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WD 2004/ 009244 PCT/ US2003/ 022294 SW RL TUBE SEPARATOR
5 Field of invention The invention is related to an

WO proveds swirl tube separator. The inventi onPCBHUS1088022294

related to an inproved design for a third stage
separator conprisi ngSWheL TURE oYEPARMIOR tube
separators. Such third stage 10 separators nmay for
exanple be used in a fluid catalyst cracker (FCC
pEaedsls oBackgmaunrd of i nventi on The renoval of

finely-divided,solid particles from ,15 entr aini,n
gases%Pg HEYESEART T épﬁﬁiﬁgaﬁf Qs tHEREAY S AR %tﬁébe
gagpagatorhe Tas sedrenvioungh sa afllsd dedwtad Go deviie®roved
cggtainigg gas-defl ecting walls, such as an , expansion

t FPEHHE dPTaR 70 6520 SFPEF GO Te (&G S IdShede t o

S uap reyeide i rAd didde0 Rlpay a tiofr st. N vt 3t G2 0as

is ultimtely to be discharged to the atnospherée, the

" ERDPAR OF SpHitY GOt CE ARLEQPS] $58058 1 RpdHLamt dRtamyst
agrab¥keronment al RS .vat i on standpoi nt. Em ssion

| evel s of below 50 ng/NnB are sonetines required

because of these environnental restrictions. 25
Sgitabkeusaparatiorenfralbyr enoval of finely divided

solid gart|0|es fromentrai ning gases are so-call ed

t hi r dT8fagemeFpar &fofs ngd vf 8i-védampseldds pairbadlies from
HedEeaanhag BaeeessisNgecdanualy 1198331 34y Rihdyn in
stage separators renove to an acceptgble l'evel "the

f "hécBotpar vieel és §oi be presedt thiord gaslstidegiynamic

| @aviBg tharahibihg catalivzed pragken negenaal o Lyst
up-stream of an eéxpander turbine or flde-gas Dboiler.

| £xRasspeantispade elfagnt Rkpandeage toeparaeots emapion

a ng.a cat, N af=1 Sses, er .
P e e
f gam eAt pacAahagedasds. PExdaptbesrgkd sachhpr etessebeare
direct. . reducti.Qnp S oal i f.ication

o oceeene o8 Bar ke RI L ARE 2 Tk 12938 rEBKyAM: rom
pRbcesyasonggechaas caherirmetfimoaktiandpgint. Emission

levels of below 50 mg/Nm3 are sometimes required because
of these environmental restrictions.

Suitable separators for removal of finely divided
solid particles from entraining gases are so-called
third stage separators as for example described in
Hydrocarbon Processing, January 1985, 51-54. Third stage
separators remove to an acceptable level the fine
particles still present in the gas stream leaving the
fluid catalyzed cracker regenerator just up-stream of an
expander turbine or flue-gas boiler. It has been found
that third stage separators may also find application in
other processes, wherein finely divided solid particles
are to be separated from entraining gases. Examples of
such processes are direct iron reduction processes, coal
gasification processes, coal based power plants and

calcining processes, such as aluminium calcining.
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WO 2004/ 009244 PCT/ US2003/ 022294 5 Third stage
separators as for exanple described above conprise a

w@bamab2sy of parallel-arranged swirl tube seper/asmo3022294

Swirl tube separators are cylindrical cyclones with
an axillrenstygé osepasatods-gastor xéxaeplandeaceibod

qple descri bed EP- B: 36 gGO u§ Aklo 48635 Oé .
Lé?%\%ﬁ%Tﬂ%ﬁls%fﬁAP 211136Y a7 AT3841768PPRE Swirl
BRalz= Wﬁaﬁosm ri tS»hec]SenﬁfaatSﬂpa.H’Hﬁoﬁ§ a:ix%&fj]bﬁdirlcal
co ising o as outlet tub laced axially in
pperoge Brbin e asefel Foetloe e SheneiRg Sakerbrhis
axhdl atke r £6t egx@ra§1e nietcAriaas is pPemsled3 by, tbe-45

TR 8 BT a R PO buFBrAT LRt hat cricGr b ASRATES. In

SEP-CB- 3PNV QI 2 SPALLL SWhbe s&ParitHg GRANSi Al Bescribed
arranged, In figure 2 of EP-B-360360 a swir]|

t ube
s%&%ﬁ%&%ﬁn950§h%mﬂash%vr%@tat%%$t@%a§%%b?¥%%é%y in the

¥ Shagt acpi & PLaceda oy ar O PasenshsiByt - whirk$n an
be leved that the vortex wll be kept in the center

ofxidk dLBBFRRINORSi Ayl BecatRes the PToEde@nay ofhehe

VA EXa M §ha b &1 DR PREEN OPhE NEa Pi Bt 1 &+ hagpbegnaf exnad
that when such a cyclone separator is used on a feed

cot 5l ¢ hbY a2 50RRYaAt FaPubmduntudin@5a8@| vasresnchn agaid
lénﬁ@faﬁaéﬁaé@ &l Pir St 20E,5ERALARL OF re QPPaﬁéée' In

metric vortex devel opment Tan occur.
n prefereedibpRrabPon r@s@Wl%llhubﬁaﬁeP@éabyél@ﬁeShown

d}?@@ nd0l SEPALAt e 5911 OS. ASORLETBL LY S IRALEELS on a
t% e o %he uﬁgy

Furt hernore erosion o _e I NSI ar part
opasg0eidrerycl bhel hake beevedbservethe UB At @810264 be

;8 t Lall
S5 GER e CYEYORE SEPALE IR MR hETREBLAA e
olevet eonhduftthas *a@]rtlgxa&biiel voeteingtabohi see pim. t he

form gf % Ikl AL &8« et SsPOST A1 O c?fio émsé)’g?arator

this stabilider a vortex |n er i's posi t|
Accorskonta feed @@@tac@im@natmmzsm“amb zbm@nmbnof

1981 P AORLAEST 2 B0 O APEALOD, LSpcacor,
comt-emtiaf syrengasicexotiay dévalghneie gas-oothet Such a
OR& ig%%ferred operation results in that the cyclone does
not separate solids as optimally as required.
Furthermore erosion of the inside of the tubular part of
the cyclone has been observed.

