WO 2007/ 011808 PCT/ US2006/ 027542 CATALYST W THDRAWAL APPARATUS AND METHOD
FOR REGULATI NG CATALYST I NVENTORY IN A FLUI D CATALYST CRACKI NG UNI T
BACKGROUND OF THE | NVENTION Field of the Invention [0001] Enbodi nents of the
i nvention g’ener al I%/? relate to a catal yst w thdrawal Par at us and met hod
for regul aA'¥UIHPyst inventory in a fluid catalytic cHEERPUY ¥t al yst
unit. Description of the Related Art [0002] Figure 1 is a sinplified
schematic of a conventional fluid catalytic cracking system 130. The fluid
catal ytic cracking system 130 generally includes a fluid catalytic cracking
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110 and is 39aatstdné thvepfibho!l and/or nonitor the exhausted byproducts of
the fluid cracking process. [0003] The FCC unit 110 includes a regenerator
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t he cracki nq (At d M RidaSatdidighier fromthe reactor 152 to the regenerator
150 where the a‘zsgtac:rys{dgl g r%@uvlenat ed by renoving coke and other materials.

The rejuvenated catalyst is reintroduced into the reactor 152 to continue

the petrole i?%h'@ﬁtlﬁﬁﬂ@l%ﬁﬁiAﬁy products fromthe catal yst rejuvenation
are exhauste m the regenerator 150 through an effluent stack of the

exhaust syst[@%2114 Figue 12807 snAifed sFematis2gce coebional fluid catalytic
cracking system 130. The fluid catalytic cracking system 130 generally includes
a fluid catalytic cracking (FCC) unit 110 coupled to a catalyst injection system
100, a petroleum feed stock source 104, an exhaust system 114 and a
distillation system 116. One or more catalysts from the catalyst injection
system 100 and petroleum from the petroleum feed stock source 104 are
delivered to the FCC unit 110. The petroleum and catalysts are reacted in the
FCC unit 110 to produce a vapor that is collected and separated into various
petrochemical products in the distiilation system 116. The exhaust system 114
is coupled to the FCC unit 110 and is adapted to control and/or monitor the
exhausted byproducts of the fluid cracking process.
[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. Spend catalyst from the cracking reaction is transfer
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 FCC unit 110 includes a catalyst injection system 100 that
mai ntai ns a continuous or sem continuous addition of fresh catalyst to the
i nventory circulating between the regenerator 150 and the reactor 152. The

cat al yst i%)eﬁ)&; ﬁﬁl%%ystem 100 includes a nmain catal yst F‘Zﬁﬁjg{%ﬂé&ﬁﬁ nd one or

nore additrve s 106. The main catal yst source 102 Itive
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enclosure to prevent spark ignition of gases which may potentially exist on the

exterior of the enclosure in a petroleum processing environment.

[0006] During processing, there is a dynamic balance of the total catalyst

within the FCC unit. As discussed above, catalyst is periodically added utilizing

a catalyst injection system. During the cracking process, some catalyst is lost

through the distillation system 116, while some catalyst is lost through the

effluent exiting the regenerator 150. The addition rate required to maintain a

desired level of catalytic activity sometimes matches the loss rate through

attrition, and in this case, there is no need for corrective measures.

[0007] If the amount of catalyst within the FCC unit diminishes over time,

the performance and desired output of the FCC unit will diminish, and the FCC

unit will become inoperable. Conversely, if the catalyst inventory in the FCC

unit increases over time, the catalyst bed level within the regenerator reaches

an upper operating limit, necessitating a small catalyst withdrawal to prevent



2 WD 20071011808 PCT/ US2006/ 027542 unacceptably high catal yst em ssions
into the flue gas stream or other process upsets. [0008] Catal yst

wi t hdrawal systens are nornally sized for the nost demandi ng operati ng
case, which Is when the entire catalyst inventory is renoved during a short

period of tN4AOUHANSthe FOC unit is shut down. The perFOHY 20061027542

operational -type catalyst withdrawals for |evel control addressed by this
i nvention can take place once a day, once a week, or once a nonth, depending

on how qui ckingctdptabhahigh catalysheissiony irte el ﬂUeSgabLstHednﬂ@r ofhee prResd hese
sudden chan \ﬁ?es,t in regenerator bed |evel cause changes in the pressure
bal ance of tH&®SFcC unit, they may result In changes in catalyst circul ation
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that forces the operation of unit, away fromthese |Iimts reduces

profitabilitSp '%Rqu‘l“gk')éth?a?%?'yﬁéf“fqm{evﬂisth%d'nQ efBgrapse #ase suddenoul d be
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catal yst withdrawals, thus maintaining the dynam c bal ance of catalyst in a

FCC unit. dfﬁ@]”“ﬁhétﬂeé‘fmaé/ resyl g rha eﬁé‘éoc yst Lcircylatipy siatey reaePhwal

appar at us  sainbéftife fa‘hﬂldr'?r@%éfﬁetr oP tdrhpdrstueataphi théde gﬁ@&&h@&tmmabyst unit.
SUMVARY OF THE | NVENTI ON A catal yst w t hdrawal Bear atus and met hod

for regul atithe Fe&t ditaner atloﬁve‘}‘ﬁ hese changes inihe dypamic\aquiibepmdricadie at al yst
(FCO) wunit 'ESCCP[JHWb@ﬁﬁjfrohﬁtsoé}%ratﬁ@tlﬂqfsnﬁ@td’es?e@ﬁfto@bé'tsrhlxvﬂﬁdmrem’l‘ﬁht apparat us

for renmoving catalyst  froma FCC “unit i1ncludes a pressure vessel having a
net eri ng deGoEWosiEapMay Nl be ehtpinedhoAs the ACKeH igiasBRjpatRsRfiticentep fat ed

adj acent t hengat@findigsd8véest ans bﬁtlae%Heﬂvés@nemohadeaﬁﬁkéfmbr.@dﬂt&rI ng the
pressure vessel. A sensor is coupled to the pressure
ensure the FCC unit is always operatlng against its operating limits, thereby
maximizing profitability. Anything that forces the operation of the FCC unit
away from these limits reduces profitability and is a major detriment to the
refiner. Thus, it would be highly desirable to stabilize the FCC operation by
eliminating sudden catalyst withdrawals, thus maintaining the dynamic balance
of catalyst in a FCC unit. A
[0009] Therefore, there is a need for a catalyst withdrawal apparatus
suitable for use with a fluid catalytic cracking catalyst unit.
SUMMARY OF THE INVENTION
[0010] A catalyst withdrawal apparatus and method for regulating catalyst
inventory in a fluid catalytic cracking catalyst (FCC) unit is provided. In one
embodiment, a catalyst withdrawal apparatus for removing catalyst from a FCC
unit includes a pressure vessel having a metering device coupled to a fili port.
A heat dissipater is located adjacent the metering device and is adapted to cool
catalyst entering the pressure vessel. A sensor is coupled to the pressure
vessel arranged to provide a metric indicative of catalyst entering the pressure

vessel through the metering device.



