; e3e, 4" &6\ TQqyKWD 00150538 PCT/ EPO0/ 01467 GAS- SOL1D SEPARATI ON PROCESS
Field of the invention The invention is directed to an inproved separation
apparatus, wherein particles can be efficiently separated fr

gas-particl dOWRB8re. The invention is also 5 directed td’ctT%‘?oﬂ%lémof such
an apparatus in a fluid catalytic cracking process. Background of the
invention The field of fluid catalytic cracking (FCC) has undergone

significant devel opment i MBKLYSRESHpRRAMEN PROCRsi marily to advances in
catal yst technol ogy and product distribution obtained therefrom Wth t

he
advent of high activity catalysts and particularly crystal Immm"mmwmm
cracking catal ysts, new areas of operating technol ogy have ered
requiring even further refinenents 15 in processing techni ques st@ocirake
advant age of theibilghofatd yistveaktibii ty, selectivity and operating
sensitivity. O par{,lilé:ul ar_.cancern i{lrt hé s, field has_been the devel opnent
of methods and syst &i® TOFEEESEr 481 AG TR hydr 8RatBBROBF D RFH> A3t he
cat al yst parti ckppar@2buparihiendiar parfiohes dangleaeffvcigntyy steglalrianed
zeol i te cracki ng cat Al Y515y, 41086 s"RE£e g d | GinaNt nSERALALT 1Y Handiti ons so
as to reduce the overcracking of conversion products and pronote the
recovery of desPiEBChRPBduRt T OMSENCECEIpeaEPFRTatss Al 58gHRE d
US- A- 5376339, ERafa25t80%24hkiHS Ar60884 77 and US- A- 9946656 all descri be
devel oprments concerned with the rapid separation and recovery of entrained
catal yst parti cﬁm&ﬂ%ﬁm&r oducts. The rapid separation is
achieved in that theheafidsStofareusepadedies ifa erathengeapt®r Wasser 30
effluent in a first_cyclone separator, the primry_cyclone f which gas
outl ot condurt PEAPRS¥RE PHCaRERRGRE ey Mo B hY -SYERSRE R 0 S
connecti bh w t hpaigetbhvaty asmeingre. iThiastaiwsitonechhpéogy and EE@Gdueact or s

is also referred;t0,25,€] &5 &iQURLAdLLYEL ARG, SQRAKALHLON rOW dad tihgt the
primary and secondary cyclones are contained in one larger vessel. 5 This

coupl i ng of pri AEFYVARY S¥cONtPdsy 2BY cPAREC Hiatilyi Se¥stadlingizsdddéetime in
whi ch the hydroeaabebngr @duclysts,i RefOnteLd oA To?e&:ﬁ&iﬁét@édﬂﬁ{olfggtyer it

| eaves the reactor rjser, which limts undesirable _aftercracking. Both in
the FCC reactor "248 BFSLUTLEYHEGTE, FaRY TP A G VERe TREE PR R PtSuch
series of5prinmiy andcsscimgarerhaygheseso exdkst adkRPnAade 924 4t iae ddghbes an
exanpl e wherein I cyclone s rafors .are both ed in the.reactor as
wel |l as the regé:(r%grgg g? ?/%‘glsveﬁr{g’T%%?%ghvtrr\gragdt %gﬁrgﬁég%fs?%selsévégﬁ'es of
cycl ones exi st ©Of partitelar onEeanpliestivfs ctiledd preckssmsthien which a

primry and Sec%%ié%ﬁé(ﬁ& ofle AhARGCHRA Sy A emsU3ed SESathe Mt
tert-butyl ether (MIBE)-ftI d dehydr ogenati on Erocess and in the

ui di zed be ,
acrylonitrile pPyE&ssarhpRRFrqdiciy IgAm gt Fadrilast PBTFaptoire t he

separatipn 20 ephireiedCyrDf el @naigRpacEd¢iy aRPILALUSES.zeolite

cracking catalysts, under more efficient separating

conditions so as to reduce the overcracking of conversion
products and promote the recovery of desired products of
an FCC operation. US-RA-4588558, US-A-5376339%, EP-A-

25 309244, US-A-5055177 and US~-A-4946656 all describe
developments concerned with the rapid separation and
recovery of entrained catalyst particles from the
hydrocarbon products. The rapid separation i1s achieved in
that the catalyst are separated from the reactor riser

30 effluent in a first cyclone separator, the primary

cyclone, of which gas outlet conduit is in fluid
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One known net hod of inproving the separation efficiency of a primary
cyclone apparatus is achieved by decreasing the cross-sectional area of

ei ther the gft% o/spk8t or the gas outlet opening and hence ipowiEessileg t he 25
local gas velocity. Although the separatign_efficiency of the primary
cycl'one shows an inprovenent, the over all efficiency of the pri mary and
secondary cycl one separat or% i s DoL,S n| f| C?Q%y rI.hrrpr(g:veg Onf the

obj ects of the presen |nven ion 18 hérerore to pr0\y| &"an apparat us,
wherein particl és E¢h trmagiofriscientlse schfazrrateedtcbrmncalogs&swaptedl es

m xture, which bas) g IJmLQ0u¢ oﬁvﬁf@dlde%eQﬂESt Lop effid.glengy. The invention
is also directed to a cormnbi ned separation and stripping process wherein a
m xture of 35 fF%l?‘éP%aaTtYal%thﬂe%?a%W fPrEatargsin| e diFigstedeFsdm a WD

00/50538 5 3 PeH{FRMINL4G7 o€ ap Al ity GOVl 8BbAGa BRSERAUDNRY TR OE Bk PO
effluent of a fl ul d cat Iyt| CraCkls"i}g‘é'f"‘an E ctor Zone arE]d wherej n any
hydr ocar bons ar BR&t TS ATRE hEn § BELEPSATOPRPEPERES +H P
fluidized bed zosetio: vmjtmh taegaseampsﬂS afttremppt ngeam-ch el sesappti ed to.

Such a conbi ned FCCse arati n/ trippi ocC ribed in
WO A- 9742275. Thi&° pub |cglt |lgLn gesclfc?eb %e ggg%‘?aa}%ﬁlﬁ& cat al yst

particles froma ga&cetdus.rsttheaﬁmemﬂqtgara aeadimusaesvelab@ﬁrea dhdi oh
cat al ytig crackipg écka(LF%%%ngeses enl 12383681 b Ty R gggsﬁd@/ maki ng

use of a primary c ne -appar at us Gcated in a vesse
primry cycl oneCYﬁ ORRS -a¥disitdsEBrh i %4t describgemn ﬁlxlaV‘PIlﬁtUh%r‘?ﬂe‘Ftl cal

tubul ar cycl onechbeysédthyci@eSobpasatdrs GirsCBatgegsSOWHAKLS rbQcod5
stripping zone | ocated at he | ower end of th re act or, vessel @?) artly

cl eaned gas str8an&hd FartSof SPRRS R 19 5iR§das Y%lccﬁ]slé’hg?ﬁgd rds
through a vertioat gastlogd eertenduf tgyalinels gassoutd glaradndliit protrudes

the cyclane tubylag, NOUSING L0 ABOYE L TIE 5RLERS, Siddacg0aRiesent in the

partly cleaned gas are Sequent Ty separated 1n a“secondary
cycl one. The | ogefondrry arvdlonet frrandanentsprraaryed aorrdehdashny projects

downwards into éeit%@é}lﬁ%ﬂ%&i 7008: @38kt 2R bhe é&%ﬁ! JeRhbeobnearlier
nmenti oned reactor vessel Stri as 25 1is sup tothe main

f1ui di zed bed zBRRCEBRclfsd Nt ﬁget%u‘b@f n%&é?n@"?ﬁeﬁﬁe primary cycl one

separator is small eThéﬂ‘hallst he bRags Mg \éﬁfif%Qlt e8| ym@r pay tehef skberstidppi ng
gas will nter t?ﬁtu ul ar housi ng from bel ow. 30

p
Us- A- 46 11 de§tribhedd 5nﬁ|yngal¥% Qlec,pa SYISP 8RBATANYSSS 'and stri ppi ng FCC
catal yst i n which alrde dnawnemstho@prhgrgpasviisgdtlse argeadtiknough t he gas

outlel of the PLELERLYLEYPIANG SCPRIA AtyciThle ab,ga@gmsevlesda%xleéwgbﬁ

cycl one having a housi hg and a ‘sin 35 zone located in
the | ower porti éﬁcma@a{m @b GIEaF S~ S SN IO 0588a oh'e FEPDE/ 93367

housing. In thigsnymeanss @kl @k bheist rd;namlrﬂ@ gag Médde hal\eeetaelheameet he
primary ¢ clone V|a|ts outlet. Although this process may.

i si efh? Abth \wg\ ¥ P i ennerof
promi si regar dPRgL t FR° SISHOIS-EY  yRbERQ 88i §FPHR Ty & &EI‘“% %r% ng
exanpl es 5 havetheeprieaty S:leUﬁetsMme ifbirsvésehecathee ovheasepar ati on

efficiency is pg%lg@?&pﬂ rt%fg’o%%ﬂw J a%trlsgg N9, tdh $L0 pass t hrough
: S

t he tubul ar housin |m ar “appar as described in
U. S A- 9692311 i §edesetq>zbﬁeda nowssmrsqﬂzzam:ay lmproved

One of the objects of 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 overall separation efficiency.
The invention is also directed to a combined
separation and stripping process, wherein a mixture of

