WD 20061071771 PCT/ US2005/ 046778 1 Processing of Different Feeds in a Flui d
Catalytic Cracking Unit Background of the Invention The invention generally

rel ates twobhgohw d Catal ytic Cracking (FCC) processcgifdoRosparticularly
to an apparatus and nethod for processing feed streans having very

di fferent conpositions or boiling ranges in the sane FCC wunit. In fluid
catal ytic cracking processes, it is often necessary to process different
feed streans that have very different properties or boiling point ranges in
the sane FCC unit. These streans can be straight run or cracked materials

from ot her conver spypdeysing 6f Dmpéﬁﬁp? ds'ial 8 Fluag t he same FCC unit.

One of the streans is ge |Ie ot hers are suppl enent al
feeds Intended to naxim z %h)%ﬂgﬁﬁaé "Qmal n product fromthe FCC

unit. The various feed streans nmay require very different cracking

conditions due to very_ different nolecul ar size/structure. As a result, a
nunber ddackareundcof thehEnvention conventional FCC process have been devel oped
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| ess severe conditions. Materials rich in aromatics are difficult to crack

and f or ritieaBiehaViRg yepndiffareat eempesiéions ahbelling danges in Hbe semecFCGeness of
t he cat "ﬁrﬁ t. These considerations need to be taken into account In
determn 5 the best way to process the different streans. U. S. Patent No.

4,051, 013, i gpupdidSeshRmbetragding 1;%Zessé§ fti lseefted héte%saﬁ/l t Pré@isal ytic

cracking process for sinultaneously cracking a gas oil féeed and wupgrading a
gasol i nediffaregé fe@batreambtlatdtayemawﬁdtﬁﬁeaemttmoneltt@s arslilingApaiot mnggs to this
pat ent, contacted w th .f reshl y
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rel ati vefrym other conversion units, or recycled materials from the same FCC unit. One
of the streams is generally the main feed while others are supplemental feeds
intended to maximize production of a certain product from the FCC unit.

The various feed streams may require very different cracking conditions
due to very different molecular size/structure. As a result, a number of
modifications to the conventional FCC process have been developed in which
these streams are fed at different locations in the riser reactor. In general, the
lower boiling or lower molecular weight materials require more severe conditions
to crack, while higher boiling materials require less severe conditions. Materials
rich in aromatics are difficult to crack and form increased quantities of coke,
which reduces the effectiveness of the catalyst. These considerations need to be
taken into account in determining the best way to process the different streams.

U.S. Patent No. 4,051,013, issued September 27, 1977, is directed to a
fluid catalytic cracking process for simultaneously cracking a gas oil feed and
upgrading a gasoline-range feed to produce high quality motor fuel. According
to this patent, the lower boiling gasoline-range feed is contacted with freshly
regenerated catalyst in a portion of the riser reaction zone that is relatively
upstream from the portion of the riser reaction zone in which the higher boiling
gas oil feed is injected. However the lighter gasoline feed is injected at a single



upstream fromthe portion of the riser reaction zone in which the higher
boiling gas oil feed is injected. However the lighter gasoline feed is

I nj ect edyghoResi-hg! € WO 2006/ 071771 PCT/ US200n/ 04677%cTAsp@snicTtshat does not
provi de uni?orm and thorough contact of the catalyst and the feed. U S '
Patent No. 4,892,643, issued January 9, 1990, discloses a catalytic

cracki ng operation using a single ri2zser reactor in which two different types
of cracking catalysts are enployed. In this process, heavy hydrocarbon feed
is introduced to the riser reactor upstreamfromthe |ighter feed. Cracking
of the pdiptathat fdeesi npt prhvidesunifesimgand thosowghyoentact of the catalyatlemd thiki ch i s t hen
conbi nep with a downstream naphtha feed. U S. Patent No. 5, 846,403, issued
Decembet®®d: 1098, discloses a method of inmproving the yield of Iight
olefins in S hle@aasi I Adpcr | ane rating
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the conventional FCC feed injection point. However the lighter feed is injected at
a single point of injection. This method does not provide uniform and thorough
contact between the catalyst and the light feed, and, as a result, conversion and
yield of the desired products are not maximized. Also, in this process the heavier
feed is mixed with conventional FCC feed, i.e. gas oil, and is injected in the riser
through the same feed injectors as the main feed. This design does not provide
optimum conditions for heavier feed to vaporize and undergo the desirable
catalytic cracking reactions.
Therefore, it would be useful to develop a method for processing different
feeds in a single riser reactor of a FCC unit wherein the location as well as the
method of injection are designed so that the different feed streams can uniformly
and thoroughly contact the high activity catalyst at the catalyst temperature that
is best suited for maximum catalytic conversion of these individual streams, and
the contact time between the catalyst and the different feeds is optimized so that
production of the desirable products is maximized.



