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| NVENTI ON [0001] This invention relates to the feed injection zone of a
fluid cat d¥geees/ostegcker. More particul arly, the geonetrycefystdgobaes

i njection zone is nodified such that the feed injection zone is
non-circular in order to provide optimal m xing of feed and catal yst.
BACKGROUND OF THE I NVENTION [0002] In the fluid catal ytic cracking process
for converting high boiling hydrocarbons to |ighter hydrocarbons, catalyst
particles in a fluidized state are conjacted with hydrocarbon in at | east
one contacting zone. The manner of contacting of hydrocarbon and catal yst
can have a marked influence on the performance of a fluid catalytic cracker
("FCC'). It would be advan3EEiﬁﬁi@h&ﬁg@i&ﬁ&ﬁiﬁﬂﬁg@hﬁfles in the riser of a
FCC coul d be conpletely an ' ith hydrocarbon in a
feed m xi ng zone. However, this is not physically possible. There have been
many efforts to optim ze m xing of hydrocarbon and catalyst in order to

| nprove tRERD ON TEEINVENTIONC. [0003] Efforts to inprove mixing in the
feed m xiNg zone have tocused on the injection nozzles used to inject feed
and on the manner in which catalyst and feed are m xed. One purpose of the
injection nozzle is to make as fine a dispersal of feed as possible. The

process of00REki ndhis inveatispirelatesite the fead imiectionizengodm duidicalytid is
| nf 1 uencedafites’ bR Sartitilhefy’ off bdiids'of e REATTHER0RBR Rioliada’ densi 1

such that the feed injection zone is non-circular in order to provide optimal mixing

of feed and catalyst.

BACKGROUND OF THE INVENTION

[0002] In the fluid catalytic cracking process for converting high boiling
hydrocarbons to lighter hydrocarbons, catalyst particles in a fluidized state are
contacted with hydrocarbon in at least one contacting zone. The manner of
contacting of hydrocarbon and catalyst can have a marked influence on the
performance of a fluid catalytic cracker ("FCC"). It would be advantageous if
catalyst particles in the riser of a FCC could be completely and instantaneously
— mixed with hydrocarbon in a feed mixing zone. However, this is not physically
possible. There have been many efforts to optimize mixing of hydrocarbon and

catalyst in order to improve the performance of the FCC.

[0003]  Efforts to improve mixing in the feed mixing zone have focused on the
injection nozzles used to inject feed and on the manner in which catalyst and feed
are mixed, One purpose of the injection nozzle is to make ag fine a dispersal of
feed as possible. The process of making fine droplets is known as fluid atomization
and is influenced by factors such as orifice size, pressure drop and fluid density and

viscosity.



WO 2005/ 047428 PCT1LTS2004/ 036109 -2 [0004] One manner of influencing the
m xi ng feed and catal yst focuses on feed preparation. For exanple the feed"
may be mi X¥E 2WVHR8gas streamprior to atom zation. Theedwmeshonmysshe

di scharged through an orifice into a mxing tube prior to contacting

catal yst. The feed, the catalyst or both may al so be accelerated prior to
mxing. Alift gas may be used to accelerate catalyst particles in the
riser. [0005] The orientation of feed injectors may al so affect feed

m xing. In one case, the feed is radi&-ly directed through nozzles arrayed
around the circunference of the riser. Oher arrangenents of nozzles and
nmet hods of injecting focus on the creation of a venturi effect. This is

acconpl i by ' ri et LB, | t yst,
accamPl ! AR, OhE B4R ArEBiemely B b Tond bt ol SholdS sick
arrangengfepariﬁdmlpdsré _1eszhéfuea%9>dﬁeﬁﬁﬁ§ea%ﬁﬁ'a/%£§%a&ﬁ riof §§S of a
restricted opening involving different cross-sections I1n the m xing zone.
[ 0006] Thtneizatiormn Tae\feed agy Beadischarged itgugheamorifiog hatoremixing thbE uni t
wi t hout reliance on accelerating the catal i/St as this energy input results

in a prpssutecentepting catalyst.c The deed, Yhae catalyatioahiosh maunmeRe acrelerted
| NVENTI O\I.%O%(?JT. .Theaz'%g.vention 'bs dqurlect ed to . a E{pgcess f.Q]'I’g L mgrovi ng the
m xi ng oPTIOE iR BHYNE. A diff gasymay bedisad A apcelerie crRtAI KL RATICISE 4t the Tgery

