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~, E, LD OE, THE | NVENTI ON *01* The invention relates to cavitation enhanced
I|quid atom zation. Mdre particularly, the invention relates to atom zing a
fluid conpri wionngssssol ution of the liquid to be atoni zed apdr@séomssss
boiling cavitation liquid, by contacting the fluid under pressure and while
flowing, with a pressure reducing neans to reduce t he qu|d pressure and

t hereby produce nucl €2 A FION BN : AT ]
cavitation liquid in the f|UId at a tenperature beIOM/the bubbl e poi nt of
t he solution, and then paSS|ng the f|UId t hrough an atom zing neans into a
| ower pressurg, sgation is induced upstream of the

atom zi ng neadr T ' T g a hot FCC feed

catal ytic cr ackl ng reaction zone, usi ng a |l ower boiling hydrcl;llma““wm“’wmum
cavltation lig d]',)&i Wn is well Irnown and used I n

variety of a ELROEAL es. These include, for exanpl 23 aerosol
sprays, the application of pesticides and coatings, spray drying,

huni di fication, mMpielgventioh rélaiRslid éAtafieh edfcediedqdie alonfdione tMéreeum
refinery processes. For nost applications, a fluid under pressure, with or
wi t hout "t he apastieslaghydhemvantion rslatesita gtasaizingiasilpg comgrising 8 sghitian of essur e
reducing orif b t e fluid
basses ¢ hr oughEdiutBhe Az G T ofing SR IR B thhBelta b2 | i
degree of at omtaamdarpmsmﬂrﬂrmﬂbeﬂb\bmgt hétherpréstsme reduteng mbsnspoessur e drop

across the orifice, flujd densi SCOos nd, surface tension, etc., as
i s known. At ofeAYeR theAluidpresuire erash CE!PB Fvétonsqnéerr\gthdg‘&réslséd) Wi th
decreasing ofddrifind #4poR Bt RaYIRABR uﬂfﬁﬁﬁyhﬁldjﬁpzpte eaflrg bBbuf eal | vely
viscous fluids at high'flow rates, such as the heavy petrol eum 0| feeds
used in *1591Bdble pQAﬂQﬁIhSSﬂB@OIP@TM usa@resoBthe flui@ throwgh ahi atemidingat al yti c
cracki ng (FCC) process id cat c as it is.also called, is
parti cular |y DRGSR fover Brssturd b Bbe Z0RF B Rur Karisd i miBed o ocess i n
the petrol eunygsebamiofthd AtemsAifig/meds. MBYis IsYust I f&QEBt@:&Idgﬂﬂldi'F@C kedll i ng
petroleumoils_to nore valuable | ower boiling products, including gasoline
and ni ddl e di @i inte acawlyigerckingresasion zene,jusingamigwar beiing hydiocarhamiaheat i ng
oil. In an FGg.R 58&‘?1%%11 preheated oil feed is mxed with steamor a | ow
nol ecul ar wei gﬁt ) gas under pressure, to forma two phase, gas
and liquid fluid. Th|s qu|d |s passed t hrough a pressure-reducing orifice
into a | ower BACSSGROU) N which the gas expands and the

oil is atonized, and brought into cont act with a particulate, hot cracking
catalyst. Th i tion

bet ween the Slg;lgd) qlg‘rng ‘ghlgfg‘a@gﬁggdg{?gqﬁlalﬁg géséstggf?ﬁ%é% taﬁg orifice
and into the ;bromsesprﬁmurmhaﬂepﬁsrmﬂmpla Zenosol sprags, BeG@pplisaionodfnpri ses bot h

t he feed atom zati.on ne .and the cat c¢rac zone.. Steamis.mare often
Loed Chan o | RRERS Aaa iR SOFaE dopioe AR PAKIE PEAPRIOBREL ne. on
the gas conprgssdhemidadahd bé&cﬁéurﬁ'ﬂé’ﬁﬂe‘?ﬁfpﬂﬁ%ﬁ rm«%%ﬁﬂﬁaﬁoﬂ aqtyi@nati on.

However, the use of steam produces sour water, which enhances corrosi on.
Sour wat er i surgles presswre,rwitihenwithout thedssistande 9f amatomiging garekseforned be treat ed

bef d h d f h h
reduces or  or PiyideCshls SHRTRE ouPeL R iR lof Bl Ao  ga

atom zi ng agegycars ablRe floidgikied throegRitR orifiteand itttk 18veNpebsuge BoreCeSS i N
which a fluid conprising a sol utlon of the liquid to be atom zed and a

| ower boi | i ngdQ¥astieam; dJine|degise @f atomizatiands detgrmingd by thecardifesizgnthenni | e
flowng, wt r t sure and
thereby pr odiB e el o errss BT R chéle) Sadtn) B MG ISR HET, &
vapor in the 4d lsldeWB.t Asothizaper BtmmeasladIand/thdtkoplubmexspbcmhsedf withe
solution, and,then, pas"ﬁjb’c theflurdthrou n atomzin s into a

| over pr essur #¥CIEasiREA i @nd Hijreasing press \'ﬁ 9P HHPTRG q’@ fively

viscous fluids at high flow rates, such as the heavy petroleum oil feeds used in

L
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WO 001 55282 PCT/ US00/ 05034 -3conprise vapor of the cavitation |iquid. ‘
Nucl eation of the cavitation bubbles produces a two-phase fluid conprising
t he vapor bubbles and the liquid solution. Wile bubble nucleation is
produced upswoeass2g¥ the atom zi ng neans, typically and prefeussbbssdot h
nucl eati on and growm h of the cavitation bubbles wlt occur upstream of the
atom zing neans. G owh of the cavitation bubbles is produced by one or
nmor e pr essur Guidigbdatulyticeaacking (FGQ)grotassdsher fhiidatdrackdggs it i3 aldoe fluid, as

it flows downstreamto the atom zing ans. A coptjnued. pressyre drop, even
if only sli gﬁ%l,leda%aﬂ%ﬁ?fﬁ' ‘glaﬁs?sm%i RgCiipan E%*H}SEEA amﬁmdg[ydﬁgq? growt h of
the cavitati I ; j d _-pas: ,yg,xg,l;%- Qpl zi ng
means and i n? gbctb %ghlt(ﬁ;év\g%%ue@éﬁﬁéﬁgﬁgﬁty’ﬁgﬁm?r%gﬁvvhi C ﬁl?tﬁbéiglg?dl y
vapori zes. Passolagmtdils ts morovalaable loovestbadmgfgrodutts, knciudihg gaseling andi zi ng

| h t th e itati bbl d
e o phasoSnade caaRe udotseree drab chesb et Ang et dl 0 s 7 ot | oct ed
in the fornmaEcenp@teds! tha Feheated BR TIER aSixed Whth sRAmITralbivasole&ilsr The

atom zation produces a spray of liquid droplets into the |ower pressure
atom zi ng zomeightke.g., Cs.) gapunden pressuse,de fein a buo phasegasgné fiquiddluid neant a

