IMPROVED BATHTUB-TYPE SPENT CATALYST DISTRIBUTOR FOR
EFFECTIVE COUNTER-CURRENT REGENERATION IN FLUID
CATALYTIC CRACKING UNITS FIELD OF THE INVENTION The present
invention relates to a spent catalyst distributor. More particularly, the
present invention relates to a bathtub-type spent catalyst distributor. Most
particularly, the present invention is related to a bathtub-type spent
catalyst distributor for effective counter-current regeneration in fluid
TVERROI¥ K BAAGIIB - BARIK SHEDUNDA DAL INMHRBRIRUN ORe theory
PEAR E£FdHt ERYANSIQRINTHILR SURRB BYdRIDBGENER AION/ BAr's.
Generally, oht&/Batel)didda Ble € Baed BN BWIRY process, it is
referred to as being "spent" catalyst. The spent catalyst is covered with
coke, which covers the active sites on the catalyst thereby substantially
reducing the activij Bt OEFINSINVENEESNle, however, to remove the
coke from the catalyst through the use of a regenerator. The spent
ToaBIGSTS RREMHES ik iegereterpt il padRe A orrrtitinigy, the

way, leaying onI)F)the atalyst. The haot re-activated catalyst is then

a :
present IpyenbORJHER IRE PALURRIARS S B dalisb st RMasiPprdcdadyst is a
known problem.in the art that if the spent catalyst.is not distributed.into the
the prescp e TR A A R P ERL SR RSP Al e
cleanlx, after-t}urninqlgl cg?a ssociq(ted tentwsperature increase in the
p

counter-c 15 enerajign in 1C crackin nItS. . .
ifUte pHASE of the regenarator is present. and NO, is generated in

undesirable amounts. Several past patents have attempted to resolve the
deficiencies of the prior art distribution problems with varying degrees of

SUCCESS. BACKGROUND OF THE INVENTION

The theory behind spent catalyst distributors has been known for many years.
Generally, once catalyst has been used in a cracking process, it is referred to as being
“spent” catalyst. The spent catalyst is covered with coke, which covers the active sites
on the catalyst thereby substantially reducing the activity of the catalyst. It is possible,
however, to remove the coke from the catalyst through the use of a regenerator. The
spent catalyst is fed into the regenerator and the deposited coke is burned away, leaving
only the catalyst. The hot re-activated catalyst is then removed from th.e regenerator to be
reused in the cracking process. It is a known problem in the art that if the spent catalyst
is not distributed into the regenerator in a uniform manner, the catalyst is not regenerated
as cleanly, after-burning and the associated temperature increase in the dilute phase of the
regenerator is present, and NOy is generated in undesirable amounts. Several past patents

have attempted to resolve the deficiencies of the prior art distribution problems with

varying degrees of success.
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For example, U.S. Pat. No. 4,150,090 to Murphy et al. teaches an
apparatus that is used in the regeneration of cracking catalyst. Arms
which carry spent catalyst are connected to a center shaft and extend
outward from the shaft but do not touch the outer walls of the regenerator.
This patent thus discloses a shape that is very similar to the 5 spokes on a
wheel, when viewed from above. However, this design causes the spent .
catalyst to be distributed in the regenerator in a very uneven manner. U. S
Pc‘ﬂ@rﬂﬂ‘dﬁx;ﬁeﬁ%ﬂ@@ttmmHeYSé);(detsNbsp]s}eede]s@acfmsam;appamlm is
distributor for a fluid catalytic cracking unit regenerator. In this design, the

used BP@Rreababatida accadekling tradpentraatalysiiclistaloyitgrehy aitabyst are

' ‘combustion or exhaust gases. The 10 aeration facilitates the flow of the

 conneéxpeica @it ot ghdbettinlighrammisiafithhopet natalysotistrihuter odter

in the Murphy patent, arms that carry spent catalyst are connected to a

‘ wausQﬂnwra@aibm.emwmﬁuﬂmhfdw@b@smﬁpa'thatpamwmﬂldmlmes ,

a shape that is very similar to the spokes on a wheel, when viewed from -

- spokeBkavewHesyevatnthiswdasigmalsoveaudes therspentiesitalysiutedthe spent

distributed in the regenerator in a very uneven 15 manner. U.S. Patent

cataly¥O0HBQRRMMIIMYBIS rebaheiaidiractertigwiatterarpisiibautor

arrangement for introducing spent fluid catalytic cracking catalyst more
 unifeynptasrees sthesderse batlief & rosbemiarddaiguidad e exalyst:
contact with regeneration gas in order to avoid hot spots and zones of '

distribiesrTplelecrabusfianchispventionalsme. contempisies the passibitalyst -
use of aeration to fluidize the header to further assist catalyst flow. A . '

is aer&&@ﬁh(tﬁ&@dyéincéﬂalm BB Hrhhdcotite svivth of xhaegermeatoThe
and extends towards, but doesn't touch, the opposite wall. This patent

acratléi’i;@a&mm&’lcﬁﬂwme spent catalyst through the trough arms of the spent

. catalyst distributor. As in the Murphy patent, arms that carry spent catalyst are connected

to a center shaft and extend outward from the shaft. This patent thus discloses a shape
that is very similar to the spokes on a wheel, when viewed from above. However, this
design also causes the spent catalyst to be distributed in the regenerator in a very uneven

manner.

