PROCESSES FOR REMOVING ENTRAINED PARTICULATES FROMGAS

Disclosure of the Invention

[0001] The present invention relates to processes for varge@ntrained particulates

from a gas, where gas may include one or more gapdny of numerous types of
particulates may become entrained in any of seffakent gases in a wide variety of ways.
For example, many different chemical reactions nesylt in particulates becoming
suspended in a gas. Gases may be generatedsadtat¢he chemical reaction itself, or
gases may be supplied to the chemical reactiocacibtate the chemical reaction in any of
numerous ways, including, for example, as a pronmta reactant. Similarly, particulates
may be generated during the chemical reactiorf,ifeglexample, as reaction products, e.g.,
combustion products, or particulates may be ado¢det chemical reaction, for example, as a
promoter, reactant, or catalyst. The mixture esthgases and particulates often form a
fluidized bed of the particulates suspended ingde To contain and confine the gas and
suspended particulates, the chemical reactionsbmaarried out or conducted in a vessel,
e.g., a reactor vessel or a regenerator vessel.

[0002] Processes embodying the invention may be usedamitlriety of chemical
reactions to remove entrained particulates fromsa mcluding, for example, combustion
reactions, synthesis reactions, decompositionimes;tand catalytic reactions. One of many
examples occurs in the refinery and chemical intesstwhere fouled catalyst particulates
may need to be regenerated before they can bedred$e fouled catalyst particulates may
be suspended in a fluidized bed of hot gas in armexator vessel, where the foulants may be
burned off of the catalyst particulates. A portafrithe gas and entrained catalyst particulates
may be extracted from the fluidized bed, and theagred catalyst particulates may be
removed from the gas in accordance with the presessibodying the invention. The gas
may then be discharged, e.g., for further processiras waste gas to the environment, while
the catalyst particulates may be collected foreeursreturned to the fluidized bed for further
processing.

[0003] Many other industries may utilize fluidized bedgafticulates suspended in a
gas. For example, in the catalyst manufacturidgstry, catalyst particulates may be
suspended in a gas in a fluidized bed during cafiwn or activation. Processes embodying
the invention may be used to remove entrainedqaaties from a gas in all of these

industries.



[0004] In accordance with one aspect of the inventionggsees for removing entrained
particulates from a gas may comprise filtering lassantial portion of the entrained
particulates from the gas. Filtering the entraipadiculates includes directing the gas from
a feed side of a filter medium through the filtezdium to a filtrate side of the filter medium.
As the gas passes through the filter medium, ttex fnedium removes most or substantially
all of the entrained particulates from the gasyilegthe filtered gas on the filtrate side of the
filter medium and the particulates on the feed sidine filter medium. Filtering the
entrained particulates further includes directihtpast a portion of the entrained particulates
generally tangentially along the feed side of therfmedium. As the particulates pass
tangentially along the feed side of the filter madj they scour the feed side, preventing
foulants, such as a filter cake of removed pardigd, from building up on the feed side and
blocking off the filter medium. Processes embodytme invention may further comprise
directing the particulates from the feed side effiier medium into a dip leg. The dip leg
guides the particulates away from the filter mediafftowing the scoured filter medium to
continue filtering the entrained particulates frim gas.

[0005] In accordance with another aspect of the invenpoocesses for removing
entrained particulates from a gas may comprise wctitty a chemical reaction in a vessel,
including forming a fluidized bed of gas and sugjeshparticulates in the vessel. The
processes may also comprise directing a portigdheofas and entrained particulates to a
filter medium and filtering the entrained partideis from the gas. Filtering the entrained
particulates includes directing the gas from a f&dd of a filter medium through the filter
medium to the filtrate side of the filter mediuAs the gas passes through the filter medium,
the filter medium removes most or substantiallyodlihe entrained particulates from the gas,
leaving the filtered gas on the filtrate side o thter medium and the particulates on the
feed side of the filter medium. Filtering the exnbed particulates further includes directing
at least a portion of the entrained particulatexegaly tangentially along the feed side of the
filter medium. As the particulates pass tangelytalbng the feed side of the filter medium,
they scour the feed side, preventing foulants, sisch filter cake of removed particulates,
from building up on the feed side and blockingtbt filter medium. Processes embodying
the invention may further comprise directing thetipalates from the feed side of the filter
medium into a dip leg. The dip leg guides theipaldtes away from the filter medium,
allowing the scoured filter medium to continuedlhg the entrained particulates from the
gas. For many, but not all, processes embodyiagnrention, the particulates may be

filtered from the gas in the vessel containingfthiglized bed and the particulates may be



directed to a dip leg in the vessel. The filtegad may then be discharged from the vessel,
and the particulates may be directed from the etjpolut of the vessel for disposal or reuse or
back into the fluidized bed for further processing.

