRERLY Bb RiongaAS Fl Bzt theiehd (Goiprae The.Bidipfoot rediné

parti cul aind thdBathly@¥Wnfiterfal @h€ AbahdGhg QY finet RA1 A ZARS tHeldndllhdsfiRe,
correspondi ng nozzl e bases di scourages catal yst-hydrocarbon nixing directly
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the riser, a feed-injection zone downstream and adjoining said lift zone, and a reaction

zone downstream and adjoining said feed-injection zone, wherein a plurality of

atomizing nozzles is coupled to the riser, the atomizing nozzles being 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, and wherein each of the plurality of elongated

ribs is disposed within the feed injection zone of said riser between adjacent

atomizing nozzles.

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

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

3. The fluidized catalytic cracking system of claim 1, wherein at least a portion

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

4, 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.

5. The fluidized catalytic cracking system of claim 4, wherein the thickness of a
second portion of the rib decreases along a direction of flow within the central

passage.



1. Afluidized catalytic cracking system conprising: a riser having an
outer surface and an inner surface, the inner surface defining a centrjakl iy
passage extending substantially along a |ongitudinal axis of the riser for
transporting a hydrocarbon feedstock and a catalytic material, the inner
surface having a plurality of elonggged ribs disposed thereon for m xing

t he hydrocarbon feedstock and the catalytic material, the ribs having an
inner wall that faces the central passage, the ribs having a thickness

defined hy a distance be en the inner |l.and the outer surface of the
ser e tho ¢ niltR BAEARITE whdhee Btre AEeteirt Sorbgin Bt Fwadtiangiin of ¢ he
ribs, m%@ﬁ@isqg@,@ed:@m&ﬁhopmg&dmi&ges alift zone | ocated proximate
the bottomof the ri'ser, a feed-injection zone downstream and adj oi ni ng

said lift zone, and a reaction zone downstream and adj oi ning said

feed-injecti onyzone,: erein l.ural it f...atom zing,nezzl es.is coupled
to the tiser . Tkt STyt Bolhit i oP bambboRbEs IR RS iR o

hydr ocar hkerib e€dfis deksecoidpatibhow of the catalytic material within the
central passage so that the atom zing nozzles forma spray pattern of the

hydr ocarbon feedstock within the central passage, and wherein each of the
plurality of n i RS L. L4 hin tih i nj i zone of
said ri sé;r' bete:z.lL V\%e%ﬁg%]g%gg{na?ﬁ a rg(rélnhgg %Sag%‘% gl'gﬂn 21 N egﬁﬂ Ithlgéllf %‘g&gat alytic
cr acki ng mystemeehdigl-edndzzlasherein the inner wall of the rib forns a

portion of the inner surface of the riser. 3. The fluidized catal ytic
cracking systemof claiml1l, wherein at least a portion of the ribis

| ocat ed w4t hi ;o pat . : fLd gz iC
cracki ngvgs'yst grrrll% o?ﬁg fig?n%ra %?ﬁmﬁﬁgl?gllqﬁgtskg&{ﬂh?fgﬁlﬁﬁg’o*wéghflfﬁ?sag&%%yﬁ on of
the rib imerleasesxal-deeg mzeies.ection of flow within the central passage. 5.
The fluidized catalytic cracking systemof claim4, wherein the thickness
of a second portion of the rib decreases along a direction of flow within

the central  PARSAGAized Latditic 28R Ring system of claim 1, wherein a transverse cross

section of the rib inner wall has a substantially arcuate-shaped profile.

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

of the rib 1s substantially parallel to the longitudinal axis of the riser.

12.  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.

13.  The fluidized catalytic cracking system of claim 1, wherein the rib inner wall
includes a first inclined portion, a first concave portion adjoining the first inclined

portion, and a convex portion adjoining the first concave portion.

14, The fluidized catalytic cracking system of claim 13, 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.

15.  The fluidized catalytic cracking system of claim 14, wherein where a radius of
curvature of the first concave portion is less than a radius of curvature of the second

concave portion.



