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of invention The invention is related to an inproved swrl t ub® DEGdWar at or .

~The inven%@ﬁ%@%ﬁlﬁfo related to an inproved design for Péghdé%&oquztz@ﬂe

separ at or g the inproved swirl tube separators. third stage

10 separators may for exanple b, LR a | talyst cracker (FCC
_ process. Background of inventi oﬁwﬁgﬁﬂéﬁ%vs’a’%%‘%@??%a y-di vided solid

particles from 15 entraining gases is necessary in alnost any systemin
whi ch t.he ga%iieﬁ t%fbe::LrRrashsceldont hrough a fluid dynam ¢ device containing
gas-defsl ecti Hg—wé\i-l—i—s—,.—sueeh—as—an expansi on turbine at an expander, to
prevent erosion THaemdgerctd isuch ssystlenrd Addid:ni anadtgved fstwhel enisai ni ng 20
gas is ultimtely to be discharged to .the atnosphere t he rem)val%cgf

tion

particul ate FEEEERHE al’$E P DRl Sh BA TORnEnt &P CONSRY

st andpoi nt. BasSgnoFod eveltsi af daelqw L a8 @l s08Ekd NBBe I equi red
because of these environnmental restrictions. 25 Suitable separators for

renoval of fiABEPYEVISIEd! dA1a% §RRAGAEES 1 rotrenthEF i b gRses are .
so-caliled  t i rSita0e SRRATRIONS: A f0h XM e descrihed Efcatiydy ocarbon
Processing, January 1985, 51-54. Third stage separators renpbve to an
accept abl e | év@ckefe HiGTd 30°P®@IGcles still present in the gas stream

| eaving the fluid catalyzed cracker regenerator just up-stream of an
expander turbine or flue-gas boiler. It has been found that third stage

separators Gerfrich viegaty in other processes, wherein finely

gi(‘e’li ded solid parhicles 32 arg tfgLrFé‘?L —%ﬂ@i‘%}eecgdéchoi”& ﬁé‘éf@ié‘ié‘& BASES.
npl es of such processes are direct 1ron reduction processes, coal
15 entraining gases is necessary in almost any system in
which the gas 1is to be passed through a fluid dynamic
device containing gas-deflecting walls, such as an
expansion turbine at an expander, to prevent erosion
damage to such systems. Additicnally, if the entraining
20 gas is ultimately to be discharged to the atmosphere,
the removal of particulate matter is also important from

an envirconmental conservation standpceint. Emissicn

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

25 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

30 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

35 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.



gasification processes, coal based power plants and cal cining processes,
such as alumniumcalcining. 1 2 6 DEC 2006 WD 2004/ 009244 PCT/@@%QQ%m&?2294
5 Third stage separators as for exanple described above conprise a

pl ural ity V60 2paioabdsel - arranged swirl tube separators. SWHATVUR2M3@288par-at or s
are cylindrical cyclones with an axial entry for a solids-gas mxture and
are fob exanpl e dbscdi bedgien sEPaBa360366s USYAck@amEG353Ec1tiP el 5681450,

GB- A- 1411136 US- A 766 =P- B- Wi S ator unit
IS describedagggﬁp§P§P%gé%fgapéggagggﬁef%?%%%%ﬁﬁ§%é§L2¥%§$%§ |n%{ e upper
part of a vekttbeakbkpatabokar houSwhyl wheeebapamataxisakrd cgdtiedrgeasli nl et

means i s provided by the,15 annul_ar e tween. -t.h as. qutl.et tube and
t he verticaFVﬁ?gP?gngéghtﬁgu gﬁa§o§§gﬁg'§% %ﬁ&ﬂ% é%ﬁ#%ﬁﬂ%fxgﬁﬁﬁlar space
swirl inparting aeangoar exarpargedsdrmibetd dur &2 3 ER & 360860- a swirl tube

separator is havi ng rtex stabilizer, conprisj [ | aced on a
20 ba e|ené§?3§@9fi§%5 FP%@ég5phaP%t%elééﬁﬁé%gﬁgﬁ{qgsg%éﬁﬁaihé%rﬁpcenter
of the tubul ap-hogsiongobacause 1t kebe ewek rerd rofurdihe iordexcmiddd term nat e
on the pin. It has been found that when such a cyc|one separator is used on

a feed cont aFATR§LIE1EGbSEaft PAS QWddAt &1PS5PdaIGess 2xdiiththsit $ithe case in

a third stageppepapat@r of BORe®Xlidla19YMIRLUNG v Hd% rdeVehiapent Han occur.
Such a non-preferred operation results in that the cycl one does not

separat e sol Pds2asdbperErl gags 1rdGh FreansFist mEordeerivsitdie of the inside

of thasgtubul ap,paet ahac30LkheeYCone ghas Jbean oRSAIY ey UgiA- 4810264
di scl oses a cyclone separator having a tangentlaltg arranged inlet for gas

and solids. Berbwcaihy gasasgerefubovdadi hoasiad wacabine i e stalst | i ser

annular space swirl imparting means are arranged. In
figure 2 of EP-B-360360 a swirl tube separator is shown
having a vortex stabilizer comprising a pin placed on a
20 base element. It is believed that the vortex will be
kept in the center of the tubular housing because the
lower end of the vortex will terminate c¢n the pin.

