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-1- APPARATUS AND METHOD FOR THE SEPARATI ON AND STRI PPI NG OF

FLU D CATALYST CRACKI NG PARTI CLES FROM GASEQUS

HYDROCARBONS This invention relates to an appa t he
separation of ws%?’("az"[garticl es from gaseous hydrocarbons Eﬁﬁ-}ég# »
stripping of hydrocarbons fromthe separated solid particles. In
yet another aspect, it-relates to an 5 i mproved net hod for separating
solid particles, such as catal yst, friom gaseous hydrocarbons and
stripping hydr ocarbons fromthe separated particles.

Appar atus for separating solid particles from gaseous hydr ocar bons

have been avai | abl APPARATESr AND METHAR: FORyAHE 1 SEPARAT EQMANL | SR IRFE NG OF
instance in the separatrporofcaTaLysT dradkesgr bARTCCBES | FROM adadroitss from

gaseous products in a fluidized | racki ng process.
In a process which uses solid particles?ﬁ?%skékgéﬁgnn

This invention relates to an apparatus for the
separation of solid particles from gaseous hydrocarbons
and stripping of hydrocarbons from the separated solid
particles. In yet another aspect, it relates to an

5 improved method for separating solid particles, such as
catalyst, from gaseous hydrocarbons and stripping
hydrocarbons from the separated particles.

Apparatus for separating solid particles from gaseous
hydrocarbons have been available for years and have found

10 commexrcial use, for instance in the separation of
hydrocarbon cracking catalysts from gaseous products in a
fluidized catalytic cracking process.

In a process which uses solid particles, it is common
for suspensions and other mixtures of fine particles to

15 be entrained in a gaseous stream. Many times, the
suspensions contain fine solid particles which contain
adsorbed and/or entrained residue of the substance(s)
involved in the reaction. It becomes necessary to both
separate and recover the fine particles. from the gaseous

20 stream and to strip the residue from the fine particles
in order to prevent possibly detrimental or undesirable
reactions downstream. For example, in a typical catalytic
cracking process, hydrocarbons are reacted in the
presence of catalyst in a riser reactor. Hydrocarbon

25 gases are formed which carry fine solid particles of the
éatalyst along as the gases flow downstream of the
reactor. The suspended catalytic particles contained
adsorbed and/or entrained hydrocarbons. The catalytic
particles must be separated from the gases and stripped



for suspensions and other mixtures‘of fihe particles to 15 ‘be entrai ned

I n a gaseous stream Many tines, the suspensions contain fine solid
particles which contain adsor bed and/ or entrained residue of the ]
subst ance( involved in the reaction. It becones necessary to bot
separate ang recaver the fine particles fromthe gaseous 2BCTEPITNUPP eam and
to strip the residue fromthe fine particles in order to prevent
possi bly detrinental or undesirable reacti ons downstream For
exanple, in a tggl cal C t|c cr &cki ng process, hydrocarbons are
reacted in the h’b‘% n§F tOaPAEYSRL| prR LY skg Kessstions Bipdr ocar bon-
25 gases arzofies nettewdi tohi &€ drer yinkleB@ rablé d(@tﬂﬁrﬁéﬂﬁ%&@ﬁéfdh@over_r

catal yst al ong e . eqm. t he reagtor. e
suspended cata @éléﬁ%ééjﬁscl%e&%g‘ ?‘ %\Mﬁ%E ilm:%as%s of st ﬁ’ﬁ’/’e 5ﬁr1é’ﬂt5r EP‘ﬁed
hydr ocar bons. T%% Pe recyclgg.t White Hhetaprazsdper &andd progrsshe
gases an8 strlp@édthe present 1ﬂﬂ@n&ibﬂ23251 be ?escrlbed with

-2- ha r ata tlcrea ions in

zones where th| s | S uncf&g i cg%n%%?%g cracking").

Stripping al so ?W%&Ofgﬁ'ellct drdtal b@mn@mstood that it is not so
limited and that the apparatus and processes will

function as well for other systems which use solid
10 partieles and generate mixtures of the solid particles in
vapour flow, '

As new, highly reactive cracking catalysts, such as
zeolites, came into common usage, new separation
apparatus were developed to rapldly separate the reactlve

15 cracklng catalyst from the cracked hydrocarbon vapour in .
- order to avoid over cracklng once - the hydrocarbons exit a
reactor.

USA patent specifications No. 4 961 863 and _
No. 5 259 855 describe a twin-drum separator which may be

20 located at the terminal end of a catalytic cracking riser
reactor. An advantage of the twin-drum separator is that
it does not easily choke from catalyst carryover. Most
catalytic cracking processes require a high separation
efficiency in order to reduce the catalyst carried

25 outside of the reactor vessels, and the twin-drum
separator may then not be that suitable to be used alone.
The twin-drum separator also does not integrate well with
an internal stripper bed because the upflow of vapour
from the stripper catalyst bed could disrupt the vertical

30 flow within the twin-drum separator.

USA patent spec’ *ications No. 4 693 808 and
No. 4 731 228 descr_.e a horizontal cyclone separator.
The mass ratio of catalyst to gas in a horizontal
separator limits the maximum amount of catalyst the

35 separator can carry, and if the mass ratio of catalyst to



catal yst to be recycled. Wile thé appafatus and process 5 - of the

present invention will be described with particul ar enphasis on
catal ytic cracking of hydrocarbons, it is to be understood that it
IS not so [mted and that the apparatus and procesgeggp

function as ‘\X/é)lgf“?zg# ot her systens which use solid 10 partlﬁ)gis”%nd
generate m xtures of the solid particles in vapour fl ow.

As new, highly reactive cracking catal ysts,_such as zeolites, cane
i nto common usage, new separation _ “apparatus were devel oped to

rapi dly separ at e92hels &R ihighis the horigrnbyl cexdlgns Sepewrtre EeadRed
hydr ocar bon vapodsé d¥oke. order to avoid over cracking once the

hydr ocarbons exit a ygy pacedi®eklrication No. HFHPAGNL2REEHLLCR! I ONS

No. 4 961 863 and > Jescribe a twn-drum Separator

whi ch may be 20 so-cabled dWwick diseagaBang evelate ' tamsidpcec cracki ng
riser 5 r e3gpHFat MYy ahEBHad@pahgt Bemé W ThelrdipalspiRaki-Rs bf t hat

it does not easily choke from cat%.\ést carryover. I\/b% c?t al ytic
cracking pr ocess%%mf‘re 93! FIRIFRCIOBaPRE Brreverse VOFEREY°fn order to
reduce the cat al yapowar rA etbrt®ex stapaidede bf wdrd rtendteominessekbe and 't he
twi n-drum voSERRA B Urd Bt ikaBnaat the bddtoms Wi afllee fe1Bgeused al one.

The twin drum separator, al s oes .not i.ntegrate well wth an
internal strippeP B&er b’e%d'ﬁgte wlﬁ‘ﬁ%ﬂ}w bReVEpTu* can Pickrppn (he
~stripper 1at al yssepavrhsd| chtdilyistpatt bbevbottomlof3he cykilowewantli nathe

twi n-drum separ agRé . catalyst backUsp BabeBht SRS AlHORSNBne4ofi3808 and
No. 4 731 228 descreasge a(ﬁorl zont. al Cécﬁone separ at or. The negs
ratio of catal ysti¢ TG iHSENRGIPgnFYFione has prayen Lo wegk: ati htg

maxi mum anmount o¢fE€btidncyt; thmwever, the unit is fairly large due to the
-need for an internal catalyst stripping bed and a :
15 standpipe extending from the bottom of the cyclone.
In addition to catalytic crackers, apparatus for
.separation and stripping are also used in fluid cokers,
entrained coal gasifiers, and other industrial processes
-using fast-fluidized solid particles. These units may be
20 -retrofitted to achieve higher separation and stripping
efficiencies in order to meet environmental and economic
needs. While separator designs such as those just
described have been used for retrofitting various fast-
fluidized processes, their use can be limiting for
25 retrofitting units which have limited space for placement
of separators and strippers and/or which need to be
retrofitted in order to increase efficiency.
In many catalytic cracking plants, for example, a
riser reactor exhausts intc a disengager vessel where
30 undesirable post-riser cracking takes place. Most of
these disengager vessels have a fluidized catalyst bed in
the bottom and some sort of separation means at the top.
These disengager vessels are often too small to be
retrofitted internally with a separator and stripper such
35 those just described. Moreover, it is expensive and



35 separator can carry, and if"the mass ratio of catalyst to
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- 3- gas is too high, the horizontal cyclone separgtordtend_sb

to choke. USA patent specification No. 4 692 311 describes a
so-cal | ed " Q0 S sengagi ng cycl one” to reduce 5 sepEFEEFHP2E8d
stripping tinme. The cycl one works on centrifugal separation and a
reverse flow vortex of vapour. A vortex stabilizer is used to
termnate the vortex before it reaghes the bottom of the cycl one,

where, if not terefppéBsht (e HYLPenDHAR %Eiéih? é&alyti%elléfa%ﬁcgqﬁc%a' yst

at the bottom of the cyc)]one and carr he cat’al yst bac p and out
t hrough the cycPbhg* o I%‘fﬁtaﬂ lmpro’f%@ §EPRR2 P SengRyilig "AFce%e has
proven to work alwaysgltbeen possidlfe,cicendysihabbyerto tgladénidighexf-airly

| arge due to thgefici NEHh f¥or@N 2hAt §EP al tripping.bed and a
15 gtandpi pe %a%%i@?i' ng fromt heabot t?om?%?%e %‘@%1—1 %rf;.t%?g Juggn

addi tion’to catgﬁl‘ﬁ’cb el exishing: désepgager vesagdar dti 48 ¥RUY
stripping are afesixmelk ito fdndwideokeseparator amiidtatipp@érCeakhgasbgiers,

and other indusihi® WYL LEficiency, smaller size, and simpler
: design. ' .

It is an object of this invention to provide an

10 integrated disengagef and stripper which has a high
separation efficiency.

It is another objéct of this invention to provide a
retrofit integrated disengager and stripper which can fit
into'existing catalytic cracker disengager vessels.

15 It is yet another object of this invention to provide
a retrofit integrated disengager and stripper which is
less expensive to manufacture.

