FEED | NJECTOR FI ELD OF THE | NVENTI ON [ 0001] This
invention relates to an apparatus for atom zing a

weedosotwom f eed. More particularly, a |iquid petT/Ob®osN22755
feed is atom zed with an atom zation apparatus in
whi ch the apparatus has an orifice that produces a
generally flat spray pattern of finely dispersed feed
prior to contacting catalyst in a fluid catalytic
cracki ng zone. BACKGROUND OF THE | NVENTI ON [ 0002] The
fluidization of petroleumfeeds is inportant to
petrol eum processes such as_fl uidized catalytic
cracking (FCC) and coking. In the FCC process, high
nol ecul ar wei ght feeds are contacted with fluidized
catal yst particles in taor part of the
FCC unit. The cont actlﬂiJE INFECTROR and catalyst is
controlled according to the type of product desired.
In the catalytic cracking of the feed, reactor
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BACKGROUND OF THE INVENTION

[0002] The fluidization of pet}oleum feeds is important to petroleum processes
such as fluidized catalytic cracking (FCC) and coking. In the FCC process, high
molecular weight feeds are contacted with fluidized catalyst particles in the riser
reactor part of the FCC unit. The contacting between feed and catalyst is controlled
according to the type of product desired. In the catalytic cracking of the feed,
reactor conditions such as temperature and contact time are controlled to maximize
the products desired and minimize the formation of less desirable products such as

light gases and coke.

[0003] Since the contacting between catalyst and feed in the FCC reactor is
typically in the order of a few seconds, an important factor governing the efficiency
of the cracking process is the catalyst. Catalyst for the FCC process is well known
and may be either amorphous or crystalline. Catalyst entering the FCC reactor is

typically fluidized using steam, hydrocarbon gases generated during the cracking



typically fluidized using steam hydrocarbon gases
generated during the cracki ngprocess or sone

wa@ eovbiozsari on t hereof. The reaction of catal ystpremndsioesaR2755
generates | arge vol unes of gaseous hydrocarbons and
spent catal yst bearing coke deposits. The gas/solid
m xture is passed to separators, typically cyclones,
where spent catalyst is separated from gases. Gases
are then processed to recover desired hydrocarbons and
spent catal yst sent for regeneration. [0004] Because
of the short contacting time_ between feed and
catal yst, the condition of the feed is al so i mportant.
The type of feed injection can have an inpact on the

product sl ate produced by t e FCC reactor. The
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non-di spersed liquid feed in contact with hot catal yst
particles favors thermal cracking. [0005] One nethod
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re€ilt fioehel gendesiogrof light gases such as methane in addition to coke. In order
to improve the efficiency of the catalytic cracking process, it is generally desirable
to have the feed dispersed into fine droplets as a non-dispersed liquid feed in

contact with hot catalyst particles favors thermal cracking.

[0005] One method of achieving droplets of feed involves the use of steam to
form a dispersion of droplets. The resulting dispersion is a two-phase system of
water and hydrocarbon 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 form a fine dispersion of fluid droplets is
known as atomization. The degree of atomization is a function of nozzle design,
orifice size, fluid density, fluid viscosity, surface tension and pressure drop across
the orifice. Generally, using a nozzle with a smaller orifice favors decreasing

droplet size. Increasing the degree of atomization for heavy (viscous) petroleum



orifice size, fluid density, fluid viscosity, surface
tensi on and pressure drop across the orifice.
wa@znenzdoly, using a nozzle with a small er ori fPCBEUS2005/022755
favors decreasing droplet size. Increasing the degree
of atom zation for heavy (viscous) petroleunfractions
which format least a part of the feed to the FCC
process is especially challenging. [0006] There have
been nunerous designs of nozzles for feed atom zation
in the FCC reactor. Sone proposed nozzle designs
utilize swrl vanes, either jn the nozzle itself or
the conduit leading to the nozzl e. Anot her pr oposed
design uses a Venturi in the conduit feeding the
nozzl e. er proposed desij ncl u eed
frwepwdue% rahat lead Meéﬂ%%eém wqdﬁ@élpgﬂcqsg ds especially
ch gzzlg a hydrocarbon feed distributor feeding
AYEFHLEY bon t hrough concentric nozzles | ocated in the
center of the FCC reactor, injecting feed through a
plurality of orifices within the nozzle and the use of
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and hydrocarbon 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 further
proposed design is a nozzle in which misting of a single feed stream may be

