WO 03/ 033105 PCT/ EPO2/ 11375 - 1 PROCESS TO SEPARATE SOLI DS FROM A SOLI DS

LADEN GASEOQUS FEED STREAM The invention is directed to a process to
separ at e weoaBioso0f r om a sol i ds | aden gaseous feed stream PCTEPOFITGS a
solids part and a gaseous part by neans of _a cyclone  separator provided
with a tangentially positioned feed 5 i nfett and a tubul ar gas outl et
conduit protruding a tubular. cyclone housing from above wherein at the
external surface of the tubular gas outlet conduit and inside the tubular

cycl one housi ng BRQEEDhdE yS2R WP HROM o A ahgentd 2N | #2885 cl one

is well known and for exanple describegp rTRenmy' s Chem cal Engi neers
handbook, 5th edition, 1973, McGawHill Inc., pages 20-83 to 20-85. Wen
the solids in the gaseous flow contains fouling 15 conponents, for exanple

tar, moisture, COKeupreayLsRLSy EONESLUECBALL GULALESSAN bl ¥eBabate
optlonally in conbination wth small (catalyst) particles, it has been

found that suckopadsi érem ﬁlgﬁﬂldépégdﬁnagaseﬁuﬁ|ﬁéed stayém chmpgiiging
fouling Conpongnggﬂﬁ@gngggw Qﬂdtgeﬁggééhgep %tOE tﬁ%aﬂéso%u%f?&cﬁ%%gu't In

time this [ayer w gatively i uence t paratlon e iency of the
cycl one. Furtheepametparpgoaﬂdﬁﬁewnayea tangeotéafliyepofitarnhd feebace and

[l oy | ot 0ablies] WRr aeadgh LNGaoCKEL90E, ARARDS! UEL LAt xampl ¢ the

flow of " particles rou ot't om openi g an | eg. Typica
processes mheréuhuéachcscﬂpds hadenngasses abeveedheoeinangjenbeal cycl ones

as described aboye are Llyid cakakyll ¢,5L25K Bgs(EGE) B 5E85EE: 2608

gasi fication )
inside the tubular cyclone housing a secondary gas is

provided. '
10 A tangential inlet cyélone is well known and for

example described in Perry’s Chemical Engineers’

handbook, 5th edition, 1973, McGraw-Hill Inc.,
pages 20-83 to 20-85.
When the solids in the gaseous flow contains fouling
15 components, for example tar, moisture, coke precursors,
cohesive particulates or fly-ash, optionally in
_ combination with small (catalyst) particles, it has been
found that such particles might deposit and in time a
layer of said fouling components can grow on the outside
20 of the gas outlet conduit. In time this layer will
negatively influence the separation efficiency of the
cyclone. Furthermore parts of the layer can come free
from the surface and fall down into the lower end of the
cyclone and obstruct for example the flow of particles
25 through the cyclone bottom-opening and dipleg. Typical
processes wherein such solids laden gasses are fed to
tangential cyclones as described above are fluid
catalytic cracking (FCC) processes, coal gasification
processes, direct reduction of iron ore processes and

30 coking processes. The present invention aims at avoiding



processes, direct reduction of iron ore processes and 30 coking processes.

The present invention ains at avoi ding WO 03/033105 PCT/ EPO2/ 11375 - 2

t hat suchwbmalosiigs can occur on the external surface of tIR€TFRe2/0373 et

conduit of said cyclone separators. US- A-5376339 describes a cyclone

separator to separate the FCC catal ysts fromthe effluent of a 5 FCC

reactor riser. In addltlon to this riser efflegnt q} ure f steam FCC
Td'q

catal yst partildials sielR Wi bl BT RPOUrCT 1% $5% 19N near

the top end of dhe s externad ssndece of ddw tcbghmcade mmﬁﬂ@ts conduit and
i nside the tubular” cyclone.. housing. This secondary 10 mxtqcre is the
A

vapour effl uent ofUE’t‘He‘%?tm%t%%fﬁ@rb%‘?r a AT RIS AD9809730
describes a Cy%%?a@é"p@ﬂ@t@éct&téﬁp@@satﬁrénﬁ‘ec@(%ﬁﬂﬁ%t§ffi om t he
r

effluent of a eactor riser, wherein around the gas outlet an inlet is
15 pro%i ded foﬁ‘C@owmtmadJexﬁngasIﬂt%ﬁ@h’%Je?n thHe ks oneSehdtisi HgEHr ofn

