WO 02/ 085527 PCT/ EP02/ 04144 - 1 CYCLONE SEPARATOR The invention is
directed to a cyclone separator provided with an inlet for receiving gas
and sol i dwopasnsiset es, a gas outlet at its upper end and aPicawmPo2/041wbul ar
part. The invention is especially directed to 5 such a cyclone separator as
part of a fluid catalytic cracking (FCC) reactor wherein the cycl one
separator is fluidly connected to the downstream part of an el ongated

reactor riser and wherein the gasd L@ﬁpﬁ%ﬂ};@%ar bon vapours and the
solids are cracking catalyst particles. 1 n reactor, provided with a

riser and a 'cyclone separator as above, is disclosed in US A-5039397.
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10 An FCC reactor, 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 é\reactor riser.
The reactor riser is fluidly connected to gne or more

15 primary cyclones, which are in turn connected to one oxr
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
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 order to provide a
regenerated catalyst, which can be reused in the reactor

riser.



A di sadvant age of the above-described process is that the stripping
efficiency of existing units is often too |ow The aimof the present

i nvent i orwD92#0855pT ovi de a 5 cycl one separator which use PETHPIT041M4 an

i mproved stripping efficiency. This aimixs -achieved with the follow ng
cyclone separator. Cyclone separator provided with an inlet for receiving
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tubul ar part, wherein ar part 1s provid a cl osed
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particle w thdrawal conduit extends froma position below the closed |ower

end to a posifion in the tubular part and 15 below the inlet for receiving

gas and solid partlihe esim csaitthes g en tbeimgerpriorn ded tw tdropiets ngs t o

wi thdraw solid particl es f r.om t t}le ;P%/cl one_separat.aor annd. wher ei sai d
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t her eby defi nisngidrsipac e ifetaieercy20 conduit and i nner wall of the | ower

tubul ar part, wherei,n _i.n the | ower rt, .of sai ace nain ans to add a
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provided wth cyclone separators can easily be nodified into the 30

reactor accor &Ry led MRS e MEIRAE Mirttther AREST dfyes £idratthiprugh
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its fluidised bed is | ess dependent of the pressure outside the cyclone
separator. | Widostreastl e dddarstiofefial en@Poftidnroelampiie

closed lower end to a position in the tubular part and
15 below the inlet for receiving gas and solid particles,
said conduit being provided with openings to withdraw
solid particles from the cyclone separator and wherein
said conduit has a smaller cross—sectional'area than the
lower tubular part, thereby 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 present.
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 that many existing FCC reactors provided
with cyclone separators can easily be modified into the
30 reactor according to the invention. 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 lower



35 the prior art FCC cyclone, not having this specific | onwer W 02/ 085527
PCT/ EPO2/ 04144 3 tubular end, is influenced by the pressure fluctuations
i n the FOEOreastseT vessel. Applicants further found that PCh&EPSEpARati on
efficiency of a separation system conpriszng said cyclone and secondary
separation nmeans, 5 for exanple a secondary cyclone, is not significantly
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Preferably onesi1dAy e openings are also present in the lower half of the
particle w thdrawal conduit througlh whi ch solids can be discharged from
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fluidization gas supplied to the lower end of the dense
fluidised bed. Solids may be withdrawn from this
15 fluidization zone via the openings present in 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 positioned openings in the conduit define the maximum
fluidised bed level. '

Preferably one or more openings are also 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 in a FCC configuration. In
normal use 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



openi ngs by for exanple coke or debris. In this manner nore
counter-current contact between stripping nmediumand catalyst takes pl ace
in the flwbDdesgd2bed zone, which is 35 advant ageous for tReTSPOY/pEINY
efficiency. More WO 02/ 085527 PCT/ EP02/ 041444 4 preferably a row of such
openings at the same elevation are present in the |ower half of the
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openi ng ext endgsaipwards:, GHeereipyssirbluseshapes ofolli tdertwipelegsibr e, for
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fluidizing medium, such to ensure that the solid
15 particles are sufficiently fluidised to flow easily
through the openings.

