WD 2006/ 073643 PCT/ US2005/ 043737 FCC FEED | NJECTI ON SYSTEM FI ELD OF THE

| NVENTI ON [0001] This invention relates to an apparatus and process for
injecting a petroleumfeed. Mre particularly, a liquid petroleumfeed is
atom zed with a¥VOoaWsRe3assenbly apparatus in which the al@@ﬁﬁ?z%&?m{]@?

i njection nozzles that produce a generally flat spray pattern o i nely

di spersed |iquid hydrocarbon droplets that contact cracking catal yst
particles. The injection nozzles are each designed such that the overall
effect of the different spray patterns fromthe individual nozzles provides
more uni form hydrocarbon feed coverage acrogs the fluidized catalyst
stream and the nozzle positions may range fromthe periphery of a flow ng
catal yst streamto the interior of the catal yst stream BACKGROUND OF THE

| NVENTI ON [ 0002] Atomi zation of ppetl rREBYUNYEESHINIS/SITHA' t ant to petrol eum
processes such as fluidized cafalytic cracking (FCC) and coking. In the FCC
process, generally.high nolecular weight feeds are contacted with fluidized
catal yst parti cl egimor ek IROENTEARE OF part of the FCC unit. Contacting
bet ween feed and " catalyst s controlled to pronote effective heat and nass
transfer to enhance conversion of the feed to the type of products desired.
In catal ytic cracg of t : nditlons such.as.catalyst to
oil ratio, tenpe:‘:lg?'ﬂge an %onr]l{cgg rtelfa?r?g%%agg%%%%% FETt %ripéeﬂl?ﬁ %e the
product s desired mhdlemnrieed Mort patidudariyns liguid pétrdleassfeediBaitansibddevipraoduct s such
as |ight gases annq)zglgk%. 2029 /073%;1%£CT/ Us2005/.043737 - 00031 Since
contacting between ¢ataryst “RAF BN RGPPEEES paifpiegion nozzles that

produce a generally flat spray pattern of finely dispersed liquid hydrocarbon

droplets that contact cracking catalyst particles. The injection nozzles are each
designed such that the overall effect of the different spray patterns from the
individual nozzles provides more uniform hydrocarbon feed coverage across the
fluidized catalyst stream, and the nozzle positions may range from the periphery of

a flowing catalyst stream to the interior of the catalyst stream,

BACKGROUND OF THE INVENTION

[0002] Atomization of petroleum feeds is important to petroleum processes
such as fluidized catalytic cracking (FCC) and coking. In the FCC process,
generally high molecular weight feeds age contacted with fluidized catalyst
particles in the riser reactor part of the FCC unit. Contacting between feed and
catalyst is controlled to promote effective heat and mass transfer to enhance
conversion of the feed to the type of products desired. In catalytic cracking of the
feed, reactor conditions such as catalyst to oil ratio, temperature and contact fime
are controlled to maximize the products desired and minimize the formation of less

desirable products such as light gases and coke.



typically on the order of a few seconds, an inportant factor governing the
efficiency of the cracking process is the catalyst. Catalysts for the FCC
process are well known and may be either anorphous or crystalline. Catalyst
entering the FORO2t¢awsar is typically fluidized using steamusfhsl;gas or

| i ght hydrocarbon gases generated during the cracking process or sone
conbi nation thereof. The reaction of catalyst and feed generates | arge
vol unes of gaseous hydrocarbons and spent catal yst bearing coke deposits.
The gas/solid mxture is passed to separators, typically cyclones, where
spent catalyst is separated from vapor products. The vapor is then
processed to recover desired hydrocarbons and spent catalyst is sent for
regeneration. 100041 Because of the short contacting tine between feed and

catalyst, the copgedi on Gfinck Bontd@iRE bbitvet SRIPRREAND the T LYRG i0f f eed
i njection can have an c;yggact on the product sl ate produced by the FCC

reactor. There arRPiealy danoidsrof afey sqohrdsf asdmporsnt fagtok govetrangyhs eous .
hydr ocar bons, "Qﬂﬁdg@%Qk“ﬁ%EWBﬂgpﬁﬁéﬁ%956ﬁ“ﬁ-?reahyﬁgﬁﬁ %q?ﬁh%ﬂgmfcc uni t

is generally undesir e as this e cracking can “resu & y8Rer at i on
of light gases suedll laovwmentanebé eithedahnophous bocrgoditne. (OO0 etterirgrtbeFCL 0

i nprove the efficj f.t cat tic . cragckin [ Ss, it is desirable
tgp have the feed rﬁ%ﬁ[&%}ésu lscal?y:%lé Za&n&é%@ﬁa@eﬁ’@aﬁagf’&é@?E%qsr?‘?afhogﬁsteﬁ t he

maxi mum ext ent paosséerbieé darid; thecrhdkéngShroces L tsone sahithLioh itkBeeof.r BieacBbiCe t he
upward fl ow ng cata“xgﬁ eg%%és as a fluidized solids stream substantially

occupying the ri¥&palystsod feed genemies large yofppaeal easepystyidrnsatiens aad seent he

i nst ant aneous di splygebeathg cdke@éboaRd. Ofe hiiQ1ig alialisd paldiaaRpatipever, such
an instantaneous dispersal of feed across the catalyst streamis not

possi bl e. Fi nel y WRispycyelgndr wisretnsnigrtalsty sepawted fnm woopmodc7 a3
PCT/ US2005/ 043737vap6135 then processed to recover desired hydrocarbons and spent catalyst is sent

for regeneration.

[0004] Because of the short contacting time between feed and catalyst, the
condition of the feed is also important. The type of feed injection can have an
impact on the product slate produced by the FCC reactor. There are two pathways
for the feed to crack into gaseous hydrocarbons, i.e., catalytic and thermal,
Thermal cracking in a FCC unit is generally undesirable as this type cracking can

result in the generation of light gases such as methane in addition to coke.

[0005] In order to improve the efficiency of the catalytic cracking process, it
is desirable to have the feed molecules reach the active catalyst particles to the
maximum extent possible and in the shortest possible time frame. Since the
upward flowing catalyst exists as a fluidized solids stream substantially occupying
the riser cross-section, an optimal situation would be the instantaneous dispersal of
feed across the catalyst stream. However, such an instantaneous dispersal of feed

across the catalyst stream is not possible. Finely dispersed droplets of feed are also



desirable to increase vaporization rate when contacting liquid feed droplets
with hot catalyst particles. [00061 One nethod of achieving droplets of
feed involves the use of steamto forma dispersion of droplets. The

resul ting di spe¥ee®molss3a t wo- phase system of steam and Bygy9caides, that is
sprayed through nozzle(s) into the FCC riser reactor where it contacts
fluidized hot catalyst. The process of forcing a fluid under pressure
through the orifice of a nozzle to forma fine dispersion of fluid droplets
is known as atom zation. The degree of atom zation is a function of nozzle
design, e.g., orifice size and discharge ggonetry, fluid properties, e.g.
density, viscosity, surface tension and pressure drop across the orifice.

I ncreasing the degree of atom zation for heavy (viscous) petrol eum

fractions that foddgratle {oﬁﬁeiéas@-vﬁﬁfiﬁatﬁﬁ rdi®@herf &)ﬁgctﬁ% liqh]ﬁ fge[&(argﬂgggitﬁ hbS

especially chall er;gaii&lsg. 100071 ere have been nunerous desi nozzl es
for feed atom zat% Partiglgfe FCC reactor. Some proposed nozzle designs
utilize swirl vanes, either in the nozzle itself or the conduit leading to
t he nozzl e. Another proposed design uses a Venturi in the conduit feeding
the nozzle. O her(0pf@posed®rgansdtpiiiapi¢vintpirémesdpifged inydvesdlar ive nf st to

di spersion gas s . tegcal by through.the ngzzle wth m xing
proximate to t heu%Ir]P? ?ésgérﬁgﬁrh{;%?@g%r g%%e uel%n& A(;slpse{sg)lnﬁiu%ﬁvr "ﬂ}afsﬁ PSRt
concentric nozzl eseanaelthydrocabéhibatde strred dirodgh eofB s risa &e@GC gtk eationg f eed
through a pluralit f grifices within the nozzle and the use of shrouds
around the nozzl e‘gt,l%e gﬁ 88%0 Snfh"glrz?%é C?tﬂéﬁ'a?e\lé‘? L Qﬂggﬁlgﬁﬁ@“z'ﬂ‘@ﬁ’fﬂ and

hydr ocar bon cont agtssaeehangtthesrificelof 2 Aaglab S@mbefait ddpeRps odfhia dfaldm @

t wo- phase fluid %ture of . feed and steam dividing the fluid into two
separate streans WRPMERS APBIBHAL cHcdsatse gHtapizationy %g’éﬁéﬁ‘h‘)fﬁ%@f‘d&s‘ﬁ&ne, a

shear m Xi ng zone § OorifRE QDML §dAGro8 SRR Sl pRPERes, BRU déhsltPWikEGSSUr €
atom zation zone. A further proposed design is a nozzle' in
surface tension and pressure drop across the orifice. Increasing the degree of
atomization for heavy (viscous) petroleum fractions that form at least 2 part of the

feed to the FCC process is especially challenging.

[0007) There have been numerous designs of nozzles for feed atomization in
the FCC reactor. Some proposed nozzle designs utilize swirl vanes, either in the
nozzle itself or the conduit leading to the nozzle. Another proposed design uses a
Venturi in the conduit feeding the nozzle. Other proposed designs include feeding
hydrocarbon and dispersion gas such as steam concentrically through the nozzle
with mixing proximate to the orifice, a hydrocarbon feed distributor utilizing
concentric nozzles located in the center of the FCC reactor, injecting feed through a
plurality of orifices within the nozzle and the use of shrouds around the nozzles,
and confrolling the angle at which the stearn and hydrocarben contact one another.
It has also been proposed to form a two-phase fluid mixture of feed and steam,
dividing the fluid into two separate streams which are passed through an
impingement mixing zone, a shear mixing zone to recombine the separate streams

and a low pressure atomization zone. A farther proposed design is a nozzle in



WD 20061073643 PCT/ US2005/ 043737 -4 which msting of a single feed stream
may be acconplished by passing the full liquid stream wth or wthout

i ncl uded steam through deflection vanes to create a free vortex in a
single full-fl oWoeeMdri4ugal or helical accel eration chanbervehibesiz
termnates in a sharp or square-edged orifice. Such orifice is substantially
smaller in dianeter than the fluid supply line for feeding the liquid

hydr ocarbons directly into the catalyst flow streamin the riser reactor.
Finally, a feed injector that is generally fan-shaped has been proposed for
produci ng a substantially flat spray pattesn of atom zed feed. [0008] It is
known to use radially directed feed injection nozzles to inject feed into
the catal yst stream Such nozzles are typically arranged in a
circunferential bavidchsnistimguridisinglet fael srboninag be adcamyisheSby SaRhg HequIn0zz! es
may be perpendicuylar to the surface . of the riser or may be angled. The

