IMPROVED BATHTUB-TYPE SPENT CATALYST DISTRIBUTOR FOR
EFFECTIVE COUNTER-CURWE'NT REGENERATION IN FLUID
CATALYTRIC CRACKING UNITS FIELD OFTHE INVENTION T he
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 Or effective counter-eurrent regeneration. ion in fluid
dMAR VT BCRING AR BACKGRPONVN D ORATHE TNDIERRIBN TR theory
behipl &gt CATNSCARIMBUEdS(HAR REAT KRBWR X RAaROPe &Ns.
Generally, onté UatalyatIhek Y& (FaGKaNGatRilgrof. ss, it is referred
to as being spent” catalyst. The Spent catalyst is covered with coke,
winch covers the active sites on the catalyst t ereby substantially reducing
the activi v of the cdtiiylsP P15 pbdsibie/ ERBIVEVer, to remove, the coke
from the catalyst through the use of a regenerator. The spent catalyst is
rERFiRTESENE IFeGBHRRARIEN Y theraripostes dowabatpiurdfer andipuiedvinke
only the catalyst. The hot re-activated catalyst is then removed from the

present ERUPAHTAEHE 1dadubbHPreserrkit brodaLa i A ABwA Brslskr in
the an that if the spent catalyst: is not distributed into the regenerator in a

the preyi Gy HHARAer Hied toa%ahel@(tt}&’ﬁméaaﬁéméﬁt S5 IR LA eI BiFing
and the associated temperature increase in the dilate phase of the

counter e SR KB 1S" BP&EéH?g%FN%Y,Tf& GéfiEr et undesirable amounts,
Several past patents have attempted to resolve the deficiencies of the
prior art distribution problems with varying de roes of success, For

example, USE&E&I&R%{W%%LH{FWE&% &@Ches an apparatus

that is

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 1s fed into the regenerator and the deposited coke is burned away, leaving
only the catalyst. The hot re-activated catalyst is then removed from the regenerator to be
reused in the cracking process. It is a known problem in the art that if the spent catalyst
1s 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 NOj 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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used in the regeneration of cracking catalyst r=~ilns v.hi h 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 he
distributed in the regenerator in a very uneven manner. [1.S. Patent No_
5,635,140 to Miller et al. discloses a design for a spent catalyst distributor
for adluid capddylic Sraekin unil Tegenesdtlurphinis desigehedien appmtatus that is
catalyst is aerated in the spent catalyst distributor by air and combustion
use@ieilugt gasesn Bierhdkiagradianfacilitatesiihielflogr piphst speinycatalyst
through the trough arms of the spent catalyst distributor. As in the Murphy

conPaiAli@rvsiatEafiyrspent calalystal ereanneciedt thadcanietoshaftianshter
extend outward from the shaft. This patent thus discloses a shape that is

walMesy igdaeterthierspokes e inegk e vigaadiian: abevantiamever,
this design also causes the spent catalyst to be distributed in the

spok8g8Rer dlRdn) RuaTYidRedeRorhnhoaBNelo WSk atentibivg0c308:0 84 tepent
Myers et al. is directed towards a,distribator arrangement for introducing

cata3PENG Bdidisatpltie frackingsatatystmoteyniferelymsiass the dense

bed of a regenerator to provided more even contact with regeneration gas

in qrderHaaxald hokspatsand EoRES: lingepieie cembustionspdiiscatalyst
invention also 2 contemplates the possible use of aeration to fluidize. the

disthgaderite furthercassistcatalyatgion: Aspenicatalyshicateying Ekpent catalyst
extends out from the wall of the regenerator m d extends towards, but

is adlagsiih tolchcthe appesitawalitclts patant alsehiesichas hal.gsighsesNBhe
can extend from t ;.e main arm at angles of 90 of 60". However, this

acrdHR3i LR IWhe et ihershapseal aaspokadwhaelhalsogausessthethe spent
catalyst to be distributed in the

