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of the invention The invention is directed to an i nproved separati dri AUG 2003
apparatus, wherein particles can be efficiently separated froma
gas-particl eg #jekisre. The invention is also 5 directed to the-TusReeissbuUCh
an apparatus in a fluid catalytic cracking process. Background of the
invention The field of fluid catalytic cracking (FCC) has undergone
significant devel opnent inprovenments due 10 prinmarily to advances in

catal yst technol ogy and pr ocasctoLmdlsstAriabsN Sbcely ai ned therefrom Wth the
advent of high activity catalysts and particularly crystalline zeolite
cracking catal ysts, new areas of operating technol ogy have been
encountered requiring even further refinements 15 in processing techni ques
to take advantage of the high catalyst activity, selectivity and operating
sensitivity. OFipaktieukak GEREeLNJN this field has been the devel opnent
of nethods and SysStens for sep i the hydrocarbon product fromthe
catal yst particles, T2® pareréacar by flomarad ghe act iiwidnewrd stegdd datd on
zeolite crackip ¢St under fficient_se atin condi ti ons, so
as to reduce the9§§2%§¥§ék??§‘§ c %3g§§ﬁ§# %ﬁ%ﬂﬁiﬂ%?%ﬁﬁf%ﬁkﬁﬁﬁ%?&ﬁﬁ?ted
recovery of desf¥é® prodscbreisiclans FOG toper.atlien.iyemAidsBB55&1so0

US- A- 5376339, 5 A 09244, US.A- 5053177 and US- A- 4946656 all. describe
devel opnent s cgﬁéesggaémjgh Fﬁegfgp? %éﬁ%}arﬁéﬁwﬁ‘&ﬁ”f%cﬂbé? 15E %nt r ai ned
catal yst particFesatybhrt hgachydooparisersspr oducts. The rapid separation is

achieved in thggckggogggag¥s%hgr§p%%géﬁ%&pd fromthe reactor riser 30

i

effluent in a frrst_cyctome separator,—tHe primary cyclone, of which gas
outlet conduit is iRAhel BLdlAOCB0L50588catalytic cracking (FCC) has

undergone significant development improvements due

10 primarily to advances in catalyst technology and product
distribution obtained therefrom. With the advent of high
activity catalysts and particularly crystalline zeolite
cracking catalysts, new areas of operating technology
have been encountered requiring even further refinements

15 in processing technigues to take advantage of the high
catalyst activity, selectivity and operating sensitivity.
Of particular concern in this field has been the
development cf methods and systems for Separating the
hydrocarbon product from the catalyst particles,

20 particularly from a high activity crystalline zeolite
Cracking cataiysts, under mcre efficient separating
conditions so as to reduce the overcracking of conversion
products and promote the recovery of desired products of
an FCC cperation. U3-A-4588558, US-A-537633%, EP-A-

25 309244, US-A-5055177 and US-R-49£6656 all describe
cdevelopments concerned with the rapid separztion and
recovery of entrazined catalyst particles frem the

hydrccarbon products. The rapid separation is achieved in

ot

nNat the catalyst are separated from the reactor riser
30
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uert in a first cyclone separator, the primary

cyclone, of which gas outlet conduit is in fluid




2 21 AUG 2003 PCT/ EPO0O/ 01467 connection with a secondary cyclone. This
cyclone line up in FCC reactors is also referred to as cl ose-coupliefs 2003

cycl one SePWc%&/éBF:«sOWVi ded that the primary and secondary cr{yd'gllggpogﬁa%{_ye
c y

contained in one Targer vessel. 5 This coupling of primary a

cyclones mininmises the residence tine in"Wd ch the hydrocarbon product is
in contact with the catalyst after it |eaves the reactor riser, which

li mits undesirabPenafttarcer ackirng. sBothdanr vt hey FCCer.eactof @8 SHsSoussed,
above, and in 10 the Egc r%%%nersat gr _such series of primry and secondary
cycl ones exi st. EP: A-309544 adscri Bes “ak Setamsie théseid o owsived &/ cl one
separators are bpthonsedeipa rizhe creacton deas cweld +as t}-}}g_n{aelqeré%rcator vessel .
Typically nore ghggﬁ one of these series of cyclones exist “in parallel. 15
Exanpl es of ot het - BFo¢edsE ST ER %aCpPitRanycand osec dricarer et e,

arrangengnt s arehiusedoare ithe ovebhyha rieEhabulonl nath -f1.ui.di zed
bed dehydrogenation_process and in thgacryl oniotnri I g; C(rjgél(?g)?se.s 'Fﬁe'rlgmis’se%n
on-goi ng effort"t9 FAPLEFEEhE-EEparatiRéRr 2beehbidcioercypcaf royetoane is in

separation appatahtses. wore knews:method fotie@pri(ﬁ"il@%vte@e t$eParation
efficiency of avgri mary . cycl one apparatus Is achieved by ecreasi r?g t he
cross-secti onal Taf8a’ obeFfher i hE gasesinkbieorithecgas kautg.et openi ng and
hence increasing thes2h kacahe0as-veloeiLy. ALt he separation .
efficiency of the primary cycl one shomggh ?ﬁp?g\g}gp@;tﬁt&d 1€ ‘Gvefad 1
efficienty of thespfFharysanarsseondary epclieneofseparator snids seebndary

sionificant]y opeoveds ehe-of the,oBbeshs gl the pLesent Layealion 15, 30

therefore to provide an appar at us, erein particlres can STy
separated fromgascfaFyrépas REReBREPrswArehbhas asednmmovtdd eearcaldr

separation effigieQeys as the regenerator vessel. Typically more than
one of these series of cyclones exist in.parallel.

15 Examples of other processes in which a primary and
secondary cyclone arrangements are used are the Methyl
tert-butyl ether (MTRBE)-fluidized bed dehydrogenation
process and in the acrylonitrile process.

There is an on-going effort to improve the separation

20 efficiency of cyclone separation apparatuses.

Cne known method of improving the sSeparation
efficiency c¢f a primary cyclone apparatus is achieved by
decreasing the cross-sectional area of either the gas
inlet or the gas outlet opening and hence increasing the

25 loczal gas velocity. Although the separation efficiency of
the primary cyclone shows an improvement, the overall
efficiency of the primary and secondary cyclone
separators is not significantly improved.

One of tnhe objects ¢f the present invention is

30 therefore to provide an apparatus, wherein particles can
be efficiently separated from a gas-particles mixture,
which has an improved overzll separation efficiency.

The invention is alsc direscted to a combined

separaticon and stripping process, wherein a mixture of

35 fluid catalytic cracking catalyst is separated from a




The invention is also directed to a conbined separation and stripping
process, wherein a mixture of 35 fluid catalytic cracking catal yst i 816 2003
separated froma 2 1 AUG 2003 WD 00/50538 PCT/ EPO0/ 01467 3 catal yst

cont ai ni ng gasmaes3shydr ocarbon effluent of a fluid catal yti eceneoking:
(FCCO) reactor zone and wherein any hydrocarbons are stripped fromthe
separated catalyst particles in a quidize& bed zone to which a gaseous 5
stripping nediun1ksqsugplied to. Such a conbi ned FCC separation/stripping
process is descriBed>in DA 97422985 PHSs MpdBriceabroncddscrirtes &t ke

separation of cataliystazpalitebesrbepimg gaseousst-heam .l eaving a reactor
riser of a fluid cagalytic cracki ng 10§(FCC) prgcess. Tﬁégsébgrgﬁfg s

performed by maRi'Hg USEOCBF a PrifRr §LEyEPBAe fapparhtusebecated icatalyst

reactor vessel pairniwhishiprimary; gyclong.the gas;sollds, stream enters
tangentiglly into a vertical,tubufar cycl one Oﬂ%u%?n&b‘%ﬁeasgﬁﬁﬁguére
di schar géd downW®aFe8PtB%am48lsTrippsvgrzond ktocated at the | ower end of the

reactor vessel. A partl . g S . art.of .the__stripping gas
i s di schar ged upmargs th?oﬁ% a V%r??%a%ésggégggPPEfrtBHﬁUFt?rﬁﬁﬁéﬁ is

gas-outl et conddfecpibefutesiOthedty2l vhe Tubsal aubhoust ngnf Ber-abewe. -Fhe

solids still 20 prgsefnt.ipet rtly_cleaned gas obtained are
subsequent | y se?a?ate%g%% gﬁs@%%%g%%é Byc 6%2?5Théoﬁoﬁe?a58ﬁéﬁ ERJSBM t he

tubul ar primary-eyelpaea hoest ey projectst dofmmaddsatal pracl bukdizad- bed

zone present in I ar f_earlier nmentioned reactor vessel.
Stripping gas Zé??g)s§%%§?%%'ttp he" far Aot Pli of ZBBT hREMSAnBY BRkANFeufRe

tubul ar housi ngedfatheipsiyeryc byt onepsepacat Docksed sl herebbanst he
e L LR R R
enters tangentially into a vertical tubular cyclone
housing. The solids are discharged downwards to a
15 stripping zone located at the lower end cf the reactor
vessel. A partly cleaned gas stream and part of the
stripping gas is discharged upwards through a vertical
gas-outlet conduit, which gas-cutlet conduit protrudes
the cyclicone tubular housing from above. The solids still
20 present in the partly cleaned gas obtained are
subseguently separated in & secondary cyclone. The lower
open end of the tubular primary cyclone housing preijects
downwards into a fluidized-bed zone present in the lower
part of earlier mentioned reactor vessel. Stripping gas
25 is supplied to the main fluidized bed zone. Because the
tubular housing of the primary cyclone separator is
smaller than the reactor vessel only a part of the

st

Al

ipping gas will enter the zubular primary cyclone
housing from below.

