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the additive injector 106 are coupled to the FCC unit 110 by a process line 122.

A fluid source, such as a blower or air compressor 108, is coupled to the process
line 122 and provides pressurized fluid, such as air, that is utilized to carry the
various powdered catalysts from the injectors 102, 106 through the process line
122 where they are combined with oil from the oil feed stock source 104 and
delivered into the FCC unit 110.
[0004] Figure 2 is one embodiment of a conventional additive injector 106.
The additive injector 106 includes a pressure vessel 220 and a low pressure
storage vessel 240. The pressure vessel 220 is coupled to one or more load
cells 210 for weighing the catalyst that will be introduced into the FCC unit 110
“through the process line 122. In operation, the catalyst is dispensed into the



WD 2004/ 076055 PCT/ US2004/ 005784 2 pressure vessel

220 at atnospheric pressure fromthe | ow pressure
wat@nay®ss vessel 240. The pressure vessel 220 PGI/US2004/005784

subsequent|ly wei ghed to deterpgine the anount of

catal yst | oaded therein. The %ressure vessel 220 is

then pressurized by a pressure control device 228

p?@éﬁﬂrédvéé%el IQQOVﬁﬁ %\ﬁhogygﬁ)er'i@ p@eés%‘r‘@'frdrﬁ ahe fov¢ 'gre&ft} r&Sstorage

novenent of pressurized catalyst into proces
vesselaf.t e prﬁ3$ﬁl4§et\4¢§89|(22erﬁ suliseguently wrmrmcbksdeermme the

' aY‘r?&frﬁlof%%(Palgﬁ LG I'tlf'ieq% rFyTﬁgryg) %%th%etssélr%%a %’r = %ressurrzed

ent’'s surroundi ng
' b&lé przesshreasontvolpdsvlcelMromledtwdhet\ﬁesseh(?mhﬁ) a level that

L e T AT e
n?@ldtﬁ@ tect hsit AHOSSHIhe VrRs86le ?féééer@@@ ig! édg{ﬁgr%dyby%ﬁ of the

he FCC unit 100. Therefore, in order to o
Srrelgwéala@ompaeeu%aswrmogert odthendhamttheyioad edlls 210 (such as

pi]%eﬁss_pﬁeecﬁ{r 2{?}?‘{%@32}/ %e Ir%bd@?sé.gfgﬁ—g)&%gﬂgsbmpﬁp vent the load

cpHeQé.Orf&)mereseﬂaté]?@néa&mmﬂhemghh@ﬁ&agalﬁ/levw@ezﬂsgo the pressure
th fle .bI connect S as_bel | ows
58ee 48D, ety TP dee et Rl Seretprenis pigr 1o obtain a

, r@é&ﬁﬁﬂﬁa&@%@ nedurd BE ti Qéﬁéﬁfsﬂ 1h%epr%§§urea%’sse@t212@rmust not
surroundi ng conmponents. The b ows 230 allow the

bsrappertedayselber componentsiefdhe sysiem.he | oad cel I's 210

6605 i855H ahé praad, eIP520 MG "k cobi s coupled
u

[ se o;mrﬁem %‘f{% t')el ovvs '%8 oes not rell z%bl y |\r/%§'§§£

thareto, aflexiblei gbnnemteasusmreras dlellowe PB@S Swes euseazs del clsouple the
oBBupE e ST o hd LSSy AL P BeSSS L 122, ana
olredr! D LA hg c@rnf)ﬁhérbﬂee”rﬁ@@@%wg%obédlo‘v@ﬁwé QFésshF@(/e%el 220
plurality of bellows 230 nust be utilized to isolate

¢ hogdr essticelapgssrlls 250 o annere agaviabeigeadingomenitze obtained.
HovRlefduy % Qﬁ%&rble-ﬁe‘%ﬁfs" c{o%% rqt?ttr%r |§b ar'h%ﬂfe gt:cﬁr%?e weight

ht 0 e catal yst ad ure
mzaasurement lof thet pmssureahess&b@é@veerrmmmiet hlee werght of the

P B nBRsB! 825 Gl lErR o Eper Bt i E B o230 - @
pepblée exnposhdel Bpdhagadt et 8kdiyralifesubdliotd 280 et be utilized
t of weig readi ngs, . catalyst dust |eaks and

