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i nventi O'\Nb%z}&gsg‘ft ed to a cyclone separator provided w tpcfl 844 for
receiving gas and solid particles, a gas outlet at its' uppér end and a

l'ower tubular part. The invention is espektially directed to 5 such a
cyclone separator as part of a fluid catalytic cracking (FCC) reactor
Wwherein the cyclone separator is fluidly connected to the downstream
part of an elongated reactor riserYGONEMVEERPARATOR gas i s cracked

hydr ocarbon vapours and the solids are cracking catalyst particles. 10
An FCC reactor, provided with a riser and a cyclone separator as above,

is disclosed in UShe 5033} A.onThis ditddiaati®ne desel bhes sapagkengat ed
vertical reactor vessel conprising the downstream part of a reactor
riser. The r@F&Ced serth €5 1Yy LOnN&RISH 189 oBeSoA RoEe11g primary

© cycl ones, whi ¢ Are jidy t W R conactad 40 QN Goe FOLRISERANGANY,,LYCI Ones
each. The cleaned gas .obtai'ned in the secondary cyclone is discharged at
t he upper endtofoultare pegdct dheyeigseant e i iespycandlyedongatygdcyel ones
di scharge the arat ed \FCC cat al ryic eLow. 20 _in .dense
flui diaEr’zed bed S?/ll%%l tahg&clxogs%pésca:e[p%v%aséﬁlg%e%5%IetsAést?u#g}%ét FSEE‘nglEt«gam
is added i n orderckimgst(FiQr) adsartred vared/ecoim erthie acpetliohgdseparhans, iwhi ch

are present in the catalyst flaow At the |lower end of this _strippin
Sone st pped E Lt Hotntinad M Wi R b thanos BBelRdung
transported t @caciepandise egenead i asselgas | st beaErgaNByakoka¥BSSe!
coke is renoved by neans of conbustion fromthe catal in order to

st :
provide a r e JEREVASe @ Catt &ty SO A &F%&F%‘%%s‘éﬂtFiYFFePEEEéFéPS .
ri ser.g WO 02/ 085524 FBcOCL 22007, provided with a riser and a cyclone

separator as above, is disclosed in US-A-5039397. This
‘publication describes an elongated vertical reactor
vessel comprising the downstream part of éxreactor riser.
; The reacto£ riser is fluidly connected to gne or more
15 . primary cyclones, which are in turn cohnected to one or
more secondary cyclones each. The cleaned gas obtained in
the secondary cyclone is discharged at the upper end of
the reactor vessel. The primary and secondary cyclones
discharge the separated FCC catalyst particles to below
20 into a dense fluidized bed via their respective diplegs.

"As fluidization gas steam is added in order to strip

R

adsorbed and/or entrained hydrocarbons, which are present'
in the catalyst flow. At the lower end of this stripping
 zone stripped catalyst particles. are discharged from the
25 vessel and transported to a separate regenerator vessel.
. In the regenerator vessel coke is removed by means of
combustion from the catalyst in oxrder to provide a
regenerated catalyst, which can be reused in the reactor

riser.



PCT/ EPO2/ 04144 A di sadvant age of the above-descri bed process i@ W200 t he
stripping efficiency of existing units is often too |ow The 0 %he
present i NV@A¥IHA2Ts to provide a 5 cyclone separator whi cRCHERIYMYT ¢ s
in. an inproved stripping efficiency. ThisZaimis achieved with the
foll owi ng cycl one separator. Cyclone separator provided with an inlet

for receiving gaspafdssakizéhtRafel icH ahe algRse-0gtbetiBed bgoltsippey wEnt
and a |ower tubular part, wherein the |lower tubular part is provided

with a closed FRReftepgPing: efdh ciiiiceh & oueS T d08r BAESa 1sulsdttat it y
vertical partighg wthdrawal conduit extends froma position below the

closed I ower end to a position in the tubular part and 15 below the inlet
for receiving gas &hd séhi dfpahe gdresentsainivertionJisbépngrevideded with

openings to wthdraw_ solid _particl.es fromthe | pne_separator and
mherei% sai d %%%%BP? %Sgagagﬁﬁ]ﬂ%Fi:r5§§%§%%?$g%§|9%r%§ ?ﬁ%ﬁtiﬁﬁﬁ | ower
tubul ar part, gtheippyndebifdingencspace bet ween 20 conduit and inner wal l

of the lower tubulgr, part, wherein in the |ower of sai d space hain
means to add a prfﬁﬁgyéFWuFSifl G 6%ﬁﬁﬁ%%éﬁ%?éggLiQW%BBIF@Eﬁ?nﬁound
that the cycl osepaggebdi Nyt ohle sdaveHd0hEani @8hangent ke avardl Iror
stripping efficiency, 25 mgen used in a fluid catalytic cracking unit and

when the flui FOFRGYHBE ESad8ed S8 ich@ATdWetl @hd Bf IR ReCBYeEbnet s
- stripppng ”Engg%e£oén8XQHB|§ §B%%@'tﬁﬂq?§r pdvant age-L$nt hak ﬁ?&%ﬁ

existing FCC r tors provided wth cyclone separators can easi e
modi fi ed i nto tweuBdrrpactolisaprovdideg Wi ttther | avesed ohowArf gnthetthrough

advantage 1is t rat| t he ane, i, d i t i ds
di schar ge condﬁ?fégnnggggfﬁ%#ggsg%dbgdsﬁs%%éss f%%%%nggﬁ?ﬁ%?ltﬁgrfygle
pressure outsivletihdeawyt| onadsépakatends Ifraord ressithesepadati ahe

effi ciency of . 188X ABRLE: <33 Le P A, AT SE! 208 101 p13Y 19,4 P s

15 below the inlet for receiving gas and solid particles,
said co” :i% being provided with openings to withdraw
solid pa;ticlesrfrom the cyclone separator and wherein
sald conduit has a smaller cross—sectional.area than the
lower tubular part, théreby defining a space between

20 conduit and inner wall of the lower tubular part, wherein
in the lower part of said space main means to add a
primary fluidizing medium are preéént.

