| MPROVED BATHTUB- TYPE SPENT CATALYST DI STRI BUTOR FOR EFFECTI VE

COUNTER- CURRENT REGENERATI ON | N FLUI D CATALYTI C CRACKI NG UNI TS FI ELD OF THE
| NVENTI ON The present invention relates to a spent catal yst
distributor. Mre particularly, the present invention relates to a

bat ht ub-type spent catal yst distributor Mdst particularly, the present
invention is related to a bat htub-type spent catal yst distributor for
effective counter-current regeneration in fluid catalytic cracking units.
BACKGROUND OF THE | NVENTI ON The theory behind spent catal yst

di st ri but or MRROFER BARA KN B-BYP NELHATABYSIBISERIBIFAE@Rc at al yst has
been used i nFOREFFEGI]VEr 6OABNTER{CUBRENEREGENERATHOMEN " spent "

catal yst. The spent dAEHDYEATALXBIe CRAGKINGAOXES whi ch covers the active
sites on the catal yst thereby substantially reducing the activity of the
catalyst. it is possible, however, to renove the coke frontatal yst through
the use of a regenerator.FIRID SPETHECNVENXSIIONS fed into the regenerator
and the deposited coke is burned away, |eaving only the catalyst. The hot

re-activat ethOabahymbehtontriGhs E@ar%ﬁcétélggﬂdtéﬁ%lﬁ&g M&%@B&fcuﬁﬁyhﬁe reused in

the cracking process. .a known problem 311 the afl that if the spent

o 2 YbeschintOhvid Stafcs Wk BAnhRY God Ol AT LRL R "IN TRONEr . L he

catal yst I's not regenerate atter-burning e “associ at ed

t emper re increase.ijii. the di e_phase, of .the. nerator .is present,
and NCS%E Erse%%néﬁ%‘?eél RS fa[?ﬁ&%gi%?thﬁbét fERTAt %a.tal)éséggﬁrﬁﬁl?%gg‘i efgeﬁ?\éent s have
attenpted to resol ve the deii,gi enci.es of the prior art distribution

pr obl SRR CHTEH FSECREAHY gftalytie cwsking units. For exanmple, U.S. Pat.
No. 4,150,090 to Murphy et al. teaches an apparatus that is used in the
regeneration of cracking catalyst. AIMS which carry spent catal yst are
connected to a center shaft and extend outward fromthe shaft but do not
touch the outer 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 the 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 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.



wal I's of the regenerator. This patent thus discloses a shape that is very
simlar to the 5 spokes on a wheel, when viewed from above. However, this
desi gn causes the spent catalyst to be distributed in the regenerator in a
very uneven nanner. U S. Patent No. 5,635,140 to MIler et al

di scl oses a design for a spent catalyst distributor for a fluid catal ytic
cracking unit regenerator. In this design, the spent catalyst is aerated in
t he spent catal yst di stri butor by air and conbustion or exhaust gases. The
10aeration fa |I|tat he fl MlOf t he spent cat al t throu h the trough
arms of the sBePaEmai,S: Pali Nped b0 oAdDmRYehe). fa fnGBP%Tﬁ'{“Sﬂ&fitﬁ% t hat
carry spent catalyst are connected to a center shaft and extend outward

f r om t heussdan the rEpérergmneficracking cdiadyst.odans avhidhagaerytspent datalysérxe similar to
t he spokes on a wheel, when viewed from above. However, this design also

causes t fgnepRAto & aérakbyshhfitafd betefldl Stifwabd FiBsh thd shdTebitedaide taichthd dutdr Very
uneven l15manner. U S. Patent No. 6,809,054 to Myers et al. is

directed, JSluid
cat al yt 1 BOYBEER rBebaldr Tl AR %S %%Ea A R
rege erato i nor e ven conta eneration. gas in order to
fvor & hotpokpo o b afhie ﬁbvrdﬁl@g Sstvel B Btee HOTIES TS HomEh st (R APFn a1 s
ZOConteanates t he possible use of aeration to fluidize the header to
further eatalystitobadsyluted inghe regengraior icavelyysevaameyneig ar m ext ends out
fromthe wall of the regenerator and extends towards, but doesn't touch,

t he opposite Wal.|PatehhiNe. p,aBe,mnoaimllér&aﬁhe&ctohestamsgdfoﬁasﬁemaﬂamstend from
the main armat angles of 90 or 600. However, this design, while not in

the shapgsRfouforIBekadidhiesitc &5%§ﬁ’tﬁ§1’%§eﬁé}§to§ aﬁﬂh)éscfesitgﬁ e sgérﬁtcﬁfaﬁ%ﬁ ed in

the regenerator in a very uneven manner. Accordingly, Tt woul

t
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spent

10  aeration facilitates the flow of the 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 1s 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

