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related to an i nproved regenerator vessel. The regenerator vesse gé
suitably usegopngiae fluidised catalytic cracking (FCC) procegs/ephives2oi
regenerator vessel is provided with neans to supply 5 catalyst particles,
means to supply an oxygenate gas, neans o dlscharge regenerated catal yst,
means to discharge conbustion gases fromthe vessel and neans to separate
entrai ned catalyst fromthe conbustion gases, which vessel also conprises,
in use, a fluidised bed zone 10 of cat &FFENERATORs | ower end. Such
regenerator vessels are for exanple described in US-A-4435282. This
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than the 19 APFé"%@ B2/ 68380CPIAT EPBY/ 0BROYSe, a fluldised bed zone

10 of catalyst at its lower end.

Such regenerator vessels are for example described in
US-A-4435282. This publication describes a vessel
comprising at its lower end a bubbling fluidised bed of
catalyst in which the combustion of coke present on the

15 catalysts to be regenerated takes place.

A disadvantage of the bubbling bed regenerator as
described in US-A-4435282 is that they are troubled with
stagnant beds, due to poor catalyst flow patterns, and
regeneration gas bypassing, due to the formation of large

20 bubbles within the bubbling dense bed.

An alternative to the bubbling bed regenerator is the
so-called "High Efficiency Regenerator" (HER) design as
described in EP-A-610186. The regeneration is performed
in a fast-fluidised bed for most of the coke combustion

25 and a dilute phase transport riser for some CO
combustion. Regenerated catalyst is collected in a
bubbling dense bed for reuse and for recycle to the coke
combustor. The regeneraticn of catalysts is more
efficient than in the bubbling bed regenerator. As a

30 result the catalyst inventory reqguired in a FCC unit

having such a regenerator can be smaller than the




2 inventory of a FCC unit having a bubbling bed regenerator This is
advant ageous, for exanpl e because such a FCC unit can refresh or &Mﬁﬁﬁ%&s

catal yst inwenizagysein a nore efficient manner. 5 A disadvant
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wherein catalyst is stripped to obtained spent catalyst.
The spent catalyst can flow via openings from inner

15 vessel space to the outer vessel space. In the latter
space regeneration takes place.

US~A-5198397 describes a regenerator wherein the
spent catalyst is directly introduced in a fast-fluidised
bed zone located centrally in a regenerator vessel. The

20 reguired temperature for achieving a sufficient
combustion of the coke from the catalyst is achieved by
mixing the spent catalyst with part of the regenerated
catalyst at the catalyst inlet. The partly regenerated
catalyst then flows to a second fluidised bed located in

25 the annular space between the centrally located fast-
fluidised bed zone and the regenerator vessel wall.
Disclosed is a regeneration process wherein partial
combustion takes place in the fast-fluidised bed and
total combustion takes place in the second fluidised bed.

30 In order to avoid after burning in the upper part of the
regenerator vessel, when the effluent gasses of both
fluidisation zones meet, a special cyclone arrangement is

proposed.



"The present invention is directed to a nore sinple design for the High
Efficiency Regenerator than the stacked vessels of the prior art dPglszS
Thi s obj ectwa.62/é43kw eved by the foll owi ng apparatus. 5 RegenefraimiyR@sse
‘provided with nmeans to supply catalyst parpgcles means to supply an
oxygenate gas, neans to discharge regenerated catal yst, neans to discharge
conbustion gases fromthe vessel and neans to separate entrai ned catal yst
fromthe conbusti onTB§s§§95$Otmmmnié§§ellSald§Ge@¢m itsesy Imcrrajga,mpal

fluidised bed zg@g Hf reat alusty al, 'Etf%lc(i‘@%r er}_% pa%ta]ec[q%ntr]? | ui di se_d

bed zoneavertlca yextenlng artition, ided with
one or nore opesitagsed sesperésentt mhatﬁmupﬁlmrﬁlddsﬁgﬁulbed zone in a dense
phase 15 fl ui di sed Ed zo e and a fast f|UI i sed bed zone, the dense phase
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at its lower end. 20 The regenerator vessel according the in
provi des a si npFatahEsteB3EF1gdSisgn mepmsude aupast- afl wixliguthtsedrds present

| n one fluidisedobed £0ng;sERaUEL! DA LN AR BH IGhen ggtgrgngsﬁtqgg 0f the coke.

The total catalyst inventory of the regenerator i nvention
wi || be signifidaathgrgraktbebushiénrc grpersed row tthneavmmantama{eabi&bid ng

bed regenerator having the, sanme vessel vaol IS because t he density
inthe fast-flir 8%33 SpEHtIEREcH P éyﬁﬁc%rgﬂh tII]’ PSR %SGRent i onal

bubbl i N bed reganenaressabdabeseausepiheeled 30 ulsevela im ihe dense d 14l sed
bed can be nalnt i ned | oner | evel than the bed | evel of the bubbl i ng

bed regenerat of! %FFaEYﬁEraEd%éﬁté@@erePﬁatWE?F@ﬂPndntihﬂﬂﬁhﬁ}qyﬁﬁ

regenerators capehe;gasi EYvQPQhEh?Lth %)&E‘ﬁd 89eRaLAL QN MESSR; According to
the—present invention, 35 for exanple by providing the éX|st|ng vessel with

the 19 APR ZOOSPVEﬁ9?#983l§9pPQTAEBHIM®829@ne or more openings, is
present dividing the fluidised bed zone in a dense phase

15 fluidised bed zone and a fast-fluidised bed zone, the
dense phase fluidised bed zone provided with the means to
supply catalysts and the fast-fluidised bed zone provided
with the means to supply an oxygenate gas at its lower
end.

