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Fluid Injection Nozzle for Fluid Bed Reactors

Fiald of the Invention

1000611 This invention relales to a nozzle assembly useful for injecting fluids info
circulating fluid bed reaciors. H relates more particularly 1o a nozzle assembly useful for

injecting heavy oils such as pelroleum resids and bitumens info fluid coking reactors.

Background of the Invention

(000623 Circulaling fluid bed {CFB) reactors are well known devices that can be used
to carry oul a variety of mulliphase chemical reaclions. In this type of reactor, a fluid
{gas or liguid) is passed through a granular solid material at velocities high snough to
suspend the sclid and causs it 1o behave as though it were a fluid.  Fluidization is
maintained by means of fluidizing gas such as air, sleam or reactant gas injected
through a distributor {(grid, spargers or other means) at the base of the reactor. CFB
reactors are now used in many indusirial applications, among which are catabytic
cracking of petroleum heavy dils, olefin polymerization, coal gasification, and waler and
waste treatment. One major ulility is in the field of circulating fluid bed combustors
where coal or another high sulfur fuel is burned in the presence of iimestone to reduce
SOx emissions; emissions of nitrogen oxides is aiso reduced as a result of the relatively
lower temperatures atlained in the bed. Ancther application is in the fluidized bed
coking processes known as fluid coking and s variant, Flexicoking™, both of which

were developed by Exxon Resesarch and Engineering Company.

[0003] Fluidized bed coking is a peltroleum refining process in which heawvy
peiroleum feeds, iypically the non-distilable residue (resid) from fractionation or heavy
oils are converted {o lighter, more useful products by thermal decompaosition {coking) at
elevated reaction temperatures, typically about 480 1o 580°C (about 800 to 1100°F}, and
in most cases from 500 {o 550°C (about 930 to 1020°F). Heavy oils which may be
processed by the fluid coking process include hsavy atmospheric resids, aromatic
gxtracts, asphalts, and bitumens from tar sands, tar pits and pitch lakes of Canada
{Athabasca, Alta.), Trinidad, Southern California {(La Brea, Los Angeles), McKittrick
{Bakersfield, California), Carpinteria (Santa Barbara County, California), Lake Bermudez
{(Venezusela) and similar deposits such as those found in Texas, Peru, ran, Russia and

Poland. The process is carried out in a unit with a large reactor vessel containing hot
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coke particies which are maintained in the fluidized condition at the required reaction
temperature with steam injecied at the bottom of the vessel with the average direction of
movement of the coks particles being downwards through the bed. The heavy ol fesd
is heated to 3 pumpable temperature, typically in the range of 350 o 400°C (8bout 660
o 750°F) mixed with atomizing steam, and fed through multiple feed nozzles arranged
at several successive levels in the reactor. The steam is injecied into a stripper section
at the bottom of the reactor and passes upwards through the coke particles in the
stripper as they descend from the main part of the reacior above. A part of the Teed
liguid coats the coke particles in the fluidized bed and subsequently decomposes into
layers of solid coke and lighter products which evolve as gas or vaporized liquid.
Reaclor pressure is relatively low in order to favor vaporization of the hydrocarbon
vapors, typically in the range of about 120 {o 400 kPag (about 17 to 58 psig}, and most
usually from about 200 to 350 kPag (asbout 28 to 51 psig). The light hydrocarbon
products of the coking {thermal cracking) reactions vaporize, mix with the fluidizing
steam and pass upwardly through the fluidized bed into a dilute phase zong above the
dense fluidized bed of coke particles. This mixture of vaporized hydrocarbon producis
formed in the coking reactions continues to flow upwardly through the dilule phase with
the steam at superficial velocities of about 1 10 2 melers per second {(about 3 o & feat
per second), entraining some fine solid particles of coke. Most of the enirained solids
are separaled from the gas phase by cenirifugal force in one or more cyclone
separators, and are relumned to the dense fiuidized bed by gravity through the cycione
diplegs. The mixture of steam and hydrocarbon vapor from the reactor is subsequently
discharged from the cyclone gas oullels into a scrubber section in a plenum located
above the reaction section and separated from it by a partition. It is guenched in the
scrubber seclion by contact with Hguid descending over scrubber sheds in a scrubber
section. A pumparound loop circulates condensed liquid 1o an external cooler and back
to the top row of scrubber section o provide cooling for the guench and condgnsation of
the heaviest fraction of the liguid product. This heavy fraction is typically recycled {o

extinction by feeding back to the fluidized bed reaction zone.

(00047 Components of the feed that are nol immediately vaporized coat the coke
particles in the reactor and are subseguently decomposed into lavers of solid coke and
lighter products which evolve as gas or vaporized liguids. During the contacting of the
feed with the fluidized bed, some coke particles may become unevenly or oo heavily
coaled with feed and during coliision with other coke parlicles may stick {ogether.

These heavier coke particles may not be efficiently fluidized by the steam injected into
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the boltom of stripper section so that they subsequently pass downwards from the
reactor section into the siripper section where they may adhere {0 and build up on the
sheds in the siripper section, mainly on the uppermost rows of sheds. Conventionally,
the stripper section has a number of bafiles, usuaily termed "sheds” from their shape in
the Torm of inveried channel seclions extending longitudinally in several supsrimposed
rows or liers across the body of the stripper. The coke passas over these sheds during
its downward passags through the stripper and is exposead 1o the steam which enters
from the spargers at the botlom of the vessel below the sheds and is redistributed as i
moves up the stripper. The solid coke from the reactor, consisting mainly of carbon with
lesser amounis of hydrogen, sulfur, nitrogen, and iraces of vanadium, nickal, iron, and
other slementis derived from the feed, passss through the stripper and out of the reactor
vessel to a burner where i is partly bumned in a fluidized bed with air io raise its
temperature from about 480 to 700°C (about 800° to 1300°F), after which the hot coke
particles are recirculated to the fluidized bed reaction zong to provide the heat for the

coking reactions and to act as nuclel for the coke formation.