30 US-A-4692311 describes a combined process for
separating and stripping FCC catalyst in which all of the
stripping gas is discharged through the gas cutlet of the
orimary cyclone separator. This is achieved by using a

cyclone having a tubular housing and & single stripping

35 zone leocated in the lower perticon cof said tubular




30 US-A-4692311 describes a conbi ned process for separating and SZ Wi g@
FCC catalyst in which all of the stripping gas is discharged thro 2; hZ
gas outlet of the primary cyclone separator. This is achieved by using a
cycl one having a tubul ar housing and a §iﬁgre stripping 35 zone located in
the | ower portion of said tubular 21 AUG 2003 - 4 housing. in this manner
all of the sthPpping-gds Wik mhavert elleavetthesprimmtiyccyelsong Mia its
gas-outl et. this_process.may | ook,prom sing regarding the
sinplicity oﬁ%ﬂéem%%sf §ﬁ§ﬁoE$‘§r ﬁélgééfe“%}gpﬁg “éiagﬁlsega!?‘ﬁ&géebeen
realised up tilthoogh This bsobesausevt hecksepamakies ebbiciigney drs poor
when a | arge qu.l oWy of . stripping ,ggs has to pass through the tubul ar housing
of the cyclone. “ASiTi{ar-apparatasads destriBed rne® UBTALRGO23ETHIES
descridbed in H4SA-5942576a1 10 §ychonel sepakat Orsshavi pg-a,.wer tigal tubul ar
housing and an gas-outlet _conduit having a gas-inlet opening located at
about the | eV@Pof2atPel @vat edeeyt| shePposf whareadesceib&docherdi e i ngeni eur
Techni k (70) &£ 98,1 S1, £05= =545 A1 opLect . he javentiaqn is
to provide an ir?%?ov%?%?o%%”ss“%g? %l%ue %%?%eag‘éepé?g@F%nggka“@t Fippi ng
of a nixture 6f¢ fdxfdPreat at ysiviteackppyracat akystiesnrabetuid catal ytic
cracking progess,_ddpdych, _t eparation,effici ~of the catalyst is

hi gher. 20 Tﬁ%ﬁ? o'béjr%eéclzétﬁ‘is_ and %%%%?'%%jge%%s?ga‘{ppé%gggyﬁhen readi ng the
descr-i%t i on, are “acHicgvedE i tdes fiod v ow ny vapparal usub Suanmarycetnghe

i nventi on Apparatus f.ar_ t] olid particles_from -5 suspensi on of
solid parti c%ggagﬁd %ﬁ%oﬁsﬁvﬁef%%?%é%%egagﬁ%%r%t%%Sélo%r?s%%.enf?? a
vertical prifeopeclanevessethdalévgl aof bl alevated cyclone roof

are described Chemie Ingsnieur Technik (70) 6 1 98,
pages 705-708.

15 A next object of the inventicn is to provide an
improved process for the combined separaticn and
stripping of @ mixture of fluid catalytic cracking
catalyst in a fluid catalytic cracking process, in which

the separation efficiency of the catzalyst is higher.

20 These cbjescts and other objects, apparent when
reaaing the description, are achieved with the following
apparatus.

Summary of the invention

Bpwaratus for separating sclid particles from a
-2 suspensicn oI sclid particles znd vapour, wherein the
apparatus comprises:

LN

-{1) & vertZical primary cyclone v

{0

ssel having a tubular

housing comprising of a tubular wall section previdad

l\_‘

with a tangentially arranged inlet for receiving <he
20 particles and vapcour, and which tubular wall section is
cren at its lower end and closed at its upper end by

mezns o a ver provided with an opsning, wherein the

0
O
<

opening 1s Ifluidly connected to a gas outlet conduit,

which conduit has a gas inlet opsning located at the same

35 level as the cpening in the cover;




housi ng conprising of a tubular wall section provided wth a tangentially
arranged inlet for receiving the 30 particles and vapour, and whi ch 1tALGUENEr
wal | section is open at its lower end and closed at its upper end by
means of a cover provided with an opening, wherein the opening is fluidly
connected to Zﬁgas outlet conduit, which conduit has a gas inlet opening

| ocated at the samg"35°FeV8F “asFREEPENFARG ISR ILRE S6vera2r M9B2003 - 4a
(ii, one or merecseaondalyigas- sehnds:separatoneans JMich are fluidly
connected with_.the gas,outlet conduit of the primary cyclone. 21 "AUG 2003
_5 Appl i cant s°hav@®nBw-F6ard “¥RaPEhe conbined primary and secondary

cycl one separation neans o the apparatus of the invention achieve a far
better separation efficiency that the state of the art separation devices
5 conprising conventional primary and secondary cyclone separators. Wth
conventional cyclone separators is here neant having a design in which the
gas outlet conduit significantly protrudes the cyclone housing from above.
Wth significantly protruding the cyclone housing from 10 above is
especially nmeant that the protrusion equals between 0.4 and 1.2 tines the
hei ght of the tangentially arranged feed-inlet opening. A typical
conventional cyclone is exenplified in Fig. 17-36 of Perry's Chem cal

Engi neers' handbook, McGaw HIl, 7th ed., 1997. 15 The invention is also
directed to a fluidized catalytic cracking process maki ng use of said
apparatus. Mreover in a specific FCC application wherein stripping and
primary separation are conbined in one tubular vessel a conbination of
good separation and stripping efficiency 20 can be achieved. Such an
apparatus requires |ess




“additional neans to discharge stripping gas and/or can be wused w_th a

hi gher stripping gas | oading while the separation efficiency remdilnl6 2003
within the desired range. This was not _passible with the above descri bed
prior art _5 apparatuses. Wth respect td the disclosed efficiency of the
cyclone separators disclosed in the above cited article in Cheme

:ngeni eur Techni k*PPLt§28uPprESrn§ofhatWiie théontitfatdow ofed primary

cyclone and azsecqadany-cyckone 30 separaticn mrans. of- the Cép%!a@éjtus
apparatus show such a high Separation effici ency when a suspension
containing reéFatirvelpvanhiigh echtene &f fsal s ey febammiten prinary 21
AUG 2003 WO 0QF20238-+.,6.,ECTLERP0QLQ1467 cyglong.. This is especially_
surprising in view of the -fact that it Z)i s '(rfljdt a‘l’vvas%smao “v“l‘oou£ SWhi ‘c?‘f”y:
measur es wi | | coppsitivel gechuthteénoe 1t beiovealan ds eparatd=on, effdiciency of a
coupl ed cyclopg_separation.Line up._ _Eor exanple when 5 inproving the
separation ef gl ’6?@%6{?“% f\ﬁéhp PHery -t EVEFofe Sy e aits Foft £ 4 dvin A% chni cal
nmeasure, increashgratheggascepleh andivancauthet owel ogittiies ddrthe prinary
cycl one separator, _the over all separation efficiency of primry and
secondary cycfofe~rsCABE-¥nPFoved=cApplhrcaits °16 BaVve imewFeenddiat- this

overal | efficiencyscan; becastgdi bkeanpthynhmpraved when the apparatdls
according the invention is used. In one éxanple'the particle content was

reducetl ten f3PEVEnifheSpassttantrahvingtt Reeseeordary cseparatison neans.
15 The inventiop,sbal b be.deserbbed,io pprendetakl oebehaw. .inchuding some
preferred enbodi nents. Detailed description of the invention The I nvention
is in particutafeErecfetdronany oRen&ng -t hettRd Carbodinvents odedcri bed
bel ow. cyclone is exemplified in Fig. 17-36 of Perry’s Chemical
Ergineers’ handbock, McGraw Hill, 7th e24., 1997.
15 The inventicn is alsc dirscted to a fluidized
catalytic cracking process making use of said apparatus.
Moreover in a specific FCC applicaticn wherein stripping
and primary ssparation are combined in one tubular vessel
a comdbination of good separation and stripping efiiclency
20 car. be achievaed. Such an apparatus reguires less
additicnal means to discharge stripping gas and/or can be
used with a higher stripping cgas loading while the
separation efficiency remains within the desired range.
This was not possible with the abeove described priocr art

-5 apparatuses.

I+

With respect to the disclesed efficiency of the
cyclcne separators disclosed in ths above cited arxticle
in Chemie Ingenisur Technik it is suxprising that the
combinatien of a primary cyclone and z secondary cyclone

30 separaticn means of the claimed apparatus show such a

high separation efficiency when a suspension containing

] -~

relatively a high content cf sclids is fed to the primary




20 The first preferred enbodinent is an apparatus for separating so{ d
particles froma suspension of solid particles and gas, wherein t hiet AUG 2003
apparatus compuisess (i) a vertical primary cycl one vessel ha};'b_p/gp&/&]gp_ul ar
housi ng conprising of a tubular wall section provided 25 with a !
tangentially arranged inlet for receiving the “suspension, a dipleg at the
| oner end of the tubular wall section, fluidly connected to the tubular
wal | section by “heaRscof T&ifr ust & seemiicdll waldrpsact:inen,: ARG &, Gaver, which

closes the upperrgnad of-the tuhular wall section, wherein 30 the cover is
provided with an axial circul arg o%en}gﬁégay\ﬁhiog@ﬁlSﬁéni“hijC@eﬁf\%%@%‘ngalsl

I nlet opening ofP@sgasvedut ke lCandei tthe(icivierane @JiREe sSeCQMArY. . of
gas-solids cycl Oé‘ecé?Bi‘%ét 9&% O%i ch are fluidly connected wi th the ga?’s
outlet conduit 35 of the primary CyEFGAE°31-ADE 2603 Frhe eseourd prefrer r ed
enbodi ment is animpparatgstheonbpredsepakatien.apd Sk Lppi 29 1953
suspension of r'or cafalyst particles and vapour in a fluidrze catal ytic
cracki ng process, erei n-t he “ApparafusTPhEl GAESN 52l fea svewr,i dale rpkistaigy
cyclone vessel, W chaprinmbey aayebenguksepro¥hded with. ngenti al |
arranged inlet for, recejyving the suspension of cat g%%stlgp%?itei El*eé"aéﬁfd/
vapour, which pri‘mary tyctone®has: atbebararasideeparhtand ks fapeanat, iotss

|l ower end and clrosiethat its sppercend Byc1df-neans,of ; er, provided with
an openi;ng, wherein the outl et open?ngyi s flui dlyogoﬁﬁgg&éadﬁo%gp a§ents
outl et “conduit, whi ch°Eonduit hastatyas PreeelbpeAfhngiétocat ednate about
the same |evel asidrhiefopentng iAot BeGO¥REn {hk)a8,5LLIRRI NG _zone which
zone is provided nv‘v:jt means 15 to supply I’s]tri pp‘?l g Qaé?‘@s%ggwghagdtpﬁat
in use a fluidiZed bedT s> present, IF oeatetanehet hae partioteakbntohet he

stripping gas |eas ndieest £¢PPEODL ZORELhD s stream leaving the
secondary separation means.
15 The invention shall be described in more detail
below, including some preferred embodiments.

Detailed description of the invention

The invention is in particular directed to any one of
the two embodiments described below.

20 The first preferred embodiment is an apparatus for
separating sclid particles from a suspension of solid
particles and gas, wherein the apraratus comprises:

(1) a vertical primary cyclone vessel having a tubular
housing comprising of a tubular wall secticon provided

25 with a tangentially arranged inlet for receiving the
suspernsion, a dipleg at the lower end of the tubular wall
section, fluidly connected to the tubular wall section by
means of a frusto conical wall section, and a cover which
closes the upper end of the tubular wa’l section, where:in

30 the cover is provided with an axial circula~ opening
which opening serves as a gas Inlet opening ¢f a gas
ouvtlet cenduizt;

(1i) one or mcre seccondary gas-sclids cyclone separators

which are fluidly connected with the gas outlet conduit

35 cf the primary cyclone.




