MATERI AL W THDRAWAL APPARATUSAND METHODS OF REGULATI NG MATERI AL | NVENTORY
IN ONE OR MORE UNI TS BACKGROUND OF THE | NVENTION Field of the Invention

[ 0001] Emwodpnmensm4of the invention generally rel ate toPaTrast@wiosds4o

wi t hdrawal apparatus and nmet hod of such. Particularly, the invention
relates to material w thdrawal apparatus and nethods of netering and

W t hdrawi ng one or nore materials fromone or nore fluid catal ytic cracking
(FCO) unit and MAETBERIADLr WITSIDRASVAL ABPARATES ANDWIEGHOBSOf

acryl oni t r OEREGUDATING MACERTADYINVENTGRY IN ONEEORMORESUNZDS ot her

i ndustrial processes, etc. Description of the Related Art [0002] FIG 1 is
a sinplified schematic of a conventional fluid catalytic cracking system
130. TheBAGKGROQUND/OFTHEINYEYTION em 130 generally includes a fluid

catal yti ¢. i FCC) unit 110 coupled to a catalyst injection system
100, a pgltef({)%gtﬁﬁi‘%@gﬁo’étock source 104, an exhaust system 114 and a

distillation system 116. [0003] The FCC unit 110 includes a regenerator 150

and a r eppi?| EADdinldifs 6BRE iVendior s@idraIRY felare ROLB8RibIWitkdhdhyt i ¢ cracki ng
reaction of the petroleum feed stock and delivers the cracked product in

vapor f oapnarajug dnsl mebod of sudho Pagyaasty, theenv@piondelotes 4 ysteriat wmhtitsavat r acki ng

oo TR SO P EhE AR PR oS SRR AR R0 &

rej uvenagRg ARlRkMHiic Eadkfld HERDUGRhIYH of Rforé 885 FEC AR suén goNt i nue the

petrol eum cracki ng process to burn off coke fromthe catal yst. The

r egener amenufectuad gfsicrylgnitrite rasrmeamif zabare ©f gyridine andh@s dedctioes, 862 othercont i nue
t he petrol.eum cracking process. [0004] The fluid catalytic cracking system
gener al | PIPHERLRIRSESSESFBE: unit coupled to a catal yst injection system 100
that mai ntains a continuous or sem continuous addition of fresh catal yst
to the inventory circul ati ng between a regenerator and a reactor. [0005]
Duri ng tPescriptiah pf ihe Related@st there is a dynam ¢ bal ance of the total

Gt 11 7 ngOphEHRa 36 pormipbeschemuas 6 ehasat euE eyt crding Sy
vari ous mﬁmd%ﬁmwcc&mi%sgs@ﬁﬁd $ELD iRABARM NG LAGRC! he ef T uent
exiting the regenerator, etc. 06] If Yhe anount of catalyst within the
FCC uni t crdcking (HOEpurav £10 ¢taupied tbhecatalyst injection system 100, a petroleum feed

stock source 104, an exhaust system 114 and a distillation system 116.

f0003] 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 to

regenerate the catalyst by removing coke and other materials. The rejuvenated catalyst

is reintroduced into the reactor 152 to continue the petroleum cracking process to burn

off coke from the catalyst. The regenerated catalyst is then reintroduced into the reactor

152 to continue the petroleum cracking process.

[0004] The fluid catalytic cracking system generally includes a FCC unit coupled to a

catalyst injection system 100 that maintains a continuous or semi continuous addition of

fresh catalyst to the inventory circulating between a regenerator and a reactor.

[0005] During the catalytic process, there is a dynamic balance of the total catalyst

within the FCC unit. For example, catalyst is periodically added utilizing the catalyst

injection system and some catalyst is lost in various ways such as through the

distillation system, through the effluent exiting the regenerator, etc.



performance and desired output of the FCC unit will dimnish, and the FCC
unit will becone inoperable. Conversely, if the catalyst inventory in the
FCC unit woonmarems4over tine or becomes deactivated, thecrasadopsssobed | evel
wi thin the regenerator reaches an upper operating limt and the deactivated
or excess catalyst is wthdrawal to prevent unacceptably high catal yst

em ssions into the flue gas stream or other process upsets. [0007] Thus,

there i s[goOBPEUhE BodntBEcalalydt withinte #FO uBP@idinishiss e tiafel tef or
wthdrawg@rraterl als fromone or nore units, like FCC units. BRI EF

DESCRI PTpaferrapoosindrinsirpdippipyeotthe Fegvanit wbdingishnddheECsurgf wilhe

invention wll. be t forth and parent.fromthe. d iption of exenplary
enbodi meRFo AR ovgr datar RRERY i EROTL e TRt hgfteds SEF L he
enbodi mefing 0@ beddifiesi ¥R atedN theAdh sk BE@RIevaIWARNABE fepbhdrhtoP featRaldnzed and
attained by the nethods and systens particularly pointed out in the witten

descri pt pper aparadhalimgt dndrtbofeactvatof bt exosss eapalyst hiewithgramabd pievsstngs.

0005 A0 SRR, Sl eI S b Aol R
a_sensor oGP ThERh A RIARGRITof NitkidgiaPuANIALI hiflardil Qliablaber i al outl et

cooling fluid inlet, and cooling fluid outlet. 'The material inlet is

coupl ed wihditawirgmtegialsfram anelot mereswmitsoliké EC€oupsed to t he heat exchanger
to provide a netric indicative of the tenperature at the material inlet;
material outlet; cooling fluid inlet and cooling fluid outlet. [0010] A
second egRetlk MERICRAPTIR | nvention provides a material w thdrawal apparatus
having a vessel suitable for high tenperature operation. The vessel

i ncl udes[(968blibepurpasd andadvameges of efriboldimponts ofthd imvediiex hall e sgdotth The

l'i ner cog%;i ses a_heat insulating refractory material,. The liner at |east

parti al | §idcanpareat fRg thn Aescriptied geexFrPlpmedndupeniaat il snas wethat
compr! St gl Be RAkd HSHARLL BPieEhitRAlALY; BPie riﬁ@nﬁ?f'[pgdgiddnapwvtma

di scharge port are int essel and the ort Is con?‘l%gured to
recei ve wili bedrealizedrmiderttamled by ol methiodsistd systemst parfi@0drlyl poidtetifour th thabodi ment
provi des a nethod. The pethod includes; wthdrawing naterial froma unit to

a heat e‘JY_E‘H%EhQ%SC“EB%P%CIPW%%C({%‘?%‘W] ; emrihe ﬁ_%Pq’?_Q%H d@¥dhEnger has a
mat er i al EdOUbFAhteﬁxb%ﬁhﬁédt AF tRYhb&ionPreAaLd Mhalekidi FithaGla AuEOopld N9

fluid outlet” w respective tenper trur es; nmeasuring the %g%ﬁect ive

t enper at marsiabvithdrawakbdpparaads includés abdae exalangertdndta; senwol Mhg htdtui d i nl et and

cooling e];xlclkjlidr(ljge(r) lijr'ltclluedtes gfmaftgr?al ri]r%gg, me::i)t(ecriha?rc]ngltel}erti cooling fluid inlet, and cooling fluid
outlet. The material inlet is coupled to at least a unit and the sensor is coupled to the
heat exchanger to provide a metric indicative of the temperature at the material inlet;
material outlet; cooling fluid inlet and cooling fluid outlet.
[0010] A second embodiment of the invention provides a material withdrawal apparatus
having a vessel suitable for high temperature operation. The vessel includes an outer
wall, a liner, a fill port and a discharge port. The liner comprises a heat insulating
refractory material. The liner at least partially covers the inner surface of the outer wall
and the liner comprising a heat insulating refractory material. The fill port and discharge
port are defined in the vessel and the fill port is configured to receive withdrawn
material from at least a unit.
[0011] A third embodiment provides a method. The method includes: withdrawing
material from a unit to a heat exchanger coupled to the unit; wherein the heat exchanger

has a material inlet; a material outlet; a cooling fluid inlet and a cooling fluid outlet with

respective temperatures; measuring the respective temperatures at the material inlet;



determ ning a change in tenperature between the material inlet and materi al
outl et and determ ning a change in tenperature between the cooling fluid

i nl et andwoaolomgishl uid outlet; and correl ating the charge&/tisSrowesyer at ur e
between the material inlet and material outlet and the change in
tenperature between the cooling fluid inlet and cooling fluid outlet to a
nmetric of material withdrawn fromthe unit. [0012] A fourth enbodi nent

provi des naudiRi bakt; dveinFERidB1diAGH dO6lHg Maitl bErlevdMBe REd ekdtdhgét om a uni t
into vessel coupled to at least a unit; and neasuring the netric of

mat er i al doferpi@ingmchangdin hBpewiye betwegs theomaierial inlat gad maggriaboetdst apd| | | a

liner, a,fill. port ;and a .dischar ort., The,li £, C ri.ses. a heat

| noul at § dgerupRad ofpee B ErpertidfefRh me' Spurpdie FRIPPATFORAGR: (ne

i nner  subh@é eardf corReatiALtiRs chimbe irr@shpeRfurk bBEVeeh GRPMbtHADinfet ARd makdtiall at i ng
refractory material. The fill port and discharge port are defined in the

vessel anutletiaad the ¢hapgy in tempergivire heivedn the qoebiag Waiduntds dndiogolimgtfbridal from
at | east nit. [001 fifth. enmbqodi ment provides a system The system
i ncl udesoaﬂeﬁrﬁ??n& %%Pfg‘ha@BafaW@féwz oré\Tﬁlethﬁtawal apparatus. Materi al

wi t hdr aWPOO1@?lAaﬂ’o@IrtH%nibBﬁixﬁ@ﬂ%rcﬁﬁdés%ﬁéth@d.n?ﬁ@ﬁfeﬂﬁﬁ' iBaL&sk: HidmaAvifg oup
consi sting of heat exchanger, a vessel, and conbi nations thereof. The heat

exchangematanigl framsa enihimt@vésat! donplet o atdeast ranitpand measuciog thengetricwfd i nl et ,

2nd the befkoel WibadiniRine SSe e andigs in §E Gl dEng’ pofir * U™
i ndi cat i ¥4 PhistRRed FORETRE 1h& c%?nﬁﬁ'i@@s AR £ Hsﬁiatfh% kGtacidFphd Bl oYLl et;

cooling fluid inlet and cooling uid outlet. The vessel 1ncludes an outer

wal |, a lingret Jeast fartidllypmversahelinmedswstaea ofthepotdr walhand theEnercmmprisges a heat
insulating refractory. material. The |jner at |east partiall overs the
i nner su?ggﬁfén ?t{“ﬁégf&ﬁ“é‘?.%ﬂlalaﬁge {lhé’oftiaﬁ@rdlst? frsf Egﬂﬁﬁe ‘gefﬁ’é?.atmf sul ati ng
refract O{Ié’sséfain@][th@{i}l pbi§s EddeleuRr b r@éwved\!vﬁﬁmevﬂer‘nzﬁ&ﬁ%l ﬁﬁ{nﬁraﬁ% Beghid n the

vessel and the fill port Is configured to receive w awn material from
at | east [(@1@hiAtfiftDESERIIRERPioTideT hisy DRAVIINGS s{cDé¢]udéh e uat congledyd ang

figures, which a in orporatg& in and constitute part of this
speci f i cH’La_Feélﬁ?W&F‘g‘al‘”ﬁE?RP&E’d“% piriaCYRdaval PRGN ey et
under st apgdj g, %fle&é@fr%ta@gueﬁg%sﬁ'iﬁg%ﬁ}lgt ekt\ﬁan@@ﬁ,’ §9E4seN and ngﬂf)ﬁg{imw th the
description, the draw ngs’ serve to éxplain the“prfinciples of the
i nvent i othefe®f.1%he Rédbekchangar isdhédesat inatednbigicamatbrial oy endlig@hidiateer i al
wi t hdrawal . apparat us i n accordance with an_enpbodi ment of the present
i nventi o?f}d cooling fluid outlet. The matenal inlet is coupled to at least a unit and the sensor 1s
coupled to the heat exchanger to provide a metric indicative of the temperature at the
material inlet; material outlet; cooling fluid inlet and cooling fluid outlet. The vessel
includes an outer wall, a liner, a fill port and a discharge port. The liner comprises a
heat insulating refractory material. The liner at least partially covers the inner surface of
the outer wall and the liner comprising a heat insulating refractory material. The fill port
and discharge port are defined in the vessel and the fill port is configured to receive

withdrawn material from at least a unit.

DESCRIPTION OF THE DRAWINGS

[0014] The accompanying figures, which are incorporated in and constitute part of this
specification, are included to illustrate and provide a further understanding of the
method and system of the invention. Together with the description, the drawings serve

to explain the principles of the invention.



[0016] FIG 2 is a schematic diagramof a material w thdrawal apparatus in
accordance with an enbodi nent of the present invention; [0017] FIG3 is
schemat i cwoiagveassdet ai | i ng a heat exchanger in accor daRCe/Us2a0/053940

enbodi ment of the present invention; [0018] FIG 4 is another schematic

di agram of a heat exchanger with a seal in accordance wth an enbodi nent of
the present invention; [0019] FIG5 is another schematic diagram of a heat

exchange[ooysi IFIG. 156 alschaatic @i gd AR OF a\bbhvent@iond A ABAth@iwilppRhakent
invention; [0020] FIG6 is a schematic diagramof a material w thdrawal

appar at ugcardance Wil anearbpdiaes off theprageabinganiéen;wi t h an enbodi nent of t he
present | ion;. [0021] FIG 7 is.a flow.di.agram.of a method of regul ating
o ol QHBRFIG 23 p Sliblapiicialoh 28 o S BRERT A e a0 st Do
present ivihentdntibdinasd of @Zmkbsdnt favendisn;a 1 ow di agram of another nethod of
regulating material in at least one unit in accordance with an enbodi nent

of the pl@YEhFIGAiepehicontif dogsim Tetailimgia icaneschamgee i aceatiiange withent i cal
reference?‘lﬁu(ireraLsf%ave beten c}l@ed, where possible, to designate identical
el ement s “PRATEPEOCBFRER I"YHEPi gures, except that suffixes may be added,

when app@nsi &G4 i§ fdihdrsBh&MiiAdiferamT AlcaiBRhangel REi IRIEH I N the
drawings are sinplified for illustrative purposes and are not depicted to
scal e. | acdosdanon wathpinarddirhertt of dwtpresest mvestiaps of one enbodi nent may be

beneficiall.y. i rporated jn ot her enbqodi.nents,without furifher recitation.
DeTal LEDtg RS Ri b Sl e o AL Ber S eal et 1 of o onbe
char act eé&oﬁ?a%h&%h%n'ehﬁ%dﬁﬁerﬁ%E}ﬁ:ﬁﬁ@é@:ﬂingexﬁ)c%nt;s throughout the several

views shown in the figures. It 1s also understood that terns such as "top,"
"bot t om [0020Lt¥a.0ds 4 sChematic djdgran df b heatdriadk evidudeawad npigaratiis sathveeddlizage and

are not to be construed as |i 't'.n%%(t%rrrs. EOOZS\] Ref erence will now be
made in YESEHIP AEWPTEERPY! a;}“‘éﬂ]b&dd?l R LDGPrepdht INVSHERT on whi ch are
illustra [ j fd iRaf ' 0; he
craw ngs! g BERGT a1 £ TPp G g e D ARl NPT ER) (T R ROP 0% o

descri bi agosfaact withlaarembodooktmefitheqgiredeheinvenmentt bd and are not intended to
limt th vention thereto. [0026] Wenever_ a particul ar enbodi nent of the

i.n
i nvent i Oﬁ)()pg] OeP 158 f}lqyﬁﬁlraggagl another method of regulating material in at least one

unit in accordance with an embodiment of the present invention

[0023] To facilitate understanding, identical reference numerals have been used, where
possible, to designate identical elements that are common to the figures, except that
suffixes may be added, when appropriate, to differentiate such elements. The images in
the drawings are simplified for illustrative purposes and are not depicted to scale. It is
contemplated that features or steps of one embodiment may be beneficially incorporated

in other embodiments without further recitation.