[0005] The Flexicoking™ process, aiso developed by BExxon Resegarch and
Enginesring Company, is, in fact, a fluid coking process that is operated in a uni
including a reactor and bumer, often referred to as a hester in this variant of the
process, as described above but also including a gasifier for gasifying the coke product
by reaction with an air/steam mixture to form a low heating value fuel gas. The heater,
in this case, is operated with an oxygen depleted environment. The gasifier product
gas, containing entrained coke particles, is returned o the heater {o provide a portion of
the reactor heat reguirement. A return stream of coke sent from the gasifier to the
heater provides the remainder of the heal requirement. Hot coke gas leaving the heater
is used to generats high-pressure steam before being processed for cleanup. The coke
product is continuously removed from the reacior. in view of the similarity between the
Flexicoking process and the fluid coking process, the term “fluid coking” is used in this
specification o refer to and comprehend both fluid coking and Flexicoking except when

a differentiation is reguired.

[0006] The stripping section of the fluid coking unit is located in the lower portion of
the reactor. Coke parlicles from the reactor pass into the stripper where they are
contacled with siripping steam from a sparger located at the botlom of the siripping
seclion in order {0 remove hydrocarbon vapor phase products from the coke which is

carriad out of the bottom of the unit. As a result of the wall-mixed nature of the reactor,
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a cerlain amount of coke entering the stripper is siill coated with crackable hydrocarbon
material. For this material, the siripper acls as an additional reaclion section within
which cracking and drying can occur. As this material progresses through the stripper,
additional cracking reactions occur. For this reason, plug flow behavior is exiremely
desirable in the stripper in order {0 minimize the amount of crackable material sent {0
the burner or healer as hydrocarbon carryunder, where it is effeclively downgraded o
coke. With basic fluid cokers, unlike Flexicokers, this phenomenon is not greatly
disadvaniageous as the guantities are small but in the case of Flexicokers, this material
is sent to the healer, wheare it is expossd to a high temperature, oxygen poor
environment. Unreacted material that enters the heater can crack o form a fuli range of
vapor phase products. These products are then carried up info the heater overhead
where they can condense onio surfaces resulting in capacity and/or run length

limitations.

(0007 The dense fluid bed behaves generally as a well-mixed reactor. However,
model simulations using cold flow dynamics and iracer studies have shown that
significant amounis of wetled coke can rapidly bypass the reaction section and coniact
the stripper sheds wherg a portion of the wet film is converted {0 coke, binding the coke
particles {ogether. Over time, hydrocarbon species from the vapor phase condense in
the inlerstices between the parlicles, creating deposits which are very hard and difficult
to remove.  Current practice in fluid coking unils is o raise reactor temperaiures to
accelerate the thermal cracking reactions. This enables the coke to dry more quickly
and thereby reduce the amount of wetted coke that enters the stripper. Howsver, the
higher reactor temperature increases the rate of recracking of the hydrocarbon vapors

and reduces the C,+ Hiquid yield resulting in an economic debit.

[0008] Other atfemplts have previously been made o overcome this problem with
varying degrees of success. One approach has been 1o improve stripper operation, for
gxample, by fitting the strippers with steam spargers located underneath the stripper
sheds, as reported by Msiactao Bl et al. in “Flooding of Gas-Solids Countercurrent Flow
in Fluidized Beds’, In Eng. Chem. Res. 2004, 43, 5611-5618.

10009 Another approach both o reducing reactor fouling and o increase liguid vield
has been to improve the alomization of the fead as it enfers the bad with the expectation
that improved atomization will reduce the extent {0 which the ol will be carried down in
liguid form into the stripper. Conventional atomization nozzles used in the fluid coking

process use steam 1o assist in spraving the heated resid or bitumen into the fluidized
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bed of hot coke particles: effective contacling of resid droplets and the entrained coke
particles is important in improving reactor operability and lguid product vigld. The
injected spray forms a jet in the bed into which fluidized coke particles are entrained. A
major concern  with poorly performing atomization nozzles is that liquid-solid
agolomerates tend to form in the bed, causing high local Hquid loading on the solids with
the formation of large wet feed/coke agglomerates. These heavier agglomerates may
tend to segregate towards the lower section of the reactor and foul the intermals of the
reactor, particularly in the stripper section. With enhanced fesd alomization
performance, the conlfacting between the alomized feed and coke solids would be
improved, resulling in an overall improvement in reactor operability, with longer run-
lengths due 1o reduced stripper fouling, and/or higher liquid product visld due to lower
reactor temperature operation.  Higher Hguid fead rales may also be facilitated by the

use of improved feed nozzies.,

(00101 A steam assisled nozzle proposed for use in fluid coking unils is described in
US 8,003,789 (Base) and CA 2 224 615 {(Chan). In this nozzle, which is typically
mounted to the side wall of the fluid coker so that it extends through the wall into the
fluidized bed of coke pariicles, a bubbly flow stream of a heavy oilflsteam mixiure is
produced and atomized at the nozzle orifice. The nozzle which is used has a circular
flow passageway comprising in sequence: an inlel; a first confraction section of reducing
diameter; a diffuser seclion of expanding diameter; a second contfraction section of
reducing diameter; and an orifice outlet.  The convergent sections accelerate the flow
mixiure and induce bubble size reduction by elongation and shear siress flow
mechanisms. The second contraction section is designed o accelerale the mixiure flow
more than the first confraction section and as a resuli, the bubbles produced by the first
comtraction are further reduced in size in the second contraction. The diffuser section
aliows the mixlure to decelerate and slow down before being accelerated for the second
time. The objective is to reduce the average mean diameter of the droplets exiling the
nozzle 1o a relatively fine size, typically in the order of 300 um as it is reported that the
highest probability of collision of heavy ol droplets with heated coke particles occurs
when both the droplets and healed particles have similar diameters; thus a droplet size
of 200 or 300 ym was considered {0 be desirable. The objective behind the nozzle of
US 6,003,789 is to produce a spray of fine ol droplsts which, according to the
conventional view, would result in belter contact between the coke particles and the ol
dropiets. A subseguent approach delalled In concepl in “Injection of a Liquid Spray into

a Fluidized Bed: Particle-Liquid Mixing and Impact on Fluid Coker Yields”, Ind. Eng.



