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[0003] The‘catalys;t injection system 100 may include a main catalyst injector

102 and one or more additive injectors 106. The main catalyst injector 102 and
the additive injector 106 are coupled to the FCC uni 110 by a process line 122
A ﬂuid_s_oyrce, stich as a blower or air compressor 108, is coupled to the process-
ling 122 and provides pressurized fluid, such as air, that is utilized to cény the.
various powdered catalystg 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, = B

[0004]  Figure 2 is one embodiment of a conventional additive injectorl 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
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storage vessel 240. The pressure vessel 220 is coupled
to one or nore load cells 210 for weighing the
catalyst that will be introduced into the FCC unit 110
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- [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 te be introduced into the process line 122
g 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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[00083] In accordance with a first aspect of the present invention, there is
provided apparatus for metering catalyst in a fluid catalytic cracking catalyst
injection system, comprising: a low pressure storage vessel; a pressure vessel
rigidly coupled to a supporting surface having an outlet adapted to be coupled to
a fluid catalytic cracking unit and an inlet: and a pressure control system coupled
to the pressure vessel and configured to selectively pressurize the pressure
vessel relative to the storage vessel: and a metering device coupling the storage

vessel to the inlet of the pressure vessel.



[0008a] In accordance with a first aspect of the
present invention, there is provided apparatus for
netering catalyst in a fluid catalytic cracking
catalyst injection system conprising: a |ow pressure
storage vessel; a pressure vessel rigidly coupled to
a supporting surface having an outlet adapted to be
coupled to a fluid catalytiggracking unit and an
inlet; and a pressure control systemcoupled to the
pressure vessel and configured to selectively :
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storage vessel; and a metering device coupling the
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storage vessel by a pressure control system and
injecting the pressurized catalyst into a fluid
catalytic cracking unit. 3b [0008e] In accordance
with a fifth aspect of the present invention, there is
provi ded apparatus for netering catalyst in a fluid
catal ytic cracking catalyst 1injection system
conprising: a |ow pressure storage vessel; a pressure
vessel rigidly coupled to a supporting surface having
an outlet adapted to be coupled to a fluid catal ytic
cracking unit and an inlet, Bbe pressure vesse
selectively isolatable fromthe storage vessel; and a
nmet eri ng device coupling the storage vessel to the
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DESCRIPT!ON OF THE DRAWINGS

{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 partrcular
description of the invention, bneﬂy summarized above, may be had by reference

to the embodiments thereof which are lllustrated in the appended dravnngs Itis
~to be noted, however, that the appended drawings illustrate only typical .
embodiments of this invention and are therefore not to be considered limiting of
- ._,r,rts scope, forthe mventron may admrt to other equally eﬂ‘ectrve embodiments.
[0010] Figure 1 is a simplified schematrc wew of a conventi onal fluid catalytic -

cracking system



[0011] Figure 2 is a sinplified elevation view of one
enbodi nent of a conventional catal yst injector having
a |l ow pressure storage vessel [0012] Figure 3.is a

SaBlooredds el evation view of another enbodi nent, C?fns%mmﬂwsx
conventional catalyst injector having a high pressu

storage vessel; [0013] Figure 4is a sinplified
el evation view of a fluid catalytic cracking system
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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 coupied ta the-
FCC unit 424 and is configured to inject one or more catalysts info the FCC unit
424 to control processing atiributes such as the ratio of products recovered in a
-distilfer_ 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, '
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control nodule 404 has a central processing unit (CPU)
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pounds -per square inch. The storage vessel 440 has a fill port 442 and a
discharge port 434. The dischar ge port 434 is typically positioned at or near g
- bottom of the storage vessel 440, _
~[0022]  The metering device 408 is coupled to the discharge port:434._to
.-conirol the amount of catalyst transferred from the storage vessel 440 to the
pressure vessel 420 through a catalyst delivery Iiné 414. The meteﬁng 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 val ve,
rotary valve, mass flow controller, pressure vessel

f [VoiN2@08/63@55 positive di spl acement punp, or other —
device suitable for regulating the anount of cg)tcgll'{ﬁg?"“m“”s“
di spensed fromthe storage vesset 440 into the

pressure vessel 420 for injection into the FCC unit

42 YeteThinenthe Bh@rd o | 20Q4/ 076055 =
PCT/ Hsg@gfgm 005784 6‘{5%%4 m%HgBE{%‘}é\QXr%‘%IH L JPPLEB%aﬂlfy@tof dispense,
sufpP¥ %ry”\%ﬂghtf?emdmon thereatalysdi f@ﬁe—’ﬁts%fﬁ%ﬁ:cc system
ot heo, ﬂ%a%teﬁn@%q@,%l g onat e catal yst requirenments ‘
OE@MQL#F@CS) system: 460 8 HE %&%F?ﬂ@lﬂ@dlf@epmmm}abou{ 5 to
c poupd® piedeaf radradaRRdt 4000

