ARRANGEMENTS FOR REMOVING ENTRAINED
CATALYST PARTICULATES FROM A GAS

Disclosure of the Invention

[0001] The present invention relates to arrangementsfooving entrained catalyst
particulates from a gas, where gas includes a valpathe refinery and chemical industries,
small catalyst particulates are used in fluid gaiakcracking systems to process oil into more
refined hydrocarbons, such as gasoline or diesgtl flihe catalyst particulates may be
suspended with this oil in a fluidized bed in acteavessel, where the oil is broken down
into its more refined hydrocarbon constituentsteA# time, the catalyst particulates become
fouled with foulants, such as a coke-like substatit lessen the catalytic effect of the
catalyst particulates. The catalyst particulatestithen be regenerated before they can be
reused. The fouled catalyst particulates maydesterred to a regenerator vessel where they
are suspended in a fluidized bed of hot gas, &gt air, and the foulants are burned off of
the catalyst particulates. The regenerated catpdyticulates may then be returned to the
reactor vessel for reuse. Other industries, inolythe catalyst manufacturing industry, may
similarly involve suspending catalyst particulates gas in a fluidized bed. In all of these
environments, a portion of the gas and entrain&lys particulates may be extracted from
the fluidized bed, and the entrained catalyst paldies may be removed from the gas in
accordance with the arrangements embodying thenirore The gas may then be
discharged, e.g., for further processing or asevgas, while the catalyst particulates may be
collected, e.g., for use in an industrial process.

[0002] In accordance with one aspect of the inventiorgragements for removing

catalyst particulates from a gas may comprise sspire vessel, a filter assembly, and a dip
leg. The pressure vessel may have a lower regidraa upper region. The lower region
may be arranged to contain a fluidized bed of gatadarticulates suspended in a gas, and the
upper region may be arranged to receive gas amdimed catalyst particulates elutriated or
dispersed from the fluidized bed. The pressurseleray also include a gas inlet for
supplying gas to the lower region containing thdized bed. The filter assembly may be
coupled to the pressure vessel to receive gasraraireed particulates dispersed from the
fluidized bed. The filter assembly may includeiret, first and second outlets, and a
permeable filter medium. The filter medium may &davfeed side and a filtrate side isolated
from the feed side by the filter medium. The filksssembly may define a first flow path

between the inlet and the first outlet throughftlier medium from the feed side to the



filtrate side. As the gas travels along the filsiv path through the permeabile filter
medium, the filter medium removes most or subsadiptall of the entrained catalyst
particulates from the gas, leaving the filtered gaghe filtrate side of the filter medium and
the catalyst particulates on the feed side ofitter inedium. The filter assembly may also
define a second flow path between the inlet andéwend outlet tangentially along the feed
side of the filter medium. As the gas and entrica&talyst particulates travel along the
second flow path, the catalyst particulates scdoerféed side of the filter medium, preventing
foulants from building up on the feed side and kilng off the filter medium. The dip leg
may have an inlet and an outlet, and the secordtaitthe filter assembly may be fluidly
coupled to the inlet of the dip leg.

[0003] In accordance with another aspect of the invenaorangements for removing
catalyst particulates from a gas may comprise ame@tor vessel, a filter assembly, and a
dip leg. The regenerator vessel may have a loaggon and an upper region. The lower
region may be arranged to contain a fluidized Hechtalyst particulates suspended in a gas,
and the upper region may be arranged to receivamghentrained catalyst particulates
dispersed from the fluidized bed. The regenenassel may also include a gas inlet for
supplying gas to the lower region containing thudized bed, a regenerated catalyst outlet in
the lower region, and a filtered gas outlet indpeer region. The filter assembly may be
supported in the upper region of the regeneratsseldo receive the gas and entrained
catalyst particulates dispersed from the fluidibed. The filter assembly may include an
inlet, first and second outlets, and a permealikr finedium. The filter medium may have a
feed side and a filtrate side isolated from thelfeide by the filter medium. The filter
assembly may define a first flow path between titet iand the first outlet through the filter
medium from the feed side to the filtrate side. tiAe gas travels along the first flow path
through the permeable filter medium, the filterdinen removes most or substantially all of
the entrained catalyst particulates from the gassihg the filtered gas on the filtrate side of
the filter medium and the catalyst particulateshenfeed side of the filter medium. The first
outlet of the filter assembly may fluidly commurtieavith the filtered gas outlet of the
regenerator vessel, allowing the filtered gas efillrate side of the filter medium to exit the
filter assembly and the regenerator vessel. Ttexr Assembly may also define a second flow
path between the inlet and the second outlet taraigralong the feed side of the filter
medium. As the gas and entrained catalyst partesitaavel along the second flow path, the
catalyst particulates scour the feed side of ther fimedium, preventing foulants from