vessel arranged to provide a netric indicative of catalyst entering the
pressure vessel through the netering device. 3 WO 2007/011808
PCT/ 0S2006/ 027542 [0011] In another enbodinment, a fluid catalyst cracking

systemis provided that includes a FCC unit having a catal yst w thdrawal
appar at us cHUPI¥8IBRereto and configured to meter cat aPFtUSIORBYER from t he
FCCU. [0012] In yet another enbodi nent, a nethod for regul ating catal yst

inventory in a FCC unit includes the steps of determ ning a change of
catal yst preef)t i Nnanbfder BMbbdimént, fwhmrcaftgly@t&tr@dws;isfé?mstmﬁvﬁ&? unit into

an isol at abl e St orage ssel coupl e CC unit t he anmount
of catal yst haliiaggdese Fé&”ﬁ‘é‘ havigpase %}\éggvépgfa\g(ﬁbmpéfﬁi% ﬁ%“p??f{e ur ed
catal yst froéﬁdt&bﬂﬂg&b@'t@ﬁh%téf@ﬁﬁ%t rePRSERIBH teFEEUTHE DRAW NGS [ 0013] So
that the manner in which the above recited features of the present

i nventi on arl@0%) ai nBdYein@netBsr rankadienit @od"‘?t?PQjefP'éurPQU‘at"fﬁ)rCéta'BGért i cul ar

description @iedtdl9 ih BYSEE LAR indlide8 fthe/ sﬁﬂmﬂétéﬁﬁ*nﬁﬁgoé/&narf@%f%tw by
reference to the éenbodi nents thereof which are illustrated in the appended

drawi ngs. | tPRgeRtd BECCouRb wﬂh@mcat@'vﬁtfronhf@efﬁ%ﬁ@b@%%ﬁow@@b@ | lustrate

only typi cadio@BbadisE&nécupRld oMt FOEeni, %ea%ﬂﬂn?rtﬁ‘e taﬂﬁftﬁf%'f‘i‘:af@}stt o be
considered |limting of its scope, for the invention may adnit to other

equal |y ef f edigRaped "éﬁﬂﬁ)ﬁpf?&‘?tﬁss‘fbé'l(h]em‘?w @elm‘i’%suéﬁds%tﬁlyﬁ? frem t8& hemat i ¢
view of a cogg,%ﬁgl\,@&%ll fluid catalytic cracking system [0015] Figure 2 is
a sinplified schematic diagramof a fluid catalytic cracking system having
a catalyst withdrawal systemin accordance with one enbodi nent of the

present inv ngm,in a sectional view of on enbodi nent of
t he cat al ysteﬁésempc?&g&a]@system 0 EI gure 2; and [0017] Figure 4 is a flow
di agram of oif@1&8rbodSerdhat G manmerhiodwbith thegbowe iregjtedateatyres of then 1 ui d
catal ytic cr nerarpgmgé(rﬁfoﬂ”ére[ AfdiAba Tahd 3G dd BhBerdiRdar At ABEHNG: niglgnt! cal

reference n ave b
particular description of the invention, briefly summarized above, may be had

by reference to the embodiments thereof which are illustrated in the appended
drawings. It is to be noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to be considered
limiting of its scope, for the invention may admit to other equally effective
embodiments.

[0014] Figure 1 is a simplified schematic view of a conventional fiuid
catalytic cracking system;

[0015] Figure 2 is a simplified schematic diagram of a fluid catalytic
cracking system having a catalyst withdrawal system in accordance with one
embodiment of the present invention;

[0016] Figure 3 is a sectional view of on embodiment of the catalyst
withdrawal system of Figure 2; and

[0017] Figure 4 is a flow diagram of one embodiment of a method of
regulating catalyst in a fluid catalytic cracking system.

[0018] To facilitate understanding, identical reference numerals have been
used, wherever possible, to designate identical elements that are common to
the figures. It is contemplated that features from any one embodiment may be

beneficially incorporated in other embodiments without additional recitation.



used, wherever possible, to designate identical elenents that are common to
the figures. It is contenplated that features from any one enbodi nent may be
beneficially incorporated in other enbodi nents w thout additional

recitation, éz@g i‘ggw 011808 PCT/ U52006/ 027542 DETAI LED DESCRI PTI ON [ 0019]
The inventi'®d HePS 1y provides catalyst withdrawnal appgdrR¥6025#3 abl e for
use on a fluid catal yst cracking (FCC) unit and a nethod for regulating
catal yst inventory in a FCC unit. Advantageously, the invention facilitates
the renoval OETAMNERPESCRIPFIAN fromthe FCC unit with mininmal process

di srupti on. ] Figqur | i I S t] f flui atal ytic
cracki ng syi@éfzsoﬁgvﬁﬁé”t?%@?@?’gw Pé%&gg?s?ﬁ%hgﬁg%wggfﬁ@ { 40. The
fluid cat al gtitablec farc ksen gns psfivddn gy sy ereekiab | F GQ) clinidasd aa fmhethatl dart al yti c
cracking (F |t C o) Y Sk 4.1 ' S 0 and the
net ered cat gI? %%Jga%g/i (fa%?%tv\}ﬁly%§&t '}a]n? g%? tuglt’co%?\}rag{t?eggrbl"%g’oﬁ%a}ngéﬁtr%gl eum f eed
st ock sour ce fa&fifgtemnhe eaimauvalt ofsgeiessncatblystenfiom thiesFCCI anit ovithspitreah 216. One
or nore catal }@égs gigm&ﬁ he catal yst injection system 200 and petrol eum from
d"s )

t he petrol eum source 204 are delivered to the FCC unit 210. The
pet r ol eum and0028] al y Figurar2 is ree ginpdified 3chdreatleCof w@nifluid2dftalytic ranitinge a vapor

that is collected separated into varioqus petrochenm.cal products in the
it |t on SLYEDeAT0 TaVMBoRsorerrh oRallS! WlictabEl hEiaR, bidy PP ¢ e
distill a; ion céﬁﬁ@ti@ﬁla%kiﬁg&lyetengmﬁagnb ; @bfahyir@gjded atfluidiestalyic gecltiﬂiga(mmunt OL |
entrai ned cata . In e _e | ment .t t i n y be carried out daily
or once a shiuf‘it)éﬁh ?”P@g{}ﬂeﬁ ﬁataﬁ'atb'&e&@%} §,ys§efg§6btaq%sﬁ%orngtg%f cgtal¥sk he ampunt
f)f ent & ai nedmmaarfabv)assysfrm 2:43,adth|frimdalpyTtraéMrfemaﬁtb?ldsourwgm,?a, bult not
imted to sone formo i ne apal.ysis. ric of entrained catalyst
5" br ovi ded ERIHSE RERIAATE S BRI e Maniia R0 e g | n
regul ating t fife caaigstyinjection $ysterh 200 BREpetndléurasront thet petrolal@s tedlststkbel ow.

[ 0022] The exhaugkaiyst h an exhaust 2. of the

regener at or 38¢° i95e 35}&%{1%%{038"" E{qu,@fﬁpﬁﬁ% BREYEYTiaRT BfalVRls &8 al s
exhaust ed fr egactdicinrteg 0D aniv2 1R kbrodute@gapentratis'eiiectet Rd @spararid syst em

into various petrochemical products in the distillation system 216.

[0021] The heaviest products recovered in the distillation system 216 are
generally tested to determine the amount of entrained catalyst. In one
embodiment, the testing may be carried out daily or once a shift in a refinery
laboratory 218. It is contemplated the amount of entrained catalyst may be
determined by other methods, such as, but not limited to some form of online
analysis. The metric of entrained catalyst is provided from the laboratory 218 to

the controller 220 for using in regulating the catalyst within the FCC unit as
further described below.

[0022] The exhaust system 214 is interface with an exhaust 212 of the
regenerator 250 and is adapted to monitor the composition of materials
exhausted from the regenerator 250. In one embodiment, the exhaust system

214 is configured to detect a metric of catalyst exiting the regenerator 250
through the exhaust. This metric may be obtained by determining the amount

of catalyst particles and/or catalyst fines entrained in the regenerator exhaust.

