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I njection systens for fluidl catalyst cracking units.
Background of the Related Art [0002] Fluid catalyst

cracking units (FCCU) are conmonly used in petrol eum
refining to break | ong chai n hydrocarbons present in

the-ai st IMULT-GATALYSEIRUECTIONTS VETENc ..

into the FCCU by a catal yst injection system which
.odi yst for injection over a
ﬁébg%é@y%%ﬁi%m%@ﬂ ch injection systens are
Paid aptie Inventign ercat, Inc., located in Sea Grt,
New Jersey. O her exarrpl es of conventional | njection

sfmbnﬁr@b@mr@@&& phEe Inveokien @@nsfaikye@laiatt@rﬂw%atalyst injection
1995, which is

?Sﬁégéﬁg%rﬁg’tf!a y %£§%@ |'3'11€?i‘ts entirety. [0003] n

addition to the main catalyst, it is often benefici al

to inject pt r a §I ts into the FCCU to further

[ ocess. For exanple, sone

qade2l yﬂuua@télzéw&a@km@ LSitss (REC o) eﬁéfd(ﬁhriﬁohbypﬁ%d)fn petroleum
em ssions, such as the anmount of sulfur-

efiRiogea- kreak dong slaipdislsecriBoRs psesantim crt&ﬂ eibppd to adjust the

b
RFRLTR: (RVRIe g3l MU SSERY MBS deporply, mrocucec
Foto mearﬁﬂ(éu byataalc)asalystawemioﬁosynnemt wdjncﬂb pprlodhaau,y meters out

nore di esel. relativ asal i ne .or tQ. increa

iy Ehinigrtin gt puershiedPElet ¥ sl UcibRgTon systems
cdrBehfailabie tfrsBelntaicatt ineh fcateiin a86a LG, CNbeJersey Other
supported on a separate foundation and har d pi p

ARl of 60®Yﬁé‘tPOéU'"J?ﬁ‘é>f’f ISYRiEANS j&rg Qﬁsqrul?@dr lé‘f Uniled States
t ING.Y tahy nj

R8I 8,25, S0 TG, ook O BTRe0 by
trefep'eaﬂe imitis entmeaw a new cat aI yst injection system

TidoeR T GRIAE A iUl BN, PREADARTERY 1 rioct otner

nsdtalgstsi iatatheeF G furhee iflenst théJreﬁmhgrprSQ'@ésenEor example,
currently coupled to the FCCU. The djffic rﬁ'in

o108 GRHYYS Are o Yatac o epnIEq! ferain mpgﬁg# §rigsions, such as the
I dhEGh &P Shir@ddidd Orﬂﬁ'bgéﬁlcﬁhiéﬁﬁmgnc@rﬂﬁ)%%é& af?bé%bnt in refinery
i njection systemal so hanpers the abil

rerhisgionst o Qjbek kptalyads usay be formulated to mfluence the product mix

recovered in the distiller. For example, catalyst may be formulated to produce
more diesel fuel relative to gasoline or to increase the amount of liquid
petroleum gas produced, among others. As these injection systems are
typically supported on a separate foundation and hard pipe connected to the
FCCU, the flexibility of the refiner to rapidly add an additional catalyst injection
system is very limited.

[0004] For example, the time required to plan and install a new catalyst
injection system may prevent the refiner from taking advantage of market
conditions favorable to a certain product mix not achievable using the catalyst
injection systems currently coupled to the FCCU. The difficulty in providing
quick process adjustment through the injection of additional catalyst in a new



refinery em ssions due to changes in regulations,
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i njection systens are experssive to install, it is
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[0008] Figure 1 is a simplified schematic diagram of one embodiment of a fluid
catalytic cracking system having a multi-catalyst injection system according to
the present invention;

[0009] Figure 2 is a cross-sectional view of the injection system of Figure 1
taken along line A-A;

[0010] Figure 3 is a sectional, isometric view of one embodiment of a control
valve for use with the multi-catalyst injection system of Figures 1 and 2;

[0011] Figure 4 depicts a sectional view of another embodiment of a muiti-

catalyst injection system according to the present invention;



i njection system having an adj ust abl e separ at or

according to the present invention; [0013] Figure 6
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Figure 7 depicts one enbodidrent of a separator |ocking
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is contemplated that the dispense system may dispense more than one catalyst
from the vessel 110 simultaneously, sequentially or combinations thereof. The
ability of the injection system 106 to handle more than one catalyst allows the
refiner to reduce the number of injections systems required to control the use of
a given number of catalysts, and provides a cost effective means for having
excess catalyst dispensing capability available for unplanned addition of
different (e.g., new) catalyst to the refining process.

[0021] The FCC system 100 includes a fluid catalytic cracking (FCC) unit 190
coupled to a distiller (not shown), and to one or more catalyst injection systems
106. One injection system 106 is shown in Figure 1. A control module 104 is



106. [0022] The FCC unit 190 is adapted to heat crude
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petrol eum products including |iquefied petrol eum gas
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However is contenplated that any nunber
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[0024] ~ In the embodiment depicted in Figure 1, a single catalyst injection

system 106 is shown. However, it is contemplated that any number of catalyst
injection systems, or a single system for selectively injecting catalyst from a
plurality of catalyst sources, may be utilized.