building up on the feed side and blocking off therf medium. The dip leg may be



supported in the regenerator vessel below the issembly and may have an inlet and
outlet. The inlet of the dip leg may be fluidlyugded to the second outlet of the filter
assembly. The outlet of the dip leg may be arrdrigalischarge catalyst particulates into the
lower region of the regenerator vessel which castéie fluidized bed.

[0004] Arrangements embodying the invention have many @tdgeous features. For
example, by directing the gas along the first flgath in the filter assembly and filtering the
gas and entrained catalyst particulates througleainedium, a very large portion of the
entrained catalyst particulates, including thedtrarticulates, may be effectively and
efficiently removed from the gas. Consequentlynponents downstream of the filter
medium, such as pipes, valves, heat exchangectipfrators, power recover equipment, etc.,
function more reliably because the filtered gasfkasif any catalyst particulates to foul or
abrade the downstream components. The environibetter protected because emissions
of the filtered gas have exceedingly few catalystipulates. For example, emissions of the
filtered gas may have a particulate load as loatasit 15 mg/Nrhor less, 10 mg/Nrhor

less, 5 mg/Nmor less, or even 2 mg/Ntor less, where Nfris a normal cubic meter of gas,
i.e., a cubic meter of gas at 0 °C and 1.0132%bsolute. Further, by directing the catalyst
particulates along the second flow path and contisly scouring the feed side of the filter
medium, the filter medium remains clean and higdifgctive for an extended period of time

even when the particulate load on the feed siéetiemely high.

Brief Description of the Drawings

[0005] FIG. 1 is a representative view of an embodimeraroérrangement for removing
entrained particulates from a gas.
[0006] FIG. 2 is a representative view of another embodiroéan arrangement for

removing entrained particulates from a gas.

Description of Embodiments of the Invention

[0007] Many different arrangements for removing entraioathlyst particulates from a
gas, including a vapor, may embody the inventibnone of numerous examples, as shown
in FIG. 1, the arrangement 10 may include a pressessel 11 having a lower region 12 and
an upper region 13. The lower region 12 may banged to contain a fluidized bed 14 of
catalyst particulates suspended in a gas. Therupg®n 13 may be arranged to receive gas

and entrained catalyst particulates that are abetlior dispersed from the fluidized bed 14.



The arrangement 10 may also include a filter asgefiband a dip leg or dip tube 16. The
filter assembly 15 includes a permeable filter medil7 having a feed side 18 and a filtrate
side 19 isolated from the feed side 18 by therfittedium 17. The gas and entrained catalyst
particulates that are dispersed from the fluidized 10 may be driven into the filter
assembly 15, either by the pressure within thegoiresvessel or by a blower, a fan, or
compressor (not shown). Within the filter assenitly the filter medium 17 filters the
entrained catalyst particulates from the gas, fegathe catalyst particulates on the feed side
18 and the filtered gas on the filtrate side 18e Tiltered gas may be discharged from the
filter assembly 15, and the dip leg 17 may guidedatalyst particulates away from the filter
medium 17.

[0008] The pressure vessel may be configured in any ofenons ways. For example,

the pressure vessel may be a single wall or mudti-vessel; it may have a single
compartment or chamber or it may have multiple carmpents; it may serve any of several
functions, e.g., it may be a reactor vessel, anmeigdor vessel, a gasifier vessel, or a
calcination or activation vessel; and it may hamwg af a wide variety of shapes and sizes.
For many embodiments, the pressure vessel 11 mggrerally cylindrical and very large.
For example, the diameter may be about 5 feet dedtOor 20 feet or more and the height
may be about 15 feet or 30 feet or 50 feet or ménather, the pressure vessel may have
sufficient structural integrity to withstand an ogiéng pressure in the range from about 5
psig or less to about 1200 psig or more and anatipgrtemperature in the range from about
70°F or less to about 1800°F or more, e.g., inrdnge from about 550°F or less to about
1400°F or more.

