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ATOM ZATI'ON OF FCC FEED O L FIELD OF THE | NVENTION The invention rel ates
to a |iquio&0/858Yi ng process and apparatuses, nanely apparBETY8K/030%4
processes used in conjunction with fluid catalytic cracking (FCC) processes
that require high fluid throughput and | ow pressure drop. The process
conprises formng a two-phase fluid m xture of the hot feed oil and a

di spersi on e PROCESS INCORPORAJING ATEOVIZA TEIONUWEF FOCOFERD separ at e
streans which are passed under pressupgpl hr ough an I npr ngenent m xi ng zone,
a shear m xing zone to reconbine the Streans into a single stream which
passes into a |l ower pressure atom zation zone, where atom zation occurs to
forma spray of atomi zed liquid droplets. BACKGROUND Fl uid atom zation is
wel | known and used in a wide variety of applications and processes,

i ncl udi ng aerosol sprays, the application of pesticides and coatings, spray
drying, humdification, mxing, air conditioning, and chem cal and

petrol eumrefinery processes. In many applications, a i | ui d
(with or without the presence of an atom zi ng agent) i%ﬂ@ﬁﬂ@ﬂ”ﬂ@mm&ugh an
atom zation nozzle having a relatively small orifice. ccurs at
t he downstream side of the orifice, and the degree of atom®*on is
deternineglp K& S hAS i Ne pressure drop across the orifice, fluid
density, I Bk RENLION 07024 vi scosity, and surface tension.
Atom zation is increased and the droplet size is decreased with decreasing
orifice size and increasing pressure drop. Increasing the degree of

atoni zati on of TheligtértiryreVites aus lilid fonakin gocédsomd ApRsatusesparticul arly
chal I engi ng, especially for the heavy petroleumoil feeds that may be used
in FCC pr oe@eheapparagsesy sndpusesses aisod detgnjugedon witth8upkceatalytigm r ef i ni ng

i ndust [ i i i hi gh- hoj.| j trol ils t
Vai uabl o PkmEEG6 RErieoach Taue Biso1ykb o PR Ao IaM RetSE || | at es
such as kﬂfcﬂf Offre p}&teséggm%i?é?forﬁﬂﬁé 2 t%gpll;b%%tﬁlﬂg rﬂumre of the hot feed

oil and a dispersion gas. such as steam, dividing the fluid mixture into two

separate streams which are passed under pressure through an impingement
mixing zone, a shear mixing zone to recombine the streams into a single stream
which passes into a lower pressure atomization zone, where atomization occurs

to form a spray of atomized liquid droplets.

BACKGROUND

Fluid atomization is well known and used in a wide variety of
applications and processes, including aerosol sprays, the application of
pesticides and coatings, spray drying, humidification, mixing, air conditioning,
and chemical and petroleum refinery processes. In many applications, a
pressurized fluid (with or without the presence of an atomizing agent) is forced
through an atomization nozzle having a relatively small orifice. Atomization
occurs at the downstream side of the orifice, and the degree of atomization is

determined by the ornfice size, the pressure drop across the orifice, fluid density,
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In FCC processes, a preheated feed is often mxed with an atom zati on
pronoting fluid, such as steam to assist in the atonization of the feed.
The at om zW@ G086Blcont acts a particul ate, hot cracki ng cat aPETUSPVGRNOg up
t hrough a riser which conprises the FCC reaction zone. Smaller oil feed
droplet sizes in the reaction zone resift in nore feed conversion to

val uabl e products) particularly with the incorporation of heavy feed

mat eri al yisgosity, andauifagt dension.0 Atdv@iZationfis afbreddedsaiethienirbplee sixk i§ eed
material that does not contact the uprising catalyst particles thermally
cracks pdecransddywith desrdaaing emfice sike ane meoraddipg prekssre didpe pr oduct s.
Consequently, efforts continue to try to find economcally viable neans to
decrease the droplet size of the atom zed oil, preferably w thout an

W thout | nor eMstHATEEIRAESE o8 ol 2aHOn T B AL B Sl BRE ST BRB ng
agent . ExaaptRss i@fpw&paﬁi/fcﬂanéngme Q@g@gﬁ?ﬂ hkavy FatsiBhm il 289, 976 and

5,173, |175) whi ch'di scl ose an average f opl et si‘ze 1 n the range of
about 40@ecdiqhatmay basised e FEC priesdels. FTEC prodedses dreewidalpusethin the of the
heavy oil feed for the FCC process and of other fluids for other processes
as wel | . pewolesm eefineng andussny primyrihefosfooaverting highebailisgipesoleumeild dr opl et
size could be reduced to l.ess than, 300, m crons. WD 00/5 1 -3 SUWARY OF
THE® | NVERG e el BRI OS o & GGl AR B o gln: PR BHAd ey et 1 o
conpri ses; & it QW 1 LO NPy 4, S body conprising a
fluid in é@l%%%wggpl%gg(g}%%ﬁ’e{%t gﬁ%ageg%yﬁlgﬁre }k%ﬂt@gf@}ie an i npi ngenent

m Xi ng zone and a shear m xing zone. The zones are positioned between the

inlet and the outlet. "the fluid inlet conprises a splitter that can split

an incom ng fIluFEGEprasgasdsna prehicateshisedtinoften meixed willheniatgiimgéioent i xi ng

zone conprises at. lLeast one inpingenent surface configured to_jnpinge at

| east a PERTPYRSE @F“ir?é‘chlaﬁiséia"ér%{rtéé’ﬁléb‘é.‘i § RIQRAReRn Qﬁﬁ?&@@h ﬂ‘? eam wher ei n

t he i ncl - I pi [eans | t 120 and

(he 1 ol YilifzBngLen BEEE JRcl R RBPUBL[ATRph, HEMIEE Tahinde?, o

di mensi opjsgAWhichS@AAPHsEY RBIFRTOReacfoR k. (Sifalldrdil feHd®maplARiA§Gh €ases

al ong a longitudinal axis through the body in a direction toward the fluid

out |l et. Amotcheriorrboelirgsmittinahotehfeed ceseersidmendluabie puogudtses a i quid

atom zat i ongg@p?r at ys, cqonprising a body cog‘qlpri Si r_lg1 at | east qne fluid

inl et, aPartadarlypathethgiipcemperation efnkeayyiiped matedalagecihgs axedddnty bet ween

the inle oyt | - S i he i, I L Xi ng and
Eh@ﬁé(fﬂ%d.? sSHmIIQSnB rZ%gfﬁ@¥¥%gﬁ#8é%gﬁﬁOh?Qb%%?Q%ﬁéﬁﬁ%ﬁé

a shear i xi ng zone downstream

passagewaytady)st paftedléN@ermblly @2sdksPEnArilY l0AREBAhe 2HARKE—Losterally ed to be
substantially perpendicular to a longitudinal axis extending through the
body. Thendepiabye productur€assequsndpdfiguy echtimie topay to fiadieabhgmienllyr d f | ow
(in a direction normgl to the overall flow dire_ctionze to a portion of fluid
flowi ng VHRNEFEaNRLO Sg§éﬁe\b§y‘ﬁ°ﬂ?é5’s7rﬁéﬁrth%5ﬂm’&e§@h prefsraply MW ect i onal

area defi 5 [ i d a,second di nensi op ein the first
i menst ofatptertatly i SrERHE SRp R B8 Alomieb otk A7 1

di recti oRyitiRistreREng e SmBuhi 6f steAMUrRheCABRRL AR pRIMbSs RE&HRENT

i nvention conprises a process for formng a spray of FI qui d droplets

conpri si mxantpesoeprhadfforfairef disctosea] imt Ul Fatents PRIV BG2R4 5;1/3,175,
PCTJUSO0/ 07024 two streans of a two-phase fluid conprisi n8 a)g%%s phase and
a i qui d WHek disclase apaverage tagd droplehsige in theranggiof gdouh¢08i 00y zone

Rt LS T I T
i npi nged FEC BT Sn@ Bt VRRR gfphayfoxﬂmgﬂe@];}%cé&%sfaw [ MidySiRges M xed

stream assing the single mxed streamto a shear m xi ng zone and

i mpar t i ngasdwAdrlybeneficiabif ¢RS atoinizbe lighibiplrsett soulead® feduted ® Rsshear

m xed stream and) (d) passing the shear m xed streamto an atom zing zone
wher ei n tthan 3@ nperess. expands and i ncreases the surface area of the liquid
phase, thereby producing a spray of liquid droplets.



Anot her enbodi nent of the present invention conprises a process for formng
a spray of liquid droplets conprising the steps of: (a) formng a plurality
of st reanswof004528n0- phase fluid conprising a gas phase and BCTU§M/¢103hase;

(b) inpinging at | east a portion of each stream agai nst at | east a portion
of another streamto forma single m xed~stream wherein the included angl e
bet ween the inpinged streans is between about |20 and 240; (c) subjecting

t he singl SUMMARY'GETHE ENVRNTIONg forces, thereby form ng a shear

m xed stréam and, (d) expanding the gas phase in the shear nixed stream

t her eby producing a spray of liquid feed droplets. Another enbodi nent of

the present inventiop conprises a catal yti¢ crackipng process conpr.ising the
steps of: (a) fHSH Oéltmr?’ﬁ&z.tth? REPSERt WYRBUGR CSW%—%H&%“&PERTBIZ@B%H si ng

a gas pha i gui. L aqui h feed; (b)
20 PR A B S R M 508 SRR SR B,
portion Ofcoﬁﬁgbreﬁttb%ﬁdesadi iNgfeADRXinl nelHAST sl?e_ap%&lrﬁyt‘z&fe.aﬂ% her
stream and whérein the included angl e between the 1 npinged streans is

bet ween ahones dr2Gpaitibridthetveen diny irfler anidiheadusiengTae fuid dnlst cempris¢cd
passing the single m xed streamto a shear m xing zone and inparting shear
mi xi ng f ospbtet Bat pan splifgineingprung fluid siweam iny #h lgasiiwarstigagnsd g eam  (d)
passi ng the shear nixed streamto_.an gttom' Zi nq zone whereip the gas phase

VO 00/ 552 8T PIREEHRE RIFH H 70 C URBERCR AAAs e MUREE AR $ifa%ce area of the
liquid ph : r ' h Qi (€

pagsi ngpt %gﬁgé&l%? tglﬂ )&fq?{&%?gp?g%ﬁ%@g?@qén?gwa&f—éé@? rg%%@t&? %)[ﬁ;tg(gm(a; : and,

(f) cont agiripigeddnerdaintlwihdrdigele tHodwdet sngik bendednitvad yhpmgedattehn@ isat al yst
under catalytic cracklng conditions. In one enbodi ment the inpingenent zone
and t he slpeaween abay 126nandr2d 08 orihgi shedr miiximigrzame hastroctiopeaectuiaiargaz z| e

descri bedcg rein. ot her enbodi ment of the present inventjon conprises a
catal ytic ?‘&Eﬂibﬁ{gf}SF% §n§§8ﬂ1§‘F‘H§‘i $gopd dimengjenoyhereln tli“’o‘ElFﬁtng a plurality
of streansyof - fLyi i S| NG: L4 quid phase)
the 11 qui Qa8 dcRaRaraloht' oA RAIR! PRl ARRIARETOA U et PESCY,
each streagwaghieSluidtodte@st a portion of another streamto forma single

m xed stream wherein the included angl e between the inpinged streans is
bet ween about |70 and 190; (c) subjecting the single m xed streamto shear

m xi ng forces, thereby-formn hear m xed stream (d) expanding the gas
phase in the sh‘%%ﬁtkﬁ’f g’@gog’tr?‘“égrﬂaf [BHQF%SSW Brsauensgmp Pé‘ﬁ“&‘gl iquid feed

dropl et s; a?{ﬁﬂfzaﬁ%}] a g%aﬁ‘ﬁé %é}ﬁgbgﬁléi Bod Céﬁ‘?giﬁﬂ][%oﬁl 18hst q“n‘{'etf’fhiﬁ ifiRtalytic

cracki ng catal'yst under ca icrackin ions. In each process

and/ or appaistions fRiid blfeRhAdaMluidPRPigeday énending Hededer it Mmidreindaas t he
i npinged streans is nore preferably between about 175 and about 180, nost

pr ef er abl youslsbuThe assagrwvay dOESERRRPTMDM EidMENDRARMNGS shiegumaxing( a)
illustrates an axi al Iéggv\n&]t ream vi ew of . qne errboqjilrrent of a ncizzl e vi ewed

| ooki ng i rAOGEQVISrGR e AMPIRGETRGHANEKINGZgNE ¢ [ PCMFPSITENA 1 H R es a

) ong. ¢ ho TRy a1, S Ahe AR E PR TER AR bR b SARly | %) oo T aam
view of t herpsHRetIERH a ddipMudihl RixiéaeRdin) tht QR the Hodko Tike fluid outlet

of the nozzle. _ o
impingement surface is configured to impart radially inward flow (in a direction
normal to the overall flow direction) to a portion of fluid flowing through the
passageway. The shear mixing zone has a cross-sectional area defined by a first

dimension and a second dimension, wherein the first dimension decreases along

a longitudinal axis through the body in a direction toward the fluid outlet.