35 fluid catalytic cracking catalyst is separated from a



10 Cycl one separators having a vertical tubular housing and an gas-outl et
conduit having a gas-inlet opening |ocated at about the | evel of an

el evated cy o&%ggsg\of are described Chem e | ngeni eur Techridf/erétiiad® 1 98,
pages 705-7 next object of the invention is to provide an inproved
process for the conbined separation and 'ét:?i“ppi ng of a mxture of fluid
catalytic cracking catalyst in a fluid catalytic cracking process, in which
the separation effptyehprdRinpadcaeatest hyinvicghben 9Of Nurige odbject s and

ot her objects, appagesicaiand eadbRong h@p@@scrrelaetbenzoﬁé erfRinevednwi th the
foll owi ng apparatus. Summary of the invention Ear atus for separating

solid particles af‘VoW%r%Ba%lﬁeﬁ%oﬁtB’fp%‘?ﬂ i*F°Pa PFCF%%a%?ﬁfdgés?taMéFel n
t he appar at us C@HEELGB@S i(ri Ja &1vedtzeal bgd izRiey toyehooe ¥eaefsriodsavi ng a

t ubul ar h%ousi ng go risi “%[ f 23 tulsoul aj‘; v&ll section provided with a
tangential Iy ar PahyBR T4 8 +305FRRetS ‘the suspension, and a cover
whi ch cl oses the uppech eand:ombmlae FubwwaMilongetriminWo@emst hhe cover

. ded Wit | | e i
o1 6t Copeni ng. oftSe5BEtd b O 874 2R75! " AT EBIERERLEY Sicbeds FAe e
(ii) one or noré&cpecdnbli ;Pfg§§1§éVF§sP%@bieﬁlﬁtSorfrﬁﬁaﬁsgmw @rtgepmui dl y

connected with hesvgﬁi @l&téa%tto(%o@@eléE of atnqu%l BREY GYEL AN ARRl | cant's
have now found that the conbined pri mar%/ 5 and secondary cycl one “separati on

means of1@he appdFatl uRT¥teThe ThRvERPRBATHThilsy @A IPERCBERY dt2kd@FarlaEi on

efficiency that ofthe stahserpfcyidienar bppepatad i10tatdedi £eSa COIgYEcH Ng

conventional pri mar¥ and s condarx c%cl on seepz_glators ﬂ\%/\i] Cgfh nventi onal

cycl one separ at 3F§° 5 hit & FehiVERY A d&SP g P n® Tt § 3fas out | et

conduit signifi eantky parojanided liyhéntycd onerthoadi ngbﬁlmrn apvome Wt h

signi ficantly p'hghrsyg'% Orifd'S 4008 NOUSLNG JIOBLRRAYFad Sy especi al Ly meant
ua ) heil g

t hat theﬁrotrusmne bet ween i nes t t of the
tangenti®? |y 15S&FiBpyed 4%-1|0ﬁlaé?doﬁ‘én‘F% lOMetryﬁpéanc‘b‘Fﬁle’?ﬁalC&ﬁal cycl one

is exenplified RsEby. A7a3&10f cRekh¥dSgidedGalm BREi &Lt Sor hardbook,
MGaw H I, 7th ed., 1997. The invention is also di rected to a fluidized

catal ytic crackistgiBPHR®sE SreiSi (g SGERT 8P IR IASpPEPHEN BN &GYer in a
speci fic FCC applaiseatit Dot wdatdriin , Stvhi.ppi s aoirt 1piti BBhjiuSE paratdueie sar e

conbi ned in one ubula ve S nbipati on _of .good arat.
stripping effi cit fcyYc %uﬁiaé:vgays%%hpﬁoﬁn §b%ar at Eggr eglwérjsesS%I g%s

addi ti onad neangmsedtscmatﬂgpe p@trrtllppbhgagm gasd/obtacandber®5 used with a

hi gher stripping,g adi ng whi e Eh noeLlLeLenCYy IJAs Wi thin
t he desired ran%u g%’ﬁ#% waiI ne\(t)MA ao§S| e V\%%Ha%eyabgve descrrl{egg%wprl or art
appar at uses. Wmeﬂegp@c@f ttha eyl 3| BEER S favSileneyhorsite BPIeFétone

separators di sclm@darasti}eccatw\fe_u@u&eeda}séd el @ra@@frt ein ngenilwerTechni k
it is surprisin that t he conb |na |on e, and a secondary

cycl one separ at "6 n@gngalbjfleﬁé“eéll § ’é?)?)‘gf?odi Js?)égﬁéw gﬁ%lr??a”}ﬁ
Separati @b effi cisesoppbhed o ml&pexasnoﬁlumlimmlbng 3bneel Becarsdey tanehl gh

content of sol i q: bhﬁalegoﬁglédq%fp&hgaﬁ¥lmaw cqp,/l%gé?’geparator is
smaller than the reactor vessel only a part of the
stripping gas will enter the tubular 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 outlet of the
primary cyclone separator. This is achieved by using a
cyclone having a tubular housing and a single stripping

35 zone located in the lower portion of said tubular



- 6 PGI/EPO0/ 01467 cyclone. This is especially surprising in view of the
fact that it is not al ways obvi ous which neasures wll positively influence
t he overall w\%ﬁﬁg ion efficiency of a coupled cycl one separabsomisghi ne up.
For exanpl e en i mproving the separati qn _efficiency of the primary
cycl-one by neans of a known technical rreasure i ncreasing the gas inlet
and/ or outl et vglocitieinq:hthe rlmar ggese arator t he erall
separation effi ¢PBAtY? of rimdr PPARY" stcornda 5 ¢St o NS 9R6t Vi frbr oved.

Appl i cants 10 hbh®ee now femved tihlaaprir’m:sy oyerlahk efdiTienxms-canlbe.
significantly | o j i s used.

I n one exanpl e EQ%\S ty@}]q@. %gﬁfgﬁ%)alﬁv@sq%gg gggﬂ%g%@ r(}ieecijﬁr}\réggheggas stream
| eavi ng t he secéh’dﬁ%ﬁﬂﬂs@pa?fatth@ndm noj3aTge $evkntigrkisigakkabelelescri bed

in more detail RelovhedNaldidiiBEasOpE: Priefieks edn eobodigmntse Pgkail ed
description of the invention The invention is in particular directed to any

one of the two ERBHER NN $IFdSirP BRI DHAGK. WEB“Tﬁelﬂ‘-’restflﬁf"’ePérred

embodi nent i s aptapPSHR) Wasf aasse@agsa&;ts G rsabhdepardiiies heapiagssspensi on
of solid partic es an (ﬁgs ereLn theala}%garatus co rlses (i) a vertical
i g

primary cycl one ¥8sSEf ST BRPHETEP nS SRR le a t ubul ar
wal | section pr USi—BIeﬁSEEEBm tils desangeyd iial Ug-Ar 5 RIRFELD . nI et for receiving
the suspgpsion, a dipliefhelohgatONeh {0k 9%&{&401“'1;% 13k nSeCHd O,
fluidly connectedt e ubular wal I sect’i on neans of rusto tonical
wal | secti on, aﬁddaafecﬁﬁé‘qmlléh ePrdist tﬂ@é’lnppergml‘dfett Iwetlmbml ar wal |

section, wher ei NodPcdd & C RNt 8hor pvfdded vk hhe v Aod £le&ilball 860 ppPeni ng
whi ch openi ng serves as a gas inlet_opening of a gas outlet conduit; (ii)

one or nore sec6ﬁﬂa‘fl‘§/sCg‘%ié’eéioplhag‘l%y%‘l‘iﬁ{b‘eélépa?‘a?ﬂ (W)cte &r &8¢ 1 uidly
connected with phgegamomumdset conduit 35 of the prinmary cycl one. WO
00l 5053 PCT/ EPOO/ 1467 T e sgcopd or ef %—%E%d enPo rrent § an_appar at us
for conblned separa iBH s rlpplng of a suspen3|on F&° Fafyst particles.
and vapour in almpmmiepdroaatsal yoi cthy awibngegr sepsstiwieredn t he appar at us
i ncludes: S (1) -2 ¥ddcAe BN WIREN-C XS Q10 UCSIEL1y M cc}}awthBry cyclone is
provided with a tandenttially arranged iInlet for recel vin e suspensi on of
catal yst particFaga vidbGur L uhAi et Prviteer ﬁré%’r%ﬁlémrﬂfsesé taau‘wla%clm de

wal | and is Opeehatségasratq%r e@EQc?&C&W'd&SQQea&atéﬁng%r hggdeby 10 neans
of a cov provided w th e wherein the outlet opening is fluidly
connectet to a gas Oti%t é&ﬁgﬁl & V\%htﬁf 8%%86]:? HEPE S 6‘% Fﬁi‘et openi ng

| ocat ed at abouteadilmg;atme ldewelkipsidhe aopenichieved tvishcaher folloying
stripping zone %Q}E% &@ne is provided with means 15 to supply stripping

gas, SO arrange I'n use a fluidized bed is present, |ocated such that
part or all of Mw‘jﬁ!@_gmng the stripping zone in an upward

direction enters thgdomehseRdrobepatinMBEY: 8YSd N1 AN 2R 4i11) one or
nore secondary gas-soljds separators which are in fluid connection with the

gas outl%et conddPEPHRSHHe Y .3%119 R igHesS #RE IpPrardtFei&cEBRding to the
i nvention and |appaf§m§sjlcaimptrheeétrst preferred enbodl ment as described 25
here above can find use any groce S |3 whi ch SO]S artlcges re to be
separated from &* us?)evnesrltc}r?a&fp AT B SiNS OBSrYlﬁ BAVE"E a5 PNl es of
such process are thehafdmg genbronody MBE— thbontazeth Pededelipdr ogenat i on
process, the acryl O%JJalhd%dpugeﬁ8§ Jrleyhdli gal Al plde 3Q)eragking (FCO)

process._ Exanples of such a fluid cata yt| c cracking process are descri bed
in Catal3?ic Cracki nfSTiHeqy FhPet PR B FHOPr aRf ohsSOBWEH chetl TRy,