POANES, RS Jay of wadd??i,ve-tgg,g tgg?tg%as'?és}gtth%@ﬁ@mm' catalyst)
contrer ca((‘%rl?%r ¢d 1@ Prendge figne ohoiiy tirie chbowit POXGNE ®er day of main
f raatalghlouThd nidted ¥ of main .
catal yst . The rr_gt ‘gg:a%‘é’%%e‘%/@p%@ %%Y%m}alugtsmar dhe course of
cdl gpéggg PERCtionecyetsy tygscally 24h@hs ARG gﬁétis(a? predetermined

CYphduntd Ypseal! 4. hours. j.n nultiple shots o
pr edetnerXn%%lr‘?g%h %v WESPIOFlEtRN Gyele. 1 howsveducaialysts may also be

cporied, Poles noede! ek, MY SRBRAY o Fitre 4, the

n " hasis. ln the enbodi nent deprc
t Ergeq&ﬂ%q Q?Y'ﬁﬁ W isc canigoli valve danitthal regalates 432ahiRint of catalyst
e

I dgfidcpdd t t jvered from.th
g:ﬂa e vggggllélgyo - eeg%%éﬁé%é%aﬂp?%\{’éﬁj&?‘l Pyedtimed actuation.

i [ [ le f | nt er Cat
oAb R I, 660 e G i dereewy. [ 0023 The
i[RP22} i ofhe yisjeetivd A3/siemy @fﬁﬁlagne?ltsb'qﬁ%ﬁ@ fcg?re 0P 'more sensors for

g,(;{)l‘ﬁaf for tﬁrovi_di ng a nmetriC surta
oo e A o Semigky s samount foutlyst passing
u € it &R .ng _each transfer o
to t hgﬁ pﬁé%u%%éj H\%"S@ Slacﬁg@ns%feﬂfs@@%tstqm pressure

cat al yst
ES{Z%? Sﬁog yT@@ Smstq@ﬁ ?ay bm?t%% to {:!%teecvt\gﬁ% ﬁf@% T(Pé volume) of
%:Agé ai: h};ast :{ﬁgﬂéggt\ger%g&é@s@@ weight ofqatalyst i e storage vesset
al Stia e]maﬂy ﬁhf@@ r € e 44 ’ .
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pl'ural® ?ye:%? PEdipcane of the Pgtraﬁilye@f ibhdrediB. 410 coupled thereto.
From sequential data samples obtained from the load cells 410, the controf

module 404 may resolve the net amount of transferred catalyst after each

-actuation of the metering device 408 (e.g., the control valve 432). Additionally,

thé 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 cycie may be compensated for by adjusting the delivery

atiributes of the metering device 408, for example, by changing the open time of

.the control vaive 432 to allow more (or less) catalyst 1o pass therethrough and
into the pressure vessel 420 for ultimate injection into the FCC unit 424.
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From sequenti al data sanples obtained fromthe | oad
cell's 410, the control nodule 404 may resolve the net
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3@6@} yst @QI i very | i_tr?g 4}14 cg@ptr’l n% tpééb%é%&)?ta very line 414.
ceRdl  4ateug CprRiseiipre oysieml 4. désuribeailoRe is shown
chefijured i6 prsade cEBNY hGefilQw meter or
ﬁﬁ?aﬁi tance device q’dsgg'i"z‘?j§?§(’)h@8t'%‘é’tpf?ﬁ%i"ﬁéﬁ%ra@ﬁ vessef 440, the
PUPR SPNiRiPPlRtase tilfaing .onec at ahorst mjémhn@stté}hﬁ%g:ed to the
Fe aat abysh idehd Lne 414 [0027] Al though th
i géﬁecéfl on ?;t?s,'ﬁ@&r%%y“djé‘iog?i%‘i@%ﬁﬁd@ﬂi%ﬂwm of storage vessels.
i Yuitieaser dnjpeiion dersianal rsly HEORY irole, Lo
iH&%&H‘% %ég{ a%% vefsel 440, fthe in@%ﬁlﬁ%gr??’ cftfier common or
cont enpl a2 e PAYesy one or more injection systens
[0028) edThe preesurbCladyal t4 0. 4 ntroduce, myl tiple
t al éséé froma pl u%%? i4t23/)2gsf EQF’M gagpégs@gﬂ?. ”J?%'ﬁg surface
- PRESY PRfRRE 1t ngadento detprhineahatwabhest 1 BhidSe vessel
- 420MOMheMterm “rigidly” is to include mounting devices, such as vibration
dampers and the like, but to exciude mounting devices that “float” the pressure
vessel to facilitate 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 41_6 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 vaive 426 that selectively
isolates the pressure vesse} 420 substantially from the FCC unit 424, The shut-

off valves 416 and 426 are generally closed to allow-the pressure vessel 420 to



i ndependent control nodul es. [0028] The pressure
vessel 420 is rigidly coupled to the nounting surface