process for mxing fluidized particles with a fluid hydrocarbon feed stream
in a feed injection zone of a fluid catalytic cracker which conprises: (a)
passi ng 313005]' ZephPafibhtatiBh of Fedt RidctoR BaGUISB hffect fekdeRREMET [1DEné he
fluidized particles fromthe particle conduit to the feed
case, the feed is radially directed through nozzles arrayed around the circumference )

of the riser. Other arrangements of nozzles and methods of injecting focus on the
creation of a venturi effect. This is accomplished by creating a restriction in the
flow path of the catalyst, feed or both. Another method and apparatus involves a
feed injection arrangement in which feed is injected transversely from the sides of a

restricted opening involving different cross-sections in the mixing zone.
[0006] There is an advantage to optimizing the mixing zone in a FCC unit

without reliance on accelerating the catalyst as this energy input results in a

pressure drop and limits catalyst circulation.

SUMMARY OF THE INVENTION

[0007] The invention is directed to a process for improving the mixing of
catalyst and feed. Accordingly, the invention relates to a process for mixing
fluidized particles with a fluid hydrocarbon feed stream in a feed injection zone of a
fluid catalytic cracker which comprises:

(a) passing fluidized particles to a particle conduit;

(b) conducting the fluidized particles from the particle conduit to the feed
injection zone containing a non-circular conduit provided that the particle conduit

and the non-circular conduit have a substantially equal cross-sectional area; and



i njection zone containing a non-circular conduit provided that the particle
conduit and the non-circular conduit have a substantially equal
Cross- sect Wehzs/ed7¢28 and WO 2005/ 047428 PCT! 1JS2004/ 036188 rmsdoddskion
infecting fluid hydrocarbon feed into the feed injection zone through a
plurality of feed injectors |ocated upon said non-circular conduit. [0008]

I n anot her enbodi nent, the invention relates to a process for m xing
fluidized particles with a fluid hydrocarbon feed streamin a feed injection
zone of a fluid catalytic cracker whigh conprises: (a) passing fluidized
particles to a particle conduit; (b) conducting the fluidized particles from
the particle conduit to the feed injection zone containing a rectangul ar
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non-circular conduit allows jets of feed injected fromthe sides of the

conduit to nore effectively penetrate the stream of catalyst particles.
BRI EF DEJ0£08]TI Oln anotiikEcRadinGs, thelGaodntiaimrelates to @ prosedsdionmixinghowi ng t he

RN SN R T Y I I
cr o8s- set OB L eURkEaM BRI iSser or b Teed ©njection vone.
y (a) passing fluidized particles to a particle conduit;

(b) conducting the fluidized particles from the particle conduit to the feed
injection zone containing a rectangular conduit provided that the particle conduit
and the rectangular conduit have a substantially equal cross-sectional area; and

(c) injecting fluid hydrocarbon feed into the feed injection zone through a

plurality of feed injectors located upon said rectangular conduit.

[0009]  The use of a non-circular conduit allows jets of feed injected from the

sides of the conduit to more effectively peneirate the stream of catalyst particles.

) BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a schematic showing the jet mixing between two jets flowing

at an angle 0 = 90 degrees to each another.

[0011]  Figure 2 shows the plan view cross-section of a typical large diameter

FCC injection zone.

[0012] Figure 3 shows the plan view cross-section of a typical small diameter

FCC feed injection zone.



WO 2005/ 047, 428 PCT/ US2004/ 036109 -4 [0013] Figure 4 shows the plan view
cross-section of a non-circular FCC feed injection zone and denonstrates

t he advant§E¥04G48ng a non-circul ar duct for the cat al pstusibilddsideD
DESCRI PTI ON OF THE | NVENTI ON [ 0014] The FCC process nornally conprises a
fluid catalytic cracking reactor and a regenerator. The FCC reactor