15 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

20  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



5catal yst onto the catalyst bed in a very even manner that would inprove
the efficiency of the regeneration of catalyst. SUMVARY OF THE | NVENTI ON

It is therefore an object of the present invention to spread the spent
catal yst nore 10uniformy across the entire cross-section of the
regenerator. It is a further object of the present invention to
achieve a nore effective regeneration and a cl eaner regenerated catal yst.
It is a further object of the present invention to reduce, if not
elimnate, after-burning and the associated tenperature increase in the

di | ut e phesahethdprefhepeikal whai, alsdbdausdssthacdtalystie be ditmioutcdin thhe present
invention to inprove the reliability and prolong the life of equi pnment used

in rege@%e%lia&giﬁg%_ Sabah Yshner It is a further object of the present

inventionto cause the spent _catél yst to flowin a truly counter-current
further _ob] oA eBTERHE birauld Rrr AT RS IRe an of egencrating ok ©

Of the SHebShn wWIGRE W ¥ ioenate 1B BaterdAley g FEPEGERERL T on of
) peng Ci;tillyif (t)ﬁto the catalyst bed in a very even manner that would improve the efficiency of

the regeneration of catalyst.

SUMMARY 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 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.
15 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

20  and reduce catalyst makeup cost.

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

regeneration of spent catalyst.



Accordingly, these objects and others are achi eved by the design of the
present invention, which conprises an open channel flow of fluidized spent
catal yst through a branched distributor which disperses the spent catal yst
in a very even distribution pattern over the regenerator cross-sectional
area through use of distribution troughs, sub-troughs 5and/or downfl ow

t ubes. In preferred enbodi nents, the main trough is split into

mul ti pl e sub-troughs to formthe shape of a "wye" or "cross", and each

mul tiple trough hgs several distribution troughs. Preferably, each trough
is inclined d - tepsgphepts apd othepsgrers Jelinshe EpS BESEIERTREN OF THE
DRAWNGS FIG | A depicts a top view of the prior art spent catalyst

r egener anyentics, @hicha-aegrises an epancaheneltflyw of Bwvdized sprat patakyst thraugbpent

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

cat al yst baggesaaliatibiitor Whish dépetiRp it spent davdlyst i®ivedy e¥bn aisadislitispatiern t he
present invention containing 15distribution troughs. FIG 28 depicts a

Second, * Ofkr theWaBloraitr SRRAMCER h hAREASEEPAiLBEN hORROMADMAG -

distribution tr CtsS a side view of an e

t he %resaenrht/orlé‘no\‘/’gn o'v&’&b%sqnt ai ning distribution troughs.

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.

10 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
15  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.
20 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.



20FI G 3A depicts a top view of a split or "wye" enbodi ment of the present

i nventi on. FIG 3B depicts a side view of a split or "we" enbodi nent
of the present invention. FIG 4A depicts a top view of a split or
"wye" enbodi nent of the present invention containing distribution troughs.
FIG 4B depicts a side view of a split or "we" enbodi nent of the present

i nvention containing distribution troughs. 5FIG 5A depicts a top view of a
fourth enbodi ment of the present invention containing downflow tubes.

FIG 5B depicts a second top view of a fourth enbodi nent of the present

i nvention cont - HiAngeragna terower i esplit or Wyet em%oﬁ}@m.ogé‘edﬁﬁe@( spa si de
view of a fourth enbodi nent of the present invention 10containi ng downfl ow

t ubes. inventidal @ntafiAng diziritusion ttonphs/i ew of a fifth enbodi nent of the
present invention containing downflow tubes and distribution troughs.

FIG 6B depi ctR; aBs&5Rs a TR vWdve Bt #bplR of FiviyE ebedii¥rNéf tAE pickéntpr esent
i nvention contai ni ng downfl ow tubes "and di stribution trougﬁs.

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
invention containing downflow tubes.
FIG. 5C depicts a side view of a fourth embodiment of the present invention
10  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.
15 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
20  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.



15FI G 6C depicts a side view of a fifth enbodi nent of the present

i nvention containing downflow tubes and distribution troughs FIG 7
depicts a top view of a multiply split enbodi nent of the present invention
contai ning distribution troughs. FIG 8A depicts a cutaway view

of a trough w thout downflow tubes or 20distribution troughs. FIG 8B
depicts a cutaway view of a trough with distribution troughs. FIG SC
depicts a cutaway view of a trough with downfl ow tubes. DETAILED

DESCRI PTI ON OF THE PRESENT | NVENTI ON The faol |l ow ng description of
oref or red enbod HEMLLEE RESCREPELONDF HE BREENFINYENTION nventi on and
is not to be construed to limt the scope of the appended clains in any
manner what so€&hefollowing descAgtidyestprefeowd embodinGRts it Arestied talillvGirateltlee pri or
art is limted to distributing spent catalyst (11) through a main trough