Another embodiment of the present invention comprises a process for

forming a spray of liquid droplets comprising the steps of: (a) forming at least



WO 00/ 55281 PCT/ US00/ 07024 NOT FURNI SHED UPON FI LI NG WO 00/55281
PCTNS00/ 070Z4 NOT FURNI SHED UPON FI LING WD 00/55281 _g_ PCT/ US00/ 07024
foam . | n WON0$82-cel | sponge, the gas may conprise a di sp@FI{UsAo/gH024

di screte gas globules in the solid. Sonme sponges fall in between the two,
as do sone two-phase fluids conprising% gas phase and a liquid phase. It
IS not possible to have a sponge that is gas-continuous and not al so

sol i d- conivioyttsatns S twb-phas® finsd bo® ﬁ@idtgaa/gaﬁFEM‘dmﬁ?ﬁqﬂi@Spméz {b)aui d
fluid that is gas-continuous only. Therefore, the particular norphol ogy of
t he fl ui passingithpatreamsitaan impongamenighixing zohea wihgreiozu lleasbh ponkon nfent i on)

I's not always known wi th certaint There nust _be sufficient gas present in
the flui &%ﬁﬁgﬁawstlmlﬂwfwmwﬁwét ARoEdPN QhanIRERFUFMRIANG WRETEHE T ease

t he surf : | QL s . 1s.refl ed | ducing (i) the

t hi c_knes_gﬁgfl @ﬁg‘*‘?%&%@%ﬁ# g’r@%ﬁg?a-?hgmﬁ|'Si:§%t§§e§haag)8}lgllﬁﬁe%‘# h of any

liquid riggeabFormnsihble hilddtsuaa (8] pAi¥ng tHeWiAg18! RiXeaSrenth te f1 ui d,

ei ther before or during the atom zation. In practice, the inpingenent and

shear m xhegr imximgzzdne an@d iarphrtihg ohigir mhdngfierces tontitessing iefinteesl stidam onl y

occur with a two-phase fluid conprising a gas phase and a |iquid phase.

Pr ef er abltp, forme shear guxedpieams andJd) pasprg the sheap mixed sireamasian (e. g., a
atomizing zone wherein the gas phase expands and increases the surface area of

the liquid phase, thereby producing a spray of liquid droplets.

Another embodiment of the present invention comprises a process for
forming a spray of liquid droplets comprising the steps of: (a) forming a plurality
of streams of a two-phase fluid comprising a gas phase and a liquid phase; (b)
impinging at least a portion of each stream against at least a portion of another
stream to form a single mixed stream, wherein the included angle between the
impinged streams is between about 120° and 240°;

(c) subjecting the single mixed stream to shear mixing forces, thereby forming a
shear mixed stream:; and, (d) expanding the gas phase in the shear mixed stream,

thereby producing a spray of liquid feed droplets.

Another embodiment of the present invention comprises a catalytic
cracking process comprising the steps of: (a) forming at least two streams of a
two-phase fluid comprising a gas phase and a liquid phase, the liquid phase
comprising a FCC feed; (b) passing the streams to an impingement mixing zone
wherein at least a portion of each stream is impinged against at least a portion of
another stream and wherein the included angle between the impinged streams is
between about 120° and 240°, thereby forming a single mixed stream; (c)
passing the single mixed stream to a shear mixing zone and imparting shear
mixing forces to the single mixed stream to form a shear mixed stream; (d)

passing the shear mixed stream to an atomizing zone wherein the gas phase



volumetric gas to liquid ratio of at least 2:1 ) for efficient shear

m xi ng. A singlephase fluid (e.g., liquid) passed through nozzle 10 will

have its KWO®0IS828&nergy i ncreased directly proportional to PERUSHENK e

drop across the nozzle 10. Wth a two-phase fluid, the gas velocity is

increased relative to the velocity of “Phe liquid phase, (i) in the

i npi ngenent m xing zone 22, (ii) in the shear m xing zone 24) and (iii)

when t he eixpands aabirsedsts dugdurfdteQired bf thedhiqideiiage, herdy-roduciagal area

than the fluid conduit upstreamof fluid inlet 14a (a pressure-reducing

ori fi ce) spfheofviqudifegd drépletse pabsingeke spay efdsquidde¢d duapdetshaioes resul ts
ui.d such as

inliga tion of the liquid, particularly with a viscous |

a hot Fz%[&ééﬁp%iqn. Z%egaﬁén&ﬁewacmﬂse liguid feed dropjetsdvith PrFé‘wgVB?lgat ed

gl obul es | | Qe t i.fference is . decreased..duri shear

i g FRisine Yo B pdBe YR ekacking BpRSEDAS , JE SRR GAIRIBH L IR °T U «

t hr ough SSETHE R ZoRE Uid b BB XL bdtaindd WiRthipdgent m xi ng zone
22 produgggﬁa.velocity diP%g?g%%fgﬁugéfggihﬂgﬁgﬁsggdagghﬁﬁquid whi ch

resul ts iembodiamendibinoaziefddsbebéd hereth.and/ or di spersion of the liquid in

the gas due to shearing of the liquid into elongated |iganents and/ or
di spersed drops. Additional shear of the liquid occurs when the fluid

enters the flujd inlet 14a (openings 26,.26"). of nozzle 10 and through one
or more. aton Ay Frosaipeata e Besotitrnlionomiies Aditienay 19 The
addi tion : i o, of j o L E gl | et size
in the a?%ﬁ?gggbg%%ggFaggngﬁ%gﬁﬁgﬁ#ﬁgﬁé%%%%gggg%h%ﬁ%ﬁﬁ%bggﬁ%ﬁnghggnozzIe
outl et 14k ofptidskifhadIOmprisifgalgdasphhétrind HeiquidpRise g Bq@igsptaset i onal
areas of fluid openings 26, 26" . Nozzle 10 may al so conprise an

at omi zat icomproseg 88°GE faed:diwe rmpingssgiatelenstanponopofesashrséreapsaganshaof t he
atonizing orifice. é&he 8 may be configured within nozzle 10 or nay be
conf i gur €83%4& RRAHPN agogﬁfégfeﬂ'?‘éf’rfpﬁﬁtaoﬁméw RiesiEgm.ovigs s Belo.
Conseque ' i i ng - 1,7l erifice
rapi dly gkgﬁﬁ%@?ﬁgﬁgiggeeé?@%g#§¥%88?§§5€$d%pégﬂgghlgﬁngggkééqudplets
into the @) aubjéatin®thezfngletRixeln@reahivie) Hear RiiRAlg f0ME&, tReBy fomMmiagd opl et's
during the atom zation. The atom zing zone nay be a discret’, reaglly

di scer nalsheanmiXédgretonn&t) eaponding the pasphasexinrge sbear Bikedotreiam, may

conprise a zone 68 aof the smallest, cross-sectional area in shear njxing
zone 24 égeqe VREPRUEIag 3 spray gl Hausl ised droplekse ands & C@agag_tmgﬂgq: gq&t‘bn‘i zation

begi ns i X1 4. 1Rn.th j ct est ni .sense,
at o zat 1 SeC AL Pl SR crde it Fusthi) FhBE A BEE N TELTS when the
st eam or @nldafommt om zing gas is mxed with, or injected into, the liquid to
be atom zed. In the context of the invention) atom zation neans that as the
fluid passes through the atom zing orifice, the |iquid phase breaks up, or

begins to break up, into discrete masses in the gas phase and this
continues as f‘l‘?&afchlﬂrﬁc%séﬁ‘l“ SPPATAIRS OF RierRrasentiRkentQfyithe includedyi zed into

a spray o i J e o
PCT/CTSOd%ﬁg%gg&gkﬁdﬂgﬁgﬁgﬁggéﬁ%ahEJEn Hgﬁnggﬁﬁ?%g%%%%géﬁ§§§%y5%ég§ and an
appar at us;Hopt 180@thésteferhblgUibdlt WREY.ei n the Iiquid experiences both

i npi ngenent and shear m xi ng.” The inpingenment m xi ng and shear m xi ng both

occur in a fluid passageway 14 |ongitudinally extendi ng through the
interior of a hollow nozzle 10 that defines an at |east one expansi on zone
i NBRAEFARES (R LEHHON O PRI DR &% i xing zone 24. The fluid
passageway 14 is open at both ends (fluid inlet 14a, fluid outlet 14b).
Fluid inlet 14a is at the nozzle upstreamend 16, and fluid outlet 14b is
at the nozzle | ,ﬂﬁ%§% | ent
i nvention, at E@g@fi?ﬁgngggg?%?%agﬁpgéﬁg 0 anfgggghgggé?P%Pgnggﬁgﬁfsing a
gas and thgozzlewiewddlookimt omd Uesiflaidkindtrof thanegrie!l WFigimet KoY Ubustiads v
passed) under pressure, through inpingenent m xing zone 22 and shear m Xing
zone 24. 3 eroshreectigiahguleeviewnolktha gmimdement shawn e Figured (a) takemslonge ni xed

o orm &l pgl Pl phaoam B colLLdhng,on) IRLGhG R of G50 @ Portir

embodiment shown in Figure 1(a) looking into the fluid outlet of the nozzle.




In the inpingement m xing zone 22, the separate streans mx nostly (> 50
070) by inpingenent. Shear mixing neans that nixing occurs nostly by shear
forces. | nworgssasnt m xi ng between two fluid streans occur sPGRERIYET824ha] f
angl e between the streans ranges between at least 15 up to 90, and the
total included angle between the inpinging streans ranges from about 30 to
about 180, with 180 producing the nost”violent and chaotic m xi ng. Shear

m xi ng occurs when the half angle ranges fromabout 0 to about 15. In the
practice, at least a portion (e.g.) > 20 % of each fluid streamin the

i npi ngenent m xi ng zone 22 also has a fl ow conponent parallel to the
downstream flow direction, so that not all mxing in zone 22 occurs by

i npingenent. In a preferred e ﬁq; I t Q@ | aterally outer or
peri pheral portion of each f|IHIB sm;gr'n}[?fs? wgcﬁﬁé’ ggai nst the other in

t he WO 00/ 55281 PCT/ US00/ 07024 i npi ngenent m xi ng zone 22, preferably at
an angle of 90 30 normal to the longitudinal flow direction of the fluid
(direction of ordinary or overall fluid flow), nore preferably 90 10) nore
preferably 90 5, nore preferably 90 2, nost preferably about 90 (or
substantially parallel to the y-axis shown in the Figures). Fluid expansion
in the inpingenment m xing zone 22 and shear m xing zone 24 is mnimzed.
The i npi ngenment m xi ng zone 22, the shear m xing zone 24) and the

atom zation zone 68 are all in fluid conmunication. After inpingenent, the
m xed stream passes through shear m xi ng zone 24 where further m xing of
the m xed stream occurs. The inpingenent and shear m xi ng zones 22, 24 may
conprise respective upstream and downstream portions of fluid passageway
14. The downstream end of i npingenent m xing zone 22 fluidly conmunicates
Wi th the upstreamend of the shear m xing zone at the inpingenent m xing
zoneshear m xing zone interface. The kinetic energy inparted to the fluid
by the inpingenent and shear mixing forns a single streamthat, when

atom zed, produces small liquid droplets dispersed in a gas conti nuous
phase. The average size of the liquid drops or droplets dispersed in the
gas phase after passing through the nozzle is smaller (e.g., at least 10 %
smal ler and preferably at |least 50 % snaller) than upstream of the nozzle.
Shear m xing zone 24 fluidly communicates with an atom zer or atom zation
zone 68 in a spray distributor 64, or as discussed herein, atom zation zone
68 may be configured as part of shear m xing zone 24. The atom zer nmay
conprise an orifice having a smaller cross-sectional area than the small est
cross-sectional area in the shear m xing zone 24, resulting in a pressure
drop across the atom zer and further shear of the two-phase fluid as it
enters the | ower-pressure atom zation zone 68. For exanple) in Figure 4(a),
WD 00/ 55281 12



PCT/ USO0/ 07024 the atom zer may conprise distributor inlet 158 or nozzle
orifice 30. Thi's shear further reduces the liquid droplet size. As the
fluid pasd¥@09/sE281 at oni zati on zone 68, it rapidly expands HF/PIUEIREs a
spray of atom zed liquid droplets. This rapid expansion and production of a
spray of liquid droplets conprises atoqization. The fluid outlet of shear

m xi ng zone 24 fluidly communicates with a spray distributor 64 that shapes
the spray into a desired shape. Spray distributor 64 may conprise part of

t he atom zation zone 68 and may or may not conprise part of nozzle 10.
Spray distributor 64 is preferably used to mnimze coal escence of the

| i quid phase prior to atom zation. In another enbodi nent, shear m xing zone
24 may fluidly communi cate WNQT B SHERFUPORBETLIREP! | ses includes a

hol l ow fluid conduit open at both ends and an atom zing orifice and a spray
distributor at its downstreamend. In this enbodi ment, the cross-sectiona
area of the conduit perpendicular to the direction of fluid glowis
preferably greater than the snallest cross-sectional area of shear m xing
zone 24 and the atom zing orifice. This rrunim zes aggl oneration or

coal escence of the liquid phase as the fluid flows through the atom zer.
This process and apparatus are useful for atomzing a | arge vol une of hot
feed oil into the riser reaction zone of a FCC unit to achieve a relatively
smal| feed droplet size and uniformdroplet size distribution of the

atom zed feed droplets with a mninmal pressure drop across the m xi ng zones
22, 24 and atom zer. For exanple, with a 4-inch dianmeter nozzle, it is
possi ble to atom ze 30 pounds per second of the hot oil feed, at a pressure
drop across the nozzle of |less than 50, and preferably |ess than 40 pounds
per square inch (psi). Wen used to atom ze a FCC feed oil, nozzle 10 w |
conprise part of a feed injector 182 (see Figure 7) that house nozzle 10 as
is discussed later. Typically a plurality of feed injectors 182 are

enpl oyed, preferably positioned circunferentially around the upstream end
of the FCC reaction zone that is WO 00/ 55281 - 13 PCT/ US00/ 07024
proximate to the bottomof the riser. The hot feed oil is usually m xed

wi th steam (and/ or other dispersion/atonm zing gas) upstream of nozzle 10 to
forma two-phase fluid conprising a steam phase and a hot, FCC feed oi

| i quid phase. This m xing also increases the velocity of the flow ng

t wo- phase fluid. Mxing of the steam and oil upstream of nozzle 10 is
typically achieved in feed injector 182, by steam or other dispersion gas
spargi ng nmeans, as is known. The two-phase fluid streamis split or divided
into two separate streans) preferably using a splitter 28. In one

enbodi nent, such as that shown in Figure S, ~oth streans flow sinmultaneously
over splitter 28 and through two separate fluid openings 26, 26'. Splitter
28 may be suitably positioned at fluid inlet 14a so that splitter 28 and
fluid passageway 14 define the at least two fluid openings 26, 26' . Fluid
openi ngs 26, 26' are preferably symmetrically identical, and they are
equidistantly and laterally spaced fromthe |ongitudinal axis (the x-axis
in the Figures) of fluid passageway 14. In the inpingenment m xing zone 22,
a flow conmponent is inparted to each streamand is directed radially inward
and preferably perpendicular to the |longitudinal axis of fluid passageway
14 (i.e., along or substantially parallel to the y-axis shown in the F
gures). The flow conponent is directed toward at | east a portion of the
other streamthat has a corresponding fl ow conponent directed radially
inward. At |least a portion of each stream i npi nges agai nst the other)
resulting in turbulent inpingenment m xing and a conconmtant reduction in
the liquid droplet size. The resulting m xed fluid streamthen passes into
shear m xing zone 24 for further mxing with | ess pressure drop than occurs
i n inpingenent m xing zone 22. The m xed streamthen passes into the

| ower pressure atom zation zone 68. The cross-sectional area of the

atom zing orifice normal to the fluid flow direction is typically smaller
than the cross-sectional area of the fluid conduits)