[0006] In accordance with another aspect of the invenpoocesses for removing
entrained catalyst particulates from a gas may ciz@pegenerating catalyst particulates in a
regenerator vessel, including forming a fluidized lmf hot gas and suspended catalyst
particulates in the regenerator vessel. The psasasay also comprise filtering a substantial
portion of entrained catalyst particulates from glas in the regenerator vessel. Filtering the
entrained catalyst particulates includes directireggas from a feed side of a filter medium in
the regenerator vessel through the filter mediui fitirate side of the filter medium. As the
gas passes through the filter medium, the filtedioma removes most or substantially all of
the catalyst particulates from the gas, leavindittexed gas on the filtrate side of the filter
medium and the catalyst particulates on the fesel @i the filter medium. Filtering the
entrained catalyst particulates also includes tingat least a portion of the entrained
catalyst particulates generally tangentially altmgfeed side of the filter medium. As the
catalyst particulates pass tangentially along d¢eel fside of the filter medium, they scour the
feed side, preventing foulants, such as a filtkeaaf removed catalyst particulates, from
building up on the feed side and blocking off thierf medium. Processes embodying the
invention may further comprise discharging theefi#id gas from the regenerator vessel and
directing the catalyst particulates from the feige ®f the filter medium into a dip leg in the
regenerator vessel. The dip leg may guide thdysagaarticulates away from the filter
medium. For example the catalyst particulates beaglirected from the dip leg to the
exterior of the regenerator vessel for reuse ok b#o the fluidized bed within the
regenerator vessel for further processing.

[0007] Processes embodying the invention have many adyemua features. For
example, by directing the gas through a filter madia very large portion of the entrained
particulates, including the fine particulates, nhayeffectively and efficiently removed from
the gas. Consequently, components downstreanediltdr medium, such as pipes, valves,
or heat exchangers, function more reliably becthesdiltered gas has few if any particulates
to foul or abrade the downstream components. Tkeament is better protected because
any emissions of the filtered gas have exceedifeylyparticulates. For example, emissions
of the filtered gas may have a particulate loatbasas about 15 mg/Ntor less, e.g., 10
mg/Nnt or less, 5 mg/Nrhor less, or even 2 mg/Nror less, where Nftis a normal cubic

meter of gas, i.e., a cubic meter of gas at 0 €la01325 bar absolute. Further, by directing



particulates along, and continuously scouring féleel side of the filter medium, the filter
medium remains clean and highly effective for ateeded period of time even when the

particulate load on the feed side is extremely high

Brief Description of the Drawings

[0008] FIG. 1 is a representative view of an embodimera pfocess for removing

entrained particulates from a gas.

Detailed Description of Embodiments of the Inventio

[0009] Many different processes for removing entrainedipaates from a gas,

including a vapor, may embody the invention. I @hnumerous examples, as shown in
FIG. 1, a process embodying the invention may csaprarrying out or conducting a
chemical reaction, including forming a fluidizeddb®0 of particulates suspended in a gas.
For many embodiments, the chemical reaction mag pdéce largely within the fluidized bed
10, and the fluidized bed 10 may be confined otaiord within a vessel 11. The vessel 11
may be any of a wide variety of pressure vessetfding, but not limited to, a chemical
reactor vessel, a regenerator vessel, or a gagég=mel. The vessel, which may be very large,
may have any number of inlet ports and/or outletp0

[0010] A great variety of chemical reactions, includingntmustion reactions, synthesis
reactions, decomposition reactions and catalyctiens, may be conducted in any of
numerous industries, including the refinery indystine chemical industry, and the
gasification industry. Various gases may be seppio the chemical reaction for a number
of reasons. For example, a pressurized gas sd@ptyay direct a gas into the vessel 11 to
generate and maintain the fluidized bed 10. Onmeare gases may also be supplied to the
chemical reaction to facilitate the reaction inieas ways, for example, as a reactant or a
promoter. Further, gases, e.g., gaseous reaatolugts such as combustion products, may
be generated as a result of the chemical readseti.i Similarly, various particulates may be
supplied to the chemical reaction for a numbereatkons. For example, particulate reactants,
promoters, or catalysts may be added to the chéneigetion. In addition, particulates may
be generated during the chemical reaction itsetfekample, as reaction products, e.g.,

combustion products.



[0011] The mixture of these gases and particulates may foe fluidized bed 10 of
particulates suspended in the gas within the vddselGas may be supplied from the gas
supply 12 to the fluidized bed 10 at a rate depemdor example, on the size of the fluidized
bed, the desired density of the particulates irflthdized bed, and the nature of chemical
reaction. The temperature and pressure of tham@dparticulates may vary widely,
depending, for example, on the nature of the chaméaction. For example, the temperature
may be in the range from about 70°F or less to &@b800°F or more. The pressure may be
in the range from about 5 psig or less to aboudX#ig or more. For many embodiments,
the temperature may be in the range from aboutfsb60fess to about 1400°F or more and
the pressure may be in the range from about 15qud&ss to about 45 psig or more.