i nj ecti on nozzl eslflqﬂlﬂﬁtrm&“&éxiwﬁ 8'59’&‘5"@8‘51%?% ﬂFﬁ]‘%’(ﬂeﬂﬁ%oﬁéfﬁ@S eFAAR cal

desi gn features, eﬁevc.)rteﬁciiﬁ@Eingﬁ@@lﬂ_ﬂb@)éenﬁﬁgﬂl'apﬁéliéﬁl e bbRdrkiicB heGhdr BRE@Ss.
[0009] While inprovenents to feed injector nozzle design continue, there is

still a need for pHaEmmstes Bt Yo taeroedzeherificemspeh @iffce Bbubsijnsielly smalloy st em t o

facilitate contactj; ] B il r S.
SUMVARY OF THE | N@Eﬁ%?eé%tt%ﬁoﬂo%g%uicflﬁsgﬁi'%ﬁeér}ft(’f%%&#%&g ihblgglthg‘%otga%é’ﬁ d§%°§ r at us

and process for cadneHechtalyst fhw streomiin thd riferechciar.t Himllg mrfesinmptoctht@l yst
particles in qui%i %Vf%Q¥§ ggg{ i relates to. an ratus for
i njecting a hydro géﬁ%ﬁfléeapln%%ba ggggﬁﬁ%%wgégPﬁﬁfgS“EQF@?@%@@?Yn
fluidized fl ow whipettercompomigebsfeed conduit section, said conduit section
containing a streamof catalyst particles in fluidized flow, and at

[0008] It is known to use radially directed feed injection nozzles to inject

feed into the catalyst stream. Such nozzles are typically amranged in a

circumferential band suﬂounding the flowing catalyst stteam. The nozzles may be

perpendicular to the surface of the riser or may be angled. The injection nozzles

may also be integrated with injection zone mechanical design features, e.g., riser

geometry, to improve their effectiveness.
[0009] While improvements to feed injector nozzle design continue, there is

still a need for better performance of the complete feed injection system to facilitate

contacting atomized feed with catalyst in the FCC process.

SUMMARY OF THE INVENTION

jo010] The invention is directed to an apparatus and process for contacting
an atomized feed with a stream of catalyst particles in fluidized flow. One
embodiment relates to an apparatus for injecting a hydrocarbon feed into a stream
of catalyst particles in fluidized flow which comprises: a conduit section, said

conduit section containing a stream of catalyst particles in fluidized flow; and at



WO 2006/ 073643 PCT/ US2005/ 043737 -5 | east one nozzle assenbly within said
conduit section, the nozzle assenbly surrounding the periphery of said
stream of catalyst particles in fluidized flow and containing at |east two
i nj ecti on nozzI%WaW00eaBH3INnozzl e produci ng a substantial ly btatseuay: pattern
such that the totality of the feed is substantially uniformy dispersed
across a cross-section of catalyst particles flow ng through the conduit
section. [00111 Anot her enbodinment relates to an apparatus for injecting a
hydr ocarbon feed into a stream of catalyst particles in fluidized flow which
conprises: a conduit section, said conduit.-ssection containing a stream of
catalyst particles in fluidized flow, and at | east one nozzl e assenbly
within said conduit section, the nozzle assenbly surrounding the periphery
of said stream of legsbidl gile apambly it dalil dohdiiitheztd, the Auy-aNEse@®RE ai ni ng at
produci ng .a substantially fl at

| east two injection nozzles, EECh noaile ) s

spray pattern schﬂP‘I‘PéﬂngttH%P?f. gyiof $a1 ?‘Icf"ﬁé’f%té]é]s@%"m@ﬁ “é‘ﬁf‘?daﬂol“yﬂﬂﬂni formy
di spersed across @nfaf@iSat $RAG S Tnj@ktiok AbBleY ShelPAIE floBicing b OWsARidIDRAUIh the
conduit section, provided that at |east one nozzle extends into he stream

of catal yst part i ®raaiiein sychithat shedotplitgef the depd 29 subsiandially mpigyrmbidignetsedi ment |

the apparatus for @) eebingoaudWdiasarRRte BRthnbAAnSLERRMAfoeat al st

particles in flui oOwls In a'riser reac 0 CCunit, the
conduit section is in said riser reactor, and the totality of the feed is

substantial ly uni @g{ﬁrﬂy diAsj{% e?gﬂbo%%&?%éﬁes%%%p?%ﬁJEif rgw%éqn $t al yst

particles flown ough € rirser conduit se et anot her
enbodi ment rel at esydtwarhopfead @ssa ftorami afjcaalyitpgrielef adthidindddflovawsich eam of

catal yst particles in fluidized flow iﬁni C!ﬂ]{ contfr i ses...conducti ngﬁﬁ hte feed
into at |east one®¥EZH% aéggélr‘rttfwmgtﬁa SR TG YREOBRPIB RSB C46 st r eam
of particles in fluidized flow; and at least one nozzle assembly within said conduit

section, the nozzle assembly surrounding the periphery of said stream of catalyst

particles in fluidized flow and containing at least two injection nozzles, each nozzle

producing a substantially flat spray pattern such that the totality of the feed is

substantially uniformly dispersed across a cross-section of catalyst particles

flowing through the conduit section, provided that at least one nozzle extends into

the stream of catalyst particles in fluidized flow.

[0012] In a preferred embodiment, the apparatus for injecting a hydrocarbon
feed into a stream of catalyst particles in fluidized flow is in a riser reactor of an
FCC unit, the conduit section is in said riser reactor, and the totality of the feed is
substantially uniformly dispersed across a cross-section of catalyst particles

flowing through the riser conduit section.

[0013]) Yet another embodiment relates to a process for injecting a feed into
a stream of catalyst particles in fluidized flow which comprises: conducting the
feed into at least one nozzle assembly surrounding the periphery of said stream of

catalyst particles in fluidized flow, injecting the feed through at least two injection



catal yst particles in fluidized flow, injecting the feed through at |east
two injection WO 2006/ 073643 PCT11JS20051043737 -6 nozzles located on said
nozzl e assenbly into the streamof catalyst particles in fluidized flow,
each nozzl e prodocimgrsasssubstantially flat spray pattern $eghsihalsthe
totality of the feed is substantially uniformy dispersed across the
cross-section of catalyst particles flow ng past the nozzle assenbly.
100141 Yet another enbodinment relates to a process for injecting a feed into
a streamof catalyst particles in fluidized fl ow which conprises: conducting
the feed into at |east one nozzle assenbl ygsurroundi ng the periphery of
said streamof catalyst particles in fluidized flow, injecting the feed
through at least two injection nozzles |ocated on said nozzle assenbly into

the stream of cat gl Rt 1RAES bk s8SndzRle abdettbli i@ thelhOMh o£ACIN NPAALIE iR 0duci ng a
substantially flat sprg% pattern such that the totality of the feed is

substantial Iy uni fleized tawsieh sevale perdyeing & Rebsentisdly feewrdyantion sudahaitiest
particles flow ng,pg oﬁtn@fe@%?smfmﬁaa lifssfmlgfagyer ﬂqcfowgh 94054-&@1%0&% gne
l'yst partic Fuidi Zed 1 ow.

nozzl e extends into t’he stream of cat es In

[ 00151 I n a pref eratayst patiolds flewing pashthepoortesssenfbdy. | nj ecting a hydrocar bon
feed into a streamof catalyst particles in fluidized flowis in a riser
reactor of a FCCunit, the conduit section is in said riser reactor, and
the totality of t[08idleed i ¥etanothateaidbbdialchtyrelatts foarprbossdios phacsngla fed &S a

V0 2006/ 073643 - PENAIESSEBPOPRRSE in bl BEReip SIS GonHREBRAN oS
[00161 Figure 1 ifedimnéhabRt bfe dRWEGnBIYSurfbuhdiy @ bedhorsdiapedushlr &Y

catalyst particles in fluidized flow, injecting the feed through at least two injection

nozzles located on said nozzie assembly into the stream of catalyst particles in

fluidized flow, each nozzle producing a substantially flat spray pattern such that the

tatality of the feed is substantially uniformly dispersed across the cross-section of

catalyst particles flowing past the nozzle assembly, provided that at least one

nozzle extends into the stream of catalyst particles in fluidized flow.

[0015] In a preferred embodiment, the process for injecting a hydrocarbon
feed into a stream of catalyst particles in fluidized flow is in a riser reactor of a
FCC unit, the conduit section is in said riser reactor, and the totality of the feed is
substantially uniformly dispersed across a cross-section of catalyst particles

flowing past the riser conduit section,



patterns and their penetration into a catalyst stream [00171 Figure 2 is a
schematic drawi ng showi ng two pairs of nozzles at different penetration
depths in a catalyst stream 100181 Figure 3 is a graph showi ng the effect
of jet vel ocitywef2odeedson the jet penetration of feed i | yst
stream 100191 Figure 4 is a graph show ng the effect of nggkggﬁgéagture on
jet penetration length of feed. 100201 Figure 5 is a graph show ng the
effect of jet angle on jet penetration |ength wherein jet angle = 90
(nozzle inclination angl e above horizontal). 100211 Figure 6 is a graph
showi ng the effect of tenperature differencgs between the gas/solid and oi
droplet on jet penetration |ength. DETAI LED DESCRI PTI ON [ 0022] A
conventional FCC process includes a riser reactor and a regenerator wherein
petrol eum f eed | spRIEE DESECHIPTION F TRHIEDRAWIRRG | on zone of a riser reactor
containing a stream of fluidlzed cracking catatyst particles. The catal yst
particles typically contain zeolites and may be fresh catal yst particles,

catal yst particle om - L of: conbi pation thereof.
Gases that may belhdrt e BRSSP b R B

hydr ocar bon vaporpaitesss endrihenr pgretretiondntoiartatalyststredner eof are nornal |y enpl oyed
as |ift gases to assist in fluidizing the hot catal yst particles. 100231
Catal yst particles that have contacted feed produce product vapors and

catal yst particl e®0tnt ai rigge 8isd phabdte daypdighowbgneo psiravEinbzas acoke. The
catal yst exits tﬁﬁggeaction.zo S spe&% catal yst particles which are
t

e.a
separated from ?BHFTgme??ﬂﬂgﬁ?aFﬁ SISESr at i on zone. The separati on

zone for separating spent

[0018] Figure 3 is a graph showing the effect of jet velocity of feed on the jet

penetration of feed into the catalyst stream,

[0019] Figure 4 is a graph showing the effect of feed temperature on jet
penetration length of feed.

[0020] Figure 5 is a graph showing the effect of jet angle on jet penetration

length wherein jet angle = 90° (nozzle inclination angle above horizontal).