[0009] The pressure vessel may have any number of int& pod outlet ports. For
example, the pressure vessel 11 may include ant <20 for supplying gas to the pressure
vessel 11, e.g., to the lower region 12 near thdifled bed 14. A gas supply 21 may be
coupled to the pressure vessel 11 via the gasdfiland may direct any of a variety of gases,
e.g., air, into the pressure vessel 11 at anyelksiperating temperature and pressure, for
example, to form and/or maintain the fluidized idd The pressure vessel 11 may further
include a catalyst particulate inlet 22 for supptycatalyst particulates to the pressure vessel
11, e.g., to the lower region 12 near the fluidibed 14, from any of a variety of sources. In
the embodiment of FIG. 1, the pressure vessel Mbwaa regenerator vessel, and the
catalyst particulates may be fouled catalyst paldies supplied to the regenerator vessel via
the catalyst particulate inlet 22 from a fluid dwgtia cracking reactor (not shown). The

pressure vessel 11 may also include a catalystpkate outlet 23 for discharging the



catalyst particulates from the pressure vessed. b, for further processing, for use, or for
disposal. In the illustrated embodiment, the fdudatalyst particulates may be regenerated
in the fluidized bed 14, and the catalyst partimilautlet 23 may be located in the
regenerated vessel 11 in the lower region 12 meafividized bed 14. The regenerated
catalyst particulates may be directed from the megstor vessel 11 via the catalyst
particulate outlet 23 back to the reactor for reuadditionally, for many embodiments, the
filter assembly 15 may be positioned within thesgree vessel 11. The filter assembly 15
may be supported in the interior of the pressussekll in a variety of ways. For example,
the filter assembly 15 may be positioned in thespuee vessel 11 above the fluidized bed 14,
e.g., in the upper region 13 in the gas and erddagatalyst particulates dispersed from the
fluidized bed 14, as shown, for example, in FIGThe pressure vessel 11 may then include
a filtered gas outlet 24 for discharging the glerid by the filter medium 17 from the
pressure vessel 11, e.qg., for further processingerr as waste gas.

[0010] The permeable filter medium 17 may be configuredrig of numerous ways.

For example, the filter medium may be formed oomorated into a wide variety of
structures. For many, but not all, embodiments filter medium may be formed as a
plurality of hollow, elongate filter tubes 30, edtaving a cylindrical wall 31, which includes
the filter medium 17, and opposite ends 32, 33. mkany embodiments, the feed side 18
may be the inner side of the filter tube 30 andfiltrate side 19 may be the outer side of the
filter tube 30, and both ends 32, 33 maybe opes.€fake length of the filter tube may be in
the range from about 4 inches or less to aboutrzties or more, or from about 10 inches or
less to about 100 inches or more, or form aboundbes or less to about 60 inches or more,
e.g., about 25 inches. The inner diameter (IDheffilter tube may be in the range from
about 0.25 inch or less to about 12 inches or nwrabpout 0.4 inch or less to about 6 inches
or more, or about 0.6 inches or less to about Raaor more, e.g., about 0.75 inch. The ID
of the filter tube may be constant or may tapemfiane end of the tube to the opposite end,
e.g., the ID may taper to a smallest diameterebtitlet or vice versa.

[0011] The permeable filter medium may have any of nunefidiering characteristics.
For example, the filter medium may be porous, ngorous, ultraporous, or even nanoporous
and may have any desired gas removal rating. Yamnple, the gas removal rating may be in
the range from about 0.01 p or less to about 100more, or from about 0.2 u or less to
about 20 p or more, or from 2 p or less to aboyt B more. Further, the filter medium

may be fashioned from any of a variety of materigsluding a metallic material, a ceramic



material, or a polymeric material. A metallic mé&Eor a ceramic material may be used for
higher temperature applications.

[0012] The filter assembly 15 may also be configured uaigety of ways. For example,
the filter assembly 15 may include first and sectuisk sheets 34, 35 spaced from one
another, and up to about 1000 or more, or up toEaR@O0 or more, or up to about 10,000 or
more filter tubes may be supported between the shbets. For many embodiments, the
filter tubes may be supported generally verticakyween the tube sheets. The filter
assembly 15 may also include a casing 36 whicloands the filter tubes 30 and the tube
sheets 34, 35. The filter assembly 15 may furith@ude an inlet 40 for receiving the gas
and entrained catalyst particulates. In the itated embodiment, the inlet 40 of the filter
assembly 15 may comprise the entire upper endeotdking 36.