(12). Asprebt sRRAt o idis 19t to(beldonBingeas dimigtheRgopd 6t thebppentedigRirislid) . t he
spent catalyst (It) flows over the walls of the main trough (12) in

speci fi e&ﬁﬂ&&é&'%ﬁlhﬁi&%é elgf the main trough (12) (see also FIG 8A). This

overflow I's'schenatically represented by arrows. The spent catal yst (11) is

[ ough. (12) cARDGE SBEBAI 65 oA 1 FrgoLs She B (1 Syl o S i o por ¢

nmeans (16).
spent catalyst (11) through a main trough (12). As the spent catalyst (11) proceeds along

the main trough (12), 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. 8A). This overflow is
schematically represented by arrows. The spent catalyst (11) is distributed in a line

10 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 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

15 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

20  manner along the catalyst bed bottom (not pictured) than in the prior art (see FIGS. 1A,
1B and 1C). Itis envisioned that the main trough (22) can be supported on the vessel

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



As best shown in FIGS. 2A, 2B and 2C, the present invention inproves upon
the prior art by adding distribution troughs (21) along each side of the
mai n trough (22). Each distribution trough (21) is angled dowward fromthe
mai n trough (22) so as to 15facilitate catalyst flow (see FIG 8B). Spent
catal yst (23) therefore flows into the main trough (22) and, as the spent
catal yst (23) proceeds along the main trough (22), portions are distributed
to.the catal yst bed (not pictured) via the distribution troughs (21) along.
the path of the arrows. Because the distribution troughs "(21% extend out .
“from t he mai AIGS. ddgmd 3B 3legigicanoties embpdimegByf the peessplanventignghaist (23) is
distributed in a.nore even 20manner along the catal yst bed bottom (not

pi ct ur eidprovadoventhe peiop ait by splitting skembin@ough43 1)liBtedud-tidyehs (32)i Thenvi si oned -
that the main trough (22) can be supported on the vessel wall (24) through

a Suppofetm %ﬁo&%ﬁé)?’ is not meant fd #PicateA B9 BhSlier 3L (RE rma‘?ﬂ%ﬁ%ﬂre nt of

the present.invention that inproves over the prior art by splitting the

main tr 31) i.nto, sub-te.oughs (32). The ferm.ssub-trou s)" is,not
moant | 1 e G SO RO Tt gy SReh Sh b n ek IS e et e
term "sub-trough(s)." enconpasses, any trough (whether larger. snaller or
equal SMisipey thfg?rap%ﬁs ogf ﬁﬂ@ﬁég gy tf?‘%%‘r@tlﬁemfa‘ipﬁn’c saalys (FBDfowsr. spent
catal yst (33) flows into and through the main trough (32). Portions of the
spent caidahsomgh (I82haiarteough<32). Rorteahsefdhe spent catdlyst (32) arbdismibied ovxeug, h (31)
in specified cutouts (34) of the nain trough (31) (see also FIG 8A). The
arrows thefafls efthetnidia trough {319\h speeifiedl dutits {333 o RMAhaif Aoaph $31)(SR) i s

di stributed through the cutouts (34), and renmi ning spent catalyst-(33) is

di vert efgj @rtg rzlzkﬁ. %Q-a%%gﬂegre@éﬁ)mismmw?g@gn he §epm4ibEst@BYist r ough

(31). The ches can begih at any point al'ong 't he marn trough (31).

2 NP Pl STl R SR RmURR U TS FR S L0
i gpecified cutouts (38) ok cblBos PR OUSS, (72 thotiendids sy L gRr esent
any point (35) éldng the main trough (31). As the spent catalyst (33) traverses the sub-

“troughs (32), portions of the spent cafélyst (32) are distributed over tile 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
15  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
20  invention in which the improvement over the prior art is achieved by splitting a maiﬁ
trough (41) into sub-troughs (42). Furthermore, distribution troughs (43, 6n‘ly 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

7



overflow Because the sub-troughs (32) exten4 out fromthe main trough
(31), the spent 15catalyst (33) is distributed in a nore even manner al ong
the catal yst bed bottom (not pictured) than in the prior art (see FIGS. |A,
IB and 1C). It is envisioned that the sub- troughs (32) can be supported
on the vessel wall (36) through a support neans (not pictured). FIGS 4A
and 4B enbody yet another preferred enbodi nent of the present 20 invention

in which the inprovenent over the prior art is achieved by splitting a nain
di stributjon troughs (43, -

trough (41). 10t -hyoughs (42)... Furt her npr .on '

onl ygso&ge é?eg?ﬁégﬁ'éﬁé%)@fg?q%ﬁ élopééheslinalggrqygg Sa)hp?lﬁenwerﬁlﬁm%ﬁ tqthe) and
sub-troughs %%gz% (see also FIG 8B). The spent catalyst (44) fl ows into and
t hr ough RHeYSkREhbetkas (et pietyred)ayia thegdistributignetreygha (4D doertgdon (hé4daipr oceeds
along the main trough (41), portions are distributed to the catal_yst' bed
bot t om (treough (410t INag )l of tlee spleet wiadyst (4)tis distriburdgheubH Ble hegat qn the main
trough (41). Not all of the spent catal yzt ,(44) .is distribute ig{gggh(zgs
main tr 1Stri i it i 3 et i C _