20 The regenerator vessel according the invention
provides a simple one vessel design. In use a fast-
fluidised bed is present in one fluidised bed zone
resulting in an efficient combustion of the coke. The
total catalyst inventory of the regenerator according the

25 invention will be significantly smaller when compared
with a conventional bubbling bed regenerator having the
same vessel veolume. This is because the density in the
fast-fluidised bed zone will be much smaller than in a
conventional bubbling bed regeneratcor and because the bed

30 level in the dense fluidised bed can be maintained at a
lower level than the bed level of the bubbling bed
regenerator. A further advantage is that existing
bubbling bed regenerators can be easily modified to the
regenerator vessel according to the present invention,

35 for example by providing the existing vessel with the




4 necessary neans to supply oxygenate gas and a partition to cr ea}t@mpmgv\o
f1uidised bed zones. Existing cyclone arrangenents of the existing

regener at orweanggyant ageously al so be used in the regenerat gpragso6834Ng 5
to this invention. This |atter aspect of the,invention is especially

advant ageous regarding the fact that the vas‘i1 majority of the currently
existing FCC units are equipped wth a regenerator operating in the
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meant a fl uidi Slggﬁigg?ée a\?ifnéc% cat a: yrg{h%g%r%ﬁ%gyﬂoieg%gt%%%s FO° a?f&?%ed
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superficial gas“VEPSRFLy s &EFIHT 0.8 SUfPHle Hricterdbily wethezn

0.01 anid 0.1 m 5ow8y operat/isng itthentdgnise phase fluidised bed zone at such
| ow gas velocities 30 J{le%s deactivation of the catalyst will take place in
said zone because BFtRhéapsnérl viskhserabece dke |l sarmpasvierl Lsteamtpa ti al

ressure. Due t ; I j I r f ne . his, zo
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onl a small part of the coke conBbustion w S Zone.'Tn
essence 1 9 APRIQDOBg S QALO§3ITF RGHIEPAL082%h 300 kg/m3. The

superficial gas velocity is typically higher than 1.5 m/s
15 and more preferably between 2 and 6 m/s. The gas fraction
in the fast-fluidised bed zone will suitably flow upwards
without significant backmixing resulting in an efficient
combustion of the coke from the catalyst. In contrast the
catalyst particles to be regenerated will flow upwards
20 with a considerable backmixing in the fast-fluidised bed
zone.
With dense phase fluidised bed zone is especially

meant a fluidised bed having a catalyst density of

between 300 and 900 kg/m3. The density of the dense phase
25 fluidised bed zone is always higher than the density of
the fast-fluidised bed zone. More preferably the
superficial gas velocity is less than 0.3 m/s and more
preferably between 0.01 and 0.1 m/s. By operating the
dense phase fluidised bed zone at such low gas velocities
30 less deactivation of the catalyst will take place in said
zone because of the lower temperature level and lower
steam partial pressure. Due to the low gas velocity and
lower temperature in this zone only a small part of the

coke combustion will take place in this zone. In essence



5 10. 15 20 25 30 the dense fluidisation zone will act as a storag VA%'E?%
rat her than a regeneration zone. Thus the tinme at which the cataltgt |

subj ect ed twqlhesa®re rigorous deactivation conditions, i.e.pca%epiinkde
fast-fluidised bed zone, is reduced when c ared to the state of the art

bubbl i ng bed regenerator. Mreover, the problens with two different
effluent gasses as described in US-A-5198397 are also not to be expected.
For this reasonthfodapdef fdatlidésstdfont erexivwitilng oty @lsore saoramnge vests el | |

be required. Pa -t atal yst w.ll_.be entrained fromthe fast- fluidised
bed zone to theE%Bgé% 2%8%0% trhéerne‘:ag}‘"ef\ar‘\C rat 6" e S‘é‘ls. t%ﬁegémgatail %’t“:‘}l‘
particles will beesepanayed fisomultiketgases ervimagd ke goegerer at or vessel
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art cycl one sepafatbr¥ateshpPEtMG o iSmarty € cél éﬁe§h§néa§é6%|4@éﬁ1§is@yhl one.

The secandary cyekionssie,f Ykt BerusRRRLALS CRIRLYSY R king %aftrogft taﬁegaseous
effluent of the prlnaré cyclones. See also for exanple " IU|3 talytic
Cr acki ng TechnotbgyPuRBloper &edomregencredeph Wereklvesn, thenprvblemBooksh

Tulsa, 1997, pages 1835185,.| Beane Rueleuied amogdisnt gl ithe fnvention the

means to di scharge regenerated cata romthe “regenerator wll be
positioned at theRobéPB88RAd efret hésof ast:- ftlouicei eegcheddzomer The scatalsyst

ticles whi . : d in.the fast-fluidised bed node will
be returned 1o PRI BCRBAFPORCT R Capbar S 1 BnE FdGeReFaF SR SR PHars nd

parti cllés be required.

Part of the catalyst will be entrained from the fast-
fluidised bed zone to the upper end of the regenerator
vessel. These catalyst particles will be separated from
the gases leaving the regenerator vessel in the

15 separation means. These separation means are suitably
state of the art cyclone separators, comprising primary
cyclones and secondary cyclone. The secondary cyclones
further separate catalyst particles from the gaseous
effluent of the primary cyclones. See also for example

20 "Fluid Catalytic Cracking Technology and Operations”,
Joseph W. Wilscn, Penn Well Books, Tulsa, 1997,
pages 183-185.

In one preferred embodiment of the invention the
means to discharge regenerated catalysts from the

25 regenerator will be positioned at the lower end of the
fast-fluidised bed zone. The catalyst particles which
have been regenerated in the fast-fluidised bed mode will
be returned to this bed from the upper end of the
regenerator vessel via for example the diplegs of the

30 primary and secondary cyclones. These returned catalyst
particles will flow mainly downwards in the fast-
fluidised bed zone to be discharged from the regenerator
vessel in the lower end thereof. If the copenings in the
partition are located relatively near to the lower end of