430, as |l oad cells-are not needed to determ ne the

W QBw40T608he pressure vessel 420. The term "rigi s
is to include nounting devices, such as vibratig%kgkxmﬁmmﬂ&i
danpers and the like, but to exd ude nounting devices

that "float" the pressure vessel to facilitate weight
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enter the pressufe Vv

periigni ef thesstarapec acssel 1440, C%é'\&/éigtgf’klf theogté)tﬂjﬁﬁe ¥5ss¢l, including

vessel 420 through the sécond con
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Ioed8 cetloviides air at about 60 to about 100 psi (about

[Iﬂ 2 io. g_ﬁout 7.0 kg/cn2). [0030] In operation, the
"RFELt i Bh oogsemhrdmenicri pridefinby cqunéﬁ%ﬁ&ﬂgséén the storage
uni
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5 & Catdf GO &f the starage vessr) 440 is obtained once again, and the
exact quantlty of catalyst added determined by subtracting the current weight
from the previous measurement. Once the catalyst is transferred o the pressure
vessel 420, the pressure inside the pressure vessel 420 is elevated by the

pressure control system 428 fo, 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, typic,aliy 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
) rgspects. For example, bulk storage of the catalyst at high pressure is not
- fequired, thereby aliowing the storage vessel 440 to be fabricated less
expensively as compared o pressurized bulk storage confainers of some
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any catal yst residing therein, is obtained by
interpreting data obtained fromthe |oad cells 410.
[0039] In one enbodi nent, a predefined quantity of

/ [0 the storage vessel 440 is transferred :
?ﬁ?gb%@gﬁdﬁ?essur e vessel 420 by sel ectively opdHiT#gs2004/005784
the control valve 432 for a defi ned anount of tine.
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of. the storage vessel 440 is obtai hed once again, and
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Q.. jn.the |.o essure storage ves
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pesserg starhge peeseild 4 ¥A8 $LEcdA Y B9E ré%%h@ gﬁas-géé’ B&sel 510 1t

isc&lﬁ{e%(ljb ellows in order to obtain ca _
\%iqg'@ e Zfoﬁm’ dwramamfg@w poessLse Slomigy lw;ggggtmay be
ceaded gD &S nd. less costly _
system [OO%?' Fi %%??%Dggﬁégt Lsiégn%ﬁf&ecz'ﬁﬁoﬂ?m Jr a higher
°PP¥i®d catal ytic cracking (FCC) system 500 -
i St | ion S 502 and oil feed stock
[O0BH o B E6 el 438 2650 e b montgmeed g delivanihe same

Yydifferars 0atalysdaptied FOT piravige ;) b}géi%lt@ g%@%fén%i%hg gimilar fo

, E | t, 424 he injection system
sté&aégﬁ’teﬁgf% %Lﬂeécﬂ%%fg fgPVR olheilviagg vasecks4l; Si0dercoupled
tarmmanifolf 58atahivs i i ann t o the FOC unit 424

t he ?nj ect i\gﬁﬁi;dslﬁﬁlg%?ma{aqtyuoﬁocaﬁa%ﬁfé&o agmigpn catalyst

b .
: dreﬁYeé‘gthr}?g‘IflﬂefOCéi‘fﬂllweﬂt intatthet ress@ieé vesdel 4. AMbrAately, each
SRIE5E Ve8s¥ea48! 517 Lol AP lir?c?e;:)te%d%ntly eoupled fo the pressure vessel

420. Each storage vessel 440, 510 is coupled to an independent metering

device 432, 520 which controls the amount of catalyst delivered from each

storage vessel 440, 510 to the pressure vessel 420 for injection into the FCC

——..unit 424. In one embodiment, the metering deviee 520 is configured similar to
the metering device 432 described above. In this configuration, the system 502

| is p‘apable of sequentially providing catalyst from a predefined one of the storage
yessels_ 440, 510, or altematively, 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. '



plurality of storage vessels, illustratively shown in

one enbodinent as a first low pressure storage vessel

440 and a second | ow pressure storage vessel 510. It

|®0% ted that any nunber of |ow pressure

storage vessel s may be coupled to a single pregg'mlélﬂwot)a?m
vessel 420 for injection cataly at a hi gher