To this end the integrated disengager and stripper
for separating solid particles suspended in vapour and

20 for stripping adsorbed and entrained residue from the
solid particles acco;ﬁing to the present invention
comprises: '

(a) a disengager vessel having a primary fluidized-bed
zone adapted to contain fluidized solid particles, and a

25 primary means for injecting into the primary fluidized-
bed zone a gas for fluidizing or stripping solid
particles;

(b) a vertical primary cyclone contained inside the
disengager vessel, which primary cyclone has a

30 cylindrical side wall and is closed at its upper end by
means of a cover provided with an outlet opening and open
at its lower end, which primary cyclone is further
provided with at least one inlet for receiving a
suspension of solid particles and vapour; and

. 35 (c) a first outlet conduit for providing a flow path



using fast-fluidized solid particles. THese units may be 20

retrofitted to achi eve hi gher separation and stri pping ef ficiencies
in order to neet environnenial _and.econamc needs. Wil e separ at or
desi gns suchwa ﬂ e just | THIS SHEETeHAS iBEEN jhave been us edpdREPoT02499
retrofitting vari ous fast - REPLACED! zed fprocesses, their use can be
limting for 25 retrof i H-Rg—sitts—mhtecir—have | i mted space for

pl acenent of separators and stri ppes s. and/ or which need to be
retrofitted in ogder 0 inc ease effi #1%/]b In lg\lgtlc
cracki ng pl ant s, T8t Weampres pening' § BRI c@)‘?ﬂrgﬂgf sw ﬁ?o

di sengager vessein et e:omectedundesheh adph el qro stpamiisgy ofr §bki nyiwakes pl ace.
Most of & Qﬁledl sengager vessels have a fluidized cat al yst bed in

‘the bottom and s sort of separation a t
di sengager vessé’fqée%lé‘ &Ihteeﬁpfegoigﬂﬁﬂe’g‘g %é ¢he Prlmaﬁ&t FYFLPPR | nt er naI ly
with a separ at orprojkectts idowawasdih 8B6to the tihwismpjwstluddieedbbdd bneover,

LET;EPS?PSSZB;e ggugs to form a sggbggéégzgfhldlzed bed zone within the

inefficient to dhiH¥sORsTe SHOr RENGhE aPEIYRTE SFHAEs in

The invention further relates to a method for

separating a mixture of solid particles and vapour and

10 for stripping adsorbed and entrained residue from
separated solid particles in a disengager vessel having a-
primary £luidized bed, which method according to the
invention comprises:
(a) fléwing a mixture of solid particles and vapour

15 through a tfansport conduit;

| (b) passing the mixture of solid particles and vapour

from the transport conduit into a vertical primary
cyclone having an open lower end contained inside the
disengager vessel, wherein the open lower end of the

20 primary cyclone is submerged in the primary fluidized

' bed; '
(c) controlling the level of the primary fluidized bed so’
that the top surface of the primary fluidized bed is
maintained above the open lower end of the primary

25 cyclone, and that a portion of the primary fluidized bed
is contained within the primary cyclone at the open lower
end, forming a secondary fluidized bed; "
(d) separating the mixture of solid particles and vapour
into separated vapour and separated solid particles

30 containing adsorbed or entrained residue;
(e) collecting the separated solid particles in the
secondary fluidized bed contained within the secondary
cyclone;
(£) introducing a gas to strip the residue from the

35 separated solid particles, forming stripped vapours and

-
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order to install inproved separatofs. So’it has not al ways been
possi bl e, or desirable, to place higher- efficiency separators and
strippers, such as those just 5 described, into existing dhsengager
vessel s. | i,,d desirable to provide a separator and stripper
technologyRM6§”&9kymhich has high efficiency, smaller sizdCTHERQ7814M| er

desi gn. It is an object of this invention to provide an 10

i nt egrated di sengager and stripper which has a high separation

ef ficiency. It is another objert- of this invention to provide a

retrofit integategydiasgngagepa AN Ridj PPEr which can fit ~into
exi sting catalyticﬁﬁﬁacker di sengager ‘vessels. 15 It is yet

anot her obj ect '&f SWiRG ehb? oFFRAF sl iv@@our and sprippedfvapourt dyr at ed

di sengager andpsesi ppeardii chrowgh the prim@Sy eyReBakYCah Panufacture:

To this end thquhnLegsd L S§ . pper or separating

solid particleghguspe%dg gi%%% our%%ﬁaggﬁaEnggPsrtgtF}%ﬁi?ﬁf%i ed and
entrained resi 318 PPBH tPrer end of ddig primeerycrrslaneoiutagthe the present

i nvention primapgpflePdized bed. (@) a disengager ?/E_SZ_E| gavi Ingda
primary fluidized- . . adapted t.o contain fluidized so
particles, and a Zgﬁg 1nv%¥$ﬁ%f3ﬂ. aﬁ%ﬁ?gf Fﬁfgffﬁﬁﬁn?%twﬁ¥rﬂ;[ﬁﬁQﬂﬁ;F
fluidi zed- with Eeﬁe§®m@eaﬁgﬁ§hq(ﬂ?aﬂimBBLZWhgreinstripping_so!id
gart i cl es; Fiure a1 Vétidvus &l @nggagﬁcgyghggevggpt@f lr@ﬁdl nsi Icle t td1e :
i sengager ves rimary cyc e has a ,cylindrical side
wal | a%% is cl %glé%gig?é%?s&h%%éqy%er% %@Strlppern’éﬁﬁgrﬁn Ve provi ded
wi t h an out| et PEPERRR gL RAYRA bR at its |ower end, which prinmary

cyclone is furtherrigure 2 shows a cross-sectional view of the primary
cyclone of Figure 1 drawn to a scale larger than that of
Figure 1; and

15 _ 'Figure 3 shows a cross-sectional view of the
secondary cyclone of Figure 1 drawn to a scale larger
than that of Figure 1.

_Referénce is now made to Figures 1 and 2. The
integrated disengager and stripper 2 for separating solid

20 particles suspended in vapour and for stripping adsorbed
and entrained residue from the solid particles according
to the present invention comprises a disengager vessel 3
‘and a vertical primary cyclone 6 which is contained
inside the disengager vessel 3.

25 The disengager vessel 3 has a primary fluidized-bed
zone 10 adapted to contain a primary fluidized bed 11 of
fluidized solid particles, and a primary means for
injecting into the primary fluidized-bed zone a gas for.
fluidizing or stripping solid particles in the form of

30 primary injector 12.

" The vertical primary cyclone 6 has a cylindrical wall
in the form of circle-cylindrical side wall 15 and is
closed at its upper end 16 by means of a cover 17
provided with an outlet opening 19.
. 35 The primary cyclone 6 is further provided with at



provided with at least one inlet for receiving a suspensi on of

solid particles and vapour; and 35 (c) a first outlet conduit for
providing a flow path _ _ New page 5
fromthe out s ng of the primary cyclone, which has pcrEpen@ideend
connected to the outlet opening of the primary cycl one,

wherein the open | ower end of the primary cyclone 5 proj ects
downwardly into the prinmary fluidized-bed zope so as to forma
secondary fl ui di ed ed zone A] 0,

primary cyclone one”inlg egﬁnggﬁt Tege ﬁﬂ@h@r gpgﬁgl gf éoﬂlod f or

separating a ntxmwﬂﬁl@ﬂ6§obnd pappucLeEh@ndﬂwap@ﬂrOénGhQOPrlmachﬂYClone

stripping adsorbed e&c}eer&tlg,abaﬁﬁeeeeade@ d4 Wlitlet conatepapstesd sol id
particles in a dlsen%a%er ves flurdr;ed bed,

whi ¢h et hod accr@&WECES £RB Sic"f Qﬁ%v%ﬁﬁW(ﬂf @oﬁﬁ?ngg rrser (a)
flowi ng a &1xttweaxﬂénﬁehgdlpapttbbeélaﬂmgagﬁnnmesﬂél 3. through a transport

condui t ; (b) m@ss h@QgSrEEeE‘ aigéﬁ‘gaajels @nid sR#4 ppekes amo vapour
from t he transport condurt oav i ng

an open | ower endTBHESTF 2&§F8e°Pﬁiet °°$§ﬁle5§eﬁ§£gBF°Vé§§%$ WE@PE|n

t he open | ower enehtdf fidomm the outlet opening 19 of the primary cyclone 6,
which has an end that is connected to the outlet ' :
10 opening i9 of the primary cyclone 6.

The vertical primary cyclone 6 is closed at its upper
end 16, however, it is open at its lower end 32 having a
discharge opening 34, wherein the inner diameter of the
open lower end 32 is substantially equal to that of the

15 upper end 16 of the primary cyclone 6. The open lower
end 32 of the vertical primary cyclone 6 projects
downwardly into the primary fluidized-bed zone 10 so as
to form a secondary fluidized-bed zone 35 adapted to
contain during normal operation a secondary fluidized

20 bed 36 of fluidized solid particles within the lower
end 32 of the primary cyclone 6.

During normal operation, a mixture of solid particles
in the form of catalyst particles and vapour in the form
of reaction effluent from a catalytic cracking process

25 flows upwards through the reactor riser 27, and passes
through its outlet conduit 25 into the inlet 24 of the
primary cyclone 6.

In the primary cyclone 6 the catalyst particles are
separated from the reaction effluent; the catalyst

30 particles fall downwards towards the lower end 32 of the
primary cyclone 6, and the reaction effluent passes
upwards and leaves the primary cyclone 6 through the:
firsc outlet conduit 30.

The lower part of the disengager vessel 3 contains

35 the primary £luidized bed 11 of catalyst particles which



20 primary cyclone is subnerged in the primary fluidized bed;

(c) controlling the level of the primary fluidized bed so that the
top surface of the primary fluidized bed is mai nt ai ned abovefthﬁ
open Iower he primary 25 cyclone, and that a portion of the
prlrraryflwggz@{7 is contained within the prm&r’?‘ Bhe at

t he open | ower end, formng a secondary fluidized bed,; (d)
separating the m xture of solid particles and vapour i nto separated

vapour and separated solid particles 30 ~ 8 -contai ning adsorbed or _
entrai ned resi (Rke maintainede)ince| Féuidized herupdnyattde sekidnpatt gases in

t he s ecesyd af a ifd 14 @d,lta.ad sePiei et Wddidy p

cycl one; l‘g% 1{ Y gz g Oggﬁ to str rWt he rtelgx? Ehgag Etn?lIYSS
separated sol i J2q%be &Pﬁ’\ 3 Fopey d%ﬁ*‘é“a&ﬁ(dmlecwr 12. wo
97/ 42275 The gas also strips the catalystlﬂSEkEEﬂE@Oiﬂagln this

- 6- 5 Stﬁdﬁ”&ﬁ%d%ﬂédﬁo&aEhhgggﬁed residue @ Rhb Qghnghépgf qgarated

e \ ou
vapour and Strlég)(Ltéy% strlpped catalyst particles which are

discharged from the disengager vessel 3 through discharge
conduit 38. The catalyst particles are passed to a
regenerator (not shown) where they are regenerated so
10 that they can be used in the reactor riser 27.
' Since the open lower end 32 of the primary cyclone 6 :
projects downwardly into the primary fluidized-bed
zone 10, the discharge opening 34 is submerged in the
primary fluidized bed 11, and the level of the primary
15 fluidized bed 11 is controlled so that the top surface 39
of the primary fluidized bed 11 is maintained above the
discharge opening 34 of the primary cyclone 3. The
portion of the primary fluidized bed 11 contained within
the lower end 32 of the primary cyclone 6 forms the
20 secondary fluidized bed 36.
The separated catalyst particles which fall .
downwardly through the primary cyclone 6 are collected in
the secondary fluidized bed 36.
Gas introduced through the primary injector 12 also
25 enters into the secondary fluidized bed 36 to strip the
residue from the separated catalyst particles, forming
stripped vapour and stripped catalyst particles. The
stripped vapour and removed reaction effluent pass
upwards through the primary cyclone 6, and are removed
30 through the first outlet conduit 30. Whereas stripped
¢ .alyst particles are allowed to flow away from the
d_scharge opening 34 of the'primary cyclone 6 into the
primary fluidized bed 11.
The fluidized catalyst particles are thus partially
.35 contained in the secondary fluidized bed 36 inside the



pass upwards through the primary tycl oné; and (h) allow ng
stripped solid particles to flow away from 5 the open | ower end of
the primary cyclone into the _ primary fl uidized bed.