WO 2016/032671 PCT/US2015/042662

Chem. Res., 43 (18}, 56863., House, P. at al, proposes that the initial contact and mixing
belween the lguid droplets and the hot coke particles should be enhanced, with less
regard to the size of the liguid droplets in the spray. A spray nozzle using a draft tubs is
proposed and a nozzle of this iype is also described in US Palent 7,025,874 {Chan).
This nozzle device functions by utilizing the momentum of the liguid jet issuing from the
nozzle orifice o draw solids into the draft tube mixer and induce intense mixing of the
solids and liguid in the mixer and by so doing, enhance the probability of individual
droplets and pariicles coming inle contact. As a result, more coke particles were likely
to be thinly coated with off, leading o improvement in liquid yield; the production of
agglomerates would be curiailed, leading o a reduction in fouling and the reactor
operating temperature could be reduced while still achieving high liguid product vield by
reducing the mass transfer limilation on the liquid vaporization process. The actual
assembly comprises an alomizing nozzle for producing the jet which extends through
the side wall of the reactor and an open-ended draft tube lype mixer positioned
horizontally within the reactor and aligned with the nozzle so that the atomized jet from
the nozzie will move through the tube and entrain a stream of coke particles and
fluidizing gas into the tube where mixing of the coke and liquid droplels takes place.
The drafi tube preferably has a venturi seclion o promote a low pressure condition
within the fube o assist induction of the coke particles and fluidizing gas. This device
has not, however, been commercially successful due to concerns over fouling of the

assembly in the fluidized bed.

(60113 The circular exit orifice on the nozzies shown, for example, in the Base
patent creates a cylindrical plume of liguid emitling from the nozzle exil; this plume has
a minimum arga fo perimeier ralic and this creates a significant hindrance 1o the
penetration of solid particles o the central core of the jet, possibly leading {0 contact

between the hot coke particles and the injected oil stream which is less than oplimal.

{60121 An improved mixing arrangement is described in US 7,140,858 (McCracken);
this device, referred 10 here as a Bilateral Flow Conditioner, brings the oif and steam
into the main flow conduit leading to the nozzle through feed conduits which are
disposed at an acute angle to the main flow conduit and at an angle to each other. in
addition, a flow restrictor is disposed in the steam line at the point where i enlers the
main conduit so that the steam is accelerating as it enters the main conduil.  This
corfiguration for the mixing section of the nozzie is stated o give an improvement in

flow characleristics.
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[0013] US 2012/0083981 (Chan) describes an improved liguid feed nozzle
assembiy for a circulating fluid bed reacior which has a throtile body premixer to
combineg the heavy ol liquid feed with atomization steam upsiream of a nozzle body o
form a liquid feed/steam mixiure with a downstream conduit leading to a discharge
nozzie body adapted 1o shear the liquid fead/steam mixiure {0 create liguid feed droplets
of reduced size with a disperser at the outlet of the discharge nozzle to provide a spray
of liquid feed having an increased surface area relative to a cylindrical jet. The nozzle
assemblies are particularly useful in fluid coking units using heavy ol feeds such a tar

sands bilumen.

[0014] The premixer, located upsiream of the nozzle tip plays an important role in
nozzie performance. The premixer intimately mixes steam with bitumen, creating a
bubbly flow in the conduit leading 10 the nozzle. The quality of the dispersed bubbly
flow is critical to the resullant atomization performance. A good premixer creates a
siable bubbly flow over a wide range of steam and bilumen flow rales, resulling in a
large operating window for the feed nozzle. This large operating window decreases the
likelihood of entering into the pulsation regime, where atomization is poor, causing the

formation of large, wet agglomeratss.

[6015] While the nozzle assembly described in US 2012/0063961, with its opposed,
impinging steam jets, provides a very stable (less dynamic pressure pulsation) bubbly
flow over a much wider range of operating conditions compared o the BFC premixer
described in US 7,140,558, it has been found with operaling experience that there were
concemns of potential erosion in the vicinity of the venturi throat with moderate degress
of wear in the shape of a horseshoe vortex appearing in the region downstream of the

sieam injection ports.

[0316] There is therefore a need for a nozzle assembly which is capable of
minimizing erosion in the region where the alomizing steam and heavy oll feed meet
and mix, while stili mainiaining adequate mixing of the steam and the bilumen with

controlled low pressurs pulsation downstream of the mixer.
Summary of the Invention

00171 We have now devised an improved premixing section for g heavy oil feed
injector assembly. The modified premixer, which mixes steam and bifumen 1o generale

a dispersed bubbly flow in the conduit leading to the atomization nozzle in the manner
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described in US 2012/0063961 has a convergeni-divergent throat seclion bui,
characteristically, the alomizing gas, usually steam, is introduced through two or more
orifices just upsiream of the convergent section which leads the fegd into the throat
instead of inside the throat of the venturl. This configuration has been found to enhance
the mixing of the steam and bitumen, resulling in improved stability and reducing

erosion.

[0018] According o the present invention, therefore, improved mixing between the
heavy oil Teed and the atomizing steam may be achieved by the use of a pre-mixer in
the form of a radial ported throitle body steam injector at the entry of a convergent-
divergent section in the nozzie assembly. This mixer provides improved stabiiity to the
operation of the nozzle and also enables a wider operaling window extending over a
broader range of conditions 10 be used. When used with a nozzle with an improved flow
conditioner and disperser configuration, improved contacting between the coke particles

and the oil in the reactor ¢can be achieved.

[0819] The nozzlie assembly comprises a premixer which is connected by means of
a flow conduit in fiuid flow reiationship to a discharge nozzle which discharges the
atomized fesd as a spray onto the particles circulaling inside the reactor. The flow
conduit between the oil and steam connectlions on the outside of the reactor wall and
the nozzie tip insids, typically extends about 40 - 180 om long in current reactors. The
preferred throltle body premixer described below siabllizes the flow over longer
conduits, possibly over 150 cm in length, while, at the same fime, mainfaining a wide
operating window for steam/cil raies with a reduced possibility Tor jet pulsation at high

relative steam rates or choking at high oll rates.

{00201 The stabilizing effect of the premixer may be enhanced by utilizing cerlain
flow conditioners or stabllizers in the flow conduit between the premixer and the
discharge nozzle. The spray patlern from the discharge nozzie may also be enhanced
and the contact between the oll and the particles in the fluid bed improved by the use of

an appropriate disperser at the orifice of the dischargs nozzle.

[0021] According to the invention the atomizing steam is introduced into the oil
stream in a throtile body pre-mixer defined by radial steam injection ports immediately
upstream of a convergent-divergent constriction or throat in a flow conduit.  The

atomizing steam is injected through the radially-disposed inlet poris at a higher pressure
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than the ol stream; the intense mixing which takes place downsiream of the constriction

resulls in an improved siability for the spray.