| ow pressure. keducin a sych as one .or. nor.e stati . xer nthe fluid
| i ne upst rea#&f‘fﬂj‘f‘ﬁésg%%gg?#@roﬁéﬂr‘?epéﬁsssyreﬁ'de%W 8?@%%\5‘?%5 f%?w Ban r{: hat the
static mi xer gjonfizatiinhsdne PGSt thelgas egpands BRBINS ofllio atetigd, and Broeght! owi ng
fluid, a pressure drop | ess than 50 psi) preferably |less than 15 psi and
mor e pref er alitg CARAg, Btk a pagticalste; hpteracking satalytof[he plomizgiianf adedtethns, with
a typical pregs i : b4 1:GAv JOL. .sphenonena
" Whi ch a pPaziar, 6 i ShERGENb Biiviech incedhd LR drlesth P 1diaP]

t enper at ur e Ipesseswhronghothb briicpandintwmthetibneer pregsick. atdtnizatiorczoniet Zheon occurs

by reducing ressure, i intaining a constant tenperature. This is-
in contrast H;%o’gfqricﬂﬁ’pé‘ﬁﬁ\ég}éréﬁ'eg{?%ﬂ?tgﬂqafiﬁ? ZORE At ﬁCZHGB%RE‘gﬁBE‘F'eati on is
i nduced by i Bgda@PRimérelof@n uSEPBER R WeBt Bfdrédiodn ghs kodbdliee thdapbribbl e poi nt,

whil e maintaining the pressure constant. The cavitarion liquid is soluble
in the |iqui doadingoen theonithe gassgompresspndaeititiecanddthe dovsteean produstyr has a

| ower boilin LNL: th i quid.to be atom zed or coptains sufficient
roteri o boi ioaibbioh #budiE Wt brt @aR BN SRF wier” PR BishRunBHs T L' ©T,
f or m bubbl es cefrbsibn.gEowr watelr iexRarevirOimenty, Qi i2ed P AndP@ALSURRIROBS84 -4 t he

atom zation. Typically this neans that atf least 0.5 w. % preferably at
least 1.0 wt .tre%%aﬁea¥%f’§r’ﬁaéf Lhetp isa pgedherefors, for 3 progesgthateithar ¢ he

cavi tating | igiices ¥ diimipGiey BRI ARH o FUEIR 1 HWn’foﬂe'cgfa?lNe%‘l‘\pQAse formation and
subsequent atom zation of the liquid to be atom zed. Thus, "the fluid
produced by niouiaggtagentsavitating liquid with the liquid to be atonmized, is
preferably a single phase liquid m xture or solution, as opposed to two

i quid phases or an enul sion, The process of the invention is useful for
atom zi ng a QUMMARYCOY THEIINVENTIONNCI udi ng chem cal and refinery
process liquids) such as atom zing a hot FCC feed oil into a cat cracking
reaction zone, using a |lower boiling hydrocarbon as the cavitation |iquid.
In) for exanple, , . ..ol | feed
liquid and an at o?ﬁﬂg F%mg%rg% ?:sc}%%rllii@(g%ggnt?zég%ﬁ#és\%égE'Vr}ll?%u%ﬁ&g f eed

i nj ector whi chmipeisingnabbsioatof ithesliqhidwshe aamizzddnd a |ewerdiotliigzdaniationans

conprising an, atom zing orifice. The downstream si de of the atom zing
orifice opené‘%lﬁﬁkﬁs‘iﬁ“&gmdi‘f@S‘%Fe_%sﬂfeay‘dd\y’\g‘?? _flmrksr With@ PrEsSWRAHICINen ¢ he
practice of thans VRAhEOMRe MRiFH¥isuAl Arﬂﬂth&chy grod%eémﬁdlédti!aﬂ oPBfbids More | over

boi I'i ng hydrocarbons or [ower boiling hydrocarbon fractions, is mxed wth
the hot oil eompeasinghe eavitation liqiid vapgrao thy flwid, atiatteinperatuge belpwdtheor, to form

the fluid solution i at this point, is iquid. The jnj.ector
typically cor‘?b‘%l_gé)g\‘,}gr?g%fohﬁp& %tgfﬁ P?s%rtﬁ‘? hﬁ@ﬂhﬁ’“&é‘% P& 1iquids
through and tnegafib b @ Jowér préssufobihizimesBneNdhis) tRélcaAi@iidzbubblédeans. The
liquid solution of FCC feed oil and the one or nore cavitating liquids is

mai ntai ned at a pressure and tenperature, such that cavitation preferably
does not occur until the flowing fluid contacts one or nore pressure
reducing neans in the inj ector, to produce a pressure drop mthe fluid and
t her eby i nduce nucleation and growt h of bubbles conprising the vapor of the
cavitating fluids) dissolved in the hot oit. This bubble nucleating
pressure drop may be as much as one-third of the pressure drop of the fluid
through the injector and into the FCC cat cracking zone, as an oil spray
conprising droplets of the atom zed oil. The pressure drop induci ng nmeans
is located upstream of the atom zing neans. Such neans will preferably
include  WO00/55282 PCT/ US00/ 05034 ~ _ -5one or nore static m xing nmeans
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aqueous liquids as well as hydrocarbonaceous liquids. In the case of water,
for' exanple, the cavitating liquid nay be acetone, nethanol and the |ike.
When used in connection with an FCC cat cracking process, the practice of
the inventi oWO®&82s and preferably elimnates the use of PCTASRM/ESEN f eed
WO 00/ S5282 PCT/11S00/ 05034 -6 atom zation and the concom tant sour water
production, clean-up and disposal, tt al-3e reduces and preferably

el i m nat es t lvempsiec wdpaa ofi $htrcavaathoniiqad Neclgatjon®f®s) cavatafion hukbleswo- phase
fluid for atom zation. |lpn addition, .t.he use of the |iquid.phas rocess of
the { nvent | oPricht hayeseReRattig bORamsng et wiptarend s TG FapGeT on

probl ems assoghaé Bebbié hilclebna8 prodiddd Wibredrh @A tHE AbABEng Madd, SpRAlyat i on.

In a nore detail ed enbodinent relating to FCC feed atom zation, the

i nventi on corapdipseferahly bash guelgatianrandigrenthfsheeayitapion hubtdesovillsassur he st eps
of (a) contact] L Ng: I u 1Sl sol ution
of L feed EbioL 82 tbizinebons: CREMURHERS L sfOR bESUIRLIs 3oty

hydr ocar bon |Hystiedst nfdre prceiire o8t cinpithedng iad alkB be theprevduire Bropan tie bel ow t he
boiling range of said oil feed, with a pressure drop neans to reduce the
pressure of dSHig #iblpwydevasteamia thy Yamianhmeansatd 6Antyrcd PESFEE conpri si ng