The inventi Ll ow be desc anpl e rEP¥7obhoe
ref erence tgw?\#g"%r%w ngs, whe Figure 1 shlz)C 1W7

cross-sectional viewof the 1 Rﬂ%ﬁ@ﬂpated di sengager and strlpper
according to the present 1 nvention; Figure 2 shows a
cross-sectional view of the primary - 2 cyclone of Figure 1 drawn to a
scal e | arger thaspéhalowdr end 32 ofFitder primaspdcydbone 6. ThisFi gure 3
shows a Cross'*&{eé&’ﬂ&ér}\“%f&iéﬁbe 36, acFégﬁgf‘Qa&\{ 1 Y Py Figure 1

drawn to a scale
Reference is nowt kad %%ﬂFﬁ%ﬁﬁﬂﬁﬁﬂlhﬁﬁdlﬂsl¢ﬁethe PrlmarYrﬂXﬁiQﬂ@é@ while
di sengager and sthéppeim@ry lwiefided bed 30l h6ts28:s a mapivdtrdppersuspended

0 vapour sand 1ok 8141908 AL AR e spsige cAOSERLIAISY Jalgus [T om

the solid™partic es acco ent I'on conprises a

di sengager vesseTh%refore theeﬁ%?#ﬂkﬁ%@rb@élZﬁneﬁaﬁﬁecﬁRﬂQﬁﬂ@qﬁ\ﬂ%sgh i s
contained - callQ@lﬁk&i sifegager vessel 3. 25 The
di sengager vessel fIU|d|zed bed e 10 adapted to
contain a primary fI %% g}l} %’f cy°1°nef?uﬁ'sd|°zpee(fa§t(ﬁg 4-:pgrt i cles,
and a prinary rreahsglfn@l:y higher pxregsgigei thanntipat hin griqreisenoaggirzed- bed
z]9n638 gas for vessel 3fls6 @ tobr lsQPfélél%S@d I&tt rta{et e @1 dlalyt heI form
o] pri ect.or e vertic ry cyclone

"6 has a cyli ndrlngg‘?‘/ é\b%’ §'5da 'fs 1 | RetRY FB?H?%? THHEE aﬂ °r€dg?’8al si de
wal | 15 and is primary Blwigtikesd he@slapper end 16 by neans of a cover 17

A conventional primary cyclone is normally closed at

its lower end, and provided with a dip-leg to release

15 separated solid particles,’ such as catalyst, which builds
up in the ‘bottom of the primary cyclone. In order to
develop sufficient head to overcome the cyclone inlet and
outlet pressuré drop and thus to allow the separated
solid particles to discharge to a fluidized bed, there

20 usually must be a relatively long dip-leg. Thus, the
entire apparatus requires substantial space to
accommodate the length. However, the primary cyclone
according to the present invention does not require a
dip-leg and thus can be made to fit into a disengager

25 vessel with limited space. The known system also
experience problems during start-up when slugs of
catalyst particles flow up the transport conduit with the
mixture of vapour and catalyst particles. The excess
particles fall into the primary cyclone and fill it. To

30 solve this problem, many operators do not place any
catalyst into the primary cyclone or in the disengager
vessel at start-up. Of course, this decreases both yield
and efficiency until the catalyst level is adequate to
accommodate the necessary stripping step. In the present -

35 invention, any slugs formed during start-up fall into the

—————a——————
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provided with an outlet opening 19. 35 The primary cyclone 6 is

further provided with at WO 97/ 42275
PCT/ EP97/ 02499 | east one

inlet 24 f E?*V|ng a suspension of solid part vapour .
The inl et %1 ? e primary cycl one is directly c&’?ﬁg@?@@%o an
outlet conduit 25 of a transport conduit in the formof a reactor

riser 27 5 extending into the di sengager vessel 3. The
i nt egrated di sengager and stripper 2 alsoi10 - conprises a first outlet

condui t 30 for 65éﬁ”éhd§hiiﬂﬂmgﬂy cyclonepaéﬁhffﬁggtéyi Qﬁhﬁﬁ&zgﬁeahgg 19 of

the primary cyc Hé‘ has an_e that 1s, connecte
outlet 10 9W € SB5 gﬁgeﬁr9ﬁ§r9zc { fributed in the ?ﬁém9€¥t|cal
primary cycl onefmltklzdd)msﬂ an ithe dppengager vesmild, Eiminaeiay, it is:

open at its “5§W53?Léx£d¥Tﬂ @% dn the 2 £ Sgﬁening 34, wherein the

I nner di aneter )stantial ly equal to
that of Phe 15 %@hdtfé 6PtFﬁ€aB?¢rﬁ&iﬁqgﬂEQﬁu§n§ SYREPBREN | ower
end 32 of the viutdleat qﬁmpﬁmS¢SC$ebOﬁdaﬁypméaﬁﬁﬂﬁbr injectidgwanesdtiei nt o

the primary f'Lﬂéﬂ&ﬁﬁkﬁyﬂiléﬁ%ﬁz%Q-EQdaéone 35 a gas for fluidizing or
stripping solid particles in the secondary fluidized
bed 36 in the form of secondary injector 41.

10 ' The inlet 24 of the primary cyclone 6 is suitably a
tangential inlet 42 (see Figure 2) arranged in the
circle-cylindrical side wall 15 near the closed end of
the primary cyclone 6. The mixture of mixture of solid
particles in the form of catalyst particles and vapour in

i5 - ‘the form of reaction effluent from a catalytic cracking

o process entering through the tangential inlet 42 of the
primary cyclone 6, ie caused to form a vortex in the
upper end 16 of the primary cyclone 6. The upper end 16
is then the swirl zone of the primary cyclone 6.

20 The efficiency of the swirl zone can be improved when
part 44 of the first outlet conduit 30 extends into the
primary cyclone 6. Part 44 forms the vortex outlet of the
primary cyclone 6.

Suitably the. primary cyclone 6 further comprises a

25 primary dish-~shaped vortex stabilizer 46 coaxially
mounted in the middle part 47 of the primary cyclone 6.
The outer diameter of the primary vortex stabilizer 46 is
equal to or larger than the diameter of the first outlet
conduit 30, and smaller than the inner diameter of the

30 circle-cylindrical side wall 15.

' The primary vortex stabilizer 46 is positioned below
the inlet opening 49 of the first outlet conduit 30, and
suitably at a distance which is equal to or larger than
the diameter of the first outlet conduit 30. In the

- 35 embodiment of the invention as shown in Figure 1 and 2,



to forma secondary fl uidized-bed zone 35 adapted to contain during
normal operation a secondary fluidized 20 bed 36 of fluidized solid
particles within the | ower end 32 of the primary cycl one 6.

Buring nor malygpfsatd on, a mxture of solid particles PCT/EP/RAY Or M
of catalyst particles and vapour in the form . of reaction effluent
froma catal ytic cracking process 25 fl ows upwards through the reactor
riser 27, and passes through its out{et_ conduit 25 into the inlet

Eﬁeoiaz Qleyst part itg gaﬁgiéc R & copguiE, bag ?r‘bﬂ?‘fﬁ%é]e%%{:gt %y@l’#&%ﬁte °

the catal yst 30 diapetérciestialdmaddwsiaddemebenraf thee tlaqwmedemr&uef

t he primry cypbeng @br@w sttf&%lli.e.%}' P8 @éécﬁ Ueitle Qi@pﬁ:@xs to which
upwar ds and | eaves thglg?%%rq’ cl one first, outlet

conduit 30. "dﬁﬁ 38f E Hglg’éﬁ@%@ér XL &3 1%t ai ns

35 theé pri nalsybfnéugeldzmﬂ e prlimafryc &flaligszepared clesisvidegendent

WO 97/ 42275 upon the elevation of the vortex g’gﬁﬁD@JéIOZAI%Q

' particular, the depth of the secondary fluidized bed 36
should not be larger than the distance from the discharge
opening 34 of the primary cyclone 6 to the bottom of the

10 primary vortex stabilizer 46. In the embodiment which
uses a vortex stabilizer such as that shown in Figures 1
and 2, the maximum depth of the secondary fluidized
bed 36 would be from the discharge opening 34 of the-
primary cyclone 6 to the bottom most surface of the

15 primary vortex stablllzer 46.

" The primary vortex stabilizer 46 is supported by
means of supports 51. It is suitably provided with a
vortex finder 52.