I ncludes a feed riser containing a feed injection zone followed by a
reaction zone in which preheated fluidized catalyst particles are contacted
wi th hydrocarbon feed. Spent catal yst glarticles fromthe reaction zone are
passed through a stripping zone and stripped catalyst is sent to a
regenerator. The feed injection zone typically conprises a plurality of

feed inJ t e tion
vone 1 5 NOBFIE, TBRLRE 4 BB bl ik o bEsBLadh of Hioniiodel REC RRE 1" e
i nj ecti oRpefien zbAOARd dEﬁﬁmE&@l% ﬂ@ad%td@of ALY nowire]driicy Fgtuak or
m xtures of feeds including vacuum and at nospheric gas oils, light cat
cracker gatalgstl s, coker gas oils, resids fromvacuum and at nospheric
distillation units, whole and reduced j crudes, asphalt and asphal tenes,
oils derived fromthermal cracki ng such as cycle oils, oils derived fromtar
sands ang, e Ilke The feeds may be
pre-treate : 6 -, by hydrotreating or
sol vent treatl ng. [00161 FCC cat al ysts maybe armr phous such as
silica-alumna, crystalline or mxtures thereof. Crystalline catalysts are
nol ecul ar[091¢]\/eSTthm@F)?$de¥s a6ahalleSompHXayRIMEd CatadPat c/kihg eedetd X, Y,
REY, USY, beta and the [ike. Zeolite contents

and a regenerator. The FCC reactor includes a feed riser containing a feed injection

zone followed by a reaction zone in which preheated fluidized catalyst particles are
contacted with hydrocarbon feed. Spent catalyst particles from the reaction zone
are passed through a stripping zone and stripped catalyst is sent to a regenerator.
The feed injection zone typically comprises a plurality of feed injectors spaced
about a circular catalyst duct while the reaction zone is typically a riser or pipeline

type contactor downstream of the feed injection zone.

[0015] The feeds to the FCC reactor may be individual or mixtures of feeds

including vacuum and atmospheric gas oils, light cat cracker gas oils, coker gas

oils, resids from vacuum and atmospheric distillation units, whole and reduced )
crudes, asphalt and asphaltenes, oils derived from thermal cracking such as cycle

oils, oils derived from tar sands and coal, shale oil, synthetic crudes and the like.

The feeds may be pre-treated to remove undesirable components, e.g., by

hydrotreating or solvent treating.

[0016] FCC catalysts may be amorphous such as silica-alumina, crystalline or
mixtures thereof. Crystalline catalysts are molecular sieves, preferably zeolites.
Examples of zeolites include X, Y, REY, USY, beta and the like. Zeolite contents
of catalysts are typically in the range from 15 to 40 wt.%, based on catalysts. The

)



of catalysts are typically in the range from 15 to 40 w.% based on

catal ysts. The WO 2005/047428 PCTI US2004/ 036109 -5 catalysts are normal |y
finely di WRlzWsM4™28 aver age particle sizes in the 50 to 28fusicaipassiod 0017]
Typi cal FCC reaction zone conditions include tenperatures of from427 to
732C (800 to 1350F), pressures of from 135 to 515 kPa (5 to 60 psig),
catalyst <contact times of fromO0.5 to 15 seconds, and catalyst to feed

wei ght ratios of from 0.5 to 10. The feed may be preheated to a tenperature
of from177 to 454C (350 to 850F). [09§18] In the FCC reaction zone of the
riser, fluidized hot catalyst particles are contacted with atom zed feed.
The feed is rapi dly vaporized and cracked to lighter products such as

gasol i ne, esel , .kerosene, . h at'n oi | and. t he Ilke d

o oquct  satheare bRnally Sinely AR ih FegeAmsisi sizer Sutheoat 281 on o
the rea . The spent catalyst particles are stripped, typlcally W th
steamto over additional product. The stripped catalyst particles are

sent to a regenerator where coke is burned off. Regenerated catal yst is
then recycled back to the riser. [0019] In a typical FCC riser, the feed

i nj ecti of00A)e |'Eypmz{ld?ﬂ,‘@rreaﬂdmtMefdondmmmllmchﬁieaﬂenqierﬁﬂlm@mmw 427y
wherei n cat alyst is contacted with atom zed feed injected through nozzles
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{0018] Inthe FCC reaction zone of the riser, fluidized hot catalyst particles are
contacted with atomized feed. The feed is rapidly vaporized and cracked to lighter
products such as gasoline, diesel, jet, kerosene, heating oil and the like. Vaporized
product and spent catalyst are separated in an upper disengaging section of the
reactor. The spent catalyst particles are stripped, typically with steam to recover
additional product. The stripped catalyst particles are sent to a regenerator where

coke is burned off. Regenerated catalyst is then recycled back to the riser.