above. This |r'H1 §td§e péPV%?ﬁ%ﬁw fde sl é{%fﬂ{@lé@% it So S£eomear y

m xture i s the vapour t of the steam strlpper of said FCC unit.
US- A- 5362379 despribess aseyel bed separke Dkt txo R et obeh® ower

end to separate, { N&, JOC, eptabysts (HOMubheseldadlents At acbidulastar

riser. As in the ove ed disclosures an inlet is provided around the
gas outlet ofmé.;mdeybﬂle)n‘eukb@lalga@ycbore@tmuﬂmcy%lllbﬁese%tl%@% from

above., This seco ndar X effdu Rfsth

strlp&e)r of sdl ‘ift@/uln L Véén art ?gél% Z%f St au%?%\%ersangp%offrmnn
VDl B.erichte,sakd ]?L(Z@Ouni@% pages 127 139 a laboratory cyclone el ement
for separation of ﬁ&ﬂAg§8$§g§8 $85368pd S a cyclone separator to

separate the FCC catalysts from the effluent of a FCC
reactor riser, wherein areund the gas outlet an inlet is
15 provided for solids-laden gas to enter the cyclone
housing from above. This inlet is provided with swirl
imparting means. This secondary mixture is the vapour
effluent of the steam stripper of said FCC unit.
US-A-5362379 describes a cyclone separator provided
20 with an open lower end to separate the FCC catalysts from
the effluent of a FCC reactor riser. As in the above
cited disclosures an inlet is provided around the gas
outlet of the cyclone for gas to enter the cyclone
housing from above. This secondary mixture is the vapour
25 effluent of the steam stripper of said FCC unit.
| In an article of G. Staudinger and Hoffmann,
VDI Berichte, Nr. 1290, 1996 pages 127-139 a laboratory
cyclone element for separation of solids laden gasses is
described, wherein to the tangential cyclone a secondary
30 gas was supplied at a position near the top end of the
external surface of the tubular gas outlet conduit and
inside the tubular cyclone housing. The secondary gas had
the'same composition as the gaseous part of the solids

laden gas. It was found that adding such a secondary gas



descri bed, wherein to the tangential cyclone a secondary 30 gas was
supplied at a position near the top end of the external surface of the

t ubul ar gwe oomsies conduit and inside the tubul ar cycl onecCixaper/ng7s The
secondary gas had the sane conposition a;sphe gaseous part of the solids

| aden gas. It was found that adding such & secondary gas WO 03/ 033105

PCT/ EP02/ 11375 3 at the disclosed position the separation efficiency was,
if at all, slightdhe poisidiostd paodiiuentddie USPRZOMEEYS I LTI 918 "HFRycl one .

separator 1o separate the £OC catalysts Jrpmihe,aldddient of a5 FOC
e a

reactor riser. ’cysc mi1s supplied to the |ower end of the
cycl one tubul ar bamy-z-ol ®fFe%3 dischyademia aMFiPE MERArEER Al Y3t s separ at ed

fromthe reactor effluent. e pr [ t F By aypigling fouling
of the 10 extseerl??alfats%%fekéeceF%#] ?%%aefg)gs SUTE Eandait of the '  tangential
cycl ong separ atqr szeddteof of 1 s ngr pridves scychorsy estedm sl pbjerpligd oeess to
separate solids froma solids_|aden gaseou SOUpELSE Ng a
sol i ds part aﬁa“%ib§§%5d§n%a9¥ %@eiggﬁggﬁi d&ﬁgg%gc %n nPéeparator provi ded
with a tangentiallyniposttippetyfetdatrdbystandsepabutdrfygos oel et conduit

protrudi ng a tubul ar cyclone housing from above, wherein at the external
surface of tfm¥@%ﬁﬁﬂ%ueEé%u%%Yiet conduit and inside the tubular cyclone
housi ng a secondary,gasréseR® Pieyhebsh aMinga donkdinensonyinhant t bee
density of the gaseous part of t{he feed stregn1beingufglégstﬁéee.
Appl i d8nt's havexemiml t Faf L35S uRT nhPasItBcoRtaTy 5AeTE gad having a