The annular space between the outer surface of the

20 primary vortex stabilizer 46 and the inner surface of the
cylindrical side wall 15 allows separated particles to
pass downward through the annular space into the
secondary fluidized-bed zone 35. The annular space also
allows stripping gas from the fluidized-bed zone to pass

25 upward through the annular space into the cyclone zone
above the primary vortex stabilizer 46. The secondary
fluidized-bed zone 35 defines a stripping zone in gaseous
communication with the cyclone zone in the upper end 16
through the annular space. In the fluidized-bed zone,

30 adsorbed and/or entrained residue is stripped from the
particles to thereby recover the residue and to reduce
undesired reactions of the residue. For example, in a
suspension of fine catalyst particles and hydrocarbon
vapours, the hydrocarbon vapours are first separated from

35 the catalyst particles in the cyclone zone. Then the



are maintained in a fluidized stat'e by the action of gas for
fluidizing solid particles injected into the primry fl ui di zed- bed
zone 10 through the prinary injector 12. The gas also strips the

cat al yst pa‘g,b?%ﬁgs and inthis 5 way adsorbed or ent rﬁ‘f'ﬂ?ﬁ% due are
I cres

renoved therefrom to obtain stripped catal yst part ch are
di scharged fromthe di sengager vessel 3 through di schar ge condwt
38. The catalyst particles are passed to_ regenerator (not shown)
where they are rgger&?rét ed so 10 % can be used in the reactor

ri ser 27. HFHme Ihé’\%EPcéﬁﬁZ%?%f”?%eC%% i®ycl one 6
proj ects downwasttippaed cf:tch\e tthe atalyistti dnzehe bEtuidized- belbmbnbo t he

di sehar ge_open! feodes ng NP IR ARG, 9o nyarolkhiB Wdddibdigied bed 11

and the | evel of the rlmar 11 71s tro ed so that '_
the top surfaceredR und%ﬁuferi’e WﬁrnﬁF?CFFHQdFQQ%tW 11 is maintained
above ths . dIrSCdﬂ&’L@ﬂ:alﬂ.@‘lldn@:oa‘imeﬁtt heher i mbsgroed m%e&gaaae '

portion of the pri #% ﬁgogbglgggsgﬂé hm nt:ﬂn £ h%SIILOV\/er_

end 32 of the pr| rrary Seconyz bed
36. CWJs%&faraatwmamewCéanm 25 econfn iored amthm ‘the
downwar dl y t hr ofipderdduge ivesgelc gl th&@lﬁgaéec?])iﬂx@ﬁi&ﬂl igide wall ihhe-

secondary fl ui déﬁ%gf‘pﬁg g@rﬁlrcle cyl 1{‘ﬁr%§1| #%elglgf h the pri marly

injector 12 als ers in e secon ed 36 to
striop th8 . secondamicyqlome 56 dspsiased @tatwaympm teingl &y, meansi ng

stripped vapourofrngl sdvdpped p?r'iivaJdéEt wR8ht 46| &1 ®pening 585t Mpped -
~ vapour and rem)v%g reactio e“}‘é‘r ue nt§ Bass, ‘ﬁméatr thro gh the
primary cycl one” b and are rermv gon ®0 2B} AR 1 Ilgt 1Bondui t

30. Whereas st rfhp’efbl communicatgon yWithpahei £iest sout ldy mm@m@ BIOG\/\ll‘hway

~fromthe integrated disengager and stripper 2 also includes a-

15 second outlet conduit 64 providing a flow path from the
outlet opening 58 of the secondary cyclone 55.

During normal operation, separated vapour and

stripped vapour are removed from the primary cyclone 6
through the first outlet conduit 30. This vapour still

20 ., contains entrained catalyst particles which have to be
removed in the secondary cyclone 55. To this end the
vapour is introduced into the secondary cyclone 55,
entrained catalyst particles are separated from the
vapour. The vapour is flows upwards in the secondary

25 - cyclone 55 through the outlet opening 58, and the
catalyst particles are collected in the lower portion 60
of the secondary cyclone 55. Vapour and catalyst
particles are discharged separately from the secondary
cyclone 55, through the second outlet conduit 64 and an

30 . outlet opening 68 in the lower portion 60, respectively.
The secondary cyclone 55 is operated at a pressure which
is slightly below that in the primary cyclone 6, and
since that pressure is below that in the disengager
vessel 3, the pressure in the secondary cyclone 55 is

35 lower than that in the disengager vessel 3.



di scharge opening 34 of the primary cyclbne 6 into the primry
fluidized bed 11. The, fl ui di zed catal yst particles are thus
partially 35 contained in the secondary fluidized bed 36 inside the
New page 9 en | ower end 32 of the primary cycl one '
secondary f1 uf g9ygg%§ed 36 acts as a quick-stripper be Rag99
stripper bed inside the primary cyclone 6 while the primary
fluidized bed 11 acts as a main-stripper 5 fluidized stripper bed

i nsi de the disengager vessel 3. Ther afsor-e the fl ui di zed-bed zones

are sometinmes al so oty YLRBRE 3865 euscanty. provlehahy de

prlnary cyclone 6_is ope @Eﬂessure t han
that in the di ser@%@‘e\’eﬂ(fg The/és@eﬂes 1) ‘t"h’a‘fht%% RGfer@blycprayigedt he
secondary widrwwllvwdzebe(dxo% shewbeal aw the beoframdaealéw eblehse

prinary flui di zedopedh bl aceq pareicies? SOPYEALT QAL fd HBIGGYC one TS

normal |y cl osed at provid Ip-leg to
rel ease 155 sEbuidirzad dwd élpartlcles such as catalyst mhlch bui | ds-

up in the bottom of thg WédﬂifdéﬁYQF(Qmanel 85 owenat&_d in serid8VRLER the
sufficient head to overcone..the ne i nl et tle gressure

drop and thus to BYH0% @< %ﬁﬁ%’ Veg 15%aflSa in the BH'ME

coupling". The term "close-coupled" is commonly used when
the exhaust of one cyclone is coupled to the inlet of
10 another cyclone' Close- -coupling cyclones reduces the
unde51rable, post-riser cracking of riser reactor
products which can take place when, for example, (1) all
separation is performed in the disengager vessel, or (2)
the first cyclone exhausts into the disengager vessel.
15 When both a prlmary cyclone w1th vortex stabilizer
means and a secondary cyclone with vortex stabilizer
means are used in series, the primary cyclone acts as a
"quick disengaging cyclone" and the secondary cyclone -
acts as a "high efficiency cyclone." '
20 Suitably the inlet 62 of the secondary cyclone 55 is
' a tangential'inlet 70 (see Figure 3) arranged in the
upper end 71 of the secondary cyclone 55. Vaponr and -
catalyst particles entering through the tangential inlet
70 of the secondary cyclone 55, are caused to form a
25 vortex in the upper end 71 of the secondary cyclone 55.
The upper end 71 is then the swirl zone of the secondary
cyclone 55,
The efficiency of the swirl zone can be improved when
part 72 of the second outlet conduit 64 extends into the
30 secondary cyclone 55. Part 72 forms the vortex outlet of
the secondary cyclone 55.
Suitably the secondary cyclone 55 further comprises a
secondary dish-shaped vortex stabilizer 74 coaxially
. mounted in the wmiddle part 76 of the secondary
- 35 cyclone 55. The outer diameter of the secondary vortex



solid particles to discharge to a fluidi Zed bed, there 20 usual Iy nust
be a relatively long dip-leg. Thus, the entire apparatus requires
substantial space to accomodate the | ength. However, the primary
cycl one according to the present invention does not require a

di p-1 eg and YR %Bn be made to fit into a disengager 25 PCUEFEURAP it
limted space. The known system al so experi ence problens during
start-up when slugs of catal yst particles flow up the transport
conduit with the m xture of vapourlé4nd catal yst particles. The
excess panbitiesrf akl ié néqudheeprarmiaygeycthas € didvetdr oo 30

solve this problgdl sEBANqOBRE AL Solfuitoledl! 368 B1aer than G Ailed MO
the primary cyclone or 1 n_the di sengager_ ] vgsséf at ‘start-up. O
course, this defiameEsrpafntheefircle-cylingydcalf pidentglintéd The catal yst

| evel is adequalsecbfidary vorteéxcotabilbizer M@ AECHE5DE Yoréd ipPidg teep. I N

the presgnt 35 yniac! BXEREEONY7 A0Y Sd'Lod "B JUE oG Al tegd & | TNTO

PCT/ EP97/ 02499 distance which is equal to or larger than glge .diameter of
open-ended primghg egebAdcoutlét tdnawite el Utdi 2R @MBYdiment of the
invention as shown in Figure 1 and 3, the second outlet
conduit 64 has a tapered part 72, and the diameter is the
10 smallest diameter of the tapered part 72.
The secondary vortex stabilizer 74 is supported by
means of supports 79. It is suitably provided with a
vortex finder 80. "
Any means for compensating for thermal and
15 vibrational movement between the primary and secondary -
cyclones 6 and 55 may be used in the connection between
them. In the embodiment of Figure 1, there is provided a
gap 82, between the outlet 83 of the first outlet
conduit 30 and the inlet 62 of the secondary cyclone 55.
20 The gap 82 further provides a means for stripper gas and
| stripped vapour in the disengager vessel 3 to enter the
slightly lower. pressure secondary cyclone 55.
Suitably the integrated disengager and stripper
according to the present invention further comprising a
25 venturi not shown) positioned in the outlet end 84 of
the first outlet conduit 30 in the vicinity of the
inlet 62 of the secondary cyclone 55. The venturi not
only helps move the gases in the first outlet conduit -30
into the secondary cyclone 55, it also reduces the
30 pressure differential between the interxior of the
disengager vessel 3 and the secondary cyclone 55.
Suitably the inner surfaces of the circle-cylindrical
side walls 15 and 56 of the primary and secondary
cyclones 6 and 55 are lined with a refractory which is
.35 resistant to erosion, such as ceramic., This allows the



fromthe open | ower end 32 and distributed in the primry

fluidized bed in the disengager vessel, elimnating unwant ed
build-up in the primary cycl one. 5 Sui tably, the integrated
di sengager an } r further conprises secondar c‘lﬁ:ﬁﬁ?f
injecting int S’V?%M%e secondary fl uidi zed-bed zone 35x,a gas zg?br
fluidizing or stripping solid particles in the secondary
fluidized bed 36 in the form of seg ndary i njector 41. 10
ab t angenti al

The inlet 24 of tg&@ i rgg,rx cyclone 6 is sui
inlet 42 (see Fig &ﬁgéﬂis?ﬁg?ﬂ%r vessel 3 t&’l PE| BSed| YRERFEaI2 si de

wal | 15 near the oefsedteny dfining since thee qydloaey ayel dired. The m xture
of mixture of sol 'ﬂ.nlng 1s notpﬁE%BSJiefn'tﬂ'xé re!?fseﬂé'gpg% GaLalys @%édéé €s

and vapour in form of reactjon roma ca
cracki ng t&"reoc,sé’ de‘r?Fé'Fllﬁ geBhY bt Pethée ZAgEAPgaln; ﬁh‘étd’@eﬂﬁa&%
primary cychone 6,vessedadsdd tomhnner awhich eould 'el&ede the wallpper end 16

of Lhe prirary oy The HIPSInSAd 40 e asgendhBpEaALE PULLAAe

of the primary cycl one enc
be i nproved when the occurggncesaf twe erehlems sommenlroadent Borstt ends’
into the duirireaiync vahesd By B@éierﬂ%é‘a@ﬁﬁg bliecMer § exedidest of the

prinmary cyclone 6 yc ne_6.further .
conprises'a 25 vessel walis S}slﬁgi%ape d Vort ex § 5 P léﬁ 4’68%’6%%?531y |
mounted i mt®he m &d—l"’énﬁaﬁtﬂ #eoﬁlﬁﬂ’égiﬁ‘?ws@}cﬁowélﬁ spall over Thjaneput er
di aneter of the pmH@.l’spa\lQEHellﬁﬁ.ﬁbl ehZers 4hd System, whef§Uad vFﬂlornl'd?_s[ ger

e

t he inner dianeter of
The primry vorteefsthsi Bisepgagersvessel |30r$érd>u@él gwbstantially heeduyeet’
openi ng 49 of thethissproebibat conduit 30, and

15 The combination of the primary and secondary
cyclones 6 and 55 can suitably be used as a retrofit for
fluid catalytic crjackers, fluid cokers, entrained coal
gasifiers, and other industrial processes with small
~disengager vessels or small internal cyclones.



suitably at a distance g@%gﬂ_Lg_@gg@L~LQLoL | arger than
of the first outlet conduit 30. In the 35 enbodi nent of the

di amet er

i nvention as shown in F

PCT/ EP97/ 02
and the

When a vortex stabilizer

opening 34 of t

t he

I s used,
he primary cyclone 6 is

the depth to which
5 subnerged in the primary

fluidized bed 11 is dependent upont& e el evati | vortex
stabilizer. In particular, the depth of the se:iHﬂhSMﬂﬁ1Hh |
36 shoul d not be larger than bhﬁ gigtﬁnée froq t he QEﬁﬁﬁﬁg
opening 34 of the primary cyclone 6 t0O e pottom of tMe—t0e==taar

vortex stabilizer 46.