[0013] The filter assembly 15 may also include a filtegad outlet 41 and may define a
first flow path from the inlet 40 of the filter aswbly 15 to the filtered gas outlet 41. The
first flow path may extend from the inlet 40 of tlileer assembly 15 through the filter
medium 17 from the feed side 18 to the filtrateesi® and hence to the filtered gas outlet 41.
For many embodiments, the first fluid flow path neagend from the inlet 40 of the filter
assembly 15, into the open upper inlet ends 3Befilter tubes 30, axially, e.g.,

downwardly, along the inner feed sides 18 of therftubes 30, generally radially outside-in
through the walls of the filter tubes 30, to the fitrate sides 19 of the filter tubes 30 and
hence to the filtered gas outlet 41 of the filtesembly 15.

[0014] The filter assembly 15 may also include one or nsafety filters 42 in the first
flow path between the filter medium 17 and theeféid gas outlet 41. For example, the tube
sheets 34, 35 may be sealed to the casing 36harfdter assembly 15 may include a filtered
gas chamber 43 in the first flow path downstreartheffilter medium 17, e.g., downstream
of the filter tubes 30. The filtered gas chambi@n#ay be bounded by the filtrate side 19,
e.g., the outer sides of the filter tubes 30, theetsheets 34, 35, and the casing 36. One or
more safety filters 42 may be mounted in the ftkgas chamber 43 or the filtered gas outlet
41 of the filter assembly 15. For example, onenore elongate, hollow safety filters 42,
each having a blind end 44 and an open end 45 pmawpsitioned in the filtered gas outlet 41
or the filtered gas chamber 43 and supported bgast one tube sheet 34, 35. The open end
45 of the safety filter(s) 42 may, for example, mp@o the filtered gas chamber 43 of the
filter assembly 15. Each safety filter may incladpermeable filter medium which may be
coarser than the filter medium of the filter tulbes which protects against failure, e.g.,

rupture of the filter tubes. Alternatively or atidnhally, the filtered gas chamber, including



the space between the filter tubes, may be filled & coarse bulk filter medium, such as
metal fibers, coarse ceramic particles or fibeesamic foam, or polymeric fibers. The bulk
filter medium may act as a deep bed safety fittapturing catalyst particulates that might
bypass a defective filter tube. A bulk filter mewhi has the further advantage of sealing off
very few filter tubes, e.g., the defective filtabe and perhaps one or more neighboring filter
tubes, while leaving the vast remainder of theffitubes perfectly functional.

[0015] The filter assembly 15 may also include a catgbgsticulate outlet 46. In the
illustrated embodiment, the catalyst particulatdeddt6 may include a generally conical
particulate outlet at the lower end of the casifg Bhe filter assembly 15 may define a
second flow path from the inlet 40 of the filtesamsbly 15 to the catalyst particulate outlet
46. The second flow path may extend from the leof the filter assembly 15 generally
tangentially along the feed side 18 of the filtexdium 17 to the catalyst particulate outlet 46.
For many embodiments, the second flow path maynedxt®m the inlet 40 of the filter
assembly 15, into the open upper ends 32 of ttex filbes 30, axially, e.g., downwardly,
along the inner feed sides 18 of the filter tub@sdit the open lower ends 33 of the filter
tubes 30, and into the catalyst particulate odtfetf the filter assembly 15.

[0016] The dip leg 16 may be variously configured to gudtalyst particulates and
underflow gas, i.e., gas that passes beyond tlieside 18 of the filter medium 17 without
passing through the filter medium 17, away frortefiassembly 15, e.g., away from the feed
side 18 of the filter medium 17. For example,digeleg 16 may include an elongate, hollow
leg 50 having an open inlet end 51 and an outldt5& The open inlet end 51 of the dip leg
16 may be connected to the filter assembly 15 be:yloa feed side 18 of the filter medium
17. For many embodiments, the dip leg 16 may Is#tipoed inside the pressure vessel 11
and may be supported generally vertically belowfilker assembly 15 and above the
fluidized bed 14. For example, the dip leg 16 rbayonnected below the filter assembly 15
with the open inlet end 51 of the dip leg 16 flyidbmmunicating with the catalyst
particulate outlet 46 of the filter assembly 15heTopen lower ends 33 of the filter tubes 30
may open into the catalyst particulate outlet 4éeffilter assembly 15 which, in turn, may
open into the open inlet end 51 of the dip leg The hollow leg 50 may have a length in the
range from about 1 foot or less to about 30 feehore, and the ID of the leg 50 may be in
the range from about 2 inches or less to abouh@deis or more. The outlet end 52 of the dip
leg 16 may include a valve 53 which may be alt&lyatlosed and open. The valve may be
variously configured. For example, the valve mayalflap valve which is normally closed,

