FLU D CATALYTI C CRACKI NG SYSTEM W TH FI NES ADDI TI ON
SYSTEM Field of the Invention [0001] Enbodi nents of
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[0003] The FCC unit 110 includes a regenerator 150 and a reactor 152.
The reactor 152 primarily houses the catalytic cracking reaction of the
petroleum feed stock and delivers the cracked product in vapor form to the
distillation system 116. Spent catalyst from the cracking reaction is transferred
from the reactor 152 to the regenerator 150 where the catalyst is rejuvenated by
removing coke and other materials. The rejuvenated catalyst is reintroduced
into the reactor 152 to continue the petroleum cracking process. By-products
from the catalyst rejuvenation are exhausted from the regenerator 150 through
an effluent stack of the exhaust system 114.

[0004] The catalyst injection system 100 maintains a continuous or semi-
continuous addition of fresh catalyst to the catalyst inventory circulating

between the regenerator 150 and the reactor 152. The catalyst injection system



bet ween the regenerator 150 and the reactor 152. The
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[0007] During the course of normal refining, fines may be lost in the
product stream, consumed in the FCC unit or entrained with the effluents exiting
the regenerator. If enough fines are lost, the circulation rate of catalyst between
the reactor and regenerator may decrease, thereby rendering the process
unstable or out of balance. As these changes in the dynamic equilibrium force
the FCC unit away from its optimal operating limits, the desired product mix
and/or effluent composition may not be obtained. As the FCC unit is a major

profit center in most refineries, a great deal of time and investment is made by
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[0011] In another embodiment, an apparatus for injecting fines into a FCC
system includes a fines separator coupled to an effluent stream of an FCC unit
and a fines addition system coupled to the FCC unit. A conduit is provided for
delivering collected fines from the fines separator to the addition system.

[0012] In yet another embodiment, a method for injecting fines into FCC
system includes collecting fines from a waste stream of a FCC system,
automatically transferring the collected fines to a fines addition system, and

periodically injecting the transferred fines into the FCC system.



delivering collected fines fromthe fines separator to
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the figures. It is contemplated that features from any one embodiment may be

beneficially incorporated in other embodiments without additional recitation.

DETAILED DESCRIPTION

[0019] The invention generally provides a fines addition system, a fluid
catalytic cracking (FCC) system having a fines addition system, and a method
for injecting fines into a FCC unit. Advantageously, the invention facilitates the
addition of fines to a catalyst inventory circulating in the FCC unit, allowing
amount of fines present in the FCC unit to be balanced with little or no process
disruption, thereby allowing the FCC unit to operate at higher efficiency for
longer periods, as compared to conventional practices.

[0020] Figure 2 is a simplified schematic of a fluid catalytic cracking

system 230 having a fines addition system 240. The fluid catalytic cracking



for injecting fines into a FCC unit. Advantageously,
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8&718@%'38%58953 8<i)lrjpled to the process line 222 and provides pressurized
fluid, such as air, that is utilized to carry the various powdered catalysts from the
sources 202, 206 through the process line 222 and into the FCC unit 210.

[0023] | Typically, different additives are specialized catalysts utilized for
process control in the FCC unit 210. For example, additives may be provided
from the addition source 206 to the FCC unit 210 to control the ratio of product
types recovered in the distillation system 216 (i.e., for example, more LPG than
gasoline) and/or to control the composition of emissions passing through an
effluent stack 212 of the regenerator 250, among other process control

attributes. The main catalyst source 202 generally delivers a Y-Zeolite

5



conpressor 208, is coupled to the process |ine 222 and
provi des pressurized fluid, such as air, that is
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t he sources 202, 206 through the process line 222 and

into the FCC unit 210. [0023] Typically, different

additives are specialized catalysts utilized for
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container 246 (shown in phantom Figure 2) for later delivery to the fines
injection system 240. Since the separated fines are at an elevated temperature
when removed from the stack 212, one or more heat transfer devices (shown in
Figure 3 and identified by reference numeral 358) may be utilized to reduce the
temperature of the fines prior to and/or during the delivery to the fines injection
system 240. The heat transfer devices 244 are discussed in further detail
below.