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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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 carver that would improve the
efficiency of the regeneration of catalyst. SUNIM RY OF THE
INVENTION It is therefore an object of the present invention to spread the
spent catalyst more 10 uniformly across the entire cross-section of the

not iFEGRNGRMOb I i aifbuthacobiass ehthespresaniliryventeiaranhiayamane
more effective reF,enerat[on and a cleaner regenerated catalyst. It is a

regefOIEF RRIRLOT IS, BReagRtdpvention to reduce, if not elirniaiate, a er-
burning and the associated temperature increase in the dilute phase of the

regep& @ik adtis advehes hischat ihe-nrasant invantigndecieRoNe spent
the reliability and prolong the life of equipment used in regenerating spent

catal?@{q}yga&ﬁ adiilaenpbiestrf mﬁeﬁ%?%at {RYSRUADHIP GaUREHIERERE spent

Catalyst to flow Jul a tnily eounier-cuT-Pnt direction relative to the rising

cata GRS HRD cg?zﬁ?sc‘t BLiid Iiu\';g?% LOBIERLRH L e R GR/NE IRV efficiency of

ncrease catalyst activity retention Z0 and reduc catalyst makeup cost. It

the r%&féigﬁgﬁ 8P1?a‘f£l%@re present invention to reduce NO production during
the regeneration o It catalyst. Accordingly, these objects and others are

achieved by the design. of the present invention, winch comprises an
ot)en ciramiel flow of tlitidized spent rata yst t rough a branched

distributor which disggfisag i BREFHERRMSVIRR YeONeVen distribution
patterFn
It is therefore an object of the present invention to spread the spent catalyst more
uniformly across the entire cross-section of the regenerator.
It is a further object of the present invention to achieve a more effective
regeneration and a cleaner regenerated catalyst.
It is a further object of the present invention to reduce, if not eliminate, after-
burning and the associated temperature increase in the dilute phase of the regenerator.
It is a further object of the present invention to improve the reliability and prolong
the life of equipment used in regenerating spent catalyst.
It is a further object of the present invention to cause the spent catalyst to flow in
a truly counter-current direction relative to the rising combustion gases.
It is a further object of the present invention to increase catalyst activity retention
and reduce catalyst makeup cost.

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

regeneration of spent catalyst.
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over the regei erati?r Dress-sectional area through use of distribution

troughs, sub-,'rough. 5 and/or downflow tribes. In preferred embodiments,

the main trough is split into multiple sub-troughs to form the shape of a

"wye" or "cross,", and each multiple trough has several distribution

troughs. Preferably, each trough is inclined downwards to aid in catalyst

flow. | U ]3R1' DESCRIPTION OF THE DRAWINGS FIG. 1A. depicts a

top view of the prior art spent catalyst regenerator. FIG. B depicts a

secAnrdotginglbutivdsthetpeios antispbetscatatysi regbbethtotestGo iGhe present

depicts a side view of the prior art spent catalyst regenerator. FIG. 2A
invedejoict svaitdpcviepristaan epvnadianent Gftheopbsdntahvpationtedytaimingsh a

15 distribution troughs. FIG. 2B depicts a second top view of an
brarefmhbdisnénitof thiei grelSgrnt-toy éntioperdantainin gndisteityuticm tiotghsi ¢l Gattern

2C depicts a side view of an embodiment of the present invention
oveEHHaipigraistripodiose trinighar20iteu Brustepitisiaibop atavo ofasspliberoughs

"wye" embodiment of the present invention. FIG. 3B depicts a side view
and@f, dospiler tbye" embodiment of the present inventi~ .ai. { FIG. 4A

depicts a top view of a split or "wve" embodiment of the present invention

contamycifag eliséritvisiion 4o ghs nihia A3 gdepicisiaisidenvikiylokatspiiughs to

"wye" embodiment of the present
form the shape of a “wye” or “cross”, and each multiple trough has several distribution

troughs. Preferably, each trough is inclined downwards to aid in catalyst flow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A depicts a top view of the prior art spent catalyst regenerator.

FIG. 1B depicts a second top view of the prior art spent catalyst regenerator.

FIG. 1C depicts a side view of the prior art spent catalyst regenerator.

FIG. 2A depicts a top view of an embodiment of the present invention containing
distribution troughs.

