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1 UNDERFLOW CYCLONE W TH PERFORATED BARREL

The field of the invention is fluidized catalytic cracki ng of heavy
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It converts heavy feeds into lighter products by catalytically
cracking large molecules into smaller molecules. Catalytic
cracking operates at low pressures, without hydrogen addition,
in contrast to hydrocracking, which operates at high hydrogen
10 partial pressures. Catalytic cracking is inherently safe as
it operates with very little oil actually in inventory during
the cracking process.

There are two main variants of the catalytic cracking

process: moving bed and the far more popular and efficient
15 fluidized bed process.

In the fluidized catalytic cracking (FCC) process,
catalyst, having a particle size and color resembling table
salt and pepper, circulates between a cracking reactor and a
catalyst regenerator. In the reactor, hydrocarbon feed

20 contacts a source of hot, regenerated catalyst. The hot
catalyst vaporizes and cracks the feed at 425°C to 600°C,
usually 460°C to 560°C. The cracking reaction deposits
carbonaceous hydrocarbons or coke on the catalyst, thereby
deactivating the catalyst. The cracked products are separated

25 from the coked catalyst. The coked catalyst is stripped of
volatiles, usually with steam, in a catalyst stripper and the
stripped catalyst is then regenerated. The catalyst
regenerator burns coke from the catalyst with oxygen
containing gas, usually air. Decoking restores catalyst

30 activity and simultaneously heats the catalyst to, e.g., 500°C
to 900°C, usually 600°C to 750°C. This heated catalyst is
recycled to the cracking reactor to crack more fresh feed.
Flue gas formed by burning coke in the regenerator may be
treated for removal of particulates and for conversion of

35 carbon monoxide, after which the flue gas is normally
discharged into the atmosphere.
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coke generates heat in the regenerator, which is recycled to
the reactor in the form of hot catalyst.

Catalytic cracking has undergone progressive development
since the 40's. Modern fluid catalytic cracking (FCC) units

10 use zeolite catalysts. Zeolite-containing catalysts work best
when coke on the catalyst after regeneration is less than 0.1
wt.%, and preferably less than 0.05 wt.$.

To regenerate FCC catalyst to this low residual carbon
level and to burn CO completely to CO, within the regenerator

15 (to conserve heat and reduce air pollution) many FCC operators
add a CO combustion promoter. U.S. Patent Nos. 4,072,600 and
4,093,535, incorporated by reference, teach use of combustion-
promoting metals such as Pt, Pd, Ir, Rh, Os, Ru and Re in
cracking catalysts in concentrations of 0.01 to 50 ppm, based

20 on total catalyst inventory.

Most FCC units are all riser cracking units. This is
more selective than dense bed cracking. Refiners maximize
riser cracking benefits by going to shorter residence times,
and higher temperatures. The higher temperatures cause some

25 thermal cracking, which if allowed to continue would even-
tually convert all the feed to coke and dry gas. Shorter
reactor residence times in theory would reduce thermal
cracking, but the higher temperatures associated with modern
units created the conditions needed to crack thermally the

30 feed. We believed that refiners, in maximizing catalytic
conversion of feed and minimizing thermal cracking of feed,
resorted to conditions which achieved the desired results in
the reactor, but caused other problems which could lead to
unplanned shutdowns.

35 Emergency shutdowns cause substantial economic losses.
Modern FCC units must run at high throughput, and for years
between shutdowns, to be profitable. Much of the output of
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- 15 stages of cyclone separation some catalyst and catalyst fines
invariably remain with the cracked products. These concentrate
in the heaviest product fractions, usually in the Syntower (or
main FCC fractionator) bottoms, sometimes called the slurfy-
oil because so much catalyst is present. Refiners frequently

20 1let this material sit in a tank to allow more of the entrained
catalyst to drop out, producing CSO or clarified slurry oil.

The problems are as severe or worse in the regenerator.
In addition to the large amounts of catalyst circulation
needed to satisfy the demands of the cracking reactor, there

25 is an additional internal catalyst circulation that must be
dealt with. In most bubbling bed catalyst regenerators, an
amount of catalyst equal to the entire catalyst inventory will
pass through the regenerafor cyclones every 15 minutes or so.
Most units have several hundred tons of catalyst inventory.

30 Any catalyst not recovered using the regenerator cyclones will
remain with the regenerator flue gas, unless an electrostatic
precipitator, bag house, or some sort of removal stage is
added at considerable cost. The amount of fines in most FcC
flue gas streams exiting the regenerator is enough to erode

35 turbine blades if a power recovery system is installed to
recover some of the energy in the regenerator flue gas strean.
Generally a set of cyclonic separators (known as a third stage
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3 t he FORoissaneeded i n downstream processi ng units, anecrasbieis a
refiners gasoline pool is usually derived fromthe FCC unit. It is

i nportant that the unit operate reliably for years, and accomodate a
vari ety of feeds, including heavy feeds. 8 The unit nust al so operate
wi t hout exceeding local limts on pollutants or particul ates. The
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catalyst flrann fines losses to the extent desired. Some refiners were
forced to install electrostatic precipitators or some other
particulate removal stage downstream of third stage separators
to reduce fines emissions.

‘10 Many refiners now use high efficiency third stage
cyclones to decrease loss of FCC catalyst fines to acceptable
levels and/or protect power recovery turbine blades. However,
current and future legislation will probably require another
removal stage downstream of the third stage cyclones unless

15 significant improvements in efficiency can be achieved.

When a third stage separator is used a fourth stage
separator is typically used to process the underflow from the
third stage separator. The fourth stage separator is
generally a bag house.

20 Third stage separators typically have 50 or 100 or more
small diameter cyclones. One type of third stage separator is
described in "Improved hot-gas expanders for cat cracker flue
gas" Hydrocarbon Processing, March 1976. The device is fairly
large, a 26 foot diameter vessel. Catalyst laden flue gas

25 passes through many swirl tubes. Catalyst is thrown against
the tube wall by centrifugal force. Clean gas is withdrawn up
via a central gas outlet tube while solids are discharged
through two blowdown slots in the base of an outer tube. The
device was reguired to remove most of the 10 micron and larger

30 particles. The unit processed about 550,000 1lbs./hour of flue
gas containing 300 lbs/hour of catalyst particles ranging from
sub-micron to 60 micron sized particles.