_19 6. "fhe fluidized catalytic cracking systemof claim5, wherein the
first portion of the rib is |ocated upstreamof the second portlon 7. ﬁg ol
fluidized catalytic cracking systemof claim®6, wherein the first portlo

of the rib adjoins the second portion. 8. The fluidized catal ytic cracking
systemof claim1, wherein the atom 3jng nozzles are radial-feed nozzles.
9. The fluidized catalytic cracking systemof claiml1l, wherein the

atom zing nozzles are axial-feed nozzles. 10. The fIU|d|zed catal ytic

cracking yst lajm 1, wherein a transverse cr sectlon of therib
i nner wall i'ﬂ]%\%’d‘ﬁ%? fEtalyticycrag ts%“?ﬂrflf gt df iy re“ii e RIEIEG; di zed
catal yti ﬁo;&rlécalfé Sheed §1S£'ffh19f1% g 'c?rbﬁ%ﬂered@@ ®F BleHsRr lrﬁh@ﬂé&rf“d@b Qﬁ& atféhsta Of the

rib is substantially paral to the longitudinal axis of the riser. 12.

The fl ui godmd (ﬁalntahlyus dispasad betvees pdiretnandfancidgacentisecombofethn attimikiegst a
portion of 18 | ongi tudi nal axis of the rib is oblique to the |ongitudinal
axis of PRE%ser. 13. The fluidized catal ytic cracking systemof claim 1,
wherein the rib inner wall includes a first inclined portion, a first
concave portion adjoining the first inclined portion, and a convex portion
adj oi ni nd7t he The rfbmdlwhwwtlmmkmg systam offedain Ljvdiereia tl@fanaetryml@da;s:r acki ng
system of cl rib i ur.t h inclu second
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portion akk ftedi Ng t he second concave portion. 15. The fl uidized catalytic
cracking system of claim 14, wherein where a radius of curvature of the
first concave portion is less than a radius of curvature of the second

concave part ' e ﬁul \A)nz'g{:] gﬁaﬁtlﬁé‘eggffé%gzsﬁﬁgmﬂa? cflzlillﬁi %,Z‘arﬂel%ﬁ';[ ﬂ{ey Ilh& & acki ng

system of ¢l aim1,
formed from a refractory material.

19. 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 wherein
said central passage includes a lift zone located proximate the bottom of the riser, a
feed-injection zone downstream and adjoining said lift zone, and a reaction zone
downstream and adjoining said feed-injection zone;

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 within the
feed injection zone of said riser, wherein the number of elongated ribs is equal to the
number of atomizing nozzles and each of said elongated ribs is located between

adjacent atomizing nozzles.

20.  The fluidized catalytic cracking system of claim 19, 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.



nozzl es are spaced apart along a circunference of the riser inner surface
and at least a portion of the rib is disposed between a first and any jay 1055
adj acent second of the atom zing nozzles. 17. The fluidized catalytic
cracking systemof claiml, wherein the riser includes an out-wall and a
l'iner anchored to the out-wall, the_biner formng the inner surface of the
riser. 18. The fluidized catalytic cracking systemof claim1l7, wherein the
liner is forned froma refractory material. 19. A fluidized catalytic

Curtace. 2he. TRk oRr deBNait PAPREE S0t ARl R g

subst ant b&in?é‘te@'rib@%cﬂude@%l ihtiéH vl thak fagePihetdaptrall fadagvhe st ortﬁﬁhlcff central
passage includes a |ift zone Iocatedtd)rom mate the bottomof the riser, a

feed-i I’lj éher inger velh bows wstedanrmgwar] bedergitudinaliaxis of thegiser saferta react i on
zone g”nozZ%%eaﬂgw%?lc%&lggha%&laf'lsﬂﬁﬁe@ eﬁ%»‘%@r% tﬁé‘lo% R&iind Rlsural ity of

atom zin es cou hozzIe€" bei ng
adapted to inject a hydrocarbon feedstock into a flow of catalytic materi al
within the central .passage so that the atam zing nozzles forma spray
pattern & théfheﬁlratﬁ)léeirﬂgeﬁﬂr eealslﬂeékstvwmrc}rlmr?g vbpretaihe paRa A Ofand a

