WO 02/ 42394 PCT/ EP01/13624 - 1 SPENT CATALYST DI STRI BUTOR The present
invention is related to nethods and apparatus for inproving distributions
of bot h apenr/423gatal yst and transport gas into a regener aPOT/ERé1/1B654 Ui d
catalytic cracking unit. 5 1n a typical Fluid Catalytic Cracking Unit
(FCCU) consisting of a regenerator, a riser reactor and a stripper, such
as that shown in US Patent No. 5,562,818 to Hedrick, finely divided
regenerated catalyst is drawn__fromthe regenerator through the regenerator
st andpi pe 10 and contacts wi tﬁP%NFy%%h¥%gnD¥%%§$%WRi n a lower portion
of a reactor riser. Hydrocarbon feedstock and steamenter the riser
through feed nozzles. The m xture of feed, steam and regenerated catalyst,
which has a tenpéif& Bressnt demeatden 160 reledeghsot mpodoGs passes 15 up

through the risffad8a6 Hor GARMRIAINRG dike Figed 1l Oof'%%%%e%PQBQdUCtS whi | e

a coke layer deposits on the "surface of the catalyst, tenporarily
deacti vati ng tdf&alymtalapst Crmsoaydr ader ok ov @pawosngma toat alfy st fludm t he

top of the risefArg thenRassed dfrough cyclones to 20 separate spent
catal yst fromthe hydrocarbon vapour product stream The spent catal yst

entersothe strippdft awteird cstleditiisl iGattadgurded Cra ckdmgy @nhydr(@E&THon
products f rorEotrg%_s%tr@ YH -a P&%e%%%ttoﬁtat al %ﬁtse&h%%a%%%%\%iag%hléouqh a

spent catal yst transfer line enter thé regenerator re, in the
presence of aistrampeat, sucdnper dathate sdfownf iemUsh dutt 620 NG .t 6, 8l6ay8 1860 C,

activity. The Fodinael N B hed s b pr e Y Sedendravsr
fluidized bed fitomougte treeyeregerterattdrr Q0 22 384 cRETRERR1 /513624 ipe

10 and contacts with a hydrocarbon feedstock in a lower
portion of a reactor riser. Hydrocarbon feedstock and
steam enter the riser through feed nozzles. The mixture
of feed, steam and regenerated catalyst, which has a
temperature of from about 200 °C to about 700 °C, passes

15 up through the riser reactor, converting the feed into
lighter products while a coke layer depbsits on the
surface of the catalyst, temporarily deactivating the \
catalyst. The hydrocarbon vapours and catalyst from the
top of the riser are then passed through cyclones to

20 separate spent catalyst from the hydrocarbon vapour
product stream. The spent catalyst enters the stripper
where steam is introduced to remove hydrocarbon products
from the catalyst. The spent catalyst then passes through
a spent catalyst transfer line to enter the regenerator

25 where, in the presence of air and at a temperature of
from about 620 °C to about 760 °C, the coke layer on the
spent catalyst is combusted to restore the catalyst
activity. The regenerated catalyst is then drawn from the

regenerator fluidized bed through the regenerator



- 2 standpipe and, in repetition of the previously nentioned cycle,
contacts the feedstock in the lower riser. Catalyst regeneration is a
critical woep4ia3m FCCU operation. The success of the step BepeErdgi3en the 5
contacting efficiency between the spent catal yst and oxygen-contai ning gas
in the regenerator. \Wile the operation 6f "an FCCU with a single catal yst
inlet opening was acceptable for many years, the potential benefit of

i mproving catalyst distribution in the regenerator has 10_becone apparent
nore recent|yStARIPA®S 28Gndilty $RPEGET16A: afy §hedPEeViBUSL B nmeBLEAREL he

tinme for distdRutd orondRdt xhag rebasabakysh shauhdybe Lkessrthan that for
coke conbustion. As the regenerator dianeter increases, the radial mxing

time of catalyst beceRestl srgercratirReissasgnatirad, shePt he FegBnerati on

tenperature iRgea%a%n.t Afe LR LAWIT ¢df At cpombshhaNRecnaes shorter.
Hence, the benefit of inproving spent catalés distribution is nore
ok

signi fPcant f&PP&RGEE0Y SApLisney Retegenetrarorrpasseptadystapge di aneter
or in which r%g@@%%aedw%af%i%gngggf3gtt%g %Eg?%%QEEoE?”WEE?EUE§e Anot her

i nportant aspect "of the spent c / i st ution is to contro

af terburn, whiogleriad1ogharfaceFiCE8d Wi hs abstagtcalcaterperatnleti apreasg in
the d'|Ut? pQ%%ea%%e %bﬁ%gg%%r%%%&' é%r%hetk%ag%ggﬁkigﬁsbeg?Fg?SEf
commonly air, comng along with the“spent "¢atalySt 1s not we

di stributed, daprwiving cemalasge disbblibataon tihe tteschgegerstotrhbaspent
catal yst distrj r,. Lisl i.ckl rough_t n ul.di z bed with
Iittlg§tine Sgg%%hﬁﬁgP?%%% ghg%rEﬁégé?%g'ogﬁggﬁgg?cﬁgagg%#%bo%gﬁe 30
di | ut e phase. CHfiad vis¢ads stta idfutteéoburis &ahdtpsbe cambusbirodisetfiboikeénay of

the transport gas jin;the dense Rgde TASLEQALE 3MUMRRLLOLLRE 95 aLE devi ces

usi ng vari ous
combustion. As the regenerator diameter increases, the

radial mixing time of catalyst becomes longer. At the

15 same time, as the regeneration temperature increases, the
time required for combustion becomes shorter. Hence, the
benefit of improving spent catalyst diétribution is more
significaﬁt for an FCCU comprising a regenerator vessel
of large diameter or in which regeneration is conducted

20 at higher temperature.