It has been found that when such a cyclone separator
is used on a feed containing a substantial amount of

25 solids, such as is the case in a third stage separator,
non-axial symmetric vortex development can occur. Such a
non-preferred operation results in that the cyclone does
not separate solids as optimally as required.
Furthermore erosion of the inside of the tubular part of

30 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 adijustable vortex stabiliser
in the form of a flat plate or a disc is positioned. On

35 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.



inthe formof a flat plate or a disc is positioned. On 35 this stabiliser a
vortex finder is positioned. According to this publication th ﬁﬁmmpe

bet ween vortex stabiliser and the gas outlet opening is frequent

‘adj usted such to vary the particul ate content of the gas exiting through
the gas-outlet opening. 2 2 6 DEC 2006 US-A-1753502 di scl oses a pneunatic
dust collector. The dust collector consists of a cyclone having a

tangentially arran ds.in|l et opening. Fromthe as._ outl et conduit
a stem extends to ggaﬁsi§§§§b% aﬁﬁﬁi%S%%I%WPW?Hm%ﬁ&F é%ﬁﬁﬁﬁqﬁf

EP- A- 052042 di $ﬁéoaQStacsMéhtbabeoﬁgpgtgt@f a P& Ry stesl m&ihgﬁrﬁl-ems' on
means fixed on the interior t he hpusi ng of the separators.

US- A- 4795561 df §896§E%aél¥yéi“6ﬁég§8p‘& FRTSPLHADVIRR. RPRGAG: R i al

arranged gas-sghisdsutket cofduty! bNgEikadxOkEs Nt W tdy A Gl osad L4 om and a
valve at the botton1of the cylindrical housing. The valve is fixed to a

pin. The opposPedo¥nBhsf IgFi sUhLATi ePeRERTed in the gas outlet conduit

present at the uppemendogbohbediécmé@déIwirb%@gseﬁmtpw thus
mechani cal |y positions the valve and the novenent of the valve within the

separator. US-Rraydedivirbcppsésegoatonceednt Sbprd A1 righe pkeriqom a
m xture of a 'bﬁﬁhdofsﬁhbdﬁogggnga qﬁg éé%g%a &fs. 20 the mxture is
Vi

tangential. A so-cal f ate at its upper end is
present at sone d|§5aﬁcé795éﬁémd%h@l@®%$eQ ¢Iﬁ MR IRPAAISOD IV idete obj ect

of theypresent yupueq! tafgbAtia1nLovhAged g2¥ieb1 {abe srpeyalor having

|nproved separation 25 ficiency an has a | esser tendency to operate
wi th a non-syng¥ilindrigpdekousing with a closed bottom and a valve at

the bottom of the cyllndrlca; housing. The valve is fixed
to a pin., The opposite end of this pin is located in the
gas outlet conduit present at the upper end of the
15 cylindrical housing. The pin thus mechanically positions
the valve and the movement of the valve within the
separator.
US~-A-4072481 discloses a device for separating a gas
from a mixture of a liquid, solids and gas. The inlet for
20 the mixture is tangential. 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 iz to provide a
swirl tube separator having improved separation
25 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
30 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



Summary of invention The invention is directed to the follow ng swirl tube
separator. Swirl tube separator for separating solids 30 frong &ﬁsm%ol id
containing feed conprising a tubular housing, an axial inlet cp

introducing a gas-solids mxture at one end of said housing, wherein said
axial inlet for introducing the gas-solids m xture is provided 3 2 6 DEC
2006 with swirl inparting nmeans, a solids outlet opening at the opposite

end of said housing n - ax] al osi tjaoned t.ub r..g ytl et _conduit
pl aced at an eﬁgkgf Swgﬁ?dﬂpéﬁg%é %ag}s:ﬁ na a{|<)§"’(rjl“'gé%lﬁ"‘te{J tglx%ts%g)ﬁ RE Afbul ar 5
housi ng a vorteke exppositte pemd | of pseiskriowdiong a@&nd easto-ax1%lof the axis of
t he tubul ar housin sai,d_axi.s_ runnin fromthe inlet opening_of the_gas
outl et condui tpﬂfblﬁ)on?ﬂet‘%ﬁ%f%"f e cﬁ{ﬁjllﬁtarc%bcﬁ&%@el&ﬁ%giatte Doty 8s

outl et condui saidnfouwdtnig nwhdmweinlmilaig hdusiagis sHpe eutbedarda 2 6 DEC
2006 The invention is also directed to a multi s%§$ratqf consijﬁin% a
plural ity of tRBUEHBYeE? EREFTHTH STHIGT (R 3 HRFHTr £1°0% atnv&ititon i s
al so directed postbe tise tistde sivé rdubuler sepadiair sid @ixisheuidlibhig
separator. 5 Egtalled deSfr%ptlon.of t%e |nvent|on]§ﬁpllc t.s found that the
above swirl tubBORepaf atdtet SRRV Fardiist SPMMUESP it

conbi nati on W the an@ivse Shabt o @Der Hditiddaipsed ite (981 IpPALRIQRE NOt

havi ng t he above-described pin. This stahle operating 10 condition js al so
observed and aﬁ%ﬁ?é@eoﬁ% WHRSZ §in rﬁﬂ?i?%%?%%%#“ngﬁe%‘ar%dgps oper at e

in parallel, wherein the solids outlet opening of each individual swrl
tube separators is in fluid communication with the common solids collecting
space of the vessel, such as

