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-1 SEPARATI ON DEVI CE TO REMOVE FI NE PARTI CLES Field of the Invention This
I nvention pertains to cyclone separators, equipped with a plurality of

cl osed- bottom cycl ones each havi ng solids di scharge neans and gas refl ux
_means, used to recover catalyst fi nes in the fluidized catal ytic cracking
of heavy 5 hydrocarbon feeds. Mre particularly, the invention relates to
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cl osed- botam meahenes. C osed-bottom cyclones have a generally

cylindrical body which is essentially closed save for 20 one or nore feed
inlets, h n gas outlet and a solids outlet.
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classified as open-bottom or closed-bottom. The present invention is especially
useful for improving the operation of closed-bottom cyciones. Closed-bottom
cyclones have a generally cylindrical body which is essentially closed save for

20 one or more feed inlets, having usually only one gas outlet and a solids outlet.
Closed-bottom cyclones are effectively isolated from the atmosphere of a
vessel containing the cyclone. Closed-bottom cyclones usually run at a slightly
higher or slightly lower pressure than the atmosphere in the vessel around the
cycione. If pressure in the cyclone body is higher than the pressure outside the

25 cydone, then the cyclone is a positive pressure cyclone. If pressure in the
cyclone body is lower than the pressure outside the cyclone then the cyclone is
a negative pressuré cyclone.

In a closed-bottom cyclone the feed gas is generally added tangentially
to an end portion bf the cyclone body. The gas outlet is usually a tube, axially

30 aligned with the longitudinal axis of the cyclone body, passing through the
same end of the cyclone receiving feed gas. The solids are usually withdrawn
via an elongated dipleg at an end of the cyclone body opposing the gas outlet.

In a third stage separator (TSS), discussed below, the solids are sometimes



via an el ongated dipleg at an end of the cycl one body opposing the gas
outlet. In a third stage separator (TSS), discussed below, the solids
are sonetinmes -2- withdrawn via a horizontal slit or slot in the wall of
t he cycl one body, and wusually at an end opposite fromthe gas outlet.
Somewhat related. to the distinction between open- and cl osed-bottom
cyclones is whether or not the cyclone dust outlet shares the sane space
(or 5 vessel volune) as the gas inleyp or is |solated When cycl ones
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20 Briefly, the problem solved by the Chitnis et al. patent can be mentioned
now as follows. In some types of cyclones, and in some cyclone placements,
vapor recycle from the solids outlet to the feed gas inlet is not a significant
problem. In open-bottom cyclones, pressures are essentially in balance inside
and outside the cyclone. Some gas always leaves with or is entrained or
25  aspirated with departing solids flow. Such gas, beyond that which is eventually
removed with the separated solids, easily returns into the open body of the
cyclone. In closed- or open-botitom cyclones where the dust outlet shares the
same vapor space as the cyclone feed gas inlet, gas recycle is never a
problem. The problem appears in generally closed cyclones where gas
30 discharged with solids from the device has no easy way back into the cyclone,
but the problem can appear to some extent even in open-bottom cyclones.
in fluid catalytic cracking, catalyst having a parlicle size and color

resembling beach sand circulates between a cracking reactor and a catalyst



but the problem can appear to sone extent even in open-bottom cycl ones.
In fluid catalytic cracking, catalyst having a particle size and col or
resenbl i ng beach sand circul ates between a cracking reactor and a
catal yst -3- regenerator. In the reactor, hydrocarbon feed contacts a
source of hot, regenerated catalyst. The hot catal yst vaporizes and
cracks the feed at 425C to 600C, usually 460C to 560C. The cracking
reaction deposits coke on the catalyst, thereby deactivating it. The
cracked products are separated fromtBe 5 coked catal yst. The coked
cat al yst iregeneratmpedn othev edagidr] dydraparkan yeed tgontaciard Sovrcen afabal yst
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' catalyst is somewhat expensive, and most units have over a hundred tons of
20 catalyst in inventory. FCC units circulate tons of catalyst per minute. Large
circulation rates are needed because feed rates are large, and for every ton of
oil cracked, roughly 5 tons of catalyst are needed.
These large amounts of catalyst must be removed from cracked
products lest the heavy hydrocarbon products be contaminated with catalyst
25 fines. Even with several stages of cyclone separation some catalyst fines
invariably remain with the cracked products. These concentrate in the heaviest
product fractions, usually in the main FCC fractionator bottoms, sometimes
called the slurry oil because so much catalyst is present. Refiners may let this
material sit in a tank to allow some entrained catalyst to drop out, producing
30 CSO or clarified slurry ail.
The problems are as severe or even worse in the regenerator. In
addition to the large amounts of catalyst circulation needed to satisty the

demands of the cracking reactor, there is an additional internal catalyst



30 CSO or clarified slurry oil. The problens are as severe or even worse
in the regenerator. In addition to the |large anounts of catal yst
circulation needed to satisfy the demands of the cracking reactor, there
is an additional internal catalyst -4- circulation that nust be dealt
with. In nost bubbling bed catal yst regenerators, an anount of catal yst
equal to the entire catalyst inventory will pass through the  regenerator
cyclones every 15-30 minutes. Mst unijs have several hundred tons of
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loss of FCC catalyst fines and/or protect power recovery turbine blades. It
should be mentioned that whenever a third stage separator is used to clean up
20 regenerator flue gas a fourth stage separator is typically used to process the
underflow (solids rich portion) discharged from the third stage separator. Gas
volumes in the fourth stage separator are small because third stage cyclone
designs minimize the amount of gas discharged with the solids. Typically 0.5 to
3% of the flue gas is removed with the solids discharged from the third stage
25  separator. Third stage separators limit gas discharged with solids (gas in the
underflow) to that needed to fluidize and discharge solids from the third stage
separator.
For these reasons, small size particles and relatively low gas volumes,
the fourth stage separator generally comprises small diameter cyclones, a hot
30 sintered metal or ceramic filter, or a bag house.
Most refiners are satisfied with their primary and secondary cyclones or
equivalent means for recovering catalyst from flue gas and discharging

recovered catalyst back into the regenerator. The troublesome separation is



the fourth stage separator generally conprises snmall diameter cyclones, a
hot 30 sintered netal or ceramc filter, or a bag house. Mst refiners
are satisfied with their primary and secondary cycl ones or equival ent
means for recovering catalyst fromflue gas and di scharging recovered
catal yst back into the regenerator. The troubl esone separation is -5-
downstream of the. regenerator in the third stage separator or TSS unit.
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process varies greatly. The third stage separator has the most difficult
separation in terms of particle size, while the primary separators typically do
99% of the solids recovery. This can be put into perspective by considering
20 what happens in an exemplary FCC unit. In this exemplary unit the separation
progresses as shown below in Table A, going from the primary and secondary
cyclones making the initial separation of catalyst from flue gas in the
regenerator through the TSS as final separation for the gas stream. The
separated dust from the TSS is withdrawn to the fourth stage. Gas from the
25 fourth stages merges with that of the third stage. Total emissions are 0.0474

tons/hr, corresponding to a loading of 215 mg/Nm?®.



5 10 15 20 25 30 TABLE A CYCLONE SAGE 341h 1 61 24 CYCLONE | NLET
Tons/ hr solid 5.00.150. 108 500 Average particle size, mcrons 65 401317
Tons/ hr gas 2758 275 275 Wi ght gastwei ght solids 55 55183374 CYCLONE GAS
OQUTLET Tons/hr solid 5.0 0.150.0420. 0054 Average particle size, mcrons
40 131.55 Tons/ hr gas 267a 275 275 %gas via gas outlet 100 10097100

%ol ids renoval / stage 99 977295

-6-
TABLE A
CYCLONE STAGE
1% 2™ 3" 4"
CYCLONE INLET
5 Tons/hr solid
500 5.0 0.15 0.108
Average particle size, microns
65 40 13 17
Tons/hr gas
10 275 275 275 8
Weight gas/weight solids
Q.55 55 1833 74
CYCLONE GAS OUTLET
Tons/hr solid
15 50 0.15 0.042 0.0054
Average particle size, microns
40 13 15 5
Tons/hr gas
275 275 267 8
20 % gas via gas outlet
100 100 97 100
% solids removal/stage
99 97 72 95
: CYCLONE SOLIDS QUTLET
25 Tons/hr solid
495 4.85 0.108 0.1026
Average particle size, microns
65 41 17 18
Tons/hr gas
30 ~0 ~0 8 -0
% gas via solids outlet
-0 ~0 3 ~0
weight gas/weight solids
-0 =0 74 ~0
35 The total solids throughput per cyclone is expressed as tons per hour.

The average particle size of the solids feed to each cyclone changes markedly.
Larger particles are preferentially removed so each downstream stage, through

the third stage, sees fewer solids with a much smaller particle size distribution.
The first stage or primary cyclones do most of the work, generally
40 recovering more than 99% of the total solids in a single stage. The first stage
cyclones also have the easiest job, in that the particles are relatively large,
around 60-80 microns, there are large amounts of gas available to generate
centrifugal forces, and the discharge of significant amounts of flue gas down
the cyclone dipleg has no adverse consequences. The solids loading is high.
45  The first stage cyclone removes large amounts of solids using large amounis of
gas to generate centrifugal forces. Some gas is discharged with the solids, as
gas is needed to maintain fluidization of the recovered solids. This entrained



CYCLONE SOLI DS QUTLET Tons/ hr solid 495 4.850.1080. 1026 Average particle
size, mcrons 65 411718 Tons/hr gas 8-0 -0 -0 % gas via solids outlet -0
-03-0 wei ght gas/weight solids -0 -074-0 35 The total solids throughput
per cyclone is expressed as tons per hour. The average particle size of
the solids feed to each cycl one changes nmarkedly. Larger particles are
preferentially renoved so each downstream stage, through the third
stage, sees fewer solids with a nuch smaller particle size distribution.
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amounts of solids are discharged from the second stage cyclone diplegs, with

small amounts of gas. As is the case in the first stage, this gas simply reenters

the FCC regenerator atmosphere. This gas becomes a small part of the gas
15 feed to the first stage cyclone.

Because primary and secondary cycliones are so efficient, essentially all
of the easy-to-remove particles are removed after two stages of cyclone
separation. Only fines, irregularly shaped fragments of FCC catalyst, remain in
the gas to the third stage separator. Third stage separator cyclone operation is

20 characterized by large volumes of gas and small amounts of extremely fine
- particulates, much of it smaller than 5 microns. Each downstream stage, from
the first stage through the third stage, sees less solids and smaller particles.
Much more gas per unit weight of solids is discharged via the solids outiet in
third stage separators as compared to cyclones in the regenerator. On a weight
25 basis, more than 10 grams of gas are discharged per 1 gram of fines
discharged to the catch chamber of TSS cyclones. Contrast this with operation
in first and second stage cyclones in the FCC regenerator, where 1 gram of gas
transports over 1000 grams of FCC catalyst down a dipleg. It can be said that
from 10,000 to 100,000 times as much gas is present in third stage separator
30 solids discharge stream as compared 1o solids discharge via the dipleg of a
primary cyclone. In part because of the relatively small amounts of solids
involved, and large gas volumes, typically 5 orders of magnitude more gas
relative to solids, many TSS cyclones are open-bottom.



secondary cyclones permt higher gas velocities to be used in secondary
cyclones than in primary cycl ones. Hi gher gas velocities devel op higher
io centrifugal forces to inprove efficiency. The second stage cycl one has
about the sane gas flow as the first, but orders of magnitude |ess
solids. Small anmpbunts of solids are discharged fromthe second stage
cyclone diplegs, with small anounts of gas. As is the case in the first
stage, this gas sinply reenters the gCC regener at or at nosphere. This gas

becones a small part of the s 15 f&eéd .to the, first stage cl ane.
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velocity) cyclones increase fines recovery, but the gas makes more turns in the
cyclone body, increasing catalyst attrition.