[0026] The controller 220 is utilized to regulate the addition of catalysts
and/or additives made by the injection system 200 and addition of fines made

by the fines addition system 240, so that the dynamic equilibrium of catalyst
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fines recovery system 214 to the fines injection
system 240. The separated fines nay be delivered
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i njection system 240 through a conduit 242, or may be
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capability i s described in United States Patent No. )
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240 exceeds an upper and/or lower threshold. The first sensor 270 may be a
differential pressure measurement device, optical transducer, a capacitance
device, a sonic transducer or other device suitable for providing information
from which the level or volume of fines disposed in the storage vessel 258 of
the fines injection system 240 may be resolved. For example, if the first sensor
270 provides an indication to the controller 220 that the fines level (or amount)
is greater than a predetermined quantity, the controller 220 may initiate a fines

injection by the fines injection system 240.



have alternative configurations. [0028] The fines
i njection system 240 generally includes a pressure

WO em3at75258, a pressure control system 260, a PEL/ESI00TY065506
device 262 and at | east one sensor 264 suitable for
providing a netric indicative of fines injected into
the FCC unit 210 through the fines injection system
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d by the

gal ne conputations utilizin e data provi

torduit &1 movidpfinesnalhg ,flavhesensor dimrdnsendorf 278)sis adapted to
8gfje%g the flow of fines through one of the components of the fines addition
system 240. The flow sensor may be a contact or non-contact device and may
be mounted to the conduit 254, the storage vessel 258, the metering device 262
or a conduit 256 coupling the storage vessel 258 to the FCC unit 210. In the
embodiment depicted in Figure 2, the flow sensor may be a sonic flow meter or
capacitance device adapted to detect the rate of entrained particles (i.e., fines)
moving through the conduit 254, within the storage vessel 258 and/or the
conduit 256 exiting the system 240.

[0031] The metering device 262 is disposed in the conduit 256 to control

the flow of fines into the conduit 256 and ultimately to the FCC unit 210 from the
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Positipped at or near a bottom of the storage vessel 258 and has the metering
device 262 coupled thereto. Optionally, a second discharge port 318 may be
positioned at or near a bottom of the storage vessel 258 to allow fines to be
removed from the storage vessel 258 while bypassing the metering device 262.
The second discharge port 318 may be coupled to a port 320 formed in the
process line 222 or conduit 256, thereby allowing fines exiting the storage
vessel 258 through the second discharge port 318 to enter the FCC unit 210
through the process line 222 in the event catalyst flow is prevented through the
first discharge port 318. The second discharge port 318 may also be utilized to
empty fines from the storage vessel 258 into a container 340. This feature

allows the material present in the fines injection system 240 to be switched from



about 6 tons per day of fines into FCC unit 2 10

W t hout interruption of processing. O course, systens
worean7hz7sednf i gured to provide |arger or smal | ePCT/US2007/065506
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the pressur I n the storage vesse
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[W‘% r:c ?(r) In [ g@?é& K e\f)?c g& in Ig%%ré %uﬁc’rgsstijrg conttrol system
260 includes a pressure meter 350 and a pressure transmitter 352 that are
arranged to detect a metric of pressure within the storage vessel 258. The
pressure transmitter 352 includes an output that is coupled to the controller 220
such that real time pressure information is available for process control. A relief
valve 326 is coupled to the storage vessel 258 to prevent over pressurization.