35 the vessel and thus near to these means to discharge



fluidised vessel in partition vessel via for exanple the diplegs 1o APh05 -
secondary cycl ones. These returned catalyst will flow mainly dowwards in

t he fast bed&0Ohe3sare zone to be discharged from the regenerptoiEpnieuay end
thereof. If the openings in the located relatively near to the |ower end of
35 the vessel and thus near to these means to discharge 1 9 APR 2005 WO
021(18359 PCT/EPOl/OSZQ%ﬁ 6 regenerated catal yst nmeans to avoid catal ysts
from catal yst SKOFREEFHEhGH Sth&sPeni iy Yaid e tparitdtts ofwomo t he

di scharge openi pg+ane skr ebgyrabl sy, My om R qr?etH uch ans are.a,
shi el d spaced above ?he 5 catal yst b tleltomoper%ifﬁt{ | nl)ﬁ%ise nag&‘?l%?ﬁﬁ:ﬁgdoﬁed
zone. A furt hetOpitlfedisdhaguse opeh idics atar gimef drtablgeperedask . catal yst is

shown in Figure i rtically extendin artition is understood a

vertical partit %ﬁf\é\gag)l%o\réglﬁ ngnl%iarll1 d Spar 13 t%%i%’r‘?% @A Hest e

f1uidiséd bed i matedybtuictitied beenzoresnvier adwed JiQmaboye Eé%?rﬁbl y
e

the partition i§ f [ its gain or entire part a vertical partition.
vertical exten Pﬁg Gar PEEEER TeA MRENESy&tetditahaga@dadlithg gendratedvent i on

can be a flat pkatelyoptienahbyn QHtF@%EI%54preferred, nore partitions can
be present resulting,i nore than two fluidised bed zones of which at | east

one is a fasp-fluiﬁiggdab§ériéﬁéléﬁdeﬁﬁenﬁéngh@adéaﬁépphaseuﬁdaﬁgﬁdw@ Hed

Gosi gn resul i ne T o an 2B AGRLT A SGt & PG drCad Bed PAoha Lt R oul ar

~inner 0 ui di sedibbdezohbe Theidiasdt Bedofnt heot dhulian spar bidd Obnes when
viewed from above. Preferably the partition is for its
main or entire part a vertical partition. The wvertical
extending partition in the regenerator according to the
invention can be a flat plate. Optionally, but not

15 preferred, more partitions can be present resulting in
mere than two fluidised bed zones of which at least one
is a fast-fluidised bed zone and one is the dense phase
fluidised bed zone as described above. Preferably the
vertical partition has a tubular design resulting in an

20 annular outer fluidised bed zone and a circular inner
fluidised bed zone. The diameter of the tubular partition
may be smaller at its lower end in order to accommodate
for example the fluidisation means of the outer fluidised
bed zone.

25 if the partition is of a tubular design the outer
fluidised bed zone can be the fast-fluidised bed zone and
the inner fluidised bed zone is then the dense phase
fluidised bed zone as shown in Figures 2-4. This
embodiment has the advantage that a favourable bed aspect

30 ratio is achieved for the fast-fluidised bed zone, which
is in turn beneficial to achieve axial staging of the gas
phase. Axial staging of the gas phase is in turn
advantageous for the efficiency of the regenerator
performance. More preferably the inner fluidised bed zone

35 is the fast-fluidised bed zone and the outer fluidised




‘my be smaller at its lower end in order to accommodate for exarrpl,‘e t@ﬁ
fi{uidisation neans of the outer fluidised bed zone. 25 If the part & 190
of a tubul gfp gegizgn the outer fluidised bed zone can be thedrasinitu di sed
‘bed zone and the inner fluidised bed zone i-s_then the dense phase
fluidised bed zone as shown in Figures 2-4. This enbodi nent has the
advantage that a favourabl e bed aspect 30 ratio is achieved for the
fast-fluidised bed 28R&, 1&hFeR dpaSEnPhask BéHafilerdl bed achicev&haxi al

staging of the 9@§an99?§§-ofx£ﬁisféﬁﬁbﬂgm%5ttQ?eg@ﬁaehéggehﬁfaQekﬁépe

advant ageous for the efficiency o e regenerator perfornmance.

preferably the tahalyetucdinskd bedezeneildy distherfiast fibmi dihsed bed zone
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embodi mEnt are thatlyegeardatedeneatabistacanybe, nagedeashky (@dis hargetd rom
the regenerator vessel an?gbec us§ea prem xi ng of spent _5 catal yst. and

regener at ed cat BF yERIYaSYQ{ SRRaryBdCEPonfeRePeplPRar 2y eFoRedigyegydn can

be nore easily agbi g¥gdei P1utdesdanseqf Luidi sedebadszopeq,See sl so Figure 5.
The ratio of the cross-sectional area of the fast and dénse fluidi sed bed

zone is preferably Beeweehlqd: G ave 10253 -SRBEEODPR erabl pil ébs tfhan 60% of
the cross-sectiguale RieguelelifedeOsnErakor Lessah | Sparauated By e fast-
at abou % O

flui di sed bed zone. A practical optirnumis the
cross- sdct i onal Z at eaMofet heefegaenkyal essvebssl 608 obcthpi edolg-tshetional

fast-fluidised bedaZOﬁethln case thg 15 angu%an sgace cogpbisgi tge

fast-fluidi sed PeE®z8nhe "t he I FNRLT AP sPaEE bet Redh“PRECHUBY & SaPSiYi on

and the vesselfualidisedsuitiabbyebeawpeac8iand 2p%iatmt he tubul aboutr 50%

r egener at or vessgladianeter. The. o % iggs in_the partition should be snal
i

enough 20 to a%bi HP& FRSSFVESFHD $8eRit B §asPPBR BLOH tRESEL 1S

occupied by the fast-fluidised bed zone. In case the

15 annular space comprises the fast-fluidised bed zone, the
annular space between the tubular partition and the
vessel wall is suitably between 3 and 20% of the tubular
regenerator vessel diameter.

The openings in the partition should be small enough

20 to avoid a massive flow of oxygenate gas flow from the
fast-fluidised bed zcne to the dense fluidised bed zone.
These openings should also be large enough to permit a
free flow of catalyst from the dense fluidised bed zone
to the fast-fluidised bed zone. The total area of the

25 cpenings will depend on the amount of catalyst to be
regenerated. Assuming that the total catalyst flux

through the sum c¢f all openings is between 750 and

1500 kg/mz.s it is possible to calculate the reguired
area of said openings.

