28 Jul 2005 WO 02/085501 PCT/ US02/ 10977 APPARATUS AND PROCESS FOR
ENHANCED FEED ATOM ZATI ON  BACKGROUND [ 0001] Fl uidized catal yti ¢ gcpackisng
(FCO) iswvamopedsshl i shed and widely used process in the quﬁggﬁﬁﬂhy”
refining industry for converting relatively high boiling products to
nore val uabl e | ower boiling products including gasoline and m ddle
distillates, such as kerosene, jet fuel and heating oil. The pre-em nent
catalytic cracking process is the fluig.catalytic cracking process (FCO
wherein a pre- heated feed contacts a hot cracking catalyst. During the
cracking reactions, coke and hydrocarbons deposit on the catal yst
particles, resulting in a loss of catalytic activity and selectivity.
The coked cAAIARA Gz cBROSHED 5 EEHR IEAY I HEFEERY AOMBLATION *are
stripped, usually with steam to renove as nuch of the
material as technically and econom cally feasible. The stripped
particlesqigeﬂ&§'ﬂj [pon-strippable coke, pass fromthe stripper and to
a regene » regenerator, the coked catal yst particles are
regenerated by contacting themwth air, or a mxture of air and oxygen,

ot her m d0PACE T ERiialad Tauall 6 Ktk DRERE BOERHBHARA o WREIEBEEL™Y
catal yst 4RotdlQ ih THP BERbIUASTCIRRRE RRtTusBY ok @bnl&iein H@%ﬁi&l}nhfgh%&]ﬁh%ng

reactions. [00021 The process occurs in“an integrated unit” conprising the

cracki ng predudtoto nidre vahuabpplwertbudling peoduas aicluding gabeliag pnd priddliee
ancillary equi pment. The catalyst is continuously circulated fromthe
react or ordistaiases, such ankerasene.jet fusl ang heating @1k hEbe pis-emineng gatabytia or

on] D2CK L i RGPl VIR LS S T bR g
operation h'the‘#YcEﬁ ch&c&eﬁ”‘Boﬂ%xﬁQHﬁ%%tahdlﬁ]th q}ﬁﬁﬂg S @fa%kixflg:rcﬁl:'ﬁiéﬁsc 'cgﬂé for

mai ntai ni ng the cracking reaction e ‘circualating, generate
catal yst hadrgdrocarbons deposit on the catalyst particles, resulting in a loss of catalytic

activity and selectivity. The coked catalyst particles, and associated hydro-
carbon matenal, are stripped, usuvally with steam, to remove as much of the
hydrocarbon matenal as technically and economically feasible. The stripped
particles, containing non-strippable coke, pass from the stripper and to a
regenerator. In the regenerator, the coked catalyst particles are regenerated by
contacting them with air, or a mixture of air and oxygen, at elevated tempera-
tures, resulting in the combustion of the coke—an exothermic reaction. The
coke combustion removes the coke and heats the catalyst to the temperatures

appropriate for the endothermic cracking reactions.

[0002]  The process occurs in an integrated unit comprising the cracking
reactor, the stripper, the regenerator, and the approprnate ancillary equipment.
The catalyst is continuously circulated from the reactor or reaction zdne, to the
stripper and then to the regenerator and back to the reactor. The circulation rate
is typically adjusted relative to the feed rate of the oil to maintain a heat
balanced operation in which the heat produced in the regenerator is sufficient for
maintaining the cracking reaction with the circulating, regenerated catalyst being

used as the heat transfer medium.



used as the heat transfer medium 2 0 JUL 2005 WD 02/ 085501 3 JUL 2005
PCTI USO%O&Z%_SO- 2- [0003] To provide optinal catal ytic cracki né

condi ti ohs “ORE®r nore nozzles preferably col lectively E5FASOPRET7

hydr ocarbon streamin a pattern that expands to cover substantially the
entire cross-sectional area through which the cracking catalyst is
flow ng. Inproved spray coverage provi.des better catal yst- hydrocarbon
feed m xi ng whi ch enhances catal ytic cracking reactions and mnminimzes
thermal cracking reactions. Thermal cracking reactions produce

undesi rabl e products such as net hane and et hane and decreased yiel ds of
nore val uable FCC products. [0004] The nozzles preferably produce fine
hydr ocar qooedeed TH privéds opnal GARRS crackRm ®A6SS onkhf el o2Afes
hydr ocar bon feed droplet surface area to volune increases, which

accel er atmefdrably ¢ollactiively $preynthé by dedcatlymt strean e a paytdrodeat lerparddsets and
shortens hydrocarbon feed vaporization tipe. I cker _vapori zation

i mpr oves GFver qubttantally the entgesepssnspatonal ar@ﬁ%ﬁfct}mhcwbmetba@g@cm

vapori zed hzhdroc bon fe[ﬁ? difﬁfluses into the po(ile f the catal yst.
Conver sel PR S TEVIE- | FPRIAYEL SPIAYLILASH RIS Rser SatlYsipor i zat i on
and m xi ' ' . | | t 3 cki ng

pr oduct srig,r(lj&%%%idl?te)h ﬁf‘%rsrf&p ocggiheésﬂ&glngég%[%%ggs lgﬁg‘?&E@ILS Eg{cdta)lnom' cally
reduce f qRfhifHio®y @lerfhF racRihg PREONSs. Thettl driclife réi s §R6dudH005]
Singl e-stage addition of injection or dispersion steamto hot oil for
FCC f eed undesoablerproducisisuchaswnethand ted atltane Sndatacreasad gselds bfimaqhase

m xture vvitHo'I ich pronotes formation of liquid |iganments as this
oil and le PFredudds.ej ect ed through the throat (orifice) of the
I njection nozzle. These liganents rapidly break up into smaller dianeter

droplets. Increasing the kinetic
[0004)  The nozzles preferably produce fine hydrocarbon feed droplets. As

droplet size decreases, the ratio of hydrocarbon feed droplet surface area to
volume increases, which accelerates heat transfer from the catalyst to the
hydrocarbon feed and shortens hydrocarbon feed vaporization time. Quicker
vaporization improves yield of catalytic cracking reaction products because the
vaporized hydrocarbon feed diffuses into the pores of the catalyst. Conversely,
any delay in vaporizing the hydrocarbon feed vaporization and mixing it with the
catalyst increases yields of thermal cracking products and coke. Thus, processes
and apparatuses that can economically reduce feed droplet size can 1mprove

yields in FCC processes.