[0038] The system 260 may intermittently vent the storage vessel 258 to
about atmospheric pressure to accommodate filling the storage vessel 258 with
fines from the fines recovery system 214 or other source. For example, the

pressure within the storage vessel 258 vented and/or reduced to allow fines to
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vessel 258 through the actuated netering device 262
and into the FCC unit 210. [0035] In one enbodi nent,
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provide plant air or other gas into the storage vessel

258. Alternatively, the pressure control system 260

may utilize gas provided by the bl ower 208. [0036] The

ket added do Nee stpesgempsselRbSthrough bzsstond filll portiBa2, for example
aerate, apdlor gtherwi se cpol the fines disposed in the
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the air or other gas_provided to the storage vesse
thegight Aevartypqit 310di ngt Yentaport i3l isocoypledi teetheorsigengrator’s

I ' . trol ' ntal. ..
SR BP0 B o Sl S0 hEbBRIERTER ke s remoa
denlioeeS8@Batctnng achiridhe/sépaator H2 fibE Arcdvtidedal/e 308 is provided
selectively direct flow through the pressure control
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. A ' | 326, | | to.th
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storage vessel 258 to about atnobspheric pressure _
taqudinfroviauain jadrpssy thedirst tinegaenoyskbideried 880 suchntat fines,

f the. fi stem 214 or ot her, Soufrce.
SEEAMAFubuPE s SEREE B80T R G0l yPIRER0 Ot ot ou
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k
PERISIRIRS 4T e MerhelrerBho Al sRaATKkirss dings dRMayah device 384
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tf?er ?éé:ond first fines removal device 384 to the storage vessel 258 through a
return port 370 formed in the top of the storage vessel 258.

[0042] A flow indicator 390 may be positioned between the storage vessel
258 and the metering device 262 to provide a metric indicative that fines are
flowing from the storage vessel 258. In one embodiment, the flow indicator 390
may be a sight glass. A control valve 308 may be positioned between the
storage vessel 258 and the metering device 262 to allow the flow indicator 390
to be serviced. Other flow indicators 390 and control valves 308 are positioned
in other locations beneficial to the operation of the system 240. For examples,
control valves 308 are positioned between the storage vessel 258, metering

device 262 and fines recovery system 214. These control valves 308 are
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to selectively regulate (or prevent) flow through the
vent port 3 10 fromthe storage vessel 258. [0040] The

wo peogti2fsrmes renoval device 380 is utilized torP@i/nB200Ze55506
fines escaping fromthe storage vessel 258 during
venting. Fines recovered by the first fines renoval
device 380 may be transferred through a return conduit
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[ ow i ndi cato e a sight ass. A contro

stediglet 0@ npgthbethmyeby i imprbvireg wien ameust ophgbeakestahsferred
%58 band the netering device 262 to allow the flow
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fines addition system 240 may be relaxed accordingly with the reduction in
catalyst temperature entering the storage vessel 258.

[0045] Similarly, the storage vessel 258 may also be equipped with a
thermal regulating device 368 to reduce the temperature of the storage vessel
258. The thermal regulating device 368 may be configured similar to the heat
dissipater 358 described above. For example, the thermal regulating device
358 may include heat transfer fins 364. In another embodiment, the thermal
regulating device 358 may include one or more conduits 362 coupled to a fluid
source 360 through which a heat transfer fluid is flowed.

[0046] The storage vessel 258 may alternatively and/or additionally be

cooled as described above by providing fluid from the pressure control system
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[0043] Due to the high tenperature of the fines
exiting the exhaust stream one or nore heat
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ﬂie)c@gmnvmel 258. The thermal regul ating device 368
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HL‘Z‘@L bedRgBEVEY teoFigkrarpitke contolare?2fuis peyyided tgontrol the
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[0049] In one embodiment, the controller 220 is a programmable logic
controller (PLC), such as those available from GE Fanuc. However, from the
disclosure herein, those skilled in the art will realize that other controllers such
as microcontrollers, microprocessors, programmable gate arrays, and
application specific integrated circuits (ASICs) may be used to perform the
controiling functions of the controller 220. It is contemplated that the injection
system 200 and the fines addition system 240 may have separate controllers,
which may, or may not, be linked.

[0050] The controller 220 is coupled to the various support circuits 226 that
provide various signals to the controller 220. These support circuits 226 may

include power supplies, clocks, input and output interface circuits and the like.
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cool ed as descri bed above by providing fluid fromthe
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HERLARSD FREG bpfis 78 Aetnad 4 biGin S den A03arovAing fines

té e ik cxadifiort B?st\é%?ﬂb) lrpbnéCEihB&dlﬁfén@Xﬁﬁ@s Ebﬂ%te{i by the
cold air to the fines |l eaving the regenerator to coo
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sui table | ogic device for controlling the operation of
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2@%palhe énelgist elofines @ddition may be attained in the form of a weight,
volume and/or rate of fines added to the FCC unit 210, or by other suitable
method.

