; - ./ 0e3e@BDYQRRRS|I VAVX6XTDYRWD 00/ 54845 PCT/ US00/ 07025 PROCESS AND
APPARATUS FOR ATOM ZI NG FCC FEED O L FI ELD OF THE | NVENTI ON The i nvention
relates to a |liquid atom zi ng process and apparat uses, nanely apparatuses
and process®® W5¢45i n conjunction with fluid catal ytic cr Ekiusep/q7iREC)
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 spersion gas. such as steanl dividing the fluid nlxture into two
separate streaik ShA RIS MATUSHEO RoA $OM kL1 Gtk 2D Qi ngenent

m xi ng zone. a shear n1X|ng zone to reconbi ne the streans into a single
stream whi ch passes into a | ower pressure atom zation zone, where

atom zation occurs to forma spray atomi zed liquid droplets

THE | NVENTI ON Fluid atomi zation is well known and used in a mmmm
applications and processes. including aerosol sprays. the appllg
pesticides and coatings. spray drying, humdification, mxing.

condi tioning, and chem cal and petrol eumrefinery processes, In nany
applications. a pressurized fluid (with or without the presence of an

atom zing agent is forced through an atom zation nozzle having a rel atively
smal |l orifice. Atom zation occurs at the downstream side of the orifice,
and the deCﬁ.m determ ned by the orifice size. the
pressure drop ¢~ fluid density. WO 00/ 54845

PCT/ US00/ 07025 2 ~~|se05|ty and surface tcns~c~n. iltom-zation ~s

i ncreased and the droplet size is
he invention relates to a liquid atomizing process and apparatuses.

namely apparatuses and processes used in conjunction with fluid catalytic
cracking (FCC) processes that require high fluid throughput and low pressure
drop. The process comprises forming a two-phase fluid mixture 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.

BA D THE IN

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 retinery processes. In many applications. a
pressurized fluid (with or without the presence of an atomizing agent) is {orced
through an atomization nozzle having a relatively small orifice. Atomization
occurs at the downstream side of the oritice. and the degree ot atomization is

determined by the orifice size. the pressure drop across the oritice. tluid density.

QT

*159159*




decreased wth decrcasiny oritice size and increasing pressure drop.

| ncreastna the degree of atom zation of relatively viscous tlll1d5 at high
tlowrates is particularly chailenein~. especially for the heavy petrol eum
oi | feeds WOH/54P4y be used in hCC processes. FCC process®ETHSWI28eU used
in the petroleumretin~ng industry primarily for converting high-boiling
petroleumoils to nore val uabl e | ower- boi | | ng products including gasoline
and mddle distillates such as kerosene. _jet and diesel fuel. and heating
oil. In FC@SB‘PSG'Ges'st%U”%Lﬁ?fél‘@at/é@”llé‘édm i§ IgFreasad pnd e dUPPISt HAe Bt o zat i on
prormtlngtlwd ) i tQ ation of the feed.
The at om ze%lch%SS% W(:'EL)#’n‘i1 ‘Nna m!a} elﬂgzﬁldzlt%éﬁuﬁostm% resihm Wr atal yst flowi ng up
through a riser which conprises the FCC reaction zone. Snaller oil feed
droplet sizes in the reaction zone result in nore teed conversion to

val uabl e productsreapaedhedeies of fpmmzatioa of elatiydy iscews Bpidpaeiighf eed

mat eri al , s, feed

mat eri al ﬁgwa%gslsapi %lgrr%% 5@%&“%@97 ugﬁglaﬁgqgﬁ{hglhég{?%gﬁﬁlL@ﬁg@ t hermal | ~~
cracks pri reds that iy retihadén BOQ rokasge T @blocessed asd wikleuedanunt s.
Consequently. efforfs continue to try to find ecaononj caII%/ vi abl e nmeans to
decr ease tHé‘“ﬂ?‘é}‘ﬁlr@ft‘“'§gi‘@j‘{§f”tPﬁ@“Ht‘bﬁ‘i’fz@dW@ﬁ‘l"Q haghspeiligg|pgirgiet AgRits an
unaccept ably ol LS -l 2R bBHALO N Nin 2 bOliFE n@ miB@R2! © and/or

wi t hout i ncreasing feam or ot tom zation pronoting
agent . Exadptlﬂsremﬁu&mmeedsfeoe t_;sr zafdemeheisbledlsmd henting &Gl. Patents i.289.976 and
5.173.17S. which disclose an average teed droplet size in the range of

about ~_UU- 100U microns. There is still a need for finer atom zation of the
heavy oil feed {3“ rﬁ?of@;@spﬂ gféﬁéﬁe@'ﬂgdqg oﬁ&rhﬁﬁxéd WithSn aﬂfm&ﬁtlﬂ&{ processes
as well. It wou epartlcu ri'y beneficial 1f the atom zed |iquid dropl et

si ze coul dptemetegubed. sughlaeswatmh a3 Buimihe rtorsization/ @ thO f&48 Fhe3 SUMMARY OF

THE | NVENTI ON . 6% US00/.070Z5 Une  enhodi rre t oi aisﬁ]present i nvention
conprises g9 e LOMRSS AiPSR S Gy ﬁ‘s’c ySh{OWINg b thrghight 4 s _ne a
fluid inlets@nghign fzbﬁlbﬂsé%bthé ?C@ﬁﬂct?&ﬁdrﬁu'S‘?d’allte?oﬂ‘iféddrtﬁoﬁl&t §ig®y ingement
moving zone and a shear m-xin~z zone. The zones are positioned bct~~een the
inlet and thegeauiiongtone rfsuftp rrllqrmt@t:mth&ensw@ciervphlabbspradw itter that can

split an ntontn Iudstreaml L n~l ement
m xi ng zon&" %ISH%FI s¢ 055?“’ ?ﬁ%“ﬁggﬁ% \A%?ﬁr fsg% as aretsidgt:%?ed to
i mp~n~e at tHegRst f&dthtsbﬁhl& 103tarfyes. tteécuhﬁhesial faniégaiol sbnatahbeprising t i pi nged
stream vvherei n the included angle between two inpinged streans i s between
about ' ' oatalygt partiges tgemaihegracks rpmarnbiopensthancandrcoke-—<gspeiahal area . .
defined b t S irst
ai menai on’ 4l pPOJTERE | COhsBRer RGP R 8D o W EEUDa0A
di recti on woibtededrzao dectedseatie Idectplet/?smt(hehe ﬁmhﬂzhdlmhmrﬂ’érabhewphmﬂent
i nvention conprises a liquid atom zati on Epparatus conpris a body

I

i
conpri si ngRUNFEEREbIYHER prRsEHre dret thropeh tg alomyzer gringe 6689/3 ¢ and a fluid
passagevay winbeiitidsilg eSRo bl 'sﬂ:laﬁ\h ordfifkrlRmPUib S bronddifhgRAs RagEWa~~

detl nes an i npi ngenment ™ m xi ng and ear m xi ng zone do~nstream fromthe

i npi ngemenExamples gt zanhecfoiranrpdsssigedin B1S Fattafs mé&‘) 16 areh& 7DhéS.

i mpi ngenent e configured be subst t| al | ar to a

| ongi t udi né‘fh"‘j&ﬁxl ﬁgﬁwegoggettﬁ?%gﬁwﬁt‘ REC b gtl “ﬁ’ﬁ?ﬁgﬁéw surface is
confi gur ed pii@roh 8P @hdre 6k 1RA h¥ed ML, Iltloﬁﬁ\hafnohrbf@héjhéaQOUllqeed‘fUr'mé to the
overall tlo direction) to a portion of fluid flow ng through t he

passageway FCtherostreand wit Rihey finglsdohatbenproresses aewtli.ohatowd ea defined by a
first dinmension di mens in_the first . di n

decr eases QF%WEMBV%SH%IH‘E]&[‘% ataoy @dqw}’b‘ﬂ%ﬁp%ﬁ@%(‘iw)d bﬁ rgd g‘wflsgn t oward
the fluid eitnl 3®0.microns.



Anot her enbodi nent ot'the present invention conpri ses a process tar formng
a spray of liquid droplets conprising the steps ot': (a) form-na at | east
WO 00/ 54845 PCT/ US00107025 t~~0 Streans of a t~~ t~-phase tluit! conprising
a gas phase VhW484i qui d phase: (b) passing the streams t &SR Hngenent
m xi ng zone wherein at lcast ;r pttrtiyrmof each Streamis inpm-_ed agai nst
at least a portion of another stream dand w herein the included an~~l e

| t~~r~n the iii~8'| n~§2 ittggms i S &etwe~r~ about I "(t' and 19U to forma
wn~~| e m xed: i ngle mmtd streamto a shear mning
zone ~rntl inpartin~~ shear mxing forces to the single m xed streamto
forma shear m xed Stream and. (d) passing the shear mned streamto an
atom zi ng zone wheéneikmbblenoas! flrgsescak pardsormagnpries adg@sl dthsiainichace area

of the liquid phase. thereby producing a spray of liquid droplets. Another
enbodi ment of PRSI} é%@ﬁf““l"ﬁ\féh’f* aﬁmeaﬁwﬂlﬂs@%' anlﬁ%ef&’eéﬁuwdwﬂr M ng a spray

of liquid dr Qd%r%ﬁ egtln%' x'PHn%hr?ucﬁie‘ﬁPﬁnQﬂ;m b Flﬁc% Ghdag nﬁuﬂ ULAL | ) OF

streans of a two- p ase uid conprising a gas phase and a |Iiquid phase: (
b) i npi ngi ngzarteslaeapbdsiaompairidreeencthe eaaefrmﬁitnheamlaganhtasmu(atnld:temstprfsepart| on

of another streamto forma single m xed stream wherein the included angle
bet ween the PRI cap spltHD ‘P%OFB@‘SJB%& SUEBREnt 2 egpdWoseams) T8abj ect i ng

the single ”‘lrﬁﬁi@lo&‘hé Jife rmﬁpr?gws[ by %ﬂémhﬂ%ﬁ{ﬁ@a{t {iprai ng a shear

m xed stream and expandi ng the ase I e shear m xed stream
t her eby pr oducmﬂrgirad spmaymmfatllezq;unqiott&mi)tctrmplmdstreahmot'mrm aenthedi nent of

the present invention co tse a c, cracki ng.process conprising the
stepg of - (aJMPHERT e W aad %‘?‘Lg‘?ﬁée ?“V&*’ngaﬁa@&e?%& ng'énprl gl ng

a ~7as phasepaifted abb&tur@clahawoo he dHeAtintiRP 25/ KR rbsl f2ti8ndTGked €001 (
b) passimthe streans to an inpingenent m xing zone wherein at |east a

portion of edcﬂmfsib\ealfmt:dlmmmgw zampnétixracnshcuagtheecnp&mtnr@h ot ~ ; not her
stream and erein the inc bet wee tream; is
bet tveen abodt g dPRes BOPBERAl fgs bobray e e AR (o)
passi ng the sdwitdehdoridslefeamto a shear m xi ng zone and inparting shear

m xi ng forces to the single mxed streamto Norma shear m xed stream (d)
passi ng the shear m red streamto an atom zing zone wherein the gas phase

WO 00/ 54845 PCT/ U§g§ ?rggaﬁgleagaﬁ% aenscelln %%%'% Ses "%‘g%a?% gp%e area uf~ the

l'iquid phase. ther Py oY {et s; (el

passine the aWnayatmmAppqm[@ls d(ﬁ)ﬂﬁ'l&*ﬂf@@b@d\sccbrﬂb@mﬁz heigGtopauidmiconr : and.
| j contacting the Ilgwd t eed drg ets ith a catal~ tic crackinc

cat al ~~st uniast eng Bpigoutee pad kitlgia pashrEeayRXlendingdrewesfibaiimehand the
| mpi ngenent ?8{‘& ptangl %l‘%‘\ag @%‘aﬂqn@%n%?nﬁ%ﬂgﬁhﬂﬁ‘!h%tnh‘.xﬂxga“
nozzl € ereln.

enbodi nent o SCri
zone downstream from the impingement mixing zone. The passageway also

defines at least one impingement surtace contigured to be substantiatly
perpendicular to a longitudinal axis extending through the body. The
impingement surface is configured to impart radially inward tlow (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 detined 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 tluid 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



Anot her enbodi nent of the present invention conprises a catalytic cracking
process conprisin a the steps of: 1 a ) forming a plurality ol~ streans of
a two-phase fluid conprisine a gas phase and a |iquid phase. the liquid
phase conpri¥Pig54845-CC teed: (b) inpinging at | east a portPGHUSPRERH Stream
against at least a portion oi~ another streamto forma single m xed
stream wherein the included angl e bet teen the i npi nged streans i s between
about 170 and 190: (c) subjecting the single mxed streamto shear m xing
forces. ther bbystemms vig @y shiae wikempisieaaeay phasexpandivog! phwec.ghs phase
in the shear m xedhstre_am t her eb,}/ ] roduci,.ng_a sgr ay of ll'-iﬁui d feedr

dropl ets: anBRSSP&)NE SHEHRS I PIPATSMEDF BIFIEE FOBF SPFEY S WETH TROBHINR Wyt i ¢
cracking cat glefSkredMdsimpafudd ¥kd G5 Gf REK brEREE hAQRS: sulcBmedan. IRkaRess

andi or apparatus of the présent invention, the included angle between the
i mpi need st r denmcludedrande priafegn dbl yirbegedetngambaubetivegn abougid! absut | 80.

nost preferably about 180. B13| EF DES~~, | PTI ON OF THE DRAW NGS Figure 1 (
a) illustrat glé(yatﬁqgwé{IbI”iFl‘da\}\N_s%ﬁl@é%‘{/‘i)é’\ﬂlssd?‘c W@'@%BHR@HE”B\‘ [_Oet' nozzl e

vi ewed | ooki fial Mi@nkh8nt Lsd thpdid sieht AExiRgZ&Ices ihhguim@ld fhiledistlesgt rates a
cross-sectional side ~~iew ofthe enbodi mrent shown in E=isure 1(a) taken

al ons t he t () tormis shgat mixedisggam: pifds Y d) passisg the dwanmixed sylepy 1988t r eam mew

~fthe enbodi nent. sho=n in Figure 1 (al |ookjnE.intg t fluid outl et of the
nozal e Onor DO AE R b g g8 S PEN A i ey e el BheTh Lo
cross-sect i oth@lligui€phae thth® v reiginBNpran 6iiqui deopletsure 1 (a) tal . ~n
~~lon~~ the 1 (d)-1(d) axis shown tn f~i~ure I?b). Fi~zure '?(al
illustrates a cross-sectional side view of~ another crmhodi nent ot'the
nozzle. Figure ?( i Ll us ' Ve tredMursker naclsihf i ©

enbodi nent shon i;r\]i)‘(ieb-Lil %ﬁ%‘ﬁh‘?gs gthggﬁe%&i‘H}L}%‘%ohg%ﬁpﬁ‘lsgﬁéBHLe?S %g t he

nozzl e. Fi guf@m3fg) sphalwstigaidafopletsapnpriis-thectepobil(avioemimy a plloeality

enbodi ment shown in Figure 2(a). and i ncorporates one, enbodj ment ot~a spray
di st ri but or . OFfreams Of(ddw-%hﬂaﬁ)ﬂémmm@mg ygas phgsc prap Dputshapei hay be
used to cons : j : ' i 2 : arkdy, the
platelet Ii ngébﬁ&hﬁ%h?ﬁ}@g@ﬁ ?ﬁ?ghﬁ)gg@‘\gﬁlﬁg‘y@é‘?’g{ ﬁtolte ésg%% \/(\)/:%:[(?(?{11 @fgﬁ%ﬁ ?(a) and
2(c). Figur estddan) ta formst single sniaed stixdaad. hyhetonmist inehwbed inegle detsveenahder

enmbodi ment ut ~a nozzle vieywed | ooking _into the tluid inlet of the nozzle.
Filgure 3(b) IMPAEHS deasmsds bFpueena elgBnRd A iR e ot - shown

in Fi~_ure 3(@led 68 @lsﬂgt& th\gn BfPdes hBIeb@ b Sninkiadife S REH slrkdlm::.sarrdat es an

axially upstreamview ot~ the enbodi nent shown in Figure 3(a) |ooking into

the fluid outd)expatdingthergus phase iFitggishgagidRed; suleamt therehy prodeqpng a
cross-sectional ,v'tlaw .gt:- c}ae Fnbodi ment shown ~n Figure 3(a) taken al ong

t he 3(d)-3(d5pr %P5 v(/ﬁe~ roﬁeéﬂ:lre 3(c). Figure ~(a) illustrates a
cross-sectional side view of another enbodi nent of the nozzle. Figure .t(b)
illustrates an axially upstreamview of the enbodi nent shown in Figure
~4(a) |ooking i ntdneher ¢hbedimsat eighe presednRIEONCONIIGET 2 CARYYIC | | ustrat es

a top cross- i i e ' I rﬁ{l 0 R GUEE.AS g9 o and
i ncor por at es§§%%Ibg@?$ceer¥7%b%ﬁésﬁwg\‘eesgé%ggrtg@%ﬁ S I(r?iéé\%[ulteor.wgi' gruz}e Tis a
Cross-sect i onad-pasewWhild tampeizinba dagpHasendy [ijusd phdve! we)liguid HHhase d
communtcatton ~~ ith a fluid conduit that teeds the nozzle. W 00/54845
PCT/ US0010709&mprising a FCC feed: (b) passing the streams to an impingement mixing zone

wherein at least a portion ot 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: (¢)