substantial l'y {gﬂ@gngfgfi&yc§§néh§ep§ﬁ§téys.pf t he gaseous part of the
solids Taden gas nggrééf{owing process achieves this object. Process
to separate solids from a solids laden gaseous feed
stream comprising a solids part and a gaseous part by '
15 means of a cyclone separator provided with a tangentially
positioned feed inlet and a tubular gas outlet‘conduit
protruding a tubular cyclone housing from above, wherein
at the external surface of the tubular gas outlet conduit
and inside the tubular cyclone housing a secondary gas is
20 provided having a lower density than the density of the
gaseous part of the feed stream being solids free.
Applicants have shown that by using as secondary gas
a gas having a substantially lower density as the density
of the gaseous part of the solids laden gas a sort. of
25 protective gas layer will form around the gas outlet
tube. Because no components will pass this protective
layer due to the centrifugal forces acting on this
relatively light gas and because of the fact that the
secondary gas does not comprise such potentially sticky
30 components no fouling components will contact the
external surface of the gas outlet conduit and no fouling
will occur.
The process of the invention is different from the
processes as previously disclosed in US-A-5376339,

35 WO-A-9809730 and US-A-5362379 because in these processes



25 protective gas layer wll formaround the gas outlet tube. Because no
conponents will pass this protective |ayer due to the centrifugal forces
acting orwOhB®3310el ati vely |ight gas and because of the fa&cu/EPhz1137Hhe
secondary gas does not conprise such potentially sticky 30 conponents no
fouling conponents will contact the exterflal surface of the gas outl et
conduit and no fouling wll occur. The process of the invention is

di fferent fronthheseppodesyegaascpneainaskypounsel e§edClnclE2AYE876339, 35

WO A- 9809730 and_ US- A- 536237 LN pr / 033105
pcw/Epoz/1137spa£919§85588§n§¥?§835288%n¥§P§§ESED§%?§E§§ g%%ggatalyst

particles and hyfipocatlboareapeassntBéornlisegt hesestédhpounds whenprasent

fouling can still occur when_sai,d roces a . s Tha, ess
o di ffer ont fPERFSSCHE ProcRacas reet saois: RLORSA 4073000 Bocats o he
steam aglded tothBepeyekeseaw Hhishabsedsiht UBRALKHE4 3PPt betaveel &jer as

descri bed above because the steamis rovi.ded_at a_positign r away from'
the gas outl et StE8RdGLESI OThgedgﬁgﬁPgeoWl? engécgﬁ§3§§ %gstﬁg preferably .

at nost 50% apdomereipkefiarabl ysatiesost b30%bbvetheedenskt yheobteha gaseous
part of the feed stream The secgndar¥ gas i S Erefgkabl% chg%ﬁgtfron1the
group of gasseBIOWRFAER ate? RPSETASP: T8f EHBYgAE8BuS SaftSof 'R sol i ds

| aden gas. 15 Exappkes of suitable gasses which are typically part of the

feeds to said cyclone inthe. earlier referred to Rroces%es -e-n%thane,
ethanel0 ni trogen, SPeaReBeityi REuFes SFCPREAEY HBFe 5fp§§'8r8§g¥e§ In an

FCC process thes$eeprdany ga3%cmBycdvantggaeusbytbeoa bifghhegdensity
of the gaseous part of the feed stream. The secondary gas
is preferably chosen from.the group of gasses, which are
also part of the gaseous part of the solids laden gas.

15 Examples of suitable gasses which are typically part of
the feeds to said cyclone in the earlier referred to
processes are methane, ethane, nitrogen, steam or
mixtures of two or more of saild gasses. In an FCC process
the secondary gas may advantageously be a light gas

20 fraction comprising methane and components having similar
boiling points or lower as obtained in the product
recovery train of said FCC process. Steam is also
advantageously used because adding steam will not result
in major downstream capacity problems in the FCC recovery

25 | train. The secondary gas will not contain any detectable
amount of solids or coke precursors.

The amount of secondary gas as supplied to said
cyclone is preferably below 10 vol%, more preferably
- between 1-5 vol% and most preferably between 1-3 vol% of

30 the gaseous part of the solids laden feed supplied to
said cyclone.