DETAILED DESCRIPTION
[0024] In the following description, like reference characters designate like or
corresponding parts throughout the several views shown in the figures. It is also

non

understood that terms such as “top,” "bottom,” "outward,” "inward,” and the like are
words of convenience and are not to be construed as limiting terms.

[0025] Reference will now be made in detail to exemplary embodiments of the
invention which are illustrated in the accompanying figures and examples. Referring to

the drawings in general, it will be understood that the illustrations are for describing a



consi st of at |east one elenent of a group and conbinations thereof, it is
under st ood that the enbodi nent nay conprise or consist of any of the

el enent s WO 20tv2g189up, either individually or in conbi naCirars2euonbsoany of
the other elenments of that group. Furthernore, when any variabl e occurs
nore than one tinme in any constituent or in fornmula, its definition on each
occurrence is independent of its definition at every other occurrence.

Al so, Cﬁgh’iiﬁ@lhf efBodinestbfht inventicn anldre hoviatendbd RSliditehPrivehtssi bl e only i f
such co nations result in stable conpounds. [0027] FIG 2 is a schematic

repr esenthgfdton of an enbodi nent of a material wthdrawal system 200 for

r enovi ng E g& more types of eri al from ne .or re uni.ts 201 . The
mat eri al [(Rﬁ }1 heRs elraﬁ}lara alljrsen?%ﬁ)gfme 350?5 eart lé)% arll(ggr COH%R8 one or nore

sensors é’(ﬁﬁlst 35& le2B8ne i8feaist 2808up INEcdifBiha®o: Rae6r, 1t3§ﬂrnddﬂ§tbd}kﬂﬂﬁt one or

nore material inlets 232, one or nore material outlets 234, one or nore
cool i ng themrrdmdum:rétr@ammpréﬁ@r eonsisy pf wm@ftb@@lemgtqufmh@grpnp,@tl@et 0 238. The
mat eri al |nI upl ed material fromthe

e 5oy e R bR iRy RUE Mo berir IR 0o et o or to
exi ting Fhendifate, eo;ﬁhaﬂﬂeamaﬂéo@dﬂfmg& thA€onBhRE ihnyPetns@fuer34-in The

mat eri al passing through the heat exchanger 214 is cooled by a cooling
fluid enfoe‘muivglts defilitian oexaﬂamerrems irtdeperglent ¢fatsodebinitiny 4tleuént othret 232

d t heat h h | flui t]l et. 234.
P02, | DG, SR EATIHRES of uibslitb el Sk Fariben® plmisuil enly
sensors %ﬁt@oﬁfmﬁﬁ%n%sﬁpq@stggg%h@buﬁdgl et terrperature sensors 280, one or

nore material outlet tenperature sensors 282, one or nore cooling fluid
out | et t K082} Etwrleis aenb@nalczsmesm@ilommf aorenlhwﬂan@E@Ifamlgatémal|vdthdm\ml

tenperature 286 to respectivel I‘OVI e.netrics indicati of the
t enper at AT 200 (S STRRVIBE PAF Of ROk YRRt TAFHA: BPTLORS Grmesanis 8l ng 11 ui d
1 et 23 kPRl W 123 Pheal BECHRERSIALMAGnlr e ML e 1

inlet 232 i1s indicative of the tenperature of erial entering the
heat excsh:asrgeQSQ,lZBH 28 28hend 2DO. Tﬁdhezifle&cltaagq:xe}latmcledatorterw nmrmaerl al

outlet 234 is | i ive of thete eof the mater. al g the
heat ech&WIj‘é]rm gﬁrﬁéef’éf?ﬁéf‘r%‘@lﬁlé ﬁl‘f 4 8B7 PHgOra olng éfi( k’éﬁ

i ndi catiy  ABRAIRY Ol 138 h'é'rﬁiﬁ S SN Q! &Changer
214 whi | e%t gfrlr%g}r}i(t)u@e at&tlﬁgﬁgg{) fegg fl uu}| ! et 236 %s?tpl ndtpcatela\g/.te of the
t enper at unie2@if sothhi mgtefiblufromeke tning01 may be phssed dhraunglethe 24t exblaamger m t i ng

exanpl es_of te ature sensors, for illustration and not L|im.tation,
i nclmljde %@qﬁi&%&ﬂ ;gg)r tqof:magg F}getlgﬂ{:@(changer 214 through the material outlet 234.

The material passing through the heat exchanger 214 is cooled by a cooling fluid
entering the heat exchanger 214 through the cooling fluid inlet 232 and exiting the heat
exchanger 214 through the cooling fluid outlet 234.

[0028] In one embodiment, heat exchanger 214 includes a plurality of sensors such as
one or more material inlet temperature sensors 280, one or more material outlet
temperature sensors 282, one or more cooling fluid outlet temperature sensors 284, and
one or more cooling fluid inlet temperature sensor 286 to respectively provide metrics
indicative of the temperatures at the material inlet 232, material outlet 234, cooling fluid
inlet 238, and cooling fluid outlet 236. The temperature at the material inlet 232 is
indicative of the temperature of the material entering the heat exchanger 214 from the
unit 201. The temperature at the material outlet 234 is indicative of the temperature of
the material exiting the heat exchanger 214. The temperature at the cooling fluid inlet
238 1s indicative of the temperature of cooling fluid entering the heat exchanger 214

while temperature at the cooling fluid outlet 236 is indicative of the temperature of



Thermoneters, and IR caneras, either individually or in a conbination of
two or nore thereof Pt Resistance Thernoneters neasure tenperature based on
changes iwoebmargissal resistance of Platinum (Pt) at di PCENSR409/055940
tenperatures. IR caneras use the neasurenent of infrared |ight em ssions to
measure the tenperature of an object. In one enbodi nent, cooling fluid
outlet to 236 and the material inlet 232 are |ocated at one end of the heat

exchangegoddibg (Wi bLitihBehLirat bmaﬁ$éfl2d4.i Ncﬁtlirﬂﬁﬁxﬁ%ﬂﬁ'm bR ofBin®fekahreout | et 234
are |l ocated at the opposite end t he heat exchanger 214. [0029] The

sensor 28Msors, foonfusgratienl amempIrlnmutaiwnaimhldﬁdelei'In@nwalesvlét Ryfsistamee anount  of
cool i ng ihw d aSSI n hrou h the heat eécl?han er 4. The zensor 290 nmay be
interfac et z} asy pitheg indiyidy dmiué’nt(ﬁ WREHMNY f 1 uid

outlet 2360y Pt Resisafdd marfnbﬁie@trs RleBture @8npefithRT038dd MEtDangtd i FRARA 290
may be interfaced with the heat exchanger 214 to determ née the anount of

cool i ng fdsutamcpaﬁglangumm’t)mgHlffem@th@aperewmsaﬂgeﬁm@amuselthe trivesweerbentiafent
depi ct ed he sensor fl ow.nmet er ri{lerfacgd W th the

condui ¢ g}'&%ﬁﬁlﬁ% St o Frearse L EmECtaBE PhED PGr I A nBadment 00T The
eSS Or @it Bhudih b BADEThALHA el YO NGtk oROLn B OResleT | ved

using the terperature infornation obtained fromthe w thdrawn material and
cool i ng éxahianigqraddiwigletthe cergingtfhed hdeit23@xwd aingmatepizhoutlst Agy areHeattedoal ance

nodel . In pne enbodi ne si nce. t he s or quantity of w thdrawn materi al
fromtheaﬁ}ﬁ?PPP%S“ﬁﬁBgBF@(ﬁW?‘%‘%%‘éﬁergﬁ?ance around the heat exchanger

system  mo39 %@E&]Swﬁ% WI af@g\ﬂﬁé@ﬁ%@ m&hfc‘?ﬁcﬂ%thv%%‘f“ﬂ&r@ﬂémﬁ%

determ ning he anount rawn fromthe unit 201 is not
requi r edcaalinig fividpadsing thengh ited haat é)kuﬂxmlz1$y§hemr&6ﬂ29(knmwbsimatfacaﬂI y free
of a vessel utilized for rneasurllwgct mat er i a netering vessel). In

anot her ¥HBaHIeaetRne of the ¢andpus P ithg C‘?ql’é"&é]“l“il Briet 23A10F thepPoling ough t he
heat ts th
eal  exCAfRG et %&% @gla‘ilréétf\}zg S,el{é_rs%l#%? 2@0‘?1‘?2181 %%%érﬂgbé@wﬁﬂ%e%a?&cﬁg%‘?c S the

heat exchanger e vess e a sinple stora
shi ppi ng2 bhit detératine e atnoet ef doodiny Eaikpaswinp civooginthedearssxdhdmger 2 Btlundancy
or calibration of the heat balance. Thus, in _one enbodinent, the delivery

line 1181ndép epbedingnt Aepisise 1 5Ep - tiesteapqrA90fs 6#9%6%%@@6%%@&6 to the
vessel . n%hﬂyﬁg ngﬁpgﬁhﬁttgqhg% %'?ﬁu&rﬁﬁé?rz'ﬁl wi t hdrawal apparatus 200

may be use ocesses ave varying degree of specificity
i n net er MH30hThamasndr @faniityt dfdviehitawiheutdrls frdmule usiepenian be dpdved he

specificity ofcal culating the ampunt of wi thdrawn material, the mass or

quant i t yosng fettpperapire in ormation obtained from the withdrawn material and cooling
fluid passing through the heat exchanger 214 using a heat balance model. In one
embodiment, since the mass or quantity of withdrawn material from the unit is
measured by a heat balance around the heat exchanger system, a separate weight
measuring vessel or other equipment for determining the amount of material withdrawn
from the unit 201 is not required such that the material withdrawal system 200 is
substantially free of a vessel utilized for measuring material (i.e., a metering vessel). In
another embodiment, a withdrawn material flows from a unit 201 through the heat
exchanger 214 and then through a delivery line 118 which connects the heat exchanger
214 1o a vessel. The vessel may be a simple storage or shipping container, or a metering
vessel which can be used for redundancy or calibration of the heat balance. Thus, in one
embodiment, the delivery line 118 delivers withdrawn cooled material from the heat
exchanger to the vessel. It should be appreciated that the material withdrawal apparatus
200 may be used in units or processes which have varying degree of specificity in

metered the amount of withdrawn material. Thus, depending upon the specificity of



material fromthe unit (i.e. the catalyst cooled and transferred to the
spent catal yst hopper) may be cal cul ated by a heat bal ance around the heat
exchangerweystoansisy t he use of the foll ow ng equation, WwCThiSesomsidhout a
metering vessel: Mass of cooling fluid X Specific Heat of cooling fluid X
(tenperature of cooling fluid at cooling fluid outlet - tenperature of
cooling fluid at cooling fluid inlet) = Mass of material X Specific heat of

mat er i al calclh@iEPRE akidua: f withdrawhahatédial Nk @idsbr qunGity of Wiekgewat ure of
material at material inlet); wherein tenperature of cooling fluid at the

cool i ng Materigl Gow the up (1. & éhajentalys gopled mnd trrasfpmed Orihe ppamt edalyslensor 284,

wherein e ragure cogking fluihd at th opling.fluid inlet y be
dor ved PORRErArEbesdiuieR b AtherL i ar B8 B ok PRk Py B

mat er i al u@lofithefdIRinahs 8duadivh] with BRWidGuteheeads bewsr: i nformation from the
sensor 282, wherein tenperature of material at the material inlet may be

deri ved Mashof evfobingdluicd X Ppemitie Heatsevoolingfuoid X (emperagirb oficodimg fluidhe

material is catalyst t her mat eri al. wi.thdrawn. f rom uni 1. |I.n one
emboa mefoofe AutERh- RtRte ' ebSlip B Aime B Ed sl O e
mass of gaekiaNy Jebifid HEBYoMRatdAAI X e@niperitire BF Blaftal SNmaRaliArRe- f rom the
sensor 290. It is contenplated that the a netric of the anount of materi al

bei ng patcswdratine of grateridh @amatexiehambed s rwhessin temprsttoremifivedling flnig at e heat
bal ance descri e ve utilizing heat exchangers of other types and/or
havi ng o???iwgéﬁ’ﬁ??@%géﬁygﬁs&en[vﬁégﬂn ﬂ"ﬁo O_BE%SH?IW@E?S,“ ?ﬁ‘é Wég’_te"bxchanger
214 i ncl wafRraurkiof Sbola B tat #18208NAg AuliOMRk Rhy 2@ 4eri Mt #6mahfothaton
catalyst) flows fromthe unit 201 via the conduit 202 and a coolant is

ci r cul at &dmtthe sangbr 23fe Weodia tampevdturesoi20@eia fat Hednigetisleanct inay be r st condui t
202 and usi ng 204.to. extract h from.t he materiafl in.the first

he
condui t .CH :%Wnb oRIASod; TR the SeRSOT 3 s (WHEETR RopPEsEBre A maigrig @htheex changer

214 is spbghanhidihdy RAUNQEL BeHSineRthatidh $oaliHeabhdbr DGePIndbeNds or curves.
It should be noted that sone bends or curves may exist. In one enbodi nent,

t he fi r s¢mbahoent, tiR0Ratesalsivbstabnt oradthgr matpriglovithdoaren &odh dnie20lofin bends or
curves to an, anount

curves Lo BRI Syl 554 R0 S0 AL SIIFSE ehtnenolne
ronds o oEREERI) Baghe Rl ook LR RONIBY st bl sy bt o2, 10
and fr eecanfierygadd tloat thaia wegid of the asooondf mdtetid deirgassedhimotigh ¥hbat sur f ace
area. | nex%ﬂz?ng%??n%(}j/ibge e%e’rm&rpe% Jsinrgst%le heat balance described above utilizing heat

exchangers of other types and/or having other configurations.

[0031] In one embodiment, the heat exchanger 214 includes a first conduit 202 and a

housing 204. Material (1.e. catalyst) flows from the unit 201 Vié the conduit 202 and a

coolant is circulated through the coolant volume 206 defined between the first conduit

202 and the housing 204 to extract heat from the material in the first conduit 202. In one

embodiment, the first conduit 202 of the heat exchanger 214 is substantially non-

tortuous and substantially free of bends or curves. It should be noted that some bends or

curves may exist. In one embodiment, the first conduit 202 is substantially non-tortuous

and free of bends or curves to an amount of less than about 10% by surface area. In

another embodiment, the first conduit 202 is substantially non-tortuous and free of

bends or curves to an amount of less than about 5% by surface area. In a particular

embodiment, the first conduit 202 is substantially non-tortuous and free of bends or

curves to an amount of less than about 1% by surface area. In one embodiment, the first

conduit 202 of the heat exchanger is substantially linear. In a particular embodiment,



conduit 202 of the heat exchanger is substantially linear. In a particular
enbodi nent, first conduit 202 is substantially linear up to about 99% up to
about 95%voupiwmsmbout 90% up to about 85% up to aboutrCBaBRotanssUp t o
about 75% [0032] "Substantially free" of bends or 'substantially linear’
expressly allows the presence of trace anmobunts on non-linear surfaces and
is not to be limted to a specified precise value, and nay include val ues

that diffigk coidum 1026s SPREAntiaRH 1iMédru. to laBolP® 98 Mipae iaBBittas %, siphs tesid al |y
free" expressly allows the presence of trace anmbunts of non |inear

sur f aces?0%nuptquhout 82feanp tnabwa ReTet and eptssabent Y2l y free" expressly all ows

the pres of trace.appunts of. non-Jlinear circunferenc area, or vol une,
- r bspellrgk Y RERHTERE bbeRis BF Gpbo Py G b TR e f B o

ci rcuntf epREGRe oR @S arRbutObh! iBn-Vhed sutfasds maAREHbtto RO AintifedsbASheditdl | Y
non-tortuous and free of bends or curves by |ess than about 10% by | ess

t han abopreciseyalyy, dandgnay inghida yelues tna disler frogsthesperiigbvalu® . Bogneand | ess

t han about, 0,.1 % ."Subst.antjal,lJy free" .expressly all t he presence of the
Feapeot | VEORTERE SHISRALARY i Smrisel A BHR EE Bsterde of HicR oL R equi r o
the presgnGe si@stel! BeApartibhiihAGRBodifleal] “absRRNESy Rbe CakpY&QSly AIBR3 e