Another important aspect of the spent catalyst
distribution is to control afterburn, which is
characterized by substantial temperature increase in the
dilute phase of the regenerator. If the transport gas,

25 most commonly air, coming along with the spent catalyst
is not well distributed, gas will form large bubbles at
the discharge of the spent catalyst distributor, rising
gquickly through the dense fluidized bed with little time
for combustion, and releasing oxygen-rich gas into the

30 dilute phase. This leads to afterburn and poor combustion
efficiency of the transport gas in the dense bed.

There are a number of prior art devices using various
designs to improve spent catalyst distribution in the

regenerator. Figure 4 shows a schematic drawing of a



designs to inprove spent catalyst distribution in the regenerator. Figure
4 shows a schematic drawing of a WD 02/42394 PCT/ EPO1/13624 3 prior art
spent catvedyz¥23di stributor. It shows that spent catal yst PCHE#IIZBhar ged
through a plurality of discrete slots 43 on the side walls at the upper
end of a spent catalyst riser 10. One shértconing of this distributor 5 is
that catalyst exits the slots with |ittle radial velocity, leading to

i nsufficient cata&yst di stributio in the regenerator. Another shortcom ng

g

is that transP&r-© 3§ti§pF8§tCBEPﬁés§eﬂéF§Fé8uFP6n1FﬁeSBSW§I§§Ptaﬁpﬁﬁ§

riser top andchasallyistt ie GiRRhbeged- FhxoWghhacatak¥stcy 4@ headi-Bget 0 poor
usage of the transport gas for . regeneration and nore afterburn.
US- A- 4595567 §it8¢Fodds CtetitCesifsr Wailder pbuthRgurestaryst ofngoSRANECC

regenerator i@atheyker migkrano.ai bheatabystofiahr beuthes drkd-abuthe upper
end of _the 15 spent catalyst riser, which conprises a plurality of

di screte openitfigdhaduCRtad vsszerdss ahengloke pasbt Alstlessadiishs of a
radi al |y exter@ipgi@ki d.1ekiyii _%BOWBSEQ%Hci%HkSc%¥e$¥g3igkékEkngﬁbngr'd I's

prone to erosion damage, as discussed at 3.145 _ ‘ catalytic
Cracking 20 FEchh6 5§P°aRdaCP&r afroihepy sporieoningons tBtAL12560e0
discloses a dgulsce COURE! $eNGoA 3PRAL LBALANSLRL! SaELaYERI Ly Lagated at
the centre of 'the regenerator, termnated by a pIuraﬁl y of radrally
ext endi ng fl uirdisgéd toat angshagi ddikitBet Gimer soghre-28 xdiwsthacgiagysat al yst

near {fe surfqg%dg%gtgg gﬁg&ﬂ@gg ar o ebed }Egn%kggghgggsfgrsubstantiaI

U-shaped cross-section the bottomo ough opes downwardly with
fluidi zati on gggensjrettiioon aaldongrehefitemgptirnef the trough. US- A-5635140

di scloses an inproweRentq8¥eH giscloses devices for distributing

catalyst into an FCC regenerator in the form of an
air/catalyst distribution grid at the upper end of the

15 spent catalyst riser, which comprises a plurality of
discrete openings, such as nozzles, along the length of
sections of a radially extending grid. It is known that
this type of distributor grid is prone to erosion damage,
as discussed at p.1l45 of “Flﬁid catalytic Cracking -

20 Technology and Operation” by J. W. Wilson.

US-A-4150090 discloses a device comprising a spent
catalyst riser axially located at the centre of the
regenerator, terminated by a plurality of radially
extending fluidized catalyst distributor troughs

25 discharging catalyst near the surface of the regenerator
bed. The trough has a substantial U-shaped cross-section
and the bottom of the trough slopes downwardly with
fluidization gas injection along the length of the
trough. US-A-5635140 discloses an improvement over

30 US-A-4150090 with similar distribution troughs but with
the improvement being that the troughs are self-aerated.

US-A-5156817 discloses a device for supplying
catalyst at the upper end of a spent catalyst riser

through a plurality of channels confined by inverted v-



30 US- A-4150090 with simlar distribution troughs but wwth the inprovenent
being that the troughs are self-aerated. US-A-5156817 discloses a device
for suppwony4sat al yst at the upper end of a spent cat al yBCT/EP&3624t hr ough
a plurality of channels confined by inverted v WO 02/ 42394 PCT/ EPO1/ 13624

- 4 shaped nenbers. Catalyst is dischargéd downwardly along the |ength of
the channels which are closed at their proximl end. The apparatus

conprises a pl it hannel s of diff.erent |engths and emanates in a
Fan's Tormat| ShoPrEneborste CoTapYe tcoRat P P aF PRI, HE T ERGELY. “ChARnel
coveri ng al noshet hendicanetfeithef chheneeégenbat ahoare tBeoAe874837Bedirscl oses a

device to distribute sgegﬁ ﬁﬁta|%5t a% the | ower end oi a igent at al yst
standpi pe. TRECEIRAprRE -erf'Sr §PPREAFEeHBPRF OPSFr OnPtHEASIEE Q&I 1, 10
near the top ehahhelbedfl enélfereanveghgghthenaatahysteshigughranhori zont al
conduit to the centre of. the regenerator, follqwed b%,a vertically

downwat d conddiPt™witCh grﬁgfﬁeéﬁgﬁ 51 SEBPENdCRABUI End" iR chAF gl RBIESE Al yst
t hrough a pl ueabhhyglototesénet alnadicakhsl ai smeBether! oner rd§eskbdetwal | of
t he vertical conduit. 58_8_322116' i scl oses a, device which distributes
spent catal yst byYRE&ns df3d ScEAEFaPSEFent dEXEGPyEP FEEEFIPYERNPREREd with

a junction cogaeghiyRg be uktiipler echar bzont 8hefON¥8YENGse0BEHhtSipR
di schargi ng catal yst at 20 the ends of the horizontal conduits to discrete
di stribution POPnESANEREPRaEHteERol-P8oNPHEECERtPReSECHr FBR aftlespaht,

catal yst di st hichut @hs ikbel Wdeihe baeompkete eoMEL3gRgPYHEI 85E81 §sdi scharge
- The prior 25 art spent catal yst distributors use either a plurality of

di stribution &P¥SUER @i Serérenspdt sopdvitatsi ABEecsblireeof the
regenerator, followed by a vertically downward conduit

with a deflector plate end cap, and discharging catalyst
through a plurality of discrete radial slots on the lower
15 side wall of the vertical conduit.