The location at which the secondary gas is provided
may be at any position such that the protective layer
around the gas outlet conduit is formed. Preferably the

35 secondary gas 1s provided at the upper end of the gas



20 fraction conprising nethane and conponents having simlar boiling
points or |ower as obtained in the product recovery train of said FCC
process. WO@ansiiges al so advant ageously used because addi n@C3tEPam i | not
result in major downstream capacity probl _in the FCC recovery 25 train.
The secondary gas wll not contain any detectable anount of solids or coke
precursors. The anmount of secondary gas as supplied to sai cycl onehés

preferably bel@¥iet vepngubior e oF 36} t P 1S5 SEF BEME Thbst

preferably betyeen l:B.¥ol BOfaRd {He gapepUSL Parig ofhd hepsot igled |aten feed
supplied to said cyclone. The |l ocation at which t% i

_ e second(ir a%,rl S
provi ded may Bee atukinlaposyei e ks iat AL PR BIRER e T é?go BRINY t he
gas outlet conduityis f0rned.. Rieferabl vi 4 her 3o segondary @asHés @f ovi ded
at the upper e%% &o ér?h% gas V?\D pB/%B%%%SlP ?EP02[11375 5 outlet conduit,
for exanmpl e thopemings sprevenipeimemehovw gasl bue T efhe ubER BRI t92S cover
cl osi ng the upper, end e tubul ar cycl one housing. Another preferred
enbodi nment isg%leenpt%(glflcsl%%%hdary gas is provided via a nunber of 5
openi ngs present iTha tohdevtivwl i cyflete napubarreasidedit¥eEh coréthP+e9 The
tangential cyclonge may be proyi |t he 2y O asy T 91 + 8X@PL egShoag i n
US- A- 5376339 o?smf%o%?t‘a“épg‘? p%/ﬂé%%qa%\ﬁf[gsr Aex%g]p?g:ggshogm in US A 55%%4%@ or
US- A- 5362379. 48 The sebidse | sidewn gis edtrsA f 22094 35 peef@fabt §3ehe/ ef f | uent

of a Fl%c reactor r&‘l’?grSoypdg?’igge?’r%ogaggégppgé&1§s75préf<§rakgi§- #Aid MS

effluent of a FCC reactor riser.



1. Process to separate solids froma solids | aden gaseous feed stream
conprising a solids part and a gaseous part by neans of a cyclone
separ at orwproomsxesl w th a tangentially positioned feed i RICEFEPANtI3a5t ubul ar
5 gas outlet conduit protruding a tubular cyclone housing from above,
wherein at the external surface of the tubular gas outlet conduit and

i nsi de the tubular cyclone housing a secondary gas is provided having ,a

| ower density than the density of the gaseous part of the feed 10 stream
being solids free. 2. Process according-t6 €laim1l, wherein the density of
the secondary gas is at nost 50% of the density of the gaseous part of the
feed stream 3. Process according to claim2, wherein the density of 15

t he secondary gas is at nost 30% of C€he HensMt§ of the gaseous part of the
feed stream 4. Process according to claim3, wherein the secondary gas is
steam 5. Process according to any one of clains 1-4, wherein 20 the
secondary gasiis prev¥ided:at séperappesoendsofroheagaslidat Letegonduit. 6.
Process according to any one of clains,1-4, wherei t he, sec ngary gas is
provi ded vi a @2RaABEr LBPoPERPAYSCOPPESEHEY A aﬁaﬁ%&%& anf t he tubul ar
gas outlet 25,c08dyktpaft ByOmE€sssascosdipglbneanypanatot pravided- 6,
wherein the %econdary gas does not contal ok Er cursor,s R rﬁiculates
and/ or soIidswihbtanﬁ?n@90§éaiéﬁlPﬂ@lBhongar%EE s 3§e§hF8ﬂ £hé gﬂ Bal ence

s Icw% gas outlet conduit protruding a tubular cyclone housing

from above, wherein at the external surface of the
tubular gas outlet conduit and inside the tubular cyclone
housing a secondary gas is provided having a lower
density than the density of the gaseous part of the feed
10 stream being solids free.
2. Process according to claim 1, wherein the density of
the secondary gas is at most 50% of the density of the
gaseous part of the feed stream.
3. Process according to claim 2, wherein the density of
15 the secondary gas is at most 30% of the density of the
gaseous part of the feed stream.
4. Process according to claim 3, wherein the secondary
gas 1s steam.
5. Process according to any one of claims 1-4, wherein
20 the secondary gas is proﬁided at the upper end of the gas
outlet conduit.
6. Process according to any one of claims 1-4, wherein
the secondary gas is provided via a number of openings
present in a hollow wall of the tubular gas outlet
25 conduit.
7. Process according to any one of claims 1-6, wherein
the secondary gas does not contain coke precursors,
particulates and/or solids that may cause fouling on

surfaces at which the turbulence is low.