[0022] The improvement in oi/coke parlicle contact resulling from the use of this
premixer may be achieved with a plain circular orifice at the reactor end of the nozzle
assembiy but a further improvement may be achieved — with a resuiting reduction in the
film thickness of the oil on the coke particles — by the use of a multiiobe disperser at the
orifice of the discharge nozzle as described in US 2012/0063961. This disperser
provides a jei plume with an increased surface arga in a spray patiem corresponding to
the shape of the flow channels in the disperser, resulting in a significant improvement in
the contacting belween the feed jel and the solids in the bed and in the enlrainment of

the solids by the liguid jel.

[0023] in its preferred form the disperser at the orifice of the discharge nozzle
comprises a body having a central flow passage leading from the rear (feed side) of the
body towards the discharge end of the disperser and plurality of dispersing lobes within
the body and communicating with the central flow passage. In a preferred form the
muitilobe disperser has a cloverieaf configuration normally comprising from three or four
divergent, quasi-conical flow passages symmelrically disposed around a ceniral axis
and open o the ceniral flow passage from the flow conduil. These dispersing lobes
form a dispersed pattern of ¢il spray droplets with a configuration that matches that of
the lobes in the disperser body. Each lobe is defined by a wall formed in the body of the
disperser with the wall of each lobe defining a segment of g hollow coneg; the axes of the
hollow cones intersect symmetrically with the central flow passage so that each hollow
cone is open along its length {o the fiow passage o define an increasing multilobe exit
passage whose cross-sectional area increases from the rear towards the front of the
disperser body. In this form, the disperser is of 3 cloverleal configuration, sither irilohe

or quadrulobe, with three or four lobes formed in the body.

(00247 The disperser is normally fabricaled as an extension from the circular nozzle
body at the end of the flow passage which expands o a wider, non-circular, multilobar
opening which increases the perimeter-io-arga ratio of the nozzle orifice. With the
disperser, the liguid jet issuing from the nozzle orifice will also be a comresponding
non-circular form, graatly enhancing not only the liguid dispersion, but also increasing
the surface area for interface and entrainment between the jet and the fluidized bed of

solids. As an allernative 1o the icbed disperser, a simple fan shaped disparser may be
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used to increase the surface arez of the spray relative to that of a plain circular spray

paitemn.

10025} The flow conduit connecting the premixer with the discharge nozzle also
functions to control spray stability and sffectiveness.  While a plain cylindrical flow
conduit between the premixer and the nozzie is effeclive with the present premixer
configuration and more so with the multilobe disperser, control over the droplet size in
the spray may be achieved by the use of a flow stabilizer or condilioner in the flow

conduit between the premixer and the discharge nozzle.

{0026} The nozzie assembly is useful for injecting fluids into various types of
circulating fluid bed reactors in which good coniact between the components of the
fluidized bed and the injecled fluid is required. The nozzle assembly is particularly
useful in fluid coking reactors but is polentially useful in other CFB reactors where

similar problems are encounigred.

[0027] in the preferred form used in fluid coking uniis, the reactor of the unit

COMprises:

a dense bed reaction section confined by the reactor wall, typically of frusto-

conical configuration with its major cross-section uppermost,

a base region below the dense bed reaction section at which fluidizing gas in
injecied o fluidize the dense bed of finely-divided solid coke particles in the

dense bed reaction section,

heavy oil inlets with their feed injection nozzles located around the periphery of

the reactor wall at muitiple elgvations above the base region,

a plenum or scrubber section above the dense bed reaction section and

saparated from the dense bed reaction section,

cyclones at the top of the dense bed reaclion section, sach of which has a
cyclone inlet for the flow of exiting gas and coke particles, a cyclone gas outlet
exhausting into the plenum abovs the reaction section, and a cyclone dipleg for
reiurning coke particles separaled from the gas in the cyclong into the dense

bed reaction section,
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a slripping section at the base region of the reactor comprising stripper sheds

and spargers for siripping steam.

[0028] The reacior will be coupled in the unil to a burnerfhealer by means of coke
iines in the normal way: a cold coke iransfer line takes coke from the botlom of the
siripper {0 the burner/heater and a hot coke return line brings hot coke from the
burner/heater back to the reaclor. In the case of a Flexicoker, the gasifier section

foliows the heater vessel as described abovs,

(00293 in the fluid coker the feed inlel nozzles are disposed at the upper end of the
regctor and substantially horizontally around the periphery of the reactor; thess feed
inlet nozzies lead the heavy oil feed into the reactor. They each have a feed nozzle
assembiy as described above preferably with the modifisd premixer and flow conditioner
and with a multliobe disperser to provide the optimal configuration for the spray entering

the reactor from the nozzle.

(00307 The invention in its preferred form provides a circulating fluid bed reactor
having a reactor wall of circular cross section aboutl g verlical axis, a lower inlet for
fluidizing gas and nozzle assemblies for a liguid heavy ol fesd and atomization steam
proximate the upper region of the reactor above the lower fluidizing gas inlet and around
the reactor wall. The nozzle assemblies each exlend substantially horizontally through
the reactor wall into the reaclor with a discharge nozzle orifice within the reactor and
gach has an inlet for the liguid heavy oil feed at the end remote from the discharge

nozzie. Each nozzle assembly comprises:

a premixer section to combine the liguid heavy oil feed with atomization steam fo
form a liguid feed/steam mixiure comprising gas bubbles; the premixer section
comprises successive converging and diverging zones in the direction from the
feed inlel to the discharge nozzle and a central throat section connecting the
converging and diverging zones, with a plurality of radial steam inlet ports

focated at the entry of the converging zone;

a flow conduit section following and connecied fo the outlet of the premixer
section, exiending from the premixer section to a discharge nozzle, {o convey a

flow of the liguid/steam mixture created by the premixer {o the discharge nozzie;
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a discharge nozzie having a convergent enlry following and connected (o the
flow conduit section to shear the liquid feed/steam mixiure and create liquid feed

droplets of reduced size upon exiting from the nozzle.

{00311 The nozzle assembly utilizes the converging-diverging premixer section to
introduce atomization steam into the heavy il stream under pressure just ahead of the
convergence section which narrows down {o the throat of the throttle body. The siability
in feed flow imparted by the use of the premixer is further improved by the use of the
constricting-expanding flow conditioner or stabilizer in the flow conduit belween the

premixer and the nozzle orifice.