[0025] Referring simultaneously to Figure 1 and to Figure 2, which is a cross-
sectional view of the storage vessel 110 illustrated in Figure 1 along line A-A,
the storage vessel 110 is typically a metal or other suitable container having
two or more compartments 103a and 103b (hereinafter collectively referred to
as “compartments 103") for individually storing a catalyst. In one embodiment,
the compartments 103 share a common pressure plenum 105 positioned at the
upper end of the vessel 110. Although it is intended that different catalysts will



the conpartnents 103 share a comon pressure plenum

105 positioned at the upper end of the vessel 10.
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willbe stored in each conpartnment 103, it is

contenplated that two or nore of the conpartnments 103
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t ts 10 t h nmbodi | I t ed
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iog)g raf thtehgmggg nReht Yusstrc'aet‘ed '(hI nteopacrgtrgp alr0t1ns?egasfat%s?’the storage
vessel 110 into two separate compartments 103a and 103b, but those skilled in
the ert will appreciate that the storage vessel 110 may be separated into any
number of compartments 103, as will be illustrated further herein. In one
embodiment, the separator 101 has a substantially planar shape that is
positioned to separate the storage vessel 110 into compartments 103 having
substantially equal volumes. In another embodiment, the separator 101 has a
“dog-leg” shape that separates the storage vessel 110 into compartments 103
having unequal volumes (indicated by dashed line 101’). In yet another
embodiment, the separator 101 has a substantially straight shape, but is



substantially equal volunes. n another enbodi nent, the
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[0032] The metering device 112 controls the amount of catalyst injected from
its associated compartment 103 in the storage vessel 110 to the FCC unit 190.
The metering device 112 may be a shut-off valve, a rotary valve, a mass flow
controller, a shot pot, a flow sensor, a positive displacement pump or other
devices suitable for regulating the amount of catalyst dispensed from the
storage vessel 110 for delivery to the delivery line 115. The metering device
112 may determine the amount of catalyst by weight, volume, timed dispense
or by other manners. Depending on the catalyst requirements of the system

100, the metering device 112 is typically configured to provide about 5 to about



controller, a shot pot, a flow sensor, a positive
di spl acenent punp or other devices suitable for
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storage vessel O for delivery to the delivery line .
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dc%n't%?&)ﬁ%)g%%égl@ﬁ‘gh@%g tgoén:b r%\(/:gjf the: i@%@gllﬁgv\j‘fg ffding to
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lareeBiBhiss 1o How BE thselirebE SEsHE bl fowarts the'thita port 146,
where fluid provided from the fluid source 134, moving from the second port
144 towards the third port 146, entrains and carries the catalyst through the
delivery line 115 to the FCCU 190. In one embodiment, the fluid source 134
provides air at about 80 psi (about 5.6 kg/cm?).

[0036] Figure 3 is a sectional, isometric view of one embodiment of a control
valve 132. The control valve 132 includes a valve body 302 and an actuator
304. The valve body 302 includes a first flange 306 having the first port 142
formed therethrough. The first flange 306 also includes a plurality of mounting
holes 308 to facilitate coupling the valve body 302 to a discharge port 116 of



144 towards the third port 146, entrains and carries
the catal yst through the delivery line 5 to the FCCU
wda ads/osoone enbodi nent, the fluid source 134 pPOWUSES4/038329
air at about 80 psi (about %.6 kg/cm 2). [0036] Figure
3 is a sectional, isonetric view of one enbodi nent of
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P raniePa i SuBIee T sarere Aoord e, 1 340 T46iat 3 Second end.
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that is coupled to the first port ééa val ve seat
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couples th Ird port
146 dEdmatesecond end The val ve seat 316 has an orifice

caoard " T5s b ey 68 e g@onytnly valve FEhgs RaginkGe and closed by
v esg@dtivaiy( Moy hsHelad sk 322 |dfeealr dioes tﬁéese'aﬁ 316. The shear

typically between about 7/8 to about 1-3/4 inches in
didistet32Z geoemtly hae alappect matallist upper sealing|suffacgethat seals

S ey PR g6 S SRR 8136 FRLIRG 2B Nnoar i

Sﬁbeaedwpbyedasnatm@munstmmI lsrdeumtiethe;e\aalvmg_seat 316, any
e BREl-ReRRRITS ECLE L8 R ha st B e vaive

diﬁgpsed on the dovvnstream si de of the val ve seat 316,

g backpressure generated in the FCCU 0 w
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act uat OI‘ e open and c state
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S50 AL SR etk BRhSblY SR P Gpgg 45 dPend of the
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outside of the h i.ng 310. A second arm 330 of
ac@edter asse 35‘2 gpieguio 8 e o then ahat 3t2ﬁed'sposed in the

St}%f\ﬁ%%q@ cﬁ'tﬁ@%ﬁgm'g%fd”eA%YBBZ éii@nd%f frérh%@%%bﬂ@ arm 330 and

pin 332 extends fromthe second arm 330 an

erangpgsstthe shesdrdisk SR2324. reAes%ééésfomdferernswface of the

| e r%‘fglj 355 rgéel(/gg the pin 332 and prevents the pin 332 and shear disk
322 from becoming disengaged as the pin 332 selectively urges the shear disk
322 laterally over or clear of the orifice 318.
[0039] An annular bushing 336 residing in the recess 334 circumscribes the
end of the pin 332. The bushing 336 is retained by the pin 332 and can move
axially along the pin 332. A diameter of the bushing 336 is generally less than
a diameter of the recess 334 to that the shear disk 322 may rotate eccentrically
round the bushing 336 and the pin 332 as the shear disk 322 is moved laterally.
[0040] A biasing member 338 (e.g., a spring) is disposed around the pin 332
between the second arm 330 and the bushing 336. The member 338 biases



shear disk 322 receives the pin 332 and prevents the

pin 332 and shear di sk 322 from becom ng di sengaged as
wWo 505209832 sel ectively urges the shear di sk B2RUS2004/038329

|aterally over or clear of 9he orifice 3 . [0039] An
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coupledtotheflrst arm 328 and rotates the shaft
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rotatin about b shaf t 32;?
sIYé‘éYre 93?39t e ¢at @@@SF“%GWPHWH@@ Rresent invention
5%53{ ofé fa'ﬂgel iﬁlﬂie elRAtoRGoRFAIVES that prevents the

