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- SEPARATOR The invention is directed to an i nproved cycl one separatgr. %H@
- invention is also directed to the use of such a cyclone in a fluid
catal ytic cracki ng§ocess. Such a separatdr 4+s described in WO A-0050538.
5 According to this bt¥§ation a cyclone separator is disclosed which has

an i nproved sepad"'gti on eff¥ciency as conpared to.the conventiégggyﬁé?ne
separators as exénﬁ[ibied in US-A- 3636682, US-A-4380105, GB-A¢ nd
in Fig. 17-36 of Perry @%Khenical Engi neers' 10 handbook, McGaw Hill, 7th
ed., 1997. The pr¢gent inventi i a L,dj arator having an

even nore inproveﬁzaeparation gg?ft@%%céY§é8¥hebE%@@Piﬁg separators.-

di sclosed in the above referred to WO A-0050538. 15 This object is

achieved with the followi ng cyclone separator. Vertical cyclone vessel
having a tubul ar BB&siRYeRSAPR diengisrchedul@ an waibroyest icoe Lemsvi ded
with a tangentj rran Is f; Lecel\d.Nng; . si,@n of gas. and
solids and a cg%%¥aﬁfgﬁ g’ﬁ%selglk’%hgl%é l}%pgrl\élgngil%fects%?o%&blﬁ%gr R IQf
section, wherebnch gasycavhketincandlivt dprratalges of ramctione paretead ong t he

axis into the tubular housin o _at st th or.i zont al i.tion of the
centre of the tangehf aFI?eQF%§%§§dlsrﬁF5FFl grépn%gﬁ@'98$§%3@s arr anged
at a veytical Récdiratagceo(dhlsaboweitheieantr eyefl dite seppgartialily
arranged inlet opening and wherein the ratio of this distance (dl) and the

di ameter of th@isahapge WbiShn§acday LErBerRee Py atien efid ailserast rea he

gas compared to .the conventional cyclone separators as

exemplified in US-A-3636682, US-A-4380105, GB-A~668848
and in Fig. 17-36 of Perry’s Chemical Engineers’

10 handbook, McGraw Hill, 7th ed., 1997. '

The present invention aims at providing a separator
having an even more improved separation efficiency as the
cyclone separators disclosed in the above referred to
WO-A-0050538.

15 This object is -achieved with the following cyclone
separator. Vertical cyclone vessel having a tubular
housing comprising of a tubular wall section provided
with a tangentially arranged inlet for receiving a
suspension of gas and solids and a cover which closes the

20 upper end of the tubular wall section, wherein a gas
coutlet conduit protrudes from above and along the axis
into the tubular housing to at most the horizontal
position of the centre of the tangentially arranged
inlet, wherein the cover is arranged at a vertical

25 distance (dl) above the centre of the tangéntially
arranged inlet opening and wherein the ratio of this
distance {(d1) and the diameter of the tubular
housing {d2} is between 0.5 and 2 and wherein the gas

outlet conduit protrudes at least distance (d3) as

AMENDED SHEET



;"'/631'91«'3%0%nduit protrudes at |east distance (d3) as AMENDED SHEET -01- %@11303:

EP011303' g 0 1 DEC 2003 neasured fromthe cover into the tubul ar houi figC 2003
- and wherein the ratio of this distance (d3) and the distance (dl) between

the el evated cover and the centre of the taarlgenti ally arranged inl et

opening is between 0.1 and 0.6. Applicants have found that the cycl one

separator of the invention achieves an inproved separation efficiency as

conpared to t Weaswiehd wapaiht ctoWT (- Sttt BiPWRF %?Q?lr_égpéefial |y when
the feed contains dgl allealy il dle dfid Yelile SQld s ndhendnvention shal|

be described i'n fore | ow, 1 ncluding some preferred enbodi nents.
The cover of tdisstoyrcdeongdl)s lettewvedred:lve tdl eespattcaer tdrd t bivgenenbkey

arranged inlet for receiving, :\M TS1089PCT AVMENDED SHEET, 003
WO 02/ 38279 P@ﬁ#@/ﬁ%%@u&eﬁﬁﬁg% E?S]ITE? sopa%l”b%gfg VV%%Wngvgféd is
here ngant thgtytdhes di stance between the cover and the centre of the