In the enbodi nent which uses a vortex
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(a) a disengager vessel having a primary fluidized-bed
zone adapted to contain fluidized solid particles, and a
primary wmeans for injecting into the primary £luidized-
bed zone a gas for fluidizing or stripping solid
particles; ’ '

(b) a vertical primary cyclone contained inside the
disengager vessel, which primary cyclone has a
cylindrical side wail.and is closed at its upper end .by

means of a cover provided with an outlet opening and open

15

20

25

30

at its lower end, which primary cyclone is further
provided with at least one inlet for receiving a
suspension of solid particleS'and vapour; and

(c) a first outlet conduit for providing a flow path from
the outlet opening of the primary cyclone, which has an
end connected to the outlet opening of the primary
cyclone,

wherein the open lower end of the primary cyclone
projects downwardly into the primary fluidized-bed zone
so as to form a secondary fluidized-bed zone within the
lower open end of the primary cyclone.

2.
claim 1, further comprising secondary means for injecting

Integrated disengager and stripper as claimed in

into the secondary fluidized-bed zone a gas for
fluidizing or stripping solid particles.

3.
claim 1 or 2, wherein the inlet is a tangential inlet

Integrated disengager and stripper as claimed in

arranged in the side wall near the closed end.
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means of supports 51. It - rtably provided with a vortex finder

52. The annul he outer surface of the 20
prinmary vortex stabi I|zera\é‘“1ﬂ5m ﬁ“mm surface of the
a

cylindrical %84 15 sepdrated*particles to PCT/ER283499
downwar d through t e annul ar space into the secondary. f£lui di zed- bed
zone 35. The annul ar space al so al | ows t he
fl ui di zed-bed zone to pass 25 upward t rou h ti spate into the
cycl one zone above the primry vor secondary

fl ui di zed- bed zohe FntesMated é1§9¥199$¢¥lgafz@)rﬁé'-m@l?§a”sé§u§lalm3d in any

comuni cation wdde tde t%éC'dlf&Q.méOmeBl nwh@%itpﬁfﬁrte@ﬁ the first ohbrewgh the
‘ﬂ» sorbed and/ or entrai ned

annul ar space. e fluidi
Teeldae o atri pRRtoRRtrEas 1At FR8peithry eviIERR, r ocover ( he
resi due and to redudamtegrateduddesngager cand ismsippert e cdsiued. ikoany

exanple, sn a one oﬁlﬁi@?'@.‘a@.ﬁsoﬁ hi nﬁh@fé:?ﬂ Ye Eﬁ"ﬁda(ilye% Renlydrocar bon
vapours, the hyé ei_HEon vapqurs are first se arated f.r

catal yst parti cl’'BY FIF% IFO"RFHEERe 2 BRAMAThPHYRE © abilizer CV\E?%#E%Z?S
PCT/ EP97/ 02499 mounted in the middle part of the primary cyclone, the

outer diameter of the primary vortex stabilizer being
: equal to or larger than the diameter of the first outlet

10 . conduit, which primary vortex stabilizer is positioned
below the inlet opening of the first outlet conduit at a
distance which is equal to or larger than the diameter of
the first outlet conduit.

6.  Integrated disengager and stripper as claimed in any

15. ~ one of the claims.1-5, further comprising:

{a) a secondary cyclone contained within the disengager
vessel, which secondary cyclone is closed at its upper
end by means of a:.cover provided with an outlet opening
and comprises a lower portion and an inlet which is in

20 fluid communication with the first outlet conduit; and
(b) a second outlet conduit providing a flow path from
the outlet opening of the secondary cyclone.

7. Integrated disengager and stripper as claimed in

. claim 6, wherein the inlet of the secondary cyclone is a

25 tangential inlet arranged in the upper portion of the
secondary cyclone.

8. Integrated disengager and stripper as claimed in
claim 6 or 7, wherein part of the second outlet conduit
extends into the secondary cyclone.

30 9. Integrated disengager and stripper as claimed in any
one of the claims 6-8, wherein the secondary cyclone '
further comprises a secondary vortex stabilizer coaxially
mounted in the middle part of the secondary cyclone, the '
outer diameter of the secondary vortex stabilizer being

35 egual to or larger than the diameter of the second outlet
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- 12 - adsor bed and entrai ned hydrocarbon on the catalyst is
stripped fromthe catalyst in the fluidized-bed zone, recovering
t he hydrocarbon as hydrocarbon vapour and reduci ng undesired over

i senoager 0 o oo {IMHINATRENRNAR ©o7ne”oroseretrReitbidy ™
further conprises a secdnddryscytlone p OB TnﬁﬂSVgEIEN' n the
di sengager vessel 3, having a cylindrical side 3gﬁl tjhe form of

circle-cylindrical side wall -56. The 10 18 - sgcond LAGED one 5 is cl osed
at its upper QRMdMM tTeaRIch secondai By SERBE &Lm&%e@egs%wl@{b&éﬁl et

openi ng 58. | ses _a_lower_.portion nlet 62 which

e g s TR PRy A e oL oLl €2 bt

i nt egrat ed di sdsfagee whdcht isppaval b sor ilssigedeshan]l he diawetendHut | et
conduit 64 prQHQMg@aogdfbgﬁqg@tgoﬁagﬂgthe outl et opening 58 of the

secondary cycl.aone_5 orngl operation, separated vapour

and  ° stid- p&é'&eaaﬁssﬁ Qi‘%e?%"i‘r%%(fq'f‘f SthaRReEr PRaF)2Lyed ol Y
t hrough t he fnnﬂ:oﬁuthetc&amdsls 30. fuitileew apogristingl a2@enturi cont ai ns

entrai ned cat € Oe-d
ge%_h' ¢h §h$’hbgt'l€@v§né Q)pethe tirst bEFDYEL urg;e\gﬂemo ‘he

secondary cyclone apour i.s INtro
secondary cycP€n§h§5V1°1n1tY °§nF?%J+E&F§xﬁ§ﬂﬁﬁﬂ:Sﬁ&PPﬁEFEscﬁﬁ%P%%parated
fromthe 11. Tapegtratéledvapngdges éﬂdnntnn@pamdaslﬁlhnmaseuonﬁagy 25

cyclo 55 thr%%g%ftgﬁ OHEEEh OFefbngwéggefH"%§§?% is a ga?

particles are col lected ower portion e secondary
cycl one 55. VipSuPukdgtcgprdl ¢&t the f1r5trﬁHQHQH«9§D§Pétdﬁgéh5?©eﬂi§§barateIy
fromthe secomtathe secondagyctp8ohd, through the second outlet conduit 64

and an 30 ;0UlLehoAPRRENGefBrkfiddi% HAIRLROLE 80188. pd SSRERL] Vel V.
" and vapour and for stripping adsorbed and entrained
18 .~ residue from separated solid particles in a disengager.
. vessel having a ‘primary fluidized bed comprising:
(a) flowing a mixture of solid particles and vapour
through a transport conduit;
{b) passing the mixture of solid particles and vapour
20 from the transport conduit into a vertical primary
cyclone having an open lower end contained inside the
disengager vessel, wherein the open lower end of the
primary cyclone is submerged in the primary fluidized
bed; '
25 {c) controlling the level of the primary fluidized bed so
that the top surface of the primary fluidized bed is
maintained above the open lower end of the primary
cyclone, and that a portion of the primary fluidized bed
is contained within the primary cyclone at the open lower
30 end, forming a secondary fluidized bed;
(d).separating the mixture of solid particles and vapour
into separated vapour and separated solid particles
containing adsorbed or entrained residue;
{(e) collecting the separated solid particles in the

.35 secondary fluidized bed contained within the secondary
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The secondary cyclone 55 is op(%gigg,upws&%e whi ch S
slightly below that in the primry cyclone 6, and si nce that
pressure is below that in the di m“mm!m“‘]ves_sel 3, the pressure in
t he secondawowﬁLﬁne 55 is 35 \jﬂ i at in the disapiaqar

vessel 3. WD 97/ 422%¥5 ¢+

PCT/ EP97/ 02499 - 13 -
The secondary cyclone 55 is suitably provided wt ' dip=heg 69.
The dip-leq 89, which is preferably providdi- | THIS SHEET HAS HEEN | hot
shown) at the boytbome¢p all ow rel ease of separ’ﬁ?bﬁpﬁﬂart i cljes,
extends into th r : ol Wi di b. : The

a Yok due f th
secondary cycl ong 5571 s‘yp‘]‘calc%dﬁ as?eri eség\n hﬁ'?%]ezles:L ue romri m(aary cycl one

A . . P
6, which is cal PeEaTatedhesbid RaTgdeles, forming ®iHriRppd vAROULEr Apd
"close- coupl ed" st 8ippedosdlidigad tiedes ; t he exhaust of one cycl one

' led to t ' 0 h I : QSe- Li,!
cycl ones 1 educelo] e owtls nk sopardSRs PRpRlf L e AR MBEMOrs .

react or - PagF oeRATIASHi PuShn thak BT pragy Greirngiorrtékanpl e, (1) al |

(h) allowing stripped solid particles to flow away from
the open lower end of the primary cyclone into the
primary fluidized bed.

10 13. The method as claimed in claim 12, further comprising"
operating the primary cyclone at a slightly higher o
pressure than that in the disengager vessel, so that the
top surface of the secondary fluidized bed is below that
of the primary fluidized bed.