-

U.S. Patent No. 6,809,054 to Myers et al. is directed towards a distributor

‘arrangement for introducing spent fluid catalytic cracking catalyst more uniformly across

the dense bed of a regenerator to provided more even contact with regeneration gas in
order to avoid hot spots and zones of incomplete combustion. This invention also

contemplates the possible use of aeration to fluidize the header to further assist catalyst

flow. A spent catalyst'-carrying'arm extends out from the wall of the regenerator and

extends towards, but doesn’t touch, the opposite wall. This patent also teaches that small

arms can extend from the main arm at angles of 90° or 60°. However, this design, while
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arms can extend from the main arm at angles of 90 or 60. However, this
design, while 2 not in the shape. of a spoked wheel, also causes the
catalyst to be distributed in the regenerator in a very uneven manner.
Accordingly, it would represent an advancement in the art of regenerating
spent catalyst in cracking units if there were a design that would allow the
distribution of spent 5 catalyst onto the catalyst bed in a very even
manner that would improve the efficiency of the regeneration of catalyst.

 not in SEMMARE Dp JHE WHVEENTIOM It dS thesafargiao bbjeictbiaifiresent |

invention to spread the spent catalyst more 10 uniformly across the entire

regen@rggﬁﬁqp{@@ ghthedeaeperator. It is a further object of the present
invention to achieve a more effective regeneration and a cleaner

regensaied, catalyald idsrasburthe nobiactatHennirsanbinRilerting spent
reduce, if not eliminate, after burning and the associated temperature - -

catalydiGReaaeKhmAY @f@}ﬁt@%@fdhesﬁgﬁmra«tﬁndhﬁmstaefuiﬁﬂﬂb@@dmmpem
the presént invention to improve the reliability and prolong the life of '

catalyQCBHRIMROEHABR D ERIRAIAYNG, SR ENERIANA W ISPIiTOoE ﬂwgfaﬁ@/ of -

“present invention to cause the spent catalyst to flow in a truly
the re lebsrent.ficection relative to the rising combustion gases. Itis a
urther object of the present invention to increase catalyst activity retention -
- 20 and reduce catalyst makeup cost. It is a further object of the present
|nvent|on to reduce NO, production during the

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to spread the spent catalyst fnore '
Uniformly across the.entire cross-section of the regenerator. ,

I;[ is a further object of the present inventioh to achieve a more effective
regeneration and a cleaner regenerated catalyst.

Ttis a further object of Athe present invention to reduce, if not eliminate, after-
burning and the associated temperature increase in the dilute phase of the regenerator.

Itisa fuﬁher_ object of the present invenﬁo'n fo improx;e the reliabiljty .and proil'o'ng
the life of equ'ipment used in regenerating spent catalyst.

- Itis a further object of the present invention to cause the spent catalyst to flow in

a truly eoﬁntef—éurrent direction relative to the rising combustion gases.

It is a further object of the presenf invention to increase catalyst activity retention
and reduce catalyst makeup cost.

It is a further object of the present invention to reduce NOyx production during the

regeneration of spent catalyst.
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regeneration of spent catalyst. 3 Accordingly, these objects and others are
achieved by the design of the present invention, which comprises an

open channel flow of fluidized spent catalyst through a branched

distributor which disperses, the spent catalyst in a very even distribution
pattern over the regenerator cross-sectional area through use of
distribution troughs, sub-troughs 5 and/or downflow tubes. In. preferred
embodiments, the main trough is split into multiple sub-troughs to form :
thé stragdinglya theye abyj ¢crossd; cther e achanhiktvptbbtydhgd dsagnsef theapresent

distribution troughs. Preferably, each trough is inclined downwards to aid

" inveritiozatahish ftompioes RIEH MEBRRHPTHON LR THEDRANINGS FiGoah 2

depicts a top view of the prior art spent catalyst regenerator. FIG. 113 .
branctief |¢t$mhsﬁmowﬁltrhpdwpwsafs the sprémit astalpsrincatatystveny drmﬁimoﬂ:p@tem
| C depicts a side view of the prior art spent catalyst regenerator. FIG. 2A
over dﬁp@smﬂﬂpmmﬁmﬂ&m]@dﬂmm@th& pfdistitintientiom gbmtalbmg)ughs
15 distribution troughs. FIG. 213 depicts a second top view of an

-and/ogbedifoentubéthe present invention containing distribution troughs. FIG.