e.g., by a spring or by the weight of the valveptevent gas and entrained catalyst



particulates from entering the dip leg throughdh#et end. Catalyst particulates may settle
by gravity or other means along the axial lengtthefhollow leg 50, becoming more dense
in the lower region of the leg 50. As catalysttigatates accumulate within the leg 50 at the
outlet end 52, the weight of the catalyst partirdamay force the valve 53 to open, e.g., to
pivot open, against the closing force of the v&8eallowing a portion of the catalyst
particulates and underflow gas to escape the dijte

[0017] The arrangement may operate in a wide variety gswand any of numerous
chemical reactions may be carried out within thespure vessel, including within the
fluidized bed. For example, fouled catalyst patites may be supplied within the
regenerator vessel 11 via the catalyst particudét 22 and a hot gas, e.g., hot air, may be
supplied within the regenerator vessel 11 fromge supply 21 via the gas supply inlet 20 to
form and maintain the fluidized bed 14 of catalyatticulates suspended in the hot air. The
fouled catalyst particulates may have a size tistion in which 99 percent of the catalyst
particulates are smaller than about 90 pu aggddabout 60 p. The temperature and pressure
within the regenerator vessel 11 may be in theedrgn about 1250°F or less to about
1400°F or more and from about 15 psig or less tma#5 psig or more. The chemical
reaction within the regenerator vessel 11 may benabustion reaction in which the foulants
are burned off of the catalyst particulates.

[0018] A portion of the gas, e.g., the hot air and anyegas combustion products, and
entrained catalyst particulates may disperse frmrfltidized bed and may be driven to the
upper region 13 of the regenerator vessel 11 aodlie inlet 40 of the filter assembly 15 by
the pressure within the regenerator vessel 11 er lgwer, fan, or compressor (not shown).
From the inlet 40 of the filter assembly 15, the gad entrained catalyst particulates may
enter the open upper ends 32 of the filter tubesT3® axial velocity of the gas within the
filter tubes 30 may be in the range from about Gt3&c to about 100 ft/sec and the
particulate load may be in the range from aboull®ff® or less to about 10 Ibsffor more or
in the range from about 0.1 volumetric percentitow 50 volumetric percent.

[0019] Much of the gas may travel along the first fluiovil path within the filter
assembly 15 through the filter medium 17, e.qg.egalty radially inside-out through the filter
tubes 30, to the filtered gas outlet 41 of thefikssembly 15. Filtering the gas through the
filter medium 17 removes most or substantiallyoélthe catalyst particulates from the gas.
The flux rate through the filter medium 17 may béhe range from about 0.001 m/sec to
about 0.25 m/sec and the particulate load in therdid gas may be very low, e.g., about 15

mg/NnT or less. From the filtered gas outlet 41 of flterfassembly 15, the filtered gas may



be directed to the filtered gas outlet 24 of thgereeration vessel 11, either directly or via a
filtered gas plenum 54. More than one filter adsignrmay be positioned within the pressure
vessel 11, e.g., within the regeneration vessel tlaa filtered gas outlet of each filter
assembly may be fluidly coupled to the filtered geshum. The filtered gas may be
discharged via the filtered gas outlet 24 of thgereerator vessel 11, for example, to the
environment as waste gas with little or no parttes emissions.

[0020] Gas and entrained particulates may travel alongéhend flow path within the
filter assembly 15 to the catalyst particulate @wdle. As the catalyst particulates pass
generally tangentially along the feed side 18 efftlier medium 17, for example, generally
axially, e.g., downwardly, along the inner feedesid 8 of the filter tubes 30, the catalyst
particulates scour the feed side 18, removing faalauch as a filter cake of catalyst
particulates that might otherwise block flow thrbuge filter medium 17. Scouring the feed
side 18 of the filter medium 17 allows gas to fygehss along the first flow path through the
filter medium 17, e.g., through the filter tubes &% an extended period of time.