As such, the exhaust system 214 may include a third or fourth stage separator,

for example, a cyclone separator 232 and a scrubber 234, The metric of
catalyst exiting the regenerator 250 can be provided to the controller 220 and



214 is configured to detect a netric of catalyst exiting the regenerator 250
t hrough the exhaust. This netric may be obtai ned by determ ning the anopunt
of catalyst particles and/or catalyst fines entrained in the regenerator
exhaust e exhaust system 214 may include a third or fourth

st age sepa@?%b{ﬁ%“ﬁ@){ exampl e, a cycl one separator 232 dfd/@HE0ABRer 234.
The nmetric of catalyst exiting the regenerator 250 can be provided to the
controller 220 and 5 WD 2007/011808 PCTI US2006/ 027542 wutilized to bal ance
the anount oftiliged & bg&nos thei amblt df Catanst witkihkGhaFdaiiuhier1o seasmebed bel ow.

[ 0023] The Cg:C n|t 10 includes a regenerator 250 and a reactor 252 as
known in t heJeSFiPedneioW.cact or 252 primarily houses the catal ytic cracking

reacti o]p of [obes] Eet mieelulmlzfuaﬁciwtmlhe@radre Ehdrter 35@ BAd l@r@ﬁ&f@ﬂZSﬂQﬁUCt i nk
vapor ormto the disti ti end cata t fromthe cracking
reaction is k@W&n'gf@Pr% fﬂ%ﬁn ‘?ﬁig" é%ctpﬂrr"aﬁ“gip quses ke Satvier Seein® 50, where
the catal yStrebﬁlonrcﬂthQétﬁdlaﬂn yed etaavamgdambfs tﬁé@ré&h@rprcmﬂcﬂnl wpds The
reactor 252 to contlnue t he

rej uvenat ed cat al rein uce into th

petrol eum crf%ﬁché ﬂ‘%‘ﬁ%@é‘ sys%;’/“ ?%d end qaf%yﬁt{rﬁ@ e cRaqng reastiotdhat i on
process are @At ebnt tdtdder 25206186 adgeherdlf? 250! Queke e @ftdlystent st ack.
[0024] The FCC unit 210 ingludes a cat alr%/?té I njection system 200 t hat

mai nt ai ns a 'SIMYENARFHPY FRIBRMNG BRISE: 3NSHPIRgT dgs. cﬁl‘%l"?g‘feﬂa&?q srtalyslisl yst

i nventory Cielrtrati@deldnatolBb Wes&tof !zsz (CeGHtRuA Y pethfled Erddking Sre6dsR! 252. The
cat al yst em 200 includes a main catalyst source 202 and one

nj ection s
nor e délf P"\?@“@%Jé@é§h‘?68talyﬂtléelH’éﬁr}‘?t'%%tP§P%‘/"§§ 3§%Lﬁx@é“§9§ feomy théhe additive

source 206 ,@g@q&@tgpjzaﬂthp@gq-,% &ffieritBiakk. 210 by a process line 222. A fluid
source, such as a blower or air conpressor 208, is coupled to the process

fine 222 and00gflovi dée FFEsywt |2£9dn‘¥'!l‘iﬁsda catadyst a@e@thn system 409 thet 1§ zed to
carry the Val'hblﬁfé%s PWHRESinGRtLhdHoh, (;frf@gh fcaf[% ﬂ"\%sca%%ﬁt l%ﬁwr ough the

process line 222 and into the FCC unit 'y ferent

addi tives ar@fcp'latﬂ@ getvernotiet legergralor 25 ag'@uthgerea - t e rcatalyghi t 210 to
control the pghbidh &fsidth WCHlHBES RSO gouraehgoz datddd 8t hidhe System 216
(i.e., for exanple,” nore n gasoline) and to

additive sources 206 The maln catalyst source 202 and the additive source
206 are coupled to the FCC unit 210 by a process line 222. A fluid source,
such as a blower or air compressor 208, is coupled 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.

[0025] Typically, different additives are provided from the addition source
206 to the FCC unit 210 to control the ratio of product types recovered in the
distillation system 216 (ie., for example, more LPG than gasoline) and to
control thé composition of emissions passing through the exhaust system 214,
among other process control attributes. The main catalyst source 202 generally
delivers a Y-zeolite containing catalyst, which drives the main cracking process.
Examples of catalyst injection systems that may be adapted to benefit the
invention are described in United States Patent No. 5,389,236, issued February
14, 1995; United States Patent No. 6,358,401, issued March 19, 2002; United
States Patent Application No. 10/304,670 filed November 2, 2002; United
States Patent No. 6,859,759 issued February 22, 2005; United States Patent
Application Serial No. 10/445,543, filed May 27, 2003; and United States Patent



control the conposition of em ssions passing through the exhaust system 214,
anong ot her process control attributes. The main catal yst source 202
generally delivers a Y-zeolite containing catalyst, which drives the main

cracking p anpl es of catalyst injection syste
adapt ed to%%ﬁ’é?’?ltls I nvention are described in Uni tggT@?%g@éétent No.
5, 389, 236, issued February 14, 1995; United States Patent No. 6,358, 401,

i ssued March 19, 2002; United States Patent Application No. 10/304, 670
filed Novenitdeplictiod (Bxtial Noi t18417,300 Hed MRovembeNt9, Z085a)l tBWhighsared February
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cantrol 1 er 2l VBl Eh i IhE 210 Frdyts HBlkhaind ARIO SR 328 02 o6,
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58;) 53?%%@@3%%@%%@ %gé’%@@% ge?j‘r(tﬁqh Q‘Qm}]a'lﬁﬁﬁu ee%g:'dé y IM(I’HICOI‘ por at ed

by referendaving suebi capabﬁityristdmrib@cbmumte'métategd?‘%emt No. 8869789, be

equi pped vmt € ve of a
catal yst | eve u@@ F rué‘?he regenerat OF{&EBEE&% Fdaq?rﬁ Hgﬁn{géféoﬂ %% 'S@Fg%l cted in
Figure 2, t H@ISOégi?tﬁ)eﬂlad Novesbei 2 12002,soadh bf wisith are hereby mcorporated by

reference in their entireties.

[0027] The regenerator 250 may be equipped with one or more sensors
that provide a metric indicative of a catalyst level within the regenerator 250. In
the embodiment depicted in Figure 2, the regenerator 250 includes a first
sensor 242 and a second sensor 244 configured to detect when the level of
catalyst within the regenerator 250 exceeds an upper or lower threshold. The
sensor 242, 244 may be an differential pressure measurement device, optical
transducer, a capacitance device, a sonic transducer or other device suitable
for providing information from which the levei or volume of catalyst disposed in
the regenerator 250 may be resolved. For example, if the first sensor 242
provides an indication to the controller 220 that the catalyst level is low, the
controller 220 may initiate a catalyst injection by the catalyst injection system
200. If the second sensor 244 provides an indication to the controller 220 that
the catalyst level is high, the controller 220 may initiate a catalyst withdrawal
from the FCC unit by the catalyst withdrawal system 240, or speed up these
otherwise semi-continuous withdrawal processes.