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



Fieure 6(a) illustrates ~in axially do~~nstream vi ew ul'anut her enbodi nent
~~t~a nozzle ~~~e~~~d le>kine into tire Iluid inlet ot~the nozzle. |I~i~;ure
h(h) U ustrates a crass-socoonai >i~ie v icw ot~the c:rnbodi nent shown in
i~i ~ure 6(OPUKMS along the 6( b )-h( h | ~r~is shown i nPGT/PSogpT0es C~( a).
=1 ~urc 6( c ) illustrates a cross-sgectional side wew of the enbodi nent
shown in Cigure 6(a) taken along the B(c)- b(c) axis sho~~n in 1-i~~ure
6(a). Figure 7 illustrates a cross-sectional view ot~a FCC teed injection
uni t ~npl ovi H@aeds WeppecArntthofuricsore . thtFllgwephasq hegely prOdYCig prcc

noor por at ea VARG BESERTER et B R iR 88 M omar v e

of an area Olr(_ZQé‘cQ:ubhrz_@hl@fhn‘M"lll(’y‘hmﬁa&tldﬁltﬁle11[.]@1\&Sre§chaidplfh§\\ﬁlha\tu agnegd nornal to
the x-axis shown in the Fi cures and that area detined by dinensions in

the v- and zcraskeng catalysisenicheralitic cragkirgecongiionsi $n sharmbpdisnitheng t hat
a~~s or subs: a el ~ e Fisures. As
used herein, lhﬁﬁﬁéﬁ%ér%ﬁ“&dl&ﬂda htasglggnb){lﬂ}%%xnéﬁz Orﬁ{l}ﬂgdeu Eh 'H]l d passageway
is al one tha,mb(ﬁi?(ﬂhSm dira @dAzse @dscaver @rkinf | uid fl ow t hrough the nozzle. The
two-phase tluid ted into nozzle 10 may be _as-conti nuous or

| i qui dcontinuous, or it nay be a bubbly troth. where it is not known with
c~;rtaintv if one Is IS rther
understood with Ar%?%%@ib@&%gﬁtsoﬁﬁ@p&%}ft xﬁ%?M%n Cgmgﬁsggi‘?/(()&s?@éagell sponge.
Spon~_es t~ @hedhg prohassa.om;inslmalﬂﬂelsmtmQaIRirhMQi phirdlity @1 s@édngk otAN
open-cell sponge ~s both ~~as (a and solid cont~nuotts. ~~-hile a

cl osed-cel | QYSophpse gldsefrmerl%am%aweanéadtﬂm%mf@edhg@ﬂétd@msed| spersed 1
gas cells. (g QFEe fee3RRNGfpinklhe o Masth GOHRNIGT e MRARR AR

i ganents ( (étﬂ]zﬂlsg{shermy efleslto( gmtgnl ha‘?geaﬁ i qU|§ trot st e\D

00/ 5A845 P@Wﬂ@&ﬁo&do@mﬁstrehm tatmrhose:dq}echixcapcrm whhem! jas nmay
conprise a dts ictn ul'discrctc ~~ les in the sponges
CalT 1 n et vieEhaedEEE beendEt finged Sireayisds Eﬁageénﬂmvtdlg 90, PO
_~as phase andsa; édtﬂl‘é'tge E)llﬂa&emvleﬁ streafYd sih? $iRing thrdas! tﬁerer T&rmtﬁ’@ﬂge t hat
~s ~~as-~unt nuous ~t'nd ilso solid- contlnuous but it 15 possible to
have a w-u- pirasempad samtnt (djm‘qjarﬂdmz thetdaatphase igake shwat mxmlgreaml y .

Chcretore. the particular 0 he fluid a ass s.into and
Chrough ¢he WFEPRGTaGEHIEA Tof AL Ivdydri dipiers tnd CRronad BRI AN b
certainty. Feggﬂﬁ)p'f@@{vnlﬂea é\‘éilfvh@bﬁx@kxng%taWsﬁﬁﬁd‘ér chidlgcecrhdighg entering the
nozzle for the inpact and shear mxing to’increase the surface area ofthe

l i qui d phasecon@iitionsis reflected in reducing ( i) the thickness of any
liquid neinbrane, ( ii) the thickness and/or length ufany liquid rivulets.
and (iii) the size of'anv liquid globules in the fluid. either before or
during the atom Zathéprokesspindedriapparatul®t kieprogeaieienaosl thbariudedXi ng in
nozzl e 10 and through the one or nore orifices will only occur_with a

t ~~0- phase f4'\§1"<1|b“é8ﬁ$3'r thei IApiRgegsirepma semarforafaratyyibatwasaseouty /éf @apdbl y. t he

fluid conprl t Lric basis le.~, ~.. a v ulunetric gas
to liquid ra | F%F Fggb@z%?h?gﬁ efficient shear mxing. :1

si nsl ephase f|UId (e.~.. liquid) passed through nozzle 10 will have its
kKinetic ener y in Jeased_dlrectl~~ or0oort%onal to the pressure drop across

t he nozzl e 189%™y - v - ' %2 ~~el octtv is increased
relative to the velocity of the I|qU| d phase. (i) in the inpingenent m Xxing
zone ?'?. (ii) in the shear m xing zone ?~. and (iiil when the fluid passes
through an orifi degwt l¢mallbgratey assxisiécdownaicanr eawt dfame tehevotituérd otondui t

upstream of fl ui |nIe a ressure- redu ice he vel ocit~~

di fference bei%E ‘FWEéb%é‘ ‘%é\ﬂ“g dﬁﬂﬁts%tst 864? {:H‘i‘“l)}(b;ngﬁfréiefon of t he
l'iquid. partjgabatdcyiodhitshded “IvSOaHS elnb8dhfind Wdividh @oh&t HACGEKEEREnST | .

Li gament ati on means that the liquid forns el ongated gl obules or rivulets.

The ~~el oci tthe (b etigeFiairg e édusardted anianipllynwaiream xiayg of thaus.

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



WO 001 54845 PCT/ US00/ 07025 9 passing a t~~o-phase fluid throu~~h a
pressure-reducing orilicc or m~in~~ it in inpingenent m~ii~~~ LUIIl: ~~
produces a ~elocll~" ditlercntial between tl~c gas and | ~dtiid ~~hich
results in IWOAB488ti on ot'the liquid andl or dispersin eaPCT/H000703%i d i n
the gas due tc~ ~hcar~ng of the I ~qutd into elongated fig=anents ~iiidic~r
di spersed drops. ~~dditional shear ot~fhe liquid occurs when the IIti~ci
enters the fluid inlet | ea (openins ~6. =6~) ot~nozzle 10 and through one r
nmorn at om zi g2 tifd)odsteds popicressrseetionad Mics efHbe tmbpdinpas sgpemey | - 1.
~fhc additional r. als ( uction ot'the u mate |iquid droplet
size in the gﬁﬁﬁfgg pPa‘"n$#‘lé$5Bﬁg “fﬁ@”&?ggglggiikknal area of the
nuzzle outlet I.~b (ontice 30) is snaller than the sumot'the

Cross- sectlonal areas of fluid openings 76. ?6'. Nozzle ( ti may al so
conprise an at oni FHUrORA2 HHSIBES atcresstseoikanapside isneo k iprharwahodusenir e

upst ream of R?ﬁ, é?ngngﬂgﬁlfl U$H§8ﬂﬁngmgaépn%g% n&L%Vh d W thin nozzle

| 0 or may be OCOnT attached to
nozzl e 10. CoRfmpaUREtIsKowh Nerhase Ml M kidlint PasiidguitdnbougndzAr, at om zi ng
orifice rapidly expands t hereby di spersing the liquid rivulets and/or
dropl ets i nt &igwe 26 dHusetdasaniop srrsseectionabviemalithe empedigient MAVR Wo or mor e
dropl ets duri A

eadi 1y di sciiaubrE ShEMERE of SrBbRMAL BFa SRS a6, T flacil o)

may conpri se igazenbodinkencof tht hbﬁnslealthz&&ha\cuseos@dseemmai th&l’eﬁtbodhnéxhear

m xtn~~ zone ?-1 as illustrated ~n I~ia f b). Inthe later case. fluid

at oni zati on BBGVR Figushey- Fri’%lﬁrngﬁﬁé’mﬂle‘ '?Fstvh‘éh@t‘?‘i Hyidsrassageway cal
sense. atom zgl i an,NRY .k ¢f (g,rrestqalg}pdrq@g ng the surface area of a liquid
when the steam or other.atomzing gas is mxed with. or injected into, the
liquid to be atomzed In the conte:ct of the invention, atom zation nmeans

that as the tluid rough the atom zing on lice. the liquid phase
breaks up. or begf ag,llggkrﬂifﬁﬂn Axialy goREsE "é“?ﬂ%s%rs‘"moﬁhetrﬁ@’hgg ase and

this conti nu%?a%zil@%lé(&éﬂ' lgoﬁﬁﬂtmtattﬁ@ﬁuﬁqm§5f ﬁ@’ﬁ‘oi‘ﬂg i-héi’lrér‘ idis
atontzcd into a spray of drople di spersed in the has phase. WO 001 54845
PCT/ C1S00/ 07®%tm&s'ﬁfmow£semalbm vigw lobthecrmtmdlmem stWh imFprweééy and an

I h
o ngenent 4kt alg kg de) s PRRBAC) i B FRE LRIRER BB i ng

bot h occur i Rfehd dribstiPeFSHINAK thdreI3@J)m¢1&1ugma@mevmaato@ﬂea #¥ahé hrough the
interior ot~ a follow nozzle 10 that defines an at |cast nne expansion zone

20. an i npi n@@ﬁﬁm Frﬁux¢ Atd) zlbuserates atop grags-secsioaal vigiv-af ithe embw@mcnq The
fluid passagey en.at bgt dg f | Ul t ia., fluid outl et
| ~bl . Fluid |lr11W g'agulresj(é‘ l‘ﬁ'é“lnoclj’zz G "t((ﬁ)eaé{ﬁ%%’r?k 1% Fig g?‘f)w d outlet |
~b is at the nozzle downstream end | 8. In a process errbodl ment of the
present invention, at |east two separate streans ot~a two-phase fluid
conprising a gas e ti@) Hiusines psross-saetinnay side xiev of W‘Q%ﬁ’é‘tﬁﬁ’gwefﬁnd
sequential l'y g ﬂ%ﬁ% u i ing zone ?? and
shear m xi ng zone ile W%rﬁgiﬁﬁgpﬁgetﬁeﬂ{%g% %%%ﬁg%%tt e)e( separate
streans are rRmbedithentkbswn in Bigned Gammmesnhroetamﬂbw cmldtiodim@anzlei npi ngi ng
at least a p%rtl on 3 each stream agai nst the otF (51 | ngement

mi xi ng zone PHUEHE)d ‘b%"t"‘éﬁsé”gt’r"% egHanal Ry gf the.empod ‘“)e“b§hqnﬁbl‘hgerrent
Shear m xi ng FigaEY(d)RAl ifbokhdtdie® Ghther &H@édnbﬁe@b’ot‘%ﬁ%@é &i8trifgor. | DI ngenent
m xi ng between two fluid streans occurs when the hal f angle between the
streans ranges between at |least 15 up to 90. and the total included angle

bet ween the inpinging streans ranges from.about 0 to 0 wnth 180
produci ng t he m)s? %}‘?%Pé%ft ergﬁﬁsec?ﬁ'gf}?l Weiof ARG ZEle Dé‘éirSpm ﬁlﬁglbélg at's when t he

hal t ~ansl e r an@esorhm@Mcabonty i of uiakenduilfhal Relih@epoagie(ce. at |east a
portion (e.g.. > 30 %9 of each fluid streamtn the inpingenment m xi ng zone

?? also has a t7ow conponent parallel to the-downstreamflow direction. so
that not alt mxing in zone ?? occurs by inpingenent. In a preferred
enbodi ment. at least the laterally outer or peripheral portion ot~ each
fluid streamis directed against the other (n the WO 001 54845

PCT/ US00/ 07025 11



i npi ngenent m~xtng zone '_'~. prclcrabiv at an angle ot'90 = 3()~ normal to
the'longitudinal flowdirrcmn ot'thc fluid (direction ot'ordinarv or

cwerall Iluid Ilcnv). nore prefcrabl~~ ~)(1~ - I(). inure preferably y0 ~-

. nmore proMMHA#ES90 = ' ' J. nost preferahlv ,shout c) (| PCEAUS8UTERSant i al |y
parallel to thu y-axis shown in the figures). Fluid expansion in the

i npi ngenent m xing lone ~' ' and shear ntxine zone ''.~ is mnimzed. 'The

i mpi ngenent m xi ng zone ??. the shear m xing zone ' _'-). and the

at omi zati on zoneBRTaPG) Alystiapes fp givighl¥ Siommmsireamiveny Chprwherieniodifeerint . t he
m xed streamrpagsas { QUODKHDGAL 1 1 AGnRROS IR foMhel Rutdkdher m xing

ot ~t he mi xed stream occurs. 'the inpingenent and shear m xi ng zones ' _'?.

~' ~ may conpliis@atgsespesticaonupsideeany anthedonbsli meambpomtih diwirob(d) ui d
passageway | 4. The downstream end of | npingenent m xing zone ?? fluidly
communi cat es2kitHoRsEe G Pl@Am & nleP Wi 'w"ﬁéusm@a»- FRgRI @S L BINarates g he

i mpi ngenent .M Xi.nG; Ak I L1 ' L, outdEKEner i ner gy

| mpar tod o The PR Bt he: Tl AheoaRer thi o Fisul DB LRER borl® Y1
stream t hat .thavien6at)axiszedw npn dduces(asmal | 1iquid droplets dispersed in a
has conti nuous phase. The u~~erage size of the liquid drops or droplets

di spersed in the gas phase after passing through the nozzle is smaller
(e.~.. at |east | , : : R Ll er) than
upstreamot'the ﬁg%gggﬁm%ﬁgg%‘ﬁ?gF%§€§§%§Q%¥&a¥?E?g?%eggﬂﬁﬁﬁ?ggygs with an
atom zer or catpponizgabn embodmeend8f h nozelspray distributor 6~4. or as di scussed
herein. atom zation zone 68 ma~~ be configured as part ot~shear m xing zone
"'-1. The atom zer may conprise an orifice having a snmaller cross-sectional
area than the smeid sk iliR@besIGC QRRles AIMERWhILH diferRbRBmem 3(1th@ zone ' _' - 1.
resulting in a pressure drop across the atom zer and further shear ot~the

t wo- phase f Ingizle @s thet proptsemsavt teent@peratqsk essur e at omi zati on zone 68. For
exanple. in Fi~~ure ~(a). WO 00/ 54845 f' CTI US00107025 12 the atom zer may
~c~nprise distributor inlet | ~8 or nozzle orifice 30. |I~his shear liirther
reduces tho pEPAIDEW DESEIRFEAEGON ~1s the tluid passes into atom zation cone
(i8, it rapidly expands and produces a spra~~ ut'atom zcd |liquid drc~plcts.
Thi s rapi d expansi on and production ta spray oi~ liquid droplets c;
c~npris~s ~itom zat | <Lhe g ==t shear, m xi ol bt uidlv
comuni cates wt %ad Sggpsr;‘;"}ii[@t #P%ﬁb[eg){rl&%ﬂagy{ah%ta%s%g%éﬂs%éﬁ)@gFﬁ)\/&?énd 0 a

desi red shapetlui®ploms sl beitfiitada formaky the RpixisSshopay it (hé Fidueesaindthaat i on
zone 68 and nmay or mawot conprise part ofnozzle |0. Spray distributor 6~ is
pref erabl y @datinedibyidimgasiensandicymng oaxeshely pgdingrepmasiongr paaxiso

atom zat | on. |, A0OLAR, FIBRY FRNbsra ANGRTp LN RINGORE: & IydYid bl dIy
communi cate W t han at 6m zer t hat conprises includes a hol{ow't1'ti d condui t
open at bot IFigirds Ardsahhatombzilogiodidfal aeisandhansgatedyoddi gtthiidut ur at its

downstreamend. In thiﬁ en?gdjnpnt. t he Cross-se ttgnﬁl area of the conduit
per pendi cul FASSIESVRY AIPREEOT 6T o RYP@tAVERTE Luif HlaPeseiep 167 BRFAF t han t he
smal | est cross-sectional area of shear m xing zone 3.1 and the atom zing
orifice. This minimzes aggl oneration or coal escence otthe |iquid phase as
the fluid flows fTheowgiphibetlaitided ree noZé $0 mraycEsgssanodtinppesraatiigeidar e usef ul
for atom zing a | ane ﬁ~oqu§ oftpgt.t%ed.of.I.intgpthe riser reackion zone
of a FCC uniPPHBUASHPRY @13y G Bibbleirgths ieTe it Pt kralP Y SN AT uni f or m
dropl et si zgndiot bbibpHas@areleohitfiont 0OThBaHay BEEirtHe Rh@drSovli Witha m ni nal
pressure drop across the mxing zones ' "'~ '. ' '-1 and atom zer. For

exanpl e. wi trhfesenck ¢ pe hpeti-astbsmongaend b glosed-cild sperasi ISipenges tapispilye 30
pounds per $6600q. Pl e nok Bidr ol 88 dsiRt AR RERSSHEMOP B A83akNe nO2Z! &
of less than"~ 6.'and pretera PR han X6 pounds per square i1 nch ( ps
i 1. When us€doli® cafpiticne. whikCGCelbegdeddl dpongozgdatidk@nwhliduscatpohaénspar t  of
a teed injector | 82 (see Figure 71 that house nozzle 1 U as is discussed

| ater. Typi chargie 4dispersed)igay celfs. tlaan open-celd spengct thg30Hd SOBRHFSy ed,

eact! on YongipafBrh e ERTLTNE Sef Rl SRR h RSl o o

hottom ol'the riser, The hot teed oil is usualiv mxed ~ith steam (andi or
et her dispcrsion~atom zing has) upstream of nozzle | t) tt~ |I~rma np-phase
| luid conprisinL a steam phase and a hot. FCC feed oil |iquid phase. 'Chis

m xi ng al so I ncreascs the i~elocity ofthe flow ng two-phase fluid. Ylixing
of the steamand oil upstreamot~ nozzle L Uis typlcallv achieved In teed
in_jcctor I 8?. by steam or other dispersion has spargne neans. as -~S
known.