[0021] Figure 6 is a graph showing the effect of temperature differences
between the gas/solid and oil droplet on jet penetration length.

DETAILED DESCRIPTION

[0022] A conventional FCC process includes a riser reactor and a regenerator
wherein petroleum feed is injected into the initial reaction zone of a riser reactor
containing a stream of fluidized cracking catalyst particles. The catalyst particles
typically contain zeolites and may be fresh catalyst particles, catalyst particles from

a catalyst regenerator or some combination thereof. Gases that may be inert gases,



catal yst particles fromreactor effluent may enpl oy separation devices such
as cyclones. Spent catalyst particles are stripped of strippable
hydrocarbons using a stripping agent such as steam The stripped catalyst
particles are thernimanssto a regeneration zone in which QQﬁﬂkﬁﬂQ&thg

hydr ocar bons are conbusted and coke is renobved. In the regeneration zone,
coked catalyst particles are contacted with an oxidizing nmedium usually
air, and coke is oxidized (burned) at high tenperatures such as 510C (950F)
to 760C (1400F). The regenerated catal yst particles are then passed back to
the riser reactor. 100241 Suitable hydrocarpon feedstocks for the catalytic
cracki ng process described herein include natural and synthetic

hydr ocar bonaceous oils boiling in the range of 221C (430F) to 566C (1050F),
such as gas oil; Reg¥yardthdamsals ¢ offolnat iling
above 1050F (566C%ﬁﬁheavy gﬁ% ?gagkggﬁiég%gléﬁﬁ?@%ﬁﬁﬁgglﬁﬁhgé??% %u§1

at nospheri c di sti liftgeses to #5&stin fuidizingdhe kot ealalystpetiigles.di sti | | ati on bott oms;
pitch, asphalt, bitunen, other heavy hydrocarbon residues; tar sand 0|Is
shale oil; liquid products derived fromcoal |iquefaction processes,
napht ha, and nixtMHEé]ther@mﬂyﬂm@ﬁﬁﬁ&ﬂﬁﬂﬁwmamﬁhwdmxdqmyMbemamEtphmus e.g.

silica-al um na and/ [1ine ul si ev i
zeolites or mixt uF‘é éﬁ;ﬁ M@ﬁh@ﬁm %J/Sﬁ Ige:%uﬂ"
preferred catal ySEatpl@zﬁttekﬁd t8e FOEDhizERSas(sPent Hfal I BAMEBIO Shich Bre Qbtaraaad ﬂrcdn acid
matrix, such as alumna, silica-alumna, silica-magnesia, silica-zirconia,

silica- thoria, e|TFRCLPr [§ 1T‘tllﬁl 8 SepayafipR.Zong. T%ﬁﬁeaara%qq 7088 {05 pePATAHAE PSR eart h

and the like; andc{h)stpadRRl ﬁ&ﬁrea%wl:effﬁ&nﬁﬁwea?wy%epamﬁmra@\tléas&u&ada conprise
ternary conpositions, such as silica- alum ha-thoria

si |ica-al um na- zi F¥domcR, SnenyRualyy pameles i PERPITERS sEDPahly hydsesatbans using a

stripping agent such as steam. The stripped catalyst particles are then sent to a

regeneration zone in which any remaining hydrocarbons are combusted and coke is
removed. In the regeneration zone, coked catalyst particles are contacted with an
oxidizing medium, usually air, and coke is oxidized (burned) at high temperatures
such as 510°C (950°F) to 760°C (1400°F). The regenerated catalyst particles are

then passed back to the riser reactor.

[0024] Suitable hydrocarbon feedstocks for the catalytic cracking process
described herein include natural and synthetic hydrocarbonaceous oils boiling in
the range of 221°C (430°F) to 566°C (1050°F), such as gas oil; heavy
hydrocarbonaccous oils comprising materials boiling above 1050°F (566°C); heavy
and reduced petroleum crude oil; petroleum atmospheric distillation bottoms;
petroleum vacuum distillation bottoms; pitch, asphalt, bitumen, other heavy
hydrocarbon residues; tar sand oils; shale oil; liquid products derived from coal

liquefaction processes, naphtha, and mixtures thereof.

[0025] FCC catalysts may be amorphous, e.g., silica-alumina and/or

crystalline, e.g., molecular sieves including zeolites or mixtures thereof. A



The matrix may also be in the formof a cogel. Silica-alumna is
particularly preferred for the matrix, and can contain 10 to 40 w. %

al um na. As discussed, pronoters can be added. [00261 The prinmary cracking
conponent nmay b¥OasgioBessventional |arge-pore nol ecul ar sipeygshigydsng-
cracking activity and a pore size greater than 7 Angstrons i ncl uding
zeolite X, REX, zeolite Y, Utrastable Y zeolite (USY), Rare Earth
exchanged Y (REY), Rare Earth exchanged USY (REUSY); Dealum nated Y (DeAl
Y), U trahydrophobic Y (UHPY), and/or dealum nated silicon-enriched
zeolites, e.g., LZ-210, Zeolite ZK-5, zeolige ZK-4, ZSM 20, zeolite Beta,
and zeolite L. Naturally occurring zeolites such as faujasite, nordenite
and the like nmay also be used. These naterials may be subjected to

conventional treapitbncs catalwqahmaﬁ coRipisRY R b Qﬁor@ﬁods OdrEX GORNGR Witk rare
earths to i ncreaselg}sqtabl lity. The preferred arge pore nol ecular sieve is a

zeolite Y, nore pPreréf li*YI“&ila ‘R?]mm%@ icgynagiesiaysiliqacrirparyia, Giliseriherid, t abl e

| ar ge- pore cryst akilii iR, 8ith-Btani ﬁNc%Saldn'ﬁﬁi %@ea%'ak@{h%q'me Shi BALSand/ or
clays; al um nophosphates, ‘e.g., ALPO4-5; PO4- 8, VPI

si |'i coal uni nophospitheeEyjagtegThe lsmlﬂ@csl COSKQP@ @mﬂmﬁl@ogtionssdxmml;waand ot her
met al al um nophos 0 737 -.10. 100281 The
Bﬁ%ﬁ%ﬁmsrx\oé%lﬁ% ﬁg&ﬁ%&%@%ﬁ%ﬁ@%?ﬁ ? Je Fmagnesigzircond,” o

cracking catalyst my a e an a e ca
medi um por e zeol i Tke havik ngy alsGCba &t thefont of adegel. (Siticacdiurmina defaitiveldrlyn U. S.

7ovs, zovi 11, Zekrst ol Sk st SR ByBIE Y DR EE ) bFResed 5 o
MCM 22, either al piomotts daibeaddeiinat i on. Preferably, the medium pore zeolite
IS
[0026] The primary cracking component may be any conventional large-pore
molecular sieve having cracking activity and a pore size greater than 7 Angstroms
including zeolite X, REX, zeolite Y, Ultrastable Y zeolite (USY), Rare Earth
exchanged Y (REY), Rare Earth exchanged USY (REUSY); Dealuminated Y
(DeAl'Y), Ulrahydrophobic Y (UHPY), and/or dealuminated silicon-enriched
zeolites, e.g., LZ-210, Zeolite ZK-5, zeolite ZK-4, ZSM-20, zeolite Beta, and
zeolite L. Naturally occurring zeolites such as faujasite, mordenite and the like
may also be used. These materials may be subjected to conventional treatments,
such as impregnation or ion exchange with rare earths to increase stability. The
preferred large pore molecular sieve is a zeolite Y, more preferably an REY, USY
or REUSY.

[0027] Other suitable large-pore crystalline molecular sieves include pillared
silicates and/or clays; aluminophosphates, e.g., ALPO4-5; ALPO4-8, VPI-5;
silicoaluminophosphates, e.g., SAPO-5, SAPO-37, SAPO-31, SAPO-40; and other

metal aluminophosphates.



ZSM5. (00291 The zeolite containing catalyst may range in crystallite size
from0.1 to 10 mcrons, preferably from0.3 to 3 mcrons. The relative
concentrations of zeolite conponent and matri x on an anhydrous basis my
vary w dely, w W0 beo73@eol ite content ranging froml to 1 /%ﬁgo%grna,bly 10
to 99, nore usually from10 to 80, percent by weight of the dry conposite.
10030] The anpbunt of zeolite conponent in the catalyst particle wll
generally range froml to 60 w.% preferably from5 to 60 w.% and nore
preferably from10 to 50 w.% based on the total weight of the catalyst. As
di scussed, the catalyst is typically in theformof a catalyst particle
contained in a conposite. Wien in the formof a particle, the catal yst
particle size will range from 1 to 150 microns in dianmeter, with an average

particle diameter (062860 t OTROCrablisy QRHst rgﬂealw&}éﬁ@@anaaﬁgi@ivé)tatﬁlgﬁ nﬁﬁ% rix
material after artificial deactivation in” steamw || be <_ 350 nk/g,
preferably 10 to Zown ¢fpy medivm paregeditalayinge Gonstmintdndeys (whish ismfiged ivbid. e t he
surface area of t I i ld . .1 hi ype and
anount of zeoli tehgﬁﬁmngtgcﬁéﬁé%\’n%ﬁérﬁ%?ﬁ@@gfmﬁ%?ﬁu&gg%gh@%ﬁﬁg ’e%s t han
500 nR2/g, preferadSMt,ciENGQ21 250830, 48M-G3, ZRM S5pZN AR AT - 571 BI35Adt 0 250

m2/ g, and nost prefiela from100 to ,250. 006/,073643 .
PCTI US2005/ 043737%-8@g‘é@i%°&%ﬁ“b?%‘&bé%”gloﬁlﬁg§e{a n8e PRIUmPYeLoitdh zone
i ncl ude tenperat urZ8-5f rom 450C to 700C (842F to 1292F), hydrocarbon parti al

pressures from10 to 40 psig (170 to 377 kPa), preferably from20 to 35
psig (239 to 342 kPa); and a catalyst to feed (Wt/w) ratio from2 to 20,

where catal yst weijgiw) i s t ohateoliRicohbin@f catﬁl?ﬁ A AR G REMRS 4 SromIE t Ot al
pressure is from atnospheric to 45 psi g (41]

to 10 microns, preferably from 0.3 to 3 microns. The relative concentrations of

zeolite component and matrix on an anhydrous basis may vary widely, with the

zeolite content ranging from 1 to 100, preferably 10 to 99, more usually from 10 to

80, percent by weight of the dry composite.