2C depicts a S|de view of an embodiment of the present invention
comt@natfegedlsmbmmmbﬂt@ugimaﬂl ﬁ@g%@@hmta@ﬂaptxpmﬁﬁarsm‘h@to
"wye" embodiment of the present invention.

form the shape of a “wye” or “cross”, and each multiple trough has several dlstnbutton

troughs. Preferably, each trotigh 1s inclined downwards to aid.in c}atalyst flow.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. lA depicts a top view of the prior art spent catalyst regeﬁerator.
- FIG. 1B depicts e second top ttiew of the prior art spent catalyst regenerator.
FIG. 1C depicts a side view of the prior art spent cataiyst regenerator.
- FIG. 2A depicts a top view of an embodiment of the preeent invention cdntaintng
distribution troughs. o
FIG. 2B depicts a second top vjew of an embodiment of t}:e present invention
containing distn'bution. troughs.
FIG. 2C depicts a side view of an embodiment of the present invention containing

distribution troughs.

FIG. 3A depicts a top view of a split or “wye” embodiment of the present

‘invention.

FIG. 3B depicts a side view of a split or “wye” embodiment of the present

invention.




10

15

20

FIG. 3B depicts a side view of a split or "wye" embodiment of the present
invention. 4 FIG. 4A depicts a top view of a split or "wye" embodiment of
the present invention containing distribution troughs. FIG. 4B depicts a
side view of a split or "wye" embodiment of the present invention
containing distribution troughs. 5 FIG. 5A depicts a top view of a fourth

embodiment of the present invention containing downflow tubes. FIG. 5B .. -

depicts a second top view of a fourth embodiment of the present
invéatidn deptainmtpplovenfiofhateidorF i@ S Cribpitmeatsidéhvioresh
fourth embodiment of the present invention 10 containing downflow
inventitreso G\ dispints entbpugbsy of a fifth embodiment of the present
invention containing downflow tubes and distribution troughs. FIG. 6B
défiiGtstB sepontslaopleiawmod fafifphieon Sedic i enttofdtheeptedaht presation

containing downflow tubes and distribution troughs. 15 FIG. 6C depicts a . -

invensicie odetainihg fiftitrbumibedineghof the present invention " containing
downflow tubes and distribution troughs. FIG. 7 depicts a top view of a
mHm:ﬁ)I§Aplﬁpectmtbmmmnoéflae&pmh@mhnd&nmf:metpmmgtdmta:lnuimn
troughs. FIG. 8A depicts a cutaway view of a trough Wlthout downflow
contatnb@iownﬂow tubes
- FIG. 5B depicts a second top view of a fourth embodiment of the present
invention containing downﬂow tubes.
FIG. 5C depicts a side view of a fourth embodiment of the present invention
containing downflow tubes.
FIG. 6A depicts a top view of a fifth embodiment of the present invention
containing downflow tubes and distribution troughs.
FIG. 6B depicts a second top view of a ﬁfth _embodinient of the present invention

containing downflow tubes and distribution troughs.

FIG. 6C depicfs a side view of a fifth embodiment of the present invention

containing downflow tubes and distribution troughs.

FIG. 7 depicts a top view of a multiply split embodiment of the present inventionA
containing distribution troughs.
| FIG. 8A depicts a cutaway view of a trough without downflow tubes or
distribution troughs.
F1G. 8B depi_cts a cutaway view of a trough with distribution troughs.

FIG. 8C depicts a cutaway view of a trough with downflow tubes.
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INVENTION The following description of preferred embodiments is
presented to illustrate the present invention and is not to be construed to
limit the scope of the appended claims in any manner whatsoever. 5 As.
“best shown in FIGS. IA, 1B and 1C, the prior art is limited to distributing
spenDEIAYEEDIDEFORIP AHONQROTHH(PREAENE BRYHNAEMNL (11).
proceeds along the main trough (12), the spent catalyst (1,1) flows over
th€hedhil o ihg desdriptougf prefeired padifiduncnts asptendédiie Mustrate the
trough (12) (see also FIG. 8A). This overflow is schematically represented
preseﬂ[iylmrmWGn ahida speftpdatalysttadd is bisitithetechire o fite 2ppendet dlagns in
catalyst bed (not pictured). The main trough (12) can be supported on.the
any maassewhatk¢E8$ithrough a support means (16). As best shown in FIGS.
2A, 2B and 2C, the present invention improves upon the. prior art by
addingdistiibutionFiGE g ha (2B)aid i 6 dhcipsiesfithemiaihtrdigh{2@)g
Each distribution trough (21) is angled downward from the main trough
spent (22l gst g5l )alirGighilitatacataightfla) BechkPeaBpiSyentldimtyst¢d8plong
therefore flows into the main trough (22) and, as the spent catalyst (23) -
the mpinoeadh aldnghté spardinatedysii{ (PRflopertivastlare alistab the dotontisugh (12)
~ catalyst bed (not pictured) via the distribution troughs (21) along the- path
in speoffibé artours ( By crube iwmdisinipi(t2) (weghs(RKy s3dondlbis dramiltve is
main
schematically represented by arrows. The spent catalyst (11) is distributed in a lme o

across the catalyst bed (not pictured). The main trough (12) can be supported on the

~vessel wall (15) through a support means (16).