Applicant found that the cyclone according to the

invention can enhance the overall stripping efficiency

25 when used in a fluid catalytic cracking unit and when the
fluidizing medium added to the lower end of the cyclone
is a stripping medium, for example steam. A next
advantage is fhat many existing FCC reactors provided
with cyclone separators can easily be modified into the

30 reactor according to the inventioh. A further advantage
is that the operation of the cyclone provided with the
solids discharge conduit and its fluidised bed is less
dependent of the pressure outside the cyclone separator.
In contrast the separation efficiency of, for example,

35 the prior art FCC cyclone, not having this specific lowerx



WD 02/ 085527 180CT 2005 PCT/ EP02/ 04144 tubul ar end, is |an
pressure {lgie L dabkons - in the FCC reactor vessel. AppllcanE%T§§%b&ﬁ4
found that e separation efficiency of a_separation systen1conpr|5|ng
sai d cyclone and secondary separation neané 5 for exanple a secondary
cyclone, is not significantly negatively affected when conpared to a
.separ ation systepilzonprdsi ig anstlaeacet ble taet prasmrse ahbchoonieny
cyclone. In us f d I .

preferably anhﬁ?atgggﬁggekgggkégnv ge?;tgp 31% dﬁ%&gﬁ&ggd%ad? é%%t
t he i nner wal | tlod $eparabmbaremﬁﬁtleﬁhg béda|sepaﬂntmdnesjétemization

node by neans of rlna fIU|d|zag|on g g supplled to the | owerend of the
dense fl uidi SEd" | A3 IRy BTG ERGr §RTORER MEPAEE FIW diS2RF on

zone via the ommléwn;piesgngebenaa@y @9E:tLb§31|et? Wi hdrravel greomntibd 1 y

" Preferably one or npre openings .are present in the upper end of the
catal yst ~ wi t HtR%Atel vebndef £ecbart abﬁp EREPEEFEr Tha@ ﬁeﬁa@twtsm@m
wi t hdrawal co 1S5.0peq. feUBPEEHADSL+2 Q&g ned Qpeigs, in the
conduit define tﬁ%:nafﬁﬁunlsg u?dlsed bed I eve : P eferably one oOr nore
openi ngs are a&wolqresent in the Iomer hal f of t he partlcle wi t hdr awa
condui't through n . i a d 1 th IS
25 especially preferred§W% ?%3 % #%% %gg |nlﬁgg %f@@ bd1§QN%art
of thbocyclomymﬂﬁﬁmﬁhmyaasmuianctBpaseabeaweehrmmm|qau£Meﬂ:mmﬁhnrawal

exanple'in"a FECC f| ura ._In olids wll_.then

di schar ged thréﬂﬂi H%% %%ﬁe?nBSEiWFéﬂaaf ﬁﬁﬁ?ﬁ&@ o1y 5B£%iﬁa“§t §
upper 30 end afs tdep i trhds apalii €0BEYE bnWnbliet BONmeahy s:efr\;tm@fary

wi t hdrawal opening in case of blockage of the sicondary openi.ngs by for

exanpl e coke dridebriatiom 9RPsSHBRAERD RBr BREodANMEF- ERG &t Hntdritse
bet ween stri pgiing dHUMEAND Solids may be withdrawn from this

15 fluidization zone via the openings present in the

y the

particle withdrawal conduit. Preferably one or more
openings are present in the upper end of the catalyst
withdrawal conduit. Suitably the upper end of the
particle withdrawal conduit is open. The upper most
20 pos1tloned openings in the conduit deflne the maximum
fluidised bed level. |
Preferably one or more openings are &lso present in
the lower half of the particle withdrawal conduit through
which solids can be discharged from the cyclone. This is
25 - especially preferred When the fluidised bed in the lower
tubular part of the cyclone separator also functions as a
stripping zone, as for example “ih 'a FCC configuration. In
normalyuse most solids will then be discharged through
these lower'positioned openings. The opening at the'upper
30 end of the withdraWal conduit will then only serve -as
~withdrawal opening in case of blockage of the secondary
openings by for eXample,coke or debris. In this manner
more counter-current contact between stripping medium and
catalyst takes place in the fluidised bed zone, which is

35 -advantageous for the stripping efficiency. More



catal yst takes place in the fluidised bed zone, which is 35 adV8®C3id8Bus
for the i B efficiency. More 18 OCT 2005 WD 02/0855
N issg © it

PCT/ EPO2/ preferably a row of such openings at t e S/ 04144

el evation are present in the |ower half of" the conduit. Even nore
preferably two or nore of such rows are present above each other,
wherein, in usehesabspl Bdrpar pifcashwiopers fdsovett Hiltighemdeclovekion

openi ngs whi | r e. r i i,S. ve d S is
bal anced. ' The e Srehr iy AR, 1B0EY SR 03T e SHEETT BRE S e
of rectangul araesrgbed dpenbngmpreherfeismdhe @l orngest qorsselet abotbe

openi ng extends wards. O her possible shapes of 10 the openjngs are,
P oot o et G Ak o NBEEeRaptl. DBy AR R i T O O Ser Bhe
hol es v th ci rciartiepdsgh theseoRpenpas idgs siitablyhadudhersampper

el evation or above the position of the neans to add the primry

fluidizing mnedRARIZIThILS eAsUFBTERaRNEhISFASTF LS Haraianesdaréhe same
sufficient |y fdgdisedetenb! ewoeasiby cahNbUALHNG QPN ok Ay PheL epled
opening to withdraw solid particles from the |lower tubular part of the
cycl one i's ongamtangelasudesagnedl bpehsnogsontvdie roimiuihe ¢lengihyed side

connecting th I palti i1 dui:t ,
wherein said ?u%&%%%?*%gﬁo%&%gﬁégl g@gﬁ%l% t ﬂtﬂpe?o%#e%lw%mg%aﬁégnékt o]
add d®Gecondarbhd lapah Zhag aedi uforTekampdehstcantdwdldy, horylzahd ashepadyi t
i sposi ti oned bel aw the positipn of the.,means to add .the prinar

f1ui di zi ng 25 Yé&di TR hRT s8 5?&9P%ﬁ5&§§ﬁors?é°5£§ JBLTT | et o eends
Because the sdHekdaspéel 8§sabeenshitibhy fbhtuitties ethnie! oMevdtreoRr éaary

fluidizing nmeans solid particles wl|l not or “at a very snmal] rate flow
t hrough these 23AMER art¢ aPPSLIthERi $EntHP BERMG £ 87 ddtf Ry et ¥econdary

fluidizing 30 medidim sepanabiely, t Subhete0BRRANG 1EaNdUd Ssdheaf | ow of

solf g particl ee W1, [erease Son L ILIE o frow casi
partic r icile y Y
through the openings. ,

' A preferred opening tb withdraw solid particles from
the lower tubular part of the cyclone is one or more
substantially horizontal conduits fluidly connecting the

20 lower tubular part and the particle withdrawal conduit,
wherein said substantially horizontal conduit is provided
with means to add a secondary fluidizing medium. This
substahtially horizontal conduit is positioned below the
position of the means to add the primary fluidizing

25 medium of the separation cyclone as described above.