[0012] The process may also comprise directing a portfdheogas and entrained
particulates to a feed side of the filter mediufor many embodiments the filter medium 13
may be positioned within the vessel 11. For exanple filter medium 13 may be positioned
in the vessel 11 above the fluidized bed 10. Asgdis and entrained particulates elutriate or
disperse beyond, e.g., above, the fluidized bednEupper region of the vessel 11 may
direct the dispersed gas and entrained particulatése feed side 14 of the filter medium 13.
[0013] The process may further comprise filtering theaned particulates from the gas,
which includes directing the gas from a feed sidi®flthe filter medium 13 through the filter
medium 13 to a filtrate side 15 of the filter medid 3, the filtrate side 15 being isolated from
the feed side 14 by the filter medium 13. As the gasses through the filter medium 13, the
filter medium 13 removes most or substantiallyodllhe entrained particulates from the gas,
leaving the filtered gas on the filtrate side 13ha filter medium 13 and the particulates on the
feed side 14 of the filter medium 13. Filtering tbntrained particulates further includes
directing at least a portion of the entrained pattites generally tangentially along the feed
side 14 of the filter medium 13. As the particatapass tangentially along the feed side 14 of
the filter medium, they scour the feed side 14yenéing foulants, e.g., a filter cake of
removed particulates, from building up on the feel 14 and blocking off the filter medium
13. The gas and entrained particulates may benltiwough and along the filter medium by
the gas pressure within the vessel or by a blokaar,or compressor.

[0014] The filter medium 13 may be part of a filter assgn@® and both the filter
assembly and the filter medium may be configureany of numerous ways. For example,
the filter medium may have any of a great varidtfiltering characteristics. The filter
medium, which is permeable, may be porous, micr@ggrultraporous, or even nanoporous

and may have any desired gas removal rating. Yample, the filter medium may have a



gas removal rating in the range from about 0.01les® to about 100 pu or more, or from
about 0.2 u or less to about 20 p or more, or fatwut 2 p or less to about 10 micron or
more. Further, the permeable filter medium mayastioned from any of a variety of
materials, including a metallic material, a ceramigterial, or a polymeric material. A
metallic material or a ceramic material may be usedhigher temperature applications.
[0015] The filter medium may be formed or incorporated iahy of numerous
structures. For many, but not all, embodiments filter medium may be formed as a
hollow, elongate filter tube 21 having a cylindtieall 22, which includes the filter medium
13, and opposite ends 23, 24. The length of ttex fube may be in the range from about 4
inches or less to about 240 inches or more, or bout 10 inches or less to about 100
inches or more, or from about 15 inches or lesbtmut 60 inches or more, e.g., about 25
inches. The inner diameter (ID) of the filter tubay be in the range from about 0.25 inch or
less to about 12 inches or more, or about 0.4 amdéss to about 6 inches or more, or about
0.6 inch or less to about 2 inches or more, ebpuB0.75 inch. The ID of the filter tube may
be constant or may taper from one end of the taltlee opposite end, e.g., the ID may taper
to a smallest diameter at the outlet end or vicsaze

[0016] The filter assembly may support the filter medivmaivariety of different ways.
For example, the filter assembly 20 may includst fand second spaced tube sheets 25, 26,
and a plurality of filter tubes 21 may be suppotbetiveen the tube sheets 25, 26 laterally
spaced from one another. For example, up to a@@@ or more or up to about 3000 or
more or up to about 10000 or more filter tubes imagupported between the tube sheets.
For many embodiments, the filter tubes may be sdpgd@enerally vertically between the
tube sheets. A casing 30 may surround the fillee$ 21 and the tube sheets 25, 26. The
filter assembly 20 may further include a filteremsgutlet 31, i.e., a filtrate outlet, in the
casing 30 or the tube sheets 25, 26. One or nabetydilters 32 may be associated with the
filtered gas outlet 31 to protect against failurewy of the filter tubes 21. One or more filter
assemblies 20 may be mounted within the vessel Alvariety of ways. For many
embodiments, the filter assembly 20 may be moumteah upper region of the vessel 11.
The filtered gas outlet 31 of each filter assen#iflymay be fluidly coupled to a filtered gas
plenum 33 of the vessel 11 which isolates theréliegas from the gas and entrained
particulates in the remainder of the vessel 11e filtered gas plenum 33, in turn, may be
fluidly coupled to a filtered gas outlet 34 of Wessel 11, allowing the filtered gas to be
discharged from the vessel 11 for further procegsemdischarged as waste gas to the

environment.



[0017] For many embodiments, the feed side 14 and filsate 15 of each filter tube 21
may comprise the inside and the outside of therftlibe 21, respectively. Directing the gas
and entrained particulates to the feed side ofiliee medium may comprise directing the
gas and entrained particulates to the inside ofiltee tube. For many embodiments, both
ends 23, 24 of the filter tube 21 may be open,thadnlet end 23 of the filter tube 21 may be
the upper end of the filter tube 21. Directing gad entrained particulates to the feed side
14 of the filter medium 13 may then comprise direggas and entrained particulates into the
open upper inlet end 23 of the filter tube 21 axidlyy, for example, downwardly, along the
inside of the filter tube 21. Alternatively, th@ater open end of the filter tube may be the
inlet end and directing gas and entrained partiealto the feed side of the filter medium
may comprise directing gas and entrained partieslatto the open lower inlet end of the
filter tube and axially, for example, upwardly, adpthe inside of the filter tube. The axial
velocity and the particulate loading at the inked ®f the filter tube may vary. For example,
the gas may enter the inlet end of each tube withxaal velocity in the range from about
0.33 ft/sec or less to about 100 ft/sec or morepdnding on the nature of the filter medium
and/or the nature of the particulates, the axikarey may be limited, for example, to about
40 ft/sec or less to inhibit abrasion or erosiothef filter medium and/or attrition of the
particulates. The particulate load at the inlet ehthe filter tube may be, for example, in the
range from about 0.1 Ibffor less to about 10 Ibsffor more or in the range from about 0.1
volumetric percent to about 50 volumetric percent.