US-A-4810264 discloses a cyclone separator having a
tangentially arranged inlet for gas and solids. Below
the gas outlet conduit an adjustable vortex stabiliser
in the fofm of a flat plate or a disc is positioned. On
this stabiliser a vortex finder is positioned. According
to this publication the distance between vortex
stabiliser and the gas outlet opening is frequently
adjusted such to vary the particulate content of the gas

exiting through the gas-outlet opening.
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wa@olokeer2es consists of a cyclone having a

2 WO 2004/ 009244 PCT/ US2003/ 022294 5 US- A-1753502
di scl oses a pneunatic dust collector. The dust

t anPETUS2005/922294
arranged gas-solids inlet opening. Fromthe gas

out | gfs—eondii35@ dEyeRdends dgrizumatiisk Qesi tddinetttor .
bel ow t he gas outl et opening. 10 EP-[ﬁ- 052042 di scl oses
Fhanidust el P at RIS Iitovidfed WAH UM iRBFIE 6h

PRARfd P PNh # ighd dH ?d@solﬂ@ié af1dthedwiisidg @fom the

t he 'separators. US-A-4795561 di scl oses a_cycl one, |
SEFarcatiore prern et & Tt LHREht it ardEigepsitioned

gas P S d4U elur Al oGl dydri cal housing with a

closed bottom and a val've at™ the bottom of the
cyl i ndfAdat 0FUAES iy saksamlay Wit L iUkl 3P JH A The

gvgzﬁbgia.l.:&eed %k?far‘i{‘i—s%zpcgé‘ic;r? oGt e wdd dhe1gasi ot ey

t present at the upper end of the cylindrical

hausli ngf thee pdus 1 so Fredifard &RA 13 Z05 posi tions the
val V%@%—J@We%@{ﬁ%zﬁeo%ﬁgfﬁém §é}$aﬂfa’$cﬁe provided

separat or . A-40 s a device tor

seifdr & irtangengatal faomeged xdageofids |imied, olids

and gas.. The inlet f e m ' ngent.l

St i]'chla%fC;‘;relof: % alﬁ%u%n%rvgﬁ%gad évgat%éﬁae%%g%éeﬁat [ t%%aplp‘é at
erick iotprasent e sphendlistahdebesiow tHee oreler Ior

t he eous phas The obj.ect_ o :

iﬂ\f%%fi on ‘—ils‘&t%' S?%%i ke %lsbis:%/\(/le r‘?n(% U%Pee%}g{)sgfé br havt F o
| Irpridve dh sepantat ¢ oncorddicimmesemnd nwiich hasea ¢ws sef

tendency. to operate 30 wi,t.h a non-synmetr.ic v X.
Sy, T RBht T ORe TRE | TVr O T4 Orr SET S 15 E he
frd 4 1o igs s & | valubeaseparatmsveSwt | of ubles sepbvatwithin
fqr separatin 35 solids froma gas-solid containing
fletd T 75Ty a tubul ar housing, an axial inlet for

i Nt r aRHA-NYO P2 PRS- dbekldisesrixtdeel @ Doe snchodtsay b gas
PRUSATS IELEL T 27 i S A gl 8lg ool ng e
NSt had B0kt @8e 0uUs| €dngential. A so-called stand
provided with a plate at its upper end is present at
some distance below the outlet for the gaseous phase.
The object of the present invention is to provide a
swirl tube separator having improved separation
efficiency and which has a lesser tendency to operate

with a non-symmetric vortex.

Summary of invention

The invention is directed to the following swirl
tube separator. Swirl tube separator for separating
solids from a gas-solid containing feed comprising a
tubular housing, an axial inlet for introducing a gas-
solids mixture at one end of said housing, wherein said
axial inlet for introducing the gas-solids mixture is
provided with swirl imparting means, a solids outlet

opening at the opposite end of said housing, and a co-
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40 opening at the opposite end of said housing, and a
do- 3 WD 2004/ 009244 PCT/ US2003/ 022294 5 axia

w@oeomkiomed tubul ar gas outlet conduit placed BECT/ERS2003/022294

end of said housing, wherein along the axis of the
t aRtibar pbedsiipgea vobtiéxreytendetlpicncoadptiespitcedhat an
i nventi-on _i.s %Iso .direc ed to a.nmulti_._separator

cGRSi 8Fi RGH PPUCARSryY FrFHE 26808 §8ScPRIEAOSWEPP

tubbuli@ aepaﬁaQOQSVOIhexlaxeehdem bsnalsopdeseated to
the u

,SW T | r and/or _the mul ti
separ§58rln5§p FPleaeé FPpgﬁg g t i@ PnihtioReParator
Apphikgantsgl eupdutrhat tiherabaveapwiel dbdbeibeRabRL Ol tube
15 sho i nproved separation efficiency in conbination

|
WPERAZALAGFe ShADBVEPELATI OF PhAR SAFFPLEApEO the use of

separ akiok3 Robe RayhRdtbheasabgve- daschibed Bepardbbs.
stabl e operating condition is al so observed and

advant ageous when a nultitude of swirl tube

sge@a§9968d@e%&a§%lbﬂ B@r%héehnvggtWB%re'n the solids
eni n rl tube

separéPEE§Cﬁ§ ﬁanPGﬂdtBéﬁnﬁh?cabpﬁﬁ @riklt hebeceamphator

sehbds ¢8R E%@EH”%eéQ@S%19B 5@91&9éﬁe9 ﬁueema§na§heﬁﬂw1th
in US-A-5538696 and i n the above referred