Institut Francais duciRetupRlee, e2884f (4HBNuBuTd08nAbb-sk)ct iRaYeFhd H0rnl 14.
the cover is provided with an axial circular opening
which opening serves as a gas inlet opening of a gas

outlet conduit;



W O 00/ 50538 PCT/ EP00/ 01467 _ g _ In a catalytic cracking process a
hydrocarbon feed is contacted with a catalyst at el evated tenperatures for
a short period. Normally the catal yst and the hydrocarbon
co-currentlyqq‘?fsgﬁﬁh a tube-like reactor. These 5 pipe-li Eﬁ&%&@%lg‘% are
also referred to as riser reactors because’ih nost cases the reactants flow
in an upward notion. Although the termriser is used in this description it
does not nean tH&at)t fee| ayamyorseconbipny t gak 130 ldidsogienrana sox ormanissi ng

risers through whi chydOch herd eact;ants bhouedidy an wpwakdqdireetigan. Contact
times in the riser reactor are 3eneral|y in the range o? between 0.5 and 5

seconds. In the reacfBRrIvisert BEATMBBNSCHAAY general |y a nor mal

boi |l i ng point aboveaghQi&amfe H:oRveabledoted | tiHY ahepofbehsd dlmaky exanpl e
gasol i ne peing on t maj or

g of hg products of. an FCC prgcg S. dr ocar bons
and coke Will d&p8sPECBACERE AN s£eBart FERd ey Sfr i Ef)l ?Rl;yatrl‘?et”?epar at ed
catal ysts with afsthtabheestiomppiarderedaufian bstjter peptirehiof the deposited
nyarocarbons W iec3e: 3800 S0 HLODLDE 0 GAl AlXSlieplg, 856U Xt ure of
hydr ocar bons and Stri pprhg nedi um obtarned rn such a“stripping Zone is

sui tably di scharcgegrisongt fenval iogadt prinayetdral ssicondeheg B3 qveoduct. The
coke is subsequenbly,$6par aj e, fcfd?{‘!?e‘h@‘%oﬁé‘ﬂscysélrdr%o%%p‘é?%@J:x}’l_iti?Mnere

opti onal IB/ partial, 25 conbustion in a regenerator vesse e regener at ed
cat al yst 10havi n§edntehavired® t dFidrattr 8P sh rdturdfed oRs e heCRAYdm of the
reactor riser. IsigadEebnplPCess: hiRlelsdriat 8yyBIndPadusihgstean b wepar at ed
from gasses in 3,0%51‘ t he r,gactotr as W%II as tte 30 r.egener at or ki ng use of
the apparatus acedrdtagPtd et PP BRI O I hENLRLEFORFHYY H B yst are
t o be separ at ed aooem theebpectchanbomeaptodbet Yesgeotrisibs eqolrd ant t hat
such a separati b e r I n fi ci r gR?I : of
such coupl ed pr?)%at?’%egng'géé@cﬂﬁ%zﬁl&egygﬁ%nﬂé@gﬁgtoﬁrﬁggpgra urgglaagi? rdi ng
to the 180 00l 503389edgfeepcMEFOCPETL4BT - | Aviertid &eaventperal cul ar

according to theyMmenarebecseds embedi MBNksgas; fleserded -hor & @haviealAny
catal yst solids which are not separated WI?[ have to be segarat ed further
downst ream for ESGERSEEShyhaRRRRf udleCsayf ittt eftd G4 irnld%%o-called third
stage separator. ByThepiaveRgidhe sSepabatisdcsdmldera ffilhielsed€an be used
and/ or | ess cat al%ﬁ}@ fti.nes vvi%l end up in tge FCCepr 3ductdstreamst. On the
regenerator si d€catdlTySt “partty & WP RAle" o' Ve Separat 8P romthe flue
gas | eavicAg t he Mdxeoggenénat ospedifd camoGnappl i geEriarc wee reant sier fgpisngyas
shoul d be Tow f of, LR HAIPBLAL : J£35003.6A0Mb n b AP T el QWD L P3RS ce

equi prent, |ike tor exanple expansion turbines. eferably the first
preferred embodidrgfmbigagéser phetPdfeserapavtor s2i e rdiRPERE ¢ Efemianeor

side. 15 Brief [esCidePbicBRe9bdl Neudl aW BEsaFhoLE erdgdildedstieates a partly
cross-sectional %{e_sent ation of - coupl ed, cycl one apparatus in an FCC

a cl.os .
reactor confi gur3tdidcRaoParAY 1o GL’is’rc P of BT TREE 9431 ABA{ O bfCPhde
inventions 20 Fiwdeee wdthl busi ghe£Ss@iph@egr gast bsadsassehicenpiie si ng t he

appar at us accordl g, L0 Lle thE oo 1 PTerLeds SIPAIT. Ot PEaPLERR!
This was not possible with the above described prior art
apparatuses.

With respect to the disclosed efficiency of the
30 cyclone separators disclosed in the above cited article

in Chemie Ingenieur Technik it is surprising that the
combination of a primary cyclone and a secondary cyclone
separation means of the claimed apparatus show such a

high separation efficiency when a suspension containing

35 relatively a high content of solids is fed to the primary



Figures 3-5 illustrate an apparatus according to the second preferred
enbodi nent of the invention, wherein 25 separation and stripping are

conbi ned i nyagedblasl eactor. Figure 3 illustrates an appar @cugreraes’di ng to
the invention having an external fluid catalytic cracking reactor riser and
an external secondary cyclone. Figure 9 is a variation of the apparatus of
Figure 3. 30 Fi gur S represents_ an apRaraLus in V\/mc t he do ream part
of the reactor ri glr thgli] Flﬁ%r%/SPSGé:pnggP’lo BhE Y& rrlldé{i;f'?wc%}}ém%hees and the
stripping zone af & tr arited medlw ndt ralorgsvebsedus wm@homeseases -will

PCT/ EP00101467 e fo r a
preferred emod%n%%él%lg Zﬁg%)%%dréa%ql}g argck:}gfgl %\é\é%}?ﬁ%ég}{ngg%%%%%aﬁﬁ he

Fi gure a react orad r¢awledl yyetone fianadicEé@ncai g WR ¢ Foragkrmpls whajtess is
shown whi gh is fin, W nGORAECEESh M 1A FOREYE by tdX @nRl pbPBRYrgYyCl one (3).
In the Figure only one primary cycl one separator is shown for clarity

reasons. Typi caI‘FVJrPd’reebﬁ’h%lﬁaBﬁeOf ﬁl@&ﬂpytﬁ%"b‘?ﬂt Mea& rBr i ARF¥LESici%ne
separators (3) wHd d@e, iifh1kk ubel Ak mrﬂmm ¢al oot Wd Ant hre dpvmsity eam end
of a reactor riser The gél mar ecyc oni (3%% E\/iha tu Iar hous?g (4)
consi sting of a ?Xﬁ)lLﬂ S SRRFFI5%%t 1 %18 CSFTAFbvF TR W OR 5 éﬁb%’hﬂ Ay
arranged inl et (@)mtamy redesvcoddhe cygdpensi omaf mx@tcalvgtdt Peplicdres and
15 hydrogar bon VaRA'dihic6lnh Cavs: (¢ of BRECLOL LAl skhly IR 01 et can have
for exanple a circular or rectangular form e e tubul ar
wal | section (5)sigriffimeaiyy commesiasd Wﬁynnﬁéﬁsaléﬁar&‘tﬂlﬁu%é%@m%a‘qhq/val I

section (7) to aikiddta®n(8). udéd OUGH RliePREmfb B tMSpadh 120t B6n At YSt
particles will be di scharged do rds. The up pper, en of .the tubular wall

section (5) is proviThedaRft Aoy, dRoitPer P, STRASR F@)Vln@oyé‘? (9) is

provi ded with anseaa@raianyl rsephaaitnpemelags( 10) V\:hl ch opening ser ves as a gas

i nl et openring of a ongdui,t .beai nni t he gas
out | et cgr@l’dwt (11)% SUI {:)Jr§nasr raélr%ge ég? end 05 "a % rF‘lel(gl |t?/lelto t he

cover (9) and haseldw sarduding smne meéﬁlrsedfemmnamth@um ng (4). The

di ameter of the @@éallrgaehegeegé@gorpfoft Rec02avomtigt conduit f1l} is
preferably bet r of the tubular wall
section (5) of the CB9 GRESRBUST ng® (F) PAESIERtRBITEERE pP RNt TNRNL i On

is that the gas ewd I@to @@ndumelﬁtﬂsl)d&;@esbaat beDdSwnOt significantly,
pr otrude§ t he cyclo Qus m above ossi bl e_enbodi ne t of the

g f
pr esent dvention a lrﬁg %f% &% mbgdéﬁ“? o Pr SFB?a%F\}S
pr ot r usi on is mm5@@38ol1d1paﬂﬁ'b/l|§|§0(ﬁk6m467stmmlrﬂsepnt hanS@l:Ed times the

diameter of the g2l a@geewg &{exaewkhghug B %p%% 9:{d0) in the

cover (9) of the cy one. as outlet con
communi cation with a §eé’§ﬁ§a¢§'l FasLIRE1Yi Gs’céepar%&&ﬂel( I@)’lng d nteel el gure

only one Seconda}ﬁé(u§ﬁﬂgard%§nQElb§n%M frbughar ki r&%&qaﬁ pk8vBadypi cal
arrangengnt nore than one, suit sec ondar)%/Lol arat ors §12) are in

fluid cofmuni cat Yo ttl?“lgﬁétb%l%l%ﬁqr@t“gégnamft( SFeSRE BriMary cycl one
(3). The secondasysmepsdroatob §i1Z)esrmmthe0lbret f’l@ld:lcg‘.urt&el suaulypiwall

conventi onal cycL L Sepah }L?iyagonq'x cctr ijoed Lp te{“?b (}rglaﬁngégpggl %%eral

t ext book having a angéntl arrang ed gas In a gas ou dui t
(13) which prot roefss tdfe ar déﬁStquqorufcatlhe'atl@lbé@%ﬂ?l@ycIaadeaheﬁgéngﬂ(i@) :

Through this gascf%§é§ﬂtﬂéoﬂgﬂéi dN€ of the tubular wall section, wherein
30 the cover is provided with an axial circular opening
which opening serves as a gas inlet opening of a gas
outlet conduit;
(ii) one or more secondary gas-solids cyclone separators
which are fluidly connected with the gas outlet conduit

35 of the primary cyclone.