sensor 242 and a second sensor 244 configured to detect when the |evel of
catalyst within the regenerator 250 exceeds an upper or |ower threshold. The
sensor 242, 244 may be an differential pressure neasurenent device, optical

transducer, a capacitance device, a sonic transducer or other device
suitable MYF28P8NBWi ng i nformation from which the | evePCHUSPYP TR 201
catal yst disposed in the regenerator 250 may be resol ved. For exanple, if

the first sensor 242 provides an indication to the controller 220 that the
catal yst | eveo28]s | Owe iretered odtalyst | withd2dl nsygtemi2uDalsecouphsalt & st i nj ection

by the catalyst injegition syst 00, 1f the seco sensor 244 provi des an
I ndi cation t g?q’?éé}érog% g’P’Iae¥°r§§'812t5ﬁatA "ﬁtl%”n@aqeaf%‘?s% B APPqsEdp 8%’ t he
control | er ZdAdueg54 o ddntrbbthe float aflcatalystbéttvderm e regénerator 260 BeCtheni t by t he
catal yst w thdrawal. system 240 e up, t e otherw,e sem:continuous
wi t hdr aval F{P%E'@g?‘%‘g‘ az‘”%@‘ﬁﬁ%?@h@ge&%&ﬁ‘%&%@& W&to tﬁ@@ﬁ%WStrhe net er ed
catal yst wi twithdeawadl spstemean02aHy is sonfiguredetd cootrdl lise flowe @€ catalybidretwédh by a
conduit 254. A neteri evi 256.1 s di sed i.n the. co .t 254 to
control the ¢ gr@weggg%rgt f@e?r\“gg‘ﬁ ?WBPE%Slé!%e?tgﬁag?%ﬁﬁsa%zt hﬁhe net er ed
wi t hdrawal syétesmy @e\ice 286 and dudtlet vaive/260208y be siolapy echstractede cat al yst
wi t hdr awal m 2 and, i,s confjgured to control .the flow of catal yst
et weent heBSinar duaitocy BT e diavh e SR Oedimany of B8 B & posal
262. The nsiithdraveal dgsteae 220 tof diglre & | The withdeaw Gystem R40 sidudeard y
constructed. ,[0029] Fi 3.depicts a | arger .view one enbodi rent of the
rorered w itrPasaposs) 1bhelin Be rgtha. 3% 286 Bt fhe Sl EE 2 240
i ncludes a @upleddieeretes SThe sStbfhgearessey 3t hiés typiceltyi & ehetke\containabGuitabie t he out | et
val ve 260 coupl ed, thereto. The starage.ves 31Q is. typically nmet al
cont i ner .t e 8t heBrSirBaraien Fging &kl 14 2M. 4 FathatoF Pei5B 514 and
a di schar ge polcaliylthe disohzrgalpop, 3tehis dosittdmed gft pronkar3athdtidnpositiid oned at or
near a bottom of the lgtl%%@%vessel 312 4 he st%%? e _vessel 31%@’5 coupl ed
to a pressurtOBgnPHic éﬁpa ?12rag8 yepgel 212 Shewn BPSFBYEFY R thin the
storage vessappatditis 378 ¢hatongsisrtee psturel withp dteastoragd hesgelrgnoal The
pressurizes the stor VeSS lﬁg 0 to .about 5 tq about 60 n per square
Pheh Cabout RISS8Te SO0 absarebisd]P aebSra BB ETyT2ar Msim SUAse BB 400 Bhe . The
appar at us 31boga§ tb abeuinéd pemidsyperaqtarehach (about 0.35 to about 4.2 kg/cm?)

during withdrawal operations. The apparatus 318 may intermittently vent the

storage vessel 310 to about atmospheric pressure to accommodate filling the

vessel 310 with catalyst from the regenerator 250.

[0030] The storage vessel 310 is vented through a vent port 312 that is

coupled to the regenerator's exhaust 212 or other suitabie effluent stack. A

control valve 308 is provided to regulate (or prevent) flow through the vent port

314 from the storage vessel 310. A cyclone 380 or similar device may also be

inserted in the vent line to minimize catalyst carryover from the storage vessel

310. Recovered fines from the cyclone 380 may be transferred through a

return conduit 382 to the storage vessel 310.

[0031] In one embodiment, the pressure control apparatus 318 is

configured to provide air or other gas into the vessel 310. The air or other gas

may be utilized to fluidize, aerate and/or otherwise cool the withdrawn catalyst

disposed in the vessel 310. The pressure control apparatus 318 may

additionally be configured to control the flow of the air or other gas provided to



storage vessel 310 to about atnospheric pressure to acconmodate filling the
vessel 310 with catalyst fromthe regenerator 250. [0030] The storage vessel
310 is vented through a vent port 312 that is coupled to the regenerator'
exhaust 212 or other suitable effluent stack. A control valve 308 is

provi ded t&FEYUPHEY (or prevent) flow through the vent PRSP om the
storage vessel 310. A cyclone 380 or simlar device may also be inserted in
the vent line to minimze catal yst carryover fromthe storage vessel 310.
Recover ed fitheseéseb81a, tieerelyypronidingdbe erbnytyln@omtmanestmlilngd)f tHerwithginaven ret urn

condui t 382 t, the
pressure con q?%ys@ﬁg?@ﬁ?nyﬁ%ﬁfésntﬁ%g ﬁ! 3%% Wtﬂe%&iﬁgge%ggﬁ@r ot her gas
into the ves[i9932]310 ThEhreetering deviot R66 isgamipleddy tHeeflllqmrl 31t monifdrio di ze,
aerate and/ or rwse wi t hdr, at al osed | he vessel
310. The pr e%%‘d 80%5?9‘{5\? gﬁﬁ%ﬁé %ceg/’fg%r?ﬁ&/ﬁ"e '88%{?‘?’8% ?9 Eﬁ'ec ‘ﬂ'rei gured to
control the ¥diven260 i¢ lwoupled torthetdhea:hami pord 36 etd ¢antroB tiveD aRint @11808
PCT/ US2006/ 02. 542 t vessel ereb RLOY he abi.li o optim ze
ool i ng of .+ MR GRENAC TRt o LG ERYe PEFL fiP To e soat elalit 11 ons
within the sﬁonagg/duspmeBz:Bﬂreugh B0 @324t limb804eThe mugeru@vdmm may coupl ed to
the fill port 314 }3‘%3' d has Conras% thve a of’ f catﬁ} d Irecel ved
fromthe reg%eha? 8PS §. SUFRESTN F¥t Yfé % 8d°1EY X%u?)loéa FHE® di schar ged
port 316 to suabledor tdnmv&rg)am/ororfegulaﬂm@dmaammtoabamtyst aithdradnffroom t he
storage vess e .spent. cat aI St t t hrough an
outlet line @‘EI%]@H@'?%@{’!'F?E@ SQV?Q%V @ :’r@ Oﬁngg ﬂengﬁ/d?ﬁv*ce%% ¥%uch as an
ever | asti ng detbrirdne Meramhwnyof/eétalgstcby wmgrmvdimve tienedsdisieqisk @r bpotheenovi ng
and/or regul atin o] cat St thdra rom unit 210
into the st o?"ﬁﬁ'éeq@e 1{?8 Fr%t? %(t 8 V%S% terﬂg%ééc% %e the
amount of cataleyisg dleycwasghs typlcallynamnfiguree do derﬁqmnabomo byto @ibbet 30 manner s.
Dependi ng on, t he cat al |re ts of t Q,,the ering
dovi ce 296 1N gi5T S0l U1 CEIRGIER o PRTRAOR St WOYORt BINBiAT B0 tons per
day of catal grst:esfsrngnntthe Ft()igenm‘zaoorTr%ﬁhetdrlh@mlevlce rﬁsertyplpallyonerrmives processi ng
in the FCC unit rin evi c 6 t cal tal ysts
From t he POt 3neT 35 ot a5 05T RRIAD el b8 oukad SR Rlanés

production cycle, typically 24 hours, in multiple shots of predetermlned amounts

spaced over the production cycle. However, catalysts may also be removed

from the FCC unit 210 in an “as needed” basis as discussed above.