[0030] The amount of zeolite component in the catalyst particle will
generally range from 1 to 60 wt.%, preferably from 5 to 60 wi.%, and more
preferably from 10 to 50 wt.%, based on the total weight of the catalyst. As
discussed, the catalyst is typically in the form of a catalyst particle contained in a
composite. When in the form of a particle, the catalyst particle size will range from
1 to 150 microns in diameter, with an average particle diameter of 60 to 70
microns. The surface area of the matrix material after artificial deactivation in
steam will be < 350 m?/g, preferably 10 to 200 m?/g, more preferably from 20 to
150 m*/g. While the surface area of the catalysts will be dependent on such things
as type and amount of zeolite and matrix components used, it will usually be less
than 500 m?/g, preferably from 50 to 300 m?/g, more preferably from 50 to 250
m’/g, and most preferably from 100 to 250 m/g.



kPa). Though not required, it is preferred that steam be concurrently
introduced wth the feedstock into the reaction zone, with the steam
conprising up to 50 wt.% preferably Ito 5 wt.%of the primary feed. Al so,
it is preferredWortats/oriees vapor residence tine in the reacﬁdmz(%9?§73be | ess
than 20 seconds, preferably fromO0.1 to 20 seconds, and nore preferably
froml to 5 seconds. [0032] In order for feed to be converted to product in
such short reactions times, it is inportant for the feed to be atom zed
into small droplets. The efficiency of the cracking process for converting
feed to product is a function of the physicagl properties of the feed
(viscosity, density and the like), physical properties of the catalyst
stream (nature and configuration of catalyst), feed droplet size, droplet

di stribution intofbg reacm@pmz@@e@nmgmtﬁ@ﬂb&m%ﬁé&ﬁaﬂdé £ffALQp! ets and
catal yst particl process conditions including flow rates of gases and

li quids and pr esgﬁlpé‘éoncaﬁgopﬂ@@ B1to {8 nhydresaroen partiel presseroy from hdito

i nfl uence injectogy 190 to 0P I or
orifice, relative v%ﬁ%gl t§0 bet \Aeggre?éergﬁ?gﬁﬁzgt@%ﬁﬂzgddoed to %ﬂc‘%id:Etl

atom zation and r&talst & fegdevi(v) 1atie o, 2 ﬁl’ﬁﬂswhehfeca@ﬂﬁt weightly tafl wetgjheofcr acki ng
process i s depend ee j ector.
o ﬁl@%a‘rh gst%ﬁltpg‘ﬁtg. g?‘g%&eﬁ\r{ Ex%ss?xp: ﬂgﬁogﬁos?{xer}CQO 4f5 .Tlg gfi?

The injector should atom ze s as we
durable, i.e., cHimblTeough mot regnidesid it peprifoded bht ssaem\hemenmirﬂehﬂ}uﬂhtr@:luug:gl ng or

suffering undue e.g.. .abrasign fromcontact w tal yst
particles. In th W%%e%?gg%g% t "efe‘*agti"%l PRy & (]:tbgng {eﬁ?jocofqlfé‘s‘?gﬂ? Eﬂ’lst? %/g’t ream
of catalyst parti pﬂe&sabﬂ}hr auiyRt. %toﬂk@p?iﬁﬁ@/ﬁgcﬁﬁdﬂa) RGHre2Q@ W08 vapor - 12 | east
one injector situat gd to allqw effici enh }cﬂ Lact bet ween feed droplets and
catal yst particl e¥SCSHITE FS 19aSHeP 708¢ gl 20seennds arederably fomvbbioat ur es

of from 120C to 20 seconds, and more preferably from 1 to 5 seconds.

[0032] In order for feed to be converted to product in such short reactions
times, it is important for the feed to be atomized into small droplets. The efficiency
of the cracking process for converting feed to product is a function of the physical
properties of the feed (viscosity, density and the like), physical properties of the
catalyst stream (nature and configuration of catalyst), feed droplet size, droplet
distribution into the reaction zone, spray angles between feed droplets and catalyst
particles, process conditions including flow rates of gases and liquids and
pressures, and injector design. Additional factors that influence injector design
include pressure drops across the injector orifice, relative velocity between feed and
any gas added fo aid atomization and ratio of gas to liquid. Thus the efficiency of
the cracking process is dependent in part on the type and design of the feed injector.
The injector should atomize and disperse feed droplets as well as be durable, 1.¢.,
capable of extended periods of service without plugging or suffering undue
mechanical wear, e.g., abrasion from contact with catalyst particles. In the FCC

process, feed is injected into the fluidized stream of catalyst particles through at



450C. A gas or gases is preferably added to the feed to enhance the

atom zation process. Such gases include steam nitrogen, hydrogen, FCC

of f-gas and | ower nol ecul ar wei ght (CO hydrocarbons. Preferably steamis
enpl oyed for aworaticen. The ratio of steamto feed canl;qhkﬂﬁgﬁgnghe
atomi zation process by controlling the density of the resulting feed/steam
m xture. The anmount of steamis generally in the range fromO0.1 to 10.0
wt. % based on the weight of the feed/steam mxture. It is known that a
cross section of fluidized catalyst particles flowwng in the riser section
may contain areas which are non-uniformw th regard to paranmeters such as
tenperature, catalyst density, and catal yst nass flux. These areas of
non-uni formty nmake it difficult to achieve a uniform dispersion of

atomi zed feed acregsoidigiecdf fhysd tJahﬁwmlwcgmtset@@Jn feéNHr{g}ﬁet Qgrer cial FCC
units may contain a variety of nozzle designs, each individual riser

reactor uses a codystpahtlesnozzl e design within that unit, i.e., the nozzles
used are the same. Thus these individual units have a difficult task in
achi eving uniformdi spersion of feed wthin the catalyst stream [00341 The
plurality of nozzj9833]accorlte fegd ismoriellyppredendd tb mngrtanoes usfﬁr;on:elem:)hc tgr oduce

different spray patterns in the.proce f atam zi the f rigr to or
during injection A?Sh (g feas greﬁa%ﬁsﬁqr Igfai’g'a%d?cﬁt %?f?diqgéﬁ’han%t Wﬁf%‘?ﬁ nunber
of nozzles is tvwiolsd SadHpisbONeudNOEL, elaxdgax hmogb&em@%ﬁrg@mrdadweﬁhe
preferred nunber of nozzl from4 to 16 specially to 8. The

preferred spray pabeeyd e tg%Z@H@P&ﬁ?W5IPVﬁF? m?%%“§ﬁ§$§ﬂdﬁﬁttern as

di scl osed, for exasmizfionl MThbkaflo oPALARTo R4 can tnffhémbe MSatoM2htich .&eésnﬁfor por at ed
herein inits entiret WD 2006/ 073643 PCT/ US2005/ 043737 -13 100351 In the

case of two nozzl@stolingthsdemiy phidie shling &sdpeam Bixtrar Thpagougeof stcam is
generally in the range from 0.1 to 10.0 wt.%, based on the weight of the feed/steam

mixture. It is known that a cross section of fluidized catalyst particles flowing in
the riser section may contain areas which are non-uniform with regard to
parameters such as temperature, catalyst density, and catalyst mass flux. These
areas of non-uniformity make it difficult to achieve a uniform dispersion of
atomized feed across the catalyst flowing in the riser. While commercial FCC units
may contain a variety of nozzle designs, each individual riser reactor uses a
consistent nozzle design within that unit, i.¢., the nozzles used are the same. Thus
these individual units have a difficult task in achieving uniform dispersion of feed

within the catalyst stream.

[0034] The plurality of nozzles according to the present invention may each
produce different spray patterns in the process of atomizing the feed prior to or
during injection into the catalyst stream in the riser. The minimum number of
nozzles is two but additional nozzles may be used as desived. The preferred
number of nozzles is from 4 to 16, especially 6 to 8. The preferred spray pattern is
a substantially flat fan-shaped pattern as disclosed, for example, in U.S. Patent No.

5,173,175, which is incorporated herein in its entirety.



| ocat ed opposite each other on the periphery of the riser catalyst stream
If additional nozzles are enployed, they may be approxi mately evenly spaced
on an annular ring surrounding the catalyst stream The nozzles my be
arranged i n noreo 2damsene | evel and two or nore annul ar rj Lni ng
nozzles in different levels nmay be enpl oyed. 100361 The fﬁggf%%%ogg(g‘??&ti ng
the penetration of feed into the fluidized catalyst streamwthin the riser
reactor include those associated with the riser reactor dinmensions, the
catal yst particle properties, catalyst streamflow properties, the feed and
spray pattern of feed contacting the catal ygt stream plus those associ ated
with the nozzles. Factors include, but are not |limted to riser dianeter,
overall transfer |Iline and unit geonetry, catalyst circulation rate and
flow ng density, catalyst physical properties, feed rate, and feed physical
and chem cal properties. A Riser Reactor and Catal yst [00371 One factor

i nfluencing feed HWask r at iloithe qaseofttive nezates | thesprefstredamangemenh s thaditleydeer of
the riser reactor robl i.f0 N feed ross the
catal yst stream bgg%i?r@g&pﬁ%ggg@o%?%g ﬂ%’s‘{ e%%%g?%{r}%%geegg%ﬂﬁtﬁ%&ﬂ glgr i ncreases.
The | arger the dadiditinelnoefled daeemplopdd, thehmay be geroxithaeld ewmit @acedng afoment um
of the <catalyst streamflow ng therein. The rjser rieact r di amater t hen

rai ses ot her fact SPQIar rigurroundingiiheg catalyst speammy G QZAIE Y RS RFAREEd N PGteger
cross-section of fhahahyBlel and twiRy modd sBuRNGRRbRAInInG GoLRS iNgflefcheigudari ti es
in the catalyst streamitself, e.g., localized catalyst density across the
stream tenperat uF’éYBFF’P%IP@Hces, and | ocalized catalyst velocity. Oher
catal yst properties which may be a factor include average particle WO

2006/ 073643 PCT/ US2005/ 043737 -14 size, particle size distribution, volume
and surface area U036kt al yBre ferers pifecing ihgapnefration of feed into the fluidized catalyst

stream within the riser reactor include those associated with the riser reactor
dimensions, the catalyst particle properties, catalyst stream flow properties, the feed
and spray pattern of feed contacting the catalyst stream, plus those associated with
the nozzles. Factors include, but are not limited to riser diameter, overall transfer
line and unit geometry, catalyst circulation rate and flowing density, catalyst

physical properties, feed rate, and feed physical and chemical properties.