30 The openings are preferably evenly spaced along the
partition to ensure that the fast-fluidised bed zone is
provided along its entire base with catalyst to be
regenerated. For example in case of a tubular partition

the openings are suitably provided along its entire



fast-fluidised bed zone to the dense fluidised bed zone. These opang H\gﬁ
shoul d al so be | arge enough to permt a free flow of catalyst fro 2005
dense flui Weezlgseel zone to the fast-fluidised bed zone. Thectepbalogasea of
the 25 openings will depend on the amount ofgcatalyst to be regenerated.
Assum ng that the total catalyst flux through the sumof all openings is
bet ween 750 and . 1500 [nR2.s Iﬁ%é er\%ossi ble to calculate the required area

K
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a

entire base with catalyst to be regenerated. For exanple In case 0
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t he chances of ter,_burning. .5 The .partiti may be open at its upper end
such that the lfel"F"ls “aRd ?ggt fFrSEi_Eléjéﬂéth&f?g‘?ﬁ%sz%e‘es I3 DpEh CRBIMunNi cati on
with the upper endmofiitheissgeieratore ygsselendrHf anably Jhe opgnings in

the partition are then Eositioned at the 'l ower end of the partition. Part of
the 10 relativEFSSHot BREAEyaPlyatiicc|cpengmasenn ithe ke uipigeiron ende ofhdme

regenerator vessghi €8bnidenrepter 1t eer}%le |y di .hed zone from ahove
resulting in asferr?)e.rat ure rise ilnk)ﬁ#s ec?,f'f mecﬁsaﬁgtlgc&voéln't ;%aérotUSOT gti’bne
regenef&t or  ef¥ekaeheyly Thet carskmyyts tpareatitclds prresennt it hehaippased5 end

Lot TPy L TeR S YR PEEREBLARLRG SRR Yo, LS,
separated fromiheidgesesbédarbng thew egenes atnlividde Meanser R SonaFat e
entTai ned cat allyft frr(lz)n%ﬁlhse gopbus ion gases. 20 In case the inner fluidised
bed zone is the dehsd ed, whic s advantageous for regenerator
efficiency. The catalyst particles present in the upper

15 end of the regenerator vessel are entrained catalyst
particles from the fast-fluidised bed. Part of these
catalyst particles will have been separated from the
gases leaving the regenerator in the means to separate
entrained catalyst from the combustion gases.

20 in case the inner fluidised bed zone is the dense
fluidised bed zone the vertical partition may also be
closed at its upper end such that said dense fluidised
bed zone is not in open communication with the upper end
of the regenerator vessel. In this embodiment the

25 openings in the partition can be advantageocusly
positioned at an elevated pesition in the vertical
partition. The higher positicn is preferred because less
short-cutting as described above will occur.

The present invention is alsc directed to a process

30 for regeneration of spent catalyst in a regenerator
vessel, wherein {a) spent catalyst is supplied to a dense |
fluidised bed present in a regenerator vessel,

{b) supplied from the dense fluidised bed to a fast-
fluidised bed present in the regenerator vessel,

35 (c) contacted with an oxygenate gas as fluidising medium



‘fluidised bed zone the vertical partition may also be closed at it% ARRORES
end such that said dense fluidised bed zone is not in open conmunication
Wwith the uppeesy@ed of the regenerator vessel. In this enbodicramwsher 25
openings in the partition can be advantageoysly positioned at an el evated
position in the vertical partition. The higher position is preferred
because |l ess short-cutting _as described above will occur. The present
invention is als® Hii¢ettel fouadpescedsd 30 Roratagdendr sleinsr tof ofpent

catal yst in a regenerat vessel , wherein (@) spent catalyst is supplied to
a dense quidiE%Ew%%% gbe§8ﬁtiﬁﬂ gg/ggenépgtdp§v8g§@PPlPﬁ)r§@ﬁ§@¢é&eﬁrom
the dense fl ui deseslipet tooma tast 1kl dinsedrbedeprasents1hn 4iked eggner at or
vessel, 35 (c) contacted with an oxygenate gas as fluidising nedium 19 APR

2005 WO- 02/ 08358 pEy Bpby/ BBOTalA ke fase- FPErdi sedaBedtarlaacat al yst
density sof = betwegypleanda 499 KgLmBr o Q? gq)E@%tagQ'%%srgg?Q%E%E%%I
Plé g] eg. ﬁree |¥

catalyst fromthe Iower end of "the fast- ise rabl'y the

catal yst is a spept zapabgstsofisapkrffonigdidsed eatrabghieracrackiesge(FEsC)
process. Prefer . h rocess is perforned in a regenerator vessel as
descri bed above&g%g¥%g§%eﬁ Oggt’alyst is neant catal yst, which has been used
to crack hydrocarbamisth nspefit utdtaayakytscmetaekcagald0t( FGEL cpr agesseand

whi ch has been strép ed, with f8r exanpl e steam__to renove hydrocarbons from
the catal yst. r %a?ﬁ?ﬁ% BYCERFPEGOSSentt BafalySt CRILP Ve85t 4FACKSRS,

whi ch i1$ renovegdrdéd theotegenenat QhidfCakdi BEehoskhepREeseAtk H Ryention. 15
The oxygenate gas used in the fast-fluidised bed is a~ gas conprising an
oxygenate, pref@faBPie oXygen: A° prEpEer eddgasarboarr fypraitheenritehedti-n
oxygen. The gasrndlSathdinifg donegiRRaseoLhul dhed 80,030 be-aniknetl. oas,
for—exanple nitrogen, or recycle COﬂbUSPIOﬂ gases: 20 Preferablythe

f 1 ui di sing gas Wintadihel slengeophdseén the regenerator according to the

present invention.

15 The oxygenate gas used in the fast-fluidised bed is a
gas comprising an oxygenate, preferably oxygen. A
preferred gas is air or air enriched in oxygen. The gas
used in the dense phase fluidised bed can be an inert
gas, for example nitrogen, or recycled combustion gases.