15 hydrocarbon vapours which axe poor in catalyst particles are discharged
fromthe apparatus according the invention. The vapours are further
processed in downstream product separation equi prment (not f@}{ he
secondary cYOWBEE3§ 12) is further provided with a 20 dipl @él}}(}: mﬁ;ui dly
connected to tubular housing (15) to discharge separated catal yst particles
downwards. Preferably the gas inlet opening of the gas outlet conduit (11)
of primary cycl one {!8) sesondcateficated arizidamert (U$ )arabpra talv@scéntkre of
the tangential | y 25. ary ed. koLt ening (), owhichd eater. than any
typi cal val ues ¥%r ltrﬁé(; gg%teaoFgﬁhaeggr%u c%@lfoéeg havgll.lnégéear%%%t (r%tfdi ng gas
out | et conduit.cabreyPr efgitablgst ded reapaofing Ai Sl dizatteatadytand t he

di amet er (d2) oérs@@ir%glwo%smm@gem)tﬂéa ghweeds Oiriciand 3 and nost 30
preferably between 0.5 and 1.5. In the illustrated enbodi nent the gas inlet

openi ng the &hs ot V& tdGAduPEIALY GyclorgsHedftty tHeE yEréRar¥over (9).
Figure 1 w thoutyalénsels EkoviHbdShieh &5 thgapRas al ySaeayed ng1ke t he

i nvention which_can be used in other WO 00/ 50538 PCT/ EPQ0/ 01467 - 12
separation appl £8&tTOHE VG tgﬁaﬁbf%eri’%l%{h CEAFBGERRROr-C 18P PBFabl y an
FCC r egener at or vapbhx bestpraby paétany t dy@l plauhalsi dytabulat nerde aadlsesondary
cyclones as 5 illLu ted..n t p. t..af _the r or_vessel. A
short conduit W!L%Igé‘%rﬁi% ylt%orllgg?: ?’ﬁ&e Elﬂflc[ecrli%(??&ogttﬁgseggardjgeﬁreregfiogyvessel
and the tGngent nasny @&f raafgF@ri Arevide) wipihganeoperipy egtheireia phef erred

enbodi ment of t By 1o aﬁi@fi@ab”%s?ﬁﬁ@;[&’i EdrihelRBdl By eNtd AN ofE1QYr e 2
illustrates a fluidized catalytic cracking (FCC) reactor vessel (26)

conprising the GPPpetiparitrigh §opdutt ohasixsds(2n)et LR VOSPERENaE (30)
agc;l) a sepon??ryaby@touft&; (s3fae. J.Ela_elﬁ@y\nsﬁé ex¥neng f):fx the daaat;or I15 “(ZS; f
isin fluid,comunication with the tangentia arranged.inl et o
'Ehe pri mary cyclqéiﬁg (305 1RBH89 ABKS o‘ﬂélcﬂ}izgﬁfyliy%’ry%v e(cgg’)l% epRs
connect ekb t o t heor sspplouttirdppand gase sharrengedetivmdairy wseclaone (36) may
be connect ed tof?gggmm&e § CF?QQ&?@) -102c0aa:'é‘&r sGERT L e r}:%cogﬁr QEHY one

primary cycl one connected to one secondary cyclone ( i's shown. The
reactor vessel @26%h¢ tHaPiagnpresesawtng ttide sherPRIRE ZWY ilPpidRg zone

provided W th meaRsrd 3ddrdd iSuPBhYeAs Stid PRIWAG BRI ¥ 1k o deRse fl ui di zed

bed (32) 25 of separated catal yst particles. Stripping nmediumcan be any
inert gas, steaf¥6r°8%edi%ont ai ning gasses are suitably used as stripping
medi um e reagtiol) vasselr mdep butbdhddr€ QPaRr-isseSd fresdsa tat adisS ahacge

stripped catal yst _particles fromthe vessel .via_30 conduit 3).. Via
condult (33 st prapa. L HHE cehATer 0P (BTES i Badnp SELEY ettt oY
transported to &heegeresat iavclzore (not shown). In such a regeneration zone

coke i's removed fromdhe, £ALALYSL Y, ARANS: Ok EPRRYLAL Jo RIS On.

Regenerated catalyst I's transported to the 35 upstreampart of the reactor
riser where it P3rédpebrt dde fWosoopsebeggred embodiment as described

25 here above can find use in any process in which solid
particles are to be separated from a suspension of said
solid particles and a gas. Examples of such process are
the afore-mentioned MTBE-fluidized bed dehydrogenation
process, the acrylonitrile process and fluid catalytic

30 cracking (FCC) process. Examples of such a fluid
catalytic cracking process are described in Catalytic
Cracking of Heavy Petroleum Fractions, Daniel DeCroocq,
Institut Francais du Petrole, 1984 (ISBN 2-7108-455-7),
pages 100-114.



- 13 PCT/ EPO0/ 01467 with a hydrocarbon feed to yield the earlier referred
to suspension of catalyst particles and hydrocarbon product vapours at the
down streamyRafolsedf the reactor riser. The reactor vessel pcR@podfosseyher
conprises nmeans to 5 di scharge the hydrocarbon and stripping nmedi um vapours
fromthe vessel via conduit (39y Typ| cal | y “the gas outlet conduits) (35)
of the secondary cy | ones R gé n flui dcconnectl %}h a 8 <(gnum (37)
from whi ch the hydr rba""rb &y ucfr?/%l]f%l?r $I{FE33i 3¢ P8 182 ohitiui t
(39). In a prefecneacenboditient cahabpeniaty el88xted pemtulrestﬁergas

outl et conduit h y. t clone
(36) . Through t Ao Dot agt s RernaTe eIfd AR Bk Sht (he RIRRERRER G,
stripped from t feedafldw sto-caamehtl di Sotvugded frberihke @M@QS@ITQQ@ . In
Figure 3 2 vert;&s& ?{»{@%@MQUL@@ avlessoseilefe%@é& té shoneconghstbpg of
the primary cyclone (102) as the upper part and the stripping zone (103) as
the | ower part.PFRRUSH i iTRMPsEyCREAR DD YrE8nESt Bhefenkt &N ¥PPB*Ar r anged
inlet (109) formbeceh VImgrtch@hsuapeﬂ«stmrn@fercatsahy@aslxartdu\sapour Thi s
inlet is in fluid com‘réml catl n wth a down treglg part f an.external ly
posi ti oned FCC FEagT g9 5ér %f@g)m%ﬂ‘ean zla&ca ?y%’fve FapSur | eaving
the reactor riséim{iéd)cd embodémenhe &Suprishagy riyet ®nehy(cl@B) whibe t ubul ar
housi ng pri ( has i at o] nd and
a cover €d107) gt@fl?tg&tﬁép%e}ftse%gang ‘_:(I:f({f)‘\r}l(rw11 Og?riéégg%%wccﬁe S‘mlt ﬁsfégopem ng
(108). This opehinghq 10en Fepkgrdl yre anneradd ywip ht e ncanige €>£09) t hr ough

whi ch cl eaned 3Q.Vapours. £ahdde dbeshdd gag, fth@”}:éé‘@t&z}’cﬂl%% housi ng. The
gas inlet opening (110) of conduit (109) is located at about the same |evel

as the opening PIBBICHIPIGYERVERGTISNT12Has 3pBEATF bIRRE ki D E°ABYant ageous
that the inlet apentngp®f°caiduicbn{dONd its Imqated ﬁiocﬁm dtfstance (dl) 35

above tgﬁ centre_of fhe ta qent alll arrang %E\ g 38 - 14

PCT/ FPOOTD1467 op%n? ng g(af(j’g‘) & ?Ibe 0 a? sfa%ce u(c I) %I t he .
di anet er of theFCGbmmeérmuiﬁwng(:d@oms ast aeserwbbbl &madt bn tbeeven nor e
preferred that hes gas: (el hh10) spls Canls (B) 45pd aluimg v, ey goeni ng