cat ron VI ng the sealing surfaces of the
s el dRelterBag igeresad passurezonyelsysteru@d is interfaced

coHifF g1 TP toéﬁévﬁﬁ‘ﬁg%rr%#?%# 2hst b vithinyplegpm, 4gs of the
t h;@orsgeweseel 11® The iphessuré confial s;NDem 198gémexally phessurizes the

cetarplavesapy 18 F9 aBESL ST Hoobh PO ER Rty Sgoageh (dbout 0.35

Reb erabolf Barkkd/enP) dding . d@p@h@iﬁgurcg) AL TheStABYule 198
198 is interfaced Wlththe contr ol ule 104 to

r dnfermitienty ents dhesteragepyesse1105toopbeteatpesipsic pressure to
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8Qoqaopnﬁfbepmessqneacentroickvs(terhom% (s Yeriavalhp couped6to a pump or

“SSET Flecile BOuies PSE R RS ES Y 08 N BB rdibre andior
atis 8oV deicRsSsliiRblefor regulating the pressure within the plenum 105.
The pressure control system 198 is generally controls pressure within the
plenum by controlling the flow of gas through one or more ports disposed in the
vessel 110. In one embodiment, an inlet port 196 and an outlet port 194 are
formed in the vessel 110 through which flows of gas into and out of the vessel
110 are regulated by the pressure control system 198. In embodiments where
plenums 105A, 105B are fluidly isolated, separate inlet ports 192, 196 and
outlet ports 190, 194 separately couple each plenum to the pressure control



accommodat e recharging the vessel 0 with catal yst.
[0043] The pressure control system 198 is generally

W@ ouphex9ot 0 a punp or other pressure source, aPdI/US2004/038329
i ncl udes regul ators and/or 10t her pressure and/or flow
control devices suitable for regulating the pressure
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SEROE o340 Lo L SIS e BLEC A RS o
Vationn wmenmsedlu@twdem thé hentadritel vanet1 3Hamd tﬁdﬂ\ﬁessel 110 to
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RNt ¢ 3 Husleta BBISRARTE 108 GANLAMIRELSY Gfrthe valve
tfwo/ess sy chl‘e%d?ﬁteHeﬂ'Fa‘?dsy‘éﬁﬁﬂs Wik Yrﬁﬂﬁpléoﬁl}uﬂlg' isYRteE plenums
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HRiNG L8N Qnt¥dH BuRd dr bRSs(FS T6htrd) dlves, vent control valves

and pressure transmitters similar to that shown in Figure 13 for each plenum.

[0046] The actuation state of the pressure and vent control valves 1330, 1310
are controlled by signals provided by the control module 104. The signals may
be electric, fluid, pneumatic or other form of communication. In the
embodiment depicted in Figure 13, a pair of pilot valves 1302 are utilized to
provide pneumatic signals that determines the actuation state (i.e., the opening
and closing) of the valves 1310, 1330. Air to the pilot valves 1302 may be
provided from an instrument air supply 1304. Air from the instrument air supply



prevent exhaust of catalytic dust to atnosphere or
contam nation of the valve 1310. t is contenpl ated
wo bas/osapst ens with rmultiple fluidly isolated pPEMUSE04/038329
may be respectively controliled through by a single
pressure control system 198 having dedicated control
C'1@@H' |§%r9ffllfb’r§§%%%‘éfmélhgb A IYﬁvSpre‘éSUFe §19&Ltflé7lfor actuating the
val'ves and pressure transmitters simlar at shown
i vahiegut380, dd18ach pl enum [0046] The actuation state
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{ BN 518 for HREiBRiih {IAE!, MeabiiBaRERESH ChdHHadstn! Mfnesota.
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0.ti%e Rfélwe?ﬁ‘ﬁnémwﬁhém'rﬁ@rﬂioreba& tetered. UtoRs &litable control
better than about 0.1 psi. One suitable sensor

t rr@@@ﬁetls éesq:rsbesiﬂ@. llJamda StatemAaieahMDPlicatipAcSerial No. 10/304,670,
Lﬁ%kﬁﬁ 2? ?Oﬂﬁh%"ﬁgﬁl |8Ni|nE8 Mhdd Bg r‘é%re-ﬁ@g herein in its
rol nmodul e 10 e t

I'S’ coupl e inj ection syst
1@®tlteiycontrol the rates and/or amounts of catal yst

Rt o850 . R0 SR SHE b iucescne o

Wﬁﬁbﬂeesé@s‘brsslﬁomedvbﬂwg BemeBiceELitdbld 9t €€SoIvingdthe amount of
that an anmount of catal yst delivered to the deliver
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ation Nove
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catalysts movement through the storage vessel 110, discharge ports 116,
metering devices 112 and/or catalyst delivery line 115 or the like.
[0050] In the embodiment depicted in Figure 1, the sensor 124 is a plurality of
load cells 126 adapted to provide a metric indicative of the weight of catalyst in
the compartments 103 of the storage vessel 110. The load cells 126 are
respectively coupled to a plurality of legs 136 that supports the storage vessel
110 above a surface 120, such as a concrete pad. Each of the legs 136 has
one load cell 126 coupled thereto. The control module 104 receives the
outputs of the load cells 126. From sequential data samples obtained from the



nore sensors 124 for providing a netric suitable for
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may be reduced, and the FCC system 100 may be adapted to operate more
efficiently with minimal system modifications.