28 mﬁéeaétaéﬂel@@aﬁa§h06fthﬁé Puitéxtekeeadprrptars not
ahgogn t%ﬁeaéﬁ%vgtdggsragéal Enh0§ﬁhegs£§ gt 5 §5£§£Eﬁé

as € piln runs alo g a certaln engt
a%Pleﬁ@phléénﬁésﬁavbSﬁQUﬁd ehdt admenprgepuy when a

I e [ u r.at
B A TR Al e A e
opkairagnt sheheoddbdsdsubliekepropénongf Fhobk twmdividual

t adi ¢ .
FSUREL ulrBpATe SELERS. 19 1P LORLAReapoR Ricn wne
t abuan kodddsgcoddectdnbespensi dér edeageaseppssubheas

fgg?%b"?ﬂt yela t%%38%§§2§ d'EXegB ony, L %BES%£ég3€?e

he vortex 1's ex operat és” nore
whehiaseng a swirl tube separator accordlng t he

Lgygn&hgnacgﬁgﬂl%o%ggfgﬁug%igﬂglvgokgg ggtgﬁ g&'éln along
the axis of the tubular housing is not critical as long
as the pin runs along a certain length of the axis.
Applicants have found that the pin may be located at the
solids outlet opening and/or at the gas outlets opening
or extend from the gas outlets opening to the solids
outlet opening. Thus two separate pins, one extending
from the top and one from the bottom and both along the
axis of the tubular housing, are to be considered as a
possible embodiment of the present invention. It appears
that the vortex is extended and operates more stable
when using a swirl tube separator according the
invention.

From a constructional point of view it is more
advantageous to locate the pin at the gas inlet opening

of the gas outlet conduit, wherein the pin extends into
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advant ageous to |locate the pin at the gas inlet
opening 40 of the gas outlet conduit, wherein the pin

w@zaoaoe4d nt o 4 WO 2004/ 009244 PCT/ US2003/ 0222BdT/US20031622294

tubul ar housing. The pin may then be suitably fixed
withle frubiul@ rMeans ingsi deet pengas yotthleet beorduithbIit fixed

R O eBhen LPRaCe Ro% GPee Pt M FReRdR

M e y
gui g(e}dt Bliae gt Ij‘fo(lia)i @fretfeereuntal Ql@% tahglﬁ)léh%tvﬁ&ﬁ a
e as ong as 0SS licants oun t t

| &%&é@a& rJrenlg&LPgts §h( Hlagr éhﬁd\YQﬁFééeé}&s Sflénflgél’?ine\}nyng

aghatleer. TeRPakabian @hf be eney piHowawel ‘tekY akdRdmay be
pins wll suffer fron1nechan|cal failure if they are

nét J@PForSePORSERG o héPPLILEARGER. TrHese t& @Epépﬂ'@ Snpin

t henlubu am )13 Rougivagragecen e aheklandan@etter
prefeérred because they negatively influence the

s epRraatdrrefflifdicdgagy - THOWENEX NEHY! da§oh PwIsl Wikds
b%u%%%%r@f@ﬁjﬂ@%h&ﬁ&c@ﬁanEQur%hgfsk%%@gggeokokh%u@ Brted

material, 1ts tendency t vi brate and"the nature 0
tﬁéoﬁﬁht@@GGOﬂ@§g@hoseﬁesﬁoﬁu@@oﬁﬁﬁslmeéééntﬁbﬁéar

e%k%%qh %hwkh% %th%? %@%doggkegre%ggngtlnsg se they

pre err ecause i Xxati on can rforne |
t neg@agvm énfdordget tdel )%eplae:amltomn@fufncaenmym ﬁﬁle

ﬁel%ﬁ‘i%ﬂﬂous:&gcht @gl‘io EHE %' oﬁ%tte ﬁllﬁler& Wt . e&'&ﬁ%e

referred are-fixed
th@egair@@@W@tO¢omﬁelplanmaWRmahlnuntalaﬁgdea@y%t@f

“%‘ﬁbr%’ﬁ' S 3%%%"%%?&%0%%' )Eh%eﬁ%ong %%B‘E” ﬂo%t n, t%or

| ower re preterably suc I'NS “ex
p@@u$|m@ad@ﬂ ownshe xtebdliag ﬁma&uwgthonathemgﬁbeomaﬁet

SUBRONL o Qg RBRE SOTRMNAL $RACR] AN LRTLRRI e
housing. Iengt suc ins ‘may be
th@sh@@gtmeobasheutamtscoHdhhmwop&ws m&wuiﬂuh@bhm be
used be ause . th are e r| [

prefers &Id§ tY& thPg”E g g %te tFe %congupﬁn within
Cmmeommﬂuﬂathaopemngs Blred efrireeld piinst Waithbulrar £i2Bd in

B s, SO By LT R RO TS BY 925 o e

vaxd s may advantageously be also supported at its lower
end. More preferably such long pins extend to a position
below the tubular housing to allow the lower support to
be placed somewhaf spaced away from said housing. The
length of such pins may be up to twice the length of the
axis. Hollow pins may suitably be used because they are
more rigid.

The pin is preferably fixed within the gas outlet
conduit. Optionally the pin is also fixed in the tubular
housing. Fixation is preferably performed by means of a
vane-body placed in the gas outlet conduit. This vane
body will, in use, convert the swirling motion of the
gas being discharged from the tubular housing (2) in the

gas outlet conduit into a pressure increase downstream
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body will, in use, convert the swirling notion of the
gas being discharged fromthe tubular housing (2) in

W0 b@4/00884 out | et conduit into a pressure increrSEUS2003/022294

downstream 5 WD 2004/ 009244 PCT/ US2003/ 022294 5 of
t bé vhsevhadybodhusThAuswer kwtubetsbpasabarapbavipdedided
such., a vane bp a_redyced .pressure

wll_h
drebn YRy Re TRy r L e Pl an e R P aRE RS crop.
nor e ppéeéeabbyytﬁéopgnatuheasnoB@@hbf1éheta20% mbee