A preferred opening to 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
substantially 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 particles are not fully fluidised below
the primary fluidizing means solid particles will not or
at a very small rate flow through 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



hori zontal conduits. By adding the secondary fluidizing 30 nedium
separately to the connecting conduits the flow of solid particles wll

i ncrease wogniogiseantly. 1f for exanple FCC catal yst parti eCexprar/eiishe solid
particles the flowrate can be increased4q nore than 10 times by adding
the secondary fluidizing mediumto the connecting 35 conduit. Thus a means

for controlling the flow of solid W) 02/085527 PCT/ EP02/ 04144 _ - 5
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fluidised bed by measuring the bed level, by for exanple well-known 5
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cyclone, and adjusiding e fHawefvdine bys eandaiandildilizi nehdirdi um to the
connecting conduits to adjust the bed I'evel to the desired hei ght at
di fferent catt@opst aiasc @atdie® St sieagugamende e d ettt rol 1 ed 10 bed
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contacted with the fluidizing nedium before being wi rawn fromthe
fl ui di sed bedsewradarapdllivediizing RFECisyre tond hee pammatestt g adned s dizi ng

mediumis a stri.ppin a re-effjcient T 1 ppi E ]t%q_t st
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itsel f. Prefersppd sl iippianFoedirohorb depastdan and the fluidizing
medium is a stripping gas a more efficient stripping of
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, 1f present, or which transfers the reactor vessel
wall near the cyclone itself. Preferred stripping medium
25 is steam.
Because a particle withdrawal conduit is present no
or substantially no gas can enter 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.



Because a particle withdrawal conduit is present no or substantially no
gas can enter the cyclone frombelow The cyclone in a FCC configuration

i s preferablog/osissi gned to ensure a mnimumresi dence ti mPCofEPD2I@1ICC
catalyst 30 particles in the dense fluidisgd bed. Preferably said m ni num
residence tinme of the catalyst is 5 seconds, nore preferably this

residence tine is greater than 10, ond nost _preferably this residence
time is nore tharﬁé(? rjfdjs.a@}icf:t%}%t 3 rveosﬁt(%é?](?getsi Fwit12he |ess 35
than 60 secondspe AR {6 DBSRAA G EROZ/ & Adontadts landréesddo evei d t hat

the vortex present in an _operational_ vertical cyclone contacts and erodes
the upper endBed fEPLtitdte %?W%&flm% SOty ©F t#RESBE i onal |y

open upper endif A heondpidperd HodWrF igatad i ecdmiust) tably be
present just above said opening. Mdre preferably a vortex stabiliser is
used t& ternihrRtieaHaeldlabe sEbretitah badR PETREYpeh ehdopve t faid
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stabiliser plate arranged 10 perpendicular to the central vertical axis of
the cyclone dmetminaie ehd i vriekek dbBrranded §3eRe s eihe orer esti @ and

extending in the %J{J&g&f Pfcérﬂﬁlg@:sltﬁpébgﬂ%r@éxt%%ﬁﬂééf%a§y0| one. The

position of the vortex stabiliser w et ween the upper end of the
catal yst wit hdrawatidsd cbrlwerzen stabtictonpiatetafoanged and sol i ds.

