| MPROVED BATHTUB- TYPE SPENT CATALYST DI STRI BUTOR FOR
EFFECTI VE COUNTER- CURRENT REGENERATION I 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 bathtub-type spent catal yst distributor.
Most particularly, the present invention is related

%@&?yéﬁx @;@éiﬁ&%ﬁ BESTRA #vmﬁgm .

The theor@LHEﬂ(HH ébéﬂ?céaﬁépygpcﬂpg@Tﬁbutors has been

known for many years. Cenerally, once catal yst has
been used in a cracking process, it is referred to as
bei ng "spent FIEEDAOKIHE INKESNIION cat al yst i s covered
wi th coke, which covers the active sites on the
Thatpadsyrg tintehgoreiyateub stspertt icathlyyt diedbweton gMbleepaattiuiariyl the
of the catalyst. It is possible, however, to renove
present ihi@ition katéd 101 Balifuls 8lpalsydt cAthly QWeHriti6er. WE6st Bhrtidularly,
regenerator. The spent catalyst is fed into the

the prese'h?ﬁh@&ﬁfoﬁtlQfelzﬁémtotehf‘at}ﬁ@cp%'etsﬁéilt ERKIGs BsthbtOedr 8EYive

| eaving only the catalyst The hot re-activated

counter-Gftfedt %ﬁ nekactﬁ)'hhx? Aul; %‘{ cgcﬁ%mgtdﬂft% regenerator to be

reused”in the crac I ng proces is a known probl em
inthe art that if the spent catalyst is not
di stributed into the regenerator in a uniform manner,

the cataly ' e e s ¢l eanly,
after-burH%%gkiﬂ§8bﬁ@)§§n€%g§P86ﬂ€ rature increase
in the dilute phase of the regenerator is present,
Thp Eerey bqhgﬂdg%ﬁ@rca&abfét digtrigp@eshas Apincknanp At BanSesAss: al
past patents have attenpted to resolve the
Generallgeemice faplystdgs beentused yrd eypckana praéess,nt ib otfered torrobriops
Wi th
“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 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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varyi ng degrees of success. For exanple, U S. Pat. No.
4,150,090 to Murphy et al. teaches an apparatus that
is wused in the regeneration of cracking catalyst.
Arnms which carry spent catalyst are connected to a
center shaft and extend outward fromthe shaft but do
not touch the outer walls of the regenerator. This
patent t hus discloses a shape that |s very simlar to =
the 5 spokes on a when_ vi above. -
e omTHIERS- AeoNontSa0e0 a Mo pte: ‘Gaheh "’;Ps"tppt"“@“lf‘ethat i
distributed in the regenerator in a very uneven

used imthe ezgendratfon xtracking\eatal $st6 26k 4thictocavty spent talygt are
di scl oses a design for a spent catal yst - distributor

" conndc@dd 18 afdentiet sifadit AldyEkitehd Oudedst e thetshafe genﬁr @dtaduchl the outer

th|s design, the spent catalyst is aerated in the

' Walls%@ g%g%ééi%%@&%gkm&so&s&&e@? glé%ﬁ(%hgtq éi?tshﬂﬂalocf) the

aeration |I|tates he fl ow of

t

'Sp°ke§||g’g‘r?f‘8hecet SRl ARt ORI shlreb Womert

. arns that carry spent catalyst are connected to a

catalyseint kerdigtphptied dhthegsg@ppigun Aaey VISR P& Ehaft . This
pat ent thus di scl oses a shape that is very sinmilar to
.t HeSsPakeNe@5,65yiH0ab Millbeet al.idsvbabes 2 desigibtov@.spent catalyst
However, this design also causes the spent catal yst ‘

dtstnﬁtﬂopﬁr d'ﬂi\‘id Ay ee ciabkihp @nit egRAe R On this desiter ﬂuel.ﬂpememtalyst =
15 manner. U. S. Patent No. 6,809,054 to Myers et al. .

is a_er%rt%%i ?%g% F)@djc chd ?@f @1? gir%g Rk Qo MRS SRR st b des. The

ng sp talytic cracklng cat alyst

RGBT R BTSRRI i SERSI i,

order to avoid haot spots and zo

' | te
*catal g lERNO5N ASFRILS YHUGHIRSAOATS 96 CO5 PP aIas arpgonnected

possi bl e use of aeration to fluidize the header to
to a ckutet $haft aad sixtend outvedry $om 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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flow A spent catalyst-carrying armextends out from
the wall of the regenerator and extends towards, but
doesn't touch, the opposite wall. This patent al so
teaches that small arms can extend fromthe 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