“upward direction enters the lower end of the primary cyclone; and 20 (iii)
one or nore secondary gas-solids separators, preferably secondary ZdydUsilf)
separators, which are in fluid connection with the gas outlet conduit of
the primary cyclone. The apparatus accordinmg to the invention and in ,5
particular the first preferred enbodi nent as described here above can find
use in any proces¥hensehioch solsisdrrpar thelesane t¢ he separated froma
suspension of _sajd olid particles and a gas. Exanples 0f such process are
t he af or e-msni:?%‘ﬁeae%ﬂ':?l?plal*ﬁi“&-ofe&pﬁe& -JeRydrdgéiat G S3EnFicvesst t he
acrylonitrilecptotess and-filuied catalybi¢- chacking :(FQQ, pr.ocess. . Fxanpl es
of such a fluid catalytic cracking process are describeél'n TﬁkaTyfic
Cracki ng of Hehvy*<PefroFeGftEr att'FéRs? Dagi éPrBeereccd clymstst ut Frangai s
du Pitsole, 1984 |S2N,2-710681455:7)., 35-pages,100:114,,21 AUG.2003 WO

00/ 50538 - 8 _ PCT/ EPO0/ 01467 ‘r’g ?‘cﬁt gr" yt“i% c?éggieﬁg pPac%ésgga“h‘yr&? ocar bon
feed is cont@cteenwi th arcatdkyswiah el évateditieiper aturesfori< sshort
period. Normatly the_catalyse_and_the _hydrocarbon, feed flow.cc-currently

t hr ough a tub“e%T iké”réa%?ér . "Thgé‘SE}S“ﬁl‘%g- Prk&-readtor §2aré Calfso et err ed
to as riser reaetwrs whecauseimarpostctasesihthear eapt:aats stlhew:ian an Apwar d
moti on. Al though. ermriser is_used in this, 6 description it does not
mean t hat tth?hﬂéafi%ﬁ Ts” ??ﬁ?feﬁ“ 0>BitbodPRENt § “compr FEPRG Frsery

t hrough whi cheelfh 4 hes reactantspbbowiea ancypwar dpdhfegti QR=rEQRt 3Gt ti NeS
inthe riser r aj;:ctpr a‘grgﬂ.gen_eral,pﬁ_ig_the range of between 0.5 and 5
seconds. |In tHe Teactdr-tit€er® hylrocir boRESRAGTNGOg8nEREl PYta2for ma

boi |l i ng poi ntconduit, which conduit has a gas inlet cpening locatsd at
about the same level as the opening in the cover:;

(ii) & stripping zone which zor

D

is provided with means

b

15 to supply stripping gas, so arrangasd that in use a

{1

b
Ziuldized bed is present, located such that pa2rt or all

ul

cf the stripping gas leaving the stripping zons in an

upward directicn enters the lower end of the primary
cyclone; and
20 {1ii) one or more seccndary gas-solids ssparators,

preferably secondary cyclone ssparators, which are in
fluid connection with the gas cutlet concduit of the

rimary cyclone.

u

The apparatus accerding to the invention and in
5 particular the first preferred erbodiment as described
ve can fird use in anv process in which scolid

S are To be separsted Zrom 2 suspension of said

solid particles znd a gas. Examples of such process are
n

the afore-mentioned MT3E-IZluidized bed dehydrogenation
30 process, the acrylonitrils process and fliuid catalytic
cracking (ICC) process. Examples of such & fluid

Institut Frangais du Pétrcle, 1584 (ISBN 2-7108-

an
35 pages 100-11¢4.




above 350 C are converted to |lighter products, for 15 exanple gasgl.iA\@}Oﬁ'g
bei ng one of the major products of an FCC process. Hydrocarbons id B

wi || deposi iy®pdohg catalyst particles. By stripping the se
catalysts wth a suitable stripping mediuma major portion Mﬁ&mum

deposi ted hydrocarbons will be separated fT dmthe 20 catal yst. The gaseous
m xture of hydrocarbons and stripping mediumobtained in such a stripping
zone is suitably dilfcHarged fiom tdie FCCa gactears £ aget herod fhon t hee £FCC

product. The cokenirs Subseguent] y. s ted from_ the thus stripped
catal yst by, optionally partial, Cﬁeaggrrﬁ%us‘% SR BT SyETRY 2 it e sEer . 2 The

regenerat ed 30 €ACAlTy ST ivali Ny ldevated strerperatane 115 rejarsed- o, the
bottom of the reagtor: riser. Jn an FCC process salid catalyst particles can
be separated ffom gasses in both the redct'd’ &s WHs ™ aske heea diegfencitr ot
meki ng uée of thérappanat usaatcarsdiang tQ sttheesdevent ion.. O the reactor.

si de catal yst ahg Lgst%eé%epar ated fromthe hydrocarbon product gasses. 1%
is inportant that sich-a §&par &G AT B&FERMGSmed 9 an arefdtived mht
manner maki ng usetébasuch teeuphed Hpr itRBEY raRd 35 Secndary Gyl ones of the
appar atus accordi ngvtﬁ.o the 21 AUG 2003 WO 00/ 50538 PCT/ EPOO/_011467 -9

i nvention and i A partircdiCar *acEGEG Rt Bthe thRd tHcefiartendt immhddi ments as
described here abavesdAny egabaliytet -$0ldogds WREGH ane Ju ﬁﬁ&?db ted, will
have tolge sepgéat ed_further ;gowns_tream %f or ‘egarrp%éer%; ma H%n S‘glelv%! of
filtersTor in a $9- ESPFEG LRI rdO%t dGe 38eParatsr 2By < bimr-ovianf adte times

separation snalierchil tessrcanabecwsede ardlerihess catal %/i wi Il end
up in the FCC product treans. _On the rggeneratgf éli de céfagﬁ es{}%;arti cles

will have to bd°5&p&Pafed FronTt RECPPHE -gas FBavFRgatse risex

hydrocarbeons having generally a normal beiling point
above 350 °C are converted to lighter products, for

15 example gasoline being one of the major products of an
rCC process. Eydrocarbons and coke will deposit on the
catalyst particles. By stripping the separated catalysts
with & suitzble stripping medium a major portion of the
deposited hydrocarbons will be separated from the

20 catalyst. The gaseous mixture of hydrocarbons and
stripoing medium obtained in such & stripping zone is
suitably discharged from the FCC reactor together with
the FCC product. The coke is subsecuently separated from

the thus stripped catalyst by, optionally partial,

o
(8]

combustion in a regenerator vessel. The regernerated
catalyst, having an elevated temperature is returned to
the bottem of the reactor riser.

In an FCC process solid catalyst particles can be

separated from gasses in botnh the reactor as well as the

L
<O

regenerator making use of the apparatus according to the
inventicn. On the reac:tor side catalyst are to be
separated from the hydrocarbon product gasses. It is
important that such a separation can ke performed in an

efficient manner making use of such couplied primary and

33 secondary cyclones of the apparatus according to the




10 regenerator. The anount of particles in the flue gas should be |ow for
environnental reasons and to protect downstream equipnment, |ike fot AUG 2003
exanpl e expansion turbines. Preferably the first preferred enbodi nent as
descri bed hawv@omdoesse i s used on the regenerator side. 15 Bri gicTBeecnigpti on
of the drawings Figure 1 illustrates a pagiky_pross-sectional presentation
of a cl ose-coupl ed cycl one apparatus in an "FCC reactor configuration
according to first referreqa_enbodineng of the invention. 20 Figure 2
illustrates an PEE S da tof VesSeP2EGAFH§ing (e g dratUs gosor di ng to
the first prefempredcenhodicimat: :neh tbhesPReSent Hdwenti o, Figures, 3-5
illustrate an apparatus according to the second preferre enbodi‘ment of
the invention, Wiereint25%depsr sPi6h and 5eti ppicrg sdrd ouii medre ncamd CC
reactor. Figureedaddalust rat-@3.anzappacaks agear ding to the invention
having an external fluid cataL?tic cracEing’ %eécfﬁ%gFﬁféﬁ*aﬁﬁﬁ&ﬁge%F??na
secondary cycl oRé. Fil§eré #zi shazvaeratibadot hthe appaeatsws 20fa thirgure, 3.

30 Figure 5 represents an-appaLatus iy, whj.ch,the .. dounstreampart of “the
reactor riser, thé pri&%ry sepgré?Faﬁ“gggg§%géndér3e&ﬁcF&ﬁé§eaH&ePhe
strippi ng zone 2af€ogoneasnedtaiyhtnipnesvesiel endl vpUGr2@02 WOC00/50538
PCT/ EPOO/ 01467 .. Q. Retail ed_description of .the draw ngs Figure .
represent a preferred énbod?ggnfég%hg %goapﬁaFﬁtﬁgtﬁcééngﬁg Glefewill
invention. In tRevEi gor eeasepeaeted fiserthi) aheaghluidiszadcanal ytic
crackinggb process ls,§ which is fluidly connected via conduit (2) to a
primary cycl one %ﬁfféfngg é Frgu?%oﬁﬁ{yo*oﬁérp?FﬁﬁFy18y6P8n§l§§p§P§tor i's
shown for clarithouidabendowTypkcahbyrommentbhanreaepnsuiahabky bwerek+t hree,

cdownstream eqguipment, like for example expansion
turbines. Preferably the first preferred embodiment as
described here above is used on the regenerator side.

15 Brief Description cf the drawings

Figure 1 Illustrates a2 partly cross-sectional
presentaticn ¢of a close-ccupled cycleone apparatus in an
FCC reactor configuration according to first preferred
embodiment of the invention.

20 Figure 2 Zllustrates an FCC reactor vessel comprising
the apparatus according to the first preferred embodiment
of the present invention.

Figures 3-5 illustrate an apparatus accerding to the
second preferred embodiment of the invention, wherein

25 separaticn and stripping are combined in an FCC reactor.

Figure 3 illustrates an apparatus accerding to the
invention having an external fluid czatalytic cracking
reactor riser and an exterral secondary cyclone.

—
Lo

ure 4 is a variaticn of the apparatus of Figure 3.

