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[0001] This invention relates to an apparatus and
wWEe@e®s®43 or i njecting a petrol eum feed. Mre PCT/US2005/043737

particularly, a liquid petroleumfeed is atom zed with

a nozzl e assenbly apparatus in which the apparatus has

i njection nozzles that produce a generally flat spray

pattern of finely dispersed |iquid hydrocarbon

dropl ets that contact cracking catalyst particles. The

I njection nozzles are each designed such that the

overall effect of the different spray patterns from

the i ndividual nozzles provides nore uniform

hydr ocar bon f eed E£K&iﬁiﬁiﬁﬂﬁﬂﬁﬂglﬂﬂéﬂﬂiﬁﬂhlzed

catal yst stream and the nozzle positions may range
fromthe periphery of a flowing catal yst streamto the
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i nportant to petrol eum processes such as fl uidized
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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 are 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 time
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
WEe@oos®43 s the catal yst. Catal ysts for the FORPUSHES813737

are well known and may be either anorphous or

crystalline. Catalyst entering the FCC reactor is

typically fluidized using steam fuel gas or |ight

hydr ocar bon gases generated during the cracking

process or sone conbination thereof. The reaction of

catal yst and feed generates |'drge vol unes of gaseous

hydr ocar bons and spent catal yst bearing coke deposits.
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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



feed across the catal yst stream However, such an
i nst ant aneous di spersal of feed across the catal yst
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feed are al sodesirable to increase vaporization rate
when contacting liquid feed droplets wth hot catalyst
particles. [0006] One nethod of achieving droplets of
feed involves the use of steamto forma di spersion of
droplets. The resulting dispegsion is a two-phase
system of steam and hydrocarbon that is sprayed
t hr ough n;alzzle(s) into the FCC riser reactor where it
contacts fluidized hot catal yst. The prgce of .
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a nozzl forma fine dispersion of fluid droplets
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a function of nozzle design, e.g., orifice size and
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[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 controlling the angle at which the steam 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



and controlling the angle at which the steam and

hydr ocar bon contact one another. It has al so been
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steam dividing the fluid into two separate streans

whi ch are passed through an inpingenent m xi ng zone, a

shear m xing zone to reconbi ne the separate streans

and a | ow pressure atom zation zone. A further

proposed design is a nozzle ithich msting of a

single feed stream may be acconplished by passing the

fall liquid stream with or wthout included steam
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prn(l)a%feaﬁsso' 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

[0010] 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



SUMVARY OF THE | NVENTI ON [0010] The invention is
directed to an apparatus and process for contacting an
wat@wiozsds f eed with a stream of catal yst partiBCBES1005/043737
fluidized flow. One enbodinent relates to an apparatus

for injecting a hydrocarbon feed into a stream of

catal yst particles in fluidized fl ow which conprises:
a conduit section, said conduit section containing a
stream of catalyst particles Ln fluidized flow, and

atl east one nozzle assenbly ﬁ%ihin sai d conduit
section, the nozzle assembly surrounding the periphery
of said streamof catalyst particles in fluidized flow

aleest 60 nar7ie AgsemblY Wb eithCandpi SEGtoR. s RPrEls asenty

nozz\ e .pr A i + b
RSB PRIt SRl o nd
UéUnI[@ﬁiFik)ét %EiaSWoSiﬁ}écﬁ@ﬂ nozls, eacharzsle producing a suttstanyisiy flat
Perob icamBusth BT FUR A 63 UGS FpRASALl Wfrhy disbersed
i nj ect | i At o

o Qoo BEBLAG o B Moo (oD PR T XorBl SE0t R
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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



feed into a stream of catalyst particles in fluidized
flowis in ariser reactor of an FCC unit, the conduit
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the feed is substantially uniformy dispersed across a
cross-section of catalyst particles flow ng through
the riser conduit section. [0013] Yet another
enbodi ment relates to a process for injecting a feed
into a stream of catalyst particles in fluidized flow
whi ch conprises: conducting the feed into at |east one
nozzl e assenbly surroundi ng the periphery of said
stream of catalyst particles in fluidized fl
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[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.