(10B) in 5 cover hown in Thi's 1 s advant ageous because
t he tubul ar cyckéke %OT}S%W&% ISI‘:IFHE+%é“e|dé§§‘ duRPHee RATBAMPRCRECERDON

deposits can acadpylaten Iﬂydtrfa)@apbbnarwlpy@eo@ep&&)eédtmnseaar ation takes

| ace be ween t he or part of the catalys t he gaseous hydro 10
(F:)ar bons. Q'he caFaFgg( tfaﬁhse JERG VP ™ Jt’h‘ié“%/?p &h ﬁéﬂaé?c% D(SI g8y 01}/ t he

pri mary cycl oneskpippingtnddipmgbzeneed 1:G3)suckhe Sbﬂmpitngca@nects ng
tangentially arran nl.e the r %1 Jnefe y nmade at
an 15 angl e of 581 g\ngk?# rAelsstcélc(:at%%ég ?E%nr%hseergc?lgg ?;Q(E%ﬁ Ver hI%% %?g}ér to

el i mi nate accumihat F&h mfocbmtal ¥oe £oke hiss shdsegpantly cianseétiedgfeonduit it
i s advantageous +h@ gl'nﬁéacétztl@p%dC@Qng§lsthVV%F@§o§é’Pf& thate ibhe

gas-particles m xtures enters the primry one in a downward 20

di recti of® Pref &PEBEJEI®R Hh éeﬁéfl%%"rf”{ H’@Séﬁlls bre t FrEeNegAd6At and the
axis of the tububaélja@uﬁlml(nbolnh ESebetaeermpratdrd Sis Idethaneal 66 been
found to be adv%gt eous to Q FB| | er cross sectional area at inlet
(104) relative t4% SRy SEE |r8n€’1 ared%6f the 25 connecting conduit at
a point nearer to thze an S¥IC PIOSEss Preliet altplasvopaetd slesbicknske (111) is
provided at the %gé?éé%ﬁ%%‘@%@@&h pgaanartza 2CYELODS: (D2 13nd ! D
strlpplng zonef e vortex stabiliser 11) 1s suitably a circul ar
flat plaf® or cERESBAEPERF didkngTHE® 30t oﬁ%@@éﬁ%?“% eqrtieg seabhei ser
suitably is greahgenthan. tdne tea BB of dF)aellcak By gRSat @S papeni ng (11 0)
of the gas outlet conduit IOQ%) The di aneter of the vortex stabiliser

(111) shoul d be SSRAFFLRH epPYOT AP PP RAGPEST b8 W tie*Peri net er of
t he vortex stabiikpseta3b ‘ﬁﬂad: tshehwal sepdrdthent ghul be hotinmegd whi gh annul us

efficient manner making use of such coupled primary and

35 secondary cyclones of the apparatus according to the



WO 00/50538 - 15 PCIT/EPOO/ 01467 permts catalysts to fl ow downwards whil e
si mul t aneousl y passing stripping gas in an upwards direction. Preferably
the diameter of the vortex stabiliser (111) is between 40 papgefiafaf the
di aneter (dHOUFPhe tubul ar vessel (101). 5 The vortex stabiliser (111) i
preferably positioned at a distance (d4)” Below the gas inlet opening (110)
of gas outlet conduit (109), wherein (d4) is between 2 and 5 tines the

di aneter (d2) ofnvéetiembung inepssti¢uly) acPegdyngt BX Bhealivo ser (111) is

preferably providede 1fed Wridelinghtd & VIdeXpkbndgte (ddHe. Anyortex finder
(112) is a vertical positioned rod having a | ength of about bétween 0.25 to

1 times the di afBtetYFenolordst HBighsaihit&t S58AREAGSEfihe hjye &at bet
condui t (109). Aepaiiedd erundiceXashadttdaer fokldkample VIOF kingabikki ser rod
(112) 15 Ef;:re for exanpl e described in the agliov mentioned US- A-9955220. The
vortex fihder r8d fig%rw 30 EabPyC & AOHEOWSEaPe FRARat g PX a fluid
connecti on of thepspartey alieveecpbheavbsn esmdlilrderi(tdrs end dhasgpace bel ow
the vortex finder 1 The Low, v L fi r.rod 20 w al | qw_upwar ds
novi ng gas to pgrslg?g%h})'e?se Scaetgﬁgﬁgi F\b%%gﬁ}tla%gﬁi lslf)nbn e%eecEJtécoﬁrPﬁgc\:/ortex
present in the pEreany. Srcltdiee rege2yratar stidepprhglyonerqrtG¥Nea Wibidi zed
bed (113) is presgedtcd paish cokal yodm AR $ihiPRed iémﬁg{l%h%f? hydrocar bon
deposits by supplying stripping gas via stripping gas supply nmeans (114).
Strippi ¥ gas i $°SBREEDISL STEEPNTRRE SR iRFFItAG L 260 e silideal§By have nore
than one strippkRguldsns U ¥ oreansitoaaittlalrea88Rs dasd AN @ rakewe each

ther. The strippi i ngl ud 0 hase, in which th tal yst
are kept in o QBREBOF TG S AERC ot by’ dhe SAETBR oL REPQ I ng gae. and a

di l ute phase | otatkinadhoviexrdffegrattépsehehisest Phrefbovadasnbdidimsaenathe two
phases is forne pdized I h it s(1L6)
stripped cat al ygtegéfgégiqi%nsapg%egyﬁ'})s%dl(]:?g% écf‘és?gggg%%gr}’g‘?éﬁd not shown).
WO 001 50538 - 1{ POV IoR7 ofheha tdyawiadszone (103) may suitably

contain internals tp;gphance higrshtd Pl N eir8BsYse Y €fgnabl y the
hei ght of the strippihng bed, being the distance between the | owest

positioned stri PPRAGNEASIYUMA ¢ AR SPUHHES K¥Cf-POF IRRRRFEF FBveR (115)

is at |east 3 tirgesréhetsyefagaeqdratbéeradforddiggstbi ppray @t r2@3). The

superfici al stea%vgl ocity %b ht he fluidized bed is preferably between 0.05
and 1 m's, and MBP&PFEFerd Irlyebéf’\‘/’\%% “U'"1 and 0.7 m's. Preferably between
3 and 9 k¢ 10 steanfFpeurd oh idilustratenprecdtCal ysbckorsupipddledampriihéng

stripping zone ({Q3) JP&E)@?%&%%% conduid #£199) p%éfé&z{d Wl GORAREL i ON
wi th one or nore, pr%?era y 2- seg%ndary gas-sol I ds cyclones (only one
secondary cycl o®é Shewnr¢sent gawensies. 15 (117)) via conduit (118) and

optionally one or npg wpddesr-scandykt safd L )a-pp'Efiﬁtﬁgtét&c\’&Edi\Ng €¢h kgerenoved
fromthe vapours in the secon ar\éﬁ:écl one e tranpsport tQ the

d Il b
stripping zone CEESPAVPEELRISY © }r.“e%e"v%clté‘ﬁnéﬁvﬁ?’djr ar St8pours are
di schargetl via cepdubtiéd24)d fsarripPihgrihercquieessingan | rcd heaappat at us
shown in Figure 3 all the str.i.ppl s_is discharg . ri pping
zone (Z03) via the %%?‘r’rﬁ?yfclylc uglﬁggfggzé)m ta(Pdpt gqggsggﬁ{)%%ﬁqgﬁzgﬁdg% (109) of
the primary cyclionentiog)hdsicause eheeprdheilynizh ceyelphec (TCERKiand _
stripping zone (1Q3) togethersfonm oRee tabul A beas§! c(tfdle. Al though this
is a preferred enbodi nent of the invention, other enbodi nents can al so be

envi saged, wherein Bafyrattiof vREi&ti¢HAhFGagPParare il Jéduvrast his
openi ng §306) and weeggt® $ h@&presents an apparatus in which the

downstream part of the reactor riser, the primary

separation and secondary cyclones and the stripping zone

are contained within one vessel.



30 advant ages, nanely an inproved separation of solids and gas, are also
achi eved. Exanpl es of such enbodi nents of the invention are illustrated by
Figures 4 argbfwsods® Figure 4 an enbodi ment i s shown wher eiPaTiERGV/d1gsRer part
of the tubular stripping zone (103) protryges a 35 | arger tubul ar vessel
(127) from above. The | ower end of WO 00/ 50538 _ 17 the tubular

stripping zone 103)1L8 ddvdiwid RCT. I QL4687 communi cation with the
interior of vesm—%rﬁj—rn—ﬁesseﬂ—%ﬁw rtronal neans (124) for

suppl yi ng stri ppi ngFsgesim larrepgeésenta miefaraedopmppdieasdelof( £2%) a 5
conduit (126) igpphesens ddHuERgWRLCPAdvedcibhe 84 rimpPimguskeam can be
di scharged. This conduit (126) iS _sui tabllél, in fluid communi cation with the
downst r eam part F8RCFRActbTey i iddr of 1855 L ptdigech cehal Yake RASEE "Eondui t (109)
or (118).sThe |@E:geésbubsl|s&fovmeﬁﬁﬁl:hlﬂs Pf i ddES cohfe ¢S v?ase)condﬁryd |
stripping zone (125') next to _the.primary stripping,zone 25). T i pl eg
of the secondar%c’eg%%f‘)ngﬁi stopt’aePé%‘g%F}f/ ?%dﬂn&i EQEOn%nﬁqbeatE%(?Hrﬁ f’ﬁ?i’he
secondary stri pphagpzomery Kyguoeebsepi ustormtiss sanwapfer atues iftgr t he
separation 15 of.6abalyst, ALl £, Lo R Haseaus. shieamaner ehpogne or

nore primary cyclones, ary cyclones) and the stTipping zone afe
| ocated in a reREiBrryeddeonfadeRgratPes get) dilddeberin namitcche primary

cyclone.;dhe reaghffinYessfn Wi chUuthbessm & Qi ded 8¢ th Jddilgbrand outl et
20 neans to supply the suspension of catalytic particles and vapour and

means to di schar§&sst thpedc&FAMGEY S Ppddr sPREs2ntYRIY3F free of

catal yst partichessidfe(dnleinsaieanagt of supplbulbbewsuspaensiion gb)catal ytic

particles to the riigIeaéy & claor%gni ) 'En H uiaq:rcong C;[_rll erﬁ V\{itﬁt)hft krle 25

downst r eam end 8F "3 78actor ri serIf12s] 4 Fdrd catal yti'c “Efacki ng ( FCC)

process. Such ardoemsiredrhersdspknaiomact orateilyet padL8)clemy abpd positi oned