[6005]  Single-stage addition of injection or dispersion steam to hot oil for
FCC feed injection is well-known in the art. Steam creates a two-phase mixture
with oil which promotes formation of liquid ligaments as this oil and steam
mixture is ejected through the throat (orifice) of the injection nozzle. These
ligaments rapidly break up into smaller diameter droplets. Increasing the kinetic
energy of the o1l and steam mixture and effectively converting kinetic energy to
surface tension energy is believed to improve atomization quality by creation of

smaller mean liquid droplet diameters. Methodology for steam addition varies



energy of the oil and steam mixture and effectively convertinggien®

ener gy tg osbgskece tension energy is believed to inprove zat i on
quality by creation of snmaller nean liquid droplet di ame]%a(g,ﬁﬂg.02/10977

Met hodol ogy for steam addition varies T8 JUL 2005 WD 02/ 085501

PCTI US02/ 10977 -3- widely. In sone instances, steamis sinply added via
a nozzle or mxing tee connected to_tshe oil feed |line upstream of the
nozzle. The prior nethods seek to obtain a nearly honbgeneous m xture of
steam and oil upstream of the atom zing nozzle tip. However, the prior
met hodol ogy does not recognize the ability to achieve even better

at om zath%ljayln@ﬂmennﬁgnm, isteaireisstimply addedviacs nozelo wi nakingntet| ui d)
addition devices as di.scl Qqsed herein. SUMVARY (0Q006]. One enpodi pent of
the pr es@mem\sﬂeﬁ%tﬁs&lk@ﬁgﬁ}wsyem nogele. ol bsrpaphmeshodsaeekdad in

nozz o, Sl bEGLE hofRERNERL ittt Serhvag® ol okl e pfilfizhg ro.
atom zi ﬂ%zleé*ﬁg. ifoweddr! Ble gigeﬁi ﬁ%ﬂ?d&?oﬁ?( aéesﬂ)?ééﬂee i2€ e é‘ﬁ&ﬂ%ﬁu{rom the
first mxing zone to a seco m X1 ng zone; (c) iIn the secon Xl ng zone,

cont act i sthidveeevandidttes atémindtion ty eahbiixg RenldphestvaraopofiRgond at om zi ng
fluid selected fromthe group consisting of steam |ight hydrocarbon
gases, atomizasitsi Huid)@dditidrededtes andisclodyd pessinng the resulting mixture
fromthe second m xing zone through a feed nozzle. 10007] Anot her

enbodi nrent of the present invention conprises anatom zing process

corrprisinglaémm ecting a first atomzing fluid into a feed; (b)

subsequ jecting a second atom zing fluid into the feed/atom zing
fluid mxture fromstep (a), the second atom zing fluid selected from

the gr OU(Boé’(gi n;@ﬂégmbbgﬁﬁeﬁ}yﬁﬁﬁéﬁ-&%ﬂt ARRAfion Yoth IR W AbEQRFof Ner eof ;

and (c) 'pas
atomizing an FCC feed in an FCC feed injector comprising a plurality of mixing

zones and a feed nozzle. The process comprises (a) contacting the FCC feed
with a first atomizing fluid in a first mixing zone; (b) passing the mixture from
the first mixing zone to a second mixing zone; (c) in the second mixing zone,
contacting the mixture from the first mixing zone with a second atomizing fluid
selected from the group consisting of steam, light hydrocarbon gases, and
combinations thereof, and, (d) passing the resulting mixture from the second

mixing zone through a feed nozzle.

[0007]  Another embodiment of the present invention comprises an atomizing
process comprising (a) injecting a first atomizing fluid into a feed; (b)
subsequently injecting a second atomizing fluid into the feed/atomizing fluid
mixture from step (a), the second atomizing fluid selected from the group of
steam, light hydrocarbon gases, and combinations thereof; and (c) passing the

mixture from step (b) through a nozzle.

[0008]  Another embodiment of the present invention comprises an atomizing
process comprising: (a) sparging a first atomizing fluid into a feed; (b)

simultaneously sparging a second atomizing fluid into the feed, the second



m xture fromstep (b) through a nozzle. ]10008] Another enbodijr n;J % t he
pr esent W?%si'odq conprises an atom zing process conpri si ng:{ga} L 2003
spargi ng'a St%atomi zing fluid into a feed; (b) sinult BCEEUSIRAL0977
sparging a second atom zing fluid into the feed, the second 2 8 JUL 2005
WO 02/ 085501 PC [US02/10977 -4 atomzing fluid selected fromthe group
consisting of steam I|ight hydrocarbon, gases and conbi nations thereof;
and (c) passing the mxture fromstep (b) through a nozzle. [0009)

Anot her enbodi nent of the present invention conprises a fluidized

catal ytic cracking process conprising: (a) passing an FCC feed to a feed

i nj ector ateRfiBneIuld s@lddted fohl theXrolh xRS sHRRDF shath digh 3R deocabon i N 2
first mxing zone, injecting a first atomzing fluid into"the FCC feed,
(c) in a gasesadd corihinatzamethersod] andfpadsingshe eannifre dromh ke {)st i xi ng
zone, injecting a second atomzing fluid into the FCC feed/ atom zi ng
fluid mxuewessereie first nixi ng zone, the second atomzing fluid
sel ected fromthe group consisting of steam |ight hydro- carbon gases,
and conbi nations thereof; (d) passing the FCC feed/atomzing fluid

m xture f the@ﬁgﬁ b X] . . : havi ng
an outl et['bggéi tione ?’ge’g}%gﬁ‘g%’@??%% %&gg{‘%ﬁpgg%%hﬁ;&ﬁ%g? sﬂ]@n Sﬂa
reaction catalpfic ceiking @roce@s tamipriRthg: 3@) padefgeat FOedtts arfeell injettds
catalyst in the reaction zone to produce a product stream and spent

cat al yst cxonpmsisg ragplusality mfabixén hyohescardoonezzle () Gh aMmst hexingdoomd] ment

of the present inyention, gonprises FCC feed injector conprising: (a) a
feed i nl SRJECHPE afirst atomizang i g‘t‘P%Eﬁ ECQﬁe ; (Qa dSepBE AWXINE Z0HE i ng

L1, R B SRR S SRS AR b

confi gur §siddnto the FCC feed/atomizing fluid mixture from the first mixing zone, the
second atomizing fluid selected from the group consisting of steam, light hydro-
carbon gases, and combinations thereof; (d) passing the FCC feed/atomizing
fluid mixture from the second mixing zone through the nozzle, the nozzle having
an outlet positioned to produce a spray of FCC feed droplets into a reaction
zone; and, (e) contacting the FCC feed droplets with a FCC catalyst in the
reaction zone to produce a product stream and spent catalyst comprising

strippable hydrocarbons.