pressure. [0034] The storage vesSsels 440, 510 nmay be

cgwbi gj” to deliver the sane or different catal ysts
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sequential I'y provi
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0%‘%’5 gRﬁ?H unt s om each 'storagé vess
[ﬂ@ 61:%0 n é %’P@mmaé"%§ S-420 for injecting | nto
t[A83 Fhetmethdd 60D Be 04, 035
qu/ u32004/ oo 784 10 [%Bg%g%%ﬁézewﬁgd%pl ot étg'aYgﬂde*ere" from
Ol&9SoWr§Reh 1481 toaa se srauie 8@Bsef 420. In this 'step, the
?
mmtéhhggarﬁﬁ&ié‘ﬂe)‘tﬁnétﬁnao L%?@é{ ﬁ’%\ngtgrreﬂj ﬁb' oﬁg Lgsyteggssel 420 is

The net hod 600 is genera
Prioppad rwtsiﬁiﬁdﬂﬂee prssure wessal U0 a8/ thes ﬁfétéﬁ;ﬁ@ device 408. For

{ | b t
ﬁ?“féﬁ%ﬁﬁﬁ%ﬁ it BUICS P iatie . stemepStisperiosmed by the
e@mbinratipn| ofc titee cheft dag g8ay,
U g dul, a0 Aio?ﬁgugh 8 B RACEHIT210 SlpBrting the
cqcf Q 'Ii@ 7ig9 utifged indeteamine thesambuat ef u:a:telylshtransferred
inoie mrlesk ¢d el \
e ragege?%oﬁﬁeﬁ&?ﬁ: L e
inta the prasswE] \eeqqeblﬁlZOﬁantmhp@frarﬁEopmhg ihé%ontrol valve 432,
software as executed

I ement
%éc;ﬁ'?é' Fc’,?grrpu% eb%té SPEM'STH hﬁ?@v\ﬁr Biegsugd hsthi beforerend after
Cb«?iwsmg:thmcagly&t egi interpreting the output of the load cells 410 coupled to

the Iegs 438 which support the storage vessel 440. The amount of catalyst
transferred to the pressure vessel 420 Is the difference between the weight of
the storage vessel 440 before and afier dispensing the catalyst. Alternatively, as
discussed above, the 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 con’salnmg 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 mjected
into the FCC unit 424. In this step, valves 418, 427 open which allow the



circuit, or other type of hardware inplenentation,

manual |y, or a cqnbination of software, hardware,

and/ or manual steps. [0036] The. et hod 600 begi ns at

stwp 26QA7wd3gre the catalyst is netered from a |

pressure storage vessel 440 to a pressure vesselp%ﬁl%smﬁ‘mma?“
In this step, the netering andldeterni nation of

catalyst transferred to the pressure vessel 420 is

per; e re. v ssel 420 by the '
rretdea?ér’gadlgevr ﬂi%%?o ngr %%2# 4 A streasheb dluideprovided by the

dep’iuts:t eduncre m&uﬂmtﬁe eRibRIi rﬁ&i’t di fiqr s
IIIQQnat ion of the neteri nz; devi %%&%géﬁaﬁg&téﬁx _f@aaressure vessel
cel s ARICHBSEA o7 lenst akaulifgesivesthel przeé@utmccmmoi system 428.

ut IOricéetﬁet;ﬁegﬁjr@rﬂﬁé‘ﬁeérpFea%ﬁBHn a!@% %% an%5 %Zngedpp@%ed allowing

transferred to the pressure vesse
| sthg ﬂ%‘éd@éﬂeffﬂ@mmﬂreesmm agrduits§¢8, 424 icahg theecatalyst into the

sel 420 by tenporarily opening thé con
F§§H£§5¥§&The wei ght of the storage vessel 440 S

HO38d Urebdeprtn ! f
i Bz g 5 - s o
41 i ceRlyst e alfe camtrsmectmmem tm% ﬁﬁe""‘ﬁm begins
vesssbp 449 wﬂ@r% é'}‘fi’é’trﬁat@&sﬁg cﬁ%ﬁ@gﬁg ans%g @\Hd)oressuere storage

pressure vessel 420
weieghe! 440 te lseprassreyeesses 920 Wity befhetdindedtbs Qf32 wherein the