20 Particie recovery in conventional large diameter cyclones associated
with the FCC regenerator had reached a plateau. Refiners resorted to third
stage separators (TSS) with many small diameter cyclones to increase
particulate removal from FCC flue gas. Mechanically, third stage separators
are complex. Many TSS cyclones are needed to handle the large volumes

25 encountered in FCC flue gas streams. Each cyclone is of small diameter and is
mounted either vertically or horizontally. One cyclone manufacturer uses many
small cyclones, 10 inches in diameter, 1o increase centrifugal forces and reduce
radial distance to a wall where solids could collect. Since many cyclones are
needed, it is generally necessary to install them in a single vessel, acting as a

30 manifold. The TSS unit made it easier for particles to reach the wall of the
cyclone by reducing the distance to the cyclone walls. The offsetting factor is
some increase in pressure drop, and considerable capital expense for a unit

which made only a modest improvement in fines removal.



These devel opnents are somewhat surprising in view of the many

| mprovenents whi ch have occurred both in cyclone efficiency and catal yst
properties. Cyclone efficiency has inproved during the 50 years FCC has
been ao in use in refineries. FCC catal ysts are stronger and nore
attrition resistant. These factors (better cyclones, stronger catalyst),
I f considered al one, would make FCC flue gas cleaner. Ofsetting factors
have included an increase in catalys§_circulation rates, multiplying the
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fluctuating flow of gas out of and into the longitudinal slot of test cyclones,

20 which seemed chaotic. Gas from one cyclone flowed into the catch chamber

and then reentered the same cyclone as well as other cyclones. Reducing

length and width of the slot seemed to reduce the gas flow and the interaction

between the cyclones.

Chitnis et al. realized the discharged catalyst always carried gas with it

ﬁs into the catch chamber where it had no place to go. Only a minor amount of this

gas was needed for the underflow. Much larger amounts of gas exited the

cyclone, and re-entered the cyclone in some way. Chitnis et al. observed

localized pulses of catalyst/gas discharge alternating with reverse flow of gas

back into the barre! siot. This was the only way for gas discharged with the

30  solids-rich phase to return to the cyciones from the catch chamber, as there

was not enough gas removed with the solids phase from the botiom of the

device to mass balance the cyclones. Chitnis et al. concluded that all TSS

cyclones unintentionally recycle or reflux gas back through the solids outlet into



than 5 mcron particles, which are difficult to renove in conventional
cyclones and difficult and costly to renpove using electrostatic
precipitation. These inprovenents reduced dust re-entrai nnent from TSS
units. TSS cyclones had not satisfactorily addressed the probl em of how
to deal with gas discharged io with the solids. Relatively |arge anounts
of gas are discharged with solids whether solids are discharged
tangentially via a slot cut in a sidaf@all of the cyclone barrel or
axially Vi aycloReBodRIR&IuXEQ g@semralmm smmsdmd(entmmecmwnvgm ofout | et .
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entrainment of catalyst particles in third stage separator cyciones, and the use
20 of shields to enhance solid separation and reduce the solids entrainment in the
gas discharge from a low-chaos gas/solid cyclone separator. Cold flow studies
have shown that shields installed on the Chitnis et al. cyclones remarkably
improved their performance. The shields prevent secondary re-entrainment of

catalyst already separated from the setliing chamber. This secondary

25  entrainment phenomenon is termed “cross-talk.” The shields, preferably in the

form of tubes, function as baffles around the bottom end of the reflux tubes to

substantially inhibit this cross-talk. Particularly where the cyclones are spaced

relatively closely together and terminate at different heights, the shields

substantially prevent solids discharged from the solids outlet of an adjacent

30  cyclone from being re-entrained in the gas recycle into the gas reflux openings
in the cyclones.

In one aspeci, the present invention provides an external separator

housing a plurality of cyclones in an exiernal separator vessel. The separator



5 and tine, refluxed this gas via the solids outlet. This gas reflux flow
was countercurrent to flow out of the solids discharge. A cyclone could
alternate between a high solids discharge phase and a | ower solids
reflux phase. Another alternative was for one end of an outlet slot to

di scharge solids while the other end of the slot permtted reflux back
into the cyclone. In either case jo the effect of chaotic reflux via the
solids outlet was to disrupt gas streanlines of the tangential flow

wi thin the cyclone body. Chitnis el‘j?f e to stabilize. the

‘ | e abl
c¥cl one ojsenaefubnior apxEmmegifl @ fiweized ?%é'ey{éﬁe’r&?ﬂg"r@f PEqGEEs ‘ﬁri‘%@WaE'ged from
the gas Obwrﬁkﬁ?éne&e?% iQr#)a\félﬁﬁed&gglg?raélﬁbar @obRet 'vAfr ux régémerated

pref er abl _ b m of tf one body. Still, is further

i mpr ovten’eomk:ng tétalysioin araeking reactor orprodecechghtas prasiucty and SPeRf st age
separator ¢ nes, were desired. Y. Qf I | ent

i nventi on%‘éﬁ@gﬁ&d ?9?@?8?@@8{/&?9 sego'ﬁ a?@agg-ﬁéﬁﬁrgﬁﬁégﬁggﬁat al yst
parti ckesof fdrdi depardtergdon pipavedyat oayalystmed, firesdranh duegas R@reduashi el ds

to enhance solid separat and d h ' '
(i sChar o regeBIRraten Gyl JoalgRaIeeEd (& Jig GrREKoB,EREh, SN EAo) o¢ uh o

have showg Stitshis diaba!firRd. O BRiefl tseparatir removey G dewss
r emar kabl yug!%r ove% ?‘ﬁe‘?r erf or mance. 'Iqhe sshFerIadsr rprg\\/’eEt Sﬁcor?dary
¢ Y

[rﬁ_- entr ai pgﬁ‘rﬂn mszthe dines frpst the|regensfaior Hlue 9es 8Ireamm kach dd B hanber .
I S secondar ' [ " ir
IS, S2CORSE sl b A0} SRS e kel oSt by e

m unction "as baffles around the
bot t ongena@n@fa ishield. eTheixytiobe oty has adetgtht paengitudingl Bxis, amirdelcensks- t al k.

Particularly where .th cl.ones ar.e,. Ay :

2nd ter i RSOt et dHE THE R duet F L NG cghaHcaBnwE| e &R0 T

Eg: In Ssr gl ?}m%&gﬁéw heneajdsdsutietitiket inothednletdpdoé the Bycleyabode from
- i ned in [

din the gas recycle into th as, ef Qplﬁﬂi
the cycl ori'@§.a|%95H‘@”@.‘saﬁ%"‘cgl_,'9"PHé‘"%?@@é?ﬁg'ﬁ”ﬂ\%ﬁ?ﬁﬁr?f B}eo{:)?‘l‘)cf})ens an ﬂgfer :’12|
separat or wi{mh'éwiﬂg dashbith 8lrbddcerfifinecdonret. iTheadbligx betletab dispoaed s
vessel . The separdtor - | | is useful, for exa in.a fluidiz

cat al yis c ;be gunetr?ﬁq)qafdbe@ycl@n%ﬁeﬁhf% digeparascelr b la\%’geﬂjm"},"_’@é‘?%WP gal ly
Ceatar TR TB e rrbaOR gk oy ot RSl barebraasack: o
The gas reflux opening is disposed in the outlet end of the cyclone body, fluidly
isolated from the flue gas inlet at the inlet end of the cyclone body, for recycling
a portion of the gas discharged with the solids through the solids outlet from the
20 catch chamber back into the cyclone body. The shield extends downwardly
from the outlet end of the cyclone body around the gas reflux opening to inhibit
solids from being entrained in the gas recycled through the gas reflux opening
into the cyclone body.
The cyclone body is preferably cylindrical and the solids outlet can
25 include an opening in a sidewali for tangential discharge of fines and a minor
amount of gas into the catch chamber. The gas reflux opening can be a hole or
a cylindrical tube having a longitudinal axis aligned with the longitudinal axis of
the cyclone body and passing through a seal in the outlet end of the cyclone
body. The gas reflux tube preferably discharges gas reflux tangentially into the
30 cyclone body. The feed gas inlet preferably discharges gas tangentially or
axially into the cyclone body.
When the gas reflux opening is a tube, it can extend within the cyclone
body from 0 to 1 cyclone body lengths and/or extend outside the cyclone body



catal yst, and spent catalyst is regenerated in a catal yst regenerator
having one 5 or nore separators for recovery of catalyst and fines from
flue gas to produce regenerated catalyst that is recycled to the
cracking reactor, and regenerator flue gas containing catalyst fines.
The external separator renoves at least a portion of the fines fromthe
regenerator flue gas stream Each of the cyclones has a cyclone body, a
flue gas inlet, a gas outlet tube, a gas reflux opening, o and a shield.
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outlet en e cyclone body. The gas reflux tube preferably
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openi ng. Eljighel vith thetibngiudinaeags ot s tylone body for withdrawing gas with a
reduced entrained solids content. A solids outlet is disposed in a sidewall of
20 the cyclone body for tangential discharge of solids and a minor amount of gas
from the closed-bottom cyclone into a catch chamber. A gas reflux opening is
fluidly isolated from the feed gas inlet for recycling gas from the catch chamber
back into the cyclone body. A shield extends downwardly from the cycione
body around the gas reflux opening. The gas reflux opening can include a tube
25 extending within the cyclone body from 0 to 1 cyclone body lengths and
extending outside the cyclone body into the catch chamber from 0 to 1 cyclone
body lengths. The shield preferably extends downwardly from the cyclone
body to below any lower end of the gas reflux tube.
In yet a further aspect, the present invention provides a cyclone
30  separator, which has a gas refiux tube passing through and sealingly affixed to
a closed end of an at least partially cylindrical cyclone body having a length, a
diameter and a longitudinal axis. The reflux tube has (a) a diameter smalier
than the diameter of the cyclone body, (b) a reflux inlet outside the cycione



entry into the gas reflux tube and the gas reflux exit fromthe gas
reflux tube can be tangential. Preferably, the tangential discharges of
the gas reflux tube 5 and the, feed gas inlet both induce spin in the
sanme direction within the cyclone body. The shield can be any suitable
shape, but is preferably cylindrical with an open | ower end, and
preferably has a cross-sectional area |arger than the gas reflux
opening. A |l ower end of t he shleld prgferably term nates below a io |ower

end of an Iovver d o the f, ef the
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A still further aspect of the present invention is that it provides a multi-

cyclone gas/solids separator that has a plurality of cyclones spaced horizontally