- not in gekvshape abmspaked mrheeh plso shusea Hisrratabitst ingbes@atributedanahs st-

in cracking units if there were a design that woul d
regenéhiopin 4 Neryainsver fautriepn of spent 5 catal yst onto the
catal yst bed in a very even manner that woul d inprove
t ﬁ%c&ﬁfﬂg"gf@mbful@f epredtfit HIESBARERM P O a6Sfak ¥dilerating s ent
SUVVARY THE INVENTION It iS therefore an object o

cataly%n cpac %%%mt}s ortﬁ‘F} 'v%}e ta%eﬁ ﬂﬁ?w‘oﬁﬁ zﬁﬁ%e Ql?sltﬁi)é(t%n of, spent

across e entire cross-section

regener at or is a further obje of th sent
cataly i TGRS REhineA EEr ot BORHT dhak OBt Bt T Brency of

~and a cl eaner regenerated catalyst. It is a
the regametation obbjtelyst. of t he present invention to reduce, if
not elimnate, after burning and the associ ated
“tenperature increase in the dilute phase of the ,
regenerator. 15 It is a further object of the present

i nvention to igoVIYARYOFEHEANVENYION prolong the
life of equipment used in regenerating spent catalyst.

! it 1.L, ﬁle?eﬁ'&%ratnrb% ec? Q{' ﬁﬂ%&) «?se{ltt 1'H§erﬂfoﬁ§§ Qﬁreh@fﬁ%%%leﬂtrbatt?ﬂyst more '

a Se e spen ow I n

" unter-current direction Lelatlve to the rising
umfo HBTTEES Bf eatérgégess -section of the regenerator _

It is a further object of the present invention 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 coﬁntef—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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It is a further object of the present invention to

i ncrease catal yst activity retention 20 and reduce
catal yst makeup cost. It is a further object of the
present invention to reduce NO production during the
regeneration of spent catalyst. 3 Accordingly, these

obj ects and others are achi eved by the design of the
present invention, which conprises an open channel =
fl ow of. qu di zed spent catal yst.through r hed

o ot i ctney Sk E8s Srdabic By Radisiep R Wi igon

very even distribution pattern over the regenerator

- invengippswhisk comprisds aaropan chanoghfowoé flgidizidspenttnatal s through'a

troughs, sub-troughs 5 and/or downflow tubes. In.

branche@ 8B tritetbreviicd disparsss, the hgenteatalystriaughery svmptlmthbuﬁﬂmpattem
mul tiple sub-troughs to formthe shape of a "we or

r
ove LRSS Lty o AR g b o

_ mnmards to aid in catalyst flow. 10 BRI EF
BRI R

SOF THE DRAWNGS FIG | A depicts a top Vi ew
of the prjor. a ent catalyst enerat 113
Tnepriered anggﬁ ﬂé’lﬁ e foBeh sl bmr%muﬁwe H?H.g]ﬁs to
catalyst regenerator. FIG | C depicts a S|de vi ew of -
form theeshppé ofra ‘Gvye spentosgaend yath malyplectrangbrhas Fveral ziﬁstnbutlon
depicts a top view of an enbodi nent of the present -

trough#) Ve ferabily ceaoh aotighng indimedidotwminhards tonid inaatihgst flokG.
213 ‘depicts a second top view of an enbodi nent of the
_present invention. containing.distribution troughs.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. lA depicts a top viéw of the prior art spent catalyst regeﬁerator.
- FIG. 1B depicts é second top \t./iew of the prior art spent catalyst regenerator.
FIG. 1C depicts a side view of ithe prior art spent cataiyst regenerator.
- FIG. 2A dépicts a top view of an embodiment of the preéent invention cdntaining
distribution troughs. o

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.




FIG 2C depicts a side view of an enbodi nent of the
present invention containing distribution troughs. 20
FIG 3A depicts a top view of a split or "we"

enbodi nent of the present invention. FIG 3B depicts
a side view of a split or "wye" enbodi nent of the
present invention. 4 FIG 4A depicts a top view of a
split or "wye" enbodi nent of the present invention

C ai,ning. distributi pn troughs., FIG ..4B depjcts a
T R il SR oEF P B s o e st
) present _invention containing distribution troughs. 5°
invenfipcommn g figitigution Bpnahsew of a fourth embodi ment- of
t he present invention containing downflow tubes. FIG -
S5FIGepB depict ssdovidwtod splitew ‘®fyed efnbodinhent obtheipresent of
the present invention containing downflow tubes. FIG

invenfibn €6MhiGirE dstiibifornvi-euynef a fourth enbodi ment of the
. present invention 10 containing downflow tubes. FIG

6AEERA Qiteﬁlc?s :{ t%g Ve Bt ? I”ou?ﬂlfe.ﬁ-l{btglairﬁ{q? oF itl{@&ﬁ%seﬂ{ in&@ﬁibn
present 1Thvention contalning downfl ow €s an
~di.st ibuéfi on.troughs. FIG 6B depicts a second top.
contaipg QYN (49€% enbodi nent of the present invention.
- cont ai ning downfl ow tubes and distribution troughs.
. 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.