[0019] In a typical FCC riser, the feed injection zone is circular and the fluidized
catalyst flows upwardly wherein catalyst is contacted with atomized feed injected
through nozzles located circumnferentially around the circular feed injection zone.
The diameter of the injection zone may be modified and/or the nozzle
design/orientation may be modified to improve mixing of feed and catalyst. As the
total design throughput (catalyst flow rate) through the FCC reactor increases, the
cross-sectional area and circumference of the riser and feed zone are typically
increased. As the design feed rate is increased, the number and/or size of injection
nozzles is increased. The feed injectors are typically highly optimized for feed
atomization, and the range of flow rates and discharge conditions for any given

nozzle are restricted by these design consideration. In many cases, the jet mixing



i ncreased. As the design feed rate is increased, the nunber and/or size of

I njection nozzles is increased. The feed injectors are typically highly
opti m zed WO ddE28 at omi zati on, and the range of flow r aEsUswdysksawhar ge
conditions for any given nozzle are restricted by these design
consideration. In many cases, the jet m xing WO 20051047428

PCTI 1 JS200- 1036109 -6 between the feed jets and the catal yst streamis not
or cannot be optim zed because the characteristics of the feed jets cannot
be changed to allow for optimum penetigtion and mxing with the
characteristics of the catalyst streamand riser dinensions. [0020] M xing
theory may be used to predict fluid behavior when mxing fluids flow ng
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havi ng various mass ow rate ensities, ocitre he opti nmum

M Xi ng ofpehbRativwand eligimpevwithehe bhiractegisticed {ittye aaabest stre@m 4rfl Aédrng t he
characteristic rates, densities, velocities, and duct dianeters. An exanple
i s shown dimensioas.case of the relative angle between the two jets 0 = 90
degrees. In the situation shown in Figure 1, where tw fluids 1 and 2

flow ng through two ducts | A and 2A are contacted with each other, M and
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effective or aneter of the smal é uct 1A, and 0 is the
cont act aiamz%sfngnx etiwéen jtRbIeteflowitpdst dh amgled =F90 degices o elicl) = 90,/
Ymax / Dl= 1. ((pl ul2/ p2

other through ducts of diameters D, and d1. The jets consist of fluids having

various mass flow rates, densities, and velocities. The optimum mixing of the two
jets can be characterized by an equation relating the characteristic rates, densities,
velocities, and duct diameters. An example is shown for the case of the relative
angle between the two jets © = 90 degrees. In the situation shown in Figure 1,
where two fluids 1 and 2 flowing through two ducts 1A and 2A are contacted with
each other, M, and M, are the mass rates of the respective fluids 1 and 2, p; and p,
are the respective densities, u; and u; are the respective velocities, D, is the
effective or equivalent diameter of the larger duct 2A and d; is the effective or
equivalent diameter of the smaller duct 1A, and 6 is the contact angle between the
two jets of fluids 1 and 2. For jets with 8 = 90°, Yimax / D1 = 1.25 ((p1 wi%/p2

1,2 ) M /(M3 + My)) where Y e is the penetration limit of the smaller jet flowing
into the larger duct. For optimum mixing of fluids 1 and 2, it has been shown that
Y max = 0.33 Ds, 1.e., 0.33 times the diameter of thie larger duct. For the case of FCC
feed injection with two phase gas atomized feed injectors, p,,the catalyst density in
the injection zone would be in the range of 10-3 5 Ib/ ft*, and u,, the velocity of the
catalyst entering the feed injection zone would be 2-10 {t/s. The density of the feed
jet, py, would be in the range from 5-20 Ib/ft’, and the velocity of the feed jet, u;
would be in the range from 75-300 ft/s. The diammeter of the catalyst duct, D, would



z0.s u2) Y(M/(M+ M2)) where Y,,, is the penetration Iimt of the smaller
jet flowwng into the larger duct. For optimummxing of fluids 1 and 2, it
has been 3¥QwepsWaRs Y,i1~= 0.33 D2, i.e., 0.33 tinmes thecdisomiessi106 the