As best shown in FIGS. 2A, 2B and 2C, the presént invention impréves upon t'h.e.
prior art by adding di'stributioh troughs (21) along 'éach side of the main trough (22),’
Each distribution trough (21) is angled downward from the main trough (22) so as to
facilitate catalyst flow (see FIG. 8B). Spent catalyst (23) therefore flows into the main
trough (22) and, as the spent catalyst (23) pro;:eeds along the maif; trough (22), portions
are distributed to the .catalyst bed (not pictured) via the distribution troughs (21) along the
path of the arrows. Becaubse the distribution troughs (21) extend out from the main
tfough (22) (see also FIG. 8B), the spent catalyst (23) is distributed in a more even.
manner along the catalyst bed bottom (not pictured) than in the prior art (see FIGS. 1A,

1B and 1C). It is envisioned that the main trough (22) can be supported on the vessel

wall (24) through a support means (25).
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trough (22) can be supported on the vessel wall (24) through a support
s{25). IGS. 3A and 3B depict another embodiment. of the present

TGN 1 tregba Ol e SRy G ER o R P4 Bigh (o1

into sub-troughs éSZ). The term "sub-tr?été?lh%s)" Is not meant to indicate a

impros QYA HSRE AR SPIAF A A ASOH (3h) s Rt v Hudhts)”

encompasses any trough (whether larger, smaller or equal in size) that
term “gbntehieb ¥ frorAttmeatdmindoyn {30ugHBa e pmabieaNasn (eIl e pheh
and through the main trough (31). Portions of the spent catalyst (33) are
(31). Disttivoxeshbvierughés walisohpassenainy trough (Bhytheshegifiednelles orse(a)
of the main trough (31) (see also FIG. 8A). The arrows represent this
in sizeptterfloandiet eff Hbthehspenheataystd(33)Tike distritmately thidR)dlotireinto
cutouts (34), and remaining spent catalyst (33) is diverted into

and th&HH A ehe 3 dhiah. bPanebhout fherptie dnainstra3gart3di3uTbiged over

branches can begin at any point (35) along the main trough (31). As the

the waﬁ@%@&mm%ht@yﬁ@ theeaulndiaughs 68de RRRtiaRsuSh (he)seaNt
e

catalyst (33) are distributed over the walls of the sub- troughs (32) in

also FRPEGAICG LR {3 Ol Y BRANANS (REhiTSIGRI B LRRIPS]TS SIS

overflow. Because the sub-troughs (32) extend out from the main trough

oo A R s ) P,
o R B s S I R BRSPS
any point (35) along the main trough (31). As the spent catalyst (33) traverses the sub-
troughs (32), portions of the spent catalyst (33) are distributed over the walls of the sub-
troughs (32) in specified cutouts (34) of the sub-troughs (32). The arrows represent this
overflow. Because the sub-troughs (32) extend out from the main trough (31), the spent
catalyst (33) is distributed in a more even manner along the catalyst bed bottom (not
pictured) than in the prior art (see FIGS. 1A, 1B and 1C). It is envisioned that the sub-
troughs (32) can be supported on the vessel wall (36) through a support means (not
pictured).

FIGS. 4A and 4B embody yet another preferred embodiment of the present
invention in which the improvement over the prior art is achieved by splitting a main
trough (41) into sub-troughs (42). Furthermore, distribution troughs (43, only some are
designated) line the sides of both the main trough (41) and sub-troughs (42) (see also

FIG. 8B). The spent catalyst (44) flows into and through the main trough (41), and, as



pictured). FIGS. 4A and 4B embody yet another preferred embodiment of
the present invention in which the improvement over the prior art is
achieved by splitting a main trough (41) into sub-troughs (42).
Furthermore, distribution troughs (43, only some are designated) line the
sides of the main trough (41).and sub-troughs.(42) (see also FIG.
the sp g s A DA 08 MOMTAPERIER G GOSH S MEr WRTR e
and, as 7 the spent catalyst ES;‘rd(.-é’j,\prcx:e‘eds along the main trough (41),
catalysh esprRitgre (GRIRISHES LY thie HLPUIgR drBHbH Mt et ired i viRaie
distribution troughs (43) located on the main troughégfl). Not all of the
troughddd ht Natalsif (e pewfisaidyse tHhrs dHrtheted Aonst g gngim frough’s
distribution troughs (43). Remaining spent catalyst (44) is then diverted
(41) digitdbsuion trougihyd44R) Remieiningsismoentftpsh(te mdientdovegted4nto Te
branches can begin at any point (45) along the main trough (41). Once
troughs|péhit whichyisti(dh oanfers the subrtrough$4 (42T hi¢ s adishkbuiadegitha any
catalyst bed (not pictured) via the distribution troughs (43) located on the

point (A5l siRUAB fhl). (RReaUSE) Itmcisiiinianiyaughpdtalentand-aut figm
both the main trough (41) and the sub-troughs (42) (see also FIG. 8B), the