One illed in the art taki I oggg t ; ee t al t ex
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vertical cyclone. The position of the vortex stabiliser
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 separator according to the present
invention is suitably used in a FCC process. The
invention is especially 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 elongated reactor
riser and wherein the gas is cracked hydrocarbon vapours
and the solids are cracking catalyst particles. 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-5039397. Separate or



separator as part of a fluid catalytic cracking (FCC) reactor wherein the
cycl one separator is fluidly 25 connected to the downstream part of an

el ongat edwp@a083527 ri ser and wherein the gas is cracked hydr@par/bam vapours
and the solids are cracking catalyst particles. The downstreamend of the
?:at al ystdwi ]E hdLawaI conduit will then discharge catalyst particles to the
ower end of the 30 reactor., The reactor, vessel _.nay, be suita rayided
with a densefRdsdoppdi GitddePidd Jrscala Jary a’f‘tlst%@q &t @Ed%ht%f q'%vdnéej
react or vesselnipr @vged sWrid) HRANS 4 SURRIALrEiind R RthaTBdiveNtEDN .
fluidization gas as for exanple described in the aforenentigoned
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stripping vessel. iRy 2lSe beRAr: ft idie FEOGx WY ilng G kit dihe react or
according to the invention.” The invention can _find a_péll ication in new FCC

reactobs o&hbyﬂxmtiiiﬁgcétqcorrﬁﬂc@ﬁsst iy Femae e LB g8itq i g gt or
reactors, i . i f.i . \ i
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i nventi on, _ rise a reactor vessel conprising cyclone
separ at i on meams:ctoruiviss edo e Ny tdws lduvin staRea tleith dfe 3 T eact or

riser. Exanpl f..such_F or. re . i t [ | 1- 16,
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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.
The cyclone separator, which is provided with the
20 pre-stripping zone, is a so-called rough-cut cyclone 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 secondary
cyclones, to further separate catalyst fines from the
cracked vapour. One primary cyclone 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



primary cyclone, in which the first separation is perfornmed between

catal yst and cracked vapour. Suitable 1 to 4 primary cyclones are fluidly
connect edwD®208%27 r eact or riser. The reactor vessel may beCpmpor/agds with 25
further separation stages, for exanple s_ecgon_dary cyclones, to further
separate catalyst fines fromthe cracked vapour. One pri mary cycl one may
be fluidly connected to suitably 1 to 4 secondary ones. The desi gn of
the primary cycldmdsarraramie mﬂ‘\% aﬁ%r%&%’i"@%% part

horizontal cyghengas dﬁsccrﬂeb%plglré %%}vé 332AA A 0 A-tCAnRENtd nasacerti cal
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con]gw tblt er m nat e deiewlihedfduidicced ted vaste ,a fdrordszonilad g ate is
preferably present w t he openj,n The _f.| ow ,of ch a
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100 and 600 kg/aTield Jochdsi i€ Al ialad At dier ames sisgetigmilbed level a

horizontal plate is preferably present below the opening.

15 The flow of catalyst in such a primary cyclone

according 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 illustrates the prior 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 invention.
Figure 4 illustrates a FCC process unit wherein no
25 reactor vessel 1s used. Figure 5 illustrates the
connecting conduits for control of the bed level in the
tubular part.
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 be illustrated
by making use of 20 Figures 1-5. Figure 1 illustrates the prior art FCC

react or vW9IRI0855BT gure 2 illustrates a detail of a FCC reattEm2/odssel
according to the present invention. Figurge 3 shows a preferred enbodi nent
of the invention. Figure 4 illustrates a FCC process unit wherein no 25
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part of a f|U|cdthlaé1ﬁ|W|C‘of Gdk@é:kﬂéhg:trcﬁa%ﬁeﬁ L2 conshstipgl Ohe t Pertpper
part of an 30 elongated reactor riser (2) and reactor vessel (3). The

reactor vesselCYPHiTS RoAHPRGE HHERAIRSTT o) et atonyesIivger end

(not shown), g gorackad affﬁp%rdl%éget 1Y), fhe igSiPPE"cEAToRAd (& pLEmary
vertical cycl one separ ator, 5% cycl one separ ator (5) is provided with
WO 02/ B85527 FCH HFER Wldirh isnl o 6)1 Florthieeiedlyi Wyl gasa agids cat al yst

fromthe outlgieidh) Dfndihe: r RO ot diSRled AaaThacyst oBsrdurd heta)