Drawings
{0032} in the accompanying drawings:

{00331 Figure 1 shows a nozzie assembly in section incorporating the throtile body

premixer;
(00343 Figure 2 shows an enlarged section of the preferred premixer body;

[0835] Figure 3 shows a section of a flow stabilizer-conditioner for use in the flow

conduit between the premixer and the discharge nozzle;

[0036] Figure 4 shows a section of an alternative configuration Tor the flow

stabllizer-conditioner;
{00371 Figure 5A shows a longitudinal section of a muitilobe disperser;

[0038] Figure 5B shows a cross section al the exttremity of the multilobe disperser of
Fig. BA.

Detailed Description
Nozzlie Assembly

(60391 A complete nozzle assembly for producing the improved feed dispersion in
the fiuidized bed is shown in Figure 1. The nozzle assembly 10 which exiends through
the wall 11 of the reactor into its interior 12, comprises a throttle body premixer section
13 with flange 14 fixed o its discharge or downstream end. Flange 14 may suitably be

welded onio the end of the premixer section or allached in any other suitable manner,
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e.g. by threading. Flow conduil 15 which extends from the premixer o the discharge
nozzle is fitted with flange 16 at its entry or upsiream end to provide g fluid flow
connaction with the premixer flange 14. Flow conduit 15 of circular cross-section with
discharge nozzie 20 at its lip end inside the reaclor is refained, together with the
premixer section on flanged end 18 of exierior support shroud 17 in the conventional
manner with through bolis (not shown). Conduit 20 is flanged onto the entry side of
premixer section 13 and extends to a cleaning port 21 which, in operation is normally
closed by a flanged-on cover plate {not shown). The deaning port is provided to aliow
for the nozzle assembly to be cleaned of fouling by passing a cleaning rod in through
the uncovered cleaning port as far as the discharge nozzle and, if the rod is small

encugh, through the discharge orifice at the inner end of the nozzle.

(00407 Inlet port 22 is provided for the heavy oll feed and atomizing steam enlers
through two radially opposed steam inlet lings 23, 24, into the steam inlet ports 30, 31 in
the body of the premixer {shown in Figure 2). The inlst ports 30, 31 are disposed at the
beginning of the convergence zoneg forming the entry o the throttle body constriction in
the premixer section in which vigorous mixing of the heavy oil feed with the injected
steam is inftiated. The steam lines are also provided with cleaning ports 25, 26 at their
outer ends, normally covered by flanged cover plales, to permit cleaning rods to be

passed {o the inlet ports in the body of the premixer.

[0041] Conduit 15, leads through the wall 11 of the reaclor and inside the reactor is
encased in shroud 28 as far as the discharge nozzie body, mainly for structural support

and to protect the conduit from ergsion by the solids circulating in the reactor.
FPremixer

[0042] The objective of the premixer Is {0 creale s stable two-phase flow for
effective atomization in the reaclor. A preferred configuration for the throtle body
premixer section that mixes the steam and heavy oll feed to generate a dispersed
‘bubbly” flow in the conduit leading to the atomization nozzle is shown io beifer
advantage in delsll in Figure 2. Premixer 13 has the steam inlels porls 30, 31 which
admit the steam from inlet lines 23, 24 localed at the beginning of a convergent section
32 which leads to a throat 33 and then to a divergent section 34; the steam is introduced
through the ports immediately ahead of convergent throatl section at a pressure higher
than that of the oil. The inlet and cutlet diameters of the passage through the premixer

will generally be the same.
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[0043] The steam ports generale high velocily steam jets where the steam mixes
with the liguid feed and the steam/oill mixiure enters the throat of the premixer at
maximum shear, creating dispersed bubbly flow. The number of ports may be varisd
according to service requirements and the size of the assembly and usuaily from two {o
six are suitable, in most cases from two o four. Two ports have been found to give
good results and aiso can be made large enough to reducs the likelihood of becoming
fouled. Symmetrical radial port disposition is preferred, e.g. with two ports diametrically
opposite and with four ports, at the quadrants. The steam poris are preferably opposed
in pairs to promoele mixing and atomization of the feed by the impact of the opposed
sigam jets Tfrom the poris onio ong another; erosion of the premixer walls by
impingement of steam from an unopposed port is also reduced. The miding of the gas
and liquid just at the eniry to the throatl region is considered optimal for good mixing,
stable bubble flow with reduced pressure pulsation and reduced erosion in the throat
section itself. The steam lines may be provided, if necessary, with flanged-off cleaning
ports as shown which will admit cleaning rods {o be passed down as far as the section

upsiream of the converging section of the throtlle body.

{0044 Significant performance criteria for the premixer are: convergence angle at
entry to the throat, throat diameter and length, divergence angles from the throat, eniry
and exit diameter. These values are best set empirically depending upon Teed
characteristics {mainly viscosity) and the reguired flow rate.  Typically, a low
convergence/divergence angle is preferred, normally from about 3 to 15° {cone half
angle) with values betwesn 4 and 8° preferred although at higher rates of flow, the
differences in performances as indicated by the Instability Index tend 1o disappear so that
larger values of the half angle e.g. 20° are acceptable. The angles of convergence and
divergence are normally  substantially identical o give a  symmetrical
convergent/divergent zone, preferably with a cylindrical central zone between the

convergence zong and the divergence zone

[0045] Typical approximate dimensions for a premixer with a capacity of 9270 kgt

are as shown in Table 1 below {(dimensions all in mm.):
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Table 1

Parameter

Infet diam. 40
Cutlet diam. 40
Convergent length 85
Divergence length 85
Throat length 25
Throat diam. 25
Port diam. 10
Converge/Diverge angle 57°

[00486] The maximum erosion rate for the original {(as in US 2012/0083861) and the
present modified throat are shown in Table 2 along with the standard deviation of the

liquid volume fraction downsiream of the mixer, which is used to quantify the mixing.

Table 2

Throat Type | Maximum Erosion Rate (10° m/s} | Std. Dev. Of Liguid Vol. Fraction.
Original 1.9 0.135
Modified (.31 0.123

(08471 A different material, such as Siellile, could also be used to construct the
throat region of premixers, or alternatively, it could be made by Hot Isostatic Pressing in

order to reduce erosion.