1%?5%%’9%6”%%%@ yRResliad0 framyibs, Va&@uﬁﬂomwents coupled thereto.
TReRSSR, itRé 'degefrﬁﬂﬁé#% Bf HERRiIdH W thEBaiis é’feev‘{% the pressure

repl acement Figure 37 s anot her e
vapsel RAG jsvelill hpeacauragddViommyer, dyedo dne 3q@ratig urmjwumes and

t SS 0 coupl ed b

o S A PYE L R SRR B s e
qBB@ emerh&@fahdat\edrt@lclﬂw PG edemenadﬂaapwm%mf readings,

'i ydt % i ntroduced.into the process |ine 122

alyst” dus Iea s and associated environmental issues, as well as
necessitating costly process downtime and bellows replacement.
[0006] Figure 3 is another embodiment of an additive injector 300. The
injector 300 includes a high pressure storage vessel 340 coupled by a metering
valve 330 to the process line 122. The metering valve 330 may be actuated to
allow a predefined amount of catalyst to be introduced into the process line 122
and combine with the oil from the oil feed stock source 104 before entering the

FCC unit 110. The high pressure storage vessel 340 contains a bulk supply of
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[0009] So that the manner in which the above recited features of the present

invention are attained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by reference
to the embodiments thereof which are illustrated in the appended drawings. It is
to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of
its scope, for the invention may admit to other equally effective embodiments.

[0010] Figure 1 is a simplified schematic view of a conventional fluid catalytic

cracking system;
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simplified elevation view of one enbodi nent of a
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DETAILED DESCRIPTION

[0019] Figure 4 depicts one embodiment of a fluid catalytic cracking (FCC)
system 400 comprising an injection system 402 and oil feed stock source 450
coupled to an FCC unit 424. The FCC unit 424 is adapted to promote catalytic
cracking of petroleum feed stock provided from the source 450 and may be
configured in a conventional manner. The injection system 402 is coupled to the
FCC unit 424 and is configured to inject one or more catalysts into the FCC unit
424 to control processing attributes such as the ratio of products recovered in a
distiller of the FCC unit 424 and/or to control the emissions from the FCC unit
424. The injection system 402 includes a control module 404 to control the rates
and/or amounts of catalyst provided to the FCC unit 424 by the injection system
402.



424. The injection system 402 includes a control
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[0022] The metering device 408 is coupled to the discharge port- 434 to
control the amount of catalyst transferred from the storage vessel 440 to the
pressure vessel 420 through a catalyst delivery line 414. The metering device
408 may be a shut-off valve, rotary valve, mass flow controller, pressure vessel,
flow sensor, positive displacement pump, or other device suitable for regulating
the amount of catalyst dispensed from the storage vessel 440 into the pressure

vessel 420 for injection into the FCC unit 424. The metering device 408 may



pressure vessel 420 through a catal yst delivery line
414. The netering device 408 may be a shut-off valve,
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the cumulative amount of catalyst dispensed over the course of the production
cycle may be monitored so that variations in the amount of catalyst dispensed in
each individual cycle may be compensated for by adjusting the delivery
attributes of the metering device 408, for example, by changing the open time of
the control valve 432 to allow more (or less) catalyst to pass therethrough and

into the pressure vessel 420 for ultimate injection into the FCC unit 424.
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conponents o e cat st I n ec ion
the @k@rmsmsalréﬂaéo dhe pressuire vessel @200 rﬁcmﬁxadmpde céedodv sensor
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a sonic flow neter” or
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animtefrrrbhmesn;@t:tldm Zsyeiemse iy el @ohttbRed | 19N Sivel e8@mmon or

424 t trod mul tiple
'”9§P§P§§Qt Cﬂﬁﬁi@ﬁm%ﬂ%ﬁggi |tty of gtloragjg \ljggsel s. Each
[0028] heshel preReUF® VeSYSIt 890 |ﬁb|@9dﬁ@ﬁé@lt%%g§?%9ﬁhﬁﬁ§ surface

common or i ndependent control
430.cass\opd aplls sse nopoepded ity d@t%mhmlﬂ]QeWetgjnttorﬁehemteﬁsur@vessel