FIG. 2B depicts a second top view of an embodiment of the present invention
containing distribution 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.
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invention containing distribution troughs. 5 FIG. SA. depicts a top view-' of
a fourth embodiment of the present invention containing downflow tubes.
FIG. 513 depicts a second top view of a fourth embodiment of the present
invention containing downflow tubes. FIG, 5C depicts a side view of a
faua-rti= embodiment of the present invention 10 containing dowuflow
tubes. FIG. 6A depicts a top view of a fifth embodiment of the present
invention containing downflow tubes and distribution troughs. FIG. 617?
depidfs. & Sabundteponencof & fifthlgmbodirneambodtienpne oé thdrprestitn
containing dowv;.,t-ov,%tubes and shzbutiimatroug,ie. 15 FIG. 6C depicts
invenidecvigwnofgadfifth o dionghs.of the pr omit invention containing
doliwnfiow tubes and distribution troughs, FIG. ? depicts a top view of a
nmiEpGyAitdepibodimeént afthd prapdent ifwentiembeohtaining, ttspritastion
troughs. FIG. 8A depicts a cutaway view of a trough without donwnfiow
invduiies amt2thdigtabuiiart dnaugighsFIG. 8B depicts a cutaway view of a
* trough with distribution troughs- FIG. 8C depicts a cutaway view of a-
trougiitowith depiett auoiubes: BERTAHER DI ECRIR DI QfesEhtEnvention
PRESENT INVENTION The following description of preferred
conemnbadiventiols preaented to illustrate the present invention and is not to
he construed to limit the scope of tine appended claims in a rv manner
whatBeeyBrdepicts 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 embodiment of the present invention

containing downflow tubes and distribution troughs.
FIG. 6C depicts 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 invention

containing distribution troughs.

FIG. 8A depicts a cutaway view of a trough without downflow tubes or
distribution troughs.

FIG. 8B depicts 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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As best shown in FIGS. IA. 1B and 1C, the, prior art is limited to
distributing spent catalyst (11) through a main trough t 12). As the spent
catalyst (11) proceeds alone: the main trough (121, the spent catalyst
(11) flows over the walls of the main trough (12) in specified cutouts (13)
of the main trough (12) (see also FIG. SA). This overflow is schematically
represented by arrows. The spent catalyst (11) is distributed in a line 10
across the catalyst bed (not pictured). The resin trough (12) can be
suppoidifad IED VRESEI RANTIGNt QB igH Ia BRFSIENTdANE XD 1A best
shown in FIGS. 2A, 2B and 2C, the present invention improves upon; the
priortarthyoaddndedisipitdorii of irofegisl (2l) @dongreactpsidentédiie mhastrate the
trough (22). Each distribution trough (21) Wangled downward from the
presen@i kaligh 62d)isaasdbhd dbdadititadaciitaly shélovwised REGpY dR)edSremts in
catalyst (23) therefore flows into the main: ri:n b (22) and, as the spent
any Gaialsty@3)spegegeds along the main nough (22), portions are distributed
to the catalyst bed (not pictured) via the distribution troughs (21) along the
;mathkk BEiheneronis: BEsRuse, the ghstriibytienpaughs {2 liekdend dutfvanng
the main trough (22) (see also FIG. BB), the spent catalyst (23) is
sperflistiinytediin anoain avan2 d-cugnlienplongithespaiatyst bed(bojtpraceds along
pictured) than ir_ the prior art (see FIGS. IA, IB and 1 C). It is envisioned
the ARahtheupRin Moughs2a) eanhe suppstedsritie wessebs, Malh{24) trough (12)
through a support means (25). FIGS. 3A and 3B depict another
in sfuBiBRAinesL Rty presentinvestian (it (dsspmevas GyeAthelpiios astibyw is
splitting the main trough (31) into sub-troughs (32). The term
scheisdBdANYgBEssdatbebyeabkio Mbicaiend dspalgh thay is imallarttidan thiene
main trough (31). The term "sub-trough(s)" encompasses any trough
acrolyietherdargers s mallplcaiedyal bdmsizeydhah hrancaed ofifsportdicomain
trough (31). The spent catalyst (33) flows into
vessel wall (15) through a support means (16).