vapor of sai Vi i b deak 3 I o oi nt of
sai d sol uti oﬁd,r8€’oelv%€&nd1ﬁgy %l\%ﬁ’pﬁggg% "?Fthlﬁﬁg @gﬁ%«%’?@lbﬁ% %@%ﬁﬁ’ﬁgg@s&gﬁd liquid
sol ution; (b)thpasdiatign bablled oupmbke flhidi pdsste thrstgletheatorhiaingmeankir ough an
atom zi ng neans .i nt n atom zi ng zone which is at a.‘ﬁressure | ower than
that of said FPIPG BRI SARY-RESANSi By R EPIY VARUHCSe sai d f1 uid
and form a spraRying HEVolokmed tidiphsbe FaPlBbihGhe 8@ifzihg Bttali hlso Wherei n said
atom zing zone conprises a cat cracking reaction zone, and (c) contacting
sai d spray wiprpducepshear betvger therapor (thgeavatetiorcbuthlest Ridijqeidihisest in said
reaction zone_ _at, reactio ondi tions..effective o cat i cal.l rack said
feed oi | and PVSHIREE &0 SR8 4K O/ Bﬂ‘gﬁb%ﬁghc%‘g‘ﬁa‘bﬁ?m%?ﬁPﬁg
hydr ocar bons |jgaattdaetheRibrires, sialek plogules,atd.| it AbmiZAGPApRiRbesTd ayt he spent
catal yst particl esﬁ%@i n a separation zone, are recovered and then typically
sent to furt HEAIgYddeBlstsiglo the loweriinaessereaamigingtaone. Tiisds expiairedhin
WD. 00/ 55282 PLTL: 0%3,31: . j st
particles, V\hﬁ%@%él gfﬁsﬁ%ﬁggfegﬁté;@@rg%g}gﬂgﬁgg %@g{]&%@%ﬁ& nown. The
spent cat al ysdr maretstatic msixensen gerfiyig fide npsteasit ofithpatomiziag meahd Belowe t he
stri ppabl e hydrocar.bons t 1E)biloduce stripped, coked catal yst particles. The
stripped, coKEESEHtAMmEnt %3 Féﬁaggn’aﬁ‘%r(sggégg‘ﬂ’_'l’ﬁf%‘r%mrd@ﬁ B&AMT on zone, in
Whi ch they argognsiel afisdfdwing MY I tesste drop Wst HRAAS 0, grdreraBlyiigssbUr n of f
the coke and produce the hot, regenerated catalyst particles, "which are
then passed Bawklupsiiandanarheraferablyinorgreserthamhesirupstrearo of theratorokzingn FCC cat
Cracking proGgssUpHR L pitA TR & e Fndfl AN 1168 530 Eaifiidn [ reaction
phenomena in which a pressure drop induces bubble formation in a liquid, at a

temperature below the bubble point of the liquid. Thus, cavitation occurs by
reducing the pressure, while maintaining a constant temperature. This is in
contrast to boiling enhanced atomization, in which bubble nucleation is induced
by increasing the temperature of the fluid above the bubble point, while
maintaining the pressure constant. The cavitation liquid is soluble in the liquid
to be atomized at the process conditions and either has a lower boiling point than
the liquid to be atomized or contains sufficient material boiling below the boiling

range of the liquid to be atomized, to form bubbles which grow and expand for



Figures | (a) and 1(b) are sinplified side and plan view schematic
illustrations of an FCC feed injection unit useful in the practice of the
invention. Figure 2 is a graph of vapor pressure as a function of

t enper at ur e woroos8ar at ed hydrocarbon cavitating fluids. Therdsogioshspassi ng
t hrough the atom zi ng neans, which typically conprises an atom zi ng
oriftce, having a cross-sectional area pgrpendicular to the fluid flow

direction smahd fbmiZaabnt TgbicAly thikomédndichhtlat RASIQONAYI%, profetdbPRagleas furt her
descri bed below, 1s a two-phase fluid conprising a gas phase and a liquid

phase. The gds) whitend mepe prséesaldy greatarithan 1.9 gii @ of shroraviaiing liquid willi d phase

ton zed. Thetvaptitddchy St BEE rorratih R Lo Bert A eabidn S ey be
gas- cont i nUOYRe Rguill kSIbe Stofzddl IMKALiIhe Aiid prodieed B mixinglihe yavitatiag, 1 n which
it my not be known with certainty if one or both phases are continuous.
This may be fliguidwith thediquid todee atpmizedds eraferablytasingle phasg diggidamixie open cel |
sponge and a ¢l I A / 4 .g_ sponge. Sponges
typically havogsglﬁﬁgg’%g\?gf’%sﬁegﬁggé rﬁgtﬁlﬁﬁhg{ﬂgﬁ??@go id. An open cell sponge
is both gas (air) and solid continuous, while a closed cell sponge is solid
continuous and coffhapresess efdheinzestitinsip esefelifor gmmiziag lasvid¢ maraty ofen cel |
(Such as' mmy 0, SRR, tBinisa) 8ud isB! ifecs® bk PP FanFoine B osed
cel | sponge, ROEf@a%ilGan mteﬁukmg@mﬁoﬂaowugihgaﬁwéﬁwli@ di spersi on of

di screte gas globules in the solid. Sone sponges fall in-between the two,

as do some thygrsamonagthecavisatm liquidy B, ferexpralscamRECaresestiadWghase. It is
t i bl , biS. o ' : lid

Cont P nuous, © s @ cTRARER dif Rea 8 a3 SRAGRYAN A ANTABRSAEST 2P )

that is gas ctaahi flowsithronghya fedéd anefiarehich iempeanés at itk downairgahodrndgy anf t he

fluid as it is passed into and. through the %tom'l_éi Hg neans, ‘Ena%( ROt be
al ways known ARTERIESPERF FPPIIFING S8 JEARIZAE BHICEHL 8§ IPHBT AL HeSuf fi cient
vapor pr ese!"tatérﬂizm'éeormdé'o%cﬁﬂq&ﬁﬁﬂsﬂgaﬁxhﬁtoaat%ﬁyzdiﬂﬂb%ﬂ% is Efwil. N (rdhear  (and

any other mxing upstreamof the orifice, but downstream of the bubble
nucl eat i on) rmiradtieg of theiinvantiasea ¢avatatingBuidc canprismg orfe erimork(lowet, by

i ncreasing the.surface area of the Liqui hase.. This is reflected in
reduci ng (i) h:{ng‘gt}W?dg?(%ésoé‘SSf ioa ﬁf’l‘lﬁ‘%ﬂﬁﬁ‘%ﬁ%ﬁ&ﬁ?ﬁ%s’ 19mPRA Wi 8% nes s
and/ or | engt thobbil aftlerl upgtiédin b harkjeéter oF withith@infect@d@ foimh ithe fldig@ si ze of
any liquid globules in the fluid, either _before or during the atom zation.

In the pract iSeRtgR wikeh, ahthisRqiat Is 4 kiqyid. FhemeeqtardypiRally ¢IRPTsEHPRE Yassed

t hrough t he 121 : : il : conpri se
nostly cavi tgr%l(ls)%]é:a? ufscritg eg%\?)/lrntg%ﬁ]fegﬁ\%#gﬁgg@% ?)M.%%hi és?ld(t%ggg%l%:{“\igl unetric
vapor to |iqulosvnsatdano end inadn dtemsdingmeyns. AleiliggidsohhtameffHAC feedeilgnd | i qui d)
passed thr ougF the nozzle, . will.,. haa/e its ki ggzti c energy jncreased. Wth a

t wo- phase fl %I°‘_&%?fd?’?‘§i°ﬁ§“%f“\gaﬂz?é‘t‘ SR EERNTAREC 2 4 PIGIVEF %’\%E’@}’e?ﬁ‘é&vapor _
velocity may gigh {HAEERAREN bﬁlf@famyeloéﬁéﬂb%caﬁln@ﬂ?tﬂemdwing Gid domthct dagase, (1)
in mxing zones between the bubble nucleation and pressure drop neans, (ii)
when the f1 uidt mRrs peassurh resduginganeans amthei inigeor.itd prasiuos a pressuredrop 1n
cross-sectio D i I f.luid,fl i tion, t e fluid
condui t manghﬁgg{draglg%’%g ﬁfﬁlghgeré@?%agoggg% eogv%gég"?bgb&%scﬁorﬁn rgf}}%ftb%e). Thi s
vel ocity di f fvapensf tht chétavirg fluidie) digphiedam thellioguild Thikambbleinhclestingeved to
result in liganmentation of the liquid, particularly w