[0053] Figure 4 depicts a sectional view of another embodiment of a multi-
catalyst injection system 400. The multi-catalyst injection system 400 is similar
to the system 106 depicted in Figures 1 and 2 and comprises a storage vessel
401, a separator 402 and a plurality of compartments 404. In the embodiment
illustrated, the storage vessel 401 is separated into three compartments 404a,

404b and 404c (hereinafter collectively referred to as “compartments 404") by
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t hhjgetidh 3PS oy 1drI8&diR 'da'tﬁ sti for SBBs@idg Whplhnned changes in
appreci ate that the separator 402 may cOMprise any

nmwsmg requigeaentgAner gy @nabl@gﬁbetrﬁ@n@ttércﬂg@dwtaé@eadvantage
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voI une &S a tWo of
cqogsay t Figure &@@pmis d)sestumatl anewacbﬂ gnethealerbodiment of a multi-

2&%@%9&2@%@ éf%gg{ﬁr”? %89n e nr%uﬁtia}:ata?yst %?gétlo% é)l/srt]gm §bo is similar
to the system 400 depicted in Figure 4 and comprises a storage vessel 501, an
adjustable separator 502 and one or more compartments 504. In the
embodiment illustrated, a storage vessel 501 is separated into three
compartments 504a, 504b and 504c (hereinafter collectively referred to as
“compartments 504") by the adjustable separator 502. Each of the three
compartments 504 is further associated with discharé;e port 508a, 508b or 508¢c
(hereinafter collectively referred to as “discharge ports 508”) and fill ports (not

shown).



volune is particularly suitable for use with two-part
catal ysts that require separate injection at different

woloanEw91 and i n systens where greater quanti tBCDUSINE038329

catalyst is used relative ahother, but the total
vol une of catal yst used nmake it desirable to share a

g&iﬁPnThBJs%ﬁbfeﬁBr édﬁrﬁmdm%oré)ﬂgn@és 56@ At least two of the
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Bilot 6§ 5¥§tthh§h\ 9%?1@83 506, eﬁﬁ)@@oan T'E@GG“{HérelﬁéFtéll ollectively

|nJect| nsysem I's simlar to the syste
delsiredetd as “fanges S5A63ribat divide $s storagevegeela@k éito the three

501 ' | 5 d
Eisar flefLsth 2 At feqi B R Clhenfiinady 5L fdlf pfPofited about the
Hirgeag¢eo V@tsajfejssa Eriblvcggrmemrdamggiémmﬁn thé befmpartments 504.

ment s n c (herei _
dQﬂspbch%?)@ iset %Fj?é’ée"t’@?gge"% ﬁ’?g‘ EH‘QF 0.t hige hinge
EEPUO%EI@GE@ asﬁﬁfié%h‘rb’nt%@% cdepfdt & a ffifgt driay @Iethe flanﬁes (506a) and

onpartrments 504 is further associated with disc %
@osechB@lerBel&bG% ®ogted teepeserandepne ¢if | tbetflangep (506b). The

TUTSEETR BB ESREAE B g B0 e R it ccent

rmd eﬁoBljpmg;mg fidsethidudieahe troe 608 mdsseﬁlthrtgf%\ 50012620 formed
cou at a e 5 extending. in gn axi a
IRickiFoan R tHiire (D Goudey Bane"sidfuals B dng pssel 501 and

éédg@g@stdmoreewzlfaﬁn@d i@ boRBrP bf tRE vEESE1 B . 4Ghet Irace 610
be adj usted thereby allowi ng the vol unetric ratio

ipedneele @bhpetaimthe e0d 608dn a1 edentatioy tha a@wthmflah@es 506,

s e

([bnslrlrpl mhét enovabllé eftangesl y606efarer éldedowasorflérhtath@esby a locking
iReteriindl i SonSeRiSRa ReFo e coupeato
Fehrangdea? of meeﬂlar@gwme B8jaeengtheddideivall @ﬂjth@t/eésf& 501 The

volunetric rati o between the conpartnments 504. [0
th@}wga meghanisng 64 Isug&meaa"yoaféa%%é@.rﬂl@ﬁﬁa@f/ emgégﬁ. thges'dewa"
eTSr@sé‘élnE 15104 Aed ‘?S% rre%nt%l ‘fcgfgg bn 652 ¢ ~the flange 506.
coup fo a |rst one o anges 5]
Hdteonativellye rtbatloéking m@mm@@ swydrel dispesed nn famother location
fl.an (506h he elene 2, 604 inc e,.a -
R e vesRe] ol rank, RETBef 16; sclia e HiSuf egsitign of the

rﬂ@ﬁg@é)%q@asmmetm;ﬁéeé rkbcmm mebhanisesl niEBoe asafiglred to bind the
t hrough a hol e 620 forned
hinge 510 or be in the form of a brace (not shown) disposed between two or

more of the flanges.

[0058] Figure 7 depicts one embodiment of the locking mechanism 640 that
may be utilized to fix the orientation of the flanges 502 within the vessel 501. In
the embodiment depicted in Figure 7, the locking mechanism 640 includes a
screw 702 threaded through a block 701 affixed to the flange 506a. The block
501 may be coupled to the flange 506a by welding, screwing, riveting, bonding'
and the like. As the screw 702 is rotated to extend through the block 701, the



t hrough an upper brace 610 coupled to the sidewalls of

the vessel 501 and engages a hole 612 forned in the
whodsomoof the vessel 501 . The brace 610 and PoOI/ESBAL038329

retain the rod 608 in an onbentation that allows the

fl anges 506, retained by the elenments 602, 604, to

freely 7(%‘0?129 Hé@%g'én%t o v@?%t-l.5(9|OE1§%9—)F;R)CCLKF’}§SMeeﬂange 506a

flanges fix I'n orren ion
meo hapredeftwd. positivre e itbisdiardéempladed thatcthienlgckingharckamism 640