We wanted to improve the operation of cyclones,
especially their performance on the less than 5 micron

35 particles, which are @ifficult to remove in conventional
cyclones and, to some extent, difficult to remove using
electrostatic precipitation.
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10 improve the stability of the flow pattern through the cyclone.
We discovered that perforations in the body of the cyclone
could be used to remove minor amounts of gas with the solids,
and have a major impact on stabilizing flow patterns. 1In
addition, by withdrawing some of the gas, and essentially all

15 of the solids, from a plurality of radially distributed
openings we eliminated particle reentrainment.

The present invention provides a cyclone separator
comprising a cylindrical cyclone body having a length and a
cylindrical axis; a tangential vapor inlet connective with an

20 inlet end of said cyclone body for a stream of vapor and
entrained solids; a cylindrical vapor outlet tube within said
inlet end of said cylindrical cyclone body for withdrawal of
gas with a reduced entrained solids content, said outlet tube
having a cylindrical axis aligned with said cylindrical axis

25 of said cyclone body; a plurality of radially and longitu-
dinally distributed solids outlets for removing most of said
entrained solids and a minor amount of gas, comprising at
least two sets of openings, slots or perforations traversing a
vertical distance equal to at least one half of said diameter

30 of said cyclone body, and wherein said sets of openings are
radially distributed by at least 60°.

In another embodiment, the present invention provides in
a fluidized catalytic cracking process wherein a heavy feed is
catalytically cracked by contact with a regenerated cracking

35 catalyst in a cracking reactor to produce lighter products and
spent catalyst, and wherein spent catalyst is regenerated in a
catalyst regeneration means containing primary and secondary




4 separator) is installed upstreamof the turbine to reduce the

catal yst | oading and protect the turbine bl ades. Wi | e high
efficiency third stage cycl ones have increased recovery of conventi onal
FCC catalyst fromthe flue gas 5 | eaving the regenerator they have not

al ways reducegb Saishyst and fines losses to the extent desiu®destone
refiners were forced to install electrostatic precipitators or sone
ot her particul ate renoval stage downstream of third stage separators
to reduce fines em ssions. 10 Many r & iners now use high efficiency
third stage cyclones to decrease |oss of FCC catalyst fines to

accent abl © epd:alrd 30 Q0cBLBEF e RAUBI YRS QUE" ¥ hUE DbRGs HAE Yad UEVE

current an ure | egisl require ano

st age downRredneef flue: gasdstrean Q.qmaétmgu ﬁntsssinsd scatakystarfiines,

| Mpr ovenentthd rini:frfdmnd f eKcGﬂﬁrbeiﬁ@hiﬁve& a third s\iﬁ@@lﬁeﬁiﬁdﬁbﬁﬁﬁge

separator i r t rocess

ho- under f | SaHavR, a, AHEE"a b8Py of W Tetasyie KEEE tad Hilb A1l

separ at o i%RS, B%MFﬂysﬁﬂﬁﬁgSM°l2@°mpriser Wh@@%’ﬁﬁr ators

:Kpl gal Ity heyiaa drfe ?fodyoaa%ngnaelengtﬁrmid alicyIeharieyr! apns; e tyloef of
Ird stag epar, r ! 0 expan s for

cat cracke(rat?s'ﬁﬁ“'ﬂ'a(1 a&ger%£§€ %@f&dﬁi&:ee%g?g gg%t q@w ce is

fairly cyglpne pogdy Lot adstnean of dapoar. ang anysema@leﬁine&:e agas 25

passes thr C&mmﬁwaawwbotuwﬁle@tﬂds&mﬁﬁ BaguniAvet nefd of daiq t ube

e | ot b Ao iR o BafoFor Al oPons wibE £ A 01
t he base Ofeqﬁrqingg‘ﬂmggg copgent, said outlet tube hav1ng a cylindrical
axis aligned with said cylindrical axis of said cyclone body;
and a plurality of radially and longitudinally distributed
fines outlets for removing most of said entrained fines and a
15 minor amount of gas, comprising at least two sets of openings
over at least a third of the length of said cyclone body and
wherein said sets of openings are radially distributed by at
least 60°.
Figure 1 (prior art) is a simplified schematic view of an
20 FcCC unit of the prior art.
Figure 2 (prior art) is a simplified schematic view of a
third stage separator of the prior art.
Figure 3 (invention) is a simplified sectional view of a
preferred underflow cyclone.
25 Figure 4 (invention) is an end view of the Fig. 3
cyclone.
Figures 5 and 6 (prior art) show particle flow in the
cyclone barrel of conventional cyclones.
Figure 7 (invention) shows particle flow as stabilized by
30 the perforated cyclone barrel of the invention.
Figure 8 and 9 (invention) show preferred slot
configurations.
Figure 10 (invention) shows a preferred placement of

slots in the cyclone barrel.

35 The present invention can be better understood by
reviewing it in conjunction with a conventional riser cracking
FCC unit. FPigure 1 illustrates a fluid catalytic cracking
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FCC unit.

A heavy feed such as a gas o0il, vacuum gas oil is added

to riser reactor 6 via feed injection nozzles 2. The cracking

10 reaction is almost completed in the riser reactor, which takes
a 90° turn at the top of the reactor at elbow 10. Spent
catalyst and cracked products discharged from the riser
reactor pass through riser cyclones 12 which efficiently
separate most of the spent catalyst from cracked product.

15 Cracked product is discharged into disengager 14 and
eventually is removed via upper cyclones 16 and conduit 18 to
the fractionator.

Spent catalyst is discharged down from a dipleg of riser
cyclones 12 into catalyst stripper 8 where one, or preferably

20 2 or more, stages of steam stripping occur, with stripping
steam admitted by means 19 and 21. The stripped hydrocarbons,
and stripping steam, pass into disengager 14 and are removed
with cracked products after passage through upper cyclones 16.