[0048] Flow stability is maintained relatively more constant over a wider range of
liquid flow rates with smaller gas ports, e.g. about 7mm but again, the differences tend
{o disappear at hicgher liquid flow rates so that the larger ports are preferred for their
greater resistance fo fouling. In addition, the use of the larger gas poris reduces the
velocity of the steam and minimizes erosion. Flow stability is favored by the smaller
throat diameters although the larger diameters result in a smaller pressure drop but
here, throat size must be selected in accordance with the desired flow rate for the

nozzle assembly.

{00491 One highly favorable feature of the throttle body premixer is that it facilitates
the use of longer flow conduits between the premixer and the nozzle by maintaining flow

stability over a broad range of flowrales. While the Bilateral Flow Conditioner provides
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comparable performance to the throitle body premixer with short flow conduits {up to
about 80 cm long), the flow in longer conduits, e.q. 130 om or longer, at gas/fliquid ratios

over about 1.8 wt. pct., tends to destabilize rapidly in cold flow {esting.

[0050] The premixer necessarily has o be designed 1o accommodate the desired
flow rate of heavy ofl with the concomifant steam flow for good atomization. Generally,
the steam/oll ratio will be in the range of 0.3 to 1.2 percent by weight of the ol and
usually rather less, in the range 0.4 10 0.9 steam/oil with ratios of about 0.86 likely to be
typical. Feed header pressurgs for the steam are typically in the range of 1500 1o 2000
kPag {about 200 to 280 psig).

Flow Condifionar

[0051] Maintenance of the dispersed, stable, bubbly flow formed by the use of the
premixer over a broad range of nozzle operaling conditions enhances the operating
flexibility of a particular nozzle assembly. in the conduit leading up to the nozzle the
liguid is the continuous phase and gas (steam) bubbles are present in the liquid. Al the
nozzie exit a phase inversion occurs and the gas becomes the continuous phase,
resulting in liquid droplets dispersed in gas. The shear in the premixer and flow
conditioner causes a reduction in the size of the gas bubbles.  When the dispsrsed
bubbly flow is not carried fully through {0 the nozzle orifice, the nozzle will tend 1o send
stugs of liquid feed into the fluidized bed of solids. The nozzle assembly funclions well
with a plain, fubular flow condult of constant cross-section between the premixer and the
discharge nozzle as shown in Fig. 1 but the turbulent flow in conduit 15 downstream of
the premixer 13 may be further siabilized and the dispersed bubbly flow maintained
prior 1o the discharge nozzle by means of a flow slabilizer or conditioner in the flow
conduit. In its simplest form the flow conditioner comprises a region of reduced cross-
sectional flow area in the conduil which creates an accelerated fiow of the mixture
upstream of the discharge nozzie. Thus, in iis simplest form the flow conditioner would
comprise a oollar located in the conduil between the premixer and the discharge nozzie,
The collar may have a plain rectanguiar section or it may have angled faces on gach
side. In either case, the flow conditioner is preferably located for improved flow stability
towards the discharge end of the flow condull, preferably within the second half of ils
length between the premixer and the discharge nozzie, that is, closer to the discharge
nozzig than to the premixer. Belting the flow conditioner close to the premixer gives
only a limited improvement in stability as compared to a plain flow conduit at

substantially all gas flow rates; location approximately B0 percent along the flow conduit
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between the premixer and the discharge nozzie gives a nolable improvement while
location within a few conduit diameters, e.g. 2 1o 10, preferably 2 {0 5 pipe diamesiers of

the discharge nozzle, provides optimum flow stability at the discharge nozzle.

[00524] One preferred form of flow conditioner is shown in Fig. 3 where the
conditionar 35 comprises an annular constriction providing & progressive convergence
zone followed by a progressive divergence zone, similar {0 that of the premixer. This
form of flow conditioner can be machined and connected into the conduil, e.q. by
welding or threading. Flow conditioner 35 has a convergent entry zong 36 defining a
section of a cone and a divergent discharge section 37 again defining a section of a
cone with an intermediate ovlindrical throat section 38. Flow takes place in the direction

shown by the arrow.

{0053] An alternative configuration for the flow conditioner is shown in Fig. 4. Like
the conditioner of Fig. 3, this section is designed o creale an appropriate shearing force
{through the pressure drop across the nozzle body) to form small, uniform feed droplets
while also providing sufficient momentum o convey the droplets in the jet discharged
from the nozzle well into the bed of solids. The flow conditioner 40 has an axial fiow
passageway 41 exiending from one end fo the other with a suitable connector at the
upstream end for conneclion 1o the end of conduit 15; the connector may be, for
gxample, a weld or a threaded bushing. At its other end, the flow conditioner is welded,
threaded or otherwise altached onto the body of discharge nozzle 28, The central
passageway in the flow conduit comprises, in sequence: a convargence zone 42 which
narrows to a throat 43 followed by a divergent diffusion zone 44 which is followed by a
second convergence zone 45 in the body of discharge nozzle 29 followed, in tum by
the nozzle orifice itsell 46. In this case, the flow conditioner is considerably longer and
is provided with a more gradual divergence in the diffusion zone 45, as compared to the
flow conditioner of Fig. 3. This form of flow conditioner has been found 1o give a spray
with fing liguid droplets with an average droplet size of less than 200 microns even
when operating with a plain nozzle {(no disperser), which gives betler penelration into
the bed although oilfcoke particle contact in the bed may be improved with the flow

disperser.

[0054] The diameter and length of circular conduit 15 in the nozzle body
downsiream of the premixer leading to the flow conditioner section will also affect the
stability of the dispersed bubbly flow and therefore the atomization performance of the

nozzle. An excessively long residence time in the conduil will lead o coalescence of
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bubbles and instability of the two-phase flow. Hence there is a balance in the selsclion
of the conduit diameter/length ratic between the need to kesp the fluid residence time in
the conduil to a minimum and the contribution of the pressure drop in the conduit to the

overall pressure requirement for the nozzle.

(0055} The annular constriction-expansion of the flow stabilizer or conditioner may
conveniently be fabricated in a manner similar to the preferred form of the throttle body
premixer with equal entry and discharge angles or, allernatlively, with a long,
progressively expanding  divergence-expansion zong following the throat of the
constriction.  This long divergence zong may be extendsed up to the point whers the
converging portion of the discharge nozzle commences or it may stop short of it The
combination of the convergent/divergent flow conditioner in  the flow passage
connecting the premixer and the nozzle with the converging flow passage in the nozzie
body is highly effective to impart shear to the liquid ol droplets in the mixiure {o reduce

their size upon exiting the discharge nozzie.