[0018] Filtering the entrained particles from the gas nmajude passing the gas
generally radially inside-out through the filteb®i21. For example, the gas may pass
generally radially from the inner feed side 14 tigb the wall 22 of the filter tube 21 to the
outer filtrate side 15 along the entire lengthref permeable filter tube 21. The flux rate
through the filter tube may vary. For example,ftbhg rate may be in the range from about
0.001 m/sec or less to about 0.25 m/sec or mooe many embodiments, the total area and
the gas removal rating of the filter media may éleced to provide little pressure drop
through the filter medium and few, if any, partatds in the filtered gas. For example, the
pressure drop through the filter medium 13 maynbiaé range of about 15 psid or less, e.g.,
about 10 psid or less or about 5 psid or lessboui3 psid or less, while the emissions in the
filtered gas may be about 15 mg/Rior less, e.qg., about 10 mg/Nuwr less, or about 5
mg/Nnt or less, or even about 2 mg/Nor less.



[0019] Filtering the gas may further include passing theréd gas through a safety filter
32 associated with the filtered gas outlet 31 efftlier assembly 20. For example, the tube
sheets 25, 26 may be sealed to the casing 30harfdter assembly 20 may include a filtered
gas chamber 36 bounded by the filtrate side 16efitter tube(s), the tube sheets 25, 26, and
the casing 30. One or more safety filters may bamted in the filtered gas chamber 36 or
the filtered gas outlet 31 of the filter assemily Zor example, one or more elongate,
hollow safety filters 32, each having a blind efidathd an open end 41, may be positioned in
the filtered gas outlet 31 and supported by a slie®t, e.g., the upper tube sheet 25. Each
safety filter may include a permeable filter mediwmich may be coarser than the filter
medium of the filter tube but which protects agafagure, e.g., rupture, of a filter tube. The
open end 41 of the safety filter 32 may open ihtoftitered gas chamber 36 of the filter
assembly 20. Filtering the gas may then includecting the filtered gas from the filtrate
side 15 of the filter tube(s) 21 into the filtergals chamber 36 through the safety filter(s) 32
and into the filtered gas outlet 31 of the filtessambly 20. Alternatively or additionally, the
filtered gas chamber, including the spaces betweefilter tubes, may be filled with a
coarse bulk filter medium, such as metal fibergrse ceramic particles or fibers, ceramic
foam, or polymeric fibers. The bulk filter mediumill act as a deep bed safety filter,
capturing particulates that might pass throughfadiiee filter tube. A bulk filter medium

has the further advantage of sealing off very féterftubes, e.g., the defective filter tube and
perhaps one or more neighboring filter tubes, wWedeing the vast remainder of the filter
tubes perfectly functional.

[0020] Processes embodying the invention may further cm@plischarging the filtered
gas, either for further processing or as wasteags, to the environment. For many
embodiments, discharging the filtered gas may oieldischarging the filtered gas from the
vessel. For example, in the illustrated embodimdistharging the filtered gas from the
vessel 11 may include passing the filtered gas ttonfiltered gas outlet 31 of the filter
assembly 20 into the filtered gas plenum 33 ofviéesel 11 and hence to the filtered gas
outlet of the vessel 11. Alternatively, dischargthe filtered gas from the vessel may
comprise passing the filtered gas from the filtegad outlet of the filter assembly directly to
the filtered gas outlet of the vessel.

[0021] As gas passes through the permeabile filter medranticulates, especially the
finer particulates, may initially collect on therface of the feed side of the filter medium
and, to a much lesser extent, within the filter meditself. For example, particulates may

initially collect mostly on the surface of the imrfeed side 14 of the filter tube(s) 21.



Filtering the gas further includes directing atskea portion, e.g., most, of the particulates
generally tangentially along the feed side of iherfmedium to scour foulants, including the
collected particulates, from the feed side. Paldies may have a variety of different size
distributions, and the larger particulates, i.artipulates having a size of about 5 p or greater
or about 10 u or greater or about 20 p or greatay, even more effectively scour foulants
from the feed side of the filter medium. Directipgrticulates, including the larger
particulates, generally tangentially along the fsigl# of the filter medium may include
directing particulates generally axially along teed side for most of the length or the entire
length of the permeabile filter medium. For exampleen the gas and entrained particulates
are directed into the open inlet end 23 of theffitube(s) 21, the particulates may be directed
generally axially along the inner feed side 14ther entire axial length of the permeable filter
tube 21. For many embodiments, the particulatesbealirected generally downwardly
through the inside of the filter tube(s) 21. As pharticulates pass generally tangentially
along the feed side 14 of the filter medium 13¢tiiations in the flow stream, e.g.,
turbulence in the flow stream, and/or collisionghwather particulates may deflect the
particulates and cause the particulates to stinkdded side 14, thereby scouring the feed
side 14 of any foulants, such as the finer parid that might initially collect on the feed
side 14 of the filter medium 13. By continuoustpsring the feed side 14 of the filter
medium 13, gas may freely pass through the perraditelr medium 13 for an extended
period of time.