GBFFREN=P b LRR5 1851 AFEeCoplhi g bRt A gas T8t PAP maY

cenduip te 10@’0@ﬁ0§héeaxeed ohet heikubel defhoesi igom the
W th tubul ar housin meant the part havi

cORSEANPPEN 4RS! BF tgﬁugaSeQEF&SFnﬁoﬁﬂylFaEQrEaepQPgQSlte

Faphgrmene tﬁBu@Q@oﬁbﬁglngndwhﬁhethbﬁﬂakhﬂoﬁghhqs1s here
out | et ogenlng in case of a 15 reverse flow swirl tube

oRepRE §hS-BaFFdBaVhNEt 20FRRPREN LT BiaBCES e uFPESL

SWikEhubiRg- a 9et9%8rgay Q@tEongﬁkthggﬂorbh@héxb§p051te
itself. The |engt E imted at its upper end in

o?ﬂ@rlﬁoeﬁih?ﬁ1Ebevﬁﬁiéﬁﬁoﬁuéﬁeih@PBPhngAﬁﬂeFﬁéﬁl9§I9

tng@kgemfhbwngﬁgrﬁotgﬁefb%eghéu%QstgéﬁldgolﬁﬂgﬁaBbgﬂlng
is avolided. The axial inlet of e swirl tube w

pfevi dego-aitrheBl PVirhAparbPengTheansnstel PRatopgerhehan
egpe' 9& h?t'ééﬂﬁ sef ki %ﬁekhswag,l HRYI ARYERBNL i St upper

ecte separate the’soli1ds fromthe gas throug
cenﬂrﬂﬁugader250fmnné@lZ¢h§l§%ﬁ§n0hnpétthﬁyphave a

tH@H%?Ea@%ééﬂg Phed 1naﬂpﬂha£egask8”b? peRdLng,,ef, t&QE
exanpl e, the positi the gas outlet conduit.
t mebgaiibnt Ubeavepdedtor is of the co-current type

the g% 03%%&1 58 gHiEE ?héo Q?%itkgﬂgdwﬁiltggt8rgg%ded

opp03| e tu Rousi n ative
gastsobwdsl|MMEartIhg gasnsokiids thhetlnlshehEnbular

DS BHSERY YoRoPRDbaL s B SECenmuLL plagadcor e
neaparafbethboseldéslﬁedmaths gkl thupufhometbheisuorl
33 Lnparting neans to the gas inlet opening of the gas
The axial inlet may have a tubular design or an
annular design depending on, for example, the position
of the gas outlet conduit. If the swirl tube separator
is of the co-current type the gas outlet conduit is
positioned at the opposite end of the tubular housing
relative to the gas—-solids inlet. The gas solids inlet
is then preferably a centrally placed conduit placed co-
axial with the housing and provided with swirl imparting
means. The above-defined axis will run from the swirl
imparting means to the gas inlet opening of the gas
outlet conduit.
If the gas outlet conduit i1s positioned at the same
end of the tubular housing as the gas solids inlet, then
the gas-solids inlet is preferably positioned in the

annular space between the gas outlet conduit and the



10

15

20

25

30

35

40

outlet conduit. If the gas outlet conduit is
positioned at the sanme end of the tubular housing as

wWo b@4gexe4sol ids inlet, then the gas-solids i nPEr/UBR03/022294

preferably positioned in the 40 annul ar space between
t healga foutheethcomiohg .t Sandh tsheswib INBWRRD4/DRIXA referred

[ US2 3/022294 mall of t housi ng. Such a swrl
S%e |s%a S0 e erre(iL W SRS er@\?%ﬁgegﬁsoﬁcf

Thtazaouml 1gﬂ$at8®dnlds I ttasrier dianeet awi Idndberpbsi itared

at__one _end of the Iar Qusi n th
R 1ot i Gt A1 ST (ot e R g e abLy
sipies iafi drleel kausineg. og:&sﬁrt@‘ eviale) vt f’t@l§Q{§idElfr@lL | et
open i tioned, at opposi te side of the

IR AL A btNs Faat €10 P egae it GRS o at
%&i@@ﬂo}éﬂt@ stlldi%mo&r HheUSuleh 16aN hovveiend J:'é'].ta‘izlafe to the
tapered part at this end resultlng%ﬁ? a_smal er

sHFUSSHES CHpEiitg. MWdriensrldte hopsigy can

OR&M <@l Q6h tiol B ki HeUs igag-t %tust?lQSSlé(ﬁ@ thak 150l S_un a
whi ch _accunmul ate at the wall of the housing, can

disEErdeged HAdE PUlsh ReTHagsi Mgrar Prvd sxeiilas however

Olétﬂ penOReRIRY + ulfu 1te HIRS 10t et u's%cp%%'cth' eed alb1ids,
the sane end as 20 the gas-solids inlet (reverse flow

swidich: gisepmiHatededi gireofiatie ofoltihgs hewsiaw nmprbée
SIRIN RRW ded Y, g PN h%ﬁhgl%gt lé‘%“ |t '%%lisi'c%g Atlet

the opposite end. "The solids outl co-current
t PRend@@ar at or may be suitably p03|t|oned in the

SpaceIQeEW%e%a%h%u%ﬁgkrqll%g%%tﬁ%ﬁ%ﬁ' QGQP%a%agg;lﬁﬁ as

conduit and the wal housi ng as for exanple
déder igeéd siod 1ds- AN3630 70 VeTive fﬁ@@nﬁwoml|§U§§pe¢m&lly

dig8Gted olF0 +& S Wl U %%u%%pm g;t i i%n gﬁaﬁgﬂ glg{aegb%y

deS|g , haV|ng an axi al gas-
ofttleetopeon ¢uidie db sty ug egi home@gatatsmhteh@ps@mt@n@ndf. The

t ul usi T i 0 t fe I
p?%GEgEdO%El%%e%gngﬁeeﬁge %Fggéfa%&h%ugﬁﬁgrggg t%%9~%
oppesgiabe vepedsiTthenienyemt ithe ﬁ@aabsbedwee@té@et@enthelly

C2R2 1thBh NG 9281 e LR i ENEngOL hdS 244! 8 3h8q
housing as for example described in US-A-56907009.