The two-phase fluid streamis split or divided into two separate streans.
preterablv using a splitter?8. In one enbodi nent. such as that shown in
Figure ~, both streans flow si mul t aneously over splitter ?8 and through two
separate fluiveoopssms ngs ?6. '?6'. Splitter ?8 may be suit abtyuposiees oned at
fluid inlet I4a so that splltter 28 and fluid passageway 14 define the at

| east two |l uid openinEs ?6. 26'. Fl ui § openi ngs 26. 26' are preferably
svmmetrical | v identical. and thev are equidistantly and laterally spaced
from the | ongPamdi b cl@x«rdsu(lt ﬁémxu am: gas may hemprlgw élspbr@f(mfdluhl‘drtpassageway

h d
ach ot r cam SN LU Ba St Padi ar yoratefl AR GPaF e Sor 9 BarPBaci cul ar o

the | ongit uditRalphaxd SuRfs thhwrdmmaxsﬁ@%ﬂmyan% lﬁqr l@phasﬁ."l ong or substantially
parallel to the v-axis shown in the Figures) he fl ow conponent is

directed toward at | east a portion of the ot her streamthat has a
corresponding flo t.directed rg A a portion
of each streami n}f)\(l ngrergp%sgsgjllhgfh ThHe ‘89?: X ‘Iha{‘ lés‘a‘if t“lo'ﬁ[én“(’h“t“ﬂ‘rl BU‘I 8?1

i mpi ngenent  nHKiRGnAMbLE. BANCRMHLARIE 16 BENCA R phiketdd ahd ayid HnoRlet si ze.

The resultin2 mixed fluid streamthen passes into shear nixing zone ' _'-1

for further m? galmgorwnpﬁus erly. dherdereethgpapicuimamapkelesy phtherpiihgeitent

m xi ng zone ' r t he s .i.n Wer pressure

at oni zat i on zDo?ISeeS gggqﬁﬂ%érﬁg}%yeﬁg %%Oﬁleg&zggbqven{ ?2% lbﬁ%trﬁq‘ir‘%s KM 7ce
normal to thavitl cahdintow Thefemuii@e suffidient@as prestit i o Mgl chivaim otiufe
cross-sectional area of the flujd conduit( s ) WO 00154845 [4

PCTI US00/ 0702%2xlesforribe E}EPW&NEN SPeGT IAMEOONTCIFASR tg-ur FgRPEP [ liquid

i doval 15 d@T RS TT M Sae ageuaye 10 e bhCRARS e i SRR RiAg) 1

rect angul ar ahoskn;cknesﬁamﬁbr [#hgh ot amhqmd&tw&malandr(aa thit sianobadaliqfid f | ui d
Do ron el A b e Rt RS S0 e e on
along the v- Eifﬁhifne@heﬁt SREAHr i RS h Lz RT‘@ncf fhforfehdké Sne bf‘m%ﬂn?rmces

enbodi nent s. e cross-sectional area ofshear mxing zone 24 decreases or
conver ses i n WiHentl eeuirvath ofwd-podsd floid tanptisibg algas phdsernd mdmaidrent s, t he

t(::rossdsfef:tl gngﬁqarfalo} Bshegr m Xi ng zone 2-t decrgises part oI tflg Wa%/I t
owar ui e and may increase as zone progress toward outle
| -1'b. The cross-sectional area may be varied in either direction ( |7rst or
second dinensions( s )}, i.e. along the z-axis or along the v-axis. The
crosssectional ar ééef@ﬂ{’ﬂ diedﬂlﬂé:frﬁﬁ'@élﬁwﬂpﬂlw sasgme'awésmemc hasks (aygstar eam end
O o PSSt DA ASPE S OB ERGre 2Rl L
because the ghsdeathae (akQniguid)@asseaxirduih hdbzzkecs %ﬁﬁa‘@dxtihﬂeﬁ@-&&rfﬁte as the
di stance alone the z-axis increases. Figures 1(a)-1(d) illustrate one
embodi ment otingigassd dirgerly M@?T‘@“ﬂbtodbﬁp@%g dpomasagssithe nezzde i Gyt Brithoy
pta.;;\églez\?vgycfrj{'?gl %g%n%nﬁ' P]Igl v%é\gl% 1tt¥ s 1nc%9%dqgﬂ?1(/g d)%ne vgggitt» %(Iidnzallic% AUI d

out | et dI ~{3 IEP?]HCS(ID)aFngWt X eknelm imaenaszw:gl uuﬁim?b Swfm((?ﬂogmh‘srﬁ4 t

coi nci dent wi ongi t.udi nal axi s x-axi s) .of nozzle e upstream
end and downgpf é‘é‘?n OGRS “Ndmaabeaé%@ag%%y”il&e af NRIGE STON-S5EUMREAER s pect i ve

upstream end i B8 GuitP¥EIRiui@MERE of 118idAh1R 944 | £preSure-reducing orifice).

The velocity difference between the gas and liquid phases results in
ligamentation of the liquid. parucularly with a viscous liquid such as a hot FCC
feed oil. Ligamentation means that the liquid forms elongated globules or

rivulets. The velocity difterence 1s decreased during shear mixing. Thus.



Viewing Figure IIb}. fluid passageway 1~4 has a rectangul ar cross-section
and is divided into three sequential zones ( expansion zone _'O0. iInmpm-enent

m xi ng zone '??. and shear m xing zone ' _'-t). all of which are in fluid
communi cat | g 0054845t h adj acent zones in direct fluid conmAFEENPeN2s WO
00/ 54845 16 PCT/ US00107025 Referring mf~ i ~ur~1 ( a1, fluid inlet ! ~a
conprises a pair | ,y mmcttncal |l v i dentical and ci rcu ,c~~netnt-, hapc;d tlutd
upem~~s ?6. ' _'6' separat ed by a splitter " _'8. Spli tter 28 cunprisc~ a

~~cneral | v ré@tharﬂﬂgm‘a@-mhm%wdphWéhvmaftsswlesré@qtsng PRIfIEE PRMeENg 4B to Split
a stream cal d&Bg,r%’ln&eB&%lBBQSSné bpod E‘ésod\t lpuR (ﬁ tQPc%'E.?,fQ&IlBE l?frﬂ‘i‘ihat tlow

t hrough f1 ui e Chordal

portion ot'caeb lqueﬁp\eﬁi&.h“rcﬁlltls|||b,lll1daxﬁElrﬁtﬁ@d5}¢6t m@.hqﬂﬁl andIdralisiennst bemn end
ofthe tluid passaeewav | ~I conprises a non-circular exit orifice 30. In
this embodi meid Brihe paed GOl Heaimelahs Hap@dnwaql@rrﬁwhhﬁt%w Bapes may

al so be enmpl QyglrschitoR. NN ALIF AL PIH 8 B0 SWRERTE! i cnfdd feCe 30

may or nmay not 'conpri east “a portion m zer at om zi ing
zone 68. The thodirdetriGhal(aperdh@p®s. a6 (Qmofzzleeoaéda}hrs)ogipbodur:mna nore uni
formsize distribution_of the atom zed oil_droplets than a circular or
arcuat e orit i%@Mizeg igePaositivged yithinthgtbid pyssyeaay) L+ 1 Tl yldieenshgevay 14

is formed by shé\ﬁr% C?%Q:{a_%éf&f‘edgxg{ﬁ opﬁxe%ﬂ?ﬂeng wgoglegg’gg %‘r?lh%%v)lo nized

(36'-38"-23") are 1 derts cal .
tlat, parall eprandrefeenblechangss-atcrionaisirepel thehbzate 36d&8-B3 oginide 36) is38" - 73’
are symTetrl cal . The sarre point on a wall pair ééeqw di stant _fromthe

| ongi t udi nal SHEHFEIERLD o3 omewromeﬁn@%aieﬁ% ek SeidansAINSs Ratt s
(36-38-23)-3-f rind (36'-38"-23")-3-1~ each formng a right angle. although
in sone enbodi nents. the intersection points are arced or Full radiused.

Val | s 36-38-?3 andNozgte-38nay alsg'compube M@omimbhﬂeaqﬁwathlfanemwatee or

circular sha pendi cular to i.t udi.pal axis, of ne zzl

Cubstant i al | TUbIEF BTG oot o Mecupaies Sk, £dietial B Fagtewthaui «
164 (see Fi guyighii n3zAa8d0fok WA IRPQARTRI M8 pakt®ta PR cﬁmlaazd?m aktheHcd
passageway 1~ is nmintained along tlutd passageway | -1 until steps 38-38

(al so referrédd npazlhéﬁeﬁmnamuehé\ |th¢)gaﬂgerm¢1ﬂundlp(15$192Slupﬂgtté@)dtmﬂzultge
ear, m xi.n t he shape of

it d passaadidie rapdlyRkoBRaD piercty Su@REE i Vathy B SRS redBilRl’ e
continues to (R hibhfiatidA zohe 68D MR @HVURES brédk Yhtd b bZ tord Brdpls BEEHEINe M Xi Ng
romentum atomization. The atomizing zone may be a discrete. readily discernable oritice
downstream trom shear mixing zone 24. or it may comprise a zone 08 ot the
smallest cross-sectional area tn shear mixing zone 24 as illustrated in Figure

6(b). In the later case. fluid atomization begins in shear mixing zone 24

[n the strictest technical sense. atomization may refer to increasing the
surface area of a liquid when the steam or other atomizing gas is mixed with. or
injected into. the liquid to be atomized. In the context ot the invention.
atomization means that as the fluid passes through the atomizing orifice. the
liquid phase breaks up. or begins to break up. into discrete masses i the gas
phase and this continues as the tluid continues downstream and the liquid is

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



WO 00l 54845 PCTNSO0/ 07025 17 f=luid openings ~6. ~6' are dianetrically
opposite and radiall ~~ and ~dulistantl~ spaced apart tramthe | ongitudi nal
a~cis. the ce~nbin~d ~ross, cctional areas e~t~e~pcnin~5 ~(~. ~6~ is Snaller
than the crowe-oe/e683 on~t|1 area ul' ~~pansion zone ~' U. hutpPdewseber2d han t he
cross-sectional area lust dc~n~trcnmc~(' steps 38. 38 to r~ducc the
pressure drop ot'the tlutd entering shar mm<~ zone ' '-t. f=luid openings
fib. ~b~ arc yel ocitv-increasi ng openi nes because their rrosssecttonal area
is smaller than t ke preses-isestivorampaseabah atpneces$ snddarcapyaites for6~ as shown

in Fisure ~. Referring to Figure | 1 h). a.two-phase fluid streamsplits
nto two- equaonzmgangiier Mapihs biuid exels RO BrGrinaiimpCTgaiay
through openifizing. TheGmpmgefient HIGnPLAS SKa? nflk AR R G&Sr PYILRS 78 may be
too high for sone applications and, "hence. a IoWer pressure drop neans for
i ntroduci ng fphssadewat bt tomestndipzll e extandibe tleopglothednteFibowt 4 holbtw shzzdpeni ngs
?6. 7?6~ into xggnsLon ;onqu?o i mparts. shearL@ t'orces because the |ighter
gas phase acdd|titgedaesy o e ERT RAAAAN FABE hed Vi BIP TS gUY "BHEE €2 Expansi on
zone 20 is a60fd PLBARURENSAON ZPRE AR pRsddR®af 803 Eopdial tohfeddsui d 1S
not permtted to freely expand. as it 1s atomzati on zone 68. The expansi on
zone ?0 reducBsidtihlet péedbiid euttt dpbt.i Floid inkeatl 44 is sohd tozaichersiesm end i f it w
ere not present. | east e _outer ripheral portion of both streans

| npacts ur t tﬂﬁéﬁmafwﬁskf@“&ﬁfSWfﬁﬁgFfﬁﬁ?@ ﬁﬁﬁgniﬁgps (i npi ngenent
surfaces) 38-38" and is forced radially inWand to inpinge directly into
anot her inpinged streamin inpinEement m xing zone ?'?. In an enbodi nent
havi ng ri ght - angl bua prasessgammsimenirgtabepresentdnansiogaut 38st twhgeparaed uded
ankl e between the impjngi f{uids is . 80 Thu t.he. i npin nt, surfaces
are formed in rHEs ?/@h‘()(%gﬁ%crﬁcﬂj% mpSIPRE 522 3&??6 hﬂi‘éa Wﬁ ﬁgrgﬁrrzgrqtar%i rects
the radi al |y sicieido MR jueial ROSA3set LRGTHrésSutLed N ihddihgensdneng t he

| ongi tudinal acts of tlutd passageway | -1 to produce naanun1ianngenent
mxtnQ  WOWSNS£9ns 2pard S850 M XTEF g 2As Ik Hie IMPIRFMSHE THYSS ZaBnAdt r eam
it inters sh L Xl € e : j : ~Crcases
in the donst ?*gisﬁgléfg‘ 'Feg%%agﬁ dtr%mll%ecd\r,\@g{s)gn%%glﬁq ‘F gﬁ@@@%ﬁ%ﬁ}?{qﬁ%hg 0Purt h~r
reduce the siimpingidgw lédsquipdrtbhalcetissiream agdinstthe avherh |, hearing forces.

