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FEED ATOM ZATI ON BACKGROUND 10001] Fluidi zed catalytic cracking (FCC) is an

established and widely used process in the petroleumrefining ipgggng¥for
converti ngyg /@kb2gel y high boiling products to nore val ua Iﬁwkgmer ol l'ing
products including gasoline and mddle distillates, such ¢ 8@%“%, ] et
fuel and heating oil. The pre-em nent catalytic cracking process is the
fluid catalytic cracking process (FCC) wherein a pre- heated feed contacts a
hot cracking catalyst. During the cracking reactions, coke and hydrocarbons
deposit on the catalyst particles, resulting in a |loss of catalytic

activity and selectivity. The coked catal yst particles, and associ at ed

: . | | A ea (o) as nuch
Of t he hyd FE 5"!'&!;'3}“' ‘E" i“""' S e = = N a¥q B2 Mo ta PAZY I e. The
stripped particles,

cont ai ni ng non-strippabl e coke, pass fromthe stri pper
and to a regenerator. In the regenerator, the coked catal yst particles are
regener at MAPKGROWRE i ng themwith air, or a mxture of air and oxygen, at
el evated tenpera- tures, resulting in the conmbustion of the coke-an
exotherm c reaction. The coke conbustion renoves the coke and heats the
catal yst t et - gﬁ@t r ' r \ NQ
reactions.lgg%iJOZ] F'[Iﬂggfzgyg?gdg)smé;ggﬁgfgl anj %natnte‘lsg\sﬁE(gtﬂielsgﬁ Hﬁdnggiﬁ%}r, ?gélﬁng the
cracking preesssan thé perrsleninpizdining helusegdoe caswirtingidldivelyahighdsuiliage
ancillary equipment. The catalyst is continuously circulated fromthe

react or orpreéuesite mareyeluable laveer mihng produsitincheding gasoline ead meddleor and
back to th act or circul.at s 1Ly |y adjusted relative to

the feed ?@fﬁf‘svtsﬂ-@h gg EXQSCRGiJRt :é-l%ﬂ a{igﬁ?_gﬁf_tm&% a%’&&l’r&p"em&% Ratalytithi ch t he
he}at producedihy ﬁ&e‘esg 9529 RE Yatdisti® &fgckﬁ\'geﬁ%cgﬁr(FCC) wherein a pre-

heated feed contacts a hot cracking catalyst. During the cracking reactions, coke

and hydrocarbons deposit on the catalyst particles, resulting in a loss of catalytic
activity and selectivity. The coked catalyst particles, and associated hydro-
carbon material, are stripped, usually with steam, to remove as much of the
hydrocarbon material 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 appropriate ancillary equipment.
The catalyst is continnously circulated from the reactor or reaction zone, 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.



mai ntai ning the cracking reaction with the circulating, regenerated catal yst
being used as the heat transfer medium 2 8 JUL 2005 WO OZIOQQp 2005

PCT/ US02A0 Q97 ss0%c 100031 To provide optimal catalytic crackin condlplons,
one or nore nozzlies preferably collectively spray the hyd?PetEPHHIIE reamin
a pattern that expands to cover substantially the entire cross-sectional
area through which the cracking catalyst is flow ng. |nproved spray
coverage provi des better catal yst- hydr,ocarbon feed m xi ng whi ch enhances
catal ytic cracking reactions and minifizes thermal cracking reactions.

Ther mal cracking reactions produce undesirable products such as nethane and
et hane and decreased yields of nore valuable FCC products. [0004] The
nozzl es preferably produce fine hydrocarbon feed droplets. As droplet size

decr ease r ag | : : tq: r t ume
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vapori zation inproves yiéld ot catalytic cracking réaction products because
the vapasdveedubstanially tiererfttedrdss-§actional atea thivghowkivhothetdhacldag al yst .
Conversely, ~any delay in vaporizing the hydrocarbon feed vaporization and
mi xi ng i tcaialyst isHtowing: dmproved sprayseaveyags provades: basterwiatadysteki ng pr oduct s

and coke., Thus, .processes. and. ratuses that c econom cal |y reduce feed
oot o loSanBhIErE Sxing Whid Bilamets Fralvtatohinaoaraneand.. o ago
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pronot es {rledBhbRprotubtisGutH ak rI@RRA¢ Andethaheaindl decAdiied 58T of more

valuable FCC products.

[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 improve

yields in FCC processes.

[0005]  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 oil 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

widely. In some instances, steam is simply added via a nozzle or mixing tee



m xture is ejected through the throat (orifice) of the injection nozzle.
These |iganents rapidly break up into smaller dianeter droplets. Increasing
the kinetic energy of the oil and steam m xture and effectivel § 8chhvailti ng

ki neti c eavneongysehm surface tension energy is believed to i m zation
quality by creation of smaller nean liquid droplet di amt%@;@yﬁ/ﬁ?ﬁgdol ogy
for steamaddition varies wdely. In sone instances, steamis sinply added
via a nozzle or mxing tee ,18 JUL 2005 WO 02/ 086020 PCT/US02/10978 - 3-
connected to the oil feed line upstreai-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 nethodol ogy does not recognize

the ability to .achjev % better atom zatio conbi ni ng |t]jple steam
(or ot herconmegieadadhE i Eed e s pidbe nozdieas s BBy toek 10 SUMMARY
10006] ' f r ' [ ' s.for