Wi thin ( Sho""@l/,d%c&’%éd d dohe &rﬁ?&? Ol RS SRk (430 or THEH I(HRIY g%(cl one
e |3 in 30 (13 :

(229) is located” in a reactor vesse 0), I ch cycl one t he
gas-sol i ds stream-8ht 823 Raifgdrti akegPlatd U rFELRFcaF TG 18¥cl one

Ihousi ng. Thehso:fio@ﬁa.am%dicsﬁehaf h@gadot%xaepfdumlray ?Bg%pﬁéAd\goZ\OFQ)(%Sl) 4
ocated at the |l ower..end of the reactor vesse : rt cl eaned gas
stream and part fgfll%% %?I?I?e[%ieﬁg[)éja@e?%si% i éfégfigaeﬂorlfp‘%gr a’gxitlhrough a
vertical gas-outsketion W 0HDH@588pied8(8 PCIMEBOGhOA#G e oitdumbsEl132), which
gas-out | conduyi rQtr | nar. f (13 from
above. T%ée sol i ?Igltes??F?l%%s%ﬁ?lf%gtgh‘éb%aﬁ% @g%égga%i%ggcgos%gq%trg%ﬁeg%gr e
subsequent | y separatretnd e tdhecsnbutye| whlel Segppanrat s is134pvideddescri bed

earlier more thgacang pLif@dLcYehone-and: nene tBan, ope secerdadryegycl one
may be fluidly connected to the reactor riser. For clarity reasons these

cycl ones are noti$RofR. 2Rt GHTRELDT sPRE M d L2dnBR T AR 19PSE NdoFREYSHY t he
open lower end @k a gas inlet opening of a gas outlet conduit (11). The

25 beginning of the gas outlet conduit (11) is suitably
arranged perpendicular relative to the cover (9) and has
the same axis as the axis of tubular housing (4). The
diameter of the gas inlet opening of the gas outlet
conduit (1l1l) is preferably between 0.3 and 0.6 times the

30 diameter of the tubular wall 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 possible embodiment of the present invention a small

35 protrusion is allowed. Preferably such protrusion is



10 the tubul ar housing of the primary cyclone (129) projecting dowwards to
a point below the fluidized bed |level (141) of a main fluidized-bed zone
(135) presenf, g(ps Eﬂe |l ower part of reactor vessel (130). Sié&ipRbbfiefas 1S
supplied to 'R primary and main fl uidized l;_{ed zone by 15 means (137) and
opti-onally by neans (136). Because the t dbdtaf housi ng of the primry
cyclone (129) is smaller than the reactor vessel (130{ only a part of the
stripping gas wi PPatéatethde G-eadtBrovER el I RIGF Pifatlondds t111832). The
Eeggu) ning part Of)pbhﬁn§tcbt mflrbg gaa&dcaﬁzaw bﬁeﬂl&@ﬂl@hglﬁeﬁﬁﬂclzc(\ﬂefﬁ'.o)w\?{)' S’vl sl ijt
1 present in as outl et ndui secon cycl one (134) an
the secondary cy® oﬁagg%%c T et %(6159)5 gf%%f déléﬁa?é%(éd}/‘? n”ée%é‘r’rﬂiary
cycl one (139) areometnicedidro with masacsbdappiges-soiedé 18&pavd wodi(l2eg
(190). Theg prlrrar C e 9 equi ppe ith a
vort ex stanl i ser}4 ﬁi yl%’fgp C% lﬁ' )OP%B%%I%& \%%lpl nalggr 9% %pwqfh\gor
preferred ratio @ﬁamttfandeiﬁzormeIalsadés'ewi)bcﬁlem@@emelﬁhemem)ddimmmeof

Figure 5 can advapt aggoyst o beLRihaiaRgdsbya fa &l (€ 20did i catéqn pf the
primary cyclone 30 of an existi ng FCC reactor vessel. An exanple of such a

known FCC react offof@aRifatony 88 FASt M- Igt0CANGRAD O TEL) Bdamitees of FOC

processes in whi @Blmheya@pcarc&wswaccqrhdi @gccsﬁtQﬂyn\e@ptaE@aoﬁaméqe sHwinabl y
used are descr.i b?gg' Plg he afore mentlgned at ent ﬁu |I¥atl ons and
7

00/ 50538 PCTI EPOGFO PP 1§ RoddPyEder FHEER hotopa afyt %“?:rsae(ﬁé‘irﬁé%f
Heavy Petrol eum Esadesonsbedaini elheDa€ooecment itsteidt wenErahceéscishokPet r ol e,

1984 (I SBN 2'710215 wﬁg ZA nté’r?%%stﬂaqciy ds%gaﬁ’%eeé gj:]asb'l%l&? af0P2’ fe [U%ueg SySed
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To a separation apparatus as descri bed i gure a gas-solids suspension

was fed hav¥ing t RYIBPERERPR SRS, §’thé8h| ATANE £1 FREALYHerRATHSI6E t he
prinmary cycl one \wekedssckiiogan fdtat tde WpSafhthsMaardrdZnyashd. 3 m Table 1.
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Exanpl e 1 was repeated e primary cyclone was one of a state
of the ar£0desi gﬁilﬁéﬁgnéjlé) gl ik @Pnéﬁﬁﬁﬁﬁitt%‘ﬁU@NlBFob@Eﬁ@s@ dovnwaed! y

t hrough the roof aqfsctqbg £Y&0NE: LSRG Ihepmlth%otmm@amglgentl ally gas
inlet and the openin t he gas outl et 50 conduit were in the sane

hori zontal pl ane. g ?S?F%ﬁl)f e §RgehPFal 13PGHINGt CAnBE n22 T SYIEIGE t he
cycl one housi ng idmnhhetsame f’mﬂ'lliﬂlfrtaaly plyabene Tl dissttaneeededitveen t he

centre of the targ)qentl al y?__{)nl eDt theeMgest cc%nl %angenj: [N lectl on was
ur

the sanme as in Examp errm
25 arranged inlet openlng (6), which is greater than any

typical values for the state of the art cyclones having a
protruding gas outlet conduit. More preferably the ratio
of this distance (dl) and the diameter (d2) of the
tubular housing (4) is between 0.2 and 3 and most

30 preferably between 0.5 and 1.5. In the illustrated
embodiment the gas inlet opening of the gas outlet
conduit (11) is flush with the cyclone cover (9).

Figure 1 without a riser (1) illustrates an apparatus

according to the invention which can be used in other
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suspension and the dinensions of the secondary cyclone were the sane. The
results arevp(gﬁ\u%aggsed in Table 2. Table 2. Average parti clg1apéso1467
(mcron)76density of suspension (kg/nB)35. 8pgrimary cyclone inlet velocity
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i n-efficiency of the conbi ne rimary and_secondary cycl

ppnpr essur e- drop (pléé:éagaf) 2?%581 r}:ﬁ'é)rnét’l\g%r ‘et q Xfé ngerl ment A was
repeat ed except x-teh;atnetrheoml mary cycl one was the sane state of the art

desi gn however '”p“%\éégﬁ fdLIRRCY.e ¥xaé‘ AL QMG t P@dg%@ldé%“%tﬂg aOf the
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cycl onesl ppnpressenerdeop (HasclalahdSBhe Byarogumarilng tbeangsdl ts from
Exanple 1 with EX ReL t A and Experinment Bwith Ait is apparent that in
bot h situations ]’tnhe sgggr ation efficiency is enhanced of the primary

cycl one. Furt hernor €igheeconmramedesspanapiefeinedl 8mbblinemnoyf athet he
primary cl one S 1238 JSCT 01467 - 21

cycl one g? Exper ?%grtaleg |§8(F0e ucréd by agf%g‘?or nas%gggpér%d to Experi nment
A at a consider a}li-llelsﬁéﬁ’aPFya|ff\lqlrﬁiéﬂééséatﬁlerlé}ssm?laékélﬂ@p(FW)t reasgor

appar at us accor diddgelihg2bNVeshd 8RindSthél datRdtl BrExappi&dn the
conbi ned 5 separation Los efficiency is reduced al nost ten-fold at a nuch

| ower increase iTS§redédte YrRp é(n°(¥8?‘rﬁ3%? etf %o 2BLpar PREMIAEY Exanpl e 2
Exampl e 1 was rep@atoad exegptTﬁdqaiowhlse::pa:hnafcy o0 tbgckoaetet d not have a

dipleg at:its | | st I e t | ar housi ng
consi st egsof a f |e5| 32(71) b£% %g%#lqgs r8a &g:l%g h’?ghsgl%l{he fluidized bed
| evel was kept H@In@\ﬁntcméli/m@@rmealbiihisbr(29Dhe>fpz§hte| preémaxy the fluidized

bed are the sang.aghhe (361 dfordd t%uapbhg%élqnatﬂﬂyecpewaéygo’)cln%@ﬁbeﬁ this
fluidized bed - air was supplied as fluidizing gas he air supplied

to the fluidi zeFPEGCEBAet NS LEREr §BEIE ARY ROXBr LRAP yORY FSSPRNRIEH t he
gas outl et Opemd'}&l@fnet hespridpme eyahebdeed Q&to%@cgilﬂlar%n@yéil?od@ﬁ@@ yas in