a2k i PR o7 o BIGERR i e Pyras a1 0. el HECE, i gin or other

n&féwéé sOtAAL fop figivigetha! flangid 8p6& ot other! masalblbelanges 506) in a
engage the sidewall of the vessel 501 in a manner

prig¢eftired qositiash oMorerver) asgthestreking feeehanisrg) 940 “Glows  the
U kéd@tcﬂﬁ@h@ﬁbsﬁﬁ&ﬁe@ tﬂgélflﬂﬁnéiﬂn %ﬁ@?)le't\ﬁeé‘ﬁ"?r‘ié‘%mpartments

| ocat®i on” w t e VesSél , configured t
s éif mayHee regioafiguredoiosaltovogrestert flexiliilityrig ebobetof dadalysts utilized
exa i ng mechani sm may be configured to bind

t HB ?ﬁ&%teglgsér be in the formof a brace (not shown)

dlmme@d@ﬁt sete hevable Bhge®Bobhiaciudesgeseal 8868hat minimizes
Figure 7 depicts one enbodi nent of the | ocking

A Shmiaares neatalyal opessucentaraigation rhstwega compartments 504.
OfTﬁ@%@ﬁLeéo o4 cbhﬁ%uﬂe@n@eﬁté%e%ém%nt ?ﬁgf@i@ﬁg@%% and the

odi nment icted in Figure 7,
mﬁmauamsztbeu\mslsahéma Joeeseat 005Q masadedanyrdayige suitable for

Al B RO 1y o s s

SCE)@Impl@s ofi s@itabhg,sehimndognaode tdesketskand Asrushes.s CTtawvseal 650
tated to extend. throu bl ock 701

702 )
{ oy DewIomasacon pERCE Aot aGesReihd flangrses. 5ot
t hesepy ﬂé?@%in@ga&d]ﬁoﬁélwethéoﬁéhbﬂsé‘ctﬁfn%‘lj%fév@%@' Figure 8, the seal

position. t IS contenplated that the | ocking mechani sm

645 thigyganerply inciidesa sealingr %letne\mt BA0tdesipladchatea fisd edge 802 to a
fi XoBﬁtur?q}ﬁé@@ 802 ' g&%r m?bnﬁrﬁ)q ﬂsr\r{écgng\gg E% ég\%lgﬂ ttg rth%gg?ge 506a in

i na aopntledethammwmamtelcond ddgead it of trmssediéﬂoolsokextgnd beyond the

TSR bRZ P e Rendd BohilS cncBOR Ie alisidhBS veggel 501. The second

COsR BOBNGfStHeOde ABB5( 8s IReRAIIyI86RRGUred &b'é]l&v@"tl@é‘tﬂ%hge 506 to
flexibility in choice of catalysts utilized

syBP¥en SiRsive] dosoyesseb Pt Wit mybaiandally mfgggnm catalyst from
|
c HATHHRPOEVRER odinibalfiBhid MR dNT R @85 aBfindd bEWKErEhe edge 642

Thcojr thedlanGBb06Gand tifié gassal 504 . i Imteefmnbodhmem@eptd’ued in Figure 8,
h fd ?%%@dg%ggr%& é%@na é%efé\rlg §§9? %&?herfr\ésgé olr o?fcl)élnﬂise fixed in
the mounting flange 804. The mounting flange 804 is riveted or otherwise
secured to the flange 506. Although not shown in Figure 8, it is contemplated
that the seal 650 extends substantially along the entire edge of the flange 506
disposed adjacent the walls and bottom of the vessel 501.
[0061] It is also contemplated that the seal 560 may be disposed between an
upper edge 652 of the flanges 506 and the top of the vessel 501 in
embodiments where the brace 610 forms the sealing of the vessel. The seal
650 disposed between the upper edge 652 and the bottom 654 of the sealing of



preventing catal yst from passi ng between the fl ange

506 and the vessel 501 . Exanples of suitable seals
woe2@sismwbude gaskets and brushes. The seal 650P@EYS1ve4/038329

di sposed on one or both sides of the flanges 506.

[0060] Referring additionally to the partial sectional

P, soE] S 31clys 3 TEflpghitedip R gl HolphE) ¥ B8sétived with

nmoneferienge to threyalt@oativa eembodimentshdwrainggh@®tam in Figure 1.

coupled_to the fl| 6a,,l it hat al |

SoBheA Jibs. BBt a0k SR InsdpAT A R B S i pdced apart
edge ifdstranéd tioe divide aRe SO0 rage angage Soneinel tompbrtieats 504 of
vessel 501 . The second edge 806 of _the seal 650 is
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feégig@)'?\é@et élﬁré’ggé%@éserr Wb St JERG AR ba’%@éﬂ? PYEBOUNS different

ca from™assi ng bet ween conpart nent rough the
gayldeesnedltbeugledhet $epardipe TR ilbistratas in drigeresO6isadepicted as
the vessel 501 . he e I yent icted in Fiqure .

b TayiES Hiee Bbyab 1A R0h- TRy S i e B gufireciate that
crihapedparatart BO2 Wna§ Edniplsé rariyhaumbentéfendviabig#afgés 502, for
The npunt i ng{ flange 804 |s riveted or aqtherw se

seiMiding the starage ange! 506 Intaany Slirber A copRaitmeants 504.