[0033] In the embodiment depicted in Figure 3, the metering device 256 is

a control valve 332 that regulates the amount of catalyst delivered from the

regenerator 250 into the storage vessel 310 by timed actuation. The control

valve 332 may include shear disk (not shown) for opening and closing a valve

orifice. In one embodiment, the shear disk rotates eccentricity while additionally

rotating clear of the orifice to provide a self-lapping, seat cleaning action that

prevents the withdrawn catalyst from grooving the sealing surfaces of the shear

disk and valve seat that could cause the valve leakage. One valve that may be

adapted to benefit from the invention is available from the Everlasting Valve

Company, located in South Plainfield, New Jersey. Other control valves may

alternatively be utilized.

[0034] Generally, the control valve 332 and the outlet valve 260 are

interlocked to prevent simultaneous opening. This allows data to be obtained

between valve 332, 260 openings such that the amount of catalyst entering and



production cycle, typically 24 hours, in nmultiple shots of predeterm ned
anounts spaced over the production cycle. However, catalysts nay al so. be
renoved fromthe FCC unit 210 in an "as needed" basis as discussed above.
[0033] In the enbodi nent depicted in Figure 3, the netering device 256 is a

control valwe2@3@isésat regul ates the anount of catal yst sdaliseeuspgrshy om t he
regenerator 250 into the storage vessel 310 by tinmed actuation. The control

val ve 332 nmay i nclude shear disk (not shown) for opening and cl osing a val ve
orifice. In one egt‘godr ment, the SSH ar_di k r ot at es eccentrrcrty whi |l e

addi ti onal | y'eaying 4pe n§opagg, vesse! g1 Sea?‘iﬁ"?f?léfvr‘?fg VEdsel £ 9BRi ng, seat
cl eani ng act gfpodifieht, the utet galid1260i ‘srmbemﬂ whileathes prdssar@ gpgukiingg t he

seal ing surfaces of the hear oul cau e the

val ve | eakag®st e@rg 40 & et*"t%‘t atn%i? Egs héﬁ%ﬁ"f{zg@z%ér“@ ?r nventi on

:3 Is av?: L?gl ethbrswrggérde@eeehgfé ggrr;ﬁeveétwst tooEaYm thecsgrﬁge nvass%mtrg il ved.
ain

[0034]  Gener Hratgh Thh & 7BP and JaiPvhS spot sRipvh Slosedd/ UBbar) o8 YaPs o

i nterl ocked b@iepliryvsad, si nul t aneous opening. This allows data to be obtai ned

and 9 Vb 2009961 15 0RSENG R0l HBHss 3. e TGS (el Rttt edl 310

and 9 WD 20 t may

be accur at el yciigedbie dr nrdae ea@soremmrgamdmg faememblsettabralfmereasmngs opened

while the pressure r equl ]a?iy %P s st.em rovides air at éa bout 60 psi

(about 4.2 kHecapoyrnid cg 5ing threwah F‘ﬁé’“gtleBF%QEVi%@@I wing §ashcause

catal yst 1o {iRaiiOgn bdidysit REAGRe YEEATRFKata 250 VrRkSidoRe 2821y 860 and into
the spent cat 'gyst stora%g/dl sposal 262 via the outlet |ine 304, [0035]

Ref erring ba dreg;tg deiechthe devel (g, yPWme)rt sriplystdn ﬂ?y%?’éﬁ?iﬂﬁfe'?mzl udes one

or nore sensfieSwéight bP tatalysy trﬂtl’iégstéra@t\Fésﬁelssﬂd ahd/er ftl‘ibf rateSetl sdtargst t he
anount of catal yst passrg%ﬂ hrough the netering device 256 during each

wi t hdr anal ofmovementthrough sieagkoreghine siqrage yesel t@%ﬂ@;BPg Fbutgay be

confi gured t giseirgs bokt 6] Beahetehing devitd R56TEthe fitigtalahley 280, ithe bhRIURt Or age
vessel 310, _the wej 8ht of catalyst in the storage vessel 310 and/or the

rate of cat a? P’° Wthrough at | east one of the storage vessel 310,
the fill porfoo3&f. t iethe embodiment depicted in Figure 3, the sensor 264 is a plurality

of load cells 306 adapted to provide a metric indicative of the weight of catalyst
in the storage vessel 310. The load cells 306 are respectively coupled to a
plurality of legs 336 that supports the storage vessel 310 above a surface 320,
such as a concrete pad. Each of the legs 336 has one load cell 306 coupled
thereto. The controller 220 receives the outputs of the load celis 306 and
utilizes sequential data samples obtained therefrom to resolve the net amount
of withdrawn catalyst after each actuation of the metering device 256. Data
samples are also taken after actuation of the outlet valve 260 such that the true
amount of catalyst withdrawn from the FCC unif 210 through the system 240
may be accurately determined. Additionally, the net amount of catalyst
. withdrawn over the course of the production cycle may be monitored so that
variations in the amount of catalyst dispensed in each individual shot may be -
compensated for by adjusting the delivery attributes of the metering device 256,
for example, changing the open time of the control valve 332 to allow more (or
less) catalyst to pass therethrough and be removed from the FCC unit 210,

. [0037]  Alternatively, the sensor 264 may be a level sensor 328 coupled to
the storage vessel 310 and adapted to detect a metric indicative of the level of
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di scharge port 316, the netering device 256, the outlet valve 260, the
conduit 254 or outlet line 304. [0036] In the enbodi nent depicted in Figure
3, the sensor 264 is a plurality of load cells 306 adapted to provide a
metric indlg%g gg the weight of catalyst in the storagg vessel 310. The
| oad cells are Pespectively coupled to a plurality P2y 3382 t hat
supports the storage vessel 310 above a surface 320, such as a concrete
pad. Each of the |legs 336 has one |oad cell 306 coupled thereto. The
control | er 2&falystcwithiee sthe hetormge peesselo81Q. heTHeo dyek sbhsor. 3T neaydbewd i | i zes

sequenti al t r h nt of
o e, coRASSRRESRE ARG BE1EL Aobal SaRARL S ARtaBT" [,
sanples are dadvszoe Badanic érﬁanecﬂucactoua:theu)rdewbetswéabjatfbleprqmmgeurmmagmh that t he

Lie amounty gf iAo &I BROBSKS HIkb k3004 Dhcuplyg e system

240 may be fé:\ccura erm ne € net-anoun cat al yst
wi t hdr awn ovreay tbleerasohreéeBgfuﬂimeg ﬁh@@anﬂedodlffelpﬂb@ imdlge hevehofidatalysti so t hat

variations i t dj ] shot may
be corrpensa@eﬁc?gg(d)qmw égﬁaggs}ﬁgé%heooéeﬁ\eﬂﬁéqa‘%{r %a{i’n&ﬂﬁ] “%Hﬁsﬁet ering
devi ce 256, rehoved rampthe, regérsenaiom2p0 may be easolveddoras kidven storaigeokssehl ve 332 to
al l ow nore (&4’0 %@SS) catal yst to pass therethrough and be renoved fromthe
FCC unit 210z "f 37] Alternatively, the sensor 264 nay be a | evel sensor

328 coupl ed 0038}t he Alternatiyelyy dessins@lZ64amdy ad apliovd se¢msod 8@ adapiedad ri C

I ndi cative of e.le f 1 at al yst
within the s?e&%ggtggvfgghéeq? cﬁ%?sdﬁﬁro%ﬁ ojnlg éﬁﬁ‘%o?%é@%?gso%qgg %Ea '¥S?er enti al
pressur e neawithdrawga! dysiece 24@n prﬁlpwadenwreﬁﬁ@dua)me aaomapiam nancamtaatievi ce, a
soni c transd r f n from
which the el Q’?Creoa?‘dv'ﬁ%%ﬁe "*i‘?%k:e;dﬁgﬁ%%&%b % 'Q{‘?w‘ %[rﬂngg%g §§el 310

may be resol ottde cBpduit 254 zougling Hiee sterwed/edsél Béﬂdoctlee wasﬂehmntamml Imf catal yst
di sposed in ter cat al yst
renoved fro ? % ogg"g‘%ﬁra ﬁﬁedz'g%%%ﬁg%bg‘ r@bﬁ#)e%ggﬁmr Fn%? b% %}E? @évége vessel
geonetry. [ OG8&f oAIcapamtameeileylpetahaptedarhrsdete%thenraye bteatrdihex\vpartidesr 330
adapted to gt gghkhdiinPlughiHdbeffbry ifE 39 one of the components of the

cat al yst
[0039] Returning to Figure 2, a heat dissipater 258 is coupled to or

positioned approximate to the conduit 254. The heat dissipater 258 is
configured to extract heat from the catalyst within conduit 254, thereby reducing
the temperature of the catalyst flowing from the regenerator 250 to the metered
withdrawal system 240.