420 L8 3D oo o oSBT qugh aaoration
dampears' am@ﬁkﬂé jike, Isuhttm exalldel enauniini deyicksy theg Sflostt efe @essure

és%f % fSChitate weight measurement thereof. The pressure vessel 420 has
an operational pressure of about 0 to about 100 pounds per square inch, and is
coupled to a fluid source 406 by a first conduit 418. The first conduit 418
includes a shut-off valve 416 that selectively isolates the fluid source 406 from
the pressure vessel 420. A second conduit 422 couples the pressure vessel 420
to the FCC unit 424 and includes a second shut-off valve 426 that selectively
isolates the pressure vessel 420 substantially from the FCC unit 424. The shut-
off valves 416 and 426 are generally closed to allow the pressure vessel 420 to



danpers and the |ike, but to exclude nounting devices

that "float" the pressure vessel to facilitate weight
wore@sr@nent thereof. The pressure vessel 420 PEBFUSHEN4/005784

operational pressure of about O to about 100 pounds

per square inch, and is coupPed to a fluid source 406

by a first conduit 418. The first conduit 418

Hé‘ﬁl‘lé&jﬁﬁthacaigw%t fbin ¥/ ’éﬁ)rﬁ%@ \&ﬁ@%%l] Eﬂ%?tgpéggamiglly atmospheric

i solates the fluid source
presiEge. 420. A second conduit 422 couples the pressure
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ave epehed 28llowing Riie 86 BtnerafLid Yorévige @ HyUhe RAdsbAlce 406 to enter

system 428 to a level that facilitates injection of

“E%QF eSsUse yeesel 44fl thieugh da first cpsedui|4182and sagyithe qatalyst out
' i cal t t o) r :

oF & pARGurs VO o0 kRS SRR 5170 i 4.

Ippegsembedisngsy, theeflyid xosuece 466nprovidesyait atraBbadt 60 he about 100

- val 26 are opened, allowing air
p%{‘(‘étgtoﬁg%zf ﬁ@%f’é@f‘@@ﬂ“éy the fluid source 406 to
[@0803r  Inhepprativayrthe viesationd 8Psteht ao@h pefigdicaytdispenses and
. CO dw‘t{ 418 and,c%%/ tg/e catal yst out of the o
IS S, KOWR Shantiyoef ¢3plysh e hae SE&Condit drdduletalyst is dilled into
, . . _ tLui
B b o s r o0 Y ey PR RAITRIS i1 §35 15 3RER upper
Partion: of Hisostoraue veegal 0. The3eighh obples atdrage wessel, including

ahPIERILATRKEE Metan, R phBihed oo SRFRG Tai8 Shtgingri rom the
logRldcelleatl. yst is filled into the | ow pressure storage

AR e BEREE o s SRR b e soraos
vedsd BE0SE drgfreebH®) thd ﬁfés‘éGFé‘ge$@l‘34-29raé : ,dhé&t(ijvée{% opening the

residing therein, is obtained by int eggﬂ
COMi Yalve f43niarne defined amoust #1dimg.00%der the ocatalyst has been

AR g G114 SEAL LY SRS bl anc e
exact sglantity é)tﬁ%cmyéacadded yde]@aﬁhe@ hﬁeubtmnﬁhgothevlain\r@nt weight
432 f a I ned amounpt of tjne. After the catal yst

fr%rﬁthggorgﬁwoyg é‘ﬂ%ﬁ‘%&f?@ﬁﬂpt P@Cﬁéh% !Q@teéysttl%ga%f@frg&éo the pressure
vouses 1204 4fel SrevbuRi NRAIONRE B@abire 98854120 is elevated by the
pressure control system 428 to, typically, at least about 20 psi. After operating
pressure is reached, valves 416 and 426 are opened. This allows fluid supplied
by the fluid source 406, typically air at approximately 60 psi, to flow through the
pressure vessel 420 and carry the catalyst to the FCC unit 424.