IS thenqg?}\;del??ggﬂ?nn?%lﬁ%%%Sgé& 33%‘%%5)@}4?& rilégc Ig%?&ﬁ{ E)nﬁ _Fl_e IT::II n )
trough . egin at.an { al ong.the main troug
T At L
distribute ‘he catal yst bed (notpicture via the distribution trou
(43) Io@&?&@ﬁﬁs éﬁ?rﬁiaﬁlytlr? ﬁlx(-ﬁl}c.esBéléteﬁ?r .#(Fé‘)&n@rﬂhbtsubmugh&)ughs (43)
extend out fromboth the main trough (41) and the sub-troughs (42) (see

al so FI @2)siys distibuted dotheatadysy bed (0t pittired)svialihstdistiibbtiuh froughs @3)e even
manner al ong the catalyst bed bottom (not piaured) than in the prior art
(see FI GBatelAn th8maniirdugh (41). Becatsithe dizaashtion douphe(43Y Brich@UeNForh42) can
be supported on the vessel wall (46) through a support” neans (not shown).

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 mariner along the catalyst_bed bottom (not pictured)
~ than in i:he prior art (see FIGS. JA, 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. 5B and depicted as circles in FIG. 5A) are-
15 provided in the middle of the main trough (52) (see also FIG. 8C). As the spent cataiy‘st
(53) proceeds along the main trough (52), portions are distﬁbuted-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 tﬁe spent catalyst (53) is distributed through the cutouts (54). A
percentage of the sioent- catalyst (53) is distributed via the downflow tubes (51 in FIG. 5B
20 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 embodirhent, the downflow tubes

(51 1n FIG. 5B and depicted as circles in FIG. 5A) extend from the bottom of the main



FI GS. 5A, 5B and 5C enbody yet another preferred enbodi nent of the present
i nvention in which downflow tubes (51 in FIG 5B and depicted as circles in
FIG 5A) are 15provided in the mddle 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 utouts (54) of the main trough (52). The arrows represent the
overflow. Not all of the spent catalyst (53) is distributed through the

cutouts ( t of ~Lhe ent catalys 53) is distributed . via
the downf" %{)v%ht(ﬁf?g?’% T {efaer of %}*S)‘;é‘sz‘%ég'?ﬁf 8‘&‘;}%‘8 @‘&(“:RB?"%R%‘%&EG F?{Q‘#F@edSA) .
These downfl ow tubes (51 in FIG 5B and depicted as circles in FIG 5A)
ext end f r@M e oBeersetheispentratalyst (33 ghdiptsibpted Yoeabore enébelapftiee of t he
catal yst bed (see FIG 8C). In a preferred enbodi nent, the downfl ow tubes
(51 i n FlagtalEBbehsiirfepi(odstestiows), tha spertscatalydFi(53) iSAptrbutedind afmamevie bott om
of the main trough (52), past the surface of the catal yst bed, and into

t he uppermaiet tHah ih iR fRk atysde I, { AOI BIRAWCT).- [1BesR edvikiBReFiR8NtheCat al yst
(53) is distributed both above and bel ow the catal yst bed surface (not

shown}, | i i I in_a nore even ner than
in thé p?ﬁ%ﬁ%@gﬁ f@%%?‘%ggﬁp%ﬁedfgﬂgén‘zésg%%t“ﬁsﬂ ‘élaglsggpoerﬁmegﬁlsoﬁg that the
5mai n trough ( n_pbe rted.on the vessel wall (55) via a support
means (56). Fr}‘z-*)s- gﬁcﬁg aei,tﬁl-e‘g%%atﬂgtet&éﬁmp qryed spehodynentifd thepresedt r ed
eritodiment of the present invention. In this preferred enbodi nent downfl ow
t ubes (61nYaEtipnGn $G prafrredepvhodiment doBnflew tubes€B) inak 6. HiCh wmotigwwmint he
bottom of the main trough (62) and distribution troughs (64) al ong each

si de of HIGSNGA T 6BYUGProGidrd ifthetbbRompalic Bainatough (6DIndptigsbesin 10al ong
the main trough (62), portions are distributed by the distribution troughs