WO 00/ 55281 - 14 PCT/US00/ 07024 164 (see Figure 5) feeding the fluid to
nozzle 10. This results in a velocity increase of the fluid flow ng through
the orifi WOBSEY into the | ower-pressure atomni zati on zonePGBUSEEMr ap| v,
t he cross-sectional area of orifice 308is al so smaller than the sumof the
cross-sectional areas of fluid openings 26, 26' . This velocity increase
produces additional shearing of the two-phase fluid that, in conjunction

wi t h t he foam)d Ieapdosidecelb$parge, guesgphmag coprpridecedisperfsion diediscretkict i on in
the size of the liquid droplets. Spray distributor 64 nmay be expandi ng and
f an- shapeths glabnlag imhe spligh | Spme isaPnEEsMl iadetween tead 149 PHxssagevay
154 open at i@s ufgsgr ’am and dzcl)wnstbeam ec{]di. aoir}@}/ distributor 64 is
preferablt?/voﬁB $5 1o1eEy ggipélcsg}g £ PUB MG 4P 56t the atoni zi ng orifice
for controlling the shape of the atom zed spray. Spray distributor 64 may
or may not be configured as part of nozzle 10, but is preferably attached
to nozzle 10 blyianyt gessitdete haad akpange tHaney pb-OehtiuvItdindaitnaddo ons.

Anot her enbodi nent of spray distributor 64 is described in reference to

Fi gures 2adid-agrdinuonb.ebutppsr passiblefio hiaee prwoepttase igasand digquid fpid dweg a
nozzl e having a single | 7ui assageway 14 havin | ongi tudi nal axis

(x- axi s) léﬁag'ﬁHPHQ“ ¥ Rl h 'ﬂ}%efp(gg,ztﬁg,pya\r,ﬁqu{aramo ng\ﬁgﬂfl? ﬂ?‘llf?%’éni ngs 26,
26' at t g - l. fJ.ui.d. outl et
Tab that Tyttt pf firob g ¢ RRe AUAEGER ADEuRn, {§A5LaRRRS Kethih 1l
and out | efith4Braimy.! Thetd HibsNBE kXfIRPGRahsPRedeint fh BROfGIFediOnAE tdi nal  axi s.
The cross-sectional area of the inpingenment m xing zone 22 portion of fluid
passagewayzie far thermihpact aid shear downsyt todaorease tHehanfidesarepof thealiquedd. At

| east a portion_ of the cross-sectional area of the shear m xing zone 24
portion dPhasgyuilingpisdstigeirgyn raduriag éndbe thicknesswd gy diquid pembiangctidon of
fluid outlet, 14b. |In one _enhodi nent., fl ui assage) 14 i s for,ned,by at
east wongarFEReys BulOeRERERt T fowid ouleB” ERGERITHNe fhe T anSdiERO A | of
each pai rg|BeiiRg if e ﬂhﬁf.%ﬂhhybém&%gdﬁﬁﬁgtthé Az RGoh ONY fé&‘i‘i‘c@?ﬂh_eax' s. The
area 00/ 55281 - I'S PCT/ USO0/ 07024 between the side |'s defines fluid
passagewayngifigemhncindishean avietiepimonezzid 11 0 aadtthrogighahe oness-meet orificesThe
cross-sectional area of an area of_ fluid passageway 14 may be varied by
varyi ng t WHI anbt eeraE wikh ddwa-phase dhdd campsisingon gas Phese @'&g@ lighid pair of
opposi ng V%ISI s in either a first dinmension along the y-axis or a second

di mensi onP 8hg the z-axis. In sone enbodi nents, the cross-sectional area
of shear m xing zone 24 decreases or converges in the direction of fluid
outlet 14b. In other enbodi nents, the cross-sectional area of shear m xing
zone 24 decr eaBefemblyt, tid fluiecomprisesaiodtly Igas dnalitdlaimetdb basid (amy, a ncr ease

as zone 24 progress toward outlet 14b. The cross-sectional area my be
vari ed i nvelpmesiic gpy kxhiawd rafiproftat deass delodar affigiery desy gixing 4 singlemg t he
z-axis or_along.the y-axi.s. The,crosssectio a of fluid passageway 14
o oat cQis Y 08 2 1R pdiiEa Bi-3BRE Sk Tt nEl Ao e A 6 GREEFIT D)
fluid opep A Bired - | > 0.0 rea of
shear m xliqllrclig:;tﬁglgte)nelr§4@ywlp f?ﬂdgg? hgl:t;oytﬁggaggégg};é‘ ‘tqlﬁyg %ﬁg?sgﬂr}]’ggﬁ’az?%ﬁfg tmthyiﬁaxi S
wi | | decreasehade flind, dangas adleciap id inercdised a¢lagvalotg vdlecity akilse liquideases.

Figures 1 (a}-1 (d) illustrate one enbodi nent of nozzle 10. Nozzle 10
conpr i sespkasgody inthe inHENESMER| BiXiDL zZARE AR, Cibniprthe shear mixigegoneddt ary and

e T B A S P A
of oz 60 TR SR o AR L A M LR e P ey 12

are located at the respective upstreamend 16 and downstream end 18 of
nozzle 10. Viewing Figure 1 (b), fluid passageway 14 has a rectangul ar
cross-secti on The velocity difference between the gas and liquid phases results in

ligamentation of the liquid, particularly with a viscous liquid such as a hot FCC
feed oil. Ligamentation means that the liquid forms elongated globules or

rivulets. The velocity difference is decreased during shear mixing. Thus,



and is divided into three sequential zones (expansion zone 20, i npingenent
m xi ng zone 22, and shear m xi ng zone 24)) all of which are in fluid
communi catW8R/95%8t h adj acent zones in direct fluid communi cBET/BH0/070340

00/ 55281 PCT/ US00/ 07024 - 16 Referring to Figure 1 (a), fluid inlet 14a
conprises a pair of symetrically i derifical and circle segnent - shaped fluid
openi ngs 26, 26' separated by a splitter 28. Splitter 28 conprises a

gener al | ypassing angud-phassiapddhplughe plessurbiredatingfdrifick omingting4eait o split a
stream of flow ng two-phase fluid into two separate streans that flow

t hrough fiMPIREBESRRIHi TAEAN2 80N 82 produpss advgdacisy diffgrential betyeen the 88 chor dal
portion of .each.respective.fl.uid entrance, 2 26' . . The.downstr end of
Phe 11 ui qngdeiug siBR Fheul§ i itaineAcRr o Cine dindd apg/r BRFTRn S3Re 11" i s
enbodi ne - OF 1 FH J < ; y al so be
enpl oyed,rr uﬁ?‘%mr?g%%?jréc‘élﬁr%g{lgp ?E‘geo §guﬁd§hf)(;r1g@2? %gh?%@#}?ggﬁ%@?nay or may
not conprdisggersdd depst Additonilchedf of the Iajuddiozelirsovhét tid fnidEnzenenh®8. The
non-circul ar shape of orifice 34 also produces a nore uniformsize

di st ri butflwd inlet { Az (epemnged0.016’) df opraled Otdnanthsough ong ar morear cuat e

orifice would.. Referring to, Fiqgures 1 -1 (d), fluid ssageway 14 is

f or med b;ﬁt@%aagpr&}%h&) Pﬁéllweafwﬁﬁadéé%@“M&lwg@w@yééa2 eagf@enabs- -23")
and 34- 34 d 34 ane |dant ] : { - el and
are rect ;kHS_%@PS ?ﬁﬁg Oa%)%l“k@%%@%a“@'émﬁ hgmf? ?E"é@@‘i‘?“zg‘l ﬁléf,raetggg} trical.
The same peAynt PRferdblalthe BAJsK-skéti Gl iaddSoPiHe 7218 bittet! 1ROk iffberl) j@xi s for
each wall, wWth the intersection of walls (36-38-23)-34 and

(36' - 38" sa@il)er 3dan gwctunt of thengross-se@itnahagiae of dlutit opghings 26026’ .enbodi nment s,
the intersection points are arced or full radiused. Walls 36-38-23 and

36' -38'-23" each begin upstreamw th an arcuate or circular shape
perpendi cul ar 0 t,henl ongit udinal . axis of .no tantial
g oalrBas

zzle 10),sub |
conformng to t‘%ZlE' da SO %&lg@lgthq%é@l%éﬁaﬂﬁiowgﬁpliegg CFi gure
5) and fIli }gbo&@' ' e TSANTT o
mai nt ai netgbﬁailtong ?f‘g?é’%gggfgg"é&gg%h uir?t?% I%gl%pg‘%gg%?’;gﬁg \ab?gcg%?lgklg?% ed to
her ei n aswithia novzie§@ we niaynbexcogfigured as gajt ¢fta {gray eitribore Gdoatedepad m xi ng
zone 24. In shear mxing zone 24, the shape of fluid passageway 14 may
change t dodiogéleel®y Consqauently oitie-gsis de shes Hajsbpassigg dopegp e atoprzing

PCTI US00/ 07024 that continues to .orifi.ce 30). to nore effectively utilize
Dhe. oot G oy BRI by dRmsrife i linh SR EsgndStogBidts thbc Ll T,
opposite i (1o ST 1T t hiudi nal
e ThaRe didriftafbh ofl BaC Y PR bibaR RGOty SRR KBRS T I
t he crossatsmitdtiomal Tl s@nmdkingxqemeshoyn bz ardis@i@te, betidilyadigegrnabiznor fie

cross-sectional area just downstream of steps 38, 38 to reduce the
pr essur e HPORUEAM FONF fhgay rexing 7ong Sherit Moy qampistea 2ane B @fdhepeni ngs

26. 26’ arelxeekoci ty-i[ncrefasi n eni ngs becauﬂe tﬂfiE crosssectional area
i s smal | YT TR CTRESEF TR T Ar gpamegonC et 25 {usUalidil K806, as shown
in Figur ) I | [i@UESmibatiBh bedi - e T tygeam splits

into tV\o%e(g?jariﬂstﬁlggégga%é\;effdlggfl ttgEIB}Zlé)eghdsV@ns?lleafgiﬁ?%ll#ﬁggszgggemy t hr ough
openi ngs 26, 26' . The pressure drop across splitter 28 may be too high for

sonme applications and, hence, a |lower pressure drop neans for introducing
fluid into theloibgsmectestricgmiersenyes dtomizapontimay itfep peincagpsingthe26’ into

expansi on zpne 20 i rts, shearjing forces because. the |ighter s phase
accel er at %B@ée%ﬁ{g%ﬂy‘qw fn f%gﬁ%@\ﬁre‘?thﬁ YOMYZINEBAS 18 %Jﬁﬁﬂs‘\%gh CJg'one 20
is a cont; : i OF 1Rt [(d 1's not
perm ttedhfggll%{rjleeﬁ}ﬂgj(fp@nd@ggaﬁwgd’apgﬁ%ﬁg%@%é @%&h _Ig expansi on
zone 20 rgdufigfic@epietavaety OpidfpRseshadug thecibmifihporificete i f it
were not present.

liquid phase breaks up, or begins to break up, into discrete masses in the gas

phase and this continues as the fluid continues downstream and the liquid is

atomized into a spray of droplets dispersed in the gas phase.



