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K UND OF THE 1

Atomizing hot, relatively viscoué fluids at high flow rates, such as the
heavy petroleum oil feeds used in fluidized catalytic cracking (FCC) processes,
or fluid cat cracking as it is also called, is an established and widely used process
in the petroleum refining industry, primarily for converting high boiling
petroleum oils to more valuable lower boiling products, including gasoline and
middle distillates such as kerosene, jet and diesel fuel, and heating oil. In an
FCC process, the preheated oil feed is mixed with steam or a low molecular
weight (e.g., C4.) gas under pressure, to form a two phase fluid comprising the
steam or gas phase and the liquid oil phase. This fluid is passed through an
atomizing means, such as an orifice, into a lower pressure atomizing zone, to
atomize the fluid into a spray of oil droplets which contact a particulate, hot
cracking catalyst. Feed atomization is initiated immediately downstream of the
atomizing orifice or means, and may continue into the downstream riser reaction
zone. Steam is more often used than a light hydrocarbon gas, to reduce the
vapor loading on the gas compression facilities and the downstream products

fractionation. With the trend toward increasing the fraction of the very heavy

(ST

0

*ONONNIE




2 APR Q03 _Z and viscous residual oils used in FCC feeds, nore and hotter
steamis needed for atom zation. However, many facilities have Ii mtm m
steam capacity and the steamis typically sdturated, which constrai’ns their
ability to effectively process heavier feeds. SUMVARY OF THE | NVENTI ON The
invention relates to a fluidized cat cracking (FCC) process in which the -
hot feed oil is atomzed with an atom™'ng gas, and wherein at |east a
portion of the atom zing gas has been heated by indirect heat exchange with
the hot oil feed. The heat exchange takes place upstream of the atom zing

means, in_at .l east ane heat exch ns_ whi c C rise, fqr. exanple,
a heat c&Hal}’é?‘fQ}‘é rﬁﬂaﬁ?la‘?l usgid 183:;1@8@%&1%6&1“&%6{9? & Qﬁeﬂlegig%age
means th ' it Ly ns; ' fluid

ent rance%gﬁg&ea% ;H@‘@%rmw"?’ hfgeggg%gglﬁlggt elt%%%%lgl &%gkﬁ?g\bvdg@%ar ately
into and stdan® Uptypiddily sairaest, Witiah cenaiang theifabiligto\bifedtivdle phedesi | heat s
the gas. By atomzation is neant that the liquid feed oil is Pormed into a
spray comeaverdeedsi screte and di spersed, small drops or droplets of the
oil. Atom zation is achieved by conducting the fluid through at |east one
atom zing neans, into a |lower pressure atom zing zone. Wen nore than one
at om zi NG RILANS, he HSEH VIR Iin a series or parallel flow

ar r angenmgrt—pretrerabty parattet——ftre heated atom zi ng gas preferably
conprises steam which nay or may not be in admi xture with one or nore

ot her gases, such as hydrocarbon gases and vapors. Thus, the term "steant
.as used her ei IThesinvehtioR #¢lhtel Qo @UidHRAIIAE CRICRERNAEC Q) pRIJRSS irdwRsh | N

'admi xture with the steam However, the atomi zing gas preferably conprises
at | east tBshovfesdwikisciomized withenmteméziagigasadrkl wherein at leasha pprtiat i ce of

the invention, the steamis heated o a superheat tenperature and, in a
preferre@féﬁ%ﬁﬂ%mg gqsﬁl&assbe‘en t Indirest; hes ange watnshe,hot 91kt he heat

exchange n I S bl () oW g, L. oily fluid.at . a high
Vel oot Ty 100 RHERSaLPstbEe Lot It eanr LS o i ing mdlns: 8l 8
greater thamedt exciiigt méRisSHBRhYMS) B8MBrise, BP eRaMipldithedt cbhdii@hve
preferably greater than 0.9. The hot oil tl'ow ng tﬁrough t he heat exchange
means mawapperajusonbbdy hivang af pluralitg @ffhuid ipagsaigb endwmis theedh,oiith eacla

t wo- phase_fluid conprising gas, as in 1Er_ef erably steam and the hot oil.
Her ei naf tfBnd papwageapeansthayieg ableasisane Haideaniranse gadexit; to peranitte gt h a

single liqui hase, d a two-phase m.xt ure, conpr,.si a hase and a
o @ priddube PR3 o Htie Senai PG afinthati By oS eh el HEReley. o

i nj ected gy \R/Hﬁ:hfthg‘ﬂ'o'ﬂ ilfﬂe'dtsdthk%gb.”ﬁfﬁﬁﬁi&ﬁ%&ﬂ%@&rﬂ tﬁﬁt%e%quwe liquid
phase. Increasing the velocity reduces“the anount of steamrequired and

I ncr easedetdeilks figimed Bneadprayveorhpiibiagfdiscrercirbdispgstdiesnaltidicpsoir f ace
area (e.g., a = mv2), which is ultimately manifested by smaller dropl et

, si zes of drpplegs ofiheeul. oAtomizatipn lsrhdngw%bﬁ@ané@ptmgemﬂw theoughjasct ed into
the flow,ng hot fluid either insi out si de, upst.ream or wnst ream of the
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fluid in ace area of een 1 ncreased.
That is, drfa mdﬁ@,?réf@amylpﬂrﬂlmblm Heatediteaiiving %@Jm_@fe@@blys a

singl e-phase Tiquid, injecting the steaminto the Tiquid produces a

t wo- phas econhjprisesstegmi,i whith maay beamypictde iaradnaixiirgovith phese more ather f 1 ui d
into which the steamis injected is a two-phase fluid conprjsing steam (or
gas) and 8a§es.tyeh s dydepcgrbon gases @nd vgrorie Lhusaths torm tsheamy as HSdefS‘ncr eases

passed | fieseiinia Aokl bUbd TR SsFhest ol St Wees PSR RO RaG e © '
atom zati 0 j ' %W ; n§Owpri si ng
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pressur e stedin@ndgneredprefdrablytall steamedaithe pradticeof thamventionptire sttarh it may

al so conprise a pressure reduci ntgu and vel oci tfy )
is heated to a superheat temperafure and, in a preferred embodiment, the



2 tern W3 -4 increasing region or zone, just upstreamof the IOWfB
pressure atom zing zone, in which the steamexpands sufficiently ”?6W%1
the spray of oil droplets. The atoni zing nmeans nmay or nmay not conprise part
of the heat exchange neans, as is described in detail below If it
conprises part of the heat exchange neans, it will typically be |ocated
proximate to its fluid exit. In anothe?3énbodinent, all or a portion of the
superheated steam forned in the heat exchange neans may be directed as
"shock steani into the two-phase fluid, as it exits the atom zing nmeans and
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be i nj ectifdchmnufiiberbfWréferablp @rédtenthah 0.HanatopiefirablysiRaerithard 08N t he
two- phase fluid, prior to being injected with the superheated steam

produced and stilénioratprefecdbdy geeatersthan 0Thi Thedhbt oil friveialgl thraughuthe heat r eam of
t he heat exchange neans. A portion_ of ftlhj S priaQr, or u&s)tream,steam may be
super heat@¢¥hapge meansapay be asmale-phase tlywk eomprasing the kot fegdgibortrbodi nent |
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In the practice of the Invention, the tenperature drop I ncurre y the hot
oily fl uilet?]ﬁiuqahas@, dritr otwgd-phbse meetureechprigimgegaSphase and ;m?sia the steam
to a superheat tenperature, wll be té{)i cally less than 6C. [f saturated
st eam i s Pussed hermuperhestadesiearaxpiefergblynatambightvedocipads injectod intoghet eam

t hrough this. megns, superheats the steam and t hi, uperheated steamis
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atom zi ng gas. Both the heat exchange and atom zing means wll typically

conpri se Wamatelfy mahifesied by entallen droplet sizds afithe ptayizedivd] fmay. dtheni zed oi |
droplets into a %Et cracker reaction zone, in which t heq)(l cont act hot

cat al yst SyRerheated stgpmanay be dngcieddnto therflewingrhotifhiid sither msiderpr e

val uabl e, general ly_| r..boilij terjal. The injpection.unit wll
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to increase the surface area of the |iquid phase. Wile a singlephase
yLiquid flhasdeenyinpreaped sEhat ias if thabotiuid isfewhitdethewteam is mjedted 6@ process
it will more typically.be.a.twy-phase fluj,d.conprising steamand the |iquid
feed of | eaiRish didic g thd REF i e QT RSBt 2T RRES rives the
flow ng fhuk £ LU i | 1 SEn kU frlevi d

conpri si n%ﬁllgcbsotlﬁe n?l%g%ssgeég‘rr}gh ta ﬁﬁaﬁ %W&@@%%?F phagfemtnllt&n any Eﬂgse, a

t wo- phasestédmiig injsctedrisedwbeiinise fluid campaisiipnsiea€or gas)fand the yper heat ed

steaminjection and is preferably steamcontinuous when passed through the
at oni zi ndigridral, iMjestingthestaam intaihg flujd paercasesithe surfaer atrgemidhe at omi zi ng
means int.o a,l Qqwer pr.essure atom zi zone .in which, the, steam expands and
the 11 ui diquid:ARgse pEihe Bukds, Theusphisciuig i Passdl nte MLBREY 381 ot i but i on
means or fip.:. 4 er.api e fi 4 aul 8 ts into
the desi réet_éﬂls}lzﬁfé%_erﬁé%;cﬁ 4 S {%%?ggﬁl:{/ﬁﬁ%@g?géé ‘g%@?fr%%t%é‘gt Wewgi(;dv}\lgtgg rs%gknlfend of
the inj ecdipandyahl forhs 8 spRIy2dorApasing RtdhiedRapretd 6f theit. ethelownst r eam of
the atom zing neans or its Upstream éntrance may conprise atom zi ng neans.