. accomplished by passing the full liquid stream, with or without included steam,
through deflection vanes to create a free vortex in a single full-flow centrifugal or
helical acceleration chamber which terminates in a sharp or square-edged orifice.
Such orifice is substantially smaller in diameter than the fluid supply line for
feeding the liquid hydrocarbons directly into the catalyst flow stream in the riser

reactor. Finally, a feed injector that is generally fan-shaped has been proposed for

producing a substantially flat spray pattern of atomized feed.

[0007] There is still a need for improved performance of feed injection nozzles

to create improvements in the atomization process of feeds in the FCC process.



Such orifice is substantially smaller in dianeter than
the fluid supply Iine for feeding the |iquid
whymsozarbons directly into the catal yst fl ow BtT/E8a005/002755
the riser reactor. Finally, a feed injector that is
general ly fan-shaped has been proposed for producing a
substantially flat spray pattern of atom zed feed.
[0007] There is still a need for inproved performance
of feed injection nozzles to create inprovenents in
the atom zation process of feeds in the FCC
process. SUVWWARY OF THE | NVENTI ON [ 0008] This invention
is directed to an apparatus‘for atom zi ng and
di spersing a petroleumfeed to a FCC reactor. In one
enbodi nent, the invention relates to an apparatus for
atom zing a petroleun1feed conprising: a conduit
. , 0N»Iet at | east one outlet and
Sysais trrh—sart—conduit connecting the inlet
mnth the outlet sai d passageway containing an orifice
wherein the orlflce has a general aspect ratio greater
[0008]n 1TRisandemtiomisi direstedot@ranmnagiparatus for atomizing and dispersing a
| engt h-to-crosssectional area greater than 1.
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I'n a rel ated enmbodi ment  of nvention, the orifice
inles wétH thetowtlet, said pashgaveay arntaml@axpenﬁnel wheeein the orifice has a

elliptical or rectangul ar shape includes at |east one
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passing through the orifice is substantially flat and fan-shaped.

[0009] In arelated embodiment of the invention, the orifice is elliptical or
rectangular in shape and the elliptical or rectangular shape includes at least one
member protruding inwardly from the elliptical or rectangular shape. In a preferred
embodiment, the inwardly protruding member comprises at least one pointed,

square-edged or rounded member.

[0010] In another embodiment, the invention comprises a process for injecting a
petroleum feed into a reaction zone of a fluid catalytic cracking reactor which
comprises: injecting the feed into the reaction zone through a feed injector for
atomizing the feed, said injector comprising a conduit containing at least one inlet,
at least one outlet and at least one orifice, said orifice having a general aspect ratio
greater than 1.0 and having a ratio of perimeter length-to-cross-sectional area

greater than 1.5 relative to the perimeter-to-cross-sectional area ratio of a circular



[0010] In another enbodi nent, the invention conprises

a process for injecting a petroleumfeed into a
wo eawed2mm zone of a fluid catal ytic cracki ng reamus1005/022755

whi ch conprises: injecting the feed into the reaction

zone through a feed injector for atom zing the feed,

said injector conprising a conduit containing at | east

one inlet, at |east one outlet and at |east one

orifice, said orifice having a general aspect ratio

greater than 1.0 and having a ratio of perineter

| engt h-to-cross-sectional arga greater than 1.5

relative to the perinmeter-to-cross-sectional area

ratio of a circularorifice of equivalent area. The
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a top view of the injector in plan view [0012] Figure

2is a schematlc di agram of a side view of the

[ D e 3 is a schematic
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[0014] Figure 4 is a schematic diagramof the injector
in profile. [0015] Figure 5 is a graph showi ng a
[0penpar Fs@iteaf israedchatmatic dispphtofH wp vAswaffthadijector af plan
i njector design. DETAILED DESCRI PTI ON [ 0016] A
vieenvent i onal FCC process includes a riser reactor and

a regenerator

[0012]  Figure 2 is a schematic diagram of a side view of the injector in plan

view.