20 apart from adjacent cyclones. Each cyclone has a cyclone body including a
feed inlet end for admitting gas and entrained solids into an annuiar space
defined by a sidewall of the cyclone body and a cylindrical gas outlet tube
axially aligned with the cyclone body. A solids outlet at an opposing end of the
cyclone body has a tangential outlet for solids and a minor amount of gas

25 through a sidewall of the cyclone body. A gas reflux opening is axially aligned
with the outlet tube. The plurality of cyclones share both a common catch
chamber for solids discharged from the solids outlet, and a common manifoid

for supply of gas and entrained solids. A plurality of shields positioned in the
catch chamber inhibit discharge of solids from the tangential outlet of the

30 adjacent cyclones into a vicinity of an inlet of the gas reflux opening. The gas
reflux opening preferably includes a tube having an interior portion within the
cyclone body and an exterior portion extending into the catch chamber, wherein

the interior portion includes imperforate sidewalls and open ends, and the



body has the sealed end as one end thereof, and a gas outlet tube,
sealingly affixed and passing through an opposing end of the cyclone
body. The gas outlet tube has a dianeter smaller than the di aneter of
the cyclone body and a 5 longitudinal axis axially aligned with the

- cyclone body. - The reflux exit is in a portion of the gas reflux tube
which is axially aligned with the gas outlet tube. A tangential gas and
solids inlet fluidly connects with t-he-opposing end of the cyclone body

end recei biaBoBlpsridAtha8Nd Edindifialstabé dealed o ahé @ad atdneling sowpwardlyded f or
di scharging a concentrated solids streamwt nor portion of 1o gas

fromthe djeltoe&alsbaghamberagurioppded &y 6%@&%&”?"593? GAMEET 9§ e
cycl one H%W r&e%wﬁ\ngr gﬁdaﬁgcl:yhﬂ_&}ﬁ:aﬁﬁJUedSTﬁé'téh@]d phétetdify Bas ar ef | ux

inlet are connect e de of the cyclone body. A shield is

di sposed lnﬂmgneemﬂ tiereninatinig tislowual lewesmes! t 6ng Qﬁéhﬁ @PWﬂWaTW extengingnni bi t
entrai nmentl %& l?t 'Pds fromthe solids outlet into the gas reflux inlet.

Pref er &bl PYMHEEHPPux t ube extends on 15 either side of the cycl one body
by a distance ggdpérnicre the predéntofnveiior enotitleofin ammhery @sped, Bedy, and

t he shield extends downwar dl fromth cl one body to | ower
end of thémgeyement iR FUeoSIonG, 949180 'E?Z‘%eBﬂ@? oﬁ‘iixP%"&i |*"8¥%1'§nﬁ'
aspect of {hengd @?5&% h&%ﬂfdn?rhpbﬁ frdintadidceRt @Wkﬁhé% @achucbinprisingleone

gas/sollds separator that has a plurality of cycl ones spaced hor. zont ally

20 apart foydmadqoaltéﬁvlwy(dla)f@ 'nEé@ﬁdé‘}fcﬁ‘Hﬂ@'ﬂgaSasaa enkaned sgids
| ncl udj)ng F@gf SR SanfUdt! s 56% "Rfingd!By! bl sAcpar cﬁnﬂ'nee@%l@hé‘%d?obmdj?a into an

annul ai’ s e I ned ycl one
cyl i ndri calylinphicabgas eiuﬂEUb.dJe ax:akly aygmad. gﬁbdhwqwloﬂﬁé?%g\/’ nran% 5196%5/ A

solids outlet. at an osm b tial
oot ot oDt BheRThoariy A Sl byblfe polf HEVFare BndiRal b EN {2
.cycl one bagyids éna&swrﬁrlmmmlgag tlnrsuglxlaastdiwall oigtheccyckmhetquueamﬁut | et
tube. The pluralit cl.ones. share bot for
solids di dtiha S8 ?l‘?"b% ‘P%Fé"'%qu YOQI[QP8$ W'ghdﬁ%%ﬁ%o efmh‘ﬁ’.“?

suppl y;s0f (&l cabhéd Bieste TN 8omngn Uatah ichgmber Binlselldtsdlpdmrged)ned in
t he catch chanber i nhi bit di schar e of s 35 fromthe .tan llbc% outl et

s

of the 30 feap doerolids evlplesnd 60'5' ru"ﬁm Pr gAs g entEin ref | ux
openi ng. Mg Hipro ﬁ{] P’&o‘ﬂﬂﬁ@b@ga ReIsiafyabl Yhighsd pasitioned Lirbethbaaatctg an

interior portlo cycl one body and an exterio ‘{i
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| mper forat g Sl dgWRb! & vty Beh Mot 1REYakNefluxd 8pening. The shields are

20 preferably cylindrical tubes extending downwardly from the solids outlet end of

the cyclone body around the gas reflux openings. The shields can have a

diameter greater than the gas reflux openings and an open lower end. The

lower ends of the shields preferably terminate below a lower end of the gas

reflux openings, and above a level of dense phase solids in the catch basin.

25  The lower ends of the shieids depending from the cyclone bodies preterably
terminate at about the same height in the catch basin.

Another aspect of the invention is the provision of apparatus for
separating a gas-solids mixiure. The apparatus includes a closed bottom
cyclone, a gas reflux opening in a lower end of the cyclone, and a shield

30 depending from a lower end of the cyclone around the gas reflux opening. The
shield is preferably contiguous with the cyclone to surround the gas reflux
opening. The gas reflux opening preferably includes a tubular passage. The

shield can be a concentric tube having an inside diameter larger than an



exterior portion has a cylindrical tube sealed at the end extending
downwardly into the catch chanber surrounded by a said shield having a
di aneter larger than the downwardly extending cylindrical tube. The
shield preferably has a |ower end term nating bel ow a | owernost end of
the downwardly extending 5 cylindrical tube. Furthernore, the present

i nvention provides in another aspect, an inprovenent in a nmulti-cyclone
gas/ sol i ds separat or conprising a pI -al'ty of cycl ones spaced

hori zont al | apar from acent c | one
body havi ﬁg?’s@e) AR ‘&Plﬁ Rarpagt, e Fﬁégé%@@%ﬁ@%?? el o1 ds
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cycl one by and a gas openi ng axi al gaa i gned vm th the
out | et st ulrletsvéter pluralityref aéjapd!nlrMSEd;bQﬁfJHCWﬂhﬂﬁ@s disabargingotHdg 1% hmon

catch chanber for solid char e . conmDn
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plurality dptrafmieded a(ésrrmaahgﬂ]@medomms helovat elnds i aimeb exspectivientydsnes,

di scharge of solids fromthe tan
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pref er abl | YopH %m:,%a Jﬁ st &%ﬁse&dihﬁgregﬁém%r@‘cbnéﬁ ognd rsa.Mg dwe out | et
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end of one around the gas refl ux openlngs The shi el ds can
have a0 d|reihmtmerg1!g§afr€!m thentangeniial gesets &5 iNDPIt&FHRSS1AYs and an open | ower

end. The | OVeT 3 nekfBr Hl ARG BT &F Apbureh®l FErlHoArdiplgOul gt Over

end of the gas uxtopeni ngs, an evel of dense phase sol i ds
in the catslidbaxture. zsharwphmm irchges oheamte forhinkpaacing teg MIKY'S dm t he

cycl one bodi oo Br SLEaBl ¥ o1l 4aldindlny HRRML By Bfforbe, Hidaristof e
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| d bott |
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the gas refldexofane Géé}:ﬂact:i}'@%yclérlﬂéeﬁ'n@bar& or ﬁe‘ﬂamgl & porinhicf doe entsdingd t he
cyclone to surround the gas reflux_ op en|n

pr ef er abl ygasnintedbe qyclonss | thfoughsieliye OP?H'@ fﬁf'@?‘g?'ial{’lﬁ%r %ﬁd%g’?\ghﬁg ric
tube havi ngao.ivaStfortisaERLmebAS 96 shidRiingithe reflux openings from the
tangential outlets to inhibit cross-talk.
20 Brief Description of the Drawings
Fig. 1 (prior art) is a simplified schematic view of a prior art third stage

separator showing closed-bottom cyciones with reentry tubes.
Fig. 2 is a simplified schematic view of the third stage separator of Fig. 1
after modification to include shield tubes according to the principles of one

25  embodiment of the invention.
Fig. 3 is a simplified elevation of a cyclone with a re-entry shield
according to one embodiment of the invention.

Fig. 4 is a simplified plan view of the cycione of Fig. 3 a seen along the

lines 4-4.
30 Fig. 5 is a simplified schematic view of test equipment for coid tlow

modeling of the cyclones of the present invention.
Fig. 6 is a simplified plan diagram showing the layout of the cyclones

and inlet pipe in the test equipment of Fig. 5.



-15- outside wall of the tubul ar passage. The tube preferably term nates
below a | owernost end of the tubul ar passage. A further aspect of the
invention is a nethod for separating a gas-solid mxture. The nethod

i ncludes the steps of introducing the mxture to respective s inlets of
a plurality of adjacent closed-bottom cyclones, discharging solids-I|ean
gas from upper ends of the respective cyclones, discharging solids
containing entrained gas fromtange %ial outlets at | ower ends of the

respective cyclones, refluxjng a partion of . the eptrained |at o the
cycl ones t hr oulg§- ¥ éﬁl%ﬁrapBl?@LP%tj§”1%g?rr‘ré’g PEII% RSP ‘ﬂﬁ@"tg’?‘ 'P%gar agpect i ve
cycl ones, | i t bAgiBpbd MWNt Sieeldangeoial
outlets t8&1?]%}1?%}1?&1@rtﬁ%%_sﬁ%ekg»é’pg%%ﬁdggﬁfg _@P the invent ir(o_n i s) an
appar at us ateordingpiar thiei presentgiagentool anti withoulr shieltth d-aprral aceydingcloudes

means for introducing the mxture to respective inlets of a plurality of
adj acent eI Aot t om cycl ones, neans for discharging solids-|ean gas

from UQpebeEEFlPtiQﬁdfliﬁe[r%ﬁﬁghi ve cyclones, neans is for discharging
solids co ng entrai ned gas from tangenti&l ut | @érs % Ioger ends of
the respecti veFigyd @nes arthisad dhifhptageraepgiaty S&Br%"?" i BrineHE V989 ai ned
gas into the LXGlOReSebliafic U Sl IPateRoesNaS0 UM & diovesseruts of the

respective cyclones, a means ding the reflux openings. fromthe
t angent i alrecsintdse s fines-corhaibing ECEs Hue agas. vz0 inbkpti 302.Ded0¢ i'88H 3#%1S t he