consi sts of an upper t | ar part (8), a converging part (9) and a d| pI eg
(10). The pri mqm@iﬁﬂ ot BN iapsing t Hed) provi ke Wing aStodpp{ng) gas

through whi Ch gﬁ#éaethﬁ%%%b&gsz) QM UBRS, £AS outd efgopduit (12)

is provided vm eni n r‘ecel’ving strippi ng gas and stri pped
hydr ocar bons, smd”tlur:ttefd cﬁ/ldlrdmrﬁameidrmﬂersmﬂtpm@ Hedi tl4ed Temse stri pping

bed ( The 10 aonduj.t, (12 s, f Uld| nect.ed. otheg nl of
secon%gry cycl ot U(3'.Lq-5)e.l2§eclo£)’nafalruylcl:y%I one r‘;f)& & 1LErov a(lzlsedlaﬁl% glrdl pl eg
(16) and a gasamdrdiry IA)glodd cils)i.s davdidddy oqrn:ﬁme:atlbh iMth the gas

outlet (4). Figur Jéfcgh teage%rﬁ act O{]D@Ier Flégugegas ou@léat %Wd&kﬁig

primary cyclo
is in fluid communication with the gas outlet (4).

Figure 2 shows the reactor of Figure 1 with a

15 modified primary cyclone (18) provided with a lower
tubular part (19). The lower tubular part (19) is
provided with a closed lower end (20). Through said
closed lower end (20) an open-ended vertical catalyst
withdrawal conduit (21) extends from a position (22)

20 below the closed lower_end (20) into the tubular part
(19) up to a position (23) below the inlet (6) for
receiving gas and catalyst. Said conduit (21) has a
smaller cross-sectional area than the tubular part (19),
thereby defining an annular space (24) between conduit

25 (21) and inner wall of the tubular part (19). 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 further provided with a

30 plurality 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 rod (30).

Figure 3 shows the reactor of Figure 2 except that

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



tubul ar part (19). The | ower tubular part (19) is provided wth a closed

| ower end (20). Through said closed |ower end (20) an open-ended verti cal
cat al yst wewaiologisawal conduit (21) extends from a positionPCZAPI2M1bEl ow t he
closed |ower end (20) into the tubular party _(19) up to a position (23)
below the inlet (6) for receiving gas anc]lr catal yst. Said conduit (21) has

a snmaller cross-sectional area than the tub r t ( t hereb
defining an affffar{ ¥pacd ﬁ)g%t%j'eile%o‘ﬁ%‘?ﬁj‘f& ZE&{)Z'l) jla%%hl%%ﬁ FF of
the tubular pare (D 4d 4 NGosi OV ShskvOftidi BnBatNUl @Y mcge&@ﬂx)iﬂ@ans
(25) to add a strlnéi)l ng medium are present. The gas rin [eceives

strippi ng medid@h ARE GRS YS 267er THeR £ R ¥FIR1eS \@ g hiht m&%n%iu@%"%Zl) i's
further providegw th aaéglé)xl'é”@idyﬂk@gﬁaf@“&iér@%fﬁi@ién&ﬁ)s@&g an openi ng

(28) at its upper position (23).  Also shown is a vortex finder consisting
of a vbrtex staisilarss @@t@q@th@v@n@ﬂ sthay |haew 3nreibevabed(30) .

Fi gure 3 shows, { ct f t y cl one
(31) is provi eﬁ\n %23) wl }gv%%:é %%%%%%%é%l E?P,(gEZI%(}Sieljl.fiﬂfljlﬂ?lIE é)gyroof