feed into a stream of catalyst particles in fluidized

flowis in ariser reactor of a FCC unit, the conduit
wGee@biomds43 s in said riser reactor, and the toteCT/U$200$/043737

the feed is substantially uniformy dispersed across a

cross-section of catalyst particles flow ng past the

riser conduit section. BRIEF DESCRI PTI ON OF THE

DRAW NGS [0016] Figure 1 is a schematic show ng two

di fferent fan-shaped spray pajterns and their

penetration into a catalyst stream [0017] Figure 2 is

a schematic drawi ng showing two pairs of nozzles at

di fferent penetration depths | atal yst stream
[BREERK DESCRIPERIQN Q e-d;- he effect of jet
velocity of feed on the jet penetration of feed into
the catalyst stream [0019] Figure 4 is a graph
qboréIng t hBigeitd edta sthefmatid shenipg tad different fasishaped spray
penetration | ength of feed. [0020] Figure 5 is a graph
PaBams god fleiepenstration e CARYSESUSAT et penetrati on
| ength wherein jet angle = 90 (nozzle inclination
angl e above horizontal). [0021] Figure 6 is a graph
qbo17Ing t hEigeitd 2és a sthetatipdrating shalvigewepags obeoapbesrat
the gas/solid and oi] droplet on jet penetration
|diffetent Pevctaliongentssory efalonl SEeBD2] A conventional FCC
process includes a riser reactor and a regenerator
wherein petroleumfeed is injected into the initial
r[eers]i on z FggQ::@B isPa piaph showngtths effan bfjaivelpcity of feedon the jet
of fluidized cracking catalyst particles. The catal yst
meneiretiassof fped i thy catpyshistieanol i tes and may be fresh
catal yst particles, catalyst particles from

[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,



a catal yst regenerator or sonme conbination thereof.

Gases that may be inert gases, hydrocarbon vapors,
wG@t@anTsi3 sone conbi nation thereof are nornmal | PCT/US2005/043737

enpl oyed as |ift gases to assist in fluidizing the hot

catal yst particles. [0023] Catalyst particles that

have contacted feed produce product vapors and

catal yst particles containing strippable hydrocarbons

as well as coke. The catalystgexits the reaction zone

as spent catalyst particles m%ich are separated from

the reactor effluent in a separation zone. The

separatjon zone for separati spent cat al yst
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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
hydrocarbonaceous 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



| i quefacti on processes, naphtha, and m xtures thereof.
[ 0025] FCC catal ysts nay be anorphous, e.g.,

W@ 006023633 umi na and/ or crystalline, e.g., nolerUl/a82005/043737
sieves including zeolites or m xtures thereof.
Apreferred catal yst particle conprises (a) an
anor phous, porous solid acid matrix, such as al um na,
silica-alum na, silica-nagnesia, silica-zirconia,
silica- thoria, sili ca-beryllba silica-titania,
silica-alum na-rare earth and’the like; and (b) a
zeolite such as faujasite. The matrix can corrpri se

ternary conpositions, such as sil I
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wt. % al um na. As di scussed, pronoters can, be added.
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rrﬁrﬁY%%B & e|%Con enriched zeol i tY)es e.g., LZ-210,

ZeoI ite ZK-5, zeolite ZK-4, ZSM 20, zeolite Bet a, and

zeolite L. Naturally occurring zeoli tes such as
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pore nol ecul ar sieve is a zeolite Y, nore preferably

aexdREgedOGYREY ) RRws Earth exchanged USY (REUSY); Dealuminated Y
(DeAlY), Ultrahydrophobic 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.



[0027] Other suitable |arge-pore crystalline nolecular

sieves include pillared silicates and/or clays;
wabwgiorsphosphat es, e.g., ALPO4-5; ALPO4-8, VPPEBS2005/043737

si li coal um nophosphates, e.g., SAPO 5, SAPO 37,

SAPO- 31, SAPO 40; and ot her net al

al um nophosphat es. [ 0028] The cracki ng catal yst may

al so include an additive catalyst in the formof a

medi um pore zeolite having a 1%onst rai nt I ndex (which

is defined in U S. Patent No. 4,016,218) of 1to 12.

Sui tabl e nmedi um pore zeolites include ZSM5, ZSMI I,

ZSM 12, ZSM 22, ZSM 23, ). -
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anount of zeolite conponent in the catalyst particle
will generally range from1l to 60 w.% preferably
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[0030] 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
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.
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f fhescpds, end miese prsiespll wfrcrméﬁ@%tsr?&ldéf the feed
(viscosity, density and the like), physical: properties
of the catalyst stream (nature and configuration of
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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 to 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, i.e.,
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



pressures, and injector design. Additional factors
that influence injector design include pressure drops
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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.e., 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 desired. 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.



may contain a variety of nozzle designs, each
i ndi vidual riser reactor uses a consistent nozzle
waoele®c@mews t hin that unit, i.e., the nozzl es uspAI/ESEMW05/043737
the same. Thus these individual units have a difficult
task in achieving uniformdispersion of feed within
the catal yst stream [0034] The plurality of nozzles
according to the present invention may each produce
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w th the nozzles. Factors inclu but are not linted
t themiogzles. Fachoes mcludey/leut ard nat liggiteddp 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