Draw ngs Fig. prior ar i S| Ifi.e - lQoNdLY0Bf Badh ior art
third st a&g%'%é%é\r"étpg?nu%é&ﬁn% @Fo‘é[eg!% lgf)tat l%%’%ﬁg% SOV\% th reentry tubes.
Fig. 29i s cpclohepioef isedosippedratiin eminewwi vahes t(hotr ehawrigeess &itar 3t &r  of
Fig. 1 after nodificatjon to _include shi gt b rgi e
pri nci pl eé"%!ceo%éa”%“'@'nﬁ%ﬂipﬁgﬁp Bra ¢ é'e, ﬁb 'nt'ii.{B%’.S cé‘i?eg’?o t?'g ga!sp*r]rpl i fied
el evat i on gkn dafif 08 andidrd dischargeatifom satk sdlidsaexipsidt mt0 farmuedein a
enbodi ment of the invention. Fig. 4 is a Si {@ j %{ﬁﬁe Itngvi.e\o(,lgfr the
cycl one oflowergendtheredier3ag dingharged withijae sglids it i%__c FNA & Tplifi ed
schemati ¢ e%&eﬁg"e%htb%%l 965 IITE sl i@flug alte {1pWCigmdgad Rowitidrawe wWaycl ones
of the present 1 nvention. Fig. is a sinplified plan di a_i;{aam spgvm ng the
| ayoutisof egkb aryiet tipes116 and removed from the vessel via gas outlet . Solids
that accumulate in the catch basin 112 are removed via solids outlet 120.
Each of the cyclones 106 has essentially the same dimensions, i.e. each
barrel 108 has the same length and diameter. Since the height of the plenum
104 typically tends downward as it extends outwardly from the center of the
20 vessel, the elevation of the solids exit slots 110 will likewise tend lower. Thus,
the cyclones 106 at an outer position will have a solids exit slot 110 below the
bottom of the cyclones 106 at an inner position. This difference in the height of
the cyclones 106, we believe, contributes 1o cross-talk between the solids exit
slots 110 and the lower end of the re-entry tubes 114. Pointing the solids exit
25 slot 110 away from the adjacent cyclone 106 does not eliminate the cross-talk
because there are usually hundreds of relatively closely-spaced cyclones 106
in the TSS 100. Also, cyclones 106 are relatively spaced in every horizontal
direction, especially for the cyclones 106 intermediate the center and outer
periphery of the TSS 100.
30 Fig. 2 shows the TSS of Fig. 1, wherein correspondence in the last two
digits of  the reference numerals in Figs. 1 and 2 is used to indicate
correspondingly similar parts. The cyclones 206 have been retrofitted with

respective shield tubes 222 in accordance with the principles of the present



and inlet pipe in the test equipnent of Fig. 5. -16- Fig. 7 is a
graphi cal presentation of particle size distribution in the gas outl et
fromthe third stage separator cyclones equi pped with shields (-0-0-0-)
according to the present invention and wi thout shields according to the
prior art. s Description of the Invention Fig. 1 (prior art) is a third
stage separator (TSS) simlar to the reduced chaos cycl one separator of
U S. Patent 5,681,450 to Chitnis et .gh.. TSS 100 receives a

fines-contajnt F e L@ bpke f 086 @afinkfes df @t ri buted
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di f f er encegad floe spiriigiro@id thid@utistc tubee216.06Cemefugal ferce, thoaws theut es to
cross-tal k between the solids.,exit .slots.l an he | ower. of the
re-entry tRAsEvlates to the wallng eeLUHH!; .e)goﬁgszgo@qc&)taslad%&éégﬁ P'@m t he
adj acent cyel@iifg 1Bferd @B Spatadles| WtR 4R RRhafgeastiralgh drecansmotdiere are

usual 'y hundreds”of "rel ativel y_cl osel y-spaced cycl gnes 10 in the TSS
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di rectj.on, S%P&ﬁ | dipgf % hafind NARJe123b af Petibwecend of and
out er 15perr'?rp eryglgfﬁh%ﬁﬁeﬂ%&ll %&?gwgg% 2 gshor\?\g;s t he _TSg of Fiag, 11]
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in Figs. 1oand 2nicighSididreebHihGdtfe blind flange 228. Although not required,
the shield tube 222 conveniently has the same diameter as the barrel 208, and
is welded or otherwise secured to the blind fiange 228. In retrofitting a Chitnis
20 et al. cyclone, the shield 222 is added to each cyclone by, for example, welding
the shield tube 222 to the lower surface of the blind flange 228 supporting the
re-entry tube 214.
Although the shielded re-entry cyclone 206 is described in one example
in reference to the specific features of the cyclone 206 in Figs. 2-4, it is readily
25  appreciated that the shielded cyclone can take any form of the closed-bottom,
gas-reflux equipped cyclones described in Chitnis et al. modified to include the
shield 222 of the present invention.
The invention is further understood by reference to the following
examples.
30 Example — Cold Flow Modeling
The performance of axial entry cyclones with and without shields was

studied in a large-scale cold flow unit. The cold flow unit was scaled down from

a commercial design, and represented an existing third stage separator (TSS)



correspondingly simlar parts. The cyclones 206 have been retrofitted
with respective shield tubes 222 in accordance with the principles of
the present -17- invention. Although each barrel 208 of the cycl ones 206
termnates at a different height in the catch chanber 212 relative to
adj acent ones of the cyclones 206 that are closer to or farther away
fromcenter of the TSS 200, the shields 222 have an inversely
corresponding length so that the | owgg.ends of 5 the shields 222 all

Lorm nat eqgy R%?l& fhiiCes SATH OA lﬂaﬁleﬂfﬁataipét a‘?ﬂ‘@@é Yia@heeemarnyed teisethphase of
solids in 8cat cha FI g: shows a sinplified sectional view
of a pref gas eelluytubes f 6brrleh@‘ ThB Mancyaenesanbhecgd | nﬁ’ §aﬁg(§?l{ Tom vi ew
of the sane c cIon The | d I axially in
t he annul GB®f tE"'I’i’en ﬁ["}% Ifmr%gy Iﬁﬂ‘k{ngé ggésj so&'%f I‘ﬁei? q‘d%ogélgl where
they are taaagmrmliaédmg it nelsitie dvérg tyblealsai the watketsob 24commesciall BACspi ral s
around the outl et tube 216, Centrifu r t.hr | ates to
the wabl &@oeneeatanps ddiceled ba) ?%%P%%Pﬁ’é’ he;gesion @?’gﬁ €§‘| %‘Rﬁ'ﬁmfﬁﬁ%
circulating layer of particles which are discharged through one or nore
tangential dust outlets 210. The cyclone 206 has a closed bottom 226
which is 15 preferably a blind flan lo3g bolted to a mating flange 230
at the |ower end of _tRefinesy 78S ©okl FlowUnit DesignBasisy, ouj ded by a .
central | y[di sposed tube 214 passi ng| t AP @hdflor ReB¥OF'SA td the blind
flange 228, Al though not required, —the AP d+4 2?2‘%‘\1*61‘i ently has
the sane <MMWI q

I Nnben of pandows) oL S ot Mu.c. wrise secured
to the bl 28 | 5 _t-otrofting—gaghit

A o 20 ®lagat - qycl one, the
shi el d 22'w?n“ésljv{rg‘"’ﬁl&“g@""é‘é{?,‘?%”ﬁb:mc by, -ty examite, Wegding |t he shi el d

tube 222 t@-tis r—surface—of —tteT bt mdf1angg 228 supportijng the
re-entry f 2t —A tdﬂ&pgh the shielded 1.esentry cycl ong 206 Ji s
descri bed rmome exanphéer 10 reference tooffhe spdci ficobeatures of the
cyclone 20BehRRE@Recumes&c It 1S readfly 236appreciate@4hat the shiel ded
cycl one c3fyEpd@Esany formof the closed-bottom gas-reflux e pped

cycl ones qescribed InNéwetnis et al. [npdifked tolincludfSt he khield 222

of the prégsent inventdims The invention isi%urthdr undelst god y

reference[to the fol llessthfly exanples] 30 EXanple Cal '*5!‘! ew-pdel i ng

Inlet Configuration Swirl vant ~ " Swirl vane
Swirl vane velocity, ft/s 244 248
Underflow, % 3 3
Dust outlet (H/'W) 1.67 1.67
Dust slot size 1.5" X 2.57 1.5 X 2.57
Re-entry tube size 1” sch 40 1” sch 40
Gas velocity in re-entry tube, ft/s 42 49
Shield ID, in. 10 No shields
Gas velocity in shield tubes, fus 0.4 No shields

The schematic diagram of the test rig is shown in Fig. 5. The catalyst

10 was fed, through air eduction, info the inlet pipe 310. The test tacility was
operated under vacuum by connecting the outlet gas filter exhaust 314 1o the

inlet of an air blower 316. The inlet pipe 310 was connected to the inlet plenum

320 through baftled windows 322. The baffle ensured good distribution of the
incoming dust-laden air into the inlet plenum 320. The inlet plenum 320 was

15 curved in a manner typical of a commercial TSS design. The catalyst-laden air
entered the axial flow cyclones 322 through their swirl vanes 324. Fig. 6 shows

the plan of the layout of the inlet pipe 310 and cyclones 322 (identified as
cyclones 322A through 322F in Fig. 6) over the settling chamber 328. Cyclones
322A through 322F were arranged on a triangular pitch as in a typical TSS.

20 The cyclone body 326 terminated into the settling chamber (holding vessel) 328



The performance of axial entry cyclones with and without shields was
studied in a large-scale cold flow unit. The cold flow unit was scal ed
down from a comercial design, and represented an existing third stage
separator (TSS) -18- design of Chitnis et al. in which catalyst particles
had accunul ated inside the gas reflux tubes of sonme of the TSS cycl ones.
The cold fl ow nodel had tour operating and two non-operating cycl one

el enents, the size, inlet gas velocit _and dust | oading of which were

conpari sonel ik g Gt R0 EIEH oy % HemdiFoR Mt Dl SotBENER 0 Y 7
Refinery Yyprd/udeimgsial stﬁwumnmétew ctuskbdear[t:&irFeldoga& pkitad theori nal )
(upp er/Iomer) %60/ 4060/ 40 VVn MIve ft/
Uppor 1. 195u0I0Bes GRRrDropeD 196 SHh e Fh o e Senlad ShaRben3%Bva ones
\')';gersffml?%a{pg%feth%S%@mhQHthBncérhé%d abgtwézo oémau rtBidug e UndeioeSwi |
verocl , ft/s244248 Underflow, %33 Dust out]| et
( HLW 156706830, and then filtered at 332 before it was combmed with the clean gas
from the gas outlet filters 334 prior to entering the suction of the air blower 316.
The gas flow rate through the underflow line 336 was measured and controlied
by a butterfly valve (not shown). The dust in the underflow gas was removed in
the underflow filter 332.
10 The excess gas stream that entered the settling chamber 328 through
the solids exit slot flowed back into the cyclones 322 through the re-entry tube
340 located at the bottom of the cyclone 322. The section of the cyclone 322
containing the dust exit siot 323 and the re-entry tube 340 was designed as a
separate spool piece to allow quick re-orientation of the dust slot discharge.
15 The clean gas exited the cyclone through pipe 342 into the outlet plenum 344
from where it flowed through the outlet filters 334 to remove any entrained
catalyst particles. The clean gas, combined with the clean underflow gas, then
flowed via line 314 into the suction of the blower 316. The gas flow was
measured but not controlled. The overall gas flow rate through the unit (and
20  unit pressure) was manually controlied with the damper 346 at the exit of the
blower 316. The unit was instrumented throughout with hot wire anemometers,
pitot tubes, manometers and pressure gauges for flow and pressure
measurements, including provisions for helium gas tracer work and mapping of
gas velocities in the cycione 322 and plenum chamber.
25 Each cyclone 322 had an inside diameter of 10 inches and a tength of 5
feet. The dust outlet slot measured 2.5 inches high by either 1 or 1.5 inches
wide. The re-entry tube 340 was nominal 1 inch, 2 inch or 3 inch pipe. The
gas velocity through the swirl vanes 324 was about 240-250 ft/s, and the dust
loading was 0.332 grains per actual cubic foot. At a gas underflow rate of 3
30 percent, the gas velocity in the 1-inch re-entry tube 340 was about 40-50 fi/s.
A catalyst feed mixture was prepared by mixing together 22.5% by
weight of fresh FCC equilibrium catalyst, 44% by weight of the fourth stage
catch from a refinery and 33.5% by weight of the electrostatic precipitator catch