Approxi mati ng | anguage, as used herein throughout the speCification and

cl ai ns, pmgenige ofppéd avounds olalint-Yineam pircuraferéncas area oo volyo, int mepecgvely
representation thaf. could. perm ssibly vary .wi thout resulting in change in
the bas SFAGE S it sBiP ruqrehpha ey cRuB AR erg Py of YRiEofadi 11 ed by
a term sgefc@Rluil 29Ss biRGnRARY hon-Rruody BRA ABL bAbdnds bf 86rveS by Rs@@ant 0 be

limted to a specified precise value, and may include values that differ
f r om t heatspetd9i, byllesathae.abbut 3%, belass thawakoutr§,dydess tharhaboapPHéxiandt | ng

| anguage, may coyrespond to the. precision of ap ingtrunment f measuring the
val ue. P§°%HeaR ?‘E?ﬁ' %ﬁ't %P%@ﬁbff?%teéﬂeé‘f]y aﬁﬁ‘gﬁﬁ@ﬁﬁ%acq Wpté‘?)nbi nati on
with at : i Wi t ot QW j d is not
o be | 1R g Ehdfs BLALHSD TR O oul bR YR (8 D28 o

di ffer fnanliseaspadades eaiclyas bends[od08dks.| n one enbodi ment of the heat

exchanger 214, the_ housing 204 inclgélges. a tube nmaj ntai iri%ed .at a spaced apart
rel at i onl00PSh{\PREOXIMAILLE JaBgRgF1as5ed herpin Wrpaghouibe sresdication ARd fiRS ng may

vary andphspadhsiriaal! d?l?ysa‘?\ QAfndi Q0 Wi hiafibn GRRAHE 202

i ncl udes o%e gir)ﬂrmrengoro rugiqonré tglo ?Igtgﬁo?ﬁwtegeﬁ?gler sa?lBgo%u?ﬂtl Hi n spaced
apart r epeatnissibly ehgtwivieut eesthimghino ashmgge ih nhobsicefvhoibm®enthich itas pr ot r usi on
210 is unattached to the housing 204 to allow the |ongitudinal expansion of
t he condisiatedoAcqorfinglyya valye ppyydified by a term such as “less than about” or

“substantially free of” is not to be limited to a specified precise value, and may include
values that differ from the specified value. In at least some instances, the approximating
language may correspond to the precision bf an instrument for measuring the value.
Furthermore, “withdrawal of material” may be used in combination with a term, and
include a varying amount of withdrawn material and is not to be limited to a specified
precise value, and may include values that differ from a specified value.

[0034] In one embodiment of the heat exchanger 214, the housing 204 includes a tube
maintained at a spaced apart relation from the first conduit 202. The shape and size of
the housing may vary and is adjustable based on intended use. The first conduit 202
includes one or more protrusions 210 to hold the first conduit in spaced apart relation
relative to the housing. In one embodiment, the protrusion 210 is unattached to the
housing 204 to allow the longitudinal expansion of the conduit 202 relative to the

housing 204. In one embodiment, the heat exchanger 214 includes a first conduit 202



housi ng 204. I n one enbodi nent, the heat exchanger 214 includes a first
conduit 202and a housi ng 204 wherein the housing 204 waps around the first
conduit 280 2bickesmshel i x. [0035] The shape and size of trhe/yseabnsduons 210
or housing 204 may vary. For illustration and not limtation, the
protrusions 210 may be in the shape of a sphere, fiber, plate, cube,

tripod, pyramd, rod, tetrapod, fins, studs, etc, either individually or in
a conbi naid ®houshrgy ZBIf whdrBinahe hewdg 2 (ewtaps PE@induRe fifss caddhid 200 lixden fi ns,
studs or other geonetric shape extending into the cool ant vol unme 206
def i ned PPeen the housi ng 204 and the first conduit 202 that increases

P e 3Dl 0 L ORI ROl WSS e ol oct e

i ndepend sIons nensi ons of

each proflfussitish aliGhot liktilatioh NBe pfodfusna 2P0 enayBeGh tith RRPS bPNSpiRse, #idBE, h,
wi dth, length and shape, may independently vary from enbodi ment to
enmbodi nmeplateagberirmodppyapid red.tipisanedofing siusls, ta,Gither weivddpadly of ima f or

illustration on Th i ze of the protrusion 10. al s0 vary, and can
depond oftnoaReperdE B MRt Rk So8E 2 F gl T e Sl e
t he heat gxidtad gipe 2xenBing idd tRPESAAAGBAIME 20 asfaied R W RNGRe héwgabout

anbient to 870 C. The slidi seal and the coupl ed protrusions 210 all ow

n
t he firsZ04&ansdbe firggonduwt %‘)@o&%ﬁtﬁnp@nwtthmhmmaysfmeara@-i Bropeisies hkedebusi ng 204
over such eratignal .t enperagtures. . The heat,, exchanger 4 1y further
conpr 1 sPRIBEBh 240 By O rled B deny Of PO p SR ST T dibeRePhr ough
the cool @BldiMelsitR-of Ehéh FeaLaABA 2 b UhdluBRbhfoTRYalifleC QIR Bfled ot RI ower 224,
a source of cooling fluid 216 (such as plant air or other suitable fluid),

or an eddeptlorwidthg lengiht dnelrshiapedinvdydodéiepdentlyi vary &ty emboédimentter eof . The
290 be i d wth the. cogl.ant fl ui th. 212 to optain a

metric S eReTeng e Bk e PrbeRicRg Pk oS TR AIR ORE: heat

exchangerhediZe b0the ??&rﬂs_ﬂ)n& heo BRBIMAA A 6Rd SAIRIPeAE bR fts hbARxbhdRst A

exanpl es of coolant fluid include but 1s not Ilimted to, air, [ow pressure
wat er, hingindpd essure water, nitrogen, inert gas, heat transfer fluids such

h . _phenyl b K by Dowt h
) L B oAl TR ieaf ety B P X esr RHOMT Wy PR HERRERHTS) st eam
[0037] | Rn@goRReai Rbiknt 56%I020T ThWidineReAUAAIhE QAR prblridigss Yy ch

m ni m ze boiling such as high pressure water In one enbodi nent, the sensor
290 may glogwihgdirst coadhiaRo2 fd owandimgithdinalipeliteverte sixun@dingy20duokr as but not
lim ted stu%h %ggrtg{igr?al rtreer}xgerrétures. The heat exchanger 214 may further comprise a coolant

fluid (i.e. cooling fluid) path 212 extending through the coolant volume. The coolant

fluid path may be coupled to a blower 224, a source of cooling fluid 216 (such as plant

air or other suitable fluid), or an eductor 218, either individually or in combination

thereof. The sensor 290 may be interfaced with the coolant fluid path 212 to obtain a

metric indicative of the mass of cooling fluid flowing through the heat exchanger 214

for use in the heat balance computation. Non-limiting examples of coolant fluid

include but is not limited to, air, low pressure water, high pressure water, nitrogen, inert

gas, heat transfer fluids such as phenoxybenzene, phenylbenzene (also known by

Dowtherm™) 1,1'-Biphenyl, chloro derivatives (also known by Santotherm™,) steam.

f0037] In one embodiment, coolant fluid includes coolant fluids which minimize

boiling such as high pressure water In one embodiment, the sensor 290 may provide a

coolant flow rate that may be measured by such as but not limited to turbine meter,

positive displacement meter, orifice meter, pitot tube, Venturi meter, magnetic flow



positive displacenent nmeter, orifice nmeter, pitot tube, Venturi neter,
magnetic flowreter, mass flow neter etc., either individually or in a

conbi nat iwo 20fo/28us40r nore thereof. [0038] In one non-| ipairtisegoesivedi nent ,
a plurality of material inlets 232 are respectively coupled to a plurality
of units 201. In another non-limting enbodi ment, the plurality of material
inlets 232 are respectively coupled to a plurality of units 201 in

paral | el melef, rAasgd@loiw Gidled Etcl) @ithéd lmﬂvildlgll]?@mh oBMbinaflbn beest oranereof t he
material inlets 232 is selectively coupled to a plurality of units 201 .

[0039] |theweé non- I|mt| ng enbodl rrent a plurality of heat exchangers 214
may be SﬁfO‘.’,gjal 52 4Bh-§hiki8 Pg gl Uy Bra%%@cithmaterla Enflpisdy L ting

enbodi e pl-ura |ty 0 exclgrairCI ers e couple ed in par al | el

to an oufekgictioély@oBpled@tea pﬂirziht?@iunﬂtm(ﬁn%mﬂbﬂﬁﬁﬂoﬂ lififind@nBsdip@hient, a
plurality of heat exchangers 214 are respectively coupled to a plurality of
uni ts 20the Pll{r@EM@]f maﬁersmmlhrér23amsmmvelcﬁfcoaplﬁdtt<ea phnralvw pﬁunm&I Bppar at us
200, aplur ria | et s ectl a unit
201 i n PRt o PrrolRE hufliahBait Refdell Ao ERRER o fahaG R bt 12

al t er natjs\gleytivedpedupted © Bplifalifpdf dnits@oruni ts 201 by a diverter valve.
[0041] In an enbodi ment, the material w thdrawal apparatus 200 are

confi guré&@3%b Iwonhdﬁawﬂnﬁneﬁmébdme@mmerabty pitreet exvherge29214 may he as but not
limted to, bed edu

F it, fi
it & o teriaty Bovedsa i SingihapE 2ol e o ating Smgoibin gAY o B8 i {4
sui t abl eexfcﬁangek’sez ﬂﬁ'ﬁiﬁ B@Ewﬁed)fn 15989511@1 i Blhtié% of ﬁ@ﬂxgﬁ:t WBE 20401t §no‘ih€rt able for
i ndustrial processes, etc., either individually or “in a conbination of two

or nore. ndmllmltpwmnmdlmcntearphnlalngwf heatleachaigersi 24K ang teprcamelly capplad & us 200
may be confiqure thdraw material froma plurality of units 201 that
are FCC YLRU{ELYy p “%‘Ef lembodi ment, the material withdrawal apparatus may

have an m@@(%tlh ARGthe LRSS HEn Al aaxg%hapwftf?dlﬁwapé p%ﬁ%somm%xmﬁt dfuare
inch. The FCC unit is adapted to pronote catal yt| c cracking of petrol eum

f eed st omkteprlowmletteZBX aro nespectoehceouphsi tmwrinteZ(Hampargﬂwledn amotherconvent i onal

manner . e exanpl e of teri.al wthdrawal arat us. that . e adapt ed
to benef{EPIBAR Hé“%“fﬂf”imqato%?’%lé ali%%‘é‘i‘Y%%BO‘fH%e aRY %Pg‘é‘“‘ig%érbﬁ’tya
Appl i cat §;onMyaRer 11/184, 125, filed July 19, 2005, which is incorporated

by reference inits entirety. Another exanple of a material w thdrawal
appar at U904 hiatln maymbedameap,tthel material withdrawal apparatus 200 are configured to

withdraw material from one or more units 201, such as but not limited to, an FCC unit,
fixed bed or moving bed unit, bubbling bed unit, units suitable for the manufacture of
pyridine and its derivatives, units suitable for the manufacture of acrylonitrile, and other
units suitable for industrial processes, etc., either individually or in a combination of
two or more. In a particular embodiment, the material withdrawal apparatus 200 may be
configured to withdraw material from a plurality of units 201 that are FCC units. In
such embodiment, the material withdrawal apparatus may have an operational pressure
of about 0 to about 100 pounds per square inch. The FCC unit is adapted to promote
catalytic cracking of petroleum feed stock provided from a source and may be
configured in a conventional manner. One example of a material withdrawal apparatus
that may be adapted to benefit from the invention is described in United States Patent
Application Number 11/184,125, filed July 19, 2005, which is incorporated by reference
in its entirety. Another example of a material withdrawal apparatus that may be adapted
to benefit from the invention is described in United States Patent Application Serial

Number 61/026,343 filed February 5, 2008, which is incorporated by reference in its
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to benefit fromthe invention is described in United States Patent
Application Serial Nunmber 61/026,343 filed February 5, 2008, which is

i ncor por avecdotwo2smfierence in itsentirety. In one enbodi memtus2aoa@ssvat eri al
wi t hdrawal apparatus 200 is configured to withdraw material fromthe
plurality of units 201 through material inlet 232. In another enbodi nent,
the material w thdrawal apparatus 200 is configured to wthdraw materi al

from uni égirdgSinghREnitddehankihg asatrid vithikaviliagpahtue 20Ped écifipurad@as (LPO)
such as but not limted to Superfl ex( tr?ql process or crack heavy feed into

LPG i nst wibdeew Igatgaalu fm@néhmnluaaéltbgf uritst 201 thiough m%eﬂ%m&%i%m@ﬂ@@é%s or.

| n anot herb&f‘”' afetl ngftlil 1bvat AribGrat B R0l or‘é\“h&{ RBlnARRIALLR 200 My
be confi gure O V\A t raw erlia roma uni or pr ocessi ng

acryl oni frpinl lﬁnts-ﬁhﬂgﬁ@ﬁ ©fdradk gakdind iauALiqapmal Pditeleutd G2 (LPERSIch@RSuirat er i al
inlet 232 adapted for coupling to the unit 201. An exanple of a unit 201

sui t abl engtdimitdsetorpmpenflea il rpsoesiss 9t¢ryfi¢1€)h¢2tVbl |f¢fé1 intp BPGlingtesidadgaplinepr ocess.

Simil t d,f f t th
oyr 1 i netepsn b Sor ettt dhsraft o/ IBPR S nin AP PR Rr SREPOTRE b 200
ar e conf ngierigPwitRdidvihafpAMIYAI000MaY B@E&{ﬁgi%lr&i RAHHRITER GhATBMI Fro2h a bbR

invention are not limted by what nateri is being withdrawn or the form
of the nZldoi Iabcmxnggtcwlttmwlavﬁﬂhe Batamsl wsthdn‘a“@bﬁmatw bassat ddasherteer i al

| ude but gl Lupi.nosi | i cat es,
ore e Ptera] f opaaat o st wit pof an SBBEI T aaP Bimosi L one.
Non- | i i §d1ﬂagle@2$ﬁﬂ%|n‘i‘a%u%ctﬁrg of a&&mn%m@taqwl&&ed B&d prdeedsi Githflar RGWGRS

formed solid shapes such as m cfospheres, beads, and extrudates, either
i ndi vi duabd ysedrfor maaufadnbngatheonhmmalmum asmyrnelnfeor ms. Non-limiting

exanpl es_af erials.m referred as |nclud at al yst, roduct,
pondor . WB4RT TG endbabimrte BL e pEr U9 S ananatie 200y ontiehe ©

Non- |'i m&zitﬂ&a@r&%%h?ﬁma%a[@én@@n%od%&h@BP‘M{%Mn@e‘?x%ﬁ%Péh%t'lﬂﬁké&q%r Whaui tably
adapted material addition vessel such as a pressurized vessel,” a batching
vessel fioatedel is bemigrwittalzawn quth@t fopnwﬂélesmatami Heorgmedhdravnd Eshmplas ofuch as
m cr ospheres, bead and extrudes, eit i_ndi vi dual hé@ i n.a conbination

of two o‘for?ﬁﬂsg‘onfﬁ pferghits aregot Héteﬂé%fﬂ“é‘}éﬁ‘?ré ZisePRid, | ude, but
are not Alhﬂﬁo‘%ﬁlcta@s ¢S, QFI‘:%FH&?@QuQ YSn alc'anﬂﬂ?ati%%?%g%f‘ opf the heat

exchanger, a housing confines a coolant volunme around at |east a portion of
t he conchurmposHmﬂsaNsmldnmggma[mE@Bf sheszsntoﬁmatmmmmg]dedlquite poader)yit in a

manner t 0 the fjrst conduit to expand ngitudinally relative to
the hou OHBe W\Aﬁ%aﬁ?st%uﬁ a3 FRiTaF ﬁftssb?ﬂdss%dcﬁ%g%ls%|elta?réneléf§mafﬁ@a in FIG

in a combination of two or more forms. Non-limiting examples of materials may be
referred as and include catalyst, product, powder, additive, equilibrium spent catalyst,
and catalyst fines. Non-limiting examples of material withdrawal apparatus include a
suitably adapted material addition vessel such as a pressurized vessel, a batching vessel
for delivering as liquid, powders, and formed solid shapes such as microspheres, beads,
and extrudes, either individually or in a combination of two or more.