(42), iSREMEBIRNSH (BB BISIHRYIRE P @URATS RMER IMARPRIA ARLRE (43)
catalyst bed bottom (not pictured) than in the prior art (see FIGS. IA, IB

locate(ﬁ?g At EOMLNEBhAL R R RANE (akikanHe SURPEIEE

e vessel wall (46) through a support means (not'shown). FIGS. 5A, 5B

voun R STROR YER AR RIEIS e erbompeR ofiie presette

st
invention 1 ownriow tu as circies

o SRR RIS, S re proyided e IRl e el kel

than in the prior art (see FIGS. 1A, 1B and 1C). It is envisioned that the sub-troughs (42)
can be supported on the vessel wall (46) through a support means (not shown).

FIGS. 5A, 5B and 5C embody yet another preferred embodiment of the present
invention in which downflow tubes (51 in FIG. 5C and depicted as circles in FIG. SA and
FIG. 5B) are provided in the middle of the main trough (52) (see also FIG. 8C). As the
spent catalyst (53) proceeds along the main trough (52), portions are distributed over the
walls of the main trough (52) in specified cutouts (54) of the main trough (52). The
arrows represent the overflow. Not all of the spent catalyst (53) is distributed through the
cutouts (54). A percentage of the spent catalyst (53) is distributed via the downflow tubes
(51 in FIG. 5C and depicted as circles in FIG. 5A and FIG. 5B). These downflow tubes (51 in FIG. 5C
and depicted as circles in FIG. 5A and FIG. 5B) extend from the bottom of the main trough (52) to
below the surface of the catalyst bed (see FIG. 8C). In a preferred embodiment, the downflow tubes (51

in FIG. 5C and depicted as circles in FIG. 5A and FIG. 5B) extend from the bottom of the main
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spent catalyst (53) proceeds along the main trough (52), portions are
distributed over the walls of the main trough (52) in specified cutouts (54)
of the main trough (52). The arrows represent the overflow. Not all of the
spent catalyst (53) is distributed through the cutouts (54). A percentage of
the spent catalyst (53) is distributed via the downflow tubes (51 in FIG.
. 5C and depicted as circles in FIG. 5A and FIG. 5B). These downflow
¢ tli%bg? (51 in‘tlEI?G. 5C and depicted as circles in FIG. 5A and FIG. 5B) . o
rougliisire R8vh " BEREH bitheatalst hetigndsnipiheiunee artathesagalyst bed
the catalyst bed (t ee FIG. 8C). In a preferred embodiment, the downflow
'sfé?‘c‘%‘ﬂﬁ ERLR E@%iléi#&@ﬁﬁ@@ﬂ%& g bstyv the
the bottom of the main 8 trougré‘agfz_)ggas_t the surface of the
hisEHEluebisAGMNY. even
Because the spent catalyst (53) is distributed both above and below the
manpgr 1A QSR (Rse N And B e d&atali/ét tbo) dn drenisditatithe
more even _manner than in the prior art (see FIGS. IA, IBand 1 Q. Itis
EF‘OY@HGGBQQH:@%@I%@WQH@U meahe(56).
vessel wall (55) via a support means (56). FIGS. 6A, 6B and 6C depict
s,tiIF}@tgaﬁéﬂ#_ prdisfretsrintisElint anotheiemissed: cinbedtinent ofifis present
. preferred embodiment downflow tubeséGl in FIG. 6C, not shown in FIGS. _
IVeRROBy BBV ETSFEVREErAb HEsB AV nw Whan @bigRIG2HGntot shown in
- _ distribution troughs (64) along each side of the main trough (62). As the . -
FIGS b e QENEE sy et st getglah@ftﬁ@ PRI L §82 pndotirsTibudien
distributed by the distribution troughs (64) Each distribution trough (64) is
troughsdfetl AloRE FRGR AdHe trBemaR tron (@) s dBerepridineiedysiaiedy siroceeds
flow. Spent catalyst (63) therefore flows into the main trough (62) and, as-
alongihe SRR OHEN 25 B HHBE RSBy 5 bidh (HOUMSR) towalor (6 AFeFach

istributed to the

_ distri%utlon trough (64) is angled downward from the main trough (62) so as to facilitate

catalyst flow. Spent caialyst (63) therefore flows into the main trough (62) and, as the

spent catalyst (63) proceeds along the main trough (62), portions are distributed to the -

- catalyst bed (not pictured) via the distribution troughs (64) alohg the path of the arrovslfsl.