The invention is especially directed to a swirl tube
separator of the swirl tube design, having an axial gas-
solids inlet and a gas outlet conduit both positioned at
the same end of the tubular housing. The solids outlet
is preferably provided by the open ended tubular housing
at the opposite end. The invention is also directed to
the case that the gas-outlet and the solids-outlet are
positioned at the same end of the tubular housing, hence
opposite to the inlet. Preferably no plates or other
obstructions are placed in said solids outlet opening.

Most of the dimensions of the swirl tube are
conventional, such as sizing of the gas/solids inlet,
gas outlet and the tubular housing. Preferred dimensions

of the swirl tube separator according to the invention
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posi tioned at the same end of the tubul ar housing,
hence 35 opposite to the inlet. Preferably no plates

w@eooatberns obstructions are placed in said sol PdBUS2003/022294

outl et opening. Mst of the dinensions of the swrl
t ebe aieeoobﬁéwwioﬂ@b ignel dsambtbmg(dﬂ)tbé the tubular

g i nl g utl et an t ubul ar _housi.n
Pﬁ%?%?b |%e%§ﬁg%s% orPthe EﬁhP-yt688 §e6593t8r95 to
adcﬁrmln@hEn the iswiedt tobe7s¥0a2804+003244ed to separate
PCT/ US2003/ 022294 5 are given bel ow. The inner

deakefer heg2Ndor FRETelByl ARNAGNSI hgtorea dWilPr ot mband
t f 0,15
e S R N SRR I

h@véﬁgrabdyabetaéehaogﬂBgObetmeemhé*hﬂgﬁeﬁ1amémeter
40*10- 6 n1f%on&g gas stre n1th|$ di,aneter %SZ%Eis 10 .
pFBFEPably 58t een™o. F8Y0P8 APPFAEIhIGhaFidiahkPes, which
rapgeusep ta 3. Fco conyibarappbhedsi BeswirhbetiUbBSUS-A-

WEE%ES gre used in a FCC configuration as described in
% 28592. The distance (d3) between the | ower end

of thend5dtybuhae magslﬁetaegnthﬁelmb@éroénathgﬁﬁe
condui t also referred to as the axi s

t]
bgéﬁgiﬁﬁnHOPélBQ gRd FhBorPARE BEsEHA Eé?aﬁﬁ?%?ttéondult

aghkevecaarevan:Bore +apt kabk, sgRaratbAns8hhlcgNEY. an
The ratio d3/d2 is preferably between 1,5 and 5, nore

prEPEF BNy BesweBnP2rapehAd 50anahe9BA ABreVpRemeFabl y

b@bﬂ@ﬁﬁlZsépéﬂgtﬂonAefgﬁéﬁéﬁéyd'@B@nﬁgtgé 8§Vd§e§§|t
in that the vortex is not stabilised, while a shorter

dPEEARERDEANOPEYEER iLnOl BEr 5, sBpaFaPFehcErbi g batyeen 2
Theqdb agelebvEd4hoRL b?@fé?é@i%oﬁe£@§eﬁa§ 9u5%§t4 2R

conduit is preferably between The
s@reptenbdisbpacat 68 aagorefngtt &nt heatnteat vontemays not

suttgbl ysbe, uggaditoy ¥35k98§ &¥F€§n8é 933" §8£?9 ofnd%ower

separations. Especially when a Iow éni ssion o
péePybrbheni sfféquEned -t he separator may

advantagequshy 30 hgalyisge. tﬁgejrﬁf@@faf%h@c 0% d%l?@lé’@

the invention Is gvant ageousl|y used to se
sePindéihavpngrafdrahtyepetween 0.3*d2 and 0. 6*d2

The swirl tube separator according to the invention
may suitably be used for various types of gas-solid
separations. Especially when a low emission of solids
per volume is required the separator may advantageously
be used. The separator according to the invention is

advantageously used to separate solids having a diameter

ranging between 1*107°% m and 40*10~°% m from a gas

stream. The gas stream usually has a solids content of

between 100 and 500 mg/Nm3. The cleaned gas leaving the

improved separator can have emission levels of below 50

mg/Nm3 and even below 30 mg/Nm3.
The invention is also related to an improved third
stage separator comprising a number of the above

described cyclonic separators according to the present
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rangi ng between 1*10-6 m and 40*10-6 mfrom a gas
stream The gas streamusually has a solids content of

wheioanen4400 and 500 ng/ NnmB. The cl eaned gas |PEWURL03/022294

the 35 inproved separator can have enmission |evels of
b&h@wnﬁ&onnghﬁhﬁﬁam@o@maﬁcbeb@ur%&omgkmm&s B operating
inventlo alsp related. . to |npro ed third _stage.
s&Pafaror lc,egﬁ*rﬁlﬁdglaﬁge & Hﬁ?ﬁﬁéﬂr e ngf'&vé:ubc?e§ ie%%d in a
cpmb@@mmesepaﬁaﬂor$ma@@a@@l@g %&aﬁhﬁcﬂTQ&@ﬂbrt8tW@rd
004/ 009244 P /US 03/ 0222 4 5 vention, which
F&ﬁl@e§@ﬁ e§S38r g W FEENTeR Rig as

alf:l% sy Bieed albﬁiv\ée%ﬁ:et \&@sbli‘b.bei:‘dh eet ¥S-A-B540r7/@HIUr €
SS€'§§5§% | es. of tate of the art third stage

ﬁaﬁa at Yoad §73387ﬁ|8§ By 2addi“ld ra 3ph

dascmp@qd4@@@veT%@ea&aaqrgagdlhueeso$-%%élé@@mllQubes
US- A- 5690709, US- A-537270 - A-5514271, and