Fi ot d X3 ;
8059, Mot sdsyBerSEHI rchiel obenss SpoRiXAEE powced
di Bpthedystemd At Addhewiensontranpmittasm 330 ahalapicied|in Figure 13

e/ @Ieguorgé!)%'iﬁl F%S?%@%A@WQEE% Z‘ﬂ%égﬁf&a't 'Bgdﬁlﬁﬁ 04 %fe pressure

f I aigiastHeDoeesel 1he map vé rmbe \eesaritelyOmonitored as compared to
enbodi nents where the brace 610 forns the sealing of

t ePrveslianal PrRESWELAONEEhSYEEMSsed bet ween the upper
edﬁ@sﬁ5%oﬁ‘n€?ﬁﬁ%ri§8ﬁ} M &rdehliondl® pp&stlurd g?ﬂiﬁt&?e system 1250 is

vessel 501 allows each conpartnent 'to be f y _
i sdepicled indigarsci 2. bddenprassues epntresysternH250 generally includes a

al t. : j ‘ ) . : Py
VRS TG 1 P8 2 TOBKE LE20aciRd B 08B figipator 1206,
beTlee/@ﬂbyregmbeltieg\éTp_ermoesisimhmmnyaaadgtﬁp[ﬁdeiﬁded tpohessure. When

torage ve .into_conpart.pents .
s UBerREFUR g HERING BPUHEZ0BH! (TR &IPT HAAlos¥avad20ge which is in
Moy RAMUPicHERiBA! With bopldhMimde209 of Bt Ricx@e 17605 8le piidt re@liRitor valve
at | east two compartnents 504 of different vol

unes.
Al 12(5.gren$ ¢ pEpdde PsesBne to |anuaetpatas ofithe mogtrek valves1204. The
dep| AN : I 202,
St et 204 PEIEuBiafed | B 6R° Re realldR vave 1202
50@ronimescoaprirae amiamuatresupply mMdidbte indraage th80@ressure of the

Sl LheTRE CHRR e HlAR? IR AT oMY hupied i

CagcthiriRinichtioRE NGB ERErsRhsMgS post 368 Bh@VHRADmM 1205 to facilitate
manually setting the pilot regulator valve 1202 such that a predefined pressure
in maintained in the plenum 1205 by the controlled intermittent opening of the
control valve 1204.
[0065] Although the conventional pressure control system 1205 may be utilized
with any of the injection system embodiments described above, the pressure
control system 198 provides benefits that in many instances, are worth the
additional cost of implementation. For example, as the control module 104,

using real time information from the control system 198, monitors both vessel



by the system 100. As the sensor transmtter 320 as
depicted in Figure provides real tine pressure

wo ofosseadi on to the control nodul e 104, the prESBEUSM04/038329
within the vessel 0 may belhore accurately nonitored
as conpared to conventional pressure control systens.
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such’ t'hat I'ne ressu
tmwpendmglﬁr%sbge mdgelatuntbwtheetblves athﬁ) tt&ﬁ& ofo;pres'sum@ control
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Uéﬂ tataRdt o tthe FOCAinit h90id r%@h!a@h@bﬂtﬁ@&%b@ldﬂ 18 With catalyst
descri bed above, the pressure control system 19

avme@elﬁmfi HiRg PFRSSUr® regiigtiomby Rressire apetrmxtssem 198 until
IH& %@§tag 10dgy ement ation. For exanple, as
e contro mﬂo? il Zf

ule using real tinme information
fnoma]t iidoreoner, s thegiressuredyithionhe sessedot® is control electronically

pressure_ and cat.al addlt trol, . .
PRl TBER SR Rlonts Ybh A, 1B bRy in, Figure 12,
Cvieglsgsteguldtionngl piespers ®ithipethat vessel 1a0ps daéitate®i Jhiis allows
changes assocjated with chan es i

JIr sl A e —
At SRENSSd tHd %ﬁuntaGﬂ%té@?ttt ec‘ﬁ?ésr?l'to ke EBCS uhit 190, thereby

beneficlral as t wel ght e.g., air
whroiding mere relbushprogessosanticbut es to the total weight

0 e I S I - Thu :
Jabrae FIGEER onSBRBRE Y, GGt B hrédiel, BiniolBESn Rl weiaht
Craslf bﬁ/ar@iatih&ibnvmtémg\avl‘ngadﬁichgnﬂ'ar pﬂe@sbimo@htem gystem such
105 hrou%h the pressure con system 198 V\{OUI

i 7% SHAYBeNahigNfe 6? Y&IE8S tHee rQP&P‘sP"%éPEﬁwPO“ rol system such as

deicREMBbAPA $ystee1®d. tMguNabV&spicts a graph 900 illustrating plots
910, 912 of pressure control of addition systems respectively having electronic
and mechanical pressure control. Plot 912 was taken from an injection system
equipped with the system 1200 while plot 910 was taken from an injection
system using the control system 198. The y-axis 902 depicts pressure within
the vessel while the x-axis 904 depicts time. The pressure fluctuations seen on
the plots 910, 912 were taken over a one-hour period. Pressure increases in
both plots are typically due to the pressure controller increasing the pressure

within the vessel. With the pressure control system 198 in use as shown in



1310, 1330 regulating the pressure within the vessel
110 were open. Beneficially, the control nodule 104

w@emgesmst such occurrences by | ocking out or SREPESN4IEES8329

pressure regul ation by thei¥al ves 1310, 1330 of
pressure control system 198 during catalyst fill and
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mtml | ascuraty ngnqbl pitesisedro, ofglme afrepsiares ueadiognts amnpoftant for

addition systens respect.ively v el.ectr nrc d .
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qrresmrectdoﬂnosyéﬁ@/m egehdingd oM presshie szr@ﬁtmrr Js?:@@m 198 over
vvhlle{‘) ot 910 was taken from an |n15ec i on syst

$onNgntienal yatanes (B4t awtnosystere 1¢50ki Ellgtr@atmrbpt:t@ pressure
JLERRHER, 19 SR oIS KRR I SRIGTS SRR Inile, qomeariments
rarmiVQ;rmmmplegnIEnumse taken over a one-hour peri od.