atom zi ng SATRCEeAEChofoeb A ARGt S HERN R GTBHCEAR o fif BRI o

m Xing  zgHofe AHJ HoWERS, RIS mER dBIRSLESesaRitREESARTEzE Mle SSINLPRS I NY the
FCC feed wth g first aiom'zl?ilngmfl uid I a fsi rst mwxing zeone;b?b) passi ng

t he m xt wchidvecsventbettef atcrhizatish by cankining andtplerveathXonetlzene; (c) in the
second m xi ng zone, = contacting the mxture fromthe first m xing zone with
a second atemaationglnid)yaddition dotiees 4 disclobed heisip consi sting of steam |ight
hydr ocar bon gases, and conbi nations thereof; and, (d) passing the resulting
m xture fromthe second mxing zone through a feed nozzle. 100071 Anot her

enbodi merSUMMARYpresent i nvention conprises an atomizing process
conprising (a) injecting a first atomzing fluid into a feed; (b)

[0006)  One embodiment of the present invention comprises a process for
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: (2) sparging a first atomizing fluid into a feed; (b)
simultaneously sparging a second atomizing fluid into the feed, the second

atomizing fluid selected from the group consisting of steam, light hydrocarbon



subsequently injecting a second atom zing fluid into the feed/ atom zi ng
fluid mxture fromstep (a), the second atom zing fluid sel ect & MLO?UQE he
group of &b 6aheedd 9Nt hydrocarbon gases, and conbinations thereot: and (c)
passing the mxture fromstep (b) through a nozzle. 10008]¥@HE4E173

enbodi ment of the present invention conprises an atom zing process
conprising: (a) sparging a first atomzing fluid into a feed; (b)

si mul t aneously spargi ng a second atom zigng fluid into the feed, the second
atom zing fluid selected fromthe group consisting of steam |ight
hydrocarbon 2 6 JUL 2005 WD 02/086020 PCT/ US02/ 10978 -4 gases and

conbi nations thereof; .and (c) passi n(? the mxture fromstep (b) _through a
nozzl e. [ (8559% am@pnﬂ}m@wwzhmﬁf; and {ppassiagdhe mpgwstirom stepb) ses a
fluidized ca‘iganl Xt i c cracking process conprising: (a) passing an FCC feed to
a feed inj@i‘? fsing a plurality of m xing zones and a nozzle; (b) in
a first mxing zone, injecting a first atomzing fluid into the FCC feed,;
(c) in a second m xing zone positioned downstreamfromthe first m xing
zone, inj qebog)y 2 ARGRAdeRbOHIREEMDS the PrésehPivednfidnidmpeast apamizédg fluid
m xture fromthe first m xing zone, thé second atom zing fluid selected
from t he gratalptic enailang pgocxss soagmising:dh) phssiigan FCEO deedyts @ feedimgector

conbi nati ons thereof; (d) passing the FCC feed/atom zin fluid mxture from
the secondOmNIsigSAcplarally ignixing zapesad a npazlgoth) 8 migwtrrgmrsgn ZOug,| et

nd, (o) cBireRBe i tairRReY 404 BV SHEF CeR: Lot sshond Epang zone
0aCt1 O 200G PAAUNG e HSHRL £55 RS U3 A8 ot ALt a RERESE

stri ppabl ocar
finid into the FCC feed/atomizing fluid mixture from the first mixing zone, the

second atomizing fluid selected from the group consisting of steam, liight 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; (c) a second
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) a second mixing zone in fluid communication
with the second atomizing fluid inlet and the first mixing zone, the second mix-
ing 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.



[ 0010] Anot her enbodi nent of the present invention conprises a F%fﬁezqﬂ
injector conprising: (a) a feed inlet; (b) a first atomizing flui rj ! 5
(c) a seconsoy@bea zing fluid inlet; (d) an external sparg ' i

comruni cation with the feed inlet and the first atom zi ngei)rtqfﬁlﬁgt?yilﬁwgt, t he
external sparger configured to define a first mxing zone; (e) a second

m xi ng zone in fluid communication wth the second atomzing fluid inlet
and the first mxing zone, the second nyx- ing zone configured to receive
the FCC feed/atom zing fluid m xture fromthe first mxing zone and pronote
m xi ng between the m xture fromthe first mxing zone and a second

atom zing fluid; and, (f) a feed nozzle in fluid communication wth the

second m 19Hd1zondnothrs endbodimens of the pregentonpertion hemposes ad¥dL deeshi zi ng
fluid into the riser.reaction. zone i edet er,ndi ned .spray pattern. .2$ JUL
2005 WO we@@@@mmwsjs@mfsﬁﬁstsnge%zft RABIFBE ThHE Bl sttty acrecond
present i i ' t nhect I SI-0gu ( ed
present | RGHLARRARRTREET E b R A Sphaa SRR S RhgTelE S
inlet; (dhnd the ﬁ*ré’tgi_tbﬁﬁ‘zihg ﬂdiH'iﬂeEWkﬁﬁéte@rboWﬁ?ﬂré&‘ﬁ)& h#gl and the
first atomzing fluid inlét, the mxing tee confidgured to define a first

m xi ng zonsExirgomne; {erasdcondanigng zoac iin Fulid icdmamumivati cmivictnths Sebohdhe second
atom zing fluid inlet and the first mxing zone, the second m xi ng zone

conf i gur eatamizieg Huid inlpearrth e faest maxmg zanegthe secendimiang zonom t he first