tangentially arranged inlet is greater than generally applied. Typical
cyclones as il | ustApnleiddnta Heays i forung tthat Rdige Ca)’%%%fbﬁ‘ w#peRater of

positioned just, above the t ent i al i + Prefeeably 4
elevated cover’§ st RfFRHGEY agnrg%%%%%%aﬁﬁl st ancéeél%%ﬁ a%ove t he e'ce%t re
of the tangentisldompdramnges tind etyobemn: ngemanchtavher®ithe hetakei ofokhehi s

di stance (dl) and the di anflt

art, especia ﬁrwhen the feed contains relatively high

10 levels of solids.
The invention shall be described in more detail
below, including some preferred embodiments.
The covér of the cyclone is elevated with respect to

the tangentially arranged inlet for receiving a

DP:\M\TS1089PCT

AMENDED SHEET




10 of the tubular housing (d2) is between 0.2 and 3 and nore preferﬁﬁlqt 200
between 0.5 and 2 and nost preferably between 0.5 and 1.5. The gas gt
condui t MWQ@0338s significantly the tubular housing of theCTEeIwIes3S rom !
above. Wth 15 significantly protruding [ soneant that the protrusion

di stance (d3) as neasured fromthe el evated cover into the tubular housing

Is at least 0.4 tlnns han the dianeter (d4) of the gas outlet
conduit. Pref EFESSIS Jg‘%% #1%1% S0289; faSdi YiElerledatest ishdegas maartet

20 condui t. I\/lnhetprtef@rcam’yaﬁ&l@ patieenfl tHestanee Gd3) +ard ceﬁnt&%ed'o%t e
(dl') between the el evated cover and the centre of the tangentiall

arranged inl eC209&RHRISY PETREAC0In1ghdie. grepbes phenedabley aidtyween 0. 4
and 0.6, Fi QUESph sidd Ustyai €81 acG¥EbAge gg%megryee%algnh%iep S wita

i nvention. Figure 1 shows a vertical cyclone vessel
housi ny (2) cHAFE i MPYr avniell b¢ pabitiesedonuEs) apove deeg with a

t tiall ceiving.a._s |onof as, and
Sol (ds and anarGuAar B et (S ouh HhE bs BE T RE S or M50 S4RT=0F & he
tubular wall sewkirong :%)::ra/m@imtaagasrbmhﬁt dleaaﬁluét b(:lﬁl)) abﬁﬁﬁef lt%ﬁﬂE |23/

trud fromaove a axis (7) int t ubul ar ousmg
P(rjoa'[urrg:t t he®h %&ei i)(?)'wht p%%l‘??%’ﬁl?g;y $ %ﬂ@gﬁ nfLP eCoPPEPinge and
tangentially ahe&@ged titd etaat(ﬂd oﬂhehiﬂdlféféhl@é Y%[L%llﬁ?D:ECtﬁé G)i%h%rt%r

1 Vi | onal r

gg/c 8@%8%&3 Eﬁof 3?%‘@53(’1%) f%\? the Pelheeernd - df aleieBt é‘BGﬂI gongal |

section (3), pﬁb@&ﬁﬁﬂl?ﬂbéﬂﬁﬁeﬁp@r5|HnéhPWQﬁd'ﬁoEkUbgb¥erEBT9€BE%9e%% the
t ubul ar wal | sectlon by neans of
0.5 and T.
The gas outlet conduit protrudes significantly the

tubular housing of the cyclone from ébove. With

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.(dB) and
the distance (dl) between the elevated cover and the
centre of the tangentially arranged inlet opening is
betweeh 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