[B056] With sither form of flow conditioner, the purpose of the first convergsnce
zone is 10 accelerate the steanvoll midure from the premixer 1o reduce bubble size by
glongation and shear stress.  Following this, the divergence or diffusion seclion of
gxpanding diameter aliows the mixiure 1o decelerate so that sufficient acceleration may
be attained in the next convergence section in the nozzle to reduce bubble size further
and preferably for acceleraling the mixiure with greater acceleration than in the first
confraction section so as o reduce bubble size by elongation and shear sitress vet
further before the mixiure enters the discharge orifice and emerges in the form of a jet of

relatively fine oif droplets distributed in the steam.

{00571 The nozzle assembly is preferably designed in accordance with the following

considerations:

The convergence zone on the upsiream side of the flow conditioner should
accelerate the mixture to generate a flow of relatively small bubbles due to the
expansion of the flow in the subsequent divergent (diffusion) zone downstream
of the convergence zone. The second convergence zone located at the end of
the flow passage in the nozzle body just before the orifice should accelerate the
mixture more than that achieved by the first convergence zone. A zone that

provides about twice the acceleration is appropriale and preferred.
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If the fine bubbles produced by the first convergence zone and the diffusion zone
are to be further reduced in size, it is necessary o subject them to relatively
increased elongation and shear stress; and to this end, the diffusion zone should
increase the diameter of the flow passage sufficiently that the desired
acceleration in the second convergence zong can be achieved. Howsver the
length of this convergence zone ngeds o be limited to avoid excessive
recombination of bubbles. A 3° convergence was found to be satisfactory while
a 6° convergence in this zone {total angle), was much less useful. The angle of
convergence in the second convergence zong is therefore normally in the range

of 2 10 6°, preferably 3 1o 5°.
Disperser

[0058] As noled above, a plain oviindrical nozzle, ie. with a convergent entry
followed by a conical oullet, may be used with the preferred premixer but an
improvement in oil-solid contact is possible with the use of a disperser at the nozzle
orifice. The purpose of the disperser is o draw liquid off the centerling 1o maximize
fiquid contacting with the solids. This allows the feed o coal the coke particles more
uniformly and on average, with thinner films. Since the diffusion path is shorter in a
thinner film, there tends 1o be less secondary cracking resulling In improved liquid
vields. Hence further improvement in vield comes primarily from the use of a disperser
on a nozzle. Several types of dispersers were evaluated in early testing; these included
“ninja star”, multi-holed, multi-lobe e.g. clover and fan designs. Based on palternator
flux measurements, the “ninja star” and mulii-holed design were not found to be
effective at pulling heavy oil droplets away from the liquid core. The clover and the
bilobar or fan patterns providing a flal, bilobe or fan-shaped spray patlemn for the jet had
similar performance in the jet inferaction with the fluidized bed; the preferred multi-lobe
clover configuration is based on jet/bed interaction testing which showed generally
better performance for dispersers with higher perimeter 0 area ratios with enhanced
solids entrainment. The patternator is an instrument made for testing the pattern of
spray from a nozzle. It replaces mechanical patternation and iis high spesd and
elevated resolution allow it to be used for a variety of applications where the uniformity
and patiern of sprays is important. The technology was deveioped by En'Urga inc. of
West Lafayette, IN. The instrument is stated by En'Urga to be covered by U.S. Patent
6184988,
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[0059] A specific embodiment of a clover disperser is shown in Figures 5A and 5B.
The disperser 50 has a flow passage from the inlet 51 at the end of the convergent
region of the nozzle body o the exit orifice 52 which progressively increases in oross
section. This allows the steam o expand as the pressure is reduced upon leaving the
constricted nozzle passage and, in so doing, disperse the oilfsteam mbdure info an
gxpanding patiern dictated by the disperser geomeiry. The multi-iobe disperser has
four lobes 53 machined into the body, the walls of each lobe defining a segment of a
hollow cone. The axes of the several hollow cones intersect symmetrically with the
cenfral axis of the disperser o provide the increasing cross-sectional area of the
disperser allowing the steam {0 expand and break up the cil jet into a fine spray. The
number of lobes in a multi-lobe disperser may be chosen according to fesd
characteristics and the physical space available; generally from two {0 six lobes are
suitable and in most cases, four will be the most suifable number. A two-lobed design
will resemble a figure-eight in end view which will give a pattern similar to a fan but with
a narrowed waist area, helping o preciude the formation of a strong central core {0 the
iel; a three-lobe design will resemble a three-leal dlover and so on. In use, a four-leaf
clover has been found 1o give better oifcoke contact when usad in the "X orientation
rather than the “+7, that is, with the {obeas at 45°/135° 1o the horizontal as opposed {o the

vertical/horizontal orientation of the “+7.
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Claims

1. A circulating fluid bed reactor having a reactor wall of circular cross section
about a vertical axis, a lower inlet for fluidizing gas and feed injection nozzle
assemblies for a liquid heavy oil feed and atomization steam above the lower
fluidizing gas inlet and around the reactor wall, the nozzle assemblies each extending
through the reactor wall into the reactor with a discharge orifice within the reactor and
a feed inlet for the liquid heavy oil feed at the end remote from the discharge orifice;
each feed injection nozzle assembly comprising:

a premixer section to combine the liquid heavy oil feed with atomization
steam to form a liquid feed/steam mixture comprising gas bubbles in liquid, the
premixer section comprising successive converging and diverging zones with a
plurality of radial steam inlet ports located at the entry of the converging zone;

a flow conduit section following and connected to the outlet of the premixer
section, extending from the premixer section to a discharge nozzle, to convey a flow
of the liquid/steam mixture created by the premixer to the discharge nozzle;

a discharge nozzle having a convergent entry following and connected to the
flow conduit section to shear the liquid feed/steam mixture and create liquid feed

droplets of reduced size upon exit from the discharge nozzle.

2. A circulating fluid bed reactor according to claim 1 in which the premixer
section includes a central cylindrical throat section connecting the converging and

diverging zones.

3. A circulating fluid bed reactor according to claim 1 in which the nozzle
assembly has a flow conduit section comprising successive convergence and
divergence zones to reduce the size of the gas bubbles in the liquid feed/steam

mixture from the premixer.