(64). Ea%ugl-éﬂ?gbc I@liélhg @RcH @481 the Gihlin {réuQPQZZ.?Ag %%ﬁ@ﬁﬂ:a?aﬁ%ﬂ(%?%re lefls t ough

(62) so as ate catal yst flow ~ Spe catalyst (6 ore flows

B e B e G T
Pl Ctur ed) e G ragh (6 ) 3 L A0d Lo T Ao b amdreun (B 5 Qo ki .y Ovs-
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.
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 tubes (61 in
20  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



15Not all of the spent catalyst (63) is distributed through the

di stribution 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 fromthe bottomof the main trough (62) to below the surface of the
catal yst bed (see FIG 8C). in a preferred enbodi nent, the downfl ow tubes
(61 in 20 FIG 6C, not shown in FIGS. 6A or 613) extend fromthe bottom of
t he mai n gfipsedialy§ded - 3 ng into,the
upper part of thg cataﬁsg mggﬁa nﬁ¢ggﬁgﬁﬂ?ﬁa%%§§%§%¥?%ggﬁﬂgyﬁf%ﬁygaﬁﬁ
troughs ( t fir the mai.n.trough (62) (se lso FIG 8B), and
si nce sorrtlﬁaré}))cl)l\gﬁ {ﬁ]i]tgﬂég%agﬁy Stcbgﬁgi‘%fﬂctt‘%éy‘hiag "Hglﬁé’i'iof é’ag(ffésfégtshlf\h@ éB‘Hé};e of
the catalyst bed, the spent catalyst (63) is distributed in a nore even
manner all\éﬁdlsé’n‘ﬂ“’lsllﬁné’d (ke mpw t&&\ghl(%%)tcabé?@ spprstrtedionithe welselaalh(65) t he
prior art (see FIGS. 1A, 113 and 1C). It is also envisioned that the nmain
t rough (629 aseppolaneams[§66)t ed on the vessel wall (65) via a support neans
(66). 5FIG 7 shows another preferred enbodi nent of the present invention

P . . R - _
in whsch a MaipIG 7Qn@ks ﬁﬂ&ﬂer'p?ef?‘lﬂlsd %@b@%ﬁ}e@?é(ﬁh@bre%% dfx\r/é?lﬁgﬂﬁ% g%?c%ll B the

Furthernore, distribution troughs (73, sone” are desigha

si des of - 3 . L sq FI It is.envisioned (but not
shown) tﬁ%z;tmgi% gp} mﬁﬁ; %’2“ érﬁéé%v(ﬁgﬁ%‘}%)tmg%llﬁ @ZA?E%*}}WBRP ﬂ@%ﬂ&@g tgpehihe nain
t rough (7?%. &he spent, cat aleaiiﬁt §74)_ flows into and through the main trough
10(71),  Afra Onhssqmpreate Gesignated) ding dhe gides of jhe substaughsdiid) (SeralseFIG.8ugh

(71), portions of the spent catalyst (74) are distributed over the walls of
t he mai nltif gnykiopgd fbut petoabgivng thab distritugionitioaghs (3t 6nld AB) Lok thidedésrim

trough (71). Not all of the spent catalyst (74) is distributed through the

cut out s. thEhmainanmighi(hp). SPenpertatalyss74) m»vsiiﬁt_otahamhﬁh%ﬁfﬁeqﬂaih@foagh
sub-troughs (72) which branch out fromthe main trough (71). The branches

can 980! U0l kb afheRRblcalala) (7a) PRk RFaIGR fhe it 80 fH &1, ddribils G ST oned

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) 1s 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 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

20 (74) is 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).
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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

catal yst bed (not pictured) via the distribution troughs (73) |ocated on

t he sub-troughs (72). Because the distribution troughs (73) extend out from
the sub-troughs (72) (see also FIG 8B), the spent catalyst 20(74) is
distributed in a nore even manner along the catal yst bed (not pictured)
than in the prior art (see FIGS. |IA 113 and I1C). It is envisioned that the
sub-troughs (72) can be supported on _the vessel wal géléG) t hrough a support
means (not shdik) .SAShOWSaheﬂ'@llpemté?ﬁwoiaﬁ@%la-t@?#g% Of e RAEW Ot a nai n
trough (81) of the prior art along line 8Ain FIG 1A As spent catal yst

f1ows thapghide®A BFIG. 1o ughsHehl yatalyptefidwscthtaigh she mhbiovisoughdBl) breenhal | s of
the main trough (81) at cutouts (82) in the direction of the arrows and is

deposi t e@aﬁg's{ h?wg alalsahe g% ﬁx?lsrﬂiéﬂ%l 9k ?g?%éuto@tE (82) iBBhesdifdotioRohad- on