(o]

30 Figure 5 represents an apparztus in which the
downstream part of the reactor riser, the primary

separation and secondary cyclones and the stripping zone

are ¢ontained within one wvessel.




primary cycl one separators (3) wll be in fluid 10 conmunication wth the
down streamend of a reactor riser (1). The primary cyclone (3) Wz&sﬁﬁ?ﬂ[ﬁ
tubul ar  howg fagods4) consisting of a tubular wall section (5) rovi ded
with a tangentially arranged inlet (6) for _receiving the su EP QO 47
catal yst particles and 15 hydrocarbon vapdurOwhich | eave the reactor riser
(1). The inlet_can have for exanple a circular or rectangular form The
| ower end of theSEabhkar dggrkissctinom{ Hhd siraflitiql y connected by neans of
a frusto conical watl . . section (7) _to a dipleg (6). Through dipleg (8) nost
of 20 the catal yst Eé?%l‘%l ésg\{?\rhe)sﬁggdics@hgﬁﬁg&e&%\ﬁﬁ“\%%e%@f upper end
of the tubul ar sepPérsecei encEsliing protinded nval-fdi &, st tably-flat, cover
(9). Cover (9 Jj_,ésapégyi ded ,Wi«tg aE axial circular opening (10)”whic
openi ng serves —as a gas-rnret *opé&ni fig tditidigas sy tdondwiackady. The 25
begi nni ng of thergasseutbetheonduht chll) ifs  Skiitably, aryanged
perpendicular relative to the cover (9) and has” the sane axls as the axis
of tubular housTHY {2Y. @hetod?aﬁé%@*ﬂréf “t’hé cg&s (i3nl-etl roperd rig ofrd hengas
outlet conduitof{d1)risapyeterabhy ween Q. 3.and 0.6 tines the 30
di aneter of the tul?)%l ar M/gl l?s_epti o%g%S) ggfo t hé %&8?‘8neftorho%sﬁﬁgty(4).
Essential to tHe prEsent VivehttonPset haen the,gasiceblet wandiy t- {rkl),
does not, or nQ@ristOn fécantty, spg u t he l,one housi.ng from above.
In a pgls§i bl e (eﬁrrbodaigfrrgént‘ of the _p‘rggéng(flgn\;ght %(rillaos‘?rreﬂ fl‘é’g% rotrusion is
al | owed: "~ Pr ef eraBiPTIstieht ot ¥ 15T ob £ sA24n ABG: 26803 W0 6F 20538 ctor
PCT/ EPOO/ 01467 :snedd ef1 t hagn 0. 51} DE L r.of the cas .inlet
openi ng or axi al ci_rc{JI)far op%n%grh%ﬁ%)Epglghgn‘gé\?epa@f %blgmﬁﬁ‘é( cycl one.
The as outlet COWFATY (14) $3NFHsFiuedof canhunitati el sk ca igecandary
gas-solids separatgradd2)it I =4 e~ £t gug D ne secandary separator is
shown for cl a?{ty T e_asons.ﬁlér& t::i ?@%?é?‘érgrgﬁ%éﬁéﬁ? ﬁﬁﬁgtt ﬁgﬁ one,
receiving the suspension of catalyst particles and

15 hydrocarbon vapour which leave the reactor riser (1). The
inlet can have for example a circular or rectangular
form. The lower end of the *ubular wall section {3) 1is
fluidly connected by means of a frusto conical wall
section (7) to a dipleg (8). Through dipleg (§) most of

20 the catalyst particles will be discharged downwards. The
upper end of the tubular wall section (3) is provided
with a, suitably flat, cover (9). Cover (9) Zs provided
with an axial circular opening (10) which opening serves
@s & gas inlet cpening of a gas outlet conduit (l1). The

25 beginning of the gas outlet conduit {11) is suitably
arranged perpendicular relative to the cover {9) and has
the szme axis azs the axis of tubular housing (4}. The

Ciameter of the gas inlet opening of the gas outlet

conduit (11} is preferably between 0.3 and 0.6 times the
30 Clameter of the tubular wzll section (5) of the cyclone
housing (4. Essential to the present invention is that

the gas outlet conduit {11) does not, or not
significantly, protrudes the cyclone housing from above.

In a pessible embodiment of the present invention a small

33 protrusicon is allowed. Preferably such protrusiocn is




suitably two, secondary separators (12) are in fluid conmunicati 02 W th
the gas outlet conduit (11) of one primary cyclone (3) . The secohdatip 2003
separator (12) shown 10 in the Figure is a typical conventional cyclone
separator & dewskds bed in the afore nentioned general texthbopkrErmwidag a
tangentially arranged gas inlet and a gas quthket. conduit (13) which
protrudes the roof (14) of the tubular cyclone housing (15) . Through this

gas outl et conduisgratlhewl hy}d:%ocartb.on vapour s. whi ch are poor in catal yst
particles are dirséharged from the dppardtus Hctordd iy tHee $avertion. The

vapours are furtheenpmocessed:igl downstd.eatpgadict 1 Separ ati on-equl prent
(not shown). The secondary cyclone (12) is further giQﬁrovi ded with a 20

di pl eg (16) fl ui 8Fy “E6nAeEt-Ed S0 T Hbusihg {1531 ¢ ol 1 di stharmyefluid

separated catal ysbrparticelesdowmardsecRefer ably dhe gas.inl et opening
of the gas outlet conduit (11) of primary cyclone (3) is ocated at a "
di stance (dl) above "'Re Fedntre GF 1 IF e affeitdaly e epbrarsangedsionretfor

opening (6), whieh.i-sgreatenrichanany typical malyes for. the state of the
art cycl ones having a ?pr otrudi ng gas outlet cond“u#t?g.se%“e I{;locr?‘e%etraraaor] v the
ratio of this dPF8tadcey(dry afd e adivarfererr (d2)s of11her¢ ubul ZHruthbusi ng

(4) is between 0c2rand;3.aRdnMost: 3Q or ef e acm—_yleb?t%}ecg Q. 5gajn,d L3 Jn

the illustrated enbodi nent the gas inlet opening of € gas outet™"®
conduit (11) is PFaBRTW tHCtREecydlond heovsme(r@ar Figppae alt an t Hout sk dvirser

[ ot her 31 ADG 2003 00 0/ 86535 13° W5T ERG0/OTaeT SeparaiToh L ePrrater
appl i cations, fofSegafpkéeces an FOE afegener=atoronsRf efearaldly taxtECCk
regenerator wllnbe;ppoyi dedwitha,, arranged gas inlet and a gas outle:
conduit (13) which protrudes the roof (24) of the tubular
cyclone housing {13). Through this gas outlet conduit the
13 hydrocarbon vapours which are poor in catalyst particles
are discharged from the apparatus according the
invention. The vapours are further processed in
downstream product separation eguipment (not shown). The
secondary cyclcne (12} is further provided with a
20 dipleg (16) fluidly connected to tubular housing (15) =o
discharge separated catalyst particles downwaxds.
Preferably the gas inlet opening of the gas outlet
conduit (11) of primary cyclone (3] is located at a
distance (dl) abcve the centre of the tangentially
25 arranged inlet opening {6}, which is greater than any
typical values for the state of the art cyclones having a
protrucing gas outlet conduit. More preferably the ratio
of this distance (dl} and the diameter (d2) cf the
tubular hecusing (4) is bketween 0.2 and 3 and most
30 prelerably between C.5 and 1.3. Irn the illustrated
embodiment the ges inlet cpening ©f the gas ocutlet
conduit (11) is flush with the cyclone cover (9).

Figure 1 without a riser (1) illustrates an apparatus

according tc the invention which can be used in cther




plurality of primary and secondary cyclones as 3 illustrated in t&g #ﬁtfﬁ@
part of the regenerator vessel. A short conduit will fluidly conrelc

interior ofy, generator vessel and the tangentially arr i

(6). Fi gure“z rfg%{sgsents a preferred enbodi pent of the 10 a%gg‘r&%totﬂg“g
according to the invention. Figure 2 'iITugfrétes a fluidized catalytic
cracking (FCC) reactor vessel (26) conprising the upper part of a reactor
riser (27), a pPFREFYLEPE G (130t iamd a Isecemdamyie cyclaoneed®36). The
downstream end of, Lhe Leactor 15 riser (27) is in fluid comunication with
the tangentially arranged inlet (29) of the primary cyclone (30) . Mre
than one primary cyErk8A&re30)y may f6€ regrenectedrt e@iflhe be sAfowWHd®t,iand 5
nore than one s ndar «cl_ane .(.36) y. _be_connected to one primary
cycl one(30) 20 gg?“%?é%#t§¥$£3§%ﬁ§§bﬁp$agﬁgoﬁ Firdr y Y&y & Gime §80)  connect ed
to one sécondaryltyeroree36): ithieshpwer pihe bEacher reeesrr (28 Jaudder
conprises at its end a .stri.ppi zone provided with neans (31) to
supply a stripp?n%gﬁgéiﬁﬁpﬁﬁlz a%ﬁge%gﬁﬁﬁénganﬁéﬁt(Sﬁf 174 &311 e par dthe
catal yst partictesenSteicppi ng swedi umicahebeaag¥nicnant yoas.rsHgam or st eam
cont ai ni ng gasses aﬁeéﬁ%uitably used as stripping nedium The reactor

vessel (26) fur%%%?“c ri ses neans to discharge stripped catal yst

particles fromthe vegsek 2i aep3@seanduiat pt38} rr¥hae&BRAYn33)s Shki pped,
or alsol@eferred tovag spent ggtaly§t, S transgorted to a regeneration
zone (not shownJPE2TA“EGcR°GFEGEAerat F6R 2BREBNEARE i §19v&Roved from t he
catal yst by neanhslofttpaesti al Flucaibugt caRalRegeneratRdrgat @St feScror

t is

transported to the 32 3@£%rean1part of the reactor riser "where
contacted 21 AUG 209 0F 55838 SpEY/ EPGorpRAS7Part13f a reactor

riser {27), a primary cycleone (30) and a secondary
cyclone (36). The downstream end of the reactor
15 riser (27) is in £fluid communication with the
tangentially arranged inlet (29) of the primary
cyclone (30). More than one primary cyclone {(30) may be
connected to the riser outlet and more than one secondazxry
cyclene (36) may be connected to one primary cyclone (30) .
20 For clarity reesons only one primary cyclone (30)
connected to one secondary cyclone (36) is shown.
The reactor vessel (26} further comprises at its
lower end a stripping zone provided with means (31) to
supply a stripping medium to a dense fluidized bed (32)
25 0of separated catalyst particles. Stripping medium can be
any inert gas, steam or steam containing gasses are
suitably used as stripping medium.
The reactor vessel (26) further comprises means to
discharge stripped catalyst particles from the vessel via
30 condult (33}. Via conduit (33) stripped, or zlso referred
to as spent catalyst, is transported to a regeneration
zone {(not shown). In such a regeneration zone coke is
removed from the catalyst by means of (partial)
cecmbustion. Regenerated catalyst is transported to the