| n the pratomizingahearsetypivadiytdonmpriseha pressude ppdeeing andipelocizmateasing

downst ream,si de of the atom zing nmeans is higher thap that in fhe atom zing
or x ~PrifreRy3s is known, but it mayalso comprise a pressure reducing and velocity




-6 expansion zone(s). In an FCC process, the pressure of the fluid in the
injector is above that in the atom zing zone which, in an FCC cat lzf\ﬁtlﬁiuhg
reaction process either conprises, or opens '‘into and is in direct fluid
comuni cation with, the cat cracking reaction zone. This reaction zone
typically conprises a riser, as is known. Superheating the steamso that it

is injected into the fluid at a high v'e‘}'ocity wi Il produce a smaller Sauter
mean dropl et dianmeter of the resulting atom zed liquid, even with a very
|l ow fluid pressure drop (e.g., ~69 kPa) through the atom zing neans or

orifice. .lnjecting high velogi t eam Mach n r.areater than 0.5
“hto ¢ he PR EaRd Y T nSt R n IR et Erdn Rt hou
i ncreasi [ i b gl : tZatrhon of the
Food i {halcane sean? bR I ey 0 o g oF oL ek T L
cr ackat e grondzingInedrsaday ap otdyzrdti @mpréseapdrtiof tHedreadbx efracdny; as
including the droplet size of the atom zed feed |iquid and the shape and
uni f or m tiy describes i dathil deloyypr Hyit 6pmipriges padodtheheat axehange swansdhse, the
in which a hot flu rising

process conprise n atom zati on proces [.d, co

t he quui‘éi{ﬁ) BPcally binjosatedt prowamiate: 18 it Tuicasis I@m%hgee%%@emm ndi r ect
heat exchange w th al.oh Zi t..the s...ln the context of the
ovent | oot pertichyyfiie AREINERS e (hnF it e ol RRehands menG ey b
gaseous Lfhs 84l dcRbl@rh Pint 36 8¢ A a0Gr &litd fle sR0i0IziAS fOF

exanpl e, %{c&ﬁ%? o%:ﬂaotrcgon vapor}s, %la?? ggn agi ’ta1 e %l e@keHa?)\/vevétr%},§ in an FCC
process ireass andemtetd theddwes prasure liemhdag ednat torpravite oaore anifbjract ed at
high velocity into the flowing hot fluid, to assist in atom zing the |iquid
in the fldriop sizendistributiomegf the atemizeddribpl ets. As di scussed, this fluid is
atom zed, by passing it through at |east one atom zi ng nmeans, such as an
orifice and into a | ower pressure atom zing zone. The fluid flow ng through

t he heat exchaﬁ?@ @nﬁlﬂgﬁ ltﬁ . S [ OLL atom zed
or a two-phase Tl u?g / %@‘iﬁ dggér:?%} ?E}%ﬁfgorghgﬁﬁeegbhﬁﬂfggdﬁgar{ﬂg& om zi ng
gas. The Hdawdtod bhperRemrtemerathOadebrdifig itd ﬂhéj]t)ra%ﬂde oPfie Pvehaoahg a
gas-conti nuous, two-phase fluid, when passing through an atom zing orifice.

Thi s two-lpdtdeed diluiidl typidablyrbedingédtédbor beked withng pottiongofi the asmpezihgat ed
steaminto the fluid, or a%{aa ﬁonseq,uenc of the superheated steam
i nj ect i orSteaty tpifora the Bre-phasetlnyd;paiogite bergripigeted withdbe sHperhgated,

t wo- phase_fluid after. t am .k nj i.Q r in the
neat " oxcriiryt medisingiE bR EICRRRE iredh e TiCh AT HEEL P BRBRRE R, na
that in témhe peaséx@anbd n¥ind! P0psaith oﬂﬂhi@}gﬂ@f@r ﬁ&%tﬁah?éiteﬁﬂﬁ%ﬁ%f'ﬁént Wi th
respect to a typical FCC process, the invention conprises the steps of (a)
i nj ect i ngsupedndaréd) dus imore titpicalyf dlbsatmpteth steant.i uont &GBofiarentotie under
pressure, to forma two-phase fluyid conprising the hot oil and steam (b)
,passi ng sheshexehangeraeans may weclpde stomizingimeapheeh 36 anerificeolyh separate

o &5 bR AT IEF AT TR oo R Bub e Mt RuRgL alld oTelbBl Tl
(c) inj ecl; é@&aﬁy@%%?@age@h@gﬂ{ff% q%&samc}{eg{i@gg fgﬁ%()P) 1288014 Bfe prabtifd ui d to

i ncrease the surface area o I qui rma steantcontinuous

t wophase éf thednvéritiorp alss tengpdrimres despnineaniedbyoths Holt vily fluiddiwhingt | east one
atom zing nmeans into at |east one |ower pressure atom zing zone to at | east
parti al | ythaough the heal ax¢hange ragansf 8y ihheatythastesoniy & superhaatopl et s of said
feed of | ‘temperature, will be typically less than 6°C. If saturated steam is passed into the
heat exchange means, then passage of the steam through this means superheats
the steam and this superheated steam is injected or impacted into the flowing hot
fluid. If superheated steam is passed into the heat exchange means, its superheat

temperature will be increased. In either case, the superheated steam heated or



The spray may be fornmed in or near a cat cracking zone, or it may be
conducted into the cat cracking reaction zone. 2 APR 2003 _8 Further
embodi ments include: (i) contacting the spray with a particulate, QPR 2003
regenerated cracking catalyst in the reaction zone at reaction conditions
effective to catalytically crack said feed oil and produce | ower boiling -
hydr ocar bons and spent catal yst particl'es which contain strippable

hydr ocar bons and coke; (ii) separating said | ower boiling hydrocarbons
produced in step (e) fromsaid spent catalyst particles in a separation

zone and boLoRh 6 SRR aRET BT bl B EMRBLAGL A, 0ot STV,
(111 Passbiihigas! HORRRS R ESthERIcIEioRFE e DlPyGagEner 2 o

ef f ecti veohgpringrparpdf a fbwl gdationnehinvalsich epidys thehot, ra@cﬁﬁfneﬂaﬁlealro?@ét@l yst
particles, and (iv) passing the hot, regenerated particles into the cat

cracki ng RtrrecatRAEler DESTRITPZNIEN IO HTIET het gatalyst pasticlessi npl i fi ed
e e MGH HAFRC A B i i S gl 2 1
i ector oy IEREDRR: TBRMies R RER il B nER LSRR e estadin s he

t wo- phas&yhitHiakteam sparger is located, to form a two-phase fluid comprising the hot

oil feed and the steam. The conduit feeds this two-phase fluid into the heat
exchange means and the superheated steam formed in this means is injected into
the flowing fluid to increase the surface area of the liquid phase. While a single-
phase liquid fluid may be passed into the heat exchange means, in an FCC
process it will more typically be a two-phase fluid comprising steam and the
liquid feed oil. In an embodiment in which the heat exchange means also mixes
the flowing fluid, the fluid will be a two-phase, steam-continuous fluid
comprising a steam phase and the liquid feed oil phase. In any case, a two-phase
fluid is formed before, or as a consequence of, the superheated steam injection
and is preferably steam-continuous when passed through the atomizing means.
The two-phase fluid is passed into and through atomizing means into a lower
pressure atomizing zone in which the steam expands and the fluid is atomized to
form a spray of oil droplets. A spray distribution means or tip, is preferably used
to shape the spray of liquid droplets into the desired shape and is typically
located proximate the downstream end of the injection unit. This spray
distribution means is located downstream of the atomizing means or its upstream

entrance may comprise atomizing means.

In the practice of the invention, the fluid pressure upstream of the

downstream side of the atomizing means is higher than that in the atomizing or



Figure 3 is a view show ng the steaminjection ports on the downstream
outer end of the heat exchange neans shown i-n Figure 1. Figure 4 is a
schematic of a cat cracking process useful ih the practice of the 2 APR 2003
i nventi on. 2 APR z003 -9 DETAI LED DESCRI PTI ON | nportant paraneters

i ncl ude the nean dropl et dianeter and the droplet size distribution in the
atom zed oil feed sprayed into the ri set” reaction zone of an FCC pr ocess.
Both smaller oil drop size and a nore evenly distributed oil spray pattern
may influence the oil feed vaporization rate and effective contact of the

ot w shi SpapsiiZisg . 18 p HCE PePkss pR ol i R gBohe bR i o T's
i nver sel Y,y 8RR4 ihocﬁglaggﬁ);ztrir%z&{é)%%hﬁ% f cﬁpcﬁcﬁ%ﬁg{eﬁ%ﬁg%ﬁfcewan

unity. For exanple, _ duction | aut er nmean opl et "di anet er
will bOOSéitHeﬁ*%oﬁiﬂris\éél,RﬁTdﬁeﬁb M0 dndltiS iR iret OfMuPcdrRffunicitidfrwih/ the cat

vapori zation tinmes result in | ower naphtha selectivity and hi g’her yi el ds of
undesi r abdreckihgweactianezdriee 'REk readioni zome gy pidaly conmrises asideydisagen,