point of view of a main troug in't present invention along |ine 8B

in FIG 2A As spent catalyst f {n trough (81"), spent
cat al yst aFPW\ﬁ/é““?H? gﬁﬁﬁﬁﬁcﬁg}/ e§?%?%?%%8§@gﬂ(;gt%§° ') in the direction of
the arrows and is dggosited on the catal yst bed belo (,510t shown).. FIG 8C
shows5 a head- dHGo8Br#hows a ipadronpommt RAVI t‘}f&]’@ﬂn({@fg})‘&% ke preseting 10
invention along line 8Cin FIG 5A As spent catalyst flows through the
mai n tr otgden(iBi a)angdiversB indtlGl 94t Ad spest eatadyst flosvsthiongh 8fe mpia treatigh t r ough
(81") at cutouts (82") in the direction of the arrows and is deposited on

the catalypt él%ﬂt dRAysk floAddivough Ble dipebutiertralghs(8F) mthetdiectighofithe nai n
ve

trough, travels downward t hrough the downfl ow tubes (85"), and is deposited

bel ow t he %staﬁﬁ‘?? ?%’r?tsf?ﬁ]‘g‘?@%wﬁﬁ%g? 586w)notlsabnp! | the enbodi nents of

the pr eséfft i Rven _spent catalyst i's introduced into the
Legenerator (R BCCRL AL Xkt B BRI o AN PO GO RRkver o
i $0 onauvertian snaIe 61 GRO. bio-AT S S oAt GRE SR PO ERYELi o
reactor/regenerator configurations can be utilized .

(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°).

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 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 configurations can be utilized

20  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



20w th the invention. Additional designs that may be forthcomng in the art
can also be utilized with the invention. It is envisioned that any
nunber and conbi nati on of sub-troughs, distribution troughs, and/or
downf |l ow tubes can be utilized with the invention as |ong as an even

manner of spent catalyst distribution is achieved. It is also envisioned
that the spent catal yst can be aerated either fromexternal sources or from
captured flue gas inside the regenerator bed or unaerated in any nanner
known in the art as the need_arises. Having described the present

i nvent i omanper afispentsatalyst dispatienis @h@wecimﬂys s egeicdihet thesparit cat i ons
may be made to the above-descri bed enbodi nents w thout departing fromthe
spirit apstalysecandeperadd dither frorsemdmalzoerces onfronilveptatxd\fiuergas insideeilie pat ent s
are hereby incorporated by reference, CLAIMS 1. A spent catal yst

di stri butQyenfQfor 8kdoPEndefattd R dn§IRLREAkAOM Biths RR RS tHedledd hdesi N @ Tl ui di zed
catal ytic cracking unit conprising: a. a substantially elongated horizontal

main trough; %ﬂ(\j/ing described the present invention, it will now be apparent that many

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 above-mentioned patents are hereby incorporated by reference.
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b. at |east one selected fromthe group consisting of: I. a plurality of

di stribution troughs extending outward fromthe sides of said main trough,;
ii. a plurality of sub-troughs branching out fromsaid nain trough; H, a
plurality of downflow tubes connected to the bottom of said main trough;
and iv. a plurality of cutouts located on the walls of said main trough and
or said sub-troughs, wherein said dt5®MSut or provi des an even distribution
of spent catalyst on substantially an entire catalyst bed surface. 2. The
spent catal yst distributor of claim1 wherein a second plurality of

downf | ow I ulespentr eatalgstndistriddtor cfot helil i dle ofgeatratieast spae cftalgsiid a
plurality_qof. sub-trqughs.. 3. The spent catalyst distributor of claiml

wher ei n dhg@éﬁﬁﬁ“ﬂWH?8@@@9389“8P@P9ﬂ8&%ion troughs extend outward fromthe

sides of at |east apg g%m%aﬁiaﬁ%%gﬁg%&mlgﬁ%ntﬁ-r?éfﬂ?r_oﬁﬁ?%dCat al yst

di stributor of claim erel east one of said plurality of
di stribution trougHhs aaledétame atletted omothe gofupsansistseafnd pl ural ity of

di stribution troughs are angl.ed dowward.. 5. A nethod of .distributipg spent
catalyst in a spent" EQE‘EF@¥?’f§@&%?%P\§?W@%FXtﬁn£E%PEﬁ“?é‘LfrB’é’ttl{Fﬁ{aﬁ%ogr acki ng
unit conprising they,gf @R tRfugh@. collecting spent catalyst in a
substantially el ongated horizontal main trough and, optionally, fluidizing

and/ or aerating saiitl agpenatitycefisubyroughd hranchingoutdtdny said ppiin woughedi um or

usi ng flue gas capt.ured, under traugh: . b, passing.sai d spent .cat al yst
fromsaid main tr odb‘halpbur&gtﬁfl rdglwln&?%o?lbﬁ% 3 e%tﬁ‘il f‘gwetat?ogtﬁgﬁ%&%%g}agld al ong
at |l east one side afodghead@i n trough ; and

iv. a plurality of cutouts located on the walls of said main trough and or
said sub-troughs, wherein said distributor provides an even distribution

of spent catalyst on substantially an entire catalyst bed surface.