W 1l ~ there is no abrupt change frominpin~entnt m x~n~_ zone ?? to shear
m X~n~~ zone ~'.~. shear m xing substantially bc~_=ins downstream of steps
38-3R . ()nr pair L' I : 9 3 . Nl 1. X} @9 zone
?-1 are sl oped an[ t(?:lgrllv &%zh{éﬁb\m@éé\%ra'é% ?egygédté;%%?ﬁgﬁ%;nagﬁy( decr ease
i n the cross49€46) bwimpina¢rmentofShednanaiximg meags thonmixddg ocwremssdy dbehdak ui d
velocity, and the maximum fluid velocity occurs preferably at arifice 3U.
In anot her erh®&es- NEMINSRIREN FHNNE hefyealidhug tuid SHEYme ocqursyhen therhgdh any
conveni ent s t LdnfGrafledsWrROES R 18K L 5 G Rf 9@ Sasinanskap | ~qui d
pass into f|3F§E§§§§§§é§g§P| ~4at%fﬂﬁéhg?fui%kopenﬁ%gs 26. ?6". Fn this
enbodi nent . tildudedangbpztaten the énhpingiesstmasts rbegesifraal abaut3Ohii@vimut he
desired flui 8'plet %fgoci®§; Figure ?.Q aﬁ% il Iustrateg anot her

enbodi ment  of SHo23HEI§0°Progusing tiaeft ioleptghd FaFHa MBS ¢ GREF Bl

platel ets, ~Qc@dswheh uid BRIl iele Fdhged RbAY ARGE DO ddonessof platel ets ~0-62

wi thin passageway | d are not” shown. The indw dual netal platelets are
prepared havma the required passages therein. as holes. slots. or orifices
extending throush the platelet. They arg th jacked t ther. Dbglted

and/ or di ffusion BbWﬁ@%“fb@é?&%???P%“?@?ﬁﬁn%g%fésfﬁ?a%&gﬁ FH@mFﬂ%ﬁFupstream
end 16. plat %ging'e&eﬁprmmg@&wa:zdm%hwﬂa@ doWipofikrhtGata REEIMAL - Shaped

openi ngs 36. ?6' "defined by streamsplitter ?8 simlar to that shown in

Fi gure 1(b). dpivnstreagn flpw)direchiogtsodhaigopplneikig in@onPPApetuss bx6 conpri ses

two shoul ders_80. 80' qgn oppasite sides of qntice ~. Shoul ders 80. 80
and orifice IMRMEFRCL; 38&‘ fﬁﬁ‘&"&%ﬁf’l le’r%@qt%tq%a %&56#&%”&03}' Yeti ne

i npi ngenent  $efpIRE SIS EbLESIacBEluid Sreanbis0y et dpaid Oive ki@ amhet he sizes of
orifices 1 ~ in each subsequent platelet decreases as shown simlar to the
convergence of shear mxing zone 3-t shown in Figure 1(b). While each of
the radiallv inward steps of each successive disk ~ i



WO 00l 54845 PCTI US00/ 07025 19 (~? is not (arse; ~nou~_h to inpart as mach
radiallv 1n~~~trd momentumto the Iluwine fluid as shoul ders 81). RO . they
inpart a radiallv inward m xi ne conponent to the Iluw Ing field. hhe
oriticca 1 WQUUS$S: platelet that d~finc shear nll Xi n~ zd§8/US0Q07RHy e

W r\"In~ first dinmensions, wherein theg first clincnsm ut'the entice | ~ of
each platel et defining shear nt ~l n~ zone ?~1s smtllor than the first

di mrension of the url f ice 1 ~ uf~ the platelet preceding It. Pretcrabl ~~.
the uri | iceé®pingemgnt aixihgzene dherylrmbsl dtantingte @il med Ehwamahiothag zone
?~ have varvi d dlnenﬁlgn of t he

orifice |~ mn(égﬁ 'B‘f@f’é‘ ‘lf“bléi‘ Eﬁﬁ lY\h‘ﬁe‘gfuﬁé)ﬂ%ﬁ;ﬁﬁon\ aroveiilitid o at er

than the secopg )dhmnsmmm ghe m:nfnbreeprfc:rerm bge plat ghet p rer&'ﬂgdk)n@_ it
Referring to Figure 3 (a). hozzle 10 may al so ctonprise a spray distributor

6~ posi ti oned 25t noermetured@madna 910 (andibistanfibliy parabeimumhcatinenhowhlinf | ui d
outlet Iib to produce a generall~~ flat and tan-shaped spray of the

at oni zed | i qUical izevest-r | g o¥Pagaiondy thydmpin gempay mipgEvene - bpdd dirapr

ot henvi se at g 5 nd forma part thereof. As shown,

di stributor ]ﬁqglodzohgsgggg ?'Iné%@ 63 to al low distributor to effectivel y
attach to nozzle 10 Distri butor 6~ has a passageway 70 (with an inlet 70a)

passi ng therethrough configured to be substantially the sane size and/or
shape as orifice 30° I BPYIESTGH ‘t‘h‘é“%?%&-sé’?ﬁﬁh@ﬁfam'ﬂ?%éoﬁft7bd§%§'§‘e~ va~ i 0
may sui tably swrfbatiod E’Ori%ré%“m‘%n r?'?lﬂﬁfdo?ﬁ'rn%%a@&f'!\ﬁ?r il iRgemeitalE -
Passageway 7U opens up downstreaminto a genera | at” an I ver gent

t an- shaped spriagd streim phmses tnoughpsh#dr, mderﬂamd::bywb@'pdsmhng mxidg gahes 66- b6’

and '-1-7-1'. ~hich define a an- sha ed atﬁn}lzatlon zone 68.. As sho~n in
Figure ' (a) MXEHNTAN PEHIToRR BEPIRK %{“faf" SPEU TG 28R hat=YY conver ge,

ur decrease. wﬁl?hbé’?ésbect(\@'Lfb@ﬂezin%ncf d@dvhs?)ea%?&u@ﬁ@@f‘ ﬁea'ﬁagsahew faqorifice
;? so that the first dinmension 1s greater at the inlet than at t’he outl et
to control tAdedaraswéarskedol nnmhgemenmmsmrgezmbddimmcmmmwemesrwnhhe
first dinmensi,on of zon mai n_const |tomt zation zone 68 has a

i.b
SR Rl A S R A S
progressi ng. kRMRmexBig idneem’érrzcesomehaheﬁdﬁ&]ergm&méé}&ﬂ& RGA/HVSRO/ 07025 20

second dinension is Lrcatcr <<t the outlet than at the inlet. )-ip 71
terninates atimpingemeat and sheag miying frnte'a singfa gtream diat.avhesitawizedl to t he

2 axrs: pr ot Broe sl BGbRRoRel iRl By cof Poretthyt PR 1 RF 48808, | O°

7-1. 7-1"). Vklos theliquid Hropscemie@diény dm@meahemaaﬁe Bade\adifet bassidaut i n Sone
enbodi nents. the curvatures may | ~nd~ P ndentlv el ect ed. PreFerabI . the
~t ~r ~~at ure iyopgh emw.zlevhémaﬁ/e'ﬂéf’réa qagll} % smaller agg peafernbly-a8 lepsout
one- hal t' t he sgio ' ' the v-axis. Wile not required,
the center ot gcg‘gﬁ‘%&gﬂlt%ﬂ %ﬁ%% d&us ut ~curvaturc is generttllv
| ocat ed near the centerpoint ut' the v-axis (centerpoint ot~tirst
di mension). In errgodl ments where first dinension vgri es al one the x-axis.

r

the radius t~ cur VARRITBINRGZORFS ﬁ“y CORBYRIEHARVEN SABHITHENS not shown.
the convergi G%nﬁ@%&{z&fe\’@r ﬂ NGl (TEEBLRRB4MBY 26 s Rs %&%eﬁélﬁ {toRl Aibnaxes,
but preferably, alone axes having a 90 separation. first and second

di nensi ons ofzopasd agevimycon zued oz par of 8hemmexpreefoar 2Bl y neasured at the

wi dest poi nt ot~separation between uppositl~ walls. i.e. at the w dest
poi nt ot~ curvature fromthe center or |oneitudinal axis or passageway 70.
I n one embodi ment Thé B@MER HaOforhpiRtan/Gfti@l R d DEmA@EkSssiseci@dnal east
about | .~ tinmes the length ut~ distributor 1 nmeasured along the x-axis ).
and the wi dt hreatthaxibe sor fﬁstcéws sectlcimal atealin syt shepomixing zonq fregesuliEngyi dt h
ot'inlet 70a. Fluid ex ti ing e .30 enter d
passage—- av oS TEAHohs fur SR PO Adbt PuBRRR MRS

dropl et size, doxqransd 1@%&@6@,5@8 atémihtiéh i@mrs F@esbmelel haRicafd f(ate 30
resulting in a rapidly expandnlJ aas phase that atonmizes the liquid to
produce a spray of liquid droplets. This further shears the liquid
droplets. and the tan shape ot~the atomzing tip 71 produces a tan-shaped
spray of the liquid droplets that flowinto the reaction zone t the FCC
riser reactor as shown in Figure '.



WO 00/ 54845 PCT/ US00/ 07025 21 Fi~,~ur~ 3 illustrates anot her enbodi nent

ut~nuzzle 10 that is operated and cunti~~urcd tn a nmanner as pr~~~iutrs| ~~
descri bed t~or other cmhuclincnts. Viewing Figure 3/c), cxtt orifice 30 has
arced | at er avoensks4s130, 130" (pret~r~thl~ litllradi used) ancinisasom2s
drncnsrun along tho z-airs longer than tltc dinension along the v-axis,
simlar to that shown in f=igure ?(b)lénd described curlier. .lrced ends

| 30. 130" are prelerahl~~ lull-radiused to correspond to the lull-rad~us~d

cads ot~ di stih¢ inomizer Gray Asnprésestiaributbnnlieti lStoenodzI¢ byi1tiand).3 I'hd)shearhear
m~rn~~ zone ?-1 is defined by two pairs of radjallv opposite and opposi ng
walls | 26 diseer g s Ugphauddroplodizs \deetmﬂ'apabefbw&dw@wdﬁmm n the
downstream f | t L\ i the
downstream f I(gw g?élg@t%\gﬂndirﬂ% m{m&f “%g”‘ u|:‘Jrgltoer{|;]ltz ﬁ'q&'dq}e‘l%@gl I l]p’over al |
const ant cr ogsspidegpamivrofighgadudrionidia spaivent'liquid droptetoqenpdiet uec: reases or
converges and then diverges or increases by about 10% ~0% | arger than the
mi ni num cr ass'¥BEREY¥hal area in shear mxing zone ?=1. fn other words,
shear m xing zone ' _'.~ has a first dinension along the vaxis that
decreases progressing toward outlet 30 and preferably a second di nension
al one the z-axis tlhatluihouibaséshqur ogrieggong24 diwaﬂduomhhmﬁwm.wﬁ'rhhs desi gn
of diver~in~ and conver produce. a sgear nhé zong 2~ having a
gis 5

n~
lu~er fluid PPEYAREDYP b“lé%a@eﬁfhetww 2 SRR PP GISHIRUSRF i n
Figure 1. It q@alsg écﬁﬁbﬁ&%zﬁrh@r 1ROS®ALtohYz0RE 68 ARk ESHLNGRY Hotsth Fis@l Xi ng
zone ' _'-1 when conpared to the enbodi nent shown in Fisure 1. The entrance
t o shear ni xipag of ooezie-10. !eredlstnxédtobwtlshgretaablalused tmmanulnedge of st eps

38. 38 andthel|nters€%1:e|oné(ﬁl | 2-1-13 F 1?2-1' -1 d

cross- sect i orf§PIeEFFaEE & ey P?“éhe‘?'@o‘fté"‘é‘?f@hzra"ﬂ?x R mho f”ée'gmal | er
than that of shéf meiRIHY ibfh@ QrASs 1R taRalniRh@asitPhn AReTEEdRat2Bmprised’ 10
|ncrease the ~elocitv ot'the fluidas it flows into shear m Xxins zone

'-1. In thiiscledasadiationt Tuidrondiiy eperedtdetinertisaneasragRin zin Horilsteend ani xi ng

zone ~.~ shapes, t | n I at may
have arced en 'zavacgﬁrs'h s 9[ ’Jr %?‘}gusﬁlga%% g’b%ééﬁ'@@@%@h@f W;gg%%fhmmc ). f
iris shape pheewdhh@condmoﬁdapérfdwmdrttbmdﬁecubh@tﬂmd flovds pregurabiluzzie ! 1) t
~listributur f~4. Fisures .lI(a)--1(c) ~lluStrate the enbodinent sltctwn in
| ~i ~~ur es 3(-S9AIrthgn (Kersmatlee RRIrseriamnal areg of sheay naﬁgkﬂrqoﬂat-érmém%t t ached
i stri butor SRR GRE  THIF y FEAR e Bl Rt oaTs e SR e 1R
t an- shaped bcpdyédasiﬁe tlaid Aows ngomkttaaﬂsimapéd fI uid passageway | ~4 W|thi n,
defined by opposing and outwardly diverging walls 15~. | > ~ that serve to
control the e~ cpansi on ot'the atom zing fluid into a fan-shaped spray.
Valls |~ =~ 1 ~ Tpg &QQE'Jﬁ@JEﬁB?at[IQ%qEQmI id’rlzﬂlorﬁ?’z@rﬁéﬁﬁﬂﬁ abighRlorgpds of
passageway 1 ~~I that preti:rablv diverge along at |east axis of passageway
S=l to pr ovcdieonhlmtamempe@csm agne dfhd?(éﬁiuodltmmlsveshmmwerm shgllir es
3(a)-3(d) and. - a-4.c C Thse are own. The fluid
entrance I58qfec9| é‘ﬁ’%la?t ‘Z%ﬂf“gémﬁmﬁ"bprqq gt S'rzvﬁ?sérélf)‘ﬁ}?(ﬁ‘ ﬂtﬁ gW&Bée({]tS “brifice 30
in nozzl e | 0.dredléts tAgh 4 hiihigh P BEdsQire UREh Riroddithd fitHEQbnds 22.129 ahar ger to
pernmit the atom zed spray of [iduid drops to continue expanding into a
t an- shaped sAyIZeTHEOT SxaEPIA: ewshrp ba@élagmyr nozzlq. 4t is GRESIDIERAAIOIHZR in t he
?Fm e fluid @&%ﬁﬁ&’s‘eﬁl@%ﬁ%d Jffie ﬂ{)&%i’te h“dt‘%l %%s }e“ og%zo' § hjeQ'noleg gntertn-~
uid passage om zes I n ¥ qui ropl ets

that tlo thr leﬂhzﬁwd ahd brd1braddiesgthen u@poﬁ@@p&sequzrre&mhl(pm ).awhehown in
Fisure 7. Fi~~ure ~ illustrates a cut-away view of an atontzin~ nozzle 10

and di st rt butussd @-aomizg pkGEdped ‘P'briloﬁir'lﬁHOéﬂ“lfﬁﬂméﬁrﬁf"f‘Ioﬁlﬂde%'ﬁdﬁﬁfqr 16a.
Condui t 16=1 gp Veqﬁ§urrehﬁtt§4t%WuM&z Olé) i %Wﬁg @@&?ﬂtérj gl'f'\q) §a‘?léelnt er nozzle

| 0 through flui |nlet l'a tupenmas ? I gures (c) illustrate
anot her enbodgiurelty cdftecat mnmzorngfihmezdrmplb@e&premabm pmsamnatiom zation zone 1

) ~is contl ured.to b part of shear Xjn ot her

) espect st hOTHABIE AL CRth e YR B Py e SO pedsn 2qrafitise

Si miarl~~ to t he enbodi nents al ready described. As shown in Fi ~ ure 6 (
a). fluid openings ~6. ~'6' need not be conpletely arced segnents if the
pressure drop across splitter ' "8 is not too great. WO 00/ 54845

PCT/ US00/ 07025 2a



Vi~-wtn !=i<~urc c~(hl. sllcar m-xin~~ zone ?-t f~as a conplc~l ~ ~I ~ctp~d
flaw area where its crass-,~ctie~nal area first decreases and then

increases as it pro!~resses toward orifice 3l). |~w partial cross-section
view 0) ~t | ~cWRIPB4% al .cn at 6 (b) - h (b) and h 1c) - h (BSTHWOWR®en in
Ficure (~ (h) and I i~~~ir~ f~ (c). t jJllustrate the sone~~hat cuii~plex
nature ut~the shear m xin~_> iun~ ?-1. "Atom zation zune 1 | ~ conprises the

region or zone of smal|est cross-sectignal area within shear ntxin~ zone
?~. Zone t | PLOYigapyletas BRNom g figshed hadphtesd olppuspaliyaained Mt ce 30.
At om zation zqr. = | el B ol e d e G Sl L 0
preferably h§§ﬂ§Hé”§£ﬁ8”§¥Sgﬁgﬁﬁ%éﬁg%@ggg=?ﬂé@h§%@§§i@%%“aﬁhatﬁﬁaﬁ'in
preyt ous enbadbsphates luidscosityoivmy asttamphach ameinshanlFO€ (sdkbail liuxliphgsezone 24
decreases toward fluid outlet 1=Ib at a fjrst rate for at |east a portion

of shear ni xi g PEHBE 81s0 BEEACREN oG R dae {lgwingive-phask dluglit Mé¥ing ~p at a
second rate f@r,df bN98%u&im Sh T ! achieved in I EleLahl y, a
second dinené%én o%néﬁggr g&&?nénzoﬁgﬁ%-4 anP§§@§§“¥€ﬁhH8‘ Tﬁ%ﬁkgﬁtlet
I=I'b at a firiSe. pattearhar ogter ldepstsian gorspapmOMmesdteasidamown Xi ng zone ~=1
and increases toward fluid outlet | ~Ib at a second rate Ibr the remainder
ot' shear ~Z~i xi nQ zone 2-t. In uperation. as the two-phase fluid flows
through passagewaythk 1loighh®: 10RErefhSs ShiltSr A ABF Al B &R sthear

atom zation is pronnt%gr@y t he réﬁ?ﬁ g%@ ~§pans~on ?n tﬁgﬂﬁglytgpmbressure
regi on of atqmetzetbiomsiapaeplitidr 28. dnanbymbedimeanp) shichos dlagslatwioin Bighitche

| ~aht er conpressibl e gas, than the hi gher dens~t~~ (.and inconpressible)

i qui d phase. > PRINSHEARS ol SHulpneRtseater Riies2and hiquen (YREFRMIZel oci ¢ es
nore nearl ~~ [RGYBhdkRes J81265hSaliudroRGRSy BESHiRBREpdshforeltat MRlEinRl 484 Of the
liquid droplets in the atonm zed spray. Nozzle I' () can be fabricated in a
nuber of di fsbéhassplivens and fluidipassageway i hdelinarbatat teasttiveglyd opesisesmy be

| d. i d. i WO 00/ 548 PCT/.US00/,07025 2-4
PR OO, . T el R e R S e L

netal materi ake bquididizntliahd WisrallNepLRY -frods tfeengitibifatlaxsUEHeSx-2Xigkn ded 1.
fabrication ol ~nuitlc 10 usin~~ a pluraliy ut'sfacl.cd. rclativrl~ thin

nrtal plaw s higure$)aafdlud passegewavia hc~d~ |'_ hay ink a fluid passa~ewa~
-1 thcruthruti~h is |I.nown and disclosed as usrtul for rocket notors and
plasma torclic~ in. for maniple. .~ S 1'atcnta 3.i;81.101 and ~. ~~~.~()1