[0032] This metering system is advantageous over the prior art in numerous
respects. For example, bulk storage of the catalyst at high pressure is not
required, thereby allowing the storage vessel 440 to be fabricated less

expensively as compared to pressurized bulk storage containers of some



exact quantity of catalyst added determ ned by
subtracting the current weight fromthe previous

wore@sr@sent . Once the catal yst is transferredP@DUS1964/005784

pressure vessel 420, the preasure i nside the pressure
vessel 420 is elevated by the” pressure control system
428 to, typically, at |east about 20 psi. After
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%Unlkéy ey theaiiasgon systasn 5025 aa‘ldehendkebAQﬁ fanthjecting

e e 2 5 T A i

phoelity ofmtosigegvanselsn Jnllarstrabvelymbwn iﬁQ?neaédmb@bllmémeé% a first low

450 I dtoa CC unit 424. The
pPasiilfe RBEE e RRL 090 Bl sBe Sal o provae starage sesel 510. I
i< abatermpitdd thae ahGCnumber 434 iow eéé\l&n@céto‘?@gfy\%@%@s may be
502 includes a control nodule 4 for contr

cPURled ha ciinglRoprmssuty vesseal w0 frroiniedipn tcatalm at:ca higher
phisurgd24 by the injection system 502, a fluid handler
406 for injecting the catalyst into the FCC unit 424,
[@F#]a pFhs storage essetdls 4210, Edlpimey he canfigurad abidelivef the same

X .

oF ARRL KERIBLS 0! ELEEL A S SR Bhds P B 1

smagavemm@m d%mmsalm@/@tvmggi@)ragé%gi%%g@ %?% lga$e coupled
nmber o ow

tq‘ié?&@"&oﬁaﬁ%@, gﬁyfﬂ@@ the Rlugglifyod C%i@x%t@rt@ a sgwnon catalyst

dé%ril Qe UMk &6k 'd‘é’ﬂvé@t Ff’ﬁ'tc?/ $he 2‘5689% ngxﬁsel IQ1”2%3S?A"rltgrnatgly, each

0034] The storage veésse be configure
grelvesee! 44 SHhsandre md‘efwndamlmoapmtm the pressbfCvessel

PRy TR (e
dévite a432,c 6801 which controls the amount of catalyst dellvered from each
storage vessel 440, 510 to the pressure vessel 420 for injection into the FCC
unit 424. In one embodiment, the metering device 520 is configured similar to
the metering device 432 described above. In this configuration, the system 502
is capable of sequentially providing catalyst from a predefined one of the storage
vessels 440, 510, or alternatively, blending measured amounts from each
storage vessel 440, 510 in the pressure vessel 420 for injecting into the FCC unit
424 in a single shot.



to a manifold 530 which directs the plurality of

catal ysts to a common catalyst delivery line 414 for
wa@ledouwags i nto the pressure vessel 420. Alter nBCEUF2004/005784

each storage vessel 440, 510 can be i ndependently

coupled to the pressure vessél 420. Each storage

vessel 440, 510 is coupled to an independent netering
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as lofv Weessur@lﬂtmnage mel d#0tiben pedduude sieepsl 42mt Irﬁlftﬁls step, the
discl osed . therein d in hardware

b
RN &N, de st iond fextale oor prreglo the piarsuye vRssel 420 is
peveRmetinGuisiieHd PRedBiYe RRsLEPLEIEY ﬁ% hﬁbtéﬁrﬁé WhRLeA308. For

executed upon a conputer system i'n hardware as an
eérpmnl%,aﬂutbﬁ @‘pb@drnenhdﬂp@zje@ﬂ@dﬁgwerébmtep 6OR istpestormed by the

né)[ forl Bf %?rn‘?etbﬁ'ﬁgﬂ rbnchﬁ'{éu %(#}dz cell¥ 4 Isupportrng the

| nat | vvar e, r-manu
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transferred to the pressure vessel per f or med

yieightt Ré theesioinge Wassel 490 ipymeasUrget b@tm@eﬂwl gad after
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thérdepeet4S8i whialhe suppord ABe atoragkevesssd 4. | I helémount of catalyst

BRI By A AR5 o 0 D Hekb S b weioht o
tins esHge vé§§§ei404t2éforé|'bﬁd afitpbpentimgdhs RefsApst. fAIRIatively, as
dﬁs%%sgég raabgO%er[ﬁg catalyst metering device 408 may be a shut-off valve,
rotary valve, mass flow controller, pressure vessel, flow sensor, positive
displacement pump, or other device suitable for regulating the amount of catalyst
dispensed from the storage vessel 440 for delivery to the FCC unit 424.