Not all of the spent catalyst (63) 1s distributed through the distribution troughs (64). A

" percentage of the spent catalyst (63) is distributed via the downflow tubes (61 in FIG. 6C,

not shown in FIGS. 6A or 6B). These downflow tubes (61 in FIG. 6C, not shown in -

FIGS. 6A or 6B) extend from the bottom of the main trough (62) to below the surface of

the catalyst bed (see FIG. 8C). In a preferred embodiment, the downflow tubés (61 1n

FIG. 6C, not shown in FIGS. 6A or 6B) extend from the bottom of the main trough (62),

-past the surface of the catalyst bed, and into the upper part of the catalyst bed (not .

shown). Because t_he distribution troughs (64) extend out from the main trough (62) (see

also FIG. 8B), and since some of the spent catalyst (63) is deposited beneath the surface -




catalyst bed (not pictured) via the distribution troughs (64) along the path
of the arrows. 15 Not all of the spent catalyst (63) is distributed through
the distribution troughs (64). A percentage of the spent catalyst (63) is
distributed via the downflow tubes (61 in FIG. 6C, not shown in FIGS. 6A
or 6B). These downflow tubes (61 in FIG. 6C, not shown in FIGS. 6A or
6B) extend from the bottom of the main trough (62) to below the surface of
the catalyst bed (see FIG. 8C), In a preferred embodiment, the downflow

- of thypptalysh bedo the rBeri it KodnsiAiTb edAn? BRTeTSRARBAFAloNE and
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battom of the main trough (62), past the surface of the catalyst bed, and
throyghowh dhe spkil Yt st it eagairD e e RERTIEEREEEShbA, 1B and 1C).-
- distribution troughs (64) extend out from the main trough (62) (see also .
Itis plfe cpppiondl it dhsonindrenshs(iicantbn/BimpaYed e positesstondh(ss)
_ the surface 9 of the catalyst bed, the spent catalyst (63) is distributed in a
via 2 RBAEL B ARRRr along and throughout the catalyst bed (not pictured)
than in the prior art (see FIGS. | A, 113 and 1 C). ltis also envisioned that
theF Heaih TN & s sersidopabrdinant o eespedsaratifgs)tipmia whicha
_.support means (66). 5 FIG. 7 shows another preferred embodiment of the ;
maingraugh(fydnephtiminmsrreml sibmraeghs((2)) Fsbkrinesesdissrdution troughs - -
sub-troughs (72). Furthermare, distribution troughs (73, only some are o
(73, orplyigPriedrItrsignaisiidingrthecsisien-afghg selrtmughe(ZRJIEIGISEHIGL 3B).

envisioned (but not. shown) that distribution troughs (73) could also line

It is epeisipned GpuirRohshrvRo te ErstyibrtensrengeataR)sequis) Alswkinintbesides of

through the main trough 10 (71), and, as the spent catalyst (74) proceeds

the magrgowen kvdih TR Ertg21abridrg of eves iy and dbanpah Ty mwesn trough
distributed over the walls of the main trough (71) through cutouts

(71), and, as the spent catalyst (74) proceeds along the main trough (71), portions of the

- spent catalyst (74) are distributed over the walls of the main trough (71) through cutouts

‘(similar to FIG. 3B) of the main 'frough (71). Not all of the spent catalyst (74) is

distributed through the cutouts. The remaihing, spent catalyst (74)‘is then diverted into
sub-troughs (72) which branch out from the main trough (71). The branches can begin at :

any point (75) along the main trough (71). It is cnvisioned that all branches can begiﬁ at

* the same or different points (75) along the main trough (71). Oncé spent catalyst (74)

enters the sub-troughé (72), it is distributed to the catalyst bed (not pictured) via the
distribution troughs (73) located on the sub'-troughs (72). Because the distribution
troughs (73) extend out from the sub-troﬁghs (72) (see also FIG. 8B), the spent catalySt |
(74) 1s distributed in a more evén manner along the catalyst bed (not pictured) than in the:
prior art (see FIGS. 1A, 1B and 1C). It is envisioned that the sub-troughs (72) can be |

supported on the vessel wall (76) through a support means (not shown).

10
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(similar to FIG. 3B) of the main trough (71). Not all of the spent catalyst
(74) is distributed through the cutouts. The remaining spent catalyst (74)
is then diverted into sub-troughs (72) which branch out from the main
trough (71). The branches can begin at 15 any point (75) along the main
trough (71). It is envisioned that all branches can begin at the same or
different points (75) along the main trough (71). Once spent catalyst (74).
enters the sub-troughs (72), it is distributed to the catalyst bed (not
pichifedAvishoives allstaibotiqroind et 8f toraiedrongihB3nbftbaghoy 22).
Because the distribution troughs (73) extend out from the sub-troughs
along1M)e(8aeimBIGE IR, 8B) strensprtatystfbiyst tfo(igh) e distrituegdlin( 3 )nspent
- even manner along the catalyst bed (not pictured) than in the prior art

catal{SeElFkE SvarAhd $alinef 1) nibis eovigi¢REHathal tes $B2) i tghdif@2)ocant the

be supported on the vessel wall (76) through a support means (not
arrovshad)s depbiGeBnshewsayseheddrlpvirhof siewr)f a main trough (81)
of the prior art along line 8A in FIG. 1A. As spent catalyst flows through
tha?m}lllBrﬂugbs(Bh&aépﬂnpomMalg/steﬂm&onmnthewghl[§ bf) tinetlnegiresent
trough (81) at cutouts (82) in the direction of the arrows and is deposited
inveitivihgl eagalystdmeth RIGVE Motshpetit)c A& RBvsiimvsgh ieanhain poingh
of view of a main trough (81'), in the present invention along line 8B in