Dust slot sizel.5" X 2.5"1.5" X 2.5" Re-entry tube sizel” sch 401" sch 40
Gas velocity in re-entry tube, ft/s4249 Shield I D, in.10No shields Gas
velocity in shield tubes, ft/s0.4No shields The schematic di agram of the
test rigis shown in Fig. 5. The catalyst to was fed, through air
eduction, into the inlet pipe 310. The test facility was operated under
vacuum by connecting the outlet gas filter exhaust 314 to the inlet of
an air blower 316. The inlet pipe 310, ,was connected to the inlet plenum
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326 termnated i t he settling chanber (holding vessel) 328 Retinery
TSS Col d M&GVEHE %CP BERFNEILEIEctron T@rosr‘fg‘g%w the inlet plenum 320, which
had a di anet er The shRlide13391Radtiid sviné insie drybbeisideatiametees ab ties@ainThe

concentrated dust and entrai ned ga i ted cl on 322 through the
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then filter at 332 before it was conbined with the clean gas fromthe
gas outl et34D| buteatove3he piopsr leve! ehthe denser brd L e eritlips chaeber 328 ower

316. The Qldo?gs e %@fsoa& mo&pﬁ @fm‘ 4@%@@@ i3l BRI d and

controlle & &rg I n the underfl ow
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15 entrained catalyst because of the net upwards velocity inside the chamber 328.
Test results showed that the shields 335 were beneficial to the operation of the
TSS. They increased the overall collection efficiency of the cyclones 322 by
almost 6 percent, and eliminated all the particles gfeater than 10 um in the
clean gas stream exiting the cyclones 322 without shields 335. As shown in
20 Fig. 7, a comparison of the particle distribution for the TSS elements with and
without shields 335 showed that there were no particles larger than 10 um in
the clean gas after the shields 335 were installed. The cut size (the maximum
particle size in the clean gas outiet of the TSS) was essentially unchanged by
the installation of shields 335. In other words, the shields 335 did not adversely
25 affect the primary operation of the cyclones 322; they only eliminated or
reduced secondary particle re-entrainment from the settling chamber 328. The
results from the cold flow modeling demonstrated that the overall performance
of the TSS was enhanced by eliminating secondary re-entrainment from the
setting chamber by the installation of shields. The secondary re-entrainment is
30 the result of catalyst particles that exit from one cyclone in close proximity to
the gas reflux tubes of adjacent cyclones and are aspirated into an adjacent

cyclone through its reflux tube.



containing the dust exit slot 323 and the re-entry tube 340 was desi gned
as a separate spool piece to allow quick re-orientation of the dust slot
di scharge. 15 The cl ean gas exited the cycl one through pipe 342 into the
outlet plenum 344 fromwhere it flowed through the outlet filters 334 to
renove any entrained catalyst particles. The clean gas, conbined with
the cl ean underflow gas, then flowed via line 314 into the suction of
the bl ower 316. The gas flow was neagured but not controlled. The
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residual catalyst with size greater than 10 pm in the clean gas. The
configurations tested were:
20 ) Base design (1” re-entry tubes 340 and without shields 335)
. Cyclone with 1” re-entry tubes 340 and shields 335
. Cyclone with 3" re-entry tubes 340 and shields 335
Adding shields 335 to the cyclone 322 with the 1”7 re-entry tube 340
increased efficiency from 83.7 to 90%. Enlarging the re-entry tube 340
2s  diameter from nominal 1” to nominal 3" decreased the collection efficiency by
almost 2%.
The effects of varying the underflow percent (1-5%), nominal cyclone
intet velocity (100-250 ft/s), dust loading, plugged re-entry tubes, plugged swirl
vanes, plugged inlet window, finer particle size, and larger re-entry tube size (2-
30 and 3-in.), were also investigated.
The effect of underflow rate on the cyclone 322 performance was
studied systematically at cycione inlet velocity of 185 fi/s for the base cyclone
design without shields. The results showed that the cyclone efficiency



chanmber 328 because of the curvature of the inlet plenum 320.
Consequently, sone of the dust slots discharged towards the entrance of
sonme re-entry tubes 340. The gas entering the cyclones 322 fromthe
settling chanber 328 also re 15 entrained catal yst because of the net
upwards vel ocity inside the chanber 328. Test results showed that the
shiel ds 335 were beneficial to the operation of the TSS. They increased
the overall collection efficiency of-2he cyclones 322 by alnost 6
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20 than 190 fi/s. At the maximum velocity investigated, the concentration of +10
pm particles was 10 mg/Nm®.
The cyclone pressure drop between the inlet and outlet plenums
increased with cyclone 322 inlet velocity. The cyclone 322 pressure drop was
generally related to the cyclone 322 inlet velocity by the following equation:

25 AP = 0.001 07 pVel*® 1)
The pressure drop between the inlet and the settling chamber 328 also

increased with inlet velocity. The pressure drop increased with increase in re-
entry tube 340 size. This was because the cycione 322 gas efflux from the
solids exit slot increased as the diameter of the re-entry tube was increased.
30 The swirl vane 324 pressure drop was generally related to the cyclone
322 inlet velocity as:
AP = 1e-05 Vel (2)



substantial fraction of the air exited through the cyclone dust slots and
then re- entered through the re-entry tubes 340. Increasing the re-entry
tube 340 size, adding shields 335 or blocking sonme re-entry tubes 340
did not change the 15 gross circulating pattern in the settling chanber
328. The performance of the different cyclone configurations tested in
this exanple were conpared on the basis of their collection efficiencies
and residual catalyst with size greagzer than 10 grn in the clean gas.
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mat eri al s jncreased when the cycione inlet velocity was increased because more gas
exited through the dust slot into the settling chamber 328. At the refinery
cyclone inlet design velocity, the re-entry tube 340 velocity measured from the
helium tracer was several orders of magnitude greater than had been
20 assumed.

The performance of the TSS with finer inlet dust particle size distribution
was studied by injecting fines compared with the feed blend PSD used for the
rest of the tests. The fines had 66% of catalyst paricles less than 10 pm,
whereas the normal feed blend had only 24% of the catalyst particles less than

25 10 um. The test was performed with the cyclones 322 having 3" re-entry tubes
340 and shields 335. At approximately the same inlet velocity and dust
loading, the cyclone efficiency decreased by 21% with feed of finer pariicle size
distribution. However, the size distribution of catalyst fines in the clean gas
was not affected by the feed size. There were no 10+ pm particles in the clean

30 gas even when the cyclone was fed with 66% of less than 10 pm particles.
This suggested that the grade efficiency of the cyclone 322 was constant and

independent of inlet particle size distribution.



in the clean gas. The effects of cyclone inlet velocity at constant
underflow rate of 3% on the performance of the base cycl one design
showed that cyclone efficiency increased from approximately 81% through
a maxi mum of 87% and then is dropped slightly as the cyclone inlet
velocity was "increased from110 ft/s to 249 ft/s. The naxinum
efficiency occurred at a cyclone inlet velocity of 200 ft/s. Below a
cyclone inlet velocity of 185 ft/s, a. catalyst particles collected from
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however, there were no +10 pm particles in the clean outlet gas.

Enlarging the re-entry tube 340 from 1.049” to 2.97" resulted in a
decrease in the re-entry tube 340 velocity from 400 fi/s to 100 ft/s, respectively.
Though the re-entry tube 340 velocity decreased, the amount of gas exiting

20 from the dust slot also increased, which resulted in more net flow of gas
entering the cyclone 322 through the re-entry tube 340 at constant underflow
rate. The turbulence in the settling chamber 328 therefore increased as the re-
entry tube 340 size was increased, at constant underflow rate. Nevertheless,
the reduction in the re-entry gas velocity reduced the amount of catalyst re-

25  entrainment from the settling chamber 328.

The investigation of the effect of re-entry tube 340 diameter on TSS
outlet particle size distributions (PSD) showed that the cut point of outlet PSD
decreased from 5 pm to 3 um when the re-entry tube 340 was enlarged from
1.049” to 2.02" or 2.97". Enlarging the re-entry tube 340 size can improve the

30 operability of the unit without significant loss of cyclone 322 efficiency.

A test without the inlet baffle was performed to determine if removal of
the inlet baffle would result in gas and catalyst maldistribution to the cyclones
322 and affect their performance. This was in response to a suspicion that the



velocity was snaller than the cut dianmeter at the |ower cyclone inlet
velocity. This showed that the cyclone efficiency increased as the inlet
velocity was increased. The re-entry tube 340 velocity was determ ned at
constant underflow 15 rate of 3% from heliumtracer neasurenent. The
ré-entry tube 340 velocity increased when the cyclone inlet velocity was
I ncreased because nore gas exited through the dust slot into the
settling chanber 328. At the refinery,. cyclone inlet design vel ocity, the
re-entry tube 340 velocity neasured FP3m t he hel.i u ever a
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have caused an increase in the turbuience in the setlling chamber 328, thus
leading to higher re-entrainment of catalyst. It was also plausible that when the
siot width was decreased, it inhibited the outflow of dust from the cyclone 322,
20 causing intenal re-entrainment of the dust into the vortex to increase.

The results of plugging the re-entry tubes 340, run with 25% of the re-
entry tubes 340 plugged (one re-entry tube 340), were compared with data
from two tests that were run under similar conditions with re-entry tubes 340
unplugged. Based on the data, plugging 1 out of every 4 re-entry tubes 340 did

25  not appear to negatively impact the effectiveness of the cyclone sysiem. It also
did not change the pressure drop across the cyclones 322.

A curved Plexiglas plate (not shown) was used to cover the upper inlet
window 320 to simulate the effect of a plugged inlet window in the commercial
unit. The results showed that plugging the inlet window neither affected the

30 cyclone collection efficiency nor caused the loss of +10 um particles in clean
gas. However, it did increase the pressure drop across the inlet pipe because

all the gas passed through the lower window.