th
pressure drop may be as much as one-third of the pressure drop of the fluid
through the injector and into the FCC cat cracking zone, as an otl spray
comprising droplets of the atomized oil. The pressure drop inducing means is

located upstream of the atomizing means. Such means will preferably include



W)- 00! 55282 PGT/ US00/ 05034 _ -9 a viscous liquid, such as a hot FCC feed
oil. By l'iganentation is neant that the liquid forns el ongated gl obul es or

| i gaments which are sonmetines referred to as rivulets. The atom zing_ zone
is at a | onewopo/ssasuire t han t he pressure upstream of the arowusdonspserifice.
Consequently, the vapor in the fluid passing through the atom zing orifice
rapi dly expands, thereby further shearing,. squeezing and di spersing the
liquid | i ganmeiesor afuté otatid haping tmseand lazatelidn dicoMiid icogwdnupstredn vf theganent s
typically break into two qr nore droplets dur.i ngf the atom zation. Refernng
to Figures 1(M9miRe meds: Inoneembedigent, 3pleselitrolisneh mensmmpbs logated hol | ow)
liquid feed gangltihhialAnddib S@HEN N Hin AR sucldsSivi c.%ﬂgcﬁg!nlnorégﬁq dng Ppassed
froman upstream source. At the sanme tTnme, a cavitation liquid conprising a
| ower boi | i ngubly dreansnasio flowwis govdstreanptsthe dtottnimginndans.t Tlkis eowbddimeni2 vi a
line 14, which jntersec the caonduit at the tee jojnt, as shown. The
cavitation | i‘ﬁﬁ‘ Rfo %ce%ﬁtbgl?t'&ﬁlqaﬂ?%a? Broptig i W@oﬁcff’e‘{)?sl it agrogehes thei xes, to
forma I|iqui dys@lAng &eaﬁsonm{eltmmﬁre@arrbubgr%hﬂéﬁthé Ere%nﬁem@hﬂéatnx_isof zone 16.
This mxing to formthe fluid solution, 1s shown here as occurring in the
f1 ui d condui tprefesable maained sufficiesty highde ppeveathubblesuciagtion hed this poses of
illustrating one enbodi rreent tOIt t hﬁ’i nvention. I—io%ﬁ)}()gr ?u h m xing nmay be
achi eved furt‘ﬂgqns&&rfﬁsgﬁngrﬁﬁa é‘e'é ColiPe BESYFE Ph Slpe eﬁf’%%?fffs,“r f
desired. The §fR&selufor &t thé Besi@n@tiperdnsreS Th pfds@uitt it theMedmiziigzohd &
cavitating fluid in the liquid state, so that the so-forned mxture is
essential 'y afteates Gian the vapps prepgyreiohihe digrid tpbe gramized; byblomer thaathg f rom | ef t
to right) an : g i 1 Xer ich

| nduces. bubbl Parey ey BEHE R Bl MIEERHERAMAD SRl Tod o Mol o

m cr obubbl es, prooitd amdesnsohewagitl vepornizatioh loe flashiniiof tht caviratiag diquiditag orifice
22, smaller in .cr.oiffs)- s.ectLon t ha of, thgtcondui t, Cross-section is

t “@t By
meant the cr dSESSBCOTBREINGTRIAY 8 liquié deapilets:i P SVERDEMPCEANEAAF i cal
conduit) and gRgefihepress@eldiFerehtAbeavedh tﬁé‘%e?éu?@?nzthé‘gtoﬁ{iiiﬁg ¢éne and
perpendicular to the fluid flow direction. Preferably, the wall of the
condui t t er mi thatvapori pressutera the ¢4vitgungdfluiddantise abmimingizangathe noare capided

surface, 20, which converges the .flow.ng fluid streaminto the, atom zing
or! 1100 with A iRRc RHERSE atpdBeion iRt rrasiucs oS aPusSsenesadefy) os03a -
_ - 1O ot her Wijgeofohe dfomifed huid.| mhelatbfmtiﬁg@Hﬁ@@h@ybbﬁlpﬁwmefupﬁmnpondw t.
The downstream side of atom zing orifice 20, is contiguous wth, and opens
into a hol | oventraage ehmertdrolisd sypamsioniatornizing zogecuak as thedop-ehepedy 24. cavity
24 conprises f:.he I i o] r : - d spray of
theatom zod JEayEREoEfc Gk SXOBIN B8 Wifent BT pRVBSEREC °
orifice is sufiaped gy yf thewemizédliquit éntp tiesBOC eandratling tepstioneamesi de in t he
conduit) for the cavitahng fluid to flash or rapigdly vaporize to atom ze

t he FCC feed Jﬁ“'q?f?@“ﬁ rﬁ?’()glg? 815?‘8?%"4?*‘“9!’\@%5‘_?’&‘[‘6?‘!‘@@%9@@%1 h atoni zation
zone 24. The ﬁ@bﬂ%g@ﬂhré&%faﬂ-fshéﬂ?:ﬁ_s?&@lddé'dﬁscicﬁé&‘,‘fﬁ@é)&aﬂﬁ)léﬂn gEgins of an
arcuate surface into the atom zing orificCe, along with the fan-shaped
control | ed expaenss 6,184,328 and §,28P 9¢6.0 Otlikr gnbodineimewtill be ¢3plinedantdemil1 73, 175.
However, ot helg 1 om zing orifice and nozzle configurations may al so be
used, such as those discl osed) for exanple, in US patents 4,784, 328 and

5,289,976 and the like. An inportant and essential feature of the invention
resi des i n nucl eatThegro¢eass phthelinvpntidn isousbful déromomiihg dnydisjued ircduding si ng

AR L O T e LRIy ks
the nucl eat edeiniit Qe E4ViGERIMIRYIA mayebe acRtbik! heMhol RHE FRUNR. dvRén | nduci ng
means upstream of the atom zing nmeans. The pressure drop neans preferably

conpri ses oneussd impennestion withranFér caticoacking\irdesss.ithe prasticecaf thribbl e

nucl eation wi th _a.mni,nal pnL re.drop. 1f.th | iguids, the feed and
cavitating Ii'(ﬁ\fl’lelgt,m“arre g“‘f%lagfi§§e 2ed ﬁ]'gggitﬁseﬁheéﬁ%gm%a gt’arsfg%dd t hrough an

atom zi ng neans w t hout bubbl e nucl eation, the bubbl e expansion and
vaporization will be slower and the desired degree of atom zation of the
feed liquid will not be achieved. The pressure drop across one or nore
static m xers upstream of the atom zi ng neans and conconitant agitation of
t he so-forned bubble containing solution, initiates bubble nucleation and
pref erably bubble nucleation and growth, so that expansion of the bubble
vapor is nmuch nore rapid across the atomzing orifice, and feed atom zation
is therefore enhanced. By analogy, if a bottle of soda is opened w thout
agitation, foam ng either does not WO 00/ 55282 PGITNS00105034 _ -11 occur
or occurs slowy. If the soda is agitated before opening, rapid and viol ent
foam ng occurs when the bottle is opened and the pressure is rel eased.

Y T | o o " o o oy .