(81" FiGerA AR SpRoW s alalysiibe sirbugodhe tgain( 85 gh t8 Hirespientof the

~ catalyst flows through the distribution .troughs (83') in the direction of the

arrovas IS Sleb isapositeel carathet batbbydtweddsetmatiot shown). FIG. 8C
shows a head-on point of view of a main trough (81") in the present 10 -

INVEIGI8 Cadhog din b &id-im pkGntsos viewspntredatatiyst o83 thialbk preserit

main trough’
invention along line 8C in FIG. SA As spent catalyst ﬂows through the main trough
(81 ”), Spent catalyst flows over the walls of the main trough (81°’) at cutouts (82”’) in
the direction of the arrows and is deposited on the catalyst bed (84 ’). Additional spent
catalyst flows through the main trough, travels downward through the downflow tubes
(85”°), and is deposited below the surface of the catalyst bed (84°").

_ In all the embodiments of the present invention, the spent catalyst is introduced

into the regenerator from a catalytic cracking unit, although the present inventors '

contémplate that the invention may be employed in other applications that would benefit

from improved' distribution of particulate matter. It is envisioned that single stage, two-
stagc regenerators and side-by-side reactor/regenerator configurations can be utilized
with the invention. Additional designs that may be forthcoming in the art can also be
utilized with the invention.

It is envisioned that any number and combination of sub-troughs, distribution

troughs, and/or downflow tubes can be utilized with the invention as long as an even

11
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trough, travels downward through the downflow tubes (85 "), and is
deposited below the surface of the catalyst bed (84"). 15 In all the
embodiments of the present invention, the spent catalyst is introduced
into the regenerator from a catalytic cracking unit, although the present
manriavefipeat caalgandiataihtidthis ackizvidn Ingyabe emvidoyed thavtfhersperit
applications that would benefit from improved distribution of particulate -
catal yeadtar bl isramdsinhadibal singlelsiagectwo-{siagepageddtatqssandde the
‘ side-by-side reactor/regenerator configurations can be utilized 20 with the.
regengienitioed é&ddiuemédﬁssm&ﬁbmﬁmmdvmfﬁrﬁhemmmgm thedartan also
be utilized with the invention. It is envisioned that any number and -
CORWwifigtidsaitsedbtieopgbstdisieiticinrit wiligbs; e dfpraanmhiiomitpes
can be utilized with the invention as long as an even 11 manner of spent
- changedabyshibairibation i agbiexede foshelsb ervitionittdraibbeiseeans without
catalyst can be aerated either from external sources or from captured flue .

depafitg ifsidetibepieganaicchadodtinaesinditanymanner known in the -

art as the need arises. Having described the present invention, it will now
beTappakeni thaitivasny ehange savtymadifisaiensiyafhervade to the
above-described embodiments without departing from the spirit and the
scope of the present invention. The above-mentioned patents are hereby -
incorporated by reference. 12

12
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elongated main trough and, optionally, fluidizing and/or aerating said
spent catalyst; b. passing a percentage of said spent catalyst from said
riaininrenigin tdazgmglusality of sub-troughs; and c. feeding said spent
catalyst from said plurality of sub-troughs and from said main trough to a
chitAlyathreos dHHEBIIRS Eeih CEILY S o AL PRtaR) SY Y8t S ECRY0s A0Y ?rr%b\liﬁﬁled

tiquahiand gaid Q{Hrggjj{%@i@g—etgfgwm to said catalyst surface bed via a
plurality of cutouts located on the walls of said main trough and said

plurality SPEEHBLIEIRgAcalysh & hethisn b lbl slnn g2 irmeveneu s apdnt

catalysts dash 10T aid AU Ml 206k SaUR Bl of sub-troughs to

said catalyst surface bed via %plurallty of distribution troughs located on
the sides PREHE haHGHEEH AnerishrsatuFaltly B iEB-audgran Jropgs o a

method,pf-alajr 2wAslgin.ahleast one of said plurality of distribution
troughs is angled downward. 4. The method of claim 1 wherein a plurality

of dowSflERdiNG &% A6 srfabs drrsntraid powalty ot st trRshs sd Jro A ad

further compdsinadne SigReRbauRARSINg some of said spent catalyst to
said plurality of downflow tubes; and b. feeding said spent catalyst in said

pibeasty sidonmtcadites ds&Hionatidyapindpegirapd said plurality of sub-

troughs to said catalyst surface bed via a plurality of cutouts located on the walls of said

main trough and said plurality of sub-troughs.