[0021] From the catalyst particulate outlet 46 of thesfilhssembly 15, the catalyst
particulates and the underflow gas may enter tlem aget end 51 of the dip leg 16, flow
along the hollow leg 50, and recurrently pass tbhotlne valve 53 at the outlet end 52 of the
dip leg 16, for example, when the weight of theumeualated catalyst particulates overcomes
the closing force of the valve 53. While the dgnef the catalyst particulates at the outlet
end 52 of the dip leg may be greater than the deasthe open inlet end 51, the catalyst
particulates at the outlet end 52 may remain fagdiby the underflow gas, allowing the
accumulated catalyst particulates to readily floithim the hollow leg 50 and from the outlet
end 52 of the dip leg 16. The length and ID oftiblow leg 50 and the closing force of the
valve 53 may be empirically adjusted to provide dagired underflow from the filter
assembly 15 into the open inlet end 51 of the eljpll6. The underflow may be less than
about 60 percent of the gas which is initially dtezl to the feed side 18 of the filter medium
17, e.g., into the open upper ends 32 of the filibes 30. For many embodiments, the
underflow may be about 40 percent or less, or aPOyttercent or less, or about 10 percent or
less, or about 7 percent or less, or about 5 peardass of the gas initially directed to the
feed side of the filter medium. About 98 percenlegs of the gas initially directed to the
feed side of the filter medium may pass throughfitter medium, e.g., through the filter
tubes. From the outlet end 52 of the dip leg ié,datalyst particulates and the underflow
gas may be discharged into the regenerator ve$seld., into the lower region 12 of the

regenerator vessel 11 and the fluidized bed 14mRhe lower region 12 of the regenerator



vessel 11, the regenerated catalyst particulatgsbeaischarged from the regenerator vessel
11 via the catalyst particulate outlet 23. Formegke, the regenerated catalyst particulates
may be discharged for reuse in the fluid catalgtacking reactor.

[0022] While various aspects of the invention have beerieed and/or illustrated with
respect to several embodiments, the inventiontisimied to these embodiments. For
instance, one or more features of these embodimesde eliminated or modified, or one

or more features of one embodiment may be comhaiidone or more features of another
embodiment, without departing from the scope ofitivention. Even embodiments with

very different features may fall within the scogdhe invention.

[0023] For example, the filter assembly and the dip ley tme positioned outside of the
pressure vessel in any of numerous ways. For smnt@diments, the filter assembly 15 and
the dip leg 16 may be located in a common sepa@aising 60 outside of the pressure vessel
11 with the dip leg 16 positioned below the filtessembly 15, as shown in FIG. 2. The
housing 60 may substitute for the casing 36 irfittex assembly of FIG. 1, and the pressure
vessel 11 of FIG. 2 may not have the filtered dasym 54 and the filtered gas outlet 24 of
the pressure vessel 11 in FIG. 1, but otherwis@tissure vessels 11, the filter assemblies
15 and the dip legs 16 of FIGS. 1 and 2 may be s@njlar. (Common components have the
same reference numerals.)

[0024] The housing may fluidly communicate with the presstessel in a variety of

ways. For example, a first duct or pipe 61 magedtbetween the pressure vessel 11 and the
housing 60 to deliver the dispersed gas and eetlaatalyst particulates from the interior of
the pressure vessel 11, e.g., the upper regior thie @ressure vessel 11, to the inlet 40 of
the filter assembly 15. The entrained catalystipaates may be filtered from the gas by the
filter medium 17, e.qg., the filter tubes 30, justthey are in the filter assembly 15 of FIG. 1.
The filtered gas may pass from the filtered gasebdtl of the filter assembly of FIG. 2 to the
filtered gas outlet 62 of the housing 60, whematy be discharged for further processing or
as waste gas. Similarly, the catalyst particulatag scour the feed side 18 of the filter
medium 17, e.g., the inner feed sides 18 of therfiubes 30, and may pass through the dip
leg 16 just as they did in the filter assembly b8 the dip leg 16 of FIG. 1. For some
embodiments, the hollow leg 50 of the dip leg 16/ mgtend between the housing 60 and the
pressure vessel 11 to return the catalyst partesiiand the underflow gas to the pressure
vessel 11, e.g., to the lower region 12 near thidifled bed 14. The catalyst particulates may