As best shown in FIGS. 24, 2B and 2C, the present invention improves upon the
prior art by adding distribution troughs (21) along each 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) proceeds along the main trough (22), portions
are distributed to the catalyst bed (not pictured) via the distribution troughs (21) along the
path of the arrows. Because the distribution troughs (21) extend out from the main
trough (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. 14,
1B and 1C). It is envisioned that the main trough (22) can be supported on the vessel

wall (24) through a support means (25).



and through the main trough (32). Portions of the spent catalyst (32) are
distributed over the walls of the main trough (31) in specified cutouts (34)
of the main trough (31) (see also FIG. 8A). The arrows represent this
overflow. Not all of the spent catalyst (33) is distributed through the
cutouts (34), and remaining spent catalyst (33) is diverted into 10
‘sub-troughs (32), which branch out from the main trough (31). The
branches can begin at any point (35) along the main trough (31). As the
SPEIG S adalystd 3B) depver sestibecsnibo dimeghsf(B2)prosions e tion spant
catalyst (32) are distributed over the walls of the sub- troughs (32) in
imprepsafied thutorids §84)yofliaisy ht aughsrBizh B atowd tepigse3inisThe
' overflow. Because the sub-troughs (32) extend out from the main trough

| ‘term (31 e gre)it it meatadyst (aa)da:ﬁhswtmtgﬁ tha mmBMmahetﬁﬁaaipﬂgugh

the catalyst bed bottom (not pictured) than in the prior art (see FIGS. IA,

31). |B}&ﬁérﬂIC)sdb4&(ﬁIgh€Wh6ﬁbﬂiﬁ;de&§hl@y fth@h&(B&héﬁﬂx@%@@ﬁﬂﬁlﬁﬁdr%ual :
-~ the vessel wall (36) through a support means (not pictured). FIGS. 4A -

- in siza)thdBbeintiedy fanatienphetestet esnpotimeptaf dhalpsesssy Vs 1nt0

invention in which the improvement over the prior art is achieved by -

and tﬁmﬂi@ﬂ the main ttoue A1) RsiasisbiougRsiticiabsttiBMmesaistributed over

distribution troughs (43, only some.are designated) line the sides of both -

. the wiB oralie tieuiglréagh 48t s bﬁéalf@h&(ﬂ&)téqee)aﬁ@q&hﬁ;ﬁ%ughe(ﬁge(@ée
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catalyst (44) flows into and through the main trough (41), and, as 7 the
also FRS/CRtalystifdy prapeedaicits o toelnaiNm Ui}, perieastye (33) is
distributed to the catalyst bed bottom (not pictured) via the distribution
distribureg i 64g) ibeatedbuts (he) aainrdieiaing4ppniattall af 45 m%ﬁamim A
(44) is distributed through the main trough's (41) distribution troughs (43).
sub-tideghai(iny st baadistkdfApin. the maiuertegin®l jullhe branches can begin at -

_ aﬁy poiﬁt (35) élohg the main trbugh (31). As the spent catalyst (33) traverses the sub- |

troughs (32), portions of the spent catalyst (32) are distributed _ov‘ervthe walls of the sub-

troughs (32) in speciﬁed'cutoﬁts (34) of the sub-troughs (32).‘ The arrows represent this™

- overflow. Because the sub-troughs (32) extend out from the main trough (31), the spénf

catalyst (33) is distributed in a more.even manner along the catalyst bed boftom (not-

‘pictured) than in the prior art (see FIGS. 14, 1B and 1C). It is envisioned that the sub- -

troughs (32) can be supported on the vessel wall (36) through a support means (not

picturéd).

FIGS. 4A and 4B erhbody»yet another preferred embodiment of the présent
mvention in which the improvement over the pirior art 1s achieved by splitting a maiﬁ :
trough (41) into sub-troughs (42). Furthermore, distﬁbution troughs (43, bn’ly some,ére
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
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5 troughs (42) which branch out from the main trough (41). The branches

can begin at any point (45) along the main trough (41). Once spent

catalyst (44) enters the sub-troughs (42), it is distributed to the catalyst

bed (not.pictured) via the distribution troughs (43) located on the main

trough (41). Because the distribution troughs (43) extend out from both

the main trough (41) and the sub-troughs (42) (see also FIG. 8B), the

spent catalyst 10 (44) is distributed in a more even manner along the -
the spardigatebist (48hprqenss plongdhy naimtioupk @y ott{see dFeESHANERI0 the

and 1C). It is envisioned that the sub-troughs (42) can be supported on
cataliyss bedsbeltoral(gabpiisedviashe dotrimsast{oegsh@in)o SHES ofs theGRain