EP-B-622116 discloses a device which distributes
spent catalyst by means bf a central spent catalyst riser
terminated with a junction connecting to multiple,
horizontal conveying conduits and discharging catalyst at

20 the ends of the horizontal conduits to discrete
distribution points.

The major shortcomings of these prior art spent
catalyst distributors include:

- Incomplete coverage by discrete discharge - The prior
25 art spent catalyst distributors use either a plurality of
distribution arms or discrete slots from a single source
of spent catalyst. In either case, the initial
distribution of spent catalyst in the regenerator leaves
some areas uncovered between distribution arms or
30 discrete slots.
- Poor distribution of transport gas - Prior art spent
catalyst distributors pay little attention to the

distribution of transport gas. This leads to poor



of spent catalyst. In either case, the initial distribution of spent
catalyst in the regenerator | eaves sone areas uncovered between

di stri butwon2/aa3ss or 30 discrete slots. - Poor distributipor/@potyensport
gas - Prior art spent catalyst distributgrs pay little attention to the
di stribution of transport gas. This | eads”to poor WO 02/ 42394

PCT/ EPO1/ 13624 5 utilization of transport gas for regeneration and nore

afterburn. - : ni tructure - Prior art spent catalyst
distributors ﬁ%éé*ﬁ%ﬁ%@ oP%?%ﬁ ArP&F s 9GRi CREaF SRBETECLGR| dBRelPRCt he
turbul ent enveftoempntnof the regenerator. Their bul ky structure al so nmakes

themdifficult to_fi into _an existing,regenerator for retrofit, |t is an
Bug%gnpefﬁ$8ﬁFﬁ nSESHQFHﬁgoVe §pBht 2Eht §PFRE B?E?iyﬁﬁtion

obj ective of the in
in the regeneddsaribut®ranodiaver lobjgedbiry@ohsat.0aginBulvhangaoHskynbaprove t he
t he regenerator. Yet anot her

distripution of _.the_transfer gas,i ,

obj ectYve is Fglééﬁﬂgvéns§%ﬁ gP§PF’SGFi8ﬁ¥ TPRMEUGhCA ShRpFeJReeRakPEal
appar at us t hatrhies rcoupagt st ruebust andoeasyekothBRl BREAL cliltaRcexk sting
FCCU. 15 The present invention is related to an inproved nethod according

to claimil and™&PpaPated Sicedr deAgresateratfr2 T e8ECLABr ovi ng di stri buti ons

of both spent catral yst aandptearsper brgasei Dhatantegapenaton of a fluid
catalytic cracking unit. Spent catalyst and transport 20 gas nove upwardly

through a sperf™ERIEl POEY S@tadngtaréstaivetien iR AhpadParngrateRar d

directgon by andehlkeecterjectane iEheccatialyehnabdsifanspebl,cdapeare re-mxed
as they nove radially outward between two di sks béfore discharging from

t he out er edg@éséﬁépp F@rpfbﬁh@h§ransfer gas in the regenerator. Yet,
another objective is to achieve such distributions

through a simple mechanical apparatus that is compact,
robust and easy to implement in an existing FCCU.

15 The present invention is related to an improved
method according to claim 1 and apparatus according to
claim 2 for improving distributions of both spent
catalyst and transport gas into a regenerator of a fluid
catalytic cracking unit. Spent catalyst and transport

20 gas move upwardly through a spent catalyst riser and are
diverted in a radially outward direction by a deflector
cone. The catalyst and transport gas are re-mixed as they
move radially outward between two disks before
discharging from the outer edges (perimeter) of the

25 distributor into the regenerator in a substantially
uniform radial direction. The distributor is adapted to
provide continuous discharge from its perimeter so as to
cover the entire cross-section of the regenerator.
Further advantages and preferred embodiments will be

30 described below.

FIG. 1 shows the preferred method and apparatus for
distributing spent catalyst.
FIG. 2 shows the top view of the preferred method and

apparatus of Figure 1.



25 distributor into the regenerator in a substantially wuniformradial
direction. The distributor is adapted to provide continuous discharge from
its perimoer4sesas to cover the entire cross-section of PCVEPeIEIGeRer at or .
Furt her advantages and preferred enbodinments will be 30 described bel ow.
FIG 1 shows the preferred nethod and apparatus for distributing spent
catalyst. FIG 2 shows the top view of the preferred nethod and Sppariat usf
of Figure 1. WD 02/.42394, PCT/ERQ1/ 13624 .6..Figs. 3A and 3B show details o
one p?ef erred e &(%SrfeflgtA &DOF?’ pE%’IOWCQF§F3J/§tS g%sPPFbBFSFerﬁ?g 4is a
schemat i ¢ dr awinhg ddfmem tprafora wptenipmttalgattaldﬁstcrdﬂoaﬂzlﬁirbut or. 5 C?t alhyst
regeneration is a jtical step,in FCCU. operatiaqn. The success of the step
degends on the cgﬁqdacté]i Ag & FCbCEREY CoSEA¥endt RE SpBRtoLafaly SPeREd air
in the regeneraten.ysAn didealieardi.ti on for catalyst distribution is that
the ti for distrjbution and m xi ngé}lo,of spent  cat al ¥st shoul d be | ess