A. Riser Reactor and Catalyst

[0037] One factor influencing feed penetration into the catalyst stream is the
diameter of the riser reactor. The problem of uniform penetration of feed across the
catalyst stream becomes more complex as the diameter of the riser increases. The
larger the diameter of the riser, the larger the diameter and momentum of the
catalyst stream flowing therein. The riser reactor diameter then raises other factors.
Not only does the feed have to penetrate a larger cross-section of catalyst, it may
also encounter increasing irregularities in the catalyst stream itself, e.g., localized
catalyst density across the stream, temperature differences, and localized catalyst

velocity. Other catalyst properties which may be a factor include average particle



density, and heat transfer properties. B. Feed Spray Pattern 100381 Factors
i nfluencing the feed spray pattern include the shape of the spray pattern
and the properties of the droplets making up the spray droplets. Such
factors incl udewpnersoidessand st eam nmass flow rates, SauterP@@ﬁ@ﬂﬂg%.ggoplet
dianeter, and the oil spray velocity at the exit of the nozzle. 6 91 The
spray pattern is preferably substantially flat and fan-shaped. By
substantially flat is meant the aspect ratio of the spray, i.e., the

t hi ckness of the spray relative to the width of the spray, both taken as
orthogonal to the direction of the flow ofi4the spray (away fromthe nozzle)
is generally less than 1:1. Wth regard to the present invention, the
aspect ratio is generally significantly less than 1:1 and can be generally

from1:2 to 1:5 ogizt,@asiclatize distribji€s b elomel i duef@urealdtQatalyReatticledl dakticle
general |y becones g%ggrqgﬁively smal | er as di stance increases along the
spray flow path.d "R %“Hﬂmﬁﬁéﬂ@ﬁﬁﬁy generally increases linearly wth
di stance fromthe injector as a function of the tangent of the included
angle of the spray across the w dth. The spray thickness dinension is

ort hogonal to theBaxi dfeed Spray Pattesnand renmins relatively constant with

di stance fromthe injector. The fan shape as taken froma general plan view
al ong the axis of flow of the catal yst streamcan be narrow as
characterized by #0888l angWHaatorsinfypmcing the fggdaplag pateeriatcighd the chdpasétheat i o or

can be broad as characteriz by a tri Le having a snmall hei ght to, base
ratio. Thus the P&y ‘E)Igtaﬂlgﬂ}? %?pefn@éaﬁg‘gﬂro 15%\%"%5&% SBFaé'éfoIgﬁs‘o%{"Pm ze
penetration into ficte ihdludedhe 6ill atBteaakiibdss Sbw @ae8, Bhdidt ne@R bA@tdphg dRedt, om zed
feed and fl ui di zed cgta gst 2006/073@33 PCT/,.US2005/ 043737 -15 in the
riser "mix zone". “¥HBC GhiBRY %‘gicft@lahthi’ e MGOFFEd by the nozzle design as

[0039] The spray pattern is preferably substantially flat and fan-shaped. By
substantially flat is meant the aspect ratio of the spray, i.e., the thickness of the
spray relative to the width of the spray, both taken as orthogonal to the direction of
the flow of the spray (away from the nozzie) is generally less than 1:1. With regard
to the present invention, the aspect ratio is generally significantly less than 1.1 and
can be generally from 1:2 to 1:5 or less at the injector discharge. The aspect ratio
generally becomes progressively smaller as distance increases along the spray flow
path. The width of the spray generally increases linearly with distance from the
injector as a function of the tangent of the included angle of the spray across the
width. The spray thickness dimension is orthogonal to the axial spray path and
remains relatively constant with distance from the injector. The fan shape as taken
from a general plan view along the axis of flow of the catalyst stream can be
narrow as characterized by a triangular shape having a large height to base ratio or
can be broad as characterized by a triangle having a small height to base ratio.
Thus the spray pattern of feed can be varied in order to optimize penetration into

the fluidized catalyst stream with contacting of atomized feed and fluidized catalyst



di scussed further bel ow. 100401 The varied spray patterns of feed are such
that the feed is substantially uniformy dispersed across the cross-section
of catalyst particles flowing in the riser. By substantially uniformy

di spersed acr oswobfgomeass-section of catplyst particlespk§mg%ﬁgh3 pat mass
distribution of the conposite feed injection sprays in the riser Cross
section closely matches the mass distribution of catalyst across the sane
cross-section. Hence, the localized catalyst to feed oil mass ratio

t hroughout this riser cross-section remains relatively constant at al

| ocations. Penetration of feed into the cgtalyst streamcan be a function
of the individual spray pattern of the feed injectors. By varying the

i ndi vi dual spray patterns, a substantially uniformdispersal of feed across

the catal yst stregmoaRr qﬁx%ﬂé"eqﬁgsepéay['{%%‘%% gnhfl%%ﬁ}iﬁemm?i%‘{ ASOW rates

can influence the interaction of cat al yst SO a r is the
met hod of i nj ect i digpusseéfurthienbedowhe feed/feed injector. Flow rates are
readi | y measured using conventional nmeans. In general, steam or other
suitabl e | ow nol ecul ar wei ght streamthat is substantially a vapor at feed
i nj ector conditi of#gdijt enpeThatvurial sprigt ppite@ssSififed akeSsuciothetnthe ede@ék Wi t h t he

hydr ocar bonaceous feed. j.n order t.o enhance |iquid droplet fornmation.
Preferably the n?“;itfﬂnéh%fm'\;"iﬁ%’fé‘%ﬁ‘?ﬁe ?%ﬂ%si}é?cfg?sé'é‘ifuf’%g%?ﬁtm BYUflRt 0 t he
flowi ng catal yst SiwiBam thé HERUBH sRtapitlly &hifbryikhesch a8dsd the 86iQketiohne

wei ght ratio of steamto hydrocarbon feed, is from0.0025 to 0.2, preferably

from0.005 to 0. 0% c2ane Rireesst wewr Bpt Hass dismrbugonef therornogite fefbiniaitos
velocity of the mindupemt BEQUERs tddBorQidseRimMbnet e nfagiEflstrib oﬁfotf%alﬁ

determ ned by the avail able pressure drop and the size of the orifice.
General |y, the snehdsethetshoe oropfdeciaon. Hepceyihghesalized satplystgs fged odmages rabmd t he

E‘ICEIJ' ngrz 0 B g/e 0 4g |7 2(7: h%o%gho\ﬁ? {h(i)sp Jistey cr%gsgsg?:&orﬁerergghilsf Iief;a%vdy\gngtgg@a/t le %060§t§0ns.

Penetration of feed into the catalyst stream can be a function of the individual spray
pattern of the feed injectors. By varying the individual spray patterns, a

substantially uniform dispersal of feed across the catalyst stream can be achigved.

{0041] Qil and steam mass flow rates can influence the interaction of feed
with catalyst. Also a factor is the method of injecting steam into the feed/feed
injector, Flow rates are readily measured using conventional means. In general,
steam or other suitable low molecular weight stream that is substantially a vapor at
feed injector conditions (temperature and pressure) is co-injected with the
hydrocarbonaceous feed in order to enhance liquid droplet formation. Preferably
the mixture of vapor and atomized feed is injected into the flowing catalyst stream
through an outlet from the feed injector. The weight ratio of steam to hydrocarbon
feed is from 0.0025 to 0.2, preferably from 0.005 to 0.03, and more preferably from
0.01 to 0.03. The mass velocity of the mixture through the outlet of the feed
injector is determined by the available pressure drop and the size of the orifice.
Generally, the smaller the orifice, the higher the pressure drop, and the higher the

discharge velocity from the orifice.



-16- [0042] Sauter nean oil droplet dianeter is also a paraneter influencing
the effectiveness of oil feed penetrating the hot catal yst stream
Generally, smaller oil droplets lead to increased vaporization of feed that
in turns | eads wowmnssfzavorabl e cracking conditions for pehgsfeafsse. 0.

i ncreased contact between feed and catal yst. However, increased

vapori zation rates al so decrease penetration of the spray into the flow ng
catalyst stream limting the overall contact with the entirety of the
flow ng catalyst stream The feed is typically subject to pre-heating to
facilitate feed vaporization and hence atggi zation. The feed may be m xed
with an inert gas, preferably steam Shearing or agitation forces may al so
be applied to the feed for atom zation purposes. [0043] Rapid vaporization
beconmes nore of a factor as the feeds becone heavier, e.g., resids as
feeds. It is preferred that the nean_droplet size be less than 1000

microns, preferabl®4lless t¥rier motr ol Epppisdiamgiey isabioe prasraierdpiipngiendet han 250
mcrons. Sauter nERRGHLHERIFhil dleaFBlhtideSht ¥R et e6aenad s%ug:ﬁ%ff cal

Lty
techni ques such as light scattering |nterferone%ry or Fraunhofer raction
of a parallel be&nplef lerdriohreaiedvirorizitightof Bpd atniternslleags tetmore fevmatdper at i ng
principle of the . vern.parti Lzefl .. [ Si.r I f ured |ight
energy can be cocnr%%hge{?gfh@g’gs f&‘f‘%? ?el% ﬁ“’f "dﬁél;gﬁe%l’rogl%%@%egg%e@ ér @Pal%ﬁystt'he spray
from whi ch the Sabtwever,npaerscl wpetiation sites alse ddcatastpenfidQidd jof haepray Ints pr ay

velocity at the ngzzle.exif.can also ..nfluenc enetration .of oil feed into

the hot  circul at!ﬁ&ﬁ@g{rﬁlcﬁ%{yﬂﬁgﬁ%ﬁ*m’h’t’% eﬁveﬁ E‘C'i/‘i@i’/\}hfj‘iﬂm Etyr?gpf'ﬁnt um

bal ance, increasi figvihfeatwi9t@ttdny THe fbdids BiplcalBuB¥ct tb preciRassy b kRilitt®MENt UM Of

the spray and results in |.ncredalsed penetration of the flo 'n% cat al yst

st ream feed vaponzation and hence atormization. The feed may be mixed with an inert gas,
preferably steam. Shearing or agitation forces may also be applied to the feed for

atomization purposes.

[0043] Rapid vaporization becomes more of a factor as the feeds become
heavier, e.g., resids as feeds. It is preferred that the mean droplet size be less than
1000 microns, preferably less than 400 microns, and more preferably less than 250
microns. Sauter mean droplet diameter is typically determined by optical
techniques such as light scattering interferometry or Fraunhofer diffraction of a
paralle] beam of monochromatic light by liquid droplets, the operating principle of
the Malvern particle sizer. The distribution of measured light energy can be
converted to a distribution of droplet diameters in the spray from which the Sauter

mean diameter is calculated.

[0044] The il spray velocity at the nozzle exit can also influence penetration
of oil feed into the hot circulating catalyst system. From a simple view of a
momentum balance, increasing the velocity of the oil spray increases the
momentum of the spray and results in increased penetration of the flowing catalyst

stream.