Stripped catalyst is discharged down via spent catalyst

25 standpipe 26 into catalyst regenerator 24. The flow of

catalyst is controlled with spent catalyst plug valve 36.

Catalyst is regenerated in regenerator 24 by contact with
air, added via air lines and an air grid distributor not
shown. A catalyst cooler 28 is provided so heat may be

30 removed from the regenerator if desired. Regenerated catalyst
is withdrawn from the regenerator via regenerated catalyst
Plug valve assembly 30 and discharged via lateral 32 into the
base of the riser reactor 6 to contact and crack fresh feed
injected via injectors 2 as previously discussed. Flue gas,

35 and some entrained catalyst, is discharged into a dilute phase
region in the upper portion of regenerator 24. Entrained
catalyst is separated from flue gas in multiple stages of
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secondary Wwould then pass through an optional power recovery turbine
(not shown) then go to a stack for discharge to the
atmosphere, via some flue gas clean up devices, such as an SOx
scrubber, or electrostatic precipitator.

15 Figure 2 (prior art) is similar to Figure 1 of Improved
hot-gas expanders for cat cracker flue gas, Hydrocarbon
Processing, March 1976, p. 141. This article is incorporated
by reference.

Third stage separator 200 receives a fines containing FCC

20 flue gas via inlet 210. Gas is distributed via plenum 220 to
the inlets of a plurality of small diameter ceramic tubes 235
containing swirl vanes not shown. Fines collect on the walls
of tubes 235 and are discharged from the base of the tubes as
an annular stream of solids 230. A clean gas stream is

25 withdrawn via outlet tubes 239 to be removed from the vessel
via outlet 290. Solids are removed via solids outlet 265.

Figure 3 shows a simplified sectional view of a preferred
underflow cyclone of the invention, while Figure 4 shows an
end view of the same cyclone. Like elements have like

30 numerals.

A flowing stream of gas and entrained solids flows
through tangentially aligned inlet duct 308 with inlet opening
312. The gas flow spirals around outlet tube 320 into region
324, where centrifugal force throws particulates to the wall

35 314 of the cyclone 310. Solids collect in region 326, a
relatively thin, circulating layer of particles, which are
discharged through a plurality of openings 316 which are
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6 separators for recovery of catalyst and fines fromflue gas to
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of the interplay between the tangential inlet duct 308 and the

10 outlet pipe 320 in cyclone 310. It also shows that four sets
of openings 316 are evenly radially distributed about cyclone
barrel 314, and that all cylindrical parts of the device have
a common axis.

Figures 5 and 6 (prior art) show particle flow in the

15 cyclone barrel of conventional cyclones. Figure 5 shows one
type of reentrainment mechanism, whereby the bulk flow of gas,
indicated as streamline 500, against the barrel 514 of the
cyclone induces the formation of localized eddies 510 and 512.
This gas phase turbulence, combined with elastic collisions

20 with the wall, can lead to an erratic particle path, shown as
streamline 600 in Figure 6. These mechanisms will transport
particulates from the walls of the cyclone barrel back into
the main body of the cyclone to be reentrained by gas flowing
therethrough.

25 Figure 7 (invention) shows how particle flow is
stabilized by the perforations in the cyclone barrel. The
gas, and particulates, have some place to go rather than back
into the gas mainstream. Thus the bulk flow of gas, shown as
streamline 700, can continue without reentrainment of

30 particulates. Particulates, and a minor amount of gas, flow
to the walls of cyclone barrel 714, but are allowed to exit
the walls via a plurality of openings 716. Exit streamlines
702, 704, and 706 are able to pass out of the cyclone, so the
tendency for particles to bounce or for gas to form eddy

35 currents or vortices is reduced or eliminated. ‘

Figure 8 and 9 (invention) show preferred slot configur-
ations, those which optimize removal of gas and solids from



preferred underfl ow cyclone. 25 Figure 4 (invention) is an end view
of the Fig. 3 cycl one. Figures 5 and 6 (prior art) show
particle flowin the cycl one barrel of conventional cycl ones.

Figure 7 (invention) shows particle flow as stabilized by 30 the perforated
cycl one barr elyoobutabe i nventi on. Figure 8 and 9 (i weenspmsyisshow
preferred sl ot configurations. Figure 10 (invention) shows a
preferred placenment of slots in the cyclone barrel. 35 The
present invention can be better understoo oby reviewing it in
conjunction wth a conventional riser cracking FCC unit. Figure 1

i | lustrates¢geaf at [ | 7/s41
st rat 06;32 b:tﬂc& and | f1 33108 factor in mu;é@ 8744 %g%gmea@t e
|

prior art, SFI0% has an pxigq PE BLRPE Of th?)QﬂﬁBPP@w ESHP@PTer Mbdel
F shown as 8igulary ©é €theibhrrelCsuxifatec CThe kslat Meyorincreasehénlérossy 8,

&ﬁ%hedl ti Ogeftionali dréa G 110Yaddles FPEHCLIE & ridr A QpRRinEE1E LSS
e cag the cyclone barrel to the outer opening 818 as it passed
through the walls 814 of the cyclone barrel, as shown in
Figure 8. _

Alternatively, each slot may have a generally constant

cross-section, as shown in Figure 9. Thus the inlet 916 to

10 the slot or opening has the same size as the outlet 918, as
the perforation passes through the walls of the cyclone barrel
914.

The perforations should be generally slanted to minimize

disruption of flow lines of particulates exiting the cyclone

15 barrel through the perforations. Ideally, the angle theta
shown in Figures 8 and 9 ranges from 10° to 60°, as measured
from the surface of the hole adjacent to the leading edge to a
line tangent to the inner wall of the barrel at the leading
edge of the hole or slot. Thus as shown in Fig. 8 surface 824

20 is the surface of the hole adjacent to the leading edge 820.
Line 822 is tangential to the inner wall of the barrel at the
leading edge. Theta is the angle between line 820 and surface
824. _

Figure 10 (invention) shows a preferred arrangement of

25 slots in the cyclone barrel. The perforations 1016, 1018 and
1020 are uniformly distributed about the surface of the
cyclone barrel 1014. In the arrangement shown there is some
overlap between perforated slot elements. Elements 1016 and
1020 overlap with perforated elements 1018 in the central

30 portion of the device. Generally about 2 to 20% overlap will
prevent localized stagnant regions.