3a



15 shown in US-A-5538696 and in the above referred to artictg EE3 ct ual

| ocation of the vortex extender pin along the axis of the t Ep usi ng
is not critical as long as the pin runs along a certain length of the axis.
20 Applicants have found that the pin may be located at the solids outlet
opening and/or at the gas outlets opening or extend fromthe gas outlets
opening to the solids outlet opening. Thus two separate pins, one extending

fromthe top and o fro o] and b ong t he axi s of the

t ubul ar housi ng, a?get% g%%ggog %ere s%sd%.égkeé'%ge %%ﬁrﬂﬁﬂaﬁﬂﬁoghe
present inventiconsiktiagpeapduréhatytbé vm$tmhovs daﬂ&mmh&ﬁexuindpenﬂkes nor e
stable when wusing_a,sw.rl be_se t or ac ordln the.invention. m a
constructionaISSB PtSFSV|£§# ?nvggﬁﬁsg 3D % ?ﬁﬁgt?P %u%?%l? pi n at
the gas inlet mpensw@rlotubhesgparaﬂbteanabmﬁumme nver i segdheagym ext ends
into 452 6 DE.‘%OO. O 2004/009244 PCT, U82003/022294 5 the tubul ar

housi ng” The pFA=FaYy ' ‘|X|ng nmeans i nside the

gas outl et condU|tApbllbaﬁtBGEﬂuﬁauﬂﬂa@reﬁ@riﬁﬁbé(bw&MﬂEtﬂhd1éﬁpéﬁuldi
mnimal |ength such that tga vortex |s suf%|c1ently gui ded. The length (1)
5 FSVREty

of the pin al ofif°¥fe*BR SBRATHE LN | Bh GLEHOESHHIRP 530 Hound
that |onger pia mbeagkbabfid) oﬁé@aaﬂmnt:agﬁosmfprtm@@é@m&ﬁetﬂ&r
separation effjciency ver é ng ﬁlns ffer from nmechani cal
Porure T ChobSuiRsy sptoaREEL - HELLr1SE P 3 S o L T e
t ubul arLo I15 hO]chlﬁbﬂQJ.alieﬁoﬁlst hgsot bBﬁeh‘?féd and me@rxﬁusm@b\b@amael d hey .
negati ve i nfl uence the separation, efficienc e maximmle W

Us be det er nHe ReRihbre Jks v

thus be deter n'HEGIHYIFoP TUbRSEPRENGT RS oFPR IR i P RAH rits

tendency to wherein the SOlldS outlet opening of each individual

swirl tube separators is in fluid communication with the
common solids collecting space of the vessel, such as

15 shown in US~A-5538696 and in the above referred to
article.

The actual location of the vortex extender pin along
the axis of the tubular housing is not critical as long
as the pin runs aleng a certain lehgth of the axis.

20 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 seba;ate pins, .one extending
from the top and one from the bottom and both aleng the

25 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
30 advantageous to locate the pin at the gas inlet opening
of the gas outlet conduit, wherein the pin extends into



vibrate and the nature of the pin supports chosen. For 20 this gﬁ@icmqbpi ns
extending fromwi thin the gas outlet conduit are preferred beZ: xation

can be per\I@r2 49)09449“ de the gas outlet conduit only, reﬁ,#lﬁlit,%g(ﬁi 3
[ r t he (02?2 housi ng.

m ni mal . di stdrpbance of the vortex along the pin within

Preferred pi ich are fixed in.,25 the gas outl et condujit and_which run
a2 ong. 700 5 g RS Haihe a it e R pe et ppbr el et T2 | over
end. More prefistald yxisue hnd=20ng pigidexdrenddo aupbst té@mdubel ow t he tubul ar
housing to allow_the | ower s orf to _be ced somewhat spaced away from
caid housi g, | The BOASHEIR ARSI P75 5 Sy 1o 5 1 A BT HES | 2ngi h of
the axis. HolioMdii nsedgsh sHidralina e nisetbbecause dheyiatentrpre rigid.

The pin is preferably fixed within the gas outlet conduit. Optionally the
pin is also fI%PGn tHe tisitari13sh MRLT B 3QRT o ¢ s2pt fBRALPY

performed by Jeansofaf yangpedy APacehdis thsugasciout | Béngondyit. This
vane body will, in use, convert the swirling notion of the  gas being
di schar ged f rigtAgHes t Ubulaie rebsindgEqeous nf e heaclybev big | 2tbebr@tit into a

pressure increase dounstdeama2. b BRG, 2006 vof, the,yang,bogy; - Thus a swirl
W {eh such ne %ave

t ube separator provi ded ava ody Wi a reduced pressure
drop. Preferablifahel pim nagiwralong Hilewssti30%ef ahe naki supdbetein my