- Because the solid particleé are not fully fluidised below
the primary fluidizing means solid particles will not or
at a very small rate flowkthrough these substantially
horizontal conduits: By adding the secondary fluidizing

30 medium separately to the connecting conduits the flow of
solid particles will increase significantly. If for
example FCC catalyst particles are the solid particles -

" the flow rate can be increased to more than 10 times by
adding the secondary fluidizing medium to the connecting

35 conduit. Thus a means for controlling the flow of solid



exanpl e FCC catalyst particles are the solid particles the 1% can
he increa opre than 10 tinmes by adding the secondary({ i Eg
nediun1to§§ﬂé}@%ﬂﬁecting 35 conduit. Thus a neans for contr%)# AN

fl ow of solid WD 02/085527 18 0 C T 2005 PCT/EP02/ 04144 particles from
the fluidised bed present in the lower tubular part of the cyclone is

obt ai ned. Thi spenabt Bss0feomt @ heORlIAldilshel bl Ievesenf saigndl vbdised
bed by neasuring the bed |evel, by for exanple well-known 5 techniques
as pressure neEdiERENPATEL Odi £ther S¥CLogke it G2 1ved hel il oheblandone

adj usting the {4 ounof rHher nsegerdakyhl Widizng fmedi4mis Hhg ggnnecting
~conduits to adjust the bed | evel to the desired height at different
cat al yst circuteaseoningt ebe Redellleveds,i bhed faw ssamnpbt | eell 10kbedn| evel is

advant ageous | | i_C i | he sufficiently, contacted
W th tge f|ui§$%?§35#%%%u%$ EgF%%g&ge%%%Sﬁﬁ%ﬁg?gﬁ% rd%%%ﬁ%r?gﬁidised
bed. Wien apptiedbiioasFCE thel ayelsepar anat ahdidtend | thedi 21og offedhem
is a strippin as nore.efficient stripping. of 15 FCC catalyst .

bar ti cl €5 |5 THICHEH BaHa Fhe-REnBErioN SeLd e T e oS EEako
be fromone tadpidty ohe PBHELhEL poekeakicsifraamioignt oasi &ieearedbe
means to supply stripping gas suitably conprises at |east one gas

i nj ection ringattht &S yasirrpéation rFengs 26 mel beehbmritaydiecatrolled

stripppng gas 1 SdpplyEONGLI £ avhheh k@l baelawennect esh 105 thersi£1gRi ng
supply neans of the main stripping bed at the |lower end of the reactor
vessel , if present borswhf&hieraasf ecatenéadeadittidr Messkluiditingensding
cyclone itselfyq £ %éfﬁﬁ%ﬁhﬂ&kﬁ@n@bwﬂth@ fﬁbﬂfsaé‘a G aUnce A
particle. w thdrawal conduit Is present no or substantially no gas can
enter the cyclapeEl fedmbed oRCC Thelopel sppaimrta Gt orie giihatd bning

pref erably degignsdh 19 SnSULEoR LM LINTLY R A°SE U181 R E R, o
15 FCC catalyst particles is thus achieved. The number of
such connecting conduits can be from one to forty or
more, but preferably from four to sixteen.
The means to supply stripping gas suitably comprises
at least one gas injection ring. This gas injection ring
20 may be connected to a stripping gas supply conduit which
is either connected to the stripping supply means of the
main stripping bed at the lower end of the reactor
vessel, if present, or which transfers the reactor vessel
) wall near the cyclone itself. Preferred stripping»medium
25 is steam. !
Because a particle withdrawal conduit i1s present no
or substantially no gas can enfér;the cyclone from below.
The cyclone in a FCC configuration is preferably designed
to ensure a minimum residence time of the FCC catalyst
30 particles in the dense fluidised bed. Preferably said
minimum. residence time of the catalyst is 5 seconds, more
preferably this residence time is greater than '
10 seconds, most preferably this residence time is more
than 30 seconds. Suitably the residence time will be less
35 than 60 seconds.



30 particles in the dense fluidised bed. Preferably said nih880m005
resi denced of ..the catalyst is 5 seconds, nore preferab] hi s

resi dence“%(?%osf%”greater than 10 seconds., nost preferabl yP¥#F332/04144
residence tine is nore than 30 seconds. Suftably the residencetine will
be less 35 than 60 seconds 18 0 C T 2005 PCT/ EPO2/ 04144 I n order to

avoid that the vortaxcpHesehl idvAM RS athoONpbryekt peaketclionen
contacts and erodes the _upper end of the particle wthdrawal conduit or

enters the opPPBRAFLPNGFe eFfpcialemy B¥oRai @oRBAGEFt and STivsisz dheal
plate may suitgbly,benpr g,%fg&)elt zz'r%trﬁthcl‘@ St r RN EfgndM?.Fte J¥ eefnﬁtr&@ y a

vortex stabiliser I's used_ mnate the vortex before it reaches the
open end of theewbphdrard/lycomdu tuprlTe el tek saiadi Fosdnifmy aconpri se

of a vertex stabjli | at re ed..10 .per ' to. the central_.
verticgl axi s %?r%%§g§?§| %%t%hﬁgggE@H&fggﬁ¥ﬁ%%g$£§%§£5r %ﬁ&eé&ﬁﬁﬁiuﬁ%ﬁd
to said axis @penexgentiong pretfleerabiinect ivasriodxt heahadieutl dis afsecheo

vertical cyclone. The position of the vortex stabiliser. will be between
the upper énd GYTTHBSEE! Bst O T4 51t GRUBF RS an B EhPEPCIBe il ot

for gas and sothdswifnaradRaikiddnemhiitn tihe arértaki 8gabnli@sagcadt the
need for a certain vortex length to achi eve good catal yst separation
can easily det@?PHpPhésehefaet T tsasistiadh bisehePvdEerrra3nglid i ser. The

cycl ong separaﬁ%%éﬁa%qwg £Q he r&reﬁffgl I vept £9p g§i§ulﬁ%a%>é drdb

a FCC process. Invention is especially directed to such a cycl one
separator as prRd af vartkui dicaesl yoid aamrided) RECSH et ebot srigherdisn