[0037] At step 604, the pressure vessel 420 containing the catalyst is
pressurized by the pressure control system 428 to between about 10 to about
100 pounds per square inch. At step 606, the pressurized catalyst is injected

into the FCC unit 424. In this step, valves 416, 427 open which allow the



440 into the pressure vessel 420 by tenporarily
openi ng the control valve 432. The wei ght of the

waetonagesyvessel 440 is neasured both before anPCHUSHN4/005784

di spensing the catalyst by interpreting the output of

the | oad cells 410 coupl ed tol the | egs 438 which

support the storage vessel 440. The anount of catal yst
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e FCC unit 424. [0037] At step 604, the pressure
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provi rce Int
ra&m@t@dthﬁh sy wierage veéssepr edé step vEBkethe 4Resswse vessel 420
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(din the first and second conduits
[éé#é ecm%h?ithnﬁweﬁh@ SR (1 Where %o@%ceqnd catalyst is
rﬁél&%d? fanﬁngéécbﬁd%W @‘é’s&n‘égﬁé@g{g vORQ| §10adl tﬁErHreQéw@ vessel
met hod 700 for neterlrﬁlg@catay in a FCC cataly

428)j eing ¢h mslstiegnderine 520 .hatierio the gheleringtdeyices de@mmes the

o@ﬂﬁﬁ 81 fﬂ’\ bRl ac!a’fglgs 3@%3? S5 [ g}@cg t(é hé eﬁec%% storage

ora e Vves 0 a pres
vasselg At Bmpe'r'ml,gtMewneseumS\BassmaQGIobrﬁdallalngTﬁtee$édw1d catalyst.is

SR ] TR A0 78, b oSl e S AL e

b 1HEERCCAthit n.iw AMRSE i 286 ebnfethplafMil i ef éﬂéltlonal low
first catally e is pressurized. Then, at step 706, th

PhPEIEE MeSed '&f‘elp%t’im §ressuEe veass! 29 i $@(ﬁdﬁﬂr1ed4gder or as
ne@838] The nethod continues at step 708, where a

second catalyst is netered froma second | ow pressure
[QO%O}ageFigass &l d@niOtsta)fIbWedlpgm wfenessbodiMatt ofsa rmgetaod 800

B SRR BN ER TFC, PR e el MRS i method
bigirrang atlsiept 802, esfet tatafyst Remeeseadranh @rfselow pressure storage
vessel 440 to a pressure vessel 420 using a metering device 432, wherein the
metering device determines the quantity of the first catalyst dispensed with
respect to the first storage vessel. At step 804, a second catalyst is metered
from a second low pressure storage vessel 510 to the pressure vessel 420 using
a metering device 520, wherein the metering device determines the quantity of
the second catalyst dispensed with respect to the second storage vessel. At
step 806, the pressure vessel 420 containing the first and second catalysts is
pressurized and at step 808, the pressurized catalysts are injected into the FCC



vessel . At step 710, the pressure vessel 420
containing the second catalyst is pressurized and
WO evalotepss at step 712, the pressurized second PEL/EE2084/005784

is injected into the FCC unit 424. The nmethod 700

‘contenpl ates the use of addi ti%onal | ow pressure

vessel which |oad the pressure vessel 420 in a
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At steF 4, second cata i's netere
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pYS?%Sr%l fhégtg“tywl '@éﬁjggﬁlc%gba% E‘G%Hf?%y of the second
[0642] ysThLaks saanm;ﬁtt*ont bystespaas beerd NRosideanthastfatfiiBes more
VeSS t he ssure vessel 420