Having provided an overview of the FCC process and the
new cyclone design, a more detailed review of the FCC process
and of preferred cyclone separators follows.

35 FECC FEED

Any conventional FCC feed can be used. The feeds may

range from typical petroleum distillates or residual stocks,



5 benefit fromthe process of the present invention, but the process of
the present invention works well with this type of FCC unit. A
heavy feed such as a gas oil, vacuumgas oil is added to riser reactor 6
via feed injection nozzles 2. The cracking 10 reaction is al nost conpl eted
in the riser r®N@¥MOIWhi ch takes a 90[err] turn at the toPCHYSHAES

reactor at el bow 10. Spent catal yst and cracked products discharged from
the riser reactor pass through riser cycjpnes 12 which efficiently
separate nost of the spent catalyst from cracked product. 15 Cracked
product is discharged into di sengager 14 and eventually is renoved via

upper cycl onesitheravirgindort pdftially ddfinetictboceabroils and sh3gent

catave Lo bagh eadedovda ralS SV A1) S5buun G4E' A el O

catal yst stripper, 8 where one, or S st eam
strippi ng ocdefterig mesdd,; ﬂbﬂnﬁam“%t'@ﬁ\dadnﬂ'bﬁeélnﬁ?nﬁMSlign%fd uzefulhe

stripped hydreicklr [feesis having shrimitiz) HoddingPpssnt Naovk XERIF502#, and
are renovegl ked products after passage through upper cycl ones
16. rrpped catal yst is discharged down via spent catal yst 25

st andpi pe 26 int o’\f‘é(t seyeerciablvakaklable FRE cabalyst may heyuged.i sThe
control | ed wicdtayystt caat beys00%| amprpious,3but prefera Eﬁﬂéﬂudé% some

regenerated i at,o Y. ir Ilnes
and an air grilbcf;g' st?’?‘b&t gogéu%) réﬁ%% flal {:hc%ol e’r .@ B% ded
so heat nay a3y @ thedlikem tThe r%@&eatléruﬁﬂablbxﬁetp %g@né:r @fethe
catal yst 10 icatailyastr, aw&thrﬁmtf&tﬂiﬁlwaﬂa(thﬂa Convat Bl GRlAlivek

P e, R R OLSEIEAET ek MRSk ey
i njectors 2 é%"%’r &ildga ¥ BPQEH'E%%CP‘*‘F!%QI'QS§HSQ an'aeébmwdalYnd@EAL
catal yst, is Y soidanjetahpdrophcbicite (UEPSY) zebEytes may e useae’ BAkli ON
of regenerat QfeciitesNhaf BEJstabilized with Rare Earths, e.g., 0.1 to 10

15 wt.% RE.

Relatively high silica zeolite éontaining catalysts are
preferred for use in the present invention. They withstand
the high temperatures usually associated with complete
combustion of CO to CO, within the FCC regenerator.

20 The catalyst inventory may contain one or more additives,
either as separate additive particles, or mixed in with each
particle of the cracking catalyst. Additives can enhance
octane (shape selective zeolites, typified by ZSM-5, and other
materials having a similar crystal structure), absorb SOX

25 (alumina), or remove Ni and V (Mg and Ca oxides).

Additives for SOx removal are available commercially,
e.g., Katalistiks International, Inc.'s "DeSOx." CO
combustion additives are available from catalyst vendors. The
catalyst composition, per se, forms no part of the present

30 invention.

ECC REACTOR CONDITIONS

Conventional cracking conditions may be used. Preferred
riser cracking reaction conditions include catalyst/oil weight
ratios of 0.5:1 to 15:1 and preferably 3:1 to 8:1, and a

35 catalyst contact time of 0.1 to 50 seconds, and preferably 0.5
to 5 seconds, and most preferably 0.75 to 4 seconds, and riser
top temperatures of 900° to 1050°F.




catalyst is separated fromflue gas in nmultiple stages of WO
97/ 41191 PCT/ US97/ 06718

8 cyclones 4 and discharged via outlets 38 into plenum 20 for

di scharge to the flue gas line via line 22. This regenerator is

i deal for thewpwoastibre of the present i nvention. The bulvcirusgraéense bed
in such a regenerator 5 exhibits excellenﬁ hori zontal m xi ng, and the heat
exchanger 28 allows full CO burn opera Zon even with heavy feeds.

Figure 1 does not show a third stage separator. Line 22 i n nost
refineries would go to sone type of third stage separator (not shown),
usual ly one involving 50 or 100 (or 10 nore) small dianeter horizontal
cyclones. Purified flue gas woul d t hen pass through an optional power
recovery turbine (not shown) then go to a stack for discharge to the

at nosphere, via sone flue gas clean up devices, such as an sox scrubber,
or electrostatic precipitator. 15 Figure 2 (prior art) is simlar to
Figure 1 of I|nproved hot - gas expanders for cat cracker flue gas,

Hydr ocar bon Processing, March 1976, p. 141. This article is incorporated
by reference.

This page is missing
UPON FILING



Third stage separator 200 receives a fines containing FCC 20 flue gas via
inlet 210. Gas is distributed via plenum 220 to the inlets of a
plurality of small dianeter ceram c tubes 235 containing swirl vanes not
shown. Fines collect on the walls of tubes 235 and are discharged from
t he base of thwaeymias an annul ar stream of solids 230. PCTUSYW6TYRS
streamis 25 wthdrawn via outlet tubes 239 to be renoved fromthe vessel

via outlet 290. Solids are renpoved via soliq§ out | et 265. Figure 3
shows a sinplified sectional view of a preférred underfl ow cycl one of
the invention, while Figure 4 shows an end view of the sane cycl one.