[0022] Virtually all of the particulates, the scoured fanids, and a small portion of the
gas may exit the interior of the filter tube 21tet open outlet end 24, for example, the lower
open end, of the filter tube 21. The underfloe,,ithe gas which passes tangentially beyond
the permeable filter medium but does not pass girahbe filter medium, may be less than
about 60 percent of the gas which is initially diezl to the feed side of the filter medium,
e.g., the gas which is initially directed into thy@en inlet end 23 of the filter tube(s) 21. For
many embodiments, the underflow may be about 4€epeior less, or about 20 percent or
less, or about 10 percent or less, or about 7 peordess, or about 5 percent or less of the
gas entering the open inlet end 23 of the filtbesi21, while the gas passing through the
filter tubes may be about 98 percent or less ofjieentering the open inlet end 23 of the
filter tubes 21.



[0023] Processes embodying the invention may further cm@plirecting the

particulates and underflow gas from the feed sfdbefilter medium into a dip leg or dip
tube. The dip leg 42 may be variously configurédr example, the dip leg 42 may include
an elongate, hollow leg 43 having an open inlet&hdnd an outlet end 45. The open inlet
end 44 of the dip leg 42 may be connected to tter Aissembly 20 beyond the feed side 14
of the filter medium 13. For example, the opeeti@nd 44 of the dip leg 42 may be
connected to a particulate outlet 46, e.g., a @mpiarticulate outlet, of the casing 30 below
the feed side 14, e.g., the inner feed sides ltheofilter tubes 21. The open lower ends 24
of the filter tubes 21 may empty into the partitalautlet 46 of the filter assembly 20 which,
in turn, empties into the open inlet end 44 ofdieleg 42. Directing the particulates from
the feed side of the filter medium into the dip fegy then include directing the particulates
and the underflow gas from the outlet ends of ilher tubes into the open end of the dip leg.
For example, directing the particulates into thetdbe may include passing the particulates
and the underflow gas from the lower open endsf2HBeofilter tubes 21 through the
particulate outlet 46 of the filter assembly 2Mittie open inlet end 44 of the dip leg 42.
[0024] The hollow leg 43 may hang vertically below thésfilassembly 20 and serves to
guide the particulates and the underflow gas away the feed side 14 of the filter medium
13. The length of the hollow leg may vary from abb foot or less to about 30 feet or more,
and the ID may be in the range from about 2 indrdsss to about 24 inches or more. The
outlet end 45 of the hollow leg 43 may include lv@®0 which may be alternately closed
and open. The valve may be variously configurédr example, the valve may be a flap
valve which is normally closed, e.g., by a sprindpp the weight of the valve, to prevent gas
and entrained particulates from entering the dytheough the outlet end. Particulates may
settle by gravity or other means along the axiagie of the hollow leg 43, becoming more
dense in the lower region of the leg 43. As paldtes accumulate within the leg 43 at the
outlet end 45, the weight of the particulates ntagd the valve 50 open, allowing a portion
of the accumulated particulates and underflow gastape the dip leg 42. While the density
of the particulates at the outlet end of the dgprieay be greater than the density of the
particulates at the open end of the dip leg, thréquaates at the outlet end may remain
fluidized by the underflow gas, allowing the accuated particulates to readily flow within
the hollow leg 43 and from the outlet end 45 ofdieleg 42.

[0025] The length and ID of the hollow leg 43 and the iclgdorce of the valve 50 may
be empirically adjusted to provide a back pressurieh yields the desired underflow into

the open end 44 of the dip leg 42. For exampke|eéhgth and ID of the dip leg and the
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closing force of the valve may be adjusted to ogauh close the valve sufficiently to provide
a flow of particulates and gas out of the dip lad a back pressure within the dip leg that
yields the underflow previously described into tipen end of the dip leg, e.g., an underflow
of about 60 percent or less. Thus, processes gymugpthe invention may further comprise
providing a flow of particulates and gas through dip leg, for example, a flow of
particulates and gas through the dip leg that ples/an underflow of about 60 percent or less
into the open end of the dip leg. Further, prawydihe flow of particulates and gas through
the dip leg may include opening and closing a valvéne outlet end of the dip leg and
discharging the particulates and underflow gas fiieeoutlet end of the dip leg. The outlet
end of the dip leg may open within the vessel, étp the fluidized bed. Discharging the
particulates and gas from the outlet end of thdetjpmay then include returning the
particulates to the fluidized bed for further presiag. Alternatively, the outlet end of the dip
leg may open outside the vessel. Discharging énécplates and gas from the outlet end of
the dip leg may then include discharging the paldies outside the vessel, e.g., for disposal,
reuse, or further processing.