2. The spent catalyst distributor of claim 1 wherein a second plurality of downflow

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

3. The spent catalyst distributor of claim 1 wherein a second plurality of distribution

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

4. The spent catalyst distributor of claim 3 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.

5. 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

13



c. feeding said spent catalyst fromsaid plurality of distribution troughs
to a catal yst bed surface, wherein said nethod provides an even

di stribution of spent catalyst on substantially the entire catal yst bed
surface. 6. A spent catalyst distributor for aiding in the regeneration of

spent catalyst in a flui.dized catal ytic .crackin nit co ising: a. a
substantially el ongﬁt%ﬁélﬂgrs? osﬁf’%f! ca\{f‘éﬁi fﬁopbﬁ?dﬂ?gﬁfl’:l&ylﬂf désr%i;‘ﬁpé‘l tig‘i“ig%éf
sub-troughs branchi gg aok!{ltalfyfgto'ﬁbéadugfae@i' GIIh_ElreHygElid fetitfd bRATdesORE e'ifﬁﬁe(:t ed

fromthe group consisting of: i. a plurality of distribution troughs

ext endi ng outward f distribubien sifdspeniotatglystd omesubstentaliyhthe entire catalyst bedi , a
plurality of downfl owftubes connected to the bottom of said main trough;
and iii, a pl ural i tY'%SF cutouts | ocated on the walls of said main t rough
and or said sub-troughs, wherein said distributor provides an even

di stribution of spent catalyst on substantially an entire catalyst bed
surface. ¢ ATHieng satatyst distnbpder fr sidingdn ghe gegeneration ©fipentetatalystsiscand
pluralitygofs. e nected to the bottomof at |east one of
said pl urgﬁlld%%ﬁ\ggais)@b-c%#gﬁl ngﬁt CQ&%E%I%Spent catal yst distributor of claim®6

wherein a second pl alradubbtyntillycthlGigated MotiaonthiBaig iughktaaad outward from the
sides of at |east one of said sub-troughs. 9. The spent catal yst

di stributor of clai Ph&plirlibeshsubitrqughsbrapehingputdeamy spf grain froyghsf

di stribution trough sal d plurality of
distribution tr oughz' ag%égﬁlgﬁélgkﬁg%mng@g.gpgufo(ghgﬁ%%%ﬁ;nt cat al yst

di stributor of clai maplwhbtysifidistibhtiasttoughe extendiag duftadd &loht thedfdeg ofinf | ow
t ubes connected to the bottomof said main trough and/or at |east one of
sai d second pl ur alif%‘/‘?H\a“UtB ow tubes connected to the bottom of at | east

one of said plurali iy, gfurfiy ok BNARSWbENITBALEV B MM hAGR Hoif 2 O

catal yst bed and said spent”catalyst is deposited sal d surface of
sai d cat afrgugh; badl.

iii. a plurality of cutouts located on the walls of said main trough and or

said sub-troughs, wherein said distributor provides an even distribution

of spent catalyst on substantially an entire catalyst bed surface.

7. The spent catalyst distributor of claim 6 wherein a second plurality of downflow

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

8. The spent catalyst distributor of claim 6 wherein a second plurality of distribution

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

9. The spent catalyst distributor of claim 8 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.

10. The spent catalyst distributor of claim 7 wherein at least one of said plurality of
downflow tubes connected to the bottom of said main trough and/or at least one of said
second plurality of downflow tubes connected to the bottom of at least one of said
plurality of sub-troughs extends below said surface of said catalyst bed and said spent

catalyst is deposited below said surface of said catalyst bed.
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1. The spent catalyst distributor of claim10 wherein said at | east one
downf | ow t ube extends bel ow said surface of said catalyst bed and into the
upper part of said catalyst bed, and said spent catalyst is deposited into
t he upper part of said catalyst bed. 12. A nethod of distributing spent
catalyst in a spent catalyst regenerator for a fluidized catalytic cracking

uni t accdrldThgsrest eatglysssistabuter af ¢eimy1qQ wherein 39id stdeasbenccdmprlosy Whet he st eps
of : a. j ' ' i zont al
i n ¢ 7 oogone 108 ARERLHEEOAKE g e hed dhELAD U AR Y

cat al yst ;beli, andasaRi spgniscatalyss peddposisddahtpshe tppempadiofisaidcatalystdhegh to a
plurality of distribution troughs |ocated along at | east one side of the
mai n trough; and c¢. feeding said spent catalyst fromsaid plurality of