This fabrication feeihpigentenahigingseheR2] nflbwkompahemds mgatedsol0 of the
present invention, including the embodi ments generally disclosed and shoal

n in Fieures %3ch greagnandyisdirestedgadigly Inward dnd pretRRdy Brsrendiasstedhed using
this techniq : is ot MBid bissadeW O i ' 1,0y jgited to
the use of tﬁ&gpgg@ﬁﬁgéﬁéﬁpg¥dh%?%%ﬁh%g%ﬁ?%égpgﬁfhggﬁggﬁﬁ#gqﬂggkkFg]Figure
7, a FCC f eedht njaeistshownunithe ER@rdshaThe fioerqoormhest iodeeaed movard hheast
enbodi ments descr.i bed herein is shown. Unit | rises a holl ow,teed

80. co
i nj ector 182 LRATUEHBLhEPIRErSHEYT %ﬂaéaﬁﬁaﬁ?qngglg W cqmponei §iregigdy nozz| e
means 18~ is SROWPiAgard. QML b pBRIALIfRhEM stredn (ipig Bed AR IHe MG, Of a FCE
riser ?06 and into riser reaction zone 192. Riser ?06. better seen in
Figure 8. is rprnifieg aithuybudergynpmpeimeat mitiog hodyp camebnuitans redwctian inythe
vertical l yorient condui t ... In reaction ne 192. at |east a portion of the
ston sed o | RAGTSEE S, Topdet SRR mRB RS o fhrfRin@ B8 1na Feed
300 is crackeflixidy fondoueror fathér mikwavitbRiss pregsuy dfopaaamotcups aducts. () nlv
a portion of riser ?06 i s shown for conveni ence. Feed injector | g?
conpri ses a holpingemeshoixing Z9ne PAt dhomised preancdies gases iMe sy 19901 s
i ntroduced ~ is t&gﬂ Iinﬁoh%gn g€ed line 196 forns a T-.junction with the
wal | of the dgg?PeanQ%B? ron-of feed injector | 82. The downstream portion
of feed injector |18? conprises nozzle 10 and prelerablv spray distributor
6~. both of which are shown as boxes for convenience. Spray distributor 6~
produces a rel at mIBEwressHECtiqnah aA D& APMEEING Prifipeneiiio By thid thioged 3(1()
Into reactl Omiﬁgfﬁn %gté'piCﬁlllv maﬁgtﬁgﬁﬁé #?(gry- ﬁQ%QZ%%t%&?e ﬂ&id%)ﬁaunﬂt(s)

spar~_~n ~ con avi n~~ a snal latrotcr ~~r ~ros~~cct-~onal
area than the inieetur conduit 19-1, r~tends into. c~nd is cc~-axiall~~
~ili ~ned ~~~ith_the lon z~tudint~l a~~s utconduit 19~. In this

cmhodii ~iunt. the runtral |cmytudinal avcs c>l conduits 191. 198 are
coincident. this pray nl~s an annular tlo~ path 197 tier hut oif teed 300
upstreamutthe ~~it ~iicl ul'tl~e injector. Steamconduit | c)H term nates
inside injector conduit I ~):l. upstreamof Il1UzZZIe 10. ;1 plurality of
holes or orifices 199 are radiall~ drtll~d circunferentiallv around the
downstream end portion ot~ conduit | 98. | fobs | 98 allow steamto sparae
rad~al | ~ outward and into the annular flow path 1 ¢c)7 to mx with the hot

N 1 " o ~— . N o o "



Figure i3 illustrates a conventional FCC process that may incorporate one
or nore enbodi nents of the present nvennon. f CC unit ?00 conprises a FCC

reactor ' _'0? and a regenerator ?04. Reactor ?0? conprises teed riser ~U6
cont ai ni ng reQoessdss zone |9 . Reactor ' ' 02 al so conpr i SRES/ES00/07025
~~apor - cat al ~~st di sengagi ng zone ' ' () and a stripping zone ? 1' '

conprising a plurality of battles 7 % |"that |ook Pike array s of netal

"sheds~~ that resenble the pitched roots of houses. A suitable str~ppm-
anent. such as steam is introduced IntU the WD 00l 54845 PCT/ US00/ 0~025
2G ~trippine zone ~is I~n~ ~ 1(~ f he stripped, spent catalyst particles

et Béiséii“eﬁﬁqﬁ TARE o ACKRRRRE Ebr i pvaepe G (RSO  on
. e

point " "' '- = ﬁﬁeheated teed 300 may ur may nut be pre-mxed ~~ ith
a predetermn~d duantit~ ut steam Feed injector 182 shown cn 1=i~~urc Gis
| ocated at 2' '-t. but ~s not shown in Figure 8 for srnplicuv. In practice.
a plurality of teed in,j~ctors | 82. such as-those shown in Figure 7, wll
be | ocated around the circunference utriser 2U6. Steam nay pass into teed
injector 182 via line 222. The atom zed droplets of hot teed 300 contact
the catal yst particles in the riser. This vaporizes and catalytically
cracks the teed into lighter, lower boiling fractions. including tcactions
in the gasoline boiling ranse (typically |100-400F. 30-' _'0~C). as ~~ell as
hi gher boiling jet fuel. diesel lirel. kerosene and the |ike. The FCC

catal yst may conprise any suitable conventional catalytic cracking

catal yst. The catalyst nay conprise a mxture of silica and al um na
containing a zeolite nol ecul ar sieve cracking conponent. as is known to
those skilled in the art. The FCC reacti ons commence start when the feed
300 contacts the hot catalyst in the riser’' 06 and continues until the
product vapors are separated ti-omthe spent catal ~ st in the di sengagi ng
zone ? 10. The cracking reaction deposits strippabl e hvdrocarbonaceous

mat eri al and non-stri ppabl e carbonaceous material known as coke, to produce
spent catalyst particles vyhich nmast be stripped to renove and recover the
stri ppabl e hydrocarbons. The catalyst is then regenerated by burning off
the coke in the regenerator. Reactor' _0' ' conprises cyclones ( not shown)
~n the di senaaeng Section 10 The cycl ones separate hoth the cracked

hvdr oear bon product vapors and WO 00/ 54845 PCTNS00/ 0~025 27 the stripped
hydr ocarbons ( as vapors ) fromthe spent catalyst particles. |I'hc

hydr ocar bon vapors arc ~~ ithdrawn via fine ''' _'6. The hydrocarbon vapors
arc t~~p~callv fed into a distillation unit or t'ractionator ( nut shown)
~~ hi ch condenses the condensable port~c~n c~t'thc vapors into |i~~uids and
| ractionatcs tl liduid~ into separate product atrcans. The spent catal yst
particles pass to stripping zone ? 1? where they contact a stripping

medi um such as steam The steam passes into stripping zone ~ 12 via line ?
16 and renoves the strippabl e hvdrocarbonaceous naterial deposited on the
catal yst during the cracking reactions. These vapors are w thdrawn al ong
with the other product vapors ma line ~''"'6. The baffles 214 disperse the
catal yst particles uniformy across the wdth of the stripping zone 212 and
mnimze internal retluxine or backm-:cing of catalyst particles in
stripping zone ? !'?. The spent. stripped catal yst particles are renoved
ti-omthe bottomof stripping zone ' ' 1? via transfer line ~ 18 and pass
into a tluidized bed 2 '8 within regenerator 204.



The catal yst particles in tluidized bed 2?8 contact air entering the
re=enerator via line ''-10. Sone ot~ the catal ~ st particles pass up into
di sengagi ne zone ?-~?. The air ux~dizes or burns off the carbon deposits to
regener at e YR85 yst particles and heats themup to a PEHP¥PATI®RY e which
typically ranges from about ~~0-1-tU0{s" ( ~ 10-760C) Regenerator 204
conpri ses cyclones I not shown ) that separate |iot regenerated catal yst

particles tcomthe ~aseuus conbusti on products, or flue has. which
conpri ses nO¥tWEENGOR SEeVat gty tyid W%QW&VOHEé‘m @ay ha'¢ é‘géh‘éﬂﬁt ed

cat al yst par . into tluidized catalyst bed ''' '8 via diple~s
(not shown), rgggﬁﬁﬁmbﬁgé %Q}tly[c;)nt hose skilled in the art. Fluidized bed '' '8
is supported on a Tas distributor ~=rid ' _'-~.~ ich ~s illustrated as
dashed line. The. regener ted cat al artl cles in tluidized bed ~'g
overflow tho weir 2 LI‘BSSbeI’Wﬁ B&“t"l‘lé“tlﬂ% (Bf wd pRgsagyvavold way hypapigd

connect ed aty, WqndQ}o4 ﬂlﬁLPg(leéQ { R442 3%)290:5 B?%QQM B f\?lrkh@pr;o%ﬂ] gt a

ci c3~~nconcr” ~X\Q fl ee %ottom gu~~nc ncr ~~U turns Into a regénerated
c~ttal ~ ~t twaltsnaletthet a fiest dinwnbuml&lm}z the%nhls01~av¢dmﬁdﬂ1n1t21n}tﬂﬁta~m0n2tl’(66d
particles slow.do, n thruu~‘ﬂ funn ~~ncc~m~r ~ ~U and lulu tlic

transfer |irfedXis In sgmegmbogimenis. ﬁ\.‘jl“uﬁstsc‘c%mﬁ?éiﬁq of ST PYNPLZORE 2 e | as
i~ rrmenrd |destddsdsh dofPer@bs inRe LREGRRN AL lid Sull ||4an¢n ofher Cat cracker
feeds used in FCC processes typically include ~~as oils. which are hieh
boi | i ng. norembesiicients. belcsoss-sedionabaraa vastmamameaphe @V@:greases pastofai ght
run (atnospheric i, light cat cracker oil (L nd cokcr gas
& Thecdfb ik el Dhicionfles L hog TR Bforns S barraresoBierdoout *1gor
(?320). and (fﬂ?lre?IWW@L%sﬁb&‘{l@nﬁt}@éﬂmﬁvggxﬁ?te@@mtﬂé’rUﬁe&ﬂﬁ’l (Pigdtds up to
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poi nt above | 1)a0F y be

b ended 1 n vierhotha'eect T fidiget s ae R (B e R B E 0o e and
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t her mal cracﬂmbfgip BNl yrosetsedianaharer pE shaagmixiag@ons P4 “Whapevay| . coal
derived liq in the FCC
feed in an %e@&usestx.%‘ﬁfskh%éd%glo 61§J‘§alds wlg de-gl:li?@?atqﬁé(s&ﬁe Hggﬁﬁhtgn 4 and mor e
tvp~cal | v frdismadeodlong the@-34s indtdasss. %o-. Heavy feeds typically contain too
hi gh a content of undesirable conmponents, such as aromatics and conpounds
contai ning heteroatons. particularly Sul fur and nitroeen. Consequently.

these feeds are Cﬁnﬂ@@s ﬁ(a‘*f‘a}‘i&qnﬁ&ra‘ﬂ@%@gﬁg%@ Ghe%FQPE&Aehﬁ) aQPi‘ﬁ% 1O

undesi rabl e conpou processes vdrotreati ns vent
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t enper at ur e \psfiedmena 8 6laRano8&redm kd ) 8'of hozA¥ €f.erabl y no <~-reater than
gool" (-1 ’>7C) and t~~picall~~ ~iithin the range ul' | oom about Q00-800F

(26U--127C ). The tnvention ill he further understood with reference to

the f~ullownQ m’\ﬂél\)ﬂ@ ﬁiigﬂ% ﬁé?%‘.&@é%@lfv 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 tluid communication.



In this experinment, an atom zing injector simlar in design to that shown
in Figure 7 with an enbodi nent of atom zing nozzle simlar in design to
that shown in Figure ~ was conpared to a conmercially proven slot and tan
desi gn, si m WQ006484% hat shown in U S. patent ~, 173.17~. TheCKG$9veT0ed al
nozzle sinmulated a pipe with an end cap, contalnlng a rectangular. slotted
orifice. with an attached downstreamdiverging flat tan atom zing tip. Both
nozzl es included a tan-shaped atom zing distributor or th and were
fabricated at a s®gfaring o prsrh b iukindgtdagpmprisesppaP! conmerichly

nOZ.Z| e. The I én‘? E’lloand uruh. He’nas%[mh pl?.ﬁ ﬂl?l?c{ Qpe%?rﬁgss'%exgep@a“?fd l];\h?quqge%l €

design. Both |n sctd’s nount ed

hori zontal |y “atndmmzb:em elclnpmpmodme@na rédtaiuuldra&]epahplnadhsmaytsvwaxh t he
maxi mum wi dth in the vertical direction, in the laser | i <~ht beam path
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measuring 1 Gl ANALASHERRAL B LTABLasLIIpaHAm PR RRDS, eoch

associ ated ~ arat eris rop Size range. Tocuse Fuuri er
transforn1IemaoﬂMIﬂx@oﬁwhtndehﬁmﬁntcﬂhﬂtaﬁﬁmeeﬂ&rwsThe | i ght energy
distribution is converted. ~~ia a conputer. into a currespondina liquid
droplet size distribution. WO 00/ 54845 PCT/ USO0/ 07025 .i 0 Gaseous

ni tr<t~=cn ~~~asI jﬁqoggsié{ﬁg_bﬁq 5t (ISIE'I gwﬁag@&@l%dm&weghlw@ﬁ%Fer? used

to simulate thr rative experinments was
conduct ed ~~axKit drifiee 30< lmms cabddiment. mﬂmeﬂbomqmﬂreshmd titheuBauther mean
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~2~3The | nverzjtlsltggunon (f'tothg:zgn&mnzcd g]l Idrop?e(?s 'fh(z)m Ia3c41'x'2cu ar%?grcgate orifice would.

Referring to Figures [(b)-1(d). fluid passageway 14 is formed by two
different pairs of-opposing walls (36-38-23) —(36°-38°-23") and 34-34". as
shown. Walls 34 and 34" are identical. flat, parallel and are rectangular in shape.
while 36-38-23 and 36°-38°-23" are symmetrical. The same point on a wall pair
is equidistant trom the longitudinal axis tor each wall. with the intersection of
walls (36-38-23)-34 and (36°-387-23")-34" cach 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 contorming to
the circular or arced shape of teed conduit 164 (see Figure 5) and fluid openings
26. 26°. The shape of fluid passagewav 14 is maintained along tluid passageway
[4 until steps 38-38" (also referred to herein as the impingement mixing
surtaces) 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
that continues to oritice 30. to more etfectively utilize the impingement mixing

momentum.



[""913.46 10.39 ~~"6?.~1.00 ,1G? | In all cases. at conparable water and
nitroeen flow rates. a nozzle of the present invention produced an atom zed
spray havi nE snmaller Sauter nmean dianeter liquid droplets. than did the
commerci al MXWEMISThi s shows that better atomi zation ~as PEERISE0763 ith a

nuzzl e of the present invention. It ~5 understood that ~ arious other
enbodi nents and nodilications ~n the practice of the invention ~ill be
apparent to. and can be readil ~~ made b~~. those skilled in the art
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24. Fluid openings 26. 26" are velocity-increasing openings because their cross-
sectional area is smaller than the cross-sectional area of the fluid conduit 164 as

shown in Figure 5.

Referring 1o Figure | (b). a two-phase fluid stream splits into two equal
streams over split—ler 28 and enters fluid passageway through openings 26. 267,
The pressure drép across splitter 28 may be too high for some applications and.
hence. a lower pressure drop means for introducing fluid into the nozzle can be
employed. Flow through openings 26. 26" into expansion zone 20 imparts
shearing forces becausc the lighter gas phase accelerates more quickly than the
heavier liquid phase. Expansion zone 20 is a controlled expansion zone 20 in
the sense that the fluid is not permitted to freely expand. as it is atomization zone
68. The expansion zone 20 reduces the pressure drop from what it would

otherwise be if it were not present.

At least the outer peripheral portion of both streams impacts or impinges
directly onto the right-angle steps (impingement surtaces) 38-38" and is forced
radially inward to impinge directly into another impinged stream in impingement
mixing zone 22. [n an embodiment having right-angled impingement surtaces or
steps 38-38". the included angle between the impinging fluids is 180° Thus. the
impingement surfaces are formed in the v-z plane normai to the x-axis. The
impingement directs the radiallv inward component of both streams to
substantially along the longitudinal axis of fluid passageway 14 to produce

maximum impingement mixing.