[0013] Figure 3 is a schematic diagram of a front view of the injector in plan

view.

[0014] Figure 4 is a schematic diagram of the injector in profile.

[0015]  Figure 5 is a graph showing a comparison of relative droplet size as a

function of injector design.

DETAILED DESCRIPTION

[0016] A conventional FCC process includes a riser reactor and a regenerator
wherein petroleum feed is injected into the reaction zone of a riser reactor
containing a bed 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,



wherein petroleumfeed is injected into the reaction
zone of a riser reactor containing a bed of fluidized
wa@e@ektingl cat al yst particles. The catal yst parpPCTUSR05/022755
typically contain zeolites and may be fresh catal yst
particles, catalyst particles froma catal yst
regenerator, or sone conbination thereof. Gases that
may be inert gases, hydrocarbon vapors, steam or sone
conmbi nation thereof, are normally enployed as lift
gases to assist in fluidizing the hot catal yst
particles. [0017] Catal yst particles that have
contacted feed produce produét vapors and cat al yst
particles containing strippable hydrocarbons as well
S coke. The catal ysts exit éhe reactiop zone as spenﬁ
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particles fromreactor effluent may enpl oy separation
devi ces such as cyclones. Spent catalyst particles are
[0817] pp€dtadyst partigesnthiathinacavactbd feed siodycapiducppapars and

agent such as steam The stripped catal yst pariic|les
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catal yst particles are then passed back to the riser,
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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 to 760°C. The regenerated catalyst particles are then passed back to the riser

reactor.

[0018]  Suitable hydrocarbon feedstocks for the catalytic cracking process
described herein includé natural and synthetic hydrocarbonaceous oils boiling in
the range of 221°C (430°F) to 566°C (1050°F), such as gas oil; heavy
hydrocarbonaceous oils comprising materials boiling above 566°C (1050°F); 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.



hydr ocar bonaceous oils conprising materials boiling

above 566C (10500F); heavy and reduced petrol eum crude
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petrol eum vacuum di still ation bottons; pitch, asphalt,

bi t umen, other heavy hydrocarbon residues; tar sand

oils; shale oil; liquid products derived fromcoa

| i quefaction processes, naphtha, and m xtures

t hereof.[0019] FCC catal ysts may be anorphous, e.g.,

silica-alum na and/or crystalline, e.g., nolecular

sieves including zeolites or_m xtures thereof. A

preferred catal yst particle'zonprises (a) an

anorphous porous solid acid matriXx, such as alum na,
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zeolite conponent and matri x on an anhydrous basis nmay
vary widely, with the zeolite content ranging from1l
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Y. These include the ion-exchanged forms such as the rare-earth hydrogen and
ultrastable (USY) form. The zeolite may range in crystallite size from 0.1 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.

[0021] The amount of zeolite component in the catalyst particle will generally
range from 1 to 60 wt.%, preferably from 5 to 60 wt.%, 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 10 to 300 microns in
diameter, with an average particle diameter of 60 microns. The surface area of the
matrix material after artificial deactivation in steam at pressures higher than in

commercial operations [i.e., at pressures of 1 atmosphere (101 kPa)] will be <350



[0021] The anmpunt of zeolite conponent in the catalyst

particle will generally range from1l to 60 wt.%
weemberzabl y from5 to 60 w. % and nore pref eredi/ysSfonson27ss

10 to 50 wt.% based on the total weight of the

catal yst. As discussed, the catalyst is typically in

the formof a catalyst particle contained in a

conposite. Wien in the formof a particle, the

catal yst particle size will range from 10 to 300

mcrons in dianeter, with an average particle dianeter

of 60 mcrons. The surface area of the matrix materi al
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Though not required, it is preferred that steam be concurrently introduced with the
feedstock into the reaction zone, with the steam comprising up to 50 wt.%,
preferably 2 to 10 wt.% of the primary feed. Also, it is preferred that the
feedstock's residence time in the reaction zone be less than 20 seconds, preferably

from 0.1 to 20 seconds, and more preferably from 1 to 5 seconds.