net hane, et hane, coke and high nol ecul,ar .wei ght, material. Rapid

vapor i zatknawirSunesheatingrthe e@atwtmbusénjeﬁ%drmmheaﬂundr% adtighnt of

heavi er mater.. al ...,such as resids, reduced crudes. and the.like, .added to the
food i | Tpahluan Brdyda hBRhEESm i FERERS oRoPler SnBiier b FaRa | he Poc
feed is i ?&?ﬁ' 41h nt | gt

i nj ector ,thS%E orn%l%tlhf \gAvo-p ase ?ﬂgg&cgﬁr#gﬁﬁ&&%é tH ﬁoeﬁ fegg'd :algqﬂt}jl%&fﬂglﬁ) ggas

upstreamé atd}ﬁizaﬁF%C' eanB @r Ofiffick C Enjetcfing REIEAEIBLitY Steathhey Madesuabs f eed
at om zati on. For feed atom zation, this gas Is typically steam the
pressur e greater #dano@.$ inteethatfuid zZiedycer thieiameoury dfesteany needdl forMPa and t he
atom zed feed drop size iis no . nore than 1,000 mcroneters. It is preferred
t o achi e\AloOMaZatIoNg wihout JRereasipg B?ee%‘?z%lpgghﬁﬁﬁ@lé"é{ Bewdigrepltsfi ce, such as

no nore t 300. i e n a It i. I esirable to |ipit the
Amount *of Ve Tiol ¢t B BB SHPudseGhe bbetiPlsdeifs ki bt bas oo
on the Oijschifi@dacke pRSRRE) Feed vaporization is a function of many factors,

including the droplet size of the atomized feed liquid and the shape and

uniformity of the atomized spray of liquid droplets.

In a broad sense, the process comprises an atomization process in which a
hot fluid, comprising the liquid to be atomized flows through a heat exchange
means, in indirect heat exchange with an atomizing gas, to heat the gas. In the
context of the invention, the term “gas” is meant to include steam and/or any
other gaseous material suitable for use as an atomizing fluid, such as for
example, C4. hydrocarbon vapors, nitrogen and the like. However, in an FCC
process it is typically all steam. The heated atomizing gas is injected at high
velocity into the flowing hot fluid, to assist in atomizing the liquid in the fluid,
into a spray of small droplets. As discussed, this fluid is atomized, by passing it
through at least one atomizing means, such as an orifice and into a lower
pressure atomizing zone. The fluid flowing through the heat exchange means

may be a single phase of the liquid to be atomized or a two-phase fluid



~ 2 APR 2003 io invention reduces the amount of steamrequired and al so the
Sauter nean droplet size of the atom zed oil. The two-phase fluid fed into
and through the atom zing means and also int'o a fluid m Xxing nmeans QPR 2003
chanber in the process of the invention, may be gas or |liquid continuous,

or it may be a bubbly froth, in which it is not knowmn with certainty if one
or both phases are continuous. This may’ be further understood with
reference to, for exanple, an open cell sponge and a cl osed cell sponge.
Sponges typically have a 1:1 volunetric ratio of air to solid. An open cel

S oor o cappmia e bl a0 %@rﬁzﬁ%‘é&%ﬁéﬂeﬁ‘w‘fvﬁcqﬁ‘ﬁﬁ%@%&w%?él}as%p"”ge
(Suoh bs g B4 BT RdBR fieh8 oS fublot b SR iT VPSS . Poceq ©

cel I sponggou Qt%ﬁai‘iﬁ% S VTRIsGRRApBSse! fuithg fépndd Sthetibegort € gas
gl obul es di spersed throughout the solid nmaterial. Sone sponges fal

i n- bet wednjectiagtthe suparhdated ataant wite phaflaid, loriad 2 coaspguericedfahgas phase and
a liquid phase. It is not possible to have a_sponge that is gas continuous
and not auperheatadisteamtinjegtion, Ingithex case, thesiuid) will eomprise a gasw- phase gas

nl Therefore, the particul ar

and liquid fluid that jis S. ,caontinuous
mor phol oiPIEUPHS twqullaasgg?qlfi q(% T ﬁ%%%‘&frﬁ?ﬁt%d SieaM WY iR ¢ $UWExchange
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i nvent i onphiipl thd R wiristrehR ﬁbﬁﬁzi@lgtiﬁﬁephﬁ%%ﬁf@&&aﬂéd 8@boldfinént witheam) and
'"iquid, (i1) reducing the thickness of any liquid nmenbrane, (iii) reducing

t he t hi ckesgsect amd/tppichERGUhprocessyhd inyentlon icondpeisss thensteds o r educi ng t he
size of any liquid globules in the fluid, either before or during the

atom zation. Wth a two-phase fluid conprising.a gas phase a liquid
phase, the gas(@ el oWICHNEAIPHIFIBESERN HNIQH Heving. A lw@@ﬂ@%@ﬁd dibe || qui d
phase in _a mixing zone. Thi g vel.oCi s~ APE i f. Lal also
bcours WG RESRE aC Sord a3womn Bigituia comutlsThe Bt el il SiF kAR o
cross-section perpendicular to the fluid flow direction, than the fluid
passage or conduit means upstream of the orifice or zone (a
pressure-reducit)g apabsirg) stearhyandrthe hasitag-plidstifhad dormed &) (a) Thiomighel oci ty

differential between the gas and |iquid phases results in |liganentation of
t he |i quis¢pare conduity ina heatiexghangecmeans, iigwhich shecflowinghetctluiddeateed oi | .

By liganentation is neant that the |iquid.forns, el gngated. gl.obyl es or
7 vul Ste enteapLie,d stpotiert @rmsare b8 gr ust Ui Grrag e R RS o xi ng
and decreases during shear m xing. Thus, passing a two-phase fluid through
a pressure-reducing orifice, or inpingenent and/or shear mxing it,
produces a vel @}i t yinjedtirgy supieriedatdabhowted stehm fpemedrid (b) o chevhocfluidesul ts
in ligamentation of the liquid and/or dispersion of the liquid in the gas
"due to sHedntregsethe swefacequealof thediquid phaseand foyans steanngEnBRUQNSHE-sed
drops. The at Zéjng zone is at a lower pressure than the pressure upstream
of the atlRs%i orifice. Consequently, the gas in the fluid passing
t hrough the atom zing orifice or nmeans rapidly expands, thereby dispersing
the liquid rivulets and/or droplets into the atom zing zone. Any rivulets
present break (d)to padiy tHei€arAcontiabsudfinidtrédih &ilefdtie NOMiZANE
atom zing orifice nay be a discrete, readily discernable orifice, or it may
be in t hemkansiind ahleasyomnlowerunssund atomaizirgatonssto at deass pasudiyonal ar ea
upstream of the atom.zin one. In the strictest technical , sense,
at oni zat i@ﬁnﬁé‘?ﬁlﬁr@é@@%ﬁ@t%nr% FRRDTYPE @r@pifé?f’ E%‘désﬁ‘éoﬁf a liquid and
this occurs when the steamor other atom zing gas is mxed with, or
injected into, the liquid to be atom zed. However, in the context of the
i nvention, atof 'éyhn i [ n queHy atom zi ng
orifice or zong%é?hg |igﬁ?@qgﬁgggngfégﬁgwiga(%?agﬁ%?ﬁsigg bregﬂhﬁp, into
di screte ¢gmuhrsed it e garadidag reavtiontdonecont i nues as the fluid continues
downstream and the liquid is atom zed into a spray of droplets dispersed in
the gas phase. In the enbodi nent in which the superheated steamfornmed in
t he heat exchange ~i -12



means is injected into the flowing liquid prior to the formation of a

two- phase fluid, the steaminjection will forma two-phase fluid. ~ ~ APR
ZDD3 Turning to Figure 1, an FCC feed injector 10 is shown as conprzégﬁqm?
hol I ow, cylindrical conduit 12, connected at its downstreamend to
exchange nmeans 14 by neans of flange 16, which is fastened (preferably
bolted) (not shown) to the upstream end of the heat exchange neans. The
downstream or exit end of the heat exchange neans is fastened (preferably
bolted or wel ded) (not shown) to a fan-type of atom zing neans 18, via

22 et ends | EOEHATRABMATRIATAP oA he Sy R SRR oo ot
Its do"‘“sﬁdte?égeﬁ%téd‘cﬁ kﬁigc 986inde r@aft‘iio?laz%rﬁ aQ'ré‘é&idnté/orgﬁtiM es 24
circunferenti y spaceg around”its outer periphery at 1ts downstream end
portion. difiesienelasalpficallyachadk lsxiddfeed logichridsrodabe 1dveerchdiliagr i cal wal | of

22, into the interior portion of the pipe and define the sparging zone. Hot
feed oi | kydrecarbousdnd spait catalystamuticlenavirieh aontain strippdbleistdrecarbopaist t he

?feif‘meigf ﬁé»%&%éghiﬁqé?éts&%?Aé@é‘afiﬁg?ayﬁ#@éé%@éﬁ%%i@%é ERE6RAM spar geor
22 a . . - . . .

adial 1y b SR 54 a tHeBltg: e Bepdaiof valt it sBfithe shidh@RFE
conpri si n}ﬂat‘ﬁbfe@%%@ﬁ%@iﬁg%ﬁne?ﬁd rehfR%: sald StridpaBRULRIraEABoh i@ PR E €am
spargi ng holes 24 is prcally less than 69°kPa, resulting in relatively

| ow spar gitrigped,avked Datulydtipartielesy (iilepasemigahe gtripacaked batalyst | are at a

pressure above at nospheric and above the pressure in the downstream
at omi zat i jparticlesanfoemigsnerasion. zongan avlichahe patictesurd chntasted withnet er