| arger duct. For the case of FCC feed injection with two phase gas atom zed
feed injectors, p2,the catalyst density in the injection zone would be in
the range of 10-3 5 I b/ft3, and u2i the velocity of the catalyst entering
the feed injection zone would be 2-10 ft /s. The density of the feed |jet,
pl, would be in the range from5-20 | bLft, and the velocity of the feed jet,
ul, would be in the range from 75-300 ft/s. The dianeter of the catal yst
duct, D2, would WO 2005/047428 PCT/ US2004/ 036109 -7 be from1-4 ft, and the
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di anet er adel G909bistiut ek individidl deed njetion jete) Wheh veslvidsusyialubobtHes
conpared to D2. Wen Ymax = 0.33 D2, the optinmum m xing was experinentally

f ound t o demsities, yelogities\iness retes-and Fsedypt diameiey abe suhstituted dntohef | ui ds i s
optimzed, i.e., .this i e opti.mum penetration. lint be the two
fluids flmaﬁﬁn@ﬁﬂéewdﬂﬁéﬁhmﬁlﬁﬁpgn’ﬁ‘ﬂeéﬁ& Q-ﬁ@’@f’é‘[ epc—a{)-\%gejSB-tQﬁegree
cont act e Thi LI erjmentally by neasuring
terrperaturelratlll-sql?l?’éﬂg%ﬁ%ﬁggﬁgggtlﬁg&%%%&&%i and downstream of the

I njection point when the tenperatures of the two fluids differ or when one
of } he flui ds experiences a phase change such as vaporization. For the
speci fi ¢ {082#] notVéher¥ ,si 70138 Pgtmixdhgfietwden die twa flusdsisioptinaizgd.s.of 90

degr ees, e, . . . . . .
g t;mhs is the optimum penetration limit between the two fluids flowing through the

two ducts and mixed together at a 90- degree contact angle. This can be determined
experimentally by measuring temperature distributions across the larger duct and
downstream of the injection point when the temperatures of the two fluids differ or
when one of the fluids experiences a phase change such as vaporization. For the
specific case noted of single jets of fluids with a relative angle of 90 degrees, the
temperatures equilibrated fastest indicating the best mixing when Y 5, = 0.33 Ds.

If the penetration limit was greater than or less than 0.33 D, it took longer for

mixing to occur and longer for the temperature to equilibrate.

[0022] The above fluid mixing concepts are applicable to the atomization of
feeds from the injection zone into the catalyst flow in a FCC riser. The concepts
may also be applied to cases where the angle of the feed injector jets with respect to .
the axis of the catalyst stream is a value other than 90 degrees. In this case, Y
would be a function of the angle theta (0) between the axis of the catalyst flow and
the axis of the feed injector jets, and the value of Yy, for optimum jet mixing
would be a function of this angle theta. In a conventional circular duct having
multiple injection points, it may not be possible to design the system to achieve this

maximum optimum penetration value. However, in a non-circular system, it is



tenperatures equilibrated fastest indicating the best m xing when Ynm = 0. 33
D2. If the penetration limt was greater than or less than 0.33 D2, it took
| onger forwOnissigi280 occur and | onger for the tenperat urRETES200A436108r at e.
10022] The above fluid m xing concepts are applicable to the atom zation of-
feeds fromthe injection zone into the catalyst flowin a FCC riser. The
concepts nmmy also be applied to cases where the angle of the feed injector
jets with respect to the axis of the catalyst streamis a value other than
90 degrees. In this case, Y/m would be-& function of the angle theta (0)
between the axis of the catalyst flow and the axis of the feed injector
jets, and the value of Ynmax for optinmumjet mxing would be a function of

t hi s angl : ' [ : ' | [1kect i on
poi nt o1 i #smigies, deBigh BERGER BRAGHTEVE Siiur EnchalbR et U GrBkET B0
opti mum peRdtfe&l aPtheMdidBuidiBiByE bn the aBole Misine Hodel.system it is WO