he gas out| €1 ChdUrTT o TIE pmuide SO 1 et UbCl By Rethi ng. W th ©
t ubul ard5 houdioupisg here grediite tdiehgparitarrvioly prebestentbediaset €Eneyt hus
cxol Ul 10 A AREL A PRL S YL TEIAL S LS BPOSPLL e, B0, vl e che
gas-sol i ds i nhetimopenimge arild corncurbenieisswminddbey Ibe pkanphy be
| the strength of the pin material, its tendency to
vibrate and the nature of the pin supports chosen. For
20 this reason pins extending from within the gas cutlet
conduit are preferred because fixation can be perfcrmed
inside the gas outlef conduit only, resulting in a
minimal disturbance of the vortex along the pin within
the tubular housing. Preferred pins which are fizxed in
2% the gas outlet conduit and which run along 100 % of the
axis may advantageously be alsc supported at its lower
end. More preferably such long pins extend to a position
below the tubular hcusing to zllow the lower support to
be placed somewhat spaced away from said housing. The
30 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
35 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



| onger than the axis itself. The length may be limted at its upper end in
order to mininize vibration of the pin. Alternatively the pin WIOECnS#d to
be fixed such that 15 vibration is avoided. The axial inlet of the swrl
tube will be provided wth swirl inparting neans such that in the tubular
housi ng sufficient swirling novenent is effected to separate the solids
fromthe gas through centrifugal 20 forces. The axial inlet may have a

t ubul ar desi gn?fre%ﬁg V%‘?tﬁ&ﬁd?ﬁl‘@ adeﬁom?it%%boen’sef %(r)rraq_‘i&grnpgir%,vtih%% position

of the gas ou con e swr e separ a
co-current typeithesgels autdms lodylurill shyposia imrkobekb pate stdureoprepi.t € end

of the tubul ar housj relative to._the gas-solids.inlet. .fThe sol i ds
inlet is then pre %%‘T%ng ctéx?'ﬁ R f"msgl %r?&uilteaﬁ%aég Efg'i‘ieal W th
t he housi ng analxps ovildedpim tritaywiun uppas ti0wk nEnthe alie .alfeseadafsi Agd axi s

Wil ryun fromthe, swrl inparting 30 neans to fhe gas inlet opening, of the
gas ouﬁ et con‘%ﬁf’t’f‘edl#r?‘ﬁeéb%s“g](ﬁt} eqp‘?:'b]rﬂﬁjiqg i@ep@sﬁst i%ﬁéﬁ*tatc Eame
end of the tubtidathdovspigios éme @ascisoldiuisuliad eloudign wWikd dadpulald ds

inlet is preferabl ositioned in th annul ar_ space between the gas outl et
condui t and t RO IS PECDH0 TSNS Jot Rz A2 BEH Gsi008 695204 5 val | of

the housing. SECémersyy rthhsibexcbudd s d9f aldftred a4 .heur ekl ow
type- The axial_  gas soljds L xfure inlet will be positioned at, one end of

by .
the tubular hol&i PRPARHEE Lol REYRT theid9L i S PREYSG titoned at

the opppsite stggeobftierdpessdorld SYpferaley dharsdldabs st i9peRi ng is
positioned at the, opposite side of the tubular housing relative to the gas

out | ets condui PPERHRY ohAF | § FNeCHEMBIN arSHosi HPearfhe Pin may be
longer than the axis itself. The length may be limited at

its upper end in order to minimize vibration of the pin.
Alternatively the pin will need to be fixed such that
15 vibration is avoided.

The axial inlet of the swirl tube will be provided
with swirl imparting means such that in the tubular
housing sufficient swirling movement is effected to
separate the solids from the gas through centrifugal

20 forces.
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
25 - 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
30 means to the gas inlet opening of the gas outlet conduit.

If the gas outlet conduit is 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



extend into a tapered part at this end resulting in a snaller ﬁgthdmboutlet
openi ng. More preferably however 15 an open ended tubul ar hous? used

such that soli whi ch accumul ate at the wall of the h
d|schargedv??@5‘@1¥?on1the housing at the solids outlet q%%@#ﬁ%ﬁ%%ﬂ?Pthe gas
outlet is positi t.he sanme end a t as SO|I s inl verse
flow swlrl L]’bael)lt al?ﬁas*?%‘hsﬁgth %Ibl?d%w5ﬂ?|5‘gbﬁa§7sb8 §Pnﬁ?$ f#S i ded by
t he open endaﬁb tat g oust g ﬁlowh@;@@pomé eaeNdl dhe ssoluds outlet of
the co-current, type separator sujtably positioned in he space

bet ween the d&it ‘gqef ﬁr%?tbo‘%}%f%%opﬁﬁjstjo?ﬁ?%t goﬂﬂﬁl ENgna<t hBSwal | of said
housing as foruxaPplierEesed i Hed e UsH PS5O0t The1l NKeNbireAek-§bly
especially directed to a swrl tube  separator _of the swirl tube de3|gn

havi ng an axiRfSHaened|Fsthnl eeraptta de ot | BRecBABETPIbot h positi oned
at 30 the sane-end 051§ hend ubyl as howsidg. o éﬁhﬁﬁ'LQSpQQEkQBneHSagreferab|y

provided by the open ended tubul ar housing ~at the opposite end
invention is WlscrRRPREiedide ehetkaserhr tiheugasgoaeletigadtehehe

lid I h
sol i ds- out | etoig & pRsi 4 g 8 e samm epck ol Epeytybubar bauslag, hence