Wth respect to the above illustrations and the Exanple bel ow, FCC
processes are well known and need not be described in detail here. Cat
cracker feeds used in FCC processes typically include gas oils, which are
hi gh boi | i ngwoems2esi dual oils, such as a vacuum gas oi |l pMARoonssst r ai ght
run (atnospheric) gas oil, a light cat cracker oil (LCCO and coker gas
oils. These oils have an initial boilinggpoint typically above about 450F
(2320), and npy.e, SRR e 8RRV MiGRUr FARF pfotaefidn, cl¥ahipQRd dRpbelS up to
about 1150F (621 C), as well as straight run or atnospheric gas oils and
coker gas oi Iltalsd reducksiandpneferahly eliminateethgawe pf 4 bydrocarhon gas (a8.énd boi | i ng

poi nt above OF. (e. q. t OF or_nore .be bl end i {th the
cat cracker %225’ fogﬂthwﬁéé%e ﬁg'é ar ?tﬂE’Hi’&&‘- 3'})?&1 t)’(%lnmt) cel,lscvc\)ﬁgleelpqé'\r{lad reduced
crudes, resi Ghapro€sss dPthelinaimioh ERmpACSithe BydtavlaChimitheligt ddd gigihgn of crude

oil, asphalts and asphaltenes, tar oils and cycle ojils from thernal
cracki ng of Hékeyorpproblems assestiated with corventionsligastiarid rbase fledal  deri ved

| i qui ds, syncrudes,.and t, i ke. ] } ; ker feed
in an anount a?mllzgt(’)%'g[godtr}ﬁ O% c{gga'lgg%%ﬁﬂlrre /?eg?tﬂ{gﬁé%gce%g?gg’ﬁa%% 00/ 55282
PCT/ 1 1S00/ 05Q8dinvk@tiondwneprisgph €lald dat Eraoking peatiesSwhioh 36mpsdsnke SepsThose
feeds typically contain too high a content of undesirable conponents, such
as aronatics %nd conpounds contai ning heteroatons, particularly sul fur and
ni trogen. Consequently, these feeds are often treated or upgraded to reduce
t he amount of undesirabl e conpounds by processes, such as hydrotreating,

sol vent extracti ofd) contactingb flowingfiwd,sunder pressund ard ¢ camprisirgasolutiod t he | ke,
as is known. ical .cat cracki ondjtions in_.an FCC process include a
fompor atur e S TRCOReAB0 Araga e s VB epmBpRRane P s0- 1150F
(454-621C) amnydfdchtdon TRfuRisir Efaeficial onRffing Matdrial ¢BRh®k1Ebelow thE essur e

bet ween about 5-60 psig, preferably 5-40 prig with feed/catal yst contact
times betweerbodingrange of sesl eib fesAdwuith p pegseuraisrgp mbanstto tedyce deamersureand wi t h
a catal yst tq.f ratl =110 . f rabl y .2- feed
IS preheat ed%tfggg Oé‘ﬂrr%%?lgﬁﬁ e%gyauﬁgtnﬁﬁ%gté aﬂr%lbgffglg?’%}rég% %rggt%q-p;;’?ﬁ%%r eater
t han 800F andatiypingdiduyd w 4 femmpetanae belogethe bubble poiabofdaibiihuididte The

i nvention w ltJ be further underst.ood w.th éeferepce to the exanpl es bel ow.
EXAVPLES The fPBR@rtVBRbenuic somprsing §aif bybblesard ligd selrtigtie in, and
conpatible wwth, the liquid to be atom zed and with any upstream processes
conditions for each specific application. By way of an illustrative exanple
specifically for (heapsing s4idéweiphasedluiddewnstmanyipto andghionghgnt he 1i quid oil
feed to an FCC unit, reference is. made to.a.vapor _pressure graph . far

hydr ocar bons ,%?%’W&Wg TPRENE;BIQ AR APMIZINE 2078 Wﬁlﬂﬁhp%gg% P‘%Fs"f%fé’é” C&EHBF% ,O?t hi s
graph is a sisap flfid @@styeabs bPaiditomiEn®marnt, fdtemesd sayd I wed formnd Bonnel |,
in an article titled Derivation and Precision of a New Vapor Pressure
Correl ation fsgraymemsIstghqWdifopleisefisaid fgpd et WhepgingeidsemiZingEPNeISO0/ 05034

- 13 comprises a cat cracking reaction zone, and

(c) contacting said spray with a particulate, hot, regenerated cracking
catalyst in said reaction zone at reaction conditions effective to catalytically

crack said feed oil and produce lower boiling hydrocarbons.

The lower boiling hydrocarbons produced by the cracking reaction are separated
from the spent catalyst particles, in a separation zone, are recovered and then

typically sent to further processing, including fractionation. The cracking



appeared in Industrial and Engi neering Chem stry) v.49) pages | 187-1196 (
19S7). The pressure in the fluid conduit upstreamof the atom zing orifice
is assuned to be 7 atnospheres and the pressure on the downstream si de of
the orifice,wonosde atomi zation zone, is assuned to be 3 apePE§IRERS. For
an upstreamtenperature of 750-800F, the cavitating liquid nust be a liquid
at 7 atnospheres and a vapor at 3 atnospheres. This suggests that a normal
boi | i ng poi nteabénEiss pladicarpetFatalyss pammr\etﬂxchoonmimesm@abteatl ng |iquid,

al t hough t he nom nal BOI|II’I point for_this cavitatin Uld woul d be

adj ust ed basbBydregarbers %ﬂdﬁhﬁv&sﬁ kagwn. T he spsat %]V“é@“g%??sﬁ HEFPRRS Phe

boi ling rang I t | &SSni d. Inthis
exanpl e, thegc@'@lﬁ1 Y?IZ%?]& |rsﬁ¥‘é‘pﬁlgusp§)[;abu }%sc%ﬁ ?]gfoe&:‘bragctl oé%ﬁgr oduced from
t he FCC pr ocesledanatalyst pmtmlctbsbé‘helsﬁmpu@,ctokcd)mtdysitplaarclmc passequnid 2nd of 1-5
w. %of the distillate, based on the FCC enerate a two phase
vol ume expanﬁgﬁﬂeratfw‘lmf‘cél'%wﬁcpré%eytaﬁ‘éc?’?tﬁﬁF‘gwftgé’éy%ﬂ’8 difjang o
tenperature drogifto Bﬁﬁm'fhe]cofce(mg?ﬁﬂ%cc fHe ot %@gé’a@fa@&%a‘t&yé‘t adidles) f the
upstream condi tions are changed to at mospher’es and 400- 4S0 the required
boiling r anga/hﬁdrarc Iti@nqmsetdé;iaplngpﬁntmtlmb nesctmpmm whe eﬂayt@gmmﬁn

Simlarly, ﬁgflfferkg Sstrea and downstream(#) sures, and differing
FCC feed pre g afé% eGP EEs Ui Sﬁf’fnﬁﬂf‘ﬁscaamefﬁ? ﬁg‘“f’r”{haa AEBFY i ng range
can be defi neghctish fdlee CoOnparati ve experinments using an agueous acetone
solution were conducted to denonstrate cavitation-enhanced atom zati on.
Sharp angle orifice plates were used for the atom zi ng neans, which in
these experi RS WRSERPEON OF TF alayRed their length to dianeter
(LID) ratios"weré 1. 471 and /. 1. Both were cylindrical bores having an

i nner dianeter of 350 pm W|th the plate thickness determning the LID

ratio. The main c on ts t he ex were a pressure

vessel , a heated ﬁéﬁ 1(5)% ?g@ggF‘{?&"Sé’?f’é‘r‘g?ﬁr“heé‘?ﬂﬁ'ca heat ed air

chanber pur gﬂﬂls%ﬁ&sfdf%\“{'?@: ?Heﬁrlﬂgaﬁbr?ﬁmf"ﬁsreﬁﬂ%P%?a&fc@%? WeSnvenifp 00! 55282

PCTNSO00/ 05034 - 14 The atom zing pressure was neasured in the pressure

vessel . I'mages of the break-up of the fluid exiting each orifice and spray

pattorns were kel AobhErlindt frSREE MY A AlNchOR o MRS ™ Dropl et
saturated hydrocarbon cavitating fluids.