WD 2006/ 073643 PCTI US2005/ 043737 -17- C. Nozzles [0045) The preferred

fan- shaped sprays are achi eved by adjusting the nozzle design. Such
fan-shaped sprays can be obtai ned by using nozzl es having rectangular or
el l'iptical orifWea860T e confi guration of the fan shape i trgghk06903:0¢
controlled by adjusting the nozzle orifice paraneters, i.e., by adjusting
the orifice cross-sectional area and aspect ratio (effective w dth: hei ght
ratio of the atomzing orifice). The spray pattern and di scharge velocity
can also be controlled by adjusting nozzle spray diffuser geonetry
downstream of the atom zing orifice. Paranmeters such as angle of resultant
spray can be set by design of the fan tip te constrain radial divergence.
Reference is nade to U S. Patents Nos. 5,173,175 and 6,093,310, which are
i ncorporated herein for injectors producing a substantially flat fan-shaped
spray. The includgd angle coverage of oil spray for the respective nozzles
is from30 to 115 pr ! ly from45 to 75. It is preferred that the

i ndi vi dual spray patterns are approxi mately overlapping at the extremty of
the individual injector sprays. 100461 A factor with regard to nozzles is
t he positioning ol"dof'ﬂe nozRie@rafeired fon-shapestsprays aachiaed by adjusting dpnozely

preferred embodi ngnfo khe, ﬁﬁ)-gl?dggdo%ﬁﬂlﬁﬁiC?rhﬁetobﬁﬁned%?%Fi]néngzrf%?ﬁ?\gngsurface of the

catal yst stream i.e., closet _ e riser wa S~ enbodi nent,
penetration of fetdapgulay or blbipticat erificss. Bhiercenfiguration of thadan shapegfselfomMee  desi gn

and operating faC%a%%ﬂ{cfﬂﬁ&d@%u&gﬂe by 1e%?iﬁé‘é ﬁ/ﬁgmﬁ%rg,?i%g‘bﬁggu{}fgggei drfpaet or

design. In an alterna I ment, e nozzle n position
fromthe outer secnfsaedidnpleriaphérspectottid effectiat widfisheightrammitie axaairing he

Com e O Lhe, Sl B AT MDA DS, RS SRRl nd DRy 11 o
adjusting nozzle spray diffuser geometry downstream of the atomizing orifice.
Parameters such as angle of resultant spray can be set by design of the fan tip to
constrain radial divergence. Reference is made to U.S. Patents Nos. 5,173,175 and
6,093,310, which are incorporated herein for injectors producing a substantially flat
fan-shaped spray. The included angle coverage of oil spray for the respective
nozzles is from 30° to 115°, preferably from 45° to 75°. It is preferred that the

individual spray patterns are approximately overlapping at the extremity of the

individual injector sprays.

[0046] A factor with regard to nozzles is the positioning of the nozzle in
relation to the catalyst stream. In a preferred embodiment, the nozzle tip is at or
near the outer surface of the catalyst stream, i.e., close to or in the riser wall. In this
embodiment, penetration of feed into the catalyst stream is a function of nozzle
design and operating factors relating to the catalyst stream and riser reactor design.
In an alternative embodiment, the nozzle tip may vary in position from the outer
surface (periphery) of the catalyst stream to near the center of the catalyst stream.
Moving the position of the nozzle tip from the outer surface to the interior of the

catalyst stream may improve penetration of the feed. The positioning of the nozzle



catal yst stream may i nprove penetration of the feed. The positioning of the
nozzl e WD 2006/ 073643 PCT/ US2005/ 043737 -18 in the alternative enbodi nent
is also a function of the nozzle design, catalyst conditions and design of
the particul ar Wog@M/075%¥e i ndi vi dual nozzles may range fr@mish@s4sh:k phery
to at or near the centerline if the nozzle is extended into the catalyst
stream Thus the range is from0O to 100% of the radial distance fromthe
riser wall to centerline. For nozzles extending into the catal yst stream
the distance is preferably from10 to 75% nore preferably 10 to 50% of the
di stance fromriser wall to centerline. Thg penetration of the nozzle
toward the centerline of the riser can be acconplished by extendi ng the

pi pi ng and appropriate erosion protection fromthe periphery of the

catal yst flow t owgrke diidthai@ dnfodinftint [¥RKo BEurkBREoRKE RN dedbBgalite 1 ow of
the catal yst fromthe generally ugstream direction with respect to the

catal yst flow Theongiigas i devigh efchs pastiowayrigss. The indeiduglionges mppieagt i at e
cl addi ng desi gnedg4,Q s Rtigichy lo@b: RAF i %t&ﬁ%eti?ﬁgﬂgﬁé 8 R¥ARAMN Dl NLO the

catal yst streamfromthe abrasive effects o w ng catalyst stream
[ 0047] The angl e vdtdlgshstrdam. BousAheengeos from@ to d0Q%6 iobihe ragtial Histapert fdy gt st r eam

or the riser wall.s i Slll%l soeﬁ. Lgﬁt or. ,Thi gmg.n %':*td on the,.centerline

le LS b
of feed from the™ 10741 e Crmé'i a |ve°rtn(§)z%I Seexcen]flgm%? l[rllaee c%t?@ ﬁtereafni"lﬁlileo‘?lsztaen ¢

cat al yst stream ikhpesferaliy fem 10may 5% emare piefagatile d0 so500haltthd fietyncaf®m riser

erpendicular to t axi s,of flow of the.catalyst r. perpendicular to the
P eor | The el odenabe rapengrain b bkt e B pEk st Ot 1 o

Preferred angl es @m®efht@mplsied by 2xtehdiky thepipREtand SppRoRlatadsichdta@Rn
orthogonal to the axis of catalyst flow preferably 45 to 60, The nozzles

may al so be situlpBdheqirigheay oldhe ertalpit Gov iRyahthe sPiteh pia Rsfcphaitliser wal |

itsel f. [00481 Thgopy @E a6 eHthalchRlyaerithe SdneROF ZbffahirkdiodWidSEHRRY
conprising at _
the catalyst flow. The erosion protection may be in the form of appropriate
cladding designed to protect that portion of the nozzle extending into the catalyst

stream from the abrasive effects of the flowing catalyst stream.

[0047] The angle which the nozzles form in relation to the catalyst stream or
the riser walls is also a factor. This angle is based on the centerline of feed from
the nozzle relative to the centerline of the fluidized catalyst stream. The nozzles
may be configured so that they are perpendicular to the axis of flow of the catalyst
or perpendicular to the riser wall. The nozzles may also be angled from the axis of
catalyst flow. Preferred angles are from 0° to 75° with respect to a planar surface
orthogonal to the axis of catalyst flow, preferably 45° to 60°. The nozzles may also

be situated on shelves or protrusions arising from the riser wall itself.

[0048] The preferred arrangement of nozzles is in an assembly comprising at
Jeast one annular ring circumferentially surrounding the catalyst stream. The
minimum number of nozzles is two, more preferably 4 to 16, most preferably 6 to

12, and the nozzles are spaced around the circumference. The nozzles may be in



| east one annular ring circunferentially surrounding the catalyst stream
The m ni mum nunber of nozzles is two, nore preferably 4 to 16, nost
preferably 6 to 12, and the nozzles are spaced around the circunference.
The nozzl es mayWBAaWHATIN® 2006/ 073643 PCT/ US2005/ 043737 - OT@BR0AARNY} ar ring
or there may be two or nore |ayers of annular rings each bearing nozzles.
The preferred m xture of nozzles and hence spray patterns is that which

wi || achieve the nmaxi mum contacting of the oil spray with the flow ng

catal yst stream The nozzle spacing will be a function of the geonetric
pattern of spray produced by the individutd- nozzles as well as riser

di mensi ons. For optimal contacting, a greater nunber of injectors is
preferred and is generally limted by the circunferential dinension of the
riser at the feedneapmbdiriop onthee mayat tae bineore layetse¥ adnulan rindshach bastitig can

general ly be establi,sh by .t he need f.or enou width of the steel in the
|'i gament f or med H}?Z’fl%e[glajpéé‘aﬁﬁ rpigas of APz iaﬁ‘gﬂ'?%‘“z%ﬁr@'spaftf)mﬁh\}gat ficient
mechani cal st r engtill acldéveGhdmienilel BhtaitRGAf e oSy Wb Redtovasg Edulist e el ement
analysis of the riser. [0049] An, i rrpﬁrtant aspect of the invention is to

tailor atomized OFFRRpFiaRozzisspaqing ik Py fuarien ofthegreamrtng Prian of @

injectors to proviréficd Hya8d iddii®al AResSHSHeAMs rikdAmdnSiol. tlorbPtj@alor € uni f orm
penetration of feed into and across the catalyst in the feed/catalyst

m xi ng zone. Thi scopgctaigomerestar numeber ¢fliniestpra éf sfanes and is gexamity Eitedodthpl e 1
[0050] The shape @i hReEnSR @Y Rt @ Sisd: A ik R&dS ] ARfnhgzzl es is
det erm ned by the pltlanet Pati one o?;né’ag:hﬁ%fr{%i &%guaﬁag%rogg& f)zat tngr n i Et o the
upflowi ng cat al yesdvasunr ddmliwiitt dan gertersdly be sgablishiddity thesneed farstowheddth of Fi gur e
1, whichis a chgg&éeﬁ & the ligament formed by two adjacent feed injection nozzles to have

sufficient mechanical strength, as can be determined by such methods as finite

element analysis of the riser.

[0049] An important aspect of the invention is to tailor atomized oil sprays
by designing and integrating individual injectors to provide a feed injection system
that results in a more uniform penetration of feed into and across the catalyst in the

feed/catalyst mixing zone. This is shown in the following examples.

EXAMPLES

Example 1

[0050] The shape of the spray pattemns for the combination of nozzles is
determined by the penetration of each individual spray pattern into the upflowing
catalyst stream within the riser. This is illustrated in Figure 1, which is a schematic
diagram showing the penetration of different sprays into the catalyst stream. In
Figure 1, R is the radius of the mixing zone of a stream of catalyst particles as

measured from the center of the stream (generally the center of the riser reactor) to



di agram showi ng the penetration of different sprays into the catalyst
stream In Figure 1, Ris the radius of the mxing zone of a stream of
catal yst particles as neasured fromthe center of the stream (generally the
center of the rweesiswwagstor) to WO 2006/ 073643 PCT(US2005% 4,%%23,35,043%9 t he
outer edge (generally the wall of the riser reactor). Two different types of
nozzl es, Type A and Type B, are positioned in a plane symmetrically about
the circunference of the riser reactor. The nozzl es may be positioned such
that the axes of the injected sprays are either coincident with the plane
orthogonal to the axis of the flow ng catghyst particles or inclined at an
angl e |l ess than 90 above this plane, and the inclination angles may be
different for each type of nozzle. [0051] The spray pattern fromnozzle B
desi gnated as Typge Busrpb@rcRerallyh@ivhly 6f the Wil &adtBY! ewolddahapedosspray nade
up of relatively small Sauter nean droplet dianeters at |ower exit

vel ocities. As shugres Ay §uréTipe B, geepositioned ip 8 planesynfrestrieadls ebatt thag t hat
portion of the cat | . r-agi r i . nozzl es
may be positione g%%%%enggéf%gkléepé%g@% ’ﬁ%en%%%singgg]r# g?%r&ﬁ%?%%%éhéd spray
angl es greater t haes ¢f3he injected dprayssyper eithensrgicalenswitethe plege ashoghved ®rtd € f or mi ng
the apex of the agpproxigmt.ely triangylar.spray at the ouilet . of the feed
nozzl e. These i na}xgscotfgtfesﬁaa éééﬂ%/"%%ﬁf% rﬁ’éc@ﬁe‘#/aéﬁn gﬁ]eelﬁﬁ%h??séot 8PF&dflite exit
vel ocities and coplim, b thel@slirgrietanpies ny @ difftfent Basdch Hhewhf nbezf the oil feed
with relatively higher dispersion steamrates via internal steam spargers.