the contact tinme between the catalyst and the different feeds is optim zed
so that. production of the desirable products is maxim zed. WO 2006/ 071771
PCT/ US2005/ 046778 3 Sunmmary of the Invention The inventi?n_&p?%nizes t he
preci se MRMFBHIand the nethod and apparatus for i AFEESHON™818di 1 f er ent
feeds in a single riser reactor of a FCC unit. An object of the invention
Is to provide a nethod for inproving the yield of C3 and C4, and optionally
al so gasoline range hydrocarbons in a8 FCC process. Anot her object of the
Invention is to provide an apparatus that can be used for efficiently
processi ng hydrocarbon streans of various feed types to obtain higher
yields of C3 and C4 hydrocarbons. The feeds can all be froman external

source, gﬁnﬁﬁgnpgfghéqﬁQbﬁﬁgdn1cﬁ external feeds and recycle streans from
the sane FCC unit. A further object of the invention is to provide a nmethod

for | nprovi ngThéhdnvendioreraptionizesatiee i preaisé | locetiomt ahgt itise cmatHodnandr ocess and
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i nvent i oof CsanadCs,earydcdstionalie Bsbigasdling riapbe &wdfocadiongin @ FCQ pwcessuduct st ream
fromthe FCC uni bagk to tne_riser to increase the yield of C3 and C4
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hereafter. The invention in a preferred formis a fluid catalytic cracking
process fwiernal source, or can be a combination of external feeds and recycle streams
from the same FCC unit.
A further object of the invention is to provide a method for improving the
~conversion rate in a fluid catalytic cracking process and hence improving the
yield of gasoline range material.
Another object of the invention is to recycle a heavier fraction of the
product stream from a FCC unit back to the riser to Increase conversion and/or
to return solid catalyst particles back to the reaction system.
Another object of the invention is to recycle a relatively lighter fraction of
the product stream from the FCC unit back to the riser to increase the vyield of C3
and C4 olefins.
Yet another object of the invention is to provide a method of reducing the
formation of coke and other low value products, e.g. compounds with two or
fewer carbon atoms, in a FCC process.
Other objects of thg invention will be in part obvious and in part pointed
out in more detail hereafter.
The invention in a preferred form is a fluid catalytic cracking process for
increasing yields of C; and C4 hydrocarbons, comprising the steps of injecting a
main feed comprising hydrocarbons with boiling points in the range of 400°F to
1150°F (when measured at atmospheric pressure) into a riser reactor of a FCC
apparatus through a set of main feed injectors, and injecting a light feed



I ncreasing yields of C3 and C4 hydrocarbons, conprising the steps of
injecting a min feed conprising hydrocarbons with boiling points in the
range of 150F (when neasured at atnospheric to a riser
react or d?gg&éégy7%pparatus through a set of main feed |n1e@%§%sb§and
injecting a light feed WO 2006/ 071771 PCT/ U52005/ 046778 4 conpri sing
hydrocarbons wi th boiling points whigh are no nore than about 440 OF (when
measured at at nospheric pressure) into the fluid catal ytic cracking
apparatus through a plurality of light feed injectors disposed upstream from
the maigritihd Ay@etabens il Ballifg boris Whith se MBinfdte!than Goat ¥ap 11 ow
changes direction. In one enmbodinent of the invention, a set I njectors
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than the lower catalyst density region.

The process preferably further comprises the step of injecting a heavy
feed comprising hydrocarbons with boiling points in the range of 570°F to
1275°F (when measured at atmospheric pressure) through a set of injectors for
heavy feed. These injectors are usually located approximately at the same
elevation on the riser reactor as the main feed injectors. In other words the
heavier or difficult to vaporize/crack feed is separately injected through a
separate set of feed injectors that may be specially designed to take into account
the unique properties of this material, e.g. the presence of some solid particles.
The heavier/difficult to crack feed is generally recycle of the heavy fraction of the
products from the FCC unit. Typically, the mass flow rate of the heavy feed
through the heavy feed injectors is about 1-10 wt % of the mass flow rate of the
main feed through the main feed injectors, preferably 3-7 wt % and more
preferably about 5 wt %. In one embodiment, about 1 to 10 wt % of the main
feed is recycled and injected as heavy feed through the heavy feed injectors.



products fromthe FCC unit. Typically, the mass flow rate of the heavy feed
t hrough the heavy feed injectors is about 1-10 wt % of the nass flow rate of
the mai nwpeadtiyrpugh the main feed injectors, prefenallusérsfiomks % and nore
preferably about 5 wt % In one enbodi nent, about 1 to 10 wt % of the main
feed is recycled and injected as heavy feed through the heavy feed

I njectors. WD 2006/ 071771 PCT/ US2005/5046778 5 The light feed usually is

I nj ected downstream froma control valve, which is positioned between the
catal yst regenerator and the conduit portion of the riser reactor. The
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C3 and C4 hydrocarbons fromthe process of the invention typ| cally is at
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The catalyst used is typically of the range of catalysts usually employed in
a FCC process and preferably is a zeolite.

Another preferred form of the invention is a fluid catalytic crécking
process for increasing yields of C3 C4 and gasoline range hydrocarbons,
comprising injecting a main feed comprising hydrocarbons with boiling points in
the range of 400°F to 1150°F (when measured at atmospheric pressure) into a
riser reactor of a fluid catalytic cracking apparatus through a set of main feed
injectors, and injecting a heavy feed comprising hydrocarbons with boiling points
in the range of 570°F to 1275°F (when measured at atmospheric pressune)
through a set of heavy feed injectors positioned at approximately the same
elevation on the riser reactor as the set of main feed injectors. Preferably, the
process further comprises the step of injecting a light feed comprising
hydrocarbons with boiling points of no more than about 440°F into the fluid
catalytic cracking apparatus through multiple injectors positioned upstream from
the main feed injectors. The light feed usually is injected into a conduit portion
of the riser reactor.

A further preferred form of the invention is a fluid catalytic cracking
apparatus comprising a catalyst regenerator and a riser reactor having a set of



el evation on the riser reactor as the set of main feed Injectors.