S di Al t t |y, d
albrg%nﬁ{; Ege\%:'&?ac@%@lﬁ@? etpﬁnﬂe %Y Ic‘\éceﬂ‘& ﬁﬁycaila?yg dlspensed with___

smeﬁpem‘tftovﬂie/éirst sRragey veak¥e, ARSRsp QW tﬁgngre%lsgﬁat vessel 420

fl ow sensor, positi ve di spl

ur.e
ﬁ%‘%"lﬁ‘g 66?\3‘?3%%@;?5@ i PrassEzath Tihegy Iaatsrtaflg 706¢ the Pressurized
aff@l!a tef in fromthe storage vesse
429 fr;%sr d'e@éd’ b & R O, [0037] At step
dv eesiituet2@t cstepalr 0B aviidie %rafsébdﬁd catalyst is
|§1€tggfg@ ‘f %};ﬁ/d gﬁ ressure control system 428 to
Rﬂe?r (\éveen gou BUSUDBIORM Hes§rl S I himnihe presaure vessel
uemg(aeﬁnemha pdeasca 6RREWH lipat
a?m\%E% uni fq 424. 1n thi s@?és?gg?mé H gq%gggfi}ermmes the
‘ﬂj Eﬁ ﬁe&W‘Pr@%’ﬁfzé@@ﬁomwrpcaymaomh@oea%d storage
Mesealt aAy sted p1be i 4 in
st r eam of feirtl dp twﬁgg&ﬁ \95%5@?4? 5 &¥%'8M§'e4ﬁ%coqdncata'YSt is
tFﬁ%" %'Ilﬁ@glqﬁ%fn@ |a§tsé%p IfﬁZFﬂ'giJPEl‘%uﬂthS@Eﬁﬁﬁ Lﬁ@al\tst IS Injected
e r t | east, about si
YR 9Rb FEGUriitS4h SThY rjnéfﬁg-ﬁi] fodton ‘I#ﬁrl@%%gf bdional low

the pressure co
RERsShER Neswcwhadh i@mj ﬂ% pretBuRNt<2f 4%(’)%%%%1%9 order, or as

Boef422 (o Carry ?h'e”cé?ir yst into the FOC nit 424

[0040] Figure 8 deprcts a flow diagram of one embodiment of a method 800
for metenng catalyst in a FCC catalyst injection system. In this method,
beginning at step 802, a first catalyst is metered from a first low pressure storage
vessel 440 o 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 calalysts is
pressurized and at step 808, the pressurized eata!ysts are injected into the FCC



[0038] Figure 7 depicts a flow diagram of one

enbodi nent of a nethod 700 for netering catalyst in a

FCC catal yst injection system The nethod 700 begins
aW@eaep/07@2s where a first catal yst is di spensed lj&%ﬁmmﬂ&
first | ow pressure storage vessel 440 to a pressure

vessel 420 using a netering devilde 432, wherein the

et eri ng device determ nes the quantity of the first

_ ' 1t 13, . L, ¢ first |
Ct o R o SRS Sk o catplyst, LB itndd s arsematztes the use of

coAfdiianabiovhpresisust vestcld which mam;ﬁﬁﬁfdéiiﬁ&ﬁffé?"lﬁﬁiﬁ"@%ﬁfcata!yst
o4 .

t tal yst i | ect ed
FE néPRed bR BeP S RTRIeATel rohonstasenorucs. ot step 708
- VhD04 1R st dslorbBd ifHiGIEL 7 LARPLRES AL AiNe catalysts

pressur.e, st ?{Tﬂ?%e vessel 3 e pressur
478 BSiiRigcipdrittie thaF@Evumie a620ceddttr dior &hen { @eNSatalyst may

depny Joterni ntity of the second catal yst
drspens STePORS Thorh dfe CtBRhG'WaRtsn sad cigher eleist may contro
,SAt §tféa§gﬁam.pl§t%lc1ib;raecs ?rcgéul?;éisiig% tﬁ%gFg%g@tg' Flg1ti§ glc'{ﬂg\ged greater
7 Sg%eﬁéﬁ%@é’mw&?@@gmiteb@mw@itur@.i nj ected into _

t UThiis, 434 - inj 7 enpl . at.e he _usg
olfﬁﬁ.e;ﬁzd}ﬁ i onapf, lélg &nﬁ%ﬁgﬁ%&yeggg fl?%n ﬁof}g%@ tﬁ‘lﬁg facilitates more
pPES¥e Nelesay aboaialyst gk dediced proldehs SSscfated with bellows

| 8 depicts .a fl di f
et e Ploctibl YEietab P i Bk per iMarSHe tpernventive system__