WO 00/ 54845 32 CL, A~-M5: i~ liquid ~it~m-iin~~ apparatus conpns~ng:

PCTI USO0/ 07025 a bodv conprisin~~ ~ fluid inlet and a fluid outlet. "said
bode conti _urc:d to define an inpingenment m xing zone and a shear m xing
zone. said cOvie¥/saisi ti oned between said inlet and sai d ouCEUSooHadd f| ui d
inlet conmprisma splitter that can split an incomng t7uid streaminto at

| east two streans: said inpingenent m 4 ng zone conprising at |east one

i npt n~ement surface. said inpingenment surface configured to inpinge at

| east a portion oGCAsfheuludasgaimss darosteam.ilhgitergsbieasmpiam mne Cdivvhertie

i ncl uded angl g between.two inmpinged streans is between about |20 and 240;
and, sat d shelF TRTRGiLER R TRG  HEA ulle PE R ER e feu®hy 2

first di mensi gowantbaryS@aqudhet r0ROS ROs1zWO IR TjuSiPd@plety. pFinfhne Rgihon
decreases al ong _ , . o
shearing torces. While there ts no abrupt change from impingement mixing
zone 22 to shear mixing zone 24. shear mixing substantially begins downstream
of steps 38-38". Onc pair ol opposing wails 23, 23" defining shear mixing zone
24 are sloped and converge inward toward oritice 30. The gradual decrease in
the cross-sectional area of shear mixing zone 24 increases the tluid velocity. and

the maximum fluid velocity occurs preterably at orifice 30.

In another embodiment not shown. two separate fluid streams {rom any
convenient sour::e that comprise a two-phase mixture of a gas and a liquid pass
into tluid passageway 14 through tluid openings 26. 26°. In this embodiment.
the two separate teed lines must be sized to achieve the desired fluid inlet

velocity.

Figure 2 (a) illustrates another embodiment of nozzle 10. tabricated of a
plurality ot stacked metal platelets. 50-62. For clarity. the intersection lines of
platelets 30-62 within passageway |4 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 I{b). Figure
2(d) illustrates platelet 36. Platelet 36 comprises two shoulders 80. 80" on
opposite sides ot orifice 15. Shoulders 80. 80" and orifice 15 are sized and
configured to appropriately define impingement surtaces (steps) 38. 38".
Progressing downstream. the sizes ot oritices 13 in each subsequent platelet
decreases as shown similar to the convergence of shear mixing zone 24 shown in

Figure 1(b). While each of the radially inward steps ot each successive disk 37-



a longitudinal axis through said bodv in a direction toward said fluid
outlet. The apparatus accordtna to claim 1l wherein said inpingenment m Xing
surface is confii~ured to be substantially perpendicular to the overal
direction ofW@PUM¥S | ow t hr ough said body. 3. The appar at ECTHEVPWhg to
claiml1l wherein said inpingenent zone []gorrpri ses at feast one ri=ht-angle
step. -1. The apparatus according to claim1l wherein the wherein the
i ncl uded angl e between two i np~n~ed streans ~s between about | 70 and |90
The appar at us®Zaé 88t B eRenoy 2B a1 Pt HhBkeEh IANE HFEMANERRIY HElided ankl e
bet ween two 'I'im{'iﬂg%!xi&gr mdc'r?%(?%u.tth%ﬁgnpun m&?‘g{@ﬁlﬁ&%ﬁi R%{]LL.JSOO/ 07025 ;]
h The apparatus ~tccordth~ to claim1 whereln sald i nprn~~entnt surtacc
| nparts i npt nongoRettofthe-tlotvar: M. ghebritieot Faathd mitcleamuconim@ohen~— tn a
direction t about 90 nprnal to the longitudinal airs ihroueh said body. 7.
The appar at us"a¢*bElieng Ry CcrBiipg IrstHEp@IsPsatactauing fith oennag othe
nonci reul ar shaR: s L0F pRRAR AT AKER 108 bohh Al Tth LA SAL
second di nension o

dimension of the orifice 13 of the platelet preceding it. Preferably. the orifices

[5 of at least one platelet that define shear mixing zone 24 have varving second

dimensions. wherein the second dimension of the orifice 13 of each platelet

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

t3 of'the platelet preceding it.

Reténiné 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 tlat 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 eftectively 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 1o promote formation ot 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 tirst dimension that may converge. or decrease.
vertically (along the yv-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
mixing. In some embodiments. however. the tirst dimension of zone 68 may
remain constant. Atomization zone 68 has a second dimension that diverges. or

increases. (along the z-axis) when progressing toward orifice 72 so that the



said shear m xing zone increases along said |longitudinal axis toward said
fluid outlet. 9. The apparatus according to claim8 wherein said first

di mensi on decreases toward said fluid outlet at a t3rst rate for at |least a
portion ut~ weiodssshear m xi ng zone and then decreases t owapdr/esiodzoes ui d
outlet at a second rate for the renaingpr of said shear m xing zone. 10.
The apparatus according to claim$8 whet'ei n sai d second di nension increases
toward said tluid cutlet at a tirst rate for at |east a portion ot~ said
shear mi xi ngsewoné dimensi¢ren drageraashsoutphiag as diednfot.uilep duteranages 44 second
rate for the remainder. of said shear m ~cina zone 1 1..The apparatus
accor di ng toOEﬁ%ﬁ n*rl@r\}\)f‘fér’ei’ﬂ‘l-\sg‘i N ?Urm‘ﬁf%%tfgﬁ‘émjia”sm\r \urﬁged | at er al
ends. t'_". JheciRRRAUaiad$isaGEeRE i R@ndion Glodkihd Lakidl plRefralgiOmaALingi Ng a spray
distributor in fluid comunication with said fluid outlet. said distributor
detini ng an expdaspofilzoveusidyidg verlisrids&tine Waks/+ Raneanwepriese e ~~
ithin said shear m xins zone,  WQ 00l 54845 PCT/ US001Q702 4 13. The
apparat us. actOPurG LBe SRR r RRFErE"SaTY Al AT b I or canibe i dagty

di stributor flieiied PR&EFGTDEW RV USKGEH Agculdierelelprefdgd rafidy paswgewy av
having a first dinmension that di ~crges along the |ongitudinal axis ol'said
p~155~t ge~~a+-abopt enaihzlédd dmeppnmplpasapge vyt 10ein the ysiaisd Whde ppout or, sai d

passages a~~ ﬁ@;&g@hﬁéﬂ%@ggg@%ﬁ Wt ﬁbﬁ#}.ﬁﬁ{s&%@gpﬁnﬁc PPN oGP di ng

to claim13 sdli I's conflgure ne a “expansi on

zone positi oned thetsrapomiod pubtiececandpsni of fimpdinges@dny. M Xi ng zone, said
expansi on zone having a cross-sectional area. | ~. The apparatus accordi ng
to claim1l ~EmRAdMENE WAETE IHSIY NEARSIOR Xanies HoRE ther-yds-itheraius ¥ast two f1uid

openi ngs, eaEm'I'rvﬁ@:%éjn-{z]xUﬁil;% Qpeni ng having a cross sectional area. and
wherein the sumof the cross-sectional areas ot'said openings

In alternate embodiments not shown. the converging and/or diverging
dimensions may be along different axes. but prét‘erably. along axes having a 90°
separation. The first and second dimensions ot 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 1s at least
about 1.3 times the length of distributor (measured along the x-axis). and the

width at exit ortfice 72 is at least about 1.3 times the width of inlet 70a.

Fluid exiting oritice 30 enters atomization zone 68 and passageway 70 to
further shear the tluid and turther 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 turther
shears the liquid droplets. and the tan shape of the atomizing tip 71 produces a
tan-shaped spray of the liquid droplets that tlow into the reaction zone of the

FCC riser reactor as shown in Figure 7.



Is less than the cross-sectional area of said expansion zone. |6. The
apparatus according to claiml 1 wherein said shear m xi ng zone conpri ses
an atom zation zone. said atom zation zone conprising an area of small est
Cross-sect i v00/5¢8d®8a wi t hin said shear m xins zone. |7. TRETHBPAHNEE uS
according to claim 13 wherein said bogx conprises a plurality of plates.
sai d pl ates conprising an orifice exténding therethroueh. whereby the
orifices of said ates define said fluid passageway. 18. The apparat us
according to cIaiﬁk@?-mﬁ@#@&m*@Méhﬁhhmmbwgcmﬂﬂ§®Pdcﬁpah@SHvhqvkd@hdne sai d

shear m Xxi ng_,zong van~i na St

di mensi on ot" 'ﬁ' “E)‘rqa Rt ‘585“[5‘1“& % dﬁéf’ﬁﬁfﬁ’é ogher dmg'l‘u)éé rﬁ’?x W'%ne i's
smal | er thangidnge §(ich.SixudirMROSIARs afdebquiefal Bhdxel 30t | stre pRlratadipfuficedi ng i t.
19. The apparatus accordlgg to claim18 wherein the orifices of at |east

one sai d pl afadisptaanddupisnemsasian slhaarhei-ridonssn ghandlhe duneypiigleegz ond
0 et ons. 0,00, SRS T SR RIRGE P ST DB e
than the secorg ldl)nﬁrléﬁdr@lnrdbﬂ\ tiherailstd @&c&hsb&ﬁi ) @k Yull-radiused ends of
distributor 64. As 1s shown in Figures 3 (b) and 3 (d). shear mixing zone 24 is
defined by two pairs ot 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 tlow direction. The net
eftect is either a éencrall_\ 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 v-
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 |. [t 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 zonc 2+ 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
of the combined cross-sectional areas of openings 26. 26" to increase the
velocity ot the tluid as it flows into shear mixing zone 24. In this embodiment.
the divergence and convergence of shear mixing zone 24 shapes the tluid flow

into a generally rectangular shape that may have arced ends as shown in Figure



hreccding It. ~U. A liquid atom zi ng apparatus conprising: a body
conprising at least tine fluid inlet. at |least one fluid c~utl~t, and a
fluid passageway extending bet~een said inlet and said outlet: said
passageway oadows4sug an i npi ngement mining and a shear m XiPCWUSENME025
downstream from sai d i npi ngenment m xi ng zone; said passageway con fi gured
to define at |east one inpingenent surface. said | npi ngenent surface
configured to direct fluid in a direction substantially normal to a

| ongi t udi nal 3@b.i $hexhemdprogrotdsr-ougith s-ansitidodiytlos diutd Shaarozaicxiiong zone
having a crms_- ecticinal area defined by a first dinension and a second
di mensi on, WHEFBU'™SYi d first di nension decreases along a | onntudinat axis
t hrough said hodv in a direction toward Bald fluid outlet ' ' 1. The
apparatus according to claim?0 wherein the portion of fluid contacting
sai d i npi ngenent Sgnfeagt)i-gc alipsairitplerahbgomentoshoph it regureus@d)-Hldw ng

t hrough said ssageway. . . : .

9 w[?tﬁl e 9&%\@ n ot a sprav distnibutor 64 attached to nozzle 10 in a conventional
manner as previously discussed. Spray distributor 64. as shown in Figure 9.
comprises a generally fan-shaped body 152 contaiming a fan-shaped {luid
passageway |34 within. detined by opposing and outwardly diverging walls 155.
135" that serve to control the expansion ot the atomizing tluid into a fan-shaped
spray. Walls 135, 135 comprise the rounded. full-radiused lateral ends of
passageway 134 that preferably diverge along at least axis of passageway 154 to
provide a t'an-shilped spray. The embodiments shown in Figures 3(a)-3(d) and
4(a)-4(c) comprise arced walls 126, 126 as shown. The tluid entrance [58 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 3 illustrates a cut-away view ot an atomizing nozzle
10 and distributor 64. in association with an upstream tluid conduit 164.

Conduit 164 provides the tlow path for a two-phase tluid to enter nozzle 10

through fluid inlet [4a (openings 26.267)

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
24. In all other respects. the nozzle 10 shown in Figures 6(a)-6{c) operates
similarly to the embodiments already described. As shown in Figure 6 (a). fluid
openings 26. 26" need not be completelyv arced segments if the pressure drop

across splitter 28 is not too great.



'_''"7?. The apparatus according to claim20 wherein the wherein the included
angl e between two i npinged streans is about | 80. The apparatus according
to claim~U wherein said inpingenent surface Inparts inpln~ement flow to
the portion W 00484 stream contacunQ In a direcnon of abolXCTIBMGIRIFal to
the longitudinal axis throush said body . WO 00/ 54845 PCT/ US00/ 07025 i (
" -1. The apparatus accr~rdin~ to claim?U wherein Said fluid otttlct It~ts
~1 noll circular shape. hhe apparatus acc:ordin~~ to clairn ?0 wherein said
sccand di mension increases alone said loil~rtudrnal arts toward said fluid

outlet. ?6. The apRALRALYS GLGREALNG, hﬂxiﬁlaaziom 39 IM@???@PI&W g‘lil?{.‘)tl[ by

di nensi on decreases toward said fluid ouflet at a rate at least a
portion ot' sard wheaitsicrossisten@aahaercandsitdeerzasgscndas@sintenasdssai d fluid
outlet at a secoqd rate ror the remainder of said shear m ~in~ zone. ?7.
The appar at uSTSEEBFUINGTE OridIca i th J6F WHEHR FOSCaUQBEEHY 41 eHEEEn i ncr eases
toward said f)yi,d, e , | st { t heqst ' | ssaid
> taléh t@l“)k—t( ﬂhﬂl&'( 2 ¢ L& f B .6 %)RQFQ AT

shear m ai n~ zone and th)e(n |"ncreka)se)sh?ovva? Sal dI lg‘?%l )d( ou't(FeL lth " i5econd
rate for thetodimiragahe edmsahd-cohgdex mitxdeng tiosiear f8xindhenappar at us
according to claim20 wherein said shear m xi ng zgne has rounded | ateral
ends. Atomization zone | |5 comprises the region or zone of smallest cross-sectional

area within shear mixing zone 24. Zone [ 15 is preterably positioned adjacent to

or near orifice 30. Atonnmzation zone 115 may also terminate 1n orifice 30.

Oritice 30 preferably has the same size and shape as that described and shown in

previous embodiments.

As shown. a first dimension ot shear mixing zone 24 decreases toward
fluid outlet 14b at a first rate for at least a portion of shear mixing zone 24 and
then decreases toward fluid outlet 14b at a second rate tor the remainder of shear
mixing zone 24. "Preferably. a second dimension ot shear mixing zone 24
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 {or the

remainder of shear mixing zone 24.

In operation. as the two-phase fluid flows through passageway |4 into
lower pressure atomization zone | [3. atomization 1s promoted by the rapid gas
expansion in the lower pressure region ot atomization zone |15 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
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 emploved. or a forging and other casting



?9. The apparatus according to claim _'U further conprising a spray
distributor in fluid communication wwth sand fluid outlet. sand distributor
defining an expansi on zone haven; a pressure |ess than the pressure within
sai d shear | waois#s45zone. 30. The apparatus accordi ng to ckal/usd®reaberei n
said distributor conprises a distributg; fluid passagewaL extending

t heret hrough. sai d passageway having a‘first dinension that diverges al ong
t he | ongi tudi nal axis of said passa~e~~~av ~n a drrecuon toward said outl et
of said distrpioegssmarskindscdassugealy waye tubrigaled dumel eetdbdt earahicands. VO

001 54845 PCT/ US00/ 07025 3' | . The apparatus ae;cording to, ¢lam' _'()

wher ei n sai d Wst&gn]ag.ru A ﬁ’f}’é@cl?g‘f’dg%f?ﬁg /gs ﬁ?or“_s'} fne ‘}Sﬂﬁéﬁff”[ﬂm—} posi ti oned
bet ween sai d gBlikdifdaro i@l bleSid il DPHN/KIRITB N tadlodl AGati Q. theRindu@}RaRSi on
zone having a Truss-scotic~n<<| area. 33. 'rhe apparatus according to claim
3 f wherein saimaslsthtodnomadiods sgllian tngra detlipaesagewheds tharsbrauegh+d openi nQs,

each said f1ujd, opsni ng havi Ne. i FEOS3SEGLE00aL LR, AflWCEN the sum
ot ~t he cross-lér}ec‘tl ohal Cdreas ot sai'd openi ng% i*G9PES S han 1 e

cross-secti onalanfl€ai §f BaleftsSWBITH) |QMd BN 4(B3. THiD entrRpas@icdsnigeerr ding to
claim~0 wherein said shear m xing zone S conprises an atom zation zone,
sai d at oni zat #lgusednandahfpratise mgzzaes Hi ebthepresapl neattionr Bsbdsegcthconal area

wLhin sald SURaLsLHRAEANE aistTosed B SRR A'HELAS T dhBGob Aelliths? 20

wherei n sai d body conpri ses
invention have been fabricated using this technique. However. the invention is

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

Refe:rring‘ 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 condurt penetrating through the
wall 190 of a FCE riser 206 and into riser reaction zone 192. Riser 206. better
seen in Figure 8. is preterably a cvlindrical. hollow. and substanually vertically-
oriented conduit. In reaction zone 192. at least a portion ot the atomized oil feed
300 contacts uprising. hot catalyst particles. and feed 300 is cracked into more
useful. lower boiling hvdrocarbon products. Onlyv a portion of riser 206 is

shown for convenience.