line and unit geonetry, catalyst circulation rate and
flowi ng density, catalyst physical properties, feed
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Ri ser Reactor and Catal yst [0037] One factor
i nfluencing feed penetration into the catal yst stream
is the dianmeter of the riser reactor. The probl em of
uni form penetrati on of feed across the catal yst stream
becomes nore conpl ex as the djaneter of the riser
i ncreases. The larger the dianeter of the riser, the
| arger the dianmeter and nonmentum of the catal yst
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SO encounter reasing irregularities in the
catal yst streamitself, e.g., localized catalyst

density across the stream tenperature differences,
aBd Ioibﬂlﬁﬁﬂﬂtﬁ&ﬁﬁ&bt vel ocity. Cther catal yst
properties which may be a factor include average
particl esize, particle size distribution, volune and
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oil spray velocity at the exit of the nozzle. [0039]
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oSy gdatie toghe wadthiof g SPERY be as orthogonal to ?l?e direction of
the flow of the spray (away from the nozzle) 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
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generally less than 1:1. Wth regard to the present
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| ess than 1:1 and can be generally from1l:2 to 1:5 or
| ess at the injector discharge. The aspect ratio
general |y becones progressively smaller as distance

i ncreases along the spray flow path. The width of the
spray generally increases Iiﬂ_grly wi th distance from
the injector as a function of "the tangent of the

i ncl uded angle of the spray across the width. The
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oi| mass ratio throughout this riser cross-section
remains relatively constant at all |ocations.

[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 0.05, 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.



Penetration of feed into the catal yst streamcan be a
function of the individual spray pattern of the feed
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substantially uniform di spersal of feed across the
catal yst stream can be achi eved. [0041] G| and steam
mass flow rates can influence the interaction of feed
with catalyst. Also a factor is the nethod of
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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
parallel 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 oil 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.
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to pre-heating to facilitate feed vaporization and
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gas, preferably steam Shearing or agitation forces

may al so be applied to the feed for atom zation

pur poses. [0043] Rapid vaporization becones nore of a
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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



controll ed by adjusting the nozzle orifice paraneters,
i.e., by adjusting the orifice cross-sectional area
warisassert ratio (effective width:height ratiBCDUS2008043737

atom zing orifice). The spray pattern and discharge
velocity can al so be controlled by adjusting nozzle

spray diffuser geometry downstream of the atom zing
orifice. Parameters such as angle of resultant spray

can be set by design of the fgn tip to constrain

radi al divergence. Reference'is made to U. S. Patents
Nos. 5,173,175 and 6, 093, 310, which are incorporated
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[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
least 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



fromthe periphery to at or near the centerline if the
nozzle is extended into the catalyst stream Thus the
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the riser wall to centerline. For nozzles extending
into the catalyst stream the distance is preferably
from1l0 to 75% nore preferably 10 to 50% of the
di stance fromriser wall to centerline. The
penetration of the nozzle towgrd the centerline of the
ri ser can be acconplished by éxtending the piping and
appropriate erosion protection fromthe periphery of
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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 patterns 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
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which will achieve the maxi mum contacting of the oi

spray with the flow ng catal Bt stream The nozzle

spacing will be a function d% the geonetric pattern of

spray produced by the individual nozzles as well as
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tailor atom zed oil sprays by designing and

integrating individual injectors to provide a feed
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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 =0to R=0.5. These injectors might be oriented at an angle o. above the
horizontal, where typically a. < B 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.



di agram showi ng the penetration of different sprays
into the catalyst stream In Figure 1, Ris the radius
wo@tooblogsend Xxi ng zone of a stream of catal yst paPC€T/UB®85/043737

as neasured fromthe center of the stream (generally
the center of the riser reactor) tothe outer edge
(generally the wall of the riser reactor). Two

di fferent types of nozzles, Type A and Type B, are
positioned in a plane symetrically about the
circunference of the riser rédctor. The nozzles may be
positi oned such that the axes of the injected sprays
are either coincident with the pl ane ortg}rl)o nal to. the
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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 profile
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-



R=0to R=20.5. These injectors mght be oriented at
an angl e aabove the horizontal, where typically a<b
wo enosionjeext or Type B and the included spray anpCBURRYS/043737
be <45. Type A injectors may not have a fan extension
and coul d be designed for injecting up to 50 wt. % of
the feed with | ess dispersion steamthan for Type B
i njectors, although steamwould still be added by
i nt ernal stean1spargers.[005§ It would be possible to

arrange a variety of nozzl es“producing different
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[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



stream [0056] The neasure of uniform penetration
across the catalyst streammay be inferred fromthe
waleowasrieenhm ri ser tenperature drop and radi al PCT/US2005/043737
tenperature profile downstream of the m x zone. Thus,
one neasures the results of inproved feed/catalyst
contacting. Better contacting of feed/catalyst results
in anore rapid tenperature drop with the near uniform
tenperature profile in the r|§er crosssection at any
gi ven axi al position dovvnstream of the mx zone. This
then serves as a neasure of the uniformty of
penetration_of feed across the.catalyst. strea 0
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four Type A nozzles unifornly spaced around the
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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 ft/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 being 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