The investigation of the performance of the cyclones 322 with the three
re-entry tube 340 sizes showed that there was a slight reduction in the
cyclone efficiency when the re-entry tube 340 was enlarged from 1. 029"
to 2.97" ID. The performance of the largest re-entry tube 340 was
approximately the sanme js as that of the cyclone 322 with 1" re-entry
tube 340 wi thout shields 335; however, there were no +10 pmparticles in
the clean outlet gas. Enlarging the r®mentry tube 340 from 1.049" to
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under f | ow tife Bfgsedbe oflimge particles in the clean outlet gas of the TSS without the
shields was caused by re-entrainment of already separated catalyst particles
50 from the settling chamber. There was a sirong degree of turbulence and
clockwise motion of separated particulates in the settling chamber. The
gas/solids exit velocity from the cyclone was found to be higher than design
and, as a consequence, catalyst particles exiting were projected closely to the
entrance of the gas re-entry tubes of adjacent cyclones. The velocity of the gas
25 entering the cyclone through the re-entering iube was several orders of
magnitude higher than assumed for the design and this caused secondary re-
entrainment of catalyst particles from the settling chamber. Addition of shields
io the bottom of the cyclones was found to eliminate cross talk and reduced
secondary re-entrainment that eliminated the +10 micron particles from the
30 clean gas.
In addition to installation of the shield, the following two additional
modifications were found 1o improve operability of the unit: (1) enlargement of

the re-entry tube from nominal 1 inch to nominal 3 inches, causing a slight



io exit slot wwdth was decreased fromthe 1.5" used in the base design to
1.0". The slot height of 2.5" was not changed. The results were conpared
with cyclones 322 with the standard slot width of 1.5". Decreasing the
slot wdth at constant underflow rate resulted in an approximately 4%
decrease in the cyclone 322 efficiency; but the pressure drop across the
cyclones 322 was not 15 affected. The gas flowrate out of the slot did
not change, but its velocity increasgd by approximately 87 tt/s due to
reducti on i f raducinacd emgeneyy t he

t ur bul encge?né%gﬁéﬁgﬁego |%SC%EE®e§HIg%QCy tafmg T%jegﬁl n tOr@hl y

' re-entrai miehe re#erdrattabqsttc plug; wad @) semovaluefi ﬁﬁénlehglaﬁiﬂn%el“ﬁ@at%l ot

322, 20 EaaePiRPIADRyh ol h hEf it Vb BirdCighBlons O &R BEE DT

i ncrease. |ﬂﬁbﬁcﬁﬁ§l¢yélén@i)ermrmbég1ﬁwb&otcﬁﬂc&mbm:y tubes 340, run with 25% of
~the re- entry tubes 340 W& re-entry tube 340), were conpared
with ddta E’?ﬂ’%ﬂ'ﬁﬁm"‘!&‘hﬁ“? tFiNg§ under sinilar conditions with

re-enlry tubesaidfler dblg%?ﬂwe Sfscedt pie shitdgian the mslﬁgrlﬂgnénc@ut tof every
4 re-entry tubes 340 25 not appear to neqatl vely inp

ef f ect i verastimats thqw'éSS)Rﬂl’f@ﬁ'éa@;PsWé'ﬁrﬁ Mot iediea Cd’i‘ﬁiyﬁﬂé‘f‘eﬁ ﬁ&ﬂtﬁ’@s‘ﬂ'ﬂ% iy essure
drop acro I 3 ufLe otash was
used to cé@%r'n@ﬁ %p%gér:a?? nﬁg“?ed“v?nﬁn@})éw |§0@%Qﬁ?§%ﬁg?§§?lg effggrﬁ%f a

pl ugged i Mrﬁfbrmmpatlmle Blle$ b5 ctn & andab0 nutmans, tnra@ﬁmm@ol@ﬁm@i@ hat

pl uggi ng the inl.et nei t he I on

ef fici Ehcf%?a'ﬁ'ﬁ'&s@fjs 9186?859;380 T%ﬁl%%%g i 2 %g&?’?}éfﬂ_{}em&% b%%d
However, idn dhgl dmrmﬁethbheomrmuned@lmpamcrsoewntineTantbetspmpnb 4pecause
all the gas passed through the | ower w ndow. -26- Another test was

conduct ed resPeqliyelt i gate the effect of conpletely plugging the swrl
vanes 324 of sone cyclones 322 while leaving -their dust exit slot,

re-entry tfﬁtﬁés%%n%ﬂﬁamfcaﬁéswmm.@a@n The test was run with four

functi oni #g Ty Ty ~327T13,
322F) 5 GRUEPNIQ l"% éﬁépots E?Sgstﬁgiu??bmﬂbes 340
and gas ok ' shewed—a—stgnrreant—drop in

the cyclone colg ection e:§6l ci ency g4e§ul ting igh.a sharp ingrgease in 10+
gmparticles in the clean gas exiting the cyclones 322. Bl ocking or
pl uggi ng the sywyrl vanes &24 result¥bin grogs8.2ygas and sol2idls
short-circuiting between the settling chanber 328 and the

20 20 19.6 7

60 30 29.9 99.5 0.

Table 4. Perdormance of a TSS with shielded reflux tubes.

Particle Size  Feed Rate  Collection Efficiency Loss Rate 1o
(um) (Ib/hr) Rate (Ib/hr) (%) Clean Gas (Ib/hr)
5 30 29.5 S88.4 0.5
10 20 20 100 0
20 20 20 100 0
60 30 30 100 0
15 Without the shields, some large parlicles are re-entrained from the

collection chamber out of the cyclones. With shields installed according to the

present invention, the re-entrainment is eliminated.



io outlet plenum 344. This created a vacuum effect that cleaned off al
the dust particles that usually stuck to the walls and flanges after the
run, and there was |ittle dust collection in the settling chanber 328.
This failure node, anong the three that were studied, was the nobst
catastrophic to the opera ' tion of the cyclone system It resulted in
the inmmedi ate deterioration in performance. 15 Partial bl ockage of the
swirl vanes 324 could produce the samg-effect, but it would be |ess
dramatic. The results fromthe cold flow nodeling described above showed
that the Glagnce of large particles in the clean outlet gas of the TSS

w thout the shields was caused by re-entrai nnent of al.ready separated
catal yst parfNcPEEMRh FRGFRIOH VS Iianﬁp'*ﬁﬂﬁ)hb r CYGHRRS a@n ae’é?'jl%aLg

degree .of tugbul cKwi : i [ es in
the settli ngg%u%éi%@gr%g%ieljscé*g"lgirygoflﬁﬁ%gg&e%g{&ly@éIc?)%‘?{?@ga Frﬁgﬁg ?r‘&eﬂeg%hla%ne was
found t,0 be fy bbRIBed§S ! Gial REKEICOY TRRIRNGHIh Gaicenstatatar ticl es
exiti né’ wer e dr;gj&{erct eg ((a: ose‘%&w?a%e entr%ce of the gase@r e-entry tubes
of adj acent egywekingeatalyshih ¥ etavkingyreatior epigdace igreet prodogtstame speot one
through the re-entering tube was severgl orderls of ma%tni énude hi gher than
assuned for cdtelydespgnt catalysths gegenesalgdge @ocalalyst regenenigtr HFVREneNe f

catal yst particles fromthe settling chanber. Addjtion of_ shield to the
bot t oméof t her EYIBosRREMRIAE fPuregoYYY i patAlEleapd Jines: e Ry PEdiRted

secondary re-entrainnment that .elimnated ¢t £1Q, m ] I from
The '3g o1 caRoguES PASTRieie; sy PRCIafackee To e g B, B

fol l owing t L di LG e e NdyiteinMIROVextaR@ar abi l ity
of the ‘uni t\:/\&' g}eatrtllll"g?g}g t gPh{éﬁﬂéd)P&eite %tryI teg’be frgm nomnal 1 inch to
nom nalg 3 i Ngkrator 3¥RbREs At RbbUAportbhr ofd@erdRsdrom théeegoreratbt flue
collection efficiency of the TSS, but reducing a tendency of the
re-entroy tubgas strearhigheraimdhé 2ycloresoscmprisie: t he inl et baffle to elimnate
possi bl e pluggage of the upper windows with refract or(\];_ciebri . This did
not iMpact the &§¥alNfebosdyhayingaandith & RRcISING AKiswAG et eng 03| os -
Hypot heti cal Catal yst Fti nes Anot her exanple of the effect of the shields
on t hel?TSs perforrnal‘?&:'geieé1 to estimate the TSS performance with a

hypot hef i cal_catahys bl idlesinGREPEshinulkalith withiné Higledfst b cgabhe ased

on the''cold fl ow nodel1ng resu Assum ng
14 body;
15 a gas outlet tube in the inlet end of the cyclone body for withdrawing
16 gas with a reduced fines content;
17 a longitudinal axis of the gas outlet tube aligned with the longitudinal
i8 axis of the cycione body;
19 a solids outlet in the outlet end of the cyclone body for discharge of
20 fines and a minor amount of gas into a catch chamber in a lower
21 portion of the external separator vessel,
22 a gas reflux opening in the outlet end of the cyclone body for recycling
23 a portion of the gas discharged with the solids through the solids
24 outlet from the catch chamber back into the cyclone body,
25 wherein the gas reflux opening is isolated from the flue gas inlet at the

26 inlet end of the cyclone body;



uniformparticle sizes of 5 10, 20 and 60 microns, the efficiency,
collection rate '1o and particle loss to clean gas for unshiel ded and
shi el ded reflux tubes based on the data fromthe cold flow nodeling are
shown in Tables 3 and 4, respectively. Table 3. Performance of a TSS

w thout shields. Particle SizeFeed RateCollection EfficiencyLoss Rate to
m |l b/ hr)Rate I b/hr (% ean Gas (Il b/hr) 53024.180.35.9 102017. 688. 22. 4
202019. 697. 80. 4 603029. 999.50. 1 Tabl_ez|g4. Performance of a TSS with
shielded ref lux tubes. Particle SizeFeed RateColl ection EfficiencyLoss
Rate tg n(| b/ hr)Retieid (xbdriting d6Wreeardigetson it bofet 3629 1156 Byeltnesbd®20201000
2020201000 6030301000 15 Wthout the shields, sone large particles are
re-entzsai ned from t hwunddhe gas feblux ohemb@r out of the cyclones. Wth

shields installed according to the present invention, the re-entrainnment
is el i® nated. -WErenaihgs Sh@'dl!“hM‘Seﬁ?'&anPmsQE@Ba?B‘Fa'ﬂ?fgé? n'§ea9"iﬁ urality
of cyclones in an external, 2 separator vessel eful i I di zed
catal yi% ¢ cracking bﬁcéf‘e's@éhfﬂh%'i’ gi%rpaz? re@um%%%iﬁgoowgfcgé@néEgégt alytically
cracked by, contgct, . w I ; ; | o d i@l ackin
eacton t& prodiee iR SPeRHERE AuRt: yhereR e BRIGR Bods Gindicsl ST el Vet

i S regenergieihd soid§ abtleY SborfRseBeBAt Speritiy |ifJaOsiGewsil dbr Mangergiapar at or s
for recovery of catalyst and fines fromflue gas, to 7 produce

r egenersat aflscharge yisines zatl a minbeayouetbitgastite tive eatkh chambect or and 8
regenerator flue gas containing catalyst fines, wherein the external .9
separ atior 3.éirevexdemel sepmsaton opokein dnwbereimibergaseelpx oRERIRG CPBMERRT at or
flue 10 gas stream wherein the cycl ones conprise:

2 “ahole.