2005/ 047428 PCT/ US2004/ 036109 -8 possible to design the systemto achieve
opti mum penetration between the catalyst and feed as the two fluids based
on the abivg m Xi nodel . [0023] The present process nodifies, the geonetry
of the fedB023j ectPeRAreSSAEPIQSESH £} thie epamemhokithe fed mdrctiop0nedal ar |l y,

the feed inj i\ ' 1€, t i ded
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In other words, the present procCess uses the geonetry of the 1njection zone
itsel f toofnie foed risexiiewlingtd die infedtionporeand tHehidjétivgh zarzitself 8f fi ci ency

or relying on any venturi effect and pressure drop resulting from changing .
t he cross-ssbetantally thersamef In other weerds the presant pooesss usesthreogéametrnef thezzl e
injection zone itself to improve mixing rather than improving the feed nozzle

efficiency or relying on any venturi effect and pressure drop resuiting from
changing the cross-sectional area of the feed/injection zone or improving the nozzle
efficiency. By non-circular geometry is meant that the injection zone may be in the
form of an ellipse, square, rectangle or two parallel sides with semi-circular or
ellipsoidal ends when viewed in plan. Preferred non-circular geometries include

ellipse, rectangle or parallel sides with semi-circular or ellipsoidal ends. Preferred

ellipses are those in which the ratio of major to minor axes is from 1.2 to 5.0.

[0024] The non-circular feed injection zone contains a plurality of injection /’
nozzles in which to inject feed into the fluidized catalyst. Preferred nozzles are

those which achieve the greatest degree of feed atomization. These nozzles may be
arranged in a plane perpendicular to the direction of axial flow of catalyst in the

injection zone. The direction of flow from the feed nozzle may be perpendicular

(90 degrees) to the axial flow of catalyst, or at angles of from 20 to 90 degrees

relative to the direction of flow.

[0025] Figures 2 and 3 show injection zone cross-sections for typical larger and
smaller circular injection zones, respectively, Figure 2 shows the plan view cross-

section of a typical large diameter FCC feed injection zone where a large duct with



efficiency. By non-circular geonetry is nmeant that the injection zone may be
in the formof an ellipse, square, rectangle or two parallel sides with
sem - ci r cWoaxy947428 | | psoi dal ends when viewed in plan. FREBUS00HMB6109 B
non-circul ar geonetries include ellipse, rectangle or parallel sides with
sem -circular or ellipsoidal ends. Preferred ellipses are those in which
the ratio of major to mnor axes is froml1l.2 to 5.0. [0024] The non-circul ar
feed injection zone contains a plurality of injection~ nozzles in which to
inject feed into the fluidized catal yst-9-Preferred nozzles are those which
achi eve the greatest degree of feed atom zation. These nozzles may be
arranged in a plane perpendicular to the direction of axial flow of catalyst
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catalyst stream may eXceed that required to ensure optimum mixing and contacting

between the two streains.

[0026] In Figure 2, a cross-section of a large diameter circular FCC feed
injection zone 10 with diameter D, designated as 12 contains a plurality of feed
injection nozzles 14. Y, 1s the distance 16 of maximum feed penetration 18.

For the case of contact angie 6 = 90°, if Y,..x is less than than 0.33 D,, under-
penetration and non-optimum jet mixing will occur. In Figure 3, a cross-section
of a small diameter circular FCC feed injection 20 with diameter D, designated as
22 contains a plurality of feed injection nozzles 24. Y, is the distance 26 between
the circular cross-section 20 and maximum feed penetration 28. For the case of
contact angle 8 = 90°, if Yy, is greater than 0.33 D, over-penetration and non-

optimum jet mixing will occur.

[0027] Figure 4 demonstrates the advantage of an embodiment the present
invention using a non-circular (rectangular) duct for the catalyst. In this case, the
cross-sectional area of the duct can be maintained constant relative to the upstream
circular catalyst duct so that there is very little frictional pressure drop on the

catalyst stream and no energy is required to accelerate the catalyst. However, the



di mensions is non-optimum the penetration of the feed jets into the fl ow ng
catal yst stream nmay exceed that required to ensure opti mum m xi ng and

cont act i ngWOREPHREMS he two streans. [0026] In Figure 2, BCTUSE4/8%a%9 on of
a large diameter circular FCC feed injection zone 10 with dianmeter D2 :
designated as 12 contains a plurality of feed injection nozzles 14. Ym is
the di stance 16 of maxi num feed penetration 18. For the case of contact
angle 0 = 900, if Ymax is less than than 0.33 D2, under- penetration and
non-optimum jet mxing will occur. In Filddre 3, a cross-section of a small
diameter circular FCC feed injection 20 wth dianeter D2 designated as 22
contains a plurality of feed injection nozzles 24. Ynax is the distance 26
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denonstrates the advantage of an enbodi nent "t he present invention using a