[0023] 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 particles. 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 particle size, particle
distribution into the reaction zone, spray angles between feed particles and catalyst
particles, process conditions including flow rates of gases and liquids and
pressures, and injector design. Additional factors that influence injector design

include liquid pressure drops across the injector orifice, relative velocity between



feedstock's residence tine in the reaction zone be
| ess than 20 seconds, preferably fromO0.1 to 20
waeewene®71 and nore preferably from1l to 5 secopdBUS2005/022755
[0023] In order for feed to be converted to product in
such short reactions tinmes, it is inportant for the
feed to be atom zed into snmall particles. The
ef ficiency of the cracking process for converting feed
to product is a function of the physical properties of
the feed (viscosity, density and the like), physica
properties of the catalyst stream (nature and
configuration of catalyst),'?eed particle size,
particle distribution into the reaction zone spray
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enperatures of from 120Q0C to
Such gases include steam, nitrogen, hydrogen FCC off-gas and lower molecular
weight (Cs-) hydrocarbons, preferably steam. The ratio of steam to feed can
influence the atomization process by controlling the density of the resulting
feed/steam mixture. The amount of steam is generally in the range from 0.1 to 5.0

wt.%, based on the weight of the feed/steam mixture.

[0025] The feed injector according to the invention includes a conduit
containing at least one inlet, at least one outlet and at least one orifice, said orifice
having a general aspect ratio greater than 1.0 and having a ratio of perimeter
length-to-cross- sectional area greater than 1.5 relative to the perimeter-to-cross-
sectional area ratio of a circular orifice of equivalent area. The inlet accepts feed
and any atomizing enhancing gas. The feed or feed mixture passes through the

inlet to a throat section that is connected to an orifice. Upon passing through the



A gas or gases is preferably added to the feed to
enhance the atom zation process. Such gases include
wa@t@anp3oni t r ogen, hydrogen, FCC of f-gas and | on&T/US2005/022755

nol ecul ar wei ght (C6-) hydrocarbons, preferably steam
The ratio of steamto feed can influence the
at om zation process by controlling the density of the
resulting feed/ steam m xture. The anmpunt of steamis
generally in the range from0.1 to 5.0 wt.% based on
the wei ght of the feed/steam m xture. [0025] The feed
i njector according to the invention includes a conduit
contai ning at | east one inl<€0- at | east one outlet and
at least one orifice, said orifice having a genera
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inlet accepts feed and any atom zi ng enhanci ng gas.

The feed or feed m xture passes through the inlet to a
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preferably greater than 2.0, most preferably greater than 2.5 relative to the
perimeter-to-area ratio of a circular orifice of equivalent area. The circular orifice
of equivalent area is obtained by measuring the open flow area of the orifice,
calculating the diameter of a circle having the same open area, and dividing the
circumference of the circle of the resulting diameter by the area of the circle of
resulting diameter. The resulting perimeter-to-area ratio constitutes a basis for

comparison with orifices according to the invention.

[0027] The orifice shape according to the above-noted criteria does not include a
circle or square. An orifice in the shape of a rectangle or ellipse could meet the
criteria provided that the perimeter of rectangle or ellipse is irregular, i.e., is
interrupted by at least one protrusion which can have a square edged, rectangular,
pointed or rounded shape. A preferred embodiment is a rectangle or ellipse having
more than one protrusion. An example would be a rectangle-shaped orifice

wherein at least portion of at least one side of the orifice has a saw-toothed pattern



orifice. For exanple, a circle or square would have a
general aspect ratio of 1. The orifice also has a

w@asoeer | engt h-t o-cross-section area rati o BEBESB®DS/022755
than 1.5, preferably greater than 2.0, nost preferably
greater than 2.5 relative to the perineter-to-area
ratio of a circular orifice of equivalent area. The
circular orifice of equivalent area is obtained by
nmeasuri ng the open flow area of the orifice,
calculating the dianmeter of a circle having the sane
open area, and dividing the circunference of the
circle of the resulting di anéter by the area of the
circle of resulting dianeter. The resulting

. perinmeter-tq-area ratiqQ constitutes a basis for
in SeHighe eI tephroands %@f@fddf%angalqrh%qqaﬁ% Shiquided. The
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diagramin plan view. feed 10 is carried
whéveaighatapdwirmila2td that of fan- shaped outlet 22. Outlet 22 is in the plane
of the drawing. Feed entering inlet 14 contacts projections 20 where the feed is

atomized and discharged as an atomized spray through fan-shaped outlet 22.