35 opposite t0 the inlet. era es or ot obstructions are
pl aced i n saiekswid dsnoutd etammﬂi nlgart Mosttlois t heddreensicong oft &he swirl

tube are conven 5% &@J$Oflé£ ?@tfé%'%? §§n$heMg§ /Sg%kgﬁabﬂ ebPW?gas out | et

and t he tubular hHousin rred MENST ons ube
separ ator acmmubpgpt&nd@@ fuvehdt dne7sing DEC12006sWEh2004£068244s,

PCT/ US2003/ 02 are |ven elom/ T n di ameter (d2 f the tubul ar
housi ng of a‘% ? %?ﬁﬁﬂ% 5 af or gﬁg%Pff%%1 OT31P8 (faé %F When t he

swirl tube sepaséiorged ﬂB@@lyOfs@@atﬁéEhou51ng at the solids outlet
opening.

If the gas outlet is positioned at the same end as

20 the gas-solids inlet (reverse flow swirl tube) the
design of the solids outlet may be simply provided by
the open ended tubular housing at the opposite end. The
solids outlet of the co-current type separator may be
suitably positiconed in the space between the centrally

25 positioned gas outlet conduit and the wall of said
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 conduilt both peositioned at

30 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

35 opposite to the inlet. Preferably no plates or other
obstructions are placed in said solids outlet opening.

Mocst 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

40 of the swirl tube separator according to the invention



solids having a dianeter rangi ng between 1*10-6 mand 40*10-6 mfrom a gas
streamthis dianeter (d2) is 10 preferably between 0.15-0.3 in mﬁ; @her
dianeter range, up to 1.5 m may be applied in swirl tubes, are used
in a FCC cwitfi0849Me4don as described in US-A- 5328592. TheP‘éIT/I;’{S%Qﬁ%’@ZZ@%B)
between the | ower end of the 15 tubular housing and the inlet of the gas
outl et eonduidre gienreederedThe aBneheddrnsteRaddBeents Ghigd tbubaran

| mpor tant desjgns AL aTBL &7 sk 9r RCRLBYES %?Pé(%r”ﬂé rQbe”gEgﬁe@%@twn

efficiency. The ratio d3/d2 is preferably betwee
preferably betwean ZﬂﬁﬁﬂahHGSSﬁhaleVEhen@@@apﬁépéraﬁly8§étﬁeeﬁegasaaﬁd 4. A
greater distance d3 can,result. in that the vortex is not_ stabilised, while

a shorter di sFahte® damviBEuft I ANPEREr T2REHaT aPPEHSERT LELdncy™ #RE di amet er
(d4) of the |Eéﬁgogg &hg g9asa ogggegtrggm Qgggl EﬁeEE?f 2txsbetmeen 0. 3*d2
ve

and 0. 6*d2. e swrl be separ at or - accor £6 the | ion may
sui tablg be ugfmﬁéxﬂbyyrbeﬂse&ypéslb%OgasmsoThd hsgparaﬁﬁam&teEspecially

when a | ow em ssi on of é % per._vol unme |i.r§quire%itﬁ aratg. Hay
advant ageous| Y2 30° be'Rised. ~ TRe™sePa¥ aror S BRcordi n§ £6*f 8ntV ncf's
advantageouslyrQS@ﬁbdolﬁepaFatecsﬁELgﬁr@ayoﬁgaa deaneteed ﬁangsng bet ween

1*10-6 m and 49 %g £ mfroma gas stream The gas streamusually has a
SO|IdS cont ent> % et ween 100 and 500 ng/ NnB. The cl eaned gas | eaving the

35 inproved separgi®rdLanaiaye (88) sebPleteVehs 0bwbel ewd58s BEENTB and even
bel ow 30 ng/ NnB. The invention is alsp related to an inproved third stage

separater conprPslad Boneberaaf FRe aBbYe °HebRRi Bea 8VEFSH|EO§€BéFators
according to ;N&; PFesePtedB8ti0:20044009244 FEI/ U8l £6uhdB060 be an

important design parameter to achieve an even more
optimal separation efficiency. The ratio d3/d2 is
preferably between 1,5 and 5, more preferably between 2

20 and 5 and even more preferably between 2.5 and 4. A
greater distance d3 can result in that the vortex is not
stabilised, while a shcrter distance can result in lower
separation efficiency.