non- ci r culvaryig ¢be andth & pf theedudtauch katdhe akgsstsectionalhirea ¢ammintsined
cross-sectional area of the duct can be nmmintained constant relative to the
upst ream C@RF@RM-ar catal yst duct so that there is very little frictional
pressure drop on the catalyst streamand no energy is required to
accelerate the catal yst. However, the WO .005/04742 3 PCTI US2004/ 036109 -10

char act er ygd4eg di .an, ' LE | ] XA : en the
Foad ;o o 10028 1 EFRIRER.4 QORI 67 noSAINS el & BRine BethARMIRE
di aneter e dMal Vieky bfigatalist ' dicrebiaiguldiahdped feddinhjédtiin ZdiR. The

cross-sectional area is naintained constant. o _
rectangular cross-section 30 has a length 32 and width 34, which is equivalent to

Desrective- A plurality of feed injectors 36 are located along both sides of the length

of the feed injection zone. Y, is the distance between edge 42 and the maximum

feed penetration 40. In this case assuming the angle theta is 90°, Y is 0.33

Defreetive Which enables the rectangular injection zone to achieve optimal jet mixing.

For any desired catalyst flow area which is equal to width 32 x Degecsive, the

dimension De.ctive could be specified to optimize the jet mixing, and the duct width

could be varied to provide the required area such that the flow cross-section is

maintained and no significant pressure drop is caused to the flowing catalyst

stream. For injection angles other than 90°, the duct length and width can be

adjusted to provide this optimum penetration while maintaining the required flow .

cross-section.

[0029]  Where the shape of the cross-section of the injection zone is not optimal,
jet mixing would not be optimized and contacting between the feed and catalyst
would be poorer. Poor mixing of feed and catalyst cause a deterioration of yield
selectivities and loss of profitability. For example, in a circular cross-section feed
injection zone, it can be shown that selectivity can be improved by improving
mixing. Table 1 shows the effects of improving mixing on the coke and gas
selectivity and conversion for a feed in a circular cross-section riser. The table

represents a commercial unit performance comparison when changing the effective



[0028] In Figure 4, a plurality of nozzles is arranged in a plane
perpendicular to the axial flow of catalyst in the rectangul ar shaped feed
i nj ecti on woneos/ihas rect angul ar cross-section 30 has a |lpefaidrosidsang W dt h
34; which is equivalent to Deffective. Aplurality of feed injectors 36 are
| ocated al ong both sides of the length of the feed injection zone. Y. is
the di stance between edge 42 and the maxi nrum feed penetration 40. In this
case assuming the angle theta is 90, Ynax is 0.33 Deffective which enables
the rectangul ar injection zone to achieyg optimal jet mxing. For any
desired catal yst flow area which is equal to width 32 x Deffective, the

di mensi on Deflective could be specified to optimze the jet mxing, and the

duct width could_he varied to _provide_the required afea such that the flow
Cross- secdlﬁ@ﬁte;rso ﬂﬁf@@éunai@atoadwn@wﬁgrﬁsmmg gyslpcitygmags rafecandsed to

| engt h_arigraEn=se ik ERRk e T AR SR R IR on whi 1 e
i nt a m&i&ﬁ@g@&gﬁu 58y} aRB5ARE 1 il chOOTSle Wienanpbe abegprel e

cross-section I'njection z I's not opt I'ng wou not be

opt i ni zedseandrsRNTabkei 1NGhdELVEBNgiNeléabdtyaiStcond Driet Seleotividy be poor er.

Poor m xing of feed and catal yst cause a deterjoration of yield

sel ecti vi Yi@@(aaﬂvmwﬂblro%mmqrabnb))ws rEducewlaﬁ%L the bottoms selectivty
Cross-section eed |on can be sho hat selectivity can be
i nproved W§S T ‘ﬁﬁhﬁﬂﬁPQWQWHUQ%IQ4a§ gcts of inmproving mxing
on the coke and gas select|V|ty and conversion for a feed in a circular
crg;s-section riser. The table represents a conmercial unit perfornmance

conpari son when changi ng the effectTXx®[\W0 2005/ 047428 PCT/ US2004/ 036109 -11
Post Feed Injector
Yields Pre-Revamp Revamp
Conversion, wt.% Base +0.9
C, Minus Gas Selectivity Base -16%
Main Column Bottoms Selectivity = Base -14%
Coke Selectivity Base -6%