Li ke el enent oYic1oNEl DESTER nuneral s. A flow ng stream of gas and

[ [ ially aligned inlet duct 308 with

Chi et opening . Mih®or end WYl BAGH 5 dodvedifonar @iehoss | nto
regi on 3Bizipgept thetinlefa|setding rakdas pErIP ff fhes cuglebetukel 35
314 of the cyel othe?l@iméNsicits £ @tcaCt Futhadi @8t2Lhs, aand nawdhnet i vely .
thin .0 @ YodntIURL, ShaPAd I Fhiie 1BERrFIE cpen it IAAGELLD OUON @
plurality “of openlngs 1 i ch‘are 4 . .
PCT/ US97/ 067 3andbook, 6th Edition, Robert H. Perry amd Don Green, which is

incorporated by reference. The nomenclature discussion in

Gas-Solids Separations, from 20 to 75 to 20 to 77, Figures 2

to 106, 20 to 107 and 20 to 108, are referred to and '

10 incorporated by reference.

The slot area, or perforated area, should be large enough
to handle anticipated solids flow, and will typically be from
10 to 200% or more of the open area of the conventional
reverse flow cyclone solids outlet.

15 The open area, or the slot area, of the outlets radially
distributed on the wall of the cyclone may range from perhaps
10 or 20% up to 100% of the conventional solids outlet.
Preferably the slot area will be from 1/4 to 1/2 times the
area of the bottom of the cyclone.

20 The perforations should be sized so that in use from 1 to
50% of the gas exits via the perforations. We prefer to
operate with 1.5 to 25% of the gas being removed with the
solids, and ideally with 2 to 20% of the gas exiting the
cyclone via the perforations.

25 Perforations are preferably uniformly distributed both
radially and longitudinally. Preferably openings are present
in at least every 1/3 segment of the cyclone barrel, that is,
present in every 120°F segment of the cyclone barrel. Ideally
at least 4 sets of perforations are provided, distributed at

30 90°F segments. Most preferably, from 6 to 20 longitudinal
slots, or their equivalent, are evenly distributed around the
circumference of the cyclone barrel.

The perforations may be slanted to minimize disruption of
flow lines of particulates exiting the cyclone barrel through

35 the perforations. The angle theta, as shown in Figures 8 and
9 is preferably between 5° and 70°. A preferred opening is
one where the axis of the opening is angled in the direction



radially and longitudinally distributed about the cycl one barrel. A
m nor anmount of gas, typically in the 2 to 20% range, i s discharged
with the solids through the holes or slots in the cyclone barrel. End
plate 330 seals the end of 5 the cyclone barrel opposite the clean gas

outlet 322. wooefgapasi ng end plate 333 contains outl et pipepePRsofverigl N

openi ng 322. Figure 4, an end view of the cyclone, gives a better
i dea of the interplay between the tangential inl et duct 308 and the 10
outl et pipe 320 in cyclone 310. It also shbws that four sets of

openings 316 are evenly radially distributed about cycl one barrel 314,

Flgures 5 aog g o Wichin Eud YOROREY 4P JUAKE wientebgIIRNE Wt o1 of

Figures 5 and 6 rior art) .show

convent i ondPeR% s Rertergtiens, sﬁ%v\gpmd ta FHewowithin: the repntral
mechani sm wégiarhof thehdyiclbney whigascan be quabadva:iueéaeam l ne 500,

agai nst the barr ﬂrﬁ%d}fﬁnﬁhﬁvr slﬁ‘@l ufgéb%gsgtt ggn%ﬂa c ?n’hé)f calized

eddi es 510 and 512 %E ase e i c
col I'i si ofs 29 W pPantdap of the walhrf dﬂ!ﬁ c¥iclonecbprrel chay he h, shown as
streanl i ne @iriched Rirgwomevhathtewan® ctinei initexrdior! offr anapeyélone to

t | at | i
Doy of ¢ ho BRSSP BLEW HR podtibiFof YEHE Wordtiing o8 sgﬂﬁs &4 928 S, 2
Figure 7 (.?Rﬁéﬁ )“%’Foﬁ?%ﬂ#bart?ﬁ%emgr&u ithe int eripr| ¢ ctheyy t he

per f or at i onsyc¢Yoridhe.sc smooth Andr eflushe save FOT, p&lﬁdoﬁaﬁioﬁ#'ﬁhﬁﬁm&w

sone pl age h b € us the
bul k flggv o‘?ﬁmds own a 1t. ﬁﬁ# a‘%ﬁé% 700 ,°c3§§sg§h§3%% éﬁt

reent r ai nmeFRLIIAS SREILty| H}PaflégicPaVQﬂE%lﬁlés withdsemei setidgount of gas,
fl ow t 0 whkhdwvirs vifa aycbanenbionsl reverdeliiflowesaliovesutretexit t he

wal l's via a plurgld RewleydRBRENIS dd&y € far¥ilcatY ¥18Sconventional
techniques. The device significantly improves removal of
15 fines, that is, 0 - 5 micron particles. These particles are
removed as soon as they reach the cylindrical sidewall. 1In
contrast, in conventional cyclones these solids must travel
the length of the cyclone barrel to the conventional solids
outlet, where the solids must exit normal to the gas flow.

20 The new cyclone design will reduce erosion on power recovery
turbine blades, and also reduce particulate emissions.



702, 704, and 706 are ;;\\\M\\‘;gg\aﬁf‘ﬁf~the cyclone, so the t endency
for particles to bounce ﬁﬁﬂ% m eddy 35 currents or vortices is

reduced or elim nated. nd 9 (invention) show preferred

sl ot confi gur- ations t hose |éh ept|n1ze removal of gas and solids
from WO 9780997/ 41191 PCT/USHT6T1B