At | east the outer peripheral portion of both streams inpacts or inpinges
directly onto the right-angle steps (inpingenent surfaces) 38-38' and is
forced radW@9%s528ward to i npinge directly into another inpPREASIYII0M in
i npi ngenent m xi ng zone 22. In an enbodi ment having right-angl ed

i mpi ngenent surfaces or steps 38-38', t'fe included angle between the
inpinging fluids is 180. Thus, the inpingenent surfaces are fornmed in the
y-z pl ane nor nfhetpredene invemtion .cohipises oty & peodesdiahdcinsappacatuadorl | y i nwar d
conmponent of both streanms to WO 00/55281 _ |8_ PCT/ USO0/ 07024

subst ant i atomizimgonfquite wheseinttheliquid experiaices bathdimpiogamenagnd sheas pr oduce
maxi mum i npi ngengnt. mxing. As.the fluid contjnues downsiream . it enters
shear m xgﬁﬁmgo:@‘ezﬂn%‘?&g‘%h@%%@m BHXINZhAY qgeHt H‘a%g'é“q n the

i v of t RRepErhy 1 bR ARRRETY Exlhfile Ao R lerfihiof BN OB T r 0° ¢

no abr upt 10 kiRdiaR Tnes @hi RO BAE Bk pAisid N ForOPE, A7ithPingBARAt HiXinddoiene 24,
shear m xi ng substantially begi ns downstream of steps 38-38'. e pair of

opposi ng 23] drgl 28hef23hixdeg zonad4 s fharfluiidpasspgeorsy PHisaopensdtdmpehl eads
converge inward toward orifice 30. The gradual decrease in the
cr oss- sectilyddnleslda, Qridspulat 1dbxi Fipid dnlet 24aiinal bgqwzzlenpsireamgend| oci t y)

and the i mumfluid, velocity occur referably at. prifice 30. In another
embodi nen én%{d@Hm&lett%%s@ﬂgpﬁ'éozfzi‘?.lﬁawé‘ﬁr%%"& any conveni ent source
that conprise a two-phase m xture of a gas and a liquid pass into fluid

passageway 14 through fluid openings 26, 26'. In this enbodinent, the two

separate feed [nagsocasstenitdimeadof heatbscitentdigicigat least fwalbebarmeet
velocity. Figure 2 (a) illustrates another enbodi nent of nozzle 10,

f abri cat edtredamaopRuwatphasediuid canipsiginga ghs phdthe baeid ®MhesRonfzed atearity,

the intersection lines of platelets 50-62, within passageway .14 are not
shown ThamslamgoutE nsbrestieph ShEpased e mupinieh hEDERG MEES BE8  od
passages i : i §d . ex i - t

Pl at ol ot . THAE Zong P2 304 Sheor B 2t 2. 1 RO BB e 2 e

t oget her, tlieosépardte 8Eéame at® miEdrd forth 4 kPl RTkEC ameaibyldlliginat& et 50
conprises a disk having two circle segnent-shaped openings 26, 26' defined
by streamimpingingat 28stsi poftion efeeachastregmoagningt the gthes. 1 (b). Figure 2(d)
illustrates platelet 56. Platelet 56 conprises two shoul ders 80, 80" on
opposite sides of orifice 15. Shoulders 80, 80" and orifice 15 are sized

and conf i gur ed { g, ApRCARLIALPhY RTINS 2RO UETRIL SPHAEAGRR: bEpT) 38
50 %) by impingement. Shear mixing means that mixing occurs mostly by shear
forces. Impingement mixing between two fluid streams occurs when the half
angle between the streams ranges between at least 15° up to 90°, and the total
included angle between the impinging streams ranges from about 30° to about

180°, with 180° producing the most violent and chaotic mixing. Shear mixing

occurs when the half angle ranges from about 0° to about 15°.

In the practice, at least a portion (e.g., 2 20 %) of each fluid stream in the
impingement mixing zone 22 also has a flow component parallel to the
downstream flow direction, so that not all mixing in zone 22 occurs by
impingement. In a preferred embodiment, at least the laterally outer or

peripheral portion of each fluid stream is directed against the other in the



PCT/ US00/ 07024 Progressing downstream the sizes of orifices 15 in each
subsequent pl atel et decreases as shown sinilar to the convergence of shear
m xi ng zonwo24¥/5538dwn in Figure 1 (b). Wile each of the radP@INU$0M/G70%4 d
steps of each successive disk 5762 is not |arge enough to inpart as mnuch
radially i nward nomentumto the flow nd!fluid as shoul ders 80, 80', they
inpart a radially inward m xi ng conponent to the flowng fluid. The
orifices jhpifferhbft Mﬂhg'z%hetjlabréfﬁdb!['yeatsi}?ﬁﬁgl@df'm £ 90€ndfnMavanyaryi ng
first dimensions, wherern the first dinension of the orifice 15 of each

pl at el et ldagitadingl Sbeadiredtiomet therftuid4dirsctiormdf erdindrgrortdwverill flaid di nensi on
of the orifice 15 of the platelet preceding it. Preferably, the orifices 15
of at | eaBowbmpors preésrably 9t £d6F i mersprederabl k POy A neard prefermblnPOf ng
second di nensi ons) wherein the second dinension of the onfice 15 of each

pl at el et Hafi MPHgPrekEablymbaui §07 dprsubstandiafiyparaliclitadhe yraxis shoma inli nensi on
of the orifice 15 of, the platelet preceding it. Referri to, Figure 2 (a),
nozzl e 10tthn§)c}g‘éﬁe§b %Mﬁ%ﬁ%ﬂ%ogmgﬁﬂmmpg? E?b@’@@gr}&%&%ﬂ{&ﬁh&gf downst r eam
end 10 and:J:n.f|Hi : 0 aLLE ion with fluid outlet 14b to produce a
general | ;ﬂ]@){lgg zéﬁ%%ﬁé%%%%ﬁspr ay of the atom zed liquid. D stributor 64
may be wel ded, bolted) brazed or otherw se attached to nozzle 10 and forma
part thereof. As shown) distributor 64 conprises a flange 63 to allow

di stributor tolkd irepirigestont mixaghzeme 2hahé shdfr. mDiisg zobeRdr aigditheas a

passageway 70 (with an [nlet 70a). passing, therethrough configured to be
subst ant | #PMyzatipn %%%eﬁi Przeeal!aﬁuﬁsrdo cHBPWNIEALGN; fAHET BOPINgEESLdhe t he

For mat 1 ort e Paftes PRADRRRRH BT sBbay ot Bhbet BBk Feam i nto
a_gener al lyxdd ﬁieaﬁﬁ‘@céﬁr}éemﬁﬂhﬁiﬁgﬂﬁw ﬁﬁhﬁhiﬂi%}iér@dtﬂomtdﬁy 1,

defined by opposing wall pairs 66-66" and 74-74 ich define & fan-shaped
at om zat i compseereSfective spwisam anddgwhetreda)pordbsrof AuidpassagevSBLhas a
first dinension that may converge, or decrease, vertically (along the
y-axi s) whendpwasireasiond afommazeonen mixing zene 2Rfvidhecommutnienteswithon i s
greater ath t he, inl e%gg%a‘gl a% the.ou'gyl et to.control the rate of shear WO
00/ 55281 WEHPSURRR B4 SB5UIXIAG ZOPG, AE Pive NAEEMGBh UK ING£R8Ger ) t he
first di ngpsi KRR Bt ' IR 68 has a
second di mns?‘gﬁg{%ﬁﬁaﬂ\%g{g}s’)ﬂr or |E2€gg§§§q}?p§ﬁcﬁgbﬁﬁ%f@@%§?2§e when
progr essi mypihgewredt and $hexe miXisg fdrhat a $ihglesencand tititpwhen arorhizeds eat er  at
the outlet than at the inlet. Tip 71 termnates at orifice 72. Oifice 72
may be or PiOSHE’s Horkdlquiddroples dispersedfingngaspeeniintious phash Ahelaneraget s

| di. i .al. h -axis,,. f er.ab havi ded.
ol Pee o HEERT AN 85 Brdpi s ai el Y 23S DA AR IRRIBE e same
curvat ur eghrbish iH2 % RrEedidrRa! .,-at_tl%%r%l%wl% aHB r@t%rmgg@m@?nt ly

selected. Preferably, the curvature is circular. The preferr radi us of
cur vat ur e50 $% sipalier)ahan hpbdredrhofdherrosilen of passageway 70 in the y-axis.
Wiile not required, the center of each wall's 74, 74" radius of curvature
is generally | ocated near the centerpoint of the y-axis (centerpoint of

first dinensi og‘)r | n._ enbodi mé?{tﬁ‘ﬂa{}ere first di rreRsi on varies along the

x-axi s, the radith BFIR&FOEE AragupleAles WHh AL PPRIEL Bnihodi ment s not
h T th . . . . : ety ¢

shown ﬁoﬁﬁ?ﬂ’t%rﬁ%é}?& gz}”gré] grsggdggﬁgﬁlt{h@mddi %!s%?cdg?é(d H&e%gfeg?]gza%ﬁr en

axes) but prefera aving a 90 separati on. st and
second di sEnsédnmydic aadsngeday paft, ofGhezomexifg zoae4pr ef er ably measured at
the wi dest point of separation between opposing walls, i.e. at the w dest

point of curvature fromthe center or |ongitudinal axis or passageway 70.
I n one enbodi nigt) the width of inlet Zga | ong the ﬁ axis is at ieast
about 1.5 tinesn¢ALMERHMAYGFOAPELG dbAT FC?‘%M SRAHEHAPSIAECHON | s) , and

708, " ui AR s Aot ef S Beflr SRR O e BubinEERnk o BB ey 70
to furthep $pRASureRopladisksand atdthizBLind Bttt shBgr bf Gid tq'djé%leeﬂuiﬁiaé_e-

Expansi on zone 68 is at a | ower pressure than orifice 30, resulting in a
rapi dly eitparats the lpeeer-pressure atomization zone 68. For example, in Figure 4(a),



phase that atom zes the liquid to produce a spray of liquid droplets. This
further W O 00l 55281 -31 PCTI USO0/ 07024 shears the liquid droplets, and
the fan sh¥Pd0EF28the atonizing tip 71 produces a fan-shapedPSPLEW/WGIH24 he
liquid droplets that flowinto the reaction zone of the FCC riser reactor
as shown in Figure 7. Figure 3 illustrates another enbodi ment of nozzle 10
that is operated and configured in a manner as previously described for

ot her enbggidiEmizer nvayevomgribe distebR0E Inle k38 oPhbiile driflteB: ThizaHehmt er al
ends 130, 130" (preferably fullradiused) and has a di mension along the

z-axi s | ofugther redurces ke Hgmeldroptet alzenAs the fuidxpassessintd htomizatiohzonghown i n
Fi gure 2(%% .and descri bed earlier. Arced epds 1~0 _13%) ar? prerferably
ful'l - r adi @8dbrardlyFxPesadARd PEOqUGEs APTay alikioadacd Hadiddr ilbi% or 64. As

pai v s of PR SRR brotilySn stbcsobe ALt ABp 0 Bofibrls®a 55 ' 155 Y 1

Val |'s | 26)todmbatigipnverge inward in the downstream flow direction, and walls
130, 130" diverge outward in the downstream flow direction. The net effect
is either a generally overall constant cross-section of shear m xing zone
24) or one that decreases or converges and then diverges or increases by
about 10% 50% e dhid pHHet efhshear Mmiking zone24 Huidly spamunisates wighaar mi xi ng

24. | t her. : X 24 h first di i |
fhe y” axi e AR aadb L Tige SIS fifaf S evetonans SREHBRINIDT y o
second i grusl 0 BhANGDLAB InclinibliTin SO GRSER pRLPSE R25) LRI 0Vt o

esi gn | S r

30. This 0 vergi ng and convergi ng wa oduce a shedr m xi ng

zone 24 hpxitiod nazzleViex Sprdy dipriba®iiod idpeefepdbl pSed to hiiaimizee enbodi ment
illustrated in Figure 1. It also reduces the possibility of coal escence in

shear i xterjescenee ofl thenkquid mipae prot & atenieationdi eavotbanembodirRéiure 1. The
entrance to shear m xi nﬂ%zone 24 is defined by the radjally inward edge of

steps 38, SREAr MIXIng FRNe £ MAYLlyidhncommpni¢ale With amgtopizes Sat comprisese

includes a hollow fluid conduit open at both ends and an atomizing orifice and a
spray distributor at its downstream end. In this embodiment, the cross-sectional
area of the conduit perpendicular to the direction of fluid flow is preferably
greater than the smallest cross-sectional area of shear mixing zone 24 and the
atomizing orifice. This minimizes agglomeration or coalescence of the liquid

phase as the fluid flows through the atomizer.