[0010]  Another embodiment of the present invention comprises a FCC feed
injector comprising: (a) a feed inlet; (b) a first atomizing fluid inlet; (¢) a second
atomizing flnid inlet; (d) an external sparger in fluid communication with the
feed inlet and the first atomizing fluid inlet, the external sparger configured to
define a first mixing zone; (e) a second mixing zone in fluid communication
with the second atomizing fluid inlet and the first mixing zone, the second
mixing zone configured to receive the FCC feed/atomizing fluid mixture from
the first mixing zone and promote mixing between the mixture from the first
mixing zone and a second atomizing fluid; and, (f) a feed nozzle in fluid com-
munication with the second mixing zone, the nozzle configured to pass the FCC

feed/atomizing fluid into the riser reaction zone in a predetermined spray pattern.



define a first mxing zone; (e) a second m xing zone in flui d .2:'8 {U&J[&Qﬁ
ng

comuni cRlg Bssaphth the second atom zing fluid inlet and Eg‘f‘/ljsbfﬂsom
zone, the second mxing zone configured to receive the F

feed/atom zing fluid m xture from the first m xing zone and pronote

m xi ng between the m xture fromthe first mxing zone and a second

atom zing fluid; and, (f) a feed nozzlg-in fluid com nunication with the

second m xi ng zone, the nozzle configured to pass the FCC feed/ atom zing

fluid into the riser reaction zone in a predeterm ned spray pattern. 2 8

JUL 2005 WO 02/085501 PCT/US02/10977 -5- [00111 Anot her enbodi nent of

the present invention conprises a FCC feed injector conprising: (a) a

feed inl g0011]b) Arfdthatemnbodinrem@ffthepresent @ivenfion cangezend FGCdaedi ng

fluid inlet; (d) a thin?)tee in fluid comunication with the feed inlet
q

and the finfestorsacanpasing: €a) i fged anlet; (b adinst stomyjzingeflaidnniajutcd @ segondf i ne
a first mxin ne;. (e) second m xipng .zone in.fluid ¢ I gatjon

W th the Sutite TG mERH ARGRGNE Hcoh B RETRRICSH ORI GIBied 1idte
second mxi i . ' e . | 71 fluid
vecond MW 89 noRREINGEInl ESFIoNE, Ko G egtd pLal sang, |

m xture frmdimg Bené; (e3h setaidmhizppeonednFluid @eaiduaicatiba ivith fleudedondnd,
(f) a feed nozzle in fluid conmunication with the second m xing zone,

t he nozzlatomomhg glmednlebapdte filt nHLDE B, thosecondgniing doné nt o t he
riser reaction. zone in a predeterm ned spray pattern, 100121 Anaqt her

enbodi merfongigusbiqyessnistthe fidnfeeshatosnpmesbaidampdurs Bem thedpst myxng
f -0l ety (h) a fir. i zing fluid inlet;
cocond 0BRBP HohiEAs giRliferhithy e pitby s the Bt attpiing Poricymd &
| att ! el ot ) m €1 il et
Che 1y Sreboi Moieblieuid 8Hd, ) e flor€ ih thid oBh@ifichon Witinn! ©
at om zi ngetond thiring zame(rtdieenonzié oonfigiredeo pabetheHACCT feed/atndizing huid

atom zing fluid; (e) an external sparger in fluid comunica-
nto the nser reaction. zone in a predetermined spray pattern.

[0012]  Another embodiment of the present invention comprises a FCC feed
injector comprising: (a) a feed inlet; (b) a first atomizing fluid inlet; (c) a second
atomizing fluid inlet; (d) a first mixing zone in fluid communication with the
feed inlet and the first atomizing fluid inlet, the first mixing zone configured to
receive the FCC feed and first atomizing fluid and promote mixing between the
FCC feed and first atomizing fluid; (e) an external sparger in fluid communica-
tion with the second atomizing fluid inlet and the first mixing zone, the external
sparger confi gure.d to define a second mixing zone, the second mixing zone
configured to receive the FCC feed/atomizing fluid mixture from the first mixing
zone and promote mixing between the mixture from the first mixing zone and a
second atomizing fluid; and, (f) a feed nozzle in fluid communication with the
second mixing zone, the nozzle configured to pass the FCC feed/atomizing fluid

into the riser reaction zone in a predetermined spray pattern.

[0013]  Another embodiment of the present invention comprises a FCC feed

injector comprising: (a) a feed inlet; (b) a first atomizing fluid inlet; (c) a second



tion with the second atom zing fluid inlet and the first m xing ??nﬁﬂfg&e
ext er nal W%p@zr/(ggrmconfi gured to define a second m xi ng zone, the~secon

m xi ng zone contigured to receive the FCC feed/ atoni zi ng AN r e
fromthe first mxing zone and pronote m xi ng between the m xture from
the first mxing zone and a second atom zing fluid; and, (f) a feed
nozzle in fluid conmmunication with the_gsecond m xing zone, the nozzle
configured to pass the FCC feed/atom zing fluid into the riser reaction
zone in a predeterm ned spray pattern. [00131 Anot her enbodi nent of the
present invention conprises a FCC feed injector conprising: (a) a feed

i nl et; (b)atemizingthadoniet;(dg affinsi chixmigezane(in)fhadsenondnizatidbnwith th€005 WO
02/ 085501 PCT/US02110977 -6- atom zing fluid inlet; (d) a first mxing
zone in flifeed idehardhtheafirss atamizang Haid inded thefisst raiang wen¢ cesfigated#ozi ng

SR (R BT e S By 5
Lt s Bl AR 0%, P PO R i

confi gur egdhé Qechid zi’t_@nﬁzﬁ\%qm@ iffletiand the st ﬁxbﬁn?%ﬁé‘,dﬂa@ﬁﬁﬂﬁ%we
configured to receive the FCC feed/atom zing fluid mxture fromthe
first m xicopfigored tindefine @ vecendiniking Zeoaeydenseched mixing zotie configuretli r st
m Xi ng zone and a ,secand om zing fluid, and, (f feed nozzle in
fluid comt@ieeays Bie Wﬂwfesazat@w«ma fluid rgure drem %ﬁ%rﬁblzlzwegcz@ﬁﬁa@dr ed

to pass the E feed/ at Qqm zi flupd into.th ri-ser _reactiqn zone,in a
b etot or PO pay e BeRh e mithiie S e Btk BRRw A<t IB8 41
Figure | i ; ath ' fgrg{ IS Bmtntd t

i nt er nal g%%@g‘%éé%%’w]& |£$égag{ OIZ% ustir]gitdg(go an e a%nn‘gﬁ?acggrsrgérbll}sq ng a
m Xi ng t eenixixe aone, the nozzle configured to pass the FCC feed/atomizing fluid into the

riser reaction zone in a predetermined spray pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]  Figure 1 illustrates an embodiment comprising a mixing tee and an

internal sparger.

[0015]  Figure 2 illustrates an embodiment comprising a mixing tee and an

external sparger.
[0016]  Figure 3 illustrates an embodiment comprising a pair of mixing tees.

[0017]  Figure 4 illustrates an embodiment comprising an internal sparger

upstream from an external sparger.