T
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i nvention conprises a FCC fee
second mixing zone, the nozzle configured to pass the FCC feed/atomizing fluid

into the riser 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 configured 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

atomizing fluid inlet; (d) a first mixing zone in fluid communication with the



injector conprising: (a) a feed inlet; (b) a first atom zing f|_Lii_xd i n&ﬁg;
(c) a second atomzing fluid inlet; (d) a first mxing zone in 14 $lgll
comuni caty,QuMchih the feed inlet and the first atomzing fluid inlet, the
first mixing zone configured to receive the FCC feed and fP¢SUS&WAI%i ng
fluid and pronote m xi ng between the FCC feed and first atom zing fluid;

(e) an external sparger in fluid comrunica- tion with the second atom zi ng
fluid inlet and the first mxing zone, the external spai-ger configured to
define a second m xing zone, the second m xing zone configured to receive
the FCC feed/atom zing fluid mxture fromthe first m xing zone and pronote
m xi ng between the mxture fromthe first m xing zone and a second

at om zi ng fickdiinlet and thé firstaatb@eting dldd énlet) the fhrek mﬁmiy&bﬁatcbﬁﬂigmerdhot he
second m xi ng zone, the nozzle configured to pass the FCC feed/atom zing
fluid intreceive the $€C feed andfirstatemizing fim ¢ dad groinotaimspinmybgtwecethe [ 0013]

Compr i o CLAPER anadiFst AIBHEENuA {Fr S TiBng ok Juid GommwHigaton bt
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communi cation with the second atom zing fluid inlet and the Tirst m xing

zone, t he proriatg miging betwéenuthe anixturddtomdhe fgstowiningizonagndenseconle second
m xi ng zone confi gur.ed o receive the FCC feed/atom zing . fluid m xjure from
the first Wwﬂﬁgg%ﬁgé ane (fb?g?ﬁﬁ%o%ﬁliﬂhggﬁ{e?mqua Wﬂrﬁrrtgefsmﬁ he first
m Xi ng zone. egan t oMzl Lo ; f n ] | uid
i xi ng_ 201, a0d 8y s A Ol 1 Pheb @ ICUbdaRd iSRG Sieb I

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.

[0019)  Figure 6 illustrates an embodiment comprising a pair of internal

spargers.



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. BRI QFE msmag PTI ON
OF THE DRAW MeSsd2§0141 Figure 1 illustrates an enbodi nent %%%l sin

mxing tee and an internal sparger. [0015] Figure 2 illus 424N 8

~ enbodi nent conprising a mxing tee and an external sparger. [0016] Figure 3

illustrates an enbodi nent conprising a pair of mxing tees. [0017] Figure 4

illustrates an enbodi ment conprising aminternal sparger upstreamfrom an

external sparger. 100181 Figure 5 illustrates an enbodi ment wherein the

m xi ng zones are configured to at |least partially overlap. 10019] Figure 6

i1lustrates an enbodi nent conprising a pair of internal spargers. 12 8 JUL

2005 WD 02/ 086020 PCTI US02/ 10978 - 7- [00201 Figure 7 illustrates an

enbodi nen air of externa er.s DETAI CRI PTI ON
100911 Tl GRTC e Eiebfi it of SmtoduenbianAnERiEst PLE HERITBRS. st age

I njection e[r gltom zing fluid into an incomng feed material, which decreases
feed dropIF g Size. After nultiple injections of atom zing f|UId t he
feed/atom zing fluid m xture passes through a nozzle that can be configured
to create a predeter- mned spray pattern of feed droplets. The apparatus
enbodi renDETAHRCEDIeESORIPdIIONjeneral | y conprise a feed injector adaptable
for use with new or existing

[0021]  The process embodiments disclosed herein 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 mjector 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 con-
figured 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).

[0023]  The atomizing fluid may comprise subcooled water (water having a

temperature above its normal atmospheric pressure boiling point at pressure



feed injector nozzles. The feed injector conprises a pIuraIity‘gb 'ﬁ@ﬁg
zones, preferably two m xing zones. The m xing zones may conpl éﬂ¥ at

| east p | A verl ap, or one zone may be conpletely downstream from one
anot her a&%“?ﬁ%%”?here is no overlap between nixing zones. PRTNMYIP nent s
di sclosed herein create a nore honogeneous fluid entering the injector
nozzl e, thereby creating a nore desirable droplet size distribution. The
enbodi ments disclosed herein are useful in a variety of processes,
including FCC, but are not limted to use with FCC processes. 100221 Each

m xi ng zone is configured to mx a streamof atomzing fluid and feed
material, preferably in a liquid state. Each m xing zone is preferably con-
figured teuffivienttouhainadinii in atjquabstate)ostehe, lighthydlveudiomgds (@.€) erred, the
flow paths of the feed and the atom zing fluid could be swtched (i.e., the
process! ngipgases aadiguiambisatons theneedd Isight hydradasboregasassneludegbut i nto t he
at om zi ng may conpri se subcqol ed water

as)... [00231 The atom zing fluid
(water ha er@gtabmitsaﬁeﬂaq ane, , ey lens. mgetylens 5ARANG: P5PRYEREc boi | i ng