20 Preferably the fluidising gas in the dense phase
fluidised bed zone is an oxygenate gas. It can also be a
mixture of a fuel containing gas and an oxygenate, for
example air and dry gas as obtained in the FCC process.
In this manner the temperature of the catalyst to be

25 regenerated can be further raised before they are
discharged to the fast-fluidised bed zone. This last
embodiment is preferably used in a regenerator according
to the invention wherein the partition is closed at the
top. This design reduces the chances of after burning of

30 the dry gas in the top of the regenerator and further.
More preferably the same gas is used as fluidising gas in
the fast-fluidised bed zone and the dense phase fluidised
bed zone. The volume ratioc of oxygenate gas added to the

dense phase fluidised bed zone and the volume added to



fluidised bed zone is an oxygenate gas. It can also be a mxture af mtﬁ
contai ni ng gas and an oxygenate, for exanple air and dry gas as o tga n
t he FCC prowesgasin this manner the tenperature of the catapypephOndds 25
regenerated can be further raised before th are discharged to the
fast-fluidised bed zone. This |ast enbodinént is preferably used in a
regener at or accqrdi to_the invention wherein the partition is closed at
the top. This de§ ¢ASeduidEsiard drthdehofiaipre ot ndotfwsh theqdry gas

in the top of theqd ageneral ¢oand fakd her. es@bl y the same gas is
used as fluidising gas in the fgjs_t-fll}t}iﬁglyse Vgﬁgin?@n%’y? hJ;'e%ense phase
flui di sed bed zoneINMBhdnFsiniden dts @lofo akygenzd tgasa atsdacthd o4 he dense
phase fl ui di sed e t:he .vol une added to 1 9 APR 2005 WO (12/(18359
PCT/ EPO/113291r?%%8ﬂ{{heaq?%§“tlgﬁl\é}| i SeFed o?ev?%segré?@‘é}ﬂ%ﬁ BetWeen 1: 40
and 1:5 and nor eepnef érakiuppist weerm 11520 panet ils Bes Theed dwend i Qd s, also
directed to a nethod t retrofit an existing regenerator vessel provided

with 5 nmeans t O*YHPPRY &8y EEapsr fioc s Cheess Tepengim iehrrabaigesiat e

gas, neans to digeRar 4@ rREeREedERlRYSh oJE|an hscharge .combusti on
gases fromthe vessel and rrearf?tetoosepar até1 égntral ?\fe%:gdt}gei r;}get&’ferlorﬁ“-t‘ e
conbustion gas®83Nghitéh sePssaltealess redmed seg,alivstusi;ora tteuictindak ¢ léh bed
zone of catal ystzatgit gHper, ; ddi rtition int f.l ui di sed
bed zone in or dtgra o arrive al%e%@%lr gég%efqgﬁlg)rﬁ\%}gell%gsc?éscari él&daltﬁﬁii
Preferafl y no obedsmahk ofangéslasé applited lowerhermbans, tedeparat e

11 ot rated- by BkF Do uCe g1 CPR PSR GRnG o GUes LHRHGRE £ EprdsEnIat a
state of the ar& babbhemgtbedvesegenacatiescriizgur erdvd M $iramuedhnenl, o, the
regenerat or Vesgﬁgllzghgggggdggg Egglhgéegk'%ﬂé mezans to separate
entrained catalyst from the combustion gases.
15 The invention will be illustrated by making use of
the following figures.
Pigure 1 represents a state of the art bubbling bed
regenerator.
Figure 2 first embodiment of the regenerator vessel

20 according the invention.

Figure 3 represents a second embodiment of the
regenerator vessel according the invention.

Figure 4 represents a third embodiment of the
regenerator vessel according to the invention.

25 Figure 5 is a preferred embodiment wherein the fast-
fluidised bed zone is lcocated in the inner tubular
fluidised bed zcne.

Figure 1 shows a state of the bubbling bed
regenerator vessel (1) provided with means to supply

30 catalyst particles via catalyst distributor (2), means to
supply an oxygenate gas via gas ring (3), means to
discharge regenerated catalyst via conduit {4), means to
discharge combustion gases from the vessel via
conduit (5) and means to separate entrained catalyst from

35 the combustion gases by primary (6) and secondary (7)



‘'Figure 3 represents a second enbodi nent of the regenerator vessel1@cEﬂ(&&pg
t‘he invention. Figure 4 represents a third enbodi nent of the regenerato

vessel accaygipngssko the invention. 25 Figure 5 is a preferreg¢drarfaodisent
wherein the fast- fluidised bed zone is |9C?#ed in the inner tubular

flui di sed bed zone. Figure 1 shows a state of the bubbling bed regenerator
vessel (1) provided with neans to supply 30 catal yst particles via catalyst
di stributor (2)CYRRARESroCIsUPPIL) aRloxPgended das shicangdorr icdgrid)y, means
to discharge regenghratedrcatal ygi i onelu , ns .t di schar ge
conmbusti on gases ?ron1the vesse% vF% %S%dﬁﬁg %§%é§ﬁdq§2a%§5§098&&£%ﬁ d
entrai ned catal y8t ubpemz BSbbhAéngofbusticrdgases doyepr(igmtyvity amd upper

secondary (7) 1 P 5 02/.08359 . PCT/ EPO AMRI1 cl ones, of which only
one set is shom%eﬁbﬁegggrﬁﬁi{ %gggoﬁgfmﬁFYiF§Q%9ﬁ§r(gﬁdap SPESDER M) al so
conprises, in wgeloaebubbl emg pluivddsedwhed zamre )(n@vi&@s§%c%aﬁ%ﬂ4fbed

| evel (9). Both primary cxclone (6) and secondary cycl one ( are provi ded
with diplegs (1651Pe§B€EF'VeP9°WPil) (partly shown). Figure 2 shows the sane

vessel as in Figureplgubut » BaWyRr Mkdedn@ tLuhular jpanti &ign.(13) . ki ch
partition (12) is provided with several openings (13) 10 along its
ci rcunf erent i al NoTherpubdedr apapbulponpdivzidésn tiRe )| whdicked bed zone of