[0018]  Figure 5 illustrates an embodiment wherein the mixing zones are

configured to at least partially overlap.



external sparger. 100161 Figure 3 illustrates an enbodi nent conB%hﬁ}qﬂ a
pair of Woy:Rgsdhfes. 100171 Figure 4 illustrates an embodi nent L1005
conprising an internal sparger upstream from an external P§pASEEI77100181
Figure 5 illustrates an enbodi nent wherein the m xi ng zones are
configured to at |east partially overlap. JUL 2005 WO 02rosszOr 2 8

PCT/ US02/ 10977 -7- [0019] Figure 6 ildmstrates an enbodi nent conprising a
pair of internal spargers. [0020] Figure 7 illustrates an enbodi nent
conprising a pair of external spargers. DETAILED DESCRI PTI ON [ 0021] The
process enbodi nent s disﬁlosed herein conprise nultiple stage injection
of atomi K] | vigurspdllasirates anicmpadimenheempriaing apais wfdeemalses f eed
droplet size. After multiple injections of atom zing fluid, the
feed/atoﬁ?@gﬁ@‘ fluid m xture passes through a nozzle that can be
configured to create a predeter- mned spray pattern of feed droplets.
The apparatus enbodi nents di sclosed herein generally conprise a feed

i nj ect or [eodapt alFiguteon ilasraes bn R&Ybodimeli SdmPesingeepait dif @ktePhaln022! es.
The feed injector conprises a plurality of m Xing zones, preferably two
m xi ng z&pArgersThe m xi ng zones may conpletely or at least partially
overlap, or one zone may be conpl etely downstream from one another so-
that there is no overlap between m xi ng zones. The enbodi nents di scl osed
herein c g us fluid entering the injector nozzle,

t her eby ﬁgﬁ@ﬁﬁiﬁgﬁggﬁggggﬁggﬁfabIe dropl et size distribution. The

enbodi nents disclosed herein are useful -in a variety of processes,

i ncl udi nﬂ)OE?F’ bHle Prdcel? Emlbiomrﬂgrﬂstd?sclosed herem comprise multiple stage

injection of atomizing fluid into an incoming feed material, which decreases feed

droplet size. After multiple injections of atomizing fluid, the feed/atomizing
fluid mixture passes through a nozzle that can be configured to create a predeter-
mined spray pattern of feed droplets. The apparatus embodiments disclosed
herein generally comprise a feed injector adaptable for use with new or existing
feed injector nozzles. The feed injector comprises a plurality of mixing zones,
preferably two mixing zones. The mixing zones may completely or at least
partially overlap, or one zone may be completely downstream from one another
so that there is no overlap between mixing zones. The embodiments disclosed
herein create a more homogeneous fluid entering the injector nozzle, thereby
creating a more desirable droplet size distribution. The embodiments disclosed
herein are useful in a variety of processes, including FCC, but are not limited to

use with FCC processes.

[0022]  Each mixing zone is configured to mix a stream of atomizing fluid and
feed material, preferably in a liquid state. Each mixing zone is preferably
configured to inject the atomizing gas into the feed. Though not preferred, the
flow paths of the feed and the atomizing fluid could be switched (i.e., the
process/apparatus could be configured so that the feed is sparged into the

atomizing gas).



use with FCC processes. [0022] Each m xing zone is configured t2' Lr}wé 2%05
streamof_atom zing fluid and feed material, preferably in a I'(?

state. Ead %Y zone is preferably configured to inj ecPCERBOAIGAT zi ng
gas into the feed. Though not preferred, the flow paths of the feed and
the atom zing fluid could be switched (i.e., the process/apparatus could
be configured so that the feed is sparged into the atom zing gas). 2 8

JUL 2005 WD 02/ 085501 PCT/ US02/ 10977 -8- [0023] The atomizing fluid may
conpri se subcool ed water (water having a tenperature above its nornal

at nospheric pressure boiling point at pressure sufficient to maintain it
inaliquid state), steam light hydrocarbon gas (C4-), inert gases

and/ or confghsati o t : are
not lim tggb%% rre??i]aenie}%ﬁ%hg ]gr}{)#% gﬁgég‘?‘? e?fg%vajﬁér}gw&h%%y ene,
propyne, RQefpefatandatiieReRoRnal aﬂﬁi@@?ﬁéﬁ gfe%sﬁﬂe%cﬁﬁh 'oﬁﬁrét PIEsGee as used
herein include, but are not limted I um hydr ni‘t r ogen,

ar gon, and;ufﬁmlanttosmanxabjne]tmerliqlgdsme)astéannrlighm@dmmbdmgm{& Yhe sane
or a different atomzing fluid may be injected into each m xi ng zone.

Al t er nat i VBEK gameamﬂpbﬁﬁ)mbngattqnau 1eal b@laémdebmga%cso@ﬁhﬂ% butr ce

T L A AR R A P RS
limted tg %utt%?elsaﬁ@gutenleghﬁﬁ R8inb %?%{&%Vtﬁen%?goéﬁﬁﬁ g&&%‘ ggoers 310

and ot her ent nmeans nown | n e art |rrents

enpl oyi ng mﬁﬁﬁGﬁélﬁdél Bhediealot dmgited tog heRufa hydrégen ni?t?@géiﬁ%rgdﬂ fanges are
si zed such that at typl cal operating conditfions, atom zin luid is

i nj ect ed iother suitgbleinfesieghsas ahd glombehateortsi thsreop?r Ehesamby)rgrrhﬁﬁeecntt han
about .. . .. . .. .
atomizing fluid may be injected into each mixing zone. Alternatively, the
atomizing fluid may be derived from a common source and split into predeter-
mined amounts passing to each mixing zone. Each mixing zone may be
configured in a variety of ways, including, but not limited to mixing tees 320,
internal spargers 300, external spargers 310 and other conventional means

known in the art.

[0024} In embodiments employing spargers (internal and/or external), the
sparger orifices are sized such that at typical operating conditions, atomizing
fluid is injected into liquid feed at high velocities, preferably greater than about
250 ft/sec (about 76 m/sec), more preferably greater than about 500 ft/sec (152
m/sec).

[0025]  One embodiment of the present invention is shown in Figure 1. The
feed injector 100 has an outlet connecting it to a nozzle 200, shown as a box
indicating that any conventional nozzle may be used with the injector 100.
Injector 100 generally comprises a conduit 102 defining a fluid passageway 103
and configured to define at least two mixing zones. Two mixing zones 110, 120

are shown 1n each Figure 1-7.



250 ft/sec (about 76 msec), nore preferably greater than abougs 0
ft/sec w(g%z/o:{g&ﬁec)- [ 0025] One enbodi nent of the present_inventio ZI@
shown in Figure 1. The feed injector 100 has an outlet JEMHEREIAY7it to
a nozzle 200, shown as a box indicating that any conventional nozzle my
be used with the injector 100. Injector 100 generally conprises a
conduit 102 defining a fluid passageway. 103 and configured to define at
| east two m xing zones. Two m xing zones 110, 120 are shown in each
Figure 1-7. 2 B JUL 2005 WD 02/08"01 PCTI US02/ 10977 -9- [0026] The
enbodi nent shown in Figure 1 has a mxing tee 320 that m xes incom ng
feed froppotepd iThetmbodimentshatwaninFigord | hiad apabing ted 2@ dol niinket 111
[ zone 110. The feed/atom zing fluid m xture passes

in the first ni
:° P om fe ir %lggnﬂiqjﬁ f%zgig femeieedon]eitl® 1 swith atpmizing fuibpassimp thrangh mist bl