4. A circulating fluid bed reactor according to claim 3 further comprising a
disperser in which the disperser has a body comprising a central flow passage of
circular cross-section and a plurality of lobes in the body, the wall of each lobe

defining a segment of a hollow cone with the axes of the hollow cones intersecting
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symmetrically with the central axis of the disperser to define an increasing multilobe

exit passage of increasing cross-sectional area in the disperser body.

5. A fluid coking reactor according to claim 4 in which the premixer section
includes a central cylindrical throat section connecting the converging and diverging

Zones.

6. A fluid coking reactor according to claim 5 further comprising a disperser in
which the disperser has a body comprising a central flow passage of circular cross-
section and a plurality of lobes in the body, the wall of each lobe defining a segment
of a hollow cone with the axes of the hollow cones intersecting symmetrically with
the central axis of the disperser to define an increasing multilobe exit passage of

increasing cross-sectional area in the disperser body.

7. A fluid coking reactor according to claim 4 in which the nozzle body has a
flow conduit section comprising successive convergence and divergence zones to

reduce the size of the gas bubbles in the liquid feed/steam mixture from the premixer.

8. A fluid coking reactor according to claim 4 in which the nozzle assembly has a
flow conduit section comprising tandem convergence zones separated by a diffusion

Zone.

9. A fluid coking reactor according to claim 4 in which the feed injection nozzles
each comprise a multilobe disperser at the outlet of the discharge nozzle to generate a
correspondingly shaped liquid jet plume having an increased surface area relative to a

cylindrical jet.

10. A circulating fluid bed reactor according to claim 1 in which the nozzle
assembly has a flow conduit section comprising tandem convergence zones separated

by a diffusion zone.
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11. A circulating fluid bed reactor according to claim 1 which comprises a
multilobe disperser at the outlet of the discharge nozzle to generate a correspondingly

shaped liquid jet plume having an increased surface area relative to a cylindrical jet.

12. A fluid coking reactor having a reactor wall of circular cross section about a
vertical axis, a lower inlet for fluidizing gas and feed injection nozzle assemblies for a
liquid heavy oil feed and atomization steam above the lower fluidizing gas inlet and
around the reactor wall, the nozzle assemblies each extending through the reactor wall
into the reactor with a discharge nozzle orifice within the reactor and an inlet for the
liquid heavy oil feed at the end remote from the discharge nozzle; each feed injection
nozzle assembly comprising:

a premixer section to combine the liquid heavy oil feed with atomization
steam to form a liquid feed/steam mixture comprising gas bubbles in liquid, the
premixer section comprising successive converging and diverging zones and a central
throat section connecting the converging and diverging zones, with a plurality of
radial steam inlet ports located at an entry of the converging zone;

a flow conduit section following and connected to the outlet of the premixer
section, extending from the premixer section to a discharge nozzle, to convey a flow
of the liquid/steam mixture created by the premixer to the discharge nozzle;

a discharge nozzle having a convergent entry following and connected to the
flow conduit section to shear the liquid feed/steam mixture and create liquid feed

droplets of reduced size upon exit from the discharge nozzle.

13. A fluid coking unit having a fluidized bed coking reactor which comprises:

a reaction section of circular cross section about a vertical axis and confined
by a reactor wall,

a base region below the dense bed reaction section at which fluidizing gas in
injected to fluidize a dense bed of finely-divided solid coke particles in the dense bed
reaction section,

a plurality of heavy oil inlets located around the periphery of the reactor wall
at multiple elevations above the base region,

a scrubber section above the reaction section and separated from the dense bed

reaction section,
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at least one cyclone at the top of the dense bed reaction section, each cyclone
having an inlet for gas and coke particles exiting the reaction section, a cyclone gas
outlet exhausting into the scrubber section and a cyclone dipleg for returning coke
particles separated from the gas in the cyclone into the dense bed reaction section,

a stripping section at the base region of the reactor,

feed injection nozzle assemblies each extending through the reactor wall into
the reactor with a discharge orifice within the reactor and an inlet for liquid heavy oil
feed at the end remote from the discharge nozzle; each feed injection nozzle assembly
comprising:

a premixer section to combine the liquid heavy oil feed with the atomization
steam to form a liquid feed/steam mixture comprising gas bubbles in liquid, the
premixer section comprising successive converging and diverging zones with a
plurality of radial steam inlet ports located at an entry of the converging zone;

a flow conduit section following and connected to the outlet of the premixer
section, extending from the premixer section to a discharge nozzle, to convey a flow
of the liquid/steam mixture created by the premixer to the discharge nozzle;

a discharge nozzle having a convergent entry following and connected to the
flow conduit section to shear the liquid feed/steam mixture and create liquid feed

droplets of reduced size upon exit from the discharge nozzle.

14. A fluid coking reactor according to claim 13 in which the premixer section
includes a central cylindrical throat section connecting the converging and diverging

Zones.

15. A fluid coking unit according to claim 13 in which the nozzle body has a flow
conduit section comprising successive convergence and divergence zones to reduce

the size of the gas bubbles in the liquid feed/steam mixture.

16. A fluid coking unit according to claim 13 in which the nozzle assembly has a
flow conduit section comprising tandem convergence zones separated by a diffusion

Zone.
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17. A fluid coking unit according to claim 13 in which each feed injection nozzle
assembly comprise a disperser at the outlet of the discharge nozzle to generate a
correspondingly shaped liquid jet plume having an increased surface area relative to a
cylindrical jet, the disperser having a body comprising a central flow passage of
circular cross-section and a plurality of lobes in the body, the wall of each lobe
defining a segment of a hollow cone with the axes of the hollow cones intersecting
symmetrically with the central axis of the disperser to define an increasing multilobe

exit passage of increasing cross-sectional area in the disperser body.

18. A fluid coking unit according to claim 17 in which the disperser has a body
comprising four lobes, the wall of each lobe defining a segment of a hollow cone with
the axes of the hollow cones intersecting symmetrically with the central axis of the
disperser to define an increasing quadrulobe exit passage of increasing cross-sectional

area in the disperser body.

19. A fluid coking unit according to claim 13 in which the reactor is coupled in
the unit to a burner/heater by means of coke lines comprising a cold coke transfer line
to transfer coke from the bottom of the stripper to the burner/heater and a hot coke

return line to bring hot coke from the burner/heater back to the reactor.

20. A fluid coking unit according to claim 17 which includes a coke gasifier

section connected to the heater/burner by means of a coke transfer line.



