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[0001] This invention relates to the feed injection
waoms/ogfs2@ fluid catal ytic cracker. More partiPRCi/a81004/036109
the geonetry of the feed injection 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 | NVENTI ON [0002] In the fluid
catal ytic cracking process tpr converting high boiling
hydrocarbons to I|ighter hydrocarbons, catalyst
Eagtlcleg in a fluidized state are contacted with
ydrocarbon in I . i ne. The
manner of contaitgﬁgﬁiiggigmggghﬁ@ﬁf2¥1J g€at al yst can
have a marked influence on the performance of a fluid
catalytic cracker ("FCC'). It would be advantageous if
FIEREDPOR TIPRINVERTIIONt he riser of a FCC could be

—conpletery and I nst ant aneously m xed with hydrocarbon
in a feed m xing zone. However, this is not physically
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nmanner in whi ch catal yst and feed are m xed. One
of fddp@decatdlytthe i nj ection nozzle is to nake as fine a

di spersal of feed as possible. The process of making
fine droplets is known as fluid atom zation and is
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[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 as 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.



[ 0004] One manner of influencing the m xing feed and

catal yst focuses on feed preparation. For exanple the
woe@dosEgs b e nixed with a gas stream prior toPCT/US2004/036109

atoni zation. The feed may be discharged 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 nay be used to

accel erate catalyst partickes in the riser. [0005] The

orientation of feed injectors may al so affect feed

m xing. In one case, the feed is radially directed
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There is an advantage to optimizing the mxing zone in
a FCC unit without reliance on accelerating the
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[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



and the non-circular conduit have a substantially

equal cross-sectional area; and-3- (c) injecting fluid
whyasoeraedon feed into the feed injecti on zoneP@TUS29941036109

a plurality of feed injectors |ocated upon said

non-circular conduit. [0008] In another 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 catal ytic

cracker which conprises: (a) passing fluidized

particles to a particle conduit; (b) conducting the
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area; and (c) injecting fluid hydrocarbon feed into

the feed injection zone through a plurality of feed. .
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Figure 1 is a schematic showing the jet m xi ng between
two jets flowng at an angle q = 90 degrees to each
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zone and denonstrates the advantage of using a
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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 penetrate 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 6 = 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.



cat al yst. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0014]
The FCC process normally conprises a fluid catalytic
wee@skings reactor and a regenerator. The FCC rRe/US2004/036109
includes a feed riser containing a feed injection zone
foll owed by a reaction zone in which preheated
fluidized catal yst particles are contacted with
hydrocarbon feed. Spent catalyst particles fromthe
reaction zone are passed tb4-ough a stripping zone and
stripped catalyst is sent to a regenerator. The feed
i nj ection zone gprcaIIy conprises a plurality of feed
i,nj ect.ors ced..a ' I .cat al '
root3}e gt £RASE ARG R bRy bR in CHENAPICC feed
inj e{%%ﬁg%rﬁ?é&ﬁoﬁ&i’%&h@ Ay Mtag 8Ost 4 AbRcitcvlarzdure for the
. e feeds to the FCC reactor may b e individua
cataByfst.m xt ures of feeds including vacuum and at nospheric
gas oils, light cat cracker gas oils, coker gas oils,
resids fromvacuum and at nospheric distillation units,
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_ _ FaF—etactng—soeh as cycle oils,
oils derived fromtar sands and coal, shale oil

synthetic crudes and the Iike. The feeds may be
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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, €.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



[0017] Typical FCC reaction zone conditions include

tenperatures of from427 to 732 C (800 to 1350 F),
wee@sounes of from 135 to 515 kPa (5 to 60 psiPBQT/US2004/036109

catal yst contact tinmes of from0.5 to seconds, and

catalyst to feed weight ratios of fromO0.5 to 10. The

feed may be preheated to a tenperature of from 177 to

454 C (350 to 850 F). [0018] In the FCC reaction zone

of the riser, fluidized hotscatal yst particles are

contacted wth atom zed feed. The feed is rapidly

vapO{!zed 3nd cracked to lighter products such as
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ranséeparated i n an upper disengagi ng section of the