1s . 14. The method as claimed in claim 12 or 13, further

..comprising removing.the separated vapour and stripped
vapour to pass upwards from the primary cyclone,
introducing the vapour into a secondary cyclone,
séparating entrained solid particles in the secondary

20 cyclone and discharging the vapour and the solid
particles .separately from the secondary cyclone.

j 15. The method as claimed in any one of the claims 12-14,°
‘wherein the secondary cyclone is operated at a pressure
which is slightly below that in the primary cyclone.
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separation is perforned in the di'sengager vessel,
cyclone exhausts into the disengager vessel.
primary cyclone with vortex stablllzer

cyclone W thwobhB¥.sst abilizer
primary cycl one ac s as a
secondary cycl one

secondary cyclone 55. Vapour an
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cycl one 55. The up
secondary cyclonisgf
zone can be inproved when
ext-ends into the 30
out | et of t he s‘éz
secondary cycl one 55 further
vortex stabilizer 74 coaxi al
t he secondary 35 cycsﬂy-
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acts as a "high efficiency cyclone.”
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cﬁén t 72“& ghe vort ex
ycl pn ?Z’ Sui tably the
s . condary di sh-shaped
nte in @Bhe mddle part 76 of
ut erfjof the secondary vortex
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WD 97/ 42275
- 14 -

stabilizer 74 is equal to or
the second outl et conduit 64, and smaller than the inner

PCT/ EP97/ 02499
di

| arger than the dianeter of

amet er

of the circlg; )' rical side wall 56. The
ne oY ladE T i ¢
stablllzer'#i I'S positioned belowthe 5

second outlet conduit 64 at a
than the di aneter of the second outl et conduit 64. In the

enbodi nent of the i nvention as gshown in Figure 1 and 3,.1he second
ZEPIt 72, [afs tqyeEviHASeBEEN | s the 10

out | et conduit 64 has a taper
smal | est dianeter of the tapered part ' gdﬁﬁ ondary vortex
pport ——+s—3ui t abl y
Any neans for

il ot openi ngroraTRd

di stance which is equal to or |arger

stabilizer 74 is supported by means of s
provided with a vortex finder 80.

conpensating for thernmal and 15 vi brati onal nt Et'\ﬁnIZhe
primary and secondary cycl. 23;&?; e used S ™e
connecti on between them In}]he enbo of Figure 1, there is
provi ded a gap 82, between e outl efN83 of the first outlet
conduit 30 and the inlet 62 of } condary [Fycl g 55. 20 The gap 82
further provides a neans for stripp gas an stripped vapour in
t he di sengager vessel 3 to enter th 51 i ghtly | ower pressure
secondary cycl one 55. y i ated di sengager and
stri pper according t¢fthe sent i nti on|& urther conprising a 25
vent uri (not shown) positi ¢ghed # e outl end of the first
outlet conduit 30 in the vicihity he

. \ )
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inlet 62 of the secondary cyclon€ 55. The venturi not only hel ps

nove the gases in the first outlet conduit 30 I nto the secondary
cyclone 55, it also reduces the 30 pressure differential between the
interior of GJfynaars - di sengager vessel 3 and the secondapyrg¥siais 55
Suitably the inner surfaces of the circle-cylindrical side walls 15
and 56 of the primary and secondary cyclones 6 and 55 are |ined
with a refractory which is 35 resistant to erosion, such as ceramc.
This allows the WO 97/ 42275
PCT/ EP97/ 02499 - 15 - shel | of
t he di sengager vessel 3 to be used mfaysrt a refractory |ining
since the cyclones are |lined. The lining is not needed in the
di sengager vessel 3 because the solid &ggéﬁ;ﬂ es wll not be flow ng
I n the di sengager 5 vess 3‘f§ a manpgBL.. woul d erode the walls.
Elimnating the lining in the sy eddel 3 reduces t he
occurrence of two problems comonl\g ':st, _ g&z ol @S caused
by uneven heating of the di sengagerfy Jessg I'ls Fﬁiﬂfﬁ.gi reduced.
Second, the refractory \ N
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10 lining in the di sengager vessel 3 wll spall over tine. The

spalled lining enters the system where it will plug ' val ves and
gqui pnent. Elimnating the refractory Linin of the d|sengager
vessel 3 should substantially reduce MW P3I%i% problem 15 The
conbi nation of the primary and secondary cyclones 6 and 55 can

suitably be usefirem wheebpbliet ppening of theypdivaryl gYEéoneackbish hegi d
cokers, entraingg g'g@lconneﬂtedggé'F &' Suc 206 BhORILNDESLRLAL PROgGSses

W th snall |sengager vessels of sma nter cycl ones
NEWCLAI MBlone, . Integrated di sengager and strlpper (2) for
separati ng | es _suspended vapour _and f stripping
adsor bed and enf?%f%%% ?%gl é%gf?8ﬁ$fh§ §o§ kgarP|%T%§Y “¥e orleconprlsmg
5 (8) a diperjeges desseard By hBVDngha prnmary fluidized-bed zone bed
zone (10) adapted to contaln fIU|d|zgd SO

sacondary uldlzad ved zone within the

lower open end of the primary cyclone.
The invention further relates to a methed for
separating a mixture of solid particles and vapour and

10 for stripping adsorbed and entrained residue from
separated solid particles in a disengager vessel having a
orlﬂary fluidized bed, which method according to the
invention comprises:

(a) flowing a mixture of solid particleé and vapour

15 through a transport conduit;

(b) passing the mixture of solid particles and vapour
from the transpdrt conduit into a vertical primary

cyclone having an open lower end contained inside the
disengagér vessel, wherein the open lower end of the

20 . primary cyclone is submerged in the primary fluidized
bed;

(c) controlling the level of the primary fluidized bed so
that the top surface of the primary fluidized bed is
maintained above the open lower end of the primary

25 cyclone, and that a portion of the primary fluidized bed
is contained within the primary cyclone at the open lower
end, forming a secondary fluidized bed;

(d) separating the mixture of solid particles and.vapour
into separated vapour and separated solid particles

30 - containing adsorbed or entrained residue;

(e) collecting the separated solid particles in the
secondary fluidized bed contained within thelprimary
cyclone;

(£) introducing a gas to strip the residue from the

35 separated solid particles, forming stripped vapours and
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"particles, and a primary neans (12) for injecting into the primary

fIU|Qized-bed zone (10) a gas for fluidizing or stripping solid
~particles; 10 (b) a vertical pr|q§£¥0§¥§ ope (6) contained inside the
di sengager vessel (3), which primary cyc has a cylindrica
side wall (15) and is closed at its upper end by nmeans of a cover

(17) provi ded epeh aawsgt ped 32 of L“@p@ﬁlﬁﬁrdlgycaﬁ@e06En*étslts | ower
end, which p“ 'E:Xn%léry £1uG e lQ0e 1eB) e dldvist her piRuicked twitdpeat | east
one for receiving a suspension of solid particles

?Pd vapoEr; and'uldlzed &) i@pleirr drecodisdtdec dhguint @A)y e leréyitdivig 1&

ow pat tl apeni ( f e ;i ne, 20

whi ch has an en %ﬁ%@é?@d fgig Eez eﬁu%%gqq&pea?tnsg = t(]A) “&ld@% %ro
lenaryscycIoné1L6ﬁ;zea strLQQMar@@@emnayﬁe ﬂhﬁhQUﬂﬁﬂ§a®ﬁehWa@ﬁ§ﬁ énd of
the primary e 1Y% 1R

f1 ui di zed- bed QBﬁéeEf%T @ “as toQ$%%%f%§§gghn§Q!%ﬁé ¢ élggéybed
zone (35) wnthbaluba Is@weippeperzosed .( 32) of t he prlnary cycl one

(6). . I'ntegrat ed dlsen r and stri claimed in
claim1, further céHpFﬁqugbgec nugﬁ”ﬂn%¥ @fg (ageratedalnjg%tlng into
‘the secondary fsl1g@®|t4©th@%e&0@ﬁds%ﬁrea tHan thatgam fate fdisiedicaigeg or

strlpplng solid particles.
vessel 3, so that the top surface 39 of the secondary

fluidized bed 36 is below the'top surface 40 of the
primary fluidized bed 11.
A conventional primary cyclone is normally closed at

its lower end, and provided with a aip—leg to release

15 separated solid particles, such as catalyst, which builds
up in the bottom of the primary cyclone. In order to
develop sufficient head to overcome the cyclone inlet and
outlet pressure drop and thus to allow the separated
solid particles to discharge to a fluidized bed, there

20 usually must be a relatively long dip-leg. Thus, the
entire apparatus requires substantial space to
accommodate the length. Howeve*, the primary cyclone
according to the present invention does not require a
dip-leg and thus can be made to fit into a disengager

25 vessel with limited space. The known system also '
experience problems during start-up when slugs of

. catalyst particles flow up the transport conduit with the
mixture of vapour and catalyst particles. The excess
. particles fall into the primary cyclone and £ill it. To

30 solve this problem, many operators do not place any
catalyst into the primary cyclone or in the disengager
vessel at start-up. Of course, this decreases both yield
and efficiency until the catalyst ievel is adequate to
accommodate the necessary stripping step. In the present

35 .invention, any slugs formed during start-up fall into the

g T

FMC\ - oY



é.llntegrated di sengager and stri pper (2} as claimed in claim1 or
2, characterized in that the inlet (24) of the primary cycl one (6)

i,s a tangential inlet (42) arranged e wall (15) near .the
cl osed end of the primary 5 cycl ulml”m""l ,m”ﬂm | nt egr ated

di sengager and stripper (2) as clainmed in W sany one of th %%@ ok 3,
characterized in that part (44) of the first outlet co t— -
extends into the primary cyclone (6). 10 5. Integrated

di sengager and stripper (2) as claijnmed, |n C rapy sone of the clainms 1-4,
characterized in that the further conprises a
primary vortex stabilizer (46) coaxially mounted in the mddle part

of the primary, cyclone (,6), the outer, diameter the 15 rimary
vortex stabilizér (iéf°éé?ﬁ§g é1éFn98g8r ang, §EFipper ?E Eaﬁ tﬁ@aﬁﬁgﬁﬁﬁer
of the first ougbeidcgaduhbléaokasbehaea in vapoﬁk'HHHbeQr%Q%lﬁbéﬁb|lzer

(46) is positioned below the i nl et opening g49) of the first outlet
conduit (30) atagsorbed angj gpsraénffi ERSidueqbiaP™t 6h6r SPAtgePathaR LEBe
di ameter of 20 compriBenkirst outlet conduit (30). 6. Integrated

di sengager and stri pper 2) as claimed in any one of the clains
1-5, furPher cokpliaiA§sengager vegyeld éétth&FQGC9CP§h@aF55ﬁlééﬁPéﬁﬁed

within the bed. #bRENGAGP! auEBEEL (3) coltbhih %@99@@%}& sgauane (59) 1s

25 closed at its upper end y means of a cover (57) provi
with an outlet ppehindecsr8Endnd poAprryemeanboudR) pberi énjecting 1060) and

A o e 557 hhenokenky kL daSURUBLELLAR (10) - gy‘st Bothe:filgt ;aut ! et

or stripoing solid pazrticles; _

10 {b) a vertical primary cyclone (6) containad inside the
disengager vessel (3), which primary cyclone (6) has a
cylindrical side wall (15) and is closed at its upper end
by means of a cover (17) provided with an outlet
opening (19) and open at its lower end, which primary

15 cyclone (6). is further provided with at least one
inlet (24) £for receiving a suspension of solid particles
and vapour; and
(c) a first outlet conduit (30) for providing a flow path
from the outlet opening (19) of the primary cyclone,

20 which has an end connected to the outlet opening (19) of
the primary cyclone (6),
characterized in that the open lower end of the primary

, cyclone (6) projects downwardly into the primary
fluidized-bed zone (10) so as to form a secondary

25 fluidized-bed zone (35) within the lower open end (32) of
the primary cyclone (6).