300 m xes. the f tom zing .fluid m i th addjtiopal
ot il e dimat g Zass: (1nare Ftiupmingeridi e B P IRRt 121
th h out:lhet . okdfi ; i nt it ni
w th PRk et A ecdRmhififGohl 120, AP AT oAy SO0} XS

passes fﬂﬁrﬁ:wﬁtdxﬂjzﬁ% finid 8fixmne with &ddtenilndtoHaringdrzde THOAdd@ivmial i ng
in a spray of liquid feed droplets. 10027] The enbodi nent shown in Figure

2 is sinmitorrzing flwdtpaskesroiminigtgi?d ethrdygleaetdet(s)t 122t (cmfices) endvaitospar ger
310 is used in the second.m xing zone 120.to _ inject addjtional atom zing
fluid w wsagr@mééef ayhsixe 3§ mxas wiithy the passing Fedftapuzingdimidaaixtyres

m Xxing zene 110. Q Th eg%)odi nt. shown in Figure,3 is sinlar to
That | Shon Tovoting, Pifie PaSeS IR0 A MieFiontlg hadnd e BrpBeinfie s,
second M0 RGuERNLInlZ a9 dMiRRE feP@idpiqRal atom zing fluid with the
f eed/ at om zi ng fltuid x?ure cg'gss? ng fotrpom'

[0027] The embodiment shown in Figure 2 is similar to that shown in Figure

1, except that an external sparger 310 is used in the second mixing zone 120 to

inject additional atomizing fluid with the feed/atomizing fluid mixture passing

from the first mixing zone 110.

[0028] The embodiment shown in Figure 3 is similar to that shown in Figure
1, except that a mixing tee 320 is used in the second mixing zone 120 to inject
additional atomizing fluid with the feed/atomizing fluid mixture passing from

the first mixing zone 110.

[0029] The embodiment shown in Figure 4 illustrates an embodiment wherein
an internal sparger 300 injects atomizing gas into the first mixing zone 110 and
an external sparger 310 injects atomizing gas into the second mixing zone 120.
Though not shown, the external sparger 310 could be used to inject atomizing
gas into the first zone 110 in conjunction with an intemal‘ sparger 310 in the

second mixing zone 120.

[0030]  The embodiment shown in Figure 5 is similar to that shown in Figure

4 except that the internal sparger 300 and external sparger 310 provide overlap



the first m xing zone 110. 100291 The enbodi nent shown in Figur ﬁULZWS
i1 lustr 8s an_enbodi nent wherein aninternal sparger 300 injec @
atoniziﬁé J493530 0 the first nmixing zone 110 and an ext ePEEUSEHEGRr 310
injects atom zing gas into the second m xing zone 120. Though not shown,
t he external sparger 310 could be used to inject atomzing gas into the
first zone 110 in conjunction with an jognternal sparger 310 in the second
m xi ng zone 120. 100301 The enbodi ment shown in Figure 5is simlar to
that shown in Figure 4 except that the internal sparger 300 and externa
sparger 310 provide overlap 2 8 JUL 2005 WO 02/ 085501 PCT/ US02/ 10977 10-
bet ween betvesn e fanst ase sevandingxing zooaed 18.1020.17be firstearfd secondnd second

m xi ng zones 110, 120 artially overlap, conp]etely overlap, qr not
over| ap. Titing 7oricss 1 Jg0ay Rartialls écTla, RarEIHEbLS S G g PRERED  hat
the m xi o] rqgersq.ak. | rtially.overla 31]. The
enbodi m%?a@h%usl%ﬁq&%gﬁ?%a’%si ﬁ?rts}g{a?’gf)gé S%%%%Wﬂgma%%ﬂ%@f‘h“g fR%r nal
spargersg etsut9hstHaPHAIl) BYe¥fs | Nto the first and second m xing zones
110, 120." The enbodi ment shown in Figure 7 illustrates an enbodi nent
wherein external spargers 310 inject atom zing gas into the first and
second m xing zones 110, 120. [OOSZE.W ewi ng Figure 4, downstream m xi ng
zones (i 1@31] ni xThgembediment showiriliige . iHusiraten pnsupbedimant wheteing
i xi ng. zBMEDaea ot fof bed HteriaRE s Rta LIS SErOd mOBnE FOBFhal
pi pe dia e -er : ' l.pe
di amat_ergr,%’a% 'e@cle}%%n[g{rogfnglrﬁe ée%é%ﬁiﬁgﬁe@ggeﬁﬁ%ggﬁféfhgéﬁgﬁg%@% internal
ItOIh pe di aidlepdif -exldrfalédrafie s 100NRP A mYing baé ntBtRE Erabind sRaadr ed al ong:
e

mixing zones 110, 120.

[0032]  Viewing Figure 4, downstream mixing zones (i.e., mixing zone 120 in
Figures 1-7 or any subsequent mixing zones, if desired) are preferably positioned
downstream from preceding mixing zones at a distance L; equal to or less than
about 50 internal pipe diameters, more preferably less than about 15 internal
pipe diameters, and even more preferably between about 3 and about 5 internal
pipe diameters. The distance component of L, is preferably measured along the
axial centerline of passageway 103 and is measured between the approximate
midpoints of any two mixing zones. The distance between the final mixing zone
(i.e., mixing zone 120 in a two-zone injector) and the nozzle 200 outlet orifice
(not shown) designated as L, in Figure 4, is preferably less than about 15
internal pipe diameters, more preferably between about 3 and about 10 internal
pipe diameters. The length component of L, is measured along the axial
centerline of passageway 103 between the approximate midpoint of the final

mixing zone and the outlet orifice of nozzle 200.

[0033]  One could use mixing tees 320 in place of the spargers, and vice versa.
Conduit 102 can be any suitable shape or cross-section such as L-shaped

(Figures 1-2, 6-7) or substantially linear (Figures 3-5). Though not shown in the



axial centerline of passageway 103 and is neasured between tthJULZNS
approxim&b& mgiﬁgoints of any two m xi ng zones. The di stance between the
final mXi 6 Ol (i.e., mxing zone 120 in a two-zone i BYUSHHYWIENd t he
nozzle 200 outlet orifice (not shown) designated as L2 in Figure 4, is
preferably | ess than about 15 internal pipe dianmeters, nore preferably
bet ween about 3 and about 10 internal_ j;pi pe dianeters. The length
conponent of L2 is neasured along the axial centerline of passageway 103
bet ween the approxi mate m dpoint of the final m xing zone and the outl et
orifice of nozzle 200. [0033] One could use mxing tees 320 in place of

t he spar Gigmes.athe atomezivgfhad pas¥inginto ¢koR neixindeomnhayuddrafel fomhthpe or
cross-section such as L-shaped (Fligures 1-2, 6-7) or substantially

| i near (FREYPErs@¥rE.5). Though not shown in the 2(c) JUL 2005 WD 02/ 085501
PCT/ US02/ 10977 -11- Figures, the atom zing fluid passing into each