" frustoconical wall section (11). The figure also 5 illustrates the 07DEC 2003

~distances d3 and d4 as used above. The cyclone according to the

: invention“@%ﬁyﬂég%antageously be used as a grinary cycloneq9ﬁ”“@gﬂﬂpﬁation
with a secondary cyclone wherein the gas I02o0tl et conduit of the primary

cyclone is fluidly connected to a tangentially arranged inlet of a

secondary cycldmeleghel@ecandbny tyetonendanfbeha stpti@aef wiahg art

cycl one as for isclosed in. Fig. =36 ,0f rry's Chemcal |
Engi neer s’ hané%oog,rﬁtgéihvéf}gh 3%%1%%.}ZESQfPafgi¥héh8V890H§ SdpeircHtvor
is used for sepmmatécigedaio dthpartbeles #&DIN 8e8HSBANBORGH PRt icl es and
by et 14
can find use in any process

gas. The cyclqne according to e inventi ,

in which SO|iJ%%ﬂ§%%ﬁ%ﬁ%%i W%iges§%%ﬁ?%tgglfroﬁhé §iigpsRspdncof said
solid particledlantstrpass fixanp £5an@ds 081 sUgP, PAICERS ALC kNS seqd
-MIBE-f | ui di zed bed dehydro- genation process, t he acrylonitrile process and
the fluid cat&t9% cracking (FCC) process. Exanples of such a fluid

catal ytic cracking mHOGaRS SHE Aasordhgy 14 tggigﬁ%éﬁgiggagggng of Heavy

Petrol eum Fractions, Daniel 25 DeCroocq, Institut Frangais du Petrole, 1984
(1 SBN 2- 7108- 435vAnt agaqs lnodrel Meedras e aprymahe cpppanatis i s used in an

FCC process wherghyy |4 SUSHE n.i to the primary cycl one
having a solids coﬁ%gﬁﬁﬁbf 1%?3%en 1 é%%£€5c%%}%§g ﬁﬁgfg}abibetﬁéscyclone
30 acch¥ di ng t @utHetprasyainit mierithepr snasedcpslohe dei fBuydlgycl one in

those. {11 ust rar et g Ry uree Lot H bt 1 PAdTaniaRe. PhvenERoRPFIZH so
directed to a Flygildinzed e crainddry cracking ¢EACHOravessek whepgiknathe
downstream 01 9581%%%35@Dé§¥:§§§§%fgjgf§§?§§§93§n Fig. 17-36 of 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 MTBE-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 DeCroocq, 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



4 end of a reactor riser is in fluid comunication with the tangentdll&E 2003

arranged inlet of a cyclone according to the present invention, the vessel
further cB®¥382Ty at its lower end a stripping zone proviPE@ERUANIRANS
to supply 5 a stripping nediumto a dense- f4 i di zed bed of separated

catal yst particles, means to discharge stripped catalyst particles from

the vessel and.gBags L0 diz$¢har 98 dJ1e ié“ig{ %ﬁ@ﬁﬁ@@%ﬁéé@f&?ﬂ*fﬁg' gm

vapours fromthe vessel. The invention sh ed W

following 10 exagpréiablangreanped inidtoms separatare rmycoupihe testge as

in Figure 1 =50l i nsi f ed ' a._dustload of 8 k
IsoI i dls/gllig gas%%ﬁgegge?ggeeﬁgggﬁ’cF%gs}@}sfg o‘im)t/%kgegrsoﬁnbpsrj\?\%’s“%oatfﬁ Jc?%%.
The inlet vel otdwgroeéntihe ssudpedsioorzomss A®wiided Thetldimseiert 4 d)peiyt he

tubul ag  housi ng $_0.300_m.and the distance.(dl), between the centre of
the i nPet and TRELERRULIATESIER Wde 203505 rF 1 AicArd 1BRT (He S9RA TR UF2
was 0.97. The gasadystepaz@ietedyi inchad aw iditimalgdimtsied At of y O 108
m The remaini nJg | mensions of the tubular - part of the cyclone, thHe

di .

di pleg and t h*ZohhEtPPngTpar thGr ¥e6F54 @al dRarundic Sissharmfe ot rusi on
(d3) of the gasy@ubtetbyasavarbedippitl HR did Waibuadl ISl YRLE not
separated in the 25 cyclone (i.e. solids fraction’in overflow) was neasured
at the various val T ig¥easionrhghpddubes iddaspiradent ed th thehd dddlmuing
Tabl e3 gTABLE d34g.$oLkids fraction in Pressure drop Overflow (W % ( Pa)
100. 32002 20.190. 12037