(

than tRat for cok&?2 oG eR O ASwWR €& 1EREdr £T6P fPuFtFZation that
M xi ng in the ogyrdiGan diectdRitdss o8l ahieV ekl dbent@mear @det 0 M xing in
the radial direction . in a fluidized bed. The instant invention focuses
primarily on iGPreG TGS THEICAGValedeen Hiei sweaid CRtrilygt Bhgurérl

shows the prefigr et P0G 3AGAPRR als 1 FondditSihi Bt wt§@§% cat al yst
inside a regenerator in the instant invention. Spent catalyst and

transport gas difdStiPutoforisy tiat, thaes $imgpkerddy stRidugH ori saf mémddict 10
into 20 regengyrtsfenk? cAtaMiig anhualiet ¥ el @inandi$bki Bkl @Rl i Ngs 13
and formng a fluidized bed | evel 14. Spent
combustion. It is known to the art of fluidization that
mixing in the vertical direction is relatively fast
compared to mixing in the radial direction in a fluidized
bed. The instant invention focuses primarily on improving
15 the radial distribution and mixing.

Figure 1 shows the preferred method and apparatus for
distributing spent catalyst inside a regenerator in the
instant invention. Spent catalyst and transport gas, most
commonly air, pass. upwardly through riser conduit 10 into

20 regenerator 12, having a plurality of air distribution
rings 13 and forming a fluidized bed level 14. Spent
catalyst and transport gas pass upwardly to the upper end
of conduit 10 and exit together through distributor 15,
below the fluidized bed level 14, in a substantially

25 uniform radial direction as shown by the arrows 16. Both
spent catalyst and transport gas mix rapidly in the
radial direction within the fluidized bed 14 to start the
regeneration process. Combustion gas exits the fluidized
bed 14 through the upper part 18 of the regenerator 12

30 and the regenerated catalyst exits through conduit 17.

Figure 2 shows the top view of the preferred method
and apparatus of Figure 1. Spent catalyst and transport
gas rise through conduit 10 and exit at the perimeter of

distributor 15 in a substantially uniform radial



catal yst and transport gas pass upwardly to the upper end of conduit 10
and exit together through distributor 15, below the fluidized bed | evel

14, in avwobzt@stially 25 uniformradial direction as shomiT/Bpoie24ar r ows
16. Both spent catal yst and transport ga§ mx rapidly in the radial
direction within the fluidized bed 14 to start the regeneration process.
Conbustion gas exits the fluidized bed 14 through the upper part 18 of the

rator 1 t regener. dc st exits through conduit 17.
rp.egﬁ? o shomél?%g%{lgﬁl \rlll%ew Fﬁ%‘*%?éf 3:5 5 REERGEY RdPA B&F&t us of

Figure 1. Spem:tond:amﬂoya$t carxd:mfammnm @&Schb&get Fr-owgh tgopdut et@rand
exit at the peri méter strl utor 15 in Eba&antl al I uni form r adi al
t

WO 02/ 42394 PETFE 6’1Ff§’€§4 h? StrEE FERTE L A50% nPbator i1l Pe adapt ed t o
provi de cont ideseud beidr datosr.enti al di schar ge fromits perinmeter and to

cover the entire € enera 1 qlescrl bed helow, 5 Figures 3A
and 3B’ show det ai | § e é%dém\‘zi}l g% \Mﬁ‘ﬂ’w deftéfy Vi &W, ar §4p6cigl| 9ndop a
preferred enb@ﬂkfﬁﬁﬂéwqfJiﬂkpedﬁrﬁé&WbUera1§r@$e%&%WDehﬂoﬁh&@h@so% apd 2.

Di stributor i n¢cl udes ower di sk 31 and an upper_ disk

di anet er of tﬁ‘és&lr%)él 6-J[’:»52 AfhistRWroim distresutlopngs 2 - 1@lr‘3§r§rﬁb}ltpr

conpared to the diTeies of 1roa;@@n@1&%tk0r311%ndTB% ug)gaweb%kf abi 0L .
di stributor/regenerator could range fromO. to 0.50 (50% but is

preferably i nHRESEEnGE S0 L6 126% ¢ Mh35h( §5%n di gfeibaitor 35 s
rigidiy connegtse@ntxQ 1¢ QeI 10+ Athough dicsk 3% 'x%g%%e§'a<EWE} %% being

hori zontal, it_can also tilt either upwardly or downwardly. The range of
this tilt angIdéaﬁ“@:erberaftrl@moéfb@t}tstg(}b%\%?r/éelg@néﬁéﬁprSGO@é@nwamef rom

horizontal, buirdnS cRref §uaR))Y ton ol r@es ,0budPW iR feraply in the

range of 0.20 (20%) to 0.35 (35%). Lower disk 31 is
rigidly connected to conduit 10. Although disk 31 is

15 shown as being horizontal, it can also tilt either
upwardly or downwardly. The range of this tilt angle may
be from about 30° upward to about 30° downward from
horizontal, but is preferably in the range of about 15°
upward to about 15° downward from horizontal. Upper disk

20 32 is rigidly connected to lower disk 31 by a plurality
of spacers 34. Although disk 32 is shown as being tilted
downward, it can also tilt upward. The range of this tilt
angle may be from about 30° upwards to about 45° downward
from horizontal, but is preferably in the range of about

25 10° upward to about 30° downward from horizontal.
Although the diameter of disk 32 is shown in the drawings
to be about the same as disk 31, the ratio of the two
diameters can be in the range of about 0.8 to about 1.25.
Spacers 34 are preferably terminated before reaching the