ACGHERF HTRIETGeOf AR Sirand SEHeP S Qrabloaiss apsociated with bellows
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t t 0 e he
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systeu mtrsttamtleﬂr&éewexpmtwa/mtan the lmeeﬁ@ﬁi spste®rofahe prior art.
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For exam% one catalyst may control em ssions
emodimgs Hgatpmﬂbw@rmf@t%rﬁm Heachingalanst deapoicdapai! from the
x produced by the FCC unit.
%ﬁ?e%ﬁﬁ@%hﬂgﬁtﬁ%a ﬁ'oﬂ}ocess flexibility with reduced
capi tal expendltures [0042] Thus, an injection system
has been provided that facilitates nore accurate
nmetering of catal yst and reduces probl ens associ at ed
with bellows wused in sone injection systens of the
prior art. Mreover, the inventive system is
conpatible with existing | ow pressure storage vessels
and does not require expensive bellows to isolate the
pressure vessel. Therefore the inventive systemis
substantially | ess expensive than the injection
systens of the prior art. [0043] Although the
teachi ngs of the present invention have been shown and
described in detail herein, those skilled in the art .
can readily devise other varied



enbodi nents that still incorporate the teachings and

do not depart fromthe scope and spirit of the

w0 pooegotdoss. WO 2004/ 076055 PCT/ US2004/ 005784 RGI/UYY984/005784
is claimed is: 1. Apparatus ff metering catalyst in a
fluid catal ytic cracking cata i njection system
conprising: a |low pressure storage vessel ; a pressure

Wias il claingddlisy coupl ed to a supporting surface having
an outlet adapted '"to be coupled to a fluid catalytic

cracking unit and an inlet; and a netering device

£.oupl ApKarbiiR %Prrﬁgferﬂpﬁsﬁﬁ p};ar abh% i CIEtC ‘t’%lyﬁ@ Grapking  catalyst

pressure vessel us o
’ lmmpewwtgm ai:lonhrm:smg one | oad cell adapt ed to provide

a met t|ve of a weight of the storage
vesse% 'O%bl%fﬁg Etﬁé?%% vgssﬁ, claim2, wherein the
met erd pgaséam Oéswm@fd@ &Bupled t@%%ﬁ@boﬁﬂﬂb%%r@ﬁ%m%d 8n outlet

a dis in the storage vesse

‘g ég &Pueleéfl tmasfluigl patalwic eraelsingsinigand abdniet; @ind
rmdulaeg%q gf@e%@ tc!?)%p‘ﬁﬂgttﬁéﬂsto\f?{;% &e%%%ld{o&ﬁp?ﬁlgh §gf’bed pressure

one | o erern the con

vwessebntrol the operation of the control valve based

at least in part upon the interpretation of signals

2.ecei Nedapparatushef claioad, feihes compridimg: appar at us of -

claim wherein th i,ng device conprises

di spe”ﬁi‘?%r‘é g /fogd.c & Ao @'é‘ggf%%%aé@ﬁwmgts:aﬁvwffadwelght of
the eWird@e ¥e®dlr i ¢ from whi ch the anmount of catal yst
transferred fromthe | ow pressure storage vessel to

3.he mﬁsépﬂaﬁat{fégéfedlalrﬂ b RHeRkiA gfe ﬂ%@ﬁ@&@ﬂmﬁg%hﬁ?@g&y

be resol ved . ar at us erei
di spénedmiepl &amec@upieg 0 a gischargeepoift in thesblorage fessel.
val ve, rotary valve, or positive displacenent punp. 7.
4The dpwaarnarstustofaliainnd Sluriweeceinprising: sensor i s at

| eas f t sduc

s B9 AR L' O IS4, S Sd TS St dpast o toac

~ cetiaghered the mtﬁcﬁ](}ﬁé@mé%édB@féldLiS?éH?fillo@Wgﬂerall@m of the control
valve based at least in part upon the interpretation of signals received from the

load cells.

5. The apparatus of claim 4, wherein the metering device comprises:

a dispensing device; and

at least one sensor adapted to provide a metric from which the amount of
catalyst transferred from the low pressure storage vessel to the pressure vessel

through the dispensing device may be resolved.

6. The apparatus of claim 5, wherein the dispensing device is at least one of
a shut-off valve, rotary valve, or positive displacement pump.

7. The apparatus of claim 5, wherein the sensor is at least one of a optical
transducer, capacitance device, sonic transducer, mass flow controller, or load
cell.