The diameter (d4} of the inlet of the gas outlet

25 conduit is preferably between 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
separatibns. Especially when a low emission of solids
per volume is required the separator may advantageously

30 be used. The separator according to the invention is

advantageously used to separate solids having a diameter

ranging between 1*1076 m and 40*107% m from a gas

stream. The gas stream usually has a solids content of

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

35 improved separator can have emission levels of below 50

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

described cyclonic separators accerding to the present



22294 5 invention, which cyclonic separator tubes are operating in parallel
and are nounted between two tube sheets in a pressure vessel. Exa(r}gl es of
state of the art third stage separators that can be m)d%%i g%%o%g) Adlibng a
pin as d&H%EYP%bove are described in US A 3541766, 18°U8SAYE883700,

US- A- 5372707, US- ,@-5514%%11, and US-A-6174339. The .axial gas inlet of the
swirl tubes WWERTBET N 1A YEIREE SERFTH OF &?—%Iq SRR 1 %pace

between the tubpasheetes, aMd clrd smouftied bfdudied] wcanneetfkdios the a
gas-solids inlet of the third stage 15 separator._ The o%gn bott om ends of

the housi ng BFSSRET SIS ant RGP SSulds SHdS % 141 Tondetiidn with a

solids col |l egtiafe $RACE ItdANEHLWREPYL Rfdilfied HWesaHmyesseln & so
called the catch chanber. The catch chanber is further provided with a

sol i ds out | efeszgitre ghevsuare dessddibed 1 V1A 3P co tion with a
cl ean qgas coljseqlisRG SRALE yMN-GR7LS o g fduidid  conpected to a clean

gas outlet of the third stage separator. The nunber of swirl tube

separ at or s uNSt&-priddemd i The25xiké whisr d ndtedige is e atvorr Wilubatepend on the
flowrate ofbhhe feat dypicaldehetgen,tiand 200 sy fd, Lbe. separation
units are preséent i n one pressure vessel. e tubul ar "housi'ng may be
positioned vepteicealbetwasder:han tagl ehereteverwtioti zZontial .t RBrreffenabddyy t he

solids 30 outlet is si tj,oned at_the | r_.end. af,_t t ubul.ar housing if
sai d housi ng%folg%ggstieﬁogcr?ec#h\?ergt%sc§I01gfisu%m§ret an f%nhgﬁ relce% ycgesttv\a/e%en 0 and 90.
Bri ef ldescri peipanradfort.h&dr awarg$oRF okhendw ent itdre Widusirey idf usia at ed by

eans o | PRI FLON S.hd0 a8 S8l §.06 N AL Sp e, separacor.
solids collecting space in the lower part of the
pressure vessel, also cailled the catch chamber. The
catch chamber is further provided with a sclids outlet.
20 The gas outlet conduit is in fluid connection with a
clean gas collecting space, which i1s in turn fluidly
connected to a clean gas cutlet of the third stage
separator.
The number of swirl tube separators units present in
25 the third stage separator will depend on the flow rate
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
30 outlet is positioned at the lower end of the tubular
housing if said housing is positioned vertical or under

an angle of between 0 and 90°.

Brief description of the drawings

35 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

40 the gas outlet conduit.



according to the invention having a pin extending from 40 the gas outlet
conduit. 9 2 6 DEC 2006 WD 2004/ 009244 PCT/ US2003/ 022294 5 Figure 3 is
reverse flow swirl tube separator according to the invention &Jﬁﬁdm%

ext endi ngWQ /08N sol i ds outl et opening. Figure 4 is aPFEANSEYS0IR284y - svm rI
tube separator according to the present invention wherein a p|n is 10
present al ong thELEREFrd &xi 3. TRVEERE 51o¥ FWedlcdr¥nhiS ATt Abe separ at or
wherein a pi acbére&ﬁge% %@ngnb@%t%w rrl%vlle;@gtahﬁza‘ e ey HGyre 6
shows a vessel provided with a nunber of 15 the swirl tube separators
accordi ng totbResplédéenputilffeAPEdAN9Pet ai | ed description of the draw ngs
Figure 1 shows arsiate gf ithe §E§7e?>é'ea|fl%w Ihy itrib& 120 LONSILNg of a

t ubul ar housing 1, "a gas-solids in opening 9, swrl inparting nmeans 10
| ocated in t h@coadmugafwsm@epb@tsﬁ@én lmmtarorhoﬁsanﬁglm aamdlryass out | et
condupy 4. T I u Je C cted to a frusto conical part 8,
whi ch pernlngﬁgéggg gggﬂg %h% %glgﬁtﬁgg%openlng 3. The gas outlet conduit
is provided witRigugasbi nket openumgeﬂt @wuﬂﬂabnhesﬁépﬁnﬂw¢mx stabilizer
plate 12 and vor.tex stabi.lizer esent.

reverse flow” mf?ﬁntﬁbglgeﬁﬁrgfgg %;?W%1 |gu#}%f%m |$Eﬁ%ﬁb‘?he axi s
5, which axiaxdgns fromthe gas inlet opening 7 to the SO|IdS out |l et
opening 3, a vortex extend rwgin 6 is esent 6£ i.n i fix%% i nsi de
Uhe gas outlet cBRAUFE % ByHeafls 6FAL Svorisshy its: T Cody 13 i s

such tihat intusestRel tube separators according to the present

invention.

Detailed description of the drawings

Figure 1 shows a state of the art axial swirl tube
20 consisting of a tubular housing 1, a gas—-sclids inlet
opening 9, swirl imparting means 10 located in the
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
25 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
30 as in Figure 1 wherein along the axis 5, which axis runs
from the gas inlet openrning 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
35 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

19



35 swirling notion of the gas flowing in said tube 4 is decreased.
Preferably the swirl body extends fromthe gas outlet tube 4-f9ﬁpgqm§tance

to a positi.on below the gas inlet opening 7 (not shown) eferably
less t hat 8% 01 %¢the | engt h of body 13 extends fromthef’f:%@régofgﬁ)ﬁngl DEC .