FeCccaapatibie twiitnjeadsting oy pretBlrd Btdrhl .
irst catal ?/gt@égﬁg?%? 8893 not require

begi nni: step 802, a

FEeToNg P%ﬁ'owaquar'%‘ﬁ%tﬂ dhatpjesgere vessell Merofora the' inventive
pyetamiie subsia At 2 N ASYR Gy ans i
ks e 10 e v o
d #8L . Atheyeh dhe teaphings ebmegggesaht imveﬁﬁg’pﬁ@be}ﬂéeh%awn and
d ih& Ve ) - a second cat al yst .
(Do TGRSR e, SR Y e B enll dvienter vried
srbediments hafssiill inocepsriie 486 fe8thbgsar® iRy ke degart from the

j 0. . ei.n the netering. device determne
gﬁé*’%%&ﬁ%ﬁ’?fgm@%efW@nEeeond cat gl yst di spensed 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
pressuri zed catal ysts are injected into the FCC WO
2004/ 076055 PCT/ US2004/00578- 12 unit 424 as a single
shot of catalyst. 'The nethod 800 contenpl ates the use
of additional |ow pressure vessels which nay provide
m xtures of different catalyst

~,

""-w.,w



as needed or per a predefined process sequence. [0049]
The nmet hods described in Figures 7 and 8 allow for
multiple catalysts to be injected into the FCC unit
as needed. For exanple, one catalyst may contro

em ssions fromthe cracki ng4grocess and anot her

catal yst may control the resultant product m x
WLPAUESEHPN: the FCC unit. This allowed greater

process i exibility wth reduced capital expenditures.
[0042] Thus, an injection system has been provided

t hat [.] d Hago]s I ring.of .
and SRREr SPhERARR i A TR b R i
systene compreiig:on systens of the prior art. Mreover, the

inventive S%Pten1 IS anpatibIe with existing | ow

pr esEIPPTEPYLSIPEsrdSEshs and does not require

ex pefisieistreBRbdePMSidlyoupiell & £silppbrik Gt BaVifs 86 butlet adapted
Therefore the inventive systemis substantially |ess

todesevided/® a hud catplatic prireleng vrit anfoandnistendt he prior art.
[ 00 t ' [ [ on
have BesheaRHes syiEm GAA8) Aile BloshiSyalcP SR ot OF

selciivdl e prepurizdithe prdsswrancsseladiative weke serags heselvard ed
enbodi nents.that still incorporate the teachings and
do P HRHRITIE R iedhe SaRER Vet e fanlpt qJfing Rgssure vessel.
invention. 13 Wat is clainmed is: 1. Apparatus for
metering catalyst in a fluid catal ytic cracking

2.cat aihgepraraeet slam L.4ydhes spmpasipg:i si ng: a | ow pressure
St OrREGsIHRE R : ik Gk
R e e ke G L e

staregeotesstlt 0 a fluid catalytic cracking unit and an
inlet; and a pressure control systemcoupled to the
pressure vessel and configured to selectively

3.pr eshdfapERatuef MiBSS WiRrahe &% ShctérBlgalelée céplidee St orage
vessel ; and_a netering device coupling the storage
vesdiontre) vialys coppled togt dipehargspesany Fh@ sipsaggaiessel. 2. The
apparatus of claiml1, further conprising: at |east one
| oad cell adapted to provide a netric indicative of a

4.wei Ghwe apparatheof daior R dertheeseeprisit: The appar at us of

claim 2. wherein.t teri,ng devi ce,.conpri.ses; .a
C boaefire AT Bublag Tk ol AR EE e A RS RR oaa Ber,
wisr@n dgeonesiseddule is adapted to control the operation of the control valve based

at least in part upon the interpretation of signals received from the load cells.

5. The apparatus of claim 1, wherein the metéﬂng 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 an optical

transducer, capacitance device, sonic transducer, mass flow controller, or load cell.



4. The apparatus of claim3, further conprising: a
control nodule coupled to the control valve and the at
| east one load cell, wherein the control nodule is
adapted to control the operation of the control valve
based at least in part upoRgqthe interpretation of
signals received fromthe |load cells. 5. The apparatus
of claim1l, wherein the metering device conprises: a
8diSﬁﬂmgmpgaﬁswaMﬁnaﬁﬁhﬁﬁnMﬁﬁﬁﬁmmﬁeaﬂﬁﬂsgﬂmﬁﬁampﬂﬂebD
.provide a netric fromwhich th anounk of cata
inreaitag e PEAFF SIHAS PN WS AR e bioatd 0P ibeg guare
inche pressure vessel through the dispensing device may
be resol ved. 6. The apparatus of claimb5, wherein the
di spensing device is at |east one of a shut- off

9vaIVﬁ16%?%?@§OY?E%$ ﬁﬁg%mﬁ@?¥§ .di spl acenent punp. 7.

he ap el % the sensor is at

| east flwdeowte agxdlypioupladi to the aresgincessselcapaci t ance
devi ce, sonic transducer, mass flow controller, or
load cell. 14 8. The apparatus of claim1, wherein