[0026] One of many examples of a process embodying thention involves the
regeneration of catalyst particulates used inid ftatalyst cracker in the refinery industry.
Catalyst particulates are supplied to a reactfadihtate processing oil into more refined
hydrocarbons, such as gasoline or diesel fuethignprocess the catalyst particulates become
fouled with a coke-like substance that lessens#taytic effect of the catalyst particulates.
To regenerate the catalyst particulates, the ciileesbibstance may be burned off of the
catalyst particulates, allowing the catalyst paltttes to be reused.

[0027] Regenerating the fouled catalyst particulates malpde forming a fluidized bed
10 including the fouled catalyst particulates susieel in hot air in a regenerator vessel 11,
e.g., in a lower region of the regenerator ves$eh% shown in FIG. 1 Forming the fluidized
bed 10 may include supplying hot air to the regatoervessel 11, e.g., to the bottom of the
regenerator vessel 11, from a hot air supply 12sapghlying fouled catalyst particulates,
e.g., from the reactor (not shown), to the regdnergessel 11 via a fouled catalyst
particulate inlet 51. The hot air may have a teragge in the range from about 1250°F to
about 1400°F and a pressure in the range from dlfopsig to about 45 psig. The fouled
catalyst particulates may have a size distributiomhich 99 percent of the particulates are
smaller than about 90 p andgis about 60 .
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[0028] The process may further include directing a portbthe air and entrained
catalyst particulates to the feed side 14 of therfmedium 13, e.g., into the inner feed side
14 of a plurality of filter tubes 21. For exampteme of the air and gaseous combustion
products and entrained catalyst particulates mspedse beyond, e.g., above, the fluidized
bed 10 driven by the gas pressure with the regarerassel 11. The regenerator vessel 11
may direct the dispersed gas and catalyst partesilato the open inlet ends 23 of the filter
tubes 21 of a filter assembly 20 positioned inrdgenerator vessel 11 above the fluidized
bed 10, where the gas and entrained catalyst peatis are directed axially, e.g.,
downwardly, along the inner feed sides 14 of therftubes 21. The axial velocity of the
gas within the filter tubes 21 may be in the rafigen about 0.33 ft/sec to about 100 ft/sec,
and the particulate load at the open inlet endsf2Be filter tubes 21 may be in the range
from about 0.1 Ib/ftto about 10 Ibs/t

[0029] The process may further include filtering the eined catalyst particulates from
the gas, including directing the gas from the feieé 14 of the filter medium 13 through the
filter medium 13 to a filtrate side 15 of the filtmedium 13. Specifically, the gas may be
directed generally radially inside-out through titter tubes 21 from the inner feed side 14 to
the outer filtrate side 15. The flux rate may héhe range from about 0.001 m/sec to about
0.25 m/sec, and the particulate load in the fileyas may be about 15 mg/Nm3 or less. The
filtered gas may then be discharged from the reg¢mevessel 11. From the filtrate sides 15
of the filter tubes 21, the filtered gas may beeini by the gas pressure within the vessel 11
through the filtered gas chamber 36 and the séifety 32 to the filtered gas outlet 31 of the
filter assembly 20. From the filtered gas outletod the filter assembly 20, the filtered gas
may be driven into the filtered gas plenum 33 dreddischarged from the regenerator vessel
11 via the filtered gas outlet 34 of the regeneragssel 11. The gas may then be discharged
to the environment as a waste gas containing feanyi, particulates.

[0030] Filtering the entrained catalyst particulates fritv@a gas may further include
directing at least a portion of the entrained gatgbarticulates generally tangentially along
the feed side 14 of the filter medium 13 to sctwrfeed side 14 of the filter medium 13.
Most of the entrained catalyst particulates, intigdhe larger particulates, may be directed
axially downwardly along the inner feed side 14acth filter tube 21 from the open inlet end
23 to the open outlet end 24. As the catalysiqaates traverse the inner feed side 14 of
each filter tube 21, they scour foulants from tineer feed side 14, allowing gas to freely pass

through the filter tube 21 for an extended peribdroe.
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[0031] The process may additionally comprise directingddalyst particulates from the
feed side 14 of the filter medium 13 into a dip #&in the regenerator vessel 11. The
catalyst particulates and the underflow gas pass the open outlet ends 24 of the filter
tubes 21 downwardly through the particulate outeof the filter assembly 20 into the open
inlet end 44 of the dip leg 42. The length andfdhe dip leg 42 and the closing force of the
valve 50 are adjusted to provide an underflow a@ial0 percent or less into the open inlet
end 44 of the dip leg 42. The catalyst particslated the underflow gas pass along the
hollow leg 43 and exit the dip leg 42 via the opgnand closing valve 50. From the dip leg
42, the catalyst particulates are discharged medltiidized bed 10 within the regenerator
vessel 11 for further processing. The regenereaéalyst particulates are discharged from
the regenerator vessel 11 via a regenerated capalsteculate outlet 52.

[0032] While various aspects of the invention have beetreed 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.