35 upstream part of the reactor riser where it is contacted



W th a hydrocarbon feed to yield the earlier referred to suspensi £

catal yst particles and hydrocarbon product vapours at the down str éﬁﬂﬁémﬁ
of the reactor riser. The reactor vessel (26) further conprises nmeans to 5
di scharge tWe dysdsi8car bon and stri ppi ng nmedi um vapours fronmPChEPI@sRET Vi a
conduit (34). Typically the gas outlet conduit(s) (35) of the secondary
cyclone(s) (36) are in fluid connection with a plenum (37) from which the

o e mboarueh WARAMS Aol 36RAr 980 M3 QngORd L 3 sl B mtui ¢

preferred enbodi nent an "openi ng isp aseht
connecting the Sbﬁpﬁ@ﬁyfﬁyéﬁbmauwﬂvhtthe“$ec®adaemdcygbmﬁea¢&6h pHyRHgh

this opening st N diy; -hy rocarbon§ which are stripped from
the catal yst, cg%Bge %|§§h§rgggggﬂon? M183¢5s8al P56 C2FHOF gAsE3 a

vertical arranged tmbelaeawessebeééél)(96$ shevReg0BshEth BEsOkekie RIJ MBIy

cyclone £102) a he . _upp part. _and the stripping zone (103) as the | ower
part . Thé pr|nagygcgcfgﬁe%FfO%'dﬁﬁgaég?ﬁnaﬁﬁtFgFF9P209aWF§h§@dVﬁ@p@rs(104)

for receiving theosuspensieaseaf vigatahysts and, va@9ggcaI@?stL@I§g Jdsin
fluid connunlcatL n MLL\ a domnstrgan1 part of an externa sitioned
FCC reactor ris8F {T05F° 8 FoWfhg (dat aPysthandeconpany Féﬁ&Pﬁg (She (B&act or

riser (105) to entetntHeu2® pEhABEY:EYCLORE élggénuﬁh?Bﬁyb“L@& gﬂu%%th%f
primary cyclone 102% g?s an opening (106) at its |ower a cover
(107) at its uppe RePEBFEFT( 1BRYUFS %F%v@ﬁé@hﬁrgﬁdaﬁlépenlng (108) .

Thi s’ opemi ng ( 188)dis«f I uwdlymcgnzsegtsglr%t@mggagﬂéﬁt(;99%%%&%9*23‘@@ ch

cl eaned 30 vapours can be discharged fromthe cyclone housi
inl et opening (110¥* BPeBonddi t7E169F Petiveaterait Q@@H@Cthegsahe IeveI as

the opening (108}:hargo¥ee16A07hitht s ﬁ@ss@@@Hdépynéy&QOPg ?9¥?Ht?g?853hthat
the inlet openlng of conduit (109) is located sone di stance )
hIs opening stZipping medium and hydrocarbons, which are
stripped from the catalyst, can be discharged from the
15 vessel (26).

In Figure 3 a vertical arranged tubular vessel {101)
is shown consisting of the primary cyclone (102) as the
upper part and the stripping zone (103} as the lower
part. The primary cyclone (102) has a tangentially

20 arranged inlet (104) for receiving the suspension of
catalysts and vapour. This irnlet is in fluid
communication with a downstream part of an externally
positicned FCC reactor riser (105), allowing catalyst and
vapour leaving the reactor riser (105) to enter the

25 primary cyclone (102). The tubular housing of primary
cyclone (102) has an opening (106) at its lower end and a
cover (107) at its upper end. The cover (107} is provided
with an opening (108). This opening (108) is fluidly
connected with conduit (10%) throeugh which cleaned

30 vapours can be discharged from the cyclone housing. The
gas inlet opening (110) of conduit {(109) is located at
about the same level as the opening (108} in cover (107).
It.has been found to be advantageous that the inlet

opening of conduit {108) is located at some distance (dl}

35 above the centre of the tangentially arranged inlet




35 above the centre of the tangentially arranged inlet WD 00/50538 - 14 21
AUG 2003 PCT/ EPOO/ 01467 opening (109). The ratio of this di stancq_](ﬂl!j[n[lahd
the di anetwo efso4sBe tubul ar housing (d2) is as described abhQvegpdolioides
even nore preferred that the gas inlet (110), of conduit (9) is formed by

t he opening (108) in 5 cover (107) asI shownh In Fi gu_r?aI 3. Tlhlz IIS

advant ageous because th bul.ar cycl one housi ng w i ncl ude | ess
surfacegon whi ¢ %%%%%n[g%%)g'si %Secé%té&?cﬁﬁult&lé. SR teRE S prd naraneydione
(102) the separatimaténkes phaceubetweenoukhggmai@n Rart, ofydhe gatal ysts
and the gaseous _hydro 10 carbons. The catalyst falls down via the open

| ower end (1063°9ft het pt§ naf § cPeFBnErFAES 2 §dstthigspithe Saomel i(163) (1 IMhe

condui t connecténgedangent i@l | ysarpangedpinket (104) and the riser (105) is
preferab]LJy made at an 15 angle of 90 with respeCt to~“the ri'ser (105).

However ?n or de?V®o &0 H nat eshectininafionref Jcafalipsti s (rjaddﬁrs:adwdséont al
ti 0 U g dvant ageo direct _this,conduit downwards
connecti ng Con%éaﬂlée_tshéi V@l p@EoUS -t Q1 hggﬁénar lelf&ﬁy l&&u&%evf

such that the gas-particles mXxtures enters 't \ T
downward 20 di reciia®e Fr efkiabl gathenadgbesbetween thewailstdf. t1H She

conduit and th X1 f b housi n 10 S et ween 89 and 750.
It has al so be:pn%%rd qt%&g%ﬁéjag%/g%}[ agg%ugg?érﬁg@at? 19 dlaGosetween
sectional area tdte Waiwet fa04)of etlaeiuetabykﬁe ahdSShéigtSai)S@%IS ?{\ﬁ&bdlﬁ t he
25 con ting caonduit. at point. nearer-to the riser referably a
vortexngfabi Igi ser (11-551) Tlrie pér)éov%l A a aliﬁed?’ﬁf’e?’fﬁcé Beth&en L€ Tpri mary
cycl one (102) amHtHedéistad ppiegozimer 1633 1oMbeinobt eX sstrakidiinger (111) is
suitably a circylar Elﬁg pl ate or cone-shaped disk. The 30 dianméter of the
vortex stabiliser sw]ta |y is greater

The conduit connecting tangentially arranged

inlet (104) and the riser (10%) is preferably made at an
15 angle of 90° with respect to the riser (105). However in
order to eliminate accumulation of catalyst in this
horizontal connecting conduit it is advantageocus to
direct this conduit downwards such that the gas-particles
mixtures enters the primary cyclone in a downward
20 direction. Preferably the angle between the axis of this
conduit and the axis of the tubular housing (101) is
between 89 and 75°. It has alsc been found to be
advantageous to have a smaller cross sectional area at
inlet (104) relative to the cross sectional area of the
25 connecting conduit at a point nearer to the riser (105).
Preferably a vortex stabiliser (111) is provided at
the interface between the primary cyclone (102} and the
stripping zone (103). The vortex stabiliser (111) is
suitably a2 circular flat plate or ccne-shaped disk. The
30 diameter cf the vortex stabiliser suitably is greater
than the diameter (d3) of the gas inlet opening (110} of
the gas ocutlet ceonduit (105). The diameter of the vortex
stabiliser (111} should be small enough to provide an

annulus between the perimeter of the vortex stazbiliser

33 and the wall of the tubular hcusing, which annulus




than the dianeter (d3) of the gas inlet opening (110) of the gas fﬂtlgm
conduit (109). The dianeter of the vortex stabiliser (111) should Al I
enough to provide an annul us between the perinmeter of the vortex
-stabiliser 3®a@rdssshe wall of the tubul ar housing, which annHaIZEED/04466
2003 WO 00/ 50538 PCT/ EPOO/ 01467 - 15 permstss catalysts to flow downwards
whi | e simul taneousl y passi ng stri ppi ng gas in an upwards direction.

Preferably the (i ex, stabilise 11 is between 40 _and
85% of the di am?t er Ept; JE)he (II:J,H 5% veés)sel i”iﬁ% %%l?hélWB %S&eOUSlY
stabiliser (111pa|5§lprgafserm;bwlrppsga$ omdaxatu;awflﬁsta,megcﬁﬂéh bekewethe) gas
inl et opening (1 s _outl condui t wherein_(d4) is between 2
and 5 times the%%’) Wgeat Voh %‘? h‘éo‘tB%hIé\?al?/l:%%@?r(iéi}g ThePobreex 40
stabiliser (111)nids 8r5r%efceﬁ aly qravéded (d9) furtbes %EhléﬁV%E%lf' Fé‘?f

(112). A vortex f| nder 1122 IS a verti cal posi tioned rod having a [ength
of about ° bet weeh %0 V35 TG 1° 13 nes 1% 6t ahet & Qﬁgfeéﬁb%he:’@%tlphe@tat a

openi ng of the gasteudeet (CONdEtow 109 . oA suiiapl @pex‘*{%&eﬁ%?bbk ?
(111) and vortex stabiliser rod (112) 15 are for exanple described rn the

above nenti oned “03EA- £A5EDIIG ('Iirfég)v'or‘ffé?(rﬁ?-ﬂhdé?‘“¥OHS(Q§QWeﬁay2 S@mﬁaﬁ)l y be
a hollow tube resultsi R d NHikAdl d connegt ion of .t he Ispgggf %{@1

vortex finder (111) and the space below the vortex |nd
hol | ow vortex findefPod & 19t 34 B eipwek s rmﬁnmgeéfasabbyplassmcﬁh@r eby

enhanci ng the $tabildrsinigef t t es h
cyclone (102). In strlrppl ng za]:)ﬁ?r(%%)ﬂgn?/ﬁn ?122{1 ﬁg&ﬁ{;%% gmgpre %) iIn

whi ch cat al yst élseasf"reifﬁﬁé%ﬁjf 5T 2t P25 hyeld ovaa ol dlepesdts by slupptyl ng
stripping gas Vidtwelkh RRIZW QAS SURR Y {W@Qﬁzl n:l'%él r %ﬁ! kanghgaaaES
suitably steam The stripping zone may suita ave
let opening cof the gas outlet condu‘t (109). A suitable
vortex stabiliser (111) and vortex stabiliser rod (112)
15 are for example described in the above menticned
US-A-4455220. The vortex finder rod (112) may suitably be
a hollow tube resulting in & fluid connection of the
space above the vortex finder (111} and the space below
the vortex finder (111). The hollow vortex finder rod
20 will allow upwards moving gas to pass, thereby enhancing
the stabilising effect on the vortex present in the
rimary cyclcone (102).
In stripping zone {103) a fluidized bed (113) is
present in which catalyst are stripped from the
25 hydrocarbon deposits by supplying stripping gas via
stripping gas supply means (114). Stripping gas is
suitably steam. The stripping zone may suitably have more
than one stripping gas supply means located at some
distance above each other. The stripping zone includes a
30 dense phase, in which the catalyst are kept in a dense
fluidized bed mode by means of the stripping gas and a
dilute phase located above the dense phase. The boundary
between the two phases is formed by fluicdized bed

level (115). Through conduit (116} stripped catalyst are

35 transported toc a catalyst regenerator (not shown).