Feed injector 182 compriscs a hollow conduit 194 into which preheated
oil teed 300 is introduced via teed line 196. Feed line 196 torms a T-junction
with the wall of the upstream portion of feed injector 182. The downstream
poruon of feed injector 182 comprises nozzle 10 and preterably spray distributor
64. both ot which are shown as boxes for convenience. Spray distributor 64
produces a relatively tlat. fan-shaped spray ot the atomized oil teed 300 into

reaction zone 192



plurality of plates. said plates conprising an orifice extending

t heret hrough. Whereby the orifices of said plates define said fluid
passageway. 3~. The apparatus according to claim~-1 wherein the orifices
ot ~sai d pl atW 04845 defi ne said shear m xi ne zone have varRGTASIAet er s,
wherein the dianmeter ot~the orifice of,.each plate detinina said shear

m xing zone is smaller than the dianeter ot~the orifice ofthe plate
preceding it. 36. Aliquid atom zm- apparatus conprising: a body conprising
at | east one fl ui & stasnesparangiceadutt oife hitvngd sowtleetianetls o P d passageway
ext endi ng between said.inlet and said. et; said flui.d inlet conprising a
splitter. sai“yv%é)Bﬂlt‘l[r%cl'[hém&htsgi'tég‘ﬂﬁd)ygwgyﬂiiLﬁb‘"éf ”}q(é‘a‘!sntlé1 't r‘igbmf“ﬁlt\li dm;peni ngs
to sai d passatrgwariith. (MO R4 8dB4B RCTNSRRLA 1025 [Bthis anbodiansa the~~t ~~
dctinrng an inpi ng@errent m xing and a shear mxin |one downstreamt~rum

sai d i npi ngereHtal fangiwdinabmess o apadpissiPdg e are comepdantuf by pror defime at

| east one | MREIETEAL oA fAC: BEPHL 9090 158 ARTLRTALY it ~sai d
injector. Steam conduit 198 terminates inside injector conduit 194, upstream of
nozzle 10. A plurality ot holes or orifices 199 are radially drilled
circumterentially around the downstream end portion ot conduit 198. floles 198
allow steam to sparge radially outward and into the annular flow path 197 to mix
with the hot oil feed 300 tlowing through path 197 to produce a two-phase fluid
comprising globui—cs of hot oil dispersed in steam. The amount ol steam sparged
into oil teed 300“15 tyvpically between about 1 and about 5 wt. %% of the hot oil
teed 300. The resulting fluid mixture. which may typically comprise. on a
volume basis. 73-83 %% steam and 13-25 % 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 sprayv ot oil feed droplets 300 pass into reaction zone 192
and contact the uptlowing stream of hot catalyst particles (not shown) to
catalvtically crack the heavy oil teed 300 into the desired lower boiling product

fractions.

Figure § illustrates a conventional FCC process that may incorporate one
or more embodiments ot the present inventuion. FCC unit 200 comprises a FCC
reactor 202 and a regenerator 204. Reactor 202 comprises feed riser 206
containing reaction zone 192, Reactor 202 also comprises a vapor-catalyst
disengaging zone 210 and a stripping zone 212 comprising a plurality of battles
214 that look tike arrays of metal “sheds™ that resemble the pitched roots ol

houses. A suitable stripping agent. such as steam. is introduced nto the



e:onti~ured to direct the fluid in a direction substantially normal to the
| ongi tudinal arts cxtendrng through said body: said shear m xi ng zone '
havtns a cross-secttonalL area defined by a first dinension and a second

di mensi on, wwones44sai d first di nension decreases al ong a pamgsobomznal axi s
t hrough said body in a direction towarq said fluid outlet. 37. The
apparatus according to claim36 further conprising a spray distributor,
said distributor conprising a distributor fluid passageway extendi ng

t her et hr ough strippige penssaa-dnav | havhagrigpeditspenticadilysb parlislys phsting ver ges
ti~oma distributor i L@t,to ﬂaip aﬁH{stributor outlet, said distributor
inl et confi giF EFCIE° e SUBSEEHET M9 v the same size and shape as said fluid
outl et of said body. 38. .A liquid atom zing apparatus conprtsin~: a body
conprising at least one fluid inlet, at |east one fluid outlet. and a fluid
passageway extendi‘nprebedtoebhlsagdipasatsetia dind 288iimio ot bast of giagrdOblagi d i nl et
conprising a splitter. said.spuytter and.said hody detin at | east two
fluid * openi'h '”ﬂ%t'ggipﬂl“bas'z'aalésvgv.he%tg’ij 36%10’(@ rﬂ%vn%rrw&' %‘ % BFUPRFdty of

pl ates. said\ptih gfedeRRNicEIAgn@AR BkichhC & RYLGRELAYRT fivRet rugh ¢ wher eby
the orifices otsaid plates define said fluid passaae~~~av. and wherein the
orifices of degagedtat’dsbyinanoigdiphndndaguse SHeasmpligithglvRitelidtate ~~ar vi nQ
di aneters. wherej. i am hoof . 1. ifi I gefining said
shear i xi ng PERLS: QeI IRE 85 b Sodst i BRER P B8k 29 TS €
precedi ng rt aroundheQirbutihfbe REH HSQONG! (RBam hBgiads s sadenayod €l ni ng an

i npi ngenent m xi ng_and_a shear m xi ng none downstream from sai d i npi ngenent
m Xi ng zone: Vialine 222, The atomized droplets of hot teed 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 (tvpically

100°-400°F. 30°-205°C). as well as higher boiling jet fuel. diesel fuel. kerosene

and the like.

The FCC catalvst may comprise any suitable conventional catalytic
cracking catalyst. The catalvst 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 cataly st 1n 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
stripped to remove and recover the strippable hvdrocarbons. The catalyst is then

regenerated by burning off the coke in the regenerator.

Reactor 202 comprises cyclones (not shown) in the disengaging section

210 The cyclones separate both the cracked hydrocarbon product vapors and



sai d passageway configured to define at |east one inpingenent surface
positioned near the periphery of said passageway. said inpingenent surface
~ontigured to direct fluid in a direction substantially normal to a

| ongi t udi naW80{54848xt endi ng t hr ough sai d body; said shear PETRISHYPT®S5ne
having a cross-sectional area defined.,y a first dinension and a second

di mensi on. wherein said first dinension decreases along a |ongitudinal axis
t hrough said body in a direction fromsaid inlet to said outlet. and

wher ei n sai dhe8EGREd B FRORATDORS (i S PRAS LEOR R sPAM LA YShRiTtitls nAhe axis in a
dir ection t 'lf\%ﬂ&csélmoql \"f{ﬂ)!o?st ark Q lﬁi%ll‘ig\'rpylt llﬁlttell%gTh-[deﬂQgﬁ'r )ﬂt\‘ﬁ?o%cﬁ@r ding to
claim38 liirther conprising a spray di's ributor, “sal di'st I Bt or

conpri sing avplicsity tdauinar a fisullshipassagevayioazioe ndit Rgowhew Richrcongisesai d
passageway having a |ateral dinmension that diverges froma distributor
inlet to saiBe sorfeasahlpppBionslitierapossin tawty imbitrastianglcethclimfdgured to be
substanti al |y, th j shape as said fluid outlet of said body.
.~0. A Iiqufé“ﬁ?gwﬁgﬁﬁgﬁgégg?ggas conprising: a body conprising at |east
one fluid inlet, at least one fluid outlet. and a fluid passageway

ext endi ng bet wee t and said outlet: said fluid inlet conprising a

splitter. said s&hl%g!’g?ll“gl S APAICI5S Y ST IPRIBE 40N ?.ela:r’s 'E‘Er\%h‘f-‘] WEAbpeni ngs
i_ﬁeZ?' 21 E?ﬁéﬁﬂﬁﬁ\ﬁi}ﬂg i $mPARR AL UGN . Afel MY pARed TR RBBPRILORE X1 NYja2nd a

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 batfles 214 disperse the catalyst

particles unifonﬁly across the width of the stripping zone 212 and minimize

internal retluxing or backmixing of catalyst particles in stripping zone 212. The

spent. stripped catalvst 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 tluidized bed 228 contact air entering the
regenerator via line 240. Some of the cataly st 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 (310°-760°C) Regenerator 204 comprises cyclones (not
shown) that separate hot regenerated catalyvst particles from the gaseous
combustion products. or tlue gas. which comprises mostly CO, CO. H,O and N»
The cyclones pass the regenerated catalvst particles back down into fluidized

catalyst bed 228 via diplegs (not shown). as is known to those skilled in the art.

Fluidized bed 228 is supported on a gas distributor grid 244, which 1s
illustrated as dashed line. The hot. regenerated catalyst particles 1n tluidized bed

228 overtlow the weir 246 formed by the top of a tunnel 248 that is connected at



zone downstream from sai d i npi ngenent m xi ng zone: WO 00154845

PCT/ US00/ 07025 =I1) sai d passageway configured to define at |east one

i mpi ngenent surface positioned near the per~phorv of said passageway, said
i mpi ngenent WOP¥84 contisured to direct fluid in a directR@USuUp8Isanti al |y
normal to a longitudinal axis extending through said body; said shear

m xcng zone having a cross-sectional ea defined b~~ a first dinension and
a second di nension. wherein said first dinmension decreases al one a

| ongi t udi nal "&boyomhedugtopsdisdiibowymicn 230.d M hebedan of deynsane 130Itemst o sai d
outlet. and erein said second di mensi qn,i Rereas | ong said | ongitudinal
axis in a di %8t“i%n“’f‘?%‘rﬁ SR Myl hge g TR Y %arﬁ}';sm‘ﬁIl &ttt Jd first

di mensi on deghRAKKINA dawhith®lugh @ifel U@ ddivheshitOmsd awant gaidnfibyi d
outlet, then decreases at a second rate in a direction toward said fluid
outl et. saidlmerSE 19 arss ek o geaasreonhbl sHicdlwegasrs rmaeed land thavher ei n
sai d second dj i i at,:a first rate in a direction toward sai d
fluid outIet?$§§Q%e?%%?g§%§§§gﬁné'%%cond rate in a direction toward said
fluid outlet, said first rate being greater than said second rate. -11. A
process for formng a spray of liquid droplets conprising the steps of; (a)
form ng at |east Edbcratkesdpgdsopedin el pressases typiegploimphidsigagoils. yduchhhase

and a liquid aPJ‘ﬁiﬁﬁ:boﬁPﬂn_l g%?%%sﬁ‘cgﬁﬁhg sttt S PacBnE gsie‘gp(l 85‘.%%11[9@“ ng zone

wherein at | east “a po streamis 1Tnpin agal nst at™ (east a
portion of anoei h@mospheei@muane . Whedieicm drivker oi¢ ( LAGO )anglcokbregavmdn t he
i npi nEed streans is between about. 120 and.240 to forma 1 xed

. : . sahel e
stream WD l6FSusavean g poriing soiat typiqady aﬁag%ilt?fﬁlts“élﬁdp@iﬁn k304 xed

streamto a %mﬁ@rcomwnm\fga@&re%%u%iw%ng@g. wheahd Bb?émgp [Ploes| f39epai d

single mxed streamto forma shear nuted stream an _
(621°C). as well as straight run or atmospheric gas oils and coker gas oils. [n

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 teeds include. tor example. whole and reduced crudes. resids or
residua from atmospheric and vacuum distillation of crude oil. asphalts and
asphaltenes. tar oils and ¢y cle oils from thermal cracking of heavy petroleum
oils. tar sand oil. shale oi1l. coal derived liquids. syncrudes and the like. These
may be present in the FCC feed in an amount of trom about 2 to 30 volume °s of

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

Heavy teeds tvpically 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
hyvdrotreating. solvent extraction. solid absorbents such as molecular sieves and

the like. as 1s known.

Tvpical FCC reactor process conditions include a temperature of from

about 800°-1200°F (427°-648°C). preferably 850°-1150°F (434°-621°C) and



(d) passing said shear m xed streamto an atom zi ng zone wherein said gas
phase expands and increases the surface area of said |liquid phase. therehv
producing a spray of liquid droplets. _ 4?. The process according to claim
4 t further \’,"Qr?ﬂ%‘isé-'l ng the step of combining a gas phase sPFEHHMRTRH a
l'iquid phase streamto formsaid two phase fluid. 43. The process according
to claim42 wherein said i npingenent zone and said shear m xing zone are

and & fruid ot o RaRuE QP EbR TR 66217831 Sk hrViar AGeHENE0 m i ng

zone and sai d,GHERE (cMloN _a,gu>z[gnﬂem[ﬁawj,@me§ cBFh%Ht{nrﬂ@?@'n;tt{?%r‘{"ﬁ&ﬂﬁ)‘?‘ﬁ-ﬁji! nl et

and said outlet” 'said fluid'inlet conprising a splitt at can split an
i ncom ng fl ui d¢cetdseamtetmbiy waiid! atset@aist artdwoitls b ceaisst af lcad rwor phaseat f 1 ui d:

(ii) said inpingement mXing zone comprising at | east one inpingenent
surface,_said&PgﬁﬁW@ WFﬁghrﬁ%p “i% _ﬂ&ﬁbé@“#@aﬁ P AgEMBIrAUeast " portion
of a fluid Sth@ﬂﬁhﬁﬁ@?@@i&@9%?@?ﬂﬂhﬁ9hﬂﬂ?&%&kr§MB%@9QTﬁ&@b@§&uﬁn°ther

i npi nged stream wherein the included angle between two I npinged streans is
bet ween about tvpicallp varan t0nnanel. (ré¢miabpusHiod-8OREA(260°»d27gC one having a
cross-sectional area defined by a first dinmension and a second di nensi on,
wherein said first dinmension decreases WO 001 54845 PCTI US00/ 07025 -42

al ong a | ongi t udi ngfe @¥driichht QUehusBbduiRENoddwath défeRGEE /MK QUG WInsai d
fluid cutlet. 44. The process according to claim43 wherein said shear

m-xi n~~ zone hemslimounpiednipde eral ends. 4~. The process according to claim
44 wherein said nozzle further conprises a spray distributor in fluid
comuni cation with said fluid outlet. 46. The process according to claim45
wherei n sai d Hkshpldoutor defines said atom zation zone. said atom zation
zone having a pressure |less than the pressure within said shear m xing
zone. 47. The process according to claim46 wherein said distributor

conprises a distri Qr ui-d .p 2 . 8% i ai d
passageway havi ng lﬁ%'?ﬁé&%‘%@h%ﬁ%ﬁgﬁﬁgg I@F%@Eg}é{s}lﬁéf@ﬁéﬁ%rﬂ@qﬁ%%a? tdi nal
axis of said pasgagemaithiaf cebdi ime@itiod arohdwak oAk dimildrl igtdesitn $@thdt

distributor. said passageway conprising rounded |ateral ends. ]
shown in Figure 4 was compared to & 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 tlat tan atomizing tip. Both nozzles included
a tan-shaped atomizing distributor or tip and were fabricated at a scale of one
half the size of a tvpical commercial nozzle. The injector was the same for both
cases except tor the nozzle design. Both injectors produced a flat. tan-shaped
sprav and were mounted horizontally and oriented to produce a tlat. fan-shaped
spray with the maximum width in the vertical direction. in the laser light beam
path ot a Malvern partucle sizer. This instrument is well known and used tor
measuring liquid sprayv characteristics. Light ditfraction patterns. each
associated with a characteristic drop size range. arc 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.