the regenerator _in. er, | wi_dj . and an_i.nner fl.ui di sed
bed zone (15). palrirdhria 5ng%tb?ﬁglgggeﬁggﬁu%%ﬁ%g&ﬁbggen%ggg 6%&5 is the
fast-fllll di sed beddngoneshavirngménrébtébévalTed hetullevebatb)iofhaieutidess

flui di sed bed zone- }4édis fugtger rov%d g at its Lg%er ggd (18) with a
gas supply ring ?i?% He9hBERS S &BBFI ¢ aﬁ Gxy GENAEE 2 §as 1" ABo V¥ e
catal yst inlet epebifgellBpdokohbe (1epndHiit ah4)ndep! #leiti2Qkdi Heposi ti oned
toprevent 20 catalyghofrom shprt Cubt 09 LromLaPenings (13); 10, BLet
zone (14) is the fast-fluidised bed zone having an
15 elevated bed level (16). The outer fluidised bed
zone (14} is further provided at its lower end (18) with
a gas supply ring (17) as means to supply an oxygenate
gas. Above the catalyst inlet opening {19) of the
conduit (4) a plate (20) is positioned to prevent
20 catalyst from short cutting from openings (13) to inliet
opening (19)}. The catalyst inlet opening (18} can be as
described in WO-A-~0050165. The inner fluidised bed zone
(15) is the dense phase fluidised bed having a lower bed
level (21) than bed level (16). This bed level (21) is
25 lower than bed level (16) because the partition is in
open communication with the upper end (22) of regenerator
vessel (1) and because of the less turbulent fluidisation
state of fluidised bed zone (15). Bed level (21) can be
located above or below the discharge opening of the
30 vertical supply conduit (23). The dense phase fluidised
bed zone is also provided with a means to supply catalyst
to be regenerated, which can be a vertical supply conduit
(23) provided at its upper end with a catalyst flow
directing means (24) to direct catalyst to the dense

35 phase fluidised bed zone {15). Also a gas ring (25} 1is




openi.ng (19). The catalyst inlet opening (19) can be as described,in

WO A- 0050165. The inner fluidised bed zone (15) is the dense phaségAPRmUs
fluidi sed bwoobavisag a | ower bed Ievel (21) than bed |evel e&6)kp)iY:5; bed

| evel (21) is 25 | ower than bed Ilevel (16)L ause the partition is in open
comuni cation with the upper end (22) of regenerator vessel (1) and because
of the | ess turbul ent quidisg@ion state of fluidised bed zone (15). Bed

level (21) can B&®SFHCat&d SEERIY & Hdiishi $3e9 d9as hee géeopevisef the 30

vertical supplyfeorddistd( 234 zbhe C{qr§)e_ phase fluidised bed zone is also
provided with a neans to supply catalyst to be regenerated, which can be a

vertical supply conféBbre( 23phpreviadetomndnat uppezsend (it heeccadahystof | ow
di recting neans 4 i:r.ec .aj t,q the dense, 35 ase f| ujdjsed bed
zone (15). A sotgggggkrgflgéo‘f‘zgfgﬁé%f%%ﬁ% RN BT 0 P EPCLF 08291
- 12 present tolsepgl ptaitkuidbsimergas(28) derse phaseridd Wi seskbed zone

15). Fi 3 sh t | (1 rdi t the i ti
br ovi ded wi th aSBAFEi TGRS 28] “WRFER B 5% lodbth 413 |4 Subpet eha 425 . The

partition encl oske pardessenphasaibbuidisadided, (137)sdhaving &é%ﬁ%%fvgé%r .

(29). The partition is also provided with several openings (

el evat ed positidh BhARTBpBAETEECH1BP St imingherp orRireingoullat) paftiti on
wal | s (26) extepgdshee 20 ahgv nc| I nd above bed | evel
(16) of the fast il uidi <2heyEblEas ?’f?f?clit?héeg@ A i e s enpt y
space (81), whizbovedtbesennéovorand26) thel tcegéneratard drd-dInpriosesot he

dynam ¢ behavi o e -flyuidi,sed_be ne (14). The extension is
orovi ded 15 wit eotabbeealigalaly P89y Zopg e lefarﬁ’%&é’&j&ft ENGARIRF

cat al yst deposias émpthespagenedal pr whesselredllces RiHgURR14nehows de
regenerator accor di%egrt o Fi glgr e, 2, wherein the outlet for regenerated

catalyst is provVTHed By°h 202 cHPEavEFal6 AYmiai Pehayionrdad iiheh an

fast-fluidised bed zone (14). The extension is provided

15 with an inclined roof (32), which is advantageous to
avoid catalyst depcsits in the regenerator vessel (1}.

Figure 4 shows the regenerator according to Figure 2,

wherein the outlet for regenerated catalyst is provided
by & so-called draw-off bin (33), provided with an

20 opening (34) to receive catalyst particles and a conduit
(35) to discharge catalyst from the vessel {1}. The
opening (34) of the draw-off bin (33) is located suitably
below the outlet opening of dipleg (10). The opening {34)
of draw-off bin (33) is preferably located below bed

25 level (16} and suitably in the upper half of the fast-
fluidised bed zone (14). The opening (34) is located such
that also catalyst from fast-fluidised bed zone (14),
which has not passed dipleg (10), can enter the draw-off
bin (33). By directing the opening (34) up-wards the

30 majority of the catalyst discharged via draw-off bin (33)
will advantageously nevertheless be the, sufficiently
regenerated, catalyst particles discharged by
dipleg (10).