PCT/ US97/ 06718 10 t he device. The
distinctive factor in Figure 8 is that eachs hole or slot has an axis, or
pl ane of the opening, perpen- dicular to the barrel surface. The sl ot
may increase in cross sectional area as it passes fromthe interior
openi ng 816 CchAFM8ke cyclone barrel to the outer opening 818 as it passed
through the walls 814 of the cyclone barrel, as shown in Fi gure 8.
Alternatively, each slot may have a eneral | constant Cross-section, as
shown in Figure 91-Th& € qqﬁ(&?PQfgtPG SRRESIY: or openi ng has the

sanme size as the autykindditalayclonecbpdyfbawingra JasgEh ahdoagh the walls

of the cyclop ﬁl?ﬁ&ﬁféal éQéL The perforations should be generally
sl ant ed to Imze uption of fIQM/Ilnes of particulates exitin g t he
cycl one a tangent al vapor inlet connective with an inlet end o

said cyclone body for a stream of vapor and entrained solids;
a cylindrical vapor outlet tube within said inlet end of
said cylindrical cyclone body for withdrawal of gas with a
reduced entrained solids content, said outlet tube having a
10 cylindrical axis aligned with said cylindriéal axis of said
cyclone body:
a plurality of radially and longitudinally distributed
solids outlets for removing most of said entrained solids and
a minor amount of gas, comprising at least two sets of
15 openings, slots or perforations traversing a vertical distance
equal to at least one half of said diameter of said cyclone
body, and wherein said sets of openings are radially
distributed by at least 60°.

2. The cyclone of claim 1 wherein at least 4 sets of
20 openings, traversing a vertical distance equal to at least a
majority of said length of said cyclone body, are uniformly
distributed radially about said cyclone body.

3. The cyclone of claim 1 wherein said solids outlets
comprise 6 to 20 sets of slots, holes or perforations radially
25 distributed about said cyclone body.

4. The cyclone of claim 1 wherein said solids outlets
are holes drilled or punched in said cyclone body. '

5. The cyclone of claim 1 wherein said solids outlets
are uniformly distributed both radially and longitudinally
30 throughout said cylindrical cyclone body.



15 barrel through the per ldeal |y, the angle theta shown in
Figures 8 and 9 ranges fr’#ﬂﬂgmm ml as measur ed fromthe surface
of the hole adjacent to the | ine tangent to the inner
wal | of the barrel at the |eading edge of the hol e or slot. Thus as
shown in Fig. woswPdace 824 20 is the surface of the hol e adpcresdbodres t he

| eadi ng edge 820. Line 822 is tangential to the inner wall of the barrel
at the | eadi ng edge. Theta is the angl e between |ine 820 and surface

824. Figure 10 (invention) shows 18 preferred arrangenent of 25
slots in the cyclone barrel. The perforations 1016, 1018 and 1020 are

uni fornly distri but ethabeydl die oriichags waw@em sﬁ&:'c%aoporat 6519% In

t he arrange there is sone overl ap between per
el ement s. F@%&ﬁ 8%@16 and 1020 overlap with perforated el enments 1018

in the central 30 portion of the device. Generally about 2 to 20% overl ap

wi l preventvloomé z%fér@%’f‘rclﬁﬁﬂ' Pherein the eo?"&% 4¢eR’ Q¥! Qgg?al | ed

overvi ew of the, FCC ess an t he new c one d a nore
review of t REREBERIB, om %SP*pPEfEr? ﬁaﬁﬁQi%9n§gpaF&PoP§ saidous.
35 FCC FBEDvapor outlepytwwenti onal FCC feed can be used. The feeds may
range fromtypical petroleumdistillates or residual stocks,

PCT/U897/06718
VO 97/ 41191 8. The cyclone of claim 7 wherein the open area of said

openings is from 20 to 100% of the open area of said vapor
outlet tube.

9. The cyclone of claim 1 wherein an additional solids
10 outlet is provided as an opening through an end of the cyclone
body opposing said vapor outlet tube.

10. In a fluidized catalytic cracking process wherein a
heavy feed is catalytically cracked by contact with a
regenerated cracking catalyst in a cracking reactor to produce
15 1lighter products and spent catalyst, and wherein spent
catalyst is regenerated in a catalyst regeneration means
containing primary and secondary separators for recovery of
catalyst and fines from flue gas to produce a flue gas stream
containing entrained catalyst fines, the improvement
20 comprising use of a third stage separator to remove at least a
portion of the catalyst fines from the flue gas, said third
stage separator comprising:
a cylindrical cyclone body having a length and a
cylindrical axis;
25 a tangential vapor inlet connective with an inlet end of
said cyclone body for a stream of vapor and entrained fines:;
a cylindrical vapor outlet tube within said inlet end of
said cylindrical cyclone body for withdrawal of gas with a
reduced entrained fines content, said outlet tube having a
30 cylindrical axis aligned with said cylindrical axis of said
cyclone body; and



11 ei t her virgin fined, to coal oils and shale
oils. Preferred feeds (r‘ " il m gas oil, atnos- pheric resid,
and vacuumresid. The | useful wi th feeds having an

initial boiling point above about 650[err]F. 5 FCC CATALYST Any
comercially awg%7419% FCC cat al yst nay be used. The cat RGRUSITAGTID e
100% anor phous, but preferably includes sone zeolite in a porous
refractory matrix such as silica-alum na, 17 clay, or the like. The
zeolite is usually 5 to 40 wt.% of the 10 catalyst, with the rest being
matri x. Conventional zeolites include X and Y zeolites, with ultra

Sbte aFI e, or El el at i wepYuraliby obf tddiealy aaal ngﬁgiﬁmmnrﬁfdars&edl %outed

al um ni ze P | Tes

used. The fﬁ? egEAtl Clets Y}%gnp‘f’kgo‘hln%}‘%ge Pg jr‘%( %’%ﬁ?;gedz%o”es aTHH%

15 wt. % RE. minor amomata?t vaas, aopprdisingaatcleast twminats of oaeningss

ﬁr eh pr ef eveedatoledst aNnthixes W el 1bﬁyentd>ﬁnsaﬂi1&sydmddésma9 ?n%ot ?e
| te a S (0] N n,o (0]

OB e ¢ RS LAY 0888 68 Tiih itk a88 Rod} 11y 4 GARINRS b o ¢

one or nore A®¥sti 68s. elther as separate addltive particles, or m xed
in with each particl e of the crackl ng catal yst. Additives can enhance

oct ane (shape sel t|v t i,ed.Ry. ZSM 5
mat er | al(s hgw ng a‘ClS| 8% °fy% é‘?‘ }8 whebet E%@%‘*&P&Hﬁﬁi or
renove Ni an&WPFWSeaﬂE Iﬁa%ﬁ'ﬂﬂéﬁts °f wenmmamifmsnlfmndisgnbanedal are

avai | abl e corsaiaiayl ¥bout s&£id.cydidmnel belyks International, Inc.'s
"DeSOx." CO

10 12. The cyclone of claim 10 wherein said fines outlets
comprise 6 to 20 sets of slots, holes or perforations radially
distributed about said cyclone body.