[0029] Figure 2 is a further schematic in plan view of a side view of the injector
of Figure 1. In the side view, the injector has been rotated 90° along an axis
running through the center of the inlet and outlet. Asin Figure 1, a feed 10 is
carried through conduit 12 to inlet 14 of feed injector 16. The conduit 12 is
typically a feed-carrying pipe which is welded or otherwise attached to feed
injector 16 at injector inlet 14. Injector 16 contains an orifice 18. Orifice 18 is the
opening defined by the plurality of rectangular projections 20. Feed entering inlet
14 contacts projections 18 where the feed is atomized and discharged through the

opening 24 in outlet 22 as an atomized spray.



inlet 14 of feed injector 16. The feed may be a
m xture of heated hydrocarbon and adm xed gas such as
W@ t@anoem3l at om zi ng aid. The conduit 12 is typPCHUE2008022755
feedcarrying pipe which is wel ded or otherw se
attached to feed injector 16 at injector inlet 14.
Injector 16 contains an orifice 18. Oifice 18 is
bounded by a plurality of rectangular projections 20.
The profile of orifice 18 is shown as a convex curve
whose curvature is simlar to that of fan-shaped
outlet 22. Qutlet 22 is in the plane of the draw ng.
Feed entering inlet 14 cont-adéts proj ections 20 where
the feed is atom zed and di scharged as an atom zed
spray through fan-shaped. outl et . [0Q029]. Figure 2 |
(0301 ¢ Regure s st hematie gaagrﬁmpéwzfgqntgvléw]é‘ feQiehOF o The

inj ector o [ . ' I AN|
oo BLRGh B Pl MGt bl 215485 Al AR A wor
26CeieEbrifibe 10w & baiHied Wyl tBE reAnglB hiab fg §dds 28ah@&sd.
10 1s carried through conduit 12 to inlet 14 of feed
InsidE ¢lod bourddarieflod ocified Uidtarg 2 msltipyigity alf ipyotausions 20 having a
feed-carrying pipe which is wel ded or_ otherw se

regtengitlaeshans andearanged Al Qe the two si¢gsed By a pavdpothed pattern.
| nj ect 16. contains,an. orifige 18., O4fi 18 i h
The A i T i R pRice ey Yo blapaf Bt Sfint Wector,
. PMtRE FoW RRRIERe chREtk SISt MG1dsHSth bllow Ré fth
! "S’r ofech} g)ral)? 18e \%he?lgg t heg]E ee iss atom zed aggdtn% O Hie papet
andi exétiviy giedglhitunglesatiove thpphine@f2de paparutAaordingds thadefinition
atonmi zed spray.[0030] Figure 3 is_a schematic diagram
sebforth herginbeforewthsrgensead appges satisy of the orHiceoigtdedined gs the largest
.shown as the rectangl e.shape 22 havin n inangr wall ..
g0 HitaSSER 0t B ORa e O icererng Pribpstnd I SRy Blo which he
RO 0LV AR ARty Rops e it
opehiny sérpesdieniar 29 tHeortgzonral measurement and within the planar surface
of the orifice. In the context of Figure 3, the ratio of dotted line a to dotted line b
(a:b) is greater than 1. If hypothetically the ratio were 1, then orifice 18 would be
in the form of a square instead of the rectangle of Figure 3. The perimeter length-
to-cross-sectional area is determined by calculating the area bounded by the
protrusions 20 which corresponds to the open flow area of the orifice 18. The
diameter of a circle having the same open area can be determined since the area of
a circle is equal to nr’. The circumference of the circle is equal to =D. The

perimeter-to-area ratio is then obtained by dividing the circumference by the area.