This process and apparatus are useful for atomizing a large volume of hot
feed oil into the riser reaction zone of a FCC unit to achieve a relatively small
feed droplet size and uniform droplet size distribution of the atomized feed
droplets with a minimal pressure drop across the mixing zones 22, 24 and
atomizer. For example, with a 4-inch diameter nozzle, it is possible to atomize
30 pounds per second of the hot oil feed, at a pressure drop across the nozzle of
less than 50, and preferably less than 40 pounds per square inch (psi). When
used to atomize a FCC feed oil, nozzle 10 will comprise part of a feed injector
182 (see Figure 7) that house nozzle 10 as is discussed later. Typically a
plurality of feed injectors 182 are employed, preferably positioned

circumferentially around the upstream end of the FCC reaction zone that is



cross-sectional area at the entrance to shear m xing zone 24 is smaller

t han t hat WO 00/ 55281 PCTI US00/ 07024 of the conbi ned cross-sectional
areas of OYRAVH381 26, 26' to increase the velocity of the fRGEUS088742¢ f| ows
into shear m xing zone 24. In this enbadi nent, the divergence and
convergence of shear m xing zone 24 shapes the fluid flowinto a generally
rect angul ar shape that may have arced ends as shown in Figure 3(c). This
shape pr pnatiests otherbattom of thorsaf Thehof feeddil isasualdy miged @vitho

distributor 64. Figures 4(a)-4(c) illustrate the enbodi nent shown in

Fi gures $8team @(néfowthﬁr @%Berétfd'lf‘t“iogﬁz@fg @Sé;&lp&ve@mﬁ moBaleot0 wufosm ached to

G st 1t out B HsE i@@ﬁé{m‘fﬁ%{vgﬁgﬁ s BB A B S@ngvﬁﬁwéﬁaped body
152 cont giy ffixih gqﬁ{@&ﬁés méw@lo %@w%@étw@waee Rl RALidY

opposi ng and out y diverglng ma serve to co rol the
expansi oof die $tbematnaloit ulagrédmuod nople 1&) ifsa?lpﬁchﬂp%dhmeah fo¥d ingedi&b) 155
conprise the rounded, | -radi used | ateral ends of Eassagevvay 154 t hat

pr ef er abll§2dby stegm et @tdilgr dispersan gasspargingomesagy@aay kngwnt o provi de a
fan-shaped spray. The enbodi nents shown in Figures 3(a)-3(d) and 4(a)-4(c)
conprise arced walls |126) 126' as shown. The fluid entrance |58 to spray

di stributor 64uGateaRANTA N S0ANR iy OF W6y ol QoapaLee Hlagad e

fluid outlet 1 utor ar ger rm-t mzed spray
of 1iquig r@t@@m%h@u@%pmt& wn@md&nbmx%@uf althshaheds W min Figife Pr essure
in passageway 154 is |ower than that in the nozzle fluid passageway 14. The
m xed f| G Hodxs$tteamys ﬂowzdlmun@namd;l}enver spigtdri 28 ashddssagienay sdparatt oni zes
into a fan-shaped sp liquid droplets that flow through outI et 160 and
into the OPERIBES I"éa§€’I orPl&ersHHmaYi e %Iil@@hépqsltlpngﬁélﬂbﬂslq nlgiskdaat es a

cut - away i nozzle 1 assaoci ation
wth an aBSECRN PR aPaRESRLRe O REE Mo B En k¥ g B i PeBRSat b 1 or
a two-phagesgi u 0zg1 RPGRLNgs 26,
26" ). Fi gurgs I625}(;11:!3 Qg?x(‘i:‘i;ng:é Izleugrgrte gﬂ%%@g%@g%Hgﬁﬁgﬁtxﬁé t}‘gl?oén zZi %Z nozzl e
10 wher eiare aquidistanithaandhiteratig spaéed Foaptife lougrddinal beisgeret x-akisshehe m xi ng
zone WO .00/ 55281 -23 PCTNS00/ 07024 24. In all other respects, the nozzle
10 shown Filgunes ok Byidspassagrvgy bperates sinilarly to the enbodi nents al ready
described. As shown im Figure 6 (a)) t~luid openings 26) 26' need not be
conpl etely arced segnments if the pressure drop across splitter 28 is not

too great. Vi qWitRgithpifigemedt Mixindase 72 4 8w c?rf'enlf'?sslrﬂ%zﬁ%@ﬂoeﬂ y shaped

flow area where its cross-sectional area first decreases and then increases
as it pregclessesmtandas direcietliradiably. inWaod pad tpreferablp perpecli¢uiar i thes of the
nozzl e taken at 6 (b) - 5({b) and 6 gc) 6 (c) are shown in F| ure 6 (b)
and Fi gurengtydinal axas pf flyid passage way érfmhalortgo@rpqmtww@am alf@ shear

2 h
ol oot 10 saeis AATR RIS EBRRT, T2 ARiEriaenb S AR SR asfigt el
pref er ablyy d}ﬂéhtdf(?ﬁ@gth%@ls%ﬁﬂtthﬁﬂm&ra sﬁnumgger a%cirﬁf)ﬁﬂgrﬁ@ﬂe@fédzone 115

may alsotermnateln orifice 30. ice 30 pre s the sane size
and shapeadiallyhatartesAt 1dasra podlmhoﬁ\ﬁadmstmaﬁvlmpﬁ]geﬁhgdlnﬁeﬂiesothé\s shown, a

first dinension of shear m xing zone 24 decreases toward
resulting in turbulent impingement mixing and a concomitant reduction in the
liquid droplet size. The resulting mixed fluid stream then passes into shear
mixing zone 24 for further mixing with less pressure drop than occurs in
impingement mixing zone 22. The mixed stream then passes into the lower-

pressure atomization zone 68.

The cross-sectional area of the atomizing orifice normal to the fluid flow

direction is typically smaller than the cross-sectional area of the fluid conduit(s)



tluid outlet 14b at a first rate for at |least a portion of shear m xing
zone 24 and then decreases toward fluid outlet 14b at a second rate for the
remai nder WO WKEM ni xi ng zone 24. Preferably, a second di mBRIUSAVEO24hear
m xi ng zone 24 increases toward fluid outlet 14b at a first rate for at

| east a portion of the shear m xing zoneé 24 and i ncreases toward fluid
outlet 14b at a second rate for the remai nder of shear m xing zone 24. In
oper at i onl64asee bhegurad)fhediagfthe fltid tonszzlél OuGhip essabtg emayveldcitynt o | ower
pressure atom zation_zone 115, atom zation is pronoted by the rapid gas
expansi orinFreasg el thBridtlewing dirpugh e onitieg 3GiapdiniothgdawenPeessiie by t he
rapi d accel erati on_ of eplicghter conpressiple .gas than.theg,higher density
(and incoﬁB?‘é‘?é}% %‘3"‘% (%%uFEngWi?E%.tﬁﬁ'gf)%ssisﬁﬁﬁe%@g‘gﬁ%g 08@?5\39#%&8 phases
until thej - v, LA RS BRI ar i

equal i ze.eslrfﬁl(laers elgg{?grﬁﬁéog tﬁég@ﬁ%ﬁ%ﬁ%ﬁﬁsg@? i dngﬁ gggtzh%éqf%i .CIII}?l a

dropl et s velotiogimireasezaddapdsayiditiond Ishedidn € an theetw@bhasafled that, an nunber  of
different ways. A lost wax or investnent casting process nmay be enpl oyed,
or a for gtonurgitbrowiibrthe sapidrexppnsionof thagapphasceproduses hdutberray be
fabricated fromsuitahle g ralm'(: g{r metal material or conbinations thereof.
As shown Tedussion sthexizs o ?&f),‘qqlg PRIEIS-on of nozzle 10 using a plurality

of stacked, relatively thin nmetal plates or platelets to forma body 12
having a fluid passageway 14 therethrough is known and di scl osed as usef ul

for rocket notgpgmyafiskriudemsd hﬁ"y%&?é(ﬂaﬂdiJ%’ﬁn&ﬁ&ﬂﬁl@\:d%ﬁxin@%ﬁlmeﬁm
3,881,701 and 5, 455,401. This fabrication technique'is also useful in

f abri cat i thgt comptises fah-stfapetdlypd passugeimayelfidi apen atno witregnt fed enbodi nment s
general ly disclosed and shown in Figures 1-6, and nozzles of the invention
have beend9¥pstreaim e8dYs SRR Hg1husembrt Hurefemaiprasitiongsd adipesitithé i s not

i ded be limted f. .t hi hni,. f fabri i on.
ret or 11 ngelb rs il e ntife BgtR PeteRiM e ShRREtE, oot por at o5
one of MOg@nifAe) euFAQdiTIRAY isHnsGk BRdnfPHF iyl forHRAWhfigdiéd af BRueprDri ses a

hol | ow feed injectoif 182 attached to a Teed nozzle neans 184 via 186, 188.

Feed nozzhezzieabsbiiG4d prefesatsiwatiashal womshizié 10 &yeinyatonvgntionalugbarishe wal |
190 of a FCC riser 206 and into riser reaction zone 192. Riser 206) better
seen in Anglpdingpipnedgameetens, Anether gmbogimenhef spray disiabuigsHdaati al |y

verticall yor in.ﬁnéed condui tt' J_1.n r eaﬁt ig zone 192, at least a portion of the
at oni zed BFCTIPER I 5B KSR HEUES AN Gi,)' hot catal yst particles, and feed
300 is cracked into nore useful, |ower boiling hydrocarbon products. Only a
portion of riser 206 is shown for convenience. Feed injector 182 conprises
a hol | ow conduThe hfgananisoofithic gire fane heantidnaidmpresd a3dirzishaving ackicgld vi a
feed line 196. Feed line 196 forns a T junction with the wall of the
upst r eam Poid Passaggwadd haxpnca ingiwgdina peigenmes) edgndingghppyghshg 1

nozzle, with at least two fluid openings 26, 26’ at the fluid inlet 14a at upstream

end16 and at least one fluid outlet 14b that may terminate in an orifice at

downstream end 18. The inlet 14a and outlet 14b are longitudinally spaced apart

along the longitudinal axis. The cross-sectional area of the impingement mixing

zone 22 portion of fluid passageway 14 is smaller at its downstream end then its

upstream end. At least a portion of the cross-sectional area of the shear mixing

zone 24 portion of fluid passageway 14 decreases or converges in the direction

of fluid outlet 14b. In one embodiment, fluid passageway 14 is formed by at

least two pairs of spaced-apart and opposing side walls, with each wall of each

pair being equidistantly spaced apart from the longitudinal axis. The area



-25 PCT/ US00/ 07024 portion of feed injector 182 conprises nozzle 10 and
preferably spray distributor 64, both of which are shown as boxes for
conveni encwO 05528y di stri butor 64 produces a rel atively fl aPCTAUSHN/ERAped
spray of the atom zed oil feed 300 into reaction zone 192. A steam spargi ng
conduit 198, having a snaller dianmeter” Br cross sectional area than the
injector conduit 194) extends into, and is co-axially aligned with, the

| ongi t udi etweeti theaidewnitiuddfiddd4luit patdugewaybler iwioh miyRavent batrall

| ongi tudi nal axes of conduits 194) 198 are coincident. This provides an
annul ar f restapgulpr Cpsfseetidwt oi |l feed 300 upstream of the exit end of the
injector. Steamconduit 198 term nates inside injector conduit 194,
upstream of nozzle 10. A plurality of holes or orifices 199 are radially
drilled circunigrent.i . ar t,i400 . Of dui t 198.
Hol es 198 all ovﬁ{setée}é%né% %éf!sog’g%%qrc{afgﬁaﬁ%\ﬂgbth \ﬁg%&ggﬁ&?gt% rﬁﬁg bgﬁﬁg'lggr fl ow
path 197 9 vHr¥ind the distendtobetVeken a8 RAsB Boftl b NGt TeRStBHF pAIAbN 0pSdsiA®
produce a two-phase fluid conprising globules of hot oil dispersed in

st eam Thevaisourdithef adistdinsgsigedonptihe gidxi§ eed s80dnd dimgrmiaahlopghbhe ween
about 1 and about 5 wt. % of the hot oil feed 300. The resulting fluid

m xture, EhXh Fayomgsmebadipeatapia gess-sFtionad piareofhisas Jnixmegzong, 24 eam and

15-25 % oi)] feed 300 : e 10..which i AR
streans. ¢ HeeraRrRe v Eres B AReRLan P S FOUSTHP o1 SisB 500 e T o

- | ' T i -l f .
Previ ous! riaSiHRd inoTtios LA Gl oA kel BikinkOReH PRLGER WSS 1t o

reaction zo contact the u ow ng stre ot cata

particl es thoataysboand fluid oatied J4b sl hnydneelisd hezbeay peogrebeasvado into
the desired |ower boiling product fractions. Figure 8 illustrates a

convent i omaitleFGéb pribeesesstsestionalarea omyphs vared meehendirectonydastnamt s of

the present inyention. FCC unit 20Q conprises a FCC reactgr 202 and a
 egener at GECORHIREIRIIToie Uit ecsaPe sl Ao geineBxs. Erosso81 36
PCT/ US00/ %Q%nag%?é@bﬁhﬂﬁi ;5&@9%&@%%@%%&3&[ Eﬁﬁ%tv.gfsu%% %cg& RMPri ses a

vapor - cat al yst di sengagl ng zon and”a stripping zone conprising a
plurality iﬁfpi@@érﬁéxﬁ&n&lﬂ% zbaé 2D omdarlflike operdimgs 20f 26et Bl oftheds” t hat

resenble the pitched roofs of houses. A suitable stripping agent, such as
steam i s cmmpodithentsd thenerpssisectsanal ppiaref sheaemikimg Zane 24 @11l Tlee vattyr i pped,

spent cat gl yst rtj.cles pass jnto re rator 204 via transfer line 218. A
of eheat od Beeaiveon disianciAlong the waisBill Aeerepte Abthesagie 1S et (06 at 1 eed
i njection cﬁ&?ﬂ&e gl%ﬂg tﬁ@?-z{?ﬁfnﬁ‘?‘%ﬁg%f eed 300 may or may not be pre-m xed

ede ity of s

with a pr erm ned quan eam Feed injector 182 shown in Figure 6
is located at 224) but is not shown in Figure 8 for sinplicity. In
practice, a plurality of feed injectors 182, such as those shown in Figure
7, will be | ocdfigdresrldahd(d)h8ustiraic ontemehaiment of serzled®. NSpzzemlfay pass
into feed injector a, Line 222 atom.zed droplets of hot feed 300

182 vi h
contact t HOTRRITSES RO ai,itbﬁé%terlﬁr%&ﬁm EOMPRFESA SILIE. | REry 4

catal ytic : I L,Oht eh kLl ¢
oat l Y1 ol il P50 BRSPS T PE RS Sd (bR
|3_0[( 2050), z3) wkdl h fhfid buglee 1 4B.0FlUid PakRigeag! D4 Hises Ringitlinallekingentispnd t he
i ke.
coincident with the longitudinal axis (x-axis) of nozzle 10. The upstream end
and downstream end of fluid passageway 14 are located at the respective

upstream end 16 and downstream end 18 of nozzle 10.

