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is directed to an inproved cyclone separator. The invention is also
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process. Such a separator is described inW> A-0050538. 5 According to this
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WO 02188279 PCT/ EPQ&/ $3638nt invention aims at providing a separator
having an even more improved separation efficiency as the
cyclone separators disclosed in this PCT publication.
This object is achieved with the following cyclone
separator. Vertical cyclone vessel having a tubular
15 housing comprising of a tubular wall section provided
with a tangentially arranged inlet for receiving a
suspension of gas and solids and an elevated cover which
closes the upper end of the tubular wall section, wherein
a gas outlet conduit significantly protrudes from above
20 and along the axis into the tubular housing to at most
the horizontal position of the centre of the tangentially
arranged inlet.
Applicants have found that the cyclone separator of
the invention achieves an improved separation efficiency
25 as compared to the cyclone separator of the state of the
art, especially when the feed contains relatively high
levels of solids.
The invention shall be described in more detail
below, including some preferred embodiments.
30 The cover of the cyclone is elevated with respect to

the tangentially arranged inlet for receiving a



- 2 suspension of solids and gas. Wth elevated is here neant that the

di stance between the cover and the centre of the tangentially arranged
inlet iswoeas®rythan generally applied. Typical cycl oneBCHEPOI/I30&L I at ed
in the prior art 5 have a cover which is ppsitioned just above the
tangentially arranged inlet. Preferably the elevated cover is arranged at
a vertical distance (.dl ove the centre of the _tangentially arranged

i nl et openi ng Sélﬁé)er\/ﬁ'}eofﬁioﬁ’[bts‘r?glr% 180098 JiENs SFVEER Y Sah@ eh&edindret er
10 of the tubuhart housidigHdRe i thaiemrahed cdvand s ARG IR + J efferafl ¥
between 0.5 and 2 ar%d Stgﬁ{Ef er apl.y %l)?ghween 0.5 and 1.5. The gas outl et
condui t prot r FdEIG gAY &tar 9t Tnlgulis Feadierg torn Keney@ldive from

above. Wth 15ppilgrid.i captilaapra3tdiudidg alss imaant fhald the dieoli$iOoRrt
di stange (d3) as neasured fromthe el evated cover into the tubular housing

is at Peast 0PAVE FeSPidartil dha Ratd tdicasst dustdapasre the gas outl et
condui t. Pref enablant igneat eirdhand. 5 1the d&%%&%l%@&%l%%t% out| et
an

20 conduit. Mre preferably the Tatio of distance ( t he di stance
(dl) between CR¥SE eFattdd WSt and e ticadt de s¢fndee (ddngehoival lthe

arranged i nl elopenl BE ithe hekuRRM: 1k ARG Qe d ke o SfREAbLY Jef ween 0. 4
and 0.6. Figure 1 illustrates a cycloné according to the gres‘ent

i nvention. Fi giieeeinsfidies R bier e dhigy dlistanogessdl) @nd haei g aaettebul ar
nousi ng. (2) CRADIY ReHh A iialy Wald) SRCUULR) RiOuded Wil B,
tangentially arranged inlet (4) I receiving a suspension of gas an

sol i ds and anP&ledgatéd Yo dedmees) OmMi eindclRosesl os tupperf e3@béyd beft wicke
tubular wall geetion G3); wherein a gas outlet conduit (6) significantly
protrudes from'above an'o?'al ong the axis (7) into the tubular housing (2)
to at nost the h@hiezgatsaloyidsitt icomdi@) ofrotredeentsien(i%)icahtiethe

tangentially %%%%ﬂ%%dﬂ6yéyhdyg% £L%eé§cﬁ%%%r%ﬁ%%1% %%%qa%ith

15 significantly protruding is meant that the protrusion
distance (d3) as measured from the elevated cover into
the tubular housing is at least 0.4 times greater than
the diameter (d4) of the gas outlet conduit. Preferably
greater than 0.5 the diameter (d4) of the gas outlet

20 conduit. More preferably the ratio of distance (d3) and
the distance (dl) between the elevated cover and the
centre of the tangentially arranged inlet opening is
between 0.1 and 0.6, more preferably between 0.4 and 0.6.