than one stripping gas supply neans | ocated at sone distance abovg %gﬁg
other. The stripping zone includes a 30 dense phase, in which the ét Q®

are kept inwodensesds fluidized bed node by neans of the strippjag d a
di l ute phase | ocated above the dense phase. Ee boundary betaggﬂ“?ﬁgmgao

phases is formed by fluidized bed | evel (115). Through conduit (116)
stripped catal yst arg\b 35 . transported to a catalyst regenerator (not
shown). 21 AUG 2003 eOéF%@?o%érPé‘ﬁrEDOG’@MWY sulgablhe csrtigiper zone

(103) may suitablyteelkaisn td ME{AHS {2 th ripping efficiency.
Preferably the height of the stripping b%ﬁ?aggﬁﬁﬁ ?ﬁ§%6F§¥5ﬁge%qﬁ§%&ﬁﬁ+y
the | owest positFBfedsBritpSiing fas Sump yparbess Beand the Hiwdkized bed

l evel (115) is atetgpash Bnki MRS, JdU el i.aneter. _of the stripping zone
(103). The super?i cial steam veelt%gipt%\é‘l nlaotg%éjd F?‘ailé’ﬁ’z@& FEG iSSP PRIve e y

between 0205 and®3dnF5¢ &ndissrereierlablel betdeensOat ards® B WiSies the

Preferably betwegp, dy 0 steam per .ton circulating catalyst is
supplied to the “?‘Et?f‘%%a ngaﬁ%ﬁeejﬁ fos)‘.%eTﬁ “48E 166t I‘@Pecdrlr(g)gi)t- T1G9) is in

fluid connectionsemerhohelos trere veprefierabhy tBe4 r3a6andaky ngas 450l i ds

cyclones (only 5& ry_gycl on hown in figure 3 as 15 (117) ) via

conduit (118) a d‘%pf%gﬁg?l%eéﬁgegr%ﬁ§fea89hérm/éonﬁﬁﬁt§O€£19Tﬁfefh@1y

catal yst which ixeteeeved. £r emdt Be 7 maBOU@SeE@rBBstﬁgﬁﬂg@Ey3C$&50@ek.ll
19). T

be transported ta e strippring zone (103) via dipleg (119) e cl eaned
hydr ocarbon vader%éﬁrggﬁiggﬁafggﬁu&ﬁa E8ndare¥E20y S 6uPP2Betutchahe

processing. |n téergppanat msnshawma3pn Figure 3 all the stripping gas is

di scharged fromthe i ppin n 103) via_the primary cyclone (102) to
the gas outl et conddf%é(@%@)gB%Qe?hg°B§Lﬁ5r9199&IbﬁelTlééyi@e@auseCthen

primary with one or more, preferably 2-4 secondary gas-solids
cyclones (only one secondary cyclone shown in figure'3 as
15 (117)) wvia conduit (118) and opticnally one or more other
conduits (118’). The catalyst which is removed from the
vapours in the secondary cyclone will be transported to
the stripping zone (103) via cdipleg {11S). The cleaned
hydrocarbon vapours are discharged via conduit (120) for
20 further processing.

In the apparatus shown in Figure 3 all the stripping
gas 1s discharged from the stripping zone (103) via the
primary cyclone (102) to the gas outlet conduit (109) of
the primary cyclone (102) because the pPrimary

25 cyclone (102) and stripping zone (103} together form one
tubular vessel (101). Although this is a preferred
embodiment of the invention, other embodiments can also
be envisaged, wherein only part of the stripping gas is
discharged via this opening (106) and wherein the

30 advantages, namely an improved separation of solids and
gas, &re alsc achieved. Examples ¢f such embodiments of
tée invention are illustrated by Figures 4 and 5.

In Figure 4 an embodiment is shown wherein the lower

part of the tubular stripping zone (103) protrudes a

35 larger tubular vessel (1i27) from above. The lower end of




25 cyclone (102) and stripping zone (103) together formone tubular vessel
(101) . Although this is a preferred enbodinent of the invention,? loAbEH0]
enbodi ments can al so be envisaged, wherein only part of the stripping gas
is di schargedospssst hi s opening (106) and wherein the 30 advaoragasoi4eranel y
an inproved separation of solids and gas, afe_also achi eved. Exanples of
such enbodi nents of the invention are illustrated by Figures 9 and 5. In
Figure 4 an enbodi s _shown wherein the. |l quwer, part of the tubular
stripping zone ?ﬂSg?%%#&FFu &5%?3??9&%%%5 't6ul &° ¥Es$éiif127) from above
The |ower end ofoR2iuAlGa20@3 WO tB0/:5R538 tRETHEPRY/ QL4621 -(1b%, .the tubul ar
stripping zone (103) .is.in fluj nication with the interior of vesse

d_ .
(127) . In ves§8FS%fof2§ddﬁdq&ﬁé%3%g;ﬁ§a€f24ﬂ2ﬁérf@ﬁpﬁﬁ?ﬂﬁqingtripping

steam are presestriAbihke stteRnofaree set27r+a+pcondui [ resent
t hr ough %hich part %f t he stnippingggiean1can be digghggggégg#ﬁiglggﬁdgﬁt
(126) is” suitabPyerateIlditdd ! cdmpFissariton ek Nt B igowRsttearh paet  of
reactor riser (305)por i Lh duhe Gas auUiet-goRdylt ﬁ199ko%5u§$13£26 ne s

| arger tubul ar vessel 10 provides, in use, a secondary stripping~ zone
(125') next toStheaprtiymary fstiiicpsiongurene (225 itThehdi phegsetethepart
secondary cycl ope iszBEgherghley 17 dflyuid %9%“%8%&8” with the secondary
stripping zone. Figure 5 illustrates an apparatus ror the Séparation 15 of
catal yst parti cFed3dFtédmiaClJasesus 1$€neahahéregrronebubrrmoeespli nary

cyclonesg secondary;qycl ong(g).and Li,PRLD ne are_located in a
react or vesselnﬁaviﬁg a _ﬁargeﬁ d{a%%?gpa%ﬁgngtﬁgpéﬁpﬁaggngygrg%eg PHRET
reactor vessel *Pstifir PHeFaBIe sprévicded wibh ilAR&L . afideodtbetg26<menrs to

suppl y the suspensigRaof; e?kqbﬁgiesp%&%k%kSElﬁngn ¥aped" -and,Heans ke
di scharge stripped catalyst an
with the secondary stripping zone.
Figure 5 illustrates an apparatus for the separation

15 of catalyst particles from a gaseous stream wherein one
Or mcore primary cyclones, secondary cyclone{s) and the
stripping zone are located in a reactor vessel having a
larger diameter than the primary cyclone. The reactor
vessel is furthermore provided with inlet and outlet

20 means to supply the suspension cf catalytic particles and
vapour and means to discharge stripped catalyst and
vapours essentially free of catalyst particles. The inlet
means to supply the suspension of catalytic particles to
the primary cyclone is in fluid connection with the

25 downstream end of a reactor riser (128) of a fluid
catalytic cracking (FCC) process. Such a downstream end
cf a reactor riser (128) may be positioned within (as
shown) or outside the reactor vessel (130). The primary
cyclcocne (128) is located in a reactor vessel {130}, in

30 which cycleone {129} the gas-solids stream enters
tangentially into a vertical tubular cyclone housing. The
solids are discharged to a primary stripping zcne (131}
located at the lower end of the reactor vessel (13CG). A

partly cleaned gas stream and part of the stripping gas

35 is discharged upwards through a vertical gas-outlet




vapours essentially free of catalyst particles. The inlet neans o,l ?bl[gfhhay
t he suspension of catalytic particles to the primary cyclone is i*n
connecti on Wyd Bodoass 25 downstream end of a reactor riser (128hcfepBobiad d
catal ytic cracking (FCC) process. Such a dowgstreamend of a reactor riser
(128) may be positioned wthin (as shown) out si de the reactor vessel
(130) . The primary .cyclone (129) is located in a reactor vessel (130), in
30 which cycl on&°PERG) tihe 2das ¥4d|GTd U &% TRHm et @rdu i angess | abtypirbteuale

vertical tubul arneyehqng -housicNgnThe,,£0]] are,discharged to_a,prinary
stripping zone (131) | ocgfe at the Ioowe!r %ﬁd *ofor?h%#]‘g%b?g}?'v@g%gfis( 130) .
A partly cl eanédidasPseream and tpar tboft hhe lstanapiqus gas: Bbnés dirschar ged

upwar ds t hroughsapverti-gah ,09assqutl.et, 2 2003 WD 00/50538 - 18 -
PCT/ EP00/ 01467 gonduiﬁt i ?35) ,g%\’ﬁll%i‘rcaﬁeegdas%-%u%lggCocnondiﬁcil?fbees not protrude

the primery cyckpperssof ((133) .f Eemcatrove béFheadliads metd [4hpresgat in the

partly cl eaned s_obtained_are_ _subsequently separated in a second cycl one
5 appar at us (13%?.‘m%§tydecg§r‘io §d 385 (o %‘raé’ t%"afﬁ ST ref Y© EGRE OB Yand

more than one skeohdaiylgycbonecmay dae dfialirdlaronneaiad tos§ hey keagtor
riser. For clarit reaspns these cyclones are not shown. The primary

stripping zone { %i?nlss“ 'ried by CFRE Gfén TPiwe e othe Br ¥mer Y ubul ar
housi ng of the ptriapyngyebase ((229) ipriejaeld Ny, Ao LS 1Q,&- POL [t Jhel ow
the fluidized bgg Lgvghj (fl4lé of a main fluidized-bed zone (135) present i
the | ower part of°r&HCrof vESEaENE186) 1 Prifiafy gasliane stbpbled to the
primary and mai prébecdizngddbeawzene ky 15 pmans Hch3) and ontd 9nallynby
neans (136). Begause t,pg tubul ar _housing of the primary cyclone (129) is
smal ler than th8 Fealtor! vBssl ME#30Y 1o 28SAad onehel135) present i

the lower part of reactor vessel (130). Stripping gas is
supplied to ;he primary and main fluidized bed zone by

15 means (137) and optionally by means (136). Because the
tubular housing ¢f the primary cyclone (129} is smaller
than the reactor vessel {(130) only a part of the
stripping gas will leave the reactor vessel (130) via
conduit (132). The remaining part of the stripping gas

20 will leave the vessel (130) via slit (138) present in the
gas outlet conduit (132), secondary cyclone (134) and the
secondary cyclone gas outlet (139). Catalyst separated in
secondary cyclone (134) are returned to the main
stripping zone {135) via dipleg (140). The primary

25 cyclone {129) may additionally be eqguipped with a vortex
stabiliser (111) and & tube (121} as shown in Figure 3.
The preferred ratio of dl and d2 are as described above.