Preferably, the process further conprises the step of injecting a |ight
feed conpyd 3d06@7170ydr ocarbons wi th boiling points of perARiRsbdsass about 440F
into the fluid catalytic cracking apparatus through nultiple injectors
positioned upstreamfrom the main feed injectors. The light feed usually is
injected into a conduit portion of ¢he riser reactor. A further preferred
formof the invention is a fluid catalytic cracking apparatus conprising a
catal yst regenerator and a riser reactor having a set of WD 2006/071771
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as to inject the feed countercurrent to the direction of the catalyst flow
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plural i txeiRfh bk SHbon feed injectors connected thereto. The riser reactor includes a

conduit portion fluidly connected to the catalyst regenerator for receiving
regenerated catalyst. A set of heavy hydrocarbon feed injectors is positioned at
approximately the same elevation on the riser reactor as the set of main
hydrocarbon feed injectors. The heavy feed injectors can be set up in a way as
to inject the feed countercurrent to the direction of the catalyst flow. The fluid
catalytic cracking apparatus preferably further comprises a plurality of light
hydrocarbon feed injectors positioned upstream from the main hydrocarbon feed
injectors.

Brief Description of the Drawings

Figure 1 is a side elevational view of a portion of a fluid catalytic cracking
unit including the connection between the riser reactor and the regenerated
catalyst standpipe;

Figure 2 is a sectional view taken along line 2-2 of Figure 1;

Figure 3 is a sectional view taken along line 3-3 of Figure 1;

Figure 4 is a sectional view taken along line 4-4 of Figure 1;



hydr ocarbon feed injectors positioned upstreamfromthe nmain hydrocarbon
feed injectors. Brief Description of the Drawings Figure 1 is a side :
el evat i opal 204é/6MrQf a portion of a fluid catal ytic crpeliys@osigi7g | ncl udi ng

t he connection between the riser reactor and the regenerated catalyst
standpi pe; Figure 2 is a sectional view taken along line 2-2 of Figure 1;
Figure 3 is a sectional view taken ajong line 3-3 of Figure 1; Figure 4 is
a sectional view taken along line 4-4 of Figure 1; WD 2006/ 071771

PCT/ US2005/ 046778 7 Figure 5 is a side elevational view of a second

enbodi ment  oFigare1é baieoblevatidnakViewcsFaasatond erilssdimBaat 8Na ok &di ng the
connection between the riser reactor and the regenerated catal yst

st andpi peiuigticgtaigicecraskiag lupitenclediagthewoonection eetheenrthatrisshoeactom Fig. 5;
Figure 7 is a_sid | evaiional view of a third enbodi nent of a portion of a
fluid CQPQI%W f‘%ge@%ﬁtﬁgﬁaﬁﬁt#qnﬂe\pﬁdi ng the connection between the riser
react or anlefglgpe 698NNt &sH ﬁéwqif)tﬁ%emb%gﬁﬁéﬁ&gédho Snﬁ:gi%tg.e 8 is a sectional

view taken along line 8-8 of Figure 7. tal cripti’on of the
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materials is maxim zed. Generally stated, the heavier feed stream which may
be a recycle stream is injected at approxinately the sane location.in the
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can be qurckly vaporize
In accordance with the invention, various feed streams are Injected at

appropriate points in the conduit portion of the riser reactor such that the
process conditions available at those points match the cracking requirements for
the injected streams. Inlet streams are fed in such a way that there is uniform
and thorough mixing of the feed streams with the catalyst at each point of
injection so that conversion of these materials is maximized.

Generally stated, the heavier feed stream, which may be a recycle stream,
is injected at approximately the same location in the riser as the main feed, but
through different injectors, so that this feed can be quickly vaporized and the
coke production from the stream is minimized. The lighter feed, which also can
be recycled product from the FCC unit, is injected upstream of the main injection
point where cracking severity is very high in order that cracking of the lower
molecular weight hydrocarbon compounds is maximized.

The technique for injecting the light feed upstream from the main feed
injectors takes into consideration the catalyst flow pattern around the injection
points. The catalyst flow undergoes a change of direction as it flows from the
regenerated catalyst standpipe to the riser. As the catalyst changes direction, its
flow is not uniform across the cross section of the conduit. Thus, the way the
lighter feed is injected is important. According to the invention, the lighter feed
is injected at number of points downstream of the regenerated catalyst slide



coke production fromthe streaml|s mnimzed. The lighter feed, which also
can be recycled product fromthe FCC unit, Is injected upstream of the main
i nj ecti onwopedsikimhere cracking severity is very high ddr/@n6iRfosd7h@at cracking
of the I ower nolecular weight hydrocarbon conpounds is nmaxim zed. The
technique for injecting the light feed upstreamfromthe main feed

I njectors takes into consideration the catalyst flow pattern around the
injection points. The catalyst flowdundergoes a change of direction as it
flows fromthe regenerated catalyst standpipe to the riser. As the catal yst
changes direction, its, flowis not_uniformacross the cross section of the
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deposits on the equipment downstream. In addition, some of the unvaporized
and unconverted feed ends up in the regenerator where it can burn and increase
the catalyst temperature, adversely affecting the performance of the FCC unit.
The conversion and the yield of lighter products will be reduced due to a reduced
catalyst circulation rate as a result of the increased regenerator temperature. If
the heavy feed is injected upstream from the main feed injection point, a larger
amount of coke is formed on the regenerated catalyst before it meets the main
feed. This reduces the catalyst activity and hence the conversion of the main
feed and the yield of valuable products.