L Y e
B R e L

~ APR 2DQ§eT$$cﬂﬁﬁﬁﬁ§mhﬁ§re is no need for an upstream sparger. The

two- phase fluid formed by the sparging steamfl ows towards heat exchange
means 14, which conprises a solid, heat-conducting nmetal, cylindrical body
having, in this enbodinen an in -ri:r |.indrical bore 30, through which
the two- pBRdEE DESCRIBIIONQX dHE DRAWINGY, ¢ npans 18. Heat exchange
nmeans 14 also contains a plurality of steam passages circunferentially
arranged in the thick wall 32 of the nozzle, of which only two, are shown
for conveni e”CFifu_'ré‘ 148 h%nﬁgﬂﬂea RRoYs-seBAGMIS SARMARSHAL 9idvd of 48 HAcal and
conprises a conduit 34, having a steamentrance 36, into which steamis
passed byfestidajectorremsployntg the den) excidhgenezinbpftheinventianr ons. Al ternatel y,
one or nore separate, annular cavities, concentric with bore 30 and with
each other, may be in wall 32, with each cavity conprising a steam passage,

o Poat od- o; Eises 2 (O LA LOFHE SR RRE T Mo PEM Iomal sihBinliC sldead . | of
the heat @éﬁhf’i@ﬂ?o@‘%ﬂfmcl‘& ﬁé@&ﬂbf@l@tiab&tfﬂﬂ, IS RHieh thidKeat eReRarmpe ts may
ed Int ownst wal |

be | ocat e exterior ream en as shown in Figure™ and in
Fi gure 3, meanexlsondixed thidwwesiphasafluid. rcunferentially arrayed around the
interior wall of the bore 30, proxi mate the downstream end, as shown in
Figure 2. These are nerely two illustrative, but non-limting exanples, as
will be apprecjated_hy those skilled in the art. In this epbodiment, the
bore 30 is apphSHrﬁétl AVIBY Sbﬂglg%ﬁge ﬂF%P@F{IQE ppﬁt&tonot?mefcg&@s(t’rgﬁahi t 12,
to mnim i h the heat exchange neans.
A plurali é@te(})fgﬁ%g’?ﬁezgéﬁteggg&%mkgﬁsgﬁ#ﬁH{a?{g?#%é' extending radially
inward fromthe surface of the bore, could be used to increase the

avail abl e heat transfer surface for the fluid flow ng through the heat
exchange neansFinntédris aschematic oﬁhmangrawkmgsprolcasstm%elrm@'e peatticelofun, each
st eam passage nakes two passes through the interior of the thick heat
exchange HeARYCREPN. 32, parallel to the longitudinal axis of the heat
exchange neans, although nore or |ess passes and configurations may be
used, 2. APR 2003 - 14 if necessary or desired, depending on relative
tenperatures, flowrates, etc. In this enbodi nent, the heat transfer
surface for heating the steamis determ ned by the I ength and di aneter of
t he channel or bore. The superheated steam produced in the heat exchange
nmeans exits at a plurality of orifices 38 in the downstreamwall 40 of the
heat exchange nmeans and is injected into the fluid flow ng out of the heat
exchange nmeans and into cavity 42, of the atom zing neans 18. The steamis
injected into the exiting fluid at an angle preferably greater than 60 to

. o o o
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2 APR 2003 - ~s orifice 44 and results in both a pressure drop across the
orifice and an increase in the velocity of the fluid flow ng through, which
further shears the fluid and initiates fluid atom zation. The fl ui Aﬁﬁéﬂﬁs
through the atom zing orifice into a | ower pressure atom zing zone 46, in
which it expands and forns a spray of dispersed |iquid droplets. .
At om zation begins just downstreamof drifice 44 in the hollow interior 46
of atom zing tip 48 and continues into the interior of the riser reaction
zone (not shown), into which tip 48 extends. In plan view (not shown), tip
48 is fan-shaped, like that shown in Figure 2(b), to produce a relatively
flat and uniform fan-shaped spray of the atom zed oil, for maxi num uniform

cont act gﬂl[ggugnggﬁiﬂgq¥Fﬂgm; uprising regenerated catal yst particles in
the riser reaction zone. IS type of atom zing unit is known and di scl osed

in US patent 5,173,175, the disclosure of which is incorporated herein by
reference. As _an illustrative, but non-limting exanple of operation of the
st eam i nj ect odmporangpaametensriselude sie mean dsoplet diameter and theodroptete
upstream or f.irst .sparger-added,ste to forma {wo:-phase fluid or, foan
For 1 ho. bie dibpbhoRin 1:nQaar 211300 Smupdibipdhe BscbrRetion Hane Al a +ypi cal

fl t i t : / ! . .at ed st
t 1s0c, ARG pdechS) YHEh sthatlel Bl ol o 1R mbks udntd AEALBRAGEL 0 D om
0.5 to 55%%'?%&@{&& eayOiniflueAgs! thedsil erzﬁ%h rite G dt Tl ekdniRe. Heat

exchange ween the hot oil and steam flow ng through the heat exchange
,means w loff tleec bl ewih fheaupriding, chaot 2eackong satabyst pariel ésecimt thewiseh Wélgle motbl e
cooling of the oil (e.g., < 6C). The mnulti-point injected, superheated
steam | nﬁa&hmggomé)qw%, Hils balkeyed that theell evanpiaien salgns inersedy |

B
{1 act i on0fsoh eaol1AlRE SALRS FeudiPAIE GamelerlwfIPbdod H offo O the oil)

is separately sparged into t upstreamo eat exchange neans, to

creat e t hepstigaioreainé by 35t 58%p Hasget bili vhpokization tidiereidls @i I0vag as a
"foant. In this case, the anount of 2 APR 2003 - 16 superheated steam

f ormed i naphibatselectivry raddugherayieldsrod undesicatdld, omt valundhemegdnesasion uid wil |
typically c rise fromO0.5to 2.5 w %of the oj]. feed This i.s |ess than
it CmouPEEiR. R 55 Bdrisan meane fEhe: sRkecpLhisbaTelecu B YRENY pr o oo
of the i ] . s r i 1. Zal 4 j 2 (a) and
> (by i1 PEERHAR Rerid ABBHEL S QERE QPR becoled o infilrdedRiRE 2 100 O
enbodi megmount b Bedvief friatdriflf sudheas revie] tediiced Brudes @Rdtithe likepaddegabed st eam

fromthe heat exchange neans is injected into the fluid frominside the
heat exchnfpedrie ingeirede Ingeorralpascethe amduniiodl heavy el inithe FRIG

enbodi nent,. canpri ses the atom zi ng ifice. .Thus, an FCC.feed oil injector
) 50, corrp?¢ IBCIcased, daeiamIgnaLPt gaSzeé) aﬁﬁﬁifﬁéf’ @jhﬁr}pgﬁ%jpggr,ég radial |y
drilled i [ ' rated steam
o1 oS SRR RSN colf RN T RRTIGR ah RlnSEERA TR 2
super heabgin 5462 81fE, 3 iREHERHRb! RIS RqtlhRifebd didthizatin 2AFRRFCIMY Means
54, having a fanshaped spray distributor or tip 74. The hot oil conduit and
spar ger #¢eal atoenigation,ahisi gashs gypieally stoaimptheprdssurbelrepaerdssitled i ons in this

enbodi nent. Heat exchangeg means 52 al sqQ conprises a heat conducti ng,

cyl i ndri atmizsngprifisays teshthand.AdMBaasddhe amized feedduy size B0 which is
open at both end d extends through.the heat.exghan ns. fromits
patr eanttarei B8 SRS R e e 05 hisSE SORRP Rl 828 i pat 1

t hr ough oafvr\ﬁ?n) W&o tandt S upstream
ent rancebpﬁsﬁ{elﬁﬁlﬁo??%gf&gﬁ hggtﬁgi%%,gﬁfég thg?ne g% ﬁgd?n%buor/l -shg%g?jl,% avl\lnkit hits
cross-segil MRd. Brigalsoaiesirhbleaotlimititheiashohihowf therstedrmaned foradual |y
decreasing to a mninumat the downstreamexit end. Referring to Figure 2
(a), theatamizatioaplo kesethapd v steanhbasedounthegil fagdd Thetpresews separat e
streans to provide both inpingenment and shear mxing in the chanber, with a

m ni mal pressure drop through the bore. Preferably, the two streans are
symetrical and dianetric. The downstreamexit of the bore conprises the