- and 5C embody yet another preferred embodiment of the present

troughv@ioN i alhidtibdosmeniovet alyse@¢3 isidistiduss thmougbpitttenaas wncihss

in FIG. 5A) are 15 provided in the middle of the main trough (52) (see - -
(41) distriPrGoB Gpugkstive3 s pBrtmatanestnG8)cptalysi@d plo g thé vastini tittogib-

(52), portions are distributed over the walls of the main trough (52) in ‘
trougpeeitiewtatobrsn(Bv)uwfithe heimtiaugiughay Tha herosdiesrese begilet any

- overflow. Not all of the spent catalyst (53) is distributed through the -

pmnt:(ﬁ@),uaéo@ﬂwﬁmpmwn@g@b)‘ thkxspep&rﬂaiﬁlgﬂsts(b&))mﬂmﬂ%teﬁbwmﬂg@s o

downflow tubes (51 in FIG. 5B 20 and depicted as circles in FIG. 5A). -
(42), Thisststiobmtéid o thbestlyisihéd CodbPiarutedp piattnt distrlsaliminGighsTA3)

extend from the bottom of the main trough (52) to below the surface of

Jocattideopate ystibath(ahe(#15. BxCule thpdistritedi enibouime@s Heetdodvodioom

tubes (51 in FIG. 5B and depicted as circles in FIG. 5A) extend from the
both Huttwairofrthigh (dih) 8rddbghu>R)oyeist (2 ssedadso FHBesE)alyssbad candyst

into. the upper part of the catalyst bed (not shown). Because the spent

(44) vadily G Sins distribtethethalbdwesahe dbystthed batays(bechiadp

(riot. shown) the spent catalyst (53) is distributed in: a more even

~ 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 énothcr preferred embodiment of the pfes,ént
invention in which downflow tubes (51 in FIG. 5B and depicted as circles in FIG. 5A) are--_

provided in the middle of the main trough (52) (see also FIG. 8C). As the spent cataiyst

| (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 trbugh (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. 5B

and depicted as circles in FIG. 5A). These downflow tubes (51 in FIG. 5B and depicted
as circles in FIG. 5A) 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. 5B and depicted as circles in FIG. 5A) extend from the bottom of the main
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manner than in the prior art (seee FIGS. 1A, IB and IC). It is also

envisioned that the 5 main trough (52) can be supported on the vessel

wall (55) via a support means (56). FIGS. 6A, 6B and 6C depict still yet

another preferred et bodinnent of the present invention. In this preferred

embodiment downflow tubes (61 in FIG. 6C, not shown in FIGS. 6A or

61:1) are provided in the bottom of the main trough (62) and distribution

troughs (64) along each side of the main trough (62). As the spent catalyst
troygh) (Sroceetdher s iHberra rbbeh Bd)invoHieHsraepdiswibiteeatfyst bed

the distribution troughs (64). Each distribution. rough (64) is angled
(nfsiverardesanssdhn ansticabhyes £ Bo edisitadiidelcarayseiidwe Bpetite

catalyst (03) therefore flows into the main trough (62) and, as the spent
catghialpsd(©8Yasoced dhenongtissraninardygh({82)s gottibntcdra distitutadn

to the catalyst bed (not pictured) via the distribution troughs (64) along
magepErnonthe arrowst (SN dfthBspeht Chtdlyistal68 eis tisinibditbet the

though the distribution troughs (64). A percentage o.fthe spent catalyst
maig3yasghidhiwetbaatheoded nfiche tutses! (B41iNBIGiBCsuppoShowrnSI56).

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

FIGSTGA. &6 BPexté i fdomdireiborbaahtherefaireti eudivo (62 o dilonpresent

the surface of the catalyst bed (see FIG. SC). In a preferred
inveERbodiruns pisécdod rfldwdiubes Binll20/ FiG:s3El, moFBRoHE imE§&ESvn in