di stri butyiy0 401 3 . aim12
wher ein altz' ergét?&}%ﬁgd%@bggﬁ%g p ﬁ?%?lpftgn 25??3%%&%&%%%@%28?@%? angl ed
downwar d.catadlyticAraskidgnhitdccdidsng folanty iong of plaims t &t 4lthsmethod zompasing thet al yst
regenerator far a fluidized catalytic cracking unit according to any one of
cl ai ms GSfe(PSi’g, t he method conprising the steps of: a. collecting spent

catalyst in a S!beStaf?”&Bl'l&Jti'n# sBEANGBIRE i arsuB QA tANly B ipatcd HéPRoMAlmain
optionally, fluidizing and/or aerating said spen%,. catalyst; b. passing a
per cent age of sai d tepghtandapsibyalty, flushisg pell/ amdenatingsaigrspedt catabystir al i ty of

sub-troughs; and . feeding.said spent catalyst fromsaid plurality of
sub-troughs and frg’mpfgﬁ“&g ﬁ%fiﬁpf’&oﬁ’gﬂyﬁtoﬁ%{ncsg{d;W& 885% toupfpé%rgﬁgyl fy The
met hod of clai m 14 qhigb@idh Saighs Ie@Rdd ﬂ@%@hﬁ/ﬁaﬁsﬂ chefedt bf @@ Bah drowigh;n trough
and said plurality of sub-troughs to said catalyst surface bed via a

plurality of cutouta®d| ocated on the walls of said main trough and said

plurality of sub-troyghf, 461 of 'fg%fgx;(&Of?oafsafd Fufily oPSTRuHon HolgRPent

catalyst is fed from saln(¥
to a catalyst bed surface.

13. The method of claim 12 wherein at least one of said plurality said distribution

troughs is angled downward.

14. A method of distributing spent catalyst in a spent catalyst regenerator for a
fluidized catalytic cracking unit according to any one of claims 6 to 11, the method
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.

15. The method of claim 14 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.

16. The method of claim 14 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
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and said plurality of sub-troughs to said catalyst surface bed via a
plurality of distribution troughs |located on the sides of said nmain trough
and said plurality of sub-troughs. 17. The nmethod of claim 16 wherein at

| east one of said plurality of distribution troughs is angled downward.

18. The nmet hqd. .of claim 14 wherein a plurality of downt]ow tybes_ are
connect egﬁlsg-ﬂ}uﬂgn W@Hﬁ%‘fte‘i\gp dhensifes ‘?flrsé ?maPFfa‘gPlﬁn\fg??é‘rd I\éll'b‘ﬁ‘gm & Y-t he
steps of tgugRassing sone of said spent catalyst to said plurality of

downfl ow tubes; and b. feeding said spent catalyst in said plurality of
downfl ow tubes to said catal yst bed surface. 19. The nmethod of claim18

wherein at-|l east _ope ,of. said.pluralit f downfl ow,tub e nd el ow said
sur f ace o#7'sa @gﬁlgfiy%fi aﬁlélbl n‘ﬁﬁférglind%s%@itonfa? af%tpllj‘frgﬁ e‘gfi)é;‘is?@’&gﬁ%l ow
sai d surf aeegfis sl &avabargt bed. 20. The method of claim 19 wherein at

| east one of said plurality of downtlow tubes extends bel ow said surface of
said catalyst bed and into the upper part of said catal yst bed, and said

spent cataby j i i.nto.the,upper ~part-of said catalys d. 21.
Tﬁe met hogé'oiﬁ%{l%h%ﬁ ?’g a\/‘il}]rgg‘e‘i“ﬂlegeutbflg %‘uéﬁl { 3? f g?wﬁ%% Hsbc?ﬁ/a{euﬁ?@ge%?(%mgg?mect ed
to the bobstosh of said nagaséughhgndsRiktet @ehprisip théstely GUP consi sting of said
mai n trough and said plurality of sub-troughs, and further conprising the
steps of: a. passind RSHBEZoPMEapksadespentceatalysiste said phirality| ofr downflovef
downfl ow tubes; andgj .faﬁ(?di ng said spent catalyst in said plurality of
downfl ow tubes to sail Sls’ca al yst bed surface.

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

catalyst bed surface.

19. The method of claim 18 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.

20. The method of claim 19 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.

21. The method of claim 16 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.
22. The method of claim 21 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.
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22. The nethod of claim 21 wherein at | east one of said downfl ow tubes
extends bel ow said surface of said catal yst bed and said spent catalyst is
deposited bel ow said surface of said catal yst bed. 23. The nmethod of claim
22 wherein at | east one of said downfl ow tubes extends bel ow said surface
of said catalyst bed and into the upper part of said catal yst bed, and said
spent catZal ya¢ methodf slamed whﬂr%;ntahﬁeaﬁrmy@rof gaif doymnilew; tybes gxtands Se BYd. .

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.
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