Figure 1 illustrates a cyclone according to the

25 present invention. Figure 1 shows a vertical cyclone
vessel (1) having a tubular housing (2) comprising of a
tubular wall section (3) provided with a tangentially
arranged inlet (4) for receiving a suspension of gas and
solids and an elevated cover (5) which closes the upper

30 end of the tubular wall section (3), wherein a gas outlet
conduit (6) significantly protrudes from above and along
the axis (7) into the tubular housing (2) to at most the
horizontal position (8) of the centre (9) of the
tangentially arranged inlet (4). The illustrated vertical

35 cyclone according (1) is also provided with an optional



35 cyclone according (1) is also provided with an optional W 02/ 38279

PCT/ EPO1/ 13032 3 dipleg (10) at the Iower end of the tubular wall section
(3), whi shod/pizey (10) (partly shown) is fluidly connectedrEpot/izeszt ubul ar
wal | section by neans of a frustoconical gall section (11). The figure
also 5 illustrates the distances dl, d2, d3 and d4 as used above. The

cycl one accordj L 1@ i i vaat 3%3! us as a primry
cyclone in coﬁ%?%a ién %ﬁ%%egﬁigggﬁ ar?ﬁgfgpgﬁgg er%}%gt%%fgas 10 outl et
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Cheni cal Engi nesrstodeamtbobkya M Gearién | (17t h Boe , £i1987e 4bsdhe cycl one
separator is used [ olid rticles,fro suspensi on of
particFes and gas.;ﬁiﬁﬁggg%@%ﬁgg%g%%ﬁ%ﬁréﬁzcéfﬁég?n t?%na%aﬁﬁ??nd use in
any process iabawech solid particles are to be separated from a suspensi on
of said solid parg@cles é%g. as.(ﬁganq%es 20. of such process are the
MIBE- f | ui di zed bed HehHr o2 Gerat i S bt ccsde tHY St iADrfdt i 1 e process and
the fluid catadwdnttags@ackindod RGP processe it sl ®fe sueh a fluid

catal ytic cracking process are described in talytic Cacking of Heavy
Pet r ol eum Fr ac?‘?“g%sr?at[ﬂa(?ﬁ 7195 DRTCYLG LY NGNS PSR e PiRF ol e, 1984

(1 SBN12- 7108- 405:1/9t qagesi 109F e greierabycidee appera@ias,is used in an
FCC process wherein aeecgas solids suspension if fed to the primary cycl one

havi ng a sol i FCM TR T D2 PARETH 40 Hnt AEFIP B, 1TPHeE P huld ySeFeNEFEY one
30 according teydivhdr esentséded HPreySLUSELAS B8 PLEBE Yo r CYGd ORLL 1 N

the preferred enbodi nents_as disclosed in WO A-0050538 and especially
those illustr&¥dene as for example disclosed in Fig. 17-36 og Perry’s
Chemical Engineers’ handbook, McGraw Hill, 7th ed., 1997.
15 The cyclone separator is used for separating solid
particles from a suspension of particles and gas. The
cyclone according to the invention 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
20 of such process are the MIBE-fluidized bed dehydro-
genation process, the acrylonitrile process and the fluid
catalytic cracking (FCC) process. Examples of such a
fluid catalytic cracking process are described in
Catalytic Cracking of Heavy Petroleum Fractions, Daniel
25 DeCroocqg, Institut Francais du Petrole, 1984
(ISBN 2-7108-455-7), pages 100-114. Preferably the
apparatus is used in an FCC process wherein a gas solids

suspension if fed to the primary cyclone having a solids

content of between 1 and 15 kg/m3. Preferably the cyclone
30 according to the present invention is used as the primary
cyclone in the preferred embodiments as disclosed in
WO-A-0050538 and especially those illustrated in
Figures 1-5 of said publication.
The invention is also directed to a fluidized

35 catalytic cracking reactor vessel wherein the downstream



Figures 1-5 of said publication. The invention is also directed to a
fluidized 35 catal ytic cracking reactor vessel wherein the downstream WO
02/ 38279 WRew/ER204/ 13032 4 end of a reactor riser is in PCDEH01/13032
communi cation with the tangentially arranged inlet of a cyclone according
to the present invention, the vessel further conprising at its |ower end

a stripping z i i 1.0 .suppl ¥ i.ppi.ng _nediymto a
dense fl uidi z%gl%g)go\éf q%%g\grotal?e catal ylgi &%é%ljtclﬁcﬁaoggﬂﬁ{nr%e%ﬁsl%tno wthglcﬁg}ege
stri pped cat altpsigengadetlily esrfangad Halwdsod aamy atears aaradiddachartge ke
hydr ocar bon a Lppi Lum rs. fr e vessel .. The invention
shal | be ill ug%rea%%eé1 %n?%nﬁgr#’oﬁ%%\?mg}rﬁgs%eﬁ%géat%re.Coé?éfr%&lélg T &r}ccgycl one
separ at or haviloyetrthendesi gt rdepiimg Eoger erbva dgas w6ialh deeasiss pensiupmpiwas f ed