UgiAlePr4dBo f17€ gongecgaen wikh 6f Jewe Sokilds dobes

Wisbk cBe pleft vl & HeORRBE! isBB Wit N @ 1gaS 1$0kiindg uirpl @t yuiqly
space between the tube sheets, which is in turn

f canaegtesniected Wesrrelass- doilieds cfnitee &hitle sthioed
S%@ﬂ%ra%%rSGQQ%aE%%n Eg%tgﬁe@n@%tEQ”E%%d%o% Fpﬁfg the

housi ng ferent swirl tubes are in _
cORmEEEEdR Wil la tubsisi asecénl dduildg copacstilont Weth a

Igw@adeaeblq%c%aggp gaagrgnV%ﬁéehowakfgaQQ'b%dth@e

cat ch chanber chanber is rther provi ded
WPERSEUES| Ve@Ssedr | étlso 2elThd ghs catlcdt cbembbeirt Thein

fkgkghceﬁaﬁgg'oanghQEﬁeelgéevqaadC%hkﬁcgl@%1%8@08utlet

which is in turn onnected fo a clea
oﬁhEegagfOuﬁéeihpp@d@ﬂages sepédandrCOﬁhecmuwbew1bh a

S r ' p t.in, 2 e LI
PGS das ST SBakE DHETRY froan apen ot LtheY
f@edneﬁypdcably béeamenat andl200oswiche tbbhed stage
units are present in one pressure vesse
8g5?%%?gr housi ng may be positioned vertical, under
an anghe ouméeenOﬁoswzohtahbePseperabbysth51SSIpdsseﬁﬁ in

ouRLeL Rl $4PRRLELORER B bhe, L OWehoBad 10ht DR YhYL AL 1 e
of the feed. Typically between 1 and 200 swirl tube
separation units are present in one pressure vessel.

The tubular housing may be positioned vertical,
under an angle or even horizontal. Preferably the solids
outlet is positioned at the lower end of the tubular
housing if said housing i1s positioned vertical or under

an angle of between 0 and 90°.

Brief description of the drawings

The invention will be illustrated by means of
Figures 1-6.

Figure 1 is a state of the art swirl tube separator.

Figure 2 is a reverse flow swirl tube separator
according to the invention having a pin extending from

the gas outlet conduit.
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by neans of Figures 1-6. Figure 1 is a state of the
art sﬁhgurﬁuﬁei§eparavemse Eﬂ@@r@wzrﬂstabeewepaeatbmw

S p di h |nvent|

RS, N g ns P Er g il W RO S g ¥lng erom
c@hduspllgswcmzaeﬁ/0992449PCT/U82003/022294 5 Figure
3is rse.fl W, wirl t separat or..accordin 0

t he |%vég¥?o% avgn %Xeﬁﬁﬁ ggtengl §§ %8@9 Fﬁ5a§8%053
oabbetdmpgnmngthE|gmeeeﬁtiSn&emﬁiemswhbk@mmswaphntuhe
segarat accorg % %o the _present invention wherein

eﬁen 21678r &58 FoRg*tH€ entire axis. Figure 5

|s a Emgouerentssmﬁtb tuheesepawatqrtu%ﬁeeeparat@&n S
present _along the entire le axi ure 6
PHERE nyBoBer pRobrHER N ko GhBer T4 11 3oPHS TR e

t ehésseparators according to the present invention.
Det ai | ed description of the draMAn%s Figure 1 shows a

st at e” 0FUFRe®aPfodRi al VERFF! Pus¥ided Wéﬁ§|§tPH@b6F gt
t uhyl aviRouspg teparg@srsobicdsruihgt tcOREBI BEelent
swirl inparting means 10 | ocated in the annul ar space
bePWEBRLIPHbUI ar housing 1 and gas outlet conduit 4.
The tubul ar housing 1 is connected to a frusto

coni cal part 8, which term nates at the solids 25
oﬂﬁtéﬂlﬁﬂpﬂﬁﬁﬁriptiﬁB gAsthat fspWABAGUi t is provi ded
with §1§§§e|m|§hoﬁﬁeﬁ|§9a%e Or the §¥t3a§1§lvgﬁigi tube
stabilizer plate 12 and a vortex stabilizer g
pFeBghetippgafea2tshsharahpusersels | owdswrFP l‘—dﬁelnlet
S§§@ﬁ§58r9 3Qwas1i MmPho¥ERglmWhRLEHD @beRdehnenaxhs S,

axlis runs
annular space between tubular housing 1 and gas outlet

conduit 4. The tubular housing 1 is connected to a
frusto conical part 8, which terminates at the solids
outlet opening 3. The gas outlet conduit is provided
with a gas inlet opening 7. On the axis 5 a vortex
stabilizer plate 12 and a vortex stabilizer pin 11 is
present. |

Figure 2 shows a reverse flow swirl tube separator
as in Figure 1 wherein along the axis 5, which axis runs
from the gas inlet opening 7 to the solids outlet
opening 3, a vortex extender pin 6 is present. The pin 6
is fixed inside the gas outlet conduit 4 by means of a
swirl body 13. The swirl body 13 is such that in use the
swirling motion of the gas flowing in said tube 4 is
decreased. Preferably the swirl body extends from the
gas outlet tube 4 some distance to a position below the
gas inlet opening 7 (not shown). More preferably less
than 75% of the length of body 13 extends from the tube