telhgncycl one Senay aé;%‘.ehéi%h”kﬁ' %h%o@i’l‘}%tceéji&ﬁ).5P%H&"‘@§Er8§@18ﬁ?r L £0k AN
gated reactor "rirSer arid wherein the gas is crack hydrocar bon
vapours and thersbtaldscacéovrackieg poatidl yost parthel esrt¥restabiliser
o will be between the upper end of the catalyst withdrawal
15 conduit and the cyclone inlet for gas and solids. One
skilled in the art taking into account the need for a
- certain vortex length to achieve good catalyst separation
can easily determine the actual»position of the vortex
stabiliser. |
20 The cyclone separatoi according to the present
invention is suitably used in a FCC process. The
invention is esﬁecially directed to such a cyclone
separator as part of a fluid catalytic cracking (FCC)
reactor wherein the cyclone separator is fluidly
25 | connected to the downstream part of an elbngated reactor
riser and wherein the gas is cracked hydrocarbon vapours
and the solids are cracking Cafél?st pérticles. The
downstream end of the catalyst withdrawal conduit will
then discharge catalyst particles to the lower end of the
30 reactor. The reactor vessel may be suitably provided with
a dense phase fluidised bed of catalyst at the lower end
of the reactor vessel, provided with means to supply
stripping medium as fluidization gas as for example

described in the aforementioned US-A-5038397. Separate or



downstream end of the catal yst withdrawal conduit will then i@@&az@g
cat al yst R@ﬂ% gL%§ to the lower end of the 30 reactor. The re se
may be suita (%3¢ ovi ded with a dense phase fluidised bed JICHEPRGEH At
the lower end of the reactor vessel, previided with neans to supply
stripping nediumas fluidization gas as for exanple described in the

-af orement | One%dﬁﬂ&%ﬁﬁmﬁgﬂﬁ@a%s%l%%/ WP Hhd ST #B0bhe rcC
PCT/ EPO21 04144 additional stri pgl ng vessels may al so be part of the FCC

uni t conprisi Mgitthearict DknacEordrAGCEETt RECOREMT div tihelnvigehioon
find | t t
can find applicat ;g '1’}15%{0“%5% EQQCEQEE @ﬁgﬁnﬁe 3’5 00, ofcgxi sting

FCC reactors. 5 Existi reactors, fied to a reactor
according the I]@ta@iexns |crwém7|mndlmmatsont ahﬂ extarpries e remctorsvessel

conprising cy se ans connect e downstr am
end of§a react%]o ﬁnsiaéeéxﬁ%gggrgf g %ﬁ A éjactnbocg ttajreé q‘r? u%t?%?% |
10 Figures 1-Mocckdihg 1tH®, pie@énaninted?ias, puillishadiably Rotfrise a

Catal ytic Cracki ng Technol o y and eratlon by Josep th Wlson
PonnVel | Publ | SR CoTHEngS L TGP EAT B PanowE 0% ST [y de S8 30, The

illustrated rﬂ%ﬁtdlrys_cﬂﬁ%@ét@@db_@bhtﬁgba@wm%tr%a\m%r&l ot e uppefoend 15
of the reactor riser is placed wwthin the reactor vessel 20 30 for

exanpl e be a HéEcFonttaiareyteonel agugbsEFChEgaich Oy G ackedl bt B2 e t he
FRELES verseicied N FEgREDL) | INERH S0281S O A S e R 1
provi ded MAth‘ﬁﬁhﬂlQﬂQ&@ﬂlepﬁn@raGhengl§e§hQ@i@@M§§ﬁd(QRﬁr&ﬂnO@ chyne
O oo HE R, | U £00 PEebh 19988t onli ) TR gt veer
Oklahoma (US), 1997, pages 31-39. The illustrated
reactors describe both embodiments wherein the upper end
15 of the reactor riser is placed within the reaCtor vessel
or placed outside the reactor vessel. For the present
invention the location of the upper end of the reactor
riser is not essential. ,' 7
The cyclone separator, which is provided with the
20 pre-stripping zone, is a so—dalled rough-cut éyClone or -
primary cyclone, in which the first separation is
performed between catalyst and cracked vapour. Suitable 1
to 4 primary cyclones are fluidly connected to one
) reactor riser. The reactor vessel may be provided with
25 ~«further separation stages, for example secdhdary
cyclones, to further separate catalyst fines from the
cracked vapour. One primary cyéioﬂe may be fluidly
connected to suitably 1 to 4 secondary cyclones. The
design of the primary cyclone can vary. The cyclone may
30 for example be a horizontal cyclone as described in
EP-A-332277 or a conventional vertical cyclone.
If an existing primary cyclone is modified it may:
suitably be modified as described hereafter. An FCC
reactor provided with cyclones having an upper tubular

35 -body, a converging sector connected at its lower side to



to 4 primary cyclones are fluidly connected to one cyclones, to f f(g r.
separate catalyst fines fromthe, further separation stages, fbﬂng | e
secondar yWE¥EB8327ri ser. The reactor vessel may be provi dedPGIERI¥MAtked
vapour. One primary cyclone may be fluidly gannected to suitably | to 4
secondary cycl ones. The design of the primary cycl one can vary. The

| EP- A 332277 i onal i cal Lone, If
o sting pri e y R B RePRolit P o e SUTEHY WA noArFEas Ry PaTt

descri bed her eatd eparBnocECEher eapliely pyow datbuwidh wyct oneshhaviclg sam
upper tubul ar body, a conver gi sector connected at its Jower side tg 1
8 OCT 2005 pcﬁféb%%%amﬁeap%ﬁ@gdpaﬁoa@-nﬁf&ﬁiféﬁmbﬁalf PP ati Rgyt heve the
conver gi ng pardardddpanttet hBetdepbagmdt e tabulras érwehbBuaag! eee;
bottom as descri bed above. The tubul ar %art may have the sane di aneteér

as the>di amet &@f ofhe hexyipparat GEGLanchodyre sattaey ekiwtthgrayalogendpia
catalyst with C k C :al Y ificatilon_af it

exi sting dipl %[gé.ﬂ T%Fe ?%ﬁ%%ﬁsﬁdﬁgf Bt%ﬁg%?gﬁgqﬁt‘ﬂm E.tih%r%gvéa%egg dhj??gr?gy be
subrmerged in the démseléverderddobfetihef cedtedlyast withdimwalr cppingtz omy
or termnate DV ' d.level. .l 0 th -qggri erpin ove the
fluidized bed E%V§$Bﬁ%gg?§ %#e¥§?a8F§S%F§GF§é§'MA ﬁ£%§véfbgg£ggy%gx§%ple
as descri bed the cot pepding PCheappl iteatniom tRCEHERE) €65Q1bebf 1thel. If