havi ng-a dustl| .Qf . | i ds/ k S.. The avera ticle size 15 of
the solids Wa%l %%%#%ﬁoﬁk%ﬁglﬁmnfg& %ve 081 y Eflﬁflr@%e?%?{)é)ﬁgisﬁﬁ 0 m's.
The di ameter d2plektt partiibllear, mreous ny Wisdha3QR mrangpede ditstigree (dl)
between the centre.of the inlet _and the e] evated cover s 0.290 m such
that the rati 8347 §2Rad "6 0+ oTHE 5G4 BEAE LonaqdischREgSakent er nal

di amet er (d4) hgtir@ch@®om aTde stire pRiimigngediit@NSi@anref fidie tuukasgeart of

the cyclone, the_dipleg and the, cqnnecti, part are of a conventi onal
si ze. The protrusiTgﬁ (lﬁgfn(gflof‘héhﬁgg &tllg’g%§a\?§fji ¥d Ehafkder Ko liryénicon

sol i ds0 whi ch weaapnet. separated in the 25 cyclone (i.e. solids fraction in
overfl ow) was rreasgred at the various values for d3. The results are
presented in Ph&l ow Table. TABLE d3/dl Solids fraction in Pressure

drop Overflow (Wrl) a( Bgrlone separator having the design as in

Figure 1 a gas-solids suspension was fed having a
dustload of 8 kg solids/kg gas. The average particle size

15 of the solids was 50 micron. The inlet velocity of the
suspension was 20 m/s. The diameter (d2) of the tubular
housing was 0.300 m and the distance (dl) between the
centre of the inlet and the elevated cover was 0.290 m,
such that the ratio d1/d2 was 0.97. The gas outlet

20 conduit had an internal diameter (d4) of 0.108 m. The
remaining dimensions of the tubular part of the cyclone,
the dipleg and the connecting part are of a conventional
size. The protrusion (d3) of the gas outlet was varied
and the fraction solids which were not separated in the

25 cyclone (i.e. solids fraction in overflow) was measured
at the various values for d3. The results are presented

in the below Table.

TABLE
d3/d1 Solids fraction in | Pressure drop
Overflow (wt$®) (Pa)
1 0 0.3 2002
2 0.19 0.1 2037
3 0.65 0.2 2110
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5 CLAI MS 1. Vertical cyclone vessel having

a tubul ar housi ng

conpri si mgoot/3gx74 ubul ar wall section provided with a tanpenEpa@li13y32arr anged

inlet for receiving a suspension of gas d sol
whi ch cl oses the 5 upper end of the tubul “wal |
outlet conduit significantly protrudes from abov
t he tubul ar housing to at nost the ?o&jzontal p
the tangentially arranged inlet. 102 i

1, wherein the elevated cover is arranged at a

above the centre an tlaII arranged in
the ratio of this F%ﬁéﬁ@ecg’ CignFeSSkd dryBle

ids and an el evated cover
section, wherein a gas

e and along the axis into

osition of the centre of
cycl one according to claim

vertical distance (dl)

| et opening and wherein

P SPPERETt fisandhousi ng

(d2) is betweennPrdsikly aw a3. tLﬁJul\éQf izgal seyelione paecaudiangite Gl ai m 2,

wherein the ratlo of, the distance (dl) and the

dlaneter of the tubular

housing (d2) i*§HEREET Y. 3Td9ed 4nlgdr focalrcepdvens acevrgiongice cfai m
3, wherein th@_jaszgnrdatsldlﬁfs they (Hrlstea_@z%%t@él )co%q %ﬂ%cﬂ' %'I%ts% Qh et he

tubular housing (d2) is between 0.5 and

Vertical cyclone accordlng

to any®one of YPPSrmenEl £F t\k)f%rtéﬁbr\ﬂ{alf\?ewgidé G@Fftétoncow@@mlpr ot gades at
| east d'Stan%%tﬁ@%)c%%d%ﬁ%SQEEHUHﬁQ%hkﬁ% r%%? %gﬁgﬁgg% %gez %ﬂe

t ubul ar hou5|ng and wherein the ratio of
di anet er (d4) e

ngh&hgagxdgt [iexto @éﬁduwbuﬁ§rahouéagg ®o4at6moverth@a

cyclone accor di,ng -6 +31Y 8 +QfoCld %%elbéntr@h%%ekﬂet@gn%%%tggﬁh%t condui t

protrudes at | east
arranged inlet.