10.he THeappMaRs 6PEhIO, fEMEBIpSsig@pabl e of increasing
the pressure within the pressure vessel above at |east

10 powsens lﬁwmr%sq@rals@ragewewel gud The apparatus of claim

Lo (b SRm GO dlddbudting thd God BT 14 B HlatafOURLAT

to the pressurée vessel. par a airm 1,
further conprising: a second Iom1pressure st or age

vess a_second teri device coupling. the
11 o A dobneEa0F fuTiieabe Mg B8 criekpe AlysLRierian
sybtefn, bRb@isingg catalyst in a f|UId catal ytic cracking

catal yst injection system conprising: a |ow pressure
st orddg® Pyssyeptorageyeselur e vessel having an outl et

ad apdtlﬁgss{u‘é v@?se it H‘igeag o'ilﬁe ﬂhtgd gy b%?ctg%l% ta ﬂ&ld%%.h)ﬂ? he

unit; contro ve coup ar ge port
&&U@a@ﬁ vessel to an |nlet port of the pressure
vesse| :

nd a | oad cell apted to prqvide
oSNl R eauTR s Ruigd Pl i op sOHER vEfgh 4R ¥ port of
thap;&ssafe vetstl; ahle apparatus of claim 11, further
conprj si ng:
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 system 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:



a pressure control systemrigidly coupled to the
pressure vessel and capable of increasing the

pressure within the pressure vessel above at |east 10
pounds per square inch; and a fluid source rigidly
coupled to the pressure vesgel. 13. The apparatus of
claim1l, further conprising: a second | ow pressure
storage vessel; and a second netering device coupling

t he metoning getalyetsfah atlow phossype sesige ecsselss e lpressutéveséel using a

t hod for netering catalyst in a fluid catalyt
e R o ol L e el e e AuSibrpisatas
dispeypd ivsth Agpectbo thFBtR4dcRGsseRpt al yst from a | ow pressure
storage vessel to a pressure vessel using a netering

dev PGl eresynzngthapicarreyeserl velativede therstaragesyesyebby a

| ' | to the

PRt S E oAl I O RRA g Lok RBE R P o e

v esydcting thetpresswrizsd ichielystt fovm g presssrelvedyyl iato qfhad satalgtic
cm@ﬁg%&% systemto at |east about 10 pounds per square

I'nch; dnd injecting the pressurized catalyst fromthe

pressure vessel into a fluid catalytic cracking unit.

15. _The neth?d of claim 14, wherein the pressurizing
15.5t ephg ethad pf el 4. sdsrein the pressisizing tendiuphacempases:

Wt BERAGASHRIHESSHE S/ithESHE breb P SU FHoAl hlp@hhtlally atmospheric

at nospheric “pressure to pressure’in e ran&e o1
prefyugmtoaipyessuiton the ragewf fiv@OabpotiHbe apeut 196G panmisipacdyuare inch.

16. The nmethod of claim 14, wherein the netering step

further conprises: obtaining data fromone or nore

16.] oaThetbthed 60¢ipnetH, thetdietht @t g S Tar e S6Mpriscand
cal ange in the apnpount of catal yst

|.at i h

di s u%}g’&lg i%%tﬂf}ﬁgﬂ PRAP RS Sl e checoipled to tiedg prreswyesel; and

L7 calfyeu B alefshoiin BlcintDutor SARRENIIBRIARL A4 BLLIE vessel
ning a i I ght of

step further conprises: deter I rst

usingibe detar age vessel prior to netering; and conparing
the first weight to a second wei ght of the storage
vessel after the netering. 18. The nethod of claim

17.14, Theheethbdof dsim e, edherih the efcilatidghed foARRCLEGH:Cs:
sensing.a first leyel of the catalyst present in the
St OFiEBREa Bt pieieht of B pBee HEPR NG (o BRENEBARAI | ng
t hecohipafihg IHR\RY Wi ltc§§ &R0k WERI ofFhe G&hLEL Yeikel REESRO!

in the storage vesse
metermg,.