Preferably one draw-off bin (33) can be positicned

35 between a plurality, preferably 2, of diplegs (10). A



20 opening (34) to receive catalyst particles and a conduit (35) t10%\f‘ 005
di scharge catalyst fromthe vessel (1). The opening (34) of the dra BW

bin (33) isvbogedsed suitably below the outlet opening of diggegeatdfh; The
opening (34) of drawoff bin (33) is pref rfb_ly | ocat ed bel ow bed 25 | evel
(16) and suitably in the upper half of the fast- fluidised bed zone (14).
The openi ng (34%}%,5 | ocated such that also catalyst fromfast-fluidised bed
zone (14), whitPheal ntRIPastardi pregceanyiseah bAt erinheydeavdohes bin

Cat Al st di schay Sed i oc ar o off oty (B3 B008 1855 PREEL LN, BReVEr ERel ess
?io; heia S]lc.lf fi g: &k Iq"rzw-etgéﬁﬁ:a‘g&dﬁggt alyssuparan pe{ergbodiéﬁehgr %e?wbmdbgl eg
. Prefera one. draw o in (3 can posi tjone etween a

plurality, pr ef%er% e VX%? |epl%%é Y%ﬁs?cifﬁy@%W?@@%‘W\%é?é?ﬁ%ﬁ@) -
PCT/ EPOS / 03291Such 1$0-da/Fiehl k ieigened ap DEg S apr SOMPEHSE 8add BRI Hﬁ&%e(iof

cyclones (6), which in turn nmay be coupled as described above to
drawof f bins (B¥) ox desgcwiah éhsodiemdnitcalt. iinldodienemec assE yori Dy usge

non-verti cal | ositi d. di s (10). 5 Such sp-call ed kinked dipl egs
preferably hazecpﬁanwhaonéﬁgbld} H1 goﬁ'l(? gi%wW?lﬁ E]F\%P%’F?‘Flcal . Enbodi rrgntg with
only one draw of f Hiqufe33) @evhoeyesans efesser.adi gure; §ysboys Lhe same
vessel as in Figure 1, but now provided a tubular partition (12) having an
open 10 upper éHY R/W‘@ffijeﬁ%\r%iﬁq%?lizgai%lﬁmi dedl Wi FiB@varaPPeBpeni ngs
(36) ahong its gigound el entdaln pTE[y_edty_.péJrl] a{lz)o_a{g ic]rg%cggigée{i ‘g?g%ggﬁékg%dl sed

bed zone of the Tregenerator in-an outer fluidise zone-
i nner fluidi secPRrsdinthel IB8)alany tHis epodifergnthel 15Thantobilardi sed bed

zone (38) is theg fiast- i : %ee%b%arge £, havi evat ed bed | evel (39).
The™i nner fl uir% stgl?JbJéAdLHzngnle 38 |sfjﬁjt}rcgjg%ré g?eocginzd%de a(f%igléel ower end
(40) with a gassygEnetramg( 4t) astamahbuidi sapidegd zone (37) and an

inner fluidised bed zone (38). In this embodiment the

15 inner fluidised bed zone (38) is the fast-fluidised bed
zone having an elevated bed level (39). The inner
fluidised bed zone (38) is further provided at its lower
end (40) with a gas supply ring {41) as means to supply
an oxygenate gas. The inner fluidised bed zone (38) is

20 further provided with a regenerated catalyst draw-off
conduit (42) having a catalyst inlet opening {43) located
below bed level {39). The outer fluidised bed zone {37)
is the dense phase fluidised bed having a significantly
lower bed level (44) than bed level (39). To the outer

25 fluidised bed zone (37) spent catalyst is supplied via
spent catalyst supply conduit (45). This centrally
located conduit (45} ends at its upper end into a
plurality of diverting arms (46) having a discharge
opening (47) located above the cuter fluidised bed zone

30 (37). Preferably 2-8, and more preferably four or five
arms (46) are present such to evenly discharge the spent
catalyst. The fluidised bed zone {37) 1is further provided
with a gas ring (48) to supply a fluidising gas to said

dense phase fluidised bed zone.




an oxygenate gas. The inner fluidised bed zone (38) is 20 further] @mpnqgsed
with a regenerated catal yst drawoff conduit (42) having a catal yst iInlet

openi ng (43wd@asgted bel ow bed | evel (39). The outer fluidi $e¢,mR¢&9ne
(37) is the dense phase fluidised bed havi_nq a significantly |ower bed

| evel (44) than bed level (39). To the outer 55 fluidised bed zone (37)
spent catalyst is sugﬁl ied via spent catalyst supply conduit (45). This
centrally Ilocated coRdHPE 4% I&RpNefatian appekdwral 5 molh reterad i §yent

diverting arns (48rzhaxkngia digsghargs; ' o iy above the outer
f1ui di sed bed zone 30@(37).:L Pﬁe]‘%)cear a&qﬁsz-g, atpng:ér%rﬁe‘ gpt?e e%lﬁ'?/ FHRrRRAFIERve
arms (46) are préBént thbacHenscewdrse df lschiirgel tihed sperd  (TAL Adystprdhe
fluidised bed zo ). 4.s.furthe rqvi.ded _with a gas rin 48) to supply
a fluidising gasﬂtg(a)(:géi Hhéaeﬁslé‘%%a@et% I}tﬁecdi%eegoerbee@%die@atl%%@@m WO
02/ 08359 PCT/ EPOHL68BOtged If4om migsedde rmgenst afior) of i QU SO M 1 s

recei ve spent catal ys This spent catalyst wll be discharged

t wvi 45) .
into the dense pAHSB fPB%E?@%&%&&%é%ﬁw%wJ&ﬂeﬁw ddéwhereti xed with
hot regenerated eptaliyséabebRg-2ndi schar gad, fyRM:AJY egss)(10), aaﬁs( _]%231: Thi s
ui di

m xture of spent_and regenerated catal yst will ent'er the fast sed
bed zone (38) vihlbpdhFhgsPederonen 13)s thestcatfalyisdi sed lbewbzone«B8)1¢ he
catal yst will noygeHRYRN ghy grei.n j QL t t coke .present. on the
catalyst 10 is cprr%usted. PaIrn%é\,ﬁofrei:t etoiile;%rﬂ%lg%(r%t%lp%tsewqﬁ Io%gkpedi%actr%]ry

via drawfff contlti copaRtedi | 8athe ofermienimg i nparda taillys tentiarn the

regenerator free e_the  catalyst and.gas w.ll enter the primary
cycl ones (6). S@%%#lg?re(gg%aYé?ygfaﬁs Ogﬁgg . y(4\(;¥:)sé“ll?&rjﬁ'e&l\ﬁ FABpIegyY 15
(A é(F)e)—z ggg (ié) t opde wiehbesphasetheuirdigeee rbed  IDcB%arst.attRd-ahgue. 1 9

catalyst and gas will enter the primary cyclones (6).
Separated catalyst is subsequently discharged via diplegs
15 {10) and (11} to the dense phase fluidised bed (37) as

stated above.