,1 _ _ atom zing orifice. The conbi nation of inpingenent and shear m xi ng
in the chanber increases the surface area of. the |iquid phase in the
two-phase fluid flowng fluid. This surface ‘area increase i s manifest ﬁgﬁy
smal l er oil droplets dispersed in the steam continuous phase. Unlikeé 5 1003
enbodi nent of Figure 1, in which the uz of sparging steam (or conprising
super heat ed steam produced by the nean ?'upstrean1of t he heat exchange
means may be optional, in this enbodinent it is particularly preferred, in
order to obtain the full benefits of the mxing in the heat exchange neans.
That is, ] ' ' it 4 hase
i o, - ardghde FRRERES HRmEtus d ki Seauited Andhfh he Syicl Biead I 125
into and dif¢ gpge dtbmingpdilexchange neans 52. Two different pairs of
opposing walls formbore 56. Thus, as shown in Figure 2 (a), the surface of
i dentical and opposing walls 60 and 60" is in a direction normal to the

pl ane of the paper and convexly or inwardly curved, with respect to the

| ongi t udi nal akhe twe-phase Avid fe@xiatfaﬁyietlﬁea%ls thesatonygmg mpansand aen
t i at th t t] f the _bore, ith th t of
urvat ur dntiee TBad Paiging et G UREbEh e Brotsas OF 1oV REROBAREY Be Bent  cal
d ' |1S,,: fj DQWD: i1y Fi 62 and
6" o 137 g cohbiiBds, OF i Bty et Ay Hh AWkl [ttt Blaie® 07 B

di recti onceaintyay 8na of BoflppRases aReSWHtiioas. ThidMap R Rrdler iieRaRA - A
rect angul ar-shaped bore 56 is formed by the interSection of the two wall
pai rs, whwith referexidestes farrexahiple,camopeneelLépongerandresiosed eelt sporgegul ar
‘cross-section normal _to the |ongitudinal axis of the heat exchange neans
(par al | el Spangesdypically heve & lehvohweairignatie of ey tatsobgpdyn ppergeld of t he

e
I c Orﬁgﬁnﬁgﬁ%g{gg %ﬂfa%ﬁé‘&’i@&%té”‘%ﬁ@e@tsf‘Qn%'cﬁﬂve?l?ee?lﬂ'sgogbgtﬁ&% AL eam

exit end o exchange nears. ream di ivides the
t Wo- phasebe §di@aoTbean thefsrsof mehtbrinssadl Byarh&gts (asdhr samag ekivni? aAPR 2003
~ APR 2003 - is injection into the hot oil, into two dianetrically

symmet ri davo-phasesggsaliquid faothemfeamThin a wiosed selspenge.rthagss thwhei nto t he
upstream por.tion_of .the bore ere the convex .curvature ovi des bhaoth

D a1y GisiPRod A8 eAORR QloHPUEIcusn Sl bhies dispereed thinafzhddt 8 e o

fl ow comp i t . ] 1 i I . each
strean1t6%?ﬁ%#%g§8§g§§%@%?§Egﬁb'ﬁé&&%bgge%%§1%ﬂ%f%ﬁggﬁgéﬁg%%ggﬁn@% i ncrease
the surf aé‘cﬁnﬁﬁﬁﬁgcaf gdshphast anil 4 1RfiAE phade. L1 es hdOYARIbIE talhave M@P@v%a ,
continued violentT inpingenent m Xing may coal esce a portion of the

now di spethatis ghsamndinnoud aed abbaleo solhe contimrahse bnt/dtsipessathlevalhaye @0 and 60
conti nuously decreases_ j.n é@ﬁygommstrean1flom1dir rovi de

. ction, to
L pri mar i | y¥A-Phassgas-and biqu hatis gas eoNtHNINg o @P@Ol&?@ to the

56, but et R aRiky. STt AERADALsoR bRkl (FRREN e fatoles” °'°
downstr eaéﬂéh'ahgy ﬁibah@‘gyfli’ﬂé frventibs, iBOY hF@Syskridwh difheddrintyaxi mum ar ea

i ncrease of t qui d phase, with little  subsequent coal eScence and a | ow

pressur e Theefdore! mepusinethesatfaes ahangfethodryuid plidee iatthe praice affthepposi ng
walls 62 and 62', %radually approach each other in the downsteam direction
c

to the orinvendosanclpdesod)forming gitwiorphese fluid ofigas (©8s strm)pnd iquid, t hr ough
the bore t.qQ the .atom zi.ng orif.ice. and, maxi,m ze the fluid yelocity through
the or 1108 rediriis trigheeofabE i FiRmTRRe (8 mrbting g itkhiss e 2
(a), for }&@g | & i i lﬁﬂﬂ FLet 1148id These
channel s @g}éﬁ&" rggaﬁﬁ? gi%ﬁ?gl%ts?%ﬁ??y’)%@g% I [Z)e(;?ti O%']l l of the heat
exchange glbules ifilthe Pluid,&lither Before ondating the atognitatiohe Witk & ltaokpigasé| ui d and
are positioned in the bore wall upstreamand proxinate to the orifice 64,

t o i mpact flaidecampfibimgi gasiphaise ani @Hiquid phasss the gasvgloaity ipmesteasgdl v al so

hi gh vel ocity séﬁﬁpl Eon further [idﬁCin t he .dropl et .si.ze of . the
subsequentalgtivg tniheaglenity @ 531.(1“[1 PR#E SMIEPR FONE- ¥elQF1¥x change
means, the fluid is under superatnospheric pressure. The riser reaction

zone (not shown), into which the downstream portion of the injector (e.g.,
t he atom zi ng Z APR 2003 -19



tip) protrudes, is at a |lower pressure than that in the feed injector. As

t he twophase, steam continuous fluid passes - through to the downstream end
of the heat exchange neans, the superheated steami s injected into the
fluid as a plurality of jets, further increasing the |iquid phase suAPRdE3
area, to forma nore uniformspray of smaller oil droplets during fluid
atomi zation. The superheated steaminjétted into the fluid inside the heat
exchange nmeans is at a higher pressure than the fluid. This increases the
volumetric flow rate of the fluid and contributes to a further reduction in

he d I i f the di d d ulti I 1zed oily liquid. Th
Steam i & CHeREAALASLIOCCHEATY TEA0Hd RASSe oM PHGCE T ARBE REr the St eam
st eam : ! . ! | ne s
T ui 0 paSTRlRE sRURSeRi0h DellentiARHoETHAG ok dIEPRGE hiffine mliof | 1ORIZPE
fluid exipta_sstafgetd?e;ohaait rﬁéﬁﬁﬂﬂﬁﬁeﬁﬁ?@ﬁh@'&iﬂ&%%rﬁ&ﬁ'ﬁreésh%-?ecﬁfé’ir?ﬁ‘”Ce of

the atom zi ng neans 54. The heat exchange neans ex and upstreant entrance
to the i mhdnietocifibinefedsing dufies bapenk)atThis velogityidifferontial Betwdepathei N si ze
and shape. As nentioned above, this orifice is rectangular in shape, with a
cr oss- se@ap gndlliguid phpsespesidiscn ligamentathen pbth liquidnpartisulaglyowithree

injector, .substantially | ess t hat. of, the cross-sectional, area of the
b conirons Haitidduelias Bt rethoil’ By BRnfRaRoR romeActeMES. The
spray di E L0317 : | Z4 i i -shap and
hol | ow, zfsqhgcggév\rn%{ %élbgé%tgfléo@h?%?teg%&gg(gﬁg V%C_Estygﬁg\?fe fé%?éss¥T a W?ghaped,
control | @@rﬁgnﬂﬁﬁhganaﬁﬂmmg ia@H dé@f&s@sﬁduf_ﬁ@% shélirehixingl Thit,3assin@nshaped
‘at om zed spray of The snmall 0il droplets, into the uprising hot,

r egener atwd-piasealfisd thmughal messurerredecing seificepacimpingzmeat add/ohe FCC uni t .
Atom zing unit, 54 may be netal | urgically bonded, wel ded, or brazed to the

heat excRBfRfenitaagdt, Predydesdgelaaty difercrtialdetweer) thegasyandiquiddent i cal

ci 1 eunt v eiieh g isgaia ool e 1iEd pdfor ol SEARLTife G cam

whi ch ma . : g es b
ol ot modas fy5 b Shelimih O R R SR B gl S SRR RIET .
The st eaMheutbslizsing4oaeds angl®dergyressure thanmnjhegredsnee apstecanaof die acut e angl e
into the flowing fluid, as indicated by the two arrows. In this enbodinent,
t he st ear@?mlzgz}@ evifisg. Cﬁn%ﬁqglﬁéﬁﬂfdmg:g lbi“thq/ﬂflldmzﬁsmgd@f@?gh\ﬁleddaﬂjt e angl e
greater than. t.a inmpart both a radi i nward and a_.farwar ow an
s?ear coﬁmgﬁ?g PB‘%Fﬁgr) inﬁ‘faé’_étréﬁldi‘[ Emnadfh r%&%ﬁﬁpg@éﬁ& ﬁ’@qéﬂqlfle][ ent idal I

st eam ve . C .S n : . In
yet anot ﬁfe{@l%@égggiidﬁgﬁ?p %%ltnlt(gngv\%@?u?lﬁg%ga%@ﬂgmv%fe?%bﬁgaﬁrger%ﬁk EI%) coul d
be inj ected citmait @doplés datihg thoh@niiRetidbh.UTle aforhlng paificeamaybé action. In

yet anot her enbodi ment (not shown) the cross-sectional area of the bore 56
coul d pr digozets] veadylydliscernalde ioniftogcotivumay be anthti fornt oflomregion thean¢ ncr ease.