Example

To a cyclone 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 inlét 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)
0 0.3 2002
2 0.19 0.1 2037
3 0.65 0.2 2110

f



30. 650. 22110 t 01 DEC 1003 --5 CLAIMS 1. Vertical cyclone vessel_havmqqm%zm3
.tubular housing conprising of a tubular wall section provided with a
tangentially arranged inlet for receiving a suspension of gas and solids

and a cover which closes the upper end 6P~ 5 the tubular wall section,
wherein a gas outlet conduit protrudes fromabove and along the axis into
the tubular housing to at nost the horizontal position of the centre of
the tangentially arranged inlet, wherein the cover is arranged at a

vertical distangerMgll) above the centre of 10 the tangentially arranged -
inlet opening and wherein the ratio of this distance (dl) and the dianeter
of the tubular housing (d2) is between 0.5 and 2 and wherein the gas

outlet conduitl proktiudesiatybeast bstancga{e3) @St PBASHT the cover
into the tubul ar housing ang 15 wherein th% ratio o? tﬁ?s @?%%%ﬁ@L (d3) and

the distanceCPBpPYibén@ieeli Bhéubhégat wdltosectand phevidedtwethf at he

iall LAl et ing.i between 0,1 and 0.6. 2. Vertica
cycl one accor P RGCRS MR P L ATHEP oL R LRt OB0S PAFLELER R hbuapeRaRER pEI)

and the di ameges ahdt Belitiebuhar ahedsbRgwhddh E$obELVWERD Qpée?n%n&'gf 3.
Vertical cyclone according to any one of clains 1-2, whereln the gas

out | et® condui thfr Stbudes Helleasttianst wheselusy assneasheEdcépduitheh.
G ot ance (03) PARS RS arAom: AB4V) gy Sy RHugREe oRFE &t MnbBrehf: HRebhet east
0.4. 4. Vertibabsiygl oaneaacmosdi tjeanyroBenthlChasMBidn3ofr WHET 8EAL8di pl eg
I's present ato%h%hgo%ggggg%igalghgrranged inlet, wherein the cover is
arranged at a vertical distance (dl) above the centre of
10 the tangentially arranged inlet opening and wherein the
ratio of this distance (dl) and the diameter of the
tubular housing (d2) is between 0.5 and 2 and wherein the
gas outlet conduit protrudes at least distance (d3) as
measured from the cover into the tubular housing and
15 wherein the ratio of this 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.
2. Vertical cyclone according to claim 1, wherein the
20 . ratio of the distance (dl) and the diameter of the
tubular housing (d2} is between 0.5 and 1.5.
3. Vertical cyclone according to any one of claims 1-2,
wherein the gas outlet conduit protrudes at least |
distance (d3) as measured from the elevated cover into
25 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.
4. Vertical cyclone according any one of claims 1-3,
wherein a dipleg is present at the lower end of the

30 tubular wall section of the primary cyclone, which dipleg



30 tubular wall section of the primary cyclone, which dipleg 01 DEC ﬁ?%%cﬁ%a
s fluidly connected to the tubular wall section by neans of

a-frustoconical wall section. 5. Separation apparatus conprising a cyclone
separator according to any one of cl ai F€™1-4 as primary cyclone 5 wherein
the gas outlet conduit is fluidly connected to a tangentially arranged

inlet of a segandany Qxc! fQr ceh Vi spensi on of gas and solids.
6. Fl uidi zed catalyticxﬁrac?fﬁgepeggtgbgvggggﬁg%hg?g?nSeFﬁéogoaﬁspﬁéaﬁlend
of a reactor oifser firsistpddniicdtll@addmsericd¢ahi.on with the tangentially

arranged inlet. of _a %%%Lone according to any one of clains 1-4 or with the
tangential |y arrange@ad el GPPRRAtHEI RAFPTéFénena e¥clinae separator

appar at us accerdiording ¢laiambonkhe svessehs funt ber |,sipg,at its |ower
end a stripping zone 15 provﬁggg W th neang Po4s§§pP§9§BékrFg%%ﬁﬁenediun1to

a den3e flui #iheggipedhsf gosparsiet canduyst ipafiudttey, conrasetotdi gchar ge