6A or 6B) extend from the lleum of the Main :rough (62), past the surface
Fl(o$ thé\ cataRystisaut oanitddnito theebupper iitcohtie catgly $6 Dech ridistribution

shown). B x arise the distribution tr~ou;3lis (64) extend out fio nit ly, _liain
trovghsle4b2)o(sreacilsolF (@ {18BRaanttigbd Eng oftthesspe nicadtaly& i 6Rloceeds

is deposited be nea:h the surface 9 of the catalyst bed, the spent catalyst
alog@3hisrdistripenel (02, mortoesenermtnientadomg thadishiioughotrbtighs (64). Each

catalyst bed (not pictured) that, in the prior art (see FIGS. 1A, IB and IC).
distribution trough (64) is angled downward from the main trough (62) so as to facilitate

catalyst flow. Spent catalyst (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) along the path of the arrows.
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 tubes (61 in
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 the 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
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It is also envisioned that the plain trough (62) can be supported on the
vessel wall (65) via a support means (66). 5 FIG. 7 .shows another
preferred embodiment of the present invention in which a main trough
(71) is split into several sub-troughs (72). Fur.he-,more, distribution
troughs (73, only some are designated) line the sides of the sub-troughs
(72) (see. also FIG. 8B). lItis envisioned (but not shoe*m) that distribution
troughs (73) could also line the sides of the main trough (71). The spent

of g &RIabEIAFfothe SR LIS (oh & iahTrEURR. ereravEndnanag feng and
spent catalyst (1;4 roceeds along the main trough (71), portiom of the
threpehpedhavety &g g‘?@ G}%Er%%}té‘agwbmﬁé harsier tie(FaaiklpSugh (7B)and 1C).
through cutouts (similar to PIG. 3B) of the main trough (711). Not all of
It igrpdsqant L aps Seqtihrimaiistriige othretyhareneattut omthe Viespeli wialg (65)
_ spent catalyst (71‘? is then diver wed into str-troughs (72) wl. ich branch
ViagfPBRi e AP Bough the branches cart be F (7-.)- _in at 15 any point
(75) along the main trough (71"), "t is envisioned that all branches can
begifil&t %ﬁé‘%‘éﬁr@@%ﬁfé e prd R 07BN aild 10d trreprsisint trovgihi¢ i) which a
Once spent catalyst (74) enters the sub-troug s (72), it is distributed to the
maghtEyEnKEd) (sePpictiireshvera theb-distihat{GR)trdughs ey dodatethsivthigoughs
sub-troughs (72). Because the distribution troughs (73) extend out from
(73 tnts wh s (i 2ptase binsdlm eided of theswpdnnehra(ye) 88¢a0F1G. 8B).
distributed in a more even manner along the catalyst bed (not pictured)
It igreamipoprd (ricnarsiseaiizs disviERam@hk (9 rmasldnés tat the sides of
sub-troughs (72) can be Supported. on the vessel wall (76) through a
the spgpdFoWEddHS not lshenvn) caBIvIG( B Bhowinto heddhopusbithofvievrofigh

main trough (81) of th p for art
(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 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
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 pictured) via the
distribution troughs (73) located on the sub-troughs (72). Because the distribution
troughs (73) extend out from the sub-troughs (72) (see also FIG. 8B), the spent catalyst
(74) 1s distributed in a more even 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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along line 8A in G. IA. As spent catalyst flows through the main sough
(81), spent catalyst flows over the walls of the plain trough (Si) at cutouts
(82) in the direction of the arrows and is deposited on the catalyst lyre
below (not s lonxn:n). 5 FIG. 8B shows a bead-cm point of view, of a main
trough (81 ") in the present invention along line 8B in FIG. 2A. As spent
catalyst flows through he main trough (81'), spent catalyst flows through
the distribution troughs (83') in the direction of the arrows and is
deposited anitbe catadysthegodelofrieot shomnn Fi@gBBhofbi@aprior art
head-on point of view of a main trough (81") in the present 10 invention

aloAlonEcivg BORIGHI@. A Hsanenilgatalysisiibwsa hndeghaihermaih (Badgipent
(81"), spent catalyst flows over the walls of the Main trough (81") at

catBQUIs B2V dnibe direstian eh shetasiowsand: isuteatb 82 1ed tia thesction of the
catalyst bed (8 "i. Additional spent catalyst flows through the main trough,

arrdhavelsidewsyvand dhrouahcthe powad euldunest hekis)deposited below the
surface of the catalyst bed (84"). 15 In all the embodiments of the present

inveptigngthenshant satalystisinterdyend fintodheregane atpiftapaesent
catalytic cracking unit, although the present inventors contemplate that

invib@ invertionimaye employedAr giber applsetions thasuypuld henefiough

from improved distribution of particulate matter. It 1S envisioned that

(815INGFeIBAG1HW PoWiAg R RABMRTAArH BRchSierls ide) ieasi®direction of the

i'egeneratar configurations can be utilized ?0 with the invention. Additional

arr 8§ SigNs ihatpavehedarbeaming e ri qaptalsenhg. utilized with the

invention., it'is envisioned that any number and combination of

sub-frRyafs sHistkbution - Giopehs ARdder slovimfionstubes can ietitifizednt
with the invention as long as an even i
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°7).