In this case, atgm zation will initiate at tge oint or region of small est
cr oss- se @ aHSMAIFRIFTRFT Fectionpl 168 UPRECHD A AN HNF- o Pene, as
gpposed ts?ri&e%}e(@&ﬂi}falcge?l%@ raﬁé‘rﬂ%z%tf&h' dohfftiméd 1%‘1*&‘% 18’ ix;]]&eésiﬁgﬁgé biesed
ownstream end vi ew of € heat exchange neans shown 1 igure 1, to

i Il ustr ataged bFa Plguicdhnd thi®beoup eriieerthe dteing affbther hfordizing ghd umbaidential |y
arrayed around the downstreamexit of the heat exchange neans. Wil e these

st eam outwigh,orangectibinto,.atie dmued tochd atomizbéy Hosedwviroa thecontegtibfithes| it s or
any ot her, shape. The heat exchapge nmeans .of the jnventjon can be fabricated
in a nunbByergiorgpiqraizationxagans that asfae dluid passes thropgnibe praeiZing oner. Thus
a |l ost wax..or invest t castin rocess cpul.d be,enpl oved S |1 as

For i ng" SRS HchorEa 0 Hig i pe R bBieRS §RCof Bufs K pFB Y ko BS0E of °2
ceram ¢, fRigl irPthet LAl t ig%ﬁﬁhuef@sbme i @Bnfhués A0 AkPedtii NI 2
plurality of stacked, relatively thin netal plates or platelets, having
fluid pasmdghe ligaidid dtonszed ints alspraynodidpltts dispemsdddn thes ghsiphdser Inocket
motors and plasma torches in, for exanple, US Patents 3,881, /01 and

5, 455, 401he Tmbodiment inawhioh the shperhgated steans éormaesd in thehephpxehasmgeng nozzl es
of the invention. The choice of fabrication nmethod is left to the

di scretion of the practitioner. 2 APR 2003 -21 Figure 4is a sinplified
schematic of a fluid cat cracking process used in conjunction with the feed
injection nmethod of the invention. Turning to Figure 4, an FCC unit 100
useful in the practice of the invention is shown as conprising a catalytic
cracking reactor unit 112 and a regeneration unit 114. Unit 112 includes a
feed riser 116, the interior of which conprises the catalytic cracking
reaction zone 118. It also includes a vapor-catal yst di sengagi ng zone 120
and a stripping zone 122 containing a plurality of baffles 124 wthin, in

. o o " Y o
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2 APR 200 -22 conponent, as is known to those skilled in the art. The
catalytic cracking reactions start when the:-feed contacts the hot catal yst
inthe riser at feed injection point 134 and continue until the prod ﬁh 200
vapors are separated fromthe spent catalyst in the upper or disenga@' %
section 120 of the cat cracker vessel 112. The cracking reaction deposits
stri ppabl e hydrocar bonaceous mat eri al - %rd nonstri ppabl e carbonaceous

mat eri al known as coke, to produce spent catal yst particles which nust be
stripped to renove and recover the strippable hydrocarbons and then

Cyer onca s s M8, the YR ul gHoE ] MBHeEs8thia A ERbR S e both |
the crac hﬁﬁ@&%ﬁ{ BctRIrPAME FoRBAND-piieliffaSt i pped hydrocarbons (as
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2 APR 2003 -24 asphaltenes, tar oils and cycle oils fromthermal cracking
of heavy petroleumoils, tar sand oil, shale oil, coal derived |i qui' SER 2003
syncrudes and the like. These may be present' in the cracker feed in
amount of from about 2 to 50 volune io of the blend, and nore typically
fromabout 5 to 30 volunme % These feedﬁ typically contain too high a
content of undesirabl e conponents, such”as aromatics and conpounds
cont ai ni ng heteroatons, particularly sulfur and nitrogen. Consequently,
these feeds are often treated or upgraded to reduce the anmount of
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those skilléd in the art without departing fromthe scope and spiTit of the
i nvent i ondértcali dneldcabprises afearmhudi 37 lhaving a steanpéntrarioerdts dntohahichhe scope
bf the clains .appended hereto be limted to the exact description set forth

above, bufteamtippasseddy staamdings (gobshavonsindicatedly thecorpagomsg all of the
features at ent abl e _novel t ich reside.in the prese i nveptiqgn,
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atom zation process, in [ch it is advantageous tq heat at .| est portion
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and/or steam and (ri) injecting the heatéd gas or steaminto the hot
| i qui d orthelbare 30poproxtimatezthei downstreamidirl, 20 8BownAa Figure 2. These are

merely two illustrative, but non-limiting examples, as will be appreciated by

those skilled in the art. In this embodiment, the bore 30 is approximately of the

same diameter as that of feed conduit 12, to minimize the pressure drop of the

fluid through the heat exchange means. A plurality of baffles, tabs, or

longitudinal ribs extending radially inward from the surface of the bore, could be

used to increase the available heat transfer surface for the fluid flowing through

the heat exchange means and/or as static mixing means. In the embodiment

shown, each steam passage makes two passes through the interior of the thick

heat exchange means wall 32, parallel to the longitudinal axis of the heat

exchange means, although more or less passes and configurations may be used,



CLAIMS: 1. A fluid cat cracking process which conprises the steps of: (a)

I njectin
forma t
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t hr ough
fluid he
exchange

g steaminto a flow ng, hot, liquid FCC feed oil under press
wo- phase fluid conprising said hot oil and steam (b) passin
g gas conprising steamand said hot, two-phase fluid forned
separate conduits in a heat eggpgnger, in which said fl ow ng
ats said steamto a superheat tenperature, by indirect heat
with said fluid; (c) injecting superheated steamformed in
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said spray into a cat cracking reaction zone. 2. A process
ghe lengtlaend iasheteeofitleacitinasber beret dthessuparhdatedsidamproddceds
into said fluid at a position selected fromthe group consi
ipthe b@ﬂheﬂpbmmam@m%a@wapl@éal;ty(qﬂoylfwm%tméhq%ﬂmtrg@nd
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the heat exchange means and into cavity 42, of the atomizing means 18. The
steam is injected into the exiting fluid at an angle preferably greater than 60° to
the longitudinal axis of the bore of the heat exchange means, as shown by the
two dashed arrows. In the case where the fluid flowing through the heat
exchange means is a single phase comprising the liquid oil, the steam forms a
two-phase fluid comprising the steam and liquid oil for the subsequent
atomization. For a two-phase fluid comprising steam and liquid oil, the impact
of the hot steam into the fluid exiting the heat exchange means increases the
surface area of the liquid phase. This steam is at a higher velocity than the
upstream sparging steam. When the injected steam is high velocity steam at a
Mach number of greater than 0.5, then it acts as shock steam which is more
effective for converting the kinetic energy to surface tension energy, as reflected
in increased surface area of the liquid phase. The convergence zone 42 of the
atomizing means 18, minimizes coalescence of the dispersed oil globules, by
directing the flowing fluid into the atomizing orifice 44. In this embodiment, the
atomizing orifice 44 is rectangular in shape, with its plane normal to the
longitudinal axis of the injector and fluid flow. In plan view (not shown) the
width of the orifice is greater than the height shown in Figure 1. The cross-
sectional area of the plane of the atomizing orifice opening normal to the fluid
flow direction, is smaller than the internal cross-sectional area of the feed
conduit 12 and bore 30 in heat exchange means 14, normal to the fluid flow

direction. This increases the velocity of the fluid flowing through the atomizing

sting
heat
her eof .
i aa~



- 27 steamis injected into said fluid at a Mach nunber of a |east 0.5. 4.

A process according to claim3 wherein said.atom zer
heat exchanger. 5. A process accordi'ng to clai m4 wherein s3iMd
spray is fanshaped. 6. A process according to claim2 wherein said heat

of said

exchange

r conprises said atom zer. 7. A process according to claim 2

wher ei n sai d heat exchanger conprises-®-nixer configured to nix said

t wo- phase fluid flow ng therethrough. 8. A process according to claim?7

wherein said tvvo phase fluid m xed in said heat exchanger is steam

is | ocated downstr
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cont i nuous. A process, according to claim8 erei.n said steam heated in
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r@tofn zi ng gas

to heat said gas, wherein said hot gas is injected into sald f1 ow ng hot

fluid wh

dcﬂpemdﬂrqmédrqalhmt Atomizathers beging just dosvnspramoof3orifice 44 in
the hollow interior 46 of atomizing tip 48 and continues into the interior of the
riser reaction zone (not shown), into which tip 48 extends. In plan view (not
shown), tip 48 is fan-shaped, like that shown in Figure 2(b), to produce a
relatively flat and uniform, fan-shaped spray of the atomized oil, for maximum
uniform contact of the oil with the hot, uprising regenerated catalyst particles in
the riser reaction zone. This type of atomizing unit is known and disclosed in
US patent 5,173,175, the disclosure of which is incorporated herein by reference.
As an illustrative, but non-limiting example of operation of the steam injector of
Figure 1, preheated feed oil (with or without the upstream or first sparger-added
steam to form a two-phase fluid or foam) for the FCC enters the injector at a
temperature above 260°C, with a typical flow rate ranging between 4.5 to 13.6
kg/sec. With 1.1 MPa saturated steam at 182°C, the steam flow rate into the
heat exchange means will vary from 0.5 to 5 wt.% of the oil feed, or between
about 0.02 to 0.7 kg/sec. Heat exchange between the hot oil and steam flowing
through the heat exchange means will achieve from 28 to 139°C of steam
superheat, with negligible cooling of the oil (e.g., < 6°C). The multi-point
injected, superheated steam impacting the hot oil near the heat exchange means
outlet, facilitates the breakup of the oil into small diameter droplets and can be
considered as “shock” steam. In the embodiment of Figure 1, a small fraction of
the saturated process steam (e.g., 0.1 to 1.0 wt.% of the oil) is separately sparged
into the oil upstream of the heat exchange means, to create the steam-continuous,

two phase fluid which can be described as a “foam”. In this case, the amount of



- 28 conprising said gas and liquid, subsequent to said gas injection,
reduce the surface area of said liquid and assist in atomzing said |i i
in said fluid into a spray conprising drops ‘of said liquid. 12. A prékiﬂ&303
according to claim 11l wherein said tw-phase fluid conprises a gas
continuous fluid, which is atom zed by gassing it through an atom zer and
into a | ower pressure atom zing zone, formsaid spray. 13. A process
according to claim 12 wherein said fluid flow ng through said heat

exchanger conprises a single liquid phase. 14. A process according to claim
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heat ed gi’éss'tﬂélp\ﬁﬁ't Wouldbfhicdlfy bérdfRFRERitA660hE sifertRatddadtéarm anwher ei n
sai d two-phase fluid conprises a gas-continuous, two-phase fluid after