30 perimeter of distributor 15, as shown in Figure 3B. This
allows the catalyst and transfer gas to re-merge after
passing spacer 34 to fill the gap again. Thus,
distributor 15, in the preferred embodiment of Figures 3A

and 3B, is adapted to provide a continuous, and



upward to about 15 downward from horizontal. Upper disk 20 32 is rigidly
connected to lower disk 31 by a plurality of spacers 34. Al though disk 32
is showmmve@obesng tilted downward, it can also tilt upwaPdI/EFéel3smnge of
this tilt angle may be from about 30 upwards to about 45 downward from
hori zontal, but is preferably in the rang€ of about 25 10 upward to about
30 downward from hori zontal. Although the dianmeter of disk 32 is shown in

t he draw ngs e t. the .sane as .disk 31, the ratio of the two

di ameters can sgg)st% r’t% lil’l g G o G ?]@rtgg 850813%?& 8t a8fFacers 34 are
pref erably teraramatped tbefaer efrroaadmsn@etrhme%@rpsbl aet eb ebvdi-sthiebut or 15,
as shown in Fl%re 3B. This %Ilowsthe cat al gdtranfer as to
re-merge after® SIS SSpac& B4 ©F fegeTERE §§p gaith; PRUSYETdi stri but or

15, i 3 t he preferdead ezmbauil\%wgizt/e@ﬂ‘zdggl g@gf@ge/ragl%a& é)ES dag@@ti@dtblql
provi a conti nuo an 4 4 P EPO1/ 1 4 substanti a
uni form di scHargé CarE PES 1A Ot [3RSFdPuteLs 1or §intitts "BEKSNEEEE S0 as

to cover the t@nid I sel09S p3Relien o&f thegerekakehtd?. 1kf noRowevercq. Spacers
34 are extended to the perinmeter of distributor 5 15, the basic design of

di stributor 15PN Aigdy B SdSEptinoliige sa as eIt e56PET 6ANSF 3Bh&igdgener at or

i's not coveregonrddRRely diskn? R*RIked RE vdex @2def|Qﬁ%oﬁlgﬁ@%e%3rékgbdly
connected at the centre of disk 32. The dianeter ratio of deflector cone

33 to riser coddatlEetray GoRrge S Fomrigeabeerdeiso103pgy rengsobitom oo

(100% ¢ but isRnaferal) Yoy the drpge 10000-(480640%, k0 18bgut £2,-801(80
The m xture of spent cat aI yst and transport gas passes upwardly th ough

conduit 10 and! $hd vangsd 9 Oa 4osdt§1§t’elntt|0alalb§bul§n|0f 8Om( 8I0ad|| allhg out war d
direction by 17.defleciorscone 3341k f %@CE&%RS@%r@eEBECEQEs%gne 33 is

upwardly through conduit 10 and is diverted in a
substantially uniform, radially outward direction by

15 deflector cone 33. The function of deflector cone 33 is
to assist - the change in flow direction. The basic design
of distributor 15 can still work without deflector
cone 33, but the re-mixing of catalyst and transfer gas
in between the two disks will be less efficient, and

20 overall pressure drop through the distributor 15 will be
higher.

As known in the art of fluidization, some degree of
separation between catalyst and transport gas occurs due
to the sudden change of flow direction from the

25 vertically upward direction to the radially outward
direction at the upper end of conduit 10. The velocity of
the catalyst is also reduced due to the change in flow
direction. The preferred embodiment, shown in Figures 3A
and 3B, allows the catalyst to be re-accelerated by the

30 transport gas in the space formed between upper disk 32
and lower disk 31 as the catalyst and the transport gas
move radially outward together before discharging from
the perimeter of distributor 15 into the regenerator

fluidized bed 14.



to assist-the change in flow direction. The basic design of distributor 15
can still work w thout deflector cone 33, but the re-m xing of catalyst and
transf er vg@a92/433p bet ween the two disks will be | ess effi cPE€NVEPOIANIGR420
overall pressure drop through the distribytor 15 will be higher. As known
in the art of fluidization, sone degree of “separation between catal yst and
transport gas occurs due to the sudden change of flow direction fromthe

25 vertically upward direction to.the radially outward djrection at the
upper end of congﬁﬁ? fﬁ.af589$§ﬁgéppy°6fgh?h%XE3¥§f§s?n?stg?sBeF%H%%%a due
to the changeoifnchkewysdi nedt teanspbetpgetepeedeenbode NeRb, dsBRWNa LA

Figures 3A and.3B, allqgws the catalyst to e-accel erated_by the 30
t ransport gasCfﬁﬁ%ﬁgispggganﬁnéésgﬁgﬁégﬂruggeﬁaai§kr%%atéﬁﬁlYoﬁE?lHisk 31
as the catal ystianadetrhe itr aagpest cgashenbuBstadtakl yyouhuasd $egether
before dischar&iggﬁfron1 t he p%rineter of distributor 15 into the

u

regenetator P 284568498, TRPM05P %2884 1PEFPEPOT/ 488D 1butor Fheto

re-accel erati ansefribbeecahal ypendndatheyke- Fhyi 89an8hocat gh¥SinfPdihe
transport gas between the two _disks are critical. Because distributor 15

has a rel ati vEFJSBREPILCTdilametér Wast TPEPfekhah the senacanleartyoradi al

jetting 5 of phecdsschaneqsf e theapgsimeberc9h:idi AbhLAULAT 14510
distribute the spent catalyst and transport gaS into the regenerator 12.
It was found FREL2LhEirecidesl beaprencxpEibrasdiarroisteneleat 3hyst to

r egai o moment um kst Rge &a@h&&s@i%%PBEOBiQ@BQEGeSXEBiQQSQB§£%th59r 15.
This 10 allows the catal yst to be discharged to a substantia I stance
from di st ri buféstascet RyorpAdvitdiikgtessénti Ahry ruavidinvceseengeadlyt he

regenerator 12n;kbrieec3ks8qko¥Rdine regenerator 12. It was also found
that the transport gas is re-dispersed by the catalyst