[0043] Embodiments of the heat exchanger 214 include, but are not limited to, as
described above. In one embodiment of the heat exchanger, a housing confines a
coolant volume around at least a portion of the conduit; and a sliding seal 208 seals the
housing to the conduit in a manner that allows the first conduit to expand longitudinally
relative to the housing. Non-limiting embodiments of sliding seal are described in FIG.

3-5.
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3-5.[0044] FIG 3. includes an enbodi nent of the sliding seal 208. The
sliding seal 208 includes a seal housing 304, a retainer 306, and a seal
308. The weabiodmssing 204 is coupled to an end cap 204. PLO0%2)09/653340 4

i ncl udes anot her enbodi nent of a sliding seal 400. The sliding seal 400
couples a first portion 402 of the housing to a second portion 404 of the
housi ng. The sliding seal 400 includes a sleeve 406, seal housing 408, a

ret ai ner[0040] FIGd. iachided arididboditiensofany eliding sé 208 Uhelslidingzend 208 ot her wi se
fastened, or connected in_ a substantially |eak free manner to the first

porti on Wemdes a peal §pvdng I agelainer 30@iand as08 308. ddgseddousing 70445 eeve. 406.

The retaj i ed into the seal housing 408 to retain the seal
agai nst %ﬁ@h?ﬁ%gPeggﬁgé??ﬂzoz_ [0046] FI G 5. includes anot her enbodi nent of

a sl i di npodspFIG0inciiaes slotishr ghboaizhenit BE h WHding 98 400. MHcsslidald ws4G02. The
bel | ows 502 couples the first portion 402 of the housing to the second
porti on crowlesfa HiepastoR R of thedeysing Fea feeoad partiop 404 abehouspigarBieus 200
may al So_j ¢ 2 led t e firs ondui t of the
noxt _exoHidBbHA5ad AERGROHRECAR, SOIRLEG ot Aol SEB8R TSRt o

f1 ui di ZeThageaiee10Bnsheldeal hiazell s Miscttigtemddt didoansttdBIneY Jubbtafiiignosed in
the vessel. The material w thdrawal apparatus may al so i nclude a dynamc

control Jgak {ree pronerdo ghfirsbportine 48Awhheusing. ghle el hansined?(8ris goepled tyas

v ough BEaicels b dbe FRERHLD 10 ERRAPRPL G houinEadt B M Pl Cona 1

about 10;g¥Bisefhe/fasc@nduit R02.anot her enbodi nent, the flow of material through

heat exchan&ﬁg is at a rate fromabout 1 neter/second to about 5
met er s/ si®06eEIG. b iaclpdes dnothea embndimatingeha sliding s¢al §G0.oTheraliding atalt hr ough

heat h i t t d,. with. I f
p- 1 o aoheey obdatne vefthndh S AR helaRt 0% FeroRe Brtaanidh 4R FfSugn”
heat excmﬁ@g@ﬁ0&§3@&Oﬁjﬁ@?gnqb4@pg@m0§gﬁgxers second, with a tol erance of

up to about +/-20% In yet another enbodinment, the flow of material through
heat excl@hgefhd mawriahwithdrawel applacants Z0may also srebusdedy gasisbhrca 2(161 er ance of

Up Lo ahouh e 0%l 09480 D UGS cobed Rt 12 depletsd i oure o
t enper at UieEmPEeE BHiliAA-ro TRRIINE 38lte £dfor! WAL oBNHEWilHdrIWh hnafeky |1 ner
620, fill port 104 and a discharge port 106. The |i ner

disposed in the vessel. The material withdrawal apparatus may also include a dynamic

control valve 220 to control the amount of gas delivered from the gas source into the

first conduit. In one embodiment, the flow of material through heat exchanger is

maintained at a rate from about 1 meter/second to about 10 meters/second. In another

-embodiment, the flow of material through heat exchanger is at a rate from about 1

meter/second to about 5 meters/second. In a particular embodiment, the flow of

material through heat exchanger is at a rate of about 3 meters second, with a tolerance of

up to about +/-30%. In another embodiment, the flow of material through heat

exchanger 1s at a rate of about 3 meters second, with a tolerance of up to about +/-20%.

In yet another embodiment, the flow of material through heat exchanger is at a rate of

about 3 meters second, with a tolerance of up to about +/-10%.

[0048] In another embodiment, as depicted in Figure 6, a material withdrawal apparatus

600 includes a vessel 602 suitable for high temperature operation. The vessel 602

includes an outer wall 610, liner 620, fill port 104 and a discharge port 106. The liner

620 at least partially covers the inner surface of the outer wall 610. The fill port and
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620 at |east partially covers the inner surface of the outer wall 610. The
fill port anddi scharge port are defined in the vessel. The fill port is
conf i gur estot2o1veessiuve Wit hdrawn material from one or noPETAIS2409/02020 [ 0049]
Cooling fluid may be provided to the bottom of the vessel such that the
cooling fluid bubbles up through and cools the material disposed in the
vessel. The cooling fluid, such as air or other suitable fluid, may be

di stri buiRehag@pGt hielchintd il @wRedBl ETheM port idonfRasl o 6e2iowiRdhwhhe

w t hdrawn material. The source of coolant nay be a bl ower 224 or source of
cool i ng faisral from qrfeor neora wpite20b source of plant air). [0050] In one

enbodi ne | j.ng~Coils 1o be. d.w.thint vessel i,stribute the
coo t ng. MetPERrbm nfRmSLbEpRSid 1y ot FERE el ol oo
above, efihidesubblidiupithiéabh ¥nd®Eod1HeanRERALdiPos& intthe vEiselNOIR: coeBilig Pe used,
when the one or nore coolant fluids are circulated through the cooling

coi | s. THuidg sushi asgircwiother sayatiy flaide ey &g dissoputey emeng (he. yithdrawsyst em t hat
prevents_cont act  betwe the cooling fluid and the material di sposed within
Phe 'ves B TLhe SR QupEnt B yihatindh Beler e it XapRubBoY B nc

bet ween 4 BRwERLEA babotSHORAnYITIH 16 (16r 4Q8FA, a2BErcd of PRInt BW).f | Ui d
suitable for contact with the material). Non-limting exanples of cool ant
fluid i nE1028E Ibene drsbadament, poalg cods tabe ysedovithpn dssvesecl watistribuitg dle pressur e
water, nitro ..inert gas, heat transfer flui.ds such as. phenoxybenzene,
eyl befiouie TRl BFORR BTG MR £1gm iSS meBRaNg e Bun ch g

deri vat i y@asyiG@i§Qr ki edRbRY%i SRBE QG HbleMan) beSisL@Wh&] (e ok bPRford Ndi vi dual |y
or in conbination of two or nore thereof. [0051] In one enbodi nent, the

mat er i al coulartdiuadsedre appdatad tdeoegiOthe gpolimeg cailsc [Thdesobngredibrmagbyavi ce 256
coupled to the fill rt 104 to monitor or control the anpunt .of terial
recei ved<iPs BPléysberrB szg'ea Sitg t%fr"’."e‘?"ﬁé‘)ﬂ@{’&i’w@el’d gicg 1‘235%“18r€§}’gﬁe an
on/off v 10 by 2=y ' ry v I devi ce
Ui £ bl 6o B R A tfen ool i ol P MRS A 201
i nt o t hedives sehta@(2iweEnahemetasriahdispesed oathh henmegsedl @bd n cooling fdanount  of

material b i ght, vol, , tine i spense or by other panners. The

mat eri al Surléal\%efj%ﬁ%m% Wit the mtqua%a%\% mytapgexamples Rl conbBtiN HEhncliRer oi n t he
unit 201 it ' [ j 1 58l figured to
renove a'%‘%‘[ji% a%.lgﬁt%&l%b%a’tﬁ)gﬁrt o%%r‘!ﬁgelfgr’ gg%ﬂ Igr? SS@%GQ %rstrm é‘%?‘n itr%élcﬂat(\g(rage]’gener at or

150 wi t hioest tramdfer fluipt sueh asfphanaxybasieng phenylhenzZef(dlsu knowihley et eri ng devi ce

256 typically renoves catalysts fromthe FCC unit periodjcally over the
course Opogt}mr@ﬁ“ﬁ)ea,l -Biphenyl, chloro derivatives (also known by Santotherm™) steam,

etc. either individually or in combination of two or more thereof.

[0051] In one embodiment, the material withdrawal apparatus 600 further includes a
metering device 256 coupled to the fill port 104 to monitor or control the amount of
material received from one or more units 201. The metering device 256 may be an
on/off valve such as an everlasting valve, a rotary valve or other device suitable for
regulating the amount of material withdrawn from the unit 201 into the vessel 602. The
metering device 256 may determine the amount of material by weight, volume, timed
dispense or by other manners. The material requirements of a unit 201 may vary. Inone .
embodiment wherein the unit 201 is an FCC unit, the metering device 256 is typically
configured to remove about 0.1 to about 30 tons per day of catalyst from the regenerator
150 without interruption of processing in the FCC unit. The metering device 256
typically removes catalysts from the FCC unit periodically over the course of a planned

production cycle, typically 24 hours, in multiple shots of predetermined amounts spaced
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production cycle, typically 24 hours, in nmultiple shots of predeterm ned
anount s spacedover the production cycle. However, catalysts may al so be
renoved fworetonesBCC unit in an "as needed" basis as di cudseaabive.

[0052] In the enbodi nent, the nmetering device 256 is a control valve that
regul ates the amount of material delivered froma unit 201 into the storage
vessel 602 by timed actuation. The control valve may include shear disk

(not  showr thoproaPaiinNgcRNHOIO&E, RYtalystahiPales b rdgoved Tran thesPOO@hENt , t he
shear disk rotates eccentricity while additionally rotating clear of the
orifice tf’oalbraé\?lP%fEd bags ﬁsqilé‘iiﬁﬁfﬁbaboé’éat cl eaning action that prevents the

Wil i3t Bl 43 S AL RY RS ISR RE s, UL B SR R IRl ok and

val ve se cause e va

adapt ed &xﬁomr@efrmeridl asivdred frBi«tﬂmﬁﬁlDEOl ﬁu@ﬂ@lst@bgeevefsmrﬁom ulﬁvsarl asting
Val ve Conpany, |ocated in South Plainfield, New Jersey. Qher control

val ves nﬁ;}uﬁlomerTrh&thX)@OlyVaﬂ)‘@ may jrickusg. Shf@@llﬁlq (nphghoray) o1 qpgning\ande 256 i s

d h i h |1
opened Sk Sk et N G5 ey gl o 1o

enbodi meadditinRmly r6afhg BleaVat te 5rifi8dio HVidER %R Aaes) ehticanBidtactibe Vessel
to atnosphere through a filter 116 while the vessel 602 is being filled

t hr ough thaepieeends thegvidulrawe caslyst f[rmmc]»ovmrxg thetskdingsartaees260h¢ sheandigked t o

t he di scha o control no t hdr I renoved
From t he pLotts abibafehud Enb e e BRRE” L Bl bbb R hown)
through gehefibirbitht iMRnASHHs HAilMIE BIPOE Imﬂastln@%wtﬁbﬁ;bamaha&te%ﬁﬁ i's
opened after the withdrawn catalyst residing in the vessel 602 has cool ed

to a predeitkPhiiniecddoNewmdersessOthedcomrd velvee selalte@ativdy bauplisdet er m ned

i od f f t.ta.allow the t f th t
Pt ol vs L0053 T FelerfriBkict 336 & Gipbd Bing® B Vel oPaE o igrsiire Dfssttﬁgn vessel
602. Thenprade0eduNSH WAtIdReh Rlatdrial® MY iltS tiEintePior %Flmesae%él by

controller 120 controlling the operation of the outlet valve 260 [0055] In
one enboctihbahment, Nentwontroloval veal 698, 62 mlayeberepe‘redngvdm\lh@eeszaﬁoand t he outl et

R T T e
enteri nggamnd Jxavi ng the vessel 602 may be accurately resolved. In one
enbodi nent, the outlet valve 260 is opened while a flow control circuit 108
pr ovi des[08b4] Anh cablewtal G2G8sis cOagiedito dhe Aideharged® port A06 td dntrohtherdanosunof t he
vessel 6(())t2 w}tl?drg\%g Scaeta y%} raelrr}/oved r(())nlc tlhgvx\zlegsré? gbZt thoethg ggesn? lcatgl(glgt s:[tg]rragegj/glsposal

(not shown) through an outlet line 694. In one embodiment, the outlet valve 260 is

opened after the withdrawn catalyst residing in the vessel 602 has cooled to a

predetermined or has resided in the vessel 602 for a predetermined period of time

sufficient to allow the temperature of the withdrawn catalyst to reach a temperature

suitable of handling outside of the vessel 602. The predetermined period of time may’

be set or adjusted by the controller 120 controlling the operation of the outlet valve 260.

[0055] In one embodiment, the control valve of the metering device 256 and the outlet

valve 260 are interlocked to prevent simultaneous opening. This allows data to be

obtained between valve openings such that the amount of catalyst entering and leaving

the vessel 602 may be accurately resolved. In one embodiment, the outlet valve 260 is

opened while a flow control circuit 108 provides air at about 60 psi (about 4.2 kg/cm®)

into the interior of the vessel 602 to cause catalyst to flow from the vessel 602 through

the valve 260 and into the spent catalyst storage/disposal via the outlet port 106.

Embodiments of the invention also include the outlet valve 260 being opened while the
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the val ve 260 and into the spent catal yst storage/disposal via the outl et
port 106. Enbodi nents of the invention also include the outlet valve 260
bei ng opemecdowni2Bm4t hef | ow control circuit 108 provi desPporhmseoogassoguch as
nitrogen or inert gas, either individually or in a conbination thereof.
[ 0056] In one enbodi nent, the material w thdrawal apparatus 600 further
includes one or nore heat exchangers 214, and one or nore delivery |ines

118. Theflg®lcon@slcitcuite 08 hBovigesciibidt gadl slich dshtrdgnedr iddidgdsoeinslgl i veri ng
wi thdrawn material fromone or nore units 201 to the vessel 602. [0057] In

one enbodidivednallytaién pcombingtion tsmefi ses heat insul ating refractory

ror o 9T TP Riad Rl nBoteRl M 4 Bt PO s T Spny
silicon @sShbiediths eXPRSINRS 21N, GHROAESSH MbrcCdlivbyMirek i118) ThdbERRY Bne €18 her

individually or in a conmbi nation of two or nore thereof. In one enbodi nent,
t he i nsulsgpiplgd tetheasleblQA fordel veaingooittplriwe mageriah frornenesorfmenmuaiio 301 25 mm
t o about %ﬁS ., anot her enbodi nent, the insulating refractory materi al
conpri se¥ B VeI G%ss from about 50 nmto about 100 mm In yet another

enbodi Mejo571 BeodetsAihad, thefiindcézu aorﬂﬁﬁs%g hadt lﬁs@mrnlgseﬁa@oﬁyhh%ﬂﬁss from
about 75 mmto about 100 mm An exanple of insulating refraCtory materi al

i s RescoExasples 7@t inpulaReg odraCtesy MeRER] imejudeane oamdné oletwesds fuchms about 50

mmt o about 1g HHI %@a %f nbodi ts. 0 Hhe |§ﬁe tion are alsp not
linited By ARhEMRiEH L wades ohalvmmuny, (alyming), siheoy (Sicad, PAENSSWMng s al so not
limted By, \%.Bﬁa)a&@diﬁ}h (likieh AR, eiter iR MaRh1Y HEnhERMYiRRIndFithE oref ractory

mat eri al . at the heat insulating refractory naterial is and the anount,
t hi cknesmpreghereof. niname ehdbodangnt; the ulsatating refefctay nmtgriakedmprisds aray readi |l y

be adj us accordi t he c ndi ti_ons and | i ion of the vessel 602.
For exa rcgneﬁsrff%ﬂégfgﬂﬁgdrlw&ﬂ@ W40 TiRs al{)?g P@P%’é‘&f’tﬂ&r be Hspletipg

i ncl udes£anapR) ﬁ]breﬁapéonrisﬁs@%an@rd@gs ﬁesﬁra%ﬁ 30 Mb% PR 95 yeuch as
such as but not imted to oxides of alum num nlna silicon (silica),

nagnesrunmﬂnmgnﬁ@dn@mmah@umuh@hgnﬁﬁmuiynﬁmnumpmﬁpnhmmrhmﬁhm%dﬂnmIy or in a

conbination two aqr e thereof. [0059] In one enbodinent, the liner 620
Ry conpfrhogb YR o it SO0 e A B FRRLE 8 Hr%lraeng Felery PRISEhEYReS B odi ment s,

the |inef,$79a8y. RQ BrRe1AEE M meéaé@glé&qsﬁenramu%oﬁﬂﬁ?oQc}dfur%@nt types
as a and

of Irners suc rst out er |ner second 1 nner Tiner

[0058] Embodiments of the invention are also not limited by what the heat insulating
refractory material is and is also not limited by the amount, thickness, or form of the
heat insulating refractory material. What the heat insulating refractory material is and
the amount, thickness, or form of the heat insulating refractory material may readily be
adjusted according to the conditions and application of the vessel 602. For example, in
one embodiment, heat insulating refractory material includes capability of withstanding
extremely high temperatures such as such as but not limited to oxides of aluminum
(alumina), silicon (silica), magnesium (magnesia),calcium (lime), Zirconia, either
individually or in a combination of two or more thereof.