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

afier 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:



after nmetering. 19. The nmethod of claim 18, wherein

the first and second | evel of catalyst present in the
storage vessel is sensed by the use of one of an

opti cal transducer, a capacitance device, or a sonic
transducer. 20. The nethod o claim 14, wherein the
nmetering step further conprises: 16 sensing the flow

of the catalyst flowi ng through at |east one of the

st orsgigping/ibs Slew, of thpecatmiyse flowingdbwingle at least ancoafiilthstorage vessel,

l.i ng_ t.he stora essel, tqQ the pressyre vessel.
th§ BeReing deyiek gRa Sotl PURIBE the, larags yiSssl 0 thsPETsoRE vrehy
is sensed by at |east one of a sonic flow neter,
evi.ce, or mass flqow controller. 22. The

capagi tance
2Imet HOG Rthed ofictaine 40, vhrreidhe eatppititlorrig senved by ghdepst one of a
sofRiRbYSEtef, CAR-RaRE AONEE, bPWaRY f5\% Uhfirotiklr age vessel to

the pressure vessel using a second metering device.
23. The nethod of claim 22, wherein the step of
net e i r0 he .s5e d | ow . pressure storage vesse
220003%§%§?%%¥)f%@nﬂ§]@@£?H@H§F§ & 24. The nmethod of
cl aimmatéhg chtalyishR6mQoeRIdI oW Grespire SBEHge k438l th AR pressure vessel
fressur vessel to at | east about 10 pounds per square
usig @yecoRid neterigderichy t he pressurized catal yst fromthe
pressure vessel into a fluid catalytic cracking unit.
25. The nethod of claim 22, wherein the step of
23ret dbe mythiodefrlatm 22 whrreih dw seresfousteringson dgscueddel
' f tering. froma second | ow pressure
pn%{ﬂ.g? gtggagéé/gsgg ch?q‘g aﬁ%ret{rlgglﬁ?gag gﬁﬁ’ ‘or to the injecting
step. 26. A nethod for netering catalyst in a fluid
i.njection system the

cat ti racki ng.cat al yst
24et ﬁgénﬁﬁwﬁﬁ?gﬁ%@g%@%ﬁﬁpwpﬁﬁn& first quantity of
cat BlesirizHoIROSBGutd velsel RYtRESEHILEL @%ggﬁa%m@heh; and

transferring catalyst to a pressure vess

det EH¢ALAE thy pesseizsd daighanfrom yhayfressateaieysl inth s foidedtalytic
crabBEe LW pressure storage vessel; resolving a net

transferred quantity of catalyst utilizing the first

and second quantity of catalyst; pressurizing the

ressure_ vessel.relative to the_ storage vessel by a
25.3 ; eig%]il’lgﬂleg ﬁf ?lamﬁs y&@r@m & sfgp of metenngg from the first lo)\lzv 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 pressure storage
vessel;

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

pressurizing the pressure vessel relative to the storage vessel by a pressure control
system; and

injecting the pressurized catalyst into a fluid catalytic cracking unit.



injecting the pressurized catalyst into a fluid
catal ytic cracking unit. 17 27. The apparatus of
claim1, wherein the pressure control systemis
capable of increasing the pressure within the
pressure vessel above at |eigst 20 pounds per square
inch. 28. Apparatus for netering catalyst in a fluid
catal ytic cracking catalyst injection system
27.conph¢ sipatptuseofichum Jr wheramshs pessageconeebgkstemas paabkute

. sel. rigidy.coupled to a supporti face havin

incl RGeSt SR e grogate Serspialorootion| 2 revids me e

inchr acking unit and an inlet, the pressure vessel
selectively isolatable fromthe storage vessel; and a
net eri ng device coupling the storage vessel to the

281 nl RbpSiul ﬁﬁn&ﬁﬁ'ﬁlﬁ%ﬁﬁg}éﬁﬁlﬁ%ﬁd cgtgi?‘;it | Cagil?%@?lﬁgrinjection

metering catalyst in _ cata
Systean, §PYrIsIgl ecti on system conprising: a |l ow pressure
stogﬁg@?%gﬁ%g%é a pressure vessel rigidly coupled to a

supporting sur]%‘%‘ﬁ§Ving an outl et adapted to be

couppessuiovesd kHgldly eapriyé b suppodidsl sieFadiakvinanel oatlet adapted
inlet, the _pressure vessel selectivel i sol at abl e

to herconples b & v saialwie swaeking anitandan lptdBe piessupoyssdl pgectively

isolaP®1cSt M BRSN Lsel-Qni he inlet of the pressure
vessel; and at |east one sensor adapted to provide a

met & metefing devidd eoliplingtha stotage vesdseldatiad ikt of the aresfuee vesdel.

fromthe | ow pressure storage vessel to the pressure

vessel through the dispensing device nay be resol ved.
29.  Apparatus for metering catalyst in a fluid catalytic cracking catalyst injection

system, comprising:

a low pressure storage vessel;

a pressure vessel rigidly coupled to a supporting surface having an outlet adapted
to be coupled to a fluid catalytic cracking unit and an inlet, the pressure vessel selectively
isolatable from the storage vessel;

a metering device coupling the storage vessel to the inlet of the pressure vessel;
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.