(32) and a gas?coutﬂ@lemrdm@ai 3B)d th@hy%)totbfi@mspr@f@ral@by tleea position
above the inl etle(vGa?thf&r CE %i)ngls ggf]ﬁfﬁ'(gegaé Q/S\;e?‘;/fééi C@is@%ﬁé%nes as

in Figure 3 have ['eve hi arat.i on I ciency
cycl ones are cludr) acat}:eweselhe ncermate t hé%/ haf/etlasn BHryaiehlTpoir{32yedi t h

respe to the t n of thelnl f eceivin
Mor e %@ef er abllyrﬂteﬁC | Rated T oot ‘%é 2?'?1 g@%éanrce1£ (lét(gfag@glr ca%%ﬁé¥ance
(dl') above thedigntared (34 dfamdieet an@@htmﬂlﬁ}ye anpmngemki@lamlmr‘(GIS

i in the ratio, of. this di nce and the dia (d2)

of “the upper  EbdE B O() - dreTREyd Dt o) DA DABI 0. 5 A 3B most

preferably between 0.5 and 2. The gas outlet conduit (33) may

protrude the elevated roof (32) from above, wherein the

15 protrusion may range from no protrusion to about the
vertical level of the inlet (6) for receiving gas and
catalyst.

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 (392). Through the closed bottom of
tubular part (39) a catalyst withdrawal conduit (40) is
positioned having an open upper end (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 conduit (40) a

vortex finder (48) is placed.



between 0.5 and 2. The gas outlet conduit (33) may protrude the el evated
roof (32) from above, wherein the 15 protrusion may range from no

protrusi owotoe/osdseut the vertical |level of the inlet (6) fPor/EPeveildd ng gas
and catalyst. The cycl one separator and {he_stripping zone do not
necessarily have to be present within the sane reactor 20 vessel. Figure 4

is an exanple of how such _an enpodi nent. Fiqure 4 o] an external reactor
riser (35) in £l uilpe &&ﬁﬁiﬁ%ﬁ%ﬁ?hﬂ%e{%@#ﬁ |(%%H|£‘t%s(?6) FETHETY el one
according to thel,presed ddwenidts (13Y)a mBlS Glgpied FOnd S(4ovided with
a gas outlet (38) and a 25 lower tubular part (39). Thr oudgh_ t he cl osed
bottom of t uSEPELSFAMY (3P 3 atiadirad wathdralcedmddad (40)2 i s

posi ti oned ha\gt&&p@lr@%s‘é@lerﬁfﬁﬂd. (At aRd A 0 QfpadRetANRGMHI BForPPENi NgS
(42). Between the wall” (43) of lower tubular part (fQ) and the upper part
(44) o% the cahsl yowe3dD aiiq irdr &g Eorduiat (UEcChar Enmarguispaddd)(5) is

present. At thigdoweend Eirkéée'r& SRACE, 1AP)F 1219 St h (HQ) #:%m Present

for introducing steam ‘whic eeps per-stripping zone (4 ina fluidised
state. Above c@sduivt gdBriang wdra esorfduider (4Y8) Sterimirsiced. vaaB 02/ 08527

PCTI EP02/ 04144 o -+ A n NS a8 2lpt ischarge Gonduido A, & donpst ream

end, which termnates in*a main stripping zone ('49) consi a

fluidi sed bed x(i5Q), centsaiprdd/ ist = prsitng gEisng avesgel 1Bl )dishhstrdsel ow and
spaced.away from 5.t he r..end.of .t.he catalyst. dischar C it .(;40) a
pl at eP?SZ) iscﬁﬁléiglelr?t (tgoﬁ\ge%}rdwqhuiw 74 iC%rF%glﬁ'iStf gosmo{}%acg}eﬁr ee%ﬁtjIJ eorién%gt he
conduit (40). rSigdmepiatpwegse] Eln) iand wr tdeer qurdetdecbrwiutit nEahs. (52)

(o1 (SXaTPLE 2055 k! e | SUBPI P11 P 98 8 G0t ol st Scher e 10
stripped hydrocarbons leave the stripping vessel (51).
This conduit (54) may be in fluid communication with the
15 gas outlet (38) of the cyclone separator (37) or with the
downstream end of reactor riser (35).