TR, Bl T SRk ' SRR P LAY Bl<iag R rlailF G pressure
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in the plenumw | not affect” the wei ght cal cul ation
Gfbt@IaeélqulngaﬂjQEﬂDd)Md\efEh@ gataly@tahas deeotdiseharged, and as such,
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r1m00éxlﬂbrts vapatidn glie toSfIwhtl%ttocm tytHel regadofg frbm the conventional
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%ﬁ‘gg?g $th ﬂ@@sbh@ecﬁﬁ%@%ré’farﬁﬁéc%rﬁmw tthe WeigARUBT the gas within
the plenum of the vessel is caused to fluctuate. The fluctuation causes the

controller to erroneously calculate the weight of catalyst within the vessel, as
indicated by the fluctuation of the plot 1030. As some types of process control
require catalyst additions to be within one pound accuracy, addition control
using this type of pressure sensor is undesirable.

[0oo69] Figure 11 depicts a graph 1100 having a plot 1120 of vessel pressure
and a plot 1130 of calculated vessel weight utilizing an electronic pressure
control system 198. The y-axes 1102, 1106, respectively, are pressure and



the wei ght calculation, and ultimately, the anount of

catal yst discharged, the effect of pressure variations
wowdkiseophe vessel may undesirably lead to PCT/US2004/038329

m scal cul ati ons of catal ystt9di scharged, particularly

when different types of catal yst having different
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the vessel has little or no fluctuation due to
pressure variation, as seen by plot 130. Thus, the use

W®P008hE09T Oni ¢ pressure transmtters and el ectPONU$2004/038329

pressure control systens oR0the type descri bed above
advant ageously facilitate process control in systens
where accuracy within one pound of catal yst di spense
is required. [0070] Thus, the present invention
IGLAIMSR:Nt s a significant advancenent in the field of
fluid catalytic cracking systens. A storage vessel for
process catalysts is provided that is capabl e of
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and the scope thereof Ts determ ned by the
clainms that follow CLAIMS: . A nulti-catalyst
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itive VBssel &s aalelevatiotedron ofa tdp bitdetvelsgel. conpart ment s

within the vessel; a plenumdefined in the vessel and
fluidly coupled to each conpartnents; and a plurality

af  di IPRNSRIETR O RRIMTE witkre RSB Ep4aton s SUibseaRlally planar.
di spense rrechani snms coupled to a respective

conpartnment. 2. The systemof claim 1l wherein the
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| anar. 4. The system of claim erei.n the ,

WBaPh: G0 olienddn oM G e ¢ MfesVeRfedhtngs less than
pBrdimatel 188 dégrésdn a common joint, the two or nore
flanges form ng an angle therebetween that is |ess
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5. The system of claim 4, wherein at least one of the two or more flanges is
rotatable around the common joint.

6. The system of claim 1, wherein the at least two of the compartments

have different volumes.

7. The system of claim 1, wherein the at least two compartments are

substantially equal in volume.



approxi mately 180 degrees. 5. The system of claim4,
wherein at | east one of the two or nore flanges is
wo etoapsdobe around the common joint. 6. The syspenusf004/038329
claim, wherein the at |leagt two of the conpartnents
have different volunmes. 7. The system of claim1,
erei i
Hiost o SyGinefim 1 YLERIR 2 16T oheliine compgriments has an
vadjustableatollrmast one of the conpartnments has an
adj ustabl e volunme. 9. The systemof claim1 further

conprising: a plurality of catalyst fill ports
). sposEek §yHtemat daifrPP f@thdritdny ;, Wherein the
plenumis positioned proximate the Till ports. 10. The

syst erd Pluralityi af catalysthidl pesrpdisBesefl thipusheattoonpt the vessel,
t 1 i I 0 : ure within
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el ectronic pressure transmtter has a resolution of at

| east si. 12.. The system of claimfurther
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transmir eRictroais! preddurs ttrardntiteN 31 ABtemimAl Usiels8lre within the

state selected by the controller in response to a

rAl@RYrB. of pressure proved to the controller by the
transmtter. 13. A fluid catalytic cracking system
conprising: a fluid catalytic cracking unit; and a
ctit. al yEte sygtent obdaine 9ewheoeipl the alectrdric foressiire transmitter has

catal ytic gracki unit having a plurality of catalyst
4 5~ logrpgrfﬁig%s?gl_ PSthe system of cl aimfurther
conprising: a separator coupled to a bottom of the
vessel_and extending to an el evation short of a top of
the veldiesystam of ghims1Q fWHResCORMISIAGE4, wherein t he
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radi al |y outwar roma comon | ol nt, east two of
t he fladigsis valyenhayng adongadtogtian istateaselested byhthe controller in
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13. A fluid catalytic cracking system comprising:
a fluid catalytic cracking unit; and
a catalyst injection vessel coupled to the fluid catalytic cracking unit

having a plurality of catalyst storage chambers.

14.  The system of claim 13 further comprising:
a separator coupled to a bottom of the vessel and extending to an

elevation short of a top of the vessel.

15.  The system of claim 14, wherein the separator comprises:
two or more flanges extending radially outward from a common joint, at
least two of the flanges forming a dog-leg orientation.