13. 7The cyclone of claim 10 wherein said fines outlets
are holes drilled or punched in said cyclone body.

15 14. The cyclone of claim 10 wherein said fines outlets
are uniformly distributed both radially and longitudinally
throughout said cylindrical cyclone body.

15. The cyclone of claim 10 wherein said cyclone body is
horizontal.

20 16. The cyclone of claim 10 wherein the open area of
said openings is from 10 to 200% of a cross sectional area of
said vapor outlet tube.

17. The cyclone of claim 16 wherein the open area of
said openings is from 20 to 100% of the open area of said
25 vapor outlet tube.

18. The cyclone of claim 10 wherein an additional fines
outlet is provided as an opening through an end of the cyclone
body opposing said vapor outlet tube.



conbustion additives are available from catal yst vendors. The cat al yst
conposition, per se, forTﬂ"I ! |ﬂ@ ﬂﬂﬂLpresent 30 invention. FCC -
REACTOR CONDI TI ONS . i I'®%tr acki ng conditions nay be used.

Preferred riser cracking reaction conditions include catalyst/oil
wei ght ratvioesisnb1 0. 5: 1 to 15:1 and preferably 3:1 to 8: pcranses7izd
catal yst contact tine of 0.1 to 50 seconds, and preferably 0.5 to 5
seconds, and nost preferably 0.75 to 4 seconds, and riser top
temperatures of 900[err] to 1050[err]F. 18 WO 97/ 41191

PCT/ US97/ 06718 12

19. The process of claim 10 wherein said thira stage
separator operates under a positive pressure.

20. The process of claim 10 wherein said cyclone body
has an interior which is flush, and openings through said
5 cyclone body have an axis with an angle theta, as shown in
Figure 10, of from 5 to 70°.



This page is m ssing UPON FI LI NG WO

97/ 41191 PCT/ US97/ 06718
13 CYCLONE DESI GN Much of the cycl one design is conventional,
such as sizing of the inlet, setting ratios of ID of the outlet tube
to other dinmenswesn4nmtc. Further details, and nam ng 5 convearisemsriany
be found in Perry's Chem cal Engi neers'’ Handbook, 6th Edition, Robert
H Perry and Don Green, which is i ncor poy/ated by reference. The
nonencl at ure di scussion in Gas- Sol i ds Separations, from20 to 75 to 20
to 77, Figures 20 to 106, 20 to 107 and 20 to 108, are referred to and
= |
|.§.' = o g
gt} b
2 z B B -
g < C1 id e
g . - g m-=P e £6 =23
2 M m\’ m ro\? )]
2 A 3
3 0
e}
=z "
<
= ]
g
™\ as |
= o< S,
- [+
=t o
@ e
ﬂ -—
)

REACTOR

REGENERATOR

FIG. |
(PRIOR ART)



10 incorporated by reference. The sl ot area, or perforated area,
shoul d be | arge enough to handl e anticipated solids flow, and w |
typically be from 10 to 200% or nore of the open area of the

conventi onal reverse flow cyclone solids outlet. 15 The open area,
or the slot ar ®Q9W119the outlets radially di stributed on poOBUSK0E718f
the cycl one may range from perhaps 10 or 20% up to 100% of the
conventional solids outlet. Preferably t slot area will be from1l/4
to 1/2 tinmes the area of the bottom of t cycl one. 20 The
perforations should be sized so that in use from1l to 50% of the gas
exits via the perforations. W prefer to operate with 1.5 to 25% of the
gas being renoved with th sol and ideally with 2 to 20% of the gas
exiting the cycl one vﬁE! foratlons 25 Perforations are
preferably uniformy distr ed both radially and | ongitudinally.

Pref erably openi ngs are (Pmsémvry at |l east every 1/3 segnent of the
cyclone barrel, that is, n every 120F segnent of the cyclone
barrel. tdeally at Ieast 4 sets of perf are provided,
distributed at 30 90[err] F segnents. Mbst eferab frcnzihto 20

| ongi t udi nal slots, or their equivaleft, are eve ' | but ed around
t he circunference of the cyclone barr§. perforations may
be slanted to mi nimze disruption of ow lines of pdrticulates exiting
the cyclone barrel through 35 the perforafN ons. The angl heta, as shown
in Figures 8 and 9 is preferably bet 5[err err]. A preferred
opening is one where the iéhﬁ}Of th ning #Syangleq in the direction
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WD 97/ 41191 PCT/ US97/ 06718
14 of the flowwithin the cyclone, at least with regard to flow
near the perforations, as opposed to flow within the central regi on of
t he cycl one, which can be very convol ut ed. Perforations or slots
may be of fset wostdmoicycl one wall, 5 or one portion of the REF S%?f“%‘ﬁe
cycl one barrel may be punched in sonewhat toward the interior of the
cyclone to "peel off" that portion of thggrotating solids and gas that
collects near the wall. Preferably the interior of the cyclone is snooth
and flush, save for perforations punched or 10 drilled through it. Wile
the perforations nay be the sole solids outlet, the device works well
with sonme solids wi thdrawn vig a conventional reverse flow solids
outl et. The new cycl one g easy,to fabricate via conventi onal
t echni ques. The device significarllly i rove§rrermval of 15 fines, that is,
O - 5 mcron particles. These parl‘cle are = renoved as soon as they

n

reach the cylindrical sidewall. | n t, in conventional cyclones
t hese solids nust travel the | erigt h of the clone barrel to the

conventional _solids out | &, ere the solids shgexit normal to the
gas fl ow. 20NThe new cycl one Tesfgn wil aquce sion on power recovery