[0059] In one embodiment, the liner 620 may comprise a thickness based on one or
more liners. In other embodiments, the liner 620 may comprise a thickness based on two
or more different types of liners such as a first outer liner 622 and a second inner liner
624. Thus, the liner 620 may comprise multilayers wherein the first and the second
liner are the same or differ from each other. In one embodiment, the inner liner 624

comprises abrasion resistant material suitable for use at temperatures in excess of 600 C.
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624. Thus, the liner 620 may conprise nultilayers wherein the first and the
second liner are the sane or differ fromeach other. In one enbodi nent, the
i nner |i nEo206@028mapri ses abrasion resistant materi al secraisb@ofssvsuse at
tenperatures in excess of 600 C An exanple of abrasion resistant materi al
includes but is not limted to Resco AA 22S5(tm . Enbodi nents of the
invention are not limted by what the abrasion resistant material is and is

al so not Ahiekhin@R dhabkRRnaeBAhs mhlHekaeSEes Wit if AstMiRked BRABE A ON
resistant material. In a particular enbodinent, |liner 620 conprises a first

inner i mTMaﬂnb@hmentguqﬁgmamvmtwnl gy ot lohitethbyiwhairthe ebiasioamesisiatter i al
suitable f t t.e eratur j exce and nd. outer |iner
592 compPiTialsanfs tRaRo) Sple By kT JPkesshrTef BE DS ) iRor ol

[0060] | psRimt BERSRAN. TR Alart ic*&ﬁar@ﬁib%ﬂuﬁ@h'ln@%@m B&hpHSS aq1ﬁ§t ﬁhexflﬁ{e%mlt erials
such as but not l[imted to carbon steel. The outer wall 0 may be a carbon

st eel i ncarhprifing atloh layej elc&esicm myisthnt hatdriaheritabROfor hse ztmenpfnbmmsne nt, the

outer wal | 610 s.a metallic out e ] 61 cl ude one
o ror & isesn & O g o BherRE sabistia ikt faycr qiheatiptlgnt &) and
Cr, eit heWabigy Matial.l y or through any conbination thereof. In another
enbodi nent, the outer wall 610 may include iron, nickel, cobalt, nanganese,
tin, vand®oOhin mammquimbmtaﬂiemmeroﬁalbﬁﬁﬂjnpludmrmsmremebaﬁetls S@bramni um

blsrruth denym a and v ej ther indivj in a
o onb nat Pl Reniiad T p 2R BREY Rt GREAR That b B Sirbnn glebbiibe fafe ot or
wal | 610, r ,c@@e B, n anot her
enbodi nen H%{hdé&gﬁittger"ilhé 6% O&%rgr%h ses é%?%%%ggg%? ?g%?g outlhAQ nmto
about 50su1face| ithy etteawall 680 neaybocdndeots ort ihereauttels, swehlas biOnardimpitddstes a

thicknes from.a 9 mmto about 16 ym. I.n one enbodi nen the outer wall
610 may n‘ﬁ& @éq@e i’ﬁa %kﬁé@d&{s@&ﬂ%w%ﬂwm%”Pwéh@nyw Waben the same

or di ffe%leite\r,\ﬁ %Iale%n]%r)dmkelﬁl.?ﬁ%é &@P@% g@l ’ qflcml@@lrb]{ﬂ%ﬁa&u %@Bé‘ﬁe not

limted eouterwa 'S Iso not I'imte

amount , inlan@naﬁsmn, wanafimmmnidket, hﬁamum;ecthmmlidm Maganédmec@haﬂtegemhiuxﬁlo IS
and the anmount, thickness, or formof the outer wall 610 nay readily be

adj ust edPigEEH) m%bd@aumh@%w, pnd Ranagdiun.sphes wdividraliyor ima combingliogo2. For
exanpl e, ft'&/ocﬁ Jent, the outer wall 610 is capable of w thstanding
extrenely h terrperatures and the outer wall 610 thicknesses may be

vari ed bmed] Droneassigldiment, the outer wall 610 comprises a thickness from about 25 mm

to about 50 mm. In another embodiment, the outer wall 610 comprises a thickness from
about 9 mm to about 50 mm. In yet another embodiment, the outer wall 610 comprises a
thickness from about 9 mm to about 16 mm. In one embodiment, the outer wall 610
may comprise a thickness based on multiple layers, which are the same or differ from
each other.

[0062] Embodiments of the invention are not limited by what the outer wall 610 is and
1s also not limited by the amount, thickness, or form of the outer wall. What the outer
wall 610 is and the amount, thickness, or form of the outer wall 610 may readily be
adjusted according to the conditions and application of the vessel 602. For example, in
one embodiment, the outer wall 610 is capable of withstanding extremely high
temperatures and the outer wall 610 thicknesses may be varied based on vessel

diameter 630 and design pressures of the vessel 602 as shown in table 1:
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di aneter 630 and design pressures of the vessel 602 as shown in table

1: Table 1 [0063] The liner 620 may conprise a thickness based on one type
of |ini ngworroovessabodi nent. |1 n other enbodi ments, |inerPCeAB200p53anpri se a
t hi ckness based on two or nore different types of lings, such as a first
liner 622 and a second liner 624. Thus, the |liner 620 may conprise

mul til ayer coatings wherein the first and the second liners are the sane or
differ fromeach other. [0064] |In oreb&Tbodi nent, the material wthdrawal
apparatus 600 further includes a control valve 220 configured to control
the amount of gas to the delivery linel 18 and entrained with the material.
In a particular enbodinent, the nmaterial w thdrawal apparatus 600
optionallly i ncl udgs one or note heat extghanger 214| and or one|l or nore flow
control |circuits 10RS &8i¢Bl2ed f 8- kgicmds 5816 kyanss] | 8.0 kaffannbbdi nent

mat eri al{ wi t hdr awalEléippeat at us | 600 f urt heElliptichludes| a fl ow confrol circuit
108 conf|ilgianeeert o |[dyewdm cal | y | Sagul at e pHekdr essureSkdlt hin the vessel 602
to contrfol the TTdgw of materi @l 1nto the vessel 60 fromthe unit 201
Advant agesmof posi|t9 @i ng of 1 Banil ow cpatMml circud inm08 downstream of the
vessel §0Z may 1 ndlude, but 1$ not restficted to, preventing pbrasive

mat eri al| z@nt act i ngwntdh the flhowmgontrol2 gdmcuit L0Bmnand preventi ng dust
em ssiorfs to atnosphere. For ¢xanple, thegH QW COnNf{®lh¢! rcurf 108 may

i ncreasqd 3me pressureemi t hi n {he nygssel | 602 such that the rate of material

entering the Vessel through the 1111 port 104 is Slowed. Conversely, the
flow control circuit 108 may reduce the pressure within the vessel to all ow
nore material to flowinto the vessel 602 through the fill port 104. Wen

f | ow confQ06B] The bngrt6200Bayusaaprise agbitknesstbasgml ou dife tgpdhedlinieg ohamger 214

coupled to the fill port 104, the amount of cooling of the material passing
t hr ough $HRO E’S{‘t-i’w‘ﬁ'ﬁhﬂé odimgnis e ws@émpréefqhﬁlms BesthItMed and

addi ti ongl Ly difter B?@s Obf 11 SdulcBas blriWIRG: b3 AUODsdBR HRGdat may be
controlle tg:preSen Sett I'ng S?a%aterig?rﬁn %ﬁg %oﬁgu?t 118'g%§§blogging.
Addi t i onthklliner 620emby owmprisi moltilayer coatingd GMeramy tHedirstoandl thel sécond liaant r ol | er

120, such that the pressure of the vessel 602 is dynamcally regulated in
r espons et dhetamehiferfgoeaghethsirount of material in the vessel 602, the

rate of n@gﬂ' iéféne%?&}dgﬁerhf‘{hgMeﬁﬂ%ﬁﬁ%‘&wﬁﬁﬁ%@%%géiltu%l?e@%ctl&f‘estae”per ature

of the exiting the heat exchanger I'n" one enbodi nent,
t he vessantD¥alvs 230 tbigueed wreohirghtht ampanasdfUgae toprerdeliveny.linehl Samhar t i cul ar
embodi neenr;[tr’airgerc]iewi\t/l?tsh%?rllatgr?azl. ih?a?)gli"titcglbalr gmtbgéinge%(t:,e&le\:/ img?erigla;[vﬁlh rSaENa?t a

apparatus 600 optionally includes one or more heat exchanger 214 and or one or more

flow control circuits 108 coupled to the vessel.

f0065] In one embodiment, material withdrawal apparatus 600 further includes a flow

control circuit 108 configured to dynamically regulate backpressure within the vessel

602 to control the flow of material into the vessel 602 from the unit 201. Advantages of

positioning of the flow control circuit 108 downstream of the vessel 602 may include,

but is not restricted to, preventing abrasive material contacting with the flow control

circuit 108, and preventing dust emissions to atmosphere. For example, the flow control

circuit 108 may increase the pressure within the vessel 602 such that the rate of material

entering the vessel through the fill port 104 is slowed. Conversely, the flow control

circuit 108 may reduce the pressure within the vessel to allow more material to flow into

the vessel 602 through the fill port 104. When flow control circuit 108 used in

conjunction with a heat exchanger 214 coupled to the fill port 104, the amount of

cooling of the material passing through the heat exchanger 214 into the vessel 602 may

17



tenperature in excess of about 600 C. In another enbodi nent, the vessel
602 is suitable for receiving material at a tenperature in a range from
about 600wOQotom2sisaut 850 C. In yet anot her enbodi nent pCrhis20089s®40 602 i s
suitable for receiving material at a tenperature in excess of about 800 C.
In yet anot her enbodi ment, the vessel 602 is suitable for receiving
material at a tenperature in a range fromabout 600 C to about 850 C 1In

yet anot Beeomriediafe atiditibhaly eesate GQdatbiSal Floviiapeol 7 the @6eduii NG @y er i al
at a tengerature in excess of about 800 C. In yet another enbodi nent, the
6

vessel o ceradied se sreyepirseling ef matesial in the ponduiinidBeandickaggprgessur e vessel is

i zahle f 5 to.abh 60 d i.nch 0.35
o about ~ndfopefid TheRGH o (iRl Aon bbbl e « X HRRRr PR L, e
vessel 6@ praduRNBN&Geligd2abaytandtARsRbehicd iRF&PSieto al A& Ghe bhtRNE

enbodi nent, the unit 201 conprises fluid catalyst cracking unit (FCCU). It
shoul d bamapairad ghaiereal in Higtvessed 6Qtthe ras¢ ofvnptedabpasking phrangh the 1280 and net hod

may appl o other fluidized bed st ens .as | | uch as but,not limted
ro) fhui GrrBnitsdh ot Bperhe R Rl 5HlEn Anilie b B oR 280 bed system
W th | owesoek e PEcAd HbSIiRBRY, tieAles Q1802 bt subtiple!f6r Mgh ARsesuAl Girdddat it he
material w thdrawal apparatus 200 may renove natérial fromone or nore of

such uni & pazEular sinhodiment s Vepsed 602 as)siatableafior yeceivingoragalpstiabali nent, t he
materi al w t hdrawal appayat us 0 renove erial fro lurality of
ni £ 5. 20/ EPREFBPE R CESRL Ghatr AQ) e 1f AROUSEPGTIGERY Lie FREhPRREn ot her. I n
an enbodikBie foifﬁégfeiv R6E€HABat ateMpPbialRé & SEAGE Fron] ARBBE00 "Cahgp&iTLOdi ment,

the material wthdrawal apparatus may include one or nore filters 116
di sposed8fiet Gebryet heothessehodiifentathd vebsel 60Dy sooahle 6dr recaicing matGdl atm

advantage may be .the filfer ts abrasive terials such as catalyst
from reg@lﬁ‘m‘? Ui dn PRCGRP eﬁﬁmug%g@?&cﬁwﬂ AqQHer F%SP&‘H&“&)E]&%‘F%%I 6(5()? $ilters

i ncl ud i it ani ' I al,
i ncl ude GAEBAM or lre{&@ﬁlﬁr?é Ihgeénar draflbilrafifre mmﬁlﬁé hjafne:ﬂﬁ)gt F%% a R 2

either individually or through any conbination thereo 69] er 116

may be a8i®VEninnget ahothesimbddimentetheviessdl 6@his,suitlitde f@tradeiving heaterieat @
netallic surface.. The ne gblo fblg&&ipjrc i&G may i ncl ude one or nore netals, such

as but nbTPRFHVELY ¥ESS u- Np yetpgothsy cmppdimenyy teg vesgilioRer

L) b OUSBRY SRR IR fOSSROlel RS BpaERRgg o L1

super al | atysit Stic hbag 6DNCENEL e Bjyare archrtalsqut 0.35 to about 4.2 kg/cm?) during
withdrawal operations. Intermittently, the vessel 602 may be vented to about
atmospheric pressure.
[0067] In one embodiment, the unit 201 comprises fluid catalyst cracking unit (FCCU).
It should be appreciated that the material withdrawal apparatus 200 and method may
apply to other fluidized bed systems as well, such as but not limited to, fluidized bed
combustors in the power industry and fluidized bed system with lower temperature
applications. It should be appreciated that the material withdrawal apparatus 200 may
remove material from one or more of such units 201, simultaneously or sequentially. In
one embodiment, the material withdrawal apparatus 600 may remove material from a
plurality of units 201, wherein the units may be the same or differ from each other. In an
embodiment, venting occurs in multiple stages.
[0068] In one embodiment, the material withdrawal apparatus may include one or more
filters 116 disposed between the vessel 602 and the flow control circuit 108. An

advantage may be the filter prevents abrasive materials such as catalyst from reaching

the flow control circuit. Non-limiting examples of filters include ceramic, hastelloy,
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iron, nickel, cobalt, manganese, tin, vanadium nickel, titanium chrom um
manganese, cobalt, germanium bisnuth, nolybdenum antinony, and vanadi um
ei t her i mdowodueBisy or in a conbination of two or nore PoEMSE§09/053¥4@NE
enbodi ment, benefits of using a filter may include but is not limted to
keeping or minimzing potentially toxic dust out of the atnosphere. [0070]
In a particular enbodinent, the filter 116 conprises stainless steel. In a
particul ﬁtanﬂnms}ldﬁmtsmtérb@nm%atéﬂdlt@meﬁﬁl@mﬁa@e@@ (ﬁ‘t%ﬁ%}'ﬂaﬁ}t ai nl ess steel
mesh filter. It should be appreciated that the filter 6 may include any
ot her i nevghimatomthesrofani c materi al provided the fil ter i ncludes a

sufficie netal or cer c to .provid eat si s | n one
oo men0sS] Rill 16 oSt EhybrhERlBets JRiont et e s g nay
cerani c 3@yRallie siffidas traBendigaticek 1 ‘Pmﬁab%é’lb@é"&[ea&ﬂn&%tlﬁétmt such s B Enot
enbodi ment, the filter 116 is suitabl e for receiving catalyst at a

t enper at hmetedmo e ess (of, Nadydy Pt,68I0 andCr, Ierxthgaemdammtaﬁerorérrbogh aont, the
filter 116 s Sui recel i cat ate e in a range
from aboft™ ’(5‘6“0 thte Ogbiﬂﬁ H‘%’r‘f’ F \H/’r‘?&l%iﬁe EW{?EW Lfgmﬁﬁe filter
116 is syiciaRlRadi®h, hR&&kNd fi‘igké]%@éd/ e?a‘llo §&H&§WCWLW gxarss of about