Referring now to the drawings and first to Figures 1 and 2, a portion of a
FCC unit relevant to this invention Is shown and is designated as 10. This
portion 10 includes a riser reactor 12 and a regenerated catalyst standpipe 14.
The lower portion of the riser reactor 12 is a Y-shaped conduit 16 which
connects the regenerated catalyst standpipe 14 to the main section 15 of the
riser reactor 12, which is above the main feed injectors. The riser reactor 12,
including the conduit 16, is filled with catalyst. The catalyst density profile is
such tﬁat the vertex portion 36 of the conduit 16 is a high catalyst density region
38, and the vertical portion 40 of the conduit downstream from the vertex



catalyst circulation rate as a result of the increased regenerator
tenperature. If the heavy feed Is injected upstreamfromthe nmain feed

i nj ecti onwpQbesio717A1 | arger amount of coke is fornmed orpdig63@¢4r68 at ed

catal yst before it neets the main feed. This reduces the catalyst activity
and hence the conversion of the main feed and the yield of valuable
products. Referring nowto the drawiggs and first to Figures 1 and 2, a
portion of a FCC unit relevant to this invention is shown and is designated
as 10. This portion 10 includes a riser reactor 12 and a regenerated
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is injected at various points along the vertex portion 36 of the conduit to take

advantage of the high catalyst concentration in this high density area.

The catalyst flow becomes uniform as it moves up the vertical portion of
the conduit 16. A plurality of main feed injectors 18 are connected to the riser
reactor 12 at the downstream end of the conduit 16, where the catalyst flow is
usually uniform. In the embodiment shown in the figures, the injectors 18 are
slanted upwardly to direct the main feed generally in the direction of catalyst
flow. However, these injectors could be slanted downwardly. At the same
vertical height as the main feed injectors 18, a plurality of injectors 20 for
heavier feed also can be disposed. The heavy feed injectors 20 also are slanted
upwardly to direct the heavy feed generally in the direction of catalyst flow.
However these could also be positioned to inject the feed downwardly. The
heavier hydrocarbons are more difficult to vaporize or crack than the
hydrocarbons in the main feed. It is advantageous for the heavy feed to be
injected separately from the main feed instead of blending it with the main feed
and feeding it through the same injectors. The inventors have found that by
injecting the heavy feed separately, the larger/heavier molecules see or meet the



Is injected at various points along the vertex portion 36 of the conduit to
take advantage of the high catal yst concentration in this high density

area. Theygab@loysh fl ow becones uniformas it noves upchig08bicdral portion
of the conduit 16. A plurality of main feed injectors 18 are connected to
the riser reactor 12 at the downstream end of the conduit 16, where the
catalyst flowis wusually uniform Ingthe enbodi mrent shown in the figures,
the injectors 18 are slanted upwardly to direct the main feed generally in
the direction of catalyst flow However, these injectors could be slanted
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to 1150°F if measured at atmospheric pressure, more preferably 430°F to
1100°F, and most preferably 460°F-1050°F. The "heavy feed" has a boiling
point when measured at atmospheric pressure in the fange of 570-1275°F
typically 600°F to 1250°F, and more preferably 650°F to 1250°F. The "light
feed" has a lower boiling point than the main feed and typically has a boiling
point when measured at atmospheric pressure of 440°F or less, more preferably
430°F or less and most preferably 400°F or less.

Conventional FCC catalysts can be used in accordance with the invention,
including but not limited to those with a crystalline tetrahedral framework oxide
component. Preferably, the catalyst is selected from the group consisting of
catalysts based on zeolite crystalline structure. More preferably, the catalyst is
based on an Ultra stable Y (USY) Zeolite with a high Silica to Alumina ratio. This
FCC catalyst may be used either alone or in combination with a shape selective
pentasil zeolite catalyst structure like ZSM-5 that converts larger linear
hydrocarbon compounds, such as olefins, to smaller olefins.

As is shown in Figures 1, 3 and 4, light feed is injected upstream from the
main feed injectors through a number of light feed injectors 22, 24 and 26. Light



designed for the main feed, the injectors will be eroded by the catalyst
particles and the unit performance will deteriorate. As used herein, the
"mai n fee@o b&m7ey7poi ling point in the range of 400F gaydshaRRfoadrhs measur ed
at atnospheric pressure, nore preferably 430F to 1100F, and nost preferably
460F- 1050F. The "heavy feed" has a boiling point when neasured at

at nospheric pressure in the range of 1670-1275F typically 600F to 1250F, and
nore preferably 650F to 1250F. The "light feed" has a | ower boiling point
than the main feed and typically has a boiling point when neasured at

at nosphefeed injeetsts22 &k pobitfoned dretie vertital WalEbeH Mirted PoFtion 3befFs and nost
preferably 400F or |ess. Conventional FCC catal ysts can be used in

accor danednduitt 16 ather prigxispate decationsat whichgcabalyst changesdlitestiomods with a

crYStal | ReleE AR chERRENIty T et OEBORGR s FrBRSIGRY, e o o ve!
crystal | jni@t&rsr2ic by ghO\M‘?l’iﬁ Fﬁ’gﬁ.ﬁi &fsaididg sldted AbRlaydy ihsthebcﬁ?é%ﬁi()grbfggcu tra

Y
stable Y (USY) Zeolite with a high Silicato APum' na ratio.
cat al yst catalystolow sbrbughttherrisar butconldibe dicsabechhorizontaliyt or downapreisel ecti ve

pentasil.zeolite catalyst structure |like ZSM5 that cqpverts. |arger |inear
hydr ocar BU& 8'&1%%3%899{@@ a&gﬁ%:ﬁgﬁpﬁggfeiihg VWI@?U%’I‘ ggimg.'mﬁgﬂﬁﬁs hown in
Fi gures Jinld @& ion.i Dj ia feed

I nj ect orﬁseetd ﬁ#pgﬁ%ﬂ&e{nndu%‘gfél??‘éﬁlg%t E@Eﬁ@nﬁ@%’??@g@%&f dagﬁg c@%ﬂ.h@u ght WO
2006/ 07 1UpstraOT /eo8asfothe 0ABtER Portion B6eah the vtarrwalRaf thee cpudiit L6r@ad on t he

tical |l of t t tion 36 of conduit 16 at I mat
! ocat | ondraenaifd o SpySteRRois b8 narkace shedt’ Aa Btlfabove, the
cat al yst ufle Rl Bed UBE LBKNARBHYPDrafad o) i8BE hyecRe 221 keotor s 22

are shown 1 n 1 as “bel ng upwar the direction 6 cat al yst
f1 ow t hr ang 26, ke rlighefednlis distribiitécd atbngettiee patinoof zetatyat Iflowoin dogimaar dl y.