i nt i n PIOMAROpf e o] EaRBARda Wgaohc bitbreastid) © Thor !
gases andfQfeis HEM AR Age hﬂﬁﬁﬁﬂedkbgﬁélimghg&ﬂfééﬂ[‘nﬂfo%%i @n&l%d but —are

not limted to methane, ethane, ethylene, acetyl®ené, propa propyl ene,

propyne, bthHeanaitabled ihtitgasss andicombhiatidns AhsrebficTRotame oeatdiffesas as used
herein include, but are not limted to, helium hydrogen, nitrogen, argon,
and ot heatosnizingofluid maytbegagariedindo canh nmxingnene. hAlteniativedy,shee or a

different at.om zjng, fluid e.injected into each m xing zone.
Al ternat i Florgizng Huitmgn bs tﬁ%ywq%ﬁan%gmy@%w%e apSlis e RIRCISBUr e and
split intg:pedflobhts 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 in each Figure 1-7.

[0026]  The embodiment shown in Figure 1 has a mixing tee 320 that mixes
incoming feed from feed inlet 101 with atomizing fluid passing through inlet 111

in the first mixing zone 110. The feed/atomizing fluid mixture passes from first



m ned anmounts passing to each m xing zone. Each m xing zone may be
configured in a variety of ways, including, but not limted to. igkiiglilees

320, i ntwomales@par gers 300, external spargers 310 and ot hF&TﬁJ@&\fﬁ) ,}:é onal
means known in the art. [0024] In enbodi nents enpl oyi ng spargers ?I nt er nal

and/or external), the sparger orifices are sized such that at typical -

operating conditions, atomzing fluidis injected into liquid feed at high
velocities, preferably greater than abd®w 250 ft/sec (about 76 m sec), nore
preferably greater than about 500 ft/sec (152 m sec). [0025] One enbodi nent
of the present invention is shown in Figure 1. The feed injector 100 has an

outlet connecting it. to . a nozzle.200, shq as a box., indicating that any
convent | oREFNgEDEd Jfekpigyge RAPE ZORE ﬁrﬁﬂj Kb dhtemsd spanggf 300 aixe80

general ly j . it 10 L Rk | ui.d. sag . d
confi gur e%]%ggg ggfﬁleﬁag %I[&g&jagineugmg %@%ﬁ@%ﬁggﬁle%tomfgg%ﬁ%ﬁngyﬁ%Régﬁhof%[' 120
are shownadoioamhfidsSed frém L8261 Fheugrbadiient o0 Rl Gioe 1 has a
m Xi ng te%032]0 that d?n}b%(eg i %ncom&ng feegugggm ?@d zlzfl et 1%?3%1?1?1%& om zi ng
flui d paspassagéwayd0B windretit nlxds with thd @adding feed/atongzing @uiihfixtiiee
feed/atom zing fluid mxture passes fromfirst 28JUL2005 WO 02/ 086020

PCT/ US02/ The yssulting mixturg passes fiam theinjestor d§ andantmand throngh noanlei nt er nal

sparger 3 m xes the feed/atom. zing.flyid mxture with additional

atom zi ng%)q {ﬁsa.ﬁl%}rbaéﬂﬁytq Ff&*‘dzfjﬁ?‘gpﬁ%ﬂﬁté- fluid passes frominlet 121
through outlet(s) 122 (orifices) and into passageway 103 where it m xes
wth the passing feed/atomzing fluid mxture. The resulting m xture passes

from the jooR®ct OrTHOOMBOirhétit@hate fnlFigue2 19g#kifar 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 internal 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
between the first and second mixing zones 110, 120. The first and second mix-

ing zones 110, 120 may partially overlap, completely overlap, or not overlap at



200 resulting in a spray of liquid feed droplets. 10027] The enbodlneQL
shown in Figure 2 is simlar to that shown in Figure 1, except t hal J 1005
external spghP@eozd ] O is used in the second mixing zone 12§?Hﬁ 0|n ect
addi tional atomzing fluid with the feed/atomzing fluid @ Bi ng
fromthe first m xing zone 110. (0028) The enbodi nent shown in Flgure 3is
simlar to that shown in Figure 1, except that a mxing tee 320 is used in
t he second m xing zone 120 to inject -abtditional atom zing fluid with the
feed/atom zing fluid m xture passing from the first mxing zone 110. 10029]

The enbodi nent shown in Fi gure 4 illustrates an enbodi ment wherein an
I nt ernal >@BE ggr 38 ts at.om zing gas into the ﬁ} m, X n%ﬁzone 110
and an e |USER 2P i’BSﬁ‘] CUORYENG PES ?B SHEVSBEAMEC i xi ng

zone 120. r%%é)émlglﬂtfé%tstﬁg‘ﬂ%]y ?] xternal sparger 310 could be used to

I nj ect at of gas 1nto St zone 110 in conjunction with an

I nternal sparger 310 in the second m xing zone 120. 100301 The enbodi nment
shown in Figure 5 is simlar to that shown in Figure 4 except that the
internal gpesfer J0@ enbodixent showaparkignredd ilhystatistm ewbodipentwhersn t he
first and second m Xi ngj@@ones 110, 120. The first and second m x- ing zones
110, 120 raterpal spazggry emmpatqmﬂm&g@ﬂ W@ﬁ@rﬁ@pandrsemdwmga@m 28 in
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[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
Figures, the atomizing fluid passing into each mixing zone may derive from the

same source.