§%actor. The spent catalyst particles are stri pped,

typically with steamto recover additional product.
The stripped catal yst particles are sent to a
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The feed injectors are typically highly optimzed for
profieechnat spenteetalyst arasdparhtedriarayeuppertdisengeaging segiign of the
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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 circumferentially 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



between the feed jets and the catal yst streamis not
or cannot be optim zed because the characteristics of
w0 b@sHeres j et s cannot be changed to all ow for PEL/UNNM/036109
penetration and m xing with the characteristics o f
the catal yst stream and riser dinensions. [0020]
M xi ng theory may be used to predict fluid behavior
when mixing fluids flow ng through different dianeter
circular ducts. Figure 1 shgws a sinplified draw ng of
jet mxing between two jets flowwng at an angle q =
90 degrees to each other through ducts of dianmeters D
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equa ron re I ng tthe char act Ic rates ties,

pené‘t@étﬁﬁi diEmixiapdvith tie cliapavttisties oANthexaugll st steeashand riser
for the case of the relative angle between the two

dimgegiensy = 90 degrees. In the situation shown in Figure
1, where two fluids 1 and 2 flow ng through two ducts
and 2A are contacted with each other, and Mare the
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the contact angle between the two jets of fluids 1 and
othét. thffmgh; dtcss of diamptersdp and ¢1. The, Egs consist of fJyigs haxing
e Y is the penetration t he | |
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at om’ zed i njectors, catalyst density in the
angldb&vicen mhezo;n@ feyt@ ol ¢ 9Lﬁ)alagredsh én thegétuafion 8hawnl ib/Higdre 1,

wh§2 qclwg ﬂultdg ? a\ll’li 20fcllo$v)1/ngo ’Ihrctn?gh 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, Dy 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 © is the contact angle between the
two jets of fluids 1 and 2. For jets with 0 = 90°, Ymax/ D1=1.25 ((p1 W /pz

A% (My/(Mz+ M,)) where Y 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= 0.33 Dy, i.e., 0.33 times the diameter of the larger duct. For the case of FCC
feed injection with two phase gas atomized feed injectors, py,the catalyst density in
the injection zone would be in the range of 10-3 5 1b/ ft’, and u,, the velocity of the
catalyst entering the feed injection zone would be 2-10 ft/s. The density of the feed
jet, p1, 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 diarmeter of the catalyst duct, D, would



catal yst entering the feed injection zone would b e
2-10 ft/s. The density of the feed jet, would be in

wao b@sosmege from5-20 | b/ft3, and the vel ocity PET/UR®04/036109
feed jet, would be in the range from 75-300 ft/s. The
di aneter of the catalyst duct, D would-7- be from1-4
ft, and the dianeter of the feed injector duct, D
Woul dbe 0.05-0.75 ft. The respective nass rates M and
woul d be 330-3300 I b/s for the catal yst stream and
10-50 I b/s for the individual feed injector jets. Wen
the various values of the densities, velocities, nass
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d to occur. en Y =0.33 D, mxing

anddE-BO eby/stbethevindividual $ed & irgpttorjeted Wherethe vdricusivaltdweof the
opti mum penetration limt between the two fluids,
derrslttﬁ&'dwdoclhlﬁ&ughsstm@st awsl dlerst jst divaneiiex atp suhgtitHed info the
90- degre ontact angle. This b et er.m ne
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or when one of the fluids experiences a phase change

such as vaporization. For the specific case noted of
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m Xi ng contepts are applicable to the atom zati on of
dowesttant obthetihjection poiritovhew tiee fenperatueecaf tieysto fliiolw differ or
in a FCC riser. The concepts nmay al so be applied to
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temperatures equilibrated fastest indicating the best mixing when Y o = 0.33 D».
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



woul d be a function of the angle theta (q) between the
axis of the catalyst flow and the axis of the feed
WO njososmaes j ets, and the value of Y for opti munP¢EUS2004/036109
m xi ng woul d be a function of this angle theta. In a
conventional circular duct having nmultiple injection
points, it may not be possible to design the systemto
achi eve this maxi mum opti num penetrati on val ue.
However, in a non-circular s¥stem it is-8- possible
to design the systemto achi eve opti mum penetration
bet ween the catal yst and feed as the two flui ds based
poSfbs CEORATOT LR, ooy AR NGy RO oty
and@ E&anaz| the w6 ity Badedxbi the AU Imsfih{gciﬂd)d’él! y, the feed
i njection zone conprises a non-circular zone geonetry
provi ded that the cross-sectional area of that section
of the feed riser Ieadi3¥1to the injection zone and
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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



arranged in a plane perpendicular to the direction of

axial flow of catalyst in the injection zone. The
walreososidesr of flow fromthe feed nozzl e may bePCT/US2004/036109