i nj ecti ngrowessl ofitiie gaveniionaozehitviel aomiparile Al prontiesisomccor di ng to cl ai m 15
wherein said heat exchanger conprises a mxer configured to mx said
two- phase fluid flow ng therethrough. 18. A process according to claim 16

wherein said 1§1t1res 2 (a‘)A d% (%) 1llus%rate respective side and top cross-sectional

views of another embodiment of the practice of the invention, in which the
superheated steam from the heat exchange means is injected into the fluid from
inside the heat exchange means bore, proximate the fluid exit which, in this
embodiment, comprises the atomizing orifice. Thus, an FCC feed oil injector
50, comprises a hot feed conduit 12, steam pipe 22 with holes 24 radially drilled
through it around the downstream end, for sparging saturated steam into the
incoming hot oil, a heat exchange means 52 which produces superheated steam
and a combination spray distributor and atomizing means 54, having a fan-
shaped spray distributor or tip 74. The hot oil conduit and sparger are the same
as in Figure 1 and provide the same functions in this embodiment. Heat
exchange means 52 also comprises a heat conducting, cylindrical metal body
containing a longitudinal bore 56 within, which is open at both ends and extends
through the heat exchange means from its upstream to its downstream end. The
bore provides the fluid flow path through the heat exchange means and has a
stream divider 58 at its upstream entrance. The interior of bore 56 is somewhat
venturi-shaped, with its cross-sectional area normal to the fluid flow direction,
gradually decreasing to a minimum at the downstream exit end. Referring to
Figure 2 (a), the stream splitter 58 splits the incoming fluid into two separate
streams to provide both impingement and shear mixing in the chamber, with a
minimal pressure drop through the bore. Preferably, the two streams are

symmetrical and diametric. The downstream exit of the bore comprises the



exchanger conprises a m xer configured to mx said two-phase fluid flow ng
t heret hrough. 19. A process according to claim 11l wherein said gas heated
in said heat exchanger and then injected into said fluid is at a Mach APR 2003
nunber of at least 0.5. 20. A process according to claim 16 wherein said
gas heated in said heat exchanger and then injected into said fluid is at a
Mach nunber of at |east 0.5. .AuS.AaS™ !7an. Ar. A AuL_. A92
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embodiment it is particularly preferred, in order to obtain the full benefits of the
mixing in the heat exchange means. That is, in the embodiment of Figure 2, it is
preferred that a two-phase fluid, and most preferably a steam continuous two-
phase fluid, is passed into and through the heat exchange means 52. Two
different pairs of opposing walls form bore 56. Thus, as shown in Figure 2 (a),
the surface of identical and opposing walls 60 and 60°is in a direction normal to
the plane of the paper and convexly or inwardly curved, with respect to the
longitudinal axis of the heat exchange means as shown. The maximum
curvature is shown at the upstream portion of the bore, with the amount of
curvature decreasing in a downstream direction. The other pair of identical and
opposing walls that define the bore are shown in Figure 2 (b) as 62 and 62°.
Walls 62 and 62’ are shown as slightly converging in the downstream direction
and have a surface perpendicular to he plane of the paper. A rectangular-shaped
bore 56 is formed by the intersection of the two wall pairs, which comprises the
fluid mixing chamber, having a rectangular cross-section normal to the
longitudinal axis of the heat exchange means (parallel to the flat fluid entrance
and exits at opposite ends of the means) and overall fluid flow direction, with the
cross-sectional area of the chamber progressively decreasing along the
downstream direction, and which form a rectangular-shaped atomizing orifice
64, at the downstream exit end of the heat exchange means. Stream divider 58

divides the two-phase, steam continuous fluid formed by the upstream steam
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injection into the hot oil, into two diametrically symmetrical and separate
streams. The two separate streams flow into the upstream portion of the bore
where the convex curvature provides both radially inward and axially
downstream flow vectors. The radially inward flow component imparted to the
inflowing fluid forces a portion of each stream to impinge against the other, for
maximum mixing forces, to increase the surface area of the liquid phase of the
flowing fluid. However, continued violent impingement mixing may coalesce a
portion of the now-dispersed droplets. Therefore, the inward curvature of walls
60 and 60’ continuously decreases in the downstream flow direction, to provide
primarily mild shear mixing from friction along the walls down to the orifice 64.
Fluid mixing is maximized as the two streams first enter bore 56, but
continuously decreases in intensity as the fluid progresses downstream through
the bore. This provides a fluid having maximum area increase of the liquid
phase, with little subsequent coalescence and a low pressure drop through the
heat exchange means. The other pair of opposing walls 62 and 62°, gradually
approach each other in the downsteam direction to the orifice 64, in order to
minimize pressure loss of the fluid through the bore to the atomizing orifice and
maximize the fluid velocity through the orifice. Only two identical steam
channels 66 are shown in Figure 2 (a), for convenience, each with a steam inlet
68 and outlet 70. These channels extend through the thick, outer metal wall
portion 72, of the heat exchange means. The outlets 70 are angled acute to the
outflowing fluid and are positioned in the bore wall upstream and proximate to
the orifice 64, to impact the outflowing fluid with the superheated, and
preferably also high velocity steam, for further reducing the droplet size of the
subsequently atomized oil spray. In the feed conduit and heat exchange means,
the fluid is under superatmospheric pressure. The riser reaction zone (not

shown), into which the downstream portion of the injector (e.g., the atomizing
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phase, steam continuous fluid passes through to the downstream end of the heat

—_———

exchange means, the superheated steam is injected into the fluid as a plurality of
jets, further increasing the liquid phase surface area, to form a more uniform
spray of smaller oil droplets during fluid atomization. The superheated steam
injected into the fluid inside the heat exchange means is at a higher pressure than
the fluid. This increases the volumetric flow rate of the fluid and contributes to a
further reduction in the droplet size of the dispersed and ultimately atomized oily
liquid. This steam is either shock steam or shear steam, depending on whether
the steam is injected at supersonic or subsonic velocity, respectively. The two-
phase fluid passes through the rectangular atomizing orifice, which comprises
the fluid exit of the heat exchange means and the adjacent fluid entrance of the
atomizing means 54. The heat exchange means exit and upstream entrance to
the interior 76 of the fan-shaped atomizing tip, are identical in size and shape.
As mentioned above, this orifice is rectangular in shape, with a cross-sectional
area perpendicular to the longitudinal axis of the injector, substantially less than
that of the cross-sectional area of the fluid conduit 12 and the fluid entrance of
the heat exchange means. The spray distributor or tip 74 of the atomizing unit
54 is fan-shaped and hollow, as shown by Figures 2 (a) and 2 (b). This provides
a fan-shaped, controlled expansion-atomization zone 76, for injecting a flat, fan-
shaped atomized spray of the small oil droplets, into the uprising hot,
regenerated catalyst particles, in the riser reaction zone of the FCC unit.
Atomizing unit 54 may be metallurgically bonded, welded, or brazed to the heat
exchange means via flange 78. In Figure 2 (b), only two, identical steam
passages 80 are shown in the thick and otherwise solid circumferential wall
portion 72, of the heat exchange means. The steam, which may be saturated or

superheated steam, enters the steam passages by inlet means 82, as indicated by
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the two respective arrows. The steam outlets 84 are angled so as to inject the
steam at an acute angle into the flowing fluid, as indicated by the two arrows. In
this embodiment, the steam s injected into the flowing oily fluid at a forward
acute angle greater than 60°, to impart both a radially inward and a forward flow
and shear component to the injected steam. This maximizes the differential
steam velocity between the injected steam and the flowing oily fluid. In yet
another embodiment (not shown), the steam shown in Figure 2 (a) could be
injected at an acute angle into the fluid in the upstream direction. In yet another
embodiment (not shown) the cross-sectional area of the bore 56 could
progressively decrease in the downstream direction and then increase. In this
case, atomization will initiate at the point or region of smallest cross-section,
which will comprise the atomization region or zone, as opposed to a readily
discernable orifice. Figure 3 is a simplified downstream end view of the heat
exchange means 14 shown in Figure 1, to illustrate the plurality of superheated
steam exits 38, circumferentially arrayed around the downstream exit of the heat
exchange means. While these steam outlets are depicted as circular, they could
be rectangular slits or any other shape. The heat exchange means of the
invention can be fabricated in a number of different ways, at the discretion of the
practitioner. Thus a lost wax or investment casting process could be employed,
as well as forging and other casting processes. The nozzle may be fabricated of
a ceramic, metal or combination thereof. Fabrication of a nozzle using a
plurality of stacked, relatively thin metal plates or platelets, having fluid passage
means therein, is known and disclosed as useful for rocket motors and plasma
torches in, for example, US Patents 3,881,701 and 5,455,401. This fabrication
technique is also useful in fabricating nozzles of the invention. The choice of