-

DETAILED DESCRIPTION

The fluid passing through the atomizing means, which typically
comprises an atomizing orifice, having a cross-sectional area perpendicular to
the fluid flow direction smaller that that of the fluid flow conduit upstream, as
further described below, is a two-phase fluid comprising a gas phase and a liquid
phase. The gas phase comprises cavitation liquid vapor and the liquid phase
comprises a solution of the cavitation liquid and the liquid to be atomized. The
two-phase fluid passing through the atomizing means may be gas-continuous or
liquid-continuous, or it may be a bubbly froth, in which it may not be known
with certainty if one or both phases are continuous. This may be further

understood with reference to, for example, an open cell sponge and a closed cell



taken with a CCD canera. In every case, the orifice opened into the heated
air chanber at the downstream side. The tenperature in the chanber was
identical to the liquid tenperature, to mnimze fluid tenperature changes
due to the avomozaki on and evaporation. Bl ank experinments pefisibRiss at a
tenperature below the boiling point at the atom zing pressure upstream of

the orifice plate, with a pressure drop.pf 30 psi across the orifice,

i ndi cated t h%hoﬁgé.e SpohgdsaPpibaA Rvetahe 1 goRaictric fatib of airit@sslfd. 7ad opgmer f or med
better than the shorter one havi ng the 1.4:1 L/D ratio. However) fine
sprays coul d cabbspongeddbethiges (aif)and splidheantinuens; Mhile arsad colbsrABER IS

t enperature was,l| r Dok | | a ressure.

| mor eaci ng-t RO aRFuoh Bl dpfyisindR (BRbtkadipe) A 165 bR P20CT e
resul ted in apbhgdts theoly chmbs sdit tebsinsthe Tditsof mérhbrahéscarslilipginentsi qui d al one
(water), bubbFe nucl eation by ca itati_ﬁn di d not _occur, an t%e water had to
be heated abd®fchiassnayixistigasupmhasegasigyidisothosbeasndepelasedell | n

contrast, a sip) b o bt ERASHSING if (R0fHhi P ddpeRich STRi&rd gt one in
wat er resul tzsgg%%e??:hg%%t icon-%ﬁlgiﬁusc'eﬁ %ﬁglt}z&ﬁuclc’eatigﬁ énd filné sgfsgys, at
the same 30 pdobybesciashe solidr Gonecsposgestfhkk ipbétiveer theawionas dosome/tHor at i on of

7:1. The orifice having the L/Dratio o . 4.1 . did.pot produyce as fine a
spray. In thddass WQ?C B"st'%ﬁé?%&ﬂsgaﬁéaiiﬂ'éldé’_(bé‘cteoﬁglsé"(??ﬁ?ﬁsg’ﬁe i We the
chanber was 98GonpdlinahisWas cORInbud il MtARLAR batin@busl 84Gt {sfostibleo acet one
solution. For the case of the short nozzle or orifice having an L/D ratio

of only 1.4: haveaiiwophesegasypng liguigifluiahag & gasicoptimaguuprly dibprefuedht ed at
the exit edge,gf uﬁ{}ﬁ%&gh&b m&g:ﬂgﬁé‘ siltﬁasn;gﬁsg'c%zi{iloeanggl)efﬂopgl\e H %t(%r{lie%_ gatio of

7:1, a portion o res p t'ooK place 1 nsi noz These
experinments daempshaphet behdivayd iwaxwith cgtfsgU leespecpyel ofehis 'tReke intust
WO- 001 55282 PCTI K@QO/ 05034 - | S the | onger nozzle having the L/D ratio of

7:1, producedesublifient vapor pieseghinghe Arientering the atomizing means, for the

shear (and any other mixing upstream of the orifice, but downstream of the
bubble nucleation) mixing to increase the kinetic energy of the fluid, by
increasing the surface area of the liquid phase. This is reflected in reducing (i)
the thickness of any liquid membranes, (ii) the thickness and/or length of any
liquid ligaments or rivulets, and (iii) the size of any liquid globules in the fluid,
either before or during the atomization. In the practice of the invention, it is
preferred that the fluid passed through the atomizing means, to form the spray of
oil droplets, comprise mostly cavitating fluid vapor on a volumetric basis (e.g., a
volumetric vapor to liquid ratio of at least 2:1). A single phase fluid (e.g.,
liquid) passed through the nozzle, will have its kinetic energy increased. With a
two-phase fluid comprising a vapor phase and a liquid phase, the vapor velocity
may be increased relative to the velocity of the liquid phase, (i) in mixing zones
between the bubble nucleation and pressure drop means, (ii) when the fluid
passes through an atomizing orifice of smaller cross-section, perpendicular to the
fluid flow direction, than the fluid conduit means upstream of the orifice (a
pressure-reducing orifice). This velocity differential between the vapor and

liquid phases is believed to result in ligamentation of the liquid, particularly with



i nside the nozzle or orifice bore. It is understood that various other
enbodi nents and nodifications in the practice of the invention wll be
apparent to, and can be readily nade by, those skilled in the art w thout
departing frwmdosesscope and spirit of the invention descripbefisfaRysR
Accordingly, it is not intended that the scope of the clains appended
hereto be limted to the exact descripti.gn set forth above, but rather that

the clai ms be, Gestuk 1i4aM, 8ScheRGAHPECE feed alll B9fligahrniatioh W @eamthdpdieent abl e
novelty which reside in the present invention, Including all the features

and enbodi neriaidfores elpngatediglobules or digaments guliicihnare semetimes wdrrestonpose
skilled in thg LGh ' ' [ ' i on can
be conbi ned V\ngvﬁét%)'r gg%é@é@%‘ gggnéug\é%g?&e‘?%rpg ng%ﬁlgatg&otrh I@g%(s)\#rqﬁ g“k%ﬁn&ga

t wo- phase ggsmaaf)bnlggilmia?iﬁcb.uCdnydqh?hlyhmmpbﬁmttﬁd ﬂm;dlﬂfhsgﬂgtlﬁbugmﬂhel m xibng
nmeans to i nduce bu e formption of the cavitating fluid. |t may al so be
combi ned wi t hRtpMEzIRE eBtce Batdly exnands, dhaseimniugthay sheatng. sauesgingarfer at ur e