1 4. The external separator of claim 1 wherein the gas reflux opening comprises

2 a cylindrical tube having a longitudinal axis aligned with the longitudinal axis of

3 the cyclone body and passing through a seal in the outlet end of the cyclone

4 body.

1 5. The external separator of claim 5 wherein the gas reflux tube tangentiaily

2 discharges gas reflux into the cyclone body.

1 6. The external separator of claim 1 wherein the feed gas inlet tangentially

2 discharges gas into the cyclone body.

1 7. The external separator of claim 1 wherein the feed gas inlet axially

2 discharges gas into the cyclone body.

1 8. The externai separator of claim 1 wherein the gas reflux opening is a tube

2 extending within the cyclone body from 0 to 1 cyclone body lengths and

3 extending outside said cyclone body into the catch chamber from 0 to 1 cyclone

4  body lengths.

1 9. The exiernal separator of claim 1 comprising swirl vanes fluidly associated

2 with the gas reflux opening.

1 10. The externa! separator of claim 9 comprising a tangential gas reflux entry

2 into the gas reflux tube.



11 a cycl one body having a length, a |longitudinal axis, an inlet end and
an 12 outlet end; 13 a flue gas inlet in fluid communication with the
inlet end of the cyclone 14 body; 15 a gas outlet tube in the inlet end
of the cyclone body for withdrawing 16 gas with a reduced fines content;
17 a longitudinal axis of the gas outlet tube aligned with the

| ongitudinal 18 axis of the cyclone body; 19 a solids outlet in the

outl et end of the cyclone body for di¥charge of 20 fines and a m nor

anount of gas into a catch chanber. in a |ower 21 ort'lon of gxt er nal

W ] t he .
separ atior MedJ¥e! extemal sgaaratasfaf Blaigh 8riomprisia: Adanggntiat 98% e X
cycl one b?dy for reCﬁcI h‘@)% 23 a portion of the gas discharged with the
sol i ds 2t hiEy e 98 T€GHX 4DE- 24 outl et fromthe catch chanber back into the
cyclone b 2D el J e hB&kidi S4id H t he
flue gds ?‘%ngéae[ﬂg}ﬁél éeg)é&éliﬁrl %taa aé{;\nd{10%%???@??@%%%%&3%@%%} eV2 a shield
ext endi,ng ' enshicefspimm Becdpne dibestivn vathirar ound
t he gas2 régm%gén?ﬁngh?eq%a@ﬁgﬁiéﬂn@?ﬂe shi eldtij inhibits solids from being
entr ai ned tha cyden@bsdy.30 recycl ed through the gas reflux opening into the
cyclone body. 1 2. The external separator of claim1l wherein the cyclone
body i s cyl3. The edema saparatanef stdilnds wheréietthe shigld isceylipdriedaritrn@din a
sidewal | for tangential 3 discharge of fines and a m nor anount of gas
into the copePHOWRB®MSEr. 1 3. The external separator of claim1 wherein

h fl i i . il .
of ol atm T beIePRES GERPE B SRt s RIS i Prigh e bRl ReckRA’ 5 21
havi nggabL%leigrgg} {th_tﬁé(@%péﬂhggsgnﬁg%t h the longitudinal axis of 3 the

cycl on y and passi ng rough al in the outlet end of the cyclone
4 body.; 1 f5 THaceRhar Seiarsi@Par ahbipd 9afheséinitne Shishinas a ldvwe eyaisbelak | ux

tube tangentially 2 discharges gas reflux into the cyclone body. 1 6.
The exter nalowss padaf any wwes lead of thevgesrreflux be. f eed gas inlet tangentially
1 16. The external separator of claim 3 wherein an upper end of the shield is

2 contiguous with the outlet end of the cyclone.
1 17. The external separator of claim 1 wherein the shield terminates at a lower
2 end spaced above a dense phase of solids in the catch chamber.

1 18. A cyclone separator, comprising:

2 a closed-botiom cyclone body having a length and a longitudinal axis;

3 a feed gas inlet for a stream of gas and entrained solids;

4 wherein the feed gas inlet is positioned at an inlet end of said cyclone
5 body,

6 a gas outlet tube in the inlet end for withdrawing gas with a reduced
7 entrained solids content;

8 wherein the gas outlet tube has a longitudinal axis aligned with the
9 longitudinal axis of said cyclone body;

10 a solids outlet in a sidewall of the cyclone body for tangential discharge
11 of solids and a minor amount of gas from the closed-botiom

12 cyclone into a catch chamber,



2 di scharges gas into the cyclone body. 1 7. The external separator of
claim1 wherein the feed gas inlet axially 2 discharges gas into the
cyclone body. | B. The external separator of claim1l wherein the gas
reflux opening is a tube 2 extending within the cyclone body fromO to-1
cycl one body lengths and 3 extending outside said cyclone body into the
catch chanber fromO to 1 cyclone 4 body lengths. ] 9. The external
separator of claim 1 conprising swirlzjvanes fluidly associated 2 with
the gas reflux opening. 1 10. The external separator of claim9

conprisi ng a t arpgad iedux gasningfibidly isviated fram ithe ieedigasdalet fosreayrlin@ibe. 1.
The external separator of claim9 conprising a tangential gas reflux exit
2 from4the gas refl @gasframehecatch chamberhackifig the epeena BPd%f claim 11
wherein tangenti al - di scharcges of the )?Es %l refl ux tLébe and %he f eed gas
inl et Both i ndudesSkigidhextending dewnwardly em; the GEloRr Pody 'iwnd In8 83% body.
1 13. The external seTParat or of claim1 wherein the shield is cylindrical
with alf 2 open | o FUERHEM914. The external separator of claim 13
wherein thg ﬂb#lépﬁ%i%lﬁ%@éwﬁé% Rgas realuﬁrcﬁz%nirgr&ﬁﬁpﬂéé%rh fube, gas r ef

| ux openi ng. e external separatdr of claim9 wherein the shield

has a |,0Wahe @ise BRleAding2withih BNE ty@orie BbdyaRpr Ouert eyubref bodieleggthst ef | ux
tube. 1 16. The external separator of claim 3 wherein an upper end of the

shi el d 3 s the tubEnéxtgnding owlside theeydoné body ivde 8fe cateh ehambercirom 0itp. 1 The

external separator of claiml wherein the shield term nagﬁg at ahl ower 2
end spacedyalonecbadydlengthspaad ewbgreigothegshipld exends;dewnwaigipdiom fhag A

cycl one se ator, copprising. 2 osed- bot t cycl one body having a
| engt h 5anc£’g|rof‘8?§’é’ijgfﬁigglgw aa'?ﬁ’?f e“‘@O‘EF“?&@& r%ﬁg t}(}ﬁ%‘et for a stream of gas
and entr ai I.ds. 1R g feed gas inlet is positioned at an
inlet énd %’fg‘s(&g@n%%&péﬁ%&eé%gﬁén&G a gas outlet tube in the inlet end
for wi thdraw ng st hétbatidIgEyRfical’cyRtineaiddg thasipgi dRngii) atidmeter

3 and a Iongitudinal axis;

4 a gas reflux tube passing through and sealingly affixed to a closed end
5 of the cyclone body, the refiux tube having:

6 (a) a diameter smalier than the diameter of the cyclone body,

7 (b) a reflux inlet outside the cyclone body, and

8 (c) a reflux exit inside said cyclone body;

9 the cylindrical cyclone body having:

10 (a) the closed end as one end thereof,

11 ('b) a gas outlet tube sealingly affixed and passing through an
12 opposing end of the cyclone body;

13 the gas outlet tube having a diameter smaller than the diameter of
14 the cyclone body;,

15 the gas outlet tube having a longitudinal axis axially aligned with the
16 cyclone body;

17 wherein the reflux exit is in a portion of the gas reflux tube which is

18 axially aligned with the gas outlet tube,



8 wherein the gas outlet tube has a longitudinal axis aligned with the 9
| ongi tudi nal axis of said cyclone body; 10 a solids outlet in a sidewall
of the cyclone body for tangential discharge | | of solids and a m nor
anount of gas fromthe closed-bottom 12 cyclone into a catch chanber,
-31- 13 a gas reflux opening fluidly isolated fromthe feed gas inlet for
recycling 14 gas fromthe catch chanber back into the cyclone body; 15 a
shi el d extendi ng downwardly fromthe ycl one body around the gas 16
reflux opening. 1 19. The cyclone of claim 18 wherein the gas refl ux
openi ng conpri ses tangentid, ga® ande selisise indsdt n dbidg comwinicatioR Wik 1Sitk body
fromO to 1 cycl one body Iengtﬁ)gs, ..3 the tub@ exéjndi ng. out si de tcge

cycl or®@ body into tARPRSNIG KNS HANSRIY QYEIOREPGY ¢nd 10T {RAHINE 988,21 %ngt hs,
and wherein the shield.ex eq%s downwardly fromthe 5 cyclone body to
below? | ower end of HR*YEL et | ux tube. 1 20. A cycl one separator,
conpri,sing: 2 a e (i oV } WaNigg a

| engt h2,3 a di ame[é e;%hdés g%ﬁigﬁ f odr%%h!taﬁ%lﬁ%ﬁ r&gf,(?%?rlahé\dégggg’ersg?ﬁx fmﬁbe

passi ng through andnﬁlﬂﬁf'doﬂﬁinymghﬁifﬁé@rdtﬁectyaloﬁé@@ﬂﬂ end 5 of the cyclone
body, the reflux tube having: (a) a dianmeter smaller than the dianeter
of theucycl one hatsbrein ifie (doncentraéd Isolids aireamadischiadge ishewiacgiclessieom®dy, and
8 (c) areflux exit inside said cyclone body: 9 the cyli ndrigal cycl one
body having: 10 (a) Opﬁ@n@Ifb%élée‘éﬁéob@ec?ﬁ@b@ﬂéo@hﬁ?%d'ﬂ? sealpd §dy gas
outlet tube sealingly affixed and passing throu an. 12 oppeosi end of
the cy¥l one bodywherein: fae 'gﬁuf’\‘ ?Uﬁeﬂwa\ﬂaﬁgg‘gﬂ“d‘i Wﬁ'tzeﬁrgsﬂ)alf t han

the di aneter of 14 . X utlet tube having a
| ongi t/di nal axi s aﬁ%’@ﬁ”@%@ﬁﬁ%@ﬁ?‘ﬁﬂ%ﬁ%&ﬁ%@ tl one body; 17 wherein
the refdux exit 4 Shibid fspRREd befveeh thi 8oaasoutef Antkiheae reiincinie;s 18
axially aligned wth the gas outlet tube,

29 wherein the shield inhibits entrainment of solids from the solids outlet

30 into the gas reflux inlet.

1 21. The cyclone of claim 20 wherein said reflux tube extends on either side of

2 said cyclone body by a distance equal to 0 to 100% of the length of said
3 cyclone body, and wherein the shield extends downwardly from the
4 cyclone body to below a lower end of the gas refiux tube.