2. Integrated disengager and stripper (2) as claimed in
claim 1, further comprising secondary means (41) for
injecting into the sécondary fluidized-bed zone (33) a

30 gas for fluidizing or stripping solid particles.
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'(b) a second outlet conduit (64) providi f fromthe
outl et opening (58) of the secondary - ;ﬁ“ﬂH Ei %mﬂml - 7.
| nt egr at ed di sengager and stripper (2) a s % claim 6,

characterized in that the inlet (62) of the secondary cycl one (55)
is a tangential inlet (70) _ arranged in_the upper portion
(71) of the sedondbriyegrated diepepesessgnd strivpgr (At egfafedi@PSengager
and stripper (giagﬁ £l g4 npd &Faracteri?éé'ﬂthﬂﬁt7th€h§ﬁ§€Eeﬂbl¢doEntEQat
part of the second 5 outlet conduit (64) extends into the secondary
cycl one (55). primary @yclemegr@l edsdiseapageriahdisietppé?) (2Frasserai ned

in any, ong, of | 8 t eri i 0.t hat .
Secondary cycl BhectBst Lo, TRSH Khmb TSR S e EbRaary 18 T hSopFARay
stabiliger (743yebaméalby.mounted in the middle part of the

secondary cyclone (55), the oyter dianeter ,of, . e_se LY vartex
stabilizer (74 'beiﬂﬁggﬁﬁg?dt lgrndager gn?a?ﬁé%pPﬁgn(%Eeagigﬁg @F&oxgthe
second outl et gepdehé of the clB4hs BRBchchecandaryzedr tex thbabipkirzer (74)

is 15 positioned bel ow the inlet opening (7%),,0f the second _.
out | et conduit(?%h)ogttaed éFﬁﬁc@uREFEhQPEdEghgﬁgbé SFEe“ds 1nto the

primary cyclone (%).

-
o

5. Integrated disengager and stripper (2) as claimed in
any one of the claims 1-4, characterized in that the
primary cyclone (86) further comprises a primary vortex
stabilizer (46) coaxially mounted in the middle part of
the primary cyclone (6), the outer diameter of the

primary vortex stabilizer (46) being equal to or ‘larger

[t
U

than the diameter of the first outlet conduit (30}, which

primary vortex stabilizer (46) is positioned below the

[\}]

inlet opening (49) of .the first outlet conduit (30) at
distance which is equal to orx larger than the diameter of
20 the first outlet conduit (30).
6. Integrated disengager and stripper (2) as claimed in
any one of the claims 1-5, further comprising:
(a) a secondary cyclone (55) contained within the
disengager vessel (3), which éecondary éyclone (55) 1is
25 closed at its upper end by means of a cover (57) provided
with an outlet opening (58) and ;omprises a lower portion
: - (60) and an inlet (62) which is in fluid communication
with the first outlet conduit (30); and
(b) a second outlet conduit (64) providing a flow path
30 from the outlet opening (58) of the secondary
cyclone (535).
7. Integrated disengager and stripper (2) as claimed in
claim 6, characterized in that the inlet (62) of the

secondary cyclone (33) is a tangential inlet (70)
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“larger than the dianeter of the second outl et ——_-——EBHHUTT_(64)

10. Integrated di sengager and stripper (2) as clai one of
,the clains 6-9, further conprising a venturi m‘mumﬂnu ml“‘“ %/hé '
outlet end (84) of the first outlet conduit (%30)* i fA the V|C|n|ty
of' the inlet (62) of the secondary cyglone (55)

Integrated di sengagerdand §PFi ppErra®itdPhed it Qﬁytgg Secon&ﬁéybf t he

clainms 6-10, cg9gggggr|ggq in that there is a gap (82) between the
outlet end (83) the first outlet condui t (30 and the inlet (62)
_of the secondaBy Integragpd| gasepgsper and strippegptifdd aforlisdfgratitng a

mixture of SOl LqaRal e 6l SenaractRd LAY LARA LRI tSIIE NGy bed
and entrai ned Fron1separated solid particles in a

di sengager ouuleWesgeHués)(hdvlﬁgt&n§ﬁ|¢@¢@ thei giefedrdesy (10)

conpri si ng: nga) ﬁlomnng a mxture of solid particles and vapour 35
t hrough a tranggort con U|t (27); (b) passing the m xture
of solid partlelesIamégvapedrdwsengagerfaoml§Neipp@msd@ﬂta@oﬁd@ﬁme@ziﬁ into

a vertical primy .o o cnet3h208 €5, MR A 90 HRhN Lot 2l ned
: secondary cyclone (55) further comprises a secondary
10 vortex stabilizer (74) coaxially mounted in the middle
part of the secondary cyclone (55), the outer diameter of
the secondary vortex stabilizer (74) being equal to or
larger than the diameter of the second outlet conduit
(64),'which secondary vortex stabilizer (74) is
15 . positioned below the inlet opening (77) of the second
outlet conduit (64) at a distance which is equal to or
larger than the diameter of the second outlet
conduit (64). '
10. Integrated disengager and stripper (2) as claimed in
20 any one of the claims 6-9, further comprising a venturi
positioned in the outlet end {(84) of the first outlet
conduit (30) in the vicinity of the inlet (62) of the
secondary cyclone (55).
11. Integrated disengager and stripper as claimed in any
25 one of the claims 6-10, characterized in that there is a
gap (82) between the outlet end (83) of the first outlet
5 conduit (30) and the inlet (62) of the secondary
cyclone (33).
12. Method for separating a mlxture of solid particles
30 and vapour and for stripping adsorbed and entrained
residue from separated solid partiéles'in a disengager
vessel (3) having a primary fluidized bed (10)
comprising:. '
(a} flowing a mixture of solid particles and vapour

35 through a transport conduit (27);

o
D SES



di sengager vessel (3), wherein the open | ower e primry
cyclone (6) is subnmerged in the primry fl uidi zg “l‘(ﬂ I“Iﬂ“‘“llno)

«(c) controlling the level of the primary fluidi S@ s * that the
top surface of the primary fluidized bed is mai nt ai ned above the

open | ower end e 18 ¢ cyclone,  and that a portion of the
primary fl uidi z(g{i g%?sﬂ_ddm{rye ijrg*xcto“ln eaié/né orvalt%ipnart%‘ecalp%ﬁ n%}%/ %%?%he at
the open | ower from the énthnsmrmt rapradisiec of@iar yiddali ai werk beall (Sf)nary

(d) separating the mxture of solid particles and yapour_. ., into
separ at ed vapoucrycgiLﬁD “segcar AU D 14T P i hqRE leomy éaom—c":b’ri'f%ﬁl Y- SRisotded
or entrained reNisttirjager vessgle) (ol letdidich the sapa atewb sdid pardie! es

in the secondar f1l ui di é{)d bed (36) contained within the primar
cyclone”(6); PTiRALY ySlans,(\pli dg & 1&gt Fiqerida i fiohaak 20
separ at ed soli geartiml,es, formng stripped vapours and stripped
solid particles; (@) allowi ng the separated vapour and stri pcloed
vapour to (c) e ndviar@s 5 degiek 1R priiamersimaiy dieid)zecaned so

(h) allowing stripnedsdds RAdd &F thd | oM, O .q the open
lower end of the prinary cp?/cl one (6) int oé tgﬁgq?aw él‘ﬁ;r)arl?%a% ybeﬁ u‘lhggi zed bed
(10). MR inted nest e ves thieaiapsd ihowsdmiendl £ falve erimgomnpri si ng.

Chan tRSE i tRYTCEs ghasr asen Hot e Yh sh e iiary £l yig T
(39) of the sedendamyailngicdivied ipedhe3@rimary cydldselaw e dmm slodace
(19 2, e PR s B0 sspgpancy L ee oy (a0
separat ed vapoud)asepsireicipgd the mixture of solid particles and vapour
into separated vapour and separated solid particles |
15 containing adsorbed or entrained residue;
(e) collecting the separated solid.particles in the
secondary fluidized bed (36) contained within the rimary
cyclone (96); |
(f) introducing a gas to strip the residue from the
20 separated solid particles, forming stripped vapours and
stripped solid particles;
(g) allowing the separated vapour and stripped vapour to
pass upwards through the primary cyclone (6); and
(h) allowing stripped solid particles to flow away from
25 the open lower end of the primary cyclone (6) into the
primary fluidized bed (10). '

. 13. The method as claimed in claim 12, further comprising,
operating the primary cyclone (6) at a slightly higher
pressure than that in the disengager vessel (3), so that

30 the top surface (39) of the secohdary fluidized bed (36)
is below the top éurface (40) of the primary fluidized
bed (10).
14. The method as claimed in claim 12 or 13, further
comprising removing the separated vépour and stripped

35 _vapour to pass upwards from the primary cyclone (6),



- ——

35 vapour to pass upwards fromthe primry cycl¢ (6), '
i ntroducing the vapour into a secondar ”HI‘HmﬁB j“ separati ng
entrained solid particles in the second R I"Phe (55) and