[0054] The controller 220 is configured to determine the amount of fines
added to FCC unit 210 during each addition cycle. The controller 220 may
store addition information to memory 224, or export the information to another
device, such as a control room computer at the refinery or to a remote device,
such as a computer at the fines vendor via modem, wireless communication,
land line or other communications protocol.

[0055] Optionally, the method 400 may continue to provide information

regarding processing. In one embodiment, an amount of fines lost from and/or
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whi ch may, or may not, be |inked. [0050] The
controller 220 is coupled to the various support

W@200c021535 226 that provide various signals to BEEUS2007/065506

control l er 220. These support circuits 226 may i ncl ude

power supplies, clocks, input and output interface

circuits and the |like. Other support circuits couple to

tpres¢rripehatataly st emsatolyed, the H%CG emid? ) Bodetemainedi atgstep 406.
vVice 262 ssure.contro

I |
S Rio586 0L 1St TstPracent Yo Re destmipbHEy SUging Bissgmount of
Eﬁel?&%ﬁ@'fi‘n@é ey | Ridetl 1o #RAFET CRAlSE1d 'B? tfh'en€§talyst injection

I on systemto perform a sequence of ocess
stysfssn Zﬁomcbmeatmesnpe@tlonrsya@lrmadom@mmmwtedawdhm amount of

th ference 1,0 FEj re. The t hod. 40 be
s SR R 1@ FLRb it 29 a8oF eitgined ol Te Sgguct stream.
thee afitunelof §ihed 28brisURTBR O HE FOT MRIitY2 8P dheitor éftfdhed on the
or renote. [0052] Figure 4 is flow diagram of one

afpddctatieamomay bemessuned dedsulaiedi agtimatessor approriomted. The

6untT<5}ef r{?st ?(?%%(fsl (P(g Jgee %:Cg?] u@ys {(? B¥igé fﬁ{e%vfngegﬁgn system 240

nes to

endpdlsoiy corfélarsl toarhegrtiast ftmyestlhewé effR@nt sG6X®! YThe amount of
system 214 fromthe effluent exiti ng t he re ener at or
sy saialyst agdgddrem thaecaiapag80gde meszeed' iqm Systene 240 must

o B8 i%\rcﬁizfrgge\ﬁgﬁ " REL d¥inir tﬁeeﬂﬂé’é v dé(ﬁf? 81 8f #5k IFEE it 210,

cont al ner ernatlvel y, ofr on to the
erfmsyétroedtmlsneﬁ)rmtlbectr@dtdtal arlmeuﬁt oédineedostefrymgyresent in the

ﬁ(ﬁ ne\gafl nes rmdé rovi ded from anot her source,

4 21 0;pay Pg SO'Y?I tote 302 may contain new fines
16646] haVeA‘E‘Q&e@QﬁJ@ YRE arhButingr Filkks l4}‘1'& L9, thengcns.%n 210 is
recovered from anot her FCC unit. The fines for e

tconpade@ against attbr3iwld galuai ari m’gcé&sm windavay Hoike amount of fines
provi.de st vendor refiner

B VSRR 1o o, BrocBisiatt® hyd@Rg windOWs Tors £l Yhe. tgshola)
a'ES@o prizge Hifesuatbitidnd Qok rwihdra®ald)nase atlld i@Nst8PSaeM  If the

During the fines injection step 404, a netric
|amr¢muﬁtqf\f@e§fnqe|dedatmremrn 40 o PipsesaGtrig Vt/'th"tl e poEess window