10



10

15

20

25

30

35

40

fromthe gas inlet opening 7 to the solids outl et
opening 3, a vortex extender pin 6 is present. The pin

wG200u80R2iked i nside the gas outlet conduit 4 bRCTESI83/022294

of a swirl body 13. The swirl body 13 is such that in
uée Ehe 8bhewi refagenoei oombkrshbagasthkoweng mrasdand as
B h? gecreased Preferably the swirl body
enag romthe gas outlet tube 4 sone distance to a
p05|tFmgubelamshhes gasevaket Hpeni sgi¥l(habeshepayator

f bly | % of t | th.of bod
13 et PRt F ot TRESPlibe 6 W 2004F Gbosaa-nasr BERY6 1s
P£$b662603t02229éol5d4 oﬁh&eﬁtbpénﬁﬁﬁeBenEerﬁhﬁbﬁﬁSe no
h F 3 sho
A ¥ BobPegorton urFF Pube BBRAFAFor ThasPHA Pi dar £1ed by

emeaﬁs bhatlkhelyﬂrt@asexuenaekaanen6rbas Located at
thernore no 10 frusto

the 0|Igi ogtlet ogenlﬂg

CBEPEarahly destanglclaht coTha! bRANGS  Sif | ZBAbynT Low
nmeansof dbi xakli @asEedsthdt ﬁa?abt@ﬁrr@ﬂstﬂéta§631tlon
preferably designed not to influence the rorating fl ow

o?h§oPFB§raﬁﬁf@5§§%§ PH@Peﬁﬁyhéﬁﬁth%tS?H%tm96§ﬂﬂgoﬁs in
Th@ggggeg ref erence nunbers have the sane neani ng as

in 15 Figure 1. Figure 4 is_a reverse flow swirl tube
separ 8t 8FT8s* +h ¥i HAVEr3SwhEPEi AVEF bngibheseReFREOT as

| eAgthgQtet BeyRXESinaa PbAGOLHhS Qﬁ@§§@tleﬂ-§hpb9 tBe axis
fixed in the gas outlet conduit 4. A small horizontal

pRaPén18 #HayPhespreseRieapinoie hbiredetn eflde oasheuplat

6coB8GRHSE. PANsRa BXI £8AS- LR AT ﬁPQéédeaﬁ%ﬁ gés BOEEnt at
preferably at a distance of nore than e axls

berewletergasdi af ethepehnng- 7Beaausonginvof textends to a
r@§HE§de£Qb9éd§{sEQn&§t ﬁyéfeﬁgblgxg@nge 4 YOLELEX Sfdmore

at a pre et erm ned ocatlon such | ate ma
uskan PPEfefablly axth hcpdet Bhas5ges smb@t opﬁn@n@eV, a

noLn 0y di-BLUrP; § he éQuiﬁerPS' gad}-schay dséégnanthe

tubular housi ng erencg nunbers have the
saﬁﬁeﬁéaﬁlﬁgrbsxlﬁn¢|gﬁr@ rrefegareised slacebicnrsenh a

Sﬁﬁé%etﬂg§ ﬁgpéééaprPreferably such a plate 15 is small

in order not to disturb the solids being discharged from
the tubular housing. The other reference numbers have
the same meaning as in Figure 1.

Figure 5 is a co-current swirl tube separator,
wherein gas-solids inlet 9 is arranged at one end of the
tubular housing 1 and the solids 3 and gas outlets
conduit 4 are arranged at the other end of the tubular
housing 1. At the gas-solids inlet opening 9 swirl
imparting means 10 are present. These means 10 may as
shown consist of a central body on which vanes are
positioned. The solids outlet opening 3 is formed by the
annular space between tubular housing 1 and the gas
outlet conduit 4. The pin 6 is fixed at both swirl means
10 and via swirl means 13 inside the gas outlet

conduit 4. This double fixation is advantageous in order

11



10

15

20

25

30 wherein gas-solids inlet 9 is arranged at one end
of the tubular housing 1 and the solids 3 and gas
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the tubular housing 1. At the gas-solids inlet
openilngi® swbrktionmpacti ngenpdns PRecdeeapilgsent. sThese

ans 35 own_consi st ., o central body on
QE o4 3§E8§&5r§rosoggﬁlgﬁgd9u¥§8tsgPﬁasﬁoﬁPpgtg&ﬁ%ﬁpﬁﬁ to
3ai pobatired hyovbethangabaﬂnspacepbﬁﬁmgen Kubu|ahown).

h u3|n 1 _.and a ut | . n 6

AR Bresarroti 1E s TheaRa bhh darprB Boneoey 13
|§3tdﬁdbhergﬁstnétkebe4a condU|t 4. This double
fixation,is dvan%g eqQus . in order 11 WD, 2004/ 009244

Ot UBS055) 559504 e CSERREE GRBVAT 1BNS aRoRnengL AL the

Pretiar-abl y-thaagwiri hdbady QﬁtQﬂd§llﬁgﬂkbﬁéd9§§19mtE@be
tube 4 sonme distance to a position above the g

|HPEthéﬁéﬁgnau?h(ﬁofeéﬁBﬁﬁ) Foﬁb?éaﬁPéPeFﬁﬁl?WﬂééstUbe of
t hagu#8% ohathg1kengthpebvhady %@the§%§9§3m55ﬁ§1ﬁbeof
tube 4. 10 It is clear the features shown in either
ohedBFet Re Figures 1-5 may find use in an illustrated
sSWi rl gt yhee @oghsﬁglngégs51aléee£y€§de50%l@ﬁaaph§mﬁgﬁ of
swrl tube of Figure 4 may al so be provided
sﬁpﬁ|Swéaﬁstmbeoﬁepﬁrgapészl7150F@g@¢@gat@hbms aresent
veasehti6npPronLdedsubihia pughen.af yithe,SyLLL sLybg
separators 17 according to the present invention. The
vésdel rengusyi d8d whimhaigaslusfivsconngetedohdut

1 | | i dLy C t 9

o B350 Trom The T 65t CeP T sensorepf o5 0oF LER ckEgs Lt by
20uhAdsheetghi8 spdceli19Thssf sphrdeylocbanéttddlyo the

[ S 'k ds: 1k 0 e ]

t ibaSEbar afar oh 1, ARLERuEa CRRRLRORLE,, PhaLECogthlhgs o
f PGi 8hy evohnectedewsehagagassoli} eftheoyhecoinget spanduit
2 d l t n s f .
c%n%gcfggf%??h&?ﬁggg%%gdggggl eg?é ouéfége¥%§£e$E%n%as
oepkee 29l frdtthg spatdsi sutbahecpenito asghsuddiyet

ﬁﬁ?ﬂﬂggtéﬁew§9£iQﬁecgéﬂfﬁéiQQlf@@%fn&ssﬁgc oggec%he gas
outlet collecting space is connected to a gas outlet 24
and the solids collecting space 23 is connected with a
solids outlet 25.