m xi ng zone nmay derive fromthe sanme source. [0034] Viewing Figure 1 for

exanpl e, per gt i | Ul S ' he g t.hrough
Food i ni L0080 Tt Fhe el § SLEBBERSG obgR b ayadett piet Woioflp) &
at om zi ngnjebtdr 400! throulitefde@dnleP30$ 20Y ihft AuiddpSlgeneyy 103 Stanm Wret 111,
where the steamis injected, or mxed, with the fTow'™ng feed in first

m Xi ng ot stit@blecatbomzing flwid; ishagpetdd (jadses] hetogiassagehersdl 08 watintetf | ows
downstream in fluyid passageway 103 to second m xing zone 120 where it

mi xes wi i lawhseeBecsteamis mupged) of mixed, gvith thedayingfesdia dirstmaxing

assos t PBGANC A QST A SYo-PaR THHS; EHEIMABE BRGRPREDS AQUSTERB0. The
nozzle tk !ﬂugcppg%% E\Q?yfl?)@qo@b@oncﬁn‘?ﬂb t, o \kfﬂel%gﬂﬂiﬁgs ay pattern.
e add tIOﬁ o] ui ee

[0035] T atom zi ng to the |i1qui creates a
t wo- phaseecond atomizing fluid (e.g., steam) injected into passageway 103. The

combined mixture from the second mixing zone 120 passes through the outlet
end of mjector 100 and into a nozzle 200. The nozzle then sprays the feed (in

droplet form) in desired spray pattern.

[0035]  The addition of atomizing fluid to the liquid feed creates a two-phase
mixture that promotes formation of liquid ligaments as the feed and atomizing
fluid pass through fluid passageway 103. Applicants believe that as more
atomizing fluid is injected at high velocity into the mixture in subsequent mixing
:zone, the kinetic energy of the mixture increases and its homogeneity increases,
causing liquid ligaments to form as the liquid feed/atomizing fluid is ejected
through the throat (orifice) of the injection nozzle 200. These ligaments rapidly
break up into smaller diameter droplets. Applicants believe that increasing the
kinetic energy of the feed/atomizing fluid mixture and the effective conversion
of kinetic energy to surface tension energy improves ator_nization quality by

creation of smaller mean liquid droplet diameters.

[0036]  The injector 100 is operated so that at least a portion of atomizing gas
1s injected into each zone 110, 120. In a preferred embodiment, the flow of

atomizing gas into the first mixing zone 110 is at least 10 wi%, more preferably



m xture that pronotes formation of liquid |liganents as the feed 9UL2%5
atom zin fluid pass through fluid passageway 103. Applicants belreve
that as @/083%% i zing fluid is injected at high vel oci t POIAISO2/Mi 0887

m xture in subsequent m xing zone, the kinetic energy of the m xture
increases and its honpbgeneity increases, causing liquid |liganents to
formas the liquid feed/atom zing quHg is ejected through the throat
(orifice) of the injection nozzle 200."“These liganents rapidly break up
into small er dianeter droplets. Applicants believe that increasing the

ki netic energy of the feed/atom zing fluid m xture and the effective
conver si b agtq f ! i s

oo zat o0 UL Ot RSO SOWEY ASF( oR AL M PRELE TR pifRiaing
di anet er gas hfj6ded intetherfeedt The IoMalirleppdthe etbnsigirigh@ds pdsstemsthea portion
of atom zing gas _is injected_ into each zone 110, 120. In a preferred
enbodi mefecondhaixingwose 124; end subspqyant maxipgtdones,iif snclpdgd.ng zone 110 is
at least 10 w% nore preferably 2 8 JUL 2005 WD 02/ 085501

PCT/ U502/ 10977 -12- between about 10 and about 50 wt./0, based on the
total wehght tomzing gas injected into the feed. The remai nder
of the aﬁ?@jﬂﬂ& Jagebaspasses to the second m xing zone 120, and
subsequent m xi ng zones, if included. The FCC Process [0037) In a
preferre odi o C t L.scl ein are
used in ﬂ%@ﬁgper%f?éﬁ#%ﬁﬁé%éﬂﬁﬁgiﬁﬁaﬁﬁgRﬁﬁgég gﬂﬁﬁé%ﬁg%ﬁgﬁfﬁﬁﬁogﬁé type

of flui dhepdiflayd ﬁ&@frﬁP@Cr@éﬂﬁ‘ﬂiéﬂ.pWGQ‘@CWgEm% hh{beaa 88 o@firf £ny e

special arrangenent of the reaction, stripping, and regeneration Zones,
et c. FCChfpeecaf flpimscatalytio caadkiiiy unitprobessewithoutdimithgoneds tcthewspecbe or
nore feed injectors/nozzles intg the reaction zone, usuall ryF conprising a
riser reatABECMERHOT BisEactian, SUMRRINEcyihEqssneRtionzangs, etcc Fhcktersl
catalyst P s?s%g %j afPr CE Bt SHERSE N fn?gcted through one or more feed

injectors/nozzles into the reaction zone, usually comprising a riser reactor, and

contacts a hot regenerated catalytic cracking catalyst passed from a regeneration
zdne. The hot catalyst vaporizes and cracks the FCC feed to form cracked
products and coke. The cracking reaction deposits coke on the catalyst, thereby
at least partially deactivating the catalyst (referred to as spent catalyst). The
cracked products are preferably rapidly separated from spent catalyst using a

cyclone separator.

[0038]  The spent catalyst passes into a stripping zone where a stripping agent,
such as steam, strips volatiles (strippable hydrocarbons) from the spent catalyst.
Stripping may be performed under low severity conditions to retain adsorbed

hydrocarbons on the spent catalyst for heat balance.

[0039]  The stripped catalyst passes to the regeneration zone where it is
regenerated by burning off the coke on the catalyst in the presence of an oxygen-
containing gas, preferably air. Regeneration restores catalyst activity and
simultaneously heats the catalyst to between 650°C and 800°C. The hot catalyst

is then recycled to the FCC reaction zone where 1t contacts injected FCC feed.