fabrication method is left to the discretion of the practitioner.
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Figure 4 is a simplified schematic of a fluid cat cracking process used in
conjunction with the feed injection method of the invention. Turning to Figure 4,
an FCC unit 100 useful in the practice of the invention is shown as comprising a
catalytic cracking reactor unit 112 and a regeneration unit 114. Unit 112
includes a feed riser 116, the interior of which comprises the catalytic cracking
reaction zone 118. It also includes a vapor-catalyst disengaging zone 120 and a
stripping zone 122 containing a plurality of baffles 124 within, in the form of
arrays of metal “sheds” which resemble the pitched roofs of houses. A suitable
stripping agent such as steam is introduced into the stripping zone via line 126.
The stripped, spent catalyst particles are fed into regenerating unit 114 via
transfer line 128. A preheated FCC feed is passed via feed line 130 into a feed
injector (not shown) containing a heat exchange means of the invention, which
heats at least a portion of the dispersion steam according to any of the
embodiments of the invention. Steam, from steam line 132, is fed into the hot
oil feed according to any of the embodiments of the invention, to form a two-
phase, gas continuous mixture of the steam and hot oil which is passed through
an atomizing orifice in the injector and into the base of riser 116 as a flat, fan-
shaped spray, at feed injection point 134. The feed injector is not shown in
Figure 5 for the sake of simplicity. In a preferred embodiment, a plurality of
feed injectors may be circumferentially located around the feed injection area of
riser 116. A preferred feed comprises a mixture of a vacuum gas oil (VGO) and
a heavy feed component, such as a resid fraction. The hot feed is contacted with
particles of hot, regenerated cracking catalyst in the riser. This vaporizes and
catalytically cracks the feed into lighter, lower boiling fractions, including
fractions in the gasoline boiling range (typically 38 - 204°C), as well as higher
boiling jet fuel, diesel fuel, kerosene and the like. The cracking catalyst is a

mixture of silica and alumina containing a zeolite molecular sieve cracking
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component, as is known to those skilled in the art. The catalytic cracking
reactions start when the feed contacts the hot catalyst in the riser at feed injection
point 134 and continue until the product vapors are separated from the spent
catalyst in the upper or disengaging section 120 of the cat cracker vessel 112.
The cracking reaction deposits strippable hydrocarbonaceous material and non-
strippable carbonaceous material known as coke, to produce spent catalyst
particles which must be stripped to remove and recover the strippable
hydrocarbons and then regenerated by burning off the coke in the regenerator.
Vessel 112 contains cyclones (not shown) in the disengaging section 120, which
separate both the cracked hydrocarbon product vapors and the stripped
hydrocarbons (as vapors) from the spent catalyst particles. The hydrocarbon
vapors pass up through the reactor and are withdrawn via line 136. The
hydrocarbon vapors are typically fed into a distillation unit (not shown) which
condenses the condensable portion of the vapors into liquids and fractionates the
liquids into separate product streams. The spent catalyst particles fall down into
stripping zone 122 in which they are contacted with a stripping medium, such as
steam, which is fed into the stripping zone via line 126 and removes, as vapors,
the strippable hydrocarbonaceous material deposited on the catalyst during the
cracking reactions. These vapors are withdrawn along with the other product
vapors via line 136. The baffles 122 disperse the catalyst particles uniformly
across the width of the stripping zone or stripper and minimize internal refluxing
or backmixing of catalyst particles in the stripping zone. The spent, stripped
catalyst particles are removed from the bottom of the stripping zone via transfer
line 128, from which they are passed into fluidized bed 138 in regenerator 144,
In the fluidized bed they are contacted with air entering the regenerator via line
140 and some pass up into disengaging zone 142 in the regenerator. The air

oxidizes or burns off the carbon deposits to regenerate the catalyst particles and
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in so doing, heats them up to a temperature which preferably doesn’t exceed
about 760°C and typically ranges from about 650 - 700°C. Regenerator 114
also contains cyclones (not shown) which separate the hot regenerated catalyst
particles from the gaseous combustion products which comprise mostly CO, N,,
H,0 and CO, and conveys the regenerated catalyst particles back down into
fluidized catalyst bed 138, by means of diplegs (not shown), as is known to those
skilled in the art. The fluidized bed 138 is supported on a gas distributor grid,
which is briefly illustrated as dashed line 144. The hot, regenerated catalyst
particles in the fluidized bed overflow the weir 146 formed by the top of a funnel
148, which is connected at its bottom to the top of a downcomer 150. The
bottom of downcomer 150 turns into a regenerated catalyst transfer line 152.
The overflowing, regenerated particles flow down through the funnel,
downcomer and into the transfer line 152 which passes them back into the riser
reaction zone 118, in which they contact the hot feed entering the riser from the
feed injector. Flue gas comprising the combustion products referred to above is

removed from the top of the regenerator via line 154.

Cat cracker feeds used in FCC processes typically include gas oils, which
are high boiling, non-residual oils, such as a vacuum gas oil (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
565°C (e.g., up to 705°C or more) may be blended in with the cat cracker feed.
Such heavy feeds include, for example, whole and reduced crudes, resids or

residua from atmospheric and vacuum distillation of crude oil, asphalts and
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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 cracker feed in an amount of from about 2 to 50 volume %
of the blend, and more typically from about 5 to 30 volume %. These 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 hydrotreating, solvent
extraction, solid absorbents such as molecular sieves and the like, as is known.
Typical cat cracking conditions in an FCC process 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 0.14 -
0.52 MPa, preferably 0.14 - 0.38 MPa, 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 454°C, preferably no greater than 427°C and
typically within the range of from about 260-427°C.

It is understood that various other embodiments and modifications in the
practice 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. For example, although an FCC feed
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injector for atomizing an FCC oil feed has been disclosed, as a specific use of
the process of the invention, the invention itself is not intended to be so limited.
The practice of the invention may be employed with any liquid atomization
process, in which it is advantageous to heat at lest a portion of the atomizing gas
or to heat steam to a superheat temperature, by indirect heat exchange with the
liquid or fluid flowing through the heat exchange means for any reason,
including, but not limited to (i) forming a two-phase fluid comprising the liquid
to be atomized and the atomizing gas and/or steam, and (ii) injecting the heated

gas or steam into the hot liquid or fluid for atomization.



- #1098 () - zy- #10%&' () - Ss910%&' ()-! Xf: 109%& () - Ef ghi dYNC: 10- 10 1

10f 3@10%& ()-3f9-- #109& ()- f& #109& ()-S .
"SH109&' ()-1f@10%& ()-it{GBAEYNC: 10- yS@10%& ()-

y@10%& ()-ySHLI0%& ()- @10% ()-: 10%& ()-&y10%& ()- 681" i xnb@

10! 94 09KK& ()- 10 10 e

CLAIMS:

1. A fluid cat cracking process which comprises the steps

0
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of:

(a) injecting steam into a flowing, hot, liquid FCC feed oil

under pressure, to form a two-phase fluid comprising said hot

oil and steam;

(b) passing an atomizing gas comprising steam and said hot,

two-phase fluid formed in (a) through separate conduits

heat exchanger, in which said flowing hot fluid heats

in a

said

steam to a superheat temperature, by indirect heat exchange

with said fluid;

(c¢) injecting superheated steam formed in (b) into said hot

fluid to increase the surface area of said liquid phase and

form a steam-continuous two-phase fluid;

(d) passing said steam-continuous fluid through an atomizer

into a lower pressure atomizing zone to atomize said fluid and

form a spray comprising droplets of said feed o0il, and

(e) passing said spray into a cat cracking reaction zone.

2. A process according to claim 1 wherein said superheated

steam formed in (b) is injected into said fluid at a position

selected from the group consisting of: (i) upstream from said

heat exhanger; (ii) downstream from said heat exchanger;

within said heat exhanger, and, (iv) combinations thereof.

(1ii)

3. A process according to claim 2 wherein said superheated
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4. A process according to claim 3 wherein said atomizer 1is

located downstream of said heat exchanger.

5. A process according to claim 4 wherein said spray is fan-

shaped.

6. A process according to claim 2 wherein said heat exchanger

comprises sald atomizer.

7. A process according to claim 2 wherein said heat exchanger
comprises a mixer configured to mix said two-phase fluid

flowing therethrough.

8. A process according to claim 7 wherein saild two-phase fluid

mixed in said heat exchanger is steam continuous.

9. A process according to claim 8 wherein said steam heated in
said heat exchanger and then injected into said fluid is at a

Mach number of at least 0.5.

10. A process according to claim 2 wherein said heat exchanger
comprises part of an FCC feed injection unit which 1injects

said spray into said cat cracking reaction zone.

11. A liquid atomization process in which a hot fluid
comprising the 1liquid to be atomized flows through a heat
exchanger, in indirect heat exchange with an atomizing gas to
heat said gas, wherein said hot gas 1s injected into said

flowing hot fluid which comprises a hot, two-phase fluid
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comprising said gas and liquid, subsequent to said gas
injection, to reduce the surface area of said liquid and
assist in atomizing said liquid in said fluid into a spray

comprising drops of said liquid.

12. A process according to claim 11 wherein said two-phase
fluid comprises a gas continuous fluid, which is atomized by
passing it through an atomizer and into a lower pressure

atomizing zone, to form said spray.

13. A process according to claim 12 wherein said fluid flowing

through said heat exchanger comprises a single liquid phase.

14. A process according to claim 12 wherein a two-phase fluid
comprising said liquid to be atomized and said atomizing gas

flows through said heat exchanger.

15. A process according to claim 11 wherein said two-phase
fluid is formed either before injecting said heated gas into
said fluid, or as a consequence of injecting said heated gas

into said fluid.

16. A process according to claim 15 wherein said two-phase
fluid comprises a gas-continuous, two-phase fluid after

injecting said hot gas into said fluid.
17. A process according to claim 15 wherein said heat
exchanger comprises a mixer configured to mix said two-phase

fluid flowing therethrough.

18. A process according to claim 16 wherein said heat
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exchanger comprises a mixer configured to mix said two-phase

fluid flowing therethrough.

19. A process according to claim 11 wherein said gas heated in
sald heat exchanger and then injected into said fluid is at a

Mach number of at least 0.5.
20. A process according to claim 16 wherein said gas heated in

said heat exchanger and then injected into said fluid is at a

Mach number of at least 0.5.