This data demonstrates the importance of jet penetration and optimum mixing.
Even further improvements could be obtained by modifying the geometry of the

injection zone.



diameter of the feed injector jets, as well as changing the velocity, nass

rate, and injection angle with respect to the flow ng catal yst stream The
catal yst duct dinmensions and catal yst stream properties in this case were
not changed. As can be seen from Table 1, the C2- dry gas selectivity
(Second Order Selectivity = Yield/ (copwersion/(100-conversion))) was
reduced 16% the bottons selectivity was reduced 14% and the coke
selectivity was reduced 6% TABLE 1 Post Feed Injector Yields Pre-Revanp
Revanp Conversion, w.% Base +0.9 C2 M nus Gas Selectivity Base -16% Main
Col um Bottoms Selectivity Base - 14%LAIMS Se|ectivity Base -6% This data
denonstrates the inportance of jet penetration and opti mum m xi ng. Even
further inprovenents could be obtained by nodifying the geonetry of the
injection zonel. 9 A2metﬁbAlbemiﬁingﬁﬂuhﬁtdubﬂarﬁdas withi mdluid bydtoebbmpteedi cl es

V\nthafludh r rbon feed reami ction zone of a fluid
el ot o s ot R i to e i badly e GE e W B B onr t el o5 o a
particle condU(aP ; passthg £1Q1AHE ik iea partitidcaephitparticles fromthe particle
conduit to the feed 1njection zone containin non-circul ar condui t

provi ded, that (h)h@néa?tmgcrl@ Suidépgr t pagtigles from the’ particle conduit to the feed
injection zone containing a non-circular conduit provided, that the particle conduit and

the non-circular conduit have a substantially same cross-sectional area; and
(c) injecting fluid hydrocarbon feed into the feed injection zone through a

plurality of feed injectors located upon said non-circular conduit.

2. The method of any preceding claim wherein the non-circular conduit is

ellipsoidal, rectangular, square or two parallel sides with semi-circular or ellipsoidal ends.

3. The method of any preceding claim wherein the non-circular conduit is
ellipsoidal.

4. The method of any preceding claim wherein the non-circular conduit is
rectangular.

5. The method of any preceding claim wherein the feed injectors are

arranged in a plane perpendicular to the direction of axial flow of catalyst in the injection

Zone.

6. The method of any preceding claim wherein the feed injectors are injector

nozzles.

7. The method of any preceding claim wherein the direction of flow from the

feed injectors is perpendicular (90 degrees) to the axial flow of catalyst.



the non-circular conduit have a substantially sane cross-sectional area; and
(c) injecting fluid hydrocarbon feed into the feed injection zone through a
plurality of feed injectors |ocated upon said non-circular conduit. 2. The
met hod of any precedi ng claimwherein the non-circular conduit is

el l'i psoidal, rectangular, square or twg_parallel sides with sem-circular or
el lipsoidal ends. 3. The nethod of any precedi ng claimwherein the
non-circular conduit is ellipsoidal. 4. The nmethod of any preceding claim
wherein the non-circular conduit is rectangular. 5. The nmethod of any
precedi ng cl ain whehgimethofof daimsilnf wherginghe feed injpqtansgeaioniantad ah pagles

per pendi c Lreet an- of . axi-al flow of catalyst in the injection
zone. 6. h@mngﬁh%%f%%%ﬁgﬁ p?gérgéjtfoﬁgf@long\herei n the feed injectors are
injector nozzles. 7. The method of any preceding claimwherein the

direction of flow fromthe eed injectors i erpendi cul.ar. (90 degrees) to
the axi ol 1 ow-of cheamibed of G55 pisdbding Srin iRt BEl e u&ishaint B, T he
feed i nj egjiipha pafeBra@éd eteasl at angles of from20 to 90 degrees in the
di rection of fFOML 9. The nmethod of any preceding claimwherein the feed
injection zone has optinmal penetration of feed. 10. The nethod of any
precedi ng cl aiyp wh i inj i . SN i one has
a penetration feGQUaIe[th% ﬁ%ﬁ%ﬁ&@?i}&ﬁ@{i’@g%%ﬂn e fid {?1% fge%elqjecfeﬁjnﬁg teFed

injection zone has a penetration equal to 0.33Degctive-