pluralit é)lflb %rﬂﬂ%ﬂﬂo‘?ﬁoﬂbﬁfu %ﬁpﬂﬁﬁa@e%%%s’épe riser inner surface within
on zone o

t he fee I njectl sald riser, wherein the nunber of el ongated
ribs is equal to the nunber of atonlzlng nozzl es and each of said

el ongated rib ca ed bet wee adj acent . atog nozzl e 20. The
Lo dr zedeat s OGRS ERrHGS Seking SR oL SABHHER R 544980 ROGIZ | ng
nozzl es affenSRRGREr FBALL Bl QNEhitRal e Thd A BR8N d@tudm@aflb PEiheirRBer surface
and at least a portion of each rib |s di sposed” bet ween adj acent at om zi ng

nozzles. 1 1 JAN 21. The fluidized catalytic cracking systemof claim 19,
wher ei n eﬁch 0lf‘hf:t t}fl(fidized catalytic cracking system of claim 23, wherein the first portion

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

25.  The fluidized catalytic cracking system of claim 19, wherein at least a portion

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

26.  The fluidized catalytic cracking system of claim 19, wherein a longitudinal

axis of each rib is substantially parallel to the longitudinal axis of the riser.

27.  The fluidized catalytic cracking system of claim 19, wherein at least a portion

of a longitudinal axis of each rib is oblique to the longitudinal axis of the riser.

28.  The fluidized catalytic cracking system of claim 19, wherein the atomizing

nozzles are radial-feed nozzles.

29.  The fluidized catalytic cracking system of claim 19, wherein the atomizing

nozzles are axial-feed nozzles.

30.  The fluidized catalytic cracking system of claim 21, wherein a transverse cross

scction the inner wall of each rib has a substantially arcuate-shaped profile.



el ongated ribs includes an inner wall that faces the central passage, a
first portion of the inner wall being curved inward toward the 11 AN 7005
| ongi tudinal axis of the riser so that a portion of the flow of catal yti'c
material is directed toward the |ongitudinal axis. 22. The fluidized

catal ytic cracking systemof claim 2]2 wherein the inner wall of the rib
forms a portion of the inner surface of the riser. 23. The fluidized

catal ytic cracking systemof claim2l, wherein a second portion of the rib
inner wall is curved outward away fromthe | ongitudinal axis of the riser.
24, The f3I1U| diedtwdieed le&tlféprae%pa@ysg%%ﬁlw b wihgresthe iprgr eyl efhe fir st
portion t ortion
25. The fl hlgqn& (B:%ét gﬁﬁ§tl l}(l:}@lézrlreg Hl&{:g‘l §{étew§c%w®al m 1%&}&11 grtgllgﬁ- gtt | east a
portion mcﬂmeéqabrtrdnbamdSa tanvak pdnmntaﬂjoﬂmag gedirstreohbeveqiridgn. patt ern. 26. The
fluidized catal ytic cracking systemof claim19, wherein a |ongitudinal

axis of each rib is substantially parallel to the |ongitudinal axis of the
riser. 2fA, Thepyl ﬁ\.}igfzéfgatﬁ h@%ﬁ%k@ %g&&lﬁ'c?gla%a&%tlemheielﬁ llmle}%valmere' n at

| east a portion a ong I na each fib 1s oblique to the

| ongi t udieaeh ribusherfindlisdes missamd cdBcavE pertidnuadghimeg thxatomvgx partionaakliang syst em
of claim19, wherein the am zi nozzl es are . radial-feed nozzles. 29.

The fl ui cﬁeﬁ%ﬂﬂhﬂgf'}ﬂdﬁ%‘mc ?:‘R’inﬁé{g%@é VCETERAMY™9, wherein the atomi zing
nozzl es are axial-feed nozzles. 30. The fluidized catal ytic cracking system
of claim21, wherein a transverse cross section the inner wall of each rib
has a sub¥t antThe flyidired oateletic hapliag sydémioé claim 32, whete@oghere 222@us ofThe

fluidized catalyt 1 f ¢l ai 1 int Il of
cach 11 b S e FrFEhRe PR hov MR« ars e thaha v s
adj oi ni ngcdnBgvefgoigén. 1 nclined portion, and a convex portion adjoining the

first concave portion. 32. The fluidized catalytic cracking systemof claim
31, wherein the inner wall of

34.  The fluidized catalytic cracking system of claim 31, 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.

35.  The fluidized catalytic cracking system of claim 19, wherein the riser includes
an out-wall and a liner anchored to the out-wall, the liner forming the inner surface of

the riser.