Viewing Figure 1(b), fluid passageway 14 has a rectangular cross-section
and is divided into three sequential zones (expansion zone 20, impingement
mixing zone 22, and shear mixing zone 24), all of which are in fluid

communication, with adjacent zones in direct fluid communication.



The FCC catal yst may conprise any suitable conventional catalytic cracking

catal yst. The catal yst may conprise a mxture of silica and al um na

cont ai ni ngwe 0a/s838ilt e nol ecul ar si eve cracki ng conponent, asPEEHURMATA4 o

those skilled in the art. The FCC reacti ons commence start when the feed

300 contacts the hot catalyst in the ril%er 2D6 and continues until the

product vapors are separated fromthe spent catalyst in the di sengaging

zone 210. The cracking reaction deposits strippabl e hydrocarbonaceous

mat eri al and non-strippabl e carbonaceous material known as coke, to produce

spent cat al ystReferming leFigie dha)rilsid bdet 144 @opESes paiz of spamassoallp 7024
recover .t he abl e The catalyst is

stripped t.o renove an I drocar bons.
theinege‘HéP‘é‘E‘g‘énﬁf“E??ﬁ ?ﬁ%e‘HfsfhaPﬁ%%té%‘P(BBFW“ghg%r éée?f‘é?aé?tsii.byﬁe HEr 202

. . . \ . ; |
cepar at o ot SPRRE2S Eonpf o kehctaliO e AERAP Itk B8Id B Riber B CY ! o
hydr ocar bigfi& 14aso $pROA StreAthP ﬂéwinggﬁvetﬁﬁﬁﬂeam«iﬁtm&af% Séerate Shafhgdr ocar bon

vapors are withdrawn via |ine 226. ydrocar bon vapors are typically fed
into a dithai floatthoouginflaidospenimgs 2@ oThenmtges lndwp)itteh 28 flomwtdenses t he
condensabl e portion of the vapors into liquids and fractionates the |iquids
into sepashardalpastioof sach sspective flygbentrangead® 206 parti cl es pass to
stripping zone 212 where they contact a stripping nedium such as steam
The steam passes into stripping zone 212 via line ? 16 and renoves the

strippabl e hydm&%@filﬁﬁ&?rﬁ%d'ﬁttﬁé ifl%'i(\i/\ﬁﬂ?ﬁ%ﬁ%&\/{%Q 1%&9@51%@3@&@%} ng the

cracki ng reacti1 ons. ese vapors are al ong e ot her product

vapors Viexit brific230. Ihieiskaibddimedt, brilicp®0 Besduase-sdpddy aithoagh belkees
uniformy across the width of the stripping zone 212 and mni m ze internal

ref | uxi ngshapepauiyrilsQ hg cotpleyadilbpsa nearcirallasorifice BPiipprefgrmednOrifice.  The
spent, stripped catal yst particles are renov fromthe bottom of stripping
Sone 12" viG RS raRa nDT ferBBie 8L s A Bartam of the kiR es 08 R0 2084 hi
regener at i Gl L | di ed . tact air
entg ering %e%géelggﬁl&?%@g%rasl\% gé Io?g)émfgoﬁs @%ﬁﬁ%ﬁlc{é héqg(é{éa‘?ryg pgtl(rztg i cl es pass

up into diiseit@a@nne eamARd olhéropldts Bxdrds EREuIRF oPHfdiObTifitd & oudd.bon
deposits to regenerate the catal yst particles and heats themup to a

tenperature which typically ranges from about 950-1400F (510-760C).
bR N NN T IR I L N,
regener ot SHEET O RS- R (0380 0 PR L A R L ea 50
via di pl egoWmoWHRBMNInd 38" i \KBMNELIL Rat, Pasles Khd hedirdcharddigardihishape,

while 36-38-23 and 36’-38’-23" are symmetrical. The same point on a wall pair

is equidistant from the longitudinal axis for each wall, with the intersection of

walls (36-38-23)-34 and (36°-387-23")-34" each forming a right angle, although

in some embodiments, the intersection points are arced or full radiused. Walls

36-38-23 and 36°-38°-23" each begin upstream with an arcuate or circular shape

perpendicular to the longitudinal axis of nozzle 10, substantially conforming to

the circular or arced shape of feed conduit 164 (see Figure 5) and fluid openings

26, 26’. The shape of fluid passageway 14 is maintained along fluid passageway

14 until steps 38-38’ (also referred to herein as the impingement mixing

surfaces) at the entrance to shear mixing zone 24. In shear mixing zone 24, the

shape of fluid passageway 14 may change to a generally flat, four-sided shape



WO 001 55281 PCT/ US00/ 07024 _~g_ Fluidi zed bed 228 is supported on a gas
distributor grid 244, which is illustrated as dashed |line. The hot)
regener at oMo 0@sa8lyst particles in fluidized bed 228 overf| REWUWOARRA 24G
formed by the top of a funnel 248 that is connected at its bottomto the
top of a downcomer 250. The bottom of “dbwncomer 250 turns into a
regenerated catalyst transfer |ine 252. The overfl ow ng, regenerated

parti cl eghhi eomtien td brifiee B0, wWitire %ﬂf%ctid@lgnﬁnmrmampmgénhmonftxmg transfer
| ine 252 to pass back into reaction zone |192. The flue gas is renoved from
t he top ohomigatumgenerator via line 254. Cat cracker feeds used in FCC
processes typically include gas oils) which are high boiling, non-residual
oils, such as a vacuumgas oil (V&) a straight run (atnospheric) gas oil)

a light cat crggk [ , .coker gas oils. The {,l.s ;have an
initial boili n@g‘b&&{’ﬁgﬂlk’%é?@ yﬁ§§dcw_§e§t§3 OMR? Qaﬁéﬁaﬁk&%ﬁme commonl y
above aboitui&izfintly3paced a]%ﬁri !ﬂro%‘ﬂ]epﬁin?hﬁd%l h?&g?%@c&ﬁéﬂ%d@@%-qg as wel |
as straight run of atnospheric gas oil's and coker gas oils. In addition,
one or nuoeetibpavaredeelispdangnd6.816’andmhailet tlag theichdssadeationdl0®k of 566C)
(e.g., up to | 300F (704C) or nore) may be blended in with the FCC feed.
Heavy feeaidappiony@ae 20 bubleage Ban ke wsasactienileeeh nstudewnsream@s or
residua from heri c d vacuum,distillati.gn of. cryde oi.l, asphalts and
ophal terte 1R tR 26 e 185 ar NI Lot ihe Rl dantesiastienp fik

petrol eu i : : Obk) Q. i LA : rudes
and the {?Lﬁetﬁ%g?én@ggégébgr %%gw;ﬁlgﬁlw kr}%g% ﬁ Eéeﬂclll%g% bg%ﬂghgﬁﬁ{ %)(;(%%f rom
about 2 tgchOnyalreaes Smeller tan lohe titbss-avétiomi ard v of ¢elfluidfcoaguaneytasd to 30
volume % Heavy feeds typically contain too high a content of undesirable
conponent govwughFgsirepomat i cs and conpounds cont ai ni ng het er oat ons,

particularly sulfur and nitrogen. Consequently, these feeds are often
treated or upgraded to reduce the anount of undesirable conmpounds by

processes, suc : ngQ 2 = P I [ sol vent
extraction, so?fz%%ggéor e@érgqs haggo%ﬁgégﬁﬁgdfgtg?%éégxgr{ﬁ%ﬁg&Fﬁg"g, as is
known. Tyfitedhs dr_\%sgﬁﬁ@f 08 P RMESS MR Phdda Bﬁxazﬁﬁﬂdﬂ 8 cpehfiReIADEr e of from
about 800- |200F (427-648C), preferably 850-1150F (454-621 C) and still

nmor e pr ef Eheptess@@Ciroplasorss (sp8Re628 n@)y, batqur kighifioe sbmewpehicatbons arsl,60 psi g,
preferably 5-40 si!g with feed/ catalyst contact _tinmes hetween about 0.5-15
seconds, %‘FE’Fe? 6T BasstHre flrap smeans dar intragugina fluidiinto, Mesiozzle kB r ati o of

bout 0. 5 -3 FCC . IS . t0. t t
of ‘not s BPIRel B bAleh Sodiindsfe % hE el B RRE b Puo? ] and
typi cal | yshiatiRizTofd2e beai@® 8k 1iheP Bk Phhas® EBEtAtes(mofR: A éky: thaRghd nvent i on

wi Il be further understood with reference to the follow ng non-limting
exanpl e. e lequid phhss Expansioenone 20 ina onhzbpHed expasiar zena20ar in

design to_ that sho in Figure 7 with an enbodi ment of, at om. zi ng nozzl e

simlar iweasg§egw%q Hud ’gﬁ’&mer%dng% HEXP Abl$ dtemizyt ially
I ' i ' .- t 5,173

175 “The. Bhrihe s BsIEE 2P 26 s hEpls Sure BRI R AL BRLER: o7 i g

rect angul@ﬂhensisgtgeqﬂitqpéﬁeim,prg\getnh an attached downstream di vergi ng fl at
fan atom zing tip. Both nozzles included a fan-shaped atom zing distributor

or tip and were fabricated at a scale of one half the size of a typical
comercial nozzle. The injector was the same for both cases except for the

nozzl eddﬁsi gn. AB(lﬁlqlﬁt the; %@b?@iwegahmoaderﬂmtb svﬁmgh@peas§ﬁﬁwxm ver e i
e o narr ool e HEnFRpRERs (RAREHES: frtachd 16,38 SREROrEL ot b

of a Mal Ve RAfWw£HR0 $ difdcily fhe6 AHOmBE irhpingel! i Sfind O

measur i ngﬁ{i q{}?d spr a?/ f(?E)argaectler(?syt f|itlcs. Hﬁ?‘gm*@}%r asglté?glﬁgﬁgr@ggns, each
mixing zone 22. In an embodiment having right-angled impingement surfaces or
steps 38-38’, the included angle between the impinging fluids is 180°. Thus, the
impingement surfaces are formed in the y-z plane normal to the x-axis. The

impingement directs the radially inward component of both streams to



WO 00155281 - 30 PCT/USO0/ 07024 associated with a characteristic drop size
range) are focused by a Fourier transformlens onto a nulti-el enent

phot odet ecW€00/S528d | i ght energy distribution is converted) PCR/USIYOIOPUL er
into a corresponding liquid droplet size distribution. Gaseous nitrogen was
used to sinmul ate the gas phase and qud?d water was used to sinulate the

|l iquid phase. A grid of conparative experinents was conducted varyi ng water
and ni t r ogdstaritiallyraorgs tenkbnghedisalihels of#hnid [pasgiigdwdiyopt thi produee  was

cal cul ated, assunming a Rosin-Ramm er distribution function. The results for
the two JMRKHPRAY IMMPYRECEEHEBIYAE. are conpared in the Table bel ow. |njector

TypeWater (massg_| 5/ )N trogen (scf/sec)Sauter mean.di ameter,
(m crons) Corme?‘éit ??1%1& contins o nstream, it enters shear mixing zone 24 where

Fan4. 930. _ : . : : 9425
[nvent 1 ongea10 BASaTh 0 de  ABS AR ko sapars aan SRS SRS o a1
cases, at ﬂ@wrmbagy endv@iieherardudct thea@gof theviiquad @Foplats) pEisil9fwitine present
i nvention produced an atomi zed spray having snaller Sauter nean

shearing forces. While there is no abrupt change from impingement mixing

zone 22 to shear mixing zone 24, shear mixing substantially begins downstream

of steps 38-38". One pair of opposing walls 23, 23’ defining shear mixing zone

24 are sloped and converge inward toward orifice 30. The gradual decrease in

the cross-sectional area of shear mixing zone 24 increases the fluid velocity, and

the maximum fluid velocity occurs preferably at orifice 30.

In another embodiment not shown, two separate fluid streams from any
convenient source that comprise a two-phase mixture of a gas and a liquid pass
into fluid passageway 14 through fluid openings 26, 26’. In this embodiment,
the two separate feed lines must be sized to achieve the desired fluid inlet

velocity.

Figure 2 (a) illustrates another embodiment of nozzle 10, fabricated of a
plurality of stacked metal platelets, 50-62. For clarity, the intersection lines of
platelets 50-62 within passageway 14 are not shown. The individual metal
platelets are prepared having the required passages therein, as holes, slots, or
orifices extending through the platelet. They are then stacked together, bolted
and/or diffusion bonded together, to form nozzle 10. Starting from upstream end
16, platelet 50 comprises a disk having two circle segment-shaped openings 26,
26’ defined by stream splitter 28 similar to that shown in Figure 1(b). Figure
2(d) illustrates platelet 56. Platelet 56 comprises two shoulders 80, 80’ on
opposite sides of orifice 15. Shoulders 80, 80’ and orifice 15 are sized and

configured to approprately define impingement surfaces (steps) 38, 38°.



dianeter liquid droplets) than did the comrercial design. This shows that
better atom zation was achieved with a nozzle of the present invention.