15

FIG. 6A depicts a top viéw of a fifth embodiment of the presént invention
conta_i‘ning downflow tubes and distriﬁution 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 troﬁghs. ‘

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

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.
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15 FIG 6C depicts a side view of a fifth enbodi nent

of the present invention containing downflow tubes
and distribution troughs. FIG 7 depicts a top view of
a multiply split enbodi nent of the present invention
containing distribution troughs. FIG 8A depicts a
cutaway view of a trough w thout downfl ow tubes or 20
,di stribution troughs. FIG 8B depicts a cutaway view

d ep mﬁiﬁﬂg&%ﬁﬁimﬁj bmg&#ﬁ %‘EW m% N

tubes. 5 DETAILED DESCRI PTI ON OF THE PRESENT | NVENTI ON
TH&eHolloveing dgscaipsion phpicdnTedrenphodimente i Riptsatadieatlestiat the
presented to illustrate the present invention and is
presemtohvetrmOh end onstt teibel cdistrhedriotlith ¢hesswope o bthe ahperaieg ehulmsl in
clains in any manner whatsoever. 5 As best shown in -

any nfah&} whasoek&. and 1C, the prior art is linited to
di stributing spent catalyst (11) through a main

”% B &b m%;c;§ %\Sﬁ?ﬁrﬁd FALAL ¥br rgi'glnﬂi?gocg)ecﬁg@m@

e maln trou spent cat

of t trou n
sper ee}efya& A7) #Eguchye wﬂ@%@ﬁ Dot st %%Lvssﬁﬁipﬁ%fd% along
8A). This overflowis schematically represented
the mainrtesweh (12Dhthespemricatehish(ly3 flops pyer the ayadls of Mpraain; twugh (12)
~ line 10 across the catal yst bed (not pictured). The -
in spenHied dutomtsyti 3] dLhe caain treuglu@Rd (see dlso AFIGhBA). vELIs elverfimivt is
(15) through a support neans (16). As best shown in .
schenfakicsly ﬁeﬁres@ﬁe@ﬁﬂ agGws t mﬁe BY5e® ethlyst\ ENisiciribited &y 8ine
upon the.

across the catalyst bed (not plctured) ‘'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 upoﬁ 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 mair; 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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prior art by adding distribution troughs (21) al ong
each side of the main trough (22). Each distribution
trough (21) is angled dowward fromthe 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 catal yst (23) proceeds
-al ong the main trough (22), portions are di stributed-

to_ the_catalyst bed (not pictured) via

digGS: Béﬁn@ﬁﬁ 49&!@ REothongmbadimgnt;of ghe lﬁfﬁf%ﬂ gventign that

arrows. Because the distribution troughs (21) extend -
impreygs oferdhe pher arhby splittingithie nidia ropgle 6 13 figto seb-Gougld) (32).hEhe
' spent catalyst (23) is distributed in a nore even 20

| ‘term M@BABSuA(YNE o eant talinditatde troagh t}ﬁﬂis(sﬂﬁl‘lleﬁth@ﬁ lﬂlﬁ@ﬂ)ﬂn troﬁgh

than in the prior art (see FIGS. IB and 1C). o
[ s '
(31) sﬁjpegglﬁl LA gﬁxgéjv glgéb‘grllﬂ”{@éeg afdj' E}ggéh vﬁ?% Q‘esmaller or equal |

insiog B RAEs of 018 T el R pefl ok e tﬁf %@&0 sovsin

over. the prior art by splitting the main trough (312 :
and thiqpgh GiH04iR FagaR (3(232340@% of thernpmt selBList Gdypresdistribyted over
not nmeant to indicate a trough that is smaller than

. the waligofthe main toggh-(3(3 i) spedified tetoms (3d)kofttheomghy wjvgh (31) (seé

~enconpasses any trough (whether larger, smaller or -
also IQU8A) 5STheasowe Jrepriosdnt thivowediBswONot bl 0fMHeRBerBathlyst (33) is
trough (31). The spent catalyst (33) flows into and

dlsmmewﬁ@ugmﬁe B@tbﬁtst(B@}JQﬁH &%&xrangggénk eﬁﬁlgg%a?f _ H into-A

" catal yst are di'stri but

sub- t{gﬁ%hs @5? %%ml'g grgéch 01|1 eCIf}fé l’ilgll&) TO éf’lgg ﬁ%’l}rarnngs %agﬁ:tegln at’
fl |1 ta '
Bt D5 Bl w«agl\gftgw?&hﬁé?)c JLR RN