[0033] For example, the filter assembly may be arrangékdinvthe vessel with the feed
side and the filtrate side of the filter medium goising the outside and the inside,
respectfully, of each filter tube. Directing thasgand entrained particulates to the feed side
of the filter medium may then comprise directing ttas and entrained particulates to the
outside of the filter tubes, for example, at theerpend of each filter tube, and axially, e.g.,
downwardly, along the outside of each filter tul@@ne end of each filter tube, e.g., the lower
end, may be blind while the other end, e.g., theeuend, may be open. Directing the gas
from the feed side through the filter medium to filieate side may include directing the gas
from the outer feed side of each filter tube gelheradially outside-in through the wall of

the filter tube to the inner filtrate side of thikelr tube. The inner filtrate side of each filter
tube may fluidly communicate, either directly oaa safety filter, with the filtered fluid
outlet of the filter assembly. Discharging theéefied gas may then include directing the
filtered gas from the inner filtrate side of eadtef tube to the filtered gas outlet of the filter
assembly via the open end of the filter tube antaeao the filtered gas outlet of the vessel,
either directly or via a filtered gas plenum withire vessel that is fluidly coupled to the open
ends of the filter tubes. Similarly, directingl@ast a portion of the particulates generally

tangentially along the feed side of the filter madimay include directing the particulates

13



generally axially, e.g., downwardly, along the ouéed side of each filter tube to scour the
outer feed side. For example, the particulates Ineaglirected generally downwardly along
the entire length of the outer feed side of theffitube past the lower blind end and then into
the dip leg.

[0034] As an example of another embodiment, the filteermd®y and the dip leg may be
located in a separate housing outside of the ve&ietcting the gas and entrained
particulates to the feed side of the filter mediwmay include channeling the gas and
entrained particulates via ducts or pipes fromvigsel to the separate housing. Discharging
the filtered gas may include discharging the fdtegas from the housing rather than from
the vessel. Further, discharging the particultxtas the dip leg may include directing the
particulates away from the vessel for reuse oradigpor returning the particulates to the
fluidized bed in the vessel for further processing.

[0035] In other embodiments, directing the gas and ergdhparticulates to the feed side
of the filter medium may include increasing theoodtly of the entrained particulates and/or
the gas and then directing the higher velocityanéd particulates and/or gas to the feed side
of the filter medium. For example, each filtereuinay be fitted with 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
serves to accelerate the particulates and/or théefare they contact the feed side of the
filter medium, e.g., the inner feed side of theefitubes, enhancing the scouring effect of the
particulates.

[0036] In still other embodiments, directing at least &ipa of the particulates generally
tangentially along the feed side of the filter madimay include diverting the particulates
against the feed side of the filter medium. Faregle, a diverter may be inserted within the
inner feed side of a filter tube or along the odiked side of a filter tube to deflect
particulates against the feed side of the filtbetuThe diverter may be variously shaped and
may extend partially or entirely along the lengthhe filter tube. By deflecting the
particulates against the feed side of the filtbetleven more of the particulates strike the
feed side of the filter tube, enhancing the scaudfiect of the particulates.

[0037] Many other techniques may supplement processesdymmgothe invention. For
example, an intermittent gas pulse may be direfctiedard 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
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terminated to loosen foulants from the filter mexnjwr a cleaning solution may be applied to
the filter medium to wash foulants from the fillaedium.

[0038] The use of the terms “a” and “an” and “the” andl&sst 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 samgund the plural, unless otherwise
indicated herein or clearly contradicted by contekite 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 othee indicated herein or clearly

contradicted by context. The terms “comprisindgyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,inggamcluding, 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 recitedriee. 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 thgoeaaf 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

[0039] Preferred embodiments of this invention are desdriterein, 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 sHietisans to employ such variations as
appropriate, and the inventors intend for the itleento be practiced otherwise than as
specifically described herein. Accordingly, thmsention includes all modifications and
equivalents of the subject matter recited in tlaéncs 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.

15



CLAIMS

1. A process for removing entrained particulatesifia gas comprising:

filtering a substantial portion of the entrainedtjgallates from the gas, including
directing the gas from a feed side of a permealiég Mmedium through the filter medium to a
filtrate side of the filter medium to remove pauniates from the gas and directing at least a
portion of the particulates generally tangentialigng a feed side of the filter medium to
scour the feed side of the filter medium, and

directing the particulates from the feed side effiter medium into a dip leg.

2. The process of claim 1 wherein directing thetbasugh the filter medium includes
directing the gas radially through a plurality @flbw, elongate, filter tubes, each filter tube
including a filter medium, and wherein directindesdst a portion of the entrained
particulates along the feed side of the filter medincludes directing entrained particulates

generally axially along the feed side of the fili¢bes.

3. The process of claim 2 wherein directing gasathdthrough a plurality of hollow
filter tubes includes directing the gas radiallgide-out through the filter tubes, wherein
directing the entrained particulates axially alting feed sides of the filter tubes includes
directing the entrained particulates generally deeualy along the feed sides within the
filter tubes from an inlet end to an outlet enakath tube, and wherein directing the
particulates into a dip leg includes directing plagticulates from the outlet end of each filter

tube into the dip leg below the filter tubes.