WO 00/ 552840 6@%528ICT/ USO0/ 07024 It is understood that vari olRECTH$08107024
enbodi nents and nodifications in the practice of the invention will be
apparent to, and can be readily nade b§/9,"those skilled in the art w thout
departing fromthe scope and spirit of the invention described above.
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conprising a gas phase and a |iquid phase, said |iquid phase conprising a
FCC f eed;coftiponsas t g fewinestinishnEhe orifines hpiofigphatelet thiandefinnshaaher ei n at
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dimension of the orifice 15 of the platelet preceding it. Preferably, the orifices

15 of at least one platelet that define shear mixing zone 24 have varying second

dimenstons, wher‘ein the second dimension of the orifice 15 of each platelet

defining shear mixing zone 24 is greater than the second dimension of the orifice

15 of the platelet preceding it.

Referring to Figure 2 (a), nozzle 10 may also comprise a spray distributor
64 positioned at downstream end 10 and in fluid communication with fluid outlet
14b to produce a generally flat and fan-shaped spray of the atomized liquid.
Distributor 64 may be welded, bolted, brazed or otherwise attached to nozzle 10
and form a part thereof. As shown, distributor 64 comprises a flange 63 to allow
distributor to effectively attach to nozzle 10. Distributor 64 has a passageway 70
(with an inlet 70a) passing therethrough configured to be substantially the same
size and/or shape as orifice 30, although the cross-sectional area of passageway

70 may suitably vary to promote formation of a desired spray shape.

Passageway 70 opens up downstream into a generally flat and divergent
fan-shaped spray distribution tip 71, defined by opposing wall pairs 66-66’ and
74-74’, which define a fan-shaped atomization zone 68. As shown in Figure
2(a), atomization zone 68 has a first dimension that may converge, or decrease,
vertically (along the y-axis) when progressing toward orifice 72 so that the first

dimension is greater at the inlet than at the outlet to control the rate of shear



shear m xi.ng forces to said single mxed streamto forma shear m xed
stream (d) passing said shear m xed streamto an atom zi ng zone wherein
sai d gas pWeW/S5838bands and i ncreases the surface area of saPdriusouém2phase,
t hereby producing a spray of liquid feed droplets; (e) passing said spray
of liquid feed droplets into a FCC redction zone; and, (f) contacting said
liquid feed droplets with a catal ytic cracking catal yst under catalytic

cr acki ngnixéngli In svise etbodiraemsphewsveas dw firstdithensibaiohzbnk @8tigy conpri si ng
the step of conbining a gas phase streamwth a |iquid phase streamto form
sai d t wsemaEseorstantd AtgmiZiiopzere6s has 8 seetintydimensien that dywesges.9rsai d gas

phase conprises, stea WO 0Q/ 55281 PCT/ US00/ 07024 -33 4. The process
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| over - boyrifided7 0T Ofifick 7 2f maybeairibntéd Absthaltoth@ektwardcéwlsppdy 6. The _
process according to claiml further conprising the step of ‘stripping said

cat al yt idirectien landdas atsdbygedst dimefidion plapethe Aaxior priefigrably hdvdngr 1 furt her
conprising the step of regenerating said catal ﬁtic cracki ng catal yst and

recycl i nguBdgdiocBrbradinsedangds kmadls J4s fystWalls 94i 44 serarpldy have the
same curvature, but in some embodiments. the curvatures may be independently
selected. Preferably, the curvature is circular. The preferred radius of curvature
is about one-half the dimension of passageway 70 in the y-axis. While not
required, the center of each wall's 74, 74’ radius of curvature is generally located
near the centerpoint ot the y-axis (centerpoint of first dimension). In
embodiments where first dimension varies along the x-axis, the radius of

curvature may also vary.

In alternate embodiments not shown, the converging and/or diverging
dimensions may be along different axes, but preferably, along axes having a 90°
separation. The first and second dimensions of passageway 70. or zone 68, are
preferably measured at the widest point of separation between opposing walls,
i.e. at the widest point of curvature from the center or longitudinal axis or

passageway 70.

In one embodiment, the width of inlet 70a along the z-axis is at least
about 1.5 times the length of distributor (measured along the x-axis), and the

width at exit orifice 72 is at least about 1.5 times the width of inlet 70a.

Fluid exiting orifice 30 enters atomization zone 68 and passageway 70 to
further shear the fluid and further reduce the liquid droplet size. Expansion zone
68 is at a lower pressure than orifice 30, resulting in a rapidly expanding gas

phase that atomizes the liquid to produce a spray of liquid droplets. This further



8. The process according to claim1l wherein said inpingenment zone and said
shear m xing zone are contained within a nozzle conprising: (i) a body
conpri si ngw@ opiss@8d i nl et and a fluid outlet, said body confPglbgep/q7824def i ne
sai d i npi ngenent m xing zone and said shear m xing zone, said zones

posi tioned between said inlet and sai d*butlet, said fluid inlet conprising
a splitter that can split an incomng fluid streaminto at |east two

streans; sheass tB@iliquiditoplesedd thexan @hapeef R RoiGziAg th 71 pasducesa

i mpi ngement surface, said inpingement surface configured to inpinge at

| east a gonishepedsprayfafuhel liguidednopbesn thd flavy istaitte reqsitiogerametofshe f ace

agai nst ggﬂéher I npi nged strean%,and (ii1) said shear m xing zone having a
cross- sectyoABrr & 0&&§%h9@6‘ﬂ&’§“#?73t di mensi on and a second di nension,
wherein said first dinension decreases WD 00/ 55281 -34 PCT/ US00/ 07024
along a longitudinal axis through said body in a direction toward said

fluid outlet. Iﬂﬁuf@?ilﬂﬁﬁﬁﬁéssarﬁﬁﬁéﬂ &thbedinterft AINGz2 Wt Iy dt@aledcindded
angl e between the inpinged streans is between about 170 and about 190. 10.

The pr ocesmfizacsd o agannec hapraviowshye desoribsdefor nchardenbadigleatdheVeangt he
' mpi nged Fsitg{u?ealgr(%),i e;sxi{le c?rci)yitce %8%215 arced lateral ends 130, 130’ (preferably full-
radiused) and has a dimension along the z-axis longer than the dimension along
the y-axis, similar to that shown in Figure 2(b) and described earlier. Arced ends
130, 130’ are preferably full-radiused to correspond to the full-radiused ends of
distributor 64. A§ is shown in Figures 3 (b) and 3 (d), shear mixing zone 24 is
defined by two pairs of radially opposite and opposing walls 126, 126’ and 130,
130’. Walls 126, 126’ converge inward in the downstream flow direction, and
walls 130, 130’ diverge outward in the downstream flow direction. The net
effect is either a generally overall constant cross-section of shear mixing zone

24, or one that decreases or converges and then diverges or increases by about

10%-50% larger than the minimum cross-sectional area in shear mixing zone 24.

In other words, shear mixing zone 24 has a first dimension along the y-
axis that decreases progressing toward outlet 30 and preferably a second

dimension along the z-axis that increases progressing toward outlet 30.

This design of diverging and converging walls produce a shear mixing
zone 24 having a lower fluid pressure drop across it than the embodiment
illustrated in Figure 1. It also reduces the possibility of coalescence in shear

mixing zone 24 when compared to the embodiment shown in Figure 1.

The entrance to shear mixing zone 24 is defined by the radially inward
edge of steps 38, 38’ and the intersection of walls 124-130 and 124’-130’. The

cross-sectional area at the entrance to shear mixing zone 24 is smaller than that



11. A catalytic cracking process conprising the steps of: (a) formng a
plurality of streanms of a two-phase fluid conprising a gas phase and a

i quid phaw® ooss&2&d | i qui d phase conprising a FCC feed; (b) PEpUNIIIg2Hat

| east a portion of each stream against at |east a portion of another stream
to forma single mxed stream wherein?the included angl e between the

| npi nged streans is between about 120 and 240; (c) subjecting said single

m xed st rgfetconsdined crissisedtibRilG@sas ditteaygs’ 26, M6 do ancrBes thel Xed stream
(d) expanding said gas phase in said shear m xed stream thereby producing

a spray ovelbeitypfl tHeeBiuiddasop flewes, intmsheaf e)ixenghzamd 24hg Is diisl ehibopdimenteed
droplets with a catal ytic cracking, catal yst under_catal ytic _cracking
condi t i ondie divergenee pd cRRErgeRes: of figar Buing zane124panss the Hurd Hewuded

angl e between the ipi.n treans i s _between about 170 .and abgut 190. WO
00755281 HEs T geiE D SRR SuRd SRARE ol m R EE B A R n A Pt e o
the incluged Tag ﬁm?@tcﬁ’f@ﬁ'{btés%nbém'tﬂﬂﬁﬁioﬁ{ HEABW ﬂﬁiﬁia{tPBHltnéz%@e 1845 The
process according t laim 12 further conprising the step of combining a
gas phasedistriteaos @4t h a |iqui d phase streamto formsaid two phase fluid.

15. The process according to claim 14 wherein said gas phase conprises
steam 16. The process according to claim15 further conprising the step of

recovering t heF{g%\fveesrﬁ(tgxg-iéll(ic)nﬁ]u%trrg%ut g%mol;codsrrﬁ%ngstgvb t1r|1 %ié:urrgg%&ar;_g}(a)eact ' ons.
with the addition of a spray distributor 64 attached to nozzle 10 in a conventional
manner as previously discussed. Spray distributor 64, as shown in Figure 9,
comprises a gene_rally fan-shaped body 152 containing a fan-shaped fluid
passageway 154 within, defined by opposing and outwardly diverging walls 155,
155’ that serve to control the expansion of the atomizing fluid into a fan-shaped
spray. Walls 155, 155’ comprise the rounded, full-radiused lateral ends of
passageway 154 that preferably diverge along at least axis of passageway 154 to
provide a fan-shaped spray. The embodiments shown in Figures 3(a)-3(d) and
4(a)-4(c) comprise arced walls 126, 126’ as shown. The fluid entrance 158 to
spray distributor 64 corresponds in shape to orifice 30 in nozzle 10, and the fluid
outlet 160 of distributor 64 is larger to permit the atomized spray of liquid drops
to continue expanding into a fan-shaped spray. The pressure in passageway 154
is lower than that in the nozzle fluid passageway 14. The mixed fluid exiting
nozzle 10 and entering fluid passageway 154 atomizes into a fan-shaped spray of
liquid droplets that flow through outlet 160 and into the FCC riser reaction as
shown in Figure 7. Figure 5 illustrates a cut-away view of an atomizing nozzle
10 and distributor 64, in association with an upstream fluid conduit 164.
Conduit 164 provides the flow path for a two-phase fluid to enter nozzle 10

through fluid inlet 14a (openings 26, 26°).

Figures 6(a)-6(c) illustrate another embodiment of atomizing nozzle 10

wherein an atomization zone 115 is configured to be part of shear mixing zone



17. The process according to claim16 further conprising the step of
separating the |Iower-boiling products fromsaid catal ytic cracking

cat al yst. WQ.005$81 pr ocess according to claim 17 further conPeTHSHPHe step
of stripping said catal ytic cracking c&t alyst. 19. The process according to
claim18 further conprising the step of" regenerating said catal ytic
cracking catalyst and recycling said catal ytic cracking catalyst to said
react i on 2dorla.alPothefl tesppetscirmazezot @shgvh on Eigires 8(a)p@(ceiopesstesd splitter a
plurality of fluid openings each having a cross-sectional area, wherein
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increases toward fluid outlet 14b at a first rate for at least a portion of the shear

mixing zone 24 and increases toward fluid outlet 14b at a second rate for the

remainder of shear mixing zone 24.

In operation, as the two-phase fluid flows through passageway 14 into
lower pressure atomization zone 115, atomization is promoted by the rapid gas
expansion in the lower pressure region of atomization zone 115 and by the rapid
acceleration of the lighter compressible gas than the higher density (and

incompressible) liquid phase. This induces shear between the phases until their
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velocities more nearly equalize. The shear forces decrease the ultimate size of

the liquid droplets in the atomized spray.

Nozzle 10 can be fabricated in a number of different ways. A lost wax or
investment casting process may be employed, or a forging and other casting
process may be used. Nozzle 10 may be fabricated from suitable ceramic or
metal material or combinations thereof. As shown in Figures 2(a)-2(d),
fabrication of nozzle 10 using a plurality of stacked, relatively thin metal plates
or platelets to form a body 12 having a fluid passageway 14 therethrough is
known and disclosed as useful for rocket motors and plasma torches in, for
example, U.S. Patents 3,881,701 and 5,455,401. This fabrication technique is
also useful in fabricating nozzles 10 of the present invention, including the
embodiments generally disclosed and shown in Figures 1-6, and nozzles of the
invention have been fabricated using this technique. However, the invention is

not intended to be limited to the use of this technique for nozzle fabrication.

Referring now to Figure 7. a FCC feed injection unit 180 that
incorporates one or more the embodiments described herein is shown. Unit 180
comprises a hollow feed injector 182 attached to a feed nozzle means 184 via
186, 188. Feed nozzle means 184 is shown as a conduit penetrating through the
wall 190 of a FCC riser 206 and into riser reaction zone 192. Riser 206, better
seen in Figure 8, is preferably a cylindrical, hollow, and substantially vertically-
oriented conduit. In reaction zone 192, at least a portion of the atomized oil feed
300 contacts uprising, hot catalyst particles, and feed 300 is cracked into more
useful, lower boiling hydrocarbon products. Only a portion of riser 206 is

shown for convenience.

Feed injector 182 comprises a hollow conduit 194 into which preheated
oil feed 300 is introduced via feed line 196. Feed line 196 forms a T-junction

with the wall of the upstream portion of feed injector 182. The downstream
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64, both of which are shown as boxes for convenience. Spray distributor 64
produces a relatively flat, fan-shaped spray of the atomized oil fced 300 into

reaction zone 192.