spent catalyst (33) is diverted.into 10 sub-troughs

‘troughGP), pRrias of thamsniotalyst m)tah@dlﬁmbntqdrqyagthem;s of Thrresub-

branches can begin at
troughs (32) in spemﬁed 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 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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any point (35) along the main trough (31). As the
spent catalyst (33) traverses the sub- troughs (32),
portions of the spent catalyst (32) 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 fromthe nain trough (31), the spent 15

cat.a tri ute e even nanner,
e Tt ﬁiﬁ?ﬁ?&? Bt Bt e B o e
prior art (s GS. IBand 1C). It is
Cataléfﬁt\heéubeﬁelai (pﬂtanlctﬂlrf’él) wuhe thsm]vglﬁen (r3pghsci4d) Insated ppdhe mein
- on the vessel wall (36) through a support neans (not -
trougdi @t wr ¥d all ¢ff tEBS spehcanlystiB4 pishiciybuyted thangfhhte main trough’s
preferred enbodi nent of the present 20 invention in. -

(41) Whriutioh eroufiy @%H nR&haﬁM%"ngﬁlQ:a&'lys@ (449458 thbﬁ d%ﬁ'e@ ¥ sub-

by splitting a main trou I nt o sub-troughs

ol R o%%gk%@s%% et

ok Bl B AR R T b5 m}w%

mai n_trough ( 41 and as 7 the spent catalyst (44)

(42), gt s distiatanted torthe Pﬁélyﬁ%d?qd (tl@fdu@tnrqdnya theydistritowtion aroughs (43)

~distributed to.the catalyst bed bottom (not pictured)
located an theenaidtough (4 i) o Betause desdifiBhtidrorangd (43) dxtendnait firom
trough (41). Not all of the spent catalyst (44) is .
both Shesthin tsugH (41200 g gubetrd’@hgl (42 eseghlsd FIGAER), the spent catalyst .
di stri bution troughs - (43). Renmining spent catal ys ‘

(44) fs‘l‘ﬁ@tnh@te& H}e%]m@iré’ SlehGaringf Qoﬁ%ﬁ‘h 5:(3 Zﬂ);%yg%ﬁb&é Qf@l ured

branch out romthe main tro

o ATl B el B e o

| yst bed t tured
can bl\eltsgllagqﬁgldzetpgt (? gﬁtbsge {4,6e cats ai%ppm?t me(agg (noe Isﬁovldn) )

"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--_

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 treugh (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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| ocated on the main trough (41). Because the

di stribution troughs (43) extend out from both the
mai n trough (41) and the sub-troughs (42) (see also
FIG 8B), the spent catalyst 10 (44) is distributed in
a nore even manner along the catal yst bed bottom (not
pictured) than in the prior art (see FIGS. | A 113
and 1C). It is envisioned that the sub-troughs (42)

trougBR (5D EpBHIRANFEE (ﬁ"ﬂéi %1@\/\%1}53%%8 l(;éﬁﬁq% 2 tﬁ%@paelr‘] g[ng %9 Bﬁ%aglyst bed

support neans (not

oy f’%%ﬁ?se‘*mﬁgri%‘ Egv&x%mgfffi B b RO aggionigpe

. icted.as circles in FIG 5A) are 15 provided in
cata?yﬁg

beh Yefeee @t 8 the spend egtﬁlyeta(ééi) ip déstributedinks BorgE)en
As the spent catalyst (53) proceeds along the main -
manmrdh@hin(tggpnow {sco HEGArle\, dBsardi 1)t duis alserentRfoned ihas the
- of the main trough (52) in specified cutouts (54) of

. main reugiB(5R) EanChetfuph&RId onlthe vadsE W] (B VRSEMN goft Beans G 6).

overflow. Not all of the spent catalyst (
di ercen v
oh glﬁé’% ?rﬁ %?a%dg @%’tggb(lstf})ﬁll Gt %Jtotﬂ?er S)gé%rr%d%mgo i giqﬁo present

imvef§ U o QM RHtRRed i Dk oty B Eﬁﬁésf%xmt raymin

circles i

: I FIG bBA tend from ‘
FIGS e Gt ot Brovided asabarionuitng sz v@lg’@dﬁéﬁnm@smbmm

surface of the catalyst bed (see FIG SC). In a
troughs é¢Bralet eanh sidie wé Hie, maih eroa;igh\/(ﬁZ)oWstthqu&nt ¢Bdlystn68) }Goceeds
5B and depicted as circles in FIG 5A) extend fromthe
alongthietnoain abuplh 6 2YRiontiGnstar @ dighibubed) by R aistritigios l#fcfu%ﬁ@(é% Each
- the catalyst bed, and into the upper. part of

: distribatied M@ﬁg}p(%d) is(a ?Ied%m)ard E&%@Hé@ WOL%H%EE) &oaériftl 3@&1 itate

(53) is distributed both above an

SRSk G A L

stri
I nvi si oned _
spenttcf?;all}gﬁ? E@) proceeds along t%e main trough %62) Ipsortiaonssoaree distributed to the -