Tne embodiment of Figure 5 can advantageously be

ocbtaired by a simple modification of the primary cyclone

30 of an existing FCC reactor vessel. An example of such a
known FCC reactor vessel is described in the
WO-A-8742275.

Examples of FCC processes in which the apparatus

accoraing the invention can be suitably used are

35 described in the afore mentioned patent publications and




Cstri pping gas will |eave the reactor vessel (130) via conduit (132)
%06 205,

remai ni ng part of the stripping gas 20 will | eave the vessel (130
(13B) present in the gas outlet conduit {d32), secondary cyclone (134) and
the secondary cyclone gas outlet (139). tal yst separated in secondary

cycl one (134)., returned to.the main stripping zone (135) via dipleg
(140). The pr?‘?r%% gssEy’}tPSHe’—Plgéya%ﬁyladwﬁ%ﬁam Plbdleaqyi Pead odistim a
vortex stabifisefifdd]l)pandea bubesLLisl) rastshawng n Figure 3. .The
preferred ratjo of dl_and d2 are gsfdes:ér rﬁeé agové.rgmrﬁése oaole@ﬁ’ﬁ“of
Figure 5 can ant 5e@BusT Y1 Be-6bbai hedpdyca 30Aple dnpdirkifeatibay afhet he
primary cycl onga30:0f ap existing.FOs-peactor. yessel  .An exanple of such a
known FCC reactor vessel is descri%égg?% ?ﬁé'VD¥Ab97422?5? SBRafpresisof FCC
processes in SWARIN3¥en appafad use aiceordimgryheytbyest heniganabg syiikabl y
used are 35 desprdbed in the af ore. nentioned patent publications and 21 AUG
2003 - 19 those désgor"l [%%ﬂm%{:aé at y"i“fi“'iFt e atk? g of E@%Wfpé%ifo%ﬁm?em
Fractions, Danisgld DeCrioptad. I nstitut Francais du Petrole, 1984 (1 SBN
2-7108-455-7), pages ;100-114.  Preferably the apparatus is used in an FCC
process wherein argillg‘asmswo I}ltcf'sOn S ”rg?“orr'“}rjfusf@’é‘:'t%dt% pRE naeyieythone
havi ng a sol icds:-lcentwntg ofxeiween 0.5 and 15 and nore preferably between
1 anq012 kg/ nB._ qu i.nvention shall be illustrated by the follow ng

non- I m ting= ess 10 Exanple 1 To a separation apparatus as descri bed
in Figure 1 a gas- s0lsiegs suspansin was. § ed having the properties, as
listed in Table 1. The di nensi ons of thgcfrinayy cyclone were 'so chosen
that dl was 38 mCandSdZWie G ipmimwas fed having the properties as

listed in Table 1. The dimensions of the orimary cyclone

were s0 chosen that dl was 0.3 m and d2 was 0.3 m.

Table 1.

average particle size (micron) 76
density of suspension (kg/m3) 5.8
primary cyclone inlet velocity (m/s) 10

Separation in-efficiency of the primary cyclone|D.04%

separation in-efficiency of the combined

primary and seccndary cyclones C.4 ppm
pressure-drop (Pascal) 2500
L5 Comparative Experiment A

Example 1 was repeated sxcept that the primary
cyclone was cne of a state of the art design having a gas
outlet conduit which protrudes downwardly through the
reccf of the cyclone housing. The bottom of the

s 1

o

20 tangentially g

B 1]

let and the opening of the gas outlet
bl

conduilt were in th
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The top cf the
tangentially inlet and the roof of the cyclone housing in
the same horizontal plane. The distance between the

centre of the tangentially inlet and the fruste conical

25 wall sectiocn was thes same as in Example 1. Furthermors




Tabl e 1. average particle size(mcron)76 density of suspensi on(kgzh{‘rﬁm@zﬂg}
primary cyclone inletvelocity (nfs)10 separation in-efficiency of e
primary cyclenmedsoddPo separation in-efficiency of the conbinedpfrap 467
primary and secondary cyclones pressure-drop,§Pascal )2500 15 Conparative
Experiment A Exanple 1 was repeated except t%at the primary cyclone was
one of a state af the art desi mthavihn% a outlet conduit which protrudes
downwar dl y througrh the ~roof-ofF *fhe Y& SP8PRGESIIRG. OFhé NEortismest icne ajub
20 tangential |y es dihetsandst bé openiskgceliatrie gas cout het-e ¢opdui.t mere
i n the sane hori.zont al gk ane. The top of the _tangentially inlet and the
roof of the cyclotie housrhy Fh® PRESERMEhAFi Z6RE& <pl ane. The di stance
between the centre of the tangentially inlet and the frusto conical 23
wal | section was the same as in Exanple 1. Furthernore 21 AUG 2003 WO

00/ 50538 - 20 PEHEPOH/ 01467 the inlet vel ocity, the conposition of the
suspension and [& 5. 04 L ELSerond cyctete—were—t+he—-sarp— The
results are pres %ﬁﬁ@aﬁc% ér%ﬁ?e?gfgﬁx%?age particle size ( éron)
density of suspéAsper(kg/hBugpémnigncykbomg)inl et velocity (mMS)[ 5.8
separation i n-e*-%g@gmﬁy—%—ese—&w on-in-effiiciency. of
the conmbined pri{fary - and secondary tycl hgsrty (m/s) 10

separaticon in-efficiency of the primary cyclone 0.9%

separation in-~efficiency cof the combined primary |3 ppm

and secondary cyclones

pressure-drop (Pascal) 2200

Comparative Experiment B

5 Experiment A was repeated except that the primary
cyclone was the same state of the art design however
improved in efficiency by narrowing the inlet-ducting of
the primary cyclone. All other dimensions and operational

data were kept the same. The results are presented below

10 in Table 3.
Table 3.
Rverage particle size (micron} 76
density cof suspension (kg/m3) 5.8
primary cyclone inlet velocity {m/s) 20
separation in-efficiency of the primary cyclone 0.01%

separation in-efficiency of the combined primary |1 ppm

and secondary cyclones

pressure-cdrop (Pascal) 3500

By comparing the results from Example 1 with Experiment &
and Experiment B with A it is apparent that in both
Situations the separation efficiency is enhanced of the

primary cyclone. Furthermore the combined separation in-

15 efficiency of the primary cyclone and the secondary




pressure-drop (Pascal) 76 5.8 10 0.9% 3 ppm 2200 Conparative Expﬁij @B{éﬂﬂ? 5
Experi nent A was repeated except that the primary cyclone was t

state of the art design however inproved in efficiency by narrow ng the

i nl et-ductiW§9%F3%8he primary cyclone. Al other di mensions BRHEBPE$I4ET onal
data were kept the same. The results are prédented below 10 in Table 3.
Tabl e 3. Average particle size (mcron)76 density of suspension (kg/n8)5.8
primary cycl oneciyrllenevelDdApe (imlen) 2R separaiicd ig)- af f4:6iencys ofs t he
primary cycl oneQ. 01% separatjon in-efficiency of the conbined primary 1 ppm
and secondary cycl6hés rteoséﬁpcf-rd?‘beﬁ”i Pastald 3506 i8¢ rebhpariang tthe dresul ts
from Exanpl e 1 whiheBperinmeite A v andsBxpern et B w dils | ?&?ﬁre t
that in both si %uat_i ons the separati o?%f fi ci_er?c? }Msptp}eérfﬁaﬁlcse(?%o em;P
primary cycl one* BurtiEMNORE t FS Corntti Hetk Seharatxameile 15 affe oicercyn eaf

the primary cyckeperardd-he rsecandaryn2l ;AUG 2003 4 /s20938, _
PCT/ EPOO/ 01467 - 21 _ cycl one of Exper%lrrent Bi s re\é\gég\ sb“yl:-%%f afcotlodr 3 &

conpared to ExpBPRFReRPYAIati & IEeHs der ables purmaldryri mheinncosase €d tpr essur e
drop. Wth the gppakatisiragcording the invention, as illustrated in

Exanmpl e 1, the conbined
Example 2

Exzample 1 was repeated except that the primary

10 cyclone cdid not have a dipleg at its lower end. Instead
the lower end of the tubular housing consisted of a
fluidized bed as illustrated in Figure 3. The. fluidized
bed level was kept below the vortex stabiliser. The
particles of the fluidized bed are the same as the solicds

15 supplied to the primary cyclone. To this fluidized bed
alr was supplied as fluidizing gas. All of the air
supplied to the fluidized bed zone was discharged from
the primary cyclone via the gas outlet opening of the
primary cyclone. Distances dl and d2 were as in Example

20 1. More conditions and results are presented below in
Teble 4.

Comparative Experiment C

Example 2 was repeated except that the gas outlet

conduit protrudes downwardly through the roof of the

25 cyclone housing such that the bottom of the tangentially
gas inlet and the opening of the gas cutlet conduit were
in the same horizontal plane and wherein the top of the
tangentially inlet and the roof of the cyclone housing in
the same horizontal plans. The distance between vortex

30 stabiliser and gas inlet was as in Example 2. The
fluidized bed level was kept below the vortex stabiliser

2as in Example 2. More conditions and results are

Fpresented below in Table 4.