Bxanple 20 1. My g conditions and resul o8 axe Argsented,oel gy in Table 4.
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 of 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 conduit (33). Via conduit (33) stripped, or also 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)
combustion. Regenerated catalyst is transported to the

35 upstream part of the reactor riser where it is contacted



Conpar ati ve Experinent C Exanple 2 was repeated except that the gas outl et
conduit protrudes downwardly through the roof of the 25 cycl one housi ng
such t hat th(§ @g 5%t;om of the tangentially gas inlet and thgcppefsleids70f the
gas outl et YORUNN® were in the same horizpptal pl ane and wherein the top of
the-tangentially inlet and the root of the cyclone housing in the same

hori zontal plane. The distance bejween vort é 30 stabl liser and gas inlet
was as in Exanple. @ ETPFarAPY ekPYbFA é(\}ﬁﬁ whke Kt 58 SREERESY OF? ex
stabiliser as |§u@@afmJo® 2f themmdnatntamwndnaemdﬁcs:aabenppes@med bel ow
in Table 4. VIO 00/ 505 ECTI EPOO/014§H7 - %2 T, bI e 4@/@?

2Conpar at i veExperHournst verag% parttl e Pérze m cron ?édens fy of
suspensi on (kg/ nB) e inwacyocyeésswEl i (#6et fuekber t gHQR0(swiss napaar b y

super fi cigal gas 0 r y r

in-effici ency o t%ho%%ygh% D F%%?if%c%gﬁeggggga%%?ﬁ%ﬁggf ?g%?{gﬁ%y of
the0.5 ppn8 ppn&eribitied VGrslsﬁérYl@.rRP ndaftyeyEypiesidrie sder gadr op

(Pascal ) 33003508, Mhan ddeheaskng(ide &fUQ%féf b@béﬁdﬂﬂs MRl10Gel ¥) t @3ypl Ues
above the 0.3 m's aS|IIustrated|n npl e Conpar ati ve Experinent C

it is observed ¥ttt ldgGueoprackid t“i"réhaﬁpﬁ}ﬁf’ﬁ% H”E)&fé’ﬂ HBHED d:l%%owed a
sudden 5 stronghgeeseagon Iprseﬁatastam:ef hirel eneyhadddds vaudden strong
decreas |n separ 4 an 93ff| ci.ency y rved at a substa hi gher

S n
superfl i%al  gasSSTHE tyP it ATt AP appearrraetdus gf)gl‘é“(%rr’r%l {1 PPERLG (()% )50538 -
23 CL A Il M SuPCﬁI’n‘eEI%@ﬁ/ Qb46%e lgadippariattusohdni s epanratdtiggsohed particl es

froma suspensi onugl SUid Rar bl ol 85, A00 0080 YNEEI Bhd NS IRDELBLY,

conprises: (i) a vertl rimary c one vess avin tubu
conpri sing of atluﬁbu?%ﬂhml stséerieh I‘tﬂdé#i“déﬁdmb!%r%?atfgw@émt FaLtY a¥e anged

inlet for recei yinpde rSURPAST @fkaBd 2 cavEE Whi&hheasesohhensipper end
of the t%bul ar wall section, wherein the cover is provi ded with an axi al

circul art openi nG= W hzcﬁdenl ng serves as a gas 10 inlet opening of a gas
outl et conduit; (ii)n anguaek BDaevaeciardaryrgagesotilislaepasaedr (d@BNS Whi ch

are fluidly conngct dW|th he.gas I L he .pL y cl one.
2. Appar at us accor Oﬁ'qgn tcc?ncsltl %f'Lng(il O%ere%rgﬁﬁgy il?\ eet(l%g)ggénp% of the
gas outl et condupper dricanddthe atmmllalmc@O(lél)(lw)b\@S tthe deneer of the

tangentially ar edj Nl gt rapenifg A whenehnst hec Latd@1Qf14,hi s di stance
and the d| anet e;?é‘ﬁ? t he tputhI ar9 hg%lm ng ( )) |ssbetwe€gtn rl012 a%] .
arranged inlet (104) for receiving the suspension of

catalysts and wvapour. This inlet is in fluid
communication with a downstream part of an externally
positioned 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 (109) through 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



20 3. Apparatus according to any one of clains 1-2, wherein the secondary
gas-solid separator neans is a cyclone separator. 4. Apparatus according
any one of clgihBsds 3. Wherein a dipleg is present at the pavenooene of the
tubul ar wall 25 section of the primary cyglsone, which dipleg is fluidly
connected to the tubular wall section by neans of a frusto conical wall
section. 5. Fluidi C ti Kin I i an
appar at us accor di ng&gg %ﬁ%y V\hg(réeipngfhgﬁliig %&Sﬁzﬁ?geaﬁ?gﬁﬁﬁfﬁ% react or
riser is in fluiddasesmunpEationthulpzt heus brgyefidlaliisy 2ar fedrjeideachl et of the
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conprising at its |lower end a stri ang zone provided with neans to supply

a stripping medi¥meCa94+bemde 9 lfl°df 8dPBetPDfORENIAFat 488 tat ™l yst
particl ess nmeansdverdi $omarag«_e ﬁidwlnpﬁlﬁd}?ﬁ:g\hﬁé ys! Thipaiki siesndfaguadshe vessel

and neans to d| char ge h dr.ocar ba strl |n medi pours from
the vessel. 6. es§erg’ accor }‘H‘llatr c&'f:g ép ) gtlhén%g% f}ﬁsest condui t
of the pri mary owlfare o8 »phlmh d=d bant deacnsntpsemamg acoumetzie/e ISt rthepi ng
medi um and stri rding to
claims 1-4 to separ atg Q%?L%%pa@?:}z ggef %éﬁlggtslﬁos%pg%&g%?\ﬁo Cea;b%%wglegs and

gas. 8. Use of aﬁleaﬁpapatB@riacqy‘ort@lengatl@laﬁ?s(m@lGﬁelsaéqéamwmr@-or a

vessel aggordi ng.4,9038Y @1@@ OftLlRkMB2D16 di&ar?- Jlawt@lecaf»@ih yiderCracki ng
process, wherein a qas solids suspension if fed to the primary cycl one
t

havi ng a sol i ds §%n éﬂ?’o‘?fb@ﬁ\é’éﬁm@rg ghalane Iéd"/tr?Ba §ELERHIt us for a
combi ned separ atdcwe and3istri ppl ng of 20 a suspension of catal yst particles

and vapour in a fl U|Tg| zed gata otn'n%c rackl n rocwayC g\@aergew t he appar at us

includes: (i) a vertical primary one Ves pritrary cyclone is
provided with a iteegenipél Iayncarttf@ngedernl BRS 25 f prreferebly mpdehatsaspensi on

of catal yst par tdgiesandovapaul ouhel 861 Yiaus! Q0es hasiddwhiuliar si de

wall and is open dat its |lower end and closed at its upper end by nmeans of a.
cover provided \Mq%raﬁooﬁbwwt%ﬁéﬁéwlﬁﬁbo%ﬁﬂ cetapept nr i uidly

connected to a gasiedhkel a&ummiwgt conbuch ﬁ@rlwauvaaﬁa@ecg@ss dd1l et openi ng
located at the same |evel as tc{1 ninglnth (‘E&a é asrtrl pi ng
zone which zone lsreﬁltoﬁgﬂﬁ ErERHEVERIR LB e;&/ BB GECH t§5 afranged
that in use a flniixtiuzed beters qareepemmaryocxaﬂeﬂxasumhat davnyward or all 35 of
the stripging 9ag JYLAY PG SIIIRPLAY Z00F Ik tdRen the axis of this
conduit and the axis of the tubular housing (101) is
between 89 and 75°. It has also 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 a circular flat plate or cone-shaped disk. The
30 diameter of the vortex stabiliser suitably is greater
than the diameter (d3) of the gas inlet opening (110) of
the gas outlet conduit (109}. The diameter of the vortex
stabiliser (111) should be small enough to provide an
annulus between the perimeter of the vortex stabiliser

35 and the wall of the tubular housing, which annulus
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the primary cyclone; and (iii) one or nore secondary gas-solids separators
which are in fluid connection with the gas outlet conduit rimary
cycl one. 10WOF4P8t us according to claim9, wherein the d’%ﬁﬁ ’@1:%678pen| ng
of the gas outlet conduit is |ocated at alci’l Stance (dl) above the centre of
the tangentially arranged inlet opening and wherein the ratio of this 10

di stance and t heedimafrst eatafyste tulfdloar dovnisdndp (dd)lei sibet pereepElY and 3.