110, 120. The enbodi nent shown in Figure 7 illustrates an enbodi nent wherein

" external spargers 310 inject atomzing gas into the first and seg ﬁl mei ng
zones 110w0k3fs60260032] Viewi ng Figure 4, downstream m Xi NYpZPRES:/ '7 e
m xi ng zone 120 in Figures 1-7 or any subsequent m xing zones, | esi red)

" are preferably positioned downstream from preceding m xing zones at a

di stance L1 equal to or less than about 50 internal pipe dianeters, nore
preferably | ess than about 15 internal-1ipi pe dianeters, and even nore
preferably between about 3 and about 5 internal pipe dianmeters. The

di stance conmponent of Li is preferably neasured along the axial centerline
of passageway 103 and is neasured between the approximate m dpoints of any
two m xing zones. The distance between the final mxing zone (i.e., mxing
zone 120 003}t woViewmg higare drfpr anamples imoperatiogphquidt feet! passdsi into thenot
shown) designated as L2 .ip Figure 4, is preferably |less than about 15

i nternal pRISELOH;] ugh fﬁsdéni&téf}érﬂaéuyp%ﬁymsmy 303nSteaten®’ 10

i nt ernal i pe _di ters.. The .l.engt h copponent .of 12 is neasyred along the
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can be anyoadiltlehbfoshapsvephadeofioids €Tid Gbafifebd asixhne Thpes downkgoas 1- 2,
6-7) or substantially linear (Figures 3-5). Though not shown in the

Fi gures, tmélud passagayay|l@Bdopesendmikmgrzangc2Owhereit zuixes mesh geri ve from
the sanme sourgce. WD 02/086020 8 J g.L 20&5 PCTIUSOZ/l?é%S -11- 10034]
Vi ewi ng FisgeRnd atopieng dmd) (€.2-; steaipeiniestsh nfo RasseEevedt 1 Bas I8¢ into the
combined mixture from the second mixing zone 120 passes through the outlet
end of injector 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 atomization quality by

creation of smaller mean liquid droplet diameters.

[0036)  The injector 100 is operated so that at least a portion of atomizing gas
is 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 wt%, more preferably

between about 10 and about 50 wt%, based on the total weight of the atomizing



injector 100 through feed inlet 101 and into fluid passageway 103. Steam or

other suitable atomzing fluid, is injected (passes) into pass Yl@g?’ via .
inlet 1hgoMageothe steamis injected, or mxed, with thci, HJ/‘&Z%@’;@))Z% din
e

first mxing zone 110 to forma two-phase fluid. The st eab e ure
flows downstream in fluid passageway 103 to second m xi ng zone 120 where it
mxes wth a second atom zing fluid (e.g., stean) injected into passageway
103. The conbined m xture fromthe sedand m xi ng zone 120 passes through
the outlet end of injector 100 and into a nozzle 200. The nozzle then
sprays the feed (in droplet form) in desired spray pattern. 10035] The
addition of atomzing fluid tg the Iiquid feed creates a two-phase mxture
t hat pronﬂ?%gu?‘if?érﬂ“io edped. ﬁbpaem@ of heatamzinpges BR¥eatOMezing fluid
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m xi ng zone, the kinetic energy of the mxture increases and its
honogeneity increases, causing liquid liganments to formas the |liquid

f eed/ at onfThe RCE IPtbCedss €j ected through.the throat (orifice) of the
i njection nozzle 200. These liganents rapidly break up into snmaller

di aneter droplets. Applicants believe that increasing the Kkinetic energy of
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passes to a FCC unit where it is injected 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
zone. 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 it contacts injected FCC feed.




-12 gas injected into the feed. The renmai nder of the atorﬁ zing gas passes to

" the second mxing zone 120, and subsequent mi xi ng zones, if in@lgugHdiiisirhe

FCC Procegs) bf3dd | n a preferred enbodi nent, the processe at uses
PR EDREE

di sclosed herein are used in FCC operation. The FCC opera

carried out inlily type of fluid catalytic cracking unit/process wthout

limtations as to the special arrangenent of the reaction, stripping, and
regeneration zones, etc. FCC feed pasggs to a FCC unit where it is injected
t hrough one or nore feed injectors/nozzles into the reaction zone, usually
conprising a riser reactor, and contacts a hot regenerated catal ytic
cracking catal yst passed froma regeneration zone. The hot catal yst

vapori zes [8#®]l cr adiy canveptionaldddCilsed samberusede Such feetlscypicaty ivelvde The
crackin eaction deposit oke on the catalyst, eb a artiall
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hydr ocarbons) Tromthe spent catalyst. Stripping may be performed under | ow

severity potidleuinoatmosphesicadistiHatsar bedombypetoclanbovecumm distillapent cat al yst
The stripped catal yst passes to the regeneration

Lgﬁehﬁﬁter %lrtgzrﬁ%gbité%ﬂkt bidumgnyhother hg2or hydnesathoraesiduenetag sand 9ds, i n t he
.oxygen- i ni. ferably air. R i
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contacts inject ed
or heavy cycle oils. Preferred feeds employed in 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: (1) 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, (iii) 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.

EXAMPLES

Examples 1-2

[0042]  Experimental testing shows that staged steam injection can result in

improved FCC yields.