conduj t term nates bel owtlﬁe fI.uigised bed | evel _a .%ori ontal .plate.is
oreferdbly prdatnicBaTOht RETBPERERG. SPRY 156 o SRt D SBSRIa Lt
primary CyC|OﬁQsq&@@fétﬂglyo?kbeiﬂé@sﬁﬁthl@Neﬂﬁlﬁél!ﬁoﬁuéiéﬁbYebékween
100 and 600 kg/n2.s as calculated at the cross-sectjonal ~
S described in co-pending PCT application PCT/EP00/06591.
If the conduit terminates below the fluidised bed level a
horizontal plate is preferably present below the opening.
15 The flow of catalyst in such a primary cyclone

accerding to the present invention is suitably between

100 and 600 kg/mz.s as calculated at the cross—Sectional'
area of the catalyst withdrawal conduit.
The invention will be illustrated by making use of
20 Figures 1-5. Figure 1 illustratés the priocr art FCC
reactor vessel. Figure 2 illustrates a detail of a FCC
reactor vessel according to the present invention.
. Figure 3*shows.a preferred embodiment of the inventibn.
_ ~Figure 4 illustrates a FCC process uhit wherein no
25 reactor vessel is used. Figure 5 illustrates the
connecting conduits for control of the bed level in the
tubular part. o
Figure 1 shows the upper part of a fluid catalytic
cracking reactor (1) consisting of the upper part of an
30 elongated reactor riser (2) and reactor vessel (3); The
reactor vessel (3) is provided with a catalyst outlet at
its lower end (not shown), a cracked vapour outlet (4) at
its upper end and a primary vertical cyclone

separator (5). The cyclone separator (5) is provided with



area of the catalyst withdrawal conduit: The invention wll bq};ﬂt{l%&
i1l ustratwe dwsgpki ng use of 20 Figures 1-5. Figure 1 |Ilu§kﬁ%h%§@tﬂg

prior art FCC reactor vessel. Figure 2 illuystrates a detail of a
react or vessel according to the present rnvert i on. Figure 3 shoms
apreferred enbodi mrent of the invention. Figure 4 illustrates a FCC

process unit wheraihenol QB feactecevwingl gieas @nﬁjc&%qﬁys&Sfrbmusheates

t he connectin ndu ontroI of the bed inth
part. Figure fggh ng € pRPECEP T a  HPGiEd éétal ?ccy%fﬁﬂ '%Brgker
reactor (1) caﬂ@1§i$m@ @f éﬂeup€@EYtQEﬁEanp&&t a@)e|Qﬁgﬁ&@ﬁef§@ﬁ§0r

riser (2) and reactor vessel The_reactor vessel (3) rOV|ded W th
a catal yst out?®tt at?) |%%dl%m€%péﬁa (A8¢ - sﬁ@ﬁn?r%¥%ﬁ¥uﬁ¥§#9%%ou? ol et

(4) ats its uppertiend @RdyAaPET IREY xetbbga Conesepard Of £5)asThe
~cyclone separator_ (5) is_provided wt qM2005 0%?321085527 éas

PCTlEP02/0414@Q%#QWNQ9n4watfbtheEéPtrHQegas&%ﬁjqyﬂkﬂgﬁ#omd@mtthéZ is

outlet (7) of ﬁﬂ?vf AELOLeH 12670 %@MQG tttéff'g b baE ing é‘«fgxggoﬁl 8f 88s

upper tubul ar part a conver a di
primary cyclomadEﬁtrxpﬁfdLhydEWCQIbwndedWMﬂch ihamﬁfKQMJtﬂmrb@garmhlch
a gas outlet Landul

it.( . protru outlet andu (1
provided with San opéﬁ%ﬁég%ﬁégs?%rg %%I%I EﬁPlpg)(g E%Q n&lstrlpped
hydr ac@r bons, oMndﬂnﬁl(m@ﬁrpmtfh@ldDyBCOnﬁetmaﬁedquhahgﬁﬁiIhﬂee of
stripping bed (14). The 10 condui 1 is fluidl onnected tp the gas
inlet of secor?d%ﬁ%}j RN greckams | ( g@ﬁo §F9n9§‘ayoﬁé’c(%f§j 'élg)prjo%l ded with
a dipleg (16)pyubiﬁéﬁﬁmiuﬁlgtdlpiég)tl&@lghdlslqﬁgluutxéﬂwnquatWchh

with the gas aqutlet (4). gure 2 shows the reactor of Figure 1 with a
15 nodi fied prisherdy ‘%ﬁéxﬁﬁ%§l%?B%PHeUlﬁPtﬁ & 1%Vt hiul 62 part

(19): The |ower tubugte PArdhdl9)thé reactor of Figure 1 with a

15 modified primary cyclone (18) provided with‘a lower
tubular part_(l9)ﬁ Therlower tubular part (19) is
provided With a élosed lower end (20). Through saia.

~closed lower end (20) an open-ended vertical catalyst
withdrawal conduit (21) extends from a position (22)

20 below the closed lowér_end (20) into the tubulaf part
(19) up to a position (23) below the inlet (6) for
receiving'gas and catalyst. Said conduit (21) has a

~ smaller éross—sectional area than the tubular part (19),
) thereby defining an annular space (24) between conduit

25 (21).and inner wall of the tubular part (18). In the
lower end of this annular space (24) means (25) to add a
stripping medium are present. The gas ring (25) receives
stripping medium via conduit (26). The catalyst

. withdrawal conduit (21) is fufther provided with a

30 plural;ty of vertical slots (27) and an opening (28) at
its upper position (23). Also shown is a vortex finder
consisting of a vortex stabiliser plate (29) and a vortex
stabiliser finder rqd (30).