800 C. In another éenbodiment, the filter 6 has an operati onal

t enper at upe, rtked, qo@alg,enarrgammbuwvaamdwmnmd@ i6iud, dhé@Rilm, Ttmlgahmpe and
size of t filter .may_var For exa the filter. y, be in the
Shape of CObal BRI ER iG] SabbdeHim G TR aphenpda. SFEeavi98Ts) The
size of phg Jédrﬁlﬁﬁaﬁ'&q%f%%%r H¥bre ‘e}i%?é/ofaﬁ}@o&@é}n&gﬂﬁﬂ%ﬁt BBndrlS o£FRPS! L1 ON and
i ntended use. In one enbodi nent, air flow may be reversed to clean the
filter 1ﬂ1&elsmajfurtchaie banis ot appted tp Bedpingidbanmimizitghpotentidlyrtoxierdastnsuti n t he
vessel % [007 I n one enbodi nent, the material w thdrawal apparatus 600
i ncl udes®bthe 2P F¥- sensors coupled to the vessel and configured to
provide HentTdiEhikd 1 1806 e | .t hrough a

et or | g iG] L PGP GERlen BN B ROAHAR SRR R L POn and ot
l'imtati paticilacémbedimehodet oethl filier cdnfpiseentvoatn pnebss seelmeshdilierf low

sensor, and_a | evel sensor, either individually or in a conbination

t her eof . Shered %@E}TF%WW}{%H}%%E’ léﬁawapﬂgdm YaerdpeieapE T RF§MIOne or nore
Sensors hﬁ?etnapgl%‘(zid%ﬂ tﬁeHR ihGud LY Ao HP&%{a'lS}cérﬁﬁﬁ?é o'frbiih@ a unit,

such as the regenerator o an n one e di nent uni‘t 1 ncludes a

first sehsmresiytdhca. hamerehbodinsant, the) filteguréecbmsrisde b eafficwdne ambbe: dfevel of
TRt Al el Of Ceramic Savd 0 withsiand faat from the witharswn chtalyst In ong' <o 0 &
embodiment, the filter 116 is suitable for receiving catalyst at a temperature in excess of
about 600 ° C. In yet another embodiment, the filter 116 is suitable for receiving catalyst
at a temperature in a range from about 600 ° C to about 850 ° C. In yet another
embodiment, the filter 116 is suitable for receiving catalyst at a temperature in excess of
about 800 ° C. In another embodiment, the filter 116 has an operational temperature at a
range from about ambient to 760° C.
[0071] The shape and size of the filter 116 may vary. For example, the filter 116 may
be in the shape of a tubular and or pleated or any non-spherical object.
[0072] The size of the filter 116 also may vary and can depend on its composition and
intended use. In one embodiment, air flow may be reversed to clean the filter 116 such
that any trapped particulate in the filter remains in the vessel 602.
[0073] In one embodiment, the material withdrawal apparatus 600 includes one or more

sensors coupled to the vessel and configured to provide a metric indicative of material

entering the vessel through a metering device. Non-limiting examples of sensors, for
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The sensor may be a differential pressure neasurenent device, optical
transducer, a capacitance device, a sonic transducer or other device

sui t abl e worzopvmsisdi ng i nformati on from whi ch the | evel Por/vseéoamessad

mat eri al disposed in the regenerator nay be resolved. For exanple, if the
first sensor provides an indication to a controller that the material |evel
is low, the controller may initiate material injection by the materi al

i nj ect i ONLEWEHGNAndIRAIRRISRIOM, intfudt BeoRECANS dFRASATal ?fe@éﬂr@l €nsaf) flowkdi cati on
to the controller that the material |evel is high, the controller may
i ni ti at esepspated pd¢vehbansor, aithdr ifdigiduateotimi a copahingion thereph tldeinadtendlt hdr aval

appar at us eed u t hese W Se sem -conti.nuous t hdr awal
oY boe s oS g IPRRRGREAE TR WP et fE TR srouhe RPN ARRERA Us 600
i ncl udes ;R@RE of Rt KYePwhRARA ar&mt @ﬁ&vaﬁh@ gegﬁnémﬁovf bfas BCCRL| B dner
resol ving the anmount of material passing through a netering device during

each wt hnhbadmencfthmuamcmde$adilmtumspr andl a seood sersoneorfi@dgdunidetecThe sensor
or pluralit nsor s onf ured to detect the. leve j.e.,

Do bire) - SHHoNARUETEIT R i D fesrapErT oo g gpPeriE [ SrdbEh il or i a
novenent Th@ KQiehmaY bk ﬁ%ﬁtfer@ﬁ%l %esﬁﬁ}@ 2@ einent dbvhd”et optRial trffsdub§ggNEr at or,

or the nmetering device. Non-limting exanples of sensors include |oad ceII

a differ eauacadmerdessa,raesosxaMansdudelr onothendovice sutdbla forprelidsmgmbormagion her

i ndi vi dual | y.in onbi nation there In the enb t he
sensor - 60T WaIhdb RIS Gl §f THEROI IS O GRS TR P ke 1
i ndi cat i ¥:g: 8fant £€ ié‘fgl'egi?gt s@ﬁﬁoﬁr?}(ﬁﬁdt%lanflﬂ?léaﬁ/&%%l cofifténerthg thOafhiiRl | s are

respectively c ality o egs that supports the vessel above
a surf ackvsmshtowsthaccmmﬂfeehmypmaiatelz‘mmbrmifmjehmﬂ bgmehmﬂermaienjlf:crm cel |

coupl ed theret | e nd load cell is_shown in FIG t he sake
of clari B¥fleth OE‘éf‘r‘ifgbllf&FSF |S9’é~°s°rtpﬁé’“gﬁ§taﬁd?‘%‘°%}f°“ttﬁéh‘? Ao ’f&‘

uti | i 7es ;SRaUPILLRAL HA! heSBRbAS AR ANRL) WIRLES LAREA S38] 18 Jhlo gnet

anount o teria ter "each actuatio the netering device.
Dat a sanp} éx msteriall wichdrak&imnppitaars 6801 erafpeahupthetdrethewtibesenviadonensash t hat
the true ampunt of material wthdrawn fromthe unit 201 via the materi al

Wi t hdr awdiit éﬁp‘ﬁlﬂ BIA48556H0 may beaccurately determnined. Additionally, the net

amunt 0 ﬁ]&% et dMEAMhe IS élhﬁt}ﬁﬂwagpﬁra{u@%@r %ﬁ'&‘ets'o% of W€ MRy be

noni t or e t variatrons in t e anount teri al I spensed I n each

i ndi vi dueénssﬂsmomlbeld&gmmeﬁ&tsadahﬁlefoxbyscﬂd;ngslhe agotmef madtdrill pusing
attributes of the metering device, for example, changing the open tine of

the fl owhEerghpmetering Gp‘rlcqé@ﬂ%&f&h Mgthdayr 0( aatgrgd Spmyaie 20 suehasais s
therethr 9@% ﬁﬂg P& sensor or plurality of sensors may be configured to detect the level

(i.e., volume) of material, the weight of material, and/or the rate of material movement
through at least one of the vessel, in let, outlet, regenerator, or the metering device.
Non-limiting examples of sensors include load cell, a differential pressure sensor, flow
sensor, and a level sensor, either individually or in a combination thereof.

[0075] In the embodiment, the sensor 640 includes a plurality of load cells adapted to
provide a metric indicative of the weight of material in a vessel 602. The load cells are
respectively coupled to a plurality of legs that supports the vessel above a surface such
as a concrete pad. Each of the legs has one load cell coupled thereto. Only one leg and
load cell is shown in FIG.6 for the sake of clarity. The controller receives the outputs of
the load cell and utilizes sequential data samples obtained therefrom to resolve the net
amount of withdrawn material after each actuation of the metering device. Data samples
are also taken after actuation of the outlet valve such that the true amount of material

withdrawn from the unit 201 via the material withdrawal apparatus 600 may be
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removed fromthe unit 201. [0076] Alternatively, the sensor 640 may be a

| evel sensor coupled to the vessel and adapted to detect a netric

i ndi cati weoabiwdeishevel of nmaterial within the vessel 6@2T/USb@9lossseé sensor
may be a differential pressure neasuring device, an optical transducer, a
capaci tance device, a sonic transducer or other device suitable for
providing information fromwhich the |evel or volune of material disposed

in the vesseldeldekemirRaoAdditiond)lyuhé hétzingint bBEmseAsEwitBdhiarasctei n t he
| evel of material disposed in the vessel after dispenses, the amunt of

mat er i al CQWHbYElE PrastirtiorCycioy@ar bamaniteing spdhatagoptens in die ampbeh vessel
geometry, ah%{e%z aﬁ]sgév!s%(? ik tch\ﬁ%i i’d{]%_lllhs%o§ ﬁl@i%é chfxg%rﬁ%%éd?ﬁ% l%'nz]; Alt?ss\{\{ng%ﬂsor adapt ed

to detect” materia roug ne o e Co e % he

mat er i al wishtiRaR Wi aePar tBé dietdig. devite, fo exaBRIBSMangMY AR cpeadithest the!
non-cont act device and may be nmounted to the vessel, the netering device or

t he condflpw coptipl ¢irsyitt 198 tg eHew|marg (er lazss materightwpase thergthroupl asgrbodi nent
t he flomu§eQ§?rKﬁa be.g%ﬂonic fl ow meter or capacitance device adapted to
detect the T a é St At éd particles (i.e., catalyst) noving through the

del i ver y[d078F AlkBAni8tly ARe s&eor 6PaRY BB Atlewdl séli6r CBMpRId 18 lthaMdsbsl laaual

apparatus includes one or nore heat exchangers 214 coupled to the vessel
602. | n adaptadtociglest a mebrodindisative ofrtbe havebel materiph widhinwag vespgd 603t The 200

optional%x i ncl udes .one .. mr control valves 220 an ne or nore flow
ot ror v R e on Cr R Readfing G5vice g 8T S eronce 1o
FIG 7, pfstitdree d8RCEe@nR FRIORGr Bf otbt M&%ﬂ%l@?ﬁr Oﬁg}ziﬂﬁfg%f@ﬁﬁﬁb@ s from

one or nore units 201. The nmethod includes a step wi t hdrawi ng
mat er i al frbmowhigh the level @r aohwet oforathaalghspogddlingbe péssel mp be hasolweidt BR01. The

mater | o e Soasd e RS elen Tt S Ghrosti n bS8 28ha one or
nore c Oohﬂsﬁ&sf:sl,, hOarhMit bf naRBial [ORRIRH e t%&%@@ra@&ﬁﬁa)‘

ay BClddi98d forst ep 720
of measuring the respective tenperatures at t materical inlet; material

outl et; kmmWﬁmgmﬂhmbdmﬁmJet_and cooling fluid outlet of the heat exchanger
B NG SR AR & TN N A R
e oM R MR LB B, A Sy L BB o7 720
mat er i al flowtskedor aragbel e tentactrir mgn-aostaandpyiderantl emgyereahoured et the gassehe cool i ng

the metering device or the conduit coupling the vessel to a waste container. In the

embodiment, the flow sensor may be a sonic flow meter or capacitance device adapted

to detect the rate of entrained particles (i.e., catalyst) moving through the delivery line.

[0078] Another embodiment of the material withdrawal apparatus includes one or more

heat exchangers 214 coupled to the vessel 602. In a particular embodiment, the material

withdrawal apparatus 200 optionally includes one or more control valves 220 and one or

more flow control circuits 108 coupled to the vessel 602.

[0079] With reference to FIG. 7, next is depicted a method of withdrawing one or more

materials from one or more units 201. The method includes a step 710 of withdrawing

material from a unit to a heat exchanger 214 coupled to the unit 201. The heat

exchanger 214 includes one or more material inlets 232, one or more material outlets

234, one or more cooling fluid outlets 236, and one or more cooling fluid inlets 238.

[0080] The method also includes a step 720 of measuring the respective temperatures at

the material inlet; material outlet; cooling fluid inlet and cooling fluid outlet of the heat

exchanger 214. The step 720 of measuring the temperature may be performed by
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fluid inlet and cooling fluid outlet. [0082] Step 740 includes correlating
the change in tenperature between the nmaterial inlet and material outlet
and t he cwergm/i2gistienper at ure between the cool i ng fl ui dpcmiustooangsssool i ng
fluid outlet to a metric of material withdrawmm fromthe unit 201 as

di scussed above. Information obtained fromthe sensor 290 is used during
the correlation to provide a netric indicative of the anmount of cooling

fluid passhpgatify RHs DBEG A32ab84%AMa8E Such R BHt nSHIRRItetHd thételded@Ses, Pt
determning a netric of the anount of material bei ng withdrawn fromthe

uni t 201Resistagee Ehgropimeiers, andHR camierasd furt her includes a vessel coupl ed
downstre ri;al coutl.et of . the h at _exch n artlcular
enbodi o R081F St LDBRAE achifing dehhoite i bperh SRERTSRe I iR ol
[0083] Wik smafiesienaeutier dﬂdaet&nuﬁlﬁgb chingdeR t&rhReaBRAROEcn MBE Bt Hf

wi t hdrawi ng one or nore materials fromone or nore units 201 . The net hod

i ncl udesﬂaldsml,fpaﬁdgo@ﬁlgvtimﬁdu&w ng material froma unit into vessel coupled

to at e vesse udes, an outer wall 610, Il.iner 620,
(1T por [0URRE SiER740 P Bt ie R Jimes e R@rE brdieen ot Bagual

insul at i Hﬂetrﬁﬁrrﬁ&é&éllbuﬂéﬁeﬁﬂ'tﬁé cl@dﬁ%e ‘ithﬁenfﬂel‘dtur@%iwéeﬁ tﬁ@&‘tfdliggrfﬁfi’d Ierr €CEI Ve
wthdrawn material fromat least a unit. [0084] The nethod al so i ncludes a

step 820amrbe£sﬂm|gﬁ@1d hetleted pingetod Ofrma@rlahmthdrawu feomm thentndt 2Heasviessesded St ep
820 of asurin tric terial t hdr into the vessel nmay be
per f or ne8°HY &“ﬁé‘[ﬂ@‘r’?‘ﬂgb qlgrgm( esgpor ?% {Sﬁﬁe‘gﬁ% 'rLF‘EﬁP”eIGH%“EPr nor e
sensors GAfifS LmeRiAh&Latw diftke maﬁﬁlof@(é)@n@ﬁulagm r%ﬂh%h MmPhGY! de the
metric indicative of material entering the vess via a netering

devi ce. thahgafn'lﬂmagSthMﬁ)imhldei dgemsiomg,a metriciof khesima@tnt ofimareiahbéing
l[imtation, .i ncl Ioagmc adlffereﬁ%llal gressures nsor, flow

sensor, %aHdmaw R embpdigpent.d dusther includasiangssedn
t her eof . cd @ﬁ&ov%ﬁﬂe%qg ltlYe ?bﬁgﬂbﬁﬁp%gﬁgﬁt xE%}gé ol eﬁ%gtlx%f] afetering may

executed by a step 82 taining a netric o ost and/ or
rermved émbodmh:atmhmwsgﬂl:ompﬁb@ heat inselaofg refitaetorpmatepiat. may be a predefi ned

val ue. based on enpirjcal data, or cal cul at_ed data, or maybe a
provi dedf)qoégi( Wn? Ihesterrppedp FAG- %rdleébt%i@@@t%%npﬂ@r%ﬁ‘m dthgrawipa e 8r and/ or

provi ded jyet fhfs alsr}ffdd{@ﬂe BEHi%PJ Urfits%01T8hE Thétho ﬁkfuﬁéﬁﬁﬁg@ﬁ@%f pr oduct

stream material exiting the regenerator throu t he exhaust system
mat er i al withdmwenl fiateial fremnedret &b vestéldpapiad tsydeam vaivoTig: aiskdee2 [ 0086]
Al step %%ﬂldeg algrg{ltré} \%aﬁ%l(r)mﬁn%rf I6%(|) f?l?ggr(tj 1%)4% ar?db;[l gllsgfacrlge }-)rglr? l(r)rée t ’ng hr(x)gr materi al
comprises a heat insulating refractory material and the fill port is configured to receive
withdrawn material from at least a unit.
[0084] The method also includes a step 820 measuring the metric of material withdrawn
into the vessel. Step 820 of measuring the metric of material withdrawn into the vessel
may be performed by a metering device to 256. In the embodiment, one or more sensors
640 are coupled to the vessel 602 and configured to provide the metric indicative of
material entering the vessel 602 via a metering device. Non-limiting examples of
sensors, for illustration and not limitation, include a load cell, a differential pressure
sensor, flow sensor, and a level sensor, either individually or in a combination thereof.
[0085] Optionally, in an embodiment, the step 820 of metering may be executed by a
step 822 of obtaining a metric of material lost and/or removed from the unit 201. The
metric of material lost may be a predefined value. For example, based on empirical

data, or calculated data, or maybe a provided real time and/or as an updated metric.