zone. The hot catal yst vaporizes and cracks the FCC feed to form cracked
products and coke. The cracking reaction deposits coke on the catglyisi0s

t her eby watezjoessst partially deactivating the catalyst (re S
spent catalyst). The cracked products are preferably r apf’gf@’%@éﬁ’g@t ed

fromspent catal yst using a cyclone separator. [0038) The spent catal yst
passes into a stripping zone where a stripping agent, such as steam
strips volatiles (strippable hydrocarbidns) fromthe spent catalyst.
Stripping may be perfornmed under | ow severity conditions to retain
adsorbed hydrocarbons on the spent catalyst for heat bal ance. [0039) The
stripped catal yst passes to the regeneration zone where it is

regenerated by burning off the coke on the catalyst in the presence of an

ox%/ge_n£ d@%tl(ﬁi ni ﬁglly?@m@,vepﬁleﬁ@l;lé@fyfetaﬁrcan htegzlsné.{ @uicbrfec:dsswic@élydachﬂgygg oc
acti vi a sj mul t aneousl y.heat s e ca S 0 bet ween n :
The hot dRiCEpGRbORGCEonR S DS e TphC OO AR T Sne IPRED | ¢
cont act s /hyj e FCC f eed. 5 5501. PCTI 1)S02/ 10977
03 T ooAb ROy ComvehiR o TRV bRt S SRR el o a1
i ncl ude oS- 1Ok i 430F to
about  10SOTESETORE TRy HohY B felp PR e, '
conpri si pgtrokih iathespheeid distlatiay boftOmepétbeistin varramy dandlatieduced
petrol eum crude oil, etrol eum at nospheric distillation bottomns,
petrol euﬂnommmmtdhsasp%abtt bﬂumenooﬂmwgpaw bydrocaghomaresiduss; tansand etl$ier
heavy hydyocar.pbqn r.esi dues; ,tar nd oil s, hale oil, |iqui roduct s
Gor 1 ved® SRl bt predtid: doRves BbE Soal Tinelachop MiostssesrabmRxtigh Foc
feed may C i {I%S’% S]H&H |l vy
cycl e oi I@égﬁeﬁ??ggf%%pd%ﬁg%gg(gﬁﬁﬁ%é s]egr cegg&gr"gg’\?%“é’ﬁ‘ﬁ‘{r%lg‘g oils
boi I'i ng iof hieh®y casigiRb PrefakalifecdempldedOn this process are vacuum gas

oils boiling in the range above about 650°F (343°C).

[0041]  The process is preferably carried out in a conventional FCC riser
reactor (reaction zone). The process conditions in the FCC reaction zone
include: (i) temperatures from about 500°C to about 650°C, preferably from
about 525°C to 600°C; (i1) hydrocarbon partial pressures from about 10 to 40
psia (70-280 kPa), preferably from about 20 to 35 psia (140-245 kPa); and, (ii1) a
catalyst to feed (wt/wt) ratio from about 1:1 to 12:1, preferably from about 4:1 to
10:1, where the catalyst weight is the total weight of the catalyst composite.
Though not required, steam may be concurrently introduced with the feed into
the reaction zone and may comprise up to about 10 wt%, preferably between
about 1 and about 3 wt% of the feed. Preferably, the FCC feed residence time in
the reaction zone is less than about 10 seconds, more preferably from about 1 to

10 seconds.



[0041] The process is preferably carried out in a conventional RECJUl 3085
react or (y§@shdskfy zone). The process conditions in the FCC reaction zone
include: (1) tenperatures from about 500C to about 650C, pPeF&P®MNY7% rom
about 525C to 600C, (ii) hydrocarbon partial pressures fromabout 10 to
40 psia (70-280 kPa), preferably fromabout 20 to 35 Asia (140-245 kPa);
and, (iii) a, ~catalyst to feed (Wt/w)4ratio fromabout 1:1 to 12:1,
preferably fromabout 4:1 to 10:1, where the catal yst weight is the
total weight of the catal yst conposite. Though not required, steam may
be concurrentlf introduced with the feed into the reaction zone and may

conpri se t 10 ww% preferably between about 1 and about 3 wt%
of the feed. Preferably, the FCC feed residence tine in the reaction
zone is | bhan.gbout 10 seconds, nore preferably fromabout I to 10
seconds. 5 WO 02/ 035501 PCT/US02/10977 -14- EXAMPLES Exanpl es

1-2 100421 Experinental testing shows that staged steaminjection can

resul t i ngalsRPr O et I 'a]éinA' ,ﬁﬁgg& ' 1
shows bas[goggs)e yl €l ds |ﬁr?h§{03g§%¥§§%tﬁﬁistt V\ntﬁha . \l%ﬁg&)jﬁa%lcqg%ﬁgggsteam
into the jnipreet® FA@Sseeldsipon the total weight of the incom ng oil feed.
The exanpl e can be better understood viewng Figure 2, which illustrates
an enbodi ment used in exanple 1. Steaminjection into the oil feed was
st aged vviéh 10, wt % of the total incomng steaminjected through mxing
tee 320 i S st mxing zone 110 and 90 wt % of the total inconing
steaminjected through external sparger 310 into the second m xi hg zone

120. [0043] Example 1 in Table 1 shows base case yields in 50 kB/d FCC unit
with 1.08 wt% incoming steam into the injector based upon the total weight of
the incoming oil feed. The example can be better understood viewing Figure 2,
which illustrates an embodiment used in example 1. Steam injection into the oil
feed was staged with 10 wi% of the total incoming steam injected through
mixing tee 320 into first mixing zone 110 and 90 wt% of the total incoming
steam injected through external sparger 310 imto the second mixing zone 120.
External sparger 310 was located about 13 internal pipe diameters upstream
from the nozzle 200 atomizing (outlet) orifice. The second mixing zone 120 was
positioned approximately 20 internal pipe diameters downstream from the first

mixing zone 110. The results are shown in Column 2 of Table 1.

Example 2

[0044])  The test conducted in Example 1 was conducted again, but steam
injection through mixing tee 320 into first mixing zone 110 was increased to 20
wt% of the total incoming steam and 80 wt% incoming steam into the second
mixing zone 120 via external sparger 310. The results are shown in Column 3 of

Table 1.



Ext ernal sparger 310 was | ocated about 13 internal pipe di aneter&JUL 2005
upstrea e nozzle 200 atom zing (outlet) orifice._The second

m Xi ng rzﬂgr(])fe(fz?%s‘baas positi oned approxi nately 20 internal PS?@éo%ﬂ(ﬁ%t ers
downstream fromthe first mxing zone 110. The results are shown in
Colum 2 of Table 1. Exanple 2 [00441 The test conducted in Exanple | was
conducted again, but steam injectionijshrough mxing tee 320 into first

m Xi ng zone 110 was increased to 20 wt%of the total incom ng steam and
80 wt/o incomng steaminto the second mxing zone 120 vi a external
sparger 310. The results are shown in Colum 3 of Table 1. 28JUL2005 WO
02/ 085501005]/ USBiletbp#Tdel Sompadsts] ofShd ae pyltssihav campwreassnnd30fhe

results shows an increase i 4§3F .conversjon at_ constant coke yields,

i ncr ease&onwswwoeonéwtm@w dy BeeaskslPGorield andrincigasebbefompe
delta yields were || he .i,ncrement al st tQ the fi.rst mxi,ng zone
was. al 2o ROt ARguEh B deREEIR N Bre Gp i Ihe et et et ¥ 0l 0
the fir st miifg 2006 WS sm@RY ApiiftagiShdiRveth Sl firtBiRYRIRALA. Tabl e
1 Exanple | 2 S%eam I njection LOCGI%I ons St ageg I'njection Staged

| nj ect i osteatrPtoStheafinst mikdppt zerehvukd rgultan grddie? ficl darbpeaverentownst r eam
M xi hg Zone 90 80 Yield (wt% C2- 2.8 2.9 PG 17.2 17.5 C5/430F 50.7
50.9