WO 02/ 086020 PCTI US02/ 10978 -13- 100401 Any conventional FCC feed can be
used. Such feeds typically include hydrocarbon aceous oils boi QiBnﬂJLi 0% he

range of shouioghds- to about 1050F (220-565C), such as ga i y
hydr ocarbon oils conprising materials boiling above 1050Fs%§igb§32!%%avy and

reduced petroleumcrude oil, petroleum atnospheric distillation bottons,
petrol eum vacuumdi stillation bottons, pitch, asphalt, bitunmen, other heavy
hydr ocarbon residues; tar sand oils, shale oil, liquid products derived
fromcoal |iquefaction processes, and m xtures thereof. The FCC feed may

al so conprise recycl ed hydrocarbons, such as light or heavy cycle oils.
Preferred feeds enployed in this process are vacuumgas oils boiling in the
range above about 650F (343C). 100411 The process is preferably carried out
in a conveixampld 1 FCC riser reactor (reaction zone). The process conditions
in the FCC reaction zone include: (i) tenperatures from about 500C to about
650C, preferably from about 525C to 600C;, (ii) hydrocarbon parti al
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weight is the total weight of the catal yst conposit required,
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and may conﬁ_ri se up to about 10 wt% preferably between about I' and about 3
wt % of t hewhisbdlluptrates matimyhodimenEgsed weexampledenSteani irge¢tron irte theadt i on
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mixing tee 320 into first mixing zone 110 and 90 wt% of the total incoming
steam injected through external sparger 310 into 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
wi% 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.

[0045]  Side-by-side comparison of the resuits shows an increase in 430°F

conversion at constant coke yields, increased LPG yield, and increased bottoms

conversion. Although the delta yields were small, the incremental steam to the
. first mixing zone was also small. Applicants believe that further increases in

steam to the first mixing zone should result in greater yield improvements.



10042] Exp

" inmproved FCC yields.

Fi gure 2,
i njection
steaminje
of the tot

eri ment al

testing shows that staged steaminjection can result in
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1 10043] &x@mNRozh i n Table | shows base case yields in 50&%{
with 1.08 wt % i ncom ng steaminto the injector based upon the
“of the in

A,

comng oil feed. The exanple can be better understood view ng
which illustrates an enbodi nent used in exanple 1. Steam
into the oil feed was stagedi5with 10 wt % of the total inco

cted through
al 1 ncom ng

sparger 310 in

m ng

m xing tee 320 into first m xing zone 110 and 90 wt %
steam i nj ected through external

to the

310 was | ocated about 13 internal

second m xi ng zone 120. External spa-Eagr

pi pe di ameters upstream fromthe noz €300 atonizing (outlet) orifice. The
second m xing zone 120 was positioned approximately 20 internal pipe

di ameters gupgjleeam fromthe first mxing zong 110. The resplts ar

shown

i n Col um Tabt e I —Exanpte 2 {0044] € ST CONuyT eMe 1 was
conduct ed ml,inﬁ ﬁOEJL%EhUO $1J| ection_thi 1?&30# TWSLEPH m:ét@ i 1 st

mi xi ng zopWﬂ’/lCStwa todpstasmad M0 Zone % of “thel@otal incom rgp st eam|and 80
0t % 1 oo Rges LB 10D MG AE 0 Mg FLRLI0 Z0700T20 V18 oxCerggT spariger

310 The r OT U1t J TAVUT T €L LU\ JITOUC Uy 91
conpar’i son
coke yi el dszield

of the results shows an incre&se in 430F conversion at cgnstant
ed LPGyield, and ing¢reased bottomg conversion.

Al t hough t ée_ detrta yrefrds—were smat 5 —the T cT STt atr—st Edﬂﬁz(..f9"[ e
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




first mxing zone was also small. Applicants believe that further increases
in steamto the first m xing zone should result in greater yield
i mprovenents. WD 02/086020 2°8 JUL 2005 PCTIUS02/10978 - 15 - Taz:ﬁ @.@.tlﬂ
Exanple 1 2 Stearn Injection Locationg Staged |Injection Staged | ?851
t% Steamto Upstream M xi ng Zone 10 20 % St eam t o Downstream M xi ng Zone
90 80 Yield % C2- 2.8 2.9 LPG 17.2 17.5 C5/430F 50.7 50.9 430F/ 650F
18.2 18.7 650F+ 5.6 5.5 Coke 4.4 4.4 130F Conversion wt% 75.7 76.3 2 6
JUL 2005 CEABM®I AIVS: 1. A process for atomi zing an FCC feed in an FCC feed
injector conprising a plurality of m xing zones and a feed nozzl e,
conprising: (a) sparging a first atomzing fluid into the FCC feed through a
first sparger in a first mxing zone, wherein the first sparger conprises
orifices sized- such pheessstar gtomagingriz FR§ feeduindn G fredgrigctoneemprieng=-CC f eed
at high velocities of greater than about 250
a plurality of mixing zones and a feed nozzle, comprising:
(a) sparging a first atomizing fluid into the FCC feed through a first sparger in
a first mixing zone, wherein the first sparger comprises orifices sized such that said
atomizing fluid is sparged into the FCC feed at high velocities of greater than about 250
ft/sec (about 76 m/sec);
(b)  passing the mixture from the first mixing zone to a second mixing zone;
(c) sparging, in the second mixing zone through a second sparger, a second
atomizing fluid selected from steam, light hydrocarbon gas, inert gas, and combinations
thereof into the mixture from the first mixing zone wherein the second sparger comprises
orifices sized such that said atomizing fluid is sparged into the mixture from the first
mixing zone at high velocities of greater than about 250 ft/sec (about 76 m/sec); and

(¢)  passing the resulting mixture from the second mixing zone through a feed

nozzle.