12



solids outlet 25. 12 WD 2004/ 009244 PCT/ US2003/ 022294
CLAI MS5 1. Swrl tube separator for separating

w@odouaieo2is om a gas-solid containing feed conpPCHUAY03022294

10

15

20

25

30

35

tubul ar housing, an axial inlet for introducing a
gas-solids m xture at one end of said housing,

wherein said axial inlet fcog giftbﬁoguci ng the
gas-solids mxture is provt i 10 swirl inparting
nmeans, a solids outlet opening at the opposite end of

sai th hoysiiRg, tapd §e§@raa:)6ra|f090§é¢£9ﬂ,eﬂdg tadaylar £98% a
out | et coqg it EI aced at_an end of said housing )
wher & Rildflg CPRES SRS dfeeth EORaBLP ARY HoJSING2F housing,

vVor tax sxdtaandelepi flot Sifgesi@Ringld Pas-SWIildst wbture at
separagtar. according, to claiml, wherei t.he pin is

pr es‘genﬁet eé’ldo%% S?lﬁe%%%sji’c%% gw}leicﬁ:éna ‘?lsopoaijtaﬁe mﬁﬁlﬁuF%lf‘
housinfgodsaildgakhe gammialg dsr vixthee i i girovdpledi nytof
the §as 10Ukbal-+ $RGIMEAnIP of Aok RS eHck Al t(ﬂ%n%%\%it gf}%ﬁé

housi ng opposite Said gas outlet conduit. "3 .

t ubPRRSFARt 6PdagE 0P M PGS 18P ai A1D, 2 vitreragiinl PRelpiened
i? ﬁlﬁ)‘iﬂ.&t tg» l@b@nﬁualgibeémz ﬁZSQJéQQQ? la?(Qba% Qndt B%t sAxhS

0 e t.ubul ar housi ng. . Swir e separator .
accol}odllsﬁé’gfowgﬁﬁ?ﬁ?fﬁg rscéllenax%ﬁe"%i 5 %“%P@@énbousmg a
al onpried ¥xobntbe @k sisoforekentt ubul ar housi ng. 30 5.
Swirl tube separator according to any one of clains

1-4, wherein the pin extends fromthe interior of the
gas dut SEtréohde t SeRRIe e ac abtdErg Housilagramd wherein

wher@id pihhe sphBebénf i QA MENL Ba s @S OWhkeLxis of the
Congchlt b)é gﬂgans of supporting neans, said supgortl ng
meansAtE s fieRF g, AFF UMY THsh S Pgr nlet
posiddenied stchhéhgds thayetdecr@ase ddiecSWhel A of the
m’“dt u(ifaft N8u985, PSI NG disehanogd, WA fihe gas;putl et
condurt. 13

3. Swirl tube separator according to claim 2, wherein

the pin is present along at between 30 and 100 % of the

axis of the tubular housing.

4. Swirl tube separator according to claim 3, wherein
the pin is present along 100 % of the axis of the

tubular housing.

5. Swirl tube separator according to any one of claims
1-4, wherein the pin extends from the interior of the
gas outlet conduit into the tubular housing and wherein
the pin is fixed within the gas outlet conduit by means
of supporting means, said supporting means are swirl
means which swirl means are positioned such that they
decrease the swirling motion of the gas being discharged

via the gas outlet conduit.

13
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the gas outlet conduit are arranged at one 10 end of
t he tubul ar housing and the solids outlet opening 1is
positioned at the opposite end of said housing. 7.

Swi rI tube separator according to, any one of clains

1- 5,0 wheVdih tHRS| PRRATAOE PREPBART n‘”go Y GRS Sb| Fpsims
15 mi-g, umelelrslar thaghtiad foreigpdodicime thebygbar solids

housi.n and b ol i ds | et ing and the S
out 't ¢condai® ﬁs %osfil%'tl g FS %g%6%5§Fﬁgggada%fone
sai ceriitbdi rpesbohulahdtousiegsahddsheudlstidsopaniiay dsening

posiid QJy 51%%83 %fg%*sW‘ES” ﬁ@eoﬁaéaﬂ“h ‘E‘l%:mg

condU|t and the sald ousli ng.
separator provided vvlth a plurality paraIIeI

oper-,at l @@rl&w bbbk Ub@pé&@&ab@ééraﬁﬁ@rﬁﬂ Ryt @nd8NYF OB ims
cl ai rocess. to sggar ate solids froma

soI ige g’%@ﬁelﬁagg%u%n]rﬁtxffﬁlrelﬂ P S dhedgagoRP Lils
of betueer 1@0axamdgéﬂﬂhﬁn@hNHSnHOOﬂbthﬂrtubugasenu6s1ng

Stream Gant aiAaing o$@fesctg)%§l§g ng d 45 PELAE L it

separ at or acc
1 7 gy Hwﬁlﬂnpﬂu at s@paroavp@sléecm@hm@ ga0-<c haitgi 8y S1u1ch

that the solids outlet opening is positioned in the
space between the gas outlet conduit and the wall of

said housing.

8. Multi separator provided with a plurality parallel
operating swirl tube separators according to any one of

c¢laims 1-7.

9. Process to separate solids from a solids laden

gaseous mixture having a solids content of between 100
and 500 mg/Nm3 to obtain a gaseous stream containing

less than 50 mg solids per Nm3 in a swirl tube separator
according to any one of claims 1-7 or in a multi

separator according to claim 8.
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