CLAIMS 1. Process for regeneration of spent catalyst in a regeneritor

vessel , wherein spent catalyst is (a) supplied to a dense fluidis & AFRA005
present in the regenerator vessel, (b) supplied fromthe dense fluidised 5
bed to a fast-fluidised bed present in the regenerator vessel, (c)
contacted with an oxygenate gas in the %@St dilute fluidised bed at a

catal yst density of between 50 and 40& kg/ n8, and (d) obtaining regenerated
catalyst fromthe nore dilute fluidigadmMeed, wherein part of the 10
regenerated catal yst is discharged fromthe regenerator vessel and part is
recycled to the dense fluidised bed. 2. Process according to claiml1,
wherein the catalyst density of the fast dilute fluidised bed is |ower than
300 .kg/ 8 15 3. Process according to any one of clains 1-2, wherein the
dense fluidised bed has a catal yst density of, between 300 and 900 kg/ nB.

4. Process according to anyone of clains 1-3, wherein the volune ratio of
oxygenat e gas added to the dense 20 phase fluidised bed zone and the vol une
added to the fast-fTIRFSd Yo Wenssahiet 9 hibigebet swlenl UsWotrard  1: 5. 5.

Regener at of vessghe oy edvubtby meons. Loy SUBRLY CCal Lo particles, means

to supply an oxygenate gas, 25 neans to0 di cat al yst,
means to di schasyeplbmdust i dndgasestIudl sde vesSste sagh Meansnd 0 separate
entr ai ned catahgst fromthe conmbustion gases whi ch vessel al so conpri ses,

in use, a fluidl SR PR TonE S cat ySiPRE19d sEFGheth@rienshef kirdi sed he
fluidised 1 9 AREYy 2 - i X i n artitionis
present dividing t%g% I %ﬁﬁ%@%ﬂ%%ﬁé{i rﬁgé%%%geirghn&;seegr%%?ed‘{%%%r bed
zone and a fastv$338Mi seel beehizareed tuit h demsex phaset 4 | ¢4 di sed hedrzone

rovided with t ans, to,5 s |y catal ysts, and the fast-fl ui di sed bed
goﬁ€ or ovi ded inﬁ@% EiUIdlseémggg at a catalyst density of between 50

and 400 kg/m3, and (d) cbtaining regenerated catalyst
from the more dilute fluidised bed, wherein part of the

10 regenerated catalyst is discharged from the regenerator
vessel and part is recycled to the dense fluidised Dbed.
2. Process according to claim 1, wherein the catalyst |
density of the fast dilute fluidised bed is lower than
300 kg/m3

15 3. Process according to any one of claims 1-2, wherein
Che dense fluidised bed has a catalyst density of between
300 and 900 kg/m3.

4. Process according to anyone of claims 1-3, wherein
the volume ratio of cXygenate gas added to the dense

20 phase fluidised bed zone and the volume added to the
fast-fluidised bed zone is preferably between 1:40 ard
1:5. |
5. Regenerator vessel provided with means to supply
catalyst particles, means te supply an oxygenate gas,

25 means to discharge regenerated catalyst, means to
discharge combustion gases from the vessel and means to
separate entrained catalyst from the combustion gases,
which vessel also comprises, in use, a fluidised bed zone

of catalyst at its lower end, wherein in the fluidised



wi th.the neans to supply an oxygenate gas at its |lower end, which gg;&ﬁ himgn
has a tubul ar design resulting in an annular outer fluidised bed z 2ridha
circular inner fluidised bed zone which partition is closed at its upper 10
end such that the dense fluidised bed zone is not in open comunication
with the upper end of the regenerator _j¢essel and wherein the openings in
the partition are positioned at an el evated position in the verti cal
partition. 15 6. Process according to any one of clains 1-4, wherein the

process is perfgsdesohd 2 vegenes r ' t | 7.
Met hod to retrofit an existing re%%ﬁe?%?%?g%%%g%fﬁg‘;% dg%l%mﬂ?%rﬁ:eans to
suppl y cat al ystdija¥ding eshe nblansdi 26d tiveduppty an oxdgeratghgss, neans to
di schar ge regeqﬁgalid qgtal st, means to_discharge conbustion gases from
the vessel and 1% s%%%r’a?%e eTRT af kS eat Befdiseq kad t#NT ot i on

oSyt | | SEE IS CORr st 5 BHUAL B RISl
zone in5 order supplyicatalysrs eyedetiad of a yesSPhi @Ceed Bt dne 6 AW ded
with the means to supply an cxygenate gas at its lower
end, which partition has a tubular design resulting in an
annular outer fluldised bed zone and a circular inner
fluidised bed zone which partition is closed at its upper
10 end such that the dense fluidised bed zone is not in open
— communicatien with the upper end of the regenerator
vessel and wherein the openings in.the partition are
positioned at an elevated position in the vertical
partition.
15 6. Process according to any one of claims 1-4, wherein
the process is performed in a regenerator vessel
according to claim 5.
7. Method tc retrofit an existing regenerator vessel
provided with means to supply catalyst particles, means
20 to supply an oxygenate gas, means to discharge
regenerated catalyst, means to discharge combustion gases
from the vessel and means to separate entrained catalyst
from the combustion gases, which vessel also comprises,
in use, a fluidised bed zone of catalyst at its lower
25 end, by adding a partition in the fluidised bed zone in
crder to arrive at a regenerator vessel according to

claim 5.