1 22. A multi-cyclone gas/solids separator comprising:

2 a plurality of cyclones spaced horizontally apart from adjacent cyclones, each

3 comprising a cyclone body having:

4 a feed inlet end for admitting gas and entrained solids into an annular
5 space;

6 wherein the annular space is defined by a sidewall of the cyclone body
7 and a cylindrical gas outlet tube;

g wherein the gas outlet tube is axially aligned with the cyclone body;

9 a solids outlet at an opposing end of the cyclone body;
10 the solids outlet comprisiing a tangential outlet for solids and a minor
11 amount of gas through a sidewall of the cyclone body;

12 a gas reflux opening axially aligned with the outiet tube;



-32- 19 a tangential gas and solids inlet in fluid communication with
said 20 opposing end of said cyclone body end for receiving gas and 23
entrained solids, 22 a solids outlet for discharging a concentrated
solids streamwith a 23 mnor portion of gas fromthe cycl one body; 24
wherein the concentrated solids streamdischarge is via at | east one 25
opening in a sidewall of the cyclone body near the sealed end; 26 wherein
the solids outlet and the gas reflux4snlet are in fluid 27 comunication
outside of the cyclone body; 28 a shield di sposed between the solids

out | etizand t he gedwreinfthenpliralitetaf (@elonbesbane a ltomghire batch nihiapibes for

entrai nment of solids fromthe solids outlet 30 into the gas reflux
inlet.141 21. The cystligsdisshatesitramthagelideprtiedai d refl ux tube extends on

ei t her side of sai d cycl gne pody b di stance equal tq 0 to 100% of
The Tetigh of saean s BRel BEaongtahains SATaRCTERTe foregase
downwardly fromthe . .body to below a | ower end of the gas
refl ux’%t ube. 1 22. ﬁnﬁﬂﬁ%{ﬂ;@@gl one gas/solids separator conprising: 2 a

pluraljty of cy : I i ] ‘&l ones,
each g conpri s;:dnEmgg](t:)f/gﬁ%ﬁgld%ggylﬁﬁgefdﬁg%a%% g(glgi% Wﬁ?ﬁtmgﬁgﬁ?ﬁ@
adm ttijgng gas and epimaiondt sghtsl dydbBesimianNvidinity ofsarsipit @f the yder ei n
the annul ar space is defined by a sidewall of the cyclone body 7 and a
cylindpi cal gas out fefluxtopbsings wherein the gas outlet tube is axially

aligned with the cycl one bod 9 a solids outlet at an opposing end of

t he cy2fl one bodwheI@inttmplsl&l"ﬁféf shigidsareqsspiened indhe satchieAibesl out | et

f lid ' I t of th h id | h

cyel ond bedly e BRI of G L PR DA LRSI PSS AT PR HE B8 | et
tube; 33 13 i I ' f QRUEYP :ch
cﬁanber% for 1 go%ﬁé%ﬁ"%c%%%@ r&g&ﬁﬁﬁb@gﬁ? g‘rséaé)@h@leet; 1§hgﬁiadr:ei n the
pluralify of cykd ques rEkase extERBIportiBRNGReMdInd aftogte aadh chamber,

4 wherein the interior portion comprises imperforate sidewalls and open
5 ends, wherein the exterior portion comprises a cylindrical tube, wherein
6 the exterior portion is surrounded by a said shield, wherein the said
7 shield has a diameter larger than the downwardly extending cylindrical
g . tube, wherein the shield has a lower end terminating below a lowermost
9 end of the exterior portion.

1 24. In a multi-cyclone gas/solids separator comprising a plurality of cyclones

2 spaced horizontally apart from adjacent cyclones, each comprising a
3 cyclone body having (i} a feed inlet end for admitiing gas and entrained
4 solids into an annular space, the annular space defined by a sidewall of
5 the cyclone body and a cylindrical gas outlet tube axially aligned with the
6 cyclone body; (i) a solids outlet at an opposing end of the cyclone body,
7 the solids outlet comprising a tangential outlet for solids and a minor
8 amount of gas through a sidewall of the cyclone body, (iii) a gas reflux
9 opening axially aligned with the outlet tube, wherein the plurality of

10 cyclones share a common catch chamber for solids discharged from the



16 entrained solids; 17 a plurality of shields to inhibit discharge of
solids fromthe tangential 18 outlet of the adjacent cyclones into a
vicinity of an inlet of the gas 19 reflux opening; 20 wherein the
plurality of shields are positioned in the catch chanber. 1 23. The
separator of claim22 wherein the gas reflux opening conprises a tube, 2
wherein the tube has an interior portion within the cyclone body, wherein
3 the tube has an exterior portion exending into the catch chanmber, 4
wherein the interior portion conprises inperforate ewal | s and open 5

ends, Mherein SRS RUESE GNdpEheel) the ppiraids Of Ly& “Pg a8 CARENOMher ei n
6 th teri g ' d ) - saj ' . inth id
7 shi e has a SRR Br bfs SULPAAES solts Bura ks B CumtiNAE ey f mar s cal
8 tube, %Iﬁfaﬂp}&%hmsgé%iﬂgﬁ?d?i}ﬂ%‘_’t‘%'fcl‘ﬁa‘%rﬁtférm nati ng bel ow a | ower nost

9 end Bf tHE exterior P I'n"a nmulti-cyclone gas/solids

separ af,or \GHFEh thi Hurdlif ¢ MHididy aff a8Rb@NSINhiE BRAR&EYeWrdoliantall y apart
from aéj acent cycl ones, "-each conprising a 3 cyclone body having (i) a
feed il et endthotangemidltdutigt glateattizoent cydlored in s eicinity of mndnkeh otinnul ar
space, the annul ar space defined by a sidewall of 5 the cyclone body and
a cylimdrical desgautdilex opemegaxi ally aligned with the 6 cyclone body;

ii) a solids outlet at an opposing end of the cyclone body, . 7.the

Sl | da 10350t TR IPIYEREE o HEhERamneian die Rt cpaens indidel;

amount of gas, through . a sjdewal | of t CV. b AN refl
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10 cycl,ones s Cé)dym : amber for solids discharged fromthe
Y f sol i désmgﬁ[% ﬁ'eet, anguﬁﬁﬁ%@ S

-34- 1 erein the plurality of cyclones share a

comon ; 12gramd phgtol@hetiast ddith BHivhaiehe thes shields havbe diametarareater
conprising: 13 a plurality of shields positioned in the catch chanber; 14

wher ei 2 t he phhan e gas eflus bpeniogs andamdpen aver éntnhi bit di scharge of
solids from 15 the tangential out|et of the adjacent 3(2:35/)%;I onesh into a

vi ci ni tly ¢&7-afhe Amerovement eoft plainy 26 Whereil Bigelomsy. endss! the Shiglls ovenent
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3 of dense phase solids in the catch basin.

1 28. The improvement of claim 27 wherein the lower ends of the shields

2 depending from the cyclone bodies terminate at about the same height in

3 the catch basin.

1 29. The improvement of claim 28 wherein the heights of the lower ends of the

2 gas reflux openings vary from one cyclone to adjacent cyclones.

1 30. The improvement of claim 26 wherein the diameter of the shields is about

2 the same as the diameter of the cyclone bodies.

1 31. Apparatus for separating a gas-solids mixture, comprising:

2 a closed bottom cyclone;

3 a gas reflux opening in a lower end of the cyclone;

4 a shield depending from a lower end of the cyclone around the gas
5 reflux opening.

1 32. The apparatus of claim 31 wherein the shield is contiguous with the

2 cyclone 10 surround the gas reflux opening.



3 around the gas reflux openings. 1 26. The inprovenent of claim25
wherein the shields have a dianeter greater 2 than the gas refl ux

openi ngs and an open |lower end. 1 27. The inprovenent of claim 26 wherein
the |l ower ends of the shields 2 termnate below a | ower end of the gas
refl ux openings and above a level 3 of dense phase solids in the catch
basin. 1 28. The inprovenent of claim27 wherein the |ower ends of the
shields 2 depending fromthe cyclon$ﬁpodies term nate at about the sane
height in 3 the catch basin. 1 29. e inmprovenent of claim 28 wherein
the heightss ofnd BEphr@R of BEMm 2 Whereir? tigngast abllux oppeing reysnprises & rom one
-cyclone to adjacent cyclones. 1 30- The inprovenent of claim26 wherein

t he- di ayret er tabulbhpasszigel ds i s about 2the sane as the dianeter of the
cycl one bodies. 131. Apparatus for separatin? a gas-solids m xtyre,

conpri si ng34. ZEhe: hppasatusotit daine $8 (vhesein 3ae $hiETG isf 8 GRNEHEAT HPE HEUNY ower

end of the cycl one;

4a shiel d depending f d of th |
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the shield is contiguous wih the 2 n o] | ux
openi ng - 35-WhergH q#%e%aﬁpéﬁ"@frl?geso%ﬁvgi ?n i@%e\fmééteigﬂgt hﬂqgggﬁ? E%F ux
openi ng, corrprélass%? a -2 tubul ar passage. 1 34. The apparatus of claim 33
wherein the shi&fd is a concentric tube havi ng 2 an' inside dianeter

| arger { hags an reethd e sephrating algae-solidmiavrepasmpgsingand 3 wherein the
tube term nates bel ow a | owernost end of the tubular 4 passage. 1 35. A
net hod £ or separiatrodigring dees nuxbred tariregpectve gdetprofsa mipralityi oft 3daeRng t he
m xture to respective inlets of a plurality of adjacent 3 closed-bottom
cycl ones; 4 di schar Glas§dIOMPECYCORRSgas from upper ends of the respective

5 cyel ones; 6 di geflarg) no Spl 45, °38% 558 BRSO eggRdmBoent o

5 cyclones; 7
6 discharging solids containing entrained gas from tangential outlets at
7 lower ends of the respective cyclones;
8 refluxing a portion of the entrained gas into the cyclones through reflux
9 openings formed in lower ends of the respective cyclones;
10 shielding the reflux openings from the tangential outlets to inhibit cross-
11 talk.

1 36. Apparatus for separating a gas-solid mixture, comprising:

2 means for introducing the mixture 1o respective inlets of a plurality of
3 adjacent closed-bottom cyclones;

4 means for discharging solids-lean gas from upper ends of the
5 respective cyclones;

6 means for discharging solids containing entrained gas from tangential
7 outlets at lower ends of the respective cyclones;

8 means for refluxing a portion of the entrained gas into the cyclones
9 through reflux openings formed in lower ends of the respective

10 cyclones,



7 I ower ends of the respective cyclones; 8 refluxing a portion of the
entrained gas into the cyclones through reflux 9 openings forned in

| ower ends of the respective cyclones; to shielding the reflux openings
fromthe tangential outlets to inhibit cross- 11 talk. 1 36. Apparatus
for separating a gas-solid mxture, conprising 2 neans for introducing
the m xture to respective inlets of a plurality of 3 adjacent

cl osed- bottom cycl ones; 4 neans for«ﬁ&&charging solids-lean gas from

Cont ai A ng ont r N5 (g STIAGR ke Sennge T dbe ERSBRRRBIGE of ¢ he
respective cycl ones for refluxing a portion of the entrained gas
into tHe cycl ones 5Wﬁﬂﬂgaéhﬁﬁﬂﬁl ux openings formed in | ower ends of the

respective 10 cyclones; 3 6 - | means for shielding the refl ux
openings fromthe tangential outlets to inhibit cross-talk.