Figure 3 shows the reactor of Figure 2 except that

35 the primary cyclone (31l) is provided with an elevated



provided with a closed |l ower end (20). Through said closed I %gée@
% bth ar

(20) an o vertical catalyst wthdrawal conduit (2
froma pogﬁ?l oér;kd22§2) 20 below the closed | ower end (20) i nt%%T

part (19) up to a position (23) below the ithl-et (6) for  receiving gas
and catalyst. Said conduit (21) has a snmaller cross-sectional area than

the tubul ar paféoflg)smta%r@@ygkélcswge@nc@ﬁauh@r sgacemﬁ% batoveate s
conduit 25 (21 i nner .wal I~ of the tubular part In the | ower

end of this ank ?aFO§§a<’§@ @ZQOW@?(?}B?V?OtBlealegtr|6§p|f@9f gt Ui v e
resent. The :%oce i a t _
‘FI)'he cat al yst g {r]g\/vg%\lf1 t (213§ gslifg#]te%ggggrg\%} gh Eq‘ % 3 812@(3
plurality of veh@wnatosaoﬁne(@?)haégi’d sepapahiag (EES)LCaEnCM S Su.umier

23 h f d f
G abi | Seet pl 47651 365 Cadca PRrrmr S at ot TRer iR Pbdr VT BE ety MO

shows the reactesfof 3F)gutieh? meqm:tttt1|:xatth85pbbe*cmbnrratfyt(h)ecllmet(3(16) is
provi ded with %m el evated WO 02/ 085527 18 OCT 2005 PCT/ EPOZ%}{(_)L4144}‘§r oof
(32) and a gasi®htFEESLTARE G333 PR Wi tHl P bt rUaBe PERESFE

position abovethevinket rbbk f(O2)r eGLivibhg@satnd ¢atahyst. dVertdne!
cyclones as in Figure 3 have shown to achl eve hlgh separ ation

ef ficiency. Sué:%l)s @?@V@né@eatc@% ati®rigkdtia ﬁageflﬁé?lﬁé[vél’é@nged
el evaggd r00f;{ B} \(\'6? ?%%%%t & tvﬂ?ef’é’isﬁttl?@ 95%138 bR %hl(gG)dlsft%nce

receiving gas and cata s Mor'e preferably the elevated roof
arranged at a (ﬁélkl@aﬁ ﬂh@t éin@@et(edﬂ) @Ha)ov@fthbec’é]np@é tehylet Pﬁieft 8

i atance (41)Sana e eyt Ret 6F (I AT thel uibar 1 cha BeSsoPre ?fg%'abtlﬂ’
t he cycl one |s1:>¢rlew\een0052aadd23 ahik st guiel et abdbydubt Wéér)l fbay and 2.
The gas out| et conduil (39) TRY N "HSi5e 52 P! £Y8 o808l (F2LEOhe
15 ' protru51on may range from no protru51on to about the
vertical level of the inlet (6) for receiving gas and
catalysf. ' ; |
The cyclone separator and the stripping zone do not
necessarily have to be present within the same reactor
20 vessel. Figure 4 is an example of how such an embodiment.
Figure 4 shows an external reactor riser (35)‘in fluid
communication via tangential inlet (36) to the cyclone
according to the present invention (37). This
; cyclone (37) is provided with a gas outlet (38) and a
25 lower tubular part (39). Through the closéd boftom of
tubular part (39) a catalyst withdrawal conduit (40) is
positioned having an open uppef”eﬁd (41) and a row of
rectangular openings (42). Between the wall (43) of lower
tubular part (39) and the upper part (44) of the catalyst
30 withdrawal conduit (40). an' annular Space (45) is present.
At the lower end of this space (45) a gas ring (46) is
present for introducing steam, which keeps per-stripping
zone (47) in a fluidised state. Above condﬁit (40) a

vortex finder (48) is placed.



15 protrusion may range fromno protrusion to about the vertif‘ | aeel
of the i n{yQfokfRlshOr receiving gas and catalyst. The cycl %;er/ égggsor
and the stripping zone do not necessarily have to be present wthin'th

same reactor 20 vessel. Figure 4 is an exahple of how such an embodi ment .
Figure 4 shows an external reactor riser (35) in fluid commnication via
tangential inlet (B ¢atdbestyaleBrargecendidud tt q 4he HyLsedowiyient QN
(37).. This cyclone (371)A i S provided wth a,%gs oytlet (38) and a 25

| ower tubul ar ed‘éff't 55 FRFBEDATERe 18I 8sBE tHottdmPER Y Asthar (pakt (39)
a catal yst w tduhaned 1 €@ndett a(40hibSseBOBEU qRed hawidd Ay open, upper
end (41) and a row of Trectangul ar openings (42). Between the wall (43)
of lower tubudteriRiaked (Be§sahd (Phe-uppet pelov( 280 sPrages autall yisromo

w t hdrawal co i tq u 5hiieSprLesent.. it h ower
end of gt hi s spr}gjf:ge _(Cgl5 a@ﬁ%?g?i Jﬁlgé(ig)%glggg%p%jéggr?t%rﬁ%r r&itor]?tdﬁ%l ucfa"ndg) \é\%eam
whi ch keeps pearlate i pp? hgiszpnes¢r?) tpnavofbuifdiusded zsttdtoe g vier@ondui t

(40) a vortex fi 48) i s _place . 02 52 2005

bot Epods 04 1A R AL 4 %/E%n%i é@%agagé‘%gd3%%57(4&)&%%%89&5&%1661@1 bnd,
whi ch term naties filurthemi protvidepi ntaoneanid9)(52¢ongiost iexgpnaflfe & gas
fluidised bed (50) contained in_a, stripping vessel (51)...Just bel ow and
spaced away from% tie ¥ Y ebT oPPTHE EﬁFal ?stcag‘ia&é’ﬁg éjésé'é}‘?d?ﬁ? (40) a
plate1§52) is quesent (I3pvehdohyhi dhzahi eatgagshtr o daasiHarfY efd nghthe
conduit (40). Stripping vessel (51) is further provided with neans (52),
for exanpl e aYRESUSEFPT t RLuppPIWat r RPPi AgIgas OukLedt £Ptid sCHHrge 10

conduit (53) thyQugdh Whi shoget at Yebnks:idi $60ar aedibgitlhe gaeqeaner at or
(mot shown) and a gasv%ljtlet conduiIEl (%4).% ?hrougl 9)é‘als@eogutlet condui.t

(54) strippi n¢tgaPrad h¥droppeeonydtoedrbbhs FEAFEPERE FESSH NP Messel
(51).

This conduit (54) may be in fluid communication with the
15 gas outlet (38) of the cyclone séparator (37) or with the
downstream end of reactor riser (35).