The gas outlet (38) 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 is the
upper part of the particle withdrawal 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
positioned below the main means, for example steam
ring (62), for adding the primary fluidised medium. The

30 conduits (60) are further providéd an outlet (67), which
outlet fluidly connects conduit (60) with particle
withdrawal conduit (58). Conduit (60) is further provided
with a 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



regenerator (not shown) and a gas outlet conduit (54). Through gas outl et
conduit (54) stripping gas and stripped hydrocarbons | eave the stripping
vessel (5&P.02/083%s conduit (54) may be in fluid conmuni caPCarEPd2/04144 he 15
gas outlet (38) of the cyclone separatar {87) or with the downstream end
of reactor riser (35). The gas outlet (38) is fluidly connected to one or

nor e secondar gp;giggﬁgsﬁé (5;?4))6&?]: %I cg gl lL]Lgé(%rée %r)n Oi%om)uld'li[lsﬁ dd' pl eg (56)

of the second cation w stripping
vessel (51). pEhguke)5cshowe tbeastubdl &t thaptrec5h)reoinetlzm reyeinne

separator according to _the invention. Also own | he uppe art of th
particle w thBPAR&S d&rdui BY( §§ﬂu5$&%gd§§‘evﬁﬁﬁwaﬁ oﬂfilr? Eﬁﬁgp d (59? Tvvg
connecting 25rgaRduizti o R@Hiame tshewnduorn W%hdba\&@lff(ifc1mi*dlq/ pergh deas

fromfluidised bed (61). The open-ended conduits 0Si t,i on such
that the partil€Veli fP8t beeBpinsaipgs) f”rlé}ﬁé’élltbépé’wgto&)é ?W : 3&1

exanpl e st eame 1,895 684) pelOr12d¢hRY otARe FALHTR ﬁﬁb@'d@@@ddﬁﬂﬁﬂﬂﬁefgﬁt 30
conduits (60) are further provided an outl et which outlet fluidly

connects condgitalgBf witsugatiios &atgsthdr avval condwt (58). Conduit (60)

is further providgdg with %l%@@gghél(ﬁ nso&o%d%ﬁ%%d%a%@ﬁ@ﬂ@%@ﬁdglﬂﬁ&#ing
medi um The flow of the secon dizing nediumto 35 conduit (63) can

be control | edai fdepenident Ib)edofchtrlwgﬁll ewsSehigy vesberapel cpomgd e - 12
to steamring (82). JAe had hevel, ¢§d) fanfs' L&' a%l%ﬂ ﬁ%ﬂﬁlﬁllﬁmﬁ%g

measur ed with pressure neasurement points (65). By adj usting the flow of
t he secondarymeﬂhundlsapragar’uedmmntsoaaf@nmetse(n&)toaaﬁsﬁfa degaridaty gh bed 5

| evel can be r__%glgn&led Wit o%t %%”yf‘)?fere’-’dtscob)é sL%lng;htehef JJ ydiged hed

via the overfl n cat al yst CII‘C ation rates.
through openings present in the solids withdrawal

conduit, can find application in any fluidised 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 directed 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 horizontal
25 conduits fluidly connecting the fluidised bed and the
particle withdrawal conduit, wherein said substantially
horizontal conduit is provided with 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 for the cyclone separator.
The above fluid catalytic cracking units comprising

35 the cyclone according to the present invention can be



A solids withdrawal neans for withdrawing solids from a fluidised bed
through a solids wthdrawal conduit as 10 above, wherein bel ow the neans to
add pri mewg oklog§sdi zi ng nedi um separ ate means are present PCO/ERd2io444
secondary fluidizing nmedium in order to;gontrol the flow of solids