A steam sparging conduit 198, having a smaller diameter or cross-
sectional area than the injector conduit 194, extends into, and is co-axially
aligned with, the longitudinal axis of conduit 194. In this embodiment. the
central longitudinal axes of conduits 194, 198 are coincident. This provides an
annular flow path 197 for hot oil feed 300 upstream of the exit end of the
injector. Steam conduit 198 terminates inside injector conduit 194, upstream of
nozzle 10. A plurality of holes or orifices 199 are radially drilled
circumferentially around the downstream end portion of conduit 198. Holes 198
allow steam to sparge radially outward and into the annular flow path 197 to mix
with the hot oil feed 300 flowing through path 197 to produce a two-phase fluid
comprising globules of hot oil dispersed in steam. The amount of steam sparged
into oil feed 300 is typically between about 1 and about 5 wt. % of the hot oil
feed 300. The resulting fluid mixture, which may typically comprise, on a
volume basis, 75-85 % steam and 15-25 % oil feed 300 passes to nozzle 10
which splits it into two separate streams that enter nozzle 10 to mix and atomize

the oil feed 300 as previously described.

The atomized spray of oil feed droplets 300 pass into reaction zone 192
and contact the upflowing stream of hot catalyst particles (not shown) to
catalytically crack the heavy oil feed 300 into the desired lower boiling product

fractions.

Figure 8 illustrates a conventional FCC process that may incorporate one
or more embodiments of the present invention. FCC unit 200 comprises a FCC

reactor 202 and a regenerator 204. Reactor 202 comprises feed riser 206
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-u& () - 1044en@aging Vodesd& gnd a UpiEpig@one 212 comprising a plurality of baffles
214 that look like arrays of metal “sheds” that resemble the pitched roofs of
houses. A suitable stripping agent. such as steam, is introduced into the
stripping zone via line 216. The stripped, spent catalyst particles pass into

regenerator 204 via transfer line 218.

A preheated FCC feed passes via line 220 into the base of riser 206 at
feed injection point 224. The preheated feed 300 may or may not be pre-mixed
with a predetermined quantity of steam. Feed injector 182 shown in Figure 6 is
located at 224, bu_t is not shown in Figure 8 for simplicity. In practice, a
plurality of feed injectors 182, such as those shown in Figure 7, will be located
around the circumference of riser 206. Steam may pass into feed injector 182
via line 222. The atomized droplets of hot feed 300 contact the catalyst particles
in the riser. This vaporizes and catalytically cracks the feed into lighter, lower
boiling fractions, including fractions in the gasoline boiling range (typically
100°-400°F, 30°-205°C), as well as higher boiling jet fuel, diesel fuel, kerosene
and the like.

The FCC catalyst may comprise any suitable conventional catalytic
cracking catalyst. The catalyst may comprise a mixture of silica and alumina
containing a zeolite molecular sieve cracking component, as is known to those

skilled in the art.

The FCC reactions commence start when the feed 300 contacts the hot
catalyst in the riser 206 and continues until the product vapors are separated
from the spent catalyst in the disengaging zone 210. The cracking reaction
deposits strippable hydrocarbonaceous material and non-strippable carbonaceous

material known as coke, to produce spent catalyst particles which must be
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210. The cyclones separate both the cracked hydrocarbon product vapors and
the stripped hydrocarbons (as vapors) from the spent catalyst particles. The
hydrocarbon vapors are withdrawn via line 226. The hydrocarbon vapors are
typically fed into a distillation unit or fractionator (not shown) which condenses
the condensable portion of the vapors into liquids and fractionates the liquids

into separate product streams.

The spent catalyst particles pass to stripping zone 212 where they contact
a stripping medium, such as steam. The steam passes into stripping zone 212 via
line 216 and removes the strippable hydrocarbonaceous material deposited on
the catalyst during the cracking reactions. These vapors are withdrawn along
with the other product vapors via line 226. The baffles 214 disperse the catalyst
particles uniformly across the width of the stripping zone 212 and minimize
internal refluxing or backmixing of catalyst particles in stripping zone 212. The
spent. stripped catalyst particles are removed from the bottom of stripping zone
212 via transfer line 218 and pass into a fluidized bed 228 within regenerator

204.

The catalyst particles in fluidized bed 228 contact air entering the
regenerator via line 240. Some of the catalyst particles pass up into disengaging
zone 242. The air oxidizes or burns off the carbon deposits to regenerate the
catalyst particles and heats them up to a temperature which typically ranges from
about 950°-1400°F (510°-760°C). Regenerator 204 comprises cyclones (not
shown) that separate hot regenerated catalyst particles from the gaseous
combustion products, or flue gas, which comprises mostly CO, CO, H,O and N,
The cyclones pass the regenerated catalyst particles back down into fluidized

catalyst bed 228 via diplegs (not shown), as is known to those skilled in the art.
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100# 10%t (hated ad dashéd ihe. “THe Kot rehenetated catalydt particied in thidized bed
228 overflow the weir 246 formed by the top of a funnel 248 that is connected at
its bottom to the top of a downcomer 250. The bottom of downcomer 250 turns
into a regenerated catalyst transfer line 252. The overflowing, regenerated
particles flow down through funnel 248, downcomer 250 and into the transfer
line 252 to pass back into reaction zone 192. The flue gas is removed from the

top of the regenerator via line 254.

Cat cracker feeds used in FCC processes typically include gas oils, which
are high boiling, non-residual oils, such as a vacuum gas o1l (VGO), a straight
run (atmospheric) gas oil, a light cat cracker oil (LCGO) and coker gas oils.
These oils have an initial boiling point typically above about 450°F (232°C), and
more commonly above about 650°F (343°C), with end points up to about 1150°F
(621°C), as well as straight run or atmospheric gas oils and coker gas oils. In
addition, one or more heavy feeds having an end boiling point above 1050°F
(566°C) (e.g., up to 1300°F (704°C) or more) may be blended in with the FCC
feed. Heavy feeds include, for example, whole and reduced crudes, resids or
residua from atmospheric and vacuum distillation of crude oil, asphalts and
asphaltenes, tar oils and cycle oils from thermal cracking of heavy petroleum
oils, tar sand oil, shale oil, coal derived liquids, syncrudes and the like. These
may be present in the FCC feed in an amount of from about 2 to 50 volume % of

the blend, and more typically from about 5 to 30 volume %.

Heavy feeds typically contain too high a content of undesirable
components, such as aromatics and compounds containing heteroatoms,
particularly sulfur and nitrogen. Consequently, these feeds are often treated or

upgraded to reduce the amount of undesirable compounds by processes, such as
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Typical FCC reactor process conditions include a temperature of from
about 800°-1200°F (427°-648°C), preferably 850°-1150°F (454°-621°C) and
still more preferably 900°-1150°F (482°-621°C), a pressure between about 5-60
psig, preferably 5-40 psig with feed/catalyst contact times between about 0.5-15
seconds, preferably about 1-5 seconds, and with a catalyst to feed ratio of about
0.5-10 and preferably 2-8. The FCC feed is preheated to a temperature of not
more than 850°F (454°C), preferably no greater than 800°F (427°C) and
typically within tl}e range of from about 500°-800°F (260°-427°C).

The invention will be further understood with reference to the following

non-limiting example.

Example

In this experiment, an atomizing injector similar in design to that shown
in Figure 7 with an embodiment of atomizing nozzle similar in design to that
shown 1n Figure 4 was compared to a commercially proven slot and fan design,
similar to that shown in U.S. patent 5,173,175. The commercial nozzle
simulated a pipe with an end cap containing a rectangular, slotted orifice, with
an attached downstream diverging flat fan atomizing tip. Both nozzles included
a fan-shaped atomizing distributor or tip and were fabricated at a scale of one
haif the size of a typical commercial nozzle. The injector was the same for both
cases except for the nozzle design. Both injectors produced a flat, fan-shaped
spray and were mounted horizontally and oriented to produce a flat, fan-shaped
spray with the maximum width in the vertical direction, in the laser light beam
path of a Malvern particle sizer. This instrument is well known and used for

measuring liquid spray characteristics. Light diffraction patterns, each
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associated with a characteristic drop size range, are focused by a Fourier

transform lens onto a multi-element photodetecter. The light energy distribution

is converted, via a computer, into a corresponding liquid droplet size

distribution.

Gaseous nitrogen was used to simulate the gas phase and liquid water was

used to simulate the liquid phase.

A grid of comparative experiments was conducted varying water and
nitrogen flow rates and the Sauter mean liquid drop diameter was calculated,
assuming a Rosin-Rammier distribution funcuion. The results for the two

different nozzle designs are compared in the Table below.

Injector Type Water Nitrogen Sauter mean diameter
(mass Ib/sec) (scf/sec) (microns)

Commercial Fan 4.93 0.93 283
4.99 0.39 442
447 0.62 313
3.64 0.40 451
3.53 0.94 253

The Invenuon 4.84 0.93 252
4.97 0.40 342
4.36 0.63 291
3.46 0.39 262
3.52 1.00 162

In all cases, at comparable water and nitrogen flow rates, a nozzle of the
present invention produced an atomized spray having smaller Sauter mean
diameter liquid droplets, than did the commercial design. This shows that better

atomization was achieved with a nozzle of the present invention.
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of the invention will be apparent to, and can be readily made by, those skilled in

the art without departing from the scope and spirit of the invention described

above. Accordingly, it is not intended that the scope of the claims appended

hereto be limited to the exact description set forth above, but rather that the

claims be construed as encompassing all of the features of patentable novelty

which reside in the present invention, including all the features and embodiments

which would be treated as equivalents thereof by those skilled in the art to which

the invention pertains.
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CLAIMS:
1. A catalytic cracking process comprising the steps of:

(a)  forming at least two streams of a two-phase fluid comprising a gas phase

and a liquid phase, said liquid phase comprising a FCC feed,

(b)  passing said streams to an impingement mixing zone wherein at least a
portion of each stream is impinged against at least a portion of another stream
and wherein the included angle between the impinged streams is between about

120° and 240°, thereby forming a single mixed stream:

(c)  passing said single mixed stream to a shear mixing zone and imparting

shear mixing forces to said single mixed stream to form a shear mixed stream;

(d)  passing said shear mixed stream to an atomizing zone wherein said gas
phase expands and increases the surface area of said liquid phase, thereby

producing a spray of liquid feed droplets;
(e)  passing said spray of liquid feed droplets into a FCC reaction zone; and,

(f)  contacting said liquid feed droplets with a catalytic cracking catalyst

under catalytic cracking conditions.

2. The process according to claim 1 further comprising the step of

combining a gas phase stream with a liquid phase stream to form said two phase
fluid.

3. The process according to claim 1 wherein said gas phase comprises

steam.
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6. The process according to claim 1 further comprising the step of stripping

said catalytic cracking catalyst.

7. The process according to claim 1 further comprising the step of
regenerating said catalytic cracking catalyst and recycling said catalytic cracking

catalyst to said reaction zone.

8. The process according to claim 1 wherein said impingement zone and

said shear mixing zone are contained within a nozzle comprising:

(1) a body comprising a fluid inlet and a fluid outlet, said body
configured to define said impingement mixing zone and said shear mixing zone,
said zones positioned between said inlet and said outlet, said fluid inlet
comprising a splitter that can split an incoming fluid stream into at least two

streams,

(11)  said impingement mixing zone comprising at least one
impingement surface, said impingement surface configured to impinge at least a
portion of a fluid stream contacting said impingement surface against another

impinged stream; and,

(il1)  said shear mixing zone having a cross-sectional area defined by a

first dimension and a second dimension, wherein said first dimension decreases
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10.  The process according to claim 1 wherein the included angle between the

impinged streams is about 180°.
11. A catalytic cracking process comprising the steps of:

(a)  forming a plurality of streams of a two-phase fluid comprising a gas

phase and a liquid phase, said liquid phase comprising a FCC feed;

(b)  impinging at least a portion of each stream against at least a portion of
another stream to form a single mixed stream, wherein the included angle

between the impinged streams is between about 120° and 240°;

(¢)  subjecting said single mixed stream to shear mixing forces, thereby

forming a shear mixed stream,;

(d)  expanding said gas phase in said shear mixed stream, thereby producing a

spray of liquid feed droplets; and,

(e)  contacting said liquid feed droplets with a catalytic cracking catalyst

under catalytic cracking conditions.

12.  The process according to claim 11 wherein the included angle between

the impinged streams is between about 170° and about 190°.
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13.  The process according to claim 11 wherein the included angle between

the impinged streams is about 180°.

14.  The process according to claim 12 further comprising the step of

combining a gas phase stream with a liquid phase stream to form said two phase

fluid.

15.  The process according to claim 14 wherein said gas phase comprises

steam.

16.  The process according to claim 15 further comprising the step of

recovering the lower-botling products of the catalytic cracking reactions.

17.  The process according to claim 16 further comprising the step of

separating the lower-boiling products from said catalytic cracking catalyst.

18.  The process according to claim 17 further comprising the step of stripping

said catalytic cracking catalyst.

19.  The process according to claim 18 further comprising the step of
regenerating said catalytic cracking catalyst and recycling said catalytic cracking

catalyst to said reaction zone.

20.  The process according to claim 8 wherein said splitter a plurality of fluid
openings each having a cross-sectional area, wherein said fluid outlet has a
cross-sectional area, wherein the cross-sectional area of said fluid outlet is less

than the sum of the cross-sectional areas of said fluid openings.