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

Not all of the spent oétalyst (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 oatalyst bed (see FIG. 8C). In a preferred embodiment, the downflow tubes (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 -




5 main trough (52) can be supported on the vessel wal
(55) via a support neans (56). FIGS. 6A, 6B and 6C
depict still yet another preferred enbodi nent of the
present invention. In this preferred enbodi nent
downfl ow tubes (61 in FIG 6C, not shown in FIGS. 6A
or 6B) are provided in the bottomof the main trough
(62) and distribution troughs (64) along each side of

© of tHeRGtaltRE Bed }%L@@m(c@tga%}gt ﬁ%)ﬁ@&isﬁfﬁﬁﬁ:&i (ng gtn%rg %(1?14 Ehner 1 along and
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proceeds 10 alon ntr |ons

di,stri bute di str ut i troughs (6
rotBb] g b ERPed, Gghple%las i woa%wéqé?qf JiiBand 10).
- main trough (62) so as-.to facilitate catalyst flow . .
Itis gg@ ﬁl'tmﬁlalﬁeéi f‘}?@t the e3yn treRghe(6a) earnf heosmppomechon the vesschwall (65)
trough (62) and, as the spent catalyst (63) proceeds -
via agluppayt tieenan@odn trough (62), portions are distributed -
to the catal yst bed (not plctured) via the

di BIG.ishbive T&nbﬂlgﬂ}iﬂ’@&n(e@ 4mbdHRMNGt Bbﬁleﬁﬁ‘ésl&nplfnv&ﬁﬁ)n in whicha

arrows. 15 Not of the spent catalyst L
i éég%lit”ﬁﬁﬁgﬂ%él%?b?@ﬁ% b g .sdes&%mmughs
5 B 5P o) (SIS 4

not .shown in FIGS. 6A or GB) extend fromthe bottom

It is ggpvisioned faitrnot sy tha Zstibntiv) tevwghh 6733 wetldadsodine thieides of

catal yst bed (see FIG 8C). In a preferred enbodi nent,
the mahetrolaghn(7l bWl heifpest aBdlyst{7DA1d Gntbamd thﬂ;tugﬁhl@él\ﬂaimrough
FIGS. 6A or 6B) extend fromthe bottomof the main

(71), ah@ug thd §2ht catflggl(74)iRosdens alelg e hiig tfR %ﬁ é’YP)t p&? @ns of the
and into the upper part of the catalyst

) spentsdﬂgaw (75ecAusRIbLRE HES %'(\ntbg'gs Ehetﬁﬁﬂg%gé?@) t@@tugﬁ] gutauts "

fromthe main troug see also

' (31mlgar l{lé: ﬁ{(ﬁ %ﬁe ?]é}betr y glcr:l‘;tro ré% f(L/‘ﬁt i&% &ﬁl é@%% spggbcda? v I(g%éﬁt

st ( is-distributed in a ngre even nann ,
dlstnglptsé: H% e cutouts The remaining spent catalyst (74) 1s then dlverted mto -
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). Once 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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t hroughout the catalyst bed (not pictured) than in the:
prior art (see FIGS. | A 113 and 1 ©. It is also
envi sioned that the main trough (62) can be supported
on the vessel wall (65) via a support neans (66). 5
FIG 7 shows another preferred enbodi nent of the
present invention in which a main trough (71) is

split into several sub-troughs (72). Furthernore,

di i bution troyghs .only sone a S at ed
i R P AR e S T
8B). It is envisioned (but not shown) that
alongllis¢ BABDEIGN] A r dgghent cTRIyst Bewsithapugh the main eugh @és spent
- the main trough (71). The spent catalyst (74) flows
catalysttfiovanslet theoudls of tise ainrtrduzh (g at Butbputk)82)andhe discction of the
spent catal yst (74) proceeds along the main trough

arrmgg Ad is Qi@ $<i1edsn e Jalﬁﬁyst%@§ BEIO@%&I #dlvnf.74) are

| St rlbu ed over the walls of the main trough (71)

%]Sg%( % Qut;s hiead- %ﬁlp@’]#t%tf N eegvsgijeﬁ‘inaﬁ)’ll%% a%iyl p?:}'f'?manesem

dlstrlbuted t hrough the cutouts. ng spent
inventanalong lige8H 1 El%fg Hén 5? Rt %ﬂalmf@ &Fglﬁ'é toeh

whi ch branch out fromthe main trough ) The
(81”)pszeme haslyetdipme@mghtthq@smwtmtrnugh(sI§§ ") &t theglinendomead ihe