[0040] Referring additionally to Figure 3, the heat dissipater 258 may be
positioned proximate the conduit 254 between the regenerator 250 and the
metering device 256, or positioned proximate the conduit 254 between the
metering device 256 and the storage vessel 310. In another embodiment, the
conduit 254 may be coiled or define a torturous path such that the heat
dissipater 258 may be interfaced with a greater length of conduit than if the
conduit was routed in a straight line path as shown in Figure 2, thereby
improving the amount of heat transferred therebetween.

[0041] The heat dissipater 258 may include at least one or more
temperature regulating features. For example, the heat dissipater 258 may
include heat transfer fins 342. In another embodiment, the heat dissipater 258
may include one or more conduits 344 coupled to a fluid source 346 through
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wi t hdrawal system 240. The fl ow sensor 330 maybe a contact or non-contact
devi ce and may be nounted to the storage vessel 310, the netering device 256
or the conduit 254 coupling the storage vessel 310 to the waste contai ner.
In the enbodi ment depicted in Figure 3, the flow sensor 330 nax be a sonic
flow mete™WQPOUYAS| t ance device adapted to detect thePFHUE08¢0EM2r ai ned
particles (i.e., catalyst) noving through the delivery |line 308. [0039]
Returning to Figure 2, a heat dissipater 258 is coupled to or positioned

approxi mat e {Rick Renex@RaHster BG4 is TbReded@ly Bisdidtetemperating ofctdiysgur ed to
extract heat fromthe catga(t)l{%/stflsvmthl n conduit 254, .thereb ,redgctb%g t he
f e

t enper at ur e B§iINg HEthAEaW) f WEIENEA9M 430 the gReRi9™1GonSBRt O met er ed

Wi thdrawal = syfitdanal49ster020hayeé edlaiedtcastdinblyaihl thy rdduckiog it catalyst t he heat
di ssi pater 258 ma ositioned proximte the conduit 254 between the

be [
regener at or PEWeEeEREngdieYesss! ¢&hi ce 256, or positioned proximate the

condui t 254 fpuyeen $ikfarlyether stbthgdevseq 2416 maydalbb e equipped widsg! 310. In
anot her enbodi nent, condujt 754 nmm e coil I ne a torturous

t he y. b ed or  def
path such t hBerm@degtiaing dpvcs; $né torregugs tﬁg)}erggerpm%pg Hrectforoe Yesssr eat er

I ength of cogfyi Thd Befmilf rehliating 88td B58\ay be WoRflgured irkildr ab e hddtne path as
shown In Figure 2, thereb roving the apnpunt of heat transferred

re | . .
t her ebet V\eenqlsf‘B@er?sel'ﬁés‘%/f@&P W8 R amBlg. e therPpl trouERting d¥ice one or
nore tenper 888y lifduder héMOrdrifdruiine B60Fah @8R letnbokditeehietie tHEmedl pat er 258
may include heat transfer fins 342. In another egaﬁed%l:rrent, theﬂlggat
ik f

di ssi pat er 258UIaHRG dBVYiC] defl MR dNGde PeordBAE Aopdul geHRletto R | ui d

source 346 t b6 Rebe4 thioudl wiich’a PédRBsBEAUINHINGI027542 which a heat
transfer fluid is flowed. gg%reduci ng the tenperature of catalyst being
h

wi t hdrawn fr B%the r Bfesiaragsvesssh 310nmay cdemativebn anakr addiionglyebe wi t hdr awal

system 240 nByol&f dsCHaFiBed Al Bgl b(ro\hﬂfhg i@ F@HUHe PRodslreCdbAtaISt
tenperature entering the vessel 310, [0042] Simlarly, the storage vessel

310 may al so@RREr@ly®i Hfetntanitbd esselndital TheegRnte!  Valyed 0 cBag=#so Ber educe t he
tenperature péridditaliy bpéarto/ARWe heatdd Qaset @ispditl oY theaiateriaf olGmE®ri ce 358
may be confl g\%r\(/ae%sesll 3[? 0I %r btta ?‘e}ng\?edhgﬁé replace by cooler gas provided from the

pressure control apparatus 318.

[0044] The temperature of the gas and/or catalyst entering vessel 310 may

be monitored using a sensor 384. If the controller 220 determines, in response

to a metric of temperature provided by the sensor 384, that the temperature of

the gas and/or catalyst entering the vessel exceed a predefined limit, then a

remedial action may be initiated. For example, remedial actions may include at

least one of shutting off the flow through into the vessel 310 to allow the system

to cool before restarting, reducing the flowrate of catalyst into vessel 310 using

the regulating device 256, increasing the heat extraction rate of the heat

dissipater 258 or adding an extra flow of cold air to the catalyst leaving the

regenerator to coo! it down through jets 386 formed in the conduit 254.

[0045] Returning to Figure 2, the controller 220 is provided to control the

function of at least the withdrawal system 240. The controller 220 may be any

suitable logic device for controlling the operation of the catalyst withdrawal

system 240. 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
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di ssi pater 258 described above. For exanple, the thermal regulating device
358 may include heat transfer fins 360. In another enbodi nent, the thermal
regul ati ng device 358 nay include one or nore conduits 362 coupled to a
fluid sour ough which a heat transfer fluid is flowed. [0043] The
st or age ves‘gglzg)@flhb}st}r%y alternatively and/or additional | YGE"SHBIEEE as
descri bed above by providing fluid fromthe pressure control apparatus 318
into the vessel 310. The control valve 308 may al so be periodically opened
to al | ow heaasedmirisesntrdierposoigrapiogessorsnt kregwmmailie ngatef arays, veésdel 310 to
be renoved ; a - d $heuilt’ QY 1689mb 1@ TRFSHR Gheont r ol
appar atus 318. hf%%mii Iﬁé ﬁ[:\ga "agéaturel og\tﬁg) Eagcgagng;%dr czgt%a! yst entering
vessel 310 nepptrolieg funetierns etithggiontjoller 22fs dtris Zgatemplatedh thad gt indadtien 220