2006 2004Q00@§44ogggéusggg§éoggzgg gr4.hTQg géger ref erence nunbers have
the sahe neaniny gs° I'A” F gure1 S FlGUPE™s ERdMs TRSr 8F8FsESPIdNIs®icr | t ube

separator asni Rifugare.2 except that the vortex extender pin 6 is |ocated
at the solids ou%le& op ning 3. Fur%hernnrf no_10 ﬁrgs%o conicak part 8 is
present. The pin 891ECFFx3a"By 2nbERETOF 14t PRTTodS T4 5SRAXEE 0N rods 14
are preferabkyidersigoed nPoexteptnthuenchet herteratkngnblkeowpief esalsi ds and
gasses t hat ccur at. that sition.. The other reference nunbers have
the same meaRPHECES Ph tHS FPYure PUCEPGUPESAING 4 SVEFLETFIGH W rl tube

separapor asfriBtbi guhec31Wperei B akopgethBatentiheephangt h soff itdhe @9' s apin

6 is present. The pin_is fixed in the gas outlet conduit 4. A smal
hori zontal pl&eBS18Tnhy*BEipPeseAf af-2b1KReiPBWEPCENd“0fTEhe pin 6. Because

pin 6 eXtend?rE@e@ab? ”éégﬁ?ﬁghen9E$E@”EﬁflﬁéﬁE@r@QEYr@Ea%i@bSEQQ%e of nore
than 80% of the axis below the gas inlet opening 7, a long vortex wll

result. In oPdepolddpebngughsans theéntied veFtExaéndhat Ropriéderer m ned
I ocati on suchyg 2Zpynpla @fg§¥n9§_gﬁﬁgergrﬁ%9éa9h¥ §§ﬁ? ﬁe@%ﬁh@*%@ i smal
he solids e t

in order not to disturb t el ng discharg rom tubul ar
housi h§. TheFdghee Lef erence nunbers have the same neaning as in Figure 1.

r;ggifaﬁggg Ztcgﬁgag%§”%f§§%é'réHQ%séeEfBﬁt8&1r§otﬂ98r%%Ba%%%b%ohkds inlet 9
in Figure 3 wherein along the entire length of the axis
a pin 6 is present. The pin is fixed in the gas outlet
conduit 4. A small horizontal plate 15 may be present at

20 the lower end of the pin 6. Because pin 6 extends to a
considerable distance, preferably at a distance of more
than 80% of the axis below the gas inlet opening 7, a
long vortex will result. In order to let such an
extended vortex end at a predetermined location such a

25 plate may be used. Preferably 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 1s a co-current swirl tube separateor,

30 wherein gas-solids inlet 9 is arranged at cne 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-sclids inlel opening 9 swirl
imparting means 10 are present. These means 10 may as

35 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
outiet conduit 4. The pin 6 is fixed at both swirl means
10 and via swirl means 13 inside the gas outlet

40 conduit 4. This double fixation is advantageous in order

11



tubul ar 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 inparting nmeans 10 are present. These neans 10 nmay ag b

consi st owawenimzad body on which vanes are positionedPCTS2®8012d% out | et

opening 3 is fornmed by the annular space between tubul ar housing 1 and the

gas oftlet tondimitdviBhetpbns6oifsthexpdnat Phetferanilyd theanrs/irl0 and via
t.4. This doyble fixation is

swirl nmeans 13.inside the_gas tlet 40 ndu

Svant ageous TV oFtbEno T £95% BHE' Sha6oupia00h B604 BETAB0nS 0804 | 5
to limt vibeapbensiofi abevpi bhePgetenabky btbenswigr 17 (bedy sextends fromthe
gas outlet tube 4 so dj stance to. a sition _abqve the gas inlet opening 7
(not shomm).MoﬁﬁrgrﬁggFﬁhiﬁlgeﬁésghﬁﬂaﬂg75aﬁthﬁh eP@ﬁ&tﬁ%bioﬁéd}313

ext ends fromeihenbyberdm igeltpbg gl.ear the features shown in either one of

the Figures 1-5 may find use in _an illustrated swirl tube not having such
a featlre. For ekhnpfeCiRBrsilfl TEABEIEF SEPYOr N4 ehdedl §5heLptdF ded with

swirl neans #3;0tesFigyrgad. rlraFhanr en6a8honsarvassel <16 Ar euided with a
nunber of the swirl tube Separators 17 according to the present invention.