2. The method of claim 1 wherein said spent catalyst is fed from said main trough and
said plurality of sub-troughs to said catalyst surface bed via a plurality of distribution

troughs located on the sides of said main trough and said plurality of sub-troughs.

3. The method of claim 2 wherein at least one of said plurality of distribution troughs

is angled downward.

4. The method of claim 1 wherein a plurality of downflow tubes are connected to the
bottom of said main trough, and further comprising the steps of

a. passing some of said spent catalyst to said plurality of downflow tubes; and

b. feeding said spent catalyst in said plurality of downflow tubes to said catalyst

bed surface.

5. The method of claim 4 wherein at least one of said plurality of downflow tubes
extends below said surface of said catalyst bed and said spent catalyst is deposited

below said surface of said catalyst bed.

6. The method of claim 5 wherein at least one of said plurality of downflow tubes
extends below said surface of said catalyst bed and into the upper part of said catalyst

bed, and said spent catalyst is deposited into the upper part of said catalyst bed.

13
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method of claim 5 wherein at least one of said plurality of downflow tubes
extends below said surface of said catalyst bed and into the upper part of
said catalyst bed, and said spent catalyst is deposited into the upFer part

of S ety st 3 whereia FRbtdYor e Bbes il pRIRShS AP the
doailow fukes ahe cannectrthtthingohptinmsahablieast pRR se\etaddam

the group consisting of said main trough and said plurality of sub-troughs,

IR S R ER gth ML e B IS e HEPS Ofne of said spent catalyst
to said plpaiity efslovmbiawpiipesapRddsdaguingisaid RRemocatalystan

said plurality of downflow tubes to said catalyst bed surface. 8. The

method o e WGP Al A EUM B BRLEI @ TEWHEN thse Loaptdalyst

helowirmadéd surface of said catalyst bed and said spent catalyst is
deposited below said surface of said catalyst bed. 9. The method of claim
8 wherein at least one of said downflow tubes extends below said surface

of. smiel gatlysifeedrndinie e uppesRast ofigaishedialy aibaedx@neh $aichy
spent catalyst is deposited jnto the upper part of said catalh/st bed, 10. The

Rt BEGAH O AHETERT 18 SACRETEF AR it PR S St cigryvrtace

teguglsaisipaglad downward. 11. A method of distributing spent catalyst in
a spent catalyst regenerator for a

9. The method of claim 8 wherein at least one of said downflow tubes extends below
said surface of said catalyst bed and into the upper part of said catalyst bed, and said

spent catalyst is deposited into the upper part of said catalyst bed.

10. The method of claim 2 wherein at least one of said plurality of distribution troughs

is angled downward.

11. A method of distributing spent catalyst in a spent catalyst regenerator for a
fluidized catalytic cracking unit comprising the steps of:
a. collecting spent catalyst in a substantially elongated main trough and,
optionally, fluidizing and/or aerating said spent catalyst;
b. passing a percentage of said spent catalyst from said main trough to a
plurality of downflow tubes located on the bottom of said main trough;
c. feeding said spent catalyst remaining in said main trough to a catalyst bed
surface via at least one selected from the group consisting of a plurality of
cutouts located along the walls of said main trough and a plurality of
distribution troughs located on the sides of said main trough; and
d. feeding said spent catalyst in said plurality of downflow tubes to saidcatalyst

bed surface.

12. The method of claim 11 wherein at least one of said plurality of distribution
troughs is angled downward.
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catalyst from said main trough to a plurality of downflow tubes located on

the. hotonamdsaitmain (rauskiCaf %ﬁ%@@f%ﬁ@%ﬁﬂtﬁ'&ﬁ&émw bR
said main trough to a catalyst bed surface via at least one selected from

tREGEURF NSty BFS gAY dubsthand it PaId g iR WasRysited

Sibaia Sieteh ARG ERIMEatIRsef distribution troughs located on the
sides of said main trough; and d. feeding said spent catalyst in said

plurality of downflow tubes to saidcatalyst bed surface. 12. The method of

clainmhklnwinetesn akigast anerah iR Rl ehidipthiRutioss Beughsyisubes
an%led downward. 14 13. The method of claim 11 wherein at least one of

SHEBRIPAIRY stidsWrtswetd 2 RERed Ml DR S said) catalyst
ai@lysd hed et saigyspeat savialyshds Hengsitpdr belaw saigysustace of

said catalyst bed. 14. The method of claim 13 wherein at least one of said
plurality of downflow tubes extends below said surface of said catalyst
bed and into the upper part of said catalyst bed, and said spent catalyst is
deposited into the upper part of said catalyst bed. 15
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