turbi ne bl ades, any al so reducéﬁpaai ’
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WD 97/ 41191 PCT/ US97/ 06718
15 1. A cyclone separator conprising: a cylindrica
cycl one body having a length and a cylindrical axis; 5 a tangenti al
vapor inlet conpective with an inlet end of sai d cycl one body for a
stream of vapor V2id*H3t r ai ned sol i ds; a cylindrical v R0s7a8
tube within said inlet end of said cylindrical cyclone body for

wi t hdrawal of gas with a reduced entrained solids content, said outlet
tube having a 10 cylindrical axis aligned ¥¥tlw said cylindrical

axi s of
sai d cycl one body; a plurality radially and |l ongitudinally
di stributed solids outlets for renoving nost of said entrained solids
and a mnor amount of gas, conprising at |least two sets of 15 openings,
slots or perforations traversing a vertical distance equal to at | east
one hdlf of said diameter of said cyclone body, and wherein said sets of

openings are radially

ﬁ!OR MT)

(P

Flu

#1)

(PrioF k

Fi




di stributed by at |east 60. 2. The cyclone of claim1l wherein at
| east 4 sets of 20 openings, traversing a vertical distance equal to at

| east a majority of said |l ength of said cyclone body, are uniformy
distributed radially about said cycl one body. 3. The cycl one of
claim1l1 wherei weat4al19ol i ds outl ets conprise 6 to 20 set SPOTAUSYI86T8

hol es or perforations radially 25 distributed about said cycl one body.

4. The cyclone of claim1l wherein said solids outlets are holes drilled
or punched in said cycl one body. 5. 578e cyclone of claim1l
wherein said solids outlets are uniformy distributed both radially and
| ongitudinally 30 throughout said cylindrical cyclone body. WO
97/ 41191 PCT/ US97/ 06718



16 6. The cyclone of claim 1l wherein said cyclone body is

hori zont al . 7. The cyclone of claim1l wherein the open area of
sai d openings is from10 to 200% of a cross sectional area of said 5
vapor outl et tube. 8. The cyclone of claim?7 wherein the open
area of said woepamings is from?20 to 100% of the open ar eaPOTUSHI0ETI8apOr
outl et tube. 9. The cyclone of claim1 wherein an additiona
solids 10 outlet is provided as an openi ng thrgﬁgh an end of the cycl one
body opposing said vapor outlet tube. In a fluidized

catal ytic cracking process wherein a heavy feed |s catal ytically cracked
by contact with a r egener at ed cracklng catalyst in a cracking reactor to

produce 15 |ighter products and spentl cdt@]y , and wherei n spent
catalyst is regenerated in a catalysﬂ—regeneration means cont ai ni ng
primary and secondary separators for recovery of catal yst and fines
fromflue gas to produce a flue gas stream cont ai ni ng entrai ned
catal yst fings, nt 20 conprisi kg use of a third stage
separator to a portion of\the catalyst fines fromthe
flue gas, sai st ayje separator conpr\sing:

third
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Tlow,




a cylindrical cyclone body having a |l ength and a cylindrical axis; 25

a tangential vapor inlet connective with an inlet end of said cycl one
body for a stream of vapor and entrained fines; a cylindrica
vapor outlet tube within said inlet end of said cylindrical cyclone body

for wthdrawal WoouasoIwi th a reduced entrained fines cont eR€CTUSY06718
outlet tube having a 30 cylindrical axis aligned with said cylindrical axis

of said cycl one body; and WO 97/ 41191

PCT/ US97/ 06718 7/8 17 a
plurality of radially and | ongitudinally distributed fines outlets for
renmovi ng nost of said entrained fines and a m nor anount of gas,
conprising at |east two sets of openings over at least a third of the

| ength of said cyclone body and 5 wherein said sets of openings are
radially distributed by at | east 60[ L. 11. The cycl one of
claim 10 wherein said fines outlets ooniQL at least 4 sets of

openings uni formy distributed

P
v
P

flow
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radi al |l y about said cycl one body. 10 12. The cyclone of claim 10

wherein said fines outlets conprise 6 to 20 sets of slots, holes or
perforations radially di stributed about said cycl one body.

13. The cyclone of claim 10 wherein said fines outlets are hol es
drilled or punseest/iimisai d cycl one body. 15 14. The pgDUSHIB6T8
claim 10 wherein said fines outlets are uniformy distributed both
radially and | ongitudinally t hroughout said cylindrical cyclone body.
15. The cyclone of claim 10 wherein said cycBébe body is hori zont al .
20 16. The cyclone of claim 10 wherein the open area of sai d
openings is from1l0 to 200% of a cross sectional area of sai d vapor
outl et tube. 17. The cyclone of claim 16 wherein the open area
of said openings is from20 to 1 @’@;vere open area of said 25 vapor
out | et' t ube. 18. The cycl ﬁef ai m 10 wherein an additiona

fines




out | et
opposi ng sai d vapor outl et tube
PCT/ US97/ 06718

process of claim 10 wherein said third st age
20. The ‘
halPGT i nt er i orORPNEELLECTUAL RRQEERTY ORGANIZATION ngs t hr WA

posi tive pressure.
cycl one body

I's provided as an opening through an end of the cyclone

WD 97/ 41191 P
18 19. The
separat or oper atg¥m\nder a
pr ocess of claim 10 where d
said 5
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(57) Abstract

A cyclone (310) and
process for fuidized catalytic
cracking of heavy oils is
disclosed. Gas and entrained
solids are added tangentially
around a vapor outlet tube (320)
in a cylindrical tube cyclone
body. Solids and some gas
are withdrawn via a plurality
of openings (316) radially and
longitudinally distcibuted in the
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3.
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4.

cylindrical sidewall (314) of the
cyclone. Distributed withdrawal
replaces or reduces conventional
underflow of solids from an end
of cyclone outlet and reduces
solids reentrainment. The
removal of particles less than
5 microns in size is enhanced
! by rcducing eddy formation
and particle bouncing ncar the
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cyclone sidewall (314). The
device may be used as an FCC
regencrator third stage separator,
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