[ 0052] As shown in Figure 1, injector nozzle Type A would provide narrower
angl e sprays wi t hgpghati veihy s%ﬁfﬁh%t@msﬁdﬁﬁézzm&bs%hﬁﬁﬁﬁypéméﬁc% and

hi gher exit velocities. This type of spray pattern is better for contacting
the region R = Ochbvay vidg-ampleiaeshapphinsast vads upiogelatively sppd Sewel meenan angl e

a above the droplet diameters at lower exit velocities. As shown in Figure 1, these nozzles are

for contacting that portion of the catalyst stream in the region from 0.5R to R. The
nozzles may be positioned at an angle f§ above the horizontal with included spray
angles greater than 45°. Included spray angle is defined as the angle forming the
apex of the approximately triangular spray at the outlet of the feed nozzle. These
injectors typically could have fan extensions to reduce exit velocities and could be
designed to inject at least 50 wt.% of the oil feed with relatively higher dispersion

steam rates via internal steam spargers.

[0052] As shown in Figure 1, injector nozzle Type A would provide
narrower angle sprays with relatively larger Sauter mean diameter droplets and
higher exit velocities. This type of spray pattern is better for contacting the region
R =0 to R=10.5. These injectors might be oriented at an angle o above the
horizontal, where typically a < {3 for injector Type B and the included spray angle
may be <45°, Type A injectors may not have a fan extension and could be
designed for injecting up to 50 wt.% of the feed with less dispersion steam than for

Type B injectors, although steam would still be added by internal steam spargers.



hori zontal, where typically a < 3 for injector Type B and the included spray
angle may be <45. Type A injectors may not have a fan extension and could
be designed for injecting up to 50 w.%of the feed with | ess dispersion
steam than for WP2sGOB6HH] ectors, al though steam woul d stigdy Repagded by
internal steam spargers. WO 20061073643 PCT/US20051043737 -21 [0053] It
woul d be possible to arrange a variety of nozzles producing different
fan-shapes around the circunference of the catalyst stream It would be
preferred to arrange such nozzles in matched pairs. In this manner, it would
be feasible to inject feeds uniformy acrgss the dianeter of the catalyst
flowwng in the riser reactor. [0054] In an enbodi nent of the present

i nvention, nozzles are arranged at different penetration depths in the

upflowi ng cat al ysfoos3jr eamItW@dl&bé&s&hﬁ%aﬂrﬁgeEbﬂ%}eof%ozﬁbgﬁf)&c is atop
view of a schematic drawi ng show ng two pairs of nozzles at di Fferent

penetration dept h&E Fﬁ%’c‘t(fa?'ﬁl@i’%gaaf%n? G%P@&ﬁﬁﬂﬁ%%ﬁ%caéalﬁéﬁﬁw & wouthbe nozzl es

C and D produce therged® Jxﬁﬂgesshﬁpﬁﬁzﬁgﬁﬁﬂataﬁﬁ ﬁfsn A iid Iﬁ«rﬂhﬁg 1t%lu B
penetration depth. Nozzle C s positioned he peri of e catal yst

stream 12 f| owi nigasitie @dmeﬁf@edigﬂlfmbzaceosmtheshap@mrthhnedai}'st ftotwelgoatﬂal yst
stream 12 at apprrlsgfq Jately 0.5R In this nmanner, penetration of feed into
and across the catalyst streamis controlled by the positioning of nozzles
within the catal yst stream [0055] It would be feasible to vary the

configuration of Igpseﬂspr a)in%?t t eordglma%o% .0 {eﬁeglﬁn"ﬁfljﬁ’[oﬁ»el}ogélfﬁeif g%iglitg%(gm ng as in

Fi gure 2, nunber ozzl es, e uniform
penetration of feﬁﬁ"emﬁirpaﬁﬂratlhede(p&isaxh e tupfleting adnlydt 09&a]. THieis sastine of

uni form penetrat 'ﬁgmgﬁr %?g%ret iga(tzo%t\gé I‘a scﬁlgrgfﬁlrpdrrrgyingﬁlowing two pairs of
nozzles at different penetration depths into the catalyst stream having a radius R,
The nozzles C and D produce the same fan-shaped spray pattern differing only in
penetration depth. Nozzle C is positioned at the periphery of the catalyst stream 12
flowing in conduit 10. Nozzle D is positioned in the catalyst stream 12 at
approximately 0.5R. In this manner, penetration of feed into and across the catalyst

stream is controlled by the positioning of nozzles within the catalyst stream.

[0055] It would be feasible to vary the configuration of the spray pattern as
in Figure 1, nozzle positioning as in Figure 2, number of nozzles, or some
combination thereof to achieve uniform penetration of feed across the catalyst

stream.

(0056] The measure of uniform penetration across the catalyst stream may be
inferred from the downstream riser temperature drop and radial temperature profiie
downstream of the mix zone. Thus, one measures the results of improved
feed/catalyst contacting. Better contacting of feed/catalyst results in a more rapid

temperature drop with the near uniform temperature profile in the riser cross-



inferred fromthe downstreamriser tenperature drop and radi al tenperature
profile downstream of the m x zone. Thus, one neasures the results of

i nproved feed/catal yst contacting. Better contacting of feed/catalyst
results in a noMo 08478643 t enperature drop with the near unj #%sg@gggpﬁrature
profile in the riser cross WO 2006/ 073643 PCT/ US2005/ 04373 Section at
any given axial position downstream of the mix zone. This then serves as a
measure of the uniformty of penetration of feed across the catal yst stream
[0057] A plant trial of such a two-tiered feed injection configuration as
shown in Figure 1 was conducted at a 172 nB4thr capacity FCCU. Two types of
feed nozzles were installed. Referring to the schematic in Figure 1, four
Type A nozzles uniformy spaced around the circunference of the 0.76 in

di aneter riser V‘@‘Icﬁmﬂﬂ%hﬂ?@& MI%Q&I{IM?JO“%S%W ﬂh;?ﬂx'}gneanf %ﬁje%?\%s angle of

45 with -45 msec exit velocity at the fan tip and target a

di anet er appr oxi nafepspreoighe W@mn@f Pehatiatienr dfyfecdfaguoss thy pealBstaoead.es | ocat ed
0.4 in above the Type A nozzles were designed to provide a spray having an
i ncl uded angle of 60 and exit velocity 60 msec with target snmaller Sauter
mean spray dropl ef0087lamet ek pleft tB@sfwhahraows-tiereBdted ifypidn Aordipdraliypes B nozzl es

were inclined 45 gbove he ori zon a pl ane. 3,/ 0058 conpari sons were
conducted with cofstant W&PP‘% e&ﬁh"‘ %ﬁ%ﬂﬁtcf‘%}%g&lﬁp [ 3iRdypeg of. |

catal yst circul at fe@dlndiz’ztewezfee@ﬁam&eheﬁhm@%@%ﬁkhhﬁﬁc inlighre 1, 1fur @Al the
total feed was in rough Type A nozzles with addition of wt . %

i njection steam a ﬁP’Bé’r@{Yéa?ﬁeQdﬁ’éﬂd fhﬁt%ﬂ’gl‘fe%é)flﬁlerpo%ﬁ é@meteﬁrl@%{se 2,
the total feed W {bBreliefigith to@e@ﬁ%pﬁy@ﬁ%@mblﬂﬂ%@g orfﬁ'f"q)\fﬁgh~igyrﬁ/%ec|3 nozz| es
ype

and only purge steamintroduced throu nozzl es. The inprovenent in
f eed/ cat al yst con®lctalasyy adks g én allfhtaw%ﬂu@r Vigan @b@eﬁemr%ymﬂdnﬁéi ature

readi ngs microns. Similarly, four Type B nozzles located 0.4 m above the Type A nozzles

were designed to provide a spray having an included angle of 60° and exit velocity
60 m/sec with target smaller Sauter mean spray droplet diameter of 225 microns.

Both Type A and Type B nozzles were inclined 45° above the horizonta! plane,

[0058] Two comparisons were conducted with constant feed quality and
operating conditions, e.g., catalyst circulation rate, feed preheat temperature, etc.
In Case 1, the total feed was injected through Type A nozzles with addition of 1.6
wt.% injection steam and purge steam added through Type B nozzles. In Case 2,
the total feed with 1.6 wt.% added steam was injected through Type B nozzles and
only purge steam introduced through Type A nozzles. The improvement in
feed/catalyst contacting achieved in Case 2 was observed by temperature readings
from thermocouples located approximately 3 m downstream of the upper injector
ring. In Case 2 the average downstream temperature was 554°C (1029°F), whereas
in Case 1 the average temperature was 570°C (1058°F). The higher temperature in
Case 1 indicates less endothermic cracking reactions were occurring as feed
droplets were not uniformly contacting hot, regenerated catalyst. Higher thermal

cracking was observed leading to increased dry gas and coke yields. Conversely, in



from thernocoupl es | ocated approximately 3 in downstream of the upper
injector ring. In Case 2 the average downstream tenperature was 554C
(1029F), whereas in Case 1 the average tenperature was 570C (1058F). The

hi gher tenper at Wogtdsn736€ase 1 indi cates | ess endotherm c @grlikbdidefsHact i ons
were occurring as feed droplets were not unifornmly contacting hot,
regenerated catal yst. H gher thermal cracking was observed |eading to

i ncreased dry gas and coke yields. Conversely, in WO 2006/ 073643

PCT/ US2005/ 043737 -23 Case 2, nore effective feed/catal yst contacting
resulted in lower dry gas (C2-) and coke yhelds, and 0.8 wt. % hi gher 221C
conversion, with process performance inprovenent reflected in the follow ng
Tabl e: TABLE Delta (Case 2 - Case 1) Yields W.% Fresh Feed C Dry Gas
-0.2 LPG (C3 + CATaseQ, doreleffgétiveGadd/cialybttante&ink Q041164 i8 lovddlufy gRA2S S Cat
Napht ha 100-145C 0.5 A Heavy Cat Naphtha (145-205C) O Light %cl e Ol

205- 245C 0 Heavy®%s ¥iedscnd Oowbrdighen 221 (- sonysstiery prigh Brogess perf@ngnceCoke - 0. 1
Exanpl e 2 [ 00591 {Bgyr@e%ﬁr}pﬁ&téqu%ﬁﬁg&ﬁgb@ effect of jet velocity on the
j et

TABLE
Delta (Case 2 - Case 1) ]
Yields Wt.% Fresh Feed
C,- Dry Gas -0.2
LPG (C3+ Cy) -0.2
Light Cat Naphtha (C;-100°C) 0.8
Intermediate Cat Naphtha (100-145°C) 0.5
Heavy Cat Naphtha (145-205°C) 0 B
Light Cycle Oil (205-245°C) 0
Heavy Cycle Oil (245-378°C) -0.5
Bottoms (378°C+) -0.3 |
Cake -0.1
Example 2
[0059] This example demonstrates the effect of jet velocity on the jet

penetration length of the feed. Figure 3 is a graph showing jet penetration length in
inches as a function of jet velocity of droplets in fi/sec. In Figure 3, it can be seen
that increasing the jet velocity increases the jet penetration length of the spray

pattern into the catalyst stream, all other factors bemng constant.