) cct | el FRsdng seaba P Phiange FatelyEl CeRStan SHEXCRQSHON BBCRES A act or s 26
are di spRRsd: ABwidi&he feed than regions with lower catalyst density.

Cracked hydrocarbons and the catalyst flow up the riser reactor 12 and
are separated at the end of the riser by means of a solid vapor separation device
(not shown) that could be a cyclonic or an inertial/gravity separator.
Alternatively the riser may be designed to discharge the solid vapor mixture in a
large vessel (not shown) for gravity separation of the solids and the vapor. The
separated catalyst, known as spent catalyst, is then sent to a stripping zone
where hydrocarbons entrained with the catalyst are removed. The spent catalyst
then flows to a catalyst regenerator where the co‘ke on the catalyst is burned off
to regain catalyst activity. The regenerated catalyst is then conducted through
the regenerated catalyst standpipe 14 and along conduit 16 where it comes into
contact with light hydrocarbon feed in the manner described above.

One of the important advantages of providing separate feed injectors for
the main, heavy and light feeds is that the apparatus and method of the present
invention can be used for cracking feeds of various boiling ranges in a single FCC
unit and achieve high performance by producing high value products.

The conduit portion of the riser reactor can have any of a variety of
different configurations. Several additional non-limiting examples are shown in



upstream end of the vertex portion 36 on the lower wall of the conduit 16
and are angled slightly dowmmwardly relative to a horizontal direction. As a

result ofwobb®Puhii pl e feed injector configuration pregwiwkeshysihd ght feed
injectors 22, 24 and 26, the light feed is distributed along the path of

catalyst flowin such a manner that the region 38 of higher catalyst
density in vertex portion 36 gets a 1higher flow of the feed than regions
with lower catalyst density. Cracked hydrocarbons and the catal yst flow up
the riser reactor 12 and are separated at the end of the riser by nmeans of
a sol i d Rigyes 5sep8r dtigues deamd 6 shonoa cehduinpottivat 1 tewith ddirst portiboni ¢ or an
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main part of the riser reactor. Multiple injectors 226 enter the conduit 216 at the

vertex between the first portion 230 and the second portion 232.

Regardless of the configuration, the principal basis of this invention
remains the same, i.e. the lighter feed is injected upstream of the main feed
injection point and in a dispersed way such that the higher catalyst density
regions get a greater amount of this lighter feed, and the contact time of the
lighter feed with the catalyst before this mixture meets the main feed injectors is
optimized. The heavy feed is injected at approximately the same location as the
main feed but through separate injectors.

The invention typically results in an increase in conversion of the lighter
hydrocarbon feed by at least 15% as compared to conventional methods of
injection or processing of this feed. This conversion increase in turn results in an
increase in yields of C3 and C4 hydrocarbons by at least 11%, and often as much
as 18%. In addition, the injection of the heavier recycle stream as described in
this invention results in a conversion increase of the main feed by about 2%.
Gasoline plus C3 and Cq yield increases by at least 5% and often by 8% as
compared to the conventional processes.



whi ch connects the upper end of the second portion 132 to the main part of
the riser reactor. The |lower end 136 of the second portion 132 is below the
poi nt of weoonoweeii’en between the first portion 130 andpdhes9&aA6Es porti on
132 and has a plurality of light feed injectors 122 fornmed on the side wall
126, and a plurality of Ilight feed injectors 124 formed on the |ower end
wal | 128. Figures 7 and 8 depict a gonduit 216 with a simlar shape as
conduit 116 in that a first portion 230 extends vertically downward from a
regenerated slide valve and a second portion 232 is slanted upwardly from
the first portheofolfoifing Sexainpiest @ tincltidedl tboviritrate fofthar viedgortaat | y
extending third portion 234, which is connected to the main part of the

ri ser regatuses andibenefits of Hyelpventiors bet ara Bt torhe consivied aslintibgdt he vert ex
between the first portion 230 and the second portion 232. Regardl ess of the
configuration, the principal basis of this invention remains the sane, i.e.
t he |i ghtemparative Examphki €d upstream of the main feed injection point and
in a dispersed way such that the hi ther catal yst densit regions get a
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I n addi t §19# sHolM Bé]{)@q,t, TapBleof: the heavier recycle stream as described in
this invention results In a conversion increase of the main feed by about

2% Gasoline Plus C3 and 4 yiel dTablerkases by at | east 5% and often by 8% -

RPN et T (T
Methane 1.0
Ethane 1.0
Ethylene 1.3
Propane 1.8
Propylene 7.2
i-Butane 4.0
n-Butane 1.5
Butenes 8.2
Total LPG (C35+C4S) 22.7
Gasoline (Cs to 430°F) 52.1
Light Cycle il (430 to 670°F) 10.2
Frac. Bottoms (670°F+) 6.7

The remaining 5 wt % is coke that deposits on the catalyst and is burned off in
the regenerator.