Jeterm nes. L IBeNGH tﬁeowﬁhﬁ\gélggys@cm LATRREA LS sBpautdIeBtRield1e sensor

384, that the tenperature o ! as an catal yst entering thé vessel
exceed a predith may, onmay noti brelinkgd. r enedi al action may be initiated. For

exanple, re had acty § G : ' off the flow
t hrough i nt gﬁ tg lt@ vesi%ﬁogtg‘{%ﬁ%roéjgﬁ% gg‘vﬁ)tl etos\}fgt&zérr? grt%E)rg '&gg%ﬂoé}gwréest arting,
reduci ng t hevariogsusignalsofo thet eanjrotieri 220 \feesseBURPRDt Gisiuiy include, rpogNer at i ng

devi ce 256, | . ' t; t r; | ; h ISk pat er 258
or addi ng ané@iilgﬁ%;c{égg\? 'E?ut(r:%a dp Lgﬁt "?g&%%]ec@ggiF&%ﬁer@(aeV%ert gé.éﬂrtegenerator
to cool it deonits Geunigho fthe tenymeatier sangol 384, Hbee senwnis i2645the Me®ABY Ret ur ni ng
to Figure -2, i) t ' ' t f Lon of at

| east the w ?%‘@%af/z\\éfa}q" t@%?&’@%‘%ﬁ% 2®hgﬁégg¢$§r§%ﬁdgpﬁgz p%ta;&%?%rirlﬁectégi tabl e

| ogi ¢ devi celikeoto tbegontlier 240.t he operati on of the catal yst w thdrawal

syst em 240. e eghodi rall ' a, e logic
controller (QI%?P sU%B%s%ﬁ%%tdﬁéﬁaq{gIoggfﬁbrﬂ%@qu}rﬁacmeﬁg{vc\j/eélﬂearafgrf romthe
di scl osur e hregalating chtatyet withih |aciiCC runith eTher method (40P exeiginseattsten 402 byr

cont ol e s aiing!2 G2 9P CaBIBI R RNANL 7R e BT 05REL Lol I er .
m Cr opr ocessors, gr ogramabl e gate arrays, an applicatron specific
i nt egr at ed cinetrigi ofscqtalgstCost may bsearsedefingd paiteor ot Bxamplenbased png

functions of erhgiﬁﬁﬁ%ké,%rlcgfcu%@' dath, 6%@%@?%&@%@%&%& LRGot ¢ gflt I on

system 200 an e W thdrawal system may have separate controllers,
updated metric. Examples of updated and/or provided metrics include a metric

of catalyst entrained in the product stream at the distiller, catalyst exiting the
regenerator through the exhaust system, catalyst removed from the metered
withdrawal system, among others.

[0048] At step 404, a metric of catalyst additions are obtained. The metric
of catalyst addition are typically attained from the catalyst addition system, in
the form of catalyst and/or additives added to the FCC unit.

[0049] At step 406, an amount of catalyst within the FCC unit is
determined. In one embodiment, the amount of catalyst is determined by
summing the catalyst additions obtained at step 404 minus the catalyst
removed from the system obtained at step 402. The determination of catalyst
within the FCC unit may be made from data obtained over a predetermined
period of time. The predetermined period of time may be in fractions of an
hour, hourly, daily or over other time periods. The determination of catalyst
within the FCC unit may be made from data obtained real time, for example, by
monitoring a data stream such as regenerator bed level. As the process

described above is iterative, the total catalyst determined may, alternatively, be
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whi ch may, or may not, be |inked. [0046] The controller 220 is coupled to
various support circuits that provide various signals to the controller
220. These support circuits include, power supplies, clocks, input and

out put int jreuits and the |ike. Other support circuits couple to

t he tenper g\@éggﬁg)giﬁgigr 384, the sensors 264, the neteridf 7206087956, t he
outl et valve 260, the pressure control apparatus 318 and the like, to the
controller 220. [0047] Figure 4 is flow diagram of one enbodi ment of a

met hod 400 f calculated)blyasubtgcting theyeatalydttrainaved PG thei perioteomdbéidast 400 begi ns

at step 402 &’é{emﬂﬁ’é@n'ﬂ ﬁ{@bés%’&f"@%ta%n%gbﬁélmégéﬁ"ﬁg’?%‘?r removed fromthe

FCC unit. The  "netric of ca e a pre I ned val ue. For
exanpl e, bas[p050]n eApstepctlls, thet catalyst areduntiisacdpatad ;agaimst adiylesheld pr ovi ded

real tinme and/or e tric. . o) provi ded
metrics incl ¥ 39%?%50‘%9@?\5’ tgfttggfgte?@lr?tg? %@? fsn&ftﬁggg)ﬁ %g“%{bq@?&r] eam at the
distiller, cpbabgsswindrivt fongxtdesls the danashald)o appiopdatg hcatdiysteaddifions osyst em
catal yst renp i t b | m rg. [0048]
A otop 404, aMBRRb BT R SRR 4l rHisHRle ORBAurATRRC AR, OO

cat al yst addcatalgst iarepeajgs inairigr tatmaintaiodhé dyrantinsatadisheqibrivadintthen syst em

in the for t / Y it 0049] At
step 406, arr:}géﬁﬁ‘ﬁt %lg%(/ gétggg&ysg‘{’ tr\?\nggwg tﬁ %’e:eg%%qtut%&&)?@é:%réeﬁ”r% ar}eogrj. I n one
enbodi ment, btésr Eocasstngolimitsawith yeinimias fldeluation teadety proyiging the desiredat al yst
addi ti ons obfai t ; ] 4 he ; o f r e system
obt ai ned at é@gga%%.aﬁgﬁgggé? n@bﬁgﬁ?n&% ‘8@?@@'{“@%8? o%\[t;imﬂ f[i’ﬁa%rﬁ,ttﬁg?ebgc unit may
be made fr ommdsimazindthei prefitabilityof thefiGliststarnrefivdr. peri od of tinme. The

predet er m ne i od, of ti . inf ' f - ly, daily
or over ot heﬂ)ot‘p’ ﬁ’re plenr%%odégeﬁrﬁg%ﬂﬁgnéro?hané%%%c}ﬁ e@ng?%g{lgl';’%&vgnﬁ\?r%t he FCC
unit may be R@Geurit, dhe deittairaal asystedn 12461 may pe, sétoto renzovel @, preégefingdni t ori ng a
data stream ase I r r | npi h ro S crihed above
is iterati ve,gM{sﬁ%t ?’Bt@%ﬁt‘%@ﬁ tbﬁae elgﬁér(ﬁer?gagérracg/f, ﬁ'gPt e%ﬁzt?xee%&,’ [bg 13 WO
2007/ 011808 WwilTira®a0s)6tanr 230may be sat tit endyg & tdrgetawithdngwal o abatibfty st

removed Overtoﬁ'ngeofpgé't-b@gt Bérogb);.herﬂeaﬁﬁhdrawal may be made in predetermined
increments, such that a total withdrawal amount will be made over the
predefined period. In one embodiment the operator may manually initiate
withdrawals from the regenerator 250 using the system 240. For example, the
operator may initiate a withdrawal in response to the catalyst bed level within
the regenerator 250, such as provided by information obtained by the sensor
244, The manual withdrawal may be made in addition to the target withdrawal,
or count against the target withdrawal for that time period.
[0052] Although the teachings of the present invention have been shown
and described in detail herein, those skilled in the art can readily devise other
varied embodiments that still incorporate the teachings and do not depart from
the scope and spirit of the invention.
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determ nati on and addi ng the catal yst added over the same period. [0050] At
step 408, the catal yst anount is conpared against a threshold val ue or
process wi ndow. If the determ ned catalyst is outside of a predefined
process w ndow (or exceeds the threshold), appropriate catalyst additions or
w thdrawal s are made at step 410. This cycle of nonitoring the anount of
catalyst is repeated in order to maintain the dynam c catalyst equilibrium
in the FCCunit. Advantageously, this allows the FCC unit to continue
operating at or near processing limts with mninmal fluctuation, thereby
provi ding the desired product m x and em ssions conposition with m nimal

di s-optimsation, thereby maxim zing the profitability of the FCC system
refiner. [0051] In another enbodi nent of a nmethod for regul ating catal yst
within a FCC unit, the w thdrawal %%240 may be set to renove a