S separation in-efficiency is reduced alnost ten-fold at a nuch
increase in pressure drop when conpared to

Experi nent A Exanple

53“@%1%

1 was repeatwdogzsept that the primary 10 cycl one did not havecaedipdiagy at

its | ower end.

the sane as t

| nst ead

The

the | ower end of t-hez ubul ar
fluidized bed as illu-strated in Figure 3. The fluidized bed Ievel
kept bel ow the vpipex stabiliser
he solids 15 supplied to the primry cycl one.

T

was

particles of the fluidized bed are

othis

housi ng consi sted of a

fluidized bed
to the fluidi
gas outlet oq

air was supplied as fluidizing ga
zed bed zone was discharged from t
ening of the primary cyclone. D st

SExAmp 1@f A Ne
ne primry
ances dl

€ oz r axUPRY T

Lycl one via the
and “#2eeérends G n

d

Exanpl e 20 1.

AMeregeondirttiens ana e esuldso@are pr

ESgnted pet
pxcept that

D%

III Id.UIU
t he gas outl et

Conmparative EﬁﬁggrnenL—é;Exanhln 2 was_repeated
conduit protr “deh P&PFePﬁﬂ@@gHHQﬁﬂioof of

the 25 cycl

éne housi ng

such t hat thE;QO&%Q@IQ&CQQ%eIQQQ%HEI Ty-{ggs N ?B afnt—therapernrg—of—the
gas outl et ccndU|t weré in the sane horizontal plane and mhgpein the top
of the tangenfl’d@'ly inlet and the roof of the cyclone housing in the same
hori zontal pl oy ) T e —g%gb+++seL_and_ga&JJﬂJﬂ_
was as in Exanple 2. "The bidi zed “bed T &l “Xhas Uk pt bel op’t He vort ex
stabiliser 4asn @IEmawwl@yZlOWbremd@ndltlons andl results are presented
bel ow | n Tab| 214 AL _2NNND -F‘An r\nl_l:nl:')Q ’)2 (‘T/ EPQQ/ Q1467 Tabhle 4
Exanpl e 2Can§F§Frétl°HU*n “€Ifl€iéncy of the 0.02% 0.2%

primary cyclone

separation in-efficiency cof the 0.5 ppm 3 ppm

combined primary and secondary

cyclones

pressure-drop (Pascal) 330C 3500

When increasing the superficial gas velocity to values

gbove the 0.3 m/s as illustrated in Example 2 and

Comparative Experiment C it is observed that at about

0.4 m/s the apparatus cof

Experiment C showed a sudden

strong decrease in separaticn efficiency. This sudden

strong decrease in separation efficiency was only

chserved at a substantial higher superficial gas velocit

with the apparatus of Example 2.




Experiment C Average particle size (mcron)7676 density of suspension

(kg/ nB)44 primary cyclone inlet velocity2020 (ms ) upwardly super?1éﬂ§ﬂm$
gas velocity0.30.3 in primary cyclone (ms) separation in-efficiency of

t he0. 02%0). 2% pri mary cycl one separation in-efficiency of the0.5 ppnB ppm
conbi ned primary and secondary cycl ones pressure-drop (Pascal) 733003500
When increasing the superficial gas velocity to values above the 0.3 m's
as illustrated in Exanple 2 and Conparative Experinent Cit is observed
that at about 0.4 nis the apparatus of Experinent C showed a sudden 5
strong decrease in separabi 8nWeffScEefcy. oThi s sudden I $frong decrease in
separation efficiency was only observed at a substantial higher
superficial gas velocit wth the apparatus of Exanple 2. 21 AUG 2003 NEW
SET OF CLAIMSL1. Apparatus for separatiing sebid partieches fmom a
suspension of solid particles and _vapour, wherein the apparatus conprises:
ti) a verticaf'prinary_cycl 8felveBsEFiRaFENGTE VEBEEr YHKGdS fdie
conprising ofascivbpharcywablisestion provided wth a tangentially arranged
inlet for receiving the particles and vapour, and which tubular wall
section is opkh at2ifTartonet BAEMARH eVesedeaveFesluppeingnd bybuians of
a coves prowﬁ@@smcghc@rﬂp(ep@ﬁhagofw@et_gbglwewwlo eaiog i . Lbyidly
connected to a gas outlet condtit, which conduit has a gas inlet opening

| ocated at thelGane tieyentiasiinezopentng inlehefeoverreiving the

particles and vapour, and which tubular wall section is

open at its lower end and closed at its upper end by
means of a cover provided with an opening, wherein the

10 opening is fluidly connected to a gas outlet conduit,
which conduit has a gas inlet opening located at the same
level zs the opening in the cover;
{ii) one or more secondary gas-sclids separztor means

which are fluidly connected with the gas outlet conduit

4]

15 of the primary cyclone.
2. Apparatus according to claim 1, wherein the gas inlet
copening of the gas outlet conduilt i1s located at a
distance (dl) above the ce2ntre oi the tangentially
arranged inlet opening and wherein the ratio ¢f this

20 distaﬁfe and the diameter of the tubular housing (d2) is
betééen 0.2 and 3.

3. Apparatus according to any cone of claims 1-2, wherein

|_|.

the secondary gas-solid separator means is a cyclone

25 4., ZIZpparatus according to any one of claims 1-3, wherein
a stripping zone provided with means to supply stripping
gas is present, so arranged that in use a fluidized bed

i1s present, located such that part or all of the

stripping gas leaving the stripring zonre in an upwazd




(ii1) one or nore secondary gas-solids separator nmeans which are fZI uM:Hm}
connected with the gas outlet conduit 15 of the primary cycl one. i
Apparatus according to claim 1, wherein the gas inlet opening of the gas
outlet conduit is located at a distance (dl) above the centre of the
tangentially carranged. . t b Nnd whereip the ratio of this 20

di stance and The éﬁg\g)er?ﬁtmeﬂrusgfa%ﬁoﬂl%% (#(;Cujé? n{:} (A5 5" Hel°nH. 2 and 3.
3. Apparatus atedridiimpma amroneiaf of ale i r ies eharwdde sgeondary
gas-solid separator. mean IS thalclhogne .. separator. 25 4. Apparatus
according to any one off CIHThe " FEWRTEFP W st Ppi ng zone provi ded with
neans to suppby SREbippRiZiGs GRS dryipiesentan s iy rangerk thatsin UsB2sin
fluidized bed_ is present, |ocated such that part or all of the stripping
gas | edvi ng t h8SsPriPETy L6 i Wowd™dh 308 TECIFRN2EeRS the | ower
end of the pripgexre¥clone 2k AUG2003 K sAppanadis according to) ¢l gim 4,

wherein a vortex stabiliser is provided at the interface between primary
cycl one and t RESsEFPFHGEGTE “iHe & Ajpaamues choommi e to- mimyoone of
claims 4-5, whgrein;.3he _;in[EIar. \:‘ﬁ%cql e VLSS ferd ne, stripping. zope

t oget her form one £ ubul ar \?gg'se _,)y er‘éthrné iLnOeus'Z% al %&‘Theéégfcrhil‘pbi fy gas
wi || be di schahgedrfremst iy Starieppi ng  zone via the primary cyclone to the

gas ouplet conduit_of _the prinmry cyclone. 10 7. Apparatus, according. to
any ogg of cl ZF rrs‘ﬁg%fav\ﬁgr é‘icr?rg%t “g%pr“ion%r?’ (jzofﬂ (53ﬁe,cqs°e‘5nosnaﬂara§ KT oRkL s)
and the strippengrione varcydlacat edscrnalzrgactyarl oresisel dmad/ittge a | arger
di anet er thansgggD rimar

g cycl one, wherei.n the reactor vessel is also
provi ded wit h®neaRs ' s%]’ﬁ’ﬁl y “the 5 “STs p&ndi 5r1ea(§f“ofatveﬁsﬁﬁsjt%ﬁavr1tl?%lis and
vapour and neaasgt@® diamester than the primary cyclone, wherein the

reactor vesssl is also provided with means to supply the
15 suspension of catalytic particles and vapour and means to

discharge stripped catalyst and vapours essentially free

cf catalyst particles.

8. Apparatus according any one cof claims 1-3, wherein a

dipleg is present at the lower end of the tubular wall
20 section of the primary cyclone, which dipleg is fluidly

connected to the tubular wall section by means of a

frusto conical wall saction.

8. Frluidized catalytic cracking resactor vessel

comprising an apparatus according te claim 8, wherein a

downstream end of a reactor riser is in fluid

(8}

communicaticn with the tangentizlly arranged inlet of the

primary cyclone, the vessel further comprising at its

t—

ower end a stripping zone provided with means to supply

v

stripping medium to a dense fluidized bed of separated
30 catalyst particles, means to discharge stripped catalyst
5 from the vessel and means to discharge the

articl

§e)
H
{0

hydrocarbon and stripping medium vapours Zrom the vessel.
10. Vessel according to claim 9, wherein the gas outlet

conduit of the primary cyclone is provided with an




di scharge stripped catal yst and vapours essentially free of catal yst
particles. 8. Apparatus according any one of clains 1-3, wherein a fl%? ]
is present at the |ower end of the tubular wall 20 section of the7p i @
cyclone, which dipleg is fluidly connected to the tubular wall section by
means of a =gusto conical wall section. 9. Fluidized catal ytic cracking
reactor vessebpe€ORPrisi Agcanvappakabysnaceendi:R0-ha chakm.8q wherein a 5
downstream end of a reactor riser is in fluid communicaiion with the
tangenti al | y 2¥¢ahgeeePhtet of the prinary cyclone, the vessel further
conprising atyqt over;.end,a. 1 ppl Z ~provided w th nmeans to supply
a stripping nmedi usunﬁétoa\g Yense T?%?H?z%gg%éggg? §§sz1?5 &4 téoscé{f’al yst
particles, nemmaiotdischadgeasticppedicatakystsppastibal es peemithe svessel
and nmeans to ,djoéc%agge the hydrocarbon and strippi ng nmedi um vapours from
the veéssel . TT0. ¥edsel according to claim9, wherein the gas outl et
condui t of tHe prismryccyciong s provided, wihhrapn24rAUG 2003+ 0peniiRg to
receive stri Q:pi,ng nedi u_rrj[ and stripped h}{drocaLbons. K. Use of an apparatus
according to cial nE 12 S 19 < sEpata¥ et Sof T paPti BF8SFFom a suspensi on of
particles 5 land es.addbrdiseyacsosting 1o, chabmid, awpesekp1the separation
is part of a fluid cat a_I%/t_i,c cracking process. 13. Use according to claim
12, wherein &GAESHITUS T StRPerRi DRt i PTHBUY o°Y FEORR| FAF§REye| BAE1RAVI ng a

sol i dg, 10 conin, of, DUERILD- 6. ant, 45, Ko/ 1,3