features and benefits of the invention, but are not to be construed as
limting. Conparative Exanple 1 In this exanple, main feed with a boiling
range of WeQhdw@174P00F is processed along with a |ighiciusher@seats a boiling
range 145F to 375F in conventional manner. The riser reactor is operated at
a tenperature of 1015F at its outlet and a pressure of 25 psig using USY
catal yst without any addition or usg of shape selective pentasil zeolite.
Thi s cracking process yields the product slate shown below in Table 1:
Table 1 Products W 0/0 Methane 1.0 Ethane 1.0 Ethylene 1.3 Propane 1.8
Propyl e k-Butane 4.0 n-Butane 1.5 Butenes 8.2 Total LPG (C3 s+C4
S) 22.7ngxén§1'§%‘%e (C5 to 430F) 52.1 Light Cycle QI (430 to 670'F) 10.2
Frac. Bott onsIhegi00&ss)ofaomdrativeebxarmplad i5 repedied svithothe exeeptiatethati t s on t he

tal yst d [s burned off i th tor. ) 6/ 071771
T/ U205/ l0beed 15 Tieciunshieai GBS Srac dess by thediabhiend s ire 1 i s
" epeat ez 308 SHACH ERRrE L THhclohdbinRSd SFIGHY @xhsheplsgeam of the

main feed int I'njectors 2
compared to the process of Comparative Example 1 is summarized in Table 2.

Table 2
Products Wt %
Methane +0.1
Ethane +0.1
Ethylene +0.2
Propane +0.4
Propylene +1.0
i-Butane +0.3
n-Butane +0.1
Butenes +0.8
Total LPG (C35+C45) +2.6

The increase in production of light components is due to the increase in
conversion of the lighter feed.

Exampie 2

The process of Comparative Example 1 is repeated with the exceptidn that
the heavier feed (the heaviest fraction of the product from the first pass
conversion) that is recycled from the same FCC unit Is injécted through multiple
injectors at the same height as the main feed, but through separate injectors.
The conversion of the main feed is improved over the conversion rate of
Comparative Example 1. Improvements in yield of C3, Cs4, and gasoline range



24 and 26 shown on Figure 1. The increase in yield of |light conponents as
conpared to the process of Conparative Exanple 1 is sumrarized In Table 2.
Table 2 wWooouets7MW  Met hane +0.1 Ethane +0.1 Et hylpemass2@s@467f opane +0. 4
Propyl ene +1.0 !-Butane +0.3 n-Butane +0.1 Butenes +0.8 Total LPG (C3
s+C4 s) +2.6 The increase in production of |ight conponents is due to the
increase in conversion of the |lightegy feed. Exanple 2 The process of
Conparative Exanple 1 is repeated with the exception that the heavier feed
(the heaviest fraction of the product fromthe first pass conversion) that
I's recychgrRoddrBong B§C§I®E§réaqué thei frotessi ofl @msstative exgplaul ar@kBowh nj ectors
at the sane height as the main feed, but through separate injectors. The
conver siipnTable 3helovsi n feed is i nproved over the conversion rate of
Conparative Exanple 1. Inprovenents in yield of C3, C4, and gasoline range
WO 2006/ 071771 PCT/ us2005/ 046778 15 hydrocarbons as conpared to the process
of Conparative Exanple 1 are shownrapee Jable 3 bel ow. Table 3 Product W
Propane +0. 05

Product Wt %
Propane +0.05
Propylene +0.2
i-Butane +0.1
n-Butane +0.05
Butenes +0.2
Total LPG (C35+C4 5) +0.6
Gasoline (C5 to 430°F) +0.8

These yield improvements are achieved even in the case when light feed is not
injected in the FCC unit.

Example 3

The processes of Examples 1 and 2 are combined such that the heavy
feed is injected at the same height as the main feed but through different
injectors, and the light feed is injected through light feed injectors 22, 24 and 26.
Improvements in vield of C;, Cs, and gasoline range hydrocarbons as compared
to the results of Comparative Example 1 are shown in Table 4 below:



Propyl ene +0.2 i-Butane +0.1 n-Butane +0.05 Butenes +0.2 Total LPG (C3
s+C4 s) +0.6 Gasoline (C5 to 430F) +0.8 These yield inprovenents are

achi eved exenodn1ise case when light feed is not i njeatredsesoées FCC unit.
Exanpl e 3 The processes of Exanples 1 and 2 are conbi ned such that the heavy
feed is injected at the sane height as the main feed but through different
injectors, and the light feed is injgcted through light feed injectors 22,
24 and 26. Inprovenents in yield of C3, C4, and gasoline range hydrocarbons
as conpared to the results of Conparative Exanple 1 are shown in Table 4
bel ow. WO 20061071771 PCT/ US2005/ Ofhiéy 16 Table 4 Product W 0/0 Methane
+0.1 Ethane +0.1 Ethylene +0.2 Propane +0.45 Propylene +1.2 !-Butane
+0.4 n-Butane +0.15 Butenes +1.0 Total LPG (C3 s+C4 s) +3.2 Gasoline (Cs

En? tAfﬁgFamlJrgB Thus, —+ c"“.robdeu&een that—by :W‘te";i Ag—H-ght er feed upstream
Methane +0.1
Ethane +0.1
Ethylene +0.2
Propane +0.45
Propylene +1.2
i-Butane +0.4
n-Butane +0.15
Butenes +1.0
Total LPG (C35+C45) +3.2
Gasoline (Cs to 430°F) +0.8