36. 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 wherein said central
passage includes a lift zone located proximate the bottom of the riser, a feed-injection
zone downstream and adjoining said lift zone, and a reaction zone downstream and
adjoining said feed-injection zone;

a plurality of atomizing nozzles coupled to the riser, the atomizing nozzles
being adapted to inject the hydrocarbon fecdstock 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;



each rib further includes a second concave portion adjoining the convex
portion, and a second inclined portion adjoining the second concaveyy jay 3005
portion. 33. The fluidized catalytic cracking systemof claim 32, wherein
where a radius of curvature of the first concave portion is less than a
radi us of curvature of the second copcave portion. 34. The fluidized

catal ytic cracking systemof claim3“, wherein the atomi zing nozzles are
spaced apart along a circunference of the riser inner surface and the first
concave portion of each rib inner wall is disposed between adjacent

atomi zi ng nozZzPR&alitgt cppsated rigs Aisposesk aloyg ithe dangr §uRges pEtteenferd cl ai m

19, wherej : i I - i t he
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fl ui di zednatatiall yie Kbcbank cagtosned tsehatcoridral distegice detweearthé aibs agd alre out er
surface gnd,an i nner %5£face, the inner surface defini a central passage

ext endi ndOBIBLAN K 918 ITHRG vaneslens aldicada porien of & ggﬁh;%f erge
transpor tynged thy ALAGE" HOfbd Eﬁ:ﬁ?ﬁl%ﬁh@ﬁ%ﬂﬁeﬁﬁ{a@érﬁfﬁ%ﬁ%%'aﬁ eWhiesei n said

central passage i1ncludes a | zone cated proximate the bottom of the
ri ser, a saebdbd hjlentdddetweenrdjaiemmasimizammanziendj oi ning said |ift zone, and
a reaction zone downstream and adjoining said feed-injection zone; a
plurality of atom zing nozzles coupled to the riser, the atom zing nozzl es

bei ng adapted Tge hﬂi’d%ﬂhc_talfm hy ehaoi6iaE Q?ﬁeﬁaﬁdc%iﬁpbﬁj Wherefh fHeONoM[zidgd1e

catalytic material wthin the central passage so that the atom zing

nozzl es furaziea aspypagedrpartalongyf cirdvenfelenetr ofche biser ineerdutfaesiandiat ldast 2 he
tral vl i, ANCHM - I i . el t ed . rj bs di d
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m Xi ng t hgoA2)dr ocar bon feedstock and the catal ytic

38.  The fluidized catalytic cracking system of claim 36, 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 direction of flow

within the central passage.

39.  The fluidized catalytic cracking system of claim 38, 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 the longitudinal axis

of the riser increases along the direction of flow within the central passage.

40.  The fluidized catalytic cracking system of claim 39, wherein the first portion

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

41,  The fluidized catalytic cracking system of claim 39, 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.



material, the ribs being contoured so that a radial distance between the
ribs and the |longitudinal axis of the riser varies along at |east &'1JW 7905
portion of a length of the ribs, wherein the nunber of ribs is equal

t he nunber of atom zing nozzles and each of said ribs is |ocated betmeen
adj acent atom zing nozzles. 37. The %Iuidized catal ytic cracking system of
claim 36, wherein the atonizing nozZl'és are spaced apart along a
circunference of the riser inner surface and at least a portion of the rib
i s disposed between a first and an adj acent second of the atom zing

nozzl es. 438. Tike ﬂfql%zm %ﬂé%lmfaﬁraplwg é%%@ﬁ Flaim Sps wherest atdeast gpggionwher ei n
the rib 'oﬁ*‘fﬁ HHAER 10 '?.%d Wifh a eB'u&és@ dafﬁq&feﬂ{'axﬁf thg; nﬁgf b edcBReeal |

bei ng curved inre lon to axi's o e riser so that
radi al dirgeance between the flrst portion of the inner wall and the

| ongi tudi nal axis of the riser decreases along a direction of flow wthin
the central passage. 39. The fluidized catalytic cracking systemof claim