t hrough openings present in the solids wthdrawal conduit, can find

application in any .fluidised bed and 15 nore eferably any fluidi sed bed
conpri sing FCE a&?%temﬁb]a?ﬁcglte%.caﬁ%hé fr’%n‘fr"?)‘fkll"i‘ RrE&CREOAR
exanple of s i i I & The Jinvent:i i t herefore
al so direct ed%%%% g&%%%%{{m r?e?rals%séct?i [1‘21 l%o%\}ﬁhtlﬁglrda%eslo I d
particles in &87bnt¢.oltethhwinera?) dpamt@aidd Woidedi desl @f wall solid
particles. The _sali,ds i t hdrawal means c ri ses_a.substantially vertical
it helr vl Comith 10 1 SR G h ST (RF e re T e deu heb
from bel ow. Thecamglhsyr aved ceidetli in iGengraviTettddh PheidrcapiBytic

substantially horizontal 25 conduits fluidly connecting the f]uidised bed
ond the | part ISty SR e A R e L S o Lo e i 13O

hori zont al corplfirtd sl prayl dadh v tdonpans, toosrd a  secondary fluidi zi ng
medi um This substantially horizontal conduit is positioned bel ow the
position of 30 the main neans to add the primary fluidizing nediumto the
fluidi sed bed. The advantages, function and further enbodinents of the
solids withdrawal nmeans are as described above for the cycl one separator.
The above fluid catalytic cracking units conprising 35 the cyclone
according to the present invention can be WO 02/ 085527 PCT/ EP02/ 04144 - 13
suitably enployed to catalytically crack a hydrocarbon feedstock boiling
above 370 Cto fuels boiling below 370 C. Catal ysts and operating
conditions as well as suitable feedstocks and preferred products may be
as, for



5 exanpl e, described in CGeneral Textbook Fluid Catalytic Cracking,

Technol ogy and Operation, Joseph W WIlson, PennWll Publishing Conpany,
1997. WO WD/0088527 PCT/ EP02/ 04144 - 14 CL Al MS 1. Cpcirmre2/sdpar at or
provided with an inlet for receiving gas %nq solid particles, a gas outlet
at its upper end and a | ower tubular part, wherein the |ower tubular part
is provided with a closed | ower end, through 5 which closed | ower end a

substantially vertical particle mﬁthgrgﬁgl 5EnSUit extends froma position
bel ow the <closed |ower end to a positi i tubul ar part and Dbel ow
the inlet for receiving gas and solid particles, said conduit being
provided with openings to withdraw 10 solid particles fromthe cyclone

separ at or and Wwher @i PO SFRGTRAT T W eddittdt &t ods-<ectGonal area than

the [ower tuldadipatd . gddenbysdstefd o ac5Ppaces haiyean 1 songdui it and
inner wall of the | ower Q{ubul ar part, wherein in the |ower part of said

space main MeARPRD SR ARAR phAWRE IR AR RHYG nedi AR i L ekerer 2.
Cycl one separ acgﬁfulaacﬁ%éjéﬂ‘gié A dBd wiherei L ahaye ofde &l iehfough

wi t hdrawal conduit a vortex finder is positioned spaced away from said
openi n§ and pogiitdlorelesase| v atheenid| ettt andca Minh g et Rt g5, 20
3. Cyclone separalor, Accordl g { Oeﬂ’é/n%eff’ém% gg}&éﬁlél%n b Gl @
plurality of openings are present in the particle wthdrawal conduit above
or at the sanelwmeasl lawen hndeans twosuppdry’ irhethy iyl 41 walitzi agd medi um

4. Cycl one separ-at or, ,accaordi t f_claj =2 n the
particle with reéLvova tchoen ur}]tdé?gfopr?olsél]%ee%ﬁ%fl'(r:’agoraéer[%rs]bn]iz)lr% é%a%?(gin%’al |y
hori zont al corsdiid scdddiiidi yoeioonneotvided hel thubapearinpss ttandithdraarticl e

Wt hd&ewal Cos% u:l!é 'par eirc ens S J!‘odm st%eStgchioarllel ysehIS)arJ.laZtoonJ; aéngowqgéjféiﬁs

sald conduit has a smaller cross-sectional area'than the
lower tubular part, thereby defining a space between
conduit and inner wall of the lower tubular part, wherein
in the lower part of said space main means to add a

15 primary fluidizing medium are present.