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
contemplate 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-
stage regenerators and side-by-side reactor/regenerator confi gurations 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



MUV LUpLUTLU TTIUL o HTTIDIVL U Ty elivicdivi Vel Vi vUlfieiitvuw ity

manner known in the ail as the need arises. Having described the present
invention, it will now be apparent that n aany 5 changes and modifications
may be made to the above -described embodiments without departing
from the spirit and the scope of the present invention. The

madRPVE-pentianadpatenisisiherRkineorparairg bvisiarenoet thspert
CLAIMS 1. A method of distributing spent catalyst in a spent catalyst

catdS9ENRT B1o% dok & flinizarh RRtAMiGIIAGERIU b ROSAPriSTICINE Biensiat the
a. collecting spent catalyst in a substantially elongated horizontal main

regdfRUGBANG Qntioralkdividizing.ane/ dhasatintsald snepteatplyRkD.
passing said spent catalyst from said main trough to a plurality of

distiyin deeuahs lacateds along atdeastang sige of thp mainttaughy

and c. feeding said spent catalyst from said plurality of distribution troughs

chaé%‘% %?Eﬁl}{%ﬁﬁ%&ﬁ%%y % hgethed-ebclaimsdwhesin alilaastanriRit

plurality said distribution troughs is angled downward. 3. A method of

depdiatt ﬁ%@ﬁ@%ﬁ&ﬁ%ﬂ&/ﬁ{é%ﬁ@aﬁ%@m{ﬁ%ﬂﬁm for a fluidized

catalytic cracking unit comprising the steps of: a. collecting spent catalyst

in aﬁ%’%@@@%ﬁ@ﬁ%@eﬁg%@'T)téljewmcorporated by reference.

12
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plurality of sub-troughs and from said main trough to a catalyst bed
surface. 4. The method of claim 3cwiagkgin said spent catalyst is fed from
said main trough and said plurality of sub-troughs to said catalyst surface
bed via a plurality of cutouts located on the walls of said main trough and

spid pleity Odiswdufiab ghst 2athiyer metkeshalBiin Swheareitsaid sRest
catalyst is fed from said main trough and said plurality of sub-troughs to

SalugaRrskiog At s By iviRe A5 RIFRRR of distribution troughs located on
the sides of saidomaimrepah ansysaid Rl @AISUWHLIENEoRz0hte main

method of claim 5 wherein at least one of said plurality of distribution

troughs is artieadBhmRLeeR Y3 GRS AR ASH UGS RRE FATRN S
plurality of dowrflesniubes eaconneatedio dhe hatamuehsaid maility of
trough, and further c,omPrising the steps of a. passing some of said spent

catalyst to saftiSBIOMRR EUEBWAEG ties2hifdsh ORsetris P aie Latnrough:

catalyst in saighgplurality of downflow tubes to said catalyst bed surface. 8.

The method of ¢laim 7 wherein at least one of said plurality of downflow
tubes extends %?éfg?}@ SAI DGPaale F%Eﬂ%%ﬁ‘frﬁﬁ%{ Sﬁfi{%&m“é%ﬁf’“ghs
catalyst is deposiiadybelesws@idesurface of said catalyst bed.

2. The method of claim 1 wherein at least one of said plurality said distribution troughs

is angled downward.

3. 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 horizontal 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 sub-troughs; and
c. feeding said spent catalyst from said plurality of sub-troughs and

from said main trough to a catalyst bed surface.

4. The method of claim 3 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 cutouts

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

5. The method of claim 3 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.

6. The method of claim 5 wherein at least one of said plurality of distribution troughs

is angled downward.