16. The system of claim 14, wherein the separator comprises:

two or more flanges extending radially outward from a common joint, at



two or nore flanges extending radially outward froma

comon joint, atleast two of the flanges rotatable
w@emsnskophe common joint. . The system of cl ai PATLB$2004/038329

wherein the at | east two oR2the conpartnents have

different volunmes. 18. The system of claim 13, wherein

t I ﬁimﬁu el 1y equal
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pI ural i ty of catalyst fill ports di sposed through a
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qeilel @iffetent VBRiGg¥Par t ments.  20. The system of claim

further conprising: a pressurizing systemcoupled to
the vessel adapted to control the pressure within the

It t d
B8 e eI oIS, ShrReRY Bt B BB A0 Gy Bbgpents are
ssustséamtially elgaehin2@lumier ei n the pressurizing system

further conprises: an electronic pressure transmtter
for determ ning pressure within the plenum 22. The

syt enTid spdtemoiZlaim fierktiert dogngisheg:r oni ¢ pr essur e

transmtter has a resaolution of at |east 1 psi

The sy%pléaﬁalav of pataﬁmil"mrtﬁwéwq,s&ﬁlﬁhmgﬁga tgp of th vessel; and
control aﬂ?ve gﬂ\g' ﬁgs&l@néch%ﬁﬁﬁstﬁ@r\?ests%ﬁg)?%mag% tggnﬁhgons and

first an actuation state

cfaudly @oupledi to thespmm‘tmmta metric of pressure proved
to the controller by the transmtter. 24. The system
of claimfurther conprising: a respective netering

oy i CeTW@Qﬁétéd‘l dfeclgiee 3 eontiardomisidp. The system of
claimfurther conprising: a separator coupled betwe
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e vessel . The systemof claim, wherein
| inals {akous MStmeb@m@éﬂﬂgm%s has an adj ust abl e
volune. 27. A fluid catalytic injection system
conpri si ng:
21. The system of claim 20, wherein the pressurizing system further

comprises:
an electronic pressure transmitter for determining pressure within the

plenum.

22. The system of claim 21, wherein the electronic pressure transmitter has

a resolution of at least 1 psi.

23. The system of claim 21 further comprising:
a controller coupled to the pressure transmitter; and
a first valve having an actuation state selected by the controller in

response to a metric of pressure proved to the controller by the transmitter.

24. The system of claim 13 further comprising:
a respective metering device coupled to each compartment.



a vessel configured to store one or nore catal ysts; a
pressure transmtter configured to provide a netric of
weemsesaoel Wit hin the vessel ; a pressure contr oPCVES2004/038329

coupled to the vessel for r#ggulating gas pressure
therein; a discharge val ve coupled to the vessel for

o2t obld pkiamrSSART 98 riindrtomhifiin nd:rom he vessel

and a con Vi ng e metric ovi ded by the
t ransra separais cmmplembmtwetelmee bottomairidea teaf thenvasgel; and

instrutlo t ha n execut ed reven Lnul t.an

opent i 1570% fae ple BxfebeRin itbict 46 SSRAtatDr BYOXRAEE tRe top of
dheGleasge val ve. 28. A net hod for injecting catalyst

into a fluid catalytic cracking unit, conprising:

storing catalyst in a first conpartnent of a vessel;

S | nﬂ'né:@gﬁgﬁ’%f bfid £ ygfg?feratsf‘%ﬁb c?‘lf trhgeh@ompartments has

vessel I spensi ng cata rom-t

cmpdjustabdie volotre.a fluid catal ytic cracking unit. 29.
The nethod of claim 28 further conprising: adjusting a
volunme of at |east one of the conpartnents. 30. The

et hodA @fiidcdahiti@ hjéstidnsystergamsrisigy: di spensi ng
catal yst fromthe second conpartnent into the fluid

cat al y vessel sertigiyed e stage. onﬁer mefeeRtalysts| ai m 30,
wher eip BF%%U% SRS itk SRSHIRIURSY ?@m{)\)ﬁé d |é Bg Ef'ééﬁ?]ﬁe within

and sec conpartments occurs si taneou
tbelvedself cl ai m 30, wherein the step of di spenS| ng

s e b b

qarbesyretthetei:ed the first and second corrpartrrents are

chem caII di ffer The nmet hod of claim
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Vadia 8 r418 tMevessel; aRd adj usting the pressure wi thin

the vessel in response to the nonitored pressure. 35.
The met hottralier dlaying the metrichypvidedpn thiertgansmitter as an input, the

controller containing instructions, that when executed, prevent simultaneous

opening of the pressure control valve and the discharge valve.

28. A method for injecting catalyst into a fluid catalytic cracking unit,
comprising:

storing catalyst in a first compartment of a vessel;

storing catalyst in a second compartment of the vessel; and

dispensing catalyst from the first compartment into a fluid catalytic
cracking unit.

29. The method of claim 28 further comprising:

adjusting a volume of at least one of the compartments.

30. The method of claim 28 further comprising:
dispensing catalyst from the second compartment into the fluid catalytic

cracking unit.



preventing the step of dispensing catalyst from
occurring sinmultaneously with the adjusting step. 36.

wabmsostobod of claim 34 further conprising: prEUBOS1004038329
an addition of catalyst to2¢he vessel from occurring
simul taneously with the adjusting step. 37. A nethod
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, conprising: regulating pressu
cailrﬁlamisenom\dag)enmehts alicepe sigulgneaualyyst for the
storage vessel; and preventing a sinultaneous
occurrence of the regulating and di spensi ng steps.

32. The method of claim 30, wherein the step of dispensing catalyst from the

first and second compartments occurs sequentially.

33. The method of claim 29, wherein the catalyst stored the first and second
compartments are chemically different.

34. The method of claim 30 further comprising:
electronically monitoring pressure within the vessel; and
adjusting the pressure within the vessel in response to the monitored

pressure.

35. The method of claim 34 further comprising:
preventing the step of dispensing catalyst from occurring simultaneously

with the adjusting step.

36. The method of claim 34 further comprising:
preventing an addition of catalyst to the vessel from occurring

simultaneously with the adjusting step.

37. A method for injecting catalyst into a fluid catalytic cracking unit,
comprising:

regulating pressure within a catalyst storage vessel,;

dispensing catalyst for the storage vessel; and

preventing a simultaneous occurrence of the regulating and dispensing

steps.