10 2. Vertical cyclone according to claim 1, wherein the

elevated cover is arranged at a vertical distance (d1)

above the centre of the tangentially arranged inlet

opening and wherein the ratio of this distance (dl) and

the diameter of the tubular housing (d2) is between 0.2

15 and 3.
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3. Vertical cyclone according to claim 2, wherein the

ratio of the distance (dl) and the diameter of the
tubular housing (d2) is between 0.5 and 2.

4. Vertical cyclone according to claim 3, wherein
ratio of the distance (dl) and the diameter of the
tubular housing (d2) is between 0.5 and 1.5.

the

5. Vertical cyclone according to any one of claims 1-4,

wherein the gas outlet conduit protrudes at least

distance (d3) as measured from the elevated cover into

the tubular housing and wherein the ratio of this

distance (d3) and the diameter (d4) of the gas outlet

conduit is at least 0.4.

6. Vertical cyclone according to any one of claims 1-5,

wherein the gas outlet conduit protrudes at least

distance (d3) as measured from the elevated cover into

the tubular housing and wherein the ratio of this



30 distance (d3) as neasured fromthe el evated cover into the tubul ar
housi ng and wherein the ratio of this WO 02/38279 PCT/EP01/ 13032 6

di stance wal8d/3.amd t he di stance (dl) between the el evated pPcD¥RIL/BNRE t he
centre of the tangentially arranged inlet qpening is between 0.1 and 0. 6.
7. Vertical cyclone according any one of clains 1-6, 5 wherein a dipleg is
present at the lower end of the tubular wall section of the primary

cycl one, whi chiidiphiee. (o)f lililoneennached Lauhhedufud ar pald; seqtipn by

means of a frustoconical wall section. 8. Separation apparatus conmprising

a cycl one sep&cacdr ant) tdec sraditig tof ape ¢regehtdladilys al-raras dprinierty
cycl one V\her%iprént-t;% gas et Qp_théinf? igs f luidly connected to a
ged

tangentially arran inl'et of a secondary cyclone for receiving a
suspensi on of ‘gas Vgadiselli ¢yvcloneFlagicgirdédgcangl yiiec off adkiimg rieagt or
vessel - wher ei .t h t reactqr.riser jsin.fluid
commn?cati on%lelae'gr%l'inhg g%ﬁ%%rﬁ ?L%rqp?%re?lgtn%gd%%ﬁl (Qalto"voefr éano{cfé gﬁ}? accordi ng
to any one of telailag Wal lorsewttieont lng thangerimaalyl v yaricargedhidhetdigfl ddhe
primary cyclo f. S rator, apparat us, accor di to ¢l.aim8, the
vessel 20 furg%e%fl(%“% i sc:%%gle%ttteldt %OF%h r%éla%ﬁ EstA isﬁﬁ%zléjﬁlembypﬂ‘@\ﬁ%?ed
W th nmeans t o ocfupplfyrus tstaondmiaig waddi wectdoa. dense fl ui di zed bed of
separated catalys articles, neans to discharge stripped catal yst
particles fro%rthge%9§§§épnaﬁ@pﬁ§§ﬁ§st808P§&ﬁép e 3 R¥ HY@CoSEPESRtR%d 25
strippd ng mediasmorapedr $of EeY he “wEs$ekink01-Yse s0brantysl eRe1aeeording to
clains 1-7 to iepanat% solid Qﬁ{ticles froma suspension of particles and
gas. 11. Use"BECEME AdS §38 SURLEG, SRREPdtn iehd ladilys cosmested &P ehe

suspensi on i s thekeeenal 13nédrkank@dBnlet of a secondary cyclone for

receiving a suspension of gas and solids.
9. Fluidized catalytic cracking reactor vessel wherein

15 the downstream end of a reactor riser is in fluid
communication with the tangentially arranged inlet of a
cyclone according to any one of claims 1-7 or with the
tangentially arranged inlet of the primary cyclone of the
separator apparatus according to claim 8, the vessel

20 further comprising at its lower end a stripping zone
provided with means to supply a stripping medium to a
dense fluidized bed of separated catalyst particles,
means to discharge stripped catalyst particles from the
vessel and means to discharge the hydrocarbon and

25 stripping medium vapours from the vessel.
10. Use of a cyclone according to claims 1-7 to separate
solid particles from a suspension of particles and gas.

11. Use according to claim 10, wherein the solids content

of the suspension is between 1 and 15 kg/m3.