Whodd 0n o LA L A0 Rob Do BRRRCY IB4d from the
52 PRy fingr R Yystet 240 GollEe

i hes ad I'on nay ai ne

Wiekeg hecovery syﬁaanﬁﬂ@ﬁheai@o@nt ém&mt af finds tmayt be pkrésided in the
gnl t 210, or Y ot her sui tabl e nethod. [0Q054] The
o b e inem)(¢.6., BAKS-YA TS GniRsingr menfén%édglﬁen rfystem 240

Hor tHSontainer 302. The controller 220 may monitor the amount of fines lost
and/or required from the container 302 such that the refiner may determine an
amount of make-up fines needed on site, and to schedule make-up fines
replenishment shipments from a vendor to ensure uninterrupted processing.
Information regarding the amount of fines circulating in the FCC unit 230 may
also be provided to the controller 220 as the results of an laboratory or other
analysis of a representative catalyst sample, which may be utilized to determine
the fines content and tune the fines addition calculation.

[0057] This cycle of monitoring the amount of catalyst is repeated in order
to maintain the dynamic equilibrium of fines in the FCC unit. Advantageously,
this allows the FCC unit to continue operating at or near processing limits with

minimal fluctuation, thereby providing the desired product mix and emissions
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added to FCC unit 210 during each addition cycle. The

controller 220 may store addition information to
woreowony75224, or export the information to anotPEF/US2007/065506

devi ce, such as a control room conmputer at the

refinery or to a renote device, such as a conputer at

the fines vendor via nodem wi reless conmunication,

charpbsitiomewith ndbineel disooptimisadibn pine redyyotnaxivhizing@B 8 Plrofitability of

lopal Ly, the method 400 may continue to provide
tﬁ?%ﬁﬁﬂ%&$éﬁ‘@@@ﬁ?dlng processing. In one enbodi nent,
[6058TOUNKAbUGH &S té?&‘{méé BINtIRD Qﬁféﬁtlohrhé\}éebeen shown

catal yst 1 nventory he FCC unit 2 10 is determ ned
apd desspibedan detail hmrmttmsefshﬂh&d lhotbe/apt eaerreadﬂydev;se other

det rmrm b n the of .cat al
vaird Shaimetiitivt bl disrBetE e oty S Spafigepart from
th@bé@ﬁé9ﬁd%ﬁﬁﬁ©ﬁﬂ%@ﬂvéﬂﬂxﬁhe fines injection system
240 conpensated with an anount of fines consuned in
the FCC unit 210 and/or entrained on the product
stream The anmount of fines consunmed in the FCC unit
210 and/ or entrained on the product stream may be
nmeasur ed, cal cul ated, estinmated or approxi mated. The
amount of fines added to the FCC unit 210 by the fines
i njection system 240 nay al so be correlated to anount
of fines in the effluent stream The anount of new
catal yst added fromthe container 302 to fines
addi ti on system 240 nust al so be factored when
determning the fines inventory of the FCC unit 210.
Thus, fromthis information, the total anmount of fines
lost from present in the FCC unit 210 may be resol ved.
[0056] At step 408, the ampbunt of fines in or lost the
FCC unit 210 is conpared against a threshold val ue or
process wi ndow. If the anobunt of fines is outside of a
predefined process wi ndow (or exceeds the threshold),
appropriate fines additions (or w thdrawals) are nade
at step 4 10 . If the anount of fines needed to return
to a process state within the process w ndow exceeds
an amount of fines in the fines addition system 240
collected fromthe fines recovery system 214, the
deficient anmount of fines may be provided in the form
of new fines {e.g., nmake-up fines) entering the fines
addi tion system 240 fromthe contai ner 302. The
controller 220 may nonitor the anount of fines | ost
and/or required fromthe container 302 such that the
refiner may determ ne an
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anmount of make-up fines needed on site, and to
schedul e make-up fines repl eni shnent shipnents froma