be driven along the hollow leg 50 by gravity oretimeans.
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[0025] As an example of another embodiment, the filteerdsy may be arranged with
the feed side and the filtrate side of the filtexdhum comprising the outside and the inside,
respectfully, of each filter tube. One end of efiltér tube, e.g., the lower end, may be blind
while the other end, e.g., the upper end, may lem.ofhe gas may then travel along a first
flow path from the outer feed side of each filiébe¢ generally radially outside-in through the
wall of the filter tube to the inner filtrate sidéthe filter tube. The inner filtrate side of &ac
filter tube may fluidly communicate, either dirgctr via a safety filter, with the filtered

fluid outlet of the filter assembly. The filtergds may be discharged from the inner filtrate
side of each filter tube to the filtered gas outiiethe filter assembly via the open end of the
filter tube and hence to the filtered gas outlethef vessel, either directly or via a filtered gas
plenum that is fluidly coupled to the open endsheffilter tubes. Similarly, the catalyst
particulates may travel along a second flow patiegaly axially, e.g., downwardly, along
the outer feed side of each filter tube to scoardhter feed side. For example, the catalyst
particulates may pass generally axially, e.g., deandly, along the entire length of the outer
feed side of the filter tube past the lower blimdl @nd then into the dip leg.

[0026] In other embodiments, each filter tube may bedittéth a hollow impermeable
accelerator tube at the inlet end of the permefdtde tube. The accelerator tube may have a
length in the range from about 2 inches or lessbtmut 30 inches or more and may have a
constant or tapering ID that equals or tapersedhof the filter tube. The accelerator tube
may serve to accelerate the particulates and/aydldefore they contact the feed side of the
filter medium, e.g., the inner feed side of the&efitubes, enhancing the scouring effect of the
particulates.

[0027] In still other embodiments, a diverter may be itexvithin the inner feed side of
a filter tube or along the outer feed side of &fitube to deflect particulates against the feed
side of the filter tube. The diverter may be vasly shaped and may extend partially or
entirely along the length of the filter tube. Bgfl@cting the particulates against the feed side
of the filter tube, even more of the particulatese the feed side of the filter tube,
enhancing the scouring effect of the particulates.

[0028] Many other techniques may supplement processesdyimigothe invention. For
example, an intermittent gas pulse may be direfttedard or backward through the filter
medium to further clean the filter medium of foukra vibrator may intermittently vibrate
the filter medium or the filtered gas flow throutte filter medium may be intermittently
terminated to loosen foulants from the filter mexjwr a cleaning solution may be applied to

the filter medium to wash foulants from the filtaedium.
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[0029] The use of the terms “a” and “an” and “the” andl&stst one” and similar
referents in the context of describing the invem{iespecially in the context of the following
claims) are to be construed to cover both the $amgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the ligteas (A or B) or any combination of two
or more of the listed items (A and B), unless othgee indicated herein or clearly
contradicted by context. The terms “comprisindgyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,ingeancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valugsiheare merely intended to serve as a
shorthand method of referring individually to eagparate value falling within the range,
unless otherwise indicated herein, and each sepaahie is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as,” “for example”, or “e.g.”) provided herein,irgended merely to better illuminate the
invention and does not pose a limitation on theoeaaf the invention unless otherwise
claimed. No language in the specification sho@abnstrued as indicating any non-claimed
element as essential to the practice of the inganti

[0030] Preferred embodiments of this invention are deedrirerein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydgkdt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itloento be practiced otherwise than as
specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaénes appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidass otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS:

1. An arrangement for removing catalyst particiddtem a gas, the arrangement
comprising:

a pressure vessel having a lower region arrargedrttain a fluidized bed including
catalyst particulates suspended in a gas, an upgem arranged to receive gas and entrained
catalyst particulates dispersed from the fluidibed, and a gas inlet for supplying gas to the
lower region containing the fluidized bed;

a filter assembly coupled to the pressure vessa@deive the gas and entrained
particulates dispersed from the fluidized bed, whrethe filter assembly includes an inlet,
first and second outlets, and a permeable filtedioma having a feed side and a filtrate side
isolated from the feed side by the filter mediund arherein the filter assembly defines a first
flow path between the inlet and the first outlebtigh the filter medium from the feed side to
the filtrate side and a second flow path betweenrilet and the second outlet tangentially
along the feed side of the filter medium; and

a dip leg having an inlet and an outlet, wherbangecond outlet of the filter assembly

is fluidly coupled to the inlet of the dip leg.