[0031] Figure 4 is a schematic view of the injector in profile. In Figure 4, feed-
carrying conduit 12 is attached to injector 16 at 14. Projections 20 are within outlet
22 but are recessed below the surface of outlet 22. The depth relation between

projections 20 and outlet 22 are also shown in Figure 1.



rectangul ar shape and arranged al ong the two sides 28
in a sawtoothed pattern. The flow of feed is
w@edohoggonal ( per pendi cular) to the planar fi guper/os200fre22755
injector, i.e., the flow would be com ng at right
angl es from bel ow the plane of the paper and exiting
at right angl es above the plane of the paper.
According to the definition set forth hereinbefore,
t he general aspect ratio of the orifice is defined as
the largest |inear neasurenent across the orifice
openi ng orthogonal to the flgw into which the
injection is occurring di vi-ded by the | argest I|inear
measur enent across the orifice opening perpendicul ar
o .t he_orthogonal neasurenent and w thin the planar :
(0032) acEhe Presea (e A ieeior on ke ORoMESIPatA o lgrgalBof the riser
g . od i 0 . ey
redgi; The Foelinf Rt iblc RS ot S Rhb i MelFif o i reactor

sub R @it Phé §pﬂ§? pheteMPoi foRzddfebl FrdrR e ﬁﬁ_ecﬂoﬁg)létfrﬂact the

i nstead of the rectangle of Figure 3. The perineter
fluidizgd kataly st passoleeowmpthraugintheseaidiar zaneeaf thy riser reactor.

cal cul ating the area pounded by the protrusions 20 )
Thennggeteréy)razs giaehedite the, eoracﬁahcarrﬂ%gat?@gtoo CHTIET §73CHGre dt 1S
18. dj t f. Lel ' t
préfsred e R P EerRinfRtins B StV B d G r R BrRBB e
didtPibBtién td ﬂ%_vﬁh% eaaf\RE AERIQ! S M@ fded iBf¢Rrs afe normally
pD. The perineter-to-area ratio is then obtalned by
entployed iga ting arourditifeaisencenchyr, prefembbain § SPBhietdic adial design
4.is a schematic view of the injector in profile. In.
to projuide an optigea) sRFAN PR 6h frsdparticles agross Hifeeatalyst particles. In
I nj.ect.or at .14. Projectio 20 are within out] e 2
anygp 5 igient 8 nifige B FRENELR ARt o S
ingethall MBRNp &L RGH RN Sscddeditdr out | et 22
Sug‘r%ghg @ghﬁofﬁé l%:fi%)gupe 1% [ 0032] 'Sl'heepr egent f eed
injector or injectors are situated on the wall of the
riser
[0033] The injectors may be attached to the wall of the riser reactor or to the
annular manifold such that the angle between the injector and the wall may range
from 0° to 90°. The riser reactor may be in a vertical position at the point of feed
injection, or the wall at the point of injection may deviate from vertical. If desired,
more than one ring at different levels may be employed. The riser reactor may also

contain a refractory lining through which the injector passes.

[0034] Itis preferred that the projection of the outlet of the feed injector into the
flowing stream of catalyst particles in the riser be minimal so that erosion of the
outlet is minimized and that disturbance of the catalyst stream is likewise

minimized.



reactor. The feed injector or injectors are attached
to the wall of the riser reactor such that the spray
w@a2dob02307Df at om zed feed fromthe injector(s)PCDOSR0$/022755
the fluidized catal yst particles flow ng through the
reaction zone of the riser reactor. The injector(s)
are attached to the conduit carrying feed to the riser
reactor. It is preferred that multiple feed injectors
be enpl oyed to increase efficiency of feed
distribution to flowi ng catal yst particles. Such
multiple feed injectors are normally enployed in a
ring around the riser react-dft,- preferably in a
symmetric radial design to provide an optinmal spray

attern of feed particles across. t cat al yst .
[0833) | cFbe foliow g SABEUS FRpIESCTIRD 19 ﬂﬁ@&r@tﬁ ¢ gpgention and should
. | il ring or manifold
n"ghéﬁﬂﬁgf’ﬁg lﬁﬂlet %‘ﬁ f‘gjfl:}éit al yst particles in the

riser reactor. [0033] The injectors may be attached to
the wall of the riser reactor or to the annul ar