during this re-acceleration process, thus making bubbles
15 smaller at the exit point (perimeter) of distributor 15.
Both spent catalyst and transport gas exit the
distributor 15 in a radial direction with substantial
momentum. This improves the radial mixing of spent
catalyst and transport gas in the regenerator fluidized
20 bed 14. The combined effect of smaller bubbles and
faster mixing improves the effectiveness of transport gas
usage for regeneration. If the transport gas is separated
out at the upper end of conduit 10 and does not re-mix
with catalyst, large bubbles will form at the perimeter
25 of distributor 15. Since large bubbles rise very fast,
oxygen in the transport gas would have very little time
for combustion within the regenerator fluidized bed 14.
This reduces the effectiveness of transport gas usage for
regeneration, and the release of the oxygen-rich gas
30 above bed level 14 leads to afterburn.
From the discussion above, it has been clearly
demonstrated that the method and apparatus of the instant
invention provide several advantages over the prior art

spent catalyst distributor and its use, to wit:



that the transport gas is re-dispersed by the catalyst during this
re-accel eration process, thus naking bubbles 15 smaller at the exit point
(peri net avQ ovd23gi stri butor 15. Both spent catal yst and trangEpart3éyas exit
the distributor 15 in a radial directio dwjh substantial nomentum - This
i nproves the radial m xing of spent catalyst and transport gas in the
regenerator fluidized 20 bed 14. The conbi ned effect of snmaller bubbles and

faster mxing <ia§p@9\ﬁs e ralkest’ ¥8ResHLahst aggéﬂgggegasﬁhg%‘gsté%
I g out "at the p

regenerati on. the transport S I's separate upper end of
conduit 10 andngeasioot iseagiapted th pataliyst 2 kangénbobbles will form at

the perineter f_di.stri I . Sl bubbl.e i.se very fast,
oxygen in theSﬁ?éﬁggg%%légg%%ggpé%ﬁa?ggggp$%F%§Fﬁ§Rt§%§C£Fggecg§éﬁs?§ n
within the regemématter ffuitdiezed shedbitor Thi sor edutes coerethecknvémess of

transport gas for _ regeneration, .and e rel.ease _of the, oxygen-rich
gas 369above §§%%§§3ﬁof41?e§5€sFoS§FFéP ur%Berg%PfhgrgiEQSEEion above, it
has been cl eackyaldsioaststatiddtolrat uske eithlkrad aapd vappargt vs of the instant

i nvention provi,de_sever.al advantages aver th rior_art , . spen t al yst
st ri butor afdrrauga e S oHIBl 65F 550 PET CRBLPLSE2H OF $°CFky Ful
coverage by ceatisyoubediisdhdnge disthebunsbanbt ispeart icamailysadaphed to

provi de a continuous subst ant,i al | i form circunferential discharge
fromthe perPH@?eFogﬁrtﬁegﬁr§ﬁppb8 OEQTSr§8ea§r?gOEové?aWHQQengre 5

regened at or 12eendssnsegloraionTh€ prieat antovpeBd beatvakwsthdi stributors
i di stri bution ggns or discrete slots. In either

use either a plurality  of
of these casg§FtFﬁbu¥ﬁFPiéﬁnﬁiQFrl §CF6hCof185Ent catal yst can only cover

a portion of the pegereratdbn lbEavhagtt-B@sport gas at the same time -
The transport gas is re-mixed in distributor 15 before
exiting at the perimeter thereof. This makes bubbles

15 smaller at the exit point (perimeter) of distributor 15
and improves the combustion effectiveness of transport
Qas and reduces afterburn.
(c) Fast radial mixing in the regenerator fluidized bed -
Both spent catalyst and transport gas exit distributor 15
20 in a radial direction with substantial momentum. This
improves the mixing of spent catalyst and transport gas
in the regenerator fluidized bed 14, and improves the
combustion effectiveness of the transport gas.
(d) Compact mechanical structure - The preferred
25 embodiment of the instant invention has a relatively
small diameter. It has a robust, compact structure which
is easy to install in most regenerators. Prior art
distributors have long horizontal arms which are not
reliable in the turbulent environment of the regenerator.
30 Their bulky structure also makes them difficult to fit
into an existing regenerator for retrofit.
The instant invention of the spent catalyst
distribution system shown in Figures 3A and 3B was

installed in one of Assignee’s FCCUs, replacing a prior



10 remai ning portion of areas uncovered between the distribution arns or
discrete slots. (b) Distribution of the transport gas at the sane tine -
The transpont/4as is re-mxed in distributor 15 before eRCT/ERQ/Bb624t he

peri neter thereof. This makes bubbles 15 I ler at the exit point
(perineter) of distributor 15 and inproves the conbustion effectiveness of
transport gas and reduces afterburn. (c) Fast radial mxing in the
regener at or flyi.diz - .spent .aly ransport _gas exit
distributor 15° 726 %%Itai%‘raé&rg?lta et 8%%\%%%%%;%%@?5% Tk dm Thi s

i nproves the #Peintg ceftadpyerit acat dlrpstspamd yeansper shgas innFthereedener at or
fluidized bed . i qr. ti,an_ef.f ectiveness of the,
transport gas?éég)%@gﬁ%gggpﬁggﬁg ﬁcgﬁgggﬁﬁcgﬁrg%} héSpréefBrPegedsvith
enbodi nent of enlle dapstdEnt Spenénttiatallyas andr élrahispeky gagelsl adieaneter. |t

has a ¥ obust, t nucture which _is . easy to install in_nost
regene?ators.d@%?%$&5¥%§IQﬁ%&I% Stgﬁgrﬁ§§§yl8 gSESFFzéﬁtQP LPfs SkAfch are
not reliabl eviadlt lnd taomisiient] Oeavi Hasmeppeaf ehlble regenerator. 30 Their
bul ky structure a K them difficult fit_ .into an existin
regenerator for rée %b iF%‘ fre s ﬁwniﬁ@e%ﬁ?oﬁo&ﬁOWﬁBgsB@Hfhéﬁﬂag?gt

di stribution sgstgtheshown in Figures 3A and 3B was installed in one of
Assi gnee's F Ggplacing a prior WD 02/42394 PCT/EPO1/ 13624 - 11 art
di stri butor hggiﬁg—g-design as shown in Figure 4. Spent catal yst and

transport gas areIshewe iekalipger @4 rbemapass tepwar dkyet boadabteanddi 10
which is termnated with _end cap 42. Spent catalést and transport gases
are 5 dischar&?@epﬁﬁﬁﬁéﬁ7QegpﬁﬁaﬁppyagFe§l5P§ A43shalRé1iondes Rarl of

conduit 10 at enc®dpRert &F.the spent catalyst distributor of the
present invention according to Figures 3A and 3B. Figure
4 shows the prior art spent catalyst distributor that was
15 replaced with an embodiment of the present invention.
Table 1 below shows a comparison of some performance

parameters before and after the installation.