38, wherejsn a ﬁl%qgﬂﬂz&%attélgpct c1Qbkihd Systdnb of ﬂgﬁﬁ 3Wﬁe élﬁ @ V&lsd Bodse!l ation

to the Iongltudlnal axis o he riser so I stance etmeen

t he secorsdctpordfitbnribinreheall haga sub&talntlalﬂndamhﬂﬂsbmdmn@ﬁlnal axis of the
riser increases along the direction of flow wthin the central passage. 40.
The fluidized catal ytic cracking systemof claim39, wherein the first

portion Agf thehe filidiZe0 4R crhaqﬁggya&aﬂ deﬁatxﬁﬁ%n Wherkina REEAMMnPOrtion.
41. The fluidized catal ytic cracking system of cli a|n139 wherein where a

radi us ofaxicefrtherib issubstantiadlyiparalle]l pothe iangitodinalaxis ofshe risesr wal | is | ess
than a radius of curvature of the second portion of the rib inner wall. 11
“JAN 2005 -24 42. The fluidized catal ytic cracking system of claim 36,

wher ei n a4s.| eapite AuipRed calytiolerdcRigishflemoflcRERA! 7] witeid At 18agapob@inveen t he
spray pattern and the inner surface of the riser.
of a longitudinal axis of the rib is oblique to the longitudinal axis of the riser.

46.  The fluidized catalytic cracking system of claim 36, wherein the atomizing

nozzles are radial-feed nozzles.

47.  The fluidized catalytic cracking system of claim 36, wherein the atomizing

nozzles are axial-feed nozzles.

48.  The fluidized catalytic cracking system of claim 38, wherein the atomizing
nozzles are spaced apart along a circumference of the riser inner surface and the first
portion of the rib 1s disposed betwecn a first and an adjacent second of the atomizing

nozzles.

49.  The fluidized catalytic cracking system of claim 36, wherein the riser inciudes
an out-wall and a liner anchored to the out-wall, the liner forming the inner surface of

the riser.

50.  The fluidized catalytic cracking system of claim 40, wherein a radius of
curvature of the first portion of the rib inner wall is greater than a radius of curvature

of the second portion of the rib inner wall.



43. The fluidized catal ytic cracking systemof claim38, wherein a
transverse cross section of the rib inner wall has a substantially 11 Jayi00%
arcuat e-shaped profile. 44. The fluidized catal ytic cracking system of
claim 36, wherein a longitudinal axis of the rib is substantially parall el
to the longitudinal axis of the rise&. 45. The fluidized catal ytic cracking
system of claim 36, wherein at |east é'portion of a longitudinal axis of
the rib is oblique to the longitudinal axis of the riser. 46. The fluidized
catal ytic_ cracking system of claim36, wherein the atom zing nozzles are
radi al - f edd noelIthadizad catglytic pragkiag spsemaf glajmi 38, svhaestin thy isyatveai of claim
36, wherein.. t.om. ZJ [ ial-feed nozzles. 48. The
quidizeﬁhggﬁg y i 5§g£g€%§%é§£ﬁ%ggggf??gﬁ%$38, wherein the atom zi ng
nozzl es are spaced apart along a circunference of the riser inner surface
and the first portion of the rib is disposed between a first and an

adj acent second of the atom zing nozzles. 49. The fluidized catal ytic
cracki ng systemof claim36, wherein the riser includes an out-wall and a

| iner anchored to the out-wall, the liner formng the inner surface of the
riser. 50. The fluidized catalytic cracking systemof claim40, wherein a
radius of curvature of the first portion of the rib inner wall is greater

than a radius of curvature of the second portion of the rib inner wall.
-25 51. The fluidized catalytic cracking systemof claim 38, wherein the
inner wall of the rib fornms a portion of the inner surface of the riser.