Thus, it can be seen that by injecting lighter feed upstream of the main
feed injection point and through multiple injectors at locations surrounding the
area over which the change in direction of catalyst flow occurs, the conversion
and yield of C;3 and C4 hydrocarbons in a FCC process can be improved. In
addition it can be seen that by injecting the heavier feed at approximately the
same elevation as the main feed injection point but through separate injectors,
the yields of C;, C4 and gasoline range hydrocarbons can be markedly improved.
The advantages of both the above operations are additive when these are
carried out at the same time.



feed injection point and through multiple injectors at |ocations surroundi ng
the area over which the change in direction of catalyst flow occurs, the
conversion and yield of C3 and C4 hydrocarbons in a FCC process can be
inproved. In addition it can be seen that by injecting the heavier feed at
approximately the sane elevation as the main feed injection point but

t hrough separate injectors, the yields of C3, C4 and gasoline range
hydrocarbons can be markedly inprovedy; The advantages of both the above
operations are additive when these are carried out at the sane tinme. 17
What is AVBatigglaigedis: A fluid catalytic cracking process for increasing
yields of C3 and C4 hydrocarbons, conprising: (a) injecting a main feed
conpri sing hydrocarbons with boiling points in the range of 400F. to 1150F.
into a rilser Adhdd oatabyticacrackinglpreeas fdriincreasiag lietds apPaand @5 t hr ough a set
of main feed injectors, .the riser reactor including a dowmmwardly sl anted
portion éwaf%?a i 891r|an8'P9i on di sposed downstream fromthe downwardly

sl anted porti @) in@éfing BImainifesd bMpasihg%gwcgmbr@qmm béiliRg pbine pcar bons wi th
boiling points of no nore than about 440F. into said flurd catalytic
cracki ng appathf [rngemnfdQghF. ta 1idPST. intoghtiseraeactonpee flyid eatalyieed at t he

i Sposed on t FECHSE RO ouBRG se 8 M REERs i Mgk et onm
fromthe firsindiudithg afdeechwariigaianted pbeionfdridsd vemidaisgartionl dispgbéd f eed

i njectors bei posi tioned at |ocations at which catalyst flow changes
direction andggg’”ﬁg?arﬂmqrﬁmﬁ downwary,sl@aatedREHOHIAN to claim 1, wherein

said |ight feegd ihschitd 86 At ; i i QF nsad i SR AT eact or .
3 & process. Soanralid SHigRE(ech conbroftnTl otk AR ol S el °2°) ver
cat al yst densimorertieay sbowtrfdt03F hinttheaid faidadaalyticieracking appgiratns through pr ocess

according to %lfﬁistrﬂg%t fevemdelFu%icPors lsip%slecij %mhe]c I%%%r iers'ldio?jtheec;[iéz'\edr riegétgrgﬁcijd
through a second light feed injector disposed on the downwardly slanted
portion of the riser reactor upstream from the first light feed injector, the
first and second light feed injectors being positioned at locations at which

catalyst flow changes direction and is not uniform.

2. A process according to claim 1, wherein said light feed is injected into a

conduit portion of said riser reactor.

3. A process according to claim 2, wherein said conduit portion has a lower

catalyst density region and a higher catalyst density region.

4. A process according to claim 3, wherein said light feed is injected into said

higher catalyst density region.

5. A process according to claim 3, wherein a larger portion of said light feed
is injected into said higher catalyst density region than into said lower

catalyst density region.



hi gher catal yst density region. 5. A process according to claim3, wherein a
| arger portion of said light feed is injected into said higher catalyst
density region than into said |lower catalyst density region. 18 6. A
process according to claim1, further conprising the step of: (c) injecting
a heavy feed conprising hydrocarbons with boiling points in the range of
570F. to 1275F. through a set of heavy feed injectors. 7. A process
according to claim®6, wherein said sefg of heavy feed injectors is

positioned at the sane elevation on sald riser reactor as said set of main
feed i njfect ofsProgessnagrasgiag 4o sladmrlafyrther sompaisiastherstgr akr conpri sing t he

step of: (c) inyj; i q S r 1 boi l'i ng
ot nts of i n (ORTEELTEa heAREed oA E bl Ao Rs O S ) °F ce
injectors. 9. the angees $78tk.dodi27§°k.chughra &t oftheaey feedaingdctms. of heavy feed

injectors is positioned at the sane elevation on said riser reactor as said
set of main feed injectors. 10. A process according to claim7, wherein

about 1 t70 10 AWro¥esd a&crdingab !&IaiﬁQﬁWHe?eih%ﬁ)bCéé%fﬁ@Qv* fieRGhRetdr§isst ep (c).
11. A process according to claim7, wherein the mass flow rate of said heavy

feed t hr Poghiosad at Hessame elayation e saidsrises regriot asi saig sed oivmain teedt he mass

flow rat e 8Brsai d main feed through said nain feed injectors. 12. A process
accordi ng FE°8 ai m 2, wherein said light feed is injected downstreamfrom a
control valve positioned between said catal yst regenerator and said conduit
portion of said riser rea 13. A_process according to claim12, wherein

tor.
sai d cpnt8\* ol Mrg’ee%a%orgl@ééﬂémeﬁfleyteé|°§>§”tpr'§mgdee\$g€m/%f; 14. A process
according to ¢hahtng Wheas) feddCnipity RYdroda®dfls Htnlbiling points of in

the range of 570°F. to 1275°F. through a set of heavy feed injectors.

9. A process according to claim 8, wherein said set of heavy feed injectors is
positioned at the same elevation on said riser reactor as said set of main feed

injectors.

10. A process according to claim 7, wherein about 1 to 10 wt % of said main

feed is recycled and injected in step (c).