Table 1
Example 1 2
Steam Injection Locations Staged Injection | Staged Injection
Wt% Steam to Upstream Mixing Zone 10 20
W1% Steam to Downstream Mixing Zone 90 80
Yield (wt%)
C,- 2.8 2.9
LPG 17.2 17.5
Cs/430°F 50.7 50.9
430°F/650°F 18.2 18.7
650°F+ 5.6 5.5
Coke 4.4 4.4
430°F- Conversion wt% 75.7 76.3




430F/ 650F 18.2 18.7 b550F+ 5.6 5.5 Coke 4.4 4.4 430F- Conversion wt %
75.7 76.3 WO 02n085501 2 8 JUL 2005 PCT/US021 10977 - 16- CLAI - %””hg“%
i

FCC f eedwihy conprising: (a) a feed inlet; (b) a fir to

fluid iﬁrgmzms%sgg a second atonizing fluid inlet; (d) an éﬁf@?%%(i‘ %dpar ger
in fluid communi cation with the feed inlet and the first atomzing fluid
inlet, the external sparger configured to define a first m xing zone;

(e) a second mxing zone in fluid conmgni cation with the second

atom zing fluid inlet and the first m xing zone, the second m xi ng zone
configured to receive the FCC feed/atom zing fluid m xture fromthe first
m xi ng zone and pronote m xi ng between the m xture fromthe first m xing
zone andCLABMEond atomi zing fluid; and (f) a feed nozzle in fluid
comuni cation with the second m xing zone, the nozzle configured to pass
the FCC feed/atom zing fluid into the riser reaction zone in a
predet er mi ned spray n,.2. The injector according to claimt wherein
t he second nixing Zéﬁgibggﬁ$PH§@@rﬁﬁn1 ghal sparger, an externa
sparger, or a mxing tee. 3. The injector according to claiml| wherein
the first and se@na feqilsalety zones at |east partially overlap.

(b) a first atomizing fluid inlet;
(c) asecond atomizing fluid inlet;

_ (d) an external sparger in fluid communication with the feed inlet and
the first atomizing fluid inlet, the external sparger configured to define a first
mixing zone;

(e) asecond mixing zone in fluid communication with the second
atomizing fluid inlet and the first mixing zone, the second mixing zone
configured to receive the FCC feed/atomizing fluid mixture from the first mixing
zone and promote mixing between the mixture from the first mixing zone and a

second atomizing fluid; and

() afeed nozzle in fluid communication with the second mixing
zone, the nozzle configured to pass the FCC feed/atomizing fluid into the riser

reaction zone in a predetermined spray pattern.

2. The injector according to claim 1 wherein the second mixing zone

comprises an internal sparger, an external sparger, or a mixing tee.

3. The injector according to claim 1 wherein the first and second

mixing zones at least partially overlap.

4. The injector according to claim 1 wherein the second mixing zone

is positioned downstream from the first mixing zone.



4. The injector according to claiml wherein the second m xing zone is
posi tioned downstream fromthe first nixing zone. 2 8 JUL 2005 287UE2005
The injector according to claim] mhpf in feed nozzle is positioned |ess
t han about 15 internal pipe dianmeters downstreamfromthe second m xi ng
zone. 6. The injector according to claim1l wherein the second m xi ng zone
is positioned | ess than about 50 internal pipe dianeters downstream from
the first mxi.ng Henejector addoedingjcedtior | ahewidfend nbzrle isgiositidnedkesei n t he
first and second m xing zones at |east partially overlap. 8. The

i nj ect orthacagwutil hint¢roalglips din@etehedeinstredre fwet tedesrindimigingomaei s
positioned downstreamfromthe first m xing zone. 9. A FCC feed injector
conprising: (a) a feed inlet; (b) a first atomzing fluid inlet; (c) a
second atom zing fluid inlet; (d) a mxing tee in fluid conmmunication
with the feed.inl ekheangctonecdording to daiond wihargirf thgisecandineixjngt4eee i xi ng t ee
configured to define a first mxing zone; (e) a second m xing zone

conpr i sinvgitienedleseihamhbap 2P geternakpipel dguetansi denvgtisgm franshg first mixiog

conmmuni cation with the second atom zing fluid inlet and the first m xing
zone, tH®@ngecond m xi ng zone configured to receive the FCC feed/ atom zi ng
fluid mxture fromthe first mxing zone and pronote m xi ng between the
m xture fromthe first mxing zone and a second atom zing fluid; and 2 8

J UL 2005 -1R (f,l) a feed nozzle in fluid comuni cation with the second
ni xi ng zone, % he The injector according to claim 2 wherein the first and second mixing

zones at least partially overlap.

8. The injector according to claim 2 wherein the second mixing zone is

positioned downstream from the first mixing zone.

9. A FCC feed injector comprising:

(a) a feed inlet;

(b) a first atomizing fluid inlet;

(c) a second atomizing fluid inlet;

(d) a mixing tee in fluid communication with the feed inlet and the first
atomizing fluid inlet, the mixing tee configured to define a first mixing zone;

(e) a second mixing zone comprising an external sparger, said second mixing
zone in fluid communication with the second atomizing fluid inlet and the first mixing
zone, the second mixing zone configured to receive the FCC feed/atomizing fluid mixture
from the first mixing zone and promote mixing between the mixture from the first mixing

zone and a second atomizing fluid; and



nozzl e configured to pass the FCC feed/atom zing fluid into the riser
reaction zone in a predeterm ned spray pattern. 10. The injectqr
according to claim9 wherein the first and second m xi ng zones%a&ﬂl”eg]grl
partially overlap. 11. The injector agcording to claim9 wherein the
second m xing zone is positioned downstreamfromthe First m xing zone.
12. The injector according to claim9 wherein feed nozzle is positioned
| ess than about 15 internal pipe dianeters downstreamfromthe second
m xi ng zone. (3. THeed ngzatt iorflvad conavnigatian withihe sgcotemiiing zdne. hecond

m xi ng zone is _positioned |ess than about 50 internal pipe dianeters
downst r ewaAzle comiiguied foi nast theiB(hiped/ aigmuzing 4luidrinéo thejriset iSACtRATEREITHY t o
claim9 wherein the first and second m xing zones at |east partially
over | ap.pradtermifiedispraydagemaccor ding to claim 9 wherein the second ni Xi ng
zone is positioned downstreamfromthe first m xi ng zone.

10.  The injector according to claim 9 wherein the first and second mixing

zones at least partially overlap.

11.  The injector according to claim 9 wherein the second mixing zone is

positioned downstream from the first mixing zone.

12.  The injector according to claim 9 wherein feed nozzle is positioned less

than about 15 internal pipe diameters downstream from the second mixing zone.

13.  The injector according to claim 9 wherein the second mixing zone is
positioned less than about 50 internal pipe diameters downstream from the first mixing

zone.

14.  The injector according to claim 9 wherein the first and second mixing

zones at least partially overlap.

15. The injector according to claim 9 wherein the second mixing zone is

positioned downstream from the first mixing zone.