I ncrease. : : : | ofc ofding to
claim1l V\heygsl%qég? ﬁi% h@gﬁ%&gﬁ g-{tg%?g’%adr%ﬁ%fséﬁméﬁ%%?ﬁ?g%é%&lc' nA@ stripping
zone, to renogansaitdtypicallp pedak énthyelo oc arobodioplets guroguthe atohtizapipad, coked

catal yst particles. 13. A process according to claim 12 wherein said
stripped, coked catalyst particles are passed into a regeneration zone, in

which they are corigehg WFidur&NBFihd |{b), 3R B fe@&‘%xj@étfo‘ﬂ%}xit"l@ to burn off
sai d coke and produce said hot, regenerated catal yst particles. 14. A

process accoreimgrises adolpw ligdiredsonduini 2 throvgls mthéchdr g, liquidi E€€oiby sai d
pressure T eduf’éleﬁ' % ;&E%S‘é&isfr&% aln%?)gtréarr]nasnou?ge. PR! the same time, a cavitation liquid

comprising a lower boiling hydrocarbon liquid is passed down into the conduit

12 via linel4, which intersects the conduit at the tee joint, as shown. The
cavitation liquid is injected into the flowing hot oil, with it mixes, to form a
liquid solution comprising both liquids, in the vicinity of zone 16. This mixing
to form the fluid solution, is shown here as occurring in the fluid conduit
upstream of the pressure drop means 18, for the purposes of illustrating one
embodiment of the invention. However, such mixing may be achieved further
upstream and even outside of the feed injector, if desired. The pressure in the
conduit is sufficient to maintain the cavitating fluid in the liquid state, so that the
so-formed mixture is essentially all liquid. This fluid mixture progresses
downstream (from left to right) and passes through a low pressure drop static
mixer 18, which induces bubble nucleation. The so-formed fluid mixture having
nucleated microbubbles, continues downstream in the conduit to an atomizing
orifice 22, smaller in cross-section than that of the conduit. By cross-section is
meant the cross-sectional area of the conduit (nr® for a cylindrical conduit) and
the cross-sectional area of the atomizing orifice perpendicular to the fluid flow
direction. Preferably, the wall of the conduit terminates into the orifice by
means of an arcuate or curved surface, 20, which converges the flowing fluid

stream into the atomizing orifice with minimal coalescence, which might



15. A process according to claim 14 wherein at least 0.5 wt. %of said
cavitating liquid is vaporized by said bubble nucleation and subsequent
fluid atom zation. |6. A process according to claim15 wherein said hot,
regener ated o@icalss82 particles are passed into said cracki pgriSifkiseh zone
in which they contact said spray to catalytically crack said feed oil.

A process according to claim 16 wherein.jgaid pressure reduci ng neans

conpri ses at ipdslse OB&urSt Al fluidiniSihgdPanis theldhd of thy @aeR. Fgeording to claim
16 wherein said atom zi ng neans conprises an atom zing orifice. 19. A

process accomddivnstream gide ofiptomizing pefiee 3Qiitcorisyous withaad OPAR IR®hs reduces

said pressur %OHXW! %%1—551159&8&15&% (§)1§Jri'butor 26 containing cavity 24. Cavity 24
comprises the controlled expansion zone, to create a fan-shaped spray of the
atomized feed droplets. The pressure downstream of the atomizing orifice is
sufficiently lower than the pressure on the upstream side in the conduit, for the
cavitating fluid to flash or rapidly vaporize to atomize the FCC feed liquid into
droplets in the controlled expansion atomization zone 24. The embodiment
shown, of the conduit terminating by means of an arcuate surface into the
atomizing orifice, along with the fan-shaped controlled expansion zone, is
disclosed and claimed in US patent 5,173,175. However, other atomizing orifice
and nozzle co—nﬂgurations may also be used, such as those disclosed, for

example, in US patents 4,784,328 and 5,289,976 and the like.

An important and essential feature of the invention resides in nucleating,
in the liquid to be atomized, bubbles comprising cavitating fluid vapor by
pressure drop means, and preferably upstream of the atomizing orifice. More
preferably it will be advantageous to permit the nucleated bubbles to grow by,
i.e., additional pressure drop inducing means upstream of the atomizing means.
The pressure drop means preferably comprises one or more static mixers, to
provide the desired bubble nucleation with a minimal pressure drop. If the two
liquids, the feed and cavitating liquid, are merely mixed together and then passed
through an atomizing means without bubble nucleation, the bubble expansion
and vaporization will be slower and the desired degree of atomization of the feed
liquid will not be achieved. The pressure drop across one or more static mixers
upstream of the atomizing means and concomitant agitation of the so-formed
bubble containing solution, initiates bubble nucleation and preferably bubble
nucleation and growth, so that expansion of the bubble vapor is much more rapid
across the atomizing orifice, and feed atomization is therefore enhanced. By

analogy, if a bottle of soda is opened without agitation, foaming either does not



W00/ 55282 PCT/ USO0/ 05034 _ -1920. A process according to claim19 wherein
sai d recovered hydrocarbons are further processed. .Ay9.AS ,.A .Af;. Af.Af
CAG. Ay, AY LA LAYLA L, A A AR AL LA 84,8kl 8 VI

Cani $$$ysnhcwisio/ss284)] ca] ca] cal] ca] cal] cal] ca] ca] ca] ca] cal] petmosddoeal] cal cau
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occur or occurs slowly. [f the soda is agitated before opening, rapid and violent

foaming occurs when the bottle is opened and the pressure is released. Shaking
of the bottle allows the soda to be sprayed out as a spray or mist, due to the rapid
bubble growth across the opening where the pressure reduction occurs. In the
present invention, the reduction in pressure and agitation produced by the
upstream mixer causes bubble nucleation just as shaking the soda, and the
resulting fine atomization of the feed can be accomplished by the subsequent
depressurizing and the cavitating mechanism described, rather than by the two
phase shearing, as with conventional atomization nozzles. The bubble
nucleating means is preferably designed and/or selected to produce the smallest
pressure drop necessary to vaporize a small fraction, which is less than half and
preferably less than one-third. of the cavitating liquid to provide bubble
nucleation, with the major portion of the pressure drop occurring across the

atomization nozzle, to generate the atomized spray.

With respect to the above illustrations and the Example below, FCC
processes are well known and need not be described in detail here. Cat cracker
feeds used in FCC processes typically include gas oils, which are high boiling,
non-residual oils, such as a vacuum gas oil (VGO), a straight run (atmospheric)
gas oil, a light cat cracker oil (LCCO) and coker gas oils. These oils have an
initial boiling point typically above about 450°F (232°C), and more commonly
above about 662°F (350°C), with end points up to about 1150°F (621°C), as
well as straight run or atmospheric gas oils and coker gas oils. In addition, one
or more heavy feeds having an end boiling point above 1050°F (e. g., up to
1300°F or more) may be blended in with the cat cracker feed. Such heavy feeds
include, for example, whole and reduced crudes, resids or residua from
atmospheric and vacuum distillation of crude oil, asphalts and asphaltenes, tar
oils and cycle oils from thermal cracking of heavy petroleum oils, tar sand oil
shale oil, coal derived liquids, syncrudes and the like. These may be present in

the cracker feed in an amount of from about 2 to 50 volume % of the blend, and
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10%& () - Y :Lonlompound:L g{%lrér.)csscgsfs%lgﬁ/qagg lgydro{réLatlong, s(c)lvent extraction, solid
absorbents such as molecular sieves and the like, as is known. Typical cat
cracking conditions in an FCC process include a temperature of from about 800-
1200°F (427-648°C), preferably 850-1150°F (454-621°C) and still more
preferably 900-1 150°F (482-621°C), a pressure between about 5-60 psig,
preferably 5-40 psig with feed/catalyst contact times between about 0.5-15
seconds, preferably about 1-5 seconds, and with a catalyst to feed ratio of about
0.5-10 and preferably 2-8. The FCC feed is preheated to a temperature of not
more than 850°F, preferably no greater than 800°F and typically within the

range of from about 600-800°F.