Examples of updated and/or provided metrics include a metric of material entrained in
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addition are typically attained fromthe material addition system in the
formof catalyst and/or additives added to the unit. [0087] At step 826, a
metric ofwohlelcznzeisat of material within the unit is detecwuseey/osivsone
enbodi nent, the anmount of material is determ ned by summ ng the materi al
additions of 824 mnus the material renoved fromthe system obtai ned at
step 822. The determ nation of material within the unit nmay be nmade from
dat a obt dieprdday etrean phaddilexitnpate pgehadiod thrvugiethe BReapt egedng rmategal peri od
of time my be in fractions of an hour, hourly, daily or over other tine
peri ods. rempRyeddtin thermetetsd vothdrayalSysiPmnamAREOMRE- unit 201 may be nmade from
data obt gi ’ i . [: i t m such as
regener al oo 41 Sfte 2 F el o ARG Y S TRUAL DR Bt ol Bk BRT " e
total mahdditieh adtaypicatiynschimedyfrom theema@tinValdtionsseal, uithatfedn bycaallir act i ng
the material renoved over the period fromthe |ast determ nation and addi ng
t he mat ePPHPT 2ddiféves 3dded (oriBe ¥Bike period. [0088] Optionally, at step 828,

t he mat efd tonkS |.ns - val egs

i ndow  1WR7HAT3leP e SETRAGH: 98LARY ol SaliRh hofBllF Rl RROIORE

W ndow ( oiie @xbedHARNL, it drh6 188 O hithleriad Bl fddebyunghing ltheghdietinpns or

w thdrawal s are nmade at step 810. This cycle of nonitoring the anount of
mat er i al additiorspd24dnings Bieduateriy) ramprediramithe sysiam abieingdbsttRB22qlhe i bri um
in the upit. Advan I this I th nit.to nti.nue operating at
or near g?%%%%‘ s"i1 nng})ﬁ%fgnt%ﬁgl %ﬂglhrﬁrlﬁ lrllri?i#rrral{ll%\},'v?)f3 &%ﬁ%ﬁg". (riétato ﬁ%l%egyovﬁ? Bvi di ng the
desired pregetdfihinell peBddloiiing S THE PredeikRailcl ipeodvbf MmBinfty Bl in @as@eHs i Sat i on,
thereby maximzing the profitability of the FCC systemrefiner. [0089]

Opt i onal ayhouy, bewrdy; drileer avzp ofher mg\icdieds. t bhadatennphatideofipgteial ovithor  at

I t th t eyd.al withd | tus. troll 120 : |
et udes s priaddust b B ERFRRPES ol Uier B SonE WOREPEFTE T 120y
be any sgithalésn k& £ ré@neforf R 16RN AQkAd flBcdsh AcRPBERLDOR i9ftefalife,mat eri al
wi t hdrawal apparatus 600. In one enbodi nent, the controller 120 is a

pr ogr ammthisitetal mgtegiabdeienmuh¢dmay Rli€natiyelyhbegalediagsé bawahittagtihg ther om GE Fanuc.
However, fromthe di,sclosure.hefei hose skilled in the art will realize
Chat ot HBFIQaNET B Pt R b artpe It Tarpaicn ardpie Bl balde

pr ogr ammpdle8@abehdishay perighd application specific integrated circuits
(ASICs) may be used to performthe controlling functions of the controller

120. [ OOHUB8Irptionalty; of dter 82% thd matcualyneelint & ccamparedsagzinspathreshioltui t s t hat

rovi de vari ous . : . . :
P value or process window. If the determined material is outside of a predefined process

window (or exceeds the threshold), appropriate material additions or withdrawals are
made at step 810. This cycle of monitoring the amount of material is repeated in order
to maintain the dynamic material equilibrium in the unit. Advantageously, this allows
the unit to continue operating at or near processing limits with minimal fluctuation,
thereby providing the desired product mix and emissions composition with minimal dis-
optimisation, thereby maximizing the profitability of the FCC system refiner.

[0089] Optionally, a controller 120 is provided to control the function of at least the
material withdrawal apparatus. The controller 120 generally includes a processor,
support circuits and memory. The controller 120 may be any suitable logic device for
controlling the operation of the material withdrawal apparatus 600. In one embodiment,
the controller 120 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
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signals to the controller 120. These support circuits include, power
supplies, clocks, input and output interface circuits and the |ike. Qher
support cwocoiessauple to the flow control circuit 108pcrhs2@onsived val ve
220, and the like, to the controller 120. In one enbodi ment, the controller
120 controls the actuation of the control valve 220 such that the fl ow
through the delivery line 118 and/or first conduit 202 of the heat

exchangegpaté hfrayss an@bplRiafiesl specifad Bitdghaéd SiFaivis {RSICY) ashyltRaised o and
substantially prevents the material fromsettling out of the flowwth in

t he | i nether@niplingfurcions pf theeentrofén 120n ni ni zi ng t he abrasi ve,

sandbl as fect e entrai.ned.materia the rates descri bed
above. dea(}ﬁl)t Foret%%ﬂilzghstcoupLgt8(¥ﬁ??%ﬁ ﬁugporifﬁc%gsm'%&rgwﬁ% A Puati on of
one or rrgrgﬁawed e ORI 120N Theesu gbb‘ﬂt‘élr&ﬁfktlhﬂhd@pb%k SuppPiSs, Tiselis t hat
backpressure with in the vessel may be regul ated in a manner 't hat

cont r ol sinphkaifd @Wpweiiniesiaes ¢1mu1wan¢h ithre likee Qulednsvmqrt ¢irquess m@le totetlosy uni t

201 and into.the 9 rrbod a nethod for
Fogutat i RO AFEFHLTORToa ool VAP 220, 88a3EE LRE 1o B RRMPTIL AR 2Pt e rmy be
set to reRBYy@nRnRHRI&Id8er BIPLIH ol theBERAlicH otqu@r:oﬁrd?rvﬁﬂefzaoedcmm od of
time. For exanple, the material withdrawal apparatus 200 may be set to

renove athedlayethroughiibie dolaverplinabb¥iandfor Hrss cafdurted0rof die hpat exthgngeTR4
wi t hdrawal may.be made,in deter ned incre {s ch that t ot al
Wi el an MR AR i RTE St G GBS ot S Bervert e
enbodi mﬁfateh'ﬁ?fr@ﬁﬁsfeﬁhﬁg ofiBF tHRRYR! Wixh in¥nt ik § 18hADEF &AL 200 ORhiide

regenerator using the System For exanple, the operator may initiate a
wi t hdr avxaimmnzmgslmoa’wm‘teo sadﬂelaxangaffedt dfatie betvaghedvntterial, sidh aselyeragesat or

such as nf or obt ai ed ensor.. .The nanua

ot iSRS Sho v BTG e Fﬁ@n@egﬁ?aﬁm%&? thicACtuagPn 8F i nt
agai nst g heot asQakws BSLAYR tﬁ@ﬁm&i%ﬁu&r af‘cuﬁ%s ath thA¥3Ak réﬁaue%th _
enbodi nent, the methods furt i ncludes w thdraw ng mat er| froma unit

by heat Mhhamgbh*@)%hﬁbm%utaﬁedmraanhtmt thex chrangeths fivof megublaviting back
pressure W t{b, | ow coqt rqol. circuits 6%)88 and regul ati ng anount

of gas fﬁhﬁ\ﬁe ﬁél roﬁb?h@“é‘btr%ar Grdyaip\aevesse) 698nfi gured to control the
amount  ofq u&ho&lﬂ:‘? efBbliMEnY oﬁ%%tﬂrﬂcﬁfo‘? ufa{ﬁtnf(g%aﬂ@r%l‘%ﬁhhnﬁt]ﬁllt mgLerial,

ei t her |n in a conbination ereo I'n a particular
enbodi rremhmrrhhmth&lahmﬂaﬁparattﬂmmay beketde sertheata preddtardiangunt dfhmeatesalor
nor eheat exchang rs 214 as descri bed above. In one enbodi nent, the nethod

i ncl udesOHy ARREICRInE] PRl v e g Ferenaginle dby matfriahvithdrwal appeeatus4U0, one or
more fl Ofa$ BOELQ remove a target withdrawal of about 4 tons of material per day. The

withdrawal 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 using the system. For example, the
operator may initiate a withdrawal in response to the material bed level within the
regenerator, such as provided by information obtained by the sensor. The manual
withdrawal may be made in addition to the target withdrawal, or count against the target
withdrawal for that time period.

[0092] In an embodiment, the methods further includes withdrawing material from a
unit by heat exchanging with one or more heat exchangers 214, regulating back pressure
with one or more flow control circuits 108, and regulating amount of gas flow with one
or more control valves 220 configured to control the amount of gas to the delivery line
118 and entrained with the material, either individually or in a combination thereof. In a

particular embodiment, the method further includes heat exchanging with one or more
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circuits 108. In one enbodi nent, the nethod includes regul ating anount of
gas flowwith a control valve 220 configured to control the anpbunt of gas
to the dewDwerno2Bisme and entrained with the material. | RCons2eabssdsonent
the nethod includes withdrawing the material fromthe vessel and or
recycling or re-adding the withdrawn material to the unit. [0093] The
descri bed nethods are not limted by a sequence of when and how heat

exchangi it vkdHangerf 284 acdeRabEEabovee Gilbad émBodiarkt, Bieanstoe indlidesa fl ow
control circuit, withdraw ng to a vessel, regul ating amount of gas with a

control @mavecalb{eragulé%gwb%mgsw pithin Heates warvgéror m%@ﬂp‘é(tqoﬁgoback
pressure w o 168f'18‘ﬁn8%m%r§m§dtrtﬁé‘n}et oad”ﬁ 1518%% gma{‘% M09 §as ﬁso‘r’]“eth a

control valve may occur se uen aneous

enbodi mewith ak@atroevat PR Shfidutdd 18 cbe@b] tBX EMonRIesT Tg@@ﬁﬂt'h& deg¥eRy Eine 8kd | Ng oOr
after optionally regul ating back pressure with a flow control circuit, and

regul ati ﬁgraenﬂsim gfe maferigl thh oge emhpdlmenvaha/@ethori lmi@deﬁe’rltwv@g et
regul atip ‘ #ﬁtgssur vvlth acfiow cont §I I’wctgllt“(l)CCU{ g re, durlng
or after %3{ R WC Hesst! A HARGCHEE Qi ridd ‘ £ AR EReRAL OBy ul at i ng

anount olf,mgas wth a control valve. In another enbodi nent, regul ating
anount of 8as with a control valve occurs before, during or after

opt i onal 10p9hkdhe é@é@ﬁh%ﬁﬁ@lodﬁm ot hgdteddyarsequence of whegahdhowidediack
pressure th.a flow.contr circuit 4 o not limted
by the rilarits R ER HeBendiryeRy s R thestPRothanGa Sorfalrdfh ng back
pressur ewhhdhwan ﬂo%éé%]tﬂegblaﬁhg Gibhint s WY @hirBBvAMUALatof gas with a
control val ve. e method I's also not |imted by the formof the heat

exc hange¢xchamgm@ vathtarheslat c,mhaugetra regelatingbackgiressnreBxiginpflos aintroheirdug, m of
heat exc ow _cont.r ol ntrol valve include, but are not

o ¢ on i e e S Gt e 5T = bk oy g s ey SRR O 2 F or
i 11 ust r afjinaRamRslsROln bhaTbiBbditfnt, HOAELh e (s MEAGRhABRSHIWRD Pressure

0
vessel is bypasseg the mass of the catalyst cooled and transferred to the
spent calbeiblycsdurhr(g)qneaftevmplhorbélycragldaﬁ@lm;tklpwyesaurhemh zbﬂbwm:oatralrcmsmd t he heat

exchanger system t he se of the fo V\,i eqyuati o Mass of cooling
Fr i d X Agate FOE it E8oMIG ORUPLYSG:  BripOlat i BOUMeat STEHERI ui o at

o8 0 Ly A AR et 1)
E’at er i al exichareging wllthmﬂmgad:mhengﬁr andteguiaing atnount of gas r\:vplth a control valve. In
another embodiment, regulating amount of gas with a control valve occurs before,
during or after optionally heat exchanging with a heat exchanger or regulating back
pressure with a flow control circuit.
[0094] The method is also not limited by the frequency of heat exchanging with a heat
exchanger, regulating back pressure with a flow control circuit, and regulating amount
of gas with a control valve. The method is also not limited by the form of the heat
exchanger, flow control circuit, control valve. Examples of the form of heat exchanger,
flow control circuit, control valve include, but are not limited to, are described above.
[0095] The following examples are for illustration and not limitation.
[0096] When the weight measuring pressure vessel is bypassed, the mass of the catalyst
cooled and transferred to the spent catalyst hopper will be calculated by a heat balance
around the heat exchanger system by the use of the following equation:
Mass of cooling fluid X Specific Heat of cooling fluid X (temperature of

cooling fluid at cooling fluid outlet - temperature of cooling fluid at

cooling fluid inlet) = Mass of material X Specific heat of material X
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material inlet) Mass of material = (Mass of cooling fluid X Specific Heat
of cooling fluid X (tenperature of cooling fluid at cooling fluid outlet -
t enper at we 20fo/eeski ng fluid at cooling fluid inlet))/(8peaisteos/ob®at of
material X (tenperature of material at material inlet - tenperature of
material at material inlet)) [0097] Exanple Cal cul ati on: Mass of Catal yst
kg/mn = ( 117. 1 kg air per mn. X 1.0 kJ/kg.DegC X (130.2 C- 37.8 Q) /

(1. 13 kJ/ kg. Dagfapetalufddf daferial #2fatéridl)inket Stnipel@ureaf adyatalper mn [0098] It
will be apparent to those skilled in the art that various nodifications and

vari ations camaisiahipded) i n t he nethod and system of the present invention
w t hout departing fromthe spirit or scope of the invention. Thus, it iIs
i ntended that the present invention include nodifications and variations

that are w t hMasé bemaetipe= (Wathef phspdeti K Spariicieatolieoslirpoiidal ent s.
[0099] While the invention has been described in detail in connection with
only a linite¥ (foppssstugsrofgoghing Huid 3t cepling duidoutlplddempeiptire Rt t he

i nvention is ok bigdid Stdc&o‘ﬂng et Hx‘leﬁﬁh%é@&ﬁ?ﬁ&%% ardffAl RET. the invention
can be rodified L6 I'ncorporafe any n rof "variations, alterations,
substi t uti ons(temp&guiry af @aterial slangen®Enas: hempesiet of efterii¢scr i bed, but

whi ch are comensurate with the scope of the clains. Additionally, while
vari ous embodMaERakingd))t he i nventi on have been described, it is to be
understood that aspects of the invention may include only sone of the
descri bed enbodi nents. Accordingly, the invention is not to be seen as
limted jop9ThExdmpledilaugatibascri ption, but is only limted by the scope of
t he appended clains.Wiat is clained is: 1. A nmaterial wthdrawal apparatus
conprising: a heat exchanger conprising: material inlet coupled to at |east

a unit; material oyileli 6B Bl Wl 17711 s RN U1 d outlet: and
kJ/kg.DegC X (130.2 C-37.8 C))/ (1.13 kJ/kg.DegC X
(732.2 C-426.7 C) = 31.5 kg catalyst per min

f0098] It will be apparent to those skilled in the art that various modifications and
variations can be made in the method and system of the present invention without
departing from the spirit or scope of the invention. Thus, it is intended that the present
invention include modifications and variations that are within the scope of the appended
claims and their equivalents.