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

20 3. Cyclone separator according to any one of claims 1-2,
wherein a plurality of openings are present in the
particle withdrawal conduit above or at the same level as
the means to supply the primary fluidizing medium.

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

25 wherein the particle withdrawal conduit is provided with
one or more substantially horizontal conduits fluidly
connecting the tubular part and the particle withdrawal
conduit, wherein said substantially horizontal conduit is
provided with means to add a secondary fluidizing medium

30 and is positioned below the position of the main means to

add the primary fluidizing medium.



provided with neans to add a secondary fl uidizing nmedium 30 and is
positioned bel ow the position of the main nmeans to add the primary
fluidizi ngormedsiser WO 02/ 085527 PCT/ EP02/ 04144 - 15 5. Reamror/odessel
conprising one or nore cyclone separatorsjaccording to any one of clains
1-4, which separators are fluidly connected to the downstream of a
reactor riser, the reactor vessel further provided with a 5 gas outlet and

a solid partickes gULLELy GosRRACLALNGSSGlL AREOLYI BG.LO ChaliR 5, whereln
a stripping zone Is present In the Fower dnd of the vessal: . Use of a
cycl one separ atepaastordi agcoadamy doe aofy ockaios cladmso 1sdpawatiehgaseous

cracked hydrocarBops.fram 18 ¢aalyst RALLLELES N Al Ll eatalyie o
cracki ng process: . e Of areactor according to any one Of clarns 5 to
6 to catal yti cakbkytorack sarhydhecarchart ofredsitedk fhaithieng pralvdded3 73 t@ t

fuel s iling below 370, . C_ 9. Solid particle wthdrawal neans suited to
V\,ithdrgRDN 15 SQFFdOBgZFitCFQ Fn%%&?ﬁ&l@&%ﬁaﬁ’%ﬁ@%oma fluidised bed
of solid parti el esreaapbirsiragseni Ac@ads nyotaddlaimpr Bhaktel-kiindiazi ng

medi um the w thdrawal neans  conprising.a sgbséantially vertical particle
Wit hdrawal  coRBEEPPPPEt FQBPNG St RE SFEGId-Bed Fed FESNERE! 6w, eV&SF 20 t he

particle w thdnawabseoB@uht cs1phevisded raibh aBecHinGDEe suRsbart o |y
hori zontal conduits fluidly connecting the fluidised bed at a position
bel ow t he mai nCipéldi 2 AgtONEERS LaNG RS SpHEt CERE G RIFERER TSR T om

whereip said sybst anti ghl¥iBakkzqnt al FAeRdULE the yRAeVead Wb piRRRs 25 to
add a secondary fluidizing medium 10. Use of solid particle_w thdrawal
means accordiné-toUS@IQﬁnﬁ geaghereprCoardngubst anti 8Py ofefFlpedl Faftd cl e

wi thdrawal conguit, Ras,a0+9P8A1YPREL&NY. hydrocarbon feedstock boiling

above 370 °C to fuels boiling below 370 °C.
9. Solid particle withdrawal means suited to withdraw

15 solid particles in a controlled manner from a fluidised
bed of solid particles comprising main means to add a
primary fluidizing medium, the withdrawal means
comprising a substantially vertical particle withdrawal
conduit protruding the fluidised bed from below, wherein

20 the particle.withdrawal conduit is provided with one or
more substantially horizontal conduits fluidly connecting
the fluidised bed at a position below the main fluidizing
means and the particle withdrawal conduit, wherein said
substantially horizontal conduit is provided with means

25 to add a secondary fluidizing medium. A
10. Use of solid particle withdrawal means according to
claims 9, wherein said substantially vertical particle

withdrawal conduit has an open upper end.