stripped cata r.ti.cles fromthe .vessel and neans to discharge the
hydr ocar bon a%éﬁgggiﬁﬁéﬁﬁga%%&?&ﬁ?véﬁ&ﬁ?sogr8n§?ﬁ8n9@§¥ercé9n?.fPFocess

for fluid catakykiiwiemackisigpendebal Bragaas andokbisqsyspension is fed to a
primary cyclone, which cyclone is a vertical cyclone vessel having a
tubul ar housing EdMpFigiefycatadvtidburapcany sescton pesselledheveih a

tangentially a i f.ors recei yi 25.suspensi,on _of ,gas and sol i ds
RhEARReA scbell Al b3Cq ¥83%F%fh51985u35rlﬁaﬁﬁuégction,

and a cover which closes the upper en
wher el® a gas copmuingtcatdmouimwti thr eheudaagbneitabovaraadgakongibthecaxks into

t he tubul ar housﬁn to at nmgst the horizontal position of the centre of
the tangenti afP  QPFaRFEFTSE NIt 20YhaPEi ATt RdadBsel -Asoar vahbethat a

vertical di stahgentdlal1gbaveahbeacentee oF the H2?882L 8lkYone of the
separator apparatus according to claim 5, the vessel
further comprising at its lower end a stripping zone

15 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
stripping medium vapours from the vessel.

20 7. Process for fluid catalytic cracking, wherein a gas
solids suspension is fed to a primary cyclone, which
cyclone is a vertical cyclone vessel having a tubular
housing comprising of a tubular wall section provided
with a tangentially arranged inlet for receiving a

25 suspension of gas and solids and a cover which closes the
upper end of the tubular wall section, wherein a gas
outlet conduit protrudes from above and along the axis
into the tubular housing to at most the horizontal
position of the centre of the tangentially arranged

30 inlet, wherein the cover is arranged at a vertical
distance (dl) above the centre of the tangentially

arranged inlet opening and wherein the ratioc of this




arranged inlet opening and wherein the ratio of this 01 DEC 2063 -7 g D%E 2003
- disttance (dl) and the dianmeter of the tubular housing (d2)-is between 0.5
and 2 and wherein the gas outlet conduit protrudes at |east distance (d3)
as nmeasured fromthe cover into the tubufar housing and wherein the ratio

5 of this distance (d3) and the distance (dl) between the elevated cover

and the centreiofahbe tangentialhy @[y 4! elle RN, x5, hetueen 0. 1

and 0.6. 8. Process according to claim7, wherein 0|(ﬁ?u%iﬂﬁent of
t he suspensi ofidZk -bethetwednadds 18n& g? ghd vk iPrideesfaacaarding to -
clainms 7 and ﬁmé\herein the ratio of the di stanceédl) and the di aneter of
the tubular H3USthy LE2YT8FeT hat vEF3T il Thatthel3D  detiRasied Fmmn 1. 5.

10. Process agg®r&bigrt oneayrReer byl AIKE S Werfidres A(’lae ;?aaé out| et
conduit of the vertical cyclone protrudes alt%east Vg{lés}ieal#geg d 4y

nmeasurfed fron?f hehes edbseanesved3] muod tite tdirt arcdoisl N ankarhertes n t he

ratio of thi j C d3)_and the dianete d4) of the gas outlet

conduit is até+éej%%§&8.§?‘§3ﬁ 4d W%c‘é%%t%%c%i oé}?ﬁg W%%flibl aims 7- 10,

wherein a di ptegnged ptebentopénifg oWt wish of . 1 hend bW ar wal | section

of the pri mar% cyclone, which dipleg is fluidly connected to the tubular
y

wal | section NeEPEe Dt ACFPIRIME O clladmll, sdwieim the solids
content of the suspensicn is between 1 and 15 kg/m3.

10 9. Process according to claims 7 and 8, wherein the
ratio of the distance (dl) and the diameter of the
tubular housing (d2) of the vertical cyclone is
between 0.5 and 1.5.

10. Process according to any one of claims 7-9, wherein

15 the gas outlet conduit of the vertical cyclone 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.

20 11. Process according any one of claims 7-10, wherein a
dipleg is present at the lower end of the tubular wall
section of the primary cyclone, which dipleg is fluidly
connected to the tubular wall section by means of a

frustoconical wall section.