[0099] While the invention has been described in detail in connection with only a
limited number of aspects, it should be understood that the invention is not limited to
such disclosed aspects. Rather, the invention can be modified to incorporate any
number of variations, alterations, substitutions or equivalent arrangements not
heretofore described, but which are commensurate with the scope of the claims.
Additionally, while various embodiments of the invention have been described, it is to
be understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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a material inlet sensor interfaced with the heat exchanger to provide a
metric indicative of the tenperature at the material inlet; a material
outl et seweaniovmsmafaced with the heat exchanger to propCHaSaMPEIME

i ndicative of the tenperature at the material outlet; a cooling fluid inlet
sensor interfaced with the heat exchanger to provide a netric indicative of
the tenperature at the cooling fluid inlet; and a cooling fluid outl et
sensor i pwiek fagachewiid-h t he heat exchanger to provide a netric indicative of
the tenperature at the cooling fluid outlet. 2. The material w thdrawal
apparatus of claim1, wherein the unit is selected froma group consisting

of un|t for fluid t al yst cracki unit; unit for manufacture of pyridine
and itls dermardal Wéél%mmﬂxtap?%?mﬁﬁ%gﬁw&e of acrylonitrile; unit for

cracking gasohhBg ckBhMebFomprdngini t for cracking heavy feed into LPG 3.
The materi al vvlthdravvaﬁ apparatus of claim1,further conprising: a valve
coupl ed to the mat m&aialwltth@nalmdltoaﬂpwatlmy and adapted to selectively
open a passage defined. bet ween the material withdrawal apparatus and the
unit. 4. The mater M4f¢ tX;‘greawal apparatus of claim1l1l, wherein the heat
exchanger conpri seggolfh fﬂl{lgtnlg[ondw t; a housing confining a coolant vol une
around at |east a port| on of the fi rst conduit; and a sliding seal sealing
the housing to theccbolngtﬂmdmdt]«:tt anch a manner that allows the first conduit

to expand | ongi tudi ly relative to th usi ng. 5. The terial. wthdrawal
appar at us of g %“?ﬂaﬁj le%gét‘%trﬁ“tf’ﬁ%‘:%e‘%‘th &5?21’? aart?&é LORFO¥EPdPT G al

t enper at Y& ate gfﬂh@r@&ﬁ?&&g;@ .«?ctlﬂé%aml]ﬁﬁét to about 870 0C. 6. The nateri al
wi t hdrawal appar at us claim1, furt conprising: a vessel coupled
downstream t oa htaeermhbetlétabnsouidtetfacedl wiltethh dait exxbdrgagerprovide aencuit he vessel

conpri ses: outer wall; liner at st partially covering the inner
surf ace ’&ﬂ‘cﬁ'ﬂée &ﬁérte%ﬁrfﬂurwté%mteﬂaﬁw Heber conprising a heat insul ating

\r/g];ggft O%egg% ‘ﬁ’&%lﬂtg t}lf}? Fﬁlleﬂ seH%er%HQ & W3 gh‘-:t I Fe:&%{lﬁéﬁj\?é ?ﬁ‘gﬂie'a“ the

ort 1s COﬂ I gure recei rawn materi al
from metric indicative of the temperature at the cooling fluid inlet; and

a cooling fluid outlet sensor interfaced with the heat exchanger to provide a

metric indicative of the temperature at the cooling fluid outlet.

2. The material withdrawal apparatus of claim 1, wherein the unit is selected from a group
consisting of unit for fluid catalyst cracking unit; unit for manufacture of pyridine and
its derivatives; unit for manufacture of acrylonitrile; unit for cracking gasoline into

LPG, and unit for cracking heavy feed into LPG.

3. The material withdrawal apparatus of claim 1,further comprising:
a valve coupled to the material withdrawal apparatus and adapted to selectively

open a passage defined between the material withdrawal apparatus and the unit.

4. The material withdrawal apparatus of claim 1, wherein the heat exchanger comprises:
a first conduit;
a housing confining a coolant volume around at least a portion of the first
conduit; and
a sliding seal sealing the housing to the first conduit in a manner that allows the

first conduit to expand longitudinally relative to the housing.
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at least a unit. 7. The material w thdrawal apparatus of claim6, wherein
the insulating refractory nmaterial conprises a nenber selected fromthe
group comnspaimgsshi oxi des of al um num (al um na), sili ceaT(ts2600053940

magnesi um (nmagnesi a),calcium (lime), Zirconia, either individually or in a
conbi nation of two or nore thereof. 8. A material w thdrawal apparatus
conprising: a vessel suitable for high tenperature operation conprising: an
outer wall; liner at |east partially covering the inner surface of the
outer wall, wherein the liner conprising a heat insulating refractory

mat er i5al Thanfaidrial pathtrasatiappadatss biaelgien powherdafthe behtienchangentmssvl ; wherei n

the fill port is configured to receive wthdra ma Lal fromat |least a
unit. O. ol%{%th@fmpgrat iet3h 8 raRes) frop pROY PP I t?vz\?%(?%%gé G/nerei n the outer
wal | conprises netal selected fromthe group consisting of stainless steel,

magnesi um alum num iron, nickel, cobalt, manganese, tin, vanadi um
t i t aniounThe natmaliwjthdemahappantus ofclaim $nfurther eombprisilegaum  ant i nony, car bon

steel, ceram c, chrom um bisnmyth, Au, Adg, d, Pt, and conbipation
Cher cof -1 BewtuRIET oA roah R i e saPt e, et A PBEr WHGRE et ho

i nsul akiddcsmpri@st ory material conprises a nember selected fromthe group
consi sting of oxides of alum num (alumna), silicon (silica), magnesium
(magnesi a), cal ci umaplaumer)walli r coni a, either individually or in a

conbi nati on of two_or re thereof. 11. The nmaterial _ w thdrawal apparatus
of claim8, furtheH? Sparially ceHRS BeopnsRet IaC?Pﬁ'\gEP“E‘BW ed to a vent

port of the vessel . . pal: W ANt .ol ai m 8,
wherein the unit i gh%%fnet-(g{agﬁjg?%%ﬁn#g&a oéggéonmus%r}ﬁgaé(;t IL;ﬁIr%lgttEr@(’)r fluid
catal yst cracki ng afillfporuardta diechangepiradéfined inthepyassedj ne and its
derivatives; unit for manufacture of acrylonitrile; unit for cracking
gasoline into LPG anWhasnithe BH portds gppfeguneshipressivg withigwopaatera frome
material wthgrawal ,apparatus of claim8, further conprising a netering
device configured to provide a netric indicative of material entering the
vessel. 14. The material w thdrawal apparatus of claim8, further

conprisi ng a heat exchanger, wherein a material outlet of the heat.
exc haﬂg efhg gla@y@bwgadltab’a Hpayates el claim 6, wherein the insulating refractory material

comprises a member selected from the group consisting of oxides of aluminum
(alumina), silicon (silica), magnesium (magnesia),calcium (lime), Zirconia, either

individually or in a combination of two or more thereof.

8. A material withdrawal apparatus comprising:
a vessel suitable for high temperature operation comprising:
an outer wall;
liner at least partially covering the inner surface of the outer wall,
wherein the liner comprising a heat insulating refractory material;
a fill port and a discharge port defined in the vessel;

wherein the fill port is configured to receive withdrawn material from at least a unit.

9. The material withdrawal apparatus of claim 8, wherein the outer wall comprises metal
selected from the group consisting of stainless steel, magnesium, aluminum, iron,
nickel, cobalt, manganese, tin, vanadium, titanium, chromium, germanium, tin, bismuth,
molybdenum, antimony, carbon steel, ceramic, chromium, bismuth, Au, Ag, Cu, Pd, Pt,

and combination thereof.
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15. The material w thdrawal apparatus of claim 14, wherein the heat
exchanger conprises: a first conduit; a housing confining a coolant vol une
around atwbeasvo2sisporti on of the first conduit; and a slkcdiusgomesaissseal i ng
the housing to the first conduit in a manner that allows the first conduit
to expand longitudinally relative to the housing. 16. The materi al

w t hdrawal apparatus of claim8, wherein the vessel is suitable for high
tenperature at a range from about anbient to about 870 O0C. 17. A nethod
conprising: withdrawing material froma unit to a heat exchanger coupled to
t he urt ;Thetreaterial witlelrineatappamhmrod elailmds wherran dreiiasulatmgaefragtoryat eri al
outlet; a co.o{in fluid inlet and ? coolin quid.out%etthE resgective

t enper at TAKE2 1P AgrapReT selsged frophthe Shpm congistine gt oxifdss RRAUPIRYM; 1 et ;
mat er i al ihing, silfe8R (difch) mbkttsiuth BhagRdagoativROniid)l AirQitid, @im&f the heat
exchanger; determning a’'chahge in tenperature between the material inlet
and nmat emdalidwilitylogtin andmbeigombhiwigommoteahereof.n t enper at ure bet ween t he
cooling fluid inlet and cooling fluid outlet; and correlating the change in
tenperature between the material inlet and material outlet and the change

i n tenRper tWRER i - Mied el : | : i utlet to
a met g?b 0 %n’gttelg% al vma\%ﬂceflpg%%s?%ﬁje{lﬁegqlﬁ#\ﬂe&%@m%&ggrﬁg{hﬁ%ﬁlog?{é (t:a?ai m 17,
wher ei n filerroshipleti ng a vt poincofghe vesselenper at ure between the material inlet
and material outlet and the change in tenperature between the cooling fluid
inlet and cooling fluid outlet to a netric of material wi thdrawn fromthe
uni t i =Qrrs | I SSh; i i t hdr awn
From tho s e R Eh e oL £yt TS Gnifls SRR R " mes of
mat er i al grobp bokisassmgfof amit titvefluidichtabyempratlses unitMassfop inanaficiureg of pyridine
Specific Heat of cooling fluid X (change in tenperature between the cooling
fluid i ninskitsdeaivabyss; wt forgpepudantyrgof perylongisls: uait et ¢ragkdpg gpsoline into

wi t hdra ( { % ] i t he change in tenperature between
t he mat \é\gl}él inie fogﬁ %%tggglfre? I g{ijﬁrﬁétl'}s)d 20. A nethod conpri sing:
13. The material withdrawal apparatus of claim 8, further comprising a metering device

configured to provide a metric indicative of material entering the vessel.

14. The material withdrawal apparatus of claim 8, further comprising a heat exchanger,

wherein a material outlet of the heat exchanger is coupled to the vessel.

15. The material withdrawal apparatus of claim 14, wherein the heat exchanger comprises:
a first conduit;
a housing confining a coolant volume around at least a portion of the first
conduit; and
a sliding seal sealing the housing to the first conduit in a manner that allows the

first conduit to expand longitudinally relative to the housing.

16. The material withdrawal apparatus of claim 8, wherein the vessel is suitable for high

temperature at a range from about ambient to about 870 °C.
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wi thdrawi ng material froma unit into a vessel coupled to at |east a unit;

wherein the vessel conprises: an outer wall; liner at |east partially
coveri ng wbeoiommers4sur f ace of the outer wall, wherein tReTiUSR@9/08APr i Si ng
a heat insulating refractory material; a fill port and a discharge port
defined in the vessel; wherein the fill port is configured to receive

wthdrawn material fromat |east a unit; andneasuring a netric of nmateri al
V\nthdrlammah@dtd@ﬁlpmﬁfgel 2 1. The nethod of claim20 wherein neasuring
further conprises: sensing a netric of material disposed in the vessel. 22.
The met hod of weuhérwmg)rr@&erlaMQm mémhwgemjmg@moumﬁém §¥@Smlfdet ermining a

h h h hod
W E hor anr R RE AR B e AP Tes b GeA B P o B IR " e

nmet hod ofindh 8bdNnigGAd outldtiviileres SREPE tephPathREDVI Ng the measured metric of
material fromthe vessel. 25. A systemconprising: a unit coupled to a

material wit hmeammgab@msmqtm tqmmf@tllrf:StahélenmtemlaDICWInatdmdmﬂe&ppar at us

corrprlses t |l east ) f a grqup consisting of: (a) a heat
exchangef® 3‘6‘155&@?‘“% aq]g elt"égrﬁ‘é‘ﬁ ﬁFte?frtgghfﬁtgﬁ‘%%gﬁrr least a unit; a
material outl gérerminfiR0] dHaggd d&bﬂmpbﬁhﬁé beRveeRMd Mbtefihtintbt aHd hi%iena@nd Sensors
coupled to the heat exchanger to provide a netric indicative of the

t enper at qmthet and ﬂttemmuaa clangairetempetaturabtevaea theoeadling fluidhmlegeotdi ng f 1 ui d
i nlet and fﬁlé(? Z%flwd outlet, and a netric indicative of cooling
fluid fl‘b‘?ﬂ e cooling fluid inlet and cooling fluid outlet; and

(b) a vessel E&i@ﬁtﬁr@ A8 chéhgdBh ten%‘é‘i'atﬁrel BePEerCRE BRIl Sh1BeAk hatedaiat | ng
refractory materi al

outlet and the change in temperature between the cooling fluid inlet and cooling fluid

outlet to a metric of material withdrawn from the unit.

18. The method of claim 17, wherein correlating the change in temperature between the
material inlet and material outlet and the change in temperature between the cooling
fluid inlet and cooling fluid outlet to a metric of material withdrawn from the unit

comprises correlating to a metric of the mass of material withdrawn from the unit.

19. The method of claim 18, wherein correlating the mass of material withdrawn from the
unit comprises:

(Mass of cooling fluid X Specific Heat of cooling fluid X (change in temperature
between the cooling fluid inlet and cooling fluid outlet to a metric of material
withdraw))/(Specific heat of material X (the change in temperature between the material
inlet and material outlet)).
20. A method comprising:
withdrawing material from a unit into a vessel coupled to at least a unit; wherein

the vessel comprises:

an outer wall;

liner at least partially covering the inner surface of the outer wall,

wherein the liner comprising a heat insulating refractory material;

a fill port and a discharge port defined in the vessel;

wherein the fill port is configured to receive withdrawn material from at

least a unit; and
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a fill port and a discharge port defined in the vessel; wherein the fill
port is configured to receive withdrawn material fromat least a unit.
WO 2010/028184 PCT/US2009/055940

measuring a metric of material withdrawn into the vessel.

21. The method of claim 20 wherein measuring further comprises:

sensing a metric of material disposed in the vessel.

22. The method of claim to 21, wherein sensing further comprises:

determining a change in weight of the vessel.

23. The method of claim 20, wherein withdrawing the material further comprises:

venting the vessel.

24. The method of claim to 20, further comprising removing the measured metric of

material from the vessel.

25. A system comprising:
a unit coupled to a material withdrawal apparatus, wherein the material
withdrawal apparatus comprises at least a member selected from a group consisting of:
(a) a heat exchanger comprising:
a material inlet coupled to at least a unit;
a material outlet;
a cooling fluid inlet;
a cooling fluid outlet: and
sensors coupled to the heat exchanger to provide a metric indicative of
the temperature at the material inlet, the material outlet, the cooling fluid inlet
and the cooling fluid outlet, and a metric indicative of cooling fluid flowing
between the cooling fluid inlet and cooling fluid outlet; and
(b) a vessel comprising:
a wall and a liner comprising heat insulating refractory material;
a fill port and a discharge port defined in the vessel;
wherein the fill port is configured to receive withdrawn material from at least a

unit.
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