EXAMPBIE] such that the angle between the injector and
the wall may range fromO to 90. The riser reactor may
be in a vertical position at the point of feed
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the configuration of the injector itself. The injector shown in Figure 4 and the
comparative injector had a general aspect ratio of 3.2 and 3.6 and a ratio of
perimeter length-to-cross-sectional area of 2.0 and 1.4 respectively. The relative
droplet size produced from the fan shape spray pattern produced by the respective
injectors was measured as a function of the distance from the center of the spray
pattern. The results are shown in Figure 5 in which the present invention is
designated as the STF Injector. As can be seen from Figure 5, the relative droplet

size from the injector according to the invention is both smaller and more uniform

in size as compared to an injector without the saw-tooth pattern.



not be considered limting in any way. EXAVPLE [ 0036]
In this exanple, an air/water feed was injected
wao boenzdo7t he i njector shown in Figure 4. The seeeUS®e022755
was i njected through a conparative injector which is
identical to the injector shown in Figure 4 except
that conparative injector is in the formof a sinple
rectangl e without the sawtoothed pattern of
protrusions shown in Figure 4. The feed was injected
t hrough both injectors at conparabl e conditions (sane
tenperature, pressure and feed rate) so that the only
vari abl e was the configuratildm of the injector itself.
The injector. shown in Figure 4 and the conparative
I njector had a general aspect ratio of 3.2 and 3.6 and
C 0 of perineter |ength-to-cross-sectional area of
2.0 and 1.4 respectively. The relative droplet size
produced fromthe fan shape spray pattern produced by
the yespegfi i 1 APOIERRN g0 @nduit
t he 1di st ﬁ%gﬁﬁﬂgﬂsﬁﬁg%@]?@%? theﬁspi?gg%ggitﬁtagr ng.) Tdr?‘ed
conesininigsatdeast shemlet, at Kagiuore Gutlat andiagiastdgewayesehin said
invention is designat_ed as the STF Injector. As can be

copduit conpestmggiiednit withdthe suget, saidpasprgaway santaingg aharifice

I nj ector carding to.the invention is both smaller
whAthEE R orliR A ponen pavet MRty Bat 10w Bt of
pe}Nnﬁé‘tQﬁern fetciasst et bl dtesteMMR 1.5 telafWe PR PeAhiter-to-

or atonizing a petroleumfeed conprising: a conduit
crognéeetiohaloarad ratéasf a oireulanbrfice af eqwiaatenoamaout | et and

a passageway within said conduit connecting the inlet
with the outlet, said passageway containing an orifice

2. The apparatus of claim 1 wherein the apparatus is a feed injector.

3. The apparatus of any preceding claim wherein the orifice is elliptical

or rectangular in shape.

4. The apparatus of any preceding claim wherein the elliptical or
rectangular shape includes at least one member protruding inwardly from the

elliptical or rectangular shape.

5. The apparatus of any preceding claim wherein the at least one
inwardly protruding member comprises at least one pointed, square-edged or

rounded member.

6. The apparatus of any preceding claim wherein the orifice produces a

fan-shaped spray pattern.



wherein the orifice has a general aspect ratio greater
than 1.0 and a ratio of perineter

wo eovgBorD- cr oss- secti onal area greater than 1PGI/US2005/022755
relative to a perineter-tocross- sectional area ratio
of a circular orifice of equivalent area. 2. The
apparatus of claiml1l wherein the apparatus is a feed
injector. 3. The apparatus of any preceding claim
wherein the orifice is elliptical or rectangular in
shape. 4. The apparatus of any preceding claimwherein
the elliptical or rectangul ar shape includes at | east
one menber protruding i nwardi% from the elliptical or
rectangul ar shape. 5. The apparatus of any precedi ng

claijn wherein the at .| east one inwardly profrudin .

mentler oM ARRBEATYE Of BAY PresAUINg IR MR ARG EeRfakAspect ratio
. er. 6. The apparatus of any preceding
lsgﬁ%ﬂﬁﬁgﬁgﬁg?n the orifice produces a fan-shaped spray

pattern.7. The apparatus of any preceding claim

wherein the general aspect ratio is greater than 1.5.

8. A.pr ockpsodess fompngctingg petypdeurn feedrinte edeaation zone of a

reaction zone, of a fluid catalyfic.crackin eact or )
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