"8. The apparatus of claim1l, further conprising: a
pressure control device rigidly coupled to the
wEe@sauoss vessel and capabl e of increasing theCT/US2004/005784
pressure within the pressure vessel above at |east 10
pounds per square inch. 9. Thg‘apparatus of claiml
further conprising: a fluid source rigidly coupled to

g.he PrigsappararessLtlaim JlOfurtle? c%ﬁﬁﬁrsﬁws of claiml,
further conprising: a second W pressure storage

vessed :praseirg g@@tmiddﬁwcerrnmglydeounledcmmlne nuessere vessel and
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 etralsysdr sqluareemchon system conprising: a |l ow pressure
storage vessel; a pressure vessel having an outl et

@daptEse appénatmmamq HofurtHelr bshprigiga! ytic cracking

unit; a control va ve coupling a discharge port in the
st or ayBuid souEte Figi BhCCPLFFP'@@ to Hher pregsureneessebssur e
vessel ; and at |east one |load cell adapted to provide
0. net Fhecappripiis ohalaiol 1afuhiegsomptisingae st or age

vessel soddh (HEpARBRAUR! Sgi ML, Turther

conpri sing ressure co rigidly coupled
to traespcetwunetemagsﬁéwemd:oupmp@hhe stbragec veesding theepressure
resgure wWithin the pressure vessel above at |east 10

&?ﬁﬁ s per square inch; and a fl UI d source rigidly

oupled to th ressyre ves The apparatus of
@| i hPPEraS, fci‘fp MGHPY | §¢'tﬁ§'$t dns@cﬂwﬂl CaiR! i Ssapldng catalyst

|§j§@f@g§yg{§ﬁf§%bm@gﬂ-‘9a second netering device coupling
t'he storage vessel to the pressure vessel. 14. A

met h&jlof/\b@reﬁ‘étl@rﬂﬁgagﬁav%ﬂsﬁét inafluid catalytic

Comr] rasrag S5k BYERE s ped R ibaleotas Lspied to a fuid

aabalgtic a@ckmgajrylst froma | ow pressure storage vessel
to a S3 re vessel Si net ering device, where
e PRI o PPt & REHS% Rertdldne grage vessel fo an inlet
port of the pressure vessel; and -
at least one load cell adapted to provide a metric indicative of a weight of

the storage vessel.

12.  The apparatus of claim 11, further comprising:

a pressure control device rigidly coupled to the pressure vessel and
capable of increasing the pressure within the pressure vessel above at least 10
pounds per square inch; and

a fluid source rigidly coupled to the pressure vessel.

13.  The apparatus of claim 11, further comprising:
a second low pressure storage vessel; and
a second metering device coupling the storage vessel to the pressure

vessel.

14. A method for metering catalyst in a fluid catalytic cracking catalyst

injection system, the method comprising:



catal yst di spensed with respect to the storage vessel;

pressuri zing the pressure vessel to at |east about 10
w@owadoper square inch; and injecting the prESHUS10A€0)5784

catal yst fromthe pressure v el into a fluid

catal ytic cracking unit. 15. e met hod of claim 14,

wherein the pressurizing step further conprises:

| ncr gasterigg tdatalPsterfmrLlon Efés@uf&@toﬁﬁwﬁél\[@%sﬁessure vessel
from substantla Iy atm)u% eric pressure to a pressure

Ysing Renetgrge dewicer rhessibine Ioetesinginyice deterpinasdbepgrantity of
R 4 eerc)ll)?ith F«{]Lg)e‘éﬂch% é’cEra‘ae"’\/@{?sgﬁ wherein the -

nmeterin urther conprises tai’'ning data from

one @ressurizingotie praslsare:aesd;@dotaj lehst dlmwtpt®epeunds per square
.VESS and cal cul ating a change in the anmount of

' ‘gl ?Vst di sposed in the low pressure vessel using

the dgjbatingl The ressmizeed cafalyh aidh be phesaid VieBSel into a fluid

cal cul.ating step further conprises: determning.a

cetalytic Q@Pb'ﬁg WHL t he storage vessel prior to metering;

and conparing the first weight to a second wei ght of

ohe dhermghodeeisdaimaf ¢ ewherdire theepressutzing stefusthestchotprises:

of chalmhdidy et ‘f‘é&tfrgl rgﬁhﬁg@é;ﬁ)rgéﬁﬁﬁg{f%%steilfy%m substantially

conpri ses: senS|ng a
quesplmerm presisares to aguesyagsiel thpriange tof frarheabekit @0 tgabout 100
the first level to a second |evel of

p@é'pgfs)P SBP%’%e'HPhln the storage vessel after
B 1 o e A1 aIBy &6 WSt M1 Belerincen further srmprises:

St Or RBEAINIPGS@Atal ForRHTE br Mol B adSse J%fc eQ@fto e low Pressure
optical ~transducer, a capacitance device, or a soni

vepsglsader . 20. The net hod of claim 14, wherein the
et el p .f S| the fl QW
t he ca Ila?ﬁq |§\F/‘m5ﬁ§é 'ﬁr ough ?urlﬂ‘e§§rE 6ﬁgStofj'§pr?§e B the Tow

ps@ssmgaess&wmglmhmmeterl ng device, or a conduit
coupling the storage vessel to the pressure vessel.

VO 200/ rﬁéﬁw@ﬁ&f%ﬁ'ﬁ%&ﬂ%r@%ﬁﬁ%ald@afn@ stePRirtmet B@ﬁhpnses
rein the catalyst flowi1s sensed by

of cl a;t m 20, fe
| easCSAUENIRY A r§bWﬁ49fﬁ|06W%ﬁ0éage ¥ayed pflam%rr@&mge nd
or masmpiakiAl tREMrEClERh to a second weight of the storage vessel after

the metering.

18.  The method of claim 14, wherein the metering step further comprises:
sensing a first level of the catalyst present in the storage vessel prior to
the metering; and
comparing the first level to a second level of catalyst present in the

storage vessel after metering.

19.  The method of claim 18, wherein the first and second level of catalyst
present in the storage vessel is sensed by the use of one of an optical

transducer, a capacitance device, or a sonic transducer.

20.  The method of claim 14, wherein the metering step further comprises:
sensing the flow of the catalyst flowing through at least one of the storage
vessel, the metering device, or a conduit coupling the storage vessel to the

pressure vessel.



22. The nethod of claim 14, further conprising:

nmetering catalyst froma second | ow pressure storage
woemsmereosd the pressure vessel using asecond PEL/ES1I004005784

device. 23. The nethod of claim22, wherein the step

of netering fromthe second 1w pressure storage

vessel occurs after the injecting step. 24. The nethod

of clphdhdedhod Witdim Qerrth?éiEQherHa%ﬂggtr g N8 defBed by at least
pressure vessel to at |east about 10 pounds per square
aonecof a sadiciflovemeterg capacifanesglavices or erass o contrallgrhe

. pressure vessel into a fluid catalytic cracking unit.
25. Thee metihatiobélaih ddnfidtherwberprising: he st ep of

Bnd (RERCPT, OISt (g rear TabcBiRsoF Gy @b, vessel to the

rﬁ%@é@@@éé@éﬁt%in%b%d@@hﬂ%@@ingrdé%cet.0 the injecting
step. 26. A nethod for netering catalyst in a fluid

zat alyid mahad ko dainfbal Wereihﬁh%?&tbﬁrbisﬁfﬁ&mgyh{g& the second

met hod conprising: determning a first quantit
lewtpiegsurediteiagsaessal ecaussvafieethalinieclingséee  vessel ;
transferring catalyst to a pressure vessel;

At erMenimethad ekdaimal 2§uturthier goofprisitgal yst di sposed in

he | | | ; | i t
PSR PO AR BAEI BBhspor s
iaciel @arcond quantity of catalyst; pressurizing the
B o oo et Bt ol i o a i ot

cracking unit.

25.  The method of claim 22, wherein the step of metering from the first low
pressure storage vessel and the step of metering from a second low pressure

storage vessel are performed prior to the injecting step.

26. A method for metering catalyst in a fluid catalytic cracking catalyst
injection system, the method comprising:

determining a first quantity of catalyst disposed in a low pressure storage
vessel;

transferring catalyst to a pressure vessel;

determining a second quantity of catalyst disposed in the low pressLlre
storage vessel;

resolving a net transferred quantity of catalyst utilizing the first and second
quantity of catalyst;

pressurizing the pressure vessel; and

injecting the pressurized catalyst into a fluid catalytic cracking unit.