2. The process according to claim 1 wherein the FCC feed is selected from
heavy and reduced petroleum crude oil, petroleum atmospheric distillation bottoms,
petroleum vacuum distillation bottoms, pitch, asphalt, bitumen, tar sand oils, shale oil,

liquid products derived from coal liquefaction processes and mixtures thereof.

3. The process according to claim 1 wherein the first atomizing fluid is
selected from subcooled water, steam, light hydrocarbon gas, inert gas, and combinations

thereof.



ft/sec (about 76 nisec); (b) passing the m xture fromthe first mxing zone
to a second m xing zone; (c) sparging, in the second m xing zone.through a
second sparger, a second atomzing fluid selected from steam | iZdghiUl 2[]85
hydrocarbon gas, inert gas, and conmbingiions thereof into the m xture from
the first m xing zone wherein the second sparger conprises orifices sized
such that said atomzing fluid is sparged into the mxture fromthe first

m xi ng zone at high velocities of greater than about 250 ft/sec (about 76
m sec); and (c3 pasBhewproedse ageosding inejaim k wleeeid thefirstratomigagnduidiki ng zone

t hrough a feed nozzle. 2. The process according to claim1l wherein the FCC
feed is seitanalbasprrasechintedbe/frshmixipgderced petrol eum crude oi |, petrol eum

at nospheric distillation bottons, petroleumvacuumdistillation bottons,
pitch, asphalt, bitunmen, tar sand oils, shale oil, liquid products derived
fromcoal |iquefaction processes and m xtures thereof. 3, The process
according to c}ai mThepresess aceording tq Jaimyi shessimgertirs afomizingsfwiddt ed from
subcool ed water, steam 1ight hydrocarbon gas, inert gas, and conbi nations
t her eof . intepnajlyisparged into the Tirgt mipgkee #i6cess according to claim 1 wherein the
first atomzing fluid is externally sparged into the first m xing zone. 5.
The process according to claim1l wherein the first atomzing fluid is
internally sparged into the first m xing zone. 6. The process according to
claim1 wherei% t helReRropess a6eowding fyclpinyi vheeein thersgeand atgmizig fed 1S nt o t he
second m xi ng zone. 7. The process .according to claim1l wherein the second
at omi zi ngS¥ieraply srergedinta thpsacondparig@acicnt o t he second mi xi ng zone.

7. The process according to claim 1 wherein the second atomizing fluid is

internally sparged into the second mixing zone.

8. The process according to claim 1 wherein the first and second atomizing

fluids simultaneously contact the FCC feed.

9. The process according to claim 1 wherein said feed nozzle is positioned

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

10.  The process according to claim 1 wherein the second mixing zone is
positioned less than about 50 internal pipe diameters downstream from the first mixing

zone.

11.  An atomizing process comprising:
(a) injecting, through a first sparger, a first atomizing fluid into a feed by
sparging said first atomizing fluid into said feed, wherein the first sparger comprises

orifices sized such that said atomizing fluid is sparged into the feed at high velocities of



8. The process according to claim1l wherein the first and second atom zi ng
fluids sinmultaneously contact the FCC feed. 9. The process according to
claim1l1l wherein said feed nozzle is positioned |ess than about 18 Bi Wi A0al
pi pe di aneters downstream fromthe secpgid m xi ng zone. 10. The process
according to claim1 wherein the second m xing zone is positioned |ess than
about 50 internal pipe dianeters downstreamfromthe first mxing zone. 11
An atom zing process conpri sing: §a) injecting, thrqough a first sparger, a
first ato®FdiPhigan phoud2pf ftees (ghouy %v/se%dgh% rsg gfognifing didissiestedg 1 uid
into said feed, wherein the first sparger, conprises  orifices sized such

t hat saidﬁgpéﬁ?§$ﬁé‘ﬁwaﬁﬁaf n§§%ﬂagggﬁn?%1?HQBF%EHSQF”ﬂﬁbh velocities of 2 8
JUL 2005 -18 gseatgé t han about, ZSE%féésec about 76 nfsac and the. first
atomizing flui®is SOFRERY MGCHRL.LhoNRD 2 SoRe SAYFEfTR 55998A APARIZINE{RYY  gas,
and conbi pations thereof; () .subsequently injecting, . .throygh a second

apar gor - BRLe dird s S FoRn by SBEeag S seogd e xt ur e
fromstep,(.3). by rging.sai econd at.om.zing flyuid into said

feod) at onflomo S RiAEE BuparaRie HETUE dirbrodirges bOHBRSes  ori 11 ces
si zed such.that. said omzing fluid.is sparged int e f.eed/at om zi ng
Flurd " Sites sgbe niegahg opga it fuil P Pl iR et AOsuERR ML (about 76
m sec), and.the .second. atom zi fluid.i | ect.ed om st ea | i ght
nyer ot ar S bR aRRey R O afae? poib 3o (ke 76 MG Uhs o1 ng ¢ he
m xture fromstep.(Db) through a nozzle. 12 .The process .according to claim
T wher i rooRoA PR Qhidf YR B Gm, bon niGpoRRT GRS RETPE B8 cr ude of |
petroleun1atnqiﬁperkg jgtillation bottons, petroleum vacuumdistillation
bott ons, PITEAIORS HFE4% 3 t unen, tar sand oils, shale oil, Iiquid

(c) passing the mixture from step (b) through a nozzle.