The gas outlet (35) is fluidly connected to one or
more secondary cyclones (55) (of which only one is
shown) . The dipleg (56) of the secondary cyclone‘(55) is

20 in fluid communication with stripping vessel (51).
’~‘Figure 5 shoWs the tubular part (57) of the cyclone
separator according to the invention. Also shown 1is the
upber part of the particle withdiawal conduit (58)
) provided with an open upper end (59). Two connecting
| 25 conduits (60) are shown for withdrawal of solid particles
from fluidised bed (61). The open-ended conduits (60) are
positioned such that the particle inlet (66) is
pdsitioned below the main means, for example steam ‘
ring (62), for adding the primary fluidised medium. The
30 conduits (60) are further providéd ari outlet (67), which
outlet fluidly connects conduit (60) with particle
withdrawal conduit (58). Conduit (60) is further provided
with & conduit (63) for adding a secondary fluidizing
medium. The flow of the secondary fluidizing medium to

35 conduit (63) can be controlled independently of the flow



This conduit (54) may be in fluid communication with the 15 gﬁﬁ&ﬁtzh@t
(38) of t cyclone separator (37) or with the downstream en redct or
riser (35;».90 B3 outlet (38) is fluidly connected to one RfT/ERgGd144
secondary cycl ones (55) (of which only onel2s- shown). The dipleg (56) of
the secondary cyclone (55) is 20 in fluid conmunication with stripping

vessel (51). iy gurep Shows éhe tahul %%dpﬁé%e(lw()ﬂqf ﬁﬂtf‘efﬁ){f&ﬁ?ggd

separator according to the invention. so shown is the upper part of
the particl e Wechdrtal camnekine{ $8¥egr vyt Hed I@isishiren mFEstxepert end

59). T i its. hown_ f it - lid
particles Cfromirud el ion eyt hnd Sttt dE i R Pature
posi tioned sudi uiftbtzitrive rpadiurel o i odetu{66) 683 apesififiioniezhbey owi ghebed
mai , f I teamr.i 2),. | ddi ng t.h i fluidjsed
Todh Uy The - S6VEImAUT 1 GO HEASA (P EBRby PN SA G I RSNt Er
outlet fluidly¥ieaniedds wandeid (169)owethl pRr bbehe ngi (3w avel d tonsteht

(58). Conduit (60). is further provided wth a conduit (63) for adding a
secondary fl uCGtANGt feldi G2 RN f¥3Wedf the secondary fl ui di zi ng medi um

to 35 conduit (63} G ke GERIH e | Rdependent Ly +9larhs dd e s from
02/ 085527 18 OCT 2005 PCT/ EP02/04144 to steanring (62). The bedl evel

(64) of fluidbsdd el Bl )oahrieoumtasar edl Wishvprasgave meandehems .
Condind  (63) A7CUTT TRty o hodS TEUar Can ks Farmached i Thours
any solids bymgadsimgeadsratfd miainedbedoveacnihetovedd ew sopemidery 59) at
T ferent | SRS SHEAL B 181 S3pady opL L Am U HI el IR (00 s
condui tas 10 ahewve,ghwegresi imdrelpove ddret neanshé osadd dpr misnhydfdwa di zi ng
medi um separate nRans ars REERPN A 8% 2, 5850098 ¥1nidised bed and
15 . more preferably any fluidised bed comprising FCC catalyst
particles. The embodiment of Figure 5 is an example of
such a particle withdrawal means. The invention is
therefore also directéd to a solids withdrawal means
suited to withdraw solid particles in a controlled manner
20 from a fluidised bed of said solid particles. The solids -
withdrawal means comprises a substantially vertical
withdrawal conduit with an open upper end protruding the
fluidised bed from below. The withdrawal conduit is
. provided with one or more substantially hbrizontal
25 coﬁduits fluidly connecting the fluidised bed and the
particle withdrawal conduit, wherein’said substantially
horizontal conduit is provided‘Wifh means to add a
secondary  fluidizing medium. This substantially
horizontal conduit is positioned below the position of
30 the main means to add the primary fluidizing medium to
the fluidised bed. The advantages, function and further
embodiments of the solids withdrawal means are as
described above foi the cyclone separator.
The above fluid catalytic cracking units comprising

35 the cyclone according to the present invention can be



f1uidizing medium in order to control the flow of solids thaguet 2005
openi ngs RigARAREsHN the solids withdrawal conduit, can fi pgragRbhsali on
in any fluidised bed and 15 nore preferably any fluidised bed conprising
FCC catalyst particles. The enbodi nent of 1i§ure 5 is an exanpl e of
such a particle wthdrawal neans. The invention is therefore also
directed to a soltaslwi thdiavab neanstadwictiec tly watdok sav splirdcpabbncl es
in a controlled manner 20 froma fluidised bed of said sqlid particles:.
The solids wikRFaWaFknBahsivBnpPPYEs 34 0sibstantigHisy bperitingalbelow

wi t hdrawal co htomit e rudj hg & i.dy sed_bed
from bel ow. Tﬁgﬂaﬁt drgagglggﬁguggaiépgggggﬁgggﬂ%#%$%éé§Cééz%€%§ s
substanti al | y swriziohtafe@8stonai &adf buedey reshmectdunt s hea¥ | e dasedfbed

and th particle withdrawal .conduit, wherein, sai.d substantial] .
Rori zontal cori LS ooy eaiton th REdNE to T i R doihiihr o YRV B i ng
medi um Thi s substatgal T¥chholbgonkal opaduitt dors Pusddploned el svn} he
position of 30 the maln_neans to add the prinmary fluidizing nediumto
the fluidi sed TP she Bdvanfagss, CP@H@Pﬁ’onlggﬁfurther enbodi ment's of
the solids withdrawal neans are as described above for the cyclone
separator. The above fluid catalytic cracking units conprising 35 the
cycl one according to the present invention can be 18 OCT 2005

PCT/ EPO2/ 04144 suitably enployed to catalytically crack a hydrocarbon

f eedst ock boiling above 370 C to fuels boiling below 370 C. Catal ysts
and operating conditions as well as suitable feedstocks and preferred
products nay be as, for = exanple, described in General Textbook Fluid
Catal ytic Cracking, Technology and Operation, Joseph W WIson, WO