2. The arrangement of claim 1 wherein the filtesemsbly is supported within the upper
region of the pressure vessel and the dip legppatied within the pressure vessel below the
filter assembly and wherein the pressure vesskldes a filtered gas outlet fluidly

communicating with the first outlet of the filtessembly.

3. The arrangement of claim 2 wherein the outlgéhefdip leg is positioned in the
pressure vessel to discharge catalyst particulatteshe lower region containing the
fluidized bed.

4, The arrangement of claim 1 wherein the filtevemsbly and the dip leg are located in
a separate housing outside of the pressure vélssalip leg being positioned below the filter
assembly, wherein the inlet of the filter assenthliglly communicates with the upper
region of the pressure vessel, and wherein theilgigs a filtered gas outlet fluidly

communicating with the first outlet of the filtessembly.

5. The arrangement of claim 4 wherein the outlgéhefdip leg fluidly communicates

with the lower region of the pressure vessel comgithe fluidized bed.
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6. The arrangement of any of claims 1-5 whereirfithes assembly includes first and
second tube sheets and a plurality of filter tutaggported between the first and second

sheets, each filter tube including a filter medium.

7. The arrangement of claim 6 wherein the feed sfdke filter medium includes the
inner side of each filter tube and the filtrateesaf the filter medium includes the outer side

of each filter tube.
8. The arrangement of claim 6 or 7 wherein eadérftube has opposite open ends.

9. The arrangement of any preceding claim furtlenmrising a safety filter positioned

in the first flow path between the filter mediundahe first outlet of the filter assembly.

10.  The arrangement of any preceding claim whererpressure vessel comprises a

regenerator vessel.

11. The arrangement of claim 10 wherein the regdoeressel includes a regenerated

catalyst particulate outlet in the lower regiortteé regenerator vessel.

12.  The arrangement of claim 10 or 11 further caosnpg a hot gas supply coupled to the

gas inlet of the regenerator vessel.

13. An arrangement for removing catalyst parti@ddtom a gas, the arrangement
comprising:

a regenerator vessel having a lower region arctmgeontain a fluidized bed
including catalyst particulates suspended in a@asipper region arranged to receive gas
and entrained catalyst particulates dispersed thenfluidized bed, a gas inlet for supplying
gas to the lower region containing the fluidized ke regenerated catalyst particulate outlet
in the lower region, and a filtered gas outletha tipper region;

a filter assembly supported in the upper regiothefregenerator vessel to receive the
gas and entrained catalyst particulates dispersed the fluidized bed, wherein the filter
assembly includes an inlet, first and second ajtketd a permeable filter medium having a
feed side and a filtrate side isolated from thel feide by the filter medium, wherein the filter
assembly defines a first flow path between thet isuhel the first outlet through the filter
medium from the feed side to the filtrate side,first outlet fluidly communicating with the

filtered gas outlet of the regenerator vessel,vanerein the filter assembly further defines a
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second flow path between the inlet and the secatldtdangentially along the feed side of
the filter medium; and

a dip leg supported in the regenerator vesselbtie filter assembly, the dip leg
having an inlet and an outlet, wherein the secarttkbof the filter assembly is fluidly
coupled to the inlet of the dip leg and the outfetthe dip leg is arranged to discharge catalyst

particulates into the lower region containing thedized bed.

14. The arrangement of claim 13 wherein the fédigsembly includes upper and lower
tube sheets and a plurality of filter tubes supgbstertically between the upper and lower

tube sheets, each filter tube including a filtedmen.

15.  The arrangement of claim 14 wherein the fedd sf the filter medium includes the
inner side of the filter tube and the filtrate safehe filter medium includes the outer side of
each filter tube.

16.  The arrangement of claim 14 or 15 wherein didteln tube has opposite open ends.

17.  The arrangement of any of claims 13-16 whetterfilter assembly further includes a
safety filter positioned in the first flow path leten the filter medium and the first outlet of
the filter assembly.
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