11. A process according to claim 7, wherein the mass flow rate of said heavy
feed through said heavy feed injectors is about 1 to 10 wt % of the mass flow rate

of said main feed through said main feed injectors.
12. A process according to claim 2, wherein said light feed is injected
downstream from a control valve positioned between said catalyst regenerator

and said conduit portion of said riser reactor.

13. A process according to claim 12, wherein said control valve is a

regenerated catalyst slide valve.

14. A process according to claim 1, wherein the yield of C3 and C,



hydr ocarbons fromsaid fluid catalytic cracking process is inproved by at

| east 2% over a process in which said |ight feed is injected at one

| ocation upstream fromsaid main feed. 15. A process according to claim1,
wherein the yield of propylene is at |least 2% higher than the yield of
propylene in a process in which said light feed is injected at one | ocation
upstream fromsaid main feed. 16. A process according to claim1l, wherein
said catalyst is a zeolite 17. Aflyd catalytic cracking process for
increasing vields of C4 and asol i ne range hydrocarbons, conprising:

(a) i nj edVARFAELRS fﬁomé@w tgesataly wgcrﬂ%%eaqoséms imrravesbby phigasbi nts in
the rang‘?")?fovéroggroée@s Jwitfen <44 ﬁ%@ féé@?srl fe% &ror%flo@aﬁdr’[’%{i’stf@aﬁl ytic

cracki ng appar at through a set I njectors riser reactor

i ncl udi ndram devimaindegd sI anted portion and a vertical portion disposed
downstream fromthe dowwardly sl anted portion, (b) injecting a heavy feed
conpri sing hydrocarbons with boiling points in the range of 570F. to 1275F.

through asset AOprodesy Mcdd8mgitBicRimor < &vhe@@iﬁltﬁé oReAofproprRnEadBt RASVat i on on
said riser reactor as said set of main feed injectors, and (c) injecting a

i ght fedd bisher thamiGenyeld o arairnevinapresess mgviveh saidl light fred ifor e t han
about 44%: gfe?ta(? gllgcd‘t{ow@sggéﬂ%m fd'ﬁ]%b,,rfggdapparat us through first and

second | | I'nj ec i oned upstream fromsaid main feed
injectors at |ocations at which cat al yst fl ow changes direction and is not
uni form the second | |ght feed ect bei ng*g%éfytl oned on the downwardly

sl ant ed p@rt i HhPTeresHaceqrding t?é oh Whesein ga stis& g to claim 17,
wherein said light feed is injected into a conduit portion of said riser
reactor. 20 19. A process according to claim18, wherein said conduit
portion Has aA fiwidcatadyticatrgekingl prasiesy fordgéreasiagyieddhvtyBerCcandl yst density
regi on, and Iar er ortign o
gasoline r hy%rocar ons, comprising:

(a) injecting a main feed comprising hydrocarbons with boiling points in

the range of 400°F. to 1150°F. into a riser reactor of a fluid catalytic

cracking apparatus through a set of main feed injectors, the riser reactor

including a downwardly slanted portion and a vertical portion disposed

downstream from the downwardly slanted portion,

(b) injecting a heavy feed comprising hydrocarbons with boiling points in

the range of 570°F. to 1275°F. through a set of heavy feed injectors

positioned at the same elevation on said riser reactor as said set of main

feed injectors, and

(c) injecting a light feed comprising hydrocarbons with boiling points of no

more than about 440°F. into said fluid catalytic cracking apparatus through

first and second light feed injectors positioned upstream from said main

feed injectors at locations at which catalyst flow changes direction and is

not uniform, the second light feed injector being positioned on the

downwardly slanted portion of the riser reactor.

18. A process according to claim 17, wherein said light feed is injected into a

conduit portion of said riser reactor.



of said light feed is injected into said higher catal yst density region than
into said |ower catalyst density region. 20. A process according to claim
1, further conprising injecting a light feed conprising hydrocarbons wth
boiling points of no nore than about 440F. into said fluid catalytic

cracki ng apparatus through a third light feed injector disposed adjacent to
the first light feed injector. 21. A process according to claim20, further
conprising injecting a light feed cogprising hydrocarbons with boiling

poi nts of no nore than about 440F. into said fluid catalytic cracking

appar at us'® hr GURIRCESS BELAAING;tg Ktaimei Whereib Said candulasiiohhpniadewet o t he
second |1 N HEG ; i i ; erein the
Fourth 110t EEg RN and &g e e ] AR SRy Sl ant e
portion. d3aiddight feseksis injecteddntagaichighei catalyst dénsityiragivhdéharndmdaidi ght f eed
i njector IS di,[sl Of(gd L{gst reamfromthe first light feed injector. 24. A
process a\%‘ﬂ%rr%ﬂ ﬂgs FETRY'98: wherein light feed is injected through a
third light feed injector disposed adjacent to the first light feed injector

and a fourth light feed injector disposed adjacent to the second |ight feed
i nj ector.20. A process according to claim 1, further comprising injecting a light feed

comprising hydrocarbons with boiling points of no more than about 440°F. into
said fluid catalytic cracking apparatus through a third light feed injector disposed

adjacent to the first light feed injector.

21. A process according to claim 20, further comprising injecting a light feed
comprising hydrocarbons with boiling points of no more than about 440°F. into
said fluid catalytic cracking apparatus through a fourth light feed injector

disposed adjacent to the second light feed injector.

22. A process according to ctaim 21, wherein the fourth light feed injector

injects light feed into the downwardly slanted portion.

23. A process according to claim 17, wherein the second light feed injector is

disposed upstream from the first light feed injector.

24. A process according to claim 23, wherein light feed is injected through a
third light feed injector disposed adjacent to the first light feed injector and a
fourth light feed injector disposed adjacent to the second light feed injector.