13
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upper part of said catalyst bed. 10. The method of claim 5 wherein a
plurality of downflow tubes are connected to the bottom of at least one
selected from the group consisting of said main trough and said pluralit

of- Sths-trsthgA Lt Sttt BFeBagiggtot deamd oy Gbssugingnagisd b the
sidospensiRbist R gaihp kraliycohgavindiowsipes;and b. feeding said

spent catalyst in said plurality of downflow tubes to said_catalyst bed
surface. 11. Th@¥RoRBF QLAY ORVHeTHIYS! 8 dbRBIGHEAR] downre

tubes extendgbgJomidsaid surface of said catalyst bed and said spent
catalyst is deposited below said surface of said catalyst bed. 12. The

method of claimPH e P ALY R BiSBirdbnel Hises deeideid

below said suifags bésaiecatalyst 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. The method of claim 5 wherein at least one of said

AuEdiheitdistobution roughsn istangieshd dnvpvi@isturhfitt bf ASPEMw tubes
catalyst distributor for aidir{lg in the re eneratigar; of spent catalyst in a

RN CPEIRITHE SHERKG! CHIE SORABNSRRG: 20Casaish ey hohi fsspited

helmesial maiodoygh;cant sbbal least one selected from the group
consisting of:

9. The method of claim 8 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.

10. The method of claim 5 wherein a plurality of downflow tubes are connected to the
bottom of at least one selected from the group consisting of said main trough and said
plurality of sub-troughs, 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.

11. The method of claim 10 wherein at least one of said downflow tubes extends below
said surface of said catalyst bed and said spent catalyst is deposited below said surface

of said catalyst bed.

12. The method of claim 11 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.

13. The method of claim 5 wherein at least one of said plurality of distribution troughs

is angled downward.

14
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of said main trough. 15. The spent catalyst distributor of claim 14 wherein
a second plurality of downflow tubes are connected to the bottom of at
least one of said plurality of sub-troughs. 16. The spent catalyst distributor

ol ArPEY el ERROR dPBIAIERS, B UsHRBUTEH IR RIGIRSTE GuAlyst in a
quiwgaed fen thesides ahatisastene of said sub-troughs. 17. The spent

catalyst distributor of claim 16 wherein at least gne of said plurality of

distribution tr8utHOSHIIHP A f8gaed hergpualdnedLsme ardiity of
distribution trgugih&asttacReasddninastubofsigihed of distributing

spent catalyst in a spent catalyst regenerator for a fluidized catalytic
cracking unit tArRPTRIRGOEHESEIBILOg rauels rxeMEng Su Y B iR Ry sides of
substantially elengateddagrizontal main trough and, optionally, fluidizing
and/or aerating said spent catalyst with externally supplied medium or
using flue gad CAPHIPEE Shettr SORBt BH B Pacuiity Sary Ak txtellyard
from said maif.trosighlie amddiaiywiudisttbindondioush sdacated alanghat
least one side of the main trough and c. feeding said spent catalyst from
said plurality BP&8tribution troughs to a catalyst bed surface.

15. The spent catalyst distributor of claim 14 wherein a second plurality of downflow

tubes are connected to the bottom of at least one of said plurality of sub-troughs.

16. The spent catalyst distributor of claim 14 wherein a second plurality of distribution

troughs extend outward from the sides of at least one of said sub-troughs.

17. The spent catalyst distributor of claim 16 wherein at least one of said plurality of
distribution troughs and/or at least one of said second plurality of distribution troughs

are angled downward.

18. 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 horizontal main
trough and, optionally, fluidizing and/or aerating said spent catalyst
with externally supplied medium or using flue gas captured under a
trough;
b. passing said spent catalyst from said main trough to a plurality of
distribution troughs located along at least one side of the main trough ;
and
c. feeding said spent catalyst from said plurality of distribution troughs

to a catalyst bed surface.
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catalyst on the catalyst bed surface. 21. The spent catalyst distributor of
claimnhbmaheaRin el I0kERI oL P IRMIdRIHAIVIBYEM Eliskriputionieh sPsnt
catalyst to a catalyst bed surface. 22. The method of claim 18 wherein

SHAFSERARF SrENIgERed AUERER distribution of spent catalyst on the

catalyst bed surface. 16

20. The method of claim 3 wherein said method provides an even distribution of spent

catalyst on the catalyst bed surface.

21. The spent catalyst distributor of claim 14 wherein said distributor provides an even

distribution of spent catalyst to a catalyst bed surface.

22. The method of claim 18 wherein said method provides an even distribution of

spent catalyst on the catalyst bed surface.
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