The vessel iBoprbevéded @Rth a §a3tsskidEori Akempednddict sY8riwiindle iof fluidly
connected to C Lehy s f t [.6S t ssel b 20
Eggggg %1&§¥h§@58 bk p%59ﬁggglﬁ?gryg%lr§ he%%g he ve y

t ube sheets I'S space connected to the individua
gas-solids iFflignrepgnings 9 of the swirl tube separators 17. The gas outl et

COTIU, 2 | LIS MECRIOREL 80, b0y 908 BUbLSREOLLESL L BycRacR 22 o0
space 23. Thehgaswirl tube separators 17 according to the present
invention. The vessel is provided with a ééé—solids
inlet conduit 18, which is fluidly ccnnected to a
space 19, which is closed from the rest of the vessel by
20 tube sheets 20 and 21. This space 19 is fluidly
connected to the individual gas-solids inlet openings 9
of the swirl tube separators 17. The gas outlet conduit
4 is fluidly connected with a gas outlet collecting
space 22 and the solids outlef opening is fluidly
25 connected with the solids collecting space 23. The 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



outlet collecting space is connected to a gas outlet 24 and the solids
collecting space 23 is connected with a solids outlet 25. 12 2 C 2006
CLAIMS 1. Swirl tube separator for separating solids froma gas- Pk 2006
“containing feed conprising a tubular housing, an axial inlet for
introducing a gas-solids mxture at one end of said housing, wherein said
axial inlet for 5 introducing the gas-solids mxture is provided with swrl
inparting nmeans, a solids outlet opening at the opposite and of said

housi ng, and a co-axial positioned kg@uh@g gas outlet conduit placed at an
end of said housing, wherein along is of the tubular housing a vortex
10 extender pin is present along at |east 20% of the axis of the tubular
housi ng, said axis running fromthe inlet opening of the gas outlet conduit
up to the end of the tubular housing opposite said gas outlet conduit, and

wherein the tubpul af housj is open ended. 15 2. Swirl tybe separator
according to cfain#ﬂfrtuﬁ§5§r§eﬂ ﬁﬁ?ﬁgaf[ﬂ%ﬁﬁﬁﬁ;%ﬂgoﬁﬁh&PsbéFﬁ@eﬁ 30 and
100% of the ayas-ob1idecémbal MingoiddGonpriBingd & W usepanai@inggcor di ng
to claim2, wherein, th%ién fs presen alon%hloo@bof,the axi s of the

tubul ar 20 ho®Ri#tad 1mheT ‘Eﬁb’e“”s‘iﬁfiﬂ"&t’lﬂ &5 d MG A KT USRe 28f ¢l ai s
1-3, wherein thge pefid ext esdld fiome ie, iwHeadial 0fid tahig 0as Mkl &brcondui t
into the tubul ar hogsiqg and wherein the pinis fixed within the %as out | et
condui ©© by 25 HRERASEFIEE SR (T TS TSP RS o RIS e Y Clr 8V LEH 1|
neans whi ch swifipaFEENG éenPOSA tedNiRtk Wied) dthalperiivy sdeaheasppblerewi rling

motion of the 923 88 08ia ROSIA e %nd & e 285" Posie ivned tubulax
gas outlet conduit placed at an end of said housing,
wherein along the axis of the tubular housing a vortex

10 extender pin is present along at least 20% of the axis of
the tubular housing, said axis running from the inlet
opening of the gas outlet conduit up to the end of the
tubular housing opposite said gas outlet conduit, and
wherein the tubular housing is open ended.

15 2. Swirl tube separator according to claim 1, wherein
the pin is present along at between 30 and 100% of the
axis of the tubular housing.

3. 8wirl tube separator according to claim 2, wherein
the pin is present along 100% of the axis of the tubular

20 housing. o
4, Swirl tube separator according to any one of
claims 1-3, 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

25 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.

5. Swirl tube separator according to any one of

30 claims 1-4, wherein the inlet for introducing the gas

solids mixture and the gas outlet conduit are arranged at

13



5. Swirl tube separator according to any one of 30 clainms 1-4, wherein the
inlet for introducing the gas solids m xture and the gas outlet conduit are
arranged at 13 2 6 DEC 2006 one end of the tubular housing ardd BHellbl i ds
outl et opening is positioned at the opposite end of said housing. 6. Swrl
t ube separator according to any one of 5 clains 1-4, wherein the inlet for
introducing the gas solids mxture is arranged at one and of the tubular

housing and ¢ ies ALl OUleL. 8R0) NoARdnENenganOuLL Bl s COREHLL

positioned at {fie opposi te en such e so |ds out | et
openi ng i s posipendmgd iisn polsé tionepaet bbamepposhEegasdouflealdondU|t and the
wal |l of said Qﬂ%ﬁbn 7. Multi separator provided with a plurality parall el
operati ng smﬁ#ﬁ ‘separators according to any one of clainms 1-6. 15 B
Process to seﬁhrasalxdlm@befsepaaasotldscbadéng gasenysonéxéﬂre havi ng a

T R g e e B B Ol VR 2o BPAALE BB, 5L e
according to amﬁldmemdkuMnm s hr@aagednaa ounkt end0ocfepaeatabubscording to
claimz7. 14 housing and the solids outlet opening and the gas outlet
conduit is pogsitioned at the opposite end of said housing
such that the solids outlet opening is positioned in the
10 space between the gas outlet conduit and the wall of said
houéing.
7. Multi separator provided with a plurality parallel
operating swirl tube geparators according to any one of
claims 1-6.
15 8. 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 1-6 or in 2 multi

20 separator according to claim 7.
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