02/ 085527 PennWel |l Publishing Conpany, 1997. 18 OCT 2005



14 CLAIMS 1. Cyclone separator provided with an inlet for receiving gas
and solid particles, a gas outlet at its upper end and a | ower§ QCToahar
part, wherein the lower tubular partqjs_provided with a closed |ower

end, through 5 which cl osed lower end a substantiallyvertical particle

wi t hdrawal conduit extends froma position below the closed |ower end to
a position in the tubular part andcibetaw the inlet for receiving gas and
solid particles, said conduit bei ng—provided with an open upper end and
10 one or nore openings, to withdraw solid particles from the cyclone
separator and wherein the open upper end in the conduit defines the

maxi mum f | ui di sed bed | evel and one or nore openings are present in the
| ower half of the particle wthdrawal conduit through which solids can
be 15 di scharged fromthe cyclone and wherein said conduit has a snaller
cross-sectional area than, the | ower tubular art,-thereby defining a
space betmeeﬂ-coﬁ&ﬁlo%ﬁl%PP%ﬁ@?OLm@¥?vb¢5@hélgbméﬂ tob@Fakopart, wherein

ot he ) oner sRaEdvi Al 54k dSpace) MBI PaFEARSeLO addad: BLLTREY oI Ukdi 21 no

2.0 medium are presen one separator accordrng toclaimI, erein
above the paﬂymﬁreemﬁth@@amalOEgndnubuévurPéxtf|wdarens tb@sdpw@med

spaced away fg&g@ ?%?P€n1§g%§§9 §§3| Liened c98%8W thgeinle f%%rough

recei ving gas an one separator accordlng to any
of clains 2d11MMe¢b®ﬂea pbuenl erg af sopbenkngszaly pEeSenEl|pamhecle

ol ¢ et goni . abpue, b Ty Lol e e e
any one of clalosed-RoweBS0embereia pbelpabhl¢hethethdbamak @amdummdls
provi ded wit ne or gu s%antéal horgzpnt | ¢ nQU|ts fluidly
Connect i ng e TOBuT 4P DATECaRr( REBATLTEI 8 % Char S0ATe BERATFT Siher ei n
sai d substantsaidiychotizonbalngopdovides wpthvidedpehnt hppeanenido sadd a
secqﬂgary f|UIdlzépgmg?glopenlngs, to withdraw solid particles from

the cyclone separator and wherein the open upper end in

the conduit defines the maximum fluidised bed level znd

one or more openings are present in the lower half of the

’partlcle w1thdrawal conduit through Wthh solids can be

15 dlscharged from ‘the cyclone and where1n Sald conduit has
a~smalle: cross-sectional areza than the lower tubular
part;%thereby defining a space between conduit afd inner
wall of the loﬁer tmbuiar,pagt; wherein in the loﬁer parf
of said space main means to add a:primary fluidizing

20 .medium are present. _ :

Z. Cyclone separator according to claim 1, wherein above
the particle withdrawal conduit a vortex finder is
positioned spaged away from said opening and positioned
below the inlet for receiving gas and catalyst.

25 3. ,Cy¢lohe separator aééo#ding to any oﬁe of ‘claims 1-2,
wherein,a'plu;élity of openings are present in.the
éarticle withdiawal:conduit above or at the same level as
‘Tthe means to supply thé primary fluidizing medium.

4, Cyclone separator according to any one of claims 1-2,

30 wherein the particle withdrawal conduit is provided with

one or more substantially horizontal conduits fluidly



and is positioned bel ow the position of the main neans to add {t§eCT 2005
primary fluidizing nmedium 5. Reactor vessel conprising one or nore
cyclone separators according to anyq@ne of clains 1-4, which separators
are fluidly connected to the downstreamof a reactor riser, the reactor
vessel further provided with a gas outlet and; a solid particles outlet.
6. Reactor vessel accordi ng to clainms 5, V\/nerei n-a stripping zone is
present in the |ower, of the vessel of ac IonekggL ara

accordi ng tocﬁﬁs?e&ﬁé-n&f b it ez R%r%eaﬁé‘? L]{tsj_g g%%%%h Brye 2Ll

hydrocarbons cbhemiks Gatealehst fard ihlesdit gaflpivoeatahyhilccerackings
process. 8. Use . of a reactor according to any one of clains Sto 6 to

catal yticall PT@W&@@%MWT@Oﬁq Stcke G da Ry L hBevezang Tegéuiuel s
‘boi l'ing bel ow,37Q & os%tl%%éqd ard,t olige wid hdr ayal o pregns sui he e 5.%95 to

wi t hdraw 20 solld articles in a controlled manner froma f I sed bed
of sdélid pareidd é@a:@rmmasq‘ngfmmstnq@md a primary fluidizing

nmedi um the W@t hera tially al particle
Wi t hdr awal condw t pr ot rugl ng t se%p%e%pfﬂsom b(e:gg\%vgh\%her ein 25
sai d. subst arstenp@lnawqratqaradrq:ﬂmq |‘cc:t earw tcmjfr awal ctairdai L -Aaswancopen

upper end an f1.c dr op ided with
one or nore %u\g%t Pa;e/reoﬂﬁtr)‘rqlzéol V\é[l g&)n%%u stlgl %I&Ocﬁﬁgé%l ng%tﬁ :

fluidised becteaaitca: pnsaetn,ortlteelmmdﬂm: nﬁmmsél ufxmlr*zlnag peansdaddwiha 30

reicl t hdr awal du bstantiall'y horizontal
Condil 1 15 pES GUF U I Hbihe T Bt o SEEOntary F1 ul o 21 n. mech um

€. Reactor vessel accordlng.to claims 5, wherein z
stiipping-zone7is present in the lowexr end of the vessel.
7. Use of a cyclone separator according to any one of
claims 1-4 to éeparate gaseous cracked hydroczarbons from
15 catalyst partlcles in a fluid CQtalytlc crackWHg process.
8. Use of a reactor according to any one of claims 5 to
6 to~catalyt1cally crack a hydrocarbon feedstock boiling
above 370 °C to fuels boiling below 370 °C.
5.  Solid partlcle withdrawzal means sulted to Wlthdraw
20 solid partlcles in a controlled manner from a fluidised
bed of selid particles comprising main means to add a
pmiﬁéry fluidizing medium, the withdrawal means
comprising a substantially vertical partlcle withdrawal
conduit protruding ‘the fluidised bed from below, wherein
25 said substantially vertical particle wvithdrawal conduit
has an ocpen upper end and wherein the particle withdrawal
ccnduit isiprovided with one or more substantially
horizontal cbhduits fiuidiy‘connecting the fluidised bed
at & position below the main fluidizing means and the
30 particle withdﬁawal conduit, wherein said substantially
horizontal conduit is provided with means to add a

secondary.fluidizing medium.