-18. The process according to claim4l wherein the included angle between
the i npinged streans i s between about |20 and about 240. .19. The process
according to claim41l wherein the included angl e between the inpinged
streans i s Vé®Oou484680. ~0. A process for tbrm ng a spray ot¢EERME708T opl et s
conprising the steps oF: (a) Pormm- a plurality ot'streans of a two-phase
tluid conprising a has phase and3a |iquid phase: WO 00/ 54845

PCT/ US00/ 07025 =I 3 (b) inpinging at !cast a portion ofeach stream agai nst
at | east a pideb@Mn@oze@Nat Vd BiiMamed Be RS Phie and ely@idWiRE wak " eam
wherein the included angl e between the inpineed streans i s between about
120 anduseditesimuatediwpfrewdinigsesai d singl e mi xed streamto shear nixing
torces, thereby formng a shear m xed stream and. (d) expanding said gas
phase in said shear m xed stream thereby producing a spray of liquid teed
droplets. ~ Agorilihf cPHPELSISe CFAHTARAIYWaS cEhdichedr{ Mk t\REr HRIMPT i sing the
step of conbining a gas phase streamwith a |iquid phase streamto form
sai d t wolrpgersBow|raics and M b asenndigiod drapgdiameier siomealculagier ei n sai d

i npi ngeent .. zong _and, sai d, _shear m xing zong are contained within a nozzle
conpr i sPRYMEY ﬁ?‘Bﬂﬁ‘;‘/’"@ﬂ“ﬁﬁsﬁglur%bonamf‘?‘tﬁ?rhnﬁﬁ 'écf“lgsntéf rQ.“‘fll“d’l d outlet. said
body cafiffefit 86zAOdEeiANRe SahPardedh BRETAE bébwd N_ zone and sai d shear

m Xi ng zone, said zones positioned between said inlet and said outlet, said
fluid inlet conprising a splitter that can split an incomne fluid stream
into said el =d—ApHngenent

m Xi ng zone e_ccoorrpr'\lpsei ng at'| grq“sigs lge';eeci ani nt s'ecif jrf’a e’ dI ~Npi neenent
surface c -a—ger e A =1 e M <s AISE=T- L
cont act i ng(f%$t8rclaﬁ£"i“hgerreht surlfgéce a~Fai n&t%anot her i npi nted st ream
wherei n the Tncluded angl g betwaen tWo| | npiga@ed Streans | g4Detween [about
| 7U and 1QU; _and. " ’ ﬁ l
i 4.47 0.62 , 313
| 5.64 0.40 431
i 3.53 0.94 ' 253
The Invention l 4 84 0.93 252
i 4.97 0.40 342
| 4.36 [ 0.63 | 291
; 5.46 | 0.39 ! 262
i 352 .00 : 162

In all cases. at comparable water and niirogen tflow rates. a nozzle ot 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 ot the present invention.

It 1s 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 trom the scope and spirit ot the invention
described above. Accordingly. it is not intended that the scope of the claims

appended hereto be limited to the exact description set torth above. but rather



WO 00/ 54845 PCTI USO0/ 07025 ( iii) said shear m xing zone having a
cross-sectional area dc;i fined by a first dinension and a second

di mensi on, wherein said first dinension decreases alone a |ongitudinal axis
t hrough saiWOW¥EP4S n a direction toward said Iluid outl et PCT/YS00RHRS oy ocess
according to claim~3 wherein said shgar m xing zone has rounded | ateral
ends. ~4. The process according to claim~3 wherein said nozzle further
conprises spray distributor in fluid comruni l‘cgat,ion\with ?aid fL’ id outlet.
5~. The proddddhgelagpgbaigonsyugyd as sRogMPRpuR & ok e eHPEs O BB et i nes sai d
atom zation nﬁx@@l‘?\’ \vﬁgth'eglhgm ﬁ@?dr%n?ﬂ@@m@%\’ﬁ AnPLEFRULE &S dt han the
pressure within said shear m Xxing zone. . The process according to claim
~~ wher ei n saibddiheits Whitton ocldnpenirces @ edushidanbuhercof builhspaisidad anay
extendi ng therethrough, said assa?eway haying a first dinmension that

di ver ges al SRgaH M WNEHDE (RNCAEPN RKIENST sai d passageway in a direction
toward said outlet ohsaid distributor, said passageway conprising rounded

| ateral ends. ~7. The process according to claim~6 wherein the included
angl e between the inpinged streans i s between about 17~ and about 185. -~8.
The process according to claim~6 wherein the included angl e between the

i npi nged streans is about |80.



~9 The apparatus according to claim7 wherein said fluid open~nes have a
cross-sectional area. wherein said fluid outlet of said body has a '
cross-sectional WO 001 54845 .t5 PCT/ US00/ 07025 area. wherein the
Cross-secti ovabo/sasssa of said fluid outlet ot~said b~dv i5PCFESIWEHRY t he sum
ot'the cross-~eca~onal areas ot'said fluid openings. 6U The apparatus
according to claim2U wherein said f1dtd openi n~~s have a cross-sectional
area. wherein said fluid outlet of said body has a cross-sectional area.
wherein the €ladMSectional area of said fluid outlet ot'said bodv is |ess
than the sumot'the cross-sectional areas ofsaid fluid openings. .An. AYY

A, U.AS .AS. Afu E . A Af. ASN. AS ?. A a?. A@. AN . AS(5. A . ASE

I A liquid atomizing apparatus comprising:

a bodv comprising a tluid inlet and a tluid outlet. said body configured to
define an impingement mixing zone and a shear mixing zone. said zones
positioned between said inlct and said outlet. said fluid inlet comprising a splitter

that can split an incoming tluid stream into at least two streams:

said impingement mixing zone comprising at least one impingement
surface. said impingement surtace contigured to impinge at least a portion ol a
~
fluid against another impinged stream wherein the included angle between two

impinged streams is between about 120° and 240°; and.
ping

said shear mixing zone having a cross-sectional area defined by a first
dimension and asecond dimension. wherein said first dimension decreases along

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

2. The apparatus according to claim | wherein said impingement mixing
surtace is configured to be substantially perpendicular to the overall direction of

fluid flow through said body.

3. The apparatus according to claim | wherein said impingement zone

comprises at least one right-angle step.

+. The apparatus according to claim | wherein the wherein the included

angle between two impinged streams 1s between about 170° and 190°

5. The apparatus according to claim | wherein the wherein the included

angle between two impinged streams is about 180°.
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g. The apparatus according 1o claim 7 wherein said second dimenston of

said shear mixing zone increases along said longitudinal axis toward said fluid

outlet.

9. The apparatus according to claim 8 wherein said first dimension
decrcases toward said fluid outlet at a first rate for at least a portion of said shear
mixing zone and then decreases toward said fluid outlet at a second rate tor the

remainder of said shear mixing zone.

10.  The apparatus according to claim 8 wherein said second dimension
increases toward said fluid outlet at a first rate for at least a portion of said shear
mixing zone and then increases toward said fluid outlet at a second rate tor the

remainder of said shear mixing zone.

Il.  The apparatus according to claim 10 wherein said shear mixing zone has

rounded lateral ends.

12.  The apparatus according to claim 1! further comprising a spray
distributor in fluid communication with said fluid outlet. said distributor detining
an expansion zone having a pressure less than the pressure within said shear

mixing zone.
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define a first expansion zone positioned between said splitter and said

impingement mixing zone. said expansion zone having a cross-sectional area.

5. The apparatus according to claim 14 wherein said body and said splitter
define at least two fluid openings. each said fluid opening having a cross-
sectional area. and wherein the sum of the cross-sectional areas of said openings

is less than the cross-sectional area of said expansion zone.

16.  The apparatus according to claim 11 wherein said shear mixing zone
comprises an atomization zone. said atomization zone comprising an area of

smallest cross-sectional area within said shear mixing zone.

17.  The apparatus according to claim 13 wheretn said body comprises a
plurality of plates. said plates comprising an orifice extending therethrough.

whereby the orifices of said plates define said tluid passageway.

18.  The apparatus according to claim 17 wherein the orifices of said plates
that define said shear mixing zone have varying first dimensions. wherein the
tirst dimension of the orifice of each plate defining said shear mixing zone 1s

smaller than the lirst dimension ot the orifice of the plate preceding it.

19.  The apparatus according to claim 18 wherein the orifices of at least one

said plates that define said shear mixing zone have varving second dimensions.
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wherein the second dimension of the orifice of each plate detining said shear
muxing zone is greater than the second dimension of the orifice ot the plate

preceding it
20. A liquid atomizing apparatus comprising:

a body comprising at least one Huid inlet. at least one tluid outlet. and a

tluid passageway extending between said inlet and said outlet:

said passageway defining an impingement mixing and a shear mixing

zone downstream from said impingement miXing zone:

said passageway configured to define at least one impingement surface.
said impingement surtace contigured to direct fluid in a direction substantially

normal to a longitudinal axis extending through said body:

said shear mixing zone having a cross-sectional area detined by a first
dimension and a second dimension. wherein said tirst dimension decreases along

a longitudinal axis through said body in a direction toward said tluid outlet

21.  The apparatus according to claim 20 wherein the portion of fluid
contacting said impingement surtace is a peripheral portion of the fluid flowing

through said passageway.

22.  The apparatus according to claim 20 wherein the wherein the included

angle between two impinged streams is about }80°.

23, The apparatus according to claim 20 wherein said impingement surtace
imparts impingement tlow to the portion of said stream contacting in a direction

ot about 90° normal to the longitudinal axis through said body .
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24, The apparatus according to claim 20 wherein said fluid outlet has a non-

circular shape.

25, The apparatus according to claim 20 wherein said seccond dimension

increases along said longnudinal axis toward said tluid outlet.

26.  The apparatus according to claim 20 wherein said first dimension
decreases toward said fluid outlet at a first rate tor at least a portion of said shear
mixing zone and then decreases toward said tluid outlet at a second rate for the

remainder of said shear mixing zone.

27.  The apparatus according to claim 26 wherein said second dimension
increases toward said tluid outlet at a first rate for at least a portion of said shear
mixing zone and then increases toward said fluid outlet at a second rate for the

remainder of said-shear mixing zone.

28.  The apparatus according to claim 20 wherein said shear mixing zone has

rounded lateral ends.

29, The apparatus according to claim 20 further comprising a spray
distributor in fluid communication with said fluid outlet. said distributor detining
an expansion zone having a pressure less than the pressure within said shear

mixing zone.

30.  The apparatus according to claim 29 wherein said distributor comprises a
distributor fluid passageway extending therethrough. said passageway having a

tirst dimension that diverges along the longitudinal axis ot sard passageway n a
direction toward said outlet of said distributor. said passageway compnsing

rounded lateral ends.
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31.  The apparatus according to claim 20 wherein said body is configured to
define a first expansion <one positioned between said splitter and said

impingement mixing sone. said expansion zone having a cross-sectional area.

32.  The apparatus according to claim 31 wherein said body and said splitter
define at least two tluid openings. each said tluid opening having a cross-
sectional area. and wherein the sum of the cross-sectional areas of said openings

is less than the cross-sectional area of said expansion zone.

33.  The apparatus according to claim 20 wherein said shear mixing zone
comprises an atomization zone, said atomization zone comprising an area of

smallest cross-sectional area within said shear mixing zone.

34.  The apparatus according to claim 20 wherein said body comprises a
plurality of plates. said plates comprising an orifice extending therethrough.

whereby the orifices of said plates detine said fluid passageway.

35.  The apparatus according to claim 34 wherein the orifices of said plates
that define said shear mixing zone have varyving diameters. wherein the diameter
of the orifice of each plate defining said shear mixing zone is smaller than the

diameter of the orifice of the plate preceding it.
36. A liquid atomizing apparatus comprising:

a body comprising at least one tluid inlet. at least one fluid outlet. and a
tluid passageway extending between said inlet and said outlet: said fluid inlet
comprising a splitter. said splitter and said body detining at least two tluid

openings to said passageway:
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said passageway defining an impingement mixing and a shear mixing

zone downstream from said impingement mixing zone:

said passageway configured to detfine at least one impingement surface
positioned near the periphery of said passageway. said impingement surface
configured to direct the fluid in a direction substantially normai to the

longitudinal axis cxtending through said body:

said shear mixing zone having a cross-sectional area detined by a first
dimension and a second dimension. wherein said first dimension decreases along

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

37.  The apparatus according to claim 36 further comprising a spray
distributor. said distributor comprising a distributor fluid passageway extending
therethrough, said passageway having a lateral dimension that diverges from a
distributor inlet to said a distributor outlet, said distributor inlet configured to be

substantially the same size and shape as said fluid outlet ot said body.
38. A liquid atomizing apparatus comprising:

a bodv comprising at least one fluid inlet. at least one fluid outlet. and a
tluid passageway extending between said inlet and said outlet: said fluid inlet
comprising a splitter. said splitter and said body defining at least two Huid

' openings to said passageway: said body comprising a plurality ot plates. said
plates comprising an orifice extending therethrough. whereby the oritices of said
plates detine said tluid passageway. and wherein the orifices of said plates that
define said shear mixing zone have varying diameters. wherein the diameter of
the oritice of each plate defining said shear mixing zone is smaller than the

diameter of the ontice of the plate preceding 1t:
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said passageway configured to detine at least one impingement surface
positioned near the periphery of said passageway. said impingement surface
contigured to direct tluid in a direction substantially normal to a longitudinal

axis extending through said body;

said shear mixing zone having a cross-sectional area defined by a first
dimension and a second dimension. wherein said first dimension decreases along
a longitudinal axis through said body in a direction trom said inlet to said outlet.
and wherein saia second dimension increases along said longitudinal axis in a

direction from said inlet to said outlet.

39.  The apparatus according to claim 38 further comprising a spray
distributor. said distributor comprising a distributor fluid passageway extending
therethrough, said passageway having a lateral dimension that diverges from a
distributor inlet to said a distributor outlet. said distributor inlet configured to be

substantially the same size and shape as said fluid outlet of said body.
40. A liquid atomizing apparatus comprising;

a body comprising at least one fluid inlet. at least one tluid outlet. and a
fluid passageway extending between said inlet and said outlet: said fluid inlet
comprising a splitter. said splitter and said body defining at least two fluid

openings to said passageway:

said passageway defining an impingement mixing and a shear mixing

zone downstream from said impingement mixing zone:
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said passageway configured to detine at least one impingement surface
positioned near the periphery of said passageway. said impingement surface
contigured to direct tluid in a direction substantially normal to a longitudinal

axis extending through said body:

said shear mixing zone having a cross-sectional area defined by a first
dimension and a second dimension. wherein said first dimension decreases along
a longitudinal axis through said body in a direction from said inlet to said outlet.
and wherein said second dimension increases along said longitudinal axis in a

direction from said inlet to said outlet;

wherein said first dimension decreases at a first rate in a direction toward
said fluid outlet, then decreases at a second rate in a direction toward said fluid

outlet. said first rate being greater than said second rate: and.

wherein said second dimension increases at a tirst rate in a direction
toward said fluid outlet. then increases at a second rate in a direction toward said

tluid outlet. said first rate being greater than said second rate.
41. A process for forming a spray of liquid droplets comprising the steps of:

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

and a liquid phase:

(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° to form a single mixed stream:
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(¢)  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:

and.

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

producing a spray ot liquid droplets.

42.  The process according to claim 41 further comprising the step of’
combining a gas phase stream with a liquid phase stream to form said two phase
tluid.

43.  The process according to claim 42 wherein said impingement zone and

said shear mixing zone are contained within a nozzle comprising:

(i) 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 {luid stream into said at least two

streams of a two-phase fluid:

(i)  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 wherein the included angle between two impinged streams is

between about 120° and 240°; and.

(iii)  said shear mixing zone having a cross-sectional area detined by a

first dimension and a second dimension. wherein said first dimension decreases
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along a longitudinal axis through said body in a direction toward said lluid

outlet,

4d.  The process according to claim 43 wheren said shear mixing zone has

rounded lateral ends.

45.  The process according to claim 44 wherein said nozzle turther comprises

a spray distributor in fluid communication with said fluid outiet.

46.  The process according to claim 45 wherein said distributor defines said
atomization zone. said atomization zone having a pressure less than the pressure

~

within said shear mixing zone.

47.  The process according to claim 46 wherein said distributor comprises a
distributor fluid passageway extending therethrough. said passageway having a
first dimension that diverges along the longitudinal axis of said passageway in a
direction toward said outlet of said distributor. said passageway comprising

rounded lateral ends.

48.  The process according to claim 41 wherein the inciuded angle between

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

49.  The process according to claim 41 wherein the included angle between

the impinged streams is about | 80°.
30. A process for forming a spray of liquid droplets comprising the steps ot:

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

phase and a liquid phase:
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said zones positioned between said inlet and said outlet. said tluid inlet
comprising a splitter that can split an incoming fluid stream 1nto said at least two

streams of a two-phase fluid:

(it)  said impingement mixing zone cémprising at least one
impingement surtace. said impingement surface configured to impinge at least a
portion of a fluid stream contacting said impingement surface against another
impinged stream wherein the included angle between two impinged streams is

between about [ 70° and 190°: and.
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. exs P$3Q5* sAtoRZIRPNARAT L @ﬁé,&ﬁﬁmz?nonw haymsI(a pressure less than the pressure

within said shear mixing zone.

56.  The process according to claim 55 wherein said distributor comprises a
distributor fluid passageway extending therethrough. said passageway having a
first dimension that diverges along the longitudinal axis of said passageway in a
direction toward said outlet of said distributor. said passageway comprising

rounded lateral ends.

57.  The process according to claim 36 wherein the included angie between

the impinged streams is between about 175° and about 185°.

58.  The process according to claim 36 wherein the included angle between

the impinged streams is about 180°,

39 The apparatus according to claim 7 wherein said fluid openings have a

cross-sectional area. wherein said fluid outlet of said body has a cross-sectional
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area. wherein the cross-sectional area of said fluid outlet of said body 15 Icss than

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

60.  The apparatus according to claim 20 wheretn said fluid openings have a
cross-sectional area. wherein said fluid outlet of said body has a cross-sectional
area. wherein the cross-sectional area of said fluid outlet ot said body is less than

the sum of the cross-scctional areas of said fluid openings.