predefi ned amount of catal yst over a predefined period of time. For

exanpl eWhahie claighn¢dhidr awal system 240 may be set to renpve a target withdrawal
of about 4 tons of catal yst per day. The w thdrawal nmay be nade in
predeterm ned increnents, such that a total w thdrawal amount w Il be nade
over the prgdgfdiyiedvid@rdvad - appata@B o rdaasliine Bitaly Refromes Tt cé@bystn@fﬂéléxhr_é y
initiate wthdrawals fromthe regenerator 250 using the system 240. For
exanpl e(FGHE ungpeamapiresingray initiate a withdrawal in response to the catal yst

bed level within the regenerator, 250, such as.provided by information

obt ai ned by ?W@?S%envseﬁ?eﬁ S‘gﬁ’ﬁfe fa?h@gﬂﬁ%ﬁ’tﬁﬁra_%WPﬁﬁPté@Va| may be made in addition
to the tf’ir935ﬁMVBBJ?(dﬁdix\/éischar%b’p&@&HMne&Qﬁth@éEessIu'ﬂ@vés@élget w thdrawal for that
time period. [0052] Although the teachings of the present invention have

been shown amdtedagdevi¢seapupled dethaiflll pretiei n, those skilled in the art can
readily devis ther. varied enpodingnts that still incprpqgrate the

t eachi ngs an?:l%a% Wfﬁlp%%rp!aorc?tefi raéjﬁ%ce?tﬁes'@?ﬁ%n%ﬁj(sﬁwgﬁialnldta3?83 hQ f(??tl/ecﬁ{ailygh. 14
CLAI M5 eMftadg thSpebsatdRMsdlSand! - A catal yst withdrawal apparatus for removing
catalyst froma fluid catalyst cracking (FCCU) unit, conprising: a pressure
vessel suit abseasdraoupled ke thempessere yesselbpranged @rprovide a metric indicative of catalyst

entering the pressure vessel through the metering device.

2. The apparatus of claim 1, wherein the sensor further comprises:

at least one of a load cell, a differential pressure sensor, flow sensor or a level sensor.

3. The apparatus of claim 1, wherein the heat dissipater further comprises:

one or more heat transfer fins.

4. The apparatus of claim 1, wherein the heat dissipater further comprises:

a conduit adapted to flow a heat transfer fluid therethrough.

5. The apparatus of claim 1, wherein the metering device further comprises:

a valve coupled to the fill port.

6. The apparatus of claim 1 further comprising:
a vent port adapted for coupling to an effluent stack or other safe location; and

a pressure control apparatus coupled to the pressure vessel and suitable for establishing a
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a fill port and a discharge port defined in the pressure vessel; a netering
device coupled to the fill port; a heat dissipater |ocated adjacent the

nmet ering device and adapted to cool catalyst entering the pressure vessel;
and a sensor coupled to the pressure vessel arranged to provide a netric
indicative of catalyst entering the pressure vessel through the netering
device. 2. The apparatus of claim1l, wherein the sensor further conprises:

at |east one of a load cell, a differential pressure sensor, flow sensor or
a level sensor. 3. The apparatus of claim11l, wherein the heat dissipater
further conprises: one or nore heat transfer fins. 4. The apparatus of claim
1, wherein the heat dissipater further conprises: a conduit adapted to flow
a heat transfer, fluid therethroygh. 5, The apparatus of claim11l, wherein the
Tt ot | B WENIR R Yrstel ELsFTsald: Pousds pef VIRt ed to the fill port. 6. The
apparatus of claim|l further conprising: a vent port adapted for coupling to
an effluent stack or other safe |location; and a pressure control apparatus
coupl ed7t o t hike gppessusrod clags d dlirtbanadomprisingll e for establishing a 15 pressure
wi thin the vesiﬁj in excess of 5 Eounds Ber sqﬁ?ée inch. 7. The apparatus
of ol aim 1 fEFRAEE SEETB ATFaREsE o Febiah A RRPEgUeN BF PERYSH FElr egul ate &
tenperature of the pressure vessel. 8. The apparatus of claim1l, wherein the
cooling systemfurther conprises as |east one of fins coupled to the
pressur 8. ves$kd agmarauscoiotlaing 1| whérein. th® codding| systedmclatthérysimprisechd legst pstoém
conprisi.ng: a fluid catal yst cracki unit (FCCU) having a reactor coupled
to a re&@gw{egrt?thﬁr%esé“r@ £8r %rta%o[}&&ﬂag]%%l appar atus coupled to the FCCU
and configured to neter catalysts renoved fromthe FCCU. 10. The system of
claim9 further conprising: a heat dissipater disposed between the catal yst
wi t hdr aal apghiditaidysincicking systeracomprigingg  heat di ssi pater adapted to coo

cat al yst novi ng. be n the ca wi t hdrawal apparatus and the  reactor.
15 e syst bAfgRetaE TrragTe GRLFGGT g aata G <BRE Bre Refieratr Bishpr | see.
a catalyst withdrawal apparatus coupled to the FCCU and configured to meter catalysts

removed from the FCCU.

10.  The system of claim 9 further comprising:
a heat dissipater disposed between the catalyst withdrawal apparatus and the reactor, the
heat dissipater adapted to cool catalyst moving between the catalyst withdrawal apparatus and the

reactor.

11.  The system of claim 10, wherein the heat dissipater further comprises:

one or more heat transfer fins.

12.  The system of claim 10, wherein the heat dissipater further comprises:

a conduit adapted to flow a heat transfer fluid therethrough.

13.  The system of claim 9 further comprising:
a metering device disposed between the catalyst withdrawal apparatus and the FCCU, the
metering device adapted to regulate flow of catalyst moving between the catalyst withdrawal

apparatus and the FCCU.
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one or nore heat transfer fns. 12. The system of claim 10, wherein the heat
di ssipater further conprises: a conduit adapted to flow a heat transfer
fluid therethrough. 13. The systemof claim9 further conprising: a netering
devi ce di sposed between the catal yst withdrawal apparatus and the FCCU, the
nmetering device adapted to regulate flow of catal yst novi ng between the
catal yst withdrawal apparatus and the FCCU. 16 14. The system of claim 13,
wherein the metering device further conprises: a valve coupled to the

catal yst withdrawal apparatus and adapted to selectively open a passage
defined between the catal yst withdrawal apparatus and the FCCU. 15. The
systemof claim 13 further conprising: a sensor arranged to provide a netric

i ndi catjve catal yst, entering.the catalyst. w thdrawal. apparatus. 16. The
syst om B o e s aan S HaRT F e IR BRo e v MR FPEBUAR0 ™ st one of
lload cell, a @iNd esupmdd t@'th@rc@t%@blt_rQitﬁ(ﬁﬁ‘\%ﬁlrapparafdsca\ﬂdsaﬁgﬁ@d t@kelécthvBlyedpea@nsor .

17. The systemof claim9, wherein the catalyst wthdrawal apparatus further

conpr i sressagadgiined batweey dwsatalyshwithdravalrapppreius aed ©9d€dd).i n t he pressure
vessel and coupled to an effluent stack or other safe |ocation. 17

15.  The system of claim 13 further comprising:
a sensor arranged to provide a metric indicative of catalyst entering the catalyst

withdrawal apparatus.

16.  The system of claim 15, wherein the sensor further comprises:

at least one of a load cell, a differential pressure sensor, a flow sensor or a level sensor.

17.  The system of claim 9, wherein the catalyst withdrawal apparatus further comprises:
a pressure vessel; and
a vent port disposed in the pressure vessel and coupled to an effluent stack or other safe

location.
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