11. Apparatus aceQisdhpgstPi ShP N sOfinChal ﬁ'ﬁwagrd]sodl%%'&%ﬂ t PRe AAS 1 et

openi ng of the gas ouflet conduit is forned pening in the cover of
the primary 15 | Ghamegsr %ﬁﬁ?eat"%tﬁc‘fcﬁ\:%ﬁ?hlglste& a‘ﬁ)}lé)néso?e%ﬂ’%ﬁrfﬁ% 11,
wherein a vortexnst 38kl bgetné Sdawnmﬂededdats dhecHteivhaee betyeen(ids .

primary cyclone and the strjppi.n at accordl 0 any one
bF Gl neSo- 12, D6 RREFETn® HI TSt Ly of e ALY ARASt hEoStd (i ing
zone toget her f(mmtaneet b4 ase Mestle, guheteler igpendeg 4110pfof hgasst ri ppi ng

gas will be disch d h ri ppi o] i r r yclone to
the gas outl et con %I%t 0%8?# g“’cgt r%ﬂg@% é Q& §aslkg%xgeg?gt%%&a5gcor di ng
to any one of cltdimes 9he2digthetest n<0t2he0|§r Fheryuligronesssécobeibr y cycl ones)

and the stripping zepg gherdPCA LA 1i1Red [RLL Ofs \bex%%@ramy'ﬁgo@la ger
di ameter than the primary cycl one, wherein the reactor vessel 1Is

provi dedfi t h megi¥shes yebbw T e30 LdneBEnsl b ot FREARH ﬁénﬁ%ﬁtﬂc%s and
vapour and nmeansid @ desehasgepsdIiiRpRd eatiahysingnd 1\eapeHr sregsant i al |y

free of catalyst particle S. e of ar at us cord to any one of
clains 9-19 in STVEEE Batdl é?ilc c*kFﬁ@ §f%&eef§sr (‘%903(%4 AFRS A& L. AL
. A& . Ae. A&(L . ALinlA@&opAASnd of .tAsd gak ButBst .AgAluit (109). A suitable
vortex stabiliser (11l1l) and vortex stabiliser rod (112)
15 are for example described in the above mentioned
US-A~4455220. The vortex finder rod (112) may suitably be
a hollow tube resulting in a 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
primary cyclone (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 fluidized bed
level (115). Through conduit (116) stripped catalyst are

35 transported to a catalyst regenerator (not shown).
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cyclones (only one secondary cyclone shown in figure 3 as
15 (117)) wvia conduit (118) and optionally 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 dipleg (118). The cleaned

hydrocarbon vapours are discharged via conduit (120) for
20 further processing.

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

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, are also achieved. Examples of such embodiments of
the 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 (127) from above. The lower end of
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Figure 5 illustrates an apparatus for the separation

15 of catalyst particles from a gaseous stream wherein one

or more 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 of 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

of a reactor riser (128) may be positioned within (as

shown) or outside the reactor vessel (130).

The primary

cyclone (129) is located in a reactor vessel (130), in

30 which cyclone (129) the gas-solids stream enters

tangentially into a vertical tubular cyclone housing. The

solids are discharged to a primary stripping zone (131)

located at the lower end of the reactor vessel (130). A

partly cleaned gas stream and part of the stripping gas

35 is discharged upwards through a vertical gas-outlet
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supplled to the primary and main fluidized bed zone by

15 means (137) and optiocnally by means (136). Because the
tubular housing of 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 (138). 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 equipped with a vortex
stabiliser (111) and a tube (121) as shown in Figure 3.
The preferred ratio of dl and d2 are as described above,

The embodiment of Figure 5 can advantageously be
obtained by a simple modification of the primary cyclone

30 of an existing FCC reactor vessel. An example of such a
known FCC reactor vessel 1is described in the
WO-A-9742275.

Examples of FCC processes in which the apparatus
according the invention can be suitably used are

35 described in the afore mentioned patent publications and
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10\2!10%&T() {\IiéteASEﬂATable 1. The dimensions of the primary cyclone

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

Table 1.

average particle size {(micron) 76
density of suspensicn (kg/m3) 5.8
primary cyclone inlet velocity (m/s) 10
separation in-efficiency of the primary 0.04%
cyclone

separation in-efficiency of the combined

primary and secondary cyclones 0.4 ppm

pressure-drop (Pascal) 2500

Comparative Experiment A

15 Example 1 was repeated except that the primary
cyclone was one of a state of the art design having a gas
outlet conduit which protrudes downwardly through the
roof of the cyclone housing. The bottom of the
tangentially gas inlet and the opening of the gas outlet

20 conduit were in the same horizontal plane. The top of 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 frusto conical

wall section was the same as in Example 1. Furthermore
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the inlet velocity, the composition of the suspension and

the dimensions of the secondary cyclone were the same.

The results are presented in Table 2.

Table 2.
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 0.°%
separation in~efficiency of 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.
Average particle size (micron) 76
density of 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-drop (Pascal) 3500

15

By comparing the results from Example 1 with Experiment 2

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-

efficiency of the primary cyclone and the secondary
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cyclone of Experiment B is reduced by a factor 3 as
compared to Experiment A at a considerable penalty in
increase in pressure drop. With the apparatus according
the invention, as illustrated in Example 1, the combined
5 separation in-efficiency is reduced almost ten-fold at a
much lower increase in pressure drop when compared to
Experiment A.
Example 2
Example 1 was repeated except that the primary

10 cyclone did 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 solids

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
Table 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 ocutlet 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 plane. The distance between vortex

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

presented below in Table 4.
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Table 4

Example 2 | Comparative

Experiment C

Average particle size (micron) 76 76
density of suspension (kg/m3) 4 4
primary cyclone inlet velocity 20 20
(m/s)

upwardly superficial gas velocity | 0.3 0.3

in primary cyclone (m/s)

separation in-efficiency of the 0.02% 0.2%

primary cyclone

separation in-efficiency of the 0.5 ppm 3 ppm
combined primary and secondary

cyclones

pressure-drop (Pascal) 3300 3500

When increasing the superficial gas velocity to values
above 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 of Experiment C showed a sudden

5 strong decrease in separation efficiency. This sudden
strong decrease in separation efficiency was only
observed at a substantial higher superficial gas velocity

with the apparatus of Example 2,
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CLAIMS

1. Apparatus for separating solid particles from a
suspension of solid particles and gas, wherein the
apparatus comprises:
(i) a vertical primary cyclone vessel having a tubular
5 housing comprising of a tubular wall section provided
with a tangentially arranged inlet for receiving the
suspension, and a cover which closes the upper end of the
tubular wall section, wherein the cover is provided with
an axial circular opening which opening serves as a gas

10 inlet opening of a gas outlet conduit;

(ii) one or more secondary gas-solids separator means
which are fluidly connected with the gas outlet conduit
of the primary cyclone.

2. Apparatus according to claim 1, wherein the gas inlet

15 opering of the gas outlet conduit is located at a
distance (dl) above the center of the tangentially
arranged inlet opening and wherein the ratio of this
distance and the diameter of the tubular housing {(d2) is
between 0.2 and 3.

20 3. Apparatus according to any one of claims 1-2, wherein
the secondary gas-solid separator means is a cyclone
separator.

4. Apparatus according any one of claims 1-3, wherein a
dipleg is present at the lower end of the tubular wall

25 section of the primary cyclone, which dipleg is fluidly
connected to the tubular wall section by means of a
frusto conical wall section.

5. Fluidized catalytic cracking reactor vessel
comprising an apparatus according to claim 4, wherein the

30 downstream end of a reactor riser is in fluid

communication with the tangentially arranged inlet of the
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@6:0%ye&se) -acq@riwp! go(Flaim 5, wherein the gas outlet
conduit of the primary cyclone is provided with an
opening to receive stripping medium and stripped
hydrocarbons.

7. Use of an apparatus according to claims 1-4 to
separate solid particles from a suspension of particles
and gas.

8. Use of an apparatus according to any one of

claims 1-4 or a vessel according to any one of claims 5-6

in a fluid catalytic cracking process, wherein a gas

solids suspension if fed to the primary cyclone having a

solids content of between 0.5 and 15 kg/m3.

9. Apparatus for a combined separation and stripping of
a suspension of catalyst particles and vapour in a
fluidized catalytic cracking process, wherein the
apparatus includes:

(i) a vertical primary cyclone vessel, which primary
cyclone is provided with a tangentially arranged inlet
for receiving the suspension of catalyst particles and
vapour, which primary cyclone has a tubular side wall and
is open at its lower end and closed at its upper end by
means of a cover provided with an opening, wherein the
outlet opening is fluidly connected to a gas outlet
conduit, which conduit has a gas inlet opening located at
the same level as the opening in the cover;

(ii) a stripping zone which zone is provided with means
to supply stripping gas, so arranged that in use a
fluidized bed is present, located such that part or all

of the stripping gas leaving the stripping zone in an
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10 distance and the diameter of the tubular housing (d2) is
between 0.2 and 3.

11. Apparatus according to any one of claims 9-10,
wherein the gas inlet opening of the gas outlet conduit
is formed by the opening in the cover of the primary

15 cyclone.

12. Apparatus according to any one of claims 9-11,
wherein a vortex stabiliser is provided at the interface
between the primary cyclone and the stripping zone.

13. Apparatus according to any one of claims 9-12,

20 wherein the primary cyclone vessel and the stripping zone
together form one tubular vessel, wherein in use, all of
the stripping gas will be discharged from the stripping
zone via the primary cyclone to the gas outlet conduit of
the primary cyclone,.

25 14. Apparatus according to any one of claims 9-12,
wherein the primary cyclone, secondary cyclone(s) and the
stripping zone are located in a reactor vessel having a
larger diameter than the primary cyclone, wherein the
reactor vessel is also provided with means to supply the

30 suspension of catalytic particles and vapour and means to
discharge stripped catalyst and vapours essentially free
of catalyst particles.

15. Use of an apparatus according to any one of

claims 9-14 in a fluid catalytic cracking process.