TABLE 1
Performance Parameter BEFORE AFTER
Wt. % CRC (carbon on 0.17 0.13, a decrease
regenerated cat.) of 24%

Supplemental oxygen feed | 200 ton/day |55 ton/day, a

rate decrease of 73%

Pressure drop in spent P psi (P-0.75) psi

catalyst riser and

distributor

Catalyst to 0Oil ration 7.0 6.5, a decrease
of 7%

Calculated regenerator E % (E+25) %

effectiveness factor




The results are shown in the followng non-limting exanple. Exanple 10
In the exanpl e performance tests were conducted on a regenerator before
and aftewohz4i3nst al | ati on of one enbodi nent of the spenpPCTaP@l 3614

di stributor of the present invention accps ding to Figures 3A and 3B.
Figure 4 shows the prior art spent catalyst distributor that was 15

repl aced with an enbodi nent of the present invention. Table 1 bel ow shows

a conparison of s rf.or ra r .Qre_an er_th
instal |l ation. TAB(L% 1 grsf gﬁfﬁgﬁ@g—@&gﬁaﬁﬁﬁﬁgﬁﬁéﬁé SETEQ%%. c@otc@gészccar bon
on 0.17 0.13, aadldoreesge®ry egencematidée caigenesh t24%caSuppl etentiakdoxygen

feed 200 ton/ t an/ \ rate decrease qf % _Pressure drop in
spent P psi (%%{%a%&ucﬁﬁfatlgﬁ ﬁlsutmerrioélesr waaﬁg'dﬁgt r?“‘iﬁﬁufEl rVecat al yst to O

ration 7.0 6.5 1lastecrtdase emifodi%eGal,c ithat egeregenewatonbEe¥tocE+2D) e
ef fect Lveness feacet or th\Oo 02/1.3 394 Pgr/ I%P.Oilng 24 - 12 Bengf 'Léts of inproved
di striBution of SPem™ Cat SUBSE YA ddr 55 8s SERPLRBSPEGENEFEOER can be

utilized advanidagenusiey the mamOUSTIWAYS. redechkeagkayeatiallldst r ahive
enbodi nent, the .oper.at.or s able.to run th% 5 r.egeneratqgr w
\r@rﬁ d

th
substantial Iy Sippi%e HEBRYFEN COXTd PPEGILE CRRAEA S on Balhy RE
regener at ed cattalgestadwaltidare srainitngi Riubg thhe ikeqwicbadntek ®chdriitag to

capacity. BOtQﬁg operator. Reducing pressure drop in the spent

10 catalyst riser and distributor is desirable so as to keep
the load on the spent catalyst transport gas blower from
increasing. Reducing the catalyst-to-o0il ratio enables an
operator to process more barrels of oil for every pound
of catalyst circulating in the fluid catalytic cracker.

15 Overall, the calculated effectiveness of the regenerator
in burning coke was improved by 25% by the use of the

method and the embodiment of the preseht invention.



t hese advantages bring substantial economc benefits to the operator.
Reduci ng pressure drop in the spent 10 catalyst riser and distributor is
desi rabl av@02/&394 0 keep the | oad on the spent catal yst transpart3céyas

bl ower from increasing. Reducing the catalyst-to-o0il ratio enables an
operator to process nore barrels of oil-fb¥ every pound of catalyst
circulating in the fluid catalytic cracker. 15 Overall, the cal cul ated

ef fectiveness of the regenerator in burning coke was inproved by 25% by
the use of the nethod and the enbodiCrén® df Mt Be present invention. WO
02/ 42394 PCT/EPO1/13624 - 13 CL Al MS 1 A spent catalyst distributor
for use in a regenerator of a fluid catalytic unit conprising: a conduit,
havi ng an opedi-ngAwsipehtt eamadgisés distsabdtorefenenatoin foregaheodtuoirng a
m xture of sp catal.yst nd transport _gas.into said regenerator; a
first disk su%&t&h 9ﬁj¥§§P&%&§$%Fn&“6% Sgﬁﬁgééﬁﬁﬁrt at the uppernost end
of said conduit im sanduiegeherdingr an apsecandwiiisk, tepatcedtapwandkyifir om

and rigidly c t t Q, id.first, di.sk, thereby formn 1

subst anti al | y%% geﬁ‘e?é%@éf 't %%Fe&&%é’@#;”&gdéf F‘é&‘?u‘%ﬁ 88népgf‘?a8ﬁga}y5¥ its
base, %0 sai dansecomtsgosl, geal dndef Isadt ergeaseapotcnt i ng downward and
bei ng centred over. the utLe& of saiddponduit, sai d, defl ectign cone,
adapted to direct “s&id S SpEit X SEEYS ARG $818aPRoP LA PEr SgAS FRNGULE
subst anti al | y ainither mppeadioald yndowiwakd ddicbaeiiien ihhegtigh regedespaee ;

formed between said first disk and said second di sk, thereby providing a
cont i nuous circunﬁeF&ﬁPPQid&?ichépééegfuEH?HdﬁVxFEP@'andséFal§b§nt

catal yst and toamsperd gas fsba@ tfheseutiekk0 taickeulf ebeneaqot said space

forneg bet ween sai d fLr%F
0 substantially open space therebetween;

a deflection cone attached, at its base, to said
second disk, said deflection cone pointing downward and
being centred over the outlet of said conduit, said
deflection cone adapted to direct said spent catalyst and

15 . .said transfer gas in a substantially uniform, radially
outward direction through said space formed between said
first disk and said second disk, thereby providing a
continuous circumferential discharge of said mixture of
said spent catalyst and transport gas from the outer

20 circumference of said space formed between said first
disk and said second disk into said regenerator in a
substantially uniform radially outward direction.