W@ 2doe75t® ensure uni nterrupted processing. | NPOF/IBL00T065506
regardi ng the anmount of fines circulating in the FCC
‘unit 230 may al so be provided to the controller 220 as
the results of an |aboratory or other analysis of a
Wetdselaimed e catal yst sanple, which may be utilized
to determ ne the fines content and tune the fines
addi tion calculation. [0057] This cycle of nonitoring
the aAownéthell ¢at addeing | indEPLatigr | er i -
mai ntai n the dynam c é%uilibriun1of(??ﬂg§ fﬁégﬂggF%%?C) unt,
CRINPISIABvant ageously, this allows the FCC unit to

cont i j r processing limts wth
m ni n%:ég%/?ﬁﬁ ﬂé%?%ﬁm mwel?dg@;urm?ovi di ng the desired
pr oduuansféxirgtdemllﬁsﬂedgmrm@sﬂiﬁé@auwgémsyét]ghimlgdl _

i s-optimnsation, ereby maxim zing the profitability
of t Hglwz@%f@ﬁﬁéeéﬁdﬁ&eﬁ intsothgy FQ\Ethgh t he
teachi ngs of the present invention have been shown and
described in detail herein, those skilled in the art
Zan rBamiimefhatbof slaintihaheveiniredowsimgcthedinies fuhisér cdrplises:
incorsoorate t{Jne tﬁachi ngﬁ and do not depart fromthe )
scope” kiAW) Hngs Bpm @ ETTiveahsireamegdiing thedluid paiglytis.cracking
uhit. A net hod for adding fines a fluid catal yst cracking
(FCC) wunit, conprising: recovering fines fromthe FCC
unit; transferring the collected fines to a fines

ddi t4 t and.injectiing the transferre i nes .
Fhto MREREREH] ¢8R 1. SRR sk oruPEP YIS tibpE amprises:
r eco\sdiim@tHe eolldcissfinel hEEoSaiAYr ses: separating
fines froman effluent streamexiting the fluid

catal ytic cracking unit. 3. The nethod of claim1,

ather ey L Bl BIGANEY LdMipfpLher  compr ses:

storing the coll nés 1n ntai ner. 4. The

met heetriotlicallpitramsfdrting fines rOAPIHeSEdIBainBetd B firds! Addition
transferring fines fromthe container to the fines
SY§%™M-i on system 5. The method of claim1 further
conpri si ng:

5. The method of claim 1 further comprising:

transferring new fines to the addition system.

6. The method of claim 1 further comprising:
determining an amount of recovered fines; and

adding new fines in response to the determined recovered fines amount.

7. The method of claim 1 further comprising:
determining an amount of fines being lost from the FCC unit; and

replenishing fines to the FCC unit in response to the determined lost

amount.
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transferring new fines to the addition system 6. The

met hod of claim 1 further conprising: determning an

wa@rman27sef recovered fines; and addi ng new fi nBGI/US2007/065506

response to the determ ned recovered fines anount. 7.
The method of claim 1 further conprising: determning
an anount of fines being |ost fromthe FCC unit; and

r&epl enftshimethdd oledlaing 1tfokh&@Eoripiiding:n response to the
determi ned | ost anmpunt.8. The nethod_ of claim1
f ur t he¥eNEBIAR MGt Inaghye Phgh ameuntiot injpeledifinesof an
anount of injected fines. 9. The nethod of claimS8,
wherei n sensing further conprises: sensing a nmetric

i%hdi cathevmetfocdaofvalaigh8, whefdimesnging $unigert donopigdes: he
fines addition stem 10. ,The neth of claim?9 .
£ ur £ RSPElS A Mg NCIRA il AONPIBY P PSS b ETpugla e fines
idditRPSRsEMt 0 a metric indicative of fines within the
FCC unit. 11. The nethod of claim1 further
conprising: pressurizing the fines addition system
tiransterr | t ressuri.zed fines to the FCC unit;

((e)pr eﬁﬁr#gﬁ}%ﬂ%h@a'm ﬁ&”%ﬁ(ﬁ%%ﬁ'@@st em and addi ng
fi nes alutorhbficalignnjessng ireefhdd iRaespaitiid i0A nfotht fBicatRe of fines
The nethod of claim 1 further conprising: venting the
ivither e FCeIWie of the fines addition systemto an
ef fluent streamof the FCC unit. 13. The nethod of

claim 12 further conprising: separating fines from

filui d Thenhethodrafroldiet furties cadsrisimg) system 14. The
met hod of claim 13 further conprising: returning

separ Qf%?fuf'izﬁ‘@_sthﬁéinﬁﬁédﬂiitwmti on system 15. An
appar %Hgf(é‘é@ég tHu Slf‘étsbﬂﬂzéd fESs fgonl‘n% I%‘Cfljnliil, d catal yst

cracki ng untt, conprisin
depressurizing the fines addition system; and

adding fines to the depressurized fines addition system.