per pendi cul ar (90 degrees) to the axial flow of

catalyst, or at angles of from20 to 90 degrees

relative to the direction of flow [0025] Figures 2

and 3 show i njection zone cross-sections for typica

| arger and smaller circul ar ionjection zones,

respectively. Figure 2 shows the plan view

crosssection of a typical |arge dianeter FCC feed
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beﬂe%ﬁ%{le?ﬁ% is&@afﬁfs a large dianmeter circular FCC feed

injection zoné Wi th dianeter designated as 12 contains

a plurality of feed injection nozzles 14. Y is the

di stance 16 of maxi num feed penetration 18. For the
[00263e df Figmedkta amngb-aection 802 lirpeYiametee sgctlaa kGO deed
. .0.33 D, underpenetration and ngn-qptimum jet m xi ng
injggitian zsgsull) With dpgter B, desigpaisd a5 deGataigs aplurpbity of feed
inf A SR L U MR BB B Rt bl BERTRRES 1.
For the case of contact angle 0 = 90°, if Yy, 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 6 = 90°, if Y. 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



22 contains a plurality of feed injection nozzles 24.
Y is the distance 26 between the circul ar

wee@ss4Eexti on 20 and maxi mum f eed penetrati onP@BUSH604/036109
the case of contact angle q = 90, if Y is greater than
0.33 D over-penetration and nonoptimum jet m xing wl|
occur. [0027] Figure 4 denonstrates the advantage of
an enbodi nent the present invention using a
non-circular (rectangular) duget for the catalyst. In
this case, the cross-sectional area of the duct can be
naintained constant relative to the upstreamcircul ar

chaf B PGSR, Preetanged Tor itieliiiifg behihe R foed jets
andrtﬁg \Wak A9st QreAnt 851?5@??0\?13% 6t Pb’gﬁstre'dﬁY‘ﬁM@tr diafdger I)-by

aracteristic dinension reqU| for optlrm m Xi ng

varppwherwidie Weagdh¢ dust sutl thinethe atodsyseictiohalesen ¢sumahsained

provi ded for any upstream duct dianeter by varying the
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dimension Degreetive 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



mai nt ai ned and no significant pressure drop is caused
to the flow ng catal yst stream For injection angles
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adjusted to provide this opti num penetration while
mai ntai ning the required flow cross-section. [0029]
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stream properties in this case were not changed. As

can be seen fromTable 1, the C - dry gas selectivity

(Second Order Sel ectivitBABLE 1

Yi el d/ (conversi on/ (100-conversion))) was reduced 16%

the bottons selectivity was reduced KreiGhiddise coke

.selectivity was reduced 5%, TABLE ng)tét %ed P%}(?ector
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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.
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further inprovenents coul d be obtained by nodifying
the geonetry of the injection zone.-12- CLAIMS ; . A
nmet hod for mxing fluidized particles with a fluid
hydrocarbon feed streamin a feed injection zone of a
fluid catalytic cracker whicfp conprises: (a) passing
fluidized particles to a particle conduit; (b)
conducting the fluidized particles fromthe particle
coaﬂgit to the feed injection zone containing a

C ‘rcul ar conduit provided that the particle
conduit and the non-circular conduit have a
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of any preceding clai mwherein the non-circular
conduit is ellipsoidal, rectangular, square or two
par &)l phsssmgjﬁmdmzd:d]paléwilesdoraqmraclemondult; psoi dal ends.
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per pendi cu di rection of” axial flow of
cat gb)y stjecting ﬂmd 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 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.



i njection zone. 6. The nethod of any preceding claim
wherein the feed injectors are injector nozzles.-13-
wQ@ 20050e742%t hod of any precedi ng cl ai m wher ei n PEEUS2004/036109
direction of flow fromthe feed nozzle is
per pendi cul ar (90 degrees) to the axial flow of
catal yst. 8. The nethod of any precedi ng claimwherein
the feed injector nozzles at angles of from20 to 90
degrees in the direction of jhlow. 9. The nethod of any
precedi ng cl ai mwherein the éeed I njection zone has
opti mal penetration of feed. 10. The nethod of any
precedi ng claimwherein the feed injected into the
feed injection zone has a penetration equal to 0.33D

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

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

8. The method of any preceding claim wherein the feed injector nozzles

at angles of from 20 to 90 degrees in the direction of flow.

9. The method of any preceding claim wherein the feed injection zone

has optimal penetration of feed.

10.  The method of any preceding claim wherein the feed injected into the

feed injection zone has a penetration equal to 0.33Deggective-