4. The process of any of claims 1-3 wherein filtgra substantial portion of the
entrained particulates from the gas includes filgethe particulates from the gas within a
vessel, including filtering the particulates fronetgas through a filter medium located in the
vessel and directing the particulates from the fadd of the filter medium into the dip leg
includes directing the particulates into the dipile the vessel, the process further
comprising discharging the filtered gas from theset.

5. The process of any of claims 1-4 further conpgiglirecting the gas and entrained
particulates from a fluidized bed of the gas andigalates to the feed side of the filter

medium and passing the entrained particulates thendlip leg to the fluidized bed.
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6. The process of any of claims 1-4 further conipgiglirecting the gas and entrained
particulates from a fluidized bed of the gas andigalates to the feed side of the filter
medium, including increasing the velocity of thes gad entrained particulates and then
directing the higher velocity gas and entrainedipalates to the feed side of the filter

medium.

7. The process of any of claims 1-6 wherein directt least a portion of the
particulates generally tangentially along the feiglg of the filter medium includes diverting
the particulates against the feed side of ther fittedium.

8. A process for removing entrained particulatesifia gas comprising:

conducting a chemical reaction in a vessel, inclgdiuspending particulates in a gas
in a fluidized bed in the vessel;

directing a portion of the gas and entrained paldies to a permeable filter medium;

filtering the entrained particulates from the gasluding directing the gas from a
feed side of the filter medium through the filteedium to a filtrate side of the filter medium
and directing at least a portion of the entrainadigulates generally tangentially along the
feed side of the filter medium to scour the feetk of the filter medium; and

directing the particulates from the feed side effiiter medium into a dip leg.

9. The process of claim 8 further comprising pagéie particulates from the dip leg to

the fluidized bed in the vessel.

10. The process of claim 8 or 9 wherein filteringudstantial portion of the particulates
from the gas includes filtering the particulatemirthe gas within the vessel, including
directing the gas through the filter medium in iessel and directing the entrained
particulates along the feed side of the filter medin the vessel, and wherein directing the
particulates into the dip leg includes directing garticulates into the dip leg in the vessel,

the process further comprising discharging ther@t gas from the vessel.

11.  The process of any of claims 8-10 wherein timgahe gas through the filter medium
includes directing the gas radially through a gdityaf hollow, elongate, filter tubes, each

filter tube including a filter medium, and whereiimecting at least a portion of the entrained
particulates along the feed side of the filter medincludes directing entrained particulates

generally axially along the feed sides of the fittébes.
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12.  The process of claim 11 wherein directing gaally through a plurality of filter
tubes includes directing the gas radially insidetbtough the filter tubes, wherein directing
the entrained particulates generally axially altmgyfeed sides of the filter tubes includes
directing the entrained particulates generally deeuly along the feed sides within the
filter tubes from an inlet end to an outlet enatath tube, and wherein directing the
particulates into a dip leg includes directing plagticulates from the outlet end of each filter

tube into the dip leg below the filter tubes.

13. The process of any of claims 8-12 wherein tiimga portion of the gas and entrained
particulates to the feed side of the filter medinciudes increasing the velocity of the gas
and entrained particulates and then directing ibleen velocity gas and entrained particulates

to the feed side of the filter medium.

14. The process of any of claims 8-13 wherein dimgcat least a portion of the
particulates generally tangentially along the fsigl of the filter medium includes diverting

the particulates against the feed side of therfittedium.

15. A process for removing catalyst particulatesnifra gas comprising:

regenerating catalyst particulates, including sodpey catalyst particulates in a hot
gas in a fluidized bed in a regenerator vessel;

directing a portion of the gas and entrained catgigrticulates to a feed side of a
permeable filter medium in the regenerator vessel,

filtering the entrained catalyst particulates frtma gas in the regenerator vessel,
including directing the gas from the feed sidehaf filter medium through the filter medium
to a filtrate side of the filter medium and direcfiat least a portion of the entrained catalyst
particulates generally tangentially along the fsiel# of the filter medium to scour the feed
side of the filter medium;

discharging the filtered gas from the regeneragssel; and

directing the catalyst particulates from the feigle ®f the filter medium into a dip leg

in the regenerator vessel.

16. The process of claim 15 further comprising pasthe catalyst particulates from the
dip leg into the fluidized bed in the regeneratessel.
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17.  The process of claim 15 or 16 wherein directireggas through the filter medium
includes directing the gas radially through a gdltyaf hollow, elongate, filter tubes, each
filter tube including a filter medium, and whereiimecting at least a portion of the entrained
catalyst particulates along the feed side of therfmedium includes directing entrained

catalyst particulates generally axially along thed sides of the filter tubes.

18.  The process of claim 17 wherein directing gaally through a plurality of filter

tubes includes directing the gas radially insidetbtough the filter tubes, wherein directing
the entrained catalyst particulates generally Bx&bng the feed sides of the filter tubes
includes directing the entrained particulates gahedownwardly along the feed sides

within the filter tubes from an inlet end to anletiend of each tube, and wherein directing
the catalyst particulates into a dip leg includesaling the particulates from the outlet end of

each filter tube into the dip leg below the filtabes.
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