~trough (71). It is envisioned that all branches can
arrovRe@idnis @kposithé os arecaniyddibbd belewt (npiodhowvs).( 75) al ong t he
mai n trough (71). Once spent catalyst (74) enters the
SUPTC reeugosys(adrehd-ohtpoind o(f* i b8 tidighli81 e pinahy iesc)ant' o

bed (not pictured) via the distribution troughs

inveryf adl%?ﬁ%f%ﬁg L oMY G8en {itdivsy IREAMBROEN By main trough
<81”i§?>a${;§f bR pviBE pali g e B Roueh 6. 5B Blromis i in

al ong the catal yst bed (not pi ctured than in the
the dppq:tmn afithe praews mdds deposited 3 thgeptalyt bed (84°9)- dld1apnsh spent
that the sub-troughs (72) can be supported on the -
catalygshets thamluph (Heehainhromghtrayebujpportardiiansgh( the tdowndaw) 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 '

cohtémplate 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-
sfagc regenerators énd 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




10 FIG 8A shows a head-on point of view of a main

trough (81) of the prior art along line 8Ain FIG

1A. 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 catal yst bed bel ow (not
-~ shown). 5 FIG 8B shows a head-on point of view of a.

mai n trough (81'), in the present _invention_ alqgng
manner AESAFAL $9Ralpt distbhutionds aghintedc 15 plse FHYHSWEE that gl?g"ﬁem

the main trough (81'), spent catalyst flows through -
catalysh eardbs tarptod ity fram exfmial 8@rgesion fiomecagiured flio gasifsidpéhe
‘ arrows and is deposited on the catal yst bed bel ow (not
regerfef@¥Hed druGrer8ed S axymante &own ipthentt Bfthamad dfseq

mai n trough (81") in the present 10 invention-along

't Hgfviﬁgdésrérigé f he%ftsi:ﬁfigﬁéh%%, ﬁmh&i@tbefabg%mttﬂat%&@

marn trou 8 spent catalyst flows over ‘the

wal | 5 of..the main trough 1Y) at cuiouts 2").in
changiand i tarbray he SRE st ahly Puesb S iTut e sndmon

catal yst bed (84"). Additional spent  catalyst flows
departing dipgh therspiriand the ssaphot the RIS BERERRr d t hr ough t he

downfl ow tubes (85 "), and is deposited bel ow t he

s UFfeaabe veimenhenahpa¢nts are hertby 8dcoyporated by refetencdre

enbodi ments of the present invention, the spent

catalyst is introduced into the regenerator froma .

catal ytic cracking unit, although the present

inventors contenplate that the invention may be

enpl oyed in other applications that woul d benefit

frominproved distribution of particulate matter. It

is envisioned that single stage, two- stage

regenerators and si de-by-side reactor/regenerator

configurations can be utilized 20 with the invention.

Addi ti onal designs that may be forthcomng in the art

can al so be -
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utilized with the invention. It is envisioned that any
nunber and conbi nati on of sub-troughs; distribution
troughs, and/or downfl ow tubes can be utilized with
the invention as long as an even 11 manner of spent
catal yst distribution is achieved. It is also
envi sioned that the spent catalyst can be aerated
either fromexternal sources or fromcaptured flue gas
inside the regenerator @f & unaerated in any nmanner.
known in the art as the need arises. Having descri bed
th resent .invention, it will now be apparent that.
1%}@%&%@‘)&% 58T $ALGH 1 h SPeRh GALBIYSFRBRNCFRIOF 198 2
above-descri bed enbodi ments without departing from
t hiduidiged patalaiiel cragking dopeomprising thy siepsratl i nventi on. The
above-nenti oned patents are hereby incorporated by
- 1 ef enenoectinkZpehtNlabdByst In a Auairetrbgth B, eptidnallpulhiidiing and/or
spent catalyst in a spent catal yst regenerator for a -

fluidi zggdeatalddpbst GEAFKI Ng unit conprising the steps
of: a. collécting spent 6ata|yst}in a main trough and,
or ...aer.a

optignally: fluwidizi angd/ in al d, spent .. .
oot by dtse Sl sborf SRR i B4R Tl B B BEPar
~main trough to a plurality of distribution troughs;
-and c.‘ggggWHﬁlg%iﬁmsﬁght catal yst fromsaid plurality
- of distribution troughs to a catalyst surface bed.
- . c. feeding said spent catalyst from said plurality of distribution troughs to a

catélyst surface bed.

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

troughs 1s angled downward.

3. A method of distributing spent catalyst in a spent catalyst regenerator for a
,.ﬂuidized catalytic cracking unit compriSjn'g the steps of:
.Aa. collecting spent catalyst in a mﬁin trough and, opti;nally, fluidizing and/or
aerating said spent catalyst;
b passing a percentage of said spent catalyst from said main trough to a
pluré]ity of sub-troughs; and

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

said main trough to a catalyst surface bed.