the total feed with 1.6 wt.% added steam was i njected

t hrough Type B nozzles and only purge steam i ntroduced
wo booegis4Type A nozzles. The inprovenment in  PCT/US2005/043737

feed/ catal yst contacting achieved in Case 2 was

observed by tenperature readings fromthernocouples

| ocat ed approxi mately 3 m downstream of the upper

injector ring. In Case 2 the average downstream

tenperature was 554C (1029F), 4vvhereas in Case 1 the

aver age tenperature was 57CD& (1058F). The hi gher

tenperature in Case 1 indicates | ess endothermc
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performance i nprovenent reflected in the foll ow ng
Tabl e: TABLE Exanple 2 [0059] This exanpl e

M&{iﬁtes the effect of jet velocity on the jet
penetration length of the feed. Figure 3 is a graph
showi ng j et penetrati on length in inches as a functi on
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owm in Figure 4, increasing
orthogonal 1ntersect10n 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.



the feed tenperature at constant gas/solids
tenperature will decrease the tenperature difference
wheinsneisdd he gas/solid and oil dropl et tenper apCr/@S2005/043737
This leads to a | ower evaporation rate that in turn
| eads to | onger penetration |ength. Exanple 4 [0061]
Thi s exanple shows that increasing the jet angle,
i.e., the angle between the nozzle and the verti cal
axis of the flow ng catal yst ,stream can have a strong
i nfluence on the jet penetragson I ength. The
definition of jet angle in Figure 5 is 90 (inclination
angl e above the horizontal plane orthogonal to the
LLAIMS: catal yst flow). Increasing the jet angle
results in a spray which approaches orthogona
intersection with the axis of catalyst flow
Convernsel y Anappiratisifet infuetihg a ipdioeabes, fed:chmt(nm xtzetam of
spray orientation approaches parallel flo
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length. CLAIMS : 1. An apparatus _for injectjng

rspcmacef W}’ﬁ@éﬁlqlfﬁtﬂpvﬁngﬁmé%h e contujf §%Ctt108art icles
in fluidized flow which conprises: a conduit section,
said conduit section containing a stream of catal yst

parti gl es ixpiobask dbziagbclih@wifeadrighoat stteaasof anatyst 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 nozzles located on said nozzle
assembly into the stream of catalyst particles in fluidized flow, each nozzle
producing a substantially flat spray pattern such that the totality of the feed is
substantially uniformly dispersed across the cross-section of catalyst particles

flowing past the nozzle assembly.

3. The apparatus of claim 1 wherein the apparatus is a feed injector
assembly, the catalyst particles in fluidized flow are in a riser reactor of a fluid

catalytic cracking unit, and the conduit section is in the riser reactor.

4. The process of claim 2 wherein the catalyst particles in fluidized flow

are in a catalytic cracking zone of a fluid catalytic cracker.



nozzl e assenbly within said conduit section, the

nozzl e assenbly surroundi ng the periphery of said
wa@toeameas catal yst particles in fluidized fl oRCHIS2005/043737

containing at |east two injection nozzles, each nozzle

produci ng a substantially flat spray pattern such that

the totality of the feed is substantially uniformy

di spersed across a crosssection of catalyst particles

flow ng through the conduit ction. 2. A process for

injecting a feed into a stream of catal yst particles

in fluidized fl ow which conprises: conducting the feed

into at | east one nozzle assenbly surrouqdlq& t he he at least
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nozzl e assenbly. 3. The apparatus of claim lwherein
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fofithelspray & lpss thawd deker . 5. The apparatus or process of
any preceding claimwherein the at | east two injection
nozzl es produce at least two different spray patterns.

6. The appanhathysarfius R prRes dTlanfpyededipgetiimowhéraintthe aspect
wherein the nozzl e assenbly contains from4 to 16

i ratiedt from ndtolds.

9. The apparatus or process of any preceding claim wherein the

hydrocarbon feed is atomized and the atomized feed has a mean droplet size less

than 1000 microns.

10.  The apparatus or process of any preceding claim wherein the nozzles
have rectangular or elliptical orifices and 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.

11.  The apparatus or process of any preceding claim wherein included

angle coverage of spray for the nozzles is from 30° to 115°.



7. The apparatus or process of any preceding claim

wherein the substantially flat spray pattern has an
w@gpent3ennt i o represented by thickness of the BEI/E$2005/043737

relative to the width of the spray taken orthogonally

to the direction of flow of the spray is |ess than

1:1. 8. The apparatus or process of any preceding

cl ai mwherein the aspect ratiois from1:2 to 1:5. 9.

The apparatus or process of y preceding claim

wherei n the hydrocarbon feed“l’s atoni zed and the

atom zed feed has a nean droplet size |less than 1000
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