2. The distributor of claim 1 wherein said first disk is
horizontal.

25 3. The distributor of claim 1 wherein said first disk is
inclined at an angle ranging from 30° upward from said
horizontal position to 30° downward from said horizontal
position.

4. The distributor of claim 3 wherein said first disk is

30 inclined at an angle ranging from 15° upward from said



di sk and said second disk into said regenerator in a substantially uniform
radially outward direction. 2. The distributor of claim1l wherein said

first di skoow423bori zontal. 25 3. The distributor of clainrdTep&rBs2d sai d
first disk is inclined at an angle ranging from 30 upward fromsaid

hori zontal position to 30 downward from said horizontal position. 4. The
distributor of claim3 wherein said first disk is 30 inclined at an angle

rangi ng from {5 upward,f 50 ;31,0 ggf 9%/°4é%%§wg%! %?an/a %§§g14ho%:i}ént

hori zontal position to 15 downwar rom sai orizon posrtion. g.l The
di stri butor avesrdiirg-to any one of clains 1-4 wherein said second disk is

hori zontal . 5:6. LSt r Is alnms 1-
wherein said géco:lig%dgééttfsl%;dtﬁg i%éggggtgag% Tgﬁg%g&r §ﬁ§i %g 81&?%%83% %pvvard
from sai d hor whemedh pesid isecono 45 skdawnward zbnomlsai d hori zont al

POt 1an [ FUe S en abeclal A Mets paLtationd i3y 4015
to 30 downwar é¢hkrendns aiad dhericoont aliskpdsi tinelindd Eheadi shyilbutrahgaaegor di ng
to any of clains 1-60 \{\lhe_raei ngt he rat,i oh%f .t he dianeter . of aig first disk
to 15 the di afSler of YEPG Y &gelerarsr PSR R PRAGELSP 6°16° to 0. 50.
9. The distri bdotwarwael crammssd ivhéreiinohhelr goisatabnsai d dianeter of said
first disk to_said, dianeter, of sai regenerator i,s in,the range of 0.20 to
0.55. 20°10. The 4rét ARBGEGPEECEOPH FgotB &ny GRE Br SR E°EPY kT ei n
the rati o of tike idicameker a@f asaiathdfler Standiisky f@om 10° upward from said
horizontal position to 30° downward from said horizontal
position.
8. The distributor according to any of claims 1-7
wherein the ratio of the diameter of said first disk to
15 the diameter of said regenerator is in the range of 0.10
to 0.50.
9. The distributor of claim 8 wherein the ratio of said
diameter of Said first disk to said diameter of said
regenerator is in the range of 0.20 to 0.35. ‘
20 10. The distributor according to any one of claims 1-9
wherein the ratio of the diameter of said first disk to
the diameter of said second disk i1s in the range of 0.80
to 1.25.
11. The distributor according to any one of claims 1-10
25 wherein the ratio of the diameter of the base of said
deflector cone to the diameter of said conduit is in the
range of 0.30 to 1.00.
12. A method for operating a regenerator of a fluid
catalytic cracking unit comprising the steps of:
30 passing spent catalyst and transport gas upwardly
through a conduit, said conduit terminating inside said

regenerator;



the dianeter of said second disk is in the range of 0.80 to 1.25. 11. The
di stributor according to any one of clains 1-10 25 wherein the ratio of

t he di anave@n2/ef39¢ he base of said deflector cone to the dpemerewidefs sai d
conduit is in the range of 0.30 to 1.00..  12. A nethod for operating a
regenerator of a fluid catalytic cracKiﬂésdhit conprising the steps of: 30
passi ng spent catalyst and transport gas upwardly through a conduit, said
condui t terninatiag inﬁide sai,d regenerator; WD 02/42394 PCT/EPO1/ 13624 -
15 directing sai dT5pERt"EafalPsPPERE SaFalyFandpdriayastrapsgort gas

substanti al | yiunkf gupstadiabhyyoubhvaremdiba8eti 09 stirwhihe uppestepd 9f said
conduit; re-mxing said spent catal yst and said transport gas 5 inside a

di stributor; 8P§cHBP§Fn§ &ard ArkfuFengritaj d spent catalyst and said

transport gas fropethexps !gﬁ&@fs@énﬁaﬁgtgi§gﬁiQHéoéai&ntfaﬁygéfgngégl!y_
uniformradially outward direction into said regenerator; and 10 providing
a contd nuous, 18gh8eant PABEYIRHEPE M circunferential di scharge of said

m xture of said gatahystiaRdsgaldnt % 0 f h per i met er
of said distributor. 13.5ﬁb?h8d ac%orggﬁg %% % g?n$§%%£mﬁ%?§%§é% %é?alyst

15 distribut oPaitd hseasressr gpAgfromafjeonerdreteai af gaid. digbrimheonet hod
according to aRya086patafkabisy1anlBoreLgt 0189 dutla2PsT 85 988108 &l -

into said regenerator; and

10 providing a continuous, substantially uniform,
circumferential discharge of said mixture of said
catalyst and said transport gas from the outer perimeter
of said distributor.
13. Method according to claim 13, wherein a catalyst

15 distributor is used according to any one of claims 1-11.
15. The method according to any one of claims 12-13

wherein said transfer gas is air.