13




2. The nmethod of claiml| wherein at | east one of said
plurality said distribution troughs is angled
downward. 3. A nmethod of distributing spent catalyst
in a spent catalyst regenerator for a fluidized
catalytic cracking unit conprising the steps of. a.
coll ecting spent catalyst in a main trough and,
optionally, fluidizing and/or aerating said spent
catal yst; b. passing a percentage of said spent .

4c a‘ﬁmmhoc? ofohainad whesginsaid meghcatalys is fd from ﬁiﬂ? TN trough
sub-troughs; and c. feeding said spent catalyst from -
sahd szt phaklity pf efib-gubehtsrto gl samht surface bshivid apdimality of
trough to a catalyst surface bed. 13 4. The nethod of
CleBioMsAoWHET S the SALE o BAA SR trahYSind id BdraflikpsT aditeoughs.
main trough and said plurality of sub-troughs to sai :
catal yst surface bed via a plurality of cutouts
| ocated on the walls of said nmain trough and said

_ plurality of sub-t S. met.h f cl.
5 WP G ot L LH LR i Bih P GO rongh
- trough and sai d plurailty of sub-troughs to said
-candbaid pluglity af suthbrgughisgo saig(cataliist sujfase be(amtamlwﬂltmf
troughs | ocated on the sides of said main trough and
- sdistritpltionatduils Iotated ub tHer ddighed saif .maih érongh modisaod phllraahtynof
5 wherein at | east one of said plurality of-
dissh frolpd on troughs is angled downward. 7. A method
of distributing spent catalyst in a spent catal yst
regenerator for a- ‘ ‘

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

troughs is éngled downward.

7. A method of distributing spent catalyst in a spent cataiyst regenerator for a
fluidized 'catélytic cracking unit compn'sing the steps of:

a. collecvti.ngis'pent catalyst in a main trough and, éptionally, ﬂuidi_zing a:hd/or |
aerating said spent catalyst; | | |

b. passing a percentage of said spent catalvyst from said main trough to a
plurality of downflow tubes located on the bottom of said main tro_ugh;

c. feeding said spent catalyst remaining in said main troughto a cétalyst
surface bed via at least one seleéted 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 majn trough;

and

14




fluidized catalytic cracking unit conprising the steps
of. a, collecting spent catalyst in a main trough and,
optionally, fluidizing and/or aerating said spent
catal yst; b. passing a percentage of said spent
catalyst fromsaid main trough to a plurality of
downf |l ow tubes | ocated on the bottom of said main
trough; c. feeding said spent catal yst remaining in
sai d n..trou t

oast oreine PPt e Rt et Dl ARl Bpise seia
plurality_of cutouts Iocated along t he malls of said
mai n tr%ﬁ%¥$tﬁﬁ@“§ bedi urality of distribution troughs

| ocated on the sides of said main trough; and 14 d.
feeding said spent catalyst in said plurality of - .
downfl ow tubes to said catalyst surface bed. 8. The:

3 ”BFH%QHet%d of b 7 witedigbtleakt oh€abdaidprrality sdidtribution
plurality of distribution. troughs is angled downward.

Fet Ahm7 wherein at |east one of said
plulgﬁ %g:dﬂﬁﬁﬁ*OM/tubes ext ends bel ow sai d _
surface . of sai d catal yst bed and said spent catal yst.

is deposited below said surface of said catalyst bed."
10. The nethod of claim 9 wherein | east sai d

9p| Theanethgd ef claismd Mhswein ableast oBk Pémpblétlawog awnﬂow tubes

~surface of said catalyst bed and into the upper part
ofexsamidd beloat alid/sitrfaoe df sauh datalystdbed padsaidapetystal yss is depOSlted
- deposited into the upper part of said

below said surface of said catalyst bed.

10; The method of claim 9 Whetein at least one of said'pitlrality of downflow tubes
extends below said surface of said catalyst b_ed and into the upﬁer part of Said
catalyst bed, and said spent catalyst is depoeited into the ﬁpper part-of ‘said
catalyst bed.

11. The, method of claim 3 wherein a plurelity of downﬂow ttzbes are connected to the

* bottom of said mai.n trdugh, and further comprisihg the steps of
a. passing sortle of said spent catalyst to said plurality of downflow tubes;
and
b. féeding said spent catalyst in said plurality of downflow tubes to said

catalyst surface bed.
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catal yst bed. 11. The nmethod of claim3 wherein a
plurality of downfl ow tubes are connected to the
bottom of said main trough, and, further conprising

the steps of a. passing sone 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 surface bed. . 15 12. The nethod of
claim 1l wherein at |east one of a
12ihermeshed efrdam b vBsgs %é?aamﬁaqf?? APl edotaflp tubes
catal yst bed and said spent catal yst is deposite ed

bekmnds béldwseidfsacfecod! wal chtazst deg end grad speng catglyst 1s dep031ted
met hod of claim 12 wherein at | east one of said

PlydI R} kdid s@facd@epdill eeatyybesl. ext ends bel ow sai d
surface of said catalyst bed and into the upper part

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

AT TR TR BB Pl gt e

| east one selected fromthe gr nsi

reeends b e gen o P RARpeR e diine Heubgrobat it
further conprising the steps of: a. passing sone of :
‘Sajathlgpbed, andbal ypent catalyat 1 dopenitad intg thefuppeipdt eipaid.