Example 3

[0060] This example demonstrates the effect of feed temperature on the jet
penetration length of the feed. Figure 4 is a graph showing the effect of



penetration length of the feed. Figure 3 is a graph show ng jet penetration
length in inches as a function of jet velocity of droplets in ft/sec. In
Figure 3, it can be seen that increasing the jet velocity increases the jet
penetration | ey Woge3sahe spray pattern into the catal ysbostiseamsad | ot her
factors being constant. Exanple 3 [00601 This exanple denonstrates the
effect of feed tenperature on the jet penetration |length of the feed.
Figure 4 is a graph showi ng the effect of WD 2006/ 073643 PCT/ OS2005/ 043737
-24 tenperature of the feed on jet penetration |ength. As shown in Figure 4,
increasing the feed tenperature at constant gas/solids tenperature wl|
decrease the tenperature difference between the gas/solid and oil droplet
tenperature. This |eads to a | ower evaporation rate that in turn leads to

| onger penetr at i adinpeeitgt f the Bed vplic® pdnek M dnglhi 5 Byai BigshRoywsclchalg

i ncreasing the jeterén le, i.e., the angle , between the nozzle and the
vertical axis of HefEcd PHRFAYH CAsiFateag/solids lsmpeshue, wilkdesreass theyng i nf | uence
on the jet penet ighicPiturk @tirdhce BdGediahd fiskbiNar@billdfiplaR@herdrlte Frgyre 5 is
90 (inclination angle above the horizontal plane orthogonal to the axis of
catal yst flow). [9%€% oasiowgr avaporption rajp flakintes dgastojlengsr BeeEstioptsng. appr oaches
orthogonal intersection with the axis of catalyst flow Conversely, as the
jet angle decreases, the nozzle spray orientation approaches parallel flow
wi th catal yst an@Exasiplpd fi cantly reduces penetration of the feed droplets.
Exanple 5 100621 In this exanple, the tenperature difference between the
gas/solid and the oil droplet and its influence on penetration length is
expl ored. As showoe1p This example shows that increasing the jet angle, i.e., the angle

between the nozzle and the vertical axis of the flowing catalyst stream, can have a
strong influence on the jet penetration length. The definition of jet angle in Figure 5
is 90° (inclination angle above the horizontal plane orthogonal to the axis of
catalyst flow). Increasing the jet angle results in a spray which approaches
orthogonal intersection with the axis of catalyst flow. Conversely, as the jet angle
decreases, the nozzle spray orientation approaches parallel flow with catalyst and

significantly reduces penetration of the feed droplets.

Example 5

[0062] In this example, the temperature difference between the gas/solid and
the oil droplet and its influence on penetration length is explored. As shown in
Figure 6, as the temperature difference between the gas/solid and oil droplet
increases (at constant feed temperature), the evaporation rate increases. This

increasing evaporation rate leads to decreased penetration length.



Figure 6, as the tenperature difference between the gas/solid and oil
droplet increases (at constant feed tenperature), the evaporation rate

i ncreases. This increasing evaporation rate | eads to decreased penetration
| ength. -25- CLAIMS 1. An apparatus for injecting a hydrocarbon feed into a
stream of catalyst particles in fluidized flow which conprises: a conduit
section, said conduit section contai ni_zrg_g a stream of catalyst particles in
fluidized flow, and at | east one nozzl €™ assenbly within said conduit
section, the nozzle assenbly surrounding the periphery of said stream of
catal yst particles in fluidized flowciciI ntaining at |east two injection
nozzl es, wherein the at |east two inrem nozzl es each produce different
spray patterns, and each nozzle produces a substantially flat spray pattern
that has an aspect ratio represented by thickness of the spray relative to
the width of thk sprAyaprikps BF tHesysaahygrocarbor feed Hite a s sasmoloralayshw of t he
spray of f > 1. 0.1t Lhe .t ! of I i

substanti a W%%ﬁ%“?‘#%@‘ﬁ%?‘i g@?%l e%ﬁ-[éto(r:’rr&%'ss'fl Cghg"%%egt}(g{éé{“?g%ﬁ%? nggfo al yst

particl es témihing a strbaroufjbatilhe paonttair flsidztd Gow; &hd af hastappaoatlels of cl aim |
wherein the apparatus i.s a feed jnjector assenbly. 3. The a ratus of
clai m 1 vheERRTAHIR st FguTtserioncPE aoTAp FPamely SUIPHHER DepEIRYRL | ser
reactor of ¢a4 Etkééh?of%%%a%}s)’fadrﬁgl% ROkKdi e UMW ancﬂcon?ﬁ%né@ﬂ@ﬁs@wv'@in?efctié}ﬁ aim 3
wherein the conduit section is in the riser reactor. 5. The apparatus of

cl ai m 1 wheezie, vhacinorzitdeaasisenthjeytiqomizaiensach pordude digferchsiiray pateisn
gf’lziz:ofis -Cafan%%%ﬁg ¢ ShY5:e8% oSBTty MARLEL DabdS (IRFZ! $50sPaY GufoeCt @ngul ar or

represented by thickness of the spray relative to the width of the spray taken orthogonally
to the direction of flow of the spray of from 1:2 to 1:5, such that the totality of the feed is
substantially uniformly dispersed across a cross-section of catalyst particles flowing

through the conduit section.

2. The apparatus of claim 1 wherein the apparatus is a feed injector
assembly.
3. The apparatus of claim 1 wherein the catalyst particles in fluidized flow

are in a riser reactor of a fluid catalytic cracking unit.

4. The apparatus of claim 3 wherein the conduit section 1s in the riser reactor.

5. The apparatus of claim | wherein the nozzle assembly contains from 4 to

16 injection nozzles.

6. The apparatus of claim 1 wherein the nozzles have rectangular or elliptical

orifices.

7. The apparatus of claim 1 wherein nozzles form an angle of 0 to 75° from

the axis of catalyst with respect to a planar surface orthogonal to the axis of catalyst flow.



7. The apparatus of claim| wherein nozzles forman angle of O to 75 from
the axis of catalyst with respect to a planar surface orthogonal to the axis
of catalyst flow -26- 8. The apparatus of claim 1l wherein included angle
coverage of spray for the nozzles is from30 to 115. 9. The apparatus of
claiml1 wherein in the at least two injection nozzles, at |east one nozzle
extends into the stream of catal yst parélcles in fluidized flow 10. The
apparatus of claiml wherein the at 28t two i njection nozzles are |ocated
at the periphery of the catalyst stream 11 A process for |nject|ng a feed

into a stream cataly ar es. 1 n

conducting the 'eed’ﬁﬁfgpggmfggq? h@mﬁgg?Pgugsse fﬁﬁwe%ﬁ??dWﬁ rrfﬁbhf:he

peri phery g@fzzisaisdrsh eagm P, catal yst particles in fluidized flow, injecting
the feed through at |least two injection nozzles |ocated on said nozzle

assenbly into the streamof catalyst particles in fluidized flow, wherein

the at least tup | ARLEAIAOLELES, 1 SAENPRIRHESH! AAHRBIAREAL, RRL L or s,

and each nozzl e produ a su anti al at spray pattern t as an
aspect ratkmuDEQn@ﬁEﬁﬁ&mdbyndhk@kaﬁssf@ﬁmpﬁ@mmpkay1ﬂmﬂa&iﬂewto the width of
the spray taken orthogonally to the direction of flow of the spray of from
1:2 to 1:5, such that the totality of the feed is substantially uniformy

di sper sed acrosru‘otherrperagﬁératugs%lh&mqfhefeﬁmwt%asw& lnﬁéc%%ntl!)ﬁ\f@s@g: past the
nozzl e assenbly. 12. The process of claim1ll wherein the catalyst particles

in fluidizedtéd aivthfap@lphmry od thocatagdlyst biceapr. ackl ng zone of a fluid catalytic
cracker. 13. The process of claim 1l wherein the nozzle assenbly contains
from4 to 16 injection nozzles. 14. The process of claim 1l wherein the

feed is atom zed. 154 plREssHEPERSENDA Gl @ltdh Idearher Qidlyd batiateom zed feed has
a mean dro t!ugltzed flow which comprises: conducting the feed into at least one nozzle assembly

surrounding the periphery of said stream of catalyst particles in fluidized flow, injecting

the feed through at least two injection nozzles located on said nozzle assembly into the

stream of catalyst particles in fluidized flow, wherein the at least two injection nozzles

each produce different spray patterns, and each nozzle produces a substantially flat spray

pattern that has an aspect ratio represented by thickness of the spray relative to the width

of the spray taken orthogonally to the direction of flow of the spray of from 1:2 to 1:5,

such that the totality of the feed is substantially uniformly dispersed across the cross-

section of catalyst particles flowing past the nozzle assembly.

12.  The process of claim 11 wherein the catalyst particles in fluidized flow are

in a catalytic cracking zone of a fluid catalytic cracker.

13.  The process of claim 11 wherein the nozzle assembly contains from 4 to

16 injection nozzles.
14, The process of claim 11 wherein the feed is atomized.

15.  The process of claim 14 wherein the atomized feed has a mean droplet

size less than 1000 microns.



size less than 1000 m crons. -27- 16. The process of claim 1l wherein the
nozzl es have rectangular or elliptical orifices. 17 The process of claim!]l
1 wherein nozzles forman angle of 0 to 75 from the axis of catalyst with
respect to a planar surface orthogonal to the axis of catalyst flow 18.
The process of claim 11 wherein included angl e coverage of spray for the
nozzles is from30 to 115. 19. The procgss of claim 11l wherein in the at

| east two injection nozzles, at |east one nozzle extends into the stream of
catal yst particles in fluidized flow.

16.  The process of claim 11 wheremn the nozzles have rectangular or elliptical

orifices.

17 The process of claim 11 wherein nozzles form an angle of 0 to 75° from

the axis of catalyst with respect to a planar surface orthogonal to the axis of catalyst flow.

18.  The process of claim 11 wherein included angle coverage of spray for the

nozzles is from 30 to 115°,

19.  The process of claim 11 wherein in the at least two injection nozzles, at

least one nozzle extends into the stream of catalyst particles in fluidized flow.