12.  The process according to claim 11 wherein the feed is selected from heavy
and reduced petroleum crude oil, petroleum atmospheric distillation bottoms, petroleum
vacuum distillation bottoms, pitch, asphalt, bitumen, tar sand oils, shale oil, liquid

products derived from coal liquefaction processes and mixtures thereof.

13. An atomizing process comprising:

(a) sparging a first atomizing fluid into a feed through a first sparger, wherein
the first atomizing fluid is selected from subcooled water, steam, light hydrocarbon gas,
inert gas and combinations thereof and the first sparger comprises orifices sized such that
said atomizing fluid is sparged into the FCC feed at high velocities of greater than about
250 ft/sec (about 76 m/sec);

(b) simultaneously sparging, through a second sparger, a second atomizing
fluid into the feed, the second atomizing fluid selected from steam, light hydrocarbon gas,

inert gas, and combinations thereof, wherein the second sparger comprises orifices sized



products derived fromcoal |iquefaction processes and m xtures thereof. 13.
An atom zing process conprising: (a) sparging a first atomzing fluid into a
feed through a first sparger, wherein the first atonizing flui d?28sJU$el@ct ed
from subcool ed water, steam I|ight hyd{@carbon gas, inert gas and

conbi nati ons thereof and the first sparger conprises orifices sized such
that said atomzing fluid is sparged into the FCC feed at high velocities
of greater than about 250 ft/sec (about 76 msec); (b) sinultaneously
spar gi ng, suchifwiggid atossiziva dluspiarspeaeged mtethedid Eredai lighgeloritigh af pisaier t he f eed,
the second atom zing fluid selected fromsteam |ight hydrocarbon gas,

i nert gasthalampuééﬁ%?fﬁ% (abayt Tharssek andyher ei n t he second sparger conprises
orifices sized 2 8 J UL 2005 -19 such that said atom zing fluid is sparged
into the FCC f@&kd aftassingthoseixger fioassten (b teavelt a nezvdh about 250 ft/sec
(about 76 msec); and (c) passing the m xture fromstep (b) through a
nozzle. 14. The process according to claim 13 conprising externally sparging
the first atomzing fluid. 15. The process acc¢ording to claim 13 conprising
external |y spabyi nglheocess aeoading énvlaithl’ somnpesing e<ternally ppagging deduethr di ng
to claim13 conprising internally sparging the first atomzing fluid. 17.
The proce¥emidgilidng t o clai m 13 conprising internally sparging the second
atom zing fluid. 18. A fluidized catalytic cracking process conprising: (a)
passing an FCC feed to a feed injector conprising a plurality of m xing

zones and a nozzl e; , . . .
15.  The process according to claim 13 comprising externally sparging the

second atomizing fluid.

16.  The process according to claim 13 comprising internally sparging the first

atomizing fluid.

17.  The process according to claim 13 comprising internally sparging the

second atomizing fluid.

18. A fluidized catalytic cracking process comprising:

(a) passing an FCC feed to a feed injector comprising a plurality of mixing
zones and a nozzle;

(b) in a first mixing zone, injecting a first atomizing fluid into the FCC feed;

(c) in a second mixing zone positioned downstream from the first mixing
zone, injecting a second atomizing fluid into the FCC feed/atomizing fluid mixture from
the first mixing zone, the second atomizing fluid selected from steam, light hydrocarbon

gas, inert gas, and combinations thereof;



(b) in afirst mxing zone, injecting a first atomzing fluid into the FCC
feed; (c) in a second m xing zone positioned downstream from:t he%-j'éi pgt 0

m xing zone, injecting a second atom zing fluid into the FCC fee€ zi rHl ng
fluid mxture from the first mxing zene, the second atom zing fluid
selected fromsteam |ight hydrocarbon gas, inert gas, and conbi nations
thereof; Z8 Jul 2005 -20 (d) passing the FCC feed/atom zing fluid m xture
fromthe second m xing zone through the nozzle, the nozzle having an outl et
posi tioned to (g odueassiag $prBYC ded/ ar@mzingdthid moplues Gomrihosegondaixingn zone;
and (e) contacting the FCC feed droplets with a FCC catal yst in the reaction
zone to pmgdiresgathsmedrle.the npzrdamhaying gpulet pesitiangdio pdpes abnray ef ri ppabl e
hydrocarbons. 19. The process according to claim 18 further conprising: (a)
separ at i ngCE Heedshreplastintetarreaationmane; iedspent catal yst; (b) stripping the
spent catalyst with a strippi nqq ?as; (c) recovering the product stream (d)
passi ng the st(© ppewnéasting etF o Teed dagplets math agfCC sptelyshiar therrasiian et he
catal yst with_an oxygen contai ning gas; and (e) passing regenerated catal yst
to the re®dErdise Apneduct stream and spent catalyst comprising strippable hydrocarbons.

19.  The process according to claim 18 further comprising:

(a) separating the product stream and the spent catalyst;

(b) stripping the spent catalyst with a stripping gas;

(©) recovering the product stream;

(d) passing the stripped catalyst to a regeneration zone and contacting the
catalyst with an oxygen containing gas; and

(e) passing regenerated catalyst to the reaction zone.