The invention will be further understood with reference to the examples

below.

EXAMPLES

Example 1

The lower boiling cavitating fluid must be soluble in, and compatible
with, the liquid to be atomized and with any upstream processes conditions for
each specific application. By way of an illustrative example specifically for the
practice of the invention for atomizing the liquid oil feed to an FCC unit,
reference is made to a vapor pressure graph for hydrocarbons, shown in Figure
2. For the purposes of this example, this graph is a simplified version of the one
disclosed by Maxwell and Bonnell, in an article titled Derivation and Precision

of a New Vapor Pressure Correlation for Petroleum Hydrocarbons, which
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appeared in Industrial and Engineering Chemistry, v.49, pages 1187-1196

(1957). The pressure in the fluid conduit upstream of the atomizing orifice is
assumed to be 7 atmospheres and the pressure on the downstream side of the
orifice, in the atomization zone, is assumed to be 3 atmospheres. For an
upstream temperature of 750-800°F, the cavitating liquid must be a liquid at 7
atmospheres and a vapor at 3 atmospheres. This suggests that a normal boiling
point between 600 and 650°F is required for the cavitating liquid, although the
nominal boiling point for this cavitating liquid would be adjusted based on the
planned treat rate, as well as considering the boiling range and miscibility of the
fluid with the process feed. In this example, the cavitating liquid could be a
distillate fraction produced from the FCC process or it could be obtained from
another source. A blend of 1-5 wt. % of the distillate, based on the FCC feed,
will generate a two phase volume expansion of 1.7-4.3 times the liquid feed
volume, with a temperature drop of between 1-7 degrees, from an adiabatic
flash. If the upstream conditions are changed to 7 atmospheres and 400-450°F,
the required boiling range for the cavitating fluid is approximately 290-315°F.
Similarly, for differing upstream and downstream pressures, and differing FCC

feed preheat temperatures, an optimum cavitating fluid boiling range can be
defined.

Example 2

Simple comparative experiments using an aqueous acetone solution were
conducted to demonstrate cavitation-enhanced atomization. Sharp angle orifice
plates were used for the atomizing means, which in these experiments were
bores in the plates and their length to diameter (L/D) ratios were 1.4:1 and 7:1.
Both were cylindrical bores having an inner diameter of 350 um, with the plate
thickness determining the L/D ratio. The main components of the experimental
setup were a pressure vessel, a heated liquid hose, a monosize drop generator,

and a heated air chamber purged with flowing nitrogen at atmosphenc pressure.
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The atomizing pressure was measured in the pressure vessel. Images of the

break-up of the fluid exiting each orifice and spray patterns were taken with a
Greenfield Speedview 700 imaging system. Droplet images of the sprays were
taken with a CCD camera. In every case, the orifice opened into the heated air
chamber at the downstream side. The temperature in the chamber was identical
to the liquid temperature, to minimize fluid temperature changes due to the

atornization and evaporation.

Blank experiments with water at a temperature below the boiling point at
the atomizing pressure upstream of the orifice plate, with a pressure drop of 30
psi across the orifice, indicated that the orifice having the greater L/D ratio of
7:1, performéd better than the shorter one having the 1.4:1 L/D ratio. However,
fine sprays could not be obtained with either L/D ratio when the water
temperature was lower than the boiling point at the atomizing pressure.
Increasing the water temperature to above its bubble nucleation temperature
resulted in a fine spray in some cases. Thus, with the single liquid alone (water),
bubble nucleation by cavitation did not occur and the water had to be heated

above its boiling point to produce bubble nucleation.

In contrast, a similar set of runs using a solution of 6.8 mole % acetone in
water resulted in cavition-induced bubble nucleation and fine sprays, at the same
30 psi pressure drop across the orifice having the L/D ration of 7:1. The orifice
having the L/D ratio of 1.4:1 did not produce as fine a spray. In these runs, the
temperature of the acetone solution inside the chamber was 98°C, which was
below the bubble point of 104°C for this acetone solution. For the case of the
short nozzle or orifice having an L/D ratio of only 1.4:1, substantially all of the
30 psi pressure drop occurred at the exit edge of the orifice. For the long nozzle
having the L/D ratio of 7:1, a portion of the pressure drop took place inside the

nozzle. These experiments demonstrate that, the extra pressure drop incurred in
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inside the nozzle or orifice bore.

It is understood that various other embodiments and modifications in the
practice of the invention will be apparent to, and can be readily made by, those
skilled in the art without departing from the scope and spirit of the invention
described above. Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the exact description set forth above, but rather
that the claims be construed as encompassing all of the features of patentable
novelty which reside in the present invention, including all the features and
embodiments which would be treated as equivalents thereof by those skilled in
the art to which the invention pertains. Thus, the invention can be combined
with processes that use preformed gas or vapor to form a two-phase gas and
liquid fluid which is contacted with one or more mixing means to induce bubble
formation of the cavitating fluid. It may also be combined with processes that

initiate bubble nucleation by temperature increase.

10t t



10° 10" 100 @' 10% & ()-s*10% & ()-3vwaw{ {{ {@xnb@@ Q 109%& ()- 10t 10t 10t
MLO% & ()-f 10% & ()-910% & ()- " s10% & ()-@{| C ||} dEnb@ & 10%&’ () - &EL0YM
& ()-&10%VE' ()-10%E& ()-& 109%& () -

| 109%VE () -} Gyig iu/szigadEND@D L! 10%V&; () - &910%VE: () - & 10%VE' (JpertRoPRuds) - €109M
& -

1oc(m),v&' ()-i~~~2cdEnb@® & 10%V&' () -y, @0%/51 ()-&@ s10%v&' ()-' 109V& () - &$10%M

& ()-&" 10%v& ()-89 F LS910% t.& ()-:"FS10%,& (.)- . %;l ()=, 10M 10M
10MB2109%VE! () - 3110%! °F?1“—\%ﬁ%<§@”ﬁ‘§é§6%‘{‘é9(“$h-“ﬁ('—&s‘ T 3&-“%%% & ()- 10M
particles are stripped in a stripping zone, to remove said strippable hydrocarbons

to produce stripped, coked catalyst particles.

13. A process according to claim 12 wherein said stripped, coked
catalyst particles are passed into a regeneration zone, in which they are contacted
with oxygen, at conditions effective to burn off said coke and produce said hot,

regenerated catalyst particles.

14. A process according to claim 13 wherein said pressure drop
produced by said pressure reducing means is less than 50 psi.

15. A process according to claim 14 wherein at least 0.5 wt. % of said
cavitating liquid is vaporized by said bubble nucleation and subsequent fluid

atomization.

16. A process according to claim 15 wherein said hot, regenerated
catalyst particles are passed into said cracking reaction zone in which they

contact said spray to catalytically crack said feed oil.

17. A process according to claim 16 wherein said pressure reducing

means comprises at least one static mixer means.

18. A process according to claim 16 wherein said atomizing means

comprises an atomizing orifice.

19. A process according to claim 16 wherein said pressure reducing

means reduces said pressure by less than 15 psi.
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20. A process according to claim 19 wherein said recovered

hydrocarbons are further processed.