‘di schargi ng the vapour and the solid particles separately fromthe
secondary cyclone (55). 5 15. -The nmethod as clainmed in any one of the
clalnf é2-14, introde@bRckR? i YRRORR 1MEP 2 heSSRRORBYr GYEYEN8né PhE) is
operated at a pLessuLe; M S L5 SLiobblyabghpwthat ta cn | mar
cyclone (6). %B%M%kyhod for retrofitting an exis%i%gsafégﬁagper 1%
vessel (3) haviagchome 6291 afidseépacherohngebhe @eppue and the §@gi.nd a

fl ui di zed- bed zone,_at, fhe '
primary f|uidiﬂ%%%%%%*%%n%9§i%??él9ef95&a%%§£%%8°?%a5 ;gg?%6§?u33?§2dtgglid

particles, and B5. The mepnodaay cbaised 1P} &oy onpeefi nbei aloimpelprifary

15 fluidized-bed zone (10 s _for LdLzin ri,gRL N

solid particIes?hiﬁﬁfgifb??éehgiﬁh?ﬁaEhghaéégbaégyt?V%%oag'(385 ?S

gerforned by pI@féﬁgtgdvgttacpkggshﬂarwhtynlbaeslﬁghtly belownshdée the

S:zenga?Fr vessgh (3)i mblchygggnaryggyclone (6) has a cylindrical
e wall (15) &8 PSLBRb¥ed PEs upper end by neans of a cover

(17) provided WM gh @8thod for retrofitting an existing disengager

10 vessel (3) having some sort of separation means at the
top and a fluidized-bed zone at the bottom, hereinafter
referred to as the primary fluidized-bed zone (10),
adapted to contain fluidized solid particles, and a
primary means (12) for injecting into the primary

15 fluidized-bed zone (10) a gas for fluidizing or stripping
solid particles, characterized in that thé retrofitting
is performed by placing a vertical primary cyclone ()
inside the disengager vessel (3), which primary cyclone:
(6) has a cylindrical side wall (155 and is closed at its

20 upper end by means of a cover (17) provided with an
outlet opening (19) and open at its lower end, which
primary cyclone (6) is further provided with at least one
inlet (24) for receiving a suspension of solid particles
and vapour; and a first outlet conduit (30) for providing

25 a flow path from the outlet opening (19) of the primary
cyclone, which has an end connected to the outlet

s opening (19) of the primary cyclone (6), wherein the open

lower end of the primary cyclone (6) projects downwardly
into the primary fluidized-bed zone (10) so as to form a

30 secondary fluidizéd—bed zone (35) within the lower open
end (32) of the primary cyclone (6).
17. Method for retrofitting as claimed in claim 16,
characterized in that secondary means (41) for injecting
into the secondary fluidized—bed zone (35) a gas for

35 | fluidizing or stripping solid particles are present.



out | et opening (19) and open at its |ower primry
cyclone (6) is further provided with at |ea ﬂllml‘gmmllu ‘“‘I et (24) for
rrecei ing a suspension of solid particles and a-first’
outlet conduit (30) for providing 25 a f|OMlpath fron1the out | et

openi ng (19) of the cycl on ch h s,an _end c pnect to
the outl et % q§g¥?19565?°thétbﬂgﬁ%§y % l?6§fawﬂe Bi ATt 2
open |Qﬂﬂiréﬁﬂeeizé@elwrtmafyt£50i@n@t(624pr@feﬁhé gemmMaydly

into the primary f|UIdIZ§d ped zone (10) so, as secondary

to f
f1ui di zed- bed 02 ¢33) (% th? r? t FRAIONRtD blh‘e' (42] 5 %ﬁaa@%%‘ br the

primary cyclones{8.wall (15) 1ﬂea£/eﬁrh@dci@éeaeéﬁ@f¢fttng psighaymed in
claim 16, characterized in that secondary neans (41) for injecting

into thé5second%fwl¢m%|6¢&ed bed zone (35) a gas for 35 fluidizing or
stripping SOl'chémﬂﬁééﬁéﬁ jo) fg@§5@¢ttlng as clalmed 1n1§n¥N@%Qog‘f9ﬁe

retrofitting as claimed in claim1l 17, haractetized in fhat
the inlet (24) ofaimhe bwTh&rycharaCtert?%doh@ t@?tlsaattéﬁ@énofathenlet

(42) arranged '%‘11?%‘1? Quekst céhc?'@u‘!"ahgqﬁl\g%%og% iHEo%R? QfEHQr(?f the

prinmary 5 . cycl one retro I'ng as cl ai ned
Fn any one of tdwclone (6)clainms 16-18, characterized in that part (44) of
the 10 20. Method for retrofitting as claimed in any one of the
claims 16-19, characterized in that the primary
cyclone (6) further comprises a primary vortex stabilizer
(46) coaxially mounted in the middle part of the primary
cyclone (6), the outer diameter of the primary vortex
15 stabilizer (46) being equal to or larger than the
diameter of the first outlet conduit_(30), which primary
vortex stabilizer (46) is positioned below the inlet
opening (49) of the first outlet conduit (30) at a
distance which is equal to or larger than the diameter of
20 the first outlet conduit (30).
21. Method for retrofitting - as claimed in any one' of the
claims 16-20, characterized in that
(a). a secondary Cyclone (55) is contained within the
resulting disengager vessel (3), which secondary
25 cyclone (55) ié closed at its uppet end by means of a
cover (57) provided with an outlet opéning (58)'and
N ' comprises a lower portion (60) and an inlet (62) which is
in fluid communication with the first outlet
.conduit (30); and
30 (b) a second outlet conduit (64) providing a flow path
‘from the outlet opening (58) of the secondary
cyclone (55).
22. Method for retrofitting as claimed,in claim 21,

characterized in that the inlet (62) of the secondary



‘first outlet conduit (30) extends into the pri ne (6). 10
20. Method for retrofitting as claimed in any gq lwwjllu cl ai ns
,16-19, characterized in that the prinary her
“conpriises a primary vortex stabilizer (46) coaX|aIIy nDunted in the
m ddl e part of the prlnar% one 6% h? uter dianeter L
primary vortex Q¥cione g3 bi+?z%rt?ﬁ%?n5é?hg Y8l ?ﬁ)o?rFﬁPaﬁ tRafk’ Fh

di aneter of tfﬁLéééﬁtpé&%iéﬁ condubt ésﬁ)so@bhaarprtgamyne (55) . vortex
stabilizer (46) osi tioned bel ow the inlet ing (49) of _the

first outlet cd%EU| eftlsey Heraretrofittyngtapceldhmed Fg %baam £b B8F Parger

than the dlanEt@§ aPicOrized 1Hetﬂéﬁsﬁa95tb§ttﬁ@ngébgnﬁ39htlet _ 21.
Met hod for retrofitting as clained in any one of claims 16-20,

characte¥i zed igondiait (04 extandg s@é@nahﬁyséyﬁnéﬁéY(SBFlpgecéﬁﬁélned
wihin the = 24, & @gﬂx’&g'P&rd£§€£’8§9€£u\b{§5§§' cig)?’le&hiﬁhaﬁ9088ga6¥ %ﬁe

cycl one (55) It's upper cover
provided with amlainsellodeniagatsefeanded in thatohpei sesondrower portlon

(60) and an |nlet £62% ﬂ%éf fngy?r 8mgbgsglu5 §8BHHQk§a809@ th t he

first outlet a Sec outlet conduit
(64) providing §ribDMLﬁaih 74) coaxlabhytmeunuedennopbalmgddES)oet tbé

o meddn of ai fhoTEeeshiaty bl ane o p58a FRS RALSFRE-PRESE(B3) SBF the
secondary secondary vortex stabilizer (74) being equal to or larger
than the diameter of the second outlet conduit (64),
which secondary vortex stabilizer (74) is positioned
below the inlet opening (77) of the second outlet
15 conduit (64) at a distancé which is equal to or larger
than the diameter of the second outlet conduit (64).
25. Method for retrofitting as claimed in any one of the
claims 21-24, further comprising a venturi positioned in
the outlet end (84) of the first outlet conduit (30) in
20 the vicinity of the inlet (62) of the secondary
cyclone (55). |
26. Method for retrofitting as claimed in any one of the
claims 21-25, characterized in that there is a gap (82)

between the outlet end (83) of the fifst outlet

25 conduit (30) and the inlet (62) of the secondary
cyclone (595).
» 27. Method for retrofitting'as claimed in any one of the

claims 16-26, characterized in that the disengager vessel
is used in a fluid catalytic catalyst cracker, a fluid

30 coker or an entrained coal gasifier process.

MCS16/THO650PCT

AMENDED SHEET



c§c|one (55) is a tangential inlet (70) arranged in the upper
portion (71) of the secondary cycloné (55). _ 23. Method for
retrofi.tting as clained in claim?21 or 22, characterized in that .
part of the second outlet 5 condui t (64) extends into the secondary
cyclone (55). - .24, Method for retrofitting as clainmed in any one of
t he - clains 21-23, characteri n that the secondary

cyclone (55) further conprises a sec;z; y vortex stabilizer (74)
coaxially nounted in the mddle part of 10 - t he secondary cycl one (55),
the outer dianeter of the secondary vortex stabilizer (74) being
equal to or larger - than the dianmeter of the secon ondui t
(64), whi ch secondary vortex stablllzer (Eﬂ% isp JE; 4?
bel ow the inlet opening (77) of th _ 1 con

di stance which is equal to or larg Ntraf t he dianeter of the
second outlet conduit (64). 25. Methedl for retrofitting as clai ned
in any one of the clai p§ 24, furtfpr cdrprising a venturi
positioned in the outlet e (84) of Jfhe fprst outlet conduit (30)
in 20 the vicinity of the inl (62) of N he,ggcondary - cyclone
(55). 26. Met hod f ol ymuy; Fatonesh i N any one of the
clainms 21-25, characterized th t here i gap 2) bet ween t he
outlet end (83) of the firs gyt} 5 ndui t {§30) and the inlet (62)
of the secondary cy

64) at a
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27. Method for retrofitting as claﬁ“‘ned."i,"‘n any one of the
characterized in that the di sengager vessel
a fluid 30

16- 26,
fluid catalytic catal yst cracker,
coal gasifier process.
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(57) Abstract

bed zone (35) a gas for fluidizing or stripping solid particies.

Integrated disengager and stripper (2) for separating solid particles
suspended in vapour and for stripping adsorbed and entrained residue from the
solid particles comprising: a disengager vessel (3) having a primary fluidized-
bed zone (10), and a primary injector (12) for injecting into the primary
fluidized-bed zone (10) a gas for fluidizing or stripping solid particles; 2
vertical primary cyclone (6), which has a cylindrical side wall (15) and is
closed at its upper end by means of a cover (17) provided with an ouflet
opening (19) and open at its lower end, which primary cyclone (6) is further
provided with an inlet (24) for receiving a suspension of solid particles and
vapour; and a first outlet conduit (30) for providing a flow path from the outlet
opening (19) of the primary cyclone (6), wherein the open lower end (32)
of the primary cyclonc (6) projects downwardly into the primary fluidized-
bed zone (10) so as to form a secondary fluidized-bed zone (35) within the
open lower end (32) of the primary cyclone (6), and wherein suitably there is
provided a secondary injector (41) for injecting into the secondary fluidized-

gga/ﬁm,mon AND STRIPPING OE-FLUID CATALYST CRACKING
FROM GASEOUS HYDROCARBONS