12.  The method of claim 1 further comprising:

venting the internal volume of the fines addition system to an effluent

stream of the FCC unit.

13.  The method of claim 12 further comprising:

separating fines from fluid vented from the fines addition system.

14.  The method of claim 13 further comprising:

returning separated fines to the fines addition system.

15. An apparatus for injecting fines into an fluid catalyst cracking (FCC) unit,
comprising:

pressure vessel suitable for high temperature operation;

a fill port formed in the pressure vessel;

a vent port formed in the pressure vessel;

a fines removal device coupled to the vent port;
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pressure vessel suitable for high tenperature

operation; a fill port forned in the pressure vessel;
wa@2went7sport fornmed in the pressure vessel; a PCTES2007/065506

renoval device coupled to the vent port;a first

di scharge port fornmed in a | ower section of the

pressure vessel; a netering device coupled to the

first alfistbmschergeoport fanteehin alowsirgetction pbihd presedret ssel;

cool fines enteri.ng the pressure vessel; and a sensor

coupl eald""te ‘_arfrfﬂa‘_g%%%élgﬂ%legégé@? f'_?;ﬁt Paﬁ?g*éegq BO%r ovi de a

et ri G hadi ealsipseOpoditifgsd @é‘%‘oi‘ﬁn%%‘r erlhrg '{I‘% ressure vessel;
I h cl ai 1p ur%sher

pressure vessel. 16. The apparatus o
rising: a second discharge port forned in a | ower

or ackihgSrrSo B I FeoRERpuie, bssel o T Ridige & metrio

liedieawrediofined shsdinCREbGIh thd Sidsaliitsiesaddi tion system
coupled to the FCC unit; a fines recovery system

interfaced with an effluent stream of the regenerator;

aqfd j.ti . C d. between the fines
ﬁ?g ongrHy sﬂqgﬂsacﬁgﬂ%'ﬁ%?ﬁi@@hf%"t%{meq@ngl'he FCC system
of cl ai secbid diberege pohtefofrnae sn adelivel settRyisdfens bréddies vessel.

conprises: a sensor configured to provide a netric
i ndicative of fines injected in to the FCC unit by the

f1i7f‘es.A?ﬂ’tﬂﬁtcia%]}gﬁycﬁéafm%%lgﬁég}_g?stngﬁ\ﬁc%ﬁn fclaimils,

wherei n the sensor pro itive of a
changa FGCwaiitgaving@a.redémeea@s sywba esadbdr;cl ai m 17

coupl EPARTRI RIS SEm S BICT R Nerk OB Wit The FC.
system @hes! Add®vdd ¥é?ﬁrin‘fé’r'f‘&réoeivﬂﬁ'{; #h Wbent stream of the

di ssi pater positioned to renove heat fromtines
pe@ayiaigtoseantken the fines recovery system and the

fines aaﬁ]hde'st 488hicy Ssg/gtré]m coupled between the fines recovery system and
the FCC unit.

18.  The FCC system of claim 17, wherein the fines addition system further

comprises:
a sensor configured to provide a metric indicative of fines injected in to

the FCC unit by the fines addition system.

19.  The FCC system of claim 18, wherein the sensor provides a metric

indicative of a change in weight.

20.  The FCC system of claim 17 further comprising:

a tote adapted to contain fines coupled to the fines addition system.
21.  The FCC system of claim 17 further comprising:

a heat dissipater positioned to remove heat from fines passing between

the fines recovery system and the fines addition system.
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