- tubes; and b, feeding said spent catalyst in said"
';ﬂéﬁﬂ@&bydof downfl ow t ubes to said '

14 The rhethod of claim 5 wherein a plurality of downﬂow tubeé are ,conneqted to-the '
bottom ‘of at least .one selected from the group consisting of said main trough and
R s'ai.d plurality of sub-troughs, a;nd further comprising the steps of:
a. passing some of said spent catalyst to said plufality of downflow tubes;
and
b. fée.ding. said spent catalyst in said plurality of downflow tubes to said

catalyst surface bed.

15.. The method of claim 14 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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catal yst surface bed. 15. The nethod of claim 14
wherein at | east one of said downfl ow tubes extends
bel ow sai d surface of said catal yst bed and said spent
catal yst is deposited bel ow said surface of said
catal yst bed. 16 16. The nethod of claim15 wherein at
| east one of said downfl ow tubes extends below said
surface of said catal yst bed and into the upper part

of said catal yst bed, . and said e

L6dEbomktiod of slsmiASARsR A 5at e Pt S owapay Y Ttess s
17. . The nmethod of claim 14 wherein at |east one
smldwmbmlrsakﬁatqoﬁn‘aldjcmzﬂyst fred achinte thewgher Rast %ﬂﬁ@}%ﬁtalyﬁ bed,
‘downward. 18. A spent catal yst distributor for aiding
| thd $6d §RALORIIFSIO BepbitaDians the abpenypatt dfisaid cafdlyst beded
catal ytic cracking unit conprising: a. a main trough;
and b. at | east one selected fromthe group consisting

i. a plurallty of distribution-troughs extending

outmar 43 i des. sai _
17oithe seineyt a4 el spS At oREu g ph G bf didrfoition
trough; and iii. a plurality of dommfIOM/tubes - _
conmgstisangled ¢ownwadt om of said main trough. 19. The

spent catal yst distributor of claim18 mhereln a
second plurality of downfl ow

~]

18. A spent catalyst distri_bﬁtor for aiding in the regeneration o_f spent catalyst in a
fluidized catalytic cracking unit comprising:
‘a. amain trough; and

b. atleast one selected from the group consisting of:

i. aplurality of distribution troughs extending outward from the sides .
of said main trough; .
ii. aplurality of sub-troughs brahching out from said main trough;

and

-

iii. aplurality of downflow tubes cénnected to the bottom of said main
trough.

" 19. The spent catalyst distributor of claim 18 wherein a second plurality of downﬂ.ow
tubes are connected to the bottom of at least one of said plurality of sub—trou»ghs'.

-20. The spent catalyst distributor of claim 18 wherein a second plurality of -

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

" troughs.

17




tubes are connected to the bottomof at |east one of
said plurality of sub-troughs. 20. The spent catal yst
di stributor of claim18 wherein a second plurality of
di stribution troughs extend outward fromthe sides of
at | east one of said sub- troughs. 17 21. The spent
catal yst distributor of claim20 wherein at |east one
of said plurality of distribution troughs and/or at
| east one of said second plurality of distribution .
21 Theghent satelystidstabiutws fhelaine 20 pherem aideash gne pt said plurality of
distributing spent catalyst in a spent catal yst
I dpedtaitioh ofoufiayr aral/orfdt idasti cnedf saitl akgonid plarhipkilvigstabition
conprising the steps of a. collecting spent catalyst
iBoglggﬁ@mhﬂgygﬁmgpgﬂ_optionalIy, fl ui di zi ng and/ or
aera%ing said spent catalyst wth externally supplied
- mediumor using flue gas captured under a trough; b.
passi ng said spent catalyst fromsaid main trough to a
luralit f. distribution troughs; a . feedin
28 hameiped of s Bt R G Rapsbfegetalorfor a
distribution troughs to a catalyst surface bed. 18
fluidized catalytic cracking unit comprising the steps of:

a. collecting spent catalyst in a main trouvgh' and, optionally, fluidizing and/b’r
’aeratiﬁg said spent catalyst witﬁ externally supplied medium or using flue
gas capfured under a‘ trough; |

b. passing said spent catalyst from said main trough to a pluraiity of
distribution troughs; and

c. feeding said spent catalyst from said plurality of distribution troughs to é

catalyst surface bed.
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